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MEMORANDUM FROM THE CHAIRMAN 

To Members of the Senate Committee on Interior and Insular Affairs: 
I am transmitting for your information a report entitled "Mineral 

and Water Resources of Oregon," prepared by the U.S. Geological 
Survey, the Bureau of Reclamation, the Bonneville Power Adminis
tration, and the Bureau of Mines, with the cooperation of appropriate 
State agencies, at the request of our colleague, Senator Mark 0. 
Hatfield. 

This detailed survey will be particularly helpful to government and 
business leaders in Oregon. It will also be valuable to the Congress and 
members of this committee as we consider legislation regarding min
eral and water development. 

HENRY M. JACKSON, Chairman. 

(III) 



FOREWORD 

This report was prepared at my request by the U.S. Geological Sur
vey in cooperation with the State of Oregon Department of Geology 
and Mineral Industries. 

Significant and factual information concerning the mineral and 
water resources of Oregon is important to many individuals and 
groups. I am pleased to note the result which has heen achieved. It will 
be a valuable source of information. 

My great appreciation is extended to all of those involved in the 
preparation of this report. 

MARK 0. HATFIELD. 
(V) 



MINERAL AND WATER RESOURCES OF OREGON 

SECTION 1 

GEOLOGY AND MINERAL RESOURCES 

PREPARED BY 

UNITED STATES GEOWGICAL SURVEY 

IN COLLABORATION WITH 

STATE OF OREGON DEPARTMENT OF GEOLOGY AND MINERAL INDUSTRIES 

AND 

UNITED STATES BuREAU OF MINES 

(1) 



LETTER OF TRANSMITTAL 

U.S. DEPARTMENT OF THE INTERIOR, 

Hon. MARK 0. HATFIELD, 
U.S. Senate, 
Washington, D.C. 

OFFICE OF THE SECRETARY, 
Washington, D.C., November 13, l968. 

DEAR SENATOR HATFIELD: We are pleased to transmit herewith a 
summary report on the mineral and water resources of Oregon, which 
has been prepared in response to your request of January 17, 1967. 
The report has been prepared by the U.S. Geological Survey, the 
Oregon Department of Geology and Mineral Industries, the U.S. 
Bureau of Reclamation, the Bonneville Power Administration, and 
the U.S. Bureau of Mines. 

The first section of the report describes the geology of the State 
and presents information on the known and potential mineral re
sources. All mineral commodities known to exist in potentially sig
nificant amounts are discussed. 

The second section deals with the water resources of the State. The 
quantity, quality, and distribution of both surface and ground water 
are summarized. Water resource development, including hydroelectric 
pmYer, potential water power, irrigation, navigation, flood control, 
and recreation also is discussed. 

The report has been prepared as a technical presentation of factual 
or descriptive information. It does not purport to express any view
point on matters of resource management policy and has not been 
reviewed for unintended implications in that direction. 

It is hoped the report will supply the needed information in a form 
that meets with your approval. 

Sincerely yours, 

(2) 

STEWART L. UDALL, 
Secretary of the Interior. 
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PRE.FACE 

(By P. L. Weis, U.S. Geological Survey, Spokane, Wash. ) 

Oregon's rich mineral and water resources have provided much of 
the raw materials and energy sources for the development and growth 
of its present vigorous economy. The potential resources that can 
be a basis for further growth are described in this report. A brief 
description of the geology of Oregon provides summary knowledge 
about the distribution of different resources. Each of the mineral 
resources is described as to occurrence, production, uses, economic 
significance, and future outlook. Past and present mineral production 
of Oregon has come from 13 metallic and at least 12 nonmetallic 
commodities. The present report describes and evaluates each, whether 
current use is made of them or not. Surface and ground-water re
sources are described, and current and potential utilization are dis
cussed in terms of availability, distribution, and use for irrigation, 
power generation, industrial and domestic uses, and recreation. A 
comprehensive list of references is provided for those who may wish 
more detailed information on particular subjects. It is hoped that 
the report will provide a thorough, up-to-date, comprehensive survey 
for the general reader and will serve as a useful starting point for a 
more detailed study. 

Although Oregon has a population of less than 2 million, its record 
of mineral production and water resource development reflects a 
highly progressive and rapidly expanding economy. Total mineral 
production is valued at $1.3 billion ; production in 1966 is valued at 
$107.8 million. The remarkable growth of Oregon mineral produc
tion within the last decade is an especially strong indication of things 
to come. Water resources are also extensively used. Power generating 
plants now in use or under construction will provide 4,310 megawatts 
of power. Existing irrigation facilities provide water to more than 
2,650 square miles of cropland. Despite the already extensive use of 
Oregon's natural resources, a growing population and a vigorous 
economy will unquestionably lead to increasing demands and expanded 
use in the years to come. 

This report is the j oint effort of the U.S. Geological Survey, the 
State of Oregon Department of Geology and Mineral Industries, the 
U.S. Bureau of Mines, Bonneville Power Administration, and Bureau 
of Reclamation. Organization, assembly, and editing was done by 
A . .  E. Weissenborn, assisted by P. L. Weis. Individual authors are 
cited at appropriate places in the text. Hollis M. Dole, Director of the 
State of Oregon Department of Geology and Mineral Industries, was 
particularly helpful in coordinating the work of his staff and provid
mg extensive information from departmental files. Stanley F. Ka
pustka, U.S. Geological Survey, and Gilbert V. Shirk, U.S. Bureau 
of Reclamation, coordinated the preparation of the sections on water 
resources and water resources development. 

(13) 



SECTION I 

GEOLOGY AND MINERAL RESOURCES 

INTRODUCTION 

( By Hollis M. Dole, State of Oregon Department l()f Geology and Mi.neral Indus
tries, Portland, Oreg., 'and A. E. Weissenborn, U.S. Geological Survey, Spokane, 
Wash.) 

Oregon, the Beaver State, ranks lOth in area among the States and 
its population of nearly 2 million is 32d in the Nation. Its area of 
96,981 square miles contains some of the most varied and spectacular 
scenery of any of the Western States. The State can be divided in 12 
geomorphic units, each differing markedly in climate, topography, 
geology, and natural resources. These differences are the results of 
geologic processes that over countless millenia have operated to shape 
the landscape as we see it now. 

GEOMORPHOLOGY 

The twelve geomorphic units or provinces into which Oregon can be 
divided are shmvn on figure 1. The most conspicuous of the geomorphic 
provinces is the volcano-crowned Cascade Range whose towering 
snow-capped peaks separate Oregon into a well-watered tree-covered 
western part and an arid or semiarid eastern part. Mount Hood, which 
at 12,235 feet is the highest point in Oregon stands at its northern 
border overlooking the scenic gorge of the Columbia River. The fer
tile Willamette Valley, the magnet which in the middle 1800's drew 
thousands of settlers to the Oregon Country, and still the agricultural 
and industrial heart of the State, nestles between the Cascades and the 
less lofty Coast Range that extends nearly the whole length of Oregon 
from the Klamath Mountains to Astoria. Fringing the Coast Range 
is the narrow Coastal Plain whose magnificent beaches stretch for 
miles between rocky sea-carved headlands. South of the Coast Range 
lie the Klamath Mountains, a region of many valleys, numerous 
rivers, and sharp mountainous ridges. 

East of the Cascades the complicated series of ranges and interven
ing valleys that make up the Blue Mountains is perhaps the most 
conspicuous feature. Its higher mountains reach elevations of 10,000 
feet and it is an area of spectacular and diverse scenery. Bordering 
the Blue Mountains on the north is the Deschutes-Umatilla Plateau, 
whose loess-covered basalt surface slopes from an altitude of 3,000 
feet on the south where it meets the Blue Mountains to 600 feet at 
the Columbia River on the north. It is a region of broad gently roll
ing interstream uplands deeply dissected by youthful streams. This 
nearly treeless area is the heart of Oregon's wheatland. Between the 
Blue Mountains and the Snake River Canyon lies the Joseph Upland, 

(15) 



0 50 100 MILES 

FIGURE 1.-Geomorphic division of Oregon (modified from Dicken, 1950) 

..... Ol 



17 

a semiarid plateau lying at altitudes of 3,000 to 5,000 feet through 
which the streams flowing from the Blue Mountains have cut deep 
canyons. 

Bordering the Blue Mountains on the south are the High Lava 
Plains, an elevated region of young lava flows 3,500 to 6,000 feet 
above sea level whose nearly uneroded surface carry few established 
streams. The region is quite arid. East of these High Lava Plains is 
the Owyhee Upland, a moderately dissected upland surface 2,000 to 
6,000 feet above sea level with few permanent streams. South of the 
High Lava Plains and west of the Owyhee Upland is the Basin and 
Range province, an arid region characterized by fault block moun
tains, broad graben valleys, interior drainage and shallow alkaline 
lakes and playas. Elevations range from 4,000 feet above sea level to 
9,000 feet in the higher mountains. 

For more than 60 miles along the northeastern boundary of the 
State the <Snake River has cut a canyon 4,000 to 6,000 feet deep, the 
deepest canyon in the United States. The river channel is generally 
narrow and in many places is deeply entrenched between sheer rock 
walls. The canyon is characterized by nearly vertical cliffs, narrow 
benches, talus slopes, and countless sharply incised side canyons. 

This, then, is Oregon, a region of very great contrasts in its cli
mate, its topography, its geology, and its resources. Because natural 
resources are so intimately related to the geology of the areas in which 
they occur, they cannot be adequately understood without an under
standing of the geology. This account of the mineral and water re
sources of Oregon will begin, therefore, with a smmnary of the geo
logy of the State. The geology of each of the geomorphic provinces 
will be described by geologists who have spent many years working in 
the area they discuss. For convenience the Willamette Valley, Coast 
Range, and Coastal Plain will be described together. 

GEOLOGIC MAPPING IN OREGON 

Our present day knowledge of the geology of Oregon is built on 
a sound foundation laid down by the many geologists who over a period 
of years have labored to piece together the story that is written in 
Oregon's rocks. Numerous individuals and organizations have con
tributed ; the U.S. Geological Survey, the State of Oregon Department 
of Geology and Mineral Industries and its predecessor the Oregon 
Bureau of Mines and Geology, the Yarious universities, as well as oil 
and mining company geologists. The lengthy-bibliography at the end 
of the first section of this report giYes an indication of the great num
ber of geologists who haYe contributed to our understandmg of the 
geology of the State. 

Figure 2 shows published geologic maps in Oregon. The symbols dis
tinguish mapping on scales smaller than 1:63,360 from mapping on 
larger scales. Geologic mapping on scales smaller than 1: 250,000 is 
considered as reconnaissance and is not shown. Neither is mapping 
shown that has been done for college and uniYer.sity theses and has 
not been published elsewhere beeause this mapping is often not readily 
available to the general public. 

Study of figure 2 shows that except for some large areas in eastern 
Oregon the geologic map coverage is fairly good. However, only a very 
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19 
small portion of the State has been mapped at detailed scales (1 : 63,360 
or larger) and much remains to be done before we can consider that 
the geology of the State has been adequately mapped. The geology 
of the western part of the State is better known than that of the eastern 
part and a geologic map of the State we�t of the 121st meridian has 
been published by the U.S. Geological Survey in cooperation with the 
State of Oregon Department of Geology and Mineral Industries (Wells 
and Peck, 1961. No comparable map of the eastern part of the State 
has yet been published. Indeed, figure 3, which was prepared especially 
for this report, is the first geologic map of the entire State that has 
ever been published, except for the highly generalized map that forms 
part of the geologic map of the United States published by the U.S. 
Geological Survey. Plans are in progress to complete and publish a 
larger scale, more detailed map of Oregon within the next few years. 

ToPOGIVI.PHIC MAPPING 

Topographic maps are essential for many purposes but are espe
cially necessary as bases on which to compile geology. It is impossible 
to make a satisfactory geologic map without an accurate topographic 
base. Published topographic map coverage in Oregon is shown in 
figure 4. 

West of Longitude 122°W coverage by 7¥2 minute or 15 minute 
quadrangle mapping is complete. East of Longitude 122°W there are 
large gaps in the topographic map coverage particularly in south
eastern Oregon. Mapping of a substantial area in northeastern Oregon 
which shows blank on figure 4 is in progress. 

GEOPHYSICAL AND GEOCHEMICAL STUDIES 

GEOPHYSICS 

Except through the examination of mine workings and study of 
cores or cuttings from deep drill holes a geologist's observation must 
of necessity be limited to what he can see on the surface. He may obtain 
some knowledge of what changes take place aJt depth through his inter
pretation of the geologic structure, but frequently it becomes desirable 
to learn more about the third dimension than can be gained through 
the surface observaJtion alone. Modern geophysics provide a tool by 
which considerably more ma.y be learned of the underlying rocks and 
their structures. Geophysics mvolves the execution and interpretation 
of certain physical measurements in order to detect variation in sub
surface geological conditions.' Its purpose is to obtain information 
about rocks that cannot be viewed directly. Geophysical surveys have 
been used in Oregon both in a.t,tempting to find minera.l deposits and in 
doing basic research on the structure of the earth. Types of geophysical 
specialization that have been utilized in Oregon and for whiCh pub
lished �ports or maps are available are magnetic, gravity, and seismic 
surveymg. 

1 This opart of this chapter was prepared by R. G. Bowen, Oregon Department of Geology 
and Mineral Industr!.,s, Portland, Oreg. 
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M agnetio method8 
Variations in the earth's magnetic field produced by different rock 

masses below the surface may be measured by 'a simple dip needle or 
by the more precise magnetometer. The magnetic susceptibility of dif
ferent types of rocks varies widely and provides a good indication of 
structure, rock type, and, under some conditions, degree of alteration. 
Aeromagnetic surveys of selected parts of the State have been made 
in connection with geologic studies ; the published ones are: 
1. Aeromagnetic map of the Kerby and part of the Grants Pass quad

rangles, Josephme �and Curry Counties, Oregon, by J. R. Balsey, 
R. W. Bromery, E. W. Remington, and others (U.S. Geol. Survey 
Map GP-197) . 

2. Geologic interpretation of the aeromagnetic map of the Lebanon 
quadrangle, Linn and Marion Counties, Oregon, by R. W. 
Bromery (U.S. Geol. Survey Map G P-212) . 

3. Aeromagnetic map of the Albany-Newport area, Oregon and its 
geologic interpretation, by R. W. Bromery (U.S. Geol. Survey 
Map GP--481) .  

4. Geologic interpretation of the reconnaissance gravity and aeromag
netic surveys in northwestern Oregon, by R. W. Bromery and 
P. D. Snavely, Jr. (U.S. Geol. Survey Bull. l181-M, N) . 

The areas covered by these studies ,are �hown in figure 5. 

Gravity methods 
Gravity studies measure variations of the relative densities of rock 

lying below the surface. Knowing the density variations, interpreta
tions can ·be made regarding proba'ble rock types beneath the surface. 
From 1962 to 1966, a program to establish gravity base station control 
and compile data for more than 8,000 gravity measurements made in 
Oregon was conducted by Oregon State University. 

Woollard and Rose ( 1963) established 10 base stations in Oregon as 
part of the international gravity network, and published the first 
gravity map of Oregon. Berg and Thiruvathukal ( 1965) refined the 
values of gravity for the 10 base stations and established 22 additional 
bases, and Bromery and Snavely ( 1964) published a simple Bouguer 
gravity anomaly map of northwestern Oregon. H. R. Blank, Jr. ( 1965 ) 
published a Bouguer gravity anomaly map of southwestern Oregon ; 
also, he discussed the geneml features of the Bouguer gravity field in 
southwestern Oregon (Blank, 1966) . 

Two state-wide and one offshore gravity maps, using a 10-milligal 
contour interval, have recently ( 1967) been compiled by the Geo
physical Research Group, Department of Oceanography, Oregon 
State University, under the direction of J. W. Berg, Jr., and J. V. 
Thiruvathukal. These maps were published by the Oregon Depart
ment of Geology and Mineral Industries, as GMS 4-a, Free-air grdvity 
anomaly map of Oregon; GMS 4-b, Complete Bouguer gravity 
anomaly map of Oregon; and GMS 4-c, Free-air gravity anomaly 
map west of Oregon. The areas covered are shown in figure 5. 
Seismic methods 

Variations in the elastic properties of rocks affect the speed of 
transmission of seismic waves\ so measurements of travel time can 
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reveal much about the nature of concealed rock masses. Study of 
natural seismic waves generated by earthquakes provides information 
regarding the gross structure of the crust of the earth. Seismic surveys 
have been performed in several parts of the State by private interests 
as part of the search for oil, but they are generally not available for 
public inspection. Detailed studies ( Chiburis, 1965 ; Dehlinger and 
French, 1965) of the deep crustal features of Oregon and the Pacific 
Northwest have been made in connection with world wide seismic 
studies and the establishment of a seismic station in Corvallis, Oregon, 
as part of the world-wide Standard Seismograph Network. 

GEOCHEMISTRY 

Geochemical :r,:>rospecting for minerals includes any method of 
mineral exploratiOn based on systematic measurement of the content
generally in trace amounts-of some metallic element or group of 
elements in such naturally occurring materials as soil, vegetation, 
stream sediment, and water. The purpose of the measurements is the 
discovery of abnormal chemical patterns (geochemical anomalies) 
related to mineralization. 

Geochemical studies have been carried out by mining companies 
in Oregon, but as this information is proprietary it is not publicly 
available. Since 1963 the Oregon Department of Geology and Mineral 
Industries has had a geochemical sampling program. Over three 
thousand stream sediment samples have been analyzed for copper, 
zinc, molybdenum, and mercury. The results of these analyses are 
available for inspection at the Portland office and will be available 
in published form in late 1968 or 1969. The area covered is indicated 
on figure 5. 

GEOLOGY 

GENERAL GEOLOGIC HISTORY OF OREGON 

( By R. E. Corcoran, Oregon Department of Geology and Mineml Industries, 
Pol'ltland, Oreg.) 

Oregon's location on the western edge of the North American con
tinent places it in a zone where the earth's crust has undergone 
severe deformation over long periods of geologic time. The mobility 
in this region is reflected by the intensely folded and metamorphosed 
older strata and the nearly continuous record of volcanism in its 
geologic history, extending from the oldest rocks ( more than 400 mil
lion years) in the Klamath Mountains to the very young lavas (less 
than 2,000 years old) in the High Cascades. In this area many of the 
early geologic events are missing. The older strata are either hidden 
beneath a cover of younger rocks, or their story has been largely 
obliterated by metamorphism or by erosion. For this reason we can 
only make generalized interpretations of the Paleozoic and Mesozoic 
geologic Eras in the State. From the beginning of the Cenozoic, about 
60 million years ago, the picture becomes clearer and we are able to 
interpret it with more certainty. 

The pre-Cenozoic rocks can be observed through two rather large 
"windows," where younger strata have either been uplifted and strip-
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ped off by erosion or never existed. These are : the Klamath Moun
tains of southwest Oregon and a sprawling, mountainous region in 
central and northeast Oregon generally referred to as the Blue Moun
tains." A third, much smaller window is in the Pueblo Mountains 
on the Oregon-Nevada border, where metamorphosed sedimentary 
and volcanic rocks of probably Permian or Triassic age, together with 
some intrusive rocks, form the core of the mountains. A small area 
of granodiorite in the western Trout Creek Mountains represents the 
extreme northern extension of a large Mesozoic intrusive that lies 
south of the State line. The remainder of the State, and by far its 
greater area, i� blanketed by d iverse volcanic rocks or by marine and 
continental sediments of the Cenozoic Era. 

PALEOZOIC ERA 

No rocks of Precambrian age (oldest in geologic time) are known, 
and outcrops of Paleozoic age are very restricted. Consequently, at
tempting •to unravel the early geologic history of Oregon is much like 
assembling a jigsaw puzzle w1th most of the pieces missing. Highly 
metamorphosed schists, probably derived from ancient sediments and 
Yolcanics, crop out along the Oregon-California border in southern 
.Tackson County (Wells and others, 1940 ; Wells, 1956 ) .  According to 
Baldwin ( 1964b ) ,  there is no direct geologic evidence in Oregon which 
could be used to date these schists, but about 20 miles southeast of the 
State line in California, sedimentary rocks containing Silurian fossils 
(early Paleozoic) overlie similar schists and in places grade down ward 
into it. 

Oregon'� geologic past can, however, be dated with certainty back 
more than 400 million year-:s. In Crook County in central Oregon, and 
in the eastern part of the Blue Mounbtins, fossil remains date the 
formations from Devonian (middle Paleozoic) to  Permian (late Paleo
zoic) (Merrian and Berthiaume, 1943 ; Kleweno and ,Jeffords, 1961 ; 
Bostwick and Koch, 1962) . The marine bed� mark several repeated 
invasions of warm shallow seas throughout most of the State during 
this long span of time. Lime, mud, sand, and volcanic flows and breccias 
deposited in these seas were subsequently uplifted, folded, and faulted 
several times by mountain-building processes. For example, sedimen
tary rocks of Pennsylvanian age (late Paleozoic) , which crop out near 
Suplee in southeastern Crook County, contain layers of leaf-bearing 
course-grained sandstone, and are therefore of nonmarine origin. 
These continental beds are in contrast to the Paleozoic marine lime
stones 'and mudstones which make up the bulk of the Paleozoic sedi
mentary section in this region. 

1\IESOZOIC ElRA 

Ncar the end of the Paleozoic Era and continuing into the early 
part of the Mesozoie, much of western United States was above the sea 
and was undergoing complex diastrophism, intrusion, and volcanism. 

2 This geographic unit actually consists of several uistlnct llwull!tnin groups or ranges 
in which the Paleozoic an<l Mesozoic rocks crop out in n discontinuous belt from the vicinity 
of Prineville on the west to the Snake River on. the east. Among the best kn<>wn are : the 
Wallowa 1\:lountaim; in the northeast corner of the State-, Elkhorn Ridge west of Baker, 
the Greenhorn Mountains north of Prairie City, and the Strawberry an<l Aldrich Moun�ains, 
south..ast and southwest of John Day. 
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In Oregon, which is within this mobile belt, the uplift and folding 
were 'accompanied by emplacement of ultramafic rocks ( largely 
peridotite) , serpentinite, gabbro, diorite, and granite (Thayer and 
Brown, 1964) . 

During the remainder of the Mesozoic (Late Triassic, ,Jurassic, and 
Cretaceous Periods) ,  a huge, rapidly sinkmg, complex marine trough, 
or eugeosyncline, developed across Oregon. Its formation was inter
mittent, but in a general way it extended from the Klamath Mountains 
to the W allowas. Rocks now exposed at the surface indicate that many 
thousands of feet of sediments were laid down in the seas that occupied 
this trough. Dickinson and Vigrass ( 1965) report that in the Suplee
Izee area of east-central Oregon the rocks show almost continuous 
volcanism from Late Triassic through Late Jurassic time. Tremendous 
volumes of volcanic ejecta ( pyroclastics) as well as lava flows and 
breccias were erupted on the land and poured out onto the sea floor. 
These materials provided the source of most of the marine sediments. 
Northeast of this region, in what is now the southern Wallowa Moun
trains and Snake River gorge, vokanism was equally as great, although 
there were periods of relative quiescence that allowed limestone reefs 
to build in the more shallow parts of the sea ( Gilluly, 1937 ; Vallier, 
1967, The geology of part of the Snake River Canyon and adjacent 
areas in northeasten1 Oregon and western Idaho : Oregon State Univ. 
doctoral thesis) . In southwest Oregon, exposures in the Rogue River 
Canyon show n typical eugeosynclinal section of graywackes and vol
canic sediments, with interbedded lava flows and pyroclastics of vari
ous types. 

'V1thin the broad trough smaller marine basins were formed, each 
basin being one of a related sequence developed by more or less con
temporaneous crustal movement ( Brown and Thayer, 1966 a, b, c ) .  
Volcanoes erupted within or near the main depositional troughs and 
formed archipelagoes :md individual islands much like those that lie 
off the east coast of Asia today. Erosion of these islands formed the 
source of the sediments to fill the bttsins again. Basin development, 
uplift, and erosion, although continuous over a long period of time, 
are spasmodic when viewed over the space of a few million years. 

In southwest Oregon the Triassic-Jurassic rocks appear to have 
passed through a depositional-tectonic history very much like that of 
the ('entral and northeastern part of the State, but the deformation 
that took place near the end of the ,Jurassic obl iterated much of the 
e1ridence ( '\Veils, Hotz, and Cater, 1949) .  

Beginning in the Late .Jurassic and continuing into Early Creta
ceous time, another major mountain-forming interval occurred which 
was characterized by strong folding and faulting and regional meta
morphism. In southwest Oregon, thick sheets of peridotite were em
placed, accompanied by smaller bodies of amphibole gabbro, quartz 
diorite, and dacite porphyry (Diller, 1914 ; Ramp, 1961) . In north
eastern Oregon, gabbro, norite, quartz diorite, granodiorite, and 
quartz monzonite were intruded at about the same time as satellite 
outliers of the Idaho batholith (Taubeneck, 1957 ; Taubeneck and 
Poldervaart, 1960 ) .  These intrusives are of particular importance to 
the State because many of the principal metalliferous deposits appear 
to be related to them (Lindgren, 1901) . 
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Near the close of the Mesozoic, much of the State was covered by 

warm, shallow, tropical seas, as indicated by fossil evidence of Late 
Cretaceous age in the Medford and Mitchell areas and along the 
southwest Oregon coast ( Condon, 1902) .  Buddenhagen ( 1967, p. 135) 
notes that in the Suplee-Izee area " . . .  the marine Upper Cretaceous 
sediments : ( 1) appear to rest unconformably on Triassic beds in this 
area, thus overlapping the entire Jurassic and probrubly much of the 
Triassic section, and (2) similar marine Upper Cretaceous deposits 
occur in north-central and northwestern Washington and in south
western Oregon. The implication is that much of the terra incognita 
below the Tertiary lavas westerly from this area is underlain by 
unmetamorphosed Cretaceous, and probably also Jurassic and Tn
assic, marine beds." In discussing the regional geologic history of the 
pre-Tertiary of southwest Oregon, Howard and Dott ( 1961, p. 79) 
state, "Scattered Late Cretaceous deposits of the whole Klamath
Siskiyou province represent eroded remnants of a once far more 
extensive overlapping sequence which apparently blanketed much of 
the region after the last strong mid-Cretaceous orogenic pulse. The 
writers envision a rise in relative sea level in the Cape Sebastian area 
in Late Cretaceous (Campanian ? )  time resulting in a series of em
bayments into which rivers debouched sands and mud that accumu
lated on deltas and shallow shelves . . . .  Because the topography was 
moderately irregular, and because marine transgression spanned prac
ticall! all of Late Cretaceous time, the exact age of the basal 'postoro
genic deposits varies considerably from place to place." 

CENOZOIC ERA 

The Cenozoic Era is the most widely represented geologic age divi
sion in Oregon and is therefore of special interest. It is characterized 
by marine sedimentary and volcanic rocks in the western part of the 
State and continental sedimentary rocks and associated volcanic erup
tives in the eastern part. Crustal deformation took place throughout 
the whole of this interval and has continued, to a moderate degree at 
least, up to the present time. 

PALEOCENE AND EOCENE EPOCHS 

Western Oregon 
During the Paleocene and Eocene Epochs, 63 to 36 million years ago, 

western Oregon was covered by a shallow sea where thousands of feet 
of sediments and volcanic rocks accumulated. At thrut time the Coast 
Range and much of the Willamette Valley were occupied by a large, 
partially enclosed, geosynclinal basin which probably extended from 
the Klamath Mountains northward about 400 miles through western 
Wa.Shington ( Snavely and Wagner, 1963 ) .  The eastern margin of the 
sea probably was somewhere beneath the present Cascade Range. In 
all probability, a chain of volcanic peaks much like the modern Aleu
tian Islands existed west of the shoreline, and from them came vast 
quantities of lava, breccia, and pyroclastics which were deposited on 
the sea floor. These materials interfingered with coarse-grained sedi-
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ments eroded from the Klamath Mountains to the south and volcanic 
detritus from the east. 

Volcanism was particularly active during early Eocene time, when 
more than 10,000 feet of basalt flows and breccias gradually built up 
above the level of the sea. Erosion in the present Ooast Range has 
exposed these thick piles of lava in the upper reaches of the Siletz 
River west of Dallas and farther north in the Tillamook highlands. 
Snavely and Wagner (1963, p. 4) strute that, "Although the volcanic 
rocks thin toward the margins of the geosyncline, there is probably no 
pla.ce in the Coast Ranges where Mesozoic strata can be reached by a 
drill without penetrating a thick section of lower Eocene flows or 
breccia. These basaltic lavas are estimated to have the largest volume 
of any volcanic unit in the Pacific Northwest, at least 60,000 cubic 
miles." In 1955, Sinclair Oil & Gas Co. put down an exploratory test 
in the Coast Range approximately 15 miles east of Florence. The drill 
entered lower Eocene volcanic rocks at a depth of 6,660 feet, and the 
company abandoned the hole, still in volcanics, at a depth of 12,880 
feet. 

During middle Eocene time, uplift of the Klamath Mountains and 
vigorous erosion caused tremendous quantities of sands and silts to 
be deposited in the geosyncline (Diller, 1902) . The sediments accumu
lated temporarily on deltas and large submarine fans at the mouths 
of the major streams or rivers. Penodic slumping of the unconsoli
dated material resulted in turbidity currents that moved the sands 
and silts into the deeper parts of the trough. The currents produced 
graded beds in which the coarser material settled first, with the finer 
sediments on top. Many of the pre-existing volcanic mounds or islands 
were buried beneath these deposits as the geosyncline continued to 
subside, and about 10,000 feet of rhythmic-bedded strata accumulated 
along the axis of the trough ( Snavely and Wagner, 1963) . 

By late Eocene time local uplift and active volcanism had separated 
the �eosyncline into several smaller basins so that areas of manne 'dep
ositiOn were considerably reduced. Fossil pollen and spores found m 
Eocene sedimentary rocks indicate that in the Coos Bay area the cli
mate was temperate to subtropical. The coastal region was low and 
swampy ·and was covered with lush and dense flora. To the east, 
upland areas supported a wann, temperate vegetation probably much 
like the hardwood forests in the eastern Umted States today. The 
higher portions of the mountains to the south and east and probably 
much of the interior region supported a more temperate flora (Hop
kins, 1967) . Coal swamps developed in 'the Coos Bay area, and inter
mittent downwarping produced mterfingering marine and nonmarine 
sediments. In the northern part of the geosyncline lower and middle 
Eocene rocks in the highlands were eroded and contributed about 5,000 
feet of basaltic and arkosic sands. 

Baldwin ( 1964b, p. 1)  states : 
As one visualizes the basin in which the western Oregon marine formations 

were deposited, he should see a basin with shifting shorelines, widening as the 
basin sank and narrowing as deltas pushed out into shallowing waters. Coarser 
sands along the delta fronts would interfinger with silty beds farther from shore. 
During times of slight uplift some of the earlier sedimentary beds would be 
removed and coarser beds containing pebbles of older formations would likely 
rest upon the truncated surface. 

lll-829 0--<69--3 
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Central and eastern Oregon 

The general uplift of the land toward the end of the Cretaceous 
Period caused the seas to retreat westward. Beginning in the early 
Tertiary, accumulated materials from numerous volcanic eruJ?tions 
along the present axis of the Cascade Range acted as a barrier to 
further marine transgression. Sporadic eruptions produced thick ac
cumulations of mudflow breccia, stream drainages became dammed, 
and ashy sediments filled ponded basins. Hornblende andesite, basalt, 
and rhyolite flows, mostly from central vents, covered wide areas. 
Fossil plants found in great variety in the Clarno Formation of central 
Oregon indicate a temperate to subtropical climate in this part of the 
State (Hergert, 1961) .  

OLIGOCENE EPOCH 
Western Oregon 

During the Oligocene, 36 to 25 million years ago, the sedimentary 
basin of western Oregon continued to shrink and the present Coast 
Range began to form (fig. 1 ) .  An arm of the early Oligocene sea 
extended southward as a shallow marine embayment into what is 
now the Willamette Valley (Lowry, 1947 ) .  By the end of this epoch 
most of western Oregon was above sea level. In the period of uplift 
along the present site of the Coast Range there was widespread em
placement of gabbroic sills, some of which are as much as 1,000 feet 
thick. 

The Cascade Range was probably only a low ridge of volcanic hills 
at this time, and the predecessors of the John Day, Crooked, and 
DeRchutes Rivers flowed westward across the State directly into the 
Willamette trough. These rivers carried large quantities of ash erupted 
from volcanoes on the shore into the marine basins to form thick ]ay
ers of tuffaceous sediments. The rapid deposition of sediments buried 
the upper Eocene coastal plains, and coal swamps existed in only a 
few places. Several thin beds of subbituminous coal crop out in the 
Oligocene section in the northern Coast Range near Vernonia and in 
the foothills of the Western Cascades near Wilhoit. 
Central and eastern Oregon 

Lava flows and pyroclastics continued to erupt in the Cascade 
Mountains and farther east in central Oregon. Ash, carried many miles 
by wind and rivers, was deposited as the John Day Formation partly 
in fresh-water lakes, preserving a large number of plant and animal 
remains. Of special interest are the formations in the John Day River 
valley, where down-cutting by the river has exposed high, iag�red 
cliffs of green, red, and buff volcanic tuffs. The exceptiona11y fine 
vertebrate fossils found in these beds may be seen in museums through
out America and EuroPe. 

In the area between Willowda]e and Ashwood in Jefferson County, 
a number of pyroclastic eruptions poured out onto the land surface 
and inundated a large part of central Oregon. Strongly to weakly 
welded rhyolitic ash flows interbedded with air-fall tuffs built up 
more than 4,000 feet of volcanic rocks in a relatively short. period of 
time (Peck, 1964) . The ash flows make distinctive stratigraphic marker 
horizons, and some of these have been traced for distances of more 
than 50 miles. 
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JUIOCENE EPOOH 

During :the Miocene Epoch, from 25 to 13 million years ago, general 
uplift of most of western Oregon continued, particularly in the present 
Coast Range, which resulted in an almost complete withdrawal of the 
sea. There were still a few minor emba.yments along the coast and at 
the mouth of the Columbia River where fossiliferous marine muds and 
sands were deposited. T1his deposition is further described by Snavely 
and Wagner ( 1963, p. 20-21 ) : 

Contemporaneously with middle Miocene deposition, basalt flows and breeeias 
were extruded oDJto the sea floor from a north-trending group o.f vents and fis
sures located near the strand line. Thick accumulations of these volcanics formed 
small is:lands, and the subaerial flows on these islands can be traced into pillow 
lavas that are interbedded with marine strata. Many of the headlands along the 
northern part of the Oregon coast, such as Yaquina Head, were local centers of 
middle Miocene volcanism. 

During this epoch, volcanism continued to pile up lavas, tuffs, and 
other volcanic rocks in the Cascade region. Pyroclastic eruptions show
ered central Oregon with ash that aided in preservation of still more 
fossil plants and animals, making the John Day country one of the 
most important areas in the world for collecting vertebrate fossils. 
The varicolored tuffs along U.S. Highway 26 between Picture Gorge 
and John Day and along Succor Creek near the Idaho border are 
examples of Miocene sedimentation in central and eastern Oregon. 

The outstanding event in Miocene time occurred during the middle 
of the epoch, when basaltic lavas poured out flow upon flow over exten
sive areas, particularly in northern Oregon and southeastern vVashing
ton, to form the famous Columbia River basalt plateau. In a.ll, more 
than 35,000 cubic miles of lava eruprted to cover 100,000 square miles in 
Oregon, Washington, and Idaho ( "\Vaters, 1955) . The source vents for 
these flows are difficult to find because of the thick lava capping, but 
they a.ppear to have originated from groups of dikes, a few of which 
have been uncovered by post-Miocene erosion. The Grande Ronde and 
Cornucopia dike swarms are exposed in, and north and south of the 
'\Vallowa Mountains and extend northward across the Snake River 
into the headwaters of the Wall a W a.lla River in Washington. The 
Monument dike swarm in western Grant County extends from the 
North Fork of the John Day River to the western end of the Aldrich 
Mountains ( Brown and Thayer, 1966a) .  The lavas were extremely 
fluid at the time they \Yere erupted, as shown by single flows or flow 
units which have been traced for distances of as much as 100 miles. 

While the basalts of the Columbia River Group were pouring out, 
basaltic to rhyolitic volcanoes were active in the southern Blue Moun
tain region and in the southeastern part of the State. The Blue Moun
tain region was buried under the basalt, and products from other vol
canoes formed a widespread blanket of ash and ignimbrite. 

In northwestern Oregon, swamps or small lakes formed on the un
even lava topography. Iron oxide, derived through chemical decom
position of the basalts, was precipitated in the swampy areas under 
the influence of organic, chemical, or mechanical agents and accumu
lated to form beds of limonitic ore. Deep, chemical weathering of the 
top flows of this basalt, which probably was most intensive during 
late Miocene-early Pliocene time, resulted in the formation of large 
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deposits o:f lateritic bauxite, a potential ore o:f aluminum. These lat
erites are :found in Columbia, Washington, Multnomah, and Marion 
Counties, Oregon, and extend into Cowlitz County, Washington. 

PLIOCENE EPOCH 

During the Pliocene Epoch, 12 to 1 million years ago, almost all 
of the present land within the State rose above the sea level. There 
were a :few small bays or estuaries along what is now the coastal 
:fringe, principally in the vicinity of Coos Bay and a :few miles farther 
south at Cape Blanco. In these basins more than 3,000 :feet o:f shallow
water marine strata rest unconformably upon older Tertiary rocks. 
Pliocene strata consist mainly o:f debris eroded :from older Tertiary 
formations that bordered the hasin. 

The main Cascade Range developed along a great north and south 
line o:f crustal weakness probably during late Tertiary time. However, 
the majestic volcanic cones :forming the present High Cascades 
evolved later :from eruptions in Pliocene-Pleistocene time. While the 
High Cascade volcanoes were growing, thick piedmont deposits were 
being laid down, chiefly by rivers but also in lakes to the east and 
west. These sediments, :for the most part, consist of cross-bedded, 
fluviatile silts, sands, and gravels composed o:f andesitic and basaltic 
debris. 

One of the most interesting events that took place in the Bend area 
during Pliocene time was the eruption of a welded dacite tuff. 
According to Williams (1957) : 

This wa s laid down by glowing avalanches discharged from a parasitic vent 
high on the northeast flank of the Broken Top volcano, about a mile and a 
half west of Three Creek Lake. Some avalanches sweept eastward from this 
source to pour down the canyon of Tumalo Creek and then overflow its banks 
to empty into the valley of the Deschutes River aboUJt a mile and a half south 
of Bend. But most of the avalanches raced northeastward to inundate almost 
the whole of the Bend quadrangle west of the Deschutes River, and their 
deposits also underlie much of the fiat country around the Sisters, on the 
adjacent Three Sisters quadrangle. 

·williams indicates that the ash flow covers more than 200 square 
miles, ranging in thickness between 20 and 50 :feet. 

Extensive deposits of rhyolitic ash flows are fairly common in the 
eastern part o:f the State, particula.rly in the broad upland region :from 
.John Day southward as far as the Ha.rney Basin (Lund, 1966 ; Walker 
and Repenning, 1965) . 

Building o:f the Cascades caused a great climatic revolution. The 
mountain range became an obstacle to the moisture-laden winds :from 
the coast, resulting in a large decrease in rainfall in the interior of 
the State. Thus the rise of the Cascades separated the State into two 
rharacteristically different climatic provinces. Western Oregon has 
a humid climate, thick vegetation, and several large rivers ; eastern 
Oregon has a range :from semiarid to arid climate, sparse vegetation, 
and only a :few perennial streams and rivers. 

Great :fault blocks began :forming in south-central and southeastern 
Oregon, leaving such mammoth escarpments as Abert Rim and Steens 
Mountain, together with many lesser ones. Intermontane lakes that 
formed in ba.sins between these fault block mountains fluctuated 
greatly in size depending on seasonal variation in rainfall, but over 
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a period of time they accumulated thick beds of volcanic sediments 
as well as distinctive white deposits of diatomite. The Blue Mountains, 
as we see them now, were blocked out by folding and faulting in early 
middle Pliocene time. Some faulting has continued up to the present, 
as at Hot Lake and along the west side of the Grande Ronde Valley. 
Near the end of the Pliocene Epoch, several olivine basalt flows, which 
were extremely fluid at the time of their eruption, covered wide areas 
of central and eastern Oregon. 

PLEISTOCENE EPOCH 

By the beginning of the Pleistocene, only about 1 million years ago, 
the ocean had receded and left notable terraces containing black sand 
along the southern Oregon coast. The black sand is a concentration of 
heavy minerals (magnetite, chromite, zircon, garnet, gold, and plati
num) formed by the concentrating action of waves along a beach. 
The over-all landscape at that time was probably much like it is 
today, although the climate was cooler and wetter, with the lakes in 
central Oregon occupying a larger portion of the State (Allison, 196>6) . 

One of the outstanding events of the Pleistocene Epoch was the 
building of a row of large composite volcanic cones, extending from 
Mount Baker in Washington to Mount Lassen in California. Volcanoes 
such as Mount Hood, Mount Jefferson, and Mount Mazama ( Crater 
Lake) were superimposed on the older rocks of the Cascade Range. 

The Pleistocene was also the time of the great Ice Age, and although 
continental ice sheets did not extend as far south as Oregon, alpine 
p:laciers covered many of the peaks in the Cascade Range as well as 
the higher parts of the Blue and Klamath Mountains. Glacier-scoured, 
U-shaped valleys on the slopes of Steens Mountain show that ice once 
covered the crest of that upraised fault block in what is now one of 
the more arid areas of southeastern Oregon. 

Williams ( 1957) states that in the High Cascades : 
Glacial erosion ·has modified the shapes of all these volcanoes ; indeed, most of 

them have been reduced to radiating ridges separated lby ·glacial cirques. The 
parasitic cones on their flanks have been all but demolished. The fragmental 
cones on their summits have been denuded until the more resistant fillings of 
their central pipes have been left standing ·as gigantic monoliths, like miniature 
Matterhorns. Especially vivid examples of such deeply dissected volcanoes in
clude Three Fingered Jack, Mount Washington, North Sister, Husband, Mount 
Yoran, Lakeview, Cowhorn, Sawtooth and Howlock Mountains, Mount Thielsen, 
and Union Peak. 

Meltwaters from these glaciers carried much coarse debris from the 
mountain sides, filling many of the lower stream canyons and valleys. 

HOLOCENE EPOCH 
During the last 10,000 years, representing the Holocene Epoch, there 

have been a number of significant geologic events in Oregon. Mount 
Mazama erupted about 7,000 years ago with such rapid removal of 
magma that the summit collapsed to form Crater Lake caldera. At 
about the same time, another caldera formed on top of Newberry 
Volcano south of Bend, but on a slightly smaller scale. Several cubic 
miles of airborne ash from both the Mazama and Newberry eruptions 
spread over ·a vast area of central Oregon, and some of this material 
carried by winds has been identified from as far away as Banff, 
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Alberta, Canada, and Montana ( Fryxell, 1965 ) .  Since that time, 
flows of basalt have poured out on the surface at McKenzie Pass, 
Santiam Pass, and Lava Butte near Bend ; Diamond Craters south of 
Burns ; Jordan Craters near Jordan Valley. Trees that were covered 
by these flows and preserved from decay have recently been dated by 
carbon-14 and show that some of the lavas are less than 1,500 years 
old. Other flows on which no absolute age dates are yet available appear 
to be less than 1 ,000 years old. 

The streams and rivers emptying into the ocean have carried 
tremendous quantities of sediment from the land surface since the 
beginning of the Pleistocene and deposited it on the Continental Shelf 
(Byrne, 1963 ) .  One of the significant features at the base of the 
Continental Slope off the northern Oregon coast is the Astoria Fan, 
a depositional apron consisting of sediment discharged from the 
mouth of the Columbia River into Astoria  Canyon. The fan is about 
50 miles wide at its widest point and more than 75 miles long. Astoria 
Canyon heads in about 60 fathoms of water approximately 10 miles 
west of the mouth of the Columbia River. The upper or shallow por
tion of the canyon probably developed during the Pleistocene by sub
aerial erosion when sea level was several hundred feet lower than at 
present. Movement of material down the canyon in response to gravity 
has served to erode the canyon into deeper water and to keep it essen
tially clear of great quantities of sedimentary debris. 

Over the past few thousand years normal geologic processes have 
modified Oregon's landscape. Existing glaciers have shrunk to small 
remnants ; streams have eroded canyons in mountainous regions and 
have filled valleys and basins with sediment ; landslides have carried 
l arge masses of material to lower elevations ; the ocean has worn away 
many points of land, leaving isolated off-shore rocks or sea stacks ; 
the wind has built sand dunes along the coast. Man has also done his 
bit to alter the landscape, sometimes inadvertently, sometimes in order 
to suit the needs or desires of an ever increasing population. A casual 
glance at his surroundings will convince him of the changes that he 
has wrought. 

GEOLOGY OF WESTERN OREGON NORTH OF THE 

KLAMATH MOUNTAINS 

( By P. D. Snavely, Jr., H. C. Wagner, and N. S. MacLeod, U.S. Geological Survey, 
Menlo Park, Calif. ) 

'Vestern Oregon, as discussed in this section, includes the Coast 
Range and the Willamette Valley as far east as the foothills of the 
Cascade Range. The Coast Range is a mountainous belt extending 
from the Klamath Mountains northward beyond the Columbia River 
into Washington. The Willamette Valley, a nearly flat alluvial plain 
and low hills, is part. of the nearly continuous l ine of troughs extending 
from Pudget Sound to the Klamath Mountnins. 

In the past 60 million years the Coast Range area was first the site 
of the deepest part of a basin of marine deposition and later was an 
area of uplift that restricted the Pacific Ocean to its present position 
rather than permitting it to lap against the foothills of the Cascade 
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Range. This history is complicated by changes in the environments 
of deposition during accumulation of many thousands of feet of 
marine sediments, by great outpourings of volcanic material on the 
sea floor, by emplacement of extensive sheets of gabbro and other 
igne.ous rocks, and by several major periods of uplift, folding, and 
erosiOn. 

The origin of the deep north-trending trough in which about 
50,000 feet of Tertiary sedimentary and volcanic rocks have accumu
lated within this time span of 60 million years is open to speculation 
because much of the data needed for an interpretation of its origin 
are not available. Its eastern margin is buried beneath the laYa flows 
of the Cascade Range, its western margin is covered by the Pacific 
Ocean, and the basement rocks underlymg the center of the trough 
are as yet unknown as they neither crop out, nor have they been reached 
by exploratory drilling. Only in the Klamath Mountains to the south 
can older rocks be seen, and these older rocks probably do not underlie 
most of the Oregon Coast Range. Nevertheless data obtained from 
investigations on the areal distribution, environments of deposition, 
ages, and compositions of the sedimentary and volcanic rocks, as 
well as the location and ages of folds, faults, and unconformities, 
makes possible a preliminary reconstruction of the evolution of the 
trough. 

The area in which this Tertiary trough occurred lies within the 
circum-Pacific orogenic belt astride the mobile boundary between the 
continent and the deep ocean. Elsewhere in this circum-Pacific belt, 
ma.jor earth forces have deformed .the surface and formed deep trenches 
or troughs marginal to the continents. Some of these troughs have 
been filled with thick accumulations of Yolcanic and sedimentary rocks. 
The possible origins of troughs similar to the one that occupied western 
Oregon and Washington in early Tertiary time h:we been explained 
by a variety of hypotheses such as ( 1 )  tensional rifting ( tearing apart) 
resulting in lateral separation of cr:nstal material, (2)  crustal down
buckling as a result of a spreading sea floor thrusting itself beneath 
the continental crustal block, and ( 3) dowmmrping of the crust as the 
continents are thrust seaward over the oceanic floor. 

Although the origin of the trough that existed in Oregon during 
the early Tertiary is unclear, its shape at Yarions times in the past can 
be reconstruCJted from the distribution of the marine rocks deposited in 
it. Recent summaries of the distribution of rocks in western Oregon 
have been published by Baldwin ( 1959, 1964) , 'Yells a.nd Peck ( 1961 ) ,  
and Snavely and Wagner (1963, 1964) . 

The lower Tertiary trough extended northward from the Klamath 
Mountains about 400 miles to southern Vanconyer Island, and wes.t
ward from the Cascade Range to near the present edge of the con
tinental margin (fig. 6 ) ,  (Snavely and 'Vaguer, 1963 ) .  The north
trending axis of the trough was located between the present coastline 
and the crest of the Oregon and "� ashington Coast Ranges. Subse
quent changes in the inferred shape of the basin of deposition and in 
the nature of sediments and volcanic rocks deposited in different places 
within the basin at successive epochs in Tertiary time are shown in a 
sequence of paleogeologic maps (figs. 8-13)  and the major .stratigraphic 
units are given in figure 7. 
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GEOLUGHJ HISTORY 

The first event recorded in the depositional history of this trough 
was the submarine outpouring of vast quantities of basaltic lava ( fig. 
8 ) .  Upon extrusion into cool sea water the hot lava was rapidly 
quenched and producing fragmental debris composed of angular 
basaltic glass ; where less drastically quenched, thick accumulations 
of pillow basalt were formed. The volcanic rocks intertongue com
plexly with marine tuffaceous siltstone and basaltic sandstone that 
contain fossils indicative of Paleocene, early Eocene and early middle 
Eocene age. As the trough subsided, submarine basalts continued to 
be erupted, and near centers of volcanism they attained n thickness in 
excess of 15,000 feet. The base of the volcanic sequence is not exposed 
in the central and northern parts of the trough nor has it been pene
trated by drill holes as deep as 12,880 feet. 

Most of the rugged upland areas in the Oregon Coast Range are 
formed on volcanic rocks of this lower to middle Eocene sequence 
which is designated the Tillamook Volcanic Series in the northern 
part of the range ("Warren and others, 1945 ) ,  the Siletz River Vol
canics in the central part (Snavely and Baldwin, 1948 ; Snavely and 
others, 1968) and in the southern part form the volcanic rocks of the 
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Umpqua Formation ( Diller, 1898 ; Wells ,and Waters, 1935 ; Hoover, 
1963 ; Baldwin, 1965 ) . The Siletz River Volcanics can be divided on 
the basis of -age and petrochemistry into a lower tholeiitic basalt unit 
and an overlying alk:alic basalt unit ( Snavely and others, 1965 ; 
Snavely and others, 1968) . The lower unit consists of two types of 
tholeiitic basalt, the older of which contains less Ti02 and more MgO 
and has more primitive chemical characteristics. The compositions of 
these two parts of the lower unit are given in table 1. These tholeiitic 
basalts have strong affinities to oceanic tholeiitic basalts as represented 
by samples reported upon by Engel and others ( 1965) and Muir and 
Tilley ( 1966) from the Pacific and Atl-antic Oceans as shown in col
umns 3 and 4, table 1. Late in this volcanic epoch extrusion of lava in 
places exceeded the rate of downwarping sufficiently to form volcanic 
islands. Beneath such islands, as in the central part of the Oregon 
Coast Range near latitude 45 o (fig. 8 ) , the basaltic magma was ponded 
in shallow magma chambers where it was differentiated and later 
erupted as alkalic basalt, ankaramite, picrite basalt and feldspar
phyric basalt which form the upper alkalic unit. The volcanic history 
represented in the lower to lower middle Eocene basaltic rocks of the 
Oregon Coast Range is considered to have closely paralleled that of 
the Hawaiian Islands insofar as the eruptive cycle and composition 
of the rocks (col. 5, table 1 )  are concerned (Snavely and others, 1968) . 

TABLE !.-AVERAGE COMPOSITION OF THOLEIITIC BASALT FROM THE LOWER U N IT, S ILETZ RIVER VOLCANICS ,  
COMPARED WITH THOLEIITIC BASALT FROM OCEANIC AREAS (AVERAGES RECALCULATED WATER-FREE) 

SIO, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Al,o, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Fe,o, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

FeO _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

MgO _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

cao _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Na,o _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

K,o _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Ti02--- - ------ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
p,o, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

MnO _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

(1) 

49. 0 
14. 5 
3. 9 
7. 7 
8. 3 

12. 2 
2. 3 
0. 1 7  
1 .6  
G. \5 
0. 19 

(2) 

48. 3 
14. 6 
5. 3 
8. 5 
5. 8 

11. 5 
2. 6 
6. 14 
2. 7 
0. 31  
0 .  25 

(3) 

50. 2 
15. 3 
2. 1 
8. 0 
7. 4 

1 1 . 9  
2 .  7 
0. 19 
1. 7 
0. 18 
0. 19 

(4) 

50. 0 
15. 3  
2. 2 
8. 5 
7. 9 

1 1 . 2  
2 .  8 
0. 17 
1.6 
0. 13 
0. 18 

(5) 

49. 9 
14. 1 
3. 1 
8. 6 
8. 5 

10. 4 
2. 0 
0. 38 
2. 5 
0. 26 
0. 16 

( 1) Older part of lower unit, Siletz River Volcanics (average of 3 samples). 
(2) Youn&er part of lower unit, Siletz River Volcanics (average of 5 samples). 
(3) Pacific Ocean (average of 4 analyses from Engel and others, 1965, p. 720, table 1 ;  includes samples PVD-3, PVD-4c, 

PV17, and EM, but does not include PVD-1 which is probably a feldspar-phyric basalt}. 
(4) Atlantic Ocean, Atlantis and Chain suites (average of 9 analyses from Muir and lilley, 1966, p. 197, table 3, col. 2). 
(5) Hawaiian Islands (average of 181 analyses from Macdonald and Katsura, 1964, p. 124, table 9, col. 8). 

Near the close of this early volcanism dark gray massive to thin
bedded tuffaceous siltstone and interbedded volcamc, feldspathic and 
argillaceous sandstone were deposited. In places these strata are inter
bedded with the submarine volcanics, particularly in the southern 
part of the Coast Range. These sediments, which are referred to the 
Umpqua Formation ( Diller, 1898 ; Baldwin, 1965) ,  are of early to 
middle Eocene age and represent reworked volcanic debris within the 
basin as well as continental detritus carried in by turbidity currents 
from land areas south and cast of the basin (fig. 8 ) .  Unconformities 
within the Umpqua Formation attest to spasmodic tectonic events 
in the southern part of the basin ( Baldwin, 1965 ) .  The upper part of 
the Umpqua Formation is predominantly siltstone and is eqmvalent 
to a similar sequence of rocks in the Corvallis area, the Kings Valley 
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Siltstone Member of the Siletz River Volcanics (Vokes and others, 
1954) . These lower middle Eocene sedimentary rocks are equivalent 
in age to the eruptions of differentiated basaltic rocks which formed 
islands in the central part of the Oregon C oast Range near latitude 
45° N. Volcanic islands probably also existed in the Tillamook High
lands in the northern part of the Coast Range where a similar basaltic 
sequence, containing both submarine and subaerial flows, crops out. 
Lenses of impure biOclastic limestone occur at the top of the Eocene 
basalts in the Dallas area (Baldwin, 1964b) and have been quarried 
for agricultural lime and for the production of Portland cement. 

At the close of this volcanic epoch in middle Eocene time crustal 
forces, perhaps related to those that originally formed the trough, 
resulted in a major downwarp of the basin and a concomitant uplift 
of the Klamath Mountains area. In the southern part of the trough 
this deformation and associated erosion is shown where the Tyee 
Formation (middle Eocene) was deposited unconformahly on strata 
as old as the lower part of the Umpqua Formation. Material was 
rapidly eroded from the Klamath highland area and large deltas and 
submarine fans formed along the southern margin of the trough. 
Periodic slumping of large masses of unconsolidated material at steep 
delta fronts, perhaps triggered by earthquake shocks, moved large 
masses of water-saturated sediments basinward. These mass move
ments are believed to have been transformed into turbidity currents 
that transported the debris northward along the axis of the trough for 
a distance of more than 150 miles (Snavely, Wagner, and MacLeod, 
1964 ) .  Pre-existing volcanic highs were buried and as much as 10,000 
feet of rhythmic-bedded strata accumulated (fig. 9 ) . This predomi
nantly unfossiliferous sandstone unit, the Tyee Formation (Diller, 
1898) ,  consists of graded units 2 to 10 feet thick that are composed of 
medium-grained feldspathic and argillaceous sandstone in the lower 
part and carbonaceous siltstone in the upper part.' The bottoms of 
graded units are sharply defined and commonly contain sedimentary 
structures, such as groove casts and flute casts, whose orientation per
mits one to determine the direction of sediment transport. An analysis 
of more than 500 of these sole markings (Snavely and others, 1964b )  
indicates that the detrital material that comprises the Tyee Forma
tion was transported northward in the trough, flowed around obstruc
tions such as volcanic highs, and eventually blanketed the entire 
southern end of the basin (fig. 9 ) . Pelagic clays at the top of some of 
the graded units contain foraminiferal faunas which indicate deposi
tion in water depths in excess of 5,000 feet. In the southern end of the 
basin, nearer to the source area, conglomerate lenses form thick units 
in this sequence and represent less readily transported material which 
was deposited in part from streams near the southern margin of the 
basin. Contemporaneous deposition north of latitude 45° N consisted 
of marine pelagic siltstone and lesser amounts of basaltic and arkosic 
sandstone. 

Near the close of middle Eocene time the Klamath Mountain area 
had apparently been eroded to a region of moderate relief and fur
nished only minor debris to the basin. By that time the basin was 
essentially filled with turbidity current deposits, and coal-bearing 
continental beds and nearshore sands were laid down along the south-
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FIGURE 9.-Paleogeologic Iilllp of western Oregon during middle Eocene time. 

ern fringe of the basin whereas silt and clay were the dominant sedi
ments deposited in its deeper l?arts. In the central part of the Oregon 
Coast Range the siltstone umts thus formed comprise the Yamhill 
Formation ( Baldwin and others, 1955 ) ; in the northern part fine
grained marine deposits of this age represent pelagic deposition that 
continued uninterrupted from middle to late Eocene time. Interbedded 
in the pelagic siltstones north of latitude 45° are thick units of basaltic 
sandstone which were derived from volcanic highs. · 

In middle late Eocene time the eugeosynclinal trough was sub
jected to renewed deformation which produced broad uplifts of the 
older sedimentary and volcanic rocks and formed several islands and 
depressions in a generally shallow marine basin. Erosion of these 
island areas contributed coarse clastic detritus to the marine environ
ment and produced deposits that are thickest marginal to the struc
tural highs. This middle late Eocene uplift and erosion is recorded 
in a major unconformity that can be recognized around structural 
highs in much of western Oregon and Washington. However, toward 
the open sea, in the area of the present continental shelf, sedimenta
tion probably continued essentially uninterrupted. 

In late Eocene time a broad belt of nearshore marine sandstone was 
laid down along the eastern and southern margins of the basin (fig. 
10) . These massive to thin-bedded, micaceous arkosic sandstones along 
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the eastern �argin are assigned to the Spencer Formation (Turner, 
1938) and contam interbedded basaltic sandstone, carbonaceous silt
stone, and tuff beds, and interfinger basin ward with marine tuffaceous 
siltstone. Arkosic sandstone in this unit locally has high porosity and 
could serve as reservoir rocks for petroleum accumulation. Fringing 
this marine environment was a broad coastal plain where sedimenta
tion and intermittent downwarping resulted in interfingering marine 
and brackish water sandstones and siltstones as well as non-marine 
mudflow deposits, tuffaceous rocks, volcanic breccias, and lava flows 
of andesitic composition (Peck and others, 1964 ) .  Coal-forming plant 
debris accumulated locally in this coastal-plain environment, but not 
in sufficient thickness to be of economic value due to constant dilution 
by volcanic detritus. However, farther removed from the andesitic 
volcanic fields of the ancestral Cascade Range, near Coos Bay, plant 
debris accumulated to form the coal beds (Allen and Baldwin, 1944) 
that are found interbedded with sandstone and siltstone of the Coaledo 
Formation (Diller, 1899) . These coal beds have been mined since the 
19th century and have yielded several million tons of coal. Estimated 
reserves exceed 65 milhon tons which comprise the major portion of 
coal reserves in Oregon. The sedimentary rocks of the Coaledo Forma
tion have been interpreted as representmg deposition in a deltaic en
vironment ( Dott, 1966) .  Toward the open sea, tuffaceous silt and clay 
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were deJ?.osited in deeper water. These organic-rich argillaceous rocks, 
as described in the Nestucca Formation (Snavely and Vokes, 1949) , 
are commonly thin bedded and contain thin ash beds. Intercalated with 
these finer clastics are basaltic and arkosic sandstones derived from 
islands of lower and middle Eocene volcanic and sedimentary rocks. 

In late Eocene time basalt was erupted from vents onto the floor of 
the shallow marine basin in several areas, and produced breccia and 
less common pillow basalts which interfinger with marine siltstone. 
Islands formed where volcanic accumulations were thickest, and the 
flows that erupted on these islands can be traced laterally into subma
rine breccias and pillow lavas. Pyroclastic material was ejected from 
vents near the shores of islands. and accumulated as water-laid tuff 
lenses that intertongued with marine strata. Beds of basaltic sandstone 
and cobble and boulder conglomerate of earliest Oligocene age were 
derived from these subaerial volcanics and formed fringing deposits 
around these islands throughout much of the basin. 

In early Oligocene time orogenic activity along the southern margin 
of the basin resulted in regional uplift and a general northward shift 
of the shoreline which further restricted the basin of marine deposition 
(fig. 11) . Vigorous pyroclastic volcanism in the ancestral Cascade 
Range along the eastern margin of the geosyncline brought about a 
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marked change in the type of sediments deposited in the basin during 
Oligocene time. Volcanic ash falls and stream-transported ash and 
pumice accumulated in large quantities in the basin, and the ash was 
locally mixed with argillaceous material eroded from islands and from 
land areas marginal to the basin. The marine rocks thus produced con
sist mainly of massive to thick-bedded tuffaceous siltstone and sand
stone with intercalated ash beds ; pumice lapilli tuff and glauconitic 
sandstone are common, and limy concretions occur locally. The Eugene 
Formation (Smith, 1924 ; Schenck, 1927) is typical of marine units 
deposited in early and middle Oligocene time in western Oregon. 

In late Oligocene time broad uplift in the Coast Range area was 
accompanied by widespread emplacement of gabbroic sills as much as 
1,000 feet thick that now cap many of the higher peaks in the central 
part of the Oregon Coast Range. During cooling, the magma that 
formed these sills differentiated to produce rocks of gabbroic to grani
tic composition (Snavely and Wagner, 1961 ) .  These gabbroic sills are 
now a major source of jetty rock. The late Oligocene uplift essentially 
restricted marine deposition to the western flank of the uplift except 
for a restricted embayment that extended eastward along the Columbia 
River downward into the northern part of the Willamette trough (fig. 
11) .  Several westward flowing streams breached the ancestral Coast 
Range and carried sands and gravels into the marine environment to 
form thick deltaic deposits of cross-bedded pumiceous, carbonaceous 
sandstone and pebble congomerate. Typical of these deposits is the 
Yaquina Formation (Harrison and Eaton, 1920 ; Vokes and others. 
1949) exposed in the vicinity of Newport. This formation is composed 
predominantly of sandstone which locally has high porosity and would 
serve as a potential reservoir rock for petroleum accumulation. Sand
stone units of this formation intertongue laterally with tuffaceous silt
stone and glauconitic sandstone. Much of the material that composes 
these sands is detritus that was eroded from local highlands in which 
the Tyee Formation was exposed. 

Marine deposition in structural basins along the western flank of 
the Coast Range uplift continued essentially uninterrupted from late 
Oligocene to early Miocene time. The waning of vigorous pyroclastic 
Yolcanism in the Cascade Range in early Miocene time was reflected in 
a diminished supply of ash to the marine environment and organic-rich 
siltstone and mudstone was deposited in the deeper parts of open 
margin basins (fig. 12) . These rocks have a petroliferous odor when 
freshly broken and represent potential source beds for petroleum. 
Typical of these deposits is the N ye Mudstone ( Schenck, 1927 ; 
Snavely, Rau, and ·wagner, 1964) in the Newport embayment. Simi
lar rocks were probably deposited in north-trending basins which exist 
on the present continental shelf. 

The record of upper Oligocene to lower Miocene sedimentation in the 
'\Villamette downwarp is poorly known as much of this area is masked 
by Quaternary deposits. Marine strata that were deposited in the 
northern part of the Willamette downwarp consist of volcanic and 
arkosic sandstone, shallow water deposits of water-laid tuff, and 
less abundant siltstone and pebble conglomerate. In the central and 
southern parts of the Willamette downwarp brackish water and lacus
trine plant-bearing tuff and tuffaceous siltstone and volcanic sandstone 
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were laid down. Near the coastal plain, plant material accumulated 
locally to form beds of lignitic coal. Eastward, both the marine and 
non-marine sedimentary deposits interfinger with andesitic and dacitic 
tuffs as well as with andesite and olivine basalt flows and breccia ( Peck 
and others, 1964) . The olivine basalt flows extended westward from 
the Cascade Range into parts of the Willamette downwarp. 

The crustal unrest that characterizes the late Tertiary history of 
the continental border of Oregon is recorded in several major and 
minor unconformities within sequences of Miocene age and in the 
eruption of lava from small volcanoes near the present coast. Large 
quantities of sand and silt were furnished to the marine environment 
in middle Miocene time, and the resulting thick deposits of near
shore sandstone and siltstone are refered to the Astoria Formation 
(Weaver, 1937 ; Warren and others, 1945 ; Snavely, Rau, and Wagner, 
1964) . Strata of this formation are found in structural embayments 
extending from the Coos Bay embayment on the south to the Astoria 
embayment on the north. In places, such as north of Newport, the 
Astoria Formation overlaps the Nye Formation ( lower Miocene) and 
rests on the Y aquina Formation (Oligocene) .  Although these fossilif
erous sedimentary rocks near the present coastline attain a thickness 
of only 1 ,000 feet, a much thicker and finer-grained facies exists in the 
basins on the continental shelf. Interbedded sandstone in this offshore 
facies may serve as reservoir rocks for petroleum accumulation. The 
arkosic sandstone of the Astoria Formation contains a heavy mineral 
suite that suggests that much of the coarser detritus was transported 
from igneous and metamorphic terranes in north-central Washington 
and southern British Columbia by an ancestral Columbia R1ver. 
Several ash beds present in the sequence, particularly in the Newport 

21-829 0-69<------4 
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embayment, are dacitic in composition and probably had their source 
from volcanoes in the Cascade Range. In response to tectonic events 
the strandline fluctuated across a belt several miles wide as indicated 
by the intertonguing of nearshore sandstone and deeper water silt
stone. Beds of basaltic sandstone derived from older basalts are not 
uncommon in the sequence. 

In middle Miocene to early Pliocene time intermittent uplift in the 
Coast Range again shifted the strandline .generally westward and 
basalt \vas erupted from several volcanoes near the present coast. Three 
eruptive events, separated by unconformities, are recorded in the mid
dle Miocene to lower Pliocene ( ? ) rocks along coastal Oregon and 
southwestern "\Vashington. The oldest of the basaltic units is the most 
widespread and voluminous. Eruptive centers marked by extensive 
dike swarms and irregular shallow intrusions are located at Tillamook 
Head, Cape Falcon, Cape Meares, Cape Lookout, Cape Kiwanda and 
Depoe Bay. In places magma did not reach the surface and was in
truded into the upper Tertiary sequence at shallow depths to form 
thick (500-1000 feet) sill-like bodies of gabbroic rock such as are now 
founrl at Mount Hebo and Neahkahnie Mountain. Some of the vol
canoes erupted beneath the sea and as a result of rapid cooling the 
molten lava was intensely fragmented and produced thick aprons of 
basaltic breccia adjacent to these volcanic centers. In a few places 
pillow basalts were formed by submarine extrusion of lava or where 
thick subaerial flows entered the sea. Islands formed where accumula
tions of shallow water submarine basalts built up above sea level, and 
part of the basalt was extruded on land. 

The middle volcanic unit is found along the coast between Depoe 
Bay and Cape Foul weather, at Y aquina Head and Seal Rock, and 
in the vicinity of the Columbia River. These volcanic rocks form one 
of the major sources of road rock in western Oregon. The lower and 
middle units are typically separated by nearshore massive sandstone 
and less commonly by brackish water arkosic sandstone and siltstone 
(Snavely 'and Vokes, 1949 ) .  The middle unit consists predominantly of 
basalt breccia and waterlaid fragmental debris with lesser amounts 
of massive flows and pillow lavas. Feeder dikes to this basalt se
quence are a:bundant and sills, such as at Seal Rock, locally intrude 
upper Tertiary rocks. 

The upper volcanic unit may be as young as early Pliocene and 
occurs as flows, dikes and sills in western Washington on the north 
side of the Columbia River. Flows of this upper basalt unit probably 
extend south of the Columbia River into Oregon some 20 miles east 
of Astoria. 

The petrochemistry of the three flow sequences that erupted from 
volcanoes along coastal Oregon is essentially identical to that of flow 
sequences within the Columbia River Basalt (as used by Waters, 
1961 ; Snavely ttnd others, 1965 ) that were erupted from large fissures 
east of the Cascade Range in the Columbia River Plateau. These flood 
basalts flowed westward down the Columbia River downwarp (which 
existed along the same general area that is now occupied by the Co
lumbia River but seveml miles to the south) and extended westward 
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to the sea and also southward into the northern part of the Willamette 
Valley (fig. 12 ) .  About 15 miles east of Astoria, near Big Creek, 
breccias derived from volcanoes along the coast appear to intertongue 
with breccias and pillow lavas that formed where westward-flowmg 
la,-a of the Columbia River Group poured into the sea. Deposits of 
low-grade ferrruginous bauxite, formed by the weathering of Miocene 
basalt, occur west of Portland and near Salem ( Libbey and others� 
1945 ) .  

A major period o f  uplift and erosion occurred near the close of 
Miocene time or early in Pliocene time. Except in the Coos Bay basin 
this orogenic event shifted the strandline west of the present Oregon 
coastline (fig. 13) .  In the Coos Bay basin nearshore sandstone and 
siltstone of Pliocene age grade rapidly northwestward into a pre
dominantly siltstone sequence on the continenta1 shelf. In other nearby 
areas upper Miocene ( ? ) or Pliocene strata lapped onto folded and 
faulted older strata (Baldwin, 1966 ; Dott, 1966) . The thickest marine 
deposits of Pliocene age now exist in north-trending linear basins on 
the continental shelf. 

In a broad str11ctural downwarp along the Columbia River massive 
crossbedded quartzose sands and silts of late ( ? ) Miocene and Pliocene 
age were laid down on flows of the Columbia River Group. These sands 
and silts are more than 500 feet thick and contain much partially 
cttrbonized wood and finely-comminuted carbonaceous debris. The 
rocks are in part equivalent in age to the fluviatile and lacustrine sedi
ments that fill the structural basins underlying the Tualatin Valley 
and the downwarp east of the Portland Hills. These poorly con
solidated sediments, which are referred in part to the Troutdale 
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Formation ( Hodge, 1933 ; Treasher, 1942 ; and Trimble, 1963 ) ,  are 
more than 1,000 feet thick in the Tualatin Valley and consist pre
dominantly of carbonaceous claystone, siltstone, and fine-grained sand
stone. Coarse sand and gravel which occur as lenses in the Troutdale 
Formation are utilized as a source of aggregate. Locally along the 
western flank of the Portland Hills anticline, gray porous olivine 
basalt was erupted from a number of vents. These l avas are the Boring 
Lava of Treasher ( 1942) and are assigned a late Pliocene to late ( ? )  
Pleistocene age by Trimble ( 1963 ) .  

Maximum uplift o f  the Oregon Coast Range probably took place 
in late Pliocene and Pleistocene time. This vertical uplift was ac
companied by movement along north and northwest-trending faults 
and by broad warping in response to compressional forces. Marginal to 
this region of general uplift, elongate basins were downwarped in the 
area of the present Willamette Valley and on the continental shelf. 
The rapid erosion that accompanied the uplift shed much clastic 
debris into the \Villiamette Valley and into the linear, north-trending 
offshore basins. In the eastern part of the vVillamette Valley, reddish
brown decomposed gravels and interbedded sand and silt underlie 
widespread deposits of light-brown silt of late Pleistocene age, the 
Willamette Silt (Allison, 1953 ) .  

As sea level in late Pleistocene time was some 400 feet lower than 
at present, the great quantities of sand that were eroded from the 
Coast Range were deposited as broad coalescing alluvial fans that 
extended west of the present coastline and into the marine environ
ment. �'\bundant fragments of wood and plants as well as heavy 
minerals derived from erosion of igneous rocks in the Klamath Moun
tains were deposited in these sheets of marine sand that prograde 
westward onto the continental shelf. Great quantities of sand and 
lesser amounts of gravel were discharged by the Columbia River at 
the time when its mouth was some miles west of the present coastline. 
This sediment was transported down the Astoria Submarine Canyon 
by turbidity currents to the deep sea floor where it formed a large 
submarine fan. Longshore currents carried large quantities of sand 
south of the Columbia River to  form an extensive area of beach ridges. 

Near the close of Pleistocene time much of the part of the Coast 
Range that was underlain by sedimentary rocks was reduced to an 
area of low relief, and large rivers like the Yaquina meandered across 
the landscape. Successive uplifts in late Pleistocene to Holocene time 
are recorded by marine terraces found at several elevations up to at 
least 500 feet along the 'vest side of the Coast Range and by the incise
ment of large rivers. The Coast Range probably attained its maximum 
elevation in latest Pleistocene t ime. In Holocene time the general rise 
in sea level has exceeded uplift and the mouths of coastal streams have 
been drowned to form the many bays that indent the present. coastline, 
and large spits and bars have been constructed across the mouths of 
most of the bays. Sand derived chiefly from erosion of the terrace de
posits as sea level rose formed broad beaches and onshore winds have 
transported the sand inland to form large dunes, such as those near 
Florence (Cooper, 1958 ) .  
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GEOLOGY OF THE KLAMATH MOUNTAINS PROVINCE 

( By Len Ramp, Oregon Department of Geology and Mineral Industries, 
Grants Pass, Oreg.) 

The Klamath Mountains province ( fig. 1, geomorphic divisions of 
Oregon) is a region of generally rugged topography, with over
steepened slopes, narrow ridges, and deep canyons. Elevations are from 
sea level to 7,500 feet ; relief is commonly from 2,000 to 5,000 feet. 
The ridge tops in a large part of the area are of fairly uniform eleva
tion, about 4,000 feet, and are believed to represent an old erosion 
surface (Diller, 1902 ) . A few isolated remnant patches of Tertiary 
gravel rest on this old erosion surface. Uplift of the area probably 
began in late Tertiary time and continued into the Quaterna.ry, pos
sibly into the Holocene. 

The province by definition contains only pre-Tertiary sedimentary, 
igneous, and metamorphic rocks, and its boundaries are drawn where 
the Tertiary rocks overlie the pre-Tertiary. On the eastern margin the 
pre-Tertiary rocks are overlain by Tertiary continental sedimentary 
rocks, which grade upward into volcanic rocks of the Western Cas
cades. To the north and west the overlying Tertiary rocks are marine 
sediments of the southern Coast Range. The southern boundary lies in 
California. The geology of the area has been compiled by Wells and 
Peck ( 1961) .  

P ALEozorc ScHIST 

The oldest rocks exposed in the Klamath Mountains province of 
Oregon, and possibly the oldest in the State, are highly metamor
phosed scists of probable Paleozoic age ( fig. 4) , which crop out in a 
small area along the California border about 20 miles south of Med
ford (fig. 3) . Bald win ( 1964b) suggests that these schists may be cor
related with the Salmon Hornblende and Abrams Mica Schists ( Car
boniferous) of northern California. The schists are of three types 
somewhat gradational into each other. \Veils ( 1940) described the most 
abund:tnt variety as a medium to dark green plagioclase hornblende 
schist with variable amounts of epidote and another common Yariety 
as a dark gray graphitic schist . There are a few masses of ;;:ilvery 
white quartz sericite schist with pyrite cubes. 

TRIASSIC RocK 

Unconformably overlying the Paleozoic schist is a great apparent 
thickness of altered volcanic and sedimentary rocks belonging to the 
Applegate Group (Triassic) . These tightly folded rocks a!"e 

'
exposed 

over a large area of the Klamath Mountains prm·ince. They extend 
from the Ashland batholith, 10 miles southeast of Medford, about 35 
miles westward to the egg-shaped diorite body surrounding Grants 
Pass (fig. 3 ) ,  and from as far north as the Tiller area on the South 
Umpqua River ( 43° latitude) southward into northern California. 

These rocks have been subjected to regional tectonic metamorphism 
as well as contact alteration around the margins of numerous granitoid 
intrusives where schists and gneisses are developed. Altered sedi
mentary rocks in the group include argillite, quartzite, marble, chert, 
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GENERALIZED STRATIGRAPHIC CHART FOR THE KLAMATH MTS, 

FORMi\.TlON AND DESCRIPTION 

Beach sands and marine terraces along coast 
Bench grave ls ana alL.lvium along t.treams and glacial moraine and till 
Auriferous gravels ( i n  former 3tream channels ) (order not indicative of' relative age ) 
Old grave ls - on Klamath peneplain 

Small intru s i o:Js of dacite porphyry and nepheline syenite 

Tyee Formation } 
Extend into Klamath Mountains from southern Coust 

Umpqua f'orma.tion Har:.ge ; <J.lso in Medford-Ashland area. 

J-l.arine bedF. in Gold Beach area 

HornbroOK Formation - Marine ceJ-; in Meiforu - " ;;nJand area & upper Grave Creek 

{ Rocky Point Formation { Days Creek For:nati on 
Myrtle Group Humbug Mounta.Lr. MyrUe Grocw 

(coast area ) Conglorrc n t,e ( i.nland R terl ) Hi:idle Formation 
Otter Point f'n-mation 

of Koch, l-166 · 

Neve.dan Orogeny - Intru, :ve roc:k.s : perioor.itc,  :>erpentinite, gabbro, 
riior ite, r:;rani le , pegmati te .  

Galice FoYrm t. i.on } 
Rogue Formation Succe.;�:1or; uncertain 
Dothan Fonrnt ion 

App legate Grollp - Metaseditr:e!l�l-1  mctavolcanics and intrusive s .  
Age o f  t..he 1 0wer part uncertain 

Pre-Triassic.: :chist - age unce rtain 

FIGURE H.-Generalized stratigraphic chart of the Klamath Mountains. 

and some highly indurated conglomerate with stretched pebbles. The 
v,olcanic phase which makes up possibly two-thirds of the section in
cludes altered lavas (basalt, andesite, and some rhyolite) and altered 
tuff and tuffaceous sediments. 

JuRASSIC FoRMATIONS 

The Galice, Rogue, and Dothan Formations, taken as a group, are 
somewhat similar in l ithology and origin to the Applegate Group but 
are, in most places, less metamorphosed. These formations are older 
than the Upper ,Jurassic intrusive rocks in the area. They are dated 
as late JuraEOsic in age, but the stratigraphic relation of the Galice and 
Dothan Formations is still under investigation. The formations crop 
out in the area west of Grants Pass for a distance of about 30 miles 
measured across the strike to a point near Marial on the lower Rogue 
River. The Ga lice and Dothan Formations extend northward from 
northern California to a point east of Roseburg, where they are over
lain by volcanic rocks of the 1V estern Cascades. This represents a 
strike diet.ance of nearly 100 miles from the California line. The 



49 
Rogue Formation, sandwiched between the Galice and Dothan Forma
tions in the Galice area (Wells and Walker, 1953 ) ,  covers a smaller 
area, and its aerial extent outside the Galice quadrangle has not been 
determined. 

The Galice Formation lies on the east and is in thrust-fault contact 
with the Applegail:e Group. It is composed mainly of slaty siltstone, 
sandstone with occasional conglomerate lenses, and thick interbeds of 
lavas, tuffs, and tuffaceous sediments. All these rocks have 'been sub
jected to low-grade regional metamorphism, and the volcanics are gen
erally altered to hard, in part siliceous, and chloritic greenstones. The 
Galice Formation is dated as early Lwt:e Jurassic (Oxfordian-Kim
meridgian) on the basis of fossils collected from 18 localities ( Imlay, 
1961) .  

The Rogue Formation lies west of the Galice Formation and is best 
exposed along the Rogue River from the Almeda mine north of Galice 
about 7 miles to a point below the Benton mine. It is composed of 
fine- to coarse-grained tuff, in part tuffaceous sediments, agglomerwt:e, 
flow breccia, and andesitic lavas. These volcanic rocks are tightly 
folded and metamorphosed in varying degree from siliceous green
stone in the northern part of the area to amphibole gneiss south of 
Galice. The Rogue Formation appears to be the most favored for 
mineral deposits of the three Jurassic formations. Scattered mineral
ization in the form of gold-bearing fissure veins and related sulfides 
are found in the formation from the Canyonville area south to the 
Illinois River area. 

The Dothan Formation is the most e:x'tensive of the three Upper 
Jurassic formations. It is a thick series of massive graywacke sand
stone with some shale, conglomerate, chert, and pillow basalt. Type 
locality of the Dothan Formation is along Cow Creek near West Fork 
station, formerly Dothan Post Office (Diller and Kay, 1924 ) .  It forms 
a broad north- to northeast-trending band of the sedimentary rock 
that extends through the province from northern California to a point 
10 miles east of Roseburg with only one break in continuity, in the 
Canyonville and Riddle area, where it is interrupted by a down
faulted segment of Cretaceous sediments. Like the Galice Formation, 
the Dothan Formation has sustained considerable deformUJtion and is 
overturned in places. 

Isoclinal folding and longitudinal faulting of the entire Dothan
Rogue-Galice group has resulted in confusiOn as to which of the 
formations is the youngest. Diller ( 1914) , who first studied these rocks 
in detail, believed the Dothan Formation youngest. Taliaferro ( 1942) 
examined the section critically and concluded that the Dothan Forma
tion belonged UJt the bottom of the series, as did Wells and Walker 
( 1953) . Dott ( 1965) also presents evidence that the Dothan Forma
tion is the oldest of the senes. Irwin ( 1964) , on the other hand, work
ing in the Klamath Mountains of northern California, believes the 
Galice and Rogue Formations are older than the Dothan, and that the 
Dothan Formation is post-Nevadan orogeny and has been moved into 
its present position by thrust faulting. Field investigations of this 
problem are continuing, but as yet no diagnostic fossils have been 
found in the Dothan Formation, and no conclusive evidence of the age 
relationships has been obtained. 
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UPPER JuRAssic-LowER CRETACEOus FoRMATIONS 

MYRTLE GROUP 

The Myrtle Formation, originally described by Diller ( 1898) and 
assigned to the Cretaceous, was later raised to group status ( Imlay 
and others, 1959) to include several post-Nevadan Upper Jurassic
Lower Cretaceous units ( fig. 14) . The Myrtle Group is exposed along 
the western fringe and in various down-faulted blocks within the 
Klamath Mountains province. It consists chiefly of siltstone, sand
stone, and conglomerate. Units within the group are similar litho
logically, and differentiation is based largely on evolution of a mussel
l ike clam Buchia. Subdivisions of the Myrtle Group along the coast 
from oldest to youngest include the Otter Point Formation, Humbug 
Mountain Conglomerate, and Rocky Point Formation of Koch ( 1966 ) .  
Similar rocks exposed inland consist o f  the Riddle and Days Creek 
Formations ( Imlay and others, 1959 ) .  

The Otter Point Formation, which i s  exposed i n  the Gold Beach
Port Orford area, consists of a:bout 10,000 feet of mudstone, sand
stone, bedded chert, tuff, and pillow lava. ( Gold Beach is at the mouth 
of Rogue River, and Port Orford is about 25 miles north.)  Rocks of 
the Otter Point Formation are steeply folded, but much less altered 
than the underlying pre-Nevadan Jurassic formations. Where ex
posed in the Port Orford area, the Humbug Mountain Conglomerate 
and the overlying Rocky Point Formation ( dominantly mudstone and 
sandstone) have a combined thickness of about 9,000 feet. 

The Riddle Formation unconformably overlies pre-Nevadan 
Jurrassic rocks along the South Umpqua River near the town of Days 
Creek and along Cow Creek near Riddle. (The Riddle-Days Creek 
area is about 43 o latitude and 50 miles from the coast. ) The formation 
consists of dark gray siltstone with limestone lenses, chert-pebble con
glomerate, and sandstone ; at the type locality near Days Creek, where 
it is overturned, it measures about 1,088 feet thick. 

The Days Creek Formation overlies the Riddle Formation con
cordantly at the type section along the South Umpqua River near Days 
Creek. The formation is composed of alternating dark gray sandstone 
and siltstone and is about 800 feet thick in this area. It occurs in all 
areas where the Riddle Formation is found as well as in the Takilma
W aldo area east of O'Brien ( about 4 miles north of the California 
l ine and 30 miles from the coast) , where it unconformably overlies the 
Galice Formation. 

UPPER CRETACEOUS UNITS 

Near-shore marine deposits of sandstone, siltstone, and conglomerate 
with fairly abundant marine fossils of Late Cretaceous age are found 
as scattered remnants in the Jacksonville-Medford-Ashland area and 
as a down-faulted block on upper Grave Creek about 30 miles north
west of Medford. These rocks belong to the Hornbrook Formation 
( Peck, Imlay, and Popenoe, 1956 ) .  The rocks are gently folded, but 
dip as much as 40° where the formation laps on the east flanks of the 
uplifted Ashland batholith. 

Cretaceous rocks younger than the Hornbrook Formation are 
mapped and described by Howard and Dott ( 1961 ) along the coastal 
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area of Cape Sebastian and Pistol River, about 8 miles south of Gold 
Beach. A lower section of massive sandstone with minor conglomerate 
at the base is about 800 feet thick. The upper section of alternating 
shale and sandstone with a few distinctive fossils is about 600 feet 
thick. 

TERTIARY FoRMATIONS 

Tertiary rocks, not a part of the Klamath Mountains province, are 
mentioned here only because they extend southward into the area as 
a large synclinal trough in the Eden Ridge-Agness area and lap on 
the east edge of the province in the Medford area, where they are in 
turn overlam by western Cascades volcanic rocks. 

In the Eden Ridge-Agness area of southern Coos and northern 
Curry Counties, these rocks are Eocene marine sediments of the 
Umpqua and Tyee Formations. The underlying Umpqua Formation 
extends as far south as a point on the Illinois River near the mouth 
of Silver Creek where it lies unconformably on the Dothan Formation 
and gabbroic rocks. The Umpqua Formation in this area is chiefly 
a well-bedded sandstone and siltstone and some massive conglomerate. 
The overlying Tyee Formation. which extends as far south as Bald 
Knob on the north side of the Rogue River, consists of coal-bearing 
shales, sandstone, and conglomerate. 

Tertiary sediments in the Medford area are mapped as Umpqua 
Formation (Wells, 1956) .  The formation is predominantly a medium· 
grained, buff-colored sandstone with some conglomerate and shale 
and a few lenses of coal. It grades from near-shore marine sediments 
at the base, unconformably overlying the Hornbrook Formation, 
upward through continental deposits to volca,nic sediments and tuffs 
near the top. 

TERTIARY AND QuATERNARY ALLUVIAL DEPOSITS 

Remnant stream deposits occurring at various elevations, and marine 
terraces along the coast, give evidence of stillstand periods during 
uplift of the Klamath Mountains. Many of these deposits have been 
"·orked for placer gold. The stream deposits haYe been divided into 
five categories (Wells and others, 1949 ) .  Four of these are listed : 

1. "Old gravels" of Miocene or Pliocene age. These deposits lie on 
erosion surfaces at about 4,000 feet elevation. The poorly sorted cobbles 
and pebbles are partially decomposed and firmly cemented in a sandy 
matrix. · 

2. "Auriferous gravels of the second cycle of erosion" of Late 
Pliocene or Pleistocene age. These are pooriy sorted, partly cemented 
gravels that occur as detached remnants of former stream channels 
on divides of the present drainage system. 

3. Llano de Oro Formation or high bench gravels of Pleistocene 
age. These include terrace deposits lying as much as 400 feet above the 
channels of the present-day streams that deposited them. Lower, 
younger bench gravels occur in some areas as mapped near Galice by 
·wells and Walker ( 1953) and are evidence of continuing recent uplift 
of the province. 

4. Holocene alluvium deposits are in part fluvioglacial in origin. 
The deposits consist of stratified gravel, sand, and silt on lower flood 
terraces, banks, and bars of the streams. 
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MARINE DEPOSITS 

Baldwin (1964, p. 34) and Griggs (1945) describe six major ter
races ranging from sea level to as high as 1,600 feet, that were cut 
during sea-level changes from Late Pliocene through Pleistocene time. 
The lower, more extensive terraces contain black sand deposits that 
have been mined in the past for chromite, gold, and platinum. 

INTRUSIVE RocKs 

Igneous rocks ranging from ultramafic to granitic and a few related 
pegmatites were emplaced mainly during the Nevadan orogeny of 
Late Jurassic time. Koch ( 1966) specifies an intra-Late Jurassic age 
for the Pearse Peak Diorite of Kaiser (in Koch and others, 1961 ) near 
Port Orford by both stratigraphic and radiometric (K-Ar) methods 
( 141±7 m.y. and 146±4 m.y. ) .  It is generally accepted that the more 
mafic intrusives, peridotite, and gabbros were intruded earlier and the 
diorites and granites followed. 

Not all the intrusive rocks in the area are related to the Nevadan 
orogeny. Some of the ultramafic rocks are believed to be significantly 
older. A few altered hypabyssal intrusive rocks are reported in the 
Applegate Group as well as in the Galice-Rogue-Dothan group. 

Tertiary intrusives are also found within the Klamath Mountains 
province. They consist of a few dacite porphyry dikes and the nephe
line syenite of Mount Emily about 8 miles north of the extreme south
west corner of the State. Some mineralization is related to these 
Tertiary intrusives, but most of the mineralization is tied to igneous 
activity of the N evadan orogeny. 

MINERAL RESOURCES 

The complex geology of the Klamath Mountains province is a favor
able environment for mineral deposits. The principal metallic ores 
have been those of gold, nickel, and chromium, with smaller amounts 
of antimony, copper, iron, mercury, platinum, silver, tungsten, and 
zinc. Metallic minerals known to occur in the area, but with limited or 
uncertain potential, include manganese and molybdenite. Metallic ores 
having some potential for significant increased or renewed produc
tion include gold, copper, nickel, and iron. Potential metallic mineral 
products of coastal beach sands include chromite, ilmenite, magnetite, 
gold, platinum, and zircon. 

The area has produced significant amounts of crushed rock, sand 
and gravel, limestone (marble) , and silica (quartz) , and small 
amounts of asbestos, barite, clay, building stone, garnet sand, and 
talc (soapstone) There appears to be potential for the production of 
olivine, serpentine, and feldspar sand and for greater amounts of 
building stone, clay, and soapstone. 

It has been mentioned earlier that the igneous rocks play an im
portant part in mineral deposition in the area. In addition to the 
dioritic rocks being a major source of hydrothermal mineralizing 
solutions, the ultramafi.c rocks are potential host rocks for such ores and 
minerals as chromite, nickel, asbestos, talc, magnetite, olivine, and 
serpentine. 
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GEOLOGY OF THE CASCADE RANGE 

( By A. B. Griggs, U.R Geologieal ,Survey, Menlo Park, Calif. ) 

The Cascade Range, which extends from Lassen Peak in northern 
California through Oregon and Washington, is part of a nearly con
tinuous mountain chain that borders the Pacific slope of North ·and 
South America. The segment within Oregon is from 30 to 70 miles wide 
and 250 miles long. Its crest roughly divides the State into a western 
third and an eastern two-thirds. In Oregon, the Range is divisible into 
two distinct north-south belts, the Western Cascades and the High 
Cascades (Callaghan, 1933 ; Baldwin, 1964) (fig. 1 ) .  These belts differ 
both in physiographic development and in the kinds and ages of the 
rocks exposed. 

The Western Cascades, which occupy nearly two-thirds of the 
Range, are made up almost entirely of slightly deformed and partly 
altered volcanic flows and pyroclastic rocks that range in age from 
late Eocene to late Miocene. These rocks have been maturely dissected 
so that the only evidence that remains of the many volcanoes from 
which they were erupted is an occasional remnant neck or plug that 
marks a former vent. In contrast, the High Cascades are a relatively 
narrow plateau built up in Pliocene and later time by coalescing shield 
volcanoes formed of basalt and basaltic andesite lavas. Although in 
varying stages of dissection, these volcanoes still exhibit their con
structional forms. Upon this plateau was erected a majestic chain of 
young volcanic peaks. The highest of these within the State is Mount 
Hood, which attains an elevation of 11,235 feet, over 5,000 feet above 
the surrounding country. Glaciation has carved their summits into 
their present shape ; in some, alpine glaciers still remain. 

With prevailing winds from the west, the Cascade Range forms a 
distinct weather barrier. Moderate to heavy rainfall is typical west 
of the crest, whereas the eastern part of the State has a semiarid to arid 
climate. The Range has been breached only where the Columbia 
�orge has been cut through the !llountains by the mighty Columbia on 
1ts way to the sea. The volcamc rocks that make up the Range are 
magnificiently exposed on the walls of the Gorge. Elsewhere the 
relatively few highways that traverse the Range go through passes at 
elevations of about 5,000 feet and may be closed from time to time by 
heavy snowfall during the winter and spring months. 

The Cascade Range has been a substantial producer of mercury ; 
60,000 flasks have been recovered from mines along its western margin 
and adjacent parts of the Coast Range. The western Cascades have 
also produced nearly $1.5 million in gold and silver since 1858, when 
gold was first discovered in that region. The gold-producing areas, 
which are mostly in Tertiary volcanic rooks and are in associatiOn with 
small Tertiary intrusive bodies, are fairly evenly spaced along 'a north
south alignment extending from Clackamas County on the north to 
Jackson County on the south ( Brooks and Ramp, 1968) .  They include 
the Bohemia, Quartzville, and North Santiam districts. Mining activity 
has been intermittent with the major part of the production prior to 
1920, most of which was from near-surface oxidized ores. Production 
since 1920 amounts to about $¥2 million from complex gold, silver, 
copper, lead, zinc sulfide ores. 
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The resources of the Cascade Range also include great stands of 

Douglas fir on the west slope and of Ponderosa pine on the east slope, 
that cover all but the higher peaks. The mountainous, in part glaciated 
terrain, with numerous sparkling lakes and streams, provides a recrea
tional area of exceptional beauty. An object of unusual interest is 
Crater Lake. The lake occupies the collapsed crater or caldera of an 
extinct volcano known as Mount Mazama (Smith and Swartzlow, 
1936 ; Williams, 1942 ) .  The eruption that caused this caldera to form 
took place about 6,600 years ago and scattered volcanic ashes over a 
wide area in Oregon, Washington, Idaho, and Montana (Fryxell, 
1965) .  

WESTERN CASCADES 

In the southern part of the State, part of the western fringe of the 
Range is underlain by a complex of folded and faulted graywacke, 
siltstone, argillite, and interbedded volcanic rocks that span the inter
val from Late Triassic to Cretaceous time. Large areas of these rocks 
have been regionally metamorphosed. They have been intruded by 
periodotite and serpentine sills and dikes and by plutons which range 
in composition from gabbro to granite. These older rocks make up 
much of the adjacent Klamath Mountains and are described in the 
section of this report on the Klamath Mountains. Similar rocks with 
similar structural trends are exposed in northeastern Oregon and for 
this reason these pre-Tertiary rocks are considered to be continuous 
under the southern pa.rt of the Cascade Range forming the basement. 

Further north where the Cascades border the Coast Range, marine 
and estuarine sediments with some interbedded basaltic flows and 
pyroclastic rocks of Eocene age crop out along the western margin 
(Diller, 1898 ; Wells and Waters, 1934 ; Wells, 1956 ; Hoover, 1963 ; 
Peck and others, 1964) . These rocks make up part of the Umpqua and 
Tyee Formations (fig. 15) .  Their total thickness is more than 10,000 
feet, and they most likely extend for many miles to the north and east 
under the younger volcanic rocks in the Cascades. The rocks of late 
Eocene age are predominantly of terrestrial origin. They contain thin 
coal seams, and near their southern limit grade upward into clastic 
vo Jeanie rocks of the W estern Cascades. 

The volcanic rocks of the Western Cascades have been divided into 
four formational units ( Peck and others, 1964) based upon fossil 
plants, lithologic differences, and erosional breaks plus some deforma
tion. The oldest is named the Colestin Formation (Wells, 1956) , and 
is spottily exposed along the southwestern edge of the Range. Included 
within this unit are the lower parts of both the Calapooya Formation 
(Wells and Waters, 1935) and the Fisher Formation ( Hoover, 1963 ) .  
These old volcanics consist o f  tuffs, flows, and much volcanic sedimen
tary rocks ; all are of andesitic composition and are mostly late Eocene 
in age. The maximum thickness of these rocks is about 3,000 feet, and 
they pinch out entirely against a high of pre-Tertiary rocks southeast 
of Roseburg. They are buried, if present in the northern part of the 
Range. 

Most of the ,southern part of the Western Cascades is formed of the 
next younger unit, composed mainly of the Little Butte Volcanic 
Series. Also included in this unit arc the Mehama Volcanics and the 
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FIGURE 15.�Stratigraphic units in <tlle Cascade Range, Oregon. 

lower part of the Breitenbush Series of Thayer ( 1939) , the Molalla 
Formation and the pre-Butte Creek Lavas of Harper ( 1946, Oregon 
State Coli. Master's thesis) , the Eagle Creek Formation (Williams, 
1916 ) ,  and the Bull Creek Beds of Barnes and Butler ( 1930, Oregon 
U niv. Master's thesis) . All of the latter are in the northern part of the 
Range, where they are exposed along the axes of at least three anti
clines. Fossil leaves from localities in all of these rocks are from 
Oligocene to early Miocene in age. Tuff.s, some of them welded, ranging 
from andesite to rhyodacite in composition, make up more than three
fourths of this unit ; basalt and andesite flows and breccia make up 
much of the remainder. Water-laid tuffs and conglomerate are present 
locally through the section from place to place. The thickest section 
of the Little Butte Volcanic Series, 15,000 feet, is expo.sed along the 
North Umpqua River. At most other places in the southern part of 
the Range only half as much, or less, is exposed. In the northern part, 
wherE' an unknown amount is buried, from 1,500 to 5,000 feet are 
exposed in the eroded anticlinal crests. Mo,st of the basaltic and ande
sitic material was erupted from a north-south chain of shield volcanoes 
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near the western margin of the Western Cascades, whereas the more 
acidic rocks came from a chain of vents in the central and eastern 
parts. Intermittent subsidence of this accumulating volcanic pile is 
evident from the interfingering of marine rocks in the central part of 
the western margin. These mark the last eastward incursions of the 
sea.s into the area of the Cascade Range. The interbedded stream and 
lake deposits show that the westward flowing streams that drained 
the Cascades area and the country to the east were dammed bY. vol
canic material from time to time. The many early Tertiary fossil leaf 
collections from localities .scattered over eastern Oregon are typical 
of warm and humid environments. They show that at no time during 
this interval had the ancestral Cascades built up sufficiently high to 
form a climatic barrier. 

In the northern part of the State basalt flows of the Columbia River 
Group crop out along the east and west fringes of the Range, and 
are expo,sed continuously through the gorge of the Columbia River. 
The Stayton Lavas of Thayer ( 1939) that occur east of Salem, and 
correlative basalt flows to the south of them are included within the 
Columbia River Group. The flows of the Columbia River Group lap 
on to the eroded edges of the older Little Butte volcanic Series rocks. 
They are considered middle Miocene in age in the Oregon Cascades 
because they lie on rocks containing fo.ssil leaves as old as early Mio
cene and are overlain by rocks with middle to late Miocene fossil 
leaves. The section of flows exposed in the Columbia Gorge is more 
than 2,000 feet thick. These flows gradually pinch out southward 
against a high of older rocks in the core of the Range, at about the 
latitude of the North Santiam River. However, they continue to be 
exposed at intervals further south along both the eastern and western 
margins. Volcanic activity within the Oregon part of the Cascades 
had apparently ceased or was only minor during the outpouring of 
the flood basalts as no Ca,scade volcanics are interlayered with them. 
The same condition also may be true on to the south as the same time 
interval is represented by an erosional break and by warping of the 
older volcanics. 

Flows, breccias, and tuffs, mostly of hypersthene andesite compo
sition, that conformably overlie the Columbia River Group in the 
northern part of the Western Cascades and unconformably overlie 
older volcanics on to the south, have been grouped in the Sardine 
Formation ( Peck and others, 1964) . Also included in this unit are 
the Fern Ridge Tuffs and the upper part of the Breitenbush Series 
of Thayer ( 1939 ) , the Rhododendron Formation (Hodge, 1933) ,  and 
the Boring Agglomerate of Treasher ( 1942) in the nothern part of 
the Range, and the Heppsie Andesite (Wells, 1956) east of Medford 
to the south. Based upon stratigraphic position and fossil flora found 
in them, these rocks are considered to be mostly middle to late Miocene 
in age. They cover most of the nothern part of the Western Csacades, 
but occur only in patches to the south. Some correlative basalt and 
basaltic andesite flows that are exposed along the west central margin 
of the Range also are included in this unit. Locally along the North 
Santiam River as much as 10,000 feet of the Sardine Formation is 
exposed, but at most places these rocks aggregate 3,000 feet or less. 
The arching of the Cascade Range probably began towards the close 
of this episode of volcanic activity. Heretofore in Tertiary time the 
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Western Cascades had subsided intermittently and irregularly with 
the piling on of the great mass of volcanics. Erosion had assisted in 
keeping the area at a general low level. With the arching, westward 
flowing streams became impeded, and lakes formed east of the moun
tains. The dissection of the present Western Cascades began then, 
and the dendritic drainage pattern of today was established. 

Conglomerates with some interbedded sandstone, shale, and tuffa
ceous rocks, all of Pliocene age, mantle the Columbia River Group 
or Sardine Formation at places along the Columbia River Gorge and 
are found along both margins of the Cascade Range for 30 to 40 
miles to the south. Those on the west side are called the Troutdale 
Formation (Hodge, 1938a) and those to the east, the Dalles Forma
tion (Piper, 1932) . They may be as much as 1,500 feet thick, but are 
generally less. Similar rocks, but containing more interbedded tuff 
and flows, are exposed along the eastern margin of the Range to the 
latitude of Bend where they are called the Madras Formation (Stearns, 
1930 ; Williams, 1957 ) .  These latter rocks are in part correlative with 
the Dalles Formation, but in part are younger. A relatively long 
period of volcanic quiescence preceded the deposition of the conglo
merates, during which a thick lateritic soil formed on rocks of both 
the Columbia River Group and the Sardine Formation along the 
western margin of the Range. The arching of the Western Cascades 
continued well after the deposition of the conglomerates. In part 
synchronous with the arching, but in part preceding it, was the sub
Sidence of the basins in which much of the Troutdale and the Dalles 
Formations accumulated. Also, during this eJ?isode and following it 
the Columbia River maintained its course, cuttmg the Columbia Gorge 
through which it now flows. 

HIGH CASCADES 

The High Cascades are made up predominantly of basalt and basal
tic andesite, mostly in the form of flows. These rocks built up a chain 
of broad, coalescing shield volcanoes that cover the eroded eastern 
margin of the W estern Cascades, form the crestal plateau, and underlie 
the narrow eastern slope of the Range (Williams, 1933, 1942, 1944, 
1962 ; Thayer, 1936, 1937 ; Walker, 1966 ) .  Eruptions of these rocks 
began early in the Pliocene Epoch and continued rinto Holocene time. 
The constructional form of even the older volcanoes is still evident 
although eroded to varying degrees. The volcanoes developed on an 
uneven terrain, and the younger ones formed on the eroded remains of 
the older to aggregate a thickness of several thousand feet in many 
places. As a closing phase of many of these volcanoes, cinder cones 
formed at the .top and on the flanks or on adjacent areas. Many of the 
more recent of these dot the crestal area of the Range. Isolated vol
canoes of the High Cascade type developed here and there on the 
Western Cascades. The Boring Lava in and east of the Portland area 
is the remains of a number of relatively small volcanoes that are a part 
of the High Cascades group (Treasher, 1942 ; Trimble, 1963) . More 
fluid flows of olivine basalt that were emitted mostly from fissures 
around the flanks of the shield volcanoes streamed down the eastern 
and western sides of the Range. In the Western Cascades they flowed 
down valleys, filling some to depths of many hundreds of feet. To the 
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east, in addition to filling valleys, they spread across the alluvial fans, 
where they are interbedded with gravels and tuffs. 

Superimposed along the crestal area are the large composite vol
canoes that dominate the skyline of the Range. The more prominent of 
these are Mounts Hood, J e:fferson, and McLoughlin, and the Three 
S<isters. Mount Mazama, whose caldera is now occupied by Crater Lake, 
was probably the most impressive of all in Oregon before its cataclys
mic eruption and collapse. The flows and ejecta with which they were 
built up are mostly of andesitic composition, and for some are entirely 
so. Others have erupted a wide variety compositionally, ranging from 
rhyodacite to basalt. Glacial debris, interlayered at intervals well 
down in their volcanic pile, show that they came into being early in 
Pleistocene time, and were intermittently active throughout most of 
that period. Others in the Cascade chain, like Mount St. Helens to the 
north in Washington and Lassen Peak to the south in California, have 
even been active in historic time. 

Eruptions of basaltic material continued during the time the great 
andesitic cones were forming. Whereas the andesitic volcanoes formed 
isolated peaks, basaltic shield volcanoes and cinder cones formed all 
along the chain of the High Cascades. Both types of volcanism con
tinued through Pleistocene time and into Holocene. Some of the older 
basaltic cones, like the older andesitic peaks, are strongly sculptured 
by glacial erosion. Younger cones are only slightly modified by ice, and 
the very youngest, perhaps on the order of a thousand years old, have 
little or no vegetation on them. The lava field surrounding the Belknap 
cones north of McKenzie Pass are a striking example, with black, · 
slaggy, craggy, lava fields that stretch for miles (Taylor, 1965) .  Vol
canic activity in the High Cascades is quiescent at present but may be 
merely dormant. 

Glaciers have modified all but the more recent volcanic peaks in the 
High Cascades. Some, like Three Fingered Jack, Mount '\V ashington 
and Mount Thielsen, that are among the older of the shield volcanoes, 
have been so deeply eroded that only a steep, tall spire-the more re
sistant neck-filling lava-remains (Walker and Greene, 19·66) .  The 
intermittent battle between volcanic buildup and glacial erosion on the 
great andesitic volcanoes has continued to the present. Today, although 
retaining much of their cone-shaped forms, the volcanic peaks are 
scarred by deep cirques and large U-sha:ped canyons. Some of the 
latter are still occupied by glaciers. Moramal deposits and U-shaped 
profiles of the upper parts of the valleys show that glaciers advanced as 
much as 30-40 miles down some of the major streams such as the North 
Santiam, McKenzie, and Rogue Rivers. These glaciers originated in 
the snowfields that surrounded the hig-hest peaks at the maximums of 
the Ice Age. Many of the higher peaks in the '\Vestern Cascades are also 
scarred by small glacial cirques. 

INTRUSIVE RocKs 

In addition to the many fine-grained intrusive rocks in the form 
of plugs, domes, dikes, and sills closely akin to the associated volcanic 
rocks, there are a number of small stocks, or irregular bodies that in
trude the volcanic rocks of the Western Cascades (Buddington and 
Callaghan, 1936 ) .  Although exhibiting a variety of compositions, these 
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stocks are dominantly medium-grained diorite, and are almost uni
formly porphyritic in habit. They are mostly in the northern part 
of the Range, where they are scattered throughout a relatively narrow 
north-south belt. The largest covers an area of about eight square 
miles in Still Creek and Zigzag River south·west of Mount Hood. Two 
other intrusives, one along the valley of the McKenzie River and an
other exposed in the North Santiam River near Detroit Dam occupy 
about four square miles and two square miles respectively. The re
spective ages of these last two stocks, determined from the lead
alpha ratios in zircon, were 35±10 and 23 ± 10 million years (Jaffe, 
1959 ) .  The Still Creek intrusive appears to be much younger ( Cor
coran, 1968, oral communication) .  Broad zones tens to hundreds of 
square miles in extent surround these intrusives in which the intruded 
rocks have been altered to chlorite-albite-epidote. Quartz veins con
taining precious metals and base metal sulfides are associated with some 
areas of altered rock. Some of these quartz veins cut the intrusives as 
well as the surrounding country rock ( Callaghan and Buddington, 
1938 ) .  

STRUCTURE 

The volcanic rocks of the Oregon Cascades form a sequence mo.re 
than 10,000 feet thick, of which at least half is now depressed below 
sea level. General down warping, which was intermittent through much 
of the Cenozoic Era, gently folded the rocks into a series of anticlines 
and synclines of north to northeast trend. A broad arching that 
occurred late in the deformational history of the Cascades has affected 
rocks as young as the Pliocene conglomerates. It is well displayed in the 
walls of the Columbia Gorge, where in the central part the Miocene 
basalts have been bowed 2,000 feet or more above their positions at the 
east and west margins of the Range. 

A series of parallel fractures of northerly trend that penetrated 
deeply into the crust of the earth have been postulated as channelways 
through which the magma was extruded to form the volcanic pile of 
the Oregon Cascades. These postulated fractures would explain the 
marked linearity of the centers of volcanism and the alignment of the 
small dioritic intrusives. The oldest fractures provided the channels 
through which the rocks of the Little Butte Volcanic Series were ex
truded near the western margin of the Cascades. The youngest were 
responsible for the large volcanic cones along the crest of the Range 
to the east. 

Few faults have been recognized in the Oregon Cascades. This 
paucity of recognized faults may result in part from the small amount 
of detailed mapping so far completed. Most of those that have been 
recognized trend northwest to north and dip steeply. South of Crater 
Lake the eastern margin of the Range is bordered by the Klamath 
graben, which also marks the northwest limit of the Basin and Range 
Province. Eastward tilted blocks are bounded by northwest-trending 
faults at several places along the northeast edge of the Range in Ore
gon. Knowledge concerning the time of movement along most of these 
faults is vague, but some has involved rocks as young as Pleistocene. 
Each of these structural elements ; the folds, deep thro.ugh-going 
fractures, and the faults, have trends that are at variance to one 
another. The intersection of faults and fractures may have localized 
some of the vents. 

21-829 0--69-----.5 
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GEOLOGY OF THE DESCHUTES-UMATILLA PLATEAU 

(By R. C. Newcomb, U. S. Geological Survey, Portland, Oreg.) 

The extensive plateaus of north-central Oregon are a part of the 
Columbia Plateau physiographic province ( Fenneman, 1931) . The 
unit of plateau and canyon topography defined as the Deschutes-Uma
tilla Plateau by Dicken ( 1950) includes a 100-mile-long strip of east 
sloping piedmont along the base of the Cascade Range and a main 
part in which the surface descends generally northward from the 
3,500- to 4,000-foot levels in the mountains of Central Oregon to the 
400- to 1,000-foot altitude along the Columbia, Umatilla, and Walla 
Walla Rivers (fig. 1 ) .  

This 150-mile-long by 10- to 70-mile-wide main body of the plateau 
unit is the largest part of Oregon devoted predominantly to the grow
ing of small grains. Annual precipitation ranges from about 30 inches 
in the highest parts next to the Blue Mountains to 7 inches in the 
lowlands along the Columbia River. 

Besides the Columbia River, which follows the principal structural 
downwarp from Wallula Gap to the Cascade Range (Newcomb, 1967 ) ,  
the John Day and Deschutes Rivers are the other large rivers that flow 
from outside this plateau unit. They traverse the plateau largely in 
canyons and gorges. Streams within the area flow in canyons that trend 
down the regwnal slopes and around the minor anticlinal warps which 
characterize the general regional surface. 

The oldest rocks are schists and gneisses. They have been bared by 
erosion in the steeper part of the north slope of the Blue Mountains 
and occur within this plateau unit only in stream canyons south of 
Pendleton. Their age is unknown but probably is equivalent to that of 
some of the Mesozoic or Paleozoic rocks exposed father south. These 
rocks had been intruded by plutonic magma and the whole exposed 
by erosion before deposition of the Clarno and John Day Formations 
(Tertiary) (Hogenson, 1964, p. 18-19) ,  as shown at the bottom of 
figure 16. 

The Clarno Formation, of Eocene and Oligocene age, consists of 
shale, sandstone and tuff, and of dacitic, andesitic, and basaltic lavas. 
An eroded surface on the Clarno Formation was covered by tuff of the 
John Day Formation in Oligocene-Miocene time. Both of these Ter
tiary formations are more widely exposed south of the western part of 
the Deschutes-Umatilla Plateau, along the crest and brow of the 
mountains of Central Oregon. 

The principal rock unit of the plateau is the volcanic sequence now 
named the basalt of the Columbia River Group but more briefly re
ferred to herein as the Columbia River basalt. It consists of Miocene 
and early Pliocene, accordantly layered, dark basaltic lavas with some 
interbedded tuffs near the top. The greatest total thickness of basalt 
beneath these plateaus is estimated as 3,000 feet. It thins to the south, 
where relatively small areas of the underlying rocks are exposed within 
this plateau. 

The Columbia River basalt is the greatest unit of lava on the con
tinental areas of the world. The extrusion consisted of successive flows 
of very liquid lava that spread great distances from fissures and non
elevated orifices. The main body of the basalt extends west from the 
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FIGURE 16.-Deschutes-Umatilla Plateau Geologic Column. 

Rocky Mountains to the Cascade Range and south from the Okanogan 
Highla.nds, in northern ·washington, into the mountains of Central 
Oregon. In parts of its vast area the basalt has been warped and 
faulted in Pliocene and Quaternary time as earth movements of re
gional extent elevated the mountains of Central Oregon and the Cas
cade Range and depressed the fa:ult blocks like those underlying the 
Snake River and Grande Ronde valleys. 

The surface of the basalt, little changed from the original strati
graphic top of the lava accumulation, is the north-sloping surface of 
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the consolidated rock beneath most of this plateau. Over part of the 
plateau the basalt is overlain by a relatively thin covering of sedi
mentary deposits. 

The sedimentary materials that overlie the basalt in the broad east
west synclinal trough between The Dalles and Pendleton consist of : 
( 1 )  tuff, conglomerate, silt, and sandstone of the Dalles Formation 
( Pliocene) ; (2)  silt, sand, and gravel of upper Pleistocene glacioflu
vial deposits ; (3 )  alluvium of Pleistocene and Holocene age along the 
streams ; and ( 4) loess of middle Pliocene to Holocene a�e ( N eweomb, 
1966) . Beneath wide areas of the plateau the total th1ckness of the 
sedimentary cover on the basalt ranges from more than 1,000 feet 
southwest of The Dalles to less than 200 feet east of the Deschutes 
River. 

The volcanic rocks of the High Cascades ( Pliocene to Holocene) ,  
more briefly referred to as "Cascade Ia vas," overlie the Dalles Forma
tion at the western edge of the Deschutes-Umatilla Plateau. This 
groul? of volcanic rocks includes one outlying cinder cone and lava 
flow Just east of the Deschutes River a few miles above its mouth. 

The upper Pleistocene glaciofluvial deposits consist of the water
laid gravel and sand that underlie the lower benches adjacent to the 
Columbia River and wide areas in the lowermost part of the Umatilla 
River valley, as well as the silt and sand lakebed deposit that was laid 
down in proglacial Lake Lewis (Allison, 1933 ) .  As a thin blanket, 
this silty lakebed deposit (the Touchet Beds of Flint ( 1938) ) once 
extended up to about 1,150 feet altitude but has been greatly eroded 
and in many places has been reworked by the wind. 

Loessial soils occur generally, except beneath the steepest slopes 
and the most eroded surfaces, eastward from longitude 121 °00. The 
loess occurrence is eastward from the area underlain by the volcanic 
debris facies of the Dalles Formation. The loess exceeds 3 feet in thick
ness over large areas of the plateau unit and in a few places is several 
tens of feet thick. At least some of the oldest parts of the loess have 
been derived from local windworking of the fine-grained silt and tuff 
of the post-basalt Tertiary strata. Some of the youngest soils, the type 
called Sagemoor soils, include wind-worked materials from the upper 
Pleistocene glaciofluv1al lake beds. 

The crustal deformation that has framed the large structural and 
physiographic characteristics of the Deschutes-Umatilla Plateau re
sulted from broad open folding in Pliocene and Pleistocene time. This 
folding is most readily discerned by the tilt and altitude of the once
horizontal Columbia River basalt. The master structure is the broad 
Dalles-Umatilla syncline, whose a.xial trough extends 160 miles from 
the Cascade Range to the intersection of the Horse Heaven anticline 
with the Blue Mountains anticline east of Pendleton (Newcomb, 
1967) (fig. 17) .  This great east-west downwarp, especially because 
of its connection with the east end of the Columbia Gorge through 
the Cascade Range, is a major transportation route to the interior 
of the Pacific Northwest. 

The Deschutes-Umatilla Plateau consists essentially of the southern 
limb of this broad syncline ; the basalt dips from liz to 3° north from 
the Blue Mountains to the 10-mile-wide axial trough. The main ex
ceptions to this structural singularity of the plateau include a small 
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part of the Horse Heaven anticline north of Pendleton and a small 
part of the Walla Walla syncline in the northeast corner as well as 
parts of the Columbia Hills anticline and Mosier syncline west of 
The Dalles. Minor warpings within the syncline mostly trend parallel 
to the large structures. These subordinate warpings form minor buttes, 
ridges, and valleys. 

The broad trough of the Dalles-Umatilla syncline locally plunges 
into shallow sag areas along its trend ; the principal sags are centered 
at Umatilla, The Dalles, and Mission (east of Pendleton) . In the sags 
at Umatilla and The Dalles, the top of the basalt stands only about 
200 feet above sea level. Between these sags the top of the basalt in the 
synclinal trough rises to the 900-foot altitude that extends from Arling
ton westward beyond the Deschutes River. 

The Columbia River was diverted into the Dalles-Umatilla syncline 
in Pleistocene time, when it carved the Wallula Gap and took over, 
enlarged, and deepened the channel and course of an ancestral U ma
tilla River. Its natural channel, now submerged in a series of hydro
electric reservoirs, descends from about 300 feet in Wallula Gap, to 
about sea level near The Dalles. Its- channel was largely a graded 
course except for the 50-foot falls and rapids at Celilo and for several 
other rapids in which the river plunged over the edge of particularly 
resistant layers of the basalt. Some of these rapids occurred closely up
stream from where faults or minor warps cross the river. 

The Walla Walla, Umatilla, John Day, and Deschutes Rivers, the 
secondary streams of the Deschutes-Umatilla Plateau, flow partly or 
entirely across the plateau in deeply canyoned channels which are 
rudely graded to the level of the Columbia River. The headwater 
canyons of the Walla Walla and Umatilla drainages lead from the 
Blue Mountains upland. The mainstems of these riVers flow in can
yoned courses in the mountain section and cross .alluviated syncl inal 
basins to reach the Columbia River. The entirely canyoned courses of 
the John Day and Deschutes Rivers are oriented, in consequent fash
ion, down the regional slope of the plateau and make subordinate side 
swings around mmor anticlinal warps. 

The largest creeks drain areas on the upland and slopes of the 
Blue Mountains or the Cascade Range and are only partly graded 
water courses. The channels of Butter and Willow Creeks, as well as 
Mill Creek near The Dalles, have generally even but steep gradients of 
50 to 200 feet per mile. Other creeks, like Fifteenmile Creek near The 
Dalles, have incised courses that in places flow gently in wide canyons, 
where the creek is base leveled on resistant layers in the basalt, and in 
places descend steeply. 

The small intra-plateau creeks also flow along canyoned courses 
which have both base leveled and cascading segments. The smallest 
stream courses, and their storm-water continuations, extend upslope 
into all parts of the plateau surface where they provide complete drain
age, devoid of lakes or ponds. Their drainage courses allow varying 
degrees of aggressive and sporadic water erosion to threaten the soil 
mantle. In the summer these streams flow only where springs emerge 
from the basalt, generally along the axes of synclines. 
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MINERAL RESOURCES 

The Deschutes-Umatilla Plateau contains very little in the way of 
metallic minerals or carbonaceous fuels, the common concept of min
eral resources. It does have large areas of loessial soil ; great amounts 
of road metal and common rock ; access to large amounts of good 
quality water ; and minor amounts of other usable mineral materials. 

The loessial soils are farmed to wheat under the summer-fallow 
system in which a crop is planted every other year. Most of the wheat 
farms range in size from several hundreds to many thousands of 
acres. Land in some of the higher areas along the mountain slopes re
ceives enough precipitation to permit limited annual planting, which 
may include rotation with other crops such as peas. Small amounts 
of the farmland is irrigated where water is available from streams or 
from wells. Depending in general on the altitude, rainfall, soil charac
teristics, and variety planted, the dry land wheat yields range from 15 
to 60 bushels per acre. Cattle are grazed on the rocky slopes. Diversi
fied farming is practiced on the plains and benches that are irrigated 
in the valley areas. These irrigated lands are extensive along the Wall a 
Walia and Umatilla Rivers. 

The growing-season flow of the Walla Walla and Umatilla Rivers 
and most of the creeks of the plateau is used for irrigation in the 
adjacent valley �lains. The only storage of surface runoff for irriga
tion is in Cold Springs and McKay Reservoirs in the Umatilla River 
basin and in a few scattered farm reservoirs. 

Ground water occurs in permeable zones at the top or bottom of 
some of the layers of the bedrock basalt, in some of the gravelly beds 
of the Pliocene sedimentary strata, in sand and gravel beds of the 
glaciofluvial deposits of the lower part of the Umatilla River basin, 
and in gravelly layers of some of the alluvial deposits along the 
streams. 

In the higher parts of the plateau, ground water perched on the 
basalt furmshes rural, domestic, and stock-water supplies for wells 
and springs. Large withdrawals, at relatively small pumping lifts, 
are made from wells in synclinal areas of the basalt. Most of the towns 
and cities obtain public water supplies, or at least supplementary 
supplies, from wells in the basalt. Industrial water, as well as irriga
tion water for several thousand acres of land, is obtained from the 
basalt by wells in the lower areas. 

The gravel layers of the alluvial deposits in the Walla Walla River 
valley and in the lowest part of the Umatilla River valley contain 
ground water extensively withdrawn for irrigation. 

The Columbia River basalt affords an easily available and nearly 
limitless source of good quality road metal, riprap, rock fill, and com
mon stone. Large block rock, of jettystone dimension, is a ,-ailable 
in the young lava ("Cascade lava" type) which once filled the Des
chutes River canyon 3 miles aboYe the river mouth. Red scoriaceous 
lava stone is taken from cinder cones along the east side of the Cascade 
Range ; the larger blocks are used for decoratiYe stone \valls and the 
finer "cinder" for decorative roofs, driveways, and walks. 

Some layered tuff and tuffaceous sandstone, durable enough for lim
ited use as dimension stone, is obtained from the Dalles Formation. 
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Some colored tuffstone is cut from the John Day Formation at a few 
places where it crops out beneath the Columbia River basalt in .this 
plateau section. Clayey materials suitable for burning common brick 
and tile are available in the loess and the Pliocene sedimentary 
deposits. Volcanic ash of andesitic and dacitic types is present in places 
in both the surficial deposits and the Tertiary formations. One 30-foot 
thick bed of relatively pure volcanic ash, occurring near the top of the 
Pliocene sedimentary strata 7 miles south of Arlington, was used as a 
pozzuolana admix to the concrete for the John Day Dam. Semipre
cious stones ( mostly agate, chalcedony, and common opal) are asso
ciated with silicified wood in the lava rocks. 

Minor economic minerals of little present value include small 
amounts of methane gas in a few of the water wells in the Columbia 
River basalt, noncommercial coal in the Clarno Formation at the 
southern edge of the plateau, and some specimen minerals like those 
of the zeolite group. 

GEOLOGY OF THE JOSEPH UPLAND 

( By R. C. Newcomb, U.S. Geological Survey, Portland, Oreg. ) 

The area of plateau and canyon lands north of the Wallowa River 
valley, west of the canyons of the Snake and Imnaha Rivers and east 
of the Grande Ronde River upstream from Palmer Junction, was 
termed the Joseph Upland by Dicken ( 1950) (fig. 1 ) .  The 225 square
mile area is a part of the regwn termed by Fenneman ( 1931 ) the Blue 
Mountains section of the Columbia Plateau physiographic province. 
The altitude ranges upward from the 1,500-foot level of the Grande 
Ronde River at the State boundary to 5,350 feet ; large areas of the 
upland surface lie above 4,500 feet. 

The upland is in a partial rain-shadow cast by the Blue Mountains 
and the W allowa Mountains ; hence, despite its relatively high altitude, 
the area receives an average annual precipitation of only 15 to 18 
inches. The precipitation comes mostly as snow and rain during the 
colder period, October to March, with a secondary rainy season in 
May and June of some years. The summers are dry and cool ; the frost
free growing season averages less than 100 days. 

Logging is the main industry. Ponderosa pine, Douglas fir, hemlock, 
larch, and spruce are the main trees harvested. The logs are trucked 
chiefly to sawmills at Elgin and Enterprise. The whole area is grazed 
by cattle, most of which are brought to the upland in summer from 
ranches in the nearby valleys. Small grains, mainly wheat, are raised 
on a few thousands of acres by dry-farming methods ; most of the 
grain is grown near Flora and on scatJtered farms at the west side of 
the upland. Recreation-chiefly hunting, fishing, and scenic enjoy
ment-is important and is a potential major use of the area. 

GEOLOGY AND PHYSIOGRAPHY 

The basalt of the Columbia River Group, Miocene and early 
Pliocene in age, underlies virtually the entire Joseph Upland. This 
accordantly layered sequence of dark basaltic lava has a total thickness 
of from 1,000 to 3,000 feet. The base of the basalt is exposed in the 
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Imnaha and Snake River canyons farther east and the Wallow a 
Mountains to the south, where older metamorphosed rocks underlie 
the basalt. About 15 cones of volcanic tuff and cindery basalt, of pos
sible Pliocene age, lie upon the Columbia River basalt in the south
eastern part of the Joseph Upland. 

The Columbia River Group beneath the upland lies essentially 
horizontal, in contrast to its folded and faulted displacements in the 
Wallowa and Blue Mountains. Only a gentle east-west arch through 
the center of the upland, with resultant gentle dips ( 1  °-3° )  southward 
to the Wallowa River valley and northward to the Grande Ronde 
valley, relieve the uniform horizontal attitude of the basaH. 

The deep dissection of the plateau of this upland resulted from the 
development of the youthful V-shaped canyons that cut headward 
from the Snake River, the base drainage of the region. Prior to that 
dissection an undulating plain existed on the constructional surface 
of the basalt after its extrusion ended in early Pliocene time and 
after the local and later extrusions that formed small volcanic cones 
such as Roberts, Haskin, and Greenwood Buttes, Elk Mountain, and 
Findley and Harl Buttes. 

The great canyon of the Snake River to the northeast is cut 3,500 
feet below the general 5,000-foot level of the upland. Within the up
land area, the 2,500-foot deep canyon of the Grande Ronde River has 
been eroded along a syncline. Joseph Creek and Sheep Creek canyons 
are more precipitous V-shaped declivities of nearly equal depth. Head
ward extensions of these canyons reach, with progressively lesser 
depths, to within about 5 miles of the heads of the creeks leaving only 
small parts of the upland as the old undulating plain. Much of this 
remainder of the old undissected surface lies 5 tD 10 miles north of the 
Wallowa River valley. In that part of the upland, shallow northward
trending creek valleys, such as those of Swamp and Crow Creeks, 
indicate that their former head>vaters were captured and diverted by 
the downwarp of the syncline that .the Wallowa River follows west
ward. Appreciable depths of soil occur mainly beneath these remnants 
of the old plain. Elsewhere the soils are shallow and rocky. 

MINERAL RESOURCES 

The almost universal prevalence of basalt of the Columbia River 
Group limits resources to peat, common stone, road metal, siliceous de
posits-as agate, chalcedony, and common opal-and small amounts 
of interbedded tuff and volcanic ash. To the present time only road 
metal has been put to a substantial use. 

The volcanic cones of post-Miocene age, such as Findley Buttes, 
are possible sources of colorful clinkery rock, decorative stone, and 
red roofing-type cinders. 

The water resources of the Joseph Upland consist of : ( 1 )  the Grande 
Ronde River and main tributaries of the Imnaha River flowing 
through the northwestern and southeastern part of the upland, (2) the 
intra-upland drainage of creeks, ( 3 )  very small amounts of water that 
enter the upland as ground water precolating north from the higher 
parts of the Wallowa River valley, and (4) locally infiltrated water 
that recharges the soil water or transfers to ground water. 
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The open, gently graded swales of the old upland plain are potential 
water-storage areas for floodwaters diverted from places of excess, such 
as the W allowa Mountains. Recreation, irrigation, electric power, and 
some other possible developments for water of the through-flowing 
and intra-upland streams now are largely untapped. 

GEOLOGY OF THE BLUE MOUNTAIN REGION 

(By T. P. Thayer, U.S. Geological Survey, Washington, D.C., and N. S. Wagner, 
Oregon Department of GeolQgy and Mineral Industries, Baker, Oreg.) 

The Blue Mountains are a complex of mountain ranges and inter
montane basins and valleys which occupy an area of about 21,000 
square miles in the northeastern corner of Oregon. The maximum relief 
is almost 8,000 feet, from 2,000 feet altitude in the Snake River Canyon 
to nearly 10,000 feet on the peaks of the Wallowa Mountains 20 miles 
to the west. Over much of the region the relief ranges between 2,000 
and 5,000 feet, from altitudes of 2,500 to 4,000 feet in lowlands to 4,000 
to 8,000 feet along the mountain crests. The rainfall ranges from 12-15 
inches in the valleys to 30 or 40 inches in the high mountains. In the 
ranges that stand above 8,000 feet, the heads of the larger valleys have 
been glaciated down to altitudes of about 5,000 feet. 

Although the Blue Mountain region is widely regarded as a sub
division of the Columbia Plateau (Freeman, Forrester, and Lupher, 
1954) , actually it separates, or is a broad transition zone between, the 
Columbia Plateau (of which the Deschutes-Umatilla Plateau is the 
southern part) and the Basin and Range geologic provinces ( fig-. 1 ) .  
The northwestern boundary of the region follows the crest of the Blue 
Mountain front, which is a monoclinal fold that extends 180-200 miles 
southwestward from north of the State line to the vicinity of Prine
ville. From a steep rise of 3,000 feet in 6 miles at the State line, the 
monocline broadens southwestward and becomes indistinct in the vicin
ity of Fossil. Erosional remnants show that the basalts of the Columbia 
Plateau once extended about halfway across the present mountain re
gion. The mountains have no definite southern border, but merge irreg
ularly with the fault-block structures and folds of the High Lava 
Plains. The boundary has been taken, therefore, as the approximate 
southern limit of exposures of pre-Tertiary rocks. On the east, for 
about 60 miles along the Snake River the Blue Mountains merge with 
the mountainous section of central Idaho. The Blue Mountains, in fact, 
hold the answers to some of the geologic riddles of the highly meta
morphosed rocks surrounding the Idaho batholith. 

Chronologically, the rocks of the region fall into two major groups : 
pre-Tertiary and Tertiary. The pre-Tertiary formations comprise a 
wide variety of volcanic and sedimentary units that were deposited 
mostly under marine conditions, have been intruded by at least two 
major groups of plutonic rocks, and have been strongly deformed and 
variably metamorphosed. The Tertiary and younger formations con
sist almost entirely of volcanic rocks erupted under continental condi
tions, and erosional debris derived from them and the pre-Tertiary 
rocks. 
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PRE-TERTIARY RocKS 

SEDIMENTARY AND VOLCANIC ROCKS 

The pre-Tertiary sedimentary and volcanic rocks are divided into 
three main groups : old rocks, partly highly metamorphosed, of Paleo
zoic age ; a thick sequence of late Middle Triassic to Upper Jurassic 
rocks ; and middle Cretaceous sedimentary beds ( figs. 18 and 19) . An
gular unconformities and major time breaks separate the thr� groups. 

The oldest rocks of known age are unmetamorphosed limestones, 
shales, and sandstones of Devonian and Mississippian age, and con
glomerates, sandstones, and siltstones that contam plant remains of 
Pennsylvanian age (Buddenhagen, 1967) ; they are exposed only in a 
small area 60 miles southwest of Canyon City. The next youngest for
mations are submarine volcanic flows and tuffs, muddy sandstones and 
argillites, chert, and subordinate lenticular limestones, or their schistose 
derivatives, which are exposed in many parts of the region. Their 
total thickness is unknown but must be at least many thousands of 
feet. These rocks have been described in areas near Baker as the Burnt 
River Schist, Clover Creek Greenstone, and Elkhorn Ridge Argillite 
(Gilluly, 1937) . They are believed to be mostly of Permian age, but 
Late Triassic fossils show that in places younger rocks are included 
(Prostka, 1962, 1967) . 

Rocks of late Middle Triassic to early Late Jurassic age are markedly 
uncomformable on and are less metamorphosed than the Paleozoic 
rocks even where they are tightly folded (Vallier, 1967, The geology 
of part of the Snake River Canyon and adJacent areas in northeastern 
Oregon and western Idaho : Oregon State University doctoral thesis, 
267 pp. ) .  Volcanic flows and pyroclastics, volcanic graywackes, mud
stones, and shale constitute the bulk of these MesozOic rocks. The only 
major limestone unit of known Mesozoic age is the Martin Bridge 
Limestone, which is exposed in the vicinity of Eagle Creek in the 
southern Wallowa Mountains ; it is 1,500 feet thick ( Prostka, 1962) . 
The Nelson Marble, of similar thickness, has been correlated with the 
Martin Bridge (Prostka, 1967) but may be older (Brooks and Vallier, 
1967) . It has been traced about 30 miles in an east-west belt from the 
southeastern part of the Baker quadrangle (Gilluly, 1937) to the 
Snake River. The Mesozoic rocks are estimated to be 10,000--15,000 
feet thick in the Wallow a Mountains and are known to be at least 
50,000 feet in maximum aggregate thickness in the Aldrich Mountains 
and nearby areas (Dickenson and Vigrass, 1965, p. 13 ; Brown and 
Thayer, 1966a) .  Rapid lateral variations in facies and thicknesses of 
beds, local unconformities, and submarine slide breccias show that the 
rocks were deposited rapidly in local basins while faulting, folding, 
and volcanism were going on. Because the Triassic beds, especially, 
contain few fossils, it is possible that some beds of Early Triassic age 
may be present but have not been identified. 

Intertonguing continental fluviatile and marine deposits of middle 
Cretaceous age, which total 9,023 feet in thickness, have recently been 
described (Wilkinson and Oles, 1968) near Mitchell in southwestern 
Wheeler County. The deposits are interpreted as material derived 
from a rising land mass on the north and transported by a major river 
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Southern Baker and northern Malheur Counties and upper Snake River Canyon 

Terrace, bench gravel s ,  and alluvium. 
Q.uaternAry Basalt and ande s i t ic flows and 

basal tic c i nders. 

Lake and s tream depo s i t s  including 

Pliocene 
diatomaceous earth; some pyroclas t i c s  
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Tert iary 
-

Columbia River Group 

Miocene 
Rhyolitic and andesitic flows, brecc ias , 
tuffs, and intrusive masses 

Jurassic 
Unnamed graywacke, water-laid tuff, � slate, phyl l i t e ,  minor conglomera t e ,  
and limestone. Rastus Formation of 
Lowry (1968) • z 
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Upper Triassic Unnamed greenstones and metavolcanlclas tic � 
rocks with intercalated shal e s  and " . 
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. � 
Pre-Tertiary 

-· .... ....... ....... -�· ·� u � :l .. ..  .,... CD 
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Adapted from Prostka (1967 ) ,  Lowey (1968 ) ,  li8€ner, Broo k s ,  and Imlay (1963) , and unpub l i shed 
data by Howard C .  Brooks , Ernest Wol f f ,  and R. E. Corcoran. 
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-

FIGURE 18.-Stratigraphic units commonly recognized in the eastern part of the 
Blue Mountains Province and the Snake River Canyon ( compiled by Howard 
C. Brooks, Oregon Department of Geology and Mineral Industries ) .  

!astern Grant a.nd western Eaker Count ies ( Sumpter and Baker quadrangl e s )  

Q;uaternary 

Pliocene 

Terrace and bench gravel s ,  glaciofluviatile 
deposits and alluvium. 

Lake and stream deposits including 
diatomaceous earth; some pyroclastics 
and lavas 

___ _r---------------------------------------
Tertiary 

Miocene 

Upper Triassic 

Permian 

Pre-Tertiary 
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rockB may be present , ) 

Columbia River Group 

!Ucyol itie an,\ ande s i t i e  flows, breccias, 
tuffs, and intrusive masses, Dooley 
Bhyolite Breccia. 

Clover Creek Greenstone of 
G!lluly (1937) 

"Argillite group" of Pardee (1941 ) .  
Burnt River Schist and Elkhorn Ridge 
Argillite. 

Modified after Pardee (1941 ) ,  Gilluly 0937), Taube neck 0955 ) ,  and Bostwick and Koch (1962). 

FIGURE 19.-Stratigraphic units commonly recognized in the western part of the 
Blue Mountains Province ( complied by Howard C. Brooks, Oregon Department 
of Geology and Mineral Industries ) .  
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system that emptied into a broad shallow-marine estuary on the south. 
Scattered patches of conglomerate and fossiliferous sandstone show 
that the shoreline, which appears to have fluctuated widely, at times 
lay east of the longitude of Canyon City (Brown and Thayer, 1966b) . 

PLUTONIC INTRUSIVE ROCKS 

Two major sequences of plutonic intrusive rocks arc now recognized 
in the Blue Mountain region : a Permian and Triassic suite that ranges 
from peridotite to albite granite, and a Lower Cretaceous suite that 
ranges from gabbro to granodiorite (Thayer and Brown, 1964) . The 
Lower Cretaceous intrusive unquestionably predominate in the north
eastern part of the region, but the full extent of the older intrusive 
rocks is uncertain beneath extensive sedimentary cover (fig. 3 ) .  The 
relationships of the pre-Upper Triassic magma series are best known 
in the Canyon Mountains Complex in Grant County (Thayer, 1963) 
and in the Baker-Sparta area (Gilluly, 1933b ; Prostka, 1962 ) .  The 
peridotite and gabbro were intruded together and were cut successively 
by quartz diorite or trondhjemite and albite .granite. Part of the albite 
granite appears to have been intruded as magma, but brecciation and 
alteration by solutions accompanying the magma also produced large 
volumes of rock of albite gramte composition from gabbro, diorite, and 
volcanic country rock. The Upper Triassic formations contain albite 
granite erosional debris and lie unconformably on it in places. 

Several large granitic masses of the region, including the Wallowa 
and Bald Mountain batholiths (Taubeneck, 1957, 1964) are outliers of 
the Idaho batholith ; the sizes of such outliers decrease rapidly toward 
the west (fig. 3 ) .  They intrude Triassic and Jurassic rocks, have radio
genic ages of 99 to 145 million years, and are overlain in places by mid
dle Cretaceous beds. The batholiths range in composition from gabbro 
(norite) to granodiorite and have formed wide contact halos in which 
invaded rocks have been strongly foliated and metamorphosed to 
amphibolite and pyroxene granulite facies (Taubeneck, 1957, 1964) . 

TERTIARY AND QuATERNARY RocKs 

Volcanic rocks of Tertiary age once blanketed the Blue Mountains 
and buried parts of them to depths of several thousand feet. Basaltic 
to rhyolitic flows and breccias and bedded sedimentar,y rocks of the 
Clarno Formation (Eocene and lower Oligocene) still cover large 
areas in all but the northeastern corner of the region. The John Day 
Formation of Oligocene and early Miocene age, however, is preserved 
only in the old John Day basin, a relatively low area west of 119°. The 
basalt flows of the Columbia River Group ( middle Miocene-lower 
Pliocene) ,  which covered the northwestern half of the region, were 
erupted from known swarms of dikes in the Wallowa Mountain
Snake River area, in the vicinity of Monument, and possibly from 
others still concealed. In the southeastern part, in contrast, tlie later 
Tertiary rocks consist of a complex series of basaltic to rhyolitic flows, 
breccias, and ash, which interfinger with debris washed into the low
lands between cones built up around eruptive centers (Thayer and 
Brown, 1966) . Vertebrate fossils in the basin deposits indicate that 
the main volcanism ended during early Pliocene time. Quaternary 
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basalt flows are scattered here and there along the southern margin of 
the Blue Mountains, and many of the larger valleys contain a few 
to several hundred feet of late Tertiary and Quaternary filling (Hamp
ton and Brown, 1964) . 

GEOLOGIO STRUCTURE 

The rocks in the Blue Mountain region have been folded and fault�d 
repeatedly, and the structure of those of pre-Tertiary age is so complex 
and incompletely known that generalizations on a regional scale mean 
little. For example, fold axes and faults in the Mesozoic rocks of the 
Aldrich Mountains (Brown and Thayer, 1966a, 1966b) nearly box 
the compass and locally differ greatly from those in the Paleozoic 
rocks. The pre-Tertiary deformation was much more intense than any 
in the Tertiary, especially during the Permian and Triassic interval 
before and during intrusion of the Canyon Mountain Complex and 
related rocks. The Mesozoic stratified and volcanic rocks generally are 
much more metamorphosed in the eastern part of the region than 
farther west, probably as a result of deformation accompanying in
trusion of the Cretaceous batholiths. 

There were two major Tertiary episodes of folding and faulting, 
the first during the early Oligocene, the second in early middle Plio
cene time. During early Oligocene time the Clarno Formation was 
:flaulted and locally folded to angles as high as 60°,  and some of the 
present major structu11al units probrubly originated then. In the 
Aldrich Mountains and along the Blue Mountam Front, for example, 
there is evidence that when the John Day Formation 'vas laid down, 
ranges or uplifts stood 'at least several hundred feet high where the 
present mountains are. The John Day Formation was folded gently 
and eroded before the basalts of the ColumlJia River Group completely 
buried it and the post-Clarno mountainous landscape. During the 
early middle Pliocene, the second and ·better known maJor deformation 
mised the modern Blue Mountains, probll!bly partly by renewed up
lift along older Tertiary fold axes. On the north, the basalts were 
folded up to form the northeast-trending Blue Mountain front, at or 
along which all other folds and :faults die out. Along the southern bor
der, northwest-trending Basin and Range-type fault blocks merge 
with a series of east-west anticlines and synclines by swinging west
ward through angles of about 60° (Brown and Thayer, 1966b) . Taken 
together, the Ochoco, Aldrich, and Strawberry Mountain Ranges, 
the Ironside Mountain unit, and Juniper Mountain uplift appear to 
outline an east-west structu11al zone 160-170 miles long (fig. 3) . At least 
the Aldrich-Strawberry Mountain segment is believed .to have origi
nated during the post-Cla.rno folding, but its present relief is due 
entirely to Pliocene and Pleistocene deformation. In the triangle 
bounded by the Ochoco-Juniper Mountain structural zone on the south, 
the Blue Mountain front on the northwest, and the Baker V:alley on 
the east ( fig. 1 )  a series of major anticlinal mountaiin ridges and 
synclinal valleys appears to swing from nearly east-west trends 
north of the John Day Valley to northwest in the Elkhorn Mountains. 
All these folds, like the faults ·along the Upper Grande Ronde Valley 
and Wallowa Mountains, die out southeast of :the crest of the Blue 
Mountain front. It seems significant that the major differences in 
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deformational patterns •and nature of volcanism essentially coincide ; 
namely, west to northwest-trending folds in the basalts of the Colum
bia Plateau type, and block faults in the area of basaltic to rhyolitic 
volcanoes. The normal faults that block out the Baker and Upper 
Grande Ronde Valleys and Wallowa Mountains, on the basis of their 
orientation, numbers, and displacements of as much as 5,000 foot 
( Hampton and Brown, 1964) , represent the northernmost extension of 
Basin and Ra.nge structure in Oregon. Oversteepening 'along the foot 
of the fault soarp at Hot Lake, 8-9 milec southeast of La Grande, 
indicates that faulting probably still is going on. 

MINERAL RESOURCES 

Mineral deposits of demonstrated or potential economic importance 
occur in rocks that range from the youngest to the oldest in the region. 
Beginning with the youngest geologically, the list includes Pleisto
cene to Holocene placer deposits from wh1ch notahle amounts o:f gold 
and some platinum group minerals have been recovered and a bog from 
which peat is now being shipped for soil conditioning. The placers 
were widely distributed throughout the region, but the largest and 
richest were in streams crossing or flowing from areas of pre-Tertiary 
rocks. Comparatively little unworked ground remains. The peat bog 
is in the Enterprise Valley on the flank of an accumulation of alluvial 
and glacial debris from the W allowa Mountains. 

Mineral resources of Tertiary age include principally : ( 1 )  various 
of the volcanic rocks themselves such as perlite, cinders, zeolitized 
tuffs, ·and rock usable as decorative dimension stone ; (2 )  diatomite, 
gypsite, and clays which are mostly interlayered with lake beds •and 
tuffaceous sediments ; (3 )  remnants of Eocene and Miocene gold
bearing placers ; and ( 4) vein or impregnation-type cinnabar and 
gold-silver lode deposits. Additionally, the Tertiary rocks are the 
sources of vast amounts of semiprecious gem stones of which agate, 
opalite, cryptocrystalline quartz, and petrified wood constitute the 
principal varieties. 

Lode gold historically is the best known of the pre-Tertiary min
eral re<;onrcPs : however, cement- and chemical-grade limestone re
serves are large ·and very important. Gold and silver occur in hydro
thermal veins in the older, more metamorphosed sediments and green
stones and also in the intrusive granodiorites, albite granites, ser
pentine, and gabbro. The hydrothermal activity is generally regarded 
as being Cretaceous in age. The principal limestone deposits are of 
Triassic and Permian age, but small lenses and thin, local interbeds 
occur •also in the Devonian and Jurassic sediments. Gypsum ·and anhy
drite were mined from Triassic beds near the Snake River northeast 
of Huntington over the turn of the century, but today only remnants, 
chiefly anhydrite, remain unmined. Chromite and chrysqtile asbestos 
have been mined from deposits in pre-Upper Triassic peridotites and 
serpentines, mostly from the Canyon Mountain Complex and nearby 
masses in the John Day area. 

Copper, cobalt, molybdenite, scheelite, manganese, stihnite, and 
quicksilver also form deposits of economic interest in the pre-Tertiary 
rocks. The principal copper occurrences are irregular veins, pods, •and 
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disseminated deposits of sulfides in albitized granite and Permian 
and Triassic greenstones in Baker County, and veins and dissemina
tions of copper and gold-bearing cobalt and iron sulfides in similar 
intensely brecciated and albitized greenstones in the Quartzburg area 
of Grant County, north of Prairie City. Small contact metamorphic 
and pegmatitic deposits containing molybdenite •and scheelite have 
been prospected in the W allowa Mountains. In addition, small amounts 
of scheehte and molybdenite occur separately in quartz veins and 
veinlets in various other parts of the region. Manganese oxides form 
kidneys and irregular bunches usually associated with quartz in nar
row veins and shears in the Elkhorn Ridge Argillite and Burnt River 
Schist, almost exclusively in Baker County. Native quicksilver and 
cinnabar are scattered in small occurrences from the Snake River north 
of Huntington to the Aldrich Mountains in Grant County ; although 
the host rocks are pre-Tertiary in age, the mercury mineralization is 
believed to have been Tertiar,Y. Apart from incidental occurrence as 
accessories in many gold vems, stibnite and antimony oxides are 
known to occur in a few gash veins in grandodiorite or in other rocks 
near granitic intrusives. 

GEOLOGY OF THE SNAKE RIVER CANYON 

( By H. C .  Brooks, Oregon Department of Geology and 
Mineral Industries, Baker, Oregon) 

At Farewell Bend near Huntington, Snake River leaves tlhe rela
tively flat Snake River Plain and from there northward for more than 
150 miles flows in a deep, narrow, V-shaped canyon marking the 
Oregon-Washington and Idaho border. The upper part of t1he Canyon, 
between Farewell Bend and Oxbow Dam has an average depth of 
between 2,000 and 3,000 feet. The slopes are cut by long, steep flanked 
side canyons and are generally soil covered. From Oxbow north to t1he 
Washington border and beyond, the Canyon ranges from about 3,000 
feet to more than a mile in depth as measured from the western rim 
and is 8 to 10 miles wide. This part of the canyon is no less spectacular, 
topographically, than the Grand Canyon of the Oolomdo River. Only 
its somber colors make it less attractive than the more famous Arizona 
gorge. From promontories such as Hat Point which overlooks Hells 
Canyon, one sees a vast panorama of angular erosional features falling 
away in giant rocky steps toward the river about 5,600 feet below. 
Across the Canyon in Idaho the highest peaks of the Seven Devils 
tower nearly 8,000 feet above the river. 

River level elevation is 2,077 feet at Farewell Bend and about 860 
feet at the Washington line. Three dams, Brownlee, Oxbow and Hells 
Canyon, impound the waters of the upper canyon. 

The rocks in Snake River Canyon are divisible chronologically into 
two groups, pre-Tertiary and Tertiary (fig. 20) .  The two groups 
are separated by a major structural and erosional unconformity. The 
older group comprises a heterogeneous assemblage of volcanic, sedi
mentary and intrusive rocks of Paleozoic and Mesozoic age. The 
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Wall o•e. Mountains and Snake River Ca.\'lyon near Oxbow 
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FIGURE 20.-Stratigrapbic units recognized in the Wallowa Mountains and Snake 
River Canyon near Oxbow. 

younger group is almost entirely made up of basaltic lava flows which 
flooded most, if not all, of the area now traversed by the canyon in 
middle Tertiary time when the Columbia Plateau was formed. Above 
tJhe mouth of Powder River most of the rocks exposed in the canyon 
walls are representative of the pre-Tertiary group ; small patches of 
Tertiary basalt are found locally. Between the mouth of Powder River 
and Oxbow Dam the canyon is carved mainly in Tertiary basalt which 
is more than 2,000 feet thick at Brownlee Dam. Pre-Tertiary rocks 
appear only as small inliers surrounded by the basalt. North of Oxbow 
Dam to the Washington border and beyond, the river has cut through 
the thick sequence of plateau basalt flows which underlie the Joseph 
Upland and on into the pre-Tertiary basement rocks beneath. In most 
places the irregular contact between the younger and older rocks is 
from 1 ,000 to 2,500 feet above the river. The profile of the old land 
surface on the canyon walls indicates that the region was mountainous 
at the time the lava began to pour forth. Since Jurassic strata ·are 
locally involved in the folds of the old mountains and since most of 
the plateau lavas are of Miocene age it is evident that mucth of the 
topography beneath the lavas was developed after ,Jurassic and before 
Miocene time. Dating of the lavas also proves that the canyon has been 
carved since Miocene time. Livingston ( 1928 ) and Wheeler and Cook 
( 1954) discussed the origin of the canyon and suggested that in late 
Tertiary time Snake River followed a far different course than the 
present one. 

21-829 0-6�6 
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PRE-TERTIARY RocKs 

No geologic maps of the canyon between Hells Canyon Dam and the 
Washington State line have been published ; there are no roads along 
the river and the area has had few visitors. The stratigraphy of the 
pre-Tertiary rocks is almost unknown except in a 20-mile section in
cluding the months of the Imnaha and Salmon Rivers which was 
mapped by R. E. Morrison (Oregon State University Ph.D. thesis, 
1963 ) .  Above Hells Canyon Dam the pre-Tertiary rocks exposed in the 
canyon are lithologically and structurally continuous with formations 
in the eastern Blue Mountains (Brooks and Vallier, 1967) . Probably 
the oldest rocks are a thick, badly contorted sequence of siliceous to 
pelitic phyllites, massive to schistose greenstones, and marble that oc
cupies a broad belt extending several miles upstream from the mouth 
of Powder River. Contiguous rocks several miles to the west were 
named the Burnt River Schist and Elkhorn Ridge Argillite by Gilluly 
( 1937) . The age of the Burnt River Schist is unknown. The Elkhorn 
Ridge Argillite is partly Permian but may include both older and 
younger rocks. Thick unnamed sequences consisting mainly of green
stones and associated volcaniclastic rocks of both middle Permian and 
Late Triassic ages, including Ladinian, are well exposed along the 
river in the Oxbow-Hells Canyon Dam area. Upper Triassic green
stones and volcaniclastic rocks also occur in the Huntington area at 
the upper end of the canyon. North of Huntington the greenstone
volcaniclastic sequence is overlain by a thick series of interbedded 
graywacke, slate, and phyllite which contains Early Jurassic fossils. 
Probably Upper Triassic rocks are also present. Limestone equivalent 
to the Martin Bridge Limestone of the Wallowa Mountains forms a 
bold outcrop at Big Bar about midway between Oxbow and Hells Can
yon Dam. 

Two groups of plutonic rocks and a multitude of dikes cut the pre
Tertiary rocks. The older group of plutonic rocks includes gabbro, 
diorite, quartz diorite, and serpentinized ultramafic rocks of Permian 
and Triassic age. The younger plutonic intrusives consist mainly of 
granodiorite and are probably related to the Idaho and Wallowa batho
liths of Cretaceous age. 

The bedded rocks and older intrusives have been folded and meta
morphosed to the greenschist facies. Rocks of higher metamorphic 
grade are found near the margins of plutonic bodies. 

The pre-Tertiary strata have a general northeasterly trend and the 
river has cut diagonally across them. The prevailing strike of bedding, 
planes of schistosity, and major fold axes is northeasterly and dip� are 
generally steeply northwest. Many large and small faults complicate 
the structure. 

TERTIARY RocKs 

The Tertiary lava series consists mainly of a great number of super
imposed flows. Most of the rocks are brownish olivine basalts. Volcani
clastic units, many of them light colored, are sparsely distributed 
through the sequence. The Tertiary rocks have in most places been 
only gently warped and are relatively little altered. In places they are 
cut by steeply dipping faults of predominantly northwest trend. 
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GEOLOGY OF THE HIGH LAVA PLAINS PROVINCE 

( By G. W. Walker, U.S. Geological Survey, Menlo Park, Calif. ) 

The High Lava Plains province of central and south-central Oregon 
consists of a middle to upper Cenozoic volcanic upland nearly 160 
miles long and about 50 miles wide that extends eastward from the 
Cascade Range to the eastern margin of the Harney Basin (fig. 1 ) .  
The province is dominated by a >vest-northwest-trending zone of en 
echelon normal faults (fig. 3 )  here informally termed the Brothers 
fault zone, that extends for most of the length of the province. Erup
tive centers for both basaltic and rhyolitic volcanic rocks are concen
trated in the zone of faults and in some nearby subsidiary fault zones. 

The High Lava Plains are contiguous with and gradational into the 
Basin and Range province to the south, and many upper Cenozoic 
,-olcanic rocks and fault structures are common to both provinces. 
:fhe boundary separating the High Lava Plains from the Blue Moun
tain province to the north, is taken as the southern limit of pre-Ter
tiary rocks that have been brought to the surface in the Blue Moun
tain-Ochoco Mountains uplift. 

Except for small areas of older Cenozoic volcanic and tuffaceous 
sedimentary rocks exposed along the northern margin of the High 
Lava Plains that represent parts of the Columbia River Group and 
the John Day and Clarno Formations ("Walker, Peterson and Greene, 
1967 ) ,  the oldest rocks are non-porphyritic olivine basalt flows of late 
Miocene or, more likely, early Pliocene age (fig. 21 ) .  These flows are 
exposed along the southern margin of the province, where they are 
overlapped by widespread sheets of ash flow tuffs ; in a few places the 
ash flow tuffs and olivine basalt flows appear to be interbedded. Radio
active ages of several of the earliest ash flow tuffs in the sequence 
indicate that they were erupted about 9 to 10 million years ago and 
spread laterally over several thousand square miles of the ancestral 
Harney Basin. Eruption of these tremendous volumes of rhyolitic ash 
and ash flows apparently permitted some crustal collapse into the 
evacuated magma chamber and this collapse was partly responsible for 
the development of the large structural depression of Harney Basin. 
The depression was subsequently filled with younger ash flow tuffs, 
tuffaceous sedimentary rocks, and local basalt flows-all of late Cenzoic 
age (Piper, Robinson, and Park, 1939 ; Baldwin 1964) . In places, the 
tuffaceous sedimentary rocks are diagenetically altered to bentonitic 
clay minerals, zeolites, and potassium feldspar, particularly where the 
sediments were deposited in ancient lakes that filled the lower parts 
of the structural depression. In the western part of the province, the 
middle to upper Cenozoic basalt flows, ash flow tuffs and sedimentary 
rocks are mostly buried beneath younger upper Pliocene, Pleistocene, 
and Holocene basalt flows (WiUiams, 1957 ; Oregon Department of 
Geology and Mineral Industries, 1965 ; Walker, Peterson, and Greene, 
1967) that erupted non-explosively from widely scattered cones, shield 
Yolcanoes, and fissures. Charcoal from a tree inundated by one of the 
youngest of these flows on the northwest flanks of Newberry Volcano 
has been dated as about 6,000 years old (Oregon Department of 
Geology and Mineral Industries, 1965, p. 9 ) .  Throughout much of the 
western part of the province, rocks only slightly older are mantled 
with a widespread but discontinuous sheet of unconsolidated coarse to 
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fine pumice fragments erupted about 7,000 years ago from Mount 
Mazama, a large prehistoric Cascade volcano that collapsed to form 
the caldera now occupied by Crater Lake. 

The total thickness of Cenozoic volcanic and tuffaceous sedimentary 
rocks in the province is not known. Estimates based on fragmentary 
data, however, indicate that the thickness is more than 5,000 feet in 
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most places and that a minimum total volume of basaltic and rhyolitic 
volcanic ma;terial erupted to the surface within the province must be 
on the order of 8,000 cubic miles. This widespread and thick sequence 
of volcanic rock was erupted from several different kinds of vents that 
are concentrated in the Brothers fault zone or in subsidiary fractures. 
Dome complexes, such as Glass Buttes, W agontire, Pine, Sheep, and 
Iron Mountains, China Hat, and Hampton Butte, mark the vents for 
some of the rhyolitic volcanic rocks ; some of the widespread rhyolitic 
ash flow tuff sheets of the Harney Basin erupted from giant fissures in 
the Brothers fault zone. Most of the basalt flows are associated with 
broad shield volcanoes of low relief, although many basaltic eruptions 
in the high lava plains occurred sporadically along fissures ; local flows 
of basalt and basaltic cinder cones resulted. In places the rising hot 
basalt magma encountered water, which caused fragmentation of the 
basalt and violent steam explosions. Where the explosions were of mod
erate intensity basaltic tuff cones, tuff rings, and tuff ridges formed ; 
examples of these features are found at Fort Rock, Table Mountain, 
St. Patrick Mountain, and Seven Mile Ridge, all either within or mar
ginal to Fort Rock and Christmas Lake Valleys. More violent steam 
explosions blasted out prominent cmters, including such features as 
Hole-in -the-Ground. 

One of the largest and most spectacular eruptive centers is Newberry 
Volcano near the western end of the province. On this comparatively 
young basaltic shield volcano, which is about 40 miles long and 25 miles 
wide, a caldera has developed that contains East and Paulina Lakes ; 
the walls of the caldera expose several varieties of both basaltic and 
rhyolitic rocks, indicating a more complex volcanic history than most 
of the other shield volcanoes in the region (Williams, 1935 ; Higgins 
and Waters, 1967 ) .  

The structural pattern o f  the High Lava Plains province i s  domi
nated by the northwest-trending Brothers fault zone. From several 
lines of evidence, this zone appears to be one of the fundamental ele
ments of Oregon. It is continuously exposed for nearly 150 miles 
through south-central Oregon and suspected extensions of the zone 
have been recognized that indicate it may be much longer. Throughout 
the High Lava Plains, the zone is dominated at the surface by closely 
spaced en echelon normal faults of moderate to small displacement that 
localized many basaltic and rhyolitic vents mostly of Pliocene and 
Pleistocene age, but including some of the possible late Miocene and 
early Holocene age. The abundance and age distribution of vents indi
cates that crustal breaking has recurred along the zone for a consider
able span of time. Also, many northeast-trending structures in the 
region, including several of the large normal faults that bound major 
grabens (fig. 3 ) ,  terminate at this discontinuity or, in places change 
direction and seem to merge into it. Apparently both the normal faults 
of the zone and the many volcanic vents along the zone represent only 
the surface manifestations of deformation on a lar�e, deeply buried 
structure, the exact nature of which is not known. The pattern of nor
mal faults within and near the Brothers fault zone and the relation of 
many small monoclinal folds to the faults suggests, however, that the 
zone overlies a deeply buried fault with lateral displacement ; the nor
mal faults denote only adjustment of surface and near surface volcanic 
and tuffaceous sedimentary rocks. 
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GEOLOGY OF THE OWYHEE UPLAND PROVINCE 

( By R. El. Corcoran, Oreg-on Department of · Geology and Mineral Industries, 
Portland, Oreg., 'and G. W. Walker, U.S. Geological Survey, Menlo Park, Calif. ) 

GENERAL SE'ITING 

The Owyhee Upland of southeastern Oregon occupies most of 
Malheur County, the northeast corner of Harney County, and extends 
into adjacent parts of Idaho and Nevada (fig. 1 ) .  It is a moderately to 
deeply dissected region with few perenmal streams but, in contrast 
to the adjoining Basin-Range province, there are few basins having 
interior drainage. Malheur and Owyhee Rivers, the principal streams, 
both empty into the Snake River a few miles apart near the northeast
ern corner of the province. 

The Owyhee Upland is essentially a plateau region developed on 
several widespread extrusive basaltic, andesitic, and rhyolitic sheets 
with associated pyroclastic and sedimentary rocks of middle to late 
Cenozoic age. The varied landscape includes deep gorges where the 
major streams have cut through resistant lava and ash flows into 
softer, more easily eroded sediments and tuffs, open basins underlain 
by thick sequences of continental beds, and broad upland regions 
capped by thin sheets of lava or welded tuff. Elevations range from 
2,230 feet on the Snake River to 5,000-6,000 feet along the western 
and southern borders of the province. 

The province merges with the Basin-Range and High Lava Plains 
to the south and west, and some of the geologic and geomorphic fea
tures characteristic of these provinces extend into the Owyhee Upland. 
Extensions of the block fault mountains of the Basin-Range in the 
Owyhee Upland are neither as large nor as well defined separate blocks 
as those to the southwest. The established drainage pattern and more 
mature topography distinguish the Owyhee Upland from the geologi
cally younger plams regions both to the west and east. The southern 
Blue Mountains, which are underlain by intensely deformed pre
Tertiary marine sedimentary rocks and metavolcanic rocks, mark the 
northern boundary of the Owyhee Upland. The province extends 
eastward to the broad Snake River Basm, which has been filled with 
several thousand feet of upper Tertiary and Quaternary terrestrial 
sediments and lavas. 

No pre-Tertiary rocks are exposed within the province, although 
marine sedimentary beds of Mesozoic age or older, which crop out to 
the north in the Blue Mountains and dip southerly, presumably lie 
below the Tertiary cover. By the close of the Mesozoic era in Oregon, 
the seas had retreated from the region east of the Cascade Range, and 
all the Cenozoic sediments are contmental deposits. 

STRATIGRAPHY 

The oldest known rocks are exposed in the hills along the eastern 
margin of Malheur County, both north and south of Jordan Valley, 
and in the southern part of the province ( Corcoran and others, 1962 ; 
"\Yalker and Repenning, 1966) .  These oonsist of upper Miocene tuf
faceous continental sedimentary rocks and air-fall tuffs with thick and 
widespread sections of basalt and rhyolite flows, separated by several 
small erosional and angular unconformities (fig. 22) . Total thickness 
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of these rocks varies considerably from one depositional basin to 
another, but a maximum is probably about 6,000-7,000 feet. A late 
Miocene age for the entire series is based on vertebrate fossils collected 
in the sedimentary rocks and on several K-Ar dates from lavas and 
ash flow-tuffs within the section ( Evernden and James, 1964 ; Evernden 
and others, 1964) . 



82 

Stratigraphically above the Miocene rocks and separated from them 
in many areas by large erosional and moderate angular unconformities 
is a series of lower Pliocene to Pleistocene( ? )  continental sediments, 
air-fall tuffs, basaltic lavas, and welded ash-flow tuffs, all considered 
part of the Idaho Group (Bowen and others, 1963 ; Lund, 1966 ; Newton 
and Corcoran, 1963) .  Rocks of the groups are widely distributed in the 
province and show considerable variation in lithology ; hence, they 
have been given several different formational names by geologists 
working in both Oregon and adjacent parts of Idaho (Malde and 
Powers, 1962 ; Kittleman and others, 1965 ) .  In the- eastern part of the 
Upland the Idaho Group consists of unconsolidated to semiconsolidated 
clay, silt, sand, volcanic ash, diatomite, fresh-water limestone, and 
conglomerate with several interlayered basalt flows. These flows are 
generally distinguishable from older Miocene flows by higher olivine 
content and, in the central and northern part of the province, by a more 
coarsely crystalline tex·ture. In general the individual lava sheets are 
thinner and more widespread than those of the Miocene. In the western 
part, distinctive ash-flow tuffs are intercalated in the sedimenta.ry 
section and underlie some of the high plateaus in the upper Malheur 
River drainage. 

The Pliocene section is thickest on the east side of the provin4e where 
it merges into the Snake River Plains. A well drilled by El Paso 
Natural Gas Co., 10 miles south of Vale, penetrated about 4,500 feet 
of Pliocene sedimentary rocks and lavas before encountering rocks 
considered to be Miocene or older ( Newton and Corcoran, 1963) . 

Most of the rocks younger than middle Pliocene in age are uncon
solidated terrace gravels and valley fill of Quaternary age ; in the 
southern part of the province, some fine ash layers and interbedded 
basalt flows of Pleistocene age are present in and marginal to the 
Rome basin. Gravels cap many of the low-lying hills and broad divides 
bordering the major stream valleys. The clasts are mainly basalt, with 
lesser amounts of rhyolite, quartzite, and granite. The coarser inter
bedded sand layers show well-developed cross-bedding, and indicate 
torrential stream deposition, :probably resulting from large volumes of 
water during the Pleistocene. 

Some very young olivine basalt flows west and northwest of Jordan 
Valley are late Plmstocene or Holocene in age and may be some of the 
youngest extrusive basalts in the entire State. The basalt surface is 
little modified by erosion or weathering and is marked by collapsed 
lava tubes and pits, pressure ridges, tumuli domes, and spatter cones. 

STRUCTURE 
The Miocene sediments and lavas in the Owyhee Upland have been 

moderately deformed, and broken into a number of separate fault 
blocks. These blocks are not as large nor as continuous as those in the 
adjacent Basin-Range province, and the amount of movement along 
any particular fault has not been as great. Pliocene sediments and 
lavas fill many of the troughs produced by the post-Miocene deforma
tion. Rocks of the Idaho Group ( Pliocene and Pleistocene) also have 
been deformed, but the amount of displacement in most places is con
siderably less than in the older rocks. Pleistocene rocks of the Rome 
basin are only slightly deformed. 
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The well-defined northeast trend of the faults in the Basin-Range 
province is seen only in a few places in the Owyhee Upland, mostly in 
the southern part of the province. The pattern tends to die out to the 
north and east, and in most of the Owyhee Upland the predominant 
trends are northerly or northwesterly. The change in direction of the 
fault zone may reflect a deep-seated change in the subcrustal tectonic 
pattern in this region. 

The northwest-trending Snake River Basin appears to be a major 
structural feature, the development of which began at least by middle 
Miocene time. Older Tertiary units cropping out on both sides of the 
basin show considerable block faulting and indicate that the basin is 
a broad, depressed region filled with later Tertiary and Quaternary 
sedimentary and volcanic rocks. 

MINERAL RESOURCES 

More than 20 wildcat holes have been drilled in northeastern Mal
heur County, along the western border of the Snake River basin, 
exploring for oil and gas. Several wells produced small but significant 
flows of gas from shallow sands in the Idaho Group (Pliocene and 
Pleistocene) ,  which has been used by ranches in the Snake River Plains 
for domestic heating and lighting (Newton and Corcoran, 1963 ) .  

One of the more important nonmetallic minerals in the Owyhee 
country is gem-quality chalcedony (agate) that is much prized by 
"rockhounds" throughout the country. Some of the well known areas 
where agatized material has been found are along Succor Creek and 
the Owyhee Reservoir (moss agate and thunder eggs) , in Stinking
water Mountain (petrified wood and agate) ,  and in the Buchanan 
area (thunder eggs) .  Other potentially important nonmetallic min
erals found within the Owyhee Upland are the diatomite and pumicite 
beds at Harper and Drewsey, perlite deposits near Jordan Valley, 
optical calcite veins along the west side of the Owyhee Reservoir, salt 
brines near Vale and bedded potassium feldspar and zeolite deposits 
near Rome. 

GEOLOGY OF THE BASIN AND RANGE PROVINCE 

( By G. W. Walker, U.S. Geological Survey, Menlo Park, Calif., and N. V. Peter
son, Oregon Dept. of Geology and Mineral Industries, Grants Pass, Oreg. ) 

The part of the Basin and Range province that lies in southern Ore
gon extends eastward from the Cascade Range to the eastern limits of 
the Trout Creek Mountains, or from near 122° to 118° west longitude, 
a distance of about 200 miles (fig. 23) .  Southward the province ex
tends great distances through Nevada and northeastern California to 
Arizona and New Mexico (Baldwin, 1964b ) .  To the north it is bounded 
by and gradational with the High Lava Plains province of south
central Oregon ( fig. 1 ) .  

In Oregon, the province i s  dominated by Cenozoic yolcanic rocks 
that are intricately broken by two prominent fault sets-one striking 
N. 20--40 E. and the other N. 20-35 W. (fig. 3 ) . (Donalt, 1958) . Dis
placements of large magnitude on some of these normal faults have 
resulted in north-trending fault block basins or grabens bounded by 
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high mountain ranges representing giant tilted fault blocks or horsts 
( Fu11er and Waters, 1929) . There are seven prominent structural ba
sins or tectonic depressions and innumerable minor grabens within and 
between the major structures. From west to east they are the Klamath 
graben, Goose Lake Va11ey, the composite Summer Lake-Abert Lake 
graben, Warner Vaney, Guano Vaney, Catlow Vaney, and the Alvord 
graben. Steens Mountain, with an eastward facing fault scarp over 
5,500 feet high, is the dominant, intervening fault block range of 
the province ; impressive fault scarps several thousand feet high also 
are present on other tilted fault blocks at Walker Rim north of 
Klamath Fans, Winter Ridge just west of Summer Lake, Abert 
Rim, Hart Mountain and Poker Jim Ridge, the east face of the Pueblo 
Mountains, and both the east and west margins of the Trout Creek 
Mountains (fig. 23) . 

Slickensided fault plane surfaces of the large normal faults are 
especiany wen displayed along both sides of Klamath Lake and 
at the bases of other fault blocks in Klamath graben (Peterson and 
Groh, 1967) . Here, the fault planes have a general strike of N. 25° W. 
and dip 60° into the basin ; nearly an of the grooves and large troughs 
on fault surfaces show vertical movement only and little or no evidence 
of horizontal movement. In this part of the province, hot springs and 
upper Quaternary explosive volcanic deposits are localized along some 
of the faults, indicating that some movement is quite recent, although 
most faults bounding grabens shmv evidence of recurrent movement. 

Both faulting and volcanic activity have played an important role 
in the development of the giant horst and graben structural pattern. 
The tectonic depressions result partly from crustal conapse following 
eruption to the surface of vast volumes of basalt and rhyolitic ash 
flows and tuff. A stress pattern related to deeply buried structural 
elements, probably including several northwest-trending faults with 
horizontal movement, apparently existed in the province before most 
and perhaps an of the Cenozoic volcanism ; this stress governed, in 
part, the development of the fracture system which localized many 
of the large volcanic vents, and the ultimate distribution of volcanic 
rocks. 

Pre-Tertiary rocks are exposed in only two places in the Oregon 
part of the Basin and Range province. The largest area of outcrop oc
curs in the Pueblo Mountains and the other is about 10 miles to the east 
in the Trout Creek Mountains, both in southeastern Harney County 
(fig. 3 ) .  In the Pueblo Mountains metamorphosed sedimentary and 
volcanic rocks, presumably of Permian or Triassic age, are intruded by 
quartz albite rock (or kerrutophyre) and by diorite. These rocks form 
the crystalline core of the mountains. Partly foliated granodiorite in 
one sman area north of Cottonwood Creek in the western Trout Creek 
Mountains represents the northern extension of a larger Mesozoic in
trusive exposed extensively south of the Oregon-Nevada border. Very 
little is known of the pre-Tertiary basement throughout the rest of the 
province and only meager data are available to establish the depth to 
basement rocks and the 'thickness of the overlying cover of volcamc and 
continental sedimentary rocks of Cenozoic age. A profound unconform
ity separates 'these older crystalline rocks from the overlying volcanic 
and sedimentary rocks ( fig. 24) . 
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FmuRE 24.-Generalized stratigraphic section of the Basin and Range province 
in Oregon. 

Probably the oldest Tertiary rocks in the region include andesite 
flows and breccias and some interbedded tuffaceous sedimentary rocks 
that are deformed and unconformably overlapped by rhyolitic tuffs 
and tuffaceous sedimentary rocks in in several places near Paisley south 
of Summer Lake (Walker, 1963) . These older rocks may correlate with 
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the Clarno Formation (Eocene and Oligocene) of central Oregon, but 
their precise age is not known. The tuffaceous sedimentary rocks locally 
contain vertabrate fossils of late Oligocene or early Miocene age that 
indicate temporal equivalence with the John Day Formation of central 
Oregon. The Pike Creek Formation (Fuller, 1931) ,  at the east base of 
Steens Mountain, and rhyolitic tuffaceous sedimentary rocks exposed 
on the west face of Hart Mountain are comparable in lithology to the 
rocks dated as late Oligocene or early Miocene near Paisley and prob
ably are of about the same age. Rhyolitic tuffs, andesite flows and brec
cias, and volcanic sediments low in the Warner Range fault block also 
are of about the same age. In several places, the volcanic ash of the 
rhyolitic 'tuff and sedimentary rocks have been intensely altered to 
bentonite or to zeolites, principally clinoptilolite, mordenite, and phil
lipsite. 

Basalt and some andesite flows of middle ( � )  and late Miocene age 
extend over several thousands of square miles from Abert Rim to the 
eastern margin of the province (Walker and Repenning, 1965 ) and in 
places attain a thickness of more than 3,000 feet ; the name Steens 
Basalt (Fuller, 1931) has been applied by some geologists to all or 
parts of this flow sequence. High alumnia basalt appears to be the 
dominant petrographic type in the sequence, although alkali olivine 
basalt flows also are common. The flows emerged as fissure eruptions 
partly from scattered dikes, but mostly from dike swarms concen
trated in the broken zones along margins of some of the tilted fault 
blocks. Probably the largest concentration of feeder dikes is on the 
east scarp of Steens Mountain, although many dikes also are present 
on the southern extension of Abert Rim. 

Some ash-flow tuffs and widespread, poorly bedded, mostly fluviatile 
flood plain deposits, composed largely of volcanic ash and fine pumice 
fragments, overlie the sequence of basalt flows, in places lapping on the 
basalts and elsewhere apparently interfingering with basalt flows. In 
many places, the flood plain deposits contain vertebrate fossils signi
fying a late Miocene (Barstovian) age. A few isotopic ages of min
erals from the fossiliferous sedimentary rocks and from uppermost 
flows in the underlying basalt sequence indicate that these units 
overlap in time and are both about 13 to 15 million years in age. 

Olivine basalt flows occur above the Miocene tuffaceous sedimentary 
rocks throughout much of the province and in places form the rims at 
the tops of several of the large precipitous fault scarps. The flows have 
not been precisely dated and may be either of late Miocene or early 
Pliocene age. 

Pliocene olivine basalt flows and an intervening unit of stratified 
tuffaceous sedimentary rocks-the Y onna Formation of Newcomb 
( 1958) -dominate the western part of the province in the upper Klam
ath River basin near Klamath Lake. East of Klamath Falls the Yonna 
Formation contains, in addition to much volcanic debris, fairly exten
sive bedded deposits of diatomite admixed with clay minerals (Moore, 
1937, pp. 34-51) .  The olivine basalt flows erupted mostly from cinder 
and lava cones and from shield volcanoes, although some fissure erup
tions occurred on fracture zones bounding grabens. 

Some of the basalt of Pliocene and early Pleistocene age in this part 
of the province erupted explosively into lakes or wet sediments. This 
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resulted in very large volumes of palagonite tuff and fragmented 
basalt now found in broad tuff rings and in thick layered lenses of 
tuffaceous sediments. 

Large parts of the province north of Lake Abert and Warner and 
Catlow Valleys are covered by widespread rhyolitic ash-flow tuff 
sheets of Pliocene age that emerged from fissures in the Brothers 
fault zone, a zone of northwest-trending en echelon fractures that 
transects the High Lava Plains province to the north (Fig. 3) . The 
ash-flow tuffs represent southward extensions of parts of the Dan
forth Formation (Piper, Robinson, and Park, 1939) that is mostly 
confined to the Harney Basin ; several isotope ages on minerals and 
volcanic glass from some of the oldest of these ash-flow tuffs indicate 
an age of 8.5 to 9.7 million years. 

Large silicic volcanic centers, characterized mostly by steepsided 
domes and closely related viscous flows, were the source for much 
of the rhyolitic volcanic rock of the province. They are widely dis
tributed and include Ferguson Mountain and Ely R1dge near Beatty ; 
Gearhart Mountain, Quartz Butte, Owen Butte, and Cougar Peak 
west of Lakeview, Slide Mountain, Tucker Hill, and Brattain Butte 
near Paisley ; Coyote Hills, Hart Mountain, and Drakes Peak near 
Warner Valley ; Beatty Butte and Hawkes Valley south of Catlow 
Valley, and several small rhyolite domes along the margins of Al
vord graben. Several kinds of metallic mineral deposits have been 
found associated with these silicic volcanic centers, notably those of 
mercury (Williams and Compton, 1953) and uranium (Peterson, 
1959b ) ,  and several of the centers contain large volumes of perlite. 

The great volcanic activity during Miocene and Pliocene time ap
parently was followed by minor outpourings of Pleistocene basalt 
mostly around local cinder cones or small lava cones in the western 
part of the province. Heavier than normal precipitation related to 
Pleistocene glacial periods resulted in many partly connected pluvial 
lakes that filled most of the large structural depressions. Obvious 
evidence of these ancient lakes is afforded by prominent shoreline 
features on the lower walls of many of the closed basins ;  included are 
gravel bars, spits, wave-built terraces, and wave-cut benches. Many 
of the large basins are floored with sediments deposited in these an
eient lakes or with fanglomerate and alluvium. In areas above the 
prehistoric lake levels, extensive sheets of pediment gravels and some 
fluvioglacial deposits are present locally. Violent eruption of Mount 
Mazama in the Cascade Range about 7,000 years ago resulted in the 
formation of a spectacular caldera or crater now occupied by Crater 
Lake and the burial of much of the western part of the Basin and 
Range province under a blanket of pumice fragments and ash. Wind 
and stream erosion has stripped the pumice from many of the ridges 
and hills, redepositing it in sand dunes and in soils in the lower valleys. 



MINERAL RESOURCES 

THE MINERAL INDUSTRY OF OREGON 

( By A. E. Weissenborn, U.S. Geological Survey, Spokane, Wash., and H. M. Dole, 
Oregon Department of Geology and Mineral Industries, Portland, Oreg. ) 

Like most Western States, Oregon's mineral industry had a golden 
beginning, although the early emigrants who made the arduous trek 
over the Oregon Trail did not come in response to the lure of gold. 
They were attracted bv reports of rich agricultural lands to be had for 
the taking in the Willamette Valley and elsewhere in the Oregon 
Territory. Their objective was to establish homes, not to win quick 
wealth from the creeks. Soon after the discovery of gold in California, 
however, prospectors moved northward into Oregon and by 1850 had 
discovered gold in Josephine County in southwestern Oregon. This 
was followed in 1851 by the discovery of rich placers in Jackson 
County, and in 1861 by the discovery of placer gold deposits near the 
site of Baker in northeastern Oregon. The virgin placers were rich and 
generously rewarded those fortunate enough to find them. Prospect
ing increased and other discoveries were made. Just how much gold 
was won during the first years of mining is not accurately known. 
It may have been as much as $20 million. Although not large by our 
standards today, this new capital was a tremendous stimulant for the 
development of a sparsely populated and struggling pioneer country. 
There were other effects, too. The exploration of these early miners 
and prospectors helped to open up large areas of the Territory, and 
many miners remained to become permanent settlers. The establish
ment of mining districts with their rules and regulations helped bring 
law and order to the Oregon Territory. Many of the present rules 
governing water rights date from these early miners' regulations. 

The total value of all minerals that have been produced in Oregon 
is estimated at about $1.3 billion. This amount compares favorably 
with the $1.8 billion estimated value of the mineral production of 
Washington and is about half that of Idaho ($2.6 billion) .  In 1966, 
Oregon's mineral production was valued at $107.8 million, placing it 
32d among the States with respect to the value of its mineral output. 
It was ranked between Nevada with a production of $112.6 million 
and North Dakota with a production o,f $101.8 million. It was not far 
behind Idaho, which with a production of $114.9 million was ranked 
30th, and was considerably ahead of Washington, which was ranked 
34th with a production of $89.1 million. Oregon has produced at one 
time or another 13 metallic and at least 12 nonmetallic commodities. 
In contrast to Idaho, but similar to Washington, it is predominantly 
a producer of nonmetallic minerals. During the period 1960 to 1968 
about 76.1 percent of the value of its mineral production came from 
nonmetallic minerals and only 24.9 percent from metals. This ratio 

(89) 
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has varied considerably from time to time, but a rough estimate indi
cates that about three quarters of the value of Oregon's production 
has come from nonmetallic minerals, mostly construction materials. 
It is, nevertheless, the country's only producer of nickel. It customarily 
ranks about fourth among the mercury-producing States and is one of 
the few States which has produced chromite. In the past, its produc
tion of gold has been substantial, but its gold mining industry is now 
essentially dormant. The State has produced some uranium, as well as 
minor amounts of silver, lead, zinc, copper, tungsten, antimony, and 
manganese. 

Mineral production in Oregon separates into three distinctive 
phases : a short but rich period ending about 1874 when most of the 
richer placer gold deposits had been exhausted and lode mining was 
beginning ; a Ion� period of very gradual growth ending with the 
economic depressiOn of the early 1930's ; and a period of vigorous 
growth that is still continuing. Gold was the dominant mineral pro
duced in the earliest period, and was still the principal metal through
out the gradual growth reriod, however dredging replaced the earlier 
hand methods of placermg and lode mining became importamt. The 
nonmetallic minerals became of increasing importance, and such pro
saic materials as sand and gravel soon far exceeded the value of the 
State's gold production. During this period production of mercury 
began and, under the stimulus of World War I, there was a small pro
duction of tungsten, antimony, manganese, and some base metals, and 
chromite mining began. The present period of phenomenal growth 
beginning about 1935 is marked by a tremendous increase in production 
of construction materials. In part, this stemmed from the installation 
of large hydroelectric projects, but to a much larger extent it represents 
the overall industrial growth these projects helped foster. Gold mining 
flourished through the depression until halted by events during World 
War II, resumed briefly after that, but ceased because of rising costs 
and fixed selling price. Nickel mining began at the Riddle mine in 
1954, and is now an important industry in the State. The total value 
of Oregon's nickel output in this brief period exceeds that of all the 
gold it has produced in the past 117 years. Uranium production began 
in 1956. 

Figure 25 shows the three periods quite plainly. The lower curve 
shows the unadjusted value of the annual mineral production ; the 
upper curve shows the same figure adjusted to the purchasing power 
of 1957-1959 dollar. The graph also shows the relative proportion of 
nonmetallic to metallic mineral production by 10-year periods since 
1930, and this clearly illustrates the dominance of nonmetallic minerals 
over metallic minerals. Because of this heavy dependence on non
metallic minerals the value of the State's overall mineral product-ion 
has not undergone the violent fluctuations which have so markedly 
affected the mineral production of Montana and Idaho (Weissenborn, 
1963, figure 1 ;  1964, figure 1 ) .  Production of individual commodities 
has fluctuated widely, but even during the depression of the 1930's and 
the heavy demands for strategic minerals dul'ing World Wars I and 
II and the Korean conflict, the total value of the annual production of 
minerals was affected only to a moderate degree. 
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A marked decrease in production in 1968 from 1967 is explained 
by decreases in consumption of sand and gravel as several large con
struction projects neared termination. 

Figure 26 shows graphically the relative value of the more signifi
cant nonmetallic and metallic commodities that the State has produced. 
It again brings out in striking fashion the importance of the non
metallic industry to the State, particularly since the nonmetallics pro
duction represents fewer years than the metals. It also shows that 
nickel, which has been produced in the State only since 1954, now 
exceeds gold in total value of metal produced. 

With steadily increasing population, Oregon's mineral industry can 
look forward to continued dominance of nonmetallic over metallic 
products. Some decrease in dam construction is probable as the major 
dams on the Columbia are completed, and this may result in a tem
porarily lessened demand for sand and gravel. Other construction, 
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including highway improvement, should take up much of the slack. 
In the metallic field nickel will continue to dominate. Oregon has a 
considerable potential for the production of gold, but only at price 
levels considerably higher than now prevail. Mercury production de
creased in 1965 from 1964 as existing reserves became depleted, but 
present high prices for mercury are expected to continue. This should 
encourage prospecting and there is a probability of discovering new 
deposits and developmg additional reserves in existing properties. 
The production of copper, lead, and zinc has been small, and the base 
metal industry has been dormant for many years. As a consequence 
comparatively little attention has been paid to Oregon's potential for 
these metals. With the use of modern techniques the possibility of 
discovering disseminated deposits of copper or molybdenum asso
ciated with some of the granite intrusive rocks in northeasten Oregon 
should not be discounted, a possibility pointed out by Gilluly years 
ago ( Gilluly, 1933 ) .  

A great dis3;ppointment i n  Oregon's mineral industry has been the 
lack of success to date in the search for oil and gas. Although explora
tion drilling began in 1902, sustained commercial productiOn has yet 
to be found. Considering, however, the many thousands of square 
miles within the State that have marine sedimentary rocks at the sur
face, and that fewer than 50 of the exploration holes thus far drilled 
can be considered valid tests of specific horizons and structures, 
further testing is needed. Of particular interest in the past few years 
has been the exploration offshore. This work has demonstrated the 
presence of a large and thick sedimentary basin on the Continental 
Shelf. 

Recent work under the Department of the Interior's Heavy Metals 
program off the southwestern Oregon Coast has indicated the existence 
of anomalous concentrations of black sands. These findings should soon 
attract the interest of industry and will open up a new frontier to 
Oregon's mineral industry. This, it is felt, demonstrates that the min
eral industry in Oregon which started long before it became a State 
still holds much promise for the future. 

In the succeeding sections, the specific na.ture of Oregon's mineral 
resources have been summarized, outlining the available information 
on known distribution of each commodity and suggesting where the 
further search for additional resources might be directed. 

METALLIC MINERAL RESOURCES 

ANTIMONY 

(By N. S. Wagner and Len Ramp, Oregon Department of Geology and Mineral 
Industries, Baker and Grants Pass, Oreg. ) 

Antimony is a brittle, silver-white metal with a low (630° C) melt
ing point and the unique capacity of expanding when resolidifying 
from a melt. It also adds strength, hardness, and toughness to certain 
other metals when alloyed with them. These properties account for 
major industrial applications in the manufacture of storage batteries, 
type metal, antifriction bearings, cable sheathing, and solder, each of 
which uses involves lead and tin-based alloys. Antimony metal is also 
used extensively in making munitions. In nonmetallic compound form 
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it is used in the manufacture o:f ceramics and glass, plastics, pigments, 
and cartridge primers. Another use o:f increasing consequence derives 
:from the fire-retardant properties o:f some antimonial compounds-

The United States depends on imports :for its antimony needs. In 
:fact, nearly hal:f o:f the world output o:f newly mined antimony is con
sumed by United States industries, and only 2 percent o:f domestic 
requirements comes :from domestic sources. Red China, the Republic 
o:f South Africa, the U.S.S.R., and Mexico, in that order, have been 
the leading producers during recent years. At the present time, do
mestic production o:f primary antimony consists almost entirely o:f 
by-product antimony :from lead-silver mines rather than production 
from ores valuable chiefly :for antimony. However, 50 percent or more 
o:f domestic industrial requirements are met regularly by antimony 
reclaimed :from scral? ( chiefly storage ba,tteries ) .  This secondary anti
mony constitutes a v1tal supplement to the domestic supply :from other 
sources, and its reclamation represents a long-established and well 
organized example o:f conservation practice. The dependency o:f the 
United States on both imports and reclamation is illustmted graphi
cally in figure 27. Note especially that United States mine production 
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FIGURE 27.-Trends in United States production and imports of antimony. 

is appreciable only during periods o:f wartime emergency, whereas the 
level of output of reclaimed, secondary antimony is consistently great. 

Most antimony is recovered :from ores in which antimony sulfide 
( stibnite) and various of the antimony oxides ( stibiconite and valen
tinite) are the dominant ore minerals. However, some is obtained as 
a by-product :from ores mined primarily :for lead, gold, silver, quick
silver, and tungsten. In such ores the antimony may be present in the 
form o:f stibnite and the oxides in minor amounts, or it may occur 
along with copper, lead, and silver in complex base-metal sulfide min
erals such as tetrahedrite, jamesonite, and pyrargyrite. In either case, 
epithermal ( low temperature) fissure veins and replacement-type 
deposits constitute the characteristic mode of occurrence. 

In Oregon, antimony commonly occurs as a minor metal in gold 
veins. There are, however, five known occurrences which ha

'
ve been 

worked primarily :for antimony (fig. 28) .  Three o:f these reportedly 
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• ANTIMONY MINES AND PROSPECTS 

Gray Eagle (mine ) - T.  9 s . ,  R. 41 E . ,  sec. 7 
Coyote ( do. ) - T.  14 s . ,  R. 41 E . ,  sec . 31 
Stibnite ( do. ) - T.  6 S . ,  R. 37 E . ,  sec. 5 
Jay Bird ( do. ) - T. 40 S . ,  R. 4 w. , sec . 14 
Lowry ( do. ) - T. 40 s . ,  R. 4 w . ,  sec . 25 
Alkali Springs lprospect)- T. 12 s. , R. 38 E . ,  sec . 19 
Red Butte l do. )- T. 20 S . ,  R .  35 E . ,  sec. 35 

AREAS WITH ACCESSORY ANTIMONY IN GOLD-SILVER MINES 
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yielded sorted, shi:pping-grade ore during the first World War, and 
two others are credited with similar production in 1907 and 1908. Only 
fragmentary records exist concerning the grade and tonnage of mate
rial produced during these periods. Between 1941 and 1946, under 
the emergency demands of World War II, a small but critically 
needed production of antimony ore was obtained from the Gray Eagle 
mine in Baker County and from the Jay Bird mine in Jackson County. 
Only work of an exploratory nature has been performed on these 
properties since 1946. Mines that are primarily valuable for other 
metals ( gold and silver) but which contain some antimony as a minor 
metal are mostly in the Bohemia district of Lane County and the 
Greenhorn district of Grant County ( Callaghan and Buddington, 
1938 ; Oregon Department of Geology and Mineral Industries, 1941 ) .  
These districts are indicated in figure 28, and are described in the sec
tion on gold ( p. 125 ) .  

The Gray Eagle mine i n  the Virtue district, Baker County, i s  the 
largest and best known antimony occurrence in Oregon ( fig. 28) .  
Production began in 1907 and includes at l east 73 tons of metal during 
World War I and 245 tons during World War II. This last production 
included 140 tons of sorted, high-grade lump ore that averaged 49.2 
percent Sb ( antimony) and 2,040 tons of fines ( grizzly undersizes) ,  
which assayed 8.13 percent Sb and 0.26 ounces per ton m gold. Oxide 
minerals accounted for a calculated 82 percent of the antimony con
tained in the fines. The ore occurs in a strong, steep shear zone in 
altered gabbro-greenstone of Permian to Early Triassic age. The vein, 
in places as much as 6 to 8 feet wide but normally less, was developed 
by adits and shafts to a vertical depth of approximately 150 feet. 
Within the vein the antimony minerals occur variously as pods, kid
neys, tabular partings, and zones of interlacing stringers spaced 
erratically over a strike distance of approximately 650 feet. The work
ings were extensively rehabilitated in 1965 and 1966, but no new pro
duction has as yet been attempted. Stibnite is known to have been 
encountered in several long-inactive gold mines located in the Virtue 
district near the Gray Eagle. These occurrences reportedly range from 
clusters of crystals embedded in quartz to veinlets and occasional pods 
of massive sulfide. In all instances, however, the stibnite is described 
as mino:r; in comparison with that at the Gray Eagle. 

The Jay Bird mine in the upper Applegate district, Jackson County, 
located in 1939, yielded 111 tons of sorted ore averaging approximately 
47 percent Sb from 1941 through 1944. Some additional production 
may have been made in 1945 and again in 1965, but the records a.re not · 
available. Massive bladed stibnite ore occurs mostly as replacement 
bodies in a steeply dipping shear cutting Upper ( ? ) Triassic meta
sedimentary and metavolcanic country rock of the Applegate Group. 
In places stibnite also occurs disseminated in the wall rock adiacent 
to the shear. Kermesite and various of the yellow-colored oxides of 
antimony are frequently evident but are not abundant. The mine is 
developed by two adits with interconnecting raises. Stoping extends 
from the lowest adit to the surface, approximately 80 feet Yertically, 
along a strike distance of about 150 feet. 

At the Lowry mine 3 miles southeast of the .Jay Bird, the ore also 
is enclosed in metasediments and metavolcanics of the Applegate 
Group. Small shipments of hand-sorted ore and possibly of concen· 
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trates recovered from a mine dump were reported in the 1920's and 
1930's. Stibnite has been found at several places on the property and 
in the surrounding area, but no single, clear-cut, persistent vein has 
been recognized. The stibnite evidently occurs as scattered pods and 
short veins. There is no record of any significant amount of new work 
having been done on the property since 1945. 

The Coyote mine on the south slope of Cow Butte, Malheur County, 
approximately 14 miles west of Brogan shipped two railroad cars of 
selected high-grade stibnite to the Selby smelter, California, in 1908, 
and another carload of similar material was ,produced in 1917. Data 
are not a vail able on tonnage and grade for this, the only known produc
tion from the property. Stibnite occurs alone and with quartz in nar
row veins on the contact of Tertiary basalt dikes which cut biotite 
granodiorite country rock of probable Cretaceous age. Exploration 
done during the 1940's and again during the 1950's under a Defense 
Minerals Exploration Administration (DMEA ) exploration contract 
disclosed more stibnite, but not in minable widths. 

Stibnite veins in Cretaceous granodiorite are found at the Stibnite 
mine (also known as the Parker mine) on the north flank of the Elk
horn Mountain Range in Union County. The stibnite occurs here in a 
steeply dipping, narrow ( 1  foot or under) vein reportedly developed 
originally as a gold prospect during the early 1900's. Other smaller 
stibnite-bearing veins have been found nearby as a result of later work. 
Available records indicate that the stibnite occurs most commonly as 
clusters of needles embedded in a quartz gangue rather than as massive, 
readily sortable pods, partings, or segregations. However, some sort
able stibnite evidently existed in the original workings. During � orld 
War I, three carloads of ore were recovered :from a comparatively 
shallow trench. During the 1940's and again in the · 1950's, the sur
rounding terrain was extensively explored by bulldozing and stripping 
in search of other occurrences, but no attempt was made to explore the 
original vein at depth. 

At several localities, stibnite needles occur in Tertiary sediments but 
in specimen quantities only. There are, however, two known occur
rences where stibnite is present in massive form in Tertiary rocks. At 
Alkali Springs west of Hereford, Baker County, stibnite is associated 
with hot-spring activity localized along a :fault (Brooks, 1963, p. 212) . 
The country rock is an intrusive dacite of Eocene ( ? ) age (Gilluly, 
1937) . Several short stibnite veins 1 to 8 inches wide ha.ve been pros
pected extensively by bulldozer and back-hoe trenches, but no signifi
cant increase in vein widths was encountered to the depths explored. 

The second prospect, near Red Butte, Harney County, is in an area 
occupied chiefly by Pliocene clastic volcanics and minor basalts of the 
Drewsy Formation of Bowen and others ( 1963 ) .  About a ton of fairly 
massive stibnite, in chunks 15 to 18 inches in diameter and assaying 
33 percent Sb, was extracted in 1958 from a 40-:foot vertical shaft. 
Some localizing bedrock structure such as a vein, shear, pipe, or dike 
contact must exist to account for the development of stibnite in bunches 
of this size ; however, when the prospect was visited by the senior 
author in 1958, the shaft was so tightly lagged and the surrounding 
surface was so covered by dump material and natural soil-rock rubble 
that it was impossible to do more than confirm the authenticity of the 
discovery. 
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Oregon's past production of antimony has been small, and there 
are no known measurable ore reserves. Neither is there any available 
data to suggest that ore can be developed at any given occurrence in 
the future m amounts substantially greater than, or in some cases even 
equal to, those produced in the past. The Gray Eagle is one possible 
exception in that under favorable economic conditions exploration at 
depth is rendered logical by the well defined nature of the vein and 
the strike distance over which antimony-gold mineralization has been 
demonstrated to exist. The area surroundmg the Jay Bird and Lowry 
properties also merits mention in that over the years stibnite samples 
have been reported ( Oregon State Assay Service records) from 
numerous places, principally in sees. 14, 23, 24, 25, and 27. Since these 
samples originated mostly from raw, undeveloped prospects, sys
tematic investigation in this area would seemingly be j ustified. No 
other specific recommendations can be made at this time. It should be 
realized, however, that there has been virtually no interest in search
ing for antimony in the United States except during periods when 
imports from foreign sources have been severely curtailed. Under the 
circumstances, it is entirely possible that other currently undiscovered 
prospects may exist in Oregon, especially in northeastern and south
western parts of the State. 

Much of the information in this chapter has been abstracted from 
Wagner's ( 1944) report on antimony, supplemented and updated by 
unpublished information in the files of the Oregon Department of 
Geology and Mineral Industries. 

BAUXITE 

(By R. E. Corcoran, Oregon Department of Geology and Mineral Industries, 
Portland, Oreg. ) 

Bauxite is an ore of aluminum containing gibbsite, boehmite, kaoli
nite, and other hydrated aluminum oxides. The process by which 
bauxite is formed by the weathering of aluminum-bearing rocks is 
known as "laterization." Laterization is essentially a desilication proc
ess in which the alkalies and alkali earths are leached out along with 
most of the silica. The other constituents of the parent material, chief
ly aluminum, iron, and titanium oxide, remain behind as principal 
components of the resulting laterite. The formation of the Oregon 
bauxites has been discussed by Allen ( 1948 ) ,  who postulates that the 
parent basalt was first altered to clay and then to bauxite by a two
stage process of weathering. The aluminum laterites of Oregon are 
high in iron compared to most commercial bauxites, and the tern1 
"ferruginous bauxites" is used to distinguish them from the low-iron 
bauxites. In his investigation of the Antrim, Ireland, laterites, Eyles 
( 1952 ) ,  also uses "ferruginous bauxite" when describing the material 
developed on basalt similar in composition and age to the Oregon 
bauxite. 

Deposits of high-iron bauxite in northwest Oregon were discovered 
by the Oregon Departme111t of Geology and Mineral Industries in the 
Tualatin Hills (Washington County) in 1943 ( fig. 29 ) .  Following the 
discovery, the Department mapped and test drilled these and several 
other deposits in order to determine their size and quality. Based on 
results of t he preliminary survey (Libbey, Lowry and Mason, 1944 anfl 
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FIGURE 29.-Ferruginous bauxite depostts of Oregon and Washington. 

1945) Alooa Mining OoJUpany, beginning in 1945, conducted a long
range exploration and drilling program m northwestern Oregon and 
an inspection of adjoining parts of Washington. 

Farther to the sout,h, in the Salem Hills, the Department later car
ried on a program of exploratory drilling similar in scope to the work 
that had been done in Washington County (Corcoran and Libbey, 
1956) . The Salem area has subsequently been investigated by Alumi
nium Laboratories, Ltd., Harvey Aluminum Co., and Reynolds 
Metals Co. 



100 
Other deposits of ferruginous bauxite are known to occur in several 

widely separated areas along both sides of the Willamette Valley, but 
have not been explored sufficiently to determine their economic 
importance. 

Basalt flows, basaltic breccias, and tuffs of probable Miocene age 
underlie most of the hilly upland areas where the bauxite deposits are 
known to occur (Wells and Peck, 1961 ) .  The lavas have been termed 
"Columbia River basalts" (Libbey, Lowry and Mason, 1945) , "Salem 
lavas" and "Stayton lavas" ( Thayer, 1939) , but all are probably part 
of the Columbia River Group as suggested by Waters ( 1961 ) .  

The color of the Oregon bauxite varies from dark reddish brown in 
Washington and Columbia Counties to light yellowish brown in the 
Salem a.rea. Varieties range from hard ()()litic or pisolitic type charac-

. ·teristic of the Washington County deposits to a porous granular or 
earthy type found in the Salem Hills. Chemical analyses show that the 
better grade of lateritic material usually contains 33-36 percent AL03, 
30-33 percent Fe203, 5-7 percent Si02, and 5-7 percent Ti02. High
grade gibbsite nodules a.re scattered through the soil zone above the 
bauxite section in many of the laterite areas. Nodules as much as 3 feet 
across are especially common in the Salem Hills area, and these residual 
boulders average approxima.tely 55 percent Al203, 8 percent Fe203, and 
3 percent Si02. 

Results of exploration drilling in the laterite areas by private com
panies have never been released to the public. On the basis of widely 
spaced auger holes put down by the Department in the Tualatin Hills 
(Washington and Columbia Counties) an estimated area of 8,000 
acres is underlain by laterite as much as 30 feet thick, averaging ap
proximately 34 percent Al203 and less than 8 percent Si02. In the 
Salem Hills (Marion County) 27 exploratory holes drilled in an a :rea 
of 1,200 acres showed the laterite section to be as thick as the Tualatin 
Hills deposit and that it averaged 35.0 percent Al203 and 6.7 percent 
Si02. Total resources of ferruginous bauxite in Oregon probably ex
ceed 50 million tons. This figure could be increased considerably if 
the cut-off point for contained silica ( 8-10 percent) is raised or if 
some of the unexplored deposits which lie outside the main areas prove 
to be larger than now indicated. 

According to Williams ( 1965) the United States is the world's 
largest consumer of bauxite, but produces only 15 percent of domestic 
requirements. Almost all of the bauxite mined in this country comes 
from Arkansas, where reserves, averaging 52 percent Al203, are esti 
mated to be about 50 million tons. Most of the imported bauxite comes 
from .Jamaica and Surinam, with lesser amounts from Guyana (for
merly British Guiana) ,  Haiti, and French Guinea. Extensive deposits 
now being explored i� both Australia and French Guinea may even
tually provide a large share of our imports. 

Aluminum metal is produced in two steps requiring two distinct 
operations. First, bauxite ore is treated by the so-called Bayer process 
to produce pure aluminum oxide, or alumina as it is called. The sec
ond step is the reduction of the aluminum oxide to aluminum metal 
by electrolysis in a cryolite bath. As a consequence, aluminum reduc
tion plants are located near cheap and reliable sources of electric power 
such as in the Columbia River area where several large hydroelectric 
plants have been installed. At present all Bayer plants are in the 



101 
Middle West or South because of their proximity to the Arkansas 
bauxite and the Caribbean region. Thus alumina used in Northwest 
reduction plants must be shipped across the country or brought in 
by water transport. 

The percentage of alumina in the ferruginous bauxites of northwest 
Oregon is fairly low compared to that of most imported ores which 
range from 45 percent to 60 percent Al203• For this reason, the unit 
cost of producmg alumina from Oregon laterites using the Bayer 
process would be higher than from either Arkansas deposits or foreign 
sources. Oregon bauxites, ho·wcvc.r, have the advantage of a favorable 
location close to several large aluminum reduction plants along the 
Columbia River. This would offset to a large extent their higher proc
essing costs. The total annual metal capacity of these plants is now 
in excess of 340,000 tons. With the addition of the Northwest Alumi
num Co. plant now under construction at Warrenton, Oregon, and the 
extra pot lines being completed at Rexnolds' Longview and Troutdale 
smelters, the total annual capacity will exceed 600,000 tons (table 2 ) .  

TABLE 2.-CAPACITY O F  ALUMI NUM REDUCTION PLANTS I N  THE PACIFIC NORTHWEST 

Company Location 

Plant along the lower Columbia River: 
Alcoa _ _ _  . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Vancouver, Wash. _ _ _  . _ _ _  . _ _ _ _ _ _ _ _  _ 
Reynolds Metals Co _ _ _ _ _ _ _ _ _ _ _ _ _  Longview, Wash _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Do. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Troutdale, Oreg _ _ _ _ _  . _ _ _ _ _ _ _ _ _ _ _ _  _ 
Harvey Aluminum Co _ _ _ _ _ _ _ _ _ _ _ _  The Dalles, Oreg _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Northwest Aluminum Co _ _ _ _ _ _ _ _ _  Warrenton Oreg _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Other plants in the Pacific Northwest: 
Kaiser Aluminum & Chemical Spokane, Wash _ _ _ _ _ _ _ _ _ _ _  _ 

Corp. 
Do _ _ _ _ _  . _ _ _ _ _ _ _ _ _ _ _ _ _  . _ _ _ _  Tacoma, Wash _ _ _ _ _ _ _ _ _ _ _ _ _  . _ _ _ _ _  _ 

Alcoa _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Wenatchee, Wash _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . 
Anaconda Aluminum Co _ _ _ _ _ _ _ _ _  Columbia Falls, Mont. _ _ _ _ _ _ _ _ _ _ _ _  _ 
International Aluminum Co _ _ _ _ _ _ _  Bellingham, Wash _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

1 Under construction. 

Year 
reduction 
plant built 

Primary annual capacity 
{short tons) 

Jan. I, 1967 Planned 

1940 100, 000 - - - - - - - - - - - -
1941 65, 000 185, 000 
1942 91, 500 131, 500 
1958 87, 000 - - -(1) - - - - - - - - - - - - - - 120, 000 

1942 193, 000 - - - - - - - - - - - -

1942 41, 000 82, 000 
1952 125, 000 175, 000 
1955 100, 000 175, 000 
1966 76, 000 228, 000 

The North>vest Aluminum installation will include a Bayer process
ing plant as well as an aluminum reduction facility. Reduction plants 
in the Pacific Northwest have a total capacity of almost R80,000 tons 
per year and supply almost 30 percent of the United States' alumi
num metal. In the next few years, planned increases in plant capacity 
will boost the total for the Northwest to 1,476,500 tons.3 

Extensive metallurgical testing has been done on Oregon bauxite 
by Alcoa, and reportedly the ore IS amenable to treatment by a modifi
cation of the Bayer process. Another method for treating the laterites 
is the Pedersen process which was originally developed on a com
mercial scale in Norway. In this procedure, the ore is smelted with 
carbon and limestone to produce pig iron or a ferroalloy, and calcium
aluminate sl ag, which is further treated to produce alumina. The U.S. 
Bureau of Mines in Albany, Oregon, has conducted plant tests on the 
ferruginous bauxites of the N orthwest and has shown that the Peder
sen process can be used successfully on these ores to recover pig iron 
as well as alumina ( Fursman and others, 1968 ) .  

-� Information on production capacity supplied by Bonneville Power Adminis•tration, 
Department of Marketing Research. 
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SUMMARY 

The Oregon ferruginous bauxites are the United States most im
portant known potential resource of low-silica aluminous raw material. 
The deposits are favombly located near existing aluminum reduction 
plants. The deposits are amenable to low-cost mining methods. The 
ferruginous bauxites have a low silica content, and may be processed 
to recover alumina more economically than such other potential source 
materials as clay and other aluminum silicate minerals. The iron con
tent of the ferruginous bauxites may provide an important by-product 
with enough value to offset the lower alumina content it has compared 
to presently used bauxite ores. In the event that imported supplies of 
bauxite or alumina were cut off or seriously reduced, as occurred dur
ing ·world War II, Oregon bauxite might very well fill a critical, per
haps crucial, need in supplying bauxite to aluminum plants. 

BLACK SANDS 

( By H. ID. Clifton, U.S. Geological Survey, Merrlo Park, Calif., and R. S. Mason, 
Oregon Department of Geology and Mineral Industries, Portland, Ore.) 

"Black sands" are natural concentrations of minerals having a 
specific gravity substantially greater than quartz, the dominant min
eral in most sands. As a result of this high specific gravity, waves and 
currents readily segregate the heavy minerals from the lighter grains 
of the sediment. These heavy mineral concentrates may be a source 
for such diverse commodities as chromium, titanium, iron, zirconium, 
rare earths, and precious metals. Because the most aboundant heavy 
minerals are dark and opaque, the deposits commonly are referred to 
as "black sands", although owing either to original composition or to 
subsequent weathering the sand may not be truly black. Table 3 lists 
the heavy minerals found in the Oregon black sands, their specific 
gravity, and relative abundance. 

TABLE 3.-HEAVY M INERALS OBSERVED OR REPORTED FROM COASTAL BLACK SANDS OF OREGON 
(AFTER TWENHOFEL, 1946) 

[A=abundant, C=common, R=rare, Tr=trace[ 

Mineral Specific Relative Mineral Specific Relative 
gravity abundance gravity abundance 

Actinolite _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2. 9 - 3. 5 R leucoxene _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3 .  5 - 4. 5 R 
Andalusite • . . •  _ _ _ _ _ _ _ _ _ _ _ _ _  3. 1 - 3. 2 Tr �!���li!�---�: : : :  : : : : : : : : : : : 

5. 1 - 5. 18 A 
Apatite _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3. 15- 3. 23 R 4. 9 - 5. 3 Tr 
Augite _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3. 2 - 3. 6 c Olivine •• - - - - - - _ _ _ _ _ _ _ _ _ _ _ _  3. 27- 3. 5 R 
Chromite. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4. 3 - 4. 6 A Platinum group _ _ _ _ _ _ _ _ _ _ _ _ _  12. 0 -19. 0 Tr 
Clinozoisite • • •  _ _ _ _ _ _ _ _ _ _ _ _ _  3. 25- 3 .  37 R Rutile _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4. 18- 4. 25 R 
Cummingtonite . . • . .  _ _ _ _ _ _ _ _  2. 85- 3. 2 Tr Sillimanite. _ _ _ _ _ _ _ _ _ _ _ _  . _ _ _  3. 23- 3. 25 R 
Diopside. _ _ _ _ _ _ _ _ _  . _ _ _ _ _ _ _ _  3. 11- 3. 42 R SpineL • • • • .  _ _ _ _ _ _ _ _ _  • _ _ _  • 3. 6 - 3. 8 R 
Enstatite. _ _ _ _ _ _ _ _ _ _ _ _ _  3. 1 - 3. 5 R Spodumene. _ _ _ _ _ _ _  • _ _ _  . .  _ _  3. 1 - 3. 2 Tr 
Epidote . . .  _ .  _ _ _  . __ 3. 25- 3. 5 c Staurolite • . •  _ _ _ _ _ _ _ _ _ _  . _ _ _  . 3. 65- 3. 77 R 
Garnet__ _ _ _ _ _ _ _ _  . _ _ _ _ _ _ _ _ _ _  3. 5 - 4. 3 c Titanite _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3. 4 - 3. 56 R 
Glaucophane. _ _ _  . _ _ _ _ _ _ _ _ _ _  3. 0 - 3. 15 R Topaz. . _ _ _ _ _ _ _ _ _ _  . .  - - - - . - - 3. 4 - 3. 6 Tr 
Hornblende. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3. 0 - 3. 3 c Tourmaline _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2. 98- 3. 3 R 
Gold o o · - - - - o · - - o o · o 0 · · - - 0 0  15.0 -19. 3 Tr Tremolite . . . . .  0 0 __ 0 0 . . . . . .  0 3. 0 - 3. 3 R 
Hypersthene . . . 0 0 _ _  0 . . . . . . 0 3. 2 - 3. 5 A Zircon . .  _ _  . . . .  0 0 _ _ _ _ _ _  0 0 0 0 _ 4. 5 - 4. 7 R 
I lmenite. _ _  0 _ _ _ _ _ _  . . . . . . 0 _ _  4 .  5 - 5. 0 A Zoisite _ _ _ _ _  0 0 0 0 0 _ _  0 0 0 _ 3. 25- 3. 37 Tr 
Kyanite . . .. 0 . . . . _ _ _ _ _ _  0 0 0 _ 0 3. 56- 3. 68 R 
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Most of the heavy minerals in the Oregon black sands formed as 

a result of igneous activity or metamorphism. The minerals subse
quently have been freed during erosion of the source rocks and trans
ported seaward by streams. Black sands form locally where these 
streams winnow the lighter minerals away, although most heavy 
minerals ultimately reach the sea. Black sands accumulate on beaches, 
where they are concentrated by wave swash. Wind also can effect small 
concentrations in dunefields bordering the coast, and offshore cur
rents conceivably can concentrate heavy minerals on the continental 
shelf. Twenhofel ( 1943 ) discusses the or1gin of black sands on the coast 
of southwest Ore�on. 

The configuratiOn of black sand deposits reflect their depositional 
environment. Most occur in lenticular bodies, although highly irregu
lar deposits are not uncommon. Beach deposits tend to be elongate 
parallel to the present or former shorelines, and they generally are 
larger and show greater lateral persistence than stream deposits. 

Scattered small black sand deposits of Mesozoic or Tertiary age 
occur in the Coast Ranges in the Illinois River drainage (fig. 30) . 
During the Pleistocene Epoch, fluctuations in sea level as the result 
of glaciation, tectonism, or a combination of both produced shore
line deposits on terraces than range in elevation from 1500 feet above 
present sea level to unknown depths offshore (Griggs, 1945, p. 1 17 ) .  
The emergent terraces contain numerous and locally extensive black 
sand deposits and similar deposits could be expected to occur on sub
merged terraces on the continental shelf. 

Utilization of the various minerals found in the black sands has 
progressed considerably since they were first mined solely for gold 125 
years ago. Chromite is the principle ore of chromium and is also used 
as a refractory, and for various chemicals and pigments. Zircon is the 
source of the element zirconium, and rutile and ilmenite are ores of 
titanium. Magnetite, an iron oxide mineral, is commonly used as an 
iron ore. Garnet, in the sizes available in the coastal black sands, has 
found limited usefulness, but small quantities of garnet sand have 
been sold for sand blasting and as an abrasive in dimension stone 
quarry gang and wire sa·ws. Olivine is in increasing demand as a 
refractory. Although studies have been made over the years to find 
markets for the quartz grains which accompany the black sands, no 
success has been reported. Most of the quartz grains have been freed 
from any enclosing matrix, but unfortunately, many of the grains 
have cracks or fractures which contain iron oxide films. The iron 
cannot be removed by any simple washing or acid leaching treatment, 
thus precluding the use of the quartz for glass making. No other 
markets have been considered. Details on the commercial aspects of 
these commodities are given in other sections of this report. 

Other commonly associated black sand minerals include hypersthene, 
hornblende, epidote, and augite. Although these components have no 
commercial application at the present time, any beneficiation of the 
other salable black sand fractions would in effect make at least a rough 
concentrate of these minerals. Future changes in technology conceiv
ably could create markets for them. 

Investigation and exploitation of black sands in Oregon has been 
largely confined to the southwestern coast where the Klamath-Siskiyou 
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Mountains provide a source for valuable heavy minerals. Gold and 
platinu·m were found on the beaches there shortly after the beginning 
of the California Gold Rush (Blake, 1854) . For a number of years in 
the late 1850's and early 1860's beach placers were extensively mined 
along the Oregon Coast ( Hornor, 1918, p. 7 ) .  Initially, the associated 
platinum was regarded as waste material, but as the importance of the 
silvery grains was recognized, recovery of platinum also was at
tempted. The amount of gold and platinum extracted by the early 
miners is unknown. Butler and Mitchell ( 1916, pp. 48-50) describe 
recovery attempts around the turn of the century. 

It was not until 1926, however, that any serious attention was given 
to the associated "heavy blacks" in the sands along the active coastal 
beaches and the elevated terraces immediately shoreward from them. 
First exploitation of the deposits occurred

· 
during World War II 

when the demand for chromite made it economically feasible to con
centrate the richer portions of some of the terrace deposits. A total 
of 46,500 tons of semi-finished concentrates left over from the war-time 
activity were subsequently upgraded, and five fractions containing 
chromite, magnetite, garnet, ilmenite, and zircon were produced. 

Despite the relatively small production of black sands from south
western Oregon there has been a long history of investigation of the 
deposits. Originally reported on by Diller in 1901 in the Coos Bay 
Folio of the U.S. Geological Survey Geologic Atlas, the deposits have 
been examined by private, State and federal organizations. 

Interest in exploiting Oregon's black sands is tied almost completely 
to the need for chromite during periods of national emergency. Cur
rently the United States has no domestic production of this strategic 
commodity, but world production in 1965 totalled nearly 5.4 million 
short tons. Chromite has been produced in California, Oregon, Mon
tana, Alaska, and Texas. Almost all domestic production has come from 
hard rock mines ; only in Oregon have chromiferous sands been mined. 
Recovery and beneficiation methods for chromite-bearing black sands 
are described in Dasher and others ( 1942) , and Hundhausen ( 1947) . 

The Oregon black sand deposits are found at numerous places along 
the coast (see fig. 30) .  Most attention to date has been directed toward 
the terraces lying between Coos Bay and the mouth of the Coquille 
River in Coos County, an area roughly 5 miles wide and 25 miles long 
(fig. 30, No. 5 ) . Here the coastal terraces of southern Oregon reach 
their maximum development and contain numerous black sand bodies 
( Diller, 1914, p. 124-125 ; Hornor, 1918, pp. 14-25, Pardee, 1934, pp. 
28-29 ; Griggs, 1945 ) . The largest black sand deposit, The Seven Devils 
(Last Chance) mine (Griggs, 1945, pp. 132-135) ,  was originally nearly 
a mile long, 150-1,200 feet wide and averaged between 14 and 20 feet 
thick. Early studies (Day and Richards, 1906, pp. 1208-1210) showed 
these deposits to be enriched in chromite, ilmenite, garnet, zircon, gold 
and platinum. Mining for chromite has been restricted to deposits in 
the terraces of this area. Kauffman and Baber ( 1956, p. 12) summarize 
the chromite mining operations and Kauffman and Holt ( 1965, pp. 
21-22) discuss the present potential for zircon in these deposits. 

Other areas that have been considered for black sand exploitation 
are shown on figure 30. They include : ( 1 )  the Hammond deposit in 
Clatsop County, a small but fairly well concentrated deposit in the 
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south bank of the Columbia River estuary that has not been produc
tive. (2) Clatsop Spit, where the Bunker Hill Company in early 1963 
drilled a series of 34 holes ranging in depth from 40 to 86 feet, to 
determine the iron content. The top 10 feet contained the highest con
centrations of iron but the average content was only 22.6 pounds per 
ton. The company had 2000 acres under lease from Clatsop County, 
the State of Oregon, and the federal government. (3)  Sand Island
Baker Bay. Recent attempts have been made near the mouth of the 
Columbia River to recover heavy minerals. ( 4) Newport. A small 
amount of gold and platinum was recovered many years ago from the 
active beach ; little if any activity has been con'ducted recently. ( 6 )  
Cape Blanco-Port Orford. This area ranks second to the deposits lying 
north of Bandon in the production of gold and platinum. Most of 
the recovery has been from the active beaches, with lesser amounts 
coming from elevated terraces not far from the coast. Aside from one 
or two small beach placers there has been l ittle activity since the 
middle 1930's. (7)  Ophir-Gold Beach. The active beaches near the 
mouth of the Rogue River have produced gold but very little platinum 
over the years. Most of the placering was done years ago when rich 
concentrations of gold were worked along the active beach. During 
World War II several attempts were made to concentrate chromite 
in the black sands but they were not successful. (8 )  Whalehead. A 
rusted skeleton of a concentration plant at Whalehead Cove attests 
to an early attempt to mine the extensive black sand there. (9)  Horse
sign Butte-Illinois River. Small outliers of black sand of Tertiary age 
(Baldwin, 1967, written communication) occur west of the Illinois 
River south from Agness. 

Prospective producers of Oregon black sands face numerous prob
lems. As has been mentioned, many deposits occur in unconsolidated 
or poorly cemented Pleistocene terrace deposits. Some occur near the 
surface, but others have been found at depths of 60 feet or more. The 
rank vegetative growth makes prospecting difficult. Even old test pits 
are difficult to find once they are abandoned. 

Black sands on the active beaches of the area present several unique 
problems to the prospective miner. Most of the "wet sand" areas have 
been reserved for public use by the state, and an additional adjoining 
strip of "dry sand" is currently being surveyed by the state for even
tual inclusion in the public use area. Certain small sections of the 
active beach are privately owned and presumably could be leased or 
purchased. Regardless of the status of the land and the possibilities 
for mining from a legal standpoint, there is an over-riding difficulty 
in the continual hazards of wind, wave, and tide along the l ittoral 
zone. The destructive effects of storm winds and wind-driven \Yaves are 
well known. Less well appreciated are the recurring changes in the 
sand deposits caused by normal wave and wind artion from day to 
day. These changes make it difficult to plan an orderly and efficient 
mining program. Numerous attempts to recover black sands from the 
active beaches have ended in failure. 

Offshore black sand deposits along the southern Oregon coast present 
further problems. The amount of black sand, gold and platinum that 
has been washed down from the Klamath-Siskivon Mountains is prob
ably very large, but whether or not the material has been sufficiently 
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concentrated offshore remains to be determined. The U.S. Geological 
Survey in 1966 under its heavy metals program began studies to iden
tify areas on the continental shelf containing concentrations of heavy 
minerals. 

Under a joint research contract, the Office of Marine Geology and 
Hydrology of the U. S. Geological Survey and the Department of 
Oceanography of Oregon State University are investigating the pos
sibility for black sand deposits on the sea floor off southern Oregon. 
To date, more than 600 nautical miles of acoustical subbottom profiles 
have been run. These profiles indicate the distribution and thickness 
of marine sediment, the location of possible submerged river chan
nels and the nature and geologic structure of bedrock underlying the 
continental shelf. More than 250 marine sediment samples have been 
taken using box corer, piston corer and grab sampler ; these samples 
currently are being analyzed for their heavy mineral and heavy metal 
content. Magnetometer surveys across areas of particular interest 
show local positive magnetic anomalies that may represent black sand 
bodies on or beneath the sea floor. 

Preliminary results show anomalous concentrations of gold in sur
face sediments, particularly offshore from the mouths of major 
streams. In nearly all cases the gold is associated with a relatively high 
proportion of heavy minerals. The heavy minerals either may be con
centrated by contemporaneous bottom currents or, perhaps more likely, 
may be derived from partly buried relict beach sands that formed at 
a previous low stand of the sea. Gold at the surface of these deposits 
occurs as very fine flakes mostly less than 0.005 mg in mass ( Clifton 
and others, 1967 ) .  Exploitation of gold from offshore deposits not only 
requires development of new mining techniques, but also may require 
new techniques to recover such extremely fine gold. 

Potential resources of black sand in southwestern Oregon remain to 
be adequately determined. Most of the investiga.tions have been made 
during periods of national emergency and were directed primarily to
wards discovering the most readily mined deposits. No comprehensive 
examination of the entire district has been conducted. The U. S. 
Geological Survey began an onshore test drilling program along the 
coast north of Bandon in 1966. Any peace-time exploitation of the 
deposits will depend on the use of all or nearly all of the various 
"heavy blacks." At present, it is questionable whether even as by
products the various minerals can compete with other known deposits. 
Changing markets and prices, coupled with improved mining and 
beneficiation costs and techniques will be the critical factors in deter
mining the cut-off grade of the deposits, the tonnage available, and 
ultimately the feasibility of conducting any mining program. 

Exploration of the potential onshore black sand deposits can be 
done at relatively low cost. The area is accessible the year around, the 
l'lin;ate is characterized bv fairly heavy rainfall, but very little snow 
or sub-freezing weather. Drilling and trenching would require stand
ard equipment for penetrating poorly consolidated sand. The Coos 
County deposits are located adjacent to rail, highway, and deep water 
transportation and cities of Coos Bay, North Bend, Coquille, Bandon, 
Empire, and Charleston, located around the periphery of the area, can 
supply labor, materials, services, and supplies. 

21-829 0-69--8 
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CHROMITE 

( By T. P. Thayer, U.S. Geological Survey, Washington, D.C., and Len Ramp, 
Oregon Department of Geology and Mineral Industries, Grants Pass, Oreg.) 

Chromite, the only commerci,al source of chromium, is indispensable 
for several major industrial uses. It is a chromium-bearing member of 
the spinel group. Its composition can be expressed by the general for
mula ( MgFe) O ·  ( CrA1Fe) 203.The relative proportions of chromium, 
magnesium, and iron may vary widely, and variation in composition 
affects directly the uses to which it can be put. 

CONSUMPI'ION, TYPES OF ORES, AND USES 
In the 10 years 1956-1965 the United States annually used approxi

ma;tely 1,250,000 long tons of chromite ore containing about 545,000 
long tons of Cr203• about 59 percent of the ore was used in ferroalloys, 
principally in stainless steel, and about 28 percent was used for re
fractory linings in high-temperature furnaces. The chemical industry 
consumed the remaining 12-13 percent, mainly for dyes, tanning, and 
chromium plating. In terms of Cr203, the metallurgical industry con
sumed 65 percent, refractories about 22.5 percent, and ohemicals about 
12.5 percent of the total. 

Since a:bout 1880 (see fig. 31) the United States has had to rely on 
imported chromite, and even when imports were limited by war it has 
been able to obtain only half its needs from domestic deposits. The 
total domestic production of 1 .9 million long tons of ore, disregarding 
problems of grade, would be equivalent to a:bout 16 months' needs at 
the 1965 rate, and Oregon's total production of 147,000 long tons would 
last about 6 weeks. 

The composition and, to a considerable extent, the uses of chromite 
ore depend upon two factors : the composition of the chromite mineral 
itself and the ratio of chromite to gangue minerals. Chemically, there 
are three general classes of chrom1te ore (Thayer, 1962) : high-chro
mium, high-iron, and high-aluminum. The Si02 content may differ 
somewhat between classes, but in all it must be below 8 percent. 

High-chromium ores contain 46 percent or more Cr20a, have a 
Cr :Fe ratio of 2 :1 or more, and are used mainly for metallurgy. High
iron ores contain between 40 and 46 percent Cr203 and have Cr :Fe 
ratios of 2 :1 or less ; they are used for chemical purposes and also in 
increasing amounts for metallurgy and refractories. The high-alumina 
ores contain 20 percent or more Al20a, 60 percent or more Cr20a and 
Al203 combined, and not more than about 12 percent Fe ; they are used 
principally in refractories. Lumpy ores are best for metallurgical and 
refractory uses, whereas fines and concentrates are preferred for 
chemicals. Off-grade ores can be used by blending, or directly, with 
loss of efficiency. If the composition of the chrom1te is suitable, low
grade materials can be concentrated to commercial .grade by grinding 
and separating the chromite from gangue minerals by gravity methods, 
flotation, or electrostatically. 
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Bureau of Mines Minerals Yearbooks) .  

GEOLOGY OF DEPOSITS 

The chromite deposits in Oregon are of two kinds : 
( 1 )  Irregular to tabular bodies ot the podiform type (Thayer, 

1964:) in peridotite and serpentine. They occur in the Blue Moun
tains in the northeastern part of the State and in the Klamath 
Mountains in the southwestern part (fig. 32) .  

(2)  Minable concentrations of chromite in beach sands along 
the coast in Coos and Curry Counties. 
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Size : !-Toduction plus remaining resources ,  in terms of 

Geologic 
shipping ore and concentrates, in long tons 

type More than 10,000- 1 , 000- J..ess than 
100, 000 100, 000 10, 000 1 , 000 

Podiform • • X 

Beach 
sands A 1:;. • 

Key to principal mines, deposits, or closely grouped deposits 

Podiform deposits 

1. Dry Camp (and 5 others ) 
2. Chambers l5 deposits ) 
3· l!aggard and New (and 4 others ) 
4. lron King 
5 · Ward 
6. Potato Patch \4 deposits ) 
7 .  Shady Cove, Violet, Buster 
8. Oregon Chrome 
9· Deep Gorge , Chrome King, 

Young ' s  Dailey Dozen 
10. McCaleb group ( Sourdough N o . 1  

and No. 2 )  
ll . Sourdough 
12. Chollard \Golconda ) 
13.  Starve out (Black Boy, Gray Boy ) 
14. Big Bear 
15·  Esterly 

Beach sands 

16. South Slough area, unexplored deposit 
17 . South Slough area (8 deposits ) 
18. Seven Devils Terrace \12 deposits ) 
19. Pioneer Terrace and Lagoons \6 deposits ) 
20. Unexplored deposits ( 2 )  
2 1 .  .Present beach 
22. Butler mine \3 deposits ) 
23 . Present beach 
24. Ophir beach 
25.  Present beach 
26. Rogue River beaches 

The known podi£orm chromite deposits in the State (Allen, 1941 ; 
Ramp, 1961 ; Thayer, 1940) range in size from a few pounds to nearly 
100,000 tons. Many deposits are of massive ore and have sharp bound
aries, but most of the larger ones are of disseminated ore that grades 
into barren rock. The ore bodies occur individually and in clusters 
scattered more or less randomly in the peridotite or serpentine. All 
of the known podiform de:posits have been found by surface exposures 
or by exploration and minmg close to known ore bodies. Despite long
continued research, no reliable economic method has been devised for 
finding "blind" deposits concealed just below ground, especially in 
areas of moderate or high relief. 
Podiform deposits in southA.IJestern Oregon 

Chromite is more or less widespread in ultramafic rocks of the 
Klamath Mountains (fig. 32) . More than 250 separate occurrences have 
been described in southwestern Oregon (Ramp, 1961) .  Most of these 
occurrences produced only small amounts of massive lump ore from 
floa:t and near-surface lenses. A few of the deposits worked were of low
grade disseminated ore that required milling and concentration. 

Mapping of igneous platy flow structures, including chromite 
schlieren, m ultramafic rocks has shown that the major chromite occur
rences lie in certain horizons within intrusive bodies. Considerable 
banding, flowage folding, and stretching out of the chromite segrega
tions have taken place during intrusion of the peridotite magma. These 
relations suggest. tha� �he magma _was largely cry�tallized ( a  CD:st�l
mush) before bemg InJected mto Its present positiOn. Characteristics 
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of alpine-type ultramafic rocks such as these have been described by 
Thayer { 1964) . 

Chromite deposits of the area occur as thin streaks or schlieren that 
pinch out and occasionally reappear along the strike, as flow-banded 
disseminated bodies, and as pods or lenses of massive chromite that 
are normally strung out in some linear arrangement. 

The lode chromite deposits shown on the accompanying map (fig. 
32) have been described by areas (Ramp, 1961) .  A few mines in the 
Central Illinois River, Pearsoll Peak, Chrome Ridge, Waldo, and 
Sourdough-Vulcan Peak areas have contributed a major portion of 
the State's chromite production (table 4) . 

The largest bodies of massive metallur:gical-grade ore mined in Ore
gon were from the Robertson (Oregon Chrome) mine (fig. 32, No. 8)  
in the Central Illinois River area, where single lenses as much as  15 
to 20 feet thick and groups of closely spaced smaller bodies of  massive 
chromite have yielded more than 5,000 tons each. Total production 
from this mine, Oregon's largest chromite producer, has been about 
32,000 long ton� of ore which averaged near 46 pe�cent Cr203, with 
2.7 :1 Cr :Fe ratiO. Development work has been carried to a depth of 
about 500 feet. 

TABLE 4.-PRODUCTION OF THE LARGER CHROMITE MINES IN SOUTHWESTERN OREGON 

Average grade 
Mine and index No. on fig. 32 Map area Production (long tons) Approximate Cr:Fe 

Oregon Chrome (8) _ _ _ _ _ _ _ _ _ _  Central Illinois River----- _ _ _ _  321� (lumpy) __ _ _ _ _ _ _ _ _ _ _ _  _ Deep Gorge (9) _ _  . . . .  _ _ _ _ _ _ _ _ _ _ _ _  do _ _ _ _  - - - - - - - - . .  _ _ _ _ _ _ _  2,uuu (lumpy) _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Shady Cove (7) _ _ _ _ _ _ _ _ _ _ _ _ _  Chrome Ridge _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2,000± (part cone.) _ _ _ _ _ _ _ _ _  _ 

�������in��k:: :: :: ::: : : �������
u
fin���!·�rv:r���::: : : : l:�srua�p�)��:>_-_-.-::::::::: 

McCaleb (10) ..... - - - -- - - -- - Pearsall Peak . . . . . . . . . . . . . . •  1,200 (cone.) __ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Violet (7). _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Chrome Ridge _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  940 (cone.) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Chollard (12) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Waldo ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3,500 (mill ore) _ _ _ _ _ _ _ _ _ _ _ _  _ 

Esterly (15) . . • • . . .  _ _  . . .  _ _ _ _ _ _ _ _ _ do ........ ------------- 2,300 (mill ore) . . . _ _ _ _ _ _ _ _ _  _ 

Buster 0>---- - - - - - - - - - - -- - - Chrome Ridge _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2,000 (mill ore) • . . •  ---- - _ _ _  . 

Big Bear (14) .. .  - - - - - - - - - - - _ Grants Pass district.. _ _ _ _ _ _ _ _  900 (lumpy). _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Bl
���) 

Boy (Starveout Group) Southern Douglas County ..• . .  900(7) (1umpy) _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

percent ratio 
cr,o, 

46 
46 

45-50 
44 

42-45 
50 
52 

10-35 
20 

20-30 
45-50 

45 

2. 7 
2+ 
2. 7 
2. 8 
2. 5 
2. 5 
2. 4 
2. 1 
2. 1 
2.3± 
3 
2. 5 

No very large deposits of disseminated (low-grade) chromite have 
been found in southwestern Oregon, although a few chromite-bearing 
zones 8 to 19 feet wide have been described. Mines such as Young's 
Dailey Dozen (No. 9) and the McCaJeb mine (No. 10) in the Pearsoll 
Peak area, which are in zones of disseminated chrom1te about 12 feet 
wide in altered dunite, together have :potential reserves of about 70,000 
tons of milling-grade material contaming between 20 and 50 percent 
chromite. There are no known reserves of shipping-grade metallurgi
cal chromite in southwestern Oregon, because all exposed ore was 
mined out during the stockpile purchasing program that ended in 
1958. Small tonnages of disseminated milhng-grade ore can be pro
jected from exposures that remained in a few mines, but these mines 
would have to be trenched or drilled to establish any reserves. The 
following known occurrences are not of sufficient size to support profit
able minmg operations without a significant increase in price : the 
Sourdough mine (No. 11)  near Ba!dface Creek in southern Curry 
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County ; the Signal Buttes area �ported on by Allen ( 1941) about 8 
miles east of Gold Beach ; the McCaleb mine (No. 10) about 1% miles 
south of Pearson Peak ; Young's Dailey Dozen (No. 9) about 11/2 
miles east of Pearson Peak ; the Violet mine (No. 7) on Chrome Ridge ; 
and the Gray Boy (No. 13) prospect near the head of Starveout Creek 
in southern Douglas County. 

Exposures of ultramafic rocks in which chromite may be found 
cover roughly 400 square miles in southwestern Oregon, and should a 
successful geophysical method of prospecting for chromite be de
veloped the area would present a large potential for exploration. 
Podiform deposits �n northeastern Oregon 

Probably at least 200 chromite mines and prospects could be identi
fied in eastern Oregon ; their total production is about 30,000 long tons. 
Most of the prospects are in Grant County (Thayer, 1940, 1956) and 
concentrated in two areas ; in Canyon Mountain, south and southeast 
of John Day, and in the Fields Creek-Deer Creek belt 20 miles to the 
west (fig. 32) . All seven of the mines that have yielded more than 1,000 
tons each are in peridotite of the Canyon Mountain Complex, which 
has yielded at least 90 percent of the production from the region. The 
Canyon Mountain Complex is 12-13 miles long by 4-5 miles wide ; the 
northern part consists of chromite-bearing peridotite, and the south
ern half of gabbroic and dioritic rocks. Three of the largest deposits 
or groups of deposits, the Iron King, Haggard and New-Present Need 
Group, and Chambers, are near the gabbro (Thayer, 1956 ) ,  but the 
others are scattered at random. All the larger deposits are now acces
sible from maintained forest roads. Possibly half a dozen mines out
side the Canyon Mountain Complex have yielded more than 100 tons 
apiece. 

The eastern Oregon deposits range from hig-h-chromium ore con
taining at most about 55 percent Cr202 and havmg a maximum Cr :Fe 
ratio of 3.25 :1 to high-alumina ore containing about 32 percent 
CrzOa, 32 percent Al203, and having a Cr :Fe ratio of about 1.75 :1. 
Except for about 13,500 tons of low-grade, high-alumina ore mined in 
1916-17, mining has been limited to high-chromium ores that met 
specifications of the Government purchase programs. 
Beach sands 

Chromiferous black sands occur in the present beaches and on raised 
marine terraces along the coast in Coos and Curry Counties (fig. 32) 
(Griggs, 1945) . The black sands occur in lenses and layers from a few 
inches to 42 feet thick, from a few tens of feet to 1,000 feet or more 
wide, and from a few hundred feet to more than a mile long. The over
burden ranges up to 75 feet of sand, clay, and gravel. Besides chro
mite, the minerals of possible economic interest in the sands are zircon, 
ilmenite, garnet, magnetite, and rutile, together with minute quantities 
of gold and platinum. The proportion of chromite in the sands varies 
widely from place to place. Although some high-grade layers contain 
as much as 26 percent Cr203 (53 percent chromite) ,  the average grade 
of minable sand is believed to be about 5 percent Cr203, or 10 percent 
chromite. The chromite in the black sands originan,r was eroded from 
peridotite and serpentine in the Klamath Mountams, distributed by 
along-shore currents, and concentrated by wave action. The chromite 
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is believed, however, to have been deposited first in Tertiary sedimen
tary rocks, then released by erosion and redeposited in the beaches 
(Griggs, 1945, p. 122) . 

Systematic exploration of the sands was undertaken in 1940 by the 
State of Oregon Department of Geology and Mineral Industries and 
the U.S. Geological Survey, and later by the U.S. Bureau of Mines, 
which also investigated means of recovering the chromite. In 1943 
the Humphreys Gold Corp., with the newly invented Humphreys 
spiral, and the Krome Corp. by conventional tables, recovered about 
78,000 long tons of rougher concentrates averaging 24-25 percent Cr203 
from nearly 450,000 tons of crude sand. From part of the rougher 
concentrates a special plant erected at Coquille by the Defense Plant 
Corp. produced 10,641 tons of final concentrates in 1943, averaging 
39.3 percent Cr20a with a Cr :Fe ratio of approximately 1.6 :1. In 1955 
and 1956, 40,813 tons of concentrates averaging about 37 percent 
Cr203 was recovered from the remaining rougher concentrates and 
smelted to ferrochromium for the National stockpile. Separation of 
the chromite from magnetite and ilmenite is difficult because the mag
netic properties and d!'lnsities of the three minerals overlap within a 
restricted range. Electromagnetic and electrostatic methods were used 
in 1955 and 1956. 

RESOURCES AND HISTORY OF PRODUCTION 

The chromium resources of Oregon as of 1956 were estimated by 
T. P. Thayer and E. D. Jackson of the U.S. Geological Survey (Dept. 
Interior press release, 1957) to be on the order of 350,000 long tons of 
Cr20a in the ground. Of this total, 250,000 tons is believed to be in 
the beach sands, and 100,000 tons in podiform deposits. In terms of 
shipping ore and concentrates, disregarding losses in mining and 
millmg, these resources are equivalent to 650,000 tons ranging between 
35 and 40 percent Cr20a with Cr :Fe ratios between 1.6 :1 and 2 :1, and 
75,000-100,000 tons of high-chromium ore averaging more than 45 
percent Cr20a. 
Podiform deposits 

Although many miners may disagree, the most accurate basis for 
estimating the potential production of high -chromium (metallurgical) 
chromite from podiform deposits in the United States and in Oregon is 
the history of production during World War II and 1951-1958. The 
complex geology of individual ore bodies and uncertainties of wartime 
purchase programs preclude exploration more than a few months 
ahead of actual mining. Measurable ore reserves, in the sense used by 
the mining industrv, are insignificant at any given time. For example, 
although the Oregon Chrome mine has produced nearly 32,000 tons of 
high-grade ore (W. S. Robinson, personal communication, 1958) ,  it is 
unlikely that as much as 5,000 tons was ever blocked out ahead of 
mining. An estimate of 40,000-50,000 long tons on Cr203 in hign
chromium podiform deposits in the State (equivalent to about 100,000 
tons of ore and concentrates) ,  is based on the geologic premise that 
concealed deposits of this magnitude lie within reach of mining and 
will be found under sufficiently high price stimulus. 
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Except for 1948 when 2,755 long tons was shipped from the Oregon 
Chrome mine, chromite has been mined in Oregon only during three 
wartime periods. Production has not kept up with price in terms of 
1954 constant dollars despite improvements in technology and access 
between period of mining (see figure 31) . In 1918, an average price of 
about $58 (1954 $) induced a peak production of 18,100 long tons, 
compared to 6,600 tons in 1944 at about $67 per ton, and 7,900 tons in 
1 956 at $94 per ton. To state it another way ( m 1954 $) , a base price of 
$87 in the period 1945-1944, for lumpy ore containing 48 percent 
Crz03 and having a 3 :1 Cr :Fe ratio, yielded peak production of 6,600 
tons whereas a base price of $113 in 1952--1957 yielded a peak of 7,900 
tons ; the 30 percent price increase led to only 20 percent more produc
tion. Furthermore, most of the later production was of concentrates, 
which are less desirable than lumpy ores. The domestic subsidized 
prices during World War II and the Korean War were twice to three 
times world market prices. No major new podiform chromite deposits 
have been discovered in the State since 1917, although extensions or 
faulted segments of known ore bodies have been found. It seems 
proba;ble, nevertheless, that an increase of 30 to 40 percent in real 
price ( constant dollars) above the 1951-1957 base would stimulate 
production of a few thousand tons a year for several years. Production 
of as much as 10,000 tons a year of chromite containing 45 percent or 
more Crz03 at any foreseeable price, however, should be regarded as 
unlikely. 

Two deposits in Grant County contain 50-60 percent of the estimated 
resources in podiform deposits. They were explored by the U.S. Bu
reau of Mines ( Hundhausen and others, 1956) and the U.S. Geologi
cal Survey (Thayer, 1940) in 1939--43. The average grade of the ore 
in the ground is about 22 percent Cr20". The highest grade of con
centrates attainable by gravity methods is 33-38 percent Cr203, with a 
Cr :Fe ratio of 1.5 :1-1.7 :1, with recovery of 68-75 percent of the 
Crz03 in the ore. Flotation tests indicate that 90 percent of the Cr20a 
could be recovered in concentrates grading between 36 and 42 percent 
Cr20a, with a Cr :Fe ratio of about 2 :1 ( Sullivan and Stickney, 1960) . 
The estimated tonnages of chromite might yield 75,000-80,000 tons of 
flotrution concentrates, but the cost and grade would prevent their use 
when standard ores are available. 
Beach sands 

The production of nearly 52,000 tons of concentrates from the beach 
sands showed that, although they contain a substantial amount of 
chromite, many problems of extraction need to be solved. The reserves 
measured and indicated by drilling in explored deposits containing 
more than 3 percent CrzOa were estimated at about 180,000 long tons of 
CrzOa in 3,125,000 tons of sand ( Griggs, 1945, p. 126 ) .  Increasing this 
figure by a third or thereabouts to allow for unexplored areas gives a 
total of 250,000 tons of Cr203, equivalent to 625,000 tons of concen
trates containing 40 percent Cr203• Minability of the material by large 
scale open-pit methods is a major advantage. In 1943, however, only 
56-511 percent of the chromite was recovered in the rougher concen
trates from relatively high-grade sands ; recovery of 85 percent of the 
CrzOa in the rougher concentrates, as achieved in 1956, woul d result 
in an over-all recovery of less than 50 percent. Until methods of treat-
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ment are greatly improved, substantial production of chromite from 
the beach sands should not be expected, even in time of emergency. 
The low grade of concentrates, not more than 40 percent Cr203 and 
Cr :Fe ratio of 1.5 :1-1.6 :1. precludes competition with commercial 
high-iron foreign ores. 

CoBALT 

(By J. S. Vhay, U.S. Geological Survey, Spokane, Wash . )  

Cobalt is a hard, gray, magnetic metal closely related chemically 
to iron and nickel with certain unique properties which make it essen
tial for some uses, and substitutes for certain other uses are either 
more expensive or less efficient. The more important of these uses 
are : in permanent magnets, in alloys and steels requiring high-tem
perature strength, as a binder (cemented carbides and ground-coat 
frit) , as a catalyst ( in driers, etc.) , in trace amounts for animal feed
ing, and as radiOactive cobalt (Cobalt Information Center, 1960, pp. 
53-69) .  

The average annual United States consumption for the period 1961 
to 1965 was 11,127,600 4 pounds. The average amounts for different 
uses were : 
Metallic : Percent 

High-temperature alloys _____ 24. 3 
Magnet alloys ______________ 22. 8 
High-speed tool steels, etc___ 9. 4 
Alloy hard-facing rods, etc___ 6. 5 
Cemented carbides__________ 4. 1 
Other miscellaneous _________ 10. 2 

Total ____________________ 77. 3 

Nonmetallic : Percent 

Ground-coat frit____________ 5. 1 
Pigments -------- ---------- 1. 9 
Salts and driers '----------- 11. 0 
Other ----- ------------- --- 4. 7 

Total ____________________ 22. 7 

1 Lacquers, varnishes, paints, inks, enamels, etc. 

United States production of cobalt is far below domestic consump
tion. Only in 1958, when deposits in Missouri, Idaho, and Pennsyl
vania were in full production, did domestic output reach as high as 
64.2 percent of the amount consumed. Since 1961, with Pennsylvania 
the only domestic producer, the amount produced within the United 
States has amounted to only about 4 to 5 percent of that used. Thus 
under present conditions the United States is almost entirely depend
ent upon imports. Of the free world production outside the United 
States, about 77 percent comes from Africa, 12 percent from Canada, 
and 10 percent from Germany. 

About 22 ppm of cobalt is present on the average in the rocks of the 
earth's crust. Ultramafic rocks average between 150 and 240 ppm 
cobalt ; mafic rocks about 50 ppm. The cobalt content of intermediate 
and felsic rocks becomes progressively lower, accompanying the de
creased amounts of magnesium and iron. In granites it is generally 
below 1 ppm. Sedimentary and metamorphic rocks normally are low 
in cobalt, except for some special types-manganese oxide deposits 
(as in the nodules found offshore) and some organic deposits. 

Concentrations of cobalt of economic, or possible future economic 
importance, occur in numerous types of deposits. The most important 
of these, in descending order of importance, are : 

" Data from U.S. Bur. Mines Minerals Yearbwks. 
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A. Bedded deposits in sedimentary rocks, the so-called "strata

bound" deposits (Katanga and Zambia in Africa ; the southeastern 
Missouri lead district in the United States) ; 

B. Segregated sulfide deposits in or near mafic igneous rocks (Sud
bury, Ontario;  Lynn Lake, Thompson Lake, in Manitoba ; Petsamo 
in northeastern Russia) ; 

C. Laterites developed on ultramafic and mafic rocks under tropical 
conditions (Cuba, New Caledonia, Indonesia, New Guinea, the 
Philippines ; 

D. Hydrothermal veins and contact deposits associated with mafic 
intrusions ( Bou Azzer, Morocco ; Ergani, Turkey ; Temiskaming, 
Ontario ; Cornwall, Pennsylvania) ;  

E. Other hydrothermal deposits (Erzgebirge, Germany ; Outo
kumpo, Finland ; Blackbird, Idaho) . 

Cobalt minerals which may be abundant enough in some deposits to 
have commercial value are : 

Mamimum 
Percent Co 

Cobaltite ( Co, Fe ) AsS ------------------------------------------------ 32. 36 
Erythrite ( Co,Ni ) , (AsO, ) ,sH,o _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  26. 28 
Glaucodot ( Co,Fe ) AsS ---- - ----------- ------------------------------- 31. 64 
Heterogenite, CoO· OH ----------------------------------------------- 56. 63 
Linnaeite series (Co,Ni) , ( Co,Ni,Fe,Cu) s, ----------- - ----------------- 48. 78 
Salllorite ( Co,Fe) As, ------------------------------------------------- 18. 58 
Skutterudite ( Co,Ni,Fe) ASG-x ------------------------------------- ---- 20. 89 

Other minerals especially pyrite, pyrrhotite and pentlandite may 
contain small amounts of cobalt in some deposits. If large tonnages of 
these minerals are used in the production of other elements, consider
able cobalt is produced as a by-product. Sphalerite, arsenopyrite and 
manganese oxide minerals in some localities contain enough cobalt so 
that under changing technologies they could become sources of by
product cobalt. 

The cobaltiferous deposits of Oregon are limited to four geologic 
types : ( 1 )  Segregated sulfides in ultramafic sills ; ( 2) Hydrothermal 
copper deposits in serpentine or at the contact of serpentine with 
greenstone ; (3)  Nickeliferous laterites ; (4) Hydrothermal veins with 
gold, copper, and cobalt, near a quartz diorite intrusion. 

The Shamrock mine, Jackson County, ( No. 4, fig. 33) contains dis
seminations and some solid masses of pyrrhotite, pentlandite, and 
chalcopyrite in ultramafic sills that intrude schistose greenstone 
( Hundhausen, 1952) . The ore body is broken by thrust faults. Average 
grade is 1.3 percent nickel, 1.1 percent copper, and 0.07 percent cobalt. 
Although 1,500 feet of workings in 4 adits and 3,420 feet of diamond 
drilling in 11 holes have been put into the deposits, figures on reserve 
tonnage are not available. Where similar ores are mmed in Canada, 
the cobalt present is recovered during refining. 

Four copper mines-the Queen of Bronze, the Lyttle, the Lilly, 
and the Waldo-in the Takilma-Waldo district, Josephine County 
( No. 3, fig. 33) ,  are in greenstone close to sepentine masses. The ore 
bodies are irregular lenses containing pyrite, chalcopyrite, cubanite, 
pyrrhotite, and minor sphalerite. The Cowboy mine, in the same dis
trict, is entirely within serpentine. In addition to the above minerals, 
cobaltite is an accessory mineral at the Cowboy mine. Sherron ( 1933 b)  
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lists an analysis of typical ore as 18.65 percent copper, 0.24 percent 
zinc, 0.15 percent cobalt, and 0.11 percent nickel. Because of their 
similar mineralogy, ore from the other mines probably carries some 
cobalt. Although the mines of the Takilma-Waldo district have pro
duced copper with a total value of about $1,700,000 ( Hundhausen, 
1956) almost no reserves are known because of the irregular shapes of 
the lenses of ore. 

In the Collier Creek district, Curry County ( Butler and Mitchell, 
1916, pp. 99-100) ,  there are a number of copper deposits in serpentin
ized ultramafic intrusions. These are somewhat similar to the deposits 
in Takilma-Waldo district. These so-called "boulder deposits" contain 
magnetite, chalcopyrite( ? ) ,  bornite, and chalcocite ; cuprite. native 
copper, malachite, chrysocola, and erythrite are reported in the oxi
dized zone. A primary cobalt mineral has not yet been identified. The 
ore bodies are scattered through the serpentine with no apparent struc
tural control. They are therefore difficult to find underground, and 
very little copper has been produced from them in the past. 

In the Quartzburg district, Grant County (No. 2, fig. 33) ,  cobalt 
has been reported at several deposits. Geochemical and geological 
studies in the 1950's by the author and J. W. Hosterman showed, how
ever, that copper-cobalt-gold deposits are restricted to veins around 
the Standard Mine and to a pipelike deposit nearby on the Copper
opolis property. 

The country rocks of these deposits are metamorphosed Permian ( � )  
volcanic rocks, intruded by a granodiorite stock a short distance 
northeast of the Standard mine. About 16 veins on the Standard hill
side, east of Standard Creek, trend on the average N. 70° E. and dip 
steeply. Many of them are exposed only as gossan zones, some having 
in addition secondary copper minerals. Relatively few have been 
tested by underground work, and of these only the Standard vein has 
had any appreciable production-approximately 10,000 tons. 

The Standard vein has been exposed intermittently over a distance 
of about 2,200 feet and between altitudes of about 4,525 and 5,200 feet 
above sea level. Widths are from a few inches up to about 5 feet. The 
primary ore minerals are chalcopyrite, glaucodot, and gold, with 
minor amounts of saffiorite and cobaltite. The copper-rich and cobalt
rich parts of the vein are in separate ore shoots, and most of the gold 
content of the deposit occurs with the cobalt minerals. The gangue is 
mostly quartz with some pyrite, dolomite, calcite, and tourmaline. In 
many places the vein is bordered by alteration zones several feet wide 
consisting of fine-grained tourmalme and quartz ; this is true also of 
some of the other veins exposed on the hillside. 

Resources in the Standard mine and in the other nearby veins are 
unknown. If this property is to be worked successfully, all three 
metals-copper, cobalt, and gold-must be recovered and marketed, 
something which has not been possible in the past, because the copper 
refineries have not paid for the cobalt in the copper concentrates, and 
the cobalt refineries have not paid for the gold or copper. If separate 
concentrates of copper and cobalt-gold could be made and if all three 
metals were paid for, this deposit might possibly be operated 
successfully. 

An adit on the Copperopolis property explores a pipelike mass of 
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quartz-tourmaline rock about 40 feet in diameter. Small amounts of 
chalcopyrite, pyrite, and cobaltite are scattered through the mass. 
Reserves are not known, but the over-all grade is probably very low. 

Some of the ultramafic rocks in the Klamath Mountains province 
were exposed to semitropical weathering during- much of Tertiary 
time, and deep laterization resulted. These laterites, some of which 
contain significant nickel and cobalt, now occur as remnants on high 
benches or on flat-topped uplands (fig. 42 Nickel in Oreg-on) .  An 
important deposit at Nickel Mountain, Douglas County, has been 
mined for nickel since 1954. The ore mineral is a hydrous nickel sili
cate, commonly referred to as garnierite. Cornwall ( 1966, p. 49) re
ports about 16 million tons assaying 1.5 percent nickel. The cobalt 
content is about 0.05 percent. During the production of ferronickel at 
the refinery, most of the cobalt is lost, as the ferronickel assays 45.94 
percent nickel but only 0.5 percent cobalt (Bogert, 1960 ) .  

Other occurrences o f  nickeliferous laterite, mostly in Josephine and 
Curry Counties, contain little if any garnierite, the nickel probably 
being present in the iron oxides and the cobalt mostly in the man
ganese oxides. Cornwall ( 1966, table 5 )  estimates that these deposits 
contain about 30.3 million tons averaging 0.8 percent nickel. The 
cobalt content probably averages about 0.03 percent. Under present 
economic conditions, material of this grade must be considered sub
marginal. A fuller discussion of the lateritic nickel deposits is given 
on page 164. 

CoPPER, LEAD, AND ZINC 

(By R. G. Bowen, Oregon Department of Geology and Mineral Industries, 
Portland, Oreg. ) 

Copper, zinc, and lead in that order follow iron and aluminum in 
tonnage and value of all metals produced. These three base metals are 
used extensively in many phases of modern civilization. Worldwide 
production of copper totaled 51;2 million tons in 1965, almost double 
what it was in 1950. In the U.S., mine production of copper was over 
1% million tons in 1965 and has been in excess of a million tons for 
several years. The total U.S. production from the earliest available 
records through 1965 has been almost 53 million tons. 

This increase in the production and demand for copper is attributed 
directly to the development of electric power and expansion of the 
brass and bronze industry. Domestic consumption of electricity has 
doubled every decade during this century, and increased generation 
and transmission facilities are required to meet our near-future needs. 
Worldwide, with the industrialization programs now in progress in 
the hitherto underdeveloped nations, the present and projected future 
demands for copper can only increase. 

The United States is the larg-est consumer of copper in the world. 
Since 1883, when it displaced Chile as the world leader, it has also 
been the largest producer. Prior to World War II domestic production 
exceeded domestic needs, but. we now import about a quarter of our 
needs. Projections of industrial growth and increased population and 
per capita consumption suggest we will continue to rely on imports. 

Most United States production comes from ores of lower grade than 
worked elsewhere, but by using methods such as open pit mining and 
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large scale underground breakage where thousands of tons of ore are 
mined and milled daily, unit costs are reduced to the point where U.S. 
ores are competitive with the rest of the world. Copper is a widely 
occurring metal, but only five principal producing areas contain 93 
percent of the world's measured and indicated reserves. These are : ( 1 )  
Chile and Peru, ( 2 )  western United States, ( 3 )  Zambia and Congo, 
( 4) Russia, and ( 5) Canada. United States reserves are estimated at 
86 million tons (Everett and Bennett, 1967) , some 41 percent of the 
world's reserves. 

Lead and zinc follow copper in production and consumption. Lead 
is particularly vital to the transportation industry where it is used in 
storage batteries, bearing metals, and tetraethyl gasoline. Smaller 
amounts are used as type metal, solder, and in the glass and chemical 
industry. Zinc's main use is in galvanizing, followed by die castings, 
photoengraving plates, and dry-cell battery cases. 

The United States is the largest consumer of lead and zinc. At one 
time it was also the largest producer of these metals but is now the 
fourth largest producer of lead and the second largest producer of 
zinc. · 

Figure 34 shows the areas of copper, lead, and zinc production and 
significant occurrences of these elements in Oregon. Table 5 lists the 
districts that have had appreciable production. Areas considered sig
nificant but having little or no production are shown in table 6. 

The production of copper in Oregon has been small, but its potential 
is probably greater than the past production of 24,000,000 pounds 
would indicate. By present-day standards this is small indeed when 
compared, for example, to the daily production of about 1,400,000 
pounds from Utah Copper's West Mountain mine a;t Bingham Can
yon, Utah. Oregon's copper production has come from vein and ir
regular replacement bodies along shear ,and fault zones, largely from 
one mine, the Iron Dyke, located on the Snake River near Homestead 
in Baker County. Next in importance and producing about half as 
much copper was the Queen of Bronze, located in Josephine County 
in the opposite corner of the State. These two mines ,accounted for a 
little over 21,000,000 of the 24,000,000 pounds of copper produced in 
Oregon from 1902 to 1965. Both the Iron Dyke and the Queen of 
Bronze were operated primarily as copper mines. The remaining 
3,000,000 pounds came as ancillary to gold and silver mining. 

Oregon's recorded production of lead and zinc has been small ; only 
1,320,000 pounds of lead and 380,000 pounds of zinc. These production 
figures represent the lead and zinc reported by the smelters. They are 
only a minimal figure as most of the Oregon ore has gone to the 
A.S. & R. smelter in Tacoma which is primarily a copper smelter 
and does not report zinc. Consequently, there was no recorded zinc pro
duction unless the ore was shipped to a zinc smelter. 

Complex sulfide ores containing significant percentages of lead, zinc, 
and smaller amounts of copper are found in the Cascade Mountains 
of Oregon in addition to the other mining areas in northeastern and 
southwestern Oregon. The bulk of the lead and zinc production has 
come from the Bohemia district where it occurs in quartz-bearing veins 
and shear zones where diorite and quartz diorite intrusives have in
vaded the Tertiary lavas and pyroclastic rocks. 
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TABLE 5.-PRINCIPAL COPPER, LEAD, AND ZINC PRODUCING AREAS IN OREGON 

"" County, district, and Production in pounds Principal mine and generalized description of ore occurrence f index No. on Fig. 34 
Copper Lead Zinc 

in district ' References 
"' r Baker: 

Homestead (!)___ _ _ _ _ _ _ _ _ _ _ _  14,417, 920 - - - - - - - -- - -- - ---- - - - - -- - -- -- Iron Dy_ke mine. Massive pyrite and chalcopyrite in shear zones in Lindgren, 1901; Swartley, 1914; Parks and 
Perm1an(?) chlontlled lava flows. ��a��Yi. \2.� %�f." Dept. Geology and Min. 

Keating (2>---------- --- -- - - 1,047,000 - - - ---- -- - - - - -- -- - - -- - - ---- - Balm Creek Mining Co. Pyrite and chalcopyrite impregnate and Lindgren, 1901; Gilluly, 1933a. 
replace Permian and Triassic greenstones along shear zones and 

Josephine: 
fractures. Secondary minerals include copper oxides, minor native 
copper, chalcocite and bornite. 

Waldo-Takilma (3)_____ _ _ _ _ _ _  6, 882, 274 72, 295 - - - -- -- -- -- - -- Queen of Bronze mine. Copper sulfides in irregular deposit associated Diller, 1914; Shenon, 1933b. 
with greenstone-serpentine contacts. 

Galice (4)______ _ _  _ - - - - - - - 259,800 71, 200 - - - - - -- - - - - - - - Almeda mine. Massive copper sulfide replacement and fissure fillings. Diller, 1914; Shenon, 1933a; Libbey, 1967. 
Associated with dacite sills near greenstone-slate contact Also 
podiform barite and complex sulfide masses near greenstone and � metasediment contacts with associated porphyritic dikes. � Douglas: Riddle (5)__ _ _ _ _ _ _ _ _ _ _ _ _  ' 593,000 - - - - - - - - - - ------------------ Silver Peak mine. Massive and disseminated sulfides i n  schist asso- Shenon, 1933a 
ciated with shears along the contact between metavolcanics and 
metasediments. 

Lane: Bohemia (6)__ _ __ __ ____ _ _ 393,059 605, 883 237,200 Champion mine. Quartz and complex sulfides with gold and tourmaline Callaghan and Buddington, 1938; Taber 1949 
as cavity fillings and replacements in shear zones and breccia asso-

Grant: 
ciated with Tertiary intrusives in lower Tertiary volcanics. 

Quartzburg (7)_ _ _ _ _ _ _ _ _ _ _ _ _ _  328, 614 ------------------------- --- Standard mine. Quartz veins in Permian(?) allered volcanic rocks Gilluly, Reed and Park, 1933; Vhay, 1960 
brecciated and intruded by Cretaceous(?) granodiorite. 

Granite (8)___ _ _ _ _ _ _  __ _ _ _ _  ' 50, 000 260, 071 '43, 000 Buffalo mine. Quartz and calcite veins with pyrite, chalcopyrite, sphal- Koch, 1959; Pardee, 1941 
erite and galena in Permian(?) metamorphosed shales near contact 
with Jurassic and Cretaceous granodiorite. 

Jefferson : Ashwood (9)_ _ _ _ _ _ _ _ _ _  59,000 110, 000 ------ -------- Oregon King mine. Quartz and various sulfides including cinnabar Libbey and Corcoran, 1962 
occur in breccia zone in sheared Tertiary volcanics and sediments. 

Marion : North Santiam (10)____ _ _ _  41, 172 4Q, 700 100,063 Amalgamated and Ruth mines. Quartz veins with complex sulfides in Callaghan and Buddington, 1938 
Tertiary andesite adjacent to d1orite intrusives. 

' Main producing property named but smaller amounts were produced by other mines in the district. ' Estimated. 
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TABLE 6.-AREAS OF SIGNIFICANT BASE METAL OCCURRENCES WITH LITTLE OR NO PRODUCTION 

County, district, and index No. on 
Fig. 34 

EASTERN OREGON 

Type of occurrence Reference 

Wallowa County: Imnaha (11). _ _ _ _ _ _ _  Fissure fillings of hematite and chalco· Libbey, 1943. 
pyrite in granodiorite. 

Malheur County: Pueblo Mountains Siliceous "reefs" up to 25 feet wide in Williams and Compton, 1953. 
(12). Tertiary and pre-Tertiary volcanic rocks 

contain small amounts of chalcopyrite, 
schwatzite, and cinnabar. 

Lake County: Brattain (13) _ _ _ _ _ _ _ _ _ _  • Replacement and cavity fillings with chalco- Oregon Dept. Geology and Mineral 
pyrite, galena, and sphalerite in Tertiary Industries files. 
volcanics. 

CASCADE MOUNTAINS 
Linn County: 

Quartzville (14) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Quartz veins carrying complex sulfides in Callaghan and Buddington, 1938. 
Tertiary andesite adjacent to diorite 
intrusives. 

Blue River(15) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Complex sulfides in breccia zones in Ter- Callaghan and Buddington, 1938. 
tiary volcanics adjacent to diorite intru-
sives. 

SOUTHWESTERN OREGON 
Jac

(
k
16
so
).
n County: AI Sa rena (Buzzard) Altered and bleached volcanic rocks con- Callaghan and Buddington, 19 38. 

taining veins of complex sulfides, little 
quartz. 

Curry County: Chetco (17) _ _ _ _ _ _ _ _ _ _  Podiform sulfides at the contact between Parks and Swartley, 1916. 
greenstone and serpentine. 

Coos County: Mount Bolivar, (Thomp- Mineralized shears along a major serpen- Parks and Swartley, 1916 
son mine) (18). tinized fault zone between sediments 

and metavolcanics. 
Jackson County: Gold Hill (19). _ _ _ _ _ _  Gold-bearing quartz veins in metasedi- Parks and Swartley, 1916 

ments and metavolcanics associated with 
diorite intrusives. 

Douglas County: Tiller-Drew (20) _ _ _ _  • Quartz veins and shear zones in metavol- Parks and Swartley, 1916 Shenon, 
canics and metasediments adjacent to 1933a. 
dioritic intrusives. 

The Iron Dyke deposi't (No. 1, fig. 34) is in Permian greenstones. 
Mineralization is associated with a broad shear zone in which the 
rocks have been brecciated, hydrothermally altered, and locally 
silicified. The ore minerals, consisting mainly of pyrite and chal
copyrite with very little quartz as gangue, occur as tabular replace
ment bodies up to 6 feet thick along shear planes and as stringers and 
small irregular masses disseminated through the intervening coun
try rock. The ore zone in the lower levels of the mine was about 140 
feet wide and 210 feet long. The mine operated almost continuously 
from 1915 to 1928. The 239,075 tons of ore produced averaged 3 per
cent copper, 0.14 ounces gold, and 1.07 ounces silver per ton. 

The Queen of Bronze mine (No. 3, fig. 34) is in Triassic greenstones 
near serpentine contacts. The ore occurs in shear zones in the green
stone that are filled with quartz and sulfides. The main perrod of 
activity at this mine was from 1903 to 1910 when about 20,000 tons 
of ore averaging 81f2 percent copper was mined. Later lessees shipped 
about 15,000 tons of ore. The mine closed in 1930. 

Other properties that shipped more than 100,000 pounds of copper 
are : the Balm Creek mines in the Keating district of Baker County 
(No. 2, fig. 34) ,  Silver Peak mines in Douglas County (No. 5 ) , the 
Champion mine in the Bohemia district of Lane County (No. 6) , the 
Standard mine of the Quartzburg district of Grant County (No. 7) , 
and the Almeda mine in the Galice district of Josephine County (No. 
4) . Table 5 describes these properties as well as the other principal 
producers of base metals in the State. 

Oregon has the potential to produce a larger amount of base metals. 
Most of the known copper, lead, and zinc in Oregon was found during 
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the search for gold between the years 1850 and 1900. At that time there 
was little interest in base metals unless the deposits were extremely 
rich. Those found were vein type deposits and only with the low-cost 
labor at that time could they be profitably worked by underground 
mining. Current base metal exploration targets tend to be large areas 
of disseminated mineralization suitable for mechanized mining, where 
the large tonnages handled make it possible to mine lower grade ore 
than is acceptable in vein or podiform type deposits. These dissemi
nated deposits have been found in other areas by diligent search using 
exploration techniques that will uncover hidden mineralization. Such 
exploration generally starts from areas of known mineralization which 
may or may not have been productive in the past. 

The geologic literature of Oregon describes numerous localities 
where relatively large areas of sulfide dissemination have been re
ported (fig. 34) .  At the time of the reporting the metal values probably 
were too low for exploration by methods then in use, but using today's 
techniques of exploration and mining a new look should be taken at 
many of these properties ; under existmg conditions some of these may 
present attractive opportunities for exploration. Examples of proper
ties where potential disseminated deposits have been reported by com
petent geologists are : the Quartzburg district of Grant County, where 
Gilluly, Reed, and Park ( 1933) report a replacement body of quartz, 
tourmaline, and chalcopyrite which extends along a fracture zone over 
a distance of about 1,000 feet long by 75 feet wide on the Copperopolis 
property. Reports by Lindgren ( 1901) and Gilluly ( 1933a) on the 
Keating district of Baker County describe "widespread" copper pros
pects in the Triassic greenstone in the foothill belt of the Wallowa 
Mountains from North Powder to Homestead, a distance of about 55 
miles. Lindgren (1901, p. 630) describes an ore body of disseminated 
chalcocite and native copper in altered basalt at the Cooper Union 
(Burkemont) property. Libbey's (1967) report on the Almeda mine 
in Josephine County summarize several earlier reports that point out 
the likelihood of a good sized body of base metals that may be of 
sufficient grade to be worked by today's methods. Shenon (1933a) 
points out the possibility of sulfide mineralization in the Silver Peak 
area in Douglas County. 

In summary, base metal mining in Oregon has been dormant for 
many years and the total production of these metals from the State 
has been small. In spite of this there are areas in the State where appli
cation of modern methods of prospecting and exploration could result 
in the discovery of base metal deposits, particularly copper, that can 
be mined profitably under present day conditions. Recent interest 
shown by several exploration companies in base metal deposits in 
Oregon is an encouraging sign. 

GoLD AND SILVER 

I By H. C. Brooks, Oregon Departm!'nt of Geology and Mineral Industries, BakN. 
Oreg., and Len Ramp, Oregon Department of Geology and Mineral Industries. 
Grants Pass, Oreg. ) 

Gold and silver have been prized among men and nations since earli
est times. These metals are universally accepted standards of wealth 
and prosperity and for centuries have been used in world monetary 
systems. Because of their beauty, workability, resistance to corrosion, 
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and their scarcity, gold and silver are widely used in the decorative. 
arts. Gold has limited but important and expanding uses in industry, 
dentistry, medicine, and scientific research. Silver finds its most exten
sive use in photography but has other important industrial uses. Gold 
and silver are discussed together in this report because nearly all the 
silver produced in Oregon has been a by-product of gold mining. 

The search for gold and silver has been a major factor in the ad
vancement of civilization in several parts of the world, including the 
United States. The American gold rush which began in 1849 greatly 
accelerated settlement of the western States, including Oregon, and 
the gold mining industry was an important element in the developing 
economy of many areas. During the latter half of the 1800's, the 
United States led the world in gold output and for many years there
after was second only to the Union of South Africa. It now ranks a 
poor fourth in world production. Since World War II, the domestic 
gold mining industry has been caught in a squeeze between increasing 
costs of production on the one hand and a fixed price of $35.00 per 
ounce for gold on the other. United States mine output dwindled from 
4.9 million ounces from 5,393 lode mines and 4,176 placer mines in 
1940 to 1.5 million ounces from a total of 355 mines in 1964, the lowest 
peacetime output in 100 years. Production increased slightly to 1.7 
million ounces in 1965 and 1.8 million ounces in 1966 due to new pro
duction from the Carlin gold mine in Nevada. 

For several years gold consumption by arts and industry in the 
United States has far exceeded domestic output. Consumption steadily 
increased from 1.05 million ounces in 1940 to an all-time high of 6.9 
million ounces in 1966. This growing supply-demand deficit is bal
anced by withdrawals from gold stocks of the U.S. Treasury. While 
United States production has dwindled, world output has steadily in
creased. Average world production in 1955-59 was 33 million ounces. 
The 1966 output was 48.1 million ounces. Most of the increase has come 
from South African mines, which more than doubled production since 
1954. 

Silver production in the United States also lags far behind consump
tion. Mine output ranged from 35 million ounces in 1961 to 43.7 million 
in 1966. During the same period, net industrial consumption increased 
steadily from 105 million to 150 million ounces. Requirements of the 
photographic industry alone are nearly equal to the United States 
production. In recent years, industrial drain on silver stocks of the 
U.S. Treasury has resulted in legislative action which drastically re
duced the amount of silver used in coins, and the treasury policy of 
selling silver at the monetary value of $1.29 per ounce has been 
terminated. 

The total output of gold and silver from Oregon is not known pre
cisely because statistics for the period 1850-1863 are not available and 
for succeeding years to 1880 are estimates ba"ed on incompll.'te records. 
Figures presented in the U.S. Bureau of Mines Minerals Yearbooks 
place Oregon gold production through 1966 at 5,796,767 troy ounces, 
which is about 1.8 percent of total Unitl'd States g-old production. 
Estimates of early-day output for eastern Oregon by Lindgren ( 1901, 
p. 571) and for southwestern Oregon by Pardee ( 1930) and Libbey 
( 1963) suggest a considerably higher figure. Distribution of lode and 
placer gold and silver production by counties since 1902 is given in 
table 7. Statistics were not separately reported prior to 1902, but it is 



127 
TABLE 7.-0REGON GOLD AND SILVER PRODUCTION BY COUNTIES, 1902·1965, I N FINE TROY OUNCES 

Gold 
County lode Placer 

Baker_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  835,226 423, 753 
Grant.. - - - - - - - - - - - _ _ _ _ _  98, 817 250, 787 Josephine_ _ _ _ _ _ _ _ _ _ _ 88, 140 162,390 
Jackson___ _ _ _ _ _ _ _ _ _ _ _ _ _  41, 232 162, 790 
lane· - - ---- - - - - - - - - ---- · - - - - - - -- - - - - - - - - - - - - - - · - - -Malheur _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Other _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

TotaL _ _ _ _ _ _ _ _ _ _  • 1, 108, 957 2 1, 076,821 

Silver 
Total lode Placer 

I, 258, 979 2, 172, 145 93, 568 
349, 604 937, 908 37. 573 
250, 530 94, 950 20, 703 
204, 022 29, 672 22, 538 
34, 624 - - - . - - - - - - - . - - - - - . - - - - - - - - . -
31, 827 - - - - - - - - - - - - · - - - - - - - - - · - - - - ·  
56, 192 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  , _ _ _ _ _ _  _ 

2, 185, 778 2 3, 670, 646 2 180, 758 

1 Mostly from the Oregon Kin� mine in Jefferson County. 
• stale total ; includes productiOn from lane, Malheur, and "other" counties. 
Source: U.S. Bureau of Mines statistics. 

Total 

2, 265, 713 
975,481 
115, 653 
52, 210 
71, 820 
13, 669 1 356,858 

3, 851, 404 

estimated that about 40 percent of the total gold production came from 
lode gold mines. The remainder was mainly from placers. Oregon 
silver production has been about 5,463,000 ounces, most of it as a by
product of lode gold mining. By-product output of gold and silver 
from base-metal mines has been very small (about 50,000 ounces gold 
and 300,000 ounces silver) , mostly from copper deposits in the Home
stead and Keating districts in Baker County and the Takilma-Waldo 
district in Josephme County. 

HISTORY OF GOLD AND SILVER MINING IN OREGON 

The history of gold and silver mining in Oregon and the geology of 
the gold and silver deposits have been discussed by Brooks and Ramp 
( 1968) . C. A. Spreen has discussed the early history of placer mining 
in the State.5 The first recorded gold mining in the State was in the 
summer of 1850 at the confluence of what is now Josephine Creek and 
the Illinois River in Josephine County, but Oregon's gold rush really 
began in December 1851 with the discovery of rich placers near the 
present site of Jacksonville in Jackson County. In the fall of 1861 gold 
was discovered in northeastern Oregon near what is now Baker in 
Baker County. The virgin placers were locally very rich, and the first 
few years after discovery mark the high point of gold production in 
Oregon. According to Browne and Taylor ( 1867, p. 9 ) ,  output in 1865 
may have been as high as $20 million. Due to the great influx of miners, 
the cream of the placers was skimmed off within a few years, and pro
duction declined to less than a million dollars annually during 1882-
1888. Lode mining developed rapidly in the 1890's and from then 
until 1921 was the chief source of Oregon gold and silver, although 
production fluctuated markedly (fig. 35) . A steam-powered bucket
line dredge was built on the Right Fork of Foots Creek in Jackson 
County in 1903. It was converted to electric power in 1905, the power 
being obtained from Gold Ray dam near Gold Hill. Dredging began in 
Sumpter Valley in Baker County in 1913 and at John Day in Grant 
County in 1916. The success of these operations stimulated use of 
mechanized equipment for placer mining in other areas. As a result, 
between 1921 and 1954 placer output exceeded that of lode mines. 

6 Spreen, Christian, Au�st 1939, A history of placer gold mining In Oregon, 1850-1870 : 
University of Oregon thes1s, unpubl!shed. 
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Inflation of costs during World War I and the 1920's caused a sharp 

decline in production. The trend was reversed by the great depression 
of the early 1930's. Then when the price of gold was increased from 
$20.67 to $35.00 per ounce in 1934, production expanded rapidly (fig. 
35) . Output for the seven years, 1935-1941, averaged about $3 million 
per year. The 1940 production was valued at $4,124,883, the highest 
figure since the heyday of placer mining in the 1860's. Output 
amounted to 41.825 ounces gold and 206,317 ounces silver from 112 lode 
mines and 71,577 ounces gold and 12,795 ounces silver from 192 
placer mines. Of the latter, 29 used floating dredges and 29 used non
floating mechanized washing plants. 

With the curtailment of gold mining caused by War Production 
Board Order L-208 in 1942, Oregon gold and silver production vir
tually ceased, and few mines were successfully reactivated after the 
order was rescinded in 1945. Production reached its postwar high in 
1947 of 18,979 ounces gold and 30,379 ounces silver valued at $691,000, 
only 17 percent of the 1940 output. Ninety-three percent of this came 
from placer mines, mainly dredge operations. Since 1947, production 
has followed a generally dimimshing trend and in 1966 totaled 281 
ounces gold and 343 ounces silver from scattered intermittently oper
ated placer mines. Of the 24,081 ounces of gold produced by lode mines 
during 1945-1966, more than 60 percent came from the Buffalo mine 
in the Granite district in Grant County. Production from this mine 
has been very small since 1958. Dredging in the State ceased with the 
closure of the Sumpter Valley dredge m 1954. 

GOLD AND SILVER DEPOSITS IN OREGON 

Gold and silver usually are associated in nature, though typically 
there are wide variations in the relative amounts of the two metals pres
ent in different localities. Gold occurs chiefly as the native metal. In 
ores it is commonly in particles too small to be seen with the unaided 
eye. Silver is always alloyed with the gold, and in many primary de
posits silver sulfides or their oxidation products are also present. Gold 
and silver tellurides have been found in a very few deposits in Oregon. 

Oregon's gold and silver deposits are concentrated in two widely 
separated areas : the eastern Blue Mountains in the northeastern part of 
the State and the Klamath Mountains in the southwestern part (fig. 
36) .  Mines in the Blue Mountains, mostly in Baker and Grant Counties, 
have contributed about 70 percent of the gold and 74 percent of the 
silver produced in Oregon since 1880. Deposits in the Klamath Moun
tains, chiefly in Jackson and Josephine Counties, account for most of 
the remainder. Small amounts of gold and silver have been recovered 
from districts in the western Cascades and from scattered occurrences 
elsewhere, mainly in the central and southeastern parts of the State. 

Production data and salient geologic features of the lode gold and 
silver bearing areas and some of the mines are summarized in table 8. 
Because production records are incomplete, the figures given can only 
be considered as crude approximations. Early-day placer production 
data are too incomplete to permit tabulation by district or county ; 
available figures and estimates are presented in the column entitled 
"Remarks." This information has been abstracted from a treatise on 
gold and silver in Oregon by Brooks and Ramp ( 1968 ) .  
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TABLE 8.-SUMMARY OF LODE GOLD AND SILVER DISTRICTS AND SELECTED MINES IN OREGON 

Index No. on fig. 36, district 
or mine, county 

Manner of occurrence 

1. Canyon district, Grant County _ _ _  Small quartz veins with hematite and · calcite in gabbro, ultramafic rocks, 
greenstone, meta-argillite, and gray
wacke. 

2. Quartzburg district, 
County. 

Grant Quartz veins and sulfide replacement 
bodies mainly in altered andesitic and 
basaltic lavas, ·breccias, and tuffs. 
Gold, copper, and cobalt have been 
produced. 

3. Susanville district, Grant County_ Quartz veins and replacement masses in 
schist, slate, quartzite, greenstone, and 
serpentinized peridotite and gabbro. 
Some veins related to aplite dikes as
sociated with the Greenhorn batholith. 

4. Cracker Creek, Sumpter, Rock Quartz veins and lodes in argillite and 
Creek, Cable Cove, and Granite granodiorite along edge of Bald 
districts, Baker and Grant Mountain batholith. 
Counties. 

Remarks 

EASTERN BLUE MOUNTAINS 

Large production from placers along 
Canyon Creek and adjacent gulches 
���n h��s���h ��r�5

o�ft��nmflre���� 
�a���er�o��c:�d Wb�8�u��ei�?��� 

Placer mining on Dixie Creek began in 
1862. Lower part of the creek has been 
dredged. Total placer output probably 
between 50,000 and 100,000 ounces 
gold. Chief lode mines are the Dixie 
Meadows, Equity, Present Need, Cou
gar, and Standard. 

Elk Creek and nearby placers were dis
covered in 1864. By 1914 had produced 
about $600,000 in gold. later dredge 
operations on Middle Fork of John Day 
River near Galena produced more than 
15,000 ounces gold and 2,800 ounces 
silver. Tne most productive lode mine 
is tne Badger. 

At least 25 (ode mines and prospects have 
been productive. Largest producers 
were the Nortn Pole-Columbia lode in 
the Cracker Creek district, the Baisley
Eikhorn and Highland-Maxwell in the 
Rock Creek district, and the Buffalo, 
Cougar, and La Belleview in the Granite 
���:��ts 5���g�� J.r��e�c���� . 8���=��� 
in Sumpter Valley during 1913-1942 
and 1945-1954 produced more than 
325,000 ounces gold and 80,000 ounces 
silver. Dredging in Granite also yielded 
large amounts of gold. 

lode production References 

Records scarce. Probably 5,000--20,000 Lindgren, 1901, p. 712-720; Swartley, 
ounces gold. Low silver content. 1914, p. 200-209; Parks and Swart

ley, 1916; Oregon Dept. Geology and 
Mmeral l ndustries, 1941 ,p. 17-39. 

Records scarce. Probably 10,000--
20,000 ounces gold. low silver con
tent. 

Lindgren, 1901, p. 708-712 ;  Swartley 
1914, p. 194-199; Parks and Swart-
�e/:l3,

1��6�f>-���u!yor:::� D�npt �:��: 
ogy and Mineral I ndustries, 1941 
p. 108-128. 

15,000-30,000 ounces gold _ _ _ _ _ _ _ _ _ _ _ _  Lindgren, 1901, p. 70f>-708; Swartley, 

Incomplete records. Combined produc
tion from Nos. 4 and 5 probably 
about 650,000 ounces gold and more 
than 1,500,000 ounces silver. 

1914, p. 168; Parks and Swartley, 
1916; Gilluly, Reed, and Park, 1933, 
p. 10f>-117; Oregon Dept. Geology 
and Mineral Industries, 1941, p. 129-
148. 

Lindgren, 1901 ; Pardee, 1909; Pardee 
���ksH���

��
s�:�1� .s1�rJ�Yke���: 

1931 ; lorain, 193l; Oregon Dept. 
Geology and Mineral industries, 1939, 
1941 ; Koch, 1959. 
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TABLE B.-SUMMARY OF LODE GOLD AND SILVER DISTRICTS AND SELECTED MINES IN OREGON-Continued 

I ndex No. on fig. 36, district 
or mine, county 

Manner of occurrence 

5. Greenhorn district, Baker and Quartz veins in argillite, granodiorite, 
Grant Counties. greenstone ,and altered mafic to ultra

mafic intrusive rocks. Deposits occur 
near the borders ol the Greenhorn 
batholith. Many veins associated with 
porphyritic granitic dikes. 

6. Southeastern Elkhorn Ridge, Po- Small, discontinuous quartz veins and 
cahontas, Auburn, and Miners· mineralized fault zones in argillite, 
ville districts, Baker County. greenstone, limestone, and altered gab

bro. 

7. Virtue district, Baker County _ _  �� Quartz veins along the periphery of small 
intrusions of diorite into argillite, 
greenstone, and gabbro. 

8. Eagle Creek, Sanger, Sparta, 
and Keating districts, Baker 
County. 

Gold quartz veins in sandstones, shales, 
and greenstones in Eagle Creek and 
Sanger districts and in a lbite granite, 
diorite, and gabbro in Sparta district. 
Copper-and gold-bearing veins and re
placement bodies along shear zones in 
greenstone in Keating district. De
posits probably related to Wallowa 
batholith. 

9. Cornucopia district, Baker County� Quartz veins mainly in granitic rocks of 
the Cornucopia Stock. 

10. I ron Dyke mine, Baker County�� 

II.  Connor Creek district, Baker 
County. 

Copper replacement deposits with asso
ciated gold and silver in broad shear 
zone in greenstones. Sulfides chiefly 
chalcopyrite and pyrite. 

Quartz veins and irregular quartz-im
pregnated fracture zones in slate, 
phyllite, and metavolcanic rocks. 

Remarks Lode production References 

Bulk of lode mine output has come from 
the Bonanza, Red Boy, and Ben Harri-

��al�i
r
ne;,'in��h��Nh 

p:�:;:c��e 
O�t

a
pr:it 

I ncomplete records. See No 4 ...  � � �--- Lindgren, 1901, p. 692-704; Pardee and 
Hewett, 1914, p.  114; Swartley. 1914, 
p. 166; Parks and Swartley, 1916; 
Lorain, 1938, p. 15; Hewett, 1931; 

from placers i�unkJlown but probably 
exceeds 100,000 ounces gold. Parts of 
Whitney Valley and Middle Fork of 
John Day River have been dredged. 

Records not available. Probably ex
ceeds 10,000 ounces gold. 

I nitial discoveries of gold in north3astern 
Oregon were made here in 1861. Near
ly every creek and gulch in the area 
have been placered extensively. Some 
are said to have been "enormously" 
rich. Lode output mainly from rich 
pockets of free gold. 

Pnncipal mine was the Virtue. 
productive mines include the 
Swan and Flagstaff. Minor 
placers. 

Other 150,000-175,000 ounces gold. Low sit-
White ver content. 
gulch 

?n'���rrie��P1\3�e�1
.
0fz ; 

a
1�11.

M�neJ�� 
Lindgren, 1901, p. 649-654; Grant and 

f3fl: �9ltz-fs3;
1��ii���: R�:3�t�eld 

Park, f933, p. 80-85; Gilluly, 1937, p. 
������r ;I n���,�i�s�rch ��1��f7 .

and 

Lindgren, 1901, p. 721-726; Grant and 
Cady, 1914, p. 150-155; Swartley, 
1914, p. 129-131 ; Gilluly, Reed, and 
Park, 1933, p. 71-79; Gilluly, 1937, 

Lode production dominated by Sanger 
mine. Small output from Mother Lode 
copper mine, Basin, Gem, East Eagle, 
and others. Sanger placers produced 
$500,000 prior to 1901. Sparta and Eagle 
Creek placers said to have been very 
rich locally. 

':.ii�!;!r\�3�:���s.
0f!l'i9. c;;:o:��t1

n� 
95,000-130,000 ounces gold� � _ � . _ . � � . _  Lindgren, 1901, p. 733-740; Swartley, 

1914, p. 116-127; Gilluly, Reed, and 
Park, 1933, p. 57-68. 

Production almost entirely from Union- Minimum of $10 million in gold and 
�-��8���

n 
a�a

n� a��st
roe��ryce

pa�:l.��: ������·27��md��n�eu;��ld,
1f.��8�g�f Many small veins in the district. ounces silver. 

Main period of activity 1915-1928� � � � � � � 35,000 ounces gold, 256,500 ounces sil
ver, and 14,418,000 pounds of copper. 

Lode production almost entirely from Minimum of 67,000 ounces gold about 
Connor Creek mine. Connor Creek pro- 900 fine. 
duced about $125,000 in placer gold 

Lindgren, 1901, p. 740-745; Swartley, 
1914, p. 22-65; Lorain, 1938, p. 37-40; 
Goodspeed, 1939; Oregon Dept. 
Geology and Mineral Industries, 1939, 
p. 24-33. 

Lindgren, 1901, p. 749-751 ;  Swartley, 
1914, p. 107-109; Oregon Dept. 
Geology and Mineral Industries, 1939. 
p. 60-62. 

Lindgren, 1901, p. 756-762; Swartley, 
1914, p. 213-217; Parks and Swartley, 
1916; Gilluly, Reed, and Park, 1933, 

� 
� 



12. Bay Horse mine, Baker County .. Silver-bearing tennantite impregnates 
fault zone in metavolcanic rocks. 

13. Weatherby district, Baker County. Small, discontinuous quartz veins, mainly 
in granodiorite. 

14. Mormon Basin d istrict, Baker Quartz veins in slate, phyllite, and met-
County. amorphosed igneous rocks. Some 

veins associated with dikes related to 
Pedro Mountain Stock. 

15. Unity (Bull Run) district, Baker 
County. 

Quartz veins and mineralized felsite 
porphyry and amphibolite dikes. 
Molybdenite present along with pyrite 
and chalcopyrite. Country rocks are 
diorite, serpentinite, and schist. 

prior to 1914 and has been inter
mittently active since. 

Silver deposit. Ore contains practically no 
gold. 

Several small lode mines. Largest pro
ducer was Gold Ridge mine. Placers on 
Burnt River, Chicken Creek, and vari
ous tributaries. 

Principal lode mine is Rainbow. Smaller 
producers include Humboldt and Sun· 
day Hill. Reputedly large output in 
g:��h 

d�fa5c:��in 
e������ J��f� :�3 

�1J:�:n���l�e�ie�!tyi>�it� V�jleti."r�� 
Creek and Burnt River have been 
dredged. 

Record, Orion, and Bull Run lode mines 
produced small amounts of gold. Parts 
of Bull Run Creek have been dredged. 

KLAMATH MOUNTAINS 

p. 49-54; Oregon Dept. Geology and 
Mineral Industries, 1939, p. 21-24. 

125,459 ounces silver during 1920-1925. Lindgren. 1901, p. 753; Livingston, 1923; 
Gilluly, Reed, and Park, 1933. p. 52. 

Records scarce. Probably 5,000-10,000 Lindgren, 1901, p. 762-767; Swartley, 
ounces. 1914, p. 217-218; Parks and Swartley, 

1916; Gilluly, Reed, and Park, 1933, 
p. 54-57; Oregon Dept. Geology and 
Mineral Industries 1939, p, 64-74. 

125,000-135,000 ounces gold and 75,- Lindgren, 1901, p. 770-773; Swartley, 
000-150,000 ounces silver. 1914, p, 218-229; Parks and Swart

ley, 1916; Gilluly, Reed, and Park, 
1933, p. 31-49; Oregon Dept. Geology 
and Mineral Industries, 1939, p. 
74-1!4. 

5,000-10,000 ounces gold. Silver values Lorain, 1938, p. 40-43; Oregon Dept. 
small. Geology and Mineral Industries, 1939, 

p. 98, 101. 

16. Greenback mine,JosephineCounty. Gold and pyrite in 20-inch, west-striking Faults cut off vein at limits of ore body. About $37\l million between 1897 and 
quartz fissure vein in greenstone. Mined to 1,000feetdepth. 1940. 

Diller, 1914, p. 31-34; Winchell, 1914, 
p. 186-188; Parks and Swartley, 
1916, p. 112-114; Oregon Dept. 
Geology and Mineral Industries, 1952, 

17. Ashland mine, Jackson County _ _  Gold, pyrite, chalcopyrite in quartz vein Vein had two principal ore shoots. Mined $1.3 million mined from 1886 to 1902 
in Applegate Group metasediments to 1,200 feet depth. Workings total and 1933 to 1940. 

p. 104-105; Libbey, 1963. 
Wi�����·ei.

9\�1f.. �1t\1dr��
r�s

D;nt. 
and diorite. about 11,000 feet. 

18. Sylvanite mine, Jackson County .. Rich ore shoot at intersection of quartz
calcite fissure vein and shear zone in 
argill ite. Ore minerals are galena, chal· 

19. Gold Hill mine, Jackson County. Cry������· g��i:fi T�:d:���ith gold was 
found at surface in fissure vein cut by 
gash vein. Country rock is amphibolite 
with pegmatite dike on footwalL Rich 
gold bottomed at 15 feet depth. Molyb
denite occurs deeper. 

Winze in shoot produced $1,000 per lineal 
foot in 600-foot depth. Some scheelite 
in vein. 

Discovered in 1857, outcropping ore was 
so full of gold that it "could scarcely be 
broken by sledging." 

Geology and Mineral Industries, 19f3, 
p. 23-26; Libbey, 1953. 

$700,000 produced from rich ore shoot Winchell, 1914, p. 166; Parks and 
between 1928 and 1939. Swartley, 1916, p. 219-220; Oregon 

rm: �emg!l�l� ����:.1 ��g�_
stries, 

$700,000 . . . . . . . . . . . . . . . . . . . . . . . . . . .  Winchell, 1914, p. 167; Oregon Dept. 
o/95��o����-Sf� u����·l9J;dustries, 

..... 
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TABLE B.-SUMMARY OF LODE GOLD AND SILVER DISTRICTS AND SELECTED MINES IN OREGON-Continued 

Index No. on fig. 36, district 
or mine, county 

Manner of occurrence 

20. Benton mine, Josephine County _ Multiple quartz fissure veins in quartz 
diorite or granodiorite containing 
pyrite form ore bodies 2� to 20 feet 
thick. 

21. Gold Bugmine,Josephine County_ Quartz, free gold, pyrite, and chalco
pyrite occur in a mineralized shear 
zone in greenstone. 

22. Almeda mine, Josephine County_ Broad, altered, mineralized zone asso
ciated with dacite dike at contact of 
altered volcanics and slate. Dissemi
nated pyrite, chalcopyrite, barite re
placement, minor galena, and sphal
erite. 

23. Forget-Me-Not, Douglas County_ 300-foot wide mineralized zone in green
stone bounded by serpentine zone in 
silicified rock with some pyrite, minor 
chalcopyrite, and gold. 

24. North Santiam district, Clacka- Andesite and rhyolite lavas with sub-
mas and Marion Counties. ordinate interbedded tuffs are in

truded by small dacite and diorite 
bodies. Veins strike northwest and dip 
steeply. Carbonate gangue minerals 
common. Chalcopyrite, sphalerite, py
rite, galena, and gold are the metallic 
minerals. 

25. Quartzville district, Linn County __ Lavas and tuffs intruded by scattered 
dikes and plugs of dacite. Veins strike 
northwe•t, dip steeply, carry mixed 
sulfides; pyrite and sphalente most 
common. Gold concentrated in oxidized 
zone. 

Remarks Lode production References 

Discovered in 1893. Benton vein devol- Main period of operation from 1935 to Winchell, 1914, p. 193-194; Youngberg 
oped for 2,000 feet along strike and to 1942 produced $549,414. 1947, p. 31-33; Libbey, 1963. 
600 feet depth. 

Most of the mining was done before 
1913. 

About $750,000 • . . • . . . • • • • • . . . . . . . . • •  Diller, 1914, p. 52-53; Winchell, 1914, 
p. 195-197 ; Youngberg, 1947, p. 
17-18. 

Discovered 1874; sometimes called Big $123,000, largely from matte smelted 
Yank Lode. Major mining activity was at the mine. 

Diller, 1914, p. 72-81; Winchell, 1914, 
p. 207-214; Shenon, 1933a, p. 24-35; 
Libbey, 1967. from 1905 to 1911. 

Richer areas in altered zone have been $1,300 milled from 400 pounds of high Oregon Dept. of Geology and Mineral 
worked to a limited extent. grade. Industries, mine file report, 1945. 

WESTERN CASCADES 

Discovered in 1896. Most properties were From 1896 to 1947 : gold 454 ounces
� 

Parks and Swartley, 1916; Callaghan 
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ore bodie• small. 110,063 pounds. p. 113-132. 

Discovered 1863; 24 properties described. Production mainly before 1896. Gold Parks and Swartley, 1916; Callaghan 
Lawler mine largest producer. 
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26. Blue River d istrict, Linn and Like Quartzville district, andesitic lavas, 
Lane Counties. some rhyolites and tuffs intruded by 

dioritic dikes and plugs. Veins strike 
northwest. Quartz is the dominant 
gangue mineral and occurs with py� 
rite, sphalerite, galena, and chalcopy
rite. 

27. Fall Creek district, Lane County •• Tuffs with some andesitic lavas intruded 
by plugs and d ikes of augite diorite and 
dacite porphyry. Areas and zones of 
rock alteration, silicified rock, and PY· 
rite impregnation. A few quartz veins 
with pyrite-low grade. 

28. Bohemia district, Lane County ... Layered tuffs, andesites, and rhyolites 
intruded by dikes, plugs, and stocks of 
dioritic rocks and cut by northwest
trending fissure veins of brecciated, 
altered rock with cherty to drusy 
crystalline quartz and sulfides includ
ing sphalerite, galena, chalcopyrite, 
and pyrite. Gold is enriched in oxidized 
zone. Some veins have been traced for 
half a mile and are up to 20 feet wide. 

29. Zinc Creek area, Douglas County. Tuff breccia cut by augite diorite dikes. 
Zones of altered volcanic rock with 
disseminated pyrite and occasional 
lenses of sphalerite and less common 
galena and chalcopyrite. Some calcite 
and marcasite; very little quartz. 

30. AI Sa rena mine, Jackson County .. Bleached, altered, tuff breccias and dikes 
of rhyolite and andesite; vein contains 
altered rock, gouge, and cherty quartz, 
with streaks of sphalerite, pyrite, and 
galena. 

31. Barron mine, Jackson County ____ Tuff breccias, andesite and basalt flows, 
dikes of andesite and dacite. Vein lies 
in northwest-striking belt of altered 
rock. Consists of altered rock, gouge, 
ft�
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pyrite, and arsenopyrite: occasional 
stibnite and realgar. 

Principal mine is the lucky Boy dis- About $200,000 mostly from Lucky Do. 
covered 1887. Production from oxidized Boy mine. Largely gold and silver, 
portion of veins. some copper and lead. 

Six prospects are described; none have Not reported (Ironsides mine operated Callaghan and Buddington, 1938i 
���er�

i
31���S\. 

production, area dis· for several years). 
l�ri��t�ies�l��1• ��

o
J��7

and M inera 

Most important of Western Cascades dis· 
!riels. Discovered in 1858. Champion, 
Musick, Helena, and Noonday largest 
producers. Large number of known 
properties. 

Over-all production, largely gold with 
some silver, copper, and lead, is 
about $1 million. 

Diller, 1900; Stafford, 1904; Parks and 
Swartley, 1916; Callaghan and 
Buddington, 1938; Taber, 1949; 
?����rri�:.P/9�1�

o��g?3��3� Mineral 
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- Other areas of rock None reporteL .. _ _ _  - - - - - - - - - - · ca/�arg�e��� ���tn
�!�r.;Ji��J'" 
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-

Discovered 1897; first ore shipped 1909. 1909-1918 production was about 
Over 4,000 feet of workings in mine. $24,000, chiefly gold, some silver 

and lead. 

Early history lost. Patented 1883. Not Production since 1917 about $9,000. 
extensively developed. 

Mineral I ndustries, 1940, p. 130. 

Callaghan and Buddington, 1938, 
p. 131-132; Oregon Dept. Geology and 
Mineral I ndustries, 1943, p. 195-197. 

Winchell, 1914, p. 123; Callaghan and 
Buddington, 1938, p. 134-136; 
P�3��fri�:.P/!J23',

o��g!��g. 
Mineral 
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TABLE B.-SUMMARY OF LODE GOLD AND SILVER DISTRICTS AND SELECTED M INES IN OREGON-Continued 

Index No. on fig. 36, district 
or mine, county 

Manner of occurrence Remarks lode production References 

CENTRAL AND SOUTHEASTERN OREGON 

32. Oregon King mine, Jefferson Silicified fault breccia zone in Tertiary 
County. andesitic rocks.Contains quartz, pyrite, 

chalcopyrite, galena, sphalerite, cerar
gyrite, (silver chloride) and native 
silver. Lenticular ore shoots range 
from a few feet to 20 feet in width. 

33. Howard district, Crook County . . .  Broad, intensely altered, fracture zones in 
�::!i��Yttd�d;:i

i�ie��.t !fiiStu� ���;��ry 
thin but locally enlarge to shoots of 
minable width. 

34. Spanish Gulch district, Wheeler Quartz fissure veins in pre-Tertiary 
county. ��;

"
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s
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35. Harney (Idle City) district, 
Harney County. 

galena, and gold. 
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zone about I mile long in Tertiary 
andesite. 

36. lost Cabin district, lake County_ limonitic clay and quartz veinlets i n 
Tertiary andesite and rhyolite locally 
contain small amounts of gold and 
copper·oxide minerals. 

37. High Grade district, Lake County. Small quartz veins in Tertiary volcanic 
rocks. 

38. Steens-Pueblo district, Harney Silicified fault zones in both pre-Tertiary 
County. and Tertiary lavas and related rocks 

contain copper and mercury minerals 
and locally small amounts of gold. 

Deposit discovered in 1898. Sporadic Roughly 300,000 ounces of silver and Parks and Swartley, 1916, p. 172; 
development and production. Last 3,000 ounces of gold. Libbey and Corcoran, 1962. 
operated during 1962-1965. 

Largest mine is Ophir-Mayflower lode. About $80,000 in gold between 1885 Parks and Swartley, 1916, p. 167; Gil-
Small placer output from Scissors and 1930. luly, Reed, and Park, 1933, p. 124. 
Creek. 

No Parks and Swartley, 1916, p. 38, 198, 
232, and 296. 

Production mainly from placers_ . . .  __ . _ About $50,000 in gold between 1891 Parks and Swartley, 1916, p. 224, 273. 
and 1916. No later records. 

District was discovered in 1906. Very No 
little development work has been 
done. 

Parks and Swartley, 1916, p. 292. 

Do. 
Williams and Compton, 1963, p. 47. 
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Oregon's principal primary deposits occur in fissure veins and as
sociated replacement bodies near the edges of felsic to intermediate 
intrusive bodies. Characteristically the veins consist mainly of quartz 
with lesser calcite and altered country rock. Small amounts of pyrite 
and the sulfides of copper, lead, and zinc are commonly present, and the 
g-old and silver minerals often are intimately associated with them. 
The veins vary considerably in extent and value. Ore shoots at most 
of the important mines had average widths of llf2 to 5 feet. Several 
deposits have been mined to depths of 1,000 to 1,500 feet below the 
outcrop. Maximum depth attained is about 2,500 feet on the North 
Pole-Columbia Lode in the Cmcker Creek district in Baker County. 
Ore mined in the past generally contained between 0.2 and 1 ounce 
per ton gold with varying amounts of silver. 

Most of the streams and gulches that drain the lode mining areas 
have been mined for placer rrold. The principal placer deposits were 
along present streams and adjacent terraces. Gold has been recovered 
from present and ancient coastal beach placers in Coos and Curry 
Counties ( Pardee, 1934) and from anCient stream gravels in the 
Sumpter quadrangle in Baker and Grant Counties (Pardee and 
Hewett, 1914, pp. 39--40 ; Pardee, 1941) .  The silver content in placer 
gold produced in Oregon averages about 16 percent. 

Many lode deposits have produced more silver than gold, par
ticularly in Baker and Grant Counties. However, because of the wide 
differences in price, gold is the more valuable metal in all but a few 
small deposits. More than 20 percent of Oregon's recorded silver out
put was produced from the Cornucopia district (No. 9 on fig. 36 and 
table 8 ) . Important contributions were also made by the North Pole
Columbia Lode in the Cracker Creek district and several mines in 
the Granite ( No. 4) and Greenhorn ( No. 5 )  districts, including the 
Buffalo, La Belleview, and Ben Harrison. Two deposits in Oregon 
that have been mined chiefly for silver are the Oregon King ( No. 32) 
in Jefferson County and the Bay Horse (No. 12) in Baker County. 
Eastern Blue Mountaim 

The eastern Blue Mountains gold belt (fig. 36) has been by far the 
dominant lode gold and silver producing region in Oregon and also 
contains the most productive dredge mining areas. Principal mining 
districts are in Baker and Grant Counties, although some mining has 
been done in adjacent parts of Malheur and Union Counties. The 
districts and most of the mines and prospects have been described by 
Lindgren ( 1901 ) ,  Swartley ( 1914) , Parks and Swartley ( 1916) , and 
the Oregon Department of Geology and Mineral Industries ( 1939 and 
1941 ) .  

The deposits are associated with Lower Cretaceous batholiths and 
stocks and occur in both the intrusive rocks and older sedimentary 
and igneous rocks. The rich placer deposits in the Baker area ( No. 
6, Fig. 36 and table 8) first attracted at,tention to the gold and silver 
deposits of the Blue Mountains. The greatest concentration of both 
lode and pl'acer mines is in the Elkhorn and Greenhorn Mountain 
Ranges west of Baker. The area includes the Cracker Creek, Sumpter, 
Rock Creek, Cable Cove and Granite districts (No. 4) , and the Green
horn district ( No. 5 ) .  Incomplete records indicate that gold output 
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from these districts probrubly totaled about 1 ,300,000 ounces1 about 
equally divided between lode and placer mines. Silver production has 
been at least 1,500,000 ounces. More than 60 of the lode mines and 
prospects described by Pardee and Hewett (1914) and Hewett ( 1931) 
have been active at one time or another. The veins that have been most 
productive occur in tightly folded and fractured argillite of Permian 
age near the edges of the Bald Mountain and Greenhorn batholiths. 
Numerous small veins are found in the granitic rocks and in older 
greenstones, altered gabbro, and ultramafic rocks. The North Pole
Columbia Lode near Bourne in the Cracker Creek district pro
duced about $8 million in gold and silver between 1894-1916. Subse
quent production has been relatively small. The lode, va.ries from 
10 feet to nearly 300 feet in width, over a productive strike length 
of about 12,000 feet. Ore shoots averaged 4 feet in width. The ratio 
of silver to gold in the ore ranged from about 3 :  1 to less than 1 :  1. 
Total depth of mining has been about 2,500 feet. Much of the lode re
mains unexplored. Other important mines in the Elkhorn and Green
horn Mountains region are the Bonanza, Red Boy and Ben Harrison 
near Greenhorn, the Buffalo, Cougar and La Belleview north of Gran
ite, and the Baisley-Elkhorn and Highiand-Ma.xwell in the Rock 
Creek district (No. 4 ) . The Buffalo (Koch, 1959) has been almost con
tinuously active in a small way since about 1880. Production during 
1903-1965 totals 33,142 ounces gold and 252,893 ounces silver from 
42,246 tons of ore. Records of pre-1903 production are not available. 
The mine develops four productive parallel quartz veins 80 to 220 
feet apart, mainly in argillite. The veins range from 1 to 6 feet in 
width. Sulfide minerals, which contain most of the values, make up 
8 to 10 percent of the ore. Ore produced at the La Belleview and Ben 
Harrison mines contained as much as 50 ounces silver .to 1 ounce gold. 

The Virtue mine in the Virtue district ( No. 7 )  about 10 miles east of 
Baker was almost continuously active during 1864-1884 and 1893-
1899. Production from this rome totals about $2,200,000, mostly in 
free gold which averaged over 920 fine. This and several smaller de
posits in the district occur on the periphery of small intrusions of 
diorite into argillite, greenstone, and gabbro. The Virtue mine is said 
to expose eight veins, only one of which has been explored at depth. 

In northeastern Baker County, gold and silver deposits occur on 
the south slope and in the adjacent foothills of the Wallowa Moun
tains, which are carved largely from granodiorite of the Wallow a 
batholith. The Cornucopia mine (No. 9) in the northeastern part of 
the area ranks first among the lode mines of Oregon. Total output 
during several periods of operation has been at least $10 million in 
gold and silver. Most of the production was from two of several 
roughly parallel veins, chiefly in granodiorite of the Cornucopia 
Stock. These are the Union-Companion and Last Chance veins, which 
are 2,500 to 3,000 feet apart horizontally, dip 45°, and in the stoped 
areas averaged 4 or 5 feet in width. Vertical extent of mining was 
about 3,000 feet. Ore mined and treated during 1938-1941 averaged 
0.48 ounces gold, 2.2 ounces silver, 0.1 percent copper, and 0.025 per
cent lead. The Sanger mine in the Eagle Creek district ( No. 8 )  worked 
a quartz vein in Upper Triassic sandstones and shales. The principal 
vein was discovered in 1870 and worked more or less continuously 
through 1897 ; total output was $1.5 million. Placers along Eagle 
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Creek and in the vicinity of Sparta and the Sanger mine were produc
tive in early days. The gravels of Pine Creek below Cornucopia re
main largely unworked and may contain considerable gold. The 
gravels occur in a deep narrow channel and contain many large boul
ders which have hampered mining. 

Occurences of copper minerals and associated gold are widely scat
tered in the southern foothills of the w·allowa Mountains and along 
Snake River to the east. The deposits occur in irregular bodies im
pregnating and replacing greenstones and related rocks along shear 
zones, faults, and fractures �( Gilluly, 1933) .  Only two of the deposits 
have made any appreciable output. Operated mainly during 1915� 
1928, the Iron Dyke mine (No. 10) at Homestead on Snake River pro
duced 34,967 ounces gold, 256,489 ounces silver, and 14,417,920 pounds 
of copper. The Mother Lode near Keating (No. 8) produced about 
8,000 ounces of gold and 1 million pounds of copper during 1935� 
1938. 

In the Connor Creek (No. 1 1 ) ,  Weatherby (No. 13) , and Mormon 
Basin ( No. 14) districts in southeastern Baker County, numerous gold
quartz veins are associated with a northeasterly aligned group of 
stocks, dikes, and irregular masses of granodiorite intruded into phyl
lites, slates, massive to schistose greenstones, and mafic intrusive rocks 
of Paleozoic and Triassic age. The most productive lode mines are 
the Rainbow mine in the Mormon Basin district and the Connor Creek 
mine in the Connor Creek district (Gilluly, Reed, and Park, 1933 ) .  
Production from the Rainbow from its discovery i n  1901 through 1919 
was more than $2,323,000. The Rainbow mine worked two quartz veins, 
one on the footwall and one on the hanging wall of a steep, northeast
trending fault zone which cuts slate, greenstone, and old intrusive 
rocks, and into which a premineral diorite porphyry dike was intruded. 
Output from the Connor Creek vein, which is in slatey rocks, totals 
about $1,250,000 ; the principal period of activity was between 1880 
and 1890. 

Early-day output from placers in the area was probably quite large ; 
among the most productive were those near Malheur and at Rye Val
ley. The latter are said to have produced $1 million from terrace 
gravels along Dixie Creek. Placers in Mormon Basin and along Burnt 
River, Chicken Creek, and Connor Creek were also productive. A 
small dredge operated on Clark's Creek and Burnt River near Bridge-
port during 1917�1936. · 

Probably the most productive early-day hydraulic placers of the 
entire Blue Mountains region were those along Canyon Creek (No. 1 )  
near ,John Day i n  Grant County. Part of the area was later dredged. 
Placers in the Quartzburg (Ko. 2) and Susanville districts ( No. 3 )  
were also worked extensively, first by hand and hydraulic methods 
and later with dredges. Veins and associated replacement bodies up 
to 70 feet wide occur along shear zones in greenstones in the Quartz
burg district ( Gilluly, Reed, and Park, 1933) .  Although production 
has been small, the area constitutes a potential source of copper, gold, 
and cobalt. 
Klamath 111 ountains 

More than 75 percent of the gold produced in the Klamath Moun
tains has been derived from placer mines. Prior to 1900 most of the 
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gold was won by sluicing and hydraulic operations. Subsequently, 
bucket-line dredges were operated on Foots Creek and Pleasant Creek 
in the Gold Hill area in Jackson County and on Graves Creek in the 
Greenback area in Josephine County. Dragline dredges and mechanical 
washing plants were used in many places. Virtually all the streams in 
the Klamath Mountains province have been placered to some degree. 
Flush production of the first 10 years following the 1851 Jacksonville 
rush nearly equalled that of the next 100 years (Libbey, 1963 ) .  

Gold was discovered on the beaches o f  southwestern Oregon about 
1852 (Pardee, 1934) ( Spreen, C. A., 1939, Univ. of Oregon master's 
thesis) ,  and mining flourished for a few years. Mines such as on 
Whiskey Run, about 7 miles north of Bandon at the mouth of the 
Coquille River, and others along the beach near Cape Blanco and Gold 
Beach showed good returns. Mining was conducted at various places 
on elevated beach terraces as well as on active beaches. Thin transitory 
concentrations of black sand deposited during storms were skimmed 
up and hauled to higher ground, where the gold and platinum content 
were recovered in sluices. The very fine particle size of the gold and 
abundance of other heavy minerals such as chromite, magnetite, ilme
nite, zircon, garnet, olivine, etc. made its recovery difficult. Early-day 
gold production from the beach mines is not reported, but they are said 
to have been good producers for a few years. Pardee ( 1934, p. 26) 
reports a value of $60,615 in gold and platinum produced from Coos 
and Curry County beach placers between 1903 and 1929. 

At least 150 lode mines in the Klamath Mountains have been pro
ductive at one time or another (Diller, 1914 ; Winchell, 1914 ; Parks 
and Swartley, 1916 ) .  Six mines have supplied the bulk of lode pro
duction. These are the Greenback ( No. 16) ($3% million) ; Ashland 
(No. 17) ($1,300,000) ;  Sylvanite ( No. 18) ($700,000 + ) ;  Gold Hill 
Pocket (No. 19) ($700,000) ; Benton ( No. 20) ($550,000) ,  and Gold 
Bug ( No. 21) ($500,000) .  Fourteen other mines in the area produced 
between $100,000 and $500,000. Of these 20 mines, seven are in meta
volcanic rocks ("greenstone") ,  six in metasediments (argillite, slate, 
quartzite) , three in diorite, three in metagabbro, and one in serpentine. 

The Greenback (No. 16) and Ashland (No. 17) veins were worked 
down dip to depths of 1,000 feet and 1,200 feet, respectively. The 
Greenback quartz vein is in greenstone derived from andesite ; the 
vein had an average thickness of 3 feet and was productive for about 
600 feet along strike. The main period of activity was during 1897-
1908. The Ashland vein is in metasediments of the Applegate Group 
that are intruded by granodiorite. The mine operated from 1886 to 
1902 and again from 1933 to 1939. Value of ore and size of ore shoots 
are said to increase with depth. The Sylvanite mine ( No. 18) worked 
high-grade ore formed in a complex zone of shearing and alteration 
along the contact between meta-igneous and metasedimentary rocks. 
The rich Sylvanite ore shoot produced $1,000 per lineal foot of winze 
in sinking 600 feet ( Oregon Department of Geology and Mineral In
dustries, 1943, pp. 110-112) . The Sylvanite veins and ore shoots carry 
gold and sulfides including galena, chalcopyrite, and pyrite in a gangue 
of quartz and calcite. The richer ore shoot formed at the intersection 
of a fracture zone and vein. 

Rich, near-surface "pockets" were almost commonplace in parts of 
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Jackson and Josephine Counties generally west. of Medford and east 
and south of Grants Pass. Several produced many thousands of 
dollars worth of gold from very small areas. The pockets were found 
in surface or subsoil outcrops of quartz-filled fissure veins, particu
larly near intersections of two or more veins. Exhaustion of the de
posits within a few feet of depth was typical. The Gold Hill pocket 
( No. 19) , discovered in 1859, is said to have been so rich that $400,000 
was taken out the next year. The outcropping rock was so full of gold 
it could scarcely be broken by sledging. The gold in this pocket went 
down only 15 feet (Diller, 1914, p. 46) . The Steamboat, Revenue, 
Town, and Roaring Gimlet pockets, all in western Jackson County, 
are credited with production of from $40,000 to $350,000 each. 

A few mineralized areas of potentially large tonnage, low-grade 
material are known in the Klamath Mountains area. In the Mount 
Reuben district (of the Galice area) the Benton mine ore zone ( No. 
20) ,  which consists of multiple sulfide-bearing quartz veins in sheared 
mineralized diorite, has been stoped to widths of 20 to 30 feet. The 
Almeda mine ( No. 22) mineralized zone on Rogue River downstream 
from Galice is about 200 feet wide (Diller, 1914, pp. 74--75) .  It is 
associated with a dacite porphyry sill or dike that has intruded along 
the contact of altered volcanic rocks of the Rogue Formation and 
slates of the Galice Formation ( Shenon, 1933a ) .  Almeda mineraliza
tion is characterized by barite, pyrite, and chalcopyrite with minor 
amounts of sphalerite and galena (Libbey, 1967 ) .  The Forget-Me-Not 
( No. 23 ) mineralized zone in southern Douglas County contains dis
seminated pyrite and low-grade gold mineralization in altered green
stone for about 300 feet width. Mining has been localized on a few 
narrow high-grade seams that occur in the broad altered zone. 

Mineralization of strong persistent shear zones seen in a few of 
the gold-producing areas represents another potential area of explora
tion for large low-grade deposits. A few examples of highly sheared, 
iron-stained, talcy serpentinite containing low gold values have been 
found in the Klamath Mountains area. 
Western Cascades 

Gold and silver production from mining districts in the Western 
Cascades has totaled approximately $1,500,000 since 1858, when gold 
was first discovered in the region. The main production was before 
l 920, and periods of mining activity were sporadic. The bulk of this 
production was derived from near-surface ores that were residually 
enriched by oxidation and easily treated in stamp mills. Production 
since 1920 has amounted to about half a million dollars in total value 
of gold, silver, copper, lead, and zinc, mainly from complex sulfide 
ores below the zone of oxidation. The ratio of silver to gold in some 
of these deposits is quite high, although the average for all ores pro
duced has been about 2 to 1. 

The areas of mineralization are more or less evenly distributed. 
along a north-south line running through the center of the Western 
Cascades Tertiary volcanic rocks ( Nos. 24--31, fig. 36) . Each of the 
mineralized areas is associated with small dioritic intrusive bodies 
that are believed to be genetically related to the mineral deposits. The 
largest and most persistent veins are found in the Bohemia district 
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(No. 28) . Some of the veins exceed half a mile in length and 210 feet 
in 'vidth ( Callaghan and Buddington, 1938 ; Taber, 1949 ) .  Sulfide 
minerals found in the veins and mineralized zones of the Western 
Cascades include pyrite, sphalerite, chalcopyrite, and galena. The 
common gangue minerals include qua.rtz, calcite, and in places, barite. 
Large areas of propylitic rock alteration related to the period of diorite 
intrusion are widespread in the Western Cascades. The typical West
ern Cascades vein is made up of an altered, brecciated rock cemented 
by microcrystalline to vuggy, coarse crystalline quartz and containing 
scattered sulfides. The veins crosscut virtually all rock types-lavas 
and tuffs as well as the dioritic rocks. 

The Bohemia district (No. 28) is the largest and leads other western 
Cascade areas in production. The Champion, Musick, Helena, and 
Noonday mines each with more than $100,000 production were the 
largest in the district. Some of the larger producers outside the 
Bohemia district include the Lucky Boy mine in the Blue River dis
trict ( No. 26) with a record production since 1902 of 7,737 ounces of 
gold and 12,844 ounces of silver ; the Lawler mine in the Quartzville 
district (No. 25) with a production of about $100,000 ; and the Al 
Sarena (No. 30) or Buzzard mine in northern Jackson County with 
11 recorded production of 1,081 ounces of gold between 1909 and 1918. 
Minor production has been recorded from the North Santi am district 
(No. 24) in Clackamas and Marion Counties and from the Barron 
mine ( No. 31)  in Jackson County. Gold veins have been prospected 
in the Fall Creek district ( No. 27) in Lane County and in the Zinc 
Creek area (No. 29 ) in Douglas County. 

Very little placer mining has been done in the Cascade Range be
cause the values contained in placer deposits are low and the gold 
particles extremely fine and difficult to recover. 

Future potential of gold mining in the \Vestern Cascades province 
will depend on extracting all values from the complex sulfide ores. 
Exploration at depth of some of the large areas of pyrite-impreg
nated, altered rock may prove the presence of other sulfides and ac
companying gold and silver values. 
Occurrences in central and southeastern Oregon 

The Oregon King mine (No. 32) (Libbey and Corcoran, 1962) near 
Ashwood in eastern Jefferson County was discovered in 1898 and has 
been wor:ked intermittently, the latest period of operation and develop
ment bemg 1962-1965. The mine has produced more than 300,000 
ounces of silver and 3,000 ounces of gold from a quartz vein in andesitic 
rocks of Tertiary age. According to Gilluly, Reed, and Park (1933 ) ,  
the Howard district ( No. 33) in Crook County produced about $80,-
000 in gold between 1885 and 1930. The mineralized ground consists 
of intensely altered andesite of Tertiary age cut by narrow quartz 
veins an inch or so thick, which locally enlarge into hrgh-grade shoots, 
especially at junctions or intersections. The largest lode mine in the 
district rs the Ophir-Mayflower. In the Spanish Gulch district ( No. 
34) in ·wheeler County, small amounts of gold and silver have been 
produced from quartz fissure veins in pre-Tertiary greenstone, argil
l ite, and limestone, which have been invaded by dikes and small ir
regular masses of granodiorite and related rocks. The veins contain 
pyrite, sphalerite, and galena. 
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Placer deposits were found in the Idle City ( Harney) district ( No. 
35) in 1891, and approximately $50,000 in gold was produced up to 
1916 (Parks and Swartley, 1916, pp. 224, 273 ) .  There has been small 
and intermittent placer mining activity in the district since that time. 
Primary mineralization is associated with discontinuous quartz veins 
along fractures in Tertiary andesite porphyry. Small gold occurrences 
have been explored to a very limited extent in the Lost Cabin (No. 
36) , High Grade ( No. 37) ,  and Pueblo Mountains ( No. 38) districts. 
No records of production are available. The occurrences in the Lost 
Cabin and High Grade districts are in Tertiary volcanic rocks. In the 
Pueblo Mountains district, gold is locally associated with copper and 
mercury minerals formed along silicified fault zones in both pre
Tertiary and Tertiary rocks. 

FUTURE POTENTIAL 

Oregon must be considered a potentially important source of gold 
despite the fact that production has been very small for several years. 
There is good geologic evidence that many of the known lode deposits 
in the State have not been exhausted. A major increase in the price of 
gold or decrease in production costs probably would result in the 
reopening of many mines that were active during the late 1930's. 
Very likely new deposits would be found with the modern methods of 
prospecting that have since been developed. Under present conditions 
any appreciable increase in Oregon gold and silver production appears 
contingent upon the discovery of large precious metal or gold- and 
silver-bearing base-metal deposits that are amenable to big-tonnage, 
low unit-cost methods of mining. Aggressive systematic investiga-tion 
of known mineralized areas might lead to the development of such 
deposits, particularly in districts where broad zones of shearing and 
hydrothermal alteration occur. Beach and off-shore black sand de
posits are presently being investigated by the U.S. Geological Survey 
and the U.S. Bureau of Mines. Large-scale mining of these deposits 
might result in a consideraible output of gold. 

IRoN 

( By R. S. Mason, Oregon Department of Geology and Mineral Industries, 
Portland, Oreg. ) 

Iron ore mined in Oregon has been used for a number of purposes 
in addition to the production of pig iron. Limonite deposits have 
been mined for many years t o  supply industrial pigments. Ore from 
these same deposits has also been used to make a sulfur-scrubber for 
treating producer gas. Minor amounts of magnetite have been used 
for ship ballasting and high density concretes. 

The iron resources of Oregon are contained in a variety of types 
of deposits in widely scattered areas of the State as shown on fig. 37. 
By far the largest and most important are the Scappoose limonite 
deposits in Columbia County and nearby areas in the northwestern 
part of the State, as described by Williams and Parks (1923) , Bell 
( 1945) , Hotz ( 1953 ) ,  and Wilkinson and others ( 1945 ) .  Also in north
western Oregon the ferruginous bauxite deposits represent a signifi-
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cant potential resource of both iron and aluminum. Black sands along 
the coast in southwestern Oregon and nea.r the mouth of the Columbia 
River also have some potential for recovery of iron in association with 
other materials. Numerous additional occurrences of iron have been 
reported in many parts of the State. Most of these deposits are small 
and consist of magnetite in association with a va.riety of rock types. 
Summary data on many of these are given in the Ore Bin, February, 
1953, published by the Oregon Department of Geology and Mineral 
Industries. 

The Scappoose limonite deposits have been developed in the Tertiary 
lavas of Miocene age which blanket much of northwestern Oregon. 
Weathering of the flows, which apparently stood at or slightly above 
sea level, released iron to nearby bogs and lakes where it was precipi
tated as limonite. Apparently this process was repeated many times, 
since individual limonite deposits have been found in successive layers 
of stratigraphically younger lavas. Subsequent engulfment of the area 
by younger lavas and ash protected the limonite deposits until com
paratively recent erosion stripped away some of the overburden. Post
Miocene arching has elevated the lavas and inaugurated a cycle of 
fairly rapid stream erosion (Zapffe, 1949 ; Hotz, 1953 ) .  

The Scappoose limonite ore bodies are highly irregular in shape and 
their geographic and topographic distribution is varied. Exploration 
of several of these shows that they have widely varying thicknesses, 
and curving margins. Williams and Parks ( 1923) suggest that some 
are fillings of old sluggish stream channels and small bogs or lakes. 
Other ore bodies have been modified either by contemporaneous inter
ruptions to the deposition of the ore or by subsequent faulting or 
erosion of the body. Overburden of from 2 to more than 20 feet in 
thickness, plus thick vegetative cover, have combined to make explora
tion for the deposits difficult. Most of the work has naturally been 
conducted in the vicinity of known exposures of the ore and relatively 
little "blind" drilling and trenching have been conducted. There is 
considerable geologic evidence, based largely on known occurrences, 
which indicates the probable existence of additional ore bodies. 

The Scappoose ores have a considerable compositional range ; anal
yses given by Williams and Parks ( 1923) indicate samples range from 
48 to 56 pevcent iron. A composite sample from one property showed 51 
percent iron, 7.47 percent alumina, 3.58 percent silica, 14.34 percent 
loss-on-ignition, 1 .24 percent manganese, 0.025 percent sulfur and 0.849 
percent phospherous. 

Oregon's first and only source of limonite used for making pig iron 
is the long abandoned Prosser mine, located immediately north of Lake 
Oswego. A century ago the first pig iron was smelted on the banks 
of the Willamette River just outside of the city of Oswego (Hotz, 
1953 ; W alsted, 1954) . The ore, a mixture of soft, earthy limonite with 
minor hard, flintlike masses, was enclosed between a series of lava 
flows and cropped out along the hillside for approximately 1 mile. 
Workings down the dip developed ore for 600 feet, and outcrops indi
cated that the deposit was at least half a mile in width. Thickness 
varied from 2 to 20 feet. 

The blast furnace produced both pig iron and cast iron pipe during 
its 28 years of operation. Apparently the furnace was the limiting 
factor in the operation. The Census of 1880 states, in the section titled 
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"Iron Ore West of the One Hundredth Meridian," that although the 
mine owners estimated that the mine had an annual capacity of 20,000 
tons, only 6,225 tons was required by the furnace in 1879. 

The following analysis of the Oswego ore is given by Williams and 
Parks : 

Percent 

Metallic iron _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  30. 00-40. 00 
Silica --------------------------------------------------------- 7. 00-15. 00 
�fagnesia ----------------- --- -- ------------------------ ------- 2. 00- 3. 00 
�anganese ---------------------------------------------------- 4. 00- 8. 00 
Lime ------------------------- - ---- -------------------- ------- 2. 00- 4. 00 
I'hosphorus -------- --------------- - --- ---- --------- ------- ---- 0. 37- 0. 67 
Sulfur -------------------------------------------------------- 0. 3- 1. 00 

Increasing mining costs and variations in the ore, according to Wil
liams and Parks ( 1923 ) ,  led to the abandonment of the entire opera
tion in 1894. Subsequently the mine area has seen the steady encroach
ment of housing development to the point where no future mining can 
he considered. The remains of the blast furnace and a "skull" from 
one of the last pours are now featured in a city park. 

Another potential source of iron in the State is the ferruginous 
nauxite of northwestern Oregon, which contains an average of 23 
percent metallic iron (Libbey and others, 1945) . Any exploitation of 
the various deposits for the recovery of alumina would necessarily 
results in a con�ntration of the iron content to the point where it 
could conceivably be considered as an economic coproduct, as dis
cussed in more detail on page 101. 

The iron content of both the onshore and offshore "black sands" 
of southwestern Oregon comprises a resource which in the future may 
be of considerable economic importance (Kelly, 1947) . Exploitation 
of such material is dependent upon many variables, as discussed in the 
chapter on "black sands" (p. 102) . Considerable interest has been 
shown for a number of years in the iron content of the Columbia River 
�ands. Aside from the test drilling by The Bunker Hill Company at 
the mouth of the river, there has been no intensive exploration. 

The numerous small pods and lentils of magnetite, hematite, and 
l imonite found in many parts of the State apparently contain too 
limited a tonnage to make them economically important. Minor 
amounts of ore will very probably be used from time to time for special 
purposes discussed above. 

An unusual i ron deposit in the Agness district of Curry County 
contains a small amount of vanadium. An unpublished report pre
pared by Allen and Lowry 6 incorporates a portion of an ea.rlier exam
ina.tion (Butler and Mitchell, 1916 ) .  Magnetite-impregnated sand
stone crops out for 650 feet "along on a ridge and is bounded by two 
greenstone dikes approximately 100 feet a.part. Allen and Lowry esti
mated the reserves at roughly 225,000 tons to a probable depth of 35 
feet. 

Analysis of a composite sample gave the following : 
Percent 

Fe ------------------------------------------------------------------ 54. 94 s -------- - ----- - ------------ - ----- ----- - - - - - -- --- - ---------------- - - 0. 114 v ------- - - - --------------- - ------ - --------------- - ---- - -- ---- ---- --- 0. 37 
T10. ---------------------------------------------------------------- 2. 70 p ------------------ ------------------- ------------- --- -- ----- -- -- --- 0. 004 

a Horse Sign Butte iron deposit. Unpublished manuscript in filt-s of Oregon Department 
of Geology and Mineral Industries. 
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No vanadium minerals were identified in any of the samples taken, 

and a.lmost no vanaduim was reported in the nonmagnetic fractions 
after separation. The vanadium apparently is intermixed with the 
magnetite. Exploitation of the deposit would depend primrurily upon 
a market for vanadiferous magnetite, since the separation of the vana
dium from the iron would be difficult. 

The sma.ll size of the deposit, plus its remote location, make any 
mining unattractive. Detailed examination of the surrounding ter
rain has been insufficient to rule out the possibility of additional de
posits or an extension of the limits of the original ore body. 

The Tolman iron deposit, located about 2 miles north of the town of 
Gold Hill, Jackson County, consists of a series of lense.s and stringers 
lying within a mineralized zone from 20 to 60 feet wide and approxi
mately 4,600 feet in length. In an unpublished report ( 1903) H. V. 
�Winchell and Fred T. Green estimated that there were 760,000 t.on.s of 
ore to a depth of 50 feet. Analysis of the ore was : iron-51.63 percent, 
silica-8.67 percent, sulfur-0.208 percent, phosphorus-0.060 pe.rcent, 
and titanium-none. 

The property was explored by a series of tunnels, pits, and trenches 
in the ea-rly 1900's. A dip needle survey was conducted by Hodge 
( 1938c, pp. 59-68) . A minor amount of excavation with a bulldozer 
was performed in 1\)53. An examination of the deposit was made by 
Ramp 7 in 1960. In his report Ramp sta.te.s that spectrographic analyses 
and field evidence suggest a possrble sedimentary origin for the de
posit. Much of the magnetite has a granular texture. It is inter
bedded with metasediments of the Applegroup Group (Upper ( n 
Triassic) including schist, argillite, quartzite., and limestone. A second 
deposit, the Victory Group, located approximately 2 miles southeast of 
the Tolman, consists of amphibolite impregnated with disseminated 
magnetite. l:Jnlike the Tolman, the magnetite when magnetically con
centrated contains approximately 5 percent titanium. Insufficient ex
ploration has been conducted to appraise the reserves. 

Minor deposits not appearing in the list published by the State of 
Oregon Department of Geology and Mineral Industries in the Feb
ruary 1953 Ore Bin include the following : ( 1) lenses and laminae of 
magnetite grains in Pennsylvanian clastic sediments have been re
ported by Buddenhagen ( 1967) from the Suplee area of eastern Crook 
County ; (2)  high-grade pods of magnetite are reported by Brooks s 
to be enclosed in diorite of Late Triassic age on .Juniper Mountain 
southwest of Brogan in Malheur County ; and (3)  small streaks of 
nearly massive magnetite in hornblende diorite over an area a quarter 
of a mile by half a mile in Chetco mining district of Curry County 
(Tincup Iron prospect) have been reported by Ramp." 

The iron ore resources of Oregon, in terms of any future utilization, 
are probably restricted to four sources : ( 1) the Scappoose deposits, 
(2)  the black sands of the southwestern coastal region, (3 )  the reject 
iron fraction from the red muds resulting from the beneficiation of 
ferruginous bauxite to make alumina, and ( 4) the Tolman iron de
posit. 

7 Ramp, Len, 1960, Tolman iron pro·perty (2d supp. rept.) : Oregon DepartmE'nt of Geology 
and Mineral Industries unpublished rep.ort. 

' Brooks, H. C., 1956, La Rae No. 1 ( Magnetite), Malheur County : Oregon Department 
of Geology and Mineral Industries unpublished report. 

9 Ramp, Len, 1958, Tincup Iron Group : Oregon . Department of Geology and ::\Iineral 
Industries unpublished report. 
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The Scappoose deposits, as presently explored, contain far too little 
tonnage to make them economically attractive and occur in a popu
lated area where land values are high. Whether sufficient reserves could 
be developed with additional exploration remains to be seen. It is un
likely that all or nearly all of the potential deposits have been exposed 
by erosion or located with the small amount of work done to date. The 
high sulfur and phosphorus content of the ore is objectionable, but 
metallurgical tests conducted at the U.S. Bureau of Mines by Waisted 
( 1954) showed that a satisfactory pig iron can be produced. 

Consideration of the black sands as a source of iron must be pred
icated on the concurrent marketability of most of the remaining 
fractions. A high-grade magnetite concentrate can be produced from 
the sands with comparative ease. The uneven distribution of the re
coverable fractions coupled with their low concentration impose a 
serious economic barrier during normal times. During periods of 
national emergency the deposits might be worked, since they would 
yield, in addition to magnetite, chromite, zircon, ilmenite, and garnet. 

Recovery of alumina from the ferruginous bauxites of northwestern 
Oregon would create an iron-rich coproduct in the form of a red mud. 
Upgrading of the mud should present no unusual problem and since 
the cost of minin� and transportation to the mill would be borne by 
the alumina fractron, the finished cost for the iron should be low. No 
deeision to mine and process the bauxite has been announced. 

The Tolman iron deposit has a considerable tonnage of fairly high
grade ore located within easy reach of both rail and highway trans
portation. The presence of sulfide minerals in portions of the deposit 
would perhaps limit its marketability. 

MANGANESE 

( By R. N. Appling, Jr., U.S. Bureau of Mines, Spokane, Wash. ) 

Manganese is one of the most common metals, ranking tenth in 
abundance among elements in the earth's crust. It is essential in the 
manufacture of steel, where it is used to counteract the effects of sulfur ; 
to impart strength, toughness, hardness, or hardenability ; and to act 
as a deoxidizer. In 1965, 95 percent of domestic production went into 
steelmaking, some 3 percent was used for chemical purposes, and 
slightly more than 1 percent went into dry cell battery manufacture. 

The United States has a large share of the world's subeconomic re
sources, yet is almost totally dependent on imports to fill its needs. 
In recent years only about 1 percent of manganese ore consumed is 
produced domestically, primarily from deposits in Montana, New 
Mexico, and, occasionally, southern California. Very large deposits 
are known in Maine, Minnesota., South Dakota, Arkansas, and Ari
zona ; however, all contain less than 10 percent manganese and, there
fore, are not economic under present conditions. 

The mineralogy of manganese is complex in detail, yet simple in 
broad outline. More than 100 minerals contain manganese as an essen
tial element ; in many cases X-ray analysis and other laboratory 
studies are needed to differentiate among them. From a practical 
standpoint, however, field identification can generally be limited to 
three groups : oxides, carbonates ( rhodochrosite) ,  and silicates ( rho
donite) . Manganese oxides are black to brown in color. They usually 
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are soft and "sooty," but may be hard as in the "psilomelane type" 
minerals. Streak is most often black to brownish black. Rhodochrosite 
and rhodonite are commonly pink or rose red in color, but may grade 
through tan to brown, often with black oxide coatings on the surface. 
Rhodonite approaches the hardness of quartz ; rhodochrosite is softer. 

Most manganese ore production from Oregon has apparently been on 
a test basis only. Ore has been shipped from a total of 11 deposits in 
northeastern Oregon but usually production has been limited to 1 or 
2 shipments. Largest production has been from the Utah deposit in 
Baker County, where 450 tons were reportedly shipped in 1917, and 
70 tons, averaging 35.5 percent manganese, were shipped in 1953. In 
southwestern Oregon the Tyrrell deposit in Jackson County was active 
in 1917, producing 100 to 200 tons of concentrates averaging about 
47 percent manganese from a 25-ton concentrating mill on the property. 
According to local reports, only two carloads were shipped ; the bal
ance was stockpiled. In 1950, a 500-ton concentrator was built near 
the property, but no ore was produced.. Although minor occurrences 
of manganese have been reported throughout the State, all production 
and nearly all exploration have been confined to the northeast and 
southwest corners. The manganese deposits of the State have been de
scribed in several reports (Appling, 19>58, 1959 ; Hodge, 1938 ; Libbey 
and others, 1942 ; Pardee, 1921 ; Pardee and Parks, 1918 ) .  Rasmussen 
( 1952 ) ,  Waisted ( 1955) and Wells and Agey ( 1947) have reported on 
metallurgical tests on Oregon ores. 

NORTHEASTERN OREGON 

Eleven manganese deposits in northeastern Oregon have been ex
plored to a limited extent ( fig. 38) .  Ten are in Baker County ; 1 is in 
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Grant County. Six of the deposits have produced from 20 to 520 tons 
of ore (Appling, 1959) . 

The Grant County deposit is composed of rhodonite, altered near 
the surface to mang�nese oxides. The deposit is ;n  altered mafic igneous 
rock, near a serpentme contact. 

Most of the Baker County deposits are in schists, argillites, and 
bedded cherts of the Elkhorn Ridge Argillite of Early Permian to 
Late Triassic age (Taubeneck, 1955 ; Gilluly, 1937) . Two deposits are 
in the Burnt River Schist of pre-Carboniferous ( ? )  age. Rocks of both 
formations have been intensely deformed and structtires are complex. 
In general, folds are tightly compressed, strike westward, and dip to 
the north and south at high angles. 

Manganese deposits in the Elkhorn Ridge Argillite are composed 
of oxides, intermixed with abundant quartz and chert. They are usually 
localized along bedding or schistocity planes as irregular, discontinu
ous pods and bunches ranging in size from several hundred pounds to 
as much as several hundred tons. Most samples contain more than 30 
percent silica ; manganese content ranges from 15 to 36 percent in 
selected samples. Run-of-mine material rarely exceeds 30 percent 
manganese. 

Both deposits in the Burnt River Schist are veins occurring in 
greenstone schist. Ore minerals are similar to those found in deposits 
in the Elkhorn Ridge Argillite, except that small amounts of rhodo
nite were observed at one prospect. 

SOUTHWESTERN OREGON 

In southwest Oregon, managanese occurs as silicates ( rhodonite 
largely ) ,  as mixed oxides, and as both oxides and silicates intermixed 
with hematite and quartz in deposits that are commonly referred to 
as manganiferous iron. In general, the oxides are found 1n the coastal 
counties, Curry and Coos ; manganiferous iron deposits occur in Jose
phine and Douglas Counties ; and silicates are limited to .Josephine 
and Jackson Counties. Notable exceptions are the oxides of the Tyrrell 
and Newstrom Ranch deposits in .Jackson County, and the hydrous 
managanese silicate, neotocite, of the Smith deposit in Curry County. 
The total production from the area is probab(y less than 250 tons 
(Appling, 1958) . The locations of the deposits are shown on figure 39. 

In the coastal counties, manganese oxides are usually associated 
with chert in sandstone or shale layers of the Knoxville Formation 
( Riddle Formation of present usage) of Late ,Jurassic age, although 
occasional deposits occur in the Dothan Formation (Jurassic) and the 
Paskenta Formation (Cretaceous) ('iVells, 1955 ) . Most deposits in 
this area consist of pods or bunches ranging in size from a few pounds 
to several tons, or more extensive areas of fractured rock with manga
nese oxide coatings on fracture surfaces. The latter occurrences are 
usually very low grade, where-as the pods and bunches may contain 
as much as 50 percent manganese in small selected samples. 

Deposits of rhodonite and manganiferous iron are limited to Jose
phine County and the western part of Jackson County. Nearly all 
are in siliceous metasediments of the Applegate Group of Late( ? )  Tri
assic age (Wells and others, 1949) .  Both rhodonite and manganifer-
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ous iron deposits occur as discontinuous pods and irregular bunches ; 
however, manganiferous iron deposits are usually much larger. De
posits occasionally occur in poorly defined zones oriented with the 
plane of bedding. The better grade rhodonite deposits vary in man
ganese content from about 15 to 25 percent ; a few selected samples 
may assay as high as 30 percent managanese. Manganiferous iron oc
currences usually contain 5 to 10 percent manganese and 20 to 30 per
cent iron. Silica may vary from 45 to 75 percent in both types. 

Manganese oxides are found in the Lake Creek District, eastern 
Jackson County, in a series of Eocene flows and interbedded tuffs 
( Wells, 1939 ) .  The manganese occurs as nodules of mixed oxides in 
irregular areas of a relatively soft brick red tuff of andesite composi
tion. According to vVells, the deposits probably originated through 
leaching of manganese from overlying lavas, and redeposition m 
cavities in the underlying tuff bnds. 

Grade varies both horizontally and vertically, from several percent 
to nearly 20 percent manganese. Several zones containing an average 
of 1 to 3 percent manganese over a width of 50 to 150 feet and a length 
of as much as 500 feet have been noted. Limited concentrations in 
brecciated areas occasionally contain as much as 18 or 19 percent man
ganese. Ore was probably mined from similar concentrations and 
milled to a 47 percent manganese concentrate in 1917. Total produc
tion is reported to be from 100 to 150 tons of concentrates. 

Although occasional efforts may be made to develop a manganese 
producer in the State, the chance of success appears slight. Deposits 
are small, irregular, low-grade, and frequently off-grade because of 
silica content. Potential is too limited to warrant the 'high cost of 
milling facilities necessary to consistently ship a plus 35 percent prod
uct, or, in the case of siliceous ores, the smelter necessary to produce 
silicomanganese or ferromanganese. Transportation costs are too great 
at present to permit shipping low-grade material for custom process
ing, and are likely to remain so. If low-grade ore should become at
tractive for any reason, small deposits such as these are unlikely to be 
competitive with the very extensive low-grade deposits elsewhere in the 
Nation. 

MERCURY 

( By H. C. Brooks, Oregon Department of Geology and Mineral Industries, 
Baker, Oreg., and E. H. Bailey, U.S. Geological Survey, Menlo Park, Calif. ) 

Mercury, or "quicksilver," as it is popularly called, is a heavy silver 
gray metal that is l iquid at ordinary temperatures. It becomes a mal
leable solid at - 40°C and boils to a colorless vapor at 358°C. Mercury 
has a multitude of uses because of the unusual properties of the metal, 
its vapor, and its compounds. Because it expands uniformly over a 
wide range of temperatures and is an excellent conductor of heat and 
electricity, mercury is used in a wide variety of control instruments 
and electrical apparatus such as thermometers, barometers, pressure 
gauges, batteries, switches and fuses, rectifiers, oscillators, and various 
vapor lamps. Mercury amalgams are used for dental applications, 
bearings, solders, and type. Mercury fulminate is an explosive used in 
munitions and blasting caps. Mercury compounds are used in fungi
cides, insecticides, and medicinal preparations. Mercury oxide is used 
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in antifouling paints and in mold and mildew inhibitors. Currently 
the largest smgle use is as the metal in the production of chlorine, 
which is basic for the manufacture of a wide variety of chemicals in
cluding plastics. 

"Prime virgin quicksilver," the product of the mines, is marketed 
in cylindrical steel fl.asks containing 76 pounds. A "flask" is the inter
national unit of trade. Most of the metal entering the market is a:bout 
99.9 percent pure, and more than 80 percent is used without further 
refining. The extraction of mercury from ore is a compara:tively simple 
process, and nearly every mine has its own recovery plant. Usually the 
ore is roasted in mechanical furnaces or retorts to convert the mercury 
minerals to mercury vapor. Metallic mercury is then obtained directly 
from a condensing system through which the v•apor is conducted. 
At some mines the mercury minerals are concentrated before they are 
roasted. 

The principal mercury ore mineral is the red sulfide, cinnabar 
( HgS ) .  Native mercury, and more rarely metacinnabar, schwatzite, 
livingstonite( ? ) ,  chloride, and oxychlorides of mercury have been 
found in some deposit in Oregon. The iron sulfides, pyrite or marcasite, 
are common though rarely abundant gangue minerals. Sulfides of other 
metals are scarce. Calcite and chalcedony are usually present ; more 
rarely opal or fine-grained quartz are found in the deposits. 

Mercury deposits throughout the world occur in regions of Terti•ary 
and Quaternary orogeny and volcanism. The mercury minerals are 
deposited from ascending hot waters, which probably are genetically 
related to magmatic activity and volcanism. These hot solutions rise 
along fractures in the earth, and mercury minerals are deposited in 
the interstices of broken or porous rocks as the solutions are cooled or 
otherwise changed in character on nearing the surface. Near many 
deposits the rocks are greatly changed in composition and appearance 
by the ore-forming solutions, and in some rich mercury deposits the 
rocks are extensively replaced by cinnabar. Mercury ore bodies prob
ably :l'ormed nearer the surface and at lower temperatures than the 
ores of most other metals deposited from hydrothermal solutions, and 
few deposits extend to depths greater than a thousand feet. 

The world mercury-producing industry is small, and the major 
sources of supply are concentrated in a few areas. During recent years, 
the world output has been around 250,000 flasks a year. About half of 
t.his was recovered at a single large mine in Spain and a few other 
mines in central Italy. Most of the remainder was supplied by mines in 
the United States, the U.S.S.R., China, Yugoslavia, and Mexico. Be
cause of their dominance, Spain and Italy have long been able to con
trol the market price of mercury, though they now work competitively 
rather than in a cartel as formerly. 

United States mercury consumption during 1950-1966 averaged 
58,628 flasks annually, with a maximum of 82,000 flasks in 1964. Dur
ing the same period, domestic mine output averaged 21,875 flasks or 
a.bout one-third of the consumption. When considered on an annual 
basis, the ratio of domestic production to consumption varied from 
lows of 7 percent and 17 percent in 1950 and 1964, respectively, to a 
high of 72 percent in 1958. Annual price averages ranged from lows 
of $81 and $225 per flask, respectively, in 1950 and 1963 to highs of 
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$290 and $570 in 1955 and 1965. Similar price and production fluctua
tions have characterized the mercury market for over 50 years ; as 
a result, the United States mercury-producing industry has been one 
of high risk and instability. On the other hand, the demand for mer
cury both in the United States and the world has been rapidly rising, 
and because production costs in Spain and Italy are also increasing, one 
might expect the price of mercury to remain near or above the high 
levels that prevailed in 1966-1967 (Bailey and Smith, 1964) . 

Oregon mines have produced about 105,700 flasks of quicksilver, or 
roughly 3 percent of total United States output through 1966. Of this 
amount, nearly 102,500 fl'asks have been recovered since 1927. Oregon 
output has closely followed the cycles of United States production. 
The annual output for 1927 through 1945 averaged 4,265 flasks, with 
a peak of more than 9,000 flasks from 20 mines in both 1940 and 1941. 
·world oversupplies following World War II caused a sharp decline 
in prices, which resulted in closure of nearly all domestic mercury 
mines. Oregon's production in 1950 was five flasks. High prices brought 
about by the Korean conflict during the 1950's revitalized Oregon's 
quicksilver industry, and 3,993 flasks were produced from eight mines 
in 1957. Thereafter, output dwindled to four flasks in 1963. As a result 
of recent price escalation, production reached a high of 1,400 flasks 
in 1965, but dropped to 700 in 1966. Output for 1967 is expected tG 
be about 900 flasks. 

Mercury occurrences are widespread in Oregon (fig. 40) .  More than 
225 deposits in 17 counties have been described or listed (Schuette, 
1938 ; Brooks, 1963 ) .  The most productive deposits are concentrated 
in the southwestern, central, and southeastern parts of the State. More 
than 90 percent of the production was contributed by five mines : 
Bonanza ( No. 1 fig. 40) in Douglas County ; Black Butte ( No. 2)  in 
Lane County ; Horse Heaven (No. 4 )  in Jefferson County ; and Bretz 
(No. 8) and Opalite (No. 9) in southern Malheur County. The Bo
nanza was the largest producer, with an output of about 39,500 flasks. 
Yield from the other four ranges from 12,000 to 17,500 flasks each. 
No other mine produced more than a thousand flasks. 

More than 99 percent of the mercury produced in Oregon has come 
from deposits in Tertiary rocks of Eocene, Oligocene, and Miocene 
age. Included are volcanic flows and volcaniclastic breccias and con
glomerates, volcanic plugs, tuffs, tuffaceous lake beds, and marine 
and nonmarine sandstones. The rocks of volcanic origin are predom
inantly of andesitic to rhyolitic composition. Although a few mercury 
deposits occur in basaltic rocks along the western edge of the Cascade 
Range, the plateau-forming basalts that cover so much of the State 
east of the Cascades are remarkably unmineralized. Numerous mer
cury occurrences have been found in pre-Tertiary rocks, particularly 
in the Klamath Mountains (Brooks, 1963, pp. 83-103) ,  but few have 
been productive. 

In southwestern Oregon most of the mercury deposits lie close to 
the boundary between the Cascade Range on the east and the Coast 
Range and Klamath Mountains on the west. Included are the Bo
nanza and Black Butte mines, which together account for more than 
half of the State's mercury production. The Bonanza mine (fig. 40, 
No. 1 )  is in the Umpqua Formation of Eocene age. The ore occurs in 
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fractured and highly altered tuffaceous marine sandstone overlain by 
shale. Differential movement during the formation of an anticline de
veloped fractures in the tuffaceous sandstone, which were later min
eralized (Brown and Waters, 1951) .  The average dip of the ore zone 
is about 45°. Cinnabar was localized primarily along bedding plane 
shears and beneath an impervious shale cappmg. The principal ore 
body of the Bonanza mine is about 800 feet long and has been devel
oped, largely by an inclined shaft, down the dip about 1,450 feet. The 
ore body in the upper levels was in places as much as 60 feet thick, 
but it narrowed considerably with depth. 

The Black Butte deposit (No. 2 )  occurs in andesitic lavas, breccias, 
and tuffs of the Calapooya (or Fisher) Formation of late Eocene and 
Oligocene age (Wells and Waters, 1934 ; Waters, 1945) . The principal 
ore zone lies along a normal fault whose surface expression coincides 
with the crest of Black Butte. The dip of the fault averages about 58°. 
Subordinate faults are distributed through a wide zone both above 
and below the fault, and the intervening rocks are extensively brecci
ated and altered. Veinlets of quartz and carbonates are thickly massed 
in the fault zone, and, as they are more resistant to erosion than the 
enclosing rocks, are responsible for the butte standing &hove the sur
rounding country. Cinnabar occurs as irregular veinlets and dissemi
nations scattered through most of the brecciated and altered rock. 
The grade of ore is highest in material that was silicified and brec
ciated prior to the introduction of cinnabar. The Black Butte mine 
is developed by adits distributed over a vertical interval of about 
1,300 feet. The principal ore shoot has been worked from surface 
outcrops to the 1,100-adit level, a vertical distance of about 850 feet. 
In 1967, ore was being mined on the 1 ,250-adit level. The average 
recovery from the ore has been about 3% pounds of mercury per 
ton. 

In the Meadows district (No. 3) , about 10 miles west of Trail, the 
deposits lie within a broad zone of minor normal faults on both 
sides of a faulted contact between Mesozoic metamorphic rocks and 
Eocene sediments. The district has produced about 950 flasks of mer
cury, nearly three-quarters of which was obtained from the Rainier 
vein at ·the War Eagle mine, where cinnabar and pyrite fill fractures 
in a brecciated quartz vein 3 to 10 feet wide in sheared amphibolite. 
Mercury has also been recovered from small deposits along faults 
within Eocene sandstone, shale, and lignitic coal. 

The principal deposits of central Oregon lie within 35 miles of Prine
ville. The Horse Heaven mine in eastern Jefferson County ( No. 4)  
is by far the most productive and rates as  the second largest producer 
in the State. Many of these deposits, particularly those in the Horse 
Heaven and Maury Mountain districts, occur on the margins of vol
canic plugs and dikes that are intruded into lavas and tuffaceous rocks 
of the Clarno and John Day Formations. The ore bodies at the Horse 
Heaven mine occur in and along the edge of a biotite-rhyolite plug 
(Waters and others, 1951) . As the plug rose, the overlying rocks were 
domed, and both the rhyolite and the wall rocks were broken and lo
cally converted to breccia. These zones of broken rock were later 
altered and mineralized. Much of the ore lay beneath an ancient clay 
soil horizon which developed at the surface of the Clarno Forma
tion. This horizon is now buried beneath younger rock but in many 
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places is in contact with the southwestward-pitching margin of the 
plug. Little ore was found at depths greater than 400 feet in spite 
of extensive deeper exploration. 

In the Maury Mountain district (No. 5 ) , in southern Crook County, 
about 770 flasks have been produced from high-grade ore bodies 
erratically distributed along normal faults bordering a basalt plug 
intruded into volcanic tuff of the Clarno Formation. One of the ore 
bodies yielded 5,000 pounds of mercury from 26,000 pounds of ore. In 
the Ochoco Creek (No. 6) and Johnson Creek (No. 7) areas east of 
Prineville, small but rich deposits of cinnabar occur along northeast
trending zones of shear and hydrothermal alteration in the Clarno 
FormatiOn. Cinnabar occurs in fault breccia and gouge rich in clays, 
carbonates, and locally silica. Total output from eight small mines has 
been about 2,200 flasks. Stephenson ( 1943) made detailed geophysical 
surveys in the vicinity of some of the mines in the Ochoco and Maury 
Mountain areas. 

In southeastern Oregon, the principal mercury mines are the Bretz 
(No. 8 )  and Opalite (No. 9)  in the Opalite district. In the same dis
trict across the N evada lin@, is the Cordero mine, which for many years 
was one of the Nation's leading producers. The deposits occur in 
altered tuff and tuffaceous lakebeds of Miocene age. In places adjacent 
to faults, the tuffs and lakebeds have been silicified to opalite, a light
colored rock consisting of a mixture of chalcedony, quartz, and opal. 
The Opalite mine ore body occurs in a flat mass of opalite about 1,200 
feet long, 800 feet wide, and more than 100 feet in maximum thickness. 
Yates ( 1942) deduced that, during a late stage in the hydrothermal 
activity responsible for the silicification, finely divided cinnabar was 
deposited with the silica. At the Bretz mine, several small but rela
tively high-grade ore bodies occur along a fault in lakebeds and tuffs. 
Nearby masses of opalite contain little or no cinnabar. The Bretz ore 
bodies have been mined by open pit ; the Opalite ore bodies were mined 
by the glory-hole method. Ore has not been found at either mine below 
a depth of about 100 feet, although at the nearby Cordero deposit the 
depth of mining exceeds 800 feet. Deep drilling at the Opalite deposit 
encountered only massive pyrite. 

Many small mercury deposits occur in southern Harney County in a 
narrow belt extending about 40 miles northward from the .Nevada 
State line along the lower eastern flanks of the Steens and Pueblo 
Mountains (No. 10} (Ross, 1942 ; Williams and Compton, 1953 ) . Total 
production from these deposits has been only about 75 flasks. In a 
majority of the deposits, cinnabar, schwatzite (a  mercurial tetra
hedrite) ,  and other copper minerals are contained in long, narrow 
reefs of brecciated and silicified andesite. These reefs are more resistant 
than the enclosing rocks and, as a result, form prominent ridges about 
25 feet wide and as much as half a mile in length. 

On the Oak Grove Fork of the Clackamas River in Clackamas 
County (No. 11 ) , cinnabar occurs in banded calcite veins in basalt of 
the Columbia River Group. At Glass Buttes (No. 12) in northeastern 
Lake County, mercury deposits are scattered over a 'vide area ; most 
occur in zones of opalitization along faults cutting glassy volcanic 
rocks (Ross, 1941a) . Deposits of the opalite type also occur in the 
Quartz Mountain area (No. 13)  west of Lakeview. At the Canyon 
Creek mine (No. 14) in Grant County, cinnabar is found along frac-
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tures in Upper Triassic sandstones and shales. This deposit, which was 
discovered In 1963, has yielded about 65 flasks of mercury from inter
mittent operation. 

Recent all-time high prices have generated renewed interest in mer
vary mining in Oregon, and a few old mines have been reactivated. If 
prices continue at 1965-67 levels, the revitalized prospecting will 
probably find new exploitable ore bodies. Areas adjacent to the more 
productive mines have often proved to be the best targets for explora
tion, and many "worked-out" mercury mines have been successfully 
reactivated when high prices stimulated search for new ore. However, 
some of the more than 60 scattered small mines and prospects that have 
produced between 1 and 1,000 flasks might, with cautious, well-advised 
exploration, develop into paying mines. Recently developed mercury 
detectors and geochemical sampling techniques should be of aid in the 
search for new deposits, particularly in the Cascade Range or other 
areas where soil cover is heavy. 

MoLYBDENUM 

(By R. U. King, U.S. Geologi0al Survey, Denver, Colo.)  

Molybdenum is a silvery white metal, somewhat softer than steel. 
Its melting point is 4,730° F which is higher than all other common 
metals except tungsten, rhenium, osmium, and tantalum. It has a 
specific gravity of 10.2, about as heavy as silver or bismuth. 

Molybdenum is a metal of primary importance to our modern in
dustrial and scientific community chiefly because of its superior prop
erties as an alloying element in the iron and steel industry, but also 
because of its versatility in applications to the electric and electronics, 
missiles and aircraft, metal working, nuclear energy, chemical, glass, 
and metallizing industries as well as in such uses as lubricants, pig
ments, catalysts, and agricultural products. Somewhat over 85 percent 
of the molybdenum produced in the United States is used in the manu
facture of high-temperature alloy steels, stainless steel, castings, and 
special alloys to which it imparts such beneficial properties as in
creased hardness, toughness, resistance to corrosion and wear, and 
high-temperature strength. 

Commercial production began in the United States at about the 
close of the past century but continued small and intermittent until 
about 1914. Probably the first successful industrial application of 
molybdenum was its use as alloy in steel by the German military dur
ing World War I. Since that time produCition has increased yearly with 
few exceptions from an annual rate of about 200,000 lb to the current 
annual rate of about 90,000,000 lb. During the first part of this century, 
the United States produced only a fraction of the world's molybdenum 
supplies but since 1925 has ranked first in world production of molyb
denum, having reached this level of production with the development 
of the large molybdenite mine at Climax, Colorado, and the recovery 
of molybdenum as a by-product from the large porphyry copper de
posits m the southwestern States. Since that time, from two-thirds to 
nine-tenths of the world's molybdenum has been produced in this coun
try. Molybdenum, today, is produced in quantities sufficiently in excess 
of domestic consumption to supply a sizable portion of the Free 
World demand, and 1s the only ferroalloy metal for which the Nation 
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has a net exportable surplus. According to the U.S. Bureau of Mines, 
United States consumption of molybdenum in 1966 amounted to 
slightly more than 75 million pounds whereas mine production was 
just over 90 million pounds of contained molybdenum. A continued 
rise in both production and demand for molybdenum is foreseen for 
the remainder of this century. 

Molybdenum is marketed chiefly in the forms of molybdenite con
centrates ( prices quoted in early 1968 were $1.62 per pound of con
tained molybdenum, at 95 percent MoS2) or roasted concentrates 
( molybdenum trioxide) .  Concentrates, however, are not normally mar
ketable in small or individual lots, thus limiting the economic potential 
of small deposits. 

Ore-grade molybdenum deposits in the United States range from 
0.2 to 0.5 percent molybdenite in large ore bodies mined primarily for 
their molybdenum content, but molybdenum is profitably extracted as 
a by-product from copper, uranium, and tungsten ores in which the 
molybdenum content ranges from 0.01 to 0.1 percent. 

Molybdenum is widespread in the crustal rocks of the earth, but 
concentrations of commercial interest are found chiefly in igneous rocks 
of granitic composition or in sedimentary rocks closely related to 
granitic rocks. The abundance of molybdenum in the crustal rocks is 
variously estimated to be from 1 to 2.5 parts per million (0.0001 to 
0.00025 percent) . It is present in trace amounts in the oceans, in ground 
water, soils, and in plant and animal tissues in which it apparently 
plays a vital role in many organic processes. It does not occur in its 
native or metallic state, but only in combination with other metallic 
elements such as arsenic, bismuth, calcium, cobalt, lead, magnesium, 
tungsten, and vanadium, and the nonmetallic elements sulfur and 
oxygen. 

Some 12 minerals are known to exist in nature that contain molyb
denum as an essential element, but only two of these, molybdenite (mo
lybdenum disulfide, MoS2) and wulfenite ( lead molybdate, PbMoO.) 
have been the source minerals of most of the molybdenum produced to 
date. Recently, however, two other molybdenum minerals, ferrimolyb
dite (FeMo03-nH20) and jordisite ( amorphous molybdenum disul
fide, Mos2) have been found to occur in sufficient concentrations to be 
of commercial value for their molybdenum content .. Two additional 
molybdenum minerals, which are of more than passing interest either 
for their molybdenum content or geologic significance as the demand 
for this metal continues to rise, are powellite (calcium molybdate, 
CaMo04, often associated with tungsten) and ilsemannite (blue, 
water-soluble molybdenum oxysulfate) . 

3<IOL YBDENU:i\I IN OREGON 

Molybdenum deposits are scattered sparsely across the State, but are 
concentrated largely in the Blue Mountains province in the northeast
ern part of the State and in the Klamath Mountains province in the 
southwestern part of the State. Although Oregon has not had signif
icant production of molybdenum, some of the depDsits were recognized 
and prospected as early as 1917 (Petnr, 1932) .  The known molybdenum 
deposits of Oregon are shown on figure 41 and are briefly described in 
table 9. 
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TABLE 9.-MOLYBDENUM DEPOSITS OF OREGON 

County and district Locality Mode of occurrence Selected references 

BLUE MOUNTAINS 
Wallowa, Wallowa Range _ _ _ _ _ _ _ _ _ _ _ _ _  Metzger property _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Molybdenite with scheelite along contact between marble Wolfe, H . D., and White, D. J., 1951. 

and granodiorite. 
Le Gore prospect_ _ _ _ _ _ _ _  - - - - - - - - - - - · - - - Molybdenite, pyrite, chalcopyrite, pyrrhotite, and traces of 

scheelite in tactile between limestone and �ranodiorite. 
Contact mine (Peacock property) _ _ _ _ _ _ _ _ _ _  Molybdenite and pyrite in tactile 10 feet Wide between 

siliceous sediments and marble. 
Wilmot property (Matterhorn group). _ _ _ _ _ _  Disseminated molybdenite, pyrite, chalcopyrite, and schee· 

lite in tactile between limestone and granodiorite. 
Green group (Copper King, Copper Gem, Disseminated molybdenite, pyrite, and chalcopyrite in 

Mountain Gem). quartz and calcite along contact of aplite, basalt, and 
Seeber 

pegmatite with limestone. 

Smith, Allen, and others, 1941 ; Wolfe and 
White, 1951. 

Smith, Allen, and others, 1941. 
Smith, Allen, and others, 1941; Wolfe and 

White, 1951. 
Smith, Allen, and others, 1941. 

Do. Molybdenite, chalcopyrite, and chalcocite, in tactile 20 feet 
w1de between limestone and granodiorite. 

Union, Wallowa Range _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Frasier prospect__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . . . . . Molybdenite, pyrite, chalcopyrite, and scheelite in tactile Hess and Larsen, 1922; Wolfe and White, 1951. 
Baker(?) . . . . . . . . . . . .  . 
Baker, Elkhorn _ _ _ _ _  _ 

zone surrounded by quartz diorite. 
. . . . . . . .  Drum Lummon (Dodson?) . . . . . . . . . . . . . . . .  Molybdenite in metamorphosed limestone • . • • • • . • • • • • • • • •  Petar 1932. 

Kuehn prospect. _  . . . _ . . . . . . . . . . . . . . . . . . .  Coarse, flaky molybdenite, ferrimolybdite, and silver dis· Oregon DeP.t. Geology and Mineral Industries, 
seminated in aplite. unpub. file data. 

North Powder River prospect. . . . • . . . . . • . .  Molybdenite, ferrimolybdite, pyrite, copper sulfides and Do. 
native copper in aplite, pegmatite and granodiorite. 

11 Grant, Greenhorn . . . . . . . . . . . . . . . . . . . .  Bi-metallic (Intrinsic) group • • • • • • • • • • • • • •  Mol�������e
d 
fJ�!fn

e
£��1�ofr��l�

re
�n3

io
�����hedrite, dis- Parks and Swartley, 1916. 

12 
13 

CASCADE RANGE 

Gardner-Murphy prospect. • . • . . . . . • . • . . . •  Molybdenite and copper sulfides disseminated in shear Oregon Dept. Geology and Mineral Industries, 
zones in granodiorite. unpub. file data. 

Bowman (Molybdenum mine) . . . . . . . . . . . . •  Molydbenite in quartz veins cutting biotite-quartz diorite . . •  Or!fi��-Dept. Geology and Mineral Industries, 

14 Clackamas . . . . . .  __ • . . . .  _ . . .  • • • • • • •  Kiggins and Nesbit mine •• _ . . . . .  _ . .  _ . . . .  _ l lsemannite, jordisite, and calcite with mercury in veins . . .  _ Staples, 1951; Brooks, 1963. 
BASIN AND RANGE 

15 White King mine. __ . _ _ _ _ _  - - - - - - - - - - - - - - .  l lsemannite and jordisite with uranium in veins in volcanic Peterson, 1958. 
rocks. 

KLAMATH MOUNTAINS 
16 Jackson _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Irwin molybdenum prospect. • . . . . . • . • . . •  " Molybdenite, cassiterite, pyrite, chalcopyrite, and bismuth Lowell, 1942. 

minerals in quartz, veins. 
17 Josephine . . . • • . • . . . . . . . . . . . . . • . • • • . •  Blue Bell prospect__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Molybdenite in veins in greenstone . . . . . . . . . . . • • • • • • • • • • •  Diller, 1914. 

..... 
Q') ..... 
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Molybdenum deposits occur in a variety of geologic environments 
and in various forms or types. The most important deposits economic
ally are the disseminated or porphyry type deposits associated with 
intrusive rocks of granitic or monzonitic composition that have been 
fractured and pervasively altered and mineralized. In such deposits 
molybdenite may be either the principal metallic mineral or only a 
minor constituent associated with copper sulfides. These deposits com
monly have low metal contents but a number are of relatively large 
size and are therefore economically minable by large-scale low-cost 
mining methods. More than 95 percent of the domestic reserves of mo
lybdenum are in this type of deposit. They have been by far the most 
productive of molybdenum in the past and constitute the greatest re
source potential of molybdenum for the future. Typical of large por
phyry type deposits are those at Bingham, Utah ; Morenci, Arizona ; 
Questa, New Mexico ; and Climax, Colorado. The first two are copper 
mines ; at the others molybdenum is the chief metal produced. Four 
small disseminated molybdenum deposits are reported to occur in the 
Blue Mountains province in northeastern Oregon. At the Kuehn (No. 9, 
fig. 41) and North Powder River (No. 10) prospects in the Elkhorn 
Mountains, molybdenite occurs with copper sulfides, traces of silver, 
and pyrite irregularly disseminated in fine to coarse flaky aggregates 
in pegmatitic and aplitic rocks and granodiorite. At the Bi-metallic 
group ( No. 11)  and the Gardner-Murphy prospect (No. 12) in the 
Greenhorn Mountains, molybdenite occurs with chalcopyrite, pyrrho
tite, pyrite, and silver sulfides in quartz veins and disseminations in 
shear zones in diorite. The economic potential of these occurrences for 
molybdenum is not known. 

Molybdenum occurs in contact metamorphic deposits and tactite 
bodies of silicated limestones along contacts between granitic intrusive 
rocks and lime-rich sedimentary rocks. Ore minerals generally con
sist of molybdenite, scheelite, chalcopyrite, and powellite in variable 
amounts, in gangue composed of garnet, epidote, calcite, pyrite, quartz, 
and other contact metamorphic minerals. Molybdenite has been pro
duced from contact deposits but not in any large quantities, although 
this type of deposit has yielded significant tungsten. A number of 
contact deposits are known in the Wallow a Mountains in the Blue 
Mountains province of northeastern Oregon (fig. 41 and table 9, Nos. 
1 to 8 ) .  

The most widespead type o f  molybdenum occurrence is probably 
in quartz veins, aplitic rocks, and pegmatites, in which it is commonly 
associated with bismuth, copper, tungsten, or tin minerals. The most 
common primary molybdenum mineral is molybdenite, which is often 
accompanied or replaced in the near surface parts of the deposits by 
wulfenite, ferrimolybdite, powellirte, or ilsemannite. 'Jlhe molybdenite 
is commonly coarsely crystalline, forming large rosettes and irregular 
masses and books, and thin coatings of "paint" on fracture surfaces. 
In a finely divided state in thin quartz veinlets, molybdenite is often 
concentrated along the margins of the veinlets. Powellite is the com
mon molybdenum mineral in deposits containing scheelite, and in 
many tungsten deposits molybdenum is present as a contaminant in 
scheelite thus reducing its economic value. High-grade quartz-molyb
denite vein deposits containing several percent molybdenum have 
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yielded considerable molybdenum in the past, particularly in Arizona, 
New Mexico, and Colorado, but are not likely to be economically min
able in the future because of the relative high cost of exploration for 
and mining of this type of deposit. Molybdenite in quartz veins cutting 
granodiorite occurs in the Greenhorn district (No. 13, fig. 41)  in the 
Blue Mountains ; and in the Klamath Mountains in greenstone (No. 
17) , and with copper, tin, and bismuth minerals in Paleozoic metavol
canic rocks ( No. 16) . 

Ilsemannite and jordisite occur with mercury minerals and calcite 
in the Kiggins and Nesbit mines (No. 14) on the Oak Fork of Clacka
mas River in Clackamas County and with uranium minerals in the 
Whi•te King mine (No. 15) in Lake County. The amount of molyb
denum present is very small and would not likely have any economic 
potential. 

The potential for significant molybdenum production from Oregon 
does not appear to be great. Known deposits are small, and the types of 
deposits recognized are not generally known to be large producers. 
However, some production may be possible. Among the more promising 
areas are the Elkhorn-Greenhorn areas in •the Blue Mountains. The 
Klamath Mountains may contain veins or disseminated deposits of 
potential value, and the Wallowa Mountains may contain contact type 
deposits of limited production potential. 

NICKEL 

(By P. E. Hotz, U.S. Geological Survey, Menlo Park, Calif., and Len Ramp, Oregon 
Department of Geology and Mineral Industries, Grants Pass, Oreg. ) 

Nickel, a hard, silvery white metal, has many uses in science and in
dustry, in addition to its common use in coinage, because of its alloy
ing properties with other metals. Large quantities are consumed in the 
manufacture of ferrous alloys, but it also is used in combination with 
other metals, especially copper and chromium. Special-purpose nickel 
alloys are being developed for use in the rapidly expanding nuclear, 
rocket, and aircraft industries. To a somewhat lesser but important ex
tent, the unalloyed metal is used in the electroplating industry, for the 
manufacture of batteries, and in the chemical and eleotronic industries. 
The demand for nickel increases annually. 

In 1965 the United States used 172,084 tons of nickel, or slightly 
more than 36 percent of the world production of 472,000 tons (Lynde, 
1966 ) .  At the same time, domestic production of nickel was only 13,500 
tons, or less than 8 percent of the annual consumption. More than 99 
percent of the United States imports of nickel are from Canadian 
sulfide deposits, 86 percent imported directly, and the rest by way of 
Norway and the Pnited Kingdom. Small amounts are imported from 
Fmnce, West Germany, South Africa, the Dominican Republic, Co
lumbia, and Asia (Lynde, 1966) . The only production of nickel ore 
in the Fnited States is from Nickel Mountain near Riddle in Douglas 
Coun�yt where more than 9 million tons of ore were mined by the Han
na Mmmg Company between 1954 and 1965. From the mine output 
the Hanna Nickel Smelting Company produced approximately 277,-
021 tons of ferronickel containing 136,116 tons of nickel Yalued at $185 
million (U.S. Bur. Mines Yearbooks, 1954--1965) .  A few hundred ad-
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ditional tons of nickel are produced domestically as a by-product of 
copper refining and from scrap metal. 

Deposits of nickel ores are of two main types : ( 1 )  sulfide deposits, 
and (2)  lateritic deposits. Productive nickehferous deposits in Oregon 
are restricted to the lateritic type. 

The lateritic nickel deposits of Oregon are of two kinds : (a)  the 
nickel silicate type, and (b) ferruginous nickeliferous lateritic soils. 
In ores of the nickel silicate type a significant part of the nickel oc
curs as green hydrous nickel magnesium silicates1 which are common
ly referred to under the general name garniente. The ferruginous 
nickeliferous lateritic soils are reddish-brown surficial blankets of var
iable, complex mineralogy in which no specific minerals are discernible. 
The nickel, invariably accompanied by smaller amounts of cobalt, 
probably is combined with hydrated iron compounds, clays, and ser
pentine minerals in the soil. 

Lateritic nickel deposits are the products of weathering of ultramafic 
rock, commonly peridotite or its altered equivalent, serpentinite. Ultra
mafic rocks contain between 0.1 and 0.3 percent nickel and about 0.01 
percent cobalt, which are present as minor constituents in the mag
nesium-iron silicate minerals. Through natural weathering processes, 
the rock-forming minerals decompose and the more soluble compounds, 
principally magnesia and silica, are carried off by downward-perco
lating rainwater, while less mobile constituents, including hydrous 
iron oxide, nickel, and cobalt, are concentrated in the residual soil, 
thus forming the ferruginous nickeliferous lateritic deposits. Under 
some circumstances nickel is dissolved, removed, and recombined with 
silica and magnesia and redeposited to form a boxwork of micro
crystalline quartz and garnierite below the soil zone, above a sub
stratum of partly weathered ultramafic rock. The resulting deposit is 
the nickel silicate ty_pe. 

A natural nickel-Iron alloy, josephinite, containing 76 percent nickel 
occurs as occasional pebbles in _placers on Josephine Creek, 31f2 miles 
west of Cave Junction, Josephme County. Its source has never been 
discovered, although possibly it is derived from the serpentinite, and 
it constitutes a mineral curiosity rather than a potential resource. 

NICKEL DEPOSITS OF OREGON 

Apart from a small deposit of copper-nickel sulfides at the Sham
rock mine in Jackson County (Hundhausen, 1952) Oregon's known 
resources of nickel are almost entirely of the lateritic type. The 
lateritic nickel deposits of Oregon are in the southwestern part of the 
state, in Josephine, Curry, and Douglas Counties, where there are 
many bodies of ultramafic rock (fig. 42) .  The deposits overlie fresh 
party serpentinized peridotite, and generally they occupy nearly flat
lying to gently sloping areas on broad ridge crests, in saddles, and on 
benches on the sides of ridges in the thoroughly dissected and deeply 
eroded mountainous terrain of the Klamath Mountains physiographic 
province. 

The principal deposit, at Nickel Mountain near Riddle, Douglas 
County, is essentially of the nickel silicate type. It has been studied 
and described by Kay ( 1907 ) ,  Pecora and Hobbs ( 1942 ) ,  Pecora, 
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Hobbs, and Murata ( 1949 ) ,  and Hotz ( 1964) . The deposit occurs in 
two areas. The largest, which is now being mined, occurs at the top of 
the mountain ; a second, considerably smaller deposit, is on a bench 
on the southeastern slope of the mountain. Both are underlain by fresh 
peridotite. 

The deposit is overlain by a blanket of reddish brown soil that aver
ages 2 to 3 feet thick. Beneath the surficial layer is the main nickel
bearing zone, which Pecora and Hobbs ( 1942, p. 217) called the 
"quartz-garnierite boxwork layer." This layer, of highly variable 
thickness, but commonly ranging from 5 to 40 feet thick, is a soft, 
limonitic soil containing a network of veins and veinlets of micro
crystalline quartz and garnierite. In its lower part the quartz-garnierite 
boxwork zone grades downward through progressively less weathered 
material into fresh peridotite. Nickel occurs throughout the weathered 
zone but is most abundant in the quartz-garnierite boxwork. The base 
of the weathered zone is highly irregular and is characterized by pin
nacles and "horses" of unweathered peridotite surrounded by soft, 
weathered rock containing quartz-garnierite boxwork, and rootlike 
extensions into fresh rock of weathered material containing quartz
garnierite veins. These downward extensions are localized in zones of 
faulting and fracturing (J. T. Cumberlidge, written communication, 
1965) . The ore as mined from 1954 to 1963 averaged approximately 1.5 
percent nickel ; in 1964 and 1965 the average was 1.44 and 1.42, respec
tively (U.S. Bur. Mines Minerals Yearbook, 1964, 1965 ) .  

The other lateritic nickel deposits in Oregon are ferruginous nickel
iferous lateritic soils in Josephine and Curry Counties (fig. 42) .  All 
are characterized by a reddish brown surficial blanket underlain by 
vellow orange soil that grades downward in places through yellow 
brown saprolite into weathered peridotite. Commonly the yellow 
orange soil contains boulders of partly weathered peridotite. Unlike 
the Nickel Mountain deposit no nickel silicate minerals are associated 
with these deposits except for occasional films or veinlets of garnierite 
in the decomposed peridotite beneath the laterite. In places isolated, 
residual blocks or boulders of leached barren silica boxwork are scat
tered on the surface of the lateritic blankets, and chips of microcrystal
line quartz occur in the soil and occasionally as veinlets near the base 
of the soil zone. 

The principal deposits in Josephine County are on the west side of 
the Illinois Valley on Woodcock Mountain and Eight Dollar Mountain 
near the village of Cave Junction. They occur along the eastern margin 
of a large body of peridotite and serpentinite. At various times several 
mining companies have explored the deposits with drill holes and test 
pits. Exploration of the Woodcock Mountain deposit by geologists of 
the Oregon Department of Geology and Mineral Industry has been 
reported on by Mason ( 1949 ) .  

At Woodcock Mountain two blankets of lateritic soil, one approxi
mately 4,500 feet long and from 500 to as much as 1,500 feet wide, and 
the other approximately 1 ,000 feet long and 800 feet wide, lie on the 
summit of a broad ridge at an altitude of approximately 3,200 feet. 
Two lateritic deposits occupy a bench on the southeast side of Eight 
Dollar Mountain, one of which is approximately 4,800 feet long by 
from 1,500 to 1,800 feet in width ; dimensions of the other deposit. , ,.,. 
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approximately 3,000 feet long and from a few hundred to 1,000 feet 
wide. Exploratory pits and drill holes at both deposits show that the 
lateritic blanket IS highly variable in thickness, ranging from 20 to 
as much as 100 feet. Nickel content is estimated to average 0.8 percent. 

Some deposits of lesser importance occur approximately 311z miles 
west of Cave Junction, where four small areas of lateritic soil mantle 
narrow terraces on the lower slopes west of Josephine Creek. The soil 
is thin, probably not exceeding 10-15 feet, with an average nickel 
content of 0.8 percent. 

In Curry County the Red Flat lateritic deJ?osit, approximately 8 
miles southeast of Gold Beach, has been exammed by geologists and 
engineers from several mining companies. It has been reported on by 
geologists from the Oregon State Department of Geology and Mineral 
Industry (Libbey, Lowry, and Mason, 1947 ; Dole, Libbey, and Mason, 
1948) and by the U.S. Bureau of Mines (Hundhausen, McWilliams, 
and Banning, 1954) .  The deposit, which occupies a small area at the 
southern end of a long, narrow body of periodotite and serpentinite, 
is more than 5,000 feet long and averages approximately 1,000 feet 
in width. Exploration by drilling and trenching showed that the thick
ness of the deposit is highly variable and averages approximately 25 
feet. The nickel content is estimated to average 0.8 percent. 

RESOURCE POTENTIAL 

In 1963 ore-reserve estimates by Hanna Mining Company placed the 
life expectancy of the Nickel Mountain deposit at 13 to 15 years, based 
on the 1962 rate of production (U.S. Bur. Mines Minerals Yearbook, 
1963 ) .  There may be on the order of 30 million tons of ferruginous 
nickeliferous lateritic deposits in Josephine and Curry Counties 
(Cornwall, 1966, table 5) which average 0.8 percent nickel or less. 
Although it is not now economically feasible to mine them because 
of their low grade and dispersal among several relatively small de
posits, they constitute an important resource that may be commercially 
exploitable in the future. 

PLATINUM GROUP METALS 

( By Len Ramp, Oregon Department of Geology and Mineral Industries, Grants 
Pass, Oreg., and H.C. Brooks, Oregon Department of Geology and Mineral 
Industries, Baker, Oreg. ) 

Metals of the platinum group include platinum, palladium, iridium, 
osmium, rhodium, and ruthenium. Each of the metals has important 
industrial applications, but platiJ?.um and palladium occur in the great
est abundance and have the largest number of uses. 

The industrial applications of platinum and its alloys are based 
principally on their high resistance to chemical corrosion, heat, and 
oxidation, and their superior catalytic properties and electrical con
ductivity. These metals are used in laboratory utensils, special equip
ment for handling molten glass and drawing fiberglass, spinnerets 
through which various synthetic fibers are extruded, electrical thermo
couples, high-temperature electric-furnace windings, pressure rupture 
disks, insoluble anodes for · electrohydrometallurgical processing, 
catalytic gauze for oxidation of ammonia, and for the manufacture of 
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nitric acid, as a catalyst in the production of high-octane gasoline, 
electrica1 contads especially in certain delicate sensing instruments, 
and in dental and medical devices. The popular use of platinum-group 
metals for jewelry and decorative purposes has decreased in import
tance to some extent in recent years due to the higher price of the 
metals and increasing demand by other industries. 

Palladium has uses similar to platinum, and because of lower 
price and greater availability it has surpassed platinum in total con
sumption in recent years. Its major application is in the electrical in
dustry. Other metals of the platmum group are used as alloys to im
prove the hardness and various other properties of platinum and pal
ladium. Osmium and ruthenium are alloyed to make phonograph 
needles, tips for ball-point pens, and fine machine bearings (Ryan, 
1960, p. 646 ) .  

The industrial consumption o f  platinum-group metals in the United 
States is shown in the following table : 

PLATINUM GROUP METAL CONSUMING INDUSTRIES IN UNITED STATES-TROY OUNCES PURCHASED 

I ndustries 1962 1963 1964 1965 

439, 139 452,391 465,520 551,256 
210, 266 290, 579 273, 981 308, 482 

14, 273 56,918 !54, 905 118, 651 
78,773 62, 415 70, 367 77, 295 
51, 763 57,681 63,905 64,587 
50,765 71, 182 73, 719 31, 531 
21, 480 12, 028 15, 283 34, 899 

ElectricaL . . . .  _ . . . . .  _ _  . . . .  _ _  . . . . . .  _ _ _ _ _  . • • • • . . . . • . .  
ChemicaL • • . . . . . . . . . . .  _ _  . . . .  _ _ _ _ _ _  . _ _ _ _ _ _ _  . . . . . . . .  . 

Petroleum ••• • . . . . . . .  _ _ _ _  . .  _ _ _ _  . .  _ _ _ _  • • . . . . . . . . . . . . .  

Dental and medicaL • . • . _ _ _  . _ _ _ _ _ _ _ _ _ _  . _ _ _  . . . . . . . . . .  . 
Jewelry and decorative. _ _ _  . . _ _ _ _ _  . __ . _  . . .  - - - - - - . . . .  . 

Glass _ _ _ _ _ _ _ _ _ _ _  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Miscellaneous • •  _ _  . . .  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . .  _ _ _ _ _ _ _ _  . . .  ----�----�----�------� 
TotaL . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 866, 459 1 , 003, 194 1, 117, 680 1 , 186, 701 

Source: U.S. Bureau of Mines Minerals Yearbooks. 

The price paid for crude platinum depends on the care used in clean
ing the concentrate before shipment and on the proportion of the 
various platinum-group metals present. Hence the value of the crude 
product is based on the combined value of the metal content less treat
ment costs. Little information is available regarding the content of the 
various metals found in Oregon crude concentrates. In 1914, crude 
placer concentrate ( 107 troy ounces) from Oregon was estimated to 
contain about 70 percent metal of which 51 percent was platinum, 30 
percent osmiridium alloy, and 3 percent iridium. The remaining metal 
consisted of iron, gold, and silver. The bulk of the 1914 production 
came from ocean beach sands near Bullards, Bandon, and Coos Bay, 
although some was recovered from inland hydraulic operations near 
Galice, Kerby, and Waldo (Hill, 1916) . 

Prior to 1903 there was little market for platinum. Beginning about 
1900, when mine returns averaged $6.25 per troy ounce, the price of 
refined platinum increased almost steadily to more than $100 in 1917. 
'Vhen foreign platinum supplies were curtailed during and for a time 
after World War I, the prtce continued to rise and reached the record 
average of $154 per fine ounce in January 1920, as quoted in New York. 
Prices have fluctuated widely since that time. Present quoted Erices 
(E&MJ, Dec. 1967) for the refined metals per troy ounce are : platmum 
$215-$220, palladium $38.50-$39.50, iridium $185-$190, osmium $300-
$4:50, rhodium $258-260, and ruthenium $55-$60. 
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The physical properties of platinum-group metals are quite variable, 

as shown in the following table. 

PHYSICAL PROPERTIES OF PLATINUM·GROUP M ETALS 

Specific 
gravity p�rm�> 

Hardness Habit 

I ridium _ _ _ _ _ _ _ _ _ _ _ _ _ _  22. 5* 2200± 6. 5 Hexagonal plates. 
Osmium . .  _ _ _ _ _ _ _ _ _ _ _  22. 6* 2500± 7. 0 Hexagonal plates. 
Palladium _ _ _ _ _ _ _ _ _ _ _ _  1 1 . 4  1585 4. 8 Small octahedrons(?), grains, radial fibrous 

structure. 
Platinum _ _ _ _ _ _ _  - - - - - - 21. 5 1780 4.3 Cubic, grains, scales, n�sgets. 
Rhodium _ _ _ _ _ _ _ _ _ _ _ _ _  12. 5 1955 7 
Ruthenium. _ _ _ _ _ _ _ _ _ _  12.2 2450 7 7 

•A recent report (Englehard 1 ndustries, 1 nc., 1965) gives iridium a higher specific gravity than osmium: I r=22. 65; Os= 
22.61. 

These metals are bright, silvery white, heavy, and relatively hard. 
They are found alloyed with one another as well as with variable 
amounts of iron, copper, gold, and nickel. Source minerals for the 
platinum-group metals are listed below. 

SOURCE MIN ERALS OF THE PLATINUM-GROUP M ETALS 

Platinum (PI)_____ _ _ _ _ _ _ _ _ _ _____  Native Pt, braggite, nlgglilte, cooperite, sperrylite; in chromite. 
Palladium (Pd>- - - -- ------------ Native Pd, stibiopalladinite, brasgite, porpezite, potarite. 
Osmium (Os)_ _ ___________ ______ Native Os, iridosmine, osmoridium, aurosmiridium. 
Ruthenium (Ru) _ _ _ _ _ _ __ _ _ ______ Native Ru, in chromite, laurile. 
Rhodium (Rh)_ _ _ _______________ Native Rh, in chromite, rhodite. 

The major world production of platinum-group metals is from the 
U.S.S.R., Canada, and South Africa. Russian production is from 
placer deposits in the Ural Mountains. In Canada the metals are re
covered as by-products of the smelting of copper-nickel sulfide ores. 
South African production is derived from two major sources ; os
miridium is recovered with gold ores from the Rand district, and a 
flat-lying, platinum-bearing layer about 12 inches thick is mined by 
cut and fill methods from a chromite- and sulfide-bearing horizon in 
the ultramafic Bushveld complex in the Rustenburg distnct. 

The United States ranks as fourth in world production of platinum
group metals behind U.S.S.R., South Africa, and Canada. Present 
United States annual domestic production is about 3 percent of our 
consumption of the metals. 

Most of the United States production has been derived from placer 
deposits in the Goodnews Bay district of Alaska. The Goodnews Bay 
Mining Co. dredging operatiOn on the Salmon River in the south
western part of the Kuskokwim River region, Alaska, is the only 
mining operation in the United States where platinum is the J?rimary 
metal recovered. The gravels are nonglaciated stream deposits near 
two peridotite intrusions. Chromian magnetite and ilmenite are as
sociated with the platinum. The company has produced placer platinum 
for more than 30 years. Gold placer operations in California and 
Oregon, at the time of their major activity, contributed small amounts 
of platinum-group metals. Prior to about 1930, California led the 
Umted States in platinum production. Other States that have pro
duced small amounts of platinum include Washington, Nevada, and 
Wyoming. The Nevada and Wyoming deposits are in sulfide-bearing 
ores of copper and nickel. 
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The history of Oregon's platinum production is closely tied to its 
gold placer mining activity, and little or no production of platinum 
metals has been recorded since 1942 in spite of increased market price. 
Diller (1914, p. 128) summarizes the history of platinum production 
for southwestern Oregon and states that 1906 was a peak production 
year, but total figures for that year have not been reported. 

Oregon ranks third in total production of platinum in the United 
States, trailing far behind Alaska and California with a total recorded 
production from 1903 through 1945 of 2,018 troy ounces of unrefined 
platinum concentrates. Records ,)f production prior to 1903 are meager. 
The first discovery of platinum in Oregon was probably made in the 
summer of 1850 by a small group of mmers who worked a placer on 
the Illinois River near the mouth of Josephine Creek. It is not known. 
however, if they recognized the value of platinum at that time, and 
they may not have saved it. 

The occurrence of platinum in the placers of southwest Oregon is 
mentioned by William Phipps Blake (Blake, 1854, 1855) . At that 
time and for many years afterward there was little or no market for 
the metal. In describing the gold and platinum deposit of Cape Blanco 
(Blake, 1854) , he states, "I am informed that miners throw out as 
much platinum as possible as it lessens gold value in San Francisco." 
Wells and others ( 1949, p. 21) report the occurrence of platinum in 
the Kerby area (near Waldo, Josephine Creek, and the Ilhnois River) 
and state that the recovered metals contained "about 30 percent plati
num, 32 percent iridium, 25 percent osmium, 13 percent ruthenium, 
and little or no rhodium or palladium." They further report that the 
ratio of platinum to gold in mines near Waldo is about 1 to 75. 

Known sources of platinum production in Oregon, as shown on 
figure 43, are a number of placer deposits in Josephine County, the 
black sand beach placers of Coos and Curry Counties ( see also p. 102) , 
by-product platinum associated with gold placers in Sumpter Valley, 
and iridium-rich concentrates from gold placers on Bull Run Creek, 
near Granite in Grant County. In addition to those, small amounts of 
platinum may have been recovered from stream placers in Curry 
County, where drainage areas include ultramafic rocks. 

There are no known lode deposits of platinum in the State. Grains 
of platinum metals found in the placer deposits are presumed to have 
originated �rom ultra�afic rocks--peridot�te and its �Iteration prod
uct serpentme, where It occurs as small discreet particles erratically 
and sparsely distributed. The chances of locating workable lode con
centrations are very poor. 

The future potential of platinum production in Oregon is difficult 
to predict. Deposits of black sand along the coast of Coos and Curry 
Counties contain small amounts of gold and platinum and represent 
possible small reserves. Pardee ( 1934, p. 33) reported that the ratio 
of gold to platinum (by weight) recovered from black sands at Port 
Orford and Cape Blanco is about 100 to 1. These black sands also con
tain considerable chromite and other minerals that would be poten
tially valuable if separated into pure fractions (see p. -) . Possible 
placer deposits lie offshore of Coos and Curry Counties, but there has 
been too httle work done to evaluate their potential or content (Libbey, 
1963 ; Byrne, 1964) . 
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TITANIUM 

( By Norman Herz, U. S. Geological Survey, Washington, D. C. ) 

Titanium, the ninth most abundant element, comprises about 0.6 
percent of the earth's continental crust. Its chief use is as titanium 
dioxide (Ti02) in pigments, but metallurgical advances over the last 
20 years have led to increasing uses of the metal, as well. United 
States currently consumes about 1.1 million short tons of Ti02 con
centrates annually. Sources of the Ti02 were ilmenite, rutile, and 
titanium slag. In 1962, uses were divided as follows : pigments 96.8 
percent, welding rod coatings 1.5 percent, titanium metal 1.4 percent, 
and other uses, including ferroalloys, carbide, and plastics, 0.3 per
cent (Peterson, 1966 ) .  

Industry estimates that consumption o f  Ti02 for pigments will in
crease about 5 percent a year through 1980. Demand for titanium 
metal is expected to increase at a rate of 10 percent a year until 1970, 
and at the rate of 15 percent a year from 1970 to 1980 ( Stamper, 
1965, p. 988) .  

Titanium dioxide was developed as a pigment for paints because 
of its high opacity, its chemical and physical stability, and its low 
specific gravity. By 1963, in the United States, titanium dioxide base 
pigment far exceeded the production of all other white pigments 
combined ( Stamper, 1965, p. 972 ) .  

Titanium i s  the fourth most abundant structural metal, has the 
highest strength to weight ratio of any of them, shows little change 
in physical properties from minus 300° to 1,000° F, and has the great
est resistance to corrosion of any common metal or alloy ( Schlain, 
1964) . These properties explain its increasing use in supersonic jet 
aircraft, rockets, submarines, desalination plants, and elsewhere in 
industry where extreme temperatures or corrosion are major problems. 

The principal economic minerals of titanium are rutile (Ti02) and 
ilmenite (FeTi03) .  United States production of rutile in 1964 was 
10,500 short tons and of ilmenite in 1966 was 868,000 short tons 
( Stamper, 1967 ) .  Both rutile and ilmenite are found in primary or 
lode deposits in igneous or metamorphic rocks and in alluvial or 
eluvial deposits, including placers, beach sands, saprolite, and bauxite. 
The principal ilmenite deposits, however, are prtimary, and are associ
ated with anorthosite-gabbro complexes, whereas most of the world's 
rutile is obtained from beach sands. United States ilmenite production 
is from anorthosite deposits in New York, saprolite derived from 
anorthosite and related rocks in Virginia, and beach sands in Florida 
and New .Jersey. Rutile is produced from saprolite in Virginia and 
beach sands in Florida. Anatase (Ti02 )  and other alteration products 
of ilmenite are also recovered from some placer deposits. 

Oregon has no deposits of titanium that are economically exploit
able at present. The known resources occur in two forms that may be 
exploited with technological improvements or in a time of national 
emergency. The first type of deposit is ilmenite in ferruginous laterite 
derived from basalt ; the second is ilmenite in black sand placers in 
beach an4 terrace deposits. . . . . . . . 

Ferrugmous bauxite deposits containmg Ilmemte occur m a discon
tinuous 100-mile long belt in Columbia, Washington, Polk, Yamhill 
and Marion Counties (Roedder, 1956 ; Libbey, Lowry, and Mason, 
1945) , as shown on figure 44. The deposits are derived from the 
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weathering and formation of laterite in the upper part of Miocene 
hasalrt flows. The ilmenite concentration increased in the laterite by 
residual accumulation due to the removal of more soluble constituents, 
such as the silicate and iron oxide minerals. Total resources of Ti02 
in the 50 million tons of ferruginous bauxites (p. 100) are estimated 
at about 3.25 million tons, assuming an average tenor of 6.5 percent 
Ti02. If an operation to produce alumina from Orrgon's ferruginous 
bauxite proved commercially feasible, the ilmenite could easily be 
recovered from the "insoluble residue" where TiO" constitutes 27.2-
48.9 percent (Peterson, 1966, p. 37) .  Assuming all this Ti 02 is in ilme
nite, •tihe "insoluble residue" must contain about 45-80 percent ilmenite. 

Heavy black sands occur in the beaches and terraces of the Oregon 
coast (Twenhofel, 1943, 1946 ; Griggs, 1945 ) .  South of Coos Bay 
chromite is more abundant than ilmenite, but to the north this ratJio 
decreases. Although chromite concentrates were produced from the 
black sands in 1943, at that time ilmenite could not be marketed. 
Quantities of ilmenite in deposits checked by the Bureau of Mines 
have proven to be too low for commercial exploitation except for local 
concentrations in the Coos Bay area (Peterson, 1966) . These placer 
deposits are shown on figure 44 and itemized in the following table 
which has been adapted from Rogers and Jaster ( 1962) . 

OREGON BEACH AND TERRACE PLACER DEPOSITS CONTAINING ILMENITE 
(Numbers refer to map locations on figure 44] 

Name of deposit Principal minerals; accessory minerals Type of placer 

I.  Sand Island____ ___________________ Magnetite, ilmenite ______________________________ Beach. 
2. Trestle Bay ______________________________ do _____________________ ------- --------_____ Do. 
3. Hammond _ _ ________________________ Magnetite, ilmenite; garnet, zircon, rutile ___________ Terrace. 
4. Netarts Bay _________________________ Ilmenite, chromite; zircon, magnetite, garnet_ _ _ _ _ _ _  Beach. 
5. Newport Beach and Big Creek Bay _ _ _ _ _____ do__________________________________ _ _ _ _ _ _ _ Do. 

Yaquina Bay ________________________ I lmenite, chromite; zircon, garnet, magnetite _ _ _ _ _ __ Dune sands. 
6. Muriel 0. Ponsler Memorial Wayside Ilmenite, chromite; zircon, magnetite, garnet_ _ _ _ _ _ _  Beach. 

Park. 
7. Heceta Beach. _ ------- ------------ _______ do ________ ----------- ---- -- ---------- ---- __ Do. 
8. Fivemile and Threemile Creek area ____ Chromite, ilmenite; zircon, magnetite, garnet_ _ _ _ _ _ _  Beach and inland 

terrace. 
9. South Slough Area ______ - - - - ------- _______ do _______________________________ _ _ _ __ _ _ _ _ _  Terrace. 

10. Shepard and Seven Devils mines area __ Chromite, ilmenite; gold, platinum, magnetite, garnet, Do. 
rutile, zircon, monazite. 

II.  Eagle and Pioneer mines (lagoons) __ ___ do__ _ _ _ _ _ _ _ _ ______ _ _ _ _ _ _ _ _ _ _ _ _ _ ______ _ _ _ _ _ _  Do. 
area. 

12. Ferry Creek area _ _ _ _ ________________ Chromite, ilmenite; zircon, magnetite, monazite___ _ _ Do. 
13. Johnson and China Creeks area _ _ _ ____ Chromite, ilmenite; zircon, magnetite, garnet_ _ _ _ _ _ _  Beach and terrace. 
l�: ��fte o����� _a���::::::: : : : : : : : : : : : : : -ct.i-ii�iie; iimeniie::::: : : : : : : : : : : : :  : : : : : : : : : : : : :  Beac��-
16. Euchre Creek-Ophir Beach ___ _ _ _ _ _ _ _ _ _____ .do ___________________ _ _ _ _ _ _ _ _______ ._______ Do. 
K �����sRb���-fi:F'fsiiii "River:: : : : : : : : : : : _ �����d��: �������e_._ 
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Lawthers ( 19'54, p. 137) estimated the total amount of ilmenite and 
chromite in the placer deposits at 25,000 short tons, based on the recon
naissance surveys of Twenhofel. Lawthers ( 1954, p. 139) also esti
mated the total reserves of some of the better beach deposits north of 
Coos Bay, where ilmenite presumably is most abundant. This estimate 
is also based on Twenhofel's work and is given for combined ilmenite 
and chromite in short tons : 
IIeceta Beach------------------------------------------------------- 3, 500 
Newport Beach-----------------------------------------------------·- 2, 750 
Big Oreek Bay----------------------------------------------------- 12, 800 
Yaquina BaY-------�------------------------------------------------ 6, 300 
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There appears little l ikelihood that the Oregon deposits will be ex
ploited for ilmenite in the near future, except as a by-product of 
chromite in placer deposits, or of bauxite in laterite deposits. 

TuNGSTEN 

(By S. W. Hobbs, U.S. Geological Survey, Denver, Colo., and E. A. Magill, 
U.S. Bureau of Mineg, Seattle, Wash. ) 

Tungsten has been a very minor metal in the mineral economy of 
Oregon, and the total production to date has contributed less than 
0.01 percent of the total for the N ation.1° Known occurrences of tung
sten minerals are restricted to two areas-the Medford-Ashland area 
in Jackson County, south'Yestern Oregon, and the Wallowa-Blue 
Mountains area in Wallowa, Baker, Grant, and Union Counties of 
northeastern Oregon. Most of the recorded production has come from 
Jackson County. Many of the occurrences reported are in mines origin
ally developed for other minerals-notably gold, although a few of 
the deposits in the State were discovered and opened for tungsten 
alone. 

Tungsten is an important industrial commodity because of the 
unique physical and chemical properties of the metal, its compounds 
and its alloys. These properties include unusual strength, hardness, 
heat resistance and electrical characteristics. A familiar usage of the 
pure metal is for filaments in electric light bulbs, but the greatest usage 
is in alloy steels for high-temperature applications, in nonferrous 
alloys and in tungsten carbide for cutting tools and other uses where 
extreme hardness and heat resistance are required. Various chemical 
compounds are used for dyes, inks, and the fluorescent coatings in 
lamps. 

The pure metal is light gray, very heavy (specific gravity 19.3 ) ,  and 
has the highest melting point of all the metals ( 3,410° C. ) .  It does 
not occur as a native element in nature but is always combined with 
other elements in one or another of some 14 minerals of which only 
scheelite (calcium tungstate) and the gradational members of the 
wolframite group-ferberite ( iron tungstate) ,  wolframite ( iron and 
manganese tungstate) ,  and huebnerite (manganese tungstate) -are 
commercially important. These minerals occur in pegmatites, quartz 
veins, contact metamorphic deposits ( tactite or skarn) ,  hydrothermal 
replacement deposits, stockworks or breccia zones, hot spring deposits 
associated with manganese oxides, and as placer deposits. 

Most primary tungsten deposits are closely associated both areally 
and genetically with rocks of granitic or monzonitic composition. The 
search for new deposits has in many places successfully utilized this 
concept to outline favorable areas for prospecting and to eliminate 
much terrain in which a search would be futile. 

Most tungsten ore requires concentration to a product that contains 
60 to 70 percent of W03 before it is marketable. Imperities of tin, 
copper, bismuth, antimony, arsenic, molybdenum, phosphorus, sulfur, 
lead, and zinc must be less than certain tolerances to avoid penalties 
that reduce the prices received for the concentrate. The price is based 

10 Production data fr<>m U.S. Bureau <>f Mines Minerals Yearbooks. 
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on the short ton unit (20 pounds of W03, containing 15.862 pounds of 
tungsten metal ) , which has ranged from $2 in the early part of this 
century to $85 m 1916. At the time of maximum domestic production 
in 1955 the price was $63 ; in October 1967 it was approximately $43. 
Domestic consumption has been in the range of about 12 to 14 million 
pounds annually since 19£0, whereas production has averaged about 
8 million pounds. 

Most of the known tungsten occurrences in Oregon have been care
fully compiled and described by Wolfe and White (1951) , and much 
of the data for this chapter is taken from their work. Other valuable 
information was obtained from the Oregon Metal Mines Handbook 
( 1939, 1943) prepared by the staff of the Oregon Department of 
Geology and Mineral Industries, from . a comp1la,tion of tungsten 
deposits in the United States by Lemmon and Tweto ( 1962 ) ,  and from 
Defense Minerals Exploration Administration and other reports on 
individual properties. 

Scheelite is the only tungsten mineral identified in the reported 
occurrences in Oregon. It occurs principally in contact metamorphic 
( tactite) deposits, m quartz veins and in shear zones. At one place 
near Pleasant Valley, tungsten is reported to occur with oxide man
ganese ore in an unknown form. The earliest mention of tungsten in 
Oregon was made by Lindgren ( 1901, pp. 644, 725) in his descrliption 
of the Cliff mine near Baker. It was noted as early as 1909 in placer 
concentrates from Foots Creek in the Gold Hill area of Jackson Coun
ty, and in 1916 small amounts were found in the gold-quartz veins of 
the Sylvanite mine in the same area. Other discoveries followed 
intermittently, the most notable being those on Pedro Mountain in 
Baker County, those in the Granite Boulder Creek area in Grant 
County, and at the Bratcher mine in Jackson County. All these were 
discovered between 1949 and 1954. The known deposits, some of which 
are little more than mineral occurrences, are placed in their general 
geologic setting in the following pages, are located on the map (fig. 
45) ,  and are briefly described in table 10. The properties are assigned 
consecutive numbers by which they are keyed to the map and table. 

Deposits in northeastern Oregon are found in two main groups
those in the Wallowa Mountains south of the town of Enterprise, and 
those in and near the Blue Mountains s

"
cattered along a line northwest 

and southeast of the town of Baker. A lesser area is on the southern 
slope of the Greenhorn Mountains in Grant County. The Wallowa 
Mountains deposits include the Metzger property ( 1 ) ,  Le Gore 
Prospect (2) , Wilmot property (3 ) , and the Frasier property (4 ) .  
In all of  these scheelite i s  found in  small amounts in tactite formed at 
the contact of intrusive granodiorite and quartz diorite with limestones 
in the sedementary rocks of the area. The limestones have been replaced 
in large part by contact silicate zones comprising garnet, epidote, quartz 
and calcite which form the host rock for the erratically distributed 
scheelite as well as for small amounts of molybdenite, pyrite, chal
copyrite and a few other minerals. None of these properties appear 
to be of economic importance. 

The occurrences near Baker include the Davis deposit ( 5 ) , Cliff 
mine (6) , Bengal and Provider claims (7) , Stephens group ( 8 ) ,  the 
Chicken Creek prospects ( 9 ) ,  Frisco prospect ( 10) , Allen (Broken 
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TABLE 10.-TUNGSTEN LOCALITIES IN OREGON 

Name Description 

Melzger property _ _ _ _ _ _ _ _ _  Small amount of scheelite and disseminated molyb-
denite in tactile in contact zone between marble 
and granodiorite. 

Le Gore prospect.. _ . _ _ _  ._ Traces of scheelite and sparsely disseminated molyb-
denite, pyrite, chalco

r7;
rite with minor sphalerite 
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tactile zones along contact of granodiorite with a 
black shale-limestone sequence. Primarily a 
molybdenite prospect. 

Frasier property . . .  __ . _ _ _  sc�!�il}:·uf.{r��id���c���i��c�P.� �����1
e
��;bl�� several hundred feet in diameter, surrounded by 

quarlz diorite. Scheelite occurs in fractures in the 
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rs, but is 
5 Davis (Brown) deposit. . . Very small amount of scheelite in several fractures 
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s
��::::�r ��� ���:�10o�t:�d li�:�:�o�� several small open cuts. 

6 Cliff mine _ _ _ _ _ _ _ _ _ _ _ _ _ _  Scheelite reported to occur in a 1- to 3-foot wide 
quarlz vein in altered gabbro. Vein originally 
mined for gold. Attempts in 1916 and later to mine 

Bengal and Provider 
claims. 

Sl
'if.�l��).

group (Pleasant 

for tungsten were largely unsuccessful. 
Very small amount of scheelite in veins prospected 
for gold. Country rock is "porphyry and granite." 

Small bodies of manganese ox1des along bedding 
�lanes or joints in argillite. Believed to be derived 
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unsuccessful. 
Chicken Creek prospects .• Narrow quarlz veins and seams in quarlz diorite 

that have been worked for gold. Scheelile appears 
as incrustations and powdery films in the vein and 
on vein walls and in narrow fractures in quartz. 
Although widespread, the amount appears to be 
extremely small. 

10 Frisco prospect... _ _ _ _ _ _  Scheelile in and near a small body of almost massive 

11 Allen (Broken Pick) 
prospect. 

iron sulfides in tactile along a contact between 
metamorphic rocks and quarlz diorite. Tactile in 
immediate area appears to be limited to a zone 
about 50 feel in length and less than that in width. 

Disseminated scheelite in tactile zone along contact 
between quarlz diorite and metamorphic rocks. 
Scheelite occurs in and near a zone of massive iron 
sulfides. Mineralized zone appears from present 
work to be limited to a few tens of feet in size. 

12 Thorton-Butler prospect.. Contact zone between granite and metasedimentary 
rocks contains irregular disseminations of scheelite 
along shears and bedding planes. Placer scheelite 
also in lemon Creek in unknown quantities. 

13 Sylvanite mine .... . _ _ _ _  Mi������V�an��
e��c��
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�r:�� Main structure trends slightly east of north, dips 

45° east; comprises sheared greenstone and slate, 
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and scheelile. Scheelile occurs In small quarlz 
stringers or as small bands in wider quartz veins. 
The mine has been extensively worked for gold. 
A limited amount of exploration was done in 1953 
especially for scheelite, but no production resulted. 

14 Lucky Strike-Planet (Blue Scheelile occurs in metavolcanic rocks of the Apple-
Star) prospect. gate Group adjacent to contacts with an intrusive 

quarlz diorite. The metavolcanic sequence com
prises altered basaltic and andesilic lavas con
taining a considerable amount of calcite. Narrow 
zones of contact silicates including some impure 
tacliles have been developed in the metavolcanics 
along the borders of the intrusives, and scattered 
grains ofscheelile are found in these contact zones. 
In 1955 slightly over 4,000tons of scheelite-bearing 
rock was mined from an open pit and concentrated 
in a mill at Eagle Point, Oregon. About 30 units of 
wo, was recovered from the concentrates. 

Selected references 

Wolfe and While, 1951; 
Oregon Dept. Geol. and 
Mineral Industries, 1939. 

Wolfe and While, 1951; 
Smith and Allen, with 
Staples and Lowell, 1941. 

Do. 

Wolfe and While, 1951; 
Oregon Dept. Geol. and 
Mineral Industries 1939; 
Hess and Larsen, 1922. 

Wolfe and While, 1951. 

Wolfe and White, 1951; 
Oregon Dept. Geol. and 
Mineral Industries, 1939; 
Gilluly, 1937. 
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Pardee, 1921. 

Wolfe and While, 1951; 
Oregon Dept. Geol. and 
Mineral I ndustries, 1939. 

Wolfe and While, 1951; Ore-
!�� Pn"!jst�i:��- 1���;Min-
Parks and Swartley, 1916. 

Wolfe and While, 1951 
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TABLE 10.-TUNGSTEN LOCALITIES IN OREGON-Continued 

Locality 
No. 

Name Description 

15 Lady Slipper prospect_ _ _ _  Scheelite disseminated in zone of metamorphic rocks 
along the contact of tuffs and amy

ff
daloidal lavas 
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appears small. 
16 Mattern deposiL � - - - - - - - - Scheelite in a contact silicate zone in metavolcanic rocks of Applegate Group near the contact of the 

Ashland diorite stock. The exposure is in a railroad 
cut near the portal of the inactive Mattern gold 
mine. Diorite and narrow granite dikes crop out 
near the deposit and probably bear on the localiza
tion of the scheelite, which is scattered through 
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width of 12 feet, has been explored by a 50-foot 
long drift from the railroad cut. In 1952 about 500 
tons of ore was mined from an underhand stope 
i n  the drift. About 250 units of wo, was recovered. 

17 Bratcher mine _ _ _ _ _ _ _ _ _ _  Scheelite in tactile occurring as inclusions in the 
Ashland stock, which is a large intrusive i
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in the Bratcher mine area is 150 feet long and as 
much as 25 feet wide. Other smaller ones lie 
within the quartz diorite nearby. The stock in-
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lenses of impure marble. Tactite bodies presum-
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ite. In the main body, scheelite is associated with 
a wollastonite-garnet zone. Scheelite is erratically 
scattered in the tactile but shows some concen
tration in the vicinity of fracture zones. Develop-
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1950 approximately 590 tons of ore yielded about 
200 units WO,. Of this, the first 100 tons yielded 
109 units. 

18, 19 Mocks Gulch prospect Scheelite in shear zones in metavolcanic rocks of the 
Rattlesnake prospect. Applegate Group. At Mocks Gulch, a 3-foot wide 

shear zone contains scattered schee lite and small 
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very narrow stringer for a distance of about 15 feet 
on one side of an adit that was driven to explore 
for cinnabar. 

20 Woolf prospect _ _ _ _ _ _ _ _ _ _  Scheelite occurs in narrow quartz veins exposed in 
a bulldozer cut in metavolcanic rock, which is en
closed in quartz diorite. Scheelite mineralization 
is erratic, but crystals up to 1}12 i nches across have 
been found. 

21 Tito prospect. _ Scheelite is associated with numerous small quartz 
veins in quartz diorite. An open cut about 150 
feet in length and 30 feet in width, plus a short 
adit, have explored the occurrence. A small grav
ity mill was erected on the property, but it is not 
believed that there was any production. 

22 Freeway scheelite occur- On Interstate 5 about 4 miles south of Ashland, a 
renee. narrow zone of tactile with scheelite lies along 

the west side of a 3-foot lens of marble in 
metasedimentary rocks of the Applegate Group and 
is exposed in a highway cut. The occurrence is 
along the eastern margon of the Ashland stock. 

Selected references 

Wolfe and White, 1951 

Do. 

Do. 

Do. 

Oregon Dept. Geology and 
Mineral industries, 1964, 
unpublished report. 

Pick) prospect ( 1 1 ) ,  and the Thorton-Butler prospect ( 12) . In con
trast to the tactite deposits of the Wallowa Mountains, these comprise 
veins and veinlets in greenstone, limestone, granodiorite, or gabbro, 
or are associated with manganese deposits in the Pleasant Valley area. 
The gangue is usually quartz in which occur small stringers or specks 
of scheelite as well as other minerals of economic inte�pecially 
gold. The scheelite is spotty and of small amount, and no records of 
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production are known. Pardee ( 1921 )  cites an assay report that indi
cates approximately 0.'75 percent W03 in a mill sample of ore from 
the Stephens group of claims in the Pleasant Valley manganese dis
trict. While this is unusual, the association of tungsten and hydro
thermal manganese mineralization is well known in numerous places. 
In such deJ?Osits, the tungsten is thought to be absorbed in limonite 
or to be a mmor component of several of the manganese minerals. How
ever, thorough sampling of the Stephens group failed to confirm the 
presence of tungsten ( F. W. Libby, personal communication) .  

Known deposits in southwestern Oregon that contain scheelite are 
all in Jackson County in the vicinity of Medford and Ashland. Country 
rock comprises the Applegate Group of metavolcanic and metasedi
mentary rocks described and named by Wells, Hotz and Cater ( 1949 ) .  
These rocks comprise gray-green andesitic and basaltic lavas, many 
layers of which are vesicular breccias bound together by a highly cal
careous matrix. Metasedimentary rocks occur as lenticular interbeds 
in the meta volcanics and include argillite, chert, quartzite, conglomer
ate, and marble. Numerous irregular granitic bodies have intruded the 
Applegate Group and have produced contact metamorphic rocks along 
their borders. The intrusive rocks are predominantly quartz diorite, 
but include granodiorite, diorite, and some granite. The contact zones 
range widely in size and mineral composition, the differences depend
ing largely on the composition and physical characteristics of the 
Applegate Group rocks that have been intruded. The more highly 
calcareous parts of the country rock are transformed into contact 
silicate zones, including tactite, and scheelite has been deposited in 
some of these. Shear zones in the metavolcanic sequence have provided 
access to mineralizing solutions from the intrusives and constitute 
another locale for the deposition of ore minerals that include small 
amounts of scheelite. 

Although the scattered occurrences of the tungsten mineral scheelite 
in northeastern and southwestern Oregon mark these areas as geologic 
environments favorable for the localization of deposits of this mineral, 
the history of discovery and exploitation has been disappointing. 
Tungsten minerals are notoriously spotty and erratic in their mode 
of occurrence, and this characteristic is well illustrated in the Oregon 
occurrences, where most of the discoveries are restricted to sparse 
grains of the mineral widely scattered in the host rock or as very small 
pockets of higher grade material that have little if any continuity. 
The failure to exploit any of these discoveries successfully during 
periods of high price is a measure of their marginal nature. 

It should be noted, however, that much of the terrain has probably 
not been adequately prospected, and in the southwestern part of the 
State the deep weathering and heavy vegetative cover have deterred 
any comprehensive evaluation. 

URANIUM 

( By N. V. Peterson, Oregan Depa,rtment of Geology and Mineral Industries, 
Portland, Oreg. ) 

Uranium, the basic raw material of atomic energy, is a dense, hard, 
nickel-white, metallic element. It is highly reactive and combines 
readily with other elements to form a great number of primary and 
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secondary minerals. It occurs as three radioactive isotopes : U238, the 
most abundant (99 percent) ; U235 (0.7 percent) ; and U234 (0.3 per
cent) . Uranium has the property of radioactivity, i.e. the spontaneous 
emission of radiation ( energy) .  It is also fissiOnable ; that is it is 
capable of easily releasing energy when its nucleus is bombarded with 
neutrons. A subsequent d1scovery that neutrons as well as energy are 
emitted as the U235 nucleus is exposed to neutron bombardment led 
to the first nuclear chain reaction late in 1942. War time accelerated 
the development of a method for controlling this rate of fission and 
led to the first atomic bomb tests in July of 1945 and to the first atom 
bomb used in war less than one month later. Peacetime applications 
were also visualized, and atomic power for propulsion was introduced 
for the first time in the submarine "USS N au til us" in 1955 and in 
full-scale electrical power generation at Shippingport, Pennsylvania, 
in 1957 ( Baroch, 1966 ) .  Nuclear generated electrical power has now 
become competitive with other sources of electrical power throughout 
the United States and in many other countries of the world. As a 
result, the uranium industry is growing much faster than predicted. 
A sharp revision upward by the Atomic Energy Commission antic
ipates that by 1980 in the United States there will be an installed 
nuclear generating capacity of about 150,000 megawatts requiring a 
cumulaive total of 250,000 tons of U308 for fuel. The known calcu
latOO reserves (those capable of being produced within $8.00 per lb. ) 
as of Jan. 1, 1967, are about 140,000 tons of U308• The impaet of this 
large anticipated demand is causing a rapid expansion of exploration 
and development in the uranium industry and the future outlook 
has never been more promising. 

There are over 150 known uranium minerals, but. only a few have 
been found in large enough amounts to be of economic value. They 
occur in a variety of geologic environments including granitic peg
matites, high-temperature vein deposits, and in several types of low
temperature hydrothermal veins, lodes, and disseminated deposits. 
Uraninite and pitchblende are primary uranium oxides, and coffinite 
is a primary uranium sil�cate. On oxidation these yield a host. of 
brightly colored secondary minerals, the most common of which are 
carnotite ( potassium uranyl vanadate) ,  t.yuyamunite (calcium uranyl 
vanadate) , torbernite (copper uranyl vanadate) ,  and autunite (cal
cium uranyl phosphate) ( Page and others, 1956 ) .  The Colorado 
Plateau area centered at the common corners of Arizona, New Mexico, 
Colorado, and Utah continues to be the most. important. uranium 
producing area, although similar stratiform deposits in Wyoming 
are significant producers. In both the Colorado Plateau and in Wyo
ming the uranrium minerals occur mainly as pore fillings and impreg
nations in }ayered sandstones, shales, limestones, and conglomerates 
(Paone, 1965 ) . 

The Atomic Energy Commission's initiation in 1948 of a uranium 
procurement program of guaranteed minimum prices, discovery 
bonuses, premiums, and haulage allowances sparked a flurry of pros
pecting in Oregon, and numerous radioactive occurrences were found (fig. 46) (Matthews, 1955 ; Schaffer, 1956 ) .  Only two, the White King 
and Lucky Lass, near Lakeview have so far been of economic signifi
cance. A three-carload shipment from these two deposits in 1955, 



124" 

\�;:,;?��-F3° 
. · i rwer � 1 19' 1 18" 

46 ( C-LATSQ_-fi'- ) � � - - -���1 Y ,f IOOCUM0" ; 1 20" if" '"1""\�� I ' v j ·fr"' 
� �'Y- - ' - s��flen I 1\l'�t"' � I -:;-P" ( r r- � 

' j  1 l m 122·- �(fjL!!):V;;4 121" '""')\-- �� It'-'"-
I 

...c / _.,---( � - r l ..t � 
' ' " ' ' 

• '  ""' """' �) UPIAIIATIOII \rrr�maok J --';;::�:r0""-1 �1j��-, ( � ��� Th� D•l!e'l Moro'f� i I ;{;;;L1..AMoo"1 - .- �� r- - ----�� � � "' ; ( _; 1 M o  & Minee with reeorded produetion � .' - f ).,YAMHILL 
I'L '"f\!�r Oregon C ty I 

; : ;; lo White D.Da M1De 
,\,. - M-M 11 o.( "1 • I , , <.( (IJ \Condono 2. Lucky Laae 

45. _ }_-�-:�-�����z-_
- ,..� 1 �/,� L A C K A �:A s_ w-A-S c(c> , -'-- - ) _��- -- - - :__ _ ;  

'· !ear Creek (Rocky Ridge) t t- Dartas, _ ,-SAL�M-"1,� - - - - : - --�· - - · t� F�.,, - 1  �- • Proepeete and Occurrences ( q'i� /to P O L K � ' "M-�- FJ'- -;- o·N 1' �.:J_.o:..:_ ___ • _ _  -;;��-- _ __ . ':� _fll•�' 4. Powell Bu.tte lt�tOL�-�--- .'"North�r"''fir,_A- · i "Z _  - - 1. � �""- , - 5. Pike Creek (Xieka) Newport _, .  - 'l'  Alban - Y)f;;,..4�-.1 ' J E F)< � R IS O N  , W H E E1 L E R  6 Tiaber !eaat 
1 � �yorvorr., ""� - - - - I � :  \ 'Ma1dra< __ ___ 1 I 7: Luelcy Day 00 (1 ..J BENToN)"- LV'�'<Y- "- /IJ N 0 o .. � 8. Marty I 

� \ - , - - \ � <jL .6 

1 17" 

!; � � ,�• ''""' ) � - -·- " -· 9. Big Bnough 

I 1 1 1 � � - - ..I.. - ,_/ J/aJf:Prm�v l le 10. Myers and B...erele;y 

,, ' .10., 
• r tAc# !!lver _ 1 : • ��--T"' �R� o- -o- -tS

I 11. Speeretra 

···���:�t( '"; - � - . - --- - - �,? - -r'3,. ·�-�--;--��--=--r��� :�" "' ��� 
(/; �_, �- � '""'\. \ ,.- '7;1� o-'1 0 .z_ s c H u 1 T E s - I I (<.t> I I ""'<., ' �A-

s.__ -l "'P ' " ' y,� -..._ l r l - ' �� (]) -""V I , _ _ r j  �.... I ( I It" , ,, � 1- , --�""' �-- ,----j - - - -- -- - .L :  '""'•\ !:,}( ·' -r ...,__ - r - I ,-- � I o I -e :jr' I ' {. .1-\ ll � \._ � - L __::::_ -',� I "' 0 I � 'I ...... (, \ I "' \ ..-- 0 __. " �  \ I  I � I I (; 9. albour I 1 rCoqu•l!e 1 1'- 0Rosebu•!i- '- � I tq � 1 I Harn�-- .4., r' \ M A L U R 1 W/!_ " o ' I '"'.-,1 )'ru " 43t:i �-�-=i- �I f -_�.'! _o_ � � G �� � .... S r '!.._ f : " I I I H A R IW �� Y, I !'-\ -_1 - \ I  "\"i":,;;- _ _-- -l-"=--�-.r;---0-a;:;,to-;:- - : - J - - - - - o"J I � - - � ,-i ,... - •  ') <.,_ /' I � / 1 !.pie � 1 j �j.ummer J -� Q I 
- -:.::/, cl!---" '\.,'---- �'- .- �::--�' �/--" J:"�t I � �  I 

-vr.. r �;:• K E I I Q I : ) I \ : , .-- :::;; j c-'" .L _, 1 K' L §A M A ,--7H � • •;;;>,,,J ' -_'j,- - IJ '� I I /"- )J ) " ':i.� I / I '- '! J!-r-�� ' I l\ � \ Ab•1 -ftl�o I _. ' 0 r \ ) ____ , �J�: __ Gr�nb I I � ..._Q fl--' j \.��"V����� I , '  2'� � �  I 5 , 1 / \ • \ Goldae.c:ft-!_·�EPMt � I  ,JI C K S��I O fft:.�":u. �__j_j �/-'{.-f!l � I ) 1 \  
\ }--.. I Me<Jicrd j � L� 1\ 1 tj � I \. I {. \ / 1 '  ) 1  1 rh, ) 1 2 '  ��� 10 '"··�)"�" "' ' + "' ." �·· r J I 0 I \,__ r- i ' ," J 

42" / I j 1 )--( i ! '1 I 
I ·�o61 .., ') (�, 1 1 ol ., \) I o ). -_ _, k:'� -1. -� - - l - 1 I ...._ ____ �_: \ l__... __ � L -...l- �-1� --L ��-�� - - - J  

lJ 50 100 150 MILES 

FIGURE 46.-Uranium in Oregon. 

,_. 
� 



183 

shortly after their discovery, was the first uranium ore to be marketed 
from Oregon. A 210-ton per day processing mill was built in 1958 
at Lakeview to process ore from the White King and · Lucky Lass 
mines as well as other amenable custom ores (Peterson, 1958) . The 
Lakeview Mining Co. mill operated continuously until late in 1960 
on stockpiled ore from the White King mine and custom ores from 
Nevada and Alaska. The White King operated as an underground 
mine and later as an open pit from 1955 until late in 1959. There was 
also some production m 1962, 1963, and 1965 after the closing of the 
mill. The Lucky Lass, during its early operation ( 1956-1958) ,  was 
mined as an open pit in conjunction with the White King. Production 
from 1961-1964 has come from deeper parts of the open pit. A 58-ton 
shipment was made in 1960 from the Rocky Ridge group of claims 
near Bear Creek in Crook County. Total Oregon production has been 
about 200 tons of U308 from 120,000 tons or ore, with the bulk of the 
production from the White King mine. 

The uranium mineralization at the White King appears to be geo
logically quite recent and is associated with a flow-handed rhyolite 
dike ( ? )  that has intruded clayey tuffs, tuff breccias, agglomerates, 
and basaltic lava flows of Pliocene age. Black uranium oxides and 
associated realgar, stibnite, pyrite, cinnabar, ilsemannite, galena, and 
chalcedony indicate a relatively low-temperature hydrothermal origin 
for the deposit. Opalization and clay alteration are prominent in the 
ore bodies, which tend to be somewhat tabular and are displaced by 
numerous northwest- and northeast-trending faults. Near the surface, 
concentrations of a rare, bright yellow-green, secondary uranium 
mineral, metaheinrichite (barium uranyl arsenate) , vivid blue ilseman
nite (hydrous molybdenum oxide) ' and the orange and yellow ar
senic sulfides realgar and orpiment make a very colorful and interest
ing mineral depos1t ( Peterson, 1958, 1959b) . 

At the Lucky Lass just a mile to the west the same thin-layered 
clayey tuffs and volcamc breccias as those of the White King are hosts 
for both prima.ry and secondary uranium minerals. The mineraliza
tion has been controlled by narrow northwest faults and is found in 
pods and irregular masses in and adjacent to the faults. None of the 
arsenic, molybdenum, or mercury minerals ha.ve so far been found at 
the Lucky Lass. 

In Crook County on the southwest flank of Bear Creek Butte, radio
active minerals occur at the margins of a narrow iron-stained rhyolite 
dike. This brecciated intrusive-extrusive rhyolite is surrounded by 
clayey layered tuffs of the John Day Formation of Oligocene and 
Miocene age. Other occurrences of uranium with possible future im
portance are shown on the index map and summarized in table 11. 

The promising market outlook for uranium through 1980 is certain 
to encourage future exploration and development m Oregon, espe
cially in the Lakeview area where some reserves are already known. 
The White King and Lucky Lass mines are presently being revaluated 
by a major uramum mining company. While this type of hydrothermal 
deposits is likely to have only moderate reserves, similar deposits could 
provide appreciable amounts of ore as Oregon's contribution to the 
future uranium market. 



TABLE !I .-SUMMARY OF URANIUM MINES AND PROSPECTS IN OREGON 

Map No. Name Location 

White King _ _ _ _____________ Lake County: Sec. 30, T. 37 S., 
R. 19 E. 

Lucky Lass _____ _ __ _______ Lake County: Sec. 25, T. 37 S., R. 18 E. 
Bear Creek (Rocky Ridge) __ Crook County: Sec. 13, T. 18 S., 

R. l6 E. 
Powell Butte _______________ Crook County: Sec. l3, T. l6 S., 

R. 14 E. 
Pike Creek (Kiska) .. _______ Harney County: Sec. 17, 20, 

T. 34 S., R. 34 E. 
Timber Beast ______________ Harney County: Sec. 8, 9, 

T. 34 S., R. 34 E. 
Lucky Day 00 .............. Lake County: Sec. 26, T. 37 S., 

R. 18 E. 
Marty K ________ _ __________ Lake County : Sec. 13, T. 37 S., R. 18 E. 
Big Enough ________________ Lake County: Sec. 32, 33, T. 

37 S., R. 18 E. 
10 Myers and Hammersley _ _ _ _ _  Lake County: Sec. 35, T. 27 S., 

R. 18 E. 
11 Speerstra __________________ Marion County: Sec. 6, T. 8 S., 

R. 3 W. 

Geologic occurrence 

Low-temperature, hydrothermal deposit. Primary U 
minerals in veins and disseminated in clayey tuffs 
and breccias. Rhyolite mass intrusive into tuffs. 

Primary black U mineral and secondary autunite in 
lenses and masses in and near fault zones in 
layered clayey tuffs. 

Mainly autunite in contact zone of Tertiary rhyolite 
dike with clayey tuffs. 

Anomalous radioactivity in iron-oxide coatings and 
stain• in flow-banded rhyolite. 

Unidentified U mineral in iron-manganese crusts 
and coatings in rhyolite breccia adjacent to a fault 
zone of slight displacement. 

Autunite in altered zones of flow-banded dacite 
adjacent to a basalt dike. llsemannite occurs asso
ciated with the uranium. 

Secondary uranium minerals occur in and above thin 
vesicular basalt flows interbedded with layered 
tuffs and breccias. 

High radioactivity in sooty coatings in highly frac
tured pumice tuff breccia. 

Remarks 

Major production. Associated min
erals include realgar, orpiment, 
stibnite, cinnabar, pyrite, and 
ilsemannite. 

Production of about 5,000 tons of ore 
from large open pit. 

One shipment of 58 tons of ore in 
1960. 

Reference 

Schafer, 1955. Peterson, 1958, 1959. 

Schafer, 1955. Peterson , 1958. 

Peterson, 1958. 
No production _____ ___ _____________ Schafer, 1956. 

Peterson, !958. 

Do. 

Oreg. Dept. Geology and Mineral 
Industries mine file report. 

Matthews, 1955. 
Apple-green secondary U minerals disseminated and ..... do___________________________ Do. 
coating fractures in iron-stained ash flow tuff. 

Mineralization same as the Lucky Day 00 occurrence ...... do ___________________________ Oreg. Dept. Geology and Mineral 
I ndustries mine file report. 

Small concentrations and disseminations of second
ary uranium minerals in tuffaceous marine sand
stones. 

Matthews, 1956. Schafer, 1956. 
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VANADIUM 

( By R. P. Fischer, U.S. Geological Survey, Denver, Colo. ) 

VaJlltdium is a steel-gray metal capable of taking a very high polish. 
It is most widely used as a constituent of alloys, especially in steels. 
Although it is more abundant in the earth than zinc, lead, nickel, or 
copper, it is not as commonly found in minable concentrations. 

The consumption of vanadium in the United States increased from 
about 2,000 tons in 1960 to nearly 5,500 tons in 1966, according to 
figures published by the U.S. Bureau of Mines. Of the total vanadmm 
consumed, 75 to 85 percent is used in special engineering, structural, 
and tool steels as an alloy to control grain size, impart toughness, and 
inhibit fatigue. The other principal domestic uses have been in non
ferrous alloys and chemicals (Busch, 1961) . 

Four geologic types of deposits have yielded most of the world's 
supply of vanadium. The bulk of domestic vanadium, and nearly half 
of the world supply, has come from deposits of vanadium- and 
uranium-bearing sandstone in southwestern Colorado and the adjoin
ing parts of Utah, Arizona, and New Mexico. The other principal 
sources have been a deposit of vanadium-bearing asphaltite in Peru, 
vanadate minerals from the oxidized zones of some base-metal deposits 
in Africa, and vanadium-bearing iron deposits in Europe and Africa. 
These iron deposits and similar ones in many parts of the world con
tain very large resour,ces of vanadium ; they will become increasingly 
important as sources of vanadium in the future. 

None of the four principal types of productive vanadium deposits 
is known in Oregon. Accumulations of vanadium above trace amounts 
are known in only two other geologic types of occurrences in the State. 
These deposits and occurrences are shown on figure 47, and they are 
briefly described below. None of these is judged to be of significant 
commercial potential. 

Roscoelite, the vanadium-bearing mica, is a minor gangue mineral in 
some of the gold-quartz veins in Baker County (fig. 47, No. 1 ) (Lind
gren, 1901 ; Hewett, 1931) . No assay data showing the vanadmm con
tent of the ore as mined have been found, but the content is assumed 
to be too low to consider vanadium recovery. Small amounts of ros
coelite are common in gold-bearing veins, especially those containing 
gold-telluride minerals, in other parts of the world. 

A deposit of "black sand" in the central part of Curry County (fig. 
47, No. 2 )  is �ported to cO'ntain about 0.7 percent V205 ( Allen, 1945) . 
The deposit is a sedimentary lens of sandstone, rich in magnetite and 
with some ilmenite, that probably contains about 225,000 tons of rock. 
Similar "black sand" deposits along the Oregon coast have yielded 
gold, platinum, and chromite. Magnetite and ilmenite are also present 
in these coastal deposits, and they probably contain a little vanadium, 
but no published analyses showing their vanadium content have been 
found by the writer. 

Almost certainly these deposits offer no economic potential for vana
dium ; they are probably too small and low grade. However, similar 
deposits in Japan have been worked for iron and titanium, and during 
the emergency conditions of World War II they did yield some 
by-product vanadium (Japan Geological Survey, 1960 ) .  
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NONMETALLIC MINERAL RESOURCES OTHER THAN FUELS 

AsBESTos, OLIVINE, AND OTHER MAGNESIUM SILICATE MINERALS 
(By N. S. Wagner, Oregon Department of Geology and Mineral Industries, Baker, 

Oreg. ang Len Ramp, Oregon Department of Geology and Mineral Industries, 
Grants Pass, Oreg. ) 

Asbestos, olivine, serpentinite, and diopside are all magnesium sili
cate minerals and all are associated for the most part with similar rocks 
and are commonly found in the same general areas. They differ 
markedly in their physical properties and in the uses to which they 
are put. Because of their common association, these minerals are dis
cussed together. 

ASBESTOS 

Asbestos is the name applied to a group of fibrous, noncombustible, 
magnesium silicate minerals that are useful for a variety of the�al 
insulation and related applications. All can be separated by mechamcal 
means into fibers of vanous lengths and thicknesses. Six varieties of 
asbestos are commonly recognized, which differ in chemical composi
tion and in physical properties. These varieties are the finely fibrous 
form of serpentine known as chrysotile and five minerals of the amphi
bole group : amosite, anthophyllite, crocidolite, and the closely related 
varieties tremolite and actinohte (Jenkins, 1965 ) .  The physical proper
ties of these are given in table 12. 

Asbestos is most widely known as the mineral that is spun into 
yarn and woven into unburnable fabric used extensively in various 
types of fire-fighting gear and for related fire-protective applications. 
There are, nevertheless, a multitude of other uses. These include fric
tion clutches and molded brake linings, gaskets, shielding for high
temperature industrial furnaces and jet and marine engines, valve 
packings, and electric cable insulation. Tremendous tonnages are also 
consumed yearly in the maufacture of roofing materials, asbestos
cem�nt products, floor tile, paper, and, with asphalt, for specialized 
pavmg purposes. 

The United States is the world's largest consumer of asbestos. An 
estimated 138,000 short tons of asbestos was produced in 1966 from 
domestic sources (more than double the 1962 output) ,  but this repre
sents less than 10 percent of United States requirements. Canadais the 
largest supplier, but special grades are imported from other places, 
notably Africa. 

The big increase in domestic production since 1962 is attributable 
to the development of large deposits in California and the installation 
at these deposits of elaborate processing facilities. Now that these 
facilities are in service, the probabilities are that domestic production 
will continue to increase. However, the grades of asbestos from domes
tic sources are usable for only some industrial applications. For the 
many other grades required, Import will always be a necessity unless 
satisfactory synthetic substitutes can be made. 

Long, strong, flexible fibers are necessary for good "spinnability" 
an� are :.;equir!?d for many indu�trial applications. Unfortunately, de
posits with this type of matenal are rare, and mining and milling 
result in breakage that reduces appreciably the amount of recoverable 
long-fiber matenal. Long-fiber asbestos, therefore, commands the high-

21-829 0-69-.13 



TABLE 12.-PROPERTIES OF ASBESTOS MINERALS (MODIFIED AFTER RICE (1957)) 

Chrysotile Tremolite : Crocidolite Amosite Anthophyllite 

ColoL • . . • . . . . . . . . . . . . . . . • • • • . .  Green, greenish-yellow, gray, or White, grayish-white, greenish- Lavender, blue, or greenish • • . . •  Ash-gray, greenish, or brown _ _ _  Grayish-white, brownish-gray, 
white. yellow, or bluish-gray. or.green. 

Texture • • • . . • • • • • . • • • • • • • . . . . . .  Soft to harsh, silkY- --- --·- ---- Generally harsh, some soft._ ____ Soft to harsh-------- ·- · - - · · --- Coarse, but somewhat pliable • • .  Harsh. 
Mineral association. _  • . . . . . . . . . . .  In serpentine, magnetite, an- In serpentine, magnesium lime- I ron-rich, siliceous argillite in In crystalline schists, etc • •  __ . _ .  In crystalline schists, gneisses, or 

tigorite, picrolite, etc. stones, and various meta- quartzose schists. metaserpentine. 
morphic rocks. 

Veining and fiber length __________ Cross and slip fibers; short to Slip or mass fiber; rarely cross Cross fiber; short to long _______ Cross fiber; mostly long ________ Mass or slip fiber; rarely cross .,_. 
long. fiber; short to long. fiber; short. 00 Tensile strength (p.s.i.). --------- 80,000 to 100,000 • • • • • •  _ _ _ _ _ _ _ _  8,000 or less __________________ 100,000 to 300,000.------------ 16,000 to 90,000 •• ------------- 4,000 or less. 00 

Fl�xibili\): • • • • • • • • • • • • • •  _ _ _ _ _ _ _ _  Very flexible __________________ Fairly flexible to brittle __________ Fl�xible. ______________________ Flexible _ _ _ _ _ _ _ _ _ _ _ ___________ Mostly brittle. 
Sponnability •• ___________________ Vel'f. good ____________________ Generally poor; rarely sponnable Fa"-------------------------- Fair__ ________________________ Very J1C!Or. 
Fusibility _______________________ Fus1ble at 6------------------- Fusible at 4..----------------- Fusible at 3·------------------ Fusible at 6.------------------ I nfusible or difficultly fusible. 
Acid reSistance___________ _ _ _ _ _ _ _  Poor_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Good_________________________ Good •• _______________________ Good.·--____________ ___ _ _ _ ___ Very good. 

I Tremolite grades into actinolite by replacement of magnesium with ferrous iron. 
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est prices and progressively decreasing prices prevail for the shorter 
fiber lengths. Current prices range from $1,500 per ton for the longest, 
crude, grade 1 fiber to $43.�0 per ton for the shor:test? l�west grade ma
terial. For other uses, resistance to heat or ac1ds 1s Important: For 
many uses in the electrical industry, the asbestos must be electrically 
nonconductive and its iron content must be low. 

Chrysotile is by far the most valuable of the asbestos minerals, ac
counting for an estimated 95 percent of the world's asbestos :produc
tion. It is found in serpentinized rock in both cross and shp fiber 
veinsY Fibers range in length from microscopic to three-ei�hths ?f an 
inch and occasionally much more. Good quahty fibers are s1lky, h1ghly 
flexible, and have a tensile strength ten times that of nylon. In the 
United States, chrysotile is found in serpentinized peridotite in Ver
mont, California, and Oregon, and in serpentinized dolomitic lime
stone in Arizona. 

In comparison to chrysotile, the fibers of the amphibole group 
asbestoses are coarser, less flexible, and commonly are brittle ( harsh) . 
All but crocidolite fibers are weaker (table 12) . Crocidolite and amosite 
are industrially important, but no commercially exploitable deposits 
are known in North America. Tremolite, the most. common of the . 
amphibole group, has some limited commercial use. However, world 
production of tremolite is less tJhan 0.25 percent of the total asbestos 
production. Tremolite asbestos is found in serpentine, altered mag
nesium-rich limestones, and in various metamorphic rocks. 

Asbestos deposits in Oregon 

Prospects of both chrysot.ile and amphibole asbestos exist in Oregon 
( fig. 48) , and some of these occurrences have been known and worked 
on in a minor way since early in the century. Production from these 
sources has been limited to a few small shipments of hand-sorted 
tremolite from occurrences in the southwestern p art of the State 
( Bright and Ramp, 1965 ) and to 525 short tons of milled fiber re
covered from a pilot plant test of chrysotile from an occurrence near 
Mount Vernon in eastern Oregon (Wagner, 1963 ) .  There is no produc
tion from the State at the present time, nor has there been any explora
tion of major significance on any asbestos prospect since 1964. Most of 
the ��hibol� prospects in Oregon occur �n shear zones in serpentinized 
pendot1te or m shear zones closely assocmted with exposures of ultra
!llafic roc�s. _\Vithout exception, all Oregon chrysotile prospects occur 
m serpent�m!e ; !1ence t]1e �istribution of peridotite and serpentinite in 
the State 1s mdJCated m figure 48 along with the prospect locations. 
The known deposits are listed in the following tabulation (table 13) .  
The numbers correspond to numbers shown on figure 48. 

As appraised today, none of the currently known asbestos occur
rences m the State can be classed as suitable for commerical develop
ment. There Js either an insufficient tonnage of ore, the asbestos content 
of the rock 1s tO? lean, or there is too low a proportion of the long
fiber, better quahty asbestos. Nevertheless, the possibility of develop-

11 In cross fiber veins, the �bers are transverse to the vein walls ; in slip fiber veins the 
fibers lie In the plane of the vem. 

' 



/;& d 

0 6 

24 -rrs 

18 30 

1211 28 1 29 1 3o 131 132 133 1341 3511 � I r-1 .. �"'•-' -� lr.eakerl 
G I R I A I N  T I I (_ B I A I K I E I R 

I I I I I I I I 'r� p I IA-t•H I I  

A l-=--IC-'+=-+'--+-

����������L 111 1 

�� 1'' ;---=r----+---- ' t1 

TT!c-�'·1 1 " 1 '121 "'1 " 1  1 I I M  

? 
EXPlANATION 

� "'- Areas of peridotite and serpentinite '-....._)} (Boundaries approximate for scme areas) 

,.... _ Fault along which serpentinite is found 
/ '

, in bodies too small to show 

C - Chrysotile asbestos deposit D - Dunite or olivine-rich 
peridotite 

A - Amphibole asbestos deposit Py - Pyroxenite with high 
content of diopside 

]'IGUBE 48.-Asbestos, olivine, serpentine, and ddopside occurrences in Oregon. 

,_, 
8 



191 

TABLE 13.-ASBESTOS OCCURRENCES IN OREGON 

Location 
Index number on fig. 48 and name County Reference 

Sec. T. R. 

CHRYSOTILE ASBESTOS 
C-1 Forster Asbestos • . . . . . . . . . 33,36 38 s. 9 W. Josephine • •  Files, Oregon Dept. Geology 

and Mineral Industries. 
C-2 Mount Vernon _ _ _ _ _ _ _ _ _ _ _ _ _  12, 13, 14 13 S. 30 E. Grant. _ _  • . . Wagner, 1963. 
C-3 Spare Time claims _ _ _ _ _ _ _ _ _  7, 18 14 S. 32 E. . . • . •  do • . . . .  Files, Oregon Dept. Geology 

and Mineral Industries. 
C-4 Big Butte Creek. _ _  . . . . . . . .  17, 18, 19,20 11 s. 34 E. . . . . • do • • . . .  Do . 
C-5 Rock Creek Butte . . . . . . . . . .  22 13 s. 38 E. Baker.. . . . . Do. 
C-6 Towell claims • . • • . . . . . . • . .  7 14 S. 43 E. Malheur. . . .  Do. 
C-7 Bear Valley . . • . . • . . . . . . .  1 ,2, 3, 11 16 S. 31 E . Grant. . . . • .  Do. 

AMPHIBOLE ASBESTOS 
A-1 L.E.J. Asbestos. 9 37 S. 6 W. Josephine _ _  Files, Oregon Dept. Geology 

and Mineral Industries. 
A-2 Liberty Asbestos .... . . . . . . .  36 32 S. 4 W. Jackson . . . •  Or�,��r�m·

d�:gli��yBau�� 14-c . 
A-3 Raspberry Creek . . . . . . . • . . •  15 34 S. 3 W. . . . . .  do . . . . .  Files, Oregon Dept. Geology 

and Mineral Industries • 
A-4 Pine Creek Asbestos .. _ • • . .  34, 35 11 S. 39 E. Baker. . . .  . Moore, 1937. 

ing minable deposits of asbestos in Oregon is by no means hopeless. 
Each of the chrysotile prospects indicated on figure 48 has been 
examined repeatedly by geologists from companies recognized as spe
cialists in the evaluation and mining of chrysotile prospects and the 
processing and marketing of asbestos products. Several of these pros
pects, particularly the Forster Asbestos, the Mount Vernon, and the 
Big Butte Creek properties, have been sufficiently attractive to com
mand core drilling or bulk test sampling on more than one occasion. 
Some of the same companies that have been active in exploration for 
asbestos within the State are continuing or plan to continue basic 
geologic investigation of ultramafic rock exposures. Thus, although the 
results of past exploration have been disappointing, they do not pre
elude the successful development of asbestos resources of the State. 

The foregoing conclusion stems largely from the fact that explora
tion for asbestos deposits is difficult and costly. The State, therefore, 
has not been prospected as thoroughly for asbestos as it has for some 
other minerals. Indeed, several of the currently known chrysotile 
locations were discovered only recently by local prospectors working 
under the stimulus and guidance provided by the industry when it was 
active in the field. Accordingly, many of the areas of ultramafic rock 
exposure in the State merit more investigation and scrutiny. 

OLIVINE 

Olivine, also called chrysolite and peridot, is an orthosilicate of 
magnesium and iron. Its formula is (Mg,Fe) 2Si04• The end members 
of the olivine series are forsterite (Mg2Si04) and fayalite (Fe2Si04) .  
Olivine has a hardness of 6% on the Mohs scale and a specific gravity 
of about 3.3. It is a pale yellowish green to bottle green color, and clear, 
unfraotured varieties (peridot) are used as gems. Olivine occurs in 
igneous rocks that are generally low in silica and rich in magnesia, 
such as peridotites, gabbros, basalts. It may also occur in metamorphic 
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rocks. When olivine is the main constituent of an igneous rock, the 
rock is called a dunite. Common accessory minerals in dunites are 
magnetite, pyroxene, and chromite. 

Olivine is mined in North Carolina and Washington (Hunter, 1941 ; 
Vhay, 1966 ) .  The ores are high-magnesian dunites containing 45 to 
49 percent MgO. The olivine is used in various refractories, as foundry 
molding sand, and may be used as a source of magnesium metal and its 
compounds (Bengston, 1956) . Olivine, unlike most silicates, is readily 
dissolved hy acids and is therefore amenable to chemical processing. 
The principal uses of olivine are shown in the following tabulation : 

Olivine products and uses 
Product Use 

Refractory : 
Forsterite brick _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Furnace linings. 
Patented olivine mortar _ _ _ _ _ _ _ _ _  To join refractory brick and patch furnace 

�inings. 
Other : 

Olivine sand _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Foundry molding sand ( Ralston and 
others, 1938a. b ; Schaller and Snyder, 
1951) ; sandblasting. 

Crystals ----------------------- Semiprecious gems. 

Potential products : 
Magnesium metaL _ _ _ _ _ _ _ _ _ _ _ _ _ _  Castings, lightweight alloys, as reducing 

agent in producing other metals, powder 
for fuel. 

Magnesium compounds _ _ _ _ _ _ _ _ _ _  MgO for' refractories (Gee and others 
1946) ; MgSO. for tanneries, rayon 
paper, textile pharmaceutical trades, 
and fertilizer ; MgCI. to make MgO ; 
MgS04• 7H.O (epsom salts) .  

Oregon is not yet a producer o f  olivine but has potential sources that 
may some day be exploited. Dunite and olivine-rich peridotite occur at 
various places in southwestern and northeastern Oregon. Two locali
ties are believed to be worth mentioning. One occurrence is at Nickel 
Mountain in Douglas County (fig. 48, No. D-1 ) ,  where dunite under
lies a portiop. of the nickel deposit being mined by the Hanna Mining 
Co. of Riddle, Oregon. Analyses show tha;t this rock contains about 
45 perecnt MgO (Clark, 1888 ; Hotz, 1964) . The other area of dunite 
and olivine-rich peridotite is located near Pearsoll Peak (fig. 48, No. 
D-2) at the east edge of Curry County, where very c,oarse-grained but 
fractured olivine crystals as much as 2 inches across are common. 

SERPENTINE 

Serpentine is the common name given to a group of minerals includ
ing chrysotile, lizardite, and antigorite. These are all hydrous magne
sium silicates that contain about 44 percent silica, 43 percent mag
nesia, and 13 percent water. Serpentinite is the rock in which these 
minerals occur, along with variable amounts of accessory magnetite, 
chromite, calcite, aragonite, or dolomite, and residual olivine and 
pyroxene. Traces of nickel and cobalt may also be present. The use of 
pulverized serpentine is described as a source of magnesium in agricul
tural fertilizer (Oregon Department of Geology and Mineral Indus-
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tries, 1945 ; Burns and Smith, 1965 ) .  Williams ( 1966, p. 628) , in refer
ence to Burns and Smith (1965) , states that . . .  ""When serpentine is 
exposed to moisture, the surface of the crystal ionizes to form hydroxyl 
and magnesium ions. Magnesium is released at a slow sustained rate 
making serpentine an effective and efficient source of magnesium for 
soil. The low calcium content creates a favorable calcium-magnesium 
ratio. The chromium and nickel content is well below the toxic limits 
and may be beneficial." 

Several blends of finely ground serpentinite and superphophate 
fertilizers utilized a total of 158,550 tons of serpentinite in the 1964-65 
fertilizer year in New Zealand. The two popular blends are a 90 per
cent superphosphate and 10 percent serpentinite mixture used for 
aerial application and a 75 : 25 blend which is applied on the ground. 
Consumption of serpentine-superphosphate fertihzer in New Zealand 
has increased at an impressive rate in recent years. 

Pulverized serpentinites in the State of Washington are being used 
for diluents in insecticides, as a base for special paints, and for terrazzo 
chips. 

Should any such uses of serpentinite become popular in Oregon, a 
very large supply of this rock is available in both northeastern and 
southwestern parts of the State, in the areas shown on figure 48. 

DIOPSIDE 

The mineral diopside is a calcium magnesium silicate with variable 
am�mnts of iron; It is generally a light gray to green colort sometiJI?.es 
white or yellowish, has a hardness from 4 to 6, and a specific gravity 
of 3.2±. Limited use of this mineral has been developed recently in 
the manufacture of ceramic tile from a deposit in Arizona ( Campbell, 
1963) .12 

Pyroxenites in the Whiskey Creek-Oregon Mountain area southwest 
of o�Brien (fig. 48) contain large percentages of diopside ( diallage) , 
and should the demand for diopside develop, these pyroxenites may 
warrant investigation. 

BoRATES 

(By N. S. Wagner, Oregon Department of Geology and Mineral Industries, 
Baker, Oreg. ) 

International ma.rketing of borax dates back to !lit least the 13th cen
tury and possibly earlier. It was produced then in Tibet and used by 
European artisans refining precious metals and making porcelain. 
Today ceramic and metallurgical uses of borax are not only more nu
merous and sophisticated than before, but there is also an evergrowing 
host of other important applications. The more commonly known of 
these include the use of borax and boric acids in soaps, cleansers and 
detergents, disinfectants, and preservatives. Great quantities of borax 
are also consumed by the glass industry to make heat-resistant glass 
and glass wool and optical glass (Smith, 1966) .  It is also used in the 
�anufacture of glazed paper, plywood, and paint. In agriculture it is 
Important because minute traces of boron constitute an essential ingre-

1.2.Campbell, Ian, 1963, A "State of the industry review." The industrial minerals (ex· 
elusive of cemen t ) .  Presented at an American !!fining Congress meeting in Los Angeles 
Calif., Sept. 18, 1963. 

' 



194 

dient in soils for healthy plant growth, and massive applications serve 
as an effective weed killer. Boron carbide and tungsten and titanium 
borides are among the hardest known abrasives. Other boron com
pounds have industrially important properties as dehydrating agents, 
solvents, fire retardants, catalysts, and plasticizers and are used in the 
production of silicones and plastics, in special-:purpose fire extin
guishers, and as motor fuel additives. Jet-age applications include use 
in various forms in atomic reactors and solar batteries. In addition, 
there are potential uses as jet and rocket fuels and as a structural 
material (boron filament-epoxy mixtures) having many properties 
of unique and far-reaching significance. 

Boron compounds show exceptional promise for use in many fields 
of industrial endeavor. Because they do, research by both the govern
ment and the producing industry can be expected to result in a con
tinuing and possibly major expansion of boron production in the years 
ahead. Mineral Facts and Problems (Miller, 1965) and the Mineral 
Yearbook issued yearly by the U.S. Bureau of Mines should be con
sulted by anyone desiring a more comprehensive review of uses and 
trends than that given above. 

The United States is the world's leading producer and consumer of 
boron compounds, with more than 85 percent of the known world out
put of boron-rich raw material originating from sources in California 
(Miller, 1965 ) .  Over the five-year period, 1959-1963, domestic produc
tion averaged nearly 332,000 tons of B203, valued at nearly $49 million 
per year (Miller, 1965) . In 1963 approximately half of the domestic 
output was exported, chiefly to West Germany, the United Kingdom, 
France, Japan, and Canada. 

Boron is a constituent of several silicate minerals that commonly 
occur in accessory amounts in certain igneous rocks. It is a constitu
ent of many hot-spring waters of volcanic derivation and of deposits 
formed by the evaporation of saline waters in volcanic areas. Mmable 
deposits of boron minerals exist almost exclusively in arid regions 
where natural, boron-rich, hot-spring waters are present and evapora
tion prevails. In such regions boron occurs in brines and boron 
minerals form playa encrustations and massive aggregates of crystals 
exposed either on the land surface or interlayered w1th clastic lake
bed sediments and the precipitated solids of other chemicals (chiefly 
sodium, calcium, magnesium, potassium) that are also the products of 
desert sedimentation. The arid climate is important for the preserva
tion as well as the accumulation of the relatively soluble minerals. 
Such evaporite-type borate occurrences in the United States all repre
sent continental deposition that is Cenozoic ( Tertiary to Holocene) 
in age, and are found only in California, Nevada, and Oregon. Borax. 
kernite, and to a lesser extent ulexite and colemanite, are the principal 
borate minerals now mined in the United States. The compositions 
of these minerals and that of priceite are : 

Principal boron minerals Composition B203 content 

Borax _ _ _ _ _  - - - - - - _ _ _ _ _ _  - - - - - - - - - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  NazB,O,.!OHzO 36. 5 
Kernite __ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  NazB,Q,-4HzO 50. 9 
Ulexite _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  NaCaBsOo-BHzO 42. 9 
Colemanite _ _ _ _ _  - -- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  CazBoOu-5H,o 50. 8 
Priceite _ _ _ _ _ _ _  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Ca<B100n.JHzO 50. 0 
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Borates are not mined in Oregon at the present time, but two 
occurrences supported productive mining in the past (fig. 49) .  
The earlier and smaller :producer, in Curry County at Cape Ferrelo, 
about 5 miles north of Brookings, in what is now Boardman State Park, 
was mined during the summer of 1872 and then again in 1891 and 1892 
by the Pacific Coast Borax Company (Staples, 1948 ) . The borate 
mineral priceite was first named and described from this deposit ( Silli
man, 1873) 13, the first new mineral ever found in and described from 
Oregon (Staples, 1948 ) . The priceite occurs in serpentine in the form 
of irregular masses ranging in size from peasized pellets to nested 
"boulders" weighing up to 450 pounds. It is also described (Chase, 
1873 ) '3 as filling seams and cavities ( ? ) in slate. Contrary to the gen
eral rule that borates occur in arid regions, the priceite is here located 
in an area noted for abundant rainfall. As this suggests, priceite is 
relatively insoluble. Although priceite is a comparatively uncommon 
mineral, it evidently occurred in appreciable quantity, as (Gale 1'921)  13 
reports the 1891-1892 production at around 580 tons, with some 3,600 
to 5,400 additional tons supposedly developed at the time the opera
tion was terminated in 1892 due to litigation. Very few traces of the 
old cuts and tunnels are now discernible at the original mining site 
now situated in the State Park ; however, some other undeveloped 
occurrences reportedly exist in the surrounding area ( Staples, 1948 ; 
Butler and Mitchell, 1916) . 

The other, more productive, borate occurence is south of Alvord 
Lake in the Alvord Desert, Harney County, in a geologic setting 
characteristic of major borax deposits. The climate is semiarid, and 
the basin has no outlet. Water flow from creeks draining the sur
rounding countryside is seasonably variable in amount and generally 
scant. This is supplemented by the discharge from numerous thermal 
springs, some of which yield water containing boron in the amounts 
shown in the following table (Libbey, 1960) : 

Spring flow 
(gpm) 

!_ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  135 
2---- - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 900 
3--- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
4 __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

5---- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 100 
6--- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 45 
7--- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 30 

Temp. 
(' C.) 

167 
97 

122 
198 
198 
136 
95 

Total solids s,o, 
(percent) (ppm) 

0. 298 106 
0.170 61 
0.155 31 
0. 15  56 
0. 168 33 
0. 083 4. 4 
0. 015 1 . 0  

Borax was produced here in the 1890's and early 1900's by the 
Rose Valley Borax Co. Production came from surface encrustations 
on a playa located adjacent to and west of thermal springs number 
2, 3, and 4 (see previous table) ,  of which number 2 is actually a hot 
lake about 275 yards in diameter (Stearns and Waring, 1937) and 
numbers 3 and 4 are among a string of springs issuing from a fault 
extending northward from the lake. Harvestmg was seasonal, with 
the raw material stockpiled for year-round processing while another 
encrustation developed. The raw material harvested was reported to 

13 The statements relating to Chase, Silliman, and Gale have been paraphrased from 
Staples due to nonavailabillty of the original references. 
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be borax, accompanied by sodium carbonate, chloride, and sulfate 
(Dennis, 1902) . In a report for 1901 the yearly output for the "last 
few years" is given as approximately 400 short tons of refined borax 
( Struthers, 1902 ) .  How much longer production continued is un
certain, as none is listed in "The Mineral Resources of the United 
States" for 1902 or thereafter, yet in a later report Waring (1909) 
states that "For the last nine or ten years borax has been 
shipped . . . .  " · 

During 1958 a grid of holes, 2 to 22 feet in depth, were drilled by the 
Mohave Mining and Milling Co. close to, and east of, the old mine 
site. In 1959 and 1960 a number of deep core drill tests (one reportedly 
600 feet) were drilled by Boron, Inc., at a location approximately 1 
mile south. No informatiOn on sampling results was made public, nor 
has any additional drilling been done since. However, investigation 
by the Oregon Department of Geology and Mineral Industries (Lib
bey, 1960) disclosed that the two largest thermal springs in the basin 
(numbers 1 and 2, previous table) currently discharge 1,035 gpm of 
water containing approximately 150 tons of B203 annually. 

Borate reserves in California are considered sufficient to meet indus
trial needs for the next hundred years even with allowance for in
creased future consumption (Miller, 1965) . Because of this there has 
been little incentive for exploration of new deposits ; hence no body of 
meaningful data has been generated on which to base an appmisal of 
resources at either Oregon occurrence. Nevertheless, Libbey's spring 
analyses do bring into focus a pertinent question concerning possible 
potential in the Alvord Basin : if the present springs have been fairly 
constant in their mineral content over a long span of time, as it seems 
reasonable to presume they have, then what has happened to the 
B203 discharge over the centuries ? Since subsurface accumulations of 
concentrated brine have developed under similar conditions in other 
areas, systematic investigation of the Alvord Basin seems a logical 
undertaking when, and if, the need for developing additional borate 
reserves should arise. 

CARBON DIOXIDE 

( By N. S. Wagner, Oregon Department of Geology and Mineral Industries, 
Baker, Oreg. ) 

Carbon dioxide (C02) is an odorless, colorless, tasteless, inert, and 
noninflammable gas which can be converted to a liquid or a solid and 
held in either state with comparative ease. The solidified material, com
monly known •as dry ice, has a relatively higq specific gmvity, a melting 
point of minus 109° F. and the ability to evaporate back to gas without 
liquefying. 

Commercial ·and industrial uses exist for carbon dioxide in all its 
forms. As dry ice it is used as a refrigerant in the storage .and trans
portation of foods, in the shrink fitting of machine :rarts, and in 
the hardening of steel alloys. In the liquid state it is used m carbonated 
beverages, in some types of fire extinguishers and mechanical refrigem
tors, for food preservation in ways other than refrigeration, and as 
an explosive. In •addition, both the gaseous and liquefied forms are 
used as packaged power for the inflation of collapsible l ife-saving 
gear and for spray application of numerous canned products such as 
insecticides, and paints. 
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By far, most of the carbon dioxide gas used commercially originates 
as an industrial by-product from plants where hydrocarbon fuels are 
burned, or where hme, ·ammonia, nitrogen, or alcohol are manufactured. 
However, nearly 1,300,000,000 cubic feet of carbon dioxide was recov
ered from natural sources in the United States during 1963 as shown 
in the following table. New Mexico, Colorado, Utah, California, and 
"'\V ashington, in that order, were the principal producing States. 

CARBON DIOXIDE (NATURAL) PRODUCTION IN THE UNITED STATES 

1963 .... . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

1962 ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

1961. • • . • • • . • . • . • . . . • . • . . . . . • . . . . . . • . • . . • . . • . . • • • • . . • • • • • . • • . • . . • . • • . • . . • • •  

1960 ... . . . . . . . . . .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .  . 

1959 .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

1958 .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1957 . . . . .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

1 Estimated. 
Source: U.S. Bureau of Mines M inerals Yearbook, 1960-63. 

Thousand cubic Value 
feet 1 
I, 295, 545 
1, 144, 107 

545,354 
521, 167 
485, 179 
722, 615 
704, 276 

$178, 000 
146,000 
82, 000 
99, 000 
71,000 

102,000 
139, 000 

Carbon dioxide may be generated in the earth's crust when materials 
containing carbon are subjected to ( 1) magmatic assimilation, (2) heat, 
(3) acid groundwater, and ( 4) the kinds of decay and fermentation 
that occur during the tmnsformation of buried organic matter to coal 
and hydrocarbons. Natural occurrences may be found, therefore, in 
varying degres of concentration in association with coal and hydro
carbon, in areas of recent volcanism, and in areas where limestones or 
sediments containing organic matter are in contact with heated rocks. 

Springs emitting carbon dioxide are known in many places in Oregon 
(fig. 50) (Wagner, 1959) . Some of these discharge directly in rivers 
and streams. In the vicinity of some of the "soda water" springs, bub
bles rising through pools of standing water formed during a hard rain 
indicate that leakage of C02 from subterranean sources is not confined 
only to the springs ; probably unrecognized leakages occur on the dry 
land surface as well. 

There is at present no commercial production of natural C02 
from Oregon. Between 1945 and 1961, a plant near Ashland converted 
C02 to dry ice (Schafer, 1955 ; Wagner, 1959 ) .  The C02 was recovered 
from water pumped at the rate of about 1,000 gallons per hour from a 
network of 10 to 12 wells. Total production is unknown, but it is esti
mated that 470 million cubic feet of gas was recovered up to 1958. The 
wells, which are 200-300 ieet deep, were drilled into a shaly layer in 
the Umpqua ( n Formation along a line about one-third of a mile in 
length close to a major fault (Schafer, 1955) . Some of the wells and 
springs in the Ashland area contain unusually high concentrations of 
hthium, carbonate, chlorine, and sulfur ,and show a predominance of 
carbonate over calcium and a low calcium-magnesium ratio (Win
chell, 1914, pp. 83-107) .  This composition is characteristic of water 
from a volcanic environment (White and Brannock, 1950 ) .  Schafer 
( 1955) postulates that the carbon dioxide-rich water was derived from 
an underlying magma, rose along faults and was mixed with circula
tory ground wa;ter on its way to the surfaoo. 
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FIGURE 50.-0arbon dioxide springs in Oregon. 
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Commercial recovery of natural carbon dioxide must face strong 

competition from by-product carbon dioxide from industrial plants, 
which provide by far the greater part of the Nation's requirements. 
Some of the soda water springs shown in figure 50 occur m geologic 
settings that would appear to warrant investigation should there be 
at some future time a sufficient demand for carbon dioxide. The most 
promising of these are Wilhoit Springs, in the vicinity of Sodaville 
and Cascadia State Park ; the springs in the Emigrant Creek area 
between Lithia Springs and Buckhorn Springs ; and those in central 
Oregon near the Weberg and Brisbois ranches. 

CLAY 

( By R. S. Mason, Oregon Department of Geology and Mineral Industries, 
Portland, Oreg. ) 

Clay very probably has the longest record of continuous use by 
man of all of the mineral resources. Pottery and art objects made of 
clay predate the earliest recorded history. Man has been using brick 
for over 5000 years. The first brick are believed to have been formed 
in the Tigris-Euphrates valley, but it was not until the art had been 
adopted by the Etruscans that any reliable history became available. 
The oldest cities in  the world were largely built of sun-dried brick, 
but clay was used much earlier as a covering over pliant osiers woven 
into rude hemispherical shelters. Early civilizations developed in 
arid or semi-arid regions where sun-dried brick served well. Although 
the Etruscans employed bitumen as a waterproofing agent to protect 
their brick structures, it was not until fired brick were developed that 
truly permanent structures became possible. Cultures spreading out 
from the Tigris-Euphrates valleys eventually reached humid climates 
where three factors were responsible for the development of the fired 
brick. First, there was an abundance of wood for fuel in the humid 
regions ; second, there was insufficient sun to properly dry sun-dried 
brick ; and third, the weather rapidly destroyed sun-dried brick. 
Although seriously challenged by many other building materials in 
recent years, fired brick were the prime building materials for several 
milleniums. 

Very much the same historical pattern has been followed in Oregon. 
The earliest structures having any semblance of permanency were log 
cabins chinked with clay. Shortly afterwards brick and tile, produced 
from local clays and fired with cordwood came into increasing use. 

The uses of clay today show a great expansion over the first sun
dried, straw-strengthened brick cast 5000 years ago. Clays are used 
in cement, paper, paint, plastics, rubber, pesticides, fertilizers, textiles, 
inks, medicines and numerous other products. Clays help to bond 
foundry sand, seal reservoirs and oil wells, bind both stock feed and 
iron ore pellets, suppress forest fires with a sticky slurry, and sieve 
out molecular sized impurities in liquids. Clays are fired to make 
structural units, sanitary ware, whiteware, refractories, stoneware, 
pottery, artware, and other ceramic products. Certain clays bloat when 
fired and are sold for lightweight aggregates. Sculptors use clay for 
modelling but the familiar grade school modelling "clay" is a com
pletely synthetic product. 
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Some clays or clayey materials may contain sufficient concentra
tions of aluminum to make them potentially valuable as ore. Bauxite, 
an ore of aluminum, and limonite, an iron ore, usually contain consid
erable quantities of clay formed as a result of weathering of the 
original rock. Some non-bauxitic clays contain a high percentage of 
aluminum which may some day become economically attractive. 

As defined by Murray ( 1960 ) , clay is a natural, earthy, fine-grained 
material composed largely of a limited group of crystalline minerals 
knows as the clay minerals. Although most clays are plastic when wet, 
not all of them are. The term "clay" may also refer to the smallest 
of particles, with a maximum size, depending on various scales, of 
from 2 to 4 microns. Clays have been classified in many ways and no 
one system seems to work best for all of the various disciplines in
volved with them. Geologists, agronomists, engineers, ceramists, and 
others have all established definitions, specifications, and parameters 
which serve to define and identify the material. Tests for clays are 
many and varied. Depending upon the clay and the use to which it is 
to be put a sample may be analyzed chemically ; examined petrographi
cally ; x-rayed ; fired for color, shrinkage, bloating and pyrometric 
cone equivalency ; tested with differential thermal analysis equipment ; 
stained ; studied with electron microscopes ; or tested with infrared 
spectroscopy. . 

Clay minerals may originate in several ways. Simple weathering 
under generally humid conditions will transform surface rocks of 
many types into more or less pure residual deposits of one or more clay 
minerals. Purity of the clay minerals in such deposits depends partly 
upon the nature of the original source rock and partly on the dura
tion and intensity of weathering. Clays may also be formed by hydro
thermal processes beneath the surface. Heated, circulating mineral
bearing water alters existing minerals, and under proper conditions 
clay minerals are formed at the expense of others. Deposits of clay 
may be formed by either weathering in situ or by transportation of 
exposed clay minerals. 

Oregon clays have in the past been almost exclusively used for 
common brick and tile production. Since most of the clays contain a 
considerable quanti>ty of iron, the fired ware is usually red to dark 
buff in color. Very little Oregon clay is sufficiently low in iron 
to produce a light-colored fired product. The manufll!Cture of common, 
red-firing brick and tile in Oregon dates from the early 1800's when 
local clay pits supplied mruterial for brick which was sun dried on the 
ground, fired on the premises, and laid up in a wall not far from the 
kiln. Numerous commercial kilns and potteries were operruting in the 
1850's. A total of 68 kilns were active in the State in 1908, the 
peak year, 29 in 1913, 19 in 1946, and 11 in 1966. 

Refractory clay occurs in western Oregon in numerous deposits, 
as described by Wilson and Treasher ( 1938 ) . They describe in some 
detail the four most favora:ble deposits, all having pyrometric cone 
equivalents ( P.C.E.)  of at least 30. These were the Fransen, Ellis, 
King, and Hobart Butte. 

The Fransen deposit, located near Mayger in Columbia County, con
tains about 430,000 tons of high refractory (Cone 32) plastic clay that 
when fired has moderrute shrinkage and moderately dark color. The 
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Ellis property, located about 4¥2 miles southeast of Mollala in Clacka
mas County, has clay with a P.C.E. value of 30-32 that fires to a tan 
color, but several attempts to use the clay commercially have been 
abandoned due to high shrinkage. The clay could possibly be used to 
improve the workability of less plastic flint clays. At the King clay 
locality, about 3 miles northeast of Sublimity, Marion County, the 
raw clay is dead white in color, has a P.C.E. value of 32-plus, and 
fires to a dark brown. The clay has a high firing shrinkage and also 
could probably best be used as a plasticizer with flint clays. Approxi
mately 300,000 tons are available. 

Hobart Butte is located near the southern boundary of Lane County 
and about 16 miles south of Cottage Grove. The clay deposit is de
scribed by Wilson and Treasher ( 1938) : 

There are three phases of the clay, each having different physical appearances ; 
( 1 )  one at the top of the quarry face is a light-gray, hard, flinty mass with a 

hardness of 3 and conchoidal fracture, and contains white bodies that look like 
altered feldspiars ; (2)  below is similar clay, except that it has a slight brownish 
cast ; ( 3) at the bottom of the quarry is darker-gray, softer clay with hackly 
fmeture and a higher percentage of "white bodies" that are frequently elongated 
in a parallel direction. This gray day contains small fragments of carbonized and 
silicified wood in addition to some realgar, cinnabar, and stibnite. The gray color 
is due to finely divided carbon that burned out in firing and showed a slightly 
higher loss on ignition. Realgar, cinnabar, and stibnite volatilize in the physical 
tests and do not affect the refractoriness. 

Small fragments, twigs, and even 10-foot logs of carbonized and silicified wood 
are found in the gray clay. Some of the logs appear to have been flattened by 
pressure. The presence of small fragments of wood indicates that the altered rock 
was originally a pyrocla,stic instead of a flow. To the westward, the clay grades 
into more impure material of various colors ; some is brick red, grading to dark 
tan but otherwise having many of the characteristics of the clay in the quarry. 
The zones of colored clay appear to have vertical extent like strata dipping at 
steep angles. 

The extent of fractures in the clay mass was not determined, and although 
slickensides occur frequently, they could properly develop in such a mass with 
very little displacement. In some cases, either realgar or cinnabar, or both, 
was deposited prior to the fracturing, as these minerals may be smeared along 
the slickensides. 

The clay fuses between Cones 33 and 34, is flinty, and has a light 
cream color when fired above Cone 20. The addition of Hobart Butte 
clay to the plastic Willamina black clay produCes a satisfactory mix 
for firebrick. Reserves of clay at Hobart Butte are large ; Wilson and 
Treasher ( 1938) estimate that 46,200,000 tons are available. 

Clays suitable for red-firing brick and ttile are abundant in north
western Oregon, particularly the Willamette and Tualatin Valleys. 
Distribution of brick and tile plants is shown on figure 51. Most plants 
are located near or in centers of populrution, and nearly all obtain their 
c1ay close to the kilns. Urban growth over the years since the various 
plants were established has imposed hardships on some of the opera
tions, particlarly with respect to future pit expansion. There is no real 
shortage of clay near most of the urban centers, but lack of foresight 
in reserving suitable deposits by agencies responsible for planning for 
community growth and development may seriously affect brick and tile 
production in some areas in the future. Common red-firing brick and tile 
clay is a low value commodity that cannot be eoonomically trans
ported great distances from pit to plant. Although the value of the 
fired product is considerably greater than the raw clay, there are 
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definite limitations to the market radius for common brick and tile. 
East of the Cascade Mountains only three brick and tile plants have 

had substantial production. Although clays suitable for red-firing 
brick _and tile almost certainly are widely available in eastern Oregon, 
the distance to urban markets and relatively high cost of fuel and 
manufacture have severely restricted their utilization. The ready avail
ability of other building materials, including building stone, possibly 
also has been a factor in limiting the number of brick and tile plants. 

With the exception of two deposits, the Hobart Butte flint clay in 
southern Lane County and the Willamina "black" plastic clay in south
ern Yamhill County, Oregon is hard pressed for reserves of white-fir
ing clays. Both of the deposits have been reported on by Wilson and 
Treasher ( 1938) . Some light-colored brick has been fired at the Wil
lamina Clay Products plant located not far from the pit. Some of the 
brick have been produced from a mixture of Hobart and ·willamina 
clays, and some of the Willamina clay has been shipped to Portland 
for making stoneware. Several other white-firing clavs are known but 
the deposits are small and have been used sparingly if at all by "art 
potters." 

The paucity of granites and pegmatites in the State explains in part 
the scarcity of white-firing clays. Generally, the acid igneous rocks 
weather to form light-firing clays, while the flow rocks such as rhyolite, 
and the more basic andesite and basalt produce clays having reddish 
or brownish to blackish colors when fired. The granitic masses found 
in southwestern and northeastern Oregon are for the most part insuffi
ciently weathered to have formed significant deposits of clay. Deeply 
buried deposits of white-firing clay may occur in the State but the cost 
of "blind" exploration coupled with high mining costs effectively 
prohibit any possibility of production. 

Bentonite, a rock composed principally of montmorillonite-group 
minerals, is formed by the alteration of beds of volcanic ash. Volcanic 
ash is composed largely of shards of volcanic glass that is readily at
tacked by ground waters charged with low concentrations of carbon 
dioxide, sulfuric acid, or organic acids. Ce-ntral and eastern Oregon 
contain large quantities of Tertiary volcanic ash which has been partly 
or wholly altered to bentonite. Only one producer has exploited these 
reserves. A small open pit operation in eastern Crook County sells 
dried and crushed ore for sealing stock ponds and canals, and for mak
ing slurries for aerial bombing of forest fires. Minor amounts are also 
sold as a stock feed pellet binder. Exploitation of Oregon bentonite 
deposits has been hindered by several factors : the deposits are rela
tively impure when compared to material being imported from out of 
state ; the deposits are at a considerable distance from markets ; and 
no large deposits are known. 

Shales suitable for the production of expanded lightweight aggre
gate are found at several localities in northwestern Oregon. Two pro
ducers have been actively mining and bloating Keasey Shale (Ter
tiary) in Washington County for many years. Keasey Shale is a 
fossiliferous, gray, expansible rock which increases in volume when 
fired in a revolving kiln. The feed to the kiln is crushed, screened, and 
fired to a product having as nearly the correct size as possible. Each 
fired lump has a characteristic "skin" formed by the softening of the 
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exposed surfaces in the kiln. The skin helps to prevent water and 
cement absorption, but even lumps that have been cracked or crushed 
take up little moisture since the cellular texture consists largely of 
individual cavities rather than connected tubes. 

Expanded shale is used primarily as a lightweight aggregate in 
concrete products. Large tonnages of the material are used in pre
stressed concrete members such as architectural beams, Lin-Tees, and 
piling. Expanded shale is also fine-ground to make a pozzolan for use 
with portland cement. 

Reserves of Keasey Shale suitable for the production of expansible 
shale are very likely adequate for any future demands. The deposits 
now being worked are located on paved highways and probably repre
sent the most readily available of all of the known reserves. The re
maining reserves, located primarily in Washington, Columbia, and 
Clatsop Counties, are believed to be large but no detailed examination 
of them has been made. 

High alumina clays in Oregon received considerable attention during 
World War II when foreign supplies of bauxite were curtailed. An 
elaborate pilot plant was constructed at Salem to test clays from Ore
gon and other Northwest deposits, but cessation of hostilities termi
nated the project and no ore was either mined or milled. The deposit 
receiving the most attention was located near Molalla in southern 
Clackamas County. The clay contains approximately 30 percent Al203 
and is composed of a mixture of plastic and semi-flint horizons. The 
deposit was first examined by Wilson and Treasher ( 1938 ) . In 1942 
and 1943 the property was examined by the U. S. Bureau of Mines. A 
total of 77 holes were drilled, the deepest being 189 feet. A geological 
report was made by Nichols ( 1944) for the U. S. Geological Survey. In 
his report Nichols estimated the reserves at 49 million dry tons of 
measured and indicated clay with an available Al203 content of 26.37 
percent. Of this total there are 26 million tons having an Al203 content 
of 29 percent. High alumina clays at Hobart Butte and at other nearby 
deposits have been discussed by Allen and others ( 1951 ) .  

DIATOMITE 

(By N. S. Wagner, Oregon Department of Geology and Mineral Industries, 
Baker, Oreg. ) 

Diatomite, kiesselguhr, or diatomaceous earth are the names com
monly used to designate an exceptionally light-weight, porous, chem
ically inert sedimentary material composed principally of the frustules 
or shells of minute aquatic organisms known as diatoms. More than 
12,000 species are known, distinguished mostly by the shape and 
ornamentation of their frustules which are made of a hydrous form 
of silica similar to opal. Individual frustules range from a few microns 
to a few hundred microns in size and they occur in a wide variety of 
shapes ; however, in their natural undeformed state they are hollow 
and are commonly characterized by an abundance of perforations 
which give the casing an open lattice-work structure. As a result of 
this porosity (65 to 85 percent voids) , kiln-dried diatomite may weigh 
as little as 5 to 16 pounds per cubic foot but because of absorbed ground
water the density of pit-run material may be considerably greater. 



206 

Diatomite finds its greatest use as a filtr!l!tion medium. About half of 
the United States production is accounted for in the processing of 
beverages, vegetable oils, paints, thinners, lacquers and medicines and 
other industrial liquids. About one-fouvth of the domestic production 
is used as filler m!l!terial in batteries, tires and similar goods with the 
balance distributed between heat insulation and more than 300 other 
uses such as absorbants, lightweight aggreg!l!te, pozzolan, abrasives, 
pesticide carriers and ceramics (fig. 52) . For some of the less demand
ing uses, diatomite is marketed in a dried, screened, and sized but 
otherwise unprocessed form, but that marketed for filtration and other 
higher grade uses is calcined. 

The evaluation of diatomite deposits is complex and involves tests 
of suitability of the material as well as minability. The relative 
abundance of different diatom species, extent of fragmentation, particle 
size range and furnacing characteristics are each important in deter
mining potential uses and hence the market value of material. Other
wise, to be minable, a deposit must be large, have few impurities, be 
well drained and advantageously located with respect to transporta-
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FIGURE 52.-Rela•tive quantity of diatomite consumed in the United States for 

each principal class of use, 194(}-.1963. ( Compiled from U.S. Bureau of Mines 
Minerals Yearbook 1963, volume 1 ) .  
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tion. Intermixed volcanic ash is an especially undesirable contaminant. 
Sand, silt and clay are also undesirable although separate beds or 
layers of these or other contaminants can generally be separated if they 
are not too closely spaced. Organic m�Ltter, which may give the diato
mite a brown or black color, is less serious in that it can be burned out 
during calcining. Consequently even though diatomite is found both on 
the east coast and in many parts of the western United States, minable 
deposits are by no means abundant. 

Diatoms are living today in both the oceans and fresh water lakes, 
wherever favorable ecologic conditions exist. Diatomite, however, 
represents the fossil remains of diatoms that lived under conditions in 
which their shells accumulated in fantastic numbers. How fantastic is 
illustrated by the fact that a cubic inch of diatomite may contain on 
the order of 30 to 40 thousand individual frustules ; hence the total 
number of diatoms represented in even a small deposit is virtually 
beyond comprehension. Studies of living diatoms indicll!te that ideal 
conditions for such abundant multiplicll!tion entail clear, cool, well
lighted water with a constantly replenished high content of silica to 
replace that removed from solution by the growing diatoms. Large 
accumulations are thus almost universally associated with periods of 
widespread terrestrial volcanism. Lakes impounded behind lava dams 
provided the necessary habitat, and volcanic ashes and solutions of 
volcanic origin constituted an abundant source of silica. Similar favor
able conditions exist less commonly in marine environments, but only 
locally in relatively protected areas such as bays and estuaries where 
the water chemistry is favorable and not subject to excessive dilution 
from the open sea. With a few exceptions almost all known freshwater 
di!Ltomite deposi,ts are closely associated with volcanic rocks ; a relation
ship that is less conspicuous with marine deposits. Some diatomite 
occurrences of pre-Cenozoic age are known. However, most deposits 
range in age from Tertiary to Quaternary, and all of the commercially 
important deposits are of late Cenozoic age or younger. Those of 
marine origin have about the same range of uses as those of freshwll!ter 
origin but the two types contain distinctively different assemblages 
of diatom species. 

TABLE 14.-DIATOMITE SOLD OR USED BY PRODUCERS I N  THE UNITED STATES, 3·YEAR TOTALS 

Years 

1945-47 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1948-50_ - - - - - - - - - -- - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1951-53_ - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - -
1954-56_ - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1957-59 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - -
196!Hi2- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Source: Mineral Facts and Problems, U.S. Bureau o f  Mines Bulletin 630. 

Quantity 
short tons 

640, 764 
733,670 
908, 448 

1, 105, 279 
I, 349, 340 
I, 446, 625 

Average value 
per ton 

$20. 17 
25.55 
29.97 
39.21 
45. 73 
50.08 

The United States is the world's leading producer and consumer of 
diatomite. Russia is the next largest producer. Between them they pro
duced approximately half of the world total of 1,610,000 short tons 
mined in 1963. In 1963 the United States production ( table 14) came 
from 15 plants operated by 13 companies. California supplied about 80 
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percent of the total production, with Nevada and Washington next in 
rank. Minor production came from Arizona, Maryland and Oregon. 

Domestic reserves are largely undetermined. Diatomite is found in 
nearly all the Atlantic Coast States and in some of the Central States 
as well, but the largest and best of the known domestic resources are in 
the West. California has extensive reserves ; a single deposit near 
Lompoc extends "over many hundreds of acres with beds reaching 
1,400 feet in thickness" ( Petkof, 1965 ) .  In Nevada it has been said 
that "diatomite must be considered as occupying large basins rather 
than be considered as individual deposits" (Olson, 1964) . Arizona, 
Oregon, and Washington also have large quantities of minable 
diatomite. 

DIATOMITE IN OREGON 

There are many diatomite occurrences in Oregon (fig. 53) .  Most 
are located east of the Cascades where they are associated with vol
caniclastic rocks of Miocene to near Holocene age. All are freshwater 
deposits as are the diatomaceous oozes known to be forming in parts 
of Klamath Lake today (Moore, 1937) . Some of these deposits are 
prominently and extensively exposed by erosion ; most, however, are 
quite poorly exposed. Indeed, before it was developed, Oregon's most 
notable producing deposit was almost totally hidden by overlying 
soils and fluviatile sediments. 

Only minor quantities of diatomite have been produced from Oregon 
sources during recent years. Production from a deposit in Lake County 
is used for packaged pet litter, and production from a deposit in 
Baker County is used as one of many ingredients blended into a manu
factured soil conditioner. Previously, diatomite was mined extensively 
from a deposit near Terrebonne, Deschutes County ( fig. 53, T) and 
marketed in natural, calcined and flux-calcined forms for practically 
all the special-purpose uses for which diatomite is suitable. Much 
of this was used as a filter medium in the manufacture of sugar and 
antibiotics. 

The Terrebonne deposit was first developed about 1920 but was most 
productive between 1935 and 1961. The deposit underlay approximately 
800 acres and contained a section of usable diatomite beds 22 to 28 feet 
thick (Drysmid, 1954) . Original exposures were limited to small, com
paratively unimpressive outcrops along the rim of the steep-walled 
Deschutes River Canyon ; elsewhere the diatomite was overlain by 
10 to 30 feet of fluviatile sands and gravels, and locally by basalt. It 
is believed to be late Pliocene or early Pleistocene in age. 

A comparatively small output of non-calcined diatomite produced 
intermittently between 1917 and 1934 from a deposit near Harper 
(fig. 53, D )  is the only other recorded production from Oregon (Moore, 
1937) . This came from a large, prominently exposed occurrence of 
Miocene diatomite interbedded with volcaniclastic sediments, and over
lain by Pliocene tuffs, and locally, by basalts. 

Most of the deposits shown on figure 53 have been examined and 
sampled during recent decades by prominent companies identified with 
the mining, processing, marketing, and evaluation of diatomite. 
Some have been accorded extensive, follow-up exploration. It is under
stood, however, that while many of these occurrences were found to 
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contain diatomite suitable for many industrial uses, most are g-enerally 
regarded by industry as being deficient in beds containing the kinds 
of diatoms required for the production of high quality filter media. 
This condition is believed to apply primarily to deposits of Miocene 
age and generally less so to the younger Pliocene and Pliocene-Pleisto
cene deposits. The Terrebonne occurrence represents a notable example 
of a Pliocene-Pleistocene deposit that contains material eminently 
suitable for filtration products. Unfortunately, the most impressively 
exposed diatomites in Oregon are Miocene-Pliocene in age ; hence on 
the basis of the above findings, the material in these deposits is suited 
for common to intermediate grade uses. On the other hand the poten
tial for finding minable quantities of filter-grade diatomite cannot 
be regarded as wholly negative. Throughout eastern Oregon, par
ticularly in the High Lava Plains, Basin and Range, and Owyhee 
Upland provinces (fig. 1 )  there are many areas that are still in an 
extremely youthful state of erosion. Some of these areas contain large, 
structurally undisturbed, and virtually uneroded blocks of upper Plio
cene to Holocene sediments in a geologic setting comparable to that at 
Terrebonne. Inasmuch as the Terrebonne deposit provides precedent 
for believing that filter grade diatomite may exist in association with 
the younger sediments, the uneroded basins and plateau surfaces under
lain by these Recent sediments must be considered as log-ical areas for 
exploration for additional deposits of filter-grade diatomite. 

GEM STONES 

(By R. S. Mason, Oregon Department of Geology and Mineral Industries, 
Portland, Oreg. ) 

The quartz family minerals, which constitute the bulk of the semi
precious gem stones found in Oregon, very likely provide the basis for 
recreation for more people living in the State than any other single 
natural resource. Since World War II there has been a rapid growth 
in interest by the layman and his family in the search for, preparation 
of, and eventual display of the wide variety of quartz family minerals. 
The "rockhounds," as they are popularly called, are attracted not only 
by the thrill of discovering a particularly fine specimen, but by the fact 
that it is a recreational pursuit which knows no season, requires no 
licensel and has no minimum or maximum qualification age for par
ticipatiOn. The hobby in its simplest form may entail only the collecting 
and tumbling or sawing of specimens. More advanced hobbyists often 
specialize in certain types of minerals or finished materials. The dis
plays sponsored by the numerous "rockbound'' clubs scattered across 
the State reveal the wide appeal that the hobby has and the equally 
diverse skills and interests of its various members. Displays of jewelry 
are naturally one of the most popular, with collections of mineral 
specialties, such as zeolites and petrified wood or laboriously hand
crafted objects such as flowers, butterflies, and working models of spin
ning wheels also finding wide attraction. There are more than 3,000 
members of organized "rockbound" clubs in Oregon. The clubs have 
been active in recent years in standardized displays, conducting field 
trips, and promoting good outdoor habits. An abundance of printed 
material has become available on the subject of semiprecious gems, 
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"rockhounding," gemmology, and related subjects. The following au
thors have prepared books and articles that are of interest to both the 
layman and professional interested in semiprecious gems : Fritzen 
( 1959 ) ,  Frondel ( 1962) , Leechman ( 1966 ) ,  Parsons and Soukup 
( 1961 ) ,  Pearl ( 1964) , Quick ( 1963 ) ,  Sinkankas ( 1961) ,  and Webster 
( 1964 ) .  

Semiprecious gems are found in  many parts of  Oregon. The coast 
has long been a favorite haunt of the vacationist intent on finding 
water-polished agates, jasper, and other colorful stones. Numerous 
stream beds in northwestern Oregon and the Willamette Valley also 
yield quantities of cutting and polishing material of various kinds. 
East of the Cascades, collecting areas are scattered from the Columbia 
River south to the California and Nevada boundaries and eastward 
to the Idaho line. Maps showing the principal areas in the State where 
semiprecious gem stones are found have been published by the Oregon 
Agate and Mmeral Society and the Travel Information Division of 
the Oregon State Highway Department. One of the early publications 
on Oregon gem minerals, issued by the Oregon Department of Geology 
and Mineral Industries (Dake, 1941 ) ,  has been out of print for many 
years, but Dr. H. C. Dake subsequently authored numerous privately 
printed books on the subject. 

Oregon ranks high among the States in the production of semi
precious gems. Exact statistics on the value and amount of material 
annually produced are difficult to determine, since a large proportion 
of the stones are collected by nonprofessionals or by part-time oper
ators. Although regular dealers probably handle a considerable por
tion of the total, many stones are bought, sold, and traded on an 
individual basis. The U.S. Bureau of Mines has conservatively set the 
annual value of semiprecious stones produced in the State at $750,000. 
In all probability the actual figure is many times larger. In response to 
a rapidly increasing demand for information on semiprecious stones 
and localities where they may be obtained, several communities in 
the central part of the State have created "rockbound" service groups. 
The Prineville and Crook County Chamber of Commerce has been 
particularly active in this effort. Visiting "rockhounds" can obtain 
maps to local digging areas, together with information on Federal 
rules and regulations, and campsites. In the Crook County area, there 
are numerous localities available to the "rockbound." Some are pub
licly owned, others are controlled by the Chamber, and others are 
privately held. The privately owned areas usually charge a daily fee 
plus a poundage rate. The popularity of "rockhounding" is such that 
thousands attend the annual "Powwow" held at Prineville. 

The thunder egg is the State stone for Oregon. Of all the semi
precious materials collected in the State, the thunder egg very prob
ably ranks first in quantity collected. The "eggs" were formed in 
vesicles in Tertiary lava flows which were subsequently filled with 
silica, both coarse- and fine-crystalline. The method of formation of 
thunder eggs has been described by Staples ( 1965 ) .  The eventual 
erosion and weathering away of the lava flows released the more 
resistant cavity fillings. In some areas the eggs lie scattered over the 
surface ; in others the eggs remain imprisoned in the original matrix 
and must be dug out. In the latter case, the flows are usually partly 
weathered, and excavation is somewhat simpler than mining in solid 
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rock. Most of the commercially run collecting areas strip away the 
overburden aD.d expose fresh faces from time to time to facilitate 
recovery by "rockhounds." The thunder eggs range in weight from a 
few ounces to over 100 pounds. 

A recent study by Peck ( 1964) of the geology of the Antelope-Ash
wood area of north-central Oregon includes the following description 
of the nodule-bearing beds at the widely known Priday Ranch locality 
located about 20 miles north of the town of Madras. Although thunder 
eggs vary widely in appearance at the numerous localities, the geologic 
setting and method of formation are quite similar. 

The spherulites are chiefly in the lower few feet of a weakly welded rhyolitic 
ash flow * • • at the base of member F of the John Day Formation, but some are 
in pumice lapilli higher in the ash flow and in the upper few inches of the under
lying stony ash-flow sheet ( number E ) .  The weakly welded ash flow * • *,  
which i s  10 to 20 feet thick at the deposit, i s  composed of black perlitic angular 
lapilli of collapsed pumice in a matrix of shards and ash. Locally the basal part of 
the ash flow i s  altered to clay and to less abundant opal. Chalcedony-filled spher
ulites are widely distributed at this horizon ; formerly they were recovered in 
large numbers from a locality about 1 mile northeast of the present Priday 
deposit. 

The Priday deposit is on a low mesa supported by the resistant ash-flow 
sheet of member E and is surrounded by the underlying tuffs of member D • • •. 
The spherulite horizon is presen-ed in a northward trending graben in which 
the Priday ash flow has been downdropped about 100 feet. The fault bounding 
the west side of the graben is exposed about 100 feet ( in 1958) west of the pit, 
where it trends X. 10" E. and dips 80" E. West of this fault the Priday ash flow 
with its enelosed spherulites has been uplifted and eroded. 

The thunder-eggs from the Priday deposits and other localities in Oregon and 
Idaho have been described in detail and illustrated by Dake ( 1938) , Ross ( 1941 ) ,  
Renton ( 1951 ) and Brown ( 1957 ) ,  so that a brief description will suffice here. 
They are small spheroidal bodies, about 3 inches in average diameter, and have 
a cauliflowerlike surface crossed by low ridges. Most consist of an outer shell of 
pale-brown aphanitic rock and a core of white to bluish-gray chalcedony. The 
outer shell of each thunder-egg is composed chiefly of shards. fine ash. and col
lapsed pumice lapilli, all of which are altered to radially oriented sheaves of 
fibrous cristobalite and alkalic feldspar. The chalcedonic cores commonly con
tain concentric and planar bands and dendritic mineral growths and range in 
shape from round and highly irregular forms to geomptrically rt>gular pyrito
hedrons and cubes, each face of which is an inward-pointing pyramid ( Ross, 
1941, pl. 2, fig. d ;  Brown, 1957, pl. 3, fig. 3 ) .  These appear as squares and star� 
in section. 

A reasonable explanation of the origin of the thunder-eggs has been advanced 
by Ross ( 1941b, p. 732 ) . He concluded that spherulitt>s formed during cooling 
of the ash flow and were disrupted by the pressure of volatiles exsolved from 
the ash ; the resultant cavities were later filled by chalcedony during alteration 
of the enclosing ash flow. 

Names applied t o  the Yarious semiprecious gems reflect a mix
ture of science, geography, folklore, and fanciful des<'ription. 
Petrographically al l  the quartz family stone;; can Le di ,-ided into 
two main groups ; the coarse-crystal l ine and tinP-cry,;tall ine. Table 1 5  
lists the principal gem stones found in Oregon under these t w o  cate
gories. The fine-crystalline stones can be further subdivided into 
groups represented by chalcedony, agate, jasper, and opal .  Chalcedony 
has a microfibrous texture, "·hereas agate is distinguished by concen
tric or planar banding. ,Jasper is a microgranular type that may haye 
been formed by metamorphic processes. Opal is a submicrocrystalline 
mineral characterized by yariable amounts of nonessential water. A 
detailed study of quartz and the numerous varieties of both coarse
crystalline and fine-crystalline minerals has been made by Frondel 
( 1962) . 
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TABLE 15.-SEMIPRECIOUS GEM STONES IN OREGON 

Quartz family gem stones 

Banded micro� 
fibrous, agate 

Fine-crystalline 
Microfibrous, Microgranular, 
chalcedony Jasper 

Submicro� 
crystalline, 

opal 

Miscellaneous 
gem stones 

Rock crystal _ _ _ _ _ _ _ _ _ _  ''Moss''- - - - - - - - - - Chrysoprase _ _ _ _ _ _  Bloodstone _ _ _ _ _  Common _ _ _ _ _  usunstone''. ���
k
��tot

''
-�: - - - · : : :  ::���0;,�:: : : : : : : ���������:: : : : : : : : ; ;w_es���i��::::::: : : : : : : : : : : : : :  g�����!�rite. 

Sagenite _ _ _ _ _ _ _ _ _ _  Plasma _ _ _ _ _ _ _ _ _  . _  Tempskya _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Rhodonite. 
Petrified wood _ _ _ _  Petrified wood _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Almandite. "Thunder egg" _ _ _ �·'1-'�underegg··.-:: : : : : : : : : : : : : : : : : :: : ::: : : : : :::: : zeolite. 

Considerable confusion exists in the terminology applied to semi
precious stones by the layman. The distinction between the various 
types of quartz family stones often can be resolved only by micro
scopic or other laboratory procedures. In all probability, there will 
always be some uncertainty identifying a semiprecious stone in the 
field, but as long as it is recognized as belonging to the quartz family 
rather than to some other mineral group, there is nothing really too 
seriously wrong. An excellent guide to the intricacies of identifying 
and naming the numerous varieties of the quartz family gem stones 
has been published by Dake, Fleener, and Wilson ( 1938) .  

Clusters and crusts of coarse crystals are usually bought and sold 
"as is," with perhaps a careful cleaning the only processing attempted. 
The second group comprises by far the larger portion of the semi
precious gems collected. The fine-crystalline type of silica forms the 
bulk of most of the "thunder eggs," and the numerous varieties of 
agates and chalcedony. Although lacking in visible crystal form, the 
fine-crystalline stones possess a wide variety of patterns and colors. 
Some agates are almost perfectly water clear, whereas others are trans
lucent with colors of every hue. Agates may be banded, speckled, 
flecked, infiltrated with "moss," "plumes," "iris," or other forms of 
mineral impurities which impart interesting and unusual patterns, or 
there may be cavities which given an open-work texture to sawed 
:::labs. One of the rarer types of gem stone found in the State is filled 
with water. Although most "water agates" (actually chalcedony) or 
enhydroscs arc quite small, specimens weighing several pounds have 
been found. Most enhydroses are found along the Oregon beaches. 

Oregon is noted for its petrified (silicified) wood. Excellent ma
terial, ranging in size from small agatized limbs to solid logs several 
feet in diameter and yards long have been found in many parts of 
the State. Some highly prized material has been recovered from 
petrified stumps still rooted in the soil that has turned to stone dur
ing the millions of years since the trees were buried. The identifi
cation techniques used on petrified wood have been described by 
Eubanks ( 1960, 1966) . An interesting petrified material called Temp
skya has been found in limited quantity in the Greenhorn district 
of eastern Oregon. The Tempskya was originally a fern with a curi
ous false trunk composed of bundles of stems. The jasperlike masses 
reveal a distinctive pattern when cut and polished. Oregon is also 
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noted for agatized seeds, nuts, and fruits. The deposits in the Clarno 
area of Wasco and Wheeler Counties have yielded large numbers of 
excellent specimens. A detailed study has been made by Scott ( 1954 ) .  

A few small diamonds have been found in  Oregon. Their discovery 
in gold placer concentrates was accidental, and no concerted efforts 
have been made to find others. A diamond chip about the size of a 
small fingernail is on display in the Roebling Collection of Native 
Diamonds in the Smithsonian Institution, WashinP..ton, D.C., and 
bears a label stating that it was found in Curry County, Oregon. 
Uncut diamonds closely resemble agates, and very likely some dia
monds have been mistakenly discarded during placer gold cleanups. 
Geologically, the ultramafic rocks such as serpentine, dunite, and 
periodotite that are found in southwestern Orellon and also in the 
Blue Mountains of the northeastern part of the State could be hosts 
for diamonds. Recovery of diamonds from stream gravels requires, 
in addition to regular placer mining equipment, a section of sluice 
box lined with grease-covered sheet metal. Diamonds possess the 
peculiar property of not being wet when immersed in water thus 
when a diamond passes over the grease-covered metal it sticks to 
the grease, while all other grains and pebbles roll past, protected 
from the grease by a film of water adhering to their surfaces. 

Semiprecious gem resources in the State are probably large. Much 
of the easily recovered material lying on or near the surface has 
been found. Future "rockhounds" will continue to discover good ma
terial on the surface, but more and more will have to come from 
excavations of greater and greater depth. In all probability there 
will be continued growth in membership of "rockbound" groups, 
which in turn will sponsor more conducted "digs." With the exhaus
tion of surface deposits and the opening up of commercial digging 
areas, recreational "rockhounding" will change from a largely free
lance activity to a more formal and regulated one. The problems of 
the exploitation of semiprecious gem stone deposits on public lands 
have been of growing concern to the "rockbound" organizations, the 
commercial collector, and the public agencies charged with the ad
ministration of the lands involved. In a discussion of some of the 
problems, the U.S. Bureau of Land Management revealed that it is 
currently treating recreation mining as a specific component in its 
multiple-use management classifications, where appropriate (I. W. 
Anderson, oral communication, 1966) . 

GYPSUM AND ANHYDRITE 

( By N. S. Wagner, Oregon Department of Geology and Minpral IndustriPR, BakPr, 
Oreg. and C. F. Withington, U.S. Geological Survey, Washington, D.C. ) 

The calcium sulfate minerals gypsum ( CaSO •. 2Hz0) and anhyd
rite ( CaSO.) have a long record of use in the building trade indus
try and agriculture. Pure gypsum is generally white or light gray ; 
impurities may color it dark gray, black, pink, green, or yellow. The 
most common form is massive rock gypsum, a compact aggregate 
of small crystals occurring in beds as much as 100 feet thick. Ala
baster is a compact, very fine-grained rock gypsum. Other varities, 
of mineralogic interest only, include satin spar and selenite. Gypsite 
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is an impure earthy mixture of gypsum (rarely more than 70 percent) , 
sand, silt, and clav formed near the surface in secondary deposits 
that are seldom more than 30 feet thick and a few acres in extent. 
The gypsite is generally gray mottled with white, buff or cream ; iron 
may color it pink or red. 

Anhydrite is slightly heavier and harder than gy.r;>sum. Pure an
hydrite may be gray, bluish gray or white ; impurities may color 
the mineral red, pink, gray, or black. Anhydrite may occur as isolated 
crystals or lenses within a gypsum deposit. 

Most commercial deposits of gypsum and anhydrite are found in 
sedimentary rocks and were deposited as chemical precipitates from 
saline water, generally in partly isolated arms of the sea. The two 
minerals are closely associated. In most deposits the calcium sulfate 
probably was originally precipitated as anhydrite and hydration to 
gypsum has taken place near the surface by ground and surface water. 
Consequently, in most deposits gypsum at the outcrop gives way to 
anhydrite at relatively shallow depth. 

· 

Gypsum is the more useful of the two minerals. Most gypsum mined 
in the United States is calcined to be used as plaster and in the manu
facture of wallboard and other prefabricated gypsum products. A less 
dominant but important application is for makmg industrial models, 
patterns, and molds. Uncalcined or raw gypsum is used as a set re
tarder for portland cement and as a soil conditioner. Gypsite is used 
extensively as a soil conditioner, especially in California. 

According to the Bureau of Mines state-of-the-industry records for 
1963 (Barton, 1965 ) ,  the United States is the world's largest producer 
of gypsum and also the largest consumer. The domestic industry in
cluded 71 mines which produced a total of 10.4 million short tons of 
crude gypsum. There were 68 domestic calcining plants in service and 
the value of gypsum products sold or used ( including imports) was 
$414.1 million. Compared to 1890 the annual domestic production had 
increased 56.8 times and the domestic demand for gypsum products 
had increased 95.0 times. If the economic growth of the United States 
continues as expected, annual domestic production of gypsum may 
reach as much as 13 million tons by 1975, and nearly 20 million tons by 
1985. The amount of gypsum imported into this country will also in
crease. At present, the annual import of crude gypsum, mostly from 
Nova Scotia and Mexico, amounts to between 5 and 6 million tons. This 
figure should rise during the next several years and by 1975 may reach 
8 million tons. 

No figures are available for the amount of anhydrite produced 
annually in this country, but it probably amounts to only a few hun
dred thousand tons. As much as 500,000 tons is imported annually. It 
is used primarily as a soil conditioner-in the southeastern United 
States more than 200,000 tons is used annually to provide sulfur for 
peanut crops. Mixed with gypsum it is used as a retarder for portland 
cement. In Europe and Asia anhydrite is used in making sulfuric acid 
and ammonium sulfate. 

Although deposits of calcium sulfate are not distributed evenly 
throughout the country, large occurrences of gypsum are known in 
many States, and the measured resource (domestic) is estimated to be 
sufficient for many centuries of output at the present rate of production. 
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However, exploitation of these deposits is governed to a large degree 
by the location of occurrences with reference to transportation facili· 
ties and market areas. Because the demand in the northwest is great, 
local producers of gypsum would probably find a ready market for 
their product. 

· 

Between about 1896 and about 1926, gypsum was produced from 
near the Snake River a few miles north of Huntington, Baker County 
(fig. 54, No. 1 ) .  The deposits are on a ridge 1,800 feet above the river 
in sees. 16, 17, 20, 28, and 29, T. 13 S., R. 45 E. Willamette Meridian. 
The property was first operated by a local concern known as the Ore
gon Plaster Company, then later by the Pacific Lime and Plaster Com
pany ( about 1911-1919 ) ,  the Acme Cement and Plaster Company 
( 1919-1923) ,  and the Certain-teed Company ( 1923-1926) .  Mining in
volved both open-cut and underground workings from which the prod
uct was delivered a distance of 11/8 miles by aerial tram to a rail siding 
adjacent to the river at an elevation 1,800 feet lower than the mine. 
From here it was initially shipped by rail to a calcining plant at Lime 
some 10 miles distant, but around 1912 another calcining plant was 
built at the tram discharge site on the river. Today the dumps of waste 
rock at the mine constitute a well-known landmark visible for miles, 
but virtually no trace of the old facilities is to be seen. The lack of maps 
or reports on the former operation and the inaccessible condition of 
the working make it difficult to determine the nature of the deposit. 
However, this is believed to be one of the comparatively unusual types 
of occurrences in which sulfate waters introduced along fault planes 
altered calcareous beds to anhydrite and gypsum along a comparatively 
narrow zone bordering the faults. No data are available on the purity 
of gypsum mined, but W. C. Riddell (oral communication, 1957) re
called that the gypsum contained a considerable amount of white cal
cium carbonate that looked like the gypsum, which made mining pure 
gypsum difficult. In addition, thin seams and grains of chlorite occur · 
scattered through the gypsum, which added to the impurities. 

The deposit was worked in three places along three-fourths of a 
mile of the valley wall ; the working-s extended into the hill about 300 
feet. The gypsum is in lenses or beds as much as 40 feet thick, very 
similar to the deposits that are 4 miles to the north across the Snake 
River in Idaho (Lindgren, 1904, p. 111 ; McDivitt, 1952 ; Withington, 
1964) . According to Moore ( 1937 ) ,  the minable gypsum has been re
moved to the extent that remaining reserves consist largely of 
anhydrite. 

These deposits occur in close association with a series of red and 
green shales and conglomerates with interspersed limestone pods anrl 
calcareous subhorizons. Described as the "Gypsum formation" and 
mapped as part of a larger section of Triassic sediments (Living-ston, 
1923 ) ,  these lithologically distinctive beds strike east across the Snake 
River at a point some 3 miles north of the gypsum mine and thence 
are exposed along a north-northeasterly trend for many miles in Idaho. 
Although in Oregon these beds are covered in many places by Tertiary 
formations, they have been traced intermittently along a south-south
westerly trending arc to Juniper Mountain, Malheur County (an in
ferred trace distance of approximately 40 miles) beyond which they 
are again obscured by Tertiary formations. Gypsum occurrs in associa-
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tion with these beds at several places in Idaho (Lindgren, 1904 ; Mc
Divitt, 1952 ; Withington1 1964) which is one of the contributing rea
sons for Livingston havmg named them the "Gypsum formation." 
However, no additional gypsum deposits are known to occur in associa
tion with these beds in Oregon. Brooks ( 1967) has indicated that the 
red and green conglomerate may be in unconformable relationship 
with the red and green shales with which the gypsum is associated. 
Whether they are, or are not, the remnants of anhydrite and gypsum 
occurring at, and in the immediate vicinity of the original mine site, 
constitute the only reserves that can now be described in this area on 
the basis of available data. Further exploration back from the rim of 
the valley near the old workings might find additional beds of calcium 
sulfate. This material would be predominantly anhydrite but might 
be useful as a set retarder for portland cement. 

A desposit of gypsite in sec. 28, T. 18 S., R. 17 E., Crook County 
(fig. 54, No. 2) was reportedly mined to a limited extent early in the 
century for local use as a fertilizer (Burchard, 1911 ; Stone, 1920, 
p. 236 ) .  The gypsite is known to underlie a considerable acreage. Memo
randum notes of an examination in 1939 (White Swan prospect, State 
of Oregon, Department of Geologv and Mineral Industries) indicate 
that the host material is a soft white tuff heavily impregnated with 
veinlets of crystalline gypsum. This was disclosed in a single shaft 
that penetrated a 39-foot section of the gypsite before bottoming in 8 
feet of highly pyritized blue clay. Although surface evidence is de
scribed as indicating that gypsite may underlie a large area. no addi
tional exploration is known to have been undertaken ; hence no 
significant estimate can be made concerning the amount ·and gypsum 
content of the occurrence. In as much as the demand for gypsite in 
California and other Western States is great, this material might 
possibly be developed for use as a soil conditioner. 

Gypsum stringers and clusters of gypsum crystals are common
place in lake beds and tuffs in many local ities in Oregon. Gypsum 
also occurs as a gangue mineral in many of the vein deposits. Some 
of these localities provide specimens of selenite and satin spar of 
interest to mineral collectors, but except for the above-mentioned 
deposits in the Huntington and Prineville areas, none of these appear 
to offer any possibility of commercial development. 

PEAT 

(By C. C. Oameron, U.S. Geological Survey, Washington, D.C. ) 

The peat industry of Oregon is in i ts infancy, with production 
having begun only in 1966. The demand for peat as an important 
soil conditioner and horticultural commodity has reactivated a long 
dormant domestic industry formerly based on the use of peat as a 
fuel. Increasing demands for peat in the Pacific Northwest can be 
the basis for a larger industry in the future, as the peat resources 
are large although very imperfectly known. 

Peat is a partially decomposed vegetable matter that has accumu
lated under water or in a water-saturated environment. Different types 
of peat have a wide range of physical and chemical properties. For 
statistical purposes the U.S. Bureau of Mines has classified peat into 
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three general types-moss peat, reed-sedge peat, and peat humus. Peat 
of sphagnum, hypnum, and other moss groups is classified as moss 
peat ; whereas that of reed-sedge, shrub and tree groups is classified 
as reed-sedge peat. Peat is classified as peat humus when decomposi
tion has obscured its botanical identity and further oxidation of the 
material has been impeded. 

The coincidence of several physical and biological factors required 
for peat formation and preservation exist in several places in Oregon, 
namely a moderately moist climate and a soil that favors the growth 
of plants ; a physical setting in which plant debris can accumulate ; 
and a g-eolog-ical setting in ;vhich peat, once formed, may be preserved. 
Humidity is probably the most critical climatic factor in promoting 
plant growth and in inhibiting decay. Ponds, swamps, and marshes 
offer sites for rapid immersion of plant debris into a suitable peat
forming environment. Depressions containing quiet or slow-moving 
water part of the year at depths shallow enough to permit growth 
of woody and herbaceous plants range in size from small areas in 
hills and mountains to large areas of low relief in plains and plateaus. 
On the seaward side of mountains where the rainfall is high, deposits 
of sphagnum moss may accumulate and form peat independ�ntly of 
flooded conditions. Areas mapped by the U.S. Department of Agri
culture (in cooperation with the State of Oregon) as containing peat 
and areas delineated as probably containing deposits are sho-yvn in 
figure 55. \Vest of the Cascade Ranges, peat has accumulated m old 
lake beds in the lowlands. A typical example of a peat deposit forming 
is at \Vapato in a valley like depression in which backwater from the 
Tualatin River stands several feet deep during winter. In places where 
the organic material is only slightly decayed, 75 to 90 percent of 
fibrous peat has been reported (U.S. Department of Agriculture, 
Bureau of Soils, 1920, p. 63) . Other smaller peat deposits occur near 
the communities of Tualatin and Banks in the Tualatin Valley. 

The Astoria area (U.S. Department of Agriculture, 1949, pp. 43-44) 
in northwest Oregon contains large quantities of peat with high 
organic content, high water-holding capacity, and low degree of fiber 
decomposition. The marine climate with cool summers and mild 
winters with abundant rainfall favors accumulation of sphagnum moss 
up to reported depths of five feet, somewhat above the flood plain of 
the Columbia River (U.S. Department of Agriculture, [pub. date 
unknown] ,  p. 32) .  Thick deposits of reed-sedge, woody and moss peat lie 
on tidal flats and river flood plains in the Tillamook area (U.S. Depart
ment of Agriculture, 1964, p. 61) . Peat occurs along streams, lagoons, 
and in old lake beds in the Coos Bay vicinity (U.S. Department of 
Agriculture, Bureau of Soils, 1911, pp. 35-57) , but varying amounts 
of river sediment lower the quality. 

The Coast and Cascade Ranges and the eastern Blue Moun
tains, especially the Wallowa Mountains, receive sufficient mois
ture to facilitate thick accumulations of peat at the sites of for
mer lakes and ponds in deep depressions caused by ( 1) abla
tion under ice and snow fields, (2) gouging of bedrock by mountain 
glaciers, (3) irregular distribution of glacial moraine material, and 
( 4) irregular distribution of volcanic material in the Cascades, as the 
result of glacial and volcanic activities during several stages of the 
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Quaternary. Deposits in settings such as these offer the best potential 
for resources in the expanding peat industry. Although only a small 
part of the total area can be expected to contain commercially signif
icant deposits, many of minable size should exist where glaciation has 
occurred. 

Deposits of peat in the rain shadow east of the Cascades, such as 
those in the Basin and Range province, occupy old lake beds now 
covered by grassy marshes fed largely by groundwater. Many of these 
areas shown on the Soil Survey maps (U.S. Department of Agricul
ture, Bureal of Soils, 1935, pl. 5, sec. 4) have been exploited for farming 
and are now unavailable for use by the peat industry. Scarcity of water
fed depressions and low humidity reduce the resource potential in the 
High Lava Plains and the other plateaus and upland provinces in the 
rain shadow of the Cascades. 

In the United States, production of peat for agricultural and horti
cultural purposes began about 1904 with about 12 companies produc
ing a few thousand tons of peat annually. Since then the industry has 
expanded, and in 1965 there were 146 active operations in 26 States 
( Sheridan, 1967, pp. 265-267) . Total production amounted to 604,082 
short tons of air-dried peat. Fifty-three percent of the output was reed
sedge peat ; about one quarter was humus ; and the remainder was moss 
peat. All peat production is from surface pits. Seventeen percent was 
sold as excavated, and the remainder was processed. Most operators 
employ conventional types of excavating and earth moving machin
ery ; these include power shovels, bulldozers, draglines, and front-end 
loaders which are used on drained bogs ; clam shells and dredges are 
used on submerged deposits. Processing includes air drying by discing 
and harrowing the peat at the surface of drained bogs, or articificial 
drying in gas- or oil-fired driers. Before packaging or piling in heaps 
for bulk sales, the peat is screened and shredded. 

Before 1955 most peat was sold locally in bulk. With the develop
ment of synthetic films for packaging, it is now practical to distribute 
large quantities of peat to all parts of the United States. Fifty-one 
percent of the peat sold in 1965 was packaged, and the remainder sold 
in bulk. Ninety-six percent of the peat marketed by domestic producers 
was sold for general soil improvement. Principal consumption was by 
nurseries and greenhouses for use as mulch for growing plants, shrubs 
and trees ; by landscape gardeners and contractors for use in building 
lawns and golf course greens, and for transplanting trees and shrubs ; 
and by homeowners for improving lawn and garden soils and for 
mulching. The remaining four precent was sold for use in potting 
soils and mixed fertilizers, and for packing flowers and shrubs. Total 
sales were nearly double the 1957-59 average. Of the total packaged 
sales, more than one-half was reed-sedge peat produced in Michigan. 
The remaining packaged peat was nrodured principally in Indiana, 
Illinois, California, New Jersey, and New York. 

In 1965, sales totaled $6.1 million ; the average value per short ton 
was $10.07. The over-all average for bulk peat was $7.62 per short ton, 
and for packaged peat was $12.41 per short ton. Imports, chiefly from 
Canada, amounted to 879,208 short tons of air-dried peat valued at 
$12 million. World production was estimated at 205 million short tons 
of air-dried peat, of which an estimated 89 percent was produced by 
the U.S.S.R. 
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Peat production in Oregon began in 1966 with 900 short tons of air
dried peat valued at $17,000 produced by Jewell's Mother Earth Com
pany at Enterprise, Wallowa County. Sales in bulk and package 
averaged $18.89 per ton. The outlook for peat in Oregon suggests in
crease in consumption due to increased demand by homeowners, land
scape gardners, and nurseries in the Pacific Northwest. Oregon peat 
should be able to compete regionally with foreign peat not only for 
agricultural and horticultural uses, but for other uses as well. Some of 
these may be in construction as an insulating material ; as a oottle feed 
when blended with by-products of the sugar industry, as a poultry and 
cattle litter, as a vegetable storage and shipping materi,al, 'and as a 
base for special fertilizers. Peat deposits in Oregon have not been 
studied for economic development beyond use as a soil for the raising 
of crops. Known reserves are small compared to other areas (Averitt 
and Taylor, 1953, p. 38) , but resources of peat are very incompletely 
known. Possibly some of the many small deposits shown on the U.S. 
Department of Agriculture soil maps might be worked. The most 
promising potential, however, lies in the unmapped deposits of the 
Coast and Cascade Ranges and the W allowa Mountains. 

PERLITE, PuMICE, PuMICITE, AND CINDERS 

(By N. S. Wagner, Oregon Department of Geology and Mineral Industries, 
Baker, Oreg. ) 

Perlite, pumice, pumicite, .and cinders are all types of volcanic rocks 
derived from material that was once molten. They differ from common 
dense stony lavas in that they are primarily glasses-the natural end
product of lavas that have cooled quickly under certain special and 
Ideal conditions. The distinctive physical properties of 'all these rocks 
result in large part from the water content of the lava from which 
they were derived. Perlite, pumice, and pumicite form from lavas that 
are high in silioo and generally of rhyolitic composition. Cinders, on 
the other hand, form from basaltic lavas that contain much less silica 
and relatively much more magnesium and iron. Perlite, pumice, and 
pumicite range from white to various tones of gray and tan. Cinders 
are almost always dark red to black. They are also commonly more 
stony than glassy. 

Pumice, pumicite, and cinders are similar in origin in that all three 
represent the fragmental debris of lava that solidified for the most part 
in the air after having been explosively ejected from surface vents. 
When the parent lavas reach the surface of the earth, the release of 
pressure allows the conbained water to expand and the resultant abun
dant steam forms a porous froth. If this cellular froth is cooled quickly, 
it forms a light, porous, glassy rock which is either pumice or cinder 
depending on the composition of the parent lava. Some pumice con
tains such a large proportion of cavi,ties, or "fossil" bubble casts, that it 
is light enough to float on water. Cinders, however, are generally less 
cellular and proportionately heavier. Pumicite has the same origin, 
chemiool composition, and glassy structure as pumice but lacks the 
cellular structure characteristic of pumice. This is because pumicite 
occurs in fragments too small to exhibit the bubble casts. The distinc
tion between pumicite and pumice is thus primarily a matter of particle 
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size (Klinefelter, 1960) resulting from shattering during formation. 
Most of such explosively ejected materials, especially the larger chunks, 
fall back to earth in close proximity to the vent from which they 
erupted to form part of the cone that normally surrounds such vents ; 
however, smaller sized fragments and ashes fall at progressively greater 
distances from the vent, m some instances covering large areas with 
blanketlike accumulations of rubble and shards. 

Cinder cones constitute the source of most of the cinders that are 
exploited commercially, but some cinders form on the topmost layers of 
basalt flows when 'the parent lava contained a significant proportion of 
water. For the most part, however, basaltic lavas contain less water 
that rhyolitic lavas. They are also more fluid and are erupted at 
higher temperatures. Consequently, eruptions of basaltic lava are 
generally less explosive than rhyolitic eruptions, and the. resulting cones 
are. usually smaller. Bubble casts in the. cindery portion of outlying 
lava flows tend to have thicker walls than the cinder fragments found. 
in cones. The walls of the bubble casts on the flows also tend to be only 
partly glassy with the thicker parts grading into semicrystalline, 
stony basalt. 

Under some conditions, rhyolite-type lavas containing water may 
flow out onto the earth's surface to cool and solidify without the forma
tion of vapor bubbles. Some glassy occurrences of this type show dis
tinctive shrinkage textures that resemble the concentric layers of onion 
skin, commonly with a small, hard kernel of darker pearly glass in 
the center. The concentric cracks give the rock a pearly luster, hence 
the name perlite. vVhen perlite is heated, its chemically retained water 
expands to form a cellu1ar produCJt much like natural pumice. 

Volcanic eruptions that produced pumice, perlite, cinders, and 
other glassy rocks have taken place throughout geologic time. How
ever, over long periods of time most glassy rocks tend to devitrify. 
Additionally, the porous types such as pumice may be compressed 
by younger overlying rock-forming material, thus losing their cellu
lar structure. For these reasons, the most extensive reserves of pumice, 
pumicite, perlite, and cinders are in the western United States, which 
contains many areas of comparatively recent volcanism. 

Pumice and pumicite have long been used as abrasives for cleaning 
and fine polishing. Finishing plate glass is one example of this use. 
Soaps, scouring cleansers, and tumbling barrel grits represent others. 
In addition, there are many miscellaneous uses, a partial list of which 
includes use as fillers, and extenders in paints, enamels, varnishes, 
plastics, paper, and rubber goods, as catalysts and insecticide carriers, 
as decolorizing and purifying agents, for making special -purpose re
fractory brick, and for soil conditioning. There is a growing use of 
both of these materials, and cinders too, as a pozzolanic additive to 
hydraulic cements, to which they contribute greater workability, in
creases in strength and durability (see chapter on pozzolan materials) , 
and a chemical ability to counteract excesses of free lime. 

Cinders and pumice are both used as aggregate in the manufacture 
of light-weight, precast, concrete blocks and bulk pours in applica
tions where insulation, fireproofing, and weight saving are important 
factors. Because of inherent differences in density, cellularity, and 
color, each imparts differing characteristics to the concretes in which 
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they are used. Due to its greater density and superior crushing 
strength, cinder aggregate is used generally in the same capacity as 
slags and artifically expanded shale aggregate, that is, for the manu
facture of prestressed beams and wall panels and blocks where struc
tural loads are appreciable. Cinders are also used extensively as rail
road ballast and in highway surfacing mixes. Pumice, on the other 
hand, is perhaps more versatile in that it makes an even lighter weight 
concrete with superior insulation properties. Such concrete is suitable 
for deck and floor pours, for special-purpose, precast partition and 
roof panels, and for other uses in which low loads exist and the extra 
weight saving is advantageous. It is also used, commonly as blocks, 
for construction of homes and modest-sized buildings in which bearing 
strength is not a critical factor. Large amounts of pumice are used 
in making acoustic, fire-retardant building plaster. 

As stated previously, expanded perlite is for all practical purposes 
a synthetic pumice. For this reason it is suitable for use in most of the 
ways in which pumice is used. Thus about 60 percent of the expanded 
perlite produced in the United States in 1963 was marketed as an 
aggregate for construction purposes or for loose-fill insulation in 
competition with pumice. However, with rigid control of furnace
feed sizing, furnacing temperatures, and exposure time in the furnace, 
perlite can be expanded to beads having a wider range of density and 
shell characteristics than pumice-from fairly dense glazed beads 
to a fluffy, ultralight-weight aggregate less dense than most natural 
pumices. Artifically expanded perlite can also be made to have a 
greater product uniformity with respect to particle sizes and sealed 
voids. Consequently, expanded perlite is favored for use in a greater 
diversity of industrial applications than pumice. Filtration is an 
illustration of a fast-growing industria] use, with perlite filter aids 
now competing at an increasing rate with diatomite in the filtering 
of food products, beverages, chemicals, resins, pharmaceuticals, and 
other liquids. Other industrial uses relate to expanded perlite's highly 
effective insulating properties at temperatures below - 150°C. Ex
panded perlite is used extensively for insulating tanks containing 
liquid oxygen and hydrogen, for insulating steam and refrigera
tion pipes, for lining refrigerators, refrigerator cars, cold-storage 
bins, and frozen-food shipping boxes. Still other unusual industrial 
applications include use for imbedding hot steel ingots during trans
portation and as a foundry sand to prevent rapid cooling of metal 
casting-s in their molds. 

Production statistics given by the U.S. Bureau of Mines bv May 
( 1965) indicate that in 1963 only 273,000 short tons of perlite were 
produced in the United States as compared to 2.6 million short tons 
of "pumice." Yet this small tonnage of perlite is valued as $14.il mil
lion, whereas the much larger output of "pumice" is valued at only 
$6.6 million. The pumice was worth less than half as much as the 
perlite even though the tonnage was 10 times greater than that of 
the perlite. 

The exn]anation of this seeming discrepancy in values for two 
products having similar compositions, properties, and uses is that for 
statistical purposes the U.S. Bureau of Mines lumps all production of 
pumice, pumicite, and cinders under the heading of "pumice," includ-
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ing even the tremendous amount of cinders used yearly for railroad 
ballast and common road rock. Consequently, no comparisons can be 
made between the output or value of pumice marketed for uses equiva
lent to those represented by the perlite statistics. However, the com
bined statistics for pumice, pumicite, and cinders show that the total 
output and value of these materials has increased greatly since 1940. 

Another significant statistic is that in 1 963 there were 103 operations 
( including County, State, and Federal agency road metal pits) in  
15 States, with Arizona the leading producer. Perlite has had an 
equally impressive record considering it was expanded commercially 
for the first time in 1940 and that commercial production did not as
sume significant proportions until 1946. By 1963 there were 7 States 
in  which perlite was being mined, and in California,, alone, there were 
14 processing operations. Marketing was nationwide, with Pennsyl
vania and Texas having 6 processing plants each, followed by Illinois 
and New York with 5 each, and Colorado, Florida,, Indiana, Iowa, 
and New Jersey with 3 each, and many other States, including Oregon, 
with 1 or 2 each. 

Perlite, pumice, pumicite, and cinder occurrences are numerous and 
widely distributed in many western States. Many of these occurrences 
are impressively large and some, like the pumice accumulations in 
south-central Oregon, blanket huge areas. Because of this, there is a 
tendency to consider that reserves are sufficient for many years. This is 
probably so ; however, because these are fairly commonplace materials 
there is a tendency to take them for granted as resources. Thus, even 
though most. major occurrences have been recognized and catalogued 
geologically, only a few notable occurrences have ever been studied 
comprehensively from a mining standpoint. Statistics concerning re
serves on a national scale are therefore not available. It should be borne 
in mind , however, that these are low unit value materials which must be 
delivered in bulk quantities and that marketing costs constitute one of 
the maior problems facing the industry. As a consequence, occurrences 
favorably located with reference to marketing areas and transporta
tion facilities are the only ones which can properly be regarded as 
minable. Another factor not to be overlooked is that all perlite does 
not "pop" to meet industrial standards, all pumices are not suitable for 
use as abrasives and aggregate, and only some natural glasses have 
pozzolanic properties. Devitrification, weathering, and associated im
purities negate the commercial potential of many otherwise desirable
appearing occurrences. Thus, even though these resources can be 
classed as compa,ratively commonplace, it should not be inferred that 
reserves of material meeting industrial standards are necessarily as 
great as might be thought from the widespread geographic distri
bution of occurrences. 

There a,re noteworthy occurrences of all four of these volcanic 
glasses in Oregon, especially east of the High Cascades (fig. 56) . 
Shipments of lump pumice originating from the Newberry Crater 
area in Deschutes County and from several places in Klamath County 
have been made periodically throughout the, present century ; however, 
organized production of pumice, cinders, pumicite, and perlite for the 
higher levels of use has taken place almost exclusively within the past 
20 years. During this time there has been a steady and growing output 
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of both pumice and cinder aggregate and also periodic production of 
perlite and of pozzolanic cmders and pumicite. The use of cinders 
for road work has also pyramided. 

Although there was some earlier sporadic production, organized 
production of pumice and cinder aggrega,te began with the housing 
boom which took place at the close of World War II (Mason, 1951) . 
Most of this production has come and is coming from Deschutes and 
Klamath Counties in a belt paralleling the railroad from Redmond to 
Klamath Falls. Some aggregate has also been obtained at times from 
occurrences in eastern Oregon, notably in the Burns area, Harney 
County. Figures covering the amount of pumice and cinders from 
Oregon sources marketed annually as aggregate are not available, but 
in 1966 the combined total output of pumice and cinders sold or used 
by producers in Oregon for all purposes, including ordinary fill, rail 
ballast, and road uses, was 714,468 short tons valued at slightly more 
than $1.25 million according to U.S. Bureau of Mines statistics (per
sonal communication, A. J. Kauffman, Jr. ) .  The rate of increase in 
the use of these materials is illustrated by comparing with production 
in 1946, which only amounted to 3,004 short tons valued at $12,500. 
A large part of the present output consists of cinders consumed in 
connection with accelerated highway construction programs, but ag
gregate represents an important percentage of the total. Both cinder 
and pumice concrete aggregates and specially sized and blended pum
ice plaster aggregates ha.ve been marketed regularly from two estab
lished operatiOns in the Bend area to consumers located between Van
couver, B.C., on the north and central California on the south. 

Pumicite from one of several occurrences near Arlington, Gilliam 
County, and black basaltic cinders form an enormous cone located 
near Huntington, Baker County (Wagner, 1946) ,  have been used as 
possolan during recent years. In both cases the material was used as 
an additive in concrete in hydroelectric dams on the Columbia and 
Snake Rivers. 

Perlite mining was attempted in Oregon on a major scale between 
1945 and 1950, when the industry was in a truly pioneering stage of 
development (Allen, 1946 ) .  This operation was located in the Des
chutes River Canyon near Maupin, Wasco County. It was conceived as 
an integrated mining, popping, and fabricating project. Fine, high 
quality accoustic and insulating tile was produced for a number of 
years until it became evident that economic operation was best achieved 
by expanding perlite for general consumer use in a number of small 
popping plants located in strategic marketing areas rather than at one 
large integrated facility. Today crude perlite from out-of-State 
sources is being expanded in Oregon in a plant located in Portland. 
There has been no production of crude perlite from sources within the 
State during recent years except for a small tonnage mined from an 
occurrence on Dooley Mountain, Baker County, and expanded at the 
Portland plant on a test basis. 

On the strength of the mapped wide distribution of pumice deposits 
in Deschutes and Klamath Counties (Moore, 1937 ; Walker, 1951 ; 
Williams, 1942 and 19·57) ,  the reserves of pumice in Oregon can be 
described as tremendous. Much of this pumice is too hilly located with 
reference to transportation facilities to be minable under existing, or 
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presently foreseeable, conditions. Equall� important, at many loca
tions where pumice occurs within economic limits of transport to rail 
sidings, weathering, nonpumiceous sedimentary interbeds, excessive 
overburden, and/or ground-water saturation are factors which pre
clude mining. The net result is that, although the quantity of minable 
material meeting top industrial standards is probably enormous, 
favorably located occurrences with material of the necessary quality 
are by no means so numerous or so commonplace that no consideration 
need be given to the problem of reserves. 

Minable-sized occurrences of clean, fresh pumicite exist within rea
sonable proximity to rail transport in Gilliam County near Shutler, 
in Klamath County about 8 miles southeast of Klamath Falls, and in 
Malheur County between Harper and West fall and a few miles south 
of Adrian. Apart from the occurrences in the Maupin area, Wasco 
County, two of the better known perlite deposits in Oregon are located 
on the south slope of Doole:v Mountain, Baker County. Another which 
has received prospecting attention is located near Sheaville, Malheur 
County. Additionally, several occurrences have been described from 
areas within Klamath and Lake Counties ( Peterson, 1961 ) .  Cinder 
cones and basaltic scoria are to be found throughout all of eastern 
Oregon but are probably most prevalent in the central and south
central portions of the State. One notable exception in far eastern 
Oregon is a very large cone located approximately 13 miles southwest 
of Huntington, Baker County (Wagner, 1946 ) .  

Serious prospecting in the Deschutes-Klamath County area can 
without doubt result in the discovery of many locations containing 
large reserves of minable pumice capable of meeting top industrial 
standards ; however, this may entail more searching and prospect test
ing than may be commonly anticipated. Other occurrences of pumicite, 
perlite, and cinders can undoubtedly be found in many places through
out the eastern portion of the State. Some of these may well be of min
able size and quality ; however, successful exploitation will depend 
upon such economic factors as transportation costs and availability 
of markets, as well as size and quality of the deposits. 

POTASSIUM FELDSPAR 

(By R. A. Sheppard, U.S. Geological Survey, Denver, Colo., and G. W. Walker, 
U.S. Geological Survey, Menlo Park, Oalif. ) 

Feldspar is the general name for a group of anhydrous aluminosili
cates that contain varying amounts of potassium, sodium, and calcium. 
Both potassium and sodmm feldspars are used by the glass and ce
ramic industries, but the potassium variety (KA1Si30s) is preferred. 
Potassium feldspar can also be used as an abrasive or as a soil con
ditioner. Most commercial feldspar is mined from pegmatite or gran
itic rock that can be beneficiated to yield a nearly pure feldspar 
concentrate. Feldspathic materials are also obtained from quartz
feldspar sands and from aplite and nepheline syenite (Wells, 1965 ) .  
Discussion in this chapter is limited to bedded deposits of potassium 
feldsnar that are found at several localities in Oregon. 

Potassium feldspar occurs as an authigenic 14 mineral in sedimentary 

>< Authigenic-Generated on the spot. Applied to thooe constituents that came into 
existence with or after the formation of the rock of which they constitute a part. 
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rocks that are diverse in lithology, depositional environment, and age 
( Baskin, 1956 ; Hay, 1966 ) .  These bedded deposits have never been 
mined by the feldspar industry, although their existence has long been 
recorded in the geological literature. The authigenic feldspar content 
of these rocks is generally less than 10 percent, but some altered 
rhyolitic vitric (glassy) tuffs contain more than 90 percent feldspar 
(Sheppard and Gude, 1965) . Authigenic potassium feldspar is espe
cially common in those tuffs found in saline lake deposits of Cenozoic 
age. The feldspar typically is monoclinic and contains minor or no 
sodium or calcium. Potassium feldspar in the altered tuffs occurs as 
aggregates of irregular crystals that generally range in size from less 
than 0.002 mm to about 0.01 mm. The feldspar commonly occurs asso
ciated with other authigenic minerals such as zeolites, clay minerals, or 
silica minerals. Most, if not all, of the potassium feldspar formed in the 
rocks as a result of reaction between zeolite minerals and fluids after 
the rocks were deposited (Hay, 1966, pp. 93-98 ; Sheppard and Gude, 
1965, p. 4 ) .  

Authigenic potassium feldspar has been reported i n  tuffaceous sedi
mentary rocks from central and southeastern Oregon. In central Ore
gon, authigenic feldspar is known to occur near Mitchell (fig. 57, No. 1 )  
( Hay, 1962 ; 1963 ) i n  tuffaceous claystone i n  the lower part o f  the 
.Tohn Day Formation of Oligocene and Miocene age, and near Izee 
(fig. 57, No. 2) (Dickinson, 1962a, pp. 259-260) in tuff of the Trow
bridge Formation of Jurassic age. Hay ( 1962) reported that the. au
thigenic feldspar in the John Day Formation makes up as much as 
8 percent of the rock and that the deposit extends over an area of at 
least 600 square miles. The purity and extent of the deposit near Izee 
is unknown. 

High-grade deposits of authigenic potassium feldspar occur in 
Pliocene lacustrine rocks near Harney Lake and Rome in southeastern 
Oregon. The Harney Lake deposit · (Walker and Swanson, 1968a)  
occurs in altered vitric tuffs of the Danforth Formation that crop out 
on the southeast side of Harney Lake in sec. 30, T. 27 S., R. 30 E. The 
feldspathic tuffs are 1 to 3 feet thick and contain about 60 percent 
potassium feldspar. Zeolites, clay minerals, and (or) quartz are locally 
associated with the feldspar. The Rome deposit occurs in an altered 
vitric tuff in the upper part of an unnamed formation about 5 miles 
southwest of Rome in sec. 6, T. 32 S., R. 41 E. The feldspathic bed i s  
1 foot thick and consists of about 60  percent potassium feldspar. Zeolite 
( clinoptilolite) and clay minerals are associated with the feldspar. 
Tuffs rich in zeolites underlie and overlie the feldspathic bed at this 
locality. 

The size and purity of these potentially valuable feldspar deposits 
are not adequately know for a meaningful appraisal ; however, large 
volumes of vitric tuffs have obviously been replaced by potassium 
feldspar. Deposits of similar or higher grade may occur in the tuffa
ceous rocks of other Cenozoic basins in southeastern Oregon. Some of 
these deposits may have commercial potential for use by the glass and 
ceramic industries or perhaps as a source of potash for fertilizer 
(Everest and others, 1964) . 
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SALINE wATER 

( By V. C. Newton, Jr., Oregon Department of Geology and Mineral Industries, 
Portland, Oreg. ) 

Saline waters in Oregon occur in sedimentary, metamorphic, and vol
canic rocks of all ages. Connate marine and volm1nic waters are the 
two main types of saline water found in the State. Connate marine 
waters are generally enriched in I, B, Si02, Ca, and are low in Mg and 
S04• Volcanic waters typically are high in Li, F, Si02, B, S, C02 and 
are low in Ca and Mg (White, 1957a, b ) .  Subsequent diagenesis and 
mixing with meteoric waters produce variations in composition, and 
the ground water in sedimentary and volcanic rocks that overlie marine 
rocks is commonly a mixture of meteoric and connate waters. 

In Oregon, saline springs and lakes are found east of the Cascade 
Mountains, mainly in the southern part of Lake County and in Harney 
Lake basin and Alvord Desert in southeastern Harney County. Alkali 
saline springs also occur near Vale in Malheur County (Wagner, 1947 ) .  

In western Oregon, saline water originated a s  connate water in 
Mesozoic and Cenozoic marine sediments. Wells drilled more than 100 
feet deep in unconsolidated alluvium in the western Willamette Valley 
usually encounter salt water unfit for domestic or irrigation purposes 
(Piper, 1942 ) .  Salt springs are found in Polk County 2 miles south
west of Dallas. These sprmgs issue from middle Eocene marine sedi
mentary rocks ( Bald win, 1964a) .  Two other mineral springs are located 
in the Anlauf Drain area of Douglas County and seep from lower 
Eocene lavas. Analyses of these springs show them to be typical con
nate marine water (Hoover, 1963) . 

Oregon has no known significant deposits of rock salt so that any 
salt produced would have to come from evaporite deposits or brines. 
Connate marine brines often contain high concentrations of sodium 
chloride but they are seldom considered as a commercial source of 
salt since there are ample reserves of primary deposits in the U.S. 

Several attempts have been made in the past to obtain domestic 
salt from lakes and springs in Oregon. In eastern Oregon a salt plant 
erected at Alkali Lake in Lake County in the 1920's proved to be un
economic (Ladoo, 194'7 ) .  In western Oregon between '700 and 1,000 
pounds of salt a day was obtained prior to 1869 from springs in the 
Umpqua Valley in Douglas County. The Willamette Salt Works is 
said to have produced 4,000 pounds of salt per day from mineral 
springs issuing from Oligocene marine sediments at the head of McKay 
Creek approximately 1 '7 miles northwest of Portland (Ph alan, 1919 ) .  

Analyses o f  saline 'vaters collected i n  Oregon are given i n  table 16. 
These analyses are grouped according to whether the waters are mod
erately saline, very saline, or brine. The places where these analyses 
are from are shown on figure 58. 



lodex •umber 
oa fi&. 51  

Name Location 
w.tl 
depth (fOOl) Water-betrin& lormltion 

TABLE 16. E -SALINE WATERS IN OREGON 
(Antlysos &lven In parts per mHIIonl 

Si01 fo ca Ma Na Hco, so, 

MODERATELY SALINE WATERS (3,1100-10,000 p.p.m.) 
R . .....,.., •••...•.•••••••••••• Nf,)jNWJ( H<. 27, T. 1 S., R. 1 W ........ . L f. Gaa!J ................... S�NEli sec. 2il T. 1 S., R. 2 W ........ .. �:::::::::::::::::::: �w�mt::.·25:l.-l15s:.Rii.��r:::::::: � e::����������������������������: :::�:::::::::t.!�:--i;;�---====;�·--: . . . . . .  g�o:::::ii:::· ···��

---··:J·
· 

I i���-���������������� [���1�J.:t!i����l��=====��t ��Fffr����jjj����������������::=:#==:== :=;J=��= Cfaekamas County. 
�� =·s.:r..��::::::::::::::: f::=:: ��7Y. 1zm�':.��=� w!\bu�iiirii's·:::::::::: �:=::: �:!=:::::::::::::::::::::::::::::::::-I;oso· ·

--
stJ«on. 

i ��ill�! II�\W�tJ,I�� �r : i  �� 
I! ���::::::::::::: 5������=���:::::::::::::::::::iii: iE=��::::::::::::::::: H &8: 

324 34 212 0 275 
1,615 980 

106 4.5 14 
461 

7.0 694 998 
407 132 460 
480 726 

2,310 

62 58 322 £.11 779 
. .  i;ziii ... 

129 25 58 291 2.0 9.2 18 1.2 )( I 
29 5.7 
0 

1,450 14 100 1.9 2,157 .......... 2, 560 1, 141 1,396 ---------- 1,081 3,160 
3,604 193 3,007 773 2,414 .................... 13 
t.:g 
871 .......... 1,154 f:� :::::::::: i:f5 

�:m ..... Tr 4' 3l� 2,230 .......... 25 796 .......... 24 1,410 65 2,� 1,100 27 
810 8.2 76 

:::18 28 27 3.2 13 

1,� 570 
2,204 
l,m 534 

60 14 253 
1.2 197 18 

H - 01 .................... SW)i soc. 9, T.l S., R. 5 W .............. . 1,135 Spencer Formetita .•.•................. __ .................. --- ·-- -- _______ -. ---______ ---__ ----.. --.--------_ . .  -----------
� �i:i.ioic·.::::::::::::::::: �=� :!:: U: l: l0ss;·liw�:::::::::::: 1,:1 1:-���iriri:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

VERY SALINE WATERS (10,1100-35,000 p.p.m.) 

g =f�����-".1::::::::: ��ti:::t�'ll�.;·::f:::::::::::::: k� =��:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

i �;:;�:::Hm �i��y��ls�� ll�����: . .... § i-��;{{�����j��iiH!�����:::;�f:: : :=:;,:�: 
MUis. J5 � Well. . . . . . ....... SEli sec. 24, T. l N., R.2 W.............. 515 Bosolt oi Cnlumbio Rlver Group.. . . . ...... 31 

J5 -U$prine ........... ..... NW)(sec.21, T. 22 S., R. 5 W  ....................... Umpqoa formation...................... 17 
J7 Golf OII ...................... NEli sec. 27, T. 13 S., R. 4 W  ............. 1,471 - formo!Nn ....................... ... . . . . . . . ........ . 
Jl -...................... SE)(soc. 10,T. IOS., R. 3W  ............. 4,951 -formotion ......................................... . 
• - c...,.n ................. NWli sec. 17, T. 3 N., R. 2 W............. 4,426 SCI- formotiog .................... . . . . . ............. .. 

717 
327 

4,630 5.0 4,02� 
4,920 
7,080 
4,794 
4,570 
1,610 

341 348 
22 6.1 169 
83 
0 
0 

37 
24 

8, 510 .......... 3, no 11,060 ��sg ""'iti'" 1' 1� s.�
.5 

8,270 .......... 2,510 3,530 3,025 ............................. 
2,350 122 13 64 
3,900 13 6 2.1 
Z,440 6 98 
2,700 10 16 31 
8,340 28 16 4. 4 

� ��ftiimc:::::::::::: =����i.rt
61h.���rw:::::::::::: gg =.=i.iiiiMiiiiidi.neiiii::: ... .. �:�1 .:::::::::: .. �:���- - - - .. -�-------�·-�---- --�--------�---------�---

42 � Oll ond Gos.. .......... NE)( sec. 25, T. 10 S., R. 8 W............. 2,630 TJOO fonlllfion ....................... . ................. ............. ............... .................. . . . ............. .. 
43 -.. ...................... SWUsec. 7, T. 12 S., R. 1 W.............. 1,603 Eacono-Oii&ocone nn-rint ond morine ..... . . . ........... . 8,430 305 4,400 40 100 181 

-

BRINES (MORE THAN 35,000 p.p.m.) 
44 Teuco, lnc ... . . . . ............ SEJ.( sec. 25, T. 1 S., R. 2 W ... ------·---· 45 To-
46 r._ 

9,263 Cowlitz fonaotlon ...... . ...... ............ . . . . ......... ..... 15,900 
9,263 lllddlo - - and marino sedl· ........ . ........... 15,380 -
9,263 ...................... ........... . .. . ... . . .. . ... . .. . . ..... 17,860 

; �;,;;��;���;::::;: �;A;�i{��;�;���===:::::::��::��;:�;;:;;;;:;;;;;;;;;;:::::;:;;;;;; ... : . . . .  :·.:::::::: 2.9 

m5 
�6  
ll9 

44 

4,� n a 1  
� �  � � 
�� m U3 
�� m 
21,810 .......... 4,� 30,032 1, 233 6, 700 

25.2 
16.5 
21.4 

1,452 
30,100 1,444 

Cl Total 
NOa -.111 han!neu hference 

1,840 �:� :::B;::::::::��:::: 
2,: ::::::::::::::::::: 505 ................... . tm :::::::::: � 
2,705 
3,170 

375 428 .................. .. 1,!� ..... �:2�_:::::::::: 425 ................... . 3,320 4.Z � 4,850 ........ .. 1,878 ......... . 
1, 140 0.9 (') 1,990 0 (') 
2,100 9.3 S,'l �� -----=�-- <Us 
3,826 .............. . 
4,545 

11,118 -------------------

28,900 .................... 17,400 .................... 
J: ::::ij_=ij===:::::::::: 3,250 . ................... 7,219 -----·-·------·-----
11,600 .......... (U) 
18,100 0 (") 
12,200 .................... 
11,870 .......... (1') 
15,200 .................... 
:�: :::::::::: ... � .... 
13, 100 .................... 
21,460 .......... (") 

35,490 
43,660 
49,660 
6,280 

2},� 

3,640 U.S. Geol. Survay Water-Suflllly Paper 1697, p. 19, 155. 
3, 940 U.S. Gool. Survay Woler-Supply Poper 1697, p. 95, 155. 
�:� �1: �sS'.'::l,w������J:W�:Wtti�: m; 166. 
::�& ��:=-���:;�:�rt�=�·tp��d.�J: 6,139 U.S. Geol. Survey Water-Supply Paper 841, p. 146, 117. 

·�:1� �I g::: ���: ::����=���:�rtf 231. 
5,987 U.S. Geol. Survey Bull. 32, p. 215, 217. 7,390 U.S. Gool. Survey Bull. 32, p. 216, 217. 
3,230 U.S. Geol. Survey Water-Supply Paper 841, p. 144, 116. 
6,370 U.S. Geol. Survey Water-Supply Paper 841, p. 147, 117. 4,138 U.S. Geol. Sunoy Waler·Suflllly Poper 841, p. 147, 111· 4,480 U.S. Gool. Survey Water .Supply Paper 841, p. 148, 117. 7,100 U.S. Geol. Survey Woter-Supply Poper 841, p. 148, 117. 6,060 U. S. Geol. Survey Open-file report: D. Hort, Jon. 1954. 8,640 U.S. Geol. Survey open-ffle report: D. Hart, Jan. 1954. 
3, 518 U.S. Geol. Survey open-file report: D. Hart. Jan. 1954. •.210 U.S. Geot Survey open-fife report: D. Hart, Jan. 1954. 3, 935 Unpub. analysis, U.S. Geol Survey Quality of Water Br., Port�n<1. 1958. 3,500 Do. 5,930 u.s. GonL Survey Bull� 32, p. 215, 217. 
9, 950 Unpub. antiYSis. U.S . ...,_ Survay Quality of Woler Br. Portlond,1957. 
3, 826 �tlonOoJ!i �.�'ll'f!\j"l Industries file (for· 
4,545. Droann Oopl Goo1o1J ond Mlnerol lndustrlos file. 11,118 or:,:::.g:'io.t���f!h""'l Industries file 

28,900 Oreaon Dept. Geolofl: and Mine rat Industries file. 17,400 or;en���.O� ,:.'1). Mineral lndustrin file 
27,500 U.�. Genl. Survey Wotor-Supply Popar 841, p. 147, 117. 11,490 U.S. Geol. Survey Wotor.Sup�ly Poper 841, p. 147, 117. 18, 102 U.S. Goo I. Sunoy Woter·SuPP Y Paper� p. 1144 6H3. �::12 tll:�\�u�e�:��:2��7

5�
:f:' 1, p. 1 9, 118. 

18,500 Unpu:r .. •=nd.uik�l. Survey, Quality of Water 
33, 000 Unt.����:7�. Geol. Survey, Quality of Water 
19,538 o'(:�.f:�\.s�dt:.'l:. Mineral Industries file 
19,244 Or{Fo!1g:�'test'T�te!� Minenl Industries file 
25,200 Unpub. lilo, U.S. ile01. Survey, Quality of Wotor Br., 

Portland. 31,391 0-n Derrt. Geololy ond Mineral Industries fii<. 13,245 o(:,:!m� test '!rl...� ,:�ral Industries file 
13, 100 0{:��\..tt:alt.:t Mi�ttr�l Industries file 
34,916 (k{:�g:����'t Mlne1111 Industries file 

62.340 Dr
�':Uo:t:�����.= �=��nl lndustries file (for-

71, 980 or:,a:8.., '1!i ��'rf!�"l Industries fiio (for-
81,870 Or�';�O:. t.=��,:��- rtl lndustries file (for-
36, 550 U.S. Genl. Survoy Prof. Poper 35, p. 189. 
63,000 U.S. Gool. Surwy Waillr-supply Poper 141, p. 149, 118. 

� :=...�::::::::::::::::::: k30a�t.Rif�.�ii.'4s"E::::::::::::::::::·--·iJy·· ··p;yett;'fi.miiiiOia:::::::::::::::: : : : : : : : : : : : : : : : : : : ::::::::: . • .  <.·> . ....... 45 .... . .  ��:��---�:���---: : : : : : : : : :.49'.�9 ................ ................ . 18,2li3 (") (U) 
76,323 u.� .. �·vi','l.7-lu� :.=r��j,.pi3189. u.s. Gent 
1
U;� g���6e�.

rv
���:·:nTMi��rir!ta;stries ore Bin, 

I florofde 0.2, boroft 2.1. a 8.0, 92.1, IMido 0. • lodldo-troc:o. · -lo0. iloola 2.3. 
· - o.  

t Fluoride 2.1, boron Ul8. f Fluoride 0. boroft .�. • Auoride3.4. t AuoridtO. •• Auoride 2.8. 

u Auoride 0. 
u rrace. u Iodine 2.2, bromide 17, boron 1.1. H lodide 7.5, bromide 45, boron 7 .8, lithium 0. 

U lodidt 10. 
• Iodide 20, fluoride 0.5 . n IodideS. If PQ, 409, a,o7 trace. 

v. 9, n. 9, 1947. 

� 
� ., 

t 
� � 
? 
.. e: 



1 17" 

� 
t-:) 

42" . 

0 50 100 150 MILES 

FIGURE 58.-Saline waters in Oregon ( analytical data for samples from numbered localities is presented in Table 16) 
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SAND AND GRAVEL 

( By H. G. Schlicker, Oregon Department of Geology and Mineral Industries, 
Portland, Oreg. ) 

The combined values of sand, gravel, and stone rank first in Oregon's 
mineral industry. The total sand, gravel, and stone production in 1966, 
of which sand and gravel is about half, was valued at $83.3 million as 
compared to $24.2 million for all other minerals (Collins, Gray and 
Kingston, 1967) . The Willamette Valley produces and consumes 
about two-thirds of the State's total in sand and gravel. Regions like 
the Willamette Valley which are undergoing rapid industrial and 
urban expansion and accompanying population growth require more 
sand and gravel per capita than do other areas. 

Sand and gravel are vital raw materials for the construction of high
ways, bridges, buildings, and airports. As shown on table 17, large 
quantities are used for fill as well as for asphaltic and portland cement 
concrete. 

TABLE 17.-USE OF SAND AND GRAVEL IN OREGON, IN TONS 

Year Buildings Road con- Railroad 
struction ballast 

Fill 
Total minus 

Dam con- Other "Dam con-
struction struction" 

and "Other" 
Grand 
total 

1960���� � 2, 497, 749 7, 798, 207 1 37,800 799, 014 5, 108, 086 692, 275 11 ,  141, 870 16, 934, 131 
1965�� � � �  3, 761, 000 15, 963, 000 1 23, 000 1, 027,000 610, 000 261, 000 20,774, 000 21, 645, 000 

1 Part of total withheld. 

GEOLOGIC OCCURRENCE 

Sand and gravel occur in several types of deposits, chief of which 
are stream channels, floodplains, alluvial fans, and deltaic deposits. 
Stream channels and floodplains 

The larger streams deposit gravels in the form of bars within their 
channels and along the inside bank of meanders. The quantity of 
gravel brought into the valleys from the Cascade Range is now being 
limited by the high dams built on the Clackamas, North and South 
Santiam, McKenzie, and Willamette Rivers and their tributaries. 
These dams do not allow new gravel to move past their ponded areas, 
and the leveling effect of most of the floods by dams slows the migra
tion of gravels downstream. Flood control dams and placement of 
riprap along the banks to prevent erosion minimize bank gravels as a 
source of stream load. 

Gravel deposits from Coast Range streams are generally small and 
of little consequence except locally. In some places the gravel is made 
up of good quality basalt from small dikes and sills. Eocene lavas are 
abundant but much of these lavas are badly weathered or altered and 
produce gravel of poor quality. 

Large deposits of sand and gravel occur in the mile-wide floodplain 
of the Willamette River. These gravels, left by the Willamette River 
along old meander channels on the floodplain, have been buried by 
sandy silt to depths less than 10 feet ( Schlicker, 1961 ) .  Gravel deposits 
of this type occur along the eastern margin of the Willamette River 
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from Newberg south to the Eugene area. They merge with gravels 
similarly deposited by the larger tributaries flowing from the Cascade 
Mountains. 

The Columbia River supplies large quantities of gravel for use of 
communities along the river. This material is obtained by clamshell 
dredge and barged to the markets and the construction projects along 
the ·river. 

Upstream from Portland the hydroelectric dams have deepened the 
water over many previously exposed gravel bars which will tend to 
limit utilization of some of the gravel deposits. A large deposit near 
Scappoose appears to contain abundant gravel accessible to barge 
traffic for use in the Portland area. 
Alluvial fans 

Alluvial or glacial outwash fans in the Santiam River drainage be
tween Mehama and Turner have provided a few hundred square miles 
in area of sand and gravel. Although these gravels are quite thick, the 
deposits are usually not as clean as floodplain gravels. This is due 
partly to weathering which has produced some clay in the deposits. 

Gravels occurring in wide valleys of small streams in Baker, Lake, 
and Klamath Counties tend to be small, weathered, and dirty. Produc
tion of a good concrete aggregate from these deposits is costly. In 
eastern Oregon the dry climate is also conducive to producing a coat
ing of caliche on the surfa.ces of some gravels which is deleterious to 
portland cement concrete. 
Deltaic qravels 

Extensive gravels were deposited as deltas in a lacustrine environ
ment in east and southeast Portland, and in the Durham area of south
west Portland. According to Trimble ( 1963 ) , these gravels were de
posited by a fast-moving body of water which surged through the 
Columbia River Gorge and formed a temporary lake in Portl�nd and 
the northern part of Willamette Valley during Pleistocene time. As the
water spread out and lost its load-carrying capacity, the gravels were 
dumped, forming stratified deposits with steep torrential foreset bed
ding. The mruterials range in size from sand to large boulders and 
blocks composed primarily of basalt but containing some quartzite 
and granitic fragments. 

COMMERCIAL ASPECTS OF GRAVEL DEPOSITS 

Gravel deposits are quite numerous throughout Oregon, but gen
erally only those thrut are locruted less than 20 miles from ·the point of 
major use can be economically developed because of haulage costs. 
More distant deposits will be developed as urban expansion approaches 
within economic limits of haul or as required for special local uses 
such ·as for highways, bridges, or dams. 

Many gravel deposits are closed to exploita.tion by urban encroach
ment before the deposits are completely utilized ; thereby part of 
these resources are wasted. Unfortunately, most gravel deposits lie 
in the flat ground adjacent to stream, highway, rail transportrntion and 
therefore are also prime areas for industrial development. 
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PRODUCTION AND CONSUMPTION 

From 1960 to 1966 the use of sand and gravel related to industrial 
development and population growth in Oregon increased from 11.1 
million tons to 20.7 million tons, an average of about 8.8 percent per 
year (J. J. Gray, U.S. Bureau of Mines, Albany, Oregon, written com
munication, Oct. 6, 1967 and March 8, 1968 ) .  During this period the 
population of the State increased about 3.4 percent per year (World 
Book Atlas, 1965, Rev. ) .  The usage per capita during this period in
creased from 6.3 tons to more than 10.0 tons. Studies elsewhere indicate 
an average of about 6 tons of sand and gravel is needed per capita. 
These figures apparently do not consider the use of trap rock in place 
o£ sand and gravel. Production o£ sand and gravel and crushed 
quarry rocfk in Oregon is about equally divided. 

FUTURE REQUIREMENTS 

Aside from major dam construction, requirements for sand and 
gravel and crushed rock are directly related to population demands. 

The population o£ Oregon has fur several decades been growing at 
an increasing rate (fig. 59) ,  and this increase is not expected to di
minish. Using a conservrutive 6.5 tons of sand ·and gravel per capita, 
the annual production will be about 20 million tons in 1985 (fig. 60) . 
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In order to visualize the total sand and gravel resources which will 
be required fur the future, cumulative curves have been prepared 
based on present average consumption per capita and future popula
tion projections. In the Willamette Valley, beginning with the 1965 
production of approximately 10.5 million tons, 1985 cumulative pro
duction will have been almost 300 million tons, and by the year 2010 
the amount of sand and gravel used will have been 740 million tons 
(fig. 61 ) .  Assuming gravel extends an average of 30 feet deep, an ex· 
cavrution one-half mile wide by 60 miles long will be required to pro· 
duoo the quantities needed in the Willamette Valley by 2010. The en
tire State will have used over 1 billion tons by the year 2010. 
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The gravel in the Willamette Valley is in an adjacent to the Willam
ette River •and a few major tributaries. Other areas have even a more 
limited source of supply. It appears likely thrut most, if not all, of the 
available gravel will be needed fur future development within the 
source areas. From past experience here and in other places, gravel 
shortages become critical long before the entire resource can be used. 
The incomplete utilization of the resource is attributable to several 
factors previously mentioned in this report. Since gravel is a vital re
source in the development of any area and it appears that all of the 
favorably located gravel deposits will be required, adequrute pro
tection by both state and local governmental agencies will be needed 
to assure its availability for present and future use. 

SILICA 

( By Len Ramp, Oregon Department of Geology and Mineral Industries, Grants 
Pass, Oreg., and R. S. Mason, Oregon Department of Geology and Mineral 
Industries, Portland, Oreg.) 

Silica is one of the most abundant compounds found in the earth's 
crust, but large deposits of high-purity silica are not common. The 
mineral has a low specific gravity, about 2.65, but is quite hard (7  on 
Mohs' hardness scale) and in some forms is fairly tough and very 
resistant to abrasion. · 

The main varieties of industrial silica (Si02) are quartz, quartzites, 
and various microcrystalline forms of chalcedony including chert. 

Industrial-grade silica generally contains 97 percent or more of 
Si02 and, for many higher unit value uses may contain only very 
minor amount of various impurities such as alumina, magnesium, iron, 
titanium, calcium, arsenic, phosphorus, and sulfur. Some of the more 
important uses of silica are listed below : 
Abrasives : 

Scouring and polishing powders and soaps. 
Sandpaper, whetstones, grindstones, and sandblast. 
ProduCltion of silicon carbide ( carborundum) .  
Quartzite pebbles for ore-grinding mills and dimension quartzitB 

for tube-mill liners. 
Building-: 

Roofing granules. 
Rubble stone and exposed aggregrute for exterior walls. 
Aggregate for stucco and plaster. 
Insulating mruteri·al. 

Ceramics : 
Pottery, glazes, and enamels. 
Manufacture of glass and fused-quartz chemical apparatus. 

Chemical : 
Lini� for acid towers. 
Filtermg medium. 
Crutalytic agent in petroleum refining. 
Cement. 
Manufacture of sodium silicate ( waterglass) ,  silicones, and other 

chemicals. 
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Electronics: 
High-purity silica for m anufacture of transistors, rootifiers, di
odes, etc. ; solar cells and atomic batteries. 

Metallurgical: 
Silicon metal, ferrosilicon, and other silicon alloys. 
Flux in smelting basic ores, foundry mold wash, and foundry 

parting sand. 
Mineral fillers : 

Inert extender in paint, wood filler, fertilizer, insecticides, rubber, 
phonograph records, linoleum, etc. 

Miscellaneous : 
Road -surfacing aggregate. 
Landscaping decorative granules. 
Chicken grit. 

Piezoelectric: 
Qual'ltz crystals for cutting oscillator plates. 

Refractory : 
Silica firebrick and other refractories. 

GEOLOGIC OCCURRENCE 

Various types of deposits of silica have been exploited to satisfy 
the many industrial uses. Due to the relatively low market value of 
silica (except for extremely high-purity quartz and quartz crystal) ,  
it is desirable for the deposit to be located close to the market. Five 
general types of silica deposits are recognized as follows : 
1. Sedimentary deposits : 

(a)  Quartz-rich sand and sandstone. 
(b) Chert (flint or jasper) . 
(c)  Diatom�te or tripoli. 
(d )  Boulders and pebbles of pure quartz in gravel deposits. 

2. Pegmatites : 
(a )  Quartz crystals. 
(b) Bodies of crystalline to massive quartz relatively free of 

feldspar. 
3. Hydrothermal veins : 

(a)  Relatively pure when oxidized and leached of sulfide min
erals at or near the surface. 

4. Replacement bodies : 
(a)  Replacement of limestone. 
(b) Silicified .tuffs, etc. 

5. Metamorphic : 
(a )  Quartzites ( ganister) ,  recrystallized quartz-rich sandstone, , 

chert, or other forms of sedimentary silica. 

OREGON DEPOSITS 

Four deposits in Oregon have been worked commercially for silica 
(fig. 62) .  They are the B ristol Silica quarry in Jackson County, the 
Quartz Mountain deposit in eastern Douglas County, the Eugene 
Silica sand, and the Hugo Pegmatite. The first two mentioned are the 
most important. They occur m very different geologic environments 
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but appear to have been formed by a similar geologic process-metaso
matic replacement. 

The Bristol silica deposit ( fig. 62, No. 1 )  is a replacement of lime
stone belonging to the Applegate Group ( Upper ( ? ) Triassic) .  Some 
limestone remains around the fringes of the roughly lens-shaped body 
of massive quartz. The deposit has been producing high-purity indus
trial silica since 1938 ( Oregon Dept. Geol. and Mineral Industries, 
1943, p. 55-56) .  Total production to 1967 is near 1 million tons. The 
body is faulted and somewhat irregular in shape. It is about 1,500 feet 
long with an average width of about 250 feet. It is being mined by 
open-pit methods. The silica is selectively quarried to avoid areas of 
impure rock, then crushed, screened, and washed before marketing. 
The silica is used in metallurgical and chemical processes, by the 
building and landscaping trades, and for various other purposes. The 
analysis is generally 99.5 + percent silica with small amounts of iron, 
calcium, aluminum, magnesium, and phosphorus impurities. 

The Quartz Mountain deposit (fig. 62, No. 2) is a silicified tuff of 
the Tertiary Western Cascades volcanic series. Replacement of the tuff 
by silica is believed to be the result of hot-spring action ( Ramp, 1960 ) . 
The main deposit is roughly 3,000 feet long by 1,200 feet wide and 
crops out between 4,800 and 5,500 feet elevation on the upper portion 
of Quartz Mountain. The better grade rock contains from 96 to 99 
percent silica. Principal impurities are iron, alumina, titania, and 
water. 

The deposit was located in 1957, and to date its production has been 
limited mainly to a few hundred tons for the manufacture of ferro
silicon by the Hanna Nickel Smelting Co. at Riddle, Oregon. 

A deposit of clay-bearing silica sand at Wallace Butte ( fig. 62, No. 
3 ) about 2 miles west of Eugene in Lane County has been used for 
refractory brick and foundry molding sand. It is believed to be a 
residual deposit formed by weathering of indurated feldspathic sand
stone in the lower portion of the Eugene Formation (Oligocene) .  The 
sands when washed produce a naturally bonded molding sand suitable 
for steel and semisteel castings. The property is currently idle. 

A similar clay-sand exposure lies half a mile south of the Wallace 
Butte occurrence. This deposit, known as the Hawkins locality, has 
not been worked. The grains have not been as thoroughly weathered as 
the Wallace Butte deposit, and as a consequence less clay is found. 
Insufficient exploration has been conduoted in the vicinity of these two 
deposits to determine whether or not sufficient reserves exist to warrant 
exploitation. Since the area borders on the rapidly expanding Eugene 
suburbs, there is a question of eventual engulfment and restrictive 
zoning. Reports by Cook ( 1923 ) ,15 Lowry and Mason ( 1943 ) ,  and 
Lowry ( 1943, 1954 ; Oregon Dept. of Geol. and Mineral Industries, 1951 
pp. 88-89) discuss the geology, economics, and industrial applications 
of ,the sand. 

A small body of quartz-rich pegmatite near Hugo northwest of 
Grants Pass (fig. 62, No. 5)  has produced about 500 tons of quartz that 
was marketed for sandblasting in 1936 and 1937. The pegmatite occurs 
in decomposed diorite of the Grants Pass batholith ( Oregon Dept. of 
Geology and Mineral Industries, 1942 pp. 78-79) .  

'" Cook, Paul W., 1923. A preliminary report on the geo1ogy and economics of the Wallace 
Butte quartz sand deposit, Lane C<>unty, Oregon ; an appendix to "A preliminary report 
on the geology of the Eugene quadrangle, Oregon" by H. G. Schenck : Univ. (}f Oreg(}n 
master s thesis. 
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OTHER POTENTIAL SOURCES OF SILICA IN OREGON 

Extensive deposits of chert and impure quartzite �re found in ?oth 
northeastern and southwestern Oregon pre-Tertmry formatiOns. 
Tough, well rounded quartzite pebbles and boulders derived from the 
Applegate Group are found in Eocene conglomerate and recent allu
vium in the Medford-Ashland area of Jackson County and to a lesser 
degree in gravels of the Applegate, Illinois, and Rogue Rivers. Quart
zite boulders are also common on Pritchard Flat, 15 miles east of 
Baker, and Pleasant Valley, 12 miles southeast of Baker. Bodies of 
chert occur in the Applegate Group as well as in the Dothan and 
Galice Formations in southwestern Oregon and in the Elkhorn Ridge 
Argillite of northeastern Oregon. These rocks have not been used 
commercially but represent a large reserve of silica-rich rock. 

Other deposits of silicified tuff occur in Western Cascades volcanics. 
One area with rock similar to that at Quartz Mountain occurs near 
Abbot Butte on the Douglas-Jackson County line (fig. 62, No. 4) . 
This high point on the county line ridge is also called Quartz 
Mountain. 

Numerous quartz veins and a few pegmatites with bodies of nearly 
pure silica are known to occur in southwestern and northeastern 
Oregon. 

The Bratcher vein on Horn Gulch southwest of Ashland (fig. 62, 
No. 6) is an 8- to 12-foot thick pegmatitic quartz vein exposed for 
about 1,000 feet along the strike. It contains minor amounts of various 
sulfides at depth but is relatively pure silica at the surface. The vein oc
curs in decomposed diorite in the western part of the Ashland 
batholith. 

Oregon's coastal dune sands have been tested by the U.S. Bureau 
of Mines (Carter, Harris, and Standberg, 1964) and found to be a 
potential source of glass sand. 

Diatomite, a hydrous or opaline silica, is described in a separate 
chapter of this report. 

A few isolated deposits of opalite are known to occur in volcanic 
rocks of the Cascades and central and eastern Oregon. Small amounts 
of cinnabar are often associated with these opalite deposits. 

RESOURCE POTENTIAL 

Present known reserves of high-purity quartz, such as the Bristol 
deposit, which are suitable for metallurgical uses are definitely lim
ited. There are, however, practically unlimited supplies of lower grade 
silica for various uses that do not require as pure a product. The 
future market potential for silica rock appears to be growing, and 
more extensive use will undoubtedly be made of this abundant 
resource. 

SoDA AsH 

( By R. S. Maoon, Oregon Department of Geology and Mineral Industries, 
Portland, Oreg. ) 

Anhydrous sodium carbonate, N a2C03, or soda ash as it is commonly 
called, is an important industrial chemical. According to the U.S. 
Bureau of Mines Minerals Yearbook a total of 6.4 million tons of nat
ural and synthetic soda ash was produced in this country in 1965. 
More than half of this is synthetic, a coproduct of chemical processes. 
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California, Wyoming, and Texas account for all of the production 
of naturally occurring soda ash. 

Soda ash finds its biggest market in the manufacture of glass. It is 
also used extensively to make a variety of sodium-bearing chemicals. 
The pulp and paper industry requires about 10 percent of the output, 
and alumina and water treatment combined use the same amount. Soda 
ash is also a raw material in the manufacture of several other sodium 
compounds, because it is comparatively cheap and reacts readily with 
most other chemicals. Caustic soda, N aOH, is finding increased use 
in the manufacture of glass, since it produces more rapid melting at 
lower temperatures than soda ash. 

Soda ash, along with numerous other closely related evaporites, is 
formed by the evaporation of waters containing dissolved salts. Con
centrations of evaporites in sufficient quantities to make them econom
ically attractive have occurred in a few closed basins in areas where 
surface waters draining into the land-locked lakes or playas are trap
ped and evaporated by solar energy. The evaporating waters even
tually reach the saturation point for each component, which is then 
crystallized out. Deposition of minerals having successively greater 
solubilities continues as the brine becomes more concentrated. Varia
tions in the annual rainfall,  mean temperature, sunshine, wind, and 
other factors determine the rate of inflow of surface waters charged 
with dissolved salts, and the amount of evaporation from the lake or 
playa surface. Incomplete desiccation of the ponded waters during 
wet years would result in the deposition of only the less soluble min
erals, while those that were more soluble remained in solution. A dry 
year or series of years would result in the complete evaporation of 
the basin waters. The net effect, over a period of years, is to build 
up layers of the various precipitated salts. Due to the vagaries of 
weather and other variables, the layers may not be uniform in thick
ness and composition. Recovery of such deposits of salts generally 
requires a chemical plant where they can be dissolved and separated 
by fractional crystallization. 

Natural soda ash is produced from two types of deposits. Saline 
lakes which contain high concentrations of dissolved salts have been 
worked for many years. More recently, attention has been given to 
buried beds of solid salts. These must be of considerable thickness 
and purity to make them competitive with surface brines. Producers 
of both types of natural soda ash face strong competition from syn
thetic soda ash which is commonly manufactured nearer to the point 
of consumption. 

Deposits of soda. ash in Oregon have been known for nearly 100 
years. The saline lakes in the basin-and-range country of !"outh-central 
Oregon have been investigated repeatedly, and several abortive min
ing ventures have been undertaken. Total production of solid salts 
has amounted to only a few hundreds of tons. Principal deposits in
clude the following lakes or playas : Summer Lake, Lake Abert, and 
Alkali (playa) Lake, all in Lake County (fig. 63) .  By the end of a 
normal dry summer season, Summer Lake has a considerable playa 
surrounding it, and Lake Abert develops a fairly extensive playa 
at its north end. Alkali Lake has thin skims of water only during 
the winter months. The lakes are in a region of low rainfall, hot 
dry summers, and cold dry winters. The lakes are more than 4,000 
feet above sealevel. 
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Published references to the three saline lake basins and their in
cluded deposits of soda ash include the following : Allison and Mason 
(1947) , Chatard (1890) , Phalen ( 1917, 1919 ) , Russell ( 1884) , Staf
ford (1939 ) ,  Stanley (1960 ) ,  Van Winkle (1914) , and Waring (1908) . 

An investigation of Summer, Abert, and Alkali Lakes was con
ducted by the State of Oregon Department of Geolo�y and Mineral 
Industries to determine the reserves available. Results of the study 
(Allison and Mason, 1947) revealed that the salts at Summer and 
Abert Lakes probably could not be recovered economically. At Alkali 
Lake it was estimated that there were between 75,000 and 200,000 tons 
of recoverable saline solids. The three lakes are located at considerable 
distances from nopulation centers and potential markets. Mining 
operations would have to contend with rather severe climatic con
ditions. Periods of freezing and subzero temperatures are common 
during several of the winter months. Although the area is semiarid, 
sufficient fresh process water probably could be developed by drilling. 

The composition of the efflorescent salts in the three basins is shown 
in tables 18 and 19. 

TABLE 18.-ANALYSIS OF SALT CRUSTS FROM SUMMER AND ABERT LAKE PLAYAS 
[In percentages by weight) 

Col. 1 1  

Na,co, (soda ash) •. . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  70.80 
�:�F&����
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Na,so, (sodium sulfate) . .  _ _  _ _  _ _  _ _  _ _  _ _  _ _  _ _  _ _  _ _  _ _  _ _  _ _  __ _ _  _ _  _ _  _ _  _ _  _ _  _ _  _ _  _ _  _ _  _ _  _ _  _ _  _ 7. 83 
K,so, (potassium sulfate) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . . . . . .  _ I. 64 
Water crystallization . . . . . . . . . . . . _ _  . . . . . .  _ _  . .  _ _  . .  _ _  . _ _  . _ _  . . . . .  _ . . . . . . . . . . . . . . . - . . . . . -

Col. 2 2 

78. 9� 
1d5 
1 . 1 1  
1 . 40 
n.d. ----------------

Total. . . . . . . . . . . . . _ _  . . . . . . . . . . . . . . . . . .  _ _  . . . . . . . . . .  _ _  . . . . . .  _ _  . _ _ _  . _  101. 84 97. 61 

1 Composite of 3 efflorescence samples from Summer Lake, after desiccation, taken September 1944. Analysis by L. L. 
Hoagland, Oregon Department of Geology and Mineral Industries. 

2 Platy surface efflorescence, rfo·inch thick, taken from the flat beyond the north end of Abert L•ke, Sept. 4, 1944; 
total soluble salts 39 percent. Analysis by L. L. Hoagland, Oregon Department of Geology and Mineral Industries. 

TABLE 19.-PARTIAL ANALYSES OF CRYSTALLINE SALTS FROM ALKALI LAKE 
(ADAPTED FROM ALLISON AND MASON, 1947) 

[In percentages by weight) 

Columns 
3a 3b 3c 3d 3e 

Na,co, ____ _ _ _ _ _ _ _  7 .  53 34. 91 43. 35 53. 00 38.90 35.83 33.49 40. 91 
NaHCO, __ _ _ _ _ _ _ _ _  4. 64 3. 92 nil nil 2. 01 1. 00 . 67 . 74 
NaCI. . . _ _ _ _  . _ _ _ _  5 .  30 3. 67 I. 07 I. 93 1 . 49 I. 22 1. 72 1. 49 
Na,so, _ _ _ _ _ _ _ _ _ _ _  3. 07 2. 49 1. 54 I. 92 I. 33 . 91 . 77 I. 29 
Na,po, _ _ __ _ _ _  . 43  n.d. . 11 . 09  . 12 . 11 . 10 . 11 
Na,a,o, _ _ _ _ _ _ _  : _ _  • 62 n.d. . 14 . 10 • 23 . 14 . 07 . 14 
KCI. . .. . . . . . . . . . .  1. 48 I I.  01 . 36 . 33 . 74 . 45 • 37 . 45 
LiCL . . _ _ _ _ _ _ _ _ _  nil n.d. nil nil nil nil nil nil 
Bro . .  _ _ _ _ _ _ _ _  . __ . . 0033 n.d. . 0018 • 0010 • 0016 . 00078 • 00052 . 0011 
1, . .  - - - - - - . .  - - - . .  . 0001 n.d. • 0002 • 0004 . 0001 . 0001 . 0001 • 0002 
sio, _ _ _ _ _ _ _ _ _ _ _ _ _  . 21 n.d. . 08 . 08 • 21 . 18 . 16 . 14 
Insoluble . . . . .  n.d. n.d. . 02 n.d . n.d. n.d. n.d . .  

1 K2SO, instead of KCI. 
NOTES 

18.44 
1 . 44 
3. 27 
1. 72 
. 18 
. 24 
. 89 

nil 
. 00052 
. 0001 
. 20 

n.d. 

Columns I,  3, 4, and 5 by W. P. Smith's Laboratory, Painesville, Ohio; No. 2 recalculated from an analysis by l. l 
Hoagland, State Department Geology and Min. Ind. 
Col. I: Surface crusts, November 1945. 
Col. 2 :  Composite of 3 samples rer,resenting the top 2 feet of solid salts in a "pothole", Sept. 4, 1944. 
Col. 3: Lens of salts in a "pothole ', November 1945; (a) top 3 inches; (b) 3 to 6 inches; (c) 6 to 18 inches; (d) 18 to 

22 inches; (e) 22 to 28 inches. 
Col. 4: Average of 3a to 3e inclusive. 
Col. 5: Sample from depth of 42 inches in same "pothole" as No. 3. 
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The concentration of dissolved salts in the three lakes varies season
ally. Total dissolved solids in Summer Lake range from a low of about 
1.8 percent in February to a high of more than 3.6 percent in October 
when the lake level is at or near its lowest point. The dissolved solids in 
Abert Lake water vary from a low of about 3.2 percent to a high of more 
than 6.6 percent. Brines collected from a "pothole" at Alkali Lake 
in the month of September contained 34.7 percent dissolved solids. 
The brine in the "pothole" was saturated, and crystal growths ex
tending out from the margins and floor of the depression indicated 
that salts were being crystallized out of the brines. Analyses of the 
lake waters are given m Allison and Mason (1947) . 

The volume of brines available in Summer and Abert Lakes varies 
both seasonally and from year to year, depending upon climatic con
ditions. Summer Lake has a surface area of about 70 square miles 
and a maximum depth of about 10 feet. Abert Lake has an area of 
about 60 square miles, and like Summer Lake, is very shallow. The 
brines in the "potholes" at Alkali Lake hardly constitute a measur
able quantity. Most of the depressions are completely dry for the 
greater part of the year. 

The saline deposits at Summer and Abert Lakes are similar to 
numerous others located in semiarid regions. At Alkali Lake, how
ever, there are many "potholes" or shallow depressions containing 
lenticular masses of solid salts scattered over considerable stretches 
of the playa. The Oregon Department of Geology and Mineral In
dustries conducted experiments to determine : ( 1 )  the origin of the 
"potholes," (2) whether or not an artificially excavated depression 
would collect salts similar to the nearby naturally formed depressions, 
and (3 )  whether or not the salts in a naturally formed "pothole" 
would regenerate once they had been excavated. The experimental 
work, carried out over a period of several years, indicated that na
tural "potholes" tended to refill with solid salts within a year or two 
after they had been excavated, and that artificially excavated depres
sions sloughed in and failed to accumulate any salts. The studies 
did not succeed in establishing the method of origin of the natural 
"potholes." Results of the experimental work have not heen published 
but are available for study in the Department's files. 

The possibility that beds of salts might lie buried below the lake 
and playa surfaces of the three basins was investigated by Allison 
and Mason ( 1947) . Concentration of salts ·were found to decrease 
rapidly with depth below the playa surfaces at all three sites. The 
holes penetrated about 40 feet of plastic mud. Subsequent drilling 
of two holes which reached depths of 145 and 270 feet below the Al
kali Lake playa surface failed to develop any concentration of solid 
salts. Both holes were terminated upon intercepting fresh artesian 
water. 

The successful development of the Lake County soda ash deposits 
would require a nearby market outlet which could use the salts in 
their natural state without costly benefication. The relatively small 
amount of soda ash available severely limits the capital investment 
warranted for plant construction. Minor tonnages of the surface 
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crusts have been used :from time to time as a weed kilJer along local 
roads and highways. The development o:f similar uses :for both the 
solid salts and liquid brines could conceivably result in a small but 
profitable operation. 

STONE 

( By R. S. Mason, State of Oregon Department of Geology and MinPral 
Industries, Portland, Oreg. ) 

The production o:f stone is used mostly for construction materials and 
accounts :for almost half o:f the State's total mineral value. Included 
in this category are limestone, sandstone, building stone, crushed and 
broken stone, jetty stone, and riprap. Lightweight aggregates such as 
pumice, volcanic cinders, and expensible shale are discussed on page 222 
and page 200. 

LIMESTONE 

Limestone is one o:f the more important industrial rocks. Raw lime
stone is used directly in many ways. Agricultural l imestone is applied 
to fields after grinding, aggregate :for roads and concrete is crushed 
and sized, as is flux stone for metallurgical purposes in blast furnaces. 
High-calcium or high-magnesium limestones are crushed and washed 
for the manufacture of glass. Special limestone deposits yield blocks 
suitable :for building stone or sculpture. Large tonnages of l imestone 
are calcined into quicklime, which in turn forms the base for a large 
number of chemical products. The term lime. has become a very general 
and loosely used term that includes practically all of the finely divided 
types o:f raw limestone and the burned forms of limestone. Strictly 
speaking, l ime refers to bnrned or calcined limestone ( quirklime) , but 
it also includes the hydrated form called hydrated lime, slacked lime, 
or calcium hydroxide. 

Limestone is a fundamental ingredient in the manufacture of cal
cium carbide and many other chemical compounds. Lime is extensively 
used in the building trades, in soil stabilization, in agriculture, paints, 
plastics, glass, paper, rubber, glue, and medicines. Water treatment. 
usually requires lime, as do oil well drilling mud, sugar refining, the 
preparation of insecticides, and sand-lime brick. Large quantities of 
crushed limestone are consumed in the manufacture of portland cement. 

Limestone is quarried in nearly every State in the Union. Generally 
the stone is used or processed loca1ly, since the unit value of the raw 
stone is low and will no.t stand high transportation charges. Limestone 
is basic to the manufacture of cement and construction l ime, and it 
plays a vital role in competitive community development costs. Cement 
in recent years has become the principal building material used in this 
country. An excellent review of the importance of limestone, lime, and 
cement is given in various chanters of lnd1t8tr·ial lllinPra78 and Rock8. 
published by the American Institute of Mining, Metallurgical and 
Petroleum Engineers, 1960. 

Limestone is composed essentially of the mineral calcite, which is 
pure calcium carbonate. Calcium carbonate is formed in a variety o:f 
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ways. The following description by Bowen and Gray ( 1957) outlines 
the principal methods : 

Many aquatic organisms, both plant and animal, secrete calcium carbonate 
for protective and supporting parts. As many of these organisms are colonial or 
at least gregarious in habit, their limy remains may accumulate and be preserved 
in large concentrations. Microorganisms may also contribute indirectly to the 
chemical precipitation of carbonate minerals by upsetting the chemical equilib
rium of the aqueous system, by catalytic activity, and so on. Changes of tempera
ture and changes in mineral concentration and composition of ocean and lake 
waters may also result in precipitation of carbonate minerals without the aid of 
organisms. The relative importance of purely chemical precipitation as com
pared with the action or influence of organisms in producing limestone has not 
been well established, but organisms appear to play the predominating role in 
limestone formation, and mechanical concentration of pre-existing carbonate 
detritus as well as inorganic chemical precipitation play lesser roles . . . .  

A few deposits of limestone, which are of sufficient size and purity to be of 
economic importance, have formed by a combination of evaporation and chemical 
interaction between carbonate-laden spring water and air. Such material, which 
is known as travertine limestone, grows by accretion around multiple spring 
vents and occasionally builds deposits aggregating tens of millions of tons. 
Algae, bacteria, and other organi·sms may aid the process. 

Some sea-floor carbonate deposits also grow by accretion of tiny, interbonded 
mineral crystals, but the bulk of most marine- and lacustrine-laid limestones 
are believed to originate as soft, unconsolidated oozes which are compacted and 
finally lithified long after burial under succeeding strata. Consolidation and 
lithification of soft oozes generally involves widespread resolution, cementation, 
dehydration, and crystallization, the ultimate rock having few voids and con
sisting principally of interlocking crystals. Microscopic examination of some 
limestones shows that some material forms by dehydration of colloidal carbonate 
gels without crystallization in early stages of lithification. However, colloidal 
material probably does not form the major parts of most limestone denosits. 

Limestones also accumulate by direct growth of reef-building organisms such 
as corals or the lime-secreting algae Lithothamnion. Reef limestones differ from 
the accumulations of sea shells in that most of the shell deposits have been trans
ported to some extent by water, whereas the bulk of reef limestone generally is 
secreted in place by colonial organisms. 

Calcareous deposits of considerable size also form in desert climates as the 
result of evaporation of carbonate-laden groundwater. These calcareous evaporites 
or caliches, as they are commonly called, may form at or close to the surface or 
they may form deeper in the pervious mantle above locally developed impervious 
layers. Caliche was the principal raw material used at the early-day Jamul Ranch 
cement plant in San Diego County and is used to some extent today at several of 
the desert cement plants. 

Oregon commercially significant limestone deposits are mainly in 
two areas, one in southwestern Oregon, the other in the northeastern 
part of the State. In southwestern Oregon large reserves of high
grade limestone, some of which has been partly metamorphosed, are 
found in the hilly country south of Grants Pass in Josephme County. 
The deposits occur in a series of lenses or pods in •a metasedimentary 
series of l-ate Paleozoic or Jurassic age. The distribution of the various 
l imestone bodies is shown on the Geologic map of the Grants Pass 
quadrangle, by Wells ( 1940) . One of the larger deposits on Marble 
Mountain (fig. 64, No. 37) about 1 2  miles southwest of Grants Pass 
has been the source of commercial production for many years. The bulk 
of the stone was shipped to ·a cement plant at Gold Hill, with minor 
amounts being sold for agricultural use and paper manufacture. The 
plant, operated by Ideal Cement Co., closed in 1967. Near Williams 



0 Coqu i l e 
c 0 0 

-.- - -�...,__ 49 � Powers -...,_1..., 0 
...J 

248 

I I_ I 
I I -l 

I 

s 1 1 2  ,_. I 

�---1 

2• • • 3 4 • 
D 0 u G Rosobu<o W' 0 7 5 

1 1  10 '5 

�-9 8 

� 
� 

I 
__,--],\ r- J-L, r ---� / -�--..... . ....___,.r�-.......,_,f I w-r--

L--- - -

L A s 

r r·-
-...rr' 

. .......r--•-1 

R y /  i J A C K S O N ( ' 

_j J 0 S E P H  I N E I I 1 5 1 4  
I l 

1 24"00' 

Grants �au l£3/ 
1 61 

s(7 ] 19 ' 2021 3 );, pProvolt 
41'R'4 I §�3 42� •43 40 I 

OE:::=;;'iii'_l 0===2E0:=;;::;:=�3CO==:i4EO :=;;::;:=35<0 MILES 

Limestone area 

Numbers refer to localities 

described in text 

Cement plant ·( inactive ) 

25 .26 29 �27 
rza �31 

FIGURE 64.-Limestone occurrences in southwestern Oregon. 



249 

a relatively small pod of crystalline limestone ( fig. 64, No. 41) , rang
ing in color from variegated black and white to nearly pure 
white, was the source of a small amount of monumental stone. In the 
mid-1930's an attempt was made to produce burnt lime from a deposit 
on a ridge south of Powell Creek west of the town of Provolt. About 
15 miles southwest of the Williams monument stone quarry and on an 
extension of the same geological belt of narrow but greatly elongated 
metasediments lies the Oregon Oaves National Monument (fig. 64, No. 
44) . A fairly extensive system of limestone caverns has been developed 
as a tourist attraction. Although not presently accessible, a comparable 
cave complex was discovered many years ago on Marble Mountain dur
ing quarrying operations. 

The following analyses of limestones from Marble Mountain are 
typical of the southwestern Oregon limestones (Hodge, 1938b, p. 288) . 

Columns-
Constituents 

4 6 

sio,_______________________________________________________ o. 87 o. 06 2. 31 o. 34 1. 73 3. 20 
AlsO,_ _ ____________________________________________________ • 35 • 01 I. 72 • 06 I. 69 • 93 
Fe,o,_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - • 31 • 31 • 33 • 32 • 30 • 30 
cao_______________________________________________________ 54.60 55.85 54. 06 55.44 54. 16 54.05 
MgO_______________________________________________________ . 80 . 33 . 41 . 25 . 40 . 36 
Ignition loss________________________________________________ 43.41 42. 09 41. 33 42.07 41. 57 40. 74 

TotaL_ ____________________ _ _ _______ _ _ _______________ 100. 34 98.65 100. 16 98. 48 99. 85 99. 58 

NOTES 
Col. I :  Body A. 
Col. 2: Body 8-U.S.E.D. Sample 190A. 
Col. 3: Body C-U.S.E.D. Sample 184A, composite from middle and south ends. 
Col. 4: Body 0-U.S.E.D. Sample 188A. 
Col. 5: Body E-U.S.E.D. Sample 182A, composite from middle, north, and south ends. 
Col. 6: Body F--!J.S.E.D. Sample 186A, south end. 

There are many localities in southwestern Oregon where limestone 
might be mined. The better known occurrences are shown on figure 64 
and listed in table 20. 



TABLE 20.-LIMESTON E  OCCURENCES IN SOUTHWESTERN OREGON 
[Adapted from Peterson and Mason, 1958[ 

Index number on fig. 64 and name Location 

COOS COUNTY 
1. Morgan limestone _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 35, T. 25 S., R. 12 

DOUGLAS COUNTY 

Description Reference 

Small, steeply dipping, bedded deposit. About 85 percent CaCO,_ Hodge, 1938b ; Oregon Dept. Geology and 
Mineral Industries, 1940. 

2. Green Valley deposit__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 21, T. 24 S., R. 6 W _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Small deposit o� f�s�iliferous, c_alcareous shale _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Diller, 1898; Hodge, 1938b; Williams, 1914. 
3. No name . . . . .  _ _ _ _ _ _ _ _ _ _ _ _ _  . _ _ _  . _ _ _ _ _ _ _  Sec. 3, T. 25 S., R. 5 W . . . _ _ _ _  .. _ _ _ _ _ _ _ _  .. Small depos1t o b u1sh, shaly l imestone . .  _ _ _ _  .. _ _ _ _ _ _ _ _ _ _ _ _ _ _  Do. 
4. Starr Ranch. _ _ _ _ _ _ _ _ _ _ _ _  . _ .  _ _ _ _ _ _  . _ _ _  . Sec. 22, T. 25 S., R. 6 W _ _ _  . _ _ _ . . . .  __ . .  _ _ _  Thin beds of fossiliferous shale . . . _ _  . _ _ _ _ _ _ _ _ _ _  . .  _ _ _  . .  _ _ _ _ _ _  Diller, 1898; Hodge, 1938; Williams, 1914. 
5. No name . .. . . . . . . . . . .  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 14, T. 27 S., R. 4 W. . . Small lentil with abundant microscopic fossils _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Diller, 1898. 
6. Oden-Hatfield deposit. _ .  _ _ _  .. _ _ _ _ _ _ _ _ _  . Sec. 33, T. 27 S., R. 4 W _ _ _ _ _ _ _ _ _ _ _ _ _  . _ _ _  . lens 25 ft. wide exposed in small, abandoned quarry from which Diller, 1898; Hodge, 1938b; Oregon Dept. 

dimension stone had been sawed. Geology and Mineral Industries, 1940; Ore 
Bin, v. 5, n. 10, 1943. 

7. Hatfield deposit__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 31, T. 27 S., R. 4 W _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Small pod o: light colored l imestone _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Diller, 1898, Hodge, 1938b; Oregon Dept. � 
. . . . . _Geology and Mineral l ndustri_es, 1940. g 8. Dodson depos1L . . . . . . . . . . . . . . .  _ _ _ _ _ _  Sees. 14, 15, T. 28 S., R. 5 W _ _ _ _ _ _ _ _ _ _ _ _ _ _  Steeply dipping gray limestone 30 feet tluck . . . . . . .  _ _ _ _ _ _ _ _ _ _ _  Diller, 1898; Hodge, 1938b; Williams, 1914; 

Ore Bm, v. 5, n. 10, 1943. 
9. Harrington deposit__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . . .  Sec. 21, T. 28 S., R. 5 W _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Similar to No. 10 . . . .  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Diller, 1898; Ore Bin, v. 5, n . .IO, 1943 

10. Oregon Portland Cement__ _ _ _ _ _ _ _ _ _ _  . . . Sec. 20, T. 28 S., R. 5 W _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  large lens, steeply dipping, high-purity limestone with inter- Diller, 1898; Hodge, 1938b; Libbey, 1957; 
bedded chert. Abandoned in 1935. Williams, 1914; Oregon Dept. Geology and 

Mineral Industries, 1940. 
11 .  Fisher property _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 30, T. 28 S., R. 5 W _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Chip sample from small outcrop assayed 97.5 percent Caco, __ Diller, 1898; Hodge, 1938b; Williams, 1914; 

Ore Bin, v. 5, n. 10, 1943. 
12. Byron limestone _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 5, T. 29 S., R. 7 W _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Small, undeveloped pod, pink to rose limestone, containing Oregon Dept. Geology and Mineral I ndustries, 

about 85 percent CaCO,. 1940. Ore Bin, v. 5 n. 10, 1943. 
13. Hammersley limestone _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 20, T. 30 S., R. 6 W _ _ _ _ _ _  - - - - - - - - - - - I rregular mass of calcite in metavolcanic rocks. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Oregon Dept. Geology' and Mineral I ndustries, 

1940. 
JACKSON COUNTY 

14. Gold Hill deposits _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sees. 3, 16, T. 36 S., R. 3 W.; sec. 13, T. 36 Several small lenses interbedded with argillaceous shale _ _ _ _ _ _  Diller, 1914; Wells, 1940; Williams, 1914 ; 
S., R. 4 W. Winchell, 1914. 

15. Rogue River _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 23, T. 36 S., R. 4 W _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Small, elongate lens 100 feet thick. 92 percent CaCO, _ _ _ _ _ _ _ _ _ _  Williams, 1914; Winchell, 1914. 
16. Owl Hollow mine _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 26, T. 36 S., R. 4 W _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  No information as to size or quality _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Wells, 1940; Oregon Dept. Geology and Mineral 
17. Galls Creek group ... . . . . . . . . . . . . . . . . . . .  Sec. 21, T. 36 S., R. 3 
18. Beaver Portland Cement Co . . . . . . . . . . . . .  Sees. 20, 29, T. 36 S., R. 3 
19. Eagle l imestone ..... . . . . . . . . . . . . . . . . . . .  Sec. 30, T. 36 S., R. 3 

I ndustries, 1943. 
2 undeveloped, narrow lenses of light gray to white crystal-line Wells, 1940; Williams, 1914; Winchell, 1914. 

limestone, 96.3. percent caco,. 
Quarry furnished limestone for Gold Hil l cement plant for few Hodge, 1938b. 

years. 
Undeveloped deposit near Eagle Gold mine _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Williams, 1914; Winchell, 1914. 



20. Bristol l imestone .. . .• . . . . .  
:;: 21. Lively Quarry __ &, "' 
co 22. Baxter limP.s.tonP. 

_ _ _ _ _ _ _ _ _  Sec. 311.!- 36 S., R. 3 W. ; sec. 6, T. 37 S., Deposit 200 to 600 feet wide and +1 ,000 feet long. caco, con- Libbey, 1957; Wells, 1940; Oregon Dept. 
R. 3 vv. tent 97 percent. I nactive since 1941. Geolo�y and Mineral Industries, 1943 ;  

. . .  Sec. 2, T .  37 S., R. 3 
Ore Bm, v. 5, n. 10, 1943. 

2 small lenses have been worked out and quarry abandoned . . . •  Hodge, 1938b; Wells, 1940; Williams, 1914; 
Oregon Dept. Geology and Mineral Indus-
tries, 1943; Ore Bin, v. 5, n. 10, 1943. 

_ _ _ _ _ _ _ _ _ _ _  . . . . Sees. I, 2, T. 37 S., R. 3 W .. _ _. _ _ _ _ _ _ • 2 lenses of banded limestone quarried by Oregon Limestone Co.; Wells, 1940; Oregon Dept Geology and Mineral 9 97 percent CaCO, reported. Abandoned in 1942. I ndustries, 1943. 1 23. Beeman limestone. . .  . . . . . . . . . . . . .  Sec. 11 , T. 37 S., R. 3 W.. _ _ _  Steeply dipping lens of hard limestone with inclusions of met- Wells, 1940; Williams, 1914; Winchell, 1914; 
"' asediments. Better rock said to analyze 96 percent Caco,. Oregon Dept. Geology and Mineral Indus-
col tries, 1943. 

24. Millionaire Mine limestone . .  . . . .  _ _ _  Sec. 30, 3 1 ,  T .  3 6  S . ,  R .  2 W. ; sec. 36, T .  36  3 elongate lenses reported to average 88 to 92 percent Caco,. Oregon Dept. 9eology and Mineral Industries 
S., R. 3 W. 1943, Ore-Bm, v. 5, n. 10, 1943. 

_, 25. Ensele quarry _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . . _ _ _ _ _  Sec. 6, T. 38 S., R. 2 W _ _  . . .  . . Abandoned quarry in small limestone mass. _ _  . . . . . . . . . . . . . . . . .  W���
�0
�95

a
6�
d 
�����=� li n��!{(ie�rfl�£ Dept. 

26. Briner limestone . . _ . _ _ _ _  . . .  _ _  Sec. 29, T. 3 8  S., R .  1 W _ _ _  _ _ _ . . . . . . .  Discontinuous lens 20 feet wide and 50 feet long, analyzing 92 to Hodge, 1�38b; Oregon Dept. Geology and Min-
95 percent CaCO,. era I I ndustries, 1943; Ore-Bin, v. 5, n. 10, 

1943. 
27. South Fork Anderson Creek _ _ _ _ _ _ _ _ _ _ _ _  Sec. 7, T. 39 S., R. I W_ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  2 small occurrences reported to b e  calcareous tufa _ _ __ _ _ _ _ _ _ _ _ _  Hodge, 1938b. 
28. Muddy Gulch limestone _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 23, T. 39 S., R. 2 W_ _ _ _ _ _  _ _ _  Body 65x500 feet reported to contain 93 percent Caco,_ _ _ _ _ _ _ _ _  Do. 
29. Bear Gulch limestone _ _ _ _  . . . . . . . . . . . . _ . _ .  _ _ _  .do .. _ _ _ _  . . . . . .  _ _ _ _ _  . _ .  _ _ _  . . . . . . . . .  Banded limestone interbedded in schist and shale .. _ _ _ _ _ _ _ _ _ _ _  Do. 
30. Wolf Gulch limestone _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 22, T. 39 S., R. 2 W .. - - - - - - - · - - - - - - - Similar to No. 29 . .  - - - - · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Do. 
31. Bald Mountain _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 20, T. 39 S., R. 1 W _ _  - - - · - - - - - - - - - - - Undeveloped . . . . . . . . · - - - - - - - - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Oregon Dept. Geology and Mineral I ndustries 

files. 
32. Shepard Springs _ _ _  . .  _ _ _  . . . . . . . . . . .  _ _ _ _  Sec. 28, T. 39 S., R. 2 E. _ _  _ . . . . . . . . . Calcareous tufa • • . . • _ _ _ _ _ _ _ _ _ _ _  . . . .  _ _ _ _  . . . .  _ _ _ _ _ _ _ _ _ _ _ _ _ _  . Hodge, 1938b. 
33. Applegate River Group. _ _ _ _  . . . . . . . .  __ . _ Sees. 23, 24, 26, T. 38 S., R. 4 W _ • • . . . . . . 8 closely grouped, steeply dipping short lenses, 50 to 100 feet Diller, 1914; Hodge, 1938b; Wells, 1940. 
34. Seattle Bar Sees. 2, 10, 11, T. 41 s., R. 4 

wide. 
6 lenses, largest 75 feet thick and exposed for I mile along 

length. Assays 97 percent CaCO, but contains narrow siliceous 
bands and included schistose material. 

35. Carberry Creek group _ _ _ _ _ _ _ _  . . . . . . . . . Sees. 18, 19, 30, 31, T. 40 S., R. 4 W _ _ _ _ _ _  6 lenses (largest 50x500 feet) of dark, variegated, siliceous 
limestone grading into dark, impure quartzite. Analysis shows 

JOSEPH INE COUNTY 
36. Whiskey Peak group _ _ _ _ _ _ _ _ _ _ _ _  _ 
37. Marble Mountain group . .. . . . . . . . .  . 

_ Sees. 6, T. 41 S., R. 4 W.; secs. 11 , 12, T. 41 
S., R. 5 W. 

_ Sees. 19, 30, 31, T. 37 S., R. 6 W. ; sec. 6, T. 
38 S., R. 6 W. ; sees. 25, 36, T. 37 S., R. 7 
w. 

38. Muck limestone • . • . . . . .  _ _ _ _ _ _ _ _ _ _ _  Sec. 30, T. 3 7  S., R .  7 

71.9 percent caco,. 

6 irregularly spaced limestone bodies with large reserves of high 
quality (95 to 97 percent CaC03). Major production. 

Light gray limestone exposed for about 1 ,000 feet in cliffs 150 to 
200 feet high. Beds nearly vertical and 150 to 250 feet thick. 
Chip samples show 95 to 98 percent CaCO,. Property inactive 
since 1949. 

Diller, 1914; Hodge, 1938b; Wells, 1940; Wil
liams, 1914; Winchell, 1914; Oregon Dept. 
Geology and Mineral Industries, 1943; 
Ore-Bin, v. 5, n. 10, 1943. 

Diller, 1914; Hodge, 1938b ; Wells, 1940; Wil
liams, 1914; Winchell, 1914. 

Wells, 1940. 
Hodge, 1938b; Libbey, 1957; Wells, 1940; 

Williams, 1914; Winchell, 1914; Oregon 
g��!srn�o�o� �n1o�l�'f3�1 1  ndustries, 1952; 

Libbey, 1957; Wells, 1940; Williams, 1914; 
Winchell, 1914. 
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I ndex number on fig. 64 and name 

TABLE 20.-LIMESTONE OCCURRENCES IN SOUTHWESTERN OREGON-Continued 

[Adapted from Peterson and Mason, 1958] 

Location Description 

39. Horsehead lime _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. l5, T. 38 S., R. 5 W _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  At northeast end of limestone belt. Very pure limestone (99 per-
cent CaCOa) interbedded with schist and cut by basic dikes. 
I nactive since 19!>U. 

40. Turvey limestone _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 29, T. 38 S., R. 5 w _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Steeply dipping lens 25 feet wide and 400 feet long. Sample 
assayed 95.3 percent caco,. 

41. Jones Marble quarry. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Sec. 31, T. 38 S., R. 5 w _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Variegated to pure white marble mass 600 feet wide and 2,000 - - , with inclusions of shale and schist. Pure marble 
+ percent caco,. 

Reference 

Libbey, 1957; Wells, 1940; Oregon Dept
Geology and Mineral I ndustries, 1952; Ore· 
Bin, v. 5, n. 10, 1943. 

Oregon Dept Geology and Mineral Industries, 
1952. 

Diller, 1914; Hod�e. 1938b; Libbey, 1957; 
Wells, 1940; Williams, 1914; Winchell, 1914; 
Oregon Dept. Geology and Mineral I ndus
tries, 1952; Ore-Bin, v. 5, n. 10, 1943. 

42. lime rock • • . .• . . . .  - - - -- - - - - - - - - - - - - - - - Sees. II, 12, 14, T. 39 S., R. 8 W _ _ _ _ _ _ _ _ _ _  Gray or white, fine-grained limestone recrystallized to marble Diller, 1914; Hodge, 1938b; Wells and others, 
in several small bodies. limestone reported to run 98+ 1949; Oregon Dept. Geology and Mineral 
percent CaCOa. Industries 1952. 

43. No name _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 4, T. 39 S., R. 7 w __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Small body similar to No. 42 ... - - - - - - - - - - - - - - - - - - - - - - - - - -- - - Wells and others, 1949. 
44. Oregon Caves National Monument. . . . . . .  Sees. 10, 15, 16, T. 40 S., R. 6 W _ _ _ _ _ _ _ _ _ _  Large mass of limestone in which Oregon Caves were formed. Diller, 1914; Hodge, 1938b; Wells, 1940; 

Not available to exploitation. Williams, 1914; Winchell. 1914. 
45. Grizzly Gulch _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 29, T. 40 S., R. 6 w _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Small exposure of l imestone similar to that in which Oregon Wells, 1940; Williams, 1914; Winchell, 1914. 

Caves were formed. 
46. Sucker Creek group _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 35, T. 40 S., R. 6 W.; sec. I,  2, 13, 14, 7 1imestone lenses grouped around Swan Mountain _ _ _ _ _ _ _ _ _ _ _ _  Wells, 1940. 

T. 41 S., R. 5 W. 
47. West Fork Althouse Creek . . _ - - - - - - _ _ _ _  . Sec. 9, T. 41 S., R. 7 W . . . _ _ _ _  - - - - - - - - _ _ _  . 2 small undeveloped occurrences . ... . .  - - - - - - - - - - - - - - - - - _ _ _ _ _  Wells and others, 1949. 
48. Elder Creek (Takilma) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 25, T. 40 S., R. 8 W _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  limestone used as flux for former Takilma smelter. _ _ _ _ _ _ _ _ _ _ _  Hod�e, 1938b; Wells and others, 1949; 

Wolloams, 1914; Winchell, 1914. 
CURRY COUNTY 

49. No name _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 29, T. 30 S., R. 14 W _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Fine crystalline, siliceous limestone ... - - - - - - - - - - - - - - - - - - - - · - - Brown, 1942. 

t-..J 
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In northeastern Oregon large limestone deposits are scattered over 
parts of Baker, Union, and Wallowa Counties, with minor occurrences 
m Grant, Malheur, Harney, and Crook Counties, as shown in figure 65. 
The map has been taken from one by N. S. Wagner, which appeared in 
the May 1958 Ore Bin. Ta:ble 21, which has been adapted from the Ore 
Bin report, gives condensed information for each of the localities 
shown on the map. Additional information on the more important 
deposits appears in Libbey ( 1957) , Moore ( 1937) , and Hodge ( 1938b) . 
The large deposits represented by those on the Lostine River (fig. 65, 
No. 3 ) ,  Black Marble quarry (fig. 65, No. 4) , and Hurricane Creek 
(fig. 65, No. 5 )  in Wallowa County, and the B aker County occurrences 
such as those near Lime ·and the headwaters of Fox, Connor, and Hib
bard Creeks (fig. 65, No. 14) are believed to be of Permian and Triassic 
age. 
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I ndex number on fig. 65 and name 

WALLOWA COUNTY 

TABLE 21.-LIMESTONE OCCURRENCES IN NORTHEASTERN OREGON 

[Adapted from Wagner, 1958[ 

Location Description Reference 

I. Big Bar deposiL • . . . . . . . . . . . . . . . . . . . .  Sec. 8, 17, 18, 19, T. 55., R. 49 E.; sees. 24, 
25, 26, T. 5 S., R. 48 E., in Snake River 
Canyon. 

Thick beds of massive limestone. Chip samples averaged 53.7 Unpublished report of U.S. Corps of Engineers. 
and 52.3 percent CaO. 

2. I mnaha River deposiL. __ - - - - · - · · · - · · ·  Secs. 15, 23, T. 3 S., R. 48 E. Partly in I mnaha 
River Canyon. 

Deposit in Imnaha Canyon crops out as 170-foot bluff of thick- Moore, 1937, pp. 119, 120. 
bedded, slightly recrystallized, locally silicified l imestone. 
Nearby along river, l imestone is noncrystalline and soft. Soft 

WALLOWA AND BAKER COUNTIES 
limestone assays 97 percent Caco, and 1.1 percent SiO,. 

3. Lostine River. . . . . . . . . . . . . . . . . . . . . . . . . .  Sees. 3, 4, 9, T. 2 S., R. 43 Massive, light-gray, recrysta llized limestone formerly burned 
into quickli11e for local consumption. Bed exposed in walls of 
Lostine Canyon for nearly 6 miles. 

4. Black Marble quarry . . . . . . . . . . . . . . . . . . .  Sees. 19, 20, T. 2 S., R. 44 E . . . . . .. . . . . . . .  Well-bedded, dense, dark limestone. Previously quarried for 
burned lime but later used by Pacific Carbide & Alloys for 
carbide manufacture. 

5. Hurricane Creek . . . . . . . . . . . . . . . . . . . . . . .  Sees. 9, 10, 15, 16, T. 3 S., R. 44 E. . . . . . . .  large body of limestone and marble. Varies from low to high 

UNION COUNTY 
purity. 

Moore, 1937; Ross, 1938; Smith and Allen, 
1941. 

Do. 

Do. 

6. Catherine Creek . . . . . . . . . ..... . . . . . . . . .  Sees. 24, 25, 26, T. 5 S., R. 41 E.; sec. 24, Several small occurrences. No analytical data available.. . . . . . . .  Wagner, 1952. 

BAKER COUNTY 
T, 6 S., R. 41 E. 

7. Bulger Hill limestone.. . . . . . . . . . . . . .....  Sec. 9, T. 7 S., R. 38 

8. Medical Springs occurrences . . . . . . . . . . . .  T. 7 S., R. 41 and 42 

limestone in two parallel beds. Abundant garnet near contact 
with diorite intrusive but clean limestone is also available. 

Numerous limestone lenses in Permian greenstone. Grade is 
good but most lenses are small. 

9. Oxbow limestone . . . . . . . . . . . . . . . .......  Sees. 4, 8, 9, T. 8 S., R. 48 E. in Snake River limestone in  Permian and Triassic volcanic rocks and in contact 
��L w� �* 

10. Elkhorn Mountain occurrences ...... .. . ...  T. 9 S., R. 38 E., and adjoining townships . . . .  145 separate l imestone bodies occur as disconnected lenses in  
pre-Tertiary argillite. Two largest owned by Chemical lime 
Co.; estimated to contain 2 million tons averaging 55 percent 
CaO. Used for burnt lime. 

11. Washington Gulch occurrences . . . . . . . . . . .  Mostly in T. 9 and 10 S., R. 39 E. ..... . . . . .  lenses of limestone in argillite; 45 have been mapped. Sample 
of largest contained 44.96 percent CaO, 16.54 percent SiO,, 
1.84 percent Al203, 0.88 percent MgO. 

Pardee, 1941. 

Gilluly, 1937. 

Unpublished report of U.S. Corps of Engineers. 

Libbey, 1957 ; Pardee, 1941. 

Gilluly, 1937. 

� C1 � 



12. Pleasant Valley occurrences _ _ _ _ _ _ _ _ _ _ _ _ _  Mostly in T. 10 S., R. 41 and 42 L • • • • • • . • •  Geologic map shows swarm ol limestone pods and lenses in 
argillite. Has been used locally for burnt lime. 

Do. 
13. Pleasant Valley extension . • . •  _ _ _ _ _ _ _ _ _ _  T. 10 and II S., R. 43 E. ; T. 10, 11, 12 S., 
14. Lime-Soda Creek _ _ _ _ _ _ _ _ _ _ _  _ 

R. 44 E. 
• • •  T. 12  and 13 S., R. 44 E.; T. l l  and 12 S., R. 

45 E. 

15. Durkee-Burnt River occurrences . . . . . . . . .  T. II and 12 S., R. 41, 42, and 43 L . . . . . .  . 

16. Dooley Mountain occurrence _ _ _ _ _ _ _ _ _ _ _ _ _  T. II and 12 S., R. 39 
17. Limestone Butte • • . • • • • . . . • . • . . . . . . . . . .  Sec. 30, T. 14 S., R. 44 

BAKER AND GRANT COUNTIES 
18. Blue Mountain occurrences . . . • • • • • • • • • • .  

GRANT COUNTY 
19. Dog Creek occurrence _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Secs. 32, 33, T. 13 S., R. 32 

Similar to No. 12 . . . • . • . • . • .  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Fitzsimmons, J. P., unpublished Univ. ol 
Massive but separate limeslone bodies in argillite. largest de

posits are at head of Fox, Conner, and Hibbard Creeks. Po
tential tonnage very large. Samples show 53.6 to 55.6 CaO 
content. Occurrence near Lime quarried by Oregon Portland 

Washington Ph. D. thesis, 1949. 
Hodge, 1944; Libbey, 1957; Moore, 1937 . 

Cement Co .• which also controls large reserves on Fox Creek. 
Massive beds of crystalline limestone extend for many miles. Fitzsimons, J. P., unpublished Univ. of Wash-

Rock from quarry at Nelson Siding shipped to sugar and ington thesis, 1949; Gilluly, 1937. 
paper plants. Shipments of "sugar rock" have averaged 98+ 
percent CaCOa. 

Twenty-six small lenses in schist have been recognized. No Gilluly, 1937. 
analysis available. 

Dense, recrystallized limestone near granite intrusive. Grade Beeson, J., unpublished Univ. of Oregon 
low; many inclusions of shaly material. Master's thesis, 1955. 

Numerous lenses of crystalline limestone in pre-Tertiary meta- Pardee and others, 1941 ; Wagner, 1954; 
sediments. Scattered over wide area. No analyses available. Thompson, C. J., unpublished Univ of Oregon 

Master's thesis, 1956. 

Five small lenses of crystalline limestone in Permian metasedi- Thayer, 1956. 
ments. 

20. lzee area occurrences. _ _  . .  _ _ _ _ _ _ _ _ _ _ _  Sees. 20, 30, 31, T. 16 S., R .  28 E ;  sec. 6, T. Four massive beds of Triassic age along axis of syncline. _ _ _ _ _  • •  Wallace and Calkins, 1956; Dickinson and 
BAKER AND MAlHEUR COUNTIES 

21. I ronside Mountain occurrences • • •  _ 

MAlHEUR COUNTY 

17 S., R. 28 E. Vigrass, 1965. 

• Several townships surrounding I ronside Fossiliferous limestone reported interbedded in Rastus Forma- lowry, W. P., unpublished Rochester Univ. 
Mountain. tion. (pre-Tertiary). Limestone beds probably small and Ph.D. thesis, 1943; Wray, C. F., unpublished 

widely scattered. Rochester Univ. Master's thesis, 1946. 

22. Brogan limestone _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sees. 9, 10, T. 16 S., R. 42 Gray, crystalline limestone interbedded with Triassic shale. _ _ _  Oregon Dept. Geology and Mineral I ndustries 
files. 

HARNEY COUNTY 
23. Pueblo Mountain _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 5, T. 40, S. R. 35 Thin beds of marble along eastern flank of Pueblo Mountains ... Williams and Compton, 1953. 

CROOK COUNTY 
24. Suplee limestone • • . • . . . . . . . . . • . . . . . • . •  T. 17, 18, 19 S., R. 24, 25, 26 E., partly in Massive deposits, lenses, reefs, and irregular masses. Grades Dickinson and Vigrass, 1965; McKtttrick, W. E. 

Grant County. from nearly pure limestone to calcareous sandstone. unpublished Oregon Agr. Coli. Master's 
thesis, 1934. 
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A cement plant at Lime, B aker County, has been in operation since 
1910. Limestone has also been quarried near Nelson ( fig. 66, No. 15) ,  
about 10 miles northwest of Lime, for various industrial and chemical 
applications. Years ago the Black Marble quarry ( fig. 66, No. 4)  on 
Murray Creek about 5% miles southwest of Enterprise in Wallowa 
County produced cut stone for monuments. When polished, the stone 
is a lustrous, velvety black with occasional white fossil shell inclusions. 
In more recent years the quarry has supplied high-grade stone for the 
manufaClture of calcium carbide and for agricultural use. A lime plant 
located at Wing, 5 miles northwest of Baker in Baker County, burns 
lime from quarries high up in the Elkhorn Mountains on Marble and 
B aboon Creeks (fig. 65, No. 10) .  There are large reserves of high-grade 
limestone in northeastern Oregon which are adjacent to or not far 
removed from both rail and highway transportation. Present markets, 
with the exception of minor quantities used by agriculture and the 
refining of beet sugar, are located at considerable distances from the 
deposits. The cement plant at Lime and the lime plant at Wing both 
ship most of their products several hundred miles, but their enhanced 
value permits a much wider marketing radius than that for raw lime
stone. In recent years barge shipments of limestone from Texada 
Island, British Columbia, into the Portland area have cut deeply into 
the movement of cement rock from Baker County. 

Analyses of some of the higher grade northeastern Oregon lime
stones as given by Moore ( 1937) and Wagner ( 1958) are shown in the 
following table : 

Constituents 
Lostine River Black Marble Hurricane Deposits at Connor Creek Elkhorn Moun

(fig. 65, No. 3)1 quarry (fig. 65, Creek (fig. 65, lime (fig. 65, (fig. 65, No. 14)1 lain (fig. 65, 
No. 4)1 No. 5)1 No. 4)1 No. 10)> 

8 
SiO, _ _ _ _ _ _ _ _ _ _ _______ _ _  0.92 1. 11 0. 12 1 . 99 None 0. 3 
Al,o,_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . 34 . 17 (') _ _ _ _ _ _ _ _  None - - - - - - - - - - - - - -
R,Oa • • .  _ _ _ _ _ _ _ _ _ _  - - - - - - - - - _ _ _ _ _ _ _ _  - - - - - - - - - - - - - - - - _ __ _  - - - - - - - - __  _ • 47 __ - - - - - - - - - - - - . 11 
Fe,o,_ _ _ _ _ _ _ _ _ _ _ ______ _  (') . 12 (') _ _ _ _ _ _ _ _ _ _ _ _ _ _  None _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

cao _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  54. 50 53. 15  55.62 54. 07 55. 65 55. 00 
MgQ ____ ___ _ _ _ _ _ _ _ _ _ _ _ _  . 52 1. 23 . 28 1. 03 . 52 . 17 

t From Moore, 1937. 2 From Wagner, 1958. 
• Tr. 

,In northwestern Oregon there are several lenses of limestone which 
have been quarried for agricultural and cement use. The stone is not 
as high grade as either the southwestern or northeastern deposits. The 
following analysis is typical : Si02-24.08, AlzOa + Fe"0"-15.66, 
Ca0-31.58, Mg0-2.74; C02---.20.24. Due to the low quality of the 
limestone, its use for agricultural purposes is largely restricted to local 
markets. The stone quarried for cement is shipped to Oswego, where 
it is mixed with high-calcium stone from British Columbia. The lo�a
tions of the various deposits are shown on Hgure 66, and the deposits 
are briefly described in table 22. Both the map and table have been 
adapted from an article by R. S. Mason (Peterson and Mason, 1958 ) .  

In addition to the deposits mentioned above. there are l ite>·nlly 
hundreds of pods and lenses scattered over the State which are either 
too small, too low grade, too far from transportation and market, or 
too expensive to mine. 
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FIGURE 66.-Limestone occurrences in northwestern Oregon. 

BUILDING STONE 

Building stone is one o£ the oldest construction materials used by 
man. The ancients made extensive use o£ both rough and shaped stone 
in their temples, public buildings, and somewhat later engineering 
works such as aqueducts, bridges, and dams. Man gave up living in a 
tree when his dawning intelligence directed him to a cave, which had 
better environmental control. Still later it became apparent that loose 
rock could be fashioned into an adjustable cave which could be adanted 
to individual or group requirements. From such humble but basic 
beginnings, the building stone industry has sprung. Today the industry 
makes use of an exceedingly wide variety of building stones, ranging 
from blocks of porous coralline limestone to the densest of granites. 
The choice of materials is dictated by numerous factors, primary 



TABLE 22.-U MESTONE OCCURRENCES IN NORTHWESTERN OREGON 

[Adapted from tabulation in Peterson and Mason, 1958[ 

Index number on fig. 66 and name Location 

CLACKAMAS COUNTY 

I. Marquam deposit_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 2, 3, T. 6 S., R. 1 

2. Beaver Creek _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 19, T. 6 S., R. 2 

Description Reference 

Lenses of broken oyster shells in sandy tuffs, grits, and con- Libbey, 1957; Oregon Dept. Geology and Min-
glomerates. Occurs in 2 deposits covering 10.4 and 4.0 acres. era I Industries, 1951. 
Analyses range from 25 to 65 percent CaCOa. 

Undeveloped outcrop of limy tuff. Grab sample showed 50 per- Oregon Dept. Geology and Mineral Industries 
cent CaCOa. files. 

POLK COUNTY t>:l 
01 

3. Buell limestone _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 19, 20, 29, T. 6 S., R. 6 W _ _ _ _ _ _ _ _ _ _ _ _  Twenty-foot bed of massive gray limestone with carbonaceous Libbey, 1957; Oregon Dept. Geology and Min- � 
and clastic fragments. Ranges from 52 to 78 percent CaCOa. eral Industries, 1951. 

4. Lime Products Co. quarry _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 11, T. 8 S., R. 6 W ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Similar to No. 5- - · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ---- - - - - -
5 .  Oregon Portland Cement Co. quarry _ _ _ _ _ _ _  Sec. !, 2 ,  1 1 ,  12, T .  8 S., R .  6 W ___ _ _ _ _ _ _ _ _ _ _  Dark gray, tuffaceous, sandy limestone about 50 feet thick. 

Variable composition but shipments have averaged ±50 per
cent CaCOa. 

Do. 
Do. 

6. Waymire Creek _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 10, T. 8 S., R. 6 W _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ _ _  Limestone beds 100(7) feet thick exposed for I mile along Baldwin, 1947. 
Waymire Creek. Grade probably similar to No.5. Undeveloped. 

7. Boulder Creek camp _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 24, T. 7 S., R. 8 W _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I mpure beds50 feetthick; 59 to86 percent CaCOa. Undeveloped __ _ _ 

8. Rowell Creek _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 12, T. 7 S., R. 8 w _ _ _ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _  Similar to No. 7 but thinner. Grab sample yielded 63 percent 

9. Sunshine Creek _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 12, T. 9 S., R. 9 
CaCOa. Undeveloped. 

Calcareous sandstone 30 feet or more thick. Grab sample showed 44 
percent CaCO,. Undeveloped. 

Do. 
Do. 

Do. 
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among them is availability, although the history of Stonehenge erected 
on the Salisbury Plains in southern England tends to refute this. 
Beauty and utihty are obvious requirements. The Taj Mahal is con
structed of pure white marble and is considered to be the most beautiful 
building in the world. In sharp contrast, another equally famous stone 
structure, the Great Pyramid at Cheops, Egypt, constructed of num
multitic limestone blocks selected primarily for their utility, has re
sisted weathering and erosion for over 4,800 years. When completed 
the pyramid was sheathed in smooth limestone, but this has since been 
removed and used in lesser structures. Much modern construction 
makes use of ornamental stone facings, which are applied to enhance 
the appearance of the structure rather than to impart structural 
strength. In such applications, the attractiveness and workability of 
the stone is of paramount importance. Criteria for evaluating building 
stone on the basis of weight and absorption have been suggested by 
Moen ( 1967 ) . Built-up roofs covered with various sizes of stone are 
discussed by Ingram ( 1963 ) , who gives specifications for the aggre
gates used. Overshadowing nearly all of the requirements listed above 
1s the cost of the delivered stone. Substitutes for any particular stone 
are often readily available in another building stone possessing com
parable characteristics, and competition from artificial stone 1s ever 
present. 

Modern uses for building stone include public buildings, retaining 
walls, footings, curbing, veneering for commercial buildings and pri
vate residences, rockeries, landscaping, monuments, statuary, ,and 
flagging. 

Building stone is sold in several forms. Chunks of rough stone, com
monly called rubble, thin sheets of polished veneer, sawed blocks of 
many sizes, and sawed strips with rough "stone" faces constitute the 
bulk of the commercially produced building stone. The development of 
the tilt-up wall has greatly increased the use of rubble. The consider
able reduction in cost ach1eved by this method contrasted to the con
ventional placement of individual stones permits the erection of rock 
walls at prices approaching that of standard concrete construction. 
Stone veneer has been a standard building material for a long time, 
and its use will probably continue for a long time to come. Veneer 
sheets usually have a minimum thickness of about 1 inch but may be 
considerably thicker for very large sized pieces. Marble, granite, sand
stone, limestone, and travertine are most commonly used for veneer. 
In recent years the use of veneer strips has become very popular. The 
strips may vary considerably in thickness and length but are uniformly 
about the width of a brick. The vertical faces are rough surfaces pro
duced by guillotining the sawed slabs into the random-length strips. 
Placement of the strips is similar to brick laying. Large sawed blocks 
of stone find limited use in modern building construction. Memorials, 
mausoleums, and .a few government buildmgs and other structures 
are built with solid cut stone, but the high cost of the stone plus installa
tion greatly restricts this type of construction. 

Building stones are derived from all ty_pes of geologic formations 
and from Precambrian to Holocene age. Stone is the most abundant 
material on the surface of the earth. The specifications for some types 
of building stone are extremely rigid while specifications for other 
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types are very broad and flexible. The applications for building stone 
are so numerous and varied that practically any stone could be used 
for some purpose. The highest quality building stone, free from all 
impurities and flaws and possessing the proper color, texture, density, 
and workability occurs in limited quantities and commands a premium 
price. Such stone can therefore be marketed at considerable distances 
from the quarry. Lower quality stone must sell for less, and even though 
there are greater tonnages ava.ilable the market area is curtailed since 
freight represents a disproportionately large cost. Common field stone 
and some types of rubble are normally plentiful, but their very low 
value restricts their use to immediate markets and the tonnage pro
duced is correspondingly small. There is an additional factor involved 
in building stone which plays an important role in its marketing. 
Distance lends enchantment to many things, and building stone is one 
of them. The ultimate consumer of ornamental or monumental stone 
will more often than not be willing to pay more for material that has 
come from some far away place, even though equally good and attrac
tive stone is locally available. 

Oregon's building stones have been used since early- pioneer days 
when the first permanent structures were erected. Origmally the stone 
was collected locally and used rough or with only minor shaping. 
Formal production of building stone dates from the late 1880's, when 
basalt from St. Helens in Columbia County was quarried and shaped. 
By 1889 the U.S. Geological Survey reported in The rnineral res()IUrrces 
of the United States 188.9-1900 that Oregon was producing granite, 
marble, and sandstone. The report stated that granite was produced 
from Columbia, Multnomah, Clackamas, and Jackson Counties. Almost 
certainly the granite produced from the first thrPe counties must have 
come from glacial erratics ice-rafted down the Columbia River from 
either northeastern Washington or north of the Canadian border. 
Numerous erratics of PTanite gneiss and schist have been found in the 
lower Willamette and Tualatin Valleys and in some areas are still being 
used for foundation stone. In later years other granite quarries which 
were opened included : the Ashland granite quarry in Jackson County, 
the Gold Ray quarry near Tolo in Jackson County, and the Haines 
quarry two miles east of Haines in Baker County. Of the three, only 
the Haines quarry had any extended period of production. The quarry 
was opened before 1900 and shut down in 1960 when the plant was 
destroyed by fire. 
Sandstone 

The principal sandstone producer in Oregon was the Pioneer Quarry 
in Lincoln County, which was most active during the middle and late 
1890's. Other sandstone production has come from the Geary quarry 
southwest of Medford in Jackson County ; the Cooper quarry 3 miles 
south of Sutherlin in Douglas County ; the Monroe quarry in Benton 
County ; the Boos quarry 21;2 miles northwest of Gaston in Washington 
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County ; Cow Creek quarry about 4 miles west o£ Riddle in Douglas 
County ; and the Brownsville quarry 4 miles south o£ Brownsville in 
Linn County. Only the Pioneer a.nd Boos quarries produced any sig
nificant tonage o£ building stone. The Brownsville quarry has been the 
source o£ a small amount o£ stone used £or statuary by sculpture classes 
at the University o£ Oregon. The Cow Creek quarry has supplied a 
limited quantity o£ fine-grained flagstone. 
Limestone 

Limestone and marble have been quarried £or ornamental stone at 
several localities in Oregon. Since most o£ these quarries have been 
principally used £or the production o£ commercial limestone used by 
the burnt lime, cement, and calcium carbide industries, they are dis
cussed above in the section on "Limestone" on p. 246. 

Volcanic tuffs and flow rocks 
Building stone production in Oregon is c.urrently restricted almost 

entirely to the various volcanic rocks. Tuffs, tuffaceous sandstones, 
basalt, andesite, and rhyolite are the most common. Tuffs, composed o£ 
volcanic ash that has been cemented by minerals dissolved in migrating 
ground wa.ter, are found widely scattered in the State, but principally 
east o£ the Cascades. A wide variety o£ colors, textures, and patterns are 
available. Welded tuffs are formed £rom ash flows which issued explo
sively £rom vents as large quantities o£ incandescent volcanic ash, dust, 
and rocks which became welded together upon cooling, often at con
siderable distances from their source. Generally the welded tuffs are 
harder and denser than other tuffs, but a great variation both in color, 
texture. composition, and density exists. 

The Rainbow Rock quarry, located about 5 miles south of Pine Grove 
in southwestern Wasco County, has been producing brightly colored 
and banded tuff since 1949. The quarry is located on the nose o£ a low 
ridge which stands about 100 feet higher than the surronding country
side. Rock of similar appearance has been uncovered but not developed 
on the nearby flat east of the quarry. Quarry blocks have been cut with 
wire saws or traveling circular saws making horizontal and vertical 
cuts. The saw carriage is mounted on heavy rails. An interesting feature 
of Rainbow Rock is the deepening of the colors upon firing in a ceramic 
kiln. When quarried the stone is easily shaped, and various small art 
objects have been fashioned from it. After firing, the pieces can be 
given a salt glaze, which produces a hard, impervious, and transparent 
surface. Past production from the quarry has gone mainly into veneer 
strips and split-face blocks. 

The Willowdale quarry on U.S. Highway 97, about 20 miles north 
of Madras in northern Jefferson County, has been producing stone 
from a welded tuff outcrop for many years. Colors available in the 
well developed quarry range from rose through reddish browns to 
darker shades. A traveling track-mounted carriage equipped with 
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vertically and horizontally mounted circular saws cuts out "cants" 
of various dimensions. The "cants" are then resawed and guillotined 
in the shop. 

An outcrop of green-colored tuff located about 4 miles north of Prine
ville in Crook County was worked in a small way for a short time. 
The stone proved to be uneven in composition and hardness. Whether 
this condition persists much below the shallow depths exposed in the 
quarry is not known. 

A rough, dark red scoria is quarried at Tetherow Butte a few miles 
north of Redmond and just west of U.S. Highway 97. The butte is a 
Recent cinder cone several miles in length. Portions of the bntte are 
composed of loose aggregate, which has been extensively used for road 
ballast. Along part of the southwest flank of the Butte, the scoria has 
been consolidated sufficiently to permit the extraction of large rough 
blocks. The blocks, which lack nearly every characteristic of a good 
building stone, are much used for making rockery walls, planters, 
and low retaining walls. The blocks can be shaped readily with a bor
rowed ax and are popular with home owners who like to build their 
own walls. 

The Kah-Nee-Ta stone quarry on the Warm Springs Indian Res
ervation, Wasco County, produces rough pieces of silicified rhyolite. 
The rhyolite has been partly infiltrated with silica derived from local 
hot spring activity. The stone is varicolored with browns, tans, and 
whites predominating and is quite rough and vesicular. 

The Carver quarry, six-tenths of a mile east of Carver in Clacka
mas County, has produced building stone for many years. The quarry 
is located at the base of towering cliffs of uniformly gray Boring 
Lava, which is readily worked. Currently most of the production is 
going into retaining walls. The old Portland Hotel, one of the land
marks in Portland for many years, was constructed of stone from 
this quarry. 

Near Idanha in southeastern Marion County, a small quarry has 
produced veneer strips and split-face blocks intermittently over the 
past two decades. The stone is a buff colored, banded tuff, which works 
up easily. 

Moon Mesa quarry, located about 15 miles south of Baker in south
ern Baker County, produces building stone composed of thin-banded 
rhyolite. Colors range from creamy white to almost purplish. Veneer 
strips and split-face blocks are sold for facings on both domestic and 
commercial buildings. 

Numerous buildings in Baker have been constructed of volcanic 
tuff obtained from quarries at Pleasant Vallev, a railroad siding 13 
miles east of town. The tuff covers a considerable area and is at least 
100 feet thick were exposed. Joint spacing is such that large blocks 
can be quarried readilv. The tuff is of uniform texture and l il!ht gray 
color. The stone is easily worked when freshly quarried bnt harderis 
upon exposure. A detaiied report on the Pleasant Valley deposits by 
Parks ( 1914) contains the following table showing results of tests 
on stone specimens. 
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TESTS OF OREGON VOLCANIC TUFFS 

Name and location of quarry 

Grant Quarry, Pleasant Valley, Oreg . . .  � �  
Oregon lava: 

Stone Co., Pleasant Valley, Oreg _ _ _  _ 
Do. _ _ _  � � � � � � � � � � � �  . . . . . . . . .  . 

Crushing strength in pounds per square inch 

Percenta�e of 
absorptoon Specimen 

tested dry 

22.68 2, 916 

28.96 . . . . . . . . . . . . .  . 
29.29 I, 724 

Specimen 
tested satu
rated with 

water 

Tested after 
freezing and 
thawing 10 

times 

2, 861 2, 816 

I, 212 . . . . . . . . . . . . .  . 
1, 160 I, 261 

Specific 
aravity 

I. 81 

I.  64 
1. 33 

A few miles east of Sublimity, Marion County, there is a tuff 
quarry which has produced a considerable quantity of light gray stone. 
The tuff is quite soft and has numerous fragments of pumice and 
occasional pieces of charcoal, indicating the high temperature of the 
ash flow. The quarry has been developed for a hingth of 200 feet along 
the hillside with a series of benches 36 inches high. The stone is cut 
with horizontally and vertically mounted circular saws equipped with 
carbide inserts. Blocks measurmg 8 by 16 inches in cross section and 
of varying lengths are removed to a guillotine where 8- by 8-inch 
split-face stone is made. The blocks have a high insulating value and 
have been used in numerous local cold storage plants and meat pack
ing plants. Tests of the Sublimity stone indicate its water absorp
tion is between 23 and 30 percent, its apparent porosity ranges be
tween 31 and 41 percent, and its bulk specific gravity is about _1.35. 

A stone quarry on the northeast flank of Rocky Butte, a promment 
landmark in northeast Portland, has produced building stone for 
many years. Rocky Butte is a Pliocene and Pleistocene age volcano 
that has been somewhat eroded, with a former channel of the Colum
bia River at its base. The lavas are generally gray, but portions show 
a pinkish tinge. As early as 1885, stone from the quarry was used to 
build the south jetty at the mouth of the Columbia River. Other 
structures using Rocky Butte stone include the nearby Rocky Butte 
County .Tail and the Grotto at the Sanctuary of Our Sorrowful 
Mother. Over the years the boundaries of the quarry have approached 
adjacent property lines, and encroaching urbanization has prevented 
further expansion. The quarry has had limited production in recent 
years. 

In addition to the quarries discussed above, there are literally dozens 
of outcrops that have been used for ornamental and building stone 
purposes on an informal and short-lived basis. The great cost of de
veloping a quarry and maintaining a steady market has severely limited 
the establishment of large, well equipped building stone operations in 
the State. On the other hand, the current popularity of rubble-face? 
walls has spurred the use of rock from suitable exposures where It 
has been loosened by natural processes and can be readily reduced to 
size. Some of this fype of rock is obtained by individuals who wish 
to erect their own stonework, but masonry contractors also use stone 
from similar exposures for small jobs. 

Table 23 lists the principal stone quarries in the State, together with 
results of tests for water absorption, apparent porosity, and bulk 
specific gravity. All tests were performed by the State of Oregon 
Department of Geology and Mineral Industries, using ASTM 
procedures. 



TABLE 23.-SELECTED BUILDING STONES IN OREGON 

Quarry or deposit 
Percent Apparent 

Location Description of stone water porosity 
absorption 

Banasco Quarry· - - � - - - - - - � - - � - � � - - - - - - - - - Sec. 8, T. 37 S., R. 24 E., lake County, SW of Plush 3 mi. Dark red scoria lumps up to 18 in_ in diameter_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Breitenbush stone _ _ _ _ _ _  � � - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 207, T. 9 S., R. 7 E_, Marion County, near hot springs_ Pink tuff with white inclusions •• � _ _ _ _ _ _ _  - - - - - - - - - _ _ _ _  _ 

Brownsville sandstone _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 24, T. 14 S., R_ 3 w_, linn County, 3.8 mi. s_ of Burt tuffaceous sandstone with dark bands _ _ _ _ _ _ _ _ _ _ _ _  _ 

Brownsville. 
Butte Creek tuff _ _ _ _ __ _ _ _ _ _ _  � - - - _ _ _ _ _ _ _ _ _ _ _  Sec. 29, T. 6 S., R_ 2 E., Clackamas County, 4.3 mi. SE of 

Scotts Mills Jet on Butte Cr_ Road. 
Buff tuffaceous sandstone containing occasional fossils _ _  _ 

Carver Quarry _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec- 18, T. 2 S-, R. 3 E., Clackamas County, .6 mi. E. Gray' Boring Lava _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

of Carver. 

9.95 
5. 7 

12. 1 

3. 9 

Cinder Hill Quarry·--- - - - - - - - - - - - - � � � � � � � � �  Sec. 33, T. 14 S., R. 13 E., Deschutes County, on U.S. 97 Dark red, highly inflated scoria·-- - � - - - � - - - - - - - � - - -- - - - - - - - - - - - - - - 
just N. of Redmond. 

East Lake Quarry _ _ _  - - - � - - - - - - - - - - - - - - � - - � - West end of East lake, Newberry Crater, Deschutes lump pumice, buff to light gray, some admixed obsidian •• - - - - - - - - - - - - _  

County, 
Glass Buttes opalite _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 34, T. 23 s_, R. 23 E., lake County, 82 mi. E. of Bend Milk-white opalite chunks up to 12 ins. across with some. - - - - - - - - ----

on U.S. Highway 20. red cinnabar patches. 
Hines highway cut__ __ - - - - - - - _ _ _  - - - � - - - - - - _  Sec_ 317, T. 24 S., R. 30 E-, Harney County, about 2 mi. Pinkish-red tuff with numerous dark red to brown inclu- 15. 8 

W_ of Hines on U.s_ Highway 20_ sions. 
Idanha Quarry _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 10, T. 10 s_, R. 6 E-, Marion County, near Idanha � - � �  Banded buff tuff. �--� � � � � - � � � � � � - � - - - - - - - - - - - - - - - - - - -
lndian Candy Stone Quarry _ _ _ _ _ _  - � - - - - - - � - _  Sec. 7 ,  T_ 7 s_, R .  12 E-, Wasco County, near Cuchta CorraL light colored volcanic tuff with pronounced banding and 

Kah·Nee· Ta Stone Quarry. _ _ _  - - �  
some dark inclusions. 

- - - _ _ _  Sec. 20, T. 8 S., R. 13 E., Wasco County, next to Kah-Nee- Creamy-yellow siliceous sinter with darker bands and 
Ta Hot Springs resort. numerous vugs. 

13. 9 

6.95 

A 
m 1  
� 8  

n 4  

a 1  

A 
A 
� 

n 6  

5 3  � 
� 8  

Bulk 
specific 
gravity 

2. 08 
2. 24 

I. 85 

2. 48 

1 . 75 

I. 95 

1 . 98 

� 
� 



McDermitt dendrite _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Near McDermitt, Malheur County _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Thin-bedded sandstone with large manganese dioxide 
dendrites resembling ferns on bedding planes. 

_. T. 11 S., R. 40 E., Baker County, Y:l mi. E. of State High- Creamy yellow, thin-banded rhyolite with darker bands . .  
way 7 near Dooley Mt. summit. 

Moon Mesa Quarry _ _ _ _ _ _ _ _  _ 2. 34 

North Fork 

Ochoco 

Sec. 30, T. 6 S., R. 32 E., Umatilla County, 3.3 mi. up
stream from U.S. Highway 395. 

Sec. 14, T. 15 S., R. 12 E., Deschutes County, E. flank of 
Cline Butte. 

Sec. 32, T. 30 S., R. 7 W., Douglas County, on S. bank 
Cow Creek near gauging station. 

Oregon Emerald Quarry . . . . . . . . . . . . . . . . . . . .  Sec. 17, T. 14 S., R. 16 E., Crook County, 3.7 mi. N. of  
Prineville. 

Oregon Tuff Stone Quarry _ _  . . . . . . . . . . . . . . . . Sec. 29, T. 8 S., R. I E., Marion County, about 4 mi. N E of 

Rainbow Rock Quarry . . .  

Red Rock Mine _ _  

Rome stone • . . . . . . . . .  

Sahara Tan Quarry _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Sublimity . 
.. . Sec. 11, T. 6 S., R. 11 E., Wasco County, about 5 mi. S. of 

Pine Grove. 
Sec. 20, T. 14 S., R. 13 E., Deschutes County, NW side of 

Totherow Butte. 
Sec. 6, T. 32 S., R. 41 E. Malheur County, Y:l mi. N. of 

Bannock War marker on Highway 95. 
Sec. 21, T. 14 S., R. 13 E., Deschutes County, I mi. S. of 

Terrebonne. 

Pink to off-white volcanic tuff with darker inclusions. 8. 88 
Some salt and pepper coloring. 

Dark brown to gray, flow b.anded rhyolite _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Dark bluish to greenish fine-grained sandstone. Slabs 2 
to 8 i n. thick. Dense, hard, heavy. 

Green volcanic tuff _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Li���g���!�a�ifn���s��� !;r.rfa��:ry pumice chunks 

Brightly colored volcanic tuff with contrasting bands. 
Reds, yellows, browns. 

Dark red scoria _ _ _ _  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  _ . .  

2. 6 

8. 87 

27. 0 

16.7 

37. 4 

light gray, tuffaceous sandstone with dark, fine bands. 25. 8 
Somewhat friable, low density. 

Brown to off-white silicified tuff. Brittle and fairly dense _ _ _ _ _ _ _ _ _ _  _ 

Snowbird Quarry _ _  _ Sec. 24, T. 27 S., R. I E., Douglas County, on Snowbird Red banded rhyolite with whitish bands._ . . . . . . . . . _ 14. 5 
Road. 

Sorenson Quarry _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 3?, T. 5 S., R. 12 E., Wasco County, on Wamic Road 
Stayton Flat rock Quarry. . . . . . .  Sec. 1 1 ,  T. 9 S., R. I W., Marion County, E. edge of Stayton 

Willowdale Quarry._ . . . . . .  . 
1 Not tested. 
' Not tested (similar to Red Rock Mine). 

_ segn
?�if�;aS.,

2�2-
15 E., Jefferson County, 2.6 mi. S. of 

Willowdale on U.S. Highway 97. 

Dark red scoria_ _ _ _ _ _  - - - - - · · · · · · · · · · · · · · · · · · · · · ·  
Platy andesite, gray o n  fresh fracture but with tan 

wea(hered surface. 
Rhyolite tuff in various shades of pink, brown, and with 

purplish tints. Some color banding. 

' Not tested (similar to Rainbow Rock). 

21.9 

(1) 
5. 42 2. 31 

16. 8 1 . 85 

(1) 
5.44 I. 98 

15. 2 1. 71 

36. 0 I. 35 

28. 3 1. 72 

45. 0 I. 20 

39. 1 1. 52 

(1) 
27. 7 I. 94 

f> t-;) - - - - - - - - - - - - Ol I) - - - - - - - - - - 01 
31. 6  1. 66 
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CRUSHED STONE 

Crushed stone leads in the annual value of all mineral commodities 
produced in Oregon, closely followed by sand and gravel. Community 
growth and development depend on stone and no substitutes are avail
able for most of the many uses to which it i& put. Sand and gravel 
and crushed stone supply the irreplaceable aggregate for a host of 
construction projects. Roads, highways, dikes, earthen and concrete 
dams, and concrete in all of its multitudinous forms require stone 
in sizes ranging from sand to boulders. Crushed stone is a low-cost 
commodity and is commonly produced and used locally. Although the 
State has an abundance of excellent stone suitable for crushed aggre
gate, there are certain areas where demand is rapidly exhausting the 
supply. In these areas, usually in the western part of the State, spread
ing urbanization has already checkmated stone deposits and operating 
quarries and removed them as a source of supply of a vitally needed 
resource. Specifications for concrete aggregate are becoming steadily 
more exacting as technologies improve. Aggregates that were suitable 
for concrete prior to World War II may very well be substandard to
day. 

Due to the double effects of urbanization and increasingly stringent 
specifications, the reserves of suitable and available stone are diminish
ing. Adequate planning for the exploitation of stone deposits has not 
been adopted in the State. Studies by Schlicker ( 1961) and Schlicker 
and Deacon ( 1967) discuss problems related to the pressing need for 
mineral construction materials in areas with rapidly developing urban 
populations. Any program for quarrying stone must include provi
sions for : ( 1) efficient and economical production of the commodity, 
secondary use of the abandoned site for sanitary fill or other use, and 
(2)  a minimum of dislocation of local activities and land values, (3)  
( 4)  final revamping of the site to the highest possible level compatible 
with the economics, public need, esthetics, and longrange objectives 
of the area. 

Basalt is the principal rock type quarried for crushed stone in 
Oregon. Lavas of Tertiary age occur widely oyer the State and are 
quarried in most of the 36 counties. Characteristically, thE:> lavas are 
either exposed or have only a thin overburden. The economic produc
tion of crushed stone depends on many factors. Physical characteris
tics of the rock of prime importance that are usually tested if the 
stone is to be used in road, riprap, and jetty construction include : 
abrasion resistance, specific gravity, weight loss with sodium sulphate, 
degradation, and asphalt stripping. Additional tests for use as con
crete aggregate usually include determination of reactivity of the rock 
with the cement to be used. The joint patterns in a quarry often deter
mine the most economical use : Widely spaced joints permit the free
ing of large blocks suitable for jetty and riprap construction, closely 
spaced jointing requires minimum crushing for road aggregate. Quar
ries located on hills usually are free of ground water and flooding 
problems, and the road grade to markets is usually downhill. Quarries 
located on flat ground may have thick soil overburden, and weather
ing may increase quarrying costs due to high rejection of inferior rock. 
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Low-cost crushed stone cannot be hauled very far economically, al
though more efficient hauling equipment, better roads, and the grow
ing scarcity of deposits tend to extend the haul radius. Spreading 
urbanization and ever tightening regulations regarding air and water 
pollution present real problems to quarry operation. 

The production of crushed stone is one of the better indices of com
munity growth. The following table, adapted from U.S. Bureau of 
Mines Minerals Yearbook volumes, shows the production of stone, unit 
value, and total value for the years 1945 through 1966. The enormous 
growth of the crushed stone industry in the State is strikingly brought 
out. 

CRUSHED STONE IN OREGON 1945-66 

Year Short tons Value Unit value Year Short tons Value Unit value 
(per ton) (per ton) 

1966 _ _ _ _ _ _ _ _  33, 288, 000 $48, 335, 000 $1. 46 1955 _ _ _ _ _ _ _ _  7, 741, 937 $9, 417, 834 $1. 22 
1965 _ _ _ _ _ _ _ _  21, 212, 000 27,301, 000 1 . 29 1954 _ _ _ _ _ _ _ _  5, 872,353 8,617, 795 1 . 46 
1964 _ _ _ _ _ _ _ _  16, 120, 000 19, 296, 000 1. 20 1953 _ _ _ _ _ _ _ _  4, 939, 080 6, 301, 639 1. 28 
1963 _ _ _ _ _ _ _ _  19, 692, 000 24, 197, 000 !. 23 1952 _ _ _ _ _ _ _ _  6, 250, 849 8, 893, 368 1 . 42 
1962 . . . .. . . .  18, 258, 000 20, 977, 000 1. 15 195!_ _ _ _ _ _ _ _  8, 722,000 10, 831, 000 !. 24 
196!_ . _ _ _ _ _ _  17, 455, 000 21, 202, 000 1 . 21 1950 _ _ _ _ _ _ _ _  3 ,  837, 000 5, 559, 000 1.45 
1960 _ _ _ _ _ _ _ _  16, 864, 000 19, 620, 000 1. 16 1949 _ _ _ _ _ _ _ _  4 ,  397, 000 6, 479, 000 !. 47 
1959 _ _ _ _ _ _ _ _  13, 341, 000 16, 126, 000 1. 21 1948_ _ _ _ _ _ _ _  3 ,  682, 000 5, 734, 000 !. 56 
1958_ _ _ _ _ _ _ _  15, 077, 000 15, 621, 000 1 . 03 1947 - - - - - - - - 3, 002, 000 4, 425, 847 !. 47 
1957_ _ _ _ _ _ _ _  10,311, 000 11, 405, 000 1 . 1 1  1946 _ _ _ _ _ _ _ _  1 ,  472, 000 2, 008, 374 !. 36 
1956 _ _ _ _ _ _ _ _  6, 098, 000 7, 890, 000 1. 30 1945 _ _ _ _ _ _ _ _  1 ,  498, 160 1, 898, 073 !. 27 

Crushed stone is produced in nearly every community in the State. 
No attempt will be made here to enumerate either the various deposits 
currently producing crushed stone or to depict the areas where the 
quarries are located. Many quarries are opened up to supply a specific, 
short-term need, such as the construction of a highway or dam. Other 
quarries are operated for long periods of time and serve the general 
needs of a community or industry. Many quarries are operated on an 
intermittent or irregular basis in response to seasonal needs or during 
periods of emergency when dike and fill materials are needed. Some 
"abandoned" quarries are in reality only on a stand-by basis awaiting 
the needs of the community. The growing practice of producing stone 
on a batch basis by contractors equipped with portable quarry plants 
has been a factor in holding unit costs down. The use of such equip
ment relieves the quarry owner of the high capital cost needed to prop
erly equip a quarry for low-cost operation, and the contractor is able 
to operate his high-volume equipment more hours per month by work
ing a succession of quarries in the area. 

Oregon has enormous reserves of excellent stone suitable for crush
ing and riprap and their distribution with respect to present markets 
is for the most part good. In the northwestern part of the State, dimin
ishing sources and expanding demand sooner or later will create local 
problems. These can be minimized by immediate adequate compre
hensive planning, but no such programs have yet been adopted. In the 
long run, crushed stone will necessarily have to be quarried from less 
desirable deposits, and the stone will have to be beneficiated to a greater 
extent than at present. The cost of longer hauls to market can be partly 

,21-829 0-69-18 
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offset by more efficient and larger haulage equipment and better roads, 
but the unit cost of the delivered product will show substantial 
increases over present levels. 

ZEOLITES 

( By R. A. Sheppard, U.S. Geological Survey, Denver, Colo., and G. W. Walker, 
U.S. Geological Survey, Menlo Park, Calif. ) 

Zeolites are crvstalline hydrated aluminosilicates of the alkalies and 
alkaline earths. They have

'
a framework atomic structure that encloses 

interconnected cavities occupied by the relatively large cations and 
water molecules (Smith, 1963 ) . The cations and water have consider
able freedom of movement which gives the zeolites their cation ex
change and reversible dehydration properties. The porous character 
of the zeolites enables them to act as molecular sieves for the separa
tion of molecular mixtures based on the size and shape of the molecular 
compounds or for the selective absorption of gases. 

These unique properties of the zeolites lead to diverse industrial 
uses in processes such as purification and drying of liquids and gases, 
chemical separations, catalysis, and decontammation of radioactive 
wastes (Brown, 1962) . Zeoli tic rock can be used as a pozzolan in cement 
( Mielenz, 1950, pp. 5-7) or as a soil conditioner to increase the effec
tiveness of chemical fertilizers (W. W. Sproul, Jr., 1966, written com
munication) .  Industry now uses synthetic zeolites almost exclusively, 
but as economic methods are developed to convert natural material into 
a commercial product (Barrer and Makki, 1964) , large natural de
posits may become important. 

Zeolites occur chiefly as cavity fillings in igneous rocks and as authi
genic rock-forming constituents in sedimentary rocks, particularly 
altered rhyolitic vitric tuffs (Hay, 1966) . The bedded deposits are a 
potential resource because they are extensive and high in purity. Most, 
if not all, of the potentially valuable zeolite deposits in Oregon are 
of this type. They occur in Cenozoic continental tuffs and tuffaceous 
sedimentary rocks that originally consisted of rhyolitic vitric ash. The 
zeolites formed in the postdepositional environment mainly by reaction 
of the vitric ash with interstitial water, which may have originated 
as either meteoric water (Hay, 1963 ) or connate water of a saline lake 
(Hay, 1964) . Of the more than 30 natural zeolites, only seven com
monly occur in bedded deposits. These include analcime, chabazite, 
clinoptilolite (an alkali- and silica-rich variety of heulandite) ,  erionite, 
laumontite, mordenite, and phillipsite. Laumontite, unlike the other 
zeolites listed above, characteristically occurs in rocks that have been 
deeply buried. The zeolites occur in nearly monomineralic beds or, more 
commonly, occur associated with other zeolites, clay minerals, silica 
minerals, or feldspars. 

Bedded zeolite deposits have been report.ed chiefly from the central 
(table 24 and fi�. 67, Nos. 2-6) and southeastern (Nos. 8-13) parts 
of Oregon. Zeolite deposits outside these areas include clinoptilolite 
and mordenite in the Western Cascade Range (No. 1 )  and erionite 
near Durkee ( No. 7) . The latter occurrence in the abandoned Durkee 
opal mine is the type locality for erionite described by Eakle in 1898 
( Staples and Gard, 1959 ) . 
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Index number on fig. 67 and location 

I. Sec. 36, T. 23 S., R. 2 E., near Bearbones 
Mountain, Lane County. 

2. Sec. 30, T. 13 S., R. 18 E., vicinity of Stein's 
Pillar, Crook County. 

3. Sees. 35, 36, T. 10 S., R. 25 E., vicinity of 
Deep Creek, Wheeler County. 

TABLE 24.-BEDDED ZEOLITE DEPOSITS IN OREGON 

Zeolites Occurrence 

Clinoptilolite, mordenite_ , _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Tuff and lapilli tuff in the little Butte Volcanic Series of Oligo-
cene and Miocene age. 

Welded tuff in the John Day Formation of Oligocene and Miocene 
age. 

Clinoptilolite _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Tuff in the lower part of the John Day Formation of Oligocene 
and Miocene age. 

Tuff and claystone in the lower part of the John Day Formation 
of Oligocene and Miocene age. 

References 

Moore and Peck, 1962, p. 188; Peck and 
others, 1964, p. 15, 40. 

Waters, 1966. 
Fisher, 1962, 1963; Wilcox and Fisher, 1966. 
Hay, 1962, 1963. 4. Sec. 31, T. 10 S., R. 21 E., and sec. 36, T. 10 

S., R. 20 E., vicinity of Painted Hills, 
Wheeler County. 

5. 3 to 4 miles northeast of Flagtail Mountain, 
Grant County. 

Laumontite _ _ _ _ _ _  - - - - - - - - - - - - - - - - - - - - - - _ Tuffaceous rocks in the Aldrich Mountains Group of Late Tri- Brown, 1961 ; Brown and Thayer, 1963, 1966. 
assic(?) to Early Jurassic age. 

6. Sec. 18 T. 17 S. R. 29 E. along lewis Creek 
Grant County. 

Heulandite, laumontite _ _ _ _  - - - - -- _ _  - - - - - - _  Tuffaceous rocks in the lower part of the Trowbridge Formation _ _  Dickinson 1962a 1962b. 
Erionite _ _ _ _ _ _ _ _  - - - - - - - - - - - - - - - - - - - - - - - Welded tuff of Tertiary 7. Sec. 36 T. 11 S. R. 43 E. near Durkee 

Baker County. 
8. Sec. 28 T. 24 S. R. 46 E. along Sucker Clinoptilolite _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Tuff and tuffaceous sandstone in the Sucker Creek Formation of 

Creek Malheur County. Miocene age. 
9. Sec. 1 T. 28 S. R. 46 E. near Sheaville _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Tuff probably equivalent to part of the Sucker Creek Formation 

Malheur County. of Miocene age. 
10. Sec. 6 T. 32 s. R. 41 E. near Rome Malheur Mordenite, erionite, clinoptilolite, phillip- Tuff and tuffaceous sandstone in an unnamed lacustrine forma-

County. site chabazite. lion of Pliocene age. 
II. WJ1! T. 34 N., R. 34 E., east face of Steens Clinoptilolite _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .. - - - - - - - - - - - Tuff in the Pike Creek Formation of Oligocene{?) and Miocene 
12. Se�0

J
ur���7 

H
s
a�niy

38�u
.
n��·ar Harney Lake, Clinoptilolite, erionite, phillipsite _ _ _ _ _  - - - - - Tu'lf�nd tuffaceous, sedimentary rocks in the Danforth Forma-

Harney County. lion of Pliocene age. 
13. West face of Hart Mountain, Lake County _ _ _  Clinoptilolite, mordenite, phillipsite __ - - - - - _ Tuff and tuffaceous sedimentary rocks of late Oligocene or early 

Moocene age. 

Eakle 1898; Staples and Gard, 1959. 
Kittleman and others 1965, p. 6, 32, 33. 
A. J. Gude, 3d, 1966, oral communication. 
Eberly, 1964; Regis and Sand, 1966. 
Walker and Repenning, 1965. 
Walker and Swanson, 1968a. 
Walker and Swanson, 1968b. 
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Zeolite deposits in central Oregon occur in the John Day Formation 
of Crook, Wheeler, and Grant Counties (Nos. 2-4) ,  and in Triassic ( ? )  
and Jurassic rocks o f  southwestern Grant County (Nos. 5-6) .  Original 
vitric material in tuff and claystone in the lower part of the John Day 
Formation is commonly replaced by clinoptilolite. Clinoptilolite and 
mordenite occur in an altered welded tuff of the formation in northern 
Crook County (No. 2 ) .  Hay (1963, p. 213 ) suggested that zeolitic rocks 
of the John Day Formation extend throughout an area of about 2,200 
square miles in central Oregon. Although the clinoptilolite in the 
formation is generally associated with clay minerals and opal, as well 
as crystal and rock fragments, nearly monomineralic beds are reported. 
Fisher ( 1962 ; 1963) described several altered tuffs that are up to 30 
feet thick and con tam as much as 95 percent clinoptilolite. 

Laumontite replaced vitric material in marine graywacke, volcanic 
breccia, and tuff of the Aldrich Mountains Group in southwestern 
Grant County (No. 5 ) .  The laumontite commonly occurs as interstitial 
material or ovoid segregations ; however, some thin tuffs locally consist 
almost entirely of laumontite. Similar deposits of laumontite occur 
associated with heulandite in tuffaceous rocks of the Trowbridge 
Formation near lzee (No. 6 ) .  

High-grade deposits of zeolites occur in altered vitric tuffs o f  several 
Tertiary formations in southeastern Oregon. Zeolitic tuffs interbedded 
in an unnamed lacustrine formation of Pliocene age crop out over 
several tens of square miles near Rome (No. 10) . Some beds are nearly 
monomineralic and consist of erionite (Eberly� 1964) , mordenite, or 
phillipsite ( Regis and Sand, 1966 ) ; but other beds consist of two or 
more zeolites and clay minerals or quartz. Nearly pure beds of clinop
tilolite occure east of Harney Lake (No. 12) in a lacustrine part of the 
Danforth Formation of Pliocene age. Phillipsite and erionite occur 
locally with the clinoptilolite in some tuffs (Walker and Swanson, 
1967a) .  Clinoptilolite is abundant in older Tertiary tuffs north of 
Jordan Valley (Nos. 8-9) , on the east face of Steens Mountain (No. 
11 ) ,  and on the west face of Hart Mountain (No. 13) . At the Hart 
Mountain locality, a few thin tuffs consist of 90-95 percent clinoptilo
lite. Some tuffs also contain minor mordenite and phillipsite associated 
with clinoptilolite and clay minerals (Walker and Swanson, 1967b) . 

Although the size and purity of the above deposits are not adequately 
known, large volumes of rhyolitic vitric tuffs have obviously been 
altered to zeolites. Large additional volumes of zeol itic tuff probably 
occur in other Tertiary basins of southeastern Oregon, such as those 
near Juntura and Harper. As of 1967, none of the deposits have been 
commercially exploited, although preliminary exploration and sam
pling have been done on several. The bedded zeolites are a future poten
tial resource of Oregon, but study to determine their size and value 
await further industrial development and the establishment of suitable 
markets. 
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FOSSIL FUEL RESOURCES 

CoAL 

( By R. R. Mason, Oregon Department of Geology and Mineral Industries, 
Portland, Oreg. ) 

Coal has been mined in Oregon since pioneer times when many seams 
were opened to provide fuel for purely local consumption. In the 
period 1888 through 1911 an average of more than 60,000 tons per year 
was mined in the Coos Bay field. During this time there were four 
years when production exceeded 100,000 tons. Shipments to California 
reached a peak shortly after 1900 and declined rapidly with the dis
covery of the prolific California oil fields. Large tonnages of coal were 
also used for firing steam locomotives. Following a brief period of 
renewed activity during World War II, coal production in the State 
has declined almost to the vanishing point (fig. 68) .  
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FIGURE 68.-Coal produced in Oregon 1854 to 1966. 
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Competition from other thermal energy sources has always been 
severe m Oregon. Wood and wood by-products, fuel oil, coke, low-cost 
hydroelectrical energy, and more recently, natural gas, have been 
favored over coal for heating purposes. 

For many years a small quantity of coal has been mined in Clackamas 
County, mostly for use as a soil amendment. 

Consideration has also been given to the utilization of the high 
volatile Coos Bay coals for the production of by-products. A report 
by M. D. Curran ( 1944) discusses this as well as the beneficiation of the 
Coos Bay coals. 

The important coal fields of Oregon include : the Coos Bay field, tl.le 
Eden Ridge field, and the Rogue River field (fig. 69) .  Other areas m 
which small tonnages of coal either have been or could be developed 
include : The Vernonia coals of Columbia County, the Wilhoit area of 
Clackamas County, the Waldo Hills area of Marion County, the 
Eckley and Squaw Basin coals of southern Coos County, and the 
Shasta Costa coal of Curry County. Other counties in which thin seams 
of low-grade coal are known to crop out include Tillamook, Lincoln, 
Yamhill, Douglas, Grant, Morrow, Wheeler, and Wasco. 
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FIGURE 69.-Coal in Oregon. 
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Coos BAY FIELD 

The Coos Bay coals have been investigated many times in the last 
70 years. The first published geological report on the Coos Bay area 
was by J. S. Diller ( 1896) . This was followed by further reports 
(Diller, 1899, 1901, 1914 ; Diller and Diskell, 1911 ) . A comprehensive 
study of the field was conducted by the Oregon Department of Geology 
and Mineral Industries in cooperation with Coos County in 1943-44. 
Results of the work, which, in addition to geologically mapping the 
area, included detailed mapping of many of the mines, sampling of 
unmined exposures, and hand and power augering of possible strip 
mine areas, were published (Allen and Baldwin, 1944 ) .  At about the 
same time the U.S. Bureau of Mines and the U.S. Geological Survey 
deep-drilled several areas to determine possible reserves. (Toenges and 
others, 1948 ; Duncan, 1955) .  Other pertinent publications on the Coos 
Bay area include Libbey (1938 ) , Yancey and Geer ( 1940 ) ,  and Weaver 
(1942) . Coal occurrences to the south in Curry County were included 
in some of Diller's investigations and were also discussed by Butler and 
Mitchell ( 1916 ) .  

Allen and Baldwin ( 1944, p. 1 )  summarize the geologic setting for 
the Coos Bay coals as follows : 

About 6,000 feet of upper Eocene Coaledo sediments are confined to a complex 
structural basin occupying the central portion of the quadrangle. The lower and 
upper Coaledo members consist of medium-bedded tuffaceous sandstones made 
up largely of basaltic glass, separated by the middle Ooaledo member consisting 
of as much as 2,300 feet of dark tuffaceous shale of more acidic composition. The 
principal coal beds occur in the upper and lower sandstone members of the 
Coaledo formation. 

Duncan ( 1953, p. 53) condenses the structural relationships of the 
basin : 

The Coos Bay Coal field occupies a structural basin about 15 miles wide and 
30 miles long, elongate north-south. Tertiary sedimentary rocks in the basin have 
been deformed into several steep, and almost parallel folds which trend north
ward. One of these folds, the Beaver Slough syncline, underlies most of the map 
area of this report and the coal-bearing sequence is exposed mainly along the 
flanks of the syncline. Northward-trending faults in the northern part of the 
map area are interpreted to be high-angle thrust faults. Several smaller west-, 
northwest-, and northeast-trending faults with dis�lacements of less than 100 
feet offset the coal beds in the mined areas. These faults and adjacent sheared 
zones have limited the size of several of the smaller mines and prospects in the 
area. 

The Coos Bay coals characteristically have sound roofs which have 
required little or no support during mining. In some mines rooms 
remain open for years after operations have ceased. Despite the fact 
that the Coos Bay area has a heavy annual rainfall, the mines are 
almost without exception dry, even in cases where the workings have 
been carried far below sea level. Very little if any gas has been encoun
tered in most of the mines and open flame lamps were used prior to 
World War II. The Overland mine produced a little gas which was 
disposed of by driving pipes into the breast and lighting the escaping 
gas. One of the greatest difficulties encountered in the mines was the 
faulting which offset the seams vertically as much as several feet. The 
presence of these "jumps" as they were called locally, necessitated the 
construction of rock tunnels to reach the offset blocks. In some mines 
the seam was not thick enough to permit normal height gangways and 
slopes and portions of the roof had to be "brushed" to g1ve headroom. 
Nearly all of the seams in the district had one or more clay partings. 
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Normally the clay was firm enough to permit removing and gobbing. 
Almost without exception the mines in the Coos Bay field are aban

doned and caved. Portals of many mines have been purposely blocked 
to prevent access. Maps of the workings of nearly all of the mines in 
the field have been reproduced in Allen and Baldwin ( 1944) , together 
with typical coal sections, a history of the operation, and production 
figures. There is excellent access to all parts of the field but heavy 
vegetative cover has obscured nearly all of the workings. The unmined 
portions of the various seams are situated for the most part down
slope from the old workings. Various estimates have been made of the 
remaining reserves. The estimates differ widely due to a variety of 
factors. In some cases only coal that could be mined economically at 
the time of the survey or in the immediate future was considered. 
Other studies included "geologic" coal resources which, based upon 
available geologic and engineering data, very probably exist in the 
study area. Some estimates were based on the "geologic" coal but made 
allowances for losses incurred in mining plus a safety factor for pos
sible breaks in the continuity, thinning of the seams, or lowering of 
the grade. 

Campbell ( 1913) estimated the reserves at one billion tons. Allen 
and Baldwin agreed with this figure but felt that certain reservations 
should be made on the basis of economics. Duncan split the reserves up 
into the various beds and other factors, with a total of 56.5 million tons 
for the Beaver Hill bed and an additional 6.2 million tons in the coals 
overlying the Beaver Hill. Of this total of 62.7 million tons, Duncan 
estimated that from 25 to 50 percent could be recovered depending 
upon the type of mining. No coal deeper than 1,500 feet below sea level 
was considered as minable by Duncan. An estimate prepared by the 
Oregon Department of Geology and Mineral Industries in 1953 (Lib
bey, 1953, letter to Oregon Development Commission) divided the 
reserves in the Coos Bay field into eight areas. The study showed that a 
total of 51.4 million tons of minable coal were available. Various re
covery percentages, ranging from as low as 30 percent for the deeper 
portions of the Beaver Hi.ll bed, to �00. percent for the Englewo?d, 
Southport, Thomas, and Riverton stnpptng areas, were used m arriv
ing at the reserve figure. The following table from Mason and Erwin 
{1955 ) summarizes the Coos Bay reserves : 

COAL RESERVES, IN THOUSANDS OF SHORT TONS, IN PARTS OF THE COOS BAY FI ELD 
(Southport and Thomas, and Beaver Slough reserve figures are included in Duncan's estimates) 

Areas: t 

Average 
thickness 

(feel) 
Measured Indicated I nferred 

South Slough_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _  _ _ _ _  _ _ _  _ _  _ _  _ 263 2, 362 
Englewood. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2 219 2 85 _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Riverton _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2 50 2 15 - - - - - - - - - _ _ _ _  _ 
lillian _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  132 

Beds : •  
Beaver HilL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Bed D _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Bed L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Bed H _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Bed ) ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

4. 9 
3. 3 
2. 7 
3. 6 
2. 9 

Total _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

1 After Allen and Baldwin, 1944, p. 54. 
2 Stripping coal. 
• After Duncan, 1953, p. 70. 

17, 245 26, 636 12,611 
3, 628 - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1,  �g� ���������������������������� . 475 - - - - - - - - - - - - - - - - - - - - - - - - - - - -

23, 759 26, 999 15, 105 

Total 

2, 625 
304 

65 
132 

56, 492 
3, 628 
1, 404 

738 
475 

65, 863 
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The Coos Bay field has produced approximately 2.5 million tons 
of subbituminous 0 coal. Although estimates vary widely there are 
probably an additional 50 million tons of recoverable coal in the field. 
Whether any of this coal will be mined depends on many factors. Local 
energy requirements are presently supplied largely by petroleum 
products delivered by ships. At some future time natural gas 
may be provided by extending present pipelines from the Wil
lamette Valley. The discovery of either offshore or upland oil and 
gas should be considered. All of these factors place the mining of Coos 
Bay coal under a distinct handicap. The exploitation of the coals for 
the production of coal tars and other by-products is a possibility but 
would require moderately heavy capital expenditures. 

EDEN RIDGE FIELD 

The Eden Ridge field in the extreme southern part of Coos County 
was first reported on by Mendenhall ( 1903 ) ,  followed by Lesher ( 1914) , 
Campbell and Clark ( 1916) , Daniels ( 1920 ) ,  and Wayland ( 1964 ) .  
Little exploration was conducted i n  the area until the middle 1950's 
when the various seams were intensively drilled. The coal has been 
classified as bituminous 0. It it high volatile and does not slack readily. 
The B.t.u. content per pound averages as high as 11,000. Eden Ridge 
lies at an elevation of about 3,000 feet above sea level in fairly rugged, 
forest-clad mountains. The seams are gently dipping and range in 
thickness from 4 to 8 feet. Due to the steepness of the terrain there 
would be little coal that could be stripped. Preliminary estimates in
dicate that there are about 50 million tons in the three seams that have 
been drilled. A possibility exists that other coal may lie below the 
lowest known seam. Immediately south of Eden Ridge there are coal 
exposures in Squaw Basin (Williams, 1914) . The correlation of the 
two coals has been made by Wayland ( 1964) . Only minor exploratory 
work has been done in Squaw Basin. 

Compared to the Coos Bay and Eden Ridge fields, all of the other 
coals in Oregon are of little economic importance. A review of the 
Rogue River, Eckley, and John Day Basin areas together with some 
additional occurrences (Mason and Erwin, 1955) summarizes them 
as follows : 

ROGUE RIVER FIELD 

The Rogue River field is located in southwestern Oregon in Jackson 
County. Coal occurs in �a long narrow belt extending south from Evans 
Creek in the northwestern part of the county to a point about 10 miles 
south o:f the Oregon-California State line, a distance of approximately 
100 miles. 

The coal area has been described by Diller ( 1909, 1914) and by 
Winchell ( 1914) . The results of analyses of various coal samples are 
included in a publication by Yancey and Geer ( 1940 ) .  

The coal o f  middle to early Eocene age and occurs in sandstones and 
shales of the Umpqua Formation that have been covered by extensive 
lava flows. It is a subbituminous A or B rank and contains a large num
ber o:f partings and bands of impurities. 

Exploration has not been extensive enough to determine the geologic 
structure o:f the area, and the :fact that the Eocene sedimentary rocks 
interfinger with lava flows makes it difficult to determine the extent 
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of the coal beds. Diller ( 1909, p. 402) noted that at most places in the 
field the beds dip gently northeastward and that the quality and 
quantity of the coal mcreases to the northeast. 

There has been prospecting for coal throughout the area, and in 
many places the coal has been mined for local use. In the northern part 
of the field, on Evans Creek, beds as much as 8 feet thick have been 
found, but the coal contains a number of clay and sandstone partings. 
The coal found in the central part, although of better quality, is gen
erally less than 1 foot thick. The coal found in the southern part is very 
thin and contains a large percentage of sulfur. 

ECKLEY AREA 

The Eckley area, which has been described by Diller ( 1903 ) , includes 
approximately 20 square miles in southern Coos and northern Curry 
Counties. The area is located near the Sixes River in a heavily timbered 
mountainous area, about 45 miles south of the Coos Bay field. 

The coal in the area is high volatile 0 bituminous and occurs in rocks 
of the Arago group of Eocene age. The coal-bearing strata consist of 
shale and soft sandstone that have a thickness of approximately 50 
feet and are exposed only in a few I_.Jlaces. Where observed the beds are 
folded and faulted. The thickness of the coal beds differs greatly from 
place to place and as a result of folding and faulting the coal occurs 
locally in irregular masses. The coal contains many layers of carbon
aceous shale. Diller ( 1903, p. 4) has indicated that the best coal crops 
out along the southern border near the head of the Middle Fork of the 
Sixes River, and near the mouth of Shasta Costa Creek. There has 
been no production of coal from this area. 

JOHN DAY BASIN AREA 

The John Day Basin is in the north-central part of Oregon and in
cludes parts of Grant, Wheeler, Gilliam, Morrow, and Umatilla Coun
ties. Topographically the region is a plateau formed by a series of 
basalt flows. 

Collier ( 1914) has described the coal-bearing rocks in the area. 
Bituminous coal, subbituminous coal, and some lignite occure in the 
Mascall formation of Miocene age. Most of the coal is impure, how
ever, and yields low B.t.u. values. 

Widely scattered exposures of bituminous coal with large amounts 
of impurities occur in the Clarno formation of Eocene age from north
western Wheeler County northeastward to the central part of Morrow 
County. Some prospecting has been done in southeastern Morrow 
County, where coal beds have been found at seven different horizons. 
The coal ranges in thickness from a few inches to about 3 feet. The 
rocks enclosing the coal beds are composed largely of tuff with inter
bedded flows of andesite and other igneous material. The rocks have 
been highly faulted and folded, making it impossible to trace the coal 
outcrops for any distance. 

The coal found near the John Day River in central Wheeler County 
and in central Morrow County represents the best coal from the Clarno 
formation. The beds are thin and discontinous, however, and contain a 
large amount of impurities. 

Several outcrops of lignite are found in the Mascall formation near 
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the John Day River, but these beds also are irregular in thickness and 
contain so many partings of bone and other impurities that they are of 
little value. 

OTHER COAL-BEARING ARE.' S 

Other small areas of coal-bearing rocks in Oregon have been de
scribed, for the most part, in publications by Diller ( 1896, 1914 ) .  

In northwestern Oregon coal has been found i n  Multnomah, Marion, 
Clackamas, Lincoln, Columbia, Yamhill, Clatsop, and Tillamook 
Counties. The coal in these counties is subbituminous and occurs in 
rocks of Oligocene and late Eocene age. The largest area known to 
contain coal in this part of the State includes about 20 square miles 
on the upper Nehalem River in Columbia County (Diller, 1896, p. 491) .  
The coal beds are from 1 to 10 feet thick, but the thicker beds consist 
mostly of carbonaceous shale. Coal has been found in an area of about 
10 square miles in the west-central part of Lincoln County, but the 
thickest bed reported from this area contains only 3 feet of impure 
coal. Coal also occurs in southern Clatsop County in the lower Neha
lem River area, but no bed thicker than 22 inches has been reported. 

In southwestern Oregon, near Comstock in the north-central part 
of Dou�las County, thin impure coal beds occur in the Spencer forma
tion of late Eocene age. Small outcrops of subbituminous coal are also 
found in the Lookingglass and Camas Valley districts, and on Little 
River, all in Douglas County (pl. 1 ) .  

A small amount of lignite occurs in the northeastern part of Mal
heur County in the eastern part of the State. 

Little is known about the coal deposits in any of these areas because 
the exposures and prospecting have not revealed coal that is promis
ing enough to encourage commercial development. 

OIL SHALE 

( By V. C. Newton, Jr., Oregon Department of Geology and Mineral Industries, 
Pqrtland, Oreg. ) 

Oil shale is a fine-grained sediment having a high percentage of 
macerated organic debris, chiefly remains of plants (algae, spores, pol
len, resin, and waxes) and lower order water animals. It is termed 
"oil shale" because the rock contains kerogen, a mineraloid or solid 
hydrocarbon. Oil is not produced until the shale is heated above 350° 
C., and for this reason the material is referred to as a pyrobitumen. 
Kerogen is believed to form as residual resin set free by oxidation and 
decay of vegetal matter. It occurs as yellow to brownish yellow spher
oids and as Irregular reddish yellow, dark brown, and black irregular 
streaks in the shale. Shales with high content of kerogen break with a 
conchoidal fracture (Levorsen, 1954 ; Steuart, 1912 ) .  Kerogen shales 
are very similar to and grade imperceptibily into cannel coals. Cannel 
coals are made up of spores, pollen grains, and comminuted remains 
of lower order plants and ammals. Shale oil resembles petroleum in 
that it is composed of hydrocarbons with small amounts of sulfur, 
nitrogen, and oxygen derivatives from hydrocarbons. However, shale 
oil differs from petroleum in its content of larger amounts of non
hydrocarbons, particularly nitrogen and oxygen compounds ( Hellwig 
and others, 1967 ) .  

Rock i s  considered an oil shale when it has a yield between 1 0  and 
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100 gallons of oil per ton. Low grade is considered to be less than 10 
gallons per ton ; marginal grade between 10 and 25 gallons per 
ton ; and high grade over 25 gallons per ton. The average Rocky 
Mountain oil shale yields 26.7 gallons of oil per ton of shale. The 
oil content of high-grade oil shales in the Green River Formation of 
Utah, Colorado, and Wyoming is estimated at 80 billion barrels ; 
total resources in this deposit are 2 trillion barrels ( Spragins, 1007) . 
This forms the bulk of United States oil shale resources. The United 
States has 42 percent of the world oil shale reserves ( Duncan, and 
Swanson, 1965 ) .  These high-grade deposits are found in Tertiary (Eo
cene) lacustrine deposits. Large deposits of low- and marginal-grade 
or�anic marine shale occur in the Upper Devonian and Lower 
Mississippian of the eastern United States and in the Mesozoic marine 
shales of northern Alaska ( Oil and Gas Journal, Jan. 17, 1966, p. 41) .  

OREGON DEPOSITS 

Thus far only one small deposit of oil shale is known in Oregon ; 
this is the Shale City deposit in sec. 16, T. 38 S., R. 2 E., Jackson 
County. It is a good commercial-grade shale testing 36 gallons per 
ton ( see table 25) . The Shale City deposit was retorted in two or three 
commercial ventures in the 1920's, but none of these attempts were 
able to show a profit. Sulfur encrustations on the shale are presently 
being collected and are sold for medicinal purposes. The Oregon 
Department of Geology and Mineral Industries has investigated the 
property on three occasions and estimates the shale body to contain 
150,000 tons of high-grade shale.16 The shale occurs in a white, fine
grained rhyolitic tuff which is part of the Oligocene ·and Miocene vol
canics of the Western Cascades. The shales probably represent lacus
trine sediments deposited in the interlude between volcanic eruptions. 
The thickest shale member is 3 to 4 feet thick and is interbedded with 
tuffaceous sandstone. Many other thinner shale layers occur in the 
30-foot section exposed in a pit on the property. 

The shale parts into thin plates and occurs in two colors, dark 

TABLE 25.-KEROGEN CONTENT OF OREGON SHALES t 

Formation Location 

Astoria _ _ _ _ _ _ _ _ _ _ _ _ _ _  N� sec. 9, T. 8 N., R. 9 W., 
latsoo County. 

Nye _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 9, T. 11 S., R. 11 W., 
lincoln County. 

Yaquina _ _ _ _ _ _ _ _ _ _ _ _ _ _  E�sec. 15, T. 11 S., R. 1 1  
. ,  lincoln County. 

Oligocene• _ _ _ _ _ _ _ _ _ _ _  SEJf
c
��n9Co

�
n
�;.s., R. 2 E., 

Elkton Siltstone Mem- SE.if. sec. 24, T. 8 S., R. 7 
ber of Tyee (shale ., Douglas County. 
unit). 

Goshen beds.. _ _ _ _ _ _ _ _  SEJ4 sec. 1� T. 18 S., R. 3 
W., Lane ounty. 

Weight percent Gas 
------- +loss 

Oil Water Spent (per· 
shale cent) 

Specific 
gravity 
of oil 

II. 3 87. 3 1 . 4  - - - - - - - - - -
12. 5 86. 1 1. 4 - - - - - - - - - -
11. 7 87. 2 1. 1 - - - - - - - - - -

13. 8 7. 0 76. 0 3. 2 0. 904 
. 2  4. 5 94. 2 1. 1 - - - - - - - - - -

5 .  3 94. 7 0 - - - - - - - - - -

Gallons per ton 
Oil Water 

Trace 27. 1 
Trace 29. 8 
Trace 28. 1 

36. 6 16. 8 
. 5  10.9 

12.6 

' U.S. Bureau of Mines laboratory, laramie Petroleum Research Center; assays of air-dried samples by the modified 
Fischer retort method, 196!Hi7. 

' X-ray diffraction studies showed a relatively large amount of cristobalite, some quartz, montmorillonite, and pyrite. 

16 State of Oregon Department of Geology and Mineral Industries unpublished repol'ta : 
Thommes, N. P., and Treasher, R. C., 1943. 
Dole, H. M., a.nd White, D. J., 1950. 
Peterl!()n, N. V., and Newton, V. C., 1966. 
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mahogany brown and dull black. When struck with a hammer it gives 
off a sulfury bituminous odor. The mahogany-colored shale weathers 
to a whitish brown on the exposed surfaces and exhibits penecontem
poraneous folding. 

Testing of organic shales in Oregon thus far has not uncovered any 
other kerogen shales of even marginal quality. Washburne ( 1914 p. 
53) reported that, "The Astoria shale at many places will yield minute 
traces of oil by distillation . . .  ", but recent tests show only a trace 
of kerogen in samples tested (see table 25) .  Dark carbonaceous shale 
of the Elkton Siltstone Member of the Tyee Formation (Baldwin, 
1961)  was tested for kerogen content and found to contain 0.5 gal
lons per ton. Plant-bearing black carbonaceous shale of the Goshen beds 
near Eugene was also tested, as the depositional history of these beds 
appeared to be that which would produce kerogen. The Goshen sam· 
ples showed no trace of pyrobitumens. 

Recent hydrogenation studies related to retorting kerogen shales 
indicate recoveries 120 to 125 percent greater than retorting in air 
( i.e., 37.1 gallons per ton versus 30 gallons per ton) ( Schlinger and 
,Jesse, 1967) . Sophistication of refining methods may ultimately make 
use of all the hydrocarbon in the shales. 

Carbonization tests on coals have yielded liquid hydrocarbons in 
amounts equalling the range of marginal grade of oil shales and offer 
prospects for low-grade petroleum reserves. 

YI ELDS FROM CARBONIZATION TESTS ON COALS 1 2 
II n gallons per ton] 

Coal (average) • • •  __ • • • • • •  _ . _  • • • • • • • • • • • • • • • • • • • • • _ _  . _ . _  • • •  _ _  • • • •  _ •• _ _ _ _ _ _ _ _ _ _ _ _  _ 

Coal (high) . •  __ • • •  _ .  _ _ _  • _ _ _  . _ .  _ _ _ _ _ _ _ _ _ _ _  • _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  • 

Oregon coaL .. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

1 Walters and others. 1967. 
' Chemical & Engineering News, June 12 .. 1967, p. 96. 

Tar and oil Neutral oil 

16 
27 
17 

5 
1 1  
1 1  

The U.S. Office of Coal Research has contracted several pilot proj
ects which are now under way to investigate the recovery of liq_uid 
hydrocarbons from coals by multistage heating and hydrogenatiOn. 
Several available processes produce synthetic gas at a price compara
ble to that of natural gas. Gasoline can also be produced from coal and 
within the next 5 or 10 years will very likely compete with liquid fossil 
fuels (Cochran and Staber, 1967) . Subbituminous coals in the Coos 
Bay area have yielded as much as 28 gallons per ton of liquid hydro
carbons in low-temperature carbonization tests ( 450° to 700° C. ) .  
These coals should give good yields with the hydrogenation process 
( Allen and Baldwin, 1944) . Further investigations of the carbona
ceous shales in Oregon will doubtless be made but the prospect of 
finding significant oil shale deposits in the State is remote. 

PETROLEUM AND NATURAL GAS 

(By H. C. Wagner, U.S. Geological Survey, Menlo Park, Calif., and V. C. Newton, 
Jr., Oregon Department of Geology and Mineral Industries, Portland, Oreg. ) 

More than 35 million barrels of crude oil and refined petroleum 
products (exclusive of road materials) are used in Oregon each year, 
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and of these products, gasoline, gas-oil, distillate fuel oil, and residual 
fuel oil amount to more than 5 million short tons (Newton, 1965 ) .  
These materials must presently be brought into the State by freighters 
and pipelines at considerable cost to suppliers as well as to consumers. 
These factors have been responsible in part for providing the incentive 
to many wildcatters and major oil companies in their attempts to dis
cover producible oil deposits in Oregon. The economy of the State 
would be bolstered in many ways if petroleum was found within its 
boundaries in sufficient quantities to supply these needs. 

Roughly one-fifth of the State of Oregon contains sedimentary rocks 
that satisfy one or more of the following geologic characteristics that 
are associated with the accumulation of commerical quantities of 
petroleum and natural gas : 

( 1 )  An adequate source of petroleum-generating ma;terial in 
the form of abundant marine ( and occasionally nonmarine) 
animal and plant life. 

(2 )  The presence of reservoir rocks in which important amounts 
of oil and gas can accumulate and from which they can be made 
to flow to wells for production at satisfactory rates. 

(3 )  Suitable structural or stratigraphic traps that provide a 
means of localizing and entrapping the oil or gas in the reservoir 
rocks. Whether these three characteristics are to be found in a 
combination that will provide commerical production of petro
leum in Oregon has yet to be determined. 

There are numerous indications of the presence of petroleum in 
Oregon. Geodes, vesicles, and crevices containing crude oil occur at the 
surface in the central and western parts of the State, and shows of oil 
or gas have been reported in more than 50 of the 183 exploratory wells 
that have been drilled in Oreg-on and adjacent offshore areas. Un
fortunately, none of these indications has proved to be commercial, 
and few of the reported oil shows in test wells could be verified. The 
exploratory efforts have not, however, been fruitless since the drilling 
of these wells has provided much-needed geologic data on subsurface 
stratigraphy and structure. This geologic information has been sup
plemented by da;ta gained from drilling about 50 coreholes, and from 
several hundred stratigraphic holes put down to furnish near-surface 
geological information. The total of this information provides a 
sounder basis for selecting drilling sites in future oil exploration. 

Of the wells drilled to sufficient depth to be classed as definitive 
tests, about 35 were drilled deeper than 5,000 feet, and 6 exceeded 
10,000 feet. Five of these deep tests penetrated through the thick 
Cenozoic sedimentary and volcanic section into rocks of Mesozoic or 
older age, and an additional 5 drilled a thousand or more feet into 
lower to middle Eocene volcanic rocks prior to abandonment. Rela
tively few of the wells were drilled on well defined geologic structures. 

The earliest recorded drilling activities that resulted in initiating 
the search for oil and gas in Oregon occurred in 1902 in two widely 
separated parts of the State. In that year A. C. Churchill and As
sociates drilled two wells near the town of Newberg in Yamhill 
County, western Oregon, from which they succeeded in obtaining a 
small flow of nonflammable gas. Also in 1902 A.F. Boyer, in drillmg 
a water well near Ontario in Malheur County, eastern Oregon, ob-
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tained sufficient flammable gas to supply lighting jets and a cooking 
range for more than 7 years ( Stewart and Newton, 1965 ) . In 1903 
some gas a.nd a trace of oil were reported from a well drilled near 
Dallas in Polk County, and by 1910 at least 40 holes had been drilled 
in Malheur, Polk, Harney, Tillamook, and Wasco Counties. Although 
small quantities of high-methane gas were encountered in many of 
the wells, the flow was of low volume and pressure. Drilling activity 
continued slowly for about 45 years, only a few wells being drilled 
each year, until 1955. Since 1955 more than 60 wells have been drilled, 
and whereas most of the wells in the early period were indiscrimi
nately located and were too shallow to be definitive tests, the majority 
of those since 1955 were drilled to considerable depth and many were 
drilled on sound geologic bases. 

The deepest exploratory >vell in the State, the SINCLAIR Federal
Mapleton well in Lane County, was drilled in 1955 to a total depth of 
12,880 feet. A positive hydrocarbon cut and black tarry oil were re
ported. Another deep test, the HuMBLE Thomas Creek well in Lake 
County, was spudded in 1960 and was drilled 12,093 feet, entirely in 
Tertiary volcanics and continental sediments, before abandonment. 
Two offshore wells also were drilled to depths greater than 12,000 feet. 
The STANDARD-UNION Nautilus in the Siletz Block was taken to a 
total depth of 12,625 feet, and the UNION Fulmar in the Florence Block 
went to 12,285 feet. No shows were reported. The LINN Co. DEv. 
Barr well, which was drilled to 4,529 feet in Linn County, reportedly 
had the most favorable oil show of any recent well in Oregon, but 
an attempt to complete the well as a producer was unsuccessful. 

In addition to data gained from exploratory drilling, many sur
face geologic studies have been undertaken by governmental agencies 
to evaluate the petroleum resources of Oregon. As ea.rly as 1911,  the 
U.S. Geological Survey began to study Oregon's oil and gas prospects 
(Washburne, 191la, 1911b, 1914) . Between 1945 and 1955 the U.S. 
Geological Survey conducted extensive reconnaissance and detailed 
geologic mapping in the Tertiary marine rocks of western Oregon and 
published a series of reports on its findings (Warren, N orbisrath, 
and Grivetti, 1945 ; Snavely and Vokes, 1949 ; Vokes, Norbisrath, and 
Snavely, 1949 ; Vokes, Snavely, and Myers, 1951 ; Baldwin and 
Roberts, 1952 ; Vokes, Myers, and Hoover, 1954 ; Baldwin, 1955 ; Bald
win and others, 1955 ) . Later, the results of paleogeologic research 
and deta.ils of aeromagnetic and gravity surveys were published 
( Snave�y and Wagner, 1963 ; Bromery and Snavely, 1964 ; Bromery, 
1965 ) .  Sna.vely and Wagner ( 1964) summarized the geology of north
western Oregon, and Snavely, Wagner, and MacLeod ( 1965) reported 
on the compositional variations in basaltic rocks in western Oregon. 
To date the U.S. Geological Survey has published 9 oil and gas maps, 
2 bulletins, and 5 special study reports relating to the petroleum 
geology of Oregon. 

The Oregon Department of Geology and Mineral Industries and 
its earlier counterpart, the Oregon Bureau of Mines and Geology, 
have published 3 bulletins, 4 miscellaneous papers, and 2 volumes of 
micropaleontological correlations to assist in the exploration for oil 
and gas. In 1920 the Oregon Bureau of Mines and Geology contracted 
a consulting firm to investigate the petroleum prospects of western 
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Oregon and published a report on this investigation in one of its 
bulletins (Harrison and Eaton, 1920) . A similar investigation was 
undertaken the following year by J. P. Buwalda in eastern Oregon 
( Buwa.Ida, 1921 ) .  In 1954 the Oregon Department of Geology and 
Mineral Industries assembled and made available all known records 
of oil and gas tests as well as references to oil and gas indications 
throughout the State ( Stewart, 1954) . This report has subsequently 
been twice updated and revised (Newton, 1960 ; Stewart and Newton, 
1965 ) . The Department also published results of studies of the West
ern Snake River Basin (Newton and Corcoran, 1963) and issued 
gravity and magnetic maps of parts of the State in 1966 and 1967 
(Emilia, Berg, and Bales, 1966 ; Berg and Thiruvathukal, 1967a,, b, c ;  
Dehlinger and others, 1967) in cooperation with the Oceanography 
Depa,rtment of Oregon State University. The Department also has 
published in its monthly bulletin, The Ore Bin, articles related to the 
geomorphology of the continental shelf region adjoining the State 
( Byrne, 1962) and data concerning oil and gas investigations (New
ton, 1965, 1967 ) .  Detailed geologic mapping mvestigations of the pre
Tertiary marine inlier in central Oregon were undertaken by 
Dickinson and Vigrass ( 1965) and Buddenhagen ( 1967) with the 
intent of making available a good geologic base from which petroleum 
exploration comp<�nies could launch specific investigations in that 
area. 

In order to discuss the petroleum possibilities of the State, four gen
eral areas characterized by rocks of different geologic origin or age 
have been delimited as shown on figure 70. These four areas are the 
Tertiary marine area, Tertiary nonmarine area, Paleozoic-Mesozoic 
area, and Cenozoic lava area. Figure 70 also shows the locations of wells 
drilled for oil and gas between 1900 and 1967 (locations taken mainly 
from Stewart and Newton, 1965 ) .  In the descriptions of these areas 
the writers have drawn heavily upon published reports, and upon data 
gained through discussions with colleagues. 

FIGURE 70.-0utcrop areas of major rock types and locations of exploratory wells. 

21--<829 o--69--19 
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TERTIARY MARINE AREA 

The Tertia�y marine area includes all of western Oregon west of the 
Cascade Range and north of the Klamath Mountains. Within this 
area of about 15,000 square miles more than 25,000 feet of marine 
sedimentary rocks of Tertiary age have accumulated. The area has 
many similiarities to oil-producing areas of southern California in 
that both have ( 1 )  deep structural basins in which thick sequences of 
Tertiary marine strata accumulated, (2) wide belts of intertonguing 
nearshore and offshore marine and continental sediments, (3 )  locally 
thick sand units that formed along the shorelines of ancient seas, and 
(4) linear structural belts containmg folds and faults that could have 
formed traps for the retention of petroleum. Major differences between 
the two areas are : ( 1 )  the lower Tertiary sedimentary sequence of 
Oregon contains a much greater amount of volcanic material, and (2) 
many oil seeps, tar pits, bituminous sandstone deposits and other 
significant surface indications of the presence of oil are found in south
ern California but very few in Oregon. At the present time the only 
recorded surface indications of oil in the Tertiary marine area of 
western Oregon consist of ( 1 )  the organic-rich shales near Newport, 
Lincoln County, that give off a petroliferous odor when freshly broken, 
and (2)  the free oil reported m vesicles and cracks in Eocene basalt 
near Florence, Lane County (Harrison and Ea,ton, 1920 ; Stewart and 
Newton, 1965 ) .  

The Tertiary marine area in Oregon is subdivided geologically into 
the Willamette trough, the Coast Range uplift (including the coastal 
embayments at Coos Bay, Newport, Tillamook, and Astoria) ,  and 
the continental shelf. 
W illamette trough 

The Willamette trough comprises one of the more attractive areas 
for petroleum exploration in Oregon. It includes an area of more than 
3,000 square miles which extends from the Columbia River on the 
north to the junction of the Cascade and Coast Ranges on the south. 
The Willamette trough has been a separate structurally active down
warp since Oligocene time but prior to that was the eastern fringe of 
the lower Tertiary eugeosyncline ( Snavely and Wagner, 1963 ) . 

Geology.-Basement rocks of pre-Tertiary age have not been found 
at the surface in the Willamette trough nor have they been encountered 
in test drilling for oil and gas. The oldest rocks known in the region 
are a series of basaltic submarine lava flows and breccias of early to 
middle Eocene age. The thickness of this volcanic pile probably ex
ceeds 20,000 feet in the northern part of the trough (Bromery and 
Snavely ( 1964) , and because of its great thickness and character the 
unit serves as an effective basement rock to petroleum exploration. It 
also forms the surface onto which as much as 25,000 feet of sedimentary 
rocks were deposited in the central part of the trough (Snavely and 
Wagner, 1964 ) .  A large part of this stratigraphic thickness is made 
up of marine shales and sandstones of Eocene, Oligocene, and Miocene 
ages. The upJ?er Eocene sedimentary rocks locally have good porosity 
and permeability ( Schlicker, 1962) . Near the southern and eastern 
borders of the downwarp, marine sediments of late Eocene age inter
tongue locally with continental sedimentary and volcanic rocks, and 
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stratigraphic tral?s may be present in the area of intertonguing. In the 
center of the basm tuffaceous marine sediments, which could possibly 
be source beds or reservoir rocks, form the major part of the sequence. 
In the part of the downwarp south of Eugene approximately 5,000 
feet of middle Eocene sandstone and siltstone underlies more than 
10,000 feet of upper Eocene and Oligocene marine sandstones and 
shales. The Oligocene sediments intertongue southward with about 
7,000 feet of andesitic fragmental volcanic debris (Vokes and others, 
1951 ) .  Eastward the boundary of marine Oligocene deposition roughly 
parallels the low foothills of the Cascade Range where marine strata 
intertongue with continental deposits consisting of dacitic and andesi
tic tuff, and volcanic breccia and lava flows of andesitic and basaltic 
composition (Peck and others, 1964 ) .  Shoreline sandstone deposits 
in the marine sequence indicate that the shoreline fluctuated across 
a distance of 15 miles or more (Vokes and others, 1951 ) .  Intertonguing 
marine sediments and non-marine volcanic and sedimentary rocks 
occur along most of the eastern margin of the downwarp, but in much 
of that area the shoreline is covered by lava flows and sediments of 
Miocene age. 

Volcanoes in the Cascade Range were active throughout most of 
Eocene, Oligocene, and Miocene time, and volcanic ash was supplied 
in large quantities to the marine environment, thus forming a con
siderable thickness of ashy clay. The organic material in these marine 
clays was considerably diluted by the great quantity of ash carried 
in by stream and wind action. The ash also filled the interstices be
tween sand grains, thus reducing the porosity and permeability of the 
sandstone deposits. Only along the shorelines of the sea, where the 
winnowing action of the waves could remove this ashy filling, were 
clean sand-s deposited. Much of the Oligocene shoreline area now lies 
beneath volcanic rocks along the western edge of the Cascade Range, 
and the existence and location of the belt of permeable sandstone can 
be determined only by drilling. In the northern and central parts of 
the Willamette downwarp, where organic-rich marine shales are thick
est, a few hundred to nearly two thousand feet of Pliocene and Pleisto
cene nonmarine sediments overlie the marine Tertiary deposits. In 
most places the younger rocks effectively obscure any structural com
plications in the older rocks that might be of interest to petroleum 
geologists. 

Subsurface ewp7oration.-Exploratory wells have tested these Ter
tiary marine strata along both the 'vestern and eastern margins of the 
Willamette trough and near the center of its southern half. In the 
northwestern part of the trough, in Multnomah County, the RICHFIELD 
Barber well ( 1 )  17 tested a large anticlinal structure, the Portland Hills 
anticline, to a depth of 7,885 feet. The well was spudded in middle 
Miocene basalt and penetrated Oligocene marine sandstones and shales 
at 865 feet. Upper Eocene sedimentary and volcanic rocks were entered 
at 2,055 feet, and volcanic agglomerates and related lava flows and 
breccias were drilled from about 3,070 to 7,885 feet. No significant oil 
or gas shows were reported. About 10 miles to the southwest the TEXAS 
Co. Redding-Gasnor well (2) , in Washington County, was drilled to 

17 Number in parentheses identifies well shown on figure 70. 
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a total depth of 9,263 feet in a test of the Cooper Mountain anticline. 
This well also was spudded in middle Miocene basalt, went into Oligo
cene marien sediments at 1,039 feet, and was in fossiliferous sandstones 
and shales, with occasional thin beds of coal, to 2,840 feet at which 
depth basaltic agglomerates and breccias as well as shales, sandstones, 
and thin conglomerates of late Eocene age were encountered. These 
upper Eocene rocks were drilled from 2,840 to 4,270 feet where basaltic 
sandstones and conglomerates of early late Eocene age were cut. At 
9,206 feet agglomerates and flows of early to middle Eocene age were 
drilled. The well flowed 700 barrels per day (B/D ) of salt water dur
ing a formation test at 7,862 to 9,263 feet, and small gas shows were 
reported at 8,694 and 8,830 feet. The well was plugged and abandoned 
at 9,263 feet. 

Along the eastern flank of the Willamette trough, several deep wells 
have been drilled presumably to test the possible productivity of near
shore sands, fault traps, and folds in the area. In Marion County, the 
HuMBLE "\Vicks well (3 )  was spudded in upper Oligocene to lower 
Miocene marine beds that show beneath the middle Miocene basalt 
flows. Upper Eocene marine sediments were encountered at about 1,500 
feet and Eocene basalts were entered at 2,130 feet. The well was drilled 
to a total depth of 7,797 feet in these basaltic rocks without encounter
ing any shows of oil or gas. In Linn County, the LINN Co. DEv. Barr 
well ( 4 ) ,  which was drilled to 4.529 feet, had possibly the best oil show 
of any recent well in Oregon. The well had a gas show at 2,250 feet 
in a sandstone bed within middle Oligocene ( ? )  nonmarine pyroclastic 
rocks, and a strong oil show at 4,300 feet in a 20-foot section of sand
stone near the top of the upper Eocene marine sandstone and shale 
section. However, an attempt to complete the well as a producer failed. 
About 3 miles southeast of this well the RESERVE OIL & GAs Co. drilled 
their Esmond well ( 5 )  to a total depth of 8,603 feet. The Esmond well 
was spudded in Oligocene to Miocene pyroclastic rocks, drilled Oligo
cene marine sandstones and shales from 2,660 to 3,960 feet, and was 
in lower Oligocene and upper Eocene volcaniclastic rocks and lavas 
from 3,960 feet to the bottom. A 2,000 B/D flow of very gassy salt 
water was obtained on a formation test at 7,055 feet ; the gas contained 
77 percent methane, 4 percent ethane, and 17 percent nitrogen ( Stewart 
and Newton, 1965) . Another significant deep test in Linn County was 
the GuLF Porter well (6 )  which was drilled near the center of the 
Willamette trough in its southern part to a total depth of 8,470 feet. 
The well drilled through about 7,000 feet of Eocene and Oligocene 
marine sedimentary and volcanic rocks before entering lower Eocene 
basalt at 7,085 feet. A show of gas that was 98 percent nitrogen was 
encountered at 3,811 feet ( Stewart and Newton, 1965 ) and a strong 
show of methane gas occurred at 5,080 feet. 

The west flank of the Willamette trough was also tested in Polk 
County by the RESERVE Roy-L&G-Bruer well ( 7 ) ,  which penetrated 
4,500 feet of middle Eocene to lower Oligocene marine sedimentary 
rocks before encountering lower to middle Eocene volcanic rocks. The 
well was drilled in these basaltic rocks to a total depth of 5,549 feet. A 
reported gas show in salt water at 1,540 feet was later retested but 
failed to provide significant amounts of gas or oil. A second but shal
lower well, the LEWIS Crossley-Jennings No. 2, was drilled 20 feet 
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to the south of the Bruer well but it, too, was abandoned as an unsuc
cessful test. 
Ooast Range uplift 

The mountainous area between the Willamette Valley on the east 
the Pacific Ocean on the west, the Columbia River on the north, and 
the Klamath Mountains on the south in effect composes the Oregon 
Coast Range. The rocks exposed at the surface in the Oregon Coast 
Range are entirely Tertiary in age and consist mainly of a marine 
sequence of sandstones, siltstones, mudstones, and volcanic rocks rang
ing in age from early Eocene to middle Miocene. These rocks are 
more than 25,000 feet thick, and their geologic history records deep 
submergence, vigorous submarine volcanism, nearly continuous sedi
mentation in local embayments, and moderate folding and faulting 
during periods of uplift ( Snavely and Wagner, 1963 ) . As a result 
of nondeposition and erosion since late Eocene time, essentially no 
sedimentary rocks younger than middle Eocene remain along the apex 
of the range. Only in relatively small coastal embayments on the 
western side of the Coast Range and in the foothills on the eastern 
side are sedimentary rocks of Oligocene and younger age found. 

Geology.-The rocks of the Coast Range uplift are somewhat dif
ferent in the northern and southern parts. The difference is mainly 
a function of the degree to which different rock units contribute to 
the total stratigraphic sequence in the different parts of the range. 
However, as in the Willamette trough, a lower to middle Eocene 
group of rocks, made up largely of volcanic flows and breccia and 
possibly as thick as 20,000 feet near centers of volcanism, forms the 
basal rock unit throughout the entire Coast Range. 

In the southern part of the Oregon Coast Range lower and middle 
Eocene rocks form an interbedded sequence of marine sedimentary 
and volcanic rocks more than 20,000 feet thick. The lower part of 
the sequence is made up of alternating thin siltstones and shales with 
interbeds of pillow basalt and basalt breccia ; the middle part of the 
sequence is a thick conglomerate-sandstone-siltstone unit ; and the 
upper part consists of rhythmic-bedded micaceous graywackes and 
carbonaceous siltstones ( Baldwin, 1946b) . Upper Eocene marine silt
stones underlie a large synclinal area between Cottage Grove and 
Coos Bay (Wells and Peck, 1961 ) , but no rocks younger than late 
Eocene are found in the southern part of the Coast Range except in 
the Coos Bay embayment (fig. 70) where Tertiary marine strata as 
young as Pliocene occur. In the Coos Bay embayment more than 6,000 
feet of upper Eocene nearshore marine and nonmarine strata (with 
coal beds) overlie the lower and middle Eocene rocks and in turn are 
overlain by about 3,000 feet of thin-bedded marine shale and tuffa
ceous glauconitic sandstone of latest Eocene and Oligocene age. In 
places the middle Eocene rhythmic-bedded graywacke unit is missing 
and nearshore marine and nonmarine coal-bearing strata overlie the 
lower to middle Eocene pillow-basalt sequence ( Allen and Baldwin, 
1944 ; Baldwin, 1966) . At Coos Bay about 3,000 feet of massive, poorly 
bedded sandstone and siltstone of Miocene and Pliocene age form the 
youngest consolidated marine strata in the southern part of the Ore
gon Coast Range. Relatively unconsolidated marine terrace deposits 
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of Pliocene and Pleistocene and Holocene age, overlie the older rocks 
near the coast. 

To the north, between Coos Bay and Newport, a thick accumula
tion of basalt flows and breccia occurs within a tuffaceous siltstone 
unit of late Eocene age. Bouguer gravity contours on this accumulation 
indicate that the volcanic build-up extends seaward onto the conti
nental shelf (Bromery and Snavely, 1964) . Farther north in the New
port embayment ( fig. 70) upper Eocene siltstones and overlying Oli
gocene tuffaceous siltstones and shallow-water sandstones and Mio
cene organic-rich mudstones, basaltic sandstones, and tuffaceous silt
stones total as much as 10,000 feet in thiekness ( Snavely and Vokes, 
1949 ; Snavely and Wagner, 1964) . The upper part of the Oligocene 
sediments consists of an arkosic sandstone unit about 2,500 feet thick 
that locally has good porosity and J?ermeability (Snavely, P. D., Jr., 
personal commun., 1961 ) ; the orgamc-rich mudstone in the lower part 
of the Miocene strata is about 3,500 feet thick and has a petroliferous 
odor when freshly broken. Such strata as these are of particular in
terest to the petroleum geologist as possible reservoir rocks and source 
beds for petroleum. Basalt flows 200 or more feet thick are interbedded 
in the Miocene sandstone and siltstone strata, and sills of dark-colored 
gabbro and light-colored syenite intrude the Tertiary sequence in 
bodies 400 to 500 feet in average thickness ( Snavely and Vokes, 
1949 ) .  

In the northern part of the Coast Range late Eocene volcanism 
supplied basaltic flows, breccias, and tuffaceous sediments to the ma
rine environment. These volcanic and sedimentary r0cks, together 
with similar rocks of early to middle Eocene age, underlie about 
one-haH of the northern part of the Oregon Coast Range and reach 
an aggregate thickness in excess of 10,000 feet. Marine upper Eocene 
and Oligocene strata overlie the lower to middle Eocene rocks in an 
arcuate belt that extends from the southern part of the Tillamook 
embayment (fig. 70) northward and eastward around the older rocks 
to the eastern flank of the Coast Range uplift. These upper Eocene 
sedimentary rocks consist mainly of basaltic, glauconitic, and quart
zose sandstones and tuffaceous siltstones 2,500 or more feet thick 
and are overlain by relatively shallow-water siltstones and sandstones 
of Miocene age (Warren and others, 1945 ) .  The overlying marine 
Miocene strata, which are about 1,000 feet thick, intertongue in places 
with basaltic submarine lava flows 500 or more feet in thickness. Some 
of these Miocene basaltic flows were extruded from local centers near 
the present Oregon Coast, but others are part of the extensive flood 
basalts that were extruded in eastern Oregon and flowed westward 
to the sea through a broad lowland area that includes the present 
site of the Columbia River (Snavely and Wagner, 1963 ) .  In the 
Astoria embayment area a thick sequence of fluvial pebble to cobble 
conglomerates, micaceous sandstones, and clayey siltstones of Plio
cene age overlies thP MiocenP sandstonP�, siltstones, and basalts. 

Subsurface exploration.-Exploration drilling for petroleum in the 
Oregon Coast Range has thus far been unsuccessful despite the testing 
of many thousands of feet of marine sediments and several prominent 
geologic structures. 

Approximately 30 wells have tested the Coast Range area itself, and 
an additional 8 wells have been drilled in offshore areas of the con-
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tinental shelf. More than one-half of the 30 wells were drilled in the 
southern part of the Coast Range in the Roseburg and Coos Bay areas 
where the deepest test, the UNION Liles well ( 8 ) ,  in ,the southeast part 
of the range, was drilled through lower Eocene carbonaceous marine 
shales to a total depth of 7,002 feet. The strata in the well were reported 
to be badly fractured and faulted and to be dipping steeply. On the 
west side of the range near Coos Bay two deep wells were drilled. The 
WARREN Coos County well (9 )  was spudded in upper Eocene marine 
strata near the axis of a broad anticline near Coos Bay. Traces of gas 
and oil and a considerable amount of coal were reported in the well 
which reached a total depth of 6,337 feet. About 4 miles southwest, the 
PHILLIPS Dobbyns well ( 10)  was spudded on the same structure in 
upper Eocene marine sedimentary rocks. Lower Eocene volcanics 
·were encountered at 2,330 feet, and more than 4,500 feet of predomi
nantly volcanic rocks were drilled before reaching the total depth of 
6,941 feet. No oil or gas shows were reported but a possible gas zone was 
encountered at 1,050 feet. 

The deepest test well in the State was drilled in the Coast Range in 
Lane County. This well, the SINCLAIR Federal-Mapleton ( 1 1 ) ,  was 
spudded in middle Eocene marine sandstones and siltstones, reached 
lower Eocene shales at 2,700 feet, and repovted traces of oil at 5,310 
feet. The lower Eocene volcanic sequence was encountered at 6,660 feet, 
and more than 6,000 feet of these volcanics were penetrated before the 
well was abandoned at 12,880 feet. The other significant deep test in 
the central part of the Coast Range, the GEN. PET. Long Bell well ( 12 ) ,  
was drilled about 25 miles farther south i n  Douglas County. I t  was 
spudded in the middle Eocene sandstone-siltstone sequence about llh 
miles east of the axis of a major north-plunging anticline and bottomed 
in lower Eocene volcanics at 9,004 feet. A slight gas show was re
ported at 5,345 feet and traces of oil were noted at 5,590 and 6,050 feet. 

Three significant deep test wells were drilled in the northern part of 
the Coast Hange. They were spudded a few miles south of the Columbia 
River in Clatsop and Columbia Counties. The TEXAs CoMPANY drilled 
two wells in northern Columbia County, their Clark and Wilson 
well (13)  with a total depth of 8,501 feet and their Benson
Clark and Wilson well indicated that the stratigraphic section was 
predominantly marine sedimentary rocks of middle and late Eocene 
age, with minor amounts of intercalated basalt. Formation tests were 
made between 3,000 and 3,300 feet and one interval was repovted to have 
had wet gas, but in insufficient quantity to be producible. The Benson
Clatskanie well apparently drilled through more than 5,000 feet of 
marine Oligocene and Eocene sedimentary rocks before abandonment 
in Eocene basalt and basaltic breccia. An oily odor was reported in 
volcanic breccia at 730-760 feet, and a trace of oil and gas was recorded 
from core at 1,391-1,401 feet ( Stewart and Newton, 1965 ) . In Clatsop 
County the STANDARD Hoagland well (15 )  was spudded in upper 
Eocene to lower Oligocene marine sedimentary rocks ; it entered lower 
to middle Eocene volcanic rocks at about 5,000 feet, and was abandoned 
at 7,101 feet. Several fluorescent spots were reported on fracture sur
faces in a core at 5,465-5,4 70 feet. 

Continental shelf 
The continental shelf is generally defined as the gently sloping 

surface of the sea bottom from the shoreline of the coast to a depth 
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of 200 meters ( 656 feet) . The continental shelf along the Oregon coast 
differs somewhat from the average as its outer edge occurs at a depth 
of 80 to 100 f:11thoms ( 480 to 600 feet) . The shelf along Oregon is 9 to 40 
miles wide and slopes seaward at 0 °08' to 0°43' (Byrne, 1962 ) . This 
seaward inclination represents a range from 1.2 to 66 feet :r.er mile and 
is steeper than the average slope of 0°07' ( 1. 1  feet per mile) for con
tinental shelves around the world ( Shepard, 1948) . Two prominent 
north- to northeast-trending shoals, Heceta Bank and Stonewall Bank 
(fig. 70) occur on the continental shelf off Oregon approximately 
midway between the Columbia River and the Klamath Mountains. 

Geology.-The continental shelf represents the submerged border 
of the continent, and in many places the geology of the coastal area can 
be projected onto the adjacent submarine area with considerable suc
cess. In petroleum exploration, the deeper parts of the continental 
shelf beyond the limit to which onshore geology can be projected, 
although more difficult and more expensive to map and test, have else
where proven to be well worth the added .effort and cost of the venture. 
The continental shelf off Oregon in places has attributes that make it 
in some ways more attractiYe to the petroleum geologist than the con
tinental area. For example, ( 1 )  the onshore up_()er Tertiary marine 
sequence thickens seaward, (2)  the thick volcamc units that overlie 
or interlaminate the marine sediments thin sea ward, and ( 3) the lower 
Miocene organic-rich mudstone unit that is a possible source bed for 
petroleum dips westward and would underlie reservoir rocks consisting 
of Miocene or Pliocene sandstones in offshore areas. It should be 
noted that significant bodies of Miocene or Pliocene sandstone are not 
necessarily expectable in areas off the Oregon Coast since shale gen
erally becomes the dominant rock type toward the deeper parts of de
positional basins. However, sand deposition could have occurred ad
jacent to structural highs in offshore areas. 

In addition to source beds and reservoir rocks, a third basic require
ment in the continental shelf area off Oregon must be fulfilled before 
oil is found ; namely a satisfactory structural trap into which any oil 
present might migrate and be retained. Topographic highs of the 
sea bottom in this area, such as Heceta and Stonewall Banks, may re
flect anticlinal or domal structures. The possibility that these banks 
reflect such structures probably provided the encouragement that led 
the oil industry to engage in the use of seismic and underwater sam
pling devices for determining subsea structure and stratigraphy 
through several hundred feet of water. Initial work was undertaken in 
the area of the Stonewall and Heceta Banks, an area from which ma
rine Pliocene siltstone had already been obtained by dredging (P. D. 
Snavely, Jr., personal commun., 1960 ; Byrne, 1962 ) .  The work was 
later extended to cover practically the entire Oregon continental shelf 
from Coos Bay to the Columbia River. 

Subsurface exploration.-More than 30 million dollars was spent 
in 1964 in leasing the drilling rights on large tracts of offshore lands 
off the Oregon Coast (Newton and Newhouse, 1964) . This plus the 
cost of seismic surveys and sampling effort and the drilling of seven 
exploratory wells, resulted in a total expenditure of more than 50 
million dollars between 1959 and 1966 (Newton, 1967) . In addition to 
the seven wells drilled in 1965 and 1966 'an eighth hole, the PAN AM 
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Coos Bay well ( 16 )  was drilled in 1967 in the Cape Arago Block. The 
well was spudded in 352 feet of water, and at a total depth of 6,146 
feet presumably reached pre-Terti•ary rocks. Shows were reportedly 
tested and found to be uneconomic. The deepest test, the STANDARD
UNION Nautilus well ( 17 ) , was drilled to a total depth of 12,625 feet 
in 1965. It was drilled in 425 feet of water in the Siletz Block. Reports 
indicate that the well had not yet reached the lower to middle Eocene 
volcanics at its bottom. Four wells were drilled by SHELL, two in the 
Seaside Block in 1006 ( 18, 19)  with total depths of 8,219 and 10,160 
feet, and two in the Florence Block, Heceta Head area, in 1965 (20, 
21 ) with total depths of 3,348 and 8,353 feet. Shows were reportedly 
tested and found to be uneconomic in one of the SHELL wells ( 18 ) . 
STANDARD-UNION-PLAN AM drilled a well to 10,010 feet in 1965-66 
( 22) in the Stonewall Bank area ; and UNION drilled their Fulmar well 
( 23) , a 12,285 foot test, in the Florence Block, Heceta Head area in 
1966. The deepest water depth in which drilling was done was 470 
feet, in the Seaside area by SHELL. The three wells drilled in the Heceta 
Head area were ,presumably testing structures located by seismic and 
acoustical profiling methods on the broad extension of the shelf off 
Heceta Head. The wells were located about 10 miles east of Heceta 
Bank, a prominent belt of topographic highs near the outer edge of the 
Continental Shelf. Sands were reported to be lacking in the holes 
drilled to date, and shows were reportedly found in only two of these 
eight test holes. 

TERTIARY NONMARINE AREA 

Approximately the southeastern one-third of Oregon is underlain 
by a complexly interfingering series of nonmarine sedimentary and 
volcanic rocks of late Terti·ary and Quaternary age. In most :parts of 
the ·area sedimentary rocks predominate ;  in the rest, volcamc rocks 
are most abundant. Within this region are several downfolded basins 
and downdropped blocks in which considerable thicknesses of sedimen
tary and volcanic rocks have accumulated. Deposits of this type fall 
into the second of the two general categories of continental sediments 
of Tertiary age defined on the basis of depositional environments 
(Felts, 1954) . The first category comprises suites of sediments deposited 
in large lakes which in their later histories become saline ; the second 
includes basin fills of stream, marsh, and fresh-water lake beds asso
ciated with varying amounts of extrusive volcanics. To sediments of 
the first type are attributed many of the properties of marine strata. 
They commonly contain pyrobituminous shales and dolomites, petro
liferous shales and limestones, tar sands, and various semisolid or 
solid bi•tumens. Oil and gas production has come from such beds and 
closely associated strata. Sediments of the second type commonly are 
either lacking in hydrocarbons or contain methane gas which can gen
erally be shown to be entrapped emanations from intercalated lignitic 
beds or other swamp deposits. Oil production from these beds cannot 
generally be expected ; however, sediments of this type cannot be en
tirely ignored as potential dry gas producers. 

Two large structural basins, the Western Snake River downwarp 
and the Harney Basin, have been seriously prospected for oil and gas 
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in the northeastern part of the Tertiary nonmarine area (fig. 70) .  
Many of the test wells in these basinal areas have been drilled to depths 
greater than 4,000 feet. Several other deep exploratory wells have been 
drilled in the Tertiary nonmarine area in its southwestern part within 
the Basin and Range physiographic province. Each of these areas will 
be discussed separately. 

Weste-rn Snake River downwa-rp 

The Snake River downwarp, which covers a large area in southern 
Idaho, extends a short distance into eastern Oregon. The Oregon part 
of this downwarp is hounded on the north by the Blue Mountains pre
Tertiary rocks and on the west and south by flows of Tertiary lava. 

Geology.-Middle Miocene to upper Pliocene nonmarine sedimen
tary rocks, consisting mainly of tuffaceous shales, sandstones, and con
glomerates with intercalated silicic and basaltic lavas, fill the major 
portion of the western part of the Snake River downwarp. The thick
ness of these Tertiary rocks in the Oregon part of the downwarp is 
at least 10,000 feet (Newton and Corcoran, 1963) and may be as great 
as 15,000 feet. Surface indications of oil occur in the southern part of 
this region at Sand Hollow, where hard, fresh-water sandstone has a 
petroliferous odor on freshly broken surfaces. 

Subsu-rface exploration.-A preponderance of the thirty wells drilled 
in this area had shows of gas, and some of the early tests provided gas 
for family use for many years. In some wells the gas averages more 
than 95 percent methane. Although small shows of oil have been re
ported in some wells, no important showing has been verified. Neither 
gas abundance nor pressure seems to be related to anticlinal structures 
( Kirkham, 1935) .  

Of the seven wells drilled deeper than 4,000 feet in the Western 
Snake River downwarp the deepest was the EL PAso NAT. GAs Federal
Spurrier well (24)  which went to a depth of 7,470 feet. The well was 
spudded in Pliocene and Pleistocene lacustrine sediments and inter
calated lavas, and entered upper Miocene lacustrine and subaerial 
sandstone and conglomerate at 4,440 feet. A few small gas shows were 
reported in this test well, as is the case in lll:OSt of the other deep 
exploratory wells. The most spectacular test with significant gas shows 
was the ONTARIO CooP. OIL & GAs Co. well (25) near Ontario, Malheur 
County, that blew mud and water over the derrick crown while drilling 
at 1,070 and 2,200 feet. The well reached a total depth of 4,362 feet. 
Another deep test that contained gas shows was the RIDDLE Kiesel Es
tate well (26)  drilled in the Nyssa area to a total depth of 5,137 feet. 
Gassy fresh water was reported from 900 and 5,042 feet. 
Harney Basin 

The Harney Basin includes an area of about 1,500 square miles in 
southeastern Oregon (fig. 70) .  This basin of internal drainage was 
block faulted in late Tertiary and Quaternary time and was filled with 
a thick sequence of continental sediments, ash-flow tuffs, and lava flows. 

Geology.-The oldest rocks exposed in the Harney Basin consist of 
about 1,000 feet of siliceous extrusive rocks of possible Miocene age, 
overlain by as much as 3,000 feet of basalt flows and breccias of definite 
Miocene age. The basalt flows, which form the Steens Mountain escarp
ment, are unconformably overlain by about 800 feet of Pliocene rocks 
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consisting of rhyolitic ash-flow tuffs and flows and stratified siltstone 
and sandstone, the latter rock types being predominant in the upper 
part of the sequence. Basaltic tuff, breccia, and sandstone, about 750 
feet thick and possibly also of Pliocene age, form the youngest Tertiary 
unit. These Tertiary rocks are covered in the center of the basin by 
several hundred feet of Pleistocene and Holocene clay, silt, and vol
canic ash, and near the perimeter by sand and gravel (Piper and others, 
1939 ) .  

Subsurface e::vploration.-About one dozen exploratory test wells 
have been drilled in the Harney Basin, but only one was drilled deeper 
than 5,000 feet. This well, the UNITED Co. oF OREGON Weed and Poteet 
well (27) was drilled to 6,480 feet. Reconstruction of the paleo-environ
ment as recorded by cuttings and cores from this well indicates that 
great outpourings of basaltic and andesitic lavas, as flows, breccias, and 
agglomerates, were accompanied by large quantities of volcanic ash 
that contributed to and accumulated concurrently with greenish clays 
and silts in an enclosed basin in middle Miocene to Holocene time. This 
well had reported traces of hydrocarbons, and several shallower wells 
in the Harney Basin encountered small flows of gas or traces of oil at 
shallow depths. 

Basin and Range region 

In the Basin and Range region, prospecting for oil and gas has been 
confined to the southwestern part, where a thick nonmarme volcanic 
and sedimentary rock sequence may overlie pre-Tertiary basement 
rocks and where gas or hot water has been encountered in water wells at 
shallow depths. The greatest concentrations of drilling have been in 
the general areas of Lakeview and Klamath Falls. 

Geology.-In the Lakeview area the oldest exposed rocks are con
tinental in origin and early Miocene or older in age. They consist of a 
series of tuffaceous sedimentary rocks and andesitic lava flows of un
known thickness. They are overlain by a stratigraphic unit,,ossibly 
7,000 feet thick locally and Miocene in age, that is compose mainly 
of dacitic and rhyolitic tuffaceous nonmarine sedimentary rocks and 
areally restricted lava flows. Interbedded near 1the middle of 'these 
silicic rocks is a flow sequence of basalt and andesitic basalt that is at 
least 2,500 feet thick near volcanic centers. Above this thick Miocene 
unit is a group of Miocene ( ? ) and Pliocene basaltic and andesitic flows 
which, in conjunction with an interbedded sedimentary unit of semi
consolidated lacustrine sandstone, siltstone, and volcamc ash, compose 
more than 5,000 feet of rocks. A sequence of younger pyroclastic rocks, 
lava flows, and nonmarine sedimentary rocks, mainly of Quaternary 
age, overlies these Tertiary rocks. Disruption by a group of northwest
trending faults has broken the entire area surrounding the Lakeview 
basin into a series of horsts and grabens of Basin and Range structure 
(Walker, 1963 ) .  

I n  the Klamath Falls area the exposed rocks consist o f  about 3,000 
feet of basaltic lava flows and i nterbedded nonmarine sedimentary 
rocks of Pliocene age. The lava flows, which are predominantly basalt 
but contain subordinate amounts of andesite, form flow units 200 to 800 
feet thick. The flow units occur both above and below a sedimentary 
sequence that consists largely of fresh water diatomite, stratified sand-
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stone, laminated siltstone, and basaltic lapilli tuff and ash. These sedi
mentary rocks, as much as 2,000 feet thick, appear to have been de
posited under lacustrine and volcanic-plain conditions. Alluvial ma
terial several hundreds of feet thick overlies the Pliocene deposits in the 
deeper structural troughs that were formed by block faulting probably 
in middle or late Pleistocene time (Newcomb and Hart, 1958) . Most of 
the faults trend northwest and dip basin ward at high angles. 

Sub8Ur/ace exploration.-Six exploratory wells have been drilled 
in the Lakeview area. One of these, the STARK Fisher well (28) with 
a depth of 2,900 feet, reported a strong flow of gassy water in which 
the gas contained 90 percent methane, 1 percent ethane, and 8 percent 
nitrogen ( Stewart and Newton, 1965) . The LAKEVIEW OIL Co. well 
( 29) ,  drilled to a depth of 2,870 feet, also reported gas but in small 
amount. The deepest test in the Lakeview area, the HuMBLE Thomas 
Creek well ( 30) , was spudded about 20 miles north west of Lakeview 
in Miocene tuffaceous sediments and volcanic rocks. The location falls 
in an area of general anticlinal upwarp, and the well was drilled 
through more than 12,000 feet of Tertiary volcanic rocks and conti
nental sediments before being abandoned at a depth of 12,093 feet with
out gas or oil shows. Gas shows were reported in lake beds ( ? ) at depths 
of 7,100 to 7,600 feet in a second well by HuMBLE, the Leavitt well (31 ) ,  
which was drilled near the town of Lakeview to a total depth of 9,579 
feet. 

In the Klamath Falls area the deepest test was the LANGELL VALLEY 
Bonanza well (32 )  which was spudded in Pliocene volcanics and non
marine sediments, struck hot water (200°F. ) at 3,850 feet, and went 
to a total depth of 4,365 feet. The Y ONN A VALLEY Dairy well ( 33) also 
struck hot water (85°F.) before abandonment at about 2,000 feet. The 
flows of hot water came from depths of 550 feet, 935 feet, and 1,300 feet 
( Van Orstrand, 1938 ) .  None of the other three wells reported hot 
water, and no gas or oil shows were reported in any of the five wells 
drilled. 

PALEOZOIC-MESOZOIC AREA 

Large areas in southwestern and northeastern Oregon are underlain 
at the surface by sedimentary, volcanic, and intrusive rocks of 
Paleozoic and Mesozoic age. These pre-Tertiary rocks are as much as 
60,000 feet thick in the Klamath Mountains and are more than 35,000 
feet thick in the Blue Mountains. 

Geoloqy.-The oldest rocks in Oregon are dark-green schists found 
in the Klamath Mountains. These Paleozoic rocks are possibly Ordo
vician in age and were derived by metamorphism of iron-rich volcanic 
tuffs and sedimentary rocks. They are overlain by about 15,000 feet of 
argillite, quartzite, chert, and marble of Triassic age, upon which were 
deposited about 40,000 feet of sedimentary and volcamc rocks of Late 
Jurassic age that now consist of altered sandstone and siltstone, slate, 
and metavolcanic flows and tuffs. Intruson by serpentine and ultrn
mafic igneous rocks, as well as by granite, accomplished the metamor
phism of these rocks and they now have no petroleum potential. They 
are locally overlain by sandstones, sandy siltstones, and a few conglo
meratic beds of Cretaceous age. 
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In the Blue Mountains area ( fig. 70) the pre-Tertiary rocks are more 
than 35,000 feet thick in tthe eastern part, and are about 20,000 feet thick 
in the western part. In the eastern part of the Blue Mountains area 
large bodies of intrusive igneous rocks occur, and mudstones, siltstones, 
and volcanic rocks of Permian age have been changed to argillites, 
schists, and greenstones. Similarly, Triassic and Jurassic limestones, 
mudstones and black shales have been metamorphosed to hornfels, 
slate, and argillite. The possibility of the discovery of oil and gas in 
these rocks in the eastern part of the Blue Mountains is nil. 

In the western part of the Blue Mountains area the oldest rocks 
are of Devonian and Mississippian age ( Baldwin, 1964 ; Buddenhagen, 
1967) . These oldest rocks, more than 2,000 feet thick, consist of 
fossiliferous gray limestones, shales, and sand9tones that are over
lain by Pennsylvanian nonmarine mudstones and conglomerates with 
plant fossils. A massive crinoidal limestone of early Permian age is 
the youngest Paleozoic formation present. Triassic and Jurassic rocks 
consist of conglomerates, sandstones, volcanic siltstones, mudstones, 
black shales, and graywackes as much as 18,000 feet thick. These 
rocks are among the least metamorphosed strata of this age anywhere 
along the Pacific margin of North America, and they are known to 
contain hydrocarbon indications at the outcrop. A petroliferous 
,Jurassic limestone occurs near the former site of the Suplee post office 
in Crook County ( Oregon Dept. Geol. and Min. Industries) ,  and 
geologists have reported small quantities of light oil in pre-Tertiary 
ammonites and brachiopods of Triassic age ( Buddenhagen, 1951 ; 
Stewart and Ne·wton, 1965 ) .  Petroliferous indications, possibly de
rived from these unmetamorphosed marine rocks, occur as oil-filled 
geodes and crevices in the overlying volcanic rocks. 

A third area of pre-Tertiary rocks occurs in southernmost Harney 
County (fig. 70) .  These rocks, which project northward into Oregon 
from Nevada, consist of a mixed assemblage of silicic grits, meta
volcanic rocks, and schistose metasedimentary rocks of Permian or 
Triassic age and granitic intrusive rocks of Mesozoic age (Walker 
and Repenning, 1965 ) .  They have no petroleum potential. 

Subsurface emploration.-Few wells have been drilled. in the 
Paleozoic-MesozOic areas of Oregon. Of the four wells drilled in the 
Klamath Mountains area the deepest, the RmDLl: Dayton well (34) in 
Douglas County reached onlv to 1 .370 feet. A small flow of gas was 
reported below 1 ,000 feet in this well ; none of the others repovted any 
shows. In the eastern part of the Blue Mountains area, in Baker 
County, the deepest well was drilled to 1 .700 feet. No shows were 
reported in this well, but in the BAKER Wil'liams well (35) , drilled 
to only 257 feet, small shows of gas and oil were reported. In parts of 
the Cenozoic volcanic area, however, five deep test wells that were 
spudded in Tertiary lavas encountered pre-Tertiary rocks before 
being abandoned (see subsurface exploration-Cenozoic volcanic 
area) . 

CENOZOIC VOLCANIC AREA 

As here used, the Cenozoic volcanic area covers more than one-third 
of the State and includes the Cascade Range, DPschutes-Umatilla 
Plateau, Joseph Upland, and western part of the High Lava Plains 
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physiographic provinces. This area is characterized by volcanic rocks, 
many thousands of feet thick, that consist of lava flows, volcanic 
breccias, and pyroclastic rocks of Eocene to Holocene age. 

Geology.-On the western side of the crest of the Cascade Range 
the volcanic rocks of the Cenozoic volcanic area are as much as 15,000 
feet thick, and in the western foothills of the range those of Eocene 
to Miocene age commonly overlie or intertongue with marine strata. 
At the south end the volcanic rocks overlie pre-Tertiary igneous and 
metamorphic rocks. The volcanic rocks of the W estern Cascade Range 
vary from olivine basalt through basaltic andesite and hypersthene 
andesite to dacite and rhyodacite ; those of the High Cascade Range 
are similar but contain more alumina and less iron oxide ( Peck and 
others, 1964) . 

East of the crest of the Cascade Range the volcanic rocks vary from 
basalt to rhyolite. They are about 15,000 feet thick, and in north
eastern Oregon presumably overlie pre-Tertiary rocks in most of 
the area. The volcanic rocks of Eocene age are mainly lava flows and 
volcanic breccia of andesitic composition ; those of l ate Oligocene and 
early Miocene age are mainly ash and ash-flow deposits of rhyolitic 
composition ; and those of middle Miocene and younger age are mainly 
flows of basalt and basaltic andesite. Surface indications of petroleum 
are found in volcanic rocks in Crook and Wheeler Counties surround
ing the unmetamorphosed pre-Tertiary marine rocks. Asphaltic resi
dues, possibly gilsonite, occur in quartz geodes and drusy cavities in 
quartz veins, possibly derived from some of the underlying marine 
sediments (Buddenhagen, 195 1 ) . 

For convenience a thin belt of upper Eocene nonmarine sedimentary 
rocks (W-ells and Peck, 1961) that crop out between the Cascarle Range 
and the Klamath Mountains have been included in the Cenozoic 
volcanic area. These rocks consist of a thick sequence of interbedded 
sandstone and shale with subordinate conglomerate lenses, and form 
a north-northwest-trending belt that is about 6 miles wide and ex
tends northward from the California border a distance of about 50 
miles (Wells and Peck, 1961 ) .  Samples of the shale from Shale City 
near Ashland were tested in laboratories of the U.S. Bureau of Mines 
and are reported to contain 35 t� 37 gallons of oil per ton (K. E .  Stan
field, written commun., 1965 ) .  

Subsurface explomtion.-Although more than 15  wells have been 
spudded in the Cenozoic volcanic area, few data have been provided 
concerning depth to basement or stratigraphy of the rocks below the 
Tertiary volcanics. The deepest test, the ST.\NDARD Kirkpatrick well 
(36) waR drilled to a total depth of 8.726 feet in Gilliam County. It 
was spudded in Miocene basalt, topped Oligocene pyroclastic rocks at 
2,440 feet. and entered Eoeene yolcanics at 3,760 feet. It was reported 
to have encountered pre-Tertiary marine sediments and vol�aniclastic 
rocks at 6,700 feet and to have had traces of hydrocarbons m cores at 
8,628 to 8,678 feet. Two other deep tests, drilled about 25 milPs to the 
southwest in 'Wheeler County, also spudrlerl in Cenozoic Yoleanie rocks 
and bottomed in pre-Tertiary sediments. The OnFIION PET Clarno well 
(37) was driJled to a total depth of 4,250 feet and passed through 
3,245 feet of Tertiary volcanic rocks before penetrating pre-Tertiary 
metasediments. About 1 mile to the south the CLARNO BASIN Burgess 
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well (38) was drilled to a total depth of 5,000 feet before encountering 
similar pre-Tertiary rocks. The Burgess well reported some gas con
taining about 65 percent methane, 5 percent ethane, and 30 percent 
nitrogen in several zones ( Stewart and Newton, 1965) ,  but no oil 
shows were reported in either well. About 40 miles farther southwest, 
in Jefferson County, the NoRTHWEST-CENTRAL Morrow Bros. well (39) 
was spudded in Pliocene and Pleistocene volcanic rocks on the Hay
creek anticline about 5 miles from a structural window of Mesozoic 
and Paleozoic metamorphic rocks. The well entered Miocene basalt 
at 1,080 feet, reached Oligocene volcaniclastic rocks at 2,330 feet, and 
drilled into Eocene lavas and pyroclastic rocks at 2,850. At 3,200 feet 
pre-Tertiary shale was encountered and 100 feet of shale was drilled 
before the well was abandoned at a depth of 3,300 feet. No shows were 
reported. Two other significant wells, both in Crook County, were 
spudded in the Cenozoic volcanic cover with the underlying pre
Tertiary rocks as objectives. The SuNRAY-S'I"ANDARD Bear Creek well 
( 40) was spudded in middle Miocene basalt, entered marine Mesozoic 
sediments at about 3,000 feet, penetrated into Paleozoic rocks at 7,800 
feet, and bottomed at 7,919 feet. Gas shows were reported in the in
terval 3,980 to 4,020 feet. The STANDARD Pexco-State well ( 41 ) was 
drilled through nearly 5,000 feet of Tertiary lavas and volcaniclastic 
rocks and 2,500 feet of pre-Tertiary ( ? ) marine and interbedded vol
caniclastic rocks before reaching the total depth of 7,594 feet. Traces 
of oil were reported in cores at 6,900 and 7,400 feet. 

Seven wells are recorded as having been drilled in the belt of non
marine upper Eocene sedimentary rocks near Medford in ,Jackson 
County ( Stewart and Newton, 1965 ) .  The deepest of these wells, the 
TRIGONIA OIL Co. well ( 42) ,  went to a total depth of 2,257 feet and 
reported unconfirmed oil and gas shows (Kellogg, 1921 ) .  

SUMMARY AND CONCLUSIONS 

Of the four areas discussed in this report, the Tertiary marine area 
probably has the best possibilities for oil or gas production in com
mercial quantity in Oregon for the following reasons : ( 1 )  Source beds 
in the form of thick organic-rich marine shales of Oligocene and 
Miocene age are present on the western side of the Coast Range and in 
the northern part of the Willamette trough. ( 2)  Sandstone and silt
stone units, which could serve as reservOir rocks, occur in the over
lying strata. The sandstone and siltstone units are, however, very 
tuffaceous ( ashy) , which reduces their porosity and permeability 
measurably. Only locally have porosity and permeability been found 
to be adequate for movement of fluid as required in petroleum pro
duction. (3) Anticlinal structures are present in many parts of the 
area, and although many of them remain untested, most of those rec
ognized in possible wedge-edge locations in the Willamette trough and 
in areas of thick marine beds in the coastal embayments have been 
tested. 

The results of the test wells drilled on the continental shelf have yet 
to be released, but pertinent conclusions can be drawn on the basis of 
cancellation and retention of lease blocks adjacent to the tracts tested. 
For example, cancellations occurred following the drilling of deep 
holes in the Alsea, Siletz, and Heceta blocks, whereas leases were re-
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tained in the Stonewall Bank and Heceta Bank areas. Depth of holes 
drilled thus far off the Oregon Coast demonstrates that sediments are 
at least 15,000 feet thick, and some reports suggest thicknesses in ex
cess of 20,000 feet. However, siltstones and mudstones are found to 
be the dominant rock types, with occassional tuffaceous sandstones. 
Apparently geologic conditions found to date in the offshore search 
are partly encouraging and partly discouraging (Newton, 1967) . 

The Tertiary nonmarine area is underlain by fluvial, swamp, and 
fresh-water lacustrine sediments associated with thin lignitic coal beds 
and varying amounts of extrusive volcanics, and has a history of many 
wells drilled, nearly all of which had small quantities of gas. Sedi
ments of this type generally cannot be expected to furnish commercial 
production of oil, but they cannot be completely ignored as potential 
dry gas producers. Organic matter in sufficient quantity could, under 
favorable structural and permeability conditions, provide commercial 
quantities of gas. 

· 

The Paleozoic-Mesozoic area includes in the western part of the 
Blue Mountains a large region of unmetamorphosed pre-Tertiary 
marine strata and interbedded volcanics. Although production has not 
been obtained from any well drilled to date, the presence of petroleum 
indications in the few test wells that have been drilled through the 
Cenozoic volcanic rocks into these pre-Tertiary rocks, as well as 
minor surface indications of hydrocarbons, suggests that this area of 
older rocks mav be worthy of additional study and exploratory tests. 

Lava flows, breccias, and pyroclastic rocks of the Cenozoic Yolcanic 
area are in themselves incapable of furnishing oil or gas in com
mercial quantities. The only possibility of commercial production 
from these rocks lies in encountering petroleum accumulations that 
have migrated upward into the volca11:ic rocks, or in tapping pools 
of oil or gas in the underlying marine sedimentary rocks. In this re
spect, two areas are of particular interest. One area lies along the 
eastern flank of the Willamette trough, where shorelines of the Eocene 
and Oligocene seas extended eastward to a position later conred by 
lava flows and pyroclastic rocks of late Eocene to late Miocene age. 
Stratigraphic traps may be present along these shorelines, but 
attempts to locate these shorelines have been unsuccessful in the two 
wells drilled thus far. The other area is that underlain by unmetamor
phosed marine strata of Mesozoic or Paleozoic age. In this area wells 
drilled through the lava cover into the pre-Tertiary rocks, although 
unsuccessful to date, have nevertheless had small petroliferous indi
cations. 

Oregon is known to contain source beds, reservoir rocks and struc
tural and stratigraphic traps within its sedimentary rock sequence. 
The reported oil and gas shows indicate that petroleum products have 
been generated and that some haYe accumulated into small local 
deposits. However, the complete absence of significant surface indica
tions in the form of oil seeps or large tar deposits, or important sub
surface accumulations of petroleum, is not encouraging. Nevertheless, 
in view of the fact that only an average of one well per 300 square miles 
has been drilled in the most promising areas, and that only 35 of the 
holes drilled to date were deep enough to explore adequately the exist
ing sedimentary sections, Oregon cannot yet be excluded from the ranks 
of potential producing areas. 
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GEOTHERMAL ENERGY 
( By L. H. Godwin, U.S. Geological Survey, Los Angeles, Calif., and N. V. Peterson, 

Oregon Department of Geology and Mineral Industries, Grants Pass, Oreg. ) 

The use of the earth's natural heat (geothermal energy) in the form 
of steam and hot water for the generation of electrical power, residence 
heating, and other industrial processes is becoming more and more 
important. The utilization of geothermal energy is not new ; apparently 
the Romans used natural steam and hot water throughout central 
Europe 2,000 years ago. With the fall of Rome, hot springs and 
fumaroles became curiosities again until the 19th century, when health 
resorts such as Hot Springs, Arkansas, became fashionable and ap
peared around most of the accessible hot springs. Finally, in 1904, at 
Larderello, Italy, the first well was drilled to produce geothermal 
steam for the generation of electricity. Present Italian geothermal 
steam production capacity is estimated to be about 350,000 kilow,atts 
( kw) . 

Almost half a century later New Zealand became the second country 
to develop steam for electrical power generation. In 1950, power plants 
using natural steam began generating electricity at W airakei, New Zea
land. The proven potential of the "\Vairakei steam field in 1964 was 
about 182,000 kw. Ten years later the United States became the third 
country to exploit geothermal steam for electrical power. In 1960, at 
The Geysers steam field in northern California, the Pacific Gas and 
Electric Co. began using natural dry steam to generate electricity 
(McNitt, 1963 ) .  Production from three units presently in operation is 
about 53,000 kw. A fourth unit rated at 27,500 kw IS scheduled for 
completion in 1968. By the end of 1967, power plants using naturally 
heated steam were also operating in Matsuo Village, Japan, and in 
Russia ; a pilot power plant was in operation at Cerro Prieto, Baja 
California, Mexico ; and the United Nat ions Organization was spon
soring development of geothermal energy in several smaller countries. 
Iceland, richly endowed with geothermal energy, has used this natural 
heat for domestic and industrial heating for many years (Bodvarsson 
and Zoega, 1964 ) ,  but has not yet used it for generation of electricity. 

Present United States production of electricity by geothermal steam 
is about 0.02 perc�nt of the total electric power produced. The current 
power production in the United States is about 250 million kw (Lake, 
1967 ) .  With our rapidly expanding population, the demand for elec
trical power is expected to double every 10 years. Thus, in 20 years 
this projected increase would require four times the power produced 
today, or 1 billion kw by 1987. In Rome, Italy, in 1961 at a United 
Nations conference concerning new sources of energy, it was stated that 
geothermal energy was probably the cheapest source of energy avail
able. Kaufman (1964) calculated that natural steam can generate elec
trical power for 2 to 3 mills per kw-hr, compared with conventional 
fossil fuel or nuclear generation at 5.47 to 7.75 mills. 

The geothermal steam industry is new in the United States, and 
Federal and State laws governing the exploration and exploitation of 
this energy are nonexistent or inadequate. The rapidly increasing tech
nical skills and relatively low cost suggest that a greater utilization of 
geothermal energy will take place in the near future if the new laws 
presently being formulated provide a profitable climate. 

21-829 0�69-20 
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One major economic consideration today in the utilization of a steam 
field is the proximity to population centers or transmission facilities, 
since the latter are required to transport the electricity from the power 
plant to the consumers. As more "clean air" laws are passed and the 
emission controls become more stringent, conventional fossil fuel gen
erating plants become more costly to operate in population centers. 
Geothermal steam la.cks objectionable fumes and should therefore re
ceive more attention as a possible source of power for the generation of 
electricity. However, impurities in the steam such as fluorine, boron, 
arsenic, and other salts may create effiuent problems and require treat
ment or subsurface disposal of waste fluids to prevent pollutwn. 

For a general discussion of geothermal energy and a fairly com
prehensive bibliography, see U.S. Geological Survey Circular 519 
( White, 1965 ) . The economic aspects of geothermal power have been 
evaluated by Kaufman ( 1964) , and some of the engineering problems 
have been summarized by Smith ( 1964 ) .  

GEOLOGIC OCCURRENCE 

The earth is a huge' reservoir of thermal energy, most of which is 
presently unusable by man. At the surface, the temperature of the 
earth is generally near the mean annual air temperature. The tempera
ture of the crust of the earth increases downward as a function of 
depth and the "geothermal gradient" or the rate of temperature 
change. The average geothermal gradient is about 1° F. per 100 feet of 
depth, but it varies from place to place in the earth's crust. In some 
areas, mainly those >vhere recent volcanoes have been active, the 
gradient is much higher, and there are usually surface indications in 
the form of hot springs or fumaroles. 

When ground water comes in contact with rocks whose temperature 
has been elevated, heat is transferred to the water by conduction. Con
vective transfer of fluids and heat occurs, and the warmer water moves 
upward and allows the cooler w ater to become heated. Generally hot 
water escapes to the surface, losing heat to the walls of the conduit on 
its trip upward. Frequently it also mixes with cooler ground water, 
so thrut when it arrives at the surface it has a lower temperature than 
the buried reservoir. 

In his discussion of the most favorable environment for a geothermal 
steam reservoir, White ( 1966) included three citeria : ( 1 )  a potent heat 
source, sueh as a magma ehamber 2 to 5 miles deep ; (2)  a reservoir 
rock with adequate volume, permeability, and porosity a't a depth of 
2,000 to 5,000 feet ; and ( 3) a cap rock with low permeability that 
inhibits loss of fluids and heat. A fourth, an adequate fluid recharge, 
might be added. 

White ( 1966 ) also classified geothermal reservoirs into two types : 
those with conduits to the surface allowing hot water or steam to escape 
through hot springs and fumaroles, and deep insulated resenoirs with 
impermeable cap rocks and little or no indication of heat at the surface. 
The second type are generally discovered accidentally. 

Most of the geothermal systems so far discovered and studied are 
dominated by liquid water, commonly above 212° F. because of the 
high pressures at depth. In such systems, steam ean only form near the 
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surface as pressure is decreased. Only two dry steam areas have been 
found : The Geysers, California ; and Larderello, Italy. In both locali
ties the temperature is so high and the rate of flow of water so low that 
the water is converted to steam even at pressures in excess of 300 psi. 

OCCURRENCES IN OREGON 

Oregon, along with the other western states, is within the zone of 
volcanic activity which surrounds the Pacific Ocean. At present, Or
egon is enjoying an inactive volcanic stage, but according to Peterson 
and Groh (1964) volcanism in Oregon should not be considered extinct, 
but dormant. 

Cooling igneous rocks are probably the major source of heat in the 
geothermal areas. In Oregon, late Cenozoic volcanism was confined to 
four contiguous physio�raphic divisions : The Cascade Range, the 
High Lava Plains, the Basin-Range, and the Owyhee Upland ( Groh, 
1966 ) .  It is not surprising therefore that almost 80 percent of the 
thermal springs known in Oregon occur within these divisions. 

The potential geothermal areas in Oregon are shown on figure 71 
and listed in table 126. Three of these areas have been tested for geo
thermal energy : Klamath Falls, Lakeview, and Crump Valley. As they 
appear to be the most favorable areas for commercial utilization, they 
are described briefly below. 

,Just north of Lakeview a group of hot springs known as Hunters Hot 
Springs (fig. 71, No. 1 )  occurs at the base of a steep fault escarpment 
on the east side of the Goose Lake graben. Tertiary volcanic rocks crop 
out in the escarpment, but in the valley near the hot springs several 
hundred feet of alluvium and Pleistocene lake beds are present. A 
shallow well drilled in 1923 has continued to erupt as "Old Perpetual" 
geyser. The 200° F. water from a shallow well heats a motel and resort, 
and other shallow wells nearby are used to heat residences. Nevada 
Thermal Power Co. drilled a wildcat test well on the east edge of this 
thermal zone but abandoned it about 650 feet depth because of drilling 
problems, so the steam potential is as yet untested. 

At Crump Valley, Oregon (fig. 71, No. 2 ) , in a similar geologic 
environment at the base of a steep fault escarpment, the Nevada 
Thermal Pmver Co. drilled another hole 1,684 feet deep. The well was 
tested and abandoned because the water temperature was only 170° F. 
Within a few days the well began to erupt large quantities of steam 
and water, and the eruptions continued for over a year (Peterson, 
1 959a ) .  Tufa, sinter mounds, and other small hot springs scattered for 
2 miles along a narrow elongate northwest-trending zone indicate 
thermal activity along the fault zone. 

At Klamath Falls, Oregon (fig. 71, No. 3) , hot water from springs 
and shallow wells has been used for over 50 years by the local residents. 
The hot water occurs in an elongate northwest-trending zone about 
half a mile wide and several miles long adjacent to promment normal 
faults \vithin the broad Klamath graben. The underlying rocks are 
Pliocene and Pleistocene lacustrine sediments with intercalated lava 
flows and pyroclastic rocks. This sequence is relatively impermeable, 
and only where it is broken by faulting does the hot water leak to the 
surface. The underlying rocks are believed to be fractured, scoriaceous 
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TABLE 26.-POTENTIAL AREAS FOR DEVELOPMENT OF GEOTHERMAL ENERGY IN OREGON 

Index number on figure 71 and 
thermal area Location 

Maximum . 
Maximum temperature °F 

depth 
Dates 
drilled Remarks and references 

Wells 
drilled for 

geothermal 
energy (feet) Subsurface Surface 

I. Lakeview _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 33, T. 38 S., R. 20 E., W.M., Lake County_ 650 133. 5 

2. Crump Valley ___ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 34, T. 38 S., R. 24 E., W.M., Lake County_ 1, 684 230-250 

3. Klamath Falls _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sees. 28, 29, 32, 33, T. 38 S., R. 9 E., W.M., 
Klamath County. 

350± I 100-1, 800 140-240 

4. Klamath Hills. _ _ _ _ _ _ _ _ _ _ _ _ _ _  T. 40 S., R. 9 E., W.M., Klamath County _ _ _ _ _ _ _  _ 300 

5. Vale Hot Spring _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 20, T. 18 S., R. 45 E., W.M., Malheur I 140 230? 
County . 

6. Mount Hood __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sec. 29, T. 2 S., R. 9 E., W.M., Clackamas 
County 

7. Carey Hot Springs _ _ _ _ _ _ _ _ _ _ _  Sec. 30, T. 6 S., R. 7 E., W.M. Clackamas 
County 

8. Breitenbush Hot Springs _ _ _ _ _ _  Sec. 20, T. 9 S., R. 7 E., W.M., Marion County _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - - - - - - - - - - _  
Alvord Valley: 

9. (a) Hot Lake _ _ _ _ _ _ _ _ _ _ _ _  Sec. 3, T. 37 S., R. 33 E., W.M. Harney County ________________ ______ - - -- - - - -- - - - - - - - -
10. (b) Mickey Springs _ _ _ _ _ _  Sec. l3, T. 33S., R. 35 E., W.M. Harney County _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - - - - - - - - -- - - _  

1 Average, 300. 

springs 

185 1959 Nevada Thermal Power Co. (Magma Power Co.). Geyser 
erupts every 10 seconds to 50 feet high; resort; 
space heating and bathing; temperature 230° F. 

200± 1959 Nevada Thermal Power Co. (Magma Power Co.). Bottom 
hole temperature survey not taken because hole 
bridged. 2 days after well abandoned it began to 

Ab"o'�?Ms
drlll�"l!��is\��

rl�§h.
1ro6��J��:f�r

n
at

13:�ta�s 
ranging from 100 to 1,800 feet. Heat is taken from 
the wells by a variety of heat exchange methods to 
provide space heating for schools, apartments, and 
mdustrial buildings and processes (Peterson and 
Groh, 1967). 

Several wells; large volumes of water are pumped to 
reservoirs, cooled, used for irrigation. 

198 ? I spring; bathing resort; well also has hot water (War-
ing, 1965). 

194 _ _ _ _ _ _ _ _ _ _  Several small springs (Waring, 1965). 

196 - - - - - - - - - - Several springs; bathing; sulfur odor (Waring, 1965). 

198 - - - -- - - - - - Resort; several springs (Waring, 1965). 

198 - - - - - - - - - - Sinter cone is arched; total solids in solution 0.15-
percent, B,o, 56 ppm (Libbey, 1960; Waring, 1965). 

198 - ---- _____ Several vents, pools, and sinter cones; activity formerly 
great (Waring, 1965; Libbey, 1960). 

� 0 � 
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lava flows of the Western Cascade volcanic series. About 350 wells 
have been drilled in and near Klamath Falls, and large amounts of 
hot water at 200° F. are found at about 250 to 300 feet depth. Very 
few of the hot wells are pumped. Instead, city water is circulated 
through a simple "U" coil heat exchanger immersed in the hot wells, 
and the hot city water is used to heat schools, businesses, and private 
residences. 

In the Klamath Hills area (fig. 71, No. 4) a few miles to the south 
in a similar geologic environment, wells also encounter large volumes 
of hot water at 250 to 300 feet depths. Preliminary geologic studies 
of these geothermal areas have been made (Peterson and Groh, 1967 ) ,  
but deeper drilling and additional detailed exploratory work are 
needed to determine the geothermal potential of these areas. 

SELECTED JREFERENCES 

Allen, J. E.,  1941, Chromite deposits in Oregon ( JRevised ed. ) : Oregon Dept. 
Geology and Mineral Industries Bull. 9, 71 p. 

--- 1941\, A vanadium-bearing black-sand d!'posit of middle Mesozoic age, in 
central Curry County, Oregon [Abs. ] : Geol. Soc. Oregon County Geol. News 
Letter, v. 11, no. 4, p. 21. 

--- 1946, Perlite deposits near the Deschutes JRiver, southern ·wasco Count�· : 
Oregon Dept. Geology and Mineral Industries GMI Short Paper, 16, 17 p. 

Allen, J. E.,  and Baldwin, E. M., 1944, Geology and coal resources of the Coos 
Bay quadrangle, Oregon : Oregon Dept. Geology and MinPral lndustriPs Bull. 
27, 153 p. 

Allen, J. E., and Mason, JR. S., 1949, Brick and tile industry in Oregon : Oregon 
Dept. Geology and Mineral Industries GMI Short Paper 19, 28 p. 

Allen, V. T., 1948, Formation of bauxite from basaltic rocks of Oregon : Econ. 
Geology, v. 43, no. 8, 12 p. 

AllPn V. T., Loofbourow, J. S. Jr., and Nichols, JR. L., 1951, The Hobart Butte 
high-alumina clay deposit, Lane County, Oregon : U.S. Geol. Survey Cir. 143, 
11 p. 

All'ison, I .  S., 1933, New version of the Spokane flood : Geol. Soc. America Bull., 
v. 44, no. 4, p. 675-722. 

--- 1953, Geology of the Albany quadrangle, Oregon : Orpgon Dept. Geology 
and Mineral Industries Bull. 37, 18 p. 

--- 1966, Fossil Lake, Oregon, its geology and fossil faunas : Orpgon Stat!' 
Univ. Press, Studies in Geology No. 9, 48 p. 

Allison, I. S., and Mason, R S. 1947, Sodium salts of Lake Count�·, Oregon : 
Or!'gon Dept. Geology and Mineral Industries GMI Short Paper 17, 12 p. 

Appling, JR. N., Jr., 1958, Manganese deposits of southwest!'rn Or!'gon : U.S. 
Bur. Mines JRept. Inv. 5369, 56 p. 

--- 1959, Manganese deposits of northeastern Oregon : U.S. Bur. Mines JRept. 
Inv. 5472, 23 p. 

Averitt, Paul, B!'rryhill, L. JR., and Taylor, D. A., 1953, Coal resources of the 
United States ( a  progress report, October 1, 1953 ) : U.S. GPo!. Survey Circ. 
293, 49 p. 

Bailey, E. H., and Smith, JR. M., 1964, Mercury-its occurr!'nce and economic 
trends : U.S. Geol. Survey Circ. 426, 11 p. 

Baldwin, E. M., 1955, Geology of the Marys Peak and Alsea quadrangles, Oregon : 
U.S. Geol. Survey Oil and Gas Inv. Map. OM-162. 

--- 1956, Geologic map of the lower Siuslaw JRiver area, Oregon : U.S. Geol. 
Survey Oil and Gas Inv. Map. OM-186. 

--- 1959, Geology of Oregon : Ann Arbor, Mich., Edwards Bros., Inc., 136 p. 
--- 1961, Geologic map of the lower Umpqua JRiver area, Oregon : U.S. Geol. 

Survey Oil and Gas Inv. Map. OM-204. 
--- 1964a, Geology of The Dalles and Valsetz quadrangl!'s, Oregon, r!'vised Pd. : 

Oregon Dept. Geology and Mineral Industries Bull. 35, 56 p. 
--- 1964b, Geology of Oregon, 2d ed. : Ann Arbor, Mich.,  Edwards Bros., Inc. 

( distributed by Univ. of Oregon Cooperative Book Store, E.ugene, Oreg. ) ,  16.'5 p. 
--- 1965, Geology of the south end of the Oregon Coast JRange Tertiary basin : 

Northwest Sci., v. 39, no. 3, pp. 93-103. 



305 

--- 1966, Some revisions of the gwlogy of the Coos Bay area, Oregon : Ore 
Bin, v. 28, no. ll, p. 189-203. 

Baldwin, E. M., and Roberts, A. E., 1952, Geology of the Spirit Mountain 
quadrangle, northwestern Oregon : U.S. Geol. Survey Oil and Gas Inv. Map 
0�1-129. 

Baldwin, E. M., Brown, R. D., Jr., Gair, J. E., and Pease, M. H., Jr., 1955, 
Geology of the Sheridan and McMinnville quadrangles, Oregon : U.S. Geol. 
Survey Oil and Gas Inv. Map OM-155. 

Baroch, C. T., 1966, Uranium : U.S. Bur. Mines Minerals Yearbook 1965, v. 
1, p. 973-991. 

Barrer, R. M., and Makki, M. B., 1964, Molecular sieve sorbents from clinop
tilolite : Canadian Jour. Chemistry, v. 42, p. 1481-1487. 

Barton, W. R., 1965, Gypsum, in Mineral facts and problems : U.S. Bur. Mines 
Bull., 630, p. 411-421. 

Baskin, Yehuda, 1956, A study of authigenic feldspars : Jour. Geology, v. 64, 
p. 132-155. 

Bell, G. L., 1945, Laterite deposits and occurrences in the Portland region, 
Oregon : U.S. Geol. Survey open-file report, 16 p. 

Bengston, K. B . ,  1956, Magnesium from olivine via chlorination : a possibility : 
The Trend in Engtneering at the University of Washington ; Univ. Wash. 
[ Seattle] Eng. Expt. Sta. Quart., Jan. 1956, p. 21-26 and 35-36. 

Berg, J. W., Jr., and Thirnvathukal, J. V., 1965, Gravity base station network, 
Oregon : Jour. Geophys. Research, v. 70, p. 3325-3330. 

--- 1967a, Free-air gravity anomaly map of Oregon : Oregon Dept. Geology 
and Mineral Industries Map GMS-4a. 

--- 1967b, Complete Bouguer gravity anomaly map of Oregon : Oregon Dept. 
Geology and Mineral Industries Map GMS--4b. 

--- 1967c, Regional gravity of Oregon : Ore Bin, v. 29, no. 6, p. 120-126. 
Blake, W. P., 1854, On gold and platinum of Cape Blanco [Oalif.] : Am. Jour. Sci., 2d ser., v. 18, p. 156. 
--- 1855, Observations on the extent of the gold region of California and 

Oregon : Am. Jour. Sci., 2d ser., v. 20, p. 72-85. 
Blank, H. R., Jr., 1965, Gravity data in southwest Oregon : U.S. Geol. Survey open

file report, 63 p. 
--- 1966, General features of the Bouguer gravity field in southwestern Ore

gon : U.S. Geol. Survey Prof. Paper 550-C, p. 113-119. 
Bodvarsson, Gunnar, and Zoega, Johannes, 1964, Production and distribution of 

natural heat for domestic and industrial heating in Iceland, in Geothermal 
energy, II : United Nations Oonf. New Sources Energy, Rome, 1961, Proc., v. 3, 
p. 449--455. 

Bogert, J. R., 1960, How ferronickel is produced from low grade laterite by the 
Ugine process : Mining World, v. 22, no. 11, p. 33-37. 

Bostwick, D. A., and Koch, G. S., Jr., 1962, Permian and Triassic rocks of 
northeastern Oregon : Geol. Soc. America Bull., v. 73, no. 3, p. 419-422. 

Bowen, 0. E., Jr., 1957, Limestone, dolomite and lime products, in Mineral com
modities of California : California Div. Mines and Geology BuN. 176, p. 293-
aoo. 

Bowen, 0. E., Jr., and Gray, C. H., Jr., 1957, Mines and mineral de))OSiits of 
Mariposa County, California : California Jour. Mines and Geology, v. 53, 
nos. l-2, p. 34-343. 

Bowen, R. G., Gray, W. L., and Gregory, D. C., 1963, General geology of the 
northern Juntura Basin, in The Juntura Basin : studies in earth history and 
paleoecology : Am. Phil. Soc. Trans., v. 53, pt. 1,  p. 22-34. 

Bmvles, Oliver, 1934, The stone industries, 1st ed. : New York, McGraw-Hill 
Book Co., Inc., 519 p. 

--- 1958, Stone cutting and polishing : U.S. Bur. Mines Inf. Circ. 7863, 
26 p. 

Bright, J. H., and Ramp, Len, 1965, Oregon's asbestos potential : Ore Bin, v. 
27, no. 3, p. 4r�. 

Bromery, R. W., 1965, Aeromagnetic map of the Albany-Newport area, Oregon, 
and its geologic interpretation : U.S. Geol. Survey Geophys. Inv. Map GP-
481. 

Bromery, R. W., and Snavely, P. D., Jr., 1964, Geologic mterpretation of re
connaissance gravity and aeromagnetic surveys in northwestern Oregon : U.S. 
Geol. Survey Bull. 1181-N, p. N1-N13. 



306 

Brooks, H. C., 1963, Quicksilver in Oregon : Oregon Dept. G€ology and Mineral 
Industries Bull. 55', 223 p. 

--- 1967, Distinctive conglomerate layer near Lime, Baker County, Oregon : 
Ore Bin, v. 29, no. 6, p. 113-119. 

Brooks, H. C., and Ramp, Len, 1968, Gold and silver in Oregon : Oregon Dept. 
Geology and Mineral IndustriE>s Bull. 61, 338 p. 

Brooks, H. 0., and Vallier, T. L., 1967, Grology of part of the Snake River 
Canyon, Oregon and Idaho : Ore. Bin. v. 29, no. 12, p. 233-262. 

Brown, C. E., 1961, Prehnite-pumpE>llyite mE>tagraywacke facies of upper Tria,ssic 
rocks, Aldrich Mountains, Oregon : U.S. Geol. Survey Prof. Paper 424--C, 
p. C146--C147. 

Brown, C. E., and Thayer, T. P., 1963, Low-grade mineral faciE's in upppr 
Triassic and lower Jurassic rocks of the Aldrich Mountains, Oregon : Jour. Sed. 
Petrology, v. 33, p. 411--425. 

--- 1966a, Geologic map of the Aldrich Mountain quadrangle, Grant County, 
Oregon : U.S. Geol. Survey Geol. Quad. Map GQ--438. 

--- 1966b, Geologic map of the Canyon City quadranglE>, northE>astPrn OrE>gon : 
U.S. Geol. Survey Misc. Gt>ol. Inv. Map 1-447. 

--- 1966c, Geologic map of the Mount Vernon quadrangle, Grant County, 
Oregon : U.S. Geol. Survey Geol. Quad. Map GQ-548. 

Brown, R. E., 1962, The use of clinoptilolite : Ore Bin, v. 24, no. 12, p. 193-
197. 

Brown, R. E., and Waters, A. C., 1951, Quicksilver deposits of the Bonanza
Nonpareil district, Douglas County, Oreg. : U.S. Geol . Survey Bull. 955-F, 
p. 225-251. 

Brown, R. W., 1957, Plantlike ft>atures in thunder-eggs and geodes : Smithsonian 
lust. Ann. Rept. 1956, p. 329-339. 

Browne, J. R., and Taylor, J. ,V. ,  1867. Reports upon the mineral resources of 
the United States : Washington, D.C., U.S. Govt. Printing Office, 360 p. 

Buddenhagen, H. J., 1951, Possible future pE>troleum provinees of :\'orth America
Oregon : Am. Assoc. Petroleum Geologists Bull., v. 35, no. 2, p. 193-199. 

--- 1967, Structure and orogenic history of the southwestern part of the 
John Day uplift, Oregon : Ore Bin, v. 29, no. 7, p. 129--138. 

Buddington, A. F., and Callaghan, Eugene, 1936, Dioritic intrusive rocks and 
contact metamorphism in the Cascade Range in Oregon : Am. Jour. Sci., 
5th ser., v. 31, no. 186, p. 421--449. 

Burchard, E. F., 1911 Gypsum : U.S. Geol. Survey Mineral Resources U.S. 
1 910, pt. 2, p. 717-733. 

Burns, A. F., and Smith, A. 1\L, 1965, Pulverized serpE>ntine as a source of avail
able magnesium : Agri. Chemistry, v. 20, no. 9, p. 23-26. 

Butler, G. M., and Mitchell, G. J., 1916, Preliminary survey of the geology and 
mineral resources of Curry County, Oregon : Mineral Resources of Oregon, 
Oregon Bur. Mines and Geology, v. 2, no. 2, 133 p. 

Ruwalda, J. P., 1921, Report on oil and gas possibilities of t>astern Oregon : 
Mineral Rt>sources of Oregon, Oregon Bur. MinE'S and Geology, v. 3, no. 2, 
47 p. 

Byrne, J. V., 1962, Gemorphology of thE' continental terrace off the central coast of Oregon : Ore Bin, v. 24, no. 5, p. 65--74. 
--- 1963, Gt>morphology of the continental terrace off the northern coast of 

Oregon : Ore Bin, v. 25, no. 12, p. 201-209. 
--- 1964, The oceans : a nPgleeted mining frontier : Ore Bin. v. 26, no. 4, 

p. 57-69. 
Callaghan, Eugene, 1933, Some features of the volcanic sequence in the Cascade 

Range in OrPgon : Am. Geophys. Union Tram;, 14th Ann. Mtg., p. 243-249. 
Callaghan, Eugene, and Buddington, A. F., 1938, Metalliferous mineral deposits of 

the Cascade Range in Oregon : U.S. Geol. Survey Bull, 893, 141 p. 
Oampbell, 1\I. R., 1913, 'l'he coal rPsourcl's of the world : Internat. Geo·l. Cong 

[ Toronto ] ,  12th sess., v. 2, p. 525-539. 
Campbell, )1. R., and Clark, F. R., 1916, Analyses of C()al seams from various 

parts of the United Stab's : U.S. Geol. Survey Bull. 621, p. 231-370. 
CartPr, G . .  J., Harris, H. 1\L, and StrandbPrg, K. G., 1964, Benefication studies 

of the Oregon coastal dune sands for use as glass sand : U.S. Bur. Mines H.ept. 
luv. 6484, 21 p. 

Chase, A. W., 1873, On the Oregon borate of lime ( cryptomorphite ? ) ' : Am . .  Jour. 
Sci., 3d serv., v. 5, p. 287, 290. 



307 

Chatard, T. M., 1890, Natural soda ; its occurrence and utilization, in Report 
of work done in the division of chemistry and physics, mainly during the fiscal 
year 1887-88 ; U.S. Geol. Survey Bull. 60, p. 27-101. 

Chiburis, E. 1<'., 1965, Crustal and sub-crustal investigations in the Pacific North
west states from surface wave dispersion : Am. Geophys. Union Trans., v. 46, 
no. 1, p. 156. 

Clark, F. W., 1888, Some nickel ores from Oregon : Am. Jour. Sci., 3d serv., v. 
35, p. 485. 

Clifton, H. E. , HuiJert, Arthur, and Phillips, R. L., 1967, Marine sediment 
sample preparation for analysis of low concentrations of fine detrital gold : 
U.S. Geol. Survey Circ. 545, 11 p. 

Cobalt Information Center (in collaboration with Battelle Memorial Institute ) ,  
1960, CoiJalt monograph : Centre d'Information Du Cobalt, Belgium, M. 
Weissenbruch Ltd., 515 p. 

Cochran, N. P., and StaiJer, G. 1., 1967, Progress in producing useful hydro
carbons from coal : Jour. Petroleum Technology, v. 19, No. 10, p. 1345-1350. 

Collier, A. J., 1914, The geology and mineral resources of the John Day region : 
Mineral Resources of Oregon, Oregon Bur. Mines and Geology, v. 1, no. 3, 
47 p. 

Collins, R. P., Gray, J. J., and Kingston, G. A., 1967, The mineral industry of 
Oregon : Preprint from U.S. Bur. Mines YeariJook 1966, v. 3, 11 p. 

Condon, Thomas, 1902, The two islands : Portland, Oreg., 211 p. 
Cooper, W. S., 1958, Coastal sand dunes of Oregon and Washington : Geol. Soc. 

America Mem. 72 169 p. 
Corcoran, R. E., and Libbey, F. W., 1956, Ferruginous bauxite deposits in the 

Salem Hills, Marion County, Oregon : Oregon Dept. Geology and Mineral 
Industries Bull. 46, 53 p. 

Corcoran, R. E., Doak, R. A., Porter, P. W., Pritchett, F. I. J"r. and Privrasky, 
N. C. 1962 Geology of the Mitchell Butte quadrangle Oregon : Oregon Dept. 
Geology and Mineral Industries Geol. Map Ser. Gl\IS 2. 

Cornwall, H. R., 1966, Nickel deposits of North America : U. S. Geol. Survey 
Bull. 1223, 62 p. 

Curran, M. D.,  1944, Report of investigations concerning the development of 
coal production in the Coos Bay region of Oregon in Allen, J. E., and Baldwin, 
E. M.,  1944, Geology and coal resources of the Coos Bay quadrangle, Oregon : 
Oregon Dept. Geology and Mineral Industries Bull. 27, 157 p. 

Dake, H. C., 1941, The gem minerals of Oregon, 3d printing : Oregon Dept. 
Geology and Mineral Industries Bull. 7, 15 p. 

Dake, H. C., Fleener, F. L., and Wilson, B. H., 1938, Quartz family minerals, 
a handbook for the mineral collector : York Pa. Whittlesey House ( Div. of 
McGraw-Hill Book Co. Inc. ) ,  304 p. 

Daniels, Joseph, 1920, The coking industry of the Pacific : Univ. Wash. [ Se
attle] Eng. Expt. Sta. Bull, 9, p. 8--,33. 

Dasher, John, Frass, Foster, and Gabriel, Alton, 1942, Mineral dressing of Ore
gon beach samds : U.S. Bur. Mines Rept. Inv. 3668 19 p. 

Day, D. T., and Richards, R. H., 1906, Black sands of the Pacific Slope : U.S. 
Geol. Survey Mineral Resources U.S. 1905, p. 1175-1246. 

Dehlinger, Peter, and French, ·w. S., 1965, Investigations on the nature of post
Pn waves : Am. Geophys. Union Trans., v. 46, no. 1 p. 156. 

Dehlinger Peter, and other,:, 1967, Free-air gravity anomaly map west of Ore
gon : Oregon Dept. Geology and Mineral Industries Map GMS-4c. 

Dennis, W. B., 1902, A borax mine in southern Oregon : Eng. and Mining Jour., 
V. 73, p. 581. 

Dicken, S. N., 1950, Oregon geography, 1st ed. : Ann Arbor, Mich., Edwards 
Bros., Inc. 104 p. 

--- 1955, Oregon geography : Ann Arbor, Mich., Edwards Bros., Inc., 127 p. 
Dickinson, W. R., 1962a, Metasomatic quartz keratophyre in central Oregon : 

Am. Jour. Sci., v. 260, 11. 249-266. 
--- 1962b, Petrology and diagenesis of Jurassic andesite strata in central 

Oregon : Am. ;Jour. Sci., v. 260, p. 481-500. 
Diekinson, W. R., and Vigrass, L. W., 1965, Geology of the Suplee-Izee area, 

Crook, Grant and Harney Counties, Oregon Dept. Geology and Mineral Indus
tries Bull. 58, 109 p. 

Diller, J. S., 1896, A geological re<:onnaissance in the northwestern Oregon : U.S. 
Geol. Survey 17th Ann. Rept., pt. 3, p. 441-520. 



308 

--- 1898, Description of the Roseburg quadrangle [ Oregon] : U.S.  Geol. 
Survey Geol. Atlas, Folio 49, 4 p. 

--- 1899, The Coos Bay coal field, Oregon : U.S. Geol. Survey Ann. Rept. 19, 
pt. 3, p. 309-376. 

--- 1900, The Bohemia mining region of western Oregon : U.S. Geol. Survey 
20th Ann. Rept., pt. 3, 1-36. 

--- 1901, Description of the Coos Bay quadrangle, Oregon : U.S. Geol. Survey 
Geol. Atlas, Folio 73, 5 p. 

--- 1902, Topographic development of the Klamath Mountains : U.S. Geol 
Survey Bull. 196, 69 p. 

--- 1903, Description of the Port Orford quadrangle, Oregon : U.S. Geol. Sur· 
vey Geol. Atlas, Folio 89, 6 p. 

--- 1909, The Rogue River valley coal field, Oregon : U.S. Geol. Survey 
Bull. 341-C, 401--405. 

--- 1914, Mineral resources of southwestern Oregon : U.S. Geol. Survey Bull. 
546, 147 p. 

Diller, J. S., and Ka-y, G. F. , 1924, Riddle, Oregon : U.S. Geol. Survey Geol. Atlas, 
Folio 218, 8 p. 

Diller, J. S., and Pishel, M. A., 1911, Preliminary report on the Coos Bay coal 
field, Oregon : U.S. Geol. Survey Bull. 431-B, p. 190-228. 

Dole, Hollis, Libbey, F. W., and Mason, R. S.,  1948, Nickel-bearing laterite areas 
of southwest Oregon : Ore.-Bin, v. 10. no. 5. p. 33-38. 

Donath, F. A., 1962, Analysis of Basin-Range structure, south-central Oregon : 
Geol. Soc. America Bull., v. 73, p. 1-16. 

Dott. R. H., Jr., 1965, Mesozoic-Cenozoic tectonic history of the southwestern 
Oregon coast in relation to Cordilleran orogenesis :  Jour. Geophys. Research, 
v. 70, no. 18, p. 4687--4707. 

- -- 1966, Eocene deltaic sedimentation at Coos Bay, Oregon : Jour. Geology, 
v. 74, no. 4, p. 373--420. 

Duncan, D. C., 1953, Geology and coal deposits in part of the Coos Bay coal field, 
Oregon : U.S. Geol. Survey Bull. 982-B, p. 53-73. 

Duncan, D. C., and Swanson, V. E., 1965, Organic-rich shal·e of the linited States 
and world land areas : U.S. Geol. Survey Circ. 523, 30 p. 

Eakle, A. S., 1898, Erionite, a new zeolite : Am. Jour. Sci., v. 6, p. 66--68. 
Eberly, P. E., Jr., 1964, Adsorption properties of naturally occurring erionite and 

its cationic-exchanged forms : Am. Mineralogist, v. 49, nos. 1 and 2, p. 30--40. 
Emilia, D. A., Berg, J. W., and Bales, W. E., 1966, A magnetic survey of the 

Pacific Northwest coast : Ore Bin, v. 28, no. 12, p. 205--210. 
Engel, A. E. J., Engel, C. G., and Havens, R. G., 1965, Chemical eharacteristics 

of oceanic basalts and the upper mantle : Geol. Soc. America Bull., v. 76, no. 7, 
p. 719-734. 

Englehard Industries, Inc., The physical properties of the noble metals : Engle
hard Industries Technical Bulletin, v. 6, no. 3, p. 61-85. 

J!Jubanks, Wallace, 1960, Fossil woods of Oregon : Ore.-Bin, v. 22, no. 7, p. 65-72. 
--- 1966, Fossil woods supplement knowledge of the Succor Creek fossil flora : 

Ore Bin, v. 28, no. 10, p. 173-181. 
Everest, D. A., Napier, E., and Wells, R. A., 1964, Extraction of potassium from 

adularia shale : Chern. and Ind., v. 40, p. 1684--168G. 
Evernden, .T. F., and James, G. T., 1964, Potassium-argon dates and the Ter

tiary floras of North America : Am. Jour. Sci., v. 262, no. 8, p. 945-974. 
Evernden, ,J. F., Savage, D. E., Curtis, G. H., and James, G. T., 1964, Potassium

argon dates and the Cenozoic mammalian chronology of North America : Am. 
Jour. Sci., v. 262, no. 2, 145--198. 

Eyles, V. A., 1952, The composition and origin of the Antrim laterites and 
bauxites : Northern Ireland Geol. Survey Mem., 90 p. 

Felts, W. M., 1954, Occurrence of oil and gas and its relation to possible source 
beds in contin('ntal Tertiary of Intermountain R('gion : Am. Assoc. Petroleum 
Geologists Bull., v. 38, no. 8, p. 1661-1670. 

Fenneman, N. M., 1932, Physiography of western Pnited Stat('s : New York, 
McGraw-Hill, 434 p. 

Fisher, R. V., 1962, Clinoptilolite tuff from the John Day Formation, eastern 
Oregon : Ore Bin, v. 24, no. 12, p. 197-203. 

--- 1963, Zeolite-rich beds of the John Day Formation, Grant and Wheeler 
Counties, Oregon : Ore Bin. v. 25, no. 11, p. 185--197. 

Flint, R. 1!'. ,  1938, Origin of the Cheney-Palouse scabland tract, Washington : 
Geol. Soc. America Bull., v. 49, no. 3, p. 461-523. 



309 

Freeman, 0. "\V. ,  Forrester, J. D., and Lupher, R. L., 1945, Physiographic divi
sions of the Columbia Intermontane Province : Assoc. Geographers Annals, 
v.  35, no. 2, p. 53-75. 

Fritzen, D. K., 1959, The rock-hunter's field manual--a guide to identification of 
rocks and minerals : New York, Harper & Bros. Pubs., 207 p. 

Fronde!, Clifford, 1962, Silica minerals, v. 3 of Dana's system of mineralogy, 7th 
ed. : New York, John Wiley & Sons, 334 p. 

Fryxell, Roald, 1965, Mazama and Glacier Peak volcanic ash layers : relative 
ages : Sci., v. 147, no. 3663, p. 1288-1290. 

Fuller, R. E., 1931, The geomorphology and volcanic sequence of Steens Moun
tain in southeastern Oregon : Washington Univ. Pub. in Geology, v.  3, no. 1, p. 
1-130. 

Fuller, R. E., and Waters, A. C., 1929, The nature and origin of the horst and 
graben structure of southern Oregon : Jour. Geology, v. 37, no. 3, p. 204-238. 

Fursman, 0. C., Blake, H. E., Jr., and Mauser, J. E., 1968. Recovery of alumina 
and iron from Pacific Northwest bauxites by the Pedersen process : U.S. Bur. 
Mines Rept. Inv. 7079, 22 p. 

GalE', H. S., 1921, Priceite, the borate mineral in Curry County, Oregon : Mineral 
and Sci. Press, v. 123, no. 26, p. 895-898. 

Gee, E. A., McCarthy, C. E., Riordan, F. S., Jr., and Pawel, M. T., 1946, Magnesia 
from olivine : U.S. Bur. Mines Rept. Inv. 3938, 33 p. 

Gilluly, James, 1933a, Copper deposits near Keating, Oregon : U.S. Geol. Survey 
Bull. 830-A, p. 1-32. 

--- 1933b, Replacement origin of the albite granite near Sparta, Oregon : U.S. 
Geol. Survey Prof. Paper 175-C, p. 65-81. 

--- 1937, Geology and mineral resources of the Baker quadrangle, Oregon : 
U.S. Geol. Survey Bull. 879, 119 p. 

Gilluly, James, Reed, J .C., and Park, C. F., Jr., 1933, Some mining districts of 
eastern Oregon : U.S. Geol. Survey Bull. 846-A, p. 1-140. 

Goodspeed, G. E., 1939, Geology of the gold quartz veins of Cornucopia : Am. Inst. 
Mining Metal!. Engineers Tech. Pub. 1035, 18 p. 

Grant, U.S., and Cady, G. H., 1914, Preliminary report on the general and 
economic geology of the Baker district of eastern Oregon : Mineral Resources of 
Orpgon, OrE'gon Bur. Mines and GE'ology, v. 1, no. 6, p. 129-161. 

Griggs, A. B., 1945, Chromite-bearing sands of the southern part of the coast of 
Oregon : U.S. Geol. Survey Bull. 945-E, p. 113-150 [ 1946] . 

Groh, E. A., 1966, GE'othermal energy potential in Oregon : Ore Bin, v. 28, no. 7, 
p. 125--135. 

Hampton, E. R., and Brown, S. G., 1964, Geology and ground-water resources 
of the upper Grande Ronde River basin, Union County, Oregon : U.S. Geol. 
Survey Water-Supply Paper 1597, 99 p. 

Harrison and Eaton [firm] , 1920, Report on investigation of oil and gas possi
bilities of western Oregon : Mineral Resources of Oregon, Oregon Bur. Mines 
and Geology, v. 3, no. 1, 40 p. 

Hay, R. L., 1962, Origin and diagenetic alteration of the lower part of the John 
Day Formation near Mitchell, Oregon, in Petrologic studies ( Buddington vol
UmE') : Geol. Soc. America, p. 191-216. 

--- 1963, Stratigraphy and zeolitic diagenesis of the John Day Formation 
of Oregon : California Univ. Pubs. Geol. Sciences, v. 42, p. 199-262. 

--- 1964, Phillipsite of saline lakes and soils : Am. Mineralogist, v. 49, nos. 
9 and 10, p. 1366-1387. 

--- 1966, Zeolites and zeolitic reactions in sedimentary rocks : Geol. Soc. 
America Spec. Paper 85, 130 p. 

HE'llwig, K. C., Feigelman, S., and Alpert, S. B., 1967, H-oil upgrading of shale 
oil feeds, in Fourth symposium on oil shale : Colorado School Mines Quart., 
v. 62, no. 3, p. 123. 

Hergert, H. L . .  1961, Plant fossils in the Clarno Formation, Oregon : Ore.-Bin, 
v. 23, no. 6, p. 55-62. 

Hess, F. L., and Larsen, E. S., 1922, Contact-metamorphic tungsten deposits of 
the United States : U.S. Geol. Survey Bull. 725-D, p. 245--309. 

Hewett, D. F., 1931, Zonal relations of the lodes of the Sumpter quadrangle 
[Oregon],  in Transactions ( General volume) : Am. lust. Mining Metal!. Engi
neers Trans., p. 305--346. 

Higgins, M. W., and "\Vaters, A. C., 1967, Newberry caldera, Oregon : a preliminary 
report : Ore-Bin. v. 29, no. 3, p. 37-60. 



310 

Hill, J. M., 1916, Platinum and allied metals, in Mineral Resources of the United 
States 1914, pt. 1,  Metals : U.S. Geol. Survey, p. 333---352. 

Hodge, E. T., 1933, Age of the Columbia River and lower canyon [abs.J : Gt'Ol. 
Soc. America Bull., v. 44, pt. 1, p. 156---157. 

--- 1938a, Geology of the lower Columbia River : Geol. Soc. America Bull., 
v. 49, no. 6, p. 831-930. 

--- 1938b, Limestones of the Northwest States, sec. 3 ( Northwest limestones ) ,  
v. 1 ,  pt. 1 ,  of Market for Columbia River hydroelpctric power using Northwest 
minerals : Portland, Oreg., War Dept. , Corps of Engineers, U.S. Army, 311 p. 

--- 1938c, Oregon, in Report on available raw materials for a Pacific Coast 
iron industry ( Information on additional iron ores of the Northwest ) :  U.S. 
Army, ,._ 5, pt. 1, p. 58--72. 

--- 1938d, Preliminary report on some Northwest manganese deposits�their 
possible exploration and uses : Portland, Oreg., 'Var Dept. ,  Corps of Engineers, 
U.S. Army, 91 p. 

Hogenson, G. M., 1964, Geology and ground water of the Umatilla Rin•r basin, 
Oregon : U.S. Geol. Survey Water-Supply PapPr 1620, 162 p. 

Hoover, Linn, 1963, Geology of the Anlauf and Drain quadrangles, Douglas and 
Lane Counties, Ort>gon : U.S. Geol. Survey Bull. 1122-D, 62 p. 

Hopkins, W. S., 1967, Palynology and paleoecological application in the Coos 
Bay area, Oregon : Ore Bin, v. 29, no. 9, p. 161-172. 

Hornor, R. R., 1918, Notes on the black-sand deposits of southern Ort>gon and 
northern California : U.S. Bur. Mines Tt>ch. PapPr 196, 42 p. 

Hotz, P. E. ,  1953, Limonite deposits near Scappoose, Columbia County, Oregon : 
U.S. Geol. Survey Bull. 982-C, p. 75--93. 

--- 1964, Nickeliferous laterites in southwestern Oregon and northwestern 
California : Econ. Geology, v. 59, no. 3, p. 355--396. 

Howard, J. K., and Dott, R. H., .Jr., 1961, Geology of CaPt> Sebastian State Park 
and its regional relationships : Ore.-Bin, v. 23, no. 8, p. 75-81. 

Hundhausen, R. J., 1947, Chromiferous sand deposits in the Coos Bay area, Coos 
County, Ort>gon : U.S. Bur. Mines Rept. Inv. 4001, 13 p. 

--- 1952, Investigation of Shamrock copper-nickel mine, Jackson County, 
Oregon : U.S. Bur. Mines Rept. Inv. 4895, 12 p. 

--- 1956, Preliminary investigation of the Takilma-Waldo copper district, 
Josephine County, Oregon : U.S. Bur. Mines Rept. Inv. 5187, 22 p. 

Hundhausen, R. J., Banning, L. H., Harris, H. M., and Kelly, H. J., 1956, Explora
tion and utilization studies, John Day chromites, Oregon : U.S. Bur. Mines 
Rept. Inv. 5238, 67 p. 

Hundhausen, R. J., McWilliams, J. R., and Banning, L. H., 1954, Preliminary 
investigation of the Red Flats nickel deposit, Curry County, Oregon : U.S. 
Bur. Mines Rept. Inv. 5072. 19 p. 

Hunter, C. E., 1941, Forsterite olivine deposits of North Carolina and Georgia : 
North Carolina Dept. Conserv. and Devel. Div. Mineral Resources Bull. 41, 
117 p. 

Imlay, R. ,V.,  1961, Late Jurassic ammonites frQlll the western Sierra Nevada, 
California : U.S. Geol. Survey Prof. Paper 374-D, p. D1-D30. 

Imlay, R. W., Dole, H. M., Wells, F. G., and Peck, D. L., 1959, Relations of 
certain {;pper Jurassic and Lower Cretaceous formations in southwestern 
Oregon : Am. Assoc. Petroleum Geologists Bull., v. 43, no. 12, p. 2770-2780. 

Ingram, S. H., 1963, Roofing rock, quality and specifications :  California Div. 
Mines and Geology Mineral Inf. Service, v. 16, no. 1, p. 1-7. 

Irwin, ,V. P., 1964, J,ate Meso-zoic orogenies in the ultramafic belts of northwest
ern California and southwestern Oregon : U.S. Geol. Survey Prof. Pap!'r 501-C, 
p. C1-C9 . 

. Taffe, H. W., Gottfried, David, Waring, C. L., and Worthing, H. H., 1959, Lead
alpha age determinations of accessory minerals in ignpous rocks ( 1953-19i'i7 ) : 
U.S. Geol. Survey Bull. 1097-B, p. 65-148. , 

Japan Geological Survey, 1960, Vanadium, in Geology and mineral resources of 
Japan, 2d ed. : Japan Geol. Survey, 1960, p. 203. ( In J<Jnglish. ) 

Jenkins, G. F., 1960, Asbestos, in Industrial minerals and rocks, 3d. ed. : New 
York, Am. lust. Mining Metall. Petroleum J<Jngineers, p. 23-53. 

Kaufman, Alvin, 1964, l<Jconomic appraisal of geothermal power : Mining Eng., 
v. 16, no. 9, p. 62--66. 

Kauffman, A. J., Jr., and Baber, K. D., 1956, Potential of heavy-mineral-bearing 
alluvial deposits in the Pacific Northwest : U.S. Bur. Mines Inf. Circ. 7767, 
36 p. 



311  

Kauffman, A. J., Jr., and Holt, D .  C., 1965, Zircon-A review, with emphasis 
on West Coast resources and markets : U.S. Bur. Mines Inf. Circ. 8268, 69 p. 

Kay, G. F., 1907, Nickel deposits of Nickel Mountain, Oregon : U. S. Geol. Survey 
Bull. 315, p. 120-127. 

Kellogg, A. E., 1921, Oil developments in Rogue River Valley, Oregon : Eng. 
Mining Jour., v. 111, no. 22, p. 913-914. 

Kelly, J. V., 1947, Columbia River magnetite sands, Clatsop County, Oregon, 
and Pacific County, 'Vashington, Hammond and McGowan deposits : U.S. 
Bur. Mines Rept. Inv. 4011, 7 p. 

Kirkham, V. R. D., 1935, Natural gas in Washington, Idaho, eastern Oregon, 
and northern Utah, in Geology of natural gas : Am. Assoc. Petroleum Geol
ogists, p. 221-243. 

Kittleman, L. R., Green, A. R., Hagood, A. R., Johnson, A. M.,  McMurray, J. 
M., Russell, R. G., and Welden, D. A., 1965, Cenozoic stratigraphy of the Owy
hee region, southeastern Oregon : Oregon Univ. Mus. Nat. History Bull. 1 ,  
45 p,  

Kleweno, ,V. P. ,  Jr., and Jeffords, R.  M.,  1961, Devonian rocks in the Suplee 
area of central Oregon [abs. ] : Geol. Soc. America Spec. Paper 68, p. 34-35 ; 
Ore.-Bin, v. 23, no. 5, p. 50. 

Klinefelter, T. A. , 1960, Lightweight aggregates, in Industrial minerals and 
rocks, 3d ed. : New York, Am. Inst. Mining Metal!. Petroleum Engineers, 
p. 487-495. 

Koch, G. S., Jr., 1959, Lode mines of the central part of the G ranite mining 
district, Grant County, Oregon : Oregon Dept. Geology and Mineral Indus
tries Bull. 49, 49 p. 

Koch, J. C., 1966, Late Mesozoic stratigraphy and tectonic history, Port Orford
Gold Beach area, southwestern Oregon coast : Am. Assoc. Petroleum Geol
ogists Bull., v. 50, no. 1, p. 25-71. 

Koch, J. G., Kaiser, W. R., and Dott, R. H., Jr., 1961, Geology of the Humbug 
Mountain State Park area : Ore.-Bin, v. 23, no. 3, p. 23-30. 

Ladoo, R. B., 1947, Sources of soda ash and other sodium compounds for Colum
bia River Basin industry : Portland, Oreg., Raw Materials Survey Resource 
Rept. 2, 25 p. 

Lake, H. E.,  1967, Nuclear energy and fuel resources : Rocky Mountain Minerals 
Conf., Soc. Mining Engineers, Las Vegas, Nevada, Sept. 1967, preprint, 15 p. 

Lawthers, Robert, 1954, Titanium resources of the world : U.S. Geol. Survey 
open-file report, 283 p. 

Leechman, Frank, 1966, The opal book : Hong Kong, Continental Printing Co., 
Ltd., 255 p. 

Lemmon, D. M., and Tweto, 0. L., 1962, Tungsten in the United States ( exclu
sive of Alaska and Hawaii) : U.S. Geol. Survey Mineral Inv. Resource Map 
MR-25 and accompanying text. 

Lesher. C. E.,  1914, The Eden Ridge coal field, Coos County, Oregon : U,S. 
Geol. Survey Bull. 541-I, p. 399-418. 

Levorsen, A. I., 1954, Geology of petroleum : San Francisco, \V. H. Freeman & Co., 703 p. 
Libbey, F. W., 1938, Progress report on Coos Bay coal field : Oregon Dept. Geol

ogy and Mineral Industries Bull. 2, 15 p. 
--- 1943, Some mineral deposits in the area surrounding the junction of 

the Snake and Imnaha Rivers in Oregon : Oregon Dept. Geology and Mineral 
Industries Short Paper 11, 17 p. 

--- 1960, Boron in Alvord Valley, Harney County, Oregon : Ore.-Bin, v. 22, 
no. 10, p. 97-105. 

--- 1963, Lest we forget : Ore.-Bin, v. 25, no. 6, p .93-109. 
--- 1967, The Almeda mine, Josephine County, Oregon : Oregon Dept. Geol-

ogy and Mineral Industries Short Paper 24, 53 p. 
Libbey, F. W., Allen, J. E., Treasher, R. C., and Lancaster, H. K., 1942, Man

ganese in Oregon : Oregon Dept. Geology and Mineral Industries Bull. 17, 
78 p. 

Libbey, F. W., and Corcoran, R. E., 1962, The Oregon King mine, Jefferson 
County, Oregon : Oregon Dept. Geology and Mineral Industries Short Paper 
23, 49 p. 

Libbey, F. W., Lowry, W. D., and Mason, R. S., 1944 : Preliminary report on 
high-alumina iron ores in Washington County, Oregon : Oregon Dept. Geology 
and Mineral Industries GMI Short Paper 12, 23 p. 



312 

1945, Fprruginous bauxite dPposits in northwPstprn Orpgon : Oregon Dept. 
Mines and Mineral Industries Bull. 29, 97 p. 

--- 1947, Nickel-bearing lateritP, RPd Flat, Curry Count:v, Oregon : Ore.
Bin, v. 9, no. 3, p. 19-27. 

Lindgren, Waldemar, 1901, The gold belt of the Blue Mountains of Oregon : 
U.S. Geol. Survpy 22d Ann. RPpt., pt. 2, p. 551-776. 

--- 1904, Oregon, in Gypsum deposits in the lJnitPd StatPs : U.S. Geol. Survey 
Bull. 223, p. 111. 

Livingston, D. C., 1923, A geologic reconnaissancp of the Mineral and Cuddy 
Mountain district, Washington and Adams Counties, Idaho : Idaho Bur. Mines 
and GPology Pam ph. 13, 24 p. 

--- 1928, Certain topographic features of northPastPrn OrPgon and their 
relation to faulting : Jour. Geology, v. 36, no. 8, p. 694-704. 

Lorain, S. H., 1938, Gold mining and milling in northpastPrn Orpgon : U.S. Bur. 
Mines, Inf. Circ. 7015, 46 p. 

Lowell, ,V. R., 1942, The paragenPsis of some gold and copper ores of south
western Orpgon : I<Jcon. Geology, v. 37, no. 7, p. 557-595. 

Lowry, W. D., 1945, The Eugpne siliea foundry sand : Ore.-Bin, v. 7, no. 2, p. 
9-15. 

--- 1947, The extent of the Oligocenp sea in northwe.stern Oregon : Geol. 
Soc. Oregon County Geol. News Letter, v. 13, no. 1, p. 2-7. 

Lowry, W. D., and Mason, R. S., 1943, JGugpne sand foundry tPst : Oregon Dept. 
Geology and Mineral Industries open-filp report, 5 p. 

Lund, .K H., 1966, Zoning in an ash flow of ·the Danforth Formation, Harney 
County, Oregon : Ore.-Bin, v. 28, no. 9, p. 161-170. 

Lynde, W. H., Jr., 1966, Nickel : U.S. Bur. Mines Mineral Yearbook 1965, v. 
1,  p. 6R1-6!l4. 

McDivitt, ,J. F., 1952, A report on gypsum deposits in Washington County, Idaho : 
Idaho Bur. Mines and Geology Pamph. 93, 15 p. 

:\Ic;'\itt, J. R., 1963, Exploration and development of geothermal power in Cali
fornia : California Div. Mines and Geology Spec. Rept. 75, 45 p. 

Muedonald, G. A., and Katsura, T., 1964, Chemical eomposition of Hawaiian 
lavas : Jour. Petrology, v. 5, no. 1, p. 82-133. 

Malde, H. I<J., and Powers, H. A., 1962, Upper Cenozoic stratigraphy of western 
Sll'ake River Plain, Idaho : Geol. Soc. Ameriea Bull., v. 73, no. 10, p. 1197-1219. 

Mason, R. S., 1949, Exploration of nickel-bearing la-terite on Woodcock Mountain, 
Josephine County, Oregon : Ore.-Bin, v. 11, no. 3, p. 15-20. 

--- 1951, Lightweight aggregate industry in Orpgon : Oregon J)ppt. Geology 
and Mineral Industries GMI Short Paper 21, 23 p. 

Mason, R. S., and Erwin, M. 1. ,  19i'ifi, Coal rpsoureps of OrPgon : U.S. Geol. Survey 
Circ. 362, 7 p. 

Matthews, T. C.,  1955, Orpgon radioadivP diseoverips in 1954 and 1955 : OrP.-Bin, 
Y. 17, no. 12, p. R7-92. 

--- 1956, Radioactive occurrences in Oregon in 1956 : Ore.-Bin, v. 18, no. 12, 
p. 105--107. 

May, T. C., 1965, Pumice, in Minpral faets and prolJlpms : l'.S. Bur. Mines Bull. 
630, p. 73.'3-738. 

Mendenhall, W. C., 1909, A coal prospect on Willow Orpek, Morrow County, 
Oregon : U.S. Geol. Surwy Bull. 341-C, p. 406--408. 

Merriam, C. ,V., and Berthiaume, S. A.,  1943, Late Palezoic formations of central 
Oregon : GPo!. Soc. Americ-a Bull., v. 54, no. 2, p. 14ii-1 il. 

:.VIiPlPnz, R. C., 1950, Materials for pozzolan : a rpport for the pngineering ge·olo
gist : U.S. Bur. Reclamation Petrog. Lab. RPpt. PPt.-OOB, 25 p. 

Miller, W. C., 1965, Boron, in Mineral facts and prolllPms : U.S. Bur. MinPs Bull. 
630, p. 14!l-15i. 

Yioen, W. S. ,  1967, Building stone of Washington : Washington Div. MinPs and 
Geology Bull. 55, 85 p. 

Moore, B. N., 1937, Nonmetallic mineral rPsourePs of PastPrn OrPgon : U.S. Geol. 
Survey Bull. 875, 180 p. 

MoorP, J. G., ·and Peek, D. L .. 1962, Accretionary �apilli in volcanic rocks of the 
wPstern continpntal UnitPd States : Jour. Geology, v. iO, no. 2, p. 182-193. 

Muir, I. D., and Tilley, C. E., 1966, Basalts from the northprn part of thP Mid
Atlantic Ridge II.  The Atlantis collPctions near 30° N., with chPmical artalysps 
by J. H. Scoon : Jour. PPtrology, v. 7, p. 1!l3-201. 

Murray, H. H. , 1960, Clay, in Industrial minevals and rocks, 3d ed. : New York, 
Am. Inst. Mining Metal!. Petroleum Engineers, p. 259-284. 



313 

Newcomb, R.  C. ,  1958, Yonna Formation of the Klamath River Basin, Oregon : 
Northwest Sci., v. 32, no. 2, p. 41--48. 

--- 1966, Lithology and eastward extension of the Dalles Formation, Oregon 
and Washington : U.S. Geol. Suney Prof. Paper 550-D, p. 59-63. 

--- 1967, The Dalles-Umatilla syncline : U.S. Geol. Survey Prof. Paper 575-B, 
p. 88-93. 

Newcomb, R. C., and Hart, D. H., 1958, Preliminary report on the groundwater 
resources ·of the Klamath River Basin, Oregon : U.S. Geol. Survey open-file 
report, 248 p. 

Xewton, V. C., Jr., 1960, ·well records on file of oil and gas exploration in Oregon : 
Oregon Dept. Geology and Mineral Industries Misc. Paper 8, 9 p. 

--- 1965, Natural gas and petroleum products pipe lines in the Northwest : 
Ore Bin, v. 27, no. 8, p. 149-166. 

--- 1967, Summary of oil and gas exploration off the coast of Oregon and 
Washington : Ore Bin, v. 29, no. 2, p. 17-32. 

Newton, V. C., Jr., and Corcoran, R. E., 1963, Petroleum geology of the western 
Snake River Basin, Oregon-Idaho : Oregon Dept. Geology and Mineral Indus
tries Oil and Gas Inv. 1, 67 p. 

Newton, V. C., Jr., and Newhouse, C. J. , 1964, Oil leasing on the outer continental 
shelf adjacent to Oregon and Washin!l'ton : Ore Bin, v. 26, no. 11, p. 189-208. 

Nichols, R. L., 1944, Preliminary report on the Molalla highcalumina clay deposit 
near Molalla, Clackamas County, Oregon : U.S. Geol. Survey Strategic Min
erals Inv. ( open-file ) Rept. 

Olson, R. H., 1964, Diatomite, in Mineral and water resources of Nevada : Nevada 
Bur. Mines Bull. 65, p. 190--194. 

Oregon Department of Geology and Mineral Industries, 1939, Oregon metal mines 
handbook ( B aker, Union, and Wallowa Counties ) : Oregon Dept. Geology and 
Mineral Industries Bull. 14-A, 12'! p. 

--- 1940, Oregon metal mines handbook (Coos, Curry, and Douglas Counties) : 
Oregon Dept. Geology and Mineral Industries Bull. 14-C, v. 1, 133 p. 

--- 1941, Oregon metal mines handbook ( Grant, Morrow, and Umatilla Coun
ties ) : Oregon Dept. Geology and Mineral Industries Bull. 14-B, 157 p. 

--- 1942, Oregon metal mines handbook ( Josephine County ) : Oregon Dept. 
Geology and Mineral Industries Bull. 14-C, v. 2, sec. 1, 229 p. 

--- 143, Oregon metal mines handbook ( Jackson County ) : Oregon Dept. 
Geology and Mineral Industries Bull. 14-C, v. 2, sec. 2, 208 p. 

--- 1951, Oregon metal mines handbook ( Northwestern Oregon ) : Oregon 
Dept. Geology and Mineral Industries Bull. 14-D, 166 p. 

--- 1952, Oregon metal mines handbook ( Josephine County ) ,  2d ed. : Oregon 
Dept. Geology and Mineral Industries Bull. 14-C, , .. 2, sec. 1, 238 p. 

--- 1945, Serpentine-superphosphate fertilizer : Ore.-Bin, v. 7, no. 5, p. 29-30. 
--- 1953, Iron : Ore.-Bin, v. 15, no. 2, p. 7-12. 
--- 1965, State of Oregon lunar geological field guide book : Oregon Dept. 

Geology and Mineral Industries Bull. 57, 51 p. 
Page, L. R., Stocking, H. E., and Smith, H. B., 1956, Contributions to the geology 

of uranium and thorium by the United Sta·tes Geological Survey and Atomic 
Energy Commission for the United Nations international conference on peace
ful uses of atomic energy, Geneva, Switzerland, 1955 : U.S. Geol. Survey Prof. 
Paper 300, 739 p. 

Paone, J·ames, 1965, Uranium, in 1\{ineral facts and problems : U.S. Bur. Mines 
Bull. 630, v. 1, p. 973-981. 

Pardee, J. T.,  1909, Faulting and vein structure in the Cracker Creek gold dis
trict, Baker County, Oregon : U.S. Geol. Survey Bull. 380, p. 85-93. 

--- 1921, Deposits of manganese ore in Montana, Utah, Oregon, and Wash
ington : U.S. GPo!. Survey Bull. 725--C,  p. 141-243. 

--- 1934, Beach placers of the Oregon coast : U.S. Geol. Survey Circ. 8, 41 p. 
--- 1941, Preliminary geoiogic map of the Sumpter quadrangle : Oregon Dept. 

Geology and Mineral Industries Geologic Map. 
Pardee, J. T., and Hewett, D. F., 1914, Geology and mineral resources of the 

Sumpter quadrangle : Mineral Resources of Oregon, v. 1, no. 6, Oregon Bur. 
"lines and Geology, p. 3-128. 

PardPe, J. T., and Parks, H. M .. 1918. Manganese deposits near Lake Creek, 
Oregon : Eng. and Mining Jour., , .. 106, p. 872-873. 

Parks, H. M.,  1914, Preliminary report on building stone in Oregon : Mineral 
Resourcps of Oregon, Oregon Bur. Mines and Geology, v. 1 ,  no. 2, p. 10--46. 



314 

Parks, H. M., and Swartley, A. M., 1916, Handbook of the mining industry of 
O�egon ( Alphabetical list of properties ; description of mining distriets) : 
Mmeral Resources of Oregon, Oregon Bur. Mines 'and Geology, v. 2, no. 4, 306 p. 

Parsons, C. J., and Soukup, E. J., 1961, Gems and gemology-A popular presenta
tion of the science of gemology for the amateur, collector and connoisseur : 
Mentone, Calif., Gembooks, 159 p. 

Pearl, R. M., 19tH, Gems, minerals, crystals and ores : New York, The Odyssey 
Press, 320 p. 

Peck, D. L., 1964, Geologic reconnaissance of the AntPlope-Ashwood area, north
central Oregon : U.S. Geol. Survey Bull. 1161-D, 26 p. 

Peck, D. L., Griggs, A. B., Schlieker, H. G., WPlls, F. G., and Dol!', H. M.,  1!J64, 
Geology of the central and northern parts of the Western Caseade Range in 
Oregon : U.S. Geol. Survey Prof. Paper 449, fJ6 p. 

Peck, D. L., Imlay, R. W., and Popenoe, "\V. P., 1956, Uppt>r Cretaeeous rocks of 
parts of southwestern Oregon and northern California : Am. Assoc. Petroleum 
Geologists Bull., v. 40, no. 8, p. 1!)68-1984. 

Pecora, W. T., and Hobbs, S. W., 1942, Nickel deposit near Riddl!', Douglas 
County, Oregon : U.S. Geol. Survey Bull. 931-I, p. 205-226. 

Pecora, W T. , Hobbs, S. W., and Murata, K. J., 1949, Variations in garnierite 
from the nickel deposit near Riddle, OrPgon : I�con. Geology, v. 44, no. 1,  p. 
13-23. 

Petar, A. V., 1932, Molybdenum : U.S. Bur. Mines I<Jcon. Paper EP-lfJ, 38 p. 
Pett>rson, E. C., 1966, Titanium re-sonrct>s of the United States : t:.S. Bur. Mines 

Inf. Circ. 8290, 6i\ p. 
P!'terson, N. V., 19fJ8, Oregon's uranium picture : Ore.-Bin, v. 20, no. 12, p. 

111-117. 
--- 1959a, Lake County's new eontinuons geyspr : Ore.-Bin, v. 21, no. 9, p. 

83-88. 
--- 1959b, Preliminary geology of the Lakeview uranium area : Ore.-Bin, v. 

21, no. 2, p. ll-16. 
--- 1961, Perlite orrurrPnees in southeastern Klamath and �outhwestern Lake 

Counties. Oregon : Ore.-Bin, v. 23, no. 7, p. 61i--70. 
Peterson, N. V., and Groh, E. A., 1964, Diamond craters : Ore.-Bin, v. 26, no. 2, 

p. 17-34. 
--- 1967, Geothermal potential of the Klamath Falls area, Ort>gon ; a pr!'

liminary study : Ore.-Bin, v. 2!J, no. 11, p. 209-2:11. 
Peterson, N. V., and Mason, R. S., 191i8, Limestont> occurrenc!'s in western Ore

gon : Ore.-Bin, v. 20, no. 4. p. 3.1-3!). 
Petkof, Benjamin, 1965, Diatomitt>, in Mineral faets and problems : U.S. Bur. 

Mines Bull. 6:10, p. 313-31!J. 
Phalen, "\V. C., 1917, Potash salts : F.S. Gt>ol. SurYey Mhwral Resources l'.S., 

1915, pt. 2, p. 95-133. 
--- 1919, Salt resources of the United StatPs : U.S. Gt>ol. Survey Bull. 669, 

284 p. 
Piper, A. M., 1932, Geology and ground-water resourct>s of The Dalles region, 

Oregon : U.S. Geol. Survey Water-Supply Paper 659-B, p. 107-189. 
--- 1942, Ground-water resources of the Willamette Valley, Orpgon : U.S. 

Geol. Sun·ey Water-Supply Paper 890, 194 p. 
Piper, A. M .. Robinson, T. W., Jr., and Park, C. F., Jr., 1939, Geology and ground

water resources of thP Harnt>y Basin, Oregon : U.S. Geol. Survey 'Vatt>r-Suppl�· 
Paper 841, 189 p. 

Prostka, H. J., 1962, Geology of the Sparta quadrangle, Oregon : Oregon Dept. 
Geology and Mineral IndustriPs Map GMS-1. 

--- 1967, Preliminary gE>ologic map of the Durkee quadranglP, Oregon : Oregon 
Dept. Gt>ology and Mineral Industrips Map G:\iS-3. 

Quick, LPlande, 1963, The book of agatPs : PhiladPlphia, Chilton Books, 232 p. 
Ralston, 0. C., and others, 1938a, Properties of olivine refractories from Cypress 

Island, Washington, in Annual Report of Nonmetals Division, Fiseal YPar 
1!J38 : U.S. Bur. Mines Rept. Inv. 3427, p. 5-8. 

--- 1938b, Use of olivine as a foundry sand, in Annual Report of Nonmetals 
Division, Fiscal Year 1938 : U.S. Bur. Minps RPpt. Inv. :1427, p. 8--9. 

Ramp, Len, 1960, The Quartz Mountain siliea deposit, Oregon : Ore.- Bin, v. 22. 
no. 11, p. 109-114. 

--- 1961, Chromite in southwestern Oregon : Oregon Dept. Geology and l\Iin
eral Industries Bull. 52, 169 p. 



315 

Rasmussen, R. T. C.,  1952, Electric smelting at Bureau of Mines seeks utilization 
of Northwest ores : Jour. Metals, v. 4, no. 12, p. 1273. 

Regis, A. J., and Sand, L. B., 1966, K-Na phillipsite, Crooked Creek, Oregon [abs.] : 
Am. Mineralogist, v. 51, nos. 1 and 2, p. 270. 

Renton, J. L., 1951, Some notes on thunder eggs : Mineralogist, v. 19, no. 4, p. 
171-177. 

Rice, S. J., 1957, Asbestos, in Mineral co=odities of California : California Div. 
Mines Bull. 176, p. 49-58. 

Roedder, Edwin, 1956, Report on the mineralogy of the titanium in bauxite from 
the Salem Hills, Oregon, in Ferruginous bauxite deposits in the Salem Hills, 
Marion County, Oregon, by R. E. Corcoran and F. W. Libbey : Oregon Dept. 
Geology and Mineral Industries Bull. 46, p. 45---50. 

Rogers, C. L., and Jaster, M. C., 1962, Titanium in the United States : U.S. Geol. 
Survey Mineral Inv. Resource Map, MR-29. 

Ross, C. P., 1938, The geology of part of the Wallowa Mountains : Oregon Dept. 
Geology and Mineral Industries Bull. 3, 74 p. 

--- 1941a, Some quicksilver prospects in adjacent parts of Nevada, California, 
and Oregon : U.S. Geol. Survey Bull. 931-B, p. 23-37. 

--- 1942, Quicksilver deposits in the Steens and Pueblo Mountains, southern 
Oregon : U.S. Geol. Survey Bull. 931-J, p. 227-258'. 

Ross, C. S., 1941b, Origin and geometric form of the chalcedony-filled spherulites 
from Oregon : Am. Mineralogist, v. 26, no. 12, p. 727-732. 

Russell, I. C., 1884, A geological reconnaissance in southern Oregon : U. S. Geol. 
Survey 4th Ann. Rept., p. 431--464. 

Ryan, J. P., 1960, Platinum-group metals, in Mineral facts and problems : U.S. Bur. 
Mines Bull. 585, p. 643-650. 

Schafer, Max, 1955, Occurrence and utilization of carbon-dioxide-rich water near 
Ashland, Oregon : Ore.- Bin, v. 17, no. 7, p. 47-52. 

--- 1956, Uranium prospecting in Oregon, 1956 : Ore.-Bin, v. 18, no. 12, p. 
101-107. 

Schaller, G. S., and Snyder, W. A., 1951, Olivine and research : Foundry ; Cleve
land, Ohio, Penton Publishing Co., v. 79, no. 5, p. 104-105 and 168---170. 

Schenck, H. G., 1927, Marine Oligocene of Oregon : California Univ. Pubs. Geol. 
Sci. Bull., v. 16, no. 12, p. 449--460. 

Schlain, David, 1964, Corrosion properties of titanium and its alloys :  U.S. Bur. 
Mines Bull. 619, 228 p. 

Schlicker, H. G., 1961, Gravel resources in relation ·to urban development in the 
Salem area : Oregon Dept. Geology and Mineral Industries open-file report, 9 p. 

--- 1962, The occurrence of Spencer sandstone in the Yamhill quadrangle, 
Oregon : Ore.-Bin, v. 24, no. 11, p. 173-184. 

Schlicker, H. G., and Deacon, R. J., 1967, Engineering geology of the Tualatin 
Valley region, Oregon : Oregon Dept. Geology and Mineral Industries Bull. 60, 
103 p. 

Schlinger, W. G., and Jt>sse, D. R., 1967, Use of hydrogen for improved recovery of 
shale oil, in Fourth symposium on oil shale : Colorado School Mines Quart., v. 62, 
no. 3, p. 134. 

Schuette, C. N., 1938, Quicksilver in Oregon : Oregon Dept. Geology and Mineral 
Industries Bull. 4, 172 p. 

Scott, R. A., 1954, Fossil fruits and seeds from the Eocene Clarno formation of 
Oregon : Sonder-abdruck a us Palaeontographica, v. 96, pt. B.,  p. 66---97. 

Shenon, P. J.,  1933a, Copper deposits in the Squaw Creek and Silver Peak districts 
and at the Almeda mine, southwestern Oregon : U.S. Geol. Survey Circ. 2, 35 p. 

--- 1933b, Geology and ore deposits of the Takilma-Waldo district, Oregon ( in
cluding the Blue Creek district) : U. S. Geol. Survey Bull. 846---B, p. 141-194. 

Shepard, F. P., 1948, Submarine geology : New York, Harper & Bros., 348 p. 
Sheppard, R. A., and Gude, A. J., 3d, Hl65, Potash feldspar of possible economic 

value in the Barstow Formation, San Bernardino County, California : U.S. 
Geol. Survey Circ. 500, 7 p. 

Sheridan, E. T., 1967, Peat : U . S. Bur. Mines Minerals Yearbook 1965, v. 2, p. 
265---291. 

Silliman, Benjamin, 1873, Mineralogical notes on Utah, California, and Nevada, 
with a description of priceite, a new borate of lime : Am. Jour. Sci., 3d ser., v. 6, 
p. 126---133. 

Sinkankas, John, 1961, Gemstones and minerals--how and where to find them : 
Princeton, N.J., D. Van Nostrand Co., 387 p. 

21-829 0------69--21 



316 

Smith, J. H., 1964, Harnessing of geothermal energy and geothermal electricity 
production, in Geothermal energy, II : United Nations Conf. New Sources 
Energy, Rome, 1961, Proc., v. 3, p. 3-57. 

Smith, J. V., 1963, Structural classification of zeolites : Mineralog. Soc. America 
Spec. Paper 1, p. 281-290. 

Smith, W. C., 1966, Borax and other boron compounds, in Mineral Resources of 
California : California Div. Mines and Geology Bull. 191, p. 104-111. 

Smith, W. D. P., 1924, Petroleum possibilities of western Oregon : Econ. Geology, 
v. 19, no. 5, p. 455-465. 

Smith, W. D. P., and Allen, J. E., with Staples, L. W., and Lowell, W. R., 1941, 
Geology and physiography of the northern Wallowa Mountains, Oregon : Oregon 
Dept. Geology and Mineral Industries Bull. 12, 64 p. 

Smith, W. D. P., and Swartzlow, C. R., 1936, Mount Mazama [Oreg.] : Geol. Soc. 
America Bull, v. 47, no. 12, p. 1809-1830. 

Snavely, P. D., Jr., and Baldwin, E. M., 1948, Siletz River volcanic series, north
western Oregon : A.m. Assoc. Petroleum Geologists Bull., v. 32, no. 5, p. 806--812. 

Snavely, P. D., Jr, MacLeod, N. S., and Wagner, H. C., 1968, Tholeiitic and alkalic 
basalts of the Eocene Siletz River volcanics, Oregon Coast Range : A.mer. Jour. 
Sci. ( in press) . 

Snavely, P. D., Jr., Rau, W. W., and Wagner, H. C., 1964, Miocene stratigraphy 
of the Yaquina Bay area, Newport, Oregon : Ore Bin, v. 26, no. 8, p. 133-151. 

Snavely, P. D., Jr., and Vokes, H. E., 1949, Geology of the coastal area from Cape 
Kiwanda to Cape Foulweather, Oregon : U.S. Geol. Survey Oil and Gas Inv
( Prelim. ) Map 97. 

Snavely, P. D., Jr., and Wagner, H. C., 1961, Differentiated gabbroic sills and 
associated alkalic rocks in the central part of the Oregon Coast Range, Oregon : 
U.S. Geol. Survey Prof. Paper 424-D, p. 156-161. 

--- 1963, Tertiary geologic history of western Oregon and Washington : 
Washington Div. Mines ana Geology Rept. Inv. 22, 25 p. 

--- 1964, Geolgic sketch of northwestern Oregon : U.S. Geol. Survey Bull. 
1181-M, 17 p. 

Snavely, P. D., Jr., Wagner, H. C., and MacLeod, N. S., 1964, Rhythmic-bedded 
eugeosynclinal deposits of the Tyee Formation, Oregon Coast Range : Kansas 
Geol. Survey Bull. 169, v. 2, p. 461-480. 

--- 1965, Preliminary data on compositional variations of Tertiary volcanic 
rocks in the central part of the Oregon Coast Range : Ore Bin, v. 27, no. 6, p. 
101-117. 

Spragins, F. K., 1967, Mining at Athabasca-a new approach to oil production : 
Jour. Petroleum Technology, v. 19, no. 10, p. 1337-1344. 

Stafford, 0. F., 1904, The mineral resources and mineral industry of Oregon for 
1903 : Oregon Univ. Bull. 1 (new series) ,  no. 4, 112 p. 

--- 1939, Preliminary report upon Oregon saline lakes : Oregon Dept. Geology 
and Mineral Industries GMI Short Paper 1, 4 p. 

Stamper, J. W., 1965, Titanium, in Mineral facts and problems : U. S. Bur. Mines 
Bull. 630, p. 971-990. 

--- 1967, Titanium : U.S. Bur. Mines Minerals Yearbook 1966, v. 1 and 2, 
p. 371-376. 

Stanley, E. M., 1960, Soda ash, a marketing opportunity in the Pacific Northwest : 
Oregon Dept. Planning and Development Research Rept. 41, 18 p. 

Staples, L. W., 1943, The occurrence of priceite in Oregon : Northwest Sci., v. 
22, no. 2, p. 69-77. 

--- 1951, Ilsemannite and jordisite : A.m. Mineralogist, v. 36, nos. 7 and 8, 
p. 609-614. 

--- 1965, Origin and history of the thunder egg : Ore Bin, v. 27, no. 10, p. 
195-204. 

Staples, L. w., and Gard, J. A., 1959, The fibrous zeolite erionite ; its occurrence, 
unit cell, and structure : Mineralog. Mag., v. 32, p. 261-281. 

Stearns, H. T., 1930, Geology and water resources of the middle Deschutes River 
Basin, Oregon : U. S. Geol. Survey Water-Supply Paper 637-D, p. 125-212. 

Stearns, N. D., Stearns, H. T., and Waring, G. A., 1937, Thermal springs in the 
United States : U. S. Geol. Survey Water-Supply Paper 679-B, p. 59--206. 

Stephenson, E. L., 1943, Geophysical surveys in the Ochoco quicksilver district, 
Oregon, a preliminary report : U. S. Geol. Survey Bull. w.o-c, p. 57-98. 

Steuart, D. R., 1912, The chemistry of oil shales, in The oil shales of the Lothians : 
Geol. Survey Great Britain-Scotland Mem., pt. 3, p. 163-166. ( U. S. Bur. Mines 
Inf. Circ. 7968, p. 5 ) .  



317 

Stewart, R. E.,  1954, Oil and gas exploration in Oregon : Oregon Dept. Geology 
and Mineral Industries Misc. Paper 6, 53 p. 

Stewart, R. E., and Newton, V. C., Jr., 1965, Oil and gas exploration in Oregon : 
Oregon Dept. Geology and Mineral Industries Misc. Paper 6 ( Revised ) ,  41 p. 

Stone, R. W., l !l20, Gypsum depm<itR of the United StatPs : U. S. Geol. Survey Bull. 
697, p. H'>-G6 and p. 236-238. 

Struthers, Joseph, 1002, Borax : U. S. Geol. Survey Mineral Resources U. S. 
1001, p. 869-872. 

Sullivan, G. V., and Stickney, W. A., 1960, Flotation of Pacific Northwest Chro
mite ores : U. S. Bur. Mines Rept. Inv. 5646, p. 2-7. 

Swartley, A. M., 1914, Ore deposits of northeastern Oregon : Mineral Resources 
of Orpgon, OrPgon Bur. ;\lim•s and GPology, v. 1, no. 8, 229 p. 

Taber, John W., 1949, A reconnaissance of lode mines and prospects in the Bohe
mia mining district, Lane and Douglas Counties, Oregon : U. S. Bur. Mines 
In:l'. Circ. 7512, r,o p. 

Taliaferro, N. L., l!l42, Ueologi<' history and ('Orrelation of the Jurassic of south
western Oregon and California : Geol. Soc. Amerka Bull., v. 53, no. 1, p. 71-112. 

Taubeneck, W. H., 1955, Age of the Elkhorn Ridge argillite, northeastern Oregon : 
Northwest Sci., v. 29, no. 3, p. 97-100. 

--- 1957, Geology of the Elkhorn Mountains, northeastern Oregon : Bald 
;\fountain hatholith : Geol. So!'. America Bull. ,  Y. ll8, no. 2,  p. 181-238. 

--- 1964, Cornucopia stock, Wallowa Mountains, northeastern Oregon : field 
relationships : Geol. Soc. America Bull., v. 75, no. 11, p. 1093-1116. 

TaubeneC'k, ,V, H., and Poldervaart, Arie, 1960, Geology of the Elkhorn Mountains, 
northeastern Oregon : part 2, Willow Lake intrusion : Geol. Soc. America Bull., 
v. 71, no. 9, p. 129f>-1321. 

Taylor, E. M., 1965, Recent volcanism between Three Fingered Jack and North 
Sister, Oregon Cascade Range : Ore Bin, v. 27, no. 7, p. 121-147. 

Thayer, T. P., 1936, Structure of the North Santiam River section of the Cascade 
Mountains in Oregon : Jour. Geology, v. 44, no. 6, p. 701-706. 

- - l!l37, Petrography of later Tertiary and Quaternary rocks of the north
central Cascade Mountains in Oregon with notes on similar rocks in western 
Nt>vada : Geol. Soc. American Bull., v. 48, p. 1611-1651. 

--- 1939, Geology of the Salem Hills and the North Santiam River Basin, 
Oregon : Orpgon IlPpt. GPology and Mineral Industries Bull. Hi, 40 p. 

--- 1940, Chromite deposits of Grant County, Oregon, a preliminary report : 
U.S. GPo!. SnrYPY Bull. !l22-n, Jl. 7:-i-113. 

--- 1956, Preliminary geologic map of the John Day quadrangle, Oregon : 
r.S. Gpo!. SnnPy 1\linpral Inv. Field Studips 1\lap 1\II<'-Gl. 

--- 1962, Mineralogy and geology, world resources, in Chromium Materials 
Survey : U. S. Dt>pt. Commerce, Business and Defense Services, p. 3-25. 

--- 1963, The Canyon Moontain Complex, Oregon, and the alpine m:afic 
magma stem: : U.S. Geol. Survey Prof. Paper 475-C, p. C82-C85. 

--- 1964, Principal features and origin of podiform chromite deposits, and 
some observations on the Guleman-Soridag district, Turkey : Econ. Geology, 
v. 59, no. 8, p. 1497-1524. 

Thayer, T. P., and Brown, C. E., 1964, Pre-Tertiary orogenic and plutonic intru
sive activity in CPntral and northt>astern Oregon : Geol. Soc. America Bull., 
v. 71'i, no. 12, p. 1 25!'1-1262. 

--- 1 966, Local thickening of basalts and late Tei'tiary silicic volcanism in 
thP Canyon City quadrangle, northoostern Oregon : U.S. Geol. Survey Prof. 
Baper f>fJO-C, p. C73-C78. 

'I'oenges, A. L., Dowd, A. L., Turnbull, L. A., Schopf, J. M., Oooper, H. M.,  Aber
nathy, R. F., Yam>ey, H. F., and Geer, M. R., 1948, Minable reserves, petrog
raphy, C'hemical characteristics, and washability tests of coal occurring in 
1the Coos Bay coal field, Ooos County, Oregon : U.S. Bur. Mines Tech. Paper 
707, f>6 p. 

Treasher, R. C., 1942, Geologic history of the Portland [Oregon] area : Oregon 
Pept. Geology and Mineral Industries Short Paper 7, 17 p. 

Trimble, D. E .. 1963, Geology of Portland, Oregon, and adjacent aroos : U.S. 
Gt>ol. Survey Bull. 1119, 119 p. 

'l'nmer, F. E., 1938, Stratigraphy and mollusca of the marine Eocene of western 
Oregon : Geol. Soc. America Spec. Paper 10, 130 p. 

'l'wenhofel, W. H., 1943, Origin of the black �ands of southwest Oregon : Oregon 
Dept. Geol. and Min�>ral Industries Bull. 24, 25 p. 



318 

--- 1946, Mineralogical and physical comp()Sition of the sands of the OrPgon 
coast from Coos Bay to the mouth of the Columbia River' : Oregon Dept. Geol
ogy and Mineral Industries Bull. 30, 64 p. 

U.S. Department of Agriculture ( in cooperation wi:th Oregon Agricultural Ecx
periment Station ) ,  1949, Astoria area, Oregon : Bur. of Plant Industry, 
Soils, and Agr. Eng. Soil Survey Ser. 1938, no. 20, 80 p. 

--- 1964, Tillamook area, Oregon : Soil Conservation Service Soil Survey 
Ser. 1957, no. 18, 75 p. 

--- [pub. date unknown],  Soil Survey of Columbia County, Oregon : Bur. of 
Chemistry and Soils Ser. 1929, no. 35, 50 p. 

--- [pub. elate unknown l .  Roil Snrvey of Marion County, Oregon : Bur. of 
Chemistry and Soils Ser. 1927, no. 32, 46 p. 

U.S. Department of Agriculture, Bureau of Chemistry and Soils, 1935, Part 3, 
Soils of the United Sbates : Washington, D.C., U.S. Govt. Printing Office, 98 p. 

U.S. Department of Agriculture, Bureau of Soils, 191 1, Soil Survey of the Marsh
field area, Oregon : Washington, D.C., U.S. Govt. Printing Office, 38 p. 

U.S. Department of Agriculture, Bureau of Soils ( in coo:perwtion with Oregon 
Agricultural College Experiment Station ) ,  1920, Soil Survey of Yamhill 
County, OrPgon : Washington, D.C., U.S. Govt. Printing Office, 66 p. 

U.S. Department of the Interior, Bonneville Power Administration, 1966, Copper, 
lead and zinc : Pacific Northwest economic base study for power market.'>, 
v. 3, pt. 7C. 

Van Orstrand, C. E., 1938, Temperatures in the lava beds of east central and 
south central Oregon : Am. Jour. Sci., v. 35, no. 205, p. 22--46. 

Van Winkle, Walton, 1914. Quality of the surface waters of Oregon : U.S. Geol. 
Survey Water-Supply Paper 363, 137 p. 

Vhay, J. S., 1960, Preliminary report on the copper-cobalt deposits of the Quartz
burg district, Grant Oounty, Oregon : U.S. Geol. Survey open-file .report. 

--- 1966, Olivine, serpentine, and asbestos, in Mineral and water r{JS()urces 
of Washington : Washington Div. Mines and Geology Reprint 9, p. 231-
235. 

Vokes, H. E., Myers, D. A., and Hoover, Linn, 1954, Geology of the west central 
border area of the Willamette Valley, Oregon : U.S. Geol. Survey Oil and Gas 
Inv. Map OM-150. 

Vokes, H. E., Norbisrath, Hans, and Snavely, P. D., Jr., 1949, Geology of the 
Newport-Waldport area, Lincoln County, Oregon : U.S. Geol. Survey Oil and 
Gas Inv. ( Prelim. ) Map 88. · 

Vokes, H. E., Snavely, P. D., Jr., and Myers, D. A., 1951, Geology of the southern 
and southwestern border areas of the Willamette Valley, Oregon : U.S. Geol. 
Survt>y Oil and Gas Inv. Map OM-110. 

Wagner, N. S., 1944, Antimony in Oregon : Oregon Dept. Geology and Mineral 
lndustrit>s GMI Short Paper 13, 20 p. 

--- 1946, Birch Creek cinder occurrence, Baker County : Ore.-Bin, v. 8, no. 
8, p. 53-54. 

--- 1947, Sodium chloride brine OCC'Urrence near Vale, Oregon : Ore.-Bin, 
v. 9, no. 9, p. 67-76. 

--- 1958, Limestone occurrences in eastern Oregon : Ore.-Bin, v. 20, no. 5, 
p. 43--47. 

--- 1959, Nwtural sources of carbon dioxide in Oregon : Ore.-Bin, v. 21, no. 
11, p. 103-113. 

--- 1963, Coast Asbestos Co. opemtions, Grant County, Oregon : Ore Bin, 
v. 25, no. 10, p. 171-176. 

Walker, G. W., 1951, Pumice deposits of the Klamath Indian Reservation, Klam
ath County, Oregon : U.S. Geol. Survey Cir<'. 128, 6 p. 

·-- 1963, Reconnaissance geologic map of the eastern half of the Klamath 
Flails ( AMS) quadrangle, Lake and Klamath Counties, Oregon : U.S. Geol. 
Survey Mineral Inv. Field Studies Map MF-260. 

Walker, G. W., Greene, R. C., and Pa.ttee, E. C., 1966, Mineral resources of the 
Mount Jpfl'erson primitive area, Orpgon : U.S. Geol. Survey Bull. 1230-D, 
p. D1-D32. 

Walker, G. W., Peterson, N. V., and Greene, R. C., 1967, Reconnaissance geologic 
map of the east half of ·the Crescent quadrangle, Lake, Deschutes, and Orook 
Counties, Oregon : U.S. Geol. Survey Misc. Geol. Inv. May 1--493. 

Walker, G. W., and Repenning, C. A., 1965, Reconnaissance geologic map of the 
Adel quadrangle, Lake, Harnpy, and Malheur Counties, Oregon : U.S. Geol. 
Survey Misc. Geol. Inv. Map 1-446. 



319 

--- 1966, Reconnaissance geologic map of the west half of the Jordan Valley 
quadrangle, Malheur County, Oregon : U.S. Geol. Survey Misc. Geol. Inv. 
Map l-457. 

Walker, G. W., and Sw1anson, D. A., 1968a, Summary report on the geology and 
mineral resources of the Harney Lake and Malheur I�ake areas of the Malheur 
National Wildlife Refuge, north-eentral Harney County, Oregon : U.S. Geol. 
Survey Bull. 1260-L, p. L1-L17. 

--- 1968b, Summary report on the geology and mineral resources -of the 
PokP·r ,Jim Ridge and Fort Warner areas of the Hart Mountain National 
Antelope Refugi>, Lake Oounty, Oregon : U.S.  Geol. Survey Bull. 1260--l\1, p. 
l\11-M16. 

Waisted, J.P., 1954, Me·tallurgical test,s on Scappoose ( Oregon ) iron ore : U.S. 
Bur. Mines Rl'pt. Inv. 5079, 46 p. 

--- 1955, Sr;Pdal pig irons for the Pacific Northwest : U .S. Bur. 1\lines Rept. 
Inv. 3120, 14 p. 

Walters, .J. G .. Ortuglio, C., and Glaenzer, J.,  1967, Yields •and analyses of tars 
and light oils from carbonization of U . S. coals : P.S. Bur. Mines Bull. 643, 
lH p. -

'Varing, G. A., 1908, Geology and water resources of a portion of southcentral 
Oregon : U.S. Geol. Sun-ey Water-Supply Paper 220, 86 p. • 

--- 1909, Geology and water r!'oources of the Harney Basin region, Oregon : 
U.S. GPol. Survey Water-Supply Paper 2.'H, 9.'l p. 

--- 1965 ( rcvi8cd by R. R. Blankenship and Ray Bent all ) ,  Thermal springs 
of the United States and other countries -of the world-A summary : U.S. 
Geol. Survey Prof. PapPr 492, 383 p. 

Warren, W. C., Norhisrath, Hans, and Grivetti, R. M., 1945, Geology of north
westenl Oregon west of Willamet.te River and north of latitude 45°15' : U.S.  
Geol. Survey Oil and Gas Inv. ( Prelim . )  Map 42. 

'Vashburne, 0. W., 191la, Gas and oil prospects n<>ar Vale, Oregon, and Payette, 
Idaho· : L.S. Geol. Survey Bull. 4B1, p. 26--55. 

--- 191lb, Gas prospPcts in Harney V·alley, Oregon : U.S. Geol. Survey Bull. 
431, p. 56-57. 

--- 1914. Reconnaissance geology and oil prospects of northwestern Oregon : 
U.S. Geoi. Survey Bull. 590, 111 p. 

Waters, A. C. 1945, Th<> Black Butte quicksilver mine, Lane County, Oregon : 
U . S. Geol. Surv<>y Stmtegic Minerals Inv. Prelim. Rept. 3-186, 4 p. 

--- 1955, Volcanic rocks and the tectonic cycle, in Crust of the earth, a sym
posium : Geol. Soc. America Spec. Paper 62, p. 703-722. 

--- 1961, Stratigmphic and lithologic variations in the Oolumbia River ba
salt : Am. Jour. Sci., v. 259, no. 8, p. 583---611. 

--- 1966, Stein's Pillar area, centl'al Oregon : Ore Bin, v. 28, no. 8, '[). 137-144. 
Waters, A. C., Brown, R. m., Compton, R. R., Staples, L. W., Walker, G. W., and 

Williams, Howel, 1951, Quicksilver deposits of the Horse Heaven mining 
district, Oregon : U.-S. Geol. Survey Bull. 969-E, p. 105-149. 

Wayland, R. G., 1964, The correlation of coal beds in Squaw Basin and paJ.'It of 
Rden Ridge, T. 33 S.,  R. 11 W., W.:\1., southwestern Oregon : U . S. Geol. Survey 
open-file report, 32 p. [1965] . 

Weaver, C. E., 1937, Tertiary stratigraphy of western Washington and north
western Oregon : Univ. Washington Pubs. in Geology ( Seattle ) , v. 4, 266 p. 

--- 1942, Tertia•ry formations at Coos Bay, Oregon (abst. ) :  Goo!. Soc. 
Ameri<-a Proc. ,  v. 5..�, p. 1R24. 

--- 1945, The geology of Oregon and Washington and its relation to the 
occurrences of oil and gas : .Am. Assoc. Petroleum Geologists Bull.,  v. 29, no. 
10, p. 1377-1415. 

Webster, Robert, 1964, The gemmologists' compendium, 3d ed. : London, N. A. G. 
Press, Ltd., 22R p. 

Wei•ssenborn, A. E., 1963, The mineral industry in Montana, in Mineral and 
water resources of Montana : M-ontana Bur. Mines and Geology Spec. Pub. 
28, '[). 9-21. 

--- 1964, The mineral industry in Idaho, in Mineral and water resources of 
Idaho : Idaho Bur. Mines and Geology S-pec. Rept. 1,  p. 13--22. 

Wells, F. G., 1939, Preliminary map of the Medford quadrangle, Oregon : Oregon 
Dept. Geology ·and Mineral Industries. 

--- 1940, Preliminary geologic map of the Grants Pass quadrangle, Oregon : 
Oregon Dept. Geology and Mineral Industries. 



320 

--- 1955, Preliminary �logic map of sOUJthwestern Oregon west of merid
ian 122° west and south of parallel 43° north : U.S. Goo!. Survey Mineral 
Inv. Field Studies Map MF-38. 

--- 1956, Geology of the Medford quadrangle, Oregon-California : U.S. Geol. 
Survey Geol. Quad. Map GQ-89. 

'Veils, F. G.,  Gates, G. 0., Grantham, R. J\L, Hotz, P. E., .James, H. L., Kenneth, 
W. E., Neuman, .J. V., .Jr., Rynearson, G. A., Smith, C. T., Tabor, E. C., .Jr., Tate, 
E . .J., 19.W, Prelimina,ry geologic map of the Grants Pass quadrangle, Oregon : 
Oregon Dept. Geology and Mineral Industries. 

Wells, F. G., Hotz, P. E., and Clater, I!'. W., .Jr., 1949, Preliminary description 
of •the geology of the Kerby quadrangle, Oregon : Oregon Dept. Geology and 
Mineral Industries Bull. 40, 23 p. 

Wells, F. G., and Peck, D. L., 1961, Geologic map of Oregon west of the 121st 
meridian : U.S. Geol. Survey Misc. Geol. Inv. Map I-325. 

Wells, F. G., and Walker, G. W., 1953, Geologic map of the Galice quadrangle, 
Oregon : Oregon Dept. Geo·logy and Mineral Industries. 

Wells, F. G., and Waters, A. C., 1934, Quicksilver deposits of southwestern 
Oregon : U.S. Geol. Survey Bull. 850, 58 p. 

--- 1935, Basaltic rocks in the Umpqua Formation : Geol. Soc. America Bull., 
v. 46, no. 6, p. 961-972. 

Wells, .J. R., 1965, Feldspar, in Mineral facts and problems : U. S. Bur. Mines 
Bull. 630, p. 321-327. 

Wells, R. R., and Agey, W. W., 1947, Concentration of oxide manganpse ore from 
Sheep Mountain property, Durkee district, Or!'gon : U.S. Bur. Mines Rept. 
Inv. 4149, 7 p. 

Wh!'eler, H. E., and Cook, E. F., 1954, Structural and stratigraphic significance 
of the Snake River capture, Idaho-Oreg·on : .Jour. Geology, v. 62, no. 6, p. 
525-536. 

Whit!', D. E. ,  1957a, Magmatic, connate and metamorphic waters : Geol. Soc. 
America Bull., v. 68, no. 12, pt. 1,  p. 1659-1682. 

--- 1957b, 'l'hennal waters of volcanic origin : Geol. Soc. America Bull., v. 68, 
no. 12, pt. 1, p. 1637-1657. 

--- 1965, Geothermal energy : U.S. Goo!. Survey Circ. 519, 17 p. 
--- 1966, Utilil'lation of geothermal energy : U.S. Geol. Survey Prof. Paper 

550-A. p. A158-A159. 
White, D. E., and Brannock, W. W., 1950, The source of heat and water supply 

of thermal springs with particular reference to Steamboat Springs, Nevada : 
Am. Geophys. Union Trans., v. 31, no. 4, p. 566-574. 

Wilcox, R. E., and Fisher, R. V., 1966, Geologic map of the Monument quadrangle, 
Grant County, Oregon : U.S. Geol. Survey GPo!. Quad. Map GQ-541. 

Wilkinson, W. D., Lowry, W. D., and Baldwin, E. M., 1945, Geologic map of the 
St. Helens quadrangle, Oregon-Washing.ton : Oregon Dept. Geology and Mineral 
Industries Map. 

Wilkinson, W. D., and Oles, K. F., 1968, Stratigraphy and paleoenvironments of 
Cretaceous rocks, Mitchell quadrangle, Oregon : Am. Assoc. Petroleum Geolo
gists Bull., v. 52/1, p. 129-161. 

Williams, Howe!, 1933, Mount Thielsen, a dissected Cascade volcano : Cali
fornia Univ., Dept. Geol. Sci. Bull., v. 23, no. 6, p. 195-213. 

--- 1935, Newberry volcano of central Oregon : Geol. Soc. America Bull., v. 
46, no. 2, p. 253-304. 

--- 1942, The geology of Crater Lake National Park, Oregon, with a recon
naissance of the Cascade Range southward to Mount Shasta : Carnegie Inst. 
Washington Pub. 5.W, 162 p. 

--- 1944, Volcanoes of the Three Sisters region, Oregon Cascades : California 
Univ., Dept. Geol. Sci. Bull., v. 27, no. 3, p. 37-83. 

--- 1957, A geologic map of the Bend quadrangle, Oregon, and a reconnais
sance geologic map of the central portion of the High Cascade Mountains : 
Oregon Dept. Geology and Mineral Industries. 

--- 1962, The ancient volcanoes of Oregon : Oregon State System Educ., 
Condon Lecture Ser., 68 p. 

Williams, Howel, and Compton, R. R., 1953, Quicksilver d!'posits of Steens Moun
tain and Pueblo Mountains, southeast On>gon : U.S. Geol. Survey Bull. 995-B, 
p. 19-77. 



321 

Williams, I.  A., 1914, The occurrence of coal in Squaw Creek Basin, Coos Couruty, 
Oregon : Mineral Resources of Oregon, Oregon Bur. Mines and Geology, v. 1 ,  
No. 1, p.  28-48. 

· 

--- 1916, The Columbia River Gorge : its geologic history interpreted from 
the Columbia River highway : Mineral Resources of Oregon, Oregon Bur. Mines 
and Geology, v. 2, no. 3, 130 p. 

Williams, I. A., and Parks, H. M., 1923, The limonite iron ores of Columbia 
County, Oregon : Mineral Resources of Oregon, Oregon Bur. Mines and Geology, 
v. 3, no. 3, p. 1-31. 

Williams, L. R., 1965, Alumina and bauxite, in Mineral facts and problems : U.S. 
Bur. Mines Bull. 630, p. 15-26. 

--- 1966, Magnesium compounds : U.S. Bur. Mines Minerals Yearbook 1965, 
v. 1, p. 621-645. 

Wilson, Hewitt, and Treasher, R. C., 1938, Preliminary report of some of the 
refractory clays of western Oregon : Oregon Dept. Geology and Mineral In
dustries Bull. 6, 93 p. 

Winchell, A. N., 1914, Petrology and mineral resources of Jackson and Josephine 
Counties, Oregon : Mineral Resources of Oregon, Oregon Bur. Mines and Geol
ogy, v. 1, no. 5, 265 p. 

Withington, C. F., 1964, Gypsum and anhydrHe, in Mineral and water resources 
of Idaho : Idaho Bur. Mines and Geology Spec. Rept. 1 ,  p. 101-104. 

Wolfe, H. D., and White, D. J., 1951, Preliminary report on tungsten in Oregon : 
Oregon Dept. Geology and Mineral Industries GMI Short Paper 22, 24 p. 

\Voollard, G. P., and Rose, J. C., 1963, International gravity measurements : Soc. 
Explor. Geophysicists, Tulsa, Okla. 

World Book Atlas, 1965 ( Rev. ) ,  U.S. popul-ation 1790-1960 : Chicago, Field 
Enterprises Education Corp., 392 p. 

Yancey, H. F., and Geer, M. F., 1950, Analyses and other properties of Oregon 
coals as relll!ted to their utilization : Oregon Dept. Geology and Mineral In
dustries Bull. 20, 38 p. 

Yates, R. G., 1942, Quicksilver deposits of the Opalite district, Malheur County, 
Oregon, and Humboldt County, Nevada : U.S. Geol. Survey Bull. 931-N, p. 
319-348. 

Youngberg, E. A., 1947, Mines and prospects of the Mount Reuben mining district, 
Josephine County, Oregon : Oregon Dept. Geology and Mineral Industries 
Bull. 34, 35 p. 

Zapffe, Carl, 1949, Iron-bearing deposits in Washington, Oregon, and Idaho : 
Portland, Oreg., Raw Materials Survey Resource Rept. 5, 89 p. 



MINERAL AND WATER RESOURCE'S OF OREGON 

SECTION 2 
WATER RESOURCES AND DEVELOPMENT 

PREPARED BY 

UNITED STATES GEOLOGICAL SURVEY 

AND 

UNITED STATES BUREAU OF RECLAMATION 

AND 

BONNEVILLE POWER ADMINISTRATION 

(323) 



SECTION II 

WATER RESOURCES AND DEVELOPMENT 

WATER RESOURCES 

( By K. N. Phillips, U . S. Geological Survey, Portland, Oreg. ) 

INTRODUCTION 

Oregon has a large supply of water, but it is unevenly distributed 
with respect to both area and time. Damaging floods occur every few 
years, and they are not limited to the wetter parts of the State ; short
ages of w ater are frequent in eastern Oregon and are not unknown in 
the more humid western section. Some nvers that lie almost side by 
side differ markedly in their patterns of flow. Likewise, ground water 
varies greatly from place to place in quantity and in quality. Most of 
this diversity results from differences in topography, climate, and 
geology. 

Several ranges of mountains exert a great influence on the distribu
tion of precipitation and serve to divide the State into drainage basins. 
The Coast Range extends from C alifornia northward into Washing
ton, its crestline in Oregon at 1 ,000 to 4,000 feet altitude lying 20 to 40 
miles inland from the Pacific Ocean. The much higher C ascade Range 
lies parallel to the Coast Range, about 90 miles farther inland, and 
reaches a maximum altitude of 11 ,235 feet at Mount Hood. The valley 
areas in the basins of the Rogue, Umpqua, and Willamette Rivers lie 
between these mountain ranges. Farther east, the Blue Mountains of 
central Oregon reach altitudes of 6,000 to 9,000 feet, and the Wallowa 
Mountains m the northeast range from 6,000 to nearly 10,000 feet. In 
the southeast quarter, fault-block ridges that have a general north
south trend and range from 1 ,000 to 4,000 feet in relief, break up tha;t 
arid sector into a series of landlocked lake basins. All these mountains 
are barriers which the prevailing westerly winds must cross. The 
mountains induce greater precipitation, especially on the windward 
side and on the steeper slopes. At altitudes above 3,500 1 feet, the ap
proximate mean altitude of the State, most of the precipitation falls as 
snow. 

The climate of the western third of Oregon is characterized by mod
erate temperatures, wet winters, and dry summers ; about 78 percent 
of the annual precipit!lltion occurs in the period October to March. The 
eastern two-thirds of the State has greater extremes of temperature 
but less seasonal variation in precipitation ; about 65 percent of the 
precipitation occurs in the period October to March. 

The average annual precipitation ranges from about 200 inches at 
places in the Coast and Cascade Ranges to less than 10 inches in parts 
of north-central and southeast Oregon (fig. 72) .  The statewide average 

1 Computed in 1967 from 1966 edition of 1 : 500,000-scale Oregon base map with contours. 
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is about 27 inches per year, equivalent to 139 million acre-:feet. The 
average precipitation a1t selected stations is shown in table 27. 

Several agents intervene between the falling moisture and the flow
ing stream. Vegetation intercepts some water, and in the growing sea
son evaporation and transpiration may consume 20 inches or more. 
Also, decaying plant and tree roots provide passages that increase 
infiltration into the soil and subsoil. Porosity and permeability deter
mine the capacity of the underlying geologic formation to store and 
to transmit the water that forms the base flow o:f streams beween 
periods of rain. The chemical quality o:f the stream water depends in 
part on the nature of the soluble materials in the soil and rock through 
which the percolating water has passed. The amount, distribution, and 
quality therefore vary greatly from one basin to another in Oregon. 

The chief industries of the State are related to forest products, 
agrieulture, and tourism, and water is vital to each o:f them. In some 
respects their uses of water are eompatible ;  for example, irrigation res
ervoirs are used to a great extent :for angling. In other respe0ts their 
uses are in conflict : a stream depleted for irrigation has less value for 
recreation than a natural stream ; unregulated discharge o:f waste 
products :from a sulfite-process papermill reduces dissolved oxygen 
in the river and may promote growth of algal slime. 

Water is also used extensively in the mmeral industry. Aluminum 
and nickel production, gold-placer mining, and the processing of 
exotic. minerals use about 100 cfs (cubic feet per second) , on the aver
age ; and the production, washing, and treatment of nonmetallic. build
ing materials (cement, sand, gravel, stone, and clay products) .at least 
as much. 

Water is consumptively used in ever larger amounts to meet the 
demands for agriculture, industry, and municipal and domestic needs, 
and nonconsumptively :for power development, recreation, transporta
tion, 1fisheries, and dilution o:f wastes. Agriculture consumes the 
greatest quantity ; its needs are greatest in the dry areas of eastern 
Oregon and in the dry summer season, the place and time when water 
often is in short supply. The approximate amounts o:f water used in 
1965 :for purposes that require diversion are shown in table 28. 

Recreational use of water is increasing rapidly. Parks :for public 
enjoyment all depend on water supply, and most of them are water 
onented. Hundreds of picnic areas, campgrounds, and other recreation 
facilities are maintained on public lands by Federal agencies. Bonne
ville Dam on the Columbia River attracted 947,000 visitors in 1966 ; 
Crater Lake had 552,000 visitors in the short 1966 summer season. The 
State park system has more than 200 public parks, of which 38 have 
frontage on the Pacific Ocean, 17 on lakes or reservoirs, 47 on large 
streams, and many more on small streams ; 11  parks :feature water
falls ; more than 60 offer facilities for water sports ; and 32 have boat
launching ramps. These State parks had a registered attendance of 
more than 19 million persons in 1967. 

Water problems are widespread in Oregon. Flooding and drought 
are due to natural causes and have been alleviated in some areas by 
storage, drainage, diking, and irrigation. In some places ground water 
is too highly mineralized for most uses. Other problems are caused or 
intensified by man's activities. Evaporation from reservoirs reduces 



TABLE 27.-AVERAGE MONTHLY AND ANNUAL PRECIPITATION, IN I N CHES, AT SELECTED SITES IN OREGON 1 

Basin Station January February March April May June July August September October November December Year 

Closed lakes . . . _ _ _  . _ _ _ _ _ _ _  Burns . . . . . . . .  _ . _ .  _ _ _ _ _ _ _  . I. 62 I. 27 0. 97 0. 75 0. 89 0. 88 0. 34 0. 29 0. 50 0. 86 1. 16 1 . 43 10. 96 
Do .... _ _ _ _ _  . . .  _ _ _ _ _ _ _  Lakeview ... _ _ _ _ _ _ _ _ _ _ _ _ _ _  1. 84 I .  71 I. 52 1. 15  I.  51 I.  28 . 22 . 17 . 58 I. 21 I.  37 1 . 88 14.44 

Snake. _ _ _ _ _ _ _ _ _ _  . _ _ _ _ _ _  . Baker... _ .  _ _ _ _ _ _ _ _ _ _  . _ _ _ _  . 98 . 88 I. 05 . 87 1 . 44 1. 41 . 48 . 38 . 60 . 82 1. 00 1. 06 10.97 
Do _ _ _ _ _ _ _ _ _ _  . _ _ _ _ _ _ _  Enterprise. _ _ _ _ _ _ _ _ _ _ _ _  . 92 . 86  1. 19 1 . 22 1. 72 2. 19 . 60 . 59 1. 01 1. 17  1. 07 1. 00 13.54 
Do _ _ _ _ _ _ _ _  . _  . .  _ _ _ _ _ _  Vale _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 . 09 . 98 . 81 . 68 1. 03 . 80 . 17 . 24 . 46 . 77 . 85 1. 00 8. 88 

Lower Columbia. _ _  . .  _ _ _ _ _ _  Hermiston _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1. 18 . 93 . 81  . 62 . 66 . 75 . 19 . 13 • 44 . 87 1. 05 1. 14 8. 77 
Do _ __ _ _ _ _ _ _ _  . .  _ _ _ _ _ _ _  The Dalles. _ _ _ _ _ _ _ _ _ _ _ _ _ _  2 .  55 1 . 80 1. 37 . 53 . 62 . 66 . 08 . 16 . 47 1. 17  2 .  02 2. 36 13.79 
Do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Hood River _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  5. 04 3. €2 3. 41 1 . 49 1. 10  . 92 . 15 . 27 . 86 2. 62 4. 77 5. 44 29.69 

Willamette _ _ __ _ _ _ _ _  - - - - - - _ Eugene ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  6.  33 4. 97 4. 32 2. 38 2. 14 1 . 42 . 27 . 40 1. 27 3.83 5 .62 6.61 39. 56 � 
Do. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Hillsboro . .  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  5. 95 4.51 4.02 1 .  89 1 . 85 1. 46 . 38 . 50 1. 44 3. 31 5. 54 6. 97 37. 82 1>:) 
Do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  McKenzie Bridge _ _ _ _ _ _ _ _ _ _  10.48 8.42 8. 39 4. 75 3.91 2. 93 . 52 . 72 2. 25 6. 61 9. 62 1 1 . 84 70. 44 00 
Do .... _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Portland _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  6.34 4.90 4. 78 2. 45 2.05 1. 68 . 39 . 69 1 . 74 3. 89 6. 04 7. 42 42. 37 

Coastal. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Astoria _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - 1 1 . 7 1  9. 89 8. 92 5. 18 3.20 3. 02 1. 27 1 . 49 3. 13  7 .  78  1 1 . 20 13.65 80.44 
Do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Brookings _ _ _ _ _ _ _ _ _  - - - - - - - 13. 16 11 . 07 10. 19 5.42 4. 30 2. 46 . 58 . 58 1. 84 7. 27 10. 75 13. 78 81.40 
Do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Newport__ _ _ _ _ _ _ _ _ _ _ _ _ _ . 10. 01 8. 38 8. 38 4 . 16  2 .  93 2. 39 . 81 . 92 2. 31 6. 12  8 .  80 1 1 . 02 66. 23 
Do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  North Bend. _ _ _ _ _ _ _ _ _ _ _ _  10. 29 8. 35 7.63 3. 87 2. 77 1 . 69 . 43 . 52 1 . 73 5.49 8. 56 10.49 61.82 

Umpqua _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Roseburg _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  5 .  51 4 . 21 3.42 1. 93 1. 85 1. 50 . 21 . 31 1. 00 3. 02 4.46 5.69 33. 1 1  
Rogue _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Ashland . .  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . 2. 78 2. 1 5  2. 06 1 . 30 1 . 74 1 . 20 . 34 . 27 . 78 1 . 84 2. 53 3.00 19.99 

Do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Grants Pass _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  5 .  82 4. 50 3.20 1 . 69 1. 63 . 9 1  . 26 . 18 . 71 2. 71 3. 94 5. 52 31. 07 
Do _ _ _ _ _  . _ _ _ _ _ _ _ _ _ _ _ _ _  Medford _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . 3. 14 2.40 1 . 78 1 . 06 1. 47 1 .  02 . 21 . 18 . 60 1 . 94 2. 60 3. 38 19.78 
Do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Prospect. _ _ _ __ _ _ _ _ _ _ _ _ _ _  . 6.60 4.94 4. 55 2.90 2. 73 1 . 80 . 33 . 30 1. 06 3. 95 5 .67 6.86 41. 69 

Klamath _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Crater Lake _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 1 . 29 9.02 8. 16 4 .62 3. 55 2.49 . 61 . 70 2. 03 6.46 8. 13  1 1 .68 68. 74 
Do .. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Klamath Falls _ _ _ _ _ _ _ _ _ _ _ _ _  2. 1 1  1. 56 1 . 24 . 84 1 . 1 5  . 95 • 31 . 33 . 60 1 . 1 5  1 . 61 2. 21 14.06 

1 Data from publications of U.S. Weather Bureau. 
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TABLE 28.-CONSUMPTIVE USES OF WATER IN OREGON IN 1965 
[In thousands of acre-feet] 

Purpose 

Public supplies • . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . .  
Rural use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

I rrigation . • • • • . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Hydropower • . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel-electric. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . 
I ndustry . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . .  

Approximate annual volume 
Withdrawn Consumed 

Remarks 

290 
66 

5, 800 
240, 000 

6 
1. 200 

65 
59 Includes use for livestock. 

2, 500 
0 Some evaporation from reservoirs. 
0 

54 Excludes use from public supplies. 

the available water supply. Sudden changes in flow below a dam may 
create problems-low flows may kill fish, whereas high flows create 
hazards for anglers. Repeated use of water for irrigation tends to in
crease the concentration of dissolved minerals. Return flows of water 
used for agricultural and some industrial purposes contain mineral 
nutrients that stimulate undersirable algal growths in rivers and 
lakes. Municipal and industrial wastes at t imes deplete the natural 
supply of dissolved oxygen in streams and thus block the passage of 
migrant anadromous fish so that they die before reaching their spawn
ing grounds. Blocking may also be due to naturally high water tem
peratures which occur at times, and in the future may result from un
controlled use of stream water for cooling at thermal- or atomic-energy 
plants. One of the most difficult problems is to .balance the divergent 
interests of those who would prefer to maintain streams in a near
natural condition and those who recognize the growing needs for use 
and control of the State's water supplies. 

GENERAL CHARACfERISTICS OF THE WATER SUPPLY 

SuRFACE-WATER REsoURCES 

RIVERS 

Interstate streams form a significant part of the State's water sup
ply. The Snake River, Oregon's eastern boundary for 216 miles, and 
the Columbia River, Oregon's northern boundary for 309 miles, derive 
most of their flow from other States. The Owyhee River rises in Ne
vada and enters Oregon from Idaho ; Twentymile Creek flows from 
California into Warner Valley in Oregon ; and small tributaries of the 
Rogue River rise in California. The Klamath, Grande Ronde, and 
Wall a Walla Rivers rise in Oregon and carry significant flows into 
other States. Small tributaries of Smith River in northwestern Cali
fornia rise in Oregon. Goose Lake lies •astride the Oregon-California 
line ; its l·arger tributaries are in Oregon. Large volumes of water are 
diverted in Oregon each year from the Owyhee River to irrig!l!te land 
in Idaho, and from the Klamath River to irrigate land in California. 
Interstate agreements are in effect between Oregon and California 
on the use of the waters of the Klamath River and Goose Lake. 

Streams in Oregon range in size from small rills that cease to flow 
at times, up to the Columbia River, the largest stream in western 
America. Figure 73 shmvs the approximate average discharge of the 
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FIGURE 73.-Average discharge, in cubic feet per second, of principal rivers. 

larger Oregon streams. Columbia River has an average annual dis
charge of about 195,000 cfs at The Dalles and about 270,000 cfs at the 
mouth, mostly derived from upstream States and Canada. 

Runoff, the flow that appears in streams, over a period of years 
is practically equal to the volume of precipitation less evaporation and 
transpiration. The average annual runoff of all streams in the 96,981-
square-mile area in Oregon is about 85 million acre-feet, enough to 
cover the State to a depth of 16 inches ; as shown on figure 7 4 it ranges 
from less than 1 inch in semidesert areas of Lake, Harney, and Malheur 
Counties to more than 100 inches in places on the western slopes of the 
Coast and Cascade Ranges in northwestern Oregon. 

The average annual flow varies considerably from year to year, even 
on large streams with fairly steady flow. For example, as shown in fig
ure 75, Columbia River at The Dalles has ranged from 314,000 cfs in 
water year 1894 to 118,000 cfs in 1926, and Willamette River at Albany 
from 24,200 cfs in 1894 to 7,980 cfs in 1931. The relative range is much 
grea;ter on small streams in arid regions : Silvies River near Burns, 
for example, has ranged from 415 cfs in 1904 to 15 cfs in 1934. 

Seasonal variability is even more marked. As shmvn in figure 76, the 
Siletz River, a stream typical of those that drain the west slope of the 
Coast Range, has more than 50 percent of its annual flow in the 
months of December, January, and February, but only 3 percent in 
the period ,July to September. In contrast, Columbia River at The 
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John Day River 
at McDonald Ferry 

FIGuRE 76. -Monthly distribution of .runotf for four Oregon rivers. 

Dalles has 51 percent of its flow in the period May to July and only 13 
;percent in the period December to February. That marked difference in 
seasonable distribution has the favorable effect of tendin� to reduce the 
fluctuations in the statewide total supply. The Metolms River has 
only a very slight seasonal change because of large springs with steady 
flow that rise from thick, permeable volcanic aquifers. Other streams 
sharing that characteristic to a notable degree include the tributaries 
of the Deschutes, 8antiam, Umpqua, Rogue, and KlamaJth Rivers. The 
John Day River has 61 percent of its flow in the period March to May 
and only 3 percent August to October. Such a regimen is typical of 
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many streams that rise in mountain areas where the snow mel ts in the 
spring and natural ground-water storage is smalL 

LAKES AND RESERVOIRS 

Lakes are an important hydrologic feature of Oregon. Most lakes 
overflow ; to some extent they store water naturally during periods of 
high flow and release it gradually in dry periods when water demands 
are the greatest. Some lakes lose water by leakage that nourishes 
springs. Many lakes in the high plateaus of south-central Oregon lose 
water only by evaporation, and several large lakes have thus become 
moderately to highly saline ; examples are Harney, Summer, and Abert 
Lakes. The water resources of most lakes are undeveloped and the lakes 
are used chiefly for recreation. 

There are at least 1,400 named lakes in Oregon. More than half of 
these lie in volcanic or glacial depressions near the broad summit of the 
Cascade Range ; about 70 lie in depressions between sand dunes, within 
i� miles of the ocean ; and nearly 100 small glacial lakes are clustered 
in secluded pockets in the Wallowa Mountains. 

Goose Lake is the largest lake. Most of it lies in California. When 
filled to its overflow level, 4,716 feet, it covers 194 square miles ( 126 
in California)  and has a maximum depth of 24 feet. It overflowed 
into the North Fork Pit Ri,·er in 1R6R and again for a few hours 
during a strong north wind in 1881. It was dry at times in 1926 and 
1929-34. Future overflow is unlikely because of diversions for irriga
tion. 

Upper Klamath Lake, the largest natural lake wholly in Oregon. 
covers 90,000 acres. A low dam at its outlet regulates the lake level 
and controls the release of about 440,000 acre-feet between the levels 
of 4,137 and 4,143 feet. 

Crater Lake, 1 ,932 feet deep, is the deepest lake in the Unitt>d States, 
and contains 14 million acre-feet (4.2 cubic miles) of water. It has 
a leakage rate of about 90 cfs and a computed evaporation loss of about 
23 inches of depth per year. Other deep lakes are Waldo ( 420 £t ) ,  Wal
lowa ( 283 £t) , and Odell (at least 279 ft) .  Waldo Lake contains about 
800,000 acre-feet of water. 

Oregon has 61 reservoirs of more than 5,000 acre-feet capacity that 
when filled cover 280,000 acres and contain more than 10 million acre
feet of water, of which about two-thirds is controlled storage. Reser
voirs of notable size include Owyhee Reservoir and four interstate 
reservoirs (Brownlee, McNary, The Dalles, and Bonneville) .  A group 
of 12 reservoirs operated by the U.S. Corps of Engineers provides 
flood protection, navigation, power, recreatwn, and other benefits in 
the Willamette River basin. 

SNOWFIELDS AND GLACIERS 

Fields of snow and rivers of ice at high altitudes play a significant 
part in regulating the flow of the Snake and Columbia Rivers. The 
larger glaciers are in Canada or in States other than Oregon ; but 
small glaciers exist on the slopes of Mount Hood, Mount Jefferson, and 
Three Sisters, covering about 8,000 acres and extending down to about 
the 6,000-foot level. Streamflow from glaciers has several unique 
characteristics : ( 1 )  precipitation in winter is stored for release in the 
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warm, dry summer period, with little depletion from evaporation or 
other losses ; (2)  storage occurs over a long period of wet years, and 
maximum release occurs during a warm, dry cycle ; ( 3 )  the melt water 
contains much suspended sediment or "�lacier flour," that may be 
abrasive to turbines, sprinklers, and the like ; and ( 4) the rate of melt
ing has a pronounced daily fluctuation. 

Snowfields that never melt completely cover high-altitude areas that 
are larger than the glaciers and have similar characteristics of seasonal 
storage and release. The snowfield melt water does not carry "glacier 
flour," however, and the diurnal fluctuation in streamflow is less pro
nounced becau�e of the wider diftribution of the snowfields. Still larger 
areas are covered at times with snow that usually melts during the 
period February to May. Some streams that drain high mountain areas 
have well-sustained flows in the dry months of late spring and early 
summer, when water demand for irrigation is at its peak. 

QUALITY 

Surface water in Oregon is generally of excellent chemical and 
physical qualitv for use in irrigation, industrial processes, or munic
ipal supplies. The dissolved-solids concentration of most streams in 
western Oregon is less than 100 ppm (parts per million) and in eastern 
Oregon less than 250 ppm as shown schematically in figure 77. Most 
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A .  Sprague River near Chi l oquin K .  De s c hu t e s  River at Moody 
B .  W t l l iamson River near Chiloquin C o  McKenzie River near Eugene 
c .  Owyhee River b e l ow Owyhee Dam M .  W l l lame t t e  River a t  S a l em 
D .  Malheur River a t  Drewsey N .  Nestucca River near B laine 
E .  Malheur River near Hope o. S i l e t z  River near S i l e t z  

F .  Grande Ronde River at Troy P .  A l sea R iver at Tidewa t e r  
G .  Umat i l l a  River at Pendleton Q .  South Umpqua River at T i l l er 

H .  Columbia Rivet' near Rufus R. South Fork Coqu i l l e  River near 

I .  L i t t l e  Deschu t e s  River near Powers 

Lapine s .  Coqui l l e  River a t  Coqu i l l e  

J 0 Crooked River near Culver T .  Rogue River at Grants Pass 

Figure 77.-chemical quality of typical Oregon streams. 
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of the waters are of the calcium magnesium bicarbonate type. Streams 
in western Oregon have less than 60 ppm of hardness and are classed 
as soft water. Those in eastern Oregon range in average hardness from 
20 to 150 ppm, with greater hardness at times because of return flows 
from irrigation. 

The allowable dissolved-solids content of a water varies considerably 
depending on the particular water use. For drinking-water supplies, 
the U.S. Public Health Service recommends that waters contaming 
more than 500 ppm not be used if other less mineralized supplies are 
available. 

Hardness of water is a measure of the amount of soap needed to 
form a lather and is expressed as an equivalent amount of calcium 
carbonate, in ppm. Calcium and magnesium are the principal ions that 
cause hardness but ions such as aluminum, iron, and manganese also 
�ontribute to hardness. In U.S. Geological Survey publicrutions, water 
"f 0 to 60 ppm is considered to be soft, that of 61-120 ppm is moderately 
hard, that of 121-180 ppm is hard, and that of more than 180 ppm is 
very hard. 

Data on sediment transport are meager, but most streams are clear 
and relatively free of sediment at low and medium flows. Notable ex
ceptions are the Hood and Sandy Rivers, and Squaw Creek in the 
DescNutes River basin, which receive glacier melt water that has not 
been clarified by passing through mountain lakes. In periods of flood, 
all streams carry considerable sediment, and a few concentrations 
exceeding 100,000 ppm of suspended solids were observed in north
central Oregon during the severe flood of December 1964. Such con
centrations no doubt occur also in flash floods of the "cloudburst" type 
.that occasionally strike local areas in eastern Oregon. However, 
these floods are of such short duration and so infrequent that it seems 
better in this report to express sediment production in terms of total 
movement by streams in acre-feet per square mile per year. 

Figure 78 is a generalized map of annual sediment production in 
Oregon. Nearly all western Oregon has a low rate of sediment pro
duction (0.1 to 0.2 ac-ft per sq mi per yr) , in spite of having high an
nual runoff (fig. 3 ) .  Slightly higher rates in several places result from 
local land-use practices or other special conditions. About 80 percent 
of eastern Oregon has even smaller sediment production, owing in 
part to the low rates of runoff: The highest rates occur in areas that 
( 1 )  have considerable slope, (2)  have little or no forest cover, (3)  

have light, erodible soils, ( 4)  are intensively farmed and, ( 5 )  are sub
ject to occasional cloudburst storms. 

The temperature of running water has a bearing on its utility for 
irrigation, fisheries, recreation, and some industrial applications. The 
average temperature and monthly range in temperature of four Ore
gon streams are shown in figure 79. (The temperature of Willamette 
River at Salem may be affected in some months by release of water 
from upstream reservoirs ; other streams shown in figure 79 are un
regulated.)  The smaller streams, Umatilla and Tualatin Rivers, have 
a greater monthly range in temperature than do the larger ones, and 
this difference is probably typical. On small unregulated streams not 
fed by local springs, temperature variations of more than 20° F. in a 
single day have been observed, whereas the daily range on large spring-
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FIGURE 78.-Generalized map of sediment production in Oregon ( after Flaxman and High, 1955) . 
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Rogue River near Agness, 1963 
Average temperature 55.3° F 
Mean monthly range 9. 9° F 

Wil lamette River at Salem, 1966 
Average temperature 55.4° F 
Mean monthly range 8.5° f 
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Umatilla River near Gibbon, 1963 
Average temperature 48.JO F 
Mean monthly range 

Tualatin River near D i l ley, 1966 
Average temperature 51.2° F 
Mean monthly range 14.1° F 

FIGURE 79.-Typical monthly range in temperature of four Oregon rivers. 

fed streams seldom exceeds 6° F. Average winter temperatures of the 
streams are usually higher than basinwide air temperatures, because 
the temperature of flowing water usually does not fall below 32° F. 
In most reservoirs, temperature stratification occurs in summer, and 
the depth at which water is released affects monthly downstream tem
perature by as much as 8° F. (Moore, 1967, table 3 . )  

GROUND-WATER RESOURCES 

PRINCIPLES OF OCCURRENCE 

Ground water occurs in the saturated zone. of an aquifer (a  per· 
meable formation of consolidated or unconsolidated rock material ) .  
In places it may be confined under hydrostatic pressure by less 
permeable overlying strata ( in which event the pressure will cause 
water to rise in a well or even to flow at the surface) ,  or it may be un-
confined (water level in the well the same as in the aquifer) .  . 

A ground-water body is fed by infiltration of rain and snowmelt, 
or by leakage from a lake, river, or watered tract, and is drained by 
outflow to springs, by evapotranspiration, by diffuse seepage into 
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streams, or by the pumping or artesian flow of wells. The water table 
rises in periods of excess supply and falls in periods of drought or 
heavy draft. An aquifer is thus a natural storage reservoir. Springs 
that drain an aquifer form the base flow of streams in dry periods. 
There is, therefore, a continuing and complex interplay between what 
we, for convenience, call surface water and what we know as ground 
water. 

AVAILABILITY 
For economic withdrawal, the availability of ground water depends 

on the depth ·to water, the nature of the rock in which it occurs, the 
thickness of the zone of saturation, .and the volume, porosity, perme
ability, and annual recharge of the aquifer. In OregonJ alluvial sand 
and gravel and Holocene and some Tertiary lavas usually yield water 
readily to wells that penetrate saturated zones. PyroclaStic and 
marine sedimentary rocks generally yield smaller amounts because 
of their lesser permeability. Wells in any locality or aquifier may difier 

FIGURE 80.-Availability of ground water. 
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greatly in yield because of nonuniformity of the aquifer itself or be
cause of differences in construction of the wells. The general avail
ability of ground water in the State is shown in figure 80 ; many local 
exceptions exist. 

The average annual recharge to aquifers in the State is estimated 
to be about 23 million acre-feet, equivalent to about one-sixth of the 
average Statewide precipitation. The recharge is about equally divided 
between eastern Oregon and western Oregon. About .a quarter of the 
total recharge occurs in the basin of the Deschutes River. 

The volume of ground water within 500 feet of the surface is esti
mated at about 250 million acre-feet, or three times the annual runoff 
of all the streams in the State. At least 80 percent of that total lies in 
eastern Oregon, where the annual natural recharge is only about 11  
million acre-feet. The sustained yield economically recoverable from 
any aquifer is usually, as a practiCal matter, considerably less than its 
annual recharge. 
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Very large springs fed by ground-water bodies rise from volcanic 
rocks in the basins of the Deschutes, Klamath, Rogue, Umpqua, Mc
Kenzie, and Santiam Rivers, giving each of these streams a large, 
steady base flow of clear water in dry periods. On the Deschutes River 
alone, the combined flow of springs is about 4,000 cfs. Smaller springs 
are common in other areas. 

QUALITY 

Ground water generally contains somewhat more dissolved solids 
than do streams in the same area. Typical values for dissolved solids 
and hardness of water obtained from various geologic formations in 
Oregon are shown in 1figure 81.  

Ground water from most sources is of the calcium magnesium bi
carbonate type, having dissolved solids between 100 and 300 ppm and 
hardness between 50 and 150 ppm. Such water is suitable for almost 
any commercial or public purposes. Water from some fault zones, from 
marine sedimentary rocks, and from the alluvium of closed basins, is 
more highly mineralized . . 

The temperature of ground water is usually about the same as the 
mean annual air temperature at the site, plus L8° F. for each 100 feet 
of depth of �ts occurrence below the first 100 feet. Many exceptions 
to this generality exist, such as the many thermal springs in the State. 
Oregon has at least 105 thermal springs, of which 14 are used for 
resorts and 73 are used for other purposes ( Stearns and others, 1935, 
p. 96) .  The potential use of these for the production of power is dis
cussed on page 299. Some houses and other buildings in Klamath Falls 
are heated by natural hot water. Well drillers have reported water 
temperatures at depth along fault zones near Klamath Falls and Lake
view as high as 220° F. (data in files of Geological Survey, Portland, 
Oreg. ) .  Other springs flow at only about 60° F., or 10° F. warmer than 
the mean annual air temperature. Some thermal springs have very 
small flow. The largest is probably the group of springs that feed Ana 
River near Summer Lake ; they discharge about 90 to 100 cfs at a 
temperature of 66° F. 

Ground water is preferred to surface water for some uses because of 
its near constancy m chemical and physical quality and its freedom 
from surface contamination and sediment. 

PRINCIPAL DRAINAGE BASINS OF OREGON 

The principal drainage basins are shown in figure 82. For con
venience in discussion, Goose Lake is here considered as being in the 
basin of closed lakes, although overflow into the North Fork Pit River 
has occurred (p. 334) . The Willamette River basin is considered 
separately from other Columbia River tributary basins because of its 
large concentration of population and water use and its distinctive 
water problems. Likewise, the basins of the Umpqua and Rogue Rivers 
are discussed individually because they differ from other Pacific coast 
basins in water production, water use, and water problems. 

The tables that are presented in the following sections show observed 
flow of selected streams not adjusted for the effects of upstream storage, 
diversion, or consumptive use. 
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CLOSED-LAKE BAsiNS 

WATER QUANTITY 

An area o:f about 18,300 square miles in south-central and south
eastern Oregon has no drainage outlet to the sea. All the streamflow 
not consumptively used is dissipated by evaporation :from many shal
low playas and several large lakes, including Goose, Abert, Summer, 
Silver, Malheur, and Harney Lakes, and a chain o:f 11 smaller lakes 
in Warner Valley. These lakes and many others lie in shallow basins 
between :fault blocks in volcanic terrane. 

The area is semiarid. Average annual precipitation ranges :from less 
than 8 inches in some valleys to 30 inches or more on the slopes o:f the 
higher mountains. Many o:f the smaller streams have little or no flow 
except in periods o:f melting snow. The larger streams have been 
measured, and their records o:f flow are summarized in bble 29. The 
annual runoff ranges :from about hal£ an inch in depth to about 10 
inches. The streams listed drain only about one-seventh o:f the total 
area in the basins, but their combined flow is hal£ the estimated total 
runoff o:f 1.1 milHon acre-:feet per year. 

TABLE 29.-SUMMARY OF STREAMFLOW DATA AT SELECTED SITES IN CLOSED-LAKE BASINS 

Streamflow 
Stream 

Drainage 
area 

(square 
miles) 

Years 
of 

record 
Average CUbic feet per second 

��:����� ;���� ���\_����----�� : : : : : : : : : : : : : : :  
Drews Creek near Lakeview_ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Chewaucan River near Paisley _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Ana River near Summer lake _____ . _ _ _  ·- . .  _ _ _ _  . . 
Silver Creek near Silver lake _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Silvies River near Burns _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Donner und Blitzen River near Frenchglen _ _ _ _ _  . _  
Trout Creek near Denio _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

t Spring fed. 

(1) 

194 
249 
212 
275 
180 
934 
200 
88 

31 
38 
35 
51 
18 
54 
53 
36 
35 

Cubic feet 
per second 

49. 0 
121. 0 
68. 6 

138. 0 
92. 7 
28. 2 

163. 0 
119. 0 
14. 5 

Acre-feet Maxi· Mini· 
per year mum mum 

35,470 3, 670 0 
87, 600 9, 420 1. 7 
49, 660 3, 000 0 
99,910 6, 490 0 
67, 110  !88 6. 0 
20, 420 I, 800 0 

118, 000 4, 960 0 
86, !50 2, 750 6. 4 
10, 500 470 . I  

Ground-water aquifers consist o:f alluvial and lacustrine deposits 
near the various lakes, and Tertiary volcanic rocks. Saturated zones 
within 500 :feet o:f the surface contain a volume o:f water that is 
probably many times the annual runoff. About 0.8 million acre-:feet per 
year is naturally discharged :from these aquifers by springs and seeps 
that provide the base flow o:f streams. The largest sprmgs occur in the 
basin o:f the Donner und Blitzen River. 

WATER QUALITY 

Streamflow water in the closed-lake basins is o:f good quality :for 
irrigation. Dissolved-solids concentration ranges :from about 100 ppm 
:for the Chewaucan and Donner und Blitzen Rivers to more than 200 
ppm :for some streams in periods o:f low flow. Water temperatures are 
commonly 70° F. or higher in late summer and near :freezing :from 
November to April. Sediment transport is low except in periods o:f 



344 

high runoff. Some streams that drain large marshy areas have a 
brownish color from organic matter. 

The larger lakes have a wide range in chemical quality. Because of 
frequent overflow into Harney Lake, the water of Malheur Lake is 
relatively fresh ; it is commonly used for stock watering, and fresh
water plants grow in the shallower parts of the lake. Harney Lake, 
with no outflow, is highly saline, as are Summer and Abert Lakes. 
Goose Lake has only about 1,000 ppm of dissolved solids, even though 
its overflow within the last 99 years has been negligible. Silver Lake, 
which appears to lose some water by seepage, is relatively fresh. Crump 
and Hart Lakes, in Warner Valley, are frequently freshened by over
flow, and their waters are suitable for irrigation. In all the lakes, the 
mineral concentration is increased as evaporation reduces the lake vol
ume. For example, Abert Lake at a low stage in 1939 contained 94,900 
ppm of dissolved solids, whereas at a high stage in 1958 it contained 
only 18,700 ppm. 

The water from large springs that rise from Tertiary basalt and 
feed the Donner und Blitzen River is soft, cool, and of excellent quality. 
Most smaller springs yield water that is moderately mineralized, 
containing 200 to 500 ppm of dissolved solids ; most wells in alluvial 
and volcanic formations have water of similar quality. Deep wells and 
springs that rise from great depths yield water warmer than the mean 
annual air temperature, and some springs that appear in fault zones 
near Lakeview are boiling ; most such thermal water contains disso'lved 
solids in excess of 1,000. ppm. In Harnev Basin, some shallow wells in 
alluvium contain 5,000 to 63,000 ppm ( Piper and others, 1939, p. 114-
119 ) ,  but other wells and springs in the same general area are entirely 
suitable for irrigation and for stock water. Alluvium near Goose Lake 
yields water of excellent quality. 

WATER USES 

Water in the closed-lake basins is used chiefly for irrigation of hay 
and small-grain crops. About 261,000 acres of land is irrigated (less in 
dry years) , using more than 500,000 acre-feet of water and consuming 
more than 300,000 acre-feet per year. About one-tenth of the water used 
is ground water. No water is diverted into or out of the basins. Res
ervoirs store water on Drews, Cottonwood, and Silver Creek. 

Wells supply water for Burns, Lakeview, and several smaller com
munities. Livestock and game depend on water from streams, springs, 
playas, and thousands of stock ponds and tanks. The forest-products 
industry uses a small amount of water for log ponds, quality control, 
and fire protection. 

The streams and reservoir provide recreation for thousands of 
anglers. The marshes of Summer Lake, Warner Valley, and Harney 
Basin are feeding, resting, and nesting areas for large numbers of local 
and migratory waterfowl. The Malheur Migratory Wlliterfowl Refuge 
on the Donner und Blitzen River and around Malheur and Harney 
Lakes is a haven for birds on the Pacific Coast flyway. The Hart 
Mountain Antelope Refuge, east of Warner Valley, is the largest area 
in the State dedicated chiefly to the protection and increase of wildlife. 
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WATER PROBLEMS 

The chief water problem in the area is the lack of enough water to 
irrigate all the arable land available. Some land is irrigated only in 
wet years. 

The variability of flow, even in the l arger and more dependable 
streams, is illustrated by the extremes of flow listed in table 29. Flood
flows inundate thousands of acres of arable land, sometimes for periods 
of months or years, including the beds of lakes that have been dry 
farmed at other times ( Silver, Flagstaff, and Malheur Lakes, for 
example) . Streams have only small flow or none in late summer. 

There is a lack of detailed knowledge of ground water-its depth, 
quantity, quality, and recharge rate-that is due in part to economic 
factors (the cost of drilling dee:p wells in volcanic rock is high) and in 
part to the diversity of geologic conditions in deposits cut by many 
large faults. 

SNAKE RIVER BASIN 

WATER QUANTITY 

Tributaries of the Snake River drain more than 19,100 square miles 
of eastern Oregon. From the Powder River basin southward, much 
of the area is a high semiarid dissected pla;teau, mostly between 2,500 
and 5,000 feet altitude, that merges into the higher peaks of the Blue 
Mountains and other isolated ridges. Annual runoff in that part of 
the basin ranges from about half an inch to 5 inches or a little more. To 
the north, the Wallowa Mountains rise steeply to about 10,000 feet 
altitude, and there the alpine-:area runoff exceeds 40 inches in places. 
Thus, although the Grande Ronde River drains less than 20 percent of 
the area it contributes more than 60 percent of the total runoff to the 
Snake from Oregon. 

The gaged areas listed in table 30 include half the total Snake River 
drainage area in Oregon and their combined flow is equivalent to 
about 90 percent of the 3.6 million acre-feet annually contributed to the 
Snake River from the State. The Snake River flows about 8 million 
acre-feet per year at the point where it first becomes Oregon's eastern 
boundary, and about 15 million acre-feet more where 1t leaves the 
State ; three-fourths of ,that increment comes from streams in Idaho. 

TABLE 30.-SUMMARY OF STREAMFLOW DATA AT SELECTED SITES IN THE SNAKE RIVER BASIN 

Streamflow 
Drainage Years 

Stream area of Average Cubic feet per second 
(square record 

miles) Cubic feet Acre· feet Maxi- Mini-
persecond per year mum mum 

Snake River near Murphy, Idaho . . . . . . . . . . . . . . . .  41, 900. 0 53 10, 760. 0 7, 790, 000 47, 300 3, 900. 0 
Owyhee River near Rome • • • • . . . . . . . . . . . . . . . . . .  8 ,  000. 0 17 830. 0 660, 900 33, 500 42. 0 
Owr,hee River below Owyhee Dam • . • • . . . • . . . . . • •  11, 160. 0 34 319. 0 230, 900 22, 900 0. 0 
Ma heur River near Drewsey .... . . . . . . . . . . . . . . . .  910. 0 40 174. 0 126, 000 12, 000 0. 0 
North Fork, Malheur River, above Agency Valley 

30 125. 0 12. 0 Reservoir _ _ _ _ _  � _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  355. 0 90, 500 3, 970 
Burnt River near Hereford _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  309. 0 38 81. 7 59, 150 2, 220 0. 0 
Powder River near Baker . . • . . . . . . . . . . . • • • • . • . •  219. 0 49 111. 0 80, 360 1, 820 0. 0 
Eagle Creek above Skull Creek, near New Bridge . •  156. 0 9 316. 0 228,800 2, 690 44. 0 
Imnaha River at Imnaha • . . . . . . . . . . . . . . . . . . . . . .  622. 0 38 497. 0 359, 800 6, 650 16.0 
Grande Ronde River at La Grande • . . . . . . . . . . . . . .  678. 0 58 378. 0 273, 700 14, 100 3 . 9  
Wallowa River a t  Joseph • . . . • . . . . . . . . . . . . . . . . . .  50. 9 39 130. 0 94, 120 1, 200 0. 0 
Grande Ronde River at Troy • • . . . . . . • . . . . . . . . . . .  3 ,  275. 0 22 3, 136. 0 2, 270, 000 42, 200 418. 0 
Snake River near Anatone, Wash • • . . • • • • • • • • • • • •  92, 960. 0 8 32, 630. 0 23, 620, 000 128,000 6,010.0 
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The average annual runoff of the Snake River has been depleted by 
evaporation from upstream storage and by consumptive use for irriga
tion of 3 million acres of land above the gaging station near Anatone, 
Wash. Further depletion will occur as additwnal land is irrigated, 
but much of the water used for irrigation returns gradually to the 
streams, so that the minimum flow is not expected to be reduced and is 
more likely to be increased thereby. 

Occasional torrential downpours occur locally at times in summer. 
Their volume is small and of little significance as a source of supply. 

Nat ural recharge and outflow to springs and seeps probably exceed 
a million acre-feet per year. Tertiary lavas form the principal ground
water aquifers. Saturated alluvium occurs in stream valleys and lacus
trine deposits in the Willow Creek and the Middle Grande Ronde River 
basins. Wells near La Grande yield small to moderate quantities of 
water from unconfined aquifers in alluvial-fan and valley-fill deposits 
and larger amounts from basalt or confined aquifers in alluvium. For 
example, a public-supply well drilled to 655 feet at Elgin penetrates a 
confined basalt aquifer and yields 500 gpm (gallons per minute) by 
artesian flow, and up to 1,100 gpm when pumped. 

WATER QUALITY 

Water in streams in the Snake River basin is generally of satisfac
tory quality. The Owyhee and Malheur Rivers are suitable for irriga
tion, their dissolved-solids concentration ranging from about 150 ppm 
in periods of high flow to 500 ppm or more in periods of low flow. The 
Grande Ronde River is much less mineralized (fig. 77) .  Stream tem
peratures generally range from 32° to 45° F. in the period November to 
March, and into the middle 70's in late summer, except below reservoirs 
in which temperature stratification occurs. Sediment transport is gen
eraly moderate except locally near Vale and in the northern Grande 
Ronde River basin, where occasional intense storms cause local floods 
that have large concentrations of sediment for periods of a few hours 
or days. 

The chemical quality of ground water generally ranges from fair in 
the south (Owyhee and Malheur Basins) to excellent in the north. 
Wells in alluvial gravel at Ontario yield water with 400 to 800 ppm 
of dissolved solids and more than 200 ppm of hardness. The water in 
Cow Valley (Owyhee River basin) has a hardness of about 100 to 
150 ppm. Most wells in Baker Valley alluvium yield good water, hav
ing low salinity and low alkali hazards for irrigatiOns ;  those in a 
small tract 8 to 10 miles northwest of Baker have high salinity and 
alkali hrtzards. In the Grande Ronde River basin near La Grande, 
water from the valley fill is of excellent quality. 

Thousands of small springs and seeps provide the base flow of 
streams between periods of rainfall or snowmelt. Most springs that rise 
in valley fill or in  volcanic rocks are similar in qm·.lity to well waters 
of the area. About 30 thermal springs exist, many c ·f them rising from 
lava rocks near fault zones. Vale Hot Spring ( 198° F.) , at a bathing 
resort half a mile east of Vale, rises from Tertiary lakebeds ; a well 
140 feet deep at the site also produces hot water. Hot Lake Spring 
( 180° F.) , 10 miles southeast of La Grande, has also been used as a 
public resort. 
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WATER USES 

Irrigators of about 450,000 acres in the basin divert about 1,900,000 
acre-feet of water per year, of which about 780,000 acre-feet is con
sumed. Nearly half the total irrigated area lies in Malheur County, and 
the principal water source is surface water from the Owyhee and 
Malheur Rivers and their tributaries. About 150,000 acres is irrigated 
in Baker County, mostly from the Burnt and Powder Rivers. Wells 
furnish ground water to irrigate about 25,000 acres in the basin. Fruit, 
hay, gram, and grass seed are important crops in the area. 

In addition, water is diverted from the Owyhee River at Owyhee 
Dam to irrigate land near Homedale in Idaho. 

Forest-products, food-processing, and building-materials plants are 
the chief industrial water users. The lumbering activity is centered 
near Baker and La Grande, and the food processmg, including a large 
beet-sugar refinery, near Ontario. In general, forest-products plants 
use surface water ; food-processing plants use ground water. Average 
industrial use of self-supplied water in the area is about 40,000 acre
feet per year. 

About 35,000 people in the area are served by public water supplies, 
mostly derived from springs or wells. The town of Union uses water 
from Catherine Creek ; Baker and La Grande (combined pop. more 
than 19,000) use surface streams in part. 

Storage reservoirs on the Owyhee, Malheur, Burnt, and Powde.r 
Rivers supply water for irrigation. A dam at the outlet of Wallowa 
Lake is used to regulate the outflow for irrigation. On the Snake River, 
Brownlee Reservoir provides almost a million acre-feet of storage to 
control floods, produce power, and increase the low flows ; Oxbow and 
Hells Canyon Dams have run-of-river powerplants. The reservoirs arc 
also widely used for recreation, as are many natural lakes in the head
waters of the Powder, Imnaha, and Grande Ronde Rivers. 

WATER PROBLEMS 

Water supply is inadequate to irrigate all the arable land in the 
basins of the Owyhee and Malheur Rivers, even though four reservoirs 
with a combined capacity of 1,400,000 acre-feet provide some carry
over storage in most years. The reservoirs fail to fill in some years 
because the combined average annual upstream runoff is only 60 per
cent of their capacity, and in dry years the flow is much less. 

Seasonal variability of flow is marked. Except for f'ome snow-fed 
streams in the Wallow a Mountains, unregulated flows are very low in 
midsummer, when the need for water is greatest. Floods caused by 
general rains or melting snow commonly occur in late winter or spring ; 
cloudburst storms in summer cause intense floods and severe erosion, 
but usually are limited to a few square miles in area. 

The preservation and planned increase of salmon and other mi
gratory fish on the Snake River and its tributaries, the Powder, Im
naha, and Grande Ronde Rivers in Oregon, are currently receiving 
much attention. Natural spawning areas sometimes are destroyed by 
dams and reservoirs. Dams present barriers to upstream-bound adults 
and may cause a loss of sea bound fingerlings. Water temperatures be
come stratified in deep reservoirs ; the adult fish below such a pool, 

21-800 0-69--23 
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preferring the cool water released through powerplant outlets, may 
refuse to climb a fish ladder that uses warmer surface water. 

The irrigation of land removes some soluble minerals from the 
soil, and the return flows carry those minerals to the nearest stream. 
Successive diversion and use "increases the concentration. Thus, the 
dissolved-solids concentration of rivers used for irrigation tends to 
increase downstream. Concentrations of more than 1 ,000 ppm have 
been observed near the mouths of the Owyhee River, the Malheur 
River, and Willow Creek, and no doubt occur elsewhere at times 
(Laird, 1964, table 1 ) .  

LowER CoLUMBIA RIVER BASIN 

Tributaries of the Columbia River in Oregon, except the Willam
ette River, are included in this subsection. The basin covers 25,700 
square miles, extending from the Walla Walla River, which enters the 
Columbia above McNary Dam, to the Youngs River at Astoria. In 
that distance of 314 miles, the river drops only 340 feet, yet it passes 
through a wide range of climatic conditwns ( from 8 to 80 in. annual 
precipitation) and water-use patterns. 

WATER QUANTITY 

The average annual runoff from this area in Oregon to the Columbia 
River is about 13 million acre-feet. Table 31 shows the observed dis
charges of the principal rivers from areas totaling 21 ,200 square 
miles. The streams vary greatly in their characteristics. In their lower 
reaches, the Walla "\Valla, Umatilla, and John Day Rivers traverse 
arid regions and commonly receive less water than is diverted from 
them. Tributaries of the Deschutes River, except Squaw Creek 
and the Crooked River above Prineville Reservoir, are fed by very 
large springs with nearly constant flow. Water for irrigation in the 
Deschutes River basin is stored in four large upstream reservoirs, and 
water for power is stored in a reservoir downstream from irrigation 
diversions. The Hood and Sandy Rivers drain the humid slopes of 
Mount Hood. The Clatskanie and Youngs Rivers are typical of the 
small streams that enter in the low-altitude humid reach downstream 
from the Willamette River. 

Flows of the Columbia River have been progressively regulated 
during the periods of record, and further regulation will ensue from 
dams now under construction. The regulated low flow at The Dalles 
is now about 90,000 cfs, and the maximum seldom exceeds 700,000 
cfs. Increasing irrigation use upstream from The Dalles has depleted 
the average flow there by about 4 percent, and further depletion is 
expected as more reservoirs are built and more water is diverted. The 
average flow at the mouth of the Columbia has been computed as 
272,500 cfs in water years 1943-57 ; the average flow for the period 
since 1 R7R is about 265,000 cfs. 

The natural recharge of ground-water aquifers that later appears 
as base flow of streams in periods of no direct runoff is about 7.5 
million acre-feet per year. About 5.4 million acre-feet of that total 
occurs in the Deschutes River basin, where, on the eastern slope of 
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TABLE 31.-SUMMARY OF STREAMFLOW DATA AT SELECTED SITES I N  THE LOWER COLUMBIA RIVER BASIN 

Streamflow 
Drainage 

Stream area Years of Average 
(square record Maximum Minimum 

miles) c.t.s. Acre-feet (c.f.s.) (c.f.s.) 
per year 

South Fork, Walla Walla River near Milton. 63. 0 45 175 126,700 2, 530 72. 0 
Columbia River below McNary Dam. _ _ _  . _ _  214, 000 16 185, 900 134, 600, 000 818, 000 50, 600. 0 
Umatilla River above Meacham Creek, near 

16. 0 Gibbon . . ... _ _ _ _ _ _ _ _ _ _ _ _ _  . _ _ _ _ _ _ _ _ _ _ _ _  131 33 221 160, 000 4,910 
Umatilla River near Umatilla _ _ _ _ _ _ _ _ _ _ _ _ _ _  2, 290 39 434 314, 200 19, 800 0 
John Day River at Prairie City _ _ _ _ _ _ _ _ _ _ _ _  231 28 1 13  81, 810 2, 400 2. 0 
North Fork, John Day River, near Monu-

33, 400 6. 0 menL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2, 520 41  1, 198 867, 300 
John Day River at McDonald Ferry _ _ _ _ _ _ _ _  7, 580. 0 61 1, 998 1, 446, 000 42, 800 0 
Deschutes River at Benham Falls _ _ _ _ _ _ _ _ _ _  I ,  759. 0 49 1, 413 1, 023, 000 5, 000 363. 0 
Squaw Creek near Sisters _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  54. 8 54 106 76,740 1, 980 14. 0 
Crooked River above Prineville Reservoir _ _  2 ,  400. 0 6 292 211, 400 19,700 . 2  
Crooked River below Opal Springs ... . . . . . .  4 ,  300. 0 5 1, 530 1, 108, 000 6, 660 972. 0 
Metolius River near Grandview _ _ _ _ _ _ _ _  316. 0 46 1, 483 1, 074, 000 7, 530 1, 080. 0 
Deschutes River near Madras _ _ _ _ _ _ _ _ _ _  � - - 7 ,  820. 0 43 4, 425 3, 204, 000 15, 800 1 ,  200. 0 
Deschutes River at Moody, near Biggs _ _ _  . _  10, 500. 0 62 5, 825 4,217, 000 75, 500 2, 400. 0 
Columbia River at The Dalles _ _ _ _ _ _ _ _ _ _ _ _ _  237, 000. 0 88 194, 500 140, 800, 000 1, 240, 000 35, 000. 0 
Hood River near Hood River . . . . . . .  - - - - - - ·  329. 0 51 1, 099 795,600 34, 000 165. 0 
Sandy River below Bull Run River _ _ _ _ _ _ _ _ _  440. 0 41  2, 356 1, 706, 000 84, 400 45. 0 
Clatskanie River near Clatskanie . . . . . . . . . .  53. 0 5 130 94, 120 2, 000 3. 0 
Youngs River near Astoria _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  40. 1 31 178 128,900 4, 750 3: 3 

the Cascade Range, moderate to heavy annual precipitation falls in 
a large area underlain by permeable surface materials and deep aqui-
fers of large storage capacity. . 

The saturated gravelly fan of the w·ana Walla Rnrer near and 
downstream from Milton yields water readily to shallow wells. The 
water table in the fan has a seasonal range of 5 to 30 feet, rising 
to its peak during or soon after the period of high flow in the river, 
and reaching its low point in autumn or early winter. Wells and 
springs near Pendleton yield water from a structural valley in basalt 
filled with alluvium, to supply that city of 16,000 people. Sand and 
gravel deposits in the Crooked River valley near Prineville form 
a confined aquifer that yields water to wells at rates in excess of 
500 gpm. Ground water occurs in basalt at The Dalles ; its level is 
somewhat below the water level of the adjacent Columbia River, and 
has recently been declining at a rate of about 3 feet per year. Alluvium 
close to the Columbia River from Troutdale downstream is the source 
of seYeral large municipal and industrial supplies. 

WATER QUAI,ITY 
Both surface and ground water in the semiarid region east of Hood 

River generally are more highly mineralized than that in the more 
humicl area farther wes•t . The na·tural mineralization is increased by 
the return to the rivers in the semiaricl zone of water that has been 
usecl for irrigation and contains mineral constituents leached from the 
soil, including mineral products applied as fertilizers. The greatest 
observed concentrations of dissolved solids ·ancl hardness were 507 and 
262 ppm, respectively, in low-flow samples from Walla Walla River 
near Touchet, Wash. ; but high-flow samples from the same site had 
only about 100 ppm of dissolved solids and 40 ppm of hardness ( Santos, 
1965, pp. 10-12) . Surface water in the Umatill a, ,John Day, and 
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Crooked River basins is slightly less mineralized than that in the W alia 
Wall a River. The Deschutes River ·and its west-bank tributaries and 
the Hood and Youngs Rivers usually have less than 100 ppm of dis
solved solids even at low flow. All the waters are of the calcium mag
nesium bicarbonate type. 

The temperature of Columbia River water is affected by both air 
tern perature and tern peratures of inflowing streams. ( See figs. 83 
and 84. ) In midsummer the cool water passing Revelstoke, B.C., is 
gradually 'varmed as it flows downstream. The water temperature 
drops abruptly at Coulee Dam because the water released from the 
bottom of the reservoir is usually cooler than the inflow. In early winter, 
water released from the reservoir is usually warmer than the inflow, 
but the river cools gradually downstream as it is exposed to air tem
peratures that are near or below freezing. The effect of using part of 
the river water for cooling future thermal-energy plants is uncertain 
and is being studied. 

Sediment concentration is low on the Deschutes River and on streams 
farther west. The basins of the Umatilla, John Day, and Crooked 
Rivers, and Willow Creek are subject to occasional severe erosion by 
water under two differing conditions : ( 1 )  localized torrential summer 
downpours that cause local floods of great intensity but short duration ; 
and (2)  sudden warm winter rains falling on large areas of tilled or 
bare frozen ground that cause rapid thawing and quick loss of the light 
volcanic-ash soil. Under the second condition, a single sample from 
Willow Creek at Heppner during the flood of December 22, 1964, 
contained 125,000 ppm of suspended solids, and on that da,y John Day 
River at McDonald Ferry transported 3.8 million tons of sediment. 
But even those strea,ms are normally not heavily charged with sedi
ment ; for example, the ,Tohn Day River transported only 760,000 tons 
in a 12-month period ending in August 1912 ( Van Winkle, 1914, p. 73) . 

Radioactivity in the Columbia River is naturally low. Water from 
the river is used for cooling the pl·ant of the Atomic Energy Commis
sion at Hanford, Wash., and returned to the river containing a very 
small amount of radionuclides. The radioactivity decreases down
stream from Hanford ( Santos, 1965, pp. 58-61 ) .  

Beca,use of tidal movement of water in the estuary, salt water extends 
upriver for at least 16 miles from the mouth. Mixing is not complete, 
and salinity usually is greater near the bottom of the river. Salt 
water has not been observed at a test site 24 miles from the mouth 
( Santos, 1965, p. 56) . 

WATER USEJS 

About 1.8 million a,cre-feet of water is used .annually to irrigate 
360,000 acres of land in the area, in years when water supply is ade
qua1te. About 10 percent of the land is irrigated with ground water. 
The rate of water use is high in the Umatilla River basin beca,use much 
of the soil there is highly permeable, and also in the Deschutes River 
basin, where long canals in permeable volcanic rocks have high con
veyance losses. Forest-products, building-materials, aluminum, and 
food-processing industries are the chief industrial users of water. 
Especially in the reach from Cascade Locks downstream to Portland, 
water is the focal point for recreational activity at dozens of public 
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l<'IGURE 83.-Profiles of maximwn and minimum water temperature in the Colum
bia River, August 8-14, 1967. Abrupt change in profile represents estimate 'Of 
effect of tributary or of storage release. Dashed lines represent estimates of 
stream temperatures excluding the effects of the reservoir on impounded 
water. Extremes of temperature in reservoir are not known. 
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I<'rouRE 84.�Profiles of maximum and minimum water temperature in the Colum
bia River, December 12-18, 1967. Abrupt change in profile represents estimate 
of effect of tributary or of storage release. Dashed lines represent estimates of 
stream temperatures excluding the effects of the reserVQir on impounded water. 
EJxtremes of temperature in reservoir are not known. 
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parks and private marinas ; a single State park at Rooster Rock had 
more than 500,000 visitors in 1967. The downstream 100-mile reach of 
the Deschutes River and all the small streams in the Columbia Gorge 
are reserved for recreational use. 

Public supplies serve about 63,000 people in the area. Pendleton, 
Heppner, Hermiston, Arlington, and Troutdale use ground-water 
supplies. Bend diverts water from Bridge and Tumalo Creeks ; Astoria 
uses water from Bear Creek. The cities of Hood River, The Dalles, 
and Scappoose use a combination of surface- and ground-water 
supplies. 

The Columbia River is increasingly used for navigation. A 40-foot 
channel is maintained from the mouth up to the Willamette River, 
and a 27-foot depth from that point to the head of tide at Bonneville. 
Slackwater is provided by Bonneville, The Dalles, .John Day, and 
McNary Dams, all with locks of 14-foot draft or more for river 
steamers and barge tows. Upstream barge cargo consists chiefly of 
petroleum products ; the same barges are commonly used to carry grain 
from Umatilla and other ports downstream to Portland for milling 
or trans-shipping. Log rafts are towed downstream for processing. 
Lockage at Bonneville Dam has recently exceeded 4.9 million tons in a 
single year. Between the Willamette River and the mouth, river and 
oceanbound traffic exceeded 25 million tons in 1965. Much of the in
coming cargo consists of petroleum, building products, and alumina ; 
forest and agricultural products are the chief exports. 

The only Oregon stream open to licensed commercial salmon fishing 
is the 140-mile reach of the Columbia from Bonneville to the sea. 
Catches of the famed chinook, silver, blueback, and chum salmon ( in
cluding salmon caught at sea) in 1965 amounted to 17 percent of the 
State's total catch of 61 million pounds of fishery products, and 37 
percent of their value. Fishing is regulated to ensure release of 
adequate numbers of adults bound upstream ; in 1966, more than 
550,000 such adults passed up the Oregon ladder at Bonneville Dam� 
at times more than 20,000 in a single day. 

WATER PROBLEMS 

Most of the agricultural land in the area east of the Hood River 
basin is dry-farmed because an adequate water supply has not been 
available, and the natural flow of the Walla Walla, Umatilla, and John 
Day Rivers and many smaller streams i s  inadequate in some years even 
for the land now under irrigation. Cheap electric power for pumping 
from the Columbia River may warrant irrigation of part of this area. 
Even in the humid area northwest of Portland, the natural stream 
flows are very low in dry periods, and irrigation by pumping from the 
Columbia River is increasing. 

The water of the Hood River in late summer contains much abrasive 
sediment derived from the glaciers of Mount Hood, that tends to clog 
diversions and rapidly erodes sprinkler heads. The Sandy River water 
is similar, but it is used for sprinkler irrigation much less than is the 
Hood River water. 

In the Redmond-Bend-Sisters area, ground water is not readily 
available, and many rural users depend on surface-,vater diversions 
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for domestic supply. However, bacterial pollution, as indicated by 
coliform count, is generally low ( Santos, 1965, pp. 25-27) .  Algae are 
present, however, especially in late summer. 

Releases of wastes from pulp and paper mills have created serious 
problems in the reach downstream from Camas, Wash. The wastes 
contain nutrients for algal growths, and substances that have a high 
biochemical oxygen demand ; hence they are deleterious to fishery re
sources. The industries and State agencies concerned are cooperating 
to find a solution. 

Soil erosion and sediment movement are problems on Crooked River 
above Prineville and at occasional intervals in all the eastern part of 
the basin because of localized cloudburst floods and sudden thawing 
of frozen ground by warm rain. On June 14, 190�, a flash flood with a 
peak flow of about 36,000 cfs and a duration of less than an hour swept 
down Balm Fork and Willow Creek, destroying much of the town of 
Heppner and causing the loss of 225 lives. On the Umatilla River, 
Furnish Reservoir ( dra.inage area, 1,280 sq mi) �was built in 1910 with 
a capacity of :3,900 acre-feet ; it was filled with sediment and abandoned 
by 1934. 

w ILLAMETI'E RIVER BASIN 

WATER QUANTITY 

The Willamette River drains a'bout 11 ,200 square miles and has an 
average discharge of about 34,000 cfs at its mouth. Seventy percent of 
the population and a large part of the industry of the State are 
concentrated in the basin. 

None of the basin is arid, but rainless periods occur frequently-one 
of 72 days' duration occurred in 1967-and at such times streams that 
do not draw upon a large reserve of ground water dwindle to a trickle 
or are completely diverted for use. Table 32 lists the principal streams 
and their flow. In general, streams that drain the west slope of the Cas
cade Range (the Middle Fork Willamette, McKenzie, Santiam, and 
Clackamas Rivers) have an average flow of 3 cfs or more per square 
mile and a low flow that is well sustained by ground water issuing 
from productive volcanic aquifers. Some of the rivers that drain the 
less permeable east slope of the Coast Range have comparable average 
flow (the Luckiamute and South Yamhill Rivers, for example) ; but 
all of them, and those that drain the valley floor, have extremely low 
flows in summer. 

A network of multipurpose reservoirs listed in table 33 is operated 
by the Corps of Engineers, U.S. Army, to control floods, produce elec
tric energy, and increase low flows for impro\·ement of navigation and 
abatement of pollution. 

The operation of the reservoirs tends to reduce maximum flows and 
increase minimum flows. The extreme flows listed in table .'�2 are those 
observed in the various periods of record and should not recur on 
�treams now regulated. For example, the low flow of \Villamette RiYer 
at Albany is now generally maintained at more than 4,000 cfs. 

The central lowland of the \Villamette Valley covers nearly ;),000 
square miles and ranges from 30 to 450 feet in altitude. A permeable 
alluvial fill that ranges from a few feet to 300 feet in thickness covers 
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TABLE 32.-SUMMARY OF STREAMFLOW DATA AT SELECTED SITES IN THE WILLAMETTE RIVER BASIN 
--------.�-

Streamflow 
Drainage 

Stream area Years of Average Cubic feet per second 
(square record 

miles) Cubic feet Acre-feet Maximum Minimum 
per second per year 

Middle Fork, Willamette River below North 
Fork_ 924. 0 44 2, 734. 0 I, 979, 000 81, 800 322. 0 

Fall Creek below Winberry.Creek-
_ _ _ _ _ _ _ _ _  186. 0 31 582. 0 421, 400 24,700 1. 5 

Middle Fork, Willamette River at Jasper _ _ _ _  I, 340. 0 23 4, 067. 0 2, 944, 000 94,000 366. 0 
Coast Fork, Willamette River below Cottage 

5, 910 0 Grove Dam _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  104. 0 27 285. 0 206, 300 
Row River near Cottage Grove _ _ _ _  . . . .  _ . .  _ 270. 0 27 759. 0 549, 500 21, 400 . 2 
Coast Fork, Willamette River near Goshen . .  642. 0 22 I, 732. 0 I, 254, 000 58, 500 36. 0 
McKenzie River near Coburg _ _ _ _  I,  337. 0 22 5, 966. 0 4, 319, 000 88,200 I, 080. 0 
Long Tom River at Monroe _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  391. 0 43 780. 0 564, 700 19, 300 0 
Calapooia River at Albany __ . . . . . . . . . . . . .  372. 0 26 923. 0 668, 200 32,700 3. 9 
Willamette River •t Albany _ _  4 ,  840. 0 72 14, 460. 0 10, 470, 000 340,000 I, 840. 0 
Santi am River at Jefferson _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I ,  790. 0 36 7, 790. 0 5, 640, 000 197' 000 260. 0 
luckiamute River near Suver _ _ _  240. 0 32 930. 0 673,300 32,900 . 6  
South Yamhill River near Whiteson _ _ _  502. 0 26 I, 745. 0 I, 263, 000 47, 200 7. 0 
Willamette River at Wilsonville 8, 400. 0 18 29, 030. 0 21, 020, 000 339,000 3, 600. 0 
Molalla River near Canby _ _  . .  _ _  . . . .  _ _  . .  _ _  323. 0 34 I, 134. 0 821, 000 43,600 20. 0 
Tualatin River at West Linn . .  _ _  706. 0 38 I,  487. 0 I, 077, 000 29,300 II. 0 
Clackamas River at Estacada _ _ _ _ _ _ _ _ _ _ _ _ _  671. 0 58 2, 701. 0 I, 955, 000 86,900 50. 0 
Johnson Creek at Sycamore. _ _ _  . .  _ _ _ _ _ _ _ _  28. 2 26 53. 9 39, 020 2, 620 . I  

TABLE 33.-MULTIPURPOSE RESERVOIRS I N  THE WI LLAMETTE RIVER BAS IN ,  1967 

Reservoir Stream 
Drainage area Usable capacity 
(square miles) (thousand 

acre-feet) 

Hills Creek _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Middle Fork, Willamette _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Lookout Point. _ _ _  . .  _ _  . . . . .  _ _  . _ _ _ _  . _ _ _ _ _ _  . .  _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _ _  . _ _  . _ _  _ 

Dexter. _ _ _ _ _ _ _ _ _ _  . .  _ _ _ _ _ _  _ _ _ _ _ _ _ _  do_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ 

Fall Creek _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Fall Creek _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  

Cottage Grove _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Coast Fork, Willamette River. . _  
Dorena_ _ _ _ _  _ _ _ _ _ _  Row River_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Cougar _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  South Fork, McKenzie River _ _  _ 

Fern Ridge_ _ _ _ _  _ _ _ _ _  Long Tom River. _ _ _ _ _ _ _ _ _ _ _ _  _ 

Detroit__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  North Santiam River _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  

Big Cliff. _ _ _ _  . _ _  . . .  _ _  . . .  _ .  _ _ _  . _ _  . _ _ _ _  . _ _ _ _ _ _  do _ _ _  . _ _ _ _ _ _ _  . _ _ _ _  . _ _ _ _  . _  

Green Peter_ _  _ Middle Santiam River_ 
Foster _ _ _ _ _  . .  _ _ _  . .  _ _ _ _ _ _ _ _  . .  _ _ _ _  . .  _ _ _ _ _  South Santiam River _ _ _ _ _  . .  _ _  

1 Reregulation. 

389 
991 

I, 000 
184 
104 
265 
207 
252 
437 
450 
273 
492 

(1) 

(1) 

249 
349 
1 15  
33  
78 

165 
101 
340 
333 
34 

most of the valley and in places yields water copiously to wells. Each 
summer the water table falls from 5 to 20 feet in places because of the 
combination of pumping and natural drainage to streams. The al
luvium is recharged each winter by local precipitation and runoff. 
Bedrock formations that underlie the alluvium in the central plain are 
poorly pervious ; some wells in marine sedimentary rocks tap water 
with high mineral concentration. Near Portland, several wells yield 
up to 1,000 gpm, chiefly from gravel and basaltic aquifers. 

In the entire basin, the natural recharge to ground-water aquifers 
is about 7 million acre-feet per year. Much of the recharge occurs on 
the west slopes of the Cascade Range and is released naturally through 
springs and seeps that maintain the base flow of the larger streams such 
as the Middle Fork, McKenzie, Santiam, and Clackamas Rivers. The 
alluvial fill of the central plain receives more than a million acre-feet 
of recharge per pear. Scanty recharge in the acquifers on the east slope 
of the Coast Range is responsible for the low base flow of streams in 
that area. 
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WATER QUALITY 

The natural chemical and physical characteristics of surface water 
throughout the basin are excellent. All surface water is of the calcium 
magnesium bicarbonate type. Water from the Willamette River at 
Salem contained 41 to 83 ppm of dissolved solids in samples taken 
from August 1910 toAugust 1912 and 38 to 73 ppm in samples taken 
from October 1951 to September 1964. Eleven samples taken from the 
Portland harbor from October 1959 to September 1960 ranged from 
44 to 65 ppm in dissolved solids. Suspended sediment at Salem ( 1910-
12) ranged from 1 to 88 ppm and water temperature ( 1 9n�-66) from 
38° to 76° F. The larger east-bank tributaries, the McKenzie, Santiam, 
and Clackamas Rivers, have even less mineral content and transport 
less suspended sediment. 

From a biological standpoint, the natural high quality of the Wil
lamette River and some of its tributaries has been impaired by the 
discharge of cannery waste, sewage, and sulfite-liquor waste from 
paperm1lls. Further pollution occurs in Portland whenever storm 
runoff reaching the sewer system exceeds the capacity of the treatment 
plant. 

Most ground water in the basin has two to four times the concen
tration of disolved solids as surface water. Piper ( 1942, pp. 60-63) and 
Madison ( 1966, pp. 32-37) listed dissolved-solids concentrations and 
hardness of water from many wells in the basin. Several wells tap 
lenses of highly mineralized water in marine sedimentary rocks. For 
example, 'vater from a well in Tertiary shale 21/z miles south of Cor
vallis contained 18,100 ppm of dissolved solids ; another well near 
Yamhill contained 8,450 ppm ; and three others in Linn, Marion, and 
·washington Counties conta.ined 1 ,930 to 4,870 ppm. In those analyses, 
chloride content ranged from aoout 50 to 60 percent of the dissolved 
solids. Several wells in Washington County and one each in Benton 
and Yamhill Counties contain more than 10,00() ppm of chloride. 
Some wells in the valley floor north of Salem contain excessive iron 
for some uses. However, most wells are in alluvium and volcanic rocks 
and yield good water containing 30 to 400 ppm of dissolved solids 
and 10  to 150 ppm of ha.rdness. . 

The copious springs in the Cascade Range are similar in quality 
to the streams they feed. Most springs in the valley floo·r drain alluvial 
aquifers and yield water low in mineral content, but thermal springs 
are more highly mineralized and have large percentages of sodium and 
chloride. For example, wa.ter from McCredie Hot Springs ( 164°F. ) 
in the southeastern pa.rt of Lane County contains 4,310 ppm of dis
solved solids, including 1,100 ppm of sodium and 1,990 ppm of 
chloride. 

WATER USES 

Water is vital to irrigation, production of electric power, municipal 
supply, industrial processes, transport, air conditioning, and recrea.
tion in the basin. About 200,000 acres of land is irrigated, using 320,000 
a-ere-feet of water per year ; about 41 percent of the land is irriga,ted 
with ground water. Potentially irriga,ble land in the basin, including 
some pasture, exceeds 1.5 million acres. Most of the irrigation is by 
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sprinkler, and about two-thirds of the water used is consumed. Indus
trial processes and air conditioning use more than 200,000 acre-feet 
per yen,r. The end products of such use inelude processed foods, forest 
products, building materials, chemicn,ls, and metals. Western Oregon, 
inrluding the Willamette River basin, is the center of the United 
States soft-wood timber industry ; lumber, plywood, pulp, and paper 
nre produced in large quantities. Public wa.ter systems supply about 
181 gn,llons per person per day to more than a million people in 190 
municipalities in the basin. The source for the principle cities are 
given in table 34. 

TABLE 34.-PRINCIPAL MUNICIPAL WATER SYSTEMS IN  THE WILLAMETTE RIVER BASI N  

Municipality 

Albany _ _ _ _ _ _ . .  _ _  . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . _ .• _ _  

Beaverton _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Corvallis. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Cottage Grove. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Dallas. _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  . .  _ _ _  . _ _ _  _ 

Eugene _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . .  _ _ _ _  . _  

Forest Grove _ _ _ _ _  . _ _ _  . _ _ _ _ _ _ _ _ _ _ _ _  . _ _  . .  _ .  _ _  

Hillsboro_ _ _ _ _  . . . . . . . . . . . . . . . . . .  . 

Lebanon _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

McMinnville. _ _ _ _ _ _ _ _  . _ _  . _ _ _ _ _ _  _ 

Milwaukie _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Newberg _ _ _ _ _ _  . _ _ _ _ _ _ _ _  . _ _  . _ _  . _  
Oregon City_ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . _ _ _ _  . _ _ _ _ _ _  _ 

Oswego _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Portland _ _ _ _ _ _ _ _ _ _  . _ _  . _ _ _ _ _ _ _ _ _  _ 

Salem _ _ _ _ _ _ _ _ _ _ _ _ _  · - - - - - - - - - - - - · · - - - - - - - -
Silverton _ _ _ _  . . . . . .  _ _ _ _ _ _ _ _ _ _ _ _ _  . .  _ _ _ _  _ 

Springfield _ _ _ _ _ _ _ _ _ _  . . .  _ _ _ _ _ _ _ _  . _ _ _ _ _ _ _ _ _  _ 

Tigard _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - ·  · - - - - · - - - - - - - .  

Estimated 
population 

served 
(includes Springs Wells 
suburban 

water 
districts) 

Streams 

13, 000 - - - - - - - - - - · - - - - - - · - - South Santiam River. 
7, 000 _ _ _ _ _ _ _ _ _ _  X ('). 

23,000 - - - - - - - - - - - - - - - - - - - - Rock Creek, Willamette River. 
5, 500 _ _ _ _ _ _ _ _ _ _  . _ _ _ _ _ _ _ _ _  Layng and Prather Creeks. 
7, 200 - - - - - - · - - - - - · · - - - · - - Rickreall Creek. 

72, 500 - - - - - - - - - - - - - - - - - - - - McKenzie River. 
7, 000 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Clear and Gale Creeks. 

19, 000 - - - - - - - - - - · · - - - - - - - - Sain Creek, Tualatin River. 
6, 600 - - · - - - - - - - - · - - - - - - - - South Santiam River. 
8, 600 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Haskins Creek. 

11 , 500 - - - - - - - - - - X 
6, 100 X X 
9,600 _ _ _ _ _ _ _ _  . .  __ . .  _ _ _ _ _ _  South Fork, Clackamas River. 
9, 200 _ _ _ _ _ _ _ _ _ _  X ('). 

582, 000 - - - - - -- - - - - - - - - - - - - - Bull Run River.' 
60,000 - - - - - - - - - - - - - - - - - - - - North Santiam River. 

6, 000 · - - - - - - - - - _ _ _  Abiqua and Silver Creeks. 
27, 000 _ _ _ _ _ _ _ _ _ _  X McKenzie and Willamette 

Rivers. 
5, 100 _ _ _ _ _ _ _ _ _ _  X (1). 

• Portland system provides some water for Beaverton, Oswego, and Tigard. 
' Tributary to Sandy River. 

The \Villamette River from near Albany downstream is used for 
transportation of log rafts to mills. In 1965, such traffic accounted for 
758,000 tons, or almost 60 perc.ent of the total river traffic above the 
locks at Oregon City. The fresh-water port of Portland has a 40-foot 
cha11nel to the sea and serves ships bound to all parts of the world. 
Port clearances in 1965 totaled 11,476,000 tons. The principal exports 
are forest products, grain, and fruit. 

Ground w�tter is used for air conditioning for many buildings in 
the basin. In Portland, reversed refrigeration with well water is used 
for space heating of several large structures, including the Equitable, 
Oregonian, and Sheraton Hotel buildings. 

WATER PROBLEMS 
Too much wn,ter is a frequent problem on about 175,000 acres of 

land that is subject to overflow in an average year along streams that 
are not controlled, including the Marys, Luckiamute, Yamhill, 
Tualatin, Pudding, and Clackamas Rivers, and Johnson Creek. The 
greatest recent flood, in December 1964, inundated and eroded far 
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more land than in an average year, including industrial and residential 
parts of Portland and other cities, and caused about $71 million 
damage and loss of several lives. Operation of seven reservoirs and 
other control measures prevented much additional flooding and $514 
million additional damage in that flood (Corps of Engineers, 1966, pp. 
25-91 ) .  

Poor drainage is a problem in much of the low-lying land. The 
problem results from flat topography, impermeable soil, and high 
water table, or a. combination of those factors. 

Too little \Va.ter is a recurring problem. The annual average of 40 
inches of precipitation on the valley floor is of no help in a summer 
period of little or no rain. The land now irrigated needs about 13,000 
acre-feet more of water than is available in an average year ; most of 
the shortage is in the Pudding and Tualatin River basins. Full irri
gation development will require much storage that is not now 
available. 

Pollution by sewage and industrial waste is a serious problem at 
times. In warm-weather periods of low flow, coliform bacteria render 
the water in the lower river unsafe for swimming, and in the Portland 
harbor area the dissolved-oxygen co111tent falls below the tolerance limit 
for upstream migrant salmon. Enforced primary trewtment of munici
pal sewage, coupled wi:th the elimination of l�arge flows of waste liquor 
from sulfite-process papermills, have in recent years given rel ief ; and 
release of stored water in periods of low flow help to abate the nuisance. 
But further measures are needed, including eliminrution of combined 
storm-domestic sewerage systems. 

Problems arise from conflicts of interest among water users. Every 
diversion for a consumptive use means less water for downstream users. 
Sudden releases of water for power production create hazards for 
downstream anglers and swimmers. Recre"ationists like to see reservoir 
levels held high until early September ; but requirements of power 
production, flow regulation, fisheries, or preparation for the neXIt 
flood-storage season may dictate earlier release of stored water. Partial 
flood control without attendant enforcement of zoning in a flood plain 
may permit incautious owners to build in •the reduced flood zone and 
lead to later demands for further flood protection. 

CoASTAL BASINS 

Included in this section are the many short rivers tha;t drain the 
western slope of the Coast Range, an area of 7,270 square miles. The 
Umpqua and Rogue Rivers are considered separately, because in large 
part their basins lie east of the Coast Range. The tidal shoreline 
extends for 489 miles and includes harbors for oceangoing ships a,t 
Tillamook Bay, Yaquina Bay, Coos B ay, and many smaller harbors. 

WATER QUANTITY 

This area produces more water per unit of area than any other in the 
State-and few areas in the United States have greater precipitation 
and runoff. The observed runoff of the principal streams listed in 
table 35 amounts to about 7.8 million acre-feet per year from 2,314 
square miles. The total annual runoff in the nr<'n is ahont 26 million 
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acre-feet, equivalent to a yield of about 5 .6 feet of depth on the 
entire basin. That yield is not uniform, however, but is greaJtest on 
streams like the Siletz and Wilson Rivers that drain areas sloping to 
the west and southwest, the directions from which most storms come, 
a.nd that do not drain rain-shadow a.reas on the lee side of mountain 
ridges. 

TABLE 35.-SUMMARY OF STREAMFLOW DATA AT SELECTED SITES IN THE COASTAL BASINS 

Streamflow 
Drainage Years Average Cubic feet per second 

Stream area of 
(square record Cubic 

miles) feet Acre-feet Maximum Minimum 
per per year 

second 

Nehalem River near Foss _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  667 27 2, 704 I,  958, 000 43,200 54. 0 
Wilson River near Tillamook _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  161 36 I, 210 876, 000 32, 100 4,5. 0 
Trask River near Tillamook _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  145 29 964 697,900 23, 000 37. 0 
S iletz River at Siletz _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  202 47 I,  580 I, 144, 000 40,800 48. 0 
Alsea River near TidewateL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  334 27 I, 539 I, 114, 000 41, 800 45. 0 
Siuslaw River above Wildcat Creek _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  267 9 688 498, 100 12, 900 20. 0 
Tenmile Creek near lakeside _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  87 9 324 234,600 3, 330 4. 1 
Coquille River: 

South Fork at Powers _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  169 47 779 564, 000 48,900 12. 0 
North Fork near Myrtle Point _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  282 20 949 687, 000 38,400 4. 5 

About 97 percent of the a.rea is underla.in by bedrock, mostly 
marine sedimenta.ry rocks that do not yield water rea.dily. Natural 
recharge is estimated to be about 6 million acre-feet per year, mostly to 
a.quifers in Tertiary lavas, and the outflow forms springs thrut supply 
most of the base flow of the streams. Ground water also occurs in about 
100 square miles of alluvium near the streams. Sand dunes ·thaJt cover 
about 125 square miles and range from sea level to 260 feet in altitude 
occur in places along the coast, in a narrow strip that is nowhere more 
than about 3 miles wide. Most of the precipi•t•ation that falls on the 
dunes infiltrates readily ; natural recharge to the dune aquifers prob
ably exceeds 300,000 acre-feet per year. The walter in the dunes is dis
charged through springs and seeps to the many small lakes in the 
dune area, or directly to the ocean. 

WATER QUALITY 

Surface water is low in mineral concentration. For exa.mple, the 
Siletz River contained only from 32 to 65 ppm of dissolved solids in 
37 composited samples taken in the period August 1911 to August 1912 
(¥an Winkle, 1914, p. 50) .  Monthly samples from August 1960 to July 
1961 contained 31 to 50 ppm. In the water year 1965, once-a-month sam
ples of West Fork of Millicoma River near Alleghany contained 29 to 
40 ppm of dissolved solids, and turbidity was low. Other streams have 
similar chemical quali,ty. The waters are calcium magnesium bicarbon
ate in type and collltain sodium and chloride that may be derived in part 
from marine sedimentary rocks and in part from airborne ocean spray. 

Wells in marine sedimentary rocks yield only small quantities of 
water, and in places the water is saline. Wells in alluvium yield water 
of excellent quality. Water in the dune sands north of Coos Bay is low 
in mineral concentration and is generally slightly acidic. W ruter from 
some wells contains excessive iron that may require removal for many 
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uses. Some shallow wells in poorly drained areas yield water that has 
objectionable color, odor, or taste. 

Most of the area is forested, and suspended-sediment concentration is 
low except in places where recent logging, roadbuilding, or fire has up
set the balance of nature. In 1911-12, the average concentration ob
served in the Siletz River was 6 ppm and the maximum was 32 ppm. 
The runoff is so great >that the annual erosion is generally more than 
in the dry areas of eastern Oregon. The average sediment concentra
tion in the forested areas of three small creeks in the Alsea River basin 
in water years 1959 and 1960 ranged from 9 ppm in Needle Branch ,to 
15 ppm in Flynn Creek, and total denudation for 1.9 years was 
equivalent to 340 tons per square mile (Williams, 1964, p. 9) , or 
roughly 0.1 acre-foot per square mile per year. 

WATER USES 

Even in this humid area,, water is used to irrigate a:bout 25,000 acres 
of land, mostly for dairy-herd pasture. Most of the diversion is by 
pumping from surface streams ; distribution is by pipes and sprinklers. 
About 25,000 acre-feet of wwter is applied annually. 

The principal water-using industries are related to forest and dairy 
produets. Pulp and paper plants at Toledo and Gardiner use about 
40 cfs from surface-water supplies ; another IIJt N ovth Bend uses water 
developed within the sand dunes near Hauser. Cheese-making plants 
near Bandon, Coos Bay, and Tillamook use lesser quantities of wUiter. 
North Bend, Coos Bay, Waldport, Newport, Depoe Bay, Garibaldi, and 
other port ci6es support commercial fisheries and canneries that 
help to process the Stwte's average annual harvest of about 61 million 
pounds of salmon, tuna, bottom fish, crabs, clams, and shrimp. 

The public systems serving the larger centers of population are 
mostly derived from surface streams. The Pony Creek diversions serve 
about 22,000 people in the Coos Bay-North Bend area. The Siletz River 
and smaller streams supply water for about 10,000 people in Newport 
and Toledo. Seaside, Tillamook, Myrtle Point, Coquille, Bandon, and 
Gold Beach use nearby surface sources. 

Much of the economy of the area is based on recreation, and that 
industry is based on the presence of water-water in the streams, water 
in the sand-dune lakes, and water at the oeean beaches. State parks 
abound ; five of them had a total day-usage of about 4 million visitors 
in 1966, about one-fifth of the usuage for all the State parks. 

WATER PROBLEMS 

Although the total water supply is adequate for foreseeable needs, 
shortages exist at times because of the great seasonal variation in 
flow of streams. Use of water for irrigation is greatest in the period 
of low flow, and much more land may in time be irrigated. 

Flooding occurs almost every year, and low-lying arable land is 
often inundated. Flooding may be aggravated by winds �tnd high tides 
that force ocean water into the bays and estuaries adjacent to the 
settlements and farmed lands during periods of high flow. 

Ground-water supplies are erratic in availability and in places are 
undesirable in quality. 
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UMPQUA RIVER BASIN 

The Umpqua River rises on the west slope of the Cascade Range. 
Below the confluence of the two main branches near Roseburg, the 
river cuts through the Coast Range and continues westward to the sea 
at Winchester Bay. The central basin near Roseburg is subhumid ; the 
upper and lower reaches are humid. The basin covers 4,560 square miles. 
About 80 percent of the land is forested, in part recently cut over, and 
the area is one of the chief centers of softwood lumber production in 
the United States. 

WATER QUANTITY 

Data for selected streams in the basin are given in table 36. The 
South Umpqua has a larger drainage area than the North Umpqua but 
less total flow, because the South Umpqua includes more area with 
moderate rainfall. Lookingglass and Calapooya Creeks drain areas of 
moderate precipitation and little ground-water storage. Mill Creek is 
the only stream west of the Coast Range with records of flow, but 
Smith River near Reedsport is known to be a much larger stream. The 
average flow at the mouth of the Umpqua River is about 11,000 cfs 
( 8  million acre-feet per year) . 

TABLE 36.-SUMMARY OF STREAMFLOW DATA �T SELECTED SITES IN THE UMPQUA RIVER BASIN 

Streamflow 

Stream 

South Umpqua River at Tillen . . . .  
Cow Creek near Riddle . .  - - -
Lookingglass Creek at Brockway _ _  ._ . .  __ . _________ 
South Umpqua River near BrockwaY--- · - - - · · · · - - · -
�
t
�:��
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�f��=

e
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a
����

e
�e�olo

_ 
Lake::-_::::: 

_ _  
North Umpqua River a t  Winchester_ ____ . . _ . .  
Calapooya Creek near Oakland ____ - - - - - - - - - - - - - - -
Umpqua River near Elkton _ _ _  . _  . .  _ _ _ _  . .  
Mill Creek near Ash_ . .  _____ _ _ 

Drainage 
area 

(square 
miles) 

449 
456 
!58 

I,  670 
170 
227 

1, 344 
210 

3, 683 
90 

Years Average 
of ------

record Cubic 

28 
12 
11 
32 
38 
10 
23 
11 
61 
7 

feet Acre-feet 
per per year 

second 

I, 033 
922 

747, 900 
667,500 

316 228, 800 
2, 887 2, 090, 000 

418 302,600 
720 521, 300 

3, 678 2, 663, 000 
519 375, 700 

7, 473 5, 410, 000 
316 228,800 

Cubic feet per second 

Maximum Minimum 

60, 200 20. 0 
37, 500 18. 0 
35, 000 0 
105, 000 36. 0 

4, 680 10. 0 
51, 000 31. 0 

119, 000 383. 0 
26, 600 0 

265, 000 640. 0 
10, 000 1. 5 

In the North Umpqua Basin, aquifers .of Tertiary volcanic_ r�ks 
feed many large springs wi�h well-sustamed summer _flow. Similar 
aquifers are less productive m the South Umpgua Ba.sm, and scarce 
in the Coast Range. Wells that penetrate marme sedimentary rocks 
yield only a little water. 

WATER QUALITY 

The surface water is soft, low in mineral concentration, and low in 
suspended sediment. In the period August 1, 1�11, to August 15, 1912, 
dissolved solids in 22 samples from Umpqua RIVer near Elkton ranged 
from 57 to 86 ppm, and suspended matter average 15 ppm ; hardness 
was about 27 ppm. The water in the South Umpqua at Roseburg h�s 
slightly more dissolved a�d s�1spended_ mattE?r and hardn�ss ; that m 
the North Umpqua at Ghde IS less mmera.hzed an.d carries a lo:ver 
sediment concentration than at Elkton. The chemical and physical 
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quality of the surface water has not been significantly changed by the 
activities of man· from 1911 to 1967. 

Ground water issuing from Tertiary volcanic rocks in the Cascade 
Range is clear, cold, and very low in dissolved-solids concentration 
and hardness. Wells in alluvium in the stream valleys yield water that 
is somewhat more mineralized but is usable for almost any purpose. 
Water in the marine sedimentary rocks of the Coast Range and interior 
valleys is saline in places. 

WATER USES 

About 16,000 acres of land is irrigated in the basin, paretically all 
of it by pumping about 24,000 acre-feet each year from streams to ad
jacent lands. The potential for profitable irrigation is several times 
larger. 

Water rights for mining purposes total about 300 cfs ( 1958) ; some 
of the rights are not in use. The largest continuous mining operation 
uses as much as 4 cfs from Cow Creek near Riddle for processing nickel 
ore. 

Municipal supplies are mostly obtained from surface streams. A 
diversion from North Umpqua River at Winchester serves about 15,000 
people in the Roseburg area. 

WATER PROBLEMS 

The chief water problem in the Umpqua River basin is flooding. In 
recent years, damaging floods occurred throughout the basin in October 
1950, January and November 1953, December 1955, and December 
1964. The flood of December 1964 was about equal to the historic floods 
of 1861 and 1890. No flood-control storage has been provided. 

Summer flow is not adequate for potential needs of recreation, irri
gation, and fish life on streams that rise in areas without high-yield 
aquifers, including Cow, Olalla, Deer, Sutherlin, Calapooya, and Elk 
Creeks. It is in those stream basins that most of the potential lies for 
future irrigation from storage of winter runoff. 

RoouE RivER BAsiN 

Rogue River drains 5,170 square miles, of which about 55 percent is 
forested. For the purpose of discussing water resources, the basin 
may conveniently be divided into three subunits. The eastern, or up
stream, section of about 1 ,500 square miles covers the western slope of 
the Cascade Range. The central valley section contains about half the 
total basin area, nearly all the agricultural land, and the larger popula
tion centers of Ashland, Grants Pass, and Medford. The western part 
of about 1 ,000 square miles is a mountainous, forested region extending 
along the lower 65 miles of the Rogue River and the lower 45 miles of 
its largest tributary, the Illinois River. 

WATER QUANTITY 

The flow of the river and some tributaries is shown in table 37. The 
nverage annual runoff of the Rogue River is about 8 million acre-feet. 

The Rogue River above Prospect and many of the eastern tribu
taries have base flows that are well sustained by large springs. Elk 
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TABLE 37.-SUMMARY OF STREAMFLOW DATA AT SELECTED SITES IN THE ROGUE RIVER BASIN 

Streamflow 
Drainage Years Average Cubic feet per second 

Stream area of 
(square record Cubic 
miles) feet Acre-feet Maximum Minimum 

per 
second 

per year 

Rogue River above Prospect. . . _ _ _ _ _ _ _  .. __ . _ _ _  . .  _ _  312. 0 46 810 586, 400 22,400 200. 0 
Elk Creek near TraiL . . . . . . - - - - - · - · - - - - - - - - - - - - - 133. 0 21 236 170,900 19, 200 0. 4 
Bear Creek at Medford _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  289. 0 46 108 78, 190 14, 500 0 
Rogue River at Raygold, near Central PoinL _ _ _ _ _ _ _  2, 053. 0 61 2, 933 2, 123, 000 131, 000 616. 0 
Applegate River near Copper _ _ _ _ _ _ _  . _ _ _ _ _ _ _ _ _ _ _ _ _  223. 0 28 437 316,400 29,000 20. 0 
Rogue River near Agness _ _ _ _ _ _ _ _ _ _  - - - - - - - - - - - - - 3,939. 0 6 6, 372 4, 613, 000 290, 000 860. 0 
East Fork I l l inois River near Takilma_ - - - - - - - - - - - - 42. 3 25 185 133,900 15, 700 4. 6 
Illinois River near Kerby _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  380. 0 5 I, 326 960, 000 92, 200 23. 0 
Illinois River near Agness _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - - - - 988. 0 6 4 ,311  3, 121, 000 225, 000 148. 0 

Creek, Bear Creek, Applegate River, and East Fork of the Illinois 
River have no such dependable low-flow sources ; in addition, their 
summer flows are depleted for irrigation. The flow of Bear Creek is 
regulated by storage at Emigrant Lake, into which about 34,000 
acre-feet per year is diverted from tributaries of the Klamath River 
to generate power and to irrigate lands in the Bear Creek basin. 

The northern part of the upstream section of the basin has a 
permeable pumice cover overlying Tertiary and Holocene lavas. Those 
formations store and yield large volumes of soft, clear, cold water to  
springs of steady flow that have become the base flow of the Rogue 
River and its upper tributaries, including Mill Creek, Red Blanket 
Creek, Middle Fork, South Fork, Big Butte Creek, and Little Butte 
Creek. The central and western sections are underlain in part by less 
permeable sedimentary and metamorphic rocks. The natural recharge 
to the groundwater reservoir in the entire basin is about 1.7 million 
acre-feet per year. About 75 percent of that recharge occurs in the 
in the upper Rogue River section, including Little Butte Creek, and 
most of the remamder occurs in alluvium along the river and its lower 
tributaries. 

WATER QUALITY 

Surface water has good to excellent chemical and physical char
acteristics. At a sampling site 6 miles southwest of Prospect, Rogue 
River water below South Fork is soft and clear, has a dissolved-solids 
concentration of about 60 ppm, hardness of about 20 ppm, and sus
pended sediment of less than 10 ppm. Bear Creek at Central Point 
has about 150 to 200 ppm of dissolved solids and up to 250 ppm of 
suspended sediment. At the gaging station on Rogue River at Ray
gold, near Central Point, 34 samples taken from September 1911 t.o 
August 1912 ranged from 54 to 86 ppm of dissolved solids and from 
1 to 156 ppm of suspended sediment. Dissolved solids ranged from 
59 to 91 ppm and hardness from 32 to 62 ppm in 15 samples taken from 
January 1966 to July 1967 at the gaging station on Rogue River above 
Illinois River, near Agness. 

-

Ground water that issues from springs in volcanic aquifers is 
similar in quality to the Rogue River below South Fork. Springs that 
issue from marine-sedimentary and metamorphic rocks in the central 

21J-829 0-00--24 



364 

and western sectors are more highly mineralized, and some emit large 
quantities of carbon dioxide or other gases. 

Wells in alluvial and colluvial deposits, and those in weathered 
granitic rocks yield moderate quantities of water that is suitable for 
domestic and other uses. Several wells in valley fill north of Medford 
yield sufficient water of suitable quality to irrigate small tra.cts. Wells 
in several localities yield hard water that contains more than 500 
ppm of dissolved solids ; some wells in marine sedimentary rocks are 
unusable because the water is saline, with dissolved-solids concentra
tions as high as 8,600 ppm or boron concentrations as high as 20 ppm. 

WATER USES 

About 195,000 acre-feet of surface water is used annnally to irrigate 
about 56,000 acres in ,Jackson County and 22,000 acres in .Josephine 
County. ·water for that use is stored in Fish Lake and in Emigrant 
Lake to supplement the natural flmv of the streams ; water is also 
diverted from Fourmile Lake, Howard Prairie, and Hyatt Reservoirs 
in the Klamath River basin. Medford, Eagle Point, Central Point, 
and Jacksonville use water from Big Butte Springs diverted through 
a covered concrete collecting gallery into the Medford pipelines. Ash
land uses water from Ashland Creek ; Gold Hill and Grants Pass use 
Rogue River water. Talent, Phoenix, and Cave .Junction use water 
from nearby shallow wells. Log ponds use modest quantities of water. 
The chief industries are centered around the processing of forest and 
food products, and are cyclic or seasonal. Some small placer mines are 
operated in winter and early spring, when adequate water is available 
in the small streams. 

The Rogue River and its tributaries have exceptional potential for 
recreational use. The Rogue and the Illinois have long been famous 
for steelhead fishing. The main river below Grants Pass is under active 
consideration for designation as a Wild River, to be reserved for rec
reational and conservation purposes, and State l aw a lready prohibits 
dam building in that reach. 

The multipurpose Lost Creek Dam, under construction on the 
Rogue River above Big Butte Creek, is designed to have a usable 
storage capacity of ))15,000 acre-feet, to he used to control floods, gen
erate power, increase low flow, and provide water for irrigation. The 
recreational and sport-fishery benefits will also be substantial . 

WATER PROBLEMS 

Floods occur frequently. Although storage in Emigrant Lake ( ca
pacity enlarged in 1960 to ))9,000 acre-feet ) provides some flood pro
tection for Bear Creek valley, the greatest floods of record on Bear 
Creek at Medford and Rogue River at Raygold have occurred since 
that reservoir began operation. At nearly all gaging stations, the flood 
of December 22-2R, 1964, was the greatest since records began. Some 
flood protection for the central sector of the mttin stem of the Rof,rue 
River will be provided when Lost Creek Dam begins operating. 

Inadequate water supply in late summer is a common problem on 
streams in the central part d the basin. 
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Local problems of siltation occur when logging, mining, or sand 
and gravel operations are conducted without adequate control meas
ures. Siltation of spawning areas is harmful to fish life. 

Water temperatures exceed 70° F. at times, temporarily blocking 
runs of anadromous fish. 

KLAMATH RIVER BASIN 

The Klamath River basin in Oregon consists chiefly of a plateau 
between 4,100 and 5,000 feet in altitude, and the eastern slope of the 
southern part of the Cascade Range. The adjacent basins of Swan 
Lake, Yonna Valley, Lost River, and Lower Klamath Lake are usually 
included, although those basins contribute l ittle water to the Klamath 
River except that which is artificially diverted from them. Also in
cluded is the topographically closed basin of Crater Lake. 

In downstream order, the principal stem is called Williamson River, 
Upper Klamath Lake, Link River, Lake Ewauna, and Klamath River. 

At Keno, the Klamath River leaves the plateau and enters the 
canyon it has cut through the Cascade Range. Its drainage area in 
Oregon is about 5,680 square miles, of which about 1,600 square miles 
contributes little water. The average annual flow at the State line 
is about 1.5 million acre-feet. 

An interstate compact on the use of water resources of the Upper 
Klamath River basin in Oregon and California i s  in effect. 

WATER QUANTITY 

The principal streams and their flows are listed in table 38. The flow 
at each of the sites is affected by diversions for irrigation, and the 
flows of the Link and Klamath Rivers are affected by storage in Upper 
Klamath Lake, controlled by a low dam at the outlet. 

TABLE 38.-SUMMARY OF STREAMFLOW DATA AT SELECTED SITES IN THE KLAMATH RIVER BASIN 

Stream 

Williamson River near Klamath Agency . . . . . • .  
Sprague River near Beatty ...... . . . . . .  . 
S prague River near Chiloquin . . . . . . . . . . . . . . . . . . .  . . 
Williamson River below Sprague River. . . . . . . . . . .  . .  
link River at Klamath Falls.. .... . . . . . . . . . . . . . . .  . . 
Klamath River at Keno . . . . . . . . .. . . . . . . . . . . . . . . .. . 
Klamath River below John C. Boyle powerplant. . .  . 

Drainage 
area 

(square 
miles) 

I,  290 
513 

I,  580 
3, 000 
3, 810 

1 3, 920 
1 4, 080 

Streamflow 
Years Average 

of 
record Cubic 

feet Acre-feet 
per per year 

second 

12 236 
16 306 
45 555 
49 I,  013 
62 I, 603 
46 I 678 
7 I, 767 

170, 900 
221, 500 
401, 800 
733, 400 

I ,  161 ,000 
I 215, 000 
I, 279, 000 

Cubic feet per second 

Maximum Minimum 

1 , 590 
6, 980 

14,900 
16, 100 
9, 400 
9, 250 
8, 830 

0 
57 
50 

320 
17  
26 

311 

' Excluding adjacent basins of Lost River and Lower Klamath Lake. 

Ground water is abundant. About 2 million acre-feet per year is 
naturally recharged to aquifers, chiefly in Tertiary volcanic rocks. 
Large springs near Chiloquin and Fort Klamath feed the Williamson, 
Sprague, and Wood Rivers, and Fort, Agency, and Sevenmile Creeks ; 
others emerge beside the Lost River near Bonanza and the Klamath 
River below Keno. The flow of Big Spring near Lenz station, north-
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west of Upper Klamath Marsh, has been measured as high as 86 cfs 
in September 1954 ; yet it had no flow from about 1900 to 1950. In 
contr11st, the springs that form Spring Creek, near Chiloquin, main
tain a steady flow of 260 to 330 cfs at all times. The large springs at 
the head of the Wood River discharge 200 to 300 cfs. Other large 
springs rise beneath the surface of Upper Klamath Lake. Some wells 
in the Sprague River basin and near Fort Klamath have artesian flow. 

Crater Lake lacks a surface outlet loses about 90 cfs ( 65,000 acre
ft per yr) by leakage. At least a part of the leakage proba:bly helps to 
feed some of the large springs in the Klamath River basin. 

WATER QUALITY 

The water in the larger streams and springs is of good to excellent 
quality, low in suspended sediment and dissolved solids. and is calcium 
magnesium bicarbonate in type. In the period July 1959 to December 
1963, the Oregon State Sanitary Authority made a series of about 35 
analysis on each of the streams l isted in table 39. The dissolved-solids 
concentrations and hardness increase from the vVilliamson River to 
Keno, owing in part to evaporation in excess of precipitation on Upper 
Klamath Lake and in part to the addition below Klamath Falls ,ef 
municipal and industrial wastes and the return of drainage from irri
gated tracts and flow from the semiclosed Lower Klamath Lake and 
adjacent marshes. As most of the water in Crater Lake is derived from 
precipitation, it is dilute, having only about 80 ppm of dissolved solids. 

TABLE 39.-SUMMARY OF ANALYSES I OF STREAMS IN  KLAMATH RIVER BASI N, 1959-63 

Parts per million 2 

Stream Site Dissolved solids Hardness 
Mean Maxi- Mini- Mean Maxi- Mini-

mum mum mum mum 

Sprague River_ _ _ _ _ _  .. _ . . .  Bridge near mouth _ _ _ _  . . .  _ _ _ _  . _ _ _ _  121 188 85 36 55 19 
Williamson River _ _ _ _ _ _ _ _ _ _  Chiloquin, I mile north ___ _ _ _ _ _  . . . . .  107 !57 47 25 43 16 

Do _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  Bridge, 4.5 miles above mouth _ _ _ _ _ _  114 173 73 31 48 24 
Link River_ ____ _ _ _  - - - - · - - Fremont Bridge, Klamath Falls _ _ _ _ _ _  141 223 83 35 46 24 
Klamath River _ _ _  . _ _ _ _ _  Keno _____ _ _  - - - - - - - - - - - - - - - - - - - - - 221 428 121 72 184 40 

I Analyses by Oregon State Sanitary Authority. 
z Numerically equal to milligrams per liter, as listed in report by Oregon State Sanitary Authority. 

Sediment movement in streams is insignificant because much of the 
flow is derived from large springs and the streams have a rather flat 
gradient down to Keno. 

The Williamson River and some other streams drain large marshy 
areas, and the water at times has a browinsh color derived from the 
decay of marsh vegetation. Algal blooms occur annually in Upper 
Klamath Lake. 

Ground water in the northern part of the basin is of excellent quality. 
In the Swan Lake and Y onna Valleys and in the plain south of 
Klamath Falls, ground water is moderately mineralized and generally 
is sui•table for domestic use or irrigation. Warm or hot water in fault 
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zones in Klamath Falls and near Lorella and water in the alluvium 
adjacent to the evaporation basins of Tule and Lower Klamath Lakes 
are poor in quality because of high concentrations of sodium salts. 

WATER USES 

Irrigation is the principal consumptive use. About 1 million acre
feet of water is diverted annually to irrigate 295,000 acres, of which 
about 5 percent is irrigated with ground water. The largest diversion, 
the "A" Canal, diverts about 260,000 acre-feet annually from Upper 
Klamath Lake for use on lands on both sides of the Lost River, partly 
in California. Some water is also pumped from the lake to irrigate 
adjacent land. Lumbering and forest products account for most of 
the industrial use. Dairying and meat packing are the chief agri
cultural processing industries. Public supplies, almost entirely from 
ground-water sources, serve 29,000 people. 

In Klamath Falls, the natural heat in ground water is used for space 
heating of many residences and some public buildings, and to effect 
continuous removal of snow and ice on some stretches of pavement. 

Preservation of a suitable habitat for wildlife is an important use 
of water. Wildlife refuges on Upper Klamath Marsh and Lower 
Klamath Lake, supplemented by large areas of nearby marsh and ir
rigated grainfields, support millions of waterfowl. 

WATER PROBLEMS 

Serious flooding is rare, because Upper Klamath Lake on the main 
stem and Clear La.ke and Gerber Reservoirs on the Lost River have 
large capacities for storage in relation to annual runoff. The flows of 
Sprague and Williamson Rivers are equalized by spring inflow and 
natural channel and marsh storage to a marked degree. However, a 
long period of high flow occasionally fills Upper Klamath Lake and 
requires release of water down the Klamath River. Such a flood oc
curred in December 1964 and January 1965, when large areas of low
land were inundated. 

In dry years, little water is available to pass down the Klamath 
River below Klamath Falls, to dilute municipal and industrial wastes 
or to generate electric power. Some lands along the Williamson and 
Sprague Rivers are normally irrigated by natural subseepage or by 
bank overflow in periods of high water ; in dry seasons such land is not 
watered. Also in dry periods, the partly natural and partly controlled 
flooding of wildfowl is inadequate, and in some years the shortage is 
believed to have led to the loss of many thousands of birds. 

The ground water in the alluvium near the evaporation sumps of 
Tule and Lower Klamath Lakes and some of the thermal ground water 
near Lorella and in Klamath Falls are not suitable in quality for irri
gation or domestic use. 

Evaportation loss from Upper Klamath Lake amounts to almost 
aoo,ooo acre-feet per year. Any economical technique for the suppres
sion of evaporation would increase the outflow available for down
stream use. Periodic algal bloom in Upper Klamath Lake causes 
objectionrvble odor and inadequate dissolved oxygen for fish life. 
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WATER RESOURCES DEVELOPMENT 

HYDROELECTRIC PowER 

( B y  Z. R. Harper and' R. B. Gillespie, Bonneville Power Administration, 
Portland, Oreg. ) 

Electric power production in the United States from both steam 
and hydro generation came into commercial use in 1882. In that year 
Thomas A. Edison opened the Nation's first steam-electric lighting 
plant, the Pearl Strp,et Station in New York City. Several days later 
the •first hydroelectric plant went into operation a;t Appleton, Wis
consin, generating 200 kilowatts and transmitting 110 volts over a one
mile line. During the early years, steam-electric generation took the 
lead, due to low-cost fuel and the ability to build plants close to load 
centers. With the development of more efficient transmission of elec
tricity at higher voltages over longer distances and a rise in fuel costs, 
hydroelectric generation became more feasible and competitive with 
steam-electric generation. By 1965 the installed capacity of hydro
eh�ctric generation in the United States had reached over 44 million 
kilowatts or .20 percent of 220 million kilowatts installed hydroelectric 
capacity for the world.1 The first commercial hydroelectric genera
tion in Oregon "·as in 1 888. At that time the "'\Villamette Falls plant, 
built by Oregon City Electric Company on the Willamette River near 
Oregon City, was energized. A new :plant was put into operation in 
1889 by the \Villamette Falls Electnc Company. Power was trans
mitted to the City of Portland in the form of direct current for street 
lighting. Alternating current generators were installed at this plant 
in 1890, and one of the first long-distance alternating-current trans
mission lines in the United States connected these machines with 
Portland, Oregon. Late in 1897, Portland General Electric Company 
energized three 450-kilowatt generators at Willamette Falls as the first 
stage of construction of a new powerhouse. This is now their T. W. 
Sullivan plant. 

Following the pioneering efforts at "'\Villamette Falls, private and 
public interests began developing hydroelectric power throughout the 
State. Many of the early plants are still in operation today. 

Hydroelectric power development in Oregon has reached an installed 
capacity of 3,051,201 kilowatts over the past 79 years, with 71 existing 
pnvate, public, and Federal plants. This placPs Oregon fourth in the 
nation with seven percent of the national hydroelectric power output 
following "'\Yashington, California, and New York.2 Table 40 lists 
the plants and figure 85 locates them on a map of Oregon. Sixty of 
these are non-Federal plants either publicly or privately owned which 
total 1,338,501 kilowatts of installed capacity. Additions planned for 
the existing public and private plants-Brownlee, Oxbow, Hells 
Canyon, Bull Run, Oak Grove, Winchester, and Prospect No. 2-will 
add another 377,000 kilowatts of installed capacity. Eight potential 
non-Federal plants-Trask, Ginger Peak, Eden Ridge, Buzzards' 
Roost, Aspen Lake, Keno, Bear Springs, and Salt Caves-"·onld add 
603,500 kilowatts for a total of 980,500 kilowatts of future capacity 
for Oregon. 

1 World Power Data 1965, Federal Power Commission, published in 1967. 
' World Power Data 1965, Federal Power Commission, published in 1967. 



TABLE 40.-HYDROELECTRIC POWER RESOURCES IN OREGON: EXISTING, UNDER CONSTRUCT ION, AND UNDER ACTIVE CONS IDERATION, DEC. 31, 1967 

Map 
reference 

No. 

I 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Project 

Columbia River Basin : 
Duncan Ferry _ _ _  _ 

Baker_ _ _ _ _ _ _ _ _ _ _ _  . 

Rock Creek _ _ _ _ _ _ _ _  _ 

Brownlee 2_ 
Oxbow 2 _ _ _ _  _ 

Hells Canyon 2 _ _ _  _ 

Mountain Sheep 2 _ _  

Wallowa Falls _ _ _ _  _ 

McNary 2 _ _ _ _  _ 

John Day 2 __ _ 

Stream Ownership 

_ _ _ _ _ _  Owyhee _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Bureau of Reclamation _ _ _ _ _ _ _ _ _ _  _ 

Goodrich _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Baker, city of. _ _ _ _ _ _ _  . _ _ _ _ _ _ _ _ _  _ 

_ _ _ _ _ _  East Fork, Rock Creek _ _ _ _ _ _ _ _ _ _ _  California Pacific Utilities Co _ _ _ _ _  _ 

Snake___ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  Idaho Power Co _ _  _ 

_ _ _ _ _ _ _ _ _  do_ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

_ __ do__ _ _ _ _ _ _ _ _  . _ _  _ _ _ _  _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

_ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _  . _ _ _ _ _ _  _ 

East Fork, Wallowa _ _  

Columbia _ _  

_ _ _ _ _ do_ 

Bureau of Reclamation '-- _ _ _ _ _ _ _  _ 

Pacific Power & Light Co _ _ _ _ _ _ _ _  _ 

Corps of Engineers _ _ _ _ _  _ 

- - - -dO. - - - . - - - -
1 1  Bend_ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  Deschutes_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Pacific Power & Light Co_ 
12 Cline Falls __ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  do_ _ _ _ _ _  _do_ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  

13 Round Butte_ _ _ _ _ _ _ _ _  .do_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  Portland General Electric Co _ _ _ _ _  _ 

14 Pelton_ _ _  __do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
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19 Bonneville '----- - - - - - - - - - - - - - - - Columbia _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Corps of Engineers _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

20 Bull Run _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Bull Run _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Portland General Electric Co _ _ _ _ _  _ 

21 Hills Creek_ _ _ _ _ _ _ _ _ _ _ _ _ _  _ __ Middle Fork Willamette _ _ _ _ _ _ _ _ _ _  Corps of Engineers _ _ _ _ _ _ _ _ _  _ 
22 Lookout Point__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  do __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
23 Dexter_ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .do _ _ _ _ _ _ _ _ _  _ 

24 Carmen _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  McKenzie_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  Eugene, city ot_ _  _ _  _ 

25 Trail Bridge _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

26 Cougar _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  South Fork McKenzie _ _ _ _ _ _ _ _ _ _ _ _  Corps of Engineers _ _ _ _ _ _  _ 

27 Strube_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  do _ _ _ _ _ _ _ _  _ 

28 Leaburg__ _  _ _ _ _ _ _ _ _  McKenzie_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  __ Eugene, city oL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

29 Walterville____ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

i� �����R��t����:: :: : ::::::::::: ����£����::: :::::: := : : : : : : : : : �r�ma�i�;�::: : : : : : : : : : : : : : : : 
33 Detroit_ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  North Santiam _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Corps of Engineers _ _ _ _  _ 

34 Big Cliff _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  do_ _ _ _ _  _ _ _  do_ _ - - - - - - - - - - - - -
See footnotes a t  end o f  table. 

Gross 
head 
(feet) 

182 
744 
936 
272 
117 
213 
585 

1 , 187 
75 

105 
15 
50 

365 
!52 
!50 
86 
30 
210 
59 

326 
318 
231 
57 

513 
78 

434 
63 
90 
56 

100 
18 
7 

357 
97 

Existing 
Number I nstalled 
of units capacity 

(kilowatts) 

2 1 14, 000 
1 120 
2 800 
4 360, 400 
4 190, 000 
I 130, 500 
5 ! J, 500, 000 
I 800 
14 980,000 
16 1 2, 160, 000 
3 
I 
3 
3 
3 
16 
I 
I 

10 
4 
2 
3 
I 
2 
I 
2 
I 
2 
1 
1 
1 
1 
2 
1 

1, 110 
1 , 000 

247,050 
108, 000 

2, 250 
1, 119, 000 

!50 
6, 000 

518, 400 
21, 000 
30, 000 

120, 000 
15, 000 
80, 000 
10, 000 
25, 000 
1 4, 500 
13, 500 
8, 000 

59 
35 
12 

100, 000 
18, 000 

Ultimate 
i nstalled 
capacity Date in service initial unit 

(kilowatts) 

14, 000 Under active consideration. 
120 1918. 
800 1905. 

540,600 Aug. 27, 1958. 
237, 500 July 5, 1961. 
522, 000 Nov. 5, 1967 (2 units under 

construction), 
2, 400, 000 Under active consideration. 

800 1921. 
I,  400, 000 Nov. 6, 1953. 
2, 700, 000 Scheduled 1968 (16 units under 

construction). 
1, 110 1913. I, 000 1900. 

247, 050 Aug. 7, 1964. 
108, 000 Dec. 20, 1957. 

2, 250 1902. 
I,  807, 000 May 13, 1957. 

!50 
6, 000 1923. 

842,400 June 6, 1938. 
34, 000 1912. 
30, 000 May 2, 1962. 

120, 000 December 16, 1954. 
15, 000 May 19, 1955. 
80, 000 Aug. 17, 1963. 
10, 000 June 20, 1963. 
60, 000 Feb. 4, 1964. 
4, 500 Authorized. 

13, 500 Jan. 6, 1930. 
8, 000 1911. 

59 Aug. 1 ,  1952. 
35 
12 1929. 

100, 000 July 1 ,  1953. 
18, 000 June 12, 1954. 
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TABLE 40.-HYOROELECTRIC POWER RESOURCES IN OREGO N :  EXISTING, UNDER CONSTRUCTION, AND UNDER ACTIVE CONSIDERATION, DEC. 31, 1967-Continued 

Gross 
Project Stream Ownership head 

(feet) 

Columbia River Basin-Continued 
Marion I nvestment . . . . . . . . . . . . .  North Santiam . . . . . . . . . . . . . . . . . .  Marion I nvestment. . . . . . . . . . . . .  . 14 

15  
52 

Stayton . . . . . . . . . . . . . . . . . . . . . . . . . . .. do . . . . . . . . . . . . . . . . . . . . . . . . .  Pacific Power & Light Co . . . . . . .  . .  
Burnice Grewell. . . . . . . . . . . . . . . .  Dobbins Creek . . . . . . . . . . . . . . . . . .  Burnice Grewell. . . . . . . .  _ _ _ _ _ _ _  _ _  

300 
113 

Green Peter. . .. . . . . . . . . . . . . . . .  _ Middle Santiam . . . . . . . . . . . . . . . . .  Corps of Engineers . . . . . . . . . . . .  .. 
Foster . . . . . . . . . . . . . . . . . . . . . .. . .  South Santiam . . . . . . . . . . . . . . . . . . . . . . .  do . . . . . . . . . . . .  . 

30 
10 
36 
10 
25 

John Wills_ . .  _ _ _  . . . . . . . . . . . . . . .  Wiley Creek . . . . . . . . . . . . . . . . . . . .  John Wills . . . . . . . . . . . . . . . . . . . . .  . 
Lebanon . . . .. . . . . . . . . . . . . . . . . . .  South Santiam . . . . . . . . . . . . . . . . . .  Pacific Power & Light Co . . . . . . . .  . 
Albany . . . . . . . . . . . . . . . . .  _ _  . . . . . . . . .. do . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. do . . . . . . . . . . . . . . . . . . . . . . . .  . 
Willamette Paper. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  do . . .. . . . . . . . . . . . . . . . . . . . . .  Willamette Paper Co . . . . . . . . . . .  . .  
Rolla Shelton . . . . . . . . . . . . . . . . . .  Thomas Creek _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Rolla Shelton . . . . . . . . . . . . . . . . .  . . 

230 
40 

Baker Creek_ . . . . . . . . . . . . . . . . . . Baker Creek . . . . . . . . . . . . . . . . . . . .  McMinnville, city of.. .. . . . . . . . .  . .  
Sullivan . . . . . . . . . . . . . . . . . . . . . . .  Willamette . . .. . . . . . . . . . . . . . . . . . .  Portland General Electric C o  . . . .  . .  

4 0  -
40 

879 
���o�
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Oak Grove . . . . . . . . . . . . . . . . . . . . .  O a k  Grove Fork . . . . . . . . . . . . . . . . .  Portland General Electric C o  . . . .  . .  
North Fork . . . . . . . . . . . . . . . . . . . .  Clackamas.. . . . . . . . . . . . . . . . . . . . . . . . . .  do . . . . . . . . . . . . . .. . . . . . . . . .  . 135 

133 
82 �f���'rXili.-��:: : : : : : : : : : : : : : : : : : : :J�:: : : : : : : : : : : : : : : : : : : : : : : : : : :J�::: : : : : : : : : : : : : : : : : : : : : : :  
90 

200 
100 
752 
728 

Lake Oswego . . . . . . . . . . . . . . . . . .  Oswego Creek.. .. . . . . . . .  Lake Oswego Corp . . . . . . . . . . . . .  . .  
North Pacific Slope Basins: 

Trasl: . . . . . . . . . . . . . . . . . . . . . . . . .  Trask . . . . . . . . . . . . . . . . . . . . . . . . .  _ Tillamook County PUD . . . . . . . . . .  . 
Ginger Peak . . . . . . . . . . . . . . . . . . . . . . . .  do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  do . . . . . . . . . . . . . . _ _ _ _ _ _ _ _ _ _  _ 

Lemolo No. ! .  . . . . . . . . . . . . . . . .. North Umpqua . . . . . . . . . . . . . . . . . .  Pacific Power & Light Co _ _ _ _ _ _ _  _ _  

Lemolo No. 2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  do . . . . . . . . . . . . . . . . . . . . . _ _ _ _ _ _ _ _  do . . . . . . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  

Existing 
Number 
of units 

I 
I 
I 
2 
I 
I I 
2 
I 
I 
I 

13 
"2 
2 
2 
6 
5 
I 
I 
I 
I I 

I nstalled 
capacity 

(kilowatts) 

900 
600 

3 
80, 000 

I 20, 000 
36 

144 
800 
192 
15 

200 
15, 400 
13, 900 

I, 500 
51, 000 
38,400 
34,450 
19, 050 

522 
I 76, 000 

I 9, 500 
29,000 
33,000 

Ultimate 
installed 
capacity 

(kilowatts) 
Date in service initial unit 

900 
600 1924. 

3 
80,000 June 9, 1967. 
20,000 Scheduled 1968 (under con-

36 
struction). 

144 1920. 
800 1923. 
192 
15 

200 1908. 
15,400 1897. 
13,900 I, 500 
76, 500 1924. 
38, 400 Nov. 24, 1968. 
34,450 1907. 
19, 050 1911. 

522 1910. 
76, 000 Under active consideration. 

9, 500 Do. 
29, 000 July 1955. 
33, 000 Nov. I,  1956. 
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Clearwater No. ! _  _ _ _ _ _ _ _ _ _ _ _ _ _  Clearwater _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  do_ _  · · - · · - - · - - - - - - - - -
Clearwater No. 2 . _  . .  _ _ _ _ _  . _ _ _  . _ _  . _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .do. _ _  . .  _ _ _ _  . _ _ _ _ _ _  . _ _ _ _ _ _ _  _ 

Toketee. _ _ _ _  . _ _ _ _ _  . _ _ _ _ _ _ _ _ _ _ _ North Umpqua. _ _ _ _  - - · · · · · ·  _ _ _ _ _ _ _ _ _  .do _ _  . .  _ _ _ _ _ _ _  . .  _ _ _ _ _ _ _ _ _ _ _  _ 

Fish Creek. _ _ _ _  . _ _ _ _ _ _ _ _ _ _ _ _  . _  Fish Creek . . . . . . . . . . . . .  _ _ _ _ _  - · · ·  _ _ _  .do . .  _ .  _ _  . _  . .  _ _ _ _ _ _ _ _  . _ _ _ _ _  _ 

Slide Creek . . . _ _ _ _  . .  _ _ _ _ _ _ _ _ _  .. North Umpqua _ -- -- - - - · · ·  . . . . . .  _ _ _ _ _  .do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

�i��hs:S�������:::::::::::: ::::::::Jg::::::::::::::::::::::::::::::�g::: : ::::::::::::::::::::: �tif�f�mTtL> � ; = ;}��!�f:g���g:��FfL=E -EHF _ _  L;;/-E;z 
Lost Creek _ _ _ _ _  . _ _ _ _ _ _ _ _ _ _  . _ _ _ _ _ _  . _do _ _  . . .  _ _  . _ _ _ _ _ _ _ _ _ _ _ _  . _ _ _  . Corps of Engineers _ _  . _ _ _ _  - - - - .  _ _  

Eagle PoinL - - · - · - - - - - - - - - - · - - South Fork Big Butte . . . . . . . . . . . .  Pacific Power & Light Co _ _ _ _ _ _ _ _ _ 

Green Springs _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Emir,rant. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Bureau of Reclamation _ _ _ _ _ _ _ _ _ _  _ 

g�rm�: :� �= :: : : : : : = : : = = : :  : : : _ ����3��== _ : : : : :: : : :: : : ::: : : : : :: r£!�i����; 0�����!:��== : : : : : : : 
Little Boulder Creek . .  - - - - · - - - · ·  Little Boulder Creek _ _ _ _ _ _ _ _ _ _ _ _ _  B .  Timaeus _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Smith Creek _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Smith Creek _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Larry Lucas _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Buzzard's RoosL--- - · · - - - · - - · - I llinois. - - - - - - - - - - - - - - - - - - - - - - · - Coos-Curry Electric Corp., Inc . . . . .  
Aspen Lake _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Aspen Creek _ _ _  . _ _ _ _  . _ _ _ _ _ _ _ _  . _ _  Pacific Power & Light Co _ _ _ _ _ _ _ _  _ 

East Side . . . . _ _ _ _  . _ _ _ _ _ _ _ _ _ _  . _ _  Klamath _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . .  _ .  _ _ _ _ _ _  . .  do. _ _  . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

West Side _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . . do _ _ _ _  - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . .  do _ _  . .  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Keno _ _ _ _ _ _ _ _ _ _ _ _ _  . _ _ _ _ _  . _ _ _ _  . _ _  . . . . do. _ - - - - - - _ . .  _ _ _ _ _ _ _ _ _ _ _ _  . .  _ _ _  . .  do. _ _ _ _ _ _ _ _ _ _ _  - - - · ·  .. _ _ _  . . .  

�:��c�����!�:::::: : :: : : : : : :: : = : : :J�:: : : : : : : : : : : : : : : : : : : :: : : : : : :J�: : : : : : : : : : : : : : : : : : : : : : :: : 
when tabulating totals. 

651 I 
750 I 
448 3 

I, 032 I 
169 I 
1 14 I 

14 1 
I, 515 I 

no I 
607 2 
1 12 1 
495 I 
321 2 
409 1 

1, 984 1 
425 I 

20 3 
25 1 
9 I 

285 1 
550 2 
240 I 
47 I 
49 1 

293 2 
466 2 
127 I 
420 2 

15, 000 
26, 000 
42, 500 
1 1 , 000 
18, 000 
1 1 , 000 

500 
1 n, ooo 

7, 200 
32, 000 

1, 000 
3, 760 

I 49, QQQ 
2, 813 

16, 000 
300 

1, 500 
2, 500 

187 
3 

I 200, 000 I 36,000 
3, 200 

600 
I JOO, 000 

79, 990 
1 25,000 
I 80,000 

15, 000 June 16, 1953. 
26,000 Nov. 30, 1953. 
42, 500 Jan. 3, 1950. 
1 1 , 000 June 30, 1952. 
18, 000 July 18, 1951. 
11, ooo Mar. 21, 1952. 
13, 400 1912. 
n, 000 Under active consideration. 
7, 200 1932. 

48,000 1928. 
1, 000 1944. 
3, 760 1912. 

49, 000 Scheduled 1973 (under con-
struction). 

2, 813 
16, 000 

Nov. I, 1957. 
May 2, 1960. 

300 1909. 
I,  500 1905. 
2, 500 

187 December 1946. 
3 May 1940. 

200, 000 Under active consideration. 
36, 000 Do. 
3, 200 1924. 

600 1908. 
100, 000 Under active consideration. 

79,990 Oct. I,  1958. 
25, 000 Do. 
80,000 Do. 

1 Installed capacity is not existing, but is planned for initial installation. 
2 Plant located on a border stream. One-half of the project installed capacity considered in Oregon • Decision as to constructing agency currently before the Federal Power Commission. 

1:1:> 
-l 
1:1:> 
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The Federal Government has eleven existing projects in Oregon for 
a total of 1,712,700 kilowatts. Of these, the Corps of Engineers has de
veloped ten multipurpose projects combining power with other uses, 
such as flood control, navigation, municipal water supply, irrigation, 
etc. These projects are on the Willamette, Santiam, McKenzie, and 
Columbia Rivers. The Bureau of Reclamation of the Department of 
the Interior developed Green Springs Plants on Emigrant Creek, 
which through diversion combines irrigation with power. 

Bonneville Dam, energized on June 6, 1938, provided the first Fed
eral generation in Oregon. This dam, located in that part of the Colum
bia River which forms the boundary between Oregon and Washington, 
was built by the U.S. Army, Corps of Engineers. Subsequently, the 
Corps of Engineers completed MeN ary Dam in 1953, The Dalles Dam 
in 1957, and now has John Day Dam under ,construction in the same 
reach of the Columbia River. 

Tabulations of hydroelectric power resources for projects on state 
boundary streams consider one-half the installed capacities in Oregon. 
This includes those projects mentioned on the Columbia River and 
those on the reach of the Snake River where it borders Oregon and 
Idaho. 

The treaty between Canada and the United States of America, relat
ing to Cooperative Development of the '\Vater Resources of the Colum
bia River Basin, was implemented in 1964. The treaty states that 
Canada shall provide 15,500,000 acre-feet of usable storage in the 
Canadian portion of the Columbia River Basin. Coordinated regula
tion of this storage will improve the flow of the Columbia River and 
enhance the feasibility of installing additional units at downstream 
plants. For the State of Oregon, this would justify another power plant 
at Bonneville Dam and additional units at The Dalles, John Day, and 
McNary. 

The capacity for four Federal projects-John Day, The Dalles, 
Foster, and Lost Creek-under construction or expansion in Oregon 
totals 1 ,493,000 kilowatts. Federal plants under active consideration are 
Duncan Ferry, Mountain Sheep, and Strube with a total installed 
capacity of 1,218,500 kilowatts. Future additions planned for the Mc
Nary, ,John Day, Bonneville, and Cougar power plants would add 
another 677,000 kilowatts. The installed capacity for the existing, 
under construction, and planned development of Federal generation 
in the state totais 4,722,200 kilowatts. 

The presently contemplated ultimate hydroelectric development in 
the State of Oregon includes ,the 85 projects either existing, under con
struction, or under active consideration listed in Table 40 and located 
on Figure 85 .The total ultimate installed capacity of these projects 
is 7,420,201 kilowatts. 

To insure usability of the storage available under the United States
Canadian Treaty, Bonneville Power Administration, the Corps of 
Engineers, and 14 generating utilities executed the 39-year Pacific 
Northwest Coordination Agreement on September 15,  1964. Three of 
these utilities are the largest in Oregon : Pacific Power and Light Com
pany, Portland General Electric Company, and the City of Eugene 
Water and Electric Board. This agreement provides coordinated opera
tion of all the utilities, assures fullest use of the available power re-
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sources, and makes savings in operating and transmission costs 
possible. 

Bonneville Power Administration in the Department of the Interior 
was created during construction of Bonneville Dam. The U.S. Govern
ment authorized a Federal agency to market the power from the dam. 
This took place on August 30, 1937, when the Bonneville Project Act 
was signed into law by President Franklin D. Roosevelt. The first 
transmission line built by BP A \vas ;).4 miles long from Bonneville 
Dam to the City of Cascade Locks, Oregon, energized at 13,800 volts in 
1938. 

The Act, later supplemented by amendments and Executive Orders, 
now designates BP A as the marketing agency for Federal projects in 
the Pacific Northwest. The Corps of Engineers and Bureau of 
Reclamation construct and operate the projects. 

Bonneville constructs, operates, and maintains the substations and 
electric transmission lines to deliver the power from the Federal dams 
to the load centers. Generation and transmission thereby act as a unit. 
There are now over 10,000 circuit miles of transmission lines in the 
BP A system operating up to 500,000 volts. 

Within Oregon, RP A operates and maintains over 3,000 circuit miles 
of transmission lines and 91 substations with over 5,570,000 kilovolt
amperes of transformer capacity. These facilities constitute over 30 
percent of BP A's physical plant in the Pacific Northwest. All existing 
BPA substations in Oregon are listed in table 41. Table 42 l ists the 
existing transmission mileage by type of construction and voltage in 
the state. Figure 86 shows the major substations and transmission line;: 
of 230,000 volts aml above. . 

Through interconnections with all of the generating utilities in the 
region, the BPA system forms a backbone grid providing greater reli
ability of service to all and permitting energy in one area to be trans
mitted to another. The existence of this system made possible the 
Pacific Northwest-Pacific Soutlnvest Intertie, presently under con
struction. When completed, this extra-high vo.ltage interconnection will 
have four high-voltage transmission lines traversing Oregon from 
north to south. Two lines of 500,000 volts alternating current will ex
tend from John Day Dam to San Francisco and Los Angeles, Cal i
fornia. Bonneville has built twa lines from ,John Day Dam to Grizzly 
Substation near Round Butte Dam and has completed one 500,000-volt 
line from there to the Oregon-California boundary. Portland General 
Electric Company will soon complete the other 500,000-volt line from 
Grizzly Substation to the boundary. 

The last two lines of the intertie are designed for 750,000 volts direct 
current. They will become the first high-voltage direct-current trans
mission lines in the United States. Each line will total over 800 miles 
in length with more than 260 miles in Oregon. They will be two of the 
longest direct-current high-voltage lines in the world. Bonneville 
Power Administration will build the two 750,000-volt lines in Oregon 
from The Dalles Dam to the Nevada boundary. One will continue on 
to Hoover Dam on the Colorado River, the other line terminates near 
Los Angeles, California. 

The intertie will permit exchanges of energy between the regions to 
take advantage of diversity and peak loads. Through exchange of off-
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TABLE 41.-BONNEVILLE POWER ADMINISTRATION SUBSTATIONS IN THE STATE OF OREGON 
MAI N GRID SUBSTATIONS 

Substation 
Capacity 

(as of Dec. 
31, 1967) 
kilovolt
amperes 

Date first 
placed in 
service 

Index 
No. on 
fig. 86 

Substation 
Capacity 

(as of Dec. 
31, 1967) 
kilovolt
amperes 

Date first 
placed in 
service 

----------------
1 
2 
3 

I 4 
5 
6 
7 
8 
9 

10 
I l l  

12 
13 
14 

LaGrande _ _ _ _ _ _ _ _ _ _  33,333 Oct. 10, 1952 
Roundup _ _ _ _ _ _ _ _ _ _ _  66, 666 Oct. 2, 1954 
McNary _ _ _ _ _ _ _ _ _ _ _ _  933,333 Nov. 5, 1953 
John Day _ _  _ _  _ _ _ _ _ _ _ _ _ _  Sept. 6, 1960 
Big Eddy _ _ _ _ _ _ _ _ _ _  250,000 Dec. 18, 1951 
Chenoweth _ _ _ _ _ _ _ _ _ _  ' ' 432;256' Nov. 7, 1957 
Troutdale _ _ _ _ _ _ _ _ _ _  Apr. 29, 1942 
St. Johns _ _ _ _ _ _ _ _ _ _  250, 000 Dec. 13, 1940 
D. R. Keeler _ _ _ _ _ _ _ _  250, 000 Dec. 15, 1956 
Wauna _ _ _ _ _ _ _ _ _ _ _ _  125,000 Dec. 16, 1966 
Driscoll_ _ _ _ _ _ _ _ _ _ _ _  Do. 
Astoria _ _ _ _ _ _ _ _ _ _ _ _  12, 000 June 30, 1941 
Oregon City _ _ _ _ _ _ _ _  125, 000 Ju ly 29,1941 
Chemawa _ _ _ _ _ _ _ _ _ _  375,000 Dec. 20, 1953 

15  
16  
17 
18 
19 
20 

1 21 
22 
23 

1 24 
25 

1 26 
27 

1 28 

Toledo _ _ _ _ _ _ _ _ _ _ _ _  - 100, 000 Oct. 1 1 , 1946 
Albany _ _ _ _ _ _ _ _ _ _ _ _  262, 000 Nov. 16, 1940 
Santiam _ _ _ _ _ _ _ _ _ _ _ 75, 000 Nov. 7, 1954 
Detroit_ _ _ _ _ _ _ _ _ _ _ _  3 ,  000 Sept. 1 , 1949 
J. P. Alvey _ _ _ _ _ _ _ _ _  256, 000 Oct. 6, 1950 
Lane _ _ _ _ _ _ _ _ _ _ _ _ _ _  250,000 Mar. 9, 1967 
Tahkenitch _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Oct. 7, 1963 
Bandon _ _ _ _ _ _ _ _ _ _ _ _ 12, 000 Dec. 13, 1950 
Fairview _ _ _ _ _ _ _ _ _ _ _  250,000 Nov. 1 , 1957 
Reston _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Oct. 23, 1960 
Hanna_ _ __ _ _ _ _ _ _ _ _ _  98, 000 June 3� 1954 
Malin _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Oct. 15, 1967 
Redmond _ _ _ _ _ _ _ _ _ _  186, 666 Nov. 21, 1952 
Grizzly _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Oct. 15, 1967 

OTHER EXISTING SUBSTATIONS 

Beaver_ _ _ _ _ _ _ _ _ _ _ _  5, 000 Oct. 1 , 1946 
Blue River_ _ _ _ _ _ _ _ _  6, 000 Nov. 4, 1962 
Burntwoods_ _ _ _ _ _ _ _  6, 000 July 16, 1964 
Cascade Locks_ _ _ _ _  6, 000 Sept. 1 1 , 1959 
Clatskanie_ _ _ _ _ _ _ _ _  6 ,  000 Dec. 8, 1950 
Coos '--- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Oct. 25, 1950 
Cottage Grove '--- - - - - - - - - - - - - - - Aug. 14, 1952 
Cougar '-- - - _ _ _ _ _ _ _ _  Oct. 21, 1963 
DeMoss_ _ _ _ _ _ _ _ _ _ _  25, 000 May 27, 1958 
Dexter t _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  May 4, 1955 
Dorena_ _ _ _ _ _ _ _ _ _ _ _  9,375 Sept. 16, 1964 
Drain_ _ _ _ _ _ _ _ _ _ _ _ _  15, 000 May 9, 1946 
Eugene__ _ _ _  64, 500 Oct. 22, 1940 
Fern Ridge_ _ _ _ _ _ _ _ _  12, 000 June 28, 1961 
Florence_ _ _ _ _ _ _ _ _ _ _  12, 000 Sept. 13, 1953 
Forest Grove_ _ _ _ _ _ _  12, 000 Nov. 27, 1939 
Fossil l_ _ _ _ _ _ _ _ _ _ _  June 18, 1961 
Gardiner_ _ _ _ _ _ _ _ _ _ _  33, 333 Oct. 15, 1963 
Garibaldi_ _ _ _ _ _ _ _ _ _  12, 000 Dec. 6, 1965 
Giese I Monument_ _ _  6, 000 Sept. 8, 1955 
Gold Beach_ _ _ _ _ _ _ _  20, 000 Oct. I ,  1952 
Green Pete r ' - - - Aug. 2 ,  1963 
Grizzly 1_ _ _  _ _  Oct. 15, 1967 
Hampton_ _ _ _  2 ,  500 Dec. 14, 1961 
Hanna_ _ _ _ _ _ _  98, 000 June 3, 1954 
Harney t_ _ _ _  _ _ _ _ _ _ _ _  Dec. 22, 1966 
Harrisburg_ _ _ _  3 ,  000 May 15, 1946 
Harvey_ _  321, 300 Nov. 8, 1957 
Hauser_ _ _ _ _ _  6 ,  000 Feb. 24, 1954 
Hebo_ _ _ _ _ _ _  7, 500 Dec. 29,1961 
Hood River 8, 000 Apr. 4, 1946 
lone_ 2, 500 Nov. 8, 1949 

Junction City _ _  

Langlois _ _ _  _ 

Lebanon _ _ _  . _  

Lookingglass _ _ _ _ _ _  _ 

Lookout Point t _ _ _ _  _ 

Mapleton _ _  _ 

McMinnville _ _ _  _ 

Milton _ _ _ _ _ _ _ _ _ _  _ 

Mohler _ _ _ _ _ _  _ _  

Monmouth _ _ _ _ _  _ 

Norway _ _ _ _ _ _ _ _  _ 

Oakridge _ _ _ _  _ 
Pendleton _ _ _ _ _ _ _ _ _  _ 

Port Orford _ _ _ _ _ _ _  _ 

Reedsport_ _ _ _ _ _ _ _  _ 
Salem _ _ _ _ _ _ _ _ _ _ _ _  _ 

Salem Alumina _ _ _  _ _  

South Ban k t  _ _ _ _  _ _  

Springfield _ _ _ _ _ _ _ _  _ 

Stateline _ _ _ _ _ _ _ _ _ _  _ 

Thatcher Junction _ _  _ 

The Dalles _ _ _ _ _ _ _  _ _  

Tillamook _ _ _ _ _ _ _ _  _ _  

Timber _ _ _ _ _ _ _ _  _ 

Tongue Point. 
Tygh Val ley 
Walnut City _ _ _ _ _ _  _ _  

Walton _ _ _ _ _ _ _ _ _ _ _  _ 

Warren _ _ _ _ _ _ _ _ _ _ _  _ 

Westport_ _ _ _ _ _ _ _ _  _ 

Wren _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

2, 500 July 1 1 ,  1953 
3, ooo Oct. 24, 1957 

46,000 Mar. 30, 1950 
6, 000 May 10, 1951 

. . . .  _ _ _ _ _ _ _  Dec. 16, 1954 
12, 000 Dec. 24, 1948 
52, 000 Oct. 18, 1940 
15, 000 June 6, 1946 
7, 500 Dec. 29, 1961 
9, 000 Dec. 4, 1940 
6, 000 Dec. 13, 1950 

12, 000 July 16, 1954 
3, 000 June I,  1941 

15, 000 Oct. I,  1952 
12, 000 Oct. 25, 1950 
20, 000 May 10, 1940 
20, 000 June 14, 1944 

_ _ _ _ _ _ _ _ _  June 27, 1941 
12, 000 May 25, 1952 
3, 000 May 26, 1954 

20,000 Nov. 19, 1959 
28, 000 May 24, 1941 
33,333 June 13, 1947 
6, 000 June 23, 1955 
3, 000 Oct. 26, 1941 
6, 000 Sept. 27,1951 

20, 000 Jan. 19, 1965 
3, 000 July 12, 1949 
3, 000 Jan. 15, 1947 
3, 000 May 8, 1945 

105, 000 Apr. 1, 1947 

t Switching station. 

500 _ _ _  _ 

345 _ _ _ _  -

287- - - - -
230 _ _  _ 

1 15  _ _ _  _ 

Lower _ _  

TotaL 

TABLE 42.-0REGON ENERGIZED TRANSMISSION L INES 
[ In  miles[ 

--------
Design voltage (kilodts) Steel tower 

- - - - - - - - - - - - 1 10. 1 
1 19. 0 
661 . 6  
359. 0 
212. 3 

5. 9 
I 1 , 467. 9 

Wood pole Total 

110. 1 
1 19. 0 

1 . 8 663. 4 
350. 8 709. 8 

1 , 133. 4 I, 345. 7 
71. 8 77. 7 

1, 557. 8 1 3, 025. 7 

' Does not include 267 circuit-miles at 500 kilovolts of the Pacific Northwest-Pacific Southwest interconnection in 
Oregon. 
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peak energy from the Southwest, Bonneville can firm up some 700,000 
kilowatts of secondary energy in the Pacific Northwest. The resulting 
firm power will be available for sale in the Northwest. Of major im
portance at present, however, the lines will permit sale in California 
of Canada's share of Columbia River Treaty power when surplus to 
Northwest needs. 

Those hydroelectric sites which have economic feasibility will be de
veloped, but they will meet only a small part of the power requirements 
forecast for Oregon. Consequently, other sources of electric power must 
be sought. 

Steam-electric generation has been developed in Oregon on a much 
smaller scale than hydroelectric. The 45 plants existing at present have 
a total installed capacity of 322,980 kilowatts. However, Portland 
General Electric Company proposes building a 1 ,000,000-kilowatt 
nuclear-fired steam-electric plant near Rainier on the lower Columbia 
River in the mid 1970's, the first of its kind in Oregon. Plants of this 
type may well hold the answer to Oregon's future power development. 

POTENTIAL WATERPOWER 

( By L. L. Young and J. r,. Colbert, U.S.  Geological Survey, Portland, Oreg. ) 

The gross theoretical waterpower at 291 developed and undeveloped 
sites in Oregon is 1 1,390 MW (megawatt (MW)=l,OOO kilowatts) .  It 
has about 9 percent of the United States total and ranks fourth among 
the states in the extent of this resource as the following table 
indicates : 
Washington _ _ _ _ _ _ _ _ _ _ _ _ _  20, 000 MW Oregon ----------------- 11, 400 MW 
Alaska ----------------- 17, 000 �iW Idaho ------------------- 10, 700 MW 
California -------------- 11, 700 MW Montana -- ------------ -- 4, 900 MW 

Pumped-storage waterpower sites are abundant in Oregon and will 
figure prominently in future waterpower developments. Such sites do 
not add to the gross waterpower resource, however, because they 
usually consume more energy in pumping than they produce from 
return gravity flow. Their value is in providing premium energy dur
ing periods of high demand. 

GROSS THEORETICAL wATERPOWER 

The U.S. Geological Survey is responsible for classification or 
public lands as to their mineral, water conservation, and waterpower 
values. To properly classify the water resource value of these lands, 
the Survey investigates and evaluates potential resenoir and water
power sites throughout the public land states. Classification prevents 
disposal of Federal lands valuable for water resources development 
and the classification process indicates a value to be considered in 
determining priorities in multiple-use management of the public lands. 

The Geological Survey has prepared an mventory of sites in Ore
gon which its classification studies indicate have a potential for future 
development. This inventory includes 291 sites for which the mini-
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mum theoretical power potential exceeds 1 MW at Q 50 (median 
stream-flow) .  The selected sites are shown on a map of the state di
vided into major drainage basins (fig. 87) . Developed and undeveloped 
sites with a potential power of 20 MW or more with average stream
flow ( Q mean) are shown by solid stars (developed) and solid squares 
(undeveloped) .  Those sites shown on the map are keyed by number 
to the list on page 381. Sites with Q mean potentials of less than 20 
MW are shown on the map as open stars or open squares but are not 
listed. 

The estimates of the potential waterpower of Oregon are based 
on criteria defined by the World Power Conference in 1962 as follows : 

"Powersites.-Waterpower sites, or "powersites," are definite sec
tions of a stream which are developed or are capable of being devel
oped for the production of waterpower. 

"Potential power resources.-The potential waterpower resources 
of any country, section, or river basin is the aggregate of the gross 
theoretical power at all powersites, developed and undeveloped where 
development may reasonably be assumed to be eventually practicable. 

"Gross theoretical power of potoersites.-The "gross theoretical 
power" of a powersite is the full potential output at 100 percent ef
ficiency expressed in kilowatts, and is determined by the formula 
K w=0.085 Qh when the head "h" is in feet and the flow "Q" is in 
cubic feet per second. 

"Rates of flow.-The gross theoretical power of powersites is com
puted for three different rates of flow, defined as follows :  flow avail
able 95 percent of the time (Q95)1 flow available 50 percent of the 
time ( Q50) , and arithmetical mean How ( Q mean) .  

"Heads at poweraitea.-The "gross head" is the difference in  eleva
tion between the water surfaces at the beginning and at the end of 
the powersite, without reduction for losses." 

Figure 88 shows profiles of the important rivers of Oregon on 
which are indicated the altitudes of the principal sites� also keyed 
by number to the list on page 381. Highest head is that for the Tunnel 
powersite, which has been proposed to divert water from Imnaha 
River through a tunnel to a powerhouse on Hells Canyon Reservoir 
2,4:77 feet below. 

Of the total sites meeting the minimum criteria of 1 MW with Q 50 stream-flow, 52 are developed and 239 are undeveloped. One 
hundred thirty-five have gross theoretical power of 20 M\V or more 
at Q mean. The smallest of these is the Eagle Point plant on the Rogue 
River, developing 2.45 MW, and the largest is the John Day site under 
construction on the Columbia River with a planned generating ca
pacity of 1,686 MW. Seventeen sites have a Q mean power potential 
of less than 5 MW and 17 have a potential of more than 100 MW. 
The distribution of sites by size classes is summarized in table 43. 

Tables 43 and 44 are arranged to show the potential capacities in 
MW at the Q95, Q50, and Qmean flow rates ; the existing and install
able generating capacities in MW; and the average annual generation 
in MWH ( 1,000 kilowatthours) for existing and installable generators, 
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[Key to figures 87 and 88. Numbers in downstream order identify sites with a Qmean potential of 20 MW or more and 1 7  
smaller developed sites) 

No. 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11  
12 
13 
14 
15  
16 
17 
18 
19  
20 
21 
22 
23 
24 
?5 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 

Site 

Blackjack Butte. _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _  _ 
Three forks ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Soldier Creek. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _  _ 
Duncan Ferry - - - - -- - - - - - - - - - - - - - - - - -
�����;���: : : :: : : : : : :::::::::::::: 
Brownlee _ _ __ - - - - -- - - - - - - - - - - - - - - - - -
Oxbow _ _ _ _  - - - - - - - - - - - - - - - - - - - - - - - - -
Tunnel. _ _ _ _ _  - - - - - - - - - - - - -- - - - - - - - - -
Hells Canyon. _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - - - - - -
High Mountain Sheep _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
China Gardens _ _ _ _ _ _ _ _ _  _ 
Wallowa _ - - -- - - - - - - - -- - - - - - - - - - - - - - 
Little Minam. - - - -- - - - - - - - - - - - - - - - - - -
Rondowa _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - _ _ _ _ _  - - -
Elbow Creek. - - - - - - - - - - - - - ----- - - - - -
Wildcat Creek _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Wenaha. _ _  - - - - - - - - - - - - - - - -- - - - - - - - -
Forks _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _  _ 
Milton ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _  _ 
McNary __ . •  _ - - - - - - - - - - . - - - - - - - - - - - - -
Twomile Canyon _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Kimberly _ _ _ _ _ _  • _ _ _ _ _ _ _ _ _  . _ _ _ _ _ _ _ _ _  . 
Twinkenham _ _ _ _ _ _ _ _ _ _  - - - - -- - - - - - - -
Butte Creek _ _ _ _ _ _ _ _ _ _ _  - - - - - - - ---- - - -
Jacknife. _ _  - - - - - - - - - - - - - - - - - - - - - - - - -
Tenmile Falls. _ _ _  -- - - - - - - - - - - - - - - - - -
John Day _ _  - - - - - - - - - - - - - - - - - - - - - - - - 
Lava Island _ - - - - - - - - - - - - - - - - - - - - - - - -
Geneva. _ _ _  - _ - - - - - _ _ _ _  - - - - - -- - _ _ _  - - -
Crooked R. Gorge _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Jefferson Creek . . .  - - - - - - - - - - - - - - - - - - -
Metolius Bench ___ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Round Butte. - - - - - - - -- - - -- - - - - - - - - - -
Pelton _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _  _ 
Trout Creek-- - - - - - - - - - - - - - - - - -- - - - - -
Whitehorse Rapids _ _ _ _ _ __ ____ _ _ _ _ _ _ _  _ 
Maupin _ _ _ _  - - - - - - - - - - - - - - - - - - - - - - - - -
�����V!r�::::: : ::: :::::::::::::::: 
Oakbrook ____ - - - - - - - _ _  - - - - - - - - ___  - - -
Sinamox _ _ _  - - - - - - - - - - - - - -- - - - - _ -- - - -
Reclamation. ___ - - - _ -_ _  - - - - - -_ _ _ _ _  - _ -
Locki'- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
��:'/ralles:: : : : : : : : : : : : : : : : : : :: : : : : :  

���e�j�f:�::: :::::::::::::::::::::: 
Bonneville _ _ _ _ _  - _ _ _ _ _ _ _  - _ _ _ _ _ _ _ __ - _ _  
ZigZag _ _ _  - - - - - - - - - - - - - -
Marmot.. __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Bull Run ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  
Indian John . . . . . .  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Troutdale . .  - . - - - .  _ _ _ _  • .  - __ . . .  __ . . . . .  
�=�����i��:�---�: : : : : : : : : : : : : : : : : : : : :  
Hills Creek--�� - __ _ _  . . . . . .  _ _ _ _ _ _ _ _ _ _  _ 
Salt-Salmon ___ _ _ _ _  . .  _ .  _ _ _  • .  _ _ _ _ _ _ _ _  . 
Huckleberry Creek_ • . . . •  __ . .  __ • . . .  __ _ 
Uper Lookout Point. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  __ 
Lookout Point. . . . .  _ _ _ _ _ _ _  . .  _ _ _ _ _ _ _ _  _ 
Dexter _____ _ _  . _ _ _ _ _  . . .  _ . . • .  _ . _  . . .  _ . •  
Jasper_ ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . 
Rocky Point. .  _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Carmen _____ _ _ _ _ _ _  . .  __ . . .  _ _  . _ _  _ 
Trail Bridge ___ _ _ _ _ _ _ _ _ _ _ _  . .  _ _ _  . .  _ _ _  _ 
Belknap _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Paradise ___ • •  - - - .  _ _ _ _  -- _ _ _ _ _  . .  _ _ _ _  • .  
Mesa Creek • •  - - - - - - _ _ _ _  - - . .  _ _ _ _  . . . .  _ 
McKenzie Bridge _ _ _ _ _ _  . .  _ _ _  . .  _ . .  _ _ _  • 
Cougar _ _ _ _ _ _  • .  _ _ _  . _ .  _ _ _  . _ .  __ . .  __ . .  _ 
South Fork .... _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . . . .  _ 
Bear Creek. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Vida _ _ _ _ _ _ _ _ _ _ _ _ _ _  . .  _ _ _ _ _ _ _ _ _ _ _ _ . . .  
�·.���r����;;: : :  :: : : :: : : : : : : : :: : : : :: : : :  

Qmean 
MW 

I !8 
24 
24 
20 
32 
24 

I 202 
I 92 

39 
1 )32 
I 468 
1 89 

48 
27 
75 
75 
40 
72 
12 
5 

1 644 
34 
44 
42 
56 
63 
78 

1 843 
25 
24 
54 
32 
42 

132 
57 
56 
81 

107 
7 

76 
36 
48 
49 
39 
79 

1 7J4 
26 
39 

1 496 
21 
58 
42 
36 
28 
24 
31 
31 
34 
21 
73 
64 
16 
39 
21 
30 
8 

42 
21 
20 
41 
34 
37 
65 
36 
36 
24 

1 Site on boundary line; amount is � of potential. 

No. 

77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
Ill  
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 

Site 

�g6��;_ ������--: : : : : : : :: : : : : : : ::: : : : Tom Creek ---- - - - - - - - - - - - - - - - - - - - - 
Byars Creek--- - - - - - - - - - - - - - - - - - - - - - -
Detroit__ ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Big Cliff. _ -- - - - - - - - - - - - - - - - - - - - - - - - -
N iagara ________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ 
Mehama _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . __ _ 
Elkhorn _____ - - - _ _ _ _ _ _ _ __ - - - - - -
Mehama No. 2 ____ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Aumsville . . .  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Turner _______ _ _ _ _ _ _ _ _ _ _  - _ _ _ _ _ _ _ _ _  - - -
Salem. _ _ _ _ _ _  - - _ - - - - - - _ -- - - - - - - - - - - -
Cascadia _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Green Peter.. - - - _ _ _  - - - - - - - - - - - - - - - - -
Foster _____ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - - - - - - - - -
Lake OswegO- - - - - - - - - - - - - - - - - - - - - - - -
Willamette Falls ___ _ _ _  - - - - - - - - - - - - - - -
Collawash ____ _ _ _ _ _ _ _ _  - - - - - - - - - _ _ _ _ _  _ 
Nowhere Meadows _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Three Lynx _______ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Fish Creek • •  - - - - - - - - - - - - - - - - - - - - - - - -
South Fork ___ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - - - - - -
North Fork ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Faraday ______ - - - - - - - - -- - - - - - - - - - - - - -
River Mill. _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _  _ 
Carver _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Elsie _ _ _ _ _ _ _ _ _ _ _______ _ _ _ _ _ _ _ _ _ _ _ __  _ 
Nehalem Falls.. .. _ _ _ _ _ __ _ _ _  - - - - - - - - -
�i��f�;-����::: -_::::::::: : : : : : :: :::::  
Sunshine Creek ____ _ _ _ _  - - - _ - - - _ _ _ _  - --
E lk  City _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Scott Mountain _ _ _ _  - - - - - - _ _ _ _ _ _ _ _ _ _ _  _ 
Swiss/lome _____ _ _ _ _ _ _  . - - - - - - _ _ _  . _ . - -
Tiller__ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - . - - - - - _ _ _ _ _  - - -
Ruckles ____ _ _ _ _ _ _ _ _ _ _ _  - - _ - - - - - - _ _  - . -
Lemolo No. !_ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Lemolo No. 2 ____ _ _ _ _ _ _  - - - - _ _ _ _ _ _ _ _ _  _ 
Clearwater No. !__ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Clearwater No. 2---- - - - - - - - - - - - - - - - - -
Toketee Falls. . ___ __  - _ _ _ _ _  - - - - - - - - - - -
Fish Creek . .  - - - - - - - - - - - - - - - - - - - - - - - -
Siide Creek _ _ _ _ _ _ _ _ _ _ _  - - - . .  _ _ _ _ _ _  - - -
Soda Springs _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - -
Copeland _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . .  
Steamboat_ _ _ _ _ _ _ _ _ _ _ _  . _ _ _ _ _ _ _ _ _  . - . -
Boundary _ _ _ _ _  . _ _ _ _ _ _ _ _  - - - - _  
Rock Creek _ _ _ _ _ _ _  . .  _ _ _  - - - - - - - - - - - - -
Oak Creek. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - -
Winchester__ _ _ _ _ _ _  - - - - - - - - - - - _ _ _  . - - -
Kelley-Smith Fry _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - -
Scottsburg _ _ _ _ _ _ _  - _ - - - - - - - - - - - . - - - - -
��f!:O"J�:: : : : : : : : : : : : : : : : : : : : : : : : :  
���;p����o: a_

·�:: : : : : : : : : : : : : : : : : : :  
Prospect Nos. I ,  2, and 4 _ _ _ _ _ _ _ _ _ _ _ _  _ 
Cascade _ _ _ _ _ _ _ _  . _ _ _ _ _ _ - . - - - - - _ . _ - - -
Lost Creek _ _ _ _  . .  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . . .  -
Eagle Point...  _ _ _ _ _ _ _ _ _ - - - - - - _ - - - - - -
Green Springs _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . . . .  - • •  
g��� mx:::::::::::::::::::::::::::: 
Savage Rapids.. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ---
Ramey Falls. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . .  -
Falls Creek. _ _ _ _ _ _ _ _ _ _  - - - - - - - - - - - - - -
Bald Mountain. _ _ _ _ _ _ _  . .  _ _ _ _ _ _ _ _ _  - _ _  
Copper Canyon _ _ _ _ _  - - - - - - - - _ _ _ _ _ _  . .  _ 
Gold Beach. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Boulder Creek ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . 
Redwood _ _ _ _ _ _ _  . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - . -
Eastside _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - _ _  - - _ - - - -
Keno _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  • • •  
John C .  Boyle _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Salt Caves. _ _ _ _ _ _ _ _ _ _ _ _  - - - - - - - - - • • •  -

Qmean 
MW 

36 
25 
34 
20 
63 
17 
77 
25 
26 
42 
29 
32 
36 
23 
44 
28 
13 

177 
43 
33 
42 
42 
41 
31 
30 
19 
77 
27 
72 
20 
20 
38 
22 
34 
22 
33 
28 
27 
29 
9 

15  
31  
20 
13 
10 
48 
32 
43 
46 
61 
24 

190 
69 
24 
42 
21 
11 
70 
33 
31 
2 
8 

22 
24 
29 

165 
59 

102 
402 
57 
29 
38 
4 

42 
68 
63 
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TABLE 43.-GROSS POTENTIAL WATERPOWER OF OREGON POWERSITES BY SIZE 

Gross theoretical power, 
with gross head, 100 I nstalled and Average annual generation 
percent efficiency and installable (mw.) (mw.-hr.) 

Number flows at-
Size category of ----

sites With exist-
Mw. Mw. Mw. Exist- Existing With ing and/or Complete Q 95 Q 50 mean ing and/or existing installable control 

installable generators generators 

State total '- _ _ _  291 3, 828 7, 725 1 1 , 390 4, 311 15, 050 23,700, 000 62, 500, 000 80, 000, 000 
100 mw. or more _ _ _ _ _ _  17 2, 044 3, 545 5, 027 3, 168 6, 620 18, 430, 000 30,200, 000 35,300,000 
50 to 100 mw _ _ _ _ _ _ _ _ _  26 550 1 ,  210 1, 747 445 2, 420 1, 870, 000 9, 300, 000 12,250, 000 
20 to 50 mw _ _ _ _ _ _ _ _ _ _  92 877 1, 955 2, 948 519 4, 010 2, 500, 000 15, 200, 000 20,750, 000 
10 to 20 mw _ _ _ _ _ _ _ _ _ _  91 277 770 1, 255 129 1, 500 680, 000 5, 800, 000 8, 800, 000 
5 to 10 mw _ _ _ _ _ _ _ _ _ _ _  48 66 203 345 43 420 175, 000 1 ,  650, 000 2, 420, 000 
Less than 5 mw _ _ _ _  17  14 42 68 7 80 45, 000 350,000 480, 000 

' Oregon drainage and Yz potential of sites on State boundary lines. 

and for complete equalization of streamflow. Power from sites along 
State boundaries is divided equally between the States affected. The 
gross theoretical power shown for developed sites indicates potential 
only and does not imply that plant enlargements are economically 
feasible or contemplated, although redevelopment may be desirable at 
some sites. 

Oregon has 4,310 MW installed or under construction at sites whose 
gross potential at mean flow and 100 percent effciency is 4,065 M'W 
and whose ult imate installablc capacity is est imated to be 5,:302 M'\Y. 
The 4,310 presently installed includes one-half of the capacities of 
powerplants on State boundaries and excludes powerplants whose po
tential capacity at Q50 flow is less than 1 MvV. Possible future water
power developments in Oregon amount to about 1,000 MW at plants 
already partly developed ; and 7,000 MW. at sites yet undeveloped. 

The potential power based on mean flow represents the maximum 
obtainable and would require complete stream regulation or power 
generating installation sufficiently large to utilize the largest possible 
flows. Hmvever, there are very few reservoir sites large enough to 
afford complete regulation of the stream at the damsrte, and it is 
seldom practical to have plants capable of utilizing the whole range of 
unregulated flows. Actual output, therefore, will always be somewhat 
smaller than the theoretical potential. In large integrated power sys
tems it is sometimes possible to achieYe almost complete utilization 
of streamflow by coordinated use of storage reservoirs, reregnlating 
reservoirs, and installation of powerplants capable of utilizing rela
tively high discharges. When substantial storage can be provided, pro
duction during dry seasons and dry years can be augmented. Reregu
lating reservoirs make possible the production of large amounts of 
power from upstream storage without undue fluctuations of down
stream flows. 

An avera�e of 62.5 million MWH (thousands of kilowatthours) 
of energy rmght be generated annually under existing flmv conditions 
if generating equipment capable of utilizing water up to twice the 
Q50 flows were installed at all the powersites studied. This amount 
of energy would be 78 percent of the 80 million MWH that would 
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be theoretically possible in Oregon through complete utilization of 
the water at the selected powersites. 

The estimate presented here is believed to be conservative. The energy 
output estimate of 62,500,000 MWH for sites in Oregon where develop
ment is assumed to be eventually practicable is about 20 percent of a 
purely theoretical estimate based upon an average runoff' of 85,000,000 
acre-feet and an average altitude of 3,500 3 feet augmented by water 
originating outside the State and flmving in boundary rivers. The 20 
percent for Oregon compares with 43 percent for Sweden, 20 percent 
for Italy, and 12 percent for Greece as determined by a United Nations 
study team (United Nations, 1961 ) .  

AREAL DISTRIBUTION OF WATERPOWER 

This appraisal of the waterpower resources of Oregon is based on 
the distribution of developed and undeveloped sites within the same 
principal drainage basins of the State, described in Section II, \Vater 
Resources and Development ( fig. 87) . Except that in this chapter all 
of the coastal streams are grouped together. 

The principal basins and their approximate average altitudes, areas, 
runoff and percentages of State totals are as follows : 

Average Runoff Area 
Basin altitude (millions of 

(feet) acre-feet) Square miles Percent of 
State 

Closed lake _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  5,200 1. 1 18,300 19 
Snake River _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4, 200 3. 6 19,100 20 
lower Columbia _ _ _ _ _  . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3, 200 13. 0 25, 700 26 
Willamette River _ _ _  - - - - - - - - - - - - 1, 900 24. 6 11 , 200 12 
CoastaL _ _ _ _ _ _ _ _ _ _ _  - - - - - - - - - - - - - - - - - 2, 700 43. 5 22,680 23 

Coast Range _ _ _  - - - - - - - - - - - - - - - - - - - - - - - - - (1, 300) (26. 0) (7, 270) (7) 
Umpqua River _ _ _ _ _ _ _ _ _  - - - - - - - - - - - - - - - - (2, 200) (8. 0) (4, 560) (5) 
Rogue River_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  (2, 800) (8. 0) (5, 170) (5) 
Klamath River _ _ _ _ _ _ _ _ _ _  - - - - - - - - - - - - - - (4, 800) (I. 5) (5,680) (6) 

Average altitude and totaL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3, 500 85. 8 96,980 100 

The potential power of these basins range from zero in the closed 
lake basins to 4,510 MW in the lower Columbia basin. The Snake and 
lower Columbia basin powersites benefit immensely from water de
rived from other States and, in the case of the lower Columbia, from 
Canada. The other basins are almost totally inside Oregon and do not 
receive any material benefit from out-of-State 'vater. The potential 
power for the principal streams in these drainage basins is shown in 
table 44 which lists the basins and streams in downstream order. The 
same data are summarized in figure 89 by amount of potential power 
for each basin in descending order as follows : Lower Columbia 40 
percent ; Coastal basins 26 percent ; \Villiamette basin 20 percent, 
Snake basin 14 percent. 

3 Computed in 1967 from 1966 edition of 1 :500,000-scale Oregon base map with contours. 
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FIGURE 89.-Gross theoretical waterpower of the principal drainage basins in 
Oregon in megawatts and percentages. 

CLOSElD-LAKEJ BASINS 

Due to lack of water, this 18,300-square-mile section, 19 percent 
of the State, has no potential water_P?wer sites with capacities large 
enough to be included in the potential waterpower inventory. In the 
past, when transmission from outside power sources was not feasible, 
some small waterpower sites were developed, and sites were studied 
on Deep Creek and Chewaucan River in the southwestern part of the 
basins and on Kiger Creek and Donner und Blitzen River in the south
eastern part. These streams have sufficient fall and discharge in certain 
reaches to make small waterpower developments possible, but modern 
technology favors larger developments and has made the smaller sites 
economically unattractive. The 'average altitude of the basin in Oregon 
is 5,200 feet above sea level, ranging from 4,084 feet at Harney Lake 
to 9,670 feet on Steens Mountain. Average annual runoff from the 
land surface to the closed lakes is est.imated to be 1.1 million acre-feet 
per year. 
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TABLE 44.--J;ROSS POTENTIAL WATERPOWER OF OREGON BY PRINCIPAL DRAINAGE BASINS 

Gross theoretical power, 
I nstalled and with gross head, 100 Average annual generation 

percent efficiency and installable (mw.) (mw.-hr.) 
Drainage basin 

State total. _ _ _ _ _  
Snake River Basin '----

Main stem 2 _ _ _ _ _ _ 
Owyhee and 

Malheur_ _ _ _ _ _ _  
Burnt and Powder. 
Pine Creek and 

I mnaha _ _ _ _ _ _ _ _  
Grande Ronde _ _ _ _  

Lower Columbia 
Basin 1 _ _ _ _ _ _  

Main steam s _ _ _ _ _  
Walla Walla _ _ _ _ _ _  
Umatilla _ _ _ _ _ _ _ _ _  
John Day _ _ _ _ _ _ _ _ _  
Deschutes _ _ _ _  . _ _ _  
Hood _ _ _ _ _ _ _ _ _ _ _ _  
Sandy _ _ _ _ _ _ _ _  

Willamette Basin _ _ 
Middle Fork, 
Willamette 11 _ _ _ _ _ 
McKenzie 12 _ _ _ _ _ _ _ 
Santiam _ _ _ _ _ _ _ _ _ _  
Yamhili-Willam-

ette Falls _ _ _ _ _ _ _  
Clackamas _ _ _ _ _ _ _  

West Coast Basins _ _ _ _ _  
Umpqua _ _ _ _ _ _ _ _ _  
Rogue . . .  _ _ _ _ _  . _ _  
Coast Range 

Streams _ _ _ _ _ _ _  . 
Klamath ta _ _ _ _ _ _ _  

Number 
of 

sites 

291 

35 
5 

' 7  
• 7 

4 
S J2 

63 

4 
3 
4 

q2 
• 27 

3 
' 10 

10 89 

17 30 
22 

7 
13 

103 

26 
31 

41 
5 

flows at-

Mw. Mw. Q 95 Q 50 

3, 828 7, 725 

636 I, 120 
520 813 

11 35 
10 20 

11 37 
84 215 

I,  990 3, 260 

I, 216 
10 

I,  915 
17  

3 21 
20 170 

668 907 
21 58 
52 172 

667 I, 645 

l 1 1  293 
248 466 
131 420 

31 160 
146 306 

535 I, 700 

225 520 
235 710 

35 300 
40 170 

Mw. Exist-
mean ing 

1 1 , 390 4, 311 

I, 660 470 
I,  000 470 

145 - - - - - - - -
47 - - - - - - - -

7 8  - - - - - - - -
390 - - - - - - - -

4, 510 2, 786 

2, 697 2, 397 
24 3 
37 - - - - - - - -

379 - - - - - - - -I ,  053 359 
82 6 

238 21 

2, 295 716 

439 165 
611 136 
590 218 

254 54 
401 143 

2, 925 339 

820 187 
1, 190 68 

715 - - - - - - - -
200 84 

With exist-
Existing With ing and/or Complete 
a nd/or existing i nstallable control 

installable generators generators 

15, 050 23, 700,000 62, 500, 000 80, 000, 000 

2, 200 2, 800, 000 9, 000, 000 1 1, 700, 000 
1 , 600 2, 795, 000 6, 485, 000 7, 050, 000 

60 Small 285,000 I, 020,000 
40 Small 160, 000 340, 000 

70 - - - - - - - - - - - - 310, 000 550, 000 
430 Small I,  760, 000 2, 740,000 

6, 100 15, 970, 000 28,700, 000 31 , 700, 000 

3, 310 14, 450, 000 18, 500, 000 19, 000,000 
35 9, 000 146, 000 166, 000 
40 - - - - · - - - - - - - 158, 000 256,000 

350 - - - - - - - - - - - - I ,  290, 000 2, 649, 000 
I, 900 I, 370, 000 6, 820, 000 7, 395, 000 

115 48, 000 413, 000 571, 000 
350 93, 000 I, 373, 000 I, 663, 000 

3, 400 3, 000, 000 12, 000, 000 16, 000, 000 

680 600,000 2, 330, 000 3, 100, 000 
920 550,000 3. 510, 000 4, 200, 000 
900 860, 000 3, 230,000 4, 100,000 

300 230, 000 520, 000 I, 800, 000 
600 760, 000 2, 410, 000 2, 800, 000 

3, 350 I, 930, 000 12, 800,000 20,600, 000 

I, 000 I, 400 
I, 000, 000 

430,000 
3, 950, 000 
5, 400,000 

5, 790, 000 
8, 340, 000 

600 - - · - - - - - - - - - 2, 170, 000 5, 090, 000 
350 500,000 I,  280, 000 I, 380, 000 

Closed Lake Basins _ _ _ _  0 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 Oregon d rainage and Y2 main stem. 
' Oregon's Yz of main stem sites on Idaho-Oregon boundary. 
a Does not count Vale No. 2 plant, 0.07 MW insta lled but insufficient practicable potential. 
• Does not count Baker, Sumpter, Rock Creek, 1.04 MW installed but insufficient practicable potential. 
' Does not count Morgan Lake and Wallowa Falls. 1.18 MW installed but insufficient practicable potential, and Yz Wenaha 

and State line undeveloped sites. 
' Oregon's Yz of main stem developed sites, McNary, John Day, The Dalles and Bonneville. 
' Does not include Fremont developed site with 1.1 MW installed but insufficient practicable potential. 
' Does not include Bend and Circle M developed sites with 1 . 1 1  and 0.10 MW installed but with insufficient practicable 

potential. 
' Does not include Bridal Veil and Rose Moody developed sites with 0.12 and 0.01 MW installed but with insufficient 

practicable potential. 
" I ncludes 19 sites fully or partially developed. An additional 20 small developed sites (installed about 4 MW) a re 

omitted because redevelopment does not appear to be p ractical. 
II Includes Row River and Coast Fork Willa melle. 12 I ncludes Calapooia River. 
" Does not include West Side plant, 0.6 MW installed but with insufficient practicable potential. 

R::"UKE RIVER BARD< 

The Snake River along the Oregon State line and its Oregon tribu
taries drain 19,100 square miles (20 percent of the State) and have 
1 ,660 MVV potential waterpower ( about 15 percent of the State total ) .  
The average altitude of the basin in Oregon is 4,200 feet above mean 
sea level, ranging from about 845 feet on the Snake River at the Wash
ington State boundary to 9,845 feet on Matterhorn Peak in the Wal-
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lowa Mountains. The Snake River discharges about 8 million acre-feet 
per year as it enters Oregon and it is estimated that Oregon drainage 
contributes an additional 3.6 million acre-feet. 

The Snake River forms Oregon's eastern boundary in a 216-mile 
reach in which the river falls 1,335 feet from altitude 2,180 to 845 feet. 
Three recently construoted waterpower plants and •two potential sites 
that are in the stages of advanced planning will develop 1,232 feet 
of this head. The potential power of the reach is 1,967 MW. The half 
a:ttributable to Oregon ( 983.5 MW) is 59 percent of Oregon's share 
of potential waterpower in ·the Snake River basin. Sites on Imnaha 
River could be connected by tunnel to sites on the main Snake to create 
high head for conventional or pump-storage plants. The only Oregon 
tributary with substantial waterpower is the Grande Ronde River. 
Capacity of the river in Oregon is 261.5 MW, largely concentrated in 
a reach extending 70 miles upstream from the State line. A fall of 
1,225 feet is potentially developable in the reach. 

LOWER COLUMBIA RIVER BASIN 

Oregon tributaries of <the Columbia River except the Williamette 
River, drain an area of about 25,700 square miles ( about 26 percent of 
the State) . The gross theoretical potential waterpower of this part 
of the Columbia River Basin is estimated to be 4,510 MW for average 
discharge and 100 percent efficiency (more than 39 percent of the State 
total) .  

The average altitude of the basin in Oregon is about 3,200 feet, vary
ing from sea level along the lower river to 11,235 feet on Mount Hood. 
Measured runoff at McNary Dam has •averaged 134.6 million acre-feet 
per year and average annual runoff from the Oregon part of the area 
is estimated to be about 13 million acre-feet. In the 309-mile reach 
where the Columbia forms the State's northern boundary, the river 
falls only 340 feet. The average discharge of the stream is so great, 
however, •that it has a gross theoretical potential waterpower of 5,394 
MW for average discharge at 100 percent efficiency, 2,697 M'V assign
able to Oregon (23.7 percent of the State total ) .  

Oregon tributaries to •the Columbia River in this basin having the 
most potential waterpower are the John Day and Deschutes Rivers. 
John Day River flows westward and northwestward from the Blue 
Mountains to the Columbia River through many wide valleys 
in which large storage reservoirs could be built. These reservoir 
sites might be used for holding Columbia River \Yater pumped into 
them for later use. Columbia River water might be taken to Central 
Oregon by pumping it up John Day River from reservoir to reservoir 
for use in irrigation. 

The Deschutes River falls an average of about 18 feet per mile over 
its 252-mile length. The natural flow of the stream is remarkably con
stant and, even though a large part of the water flowing in its upper 
reaches is used for irrigation, an •average flow of 4,260 cfs is available 
for other uses at Round Butte Dam, river mile 111 .  This flow increases 
to 5,800 at the river's mouth. Round Butte Dam backs wa:ter to an 
altitude of 1,945 feet and the entire fall of 1,785 feet to the The 
Dalles backwater a;t the river's mouth, altitude 160 feet, could be 
developed. 
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The pot�nti,al power of this reach of river, determined by totalling 

the potential of three waterpower developments and 21 undeveloped 
powersites, is estimated to be more than 1,000 MW at average dis
charge and 100 percent efficiency. The stream flows so evenly that plants 
with capacities sufficient to utilize water up to twice the discharge 
available 50 percent of the time could produce more than 90 percent 
of the energy that would be available if the stream were completely 
controlled. 

The State "\Vater Resources Board recently conducted a study of 
the Deschutes River basin and adopted a policy under the authority 
of ORS 536.300 in which use of the lower 100 miles of the Deschutes 
River is restricted to domestic, livestock, recreation, fish and wild
life purposes, and no appropriations of water in this area is to be per- . 
mitted for any other purpose ( State Water Resources Board, 1961) .  
This policy precludes the development of waterpower at the larger 
undeveloped sites in the basin, for at average flow 70 percent of the 
potential, and at ]o,v-flo\v 85 percent of the potential are in the 
restricted reach. 

WILL.\l\IETTE RIVER BASIN 

From a drainage area of about 11,200 square miles ( 1 2  percent of 
the State) the 1Villamette Ri ,·er basin has an estimated gross theoret
ical potenhal waterpower of 2,295 MW ( 20 percent of the State) . The 
average altitude of the 1Villamette basin is 1 ,800 feet, varying from sea 
level at the river's mouth to 10,497 feet on Mount Jefferson. The 
average annual runoff from the basin is about 24.6 million acre-foot 
and the best powersites are concentrated on tributaries draining the 
western slopes of the Cascade Mountains as sho"·n in figure 87. 
The value of these tributaries as potential producers of hydro
electric power lies in the abundant surface- and ground-water 
supplies originating in their mountainous headwaters areas and in 
their quick descent to the vVillamette Valley floor. Elsewhere in the 
basin practicable waterpower srtes are rare because of low stream 
gradients and low summertime flmvs. The McKenzie and Santiam 
Rivers are each about equally endowed with sites for developing 
waterpower having 27 and 26 percent respectively of the basin's gross 
power potential. 

COASTAL BASINS 

In addition to the Umpqua, Rogue, and Klamath Rivers whose head
waters are in the Cascade Range, the following rivers with headwaters 
in the Coast Range have potential waterpower sites : Nehalem, 1Vilson, 
Trask, Nestucca, Siletz, Yaquina, Alsea, Siusla,v, Coos, Coquille, 
Floras, Sixes, Elk, Pistol, and Chetco. Coastal streams drain an area 
of about 22,670 square miles (23 pereent of the State) and have 
a gross theoretical waterpower of 2,925 MW ( 26 percent of the State) . 
The average altitude of the combined coastal basins in 2,700 feet. 
Annual runoff is estimated to be 43.5 million acre-feet. 
Coast Range Basin 

The Coast Range rivers 'and adj'acent streams tributary to the Paci
fic Ocean drain an area of about 7,270 square miles, 32 percent of 
the coastal basins total area and 7 percent of the State. The averagP 
altitude of the area is 1,300 feet. North of the Umpqua River the 
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highest mountain is 4,097-foot Marys PeJtk in the Yaquina ·and Alsea 
basins. Between the Umpqua and Rogue Rivers the highest point is 
�,661-foot Bone Mountain in the Coquille basin. South of the Rogue 
River, the highest point is 5,098-foot Pearsoll Peak in the Chetco 
basin. 

The average annual runoff from Coast Range streams is estimated 
to be about 26 million acre-feet per year. The gross theoretical potential 
waterpower at practicably developable sites is 715 MW for average 
discharge and 100 percent efficiency, 24 percent of the potential of the 
coastal basins, and 6 percent of that of the State. The potential water
power sites in the area are generally capruble of develoJ?ing less than 
20 MW at mean flow. However, the Nehalem Falls site, with a potenti·al 
at mean flow of 72.5 MW, could utilize a plant with installed gener
ating capacity totalling 60 to 100 MW. Generally, the streams descend 
rapidly to the coast from altitudes of a:bout 2,000 feet and its is diffi
cult to find reservoir sites large enough to store the heavy water 
yields of fall, winter, and spring for use during often long rainless 
summers. The principal exceptions are the Nehalem, which could be 
quite adequately controlled at the Alsea damsite ; the Siletz, which has 
two or three fair-sized reservoir sites ; and the Coquille, which has 
adequate sites on all tributaries. The site which has received the most 
study is Eden Ridge on the South Fork Coquille River. A high-hea d 
waterpower plant combined with a thermal plant fueled by local 
coal is planned. 
Umpqua River Basin 

The Umpqua River Basin drains 4,560 square miles, about 20 percent 
of the coastal basin's total area and about 5 percent of the State. The 
average ·altitude of the basin is 2,200 feet, varying from sea level 
to 9,182 feet on Mount Thielson in the headwaters of the North 
Umpqua River. Average annual runoff is estimated to be 8 million acre
feet. The gross theoretical potential waterpower of the basin is 
820 MW, 28 percent of the coastal basin's and 7 percent of the State. 
The North Umpqua and its tributary ·streams are regulated to some 
extent from natural storage in pumice ·and lava fields and possess 
some attractive waterpower sites. There are nine developed sites on 
the North Umpqua, eight of which are modern waterpower projects, 
and additional power is developable. The South Umpqua ·and the 
main river could be regulated at reservoir sites making waterpower 
development more ·attractive. The whole basin is used enthusiastically 
by outdoorsmen, however, and they can be expected to resist any plan 
for constructing waterpower reservoirs. 
Rogne River Ba.gin 

With a drainage area of about 5,170 square miles ( 5 percent of the 
State) , the Rogue River Basin has an estimated gross theoretical poten
tial waterpower of 1,190 MW ( 10  percent of the State) . The Rogue 
basin has 23 percent of the surface area and 41 percent of the potential 
waterpmver of the coastal basins. The average altitude of the basin is 
2,800 feet. Mount McLoughlin, at 9,495 feet above sea level in the head
waters of Big Butte Creek, is the highest point. Hillman Peak on 
Crater Lake rim is 8,156 feet above sea level. Average annual stream 
flow is estimated to be 8 million acre-feet. 
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The relatively large waterpower potential derives principally from 

the fact that natural ground water storage in the Rogue River head
water areas substantially augments the flow for the entire river during 
low-water periods. Seasonal variations are smaller than for any other 
Oregon river except the Deschutes, and a substantial increase in flows 
during dry periods would be possible if the rather spacious reservoir 
sites were developed. The waterpower site with the largest potential 
is Copper Canyon on the lower main stem. Effective use of the site 
would require a dam to raise the water to an altitude of 520 feet above 
sea level to create a head of 450 feet and a potential power for average 
discharge at 100 percent efficiency of more than 400 MW. 

An obstacle to development of any significant amount of waterpower 
in the Rogue River basin is the possible interference of dams with pas
sage of anadromous fish. In 1929 the Oregon legislature passed a bill 
( ORS 542.210) barring any dam on the Rogue River below its inter
section with the south line of sec. 27, T. 33 S., R. 1 E. This point is near 
the mouth of Big Butte Creek 155 miles upstream from the coast. The 
State ·water Resources Board ( 1959) after making a study of the 
Rogue River basin reaffirmed the policy of leaving most of the Rogue 
River in its existing free-flowing state. The river is expected to be one 
of the first to be designated as a Scenic River. 

Klamath River· Basin 
The Klamath River basin drainage in Oregon amounts to 5,680 

square miles, about 6 percent of the State and 25 percent of the coastal 
basins. The basin has a gross power potential of 200 IDY at average 
discharge and gross head, about 7 percent of the coastal basins' poten
tial, and 2 percent of the State. 

The average altitude of the Klamath basin is 4,800 feet, and eleva
tions range from about 2,750 feet on Klamath River at the California 
State line to 9,495 feet on Mount McLoughlin. Mount Scott, near the 
east rim of Crater Lake, is 8,938 feet above sea level. The average 
annual flow from the basin in Oregon is about 1.5 million acre-feet. 
Potential waterpower sites in the basin are restricted to the reach of 
river downstream from Klamath Lake. The river falls 1,360 feet be
tween the existing East Side powerplant on Link River and the State 
l ine. T\vo existing waterpower plants and three sites for which develop
ment is planned would utilize the entire fall. Due to regulation at lOa
math Lake, powerplants with installed capacities sufficient to utilize 
twice the flow available 50 percent of the time \YOuld be able to 
utilize 93 percent of the runoff. 

PuMPED-STORAGE W ATERPOWF£ 

The term "pumped storage" used in association with hydroelectric 
power development denotes a system in which off-peak power with 
little value is converted into valuable peaking power by pumping water 
to an upper storage reservoir \vith the cheap power and releasing it 
through hydraulic turbines to produce high value pmver upon demand. 
In many modern pumped-storage developments cost saving:s result if 
the turbine and generator sets are combined and are reversible, acting 
as motor-pump units to lift the water and as turbine-generator units 



to produce power. Pumped storage may be either seasonal or daily, the 
first providing storage from certain seasons of the year for use in 
other seasons and the latter utilizing daily or weekly low-demand 
periods to provide generating capacity during high-demand periods 
of the day or week. Pure pumped-storage systems use more energy 
than they produce, the ratio of input to output being about 1.4 to 1 m  
modern plants. Feasibility results from using low-value energy to 
pump and from generating energy when its value is highest. 

Although pumped-storage waterpmver technology is in its second 
half century it has been little used in the Pacific Northwest. The addi
tion of pumped-storage plants may be a natural next step for increas
ing the peaking capacity and overall dependability of the network. 
Providing pumped stora.ge for daily or weekly peaking purposes does 
not require large high-level reservoirs but great differences in elevation 
in appropriate locations are important. The topography of Oregon is 
ideal for constructing pumped-storage waterpower plants for inte
gration with existing and planned power developments. 

The future pumped-storage waterpower plants in this area are 
expected to have rather large capacities, utilizing thousands of cfs 
in each turbine. Ten thousand cfs falling 1 foot can produce 680 kw 
of electric power at 80 percent efficiency. In the discussions that follow 
no mention will be made of plant capacity but capacity can be easily 
estimated by multiplying the desired discharge in multiples of 10,000 
cfs by the head ( in feet) times 680 kw. For example, 10,000 cfs falling 
1 ,000 feet could produce 680,000 kw ( 1  x 1,000 x 680 ) .  

SNAKE RIVER BASIN 

A plateau half a mile west of Snake River near· the Hells Canyon 
Dam rises more than 3,300 feet above Hells Canyon powerplant. Water 
could be pumped from Hells Canyon Reservoir to a small reservoir on 
this plateau and used to generate peaking power in a pumped-storage 
installation with a tailrace level with Hells Canyon Plant, 1,510 feet. 
The head created would be 3,300 feet. At this particular site the upper 
reservoir could be placed at any altitude desired in a range between 
1,700 and 6,000 feet. The highest site directly above the Hells Canyon 
powerplant would create a head of 5,500 feet through a conduit about 
3 miles long. At the High Mountain Sheep site pumped-storage heads 
of 1,300, 2,500, or 3,500 feet could be developed through conduit lengths 
of about .5 mile, 2 miles, or 2.5 miles, respectively. A pumped-storage 
development at the China Gardens site could be operated at heads of 
2,100, 2,500, or 3,000 feet. The conduit lengths for these would be about 
.75 mile, 1 .5 miles, or 2.5 miles, respectively. 

LOWER COLUMBIA RIVER BASIN 

Pumped storage could easily be added at the developed powersites 
on the Columbia River. Some of the sites present possibilities of utiliz
ing high-leYel reservoirs with capacities to store large quantities of 
water so that, should the need arise, the peaking energy would be 
available for long periods without repumping. Near .Tohn Day Dam, 
for example, a pumped-storage plant whose tailrace altitude would be 



about 160 feet above sea level could utilize a large reservoir site on 
John Day River in which the maximum surface altitude could be 800 
or 900 feet above sea level to create a head of some 700 feet. Also, small 
high-level reservoirs could be constructed directly above the .John Day 
powerplant in Hell Roaring Canyon or on the plateau at either side 
of it. "'West of the canyon a reservoir could be located 1,100 feet above 
the powerplant. X ear The Dalles a high-len•l resenoir located 800 feet 
higher than the present plant tailrace " .. ould require less than 2 miles 
of connecting condnit. South of Bonneville Dam pumped-storage res
ervoirs could be located in Tanner Creek or on Tanner Butte. A reser
voir on the north end of t he butte could create a head of 3,000 feet with 
a conduit length of about 2 miles. Head could be increased by lengthen
ing the conduit and placing the upper-level reservoir higher on the 
mountain. 

WILLAMETTE RIVER BASIN 

Sites in the Willamette basin where pumped storage could be added 
to existing hydroplants are plentiful. An upper reservoir constructed 
near Larison Rock, 2.5 miles " .. est of Hills Creek Dam, would create a 
head of 2,400 feet. A head of 1,600 feet could be created by raising the 
water to the northwest end of Kitson Ridge east of the dam. A three
fourths-mile-long conduit would reach the upper site. A conduit 1 mile 
long, either north or south of the Lookout Point powerplant, would 
create a head of about 1,500 feet for a pumped-storage addition. Ne,vly 
constructed Green Peter powerplant could be used to pump water to a 
ridge 1 ,500 feet higher in elevation utilizing a 1.5-mile-long conduit 
south of the river. A head of 2,500 to 3,000 feet would be possible if a 
high-level reservoir were constructed 2.5 miles north of the plant on the 
slopes of Green Peter Mountain. Cougar Dam on the South Fork Mc
Kenzie River lies 1,000 feet below a site suitable for constructing a 
high-le,-el resen-oir. The conduit length would be no more than one
fourth of a mile. The terrain continues to slope upward from this reser
voir site eastward tmvard McLennen Mountain, where a head of 3,000 
feet could be realized in about () miles of conduit. Detroit Dam on the 
North Santiam River lies more than 3,000 feet below possible upper
level resen-oir sites on Hall Hidge 2 miles northeast from the dam. 
Tumble Lake, about 2.5 miles in the same direction, could be used as an 
upper-level resen-oir in a pumped-storage dm-elopment that would 
have 2,400 feet of head. Tableland north and south of the existing 
North Fork project on the Clackamas Ri,-er is suitable for upper-level 
resen-oirs that could be constructed "-hich would require conduits less 
than half a mile long to create heads of about 700 feet. 

OOASTAL BASINS 

Many of the powersites on coastal rivers would lend themselves to 
pumped-storage development, and a fe,v examples are cited. "\ dam at 
the Elsie site on Nehalem Rinr could raise the water to an altitude of 
600 feet, from which altitude it could be pumped an additional 200 feet 
into a reservoir site in Fishhawk Creek. This reservoir could be con
nected to a powerplant on the Columbia River side of the divide by 
a tunnel, thereby utilizing a head of 800 feet in a pumped-storage 



development that would require only 200 to 300 feet of pumping. Bluffs 
as high as 2,000 feet above sea level are near the Nehalem River in its 
lower reaches, and pumped-storage plants could be added to future 
hydroelectric or thermal electric plants. A conventional waterpower 
development has been studied on the Trask River at the Ginger Peak 
site. Pumped storage could be added by constructing a high-level reser
voir in a saddle on Gold Peak ridge south of the river that would 
create a head of 1,700 feet. A hilltop near the mouth of the Alsea River 
could be utilized for a pumped-storage reservoir creating a head of 
more than 1,500 feet and requiring about 1.5 miles of conduit. A com
bination waterpower and coal-fired thermal power development has 
been studied on the Coquille River at Eden Ridge. The site has a gross 
head of 1,800 feet and water could be pumped back to the reservoir 
through the penstocks and conduits. 

The waterpower sites in the lower Illinois and Rogue Rivers lie be
tween mountains on which upper-level reservoirs could be located for 
creating pumped-storage heads of up to 3,000 feet with conduits less 
than 3 miles long. The powerplant of the planned Buzzards Roost proj
ect on the Illinois River could have a 1,500-foot head pumped-storage 
addition that would require a conduit only 1 mile to 1.5 miles long 
depending on the upper-level reservoir site selected. There are excellent 
sites for adding pumped storage at the powersites on the Klamath 
River, and the constructed John C. Boyle plant is less than 2 miles east 
of Hayden Mountain, 5,129 feet in altitude. An upper-level reservoir 
placed on a plateau south of the peak could have a head of 1,500 feet 
with a conduit 1.75 miles long. Use of Aspen Lake as a pumped-storage 
reservoir has been studied. The lake is about 6 miles north of the John 
C. Boyle plant and more than 1,000 feet higher in elevation. 
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WATER RESOURCE DEVEWPMENT FOR IRRIGATION, NAVIGATION, 

FLOOD CONTROL, AND RECREATION 

( By T. B. Lynott and G. V. Schirk, U.S. Bureau of Reclamation, Boise, Idaho) 

This portion of the report presents, in summary form, a description 
of water resource development in Oregon dealing with irrigation, 
navigation, and flood control, and recreation. The functions of hydro
electric power and municipal and industrial water supply are dis
cussed elsewhere in this report. 

To help in the compiling and presenting of information, eight sub
basins have been identified in the state. Information and data concern
ing water resource developments have been presented to show the typ�s 
and magnitude of major existing developments and to furnish some 
indication of potentialities yet to be realized. 



INTRODUCTION 
"Oregon Country" was shrouded in a veil of legend even before it 

had a fur-trading outpost. Mapmakers viewed it as a portion of mysti
cal kingdoms; explorers were drawn to search for the Northwest Pas
sage. The first explorer to view the Oregon coast came because of 
intensifying European interest in exploratiOn, exploitation, and trade. 

In 1788, Captain Robert Gray sent men ashore m what is now Tilla
mook County. In 1792, he returned and discovered the river the Indians 
called the Oregon. The land drained by this river became known as the 
Oregon Territory, but Gray renamed the river the Columbia. 

None of the sea traders was much interested in the Pacific North
west as a living area. They valued iJts natural resources, especially 
the fur. They replenished their food supply from its abundant wil.P.
life and repaired their ships with its timber. 

The inland portion of Oregon Territory was opened by the 1804-06 
expedition of Meriwether Lewis and WilHam Clark. News of their 
trip had a tremendous im;�.>act. Forts and trading posts were soon es
tablished. Of these establishments, none had more influence on the 
development of Oregon than the Hudson's Bay Company. This com
pany formally arrived in Oregon in 1824 in the persons of Dr. John 
McLaughlin and "Governor" George Simpson. It was about this time 
that agriculture began to assume 1ts role of importance. 

The earliest recorded agricultural activity in what is now Oregon 
occurred in 1795 when a Captain Bishop observed in his ship's log that 
his garden's "plantings were doing as well as would be expected." The 
first known garden to be cultivated and harvested was planted by 
Nathan Winship in 1810 along the lower Columbia River bottoms. 

The influence of the Hudson's Bay Company on commercial agricul
tural development was initiated m 1828 with establishment of a 
Company farm in the vicinity of whlllt is now Portland. Other farms 
soon were established in the Willamette Valley from whart is now 
Scappoose in Columbia County to French Prairie, now a part of 
M·arion County. 

The Hudson's Bay Company furnished these farmers with seeds and 
supplies in exchange for a portion of the crop produced. Many of the 
species and varieties of livestock, poultry, grains, grasses, berries, and 
fruits from Europe and elsewhere were introduced to the American 
pioneers by the Company's overseers and managers. These men helped 
demonstrate that many European practices of animal husbandry and 
horticulture were highly adaptable 1to the Pacific Northwest, which 
they found similar in climate to that of Northwestern Europe. 

Missionary parties of the 1830's and the large migration of the 1840's 
helped to establish settlements. People in these settlements helped to 
change the territory's principal economic activity from one of fur 
trapping and trading to agriculture. 

The fertile valleys of the Willamette, Umpqua, and Rogue were 
the primary areas sought by these early migrants. The next area of 
settlement was along the coast. Finally, the vast area of the eastern 
slopes was occupied. These lands were most suita:ble for livestock, an 
industry that since has dominated agriculture in central and eastern 
Oregon. However, the livestock industry received its start in the west-

.21-829 0---69-26 
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ern part of Oregon, too. It is belieYed the first cattle were imported by 
the Hudson's Bay Company. These cattle were rented ; company rules 
prohibited farmers from either purchasing any of the animals or 
keeping their calves. To protect this monopoly, the farmers formed 
a company called the 'Vil lamette C attle Company. This company 
proved to be a success. Under the influence of these two companies, 
l ivestock became the principal agricultural enterprise in Oregon. 

Prior to 1837 all of the cattle -in Oregon belonged to the Hudson's 
Bay Company. After that year cattle <lri1·es from California and im
ported breeds from Europe led to a Yariety of cattle production in the 
state. In the 'Villamette Yalley and al ong the coast, the lush pasture 
was particularly well suited to dairy cattle. "\.round 1870, eastern 
Oregon became a. gre.at center for beef cattle production. 

Generous J anel laws during the pioneer period led to the develop
ment of l arge farms. The Oregon Donation Land La.w of 1850 was 
the first of a sPries of these acts and grants designed to stimula.te early 
agricultural acti1·ity in the Pacific KortlnYest. The impact of this act 
on Oregon can be measurerl by the census count : in 1850, the ye-ar of 
enactment, Oregon's population 1vas 13,294 ; in 1855 there were more 
than 43,000 peoplE', an increase of more than 30,000. 

Other acts of C ongress including the Linn B ill,  the Homestead Act, 
the Oregon "\.dmission Act, Railroad grants, and others resulted in 
more than 29,000,000 acres being cleYeloped through state and private 
o11·nership. 

One important acquisition of FedPra.l lands was the Oregon and 
California Ren'stecl Lands, more commonly known as the 0 & C lands. 
Between 1866 and 1870, the Federal Government made two land 
grants tota.ling about four million acres to companies which became 
the Oregon and Cali fornia Railroad. Under terms of the grant, the 
railroad was to sell the granted l ands at a price not to exceed $2.50 
per acre, in blocks not to e·xceed 160 acres to each purchaser, and to 
sell them only to aetual settlers. Because these conditions "·ere not 
met in the sale of the lands, title to almo�t three million acres \Vas 
"revested" by the C ongress and returned to the United States in 1V16. 

The system of timber h an-est under the Act of 1916 gaye harvesters 
no incentives to proteet the new grmvth of trees anrl provided no 
provisions for arlequate supt>rvision of forestry operations. Criticism 
of this system lerl to morlifications in the 1938 Act . Under this Act, 
the 0 & C lands ha,·e been administered as forest lands for sustained 
yield and multiple use. These lands are presently mnnaged by the 
Bureau of Land l\Ianag-ement. 

In 1850, there \Yere more than ±23,000 acres of farmland in Oregon 
and the average size of a farm was approximately i170 acres. In 196± 
there were :20,500,000 acres of farmland and the avera.ge size of a fa.rm 
was more than 500 acres. IntensiYe agricultural land use can be found 
in nearly every county of the state, with Pome of the hem·iest emphasis 
in the 'Vill amette Valley. 

Irrigation has played an important role in the development of Ore
gon's agriculture. The enactment of the Federal Reclamation Act i n  
1 902 and the de1·elopment o f  a State "Tater Code in 1909 were yery 
important factors. In 1890, 12 percPnt of the farms in Oregon \vere 
irrigated ; in 1964 nearly -±0 percent of the farms had i rrigated crops. 



The development of transportation also _played an important role 
in the growth of Oregon. Oregon's commercial trade area, until about 
1870, was limited to communities within the State and along the 
coasts. Although the State had not fulfilled its dream of becoming the 
"gateway to the Orient" it had entered the world wheat market. In 
1875 wheat and flour valued at more than $3,000,000 were shipped 
from Portland, largely to England and Ireland . .All exported wheat 
grown in Oregon was shipped through Portland because of its advan
tageous geographical position on the terminus of the Willamette 

· River with the Columbia. Oregon development was dependent upon 
the waterways ; the first mail came by water to Portland and then 
traveled up the Willamette Valley by boat or horseback, Stagecoach 
and pack train routes extended south and east from Portland. Rail
roads began to vie for Oregon's trade ; in 1883 the State had its first 
transcontinental connection via the Northern Pacific. The following 
year the Oregon Short Line joined with the Oregon Railway and 
Navigation Company to form 1t transcontinental link with the Union 
Pacific Railroad. In 1887 the Oregon-California route was completed, 
allowing produce from Oregon to reach both eastern and southern 
markets by land. 

THE SETIING 

Oregon is bounded on the east by the Snake River and the state 
of Idaho, on the north by the Columbia River and the state of Wash
ington, on the west by the Pacific Ocean, and on the south by Califor
nia and Nevada. Oregon contains 96,981 square miles, or more than 
61.6 million acres of land. 

Rugged mountains, fertile valleys, broad basins, sparkling la.kes, 
many rivers, and an inviting coast are the primary physical features 
in the State . 

.An irre�lar north-south line, immediately east of the Cascade 
Range divides Oregon into two distinct regions. Elonga.ted north
south ranges and lowlands, moderate to heavy rainfall, mild temper
atures and a dense forest cover are characteristics of the area west of 
this line. Here also are the large urban concentrations. To the east 
are broad basins, narrow mountain ranges and dissected platens. Cli
mate is semiarid with a greater annual range of temperature. Popu
la.tion is sparse e.xcept in areas where irrigation is practiced. 

For purposes of this report, the State has been divided into eight 
subbasins based primarily upon drainage. Figure 90 shows the bound
aries of these subbasins . 

.A brief look at the physical and cultural highlights of each subbasin 
follows. The physical description is based primarily on N. M. Fenne
man's "Physiography of the Western United States." 
Subba8in N o. l-OloBed LakeB 

This subbasin, which includes the area of interior drainage in Ore
gon, is largely in the Basin and Range Physiographic Province. Prin
cipal physical features are the Steens Mountams and the Abert Rim. 
Most of this country is flat and has elevations ranging from 3,000 to 
5,000 feet with mountains rising nearly 10,000 feet. 

Summers are hot and dry ; winters are moderately cold and dry. 
Precipitation is low and erratic ; major perennial streams are lacking. 
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The drainage is_primarily interior ; it has no outward surface connec
tion to the sea. Cycles o.f wet and dry years cause the increase and dis
appearance of many of the lakes in this subbasin. 

The lower country is virtually treeless, and the ground is covered 
with scattered sagebrush and clumps of bunchgrass. Scattered juniper 
occur at the 4,000-:foot elevation and open groves of Ponderosa pine 
begin at about 5,000 feet. 

Agricultural use of the land is devoted for the most part to livestock 
grazmg and ranching. The largest communities, Burns and Lakeview, 
have forest product milling industries which receive their supply of 
logs from the nearby mountains. 
Subbasin No. 2-Klamath 

This subbasin includes the area of the Klamath River drainage basin 
which is primarily in the Basin and Range Province. 

The climate is characterized by dry, warm summers and dry, mod
erate winters. Precipitation is low with the majority occurring in win
ter as snow. The Klamath River is the only major stream draining 
this area. It flows south out of Oregon across the northwest corner of 
California to the Pacific Ocean. 

Natural vegetation in the mountainous portion is largely Ponderosa 
pine. Shrubs and grasses can be found at the lower elevations. 

Forest products manufacturing, agriculture, and tourism are the 
principal economic activities. Agriculture is dominated by livestock 
and specialty crop production primarily on irrigated land. The major 
portion of the farmland is in pasture, forage and grain crops. 

Klamath Falls is this subbasin's largest community. 

Subbasin No. 3-Snake 
This subbasin includes the drainage areas of all the streams in Ore

gon which empty into the Snake River. These streams are, from north 
to south, the Grande Ronde, Imnaha, Powder, Burnt, Malheur, and 
Owyhee. 

The northern portion of this subbasin is generally mountainous, 
with valleys of varying widths along the streams. The southern por
tion, part of the Basin and Range Province, is dominated by a rolling 
high plain. 

Annual temperatures and precipitation follow a north-south pattern 
closely associated with elevation. In the higher, more mountainous 
north, the annual average temperatures are lower alld precipitation is 
higher than in the south. The entire subbasin has a winter maximum 
in precipitation, most of which falls as snow. 

Each valley lowland in the north has some irrigation. Intensive irri
gation has been developed along the Snake, Lower Malheur, and Lower 
Owyhee Rivers. Forage and specialty crops predominate in these 
irrigated areas. 

Principal cities include Baker, Ontario, Vale, La Grande, and Nyssa. 
Subbasin No. 4-0 olAtmbia 

The drainage area of the rivers flowing north into the Columbia 
River excluding the Willamette make up the Columbia subbasin. In
cluded among these are the Deschutes, John Day, Umatilla, and Walla 
Walla Rivers. 
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This subbasin is dissected by the Coast Range, and the Cascade 

Range. In addition to these mountain ranges, the gorge of the Colum
bia River is a dominant physical feature. East of the Cascade Range 
the subbasin is plateau-like, incised by streams in deep canyons. Its 
eastern boundary follows the crest of the Blue Mountains. 

Climate of this subbasin has a definite east-west pattern. The area to 
the lee (east) side of the Cascade Range in comparison to the area 
west of those mountains has : (a)  greater annual ranges in tempera
tures ; (b) shorter, but warmer frost-free seasons ; and (c) less 
precipitation. 

To the west of the Cascade Range forests abound throughout, espe
cially at the higher elevations. In the lower areas, park-like grasslands 
predominate. East of the crest, forests are found only at higher eleva
tions. In the lower areas natural vegetation is largely scattered 
bunchgrass and xerophytic shrubs. In the Cascade Range

-
the pattern 

of natural vegetation reflects the variations in precipitation. Douglas 
fir, pine, spruce, and hemlock are found on the 'vest side ; Ponderosa 
pine on the east side. In the higher peaks, some subalpine vegetation 
can be found ; other high areas are entirely devoid of natural 
vegetation. 

Agriculture and lumbering are the main elements in the economy 
of this subbasin. Two principal types of agriculture are represented
dry-land wheat farming and irrigation. 

Portland, Oregon's largest city, is located in this subbasin. Other 
communities include Pendleton, The Dalles, Bend, Astoria, and Hood 
River. 

Subbasin No. 5-Willamette 
The area drained by the Willamette Rive,r and its tributaries repre

sents this subbasin. It is a lowland area lying between the Coast Range 
and the Cascade Range. 

A favorable combmation of soils, climate, and water has helped to 
make this subbasin the most populated in the state. Warm, dry sum
mers and mild, wet winters are the dominant climatic factors. Most of 
the precipitation falls as rain. 

A wide range of commodities are produced. Hay, grain, and grass 
for .seed are grown throughout the valley. Since the 1940's irrigation 
of processing and specialty crops such as vegetables, small grains, 
fruits, and nuts have assumed a role of major importance in this sub
basin. Processing plants for agricultural and forest products are lo
cated in most of the subbasin's urban centers. 

Many low hills are scattered throughout this subbasin. Some of this 
hill land is still wooded, although much of it is being cultivated or 
supporting orchards. 

Salem, the state's capital, is located in this subbasin. Other cities 
of note include Eugene, Springfield, Albany, Corvallis, and Oregon 
City. 

Subbasin No. 6-0oastal 
The watersheds of all streams draining to the, Pacific except the 

Umpqua and Rogue represent this subbasin. Dominating this sub
basin are forested headlands which rise close to the ocean shore and 
marine terraces interspersed with sandy beaches and dune areas. The 
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only truly level areas are the coastal lowlands such as the Tillamook 
Plain, the marine terraces and the bottom lands along the coastal riftl'B. 

The Coast Range is not a lofty range, reaching its highest elevation 
of 4,097 feet at Marys Peak near Corvallis, Oregon. 

Annual precipitation averages 60-80 inches near sea level and more 
than 80 inches inland, with wet winter months and dry sommer months. 
The frost-free season is long, 250-300 days ; and the marine inftaence 
keeps temperatures moderate. 

Near the coast, forests of hemlock, spruce, and cedar are inte�ned 
with smaller tracts of grassland, brush and cleared land. Tnland, 
Douglas fir predominates often with an understory of hardwoods. 
Large "burns" such as occurred near Tillamook in 1933 and logging 
operations have greatly altered the character of these forests. 

Settlements consist of small towns generally located in coastal val
leys. They mostly serve forest industries, fishing or tourism. The 
coastal lowlands provide green pastures of great importance to the 
dairy industry. Coos Bay is the largest city in this subbasin. 
Subbasin No. 7-Umpqua 

The watershed of the Umpqua River represents this subbasin. This 
is an area of rugged topography with the majority of the land undulat
ing and forest-covered. Douglas fir is the primary species. 

The climate, which has a definite west to east pattern, is charac
terized by dry, warm summers and mild, moist winters. Direct factors 
in local climatic differences include the distance from the coast, eleva
tion, and exposure. Interior basins receive less precipitation, have 
shorter frost-free seasons, more sunshine and greater annual ranges 
in temperatures than coastal areas. 

Forestry and tourism are the dominant economic factors. Settle
ments are concentrated in the valleys, basins and isolated coastal low
lands. Roseburg is the largest community in this subbasin. 
Subbasin No. B-Rogue 

The drainage basins of  the Rogue River and its tributaries represent 
this subbasin. This watershed is rugged and forested with the only level 
areas located along the banks of the river. 

The climate of this subbasin is similar to that of the Umpqua sub
basin. Summers are warm and dry, winters are wet and moderate. 
Distance from the ocean and elevation have a direct factor in the cli
matic pattern. Less precipitation, shorter frost-free seasons, more sun
shine and greater annual ranges in temperature occur in the interior. 

Douglas fir is the dominant species. Some hardwoods can be found 
in the some humid areas. 

Forestry, agriculture and tourism are all important to the economy 
of this subbasin. Irrigation is practiced throughout the interior. Of 
note are the specialty crops including pears and apples. 

Medford, Grants Pass, and Ashland are the principal urban centers. 
Agricultural RegioW3 

Six agricultural regions have been identified in Oregon by the State 
Department of Agriculture. Figure 91 shows their geographic rela
tionship to the eight drainage subbasins. The numbers and the dashed 
lines on the maps represent the subbasins ; the agricultural regions are 
named and have a solid line boundary. 
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Principal products of these agricultural regions are listed as follows : 

Coastal and Lower Columbia : Dairying, beef, mink, cranberries, 
nursery crops, vegetables, small fruits and seeds. 

Willamette Valley : Diversified crops and livestock ; nursery 
crops, seeds, poultry, vegetables, berries, and tree fruits. 

Southern Oregon : Pears, sheep, dairy and beef cattle, seeds, and 
mint. Jackson County is a famous pear area. 

Columbia Basin : Wheat and barley, fruits, beef, green peas. 
Hood River County is a major apple and pear area. 

Snake River Basin : Beef, dairying, row crops, grain, hay, hops, 
and some mint. 

South Central : Beef, dairying, hay, potatoes and grain. 

ExiSTING WATER RESOURCE DEVELOPMENTS 

Oregon's water resources have always been viewed as a means of 
attracting new industry and aiding in the diversification of industrial 
production. As early as 1914, Oregon's undeveloped water power re
sources were being studied. In the early 1930's the Federal Government 
constructed Bonneville Dam on the Columbia River. This dam, to
gether with other Federally constructed dams built on the Columbia 
and the Willamette, was multipurpose. Navigation of ocean-going 
vessels to as far upstream as The Dalles was made possible by the locks 
at Bonneville and channel improvements. Hydroelectric power gen
erated by Bonneville was made available in 1938 to industry, private 
utilities, and public agencies through the Federal power marketing 
agency, the Bonneville Power Administration. As additional Federal 
power projects were completed, their generated power was marketed 
by the Bonneville Power Administration. The availability of sub
stantial amounts of low cost power brought to Oregon new manu
facturing plants which produced aluminum, ferro-alloys, steel, 
chlorates, and calcium carbide. 

Other functions including irrigation, flood control, municipal and 
industrial water supply, fish and wildlife conservation and enhance
ment, recreation and water quality control are also served by many 
of these projects. 

In recent years most of the water resource developments have been 
analyzed as multiple-purpose projects. All state and Federal agencies 
coordinate their efforts to provide as many project fun0tions as possible 
and to obtain maximum benefits from all of these functions. 

A summary of existing major water resource developments in Ore
gon is presented in the following paragraphs under the headings of 
irrigation, recreation, navigation and flood control. Information on 
power and municipal and industrial water supply is presented else
where in this report. 

IRRIGATION 

Agriculture as an industry followed fur trading in the state of 
Oregon. It developed as a self-sufficient enterprise ; each family raised 
the food and fiber to meet their own essential needs. Even so, limited 
trading and marketing began during this period. 
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The economic progress of Oregon has historically received its major 

contribution from agriculture. During Oregon's first 75 years of state
hood, agriculture employed more people than any other activity. 

One of the developments that .has made a major contribution to the 
productivity of Oregon farmland is irrigation. This practice dates 
back to 1852 when Jacob Wagner in Jackson County diverted water 
from a creek to irrigate his garden. This type of simple creek diversion 
has grown into the present-day multiple-purpose project with its com
plex storage, distribution and drainage system. The U.S. Census of 
Agriculture reports the growth of irrigation by decades as follows : 

Census year 
1890 ______________ _ _ ____ _ 

1900 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  � - - - - -
1910 _________________ _ _ _ _ 

1920 _ _ _ _ _____ ___________ _ 

t Available data not comparable. 

Oregon land irrigated 
Acres 
177, 944 
388, 310 

(') (') 

Census year 
1930 __________ __________ _ 

1940 ____ _ _ _ _ _ _ __________ _ 

1950 __________ _ _ _ _ _ _ _ _ _ _  _ 

1960 ___ _ _ _ _ _ ____________ _ 

Acres 
637, 967 

1, 030, 228 
1, 306, 810 
1 ,  384, 284 

The 1964 Census of Agriculture estimates that approximately 
1,607,600 acres of land were Irrigated in that year. 

From the 1850's to the 1890's, irrigation development was, for the 
most part, carried out by individuals and small groups through simple 
diversion from creeks and smaller streams. 

To increase productivity in the arid areas east of the Cascades, 
farmers and the Federal Government have actively supported irriga
tion projects. The Carey Act of 1894 donated arid land to the states 
with the condi.tion ·that they settle, irrigate, and cultivate it. Most of 
the Carey Act lands in Oregon have been reclaimed. With few excep
tions, deeds have been issued to the settlers who entered land under 
its provisions. 

The original Carey Act projects in the central Oregon area have been 
completed. With completion of the few pending projeots, a historical 
and colorful chapter m the reclamation, cultivation and settlement of 
the central Oregon area will draw to a close. 

The economic impact of the 1902 Federal Reclamation Act on the 
state of Oregon has been recognized by the Legislative Interim Com
mittee on Agriculture in its November 1966 report to the Governor and 
the 54th Legislative Assembly which stated : 

An agency having had a long and important history of activity in the develop
ment of major water resource orojects in Oregon is the Bureau of Reclamation. 
In its 60-year history, Oregon projects completed represent a total capital 
investment of about $100,000,000. 

The Federal Reclamation Act provided for the appropriation of 
receipts from the sale and disposal of public lands in certain states 
and territories into a special fund. This money was to be used for 
survey, construction, etc. of irrigation systems for the reclamation 
of arid land in those states. Early projects studied included Malheur, 
Umatilla, Klamath, and those m central Oregon in the Deschutes 
River Basin. 

The Oregon Surface Water Code of 1909 governed the appropria
tion of the surfa.ce waters of the state of Oregon. This water Code set 
forth a procedure for determining and recording the rights to the 
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beneficial use of the surface waters within the state which were initiated 
prior to February 24, 1909. 

The doctrine of appropriation provides that the first in time is the 
first in right to the extent of the quantity of water which has been 
applied to beneficial use. Subjects of most concern among the water 
users include : relative date of priority, quantity of water, use to which 
the water has been applied, and the land to which said water is 
appurtenant. 

Streams of approximately 70 percent of the area of the state have 
been adjudicated. However, the streams remaining to be adjudicated 
are in the areas of greatest :population concentration. Most of the 
Willamette River Basin remams to be adjudicated. Other areas re
quiring adjudication include the remainder of the Klamath River 
Basin and all the coastal stream systems except the Rogue. 

A legal right for an appropriation of ground water initiated after 
August 3, 1955, can be estabhshed only through beneficial use under 
the provision of a ground water permit issued by the State Engineer. 
A ground water permit is not required for ( 1 )  stock water purposes ; 
(2) watering of lawn or non-commercial garden not exceeding liz 
acre in area ; (3)  single or group domestic purposes in any amount 
not exceeding 15,000 gallons per day ; and ( 4) any single mdustrial 
or commercial purpose in an amount not exceeding 5,000 gallons per 
day. 

Table 45 presents a summary of permits as of June 30, 1966. 

TABLE 45.-Summary of permits as ot June .'JO, 19()6 
Summary of applications for permits : 

Pending at the beginning of the biennium__________________________ 2, 355 
Filed during the biennium : 

To construct reservoirs and store 531,911.19 acre-feet____ 521 
To appropriate 172,193.31 acre-feet of stored water only 

.
and 4,!96.18 cubi� feet per second from surface sources, 
Including reservoirs _________________________________ 1, 739 

To appropriate 734.30 cubic feet per second from ground 
water sources______________________________________ 530 2, 790 

Total in process during biennium________________________ 5, 145 
Total applications approved__________________________ 3, 191 

Total application rejected or withdrawn ______________ _ 290 3, 481 

Total pending at close of biennium-------------------------- 1, 664 

Summary of permits issued : 
To construct reservoirs and store 41,670.97 acre-feet_______________ 262 
To appropriate from surface water sources, including reservoirs 

1,370.17 cubic feet per second and 34,724.99 acre-feet of storage for 
irrigation purposes and 298.35 cubic feet per second and 2,202.75 
acre-feet for all other uses ____________________________________ 1, 586 

To appropriate from ground water sources 421'.12 cubic feet per sec-
ond for irrigation purposes and 131.83 cubic feet per second for all 
other uses---------------------------------------------------- 510 

To construct and maintain stock water ponds by the Federal Govern
ment on lands administered under the Taylor Grazing Act with 
a total capacity of 1,199.09 acre-feeL--------------------------- 833 

Total permits issued---------------------------------------- 3, 191 
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Summary of certificates of water rights issued : 

A total of 1,698 certificates were issued in evidence of water rights per
fected in accordance with the terms of the permits, summarized as follows : 

To store 22,052.13 acre-feet. 
To appropriate surface water, including storage : 

496.311 cubic feet per second and 7,761.35 acre-feet for irrigation 
of 32,334.23 acres. 

12,856 cubic feet per second for municipal, stock, a n d  domestic. 
28.83 cubic feet per second for manufacturing. 
183.99 cubic feet per second for fish culture. 
6.615 cubic feet per second for power, mining and other uses. 

To appropriate ground water : 
213.794 cubic feet per second for irrigation of 18,439.73 acres. 
45.04 cubic feet per second for all other uses. 

Source : 31st biennial report of the State engineer. 

Since 1913 the State of Oregon, through the State Engineer, has 
given extensive cooperation regarding investigations by the Bureau 
of Reclamation of projects in Oregon. In that year, the Legislature 
appropriated a $50,000 revolving fund to the State Engineer to be 
used in cooperation with the Federal Government. 

Investigations under this .Program ended in 1943, when the Legis
lature enacted legislation stipulating that any moneys paid into the 
revolving fund be turned over to the State Treasurer, and together 
with any moneys remaining unexpended, become a part of the General 
Fund. 

The Legislatures in 1933, 1935, 1937, 1939 and 1945 made additional 
funds available to the State Engineer to be matched on a dollar-for
dollar basis with the Federal Government for the investigation of 
the Baker, Brogan, Willamette Valley, Grande Ronde Valley, Rogue 
River Watershed and Goose Lake Projects, respectively. 

As a direct result of the State's participation in these programs, 
many irrigation projects were approved and constructed. 

Table 46 presents a listing of the operating irrigation projects con
structed as a result of this cooperative program . 

.. TABLE 46.-0PERATING I RRIGATION PROJECTS RESULTING FROM OREGON'S COOPERATIVE PROGRAM 

Name of project Description of works l rrigable 
acres 

Burnt River I rrigation District_ _ _ _ _ _ _ _ _ _ _ _ _ _  Unity Reservoir_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ 20,000 
Eagle Point I rrigation District. _ _ _ _ _ _ _ _ _ _ _ _ _ _  Distribution system_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  10, 000 
Lower Powder River I rrigation District_ _ _ _ _ _ _  Thief Valley Reservoir _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - __ -- _ _ _ _ _  - - - - - 7, 281 
North Unit I rrigation District _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Wickiup Reservoir and distribution system _____ - - - - - - - - - _ _  50,000 
Ochoco I rri�ation District_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Ochoco and Prineville Reservoirs and distribution system... 18, 185 
Owyhee I rngation District__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Owyhee Reservoir and distribution system _ _ _ _ __ __  _ __ __ 49, 543 
Silver Lake I rrigation District__ _ _ _ _ _ _ _ _ _ _ _ _ _  Thompson Valley Reservoir and distribution system____ _ _ _ _  2, 616 
Summer Lake l rri�ation District. ___ _ _ _ _ _ _ _ __ Ana River diversion works and distribution system _ _ _ _ _ _ _ _  2 ,  522 
Talent I rrigation District_ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Keene Creek, Emigrant, Hyatt Reservoir, Howard Prairie Lake 14, 316 

and d istrib·,tion 'Y'tem. 
Vale-Oregon I rrigation District_ _ _ _ _ _ _ _ _ _ _ _ _ _  Agency Valley and Warm Springs Reservoirs and distribution 34, 993 

system. 
Warm Springs I rrigation District_ _ _ _ _ _ _ _ _ _ _ _  Warm Springs Reservoir and distribution system _ _ _ _ _ _ _ _ _ _

___ 
I8
_

,
_
39

_
8 

Total acres. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  227, 854 

Note: Warm Springs Reservoir constructed by Warm Springs Irrigation District and half interest sold to Vale-Oregon 
I rrigation District. Although no appropriations have been made for several years, many of the projects initiated under the 
cooperative program are still being investigated by the Bureau, or being considered for future development. 

Source: 31st biennial report of the State engineer. 
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In 1955 Oregon Legislative Assembly created the State Water Re

sources Board to serve as the "single state agency to guide the develop
ment of the water resources of the state and to secure maximum bene
ficial use and control of the state's water resources for all purposes." 
The Board is composed of seven members appointed by the Governor. 

Responsibilities of this board include inventory and studies of 
existing water resources, and present and future uses leading to the 
progressive formulation of a state water resources policy. The board 
IS also devising plans and programs for development of, and to en
courage, promote, and secure the maximum beneficial use of the state's 
water resources. 

Other activities include reviewing Federal project proposals ; par
ticipating in Federal flood control projects ; holding hearings and 
rendering decisions upon water use conflicts ; and serving as a coordi
nator between local, state, and Federal water use plans, programs, 
and projects. The board approves applications for and carries on 
flood plain identification studies and is responsible for identifying 
and studying methods of augmenting use of future reservoir sites. 
They represent the state on certain compacts or agreements authorized 
by the Legislature concerning the state's water resources. 

According to the 1964 U.S. Census of Agriculture, every county in 
Oregon had some irrigated cropland and some irrigated pasture. Table 
47 shows a county breakdown of the number of irrigated farms, the 
percentage of irrigated farms to all farms, and the irrigated acreage. 
Figure 92 illustrates the geographic layout of the intensities of irri
gated farms as a percentage of all farms. 

TABLE 47.-I RRIGATED FARMS AND IRRIGATED LAND IN FARMS, 1964 

I rrigated I rrigated 
County I rrigated farms as Irrigated County I rrigated farms as Irrigated 

farms percent of land (acres) farms percent of land (acres) 
all farms all farms 

Baker _ _ _ _ _ _ _ _ _ _ _  643 87. 4 126, 511 lane _ _ _ _ _ _ _ _ _ _ _ _ 854 29. 5 25, 734 
Benton _ - - - - - - - - - 203 23. 7 13, 000 lincoln _ _ _ _ _ _ _ _ _ _  30 6. 0 859 
Clackamas _ _ _ _ _ _ _  540 13. 1 12, 572 Linn _ _ _ _ _ _ _ _ _ _ _ _  656 27. 0 27,337 
Clatso�- - - - - - - - - - 13 2.  7 209 Malheur_ - - - - - - - - 1, 663 95. 7 231, 1 51 
Colum ia _ _ _ _ _ _ _ _  82 7. 1 2, 539 Marion _ _ _ _ _ _ _ _ _ _  I ,  342 39. 6 59, 447 
Coos _ _ _ _ _ _ _ _ _ _ _ _  298 28. 2 8, 756 Morrow ____ _ - - - - - 206 60. 9 16, 131 
Crook _ _ _ _ _ _ _ _ _ _ _  291 89. 5 64, ?QQ Multnomah _ _ _ _ _ _  180 19. 6 5, 157 
Curry _ _ _ _ _ _ _ _ _ _ _  59 22. 4 I, 763 Polk _ _ _ _ _ _ _ _ _ _ _ _  205 16. 6 9, 921 
Deschutes _ _ _ _ _ __  727 93. 8 44,482 Sherman ___ _ _ _ _ _ _  29 13. 1 I, 395 
Douglas _ _ _ _ _ _ _ __ 526 27. 4 14, 379 Tillamook ___ _ _ _ _ _  83 11. 6 2,816 
Gilliam _ _ _ _ _ _ _ _ _ _  49 26. 3 4, 438 Umatilla _ _ _ _ _ _ _ _ _  992 66. 0 56, 082 
Grant _ _ __ _ _ _ _ _ _ _ _  215 76. 2 45, 893 Union _ _ _ _ _ _ _ _ _ _ _  333 41. 5 39, 431 
Harney _ _ _ _ _ _ _ _ _ _  210 75, 3 140, 186 Wallowa _ _  - - - - - - - 366 69. 7 45, 524 
Hood River__ _ _ _ _ _  608 94. 9 18, 756 Wasco _ _ _ _ _ _ _ _ _ _ _  276 46. 1 19, 184 
Jackson _ _ _ _ _ _ _ _ _  1, 147 73. 7 50, 795 Washington _ _ _ _ _ _  496 20. 1 15, 937 
Jefferson _ _ _ _ _ _ _ _  360 85. 3 55, 012 Wheeler _ _ _ _ _ _ _ _ _  76 58. 9 7, 934 
Josephine ___ _ _ _ _ _  591 71. 8 16,871 YamhilL _ _ _ _ _ _ _ _ _  386 18. 8 19, 218 
Klamath _ _ _ _ _ _ _ _ _  884 82. 5 255, 505 
lake _ _ _ _ _ _ _ _ _ _ _ _  250 72. 9 148, 534 State totaL _ _ _ _  15, 869 39. 9 1, 607, 677 

Source: 1964 U.S. Census of Agriculture. 

Subbasin No. 1-0losed Lakes 
Approximately 68 percent of all farms in this subbasin were classi

fied as irrigated farms in 1964. The total acreage irrigated in this sub
basin in 1964 is estimated to be 262,000 acres. 

The livestock industry is the most important agricultural activity 
and thousands of acres of rangeland are used in tlns enterprise. Many 
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areas are irrigated ; some use ground water as a source. Hay, alfalfa, 
and wheat are the principal crops grown. 

The irrigated lands are for the most part located around the lakes 
and along the streams feeding into these lakes. In the northern part of 
this subbasin, an increase in irrigated acreage has recently occurred ; 
here ground water is the primary source. 
Subbasin No. 2-Klamath 

Slightly more than 87 percent of all the farms in the subbasin were 
classified as irrigated farms in the 1964 census, making this the leading 
subbasin in the state in terms of intensity of irrigation. Approximately 
253,000 acres were irrigated in that year. Most of the irrigated lands 
lie along and between the Lost and Klamath Rivers. 

Potatoes are the single most important crop grown in this subbasin ; 
Klamath County had more than 20,000 irngated acres in this crop. 
Irrigated pasture and grain production help to make beef production 
also important to the subbasin's economy. 

The Bureau of Reclamation's Klamath Project is located, in part, 
in this subbasin. The remainder of the project is in northern Cali
fornia. A system of storage reservoirs, diversion dams, pumping 
plants, canals, and laterals provides water to irrigate more than 200,-
000 acres, the majority of which is in Oregon. Principal crops are 
pota,toes, grain, alfalfa, small seeds, vegetables, and pasture. 
Subbasin No. 3-Snake 

The Snake River Subbasin, with 79 percent of its farms classified as 
irrigated farms, is the leading subbasin in terms of total irrigated 
acrea�e. According to the Census of Agriculture, in 1964, 473,000 acres 
were Irrigated in this subbasin. 

Irrigated pasture and grains and large areas of non-crol?ped range
land make livestock production important to this subbasm. Four of 
the ten leading beef counties in Oregon are within its boundaries. 
Other irrigated crops include potatoes, sugar beets, sweet corn, peas, 
onions, seeds, and tree fruits. 

In the northern portion of this subbasin, in Union and Baker 
Counties is the Bureau of Reclamation's Baker Project. The irrigated 
lands lie along the Powder River. Thief Valley Dam and Reservoir 
provides a water supply to serve these lands. 

Presently under construction is the Upper Division of the Baker 
Project. When this construction is completed, 18,000 acres will be 
served either a full or supplemental water supply from storage in 
Mason Dam and Reservoir . .  

Also in Baker County, south of the Baker Project, is the Burnt 
River Project. Its primary feature, Uni.ty Dam and Reservoir, pro
vides a water supply for lands along the Burnt River. 

The Owyhee Project, located in Malheur County and in Idaho, 
serves water to more than 115,000 acres, of which 85,000 are in Ore
gon. These lands lie west of the Snake River. Owyhee Dam and 
Reservoir plus a system of canals, la.terals, and pumping plants are 
the principal facilities. 

Northwest of the Owyhee Project in Harney and Malheur Counties 
is the Vale Project. Storage facilities and a distribution and drainage 
system furnishes water to nearly 35,000 acres of land'. 
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A small portion of the Boise Project is located in Oregon where 

the Snake River makes its big bend to the north and is entirely within 
Oregon. About 1,700 acres of irrigated land are located in this area. 

Subbasin No. 4-0olumbia 
The Columbia River subbasin, with nearly 55 percent of its farms 

classified as irrigated farms, had 342,000 acres irrigated in 1964. Areas 
of intensive irrigation include lands along the Umatilla, John Day, 
and Deschutes Rivers. 

A wide variety of agricultural products are grown in this subbasin. 
Some of the Pacific Northwest's finest dryland wheat is produced in 
Gilliam, Morrow, Sherman, and Wasco Counties. In addition to wheat, 
other grains are produced. The areas of noncropped rangeland and 
the irrigated pasture make the production of livestock also economi
cally important. 

The major winter-pear producing area in Oregon is in Hood River 
County. Approximately 14,000 acres of these orchards are irrigated. 
Wasco County is the nation's number one producer of sweet cherries. 
They are produced on irrigated orchards near The Dalles and Mosier. 
In the Hermiston-Stanfield area the domestic irrigated crops include 
corn, alfalfa, and melons. Around Milton-Freewater apples, prunes, 
and cherries are the leading irrigated cror.s. 

The Bureau of Reclamation's Umatilla Project, in Morrow and 
Umatilla Counties, furnishes water to 31,000 acres. Principal facilities 
include storage dams, diversion dams, and a system of canals. 

The Dalles Project pumps water from the Columbia River into a 
pipe distribution system to provide a full water supply to 3,170 acres 
and a supplemental supply to 2,250 acres of land adjacent to the City 
of The Dalles in Wasco County. 

Storage on Clear Creek in Wasco County provides a water supply 
for the 2,100 acres of the Wapinitia Project lying between the Des
chutes and White Rivers. Pasture, alfalfa, and wheat are the principal 
crops grown. 

The Deschutes Project is in Crook, Deschutes, and Jefferson Coun
ties. Project lands are in the vicinity of Madras. Principal features 
include thP following dams and reservoirs : Wickiup, Haystack, and 
Crane Prairie. A distribution system of canals and laterals is also 
provided. Potatoes, clover seed, wheat, barley, oats, alfalfa, and vege
tables are the leading crops produced on the more than 99,000 acres in 
this project. 

The majority of the Crooked River Project's 20,000 acres lie north 
and west of Prineville. New works include Prineville Dam and Reser
voir, a diversion dam, canals, and two pumping plants. The existing 
OchO'CO Dam was rehabilitated. Principal crops are clover seed, al
falfa seed, alfalfa hay, potatoes, wheat, barley, and oats. 

Storage on Crescent Creek provides a water supply for the 6,650 
acres of the Crescent Lake Dam Project northwest of Bend. This proj
ect, originally developed by private interests, was rehabilitated by the 
Bureau of ReclamatiOn in 1956. The Arnold Project, southeast of 
Bend, is also a private development for which the Bureau of Reclama
tion constructed a diversion and distribution system. 
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Subbasin No. 5-W illamette 

Approximately 25 percent of the farms in the Willamette subbasin 
are Irrigated. In 1964 there were 182,000 acres being irrigated, most 
of it by sprinklers. 

The development of irrigation in this subbasin is a recent venture. 
In 1929 there were only 4,250 acres being irrigated. Thus, in 35 years, 
irrigated acreage has increased more than 175,000 acres. Nearly all 
of this has been developed on an individual farm basis with private 
financing. The early "project-ty�" developments were of two varieties : 
( 1 }  a group of farmers orgamzing into a nonprofit organization or 
(2) speculative ventures by compames or partnerships. 

Pasture, seed production, orchards, small fruits and vegetables, and 
specialty crops are the leading agricultural i].Ctivities. Intensive cran
berry. strawberry, and vegetable cropping is practiced throughout the 
subbasin. Many of the canners and packers will not contract for a 
farmer's crop unless that crop is irrigated. Irrigated pasture is being 
used by an expanding livestock industry. Poultry production is also 
important. 
Subbasin No. 6-0oastal 

Of the farms in the Coastal subbasin, 15 percent were classified as 
irrigated in 1964. In that year there were 13,000 acres being irrigated. 

Most of the farms in this subbasin are located on the river bottom 
land areas and the adjoining open hill lands. The leading crops are 
forage, horticultural specialties, and cranberries. 

Coos County is the location of the most intensive irrigation in 
this subbasin. It is one of Oregon's leading dairy counties ; irrigated 
pasture and forage crops help it to assume this leadership. Another 
leading dairy county is Tillamook, both for fluid milk and cheese 
production. 

The specialty crop industry in this subbasin is rapidly expanding. 
Principal examples include holly, bulbs, other nursery and greenhouse 
products, ·and farm-type forest products. 
Subbasin No. 7-Umpqua 

In the Umpqua subbasin, nearly 27 percent of the farms were irri
gated in 1964. The Census of Agriculture estima·tes that 14,000 acres 
were irrigated in that year. 

Commercial pear produotion is important in this subbasin. Prunes, 
apples, peaches, cherries, walnuts, ·and filberts are also raised ; irriga
tion plays an important role in their production. Specialty crops such 
as canteloupe, cauliflower, and vegetable seed are gaining in Import
ance to this subbasin. Most of these fruit, nut, and vegetable crops are 
sprinkler irrigated. 

Most of the irrigation in this subbasin is centered near Roseburg 
on the rainshadow side of the Coast Range. 
Subbasin No. 8-Rogu.e 

The 70 percent of the farms in this subbasin classified as irrigated 
had 69,000 irrigated acres in 1964. Fruits, forage, and pasture are the 
leading agricultural products ; irrigation has a principal role in their 
production. 

This subbasin is the home of the world famous Rogue Valley pears. 
Peaches, apples, and cranberries are also important. 

121-829 {}---69--27 
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The Bureau of Reclamation rehabilitated the Grants Pass Project 

during 1949 through 1955. This irrigation project was built by private 
interests in 1920. Principal project features include the Savage Rapids 
Diversion Dam on the Rogue River and a system of pumping plants, 
canals, pipelines, and laterals. Approximately 10,300 acres near the 
city of Grants Pass are furnished irrigation water. Principal crops are 
alfalfa, clover, pasture, bulbs, hops, and vegetables. 

The Rogue River Basin Project is designed to rehabilitate and im
prove the Irrigation facilities of three irrigation districts in the vicinity 
of Medford. Rehabilitation has been completed on Fourmile Lake 
Dam, Fish Lake Dam, and the Main Canal. 

The Talent Division of this project provided for the construction 
of Howard Prairie Dam, Keene Creek Dam, Agate Dam, Green 
Springs Powerplant, and an enlarged Emigrant Dam. The existiJJ.g 
distribution system was enlarged and extended. Approximately 24,000 
acres are served a supplemental water supply. Tree fruits, specialty 
crops, and hay and pasture are the leading crops. 

SOURCE OF WATER 

Most of the irrigated land in Oregon receives its water supply from 
surface sources, either from diversion of natural streamflows or stor
age. Ground water pumping is prominent in four general areas : ( 1 )  
the Klamath subbasin, near Klamath Falls ; (2 )  the Snake subbasin 
in Cow Valley, Baker Valley, and La Grande Valley ; (3)  the Colum
bia subbasin, near Milton ; and ( 4) in the Willamette subbasin north 
of Salem. Table 48 shows the amount of ground water and surface 
water irrigation in each of the subbasins for 1959. 

TABLE 48.-IRRIGATED ACREAGE, 1959, BY SURFACE AND GROUND WATER 

Subbasin 

I. Closed Lakes _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . .  _ _ _  _ 

2. Klamath _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

3. Snake _ _ _ _ _ _ _ _ _ _ _  - - - - _ - - - - __ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

4. Columbia _ _ _ _ _ _  . _ _ _ _  . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

5. Willamette _ _ _ _ _ _ _ _ _  - - _ _ _  - - - - _ _  -- _ _ _ _  - _ _  . _ - -- _ _ _ _ _ _  - - - _ _ _ _  - - - - - -

6. CoastaL _ _ _ _ _ _ _ _  . _ _ _ _ _ _ _  . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . _ _ _ _ _ _ _ _ _ _ _ _  _ 

�: ��������: : : : :::: :: :�:::: :�:: :��: :� ::::: ::::::::: :: :: :::: : :::: 
State totaL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - _ _ _ _ _  . _ _ _ _ _ _  _ 

Source: U.S. Census of Agriculture, 1959. 
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I,  384, 000 

Figure 93 and table 49 present information regarding the major 
existmg dam and reservoir developments in the State. To help with 
identification on the map and table, the dams and reservoirs have been 
geographically segregated by subbasin starting with subbasin No. 1,  
Closed Lakes. 

The State of Oregon through its State Engineer has an active pro
gram in both surface and ground water observation as well as a co
operrutive program with the U.S. Geological Survey. During the 1968 
water year, the State Engineer's office operated 142 gaging stations 
and 161 additional stations were maintained in the cooperative pro
gram to monitor surface flow and aid in the distribution of water. In 
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TABLE 49 . .-.AJOR EXtSTIHG. IRRIGATION, DAM, ANO RESERVOIR DEVELOPMENTS 
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TABLE 6.-MAJOR EXISTING IRRIGATI<*, DAM, AHO RESERVOIR DEVELOPMENTS 
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1932 Thiel Valle� Oam and Reservoir . .  
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. Powder River . . 
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the cooperative work there were 42 wells to observe characteristics of 
ground water aquifers. Table 50 presents the distribution of these 187 
gaging stations and 829 wells operative in the 1964-66 biennium by 
drainage subbasin. A more detailed discussion of wruter resources in 
Oregon is presented in the section beginning on page 325. 

TABLE 50.--GAGING STATIONS OPERATED BY STATE ENGINEER AND OBSERVATION WELLS OPERATED UNDER 
THE COOPERATIVE PROGRAM WITH THE U.S. GEOLOGICAL SURVEY 

Subbasin Ga�ing 
statiOns 

Wells 

I. Closed Lakes ___ _ _ _ _ _ _ _  - - - - - - - - - - _ _ _ _  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ _ _ _ _ _ _  14 169 
2. Klamath _ _ _ _ _ _  - - - - - - - - _ _ _ _ _ _ _ _ _  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ...  10 57 
3. Snake .. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - - __ .. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ _ _ _  . 38 81 
4. Columbia _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 71  186 
5. Willamette __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - - - - _ _ _ _ _ _ _ _  - - - - -- - - - - - - - - - - - - - - .. . 15 278 
6. CoastaL.. _ _ _ _  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0 34 
7. Umpqua . . • .  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ _ _ _ _ _  . . . .  _ _ _  0 7 
8. Rogue . . . . .. . . . . . . . . .. . . . .  _ _ _ _ _ _ _ _  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 9 17  

State totaL. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  --
-

1
-
87

--
-8,.,-29 

NAVIGATION AND FLOOD CONTROL 

From the beginning of its modern history, the State of Oregon has 
been oriented toward trade. At first, this was domestic, involving 
lumber and foodstuffs carried by sailing vessel to the California gold 
rush market. Shortly, however, vessels were serving the Hawaiian 
Islands, and in 1868 the first shipment of grain to the United Kingdom 
pioneered a trade that has kept the Columbia River in the forefront 
of export tonnage on the U.S. West Coast. 

Portland, as the trade and distribution center for the Oregon 
territory, became the State's earliest shipping center. Astoria, Coos 
Bay and other river and coastal harbors soon followed, thriving 
largely on flour and lumber shipping. 

The first port established in the state waR the Port of Portland, 
created in 1891 by an act of the Oregon Legislature. Twenty-five port 
agencies serve the state today. The oldest is the Port of Portland 
Commission, the youngest the Marion-Salem-Polk Port Agency. 

Seven of Oregon's ports are located on the Columbia River above 
the head of deep-draft navigation. These inland ports largely serve 
as grain storage terminals for loading of river barges for transport 
downstream to deep-water ports. Petroleum storage facilities also 
are provided at several upstream ports ; this commodity is received by 
barge from Portland. 

In recent years, industrial land development has become a major 
activity of several upriver ports and some coastal and lower Columbia 
River districts. Attractive plant sites adjacent to plentiful water sup
plies and low-cost industrial power from run-of-the-river dams, have 
lured a number of industries to these ports. 

Some three-quarters of the total outward water commerce of the 
state is lumber or forest products and agricultural commodities. Of 
the latter, grain forms the largest tonnage item. At the present time 
general cargo shipping between Oregon and California ports is prac-
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tically nil. However, approximately 6,000,000 tons annually of pe
troleum products are brought into Portland by tankers from Southern 
California. Intercoastal shinping has almost disappeared ; most car
goes move by land to San Francisco Bay for transshipment to East 
Coast ports. 

River traffic, principally grain downstream and petroleum, cement, 
and structural steel upstream, is trending slowly upward. Because of 
the easy water grade offered by the damming of the Columbia River, 
port districts such as Umatilla, Arlington, and The Dalles have be
come major grain distribution centers. Downstream, Portland, and 
the neighboring cities of Vancouver, Kalama and Longview in Wash
ington, are major grain export harbors. The Columbia River ports 
have ranked first for many years as the Pacific Coast's leading grain 
export centers. Coos Bay, because of the proximity of forests and 
timber processing nlants, now ranks as the leading lumber export har
bor of the United States. 

Typical growth of Portland harbor during the last several years 
is shown by a comparison of 1956 and 1965 export grain, up from 
47,593,147 to 97,102,000 bushels ; fresh fruit increased from about 1,200 
tons to more than 35,000 tons in the same period. Substantial exports 
of logs to Japan have added to the economy of Oregon ports, particu
larly Coos Bay, Astoria, and Portland. 

Total dollar value of waterborne commerce, reported by the Oregon 
Custom District for 1965 through the Oregon Coastal ports and those 
on the Columbia River, including Vancouver, Kalama, and Longview, 
Washington, was : 
Exports ( domestic and foreign ) -------------------------------- $484, 880, 669 
Imports ( domestie and foreign ) -- - ----------------------------- $170, 353, 994 

The Oregon Legislature has directed the State Water Resources 
Board to represent the state in Federal flood control projects. The 
Federal law requires that the state's participation include the following 
assurances : 

1. Provide without cost to the United States all lands, easements, 
or rights-of-way necessary for the construction of the project ; 

2. Hold and save the United States free from damages due to 
the construction works ; and 

3. Maintain and operate all the works after completion in ac
cordance with regulations prescribed by the Secretary of the 
Army. 

The State Water Resources Board cannot, at present, carry out state 
participation in Federal flood control projects because of the Attorney 
General's ruling that to "hold and save" the United States free from 
damages due to the construction works would be in violation of the 
Oregon Constitution. This matter has been presented to the Constitu
tion Revision Commission and other legislative committees many times. 

The Board is also directed to maintain Federal flood control projects 
subsequent to construction ; however, to date no funds have been appro
priated for this purpose by the Legislature. 

In the absence of legal authority to provide these assurances the 
Board has given assistance in the establishment of local districts to 



416 
sponsor bank protection and other water control measures throughout 
the state. 

The Board also performs flood plain identification studies when re
quested by local governmental units such as cities or county courts. 
These studies provide basic information which is necessary for local 
governments in developing effective land use planning. 

The Federal Government's flood control and navigation program 
is carried out primarily by the Corps of Engineers. This agency is 
charged with the public civil works program to control, regulate and 
improve river and harbor resources, to administer the laws pertaining 
to the preservation of navigable waters, and to plan, construct, and 
operate works for flood control and water resource conservation and 
development. Existing flood control and navigation projects of the 
Corps of Engineers are presented in their report, "Water Resources 
Development, by the U.S. Corps of Engineers in Oregon, January 
1967." Locations of these projects and a summary of each are presented 
in figure 94 and table 51, respectively. 

The Watershed Protection and Flood Prevention Act, Public Law 
566, authorizes the Secretary of Agriculture to cooperate with statf>P 
and local agencies in the planning and carrying out of works of Uh 
provements for soil, conservation and for other purposes. The Statt 
Engineer has been designated to represent Oregon on all matters pet· 
taining to this Act. As of November 1966, 47 applications for assistance 
had been accepted. Nineteen projects were in various stages of plan
ning and eight had been approved and were being installed as of that 
date. Figure 95 and table 52 present a summary of these Public Law 
566 programs. 

At the beginning of the 1964-66 biennium a Watershed Planning 
Division was started with the State Engineer's office. Initially this 
Division was engaged in activating stream gaging stations and precip
itation recording stations in watersheds partially or wholly devoid 
of hydrologic history. 

This Division also made a channel and flood plain study of the 
McKay-Rock Creek Watershed in Washington County. Included in 
this study was a survey of the stream channel and flood plain and 
potential damsites and hydraulic backwater profiles for flood flows. 
Other watersheds will be studied in the future. 

RECREATION 

Having more than 300 miles of rugged, scenic coastline, the snow
capped peaks of the Cascade Range, other mountains, including the 
Coastal, Siskiyous, Blue and Wallowas, great expanses of basin and 
range country and many miles of crystal-clear rivers and streams make 
Oregon a major outdoor recreation area. 

Oregon has many nationally known tourist attractions. Crater Lake 
is one of the most spectacular and beautiful lakes in America. Other 
beautiful lakes include Diamond, Waldo, Wallowa and Anthony. 
Some of the largest and most spectacular rivers to be found in North 
America are located in or on the border of Oregon. Included are the 
Columbia, Willamette, Snake, Rogue, McKenzie, Umpqua, Deschutes 
and John Day. 
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Map 
No. Subbasin 

TABLE 51.-FLOOD CONTROL AND NAVIGATION PROJECTS COMPLETED (OTHER THAN STORAGE) 

Name Principal features 

FLOOD CONTROL PROJECTS 

Year 
come 
pleted 

Remarks 

1 Snake __ _ _ _ _  - · _  Malheur River at Vale _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Channel enlargement and levees • • • • .  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1961 Protect city of Vale. 
2 _ _ _ _ _  do _ _ _ _ _ _ _ _  Malheur Improvement District. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Levees _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1957 Protect 500 acres of farmland and an arterial highway. 
3 Columbia ••• _ _  • Umatilla River at Pendleton _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Levees and channels __ _ _ _ _ _ _ _ _ _  . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1959 Protect city of Pendleton. 
4 _ _ _ _ _  do _ _ _ _ _ _ _ _  Sandy Drainage District. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Levees, toe drains _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1954 Construction, reinforcing. 
5- _ _ _ _ _  do _ _ _ _ _ _ _ _  Multnomah County Drainage District No. !. _ _ _ _ _ _ _ _ _ _ _ _  Levee reinforcement, toe d rains, tide box _ __ _ _ _ _ _ _ _ _ _ _  1962 Do. 
6 _ _ _ _ _  do _ _ _ _ _ _ _ _  Rainier Drainage District. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Levees, toe d rains, pumping plants _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1964 Do. 
1 _ _ _ _ _  do _ _ _ _ _ _ _ _  Lower Columbia bank protection _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Construction of bank protection works. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Construction still underway. 
8 _ _ _ _ _  do _ _ _ _ _ _ _ _  Woodson Drainage District.. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Drains, pumping plants _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1963 Construction, rei nforcing. 
9 _ .  _ _ _  do _ _ _ _ _ _ _ _  Lower Columbia Diking and Drainage District. .  _ _ _ _ _ _ _ _ _  Levees and revetments, canals _ _ _ _ _ _ _  - - - - - - - - - - - - - - _  Construction, rehabilitation. 

10 _ _ _ _ _  do _ _ _ _ _ _ _ _  Sauvie Island areas A and B _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Levees, d rains, pumping plants, tide box _ _ _ _ _ _ _ _ _ _ _ _ _  1962 Construction, reinforcing. 
11 Willamette •••. _ Willamette River Basin flood protection _ _ _ _ _ _ _ _ _ _ _  - - -- - Bank protection and channel clearing _ _ _ _ _ _ _  - - - - - - - - - 1967 Project 91 percent complete. 
12 _ _ _ _ _  do _ _ _ _ _ _ _ _  Amazon Creek _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Channel improveiJlents and linings _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1959 Reduce flood damages 1n Eugene. 
13 CoastaL _ _ _ _ _ _ _  Mill Four Drainage District.. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Levees with tidegates _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1948 Flood protection. 
14 _ _ _ _ _  do _ _ _ _ _ _ _ _  Nehalem River. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - - - - - - - - - - - - - - .  Levees . •  _ _ _ _ _ _ _ _  - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1951 Construction, rehabilitation. 
15 Umpqua __ _ _ _ _ _  Umpqua River and tributaries _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Revetments, levees, dikes, channel clearing __ _ _ _ _ _ _ _ _ _  1951 Do. 

NAVIGATION PROJECTS 

16 Columbia _ _ _ _ _ _  Columbia River between Celilo Falls and Kennewick, Channel improvements and maintenance _ _ _ _  - - - - - - - - - - - - - - _ _ _  Soon to be slack water channel. 
Wash. 

17 __ . . . do _ _ _ _ _ _ _ _  Columbia River between Vancouver and The Dalles • .• __ Channels, boat basins, small boat harbors, breakwaters _ _ _ _ _ _ _ _ _  31900,800 tons of traffic, 1964. 
18 _ _ _ _ _  do •• __ • • •  _ Oregon Slough. _ _ _ _ _ _ _ _ _  - - - - - - - - - - - - - - - - - - - - - - - - - - - - Dredging and maintaining channeL •• _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1914 6ol}OO tons in 1964. 
19 _ _ _ __ do _ _ _ _ _ _ _ _  Multnomah ChanneL . - - - - - -- - - - - -- - - - - - - - - - - - - - - - - - - Channels and  log removaL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1935 l,Oul,800 tons in 1964. 
20 _ _ _ _ _  do _ _ _ _ _ _ _ _  Clatskanie River_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Navigation channeL-- - - - - - - - - - - - - - - - -- - - - - - - - - - - - 1924 89,900 tons of traffic. 
21 _ _ _ _ _  do _ _ _ _ _ _ _ _  Youngs Bay and Youngs River. • • •  - - - - - - - - - - - - - - - - - - - - - - ---do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _  1939 1,152.400 tons in 1964. 
22 _ _ _ __ do _ _ _ _ _ _ _ _  Skipanon ChanneL • • •  - - - - - - - -- - - - - - - - - - - - --- - - - - - - - - Channels, turning and mooring basins _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1957 205,500 tons in 1964. 
23 CoastaL _ _ _ _ _  Nehalem Bay _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Jetties, channel stabilizations • • •  - - - - - - - - - - - - - - - - - - - - 1918 
24 _ _ _ _ _  do _ _ _ _ _ _ _ _  Tillamook Bay and Bar_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Channels, jetties, basins, and dike __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1958 47,600 tons in 1964. 
25 _ _ _ _ _  do _ _ _ _ _ _ _ _  Salmon River _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Removal of dangerous rock _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1948 

�! : : : J�::::: ::: ����!�����·;r-.�:� ��:r:_:_: �:::: :::::::::::::::::::::::: ��:1�n�i��r
������!t ������-::::::::: :::::::::::::: m: 

29 _ _ _ _ _ do .• _ _ _ _ _ _  Coos Bay _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  • • • •  - - - - - - • • •  Jetties, channels, basins • • • •  _ _ _  - - - - - - - - - - - - - - _ _ _ _ _ _ _  1956 
30 _ _ _ _ _  do _ _ _ _ _ _ _ _  Coos and Millicoma Rivers •• _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Channel improvements and stabilization _ _ _ _ _ _ _ _ _ _ _ _ _ _  1966 
31 _ _ _ _ _  do _ _ _ _ _ _ _ _  Coquille Rive'--- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Jetties and snagging _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1933 
32 _ _ _ _ _  do _ _ _ _ _ _ _ _  Chetco River__ _ _ _ _ _ _ _ _ _ _ _  -- - - - - - - - - - - - - - - -- - - _ _ _ _ _ _ _  Jetties and d redging _ _ _ _ _ _ _ _ _ _  - - - - - - - - - - _ _ _ _ _ _ _ _ _ _ _  1957 
33 Umpqua _ __ _ _ _ _  Umpqua River_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Jetties, channels, basins, wave gage _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1964 
34 _ _ _ _ _  do  _ _ _ _ _ _ _ _  Smith River _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Channel and  passing place • • _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1956 
35 Rogue _ _ _ _ _ _ _ _ _  Rogue River Harbor at Gold Beach •• _ _ _ _  - - - - - - - - - - - - -- - _  Jetties, channel, turning basin • • • •  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1965 

38.000 passengers in 1964. 
584,200 tons in 1964. 
168,000 tons in 1964. 
Project being modified. 
5 ft. deep, 50 ft. wide. 
308,300 tons in 1964. 
Project being modified. 
669, 600 tons in 1964. 
291,300 tons in 1964. 
84, 300 tons in 1964, 61, 700 passengers in 1964. 
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TABLE 52.-WATERSHED APPLICATIONS FOR ASSISTANCE UNDER PUBLIC LAW 566 (WATERSHED PROTECTION AND FLOOD PREVENTION ACT), OREGON, NOVEMBER 1966 
)Symbols are defined as follows : FP-Fiood Prevention; LT-Land Treatment; !-Irrigation; MI-Municipal-l ndustrial Water; 0-Drainage; WTC-Water Table Control; R-Recreation; FW-Fish and 

Wildlife; WQ-Water Quality) 

Subbasin 
Map 
No. Watershed 

Area I (acres) County I 

Closed Lakes • • • • . . •  I I I Thomas-Cottonwood I 207, 522 Lake _ _ _ _ _ _ _ _ _ _ _  

Creeks. 
Snake . • .  _ _ _  . _ _ _  ---- 1  2 I Succor Creek _ _ _ _ _ _ _ _ _ _ _  130,637 Malheur 

(Oregon). 

� I ���::n��!������::::::: l 105, 000 Owfrhee (Idaho) 8�::: : : : : : : : : : : 1 247, 000 M a  heur.. • • • • . .  

202, 240 • . . . •  do _ _ _ _ _ _ _ _ _  

Baker _ _ _ _ _ _ _ _ _ _  

Do • • •  - - - · - - - --- � 5 1 North Powder River • • • • • •  l 1 17, 760 • . • . •  do • • • • • • • • •  

6 Wolf Creek _ _ _ _ _ _ _ _ _ _ _ _ _  106, 240 Union _ _ _ _ _ _ _ _ __ Do _ _ _ _ _ _ _ _ _ _ _ _ _  

Do ___ _ _ _ _ _ _ _ _ _ _  7 Big Creek • • •  - - - - - - - · · · ·  181, 000 Baker • • • • • • • • • .  

Union • . • • • • • . • •  

120, 000 00 • • • • • • • . . • • • •  1 8 1 Pine ValleY- - - - - - - - - - - - - � Baker.. • • • • • • • •  

Do • • . • • • • . . • • • •  9 ,  Elgin. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  192, 160 Union • • • • • • • • • •  

Columbia • . • • • •  - - - - - 1  10 I Hudson Bay • • • • • . . • • • • •  \ 112, 000 Umatilla • • • • • • • •  

Do ••• • - - - - - - - - - � 11 I Tutuilla Creek • • • •  ------ � 40,000 . • • • •  do • • . . • • • • •  

Do • . • . • • • • . . • • •  12 Birch Creek • . • • • • • • • • . . •  186, 000 • • • • •  do • . • • • • • • •  

Union 
Do • • . . . • • • • • . . •  1 3  Butter Creek _ _ _ _ _ _ _ _ _ _ _ _  231, 600 Umatilla • • • • • • • •  

Morrow •••• • • • • •  

I Date 
Sponsors application Purposes included 

received 

lakeview SWCD _ _ _ _ _ _ _ _  ------ 1 Feb. 20, 1958 I FP-LT-1-MI-FW-R 
lake County 
City of lakeview 
Adrian SWCD (Oregon) 
Owrrhee SCO (Idaho) Apr. 27, 1959 1 FP-LT-1-R 
Ma heur swco _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  June 9, 1955 FP-LT-1 

• . . . .  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Apr. 8, 1964 FP-LT-1-D-FW 
Burnt River SWCD 
Orchard Water Co. 
Powder Valley WCD • • • • . • . • • • • •  Mar. 15, 1955 1 FP-LT-1-R 
Baker Valley SWCD 
Union County SWCD • • • • • . . . . • • • . • • •  do _ _ _ _ _ _ _  FP-LT-1-R 
Powder Valle WCD 
Keatin� swoL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Dec. 20, 1961 FP-LT-1-R-FW 
Union WCD 
Big Creek WCD 
Eagle Valley SWCD. __ - -------- � June 19, 1958 1 FP-LT-1-R-FW 
Pine Valley WCD 
Elgin swco ... . . . . . . . . . .. . . .. . June 15, 1963 FP-LT-1-R-FW 
South Umatilla SWCD 
Union SWCD 
East Umatilla swco _ _ _ _ _ _ _ _ _ _ _  Apr. 12, 1962 FP-LT-1-R-FW-MI-WQ 
Hudson Bay District Improve-

ment Co. 
South Umatilla SWCD • • • • • • • • • •  Mar. 27, 1958 FP-LT-R-FW 

• • • . •  do . • • • • • • • • • • • • . • . • . • • • • .  Aug. 3, 1955 FP-LT-1-MI-R-FW 
Heppner S.WCD . . • • • . • • • . • . • • • •  Jan. 28, 1966 FP-LT-1-FW-R 
West Umatilla SWCD 
Southern Umatilla SWCD 

l h  
:W 1)_  � il  :s: .. c( --

I X 

I �  
1 :  
1 :  
I X  

1 :  

Status of projects , ..,  :a.s �� .., 
·�5 .., � .. a: 0 .. ..  • !:! ... :!·!:! ·�:§ .. � E c: O  8 .!! 0 --.c: = - - :5  :: til  " "' c -el i!  �= .. ..  � 0.. a: = --------
X - � - - - - - -- -- -
I X 1 - - - - - - j - - - - - - 1 -�--- - -�---- - -�:. (I) 

1 :  ! _: _ _ _ _ ! _�- - - -

1 :  � -�---- , ...... 
I X  , _ _ _ _ _ _  , _ _ _ _ _ _  

1 -�- ---1 -�- - -r·---- ---- - - - - - - - --- ---
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Do __ _ _ _ _ _ _ _ _ _ _ _  , 14 1 Little Butter Creek _ _ _ _ _ _  , 

Do _ _ _ _ _ _ _ _ _ _ _ _ _  1 5  Rhea Creek. _ _ _ _ _ _ _ _ _ _ _ _  

Do _ _ _ _ _ _ _ _ _ _ _ _ _  1 6  Rock Creek. _ _ _ _ _ _ _ _ _ _ _ _  

Do ___ _ _ _ _ _ _ _ _ _ _  1 7  Lonerock-Six Mile 
Creeks. 

Do _ _ _ _ _ _ _ _ _ _ _ _ _  1 8  Trout Creek. _ _ _ _ _ _ _ _ _ _ _  

Do.-- - - - - - - - - - - 1  19 I Fifteen Mile Creek.--- - - - 1 

Do • • •  - - - - - - - - - - � 2 0  I Middle Fork of Hood I River. 
Do _ _ _ _ _ _ _ _ _ _ _ _ _  21 Oak Grove _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Do _ _ _ _ _ _ _ _ _ _ _ _ _  22 Fairview Creek _ __ _ _ _ _ _ _ _  

�:::: : : : : : : : : : 1 2 3  / Rainier Drainage District_ 
24 Skipanon River__ _ _ _ _ _ _ _ _  

WillaiJ'.���
-
-�::: : : : : : 1 25 / West Fork Dairy Creek. _ _  

26 McKay-Rock Creek _ _ _ _ _ _  

Do • • . . .  - - - - - - - - � 27 1 North Yamhill Rive'------ � 
Do _ _ _ _ _ _ _ _ _ _ _ _ _  2 8  Chehalem Valley _ _ _ _ _ _ _ _  

Do _ _ _ _ _ _ _ _ _ _ _ _ _  2 9  Fanno Creek _ _ _ _ _ _ _ _ _ _ _ __ 

Do _ _ _ _ _ _ _ _ _ _ _ _ _  l 30 I Upper Pudding River.. . • • [ 

See footnotes at end of tablf>. 

55, 000 1 Umatilla _ _ _ _ _ _ _ _  Heppner SWCD. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I _ _ _ _ _  do • . • . . . .  l FP-LT-1-FW-R X 
Morrow _ _ _ _ _ _ _ _  West Umatilla SWCD 

Southern Umatilla SWCD 
146, 800 _ _ _ _ _ do . . _ _ _ _ _ _ _  He�pner SWCD_ _ _ _  _ __ _ _ _ _  _ _ _ _  _ Aug. 27, 1963 FP-LT -1-R-FW X 
244,987 Gilliam.- - - - - - - - Gil iam SWCD. _ _  _ _ _ _ _ _ _  _ _ _ _  _ _ _  July 13, 1962 FP-LT-1-R-FW X 

Wheeler _ _ _ _ _ _ _ _  Hoepner SWCD 1 81, 468 Gil�aheele
_
r 

___ _ _ _ _  Gil iam swcD _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  do_ _ _ _ _ _ _  FP-LT-1-R-FW_ _ _ _ _ _ _ _ _  x 
183, 640 Jefferson _ _ _ _ _ _ _  Trout Creek SWCD _ _ _ _ _ _ _ _ _ _ _ _  May 29, 1959 FP-LT-1-R-FW • • • • • •  --- X ����;sg�.��uy;�D 
239,000 I WasC0-- - - - - - - - - 1 Central Wasco SWCD ••• - - ------ 1  Apr. 18, 1965 I FP-LT-1-MI-R-WQ-FW • .I X 

Hood River North Wasco SWCD 
Hood River SWCD 
South Wasco SWCD 

40, 500 Hood River _ _ _ _ _  Hood River swco _ _ _ _ _ _ _ _ _ _ _ _ _  Apr. 29, 1959 1-LT-R-FW _ _ _ _ _ _ _ _ _ _ _ _ _  I X 
Middle Fork Irrigation District 

20, 000 _ _ _ _ _  do _ _ _ _ _ _ _ _ _  ���� ���=� �'Wi��tion District. _  • . July 13, 1962 LT-1-FP-R _ _ _ _ _ _ _ _ _ _ _ _ _  X 
13, 602 Multnomah • . . • •  East Mu ltnomah SWCD _ _ _ _ _ _ _ _ _  Oct. 5, 1963 FP-LT-MI-D-R-WQ _ _ _ _ _  X 

Section Line Drainage District 
Multnomah Drainage District 

3, 087 Columbia_ _ _ _ _ _ _ Clatskanie swco _ _ _ _ _  -- - - - - -- - Mar. 20, 1955 FP-LT -D _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  X 
10, 480 Clatsop _ _ _ _ _ _ _ _ _  Warrenton Dune SWCD _ _ _ _ _ _ _ _ _  Apr. 29, 1958 FP-LT-R-FW • . .  - -- - - -- - X 

Cia sop County 
Skipanon WCD 

50, 000 Washington • • _ _ _  Washington SWCD •. __ - - - - -- - - - Sept. 28, 1956 FP-LT-1-R-FW-WQ _ _ _ _ _ _  X 
90, 000 _ _ _ _ _  do _ _ _ _ _ _ _ _ _  Washington County SWCD _ _ _ _ _ _  Dec. 11 , 1961 FP-LT-1-MI-R-FW-WQ •• X 

Multnomah _ _ _ _ _  McKay Creek WCD. 
Washington County 
Multnomah County 
Tualatin Hills Park and Recrea-

lion District. 
City of Beaverton 
City of North Plains 
Sauvie Island SWCD 

125, 000 I Yamhill . . . .  - - - - � Yamhill County SWCD---- - - - - - - � July 30, 1956 1 FP-LT-1-MI-R-FW-WQ I �  36, 800 _ _ _ _ _  do _ _ _ _ _ _ _ _ _  Yamhill County SWCQ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  do _ _ _ _ _ _ _  FP-LT-1-MI-R-FW-WQ 
22, 800 Washington _ _ _ _ _  Washington County SWCD _ _ _ _ _ _  Aug. 4, 1966 FP-R-D-LT-1-WQ 

Multnomah. - - - - Sauvie Island SWCD 
Clackamas _ _ _ _ _ _  South Clackamas SWCD 

City of Beaverton 
City of Tigard 

243, 000 I Marion _ _ _ _ _ _ _ _ _  ! Mount Angel swco _ _ _ _ _ _  - - ---1 Mar. 20, 1961 I FPW��-1-MI-R-FW- I X 
Clackamas _ _ _ _ _ _  Santiam SWCD 

Silver Creek SWCD 

I � - • - -- I  • • - • •  • I - • •  • • •  

X , - -- - - - ,- - -- - -
X - - - - - - - - - -- -
X - - - -- - - - - - --
X - -- - - - - -- - --

1 - - - - - - · - - - - - - · - - - - - -1
-
�
- - -
f::::[ ::: I X  

_�_ . . . � .��- - -

X 
X 

X 
X X 

I X 

, - - - - -r--- -X --- - - - - - - ---
- -- - - - - - - - - - - ---- -

I X , _ _ _ _ _ _  , _ _ _ _ _ _  

I �) � ..... 



TABLE 52.-WATERSHED APPLICATIONS FOR ASSISTANCE UNDER PUBLIC LAW 566 (WATERSHED PROTECTION AND FLOOD PREVENTION ACT), OREGON, NOVEMBER 196&--Continued 

(Symbols are defined as follows: FP-Fiood Prevention; LT-land Treatment; 1-lrri�•tion; MI-Municipal-lndustrial Water; a-Drainage; WTC-Water Table Control; R-Recreation; FW-Fish and 
Wildlife; WQ-Water Quality( 

Subbasin 

Willamette-Con. 
Do _ _ _ _  _ 

Do _ _ _ _ _ _ _ _ _ _ _ _  _ 

Do _ _ _ _ _ _ _ _ _ _ _ _  _ J 
Do _ _ _ _ _ _ _ _ _ _ _ _  _ J 

Do _ _ _ _ _ _ _ _ _ _ _ _  _ J 

Map 
No. 

31 

32 

Watershed 
Area 

(acres) County Sponsors 
Date 

application 
received 

Purposes included .. c ..,  i� 
�g < 

Status of projects 

�a: �-:a c�  ·;§ :g g  ·e:; := till) 
��  a. 

-g c.o·� ·2:5 c :o  .. ..  
0:: 

... .;! 0. 
E 8 c £ 

ci 
�-� ="" .f!'; l'l '"  

1--1 I I ·-·-·-·--

little Pudding River _ _ _ _ _  [ 36, 246 I Marion _ _ _ _ _ _ _ _  _ Mount Angel SWCD _ _ _ _ _ _ _ _ _ _ _  _ 

Santiam SWCD 
May 12, 1955 FP-LT-WTC _ _ _ _ _ _ _ _ _ _ _ _  I (') (3) <•> I <•> (3) 

Silver Creek SWCD 
lake Labish WCD 

Mill Creek·- - - - - - - - - - - - - 1 •• 45, 000 l . . . . .  do _ _ _ _ _ _ _ _  _ Santiam swco _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Silver Creek SWCD 
Oct 30, 1961 FP-LT-1-R-WQ- ---- - - - -1 X X 

Beaver Creek WCD 
Santiam WCD 
City of Stayton 
City of Turner 

33 1 Beaver Creek . - - - - - - - - - - � 19, 940 l • . . . .  do _ _ _ _ _ _ _ _ _  

34 Grand Prairie _ _ _ _ _ _ _ _ _ _ _  27,700 I linn _ _ _ _ _ _ _ _ _ _ _  

City o f  Aumsville 
Santiam swco _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Silver Creek SWCO _ _ _ _ _ _ _ _ _ _ _  _ 

Beaver Creek WCO _ _ _ _ _ _ _ _ _ _ _  _ 

Linn County _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Mar. 21, 1958 

June 5, 1964 

FP-l T -1-R-FW I X 
FP-LT-1-D-WQ-MI I X 

X X I X X 
X 

35 I Lower Amazon and 48, 880 
I 

lane __ _ _ _ _ _ _ _ _ _  

Flat Creek. Benton _ _ _ _ _ _ _ _ _  

City of  Albany 
City of Lebanon 
East linn SWCD 
linn-lane SWCD 
Grand Prairie WCD 
North Lane swco _ _ _ _ _ _ _ _ _ _ _ _  _ 

Benton SWCD 
Mid-Lane SWCD 
Upper Willamette SWCD 
Lane County 
Benton County 
Amazon WCD 

Dec. 31, 1961 FP-LT-1 I X X X I X X 

� 



8�:: : : : : : : : :::: 1 36 1 Mohawk Rive'-· · - - - - - - - 1 
37 Willakenzie Area • •  _ _ _ _  . .  

Oo . . • . .  - - - - - - - - 1  38 I Rattlesnake Creek • • • • • •  - I 

Do . . . . . . •  - - - - - - � 39 1 Cloverdale • • • • •  - - - - - - - - - � 
Do •• • • • • . . • • • • •  40 Lynx Hollow Creek • • • • • •  

DO--- - - - - - - - - - - 4 1  Camas Swale Creek. _ _  . •  

D o  _ __ _ _ _ _  - - - - - � 42 1 Coyote-Spencer Creeks_ - � 
Do _ _ _ _ _ _ _ _ _ _ _ _ _  43  Upper Long Tom River. . .  

CoastaL . . • . •  _ _ _ _ _ _  44 Upper Nehalem River . . . •  
Do _ _ _ _ _ _ _ _ _ _ _ _  4 5  Lake Creek _ _ _ _ _ _ _ _ _ _ _ _ _  

Umpqua _ _ _ _ _ _  - - - - - - 1 46 I Sutherlin Creek- - - - - -- - - 1 

Rogue • • • • • . _ _ _ _  -- - - 1 Do _ _ _ _ _ _ _ _ _ _ _ _  

47 1 Deer Creek • .  - - - - - - - - - - - 1 
48 Bear Creek _ _ _ _ _ _ _ _ _ _ _ _ _  

1 Suspended. 
•Terminated. 

City of Eugene 
City of Junction City 
Junction City WCD 
River Road Water District 
Santa Clara Water District 

125, 000 I Lane _ _ _ _ _ _ _ _ _ _ _  , Upper Wil lamette SWCD _ _ _ _ _ _ _ _  , Oct 12, 1960 I FP-LT-1-D 
16, 700 • • • . .  do • . • • •• • . . • • . . .  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Feb. 24, 1958 FP-LT I �  l ·x· · -·nc-Ti<"- - - �  x 

Lane County 
McKenzie WCD 
City of Springfield 
Rambow Water District 
City of Eugene 

6, 200 l • . . . .  do • • •  ------ 1 Upper Willamette SWCD . •• • . . . .  I Apr. 15, 1964 I FP-LT-1-D-R I X I X 1 --- - --1- - - - --
Willamette-Aider Creek lm-

provement District. 
Lane County 
Lane County 

11, 720 _ _ _ _ _  do _ _ _ _ _ _ _ _ _  Upper Willamette SWCD • • • • . • • •  Aug. 6, 1956 FP-LT-1 (') (') 3) (') I (3) 
22, 775 1 _ _ _ _ _  do _ _ _ _ _ _ _ _ _  l Upper Willamette SWCD _ _ _ _ _ _ _ _  I Mar. 31, 1964 1 FP-LT-1-D-R I X I X � - - - --- � - - - ---

Creswell WCD 
27, 900 . . . • •  do • . . • • • •  -- Upper Willamette SWCD _ _ _ _ _ _ _  Dec. 18, 1963 FP-1-D-LT-WTC-R-WQ X X - - - - - - ------

Mid-Lane SWCD 
Lane County 
City of CreswelL 

_ _ _  _J 60, 800 � - - - - -do • • • . . . • • .  Mid-Lane SWCO _ _ _ _ _ _ _ _ _ _ _ _ _ _  Jan. 31, 1955 FP-L T -1-D-WQ X X -- - - - -
60, 760 _ _ _ _ _  do •.. . • • _ _ _ _ _ _ _  

.do. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Feb. 4, 1955 FP-LT -1-R-FW-WQ X X 
229,000 Columbia___ _ _ _ _  Clatskanie SWCD . .. . . . _ _ _ _ _ _ _  • Apr. 13, 1956 FP-LT -1-M 1-R-FW-WQ X - - - - - - - - - - - - - -- - - -

Washington . . . .  -
144, 600 Lane _ _ _ _ _ _ _ _ _ _ _  Siuslaw SWCD. - - - - - - - - - - - - - - - Feb. 17, 1966 FP-1-LT -R-D-FW X - - - -- - - - - - - - - -- - --

Benton _ _ _ _ _ _ _ _ _  Mapleton Water District. • . . . . . •  
Port of Siuslaw 
Lane County 
Benton SWCD 
North Lane SWCD 
City of Florence I X 28, 960 I Douglas • . . • .  - - - 1  North Douglas SWCD. - - - - - - - - - 1 May 20, 1957 I FP-LT-1-M I-R-FW I X I X I X I 
City of Sutherlin 
Sutherlin WCD 

X 
Douglas County 

I �  I �  � -�- - . . 1 . -�'�- - r <'> 
60, 800 I Josephine • • . • • .  , lllinois Valley SWCD _ _ _ _ _ _ _ _ _ _ _  I Nov. 24,1954 1 FP-LT-1-R 

234,930 Jackson _ _ _ _ _ _ _ _  Rogue SWCD • • . . . . . . . • • • . . . . . •  June 26,1957 FP-LT-1-D-WTC-WQ 
City of Ashland 

a Project completed. 

� 
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Each river has its own principal attractions. White water boat trips 

are famous on the Rogue, Snake and McKenzie rivers. Great dams 
line the Columbia River ; here also is the famed Columbia Gorge and 
Multnomah and Horse Tail Falls. The mile-deep Hells Canyon is the 
highlight of the Snake River. 

Recreation activities are third in the economic picture, behind lum
bering and agriculture. In 1960, income from tourist travel was Bsti
mated to be $170 million. The 1965 estimated total expenditure for 
tourism was $250,460,000. Figure 96 shows the income from tourism 
over the period 1940 to 1965 with an estimate for 1970. 

The majority of Oregon's people live in the Willamette Valley. 
A wide variety of recreational activities are available to them. Within 
a short time of three to four hours one can be on the coast, doing, among 
other things, beachcombing or surf-fishing, or in the high mountain 
country hiking or camping. An excellent state and Federal highway 
system provides quick access to all the principal recreation areas in the 
state. Out-of-state visitors can reach Oregon by car, bus, train, or 
airplane. 

Salmon and steelhead fishing and big game hunting are of National 
interest. Many historical sites are associated with the Indians and west
ward expansion. Examples include Fort Astoria and Fort Rock Cave 
which have significant historical value. The following paragraphs list. 
the important existing recreation areas. 
Emisting Public Areas 

One national park, Crruter Lake ; a na.tional monument, Oregon 
Caves ; and a national memorial, Fort Clatsop, highlight the Federal 
recreation areas. Oregon has fifteen na.tional forests containing 15,-
7 41,971 a.cres. Included in these forests are more than 500 recreation 
areas, 17 winter sports areas, 10 wilderness, wild and primitive areas, 
the Oregon Skyline Trail (part of the Pacific Crest Trail system) 
and the lower part of the Rogue River Trail. 

In addition to the National Park Service, other Federal agencies 
administer recre3Jtion areas. The Oorps of Engineers administers rec
reational activities on certain of its reservoirs. The Fish and Wildlife 
Service handles the national wildlife refuges. The Bureau of Land 
Management manages recreation sites on Oregon and California re
vested railroad lands. 

Oregon enjoys the distinction of having the largest number of state 
park areas in the United States. The State Highway Department's 
State Parks and ReCreation Division is responsible for the develop
ment, operation, and maintenance of Oregon's State Parks. 
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Attendance at state parks increases annually. The following tabu

lwtion shows the figures for the period 1961-65. 

STATE PARK ATTENDANCE 

Day use 

1961_ _ _ _  - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - 11, 487, 126 
1962 _ _ _ _ _  - - - - - ------ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - -- 11, 570, 313 
1963 _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - 13, 014, 668 
1964 _ __ _ _ _  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 14, 256, 136 
1965 _ _ _ _  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 14, 784, 146 

Overnight 
camping 

708, 210 
842,408 
877,658 

1, 003,331 
1, 127,928 

Total 

12, 195, 336 
12,412,721 
13, 892, 326 
15,259, 457 
15,912, 074 

To meet the ever-increasing demand for outdoor recreation, the 
state of Oregon embarked on an accelerated land acquisition program. 
Eleven new parks were added, and as of June 1966 there were 200 
state parks and waysides in Oregon. Taking full advantage of Oregon's 
wealth of natural resources, 38 developed parks have frontage on the 
Pacific Ocean, 17 have lake or reservoir frontage, and 4 7 are located 
along rivers with many more on the banks of smaller streams_ There are 
32 parks with improved boat launching ramps, and over 60 developed 
parks offer water sports, including swimming, wading, and water 
skiing. Hiking trails are found in 27 parks, 11  parks feature water
falls, 30 offer spectacular viewpoints, 20 are of geologic interest, and 
18 are historically important. 

Sixteen county park departments have developed a combined total 
of more than 115 parks. Various communities have also developed non
urban parks. Timber companies and private power companies have 
provided recreation facilities on their lands and reservoirs. These are 
significant contributions to rthe state's overall recreation picture_ 

Fi�re 97 and table 53 present a subbasin breakdown of the major 
existmg starte, Federal and local recreational developments for Oregon. 

Two Indian Reservations provide annual recreational attractions of 
note. The Umatilla, Walla Walla and Cayuse Indians of the Umatilla 
Reservation in Umatilla County east of Pendleton are featured in the 
world-famous Pendleton Round-Up. Rodeo contests, parades, reenact
ments of Old West Indian pageants and dances are featured. Boating, 
water skiing, fishing, and other water sports along the Columbia River 
plus fishing and hunting on or near the reservation are principal 
recreation activities. 

On the Warm Springs Reservation in Wasco and Jefferson Counties 
the Walla Walla and Wasco Indians feature an annual Root Festival, 
an annual Huckleberry Festival, and ceremonial dances during 
Thanksgiving, Christmas, and New Years. Boating, camping, and fish
ing at Lake Simtustus plus fishing on the famous Deschutes and Meto
lius Rivers are highlights of the recrewtional activities near this 
reservation. · 
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TABLE 53.-RECREATION FACILITIES IN OREGON, EXISTING (AS OF 1963) 

Subbasin 

CLOSED LAKES 
I.  Malheur National Wildlife Refuge _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

2. Winema National Forest__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

3. Fremont National Forest_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

4. Booth Wayside . . . . . . . .  · - - - - - - - - · - - - - - - - -- - - - --- - - - - - - - - -
5 .  Chandler Wayside . . . .  · · - - - - - - - -- - - - - - - - - - - - - - - - -- - - - - - - -
6 .  Hart Mountain National Antelope Refuge _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
7. Charles Sheldon Antelope Refuge _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

KLAMATH 
I.  Gerber Reservoir· · · - - - - · - - · - - · · · - - · - - - - - - - - - - - - - - - - - - - - -
2 .  Winema National Forest ----- - - - · · - - - - - - - - - - -- - - - - - - - - - - -
3 .  Klamath National Wildlife Refuge _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

4. Crater Lake National Park _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

5. Topsy .... . . . . . . . . . . . . . . . . . . . . . . .. . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

6. Howard Prairie Reservoir ... . . . . . . . . . .  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  

7. Mountain Lakes Wild Area _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

8. Upper Kalamth National Wildlife Refuge _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

9. Jackson Fork Kimball State Park .. . . . .  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

10. Collier State Park .. . . . . . . . . . . . . . . . . . . . . . .  - - - - - - - - - - - - - - -
1 1 .  Lower Klamath National Wildlife Refuge _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

12. Klamath-Lakeview Wayside..... . . .  • .  _ . . . . . . . . . . . . . . . . . .  . 
SNAKE 

I. Wallowa Lake Wayside ... . . . . . . . . . . . . . . . . . .  · - - - - - - - - - - - - -
2 .  Eagle Gap Wilderness Area . . . . . . . . . . . .  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

3. Willowa Lake State Park _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

4. Willowa National Forest. . .. .. . . . . . . . .  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Acreage Type of use Activities 
----.--1----.---------.-----.---

., � "" c .; c ., J! '6 ""' .., � i i e ·;:: 
Total land I Watar surface I ., "" ., I � ;: c � c -£! � :g area c '? ., .. � c -g 

1 -:;; .. � ·e � I � c 
.. 0 ·;:: .!! � ·� � E � .;; � :;; .., !; c .. :5! "' " 'i .. {! :;: .. � 3: 3: 0 > 0 0:: <.> en ;;: :c z l----l------1--1 --·-- •--t--l--1--1--1--'--'-- '--'--'--

184, 872 56, 000 
908,963 M 

1, 254, 608 M 
311 � � � - - - --- -----

59 - - -- - - - - - - - - - -
240,664 --- -- -- -- - - -- -

628 - - --- - - -- - - - - -

100 5, 000 
908, 963 M 

15, 226 -------12;800-160, 290 
40 - - - - - - - - - -- -- -

1, 980 2, 000 
23,071 M 
15, 226 68, 200 

19 - - - - - - - - - - - - - -
199 - - - - - - - - - - - - - -

1, 340 - - - - - - - - - - - - - -
8 0  - - - - - - - - - - - - - -

21sJ!g � - - ---------1.1-� 
166 1, 600 

979,279 s 

X X X X X X X 
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5. Whitman National ForesL . • •  - - - - - - - - - - - - - - - - - - - - - - - - - - - -

�: �!Is.•:�;������ ��:: �=��������� ����:::::: : ::::::::::::: 
8 .  U nity Lake State Park. - - - - - - - - - - -------------------- - - --
9. Unity Forest Wayside· - - - - - - - - - - ------ - - -----------------

10. Farewell Bend State Park. - - - - - - - - - - - - - - - - - - - - - - -- - - - - - --
11. Owyhee lake State Park.- - - - -- - - - - --------- -- - - - - - - -----

COLUMBIA 
I.  Fort Stevens State Park _ _ _ _ _ _ _  --------- - -----------------
2 .  Fort Astoria Monumenl. • •  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

3 .  Fort Clatsop MemoriaL - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - -
4. Bradley Wayside.- - - - - - - - - - - - - - - - - - - --- - - - - - - -- - - - - - - - - -
5 .  Blue lake Park. - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - -
6 .  lewis and Clark State Park • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

7. Crown Point State Park • • • • •  _ _ _ _ _ _  ----- - - -- -- -- - - - - - - - - - -
8 .  Dabney State Park. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

George Joseph State Park • • • • • • • • •  - - - - - - - - - - - - - - - - - - - - - - 
Guy Talbot State Park. _ _  - - - -- -- -- -- - - -- - - ---------------

9 .  Shepherd's Dell State Park • •  - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

10. Benson State Park _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
John B. Yeon State Park- - - - - - - - - - - - - - - - - - - - - - - -- - -- - - - - -
Mcloughlin State Park _ _ _ _ _ _ _ _  • • • •  - - - - - - - - - - - - - - - - - - - - - - -

Ainsworth State Park . .  _ _ _ _  . - - - - - - ---------- - -- - - - - - - - - - -
1 1 .  Dodge Park . • • • •  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -- - - - - - - ------------ -
12. Lang State Park _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - -- -- - - - - - - - - - ----------
13. Mount Hood Wild Area _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
14. lindsey Creek State Park _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Seneca Fouts Memorial State Park _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Starvation Creek State Park _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
Viento State Park _ _ _ _ _ _  . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - - - - - - -
Wygant State Park _ _ _ _ _ _  . - - - - - - - - -- -- - - ---- -- - - - - - - - - - - -

15. Zibe Diminick State Park __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
16. Koberg Beach State Park _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
17. Mayer State Park. _ _ _ _  . _ _ _  • _ _ _ _ _ _  - - - - _ _ _ _  -- - - - - - -- - - - -- -
18. Celilo Park _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - -- - - - - ---- -- - - - - - - - - - - - - -
19. Hat Rock State Park • .  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

20. Cold Springs National Wildlife Refuge _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
21. McNary Reservoir_ . _ _ _  • _ _ _ _ _ _ _  -- - - - - - - - - - - ----- - -- - - - -- -
22. McKay Creek National Wildlife Refuge _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
23. Emigrant Springs State Park _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
24. Umatilla National Forest_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
25. Blue Mountain Forest Wayside _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
26. Battle Mountain Forest Wayside _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
27. Battle Mountain State Park _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
28. Ukiah-Dale Forest Wayside .• _ _ _ _ _ _  - - - - - - - - - - - - - - - - - - - - - - -
29. Whitman National ForesL _ _ _  . _ _ _  • • •  _ _ _ _ _ _ _  • _ .  _ _ _ _ _ _  • • •  - -
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TABLE 53.-RECREATION FACILITIES IN OREGON, EXISTING (AS OF 1963)-Continued 

Subbasin 

COLUMBIA-Continued 
30. Malheur National ForesL . • . . . . . . . . . . . . . . . . . . . . . . . • . . . . . .  

��: ��r���� �i�r.
s
�t�ie i>ari<.'�:: : : : : : : : : : : : :::: : : : : : : : : : : : : :: 

33. Cove Palisades State Park . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

34. E .  R . Corbett State Park . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 

��: ���h����
n
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_-_
-
_
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_
-
_
-
_-_-_

-
_-_-_-_·_·::_·:::�::::::::: 

37. John Day Fossil Bed State Park .. . . . . . . . . . . . . . . . . . . . . . . . . . 
38. Ochoco National Forest_ _ _ _  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

39. Ochoco Lake State Park ... . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . 

40. Prineville Reservoir Recreation Area ..... . . . __ .. . . . . . . . . . . -
41. Sisters State Park. ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

42. Cline Falls State Park .... . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . .  

43. Tumalo State Park . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .  44. Deschutes National Forest.. ..... . . . . . . . . . . . . . . . . . . . . . . . . .  

45. Robert Sawyer State Park . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

46. Shevlin Park .... . . . . . . . . . . . . . . . . . . ... .................. . 
47. Redmond-Bend-Juniper Way ____ _ _ _ _ _ _  . . . . . . . . . . . . . . . . . . . .  

48. Pilot Butte State Park _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . . . . . .  . 

49. Lava River Caves State Park ............................. . 

WILLA METTE 
I. Forest Park ...... . . . . . . . . . . . .. . . . . . . . . . . . . . . ... . . . . . . . . . 
2. Willamette Stone State Park ..... . . . . . . . . . . . . . . . . . . . . . . . . . 

3. Bald Peak State Park ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

4. Champoeg State Park ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
5. Clackamette Park . . . .  ------------------ ---------------- · 6. Eagle Fern Park ___ _ _ _ _ _ _ _ _ _ _ _  ......................... . .  

Acreage Type of use Activities 
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845, 880 
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117 - - - - - - - -- - - - - -1 ,  659, 380 - - - - - - - - - - - - - -
41 - ----------- - -

388 - -- - --- - - - - - - -635 ----- - - - - -- -- -101 ----- -- - - - - - - -23 - --- - - - - - - - - - -

3 , 366 --- - - - ----- - - -2 -- - - - ---- - - - - -26 - - - - - - - - - - - -- -159 --- - - -- - - - - -- -25 - - - - - - - - - - ----175 - - - - ----------
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7. North Fork, Eagle Creek • • • • •  - - - - - - - - - - - - - - - - - - - - - - - - - - - -
8. Mount Hood National Forest__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

��: ���fi� �!t•w;,
a
;s�.ie� : : : : : : : : : : : : :: : : : : : : :: : : : : :: ::::::: 

II.  Maude Williamson State Park ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _________ _ 
12. Holman Wayside • •  _ _ _ _ _ _ _  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
13. Silver Falls State Park. - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - -
14. Sarah Helmick State Park _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ 
15. North Santiam State Park • • .  - - - - - -

-
-
-
- - - - - ------ - - - -- - ---

16. Niagara Park _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - -- - - - - - - - - - - - - - - - - - -
17. Detroit Lake State Park _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ________ _ 
18. Mount Jefferson Primitive Area • • •  - - - - - - - - - - - - - - - - - - - - - - - -
19. Fishermans Bend. _ _ _ _ _ _ _ __ _ _ _ _ _ _ -- - - - - - - - - - - - - - - - - - - - - -
20. Yellowbottom _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - -- - - - - - - - - - - -
��: ����:�I: �f.��������·- �����:: : : : : : :: : : : : : : : : : : : : : : : : : : : : 
23. Mount Washin�ton Wild Area.- - - - - - - - - - - - - - - - - - - - - - - - - - - -
24. Willamette Nat1onal ForesL . - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
25. H. J . Morton State Park _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
26. J. B. Harris Wayside _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
27. Three Sisters Wilderness Area _ _ _ _ _ _ _ _ _ _ _  - - - - __ -----------
28. Dorris State Park ____ _ _ _ _ _  - - - - - - - - - - - - -- - - - - - - - - - - - ------
29. Armitage State Park ____ _ _ _ _ _ _ _ _ _ _  - - - - - - - - - - - - - - - - - - - - - - -
��: �VJ����3 ����\��i�_-_-_::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
n: �����::!���r=���ii��

:
_::: : : : :: : : : : : : : : :: :: :: :::::: ::: 

35. North Shore Recreation Area _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ 
36. Baker Bay Park ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
37. Cottage Grove Reservoir__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ 
38. Diamond Peak Wild Area ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

COASTAL 
Gearhart Ocean Wayside _ _ _  -- - - - - - - - - - - - - - - - - - - - - - - - - - -- -
.Ecola State Park • •  _ _ _ _ _ __ - - - - - - -- - - - - --- - - - - - - - - - - - -- - - -

3 .  Saddle Mountain State Park _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
4. Hug Point State Park •• - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - -
5 .  Oswald West State Park--- - - - - - - - - - - - - - - - - -- - --- - - - - - - - - -
6 .  Nehalem Bay State Park _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
7. Barview Wayside __ _ _ _ _ _ - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - -
8 .  Kilchis Park _ _ _ __ _ _ - - - - - - - - - - - - - - - - -- --- - - - - - - - - - - - - - - - -9 .  Wilson River Waysid•---- - - - - - - - - - - - - - - - - - - - -------------10. Sunset Highway Forest Wayside __________________________ _ 

II. Cape Meares State Park·--- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 2 .  Cape Meares Wildlife Refuge _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
13. Cape lookout State Park •• - - - --- _ _ _ _ _ _ _ _ -----------------
14. Van Duzer Wayside _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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TABLE 53.-RECREATION FACILITI ES IN OREGON, EXISTING (AS OF 1963)-Continued 

Acreage Type of use Activities 

-g � $ l!!' � !! "' � ,.. f Total land I Water surface I � � e ... 
� c l!!' ... l!!' ,;] � I � area c " :;; "' � 0 .,!. � � "' c l!!' ·e l!!' I � "" 0 c ·� � E � � ,.. � � "' :;; "i � :5! "' � " .!.! "' :i � Q 0 ... <>. :;: <..> "' "' ;;:: ::c z: 

Subbasin 

-----------------------l ·---- l-------l---1---l---1 ---1---1---1 ---1---1---1---1 ---1---1 ---'---
COLUMBIA-Continued 

15. Devils Lake State Park ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
16. ��fl!�

t
�::��y�1��

e
-��

r
�:: :::  :

· 

: : : : : :  :_ : : : : : :
- - - - - - - - - - -

17. Beverly Beach State Park _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
Rocky Creek State Park . • . . . . . . . . . . .  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

18. Devil's Punchbowl State Park _ _ _ _ _ _ _ _ _ _ _ _ _ _  "" _ _ _ _ _ _ _ _ _ _ _ _  _ 
19. Yaquina State Park ... _ _ _ _ _ _ _ _ _ _  • . • •  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
20. Lost Creek State Park. _ _ _ _ _ _ _ _ _ _ _  . _ _ _ _  _ 

Ona Beach State Park • . . . .  _ _ _ _ _ _ _  .• _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . 
Seal Rock Wayside .. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
South Newport State Park . . •  _ . . . . . . . . . . . • . • . . . . • . . . . . . .  _ .  

21 .  Beachside State Park . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . .  

Governor Patterson State Park . .  _ . . . . . . . • . . . . . . . . . . . . • . • . .  

22. w����e����:� r.�t�i��:: : : : :::::: : : : : : : : : : : : : : : : : : : :: : : :  
23. Yachats State Park • • • • • • • • . • . • . . . . .  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Yachats Ocean Wayside • . . . . . . . . . . . .  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
24. Neptune State Park . . . . . . . . . . . _ _ _ _  • • • • • • . • . . . . . . . . . . . . . •  

25. M. 0 .  Ponsler Wayside . . . . . . . . . • • . • . . . • . . . . . . . . . . . . • • • • . •  

26. Siuslaw National Forest. • . . . • • • . • . . . . . . . . . . . • . . • • • • • . . . . .  

27. Blachly Mountain Wayside . • . . . . . . . . • • • . • • • . • • • • . • . • . . . . . .  

28. Devil's Elbow State Park . . . . . . . . . • • • • . • . • . • . • . . . • . . . . • • • •  

29. 
b0a��i��to���

e
w��rJ!��

-
-:::::: : : : :: : : : : :: : : : : : :::::: :::: : 

30. Siuslaw Harbor Park .. . . • . • . • . . . . . . . . . • . • • • • • • • • • • • . • . . . .  
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110 M 
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80 - -- - - - - - - - - - - -

3 - - - - - - - - - - - - - -
9 · · · · · · · · • • • • • •  

331 - - - - - - - - - - - - - -
2 • • • • · • · · · · · · · •  

622, 180 M 
80 - - - - - - - - - - - - - -

97 - - - - -- - -- - - - - -

112 - --- -- - - - - - -- -

17 • • • • • • . • . . . • . .  

15 · · · · · · · · · · - -· -
522 1, 123 
24 - - - - - - - - - - - - - -
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33. Golden and Silver Falls State Park _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

34. Millicoma-Myrtle Grove State Park. _ _  - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _  _ 

35. Sunset Bay State Park-----------------------------------
Cape Arago State Park _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -- -- - --- - --
Shore Acres State Park_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

36. Bandon State Park _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

37. :!��f'M��r:�$�eseive: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
38. Maria Jackson State Park _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

39. Norwa
r. 

Myrtle Preserve _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

40. Coquil e-Myrtle Preserve _ _ _ _ _ _  - - - - - - - - - - - - - - - - - - - - - - - - - - -

41. Port Orford Cedar Wayside _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

42. Newburgh Beach Park _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

43. Battle Rock Wayside·------------------------------------44 .  Humbug Mountain State Park---------------------- - - - - - - -
45. Geisel Monument Wayside _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

46. Buena Vista Ocean Wayside _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

47. Kalmiopsis Wild Area. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

48. Cape Sebastian State Park --- - - - - --- - - - - ----------- - -----49. Carpenterville-Brookings Wayside _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  · - · - - - -50. Siskiyou National Forest_ __ -- - ---- -- - - -- - - -- - - - - - - - - - - - --
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Loeb State Park _ _ _ _ _ _ _ _ _  - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - - - - - - -

53. Harris Beach State Park _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
54. Oregon Islands Wildlife Refuge _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
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10. R. G. Baker Memorial Park _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ II. Rock Creek _ _ _ _  . _ _ _ _ _ _ _ _ _ _ _  - - - - - - - - - - - - - - - - _ _ _ _ _ _ _ _  -- -- -
12. Susan Creek Park· --------------------------------------13. Um�qua National Fores'- - - - - ------------------------- - - -
14. Camas Mountain Wayside

·
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TABLE 53.-RECREATION FACILITI ES IN OREGON, EXISTING (AS OF 1963)-Continued 

Subbasin 

ROGUE 
I . Rogue River Recreation 
2. Elderberry Flat__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

3. Casey State Park __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

laurelhurst State Park _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Mcleod Wayside _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

4. Tau Velie State Park _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

5. Rogue River National Forest_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

6. Prescott Memorial Park. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
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I I .  Oregon Caves Monument__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

12. Klamath National Forest__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 
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PoTENTIAL WATER RESOURCE DEVELOPMENTS 

The overall economic picture of Oregon provides an excellent base 
for substantial growth both in the near future and long range. The 
economy has adjusted to continuing technological advances and di
versification in its dominant industry, lumbering. Standard of living 
increases and population increases are stepping up the demand for 
agricultural production. Increased leisure time and more "money at 
hand" are responsible for the ever-increasing demand for tourist and 
recreation facilities. 

Interwoven among these economic activities is the need and desire 
for abundant, clean water. There is a continuing demand for water 
resource developments ; these developments are an integral part of 
the plans for economic expansion in Oregon. 

Oregon has tremendous amounts of pure water for human and indus
trial consumption. The importance of this cannot accurately be meas
ured ; it suffices to say that with this available water, Oregon has an 
unlimited opportunity to grow. 

This section of the report presents facts and information about the 
potential for irrigation, navigation and flood control, and recreation. 
Information on proposed proJects and projects being investigated by 
Federal and state agencies has been tabulll!ted and summarized by 
subbasin. 

IRRIGATION 

It is estimated that by 1980, Oregon will have more than 2,450,000 
people. This increase in population plus a moderate rise in per capita 
consumption of farm products will increase agricultural requirements 
in the state by 70 to 75 percent. 

The West is the fastest growing area in the United States. Consider
ing the population growth and the fact that total acreages actually used 
for food and fiber production do not exist in unlimited amounts, new 
and improved methods will be required to meet these agricultural 
needs. 

The increased demand for agricultural products will be met in sev
eral ways : ( 1 )  by increasing and more intensively using the acreage of 
land under crop cultivation, particularly through irngation, (2) by 
application of technical advances in crop yields and livestock produc
tion rates, ( 3) by a shift in the use of certain farm products, and ( 4 )  by 
changes in the volume of interstate shipments. Future production will 
be related more to the total national demand and to the population 
increase in the entire West than to the growth of population in the 
state. 

Though the total acreage in crops including cropland pasture will 
increase only slightly over the next ten years, irrigated cropland 
acreages will increase substantially. The adoption of improved techno
logical developments plus the substantial increase in irrigation are 
indica;tors that Oregon can meet its agricultural requirements. Some 
signi·ficant changes m major land use will occur ; these include : urban 
encroachment, additional rangelands developed for crop agriculture, 
farm sizes increasing generally and irrigation increasing substantially. 
An improved transportation and marketing system will also have an 
effect on future land use patterns. 
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About 300,000 acres of land will go out of agricutlural production 

into such things as urban build-up, highways and industrial develop
ments by 1975. Almost 397,000 acres, however, will come into agricul
tural use ; these lands primarily are Federally owned. 

Of the total land area in farms, 20,509,300 acres, only 26 percent or 
5,282,000 acres was actually in crops in 1964 according to the Census 
of Agriculture. The remaining area was divided among pasture and 
rangeland, woodland, and other land, including house and barn lots 
and rights-of-way for lanes, roads, and ditches. By 1975, according to 
the S01l and Water Conservation Needs Inventory, the cropland ir1 
Oregon will increase only about 4 percent. Irrigated cropland, how
ever, will increase about 25 percent. 

An estimated 8,040,000 acres of arable land in Oregon has some 
degree of potentialit� for irrigation development. Of this total, some 
1,608,000 acres were Irrigated m 1964. The remaining 6,432,000 acres 
have physical capabilities of being developed for irrigation. No at
tempt has been made to determine what portion of this land would be 
economically capable of supporting irrig3Jtion development or 
whether this development would be financially feasible. Figure 98 
shows the general location of these potential arable lands and the exist
ing irrigated land. The following tabulation presents a subbasin break
down of the presently irrigated land and the ar3ible potential for 
Oregoa. 

SU�basin Arable Potential Total 
irriaated arable 

262, 000 763,000 Closed lakes _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  : _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - - - - - - _  I,  025, 000 
Klamatll. _ _ _ _ _ _ _ _ _  _ _  _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 403, 000 253, 000 150, 000 

473,000 733, 000 Snake _ _ _ _ _ _ _ _ _ _  - - - - - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I ,  206, 000 
Columbia_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2, 803, 000 342, 000 2,461, 000 

182,000 1, 835, 000 Willametle • •  _ _ _ _ _ _  _ _  _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _  _ _ _ _  _ _ _ _ _  _ _  _ _ _ 2, 017, 000 
CoastaL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  193, 000 13, 000 180, 000 

14,000 120, 000 
190, 000 

lhniNIII•- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 134, 000 
Rogue. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  259,000 69,000 

1, 608,000 6, 432, 000 State totaL ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -
--'---

-
---

-,-8,-:-04-0,--000 

SulJbasin No. J-Olosed Lakes 

Most of the 763,000 acres of potential arable land in this subbasin 
is presently sagebrush and jumper-covered rangeland and plateaus. 
The potential arable lands are scattered throughout the subbasin with 
the heaviest concentration in Lake and Harney Counties. 

Pasture is the leading crop presently being irrigated in this sub
basin ; it can be assumed that forage crops would be dominant in future 
irrigation developments. 

In general terms, this subbasin can be described as a water short area ; 
that is, the ultimate water requirements exceed the subbasin's water 
supply. Some areas, such as around Harney and Malheur Lakes in 
Harney County and the Warner Valley, Goose Lake Valley, and the 
Fort Rock area in Lake County, could sustain sizable ground water 
irrigation developments. However, the ultimate needs can only be 
satisfied by importing water from another subbasin. 



� POTENTIALLY ARABLE LAND 

i!!IIR PRESENTLY IRRIGATED LAND 

FIGURE 98.-Potential arable land and irrigated land. 

� 
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Subb(J)3in No. '2-Klamath 

As stated earlier, this subbasin leads the state in terms of intensity 
of irrigation deYelopment. Much of this subbasin is mountainous and 
rolling hill land supporting forests and sagebrush. The most p roduc
tive agricultural lands are found on former lake beds and alluvial 
fans. These lands are capable of producing a wide variety of crops. 
The extensive irrigation development has changed the agricultural pat
tern from pasturing on open range to cash crops and supplemental 
livestock feed production. 

There are a proximately 150,000 acres of potential arable land in this 
subbasin. Much of it is located in areas contiguous to existing irriga
tion development. A possible sourc� of irrigation water is ground 
water. The Valley of the Sprague RIVer, a tributary of the Klamath, 
is underlain by some of the most productive ground water reservoirs 
in the state. 

As additional lands are irrigated in this subbasin, it is expected that 
they will be adapted to the general cropping pattern of the presently 
irrigated land. 
Subb(J)3in No. 3-Snake 

Irrigated agriculture is important to the economy of this subbasin ; 
approximately 79 percent of the farms are classified as irrigated farms. 
About 733,000 acres of land are believed to have some potential for 
irrigation development. Most of these lands occur in large blocks in the 
southern portion of this subbasin. Scattered smaller blocks are found 
in the central and northern portions, primarily in the river valleys 
next to the presently irrigated lands. 

Storage of surface flows would be required to meet additional ir
rigation requirements. In certain areas, ground water supplies are 
abundant. Extensive ground water reservoirs are located in the Grande 
Ronde Valley, Baker Valley, and southern Malheur County. 

The Snake River Basin is primarily beef country with forage and 
specialty crops being produced on the irrigated land. As additional 
land is brought under irrigation, it is presumed that cropping practices 
will change generally from a wheat-summer fallow program to a con
tinuous cropping program in the northern portion and from noncrop
ped pasture land to a forage and/ or cash row crop program in the 
south. 
Subb(J)3in No. 4-0olumbia 

This subbasin has the largest acreage of potential arable land in 
the state. Nearly 2,461 ,000 acres have been identified as having phvsical 
potential for irrigation development. The majority of this land is in 
large blocks adjacent to the Columbia River in Umatilla, Morrow, 
Gilliam, Sherman and Wasco Counties. Other large potential areas 
are located along the east side of the Cascade Range in Deschutes and 
.Jefferson Counties. The remaining potential arable lands are scattered 
in the major river valleys of the subbasin. 

�\ wealth of storage sites is available throughout the subbasin. As the 



demand for water increases, many of these sites will be developed. 
Some areas in Deschutes, Gilliam, and Sherman Counties have a poten
tial for ground water development. Pumping from the reservoir pools 
on the Columbia River also offers excellent opportunities for extensive 
irrigation development. 

A wide variety of crops are presently being grown in this subbasin 
through irrigation. As new lands are developed, it is expected that they 
will have the same general cropping pattern as the presently irrigated 
lands. Additional orchards could be developed in Hood River, Wasco, 
and Umatilla Counties. The beef cattle industry, one that offers great 
oportunities for expansion in Oregon's long-range agricultural pic
ture, can be expanded through the development of irrigated pasture 
and forage crops. 
Subbasin No. 5-Willamette 

Approximately 1,835,000 acres of land in this subbasin can be classi
fied as having some degree of potential for irrigation. Most of these 
lands are located in the valley ; however, some are located on the foot
hills of the Coast and Cascade Mountains. Each county has some po
tential arable land ; the majority is located in the middle Willamette 
counties. 

Additional storage is necessary to fully develop the irrigation po
tential of this subbasin. Streamflows are generally inadequate in nearly 
all of the lower elevation tributaries, particularly those originating 
in the Coast Range. Expansion of irrigation in these areas is dependent 
upon development of new water supplies. Certain portions of this sub
basin are underlain by aquifers which appear to have some potential 
for ground water development. The aquifer under French Prairie 
in Marion County is an example of this potential. 

Additional problems affecting future irrigation development in this 
subbasin include flooding and lack of drainage. Some of the most 
productive lands in this subbasin •are adjacent to streams that flood 
frequently. Poor drainage characteristics of certain soil groups found 
in this subbasin must also be alleviated. 

A wide '"ariety of crops could be produced under irrigation. An 
expansion in the types of cropping patterns, particularly in areas 
away from rapid urban development, will make the Winamette sub
basin farmer more competitive economically. 
Subbasin No. 6-0oastal 

Of the 180,000 potential ·arable acres in this subbasin, the majority 
are located in three areas : ( 1 )  the river valleys in Tillamook, Clatsop, 
and Columbia Counties, (2) on the flood plains and surrounding hills 
of the Coos and Coquille Rivers in Coos County ; and (3)  on the 
flood plains and surrounding hills of the coastal streams in Lincoln 
County. 

In the areas where irrigation could be developed, the cropping 
pattern would continue to be one of pasture, hay, and grass silage. 
Irrigation would result in higher yields ·and a better crop. In some 
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areas, with irrigation development, specialty crop production would 
likely increase. 

Storage would have to be developed to permit anY. substantial irri
gation in this subbasin. Around Coos Bay and near Tillamook are areas 
of signficant ground water potential. 
Subbasin No. 7-Umpqu.a 

This subbasin contains 120,000 acres of land having physical po
tential for irrigation. These lands are widely scaJttered throughout the 
western half of the subbasin. For the most part, they consist of narrow 
stringers located adjacent to the main streams and their tributaries. 

Development of storage is the logical answer for creating an irri
gation water supply. Many storage sFtes are available in this subbasin. 
The development of large supphes of ground water for irrigation is 
not likely in this subbasin. 

It is expected that future irrigated lands will be devoted to pasture, 
hay, orchards, and miscellaneous specialty crops such as nursery prod
ucts and vegetable seeds. 
S1tbbasin No. B-Rogue 

This subbasin contains a:pproximately190,000 acres of land which 
have some potential for irrigation development. Most of these lands 
are located m the valleys of the Rogue, Applegate, and Illinois Rivers. 
·'"dditional lands are located along Evans, Graves, and Jumpo:ff Joe 
Creek. 

Storage is necessary to serve additional irrigation in this subbasin. 
�iany sites have been and are presently under study. There appears to 
be no substantial potential ground water supplies in this subbasin. 

Orchards, commercially important now, would increase in import
ance as irrigation is expanded. Specialty croll production would also 
increase as would forage and pasture crops with additional irrigation 
development. 

INVESTIGATIONS 

The Bureau of Reclamation has a continuing investigation program 
to study projects throughout the state of Oregon. One study now un
derway is the Oolumbia-North Pacific Region Study. This study is a 
cooperative effort among all state and Federal agencies engaged in 
water conservation and related activities. All of Oregon except for 
the Klamath River subbasin is included. The basic objective is the 
formulation of a framework plan to provide a broad guide for the 
best use, or combination of uses of water, land, and related resources 
to meet foreseeable short- and long-term needs. 

Studies completed, currently underway, or scheduled to start in the 
Yery near future are briefly described by subbasins in the following 
paragraphs. Figure 99 shows the location of the more recent and cur
rent mvestigations. 
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Su.bbfMin No. J-Olo8ed Lalce8 

No project studies are underway or scheduled for the near future in 
this subbasin. However, the Oolwmbia-North Pacific study does in
clude this subbasin. 

In 1951, the Bureau of Reclamation completed a study and report 
on the Go08e Lake area of this subbasin. Considered during this study 
was rehabilitation of existing privately constructed facilities and con
struction of new facilities. 
Subba8in No. �-Klamath 

This subbasin falls within the boundaries of the Bureau of Reclama
tion:s Region 2 with headquarters in Sacramento. A reconnaissance 
survey of this subbasin was made during the early 1950's. Since that 
report has been prepared, several significant events have occurred 
including approval of the Upper Klamath River Compact and the 
occurrence of the two largest floods of record. There also is need in the 
subbasin to develop water resources for irrigation, flood control, fish 
and wildlife enhancement, recreation and possibly power and water 
quality control. A study is underway to identify areas of greatest need 
where further, more detailed investigations would be justified. An 
inventory report on the needs and interests of the entire Upper 
Klamath River basin will be completed in the near future. 

A reconnaissance report on the development potential of the Upper 
Lo8t River Divi8ion of the Klamath project has been completed. A 
feasibility study is now underway. Constructing new storage and dis
tribution facilities and enlarging existing facilities is being considered. 
Subba8in No. 3-Snake 

A number of Bureau of Reclamation investigations are underway in 
this subbasin. A recent reconnaissance report on the Upper Owyhee 
Project showed that further investigations of the J ordarn Valley de
velopment in Malheur County were warranted. Being studied is a plan 
for a dam and reservoir on Jordan Creek having a total storage capac
ity of 60,000 acre-feet. Supplemental water would be provided to ap
proximately 9,000 acres of land now inadequately irrigated. Recrea
tion facilities would be provided and the Jordan Creek fishery would 
be improved. 

The Dark r'anyon Divi8ion of the Burnt River Project in Baker 
County would provide storage in two reservoirs and a distribution 
system to sen·e 10,500 acres of land. Other functions to be served 
include flood control, fish enhancement, and recreation. 

To the north in Union County is the area being studied as part of 
the Grande Ronde Project. About 95,000 acres of land would be pro
vided with either a full or a supplemental water supnly. Storage would 
be provided by the Corps of Engineers and a distribution system 
constructed by the Bureau of Reclamation. 
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Subba8in No. 4-0ol'IJIJ'nbia 
Projects being investigated in this subbasin inciude the Milton

Freewater Division of the Walla Walla Project. The plan under con
sideration includes the construction of a dam and reservoir on the 
Walla Walla River in Umatilla County. Irrigation, fish and wildlife, 
recreation, flood control, water quality control, and municipal and 
industrial water are being evaluated. 

Storage dams and reservoirs, pumping plants, and distribution facil
ities are the principal features of a plan currently being studied for 
the Umatilla River Ba8in. Functions being considered include irriga
tion for 110,000 acres, fish and wildlife, flood control, recreation, water 
quality control, and municipal and industrial water supply. 

A reconnaissance investigation to determine the potential for multi
purpose land and water resource development in northern Morrow and 
Gilliam Counties is scheduled to get underway. This study, known as 
the Columbia South Side Project, will evaluate the potential for irri
gation, fish and wildlife, flood control, water quality control, and 
recreation. 

An investigation of the White River watershed in Wasco and Hood 
River Counties will be made to determine the potential for multi
purpose development. About 40,000 to 50,000 acres have a potential 
for irrigation. About 2,100 acres are presently irrigated but need a 
sunnlemental water supply. 

The Oentral Divi.�wn of the Deschutes Project is located in 
Deschutes, Jefferson, and Crook Counties. Being considered are the 
functions of irrigation, fish and wildlife, recreation, and municipal and 
industrial water. 

A reconnaissance investigation is being made of the drainage area 
of the John Day River from above the North Fork in Grant, Wheeler, 
Crook, Umatilla, and Morrow Counties. This investigation includes 
an appraisal of all water and related land resources, including an 
inventory of storage si·tes. 
Subba8in No. 5-Willamette 

One Bureau of Reclamation project, the Tualatin Project, has been 
authorized for construction. Approximately 17,000 acres in Washing
ton County will be irrigated from storage on Scoggins Creek, a tribu
tary of the Tualatin River. A system of pumping plants, canals and 
laterals will also be constructed. Municipal and industrial water, recre
ation, and fish and wildlife will also be served by this project. 

The Red Prairie Di1Jiswn of the Willamette RIVer Project is located 
in Polk and Yamhill Counties. Storage at Gorge Dam and Reservoir 
on Mill Creek would provide a water supply for irrigation of 15,500 
acres. Other functions to be served include fish and wildlife, recreation, 
and flood control. 

21-829 0-69--29 



Aiso in Polk County is the proposed Monmouth-Dallas Diviswn. 
Irrigation water for 17,200 acres initially and 28,000 acres ultimately 
would be provided by pumping from the Willamette River. 

The plan for the Carlton Division, in Yamhill County, includes 
storage on the North Yamhill River and a distribution and drainage 
system. An irrigable area of 50,000 acres is being considered. Flood 
control, fish and wildlife conservation, recreation, quality control and 
pollution abatement, and municipal and industrial water are also 
being fully evaluated. 

A potential of 160,000 acres in Marion and Clackamas Counties is 
being examined as a part of the plan for the Molalla Diviswn. Flood 
control, fish and wildlife, recreation, water quality control, municipal 
and industrial water and power are also being evaluated. 

The Bureau of Reclamation, in cooperation with other state and 
Federal agencies, is presently compiling data for the Willamette River 
Basin. Purpose of this study is to formulate plans to meet foreseeable 
short- and long-term needs with regard to the most effective use of the 
basin's water and related land resources. 
Subbasin No. 6-Coastal 

The watersheds of the streams in Tillamook, Clatsop and Columbia 
Counties flowing directly into the Pacific Ocean are being studjed as a 
part of the Northern Coast Rivers Project. This study is a cooperative 
effort with other Federal, state and local agencies. The Bureau of 
Reclamation is investigating irrigation and other water-use programs. 
Although this area has heavy annual rainfall, during the summer 
months less than one inch per month is recorded over most of the area. 
In the winter flooding is a serious problem. Storage of the excess winter 
flows could be released during the summer months to both ease the 
flooding problem and provide more water for use during the summer. 
Subbasin No. 7-Umpqua 

The Olalla Division of the Umpqua River Project is located in this 
subbasin. About 14,400 acres of land in Douglas County 15 miles south
west of Roseburg would be served from storage behind a dam on Olalla 
Creek. Other functions which could beeerved include fish and wildlife, 
municipal and industrial water supply, recreation, flood control and 
water quality control. 

The Azalea Division of the Umpqua River Project is located in the 
southern part of Douglas County. The Bureau of Reclamation will 
investigate various plans to deliver water to about 6,000 acres of land 
from storage possibilities being investigated by the Corps of Engineers. 
Other multipurpose functions will be studied. 
Subba.sin No. B-Rogue 

Four divisions of the Rogue River Basin Project are currently under 
study. The plan for the Evans Valley Diviswn in Jackson County 
includes a storage dam and reservoir on Evans Creek, a diversion dam 
and two canals. More than 3,100 acres would be served. 

The Illinois Valley Di,viswn in Josephine County would serve more 
than 12,000 acres. Storage would be developed on Sucker Creek to 
serve, in addition to irrigation, recreation and fish and wildlife. 



SUbbasin 
e.nd MilE No. Name 

Closed Lakes 

1 "P" Ranch 
2 Young 
3 LOW'er Silvies Canyon 
4 Upper 611 vies Canyon 
5 Suntex 
6 Cottee Pot 
7 Upper Cheva.ucan 
8 Dry Cr$ek 

� 
9 Sprague R1 ver 

10 Sycan River 

� 
ll Three Forks 
12 Skinner Ranch 
13 Duncan Ferry 
14 Upper Sucker Creek 
15 Lover SUcker Creek 
16 Criffield 
17 Gesie 
18 Iasac Ranch 
19 Riveraide 
20 Pine Creek 
21 Otis 
22 JWltura 
23 Little Valley 
24 Harper 
25 Cottonwood 
26 Lamberson 
27 Warm Sprinae 
28 M:Pherson 
29 Golden Eagle 
30 Birch Creek 
31 Berdm&n 
32 Antlers 
33 Petticoat 
34 Hereford 
35 Dark Canyon 
36 Lawrence Creek 
37 Blue Canyon 38 BO'IIen 
39 North POW"der 
40 Pilcher Creek 
41 Lower Wolf Creek 
42 Park 
43 Upper Site 
44 S&wmill 
45 Mehlhorn Mills 
46 Sheep Ranch 
47 Fly Valley 
48 MeadOW' Creek 
49 Upper Grande Ronde 
50 Lover Grande Ronde 
51 Catherine Creek 
52 Little Indian 
53 Indian Creek 
54 Minam. Creek 
55 Bear Creek 
56 Lo&tine River 
57 HUITicane Creek 
58 Rondowa 
59 Elbov Creek 
60 Wenahe 
61 Troy 
62 Chico 
63 Coverdale 
64 Saddle Creek 6S Pleasant Valley 
66 Appaloosa 
67 Low Mountain Stleep 
68 E!gh Mounta.in Sheep 
69 Nez Perce 

� 
70 Cottonwood Creek 
71 Harris Alternate 
72 Barrio 
73 Couse Creek 
74 Joe West 
75 Pine Creek #3 
76 Ryan Creek 
77 Gibbon 
78 Thornhollow 
79 M:l. sson 
so Wildhorse Creek 
81 Greasewood Creek 
82 Tutuilla Creek 
83 McKay Creek 
84 East Birch Creek 
85 West Birch Creek 
86 stage Gulch #1 
87 Butter Creek 113 
88 Butter Cr$ek /11 
89 Sanford canyon 
90 81-le Canyon #2 
91 Carty West 
92 carty East 
93 Rhea Creek 113 
94 Rhea Creek ff2 
95 Heppner 
96 Eight mile 
97 Nel,fOD. r.adow• 
98 Caaaa Creek 
99 Snipe Creek 

100 Fox 
BUL 

stream 

; Donner and Bl1 tzen 
: Silviee R. 
: S1lv1es R. 
: S1lv1ea R 
: Silver Cr. 
: Chevaucan R. 
: Chewaucao R. 
: Dry cr. 

Sprasuo R, 
Sycan R. 

: Owyhee R, 
: Jordan Cr. 
: Owyhee R. 
: Bucker cr. 
: Sucker cr. 
: Sucker Cr. 
: Suckar Cr. 
: Suckar er. 
: S. Fk, Malheur R, 
: Pine er, 
: Otia cr. 
: Malheur R, 
: Mlllheur R. 
: relbeur R. 
: Cottonwood Cr. 
, Bully cr. 
: Bully Cr, 
: Willow er, 
: Willov Cr. 
: Birch Cr. 
: a. Fk. Burnt R. 
: fl. Fk. Burnt R. 
: N. Fk. Burnt R. 
: Burnt R. 
: Burnt R. 
: Lawrence Cr. 
: Povder R. 
: Powder R. 
: N, Powder R. 
: Pilcher Cr. 
: llolf Cr. 
: »eaa:le Cr. 
: Goose er. 
: S&wmill Cr. 
: East Pine Cr. 
: Grande Ronde R. 
: Fly Cr, 
: Meadow cr. 
: Grande Ronde R. 
: Grande Ronde R. 
: catherine Cr. 
: Little Indian Cr. 
: Indian Cr. 
: M11l8111 er. 
: Bear er. 
: Loetine R. 
: Hurricane Cr. 
: Grande Ronde R. 
: Grande Ronde R, 
: Orande Ronde R, 
: Grande Ronde R. 
: Joseph Cr. 
: Imnaha R, 
: Imnaha R, 
: Sllake R. 
: Snake R, 
: Snake R. 
: Snake R, 
: Boeke R, 

: Cottonwood Cr. 
: s. Fk. Walla Walla R. 
: S. Fk, Walla \lalla R, 
: Couse cr. 
: Walla Walla R. 
: Pine Cr. 
: \batilla R. 
: \batilla R, 
: lbatilla R. 
: Uutilla R. 
: Wildhorae Cr. 
: Greasewood. Cr. 
: 'l'utuilla Cr. 
: lt:Kay Cr. 
: E, Birch Cr. 
: W. Birch Cr. 
; stage Gulch 
: N. Fk. Butter Cr. 
: N. Fk. Butter Cr. 
: Juniper Canyon Cr. 
: S1xm1le Canyon cr. 
: Sixmilo Canyon Cr, 
: SiX1111le Canyon Cr. 
: IU>ta Cr. 
: Rbea Cr. 
: Willov Cr. 
: Rock creek 
: CMu Cr. 
: c.a. Cr. 
: So1po er. 
: rox CrHk 

4 7  '"'" "·-""'""0A"""S. ---�<2S'Ef2..()e:.d� . .s 
SUbbasin 

and MaE No. flame stream 

101 t.blument : N, Flt, John D� R, 
102 Rail Cr$ek : Jobn Dey R, 
l03 Hall Hill : John Dey R. 
lo4 canyon Creek : Canyon Cr. 
105 Four Mlle : s. Flt, John Dey R. 
lo6 �ille : Jobn Dey R. 
107 Upper Bear Creek : Bear er. 
lo8 Lower Bear Creek : Bear er. 
109 Clarno : John Dey R, 
llO a..tte Creek I Jobn Dey R, 
lll 'lbirtym1lo Creek : 'lbirtymilo Cr, 
ll2 Upper Rock Creek : Rock creek 
ll3 LCMer Rock: Creek : Rock CrHk 
ll4 Elghtlllilo Reoervo1r : Elght111lo CoeyOQ Cr, 
ll5 Big -oh : Big -oh er. 
ll6 Black Rock : cr.aceot er. 
ll7 Creacent creek : Creacent er. 
ll8 OdOll Lake : Odell Cr. 
ll9 Davia Lake : Davia Lk. 
120 Big CUltuo Lake : CUltue Cr. 
l2l l!ol>hem Falla : Deaehutea R. 
122 Indion Ford 1 Indion Ford Cr. 
123 !'OIIoll : lf. F'k. Beaver er. 
124 Beaver CrHk #1 : fl. n. Boavar Cr. 
125 Beaver Crook #2 : Beaver Cr. 
126 Wolf �ta1n : !'OIIall Cr. 
127 Paulina : Beaver Cr. 
128 Crooked R. : s, Flt, Crooked R, 
129 HOIIIU"d creek : Boward er. 
130 Budapeth Lake : fl. n. Crooked R. 
131 Big Prurio I fl, Flt, Crooked R, 
1)2 Poot : Crooked R, 
133 Bear Cl"Mk : Bear er. 
1)4 B� : Crooked R, 
135 Mtle Lake : Mtle Cr. 
1)6 Schoolio : \lam Sprine;a R. 
137 Wapinitia : Wap1n1 tia Cr, 
1)8 Wlllllic : Wamic Cr. 
139 Fittoelllllile Cr$ek #2 : F1tteera1le cr. 
140 Larch Creek : Larch Cr. 
141 Pine Creek : Pine cr. 
142 Dry Cr$ek 1/2 : Dry Cr. 
143 M�Qrs Canyon : Maya Canyon Cr. 
144 Dry Creek Ill : Dry er. 
145 Fitteelllllile Cr$ek #1 : Fif'teeUiile cr. 
146 Elghtmile Creek : Ejghtll1lo Cr, 
147 Jap Hollow : Jap Hollow Cr. 
148 Moder Creek : }t)aier cr. 
149 East Fork Hood R1 ver : E. Fk. Hood R, 
150 Lake Branch 1/2 : w. Fk, Hood R. 
l5l Lake Branch #1 : W, Fk, Hood R, 
152 Neal Creek : Neal Cr. 
153 loUd Creek : fotld Cr. 
154 Mndova : Salmon R. 
155 Linney : Salmon R, 
156 L1 ttle Sandy : Little � R. 
157 Blued Alder Creek : Blazed Ald.er Cr. 
158 south rork : Cedar Cr. 
159 Unnamed : fl. Scappoooe er. 
16o Upper YOI..Ulil River : Youne;a R, 
161 In.ier You.nga River : You.ac• a. 

� 
162 !tJsby Creek : Moab)' er. 
163 Abrams : Moaby Cr. 
164 D111too : ROlf R. 
165 Silk Cr$ek : Silk Cr. 
166 Nat ron #1 : M, Flt, Will"""tte R, 
167 Three S1 aters 1 separation er. 
168 Horse Creek : Horae cr. 
169 Foley Ridge : M::Kenzie R. 
170 Paradise : li!KenJ.io R, 
171 flimrod : M::Kenzie R. 
172 Rennie : li!Kenzie R, 
173 Eusene Power S1 te 1/3 : Jrt:Kenzie R. 
174 Gate Creek : Gate cr. 
175 i!luraton : M::!Kenzie R. 
176 Mohawk 1J. : MohaVlt R, 
177 Mohawk : Mobavk R. 
178 Bunker Bill : Coyote Cr. 
179 S111onaen Road : Coyote Cr. 
18o Coyote Creek : Coyote Cr. 
181 Teng•e : Spencer Cr. 
182 Ranson• •  ; Spencer Cr. 
183 Log Pond : Elk Cr. 
184 Poodle Creek : Poodle Cr. 
185 Snith : Lon8 Taa R, 
186 Holley : Calapooia R. 
187 Tum Tum : TID  TID R. 
l88 llren : -Y• R. 
189 Unnamed : Luckiemute R. 
190 Vincent Creek t Vincent Cr. 
191 Hoakins : Luckiuute R. 
192 Unnamed : Ritnor Cr. 
193 Pedee : Luckiuute R. 
194 Levi.aville : L1 ttle Luck1emute R. 
195 Unnamed : Teal Cr. 
196 Patteraon : South S&ntiam R. 
197 Ca8Clad1& Ill : SOUth S&nti0111 R, 
198 Wiley Cz'eek : W1le1 er. 
199 Waterloo #1 : South Santiam R. 
200 Waterloo #3 : South Santiam R. 
201 Onehorse Slough : OnehorM er. 
202 Sawmill Site : Crabtree Cr. 
203 TbOIIU Creek ; 'lban&l Cr. 
2o4 Jordon · -· Cr. 
205 McNich and Duttey Lakes : fl, Santiam R. 
2o6 lllrioa Lake 1 MariOD cr. 
207 'lwu>al I ft, Seatiaa R. 
2o8 ll;rvl Cl'Hk 1 Bre1tonbuah ll. 



II[SfRVOIRS 

bbaain 
. Mlt.P No. 

209 
210 
2ll 
212 
213 
2l4 
215 
216 
217 
218 
219 
220 
221 
m 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
?42 
243 
244 
245 
246 
247 
248 
249 
250 
251 
?52 
253 
254 
255 
256 
257 

� 
258 
259 
26o 
261 
?62 
?63 
?64 
?65 
266 
267 
268 
269 
"70 
"71 
"72 
m 
??4 
"75 
??6 
"77 
??8 
"79 ?8o 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
30l 
302 
303 
3o4 
305 
3o6 
307 
3o8 
309 
310 
3ll 
312 
313 
314 
31, 
316 

I 
: Elkhorn 
t Unnamed 
: Mlller 
: Unnamed 
: Unnamed 
: Da.l.lae 
: Unnamed 

N..,., 

: cedar Creek 
1 �1 
I Lowor Fort Yamhill 
: Unnamed 
I Ua.named 
: Wallace Bridse 
1 Gorse 
l lJnnemed 
: Buck Hollow 
: Lower llillUiine creek 
1 Upper loll� Creek 
l lJnnemed 
: UMBllled 
: u......,d 
: L<:Ner Pike 
: .M:>ona Valley 
: Pal.Mr creek 
: Col....., 
: Victor Point 
: Silvercrest 
: Qra.oge 
: Lover Meridian 
: UMU�ed 
: Scotts Mills 
: Rock Creek 
: Bee Rench 
: Pelkey 
: North Fork 
' Unnamed 
: Oaatin 
: Scoggins 
l lJnnemed 
: Qlenvood 
: Oelea Creek 
l lJnnemed 
: II::Ka,y Creek 
: Sb8dy Br<XIt 
: Big Botta:: 
: Upper Austin Point 
I LO'a'er Austin Point 
: South Fork 
: Unnamed 

: Rock Creek {12. 
: Clear Creek 
: Pebble Creek 
I Rock Creek il 
: Crooked River 
: Deer Creek 
: Deep Creek 
: F1 ahbawk Creek il 
: Fiahbawk Creek I< 
: Squaw Creek 
: Tideport 
: Buster Creek 
: Elsie 
: N - Z 
: Spruce Run 
: Sa.l.monberry 
: Lost Creek 
: Nehalem Fells 
: Gods Valley 
: North Fork Nehalem River 
: M1emi River 
: Kilchia River 
: Cedar creek 
: C1 ty ot Killeboro 
: Elkhorn Creek 
: Cle.,. Creek 
: Keyhole 
: Bark Shanty 
: T - 2 
: Ealt Fork Trask River 
: Hollywood 
: GiDBer Peak 
: C1 ty of Jt:Minnville 
: Nestucca R. 
: :Bla1oe 
: Beaver Creek 
: Three Rivera 
: Little Nestucca River 
: Unnamed 
: UIU!OMd 
: Falla il 
: Val.aetz 
: Bunabine er, 
I UMUOd 
: llnnolled 
: Trout Creek 
: UllllOIIOd 
I UI!IlOIIIId 
: SOuth Fork 
: Soott Mountain 
1 Unnued 
: '!Mangle Lake 
: llnnolled 
• u-d 
: Awtta 
: u"""""d 
' Lower Gould 
1 GoldeR Falla 
: F&ll• 
: 

Stream 

Little N. 5antiUI R, 
Little N. Santiam R. 
Mill Cr. 
Beaver er. 
Battle Cr. 
Rickreall cr. 
Rosue R, 
South Yahill R, 
South Yamhill R, 
South Yamhill R, 
Cosper Cr. 
Gold Cr, 
SOUth Yamhill R, 
Mill Cr. 
E. n. llillUiina er. 
WillUiine Cr. 
WillUiine er. 
Ill� er. 
Salt Cr. 
Aoh SWale 
Trib, of N, YUihill R. 
N, Yamhill R, 
Haskina cr. 
Pal..mer cr. 
Pudding R. 
Drift Cr. 
Silver Cr. 
Silver Cr. 
Silver Cr. 
Abique er. 
Butte Cr. 
Rock Cr. 
lblalla R, 
lblella R, 
Mola.Ua R. 
Tualatin R. 
Tualatin R. 
Scoggins Cr. 
Oa.lea Cr. 
Galea Cr. 
Gales Cr. 
E. Fk. Deiry Cr. 
lt:Kay Cr. 
lt:Kay Cr. 
Clackamas R. 
Collawash R. 
Clackamas R. 
Clackamas R. 
Eagle Cr. 

Rock Cr. 
Nehalem R. 
Pebble Cr. 
Rock Cr. 
Crooked R. 
Deer Cr. 
Deep Cr. 
Fiohhawk cr. 
Fishhawk er. 
Nehalem R, 
Nehalem R, 
Buster Cr. 
Nehalem R. 
Nehalem R, 
Nehalem R, 
Nehalem R, 
Lost Cr. 
Nehalem R. 
N. Fk. Nehalem R. 
N, Fk. Nehalem R, 
Miami R, 
Kilchis R. 
Wilson R. 
M. Fk. -H, Fk. Traak R. 
Elkhorn Cr. 
N. Fk. Trask R. 
N. Fk. Trask R. 
N, Fk, Trask R. 
N, Fk. Trask R. 
E, Fk, Trask R. 
s. Fk. Trask R. 
Trask R. 
Nestucca R. 
Nestucca R. 
Nestucca R. 
Beaver Cr. 
Three R. 
Little Nestucca R. 
Sal.mon R. 
Drift Cr. 
Siletz R. 
S. Fk. Siletz R, 
Siletz R. 
Sams cr. 
N. Fk. Beaver Cr. 
Drift er. 
N. Fk. Alsea R. 
Peak cr. 
s. Fk. Alsea R. 
Alsea R. 
N. Fk, Indian Cr. 
Lake er. 
s. Fk. S:l uslaw R. 
Wolf cr. 
S1uslaw R. 
Mapl.e er. 
1/, Fk, M!.llica.a R, 
Olen Cr. 
Ma:t•on er. 

SUb al!lin 
and Map No. NBliiO Stream 

317 Fall creek Fall Cr. 
318 Tiosa S, Fk. Coos R. 
319 'J.'1q;a Fork s. Fk. Coos R. 
320 Lower Sitk\ID E, Fk, Coquille R, 
321 Fa1 rviev Valley N, Fk. CoquU.le R, 
322 Middle Fk. Coquille R, M. Fk. Coquille R, 
323 camaa Valley M. Fk, Coquille R, 
324 Rock Cl'eek Rock Cr. 
325 )lyrtle Point Coquille R. 326 Fourmile Crook l'ourmU• Cr. 
327 E4en Rids• a. Fk. Coquille R. 
328 Looklw't a. Fk, Coquille R. 
329 Avery Ranch Sixee River 
330 crew Canyon Euchre er. 
331 Lover Cbetco River Chetco R. 
332 Winch\&Ck R1 ver Winchuck R. 

Uu:pgue 
333 Jackson Creek Jackeon cr. 
334 Tiller s. T.bpque R. 
335 Deer Butte Elk Cr. 
336 G&leeville cow er. 
337 Daya Creek s. T.bpque R, 
338 UD!lellled s. )\yrtle Cr. 
339 Unnuod H. )\yrtle Cr. 
340 Olalla Olalla Cr. 
341 LooldQQ:l&SI Look1Jl6Slasa Cr. 
342 Deer Creek Deer Cr. 
343 Cavitt Creek Cavitt Cr, 344 UMBllled Little R. 
345 Copeland N. Uu:pque R, 
346 steoaboat N, tlmpque R, 
347 Unnamed Steamboat Cr. 
348 Boo.ndary N, Uu:pqua R, 
349 Clark Rench N, Uu:pque R. 
350 Rock Creek N, T.bpque R, 
351 Unnamed Rock Cr. 
352 Horseahoe Bend N, Uu:pque R. 
353 Oak Creek N. U:::pque R. 
354 Hinkle &.ltherlin er. 
355 Coon Cl"eek Coon Cr. 
356 Gusy Creek Gasey cr. 
357 UnnUied OldbUI Cr. 
358 UnnBllled Celapooya Cr. 
359 Williams Creek Willaims Cr. 
36o Unnamed Elk Cr. 
361 Elk Creek Elk er. 
362 Bully Creek Bully Cr. 
363 Camp Creek Camp Cr. 
364 Loon Lake Lake Cr. 
365 LoW'er Lake Creek Lake er. 
366 UnnUied SUth R, 

� 
367 Levis Creek Rosue 11. 
368 It: Neil Big Butte Cr. 
369 Elk Creek Elk Cr. 
370 Trail Creek Trail Cr. 
371 Debo1>8er O..p Rogue R, 
372 Reese Creek Reese Cr. 
373 Lake Creek L. Butte Cr. 
374 BrownebOZ"o L. Butte Cr. 
375 Antelope Creek Antelope Cr. 
376 Clawson Emigrant Cr. 
377 Hull �tain Evens Cr. 
378 Upper Evans Evan• Cr. 
379 Evans Valley Evans Cr. 
38o Carberry Creek Carberry Cr. 381 lt:Kee Bri<lse Appl.egate R. 
382 Tole L1 ttle Applegate R. 
383 Little Appl.egate L1 ttle Appl.egate R. 
384 Rucb Appleaate R. 
385 Applegate Applegate R. 386 Williams Creek Williams Cr. 
387 Slate Creek Slate Cr. 
388 Sexton Jump Off Joe Cr, 
389 Pease Bridge Grave Cr. 
390 Indian Hill Wood Cr. 
391 AJ. thouae Creek Althouse Cr. 
392 SUcker Creek Sucker Cr. 
393 Deer Creek Deer cr. 
394 Eight Dollar Illinois R. 
395 Copper Canyon Rogue R, 



Studies are also underway for the Medford Diviswn in Jackson 
County. About 30,000 acres would receive a full or supplemental water 
supply from the Corps of Engineers' authorized storage on Ro�e 
River and on Elk Creek. Other possible water use functions are bemg 
considered. 

The Corps of Engineers is considering a dam and reservoir in the 
upper reaches of the Applegate River. The Bureau of Reclamation's 
plan for the Applegate Division would use this stored water for irriga
tion by pumping reservoir releases to the irrigable lands. 

SOURCE OF WATER 

Many potential dam and reservoir sites are located in Oregon. Fig
ure 100 shows the location of the known major sites. Table 54 presents 
data on each site. 

NAVIGATION AND FLOOD CONTROL 

Oregon has a continuing need of and potential for additional flood 
control and navigation projects. Even with construction of major 
flood control projects, flood damages are continuing to increase. 

Floods which start on small tributary streams frequently develop 
into devastating proportions in the larger rivers. Often towns, cities, 
industrial areas, and thousands of acres of fertile farmland are inun
dated and the loss of property is tremendous. 

There is a need to provide basic information to counties and cities 
for their consideration in examining land use regulations as a possible 
means to mitigate flood damages. 

The 53rd Oregon Legislative Assembly authorized and appropri
ated funds to the State Water Resources Board to initiate flood plan 
identification studies. These reports are to provide a factual basis for 
local governments in planning the use or regulation of flood :plains. 

However, on occasion, adequate flood control and flood fightmg may 
be beyond the reach of the affected property owners or even the local 
governmental agencies. In addition to its other activities, the Corps of 
Eng�neers is charged with the responsibility for certain flood emer
genCies. 

When a need or condition of improvement is required in connection 
with flood control or river and harbor facilities, and local interests 
are unable to remedy the situation themselves, it is appropriate for 
those involved to request, through their Congressional delegation, the 
Corps of Engineers to investigate the feasibility and economics of 
correcting the situation. 

Oregon has at present 25 port agencies. Along its coast and on its 
inland navigable waters, inspection, improvement and maintenance 
is continuing to provide safe and efficient access to coastal and inland 
ports. 

There are a number of potential navigation and flood control proj
ects underway or authorized in Oregon. Figure 101 and table 55 locate 
and present data for these projects. 



FIGURE 100.-Potential dams and reservoirs. 
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Map 
No. 

Subbasin 

TABLE 55.-FLOOD CONTROL AND NAVIGATION PROJECTS UNDERWAY OR AUTHORIZED (OTHER THAN STORAGE) 
FLOOD CONTROL PROJECTS 

Name Principal features Remarks 

Snake __ . - - - - - - _ _ _ _ _ _ _  - - - - - - - - - Grande Ronde Valley _ _ _ _  - - - - - - - _ - - - - - - - - - - - - - Levees, channel clearing and straightening _ _ _ _ _ _ _ _ _ _ _  Reclassified from active to restudy. 
2 Columbia _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Milton-Freewater__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Levees and channel improvements to existing project__  Plans and specifications have been completed. 
3 _ _ _ __ do _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - - - - - - - Pendleton-Riverside Area _ _ _ _  - - - - - - - - - - - - - - - - Extension of existing channel and levee project_ _ _ _ _ _ _  Deferred; lack of local interest 
4 _ _ _ __ do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Pilot Rock, Birch Creek _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Channel improvements, levees and revetments _ _ _ _ _ _ _ _  I nactive_ 
5 _ _ _ _ _ do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Umatilla River-Echo Area _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Channel rectification, levees, bank protection _ _ _ _ _ _ _ _ _  Inactive; lack of local interest 
6 _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  John Day River__ - - - - - - - - - - - - - - - - - - - - - - - - - - - Channel Improvement, revetments, retaining walls, Project Inactive because of Jack of local interest. 

� � 7 _ _ _ __ do ___ - _ _ _ _ _  - - - - _ _ _ _ _ _  - - - - - Johnson Creek _ _ _  - - - - - - - - - - - - - - - - - - - - - - - - - - - Channel clearlngl bank protection and bypass channeL _ Funds appropriated ; need for a local sponsor. 5 8 --- --dO-- - - - - - - - - - - - - - - - - - - - - - - Lower Columbia River at Hayden Island and Levees, floodwal s, tide boxes and pumpong plants _ _ _ _  Inactive. 
Clatskanie River. 

9 _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Beaver Drainage District_ _ _  - - - - - - - - - - - - - - - - - _  Improvements to the existing flood protection works ___ Preconstruction planning underw�y. 
10 _ _ _ _ _  do _ _ _ _ _ _ _ _ _  - - - - - - - - - - - - - - - Midland Drainage District__ _ _ _ _ _ _ _ _ _ _  - - - - - - - _ _ _ _ _ _  do _ _ _ _  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _  Do. 
11 _ _ _ _ _  do _ _ _ _ _ _ _ _ _  - - - - - - - - - - _ _ _ _ _  Lower Columbia River_ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - - - Improvements of existing works, new levees, strength- Project authorized, portions have been reclassified or 

ening of existing levees, additiional pumping prant deferred. 
capacity, tide boxes for drains ditches. 

12 _ _ _ _ _  do __ _ _ _ _ _ _ _ _ _  - - - - - - _ _ _ _ _ _ _  Lower Columbia River Bank Protection Works _ _ _  Bank protection works, flood controL - - -- - - - - - - - - - - _  Work is underway. 
13 Willamette ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Floodwalls and Levees at Portland _ _ _ _ _ _ _ _ _ _ _ _ _  Raising streets, building levees, flood walls, tide boxet Project is inactive. 

and pumping plants. 
14 _ _ _ _ _  do _ _ _ _ _ _ _ _ _  - - - - - - - - - - - - - - _  Pudding River__ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Flood control and drainage facilities _ _ _ _  - - - - - - - - - - - - - Inactive. 
IS _ _ _ _ _  dO-- - - - - - - - - - - - - - - - - - - - - - - Willamette River Basin Bank Project _ __ _ _ _ _ _ _ _ _  Bank protection and channel clearing _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Project authorized. 
16 _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Channel I mprovements for Flood Control and Tile drains, 16 streams tributary to the Willamette The project s are inactive or have been deferred for 

Major Drainage. River. further study. 



Map 
No. 

Subbasin 

TABLE 55.-FLOOD CONTROL AND NAVIGATION PROJ ECTS UNDERWAY OR AUTHORIZED (OTHER THAN STORAGE)-Continued 
NAVIGATION PROJECTS 

Name Principal features Remarks 

17 Columbia • • •  - - - - - - · · - - · - - · - - · - Umatilla Harbor _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  lmprovement ofan existing harbor by removal of rocks. Project inactive because of increase in John Day 
Reservoir pool resolving problem. 

18 _ - - .• do .• _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Indian Fishing Grounds, Restoration . _ _ _ _ _ _ _ _ _ _  Campsites, land acquisition • •  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  To replace fishing areas destroyed by construction of 
Bonneville Dam. 

19 _ _ _ __ do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Columbia Slough _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  7.7-mile channel from mouth of Willamette to Union Project authorized. 
� 

• Avenue. 
20 Columbia-Willamette _ _ _ _ _ _ _ _ _ _ _  Columbia River and Lower Willamette _ _ _ _ _ _ _ _ _  Channel rehabilitation and enlargement. _ _ _ _ _ _ _ _ _ _ _ _ _  Project 32 percent complete at end ol fiscal year 1966. 
21 Columbia •• . _ _ _ _  - - - - - - - - - - _ _ _ _ _  Westport Slough _ _ _ _ _ _  - - - - - - - - - - - - _ _ _ _ _ _ _ _ _  Ship channel (alternate route). _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Project inactive. 
22 - - - •• do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Columbia River at mouth. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Channel across the bar, jetties, dikes • •  _ _ _ _ _ _ _  - - - - _ _ _  Traffic was 14,779,200 tons in 1964. 
23 Willamette. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Willa melle Falls _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Lock and lift system enlarged _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Project authorized, construction not underway. 
24 . • • • •  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Wlllamette River above Portland and Yamhill Channel deepening and construction _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Project is37 percent complete. 

River. 
25 CoastaL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Tillamook Bay and Bar_ ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Extending existing jetty _ _ _ _ _ _  - - - - - - - - - - - - - - - --- - - - - Work is underway. 
26 _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Yaquina Bay and Harbor_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Jetty extension, deepening and widening of channel Do. 

and turning basin. 
27 _ _ _  •• do •• •  _ _ _ _ _ _ _ _  - - - - - - - - - - - - - Yaquina River Channel Improvement. _ _ _ _ _ _ _ _ _  Navigation channel and turning _ _ _  - - - - - - - - - - - - - - - _ _ _  Awaiting construction funds. 
28 • • • • •  do • . .  - - - - - - - - - - - - - - - - - - - - - Siuslaw River and Bar.. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Extending jetty, dredging and deepening channel. _ _ _ _ _  Preconstruction planning In progress. 29 • • • • •  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Port Orford _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Extension of existing breakwater. _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Do. 
30 _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Chetco River__ _ _ _ _ _ _ _ _ _ _ _ _ _ _  : _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Harbor entrance, jetty extension, turning basin, dike, Preconstructlon planning is underway. 

small boat channel. 



4151 
The Corps of Engineers is also studying or has been authorized to 

study a number of navigation and flood control and water conserva
tion projects. Figure 101 also shows the location of these studies. In
formation about them is contained in table 56. 

The potential flood control projects under Public Law 566 are shown 
in figure 95 and table 52. 

RECREATION 
Even with its excellent existin� recreation areas and facilities, 

Oregon has a continuin� need for additional recreational development. 
The State has a uniquely beautiful and rugged coastline ; additional 
stretches should be preserved as parks and beaches. Additional recrea
tion areas are needed in the majestic Cascade Range. A shortage of 
easily accessible day- and weekend-use parks and recreation areas 
exists near the Portland urban area and in eastern Oregon. Considera
tion should be given to the establishment of a free-flowing condition 
in stretches of certain rivers. In addition, canoe trails, parkways and 
scenic routes should be established. Increased protection is needed for 
the State's archeological sites. 

More than 113,000 acres are listed as potential state recreation areas ; 
much of this is in eastern Oregon not readily accessible to large urban 
areas. Additional state and local recreation areas will be needed to 
serve the larger urban areas. 

The followmg recommendations for recreation opportunities in Ore
gon were made by the U.S. Department of the Interior's National Park 
Service in a 1964 report : 

National.-Establishment of the proposed Oregon Dunes Na
tional Seashore and study of the desirability of establishing a 
Rogue National River. 

State.-Enlargement of the state park system by adding 1,670 
acres to three existing parks and the addition of two new parks, 
four recreation areas, and eight beaches ; also further study of five 
other potential parks, eight recreation areas, five scientific monu
ments, five historic monuments, two nature preserves, and four 
scenic roads. Designation and protection of a state parkway, five 
free-flowing streams, and one canoe trail on the Rogue River. 
Further study of 11 canoe trails and the Pacific Coast Foot Trail. 

Local.-Establishment of additional county and municipal 
parks, recreation areas, and beaches. Recommended are one park, 
three recreation areas, and one beach. Further study is needed on 
11 recreation areas. 

Supporting recommendations include : 
1. Broadening the present policy which tends to limit establish

ment of new state parks to along highways. This would .Permit ex
pansion of the system to include all areas of statewide significance 
regardless of location. Those small state parks which are not logi
cal units of the state park system might be transferred to otlier 
appropriate jurisdiction. 

2. A study to determine the possibility of developing a hiking 
trail along the Oregon coast. This could be one of the outstanding 
trails in the country. 

3. Provision of additional recreation facilities at nine important 
reservoirs. 



Map 
No. 

Subbasin 

TABLE 56.-FLOOD CONTROL AND NAVIGATION STUDIES UNDERWAY OR AUTHORIZED (OTHER THAN STORAGE) 
FLOOD CONTROL STUDIES 

Name Principal features Remarks 

31 Snake _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Malheur River and Tributaries _ _ _ _  - - - - - - - - - - - - - - - - _  Levees, channel improvements, storaae • •  - - - - - - - - - _ _ _  Report due fiscal year 1968. 
32 _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Grande Ronde River _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Flood control works includina storaae • • •  -- - - - - - - - - - - - Awaitin& further appropriations. 
33 Columbia _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ McKey Creek • • • •  - - - - - - - - - - -- - - -- - - - - - - - - - - ---- - levees, channel improvements, storage _ _ _ _ _ _ _ _ _ _ _ _ _ _  Study presently deferred. 
34 • • • • •  do • • • • • • • • • • • • • •  _ _  ----- - --- Crooked Riv•'------------ - - -- --------- - - - - - - - - - - Channel clearing, bank protection _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Deferred for restudy. 35 • . • • •  do • •  _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Lower Columbia River and Tributaries _ _ _ _ _ _ _ _ _ _ _ _ _  Improvements toexistlnlworksand newworks _ _ _ _ _ _ _ _  Report due in 1970 or 1971. 
36 Willamette _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Washinllon County ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Flood plain information stUdY- --------------- ------- Report due in fiscal year 1969. 
37 _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Interim flood plain reports _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Information 1athered at request of State Water Re- Need for this type of data because of 1964 Christ-

sources Board. mas flood. 38 _ _ _ _ _  do _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Wlllamette Basin Review _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Ref:�c�.
coordinate data from all water resource State and Federal effort. 

39 . . . . •  do _ _ _ _ _ _ _  ---- - - -- - - - - - - - -- Mid-Willamette _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  A flood plain information study _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Report due fiscal year 1968. 
40 _ _ _ _ _  do. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  lane CountY------------------- ----------------- Flood plain information studY--------- - - - - - - -------- Reports finished fiscal year 1967. 
41 CoastaL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Ne�::'l!i

����i, Kilchis, Wilson, Trask and Tilla- Flood protective and control works _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Studies to be completed fiscal year 1968. 
42 _ _ _  . . do _ _ _ _ _  - - ---- - - - -- - - - - - - - - Nestucca River.. • • •  - - - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Flood protective works _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - -- - - ------ - Study completed 1967. 
43 _ _ _ _ _  do •• _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Yaquina River • • • • •  - - - - - - - - - - - - - - - - - ---- - - - - - - -- - Drainaae and flood controL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Study to be completed 1968. 
rs :: : J�:�:: : : : : : :: : : : : : : : :: :::: :r:e�e������: : : :  :: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : -riOO:�oniroi woriis��::::: :: : : : : : : : :: : :: ::::::::: :: ����rt

c:�����n:�:,ition. 
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48 . . .. . do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Interim flood plain report _ _ _ _  · - · · - - - · - - - - · - - - · - - - Information aathered at request of State Water Re- Need for this type of data because of 1964 Christmas 

sources Board. flood. 
49 _ . . . .  do .. . _ _  . .  _ _ _  . _  . .  _ _ _ _ _ _ _ _ _  . _ _ _  . •  do .. . _ _ _ _ _  . _ _  . .  _ _ _ _ _ _ _ _ _  . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . _  • .  do . •  _ . .  _ _  . . .  _ _ _ _ _ _ _ _ _ _ _ _  . .  _ _  • . . •  _ _  • •  _ _ _  . .  _ _ _ _  Do. 

NAVIGATION STUDIES 

50 Snake _ _ _ _ _ _ _ _  . . . . · - - - - - - - - · - - - Snake River downstream from Weiser ..... · - - - - - - - - Removal of shoals, enlarging channeL • • . . . . .  _ _ _ _ _ _ _  Awaitina construction funds. 
51 Columbia _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Mayer State Park _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ----- --------- Small boat access channeL------------------------ Awaitina stu� funds. 
52 _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Beaver Slouah • • •  ------ --------- - - -------------- Channel improvement dredaina • • •  ------------------ Report work iscontinued. 
53 Willamette-Columbia ••. • . . . . . . . .  Willamette and Columbia River, Fisher Island to Naviaation channeL ----- · - - - - - - - · ---------------- Awaitina study funds. 

Barlow Point 
54 CoastaL . . . . . . . . • . .  · - - - - - · - - - - Seaside Harbor _ _ _ _ _ _ _ _ _  · - - - - - - - - · - - - - ----------- Smoll boat basin·------ - - · - - ---- - - - - - - - - - - - - - - · - - - Report due fiscal year 1970. 
55 • . . . •  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Younas Bay and River---------------------------- Lewis and Clark connectina channeL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Project under consideration. 56 . . . . .  do. _ _ _ _ _ _ _ _ _ _ _ _  ------ - -- - - Siletz River •• - - - - - ---------------·-----------·-- Jetty construction, small boat basin _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Awaitlnl{ action by local interest 
57 _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Yaquina Bay and Harbor •• - - ---- - - - - - - - - ---- - - · -- Small boat basin·--------------------------------- Reconnaossance report underway. 
58 . . . . •  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Yaquina River.------------------ - - ----- - - · - - - - - - Naviaation channel •• ----------- ------------------- Report under consoderation. 
59 . . • . .  dO-- --------------- - - · - - - - Alsea Bay and River· - - - ---------------- --------- Small boat basin------------ ·--------------------- Requested by local interests. 60 • . . . •  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  · - - - - - · - - Siuslaw River.- - - - - ----------------------------- Naviaation channeL------- - - - · -----·------------- lnvestiption underway. 
61 . . • . .  do •• --- ·------------------ Coos Bay, South Slouah-------------------------- Channel extension, small boat basin enlaraemenL . . . •  Presently under study. 
62 • . . . •  dO--- ----------·---------- Coos BaY--------------------------------------- Bar and bay channel improvement__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Report due fiscal year 1968. 
63 Umpqua • .. . . . . .  - - - - - - - - - - - - - ·- Umpqua River---- -- - - - --- - - · - - - - - - ------------- Enlaraina channel entrance _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Study held in abeyance at request of local interest. 
64 Roaue ___ _ _ _ _ _  · ----- · - - -- - - · - - - Roaue River. .• _ _ _ _ _ _  --------------------------- North jetty extension _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Report due fiscal year 1969. 
65 _ _ _ _ _  deL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _  - - - - - - - - - · · - · - - - - - -------- - - - · .  Small boat basin at Gold Baach • • •  --- - - - - - - -- -- - - -- - Report under study. � 



454 
The Bureau of Land Management has an active recreation program 

on lands under its jurisdiction in Oregon. The Oregon and California 
lands and the areas in eastern Oregon offer additiOnal opportunities 
for recreation development. A survey of all BLM lands has been com
pleted and several sites have been identified for future recre111tion 
development. 

Figure 102 and table 57 locate and present pertinent data for poten
tial recreation areas in Oregon. 

SUMMARY 

Oregon, the "Beaver State," is a land of infinite variety. From sea 
level to the top of Mt. Hood, from the wind- and rain-swept coast to 
the driest desert, Oregon is tremendously endowed with scenic beauty 
and recreational opportunities. It is rich in the natural resources of 
land, water, timber, minerals, flora and fauna. 

These abundant resources in conjunction with the continually ex
panding demand for goods and services make possible a diversity of 
conscientious resource development and use that is outstanding among 
states of the United States. 

The development of the water and related land resources of the 
Paci1fic Northwest, with the Columbia River System as its core, is one 
of the world's greater undertakings of its kind. The attention of plan
ners, economists, engineers, politicians, and the general public of this 
and many other countries has been attr.acted for many years to this 
development. 

A great amount of planning and study remains to be accomplished. 
There is a need for overall land use planning according to character, 
quality and location, and to the needs of people in their expanding 
urban and rural uses. The material needs are fundamental and real ; 
regional land use planning should include : new cropland for the in
crease in population and for replacement of withdrawn lands ; new 
areas for fish and wildlife ; additwnal land for community, urban, and 
industrial uses : new areas for recreation and related purposes ; land 
for mineral reSources development ; land for forest and range ;  and 
areas for open space. Uses and demands for outdoor recreatiOn, for 
�x�j,mple, �n,der t�e cumulative, e.ffects of added. population, disposable 
mcome, lmsure ttme, and mob1hty, are expandmg at rates far above 
those of population alone. 

Approximately 1,608,000 or 20 percent, of the 8,040,000 acres of 
land m Oregon having some degree of irrigation potential were irri
gated in 1964. Most of these irrigated lands are located east of the 
Cascades ; this area also has the greatest degree of irrigation potential. 

An area of grea;t irrigation potential west of the Cascades is the 
Willamette Valley. Most of the present development in the Willamette 
is in scattered small blocks developed largely through the efforts of 
private enterprise. In the near future, large-scale, multiple-purpose 
projects with storage and distribution facilities to serve thousands of 
acres will be a reality in the Willamette Valley. 

Resource planners for the present and future are particularly con
cerned with the ramifications of more rational and efficient uses of 
available water in relation to arable land. Prospective means include : 
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TABLE 57.-RECREATION AREAS, OREGON-POTENTIAL 

Acreage Type of use Activities 
1--�--�---1 

Subbasin 
i! � .. .. � c ... .!!! '0 ... -l:! : ! e ·;:: 

Total land 1 Water surface 1 "C I • g � � � -£! §. i area "C c ., :;;: � .. ·e .. :; :8 "* "t; .2 .. ·a. c � c 1! � � ... .. ""' ·;:: c c E � E i § .. :!! :;: .. :;;: "i ,. .. .. � .1! ;;: � � ;;:: 3ii 3ii 0 > 0 a.. ., :>: z 
----- 1-----·--1--1--·--·--1--1--·--·-- ·--·--·--·--·--

CLOSED LAKES 
I. Devils Garden MonumenL • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

2. Fort Rock Cave Historic • • •  · - - - - - - · · · - - - - - · · - - · · · - - - - - - - - ·  3 .  lost Forest State Park • • • • • • • •  · - - - - - - - - · - - - - - · - - - - - - - - - · .  
4 .  Diamond Craters Monument. • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

5. Steens Mountains Park • • • • •  · - - · - · · - · · · - - · - - - - - · - - - - - - - - -6 .  Steens Mountain Road • • . •  ·---· · -------·--------- · - - - · - - -7 .  Abert Rim MonumenL • • • •  - - - - - - · - - - - - - - - - - ---- · · · - - · · - -8 .  Drews Reservoir Recreation Area • . . . . • . . . • . . . . . . . . . . • . • • . .  

KLAMATH 
I. Upper Klamath Reservoir

·
---- - · - - · · - - - - - - - - - - - - - - - - - - - - - ·  2. Gerber Reservoir.. . · - - · - - - - - - - - - - • . • •  · · ·

· - - - - - - - - - · --- · -3. Hyatt Prairie Recreation Area • • • • • • • • • • . • • • • • • . • • • • • • • • • • •  

SNAKE 
I. Wenaha Reservoir Recreation Area • • • • • • • • . • . • . . . • • . • . • • . • 2. Grande Ronde River Canoe TraiL • • •  - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

3. Oxbow Reservoir Park • • •  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ---
4. Powder River Recreation Area _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

5. Mason Reservoir Park •• - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - -
6 . Bully Creek Reservoir Park .. - - - - -- - - - - - - - - - - - - - - -- - - - - - - -
7 .  Honeycombs State Park .. , • •  _ _ _ _  ------------------- -- - - - -
8 .  Sucker Creek State Park. --�---- - - - - - - - - - - - - - - - - - - - - - - - - -
9 . leslie Gulch State Park _ _ _ _ _ _ _ _ _ _ _  - - - - - - - - - - - - - - - - - - - - - - .  

10. Mahogany Mountain Preserve _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

II. Jordan Craters Monument _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

12. Owyhee River (free flowing) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

13. Three Forks of Owyhee Monument • •  _ _ _  . .  _ _ _ _  •. - - - - - - - - - - -

1,000 - - - - - - ·  
10 - - - - -

5, 000 - - - - - - -
1�:: - - - - - - - - - - - -s· 

1 70 --- - - - - - - - - - - -5,000 - - - - - - - - - - - - - -
160 4,600 
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120 I 68,200 I X I X 1 - - - - - - 1 · ----- 1 X � - - - - - - 1 X I X I X I X � - - - - - -� - - - - - - � - - - - - - � - -- - - -
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80 M X 1 97 - - - - - - - - - - - - - - X 
40 l X 
10 15,000 X 

250 2,:� X 
120 X 

2, 000 12,742 X 
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COLUMBIA 
I. Sauvie Island Recreation Area _ _ _ _ _ _ _ _ _ _ _ _ ______________ _ _ 
2. New Market Theater Historic • • • • • • • • •  --- · - --- · · - - - - - · - ---3 . Government Island Beach • • •  - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

4. Sandy Oxbow Recreation Area _ _ _ _ _ _ _ _ _ _ _ ________________ _ 
5. Columbia Gorge Recreation Area_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 500 
6. U.S. 30 Parkway_------ _ _ _ _ _ _  --------------------------- • 80 
7. Deschutes 

(
free flowing>- - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - 80 

:: b��h��:s 
R
Rr::r<�:�c!

o
;;��t:: ::::::: :: : : : : : : : : :: : : : : : : : _ __ _ _ _ _ _ _ _ _  �� _ 

10. u.s. 125_____ __ ____ ____ __ _ _ _ _____________ _ _ _ _ _ _ _ _ _ _  _____ • so 
11. Century Drive ______ - - - - - - - - - - - - - --------- ____ ----------- • 40 

WILLAMETTE 
I. Clackamas River Canoe TraiL • • • • •  _ _ _ _ _ _ _ _ _ _____________ • 

2. Willamette River Canoe TraiL • • • • • • • •  - - - - - - - - - - - - - - - - - - - -

3. Butte Creek Falls Nature Area _ _ _ _ _ _ _ _ _ _ _ _____________ _ ___ _ 
4. Little North Santiam Recreation Area • • •  - - - - - - - - - - - - - - - - - - - -

5 . Santiam River Canoe TraiL------ - - - - - - - - - - - - - - - - - - - - - - - - -
6.  Green Peter Reservoir Park ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ __ _ 
7. McKenzie River (free flowing). _ _  ------ - - - - - - - - - - - - - - - - - - - -
8. McKenzie River Canoe TraiL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ _ 

COASTAL 
I. Clatsop Plains Recreation Area____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1, 400 
2. U.S. Highway !01 _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ______ _ _ ___ 1 390 
3. Nehalem Canoe Trail . - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
4 .  Tillamook Sandspit Beach • •  -- - - - - - -- - - -------- - ---------- · 500 
5. Wilson River Canoe TraiL--- - - - - - - - - - - - - - - - - - - - ---- - - - - - - - - - - - - - - - - - - -
6 .  Sand Lake Recreation Area - - - - - - - - - - - - - - - - - -� - - - - - - - - - - - 1, 650 
7. Nestucca Sandspit Beach. _________________ - - - - - - - - - - - - _ _ _  900 
8. Pacific Coast Foot Trail ----- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 312 
9. Slletz Sandsplt Beach·------ - - - - - - - - - - - - - - - - - - - - -- - - - - - - - 375 

10. Siletz River Canoe TraiL· ---------------- - - - - - - - - - - - - - - - • 45 
11. Sluslaw River Canoe TraiL_______________________________ • 27 
12. Triangle Lake State Recreation Area •••• - - - ------ -- --------- 37 
13. Oregon Dunes Seashore·---- ------- ------------ ----------- 44,600 
14. Eel Lake State Recreation Area_ __ _ _ _ _ _ _ _ __ _ _______________ 40 

t�: f��:��u::���::::::::::::::::::::::::::::::::::::::: �:m 
18. Sisters Rock State Park·---- - - - - - - - - - - - - - - - - - - - - - --------- 600 
19. Hubbard Mound-Otter Point Beach • • • • •  -------------------- 400 
20. Crooks Point Beach·-- - - -------- - - --- - - - - - - - - - -- - - - - - - - - - - 800 

See footnote at end of table. 
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TABLE 57.-RECREATION AREAS, OREGON-POTENTIAL-Continued 

Acreage Type of use Activities 
1 ----------1---------------------------

Subbasin I I Water surface [ Total land 
area 

UMPQUA 
I. Umpqua River Canoe Trail. .  • • • • • •  - - - - - - - - - - - - - - - - - - - - - - - -
2 .  Smith's Massacre Historic Site _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
3. Umpqua and North Fork (free llowing) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  , _ _ _ _ _ _  _ 

1 125 
20 

1 165 
4. Smith River Recreation Area ••• ___ • _ _ _  .• _ _ _ _ _ _ _  _ 120 1 - - - - - - - - - - - - - -

ROGUE 
I.  Rogue River Canoe Trail.. . • . . . . . .  _ _ _  . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  • 1 135 _ _ _ _ _  _ 

!: =�:�=-��:J�q��-�����::::::::::: : : : : : : : : : : : : : : : : : : : : : : - - - - - - - 13;�- : : : : : : : : : :���: 
5. · Upper Rogue State Park • • • • • • • • • • • •  _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - ---- 120 _ _ _ _ _ _ _ _ _ _ _  • _ _  6.  Mill and Barr Creek Falls Recreation Area ••• _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  80 • _ _ _ _ _ _ _ _ _ _ _ _  _ 
�: �:rs!�v��r�r:��i:��!�:: : : : : : : : : : : : :  : : : : : : : : : : : : : :: ::: : 63 : : : : : : : : : : : : : :  
9.' · 1 1 1inois River Recreation Area__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 00  _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

• Miles. 
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advancing technology in surface and underground wit r stirage, 
transmissiOn, and application ; more efficient use of w ter ; water 
transfers within and without local drainge basins and ir · gation sys71 
terns ; and exchanges of water supplies to permit more effi ient develon
ment and use of water and land resources. 1 i 

Oregon has what many consider is the finest State Park s� in 
the United States. This system is continually being expanded meet 
the growing demands for outdoor recreation. Recreation devel pments 
are also continually being expanded, in the N �tional . Forests, on �he 
0 & C lands and around the Federal reservoirs. Private kecreabon 
developments have and will play an important role in the recreation 
picture for Oregon. 

The harbors of the Pacific coast and the Columbia River provide 
for substantial water commerce to and from Oregon. Several indus
tries have located at or near these ports. The easy water grade offered 
by the dams on the Columbia River and Oregon's plentiful water 
supplies and low-cost industrial power will continue to draw industries 
to these port districts. Navigation in the coastal harbors and the 
Columbia River will continually be improved. 

The battle against flood damages is a never ending one. In addition 
to the existi� flood control projects, studies are underway to construct 
new or rehabilitate and expand existing projects throughout the state. 

Water resource development in the state will continue to progress. 
The ;{>eople of Oregon have learned the value of wise conservation, 

. intelligent development, sustained management, and controlled use of 
the natural resources. Excellent cooperation among the various devel
opment and management agencies from all levels of state, Federal and 
private enterprise has helped to make the state a mecca for its citizens 
and for the thousands of tourists who visit each year. 

Multiple-purpose planning is of primary importance for the most 
efficient use and preservation of the resources. The foremost deter
minant in the development and preservation of the natural resources 
is the well-being of all the people. The abundance of clean water, fertile 
land and timbered areas, plus technological advances, will help to meet 
the future demands for more diversified agricultural production, recre
ational activities, and employment opportunities in the state of Oregon. 
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Younger Cenozoic (post-early Miocene ) marine 
sedimentary and minor volcanic rocks 

Older Cenozoic marine and estuarine sedimentary 
rocks and minor volcanic rocks 

E X P LA N AT I O N  

S E D I M E N T A R Y  A N D V O LC A N I C R O C K S  

Quaternary alluvium, lake sediments, 
fluvio-glacial deposits, and pumice 

Late Cenozoic basalt and andesite 

Younger Cenozoic ( Miocene and Pliocene )  nonmarine 
(continenta l )  sedimentary rocks, ash-flow tuffs, 
some interbedded rhyolite flows and domes 

r::rr:rm1 
tlli1Jiill 

Older Cenozoic marine and non marine basaltic and 
andesitic flows and tuffs;  includes related intrusive 
rocks 

� 
� 

Andesite and basalt of High Cascade Range 

PlliTlTITII 
lftJ±JB 

Younger Cenozoic ( Miocene and Pliocene ) basalt and 
andesite flows and minor continental sedimentary 
rocks 

Older Cenozoic (Eocene, Oligocene, and early Miocene ) 
volcanic and continental sedimentary rocks 

Late Mesozoic sedimentary rocks 

Mesozoic sedimentary and minor volcanic 
s outhwest O re gon ( Dothan Formation ) .  
post-Nevadan ; i n  places metamorphosed 

roc ks in 
Pre- or 

Mesozoic sedimentary and volcanic rocks older than 
K i m meridgian ( p re - N evadan orogeny ) ;  i n  places 
strongly metamorphosed 

Permian and Triassic sedimentary and volcanic 
rocks; in places strongly metamorphosed 

-
Paleozoic sedimentary rocks; in places 

strongly metamorphosed 

I N T R U S I V E  I G N E O U S  R O C K S  

-
Cenozoic gabbro and diabase 

Granitic rocks, chiefly of Mesozoic age 

-
Ultramafic and gabbroic rocks, 

chiefly of Mesozoic age 

Major volcanic vents and domes 
of Cenozoic age 

Large volcanic craters 

Contact 

Fault, dotted where concealed 

Younger Cenozoic ( Miocene and Pliocene) 
sedimentary and volcanic rocks, undivided 


