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OREGON'S MINERAL INDUSTRY IN 1964 

By Ralph S. Mason* 

Oregon mines and metallurgical plants continued to pump large quan
tities of primary wealth into the state's economy in 1964. Indications 
are that the value produced during the past year wi II probably equal 
that of the record-shatteri ng total turned in for 1963. Soari ng metal 
prices on world markets, particularly for mercury, saw the reopening 
of six cinnabar mines and activity at several antimony properties which 
have been idle for many years. Production of aggregate, which ac
counts for approximately two-thirds of the total value of all minerals 
produced in the state, was close to that of last year, in spite of a 
lessened demand by large federal construction projects. The disas
trous Christmas-week floods across the state temporari Iy paralyzed 
nearly all of the sand and gravel producers, who suffered high Josses 
to stocks and equipment. The need for aggregate and stone of all 
types for the coming year will probably set new records as the state 
rebuilds its highways, jetties, dikes, plants, homes, and bridges. 
Offshore oi I and gas leases for federal and state lands lying off the 
Oregon coast were granted to major oi I companies last fall. The 
action marks an important milestone in the state's long search for 
petroleum. 

Metals 

Mercury 

A continuing imbalance in the international mercury supply and demand 
forced prices up to all-time highs in 1964. As a direct result, interest in 
several Oregon mercury properties developed and at year's end activitywas 
reported at six mines. The Black Butte mine in southern Lane County, idle 

* Mining Engineer, State of Oregon Dept. Geology & Mineral Industries. 



Some of Oregon's Minerals at a Glance 
Preliminary Figures for 1964 

(tn thousands of dollars) 

Clays 
Gold 
lime 
Sand and Gravel 
Stone 
Misc.* 

Estimated total 

$ 

1963 

330 
63 

1,835 
18,850 
24,197 
17,417 

$62,692 

$ 

1964 

275 
22 

2, 115 
17,500 
24,000 
17,191 

$61,103 

* Copper, diatomite, lead, mercury, 
nickel, pumice & volcanic cinder, silver, 
zinc, cement, iron ore. 

for several years, was reacti
vated by the Ameri can Mercury 
Corp. early in December, with 

. production scheduled for Janu
ary. The Black Butte has had a 
history of intermittent produc
tion stretching back to 1890. 
The mine has produced 16,000 
flasks of metal. Another im
portant mercury producer, the 
Bretz mine in Malheur County, 
was reportedly being reopened 
late in the year. Production 
from the Bretz since it was dis
covered in 1917 has totalled 
about 14,000 flasks. The prop
erty has been idle recently. 

At the Canyon Creek mer-
cury prospect near Canyon City 

in Grant County, Lawrence Roba and Banday ·Sintay produced a small amount 
of quicksilver from development ore during the year. The property was 
scheduled for stepped-up exploration by a major mercury producer early in 
1965. The War Eagle mine west of Shady Cove in northern Jackson County 
was leased by Dave Chase, who conducted an exploration and development 
program. The Red Cloud mine in the upper Cow Creek area of Douglas 
County was leased by W. F. Sexton of Grants Pass. Plans for stripping, con
centrating, and retorting the ore to start about April 1 were announced. 

Activity was also reported at the Bonita mine in the Meadows district 
of Jackson County and at the Palmer Creek prospect in the Upper Apple
gate district of the same county. A federal Office of Minerals Exploration 
contract with Pacific Minerals & Chemical Co. for exploration atthe Mother 
Lode, Cobar, and Lookout Mountain groups in Crook County is in recess 
until June 1965. Total estimated cost of the cooperative project is $63,000. 

Gold and silver 

Production of gold from placer and hard rock operations declined ap
preciably from 1963 levels as did the recovery of silver I principally from 
underground operations. Active during the year were 18 seasonal placer 
mines and 10 hard-rock mines. 

The Buffalo mine in eastern Grant County produced from the lower lev
el driven several years ago. The ore was treated in a flotation mi II at the 
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mine. Additional mill capacity was installed during the year. The mine 
is located in snow country and is virtually isolated during the winter months, 
but despite this handicap operations continue throughout the year. 

At the Oregon King mine in the Ashwood district of Jefferson County, 
gold and silver were produced from development ore. Shipments to the 
smelter included both lump ore and flotation concentrates. Exploration was 
conducted under an O.M.E. loan with a total estimated cost of $55,150. 
Oregon King entered into an operating agreement with Ag. Boaz Inc. of 
Seattle, Washington. The new operators have installed additional mining 
equipment and have announced plans to drift east and west on the 400-foot 
level and to explore the side walls with long-hole dri-II ing. Arthur J. Theis 
is presi dent of Boaz and James P. J ac kson, Jr. genera I superi ntendent . 

Copper 

Production of copper in Oregon came from two main sources, the Stand
ard mine near Prairie City in Grant County and the Oregon King mine in 
Jefferson County. At the Standard, Jim Kinsella single-handedly mined, 
sorted, and shipped 60 tons of ore. Kinsella also saws wood and performs 
other work as time permits, which is pretty good for a man somewhat past 
70 years of age. A small amount of by-product copper came from the Ore
gon King silver mine. 

Nickel 

The only nickel mine and smelter in the United States continued to pro
duce at Riddle in Douglas County, where Hanna Mining Co. mined and its 
subsidiary, Hanna Nickel Smelting, refined slightly greater tonnages than 
in the previous year. With the installation of a natural gas line through 
the area, Hanna changed to the use of natural gas in its calciners and in the 
newly installed multiple-hearth roasters. The additional equipmentwill 
permit more efficient plant operation and will increase productive capacity. 
The Hanna operation has been in continuous production since July 1954, 
when the first garnierite ore was trammed down Nickel Mountain and smelted 
into pigs of ferro-nickel. 

Antimony 

Rising prices and increased demand for antimony encouraged activity 
at three Oregon mines. The Jay Bird mine in southern Jackson County was 
reopened by W. H. Holloway, who produced a small tonnage of development 
ore. The Coyote mine near Brogan, Malheur County, was scheduled for 
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some exploration work by George Wicklander of Pendleton after the firstof 
the year. A. W. Brandenthaler of Baker reopened the Gray Eagle mine near 
Baker with a small crew. Both the Jay Bird and the Gray Eagle produced 
during World War II, when antimony was in critically short supply. 

Exploration projects 

The Bunker Hi I f Co. of Kellogg, Idaho, explored the black sands at 
the mouth of the Columbia River early in the year to determine whether 
iron ore of commercial size and grade could be mined and beneficiated. 
The company terminated its leases in May after considerable drilling and 
sampling revealed insufficient ore for its purposes. In the Bohemia district, 
Federal Resources Corp. of Salt Lake City leased a group-of mining proper
ti es and inaugurated an exp I oration program of diamond dri Iii ng and tunne 1-
ling to develop reserves of the complex gold, silver I copper, lead, and 
zinc ore exposed in numerous shallow workings. In the Blue River district 
of Lane County, minor work was done at the Lucky Boy mine by a Califor
nia mining group. A lead-zinc property in Linn County was drilled by an 
Idaho mining company. 

Industrial Minerals 

Lightweight aggregates and pozzolan 

Production of natural lightweight aggregates in the state was concen~ 
trated, as it has been for many years, in the Bend area of central Oregon. 
Two operators, Boise-Cascade Pumice Co. and Central Oregon Pumice Co., 
quarried and processed volcanic cinders and pumice. The carefully blended 
aggregates are extensively used in concrete block manufacture and for a 
vari ety of loose-fi II appJi cations. A new industry for the state commenced 
operations near Shutler in Gilliam County, when Permanente Cement Co. 
began processing volcanic ash for use as a pozzolan in large, monol ithic 
concrete dam construction. The bulk of the plant's production was being 
used in the John Day dam on the Columbia River and the Green Peter dam 
on Quartzville Creek in Linn County. When used to replace a part of the 
portland cement in concrete mixes, pozzoJans reduce costs, decrease heat 
of hydration during the curing stage, and increase workabil ity and resistance 
to aggressive waters. 

Artificial I ightweight aggregates were made from expansible shale cal
cined at two plants in northwestern Oregon. Empire Building Materials 
quarried and furnaced a deposit of Keesey shale at Sunset Tunnel in Wash
ington County. Empire began construction of a pozzolan processing mill at 
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the plant site late in the year, with completion scheduled for May 1965. 
Finely ground, expanded shale has been used locally as a pozzolan for sev
eral years. Originally pozzolan was only substituted for a part of the ce
ment in concrete mixes when large, monolithic masses of concrete were 
placed. The recent development of pumping techniques for placing smaller 
quantities of pre-mixed concrete has increased the demand for pozzolans, 
because they impart a greater workability to the mix. Thin-shell concrete 
forms, roof decks, and concretes for acid plants also use pozzolan in their 
mixes. Empire fabricated all of the concrete piling, caps, and beams for 
the Astoria bridge across the mouth of the Columbia River. The piles were 
four feet in diameter and from 90 to 112 feet in length. Although of hollow 
construction, they were jetted and then driven into place with a pile driver. 
Empire developed a novel technique of slip-forming the upper half of the 
piling, which was cast in a horizontal position. One of the most claustro
phobic jobs in the state was held by the workman at the plant who had to 
crawl into each finished piling and remove the metal core. The 70,000- to 
aO,OOO-pound piles were trucked and barged from Portland to the bridge site. 

A few miles south of Vernonia, Cloverleaf Mines, Inc., operated the 
old Smithwick expansible shale quarry and kiln under a lease-purchase agree
ment with the Vernonia Industrial Development Corp., a community devel
opment group which is seeking to firm up the areals economy by encouraging 
year-around mineral production. 

Pacific Diatomite Corp. increased production of diatomite from its 
property near Si Iver Lake in Lake County, and trucked the raw material to 
Eugene for processing ahd packaging. Principal uses of the product are for 
kitten litter and for lining portable barbecues. The company also sold per
lite from its quarry near Paisley in Lake County, and announced plans for 
erecting a plant at Eugene for the manufacture of sponge rock and insula
tion fill. At Riddle the Mining-Minerals Manufacturing Co. dried and 
screened material from the nearby Hanna Nickel Smelting Co. slag pile and 
marketed it as an abrasive for sandblasting. Most of their product was be
ing used in shipyards in the San Francisco Bay area. Minor quantities of 
the slag were also used by the State Highway Department for sanding ice
covered roads. Test shipments of perlite from a property on Dooley Moun
tain in southern Baker County were made by Del Harmon to Supreme Perlite 
Co. in Portland. . 

The Department of Geology conducted expansibility tests on pumice 
samples from Deschutes County in central Oregon. The results indicated 
that some pumice has a capacity to develop a cellularity over and above 
that with which it was endowed by nature. Volume increase was greatest 
for fresh, commercial-grade pumice, with expansion ranging from 90 to 110 
percent. A report on the project appeared in the April, 1964 ORE BIN. 
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A similar departmental project conducted during the year involved testing 
the expansibility of the volcanic ash near Arlington. It was found that 
volume increases of the order of 120 to 140 percent were possible when the 
ash was heated ina muffl e furnace. 

An occurrence of vermiculitized biotite near North Powder in northern 
Baker County was sampled and tested by the department. Although the ver
miculite expanded sufficiently to make it economically interesting, the 
mineral was too thinly disseminated through a batholithic intrusive. Com
mercial crude vermiculite is currently imported into the state from Montana 
for expansion in Portland. A report on the department's study of the Baker 
County occurrence appeared in the October 1964 ORE BIN. 

Silica 

Bristol Silica Co. was the principal producer of metallurgical andother 
grades of quartz in ihe state. The plant, which was moved to its present 
location west of Gold Hill in Jackson County a year or so ago, suffered 
extensive damage to stockpiles and equipment during the Christmas flooding 
of the Rogue River. Small tonnages of silica were mined at Quartz Moun
tain east of Roseburg in Douglas County. Oregon dune sands were the sub-
i ect of a study made by the U. S. Bureau of Mi nes at AI bany • Tests i ndi cated 
that the sands could be beneficiated sufficiently to make them suitable for 
clear container and amber grades of glass. Test results were published in 
the Bureau's Report of Investigations No. 6484: 

Bentonite 

Central Oregon Bentonite Co. produced crude bentonite from deposits 
on Camp Creek in eastern Crook County. The -bentonite was sold for use 
in sealing stock ponds and irrigation ditches, in well-drilling muds, as a 
stock-feed binder, and as a carrier for insecticides in crop dusts. 

Limestone 

High-grade limestone was quarried at widely scattered points in the 
state. Chemical Lime Co. operated a quarry high up in the Elkhorns of 
Baker County and calcined the stone at its kilns near Baker. Oregon Port
land Cement Co. quarried limestone near its kilns at Lime in Baker County 
and at a quarry near Dallas in Polk County. Ideal Cement Co. produced 
rock from Marble Mountain south of Wilderville in Josephine County. Har
mony Limestone, Inc., a newcomer to-the state, erected a mill in Illinois 
Valley, Josephine County, and opened up a quarry on a marble deposit near 
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ACTIVE MINES IN OREGON, 1964 

Mine eoun!}: Mine Coun!}: Mine County 

Gold Placer 
Antimony 

Building Stone 

Jackson Moon Meso Baker DeJonvier 
Jay Bird Mine Jackson Rainbow Rock . Wasco Cowie Jackson 
Gray Eogle Mine Bok .. Willowdale Jefferson Sunset Josephine 
Coyote Mine Molheur Red Rock Deschutes Joe Joe Josephine 

Cinder Hill Deschutes Leland Josephine 
Kahneeto Stone Wasco Speoker Josephine Copper 

Wolf Creek Josephine 
Bear Josephine Stondard Grant 
Gold Nugget Josephine Oregon King Jeff .. son Lightw~isht A~_~ates, Pozzolan Aphir Josephine 
Brown Josephine M .. curl:: Empire Building Materials Washington Gold &or Josephine 

Cloverleaf Mines Washington Leopold Josephine Bonito Jackson Permanente Gilliam Maloney Josephine Palmer Creek Jackson Centrol Oragon Pumice Deschutes '-J Upp .. Hogum Douglas War Eagle Jackson A. M. Motlock Lake T enness .. Gulch Douglas Canyon Creek Grant Boise-Cascade Pumice Deschutes Suksdorf and Anderson Malheur Bretz· Molheur 
Winterville Baker Block Butte Lane 

Gold load Brick and Tile 
Li mestone and Li me 

Oregon King Jefferson Sixteen brick and tile planh, largely can-
Buffalo Grant Chemical Lime Co. Bok .. centrated in western Oregon, were in pro-
Dark Canyan Josephine Ideal Cement Co. Josephine ducti~n during the year. 
Snow Bird Josephine Oregon Portland CementCa. Bok .. , Polk 
Gr .. nbClck Josephine Harmony LimeslOne, Inc. Josephine 
Fleming Jackson 

~ 
Sand and Gravel, Crushed Stone Little Arctic Jackson 

Warner Jackson 
Douglas Active comm .. cial produc .. s in ev .. y Ashland Jackson Big Quartz 

county and nearly every community in the lucky Bart Jackson 8r1 sto I Silica Co. Jackson 
state IOtal more than 200. Numerous ad-
ditional ~orries operated by stote, city, 

t:!lill!. Bentonite county, and federal agencies, and by log-

Hanna Nickel Co. Doug/as Central Oregon Bentonite 
ging companies using aggregate for private 

Crook use. 



Community growth is measured in buckets of concrete. Sand and 
gravel or crushed rock form the bulk of the concrete mix. They 
are rapidly becoming of critical importance in populous areas where 
demand is heavy and reserves are dwindling through depletion and 
spreading urbanization. (Photograph courtesy of Oregon Highway 
Department. ) 

the Oregon Caves National Monument. Prowcts sold included agricultural 
stone and roofing granules. The plant suffered considerable flood damage 
in December. E. W. Morris is owner and operator of the quarry and mill. 

Sand and gravel and stone 

Slightly more than two-thirds of the total value of mineral and metal
lurgical products produced in Oregon in 1964 was represented by sand, 
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gravel, and stone. These basic mineral commodities were dredged or quar
ried at numerous points throughout the state and for the most part were used 
close to the point of origin. Some gravel, however, was barged 100 miles 
to riverside communities having no sources less than 20 miles distant byroad. 
Steadi Iy improving techniques in mining, beneficiation, and re~se of wash 
water were apparent at many of the operations. Greater over-all effi
ciencies enabled operators to resist inflationary price increases in their 
product, and at year's end the unit price for sand, gravel, and stone was 
fractionally lower than for the previous year. A century ago the symbol for 
the colonization of the northwest was the woodsman's axe. A little later 
it was the plow. Today in every growing community "in the state progress 
in the form of new roads, dams, bridges, plants, and homes is symbolized 
by the gravel truck and the bucket of concrete. 

Metallurgical Plants 

Exotic metals 

Oregon continued to maintain its position as an important space-age 
metals center during 1964. In the Albany area, the complex of research 
and production facilities included the U.S. Bureau of Mines Electrodevel
opment Laboratory, Wah Chang Corp., Oregon Metallurgical Corp., and 
Northwest Industries, Inc. Wah Chang reported development and fabrica
tion of tungsten-rhenium and tungsten-rhenium alloys, fabrication of tita
nium and titanium alloys, and the commercial production of high-strength 
columbium alloys. The company also processes several exotic metal ores 
into finished products. Oregon Metallurgical continued its production of 
titanium and zirconium castings. The firm reported increased demand for 
its various titanium products. Northwest Industries machined various re
active metals for use in high-temperature and severe-corrosion applications. 
Many of the metals are difficult to mill and dimensional tolerances, parti
cularly for missile components, are of a high order. 

Pyroprocess industries 

What is probably the most modern lime plant in the world was fired up 
in the Rivergate district in Portland in April. Ashgrove lime & Portland 
Cement Co. of Kansas City, Missouri, built the fully automated, gas-fired, 
twin-kiln facility at a cost of $3 million. Raw limestone is barged to the 
plant from Texada Island, British Columbia. Also operating in the Portland 
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Metallurgical Plants in Oregon 

Pyroprocess Plants Product County 

Ashgrove Lime & Portland Lime Multnomah 
Cement Co. 

Chemical Lime Co. Lime Baker 
Oregon Portland Cement Co. Cement Baker, Clackamas 
Ideal Cement Co. Cement Jackson 
Empire Building Materials Co. Expanded shale Washington 
Cloverleaf Mines, Inc. Expanded shal e Washington 
Pacific Diatomite Corp. Perlite Lake 
Supreme Perl i te Perlite Multnomah 
Vermiculite-Northwest Vermiculite Multnomah 
Owens-III inois Glass Multnomah 

Electrometallurgical Plants Product County 

Harvey Aluminum Co. Aluminum Wasco 
Reynolds Metals Co. Aluminum Multnomah 
Oregon Steel Mi lis Steel Multnomah 
Hanna Nickel Smelting Ferronickel Douglas 
National Metallurgical Corp. Silicon Lane 
Pacific Carbide & Allows Co. Carbide Multnomah 
The Electrometallurgical Co. Ferroalloys, Multnomah 

Carbide 

area was the Oswego plant of Oregon Portland Cement Co., which similar
ly uses high-grade limestone imported from Canada. Oregon Portland also 
operated its cement plant at Lime, Baker County, using local stone. Ideol 
Cement at Gold Hill, Jackson County, used stone from Wilderville in Jo
sephine County. Extensive damage to the company power plant located on 
the Rogue River occurred during the December flooding. Supreme Perlite 
and Vermiculite-Northwest, both located in Portland, imported raw perlite 
and vermicul ite from out of state and expanded them. Approximately 20 
brick and tile plants were active in the state during the year, as they have 
been for long periods extending back, in some instances, to the mid-1800's. 

* * * * * 
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OIL AND GAS EXPLORATION IN 1964 

By V. C. Newton, Jr. * 

Offshore Developments 

Twelve companies, representing the bulk of the United States oil industry, 
spent nearly $41 million for offshore exploration in Oregon and Washington 
during 1964. Federal offshore lease~ amounted to $37.3 million, while 
seismic operations and geologic studies last summer totalled an estimated 
$3.4 million. Results of the bidding by 11 companies on shelf lands adja
cent to Oregon and Washington indicate that this region is one of the in
dustry's main hopes for uncovering a new oil province in the United States. 
Chances for finding production offshore appear to be great enough to over
come the difficult environmental features of deep water and inclement 
weather. 

Returns from federal offshore I eases are deposi ted in -the U. S . Treasury, 
and no benefits accrue to the bordering state from these payments. Never
theless, if oil is found on the outer continental shelf lands the adjacent 
state will gain from ancillary businesses generated onshore. It can behoped, 
too, that once oil is found on federal shelf lands development will move 
shoreward to probe for oil entrapped by facies changes in the marine sedi
ments. 

The lease sale held by the State Land Board in December showed that 
interest in the near-shore prospects is very low at present. Of 18 tracts 
offered for lease by the Land Board, only two brought bids. The geology 
farther out apparently offers a greater thickness of Tertiary marine beds and 
less intercalated volcanic rocks than can be found along the coast. 

Summar:t of State Offshore Leases 

Tract 
No .. Company Acreage Bonus Rent Total Paid Location 

37 Shell Oil Co. 6,900 $15,663 $6,900 $22,563 5 mi. S. of 
Winchester Bay 

38 Standard Oil Co. 6,700 t3,333 6,700 20,033 2mi. S. of 
Winchester Bay 

* Petroleum Engineer, Oregon Dept. Geology and Mineral Industries. 

1 1 



Offshore EXE!loration Permits, 1964 
Permit 

No. Company Geophysical Geological 

SL-2 Shell Oil Co. Sparker Drill ship - M. V. Eureka 
Gas exploder 
Conventional seismic 

Sl-3 Union-Standard Gas exploder Drill ship - Caldrill 

SL-4 Standard, oeerator Conventional seismic 
Standard of California 
Humble Oil & Refining Co. 
Pan American Petrol eum Co. 
Superior Oil Co. 
Phillips Petroleum Co. 
Texaco, Inc. 

SL-5 Superior Oi I Co. Conventional seismic Drill ship - Submarex 

SL-6 Richfield-Mobil Drill ship -Exploit 

SL-7 Mobi1-R ichHel d ' Gas exploder 

Sl-8 Huml>leOil &.Refinifl9_ Co. Conventional se1smic On1 kship - ~r-ex 

Sl-9 Atlantic Refining CQ .. " SJXlrker 

SL-IO T exaco..:.Mobi I . Spar.ker Drill ship - Western 
Explorer 

Last summer 12 oil firms conducted geologi-cal and geophysical studies 
off the Oregon coast,' these companies beingprimarily interested in the 
outer .continental· shelf region. Samples and cores were obtained from -the 
ocean floor by drilling ships. Drilling was.done os far as 40 -miles from 
shore on severa! occasions and in water as deep as 2,000 feet. tn 1-964, 
five drilling ships, three conventional sehmic fleets, two sparker ships, 
and two gas exploder ships were utilized in studies on the shelf lands bor
dering Oregon. 

Onshore Developments 

The Department issued one new .drilling permit in 1964. This was for 
a shallow test well near Dallas in Polk County. Total footage drilled in 
1964 was 1,718 feet, the lowest in 16 years. Footage includes that drilled 
by Gulf on its 8, 470-foot test at Halsey in Linn County. Gulf abandoned 
the well in January 1964. 
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Perm its Issu ed in 1964 
Permit 

No. Compan~ Well Name location Depth Status 

54 John T. Miller Adams 2 sf! sec. 11 622' Suspended 
T.8S.,R.5W. 
Polk County 

Records Released in 1964 

Permit Records 
No. Company Well Name location Depth Available 

45 Two State Oil Vale City I SWasec. 21, 1,185' History 
8. Gas Co. T. 185., R. 45 E. Driller's log 

Mal~ur County 

46 Reserye Oil Bruer 1 Nfl sec. 31, 5,549' History 
& Gas Co. T. 6 5., R.. 4 W. Core descriptions 

Polk County Mud log 
Electri<: .Iog 
Dipmeter 
Sonic log 
~les 

<,47 :~~~Qil~ . W¥=u 1 NEtsec. 11# 7/197' f1~tory 
,t.fi~~. T; 75., R. 11:. Dr:.ilJer''S log 

'~nCounty A4ud log 
EleetricJog 
Samples 

.-48 . ~mhle:QiJ & ·MiiJwl SE:!5ec. 10, ·4,951' History 
. Refi n1:nS <:0 . T. loG.S., R; ,~VIY' • DrHJer's log 

.. Unn County Mud log 
Sonre log 
Electric log 
Samples 

49 John T. Miller ~1 swA- sec. IJ, ·410' Dri lIer'~ log 
T. 85., R. SW. Samples 
Polk County 

50 J. MiHer- Bliven 1 SW* sec. H, 389' Driller's log 
R. Mitchell T. 85., R.SW. Samples 

PoJk County 

52* Gulf Oil Corp. Porter 1 Nfl sec. 27, 8,470' (See footnote) 
T. 13 S., R. 4W. 
linn County 

* Gulf released records on this well to Salem Printing 8. Blueprint Co., 475 Ferry Street 
S. E., Solem, Oregon. Records in Department's files are confidential until January 1966. 
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Oregon was still with
out oi I or gas production 
at the close of its 62nd 
year of exploration. Since 
1902, 171 holes have been 
dri lied without making a 
commercial discovery of 
oil or gas. The number of 
well s is not too signifi cant, 
however, as only 33 were 
dri lied to a depth greater 
than 4, 000 feet. 

Gulf Oil Corp. quit
claimed an estimated 200, 
000 acres in the Wi lIam
ette Valley following 
abandonment of liT. J. 
Porter 1" near the tow n of 

-0 
Q) 

.;: 
0 

Q) 
rn 
0 ..... 
0 
0 u.. 

40, 000 ~-+-++++++-+-rHr-.-h-~+-'--;-'-H 

30,000 

20, 

Ha I sey . Reserve Oi I & 10, 000J-1-+++-1-'-"'""--1~--+-
Gas Co. dropped approxi
mate�y 50, 000 acres of 
leases near Lebanon when 
it was evident GulPs well 
was a dry hole. Others 
whoheldsmalleracreages 1940 1950 1960 
in the same genera I area 
gave up interests in their Oil test drilling in Oregon since 1940. 
leases also. 

Superior, Texaco, and Richfield still have several thousand acres leased 
in northwestern Oregon. Wesley Bruer is believed to have retained his 
lease block near Salem in the Willamette Valley this past year. E. M. 
McDowell was reported to have a small lease block in Coos County, and 
D. F. McDonald holds leases bordering the shore north of Winchester Bay 
in southwestern Oregon. Pacific States Oil & Gas Co. of Portland leased 
approximately 2,000 acres in the Tualatin Valley, Washington County, in 
June and July 1964. 

Sedimentary Basins Defined 

Geologic data obtained by deep drilling in Oregon over the past 15 
years indicates that certain areas of the state may still yield commercial 
quantities of oil and gas. The prospects have been limited to a much smaller 
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portion of the state than was under consideration prior to 1950. Outlines 
of favorable basin areas are" shown on the accompanying map. Synclinal 
axes are shown to express the idea that their locations are the deep portions 
of the sedimentary basins. 

STATE OF OREGON DEPARTMENT OF GEOLOGY 
AND MINERAL INDUSTRIES 

CENTRAL MESOZOIC 

MARINE BASIN 

LEGEND 

~ Volcanic rock - Eocene highs 

~ Prospective sedimentary basins 

~ Upper Tertiary sedimenh 

Map showing location of sedimentary basins in Oregon. 

Western Tertiary marine basin 

Eocene rocks comprise the major part of the western marine basin. Tuff
aceous marine sediments are commonly intercalat,ed with volcanic rocks in 
this region. The lower Eocene section in the northern part of the basin is 
predominantly volcanic, while the contemporaneous section in the southern 
part of the basin consists of several thousand feet of marine sediments over
lying a great thickness of volcanic rock. 

Middle Eocene to late Oligocene sediments in the northern part of the 
basin probably offer the best hope for oil production onshore,. but lower 
Eocene sediments in the southern half of the basin should not be entirely 
discounted, since several interesting oil shows have been found in wells 
dr i "ed in th ese roc ks • 
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A thick section of marine sediments, ranging in age from Eocene through 
Pliocene, is believed to exist offshore. At present this submerged region 
appears to be the most promising for oil exploration. 

Eastern Tertiary lake basin 

The Snake River Basin in eastern Oregon may contain as much as 10, 
000 feet of intermixed lake sediments, continental detritus, and interca
lated volcanic rocks. Numerous gas occurrences in the region have en
couraged wi Idcat ventures for 50 years or more. Except for a few instances 
of domestic use, the gas has not been found in large enough quantity to be 
commercially valuable. Small percentages of petroleum condensate were 
noted in the gas at several locations. 

Porous zones have been scarce in most of the wells drilled in the west
ern part of the Snake River Basin, and sands encountered have often con
tained gassy water. Formation water isfresh to a depth of about 1 ,000feet, 
but becomes brackish below that level. Salt springs issue at the surface, 
however, at a locality 6! miles north of Vale, Oregon (The ORE BIN, 
September 1964). Faulting in the basin is probably associated with down
warp, and this, plus other structural elements, may provide suitable traps 
for accumulation of gas. 

Central Mesozoic marine basin 

Mesozoic marine sediments show through the younger cover of volcanic 
rocks over a fairly wide area in central Oregon and are possibly 30,000 
feet in thickness in the Suplee-Izee region. Minor shows of asphalt, oil, 
and gas have been reported in this section of rocks. North and east of the 
basin, the Mesozoic sedimentary rocks are considerably folded and meta
morphosed. 

A covering of Tertiary volcanics has deterred extensive work in the 
central Mesozoic basin, but more drilling is expected to be done in this 
province. The sections explored to date have not been entirely discourag
ing. The Sunray-Mid Continent-Standard Oil Co. well drilled east of 
Prineville in 1958 found encouraging signs of gas in a Cretaceous section 
more than 3,500 feet thick. 

Future Development 

Union Oil Co. and Standard Oi I Co. announced at a December meet
ing in Portland their plans to drill off the Oregon coast in the spring of 
1965. The two firms have. jointly contracted Western Offshore Drilling & 
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Exploration Co. IS drill-ship "Western Offshore 111" for the work. The ship 
was used by Standard lost summer to test federal leases 13 miles seaward of 
Santo Moria off the California coast. Water depth wos 550 feet where dri 11-
ing was done. An underwater television camero aided in the installationof 
well-head equipment. 

Pan American Petroleum Corp. contracted Global Morine Exploration 
CO. IS "Submarex" for making ocean bottom stability tests off the mouth of 
Grays Harbor in Washington during December. Pan American is reportedly 
making plans to crill 15 miles west from Groys Harbor on the federal leases 
it acquired in October 1964. The company will use a bottom-supported 
iack-Ieg platform. The equipment will be floated to the site and the legs 
"jacked-down" to the ocean floor 250 feet below the water surface. Arig 
of this type, which is now operating in California, will probably be used 

Caldrill I. {Caldrill Offshore, Inc.} A center-well core-crilling 
ship used by Standard Oil Co. and Union Oil Co. to drill shallow 
core hoI es off the Oregon coast in 1964. large outboard motors 
position the vessel, 50 that no anchors are needed during the crill
ing operation . . 
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for the work. 
Early in 1965 the Shell Oil Co. made public its plans to drill off the 

Oregon coast. Shell probably will test its federal leases 20 miles off New
port. Water depth at this location is 300 feet. The company will move 
"Blue Water 11" from San Francisco north to Oregon some time in the spring 
of 1965. The "Blue Water 11" is a huge floating platform which was used 
by Shell to drill 12 miles off the California coast at San Francisco last 
winter. 

The large platform proved itself during the crilling in northern Cali
fornia and should work as well in Oregon waters. The equipment floats half 
submerged when crilling is under way. For moves, the ballast water is 
pumped out of the lower structure so that the platform has a 15-foot craft 
while being towed. 

This summer season will prove extremely interesting for those watching 
oil developments in the Northwest. If the preliminary deep drilling in 1965 
finds encouraging signs of oil, a variety of development techniques are sure 
to be tried. Bottom-supported structures for operations in 400 feet of water 
are on the drawing boards and, perhaps more intriguing, numerous innova
tions are expected for sub-sea work. 

Selected Bibliography 

Baldwin, E. M., 1964, The geology of Oregon: Eugene, Oregon, Univ. 
Oregon Coop. Book Store, 2nd Ed., 1964. 

Dickinson, W. R., and Vigrass, l. W., Dn press] Geology of the Suplee
Izee area, Oregon: Oregon Dept. Geology and Mineral Ind. Bulletin 
series. . 

Newton, V. C., and Corcoran, R. E., 1963, Petroleum geology of the 
western Snake River Basin: Oregon Dept. Geology and Mineral Ind. 
Oil and Gas Investigations No.1. 

Oil and Gas Journal, 1964, Oil makes deepwater plans: Vol. 62, no. 52, 
p. 81, Dec. 28, 1964. 

Snavely, P.O., and Wagner, H.C., 1963, Tertiary geologic history of 
western Oregon and Washington: Washington State Div. of Mines and 
Geology Rept. Inv. No. 22. 

Wells, F. G., and Peck~ D. l., 1961, Geologic map of Oregon west of 
the 121st meridian: U;S. Geol. Survey, prepared in cooperation with 
Oregon Dept. Geology and Mineral Ind. 

* * .* * * 

18 



FIELD WORK IN OREGON, 1964 

By R. E. Corcoran * 

Field work in Oregon during 1964 increased again over that of the previous 
year; in the number both of graduate students doing thesis studies and of 
professional geologists involved in specific problems. Geologic mapping 
or field investigations of various types were carried o~t al/ over the state. 
Because of the increasing number of people who are presently undertaking 
geological studies in Oregon, we feel that a progress report will be of gen
eral interest to the public and may also encourage new studies that would 
contribute to the development of our mineral resources. The number of field 
parties in the state totaled at least 41, including 26 graduate students and 
15 other geological investigators. 

State Geologic Map Project 

Probably the most important field study in Oregon concerns the State 
Geologic Map Project. The geologic map of the western half of Oregon 
was published in 1961; since that time most of the field work has been con
centrated in the eastern part. The Department, in cooperation with the 
U. S. Geological Survey and aided by university professors and graduate 
students, is continuing this proj ect. Preliminary geologic maps covering 
1° by ~ areas at a scale of 1:250.,0.0.0. (Army Map Series sheets) are being 
published soon after the field work is completed. More than 60. percent of 
the eastern half of the state has now been finished on a scale of 1 :250.,0.0.0. 
or larger (see figure 1). ,In eastern Oregon, Department geologists, pro
fessors and graduate students from Oregon State University and the Univer
sity of Oregon, and graduate students from Princeton, Stanford, and Johns 
Hopkins Universities are conducting geologic studies in critical areas. The 
information developed from this research will be used in the final state map. 

Geochemical and Geophysical Surveys 

Perhaps the most significant new phase of geological exploration being 
carried on in Oregon is the geochemical and geophysical work by personnel 

* Stratigrapher, Oregon State Dept. of Geology and Mineral Industries. 
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from the Federal Survey, the geophysics group in the Department of Ocean
ography of Oregon State University, the Department of Geology at the 
University of Oregon, and the Oregon Department of Geology and Mineral 
Industri es. These studies include gravity surveys of various types, seismi
city of the Pacific Northwest, electrical resistivity of laterites, geochem
ical sampling of stream sediments, geothermal studies of Recent volcanic 
rocks, and paleomagnetism of Cenozoic lavas in eastern Oregon. 

Fie IdS tu die s 

Listed below are the various field projects being furthered in the state. 
For convenience in showing where these studies are located, the state is 
divided on the accompanying index map (figure 2) into six districts. For 
each district, the letter opposite the name of the project on the list is keyed 
to the map. 

1. Northwest Oregon 

a. Geology of Astoria Submarine Canyon. P.R. Carlson, PhD candidate, OSU. 
b. Sediments of Astoria Fan and adjacent abyssal plain. C.H. Nelson, PhD candidate, OSU. 
c. Season studies of foraminifera of Yaquina Bay, are. D.C. Manske, PhD candrdate, OSU. 
d .. Distribution of foraminifera in Netarts Bay, are. A.A. Hunger, MS candidate, OSU. 

_ e. Origin and development of shoreline processes, Clatsop Spit to Tillamook Head. J • livingston, 
PhD candidate, OSU. 

_ f. Stratigraphy and petrology of a portion of the upper Nehalem River basin. R. Van Atta, 
PhD candidate, OSU. 

_ g. Geology of the Newport Embayment. P.O. Snavely, Head, Pacific Coast Branch, U.S.G.S. 
_ h. Electrical resistivity of ferruginous bauxites, Columbia County, are. R.G. Bowen and R.E. 

Corcoran, Oregon Dept. Geol. & Mineral Ind. 
_ i. Engineering geology studies, northern Willamette Valley and Tualatin Valley, Ore. H. G. 

Schlicker; Oregon Dept. Geol. & Mineral Ind. 
i. Foraminiferal study of the Miocene Astoria Fm. R. Gonsalves, PhD candidate, Univ. Calif. 
k. Geology of the southern third of the Marcola quad. T. Maddox, MS candidate, U of O. 

2. Southwest Oregon' 

_ a. Mesozoic stratigraphy of Curry County, are. R. H. Dott, Jr., Prof. of Geology, Univ. Wisc. 
~7' b. Foraminiferal study of the Eocene-Oligocene rocks near Coos Bay, are. G. Roath, PhD 

, candidate, OSU. 
___ c. Foraminiferal study of upper Eocene sediments: Sacchi Beach, Elkton, Lorane. K. Bird, 

PhD dandidate, Univ. Wisc. 
--11 Id.G~logy of the southeast quarter of the Roseburg quad. W. Johnson, MS candidate, U of O. 
-\,\-e. Geology of the southwest quarter of the Dixonville quad. H. Hixon, MS candidate, U of O. 

- f. Geology and petrology of the Rogue Volcanic Series. R. Helming, MS candidate, U of O. 
_ g. Geology and gravity survey of the Glendale quad. C. Forbes, PhD candidate, U of O. 
_ h. Reconnaissance gravity survey of southwest Oregon. H.R. Blank, Jr., U.S.G.S. 
_ i. Geochemistry of stream sediments in western Josephine County. R. G., Bowen, assisted by 

R. Newell and J. Blanchard, Oregon Dept. Geol. & Mineral Ind. and U of O. 
_ i. Stratigraphy and sedimentology of some Cretaceous and Eocene rocks in the Medford-Ashland 

region, B. McKnight, PhD candidate, OSU. 
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3. North-central Oregon 

a. Geology of the Wishram, White Solmon, The Dalles quads. R.C. Newcomb, U.S.G.S. 
b. Pen-ology and stratigraphy of the Deschutes Fm., Madras area. D. Stensland, PhD candidate, 

OSU. 
c. Petrology and stratigraphy of the John Doy Fm., northern Wheeler County. P. r. Robinson, 

Prof. of Geology, OSU. 
d. Petrology of the rhyolitic intrusives, John Day Fm., Prineville area. R.G. Fisher, Prof. of 

Geology, Univ. of Calif. at Santa Barbara. 
e. Stratigraphy ond petrology of the Cretaceous rocks in the Mitchell area. W.O. Wilkinson, 

Head, and K. Oles, Prof. of Geology, OSU. 
f. Tertiary geology of the southwest quarter of the Dayville quod. M. Forth, MS candidate,OSU. 
g. Geology of the Suplee-Izee areo. H.J. IkIddenhagen, consultjn~ geologist. 

4. South -central Oregon 

a. Geology of the east half of the Crescent A.M.S. sheet. G. W. Walk«, U.S.G.S., and 
N.V. Peterson, Oregon Dept. Geol. & Mineral Ind. 

b. Geology of the Silver lake areo. F. Ikeagwuoni, MS candidate, U of O. 

5. Southeast Oregon 

a. Geology of the northeast quarter of the Burns A.M.S. sheet. R.E.Corcoran, Oregon Dept. 
Geol. & Mineral Ind. 

b. Geology of the Malheur River gorge between Harper and Juntura; emphasis on the petrology 
and areal extent of the Dinner Creek Tuff. G. Haddock, PhD candidate, U of O. 

c. Paleomagnetism of Miocene basalts: Owyhee Gorge, Malheur River gorge, Picture Gorge. 
A.F.Frederickson, Head, Dept. of Earth and Planetary Sciences, Univ. of PittsblJrgn. 

d. Geology of the Pueblo Mountains region with emphasis on Cenozoic stratigraphy of the 
Pueblo Mts". and Thousond Creek volley. J.Avent, MS candidate, Univ. Washington. 

e. Geology and petrology of the Cow lakes lava field. G. Millhollen, MS candidate, U of O. 
f. Tertiary mammalia from southeast Oregon. C.A. Repenning, PhD candidate, Univ. of ~alif. 

6 . North east Oregon 

a. The Grande Ronde dike swarm and its relation to the Columbia River Basalt. I. Gibson, Prof. 
of Geology, Univ. of Cali f. at Santa Barbara. 

b. Geology of the southeastern Wallowa Mountains, Oregon, and the southwestern Seven Devils 
Mountains, Idaho. T. Vallier, PhD candidate, OSU. 

c. Geology of the Oregon portion of the Mineral quad. H. Brooks, Oregon Dept. Geol. & 
Mineral Ind. 

d. Petrology and stratigraphy of the Burnt Ri~'er Schist. R. Ashley, PhD candidate, Stonford U. 
e. Geology of the pre-Tertiary rocks around the northern border of the Wallowa Batholith. 

B. Nolf, PhD candidate, OSU. 
f. Stratigraphy and structure of the Elkhorn Ridge Argillite. M. Switei<, PhD candidate, U of O. 
g. Geology of the northern half of the Caviness quad. E. Wolff, PhD candidate, U of O. 
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Theses Completed in 1964 

Doctoral Theses 

Quaternary geology of the Willamette Valley; emphasis on the petrology and origin of the 
Willamette Silt. Jerry Glenn, OSU. 

Subaqueous movement of sediment in the vicinity of the Oregan coastline. L.D.Kulm, OSU. 
Petrography of the volcanic rocks in the Three Sisters areo. Edward Taylor, Wash. State U. 
Biastratigraphy of the Umpqua Formation, southwest Oregan. Richard Thoms, Univ. af Cal. 

Mas ter' s Theses 

Geology of a portion of the Picture Gorge quad. Willis White, OSU. 
A stratigraphic study of the marine Cretaceous rocks near Mitchell, Ore. B. McKnight, OSU. 
Continental shelf sediments in the vicinity of Newport, Ore. David C. Bushnell, OSU. 
Coastal landslides of northern Oregon. William B. North, OSU. 
Sedimentary petrology of the Umpqua Formation in the axial part of the southern Coast Range~ 

Lawrence Burns, U of O. 
Gravity studies over northeast-trending faults in the Klamath Mountains. Gerald Bruemmer, 

U ofO. 
Geology of the southwest quarter of Roseburg 15-minute quad. Donald Hicks, U of O. 
Zeolites from Kings Valley and Coffin Butte, Benton County, Ore. Terry Clark, U of O. 
Petrographic study of the rocks underlying Spencer's Butte. John Shaw, U of O. 
Gravity profiles across the central Coast Range. Robert Witt, U of O. 

* * * * * 

LAND WITHDRAWALS INCREASE 400 PERCENT 

Withdrawals of publ ic lands from mineral entry increased from 9,304 acres 
in 1963 to 46,658 acres in 1964, a growth of 400 percent. During thepast 
year withdrawals by federal agencies were made in 16 counties in the state, 
all but three of them in western Oregon. Largest of the 12 withdrawals 
totalled 33, 112 acres in Deschutes and Lane Counties, where a recreational 
area surrounding Waldo Lake was requested by the u.S. Forest Service. 
Recreation accounted for seven of the proposed withdrawals. 

One withdrawal was requested by the U.S. B4reau of Land Manage
ment for the "protection of gravel deposits" needed for surfacing the Bureau's 
resource management roads in Douglas County. Another Bureau withdrawal 
was for protecting quarry sites for aggregate to be used on Bureau and pri-

. ~ . 
vate roads and for jetty rock. The quarri es are located in Coos and Doug las 
Counties. Two withdrawals were proposed for the construction of reservoirs 
in Lane and Baker Counties, and one administration site covering 320 acres 
in Clackamas County was also I isted. Since 1954 the total area involved 
in withdrawals is 424,961 acres, which is almost exactly equal to all the 
land in Benton County. 

* * * * * 

24 



The ORE BIN 
Volume 27, No.2 

February, 1965 

A BRIEF HISTORY OF THE OREGON PORTLAND CEMENT CO. 

ByF. E. McCaslin, President 

The following article, "itA Brief History of the Oregon Portland Cement 
Co., " was a speech presented to th~ Oregbn Advertising Club of Portland on 
October 21,1964 by Mr. F. E. McCaslin, president, Oregon Portland Ce
ment Co. It is reproduced here for two reasons: 1) to illustrate the vital role 
played by this segment of th.e state's mineral industry in the development of 
the Northwest, and 2) to impress upon the people of Oregon that our mineral 
industry encompasses more than the mining of the glamour minerals gold, sil
ver, and uranium. Cement, limestone, sand and gravel, shale, clay, stone, 
and silica -- all are mineral materials essential to the growth of the industrial 
world and all are available in Oregon. 

As this article indicates, the companies engaged in supplying these basic 
materials are often business concerns formed by local citizens who have a gen
uine interest in their communities. In short, these are good businesses and a 
credit to their region. This article is timely in that 1965 marks the 50th anni
versary of the Oregon Portland Cement Co. The Oregon Department of Ge
ology a~d Mineral Industries congratulates the Oregon Portland Cement Co • 

. for its part in the building of the state and wishes it well in the years to come. 

Hollis M. Dole 
State Geologist 

Introduction 

IIPortland cement is the product obtained by finely pulverizing clinker, 
which is produced by calcining to incipient fusion an intimate and properly 
proportioned mixture of argillaceous and calcareous materials, with no ad
dition subsequent to calcination except calcined or uncalcined gypsum. II 

This definition is not as austere as it sounds. It really means that we 
take two different types of rock, one a high-grade calcium {or calcareous} 
rock and the other containing iron, aluminum, and silica, found in clays 
or shales and technically known as argillaceous rock. We crush and mix 
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them in proper proportions, then change the product into a slurry form by 
grinding the mixture into an extremely fine powder mixed with water. The 
slurry is then fed into the upper end of a sloping and revolving kiln. In 
some plants the kilns are as much as 450 to 500 feet in length. Into the kiln 
at the lower end is injected a flame, frequently produced by natural gas, 
which develops a temperature of 2,5000 to 3,0000 F. 

The product which comes from the kiln, after an approximately two
hour exposure, is called "clinker. II The clinker is treated to a finish grind
ing process, at which time gypsum is added to control the setting time of 
the finished product. The material produced is portland cement. 

History of Portland Cement 

In the days of the Roman Empire, a cement was used to produce con
crete that rather closely approached the concrete of today. The ruins of 
many structures remain to attest to this fact. The Roman Forum, the Appian 
Way, the Aqueduct, and numerous other structures contain cement in some
what the same form as we know it now. 

During the Middle Ages the secret of making this type of cement seems 
to have been lost and not re-discovered until the 18th century. As early 
as 1756, Englishmen were working with mortars in an effort to develop a 
hydraulic cement -- a cement which would harden under water or when 
water was applied to it. One of the earliest of these experimentations was 
carried on by John Smeaton, an English engineer and builder of lighthouses, 
who discovered some of the intricacies of the process by heating mixtures 
on his kitchen stove. 

In 1824, Joseph Aspdin, an English bricklayer, who had been experi
menting since 1811, took out patents on an improved cement. He called it 
portland cement, because it resembled in color a building stone found on 
the Isle of Portland, an island off the English coast near the town of Leeds, 
England. One of the important parts of Mr. Aspdin's discovery was the ne
cessity of burning-his hard limestone at high temperatures. 

The first portland cement to be produced in the United States was prob
ably made by the Coplay Works at Valley Forge, Pennsylvania, around 
1866. Shortly thereafter, several plants were built in the Lehigh Valleyof 
Pennsylvania, which is still the largest producing area for portland cement 
in the country. 

It was not unti I about 1900 that the quantity of cement manufactured 
in this country equalled the imports from Europe. In 1900, 8,482,000 
barrels were manufactured in the United States. This figure grew rapidly. 
In 1910 it reached 76,549,000 barrels. Last year it was expected that the 
consumption of portland cement would reach an all-time high of 365 mi Ilion 
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barrels with a value of $1,171,000,000. The rated capacity of the industry 
today is approximately 481 million barrels. Thus, it will be noted that the 
cement business, in our generation, has become one of the major industries 
of the country. 

Some 60 separate companies operate 180 plants in 39 states and Puerto 
Rico. The greatest concentration of plants is still in the Lehigh Valley of 
Pennsylvania, where 17 now have an installed capacity of 42 milli.on bar
rels. On the west coast, .the cement industry achieved its foothold between 
1909 and 1920. Plants were built in the Los Angeles area, northern Wash
ington at the town of Concrete, and in eastern Washington at Metaline Falls 
and Spokane. 

The 0 r g ani z a-t ion 0 f Q. P • C • 

The first news in Portland about the Oregon Portland Cement Co. was 
broken in the August 2, 1908 issue of the morning Oregonian. The announce
ment was made that portland cement was at last to be manufadured in Port
land. The Oregonian article mentioned the site of the plant merely as 
being in the suburbs of Portland on the Willamette River, where both rail and 
water transportation were available. Actually, the location was in Oswego. 

The origin of the new industry took place at a meeting of the Portland 
Commercial Club, now the Portland Chamber of Commerce. Tom Richard
son was manager of the Commercial Club at that time and at that meeting 
he introduced C. W. Nibley of Salt Lake City to the prominent business
men of Portland. Mr. Nibley was president of a cement company in Utah. 

A considerable amount of money was pledged for construction of the 
new cement plant. I t was not unti I 1909, however, that th e Portl and Cement 
Co. was incorporated with the following directors: Aman Moore, Alex 
Nibley, Edward Cookingham, Tom Richardson, Andrew C. Smith, C. E. 
Ladd, W. F. Burrell, Paul C. Bates, Wirt Minor, A. L. Mills, Joseph N. 
Teal, T. B. Wilcox, W. A. Gordon, J.C. Ainsworth, and George Lawrence. 

Construction work began on the plant in 1910. Machinery and equip
ment were ordered and the project appeared to be on its way. The new 
portland cementwas·to be known as the II Red Rose Brand. II The organization 
was headed at that time by Aman Moore. Difficulty was experienced in 
assembling the total necessary funds to complete this approximately $2,000, 
000 project. That was a rather substantial sum for those pre-inflation days. 
In fact, it would be comparable to some $8,000,000 today. 

In 1915, R.P. Butchart of Victoria, B.C., who was a·prominent finan
cier in Canada and president of the British Columbia Cement Co., Ltd., of 
Victoria, became interested in investing in the Oregon plant. Incidentally, 
the famous Butchart Gardens are located in a former lime-rock quarry of the 
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Aerial view of Oregan Portland Cement Co . quarry and preparation plant at Durkee, 
Boker County. High-grade limestone is shipped by rail and truck to sugar refineries, 
paper mills, and metallurgical plants in the Northwest. (Photo courtesy of Photo-Art) 

Aerial view of the Oregan Portland Cement Ca. plant at Oswego, Clackomas County. 
Note proximity of the plant to roil, highway, and deep water transportation, all used 
in delivering cement to Northwest customers . (Photo courtesy of Western Ways) 



B.C. Cement Co. at Tad Inlet, near Victoria. Mr. Butchart was soon 
joined by Charles Boettcher of Denver, Colorado, president of several ce
ment companies in the Middle West. 

A complete reorganization of the company took place, the name was 
changed to Oregon Portland Cement Co., and the brand name of the prod
uct to "Oregon." Incorporation of the company under the present name took 
place August 15, 1915, which will result in the company's achieving its 
50th anniversary this year. The new directorate in 1915 contained some of 
the ori gi nal names and some new ones. They were: R. P. Butchart, Edward 
Cookingham, George Lawrence, Arthur H. Devers, F.I. Fuller, A. S. 
Pattullo, Chester V. Dolph, and L.C. Newlands. Lawrence C. Newlands 
came from Victoria, B.C., to become vice president and general manager, 
a position which he held until 1-937, when he became president. He held 
the position of president until his death in 1942. I was chosen as his suc
cessor in September of 1942. 

The first several years of operation were difficul t, due to the various 
factors of low volume, the entry of our country into World War I, resultant 
high labor rates, etc. However, following the close of the war, business 
became better and all past dividends were paid up and have been paid regu
larly ever since. 

It was decided by the stockholders to build a second plant in Oregon, 
and the Sun Portland Cement Co. was built at the town of Lime, near 
Huntington, Oregon. This plant was completed and placed in operation 
in November, 1923. 11: was built to serve western Idaho, eastern Oregon, 
and southeastern Washington. Original capacity was 500,000 barreis per 
year. Because of some overlapping of stockholders, the "Sunil company 
and the "Oregonll company were merged in September of 1926. 

Business was reasonably good in the 1920·s, and when the depression 
started in 1929, we had a contract at the Lime, Oregon plant for supplying 
cement to the Owyhee Dam in southwestern Idaho. This job lasted until 
1932 and helped the company to maintain its dividend record throughout 
the depression years. The company has been able to maintain an unbroken 
dividend record since the early 1920·s. 

The company went through the thirties without spectacular incident. 
Between the I ate th irti es and July of 1950, the corporation reti red more 
than $2,500,000 of preferred stock, about one million of which was cumu
lative preferred. Since that time, the company has had only its present 
common stock outstanding. This stock has since been spl it four to one and 
has experienced numerous stock dividends. I have some brief data on the 
record of our common stock over the past 10 years. By buying 100 shares 
of this stock on January 10, 1954, at the then existing price of $21 per 
share, with total investment of $2, 100, and retaining all stock dividends 
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and splits until January 1, 1964, the purchaser would have 497 shares. At 
the current price of $23, this would amount to $11,431. In addition, cash 
dividends were paid him during that period of $2,965, making a total return 
of $14,396 from the $2,100 investment. 

Plant Expansion 

Throughout the early years, the company's capacity had remained at 
the original size with one 500,000 barrel ki In at each plant. In the mid-

1940's, it became apparent that additional capacity was indicated, and in 
1947 a second and larger kiln was installed at Oswego at a cost of 
$1,156,939. This new kiln had a capacity of 750,000 barrels of finished 
cement per year, bringing the total for the Oswego plant to 1,250,000 
barrels per year. In the 1950's further expansion seemed to be in order, 
and in 1956 and 1957 another large kiln was installed at Oswego, bringing 
the capacity to two million barrels per year, or quadrupling the size of that 
plant. A second and larger kiln was also installed at Lime, Oregon, during 
this period, bringing the capacity of that plant to its present size of 1,200, 
000 barrels per year, which resulted in somewhat more than doubling its 
capac i ty. Duri ng the 10 years endi ng at the c lose of 1963, the company 
spent on new construction at its plants a total of $9,500,965.54. Approxi
mate�y a half mi II ion was expended in 1964 on further expansion. 

We are constantly endeavoring to widen our marketing area, and this 
year are constructing a distribution plant at Kennewick, Washington. This 
plant will serve the area which includes the cities of Kennewick, Pasco, 
Richland, Hanford, and Walla Walla. This is a rapidly growing area and 
one which we can serve readily either by water or by rail. We have at 
Kennewick a site containing approximately four acres which is not only on 
the Columbia River and the mainline railroad but is also convenient for 
trucking. The capacity of this distribution plant will be 1,000 barrels per 
hour. Bu I k and sacked cement of all types wi II be available for loading on 
either customers' trucks or on common carrier. The plant will have a 3,000-
barrel, 4-compartment storage capac i ty and a 60' by 60' warehouse and 
office. We are quite familiar with this area, having supplied the cement 
for both Ice Harbor and Lower Monumental Dams. We believe that this 
vicinity will develop into a good marketing area. The Battelle Memorial 
Institute has recently obtained the contract for future nuclear research at 
the Hanford Works and is committed to an expenditure of $9,000,000 with
in the next five years. This, we believe, will also attract industries of 
other types. 
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Aer ia l view of Oregon Portland Cement Co . plant at Lime, Baker County . Row limestone from quarry is delivered 
to the kilns v ia the conveyor belt shown. (Photo courtesy of Oregon Portland Cement Co.) 



By-Products 

During rather recent years, the company has developed a few by
products which have proved profitable. In 1959, the company acquired a 
deposit containing approximately 40 million tons of chemical-grade lime
stone at Durkee, Oregon. This rock is used by sugar manufacturing com
panies in their refining process, by pulp and paper companies for bleaching 
purposes, by steel companies and others. We also manufacture agricultural 
lime and limestone flour at our Oswego plant. 

As Oswego grew from a hamlet to a small city, we were obi iged to 
make a substantial investment at the plant there to el iminate the dust from 
the stack. this was done at a cost of approximately $1,500,000. We are 
now collecting in excess of 99~ percent of an dust which wouldotherwise 
go up the stack. We are more than meeting the requirements of the State 
Air Pollution Authority. We check our stack regu larly and frequently to 
see that this collection efficiency is maintained. We were fortunate in 
finding a ready market for the material so collected, and last year sold in 
excess of 25;000 tons, which Wds collected through our electric precipita
tors. I t is used latgely by manufacturers of asphal t roofi ng as a fi lIer. 

A Loctd Company 

The Oregon Portland Cement Co. is the only locally owned and op
erated cement company in the Pacific Northwest. The present Board of 
Directors is ii1t2de Up of the following men: Ralph H. Cake, Arthur H. Fields, 
David H. Leche, Lawrence F. Newlands, Prescott W. Cookingham, Hillman 
Lueddemann, C.B. Stephenson, Kenneth T. Shipley, and F.E. McCaslin. 
All of the company's expenditures for payrolls, local purchases of fuel and 
supplies of all kinds, dividends distributed to stockholders, etc., find their 
way directly into local commercial channels. 

Our payrolls, during the year 1963, amounted to $2,769,808.11. 
Other lotal expenditures, including supplies, fuel and power, amounted to 
$2,404,043.31. These two items totalled $5,173,851.42. Total dividends 
paid ollt durihg 1963 were $563,708.10. Eighty percent of our stock
holders reside in Oregon, resulting in an additional amount of $450, 966.48 
going ihto local business channels. Further, if any profits are made, a sub
stantial amount of these are plowed back ihto new construction, as noted 
earlier. 

Long-Range Prospects 

We consider that both the short- and the long-range prospects for the 
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cement industry in the Pacific Northwest are favorable. The area appears 
to be on the threshold of rapid growth. The nation is now becoming more 
aware of the opportunities existing in this part of the country. 

In the construction field, many large buildings and projects are planned 
for construction in the near future. In the current category of construction, 
one might mention several buildings, such as: the Urban Renewal Develop
ment at an estimated cost of $56,000,000 now under way; the Equitable 
Savings & loan Assn. Building now approaching completion; the multi-' 
mill ion-dollar Col iseum Gardens, high-rise apartments and shopping center; 
Somerset West -- 1,000 new houses per year proj ected for 10 or 12 years; 
the Federal Office Building; the Bank of California Building; and the 
Georgia-Pacific Building, as well as others which will change the downtown 
skyline. 

In the category of other maror projects, we could mention such jobsas 
the following. Some of these contracts were awarded in 1964 and theothers 
will be within a two-year period. These projects are: 

Project Name 

little Goose Dam 
Hells Canyon Main Dam (spring, 1965) 
Blue River Dam 
lower Granite Dam 
Dworshak Dam (Bruce's Eddy) 
High Mountain Sheep Dam 
Hells Canyon (fishways & tunnel) 
lower Monumental Dam, 2nd section 
Mossyrock Dam 
Foster Dam 

No. of Barrels 

800,000 
900,000 
100,000 
500,000 

2,500,000 
1,000,000 

47,000 
600,000 
600,000 

90,000 

Although these projects bring many millions of dollars into the economy 
of the area, we don't wish to leave the impression that we rely too heavily 
on jobs of this type. Large jobs such as these are in addition to our regular 
day-to-day commercial business. We serve approximately 75 ready-mix 
plants and many dealers in our area, the largest of which uses more than 
200,000 barrels annually. 

We look forward to a bright future for the Pacific Northwest and plan 
to grow with it. It is one of the least exploited areas in the nation. The 
Director of Business Research of the Pacific Northwest Bell Telephone Co. 
has recently compi led a rather exhaustive report on trends in popu lation 
and househol ds for the period of 1960 to 1975, for the Pacific Northwest 
states. This report shows that the population of Oregon will increase 19.06 
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percent between 1960 and 1970. In the next five years it will increase 
another 9.8 percent. For the State of Washington, the increase between 
1960 and 1970 is simi lar to that of Oregon, 19. 17 percent, and for 1970 
to 1975 another 11 .7 percent. 

The Pacific Northwest is abundant in natural resources. Aside from its 
vast lumber and wood products industry, Oregon is rapi dly obtaining a large 
and diversified industrial complex without major government installations. 

Our significant advantages in natural resources, climatic conditions, 
plentiful hydroelectric power at desirable rates, favorable labor market, 
and excellent cultural, educational, and recreational facilities -- together 
with an unlimited supply of the purest water in the nation -- are certain to 
continue to attract industry and population, both of which strengthen and 
build our economy. We look forward to another 50 years of operation with 
renewed inspiration, optimism, and confidence. 

Acknowledgments 

No history of the Oregon Portland Cement Co., even though very 
brief, would be complete without giving credit to a few men who have de
voted many years to the company advancement. First, I would mention 
L.C. Newlands, who served as chief executive officer from 1915 to 1942. 
His son, Lawrence F. Newlands, is now secretary and treasurer of the com
pany. David H. Leche joined the company in 1916 and served as general 
superintendent at both Oswego and Lime for many years, but in more recent 
time has been first vice president and in charge of operations, and has super
vised new construction and expansion. Another man who joined the company 
about the time we started at Oswego was H . R. Shipley. He advanced to 
the position of general superintendent of all our operations, which position 

.he held until his d~ath about a year ago. His son, Kenneth T. Shipley, is 
now vice president in charge of sales. 

* * * * * 

SCIENTIFIC SOCIETIES TO MEET IN PORTLAND 

The Oregon Academy of Sciences and the Northwest Scientific Association 
will hold a joint meeting at the Sheraton Hotel in Portland April 9 and 10, 
1965. The eight sections at which papers will be presented include Botany
Zoology, Chemistry-Physics-Mathematics, Engineering, Forestry, Geology-

Geography, Sci ence Education, Social Sci ences, and Soi I and Water 
Conservation. Details of the program will be announced later. 

* * * * * 
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ALBANY-NEWPORT AREA AEROMAGNETIC MAP PUBLISHED 

U.S. Geological S:Jrvey map, Geophysical Investigations 481, was pub
lished this month. The map is entitled IIAeromagnetic map of the Albany

. Newport area, Oregon and its geologic interpretation" by R. W. Bromery. 
The survey was made in 1954 to assist with the state geologic mapping 

project. The map covers an area of 1,200 square miles. Thirty-four east-· 
west traverses were flown, one-half mile apart and approximately 750 feet 
above the ground. 

A preliminary aeromagnetic map of the Albany-Newport survey was 
released to open file in February 1962 by the U. S. Geological Survey. 
The preliminary map and accompanying text have been revised in the re
cent publication. Maps are available from the Geological Survey office 
at Federal Center, Denver, Colo., 80225. The price has not yet been 
announced. 

* * * * * 

COAL STUDY IN OPEN FILE 

liThe Correlation of Coal Beds in Squaw Basin and Part of Eden Ridge, T. 
33 5., R. 11 W., Southwestern Oregon, 11 by Russel G. Wayland, has re
cently been made available by the U.S. Geological Survey as an open
file report. Included in the 34-page record are cross sections, correlation 
diagrams, logs of holes,. coal analyses, and a geologic map. 

The open-file report is not intended for future publication. Its purpose 
is to present new information in order to resolve a conflict in correlation of 
Squaw Basin and Eden Ridge coal beds dating back to 1914. New core
hole data, photogeologic interpretation, and a bi-oader understanding of 
the stratigraphy of the area have allowed rei nterpretation of the distribution 
and relative position of the coal beds. 

The coal occurs in the Tyee For~ation of middle Eocene age. Typical 
Tyee consists of sandstone units 2 to 10 feet thick that grade upward into 
carbonaceous siltstone. In the map area, carbonaceous shales and coal 
partings occur at the tops of most graded units of the Tyee. 

It ~as determined that any land in the township (T. 335., R. 11 W.) 
underlain by the Tyee Formation may contain coal and that local coal zones 
exist at many levels in the stratigraphic section. More drilling for coal 
was believed warranted. 

The report may be consulted at the Department's office in Portlandand 
at its branch office in Grants Pass. Copies from which reproductions can 
be made at private expense are available at 1031 Bartlett Bldg., 215 West 
7th St., Los Angeles, Calif. 

* * * * * 
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LUNAR CONFERENCE SCHEDULED 

Distinguished volcanologists from throughout the world are being invited to 
an International Lunar Geological Field Conference in the Bend, Oregon 
area August 22-28, 1965, Governor Mark Hatfield announced in a press 
rei ease February 5. 

The conference is under the joint sponsorship of the University of Ore
gon Department of Geology and the New York Academy of Sdence. Itis 
an extension of a symposium on lunar geology held by the New York Acad
emy last year. The program includes a one-day symposium at Bend for the 
presentation of technical papers, and five days of fi eld tours to geological 
interest points in the central Oregon area. Internationally known scientifi c 
authorities from a dozen countries, including Russia, Japan, Norway, and 
West Germany are expected to attend. 

The conference will focus worldwide attention on the central Oregon 
area and its potential for lunar base research. Increasing interest is being 
shown in the area because of last summer's "Astronaut Walks" and astronaut 
geological field training, as well as several small private research projects. 

Because of the combination of volcanological features in the area, 
some authorities bel ieve it is ideally suited for the development and testing 
of lunar base facilities and equipment that will be needed in connection 
with the lunar and space exploration programs. 

Conference co-chairmen are Dr. Lloyd Stapl es, head of the University 
of Oregon Department of Geology, and Dr. Jack Green, New York Acad
emy of Science. Other members of the general committee are Hollis M. 
Dole, Oregon State Geologist; Marion Cady, secretary, Lunar Base Re
search Facilities, Inc., Bend; and Lawrence Dinneen, deputy administrator, 
Division of Planning and Development, Oregon Department of Commerce. 

Financial support to make the conference possible has been committed 
by a number of Oregon firms and organizations. Supporting sponsors include 
Pacific Northwest Bell, First National Bank of Oregon, U. S. N?tional Bank 
of Oregon, Pacific Power & Light Co., Tektronix Foundation, Battelle Me
morial Institute, Pacific Trailways, and Bend-Portland Truck Service. 

Cooperating State agencies include the Division of Planning and De
velopment of the Department of Commerce, the Department of Geology and 
Mineral Industries, and the Highway Department. 

The schedule of field trips includes visits to inspect lava flows, vol
canic terrain and other volcanological features at Mt. Bachelor-Three 
Sisters area, Newberry Crater, Lava Butte, Devils Hill, Lava River Cave, 
Bel knap Crater r Devi I s Garden, Derri ck Cave, Fort Roc k, and Crater Lake. 

* * * * * 
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THE AGE OF CLEAR LAKE, OREGON 

By G. T. Benson* 

Clear Lake, in linn County, is located at the head of the Me Kehzie River, 
about seven mi I es west of the crest of the Cascade Range between Santiam 
and McKenzie Passes (see accompanying map). The lake, which is close 
to U.S. Highway 126, is noted for its drowned forest; tall trees still stand
ing on the lake bottom are easily seen in the cold, clear water. 

The lake was formed when a lava flow poured into the upper Mc Kenzie 
Valley, damming the river and ponding its water. The lava came from one 
of the vents marked by the Sand Mountain line of craters (Williams, 1957). 
This basalt flow is part of the group of young volcanic rocks in the Santiam
McKenzie Pass area shown on the map. That this volcanism occurred a geo
logically short time ago is evident from the lack of soil and vegetation on 
the flows. 

The dramatic sight of miles of bare, jumbled lava at McKenzie Pass 
(see photograph) has long caught the fancy of motorists. To increase the 
benefit of the ar~a to the public, the U.S. Forest Service is preparing ex
hibits explaining the geology in the vicinity of Dee Wright Observatory at 
the Pass. In the course of planning the Forest Service project, the question 
of th-e absolute age of the flows at McKenzie Pass was raised. It was appar
ent that an answer might be obtained from radiocarbon dating. 

Carbon-14, a radioactive -carbon isotope with a half-life of abOut 
5,570 years, is produced continuously in the atmosphere by cosmic-ray 
bombardment. The rates of production and decay result in an equilibrium 
concentration of radiocarbon , or, stated differently, in an ~quilibrium ratio 
between radiocarbon and non-radiogenic carbon. Carbon in living tissue 
is constantly replaced, so that radiocarbon and non-radiogenic carbon are 
present in the equi librium ratio. When the tissue dies, however, replace
ment ceases, and the ratio changes as the radiocarbon atoms decay. The 
difference between the ratio in dead tissue and the ratio in living tissue is 
a measure of how long ago the former died. In practice, the date of death 
of once-living tissue can be determined with adequate accuracy back to 
about 40,000 years before present (y. b. p.). 

Charcoal from trees burned by the hot lava at McKenzie Pass could be
used to date the flows. Several searches were made, but no charcoal that 
could be attributed definitely to burning by lava was found either in the 

* Geology Department, University of Oregon, Eugene, Oregon. 
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Aerial view of McKenzie Pass look ing north toward Mt. Washington, Three Fingered Jack, and Mt. Jefferson. 
Belknap Craters and lava flows in foreground . (Courtesy of Delano Photographics) 
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flows from the Belknap Craters or in the flow from Yapoah Crater, upon which 
Dee Wright Observatory is located. A direct answer to the question of ab
solute age of the McKenzie Pass Lava flows must await the discovery of 
charcoal; but an indirect answer could be obtained from the trees in Clear 
Lake. 

The U. S. Forest Service arranged to have members of the Wh i tewater 
Divers, a group of skin divers from Eugene, take samples of the drowned 
trees. Several sections of trees were obtained in November, 1963, in what 
must have been one of the first aqualung logging operations. Two samples 
from one section of a tree about one foot in diameter taken at a depth of 
about 13 feet below the surface were chosen for dating. The samples were 
analyzed by Isotopes, Inc., of Woodlawn, N.J., and dates were reported 
as follows: 

Sample a 3, 200 ± 220 y. b. p. sample from center of 
tree section 

Sample b 2,705 : 200 y. b. p. sample from outer part 
of tree section 

The two dates appear to be in adequate agreement. Part of the differences 
shou Id be due to locations of the samples in the tree section. From these 
dates, the trees in Clear Lake c~n be said to have drowned about 3,000 
years ago when the lake was formed by the lava flow from Sand Mountain. 

As shown on the map, three groups of lava flows have been del ineated 
through the use of aerial photographs. The oldest is the Sand Mountain flow, 
whi~h we now know is about 3J 000 years old. Lava flows from ~el knap 
Crater lap onto flows from Sand Mountain, and thus are younger. On the 
basis of superposition and lack of vegetation, the lavas from Little Belknap 
Crater which are so conspicuous at McKenzie Pass, are the youngest of the 
flows from the Bel knap Craters. But even these lavas are not the most re
cent. The Dee Wright flow from Yapoah Crater overlaps the Little Belknap 
flows and is therefore younger, as are the flows from Collier and Four-In
One Craters. 

Thus, by knowing the age of Clear Lake and the lava flow that formed 
it, we can say that the lava at McKenzie Pass is less than 3,000 years old, 
and some of it is considerably younger. Determining the absolute age of 
this freshest lava requires discovery of charcoal and carbon-14 da,ting. 

Reference 

Williams, Howel, 1957, A geologic map of the Bend quadrangle and a 
reconnaissance geologic map of the central portion of the High Cascade 
Mountains: Oregon Dept. of Geology and Mineral Industries 'map. 

* * * * * 
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OREGON'S LOST METEORITES 

By Dr. Erwin F. Lange* 

Oregon's Port Orford meteorite has gained worldwide fame as a lost mete
orite. Interest in the search for this meteorite has now extended over a 
period of a hundred years without success. In addition to the Port Orford 
meteorite, there is evidence that other lost meteorites exist in Oregon. The 
writer has received a number of letters from various places in Oregon refer
ring to locations of supposed meteori tes . To date, however, no samp I es 
have been received. The following three examples seem to be more authen
tic and perhaps more information concerning these specimens might be forth
coming. 

1. In Pioneer History of Coos and Curry Counties, by Orvil Dodge, 
p. 442, is the followi ng: 

One of the largest meteors on record fell on the head of 
South Slough, Coos County, January 17,1890, at 11 o'clock 
atnight, knocking a hole in the hill thirty feet across. It 
came from the Northwest and lighted up the heavens in fine 
style. A report, as of thunder, awoke people for many mi les 
around. It was plainly heard at Coquille City. Excavations 
reveal a chunk of lava twenty-two feet across that resembles 
slag from an iron furnace. 

2. Listed as a doubtful fall in the Pr;or-Hey catalog of meteorites 
published by the British museum is a stony meteorite from Mulino, 
Oregon. A small stony meteorite was sent to the U. S. National 
Museum in 1927. The meteorite supposedly fell May 4, 1927. 
The records of the National Museum fai I to indicate what hap
pened to the specimen. Newspapers of the area fai I to list 
any unusual meteoritic activity for that date. 

3. In January, 1952, an unidentified rancher brought in to J. D. 
Howard of Klamath Falls a small pice of nickel-iron for 
analysis. This piece was broken off of a 30-pound mass. 

*Executive Officer, Science Dept., Portland State College, Portland, Ore. 
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Mr. Howard, suspecting the specimen to be meteoritic, for
warded it to Dr. H. H. Nininger at Winslow, Arizona for 
verification. Dr. Nininger found it to be a meteorite. He 
then attempted to learn the location of the main mass, but 
so far has been unsuccessful. The small piece of the so-called 
Klamath Falls meteorite is in the Nininger collection at Ari
zona State University in Tempe. Somewhere in the Klamath 
Falls area there must be a 30-pound meteorite. 

Persons having specimens thought to be meteoritic in nature are urged 
to send them to the State Department of Geology and Mineral Industries 
or to the writer for examination. A meteorite has value as an obi ect of 
scientific value only and everyone is different in form and composition. 

* * * * * 

DALLAS-VALSETZ BULLETIN REVISED 

IIGeology of the Dallas and Valsetz Quadrangles, Oregon, II by Ewart M. 
Baldwin, published originally in 1948 as Department Bulletin 35 and long 
out of print, has been revised and is now available in a new edition. 

The Dallas and Valsetz quadrangles I ie along the eastern slope of the 
Coast Range and western edge of the Wi Ilamette Vall ey. The area is under
lain by a thick sequence of marine volcanic and sedimentary rocks, ranging 
in age from early to late Eocene, intruded by gabbro and diorite sills and 
dikes. Impure limestone at one stratigraphic horizon occurs as isolated de
posits of varying sizes. 

The Department's decision to revise the text and geologic map of Bul
letin 35 was based on several factors, namely, easier accessibility into the 
area than in 1946-47 when it was first mapped; better understanding of the 
stratigraphy of the Coast Range after 16 years of field mapping by the U.S. 
Geological Survey and this Department; and lastly, an increased demand 
for information on the Coast Range as an aid to interpretation of the geology 
of the Willamette Valley and the continental shelf. The author, Dr. Baldwin, 
professor of geology at the University of Oregon, who did the origina.l work 
in the Dallas and Valsetz quadrangles as a member of this Department, has, 
in the past 20 years, mapped or cooperated in the mapping of approximately 
4,000 square mi les in the Coast Range of Oregon. The revised edition of 
these two quadrangles embodies the know ledge he has gained over the years. 

- Bulletin 35, revised, maybe obtained from the Department's Portland 
offi ce. The price is $3.00. 

* * * * * 
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OFFSHORE MINING BILL INTRODUCED 

Senator E.D. (Debbs) Potts, Josephine County, announced in a press release 
February 18 that he was introducing a bi II to authorize the leasing of the 
state'-s submerged lands for mining. Senator Potts stated that the placer min
erals gold, platinum, chromite, magn-etite, ilmenite, garnet, "and zircon 
have been found on modern beaches and in adjacent marine terraces since 
shortly after gold was first found on Josephine Creek, a tributary of the Illi
nois River in Josephine County in 1850, and that there is every reason to 
believe these minerals occur in untapped commercial quantities beyond the 
water's edge. 

The bill, Potts explained, would place the responsibility of leasing in 
the hands of the Land Board and all revenues obtained by the board would 
go to the Common School Fund. Before leasing, the board must find and 
determine that offshore exploration and mining on a lease would not be in
consistent with the public interest. In making the determination, consul
tation must be had with other state agencies, including the State Geologist, 
Highway Engineer, Game Commission, and Fish Commission. Maximum 
size of individual lease blocks would be 5,760 acres (3 miles by 3 miles). 
The first two years of the lease would be considered a prospecting period 
and the board would prescribe the minimum amount of work that must be 
done in this period. The primary term of the lease would be 10 years, but 
would continue in effect up to 50 years, so long as minerals were produced 
in commercial quantities. The rental and royalty charges for the various 
minerals would be set by the board and would be subject to adjustment at 
the end of each 20-year period. On areas that are not known to contain 
minerals, leases would be granted to a qualified person upon application, 
and on areas known to contain mineral the board would call for sealed bids 
after a public hearing. 

Potts said that specific onshore areas near the ocean which have been 
mined in the past are Gold Beach, Pistol River, Ophir, Port Orford, Cape 
Blanco, Bandon, Old Randolph, Whisky Run, and South Slough, all in Coos 
and Curry Counties. He said that, although there is no record of production 
for the pioneer period, indications show it could have been substantial. For 
instance, one report gives the production from Whisky Run as "more than 
$100,000" during the 1850's-60's. During World War II, Potts stated, the 
beaches and terraces south of Coos Bay were mined for chromite. It was 
from the mineral zircon found in these beach sands that the Kroll process 
for production of the space-age metals, zirconium and hafnium, was per
fected at the U. S. Bureau of Mi nes research center in AI bony. The first 
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atomic submarine, Nautilus, utilized these Oregon-produced metals in its 
nuclear reactor, plumbing, and utensils. 

In recent years, Potts noted, a little mining has been done adjacent 
to the beaches but, mainly, man has looked wistfully toward the sea won
dering if the waters of the ocean cover deposits as rich as those the pioneers 
worked a hundred years ago on land. Dr. John V. Byrne, Department of 
Oceanography, Oregon State University, answered this question satisfac
tori Iy in the April, 1964 issue of The ORE BIN, and concluded by saying: 

lilt is inevitable that the known commercial mineral resources 
on land will be expended and new deposits must be found to take 
their places. The day will certainly come when the mineral pros
pector will be forced to look to the sea for ore deposits. In all 
likelihood the sea wi II be exploited successfu lIy long before that 
day arrives. Advancing technology is bringing us closer to the 
time when those with initiative and imagination will turn to the 
sea simply because it is easier to make a profit there than on land. 
That day may not be far away. In fact - it may be at hand. II 

Senator Potts remarked that, although Dr. Byrne had indicated placer 
minerals would be the most likely material to be sought, there was a possi
bility that the mineral glauconite (a potential source of potash), phosphorite 
(a potenti al source of phosphate ferti Ii zer), and even manganese (an essen
tia� alloying material for the making of steel) might be found in commercial 
quantities off the shore of Oregon. Potts stated that passage of this.bill 
would be consistent with the research work at the new Oceanographic Lab
oratory at Newport and could well restore to its former importance the now 
depressed mining industry of southwestern Oregon. In addition to support
ing research and broadening the state's economic base through increased 
mining activity, Potts stated, the possible revenues that might accrue to the 
Common School Fund should not be overlooked. 

* * * * * 

SOUTHWEST OREGON GRAVITY DATA AVAILABLE 

The U. S. Geological Survey has released for consultation grqvity data for 
southwest Oregon by Richard H. Blank, Jr. consisting of 63 computer print
out sheets and one map on a scale of 1~:250,OOO. This report is available 
for inspection at the Department of Geology and Mineral Industries, 1069 
State Office Building, Portland, Oregon. Copies from which reproduc
tions can be made at private expense are avai lable at 504 Custom House, 
San Francisco, California. -
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OREGON'S ASBESTOS POTENTIAL 

By 

James H. Bright* and Len Ramp** 

Introduction 

The ORE BIN 
Volume 27, No.3 

March, 1965 

Asbestos is an essential industrial mineral for which the United States does 
not have an adequate domestic source. Although this nation is one of the 
largest users of asbestos in the world, it produced only 66,600 tons in 1963, 
or less than 10 percent of the domestic consumption. World production of 
asbestos is shown in Table 1. The principal source of asbestos imported into 
the United States is Canada, which has been the world's leading supplier 
for many years. Production of asbestos in the United States has been grow
ing, however, and nearly doubled the 1963 figure to 100,000 tons in 1964, 
according to U.S. Bureau of Mines preliminary estimates. The increase is 
due to recent developments in California, which now outranks Vermont in 
being the leading asbestos producer in the United States. 

Certain grades of asbestos are indispensable to our transportation and 
construction industries, and a/l grades occupy an important place in our 
economy. The lack of adequate production, therefore, creates an oppor
tunity for domestic mining if ore bodies can be found. The authors of this 
article are particularly interested in the development of asbestos in Oregon 
in sufficient quantity and quality to create a local asbestos industry. 

Asbestos Minerals 

The term "asbestos" is applied to a group of naturally fibrous, non
combustible minerals. These minerals differ in chemical composition and 
in the strength, flexibility, and usefulness of their fibers. The physical 
and chemical properties of asbestos fibers are compared in Table 2. Asbestos 

* Regional Manager, Asbestos Corp. (Explorations), Ltd., Canada. 
** Staff Geologist, Oregon Dept. of Geology and Mineral Industries. 
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TABLE 1. World Production of Asbestos (thousands of short tons) 
(Figures from U.S. Bureau of Mines Minerals Yearbook, 1963) 

1954-58 
Country overage 1959 1960 1961 1962 1963 

Canada (sales) 995 1,050 1,118 1,174 1,216 1,272 
USSR (estimate) 475 600 660 880 1,100 1,200 
Republic of 

South Africa 140 182 176 195 221 206 
Southern Rhodesia 113 120 134 162 142 142 
China (estimate) 33 90 90 100 100 110 
Uni ted States 44 45 45 53 53 67 
Italy 37 53 61 63 61 63 
Swaziland 30 25. 32 31 33 33 
France 16 23 29 31 28 26 
Cyprus 16 14 23 16 22 22 
Australia 10 18 16 17 18 15 
Japan 1 14 17 19 15 18 
Finland 9 10 11 10 11 10 
Other countries*· 21 17 28 19 35 16 

* Includes small production in about 20 other countries, in port estil1lated. 

minerals fall into two general categories - chrysotile and amphibole. Be
cause of the importance of chrysoti Ie and of its relative abundance in areas 
of serpentine', it is the main subj ect of this report. 

Chrysotile 

Chrysotile, a hydrous magnesium silicate (3MgO.2Si02.2H20), isan 
essential mineral of serpentine and usually occurs in veinlets. Its fibers 
are strong and very flexible, making it the most valuable of the asbestos 
minerals. About 95 percent of the world's asbestos production comes from 
chrysotile, most of it from Canadian deposits. In the United States, chryso
tile asbestos occurs in the serpentinized peridotites of Vermont, California, 
and Oregon; and in serpentinized dolomitic limestones of Arizona. 

Chrysotile occurs most commonfyas cross-fiber veins, ranging in thick~ 
ness (fiber length) from microscopic size to 3/8 inch or more, with the 
parallel fibers approximately perpendicular to the vein walls. The mineral 
is gray to pale green in the rock, but separates into white fibers that form a 
a fluffy mass. The basic crystal structure of chrysotile is a cylindrical lat
tice. Its tubular character has been established by electron microscopy. 
Chrysotile fibers of good quality are silky, highly flexible, and have a 
tensile strength 10 times that of nylon. Some fibers are naturally harsh, 
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Color 

Texture 

Mineral 
Association 

Veining and 
fiber length 

TABLE 2. Properties of Asbestos Minerals (modified after Rice [1957]). 

Chrysotile Tremolite Crocidolite Amosite Anthophyll ite 

Green, greenish- White, grayish- lavender, blue, Ash-gray, Grayish..white, 
yellow, gray, or white, greenish- or greenish. greenish, or brownish-gray, or 
white. yellow, or bluish brown. green. 

gray. . 
Soft to harsh, Generally harsh, Soft to harsh. Coarse, but Harsh 
silky. ~. !ome _~ft-,--~____ somewhat...a;p;..;.l.;..;ia;;.;;b;..;.l~e;... ________ _ 
In serpentine, In serpentine, Iron-rich In crystalline In crystalline schists, 
magnetite, antig- . Mg. limestones siliceous argil- schists, etc. gneisses, or meta-
orite, picrolite, and various meta- lite in quartzose serpentine • 
etc. morphic r()cks. schists. ~ ___ ._ 
Cross and slip SI ip or mass . Cross fiber; short Cross fiber; Mass or slip fiber, 
fibers; short to fiber; rarely cross to long. mostly long. rarely cross fiber; 
long. _ fiber; short to long. _~~_ ~_~~ __ s~ort-,-. ____ _ 

Tensile 80,000 to 8,000 or less. 100,000 to 16,000 to 4,000 or less. 
strength 100,.000. 300,000. 90,000. 
I b/ sq 1n. . ___ __ ... _ ..... . 
Flexibility Very flexible. Fairly flexible Flexible. 

to brittle. 
Flexible. Mostly brittle. 

Spi nnabi I i ty Very good. 

Fusibility Fusible at 6. 

Acid Poor. 
resistance 

Generally poor; Fair. Fair. Very poor. 
rarelyseirlnabl e_,- . . ___ . __ ~_ 
Fusible at 4. 'Fusible at 3. Fusible at 6. Infusible or difficultly 

fusible. 
Good. Good. Good. Very good. 



which reduces their flexibility and ·strength. A simple test for flexibility 
is to hold a bundle of fibers between the fingers and twist or rotate it. 
Weak fibers will break readily under this twistingi harsh fibers will tendto 
spring back when bent the first time. Fibers that I ie approximately parallel 
to the vein are called slip-fiber veins. Such veins lie along faults or slip 
planes. This fiber, although longer, is weaker than most of the cross fiber. 

A mineral sometimes mistaken for chrysotile is picrolite. This vein
like serpentine mineral commonly occurs near chrysotile veins. It is a 
splintery, semifibrous variety of serpentine that will not fluff when scratched 
with a knife. It is usually necessary to scratch a vein in order to tell chrys
otile from picrolite. 

Amphibole 

The amphibole group of asbestos minerals includes tremolite, crocido
lite, amosite, and anthophyllite (see Table 2). Tremolite and anthophyl
lite are the only amphibole asbestos minerals found in Oregon. Tremolite 
(2CaO. 5MgO. 8Si02. H20), the most common of the amphibole asbestos 
minerals, generally occurs in narrow veins in fault zones in or adjacent to 
serpentine. Actinolite, a variation of tremolite containing iron, is usually 
found with it. In comparison to chrysotile, the fibers of tremol ite are coars
er and weaker and are easi Iy broken when fl exed between the fingers. 
World production of tremolite is less than ~ of 1 percent of the total asbes
tos production. Anthophyllite (rMg,FeJ Si02) occurs in schists, gneisses, 
and metaserpentine. Its fibers have the lowest tensile strength and are the 
most brittle of asbestos minerals. 

Crocidolite and amosite are important amphibole asbestos minerals,but 
no commercial deposits occur in North America. The principal source of 
crocidolite is South Africa, with lesser amounts coming from Australia and 
Bolivia. Amosite is produced only from South Africa. 

Uses of Asbestos 

Chrysotile can be separated by mechanical means into fibers which 
contribute desirable characteristics to industrial products. Some of these 
qual ities are chemical inertness, resistance to corrosion, good thermal and 
electrical insulation, and good bonding with portland cement, in addition 
to high tensile strength. The long fibers (more than 3/8 inch) go into the 
making of fire-resistant textiles. 

The medium-length fibers (ranging from 1/16 inch to 3/8 inch) are 
used in cement pipe, cement sheets, roofing paper, gaskets, molded brake 
bands, clutch facings, instrument panels, some molding compounds, and 
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lagging. For industrial construction, asbestos cement products have been 
universally accepted; as a result, cement-length fibers are at present the 
main product of the asbestos industry. 

In Europe today 60 percent of the pipe used in construction is made of 
asbestos cement. In Sydney, Austral ia, more than half of the houses are 
of asbestos-cement construction using sheets inside and out, and corrugated 
material on the roof. 

In damp climates, such as the coastal areas of Oregon, construction 
with asbestos cement resul ts in superior resistance to weathering and mini
mizes maintenance problems. 

The shorter fibers, or lengths under 1/16 inch, are used in floor tile, 
paint, plastics, joint cement, asphaltic compounds, roofing shingles, road 
paving, and drilling mud. 

Tremolite and anthophyllite asbestos have limited application because 
of the low strength of their fibers. They are, however, used as fillers in 
various products, welding rod coatings, and acid-resistant filters. 

Origin of Chrysotile Asbestos 

Serpentine minerals are formed from two general rock types: perido
tites and dolomites or magnesia-bearing limestones. It is generally ac
cepted that serpentinization is caused by hydrothermal solutions which alter 
these rocks, adding water and perhaps some magnesia, silica, and other 
elements. 

Mineralogists Faust and Fahey (1962) in their study of serpentine group 
minerals recognize only three: namely, chrysotile, lizardite, and antig
orite. Other serpentine minerals, such as deweylite, bastite, and picro-
I ite are variations or combinations of these recognized minerals. Serpentine 
minerals have essentially the same chemical composition and differ only in 
internal structure.and to some extent in outward physical appearance. 

It is not well understood what causes abundant cross-fiber veinlets of 
chrysotile to form in serpentine and various theories have been advanced. 
Since good deposits of chrysotile are not common, it seems reasonable to 
assume that the environment in which they formed involved fairly critical 
physical and perhaps chemical conditions. Time could also be an import
ant factor. I n other words, it may be that the temperature, pressure, and 
chemical balance must be held within certain critical limits for a sufficient 
time to enable the chrysotile fibers (crystals) to grow. 

Shearing stresses set up by folding and faulting are believed by some 
to be a contributing factor in localizing the deposition of chrysotile. 
Bateman (1954, p. 293) discusses the occurrence of horizontal layers of 
serpentine with horizontal cross-fiber chrysotile veins in dolomitic limestone 
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in Arizona. He argues that neither fissure filling nor the force of growing 
crystals can explain the presence of chrysotile veins, because of the enor
mous weight of the overlying rocks and the fact that the beds above and be
low the serpentine layers are undisturbed. Bateman further states: liThe 
most tenable explanation is that certain bands of limestone were converted 
to serpentine by circulatory solutions and that some sl ight change in the 
character of the solutions caused the serpentine to undergo molecular rear
rangement into fibrous form. May not the same hypothesis apply to the peri
doti te occurrences ..• ? II 

Asbestos Occurrences in Oregon 

Southwestern and northeastern Oregon contain many scattered areas of 
peridotite and serpentine. The distribution of these lIultramafic rocks, II as 
they are often called, is shown on the accompanying maps. The peri dotite, 
an intrusive igneous rock composed largely of olivine and pyroxenes, has 
been partly {in some areas completely} altered to serpentine. In mostout
crops peridotite and serpentine are intermixed. Chrysotile, being one of 
the serpentine minerals, is of course always present in serpentine. If it 
occurs in veins of sufficient size and abundance, it may constitute a rich 
ore body. Tremolite, an amphibole asbestos mineral, also occurs in areas 
of serpentine, generally in narrow, isolated veins. 

The known asbestos deposits in Oregon a·re small. Production to date 
has been limited to ~ few shipments of hand-sorted tremolite from the lib
erty Asbestos in Jackson County and the L.E.J. occurrence in josephine 
County; and 525 short tons of milled chrysotile from the Coast Asbestos Co. 
pilot plant near Mt. Vernon in Grant County t:Nagner, 1963). The loca
tion of the asbestos mines and prospects is shown on the accompanying map. 
A brief description of each occurrence is given below. 

Southwestern Oregon 

C-1 Foster Asbestos {Bear placer}: Secs.35, 36, T. 38 S., R. 9 W. f 

Josephine County. This is the best-known chrysotile occurrence in south
western Oregon. It is situated on the west bank of Josephine Creek be
tween Days and Fiddler Gulches. Chrysotile was discovered by George 
Foster while he was drift-placer mining along the surface of serpentine bed
rock wh ich under! ies a cover of cemented Pleistocene bench gravel as much 
as 100 feet thick. Cross-fiber chrysotile veinlets are of good quality, but 
rarely exceed 3/8 inch thickness with partings and are more commonly about 
1/8 inch thick. Fiber occurs in both the north and south placer drifts,which 
are about 900 feet apart. The deposit was explored and drilled by Canadian 
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Cross-fibre chrysotile veinlets in serpentine from the Foster asbestos 
deposit near Josephine Creek. Samples were selected from the dump 
of the southern adit. 
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Johns-Manville in'1953 and by Nicolet Asbestos Mines, Ltd. in .1960. 
Results indicated insufficient tonnage to iustify further development. The 
placer is currently being worked by Fred Von Rohder. 

A-I L.E.J. Asbestos: Sec. 9, T. 375., R. 6 W., JosephineCounty. 
This tremolite claim, held by location, is situated at about 1,200 feet ele
vation on the southwest side of Bolt Mountain about 6 miles southwest of 
Grants Pass. 51 ip fiber of varying qual ity was found in a main northeast
trending fracture or sheer zone 4 inches to 2 feet thick in serpentine. The 
tremolite is associated with talc.' About 3 tons of hand-sorted fiber was re
portedly shipped in bags in 1952. The workings consist of an open cut and 
trench not over 35 feet deep. The wider fiber-bearing zone pinched down 
where mining stopped. No new work has been done. 

A-2 Liberty Asbestos: Sec. 36, T. 325., R. 4W., Jackson County. 
This tremolite deposit is on 640 acres of deeded land on the southern flank 
of Cedar Springs Mountain at 4,500 feet elevation. Treasher (Oregon Dept. 
of Geology and Mineral Ind., 1943) describes the occurrence as containing 
some good quality tremolite fiber in several parallel northeast-trending 
fractures in serpentine and associated altered volcanic rock. Most of the 
slip fiber is brittle, but where the fracture zones widen occasional IIkidneysll 
of flexible fiber are found. The occurrence has been worked by both sur
face cuts and tunnels. Present condition and extent of inactive workings 
was not i nvesti gated. 

A-3 Raseberry Creek tremol ite: Sec. 15, T. 34 5., R. 3 W., Jack
son County. The occurrence is situated on the south side of Raspberry Creek 
about * mi Ie west of the west fork of Evans Creek at about 1,800 feet ele
vation. A small discovery cut about 100 feet above the creek exposes a 
narrow lens of matted tremolite. The maximum width appeared to be no 
more than 1 foot. The fiber occurs in serpentine near its contact with meta
volcanic rocks of the Applegate Group. An unpubl ished Department fi Ie 
report, 1945, by E. A. Youngberg describes the main occurrence as being 
700 feet north of Raspberry Creek at 2,000 feet elevation. He describes 
two shallow cuts with asbestos veinlets from a fraction of an inch to 4 or 5 
inches wide in a zone striking N. 300 E. Width of the zone was undeter
mined due to poor exposures. The report also mentions about 600 pounds of 
fiber mined and sold at a rate of $600 per ton in 1943. In a recent visit to 
the area, only the southern cut was observed. 

52 



Northeastern Oregon 

C-2 Mount Vernon deposit: Sees. 12, 13, 14, T. 135., R. 30 E., 
Grant County. The only chrysotil e occurrence in the state that has had 
any production is located on Beech Creek beside U.S. Highway 395 about 
3 miles northeast of Mount Vernon. The pilot mill operation of Coast As
bestos Co. was described by Wagner (1963). The deposit has also been 
examined by geologists of Asbestos Corp., Ltd. and Johns-Manville Co. 
The chrysotile fiber occurs in a narrow northeast-trending body of serpen
tine which intrudes Permian metavolcanics and sediments and is partly ob
scured by overlying Tertiary volcanics and Pleistocene to Recent alluvium. 
The deposit is reported to contain well-defined cross fiber chrysotile vein
lets of good quality from which attractive specimens have been obtained, 
as well as considerable slip-fiber. The pilot plant recovery from pit-run 
ore is reported to average about 7 percent fiber so far. Detai Is of the si ze 
of the deposit are not indicated in the available reports. 

C-3 Spare Time claims: Sees. 7,8, T. 14S., R. 32 E., GrantCounty. 
These claims lie on the northern slope of Canyon Mountain at 4,500 feet 
elevation, adjacent to Little Pine Creek and 3 miles by unimproved road 
from Canyon City. The property consists of six unpatented lode claims lo
cated in 1960. The deposit is described in detail by N.S. Wagner (unpub
lished Department file report, 1961). Veinlets of crqss-fiber chrysotile, 
most of them 1/16 inch or less in width, a few 3/16 inch, and rarely i 
inch, are found in an area of serpentine near its northeast-trending contact 
with an olivine-rich peridotite. Veinlets strike both northeasternly and 
northwesterly. The better areas examined contained an estimated 5 percent 
fiber. Some of the serpentine area is obscured by alluvium in the valley of 
Little Pine Creek. Additional exploration would be needed to make a satis
factory evaluation of the occurrence. 

C-4 Big Butte Creek asbestos: Secs. 17, 18, 19, 20, T. 11 S., R. 34 
E., Grant County. The occurrence is about 2 miles northwest of Dixie 
Butte in the drainage of Big Butte Creek at about 4,400 feet elevation. 
The deposit is held by 5 unpatented claims located in 1950. It is described 
by N.S. Wagner (unpublished Department file report 1951, 1955, and 
1962). Chrysotile veinlets of i to ~ inch widths, with semi-harsh fiber and 
partings, are common. Fiber lengths are mostly about 1/8 inch and rarely 
greater than i.inch. The fiber was originally found in a narrow zone thought 
to be 300 to 400 feet long, with a fiber content estimated at 10 percent or 
greater. The Asbestos Corp. of Canada exam i ned the occurrence in No
vember, 1951 and made about 1,000 feet of bulldozer trenches. In 1952-53, 
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ASBESTOS OCCURRENCES IN OREGON 

locotion 
Mop No . Nome Sec. T R. County 

Chrysotile 

C-I Foster Asbestos 35-36 38 S. 9 W. Josephine 
C-2 Mount Vernon 12-13-14 13 S. 30 E. Gront 
C-3 Spore Time Cloi ms 7-18 14 S. 32 E. Grant 
C--4 Big 8u tttl Creek 17-18-19-20 11 S. 34 E. Giant 
C-5 Rock Creek Butte 22 13 S. 38 E. Boker 
C~ Towell Claims 7 14 S. 43 E. Molheur 
C-7 Bear Volley 1-2-3, 11 16 S. 31 E. Gront 

Amphibole 

A-I l.E.J . Asbestos 9 37 S. 6W. Josephine 
A-2 liberty Asbestos 36 32 S. 4W. jockson 
A-3 Ro~berry Creek 15 34 S. 3W. Joc.k~n 
A--4 Pi ne Creek ~estos 34-35 11 S. 39 E. Bok~ 

., .. 

R 

.J 
r · .. ) 
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H E U R 

Reference 

Dept. files 
Wagner, 1963 
Oept. files 
Dept. files 
Dept. files 
Dept. fi les 
Dept. files 

Dept. files 
Dept. Bull. 14-C 
Dept. files 
Moore, 1937 



Can::ldian Johns-Manville did additional trenching, geologic mapping, and 
about 1,000 feet of diamond core dri II ing. The later work i~dicated a 
fiber-bearing zone about 400 feet Wtde and 1,300 feet long trending N. 
450 E. on the hillside west of Big Butte Creek. This zone occurs in serpen
tinized peridotite containing occasional inclusions of argilliteand quartzite. 
Exploration revealed that the fiber occurs in disconnected patches separated 
by fairly large areas of barren rock. 

C -5 Rock Creek Bu tte occurrence: Sec. 22, T. 13 5., R. 38 E., Baker 
County. This chrysoti Ie occurrence is situated on the northeast flank of 
Rock Creek Butte at nearly 5,000 feet elevation, about 8 miles east of Unity 
and 5 mi les south of Hereford. N. S. Wagner describes the deposit in an 
unpublished Department file report, 1950. The property is held by four un
patented lode claims located in July 1950. Fiber occurs in blocky, serpen
tinized peridotite over an area estimated to be about 400 feet long and 100 
feet wide. The fiber appears to be of good quality in lengths up to ~ inch. 
A few ~-inch veinlets have partings. The better areas contain 10-percent 
fiber. No development work had been done when the occurrence was last 
examined. 

C-6 Towell claims: Sec. 7, T. 14 5., R. 43 E., Malheur County. 
The property is situated about half a f!1ile west of the Baker-MalheurCounty 
I ine at an el~vation of 4,000 to 4,500 feet. It is about 15 miles west of 
Huntington by an improved dirt road. The prospect was examined by Cana
dian Johns-Manville during 1956 and 1957, and a preliminary report was 
prepared (Sharratt and Todd, 1957), a copy of which was made available 
to the Department by the owner of the property. Development consisted of 
four bulldozer trenches. The fiber occurs in serpentinized peridotite and 
dunite in narrow zones 4 to 10 feet wide, striking north to N. 300 E. The 
fiber is mostly harsh and the veins commonly contain partings. Hot-spring 
activity has,altered the serpentine and the chrysotile fibers in places. Pic
rotite is reported to be abundant. 

C-7 Bear Valley occurrence: Secs. 1,2,3,11, T. 16 S., R. 31 E., 
Grant County. The deposit is about:4 miles east of U.S. Highway 395 be
tween Canyon City and Burns, and is about 7 miles from the town of Seneca. 
Elevation of the area is about 4,900 feet. The property is held by placer 
claims tot.aling 480 acres. Information on the property is given'in a 
Department letter by N·. S. Wagner, September, 1954. Small areas of 
closely spaced chrysotile veinlets in serpentine are scattered over a fairly 
extensive area, but apparently separated by considerable subgrade to barren 
serpentine. Exposures of rock are poor and the report indicated that more 
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exploration would be needed to expose larger areas of fiber-bearing serpen
tine before the occurrence could be considered to have commercial possi-
bi I iti es. Veinlets of apparently good quality chrysoti Ie fiber were reported 
in the 1/8- to *-inch range, with ~-inch widths very rare. 

A-4 Pine Creek amph ibole asbestos: Secs. 34, 35, T. 11 S., R. 39 
E., Baker County. The deposits are described by Moore (1937). The area 
is near the divide between Cow Creek and Pine Creek and between 5,200 
and 5,500 feet elevation on the southwest flank of Bald Mountain, 15 air 
miles south of Baker. The fiber is described as mainly anthophyllite, which 
occurs at various places in the area, associated with talc in narrow I lens
shaped bodies in crushed zones, fault contacts of greenstone, schist, and 
serpentine. The fiber is reported to vary in length from 1 to 16 inches. It 
is characteristically weak and brittle and occurs as both slip- and cross
fiber. The deposits were exposed by several shallow surface cuts when ex
amined in 1931 . 

Prospecting and Development 

There are undoubtedly portions of the Oregon ultramafic outcrops that 
have never been adequately prospected for asbestos. In the early days of 
Oregon prospecting, it was considered that only fibers in lengths exceeding 
~ inch were commercial. Consequently,' the early-day prospectors paid no 
attention to outcrops that might have contained lengths of fiber that would 
now be considered commercial. 

The usual percentage of fiber recovered from a commercial deposit 
ranges from 4 to 6 percent; occasionally this may vary if the deposit con
tains longer fibers. The most interesting fiber lengths from the economic 
point of view are from 1/8 inch to 3/8 inch. An ore body must contain 
some *-inch-plus length fiber to be minable at a profit. 

The best manner of prospecting for asbestos is to examine the serpentine 
outcrops, preferably on a sunny day when the glossy fiber veins are more 
easi Iy seen. A heavy rock hammer is needed to break I ichen-covered rocks 
and a small knife to scratch likely looking veins. The fiber should fluff up 
readi Iy when scratched with a knife. The fiber generally occurs in irregu
lar veins scattered throughout the serpentine rock mass. 

One cannot safely eliminate any variety of serpentine when prospect
ing for chrysotile. Even the highly sheared variety sometimes referred to 
as II slickentite!' or "fishscale" should be examined. The new discoveries in 
Fresno and San Benito Counties northwest of Coal inga, California, occur 
as matted fiber in a unique type of highly sheared serpentine. The mostfa
vorable environment for occurrence of stockwork (crisscrossing) veinlets of 
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SUBDIVISION OF THE GROUPS OF CANADIAN CHRYSOTILE ASBESTOS 

CRUDE ASBESTOS 

Class 

Group No.1 

Group No.2 

Standard Designation 
of Grade 

Crude No.1 

Crude No.2 

Crude run-of-mine 
Crudes sundry 

Description 

Consists basically of crude 0/4 inch staple and 
longer. 
Consists basically of crude o/a inch staple up to 
0/4 inch. 
Consists basically of unsorted crudes. 
Consists of crudes other 'han above specified. 

MILLED ASBESTOS 

Groups No.3 to No.9 Standard Designation Guaranteed Minimum Shipping 
Inclusive of Grade Test 

Group No.3 3D 10.5 3.9 1.3 0.3 
3F 7.0 7.0 1.5 0.5 
3K 4.0 7.0 4.0 1.0 
3R 2.0 8.0 4.0 2.0 
3T 1.0 9.0 4.0 2.0 
3Z 0.0 8.0 6.0 2.0 

Group No.4 4D 0.0 7.0 6.0 3.0 
4H 0.0 5.0 8.0 3.0 
4J 0.0 5.0 7.0 4.0 
4K 0.0 4.0 9.0 3.0 
4M 0:0 4.0 8.0 4.0 
4R 0.0 3.0 9.0 4.0 
4T 0.0 2.0 10.0 4.0 
4Z 0.0 1.5 9.5 5.0 

Group No.5 sD 0.0 0.5 10.5 5.0 
sK 0.0 0.0 12.0 4.0 
sM 0.0 0.0 11.0 5.0 
sR 0.0 0.0 10.0 6.0 

Group No.6 6D 0.0 0.0 7.0 9.0 

Group No.7 7D 0.0 0.0 5.0 11.0 
7F 0.0 0.0 4.0 12.0 
7H 0.0 0.0 3.0 13.0 
7K 0.0 0.0 2.0 14.0 
7M 0.0 0.0 1.0 15.0 
7R 0.0 0.0 0.0 16.0 
7T 0.0 0.0 0.0 16.0 
7W 0.0 0.0 0.0 16.0 

Group No.8 85 under fifty pounds per cubic foot 
loose measure 

8T under seventy-five pounds per 
cubic foot loose measure 

Group No.9 9T over seventy-five pounds per 
cubic foot loose measure 
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cross~fiber chrysotile appears to be in the more blocky varieties of serpen
tine. 

Jenkins (1949) reports that siliceous dikes or sills are often found close 
to high-grade chrysotile deposits; so the presence of such intrusives in ser
pentine can be considered a possible guide. 

Magnetite is almost always associated with chrysotil e that has formed 
by alteration of peridotite. It is a natural by-product of serpentinization 
and occurs as segregations along margins and in partings of chrysotile vein
lets. This relationsh ip has enabled use of magnetometers in prospecti ng for 
chrysotile. Their main value is in helping to determine the extent of known 
occurrences. 

It is sometimes possible to log the surface outcrops by taking a visual 
readi ng of the fi ber I engths over an exposed surface. Cross-fiber vei ns are 
generally recorded as multiples of a sixteenth of an inch over a five-foot 
length. The average width of irregular veins is estimated. Veins that are 
of a composite nature or that have kinks that will cause the fiber to break 
readily into shorter lengths should be recognized. 

Field men in the industry have developed a method of·mathematically 
reducing the visual face reading to a dollar value per ton of ore. It is al
ways necessary to mill a portion of the rock in a small pilot mill and grade 
the fiber to be sure of the value. 

Slip-fiber is often associated as a minor constituent in deposits made up 
mainly of cross-fiber, or slip-fiber can make up'an entire ore body. Lab
oratory assistance is always necessary to evaluate sl ip-fiber. 

When a likely looking prospect has been found, it should be examined 
by an engineer or geologist experienced in asbestos. If the prospect warrants 
further work, the first step is to expose the fiber-bearing rock by trenching, 
where this is practical. The next step is diamond drilling to recover core 
from the deeper part of the ore zone, thereby exploring and developing an 
ore body. Portions of both the ore body and the core must be tested ina 
small pilot mill before the characteristics of the deposit can be known well 
enough to design a mill. If sufficient ore can be found by this process, the 
result could well be a producing asbestos mine. Such mines are usually huge 
open pits or large, underground block-caving operations. 

Grading and Processing the Ore 

The milling process which removes the fibers from the rock and grades 
them for sale is fairly complicated and contributes quite a bit to the costof 
the product. (See illustration of flow sheet.) 

The grading and pricing of all asbestos is governed by the length of the 
fiber. The longer fibers (more than 3/8 inch) range in pri ce from $345 to 
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$1,400 per ton. A very small tonnage of the higher priced ma.terial is sold 
in a year. The medium-length fibers, ranging from 1/16 to 3/8 inch, sell 
for from $90 to $220 per ton. The shorter fibers, or lengths under 1/16th 
inch, sell for from $28 to $"77 per ton. 

One of the generally recognized methods of testing asbestos is the 
Quebec screen test. This test was developed by the Quebec Asbestos Min
ing Association and has set specifications for the various grades of fiber. 
The test is used as an ore-evaluation tool and as a production-control meth
od which serves to grade fiber for sale. 

The Quebec standard testing machine consists of three rectangu lar 
screens -- ~-i nch mesh, 4 mesh, i 0 mesh -- and a box for the shortest ma
terial. The test consists of placing 16 ounces of clean fiber on the top screen 
an.d shaking the nest of screens horizontally at 327 rpm for 600 r"evolutions. 
The fiber grade is then determined on the basis of the number of ounces re
mainin~ on each of the screens and in the box. (See classification chart.) 

As an example, if 2 ounces of the fiber remained on the -1-inch screen, 
8 ounces remained on the 4 mesh, 4 ounces on the 10 mesh, and 2 ounces 
in the pan, the fiber would be classed as 3R. The ounces of fiber in each 
case totals 16. These specifications are minimum tests. Fiber fall ing be
tween the noted values is carried to the lower scale. 

Asbestos milling consists essentially of coarse crushing, drying, and re
crushing in stages, each step followed by screening and air separation of 
fiber from the rock. It is important to separate the fiber from the rock with 
a minimum of fiber breakage. The process also includes preparing fibers to 
conform to exacting specifications regarding grading and dust removal. 

Mills of several thousand tons per day capacity are customarily built 
in the asbestos industry. Construction costs are $3,000 to $4,000 per ton 
of capacity, resulting in an investment of several million dollars in the mill 
to produce from each mine. It is essential that the mi lis have enough ore 
to allow them to operate for 20 or more years, thereby provi ding for the re
covery of the initial investment. 

Diligent effort on the part of asbestos prospectors and asbestos mining 
companies may very well result in one of these large mills being built in 
Oregon to produce fiber. 
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* * * * * 

McCOLLOCH REAPPOINTED TO GOVERNING BOARD 

Frank C. McColloch, Portland attorney 1; was reappointed to the Depart
ment's Governing Board March 16, 1965, by Governor Mark O. Hatfield. 
McColloch has been chairman of the board since October 18, 1961. His 
term continues until March 15, 1969. Mining and water law have been 
McColloch's special interests during his many years of practice, and hehas 
served on a number of state boards concerned with these problems. He isa 
member of the Koerner, Young, McColloch r and Dezendorf law firm. 

* * * * * 

OREGON ACADEMY OF SCIENCE and NSA PROGRAM SCHEDULED 

The joint meeting of the Oregon Academy of Science and the Northwest 
Scientific Association will be held in Portland April 9 and lOr 1965. The 
Geology-Geography section will hoi d its meetings at Portland State College 
and at the Sheraton Hotel. A field trip to the Columbia River Gorge has 
been schedu I ed for Fri day I Apri I 9, at lOa. m. For reservations wri te to 
Dr. J. S. Lowther, Geology Department, University of Puget Sound, Ta
coma, Washington, 98416. A symposium on the gorge will be held at the 
Sheraton Hotel on Saturday, Apri I 10, at 9 a. m. Papers to be presented 
at the two-day program are listed on the following page. 
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Friday, April 9 (with Engineering Section of the NSA) 

8:45 a.m. - Room 338 College Center, Portland State College; J. W. Crosby III and 
J. E. Sceva presiding. 

1. Auger Center - a new approach to new problems; J. E. Allen, Portland State College. 
2. Earthquake-induced landslides, Anchorage, Alaska; S. D. Wilson, Shannon & Wilson, 

. Inc., Seattl e-Portl and. 
3. Geologic hazards, what are they and what can be done about them; H. G. Schlicker, 

Oregon Dept. of Geology and Mineral Industries, Portland. . 
4. Investigation of a rock slide, site for a dam in the Cedar Creek watershed, Idaho; 

H.A. Allen and J. L. Holland, Soil Conservation Service. 
5. The science of finding, quarrying, and using jetty stone; R.J. McReory, Ureka, Inc., 

Portland. 
6. Geologic design for the foundations of weirs in river channels; G.R. Stephenson, 

Dept. of Agriculture Research Service, Boise. 
1:00 p.m. - Room 338 College Center; W.H. Taubeneck and R.H. Russell presiding. 
1. Geomechanics; D. L. Mosson, Dept. of Mining, Washington State Univ., Pullman. 
2. Potential application of nuclear explosives in water management; A.M. Piper, U.S. 

Geological Survey, Menlo Park. 
3. Land subsidence due to water-level decline, and its engineering significance; J.F. 

Poland, U. S. Geological Survey, Sacramento. 
4. Methods used in locdting and testing a major ground_ater resource in the Washakie 

Basin, southern Wyoming; G.A. Duell and W.M. Sahinin, Pacific Power & Light 
Co., Portland. 

5. Useofartesianreliefwellsforaspecifi~drainageproblem; G.E. Neff, Bureau of 
Reclamation, Ephrata. 

6. The role of geology in waste-disposol practice; W.A. Haney and D.J. Brown, 
Battelle-Northwest, Richland. 

Saturday, Apri I .10 
9:00a.m. - Room 71, State Hall, Portland State College; Dr. Ray Broderson and Dr. 

J. E. Allen presiding. 
1. Indicators of late Pleistocene paleoclimatology, east-central Idaho; Wakefield Dort, 

Jr., U ni versi ty of Kansas. 
2. Glacial geology of the Stuart Range and leavenworth area, Washington; W.A. long, 

Washington State Dept. of Natural Resources, Ellensburg. 
3. late Cenozoic stratigraphic sequence in Oreana quadrangle, southwest Idaho; N. R. 

Anderson, Univ. of Puget Sound. 
4. Palisades lava flow, Clear Fork of Cowlitz River, south-central Cascade Mountains, 

Wash., J .A. Ellingson, Pacific lutheran University. 
5. Natural gas storage, Marys Corner, Wash., and its effect upon water resources which 

overlie the structure; R.H. Russell, Wash. State Dept. of Conservation, Olympia. 
6. Development of ridges in plastic layers; Z.F. Danes, University of Puget Sound. 
7. Geochemical prospecting in the Darrington-Granite Falls area, northern Cascade 

Mountains, Wash.; Paul Eddy, Uni\(ersity of Puget Sound. 
1:30 p.m. - Room 71 State Hall; Dr. H.E. Wheeler presiding. 
1. Problems associated with the extension of the stratigraphic units of south-central 

Washington: the late basalt flows, Ellensburg and Ringold Formations; R.E. Brown 
ana D.J. Brown, Battelle-Northwest, Richland. 

2. Problems associated with the extension of the stratigraphic units in south-central Wash
i ngton: the post-basal t sedi ments; D. J. Brown and R. E. Brown, Battell e-Northwest. 

3. The Touchet Beds; W.F. Sc!ott, Washington State University. 
4. Some fossil plants from the Naches Formation of central Washington; E. P. Klucking, 

Central Washington State College. 
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THE WALLS OF PORTLAND 

By Ralph S. Mason* 

The ORE BIN 
Volume 27, No.4 

April, 1965 

Much publicity has been given in recent years to new construction in the 
Portland area, particularly to those sections undergoing urban renewal. 
Very little me!1tion has been made, however, of the role played by the min
erai industry in the creation of attractive, long-lasting, economical, fire
proof structures. Almost without exception, the recent advances in building 
construction have been concerned with improved techniques in the handl ing, 
fabrication, and erection of mineral industry products. lift slabs, tilt-up 
walls, prestressed and post-tensioned structural members, and slip forms are 
but a few examples of these developments. Anybody who has watched a 
multi-silo grain elevator rising into the air in one long, continuous move
ment, or has seen a large, singfe-floor commercial building suddenly sprout 
walls overnight, has witnessed some of the more spectacular achievements 
made possible by the use of minerals in modern construction. 

The most noticeable part of any building is'usually its walls. Walls 
must be functional, giving support and protection to the building, but they 
can also be an ornament not only to the building but to the area as well. 
For the first time in history, the architect has no limitations as to length, 
width, or thickness of his materials. He has a wide choice of natural ag
gregates and cut stone, a great variety of ceramic and concrete pre-cast 
units, and numerous methods for incorporating them into a wall. 

Brick Walls 

Historically, the first use of a manufactured mineral product for the 
construction of a wall was the laying of one sun-dried clay brick upon 
another by a Persian bricklayer more than 5,000 years ago. Some time 
later, the art of brick making progressed to the firing of clay blocks in 
kilns and this has remained as standard practice. 

Modern brick comes in many shapes, sizes', textures, and colors. The 
manner-of laying up the brick ranges from the common staggered course to 

* Mining Engineer, Oregon Dept. of Geology and Mineral Industries. 
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stacked bond with numerous designs incorporated by indenting or extending 
individual brick. Treatment of mortar joints also adds variations to oric'k 
walls with flush, raked, and slump mortar in various colors currently being 
used. 

Common red-fired bri ck laid up conventionally is still an attractive 
wall covering, as evidenced by the several stores using it in the lloyd 
Center. The west wall of Meier & Frank's store is a good i Ilustrationof 
the proper use of brick for covering large, unbroken surfaces. The wall is 
attractive and interesting at close range and still retains these same quali
ties, only sl ightly subdued, when viewed from a block or more away. 51 ight 
differences in the shades of the brick help to accomplish this effect. An
other brick-faced building, occupied by Blue Cross of Oregon, on S. w. 
5th Avenue uses jet-black brick for the first-story and dark hlue for the· 
second-story walls, th~s achieving, if this is ever possible, an architec
turally subtle pun. 

In recent years, used bricks, sometimes in rather a woebegone state of 
preservation, have been extensively employed for wall coverings. Proper
ly applied, such brick add a certain charm, partly to their ties with the 
past and partly to their imperfections, and partly perhaps to the fact that 
used brick costs more than new brick. 

Ceramic Tile Walls 

Large wall areas of many downtown buildings, particularly in theupper 
stories, display ceramic tiles of various dimensions. These are applied in 
much the same manner as stone veneering. Almost without exception, the. 
tiles are imported considerable distances from regions where high-quality 
clays are readily available. Large dimension tiles present a minimum of 
joints to the weather, and the glazed surface resists weathering to a high 
degree, making for low maintenance costs. 

In the past few years a great number of buildings have been faced, at 
least in part, with one-inch-square tiles. The small unit size is well 
adapted to narrow areas between structural elements of the building and an 
infinite variety of design through selection and arrangement of colors is 
possible. The recently completed P~cific Northwest Bell Building in the 
urban renewal proj ect on S. W. 4th Avenue uses wall panels covered with 
single-color tiles. 

Two unusual appl ications of ceramic products to Portland walls have 
. been produced by BennettWelch of Pacific Stoneware. On the St. Helens 
Hall campus just west of Portland, the exteriors of the buildings are cov
ered with hand-glazed tiles one-half-inch thick, wire-cut from standard 
green brick stock as they leave the pug mill. The tiles were made by 
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Equitable Savings & loon Bldg., 1300 S .W . 6th Ave . Pre-cost wall ponelsofwhite 
concrete and quartz aggregate. Eight-window units one floor high were cost in one 
piece at Swan Island and trucked to the job. (Photo by W. H. Grand) 

, 

llUilliUlIiilV 

Portland Chamber of Commerce Bldg., 824 S.W. 5th Ave. (bottom). A complete reno
vation of the old building uses Cold Springs granite facings from Minnesota, and white 
concrete with white exposed aggregate pre- cost panels. (Photo by Ackroyd) 



Willamina Clay Products' Tigard plant. The ti Ie on the exterior walls are 
shades of brown; those on some of the interiors are of brighter colors. Welch 
also created the ceramic tiles above the Christian Supply Center at Lloyd's. 
Pounded clay was sculptured into verticaf panels about three feet wide. 
They were cut into 12-inch-square ti les, then fired and glazed. Both of 
these treatments are unique and are not I ikely to come into general use, 
since unit costs would run much higher than those for any of the standard 
types of wall coverings now being employed. 

Concrete Walls 

Concrete block has been used extensively in wall construction in the 
Portland area for many years. Both standard,aggregate and lightweight 
blocks are avai labl e. Most of the lightweight blocks are fabricated from 
expanded shale produced locally. More than 100 shapes and styles of 
blocks are currently being utilized. One of the most interesting applica
tions of block is in the creation of screen walls having a wide variety of 
designs. Although many of these blocks appear to be quite fragile, they 
possess considerable strength due to the manufacturing process, which uses 
vibration plus pressure to produce a sound block. Curing is improved by 
autoclaving in steam rooms. Careful mix control and the proper selection 
of aggregate also aid greatly in the making of high quality block. Several 
firms in the Portland area have completely automated block plants which 
operate without human assistance during the mixing, forming, stripping, 
and palleting stages. 

The Lloyd Center has large quantities of concrete block in its basic 
construction, now hidden behind decorative coverings. A lacy screen wall 
of concrete block surrounds the ice-rink area. Similar walls are employed 
around town as sight screens for parki ng garages and other areas where ad
equate ventilation, attractiveness, and a visual barrier are required. 

Concrete is a basic building material in modern commercial and indus
trial construction. Usually concrete forms the supporting element of a struc
ture and its presence is often masked behind veneers of surfacing materials. 
Several recently completed buildings in Portland used concrete as a struc
tural material, and also as the finished surface, without any attempt to dress 
it up with surface coverings. The IBM Building is an excellent example. 
Pre-cast wall panels 12 feet wide and 52 feet high provide, by means of a 
series of ingenious fairings, the exterior and interior wall, the window 
-frames, and sunscreens. The wall units were manufactured in Tacoma, 
Washington, and were trucked to the site, where they were speedily placed 
into position and attached to the floors. Unlike similar wall panels, these 
units are actually load bearing, shoring the weight of the floors with the 
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Pioneer Broadcasting Bldg_ (KGW-TV). Splayed poured-in-ploce concrete posts support 
the second floor, which features thin-shell concrete sunscreens. Uncompleted building 
is at 1500 S. W. Jefferson St. (Photo by Alan Hicks) 

IB M Bl dg ., 2000 S . W . \st Ave. (top) . Thirty-eight smooth-surfaced concrete panels 
12 fee t wide and four floors high cover the structure and support the outer perimeter of 
the floors . Panels were cost in Tacoma and trucked to site. (Photo by W. H. Grand) 



central core structure to provide an uninterrupted floor space. Another 
example of concrete used in this manner is to be found in the new KGW 
Building on S.W. Jefferson St. Here the building is supported by branch
ing posts of concrete and the walls are embellished with concrete sunshades 
which are extensions of the walls. Both the IBM and KGW buildings have 
a compactness and pleasingly functional appearance which has been en
hanced by a single building material. 

Modern concrete technology employs such relatively new developments 
as I ightweight concretes, high-alloy reinforcing steel, prestressing, post .... 
tensioning pozzolan replacement, pumping, sl ip-forms, air entraini ng ad
ditives, and over-all improvement in concrete aggregates and mixes. The 
net result of all these advances is to provide the architect and the builder 
with a material that is essentially limitless in its application to modern 
building construction. For the first time, builders have a product that: 
(1) is available in practically any size and shape; (2) can be formed on the 
job, brought to the job ready for final installation, or brought to the job 
in modular units and set in place in an endless variety of ways; (3) improves 
'with age, is rot-, fire-, water-, and termite-proof; (4) has inherently 
great compressive strength and can be fabricated so as to have high tensile 
strength as well; (5) can be given a surface ranging from perfectly smooth 
to rough, plus either raised or incised designs created by pouring against 
prepared forms, in any color which can be added either to the mix or ap
plied later; (6) can be a base for attaching any type of siding or surfacing 
material; (7) can serve as a back-up for exposed aggregate panels poured 
face down or for hand-seeded panels formed face up; (8) is availabl e in 
high or low densities, with aggregate hard enough to scratch glass or soft 
enough to drive nails into; (9) can be sawed, split, drilled, nailed, and 
chiseled when hard or molded, extruded, trowelled, poured, or carved 
immediately after mixing. 

Aggregate Panel Walls 

The use of exposed aggregate panels has increased greatly in the past 
few years. This type of wall covering has several advantages, since rela
tively low-cost aggregate rather than more expensive, large-size stone 
veneers can be used. Construction of either til t-up or plant-poured ex
posed aggregate panels is essentially a bulk-materials handling operation, 
with its relative .saving in costs as compared to the hand-laid masonry or 
veneer wall. Current practice in making exposed aggregate panels em
ploys a retarder which delays the setting up of the outer surface concrete 
while the base concrete gains its initial strength. Immediately after the 
panel has attained sufficient strength to be moved, it is upended and the 
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retarded surface is either brushed, acid etched, or water sprayed to expose 
the aggregate. The choice of methods for exposing the surface depends 
upon the desired effect, which may range from flush through high rei ief. 
A recent example of exposed aggregate panels in Portland is to be found in 
the new Equitable Building, where 38-ton pre-cast units of white concrete 
faced with white quartz aggregate from Washington form the walls. A 
novel feature of this job was the incorporation of the air-conditioning ducts 
into the units just below the deeply embayed window openings. Other ex
amples in the Portland area include the basalt river pebbles in the exposed 
aggregate on the Hilton Hotel base walls, the fronts of several Safeway 
stores which have brown quartzite cobbles obtained locally, and the Uni
versity of Oregon Medical School Research Building, using white Washing
ton quartz in through-the-wall panels measuring 7 feet high by 30 feet long 
and weighing approximately 20,000 pounds each. 

Stone Veneer Walls 

Sheets of stone veneer have been the standard wall coveri ngs for com
mercial office buildings for many years, sharing the total field with brick 
and, to a much smaller extent, with dimension stone. Most of the veneers 
used locally are imported from considerable distances, and, although they 
are expensive on a first-cost basis, the upkeep is low and the stones nor
mally have a long service period. The Oregonian Building is veneeredwith 
Cold Springs granite from Minnesota around the base course and topped with 
buff Indiana limestone. The same Cold Springs granite also appears on the 
lower portions of the State Office Building, the upper floors of which are 
covered with cream-colored ceramic ti les. The Interior (Bonnevi lie) 
Building is covered with Georgia marble, as is the Executive Building. The 
remodeling of the Chamber of Commerce Building entails the use of Cold 
Springs granite and white-on-white precast exposed aggregate panelling 
for the upper floor. The lower portions of the Meier & Frank Co. store in 
the Lloyd Center are covered with slabs of a blue larvikite from near Larvik, 
Norway. The shimmering blue color is imparted by the feldspar anortho
clase, which often occurs as twinned crystals. Numerous buildings in 
Portland are faced with sheets of buff travertine. This banded stone, char
acteristically pitted with irregular small openings, comes from large quarries 
near Roine that have been in production for more than 2,000 years. 

Natural Stone Walls 

The day of the building constructed with walls of solid blocks of stone 
has practically gone, with the exceptions of federal structures in National 
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Parks where materials at hand are employed to enhance the scene. This 
type of construction is still in use for retaining walls, however, and an i'n
teresting example can be seen at the Standard Plaza Building on S. W. 5th 
Avenue, where rough blocks of Cold Springs granite hav'e been laid up to 
form massive retaining walts that are part of the lower floors of the building. 

In Portland quite a few walls have been erected with chunks of rubble. 
Most of these walls are of the tilt-up variety. This system uses a form, the 
thickness of the wall, which is laid flat on a concrete surface. In the form a 
bed of drysand is spread to a depth of several inches then the rubble pieces 
are placed on it. Grout is next applied around the rubble, and then con
crete is poured to fill the form. Structural steel, conduits, window and 
door frames, and any other necessary accessori es can be incorporated in the 
panel before pouring. Once the panel has set, it is tilted up and locked 
into position; the outer surface is then cleaned to reveal the rubble. Stand
ard stone masonry techniques have also been, used for laying up rubble
faced walls. The Thunderbird Restaurant has walls studded with large chunks 
of silicified rhyolite rubble from the Warm Springs Indian Reservation near 
Mt. Hood, and the Americana Motel on S. W. 5th Avenue has portions of 
both interior and exterior walls composed of white magnesite rubble from 
near Chewelah, Wash. Several small commercial buildings in Portland 
have recently used an angular I elongated volcanic rock from southern Wash
ing,ton to produce a rustic, textured wall. 

For qui te a number of years long narrow strips of sandstone veneer have 
been laid up brick fashion to form wall coverings. Most of this type of 
stone is imported from Arizona, with smaller quantities coming from other 
states or originating in Oregon. Three Oregon quarries, the Rainbow Tuff 
quarry near Pine Grove in Wasco County, the Wi Ilowdale quarry in north
ern Deschutes County, and the Idanha quarry in Marion County, have been 
producing small amounts of veneer strips and ashlar. The Rainbow quarry 
is noted for brightly colored tuff with pronounced bands of color, the Wil
lowdale stone is darker and the banding is less accented. The Idanha tuff 
resembles the Rainbow but the banding shows less contrast. 

Walls of Lloyd Center 

The most interesting collection of walls in Portland is to be found at 
the Lloyd Shopping Center. Here in gay profusion are excellent and imagin= 
ative appl ications of mineral-industry products to more than 100 shops. One 
of the problems i~ designing the walls of the Center was the necessity of 
providing distinctively different store fronts while making them all into a 
cohesive assemblage that would be both pleasing and practical. The de
cision to use mineral products proved to be a happy one, since it gave the 
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widest possibl e choice of materials and combinations of compatible materials. 
An international flavor is imparted to the Center with the useof marble, 

travertine, and verde antique from Italy and of granite from Norway and 
Peru. Neighboring and distant states also s.upplied some of the materials, 
with quartzite and dolomite from Washington, sandstone from Arizona, gran
it~ from Minnesota, rose quartz from Nevada, brick from California, and 
sJate from Vermont. 

Ceramic products include clay brick and tile and one-inch-square 
glass tiles, many of which were imported from Italy. Several stores use 
specially crafted tiles with either fired or raised designs. A wide variety 
of effects has been achieved, however, with standard shapes and colors 
which are available in an almost unlimited selection. Natural stone has 
been used as a veneer, as rubble, as ashlar, in precast and poured-in
place units, and as exposed aggregate. 

Again, far-away places account for many of the stones used. One in
teresting effect is obtained by utilizing sliced river pebbles of white marble 
from Italy in pre-cast units, another is obtained by using polished slices of 
Cold Spring Rainbow granite from Minnesota 4 inches square set in pre-cast 
units 24 inches square. Slate, which is normally thought of as a floor cov
ering, also appears in the Center on several walls as a veneer, and common 
glass marbles used by children the world over form a hob-nailed surface for 
entire walls of one of the larger stores. Glass, incidentally, occupies a 
large proportion of the Lloyd Center walls. Glass is at its best when it is 
nearly in;"isible, and equally invisible to the lay public is the fact that 
glass is made from mineral products of very great purity. 

EXAMPLES OF MINERAL MATERIALS USED IN LLOYD CENTER WALLS 

BRICK (used, clinker, red, white, rug): 
Manning's, Pancake Corner, Armi6haw's, 

. Hippopotamus Restaurant, Sofeway, 
Meier & Fronk's, J.C. Penney, 
Tradewell, U.S. National Bank. 

MARBLE: 
Best's, Dean Wi tter & Co.,' 
Meier & Frank .. 

SANDSTONE: 
Title & Tn;;r Co., Ho!'n One 
Donut; Mario's. 

SLATE: 
Goldberg's Restaurant, Alpine 
Hut, Mc~all Oil. 

EXPOSED AGGREGATE: 

CERAMIC TILE: 
House of Nine, Van Duyn's,Poy 'N Save, 
First National Bank, Alpine Hut, Toyland. 

GRANITE: 
Meier & Frank, Fahey Brockman, 
J .J. Newberry. 

TRAVERTINE: 
Rosenblatt's, Stevens & Son. 

GLASS MARBLES: 
Nordstrom's.' 

RIVER COBBLES: 
Chandler's. 

J.C. Penney; Woolworth's, lerner's, main stairwell. 
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Conclusions 

From the foregoing it is quite clear that modern commercial buildings 
rely heavily upon the mineral industry for materials with which to wall their 
structures. Architectural styles in commercial buildings change from time 
to time. Currently there is a swing away from buildings walled almost com
pletely with glass toward structures employing larger areas of solid walls. 
Mineral materials are ideally suited for this service. They are fireproof, 
durable, distinctive, and range in price from the low-cost, plain concrete 
wall to the high-cost specialty masonry job. The local demand for wall 
coverings attracts stone facings from distant lands and other products from 
many of the western states. Oregon has many.attractive bu ilding stones, 
but very little use is made of them in the state. 

Whether it is visible or not I every modern commercial bui Iding has 
considerable quantities of concrete in it. An essential part of concrete is 

the sand and gravel aggregate. Sand and gravel are low-cost commodities 
and a growing community needs large quantities of them close at hand if it 
is to remain competitive. Building stone commands a higher unit price and 
can be transported for greater distances than sand and gravel. Bui Iding 
stone sources as well as deposits of other industrial minerals must be kept 
available until they can be put to the best possible use. 

* * * * * 

U. S. MERCURY REPORTS PUBLISHED 

The U. S. Bureau of Mines has recently publ ished IIMercury potential of the 
United States, II as Information Circular 8252. The 376-page book provides 
information on all of the known mercury deposits of the country and gives 
an estimate of the domestic resources of mercury producible at various price 
ranges. Information Circular 8252 is for sale by the Superintendent of Doc
uments, U.S. Government Printing Office, Washington, D.C. 20402. The 
price is $1 .75. 

The U.S. Geological Survey has issued IIMercury -- its occurrence and 
economic trends, II by E. H. Bailey and R.M. Smith, as Circular 496. The 
11-page booklet discusses the cause of the recent price spiral and the prob
abl e future of the mercury industry, and presents information on recent trends 
in price, production, and consumption of mercury. Circular 496 is free on 
application to the U.S. Geological Survey, Washington, D.C., 20242. 

* * * * * 

74 



TEKTITES AND OREGON'S VOLCANIC GLASSES 

By Erwin F. Lange * 

Small pieces of glassy materials that have been naturally etched by chem
ical action, eroded by wind-driven sand, or tumbled by running water are 
to be found in various localities in Oregon. These particles have been 
variously referred to as obsidianites, Apache tears, marekanites, and ob
sidian bombs. Often they resemble tektites and are sometimes mistaken for 
them. Since there is at the present time a great deal of interest in matter 
from space and in space research generally, and since the possibi lity exists 
that tektites are a form of space matter, a comparison of Oregon's volcanic 
glasses and tektites warrants careful consideration. The possibility also 
exists that tektites might be found in Oregon, although none have been re
ported to date. A general awareness of tektite properties is helpful in their 
i denti fi cation. 

Tektites are small, naturally occurring glassy objects that have been 
found in a few somewhat restricted geographical areas throughout the world. 
They are generally characterized by peculiar shapes such as tear-drop, 
dumbbell, spherical, and disc, forms which indicate a rapid cooling from 
a molten state. The word tektite is derived from the Greek word for molten. 
Tektites are usually named after the geographical area in which they are 
found. The main localities and tektite names are as follows: 

Southern Austral ia - austral i tes 
Philippine Islands - rizalites or philippinites 
Island of Billiton in Java Sea - billitonites 
Czechoslovakia - moldavites after Moldau River 
Indochina and Malayan Area - indochinites 

In the United States tektites have been found in Texas (bediasites), 
Georgia, and a single specimen in Massachusetts (Martha1s Vinyard). They 
have also been found along the Ivory Coast of West Africa. 

The origin of tektites is unknown. In the early literature they were 
looked-upon as a special kind of volcanic glass or as remnants of prehistoric 
glass makers. Some have suggested that they were fulgurites produced by 

* Professor of General Science, Portland State College, Portland, Oregon. 
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Surface features of obsidian pebble from Lake County, Oregon. 



the fusing of sand or soil by lightning. Later they were regarded as glassy 
meteorites. In recent years, the formation of tektites has been considered 
to be associated with meteoritic, comet, or asteroid impact. One group 
looks upon the impact as occurring on the earth (Barnes, 1961), the other 
on the moon (OIKeefe, 1964). In either case, it is postulated that high 
temperatures and pressures produced by impact and explosion of large mete
orites would splash materials outward and would form glassy objects shaped 
like tektites. Considerable support to the impact theory has developed by 
the discovery of nickel-iron spherules in a Philippine tektite by E.C. T. 
Chao of the U. S. Geological Survey and the more recent announcement* 
by Louis Walter of the National Aeronautics and Space Administration (NASA) 
of the discovery of coesite in tektites from Thailand. Coesite, a high
temperature, high-pressure form of quartz (Si02), is found in the great me
teorite craters, and its presence is considered to be a criterion in the iden
tification of craters formed by meteorite impact. Laboratory tests have 
shown that pressures and temperatures associated with volcani c activi ty are 
not sufficient to produce coesite. 

The age of tektites has been determined both by radioactive dating 
and by the geological formations in which they are found. Studies indicate 
the Texas bediasites belong to the Eocene (45,000,000 years), while the 
australites are the youngest group of about 5,000 years. All tektites from 
any particular group are of the same age. 

The outer surface of most tektites has been modified by chemical ac
tion and abrasion. They are usually pitted and are sometimes covered 
with worm-like grooves. Similarsurfacefeatures have been notedon pieces 
of western obsidian. Unl ike obsi dian, tektites have fine flow lines. On 
chipping or breaking tektites, like obsidian, exhibit conchoidal fracture. 

Although tektites and obsidian are similar chemically, they are also 
different. The si lica and alumina content is roughly the same in each. 
Tektites are characterized by having a higher percentage of reduced {ferrous} 
iron oxide than ferric, while obsidians have but traces of the two kinds of 
iron. In tektites the content of soda and potash is usually less than in 
volcanic glasses. The difference in chemical composition is shown in the 
following table~ which lists an analysis for obsidian from Newberry Volcano 
and the analysis of an indochinite tektite as reported by Barnes (1940): 

Si02 AI 20 3 Fe203 FeO MgO CaO Na20 K20 

Obsidian 
Indochinite 

72.35 
72.26 

1 3. 98 O. 60 1. 78 
13.18 - - - 5.32 

1.30 
2.42 

5.04 3.92 
1.43 2.15 

* New tests show lunar surface may resemble sand found on beaches. 
The Oregonian, March 1, 1965, p. 6. 
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Internally tektites exhibit strain patterns and often have glassyinclu
sions. Volcanic glasses have opaque inclusions which are rarely found in 
tektites. 

A pronounced difference between tektites and volcanic glasses occurs 
on heat!ng. In the labor~tories of the Oregon Department of Geology and 
Mineral Industries, a number of tektites and a variety of obsi dian glasses 
were heated to 2,OoooF (1,lOO°C) for five minutes in a muffle furnace. 
All samples of obsidian exploded or expanded. One variety becamea white, 
frothy mass similar to styrofoam. Tektite fragments of similar size from 
Thailand, Viet Nam, and Australia under the same conditions retained their 
original shape and form but became coated wi th a bright metal I ic ruster. 
Further studies of tektites and volcanic glasses will be made as different 
kinds of materials become available. The writer would appreciate receiv
ing samples of unusual tektite-like glassy objects found in the West. 
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Explanation of photographs on opposi te page. 

Upper photograph: 
Top row: Tektites from Thailand. 
Bottom row: Tektites from Dalat, Viet Nam. 

Note: All tektites from collection of Portland State College. 

BOttom photograph: 
Top row: Obsidian pebbles from Orval Butler ranch, Crooked River, 

Crook County, Oregon. 
Middle row: Obsidian pebbles from Thorn lake; lake County, Oregon. 
Bottom row: Apache tears from Wasco County, Oregon. 
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TEKTITES ON EXHIBIT 

Tektites from Thailand, Australia, and Viet Nam are now on display in the 
Department's Portland office. All of the tektites are from the Portland 
State College collection and were loaned by Dr. Erwin Lange, author of 
the above article. The exhibit includes obsidian pebbles from central Ore
gon that look I ike tektites and also furnace-treated specimens. 

* * * * * 

WI LD RIVERS BI LL WOULD AFFECT ROGUE RIVER 

S. 1446, a bill to establish a National Wild Rivers System, has been intro
duced into the U.s. Senate by Church {Idaho} and 28 others. The bill de
fines a "wild river area" as a stream or section of a stream, tributary, or 
river -- and the related land area -- that should be left in its free-flowing 
condition, or that should be restored to such condition, in order to promote 
the public use and enjoyment of the scenic, fish, wildlife, and outdoor 
recreation values. 

Oregon's Rogue River from Grants Pass to the Pacific Ocean is desig
nated as a "wild river area. II Other rivers thus named in the bill are 
segments of the Salmon River in Idaho, the Clearwater rn Idaho, the Rio 
Grande in New Mexico, th~ Green River in Wyoming, and all of the Su
wannee River in Georgia and Florida. Additions to this system are aJso 
recommended in the bill. 

The bill would provide, among other things, that "Nothing in the Act 
shall affect the applicability of the United States mining and mineral leas
ing laws within the National Wild Rivers System, except that all prospect
ing, all mining operations, and all other activities on a mining claim 
perfected after the date of this Act, either before or after the issuance of 
patent, and all mining operations and other activities under a mineral lease, 
license, or permit hereafter issued, shall be subject to such regulations as 
the Secretary of the Interior, or the Secretary of Agriculture in the case of 
national forest lands, may prescribe to effectuate the purposes of this Act. 
Any patent so issued shall recite this limitation. All such regulations shall 
provide among other things for safeguards against pollution of the river. 
Any portion of a wild river area that is within the national wilderness pres~ 
ervation system shall be subject to the mining and mineral leasing provisions 
of both the Wild.erness Act and this Act, and in case of conflict the more 
"restrictive provisions shall apply. II 

The Senate Interior and Insular Affairs Committee scheduled hearings 
for Ap'ril 22 and 23; Interior Secretary Stewart L. Udall and Agriculture 
Secretary Orvi lie L. Freeman were expected to testify on the proposal. 

* "* * * * 

80 



The ORE BIN 
Volume 27, No.5 

May, 1965 

GEOLOGY OF LAKE OWYHEE STATE PARK AND VICINITY, 

MAlHEUR COUNTY, OREGON 

By R. E. Corcoran* 

Introduction 

One of the most scenic areas in Oregon surrounds the Owyhee Dam and 
Reservoir in Malheur County of southeast Oregon (figure 1). This region 
has been well known to sportsmen for many years, because of the abundance 
of game in the hills and the excellent fishing in the lake. "Rockhounds" 
from all over the United States have been attracted to the Owyhee country 
by the many varieties of agate for which the region is famous. In April 
1958, the State Highway Department established this area as one of its parks, 
in order to develop the recreational facilities of the Owyhee Reservoir and 
make it more accessible to the general publ ic. Since that time a paved 
road has been constructed from the mouth of Owyhee Canyon into the newly 
developed park areas on lake Owyhee. In addition to the state picnic and 
overnight camp grounds and the boat-launching ramps, there is a private 
motel and restaurant on the lake shore just beyond the park (figure 2). 

Owyhee Dam was buil t in 1932 to develop a water-storage reservoir 
for irrigating the low alluvial lands along the Oregon side of the Snake 
River Plains (figure 3). The dam is 405 feet from foundation to crest, 835 
feet long, and forms a reservoir 52 miles in length - the longest lake in 
Oregon. At the time it was built, Owyhee Dam was considered to be the 
highest in the world. In addition to the construction of the dam, approxi
mately 15 mi les of tunnel were driven eastward through the Owyhee Ridge 
to carry the water from the reservoir to the main irrigation system along 
the Snake. River and Malheur River valleys. 

According to McArthur (1952), the name "Owyhee" is derived from 
the old way of spelling "Hawaii." During the early part of the 19th 

* Stratigrapher, Oregon State Dept. of Geology and Mineral Industries. 
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Figure 1. Index mop of the Owyhee country, Malheur County, Oregon, 
showing the moin geographic features and the location of some of the 
fossils and minerals. 
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century, natives from the Hawaiian (Sandwich) Islands were brought to the 
Pacific Northwest to work as laborers for the Hudsonls Bay Company and 
the North West Company. Hawaiians were also used as boatmen to trans
port the fur traders into the interior parts of what are now the States of Ore
gon, Washington, and Idaho. Peter Skene Ogden, chief fur trader for the 
merged Hudsonls Bay and North West Companies, was the first to make 
note of this fact in the report on his second expedition into the Snake River 
region. On Saturday, February 18, 1826, he IIreached Sandwich Island 
River, so called, owing to 2 of them murdered by Snake Indians in 1819. 11 

McArthur states, IIThere seems to be no doubt that the Owyhee River was 
named for these Hawaiians, for on June 15 of the same year Ogden uses 
the word 10wyhee i 

• II 
Geologists first visited this part of Oregon almost 100 years ago,when 

Clarence King led a geological exploration of the fortieth parallel for the 
U.S. Government (King, 1878). Since that time, additional studies have 
uncovered consi derabl e information regardi ng the age and strati graphy of 
the Tertiary volcanics and continental sediments that underlie this region 
(Bryan, 1929i Corcoran and others, 1962; Kittleman, 1962). The excel I ent 
surface exposures of the rocks in the vicinity of Lake Owyhee State Park 
make it an ideal 1I0utdoor laboratory" for all those interested in the study 
of the earth IS crust. This report briefly describes the rocks of the area 
around the state park and summarizes the geological history. 

Physiography and Climate 

The Lake Owyhee State Park is situated within the physiographic 
province called the II Owyhee Up/and/, which lies in southeastern Oregon, 
almost entirely within Malheur County (Dicken, 1959). It is characterized 
by a moderately to highly dissected upland surface with few perennial 
streams. In the vicinity of the state park, the Owyhee River has cut a deep 
canyon which, together with its tributaries, has produced an area of high 
relief. Hole-in-the-Ground is the name given to the part of the canyon 
immediately above the dam. The crest of Owyhee Ridge which borders the 
eastern edge of the reservoir has a maximum elevation of almost 5,000 feet. 
The surface of the lake is approximately 2,600 feet above sea level. 

The Owyhee River rises in Nevada and flows northerly and north
westerly through Idaho and Oregon, and then east to its junction with the 
Snake River four miles north of Adrian, Oregon. Because the Owyhee River 
passes through an area of deficient rainfall, it possesses only three perennial 
tributaries. 

The entire area lies within the high desert climatic belt of eastern 
Oregon. The leading characteristics of the high-desert climate in these 
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northerly latitudes are: wide daily temperature range; small precipitation; 
generally cloudless skies; hot, dry summers; and moderately cold winters 
d .. l ng which there is some rain and snow. The average annual temperature 
is about 5~ F and the total annual rainfall is usually less than 10 inches. 

Stratigraphic Geology 

The Lake Owyhee region is underlain by a thick series of continental 
lake and stream beds, the deposition of which was interrupted from time to 
time by volcanic activity, as outlined in the stratigraphic column given 
below. The oldest sediments now exposed at the surface were laid down 
about 16 million years ago during the late Tertiary period (upper Miocene). 
The Miocene strata have been til ted by movements of the earth IS crust, 
whereas beds of Pliocene age are in most places only slightly disturbed 
(Corcoran, 1954). 

The sequence of sediments and volcanics that crop out in this part of 
the state have been subdivided into several "formations,II based on distin
guishing rock characteristics, in order to facilitate their identification in 
other areas and to aid in correlating the Tertiary stratigraphy of southeast
ern Oregon. The formational name is usually derived from the geographic 

Stratigraphic Column for the Lake Owyhee Region. 

Middle Pliocene 

Lower Pliocene 

Upper Miocene 

Formation 

Chalk Butte Formation: 

Grassy Mountain Basal t: 

Kern Basin Formation: 

Descrie tion 

Mostly fluviatile deposits with 
a few intercalated basalt flows. 
Olivine basalt flows with inter
bedded tuffaceous sedi ments. 
Tuffs, tuff breccias f and tuff
aceous sediments. 

Deer Butte Formation: Tuffaceous sediments in lower 
part with intercalated lavas 
grading upward into coarser 
arkosi c sandstones and rhyol i te
granite conglomerates. 

Owyhee Basalt: Massive to thin-layered plateau 
basalts with interbeds of tuffs 
and ash deposi ts . 

Sucker Creek Formation: Fine-grained tuffaceous sedi
ments with basaltic lavas in 
the lower part and rhyolitic 
lavas in the upper. 
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Figure 2. Aerial view of l ake Owyhee State Pork in September 1960. Privately owned 
Cherry Creek-Owyhee Resor t can be seen at right of pho togroph. State pork areo in 
center of photograph is situated on the Sucker Creek Formation. Woter level of lake 
is approximately 50 feet below normal. Usual level is indicated by vegetation line. 

Figure 3. Owyhee Dam, constructed in 1932 for irrigatian purposes. The dam is situated 
on a rhyolite vent which served as a feeder for the massive Sucker Creek flows that 
crap out beneath the Owyhee Basalt. Nate the well-developed vertical jointing in 
the wall af the canyon. (Photographs courtesy Oregon State Highway Deportment . ) 



locality where the unit best shows its distinguishing lithologic character. 
In discussing the geology of the Lake Owyhee area in this report, the oldest 
rocks are described first, followed by progressively younger units. These 
are, in order: Suc ker Creek Formation, Owyh ee Basal t, Deer Butte For
mation, Kern Basin Formation, Grassy Mountain Basalt, and Chalk Butte 
Formation. Within each formation there may be one or more major rock 
types which have some form of simi larity compared to the stratigraphi c units 
above and below. Formations may be separated on the basis of lIuncon
formities ll which represent old erosion surfaces, but this is not a necessary 
requirement for subdivision. 

The generalized geologic map accompanying this report (p. 90-91) 
shows the areal distribution of the rock formations which underlie Lake 
Owyhee State Park and vicinity. It should be pointed out that there is 
considerable variation in the nature of the continental sediments in anyone 
formation. The climate in southeastern Oregon in the late Tertiary period 
was more humid than now, and during any particular interval of time, streams 
or rivers were depositing medium to coarse sands in some areas while lakes 
were slowly filling with fine mud and silts in adjacent basins. Basalt or 
rhyolite lavas may have poured down a broad valley in one direction and 
left an adjacent valley completely undisturbed. The lateral variation in 
rock types caused by differences in sedimentary environments has compli
cated the problem offormational identity, and in some places the correlation 
of one series of rocks with another is based partly on time equivalency of 
the fossi Is found within them. 

Sucker Creek Formation (Tsc) 

The Sucker Creek Formation of upper Miocene age is named from ex
posures along Sucker Creek, approximately eight mi les southeast of Lake 
Owyhee State Park (figure 4). The formation is also exposed in the Owy
hee Canyon near the dam, but the lake has now covered most of it. Before 
the dam was built, Renick (1930) measured a SOO-foot section between the 
floor of the canyon and the base of the overlying Owyhee Basalt. The camp 
and picnic grounds at the state park are situated on the sediments of the 
Sucker Creek Formation. The rocks are varicolored volCanic tuffs and 
tuffaceous lake bed deposits that are characterized by their high ash con
tent and lack of induration. In other areas platy shales, massive volcanic 
agglomerates, and siltstones predominate. Thin beds of air-laid ash are 
fairly wi despread, but make up only a small proportion of the entire section. 

Because of its relatively unstable volcanic content, most of the orig
inal material in these beds has been altered to bentonite clay (montmoril
lonite). This has resulted in a characteristic type of weathered surface that 
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Figure 4. Sucker Creek canyon southeost of Lake Owyhee State Park. The stream has cut 
a deep canyon through resistant volcanic tuffs of the Sucker Creek Formation. Agates, 
thundereggs, ond fossil leaves are found in this area. (Photograph courtesy of Oregon 
State Highway Deportment.) 



can be seen at many outcrops in this area. When saturated with moisture 
during the rainy season, the bentonite absorbs excess water and swells con
siderably. Subsequent dry periods cause the clay to shrink, giving the 
weathered outcrop a cracked or "expanded" aspect. Plates of selenite 
(gypsum) are also quite common as a product of surface weathering of the 
bentonites. 

Rhyolite flows occur in the upper part of the Sucker Creek Formation. 
The rhyolite (Tsr) is best exposed along the eastern scarp of the Owyhee 
Ridge east of the dam and along the sides of the Owyhee River canyon in 
the reservoir area. The dam itself was constructed on an old rhyolite vent 
which appears to have been the source of the flows that spread westward 
from this point (see figure 3). The vent shows well-developed flow banding 
which is nearly vertical and has a general northeasterly trend. The rock, 
however, is locally contorted, and small ~scal e folds and crenulations are 
prominent below the dam. The flow structure in the vent is noticeable even 
at a distance because of the well-developed jointing and fracturing which 
tend to parallel the banding. The agate deposits in the Graveyard Point 
area near the Idaho borderare foundwithin the Sucker Creek Formation and 
probably originated from high-silica solutions emanating from some of the 
acid magmas associated with the rhyolitic volcanic activity. 

The fossilized leaves and bones that have been found in the Sucker 
Creek Formation portray well the environment that prevailed during depo
sition of this series. The over-all climate was warm to cool temperate, 
with an average annual rainfall of more than 20 inches. An upland forested 
region is indicated, with oaks as the dominant form on the slopes and lakes 
or swamps occupying the intervening lowlands. Ancestors of the modern 
horse, deer, camel, and pronghorn were abundant during this period and 
suggest that there were probably extensive grasslands as well as forested 
areas. Along the swampy lowlands beaver were common. Elephant and 
rhinoceros remains in beds of the Sucker Creek Formation show that this 
part of Oregon may have resembled the present African plateau. 

After the period of rhyolitic activity interspersed with lake and 
stream sedimentation, a lowering of base level or general uplift of the area 
ushered in a time of erosion that stripped the sedimentary cover from some 
of the acid flows of the Sucker Creek Formation and produced a surface of 
fairly rugged rei ief. 

Owyhee Basalt (Tob) 

Following the erosional interval described above, there was a re
sumption of volcanic activity and great thicknesses of basal twere laid down 
on the existing land surface. Valleys quickly became fi lied, and the 
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region soon took on the aspect of a featureless volcanic plateau. Large 
sections of what are now eastern Oregon and Washington and southwestern 
Idaho became covered to depths of several thousand feet by this series of 
lavas. Later erosion of the plateau removed much of the volcanic surface, 
but remnants of this thick sheet of upper Miocene lavas are well displayed 
in such areas as the Columbia River Gorge, Picture Gorge, Abert Rim, 
Steens Mountain, and the Owyhee Plateau. 

The main mass of the Owyhee Basalt crops out in the canyon walls of 
the Owyhee River from the general vicinity of the state park to a point just 
south of Mitchell Butte, where the river leaves the canyon. The flows form 
the upland surface that constitutes the main portion of the Owyhee Ridge 
east of the park area. In the Hole-in-the-Ground where the dam is located, 
the basalts are at least 1,300 feet thick. The original thickness was prob
ably much greater before erosion removed some of the overlying sediments 
and the upper layers of basalt. 

Interbedded tuff and ash deposits, representing explosive phases of 
volcanic activity, are common throughout the Owyhee Basalt section. In 
some outcrops these layers, as much as 10 or 15 feet thick, appear to make 
up at least half of the total section, but a lack of consolidation causes them 
to weather down readily and they usually are hidden beneath the basalt 
rubble of the overlying flows. 

In hand specimen the basalt is generally fine grained, dark gray to 
black, and ranges from very dense to hig'hly vesicular. Most of the vesicular 
zones occur in the upper part of the flows, where rising bubbles of gas in 
the hot liquid portion were trapped in the colder surface crust. The miner
als commonly present in the basalts are plagioclase feldspars (in the ground
mass and as phenocrysts), augite, hypersthene, olivine, magnetite, and 
minor amounts of glass, chlorite, iddingsite,and calcite. Zeolites fill the 
vesicles of many of the less dense flows. 

Numerous feeder dikes are visible on the canyon wall that makes up 
the east face of the Hole-in .. the-Ground (figure 5). Most of these are no 
more than a few feet \f,dde where they cut through the underlying Sucker 
Creek beds, and probably represent fissure fillings along fractures that once 
provided channelways for the b9saltic magmas._ They are of the same min
eralogic composition as the flows but are generally denser, more finely 
crystalline, and non-porphyritic._ 

After the period of volcanism in which numerous flows o( Owyhee -
Basalt were poured out, the area was g-ently upwarped and once more sub~ 
·jected to erosion. To the south, where the lavas appear to have been thin
ner, the entire volcanic layer was stripped and a surface of fairly rugged 
topography was developed on the underlying Sucker Creek Formation. 
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Deer Butte Formation (Td) 

Near the end of the Miocene epoch, the region again became a 
basin of deposition. The first sediments to be laid down were chiefly fine
grained tuffaceous rocks with a few intercalated lava flows. Later on, the 
source area became more varied and the nature of the sediments changed to 
coarser grai ned sandstones and conglomerates. Sil ica-beari ng waters per
meated the coarser beds, firmly cementing them into very resistant arkoses 
that today stand out conspicuously as prominent ledges and high buttes. 

Deer Butte, near the north end of the Owyhee Canyon, is the type 
locality for which the formation is named. This resistant knob is composed 
of the coarser and more highly cemented part of the series. The total thick
ness of the Deer Butte Formation probably exceeds 2,000 feet. 

The well-cemented arkoses and conglomerates characteristic of the 
upper part of the section are respon~ible for many of the more prominent 
hi lIs surrounding the state 'park, including Dry Creek Butte, Pinnacle Point, 
and Mitchell Butte (figure 6). In several places these knobs crop out as 
isolated steptoes separated from the main body of the formation by younger 
sediments and lavas. The Vale Buttes, just south of the town of Vale, are 
a good example of this type of erosional feature. 

In the area around Dry Creek, near the south edge of the geologic 
map, the tuffaceous shales, siltstones, and claystones are particularly wide
spread. These deposits are quite similar in appearance to the older Sucker 
Creek Formation, and the two sedimentary units are difficult to distinguish 
in the field in areas where the intervening Owyhee Basalt is missing. 

An interesting feature of the fine-grained sediments in the lower part 
of the Deer Butte Formation near Dry Creek is the occurrence of numerous 
veins of calcite. Some of these veins are as much as 25 feet in width and 
half a mile long. The deposits were investigated by the Department several 
years ago to determine whether crystals of sufficient size for optical purposes 
could be extracted from the veins. Unfortunately, no method was found for 
removing clear crystals in big enough pieces to be of commercial value, but 
rockhounds can still obtain large rhombs of good quality material. Fossil 
collectors can also find well-preserved specimens of leaves and fresh-water 
snails in the sediments that surround the calcite veins. 

The cobbles which make up the conglomerates in the Deer Butte For
mation are as much as 6 or 8 inches across and are composed predominantly 
of granites, rhyolites, quartzites, and quartz. The amount of basaltic ma
terial in these beds is quite low, which is rather surprising in view of the 
fact that this formation rests on the erosion surface of the underlying Owyhee 
Basalt. The source area for these rocks is not definitely known, but it ap
pears to be in the vicinity of Silver City, Idaho, approximately 50 miles 
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southeast of the state park. A mineralized Mesozoic granite stock about 
10 mi les wide by 25 miles long has been unroofed in this mountainous re
gion by erosion of the overlying Tertiary rhyol ites, tuffs, and basal ts. 

The environmental condi tions that prevail ed duri ng Deer Butte time 
seem to have been similar to those which existed a few millionyears earlier 
when the Sucker Creek Formation was being deposited. Vertebrate remains 
collected from Deer Butte beds or formational equivalents farther to the 
west suggest a semihumid or perhaps a forest environment. Among the larger 
animals living in the area were grazing horses, camels, and antelopes. 
Rodents were abundant and j ncluded the tree and ground squirrels, rabbits, 
and so-called mountain beaver. 

The depositional period marked by the Deer Butte Formation was in
terrupted for a short time, during which the basins were uplifted and faulted 
and a surface of relatively high relief developed on the older rocks. 

Idaho Gr~ 

At the beginning of the PI iocene epoch about 12 mi II ion years ago, 
a major structural basin, which was developed in part by block faulting, 
began to form in the area along the present Idaho-Oregon border. Lake 
and stream sediments derived from the surrounding uplands were widely dis
tributed over the basin, known as the Snake River plains, from the general 
vicinityof Hagerman, Idaho to Huntington, Oregon. Because the forma
tions dip generally toward the center of the plains, this region is sometimes 
called the Snake River downwarp. Along the margins of this downwarp in 
the Lake Owyhee region, fine- to coarse-grained sediments were deposited 
on the eroded surface of the Deer Butte Formation or on the Owyhee Basalt 
and Sucker Creek Formation in areas where the Deer Butte had been stripped. 
Sedimentation, although locally interrupted by periods of volcanism and 
erosion, was on the whole fairly continuous throughout mostof thePliocene. 

In 1883, E.D.Cope described an extensive fauna offresh-water fishes 
from fossil collections made by the Clarence King expedition of1869. These 
fossils came from the banks of Castle and Sinker Creeks, tributaries to the 
Snake River in southwestern Idaho. On the basis of his studies, Cope pro
posed the name "Idaho Formation" for the sediments and assigned them a 
Pliocene age. More recent geological studies have shown that sedimentary 
and volcanic rocks in southwestern Idaho and southeastern Oregon included 
in the Idaho Formation are quite diverse in lithologies and source areas and 
are difficult to trace from one basin to another. For this reason it has been 
proposed to elevate the formation to a group so that distinctive lithologic 
units which are characteristic of various areas in and bordering the Snake 
River plains, but which cannot be closely correlated, can be adequately 
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Figure 5 . Basaltic feeder dike in right fOl"eground cuts through tuffaceous rocks of Sucker 
Creek Formation near Lake Owyhee State Park. Flaw-s of Owyhee Basal t can be seen 
on both sides of the dam in background. (Photograph courtesy Oregon State High
way Deportment.) 

Figure 6. Deer Butte FOI"mation exposed in Mitchell Butte near Adrian. Resistant benches 
are well-cemented sandstones and conglomerates typical of the upper part of the section. 



described. In the Lake Owyhee region the Idaho Group has been sub
divided into three units: the Kern Basin Formation (lower PI iocene), Grassy 
Mountain Basalt (lower Pliocene?), and Chalk Butte Formation (middle 
Pliocene) . 

Kern Basi n Formation (Tik) 

Good exposures of the Kern Basin Formation can be seen in Oxbow, 
Sourdough, and Kern Basi ns (figure 7) where the sedi ments form steep bl uffs 
from 100 to more than 600 feet in height capped by Grassy Mountain Basalt. 
The beds vary in color from white to green with occasional dark bands. Most 
of the beds are loosely consolidated and tend to weather into pinnacled or 
"hoodoo" forms. They include tuff, tuffaceous sil tstone and sandstone, 
low-rank graywacke, and conglomerates, deposited under conditions that 
fluctuated from stream environments to broad, shallow lakes. 

Grassy Mountain Basalt (Tig) 

Overlying the Kern Basin Formation is the series of flows referred to 
by Kirk Bryan (1929) as the "Grassy Mountain Basalt. II The basalts cap the 
hills northwest of the state park, and flows ofsimilar stratigraphic position 
and composition can be traced for several miles westvvard. The formation 
contains several sedimentary interbeds, the number and thickness of which 
vary considerably. The basalts are massive, but usually no more than three 
or four separate flows can be observed at anyone locality. Individual flows 
range in thickness from a few feet to about 100 feet. 

In the hand specimen, the basalt is brownish-gray to olive-black in 
color, fine-grained with phenocrysts of plagioclase and olivine. Vesicles 
in the lava may be lined or filled with secondary zeolites and calcite. One 
of the distinguishing mineralogic characteristics of the flows in this unit is 
the presence of olivine, readily visible in hand specimens, as straw-yellow 
crystals as much as2mm in diameter scattered through a fine-grained matrix. 
In some flows the olivine has altered to the secondary mineral iddingsite, 
which gives it a red, speckled appearance. 

Chalk Butte Formation {Tic} 

The Chalk Butte Formation is the most widely distributed sedimentary 
unit north and east of Lake Owyhee State Park in the region of the Snake 
River downwarp. The formation consists of unconsol idated to semi
consolidated clay, silt, sand, volcanic ash, diatomite, fresh-water lime
stone, and conglomerate. The road south from Vale towards the mouth of 
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Figure 7. light-colored tuffaceous sedimentary racks of the Kern Basin Formation at the 
type locality. Note fluted weathering of the beds. 

Figure 8. Mossive voricolored tuffs of the Sucker Creek Formation form the canyon walls 
near the upper end of lake Owyhee. This scenic region is easily accessible by baat 
from the state park. (Photograph courtesy Oregon Stote Highway Deportment.) 



Owyhee Canyon crosses a low, hi Ily region composed of continental lake 
and stream deposits of thi s formation. Thi n remnants of Chal k Butte sediments 
visible on some of the higher parts of Owyhee Ridge indicate that these 
deposits covered much of the area through which the Owyhee River and its 
tributaries now flow. Stream erosion, begun after the region was upl if ted, 
has stripped most of the sedimentary cover from the older rocks. 

The formation appears to have been deposited chiefly by streams and 
rivers, with the diatomite, limestone, si It, and clay representing local lake 
basins. The younger beds of the Chal k Butte Formation are coarser grained, 
particularly on the Idaho side of the Snake River plain, and are apparently 
derived from weathering and erosion of the Idaho bathol ith to the east. A 
study of the oil and gas exploratory well logs drilled in the central portion 
of the plains shows that the Chalk Butte beds or their correlatives may be 
as much as 4,000 to 5,000 feet thick (Newton and Corcoran, 1963). 

Conclusions 

Some of Oregon1s most scenic and geologically interesting areas are 
to be found in the dry eastern parts of the state. A region that is becoming 
better known is that in the vicinity of Lake Owyhee in central Malheur 
County. There is something here for everyone who enjoys theoutdoor life, 
whether it be hunting, fishing, "rockhounding,II fossil collecting, or just 
plain camping. The colorful and varied rock formations, unobscured by 
vegetation, are a del ight to the amateur photographer. A good paved road 
gives easy access to the camp areas above the dam. Those who wish to 
explore the upper reaches of the lake can do so easi Iy by boat (figure 8) 
and in this way see some of the otherwise inaccessible scenic areas of the 
Owyhee country. 
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* * * * * 
TUALATIN VALLEY GEOLOGY PUBLISHED 

"Geology and Ground Water of the Tualatin Valley, Oregon, II by D. H. 
Hart and R. C. Newcomb, has been publ ished by the U. S. Geological 
Survey as Water Supply Paper 1697. The 172-page report includes well 
records, geologic maps, and cross sections. It may be purchased from the 
Superintendent of Documents, U.S. Government Printing Office, Washing
ton, D.C. 20402 for $3.00. 

* * * * * 

AN OLD MINE? -- GOOD LUCK! 

What is cold and dark, has hidden pitfalls, treacherous floors, walls, and 
cei I ings, bad air, poisonous water, wild animals and repti les, loose sticks 
of dynamite, no house number or street address, and attracts hundreds of 
p~ople every year? Answer: OLD MINES. 

The rapidly growing interest in rockhounding, prospeCting, and geol
ogy unfortunately also creates a lot of interest in old mines. This is easy 
to understand, since there is bound to be a lot of curiosity about where all 
the gold, in some cases mill ions of dollars worth, came from in an old mine. 
Crystal hunters also are interested in old workings and there are those who 
"just want to look around underground. II In addition to mine tunnels, there 
are also glory holes, vertical shafts and open pits, to watch out for in 
"mining country. II All of them pose some real hazards not well appreciated 
by the general publ ic. 

Here are a few rules to keep in mind when you are out in the hills and 
come across an old mine: (1) If you can't resist the urge to enter~ go in -
with extreme caution; (2) watch for rotten timbers and flooring over shafts, 
loose rock, rusty nails in timbers, abandoned dynamite and caps, fou I air, 
poisonous water, short-tempered wild animals and reptiles, and confusing 
cross tunnels; (3) leave somebody outside to go for help; (4) wear a hard 
hat, heavy shoes, and warm clothing; (5) take a carbide lamp, canteen, 
matches, and Q rabbit's foot. Better yet, stay on the outside and just peer 
insi de. 

* * * *. * 
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THE TACOMA EARTHQUAKE OF APRIL 29, 1965 
By 

E. F. Chiburis, Peter Dehlinger, and W. S. French* 

About the time Seattle and Tacoma people were going to work on the morn
ing of April 29, 1965, the Pacific Northwest states were shaken by their 
largest earthquake in decades. The shock was as large, or larger, than the 
famous Tacoma shock of April 13, 1949. The recent quake was felt over 
Washington, Oregon, Idaho, and British Columbia, and as far away as Coos 
Bay, Oregon. Consi derabl e damage occurred in the Tacoma-Seattle area, 
where at least three persons were killed. The shock was so strong that re
cordings at most seismograph stations in the Northwest went off scale, and 
subsequently recorded vibrations were so large that the different waves could 
not be identified. Consequently, the magnitude of the shock could be de
termined only at distant stations, where recorded amplitudes were smaller. 

The magnitude of the shock was reported to be 6~ (Richter scale)** 
by the Seismological Laboratory in Pasadena, Cal ifornia, and 7 by the Seis
mographic Stations in Berkeley, California. The maximum intensity was 
estimated to be VIII (Modified-Mercallt scale)** in the, Tacoma-Seattle re
region, decreasing to intensities of VII at Longview, Washington; IV at Cor
vallis, Oregon; and III at Coos Bay, Oregon. By comparison, the Portland 
earthquake of November 5, 1962, had an estimated magnitude of 4-3/4, 
with intensities of VI in Portland and III in Corvallis. 

The epicenter was located in the northeast part of Tacoma, at latitude 
470 16.8 1 N, longi tude 1220 29. 7 1W, very near the ep icenter of the 1949 
quake (see map on next page). The origin time was calculated to be 
08:28:41.9PDT (15:28:41.9 GCT). The depth of focus, for an assumed 
average velocity of 7.0 km/sec to Seattle and Longmire, was 80 km, and 
for an assumed average velocity of 6.3 km/sec, it was 66 km. 

The quake was relatively deep for the Pacific;: Northwest region, al
though it would be classed as shallow to intermediate in depth (shallow 
shocks are 0-60 km deep; intermediate 60-300 km; deep 300-700 km). By 
contrast, the depth of the Portland shock of November, 1962, is esti mated 
to have been 10-15 km. Had the Tacoma shock been only 10 km deep, 
extensive damage indeed would have occurred throughout the city and ad
jacent regions. The actual damage corresponds to that from the shocks at 
epicentral distances of 70 km or more. 

* Geophysical Research Group, Department of Oceanography, Oregon 
State University, Corvallis. 
** Richter scale is the instrumentation measurement as determined by a 
seismograph; Modified-Mercalli scale is a subjective measurement of the 
intensity by people who feel the quake. 
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The above map shows the epicentral location of the earthquake as de
termined by arc intersections from the following seismic stations: 

Seismic Stations 
Seattle, Wash. (SAT) 
Longmire, Wash. (LON) 
Victoria, B. C. (VIC) 

. Bellingham, Wash. (BEl) 
Corvallis, Oregon (COR) 
Penticton, B. C. (PTC) 
Spokane, Wash. (SPO) 
Blue Mtn. Obs., Oregon (BMO) 
Hailey, Idaho (HLY) 

Arrival times 
08: 28: 54.5 PDT 
08:28:58.4 
08:29:05.9 
08:29:08.5 
08:29:26.4 
08:29:27.4 
08:29:3~.8 

08:29:48.8 
08:30:22.0 

100 

Epicentral 
distance (km) 

45 
77 

152 
162 
303 
311 
388 
476 
755 

Travel 
time (sec) 

24.5 
25.9 
44.2 
45.2 
55.3 
66.4 

101.4 
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PRELIMINARY DATA ON COMPOSITIONAL VARIATIONS 
OF TERTIARY VOLCANIC ROCKS IN THE CENTRAL PART 

OF THE OREGON COAST RANGE* 

By 

Parke D. Snavely, Jr., Holly C. Wagner, and Norman S. MacLeod** 

Basalt flows and breccias of early to middle Eocene, late Eocene to early 
Oligocene, and middle Miocene ages are important stratigraphic units with
in the sequence of Tertiary marine sedimentary rocks of the Coast Ranges of 
Oregon and Wash i ngton. Studi es currently bei ng conducted on sampl es from 
these three volcanic units (plate 1) in the central part of the Oregon Coast 
Range indicate that each unit has distinctive petrographic and chemical 
characteristi cs. 

The purpose of this report, which brieflysummarizes preliminary petro
chemical data on these volcanic rocks, is to call to the attention of petro
leum geologists a stratigraphic tool that may prove useful in determining 
the ages of volcanic units encountered in exploration drilling, particularly 
on the conti nental shel f off western Oregon. The wri ters are aware, how
ever, of limitations attendant to correlation of volcanic rocks solely by 
petrochemical characteristics, since altered or highly zeolitized basalts and 
fragmental rocks provide little useful data. Also, differentiation in shallow 
magma chambers has produced small amounts of basal ti c rocks of early mi d
die Eocene age that are similar in composition to those of late Eocene 
age. Caution, therefore, must be exercised in utilizing petrochemical 
data alone to assign an individual basalt sample to a particular volcanic 
sequence. 

The petrographic and chemical data in this report were determined for 
more than 100 samples of volcanic rocks collected in the central part of the 
Oregon Coast Range. A much smaller number of samples from Tertiary ex
trusive rocks in other parts of western Oregon and Wash i ngton has been 
studied. The available data indicate that volcanic rocks of corresponding 

* Publ ication authorized by Director, U. S. Geological Survey. 
** U.S. Geological Survey, Menlo Park, California. 
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ages throughout the Coast Ranges of western Oregon and Washington have 
similar petrochemical characteristics. These Coast Range volcanic rocks 
have a close affinity to the oceanic province, since they contain a high 
(2 to 3 percent) Ti0 2 content (Chayes, 1964; Chayes and Metais, 1964). 

Lower to Middle Eocene Volcanic Rocks 

The oldest rocks exposed in the Coast Ranges of Oregon and Washing
ton consist of a eugeosynclinal accumulation of basaltic pillow lavas and 
breccias with interbedded marine tuffaceous sedimentary rocks. In the 
central part of the Oregon Coast Range (pl. 1) this predominantly volcanic 
sequence was named the Siletz River Volcanic Series by Snavely and 
Baldwin (1948). 

Based upon present knowledge, the Siletz River Volcanic Series is 
divided into two major petrochemical units: a lower Eocene tholeiitic 
suite, which is principally submarine in origin and forms the bulk of the 
series, and a lower middle Eocene alkalic suite, which apparently forms a 
thin veneer on the older unit and is both submarine and subaerial in origin. 
The relation of the tholeiitic and alkalic basalts * in the Siletz River Vol
canic Series is similar to that described in the Hawaiian Islands by Powers 
(1935), Tilley (1950), and Macdonald and Katsura (1964) and in the north
east Pacific Ocean by Engel and Engel (1963; 1964), because in those areas 
thick shields of tholeiitic basalts are capped with alkalic basalt. 

Lower unit 

The lower unit consists of more than 6,000 feet of alternating sheets 
of basaltic pillow lava and breccia with thin interbeds of marine tuffaceous 
siltstone. These lower Eocene tholeiitic basalts form lenticular masses that 
are probably thickest, as much as 20,000 feet (Snavely and Wagner, 1964), 
along the former axis of the Tertiary eugeosyncline. This unit is interpreted 
as representing a shield-forming stage of early Eocene volcanism which was 

* As used in this report, tholeiitic basalt is a rock saturated in silica and 
containing normative quartz and(or) hypersthene; al kal i c basal t is an 
undersaturated rock with abundant alkalis, and with nepheline in the norm 

Edi tor's Note: The Si letz River Volcanic Series was named prior to 
the 1961 Code of Stratigraphic Nomenclature, which recommends 
that "Series ll be confined to time-stratigraphic use. 
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characterized by voluminous submarine eruption of basaltic magma along 
north-trending fissures. Broad submarine ridges constructed on the sea 
floor probably did not rise above sea level because the rate of subsidence 
kept pace with the rate of volcanism. 

The lower unit consists predominantly of submarine lava which is com
posed of closely packed ellipsoidal pillows that are 3 to 4 feet in diameter 
and radially columnar-jointed. The pillows contain a chilled selvage up 
to half an inch thick which originally was a basaltic glass, but has altered 
to waxy, greenish-black clay minerals. Massive to rudely columnar
jointed basalt sills and flows(?) up to 50 feet thick occur locally in the 
pi Ilow sequence. I n places glassy tuff-brecci as that contain broken pi Ilows 
or small isolated pillowsare interbedded with or grade laterally into pillow 
flows. The predominant rock type is an amygdaloidal dark greenish-gray 
aphanitic to fine-grained basalt. Zeolites and calcite commonly form the 
cementing material in breccias, fill interstices between pillows, and occur 
as amygdules in the basalt. 

Microscopically, the basalt is holocrystalline to hypocrystalline. Some 
rocks are porphyritic to seriate, but more commonly they are equigranular. 
The most common texture is intersertal to subophitic or intergranu lar. Un
altered rims of pillows and basalt fragments in the breccia are vitrophyric. 
In the outer rims of some pillows the basalt is variolitic and amygdaloidal. 

Plagioclase and cl inopyroxene are the most abundant minerals; they occur 
in nearly equal proportions (clinopyroxene most commonly predominates) 
and form as much as 80 to 90 percent of the more crystalline rocks. Plagi
oclase phenocrysts, as well as crystals in the groundmass, are progressively 
zoned and range from calcic labradorite (An70) in their cores to andesine 
(An40) at their rims. The average composition of the zoned crystals is 
labradorite (An60). The plagioclase is commonly altered in part to clay 
minerals. The clinopyroxene is augite with 2V ranging from 47' to 550 

and refractive index (Ny) ranging from 1.689 to 1.707. Some augite has 
a pinkish cast and probably is titaniferous. Scattered phenocrysts in a few 
thin sections are much more calcic and somewhat more magnesian than 
coexisting augite in the groundmass. Olivine (Fo80) or its alteration prod
ucts is found in about half of the samples and composes as much as 10 
percent of some rocks; it is commonly altered to yellowish-brown to green 
pleochroic montmorillonitic clay minerals, hematite, and magnetite. Eu
hedral to subhedral crystals of magnetite and less common elongate crystals 
of ilmenite form as much as 10 percent of the basalt. The mesostasis of 
the hypocrystalline basalt commonly consists of dark-brown glass which 
characteristically is devitrified to a green or brown, fibrous-appearing, 
montmori Iionitic clay mineral. This clay mineral, which is probably non
tronite, forms as much as 90 percent of some samples and is present in all 
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the thin sections studied. Some samples contain a variolitic residuum con
sisting of radiating sheaves of augite and plagioclase. Small amounts 
(1 to 5 percent) of chlorophaeite or its alteration products are commonly 
associated with glass in the matrix. Amygdules, cavity fillings, and vein
lets in the basalt consist most commonly of zeolitic minerals and calcite, 
and less commonly of clay minerals. 

Upper unit 

In a few areas, such as in the vicinity of Ball Mountain (pl. 1), vol
canic activity continued into earliest middle Eocene time, and a part of 
the basalt was extruded on land. This late stage of volcanism was sporadic 
and moderately explosive and is characterized by a differentiated alkalic 
suite consisting of flows of alkalic basalt, porphyritic augite basalt, feldspar
phyric basalt, and picrite-basalt interbedded with tuffs and breccias. A 
few flows and numerous sills of tholeiitic basalt also occur in this part of 
the sequence. Massive beds of water-laid basaltic fragmental debris as 
much as 100 feet thick, and thick- to thin-bedded fine to lapilli tuff and 
tuffaceous siltstone are common in the upper unit. In places the beds of 
lapilli tuff contain abundant euhedral crystals of augite up to three-fourths 
of an inch in width. 

The petrography and chemistry of the rocks in the differentiated upper 
part of the Siletz River Volcanic Series are rather complex, and more than 
a capsule discussion is beyond the scope of this report. The following dis
cussion will serve only to call attention to the presence of rock types that 
doubtless are much less widely distributed in the geosyncline than the tho
leiites in the lower unit of the Siletz River Volcanic Series. 

Alkalic basalt occurs as pillow flows and breccia and as rudely jointed 
masses that form the lower parts of lava pods similar to those described from 
Unalaska Island, Alaska by Snyder and Fraser (1963). In the field the 
alkalic basalt cannot be distinguished from the tholeiitic basalt, except 
that individual pillows in the alkalic basalt are commonly peanut shaped 
or more elongate than pillows in the tholeiitic lavas. The alkalic basalt 
is dark greenish gray, is aphanitic to finely crystalline, and is generally 
amygdaloidal in the pillow flows. 

Petrographically the alkalic basalt has a pilotaxitic texture with laths 
of plagioclase (andesine) and titaniferous augite (Ny 1.710, 2V = 48°) 
set in an altered finely crystalline to cryptocrystalline matrix. 

Porphyritic augite basalt is found in pillow flows and in the upper parts 
of some lava pods. In the lava pods the alkalic basalt at the base grades 
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upward into porphyritic augite basalt within a single cooling unit. In hand 
sample, black equant phenocrysts of augite as much as 1 inch in width are 
conspicuous. In many samples the augite phenocrysts compose 15 to 25 
percent of the rock, but make upas much as 40percent of some specimens. 

The large pyroxene phenocrysts in pillow flows are calcic augite to 
salite (Ny = 1.694 to 1.697, 2V = 58 to 60); in a lava lens, however, the 
phenocrysts are more iron rich (Ny = 1.707, 2V = 58), have a pinkish 
cast, and are titaniferous. Thegroundmass augiteof both pillows and lenses 
is titaniferous. 

Olivine phenocrysts probably composed 5 to 15 percent of many of 
these rocks, but have been completely replaced by clay minerals or cal
cite. Outlines of plagioclase laths in the groundmass are discernible, but 
the laths are now almost entirely altered to clay minerals. The remainder 
of the groundmass consists of clay and zeolite minerals and calcite. 

Feldspar-phyric basalt occurs as massive subaerial flows and amygda
loidal submarine flows. Pi Ilow structures have been found in only one 
outcrop, where a wedge-shaped pillow unit of feldspar-phyric basalt is 
intrusive into tuffaceous siltstone. This basaltis characterized by abundant 
light-gray stubby phenocrysts of plagioclase up to half an inch in length 
and averaging somewhat less than one-fourth of an inch in width. 

The feldspar-phyric basalt has intergranular to subophitic textureswith 
bytownite (An80-An87) phenocrysts composing 20 to 50 percent of th e rock. 
Sodic labradorite (about An50) makes up 35 to 60 percent of the ground
mass; calcic, iron-rich augite (Ny = 1.705, 2V = 53) makes up 30 to 50 
percent of the groundmass and in some specimens occurs as scattered pheno
crysts. Olivine, which probably formed less than 1 percent of the basalt, 
has been entirely replaced by clay minerals. Opaque minerals make up an 
average of 7 percent of the rock. Basaltic glass that originally composed 
2 to 20 percent of the rock has been completely altered. 

Picrite-basalt is known only from one place in the Ball Mountain area 
where it occurs in pillow lavas and subaerial flows or sills. In fresh samples 
the picrite-basalt is a dark greenish-gray dense rock with conspicuous, 
water-clear, yellowish-green phenocrysts of olivine one-eighth to three
eighths of an inch in length. 

A modal analysis of a typical thin section indicates that phenocrysts 
of olivine (F087' Ny = 1.678) form 40 percent of the rock. The ground
mass is extremely fine grained and is composed of abundant feather-shaped 
crystallites (predominantly pyroxene with lesser amounts of plagioclase) as 
well as opaques and 01 ivi ne. 
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Tholeiitic basalt sills and dikes and a few pillow flows are associated 
with the flows and tuffs of the upper unit. The composition of this tholei
itic basalt is similar to that of the lower unit. The sills range in thickness 
from a few feet to more than 100 feet, are rudely columnar jointed, and 
have the appearance of massive subaerial flows. In hand sample the intru
sive rocks are dark gray to black, are fine to medium grained, and have a 
sugary tex ture. 

Microscopic textures range from intersertal to intergranular or sub
ophitic. Commonly the basalt contains a few scattered plagioclase pheno
crysts or glomerophenocrysts. Andesine (An40) to labradorite (An65) laths 
comprise 40 to 50 percent of a typical sample and commonly are partly al
tered to clay minerals. Augite (Ny = 1.70, 2V = 50) makes up about 30 
to 40 percent, is very light brown, and in places shows uralitic overgrowths. 
Olivine or its alteration products are present in more than half of the speci
mens studied. Opaque minerals compose about 5 percent, and apatite less 
than 1 percent. Chlorophaeite is abundant in some samples, where it makes 
up as much as 5 percent of the rock. Very light brown to yellowish-brown 
glass, commonly altered, occurs with the chlorophaeite in interstitial areas 
and contains abundant crystal I ites of apatite, opaque mi nerals, and fel dspar. 

Chemical data 

The flows that compose the lower unit of the Siletz River Volcanic 
Series are predominantly tholeiitic basalt which is saturated to over
saturated with respect to silica. Tholeiitic-olivine basalt flows are less 
common and contain both modal and normativeolivine andnormativehyper
sthene. The average composition of the lower unit, based on 10 widely 
distributed representative samples from the outcrop belt west of Corvallis, 
is shown in table 1, column 1. This composition is similar to both the cor
relative Crescent Formation of southwestern Wash ington (table 1, col. 2) 
and the tholeiitic basalts of the Hawaiian Islands (Macdonald and Katsura, 
1964, p. 124, table 9). 

The upper unit of the Siletz River Volcanic Series is composed of such 
diverse rock types that an average chemical composition would be of little 
significance. However, the composition of the alkalic basalt of the upper 
unit is given (table 1, col. 3) in order to demonstrate the chemical similar
ity between these alkali basalts and basalt of late Eocene to early Oligo
cene age. 

Upper Eocene to Lower Oligocene Volcanic Rocks 

A sequence of basalt flows, flow breccias, and massive to thick-bedded 
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TABLE 1. Average chemical analyses of Tertiary volcanic rocks in the central part 
of the Oregon Coast Range {recalculated to water-free basis}. 

Upper Eocene to 
Lower to middle Eocene lower 01 igocene Middle Miocene 

2 3 4 5 6 

Si02 48.5 49.1 49.6 50.3 55.8 51.8 
AI203 14.4 14.9 17.5 17.2 14. 1 13.9 

Fe203 4.4 4.4 3.6 4.4 2.2 3.5 
FeO 8.2 7.7 7.2 6.7 9.9 11.0 
MgO 7.1 7.0 4.3 4.2 3.6 3.9 
CoO 12.0 11.4 6. 1 9. 1 7. 1 7.9 
Na20 2.5 2.6 5.7 3.5 3.3 3. 1 

K20 0.20 0.22 2.0 1.0 1.3 1.0 
Ti02 2.2 2.1 3.0 2.9 2.0 3.0 

P205 0.22 0.26 0.81 0.54 0.36 0.69 
MnO 0.23 0.21 0.22 0.18 0.21 0.23 

Number of 
analyses 10 10 4 19 8 11 

Forty-four analyses used in the above averages were done by methods described in 
U. S. Geological Survey Bull. 1144-A by analysts Paul Elmore, Ivan Barlow, Sam
uel Botts, Gillison Chloe, Lowell Artis, and H. Smith, U.S. Geological Survey; 
16 analyses were standard rock analyses by Dorothy Powers, June Goldsmith, Elaine 
Munson, and Christel Parker, U.S. Geological Survey; and 2 analyses were done 
using a combination of X-ray fluorescence and chemical methods by Leoniece 
Beatty and Albert Bettiga, U. S. Geological Survey. 

1. Tholeiitic basalt; lower unit of Siletz River Volcanic Series, central part of 
Oregon Coast Range. 

2. Tholeiitic basalt; Crescent Formation, southwest Washington. 
3. Alkali basalt; upper unit of Siletz River Volcanic Series, central part of 

Oregon Coast Range. 
4. Basalt; upper Eocene to lower 01 igocene volcanic rocks, central part of 

Oregon Coast Range. 
5. Tholeiitic basalt; lower unit of Miocene volcanic rocks, central part of 

Oregon Coast Range. 
6. Tholeiitic basalt; upper unit of Miocene volcanic rocks, central part of 

Oregon Coast Range. 
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water-laid palagonitic lapilli tuffs forms precipitous sea cliffs between 
Heceta Head and Yachats and at Cascade Head along the central Oregon 
coast (pl. 1). These volcanic rocks intertongue with marine tuffaceous 
strata of late Eocene and early 01 igocene age. AI though these volcanic 
rocks originally extended into the central part of the Coast Range, erosion 
has removed them except on the west flank of the uplift in the central part 
of the range. The upper Eocene to lower Oligocene basaltic rocks attain 
a maximum thickness of 1,500 to 2,OOOfeet near former centers of volcan
ism, but thin rapidly away from these centers. 

The flows are chiefly of subaerial origi n and were erupted from numer
ous vents. However, in places basalt was extruded onto the sea floor, and 
the attendant rapid chilling of the magma by seawater produced glassy 
fragmental debris (commonly lapilli size) in which a few small pillows are 
enclosed locally. Much of the glass has been hydrated to palagonite, which 
later altered to clay minerals. The basalt flows are thin, averaging 10 to 
20 feet thick, and in a few outcrops have a platy parting orwell-developed 
columnar jointing. The upper parts of flows are commonly oxidized and 
contain brick-red scoriaceous fragments. Numerous basalt dikes, 1 to 8 
feet in width, cut the volcanic sequence. 

The basalt is dark gray to grayish black and is typically porphyritic. 
Tabular phenocrysts of plagioclase up to three-fourths of an inch long are 
easily recognized in hand samples and commonly make up 10 to 15 percent 
of the rock; fragmental basaltic debris usually contains many broken pi agio
c lase crystals. 

Microscopically the basalt is holocrystalline to hypocrystalline, por
phyritic, or glomeroporphyritic; the groundmass texture is intergranular or 
pilotaxitic and vitrophyric where less crystalline. Phenocrysts of oscilla
tory zoned calci c labradorite (range An60-An70) generally compose 10 to 
15 percent of the rock. Calcic andesine to sodic labradori te (An45-An55) 
in the groundmass makes up as much as 50 percent of the more crystalline 
samp I es . Sparse ph enocrysts of ca I ci c aug i te to ferroaug i te (2V = 500 to 
580

, Ny = 1 .705 to 1 .715) are found in about half of the samples. Gran
ules of calcic augite to calcic ferroaugite (2V = 500 to 550

, Ny 1.70 to 
1 .71) in the groundmass average about 25 but form as much as 35 percent of 
the basalt. Olivine (Fo80), both as phenocrysts and grains in the ground
mass, is present in about half of the samples studied, and forms as much as 
10 percent in a few sections. Opaque minerals, chiefly magnetite, com
pose 1 to 15 percent of the basalt. Interstitial areas between crystals con
sist of volcanic glass that is altered mainly to montmorillonite (nontronite[?]). 
Amygdules of montmorillonite (nontronite[?]) are common, but a few con-
sist of calcite, apophyllite, and zeolite minerals. 
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Figure 1. Alkali-silica diagram of Oregon Coast Range basaltic rocks. 
Analyses plotted are those used in averages given in table 1. Dashed 
line is boundary between tholeiitic and alkalic fields of Macdonald 
and Katsura (1964, p. 87). 

Chemi cal data 

Chemical analyses of upper Eocene to lower Oligocene basalts indicate 
that this suite is intermediate in character between the alkalic and tholei
itic suites, since most of the basalts are over-saturated with respect to sil
ica (tholeiitic affinity) but contain a total alkali content that averages 4.5 
percent (alkalic affinity). These volcanic rocks typically have a rather 
high alumina and high total alkali content (table 1, col. 4) and are similar 
in total chemistry to the alkalic basalt of the upper unit of the Siletz River 
Volcanic Series (table 1, col. 3). They also have chemical affinities to 
typical andesites (Nockolds, 1954, p. 1019), but lack the characteristic 
mineralogy (hypersthene and/or hornblende and more sodic plagioclase) of 
the calc-alkaline andesites. The upper Eocene to lower Oligocene basalts 
have a rather wide range of silica content (47 to 54 percent) with a differ
entiation trend toward rocks of andesitic composition; the total alkali con
tent increases as silica increases (fig. 1). 
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Middle Miocene Volcanic Rocks 

Basalt flows, pillow lavas, and water-laid fragmental debris of middle 
Miocene age form precipitous headlands at Cape Foulweather and Yaquina 
Head in the map area (pl. 1) and farther north at Cape Lookout I Cape 
Meares, and Tillamook Head. These volcanic rocks were extruded from 
local centers near a middle Miocene strand and are of both subaerial and 
submarine origin. 

Along coastal Oregon these basalts compose two mappable and petro
chemically distinctive units, an older unit consisting of a subaerial flow 
and subaqueous palagonitic pillow lavas and breccias, and a younger unit 
consisting of subaerial basalt flows and subaqueous water-laid fragmental 
basaltic debris. These volcanic units are separated by nearshore to brack
ish water arkosic sandstone in the vicinity of Depoe Bay (Snavely and Vokes, 
1949). Unconformities, in places marked by fossil soil zones, occur at 
the base of each unit; the upper unit overlaps the lower unit at Cape Foul
weather and rests on older strata. 

Lower unit 

The lower unit is well exposed at Depoe Bay where pi Ilow flows and 
palagonitic tuff-breccias 75 feet thick form the north-trending east shore
line of the outer bay. Immediately south of Depoe Bay these pillow lavas 
grade laterally into a rudely columnar-jointed subaerial flow approximately 
50 feet thick. 

The basalt in the lower unit is medium to dark gray, is aphanitic, and 
commonly contains patches of apple-green (on fresh breaks) to brownish
black chlorophaeite. In the complex of pillow lava and tuff breccia at 
Depoe Bay, ell ipsoidal pi Ilows are enclosed by a light-brown palagonite 
matrix in which fragments of black, glassy basalt occur in abundance. 

Petrographically the basalt is hypocrystalline and equigranular with 
intersertal to intergranular or subophitic textures. The glassy breccias and 
chilled margins on pillows exhibit vitrophyric to hyalo-ophitic textures. 
Calcic andesine to sodic labradorite (An40-An60) forms 5 to 50 percent of 
the sections studied. Augite to subcalcic augite (2V = 27 to 45, Ny 1 .704 
to 1 .711) and pigeonite form 5 to 40 percent. Opaque minerals, largely 
magnetite, average about 2 percent but range from less than 1 to nearly 10 
percent of the rock; apatite is present only in the most crystalline rocks, 
where it composes 1 percent or less. Dark- to light-brown basaltic glass 

forms 5 to 90 percent of the rock. In the fragmental rocks and in the outer-

112 



most rims of pillows, the most common basaltic glass is a clear pale-brown 
variety with refractive index greater than balsam (sideromelane); interior 

to the outer rims of pillows and as occasional fragments in the breccias, 
the glass is a dark-brown to nearly opaque vari ety that is mi nutely dusted 
with opaque minerals (tachylyte). The glass is generally fresh, but the 
outer rims of some fragments are altered to yellow palagonite which has a 
refractive index less than balsam. Chlorophaeite, commonly olive green 
to orange brown with index less than balsam, makes up as much as 10 per
cent of some samples. A glassy silicic residuum occurs in the more crystal
line samples; cryptocrystalline quartz and calcite occur in amygdules, In 
veinlets, and as the cementing material of some breccias. 

Upper unit 

The upper unit of the middle Miocene volcanic sequence is typically 
exposed in sea cliffs at Yaquina Head and Cape Foulweather. The volcanic 
sequence in these headlands is cut by swarms of feeder dikes and volcanic 
necks, thus indicating that these basalts were erupted from numerous vents 
and fissures located near the present coast. The upper unit consists pre
dominantly of basalt breccias and water-laid fragmental debris with lesser 
amounts of massive flows and pi IIow lavas. Much of the basal tic magma 
was extruded onto the ocean floor, and rapid chilling by sea water caused 
this extensive fragmentation. 

In hand sample, yellowish phenocrysts of plagioclase, as much as 
three-fourths of an inch in length, serve to distinguish this sparsely porphy
ritic younger unit from the nonporphyritic basalt of the older unit. 

Thin-section studies show that the basalt is hypocrystalline with inter
sertal to subophitic textures the most common. The less crystalline samples 
have vitrophyric to hyalo-ophitic textures. Sparse phenocrysts (less than 
1 percent) of calcic labradorite (An63-An65) and laths of sodic labradorite 
(An55) form 5 to 40 (commonly 20) percent of the basalt. Augite (2V = 42 
to 50, Ny = 1.699 to 1.709) and pigeonite (less common) comprise 1 to 25 
percent; olivine, which is generally altered, forms 1 to 5 percent; opaque 
minerals make up 1 to 10 percent of the samples studied. Basaltic glass is 
present as both sideromelane and tachylyte and composes up to 95 percent 
of individual fragments in the breccias; sideromelane is commonly partially 
palagonitized. In the more crystalline basal t a glassy si I icic resi duum 
(N < 1 .54) makes up about 20 percent of the rock. Chlorophaeite is common 
and forms as much as 10 percent of some samples. Analcite, calcite, apo
phyllite, cryptocrystalline quartz, and celadonite occur in amygdules and 
vei n lets. 
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Chemical data 

Both the lower and upper volcanic units of middle Miocene age in 
coastal Oregon are tholeiitic basalts that are over-saturated with respect to 
sil ica. These Coast Range Miocene basal ts bear a marked simi larity to the 
Yakima Basalt of the Columbia River Group of Waters (1961, p. 607). The 
lower unit (table 1, col. 5) is remarkably close chemically to the Yakima 
petrographic type (Waters, 1961, p. 593); the upper unit (table 1, col. 6) 
is strikingly similar to the Late Yakima type of the Columbia River Basalt 
(Waters, 1961, p. 594). The lower unit is characterized by a higher sil
ica and lower Ti02 and P205 content than the upper unit. 

Summary 

The three basal t sequences that comprise the Oregon Coast Range petro
graphic province generally can be distinguished from one another on the 
basis of either their petrographic or chemical characteristics. The principal 
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Figure 3. Alumina-silica diagram of Oregon Coast Range basaltic rocks. 
Analyses plotted are those used in averages given in table 1. 

characteristics are: 
1. The widespread tholeiitic basalt in the lower unit of the Siletz 

River Volcanic Series has a lower silica content, a lower content 
of total alkalis, and a higher content of CaO and MgO than is 
present in either the upper Eocene to lower Oligocene basalt or 
the Miocene basalts (figs. 1 and 2). The original basaltic glass 
in the Siletz River Volcanic Series is typically altered to mont
morillonitic clay minerals. 

2. The upper Eocene to lower Oligocene basalt has a higher alumina 
content than most of the other volcanic units (fig. 3), with the 
exception of the alkalic and feldspar-phyric basalts in the upper 
unit of the Siletz River Volcanic Series. However, 

a. the upper Eocene to lower 0 I igocene basal t has a lower 
content of total alkalis (fig. 1) and a higher content of 
CaO plus MgO for a given silica content (fig. 2) than 
is present in the alkalic basalt of the upper unit of the 
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Siletz River; also, 
b. the pyroxenes of the upper Eocene to lower 01 igocene 

basalt are typically more iron-rich (higher Ny) than 
those of the alkalic basalt; and 

c. the upper Eocene to lower 01 igocene basalt can gener
ally be distinguished from the feldspar-phyric basalt 
(upper unit, Siletz River Volcanic Series) on the basis 
of plagioclase composition, since the plagioclase 
phenocrysts are considerably more calcic in the feldspar
phyric basal t. 

3. The middle Miocene tholeiitic basalts have lower contents of CaO 
and MgO than most older lavas (fig. 2). Also, 

a. the lower uni t of Miocene age is ri cher in si I ica than 
other volcanics in this area (approaching an andesite 
in composition); 

b. the upper unit of Miocene age can be distinguished from 
the lower unit of Miocene age by its higher contents of 
Ti0 2 and P205 and lower content of silica (table 1); and 

c. the upper unit commonly contains a few plagioclase 
phenocrysts and olivine grains in the groundmass, whereas 
the lower unit contains neither. 
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* * * * * 

OIL RECORDS RELEASED 

The Department released records of the E. M. Warren "COOS County 1-7" 
well on June 5, 1965, after holding them in confidential file for the two
year period prescribed by law. The drilling was located in the SW~SE~ 
sec. 7, T. 27 S., R. 13 W., Coos County, 7 mi les south of Coos Bay. Total 
depth of the Warren well was 6,337 feet. No volcanic rocks were logged 
in the drilling, as contrasted with the Phillips Petroleum Co. "Dobbyns 1" 
4 miles to the north, which encountered volcanic rocks between 2,300 and 
5,700 feet. 

* * * * * 

MINERS TO LOSE RIGHTS ON 57 PARCELS OF LAND 

The latest in a long and continuing series of proposed withdrawals of public 
lands from mineral entry has been announced by the U. S. Bureau of Land 
Management. Total acreage involved in the current withdrawals amounts 
to nearly 4,800 acres, scattered widely over the state. Most of the with
drawals are designed to provide or protect recreation areas. One area in
volves 440 acres on Sugarloaf Mountain near Myrtle Point in Coos County, 
where the Bureau wishes to withdraw a hardrock deposit from application 
by individuals. The quarry site is adjacent to Oregon State Highway 42 
and not far from the Myrtle Point-Powers road. Both of these roads were 
damaged in the winter high water, and large quantities of crushed rock are 
needed for their rebui Iding and repair. 

* * * * * 
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Chemical li me Co. Processi n9 Plant 

What a resource-based industry does for the welfare of the Boker community is 
e vident in the facts about Chemical lime Co., Baker County, Oregon. 

Chemical Lime operates a quarry just over the "hump" of Elkhorn Ridge 
west of Boker on Baboon Creek, sec. 20, T. 9 5., R. 38 E. By an access 
road developed by the company, row lime rock is trucked to a plant at Wing 
Siding, where gos-fired kilns and other equipment convert the quality lime
stone into lime of chemical grade for the industries of the Pacific Northwest 
(see photograph above). 

Chemical Lime Co. employs full or part time from 35 to 40 men. The 
annual payro ll is from $257,000 to $300,000. The operation generates 700 to 
750 roit cars of freight, shipping to all points in the Northwest, entailing 
freight costs in excess of $200,000. lime and limestone shipped are valued 
ot $850,000 to $950,000 onnuolly. 

Natural gas consumed and supplies purchosed locally exceed 5400,000 
annually. Construction of plant, building of the rood, and completion of the 
power li ne provided major additional employment. In the haul between the 
quarry and the plant, four trucks of Reed's Truck firm operate two shifts six 
days a week for approximately six months a year. Chemical lime's general 
manager is Ned Thomas. The auditor is Leo Case, the quarry foreman Bert 
Farrar, and the chemi st Raymond Fenn. 

(All photographs courtesy of Chemical lime Co.) 



MINING CONCERNS WESTERN GOVERNORS 

The Western Governors· Conference held its three-day session at the Hi Iton 
Hotel in Portland June 10-13, 1965, with Governor Mark O. Hatfield as 
chairman. A number of resolutions dealing with the mining industry were 
recommended, as follows: 

Gold: It was resolved that the Western Governors· Conference endorse in 
principle S. 1377 for direct incentive payments to our domestic gold pro
ducers orsimilar legislation designed to reactivate our goldmines and increase 
our domestic gold production; recommend adoption of tax incentives to en
courage greater domestic gold production; and urge the Federal Government 
in evaluating solutions of the balance of payments problem to study the de
sirability of multilateral revaluation of gold. 

Silver: The Conference resolved that Congress be urged to reject moves to 
eliminate silver from our coinage and that it provide for retention of silver 
in reduced amounts in all coins now made of silver; that affirmative programs 
be adopted to increase exploration for and development of domestic silver 
suppl ies, and that silver be permitted to seek its own price in the market place; 
and that the Administration be commended for its action in setting a national 
stockpile objective of 165,000,000 ounces of silver to meet our security 
requirements, a move which the Conference has urged for many years. 

Public lands: It was resolved by the Conference that all actions proposed 
by the Bureau of Land Management wh ich substantially affect the admi nis
tration of the public lands be openly and publicly considered with repre
sentatives of the localities affected prior to implementation. 

Mineral taxation: It was resolved that the Conference urge that adequate 
depletion allowances for minerals be provided and that mining exploration 
expenditures be made fully deductible on a basis comparable to the research 
expendi tures of other busi nesses. 

Import controls: It was resolved that the Conference recommend the impo
sition of import controls, where necessary, with provision for adjustments 
to assure the maintenance of sound and vital domestic natural resource 
i ndustri es. 

Oil shal e: I t was resolved that the Governors of the western states urge prompt 
action to establish and implement a leasing policy with private enterprise to 
develop western oil shale deposits. 

* * * * * 
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RECENT VOLCANISM BETWEEN THREE FINGERED JACK AND NORTH SISTER 
OREGON CASCADE RANGE 

Part I: History of Volcanic Activity* 

By Edward M. Taylor** 

Introduction 

On the crest of the Oregon Cascade Range, between the Pleistocene volcanoes known 
as Three Fingered Jack and North Sister, an impressive array of cinder cones stands 
in the midst of Recent basaltic lava fields whose total area exceeds 85 square mi les 
(fig. 1). Although each major field is closely approached by a highway, several lava 
flows and many cones, vents, and other volcanic features have not been described in 
print. In this paper, the history of each eruptive center first will be interpreted from 
the standpoint of field observations, and then will be reviewed in an integrated out
line of recentvolcanism. The volcanic history and geologic maps presented here have 
been abstracted from a general survey of petrology in the High Cascades of Oregon 
which the writer has followed for several years and which has progressed from Bache
lor Butte to Three Fingered Jack. 

North and south geographic limits of the present study are placed along straight 
east-west lines through Three Fingered Jack and North Sister I respectively; east and 
west boundaries are drawn coincident with the east and west borders of the High Cas
cades as outlined by Williams (1957). The temporal range of geologic events extends 
from the end of the last major glacial episode to the present. It is believed that all 
exposed eruptive units within these boundaries of space and time are included in this 
report. Several unofficial, but suitable, geographic names are introduced where rea
sonable discussion demands them. For background information, the reader is referred 
to the appended Glossary of Selected Terms and to Wi II iams (1944). 

Cones and Flows of Questionable Recent Age 

The maps presented in this paper differ slightly from earlier reconnaissance geo
logic maps (Williams, 1944, 1957) in their definition of Recent basaltic cones and 
flows. Discrepancies arise with respect to: (1) identification of landforms, (2) recog
nition of cones and flows which have been glaciated, and (3) recognition of possible 
pre-Recent cones and flows which have not been glaciated. Included in the first group 
are the following land forms not previously identified: a glaciated dome of rhyolite 
and obsidian at the southeast base of Condon Butte, a knob of glaciated bedrock near 
the terminus of the northwest lava flow from Coli ier Cone, a nearly flat glaciated 

* Part II, Petrographic studies and chemical analyses, to be published at later date. 
** Department of Geology, Washington State University. 
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surface between Collier and Four-in-One lavas, two glaciated steptoes which rise 
through Little Belknap lava near McKenzie Pass, a glaciated hill l~ miles northwest 
of Yapoah Cone, and a glaciated steptoe at the west end of the Belknap lava field. 
Landforms of the second group are located on figure 1 by the symbolllX II . The third 
group includes four lava flows which do not appear on the older maps, Scott Moun
tain, Two Butte, a feature known as the IlCinder Pit, II and two cinder cones on the 
northeast slope of Black Crater. This group is described as follows: 

Lava flows, so old that deep forests now hide them from view, issued from four 
separate vents close to the western boundary of the High Cascades. Their individual 
histories are relatively unknown. Included here are the Park Creek flow, the flows 
on the west slope of Maxwell Butte, and the Anderson Creek flow (fig. 1). No cin
der cones have been recognized in association with these lavas. 

The Park Creek flow is composed of blocks which have been somewhat rounded 
by weathering. Crustal features and the outlines of lava tongues can be seen only 
where ancient fires have limited the forest cover. The flow origi nated near a small 
hill at the north lava margin, moved south for two miles, and forced Park Creek to 
undercut a high cliff of sedimentary rocks. 

Equally vague is the eruptive history of flow rocks on the si de of Maxwell Butte. 
Two source vents approximately 2.3 miles west of the Maxwell summit are indicated 
by the distribution of lava, but neither has been located precisely nor has it been 
possible to trace contacts between flow units. Here too, old forest fires have ex
posed slaggy crusts and numerous pressure ri dges. Where the North Santiam Highway 
cuts through the flows, their thin, vesicular character can be seen in cross section. 
Farther west, about two miles from their source, they are found adjacent to the Park 
Creek flow; relative age has not been determined. 

To trace the Anderson Creek flow one must learn to IIfeel ll it beneath the for
est floor; indeed, the very existence of fresh lava would be difficult to prove if log
ging operations had not disclosed striking examples of lava levees and vesicular flow 
tops. The advanced age of this flow is inferred from the condition of its forest cover 
in comparison with the cover found on other flows which lie at similar elevations to 
the north and south. Lava issued from a subdued spur 2.3 miles west of Scott Moun
tain summit and poured as a cascade into the valley of Anderson Creek. A north lobe 
appears to have advanced, then stagnated, three miles from the source. Another 
lobe was channeled west by an intervening hill, and then was deflected northward, 
where it lies in contact with the northernmost lobe. This western lobe eventually 
spread into the valley of Olallie Creek. Its terminal lava front, six miles from the 
source, can be seen beside the Clear Lake Highway. 

Scott Mountain is a glaciated shield volcano, located southwest of the Belknap 
lava field (fig. 1). Upon the summit of Scott Mountain is a small cinder cone of re
cent appearance. Layered deposits of ash and scoria are abundant near the top, 
where only an indistinct remnant of the crater rim has survived erosion. The flanks 
are composed of coarse red scoria and perfectly shaped spindle bombs. Black lava 
spread over the west and southwest lip of the crater but did not move beyond the cone. 

Two Butte is a double cinder cone located 3.4 mi les south of Scott Mountain 
(fig. 1). The cones are 400 feet high, are aligned north-south, and have lost their 
craters by erosion. Red scoria and spatter are exposed near their summits, but their 
flanks are mantled in dense forest. Except to the south, where small flows can be 
traced to the edge of the Lost Creek glacial trough, surrounding terrain bears the 
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imprint of profound glaciation. 
One and one-half miles north of Blue Lake Crater (fig. 1), a diminutive cinder 

cone has been excavated for road metal. As a resu It, the condu i t - now occupi ed by 
a plug of basalt - has been laid bare within a shallow, cinder-covered pit. The desig
nation IlCinder Pit, II which appears on the Three Fingered Jack topographic map (U. S. 
Geological Survey, 1959, 15-minute), will be adopted here. A narrow stream of 
lava moved only a few hundred feet east from the conduit. The lava rests upon gla
cial deposits which, as exposed in the pit, have been oxidized by volcanic emanations. 

Two other cinder cones with well-preserved summit craters stand 250 and 350 
feet above the north and northeast flanks of Black Crater. No glacial deposits nor 
striae occur upon these cones, but the coarse, weathered scoria on their slopes strong
ly resembles ejecta from other cones north and south of Black Crater which have been 
glaciated. 

A Recent age for the above cones and flows is open to question, even though 
they rest upon older glaciated bedrock surfaces or glacial deposits. The last (latest 
Wisconsin?) major advance of glacial ice between Three Fingered Jack and North 
Sister is recorded by a variety of features which include lateral and terminal moraines, 
bedrock striations, vegetation patterns, and glacially transported erratic lithologies. 
Glaciers, as interpreted from these records, did not cover the Anderson Creek nor 
west Maxwell lavas during Late Wisconsin time, but may have obliterated their source 
cones. It is clear that such glaciers reached neither the Park Creek flow nor the Cin
der Pit. Similarly, glaciers did not affect Two Butte, but they might have destroyed 
Two Butte lavas In the adjacent glacial trough. Glacial ice, as outlined by morainal 
patterns, probably moved between the two cones on Black Crater without disrupting 
them, and might not have significantly eroded the Scott Mountain cone because of 
its high-standing position. 

Volcanic History of the Sand Mountain Lava Field 

Within the High Cascades there are many examples of volcanic mountains ar
ranged in nearly perfect linear or arcuate patterns. Few are as easily recognized as 
the chain of 22 cinder cones and 41 distinct vents referred to here as the Sand Moun
tain alignment (fig. 2). An elongate zone of weakness probably developed in the 
rocks beneath the cones along which magmatic gases and liquids were conducted from 
the depths to the surface. In detail, this zone diverges northward into two distinct 
branches. Sand Mountain Cones are the largest volcanoes on the al ignment and rise 
above the intersection of the branches. The principal landforms are geographically 
as follows: Little Nash Crater and the Lost Lake Group on the north, Nash Crater 
and the Central Group farther south, Sand Mountain Cones, and the South Group 
(see fig. 2). 

Over a long span of time, the numerous and closely spaced eruptive centers of 
the Sand Mountain alignment discharged about three-quarters of a cubic mile of lava 
and a large but unknown volume of ash. The result was an intricate accumulation of 
overlapping cones, flows, and sheets of ejecta, whose volcanic history is set forth in 
approximate chronological sequence below. . 

The oldest volcano exposed on the alignment probably is a small, 150-foot 
cinder cone located between Nash Crater and the junction of North and South San
tiam Highways. Erosion has destroyed all trace of a summit crater, and the lower 
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forested slopes are covered with ash from younger cones. Another denuded cinder 
cone, approximately 400 feet high, lies one mile southwest of Lost Lake, and has 
retained only a vestige of its crater rim. Any lava which may have issued from these 
cones is now lost to view beneath younger flows from later vents. 

The Central Group is a tight cluster of five cinder cones, three of which over
lap to form on east-west volcanic ridge, half a mile long and 200 feet high. The 
west end of the ridge contains a small symmetrical crater, but the east end has been 
breached at its northern bose by a great outpouring of lava. The central port of the 
ridge is occupied by two craters, one nested within the other. Lava issued also from 
the west bose of the ridge, undermining a small satellite cone. In the lava field a 
short distance west and northwest stand two lOO-foot cones with well-preserved cra
ters. Two additional cones at the northwest bose of North Sand Mountain strongly 
resemble those of the Central Group. One is 200 feet high and breached on thewest; 
the other is only 50 feet high but contains a small summit crater. 

. Lava from the Central Group spread widely to the west, northwest, and north. 
Much of the west lava now is covered by a younger flow from Nosh Crater. To the 
north, however, lavas poured from the Central Group onto the floor of a brood, gla
ciated volley, moved over the region now occupied by Santiam Junction, and prob
ably reached the ancestral upper McKenzie River. Several long, isolated ridges 
and gutters are seen in these lavas just south of the junction, where they trend west
ward and pass beneath a flow from Little Nosh Crater. The ridges often are copped 
by lava crust, and their sides have been vertically striated by the foundering of ad
jacent blocks. These features are evidence that the Santiam Junction area was at 
one time a lake of lava which drained out to the west, probably from beneath a con
gealed crust. 

A short alignment of four cinder cones forms a great ridge across the glaciated 
volley of Lost Lake Creek, two miles east of Santiam Junction. The lava-dammed 
lake nearby gives to these cones the collective nome "Lost Lake Group." The sma"
est cone lies against the north volley wall, 700 feet above the lake. On the south, 
it overlaps the rim of a lower, but much larger cone. Consequently, both cones 
shore a common rim which separates on elongate, shallow crater on the north from a 
symmetrical, deep crater on the south. A low saddle lies between these northern 
cones and a centrally located third cone on which there remains only on indistinct 
crater. The rim of the southernmost cone rises 320 feet above the adjacent Santiam 
Highway, though the bottom of its crater extends to highway level. 

Lava issued from the east bose of the north cone and spread eastward, as dido 
much larger flow from the saddle. Irregular slobs of jogged crust can be seen protrud
ing through a thick overburden of ash along the west shore of Lost Lake. Lava from 
the saddle also moved west as for as Santi am Junction, where it is deeply buried be
neath ash from Little Nosh crater I and therefore is exposed best in rood cuts. 

A large volume of lava was discharged from the bose of the north Sand Moun
tain cone, building a brood ridge which extended 2,000 feet to the west. The ridge 
was copped by a lava gutter whose walls were breached at frequent intervals. A 
collapsed lava tube descends the western extremity of the ridge. This lava, which 
moved for to the west, may be seen on the north shore of Clear Lake. The northern 
contact with Central Group lava is obscured by ash deposits, but the southern limit 
of exposure is traced easily against a younger flow from a vent southwest of Sand 
Mountain. 
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The South Group consists of four principal cinder cones, all of which probably 
were associated with extensive lavas, now buried beneath younger flows. The north
ernmost cone is 1,000 feet south of Sand Mountain, rises 300 feet in height, and con
tains a deep crater. Next south is a smaller cinder cone which was built adjacent to 
an elongate southwest-trending ridge of spatter and bombs. Lava issued from the west 
base of this cone. The largest cinder cone of the south group stands south of the spat
ter ridge and is 400 feet high. A large central crater is attended by a smaller counter
part on the north flank of the cone, and by a great bocca near the southwest base. 
Lava from the bocca spread south, surrounding a small breached cone, and southwest 
to form an extensive flow. The McKenzie River pours over this lava at Koosah Falls. 
The lava is obscured on the south by flows from Bel knap Crater; to the east and north 
the lava is overlain by later flows from Sand Mountain. 

Nash Crater is a cinder cone which was built 500 feet above a lateral moraine. 
The summit contains a north-south trench-like crater 1,000 feet long with a smaller 
symmetri cal crater set into its west ri m. A narrow ri dge of spatter extends from the 
south base of Nash Crater, and is surmounted by six vertical condui ts wh ich range 
from 30 to 5 feet in diameter and from 40 to 30 feet in depth. These conduits lead 
to a lava tube which has collapsed at the south end of the ridge. Lava from this vent 
moved west, damming Hackleman Creek to form Fish Lake, and for this reason iscalled 
the Fish Lake Flow. 

At the northwest base of Nash Crater is a broad depression rimmed with spatter. 
Approximately 100 feet northwest, a 5-foot spatter cone surrounds a vertical conduit 
which is 25 feet deep. Both vents probably lie above a lava tube and mark the source 
of the extensive flow now crossed by South Santiam Highway. Sawyer's Cave, adja
cent to the highway, is a lava tube far removed from the source of the flow. Lava 
from the northwest vent of Nash Crater dammed the ancestral McKenzie River {now 
called Park and Crescent Creeks} to form a swampy area known as Lava Lake. At 
this point, the flow turned abruptly southward, following the McKenzie drainage to 
Fish Lake. The Lava Lake Flow rests upon lava from the Central Group and is over
lain by a flow from Little Nash Crater. 

The most extensive lava flow exposed on the Sand Mountain alignment {referred 
to here as the Clear Lake Flow} was fed from a vent located half a mile southwest of 
Sand Mountain Cones, and dammed the lake for which it is named. A circular pit, 
50 feet in diameter, displays several flow units in its walls and probably represents a 
collapse depression over the lava source. A small er pit, 200 feet to the east, sepa
rates the collapse depression from an east-west spatter ri dge 600 feet long. The west 
end of the ridge contains a shallow crater 30 feet in diameter. On the summit of the 
ridge are two vertical pipes, 3 and 6 feet in diameter ,which are at least 40 feet deep. 
Lava from the collapse depression spread west to the McKenzie River, forming a dam 
from Sahalie Falls to Clear Lake. The upright trees which may be seen in the depths 
of the lake are well known. Wood from one of the submerged trees, drowned as the 
lake rose behind its lava dam, has been given a radiocarbon age of approximately 
2,950 years B. P. (Benson, 1965), thus fixing the date of the eruption of the Clear 
Lake Flow at about 1,000 B. C. 

The south flank of Sand Mountain is interrupted by a broad furrow which, at 
its base, leads to a bocca and a lava gutter. Lava from this vent moved chiefly east
ward and then four miles to the south, where it now lies buried beneath younger flows 
from Belknap Crater. It should be noted that, although eruptions from the southwest 
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and south Sand Mountain vents probably occurred at about the same time, their com
man lava boundaries are obscured by ash deposits and their relative age is unknown. 
Consequently, the age of Clear Lake does not necessarily define a maximum age for 
Belknap lava. 

Lavas from the cinder cone called little Nash Crater probably are the youngest 
eruptive rocks on the Sand Mountain alignment. The cone has been quarried, expos
ing a complex internal stratification. A persistent structural discontinuity may be 
seen in the quarry faces, which suggests that the process of cone building was inter
rupted briefly by violent explosions which greatly enlarged the crater. 

Road cuts north of the cone display weathered till overlain by a three-inch lay
er of fine black ash, which is attributed to eruptions from Nash Crater. Resting upon 
the ash layer is a 4- to 5-foot bed of coarse ejecta from little Nash Crater. The low
er part of this bed contains abundant accidental fragments derived from glacial de
posits beneath the cone. Late in its history, little Nash Crater was breached on the 
west by a flow whose volume is approximately nine million cubic yards. 

Some cones of the Sand Mountain alignment, such as little Nash Crater, were 
constructed and ceased to emit ash before a significant amount of lava appeared; 
others, such as Nash Crater and the Sand Mountain Cones, ejected ash throughout 
the course of lava extravasation. It is a significant fact that as one crosses westward 
over the lava field from Sand Mountain Cones (which were the greatest producers of 
ash), the average thickness of ash cover increases because older lava surfaces are en
countered and more of the total ash fall is exposed. Most of the ash from Sand Moun
tain Cones drifted east and northeast, heavily blanketing an area of more than 100 
square miles. This material has been so extensively reworked by surface water that it 
is difficult to reconstruct an original thickness distribution. 

The madern appearance of Sand Mountain Cones is one of surprising freshness 
and perfection in view of the fact that most of the ash was expelled mare than 3,500 
years ago (see discussion of Blue Lake Crater). Some ejecta fell upon the 3,OOO-year
old Clear Lake flow, and it is possible that still later eruptions contributed to the form 
of the cones. 

Eruptive Rocks from Inacessible Alignment and Twin Craters 

Three and one-half miles southwest of Mount Washington, a short alignment of 
four cinder cones has been nearly buried by Belknap flows (fig. 1). The southernmost 
and largest cone, here named Inaccessible Cone, now lies five miles from the nearest 
road and is surrounded by a wide barrier of jagged lava. The cone contains a symmet
rical crater and is encircled by flows which issued from numerous boccas at its base. 
The Belknap flows partly obscure three smaller cones which lie one mi Ie to the north. 
An unnamed cone, offset near the north end of the Inaccessible alignment, is 300 
feet high and has been breached on the west and southwest by a flow of gray basalt, 
charged with bombs. The flow has been traced westward beneath the Sand Mountain 
and Belknap lava fields, and thus is older than both of them. In outward appearance, 
the lava from this cone closely resembles the glaciated and nearly ubiquitous, pale 
gray bedrock which is so abundant in older parts of the High Cascades. It is probable 
that additional vents and a small field of lava associated with the alignment have 
been lost to view. 

Twin Craters is a cinder cone located at the margin of the Belknap field, three 
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miles southwest of the Belknap summit (fig. 1). The cone is 300 feet high and the 
north and south craters are about 200 feet deep. A small pit, 30 feet in diameter, IS 

set into the east rim of the north crater. The final ejecta from the north vent con
sisted of fine scoria and ash which accumulated in stratified deposits on the crater 
rim. The south crater emitted clots of spatter which, as they fell upon the rim, split 
apart and disgorged tiny streams of lava. Scoria and bombs litter the glaciated land
scape to the west. North of the cone, several mounds of red cinders are imperfectly 
exposed along the margin of Belknap lava; whether they represent separate cones or 
scoria-covered flow ridges is not known. Boccas exist on all sides of the Twin Craters 
cone, but most of them are clustered upon the north and south flanks. Lava from these 
vents must have been very fluid, for some flows are only three feet thick and their 
upper surface is coated with minute, glassy spines. An extensive lava field may have 
spread into the broad glaciated valley which then existed to the north; if so, it is 
deeply buried beneath the Belknap volcano. 

Hoodoo Butte 

Hoodoo Butte is an isolated cinder cone which rises 500 feet above the eastern 
edge of a glaciated platform, midway between Sand Mountain Cones and Santiam Pass 
(fig. 1). The small summit crater is open to the east, but could not have been breached 
by lava because none has been found in association with this cone. Instead, the in
complete appearance of the crater rim is a result of the very irregular topography on 
which the cone was built; much of the ejecta simply fell over the east edge of the 
platform. Although Hoodoo Butte stood in the path of fallout from Sand Mountain 
Cones, most of this ash has been washed onto the surrounding lowlands. A thick de
posit of Sand Mountain ash still survives on the crater floor. 

History of the Belknap Volcano 

Of the volcanic centers discussed in this paper, none poured forth a greater 
volume of lava than the shield volcano which is surmounted by Belknap Crater, Little 
Belknap, and related vents (fig. 3). Williams (1944) has provided a lucid descrip
tion of the Belknap shield;on/y its salient features are outlined here. The surface of 
the mountain is covered largely by lava which poured repeatedly from vents marginal 
to a composite summit cone. This lava was relatively fluid and eventually inundated 
an area of more than 37 square miles. It did not move in long, continuous streams. 
Instead, short channels branched and crossed one another, resulting in thin lobeswith 
complex drainage patterns. Accurate reconstruction of the surface on which the vol
cano rests is precluded by the great thickness and widespread distribution of lava. 
Consequently, 1 1/3 cubic mi les is regarded as only a rough estimate of the volume 
of Bel knap rocks. 

The oldest exposed lavas of the Belknap shield occur on its eastern flanks. They 
were erupted from vents now poorly defined, which may have been subsequently bur
ied as the summit cone reached final development. These lavas moved principally 
northeastward, diverging into two lobes on either side of a ridge called Dugout Butte. 
Both lobes descended to an elevation of 4, 150 feet, seven mi les from their source. 

The summit cone of the Belknap volcano rises 400 feet above its basal shield. 
Two deep craters at the top of the cone emitted ashes and coarse cinders, which accu
mulated as high mounds of stratified lapilli-tuff on their east rims. In the walls of 
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the southern crater, which is about 250 feet deep and more than 1,000 feet wide at 
the rim, thick flow rocks are exposed. Some lava poured over the southwest lip of 
this crater and is now partly obscured by spatter. Well-formed spindle bombs, up to 
three feet in length, are common along the west rim of the north crater. A broad 
pit 200 feet long was blasted through a bocca at the north base of the cone. Two 
small spatter cones appeared at a late stage about 1,000 feet sti II farth er north. 

The distribution of ash and cinders on the rim of Belknap Crater, as described 
above, was caused by strong and prevailing wind transport to the east. Thin deposits 
of scoria are found on lava immediately west of the cone, but as the eastern slopes 
are approached the lavas become mantled in black ashes and fine cinders. A wide 
area from Dry Creek on the north to Black Crater on the south was heavily blanketed. 
Deposits have been recognized eight miles to the east. 

During a late stage in the development of the Belknap summit cone, vast quan
tities of lava issued from boccas on the south, west, and north and poured west to
ward the McKenzie River. Ropy surfaces and lava squeeze-ups between large rafted 
platforms of broken crust are common here. Lava from the south vent poured across 
older lava from Twin Craters; three miles from the Belknap summit, the western streams 
overran lava and cinder cones of the Inaccessible alignment. Farther west, the Bel
knap lavas poured over flows from the south vent of Sand Mountain and from the south 
group of the Sand Mountain alignment, before finally plunging in a steep cascade 
into the McKenzie Canyon. 

The McKenzie River was altered profoundly by the lava which spread across its 
path. A broad, swampy area known as Beaver Marsh formed upstream from the point 
where the river now flows onto the Belknap rocks. Where it once flowed freely through 
its open canyon, the river is now gradually absorbed into the buried talus along the 
canyon margins and into permeable zones between lava units, reappearing at Tamo
litch Falls. Downstream from the falls, the flow has been reduced by erosion to a 
lateral terrace, perched on the west canyon wall 30 feet above the level of the river. 

Tree molds were formed along the margins of the west Belknap flows. They are 
displayed best at the westernmost locality shown in Figure 3. Here, several dozen 
molds range from 1 to 5 feet in diameter and from 6 to 15 feet in depth. Most of them 
are vertical and widen downward. Hemicylindrical trenches as much as 35 feet long 
occur where trees fell onto the pasty lava. In most areas tree molds are rare because 
lava must be sufficiently fluid to conform to the shape of a tree, yet must not flow 
or be deformed after the tree has been consumed. In the present instance, the Bel
knap flow spilled into a protected recession in a steep, north-facing slope which pre
sumably was, at the time of the eruption, as moist and deeply forested as it is today. 
The level surface of the resulting pond is an indication of the fluidity of the lava at 
the time of its isolation from the active stream. From the buried soil at the base of 
one of the molds, the writer excavated a radial system of large roots which had been 
deeply charred. Radiocarbon analysis of this material indicates that trees were burned 
by the west Belknap flows about A.D. 360 ± 160 years (WSU-292). This date is 
based upon a C-14 half-life of 5,570 years. 

One mile south of the Belknap summit is a small volcano referred to here as the 
South Belknap Cone. This cone was breached on the southwest by lavas which then 
spread over the south base of the Belknap shield. A later flow, from a vent 300 feet 
to the northwest, surrounded the cone and inundated the early lavas. The later flow 
overlapped the west Belknap lava and, at its farthest extension, poured south through 
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a narrow gap into Lake Valley, where it now forms the north shore of Hand Lake. 
The latest addition to the Belknap volcano took the form of quiet discharge of 

lava from a vent called Little Belknap, one mile east of the summit craters. Somuch 
lava issued from this one point that a subsidiary shield was formed. It is surmounted 
by a chaotic heap of cinders and blocks from which collapsed lava tubes diverge ra
dially. One of the western tubes can be followed to its confluence with a vertical 
conduit which is approximately 20 feet in diameter, and which remains choked with 
snow, even in late summer. Lava from Little Belknap spread east to within one mile 
of Windy Point and southeast to McKenzie Pass. It rests upon the ash from Belknap 
Crater and is overlain by younger flows from Yapoah Cone. 

A peculiar, and general, feature of the flow rocks from Little Belknap is seen 
along the Skyline Trai I half a mile northwest of the McKenzie Pass Highway, where 
the lava stream diverged after passing between two prominent steptoes. As it cooled, 
the contracti ng surface warped upward to lift part of the crust, together wi th its sti 11-
plastic substratum, and peel it back upon itself. Thick overturned slabs may be found 
which are as much as 10 feet wide and 50 feet long, usually parallel to the direction 
of flow. Except for distortion due to contraction and fragmentation, each slab matches 
perfectly the adjacent counterpart surface from which it was pulled. Such features 
will be referred to as lava curls. 

Blue Lake Crater 

Blue Lake, as seen from the Santiam Pass Highway, is 3~ miles east of the Cas
cade crest (fig. 1). It is 0.5 mile long and 0.2 mile wide, and set in a deep pit 
formed by Recent volcanic explosions of great violence. The Blue Lake eruptions re
sulted in at least three overlapping craters which are aligned approximately N. 25° E., 
and which fall within a geographic trend common to Belknap Crater and the Spatter 
Cone Chain to the south, and the "Cinder Pit" to the north. The first (and only?) 
published suggestion that Blue Lake might occupy a volcanic crater appeared in 1903 
(Langi II e and others) . 

The southern half of Blue Lake is rimmed by a crescentic ridge which, in places, 
stands 300 feet above the water and 150 feet above the adjacent topography. The 
outer slopes are covered with basaltic cinders, bombs (some of which are six feet long), 
and accidental fragments of older, underlying lavas. Inner slopes of the rim generally 
lead to cliffs which disappear into azure depths. If one may compare Blue Lakecrater 
to other Cascade craters of simi lar diameter, the lake is probably in excess of 300 
feet deep. 

Some of the lakeshore cliffs may have been formed by the collapse of over
steepened crater walls, but no prominent dislocations of a concentric type have been 
found. The north crater wall, now largely submerged, was blasted through pre
existing bedrock, fragments of which are found scattered over the nearby landscape. 
Consequently, it appears that Blue Lake crater was the result of upward explosions 
rather than interior subsidence. Above lake level, the southern crater walls are com
posed of crudely stratified cinders and bombs with intermixed bedrock blocks. No 
Recent lava flows have been recognized in the Blue Lake area. 

Bombs and blocks were ejected in all directions from the crater, but most of the 
fine scoria and ashes drifted east and southeast. A typical section taken through these 
deposits contains, at its base, weathered till overlain by 2 to 3 feet of fine black ash 
attributed to eruptions of the Sand Mountain 01 ignment. Capping the black ash is a 
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Pumice-cored volanic bomb with basaltic rind from Four-in-One Cone. 

lava gutter west of Collier Cone provides pothway for Sky line Trail. 



Belknap Crater seen from Dee Wright Observatory: Belknap Crater (snow-covered skyl ine) is impressive in stature, but is only 
a pile of cinders on the summit of a vast shield of recent lava. Forests in background grow upon old Belknap lavas; trees jn 
foreground stand upon young lava from Yapoah Cone. Lava of intermediate age and position surrounds "islands", and issued 
from a subsidiary vent called Little Belknap. (Oregon State Highway Deportment Photograph No. 423) - -



lava from little Belknap: Desolate fie lds of blocky lava (foreground) from Yapooh Cone, and hummocky lava (background) 
from little Belknop, lie between Dee Wright Observatory and the volcanic plug of Mount Washington. The jagged features 
af these lava surfac es were formed less than 1,500 years ago . (Oregon State Highway Deportment Photograph No. 427) 



Lava flO'Ws from Col lier Cone: Callier Cone 
(upper left) and lava streams which spread 
from its crater dawn the west slope of the 
Cascade Range (foreground), are probably 
the most recent manifestation of millionsof 
years of Oregon vulcanism . Left of the 
cone is the Aholapam Cinder Field; lava 
gutters lead west and northwest to lava 
lobes which are marked by levees and pres
sure ridges. Large volcanoes behind the 
cone are North Sister (left) and Middle 
Sister (right). Collier Glacier (center) 
has receded from the cone to its present 
position in only 40 years. In the back
ground are Broken Top (left) and South 
Sister (right). Four-in-One Cone and 
lavas are visible at lower left. (Delano 
Aerial Oblique No. 631234) 



thick accumulation of scoria which may be traced directly to Blue Lake. Charred 
wood from the limb of a conifer has been excavated from the sharp interface between 
the scoria and ash. The radiocarbon age of th is material is 3,440 :!: 250 years B. P. 
(WSU-291), assuming a C-14 half-life of 5,570 years. The eruption of Blue Lake 
Crater commenced therefore, at about 1,500 B.C. This date, when compared with 
the age of Clear Lake (about 1,000 B.C.), suggests that most of the ash from the 
Sand Mountain alignment was deposited in the Blue Lake area 500 years before the 
final eruptions of Sand Mountain lava. 

The Spatter Cone Chain 

A chain of spatter cones, one mile long, trends N.23°E. across the valley of 
Cache Creek between Blue Lake Crater and Mount Washington (fig. 1). Volcanic 
features are restricted to north and south segments, bu t severa I trench -I ike depres
sions aligned parallel to the midsection of the chain outline a strong subsurface con
tinuity. The northernmost vent is a circular crater, 10 feet deep, which appears to 
have emitted only gas. About 200 feet south is the first of four spatter cones, with 
craters 30 to 40 feet deep, which surmount a narrow ridge of spatter and scoria. Still 
farther south, a series of discontinuous grabens, averaging 10 feet in width and 3 feet 
in depth, leads to a southern line of vents. Deposits of ejecta occur intermittently 
along the grabens. Fractured bedrock is exposed where the trend of this chain inter
sects Cache Creek, but no displacements have been recognized. There are seven 
southern vents, as follows: Three small craters to the north are separated by a short 
graben from three large craters located on a spatter ridge to the south; the central 
crater on this ridge contains a small crater in its north rim. A shallow graben ex
tends about 150 feet south from the ridge. Volcanic rocks of the Spatter Cone Chain 
overlie ash deposits that are correlative with the deposits of fine ash near Blue Lake 
Crater. 

Sims and Condon Buttes 

The western third of McKenzie Pass Highway follows a Recent lava flow, 9~ 
miles from source to terminus. The source cone is Sims Butte, located 6~ miles south 
of the Belknap volcano (fig. 1). The cone is 650 feet high and is broadly indented 
on the west side by a shallow crater, located 400 feet below the summit. Ejecta are 
coarse and are confined largely about the vent within a circular area of one-mile 
radius. The limited extent and symmetrical distribution of ejecta suggest that the 
asymmetry of the cone is a result of lava breaching rather than prevailing wind direction. 

Short flows emerged from the north base of the cone, but most of the lava is
sued from a west bocca, 200 feet below the shallow crater. Collapsed lava tubes may 
be traced downstream from this bocca for several hundred yards. At one point, where 
the flows are steeply inclined, a 70-foot lava tube descends beneath the crust. Two 
"skylights" penetrate the thin roof, and collapse depressions define an inaccessible 
western continuation of the tube. 

The extensive lava flows from Sims Butte spread onto a topographic shelf west 
of the cone, then poured into the Lost Creek glacial trough. They covered the floor 
of the trough and moved westward to within a quarter of a mile of Limberlost Forest 
Camp. White Branch, Obsidian, Linton, and Proxy Creeks all disappear beneath this 
blanket of lava before reappearing in a series of large springs at the head of Lost 
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Creek. It has not been possible to trace single flow units from Sims Butte for long 
distances because of the overlying Collier lavas and the heavy forest cover, and be
cause the Sims lava advanced as thin, overlapping sheets of limited extent. Lava 
tongues, only one foot thick, cover several acres along some parts of the flow mar
gins. The best cross-sectional exposures of Sims lava are seen along the switchbacks 
of the McKenzie Pass Highway, where five or more separate flows can be counted in 
one 15-foot embankment. A typical flow is 3 to 5 feet thick with a thin, dense crust 
resting upon a base of unconsolidated rubble. 

Condon Butte is three miles northeast of Sims Butte and is considered here to be 
genetically related to it. The cones are about the same size, equally forested, and 
their ejected material is, for all practical purposes, identical. Condon Butte, how
ever, did not emit a great volume of lava and as a consequence the cone is symmet
rical. In the summit are two nested craters from which short, stubby flows moved 
down the southwest flanks. 

Volcanic History of Yapoah Cone and Related Vents 

Between McKenzie Pass Highway and the North Sister, the Skyline Trail (fig.l) 
leads across an alignment of six cinder cones and gas vents which i~ 1.4 miles long 
and trends S .4°W. At the midpoint of the alignment stands Yapoah Cone, and from 
its base several lava streams extend northward, covering 6 square mi les (fig. 4). Lava 
from Yapoah Cone rests upon Little Belknap lava and is overlain by ashes and fine 
scoria from Four-in-One Cone. 

Prior to Recent time, an unusual type of flow rock was erupted from a set of 
fissures along the Cascade crest between Black Crater and North Sister (fig. 1). Bombs 
and lava were discharged simultaneously and spread down the western slopes in what 
might be described as an agglutinate flow. A typical unit is 30 feet thick with a 10-
foot crust of red bombs and spatter which passes gradationally into an underlying dense 
lava choked with bombs. Yapoah Cone and related vents, together with Collier Cone 
and the Ahalapam Cinder Field (fig. 5), rests upon the glaciated agglutinate flow 
rocks. Some of these Recent and older-than-Recent eruptive features are not easily 
distinguished along the crest; consequently, an interpretation of the volcanic history 
of this area may be subject to a wide variety of opinion. 

Hodge (1925) named the Ahalapam Cinder Field and described it as "two rows 
of volcanoes having the appearance of morainal topography. II Williams (1944) sug
gested that "e jecta from Collier and Yapoah cones had accumulated on morainic 
mounds, II but noted the presence of "many large bombs, several more than four feet 
across and a few even eight feet across, scattered among the fine scoria. II The bombs 
were cited as evidence of eruption from local vents and most of the crest in this area 
was mapped as a field of Recent eruptive activity (Williams, 1957). In the opinion 
of the writer, however, the Ahalapam Cinder Field is a mantle of scoria and ash 
ejected from the Collier vent and deposited upon glacially dissected agglutinate flows. 
Recent eruptions between McKenzie Pass and North Sister have occurred only adja
cent to Scott Pass and along the Four-in-One and Yapoah-Collier alignments, as 
described below. 

Yapoah Cone rises 500 feet above its surroundings except on the south side, 
where it abuts against a glaciated ridge of agglutinate flows. The summit crater is 
about 300 feet long in a north-south direction, 100 feet wide, and mantled with red 
cinders. Stratified deposits of yellow lapilli-tuff occur on the east rim, but outer 
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slopes of the cone are covered with black cinders. The remarkable symmetry of Ya
poah Cone may be due to persistence of explosive activity until a late stage; all 
lavas adjacent to the cone are partly obscured by ashes and scoria. Pyroclastic de
posits resulting from Yapoah eruptions, however, are neither as thick nor as widely 
distributed as similar material from nearby Collier and Four-in-One Cones. 

Half a mile north of Yapoah Cone, a linear cluster of three small spatter cones 
was nearly engu I fed by Yapoah lava. Rocks from these vents are i denti cal to ej ecta 
of the Yapoah type, and probably came into existence during the same eruptive episode. 

Other Recent volcanic activity near Yapoah Cone may antedate the Yapoah 
eruptions. A gas vent was blasted through the agglutinate flows 0.3 mile south of 
Yapoah Cone, leaving a circular depression 300 feet in diameter (fig. 4). Immedi
ately south of the gas vent a small, asymmetrical cinder cone was built on the margin 
of a precipitous ridge. The west flank of this cone rises 350 feet above nearby low
lands, while its eastern rim stands only 30 feet above the ridge top. Near Scott Pass, 
one mile to the northeast, a deep, round pit, 400 feet in diameter, interrupts a gla
cially striated surface cut on red agglutinate flow rocks. Other poorly defined gas 
vents exist to the north and south of Scott Pass and are located along the system of 
agglutinate flow fissures mentioned previously. These vents may be assigned on a 
provisional basis to a Recent, but pre-Yapoah, eruptive episode. The activity was 
confined largely to the incipient Yapoah alignment, but also reached the surface 
through conduits along the older agglutinate flow fissures. 

Lava units from Yapoah Cone are composed of porous crustal blocks which be
come increasingly coherent downward, grading into a thin, dense base. A cross
section of this structure is exposed in highway cuts east of Dee Wright Observatory 
on McKenzie Pass. 

Yapoah lava was discharged first from a bocca on the north, then from a bocca 
on the northwest side of the cone. The first lobe, here referred to as the Observatory 
Lobe, was channeled northward until it reached that part of the Cascade crest now 
traversed by McKenzie Pass Highway. At this point it encountered the Little Belknap 
shield volcano and was deflected down the east slope of the range, eventually reach
ing a total length of 8 1/3 miles. 

For a distance of 1 ~ miles downstream from Yapoah Cone the final lavas of the 
Observatory Lobe moved in a narrow channel perched on the lobe crest, and confined 
by lava levees. At intervals the levees were breached, releasing dendritic cascades 
which poured laterally down their flanks. At its terminal end, the channel split into 
three principal branches. The central and eastern branches fed the main lobe; the 
west branch produced a subsidiary lobe only two miles long. The remaining length of 
the Observatory Lobe is surmounted by a system of lava gutters which are, in some 
places, narrowly confined between lava levees. Upstream from such constrictions, 
transverse pressure ridges were formedi downstream, the lava frequently drai ned from 
beneath a congealed crust. In this way lava tubes were produced and long narrow 
trenches occur where their ceilings have collapsed. An excellent example of a col
lapsed tube is to be seen just east of the Dee Wright Observatory on both sides of 
McKenzie Pass Highway. 

A later lobe issued from a bocca approximately 100 feet above the northwest 
base of Yapoah Cone. Initially, the lava spread northward, plunged down a steep 
slope, and chilled to a standstill at the head of a large steptoe called "The Island." 
Succeeding lava flows by-passed this lobe on the west and formed an extensive ribbon 
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which ceased to move only after it had reached the base of the Belknap volcano three 
miles distant. The northwest bocca now is represented by a gutter leading to anopen 
tube, which descends 20 feet into the flanks of the cone before it pinches out above 
a fill of jagged lava. 

Volcanic History of Four-in-OneCone and Related Vents 

A series of 19 visible vents forms a short volcanic alignment about 1~ miles 
southwest of Yapoah Cone. The northern end of th is al ignment is marked by an elon
gate ridge of four coalescing cinder cones, appropriately named Four-in-One (fig. 5). 
At its southern end the alignment was inundated by lavas from Collier Cone. Between 
Four-in-One Cone and the margin of Collier lava, three small vents can be seen. 
One isslightly offset to the east and covered with scoria; two others are half-obscured 
by the Collier lobe, and emitted pasty clots of black spatter and accidental fragments 
of underlying rocks. In the Collier midstream, the summits of four cinder cones are 
exposed, each with a well-defined crater. The northern cone of this group was 
breached on its southwest flank by a lava flow which now is covered by the Collier 
lobe. Only the source area of the lava and its terminal extremity, one mile to the 
northwest, are exposed. 

The eruptive history of Four-in-One Cone is not known in detail, but several 
major events can be outlined. Activity developed first along a half-mile fissure, 
and probably was soon concentrated at four conduits separated by a uniform interval 
of about 700 feet. Concurrent eruption of bombs and coarse cinders resulted in the 
construction of four overlapping cones which attained a height of 200 feet. Lava 
escaped from the southern base of the south cone, covering several acres with a thin 
veneer of black vitreous rock, crowded with tiny vesicles. During the height of the 
eruption the cone was enveloped in black spatter, while scoria and ashes, composed 
chiefly of turbid brown glass, drifted east to the Cascade crest. Near the vents, the 
resulting deposits are more than 50 feet thick. Southward, they pass beneath Collier 
lavas; to the north they rest upon flow rocks from Yapoah Cone. 

Following the more violent stages of activity, four deep gashes were excavated 
in the west slope of the cone by streams of lava which eventually covered 1.4 square 
miles and reached a point 2 3/4 miles to the northwest. Counting from the north vent, 
the flow from the second was obscured by a subsequent flow from the third, which 
seems to have issued at about the same time as flows from the first and fourth vents. 
Because the lavas moved northwest and the ash was blown eastward, they do not in 
general overlap. The breaching of the cone, however, clearly involved both its 
reddish core and its black covering of spatter. 

Surfaces on Four-in-One lava resemble those found on the Yapoah lobes, ex
cept for the prevalence of red scoria (quarried from the cone) and the lack of long, 
continuous channels bordered by lava levees. The Four-in-One flows tend to branch 
repeatedly over short distances. This suggests that as the lava moved forward, it 
congealed quickly and succeeding lava was obliged to take a new course. Marginal 
lava curls were developed near the source vents. 

Finally, it should be noted that fragments of white rhyolitic pumice were ex
pelled with the basaltic ejecta. The pumice is most abundant as fine ash, but large 
samples occur on the cone, chiefly about the north vent. Occasionally pumice is 
found encased within the black rind of a spindle-shaped basaltic bomb. 
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Volcanic History of Collier Cone 

Collier Cone lies at the north-by-northwest base of the North Sister and prob
ably is, of the features described, the most recently active volcano. Stratified cin
ders and bombs are exposed in the crater walls. Black, fragmented bombs as much as 
one foot in diameter are abundant on the cone and may be found as distant as half a 
mile west and a quarter of a mile east of the vent. Fine-grained ejecta were driven 
eastward by the wind to form a square mile of alpine desolation, known as the Ahala
pam Cinder Field. Vitrophyric pumice, often mixed intimately with basaltic glass, 
is common in deposits of Collier ash and scoria. 

Collier flow rocks afford an unusually clear record of eruptive history. An es
timated 0.04 cubic mile of lava issued from the cone, producing a west lobe 8~ miles 
long and a northwest lobe 3 miles long (fig. 5). The lavas advanced in several dis
tinct surges, each different in composition from its predecessor. Outward appearances 
of these flows, however, are remarkably uniform. 

The initial lobe moved westward down the valley of White Branch Creek, block
ing the drainage of a large spring to form Spring Lake at the base of Sims Butte. It 
then plunged into the Lost Creek glacial trough, damming Linton Creek to form Linton 
Lake. Relief of this west lobe, from source to terminus, is 4,160 feet. 

The midsection of the lava stream, especially where it is steeply inclined, is 
occupied by long, multiple lava gutters. Several surges of lava must have poured 
down gutters formed previously, because two pairs of lava levees are nearly constant 
features of the early lobes and three pairs are fairly common. 

A final surge of lava filled and overtopped the crater of Collier Cone, mantling 
its western slopes in a shroud of thin lava tongues. The northwest part of the cone 
was breached at this time and a large sector was rafted a quarter of a mile by the 
rising flood. As the breach widened the lava drained away, leaving a smooth coat
ing on portions of the crater walls. The new lavas poured westward, narrowly con
fined between high levees. This last addition to the west lobe has been traced as far 
as Linton Lake but its furthest extent has not been recognized. 

Several short, broad, subsidiary lobes were formed as lava spilled out of the 
gutters along the upper third of the west lobe - probably because the narrow channel 
could not accommodate the large volume of lava discharged into it. Perhaps for this 
reason, lava burst through an opening north of the breached area to form the north
west lobe. As activity shifted to the northwest, the supply of fresh lava to the west 
lobe diminished, and the blocky crust was folded into transverse, arcuate pressure 
ridges wh ich now occur upstream from constrictions in its course. Final motion of 
the west lobe consisted of draining from the steeply inclined flow near the source 
vent. The deep gutter thus formed is now the most accessible route to the crater 
floor, and is occupied by the Skyline Trail. Before the northwest lobe chilled to 
its present form, a minor extension moved approximately 200 feet into the upper 
reaches of th is gutter. 

A few small lava tongues emerged at the north base of Coli ier Cone from a vent 
now buried beneath scoria and ashes. The position of these flow rocks in the eruptive 
history of the cone is uncertain. 

At intervals throughout its length, the west lobe has been dissected by White 
Branch Creek. In the walls of these stream channels, the lobe is seen to be a mass 
of tumbled blocks and scoria. Close to the source, however, the blocky crust is 
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underlain by dense glassy lava cut by deep transverse fractures. 
During the past century, Collier Cone blocked the IlLittle Ice Age" advance of 

Collier Glacier. An early photograph (Campbell, 1924) shows Collier ice high on 
the flanks of the cone. When the ice attained a thickness of200 feet at its terminus, 
meltwater was discharged into the crater, much of the floor was covered with outwash, 
and stream gravels were deposited for more than one mi Ie down the west gutter. As 
the stream deposits near the cone are discontinuous and without interconnecting chan
nels, the meltwater must have traversed snowfields and probably was active for only 
a brief time. 

Continuity in the Volcanic Record 

In the preceding descriptions, reference was made to more than 125 separate 
vents which have emitted various combinations of lava, ejecta, and gas. A number 
of genetic interpretations of the resulting landforms and deposits were offered. The 
shape of cinder cones, for example, depends upon such diverse factors as vent con
figuration, underlying topography, erosion, lava-breaching, explosive violence, 
and prevailing wind direction. The thickness of flow rocks and their surface features, 
aerial distribution, and sequence of superposition are determined by available topo
graphic channels, viscosity and volume of lava, eruptive chronology, and the nature 
of the volcanic IIplumbing ll in the subsurface. The interdependence which exists be-
tween some of these factors is critical to petrologic interpretations. . 

Persistent I i near vent patterns suggest that systems of fau I ts or fractures must 
underlie the volcanoes. The most obvious alignments are those of the Sand Mountain 
groups, Inaccessible Cone, Four-in-One cones, and the Yapaah-Collier vents. While 
caution must be exercised in tracing vent alignments over long distances, the trend 
displayed by the Belknap craters, the Spatter Cone Chain, and Blue Lake Craterprob
ably represents a similar continuous connection at depth. Close study of the eruptive 
centers, however, reveals several interesting irregularities. Some alignments (Four
in-One, for example) are linear over short segments but arcuate over their full length. 
Nearly all vent patterns except Belknap - Spatter Cone - Blue Lake and Four-in-One, 
trend individually north-south even where the composite alignment is differently ori
ented (Nash Crater, for example). 

With few exceptions, each cinder cone is associated with a swarm of subparal
lei, north-south vegetation lineaments which are seen best on stereographic pairs of 
aerial photographs. These I ineaments are composed of trees wh ich stand 10 to 30 feet 
above the surrounding forest. Several lineaments are visible from mountain tops, but 
only one, on the west flank of Bachelor Butte, has been traced directly on the ground. 
They are not observed, of course, above timberline or in deforested areas. As seen 
on a photo scale of 1:50,000, some of the lineaments are only 30 to 50 feetwide,are 
as much as five mi les long, and are nearly straight when plotted on a planimetric base. 

The origin of such lineaments is not well known. None transect the most re
cent of the forested flows, but older lava fields display them in profusion. They oc
cur with greatest frequency upon High Cascade glaciated bedrock which is overlain 
by thin deposits of ash or ground moraine. While the lineaments are not restricted to 
areas of Recent volcanic outbreak, they are concentrated near cones and usually a 
vent pattern coincides perfectly with a lineament. The following interpretation is 
offered on a provisional basis: Linear patterns of accelerated forest growth reflect 
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irregularities in the supply of ground water which are, in turn, influenced by a bed
rock joint set. Because the forest cover generally is scanty on glaciated bedrock 
surfaces, it is difficult to correlate lineaments on the map with joints in the rocks. 
If such a joint set exists, it is parallel to the length of the High Cascades and, for 
the most part, predates Recent volcanism. Volcanic conduits, rising above a broad, 
magmatic alignment were influenced by the joints. Consequently, the vent patterns 
generally trend north-south even if the alignment of which they are a part does not. 
Lineaments of the lava fields are commonly arcuate and concave toward the source 
cones, and may represent fracture systems above a subsiding magma column. 

If the above interpretation is correct, it is likely that vents of a single eruptive 
center, coincident with a vegetation lineamenywere active at about the same time. 
To what extent can this principle be applied to a whole alignment of eruptive craters? 
The answer is contained in the statement of lava chronology given in Table I below. 

The central column in Table I is an eruptive sequence based upon radiocarbon 
age determinations, glacial records, and direct superposition of lava flows and ash 
deposits. Whether or not the approximate correlations in the third column are 
accepted, it will be seen that strict, detailed interpretation of an alignment as 

TABLE i. Lava Chronology 

Dates Eruptive Sequence 

a I der than 400 years Collier 

Four-in-One 

Yapoah 

little Belknap 

South Belknap flows 

360 A. D. ~ 160 (WSU-292) West Belknap flows 

1000 B.C. :!: 220 Clear Lake flow .. ?. 

1500 B. C. :!: 250 (WSU-29l) Blue Lake Crater .. ? .. 

Central Group and earliest 
flows from Nash, Sand, South 

Approximate Correlations 

S. vent Sand Mtn.; Twin 
Craters; Sims; Condon; 
Little Nash 
Latest flow, South Group; 
Fish Lake, Lava Lake flows; 
Spatter Cone Chain. 

Group; most of the ash from .. ?. Lost Lake Group 

Older than 10,000 years? 

Sand Mtn. AI ignment 

Cone and flow of N. Inac- .. ?. S. cones and flows of 
cessible; two old cones of N. Inaccessible Alignment 
Sand Mtn. Alignment; Hoodoo 

Flows and cones of quest. 
Recent age. 
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consisting 'of coeval rocks is' hazardous. The over-all eruptive sequence, however, 
is clearly related to geographic position; the eruptive history progressed from north
west to southeast. Exceptions to this rule are few and represent a comparatively 
modest volume of lava. 

Several physical characteristics of lava flows in the area of study can be cor
retated with this eruptive sequence. For example, early lavas were relatively fluid 
and for this reason formed voluminous shields and extensive lava fields of thin flows 
with complex, discontinuous drainage patterns. Later lavas were more viscous, and 
were erupted in lesser volume; they formed thick flow units with high-standing mar
gins and developed pressure ridge and lava gutter systems which are continuous for 
miles. In Part II of this paper, to be published at a later date, the results of petro
graphic studies and more than 200 partial chemical analyses will be placed within 

this framework of volcanic stratigraphy, and it will be shown that textural, mineral
ogical, and chemical characteristics of the lavas change in a regular way through the 
eruptive sequence. 

Many details of the Recent volcanic history of this interesting region remain 
unknown. In particular, correlations must be extended over a larger area and addi
tional radiometric dates must be obtained. The evidence at hand suggests that an 
elongate zone of volcanic activity cuts obliquely across north-south lineaments of 
the High Cascades in the vicinity of the Three Sisters. It may be continuous with a 
similar volcanic trend between the Three Sisters and Newberry Caldera to the south
east. For more than 10,000 years intermittent eruptions of basalt have occurred over 
the northwest extension of this zone, and during the last 4,000 years volcanic acti
vity has shifted from northwest to southeast. The duration, recency, and continuity 
of such ci record all suggest that future eruptions are possible in spite of the brief 
period of quiescence during historic time. 
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Glossary of Selected Terms 

Accidental fragments. Rock particles erupted from a volcanic vent which are foreign 
to the magma associated with the vent. 

Agglomerate. An accumulation of volcanic ejecta, usually near a vent, in which 
most of the particles are larger than scoria. 

Agglutinate. A deposit of mixed bombs and spatter, more or less consolidated. 
Ashes. Unconsolidated particles of volcanic ejecta, smaller than scoria. 
'STOCks. Angular fragments of volcanic ejecta, larger than scoria. Also applied to 

crustal fragments of lava flows. 
Bocca. An Italian term meaning vent. English usage generally refers to a lava vent 
---at the base of a cinder cone. 
Bombs. Volcanic ejecta of any size which have assumed a rounded, aerodynamic shape 
---during flight and have retained a recognizable vestige of this shape after impact. 
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Composite volcano. A volcanic mountain, generally large, in which lava is as abun
dant as ejecta. Opposed to cinder cone, generally small, in which ejecta 
predominate. 

Lapilli. A class of volcanic ejecta which includes scoria and accidental fragments of 
scoria size. 

Lapilli-tuff. A deposit of consolidated lapilli and ash. 
Lava fields, flows, lobes, and tongues. A lava field is a wide and complex expanse 

of lava flows from separate, but related, vents. A flow is made up of lava from 

a single vent or from a small source area of closely related vents. Lobes are 
separate and distinct lava streams belonging to a single flow. A lava tongue 
is, as the name implies, a small, tongue-I ike offshoot from a flow. 

Lava gutters and lava levees. If the supply of lava to an established channel rapidly 
diminishes, and if the flow gradient and fluidity is sufficiently great, the 
medial portion may drain away leaving a long deep gutter. Lava gutters are 
often bordered by high-standing margins called lava levees. 

Pressure ridge. Broad ridges of lava, transverse to the direction of flow. Generally 
arcuate in plan, concave upstream, and thought to result from differential 
movement between a stagnant crust and a mobile interior. 

Recent. A feature is considered to be of Recent geologic age if it came into existence 
since the last major glacial episode (here estimated to be 10, 000 - 12, 000 
years ago). 

Scoria. Particles of volcanic ejecta having coarse vesicular habit, irregular form, 
generally basaltic composition, and variable BB-shot (4mm) to walnut (32mm) 
dimensions. 

Shield volcano. A large, broad volcanic mountain with gentle slopes of constructional 
rather than destructional origin. 

Spatter. Irregular clots of ejecta, larger than scoria, but not highly vesicular; similar 
to bombs in origin but not in shape. 

Squeeze-ups. Protrusions of lava extruded through rifts in a solid crust. 
Steptoe. An elevated point of land surrounded by lava flows. 
Vesicles. Rounded gas-bubble cavities in lava rocks. 
Vitrophyric. The texture displayed by predominantly glassy lava which contains abun

dant megascopic crystals. 
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NOTABLES TO ATTEND INTERNATIONAL LUNAR CONFERENCE 

Nearly 100 scientists from 12 foreign countries and the United States will participate 
in the International Lunar Geological Field Conference in Bend, Oregon, August 
22-28. The scientists are authorities in astronomy, geology, astrophysics, and re
lated fields. Included in the roster of those attending are such names as Dr. Shotaro 
Miyamoto, Kyoto University, Japan; Dr. Harouin Tazieff, University of Brussels, 
Belgium; Dr. Aleksandr Mikhai lov, Main Astronomical Observatory, Soviet Union; 
Dr. Nikolay Kozyrev, Physico-Mathematical Sciences, Leningrad; and Dr. Gerard 
Kuiper, Lunar and Planetary Observatory, University of Arizona. 

The Conference is being co-sponsored by the New York Academy of Sciences 
and the University of Oregon, and is intended to advance investigation into the na
ture of the lunar surface. At least 10 papers will be presented and discussed by the 
participants, and five days will be spent on field trips in the area around Bend. 

Dr. Jack Green, New York Academy of Sciences, and Dr. Lloyd Staples, 
Department of Geology, University of Oregon, are co-chairmen of the conference. 
Other members of the general committee are Lawrence A. Dinneen, Oregon Division 
of Planning and Development, Hollis M. Dole, State Geologist; and Marion Cady, 
Lunar Base Research Facilities, Inc., Bend. 

KGW-TV,Portland, plans a program on the Conference August 22 at 11:30a.m. 

* * * * * 

CENTER FOR VOLCANOLOGY 

Dr. A. S. Flemming, President of the University of Oregon, has announced the estab
lishment of a Center for Volcanology in the Department of Geology. Named as 
Director of the Center is Dr. A. R. McBirney, who will come to the University of 
Oregon from the University of California, San Diego, at LaJolla. He has done ex
tensive work in volcanic regions in Central America, and is the author of many 
papers on volcanic activity. 

The decision to establish a Center for Volcanology at the University of Oregon 
J was based on the fact that the State of Oregon contains areas of volcanism, ancient 

and recent, unsurpassed in variety and scientific interest. More than half of the 
State is underlain or covered by volcanic rock, much of it extruded during Tertiary 
and Quaternary times. The Recent cones, flows, and pyroclastic deposits have changed 
very little since they were formed and are excellent laboratories for field studies. 

The early planning of the Center was done by a committee consisting C?f Dr. 
A.C.Waters, University of California, Santa Barbara; Dr. HowelWilliams, Univer
sity of California, Berkeley; Dr. Gordon Macdonald, University of Hawaii i Mr. 
P. D. Snavely, U.S. Geological Survey, and Dr. L. W. Staples, University of 
Oregon. Dr. Staples, who is Head of the University of Oregon Department of Ge
ology, announced that one of the first activities of the Center for Volcanology will 
be the co-sponsoring with the New York Academy of Sciences of an International 
Lunar Geological Field Conference in Bend August 22 to 28. About 17 lunar geol
ogists from abroad and 32 from the United States have indicated their intention of 
attending the conference. Many scientists will read papers and all will participate 
in five days of field trips to volcanic features similar in appearance to lunar topog
raphy shown by the pictures taken by Rangers 7, 8, and 9. 

* * * * * 
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NATURAL GAS AND PETROLEUM PRODUCTS 
PIPELINES IN THE NORTHWEST 

By Vernon C. Newton I Jr. * 

Introduction 

Petroleum supplies the largest portion of energy used in the United States at 
the present ti me. Fuel consumption figures for 1962 show that oi I provi ded 
43 percent of our energy I natural gas 29 percent, coal 24 percent, and elec~ 
tricity 4 percent (Oil and Gas Journal, 1963). Natural gas consumption is 
climbing rapidly and some economists predict that gas will continue to pro
vide nearly one-third of the United States' energy through 1980. 

In 1957 Oregon and Washington received supplies of natural gas upon 
completion of the Pacific Northwest Pipe line Corp. system. The firm was 
acquired by the EI Paso Natural Gas Co. in 1959. Gas is transmitted 
through this pipeline from the southwestern states and is imported from west~ 
ern Canada on the northern end of the system. Completion of the Pacific 
Gas Transmission Co. pipeline from Alberta to northern California in 1961 
provided the Northwest with three sources: British Columbia, Alberta, and 
the southwestern states. Domestic and industrial consumption of natural gas 
in Oregon in 1964 amounted to 49.3 MMMCF (Paul f 1965). [MCF is the 
abbreviation for 1,000 cubic feet of gas. Each M is equal to mul tiplyi ng 
by 1, 000. ] 

Pipelines carrying refined petroleum have not been used as extensively 
in Oregon and Washington as in some of the other states because of fewer 
areas of dense population; however, the demand for petroleum products is 
increasing in these two states. The Salt Lake Pipe Line Co. has supplied 
the inland area of the Northwest through its 8-inch pipeline since 1950. 
Refineries in northern Utah supply the Salt Lake system pipeline. Industrial 
growth throughout the Willamette Valley prompted the building of a products 
pipel i ne from Portland to Eugene in 1962 by Southern Pacific Pipe line Co., 
a subsidiary of Southern Pacific Railroad. Construction is now underway 
on the O"lympic Pipe Line Co. system between Portland and Seattle to sup
ply those cities with products from refineries in northern Washington. The 

* Petroleum Engineer, Oregon Dept. of Geology and Mineral Industries. 
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Yellowstone Pipe line transports oil from reH{z~ries near Billings, Mont., 
to the Spokane area of eastern Washington. 

Gas Transmission Companies 

EI Paso Natural Gas Co. 

The EI Paso Northwest system provides gas for industry and households 
in portions of Oregon, Washington, and Idaho (see figure 1). Its executive 
and operating offices are in EIPaso, Tex. Gas is collected into the southern 
end of the pipeline from fields in the San Juan Basin, N. Mex.; Paradox 
and Uinta Basins, Utah; Piceance Basin, Colo.; and the Green River Basin, 
Wyo. Gas from the Peace River fields of British Columbia and Alberta is 
piped to northwestern Washington, where about 300 MMCF per day is put 
into the north end of the EI Paso system. This gas is purchased from West 
Coast Transmission Co., a Canadian firm, Clt the international border near 
Sumas, Wash. EI Paso also purchases 151 MMCF per day from Pacific Gas 
Transmission Co. at Spokane, Wash. for its customers in eastern Washington 
and northwestern Idaho. Since EI Paso is the licensed transmission company 
for the northwestern states, any gas taken from the PGT pipel ine for use in 
Oregon, Washington, or Idaho must be transmitted through EI Paso's facil
ities (Paul, 1965). 

EI Paso delivered an estimated 140 MMMCF of gas to distributing firms 
in Idaho, Oregon, and Washington in 1964. Considering the purchase price 
at the wellhead by EI Paso, the cost to the distributing companies, and the 
ultimate cost to the consumer, the value of the gas used in the Northwest 
in 1964 amounted to approximately $160 million. _ 

In Apri I 1964 the Uni ted StatesSupreme Court ordered EI Paso Natural 
Gas Co. to divest itself of its interest~ In the Northwest system. EI Paso 
merged with Pacific Northwest Pipe line Corp. in 1959, following acqui
sition in 1957 of the latter company's stock. A compl ete new company wi II 
be organized under a divestiture plan approved June 24, 1965, by Judge 
Ritter for the Federal District Court at Salt Lake City, Utah. The new com
pany will be known as Northwest Pipeline Corp. and will be headed by 
Glenn W. Clark, former president of the Mississippi River Fuel Corp. The 
new company will start operations following the transfer of the stock and the 
liquidation of the EI Paso holdings (Paul, 1965). 

The new firm will assume control of $243 million in assets of the North
west system, which includes 2,633 miles of pipelines, 95,220 proven acres 
of gas leases, and 511 producing gas wells. Reserves are estimated to be 
1.7 trillion cubic feet of gas, an approximate 27-year "life index" for the 
system (Brumbelow, 1965). 
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Pacific Gas Transmission Co. 

Pacific Gas Transmission Co. is only one portion of a proj ect sponsored 
by Pacific Gas & Electric Co. to import natural gas from Alberta, Canada, 
to its distribution systems in central and northern California. The PG&E 
project encompasses a 36-inch pipeline 1,400 miles long with an initial 
delivery capacity of 414 MMCF and an optimum delivery capacity of 800 
MMCF per day at Antioch I Cal if. 

PGT receives its gas supply from Alberta Natural Gas Co. at the inter
national border near Kingsgate, B.C. The gas is then transported 614 miles 
across the states of Idaho, Wash ington I and Oregon, where it is del ivered 
toPG&E at the Cal ifornia-Oregon border near Klamath Falls (see figure 1). 
The pipeline was completed and placed in operation in December 1961. 
The line was constructed primarily to supply gas to the San Francisco Bay 
region. However, a portion of the facility1s capacity is reserved for the 
northwestern states. 

No significant changes were made in the Pacific Gas Transmission Co. 
pipeline in 1964. Meter taps were made by EI Paso Natural Gas Co. in 
the 36-inch pipe at Beaver Marsh and Gilchrist to allow service to those 
central Oregon communities. A tap will soon be made for Chemult. Daily 
deliveries through the PGT system in 1964 average as follows: California, 
425 MMCF per daYi Washington, 116.3 MMCF per day; Montana, 30.1 
MMCF per day; Oregon, 2.7 MMCF per day; and Idaho, 0.3 MMCF per 
day for a total of 574.4 MMCF per day (Nabors, 1965). 

Hearings were scheduled to begin in July 1965 to consider the appli
cation of PGT filed January 12, 1965 with the Federal Power Commission 
to increase its dai Iy del iveri es to PG&E to 600 MMCF per day. I f approved, 
the company would increase its deliveries by 50 percent, or 200 MMCF per 
day, by 1 968 (Pau I, 1 965). New compressors w ill be i nsta II ed in th e sys
tem, which will increase present transmission by 52,000 horsepower. Cost 
of the added compressors will amount to $14 million. Oregon will receive 
$9.2 million of the new installations, or 34,000 of the added horsepower. 
Compressor stations are planned at lone, Madras, and Bonanza in central 
Oregon (Nabors, 1 965) . 

Gas Distributing Companies 

Six gas distributing companies, described below, buy gas from EI Paso 
Gas Co. and pipe it to areas in Washington and Oregon (see figure 2). 
Table 1 gives sales statistics on gas sold in Washington in 1963 and in Ore
gon in 1964. Sale and distribution of gas is regulated by the Washington 
Utilities and TransportaHon Commission and by the Oregon Public Utility 
Commissioner. 
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TABLE 1. Sales Statistics. 

Sal es Stati sti cs - Wash i ngton (1963) 
(Washington Utilities and Transportation Commission) 

Company 

Cascade Natural Gas Corp. 
Columbia Gas Co. 
Northwest Natural Gas Co. 
Washington Natural Gas Co. 
Washington Water Power Co. 

Totals 

Company 

California Pacific Utilities Co. 
Cascade Natura I Gas Corp. 
Northwest Natural Gas Co. 

Totals 

Number of 
therms sold 

301,654,377 
2,433,236 

108,797,901 
390, 143,621 
124,529,983 
927,559, 118 

Revenue 

$14,806,802 
232,455 

4,555,634 
28,473,505 
8,431,395 

$56,499,791 

Sales Statistics - Oregon (1964) 
(Oregon Publ ic Uti I ity Commissioner) 

Number of 
therms sold 

50,631,134 
63,464,849 

417,300,942 
531,396,925 

Estimated 
Revenue** 

$ 3,310,000 
4,150,000 

27,340,000 
$34,800,000 

* Estimates based on 1 cu. ft. ::.: 1,075 Btu. 
** Estimated on average 6.51 cents per therm revenue. 

Est. cu. ft. 
sold (MMMCF)* 

28.0 
0.2 

1.0.0 
36.4 
11.6 
S6.2 

Est. cu. ft. 
sold (MMMCF)* 

4.7 
5.9 

38.7 
49.3 



California-Pacific Utilities 

The Cal-Pac system was organized as an independent company in 1938 
with its head offices in San Francisco, Calif., for the distribution of gas 
and electricity in southern and eastern Oregon and northern California. 
The company now provides electricity, gas, water, and telephone service 
in Oregon, California, Nevada, Arizona, Idaho, Utah, and Wyoming. 
Prior to the advent of natural gas, the company served liquified petroleum
air gas in La Grande in eastern Oregon and in Ashland, Grants Pass, Kla
math FaHs, Medford, Phoenix, Roseburg, and Talent in southern Oregon. 
When natural gas became available, the systems were converted: La Grande 
in September, 1956, Klamath Falls on April 3, 1962, and the other south
ern Oregon communities in October and November, 1963. 

The company has expanded service to the following additional commun
ities: Gold Hill, Central Point, Jacksonville, Winston, Elgin, Sutherlin, 
Imbler, Rogue River, Canyonvi lie, Myrtle Creek, Di liard, Island Ci ty, 
Yoncalla, and Beaver Marsh. 

The construction budget for 1965 was set at $2.4 million. During 1964, 
the company sold 4.7 MMMCF (Paul, 1965, and Lyman, 1965). 

Cascade Natural Gas Corp. 

Cascade Natural Gas Corp. was incorporated as an independent com
pany on January 2, 1953. On December 21, 1964, the company provided 
service in 64 communities, of which 49 were in Washington and 15 in Oregon. 

During 1964, Cascade sold about 5.9 MMCF of gas in the following 
Oregon cities: Madras, Bend, Crescent, Hermiston, Pilot Rock, Athena, 
Baker, Nyssa, Redmond, Gilchrist, Umatilla, Pendleton, Milton-Freewater, 
Weston, and Ontario. 

The company has three service areas in western Washington: north of 
Seattle to the Canadian border; west of Puget Sound to Hoquiam on the coast; 
and the industrialized communities between Castle Rock and Woodland. 
East of the Cascade Mountains the firm suppl ies natural gas to 12 communi
ties in the Yakima Valley and 9 other communities in and around Pasco, 
Moses Lake, and Walla Walla. Construction is under way on facilities to 
furnish natural gas to the city of La Conner in Skagit County, Wash., late 
in 1965 (Camp, 1965; Paul, 1965; and Timm, 1965). 

Columbia Gas Co. 

The Columbia Gas Co. began selling natural gas to residents of Ritz
ville, Wash., in 1957. Since that time the communities of Endicott, Gold
endale, Warden, and Stevenson have.. b.een added to the compony's service 
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area. Present headquarters of Columbia Gas Co. are at Great Falls, Mont. 
The firm is a subsidiary of the Hardrock Oi I Co. of Montana. It was for
merly the Eastern Washington Natural Gas Co. of Ritzville, Wash. The 
company has no immediate plans for expanding its distribution system In 

eastern Washington (Lowry, 1965, and Timm, 1965). 

Northwest Natural Gas Co. 

Northwest Natural Gas Co. is the largest natural gos distributing firm 
in Oregon, its system encompassing in excess of 4,000 miles of main rang
ing from one inch to 32 inches in diameter. The firm first began operations 
by distributing gas made from coal, under the firm name of Leonard & Green 
Co. In 1913, under the then corporate name of Portland Gas & Coke Co., 
the company's operation was converted to the use of oil Jor the production 
of gas. From October to November 1956, the company again converted its 
system -- this time to natural gas. On July 1, 1958, the corporate name 
was changed to Northwest Natural Gas Co. 

Since the advent of natural gas in 1956, the company has greatly ex
panded its operations. At that time it was serving the Willamette Valley 
from Portland to Albany and the Tualatin Valley to Forest Grove, in Ore
gon, and Vancouver in Washi~gton. - During the past eight years, the com
pany has acquired the liquified petroleum distribution systems serving Camas 
and Washougal, in Washington, and The Dalles, Eugene, Springfield, Cot
tage Grove, and Coos Bay in Oregon. All these systems, with the excep
tion of the Coos Bay system, have been converted to natural gas. It is 
planned to convert Coos Bay about 1967. The company now serves natural 
gas in 63 incorporated and about 83 unincorporated communities in Oregon. 
It has also extended its system to White Salmon, Ridgefield, and Battle 
Ground, Wash. 

I n March, the company announced plans to construct three transmission 
lines to extend its system to the Oregon coast during the next three years, 
at an estimated cost of $16.7 million. Construction of the transmission lines 
alone will require 300 miles of pipe. 

Phase I of the planned program includes extension of the company's 
system from St. Helens to Astoria and Seaside. The proj ect included the 
stringing of more than 3,800 feet of 16-inch pipe across the Columbia River 
near Deer Island by EI Paso in March 1965. Northwest Natural Gas has 
completed the construction of that portion of its line to Wauna, where it is 
now serving the Crown-Zellerbach plant, and construction is continuing on 
the rest of the line. The completed line will be 16 inches in diameter to 
Clatskanie, 12 inches in diameter to a point west of Wauna, where it is 
reduced to 10 inches to Astoria. A 6-inch line will then extend the system 
into Seaside. (See photograph page 162.) 
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Phase II of the expansion involves building a pipeline from Mt. Angel 
to Newport and Toledo by way of Otis. The 10-inch section of the line 
from Mt. Angel to Perrydale was completed in 1964. The project from Per
rydale to Tuledo wi II bp. either 10 or 12 inches in diameter, and is sched
uled for completion by November 15, 1965. At Boyer an 8-inch lateral 
will be laid to Hebo, where the line will be reduced to 6-inch to Tillamook 
and Garibaldi. The transmission line alone for this project will cost about 
$5 million. 

Phase III includes laying a 12-inch pipeline between Cottage Grove 
and Reedsport, then south to Coos Bay. The south coast pipeline will cost 
an estimated $6 million. This transmission line is scheduled for completion 
some time in 1968. Termini of the three coastal laterals are strategically 
located with respect to offshore oil leases now being explored by several 
large oil companies. Should gas production be found, it would seem to be 
an easy matter to utilize the new resource (Paul, 1965, and Gould, 1965). 

Washington Natural Gas Co. 

Prior to 1956, Washington Natural Gas Co. sold manufactured gas to 
its customers. In the period 1956 to 1964, it increased its plant investments 
3~ times following conversion to natural gas. The company serves 45 com
munities along a 125-mile route reaching from Marysville in the north to 
Chehalis in the south. Franchises and applications are pending on the.Wash
ington towns of North Bend, Snoqualmie, Winlock, and Toledo. Delivery 
to these communities is expected by late 1965. Main offices of the company 
are located in Seattle. The Washington Natural Gas Co. is an independent 
company (Rockey I 1965). 

Washington Water Power Co. 

The company supplies natural gas to areas of eastern Washington and 
northwestern Idaho. The Washington Water Power Co. is an independent 
organization with its main offices in Spokane. Gas is obtained from the EI 
Paso Northwest pipeline and distributed to communities in the two states in 
the Lewiston-Clarkston area and in the Spokane and Coeur d'Alene districts. 
Washington Water Power plans to add to the east end of its service area by 
constructing a pipel ine to Wallace, Idaho; gas will reach mining towns in 
that area by 1966 (Cannon, 1965). 

Wash'ington Water Power Co., Washington Natural Gas Co., and EI 
Paso Natural Gas Co. initiated an underground storage project near Che
halis in May 1963. Gas has been injected into a small structure located 
by the Pleasant Valley Oil & Gas Co. in 1958. A total of 13 wells has 
been drilled to date. Of these drillings, two are injection wells, six are 
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observation wells, and five are water withdrawal wells (Deacon, 1964). 

Municipal gas companies 

The cities of Enumclaw, Buckley, and Ellensburg, Wash., have their 
own departments for distributing natural gas. Consumption figures have not 
been included in this report. 

Petroleum Products Pipelines 

Olympic Pipe Line Co. 

Work began on the Olympic Pipe Line Co. products system in mid
summer of 1964 and completion of the project is scheduled by late this year 
(see figure 3). A crossing of the Columbia River was made near Sauvie 
Island in October 1964. Olympic will be a common carrier of refined oils 
from the Shell Oil Co. and Texaco, Inc., refineries near Anacortes, Wash., 
and from the Socony-Mobil refinery at Ferndale, Wash. Gasoline, jet, 
diesel, and heating fuels will be shipped through the pipeline from the re
fineries to Portland. The 269-mile pipeline is designed to carry a maximum 
of 135,000 barrels of products daily. The line will be 16 inches as far as 
Renton, Wash., and 14 inches from Renton to Portland. Spurs totalling 40 
miles will also deliver products to marketing facilities in Seattle, Tacoma, 
and Olympia. Socony-Mobile Oil Co., Shell Oil Co., and Texaco, Inc., 
share holdings in the pipeline company and they will be the main users of 
the system. However, other companies will utilize the pipeline also. Head 
oHi ce of the company is located at Bell evue, Wash. (McCarthy, 1965). 

Sal t Lake Pipe Line Co. 

The Salt Lake Pipe Line Co., a wholly owned subsidiary of Standard 
Oil Co. of California, serves parts of eastern Oregon and Washington (see 
figure 3). Main offices are located in Salt Lake City, Utah. 

The products pipel ine between Boise, Idaho, and Pasco, Wash., was 
completed in 1950. Three years later the pipeline was extended to Spokane. 
The Boise-Pasco section is designed to carry a maximum of 32,000 barrels 
per day and Pasco-Spokane section to carry 14,000. 

Tank storage for the pipeline fluids is located at marketing centers 
along the pipeline, as follows: Baker, Oreg., 35,000 barrels; Adams, Oreg., 
78,300 barrels; Pasco, Wash., 1,370,260 barrels*;and Spokane, Wash., 

* 28,000 barrels is transported by barge. 
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1,091,000 barrels*. Pasco is the terminus for barge traffic up the Columbia 
River. Because of its location on rail and water transportation, it is the 
central distribution point for marketing to the inland area of eastern Wash-
i ngton and Oregon and western Idaho (Baxter, 1965). 

Southern Pacific Pipe lines, Inc. 

An 8-inch pipeline owned by Southern Pacific Pipe lines, Inc., San 
Francisco, Calif., connects cities in the Willamette Valley of western Ore
gon with supplies of petroleum brought to Portland by ocean tankers (see 
figure 3). The 113-mile pipeline was constructed at a cost of $7 million. 
Gathering lines totalling 12 miles in length collect products from oil com
pany storage along the Columbia River in northwest Portland. 

A plant consisting of 15 tanks capable of storing 120,000 barrels of oils 
is located at Albany. A second and larger facility comprising 30 tanks is 
situated at the end of the pipeline near Eugene. Capacity of the Eugene 
tank battery is approximately 300,000 barrels. 

The Southern Pacific pipeline is used by all the major oil companies 
which market in the area. Refined oils are shipped intermittently through 
the pipeline, depending on demand. Capacity of the pipeline is 22,000 
barrels per day (Morgan, 1965). 

Yellowstone Pipe line Co. 

Petroleum products gathered and refined near Bill ings, Mont., are 
shipped through a 10-inch line owned by the Yellowstone Pipe Line Co. to 
Spokane, Wash. (see figure 3). Yellowstone is owned and operated by the 
Continental Oil Co. Capacity of the system is rated at 29,000 barrels per 
day. Offices of the pipel ine company are located at Ponca City, Okla. 
(Wright, 1965, and Governors' Special Study Committee, 1964). 

Crude-oil Pipelines 

Trans Mountain Oil Pipe line Co. 

Only one crude-oil pipeline has been constructed to the Pacific North
west thus far (see figure 3). This is a Canadian system operated by the Trans 
Mountain Oi I Pipe line Co. (U. S. subsidiary named Trans Mountain Oi I 
Pipe Li ne Corp.). Offices of the firm are located in Vancouver, B. C. 
Crude oil is transported through a 24-inch line from fields near Edmonton, 

* A portion ?f the storage serves the Yellowstone pipeline. 
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Alberta, to the company's tank farms at Burnaby, B.C., and Sumas, Wash. 
The capacity of the system is 250,000 barrels per day. Addition of two 
sections of 30-inch line and pumping stations will increase the capacity to 
300,000 barrel s per day. 

A 20-inch extension was constructed in 1954 from the international 
boundary to refineries in northern Washington. Average daily deliveriesof 
crude in 1964 were approximately as follows (Sheasby, 1965): 

Vancouver, B. C. 
Ferndale, Wash. 
Anacortes, Wash. 
Edmonds, Wash. 
Seattle, Wash. 
Tacoma, Wash. 

72,324 barrels per day 
33,000 
94, 115 

3,760 
3,000 

11,740 

217,939 barrels per day 

Refineries in the Pacific Northwest 

The U. S. Bureau of Mines reports the following capacities for refiner
ies in the Pacific Northwest in 1964: 

Mobil Oil Co. Ferndale, Wash. 39,000 barrels 
Shell Oil Co. Anacortes, Wash. 63,500 
Texaco, Inc. Anacortes, Wash. 50,000 
Union Oil Co. Edmonds, Wash. 4,000 
U. S. Oi I & Ref. Co. Tacoma, Wash. 12,500 
American Bitumels & 

Asphalt Co. Portl and, Oreg. 7,000 

Petroleum Supply and Demand 

The marketing of petroleum fuels in the Northwest has developed into 
a very sophisticated business involving huge pipeline facilities, ocean trans
port, and river barging. Each new facility has extra capacity designed in 
it for growth, indicating that oil companies expect the area to prosper. The 
major portion of the refined petroleum entering the Northwest comes by 
ocean freighter from Cal ifornia. More than two mill ion barrels of foreign 
crude oil from the Persian Gulf and Venezuela were unloaded from super
tan kers at Anacortes in 1963. 

161 



-
0 
u 
~ 

0 
() 

0 j c 
~ -0 z -~ 
" ~ 

..c -c 
, 

0 
Z ~ 
~ 

0 ; 
>-
~ 

" -c 
~ 
0 
u 
0 -0 

..c e,. , 

"' <l' 
.-

c 
0 m , 

" c 

0 
- ' c 

" c ' 
0 

'" 0' 
" c 

" c 

8. 
m 

..c ' 
u 

.:: ~ 
I 

'" 
C , 
0 
C 
0 

°Z' 
u 
~ 
c -~ c 
0 

U. 

162 



Petroleum products comprised 50 percent of the shipping at Portland 
docks in 1964 and approximately 55 percent at the Port of Seattle. A total 
of 6.5 mi Ilion tons of petroleum reached the Port of Portland by ocean tank
er in 1964, and 4.9 million tons were unloaded at Seattle (tonnage includes 
asphalts and nonclassified petroleum products). About 75 percent of the 
shipments received at Seattle were rerouted and 1 percent of the petroleum 
shipments received at Portland were reshipped. A brief review of market
ing reports (table 2) gives a general idea of the petroleum supply-demand 
organization in Oregon and Washington. 

Given below are figures for the amount of petroleum used in these two 
states in 1962 and net receipts of petroleum in 1963. Although data avail
able are for different years, the total amounts are in fairly close agreement. 

Amount of petroleum used*, 1962 (from IIPetroleum Facts and Figures, II 
American Petroleum Inst., 1963): 

Oregon 
Washington 

Total 

35,348,000 barrels 
56, 169,000 barrels 
91, 51 I, 000 barrels 

Total net receipts of petroleum*, 1963 {from figures supplied in this 
report}: 

Domestic crude: freighter 
Foreign crude: pipeline 

freighter 
Refined products: Salt lake Pipe line 

Yellowstone Pipe line 
Refined products: 

Coastwise freighter 
Fore i gn fre i gh ter 

Total 
* Excluding road materials 
** Estimated 

2,800,000 barrels 
46,000,000 barrels 

2,300,000 barrels 
5,000,000 barrels 
4,000,000 barrels** 

32,343,000 barrels 
374, 000 barr e I s 

92,817,000 barrels 

Approximately 8.5 percent of the petroleum received at the Portland 
docks is barged up the Columbia River to inland markets (table 3). Many 
of the river barges are constructed with oil tanks in the lower hull and grain 
hoppers above. Upriver hauls are made with petroleum and downriver hauls 
consist of grains. Pasco, Wash., is the main upriver destination of products. 
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TABLE 2. Ocean shipments of petroleum commodities, Washington-Oregon, 1963*. 

Ocean Shipments into Puget Sound, Washington 1 
(Short Tons) 

Foreign Domestic 
Commodity Imports Exports Receipts Shipments 

Gasoline 9,633 8,466 1, 148,620 1,876,368 
Gas-oil, disti lIate fuel oil 140 1,310,363 765,229 
Crude oil 385,659 220,095 
Jet fuel 23,159 194,330 276,605 
Kerosene 16,477 
Residual fuel oil 44,825 17,235 878,204 231,594 
Aliphatic naphtha 14,537 87, 154 
Lubricating oil, grease 737 66,988 5,029 

Totals 463,276 26,578 3,833,137 3,258,456 

Ocean Shipments into the Columbia River and Pacific Ports, Oregon2 

(Short Tons) 

Foreign Domestic 
Commodity Imports Exports Receipts Shipments 

Gasoline 2,453,514 14,795 
Gas-oi I, distillate fuel oil 1,879,415 36,008 
Crude oil 179 245,893 
Jet fuel 86,742 
Kerosene 357 
Residual fuel oil 17,296 890,118 765 
Aliphatic naphtha 21,236 12 
Lubri cati ng a it, grease 51 6,083 110,634 9 

Totals 17,526 6,083 5,687,909 51,589 

* Original data obtained from Waterborne Commerce of the U. S., 1963: U. S. 
Corps of Engineers, District Office, Portland, Oreg. 
Includes ports of Seattle, Grays Harbor, Tacoma, Everett, Anacortes, Belling
ham, Port Angeles, and Olympia. 

2 Includes ports of Portland, Yaquina, Astoria, and Coos Bay, Oreg., and Van
couver and Longview, Wash. 
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TABLE 3. Barge shipments on the Columbia River for the calendar year J 964* 

Through Bonneville Dam Through The Dalles Dam 
Commodity Unit Upstream Downstream Upstream Downstream 

Gasoline Gals 43,746,424 J, 94 J ,559 40,417,243 1,941,559 
Bbls 1,040,000 46,400 962,000 46,400 

Stove oil Gals 11,295,833 255,000 10,765,925 255,000 
Bbls 267,500 6,014 256,000 6,014 

Diesel oil Gals 31,769,565 212,473 28,586,418 212,473 
Bbls 756,000 5,010 680,000 5,010 

Misc. petroleum Gals 31,469,061 31,558,536 
products Bbls 748,000 753,000 

Totals Bbls 2,811,500 57,424 2,651,000 57,424 

* Waterborne Commerce of the U.S., Part 4, 1964; U.S. Army Engineers District 
Office, Portland, Oregon, Commercial StatistiCs Section. PIeliminary figures, 
subject to revision, obtained from Lockmaster1s Reports. Amounts shown in barrels 
were calculated from gallonage figures. 

Acknowledgments: The author is very grateful to W. A. Paul, Director of 
Utilities, office of Oregon Public Utility Commissioner, and to R. D. Timm, 
Secretary of Washington Utilities and Transportation Commission for offer
ing many helpful suggestions and for supplying much factual material for 
th is report. 
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THE RECOGNITION OF METEORITES 

By Erwin F. Lange 
Professor of General Science, Portland State College 

After a meteorite has fallen to the surface of the earth, it becomes an ob
ject of concern to geologists, rockhounds, and even farmers and gardeners. 
In fact, the entire science of meteoritics is dependent on the alertness of 
many groups, both professional and lay, for the recovery of ei ther old or 
newly fallen specimens. The writer, as well as the Oregon State Depart
ment of Geology and Mineral Industries, has received for identification 
from many well-meaning individuals a variety of rocks assumed to be dif
ferent and meteoritic. Neither the Department nor the wri ter has yetfound 
one meteorite among these rocks. However, it is hoped that, as morepeople 
become familiar with meteoritic characteristics, new meteorites of the Pa
cific Northwest wi" be made known. 

The identification and subsequent recovery of meteorites is particularly 
difficult in this area because of the presence of so many_volcanic rocks. 
While some meteorites resemble terrestrial volcanic rocks, they also have 
properties which are quite different. 

In general, meteorites fall into one of three broad classes: (1) the irons, 
which are made up of a nickel-iron alloy; (2) the'stones, which may hSJVe 
Cl gray to brown silicate groundmass through which small nickel-iron parti
cles are distributed; and (3) the stony irons, which form an intermediate 
class. Of the stony irons, the Pallasites are best known, being formed of 
a metallic network in which the cavities are usually filled with crystals of 
the mineral olivine. 

There is no single criterion by which all meteorites can be identified. 
The following points are useful in assessing an unusual specimen to deter
mine if it is a meteorite: 

1. Meteorites are heavier than ordinary rocks. The specific gravity 
ranges from about 3.0 for some stony varieties to about 8.0 for the iron, 
while most terrestrial rocks have a specific gravity well below 3.0. They 
are not porous or hollow,· nor do they resemble cinders. The stony meteor
ites resemble terrestrial rocks and are often mistaken for them. 

2. Meteorites are magnetic. The irons and stony irons are strongly 
attracted; the stony variety is only slightly attracted by a strong magnet. 

3. New Iy fall en meteorites usually have a black fusion coat and have 
shallow pits resembling thumb prints. Meteorites which have been exposed 
long to the weather may be brown or covered with rust, depending on the 
I ength of exposure. 
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4. On grinding a meteoritic specimen with an emery wheel, bright, 
shiny nickel-iron alloy becomes visible. The nickel-iron ranges from tiny 
specks in stony meteorites to the entire mass in the irons. 

5. Meteorites are irregular in form and may be almost any shape. A 
number of known meteorites are cone shaped, but none are as round as a ball. 

6. All meteorites contain the element nickel. A test for nickel is 
usually best done by a scientist. 

7. When the pol ished surface of an iron meteorite is treated or etched 
with dilute nitric acid, characteristic patterns known as Widmanstatten fig
ures are formed. Terrestrial alloys do not form Widmanstatten figures. Etch
ing is usually best done by a scientist. 

Meteorites, particularly those that are newly fallen, are of value as 
objects of scientific study and research. They are, however, of little value 
in the hands of an untrained individual. While there is a great similarity 
among all meteorites of anyone class, there are also differences which are 
of concern to specialists. Therefore, every new meteorite is of interest to 
science, since it may possess properties that are somewhat unique. 

If, on the basis of the above criteria, a reader feels that a known speci
men is a meteorite, a small sample should be cut off without mutilating the 
main mass and should be sent to the State Department of Geology and Min
erai Industries or to the writer for more exhaustive examination. In the 
case of a small meteorite, the entire specimen may be sent. The examin
ation and evaluation of the specimen is done free of charge and the piece 
will be promptly returned. If the specimen proves to be meteoritic, an of~ 
fer for purchase can usually be arranged. 

Since it is impossible that a scientist always be present at the site ofa 
new discovery, the addition of new meteorites for research depends largely 
on the ability of many lay people to recognize meteorites when they see 
them and on their willingnessto submit specimens for scientific examination 
and recording in the literature. 

* * * * * 

WATER RESOURCE PUBLICATIONS AVAILABLE 

Two water-supply papers of interest, one concerned with ground water in 
the east Portland area and the other a non-technical report on lakes and 
rivers in Oregon, have been publ ished by the U. S. Geological Survey and 
may be purchased from the Superintendent of Documents, U. S. Government 
Printing Office, Washington, D. C. 20402. Water-Supply Paper 1793, 
"Ground water in the east Portland area, Oregon, II by G. M. Hogenson 
and B. l. Foxworthy, is $1.00. Water-Supply Paper 1649, IIWater in 
Oregon, II by K. N. Phi II ips, R. C. Newcomb, H. A. Swenson, and L. B. 
Laird, is 60 cents. 

* * * * * 
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WHAT PRICE GOLD? 

By Pierre R. Hines* 

"Miniver scorned the gold he sought, 

The ORE BIN 
Volume 27, No.9 

September, 1965 

But more annoyed was he without it; 
Miniver thought, and thought, and thought, 

And thought about it. II 
E. A. Robinson ( Miniver Cheevy ) 

This review of monetary affairs is written for the gold-mining industry in the 
United States. It is in four parts, as follows: 

Part I. Proposed plans for the improvement of the i nter
national monetary system. 

Part II. The official policy of the United States Treasury 
upon international monetary systems. 

Part III. The relief given to foreign gold mines by their 
governments. 

Part IV. The unique economics of gold. W~at price gold? ** 

Introduction 

Since 1958 the United States' deficits in international payments have 
grown to such a size that they now endanger the soundness cf the U. S. 
dollar. Two investigations and studies for an international payments system 
have been made by separate U. S. commissions (one official and the other 
semi -official). Two committees of the International Monetary Fund have 
been working on the subject; and a number of books and pamphlets have been 
published recently by well-known economists proposing plans for improving 

* Mining Engineer, Portland, Oregon. 
** Parts I and II ar,e in this issue of The ORE BIN. Parts III and IV will be 

published at a later date. 
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the international payments system. These plans affect the gold-mining in
dustry either directly or indirectly. The ones most likely to be followed 
offer no assistance and let the gold-mining industry get along in the best 
way it can. Because the Third Gold and Money Session* will not be held 
until the spring of 1967, an interim review in 1965, as here presented, may 
be useful in preserving continuity between the 1963 and 1967 sessions. This 
review is addressed especially to the American gold-mining industry. 

What is causing all of these plans for improvement? 
The gold-exchange standard** imposes no controls upon either the 

debtor or creditor countries, so undesirable deficits and surpluses result. 
Further, key currency nations can run up large deficits, since their finan
cial integrity is the only regulatory instrument. 

Since the restoration of international currencies' convertibility and 
the removal of the restrictions upon capital movement, large capital flows 
of "hot" money, short-term funds, speculative money, and American foreign 
investments have upset the international balance of payments used to settl e 
trade balances. 

All of this has raised the question as to whether the gold reserves are 
ample for present and future world trade and whether they give sufficient 
time to correct international trade imbalances. Stated in the usual way: 
Has the world adequate "liquidity"? Liquidity is the main subject of most 
of the plans, and also the greatest differences of opinion exist about it. 

The United States' deficits have grown and its gold reserves have di
minished to a point where there is a danger of the collapse of the free-world 
payments system. Europe has all of the dollar exchange it wants and may 
demand future payments all in gold. 

Plans for the management of the dollar, mutual assistance among cen
tral banks, and centralization of monetary reserves are already in operation 
and have been valuable during recent crises in the pound sterling and the 
lira. However, they do not solve the fundamental troubles with present 
international payments. 

* Pacific Northwest Metals & Minerals Conference. 
** Gold~Exchange Standard: The gold-exchange standard is a compromise frequent
ly made in the hope that thegold-coin standard will be adopted later. The reserves 
of the governmental or centra! bonk may be largely in foreign exchange or notes of 
gold-standard countries. The unit of account is not directly convertible into gold, 
but instead into the currency of a country having a gold standard. This standard 
economizes in the use of gold. The reserves may be gold deposited abroad as a 
working balance or exchange in terms of a currency based on gold, or interest
bearing short-time assets readi Iy convertible into gold, such as short-term obi ;ga
tions of the United States Treasury. 
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PART I. 

Proposed plans for the improvement. 
of the international monetary system. 

Fritz Machlup, Director of the International Finance Section of the 
Department of Economics, Princeton University, has collected the various 
plans for the reform of the international monetary system and has publ ished 
them (Machlup, 1964). He has systematically analyzed them and has 
classified them as follows: 

A. Extension of the gold-exchange standard 
(1) With continuing increase of dollar and sterling reserves; 
(2) With adoption of additional key currencies. 

B. Mutual assistance among central banks 
(l) With safeguards against expansive credit and fiscal 

policy; 
(2) With extension of domestic credit and expenditures. 

C. Central ization of monetary reserves and reserve creation 
(1) With overdraft facilities available to deficit countries; 
(2) With autonomous reserve creation by the world central 

bank; 
(3) With finance of aid to underdeveloped countries. 

D. Increase in the price of gold 
(1) With gold-exchange standard continued; 
(2) Wi th gold-exchange standard abol ished. 

E. Freely flexible exchange rates 
(1) In order to make internal monetary policies more 

independent; 
(2) Because internal monetary policies are too independent. 

Class A - Extension of the Gold-exchange Standard 

(1) With continuing increase of dollar and sterling reserves. 

The present international monetary system which has been followed 
since World War II is in Class A(l). It has ma"ny supporters among econo
mists, bankers, officials, and politicians who believe that it is only a mat
ter of time unti i our balance of payments will be adjusted to a satisfactory 
point, that our gold supply is ample for present and future needs, that our 
credit is so high our dollar obligations will be acceptable to other countries 
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for gold-exchange reserves, and that our competitive position in world 
trade is improving while Europe's is deteriorating due to trouble with infla
tion, wage increases, higher cost of living, and rising prices. 

(2) With adoption of additio.nal key currencies. 

In 1962 Robert V. Roosa (AI iber, 1964L then Under Secretary of the 
U. S. Treasury for International Finance, together with the Federal Reserve 
System made a series of agreements with other central banks and govern
ments wh i ch add other currenci es to the previous key currency reserves of 
the dollar and pound sterl ing. The United States now holds a number of for
eign currencies in its reserves which were obtained in exchange for dollars. 
The other countries are also holding these dollars in their reserves. These 
arrangements are called "currency swaps." They have certain advantages 
in the management of the dollar in international finance and in the easing 
of the demand upon our gold reserves. They do not reduce the deficit in 
the United States' international payments. 

Class B - Mutual Assistance among Central Banks 

Under this heading come the "stand-by swaps" (AI iber, 1964) of cur
rencies between the United States and foreign governments or central banks 
(these include the sales of U. S. Treasury obi igations to foreign governments 
and central banks which are payable in the purchaser's own currency, are 
tax exempt, and are not marketable but serve in the place of gold); the 
mutual support by the free world's central banks, the U. S. Treasury, Fed
eral Reserve System, and the International Monetary Fund in times of crisis; 
and the gold pool. 

The "stand-by swaps" are agreements to exchange credits on demand 
but are not executed until an emergency arises. The sale abroad of U. S. 
securities gives the United States reserves of foreign currencies to have on 
hand in emergencies. These measures are designed to meet the sudden shifts 
of short-term "hot" money from one financial center to another. They re
place the transfer of gold and extend the gold-exchange system. R. Z. 
Aliber's liThe Management of the Dollar in International Finance" (1964) 
explains fully how, by intervening in the market, this protects the U. S. 
reserves of gold. The Group of Ten, namely the United States, the United 
Kingdom, Canada, Japan, Germany, France, Italy, the Netherlands, 
Bel.gium, Sweden, and by special arrangement, Austria and the Bank for 
International Settlements have a mutual support agreement for short-time 
credit which was used in the sterling crises of 1961,1962, and 1964 and 
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also during the run on the Italian lira in 1964. 
These plans are now in effect and it has been proposed to put them on 

a permanent basis under the management of the International Monetary Fund. 

Class C - Centralization of Monetary Reserves and Reserve Creation 

Professor Machlup lists 11 plans in this classification, which he de
fines as follows: 

"What all these plans, beginning with the Keynes plan 
(Machlup, 1964, p. 41; Triffin, 1960, p. 90-93) and including 
all other prototypes and variants, have in common is that an in
ternational financial institution is charged with the function of 
creating - through the acquisition of claims or other assets (or 
fictitious assets) - additional deposit liabilities that would be 
accepted by central banks as part of their monetary reserves. " 

Keynes (Machlup, 1964, p. 41) proposed a-new international mone
tary unit called "Bancor" for which national obligations, notes, etc. I were 
security. Bancor would be used in place of gold to pay countries having a 
surplus. A Central Clearing Union would handle the international payments. 
This plan would create additional reserves. The Triffin plan (Triffin, 1960, 
p. 102; Harris, ed., 1961, p. 223-306; Machlup, 1964, p. 39-61) follows 
a similar line of reasoning and was until recently the most discussed plan of 
this type. It modified Keynes' plans in accordance with the experience ac
quired since the end of World War II. Robert Triffin explains his plan fully 
in "Gold and the Dollar Crisis ll (1960); it is thoroughly discussed by Triffin 
and Altman in liThe Dollar in Crisis ll (Harris, ed., 1961). 

The "Group of Ten, II at the Tokyo meeting of the International Mone
tary Fund in September 1964, did recognize the possibility of the creation 
of a "new form of reserve asset" in the future. The International Monetary 
Fund's charter was the work of Lord Keynes and Harry Dexter White of the 
U . S. Treasury at Bretton Woods in 1945. Many of Lord Keynes I ideas were 
too novel and were not included at that time, but he is responsible for much 
of IMF's success. The study of these plans is not a waste of time, because 
they give a thorough understanding of the international payments problem. 

So much has been written on Class C that it is reviewed only briefly 
here. Many of the tables of data are factual or based on good sources and 
are well worth studying; it is only in their interpretation that differencesof 
opinion exist. The most important papers and publications are given in the 
references for those who wish to study them fully. 
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Class D - Increase in the Price of Gold 

(1) With the gold-exchange standard continued 
(2) With the gold-exchange standard abolished 

The plans which would continue to accept the United States f and the 
United Kingdom's currencies, obligations, and liabilities os reserves for 
foreign government treasuries and central banks' reserves as a supplement 
to gold are placed in Class D (1), while those which waurd abolish these 
currencies and deficits in dollars and sterling as reserve assets are put in 
Class D (2), which actually makes them a return to the gold s.tandard for 
international payments. 

Professor Machlup distinguishes between the plans which wouJd raise 
the price of gold for both newly mined gold and accumulated gold reserves, 
and the plans which would raise the price of newly mined gold alone. The 
increased value of the gold in the gold reserves of the latter plans would be 
neutral ized to prevent real ization of the IIcapitol gain" and its misuse for 
issuing more money and consequent inflation. The raising of the price of 
newly mined gold is more important to the gold-mining industry than increas
ing the value of the gold reserves. Many monetary authorities believe you 
cannot raise the price of newly mined gold without increasing the monetary 
value of the gotd reserves and creating loss of confidence in the stability of 
the currencies and international exchanges. The U. 5. Treasury has resisted 
stubbornly any change in the price of gold for monetary reasons. Others, 
who say that world trade needs more liquidity, would secure it by raising 
the price of gold and increasing the value of the gold reserves correspond
ingly. 50 to keep these various purposes separate and distinct, Professor 
Machlup's Class D plans were reclassified in accordance with the gold-min
ing industris needs. Also, some of Professor Machlup's Closs D plans re
duce the price of gold rather than increase it, so hardly come under his 
classification. 

Plans concerned principally with gold price 
as advocated by those who would: 

(1) Return to the gold standard 
(a) Raise the price of gold: Jacques Rueff (1961), Michael 

Heilperin (1962), Charles Rist (1961), Philip Cortney 
(1960, p. 34-38), Ian Shannon (1962), W.J. Busschau 
(1963, p. 11-18), Henry Hazlitt (1963, p. 7-10), John 
Davenport*, Donald H. McLaughlin (1963, p. 26-29). 

* With reservations, see liThe U. S. Economy, lip. 160-163. 
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(b) Maintain the price of gold at $35.00: J. W. Bell and 
W. E. Spahr (1960), F. A. Bladford, the late D. E. 
Kemmerer, F. R. Niehaus, R. T. Patterson, C. W. Phelps, 
G. C. Wiegand (all in Bell and Spahr, 1960). 

(c) Raise the price of new-gold but neutralize the accumulated 
gold reserves: Fritz Machlup (1964, p. 73 and 88). 

(2) Continue the gold-exchange standard, using gold as a supple
ment, and raise the price for greater I iquidity: Sir Roy F. 
Harrod (Harris, ed., 1961, p. 46-62). 

(3) Reduce the price of gold: l. A. Hahn, A. 0 Dahlberg, and 
Fritz Machlup (in Machlup, 1964, p. 69-71). 

(4) Gradually incre~ the price of gold: Kiyojo Miyata, Paul 
Wonnacott (~Machlup, 1964, p. 72-73). 

Plans concerned principally with gold: 

(1) This includes those who would return to the true gold standard. 
They are further subdivided into three groups: 
(a) Members of this group would raJse the price of gold, 

because they bel ieve it is essential to the successful 
operation of the gold standard by providing the neces
sary I iqui dity for international payments today. Their 
plans cover only the international payments system. 
They are mainly foreign economists, some of whose 
economic pol icies directed the recovery of post-war 
Europe. Very few American economists have come out 
openly for raising the price of gold. 

(b) The second group would not change the price of gold, 
but wou! d return the U. S. domestic monetary system to 
the old gold standard. IIA Proper Monetary and'Banking 
System for the United States ll (Ronald Press Co., New 
York), edited by J. W. Bell and W. E. Spahr I states 
their plan and their arguments. 

(c) Professor Fritz Machlup says he II ••• can reassure the 
friends of gold that he himself has been an old and faith
ful advocate of the orthodox gold standard •... II He also 
approves Miyata1s and Wonnacott1s plans (in Machlup, 
1964, p. 88), which would raise the gold price by a 
small percentage yearly. 

(2) Sir Roy F. Harrod has several plans, but his first choice has al
ways been to raise the price of gold to increase international liquidity. He 
would supplement this further by a plan on the order of the Triffin plan ora 
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modification of it. His main argument is "that the great benefit of revalu
ation would not be the immediate benefit from the act of revaluation, but 
from the greater flow of trade throughout the free world that would be its 
lasting consequence. II Harrod is a tutor and reader at Oxford University 
and is one of the few economists wbo is familiar with the problems of the 
gold-mining industry; therefore, his writings and theories are of particular 
value to it. 

(3) These plans would reduce the price of gold. Their object is to 
curb the speculation in gold, which has grown since the removal of many 
of the post-war restraints upon the movements of capital and funds and the 
convertibility of exchange. Three plans have been offered. The firstwould 
reduce the price only to private individuals; the second would reduce the 
price at the rate of 2 percent annually; the third wou Id reduce the price 
gradually and periodically at a rate of three-quarters of 1 percent every 
three months. These plans would, according to their proponents' theory 1 

recover a large amount of hoarded gold and put it back into the gold re
serves. Such plans are like cutting down a tree to harvest the fruit. 

(4) This type of plan would raise the price of gold by a small per
centage (about 2 percent) annually. It would remove any uncertainty about 
the future price of gold and the advance would not be sufficient to hold gold 
for the prospective profit. Professor Machlup thinks both Miyata's andWon
nacott's plans have merit. They certainly have far greater appeal to the 
gold-mining industry than those in Class 3. 

Any monetary plan will affect the gold-mining industry - either by 
benefiting it or killing it by abolishing the use of gold for money, or further 
by keepi ng gol d at $35.00 an ounce as the base and approach i ng a step 
nearer to an international central bank - all of which would leave gold just 
where it is in its present predicament. 

The only way to find out the faults of these many plans is to read the 
claims of one of them which always corrects the weaknesses of the others. 
While the gold standard has in its favor strong evidence and persuasive ar
gument, it is not perfect. The following quotations are worthwhile to keep 
in mind: 

"One mistake we must not make. We must not say that the 
system did not work, for in fact the gold standard ran along fairly 
smoothly - subject to crises - for a century before 1914 and indeed 
for a much longer period. Still from the fact that it worked, it 
does not follow that it worked in the manner described by the con
temporary economists. It may have worked in a different manner. II 
(Harrod, 1958, p. 21-22) 

liThe English monetary system in the generation before the 
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First World War has sometimes been represented as unchanging, 
largely automatic, and as near perfection as can be expected of 
any human institution. This brief sketch should be enough to 
show that it was none of these things; the Bank (of England) al
ways had to exercise discretion; it had to face many changes in 
environment and was often in difficulties; it frequently experi
mented with new techniques; and it was exposed to a running fire 
of criticism" (Feaveryear, 1963, p. 334). 

"Although basically absurd, a drastic revaluation of current 
gold prices is by no means an unlikely solution to the world liquid
ity problem. It will become well-nigh unavoidable - and pref
erable indeed to the alternate solutions of world deflation or 
world restrictions - if international negotiation fails to develop 
in time other and more constructive solutions to the problem" 
(T ri ffi n, 1 960, p. 79). 

Class E - Freely Flexible Exchange Rates 

This last classification, also called "fluctuating exchange rates, II if 
chosen would depress the gold-mining industry-. It would reduce the need 
for international reserves and in turn the need for gold. 

Fluctuating exchange rates depend upon the following principles in 
their operation: itA reduction in the value of a deficit countr/s currency 
reduces the prices of its exportable goods in foreign currencies, thereby 
encouraging foreign demand for them and raising their prices in its own cur
rency. The rise in the domestic price reduces the domestic market for them, 
releasing more of existing supplies for export. It also raises the prices of 
imported goods in the national currency, discouraging their importation and 
sh i fti ng domesti c demand toward domesti call y produced goods and servi ces. 
Thus the competitive position of the deficit country can be improved rapid
ly without deflation. The reverse changes occur in the surplus countries 
without inflation" (Salant and others, 1963, p. 259). 

It is not the purpose of this review to go into the merits and faults of 
flexible or fluctuating exchange rates compared to fixed rates, but rather 
to call attention to the theory. Professor Mach lup has made an analysis of 
the various proposed systems and the reader is referred to this author. It is 
a persuasive theory - one well supported by authority. Professor Mach lup 
refers to a partial list of 24 noted economists who have written in favor of 
this theory. They, of course, differ about the working details and the prac
tical operations. The Brookings report, made at the request of President 
Kenned/s Counci.! of Economic Advisers, chooses flexible rates as an al
ternate to their primary pol icy recommendations {Salant and others, 1963, 
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p. 258-262. 
Professor Jacob Viner (1964, p. 32), in discussing IIfreely flexible 

versus fixed foreign exchange rates, II says III know of only two instances of 
full-fledged floating exchanges, the Canadian and the Peruvian, both now 
dead, bu t both deaths bemoaned by many economi sts. II 

The first four classes of plans' - extension of the gold exchange stand
ard, mutual assistance among central banks, central ization of reserves and 
reserve creation, and finally the increase in the price of gold - have for 
their purpose increasing international liquidity. The fifth plan - flexible 
exchange rates - does away with the regulation of international payments 
by central banks and the necessity for reserves to tide over deficits in inter
national payments until the imbalance is corrected. Gold is reduced there
by to a minor role in international monetary arrangements. 

While the subject of flexible payments may be distasteful to a gold 
producer, still Professor Machlup's presentation, which compares flexible 
rates with fixed rates, contains a sound criticism of the present system based 
on the International Monetary Fund and its short-comings. Certainly it is 
knowledge with which ·those interested in gold and money should be famil
iar. Where political decisions are supreme and action waits until a crisis 
has arrived, anything may happen. Professor Machlup's warning given in 
the next to last paragraph of his analysis of flexible exchange rates cannot 
be brushed aside as a false alarm. It is as follows: 

IIThese remarks may sound strange to ears used to continual 
wh ispers that the price of gold may be raised and to periodic 
shouts that it ought to be raised. Bankers inclined to regard as 
practical only what is not too much in contradiction with poli
tical interests, may find it ridiculous to have gold referred to as 
a potential non-valeur. Whether it will ever come to the demon
etization of gold depends on which idealogy will win. In a 
world in which the discipline of the gold standard is felt chiefly 
as a nuisance, and monetary management is regarded primarily 
as an instrument of national growth and employment policy, not 
even the most inventive representatives of vested interest will be 
able to maintain the myth that the demonetization of gold is 
'impractical'lI* (Machlup, 1964, p. 88). 

* IIPerhaps the present author (Professor Machlup [Ed,] ) can reassure the friends 
of gold that he himself has been an old and faithful advocate of the orthodox gold 
standard in the purity described by the most obsolete textbook. He would still vote 
for a 100 percent pure gold standard, where gold is really a 'standard' and not mere
ly a price-supported commodity. II (Machlup, 1964, p. 88) 
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Professor Machlup's classification and analysis of the foregoing plans 
are helpful in understanding the problems of the international payments 
system and his special paper is recommended reading. While these plans 
revolve around the subject of "Iiquidity" principally, they do not agree 
upon how much liquidity is needed to carryon world trade or how to deter
mine it. Consequently, when authorities cannot agree upon premises - in 
this case liquidity - only confusion results. 

PART II. 

The official position of the U.S. Treasury 
upon international monetary systems. 

Official Actions and D~clarations 

The future of American gold mining lies in the hands of either the 
U.S. Congress or the finance ministers and central bankers of the freeworld, 
or both. 

Plans for the reform of the international payments system are being 
studiedby several agencies. Just what will be agreed upon, it is now too 
early to say. Advance statements made by offi cials rei ect certain defini te 
elements and principles. They give little hope for anything favorable to 
gold production or anything which would demonetize gold. They are worth 
examining in detail. 

The report of the Commission on Money and Credit, 1961-, is primar
i Iy upon domesti c monetary pol icy, but because it makes recommendations 
upon gold and international monetary policy its conclusions are given here 
(Commission on Money and Credit, 1961). Its recommendations are that 
the price of gold be kept at $35.00 an ounce, that the 25 percent gold re
serve back of the Federal Reserve System's bank notes and deposits beabol
ished, and that a more easily adjusted exchange rate be established. Its 
viewpoint upon the price of gold is the following: 

liThe Commission believes that the arguments against an increase 
in the world gold price counsel against such a step at this time. 
At some future date, if alternative methods of meeting the needs 
for increased reserves be unsatisfactory I the revaluation of gol d 
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may be advisable, but it should be under IMF sponsorship. II 

Because of the official origin of this report, it has been referred to 
here. The Eisenhower administration desired such a report but could not 
agree upon the persons to make it. . Accordingly, the Committee for Eco
nomic Development sponsored it and appointed the Commission on Money 
and Credit (Commission on Money and Credit, 1961). The authority of the 
report is weakened by the number of distinguished persons connected with 
it in one way or another. Seventy-one are listed. The healthy condition 
of France's and Germany's finances are largely, in each case, the work of 
one mind. Possibly no such mind exists in the United States and could not 
be found? 

The Brookings report (Salant and others, 1963), liThe United States 
Balance of Payments in 1968," is official, since it was commissioned by the 
President's Counci I of Economic Advisers and paid for by the Government. 
Published in 1963, its title may be misleading on first glance. The high 
points of this report for gold mining are: 

(1) It rejects the devaluation of the dollar or raising of the price of 
gold. 

(2) It would abolish the Federal Reserve System's gold reserves for 
its notes and bank deposits. 

(3) It recommends a plan which comes under Professor Machlup's 
IIC" classification which is stated as follows: 11 Institutional ar
rangements should be proposed that will permit the liquid claims 
of surplus countries and liabilities of deficit countries to be de
nominated in an international unit of account, either with the 
IMF or with a new international payments union associated with 
it. II 

The report states that present reserves are inadequate; that as United 
States liabilities are paid off it will reduce the gold dollar exchange and 
cause a further loss in liquidity. It believes the United States' payments 
deficits will adjust themselves by 1968 with normal measures, and that fixed 
rates of exchange contribute to the development of world trade. It gives 
warnings and cautions against interfering with certain national objectives. 
On the whole, a lot can be learned from this report. 

The most disturbing recommendation in the Brookings report is the 
alternative to the main recommendations, given in the last chapter, which 
approves of flexible exchange rates, as follows: liThe best alternative toa 
system of fixed rates with provision for increasing liquidity, in our view, 
would be a modified system of flexible exchange rates consisting of a dollar
sterling bloc and an EEC (European Economic Council) bloc. There would 
be relatively fixed rates within each bloc and flexible rates between them. 
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Adoption of this system would imply cutting the tie between gold and the 
dollar .11 

The United States Treasury policy on the price of gold has been clear 
for the past five years. Former Secretary Anderson stated it long'Ogo: liThe 
assured interchangeability of dollars and gold at $35.00 an ounce ... is a 
basic element of strength in the international financial structure." Former 
Secretary Dillon confirmed this repeatedly. 

Under-Secretary Roosa, who recently retired, had th is to say whi Ie 
still in office (Roosa, 1963, p. 107-122): 

IIYet in our present complex of economic relations among 
nations, it is difficult to imagine any gold standard at work 
without being rather extensively managed. And if managed, it 
wou Id be I ittle different from the procedures of today, except 
that a gigantic devaluation would have intervened and confidence 
in the dollar or any other currency as a supplementary part of the 
management process would, as a consequence, have been largely 
destroyed. It would seem difficult to build a system that depends 
on periodic repudiation of a government's firm undertaking to 
maintain the fixed price of gold. II 

Further on he takes up liquidity: 
liThe concept or meaning of international liquidity needs 

clarification. For there are three different meanings and much 
unnecessary and unintentional disputation arises from confusion 
among them. One meaning is related to the needs of the trade; 
it refers to the availability of credit facilities for the financing 
of a growing volume of transactions among growing economies. 
In this sense, there clearly is not now, and it is not likely to be 
over any foreseeabl e future period, a shortage of international 
I i qu i d i ty . " 

And this is followed by more discussion, and he continues: 
IIBut underlying the flows of trade and capital are the national 

reserves of each country - reserves that must be drawn upon if 
seasonal or cyclical or accidental or structural and sustained 
factors bring about a cumulative total of outpayments that exceeds 
the total of inpayments received by the country as a whole. And 
these resources for settling the residual balances among countries 
represent two other kinds of liquidity - the stock of actual reserves 
and the availability of borrowed reserves." 

Distinctions. between different types of liquidity are not usually made 
and are lumped together. In this writer's opinion, Mr. Roosa is right in 
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making these distinctions. Countries vary in their requirements for reserves 
according to their resources, and what would be sufficient liquidity for one 
nation would not be for another. 

Mr. Roosa also gave his position on the many plans for the reform of 
the international payments system .. In order to discuss them, he divided 
them into three types, as follows: 

(1) "They would return to a 'full' gold standard by doubling or 
tripling the price of gold and then removing dollar or sterling 
or other foreign exchange from the world's monetary reserves. 
Proposals of th is presume a fixed price for gold after a one
time drastic change has been made in that price. 

(2) "Giving up a fixed price of gold entirely and providing that 
each currency fluctuate in price against others. With a 
country free to allow its exchange rate to drop whenever it 
might lose reserves, proponents argue that there would be 
an economizing of reserves and the world would presumably 
no longer need to be as concerned over the composition or 
the total of the monetary reserves themselves. 

(3) "This third approach would include in reserves a more flexible 
and larger volume of foreign exchange or internationalized 
credit than is used today, superimposing this upon the slow 
accretion of gold that reaches the world's monetary reserves. 
In most cases, proposals of this character would continue the 
present settled gold price of $35.00 per ounce." 

And he concludes: 
liThe first is discussed somewhat further in the next section; 

variable exchange rates, briefly, in the section following; but 
for reasons which will then appear, the United States considers 
only the third to be a promising avenue for constructive advance 
in the future. II 

On international liquidity, around which so much of the discussion for re
form takes place, Mr. Roosa's position is: 

liThe United States must, of course, re-establish balance of 
payments equilibrium to maintain confidence in the strength of the 
dollar. Yet it is quite possible, once the flow of new dollars into 
monetary reserves ceases, the present excess of dollars will be 
quickly absorbed and that the prospects of an imminent shortage 
of international liquidity wi II appear. II 

The U. S. Treasury's position agrees with that of the Group of Ten 
of the International Monetary Fund as far as the Group has made it known. 
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The U.S. Treasury has.made few statements of policy in the last five years 
and when it has done so they were short, crisp answers to questions. Mr. 
Roosa1s lengthy paper in "Foreign Affairs," from which the preceding quo
tations were taken, is one of the rare official policy statements. It is offi
cial because Mr. Roosa was Under Secretary of the Treasury for Internation
al Finance. It will probably continue to be the policy because during Pres
ident Kenned/s term the present Under Secretary I Frederick Deming, was 
selected to take Mr. Roosa's place in case he was unable to perform his 
duties, the basis for the selection being that Mr. Deming had the same con
victions regarding policy as Mr. Roosa. 

This seems to be the right place to quote from the official Brookings 
Institution report (Salant and others, 1963, p. 261): 

"0ne objection sometimes made to a flexible exchange rate 
for the dollar is that the maintenance of the present gold parity 
and the present exchange rates between the dollar and other cur
rencies are essential to U. S. national power or prestige. We 
think this view mistaken. The power and prestige of the United 
States derive in large degree from its economic strength and vigor, 
which in turn depend upon its high productive potential and its 
success in using that potential. II 

The world price for gold can be settled only by international agree
ment. The International Monetary Fund is the establ ished agency through 
which nations value their currencies in either gold or dollars and secure 
stable exchange rates. It has had two committees studying and making "a 
thorough examination of the outlook for the functioning of the international 
monetary system and of its probable needs for liquidity" (lnternat. Monetary 
Fund, 1964, p. 25). Some preliminary conclusions by the Group of len 
have been reached and reported at the last meeting in Tokyo in September 
1964; several of them concern the future of gold. While not formally rati
fied, they undoubtedly wi II be. 

The Group of Ten is the principal committee, composed of 10 nation 
members, as noted in Part I. The Fund itself has intensified its studies of 
international liquidity and related questions. Following are some of its 
preliminary conclusions {lnternat. Monetary Fund, 1964, p. 25-33}: 

lilt appeared to be generally agreed that international liquidity 
was adequate. II 

"Since the end of the war, the international financial system -
based on reserves in the form of gold and reserve currencies sup
ported by the International Monetary Fund as well as certain other 
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credit arrangements - has permitted a signal expansion of the 
wodd economy and of international trade. It has made it pos
sible to restore the convertibility of the main currencies and to 
cope with a number of difficult situations which affected certain 
currencies. These results have been obtained whife a relatively 
high level of employment was maintained in the world." 

"It wilt be wise, therefore, to supplement and improve the 
system where changes are indicated, rather than to look for a 
replacement of the system by a totally different one. II 

liThe supply of gold for monetary purposes is dependent upon 
such factors as changes in the conditions governing gold mining, 
as well as on the confidence factors that influence private gold 
hoarding. II 

lilt must be assumed that payments deficits of the United 
States wi II not contribute to formation of reserves in future on 
the same scale as in recent years. It therefore seems safe to 
forecast that in the future greater reliance than over the past 

decade will have to be placed on the provision of international 
liquidity as needed by other means. The Fund could make an es
sential contribution in this connection. II 

The First National City Bankls monthly economic letter of September 
15, 1964 (p. 104-107) discusses thoroughly previous decisions arrived at 
in the beginning, in 1963, by the International Monetary Fund's Group of 
Ten. They are: 

1I0f the bewildering array of reform proposals, the Ten dis
carded two ideas at the very outset of the inquiry. No change 
is contemplated in the established price of gold because, by 
spreading turmoil and creating distrust, i! would do irremediable 
damage to the incentive to currencies as reserves, which is an 
essential part of the system as it operates today." 

"Gold will continue to be 'the ulti-mete international re
serve asset. However, while more gold is now being added from 
current output to official reserves than at any other time during 
the postwar period' we cannot prudently expect new gold pro
duction to meet all liquidity needs in the future. II 

Mr. Henry H. Fowler, who succeeded Douglas Dillon as Secretary of 
the Treasury this year, served as an Under Secretary from 1961 until April 
1964. Accordi ng to news reports, he will give h is attention to the Govern
ment's part in promoting the nation's economy and leave the technical and 
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operating divisions to his staff. It is too early to say whether Mr. Fowler will 
change the Treasur/s past policies towards giving aid to the gold-mining 
industry. 

For the past six years the Treasury has defeated the gold-mining in
dustr/s every effort to obtain help from Congress. The third part of this 
review I which will appear in an early issue, wi II show that the Treasury 
official's testimony before Congress has been purely opinion and cannot be 
supported by facts. 
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* * * * * 
UNION PACIFIC PURCHASES BUFFALO MINE 

The Union Pacific RailroadCo. Friday (Sept. 10) exercised the option held 
on the Buffalo Mine since june 11 and purchased the property for a price 
reported to be in excess of $100,000. The gold and silver mine, owned and 
operated by Mr. and Mrs. james P. jackson, is located about 21 miles north 
and west of Sumpter in Grant CounJy, and is one of the very few active 
gold mines in the Northwest. 

A Union Pacific spokesman said today that the Jacksons will continue 
iv operate the mine wh ich normally has a crew of 6 to 10 men. Expansion 
of the mine is expected under the new ownersh ip with a IIsubstantial" amount 
to be spent on opening the existing ore veins, according to the U. P. spokes
man. The working crew will probably be doubled, he said. The Jacksons 
retained a royalty interest in the mine reported by the spokesman to be 5 
percent of smel ter output. 

The purchase of the gold and silver mine is the first known venture for 
Union Pacific in the gold mining business. "The purchase is unusual for the 
U. P. in the past but not for the future. The U. P. Natural Resources Divi
sion has the authority to acquire properties for development for profit," the 
spokesman said. The company contracted test drill ing and examination work 
during the summer to the Boyles Bros. Drilling Co. A geologist for Union 
Pacific, Keith jones, was at the mine during the summer. (Democrat-
H era I d , Baker, Oregon, Sept. 11, 1965.) 

[Editor's note: The geology of the Buffalo Mine is described in the 
Department's Bu Iletin 49, II Lode mines of the central part of the Granite 
Mining District, Grant County, Oregon."] 

* * * * * 
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THE WILLAMEnE AND OTHER LARGE METEORITES 

By Erwin F. Longe 
Professor of General Science, Portland State College, PCM"tlond, Oregon 

Occasionally on old, unpublished pnotogroph of the Willomette meteorite comes to light, as 
i~ the case with the accompanying picture. The Willomelte meteorite, found neor Willomette 
(West linn), Oregon in 1902 remains to this day the 1000ge51 meteodte discovered on the Amer
icon continent north of the Mexicon border. Todcry il is on display in the Hoyden Planetarium, 
a pori of the American Museum of Natural Hi story, New York City. The 15! -tan Wil Jametle 
iron focuses attention on other large meteori tes of the world. 

Of the approximately 1,600 known meteoritic specimens in the WCM" ld, there are 30 irons 
which weigh from one to 60 tons. Eight were found in Mexico and four in the United States 
west of the Roc:ky NIountoins. The largest single individual yet discovered is the 60-ton Hobo 
West, and it remains where it was found neor Grootfontein, South Africa, in 1920. The 
world's second most massive meteorite is theAhnighto, the largest of the Cope YCM"k, Greenlond, 
irons brought to the United Stotes in 1897 by the famed Arctic explorer, Robert E. Peary . The 
Ahnighto, weighing 36! tons, is also the property of the American Museum of Natural History. 
The next three largest meteorites remain where they were found. They are the Bocubirito, 
Sinolo, Mexico; the Mhosi, Tanganyika, Africa; and the Armonty, Chino. Their weightsare 
estimated 01 27, 27, ond 26 tons, respectively. 

The Willametle is the world's sixth largest meteorite and the mast massi ve one ever found 
in the United Stotes. The second largest United States meteorite is the Navajo, found in 1922 
in Apache County, Ari~ono. It weighs 4,814 pounds and is the largest meteorite in the col
lection of the Chicago Museum of Natural Histary. The third largest iron in this country is 
the Quinn Canyon, which was found in 1908 in Nevada and is now also in Chicago. Itweighs 
3,190 pounds. In 1938, deer hunters discovered the Goose lake meteorite in the Modoc No
tional Forest, CalifCM"nia, less than 0 mile from the Oregon border. It weighs 2,573 pounds 
ond is the largest meteorite in the collection of the U.S. Notional Museum (Smithsonian In
slitvtion) in Wamington, D. C. [Photograph courtesy of Richard G · Bowen.] 



LUNAR FIELD CONFERENCE GUIDE BOOK 

"Lunar Geological Field Conference Guide Book," prepared by N. V. 
Peterson and E. A. Groh, editors, C. J. Newhouse, cartographer, and 
the editorial staff of the Department, has been published as Bulletin 57. 
The guidebook was designed for the international Lunar Geological Field 
Conference held at Bend, Oregon, August 22-29, 1965, and sponsored by 
the University of Oregon Department of Geology and The New York Acad
emy of Science. It describes and illustrates recent volcanic features that 
can be seen in five field-trip areas in the High Cascades and Bend region. 
The areas were selected for their diversity of volcanic expression and for 
their accessibility, in the belief that analysis of such lunar-like geology is 
prerequisite to a manned base station on the moon. 

The guidebook will be useful to anyone interested in the study of 
volcanology, and will serve as a basis for more detai led research in this 
field. The 56-page publication is abundantly illustrated with colored geo
logic and topographic maps, aerial views, sketches, and photographs. 
NOTE: Between the ti me the above announcement was prepared as a press 
release and the publication of this issue of The ORE BIN, there has been an 
unprecedented demand for the guidebook. The supply is exhausted, but 
arrangements are under way for the reprinting of this bulletin. 

* * * * * 

ARTICLES ON RECENT VOLCANISM IN OREGON REPRINTED 

A collection of seven papers on recent volcanism, originally publ ishedin 
The OREBI N between October 1961 and Ju Iy 1965, has been issued by the 
Department as Miscellaneous Paper 10. These articles have been very popu
lar and the issues of The ORE BIN in which they appeared have, in most 
instances, been exhausted. The reprinted papers include: "Hole-in-the
Ground," "Recent volcanic landforms in central Oregon, II IIMaars of south
central Oregon, II IIDiamond Craters, Oregon, II and "Crack-in-the-Ground, 
Lake County, Oregon," all by N. V. Peterson and E. A. Groh; IIAge of 
Clear Lake, Oregon, II by G. T. Benson; and "Recent volcanism between 
Three Fingered Jack and North Sister, Oregon Cascade Range, II by E. M. 
Taylor. In addition, there is a brief description of Lavacicle Cave. The 
articles, illustrated by maps and photographs, depict some of the unique 
volcanic features in Oregon that had never been described in detail before. 
The collection is enclosed in a 7~-inch by 1 O~-inch envelope for conven
ience in storing and mailing. 

Miscellaneous Paper lOis available from the Department's offices 
in Portland, Baker, and Grants Pass. The price is $1.00. 

* * * * * 
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THUNDEREGG*: OREGON'S STATE ROCK 

The thunder egg, an agate-filled nodule characteristic of certain parts of central 
and eastern Oregon, became the official state rock on March 29, 1965. On that 
day Senate Joint Resolution 18 (see page 191 for text of resolution) was passed, 
whereupon the "thunderegg" joined the other nature symbols of Oregon, namely: 
the state animal (beaver), the state flower (Oregon grape), the state bird (western 
meadowlark), the state tree (Douglas fir), and the state fish (Chinook salmon). 

Senator Glen M. Stadler, Lane County, who co-sponsored the resolution with 
Rep. Gerald Detering, Linn County, tells how it all came about in a letter to State 
Geologist Hollis M. Dole. 

"The man who started the ball (excuse me, 'rock') rolling was Harold M. Dunn, of 
Lane County. About three years ago he was a Federation Director of the American Federation 
of Mineralogical Societies, and an officer of the Springfield Rock and Gem Club. 

"He had read a story in the Federation's publication about a girl in South Dakota who 
had written the editor, asking for a list of state rocks. The editor's reply was that there was 
no such list. 

"Mr. Dunn told the story to the Springfield Club which instructed him to 'do something 
about it' for Oregon. He contacted me as a newly elected State Senator. While I had a Sen
ate Bill drawn, he sent letters to some four dozen rock and gem clubs in Oregon, asking their 
preference for a State Rock. The Thunderegg won the most votes. 

"Then, OMSI held an 'election,' asking visitors their preference. It was 'Thunderegg, 
two to one.' By that time it was getting a bit late in the 1963 session. In fact, the deadline 
for bills had passed. However, I submitted the measure to the Senate Rules Committee, after 
getting a number of signatures, and the co-sponsorship of State Representative Gerald Deter
ing of Linn County, whose late brother had been a longtime ardent 'rockhound.' Gerry and I 
'politicked' for the bill, but the Senate Rules Committee did not have time to pass it out. 

"Then, when the 1965 session convened,Gerry and I again submitted the measure. 
SJR 18 was passeq in the Senate, 23 to 2, and in the House, 48 to 5. Because it was a Joint 
Resolution, it did not have to be signed by the Governor, and became the 'law of the land,' 
in effect, by the signatures of President Boivin and Speaker Montgomery on March 29, 1965. 

"There were those who thought the measure was 'frivolous' and joshed us about it, but 
it now appears that the publicity being given the storied and romantic 'Thunderegg' is result
ing in quite an economic factor in our increasing tourist industry. 

"Thus ends, for the historical record, the answer to the Thunderegg-as-the-State-Rock 
question of 'Who-Dunn-it'." 

* Note: "Thunderegg" as one word was adopted by the Oregon Legislature for the 
name of the state rock and, therefore, is the correct spelling when referring to the 
state rock; however, in describing the geology and mineralogy of thunder eggs, the 
two-word spelling has priority, because of its use in the literature. 
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A pen set made from the new stote rock in the outline of the State of Oregon was presented on March 29 to Governor ,\-\ark O. 
Hatfield. This was the pen thot was used by Senate President Harry Boivin and House Speaker F. F. tv'iontgomery to sign the 
resolution. On the Governor's desk are a number of other thunder eggs, some sowed open and others uncut. Standing beh ind 
Governor Hatfield from left to right ore: Rep. Sam Johnson, Sen. Harry Boiv in, Rep. William Gallagher (hidden), Sen. R. R. 
Raymond, Rep. l. B. Doy, Rep . G. W. Detering, Sen . Ed Ahrens, Sen. Glen Stadler, Mr. Ed Nichols, Sen. Gordon McKay, 
Mr. Marion Cady, and NIt. AI Keen. (Photograph by Joseph V. Tompkins) .. ...._ .. • • • .. • • 



FIFTY-THIRD LEGISLATIVE ASSEMBLY-REGULAR SESSION 

Senate Joint Resolution 18 
Introduced by Senator STADLER, Representative DETERING, Senatc..s 

AHRENS, VERNON COOK, WARD COOK, CORBETT, ELFSTROM, 
HUSTON, IRELAND, MONAGHAN, POTTS, RAYMOND, THIEL, 
WILLNER, YTURRI, Representatives BESSONETTE, DAY, 
GALLAGHER, SAM JOHNSON, LANG, McKINNIS and read Febru
ary 19, 1965 

1 Whereas the great and sovereign State of Oregon has a state flag, a 

2 state animal (the beaver), a state flower (the Oregon grape), a state bird 

3 (the western meadow lark), a state seal, a state tree (Douglas fir) and a 

4 state fish (the Chinook salmon); and 

5 Whereas the State of Oregon, being of unbounded international im-

6 portance as a "rockhound's paradise"; and 

7 

8 

Whereas the State of Oregon needs a designated state rock; and 

Whereas a number of rock and gem clubs representing all areas of 

9 Oregon and the Oregon Museum of Science and Industry have conducted 

1 0 a popular vote to select a state rock; and 

11 Whereas this vote favored the thunderegg two to one; and 

12 Whereas the thunderegg is described as a "remarkable and colorful 

13 agate-filled spherical mass of silicified claystone, and rhyolite found 

14 throughout the State of Oregon" ranging in size up to four feet in di-

15 ameter; and 

16 Whereas an old legend of the Warm Springs Indians tells us that these 

17 spherical masses were once hurled from the craters of Mt. Hood and 

18 Mt. Jefferson when the "spirits of the mountains" were angry and that the 

19 "thunder spirits" who lived in the craters hurled the nodules to the ac-

20 companiment of much lightning and thunder and therefore the agate-filled 

21 nodules became known as "thundereggs"; now, therefore, 

22 

2 3 Be It Resolved by the Legislative Assembly of the State of Oregon: 

24 

25 

26 

27 

28 That this ancient symbol of geological significance and absorbing native 

2 9 legend, the thunderegg, be acclaimed the Oregon state rock. 
~ 



What Is A Thunder Egg? 

Thunder eggs are spherical masses of rock that range in size from less than an 
inch to 4 feet in diameter. Most are about the size of a baseball. They have a 
knobby rind of drab, siliceous rock and a cavity filled with agate. From the outside 
they appear nondescript, but when sawed open and polished they may reveal the most 
exquisite and colorful designs ranging from five-pointed stars to miniature gardens. 
Consequently, they are high Iy prized by rockhounds, who come from every state in 
the Union to hunt for them. Thunder eggs make handsome jewelry, book ends, paper 
weights, pen stands, and many other decorative objects. Each year they contribute 
thousands of dollars to the state's mill ion-dollar semiprecious gem-stone industry. 

How Did Thunder Eggs Form? 

Thunder eggs are always associated with silicic volcanic rocks such as welded 
tuffs and rhyolite flows. Millions of years ago, fiery avalanches of this type of mol
ten rock poured out of volcanoes and flowed over the land. In central and south
eastern Oregon there are wide areas in which rocks of this type are well exposed. 

Although the host rock in which thunder eggs occur is known, the development 
of these spherical objects in the parent material is not completely understood and 
various theories have been advanced to explain the complex process. One of the 
persons who has been particularly interested in these enigmatic structures is Dr. Lloyd 
W. Staples, Head of the Department of Geology at the University of Oregon. By 
studying thin, transparent sections of these rocks under a microscope, Dr. Staples 
has come up with some new ideas on their growth. His paper, which follows this in
troductory section, sums up all the known information and theories on thunder eggs, 
presents his own observations, and suggests areas in chemistry, mineralogy, and field 
geology where further research might clarify many of the least understood processes 
in the formation of thunder eggs. 

Where Can Thunder Eggs Be Found? 

In the early days of rockhounding, thunder eggs were gathered from on top of 
the ground where they had weathered out of the enclosing rock and remained as a sur
face residue after the less resistant matrix had been eroded. Now most of the surface 
specimens are gone, and so one must dig in the soil and talus slopes in order to find 
these agate-fi lied treasures. 

The best-known thunder-egg localities in Oregon occur in the John Day For
mation of late Oligocene to early Miocene age. Two of the better localities in the 
state occur in high-silica rhyolite flows or welded tuffs of this formation, namely the 
Priday Ranch northeast of Madras and the Ochoco Mountains east of Prineville (see 
accompanying map). Owners of the Priday Ranch charge a nominal fee for digging 
on their private lands, but in the Prineville area the city has staked out a number of 
good agate localities which are open to the public. Detailed information on the 
exact location of the Ochoco deposits can be obtained by writing to the Prineville 
Chamber of Commerce. Thunder eggs are also known to occur in John Day tuffs on 
the Warm Springs Indian Reservation where the name had its origin, but the reserva
tion is closed to mineral collectors. 
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Six other localities are found in volcanics of similar or younger age in lake, 
Horney, and fv\olheur Counties of southeastern Oregon (see mop). The Buchanon 
deposits are associated with a rhyolite flow that crops out along the east edge of the 
Horney Basin near the town of Buchanon; the Crowley deposit, also associated with 
a rhyolitic lava, is neor the old Crowley ranch east of State Highway 78, oppraxi
motely 25 miles southeast of Burns; the Sucker Creek deposits are found near a thick 
welded tuff prominently exposed in the walls of Sucker Creek Canyon; the Ironside 
thunder eggs are found along a rhyolite dike near the east fork of Bridge Creek; the 
Pike Creek deposit is associated with rhyolite flows of. the Pike Creek Formotion at 
the base of Steens Iv'ountoin; the Dry Creek areo lies olong the west side of Goose 
loke a few miles north of the Colifornia border. 

Miocene and Pliocene rhyolitic flows and welded tuffs are exposed in a broad 
area extending from the Harper Valley near Vole westward through the fv\olheur River 
gorge as for as Buchanan , and from the vicinity of Creston near Juntura northward 
toward Ironside lYIountain. Although no one has as yet publicly reported finding any 
thunder egg deposits within this part of southeastern Oregon, the presence of these 
silicic volcanics affords the proper geologic environment for their occurrence. 

Thunder eggs ore not limited to Oregon. Among same of the other reported 
localities in the West are Berkeley Hills and the fv\ojave region in California; Virgin 
Vo lley, Beatty, Coyote Spr ings, and Duckwater in Nevada; and Weiser , Twin Falls, 
and American Falls in Idaho. No thunder eggs have been reported from Washington . 
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Figure 1. Cut ond pol ished thunder eggs from four localities: (A) Priday 
Ronch, (B) Sucker Creek, (C) Buchanon, and (0) Ochoeo. All ore 
approximately" natural size. (Photograph by leo F. Simon) 

194 



ORIGIN AND HISTORY OF THE THUNDER EGG 

By 

Lloyd W. Staples 
Department of Geology, University of Oregon 

With the passage of Senate Joint Resolution 18 of the Oregon 53rd Legislative Assem
bly, the thunder egg became the Oregon state rock. Because no other rock material 
is more prized by the amateur collectors and lapidaries in Oregon, it is appropriate 
that if anyone type of specimen was to be chosen, the thunder egg deserved that re
cognition. Although thunder eggs or similar specimens are known from many other 
areas, the Oregon materi al is unsurpassed for beauty, vari ety, and abundance, and 
in the minds of collectors the world over thunder eggs and the State of Oregon are 
closely related. 

Considering the great interest in thunder eggs in Oregon, it is not surprising 
that many collectors have wondered about the origin of the fascinating structures 
observed in the specimens (figure 1, p. 194). However, it is surprising that very 
little careful scientific work has been done, by competent researchers with adequate 
scientific background, to explain the geologic history of the formation and develop
ment of thunder eggs. Because any careful study requires a combination of fieldwork 
and attentive experimentation in a well-equipped laboratory, the work can be ex
pected to take considerable time. Some of these investigations are under way at the 
Center for Volcanology at the University of Oregon under the writer's supervision. 

This paper is an urtempt to bring together the known information on the origin 
and occurrence of thunder eggs with observations made by the writer in the field and 
laboratory. Much work remains to be done, and it is hoped that this work will aid 
in answering some of the unexplained observations presented in this paper. 

History of The Name 

The origin of the name "thunder egg" is difficult to determine with certainty. 
J. Lewis Renton probably deserves recognition for first putting it in print (Renton, 
1936, p. 12) and giving credit to the Warm Springs Indians for "long ago" originating 
the name. He states (1936, p. 46), "Since the Indi,an appears to have prior prefer
ence in the matter of a name we will term the material 'Thunder Eggs' until such time 
when a specific scientific term is given to the specimens. II 

Renton (1951, p. 171-172) explains the origin of the name by citing an Indian 
legend, " ... the two adjacent snow capped peaks -- Mt. Hood and Mt. Jefferson -
would at times become angry with one another. During these disputes, accompanied 
with thunder, Mt. Hood and Mt. Jefferson would hurl these spherical masses of rock 
at each other. Stray shots would land over in the Indian reservation, hence the Indi
an name of 'thunder eggs. "' Brown (1957, p. 329) adds, "Th e embattl ed gods presum
ably obtained these missiles by robbing the nests of thunderbirds." This idea is also 
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held by Renton (written communication, 1965) who states, "I believe the Indians as
sumed that the egg shaped nodules were the egg of the thunder bird." 

Dake (1938, p. 214) offers a slightly different version of the legend, which is 
that the thunder spirits who lived in the craters (of Mt. Hood and Mt. Jefferson) 
hurled the nodules to the accompaniment of much lightning and thunder, therefore 
the agate-filled nodules became known as thunder eggs. This account is less likely 
to be accurate than Renton's because, although it relates the name to thunder, itdoes 
not closely relate it to eggs. However, this version was used in connection with Sen
ate Joint Resolution 18 which copied Dake's wording of the legend. An exception is 
the use of "thunderegg" as a single word, which usage ·was adopted by the authors of 
the Resolution, disregarding well-established priority of the name "thunder egg" as 
two words. 

Definition of Thunder Egg 

Unfortunately, popular names usually are not precise in definition and "thunder 
egg" is no exception. It wi II forever be impossible to determine the limitations on 
the term that might have been imposed by the Warm Springs Indians, if indeed they 
had in mind any limitation, which is very unlikely. Popular usage has clearly indi
cated the name for certain types of nodules, but it is difficult to limit the varieties 
which may be included. If names were defined by legislative action, then we would 
have a definition, but unfortunately the "legal" definition is incorrect. Senate Joint 
Resolution 18 uses the description from Dake (1938, p. 214), "a remarkable and col
orful agate-filled spherical mass of silicified claystone and rhyolite found throughout 
the State of Oregon." It is now known that the thunder egg is a spherulitic nodule 
and is not related to silicified claystone. 

It should be pointed out that, although the thunder egg has been designated as 
the state rock, it is not, strictly speaking, a rock. A rock is defined by the geolo
gist as an aggregate of mineral matter constituting an essential and appreciable part 
of the earth's crust. Thunder eggs are structures found in a rock, the rock being the 
welded tuff or rhyol ite enclosing them. However, both "rock" and "mineral" are 
words which are used loosely, and it is in this sense that the term "rock" is applied 
to thunder eggs in S.J.R. 18. 

Renton (1951, p. 172) states that a thunder egg should be (1) spherical or near
ly so, (2) have an exterior shell of varying thickness of rhyolite, (3) contain a core 
of agate, veins of agate, or an interior cavity partly fi lied or completely empty. 
Brown (1957, p. 329) defines thunder eggs as spherulitic geodes, restricted to the 
weathered outcrops of a prehistoric lava flow which is now a rhyolitic welded tuff in 
whose glassy matrix they originate. Peck (1964, p. D25) calls them "chalcedony
filled spherulites," and states that "The outer shell of each thunder egg is composed 
chiefly of shards, fine ash, and collapsed pumice lapilli, all of which are altered to 
radially oriented sheaves of fibrous cristobalite and alkalic feldspar." 

The typical Oregon thunder egg (figures 1 f 2, and 3) has the following features: 
(1) It is generally spherical or ellipsoidal in shape; (2) the surface is usually smooth 
or wart-like or cauliflower-like with ribs which encircle the specimen and intersect 
each other; (3) it has a shell of rhyolitic welded tuff or rhyolite which has devitrified 
to various degrees and in which spherulites or lithophysae have developed; (4) the 
center or core consists of chalcedony or quartz, which may be banded or contain 
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Figure 2 . Group of four thunder eggs: (A and C) Exterior of Priday Ranch 
specimens, (B) sectioned thunder egg showing spherulite at bottom of 
filled cavity and corresponding hole at top [note Liesegong rings in 
chalcedony center], (D) chalcedony core of thunder egg weathered out 
of its shell [note "button" spherulite cost on top]. All are approxi
mately 2/3 natural size. (Photograph by leo F. Simon) 

B 

Figure 3. Two Pr idoy Ranch thunder eggs: (A) Green moss agate, (B) red, 
yellow, and orange plume agote . All are approximate ly 2/3 natural 
size. (Photograph by leo F. Simon) 



pseudo-algal structures; (5) the core frequently exhibits a geometrical form, such as 
a cube or pyritohedron with the faces being inverted pyramids. This gives a star-like 
form when the specimen is cut in the correct direction. Since the exterior ribs are 
related to the apexes of the star, an experienced lapidary can determine from a study 
of the specimen which cutting plane will yield sections with the best figures. 

Occurrences 

A description of the places in which thunder eggs are found, along with a map 
showing the Oregon localities, is given on pages 192-194. 

The Priday agate deposit, the best-known Oregon source for thunder eggs, is 
described by Peck (1964, p. 023-25). This deposit lies about six miles from U. S. 
Highway 97, and about 10 miles northwest of Ashwood. The thunder eggs occur chief
ly in the lower few feet of a weakly welded rhyolite ash flow which is 10 to 20 feet 
thick and composed of black perlitic angular lapi Iii of collapsed pumice in a matrix 
of shards and ash. 

An unusual type of thunder egg is found at Buchanan, Oregon. Some specimens 
clearly demonstrate the spherulitic origin where numerous small spherulites have been 
ruptured and filled with chalcedony. The occurrence is unique in that the chalced
ony sometimes is colored red by cinnabar. The presence of cinnabar, which forms at 
temperatures below 344°C (Dickson and Tunell, 1955), the inversion point to meta
cinnabar ,gives us some idea of the temperatures exising during the deposition of the 
cavi ty-fi II ing material. 

Origin of Thunder Eggs 

There are still many unanswered questions concerning the details of the origin 
of thunder eggs, but the general processes involved are fairly well understood. Thun
der eggs are found only in volcanic areas and in this respect differ from other cavity 
fillings, such as geodes and nodules in sedimentary rocks. A second distinctive fea
ture is the close relationship with spherulites and lithophysae (hollow spherulites) 
formed during crystallization of volcanic glass. Spherulites are spheroidal growths 
of needlelike crystals which develop radially from one or more centers in a glass. 
These structures are common in obsidian, rhyolite, and vitric tuffs. One of thedetails 
that needs further study is the exact relation between the development of spherulites 
and the control of growth of thunder eggs. 

An outstanding contribution to the study of spherulites and lithophysae was made 
by Wright (1915) on obsidian from Iceland. He discusses the two theories for the ori
gin of hollow spherulites or lithophysae. In the first, advanced by Iddings, the 
cavity is considered to be produced by tension developed by the magma during cool
ing. In the second explanation, put forth by Von Richthofen and Zirkel, the cavity 
is presumed to be produced by the pressure of the gases set free on crystallization of 
the spherulites. To some extent both of these processes may be of some importance, 
but the more important is probably the second theory, which assumes that the gases 
produce the cavity and ultimately may even rupture it. Buddhue (1941) cites an ex
periment with a molding powder containing an enclosed pressure blister which resulted 
in a cavity similar to those found in thunder eggs. He concludes that this is labora
tory proof that the star-shaped centers of thunder eggs are produced by expansion. 
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The tension or shrinkage origin is advanced by Dake (1954). Frondel (1962, p. 215) 
states, "In a highly viscous material expansion of the gas cavity by rupture may re
quire less energy than spherical expansion, giving angular cavities which may be sym
metrically developed." The evidence for expansion rather than shrinkage appears 
overwhelming to this writer. 

Mansfield and Ross (1935, p. 320) state that the gas cavities are developed sub
sequent to complete welding of the tuff and the gas promotes devitrification and the 

formation of spherulites which sometimes act as a locus for the gas cavities. Wright 
(1915, p. 268) believes that the formation of the lithophysae or hollow spherulites 
take place at relatively high temperatures. 

Frondel (1962, p. 215) states, "These chalcedony nodules generally containor 
border on a spherulite aggregate of intergrown feldspar and cristobalite, the crystal
lization of which is believed to have initiated the release of gases dissolved in the 
rhyolitic glass." 

Wright (1915) gives the first good description of the formation of the star
shaped cavities, explaining that they are due to rupture along cube diagonal planes. 
Ross (1941) expands on these studies and discusses the probable origin of the pentag
onal shapes that are frequently encountered in Oregon thunder eggs. He describes 
the history of the development of thunder eggs as follows (1941, p. 732): 

"The following geologic history is, therefore, revealed by the 
Oregon 'thunder eggs.' Explosive volcanic activity produced finely di
vided glassy ash, which fell in a hot plastic condition that permitted its 
rewelding into a homogeneous material. While still hot, local centers of 
crystallization were set up, around which spherulitic masses of intergrown 
cristobalite and feldspar were formed. The formation of these anhydrous 
minerals released volatiles originally in solution in the glass. The gradual 
collection of volatiles exerted a pressure which, combined with the cooling 
shrinkage of the enclosing material, forced the walls of the cavity outward, 
expansion being by rupture along symmetrically arranged planes. The more 

perfect of these cavities had the geometrical symmetry of a modified pyrito
hedron bounded by 12 inward-projecting, 5-sided pyramids, formed by the 
shear along 30 triangular planes. The resultant cavity was later filled by 
chalcedony that was probably deposited during the alteration of the enclos
ing material to a clay." 

The writer has studied many thin-sections of thunder eggs, and also tran~parent 
slabs projected on a screen. The sequence of formation, the manner of crystalliza
tion, and the order of deposition within the thunder egg are readily observed in this 

way. In most thunder eggs it can be seen that the glass shards, which are usually 
collapsed and well aligned, have a different orientation than the minerals produced 
during devitrification of the glass. These minerals, usually feldspar and cristobalite, 
are often radially arranged and produce the spherulites which cause the thunder egg's 
knobby or warty appearance. The spherulites under crossed nicols give a dark cross 
which simulates a positive uniaxial interference figure, the fibers being length slow. 
The phenocrysts of plagioclase (often oligoclase) in the welded tuff (figure 4) were 
fractured and somewhat corroded in the original rock. They remain fresh in their 
centers but are sometimes corroded during the growth of the spherulites. 
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Figure 4. Photomicrograph of thin section of Priday thunder egg. Dark matrix 
is welded tuff shawing glass shards. Central light channel is chalcedony. 
Zone at contact is composed of spherulites, both light and dark in color. 
large crystal is feldspar phenocryst. Veinlet cutting across section IS 

opal. tViagnification 23 X, without crossed nicols. 

Figure 5 . Photomicrograph of thin section of thunder egg from Mutton N\oun
tains, Oregon. Chalcedony in filled cavity shawing crystallization in 
sectors. Salt and pepper structure in upper right sector. Slack liese
gong ring parallels contact with rhyolite matrix . Wiognification 23 X, 
crossed nicols. 
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The centers of the thunder eggs contain chalcedony which is sometimes banded, 
forming agate (figure lA). More rarely moss-like, plume, fern-like, or tubular in
clusions are present giving rise to the name "moss agate" (figure 3, A and B). Brown 
(1957) describes the origin of these features showing that the filaments, derived from 
salts along the walls of the cavity, grew into the silica gel which filled the cavity. 
He states (p. 335), "These pseudoalgae shot up rapidly in pulses by chemical preci
pitation (probably as iron hydroxide and silicate), osmosis, and diffusion." It is 
evident that the inclusions are not organic as some people have concluded. 

The chalcedony filling of the centers (figure 5) consists of fibers which for the 
most part are length fast, indicating that the c axis of the mineral is at right angles 
to the elongation. At the outer edges of the cavity adjacent to the host rock, the 
fibers radiate toward the cavity center and are normal to the boundary reflecting the 
shape of the cavity walls. On the other hand, toward the center of the cavity, the 
silica gel which filled it was crystallized in sectors with well-defined straight edges, 
possibly determined by the planes in the cubic or pyritohedral core. In addition to 
the fibrous or radiating structure of the chalcedony, it frequently shows the salt-and
pepper or aggregate structure. Superimposed on the fibrous chalcedony structure are 
Liesegang rings which are parallel to the cavity wall and perpendicular to the elon
gation of the fibers. Liesegang rings, named after their discoverer, are rings or 
curved bands formed by the rhythmic precipitation of salts in a gel. The structure 
produced may be easi Iy confused with layers formed by deposition, but whereas depo
sitional structures are primary, Liesegang rings are secondary due to diffusion. A 
simple method for making Liesegang rings is described by Cassirer (1936, p. 11, 12). 
Where there is incomplete filling, euhedral quartz often lines the cavity. 

Excellent examples of weathered-out cores of chalcedony are found on Dry 
Creek, southeast of Lakeview in Lake County (figure 2D). These are casts of the 

cavity and each face has radial markings with a button at the center. The button is 
hemispheric on one face witha corresponding hollow on the opposite face. Because 
opposite sides of the cavity often would fit together if joined (figure 4B), it may be 
assumed that the sides were spread apart by fluid pressure, forming the cavity. This 
explains the positive and negative buttons seen on the weathered-out chalcedony 
cores and is further proof that the cavity formed after the development of the spheru
lites which produced the hemispherical buttons. 

The zone of greatest difficulty to interpret is at the contact between the chal
cedony core and the tuffaceous outer shell (figure 4). A complete understanding of 
the history of this zone of contact would clarify many of the least understood processes 
in the formation of thunder eggs. (The term "contact zone ll used here refers only to 
location at the contact of the outer shell and matrix, and has no genetic significance 
as in ore deposits.) The rim of the cavity is often coated with colloform opal and 
this in turn may have a shell of spherulitic material on it. This spherulitic shell de
termines the form of the chalcedony bands which are composed of fibers lying normal 
to the shell, with Liesegang rings superimposed and paralleling the shell. In the 
contact area the spherulites can be recognized by their length slow habit as well as 
the radiating structure (figure 6). 

In hand specimens there often appears a zone of chalcedony parallel to the 
cavity wall into which abut the paralleled bands of the agate. This zone seems, on 
cursory examination, to have been the first to form, as a cavity wall coating, and 
later to have been covered with banded agate as the cavity fi lied up. However, 
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Figure 6. Photomi crogroph of spherul es surrounded by radiat 
ing chalcedony whi ch has corroded .earl ier bonds of agate. 
Contact zone of dark spherulites. Mag. 23 X,crossed nicols. 

, 

/ 

Figure 7. Moss agate showing Liesegang rings paralleling 
tubes and corroding earlier-formed horizontal bands of 
agate. Magnification 5 X. 



careful observation of this zone, supported by thin-section studies (figure 6), shows 
the reverse sequence to be true. It appears that the cavity was filled with gel, lay
er on layer, which, due to slightly different compositions, produced banding. In 
some cases a tilting of the cavity during deposition resulted in an unconformity be
tween the first set of bands and a later set. For reasons wh ich are not now under
stood, the wall of the cavity often directs a Liesegang effect into the agate, eradi
cating the original structure. This is also seen where pseudoalgae or "moss" protrudes 
into the agate. The pseudoalgae areoutlined byrings which cut across the agate bands, 
eradicating them (figure 7). The pseudoalgae or filaments, according to Brown, 
(p. 336), " ..• originated after and not before the cavity was filled with the gel. If 

The chemistry of the formation of the feldspar and cristobalite spherulites from 
rhyolitic glasses is not well enough understood to predict the amount and kind of 
material that would be liberated. Possibly some of the contact effects and growth of 
quartz crystals along the contact may be due to devitrification, but it seems unlikely 
that the large amount of silica which fills the central cavity could originate in this 
fashion. This silica which deposits as silica gel in the central cavity, and later crys
tallizes to chalcedony, and the quartz which lines or fills the remaining voids, un
doubtedly entered the cavity through minute cracks or through the porous walls. The 
amount of secondary silica in veinlets, amygdules, and cavities in the rocks where 
thunder eggs are found is very great and there is little doubt that silica was. transport
ed and introduced from ground-water solutions. 

Summary 

The sequence of events in the formation of a thunder egg varies from specimen 
to specimen and some exhibit much greater complexity than others. The best exam
ples are those which, when cut, exhibit four- (figure 1 D) or five-pointed stars (fig
ure lA) and in which there is distinct banding. Possibly of greater beauty, but more 
difficult to explain are those which contain pseudoalgal structures (moss agate, plume 
agate [figure 3]), and those which have multiple-filled or very irregular cavities 
(fi gure 1 C) . 

The development of thunder eggs has been discussed above. To summarize this 
briefly, they are rock structures formed in welded tuffs and rhyolites, of spherical or 
ellipsoidal shape, containing cores of chalcedony and sometimes quartz. The speci
mens consist of three concentric shells: an outer shell, usually brown in color with 
a ribbed, warty surface; a contact zone which borders the former cavity; and a core 
representing the cavity filling and consisting chiefly of chalcedony but sometimes 
containing quartz, opal, and pseudoalgal structures. The contact zone between the 
core and outer shell is sometimes only apparent microscopically. The most charac
teristic feature of thunder eggs is the devitrification of the rhyolitic glass by incipi
ent crystallization forming spherulites. Although it has not been definitely proved, 
the devitrification probably releases gases which initiate spherulite growth and act 
as the force to open the central cavity, often between or around spherulites, but 
sometimes within them. The spherulitic growth produces the hardened outer shell, 
which becomes a residual structure in the surrounding rock as it alters to clay. Most 
specimens consist not of a single spherulite but rather of many of them intergrown, 
some of which may contain no cavities. The central filled cavity of many thunder 
eggs contains a hemispherical protuberance (button) on one side with a hole of a 
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similar size on the opposite side (figure 2B), indicating that the cavity was formed 
around some spherulites and that the two sides were formerly joined. The cavities 
with regular shapes, yielding a four-sided or five-sided figure in section, have been 
explained by Wright (1915) and Ross (1941) as due to expansion and rupture along 
planes representing the faces of negative or inward-projecting four-sided and five
sided pyramids. Natural casts (figure 2D) of the cavities well illustrate these forms. 

A careful study of thunder eggs raises nearly as many questions as it answers. 
Details concerning the types and pressures of fluids involved in forming and filling 
the cavities; the length of time required for devitrification, crystallization, andfil
ling; the physical chemistry of development of spherulites; and the paragenesis of the 
minerals involved, including the temperatures of formation, all need to be given at
tention. In addition, further field work should be pursued in the hope that it would 
aid in solving some of the problems related to sources of the material which must be 
derived from outside of the thunder egg. Other field studies should consider the or
ientation and location of the thunder eggs in the flows or beds, the relations ofspher
ulites and lithophysae, and the types of alteration involved. 
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LUNAR GEOLOGICAL FIELD CONFERENCE 

From all quarters, the first International Lunar Geological Conference, which was 
held in Oregon in the summer of 1965, has been judged a complete success. 

Duri ng the week-long meeti ng at Bend, August 22 to 29, geologists, geo
physicists, and astronomers from Australia, Belgium, Canada, Czechoslovakia, Eng
land, Iceland, Norway, South Africa, and West Germany joined with their counter
parts from United States Universities, government agencies, and space industries to 
exchange information about the lunar surface. 

Two State of Oregon Departments {Planning and Development, and Geology 
and Mineral Industries} staged the conference under the sponsorship of the University 
of Oregon and the New York Academy of Science. Dr. Lloyd Staples and Dr. Jack 
Green were the co-chairmen for the respective sponsors. The Lunar Base Research 
Committee and Chamber of Commerce committees of Bend proved to be extremely 
hospitable hosts. The State Highway Department contributed to the conference by 
demonstrating a vane sheer test at a pumice quarry near Bend. 

Unlike typical conferences where most of the time is allotted to the lecture 
room for technical papers and discussions, thjs was designed with five days of field 
trips to show the visiting scientists the great variety of initial surfaces and volcanic 
landforms of central Oregon, and also to permit on-the-spot discussions of views con
cerning volcanic processes and the origin of the moon's surface. 

Three Trailways buses were required for transportation of the 70 to 80 partici
pants on the five separate field trips, which covered the central Oregon landscape 
from Bachelor Butte and the Three Sisters areas to Newberry Volcano, to Fort Rock 
and the Devils Garden, on to magnificent Crater Lake, and back to the McKenzie 
Pass lava field. The bus caravan never failed to negotiate the back roads that kept 
blocky obsidian flows, pumice flats, spatter cones, lava tubes, spiny lavo fields, and 
large calderas within view the better part of every day. See pictures, pages 209-216. 

The official guidebook for the five days of field trips was the Deportment's Bul
letin 57 prepared especially for the conference. Its cover portrayed a photographi
cally denuded central Oregon landscape as a fictitious lunar mare termed "Incognitum." 
Official photographer for the conference was Earl Roarig, 1735 E. 11th Street, Bend, 
Oregon, who shot a voluminous number of pictures with three cameras and took orders 
for prints. 

During the conference week the Bend community used every available moment 
to entertain its distinguished guests. The opening event was a banquet at which Gov
ernor Mark O. Hatfield welcomed the conference members and noted that the key to 
Oregon's future lies in science and research. As proof of this, Dr. Arthur S. Flemming, 
President of the :..lniversity of Oregon, announced the establishment of the Center of 
Volcanology at Eugene, to be headed by Dr. A. R. McBirney. 

The Rim Rock Riders of Bend provided a buckaroo breakfast, and the Fort Rock 
Grange, with Reub Long in charge, put on an old-fashioned western barbecue lunch 
in the shadows of Fort Rock. And to top the week of hospitality, on Wednesday 
evening each visiting scientist was the personal gu~st in the home of a Bend family. 
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Many of the highlights of the conference were provided by the visiting scientists: 
At East Lake within the Newberry Caldera, Dr. Haroun Tazieff, dynamic vol

canologist from Paris and Brussels, demonstrated a portable gas analyzer used during 
actual eruptions to check the composition of emanating gases at erupting volcanic 
vents. The fumarolic gases bubbling to the surface at East Lake were found to be al
most entirely carbon dioxide. 

Deep within the enormous lava tube called" Lava River Cave," Dr. Gordon 
Macdonald, dean of Hawaiian volcanologists, vividly describ~d the processes in
volved in its creation. 

From the rim of sparkling blue Crater Lake, Dr. Howel Williams of the Univer
sity of California described, as only he can, the building of mighty Mount Mazama, 
its eruption, and its collapse. The story was told from spectacular viewpoints where, 
in his own words, "The scene is one of overwhelming beauty." 

Evening discussion groups at Pilot Butte Inn were led by Dr. Aaron Waters, 
Head of the Department of Geology at the University of California, Santa Barbara. 
One day of the week was devoted to presentation of technical papers with Dr. Jack 
Green as moderator. The papers are to be published by the Department. 

On the last trip of the conference, into the vast McKenzie lava field, the con
ference delegates paused briefly to conduct their. only official business meeting. Still 
unsolved was the answer to the main question of the lunar surface controversy: Are 
the craters volcanic or meteorite impact? Dr. Nicholas Short of the University of 
Houston presented resolutions for the members' approval that basically recommended 
the selection of a volcanic crater and an impact crater for intensive studies prior to 
manned landings on the moon. "Hole-in-the-Ground" near Fort Rock was mentioned 
as a possible volcanic crater and Oregon's new Center for Volcanology at the Univer
sity of Oregon was urged to seek funds for a systematic study of the structure. Meteor 
Crater, Arizona, was chosen as the crater to be studied for impact phenomena. The 
resolutions were left with an "ad hoc" committee for final editing and circulation to 
conference delegates for signing. 

As stated before, the conference has been judged by nearly everyone as an un
qualified success, and if the only purpose had been to enhance Oregon's scientific 
image, it did. If it was to show space-oriented industries that Oregon has adequate 
research facilities and the terrain on which to experiment, it did. If it was to further 
publicize Oregon's volcanic scenery, it did. If itwas to encourage the new Center 
for Volcanology at the University of Oregon, it did. 

When asked for comments on the achievements of a meeting such as this, one 
of the participants replied as follows: "Besides getting to know the people of what 
is surely one of the finest States in the Union, and getting to understand its volcanic 
terrain, we had an exchange of views. It is the discussions which go on during such 
conferences between scientists of widely differing experience and from distant parts 
of the world that are the most important aspect." 

The scroll reproduced on the opposite page was sketched by ----t> 

Dr. B. B. Brock of the Union of South Africa during the field trip to 
Crater Lake; it was signed later by members of the conference. On 
the last day of the conference, at a noon IU,ncheon in Bend, Dr. Fred 
M. Bullard, Texas volcanologist, made the formal presentation of the 
scroll to Oregon's State Geologist, Hollis M. Dole, who accepted it 
for the Lunar Conference Commi ttee. 
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Lunar Geological Field Conference participants at the base of Fort Rock are identified by the numbered outlines above. 
Sixteen are from foreign countries, as indicated; all others are from the United States. 

(1) Dinneen, (2) Long, (3) Tazieff (Belgium), (4) Mrs. Tazieff (Belgium), (5) Gant, (6) Matumoto (Japan), (7) Bullard, 
(8) Elston, (9) Kaneko (Japan), (10) Wood, (11) Saito (Japan), (12) Walker, (13) Ingerson, (14) Brown, (15) Raymond, 
(16) Taylor, (17) Wilkinson, (18) Allen, (19) Tiffany, (20) Saari, (21) Halajian, (22) Gass (England), (23) Dietz, (24) 

McCall (Australia), (25) Wilson (Canada), (26) Strom, (27) Robinson, (28) Bodvarsson (Iceland), (29) Vaughan, (30)Ofte
dahl (Norway), (31) Macdonald, (32) Cook, (33) Kocher, (34) McBirney, (35) Howard, (36) Hale, (37) Ronca (Italy), 
(38) Groh, (39) Fogelson, (40) Cameron, (41) Mason, (42) Hoch, (43) Schloss, (44) Weathers, (45) Van Lopik, (46) 
Waters, (47) Von Englehardt (West Germany), (48) Benson, (49) Pinson, (50) Arnett, (51) French, (52) Short, (53) Dence, 
(54) Bryson, (55) Baragar (Canada), (56) Kopecky (Czechoslovakia), (57) Currie (Canada), (58) Denny, (59) Manton, 
(60) Rogers, (61) Corcoran, (62) Richardson, (63) Kennedy, (64) Cronin, (65) Bledsoe, (66) Hill, (67) Green, (68) 
Zaitzeff, (69) Bowen, (70) Hafner, (71) Staples, (72) Ryan, (73) Azmon, (74) Brock (Union of South Africa), (75) Louns
bury, (76) Tooley, (77) Williams, and (78) Greiner. No. 79 indicates Fort Rock. (Photograph by Earl C. Roarig) 
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A stop along the Cascade lakes Highway by Devils Hill. The party is in
specting and sampling one of the dacite flows of very recent origin. 

Viewing the surrounding country from the top of lava Butte. This fresh cin
der cone, its crater, and rugged black lava field was of great interest to the 
field party. 



Phil Brogan, well known for his popular writing on the geology of central 
Oregon, stands beside the Forest Service sign that names the trail to the Lava 
Butte gutter in his honor. 

Three leading volcanologist'5 having 0 field lunch at Povlino Falls Forest 
Camp. From left to right: Dr. Motumoto, University of Kumamoto, Japoni 
Dr. Williams, University of Coliforniai and Dr. Gass, University of leeds, 
England. 
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The conversotion between Or. McBirney and Or. Waters (center af photograph) 
on the Paulina lake maar in Newberry Crater was ane af the many interesting 
discussions that took place during the field conference. 

Conference group li sten ing intently as Or. Tazieff, University of Brussels, 
Belgium, describes the operation of a portable vo lcanic gas analyzer at the 
East lake Hot Spring in Newberry Crater. 



Field trip guide Normon Peterson, Oregon Deportment of Geology ond Min
erol Industries, describing Hole-in-the-Ground to the conference group. 
This feature, 50 much like a lunar crater, fascinated everyone. 

• • 

Conference members leave the buses to climb the clinkery side of one of "The 
Blowouts," a large spotter cone in the Devils Gorden area. The Lunar Con
ference sign on the bus gives a humorous twist to the Trailways slogon, 
"Easiest travel on earth." 
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At Fort Rock State Pork the group enjoys a genuine western-style barbecue 
lunch prepared to gourmet taste by the members of the Fort Rock Grange. 

Towering above the state pork where the barbecue was held is Fort Rock, on 
eroded tuff ring. 
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Or. Williams, authority an the geology of Crater l ake, is g iving the confer
ence group the benefit of his knowledge and experience . This spectacular 
caldera was the cl imax of the field conference . 

Two pipe-smoking earth scientists in friendly discussion at Crater lake. Dr. 
Brock, Union of South Afr ica, on the left and Or . Macdonald, University of 
Hawaii, on the right. 

215 



Dr. Staples, Department of Geology, University of Oregon and co- cha irman 
of the conference, at left, and Dr. Matumoto, with other members in the 
background, give their attention to the lecture by Dr. Williams at the view
point overlooking Wizard Island. 

Some of the conference scientists observing the jogged lava surfaces at 
McKenzie Poss from the top of Dee Wright Observatory. North Sister and 
Middle Sister peaks are in the background. 
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Introduction 

The increased development of the Oregon coast for domestic housing, recreation, and 
industry makes it economically important to understand processes of coastal erosion 
and deposition. Of all the erosional processes, landsliding is undoubtedly the most 
important. It is active along 70 of the 150 miles of northern Oregon coast, from the 
Columbia River to Florence. 

In the past, investigations of coastal landslides have followed mainly a re
actionary approach. Only after property has been damaged or rendered valueless by 
landslides have detailed studies been made to determine the causes of the movements 
and the feasibility of preventive measures. In Oregon, studies of coastal landslides 
have been few. Diller (1896) and Smith (1933) described landslides as they occurred 
in accessible wave-cut cliffs and areas of local subsidence. Broad erosional processes 
effecting changes in the Oregon coast were studied by Dicken (1961), who included 
references to coastal landslides as they altered shoreline topography and composition 
of beaches. General estimates of the length of coast already affected by landslides 

were made by Byrne (1963, 1964). Terrace subsidence in the Newport area was 
studied by Allen and Lowry (1944) after a 1 ,OOO-foot section of the coast dropped 20 
feet, opening fissures and shifting houses. A spectacular 125-acre sl ide in Ecola 
Park, near Tillamook Head, was described in detail by Schlicker, Corcoran, and 
Bowen (1961). 

Most general literature on landslides is contained in various engineering publ i
cations that deal directly with road building, railroad engineering, or some phase of 
construction. This literature is voluminous, and extensive bibliographies are given by 
Eckel (1958), Ladd (1935), and Sharpe (1938). An excellent summary of landsl ides 

* 806 South Hoga Street, Sterling Park, Virginia 22170 
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Figure 1. Index map showing geomorphic provinces of western Oregon. 
Shaded portion indicates area studied. 
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in general was presented by Schlicker in The ORE BIN of May 1956. 
The field study represented by this report was undertaken to provide data on 

the location and causes of active landslides, and to determine, if possible, the fre
quency of landsl ides and rate of coastal retreat. 

Coastal Physiography and General Geology 

The northern Oregon coast, from the Columbia River to a point six miles north 
of the Siuslaw River (Figure 1), includes a wide variety of shoreline features. Short, 
narrow beaches lie at the base of low cliffs which form the seaward edge of uplifted 
marine terraces. Numerous headlands, estuaries, and bays interrupt the continuity 
of the terraces and beaches. Where the coast I ine is low, near the bays, active sand 
dunes are present. Stabilized dunes are evident in some of the low areas and on some 
of the terraces. 

Tertiary marine sediments dominate the rocks exposed to erosion. These rocks 
range in age from Eocene to Miocene, and consist of micaceous and tuffaceous sand
stones, siltstones, mudstones, and shales, with some glauconite beds. 

Sediments of Pleistocene{?) age are exposed in marine terraces along the coast. 
These deposits consist of cross-bedded sand and silt with layers of gravel and very 
coarse sand, fossil wood, peat, and, in some places, thin beds of sandy clay. The 
Pleistocene sediments occur as terrace caps that unconformably overlie Tertiary rocks. 
Although often unreported on geological maps, these deposits figure prominently in 
local landslides and must be included when the total material available for mass move
ment is considered. 

Igneous rocks of Eocene and Miocene age form all but one of the headlands 
(Cape Kiwanda) and constitute the most resistant features of the northern coast. 
These rocks are dense to very finely crystall ine basal t flows, pillow lavas, flow brec
cias, agglomerates, and tuffs. Dikes of gabbro, diabase, and diorite intrude both 
igneous and sedimentary rocks, forming resistant "spines" and locally disrupting and 
contorting the sediments. A summary of the lithologies exposed along the coast is 
presented in Table 1. 

TABLE 1. Coastal lithology significant to landslides along the northern Oregon 
Coast (figures in statute miles). 

Material 

Sedimentary rock 
Igneous rock 
Beach, dune sands 

Total 
length 

33.38 mi. 
36.76 
79.60 

Terrace 
Cap 

20.42 mi. 
16.90 

Distribution of Tertiary sedimentary and igneous rocks and Quaternary sedi
ments is shown in some detail on geologic maps that cover the following coastal areas: 
Astoria to Cape' Lookout (Warren and others, 1945); Cape Kiwanda to Cape Foul
weather (Snavely and Vokes, 1949)i Newport to Waldport (Vokes and others, 1949)i 
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Figure 2. Landsl ide nomenc lature. 

and Heceta Head to Florence (Baldwin, 1956). A geologic map of western Oregon 
(Wells and Peck, 1961) combines in a generalized way the information of the four 
maps cited above. 

Landslide Characteristics 

The term Ilandslide" has been used to represent a variety of types of masswast
ing. Although specific cases of landslides may involve an earthflow or a block fall 
rather than the strict slide of a mass along a plane, the word is used to describewhat 
is apparent: that a portion of land has sl id or moved from one position to another. 
A landslide, then, is a relatively rapid displacement of a mass of rock, residual soil, 
or sediments adjoining a slope, in which the center of gravity of the moving mass 
advances in a downward and outward direction (Terzaghi, 1950). 

Landsl ide morphology 

Each landslide has its own characteristics. The mechanisms, materials, and 
boundary restrictions may be"quite different from slide to slide. However, slide no
menclature has been more or less standardized and is summarized in Figure 2. 

For coastal landslides the toe usually is in direct contact with the ocean. When 
a slide reaches the ocean, waves immediately begin to act on the toe, removing the 
finer material and leaving larger boulders and cobbles to outline roughly the origi
nal toe. Where sl ide toes are composed of smaller fragments, wave activity may 
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carry away most of the toe material. This produces a wave-cut cliff in what was 
formerly the bottom or foot of the slide. The cliff is often backed by a gently slop
ing bench; the surface upon which the slide moved is located beneath this bench. 

Landsl ide mechanism 

The force of gravity acts to produce landslides. Prior to the actual movement, 
earth material beneath a slope is subjected to shearing stress. If the shearing stresses 
in the material are less than the average shearing resistance, the slope is stable. 
When the stress is equal to or exceeds the resistance, a landslide occurs. It is the 
failure of material under gravity-induced shear stress that allows slope material to 
slide. 

The actual mechanism of slide development has been described by numerous 
workers. The following is from Schlicker's report in The ORE BIN for May 1956. 

"External causes of landslides are due to the undercutting of the toe of a slope 
(oversteepening), addition of weight from embankment material or waste deposited 
along the upper edge of the slope, and from added weight of increased moisture con
tent. Earthquakes or vibrations can be a cause and there is no doubt that vibrations 
from any source may 'tri gger' a sl ide. 

"Internal causes of landslides are due to water in the ground. The groundwater 
produces both immediate and progressive decrease in shear strength of the soil. Im
mediate decrease of shear strength is generally caused by increase in pressure from 
water in the voids. This pressure is analagous to the forces exerted by a hydrostatic 
head. Seepage pressure is a force exerted by ground-water flow due to the viscosity 
of water moving through minute passages in the soil. Continued seepage through 
slopes expels the air and apparent cohesion between the soil particles is eliminated, 
further weakening the soil. Although this mainly concerns conditions of rapid draw
down in reservoirs and stream channels, it is also true of saturated soils below the 
water table. Progressive decrease in shear strength results from removal of the soil 
binder and chemical decomposition of the mineral grains by ground-water action. 

"As the shearing forces approach the shear strength of a soil mass, certain sec
tions fail by rearrangement of the soil grains and the formation of hairline cracks. 
Excess water in the disturbed soil is forced into other sections of the soil and failure 
of the soil mass continues as if by chain reaction. When the shear strength along a 
possible slide plane is reduced sufficiently, the entire mass becomes mobile andslide 
occurs. At the moment a slide begins the shearing forces are but slightly greater than 
the shear strength of the soil, but sliding causes a reduction in strength of 20 to 90 
percent, depending on the sensi tivity of the soi I (T erzaghi, 1950, p. 112). Move
ment of the slide rapidly increases as the soil loses its strength. As the slide pro
gresses, the driving force is reduced through reduction in slope and mixing of the 
slide material with more stable foreign soil. When the resisting force again is equal 
to the shearing force of the soil the movement passes from sliding into slow creep. 
The surface of an old slide is particularly susceptible to the effects of excessive rain
fall, since numerous deep fissures provide easy entrance for water and drainage is 
greatly disrupted." 

When a slide stops moving, equilibrium between gravity and the slide materi
al's shearing resistance is established. Removal of the toe may upset the equilibrium 
by unloading the base, thus permitting repeated movement of the slide. 
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Landsl ide classification 

Numerous attempts have been made to classify landslides. Most classifications 
have been based on size and rate of movement, type of movement, type of material, 
and organization of material in the moving mass. 

The simplified classification used in this paper is a modification of the classi
fication used by Eckel (1958). Four categories based on the nature of the slip sur
face constitute the classification. These basic types are summarized in Table 2 and 
are depicted in Figure 3. 

TABLE 2. Basic landslide types. 

Landslide type* Nature of slip surface 

Slump 
Slide 
Fall 
Shift 

Concave 
Planar 
Indeterminate - movement essentially vertical 
Indeterminate - movement indeterminate 

*The type of material moved can be used as a modifier, for example, movement 
of rock and terrace material along a concave slip surface would be termed "rock
terrace slump." If materials are considerably mixed, the word "debris" is appl ied 
to the I ands I i de type. 

Distribution of landslides 

The distribution of coastal landslides according to this classification is shown 
in Plate 1, pages 228 and 229. The pattern plotted in the offshore position repre
sents the landslide type; the lithologic symbol indicates the general lithology at the 
coastline modified from the geologic map of western Oregon (Wells and Peck, 1961). 
No attempt has been made to show the distribution of terrace deposits. However I 
mention is made in the text where terrace sediments are significant to landsliding. 

The following discussion, divided into three sections for sake of convenience, 
describes landslides of the northern Oregon coast, from north to south. 

Ti Ilamook Head to Cape Meares 

Landslides have cut deeply into the sea cliffs of Tillamook Head and have 
moved more than 180 acres of property on the entire headland; On the north side 
of Tillamook Head, mudstones of the Astoria Formation form cliffs nearly 200 feet 
high. In two places where old slides have occurred, vegetation is too thick for de
tails of slide configuration to be observed. These landslides were viewed near their 
crown from a trail over the headland. The slides are long and narrow and are being 
eroded by small streams. At West Point, the contact between basalt and Astoria sed
iments is exposed in the cliff face. From this point southward to Indian Beach, rock 
and debris falls are the main mass movements. Highly weathered basalt continually 
falls to narrow rocky beaches or directly into the ocean. 
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Figure 4. Ecola State Park landslide of February, 1961. 



Three active landslides are included within the 1.6 miles of Ecola Park coast-
I ine on the south side of Tillamook Head. Sedimentary rocks in the park are thin
bedded sandstones, silty shales, and clayey siltstones of the Astoria Formation. Ba
salt flows and agglomerates are associated with the sediments; numerous dikes and 
sills have intruded the strata. According to Schlicker and others (1961), igneous 
intrusion took place before complete sediment consolidation, squeezing the sands and 
silts into complex folds with small axial faults. The most recent large landslide in 
the park occurred in February, 1961 and involved 125 acres of land, extending half 
a mile inland from the shore (Figure 4). The slide moved three feet per day at the 
outset, slowing down and stopping two weeks later. This 300-yard-wide slide was 
channelled between two basalt masses at theshoreline. Itstoe has since been greatly 
eroded by waves. This slide which began as a debris slump, exhibited a vertical 
displacement of 40 feet at the crown and a maximum horizontal displacement of 100 
feet at the middle. 

Other landslides have occurred within the park. One slide is visible at Bald 
Point between Indian Beach and Ecola Point; an older landsl ide has its crown about 
half a mile inland from Bald Point. Sedimentary rocks in the landslide appear to be 
riding over basalt flows at the base of the toe. Erosion by wave action has removed 
material from the toe and has left only basalt boulders and cobbles to outline its ex
tent. The basalt base may protect Bald Point from complete erosion by waves. 

Between Ecola and Chapman Point steep scarps are associated with rock and 
debris fall. An old landslide near the north end of Chapman Point is partly con
cealed by vegetation, although the general slide outline is still visible. 

Minor terrace debris slumps with some rock falls occur on small, local head
lands from Chapman Point eight mi les southward to Cove Beach, on the north side of 
Cape Falcon. Along Chapman and Cannon Beaches minor terrace sand slumps are 
prevalent, and near the village of Tolovana Park erosion and subsequent movement 
of unconsolidated terrace sands have shifted the foundations of some cottages. Be
tween Cannon Beach and Tolovana Park, opposite Haystack Rock, the seaward
dipping Astoria Formation crops out on the cliff and provides natural slip planes for 
the overlying loose sands. Most slumps along this part of the coast occur along cliffs 
less than 20 feet high. South of Silver Point, mudstones of the Astoria Formation are 
intruded by basalt and are overlain by about 15 feet of terrace sand. Basalt dikes 
exposed as small, resistant promontories separate minor slumps of sedimentary rocks. 
The largest landslide in this area forms a bench 120 feet wide and 60 feet long, with 
a 20-foot-high initial scarp. On the south side of Humbug Point, intrusions have 
disrupted and contorted the sediments. Minor terrace debris shifts with 10-foot-high 
wave-cut cliffs in the toes are continuous in this area. Arch Cape, 250 feet high, 
is eroding by rock fall with some soil creep on the top. 

Along Cape Falcon, an igneous headland, rock falls are common. Near the 
western point of the cape, basalt is overlain by sedimentary rock dipping westward. 
This, in turn, is overlain by a thin terrace sand cap. 

In Smuggler Cove (Short Sand Beach), nearly 1,700 feet of dark-gray shale 
interbedded with fine-grained sandstone of Blakely age (Oligocene-Miocene) are 
exposed. Thin beds of siltstone, graded shale, and tuffaceous sandstone occur in 
this sedimentary section. At the north end of the beach, blocks of fine-grained 
sandstone, averaging 7 by 4 by 2 feet, move as dip-block slides over beds dipping 
29° to the south. Debris slumps appear to be more prevalent along the southern 
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Figure 5. Rock-terroce slump which has destroyed 20 acres of land on Cascade Head. 

Figure 6. Slumping of Eocene shale south of the Salmon River. Where basalt cap 
has been breached, landsliding has been most rapid. 
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section of the beach, however. Part of the cliff behind the southern portion of the 
beach is protected by a 6-foot-high berm of cobbles and driftwood. Th is berm de
creases undercutting of the cliff by acting as a partial wave barrier. Such a barrier 
is lacking on the northern third of the beach. A cross section of the hillside on the 
north shows vegetation and soil creep on the upper hillside, debris slump or shift in 
the middle, and block slide on the lowest reaches of the hill. The southern portion 
of this headland area, namely Neahkahnie Mountain, is eroded by block falling. 
Near Neahkahnie Beach, there is a vegetated remnant of an old debris shift consist
ing of Astoria rocks or terrace deposits. 

Although landslide erosion is not very active along the coast from Neahkahnie 
Beach to Cape Meares, significant changes have taken place along Bayocean Penin
sula at Tillamook Bay. Wave erosion of this sand spit is now well known and will 
not be discussed in this report. Wave erosion is rapid at the village of Cape Meares 
near the south end of the Bayocean Peninsula, but resistant igneous dikes help to 
decrease the rate of wave erosion and of landsliding close to the cape. 

Cape Meares to Yaquina Head 

Cape Meares headland exhibits rock and debris fall all along the wave-cut 
cliffs. Massive basal t is capped by unconsolidated sand at an elevation of about 
350 feet; small areas of soi I creep disrupt vegetation and contribute to the debri s 
fall from the cliffs. A 300-foot-wide benched slump on the north end of Short Beach, 
south of the lighthouse, has moved down to the beach. Boulders now outline the 
landslide toe, since finer slide debris has been removed by waves. 

Stacks and wave-cut platforms in the basal t give some protection from wave at
tack on Cape Meares. This type of protection varies along the cape, but is present 
to some degree as for south as Oceanside. South of Oceanside, terrace and dune 
sands are involved in small local slumps. This type of minor movement extends south
ward to Cape Lookout. 

Cape Lookout is a narrow igneous headland jutting 1.75 mi les into the sea. 
Rock and debris falls are common along its sheer cliffs. On the north, at the land·
ward end of the cape, 20-foot-high dune and terrace shifts partially cover basalt. 
The remainder of the cape has rock falls, with minor soil creep on the slopes above 
the cliffs _ Generally, there is no visible talus from these falls, because rocks fall 
directly into 40 to 60 feet of water. 

A 1, OOO-foot-wide benched slump is exposed on the south landward end of the 
headland. South of the cape for one mile, small shifts of terrace material partially 
concea I sedi mentary rock ou tcrops. Near Camp Meriwether, terrace sands wi th tree 
and stump debris compose the sea cliff. 

From Camp Meriwether to Sand Lake, there are 40- to 60-foot cl iffs of terrace 
and dune sands. This area, notable for the high dunes extending one mile inland, is 
retreating by minor dune and terrace slumps. From the end of the dune area southward 
to Sears Lake, there are no landslides. 

Near Sears Lake, one mile south of Tierra del Mar, the coast road cuts through 
a small slump in deeply weathered siltstone. The slump, having moved down the 
west face of a small hill, extends to the sea west of the road cut. Judging from the 
appearance of a 15-foot-deep fracture, part of the hillside broke away at this initial 
scarp and moved downslope; smaller step-scarps are common above the main scarp. 
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Sedimentary rocks in the vicinity of this slump dip seaward 5°. 
Cape Kiwanda, four miles north of the entrance to Nestucca Bay, is the only 

major headland composed of sedimentary rock on the northern Oregon coast. Sand
stone of the Astoria Formation, which erodes as block fall, constitutes the promon
tory. Compar i son of photographs taken about 1915 with recen t pictures suggests that 
little erosion has taken place on the seaward edge of the cape. Block falls have re
moved sandstone from the sides of the cape, however, and continue to produce vis
ible erosion of the headland. 

Several thin dikes have cotnbined with the joint pattern of the rocks to control 
the erosion which has resulted in the southwest orientation of the headland. Haystack 
Rock, 0.5 mile to the southwest, probably offers some protection against waves from 
the southwest. 

From Cape Kiwanda southward along North Kiwanda Beach and Kiwanda Beach, 
minor sand shifts are evident. For most of the distance low coastline relief and wide 
beach conditions extend to 0.6 mile south of Neskowin at the north end of Cascade 
Head. 

Cascade Head is a volcanic mass composed of basalt flows, pyroclastic rocks, 
and sediments of the Nestucca Formation of late Eocene age. The headland has been 
greatly modified by erosion. Extensive landsliding has taken place in six small em
bayments that have been eroded into the headland after wave activity removed re
sistant basalt. Siltstones are now exposed in cliffs behind the beaches. On portions 
of the headland that are composed entirely of basalt, rock fall is the principal type 
of mass movement. 

Twenty acres of pasture have slumped to the sea in the largest landslide on 
Cascade Head (Figure 5). This slide is 0.1 mile north of the Salmon River and con
tributes soil and boulder debris to a narrow crescent beach at the base of the sea
cliff. The whole feature is about 2,500 feet wide, but consists of two slides partly 
separated by a dike that diverts the smaller of two movements. Residents of the area 
report that the main slide occurred in 1934. Trees and low brush now cover the 
gently-sloping slump bench. The crown scarp, at an approximate elevation of 600 
feet, is 8 feet high. A series of sub-parallel fractures, 2 to 6 feet deep, are present 
up-slope from the crown. The toe of the slide has been eroded by waves, producing 
a cliff 30 to 60 feet high in the slide debris. 

Between the mouth of the Salmon River and the village of Roads End, landslid
ing takes place along a series of crescent-shaped bays (Figure 6). The bays have 
been eroded in siltstones and shales of the upper Eocene Nestucca Formation. The 
points of the crescents consist of more resistant basalt. The bays have developed as 
a resul t of slumping of the shales following erosion of the north-trending basalt cap 
which protected the shales. Lack of vegetation on the slumps indicates that they are 
active. Rock falls are common in the basalt areas. 

From the village of Roads End to Lincoln Beach, terrace and beach sands are 
involved in small, local shifts. Near Oceanlake (now part of Lincoln City), cliffs 
of terrace sand on sedimentary rock rise to 50 feet in height. Serious property loss 
is occurring where residents do not attempt to protect or strengthen the cliff. Debris 
slumps are continually taking place in Lincoln City, from the former towns of Ocean
lake through Delake and Nelscott. Seaward-dipping sandstone crops out near Glen
eden and Fogarty Creek Beaches and provides natural planes along which overlying 
terrace sands are moving as minor slumps. 
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Figure 7 . Riprop at Boiler Bay helps to slow down landsliding and to protect U.S. 
Highway 101. 

Figure 8. Terrace slump near Beverly Beach. 
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Figure 9 . Slumping of Astorio Formation and overlying terroce deposits adjacent to 
north side of Yoquina Heod. 

Figure 10. Terroce slump in an area of seaward-dipping Miocene sandstones and 
sholes at Newport. 
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Fishing Rock, a small headlandO.3 mile south ofLincoln Beach, marks the start 
of Miocene pillow lavas, flow breccias, and tuffs which interfinger with sandstones 
of the Astoria Formation. For the next 6 miles southward, the Miocene basalts and 
sandstones are covered by terrace sands. Sedimentary rock is exposed in four coves 
but is partially protected from direct wave attack by barrier stacks andbasalt benches. 
This is the situation in Boiler Bay, Pirate Cove, part of Depoe Bay, and Whale Cove. 
In these coves, sedimentary rocks dip 120 to 160 to the southwest. Between the coves, 
basalt-flow breccias resist erosion and the overlying terrace sands remain in place. 
At the east end of Boi ler Bay, strata under the highway have been weakened by waves. 
Large basalt blocks have been dumped at the base of this sea cliff to retard land
sliding (Figure 7). At Cape Foulweather, south of Whale Cove, basalt forms resist
ant cliffs with small indentations which have been cut back into overlying terrace 
sands. The mass movement on Cape Foulweather is primarily block and debris fall. 

Yaquina Formation sandstone overlain by terrace sands is exposed in wave-cut 
cliffs 0.3 mile south of Otter Crest to the beach south of Otter Rock. This material 
is eroded by block and debris slump. Strata dip 1? to the northwest in this area, 
but many blocks have slumped and rotated on the surface of rupture, causing tilting 
of the beds and anomalous bedding attitudes near the beach. Local slumping loosens 
the rock, and later debris slides roll blocks onto the beach. Slide areas 60 feet wide 
have resulted where block slumping has been most intense. 

From Otter Rock to Yaquina Head, shales, sandstones, and mudstones of the 
Astoria Formation, which are overlain by unconsolidated terrace sands, are contin
ually slumping down 10- to 80-foot cliffs (Figure 8). Vegetation on cliff edges is 
disrupted as undercutting of the cliff and terrestrial erosion progresses. Consolidated 
rock dips 140 to the southwest throughout this area. 

Yaquina Head to Heceta Head 

On the north end of the village of Agate Beach, severe cliff slumps and subsi
dence have resulted in extensive property damage. Immediately north of Yaquina 
Head is a 1, OOO-foot-iong benched debris slump. The bench is well vegetated. Evi
dence for continued cutting back of the cliff can be seen on the crown edge from a 
trai lover the south side of the bench. Partially coherent blocks of terrace sands 
have calved off the edge of the slump. Rocks underlying the terrace deposits dip 
southwest with an average inclination of 140

• Adjacent to Yaquina Head, about one 
acre of land at the foot of Fossil Street in Agate Beach has been destroyed by cliff
block slumping (Figure 9). A ragged 15-foot-deep crack has opened at the crown 
where a large block of Astoria Formation and terrace sands have pulled away from 
the land. This fissure h-as been widened by erosion. Seaward, blocks become pro
gressively broken and skewed from original attitudes and finally -accumulate as debris 
shift on the beach. Reorientation of the blocks increases seaward as the removal of 
cliff debris by waves makes the leading edge of the slide less stable and hence prone 
to further downward movement. Mass movement just north of Yaquina Head is much 
more severe than erosion in areas of similar lithology and rock attitude within two 
miles of the headland. Interpretation of U.S. Coast and Geodetic Survey Chart 6056 
(1962) shows that underwater contours effecting changes in approaching wave-front 
directions would greatly concentrate wave energy within 0.3 mile of the headland. 
Convergence of wave energy is an additional erosional factor near headlands. Basalt 
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rock fall is common to the remainder of Yaquina Head. Some protection is given 
the headland by offshore basalt remnants. 

From Yaquina Head to Yaquina Bay, wave-cut cliffs rise to about 80 feet with 
debris slumps, rock-terrace slumps, and rock falls dominating mass movement. At 
Jump-off-Joe, on the north end of Newport, a number of large rock-terrace slumps 
have abruptly terminated several roads and have moved houses and associated prop
erty down and toward the sea. Subsidence of loosely consolidated Pleistocene ter
race sands and underl yi ng Tertiary sedi ments has affected an area 1, 000 feet long 
and 200 feet wide on the north side of the point called Jump-off-Joe and an equiva
lent area on the south side (Figure 10). Sandy shales and argillaceous sandstones of 
the Astoria Formation and mudstones of the Nye Formation underlie terrace deposits 
and dip seaward about 21°. Land movement has been attributed to ground-water lubri
cation and sl ippage along bedding planes of the Astoria and Nye (Allen and Lowry, 
1944). More than 16 acres of property have been involved in the Newport subsi
dences. 

From Yaquina Bay to Alsea Bay there are three areas where lithology distinctly 
controls the type of mass wasting. Minor dune-sand slumps occur in the unconsoli
dated sands two miles south of Yaquina Bay and four miles north of Alsea Bay. Relief 
is low and the slumps do not materially affect houses or other cultural features. Ter
race subsidence and debris shift occur on seaward-dipping mudstone of the Nye For
mation about two miles south of Yaquina Bay in the vicinity of Henderson and Grant 
Creeks. The present slump near Grant Creek is 300 yards long, 200 yards wide, and 
has an initial crown scarp varying from 6 to 20 feet high (Figure 11). Vegetation is 
thick on the subsided bench, but hummocky topography is visible, as is the disrupted 
iackstraw arrangement of trees. A few houses on the crown have not as yet been af
fected by the movement. From this point to Seal Rock there are continuous minor 
terrace-debris shifts over seaward-dipping Nye and Yaquina rocks. The rocks dip to 
the northwest with an average inclination of 14°. Within a mile north and south of 
Seal Rocks, sea stacks form a solid line about 300 feet from the cliff. The cliff of 
terrace sand is partially protected from erosion by this line of basalt stacks, but 
where the stacks are farther apart more intense wave activity acts on the coastline. 
Spaces in the stacks north of Seal Rock have allowed waves to cut the cliff back 100 
feet farther than on the protected cliff to the south. Intermittent protection is con
tinuous to Squaw Creek, one mile south of Seal Rock. 

For 6.3 miles south of Alsea Bay there is a little erosion. The terrace is low, 
averaging about 20 feet high, and some minor slumps occur in unconsolidated sand. 

About a mile north of Yachats, the longest basalt outcrop on the northern Ore
gon coast begins. For 9.8 miles to the southward, late Eocene basaltic rocks forma 
resistant edge along the coast in the Cape Perpetua area. Unconsolidated terrace 
sands overlying the basalt are protected from significant marine erosion. The basalt 
bench receives full impact of the waves, and this greatly reduces erosion of the over
lying sand. The basal t is well jointed (Byrne, 1963) and has been eroded along these 
fractures. Joint-controlled surge channels permit waves to erode the base of the ter
race sands, producing local areas of debris slumping. The basalt coastal strip be
comes well dissected and terminates 0.4 mile south of Roosevelt Beach. From there 
to Heceta Head low terrace slumps are common (Figure 12). In the Heceta Head -
Sea Lion Point headland area, the basal t mass again crops out. It has sheer cliffs 
where minor soil or debris creep contributes to headland rock falls. 
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Figure 11. Lorge slump south of Newport. 

Figure 12. Terrace slumps in the Roosevelt Beach orea south of Cope Perpetua . 
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Summary of Landslide Types and Lithology 

Landslides on the Oregon coast occur as the four basic types: slump, slide, 
fall, and shift. Each type is usually associated with a definite coastal lithology or 
combination of lithologies. Igneous headlands and the headland material overlying 
igneous rocks are most susceptible to falls, either rock or debris. The resistant ig
neous rock is massive, providing few if any bedding planes upon which slopes can 
develop. Undercutting is slow and, when rocks break off, they fall in tabular masses 
leaving vertical cliffs. Joints and faults control the erosion of the igneous head
lands. These fractures are zones of weakness that are eroded by waves. Evidence 
for weakening by joints is seen in each headland but is most prominent on the western 
side of Ti IIamook Head and along Cape Perpetua. 

Sedimentary rocks are involved in each type of landslide. Deep weathering of 
the sediments weakens the rock and makes the cliffs susceptible to undercutting by 
the waves. Unloading of the cliff base disrupts equilibrium of the relatively coher
ent rock mass and slumping occurs. Block slides or IIglides ll are unusual in the sedi
mentary sequence, because beds are usually too thin for a separate block to detach 
and slide. Where sandstone has resisted deep weathering, some slides of tabular bod
ies on bedding planes have occurred, as on Cape Falcon. 

Unconsolidated sands, silts, and gravels of uplifted marine terrace and dune 
deposits usually have no specific plane of movement and move as debris shifts. Min
erai and rock grains, acting as individual particles, provide no firm plane for move
ment of one mass over another. SI ip-face sand movement, resulting in a cone or 
sma II fan, is common on dune and terrace faces. However, more often the over
steepened terrace cliffs move as debris shifts. 

Landslide Frequency and Rate of Coastal Retreat 

Frequency of landsliding on the coast appears to be correlated with high winter 
waves and increased precipi tation. Byrne (1963) graphed the occurrence of major 
landslides by months of the year as reported in The Newport Journal News (1925-1949) 
and the Tillamook Headlight Herald (1916-1936). His graph is shown in Figure 13. 
It is obvious that most landslides occur from late fall to early spring and that the high
est frequency of sl ides is during December and January, the period of major storms. 
Most of the newspaper articles indicated that sliding occurred during or immediately 
after extended periods of torrential rains. 

Property losses have been extensive in sparsely populated regions of the north
ern coast. Ecola Park and Cascade Head have undergone considerable alteration. 
Landsl iding has destroyed or disrupted more than 200 acres of land in four separate 
slides. The 1961 Ecola Park slide moved about 125 acres of recreation land during 
a two-week period. The sl ide north of the Salmon River on Cascade Head occurred 
in 1934, and carried 20 acres of pasture downward to the sea; the noise of the rock 
movement was heard at that time by a nearby resident. Two other landslides on Cas
cade Head have each destroyed more than 14 acres of grazing land. 

Severe damage to buildings, roads, and utilities has occurred in the village of 
Cape Meares and in the city of Newport. Reliable maps showing sea-cliff recession 
have been obtained from Township deed plats in Tillamook and Lincoln Counties 
(Figure 14, A and B). 
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Figure 13. Monthly occurrence of landslides, high seas, and precipitation 
(after Byrne, 1963). 

o 

Coastline erosion in the vicinity of Cape Meares has been affected by jetty 
construction on the north side of the entrance to Tillamook Bay. This jetty apparent
ly upset equilibrium of sand transport by waves along the coast, causing a starvation 
of sand in the area south of the jetty. This resulted in the subsequent cut-back of 
the entire sand and gravel spit including the Cape Meares village area. Dicken 
(1961) estimated erosion of the southern portion of Bayocean Beach to be about 500 
feet from 1939 to 1961. Closer to Cape Meares headland, the coastline is composed 
of more resistant marine clays and sandstone overlain by terrace sands and angular 
landslide debris. Here, the coastline was cut back 320 feet between 1939 and 1961. 
During the winter of 1960-1961, a street at right angles to the coastline in Cape 
Meares retreated 75 feet, with most of the loss occurring from September to Apri I. 
Figure 14A shows the retreat of the bluff line from 1953 to 1964 as determined from 
aerial photographs and field inspection. Minimum coastal retreat in this area has 
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Figure 15. low-cost preventi ve measures: riprop and "keep off" signs at Oceanlake 
(lincoln City). 

Figure 16. Riprap ot bose of sea cliff north of Seal Rock. 
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been 300 feet since 1953. Thus, in this area the average yearly coastal retreat is 
about 30 feet. 

In Newport, coastal retreat has been equally serious (Figure 14B). Historical 
plat survey maps of 1902 and 1912 were used to indicate former positions of the sea 
cliff. Retreat of the coastline within the northern half of the city from 1902 to 1964 
ranges from 35 to 490 feet. The range is smaller in the southern part, 40 to 220 feet 
for the period from 1912 to 1964. Thus, here the coast has experienced an average 
retreat of about half a foot to 8 feet annually. 

Landslide Prevention 

Total prevention of coastal landslides is an expensive undertaking. Such pro
cedures as rock bol ting, construction of compl i cated drainage systems, retaining walls 
and sea walls, and buttressing are well beyond the means of the average property 
owner. However, where limited steps have been taken to retard small but economi
cally damaging slides, the results appear to be well worth the effort. 

In Oceanlake and near Seal Rock attempts are now being made to control the 
undercutting of the terrace material. Basalt boulders piled at the base of the cliffs 
serve to weight the cliff base and prevent outward movement (Figures 15 and 16). 
Such riprap also lessens the wave impact on the cliff base by providing a leading edge 
of resistant material to absorb much of the wave energy. 

On u.S. Highway 101 at Boiler BaYI north of Depoe Bay, a successful attempt 
has been made to prevent waves from undercutting the highway on the east edge of 
the bay (Figure 7). The entire exposure of Astoria Formation and overlying terrace 
sand has been covered by riprap. This inexpensive measure has retarded cliff reces
sion and probably has saved a section of the highway. 

Grass and low brush planted on slopes hold sand in place and help to prevent 
rain and runoff from eroding property. On the inhabited slopes of Tillamook Head, 
property owners who allow brush and grass to flourish have had little trouble with 
slippage or destruction of stairs or structures on the hillside. Even in very soft ter
race sands of Lincoln City, the few attempts at planting to stabilize slopes have 
helped local erosional problems. Extensive planting of grass on unconsolidated sands 
along the beach at Salishan is helping to hold steep slopes. 

Other preventive measures include terracing and reduction of cliff angle by 
lowering and leveling the cliff top and dumping extra material in front of the cliff. 
Wooden rain covers have been built on some cliffs. Warning signs and fences have 
partially succeeded in protecting cliff faces from public destruction. 

Where property owners have remained indifferent to implementation of nominal 
preventive measures, beach stairways, cottage yards, and even dwellings have tumbled 
over cliffs. Simple safeguards, however, have more than paid for themselves. 
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NEW RECORD SET IN WORLD MINERAL PRODUCTION 

The U. S. Bureau of Mines has announced that world mineral production reached a 
new high in 1964. On the basis of a detailed study of 65 mineral products, the bu
reau estimated that production of 43 of them reached new peaks in 1964. 

The bureau's appraisal showed that aluminum production in the world was 10.7 
percent above its former record of 1963. Production of bauxite increased 9.7 per
cent. Copper also reached a new world peak in 1964; mining output was 4 percent 
larger than 1963. Production of zinc and tin rose 9 and 2 percent respectively over 
1963, but lead declined 2 percent. World production of steel ingots and castings in 
1964 was 13 percent high er than in 1963. 

Of the precious metals, gold rose to a new high, more than 4 percent above 
1963. Silver production declined about 1 percent in 1964, compared with the pre
vious year. 

Against a background of growing world energy requirements, coal remains the 
ch i ef source of power. However, its proportional share of total energy requirements 
continued the declining trend which has generally prevailed since the turn of the cen
tury. The production of coal increased 3.8 percent over 1963 and petroleum rose 8 
percent. 

Most of the 23 nonmetallic minerals included in the Bureau of Mines tabulation 
rose to new production highs in 1964. They were: asbestos, hydraulic cement, diat
omite, feldspar, fluorspar, gypsum, magnesite, mica, phosphate rock, potash, py
rites, salt, strontium, sulfur, talc, and vermiculite. (American Mining Congress 
News Bulletin No. 65-22, Oct. 27, 1965) 

* * * * * 

MINING ACTION PENDS IN CONGRESS 

H. R. 11711 - Mineral Exploration: Ullman (Ore.). Committee on Ways and Means 
{a clean bill, substituted by the committee for H. R. 4665}. Would allow current 
deduction of exploration expenditures incurred before development stage, subject to 
recapture as ordinary income or depletion deduction at producing stage. Committee 
amendment limits application of bill to deposits within the United States or outer 
continental shelf, and excludes coal. The committee report is expected in January. 

H. R. 10194 - Recordation of Mining Claims: Aspinall (Colo.) (by request of the In
terior Department) (Leg. Bull. 65-8, p. 1). Identical to S. 2248 by Senator Jack
son {Wash.} (Leg. Bull. 65-7, p. 1). In House Interior Committee; no hearings yet 
scheduled. 

Would require owners of all unpatented mining claims to file a statement with 
the Secretary of the Interior regarding the location and ownership of their claims. 
Statements pertaining to claims located prior to enactment would have to be filed 
with BLM within two years after enactment, and statements relating to locations made 
after enactment would have to be filed within 90 days following location of the claim. 
Failure to comply with these requirements within the times specified would terminate 
the rights of the holder to the mining claim. 

Would also require mining claimants to file with the Secretary, within 90 days 
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after the expiration of every annual assessment year ,a statement of the assessment 
work performed during that year. Failure to file such a statement for two consecu
tive years would result in termination of the mining claimant's rights to the cloims 
involved. (American Mining Congress Legislative Bu II. No. 65-10, Nov. 5, 1965) 

* * * * * 

AMERICAN MINING CONGRESS PASSES RESOLUTIONS 

The American Mining Congress passed a number of resolutions on policy statements 
at its annual meeting, held this year at Las Vegas, Nevada, October 11 to 14. 
Statements from resolutions on publ ic lands and on gold are given in digest below. 

Public lands 

Our growing population, expanding economy and modern armament require a 
constant increase in the supply of minerals and metals. This is the responsibility of 
the American mining industry. For the mining industry to meet these demands under 
a free-enterprise system, the public lands of the United States must be freely open 
to location so that the prospector and engineer can make new discoveries and open 
new mines. 

The law of discovery, as intended by Congress in enacting the mining laws and 
as interpreted by the contemporaneous decisions of the courts, encouraged the search 
for and development of new ore deposits. The law of discovery recently has been 
so far distorted by the office of the Solicitor of the Department of Interior as to dis
courage rather than encourage this search. And as a result of such an interpretation 
of the mining laws, the titles of unpatented mining claims have become uncertain. 
The original concept of discovery, it was continued, should be restored. 

The Department of Agriculture and its Forest Service and the Department of 
Interior and its Bureau of Land Management, and all other governmental agencies 
dealing with the public lands, were urged to administer their regulations fairly and 
uniformly, and to formulate and carry out their regulations in a manner which will 
encourage and not discourage the development of our mineral resources. 

Gold 

It was urged that immediate steps be taken to stimulate domestic gold produc
tion. While the United States' complex monetary problems wi II not be solved by 
any probable increase in gold production, nevertheless, since any increment in the 
gold reserve is in the national interest, the organization recommended enactment of 
legislation by the Congress of the United States to provide tax incentives or financia 
assistance payments, or both, to present and potential domestic gold producers to 
stabilize and insure greater I ife of existing properties, to reopen closed mines, and 
to stimulate aggressive search for new gold ore reserves. 

It was recalled that a federal financial incentive program activated exploration 
which led eventually to the creation of a vigorous domestic uranium mining industry, 
and it was urged that by the same token federal financial assistance payments would 
lead to revitalization of the gold mining industry in the mining camps of the West. 

* * * * * 
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ANOTHER 7,600 ACRES TO BE WITHDRAWN 

The Corps of Engineers, United States Department of the Army, has filed an applica
tion for the withdrawal of nearly 4,000 acres of land from all forms of appropriation 
under the public land laws, including the mining and mineral leasing laws. The land 
involved lies along Elk Creek, a tributary to the Rogue River in Jackson County. The 
applicant desires to use the land for flood control, irrigation, hydroelectric gener
ation, and other authorized purposes in connection with the Elk Creek Reservoir 
Project. 

A second withdrawal totalling 3,309 acres has been requested by the Corps in 
Jackson County. The withdrawal is related to the Lost Creek Reservoir Project on 
the Rogue River. 

Still another withdrawal involves 320 acres in Morrow County for use in con
nection with the John Day Wildlife Management Area. 

* * * * * 

WORLD-WIDE SURVEY OF THERMAL SPRINGS PUBLISHED 

"Thermal Springs of the United States and Other Countries of the World -- a Summary," 
by Gerald A. Waring, revised by R. R. Blankenship and Ray Bentall, has been pub
lished by the U.S. Geological Survey as Professional Paper 492. 

The first part of the 383-page book describes briefly the origin and character
istics of thermal springs in general; presents maps showing their distribution, includ
ing a map of Oregon; and tabulates the springs throughout the world by country and 
geographic area. Information given includes location, temperature, rate of flow, 
chemical quality, and associated rocks. For Oregon, 126 thermal springs are re
viewed. The second part of the paper is devoted to bibliographic references, also 
arranged geograph i ca II y. 

Professional Paper 492 is for sale by the Superintendent of Documents, U. S. 
Government Printing Office, Washington, D.C., 20402. The price is $2.75 (paper 
cover). 

* * * * * 

ENGINEERING GEOLOGISTS FORM LOCAL CHAPTER 

A local chapter of the Association of Engineering Geologists was founded on June 
29, 1965, at a meeting held in Portland, Oregon. The AEG is a national organiza
tion made up primarilyof geologists whose work is related to engineering. There are 
several classes of membership, depending upon the interest and experience of the 
member. 

Anyone wishing to inquire about the local chapter should contact Douglas A. 
Williamson, Chairman of the Oregon Section of the AEG, 697 W. 12th Street, 
Eugene, Oregon, or Paul W. Howell, Membership Chairman, 9130 S. W. Borders 
Street, Portland, Oregon. 

* * * * * 
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WHAT PRICE GOLD? 

The ORE BIN 
Volume 27, No. 12 

December, 1965 

PART III. The Relief Given to Foreign Gold Mines 
by Their Governments* 

By Pierre R. Hines** 

Canada, Australia, the Philippines, South Africa, and other countries have 
given subsidies oraid to their gold-mining industries. Why hasn't the United 
States done so, too? The reason is that the executive branch of the Gov
ernment, particularly the U.S. Treasury, has opposed it, the grounds for 
its opposition being II •.• would in our considered and deliberate judgment, 
disrupt the monetary system upon which not only their [the gold miners '] 
own I ivel ihood, but also that of all the rest of us depends ll (U. S. Congress, 
1962, p. 180). 

It is not as well known as it should be that the International Mone
tary Fund has approved the gold subsidies given by the countries mentioned 
above. Nor has any proof been offered wh i ch shows that the Ii vel ihood of 
the gold miners has been harmed, but, on the contrary, certain mining com
munities have been saved from extinction. The Bretton Woods Agreement 
provides in Article IV, Sec. 2 (lnternat. Monetary Fund, 1948, p. 79-80) 
II ... that the Fund members are prohibited from buying gold at a price above 
parity plus the prescribed margin. In the view of the Fund, a subsidy in 
the form of a uniform payment per ounce for all or a part of the gold pro
duced would constitute an increase in price which would not be permissible 
if the total price paid by the member for gold were thereby to become in 
excess of parity plus the prescribed margin. Subsidies involving payments 
in another form may also, depending upon their nature, constitute an in
crease in price. II 

Under Article IV, Sec. 4 (a), lIeach member of the Fund undertakes 

* Part I, IIProposed plans for the improvement of the international mone
tary system,1I and Part II, liThe official policy of the U.S. Treasury upon 
international monetary systems, II were publ ished in the September, 1965 
ORE BIN. 

** Mining Engineer, Portland, Oregon. 
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to collaborate with the Fund to promote exchange stabi I i ty, to maintain 
orderly exchange arrangements with other members, and to avoid competi
tive exchange alternatives. Subsidies on gold production regardless of their 
form are inconsistent with Article IV, Sec. 4 (a) if they undermine or threat
en to undermine exchange stability. This would be the case, for example, 
if subsidies were to cast wide-spread doubt on the uniformity of the mone
tary value of gold in all member countries. 11 

IIS ubsidies which do not directly affect exchange stability may, nev
ertheless, contribute directly or indirectly to monetary instability in other 
countries and hence be of concern to the Fund. 11 (Internat. Monetary Fund, 
1948, p. 79-80). The I MF further states: liThe I nternational Monetary 
Fund has a responsibility to see that the gold policies of its members do not 
undermine or threaten to undermine exchange stabil ity. Consequently, 
every member whi ch proposes to subsidize the production of gold is under 
obligation to consult with the Fund on the specific measures to be introduced. 11 

It is possible to give subsidies to gold producers which do not conflict 
wi th the sections quoted above from the Bretton Woods Agreement and to 
secure the approval of the International Monetary Fund. The measures which 
have been approved by the IMF are found in its annual reports from 1948 on 
to the present day. The gold subsidies of various countries now in effect 
follow. 

Canada 

Canada1s assistance to its gold industry is the best example of a gold 
subsidy approved by the International Monetary Fund. It is based upon the 
cost to each gold mineof producing an ounceof gold in excess ofCan$26.50. 
Thus it is not a lI un iform ll or flat gold price. 

Sixty-five Canadian gold mines received a subsidy in 1962 (Table 1) 
and these mines produced 56.7 percent of Canada1s total gold (Table 2). 
Gold mines which were not eligible for a subsidy produced 28.3 percent. 
Gold which was a by-product of base-metal mines was 15.0percent andwas 
not eligible for assistance. The total cost to Canada for 1962 was Can
$14,700,000 for a total ,production of about Can$146,OOO,OOO. Canada 
has assisted its gold-mining industry since 1948. In doing so, it has saved 
many communities, some with as many as 25,000 inhabitants, from becom
i ng ghost towns. 

A mine to be eligible to receive a gold subsidy must fulfill the follow
ing basic conditions (Internat. Monetary Fund, 1948, p. 79-80; Dept. of 
Mines and Tech. Surveys, Ottawa, Canada, 1964): 

1. The value of the gold produced must be 70 percent or more of 
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TABLE 1. Assistance to Canadian Gold Mines, Distribution by Costs, 1962* 

Percent of Assistance 
Number Gold Pro- Percent of Assistance Total Assistance Payable per 

Cost per Ounce of Mines duction (oz.) Total Production Payable** Payable Ounce Produced** 

A. Lode Gold Mines 

$20.51 to 30.00 1 99,829 4.21 $ 137,689.40 0.94 $ 1.37 
30.01 to 35.00 5 461,847 10.48 1,396,222.68 9.50 3.02 
35.01 to 40.00 13 1,088,070 45.90 6,594,019.77 44.86 6.06 
40.01 to 45.00 10 408,704 17.24 3,620,077.69 24.63 8.86 
45.01 and more 13 259,997 10.97 2,671,471.56 18.18 10.27 

42 2,318,447 97.80 14,419,481.10 98.11 6.22 

B. Placer Gold Mines 23 52,085 2.20 278,460.31 1.89 5.35 

Total 65 2,370,532 100.00 $14,697,941.41 100.00 

(average) $ 6.20 

* Dept. of Mines & Tech. Surveys, 1964, p. 16. 
** Canadian dollars varied between $37.00 and $38.00 per ounce. 



the total value of the output of the mine. 
2. The mine or operation must produce at least 50 troy ounces in 

a desi gnated year. 
3. Ore reserves of commercial significance must be developed and 

there must be a possibility of attaining production of gold on 
a commercial basis within a reasonable time. 

Other requirements are: 

The cost of production per ounce of gold, computed on all 
ounces of gold produced from the mine during the designated period, 
must exceed Can$26.50. Assistance payments are made only for 
those ounces of gold produced from the mine during the designated 
period wh i-ch are: 

a. Sold in the form of bullion to the Royal Canadian Mint 
by the operator; or 

b. Sold in the form of ore or concentrate to a domestic 
smel ter, provided the smelter operator certifies that a number of 
ounces equivalent to those paid for by the smelter have been sold 
to the Royal Canadian Mint as soon as is practical after the sh ip
ment of the ore or concentrate and the separation of the gold 
therefrom; or 

c. Exported and sold in the form of ore or concentrate to 
a foreign smelter. 

Quoting from Canada's report on the administration of the Emergency 
Gold Mining Assistance Act, liThe amount of assistance payable to the op
erator of a gold mine is computed under the current formula by adding 25 
percent to the product of the rate of assistance and the number of assistance 
ounces. The number of assistance ounces is two-thirds of the total numbel 
of ounces produced in the calendar year. The rate-of-assistance factor is 
two-th irds of the amount bywhi ch the average cost of production per ounce 
of gold for the calendar year exceeds Can$26. 50. The amount of assistance 
per ounce increases as the average cost of production per ounce increases 
fromCan$26.50 toCan$45.00. A maximum rateof assistanceofCan$12.33 
per ounce specified in the Act has the effect of precluding an increase in 
the amount of assistance as the average costof production rises above Can
$45.00." 

The average cost of gold eligible for assistance from gold mines in 
1962 was Can$37. 70 and the average assistance was Can$6. 20 an ounce. 

The Canadian Gold Assistance Act was extended to 1967. The new 
Canadian legislation contains provisions under which new lode gold mines 
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commencing production after June 30, 1965 will be eligible for assistance 
only if the mine provides direct support for an existing gold-mining commu
nity. 

TABLE 2. Canadian gold production in 1962. 

Gold eligible for assistance produced 
from gold mines 

Gold not el igible for assistance 
produced from gold mines 

Gold not el igible for assistance produced 
as a by-product from base-metal mines 

Total gold produced 
Approximate value: 

Australia 

Can$146, 000,000 

Ounces 

2,370,532 

1,182,049 

625,815 

4, 178,396 

Percent 

56.7 

28.3 

15.0 

100.0 

The Australian Government introduced a plan in October 1954 (lnter
nat. Monetary Fund, 1955, p. 94), whereby certain gold producers whose 
annual output exceeded 500 ounces and who satisfied the conditions pre
scribed would be eligible during financial years 1954-55 and 1955-56 fora 
subsidy per fine ounce equal to three-quarters of the excess cost of produc
tion over Al13 lOs ($30.24) provided that the subsidy in not any case ex
ceeded A£2 ($4.48) per ounce; and producers whose annual output is less 
than 500 ounces would be eligible at a flat rate subsidy of All lOs ($3.36) 
per ounce. The flat rate subsidy for small producers was adopted for reasons 
of administrative convenience in view of their large numbers and of the pos
sibility of imperfections in their records. 

Australia increased its gold subsidy in 1958 (Internat. Monetary Fund, 
1958, p. 145). The maximum expenditure on mine development in ascer
taining costs of production for subsidy purposes was also raised from A£3 
lOs ($7.84) to At,5 5s ($11.76). Australia again raised the subsidy in 1959; 
for producers whose output was more than 500 ounces the maximum rate be
came A£ 3 5s ($7.28), and for small producers not exceeding 500 ounces 
per annum A£2 8s ($5.38).' This amendment did not change the basic struc
ture for a subsidy. The program was extended for three years from June 30, 
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1959. The flat rate was extended to producers whose output did not exceed 
1,075 ounces per annum. The Australian gold subsidy was again extended 
from June 30, 1962 to June 30, 1965. 

The Philippines 

The Philippine Government gave subsidies to gold producers first in 
1954. They were made through the exchange system and were allowed to 
expire in 1957 (Internat. Monetary Fund, 1955, p. 94; 1958, p. 144). 
The Philippine Republic {lnternat. Monetary Fund, 1962, p. 104) in 1961 
introduced direct subsidies to gold producers. All producers were classified 
into categories - marginal and overmarginal - depending on whether or not 
their net profits fell short of "base profits" which are calculated separately 
for each mine. In order to be eligible for the subsidy, gold producers are 
requested to sell their entire output to the Central Bank at the official price, 
which is defined as the peso equivalent to U.S. $35.00 an ounce or other 
price set by the Government. The maximum subsidy, in addition to the 
official price, is ~65 per ounce for marginal producers and P50 an ounce 
for overmarginal producers. However, the total amount received is not to 
exceed P170 an ounce for marginal producers and P155 an ounce for over
marginal producers (on June 30, 1962 the approximate dollar figures were 
$17 and $13, and $44 and $40 respectively). 

A change in the method of calculating the official price was made in 
January, 1962 {lnternat. Monetary Fund, 1963, p. 180-181), as a result 
of the inauguration of floating exchange rates. Whi Ie the rate of the gold 
subsidy remains the same, at P65 and P50 per ounce for marginal and over
marginal producers, the total amount of the official price plus the subsidy 
cannot exceed :P:200 or fall below P160 per ounce of gold for both marginal 
and overmarginal producers {at the free rate the approximate equivalentsof 
these figures are $17 - $13, and $51 - $41 respectively. Assurances were 
given that if, at any time, the exchange rate moved to a point at which a 
uniform premium price for gold would seem likely to arise contrary to the 
terms of Article IV, Sec. 2 of the Fund Agreement and the Fund's statement 
on gold subsidies, the Government would be prepared to adopt appropriate 
corrective measures after consultation with the Fund. 

South Africa 

South Africa gave assistance to certain marginal gold mines to meet 
the cost of pumping water from interconnected workings for one year through 
June, 1964, and this was extended another year {lnternat. Monetary Fund, 
1964, p. 109). These marginal mines would have had to abandon substantial 
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tonnages of ore without further assistance in the form of unsecured loans 
guaranteed by the State to cover working losses up to a maximum of 10 per
cent of revenue, as well as for certain capital expenditures approved by the 
Government Mining Engineer, for example for shaft sinking, major devel
opment, and the purchase of items such as refrigeration or compressed air 
plants. 

Others 

Colombia {lnternat. Monetary Fund, 1955, p. 94} in 1955 gave a 
subsidy of Col$20 (20 pesos, $10.25 at that time) to small gold producers 
and pan miners producing not more than 20 ounces a month. 

liThe United Kingdom {lnternat. Monetary Fund, 1964, p. 109} con
sulted the Fund on behalf of Southern Rhodesia with regard to an Act ap
proved by the Government of Southern Rhodesia on December 30, 1963, 
which provides for the granting of financial assistance to potentially eco
nomic gold mines in Southern Rhodesia during the period September 1, 1963 
to August 31, 1968. These mines are those from which gold is being or wi II 
be mined at a loss, but from which gold may, at some future time, be mined 
at a profit. The Minister of the Treasury has discretion both to eligibility 
of mines and the amount of any proposed financial assistance. 11 

The above subsi dies and incentives are well known to the U. S. Treas
ury Department. Dr. Leland Howard, Director of the Office of Gold and 
Si Iver Operations of the Treasury, presented a memorandum at the U. S. 
Senate Hearings (U.S. Congress, 1962, p. 172-175) on S.J. Res. 44* on 
March 15 to June 8, 1962 which covers the subject thoroughly. It is clear 
that the International Monetary Fund wi II not approve a lI un iform 11 subsi dy 
per ounce of gold. It is equally clear that the International Monetary Fund 
will approve subsidies in certain forms. The opposition of the U.S. Treasury 
has never been based on the fact that the proposed subsi dy wou Id not be ap
proved by the International Monetary Fund. Instead, the Treasury has re
lied upon dogmatic statements without supporting argument. 

* The Hearings before the Subcommittee on Minerals, Materials, and Fuels 
of the Committee on Interior and Insular Affairs, United States Senate 87th 
Congress, Second Session, on S.J. Res. 44, March 15and June 8,1962. 
U.S. Government Printing Office, Washington 82666, 1962. It will be 
referred to as S. J. Res. 44, 1962. 
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Bills Introduced in Congress 

Many bills designed to assist the gold-mining industry have been in
troduced in Congress since the end of World War II. They were all defeated 
by the U.S. Treasury, no matter in what form they were drawn. Nothing 
can be gained by repeating all of them here. One will be sufficient, the 
Hearings on S. J. Res. 44, 1962. It is a large document containing 248 
pages. Fifteen Senators appeared or filed statements. The Departments of 
the Interior and State and the Bureau of the Budget all supported the Treas
ury Department in opposition to the Bill. The Bureau of the Budgees rea
son for disapproving it was, liThe Bill is regarded as an undesirable approach 
to the basic problem of the balance of payments. II Charles Merrill, Chief 
of the Division of Minerals, Bureau of Mines, deferred to the Treasury De
partment with respect to the monetary aspect and bowed out ~ithout com
mitting himself. 

The gold-mining industry presented an enormous amount of testimony, 
reports, articles, and statements to provide a thorough set of facts on the 
condition of the industry. One economist appeared for the gold-mining in
dustry and qualified himself as having had experience in money, banking, 
and finance, both in governmental and private work. His most interesting 
statement follows (U. S. Congress, p. 146): 

IIThese aspects of the gold question, however, lie in the field of 
monetary considerations and since monetary legislation is beyond the pur
view of this committee, I will confine my comments to one aspect of the 
operation of the Government monopoly which might be the subject or recom
mendation for legislation by your committee. II 

This quotation is worth discussing further. It brings up several questions. 
1. Is the price of newly mined gold a monetary or a mining-industry 

production problem? 
2. If it is a monetary problem, is it a domestic or an international 

one? 
3. If it is not a mining-industry production problem, then to whom 

should the gold-mining industry appeaJ for assistance? 
If the Treasury can oppose assistance to the gold-mining industry on 

the ground it is a monetary matter, why can I tit be disputed on the same 
basis? Recognized monetary authorities do not agree upon the price for 
gold. Mr. Merrill in his short statement said as follows: liThe Department 
of the Interior recognizes the dual nature of this problem, the monetary and 
the technical. The Department defers to Treasury with respect to its mone
taryaspecLIl (S.J. Res. 44, 1962, p. 216) 

Gold does have dual qualities, one as a metal newly mined and re
fined for market. The other is as money, but it does not become money 
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until it is legally declared so and delivered to the proper governmental 
agency. The gold-mining industry does not mine money - it mines gold. 

1. If one agrees that the price of gold is a monetary problem, then 
on which one of these many plans to reform the international payments sys
tem is the appeal to be based? Which one will be picked as the right one? 
As the first part of this review shows, help for gold from the U. S. monetary 
authorities is doubtful. 

2. Whether the subsidy or incentive granted to the gold-mining in
dustry is a domesti c or an International Monetary Fund decision depends 
upon the word "uniform. II Article IV, Sec. 2 of the Bretton Woods Agree
ment stresses "a uniform payment per ounce for all or a part of the gold pro
duced would constitute an increase in price which would not be permissible. II 
Uniform is used by the International Monetary Fund in the sense of lithe 
same or alike. II A graduated price based on the cost of producing an ounce 
in the case of a particular mine is permissible as in the case of Canada's 
assistance, while a uniform or flat price of, for instance, $70.00 an ounce 
to all gold mines regardless of cost of producing an ounce is not permissible. 
In any case, the International Monetary Fund's approval is necessary, ac
cording to establ ished agreement. 

.3. It is certain that an act to pay a subsidy or provide an incentive 
to the gold-mining industry could be drafted which would meet the approval 
of the International Monetary Fund - one which also would pass the Senate 
and House if it were cleared by the Administration or classified as not mon
etary legislation. Where monetary and fiscal policies - both domestic and 
international - are involved, it is not sufficient to take up a gold subsidy 
or an increase in the price of gold with a single Senate Subcommittee such 
as the one for Minerals, Materials, and Fuels. 

The Report of the Commission upon Money and Credit (Commission on 
Money and Credit, 1961) gives some excellent advice upon how legislation 
is enacted in Washington. The section entitled "An Organizational Focus" 
(p. 264-268) is a practical guide on how to introduce a Bill in Congress. 
A single approach will not do. The gold-mining industry should present its 
case to several of the following committees and agencies: the President's 
Council of Economic Advisers; the National Advisory Council on Inter
national Monetary and Financial Policies; the Joint Economic Committee; 
the Subcommittee on Monetary and Fiscal Policies; and the Senate Bank-
i ng and Currency Commi ttee. 

The President's Counci I of Economic Advisers: Gardner Ackley is 
chairman of this three-man board which reports directly to the President. 
It is now making a study of steel prices for him. The price of gold is in the 
same classification as the price of steel and in several respects of equal 
importance. It is logical to present the gold-mining industry's case if for 
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nothing else than aruling as to where its case should be heard and decided. 
The National Advisory Council on International Monetary and 

Financial Policies {Bell and Spahr, 1960, p. 149}: This council is made 
up of the Secretaries of the Treasury, State, and Commerce, and the Chair
man of the Board of Governors of the Federal Reserve System and of the 
Board of Trustees of the Export-Import Bank. Foreign transactions in finance, 
exchange, or monetary affairs come under its jurisdiction. Whatever the 
outcome, the economic facts of the gold-mining industry should be placed 
before th is counc i I • 

The Joint Economic Committee: This committee is made up of seven 
Senators and seven Congressmen who are drawn from ranking members of 
related committees. It differs from other Congressional committees in that 
it studies problems in the field of economic policy and makes reports but 
does not introduce bills. 

Joint Committee upon the Economic Report: The annual Economic Re
port of the President is criticized and analyzed by this committee in an 
economic report of its own. This committee has a Subcommittee on Mone
tary, Credit, and Fiscal Policies. 

Senate Banking and Currency Committee: This committee deals with 
a broad range of subjects, including the affairs of the International Mone
tary Fund. If the committee decided the price of newly mined gold was not 
a monetary matter and referred it to the Committee of Interior and Insular 
Affairs, it would handicap the Treasury Department in its opposition to any 
assistance to the gold-mining industry. 

How should legislation for obtaining relief for the gold-mining in
dustry be handled: It should not be referred to a single committee or agency, 
because of the dual nature of gold. The legislation should be co-ordinated 
by a senior Senator from a gold-producing state - a Senator who is thorough
ly familiar with the subject and is sympathetic towards the gold-mining in
dustry, one who has served long enough to know the strategy of securing 
attention and action. It should be taken up also with the Executive branch 
and the shackled position of the gold-mining industry explained. Congress 
eventually will write the legislation, but not without prodding and urging 
from all forces. 

References for Part III 

Bell, J. W., and Spahr, W. E., 1960, A proper monetary and banking 
system for the United States: New York, The Ronald Press, p. 149. 

Commission on Money and Credit, 1961, Money and Credit: Report, 
Englewood Cliffs, N. J., Prentice-Hall, Inc. 

Dept. of Mines & Tech. Surveys, 1964, Report on the administration of the 
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Emergency Gold Mining Assistance Act, year ended March 31, 1964: 
Ottawa, Canada, p. 16. 

Internat. Monetary Fund, 1948, Ann. Rept., Appendix II, p. 79-80. 
I nternat. Monetary Fund, 1955, Ann. Rept., p. 94. 
Internat. Monetary Fund, 1958, Ann. Rept., p. 144-145. 
Internat. Monetary Fund, 1962, Ann. Rept., p. 104. 
Internat. Monetary Fund, 1963, Ann. Rept., p. 180-18l. 
Internat. Monetary Fund, 1964, Ann. Rept., p. 109. 
U. S. Congress, Senate Subcommi ttee on Minerals, Materials, and Fuels 

of the Commi ttee on I nterior and I nsu lar Affairs, 1962, S. J. Res. 
44,1962, Hearings: U. S. 87thCong., 2ndSess., p. 146,172-
175,180, and 216. 

* * * * * 

AIME CONFERENCE SCHEDULED FOR 1966 

Plans are being completed for the 1966 Pacific Northwest Minerals and 
Metals Conference to be held at the Olympic Hotel in Seattle on April 21 
and 22. The conference is sponsored by the North Pacific Section of the 
American Institute of Mining, Metallurgical, and Petroleum Engineers, Inc., 
and the Puget Sound Chapter of the American Society for Metals. The two
day meeting will feature papers on exploration and geology, mining, min
erals processing, nuclear explosives, extractive metallurgy, and physical 
metal I urgy. 

* * * * * 

WATERS TO DELIVER FEBRUARY 1966 CONDON LECTURES 

Dr. A. C. Waters, Chairman of the Department of Geology at the Univer
sity of California at Santa Barbara, will come to Oregon in February, 1966 
to deliver the Condon Lectures. Dr. Waters, a well-known authority on the 
geology and volcanology of Oregon, wi II give two lectures on the timely 
subject of IIMoon Craters and Oregon Volcanoes. II He will speak first at 
the University of Oregon in Eugene February 8 and 10; then at Oregon State 
University in Corvallis February 15 and 17; and, finally, at the Portland 
State Coli ege auditorium February 22 and 24 at 8: 00 p. m. Condon Lectures 
are designed especially for the layman interested in results of scientific re
search. The public is invited to attend. There is no admission charge. At 
a later date, Dr. Waters' lectures will be adapted for publication, as pre
vious Condon Lectures have been. 

* * * * * 
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LIBRARY AUGMENTED BY REPORTS ON OREGON GEOLOGY 

Listed below are the publications, open-file reports, and unpublished theses concerned with 
Oregon's geology and mineral resources that were added to the Department's library during 
1965. The lists do not include papers published in trade magazines and technical journals. 
Although the listed reports are not available for loan, anyone wishing to consult them is wel
come to do so at the Department's Portland offi ce. 

ynited States Geological Survey: 

Bailey, E. H., and Smith, R. M., 1965, Mercury - its occurrence and economic trends: 
U. S. Geol. Survey Circular 496. 

Blank, R.H., Jr., 1965, Southwest Oregon gravity data: U.S. Geol. Survey open-file rept. 
Bromery, R. W., 1965, Aeromagnetic map of the Albany-Newport area, Oregon, and its 

geologic interpretation: U.S. Geol. Survey Geophysical Investigations Mop 481. 
Goddard, E. N., Chairman, North American Geo!. Map Committee, 1965, Geologic Map 

of North America: U. S. Geol. Survey. 
Hart, D. H., and Newcomb, R. C., 1965, Geology and ground water of the Tuolatin Val

ley, Oregon: U. S. Geol. Survey Water Supply Paper 1697. 
Hogenson, G. M., and Foxworthy, B. L., 1965, Ground water in the east Portland area, 

Oregon: U. S. Geol. Survey Water-Supply Paper 1793. 
Phillips, K. N., Newcomb, R. C., Swenson, H. A., and Laird, L. B., 1965: Water for 

Oregon: U. S. Geol. Survey Water-Supply Paper 1649. 
Price, Don, Hart, D. H., and FoxworthyJB. L., 1965, Artificial recharge of groundwater 

in Oregon and Washington, 1962: U. S. Geol. Survey Water-Supply Paper 1594-C. 
Walker, G. W., and Repenning, C. A., 1965, Reconnaissance geologic map of the Adel 

quadrangle, Lake, Harney, and Malheur Counties, Oregon: U.S. Geol. Survey Misc. 
Geo!. Invest. Map 1-446. 

Waring, G.A. (revised by Blankenship, R.R. and Bentall, Ray), 1965, Thermal springs of 
U.S. and other countries of the world - a summary: U.S. Geol. Survey Prof. Paper 492. 

Wayland, R. G., 1965, The correlation of coal beds in Squaw Basin and part of Eden Ridge, 
T. 33S., R. l1W., southwestern Oregon: U.S. Geol. Survey open-file report. 

United States Bureau of Mines: 

Fulkerson, F. B., and Gray, J. J., 1965, Economic trends in the Pacific Northw~st alumi
num mill-products industry: U.S. Bureau of Mines Inf. Circ. 8267. 

Kauffman, A. J., Jr., and Hold, D. C., 1965, Zircon: A review, with emphasis on West 
Coast resources and markets: U.S. Bureau of Mines Inf. Circ. 8268. 

Kingston, Gary A., 1964, Iron and steel scrap in the Pacific Northwest: U.S. Bureau of 
Mines Inf. Circ. 8243. 

U. S. Bureau of Mines, 1965, Mercury potential of the United States: U.S. Bureau of Mines 
Inf. eirc. 8252. 

Oregon Division of Planning and Development: 

Olcott, G. W., 1965, Aggregate and rock sites, Mid-Columbia planning study: State of 
Oregon Dept. of Commerce, Division of Planning and Development. 

Oregon Department of Geology and Mineral Industries: 

See: List of Available Publications appearing on back cover of The ORE BIN. 
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Washington Department of Conservation: 

Mackin, J. H., and Cary, A. 5.,1965, Origin of Cascade Landscapes: Washington Div. 
of Mines and Geology Inf. Circ. 41 . 

Newcomb, R. C., 1965, Geology and ground-water resources of the Walla Walla River ba-
sin, Washington-Oregon: Washington Div. of Water Resources Water-Supply Bull. No.1. 

Thorsen, G. W., 1964, Mineralogy of black sands at Grays Harbor, Wash.: Washington 
Div. of Mines and Geology Rept. Invest. 23 (similar deposits in Oregon). 

Idaho Bureau of Mines and Geology: 

Savage, C. N., 1965, Economic geology of carbonate rocks adjacent to the Snake River 
south of Lewiston, Idaho: Idaho Bureau of Mines and Geology Mineral Res. Rept. 10. 

Special Research Studies: 

Dolt, R. H., Jr., 1965, Mesozoic-Cenozoic tectonic history of the southwest Oregon coast 
in relation to cordilleran orogenesis: (submitted for publication to Journal of Geo
physical Research). 

Sceva, Jack E., 1965, A reconnaissance of the ground-water resources of the Hood River 
valley and the Cascade Locks area, Hood River County, Oregon: Oregon State Engi
neer, unnumbered report, May 1965. 

Watkins, N. D., 1964, Paleo'm~gnetism of the Miacene lavas of southeastern Oregon: 
Stanford Rock Magnetics Research Group; prepared for Air Force Cambridge Research 
Laboratories, U. S. Air Force. 

Unpublished theses: 

Chiburi~, Edward F., 1966, Crustal structures in the Pacific Northwest states from phase
veloci ty dispersion of seismi c surface waves: Oregon State Un iv. (Oceanography) 
doctoral dissertation. 

Forth, Michael, 1965, Geology of the southwest quarter of the Dayville quadrangle (Crook 
County)' Oregon: Oregon State Univ. master's thesis. 

Glenn, Jerry Lee, 1965, Late Quaternary sedimentation and geologic history of the north 
Willamette Valley, Oregon: Oregon State Univ. doctoral dissertation. 

Hixson, Harry, 1965, Geology of the southwest quarter of the Dixonville quadrangle, 
Douglas County, Oregon: Univ. Oregon master's thesis. 

Ikeagwauni, F. D., 1965, Photogeology of the Picture Rock Pass area, Lake County, Oregon: 
Univ. Oregon master's thesis. 

Johnson, Wallace, R., 1965, Structure and stratigraphy of the southeast quarter of the Rose
burg 15' quadrangle, Douglas County, Oregon: Univ. Oregon master's thesis. 

Larson, Edwin Eric, 1965, The structure, stratigraphy, and paleomagnetics of the Plush area, 
southeastern Lake County, Oregon: Univ. Colorado doctoral dissertation. 

Maddox, Terrance, 1965, Geology of the southern third of the Marcola quadrangle, Oregon: 
Univ. Oregon master's thesis. 

Patterson, Robert L., 1965, Geology of part of the northeast quarter of the Mitchell quad
rangle, Oregon: Oregon State Univ. master's thesis. 

Ri nehart, Verri II Joanne, 1964, I nvesti gati on of 12 earthquakes off the Oregon and northern 
California coasts: Oregon State Univ. (Oceanography) master's thesis. 

White, Willis H., 1964, Geology of Picture Gorge quadrangle (Wheeler and Grant Counties): 
Oregon State Univ. master's thesis. 

* * * * * 
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STEENS MOUNTAIN REGION MAPPED 

IIReconnaissance geologic map of the Adel quadrangle, Lake, Harney, and 
Malheur Counties, Oregon, II by George W. Walker and Charles A. Repen
ing, has been publ ished as Misc. Geol. Invest. Map 1-446 by the U. S. 
Geological Survey. This is the second in a series of Oregon geologic maps 
to be issued at this scale (1 inch equals approx. 4 miles) on AMS sheets, 
preparatory to publication of the eastern half of the State Geologic Map. 

The report covers the geology of a large area of southeastern Oregon 
from Hart Mountain on the west to the Trout Creek-Sheepshead Mountains 
on the east (lat. 118° - 1200W., long. 42° - 43° N.). This part of Oregon 
I ies within the Basin-Range province of the western United States, and there 
are several excellent examples of fault-block mountains to be seen within 
the quadrangle. Chief among these is Steens Mountain, which rises to a 
height of 9,670 feet at its highest point on the rim. 

The oldest rocks in this area crop out along the base of the Pueblo 
Mountains and are Late Paleozoic and Mesozoic metamorphosed sedimentary 
and volcanic rocks intruded by granodiorite and quartz diorite. The rest 
of the rocks in the Adel region are continental sediments and volcanics of 
Oligocene(?) age or younger. 

Copies may be obtained from the U. S. Geological Survey, Federal 
Center, Denver, Colo. 80225. The price is 75 cents. 

* * * * * 

U.S.G.S. PUBLISHES NEW MAP OF NORTH AMERICA 

The U.S. Geological Survey has recently published a new geologic map of 
North America which replaces the 1946 map by the Geological Society of 
America. This map is the result of more than 10 years of effort, with many 
individuals and organizations contributing. 

The maphas a scale of 1:5,000,000 (approximately 1 inch to 80 miles), 
and covers almost 23,000,000 square miles of the earth's surface from the 
northern tip of Greenland to the northwest corner of South America. Sedi
mentary, igneous, and metamorph i c rocks are grouped into systems, gener
ally with one color for the continental sedimentary rocks, two or three colors 
for the marine sedimentary rocks, and one or two colors for the igneous rocks. 
More than 90 separate color patterns and symbols are shown. The offshore 
sub~arine margins are contoured, including the Arctic Ocean, the Gulf of 
Mexico, and the Caribbean Sea. 

Copies of the map may be obtained from the U. S. Geological Survey, 
Federal Center, Denver, Colo. 80225. The price is $5.00. 

* * * * * 
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Age of Clear Lake, Oregon, by G. T. Benson (27:2:37-40) 
AIME conference scheduled for 1966 (27:12:255) 
American Mining Congress passes resolutions (27: 11 :243) 
Asbestos potential, Oregon's, by J. H. Bright and Len Ramp (27:3:4S-63) 
Buffalo mine, Union Pacific purchases (27:9:186) 
Cascade Range, Recent volcanism, by E. M. T:Jylor (27:7:121-147) 
Chemical Lime Co. plant and quarry (illus.) (27:6:118-119) 
C I ear Lake, Age of, by G. T. Benson (27: 2: 37-40) 
Coastal landslides of northern Oregon, by W. G. North and J. V. Byrne 

(27: 11 :217-241) 
Coast Range, Variations of Tertiary volcani, rocks, by Snavely, Wagner, and Mac-

Leod (27:6: 1 01-117) 
Condon I ectures for 1966, Waters to del i ver (27: 12: 255) 
Dallas-Valsetz bulletin revised (27:2:42) 
Department library augmented by reports on Oregon geology (27:12:256-257) 
Department publ ications in 1965 announced: 

Dallas-Valsetz quadrangles (Bulletin 35, revised) (27:2:42) 
Lunar Conference Guidebook (Bulletin 57) {27:9: 188} 
Recent volcanism reprints (Misc. Paper 10) (27:9:188) 

Earthquake of April 29 in Tacoma, by Chiburis, Dehlinger, and French ('27:5:99-100) 
Engineering geologists form local chapter (27: 11 :244) 
Field work in Oregon in 1964, by R. E. Corcoran (27: 1: 19-24) 
Gold {Buffalo mine purchased} (27:9:186) 
Gold, What price?, by Pierre R. Hines, Parts 1 and 2 (27:9:169-186); Part 3 

(27: 12: 245-255) 
Lake Owyhee State Park, Geology of, by R. E. Corcoran (27: 5:81-98) 
Landslides of northern Oregon coast, by W. B. North and J. V. Byrne (27:11:217-241) 
Land withdrawals (27:1:24) (27:6:117) (27:11:244) 
Lunar geological field conference: 

Announcements {27:2:36} {27:7:148} 
Guidebook described (27:9: 188) 
Review and photographs {27:10:205-216} 

McColloch reappointed to Governing Board (27:3:63) 
Meteorites, Oregon's lost, by E. F. Lange (27:2:41-42) 

Recognition ot, by E. F. Lange (27:8:167-168) 
Willametteandothers, byE. F. Lange (27:9:187) 

Mining action pending in Congress (27: 11 :242-243) 
Museu m exh i bi t 

Tektites (27:4:80) 
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Natural gas and products pipelines in Northwest, by V. C. Newton (27:8:149-166) 
Offshore mining bill introduced (27:2:43-44) 
Oil and gas, Exploration in 1964, by V. C. Newton (27:1:11-18) 

Natural gas and products pipelines, by V. C. Newton (27:8:149-166) 
Records released (27:6: 117) 

Old mine? Good luck! (27:5:98) 
Oregon Academy of Science and NW. Sci. Soc. announcement (27:2:34) 

Program and I ist of papers (27:3:63-64) 
Oregon Portland Cement Co. history, by F. E. McCaslin (27:2:25-34) 
Oregon's mineral industry in 1964, by R. S. Mason (27:1:1-10) 
Owyhee (lake) State Park, geology, by R. E. Corcoran (27:5:81-98) 
Pipelines, Natural gas and petroleum products in Northwest, by V. C. Newton 

(27:8:149-166) 
Publ ications (non-Department) announced; 

Albany-Newport aeromagnetic map (27:2:35) 

Publ ications {non-Department} announced: 
Albany-Newport aeromagnetic map (27: 2:35) 
Coal study in open file (27:2:35) 
Gravity data, Southwest Oregon {27:2:44} 
Ground water in east Portland (27:8: 168) 
Mercury (U.S.) reports (27:4:74) 
North America, geologic map {27: 12:258} 
Steens Mountain mapped (Adel quadrangle) (27: 12:258) 
Thermal springs, world-wide survey (27: 11 :244) 
Tualatin Valley geology (27:5:98) 
Water in Oregon (27:8: 168) 

Recent volcanism, Articles reprinted (27:9: 188) 
Three-Fingered Jack - North Sister region, by E. M. Taylor, Part I 

(27: 7: 121-147) 
Clear lake geology, by G. T. Benson (27: 2:37-40) 

Tektites and Oregon's volcanic glass, by E. F. lange (27:4:75-79) 
Museum exhibit (27:4:80) 

Tertiary volcanic rocks in central Oregon Coast Range, Compositional variations, 
by Snavely, Wagner, and Macleod (27:6:101-117) 

Thunder egg, Oregon's State Rock (27:10:189-194) 
Origin and history of, by l. W. Staples (27:10:195-204) 

Volcanic rocks and volcanism {see: Recent volcanism; Tertiary volcanic rocks} 
Volcanology Center at University of Oregon (27:7:148) 
Walls of Portland, by R. S. Mason (27:4:65-74) 
Western Governors mining resolutions (27:6: 120) 
Wild Rivers bill would affect Rogue River (27:4:80) 
World mineral production, New record set (27:11:242) 

* * * * * 
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