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OREGON'S MINERAL AND METALLURGICAL INDUSTRY IN 1968 

By Rolph S. Mason· 

Oregon mineral production, pacing the state's growing economy, re ­
ported a healthy 16- percent inc rease in value of production over 1967 
(table 1) . The demand for "growth minerals" such as sand, gravel, 
and stone by publ ic works, industry, and domestic consumers varies 
from year to yea r and from place to place wi th in the state. The min­
erol industry meets this demand promptly ond efficiently without re­
course to outside assistance. Its remarkable resiliency and vitality 
stem from the fact that it must compete vigorous ly in on ever­
changing market place. The economic impact of this segment of 
the state 's natural-resource industry is clearly shown in table 2. 

Growth Minerals 

The demand for sand, grovel, and stone in Oregon in 1968 amounted to 40 
million tons . If all of this vas t pile of material were transported in 10-ton 
trucks making a deli very every 30 minutes, it would require 1000 trucks 
hauling 8 hours every working day of the year. last year each man, woman, 
and child in the state used an overage of 20 tons of sand, grovel, and stone 
-- two truckloads per person. A considerable portion of this cargo of 
aggregate was used in lorge - scale proiects such os highway ond dam con­
struction; lesser amounts were used as fill, riprap, and for numerous mis­
cellaneous purposes. The most specialized use for aggregate was inconcrete, 
which was available in a wide variety of mixes -- a for cry from the time­
honored ':2:4 cement-sond-gravel ratio popular a few years ago. The ver­
satility of concrete can be ill ustroted by the numerous structures that are 
being built currently. One building, the State of Oregon parking facility 
in downtown Portland, will use nearly 11,500 cubic yards of concrete when 
it is completed early in 1969. The unusual thing abou t this b lock-square, 
six-floor building is that all of the concre te wes pumped from ready - mix 
trucks to the forms through a 4-inch-diameter hose . The year 1968 was 
designated the "Year of the Meteorite" by th is Deportment. It might be 
equally fi tting to call the year 1969 the "Year of the Ready-Mix Truck." 

• Mining Engineer, State of Oregon Dept. Geo logy & Mineral Indu stries . 



Table \. Some of Or89Ofl" M .... ral$ at a Glance . 
Prelimin<ry Figure5 fat 1968 
(in thausonds of dall~$) 

Clcry$ 
Gem $Iones 
lime 
Mertury 
Pumic;e; "olc;onit 

tinder$ 
Sand and grovel, 

$Ione 
MiKelionlO\l$· 

Total 

I 295 
750 

2,059 
<6, 

1,195 

45,406 
16, 394 

166,560 

I 

'968 

338 
750 

2,311 
509 

1,200 

55,440 
16,999 

sn,547 

' Cement, topper, peat , nic;kel , perlite, $iI" ... , 
gold , diatom; Ie, tak, and iOopstane. 

Most cerlai nly, these huge 
vehicles clear ly symbolize 
community growth and state 
development. In an era of 
rapidly increasing costs the 
aggregate-producing industry 
of Oregon stood out a lmost 
a lone in ha ldi ng the price 
line. The average price per 
ton surprisingly decl ined one 
cent from that of the previous 
year. Th is makes th e 21.S 
percent increase in tota l va lue 
of the aggregate produced in 
the state last year even more 
significant. 

The rapidly increasing 
demand for aggregate in Ore­

gon is creating some problems which must be solved in the very near future. 
Despite the existence of numerous planning groups in the state, no steps 
have yet been token to guarantee that adequate supplies of aggregate will 
be avai lable in the years ahead. Supplies of aggregate in the state as a 
whole are plentiful, but the ir location with respect to markets in many cases 
is poor. Aggregate is a low - cost commodity which generally must be pro­
duced with in a short distance of the market. Deposits o f aggregate are not 
harmed by fire, frost, or flood but they must remain fixed in one place un­
ti l used. It is this las t feature that makes plann ing so vita l ly necessary. 
Aggregate deposits are located for the most part close to papulation centers, 
and these settlements are, almost without exception, rap idly extending out 
to the vicin ity of the deposits. Many depos its have already been engulfed 
and thus wasted. Some have been zoned out of ex istence and others have 
been checkmated for var ious reasons. Comprehensive and effective steps 
must be token shortly to prov ide planning for timely extract ion of the aggre ­
ga te, followed by convers ion of sites for use in the communities' long-range 
development. Un less this type of consecutive conservation is programed, 
many areas wi ll be facing shortages of aggregate which will be cost ly to ob ­
tain from distant sources. 

The production of cement increased slightly over that of the previous 
year and was furnished by one company, Oregon Portland Cement, operat­
ing plants at lime in Baker County and at lake Oswego in Clac kamas. lime­
stone for the Boker County operation was obtained locall y, thaI for the lake 
Oswego plant come from Texoda Island, B. C. The manufacture of lime 
increased more than 10 percent with four companies in operation. Oregon 
Portland Cement Co . opened a pit in weathered sandstone on Gnat Creek 
in eastern Clalsap County during the year and began shipments to its lake 
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Table 2. The Million-Dollor - a-Year Club, 1967' 

County Value County Value 

Baker $5,985,000 Klamath SI,716,OOO 
Clockomas 7,574,000 lane 7,890,000 
Deschutes 1,054,000 Multnomah 6,748,000 
Douglos 9,730,000 Polk 1,129,000 
Jackson 2,843,000 Umati 110 5,378,000 

Washington $2,441,000 

*In addition to the values shown, there was a total of $5,706,000 
which could not be assigned to specific counties. Produc tion from 
Columbia ond Wallowa Counties was concealed to ovoid disclosing . 
individual compony confidential data. If the stote's tatol mineral 
production hod been divided equally among the 36 counties, each 
county would hove produced an overage of SI,850,000 dur ing the 
year. 

Oswego plant. The pit is located on State Boord of Forestry lands. Royal­
ties accruing to the boord amounted to $4,643 for the yeor . Approximately 
three acres were invo lved in the operation, which will reclaim the worked ­
out areas as the work progresses. The sandstone is trucked to the Columbia 
River at Waunc and then borged to lake Oswego, where it is unloaded with 
the same equipment used for the limestone shipped from Texoda Island, B.C. 

Consumption of Oregon-produced pumice, scoria, and volcanic cin­
ders continued at about the some level as last year. Most of the demand 
for these materials wos for rood construction. An increased interest in red 
scoria in a wide ronge of sizes for roofing moteriol was reported. 

Common brick and tile were fired ot ki lns located in 10 different 
counties. Production was at about the some leve l as in the previous year. 
Red - firing cloys have been produced in the state since 1855. Production 
of expansible shale was confined to one operation in northwestern Wash ing­
ton County, where Empire Building Moterials furnaced Keosey shale to make 
a lightwei ght aggregate. Empire a lso fine-ground some of its product to 
make a pozzolan. 

Skeletons of microscopic fossil plants (diatoms) from a deposit in 
Christmas lake Vo lley in centralloke County were marketed by ArchieM. 
Matlock for use as on extender in plywood glue. Matlock has been mining 
ond processing diatomite in lake County for a number of years. The diato­
mite is sold as a floor - sweeping compound, as on absorbent for oil and var­
ious liquids, as a poultry and animal litter, a soil conditioner, and os an 
additive in concretes. Matlock onnaunced plans to erect a diatomite 
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processing plant at the quarry. Plans for constructing a perlite "popping" 
plant at the some location were under consideration. The plant would proc­
ess crude perlite from a deposit southeast of the town of Paisley. 

Minor Indu strial Minerals 

Central Oregon Bentonite Co. helped Keep Oregon Green during 
one of the worst droughts in recent years. Bentonite produced from the 
company's pits in eastern Crook County was used to seal water reservoirs 
and canals, and as an additive in drilling muds used by well drillers. Mi­
nor amounts of bentonite were also used in foundries and as a stock-feed 
binder. 

Jewell's Mother Earth expanded its plant facilities near Enterprise in 
Wallowa County. The company digs and processes peat humus from a large 
bog. The product is sold under the company label and is also distributed 
through other large out lets. 

Blocks of talc and soapstone suitable for sculpture were quarried by 
J ohn Pugh at a quarry located on Powell Creek in Josephine County. Ap­
proximate ly 3 tons were produced during the year . 

Bristol Silica Co. continued to quarry and process lump sil ica from 
a pit near Gold Hill in Jackson County. The compony has been in. contin­
uous operation since the 1930's. 

A sma ll tonnage of perlite was mined by Del Harmon from a deposit 
on Dooley Mountain in Boker County. 

Recreation Moterials 

Oregon's large and varied treasure house of semi -precious gems pro­
vided the state with the bosis for its most popular recreational activity. 
"Rockhounding" now accounts for more fami Iy hours of time than any other 
natura l-resource based recreation. Rockhounding appeals to all ages and 
is on a ll-season, day and night pursuit. Finding raw gem mater ial in the 
field is only half the fun, since cutting, polishing, tumbling, shaping , and 
jewelry making compri se an equally important place in the rockhound's 
activities. Rockhounds are understandably reticent about revealing certain 
favorite locations, but they are communal by nature and the state is spotted 
with agate and mineral clubs which sponsor a wide range of associated ac­
tivities such as the study of geology, lapidary, gemmology, mineralogy, 
and crystallography. Numerous club-sponsored exhibitions are he ld each 
year which attract record-breaking crowds. Several counties have organ­
ized annual rockhound get-togethers which draw enthusiasts from all over 
the United Sta les. The Prineville Pow-Wow hosted 18,000 visi tors during 
the week-long session, and the Chamber of Commerce estimates that rock­
hounds spent 80,000 visitor days in the county lost year, leaving $1 million 
to perk up the local economy. 
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It is extremely difficu lt to assess the dol lar value of the semi - precious 
gems produced in the state. Compared to the rest of the state ' s mineral in­
dustry, the number of operators is very Icrge and many sa les are consum­
mated on an informal basis. The U.S. Bureau of Mines estimates that 
$750, 000 worth of stones are produced annually, but no detail ed canvass 
has ever been made. 

Closely related to rockhounding, but aimed at an even w ider audi­
ence, was the interesting geology - based program that got under way in 
Grant County dur ing the year. Under the auspices of the Grant County 
Chamber of Commerce and the Grant County Plann ing Commission, initial 
steps were taken to provide roadside geolog ical information for tourists. 
With the cooperation of the U.S. Geo logical Survey, the State of Oregon 
Deportment of Geology and Minera l Industries, the State Highway Depart ­
ment, and the Divi sion of Parks and Recreation, a series of geological 
points of interes t was selected and informational materia l prepared. In ad ­
dition to roadside plaques that will identify and exp lain the geo logic fea ­
tures, a brochure will be printed for distribution to give a running account 
of the geology visible from the highways and roads. 

The Metals 

The product ion of ferronickel by Hanna Min ing Co. ot its mine and 
smelter in Doug las County continued ot very nearl y the same rate as that of 
last year. Hanna quarried 1.1 million tons of ore contain ing 1 .4 percent 
nickel. The operation is the only producer of primary nickel in the United 
States and the mainstay of the state's meta l-produc ing industry. 

Mercury production remained at almost exoctly the same rate as lost 
year's, with 940 fl asks weighing 76 pounds eoch reported. The overage 
annua l pr ice per flask cl imbed more than $50 above that of 1947 to $542, 
the second highest leve l ever attained. Oregon mercury product ion come 
principally from three mines, the Block Butte in l one County, the Bretz 
in Ma lheur, and the Glass Buttes in lake County. The Bretz and G lass 
Buttes shut down late in the year. Minor amounts of the metal were fur ­
naced ot the Elkhead mine in Douglas County, the Canyon Creek mine in 
Grant, the Whit ing prospect in the Horseheaven mine area in J efferson, 
the Mercury Queen prospect in Crook, and the Po laris prospect in lake. 

With a reported production of on ly 15 ounces of gol d during 1967, 
the gold miner practica ll y disappeared from the scene. Very probably ad ­
di tiona l gold was produced in the state by small, port- time operators who 
fo il ed to report the ir production. Th is is a sad come- down for a stote that 
has invigorated the local economy with 5,797,000 fine troy ounc es of gold 
since it was first discovered in 1852. At today's prices ($40 per ounce) 
that much go ld would be worth 5231,880,000. 

Iron-ore slurry originating in Peru will be processed into steel in a 
new plant to be operated by Oregon Steel Mills in North Portland . The 
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PRINCIPAL PRODUCERS OF NONMETA LLI C M I NERALS IN OREGON, 1968 

Comrnodil and compon 

Cement: 
Oregon Porllond 

Cemenl Co. 

Cloy: 
Central Oregon 

Bentonite Co. 
Columbia Brick Wk,. 
Empire lile- Rock, lnc. 
McMinnville Brick Co. 
Manroe Cloy 

Products Co. 
Needy Brick & 

TileCa. 
Oregon PCNIIond 

Cemenl Co . 
Willamina Cloy 

Products Co.,lnc. 

Diatomite: 
K""Iing Di"Iom,,­

ceavl Eort+. Co. 
A.M. Matlock 

Lime: 
Ash Grove Lime & 

Type of oclivi 

Plant 

Pit 
Pit & plant 
Pit & plant 
Pit & plonl 

Pit & plonl 

Pit & plonl 

Planl 

Pit & plant 

Mine 
Mine & plant 

Portland Cement Co . Plant 
Chemical lime Co. Plant 
Pocific Carbide & 

Alloys Co. Plonl 

Baker and 
Clock ..... ,. 

Croak 
Multnomoh 
W,.hinglOn 
Yamhill 

Benton 
(Clockamos 
e& Marion 

Boker 

Yamhill 

Boker 
lake 

Port land 

Prineville 
Portland 
Portland 
McMinnville 

Manrae 

Hubbard 

Portland 

Tigard 

Boker 
Eugene 

Multnomoh Portland 
Boker Boker 

Multnomah Portland 

Comrnodi and campa" 

Peat: 
Jewell'. ,...,rher 

E~~ 

Perlite: 
Del T. Harmon 

Pumice: 
l.V.Andenon 
Central Oregon 

Pumice Co. 
GraYltone Corp. 
Kaiser Cement & 

Gypsum Corp. 
Oregon Portland 

Cement Co. 
D. W. Porks 

Silica, 
Bdltol Silica Co. 

Suilding slOne: 
Roy Bohlman 
Anthony 8rancMnthaler 

Talc and 5OOl»ta"': 
John H. Pugh 

T e of ocl ivi 

Mine & plant 

Mine & plant 
Mine & plant 

Mine & pl ... t 

Mine 
Mine 

Mine & plont 

Quorry 
Quorry 

Mine 

Wallowa 

Boker 

Deschutes 
Deschutes 

Gilliam 

"k~ 
Klomat+. 

Jockson 

JefferlOn 
"k., 

Josephine 

Address 

Enterprise 

Stanfield 

Oakridge 

Boo' .. '" Permanente, 
Calif. 

Portland 
KlomarhFalls 

Gold Hill 



PRINC IPA L PRODUCE RS OF META LLIC MIN ERALS IN OREGON, 1968 

Commodi ty a nd compa ny Type of activ ity County Address 

Aluminum: 
Harvey A luminum Co. Plant Wasco The Dalles 
Reyno lds Metals Co. Pl ant Mul tnomah Trou tda le 

Ferrao l loys: 
Hanna Ni c ke l 

Sme lt ing Co. Pl an t Doug las Ri dd le 
Union Carbide Corp . 

Mining & Meta ls 
Division Pl ant Mu ltnomah Portland 

Go ld: 
M& 8 Logging Co. Mine (lode) Jackson Canyonvi li e 
Russe ll Mitchell Mine (lode) J ackson Medford 
Osee Oden Mine (lode) J oseph ine Wo lf Creek 
George Slade Mi ne (lode) Joseph ine Applegate 

Mercury: 
Aleona Mining, Inc. Mine Doug las Springfie ld 
Blac k Butte Mining Cottage 

Compa ny Mine l ane G rove 
Canyon Creek Canyon 

Mercury Mi ne Mi ne Grant C;ty 
J ackson Mt . Mine l ake Winnemucca 

Mining Nev . 
(Hampton, O r .) 

N icke l: 
Hanna Mining Co . Mi ne Doug las Ridd le 

Sil icon: 
National Metal lur -

gical Corp. Plant l ane Spri ngfie ld 

plant is scheduled to go into production in 1969. Cascade Steel Rolling 
Mil ls began construction of a ro ll ing mi ll which w ill turn out bars and 
a ngles. The p lant site is at McMinnvill e in Yamhi ll Cou nty . 

Sme lti ng of primary a lum inum at the state's two a luminum p lan ts in­
c reased 4 perce nt over the 1967 mark. The Harvey Alum inum pl a nt a t The 
Dall es imported a lu mi na from a company-owned fac i lity located at St. Croix 
in the Virgin Isla nds . Reyno lds Meta ls Co . annou nced that a 40, OOO- ton-
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per-year patline would be added to its Troutdal e complex loca ted a few 
miles east of Portland on the Columbia River. Employment at the twoplonts 
totaled a lmost 1300 workers. Ground was broken last summer for the state's 
third aluminum-reduction plant. Northwest Aluminum Co . announced plans 
to erect a $140 million aluminum complex in the Warrenton-Astoria area of 
ClalWp County. Annual capaci ty wou ld be 130,000 tons of primary alumi­
num. Th e plant would also recover 310,000 tons of olumina onnuall y from 
bauxite imported from Australia . When fully operative, the complex will 
employ 1000 men on 0 year -around basis . 

Ferroa ll oy produc tion in the stote included ferromanganese and silico ­
manganese produced by Uni on Carbide at its North Port land plant ond ferro­
sil icon produced by Hanna for its own use at the Riddle ferronickel plant. 

Refined silicon metal was reduced by Notional Metal lurgi cal a t its 
Springfield plant. Notional is a subsidiary of Kawecki Berylco Industries, 
Inc. Silicon is used principall y as an alloy in aluminum. 

Mo de rn Meta ls 

The city of Albany reinforced its posi ti on as a center for the space­
age metals columbium, zirconium, and titanium during 1968. Four firms, 
Wah Chang Albany, Oregon Metal lurgica l, REM Metals, and Ti LINE were 
ioined late in the year by a newcomer, Zirconium Techno logy Corp. Zir­
tec h wil l manufacture seamless zi rconium tubing and finished products from 
other specia lty metals. Plant construction will get under way early in 1969 
with production by midyear. 

TiLI N E insta lled the world 's lorges t titanium-casting furnace duri ng 
the summer. The unit sta nds 44 feet high and can accommodate lOOO-pound 
castings up to 100 inches in diameter. Oregon Metal lurgical Corp. in­
creased its p lant capabi li ty by installi ng a new ingot - melting facility which 
can produce a 30-i nch-d iameter ingot. OREMET specializes in t itanium 
ingot and costing production. REM Meta ls Corp. operated its newly buil t 
prec ision costing and mach ining plant throughout the year. REM produces 
exotic metal shapes for the o irc raft indus try. 

Wah Chong Albany Corp ., in response to inc reased demands for zir­
conium in the commercial nuclear power industries, doubled its zirconium­
sponge reduction capacity. Th is increase was accomplished by conversion 
to a new furnace design which allows more rapid cycles and virhJ all y el im­
inates re lease of contaminants to the atmosphere. Zirconium-oxide produc ­
tion remained at 1967 leve ls. New air-pollution control dev ic es were 
added to the crude and pure chlorination facilities and a new 100- foot­
diameter c larifier was placed in operation for improved water - po llution 
control. The me lting capacity was increased by the addition of a vacuum 
arc remelt furnace and improved electrode-welding facilities. A 2000-ton 
forg ing press was installed in the fabrication plant. The new 20,OOO-square­
foot technical cen ter, housing the analytical laboratories, pl ant engineering , 
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assurance, library, and research and development functions, was occupied 
during the summer. Employment increased from 950 to 1075 during the year. 

Minera l Exploration 

During 1968 more exploration for minerals was conduc ted in the state 
than ever before. At least 21 exploration programs were fielded, most of 
them by major mining companies. The Nuclear Fuels Division of Gulf Oil 
Corp., which leased large acreages of stote-owned land in southeostern 
Oregon in 1967, conducted on octive campaign during the year. Thecom­
pony drilled more than 100 test holes, some of them deeper than 1000 feet, 
to verify indications reported by geophysical exploration. A report filed 
with the Division of State lands by Gulf late in the year revealed that it 
plans to retain its interest in approximately three-fourths of the 82,327.56 
acres leased originally from the state. leased lands were relinquished in 
Crook, Grant, and Whee ler Counties and retained in Harney, Lake, and 
Ma lheur Counties. 

The most comprehensive exploration program for low-grade copper 
ore ever carried out in the state was in full swing during 1968. Two com­
panies, Cyprus Mines, Inc., and Bear Creek Mining Co., which is a sub­
sidiary of Kennecott Copper Co., drilled prospects in eastern Baker Coun­
ty. Interest by the companies in the area stems from a geochemical study 
made by the Department of Geology and Mineral Industries several years 
ago. 

The continuing high price for mercury has induced several companies 
to look at var ious cinnabar prospects. The Canyon Creek mine in Grant 
County and the Glass Buttes mine in Lake County were both examined by 
major companies. Interest in the quicksilver district east of Prineville in 
Crook County was also sho.vn by several firms, but no serious programs 
were inaugurated . 

Omega Mini ng Co., ltd., of Vancouver, B.C., continued its inten ­
sive exploration of the base -metal mines in the Bourne area of eastern Bok­
er County. Omega, now entering its third year on year-oround activity, 
has reopened old workings at the Golconda, E&E, Tabor Fraction, and 
North Pole mines. The company holds nearly 1500 acres over a continuous 
3-mile distance along the strike of one of the most important mineralized 
zones in eastern Oregon. Omega has so for rehabilitated 1540 feet of drifts 
and 200 feet of raises, driven 1900 feet of new drifts and 165 feet of new 
raises, and core-drilled 4250 feet from 7 surface and 15 underground sta­
tions. Late in the year Omega announced plans to construct a lOOO-ton­
per-day mill. If the program develops as planned, Omega will become 
Oregon's second largest mine operator with 300 men employed. The Hanna 
Mining Co. nickel mine and smelter in Douglas County is the largest min­
ing operotion in the state and has been a major economic factor in the area 
ever since 1954. 
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In response to a steadily increasing demand by the mining industry 
for information on Oregon gold and silver deposits, the State of Oregon 
Deportment of Geology ond Mineral Industries pub lished its two-pound­
fi ve-ounce, 337-page bul letin No. 61, "Gold and Silver in Oregon." 
The report contains information on 400 lode and 50 placer mines. Numer­
ous mine maps and several regional mops showing the go ld placers are in­
cluded. Originally prepared for the professiona l geologist and mine oper ­
ator, the bulletin has enjoyed wide acceptance by the general public, 
which is using the volume as a guide book to mineral deposits and old mines. 

Cornucopia Placer Co. con ti nued wi th its work of stripp ing overbur ­
den from a deeply buried placer on Pine Creek. Pine Creek is situa ted in 
the same general area as the famous Cornucopia mine in the faothills of the 
Wallowa Mountains of northeastern Boker County. The creek was worked 
in a small way by drift placers in the 1930's. Full - scale production is 
scheduled for early 1969. 

In sharp contrast to the large amount of private exploration in the 
state, there was only one project (the Argonaut mine in Boker County) 
cooperati vely financed by the Office of Minerals Exploration. OME con­
tracts are for explorat ion and deve lopment of properties containing certain 
minera ls. The monies advanced by OME are repa id out of profits from pro ­
duction resulting from the program. 

Atlantic Richfie ld flew over much of southeastern Oregon lost summer 
making a geophysical reconnaissance for rad ioact ivity. Atlantic acquired 
the old Lakeview uranium mill from Commercia l Discount Corp. of Chicago. 
AI year's end no pions for using the plant hod been disclosed. Western Nu ­
clear exercised its two -year-old option to purchase the White King uroni­
um mine near Lokeview. The White King was discovered in 1955, wi th 
first are production starting in 1957. The Lakeview uranium plant was con­
structed in 1958 and processed White King ore until late in 1960, when the 
mine shut down. 

During 1968 a cooperative project to assess the minera l potential of 
about 6000 sCJuare miles of Klamath and Lake Counties was carried out by 
the Deportment with financial assistance from the Great Northern Ra il road 
Co. and Pacific Power & light Co. A geological mop and bulletin discuss­
ing the meta ll ic. and industrial minera l occurrences and potentia l is sched­
uled for publication in 1969. A total of 350 geochemical stream- sediment 
samples was col lected by the Deportment and analyzed for copper, zinc, 
mo lybdenum, mercury, and uranium. The sampling area was in the Fremont 
Mountains west of Lakevi ew. 

The Heavy Me tals Program of the U. S. Geological Survey, whi ch was 
in i tiated in 1966 to stimulate the production of a small group of cri tical 
metals, principally gold and platinum, was continued during 1968. Fo l­
lowing publication of a Survey report on the gold distribution in surface 
sediments on the continental shelf off southern Oregon, further exploration 
of some of the areas conta ining above-normal concentrations of gold was 
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started late in the summer w ith work scheduled to be continued in 1969. 
The current program is designed to determine the thickness and tenor of the 
prev iously delineated areas, all of which lie at depths of 40 fathoms or less . 
This Deportment cooperated with the Survey by supplying 3000 stream-sedi­
ment samples collected from adjacent onshore locations. The Survey also 
has a joint research contract with the Department of Oceanography at Ore­
gon State University and with the Geology Department of the University of 
Oregon. 

Se l ected List of Department Pub l ications on Minerals 

The following publications on Oregon minerals have been selected 
from those issued by the Deportment. In addition, the Deportment has nu­
merous unpublished reports on mines and prospects in its files. The publi­
cations that have gone out of print may be examined at the Department's 
offices or at repository libraries in the state and at many universities across 
the country. 

Brooks , Howard C., 1963, Quicksilver in Oregon; Bullet in 55 (out of 
print) . 

Brooks, Howard C . , and Romp, l en, 1968, Gold and Sil ver in Oregon; 
Bulletin 61 (S5.00). 

Corcoran, R. E., and libbey, F. W., 1956, Ferruginous Bauxite Deposits 
in the Solem Hills, Marion County, Oregon; Bulletin 46 ($1.25). 

Koch, George 5., 1959, lode Mines of the Central Port of the Granite 
Mining District, Grant County, Oregon; Bulletin 49 ($1.00). 

libbey, F. W., lowry, W. D., and Mason, R. S., 1945, Ferruginous 
Bauxite Deposits in Northwestern Oregon; Bulletin 29 (out of print). 

libbey, F. W., and Corcoran, R. E., 1962, The Oregon King Mine 
(silver), J efferson County, Oregon; Short Paper 23 ($1 .00) . 

libbey, F. W., 1967, The Almeda Mine, J osephine County, Oregon 
(copper); Short Paper 24 ($2.00). 

Romp, len, 1961, Chromite in Southwestern Oregon; Bulletin 52 ($3.50). 

.. .. .. .. .. 

OAS TO MEET AT UNI VERSITY OF PORTLAND 

The Oregon Academy of Science will hold its annual meeting February 22 
at the University of Portland. Presentation of papers will begin at 9:30 
a . m. and continue through the morning. In the afternoon there will be a 
symposium on "Man and his natural environment." M. Alan Kays is chair­
man of the geology section. 

fr fr fr fr fr 
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OIL AND GAS EXPLORATION IN OREGON 

By V. C. Newton, Jr.* 

During 1968 field investigations were conducted by one mejor oil company 
in western Oregon while five other large firms had exploration staff members 
assigned, ot least on a part-time basis, to geologic studies of the Pacific 
Northwest. t-Aobi l , Standard, and Texaco hold on estimated 85,000 acres 
of leases in the western half of the state. Approximately 5000 acres ore 
leased to Central Oils, Inc . southeast of the town of Madras in central Ore­
gon, and several hundred acres of oil leases are scattered throughout east­
ern Oregon, many of them held for speculative purposes. Union Oil Co. 
emerged as the only offshore leaseholder in Oregon when rentals came due 
December 1, 1968 (table I). No other firms renewed outer-continenta l 
she lf leases in Oregon and Washington for the year 1969. Standard Oil Co . 
relinquished its interest in offshore leases he ld jOintly with Union in the 
Pacific Northwest, so that Union now is the sale owner of the leases. 
Standard, Texaco, Mobil, and Atlantic-Richfield he ld federal leases off 
the Oregon coast lost year. leases on the offshore tracts expire December 
1, 1969 and can be extended only if production is obtained. 

No work was done under the drilling permit (No. 59) held by William 
Craig, Tacoma, Wash. on his Marion County wildcat, in spite of plans to 
drill below the 1560-foot depth reached in 1967 (table 2). The test was 
designed to explore shollow Eocene sonds and was located near a hole 
drilled by Portland Gas & Coke Co. in 1935, which encountered severol 
gas shows . R. F. Harrison began work to deepen an o ld hole drilled by 
Central Oils, Inc. of Seattle, Wash. on the Morrow Br05. ranch 10 miles 
southeast of Madras. No new hole was drilled in 1968. Harrison had 
drilled out the obandonment plugs ond conditioned the hole for deepening 
by the end of the year. 

Geo l ogy and Drilling 

There is geologic evidence that Oregon has been invaded by the sea 
many times during the past 400 million years . Sediment deposited on the 

* Petro leum Engineer, State of Oregon Dept. Geo logy & Minera l Industries. 
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Camp:my 

Shell 
Shell 
Texaco-Mobil 
T exaco-Mobi I 
T exaco-Mobi I 
T exaco-Mabi I 
Uni on 
Union 
Union 
Union 
Union 

Permit 
No. Company' . 

59 William Craig 

60-D R. F. Harrison 

Table I. Federal OCS leases - 1968 

OCS No. Tract No. Area 

PO - 73 19 Ti I lamook, Ore . 
PO -75 22 Tillamook, Ore . 
PO-113 105 Florence, Ore. 
PO -11 6 113 Florence, Ore. 
PO-I 22 126 Florence, Ore. 
PO -078 28 Florence, Ore. 
PO -85 39 Florence, Ore. 
PO -86 40 Florence, Ore. 
PO-I44 10 Hoh Head, Wash. 
PO-145 II Hoh Head, Wash. 
PO -I 46 12 Hoh Head, Wosh. 

Table 2. Active Drilli ng Permits - 1968 

Wel l Name 

Gilmour I 

Morrow 1 

location 

Sec. 24, 1. 9S., R. 4W. 
Marion County 
Sec. 18, 1. 12 S., R. 15 E. 
Jefferson County 

Depth 

1560' 

3300' 

Present Status 

Re li nquished lZ/1/68 
Relinquished lZ/1/68 
Relinquished l Z/1/68 
Re linquished 1 Z/1/68 
Relinquished 1 Z/1/68 
Relinquished IV'1/68 
Renewed 11/25/ 68 
Renewed 11/25/ 68 
Renewed 11/25/ 68 
Renewed 11/25/ 68 
Renewed 11/25/ 68 

Status 

Work suspended, 
abandonment pends. 
Drilled out plugs 
and conditioned hole. 
lost tools in hole -
recovered. 



ancient ocean floors accumulated as rock strata which today measure more 
than 100,000 feet in thi,ckness (Youngquist, 1961; Dickinson and Vigrass, 
1963). Since petroleum hydrocarbons are found predominantly in marine 
rocks throughout the world, it appears as though large areas in Oregon con­
sisting of this type of rock are likely to contain oi l and gas deposits. Fa­
vorable geologic conditions have encouraged oil companies and wildcatters 
to dri II 170 test holes in the state over the post several decades, but none 
of the tests found hydrocarbons in commercial amounts. 

Morine sedimentary rocks in Oregon range in age from Devanian to 
late Tertiary . Exposures of Paleozoic and Mesozoic marine rocks occur in 
the Klamath Mountains and in the Blue Mountains (see accompanying mop). 
These older rocks are not exposed anywhere in western Oregon outside of 
the Klamath Mountains and the bordering areas, and none of the deep holes 
drilled thus far has reached them. Presumably Paleozoic and Mesozoic rocks 
do underlie much of western Oregon, and they are believed to extend be­
neath the Cascades and to be contiguous with rocks exposed in the Blue 
Mountains (:Heaver , 1945; We lls and Peck, 1961; Dott, 1965). The a rea 
of unmetamorphosed Paleozoic-Mesozoic marine rocks in central Oregon is 
estimated to be 8000 square miles (Corcoran, 1956). Tertiary marine rocks 
ranging in age from early Eocene through middle Oligocene are exposed 
over a large area of western Oregon, whereas late Oligocene rocks are less 
extensi ve. Miocene marine beds are found in the Lower Columbia River 
valley of northw estern Oregon and in some of the small coastal emboyments, 
indicating that the sea had nearly withdrawn from the continent by that 
time. Most of the later Tertiary marine rocks lie west of the present shore 
line. 

The western Tertiary basin, including the continental shelf out to the 
600-fool water depth, encompasses an area of nearly 14,000 square miles. 
f.,k,re than 40,000 feet of sediments and interbedded volcanic rocks were de­
posited in the Tertiary seaway (Youngquist, 1961). Thirty deep tests have 
been drilled in the western basin (see accompanying mop and table 3). 

All of the sedimentary basins in Oregon have been tested by deep 
drilling . This drilling density compares with a 30-mile grid covering the 
basin areas, so that exploration thus for can be seen to be of stratigraphic 
importance only. Not enough drilling has been done in any area to define 
subsurface structure. The offshore area was the lost to be drilled because 
of deep ........ ater environment of the Pacific shelf. 

Petroleum and Economy 

It is often asked what effect on oil discovery would have on the state. 
When one considers that Oregon residents and visitors to the state use more 
than 43 million barrels of petroleum products (Independent Petroleum Assn. 
of America, 1976) and 65 billion cubic feet of natural gas eac'h yeO( I it 
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Company 

Gu lf Oi l 

Pan American et 01. 

Reserve Oil & G", 

Reserve Oil &G", 

'" 
Sunray- Standard 

Texaco, Inc . 

Warren 

Table 3. Deep Wells with Hydrocarbon Shows. 

Year 
We ll Name Dri ll ed 

Porter 1 1963 

Coos Bay 1 1967 

Bruer 1 1960 

Esmond 1 1962 

Bear Creek 1 1958 

Cooper Mt. 1946 

Coos 1- 7 1963 

Tota l 
Depth 

8470' 

6146' 

5549' 

8603 ' 

7919' 

9263' 

6337' 

Description of Show 

High pressure salt water at 4650', registered 74 units 
on gas logging instrument. (Ter tiary) 
Hydrocarbon shows tested, found to be noncommercia l . 
(Tertiary) 
Test at 1550' recovered 358' gassy, muddy sa lt water, 
registered 60 units on gas logg ing instrument. (Tertiary) 
Gas in sandstone at 2900', registered 85 units, gas in 
tuff at 6400' - 7100' registered 400+ units. Test at7100 
flowed 2100 Bbl/day very gassy salt water . Gas at 
8050' in volcanics reg istered 300 units on logg ing in­
strument. (Tert iary) 
Gas in si Itstone 3950' -4250' I registered 30 uni ts on 
logging instrument. (Cretaceous) 
Test 7862' - 9263 ' flowed 29 Bb l/hr. gassy salt water 
from sandstone and interbedded volcanics. (Terti a ry) 
Gas shows 3500'-4100', reg istered 300+ units on log­
ging instrument. Wire -l ine test 4320' recovered o i l. 
Hydrocarbon fluorescence on cuttings 4860' - 5200'. 
(Tertiary) 



becomes evident that a local market of significant size is available. The 
market has an estimated well-head value of $150 million. The value of 
finished products is several times greater. 

ReGent oil discoveries in the Cook Inlet of Alaska ond offshore from 
SantaBarbara in California have been felt as fo r away as Portland, Oregon . 
American Pipe & Construction Co. in Portland has started construction on 
its sixth drilling platform for offshore development (see photograph ) . 
Each structure represents a contract for several million dollars. Albina En­
gine & Machine Works, Inc. of Portland has received ship repair contracts 
on vessels used in Alaskan exploration in past years and in 1968 constructed 
a two-story platform to house separating units for Texaco's Cook Inlet pro­
duction. Atlantic-Richfield Co. has laid plans to construct a $100 million 
refinery in northwestern Washington to process crude from the recent Alas­
kan North Slope discovery. When completed, the facility will be thelarg­
est in the Pacific Northwest. Mobil, Texaco, and Shell have large refin­
eries in the area to treat Canadian oil . The advent of an oil discovery of 
size within the state would add greatly to the economy of Oregon. 

The bringing of natural gas to Oregon and Washington in 1957 has 
resulted ingood jobs for hundreds of workers. Pipe-line construction boomed 
for 10 years until the present interstate systems were completed. EI Paso 
(Northwest system to be operated by Colorado Interstate Corp.) and Pacific 
Gas Transmission Co. operate the two transmission systems which cross the 
stote. Northwest Natural Gas, California-Pacific Utilities, and Cascade 
Natural Gas operate distributing systems wi thi n the state. The avai lobi lity 
of low-rote natural gas and hydro-electric power in the industrial areas of 
Oregon has stimulated economic growth and helped to provide a high li ving 
standard for residents. 

Wi II 0; I Be Found ? 

The odds for discovering petroleum in Oregon are just as good os in 
any other wildcat area. Results of drilling have not been entirely discour­
aging, as can be seen in table3. Reservoir strata do exist but thus for have 
yielded only saltwater in tests. Such strata have not been found offshore 
as yet, but drilling is too sparse to reach any definite conclusion abou t the 
shelf geology. Gauging from the depth of the holes drilled, sedimentary 
rocks are at least 13,000 feet thick on the shelf, probably much thicker. 
There are still many good locations onshore to test in Tertiary rocks of west­
ern Oregon. The Paleozoic-Mesozoic basin of central Oregon, which chal­
lenges the sophisticated geoscientist because of its complex geology and 
cover of younger volcanics, is virtually unexplored. 

There is no question that the $600 million offshore lease sole near 
Santa Barbara in California and the continuing development of the Cook 
Inlet fields in Alaska make it difficult to attract exploration money to 
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Offshore production plotform starts its journey to Santa Borbora, Cal. I 
down the Columbia Ri ver . The large structure was built in 1968 by Ameri ­
can Pipe & Construction Co. of Portland. 

Completely automated refinery completed by Union Oil Co. in 1968 
at its northwest Portland storage complex. Plant capacity is rated at 7500 
BBL/D of asphalt. 
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Oregon and Washington. The latest drain on West Coost copital is for de­
velopment of the huge North Slope, Alasko discovery mode by Atlantic­
Richfield ondHumble jointly in 1968. The remote location of the field, 
the extreme operating conditions, and the competition for leases will tax 
industry heavily. The North Slope may become the largest oil field on the 
continent. 

Jul ius Babisak, exp loration manager for Atlantic-Richfield Co., said 
at the July 1968 meeting of the International O il Scouts Association in Son 
Antonio, Texas, "The critical data need is stratigraphic." He outlined a 
$100 million program for group drilling projects in the United States, of 
which $10 million was projected to be spent on Oregon-Washington drilling. 
An urgent need for crude reserves by domestic companies to supply the 
Uni ted States market with 3.6 bi Ilion barre ls of oi I a year (U. S. Bureau of 
Mines, Nov. 1968) wi II stimulate more such thinking among explorationists. 
Oregon should see several more deep tests in the future. 
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THE DEPARTMENT ASSISTS O IL EXPLORATION 

Many research organizotions ond most of the major oil companies have con­
sulted the Department's sample library during the past few yeors. Extensive 
use of the sample library by industry continued this past year, while during 
the same period the Department used samples in a paleonto logical study of 
northwestern Oregon. 

Cores and cuttings now on hand in the library represent 220,OOOfeet 
of stratigraphic section drilled. Availability of deep-well samples allows 
the geologist to inspect visually material which is otherwise hidden from 
their view by thousands of feet of overlying rock. 

The Department has also assisted oi I explorationists over the past 
decade by ' its variety of geologica l publications. Three such articles are 
now in the process af completion and will be published in 1969. The geol­
ogy of the southwest portion of the John Day Upl ift in central Oregon, by 
H. J. Buddenhagen, describes unmetamorphosed marine rocks rang ing in 
age from Devonian to Cretaceous. Deta il ed mapping of these old marine 
beds and their structural features in the uplift region provides important 
clues to the geologic history of several thousand square miles of cen tra l Ore­
gon now covered by young volcanic rocks. These sedimentary rocks may 
ho ld promise of producing oi I. 

The geology of the Ironside Mountain quadrangle (30 ' Quad.) by 
W. D. lowry covers a complexly folded region of the Blue Mountains which 
has undergone a wide range of metamorphism. The possibility of finding 
petroleum in commercial quanti ties in the areo is remote; however, a 
knowledge of the geo logy in this part of the Blue Mountain upl ift may lead 
to important conclusions regarding the oil and gas possibilities in the region 
to the south and southeast, where several thousand feel of Tertiary volcanic 
rocks and lacustr ine beds cover pre-Tertiary formations. A know ledge of 
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the rocks exposed in uplifted regions enables geologists to evaluate drilling 
locations in adjacent basins where contemporaneous rocks lie at great depth 
be low the surface . 

Subsurface geology of the Will amette and lower Columbia River Val­
leys is described in a study by V. C. Newton and will be published as on 
Oil and Gas Ser ies bulletin. The report interprets regional strat igraphy in 
northwestern Oregon by use of deep we ll data and surface mapping. Tables 
of well data and descriptions of stratigraphic sections are contained in the 
report. 

The Deportment has many publi cations avail able which are of interest 
to the oi l exp lorationist. A selected list of Deportment maps, miscella ­
neous papers, bulletins , and Ore Bin articles follows. 
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Allen and E. M Baldwin. 
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* * * * * 

23 



W. D. WI LKINSON 

Dr. William D. Wilkinson, former heed of the Deportment of Geology at 
Oregon State University, died Friday, January 3. Dr. Wi lki nson had been 
on the University faculty since 1932 and head of the geology department 
from 1960 until lost summer. He belonged to a number of nationa l scienti­
fic organizations and was the first president of the Oregon chapter of the 
American Institute of Professional Geologists. For many years Dr. Wilkin­
son and his students conducted geologic field work in central Oregon and 
other parts of the state. The popular "Field Guidebook to Geologic Trips 
Along Oregon Highways," which went out of print soon after its publica­
tion by the Deportment of Geology and Mineral Industries in 1959, was 
prepared under his direction. Dr. Wilkinson 's most recent work, a ioint 
effort with Dr. K. F. Oles, was on the Cretaceous rocks of the Mitchell 
quadrangle in central Oregon and was published in the January 1968 issue 
of the American Association of Petroleum Geologists Bulletin. 

• • • • • 

INDEX TO PUBLISHED GEOLOGIC MAPS UPDATED 

The index to pub lished geologic maps in Oregon, which was last assembled 
in 1958, has now been brought up to date. For easier access to the infor­
mation, the index maps have been arranged in the following catagories: 
geologic maps that have appeared in The ORE BIN; ground-water and en­
gineering geology maps; geologic quadrangle maps; geophysical surveys; 
miscellaneous geologic maps published prior to 1960; miscellaneous geo­
logic maps published 1960 through 1967. Also included in this report are 
topographic index maps and one showing geomorphic provinces of Oregon. 
Miscel laneous Paper 12, "Index to Published Geologic Maps in Oregon," 
is available free upon request. 

• • • • • 

MADRAS AND DUFUR QUADRANGLES MAPPED 

Reconnaissance geologic maps of the Madras and Dufur 30' quadrangles, by 
A. C. Waters, have been published in mu lticolor at a scale of 1:125,000 
by the U.S. Geological Survey. The two adjacent maps are bounded by 
lat. 44°30' and 45°30' and long. 121° and 121° 30'. The Madras map, 
1-555, and the Dufur map, 1-556, can be purchased for 75 cents each from 
the U.S. Geological Survey, Denver Center, Denver, Colorado 80225. 

• • • • • 
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Scope and Arrangement of Guidebook 

This guidebook is designed to provide a general geologic background for the 
Newport area of west-central Oregon, and a field trip route along which a represen­
tative sequence of Tertiary rock units can be best studied. The guidebook consists of 
two parts: Part I, "Geologic Sketch of the Newport Area, Oregon," and Part II, 
"Geologic Field Trip Guide, Newport Area, Oregon." Part I is presented in this 
issue of The ORE BIN and Part II will be published in the March issue. 

Acknowledgments 

The writers acknowledge unpublished geologic mapping and stratigraphic stud­
ies by H. C. Wagner which are included in this article. Paul Carlson and H. C. 
Wagner critically reviewed this report and offered valuable suggestions. The assist­
ance in the field of Parke D. Snavely III during the planning phase of this field trip 
is appreciated. 

PART I - GEOLOGIC SKETCH OF THE NEWPORT AREA, OREGON 

Introduction 

The Newport area (figure 1) provides an exceptional locale for an introduction 
to Oregon Coast Range geology, as this area contains one of the thickest and most 
complete sequences of Tertiary sedimentary and volcanic rocks (figure 2). The se­
quence exposed here contains rock units that are correlative with lithologically sim­
i lar Terti ary rocks that crop out elsewhere in the Oregon Coast Range (figure 3). 
This report summarizes published and new data on the geology of the Newport area 
in the central part of the Oregon Coast Range. Several other recent publications 
concerned with the geology of the area have been written by Wilkinson (1959), 
Snavely and Wagner (1963, 1964), Baldwin (1964), and Snavely and others (1964, 
1965, 1968, and 1969). 

Several formational units referred to in this report are informally named. Some 
of the locations referred to in this part of the guidebook article are shown on the geo­
logic strip maps contained in Part II. 

Although the authors are cognizant of the biostratigraphic value of the mollus­
can faunas that occur in the late Tertiary sequence, checklists of these fauna are not 
given here since they have previously been published (Vokes and others, 1949; Snave­
ly and Vokes, 1949; Snavely and others, 1964). Lists of selected foraminiferal spe­
cies are presented in this report inasmuch as this information is not available in the 
literature. 

Geologic Setting 

In early to middle late Eocene time an elongate marine trough (figure 1) occu­
pied the area between the Klamath Mountains and Vancouver Island, Canada. It 
extended eastward at least as far as the present site of the Cascade Range and west­
ward to the present edge of the continental shelf (Snavely and Wagner, 1963). The 
Eocene sedimentary and volcanic rocks that accumulated in this trough were deformed 
in middle late Eocene time, and a number of smaller basins were produced, which 
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Figure 1. Map of western Oregon and Washington showing the location of the New­
port area. The inferred margin of the eugeosyncline that occupied this area in early 
Eocene time is shown by the dashed line and the present distribution of lower and 
middle Eocene volcanic rocks by shaded areas. 
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were interconnected and open to the sea. The eastern strand line shifted generally 
westward with time, and by mid-Oligocene time lay near the present coastline except 
for several structural embayments such as those near Astoria, Tillamook, Newport, 
and Coos Bay. Sedimentation in these embayments continued through middle Mio­
cene time. Post-middle Miocene marine sedimentation occurred principally west of 
the present Oregon coast. 

A composite thickness of more than 25,000 feet of marine sedimentary and vol­
canic rocks that range in age from early Eocene to middle Miocene crop out in the 
Newport area. Unconformities of regional extent are present within the upper Eo­
cene and middle Miocene sequences. Local unconformities between Tertiary forma­
tions occur in many places, such as along the margins of lower to middle Eocene 
volcanic buildups, but most contacts between formations are gradational. 

Stratigraphy 

Siletz River Volcanics 

The oldest rocks exposed in the Oregon Coast Range are a thick eugeosynclinal 
accumulation of basaltic pillow lava and breccia with interbedded tuffaceous silt­
stone and basaltic sandstone of early to early middle Eocene age. This sequence of 
predomi nantly volcanic rocks is referred to as the Si I etz River Volcanics (Snavely 
and Baldwin, 1948; Snavely and others, 1968) and probably is as much as 20,000 
feet thick near former centers of volcanism. 

The Siletz River Volcanics has been divided on petrochemical criteria into two 
parts, a lower submarine tholeiitic basalt unit and an upper unit characterized by 
alkalic basalt and porphyritic basalt flows and breccia which is in part subaerial 
(Snavely and others, 1968). 

The lower unit forms the bulk of the Siletz River Volcanics and is chiefly of 
early Eocene age. It crops out in a northeast-trending belt just west of Corvallis 
and in the Newport area where it is overlain by the upper unit. The lower unit con­
sists predominantly of submarine lava composed of close-packed radial-jointed ellip­
soidal pillows that are typically 3 to 4 feet in diameter. The pillows have chilled 
selvages up to half an inch thick of waxy greenish-black clay minerals which have 
replaced former basal tic glass. Tuff-breccia that contai ns broken pi Ilows or small 
isolated pillows is interbedded with or grades laterally into the pillow flows. Mas­
sive to rudely columnar-jointed basalt sills and flows up to 100 feet thick occur lo­
cally in the pillow and breccia sequence. Zeolites and calcite commonly form the 
cementing material in the breccia, fill interstices between pillows, and occur as 
amygdules in the basalt. 

The predominant rock type of the lower unit is amygdaloidal dark greenish­
gray aphanitic to fine-grained tholeiitic basalt. Older rocks in this unit differ some­
what in composition from younger rocks (table 1, cols. 1 and 2). Tholeiitic basalt 
of the Siletz River Volcanics is similar in composition to oceanic basalt (Snavely 
and others, 1968). 

The upper unit resulted from restricted volcanic activity that continued into 
early middle Eocene time at some major volcanic centers in the Tertiary basin. This 
upper unit is best known from exposures in the Ball Mountain area, 20 miles north­
east of Newport. The late stage of volcani sm that formed the upper uni t was sporad­
ic, moderately explosive, and produced a differentiated alkalic suite consisting of 
flows of alkalic basalt, porphyritic basalt, porphyritic augite basalt, feldspar-phyric 
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Table 1. Average chemical composition of volcanic rocks in the central part of the Oregon Coast Range 
(analyses recalculated water-free to 100 per cent). 

Lower to lower middle Eocene Upper Eocene to lowermost Oligocene Middle Miocene 
1 2 3 4 5 6 7 8 

Si02 49.0 48.3 48.2 51.4 47.1 41.7 55.8 51.8 
AI203 14.5 14.6 16.0 17.6 15.5 12.7 14.1 13.9 
Fe203 3.9 5.3 4.1 4.1 5.0 7.7 2.2 3.5 
FeO 7.7 8.5 7.9 6.8 7.0 8.8 9.9 11.0 
MgO 8.3 5.8 6.1 3.6 6.6 7.8 3.6 3.9 
CaO 12.2 11.5 7.4 8.7 10.3 10.3 7.1 7.9 
Na20 2.3 2.6 4.3 3.6 3.0 2.1 3.3 3.1 
K20 0.17 0.14 1.9 1.0 1.3 2.7 1.3 1.0 
Ti02 1.6 2.7 3.3 2.6 3.3 4.4 2.0 3.0 
P20 5 0.15 0.31 0.71 0.59 0.78 1.6 0.36 0.69 
MnO 0.19 0.25 0.20 0.16 0.23 0.23 0.21 0.23 

Number of 
Analyses 3 5 9 20 12 4 8 11 

1. Tholeiitic basalt from older part of lower tholeiitic unit, Siletz River Volcanics (Snavely a:1d others, 1968, Table 3). 
2. Tholeiitic basalt from younger part of lower tholeiitic unit, Siletz River Volcanics (Snavely and others, 1968, Table 3). 
3. Alkalic basalt from upper unit of Siletz River Volcanics (Snavely and others, 1968, Table 7, cols. 14 and 15, and Table 8, 

cols. 1 -3 and 4a-7a). 
4. Basalt near Yachats, Oregon. 
5. Basalt near Cascade Head, Oregon. 
6. Camptonitic volcanics from near Cannery Mountain, lower Siletz River, Oregon. 
7. Basalt of Depoe Bay (Snavely and others, 1965, Table 1). 
8. Basalt of Cape Foulweather (Snavely and others, 1965, Table 1). 
Analyses used in above averages were done by Paul Elmore, Ivan Barlow, Samuel Botts, Gi II ison Chloe, Lowell Artis, H. Smi th, 
Leonice Beatty, and Albert Bettiger, U.S. Geological Survey, using chemical and (or) x-ray fluorescence methods. 



basalt, and picrite-basalt interbedded with basaltic tuff and breccia. An average 
composition of alkalic basalt from the upper unit is shown in table 1, column 3. A 
few flows and numerous sills of tholeiitic basalt are also present. Massive beds of 
water-laid basaltic fragmental debris, as much as 100 feet thick, and thick- to thin­
bedded fine tuff to lapilli tuff and tuffaceous siltstone are common in the upper unit. 
Some tuff beds contain abundant euhedral augi te crystals up to three-fourths of an 
inch in width. 

Forami niferal assemblages from sedimentary interbeds in the Si letz River Vol­
canics can be compared variously with those of Laiming's (1940) B zones and possible 
C zone, and may, therefore, be referred to Mallory's (1959) Ulatisian and possibly 
Penutian Stages of middle and possible early Eocene age. Some more common and 
well-known species of Foraminifera, most of which are from the upper unit, are listed 
below: 

Amphimorphina californica Cushman and McMasters 
Asterigerina crassaformis Cushman and Siegfus 
Bifarina nuttalli Cushman and Siegfus 
Bulimina lirata Cushman and Parker 
~s~punctatus Galloway and Morrey 
Cibicidoides venezuelanus (Nuttall) 
Discocyclina sp. 
Eponides mexicana Cushman 
G lobanomal i na mi cra (Col e ) 
Globorotalia aragonensis Nuttall 
Operculina sp. 
Robulus ulatisensis Boyd 
Silicosigmoilina californica Cushman and Church 
Spiroplectammina directa (Cushman and Siegfus) 
Vaginulinopsis asperuliformis Nuttall 
Vaginulinopsis mexicana var. B. (of Laiming) 

Tyee Formation 

A sequence of more than 6000 feet of rhythmically bedded sandstone and si I t­
stone (turbidites) of middle Eocene age, the Tyee Formation (Diller, 1898), discon­
formably overlies the Siletz River Volcanics. Fifty to 100 feet of siltstone is present 
inmany places at the base of the Tyee, overlying limey sandstone and conglomerate 
at the top of the Siletz River Volcanics. This siltstone unit probably thickens away 
from areas of volcanic highs and represents pelagic clays deposited in the eugeosyn­
cline prior to the turbidite deposition which formed the bulk of the Tyee (Snavely 
and others, 1964). 

The Tyee Formation consists of graded beds 2 to 10 feet thick (figure 4). The 
lower part of individual beds consists of medium-grained micaceous arkosic, lithic, 
or volcanic wacke (argi Ilaceous sandstone) and grades upward into carbonaceous 
si I tstone. I n some graded beds the upper si I tstone part has been completely eroded 
by the succeedi ng turbidi ty current, produci ng a sandstone-upon-sandstone rei ati on­
ship. Angular to sub-round siltstone clasts are common in the sandstone and were 
derived by erosion of underlying beds by the turbidity currents. The base of each re­
current graded unit is sharply defined and commonly contains casts of sedimentary 
structures; groove casts are most common, but flute casts occur locally as do a variety 
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Figure 4. Rhythmically bedded 50nd$tone and siltstone of the Tyee Formation of middle Eocene age. Rood-cut exposure olong 
the Siletz River between the towns of Siletz and Kernville, Oregon. 



of drag marks and load casts. 
A paleocurrent analysis based on more than 600 sedimentary structures indicates 

that the Tyee Formation was formed by turbidity currents that transported sediment 
northward down the basin axis (Snavely and others, 1964). The principal source of 
the sediment, as indicated by paleocurrent data and petrographic studies, was an 
igneous and metamorphic terrain along the south end of the eugeosyncline in the 
present area of the Klamath Mountains. 

Although fossils are rare within the turbidite units that constitute the bulk of 
the Tyee, Foraminifera occur in the siltstone unit at its base, and in siltstone inter­
beds near the top of the formation. Foraminifera also occur in thin (1/4- to 1-inch) 
light-gray discontinuous claystone layers at the tops of a few graded beds. Although 
mixed-layer montmorillonite-illite or montmorillonite is the principal clay mineral 
in the graded beds, illite is the predominant clay material in the thin Foraminifera­
bearing claystone beds. These claystone beds probably represent hemipelagic clay 
deposited in the geosyncline during intervals between turbidite deposition. 

Foraminiferal assemblages from the Tyee Formation are virtually indistinguish­
able and, therefore, suggest a relatively short period of deposition during middle 
Eocene, Ulatisian, time. Furthermore, a somewhat uniform environment of deposi­
tion (open-sea at substantial depths, probably at least upper bathyal) is also 
suggested. Some of the more commonly occurring and well-known species of Foram­
inifera in the Tyee Formation are: 

Amphimorphina californica Cushman and McMasters 
Asterigerina crassaformis Cushman and Siegfus 
Bifarina nuttalli Cushman and Siegfus 
~a~ata Cushman and Siegfus 
Bulimina lirata Cushman and Parker 
Ci bi cides cushmani Nuttall 
Cibicides spiropunctatus Galloway and Morrey 
Globigerina decepta Martin 
Globorotalia aragonensis Nuttall 
Globorotalia cerro-azulensis (Cole) 
Silicosigmoilina californica Cushman and Church 
Spiroplectammina directa (Cushman and Siegfus) 
Tritaxilina colei Cushman and Siegfus 

Yamh ill Formati on 

The Tyee Formation is conformably overlain by more than 2000 feet of dark­
gray siltstone named the Yamhill Formation by Baldwin and others (1955). Interbeds 
of similar siltstone also occur within the upper part of the Tyee, and north of the 45th 
parallel the Tyee intertongues with the lower part of the Yamhill Formation. 

Strata mapped as the Yamhill Formation by the writers were included in the 
lower member of the Toledo Formation by Vokes and others (1949). Although poorly 
exposed in most places in the Newport area, a thick and unweathered sequence of 
beds crops out along the banks of the Siletz River immediately west of the town of 
Siletz. 

The Yamhill Formation consists of massive to thin-bedded siltstone which in 
places contains thin beds of arkosic, basaltic, or glauconitic sandstone. Light-gray­
weathering concretions and nodules are common within the siltstone. Megafossils 
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are rare in the Yamhill, but most of the unit contains abundant Foraminifera. Selec­
ted species of Foraminifera that occur locally in the Yamhill Formation include: 

Amphimorphina californica Cushman and McMasters 
Bifarina nuttalli Cushman and Siegfus 
Bolivina ~ta Cushman and Stone 
Bulimina corrugata Cushman and Siegfus 
Bulimina jacksanensis Cushman 
Bulimina schencki Beck 
~ina globosa Hantken 
Cibicideswarreni Cushman and R. E. and K. C. Stewart 
Discorbis d. D. samanicus <:N. Berry) 
Eponides yeguaensis Weinzierl and Applin 
Plectofrondicularia searsi Cushman and R. E. and K. C. Stewart 
Robulus welchi Church 
~~aensis Cushman and Siegfus 
Vaginulinopsis asperuliformis (Nuttall) 
Vaginulinopsis mexicana nudicostata (Cushman and G. D. Hanna) 
Valvulineria chirana Cushman and Stone 

The Foraminifera of the Yamhill Formation in the Newport area can be com­
pared with those of Laiming's B1A and A-2 zones and therefore may be referred to 
the uppermost part of the Ulatisian Stage and lower part of the Narizian Stage of 
Mallory (1959). Furthermore, they suggest bathyal depths during deposition. 

Nestucca Formation 

Thi n-bedded tuffaceous si Itstone of the Nestucca Formation of latest Eocene 
age unconformably overlies the Yamhill Formation and in places completely overlaps 
older rocks to rest directly on the Siletz River Volcanics. The mid-late Eocene un­
conformity represents a major period of deformation and erosion; older rocks are in 
many places folded and faulted, but many structures do not extend into the Nestucca 
or younger formations. The deformation divided the marine trough that occupied 
western Oregon and Washington in the Eocene into several interconnected basins 
and reduced the area of mari ne deposi ti on. 

The Nestucca Formation varies considerably in thickness--along the Yaquina 
River it is about 800 feet thick, whereas in other areas it is as much as 5000 feet 
thick. Although thin-bedded tuffaceous siltstone is most common, thin ash beds, 
massive mudstone, and arkosic, basaltic, and glauconitic sandstone interbeds are 
abundant. Friable arkosic sandstone is particularly common in the upper part of the 
formation where it occurs principally in sandstone dikes and sills. The thin bedding 
which characterizes the Nestucca Formation differs from the more massive or thickly 
bedded appearance of the underlying Yamhill Formation and overlying siltstone of 
Alsea, both of which are also predominantly siltstone. 

Sequences of basalt flows and breccia up to 2000 feet thick interbedded in the 
Nestucca Formation form the precipitous sea cliffs between Cape Perpetua and Hece­
ta Head south of Newport, and at Cascade Head to the north (Vokes and others, 1949; 
Snavely and Vokes, 1949). Camptoni ti c extrusives of th is same age occur i nterbed­
ded in the Tertiary sedimentary rocks along the lower reaches of the Siletz River, 1 
to 2 miles east of Kernville. 
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Most basalt flows are 10 to 20 feet thick, have scoriaceous oxidized tops, 
and are of subaerial origin. Some subaerial flows grade laterally into submarine 
pillow lavas and breccia. Conglomerate and basaltic sandstone occur interbedded 
in the volcanic sequence, particularly on the flanks of the volcanic accumulations. 
The volcanics intertongue laterally with marine tuffaceous siltstone of the upper part 
of the Nestucca Formation which accumulated in areas between volcanic centers. 
Feeder dikes are abundant; they intrude the volcanic rocks and also cut older rocks 
to the east of the present volcanic outcrops, suggesting that the flow sequence may 
have originally covered parts of the interior of the present Coast Range. 

The basalt is almost always porphyritic; basalt in the flow sequence near Cape 
Perpetua is characterized by abundant plagiaclase phenocrysts whereas in the lavas 
at Cascade Head augite and olivine phenocrysts generally abaund. The basalt shows 
a large variation in composition bath within individual volcanic centers and between 
centers. The flows are characterized by high alkali, A1 20 3, Ti02, and P205 con­
tent (table 1, cols. 4 and 5). Although the volcanic sequences at Cascade Head and 
at Cape Perpetua both show a large variation in silica content, the former tends to 
be lower. Consanguineous dacitic dikes cut bath volcanic sequences. 

Camptonitic volcanic rocks which occur in the lower reaches of the Siletz Riv­
er consist predominantly of tuff breccia with some pillow flows and massive flows as 
well as sills and dikes. Angular fragments in the breccia consist of altered glass 
crowded with pyroxene, opaque mineral, and apatite microlites. Cognate xenocrysts 
of biotite, hornblende, and apatite are common and serve to identify the camptonites. 
The matrix of the breccia consists of finely comminuted altered camptonitic glass and 
zeolites .. Dikes and sills of biotite camptonite, which fed the extrusive sequence, 
cut the volcanics and intrude older rocks to the east; the largest dike is exposed in 
a small quarry on State Highway 229 about 8 road miles east of Kernville. An aver­
age chemical analysis of the biotite camptonite extrusives and directly associated 
feeder dikes is shown in table 1, column 6. The camptonite is characterized by low 
silica and high total alkali, Ti02, and P205 content. Some of the least silicic 
volcanics at Cascade Head differ only slightly in composition from the camptonites 
and are consi dered to be consangu i neous . 

Megafossils are not common in the Nestucca Formation but Foraminifera are 
abundant. Some of the more common species locally occurring in the Nestucca For­
mation are: 

Cassidulina globosa Hantken 
Cibicides haydoni (Cushman and Schenck) 
Cibicides hodgei Cushman and Schenck 
Gyroidina condoni (Cushman and Schenck) 
Gyroidina orbicularis planata Cushman 
Plectofrondicularia packardi packardi Cushman and Schenck 
Uvigerina cocooensis Cushman 
Uvigerina garzaensis Cushman and Siegfus 

Nestucca foraminiferal assemblages are referable to the upper Narizian and lower 
Refugian Stages of late Eocene age. Most assemblages suggest upper bathyal depths 
during deposition. 
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Oligocene siltstone 

A massive to thick-bedded tuffaceous siltstone to very fine-grained sandstone 
unit, informally referred to as the "siltstone of Alsea," conformably overlies the 
Nestucca Formation and upper Eocene volcanic rocks in the Newport area. The 
siltstone of Alsea was included in the upper part of the Toledo Formation as mapped 
by Vokes and others (1949). This siltstone unit is about 1500 feet thick where ex­
posed along Yaquina Bay; it is particularly well exposed on the northwest side of 
Alsea Bay about 10 mi les to the south. 

Ash is a ubiquitous and abundant constituent of the siltstone and fine-grained 
sandstone and was derived from contemporaneous volcanism in the Cascade Range to 
the east (Snavely and Wagner, 1963). The tuffaceous si Itstone contains abundant 
concretions which commonly have small shell fragments or fossil crabs in their cores. 
Interbeds of glauconitic sandstone and pumiceous mudflow breccia are also present. 

Both megafossils and Foraminifera occur in this unit. The latter are referable 
to the upper Refugian and the Zemorrian Stages of Oligocene age. A few of the 
characteristic Foraminifera are: 

Anomalina californiensis Cushman and Hobson 
Bolivina marginata adelaidana Cushman and Kleinpell 
Buccella mansfieldi oregonensis (Cushman, R. E. Stewart and K. C. Stewart) 
Buliminella bassendorfensis Cushman and Parker 
Cassidulina galvinensis Cushman and Frizzell 
Cibicides elmaensis Rau 
Elphidium cf. ~: smithi Cushman and Dusenbury 
Gyroidina soldanii d'Orbigny 
Plectofrondicularia packardi multilineata Cushman and Simonson 
Pseudoglandulina cf. f. inflata Bornemann 
Quinqueloculina imperialis Hanna and Hanna 
Quingueloculina weaveri Rau 

In general, Foraminifera of this siltstone unit suggest open-sea, cool-to-cold water 
conditions ranging from neritic to upper bathyal depths, possibly 300 to 2000 feet. 

Yaquina Formation 

Massive to well-bedded and cross-bedded sandstone, siltstone, and conglom­
erate constitute the Yaquina Formation (Harrison and Eaton, 1920; Schenck, 1927, 
1928; and Vokes and others, 1949) of late Oligocene age. Along Yaquina Bay this 
unit is about 1700 feet thick. It thins to less than 1000 feet at Beaver Creek near 
the coastline 7 miles to the south, and towards the north thickens to more than 2000 
feet in the area east of Cape Foulweather. Farther to the north near Siletz Bay it 
again thins to less than 1000 feet. 

Sandstone, occurring as thin to thick beds, is the most common rock type. It 
varies from fi ne to coarse grai ned and commonly is pebbly. Cross-beddi ng and 
large-scale foreset bedding are common as are channel and fill structures. The sand­
stone is micaceous and carbonaceous; it may in part have been derived from erosion 
of the Tyee Formation. Pumice clasts are abundant and suggest continued volcanism 
in the Cascade Range to the east. Conglomerates are more common in the Yaquina 
Formation east of Cape Foulweather, where the formation is thickest, than near Ya­
quina Bay. The conglomerate occurs in beds up to several tens of feet thick which 
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have lenslike shapes in outcrop pattern. Clasts in the conglomerate are of a variety 
of rock types most of which are foreign to the older Tertiary formations in the Coast 
Range. Thin to thick interbeds of tuffaceous siltstone, lithologically similar to that 
of the underlying siltstone of Alsea, and of glauconitic sandstone are also common. 
In places coal lenses and ash beds occur within the sandstone and siltstone. The dis­
tribution, lithology, and sedimentary structures of the Yaquina Formation suggest 
that it represents a deltaic deposit. 

Megafossils are common in the Yaquina and indicate a late Oligocene age. 
Foraminifera, which occur in some siltstone beds, are largely confined to the follow­
ing species of which only the unnamed species of Elphidium is common in most samples: 

Bolivina cf. B. advena Cushman 1/ 
Buccella man-;fi~gonensis (Cushman, R.E. Stewart, and K.C. Stewart) 
Bulmina ovata d'Orbigny 
Elphidium sp. (large, numerous chambers, very fine septal pores) 
Elphidium d. I. minutum (Reuss)1/ 
Nonion costiferum (Cushman)1/ 
Nonion incisum kernensis Kleinpell 
~r~ria californica Cushman and Stewart 1/ 
~sp.17 
Robulus spp. 

l/Uppermost part of formation 

Nonion costiferum in the uppermost part of the formation suggests an age no 
older than the Saucesian Stage (early Miocene). However, the remainder of the for­
mation is assigned to the Zemorrian Stage (late Oligocene). Foraminiferal assem­
blages suggest relatively cool temperatures at shallow depths of deposition (littoral 
to inner neritic, not exceeding 300 feet). 

Nye Mudstone 

The Nye Mudstone (Harrison and Eaton, 1920; Schenck, 1927; Vokes and 
others, 1949; Snavely and others, 1964) is well exposed in road cuts along the north 
shore of Yaquina Bay. At its base it intertongues with sandstone beds of the Yaquina 
Formation. Along Yaquina Bay the Nye Mudstone is about 4400 feet thick. The 
thickness decreases rapidly northward to less than 500 feet about 4-1/2 miles north 
of the bay in the vicinity of Moloch (Moolack) Creek. The rapid narrowing of the 
outcrop belt northward is a result of onlap of the overlying Astoria Formation onto 
a broad pre-Astoria structural high. Also, north of the bay the Nye Mudstone con­
tains thick interbeds of very fine-grained sandstone. Inasmuch as the sandstone of 
the Yaquina Formation thickens north of the bay, it is thought that the Nye sea may 
have shoaled northward onto a constructional high formed by a broad submarine fan 
or delta of Yaquina time. 

The Nye consists predominantly of medium to dark olive-gray, massive, organic­
rich mudstone and siltstone. Freshly broken samples have a strongly petroliferous 
odor. Calcareous and dolomitic concretions, as much as 4 feet across, and lenticu­
lar beds 2 inches to more than 1 foot thick occur locally. Thin carbonate-cemented 

38 



beds are common in the lower part of the sequence; large isolated concretions gen­
erally occur in the upper part. A prominent zone of lenticular concretionary dolo­
mi tic beds occurs about 1200 feet above the base of the formation on the north si de 
of Yaqui na Bay. 

The Nye Mudstone contains abundant brown fish scales and vertebrae, Foram­
inifera, and a meager molluscan fauna. In the uppermost part of the sequence, how­
ever, mollusks are abundant. Forami niferal species found in the Nye Mudstone have 
been listed by Snavely and others (1964); some of the more common species are: 

Bolivina advena Cushman 
Bolivina marginata adelaidana Cushman and Kleinpcll 
Buccella mansfieldi oregonensis (Cushman and R.E. Stewart and K.C. Stewart) 
Buliminella subfusiformis Cushman 
Bulimina inflata alligata Cushman and Laiming 
Bulimina ovata d'Orbigny 
Cassidulina laevigata carinata Cushman 
Epistominella parva (Cushman and Laiming) 
Gyroidina soldanii d'Orbigny 
Nonion costiferum (Cushman) 
Nonion i ncisum (Cushman) 
~r~ria californica Cushman and Stewart 
Uvigerina auberiana d'Orbigny 

Uvigerinella obesa impolita Cushman and Laiming 
virgulina californiensis Cushman 

The assemblages are referable to the Saucesian Stage and the composition of the fauna 
suggests cold temperatures at upper bathyal depths -- perhaps 1000 to 2000 feet. 

Astoria Formation 

The Astoria Formation (Packard and Kellogg, 1934; Schenck, 1936; Weaver, 
1937; Vokes and others, 1949; Snavely and others, 1964) unconformably overli es 
the Nye Mudstone. The unconformity between the two formations is sharp and well 
exposed in the sea cliff at Jumpoff Joe, about 1-1/2 miles north of Yaquina Bay, 
where sandstone of the Astoria Formation rests with slight angular discordance on typ­
ical mudstone of the Nye. This mudstone is stratigraphically lower in the Nye than 
sandy siltstone exposed at the mouth of the Yaquina River directly below the Astoria 
Formation. 

Although only a narrow belt of Astoria strata is exposed along the sea cliffs 
and the wave-cut platform near Newport, a thicker and more continuous section 
crops out between Yaqui na Head and Beverly Beach. Here more than 500 feet of 
strata is exposed. Farther to the north, in the area east of Depoe Bay where the for­
mer strand line swings to the east, the Astoria Formation attains its maximum onshore 
thickness in the Newport area, some 2000 feet. 

The Astoria Formation consists principally of olive-gray, fine- to medium­
grained mi caceous, arkosic sandstone and dark-gray carbonaceous si I tstone. The 
sandstone beds range from massive to thin-bedded and generally are thicker bedded 
in the upper part of the sequence. Thin bedding in the sandstone is accentuated by 
siltstone and claystone laminae, finely macerated plant material, or concentrations 
of mica. Commonly the original bedding has been greatly disturbed by the activity 
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Figure 5. Aerial view looking north across the outer boy at Depoe Boy, Oregon. 
U.S. Highway 101, which in the right foreground crosses entrance to inner bay, is 
constructed on westward - dipping isolated pillow breccia of the basalt of Depoe Boy. 
The overlying sandstone of Whale Cove forms the inner part of the projecting head­
land and is overlain by basaltic breccia af the bosolt af Cope Faulweother. Coscode 
Head in the bcckground is underlain by volcanic rocks of the Nestucco Formation. 



of marine organisms which have produced a "churned" appearance. Small-scale 
cross-bedding, ripple marks, and penecontemporaneous slump structures due to sub­
marine sliding are common. The slump structures range from small overturned folds 
within beds only 1 inch thick to large infolds several feet in amplitude; the direction 
of overturning indicates a general westward to northwestward gliding of some beds 
during deposition. 

A few granule- to coarse-:grained basaltic sandstone beds up to 15 feet thick 
occur in the lower part of the formation. Concretionary ledges 6 inches to 2 feet 
thick and individual concretions 2 to 3 feet in diameter occur locally. Ledge-form­
ing calcareous sandstone beds are more common in the lower than in the upper part 
of the formation. The most distinctive stratigraphic markers in the Astoria Formation 
are light-yellowish-gray water-laid siliceous tuff beds that in places contain altered 
pumice fragments and carbonaceous material. The beds range from a few inches to 
18 feet in thickness and, being more resistant to erosion than the adjacent sandstone 
and siltstone, generally form ribs in the outcrops on wave-cut platforms. The tuff is 
of andesitic to dacitic composition which suggests that its source was from pyroclastic 
eruptions in un ancestral Cascade Range to the east. 

Well-preserved mollusks are generally abundant throughout the lower part of 
the formation in both the sandstone and siltstone units and locally are concentrated 
in calcareous ledges or concretions. Many of the pelecypods have articulated valves 
indicating that they have not undergone extensive transport. The molluscan fauna 
indicates a middle Miocene age (Vokes and others, 1949; Snavely and others, 1964). 
Foraminifera are locally abundant in siltstone of the Astoria Formation and indicate 
a Saucesian age. The fauna suggests that water temperature may have been temper­
ate, and depths possibly not more than 500 feet (Snavely and others, 1964). The 
following are common species: 

Bolivina advena Cushman 
Buccella ~eldi oregonensis (Cushman and R.E. Stewart and K.C. Stewart) 
~IIa elegantissima (d'Orbigny) 
Buliminella subfusiformis Cushman 
Epistominella parva (Cushman and Laiming) 
Nonion costiferum (Cushman) 
Nonionella miocenica Cushman 
Robulus mayi Cushman and Parker 
Uvigerinella californica ornata Cushman 

Middle Miocene volcanic and sedimentary rocks 

A middle Miocene sequence comprising a lower unit of basalt flows, a medial 
massive to well-bedded sandstone and siltstone unit, and an upper unit of basalt brec­
cia is well exposed in sea cliffs along the coast from Cape Foulweather to Boiler Bay 
(Snavely and Vokes, 1949; Snavely and others, 1965). Miocene basalt flows, pil­
low lavas, breccia, and water-laid fragmental debris form the precipitous headlands 
along the Oregon coast north of Newport at Yaquina Head, Cape Foulweather (see 
page 25), Cape Lookout, and Cape Meares; thick sills formed during the Miocene 
volcanism occur at Cape Falcon and Tillamook Head. These volcanic rocks were ex­
truded from local centers near a middle Miocene strand and are of both subaerial 
and submarine origin (Snavely and Wagner, 1963). 

The middle Miocene basalt exposed along the central and northern Oregon 
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coast consists of two mappable and petrochemically distinctive units. The older unit, 
here referred to as the "basalt of Depoe Bay," is composed of subaerial basal t flows 
and submarine palagonitic pillow lava and breccia; the younger unit, locally re­
ferred to as the "basalt of Cape Foulweather," consists predominantly of subaerial 
basal t flows and brecci a and subaqueous water-laid fragmental basal tic debris. Be­
tween Whale Cove and Depoe Bay (figure 5), these two basal t uni ts are separated by 
a massive nearshore arkosic sandstone and thin-bedded brackish-water sandstone unit, 
informally called the "sandstone of Whale Cove." 

Unconformities, in places marked by fossil soil zones, occur at the base of each 
of the two basalt units; the basalt of Cape Foulweather overlaps the basalt of Depoe 
Bay south of Depoe Bay where it rests on older rocks. 

Basalt of Depoe Bay: A 75-foot-thick isolated pillow breccia unit forms the 
north-trending shoreline between the inner and outer bays of Depoe Bay (figure 5). 
The unconformable contact between the basalt of Depoe Bay and the Astoria Forma­
tion is well exposed in the inner bay. Pillows in the isolated pillow breccia are 
typically 2 to 4 feet wi de; some are very elongate. Many pi IIows have hollow 
(drained) centers. The pillows are enclosed in a matrix of finely comminuted 
partially palagonitized basaltic glass and angular glassy to aphanitic basalt fragments. 
Immediately south of Depoe Bay the pillow lavas grade laterally into a rudely colum­
nar-jointed subaerial flow approximately 50 feet thick. Numerous dikes and sills of 
Depoe Bay type basalt intrude the Astoria and Yaquina Formations immediately east 
of Depoe Bay and attest to the local origin of this unit. 

The general petrography of these rocks is described by Snavely and others (1965). 
The basalt is medium to dark gray, glassy to fine grained, equigranular, and common­
ly contains patches of apple-green (on fresh breaks) to brownish-black chlorophaeite. 
The average composition of basalt from this unit is shown in table I, column 7. Fresh 
basalt shows a very restricted range in composition and is characterized by relatively 
high Si02' Basalt of similar composition and age forms the headlands at Cape Look­
out, Cape Meares, Cape Falcon, and Tillamook Head, and forms thick flows along 
the lower part of the Columbia River and in the northern part of the Willamette Val­
ley. The Yakima type of basalt (Waters, 1961) of the Columbia River Group on the 
Columbia River Plateau is also of similar composition and age, even though extruded 
many tens of miles to the east. Flows in the northern part of the Willamette Valley 
and along the lower part of the Columbia River were derived from a Columbia Pla­
teau source, but the Depoe Bay type volcanics along the coast were erupted from 
local vents near the present coastline. 

Sandstone of Whale Cove: Two to three hundred feet of clastic sedimentary 
rocks occur in places between the basal t of Depoe Bay and the basal t of Cape Foul­
weather (Snavely and Vokes, 1949). These sedimentary rocks, referred to as the 
sandstone of Whale Cove, are best exposed along the northern and southern shores of 
the outer bay at Depoe Bay and in Whale Cove about 1 mi Ie to the south. Massive 
to thick-bedded medium- to fine-grained arkosic sandstone and thin-bedded mica­
ceous carbonaceous siltstone to fine-grained sandstone constitute the bulk of the unit. 
Crossbedding, cut-and-fill structures, convolute laminations, and slump structures 
are common. The chemical composition of a sandstone from this unit and of older 
sedimentary rocks from the Newport area are shown in table 2. 

Part of the sediment that comprises younger Tertiary sandstone in the Newport 
area was derived by erosion of older sandstone such as that of the Tyee Formation. 
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Table 2. Average chemical composition of sedimentary rocks in the central part 
of the Oregon Coast Range (analyses recalculated water-free to 100 percent). 

Formation: Tyee Nestucca Siltstone Nye Astoria Sandstone of 
Formation Formation of Alsea Mudstone Formation Whale Cove 

Rock type: Sandstone Siltstone Siltstone Siltstone Sandstone Sandstone 
and 

Si Itstone 

No. of 11 2 5 3 
analyses 

Si02 62.3 67.5 67.3 68.4 69.6 74.4 

AI 203 16.8 17.6 15.8 15.6 14.8 12.9 

Fe203 2.1 4.3 4.7 4.5 2.5 2.0 

FeO 4.6 2.1 1.8 2.3 2.5 2.1 

MgO 3.1 2.0 1.8 2.5 2.2 1.6 

CaO 3.7 1.8 3.1 1.1 2.2 1.2 

Na20 3.1 1.3 2.0 2.5 2.8 2.3 

K20 2.6 2.2 2.1 1.9 2.2 2.7 

Ti0 2 1.0 0.84 0.95 0.83 0.96 0.69 

P205 0.2 0.14 0.19 0.28 0.14 0.08 

MnO 0.13 0.03 0.07 0.04 0.07 0.05 

Analyses used in above averages were done by Paul Elmore, Ivan Barlow, Samuel 
Botts, Gillison Chloe, Lowell Artis, H. Smith, Leonice Beatty, and Albert Bettiger, 
U.S. Geological Survey, using chemical and (or) x-ray fluorescence methods. 

Consequently, younger sandstone tends to be progressively more mature and have 
higher Si02 content. Fossils are rare in this unit, but a few mollusks are present in 
large calcareous concretions at Whale Cove. 

Basalt of Cape Foulweather: The youngest Tertiary rock unit in the Newport 
area, the basalt of Cape Foulweather, crops out along the coast for about 6 miles 
north between Cape Foulweather (see page 25) and Government Point. It forms the 
projecting small headland on the outer part of Depoe Bay (figure 5) where it overlies 
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the sandstone of Whale Cove. East of Cape Foulweather this volcanic sequence 
overlaps this sandstone, the basalt of Depoe Bay, and much of the Astoria Formation. 
The basalt of Cape Foulweather is also exposed at Yaquina Head and Otter Rock 
Island. 

The basalt of Cape Foulweather consists predominantly of basalt breccia and 
water-laid fragmental debris, and lesser amounts of massive flows and pillow lavas. 
Numerous feeder dikes and volcanic necks such as are exposed on Cape Foulweather 
indicate that the volcanic rocks were locally derived. Much of the basalt was erupt­
ed subaerially, but fringing aprons of marine basaltic breccias such as crop out at 
Government Poi nt apparently developed around the volcanic centers. 

Basalt of Cape Foulweather is glassy to very fine grained and characteristically 
contains a small number of yellowish plagioclase phenocrysts as much as 2 cm in 
length. Presence of these phenocrysts serves to distinguish these basalts from those 
of the basal t of Depoe Bay. 

An average chemical composition of basalt from Cape Foulweather is shown in 
table 1, column 8. The basalt shows only slight variation in composition, is char­
acterized by relatively high Ti02 and P205, and is chemically distinct from basalt 
of Depoe Bay. 

Basalt flows and intrusives of Cape Foulweather type crop out at Cape Lookout 
and Ecola State Park along the northern Oregon coast where they are also younger 
than Depoe Bay type basalt. The Late Yakima petrographic type 0Naters, 1961) of 
the Columbia River Group of the Columbia Plateau is similar to the basalt of Cape 
Foulweather both in age and composition. 

Fossils diagnostic of age are not present in this basalt flow--sedimentary rock 
sequence in the Newport area. However, farther north at Cape Meares, basalt flows 
equivalent in composition to the basalt of Depoe Bay are associated with siltstone of 
Relizian age. Based on regional geologic consideration, the basalts of Depoe Bay 
and Cape Foulweather are considered to be of middle Miocene age. 

Post-middle Miocene sedimentary rocks 

A thick sequence of marine sedimentary rocks of late Miocene and Pliocene 
ages underlies the continental shelf off the Newport area. Interpretation of subbot­
tom acoustical profiles (figure 6), gravity data (Dehlinger and others, 1967), and 
magnetic data (Emilia and others, 1966) indicates that several thousand feet of post­
middle Miocene sedimentary rocks overlie the Astoria Formation on the adjacent con­
tinental shelf off Newport. Bottom samples from an anticlinal high, Stonewall Bank, 
on the shelf contain Foraminifera indicative of Pliocene and middle Miocene ages 
(Fowler, 1966). A test hole drilled cooperatively by the Standard Oil Company of 
California, Union Oil Company, and Pan American Petroleum Corporation on this 
structure is reported to have encountered more than 10,000 feet of marine sedimen­
tary rocks. 

Quaternary deposits 

Unconsolidated to poorly consolidated mud, silt, sand, and gravel of Quater­
nary age blanket much of the Newport coastal area (Vokes and others, 1949; Bald­
win, 1950; Cooper, 1958). In most lowland coastal areas the Quaternary deposits 
extend several hundred yards to 2 miles inland. Along the Yaquina River, estuarine 
deposits occur as much as 7 miles from the coast. The Quaternary deposits include 
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several distinguishable units separated by disconformities; individual units differ in 
degree of consolidation, weathering characteristics, and composition. Several wave­
cut terraces are developed along coastal stretches; one of these, the 500-foot-high 
flat-topped surface at Otter Crest on Cape Foulweather, is shown on page 25. Indi­
vidual terraces are warped and vary more than 100 feet in elevation. 

Intrusive rocks 

Several suites of igneous rocks intrude the Tertiary sedimentary and volcanic 
rocks in the central part of the Oregon Coast Range. Several of these are consan­
guineous with extrusive rocks; others have no known extrusive equivalents. 

The most volumi nous igneous sui te consists of si lis and di kes of granophyric 
gabbro or ferrogabbro of middle Oligocene age. They cap many of the higher moun­
tains in the Coast Range such as Marys Peak, Euchre Mountain, and Stott Mountain. 
Most are strongly differentiated and contain rocks ranging in composition from grano­
phyric gabbro to aplite. They are characterized by the mineral assemblage Fe-rich 
olivine, ferroaugite, and quartz-feldspar intergrowth. Their petrochemistry and pet­
rology is briefly described by Snavely and Wagner (1961). 

Basalt, diabase, or gabbro 'sills of late Eocene to early Oligocene age and of 
Miocene age cap many of the higher areas along the crest of the Oregon Coast Range 
north of lat. 45° N. These sills and smaller bodies near the coast are intrusive equiv­
alents of the volcanic sequences. 

In addition to intrusives of basaltic composition, alkaline igneous rocks are also 
abundant in the central part of the Oregon Coast Range. Nepheline syenite sills, 
dikes, and small stocks occur over a large area 10 to 30 miles south and southeast of 
Newport; the most prominent of these is the 200-foot-thick sill at Table Mountain. 
The abundance of nepheline syenite clasts in Quaternary deposits strongly suggests 
that the outcrop areas of the nepheline syenite sills were considerably more exten­
sive. The nepheline syenite intrusives are briefly described by Snavely and Wagner 
(l96l). 

Camptonite (hornblende-augite-plagioclase lamprophyre) dikes and sills are 
common in the area between the Siletz dnd Salmon Rivers extending from near the 
coast to the crest of the Coast Range. The largest camptonite intrusive occurs at 
Cougar Mountain about 24 miles northeast of Newport. Several camptonite dikes 
are located south of Newport in the same general area as the nepheline syenite in­
trusives. Several dike swarms in that area contain both nepheline syenite and camp­
tonite dikes, suggesting a common origin for these two rock types. The camptonites 
vary considerably in composition and mineralogy (Snavely and Wagner, 1961); all 
are characterized by high alkali, Ti02 and P205 content. Biotite camptonite dikes 
and extrusives are a composi tional variant (h i gher K20, lower Na20) of the camp­
tonite i ntrusi ves. 
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* * * * * 

GEOLOGICAL SOCIETIES TO MEET AT EUGENE 

The Cordilleran Section of the Geological Society of America and the Pacific Coast 
branch of the Paleontological Society will hold their annual meetings on the 27th to 
29th of March, 1969 at the University of Oregon in Eugene, hosted by the Univer­
sity's Department of Geology and Center for Volcanology. In addition to the regular 
presentation of papers, one symposium will be held: The late Mesozoic paleotec­
tonic history of western Oregon and adjoining areas. 

Following are the four field trips: Tuesday and Wednesday, March 25 and 26, 
Northern Klamath Mountains, led by E. M. Baldwin and M. A. Kays of the Univer­
sity and len Ramp of the State of Oregon Department of Geology and Mineral Indus­
tries; and volcaniclastic rocks of central Oregon, led by Ernest lund and Gordon 
Goles of the University; and Sunday, March 30, geology of the Newport Embayment, 
led by P. D. Snavely, Jr. and Norman Macleod, U.S. Geological Survey, and 
engineering geology of the Blue River, Cougar, and Green Peter dam sites, led by 
Del Snyder, U. S. Corps of Engi neers. 

* * * * * 
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Volume 31, No.3 
March 1969 

65th ANNUAL MEETING - CORDILLERAN SECTION 
GEOLOGICAL SOCIETY OF AMERICA 

Eugene, Oregon, March 27-29, 1969 

FIELD TRIP GUIDEBOOK 

GEOLOGY OF THE NEWPORT AREA, OREGON 1/ 

By Parke D. Snavely, Jr.2/ , Norman S. MacLeod2/ , and Weldon W. Rau3/ 

This report on the "Geology of the Newport area, Oregon" was written specifically 
for a field trip to be held during the 65th Annual Meeting of the Cordilleran Section 
of the Geological Society of America in March, 1969. Part I of this article, "A 
geologic sketch of the Newport area, Oregon," was published in the February issue 
of The ORE BIN (Snavely and others, 1969). Part II, presented here, is the guide­
book for a field trip designed to provide a synoptic view of the Tertiary sedimentary 
and volcanic rocks of the Newport area. The writers hope that the geologic data 
and road logs presented in these two articles will be useful not only to the geologists 
attending the meeting, but also to others interested in the stratigraphy, petrology, 
and paleontology of the Oregon Coast Range. 

PART II. GEOLOGIC FIELD TRIP GUIDE, NEWPORT AREA, OREGON 

The field trip consists of two geologic tours. On Tour 1, the Tertiary sedimen­
tary rocks exposed along the Yaquina River between Newport and Toledo, Oregon, 
will be examined. This tour will start at the mouth of Yaquina Bay where Miocene 
sedi mentary rocks are exposed and wi II proceed generally eastward and downsection. 
Tour 2 is primarily concerned with volcanic rocks of early Eocene, late Eocene, and 
middle Miocene age that form important stratigraphic units in the Oregon Coast Range. 
Figure 1 shows the locations of geologic maps for areas to be visited on Tour 1 (plate 1) 
and Tour 2 (plate 2). The reader is referred to Part I of this article (Snavely and oth­
ers, 1969) for other geologic data pertinent to the field trip. 

1/ Publication authorized by the Director, U.S. Geological Survey. 
2/ Geologist, U.S. Geological Survey, Menlo Park, California. 
3/ Geologist, Washington Division of Mines and Geology, Olympia, Washington. 
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Figure 1, Index map showing locations of Tours 1 and 2 (plates 1 
and 2) in the Newport area of central western Oregon, 
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o 
Stop 1 

1.0 

Field Trip Guide - Tour 1 

Start of trip. Yaquina Bay State Park, Newport, Oregon (see plate 1). 
Follow path to base of jetty, north side of Yaquina Bay. The uncon­
formable contact between the basal concretionary arkosic sandstone 
of the middle Miocene Astoria Formation and the underlying lower 
Miocene Nye Mudstone is exposed in the sea cliff (Snavely and oth­
ers, 1964). The following foraminiferal species are among those that 
occur in the Astoria Formation but do not occur below this contact: 

Buliminella elegantissima (d'Orbigny) 
Robulus mayi Cushman and Parker 
Uvigerinella californica ornata Cushman. 

Common species occurring in the Nye Mudstone up to the contact but 
not above are: 

Elphidium cf. £. minutum (Reuss) 
Uvigerina auberiana d'Orbigny 
Uvigerinella obesa impolita Cushman and Laiming. 

AI though the unconformi ty between th e Astori a and Nye Formati ons 
is not always apparent in single exposures, regional mapping has shown 
that the Astoria Formation overlaps the Nye Mudstone and rests on the 
upper Oligocene Yaquina Formation about 8~ miles north of this stop. 
The Nye-Astoria contact is best exposed at Jumpoff Joe (fig. 2), 1~ 
miles north of Stop 1. Marine Pleistocene terrace deposits overlie 
both Miocene units at this stop. To the north along the beach, mas­
sive to well-bedded fossi liferous sandstone of the Astori a Formation 
contains interbedded siltstone, basaltic sandstone, and water-laid 
dacitic tuff beds up to 12 feet thick. 

Proceed east along Yaqui na Bay Road wh i ch descends over Pleistocene 
terrace deposits to the bay front. The old fishing community of New­
port rests on the Nye Mudstone. 

On the north side of the road are lower Pleistocene sands that fill 
channels cut into the Nye Mudstone. They are overlain by light-brown 
weathering upper Pleistocene marine sand and gravel. Landslides 
are common on the north side of Yaquina Bay, which is underlain by 
the Nye Mudstone. 

1.7 Oregon State University Marine Science complex is visible on the 
south side of the bay. Flat upland areas north and south of the river 
are marine Pleistocene terrace deposi ts modifi ed by large sand dunes. 

2.6 Stop 2 The middle part of the Nye Mudstone, which here contains dolomite 
beds, is exposed in the road cut (fig. 3). The Nye Mudstone consists 
predominantly of massive, organic-rich mudstone and siltstone. Brown 
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Plate 1. 

Geologic mop showing locations of field - trip stops on Tour 1. Pleistocene deposits nol shown. 
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3.5 

4.6 

5.0 

5.3 

5.7 

fish scales and vertebrae are common. Although the rocks contain 
only a sparse molluscan fauna, Foraminifera, which are assigned to 
the Saucesian Stage of Kleinpell (1938), are generally abundant. 
The Foraminifera, as well as oxygen isotope ratios, indicate a cold­
water environment during deposition. 

Proceed east along Bay Road. 

Contact between the Nye and Yaquina Formations is concealed in 
the small valley. The lower part of the Nye Mudstone becomes in­
creasingly sandy toward its base and grades over a 50-foot interval 
into tuffaceous fine-grained sandstone of the upper part of the upper 
Oligocene Yaquina Formation. The contact is well exposed 2 miles 
south along the west bank of the Yaquina River. 

Road turns southward along bay. Massive tuffaceous si Itstone of the 
upper part of the Yaquina Formation is exposed in road cuts. 

Road loops southwest at Coqui lie Poi nt and cuts up-section to cross 
again the contact between the Nye and Yaquina Formations. 

Fault contact between the Nye Mudstone and upper part of the Ya­
qui na Formati on. 

Fishing village of Yaquina. Massive fossiliferous concretionary Ya­
quina sandstone is exposed in large cut north of village. 

Thin- to thick-bedded and cross-bedded sandstone of the Yaquina 
Formation. 

6.2 Road follows along strike of Yaquina Formation. Across the river 
(west) the Yaquina-Nye contact is exposed along river bank about 
10 to 20 feet above water level. 

6.5 Riverbend Moorage. Pleistocene terrace deposits overlie the Yaquina 
Formation on the left. 

6.9 Stop 3 Massi ve to well-bedded sandstone and interbedded dark-gray mari ne 
siltstone of the Yaquina Formation are exposed in road cut. The silt­
stone in this outcrop contains Foraminifera that are referred to the 
Zemorrian Stage of Kleinpell (1938). Sandstone forms the bulk of 
the Yaquina Formation and is typically cross-bedded (fig. 4), gritty, 
and contains abundant pumice fragments and carbonaceous material. 
Thick conglomerate beds, containing clasts of silicic volcanic and 
metamorphic rocks, and less common thin coal seams occur in the 
sandstone. Intercalated siltstone is indistinguishable in appearance 
from the underlying unit, the siltstone of Alsea, and occurs as thin 
beds such as at this stop, and as interbeds more than 150 feet thick. 
Regionally, the Yaquina Formation has a lenslike outcrop pattern, 
and to the north and south it stri kes into offshore areas. At Seal 
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Figure 2. Unconformable contoct (arrow) between the Nye Mudstone ond overlying Astoria Formotion ot Jumpoff Joe, 
H miles north of Stop 1. Both these Miocene units ore overloin by Pleistocene morine terroce deposi ts. 



7.1 

Rocks, its most southern onshore exposure, the Yaquina Formation is 
less than 500 feet thick. In the type section along the Yaqui no Riv­
er it is 1700 feet thick, and 10 to 15 miles to the north in the drain­
ages of Spencer and Rocky.Creeks it is well over 2000 feet thick. 
Near Kernville, 22 miles north of Stop 3, the Yaquina Formation 
again thins to about 500 feet. The lenticular shape and sedimento­
logical characteristics of the Yaquina Formation suggest that it is of 
deltaic origin. 

Proceed east along Bay Road. 

Yaqui no Formation. Carbonaceous si Its tone and tuff beds overlie 
cross-bedded sandstone; pyrite nodules occur locally in the sandstone. 
Several subcommercial lignite beds were mined in this area near the 
turn of the century. 

7.6 Conformable contact between the Yaquina Formation and an under­
lying siltstone unit of Oligocene age. This unnamed unit, well de­
veloped along Alsea Bay, is herein informally referred to as the 
"siltstone of Alsea." 

8.2 Stop 4 Si Itstone of Alsea. Massive concretionary tuffaceous si I tstone and 
fine sandstone, contains thin tuff beds. Mollusks from this part of 
the unit indicate a middle Oligocene age. The abundant ash and 
pumice in the Oligocene strata in western Oregon and Washington 
were derived from pyroclastic volcanism in an ancestral Cascade 
Range. Pumiceous mudflow breccias with clasts of felsic volcanic 
rocks occur in this part of the sequence at Alsea Bay. 

8.6 

8.8 

8.9 

9.3 

9.4 

9.7 

Proceed eastward on Bay Road. 

The basal part of the siltstone of Alsea is exposed in road cut. 
Foraminifera from this outcrop indicate an early Oligocene age 
(Refugian Stage of Kleinpell, 1938). 

Contact between the siltstone of Alsea and thin-bedded tuffaceous 
si I tstone of the Nestucca Formation. 

Glauconitic sandstone in the Nestucca Formation of latest Eocene 
age (A-1 zone of Laiming, 1940) is exposed in road cut. 

Unconformable contact between the Nestucca Formation and Tyee 
Formation (middle Eocene). The unconformi ty at the base of the 
Nestucca Formation is the major unconformity in the Oregon Coast 
Range. 

Graded sandstone and siltstone beds of the middle Eocene Tyee For­
mation. 

Road turns north and cuts back up-section into the Nestucca Formation. 
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Figure 3. Dolomitic beds ond lenses in the Nye Mudstone, north side of Yoquino Boy (Stop 2). 



Figure 4. Cross-bedded sondstone of the Yaquina Formation along Rocky Creek, 1 mile northeast from Otter Crest. 



10.1 Channel Marker No. 37 (mileage check). 

10.3 Stop 5 Upper Eocene Nestucca Formation; thin-bedded tuffaceous siltstone 
contains 1- to 4-inch-thick light-brown ash beds and 1-foot-thick 
beds of tuffaceous glauconitic siltstone. Siltstone from this location 
contains a foraminiferal fauna assigned to the late Narizian Stage of 
Mallory (1959) and early Refugian Stage of Kleinpell (1938). The 
Nestucca in this area is only about 800 feet thick, whereas in the 
type area 30 to 40 miles to the north in the Hebo quadrangle it is more 
than 5000 feet thick. In the Toledo area it onlaps a structural high 

11.0 

12.3 

13.2-13.5 

13.9 

14.0 

14.7 

16.5 

17.8 

of middle Eocene rocks and in turn is overlapped by the siltstone of 
Alsea. The small fault at the east end of the outcrop downdrops the 
overlyi ng si I tstone of Alsea. 

Continue northeast on Bay Road. 

Flat-lying Pleistocene estuarine deposits. 

Glauconitic sandstone in the upper part of the Nestucca Formation. 

Large exposure of the siltstone of Alsea contains thin, light-colored 
volcanic ash beds. Georgia-Pacific Corp. sawmill and paper plant 
are on ri gh t. 

Junction of old Highway 20 and Yaquina Bay Road. Turn right. In­
tersection is near the fault contact between the lower and middle 
Oligocene siltstone of Alsea and concretionary siltstone of the Yam­
hill Formation of late middle and early late Eocene age. 

"Minnie's Sunset Cafe" locality (Cushman and others, 1949) of the 
Yamhill Formation. This formation underlies the town of Toledo and 
although poorly exposed is more than 2000 feet thick. Foraminifera 
at this location are assigned to the A-2 zone of Laiming (1940), 
whereas the lower part of the sequence contai ns a B 1-A fauna. The 
Yamhi II is an organic-rich si Itstone and mudstone which contains 
abundant yellowish-gray calcareous concretions and thin arkosic sand­
stone beds. The Yamhill and older formations (Eocene) are more 
structurally complex than the Tertiary sequence above the upper Eo­
cene unconformity. In the area between Toledo and Siletz many 
folds and faults mapped within the Yamhill and Tyee Formations do 
not extend above the unconformi ty at the base of the Nestucca For­
mati on. 

Proceed east toward Corvallis on old Highway 20. 

Siltstone of the Yamhill Formation is exposed in road cuts on left. 

Junction, Highway 20. Turn right toward Corvallis. 

Contact between the Yamhill and Tyee Formations. 
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Plote 2. Geologic map showing locotions of field - trip stops on Tour 2. Pleistocene deposits not shown. 
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18.2 Stpp 7 Sandstone and siltstone of th e Tyee Formation are exposed in new 

20.2- 20.9 

21.5 

21. 7 

21.9 

23.0 

23.6 

25.0 

26.0 

27.7 

Mileage 

rood cut. Individual beds are graded from sandstone at the bose to 
siltstone at the lap . Beds contain sole markings such (JS groove and 
flute costs (fig. 5) that have a northerly orientation. Siltstone 
clasts are abundant in the lower sandy parts of most beds, and car­
bonoceovs material is general ly scattered throv~aut. Except for For­
aminifera in rare, thin pelagic claystone par tings that occur at the 
tops of a few beds, fossils are obsent. The graded beds, sole markings, 
internal struchJres, and lock of fossils indicate that the sandstone and 
siltstone beds that constitute the Tyee Formation are turbidites(Snave ­
Iy and others, 1964). The northerly orien tation of flute ond groove 
casls in the Tyee Formation over much of the Oregon Coasl Range in­
dicates that the source area was about 150 miles to the sou th of this 
locality in the ancestral Klamath Mountains. About 30 miles to the 
north the turbidites grade laterally into a predominantly siltstone se ­
quence (lower part of the Yamhill Formation). 

Turn around and return west toword Newport on Highway 20. 

Rood cuts in the Yarmill Formation. 

Conloct between the Yamhill and Nestucca Formations. 

Junction between Highways 20 and 229. 

Rood cut on north is in the siltstone of Alsea. 

Conloct between siltstone of Alsea and Yoquina Formation. 

Outcrop of Yoquina sands lone on north. 

Contact between theYoquina and Nye Formations. 

East city limits of Newport, Oregon, with outcrop of Nye Mudstone 
on north side of rood. The city of Newport is built on Pleistocene 
morine-terrace deposits which have been modified by sand dunes. 

Junction, Highway 20 and U.S. Highway 101, Turn north on High­
way 101 and continue 10 Oller Crest on Cape Fovlweather (9 miles) 
where Tour 2 begins. 

Field Trip Guide - Tour 2 

o SloplA Oller Crest lookout, Cope FovlweatheT (see plate 2 ) . Otter Crest 
and m.Jch of the cO(JStal area for some 6 miles to the north are under­
lain by middle Miocene volcanic rocks which are informally referred 
to as the "basalt of Cope Foulweather. " This unit is the younger of 
two middle Miocene volcanic sequences which ore exposed along the 
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Figure 5. Flute casts on the sole of a sondstone bed in the Tyee Formotion, Green Mountain, neor Valsetz, Oregon. 
Arrow indicotes direction of current movement. Scale i$ approximately 6". 



Figure 6 . Ring dikes intruding sandstone of the Astoria Formation on the wave--cut platform immediately south of Oller Crest 
Radiol di-ke (lower left), offset along inner ring dike, ex tends to outer ri ng dike. Morine Pleistocene terrace 
deposits cop both headlands in upper port of photograph. 



northern port of the Oregon coost. Flow breccia, extrusive breccia, 
and intercalated mouive flows constitute the bulk of the basalt of 
Cope Foulwealher at Otter Crest, whereas farther from the ven t area 
(Stop 3A), water-laid lapilli tuff pt"edominates . Blocks of Astoria 
sondstone are contained within some breccia units. An example is 
located immediately north of Oller Crest at the bose of the cliff. 
NumerO;JS dikes, sills, ond small plugs intTucle the breccia near Otter 
Crest indicating that this orea was a local center of Miocene volcan ­
ism. Two ring dikes and several radial dikes are exposed on the wove­
cu t pla tform just south of Ollel' Crest ( fig. 6). The basalt of Cope 
Foulweathel' also crops out at Yoquina Head, abaut 5 mi les south of 
Ollel' Crest, and on the large island (O ller Rock) immedi ately west 
of Otter Crest. Th e two smaller islands immediately to the south 
(Gu ll Rock and Whalebock), however, are composed of suboerial ba­
salt flows of on older (middle Miocene) unit . Thi s unit, well ex ­
posed at Depoe Boy, is informolty called the "basalt of Depoe Bay." 
The terroce on Otter Crest is about 500 feet obove seo leve l and is 
the highest of severol Pleistocene terraces developed a long this coast­
line. Constructional morine terroces oboul 50 feet above seo level 
ore developed on westward-dipping sandstone ond siltstone of the 
Astoria Formotion on the two nearby headlands to the south (fig. 6). 
The headlond on the for southern horizon (35 miles di stont) is com ­
posed of a 2000- foot- thick sequence of suboel'iol basolt flows of late 
Eocene oge. Table Niountain, the prominent flat-topped mountain on 
the southeast hol'"izon, is underlain by a 250- foot - thick nepheline sy­
enite sill. 

Proceed northword on old Highway 101. 

0.5 Basalt sill exposed in rood cut. 

1.6 West- dipping flow breccia is exposed near tideline. 

1.9 Intersect Highwoy 101. 

2 . 3 Whole Cove on left is underl ain by sandstone of middle Miocene age, 
herein referred to as the "Sandstone of Whole Cove," which separates 
the besolt of Cape Foulweother from the sligh tl y older basalt of De­
poe Boy. 

4.1 Bridge ot Depoe Boy. 

4.3 Stop2A The basalt of Depoe Boy is exposed on the east margin of the outer boy 
on which Highway 101 is constructed. Dikes, sills, and plugs are 
abundant immediately east of Depoe Bay . At Depoe Bay the volcan­
ic unit lies unconformably on the Astoria Formation, which is exposed 
in the inner boy, ond is overlain by sandstone and sil tstone of middle 
Miocene age -- the sandstone of Whole Cove. The basalt of Cope 
Fou lweother overlies the sandstone and sil tstone and forms the pro­
jecting headlands on the outer boy. AI this stop, the OO$Ollof Depoe 
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Figure 7. Isol(lled pillow brecci(l 01 Depoe Boy, Oregon (Stop 2A). 



Bay is composed of exceptionally well-developed isolated pillows in 
breccia (fig. 7). The pillows have ropy rims and some have multiple 
chilled margins and drained-out cores. Inclusions of Astoria sandstone 
within the pillows are common. Rims of pillows and fragments in the 
breccia are composed of basaltic glass (sideromelane and tachylite); 
some glass is palagonitized. 

Proceed north on Highway 101 . 

5.4 Turn left at State Park entrance. 

5.6 Stop 3A Boiler Bay State Park, Government Point. 

6.4 

6.7 

7.1 

10.6 

10.8 

11.8 

11.9 

12.1 

Water-laid, well-bedded lapilli tuff and breccia of the basalt of 
Cape Foulweather are exposed along the coast (fig. 8). These de­
posits probably formed a broad apron around the vent at Cape Foul­
weather. Grading in many individual beds suggests that they were 
deposited by density currents; more massive units probably represent 
breccia transported by mass movement such as submarine landsl idi ng. 
Boiler Bay, immediately to the north, is eroded in the Astoria Forma­
tion and is capped by a 50-foot-high terrace deposit. On the north 
side of Boiler Bay, dikes of peperite and massive basalt cut the As­
toria Formation. Cascade Head, the prominent headland on the sky­
line 15 miles to the north, is underlain by upper Eocene subaerial 
porphyritic basalt flows. 

Proceed north on Highway 101. 

Peperite dikes exposed on east side of roadway. 

Fogarty Creek State Park. Sandstone of the Astoria Formation and 
Miocene basalt breccia are well exposed along coast. 

Highway constructed on Pleistocene terrace modified by sand dunes. 

Salishan Lodge and Siletz Bay. 

Tuffaceous si I tstone and glauconiti c sandstone of the Yaqui na Forma­
tion are exposed on southeast side of highway. 

Siletz River bridge. 

Turn right on Highway 229 toward Siletz. 

Iron-stained sandstone of the Yaquina Formation is exposed on north 
side of highway. 

Outcrops of tuffaceous siltstone and ash beds of the siltstone of Alsea 
are exposed on north side of highway. 
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Figure 8. Middle Miocene water-laid lapilli tuff ond breccio at Government Point (Stop 3A). These deposits of fragmental 
basaltic debris formed a brood apron around the former local center of volcanism near Cape Foulweother. 



Figure 9, Filled feeder -tube in the Siletz River VoicaniC5 at Kauffman quarry (Stop 7A). Columnar - jointed alkalic ba50l t 
in the center of the filled tube is surrounded by a carapace of pillow bosolt. Line drawing from photographs, 



12.7 Quarry on ridge on south side of Siletz River is in a basalt sill equi­
valent to the basalt of Depoe Bay. 

12.9 Top of extrusive camptonite sequence of late Eocene age. 

13.7 Stop4A Quarry in camptonite breccia. The base of the camptonite sequence 
is made up of pillow lava which grades upward into interbedded wa­
ter-laid tuff and breccia. Most of the fragmental material was orig­
inally camptonitic glass clouded with crystallites, but the glass is now 
largely altered. Sparse biotite and hornblende phenocrysts are scat­
tered through the breccia. Dikes of biotite camptonite fed this extru­
sive sequence. One of these dikes is well exposed in a roadside 
quarry 6 road mi les east along the Si letz River on Highway 229. The 
camptonite flow sequence is a temporal equivalent of the upper Eo­
cene basal t exposed at Cape Perpetua and Cascade Head; some ba­
salt at Cascade Head is transitional to camptonite in composition. 

Proceed east on highway. 

14.9 Tyee Formation exposed in road cut. 

15.2 Natural levees developed along the Siletz River. 

15.3 Contact between the Tyee Formation and Siletz River Volcanics. 

15.4 Turn left on small road to Kauffman quarry. 

15.4 Stop5A Kauffman quarry (private property). Columnar-jointed filled feeder­
tube is exposed at base of quarry and is surrounded on the sides and 
top by large elongate pillows (fig. 9). The pillows and filledfeeder­
tube rest on fine-grained basaltic sandstone. The basalt is part of the 
lower and lower-middle Eocene Siletz River Volcanics which is the 
oldest exposed uni t in the Oregon Coast Range. The lower part and 
bulk of the Siletz River Volcanics is composed of tholeiitic basalt. 
The upper part in the Euchre Mountain quadrangle consists of a thin 
veneer of alkalic basalt, ankaramite, feldspar-phyric basalt, and 
picrite-basal t (Snavely and others, 1968). The somewhat altered 
alkalic basalt exposed in the Kauffman quarry is typical of this upper 
unit. A small, filled feeder-tube on the east side of the quarry con­
tains aphyric alkalic basalt at the base and grades upward into por­
phyritic augite basalt in the center. It formed by lava erupted from 
a shallow magma chamber in wh ich crystals had settled to the base 
duri ng differentiation. Feeder-tubes such as these exposed at Kauff­
man quarry are common in the Siletz River Volcanics. Lava flowed 
downslope in these tubes below a self-formed protective cover of 
pillow lava. 

End of field trip. 
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* * * * * 

YEAR OF THE METEORITE CONTINUED 

The interest expressed by the science departments of grade and high schools, rock 
and mineral clubs, and the general public has encouraged the committee which es­
tabl ished the Year of the Meteori te to extend the effort through 1969. 

To date the committee has answered hundreds of letters and examined a great 
number of specimens. So far, all specimens have been "me teor-wrongs." 

With the momentum that was gathered in 1968, the committee feels this effort 
should be continued, and as more people become interested the better the chance 
will be for a meteorite discovery. So won't you join with us in the search? 

* * * * * 

ROCKHOUND PARK ESTABLISHED 

The New Mexico Park and Recreation Commission has developed Rockhound State 
Park in the southwest part of the state. The 250-acre park is 12 mi les southeast of 
Deming in the Little Florida Mountains. Deming Ranchettes, a land-development 
corporation, donated the land. The park may be unique in that rock-hunters are en­
couraged to take sampl es home wi th them. Amethyst, opal, and agate are among 
minerals found in the park. (The AGI Report, December 23, 1968.) 

* * * * * 
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METALS AND MINERALS CONFERENCE SITE CHOSEN 

The city of Coeur d'Alene, Idaho will play host this year to the Pacific Northwest 
Metals and Minerals Conference on April 17, 18, and 19. The site chosen for the 
conference reflects the booming interest in silver, which is produced in three of the 
nation's largest silver mines nearby. Half of the entire national output of silver comes 
from mines in the Coeur d'Alene district. 

Delegates to the conference will have the unusual opportunity to take field 
trips through various mines and mills in the district on the first day of the session. The 
district boasts the deepest lead-zinc mine in the world. The Coeur d'Alenes also 
have the only mines in the world where silver is found at great depth. 

After the full day of field trips there will be two days of technical sessions de­
voted to the following topics: Mining, Mineral Processing, Geology, Exploration 
and Geophysics, Extractive Metallurgy, Non-metallic Minerals, and Automatic Data 
Processing. In addition to the technical sessions, there will be luncheons on both 
days and a banquet on Friday evening. Special events are also planned for ladies by 
the women's auxiliary of the American Institute of Mining, Metallurgical, and Pe­
troleum Engineers. 

The Pacific Northwest Metals and Minerals Conference was conceived by the 
Oregon Section of AIME, and the first of a continuing series of annual meetings was 
h el din Apri I 1948. Subsequent meeti ngs of the conference have been hosted at Se­
attle, Spokane, and Vancouver, B.C. This year marks the first time that Coeur 
d'Alene has held the conference. 

Following the practice adopted more than 20 years ago, the conference will 
be open to the general public. Registration materials and additional information on 
the conference may be obtained by writing to: A.I.M.E., c/o Northwest Mining 
Assn., W. 522 First Avenue, Spokane, Wash. 99204. 

* * * * * 

FOSSIL VERTEBRATES ON EXHIBIT IN PORTLAND 

A remarkable collection of skulls, teeth, jaws, and other bones of extinct mammals 
of Oligocene and Miocene ages has been loaned to the Department by Dave Taylor 
and Bruce Welton of Portland. The exhibit is in one of the hall cases opposite the 
elevator on the 10th floor of the State Office Building in Portland. The fossils were 
discovered, dug out, and prepared with great pains by these two young men. Most 
of the specimens are from the John Day Formation in central Oregon, although a few 
are from the Oligocene White River beds of South Dakota. Not all of the specimens 
have been identified with certainty as yet, but among those determined are oreodons 
and early forms of horses, cats, dogs, foxes, rodents, pigs, and rhinos. In addition 
to the mammals, there are three gi ant fossi I turtles. 

Adjacent to the case of fossil animals is the outstanding collection of fossil 
plants from the John Day Formation which is on loan from Lee Jenkins of Hood River. 
The two exhibits as a unit exemplify the flora and fauna typical of western North 
America 30 million years ago. All of these fossils show by their excellence why the 
John Day Formation in Oregon is one of the finest sources in the world for fossil re­
mains of Tertiary plants and animals. 

* * * * * 
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THE AGES OF SOME HOLOCENE VOLCANIC ERUPTIONS 
IN THE NEWBERRY VOLCANO AREA. OREGON 

By N. V. Peterson* and E. A. Groh** 

Several episodes of volcanism of Holocene age (since the last 11,000 years) 
are well recorded within Newberry Crater and on the flanks of Newberry 
Volcano in central Oregon. Newberry Volcano is a huge shield volcano 
which rises from the basalt plateau south of Bend and east of the Cascade 
Range. At the summit of the shield is a large caldera with two lakes and a 
variety of fresh volcanic features. On its flanks are lava flows that post­
date the volcano. Of particular interest are the flows that erupted from a 
rift zone which extends northwest for 20 miles from the crater to Lava Butte 
and beyond (plate 1). 

How old are these rocks? How long ago did all this happen? These 
are the questions most frequently asked by visitors who view the shiny black 
obsidian domes in Newberry Crater, the spiny black lava flows by the Lava 
Cast Forest campground, or those by Lava Butte. 

There has been much speculation by geologists and others on the age 
of these events, and their guesses range from a few hundred years to a few 
thousand years. We are never completely satisfied with guesses, so are 
continually looking for ways to establish the exact sequence and timing of 
the volcanic eruptions. For the past several years, as a secondary project 
whi Ie studying the extensive and varied volcanic features of central Oregon 
(Oregon Dept. of Geology and Mineral Industries, 1965), we have been 
gathering radiocarbon age data on the basaltic flows between Newberry 
Volcano and Lava Butte. Recently a new technique, developed by geolo­
gists of the U.S. Geological Survey for dating obsidian, has given us ad­
ditional information about the latest volcanic eruptions within the Newberry 
Caldera. 

Lava Butte - Northwest Rift Zone 

High-altitude aerial photographs show amore-or-Iess continuous zone 
of recent faults and fissures trending N. 30° W. from The Fissure at East ' 

* Geologist, State of Oregon Dept. of Geology and Mineral Industries. 
** Private Geologist, Portland, Oregon. 
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lake within Newberry Caldera (figure 1) to lava Butte (figure 2) and be­
yond . The sketch map (plate 1) shaws that at least e ight separate basaltic 
lava flaws have been erupted from this zone , which we referred to previous­
ly as the Northwest Rift Zone (Peterson and Grah, 1965). All are 00 flows 
that va ry in area and thickness from th e smallest North Summit Fl ow hir/l on 
Newberry 's north flank (less than half a square mile in extent) to the largest 
and thickest, lava Butte Flow , at the north end of the rift. The lava Butte 
Flow covers nearly 10 square miles and ranges from 30 to 100 feet in thick­
ness. Its vent (figure 2) is at the base of lava Butte, a symmetrical cinder 
cone. The U.S. Forest Service has recently designated the cinder cone and 
the lava field surrounding it as a National Geological Area. 

In the central part of the rift zone, sporadic eruptions along fissure 
vents have produced lava fountains or "fire fountains" which threw out 
bambs and scoria on the flowing lava (figure 3) . The hot, pasty 00 lava 
flowed sluggishly northward and westward down the moderate slope, en­
gulfing pine forests much like those growing in the area today (figure 4) . 
Some of the growing trees remained upright and were surrounded by quick­
ly cooling lavaj others were tilted or knoc ked down by the slowl y moving 
molten mass. The smaller trees and shrubs were burned as the lava ap­
proached. 

It is believed that within a few minutes after the lava surrounds a tree 
it cools and forms a thin shell of dense rock; gases and steam are driven 
from the green wood and the tree is ignited . In most instances the vertical 
tree burns slowly but completely , I~ving a mold the shape and size of the 
original trunk and extending through the lava flow to the surface . Many 
of the vertical molds have a prominence or collar on the upstream sidewhich 
may project a few feet above the surface of the lava (figure 5) . 

Countless fallen logs must have been covered completely by the flows 
from the Northwest Rift Zone and, in some places near the margins, subse­
quent collapse of the thin lava shell has exposed a long horizontal mold 
(figure 6). Burning of the wood in these molds was not always complete, 
and charcoal has been found in a few places encased in the lava. This char­
coal is ideal for radiocarbon dating. 

Our first chance to obtain charcoal for radiocarbon dating was in 
1964, when Bill Winney of Bend guided us to a horizontal tree mold in the 
lava Cast Forest Flow, where we collected charcoal encased in the lava. 
This sample was sent to Isotopes, Inc., which determined its age to be 
6150!120yearsB.P. (before present). We were rather surprised to find 
that such fresh-looking rocks were this old, but several other radiocarbon 
dates obtained later confirmed this age . We knew that all the lavas of 
the Northwest Rift Zone were younger thon the climactic eruptions of Wiount 
Mazama (now the site of Crater lake), which occurred about 6600 years 
ago, because there was no mantle of Mazama pumice on their surfaces . 
However, the octual age of the flows was not known until we had obtained 
radiocarbon data. 
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Figure 1. Rising from the shore of East lake is The Fi ssure . It is 
located on the north wall of Newberry Crater, and represents 
the southern terminus of the Northwest Rift Zone. 

Figure 2. lava Butte viewed from the south. It is adjacent to U. S. 
Highway 97, about 10 miles south of Bend, and is one of the 
prime geologic attroctions in Oregon. 
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Table 1. Radiocarbon ages of $Ome Holocene eruptions 
on Newberry Volcano. 

Name of flow Age - years before present (B. P.)* Laboratory 

Pumice bed in Newberry Crater 1270 :t 60 University of Texas 

Lava Cascade Flow 5800:t 100 GakushuinUniv. 

Gas-Line Flows 5800 ~ 150 Columbia University 

Forest Road Flow 5960:: 100 Gakushuin Univ. 

Surveyor Flow 6080:t 100 Gakushuin Univ. 

Lava Cast Forest Flow 6150 :t 210 Isotopes, Inc. 
6380 ± 130 Gakushuin Univ. 

* Based on Li bby half-life. 

Because of the difficulty in finding charcoal in horizontal tree molds, 
our attention turned to the idea that perhaps the roots of the now vanished 
trees might have become carbonized and would still be present in the soil 
zone beneath the lava flow. The generalized sketch (figure 7) shows what 
we found in almost every vertical tree mold we explored. After removing 
debris from the bottom, we encountered a pumi ceous soi I layer , reddish near 
the top where oxi di zed by the heat of the lava. Then, 6 inches to a foot 
into the soil zone, lay the charred root material. The only tools needed 
to extract it were a small shovel, a bucket on a rope, and persistence. A 
hard hat and a helper to hoist the bucket aided the operation. 

We were successful in obtaining charcoal from tree molds in four out 
of eight flows along the Northwest Rift Zone and also one sample from the 
Surveyor Flow, which is a similar basaltic aa lava on the south flank ofthe 
broad Newberry shield. Table 1 shows that the radiocarbon ages of these 
five flows range from 5800 ± 100 years B. P. to 6380 :!: 130 years B. P., in­
dicating that most, if not all, of these volcanic events were confined to a 
short eruptive period about 6000 years ago. 

Radiocarbon dating is in agreement with the stratigraphic relation­
ship shown by Lava Cascade Flow which spread over part of the Lava Cast 
Forest Flow. This is the only visible example of superposition of one flow 
over the other along the Northwest Rift Zone. A radiocarbon date was ob­
tained for only one of the Gas-Line Flows, but we believe that both were 
erupted si mu I taneously from the same short fissure. 

We searched for tree molds along some of the margins of both the 
Lava Butte and Mokst Butte Flows without success. It is probable that these 
thick outpourings of lava completely overwhelmed and buried every tree 
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Figure 3. A lorge, olmond-v.oped bomb thrown out from a fissu re 
vent of the lava Cascade Flow during an explosive eruption. 

Figure 4. looking south across upper port of the lava Cascade Flow. 
Basaltic lavas were erupted as fire fountains near the eostern 
(left) edge of the flow and moved westward (right), 
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Table 2. Hydration ages of obsidian'flows within Newberry Crater. * 

Name of flow Age - years** 

Big Obsidian Flow 1350 

Interlake Obsidian Flow 1700 

East Lake Obsidian Flow - Western 1900 

East Lake Obsidian Flow - Eastern 2600 

Pumice Cone Crater Obsidian Dome 5000 

* Laboratory: U.S. Geological Survey, Branch of IsotofJe Geology. 
** Calculations based on a hydration rate of 5 microns 2/1000 years. 

in their paths. At this time we can state only that the Lava Butte Flow is 
younger than the nearby Gas-Line Flows (dated at 5800 :t 150 years) be­
cause the Gas-Line Flows are mantled by volcanic ash from Lava Butte. 

Newberry Caldera 

Excellent descriptions of the geology and landforms of the Newberry 
Volcano have been written by Williams (1935) and by Higgins and Waters 
(1967,1968), who recognized that the obsidian flows and domes were some 
of the latest volcanic eruptions in the caldera. Williams described the 
Big Obsidian Flow as by far the largest and youngest of the group (figure 
8 and plate 1). In 1966, charcoal from a log in pumice just beneath the 
Big Obsidian Flow was submitted to the University of Texas by U.S. Clan­
ton of NASA and was determined to be 1270 ~ 60 years B. P. (table 1). 

Not long ago, Friedman and Smith (1960) of the U.S. Geological 
Survey devised a technique for dating obsidian artifacts by measuring the 
hydration ri nd that develops on a surface exposed to the atmosphere (ex­
plained more fully in a later section of this report). Their method is also 
useful in dating volcanic glasses such as obsidian flows (Friedman, 1968). 
Samples of five obsidian domes and flows (listed in table 2) were sent to 
Dr. Friedman at the Branch of Isotope Geology, U.S. Geological Survey, 
in Denver. His measurements revealed that the specimens vary in age but 
that all are Holocene. The two nearly contiguous East Lake Obsidian Flows 
(figure 9) appear to have been erupted contemporaneously from the same 
fissure, but since the hydration-rind dates show a 700-year difference in 
their ages, the two flows may have erupted several hundred years apart. 
The age difference may be due also to the range in hydration-rate error, or 
to a misinterpretation in sampling what was considered to be the original 
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f"IQure:..l. LaVa tree mold shawing an exposed chilled collar above 
the lava surface at Lava Cascade Flow. 

Figure 6. Mold of horizontal tree entombed by the Lava Cascade Flow. 
The shell formed when violent emission of steam and gases from 
the burning wood rapidly chilled the lava. (Oregon State 
Highway Deportment photograph.) 

79 



Chilled 
shell 

Figure 7. Cross section of a typical vertical tree maid farmed in 
recent lava flows on the flanks of Newberry Volcano. 

Figure 8 . Big Obsidian Flow. A light cooting of snow accentuates 
the flow ridge pattern. Paulina Lake in the foreground. 
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surface. 
In general, the hydration-rind dates confirm the relative ages in­

ferred by the earlier investigators. The Pumice Cone Crater Obsidian Dome 
is by far the oldest, at 5000 years. Next in age are the East Lake Obsidian 
Flows at 2600 and 1900 years. The Interlake Obsidian Flow (figure 10) is 
next at 1700 years; and, as expected, the Big Obsidian Flow is the young­
est at 1350 years. The discrepancy between this date and the radiocarbon 
date for charcoal in the underlying pumice (1270 ± 60) is within the range 
of errors inherent in the dating techniques. 

Perhaps the oldest of the recent obsidian flows in Newberry Caldera 
is the Game Hut Obsidian Flow, which is heavi Iy mantled by pumice. 
Samples of this volcanic glass did not prove satisfactory for hydration dating. 

Dating Methods 

Radi ocarbon dati ng 

This procedure for dating carbonaceous materials derived from previ­
ously living plant or animal matter has been in use for some 20 years. The 
method is used also on nonorganic carbonaceous substances such as caliche 
and carbonate precipitates. Many thousands of dates or ages that otherwise 
could not have been determined have been established for archaeological 
sites and late Quaternary stratigraphic units. 

The radioactive carbon isotope, called carbon-14 (C14), is produced 
in the atmosphere by the neutron-proton reaction of cosmic rays on the 
abundant isotope nitrogen-14. The radiocarbon thus formed emits a low­
energy beta particle and gradually changes back into the stable isotope 
nitrogen-14. Its half-life is about 5700 years, which allows dating to a 
maximum of about 50,000 years. Thus, the radiocarbon method is extreme­
ly useful for dating man's early history and recent geologic events. 

The radiocarbon formed in the atmosphere is soon oxidized to radio­
active carbon dioxide and follows ordinary carbon dioxide in its distribution 
about the earth and in the oceans. Through photosynthesis it becomes con­
verted to plant tissue and by means of the plant-animal food cycle itreaches 
equilibrium throughout all living matter. Therefore, every living organism 
in the world at present has essentially the same amount of radiocarbon per 
unit of contained carbon, and this constant ratio is maintained by the turn­
over of food consumption and respiration. 

An exception to the above is found in long-lived organisms such as 
trees. As new wood tissue is formed, it no longer takes part in the carbon­
exchange cycle and thus passes from equilibrium. The radiocarbon now 
begins to diminish. The innermost annual ring of the living tree has aradio­
carbon age equivalent to the age of the tree, and the wood becomes pro­
gressively younger in radiocarbon age, reaching zero with the newest 
sap-wood. 
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Plate 1. Sketch map of some Holocene lava f lows of Newberry Volcano, Deschutes County, Oregon. 
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When an organism dies, the equilibrium is disrupted, because the 
radiocarbon content is no longer maintained. Radiocarbon in the parts of 
these organisms that will remain preserved, such as bone, shell, wood, 
charcoal, or peat, now begins its radioactive decay. Figuratively, the 
"clock" is set to ticking. In the laboratory a sample of these materials is 
cleaned of any visible modern contaminants such as hair roots or fungi. 
The sample is then treated with sodium hydroxide to remove humic acids and 
with hydrochloric acid to remove extraneous carbonate deposits, except in 
the case of carbonate samples such as bone or shell. In the presence of 
radon-free oxygen the sample is ignited and oxidized to carbon dioxide, 
which is drawn into special gas-handling equipment. Here the carbon di­
oxide may be given one of several chemical treatments for further purifica­
tion. In some laboratories the carbon dioxide is converted to another gas 
containing carbon such as methane or acetylene. Finally, a specific vol­
ume of the purified gas is introduced into a specially shielded counter tube 
and its radioactivity is measured over a period of time, generally several 
days. The amount of radiocarbon present is thus determined and the age 
calculated, that is, the time on the "clock" is read. 

The radiocarbon ages listed in Table 1 are based on a half-life of 
5568 years for the radiocarbon isotope, called the Libby half-life. In re­
cent years, more accurate measurements have raised this value to 5730 
years, or about a 3 percent increase. To give a closer approximation to 
the true age this correction can be added, although it is usually considered 
negligible in geologic dating. To avoid any misunderstanding in the liter­
ature, all dates continue to be based on the Libby half-life. 

More important in absolute chronology, as supported by radiocarbon 
dating, is the discrepancy between the true age in calendar years and the 
ages dated in radiocarbon years (Stuiver and Suess, 1966). Radiocarbon 
ages older than about 2200 B. P. are progressively younger than true ages 
obtained from tree rings and historically dated samples. This divergence 
as found at this time continues back to about 6000 years B.P. Thus con­
version of the radiocarbon ages of the lava flows given in Table 1 to their 
true ages would date them at 7000 to 8000 calendar years ago. The cause 
for the variation in past radiocarbon levels is not definitely known, but it 
may be due to changes in cosmic ray flux and as a consequence an increased 
production of radiocarbon in the past. Another factor may have been 
changes in the earth's climate which could have altered the total carbon­
dioxide content of the atmosphere. 

Hydration dating 

The hydration method was developed a few years ago to determi ne 
the age of obsidian artifacts found in many archaeological sites (Friedman 
and Smith, 1960). This method can also be applied to dating obsidian 
flows (Friedman, 1968). 
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Figure 9. The East lake Obsidian Flows. Uppermost is the Western 
Fl ow and below, the Eastern Flow . 

Figure 10 . looking south across Newberry Croter. In the foregrOlJnd, 
Interlake Obsidian Flow has divided into !'No tongues, one 
fl owing left into East l ake ond the other in the opposite direc ­
tion to the shore of Pou li na l ake. In the center is the notched 
crater of Pumice Cone. In the distant right is Big Obsidion 
Flow (see figure 8). 



An exposed obsidian surface adsorbs a film of water which diffuses 
into the rock along a distinct and sharply defined front. The hydrated lay­
er, or rind, has a hig,er index of refraction. When viewed microscopically 
in a thin section cut perpendicular to the surface, this layer shows a 
distinct phase contrast under ordinary light. Because the thickness of this 
hydration layer is usually only a few microns, high magnification and ca­
pabi lity of precise measurement to within 0.2 microns are necessary. 

The rate of hydration for obsidian is not dependent on the humidity 
present in the particular environment; rather, the rate isdetermined by the 
temperature the obsidian is subjected to over its history. Data from experi­
mental studies and from obsidian samples throughout the world have estab­
lished a hydration rate for several climatic zones (Friedman and others, 
1966). At present the hydrotion rate is liable to an error of about 20 per­
cent, but further research will undoubtedly reduce the magnitude of the 
error. 

The hydration ages listed in table 2 appear to present good approxi­
mate ages for those particular eruptive events in Newberry Crater. Further 
sampling and refinement of the hydration rate may provide more accurate 
dates for these flows, although no radical changes are expected. 

Conclusions 

Radiocarbon dating of charcoal and hydration-rind dating of obsidian 
from the Newberry Volcano area give us a sequence of volcanic eruptions 
rangi ng from 6380 :t 130 years to 1 270 ± 60 years ago. 

These events are but a few of the many volcanic eruptions that have 
occurred in the region since late Pleistocene time (Oregon Dept. Geology 
and Mineral Industries, 1965). There are numerous other examples of re­
cent volcanism in central Oregon and also in the eastern part of the state 
and in the High Cascades. The ages for some of the High Cascade erup­
tions have been obtained by the radiocarbon method (Taylor, 1965). 

As part of its continuing studies on volcanism in central and eastern 
Oregon, the State of Oregon Department of Geology and Mineral Indus­
tries wi ll attempt to date more of these volcanic episodes. It is hoped that 
other investigators of young volcanic rocks in the state will also be inter­
ested in obtaining dotes for the events in their areas and that eventually 
we can establish the chronology of late Quaternary volcanism in Oregon. 
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Hollis M . Dole leaving State Office Building 
for new post in Washington, D. C. 

DOLE NAMED TO MINERALS POST UNDER NIXON 

The U.S. Senate confirmed the appointment of Hollis M. Dole as Assistant 
Secretary of the Interior for Mineral Resources March 20,1969. Dole was 
named to the post by President Nixon. As Assistant Secretary he will aid 
and advise Secretary of the Interior Walter Hickel and will have under his 
jurisdiction the Bureau of Mines, the Geologica l Survey, and the Offices 
of Geography, Cool ReseOfch, Oil and Gas, Solid Fuels, and Oi l Import. 

Dole has been a resident of Oregon since 1917. He received his 
Bachelor 's and Moster's degrees in geology at Oregon State Un iversity and 
did further graduate work at the Uni versity of California at Los Angeles be ­
fore entering the Navy in World War II. He joined the staff of the Deport­
ment of Geology and Minera l Industries in 1946 as head of the Grants Pass 
office, and in 1947 was transferred to the Portland office. During a 2- year 
leave of absence he completed scholastic requirements for a doctoral degree 
at the Uni versity of Uta.. In November 1954, upon retirement af F. W . 
Libbey, Director, Dole become Acting Director, and in July 1955 he was 
appointed Director. The title of State Geo logist was conferred on him in 
1963. 
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During his 22 years with the Department and 14 years as Director, 
Dole has become well known and highly respected for his competence and 
vision. He has been a leader in developing the rare metals industry in Ore­
gon, the off-shore oi I exploration, and the use of central Oregon lava beds 
for moon-landing programs. He has carried out the publishing of compre­
hensive surveys of chromite, mercury, and gold deposits in the state. In 
addition, he has been successful in awakening public awareness of the im­
portance of geology in the planning and growth of population centers, and 
in promoting the enjoyment of geology as a recreation. 

He will be greatly missed in Oregon, but all who know him here are 
proud of his achievements and know that the Minerals Resources branch of 
the Interior Department is in good hands. 

* * * * * 

SURVEY RELEASES OPEN-FILE REPORTS 

Three open-file reports recently made available to the public by the U.S. 
Geological Survey are listed below. They can be consulted at the Depart­
ment's library in the State Office Building in Portland. 

1. Preliminary evaluation of infrared and radar imagery, 
Washington and Oregon coasts, by P.D. Snavely and N.S. 
Mac Leod, 1 968 . 

2. Continuous seismic profiling investigation of the southern 
Oregon continental shelf between Cape Blanco and Coos 
Bay, by A. J. Mackay, 1969. 

3. Sediment transport in streams in the Umpqua River basin, 
Oregon, by C. A. Onions, 1969. 

* * * * * 

CRATER, EAST, AND DAVIS LAKES DESCRIBED 

"Hydrology of Crater, East, and Davis Lakes, Oregon," by K. N. Phillips 
and A. S. Van Denburgh, has been published by the U.S. Geological Sur­
vey as Water-supply Paper 1859-E. These three small, fresh-water lakes 
occupy topographically enclosed basins in Holocene volcanic terranes in 
Deschutes and Klamath Counties. They have no outlets, and drain byseep­
age through the rocks. Hydrologic and chemical data are presented for each 
lake and the geologic history summarized. Water-supply Paper 1859-E is 
for sale by the Superintendent of Documents, U. S. Government Printing Of­
fice, Washington D.C. 20402. The price is 40 cents. 

* * * * * 
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CORCORAN NAMED STATE GEOLOGIST 

The Governing Board of the State of Oregon Department of Geology and 
Mineral Industries appointed Raymond E. (Andy) Corcoran as State Geologist 
on Monday, March 24, 1969. Corcoran succeeds Hollis M. Dole, who re­
signed recently to accept the position of Assistant Secretary of the Interior 
for Mineral Resources. 

Corcoran was born in Norfolk, Va., but moved to California at an 
early age. He attended school in Long Beach and received his Bachelor of 
Science degree in geology from the University of California at Los Angeles. 
Between 1948 and 1951, Corcoran was a geologist with Union Oil Co.'s 
Rocky Mountain Division. Subsequently he did graduate work at the Uni­

versity of Oregon and obtained a Master's Degree, selecting part of the 
Mitchell Butte quadrangle in northeastern Malheur County for his thesis area. 

In 1953, Corcoran joined the geology staff of the State of Oregon 
Department of Geology and Mineral Industries at its Portland office. He 
made a detailed study of bauxite deposits in the Salem Hills of northwest 
Oregon and collaborated wi th F.W. Libbey, former Director of the Depart­
ment, on a report of the investigations. In 1957, Corcoran left the De­
partment to accept a position with Harvey Aluminum Co., and spent the 
following three years on bauxite exploratory work in Oregon, Washington, 
Hawaii, Jamaica, and British Guiana. 

Corcoran returned to the Department, under Hollis M. Dole, in 1960. 
Since that time he has been engaged in a wide range of programs that have 
resulted in various Department publications. For the past 8 years Corcoran 
has been in charge of coordinating the program of geologic mapping for 
the eastern half of the State Geologic Map, working on this endeavor in 
cooperation with the U.S. Geological Survey, the universities, and other 
agencies. 

As State Geologist, Corcoran will continue to carry out the Depart­
ment's functions, which are, primari Iy, to conduct studies and publish re­
ports on the geology and mineral resources of the state. As a new objective 
he plans to begin a series of geologic environment studies related to popu­
lation expansion and public safety. 

* * * * * 

OREGON ACADEMY OF SCIENCE PUBLISHES PROCEEDINGS 

The Oregon Academy of Science has published its "Proceedings" for the 
first time since 1954. Volume IV, the latest issue of the "Proceedings," 
contains abstracts of the annual meetings in 1967 and 1968. Copies of 
Volume IV are available from Dr. Clarence A. Porter, Secretary, Oregon 
Academy of Sciences, Portland State University, P.O. Box 751, Portland, 
Oregon 97207. 

* * * * * 
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BLM LEASES CAMP HANCOCK TO OMSI 

Forty acres of publ ic lands near the John Day River in Wheeler County, 
Oregon, have been leased by the U. S. Bureau of Land Management to the 
Oregon Museum of Science and I ndustry for use as a natura I sci ence camp 
for young people. Located 18 miles west of Fossil, the site affords a unique 
outdoor classroom due to the presence of significant geological values. 

Camp Hancock derives its name from its founders, Alonzo "Lon" 
Hancock and his wife, Berrie, both of Portland, Oregon. Although a mail 
carrier in Portland, Hancock's lifelong interest in paleontology gained him 
national stature in this field. He spent many years researching and explor­
ing the geology of the Clarno-Camp Hancock area unti I his death in 1961. 

Hancock also had an intense love for children and their education. 
He combined his talents and interests, and began to teach natural science 
to small groups of children each summer at Camp Hancock. By 1957, the 
camp had grown unti I its demands exceeded one man's abi Ii ty to operate it 
properly. He appealed to OMSI to sponsor the camp. OMSI responded, 
and today the camp enrolls abaut 150 young people in three two-week sum­
mer sessions. Courses of instruction include the outdoor sciences of geology, 
biology, and related fields. 

Camp Hancock is leased to OMSI under provisions of the Recreation 
and Public Purposes Act. Future development plans include construction of 
new camp facilities and improvement of existing structures. [U.S. Bureau 
of Land Management news release, March 5, 1969.] 

* * * * * 
MINING SCHOLARSHIP ANNOUNCED 

Dr. Vernon E. Scheid, Dean,Mackay School of Mines, announced March 
14 that Newmont Mining Corp., owner of Carlin Gold Mining Co. near 
Elko, Nev., has awarded two all-expense scholarships covering fees, out­
of-state tuition, if necessary, an allowance for books, and cost of board 
and room for 1969-70 for study at the Mackay School of Mines, University 
of Nevada. The scholarships are open to any high school graduate. The 
number of scholarships will be increased in the future until there are four 
available each year. 

Students awarded scholarships must study in some field of mineral­
industry engineering such as mining engineering, geological engineering, 
or metallurgical engineering. The scholarships are for one year, but will 
be renewed for succeeding years of undergraduate study if the student's 
scholastic record is satisfactory. Recipients of these scholarships wi II be 
offered summer employment at one of the mi neral-i ndustry operations of 
Newmont Mining Corp. There is no obligation upon the student, and at the 
end of his undergraduate studies, he will be free to choose his future career 
as he desires. [Nevada Mining Assn. "News Letter," March 15,1969.] 

* * * 
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GEOTHERMAL STEAM LEASING BILL REINTRODUCED IN CONGRESS 

A bill to allow the leasing and development of geothermal steam on feder­
ally owned lands has recentl y been reintroduced to Congress by Senator 
Alan Bible, Nevada. A similar bill passed both houses of Congress during 
the 89th Session, but was pocket-vetoed by President Johnson in late 1966. 

A great deol of controversy has been generated by this bill. One 
question is: Who owns the steam on lands where surface ownership resides 
with a private individual but where the ownersh ip of underground minerals 
was reserved to the federal government under the Homestead Act of 1916? 
A second question is: What should be done about the "grandfather clouse" 
which would allOY{ companies who filed claims for geothermal steam as oil 
and gas leoses to convert them for geothermal exploration? 

Last year Bible thought he had worked out a plan that would gain 
favor with the Johnson Administration, but the act was bogged down in the 
Senate Interior Commi ttee and never reached the floor. 

This bi II is considered to be of great importance to the 11 western 
states because the area has the greatest potential for natural steam develop­
ment and also because the federal government owns more than 50 percent of 
the land, ranging from 30 percent in Wash ington to 87 percent in Nevada. 

* * * * * 
SAFETY IS FOR THE WARY 

This is the time of year when the urge to exp'lore the vast out-of-doors 
begins to rise to its maximum. This is a perfectly normal reaction that is 
heartil y. endorsed as one of the best recreational pursuits available to people 
of a ll ages. The only trouble with the out-of-doors is that a ll of the dangers 
ever encountered by man are still there--the uneven surfaces, steep slopes, 
unstable rock, overhanging cliffs, and hidden cracks and holes. Man's bi­
pedal locomotion is an uncertain and chancy thing, best attempted on smooth, 
relatively level --or at least predictable--surfaces. Out in the hills these 
conditions are the exception rather than the rule. A bod fall which pro­
duces a broken leg or severely sprained ankle miles from camp or the car 
can be extremely serious. Just wa lki ng too for from camp and getting lost 
is not only embarrassing but may cause much discomfort and hardship, and 
in rare cases even deoth. 

Along with the urge to explore the vast out-of-doors goes the urge to 
investigate o ld mine workings. Old mines pose especial hazards for the un­
wary. Many tunnels and shafts were once supported by timbers, but these 
are now rotten and the slightest jar may dislodge tons bf rock. Tu nne lsmay 
also contain pockets of gos, deep water -filled holes, o ld dynamite, and a 
wide variety of wild animals, some of which resent intrusion of humans into 
their dens. 

* * * * * 
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FOSSILIZED PALM WOOD IN OREGON 

By Irene Gregory'" 

Introduction 

To geologists, petrified palm wood is a significont material. Its occurrence 
in the fossil record serves as an indicator of post climates and age of the 
rocks. To hobbyists, its ottractive patterns and ease of identification make 
it a sought - after species. Since its onatomy is one of the least complicated 
of fossil plant materia ls, it is eos il y recognizedi i ts unique appearance 
makes it difficult to mistake it for any other species, with the possible ex­
ception of certain fossil ferns . 

Th is report is concerned primari Iy wi th fossi I palm wood; however, 
since leaves and fruin are also impOftant in the fossil record these porn of 
the palm ere reviewed . In addition, the geologic history of palms and 
their occurrence as fossils in Oregon is summarized. 

Identification of Palm Wood 

Paleobotanists in the post have general ly assigned petrified palm 
trunks to Polmoxylon, a genus name designed to include fossil stems wi th 
scattered bundles having fibrous caps. Fossi li zed palm leaves can often be 
referred to living genera, and there is a trend to app ly these names to fas­
sil palm wood also, where warranted. Th e writer is fo ll owing the procedure 
of applying names of living genera to foss il specimens that are sufficiently 
well preserved to reveal identifiable anatomica l structures. 

A type of pa lm present in an assemblage of semi -tropica l Eocene 
woods being investigated by the outhor is pa lmetto (Sobo l), collected from 
a small outcropping of the Clarno Formation in Crook County, Oregon. 
Material for thin sections of the transverse (figure 1 A & B) and longitudinal 
(figure 2 A & B) views shown was token from a trunk specimen that was 

... Mrs. James M . Gregory is an authority on fossil woods of Oregon. She 
is author of "The Fossil Woods near Holley in the Sweet Home Petrified For ­
est , Linn County, Oregon," wh ich wos published in the April 1968 issue 
of The Ore Bi n and is in its second reprinting. 
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Transverse view of 
fibrous bundle sheath 
or "cop" 

Figure l-B 

f P
hloem structures 

Area 0 

Figure 1. Transverse vi ews of Eocene palm wood from Crook County. 

A. (opposite page) Photomicrograph 45 X. 

B. (above) Sketch showing detail of fibrovascular bundle in 
upper right portion of figure l-A. Compression of wood 
before petrification produced oval shape of xylem vessels, 
which normally are circular. 

Background tissue 
of parenchyma 

Figure 2-B 

Longitudinal view of 
fibrous bundle sheath 

Figure 2. Longitudinal views of Eocene palm wood from Crook County. 

A. (opposite page) Photomicr?graph 45 X. 

B. (above) Sketch showing detai I of longitudinal view. 
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appraximately 6 inches in diameter during growth, but was campressed to 
an oval shape by earth pressures before petrification took place. The speci~ 
men is silicified, its vascular bundles replaced with blue agate. The re­
mainder appears black, owing to the presence of manganese, but in thin 
section it is a clear amber color. The unworn condition of this specimen, 
as well as that of other warm-climate species occurring with it, indicates 
the probability of its having been petrified in situ. The photomicrographs 
shown here are thought to be the first published record of the minute anat~ 
omy of the wood of a fossil palm from Oregon . 

All of the genera, both living and fossil, making up the palm family 
exhibit similar ana tomical structures. Their wood consists of separate fibro­
vascular bundles scattered in a pith-like background tissue of parenchyma 
cells. In cross section the parenchyma cells appear thin walled and some­
what hexagonal in shape, and fill all the spaces between the very conspic­
uous bundles which have prominent fibrous caps (bundle sheaths) (figure I 
A & B). The bundles run longitudinally in the stem and on out into the 
leaves; in cross section they shOVol as dots or eyes and when cut lengthwise 
appear to be tubes (figure 2 A & B). The two (possibly three) larger pores 
in each bundle are xylem vessels; the areo between the xylem and the fi­
brous cap may show phloem structures. 

Although the characteristic anatomy of palm results in a distinctive 
appearance, on casual examination it may be confused with cross-section 
views of petioles of the fossil fern Acrostichum or portions of Tempskyo 
fern masses in which cut leaf-traces resemble palm eyes . 

General Botanical Backg r ound of Palms 

Palms are considered to be the first angiosperms (flowering plants of 
today) to appear in the fossil record . Angiosperms include two groups: 

1) Dicotyledons - having complicated net-like veining 'of 
leoves and producing two leaves (cotyledons) when their 
seed germinates; they make up most of our flowering plant 
spec i es of today. 

2) Monocotyledons - with but one seed-leaf (cotyledon) and 
parallel leaf-veining as in grasses, lilies, and palms; they 
provide the remaining small percentage of angiosperms. 

In the fossil plant record, palms are significant a5 being one of the 
few monocotyledons to be preserved. Their durable woody nature lends it­
self to petrification, which is not so with the many other more herb-like 
plants of this group. Check lists of fossil plants invariably include but 
few monocotyledons. 
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Environment 

Most palms require a minimum temperature of 4z:'F . and higher; only 
a few can adapt to a slight amount of frost. Of the severa l hundred recog­
nized genera living today, nearly a l l are inhabitants of the tropics. The 
few representatives living in the United States are native only to the south ­
ern climates. Palmettos grow along the Atlantic Coast from North Carolina 
to Florida. Other types are limited to the Florida Keys, the area near the 
mouth of the Rio Grande in Texas, and to southern Arizona, California, 
and Hawaii. About 2000 species of palms are known today, of wh ich 25 
belong to the genus Sobol . 

In the fossil record, the association of palm with other tropica l species 
of plants shows that palms of the past had the same temperature needs as 
exist today, making their presence as fossils conclusive evidence of warm 
climate. Many of the floras containing palm leaves are associated w i th coal 
beds, signifying a swampy environment. 

Stems (trunks) 

Li ving palms can be separated into genera by cross-section views of 
their wood, which show different appearances based on the comparative 
number, size, and distribution of the fibrovascular bundles ar "eyes . " 
For example, Serenoa bundles are thin and widely but uniformly scattered 
through the whole wood; Thrinox has coarser, fewer and closer bundles; 
Cocos bundles are very numerous near the edge of a cross sect ion and few 
in the center . 

Palms have woody stems of varied habits, but most are well-propor­
tioned trees remarkable for their uniformly cylindrical, typically unbranched 
shapes. The trunk is generally thickened near its bose and is well anchored 
by a mass of simple, a lso unbranched, but contorted roots. The number of 
roots emerging from a coconut palm can be as many as 13,000. The fossi l 
plant materia l known as "pa lm root" when cut shows wildly irregular ob­
long and circular shapes, each of which includes the typical stem structure 
and distribution of bundles as described above. 

Since they lack a continuous cambial layer, palms are incapable of 
growth in thickness by adding new layers of cells as do our familiar timber 
trees. Thus no annual growth rings are formed . With no tree rings to 
count, age usua l ly has to be based on associated h istorical data. 

The girth of a pa lm is determined during its earliest years, the one 
main growing point being the terminal bud. Some tree types grow as much 
as 150 feet high. The diameter of palm stems may range from less than half 
an inch to two feet or more. Since palm trunks usually do not branch, the 
rock hunter's so-called "limb" sections of foss i l palm probably represent 
the main stem or trunk of that individual plant. In some fossil species 
these may be so small as to appear reed-li ke, as in Reinharditia of Central 
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Figure 3. Fossilized trunk fragments of the rattan - type palm from the 
Eocene Green River Formation, Eden Vo l ley, Wyoming. Approx ­
imately 3/ 4 natural size. 

Figure 4. Portion of a fossil palm leaf (Sabal iles eocenica) from 
Clarno-age rocks in northeastern Oregon, approximate ly ! 
notvra l size. (From Hergert, 1961) 



America today. 
Other types of palm stems that might be found as fossils include the 

rattans, climbers of today in India and the Eastlndies li ving in semi-tropical 
environments similar to that of the Eocene in Oregon. The two main living 
genera of this type ore Calamus and Daemonorops, which have slender, 
bamboo-like stems of uniform diameter with very long internodes. Their 
leaf rachis (leaf stalk) is prolonged into a spiny, hook-like tendril that en­
ables them to climb over the ta llest surrounding vegetation; their stems may 
grow as long as 500 to 600 feet, making them the lengthiest stem on earth, 
with the possible exception of seaweed. They produce the commercial rat­
tan used for cane-chair matting, bentwood furniture, and the like. The 
familiar rockhunter's material, "cane," from the Eocene Green River For­
mation in Eden Valley, Wyoming, is a fossil representative of this type of 
palm stem (figure 3) . Specimens are found with internodes as much as 10 
or 12 inches in length and showing trunk rings (leaf-base scars). 

Additional stem variations that could occur as fossils include the 
prostrate or creeping stems of certain pa lmettos (Sabal) which are surrounded 
by a dense mass of contorted roots. Other examples are the horizontal stem 
of Nipa, a genus confined to southeastern Asia today, and the short vege­
tative shoots of Bactris and Raphis which form bushy or shrub-like clumps. 

A characteristic feature of most li ving palm stems is the leaf bases. 
If the leaf bases fall off, distinctive scars remain on the trunk, but if they 
remain attached to the trunk, the strong lower port of the leaf stalk often 
forms a clasping fibrous webbing that hangs in a ragged moss around the 
trunk. This moss can make a thick, dense mot several feet long. Some 
fragments of fossil palm show on ly this fibrous trunk cover. 

Leaves 

At an early stage, the single-leaf seedlings of most palm genera look 
much alike; as fossils, all can be easily confused with grosses. The mature 
leaf forms are distinctive, although those of cycads and same tree-ferns 
have a superficial resemblance. The leaves, in general, are borne as a 
crown at the tip of the trunk. Types of palm leaves include the fan-shaped 
leaves of palmetto; a simple pinnate or feathery farm as in the coco palm; 
or a bi -pinnate as in fish-tail palms whose leaflets are attached to lateral 
branches of the main leaf rachis. 

Most fossil-palm records refer to fan-shaped leaves; reports of pinnate­
type leaves are rare in the literature. Fan-shaped palm leaves have been 
found at several localities in the Eocene of Oregon (figure 4), and silici­
fied petioles or leaf stalks have also been collected. 

Fruit and seeds 

The fruit of palms, borne in clusters, is a drupe or berry and usually 
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one seeded; se ldom do 2 or 3 seeds occur. Sizes ronge from that of a cur ­
rant to the double coconut weighing 40 or more pounds - the largest seed 
known. A great number of var iations in the basic form-occur. The fleshy 
part moy be almost lacking or may be pulpy or oily; the pit layer may be 
hard and dense as in coconut or thin as in palmetto. Many polms continue 
flowering and fruiting throughout the year. The coconut is thought of as 
the typical palm seed or nut, but more typicol are smal l seeds - some less 
than half an inch in diameter - that are produced in huge clusters by many 
spec ies. 

Figure 5. Two views of a sma l l fossil seed of the coconut-type palm. 
Seed is I inch in diameter (photograph courtesy of T. J. Bones). 

Figure 6. Two views of a tiny fossil palm seed 8 mm in diameter. 
Seeds were probably borne in clusters (photograph courtesy 
ofT. J. Bones). 
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Fossil palm seeds are in general referred to the genus Palmocarpon. 
The durability of some palm seeds makes possible thei r remaining in excel­
len t condition while traveling vast distances by ocean current, resulting in 
some confusion as to the validity of certain fossil-palm records at ancient 
coastal loca tions. Reports of Oregon palm-seed occurrences have been 
confined mainly to the Clarno area of central Oregon (figure 5, coconut 
type; figure 6, small seed). 

Geologic Histo ry of Palms 

The geologic history of palms goes far back into the fossil record, 
where they are considered to be the first of the angiosperms (flowering 
plants) to develop. Records of occurrences are numerous, with the earliest 
now tentativel y considered to be the almost completely preserved palm-
like leaves reported from the Middle to Upper Triassic of Colorado by Ro­
land W. Brown (1956), who suggested they should be regarded "tentatively 
but credibly" as a primitive palm. The simple elliptic leaves of Sanmi­
guelia lewisi were borne alternately on a rapidly tapering stem. They were 
collected from red calcareous sandstone of the Dolores Formation near Plac­
erville, Colo., in the vicinity of the San Miguel River, and constitute one 
of the more important paleobotanical discoveries of our time. 

LaMotte (1952) cataloged a great many references to fossil palm 
throughout the world, including the earliest definite palm--wood record, 
Palmoxylon c1iffwoode nsis from the Upper Cretaceous Magothy Formation 
of New Jersey. Palm leaves occur in the Lower Cretaceous Dakota Group 
of the Rocky Mountains region, and in the Upper Cretaceous Nanaimo 
Group on Vancouver Island, British Columbia. 

Records of palm from the Eocene are numerous. The famous Eocene 
london Clay flora in England contains an abundance of fossil fruits of Nip a, 
!l tropical Asiatic palm of today (Reid and Chandler, 1933). In North 
America, palms are best displayed in Eocene rocks (Arnold, 1947). One 
particularly outstanding accou nt is that by Knowlton (1930), who lists 14 
forms from the Denver Basin, 8 based on leaves, 5 on fruits, and 1 on a 
silicified trunk. He reports huge leaves as large as 5 feet in diameter. Of 
the genera described, Sabol was the most abundant and widely distributed. 

Among other notable North American Eocene floras containing palm 
are the Wilcox and Clai borne floras of the Gulf Coast areas (Berry, 1916 
and 1924); the Raton flora of northern New Mexico a nd southern Colorado 
(Know lton, 1918); the Jackson flora of Texas; the Eden Valley flora of 
Wyoming (Brown, 1934); the Puget fl ora of Washington and British Colum­
biOi the LaPorte flora of California (Potbury, 1935); and the Clarno flora 
of Oregon. 

Fossil palms, associated with other worm-climate plants, are found at 
the Alaskan leaf localities of Kupreanof Island and Matanuska Valley 
(Hollick, 1936) . The flora is considered by Wo lfe and others (1966) to be 
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Oligocene in age. Present here are two fossil-palm species, Flabellaria 
florissanti and Flabellaria alaskana, that are referable to the fan pa lms of 
the Arecaceae, a group that is today strictly subtropical and tropical and 
that bears out the suggested subtropical Oligocene climate of coastal Alaska. 

Miocene palm occurrences noted by Arnold (1947) include that of the 
Tehachapi flora of the western Moiave Desert (Horse Canyon, Kern County, 
Col.) and the Barstow beds (Mule Canyon, Yermo, Cal.). Axelrod (1950) 
describes Pliocene age palms from Palmdale, Cal. 

The geologic history of palms in Oregan parall els that shown else­
where in North America. Their first appearance during the Cretaceous was 
followed by relative abundance during the Eocenei O li gOcene records are 
limited to palms in relict worm-cli mate floras of the coastal region. No 
fossil palms have been reported, as yet, from post-Oligocene rocks in Ore­
gon. Miocene and PliOcene floras reflect a cooling trend in the climate. 
Some paleobotanists be li eve there was a gradual migration of palms south­
ward during the MiOcene and Pliocene toward their present association with 
tropical and subtropical f loras of today in extreme southern United States, 
Mexico, and Central America. 

Fossi l Palm Record in Oregon 

Cretaceous 

The fossil record shows pa lms to have first occurred in Oregon during 
the Cretaceous. In-1958, a nut, together with on ammonite included in a 
concretion, was found near Mitche ll , Wheeler County, and was identified 
as a palm seed of the genus Attalea from the Albian stage of the Cretaceous 
by the late Roland W . Brown, U. S. National Museum (see also Berry, 
1929). This occurrence is noteworthy as being considered the earliest flow­
er ing-plant record (late Lower Cretaceous) of north - centra l Oregon . The 
specimen wos kept in the U.S. Notional Museum (letter from E. M. Bald­
win, October 24, 1958 to Lon Honcock; courtesy of Viola l. Oberson). 

Eocene 

Arbuckle tv'ountain area: The first Eocene pa lm record for Oregon 
was that of Mendenhal l (1907) reporti ng on a coal prospect on Wi I low Creek, 
Morrow County. This locat ion was about 22 miles southeast of Heppner in 
a mountainous region iust west of the divide (Arbuck le Mountain) between 
the Willow Creek and the J ohn Day River drainages. Monocotyledonous 
leaves were co llected and sent to F. H. Know lton who regarded them, on 
the basis of additional species collected, as being Eocene in age . 

Chaney (1948) in "Ancient Forests of Oregon" pictures layers of fan ­
type palm-leaf fossils from the Arbuckle Mountain shales. Hogenson (1957), 
in an open -file report on the ground-water resources of the Umatilla River 
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basin, recaunts the callecting af fossil leaves in the Arbuckle Mounta in 
area from sholes containing carbonaceous material altered to lignite or 
bituminous coal. He states: "Ptant fossils from several carbonaceous seams 
were studied by Roland W. Brown of the U.S. Geological Survey. He 
determined the Eocene age of the formation from these fossil plant identifi­
cations." listed were Sabali tes and other worm -climate trees including 
Magnolia. 

Pigg (1961), in a University of Oregon master's thesis, reviewed the 
occurrences and used the dating of palm-leaf fossils as Eocene in determin­
ing the age of lower Tertiary sedimentary rocks in the Pilot Rock and Ar ­
buckle Mountain areas. He mentions the occurrence of palm leaves as much 
as 4 feet across. Hergert (1961), in a summary of the plant fossils in the 
Clarno Formation, includes pa lm (Sabalites) leaves in a list of plonts from 
the Pi lot Rock locality. 

Clarno area: Eocene palm is best known from the Clarno area, the 
type locality for the Clarno Formation and also the site of Camp Hancock, 
Oregon Museum of Science and Industry's famous outdoor laboratory for 
fossil plant and animal studies. 

The Clarno Formation has been well described in the literature (Mer ­
riam, 1901; Hodge, 1942;Wilkinson, 1959iand Baldwin, 1964). It is com­
posed almost entirely of andesitic volcanic material - chiefly lovas, mud 
flows, breccias, and tuffs, including some water-laid sediments. The for­
mation overiies older marine rocks of Paleozoic and Mesozoic age. The 
Clarno sediments contain abundant silicified plant remains, mainly tropical 
and subtropical in nature, including palm at a number of localities (Chaney, 
1948). The fossils occur in lenses o f volcanic ash thai accumulated in shal­
low lake bottoms, either by direct ash falls or by erosion and redeposition 
of such material. At some localities the plants are in carbonaceous shales 
associated with coal beds. The type exposures of the Clarno Formation can 
be seen about 2 miles east of Clarno Bridge in Wheeler County. 

Near the type locality are the Clarno nut beds (SEt sec. 27, T. 7 5., 
R. 9 E., Wheeler County), which are world famous among paleobotanists 
for their well-preserved seeds, nuts, and fruits as we ll as other plant parts 
(Scott, 1954). The nuts and other plant remains are enclosed in a bedded 
volcanic tuff that was laid down in very late Eocene time. A potassium­
argon age of 36.4 million years was recently obtained for on overlying 
welded ash-flow tuff (Swanson and Robinson, 1968). 

The lac k of stratification within the nut beds, plus the presence of 
standing Eguisetum stems, seems to indicate that the material accumulated 
by very rapid deposition. Arnold (1952) suggests that the nut beds may 
have been deposited during a flood. 

Many fine collections of plant material have been mode from the 
Clarno nut beds, but the most remarkable is that of Thomas J. Bones of 
Vancouver, Wash. Mr . Bones describes his work: 
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"I first visited the Clarno nut and seed beds in 1942 and 
discovered that finding specimens there was a real challenge to 
the collector. At first I could find only some of the larger nuts, 
but later discovered that by careful working, seeds even the size 
of poppy seeds could be found. The larger seeds and nuts are 
worked out in the field as a hard rock mining operation, by dig­
ging and breaking. The smaller seeds are obtained from matrix 
material that is brought home, broken down, screened and looked 
over with a magnifying gloss." 

"Walnu t, grape, magnolia, moonseed, palm, pistocia, elder 
and water lily are some familiar plant seeds found that continue 
to grow on earth. Many of the hundreds of seeds found at Clarno 
represent plant species now extinct. Dr. Richard A. Scott, USGS, 
has worked on identification of this Clarno material." 

Although mast of the original Thomas J. Bones collection has been 
permanently located in Washington , D.C. in the National Museum of the 
Smithsonian Institute since 1961, M.r. Bones has continued collecting and 
has accumulated many more equally noteworthy specimens since that time. 

Among the fossil plants found by Mr. Bones in the Clarno Formation 
are wood, leaves, leaf fronds, and seeds representing at least eight differ­
ent genera of palms. Other collectors have found palm in the Clarno area, 
including trunks and root masses. One of the largest of these specimens 
is a josperized stump of typically rounded appearance tha t is 3 to 4 feet 
in diameter and estimated to weigh 2 tons. For many years it was on display 
in Antelope and was considered by its owner to be a meteorite. later it 
proved to be one of the largest fossil palm stumps ever found in Oregon or, 
indeed, anywhere (Richard Rice, oral communication, April 1969) . 

Other areas: As geologic mapping in Oregon has increased, the pres­
ence of many additional areas occupied by rocks of the Clarno or equiva­
lent age in central and eastern O regon has become evident. The occurrence 
of fossil palm wood at some of these localities is proving to be a factor in 
age determination. Recently such a determination was made for the Dooley 
Rhyolite of the Ironside Mountain area of eastern Oregon by W. D. lowry 
("Geology of the Ironside Mountain quadrangle, Oregon," State of Ore­
gon Department of Geology and Mineral Industries Bulletin, in manuscript 
form) (figure 7). 

Other localities, as yet not noted in the literature, contain frag­
mented fossil palm wood of presumed Eocene age spread over areas of many 
square miles in eastern O regon. In some places the palm wood has been 
eroded from Clarno-age rocks and transported to areas of younger formations, 
as in the Jamieson-Huntington region. Pieces of silicified wood, fossil 
"bog" containing palm wood and root chips, portions of palm leaves, and 
other palm debris have been collected from vario.us places by rock hunters. 

104 



Figure 7. Longitudinal view of fossil palm wood from the Ironside 
Mountain quadrangle, Baker County, Oregon. 

o , . . 
Figure 8. Cross section of an entire Jossil palm trunk {about 3 inches 

in diameter} surrounded by a thick layer of roots. Dark mineral 
impurities in silica obscure typical "eye" pattern of trunk. 
Specimen found in Sams Volley near Medford, Oregon (Richard 
Rice collection). 



Much is float, and in mast occurrences the original source of the material 
is not known. Whole sections of palm wood have been seldom reported from 
rack~unter localities of eastern Oregon . 

West of the Coscades in the Medford area, palm wood occurs in areas 
mopped by Wells and Peck (1961) as late Eocene nonmarine sedimentary 
rocks, equivalent in age to the Clarno Formation eost of the Cascades. 
Complete sections of petrified palm wood have been found (figure 8). The 
presence of palm is to be expected in other western Oregon Eocene locali­
ties as on associated species with other worm-climate ond subtropical fossil 
plan~. 

Oligocene 

As yet, fossil palm wood and leaves have not been noted with cer­
tainty fram the John Day Formation of central Oregon, which contains an 
abundant flora of temperate-climate species. The palm-wood specimens 
thus for reported from the John Day have occurred as float and are consid­
ered to represent reworked material of Eocene age. 

West of the Cascades, palm-leaf fragments are reported from two lo­
calities in Oligocene rocks. One is in the Eagle Creek flora of the Colum­
bia Gorge area, described by Chaney (1920). The other is in the Ruioda 
flora (Chaney, oral communication, February 1969). The Rujada* floro, 
described by lakhanpal (1958), is situated near layng Creek Ranger Station 
about 23 miles eost of 'Cottage Grove. Here, in tuffaceous sedimen~, are 
leaves of temperate species as well as palm, catalpa, avocado, and other 
subtropical and warm-temperate trees. The presence of these relict species 
of wormer Eocene times is thought to be due to the relatively mild and uni­
form coos tal climate of Oligocene time which enabled them to carryon 
long after their extinction elsewhere under less favorable climatic conditions. 

In spite of the wealth of tropical and subtropical woods in the Sweet 
Home petrified forest near Holley, no palm has as yet been encountered 
there by the writer (Gregory, 1968). 

General distribution 

The accompanying map (figure 9) shows some of the localities in Ore­
gon where fossil palm has been found os leaves, frui~, or wood. Probably 
many more such localities can be added to the map in the future as addition­
al specimens ore reported. Most of the occurrences shown on the map rep­
resent fossil palm material that was found in place. That is, it wos enclosed 

* The name "Rujada," which is so often mispronounced, is made up from the 
initials of two loggers, R. Upton and J. Anderson, together with the initials 
of the Deportment of Agriculture. It is correctly pronounced Rue-iode-oh. 
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in or intimate ly associated with the geologic formation in which it was ori­
ginally buried before petr ification. Fossi I palm fragments occurring as float 
have less geologic significance. 

Suggestions for the Rock H un te r 

Reports of palm-wood occurrences from both east and west of the Cas­
cades are frequent. However, many specimens, when examined under mag ­
nification, show no cellulor structure and are actually various forms of 
orbicu lar agate and jasper or oolitic materia l . Others do prove to be palm, 
but the locations for a ll are a closely held secret of the finders, palm wood 
being one of the rack hunter's materials that hos developed a certoin de­
sirability and "mystique" of its own. Prized varie ties of palm wood for 
jewelry making include on ivory - colored jasp-agote with snow-white 
"eyes, II as well as jet-block palm wood a lso with white "eyes." Jv40re com­
monly it is found in soft, blue-gray shades. Occasionoll y, a specimen of 
a deep, rich maroon color is found. 

Hobbyists who wish to determine whe ther or not a spec imen is palm 
wood can generally do so with a 10 X lens. After ori en ti ng the specimen 
to get a possible transverse or cross-section view, they should look for 
scattered "eyes" all w ith a similar pattern and each having Iwo (rarely 
three) tiny, solid-loo king dots (vesse ls ) on one side. A longitudinal cut 
through on eye will shaw it as a lengthwise line or tube . If, instead, i t 
appears as a short line or is boll shaped, the specimen is more probably one 
of Oregon's ubiquitous oolites rather than the sought-after palm. 
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BIBLIOGRAPHY OF N.A. GEOLOGY FOR 1965 PU BLI SHED 
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raphy of North Amer ican Geology, 1965 . " The 1 1 44-page publ ication 
is so ld for $4.75 by the Superintendent of Documents, U. S. Government 
Prin ting Office, Washington, D.C. 20402. 

• • • • * 
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DeWEESE APPOINTED TO GOVERNING BOARD 

Governor Tom Mc Call appointed R. W. deWeese, vice president of ESCO 
Corporation, to the Governing Boord of the Deportment of Geology and 
Mineral Indus tries April 17, 1969. DeWeese replaces former chairman of 
the Boord, Fronk C. McColloch , whose term expired in March. Mr . de­
Weese has been associated with both the metal s and mining industries for 0 

number of years . He has worked with the American Mining Congress in de ­
veloping a planned usage for our mineral deposits 50 that th e exploitation 
of these resources will be balanced w ith preservation of the natural environ ­
ment. During his 28-yeor tenure with ESCO, he has been directly involved 
with phosphate mining in Florida, copper mining in the southwest, taconite 
deve lopment in the Mesabi iron range in Michigan, a nd surface mining for 
cool in the centra l states. 

/>N . deWeese has also con tributed much of his time to civ ic octivities, 
locall y and state""'Wide; he is a director of Portl and Publi c Schools, Dist­
ri c t No.1, President of Portla nd Chamber of Commerce, and technical 
counse lor for Oregon State University. He a lso serves as a director on the 
boards of several Oregon componies in addition to his regular duties with 
ESCO. His wi de background of experience in both industry and public af­
fa irs will provide the De portment w ith much valuable cou nsel in establish­
ing its future polic ies and actions. 

Membe~ of the Governing Boord are: Fayette r. Bristol, chairmon, 
Rogue River; Haro ld C. Bon ta , Baker; a nd R. W. deWeese , Por tl and. 

* * * * * 

NININGER METEORITE AWARD OPEN TO QUALIf iED STUDENT 

An award of $1000 is given annuall y by Dr . and Mrs. H. H. Nininger (1) 
to generate interest in meteorites among the greatest number of student 
scientists and (2) to generate within the student scientist the ability to in­
terpret logically and objective ly his and other ' s experimental methods, 
data, and hypotheses, and to learn by writing. Paper must be written spe­
cifically for the Nininger prize and must be received not later than Sep­
tember 1, 1969. Undergraduate and graduate students are eligible. For 
information regardi ng the requirements for the paper, wri fe to Dr. Carleton 
B. Moore, Director, Center for Meteorite Studies, Arizona State Universi­
ty, Tempe, Ari zona 85281. 

The $1000 may be awarded as a single or divided prize. The papers 
will be judged by a national panel of scientists engaged in meteorite in­
vestigotions. Nininger awards have been given annuall y since 1962 to re­
cipients at colleges and universities all over the United States. 

* * * * * 
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GEOCHEMICAL ANALYSES TO BE RELEASED 

On J une 20, 1969 the resu lts of all analyses of stream sediments on more 
than 3000 streoms in southwestern Oregon will be re leased for public inspec­
tion at the Stote of Oregon Deportment of Geology and Mineral Industry's 
offices in Portland, Baker, and Grants Pass. These samples were collected 
during the summer months from 1963 to 1967 as a port of a stote-wide min­
erai-evaluation program . Semiquantitative chemical analyses were mode 
for copper, zinc, molybdenum, and mercury in the Deportment's laboratory 
in Portland by R.G. Bowen. Th is information has been available on open 
file since the inception of the program. 

New information to be released at the same time consists of semi­
quanti fotive spectrographic analyses for 30 elements by the U. S. Geological · 
Survey. The Survey's analyses were mode at the Denver laboratories under 
the supervision of Jerry Matooka. The samples were scanned for the follow­
ing elements: iron, magnesium, calcium, titanium, manganese, silver, 
arsenic, gold, boron, barium, beryllium, bismuth, cadmium, cobalt, chro­
mium, copper, lanthanum, molybdenum, niobium, nickel, lead, antimony, 
scandium, tin, strontium, vanadium, tungsten, yttrium, zinc, and z irconium 

In addition to being available for inspection at the Department's of­
fices, these data, tabulated on approximately 400 pages, will be duplicated 
and mailed to any interested person for $25.00. All orders with payments 
recei ved by June 6 wi II be mailed on June 20. 

A bu lletin containing a ll of the above information, together with 
maps, discussion of geology, geochemistry, analytical techniques, anomalies, 
and minera l deposits in the region where the samples were collected is now 
being prepared for pub li cation. The analytical data are being released 
early, because it is the Department's policy to make such information 
available as soon as possible after it has been compiled. 

* * * * * 

MYRTLE POINT AREA IN COOS COUNTY MAPPED 

"Geologic map of the Myrtle Point area, Coos County, Oregon," by ew­
art M. Baldwin has been published by the U.S. Geological Survey under 
the Mineral Investigations Field Studies Map series. The map, designated 
as MF-302, is in color at a scale of 1:48,000 on a 22- by 27-inch sheet. 
It is available for 50 cen ts from the U.S. Geological Survey, Federal Cen­
ter, Denver, Colo. 80225 . 

Th e mop area lies at the southern end of the Coos Bay coal field and 
is a southward extension of the Coos Boy structural basin. Lower to middle 
Eocene Umpqua Formation, midd le Eocene Tyee Formation, and upper Eo­
cene Cooledo Formation overlie pre-Tertiary rocks of the Klamath Moun ­
tains. A total of about 20,000 feet of Tertiary sediments is represented. 
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THE GEOLOGY OF CEDAR BUTTE 
NORTHERN COAST RANGE OF OREGON 

By 
Dennis O. Nelson* and Gerald B. Shearer** 

The following article on the Cedar Butte area in Oregon's northern Coast Range was 
written originally as a term paper by the authors atthe time they were undergraduate 
students in geology under Dr. Pau I Hammond at Portland State Universi ty. AI though 
their period of field work was brief and their mapping of a reconnaissance nature, 
the authors were able to extract enough information to write a report which has con­
siderable merit as a basis for further study. 

The northern Coast Range has received little attention geologi cally, and map­
ping has been limited to the broad, generalized picture. And yet, here is a region 
right at Portland's back door that begs to be studied. Its complex history of Tertiary 
volcanism, marine deposition, folding, and faulting offers many areas for research in 
stratigraphy, petrology, paleontology, and structure. 

A further inducement is the abundance of outcrops in the Ti lIamook Burn. This 
rugged area of some 550 square mi les, including Cedar Butte, was once covered by a 
nearly impenetrable forest. In 1933,1939, and again in 1945 devastating fires swept 
across the region, destroying the timber and leaving behind a desolate terrain of 
scorched soils and barren rock. A new forest is springing up as the result of the State 
Department of Forestry's rehabi litation program. But opportunely for the geologist, 
the rocks are still fairly well exposed in most places, and numerous logging roads, 
built for salvage and reforestation purposes, make the area easily accessible. 

It is hoped that this paper by Nelson and Shearer will encourage others to 
select localities for geologic research in this much neglected portion of the Coast 
Range. - E-ditor 

Introduction 

Cedar Butte is situated in the Tillamook Highlands, a mountainous region 
in the northern Coast Range of Oregon (fi gure 1). The butte ri ses to 2907 

* Graduate student, Dept. of Geology, University of North Carolina. 
** Graduate student, Dept of Geology, Ohio State University (now with 

548th Engr. Bn., Fort Bragg, N. C.) 
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Figure 1. Index map of northwestern Oregon showing 
location of Cedar Butte. 

feet above sea level in the NW!NE-! sec. 10, T. 1 N., R. 8 W./ Tilla­
mook County (figure 2). The area is readily accessible by car in good 
weather and is reached by way of Oregon Highway 6 (VViison River High­
way) and 1099in9 roads. 

The purpose of this paper is to describe the various rock units found 
in the Cedar Butte area, to present specific doto to supplement the more 
general knowledge concerning the igneous and sedimentary rocks of the 
northern Coast Range, and if possible to stimulate further interest so that 
more detailed work might be done by others. 

Because of limited time, we restricted the area of study to approxi­
matel y 15 square mi les wi thin the l5-minute Enrightquadrangle. A detai led 
geolagic map (plate 1) was made of the immediate vicinity of Cedor Butte. 
The emphosis was on field relationships, supplemented by limited petro­
graphic studies of some units. Field work for this report was done in the 
fall of 1966 and spring of 1967, while we were undergraduates ot Portlond 
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State University. 
We were first introduced to the Cedar Butte area during a collecting 

trip to the "augite locality" (figure 3). Our study of the "augite" crystals 
indicated that they are probably members of the diopside-hedenbergite com­
positional series. They occur in a thick unit of crystal vitric tuff which is 
highly weathered and very friable (figure 4). Single crystals can be found 
at the surface, and more can be obtained with only minor digging, using a 
rock hammer. Because of the friable state of the tuff, individual crystals 
can be removed easily and without being damaged. Both single and twinned 
crystals can be found, almost all perfectly euhedral and generally showing 
no visible alteration. 

The crystals occur throughout the uni t, but the best location for col­
lecting is on the south side of Cedar Butte (see plate 1). Roads leading to 
Cedar Butte are shown on the 15-minute Enright quadrangle and State For­
est maps of the area, both of which are readily available. It is suggested 
that anyone planning to collect in this area should carry one of these maps, 
since the maze of winding roads can be confusing. Additional information 
can be obtai ned from the State Forestry Headquarters at Forest Grove. 

Regional Geology 

The northern Coast Range in Oregon has been mapped on a regional 
basis by Warren, Norbisrath, and Grivetti (1945); Wells and Peck (1961); 
and Snavely and Wagner (1964). The following discussion of the regional 
geology is summarized chiefly from Snavely and Wagner (1964). 

The northern Coast Range is part of an anticlinorium extending north­
ward from the Klamath Mountains to the Columbia River in western Oregon. 
Minor anticlines trending east-west and northwest lie across the regional 
grain. The faults follow northeasterly and northwesterly trends. The stra­
tigraphy consists of the Eocene Tillamook Volcanic Series overlain by 
Eocene to early Miocene eugeosynclinal sediments which, in turn, are 
overlain by Miocene basalt flows. 

Upl ift and erosion of rocks in the northern Coast Range have produced 
the TillamookHighlands, a topographically rugged region underlain primar­
ily by the Ti lIamook Volcanic Series (figure 5). From early Eocene time to 
possibly late Eocene this region was a center of volcanism, largely subma­
rine, where basaltic pillow lavas and breccias, along with some interbedded 
sediments, accumulated to an estimated thickness of 20,000 feet. Tuffa­
ceous marine sediments were deposited around the margins of the volcanic 
center. They interfinger with the lavas and thicken away from the locus of 
volcanic activity. Rocks overlying the Tillamook Volcanic Series on the 
margins of the Tillamook Highlands are mapped as undifferentiated marine 
tuffaceous siltstone and sandstone of late Eocene to middle Miocene age. 
They include also basalt and andesite flows, breccia, and pyroclastic rocks 
of late Eocene age south of the Tillamook Highlands. 
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Description of the Units 

The stratigraphic sequence consists of tuffoceous sholes ond vo lconic 
sondstones overloin unconformably by volcanic rocks, dominontly pillO'W 
basalts ond submarine breccias. Copping these rocks is a series of basalt 
flO'Ws fed by a number of small dikes. 

To a void confusion in the literature, the formations have not been 
named and will be referred to in more general lithologic terms. The units 
are described below, from oldest to youngest (see table 1). 

Olivine basalt porphyry 

Although not exposed in the mopped area, olivine basalt porphyry 
occurs as xenoliths in severo I of the described units. This rock apparently 
underlies the lowest exposed sequence in the area. 

The material is greenish black, amygdaloidal, holocrystalline, fine 
grained allotriomorphic granular and porphyritic, having 35 percent pheno­
crysts whose average size is 2 . 5mm . Of these phenocrysts, 15 percent are 
augite and 85 percent are Mg-olivine. The groundmcss is composed of 20 
percent plagioclase, probably labradorite (An60); 30 percent augite 
(40 percent Ca)*; 40 percent titaniferous(?) magnetite; and 10 percent 
alteration minerals of which 5 percent are antigori te and 5 percent calcite. 

Tuffaceous shale and volcanic sandstone 

The oldest unit exposed within the mop area is a sequence of inter­
bedded, sparsely fossiliferous, tuffaceous, siliceous shale and volcanic 
sandstone. Thin loyers of ash can readily be found throughout the entire 
formation. The base is not exposed, but the unit is at least 250 feet thick 
and is probably very fTMJch thicker. It strikes northwest with a moderate 
nartherly dip. The best sec·tion within the mopped area crops out along 
the south fork of the Kilchis River (plate 1). Similar sediments crop out 
along Cedar Butte road south of the mapped area (figures 6 and 7). 

The shale members of this formation are dark gray, weathering to 
light brO'Wn . The rock is extremely fine grained, and is composed primari­
Iyof silt- and clay-size particles with a few small subangular sand grains 
firmly bound by a siliceous cement. Minerals recognized are quartz, feld­
spar, and a small amount of authigenetic mica. The shale exhibits good 
bedding-plane fracture. 

Of special significance is the foct that fossil leaves of conifers and 
deciduous trees are present in this shale. These indicate a temperate cli­
mate and a shallO'W-water environment of deposition . 

... Value estimated from 2V. 
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Figure 2. (Top) View of the top of Cedar Butte from its south 
flank. The "augite" locality is to the left of the photograph . 

Figure 3. (Bottom) "Augite" locality on the southwest side of 
Cedar Butte. Paft of the butte is visible in the backgfound. Crystal­
bearing vitric tuff unit dips northeasterly. Attitude of the beds is 
assumed to represent i ni tial dips or cross - bedding. 

117 



Table 1. Stratigraphic column of the Cedar Butte orea. 

lithologic Nome 

Basal t flows 

(Disconformity [ ? ] ) 

Upper submarine 

Thickness 
(feet) 

400+ 

brecci a 1 00-150 

Interlayered basal t 
flows and brecc i as 300-325 

Crystal vi tric tuff 100-400 

(Oisconformi ty) 

Palagonitic 
pillow breccia 

lower submarine 
breccio 

320-450 

100 

(Angular unconformity) 

Tuffaceous shale 
and interbedded 
volcanic sandstone 25()t 

Description 

Dense, block amygdaloida l basalt flows 
copping Cedar Butte; cliff former. 

Fine-grained, dark, massive breccia 
containing pillows and stringers of 
basalt; cliff former. 

Interlayered th in-bedded dark, massive 
fine-grained olivine basalt and dark, 
massive submarine breccias; cliff former. 

Green- block to red-brown massive, 
fine- to medium-grained crystal vitric 
tuff; contains pyroxene crystals. 

Interstratified polagonitic pillow 
breccia and lensoidal masses of basalt; 
breccia composed of basalt pillows in 
red -brown tuffaceous matrix. 

Gray -brown, massive submarine breccia 
composed of fragmented volcanic rocks 
in a fine-grained matrix; contains mod­
erately to well-deve loped pil lows; 
cliff former. 

Oark-gray to light-brown fine-grained 
tuffaceous siliceous shale, containing 
fossil leaves and exhibiting good bed­
ding-plane fracture; interbedded with 
gray to red-brown volcanic sandstone; 
cliff former . 
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Figure 4. (Top) Weathered vitric tuff at "augite" locality shO'NS 
abundance of crystals in talus; scale is compared to a dime. 

Figure 5. (Bottom) Rugged topography typical of the Tillamook 
Burn region is illustrated by this view looking northwest down the Kil­
chis River from the Cedar Butte area. 
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Interstratified with the shales are beds 1 to 3 feet thick of coarse­
grained sandstone (?), consisting of angular fragments of shale, pyroxene, 
and dark glass, cemented with silica. 

The volcanic sandstone members are composed of ferruginous, argil­
laceous, sil ty wacke of a gray to grayish-brown color, weathering to dark 
reddish brown. Thicknesses of beds range from 5 to 60 feet. The sandstone 
is massive, fine to medium grained, and poorly sorted. It is composed of 
subangular grains of quartz, plagioclase, lithic fragments, and clay firmly 
bound together with a siliceous cement. The sandstone members are promi­
nent cliff formers. 

No microfossils were observed when representative samples of this 
sedimentary sequence were disaggregated and studied under a binocular mi­
croscope to determine mineralogical composition. 

Lower submarine breccia 

The hJffaceous shale and volcanic sandstone is overlain unconform­
ably by massive diff-forming submarine breccia, which has a uniform thick­
ness of about 100 feet. It is grayish brown, composed of ongular fragments 
of poorly sorted volcanic rocks in a fine - to medium-grained matrix con­
sisting of quartz, zeolites, minor olivine, and unidentified accessory or 
alteration minerals firml y cemented with silica. 

An outcrop along the north fork of the Kilchis River contained a pe­
lecypod, possibly a Unio(?). 

The submarine origin of the breccia is suggested by moderately to 

well-developed pillow structures. Massive, fine-grained breccia exposed 
on slopes south of Cedar Butte has the appearance of pavement (figure 8). 

Palagonitic pillow breccia 

The submarine breccia is overlain conformab ly by 320 to 450 feet of 
interstratified palagonitic pillow breccia and lensoidal masses of basalt. 
The breccia consists of whole or fragmented pillows of fine-grained basalt, 
set in a yellow to reddish-brown tuffaceous matrix and containing blebs of 
sideromelane partly altered to palagonite . Xenoliths of olivine basalt por­
phyry occur throughout the unit. 

This unit was apporently formed by the flowing of basaltic lava into 
water. 

Crystal vitric hJff 

Overlying the palagonitic pillow breccia with a discanformity is a 
crystal-vitric tuff (figures 3 and 9). It is greenish black, weothering to 
reddish brown, massive, fine to medium grained, poorly sarted, and is com­
posed of pyroxene crystals, glass, and iron-beari ng day. 
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Studies of optical properties and crystal morphology gave ambiguous 
results as to the identity of the crystals. X-ray diffraction was employed 
and all the peaks on the resulting graph indicated that the mineral was in 
the diopside-hedenbergite solid solution series. The following lattice planes 
were i dentifi ed for the mi neral: (220), (221), (31 O), (3"11), (13"1), (531), 
and (223). It should be noted that all of the members of thediopside-heden­
bergite series have similar diffraction patterns with respect to the major 
peaks. Mineral analysis performed by the State of Oregon Department of 
Geology and Mineral Industries gave the following average: 

Si02 
AI203 
Fe203 
CaO 
MgO 

50.0% 
7.0 
6.5 

19.5 
17.5 

100.5% 

Comparison of these average analyseswith those given by Deer, How­
ie, and Zussman (1965, v. 2, p. 47-55) indicates that the mineral may be 
a variety of salite, a member of the diopside-hedenbergite compositional 
series. 

The glass is opaque to transparent, being composed of both black 
tachylyte and yellow-orange sideromelane. Subsequent alteration of the 
sideromelane has resulted in the formation of minor amounts of palago­
nite(?}. The concentration of glass is approximately 50 percent. 

The remaining portion of the unit is composed of ferruginous clay and 
minor amounts of secondary silica released during the hydration of the sid­
eromelane. The silica and clay are both cementing agents. 

The uni t has a thickness ranging from less than 100 feet on the south­
west side of Cedar Butte to more than 400 feet on the eastern side, where 
fairly steep ea,sterly dips in cross beds were measured. The unit contains 
laminar bedding and xenoliths of olivine basalt porphyry. 

The very thin-bedded character, the size, and areal extent, suggest 
an airborne deposi t into shallow water. Pelecypods are reported to have 
been found in the unit, supporting the belief that the unit was deposited in 
water (R. E. Corcoran, personal communication). The advancement of a 
basaltic ash flow into water has also been suggested (P. E. Hammond and 
R. E. Corcoran, personal communications). Ash-flow tuffs, however, gen­
erally consist of unsorted pyroclastic debris that would include vesiculated 
rock fragments. Ross and Smith (1960, p. 18) report that generally in sub­
aerial ash flows the most important criterion for recognition of ash-flow 
tuffs is the presence of these pyroclastic rock fragments. The absence of 
such debris and the moderate degree of sorting suggest to the present auth­
ors that the uni t was not an ash-flow tuff. 
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Interlayered bosalt fl ows and flow breccias 

Overl ying the crysta l-vitric tuffis a sequence of interlayered basalt 
flows ond submarine flow breccias 300 to 325 feet thick . The basalt flows 
ore olivine basalt, very dark, massive, fine grained, and composed of plagi­
oclase, pyroxene, lesser olivine, and interstitial glass. Indi vidual flows 
are about 8 to 10 feet thick and have irregular columnar and vertical 
jointing. 

The flow breccias are dark brown to black, massive, and fine grained. 
They contain angu lar fragments of bosalt, ranging in size from one to four 
centimeters and sim il ar in composition to the flows. Minor a lteration has 
resulted in the formation of zeo lites. Th e flow breccias range in thickness 
from 15 to 100 feet. 

The basalts of this sequence are massi ve, hypocrystalline, aphanitic, 
with a trachytic to pilotaxitic texture, and are composed of plagioclase, 
pigeonite, olivine, magnetite, glass, and chlorite. Of the rock, 40 to 45 
percent is plagioclase, occurr ing both as phenocrysts and microlites. The 
phenocrysts, most of wh ich are albite twinned, are zoned, ranging from 
An75atthe core to An50 at the rims. The microlites are a ll a lbite twinned 
and have a composition of An50' 

The pyroxene, making up 30 to 35 percent of the rock, occurs both 
as phenocrysts and in the groundmass. Some crystals are twinned, and 
minor zoning is present. A large portion of the pyroxene shows alteration 
to ch lorite. Interference figures gave a positive 2V of approximately 15 
to 20 degrees and it is probably pigeonite (18 percent Co) . O li vine occurs 
in the groundmass and as phenocrysts, making up 10 to 15 percent of the 
rock . Optica l properties indicate the o li vine is tv'Ig - rich. Alteration to 
serpentine with subsequent magnetite dust is common . Minor amounts of 
g loss (3 to 5 percent) occur as irregular veins and between grains of pyrox­
ene, o li vine, and plagioclase , suggesting rapid coo ling after prolonged 
crysta lli zation. Opaque minerols compose 5 to 8 percent of the rock. 
Alteration minerals, consisti ng of chlorite and iddingsi te(?), constitute 
5 percent of the rock. 

Upper submarine breccia 

Conformably overlying the basa lt flow and flow-breccia sequence 
is a fine-grained, dlTk, massive breccia containing pi ll ows and stringers of 
basalt with well-deve loped columnar jointing. The rock is well indurated 
and consists of 50 percent lithic fragments, 25 percent gloss, 15 percent 
magnetite, 5 percent pyroxene, and 5 percent ol ivine baund by a sili ceous 
cement. The unit ranges from 100 to 150 fee t in th ickness and forms cliffs 
exposed neor the summit of Cedar Butte . 
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Basalt flows capping Cedar Butte 

Amygdaloidal basalt flows overlie the breccia with a depositional 
contact. They are dense and black, with poorly developed primary joint­
ing and intensive fracturing. The units have an exposed thickness of more 
than 400 feet, with the individual flows ranging from 60 to 100 feet. They 
form a resistant cap on Cedar Butte, and weather to form steep cliffs. 

Microscopically, the basalt is hypidiomorphic granular, and has a 
composition of 50 percent plagioclase, 25 percent augite, 7 percent mag­
netite, and 18 percent alteration minerals, primarily chlorite and an uni­
dentified mineraloid. The plagioclase is highly zoned and ranges from 
An40 in the rims to An70 in the cores of the phenocrysts. The microlites 
have a composition of An40. The pyroxene, occurring primarily in the 
groundmass, is lime-rich augite (47 percent Ca)*. 

Basaltic dikes 

The rocks of the Cedar Butte area are cut by several dikes of basaltic 
composition (not mapped) (figure 9). In general, these intrusive bodies 
trend northwesterly and dip steeply northeast, and are probably small feed­
er dikes to the overlying cap rocks. 

The specimen of dike rock studied in this section is a porphyritic 
olivine basalt. It is holocrystalline, fine to medium grained, hypidiomor­
phic granular, pilotaxitic and porphyritic. It contains augite, 40 to 45 
percent; labradori te, 35 to 40 percent; Mg-ol ivine, 8 to 10 percent; mag­
netite, 5 percent; and alteration minerals, 3 to 5 percent. The plagioclase 
phenocrysts have a composition of An64. The microlites are only slightly 
less calcic, having a composition of An56. The pyroxene has a positive 2V 
of 56° and is probably augi te (45 percent Ca)* . A greater percentage of 
the pyroxene occurs in the groundmass, and many crystals are twinned 
along the b-axis parallel to (010)*. The olivine is generally euhedral and 
occurs only as phenocrysts. Optical properties indicate a Mg-rich variety. 
Alteration has resulted in the formation of serpentine and magnetite. Mag­
netite occurs as both a primary and a secondary mineral. 

Composition of the Basalts 

Determining whether a particular flow is a tholeiitic or an alkali­
olivine basalt by means of petrographic data alone may yield results some­
what less than satisfactory, but such a study may serve, at least, to 
indicate !=ompositional varieties. 

Probably the most reliable petrographic criteria for establishing the 

* 2V and twinning data obtained from measurements on the universal stage. 
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Figure 6. (Top) Thic k sedimentary series below the volconics is 
exposed a long the rood to Cedar Butte. 

Figure 7. (Bottom) Close-up view of weathered shale and sand­
stone of figure 6. 
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various types of basalts are modal percentage and mode of occurrence of 
the olivine, ond the Ca-content of the pyroxenes (Wilkinson, 1967) . 

In on alkali-olivine basalt, oliv ine percentage is high, with ol ivine 
generally occurring both as phenocrysts and in the groundmoss. Coexisting 
pyroxene is usuo ll y Ca-rich (Co percen tage >45). In a tholeiitic basalt, 
olivine percentages ore low and themineral generally occurs only as pheno­
crysts. Pyroxene in such a basalt wou ld be Ca-poor (Wilkinson, 1967). 

The previously mentioned doto for the basaltic rocks described ear­
lier ore listed in table 2. 

Unit 

2 

3 

4 

Table 2. Data for compositional character of basalts 
of the Cedar Bu tte area. 

Vol. 
f.Aode of occur. 

% olivine of olivine 

30 P&G 

23 P&G 

8-10 P 

0 

P = Occurs as phenocrysts 
G = Occurs in the groundmass 

%Ca in 
pyroxene 

-40 

-18 

- 45 

-47 

Unit 1. Olivine basalt porphyry; oldest unit, probably underlying 
mopped area. 

Unit 2. Basalt from the bosalt flow - flow breccia sequence. 
Unit 3. Basalt from dike intrud ing unit 2. 
Unit 4. Basalt from youngest flows copping Cedar Butte. 

From the data presented, no confident conclusions can be drawn. 
The results are somewhat ambiguous and sometimes conflicting. Unit 1, 
however, does seem to approxi mote the chorocteristics of on al ka li -olivine 
basalt, while the modo I percent and mode of occurrence of oli v ine in units 
3 and 4 may indicate a tholeiitic character similor to that of Columbia 
River Basalt. 

f.Aore reliable results cou ld be obtained through wider and more sys­
tematic sampling, and detailed chemical and petrographic analysis . It is 
hoped that in the near future such a study will be undertaken. • 
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Figure 8. (Top) Fine-grained volcanic breccia forms massi ve 
pavement - like outcrops south af the mapped area. 

Figure 9. (Bottom) Small basalt dike which marks minor offset in 
the vitric tuff bed was probably one of the feeders for the basalt cap 
on Cedar Butte. 
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Structural Geology 

The most significant structural feature of the Cedar Butte area is the 
angular unconformi ty between the older sedimentary sequence and the over­
lying volcanic rocks. The older sedimentary sequence strikes northwesterly 
and dips variably to the northeast. The younger volcanic rocks are nearly 
horizontal or are dipping gently to the west-northwest (plate 1). 

The rocks are complexly faulted in both northeast and northwest di­
rections. The faults in general are high-angle normal ones with small to 
moderate displacement; some strike-slip movements were also interpreted. 
Mapping was on too small a scale to detect the large-scale regional fold­
ing noted by Snavely and Wagner (1964). 

Summary and Conclusions 

Cedar Butte, located in the northern Coast Range of Oregon, consists 
of a sequence of basalt flows, basaltic pillow lavas and submarine breccias, 
unconformably overlyi ng sparsely fossi I iferous tuffaceous shales and volcanic 
sandstones. The leaf fossils within the sedimentary rocks indicate a tem­
perate climate and a shallow-water environment of deposition. The sedi­
mentary rocks appear to have been derived from volcanic rocks. Later 
volcanism is indicated by basalt flows, flow breccias, and a crystal-vitric 
tuff. Pillow lavas, pillow palagonite breccias, palagonitic breccias, and 
submarine breccias indicate the volcanism was dominated by submarine ac­
tivity. It is probable that the sedimentary sequence is part of the Ti lIamook 
Volcanic Series of middle to late Eocene age. 

The presence of the angular unconformity between the Eocene sedi­
mentary sequence and the younger volcanic sequence, and the possible 
tholeiitic character of the younger basalts suggest to the authors that these 
basalts may be related to the Columbia River Basalt of Miocene age. 
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* * * * * 

DATE OF MARMES MAN CONFIRMED 

Ancient human remains at the Marmes rockshelter site in the southeastern 
part of Washington are now established as about 10,000 years old, accord­
ing to scientists of the U.S. Geological Survey and Washington State Uni­
versity. Confirmation of the dating was announced recently by Dr. Meyer 
Rubi n, head of the U. S. Geologi cal Survey Radi ocarbon Dati ng Laboratory 
in Washington, D.C., and by Professor Roald Fryxell of Washington State 
University's Laboratory of Anthropology. 

Samples of bone from skulls, charcoal from firepits, and residue from 
decayed vegetation that grew at the excavation site were analyzed. Age 
of the specimens was determined by using the radiocarbon method. An ad­
ditional check was provided by Dr. Minze Stuiver, head of Yale Universi­
ty's Radiocarbon Laboratory, who analyzed samples of shells from freshwater 
molluscs which lived in the nearby Palouse River shortly after the occupa­
tion of the Marmes site, and also shells discarded on the floor of the site. 

The Marmes site has attracted international attention since the dis­
covery of skull remains in 1965, not only because of the great age of the 
human skeletal remains, but also because of the unique sequence of these 
remains, artifacts, fossil animal bones, and geological record from the site, 
ranging in age from the 10, OOO-year-old skeletons in the lowest layer to 
remains of an individual who died only 2000 years ago. Hopes of preserv­
ing the site were set back in February, 1969, when a protective leveefailed 
to save it from water backing up behind Lower Monumental Dam on the 
Snake River in Washington. 

The dating of the Marmes site corresponds fairly closely with that as­
signed to the Fort Roc k sandals (9050 B. P.) in northwestern Lake County, 
Oregon. The sandals, discovered about 30 years ago by Dr. Luther Cress­
man, head of the Department of Anthropology at the University of Oregon, 
represent the oldest known artifacts in North America. 

* * * * * 
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OMEGA MINES USES BORING MACHINE 

Pictured above is the raise boring machine used recently by Omega Mines 
in the drilling of a 4-foot-diameter interconnection between levels on the 
company's property at Bourne, Boker County I Oregon. Ted Corcoran (left) 
is superintendent of the mine; Alf Madson (right) is operator of the equip ­
ment. 

Machines of this type first drill a pilot hole between leve ls and then, 
with the reomer bit attached, enlarge the hole from the bottom up. The 
raise now completed by Omego was bored over a distance of 150 feet for 
the dual purpose of enhancing subsurface ventilation and providing an emer -
gency 01 fernote escapeway for sofety purposes. (Continued on page 132) 
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Insofar as is known, this is the first time a raise has been bored by a 
machine of this type and size in any mine in Oregon. This particular proj­
ect represents only part of Omega's continuing program of developing and 
appraising ore reserves on their extensive holdings in the Bourne area. 
Plans for the summer include a massive diamond-drilling effort from both 
surface and subsurface locations and the driving of a considerable footage 
of new workings in the form of both drifts and crosscuts. 

The more noteworthy properties now part of Omega's holdings include 
the old E & E, Tabor Fraction, North Pole, Golconda, and Columbia mines. 
During the fore part of the century these properties were operated as indi­
vidual mines under separate ownership and management; however, all prop­
erties overlie portions of the outcrop of what is believed to be the longest 
and widest continuous gold-bearing shear zone in Oregon. Omega's pro­
gram for exploring and developing this lode therefore rates as a truly major 
project of far-reaching significance. (Photograph by Jerry Herman, cour­
tesy of the Democrat-Herald, Baker, Oregon.) 

* * * * * 

MINERALS YEARBOOK AVAILABLE 

The U. S. Bureau of Mines has issued its MI NERALS YEARBOOK for 1967. 
The four-volume statistical publication is for sale by the Superintendent of 
Documents, U.S. Government Printing Office, Washington, D.C. 20402. 

Volumes I and (( (under one cover), priced at $6.25, summarize all 
metals, minerals, and fuels; Volume III, at $5.25, contains the domestic 
area reports; and Volume IV, at $5.25, has the international area reports. 
All of the volumes are clothbound. 

* * * * * 

WILLAMETTE VALLEY SOILS DESCRIBED 

"Geomorphology and soils, Willamette Valley, Oregon," by C. A. Balster 
and R. B. Parsons, has been published as Special Report 265 by the Oregon 
State University Agricultural Experiment Station in cooperation with the 
Soil Conservation Service of the U.S. Department of Agriculture. The 
31-page publication, including a geomorphic-soi Is map, is available from 
the Agricultural Experiment Station, Oregon State University, Corvallis, 
Oregon 97331. There is no charge for single-copy orders. 

The report demonstrates the time sequence of landscape development 
and establishes the relation of the soils of the valley to the geomorphic units. 

* * * * * 
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Introduction 

o 

Cape 81anco 

Figure 1. I ndex map of a portion of the 
southern Oregon coast showing 
area of study. 

An investigation of heavy minerals and 
heavy metals in coastal streams of south­
western Oregon was begun in 1967 in 
conjunction with the Heavy Metals Pro­
gram conducted by the U. S. Geological 
Survey. A part of this research involved 
study of the origin and distribution of 
heavy minerals in the drainage basin of 
the Sixes River, located north and east 
of Cape Blanco (see figure 1). The Sixes 
River is a short, moderately high-gradient 
stream that drains a diverse terrane of 
igneous, sedimentary~ and metamorphic 
rocks ranging in age from Jurassic to 
Holocene (Wells and Peck, 1961). 

The surface detritus that composes 
the bars and the stream bed of the river 
is mainly gravel with an interstitial sand 
content, at most locali ties, rangi ng from 
about 15 to 30 percent. Small "patches" 
of sand occupy the more protected parts 
of the bars and the stream bed at many 
places along its course, but sand-size 
material becomes dominant only in the 
extreme lowermost part of the Sixes es­
tuary. Th i s paper reports the resu I ts of 
a study of the size and composition of 

the sand-size heavy minerals contained interstitially in the surface gravels of the 
Sixes River and its tributaries. 

* Assistant Professor of Geology, University of Oregon, Eugene, Oregon. 
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Methods 

Samples were collected at 75 localities (figure 2) situated along the river and 
the beach extending about 1 mi Ie north and south of the river, and three or more 
samples were taken at most localities in order to evaluate local variations in heavy 
mineral content. Each sample, of about 2 kilograms size, was collected at a depth 
of 12 to 18 inches below the surface. The samples were dried and sieved through a 
2.0 mm sieve to separate the sand-size material from the gravel. Approximately100 
grams of the sand-size material was split from the bulk sample with a microsplitter 
and separated in tetrabromoethane (sp. gvty. 2.96) into light and heavy fractions. 
The heavy fraction was washed in acetone, weighed, and sieved through a ~ <1> set of 
sieves ranging in size from -0.5 <P (1.41 mm) to 4.5<1> (0.044 mm). Magnetite was 
removed from each ~ <I> size group of the heavy fracti~n and weighed. Mean size of 
total heavy minerals {tncluding magnetite} and of magnetite alone was computed sta­
tistically by computer methods. About 135 samples were analyzed to determi ne the 
content and size of total heavy minerals and magnetite, and about 80 samples were 
analyzed petrographically. 

Petrographic analysis was made of the 80 to 120 mesh (0.177 mm - 0.125 mm) 
size fraction of the heavy mi nerals from which magneti te had been removed. Pre­
liminary examination of several size fractions showed that this size fraction offered 
the best compromise between minimum amount of rock fragment contaminants, a suf­
ficiently large number of grains to make an adequate analysis, and a grain size that 
could be readily studied in grain mounts. Grains were cleaned in an ultrasonic tank 
and mounted in AROCHLOR 4465 (Monsanto Chemical Co.), which has an index of 
refraction of 1.660 - 1.665. The relatively high refractive index of AROCHLOR 
greatly facilitates identification of certain minerals such as the amphiboles. Two 
samples from each of 29 selected localities, and single samples from 21 other locali­
ties were examined petrographically. The point counting procedure consisted of first 
counting 300 grains to establish the relative percentage of rock fragments, "cloudy" 
grains, opaque grains, and non-opaque grains. Counting then continued, with only 
non-opaque grains being counted, until a total of at least 200 non-opaque grains had 
been identified and counted. "Cloudy" grains are those grains that are too badly 
altered for identification; in most cases they appear to be single grains, but some 
are probably rock fragments. 

Distribution of Heavy Minerals 

Total heavy minerals 

The distribution of heavy minerals in the Sixes River and its tributaries is sum­
marized in figure 2, which shows the average percent of total heavy minerals (includ­
ing magnetite) in the sand-size fraction of the samples at each sample locality. The 
values shown are the averages of two to three samples in most cases; however, a few 
are single-sample values. Average heavy mineral content of the sand-size material 
ranges from about 1 percent to 6 percent; most of the samples contain 2 to 5 percent 
heavy minerals. 

The Sixes River drains a diverse geologic terrane with a variety of igneous, 
sedi mentary, and metamorph ic rocks exposed throughout the drai nage basi n. This 
heterogeneity of source rocks and consequent mixing of heavy minerals in the various 
tributaries and the main stream leads to a poorly defined concentration gradient 
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Figure 2. Concentration of total heavy minerals in the sand-size fraction of surface 
gravels in the Sixes River drainage basin. 
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Figure 3_ Average mean size of total heavy minerals in the sand-size fraction of 
surface gravels in the Sixes River drainage basin. 

135 



within the basin; however, highest heavy mineral concentrations are generally in 
the upper, or eastern, portion of the drainage system. Note that the heavy mineral 
content of certain tributaries, notably Dry Creek, Beaver Creek, Sugar Creek, and 
the extreme headwaters of South Fork, are particularly impoverished in heavy miner­
als. The heavy mineral content of deposits in the main Sixes channel appears to 
decrease gradually, but not uniformly, downstream. Wi th the exception of the tribu:­
taries mentioned above, most samples from the upstream portion of the drainage sys­
tem contain 3 to 6 percent heavy minerals in the sand-size fraction of the gravel; 
those in the middle reach of the Sixes contain 3 to 4 percent, and those from the low­
ermost3 t04 miles of the main channel contain 1 t03 percent heavy minerals. With 
minor exception, samples from the beach also have comparatively low heavy mineral 
content (1 t04 percent) relative to samples from the headwaters of the drainage basin. 

Petrographic analysis shows that a large percentage (more than 50 percent in 
many cases) of the heavy grains in the stream samples are rock fragments, and the 
percentage of rock fragments increases with increasing size of the grains. The gen­
eral decrease in content of heavy grains in the main Sixes channel in the downstream 
direction may be due both to breakdown of some of the heavy rock fragments into con­
stituent grains (thereby reducing the mass of the heavy grains), and to "dilution" of 
the heavy mineral content of lower Sixes sediments because downstream tributaries 
furnish less heavy minerals to the main channel than do upstream tributaries. 

Figure 3 shows the average mean size of total heavy minerals in the sand-size 
fraction of the samples. The values are the averages of the mean sizes of two to three 
samples from most sample localities. Average mean size of the heavy grains ranges 
from less than 0.5 mm to more than 0.8 mm. The average mean size of the heavy 
minerals in the upper portion of the drainage system, particularly in parts of South 
Fork, Middle Fork, and North Fork and its tributaries, is generally larger than in 
the lower portion of the basin. However, average mean size of heavy minerals in 
samples even from the lowermost portion of the Sixes estuary is quite large, ranging 
up to 0.6 mm. This large mean size is mainly due to the abundance of rock fragments 
in the heavy fraction, as indicated above. 

Magnetic heavy minerals 

Magnetic grains were removed from each size fraction of the heavy minerals by 
passing a magnet over the grains; all grains were removed which adhered to the mag­
net while held a very short distance above, but not in contact with, the grains. Two 
to three passes were made over the grains to insure complete removal. The magnetic 
grains in the finer size fractions (less than about 0.125 mm) are mainly magnetite 
and ilmenite. In the coarser fractions, however, many of the magnetic grains are rock 
fragments which contain enough magnetite to cause them to be attracted to the mag­
net. No practical way was found to prevent inclusion of the rock fragments during 
the process of removing the magnetite. The data which follow with regard to concen­
tration and size of magnetite necessarily include these magnetic rock fragments. Be­
cause the amount of rock fragments increases with increasing size of the grains, these 
fragments have a pronounced effect on the apparent size and concentration of mag­
netite, and it must be realized in studying these data that both the concentration and 
size of the magnetic grains, exclusive of rock fragments, are probably less than the 
figures shown. 

Figure 4 shows the average magnetite concentration at each sample locality. 
Average values range from less than one-tenth percent to more than seven-tenths 
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Figure 4. Concentration of magnetic heavy minerals in the sand- size fraction of 
surface gravels in the Sixes River drainoge basin. 
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Figure 5. Average mean size of mognetic heavy minerals in the sond-size 
fraction of surface grovels in the Sixes River drainage basin. 
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36 2.3 97.7 18.5 2.0 2.0 5.0 30.0 11.5 3.5 1.0 15.5 1.0 3.5 2.0 1.0 

0.5 2.0 

1.5 0.5 3.0 

0.5 3.0 

15 30 4.9 95.1 20 0 1.5 20 5.0 20.0 4.0 4.5 1.0 22.0 1.5 6.5 6.0 1.0 0.5 1.5 2.0 1.0 

6 36 2.4 97.6 195 2.5 5.5 24.5 9.0 3.5 1.0 14.5 1.0 3.0 8.5 0.5 05 1.5 1 5 2.5 

6 31 3.5 96.5 23.5 0.5 10 6.0 24.5 6.0 3.0 1.5 17.5 1.0 9.0 3.5 1.0 0.5 1.0 0.5 

11 34 3.8 96.2 22.5 0.5 1.0 4.5 21.0 8.0 4.0 1.5 15.5 1.0 5.5 9.0 1.5 2.0 1.0 1.5 
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percent of the saod-size material. In general, !here is fair correlation between mag­
netite content and total heavy min~ol content; that is , most samples that have a 
high total heavy mineral content also have a high magnetite content. A close com­
parison of figures 2 and 4, however, reveals some discrepancies. Although the dis­
tribution of magnetite in the drainage bosin does not exhibit a particularly strong 
trend, certain ports of South Fork, Middle Fork, Elephant Rock Creek, and Edson 
Creek appear to have the highest magnetite concentrations (ranging from about five­
tenths percent to more than seven-tenths percent of the sand-size fraction). Magne­
tite content decreases slightly in the downstream direction and the content of magne­
tite in the sand-size fraction of most samples from the lower port of the Sixes channe l, 
the estuary, and the beach is less than three-tenths percent. 

Figure 5 shows the grain-size distribution of magnetite within the Sixes drain­
age bosin. The average mean size of magnetite exceeds 0.8 mm at a few localities, 
but at most localiti es is less than 0.5 mm. With the exception of Crystal Creek, ov­
erage mean size is sam_hot larger in that port of the drainage system upstream from 
the iunction with South Fork than in the downstream portion of the basin. Otherwise, 
no particular pattern of size dislTibution is apparent. A comparison of the overage 
mean size of magnetite with the overage mean size of total heavy minerals in indi­
vidua l samples shows that the mean size of magnetite is slightly smaller in most cases 
than the mean size of total heavy minerals. This is consistent with the principle of 
hydraulic equivalency by which smaller, heavier groins (in this case magnetite) 
wou ld be expected to be deposited together with larger, lighter groins (nonmagnetic 
heavy minerals). 

Non-magnetic heavy minerals 

The data obtained by analysis of the 0.177 mm - 0.125 mm size fraction is 
summarized in table I. This table shows that magnetic opaque groins (removed prior 
to petrographic analysis) compose about I percent to more than 35 percent of the to ­
tal heavy minerals in this size fraction, a lthough the maiority of samples contain be­
tween 3 to 20 percent. Some samples from the extreme lower portion of the Sixes 
estuary, and all samples from the beach have markedly lower magne tite conte nt than 
most of the other river samples. Nonmagnetic opaque minerals range in abundance 
from about 5 percent to 47 percent of the nonmagnetic fraction. The oreal dislTibu­
tion of these nonmagnetic opaque groins is quite random, but li~e the magnetic opaque 
grains, the beach samples contain significantly less nonmagnetic opaque groins than 
do most of the river samples. No attempt hos been made to identify the nonmagnetic 
opaque grains, but they are probably mainly ilmenite and chromite. 

Table I shows that the percentage of rock fragments in the 0.177 mm - O. 125 
mm size froction of the heavy minerals ranges from 18 percent to 62 percent. At first 
it wos thought that the eXlTemely high content of rock fragments might be due to im­
proper seporations , but study of the non-opaque fracti on of the heavy minerals shows 
that there is very little contamination with light minerals such os quartz and feldspar; 
therefore, the rock fragments must contain enough heavy groi ns to increose their spe­
cific gravity above 2.96. Although no quantitative counts were mode of rock frag­
ments in the progressively coarser size fractions, the content of rock fragments in these 
coarser sizes must be significantly high er than that in the 0.177 mm - 0.125 mm 
fraction. The extremely high rock-fragment con tent of the heavy mineral fraction of 
Sixes River samples appears to be due to the very fine groin size of many of the source 
rocks and to the proximity of the sample sites to the saurce rocks from which the groins 
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were derived; that is, the rock fragments have not undergone adequate weathering, 
transportation, and reworking to cause them to break down into their constituent 
heavy mi nera I grai ns. 

Figure 6 is a generalized rock-type map of the Sixes River drainage basin 
which shows the major types of source rocks in the basin. This map, compiled mainly 
from work by Baldwin {Baldwin and Boggs, 1969} and Lent (1969), provides a refer­
ence framework for relating the heavy minerals from given sample sites to the prob­
able source rocks of these minerals. The major rock types include sandstone, siltstone, 
and mudstone of the Otter Point Formation (Jurassic), Rocky Point Formation (Creta­
ceous), and Umpqua Formation (Tertiary); conglomerate mainly in the Humbug Moun­
tain Conglomerate (Cretaceous); argillite, sandstone, and greenstone in the Galice 
Formation (Jurassic); quartz-mica schist and phyllite, and greenstone in the Cole­
brooke Schist {Jurassic}; glaucophane schist and serpentinite which occur in scat­
tered "pods" that are difficult to relate to specific formations; diorite and quartz 
diorite {Jurassic} intruded into the Galice Formation and Humbug Mountain Conglom­
erate; and volcanic rock of various compositions which belongs to the Galice Forma­
tion and the Otter Point Formation. Note that the metamorphic rocks of the Cole­
brooke Schist and the serpentinite and glaucophane schist bodies all occur on the 
north side of the Sixes River, whereas intrusive igneous rocks and argillite are con­
fined to the south side of the river mainly in the headwaters of South Fork. Other 
rock types are scattered throughout various parts of the basi n. 

The composition of the non-opaque heavy minerals is given in table I, and the 
distribution of these minerals within the Sixes River basin is shown graphically in fig­
ure 7. The dominant mineral species in the basin is clinopyroxene, which predom­
inates at almost every locality. The ratio of clinopyroxene to other heavy minerals 
is particularly high in such tributaries as Edson Creek, Elephant Rock Creek, Dry 
Creek, and Middle Fork, and clinopyroxene is clearly the dominant mineral in essen­
tially all samples from the main Sixes channel. The clinopyroxene is mainly colorless 
to pale green augite and diopside, but in some tributaries, particularly Edson Creek 
and Crystal Creek, there is abundant moderate- to deep-brown clinopyroxene with 
pale, purplish-brown pleochroism. This is called "titanaugite" in table I, although 
it was not positively identified optically as titanaugite. Minor amounts of "titanau-
gite" are found in most of the samples. ' 

Orthopyroxene, which is not particularly common in the Sixes drainage, con­
sists mainly of enstatite. Except in some samples from the lower part of the Sixes es­
tuary, hypersthene rarely occurs in amounts exceeding about 2 percent, and was not 
found at all in many samples. Some samples from the lower part of the estuary contain 
3 to 5 percent hypersthene, much of which is distinctly different from the hypersthene 
found in other parts of the river. Samples from the beach also contain higher hypers­
thene content, averagi ng about 5 percent; much of this also differs in appearance 
from the Sixes hypersthene and is probably from a different source. Hypersthene 
brought into the river from the beach probably accounts for the higher hypersthene 
content of the lower part of the estuary. 

Amphibole is the second most-abundant type of heavy mineral in the Sixes drain­
age. Green, blue-green, and red-brown amphibole and glaucophane are all reason­
ably common. As shown by figure 7, green and red-brown hornblende together are 
generally more abundant than blue-green hornblende. However, in some tributaries 
such as Crafton Creek, Hays Creek, and Sugar Creek, which drain schist bodies (see 
figure 6) blue-green hornblende exceeds green and red-brown hornblende. Only at 
one locality in the headwaters of South Fork does amphibole exceed pyroxene in 
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abundance. This locality is only a few miles downstream from a small quartz diorite 
stock. Analyses of samples from this intrusive by E. H. lund (Baldwin and Boggs, 
1969) ~ that the quortz diorite contains about II percent hornblende and about 
2 percent accessory heavy minerals including magnetite, sphene, and apatite. 

Glaucophane, tagether with epidote (including some clinozoisite ond zoisite), 
garnet, and zircon ore common constituents of the moin Sixes channel and of most of 
the tributaries which drain the north slope of the Sixes bosin. The rock-type mop 
(figure 6) shows that numerous small bodies of blue schist are exposed in the middle 
and upper portions of the bosin along the north slope. R. l. lent (1969) analyzed a 
number of samples from these blue-schist bodies, and reports high percentages of glau ­
cophane and epidote, as well as some garnet. A por tion of the Coleb..ooke Schis t 
thrust plate, exposed within the Sixes basin, strongly in fl uences the heavy mineral 
assemblages in Edson Creek and Crystal Creek in particular. lent reports some glau ­
cophane in the basal port of the Colebrooke Schist, together with epidote, clinozoi­
site, zoisite, and other heovy minerols. The strong influence of the metamorphic 
bodies on the heavy minerol assemblages of the various tributaries is evident by com ­
poring the mineral assemblages from the tribu taries which drain the north slope of the 
basin with those which drain the south slope. Metamorphic rocks are not present in 
the south -slope drainage, and the southern tributaries, notably South Fork, Middle 
Fork, and Dry Creek 011 have heavy mineral assemblages which are devoid of glau ­
cophane and impoverished in epidote, cl inozoisite-zoisite, garnet, and zircon. 

Samples from North Fork, in particular, and from a few other localities contain 
on unusual heavy mineral with abundant bubble inclusions . This mineral, which com­
poses about 4 to 13 percent of the heavy minerals in the O.ln - 0.125 mm size frac ­
ian in samples from North Fork, could not be positively identified in grain mounts. 
Dr . Adolph Pobst (Uni versity of California) kindly offered to make a single crystal 
x-ray analysis of the mineral. Dr. Pobst reports that the crystals ore orthorhombic, 
biaxial posi tive, 2V 4(]' :!: 10" (not measured directly), cell dimensions: a '" 
7.147 A, b = 8.872 A, c = 5.450 $.., ond he identifies the mineral as barite. 

Borite is not a particularly common detrital mineral, and its abundance in the 
stream sediments of the North Fork drainage is surprising. It is a common gangue 
mineral in metalliferous hydrothermal veins, and it occurs as vein or cavity fillings 
in various types of rocks; however, the ultimate source of barite in the North Fork 
drainage is not known at this lime. In addition to its occurrence in North Fork, 
smal l amounts of borite were found in many samples from the main Sixes channe l, but 
abundance decreased sharply downstream from North Fork. Thi s is probobly due 
mainly to "dilution" in the lower port of th e stream, but decrease in abundonce 
downstream mi ght be the result of mechanical destruc tion of th e relati vely soft (3 -3.5 
hardness) borite groins. 

A few other minerals such as sphene, sillimanite, and biotite were identified 
in troce amounts in 0 number of samples, and some groins in cerlain samples could 
not be identified due to alteration of the grains or inability 10 measure optical prop ­
erties. In figure 7 these unidentified groins and the minor heavy mineral species are 
all included in the "other" category. 

Figure 7 shows that the non-opaque heavy mineral composition of samples from 
the middle and lower reaches of the moin Sixes channel, excluding the estuory, is 
reasonably constant and reflects the mixing of heavy mineral suiles from the various 
upstream tributaries. A distinct change in relati ve abundance of the various mineral 
species is evident, however, in samples from the extreme lower portion of the Sixes 
estuary, and particularly in samples collected along a stretch of the beach about 1 
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mi Ie north and south of the mouth of the Sixes River. The ratio of total amphibole to 
total pyroxene increases slightly in the lower part of the estuary, and increases mark­
edly on the beach to the point where amphibole equals or exceeds pyroxene. Also, 
the proportion of both epidote minerals and garnet increases in the lower part of the 
estuary and on the beach. There are al so marked di fferences in appearance of certai n 
heavy minerals; some of the green hornblende from the lower estuary and the beach 
is very highly colored and almost opaque. No such hornblende was found in any 
sample from the remainder of the Sixes drainage. As mentioned in a preceding sec­
tion, hypersthene from the lower estuary and beach differs from that in the upper por­
tion of the Sixes; it is generally more elongated and euhedral, and the pleochroism 
tends to be much stronger. A mineral tentatively identified as staurolite was found 
in many beach samples, but did not occur in any samples from the river. 

These data indicate that the heavy mineral suite on the beach and in the lower 
portion of the estuary has been affected by mixi ng of some heavy mi nerals from a 
source other than the Sixes River. The fact that the heavy mineral assemblage of the 
lower portion of the estuary closely resembles that of the beach suggests that heavy 
minerals are being transported from the beach up the estuary a short distance and de­
posited along with other heavy minerals moving down the Sixes River. This is further 
substantiated by the fact that many heavy mineral grains from the beach and from the 
lower estuary are moderately well rounded. Most heavy mineral grains of this size 
from other samples within the Sixes basin, however, are angular to subangular; even 
heavy minerals from tributaries such as Dry Creek which drain only sandstone terrane 
(grains obviously polycyclic) are generally quite angular. In fact, the only moder­
ately well-rounded heavy mineral grains found in any sample, exclusive of those from 
the lower estuary and beach, came from samples collected in Crystal Creek. The 
headwaters of Crystal Creek are incised into the Colebrooke Schist, and these rounded 
grai ns may be second-cycle grains derived from the Colebrooke. Small patches of 
marine terrace sand are also preserved within the Crystal Creek drainage, however, 
and these may possibly have furnished the rounded grains, many of which are zircon. 

Summary 

Surface detritus of the Sixes River consists mainly of gravel with an interstitial 
sand content of approximately 15 to 30 percent at most localities studied. The total 
content of heavy minerals in the sand-size fraction of the gravel ranges from about 1 
percent to 6 percent, and magnetic heavy grains make up about one-tenth to seven­
tenths percent of the sand-size material. Rock fragments are extremely abundant con­
stituents of the sand-size detritus and compose more than 50 percent of many samples. 
The high percentage of rock fragments in both the total heavy mineral fraction and 
the magnetic heavy fraction results in a comparatively large mean size for these grains 
at most localities. The mean size of the total heavy grains and the magnetic heavy 
grains in the sand-size fraction of the gravel which the Sixes River furnishes to the 
ocean is almost one-half millimeter. 

Study of the 0.177 - 0.125 mm size fraction of the non-opaque heavy minerals 
shows that clinopyroxene is the most abundant heavy mineral species in the Sixes Riv­
er drainage basin, and is followed in abundance by monoclinic amphiboles; these 
include green and red-brown hornblende, blue-green hornblende, and glaucophane. 
Orthopyroxene (mainly enstatite), epidote, garnet, and zircon are common in many 
of the tributaries and in the main Sixes channel. Barite occurs in moderate abundance 
in some tributaries, particularly North Fork. 
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Hornblende increoses in abundance at the expense of clinopyroxene in the 
lower port of the Sixes estuary, and some new types (colors) of hornblende appear. 
Hypersthene is uncommon throughout most of the Sixes drainage, but increases in 
abundance in the lower port of the estuary and on the beach. These changes in min ­
erai composition in the lower estuory, accomponied by marked increase in roundness 
of heavy mineral groins, indicate that some of the heavy minerals have their source 
outside the Sixes River droinage basin, and were brought into the lower port of the 
estuary from the beach. 

Source rocks which furnish heavy minerals to the Sixes River and its tributaries 
include sandstone, siltstone, and mudstone of the Oller Point Formation (Jurassic), 
Rocky Point Formotion (Cretaceous), and Umpquo Formation (Tertiary); the Humbug 
Mountain Cong lomerate (Cretaceous); argillite, sandstone, and greenstone in the 
Galice Formation (Jurassic); quartz- mica schist and phy ll ite and greenstone in the 
Colebrooke Schist (Jurassic); glaucophane schist and serpentin i te; and volcanic ig­
neous rock of various compositions (Jurassic). 
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INTERIOR URGES NATIONAL MINERALS POLICY 

Hollis M. Dole, Assistant Secretory of the Interior for Mineral Resources, spoke be­
fore the Wyoming Mining Association at its convention on June 20 and urged its sup­
port for a National Minerals Poli cy. The following paragraphs are quo ted from his 
address; 

On July 9 hearings will begin on S. 719, a bi ll to establish a Notional Min­
erals Palicy. This bill, introduced by Senator Al lott of Col orado and amongst others 
cospcn$ored by Senators Hansen and McGee is, in my opinion, one of the most im­
portant bills in Congress with which your Assoc ia tion shou ld be interested. It is nat 
only impor tant to the Wyoming Mining Association and i ts members, it is important to 
all the people of Wyoming , ond to al l the people of the U.S. 

The hearings on this bill are important because they provide a forum call ing 
the attention of all the people of the country to the tremendous quantity of mineral 
raw materials that will be needed in the coming years. You know that to provide 
this requirement wil l toke years of searching, billions in investment with a high risk 
factor, and many years of mining effort. You know this -- but unfortunately the man 
in the street doesn't. He buys his metal in the form of fabricated goods from the store, 
in accord with his requirements, never real izing that the metal he uses today may 
have taken many years to get to him. 

All forecasts on mineral needs for the fu ture indicate that our industry will be 
hard pressed to furnish the basic materials that go into the color TV's, cors, air con ­
ditioners, baats and the thousands of other items we accept as necessary today and 
the many new items of tomorrow that will be added to our descendants' everyday liv­
ing needs. The hearings on S. 719will be the opportunity to reveal the basic char­
acter of the mineral industry, because effort taday is needed to prevent constraints 
on tomorrow's affluence. Unless the man in the street recognizes that his future is 
at stoke in the minera ls industry, he will cont inue to underestimate your requirements. 
The result wi ll be ever-increasing restraints on explorat ion and mining, a greater de­
pendence on overseos sources of supply with its accomponying erosion of national se­
curity and a continuing decl ine in the number and calibre of students studying earth 
sc iences in our universities. Perhaps the latter is the mast important problem, for it 
is going to take keen and imaginative minds to provide for the future. If you think 
getting a man on the lVIoon is glamorous, look at what is being currently planned or 
is on the drawing boards for the mineral industry; nuclear stimulation for gos, nu­
clear fracturing followed by leaching for copper, in $itv retorting of oil sha le, com­
bustion drive for oils liquefaction and gassification of coal, offshore mining, offshore 
drilling in thousands of feet of water, rapid excavation underground, use of nuclear 
explasives to open new gas and oil fields in the West, mine mouth power generation, 
recovery of uranium from mine wastes, and new methods of determining open pit mine 
stabil i ty; and Wyoming can take pride in the fact that it is to be the site fOf several 
of these experiments . 

50 I urge you, join with me in giving wholehearted support and full testimony 
at the hearings to be held on our National Minerals Poli cy. If you can 't attend, 
submit written statements, for I warn you, if due significance isn't given to the real 
value of our mineral industry today -- the minerals shortages could well became a 
social problem of the future. (American Mining Congren Memorandum, June 23, 
1969.) 

* " .. .. * 
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ASSESSMENT WORK DEADLINE NEARS 

Assessment work on claims located on the Public Domain must be completed by the 
end of the assessment year, which is September 1st. At least $100 wor th of labor and 
supplies must be expended on each located c laim each assessment year, The work 
must be of benefit to the claim. Where severa l claims in a group ei ther side-line or 
end -line each other, al l of the ossessment work may be done on one claim, provided 
that the work is of benefi t to all of the c laims. Immediately upon completion of the 
work a Proof of l abor affidavit should be completed and filed at the County Court 
House for the county in which the claim is located, Mining claimants having claims 
located on 08. C lands or po'Her sites which are administered by the U.S. Bureau of 
land Manageme nt must send a copy of the affidavit to the Bureau's Oregon State 
Office, p, 0, Sox 3965, Portland, Oregon 97208. 

* * * * * 

MINERA L AND WATER RESOURCES OF OREGON PUBLISHED 

"Mineral and Water Resources of Oregon," prepared by the U.S. Geological Survey 
in cooperation with the State of Oregon Department of Geology and other agenc ies, 
is expected to be avail able by the end of th is month and will sel l for $1, 50. 11 can 
be obtained from the Deportment's offices in Portland, Boker, and Grants Poss. 

The 462- page book contains two sections. Section 1, Geo logy and Minera l 
resources, describes the geolagy of Oregon and presen ts informotion on the known 
and potentia l mineral resources. Section 2, Water Resources and Development, deals 
wi th quantity, qual ity, and distribution of surface and ground water and wi th its uti 1-
ization. The report is one of a series of state mineral and water resource summar ies 
prepared for use of the U.S. Senote Committee on Interior and Insular Affai rs, and 
now mode avail able to the public. The Oregon report was commissioned by Senator 
MarkO. Hatfie ld. A. E. Weisse nborn, U.S. Geological Survey, Spokane, Wash., 
was in charge of assembl ing, organizing, and editing the contents. Many authors, 
including geologists and engineers wi th the Depor tment, contributed to the report, 
wh ich is being issued as Deportment Bulletin 64. 

* * * * * 

AN DES ITE PROCEEDINGS PRINTED 

"Praceedi ngs of the Andesi te Conference," edi ted by Dr. A. R, f-kBirney, Head of 
the Department of Geology at the University of Oregon, has been published by the 
Slate of Oregon Department of Geology and Mineral Industries 0$ Bulletin 65, and 
wi ll soon be avail able for distribution a t $2.00 per copy. The 200- page bulletin con ­
tains a group of papers representative a f the topics and views discussed at the Ande­
site Conference held July 196B in Bend, Oregon . The bulletin can be purchased 
from the Deportment's offices in Portland, Boker, and Grants Pass. A companion 
volume, Bulleti n 62, "Andesite Conference Guidebook," con taining geologic mops 
and photographs, is al$O available and sell s for $3.50. 

* * * * * 
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Introduction 

Duri ng the summer of 1967 the authors participated ina 
search for caves in an area of geologically young basalts 
situated in the Saddle Butte area north of the Burns junc­
tion in Malheur County. The project was initiated by the 
Vale District of the U.S. Bureau of Land Management as 
a result of a widely quoted press report concerning the al­
leged existence in this area of a cave 40 or more miles 
long. Although no single cave was found that even ap­

proached the dimensions reported in the press article, the evidence for there having 
existed a string of closely interrelated lava tubes extending for nearly 8.5 miles was 
considered worthy of detailed mapping and description. 

The authors were aided on this project by several staff members of the BLMand 
two locally resident seasonal employees, all of whom had a great deal of first-hand 
familiarity with the terrain in the project area. Excellent aerial photographic cover­
age was available for the entire area and a helicopter was provided for scouting 
throughout the more inaccessible regions. Under the circumstances, the screening 
for potential cave entryways can be rated as quite comprehensive. Before preparing 
this report, however, the writers did revisit some portions of the area independently 
in 1969 to gather details not secured previously. 

Results of Mapping 

All caves encountered during the course of this investigation were explored to 
their ends and were mapped with a compass {Brunton} and tape survey and rod meas­
urements to the roof. Exceptions were a few very short caves and two that were deemed 
too dangerous. The longest cave mapped proved to be 3620 feet by traverse distance 
from the portal to the face, wh i Ie the second and th i rd longest measured 1750 and 
1550 feet respectively. Of special interest, however, is the fact that this group of 
caves clearly represents uncollapsed sections of what had once been a conti nuous chai n 
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Figure 1. Map of the Saddle Butte area lava field showing the general outline of the youngest lava flow and its chain of tubes 
and coli apse trenches. 
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of superimposed and coales­
ing lava tubes traceable 
over a distance of 8.5miles. 
The portal and face of each 
open cave are aligned with 
conspicuous surface trenches 
marki ng collapsed portions 
of the original tube, while 
the few observable discon­
tinuities are recognized as 
unCOliapsed tube sections 
for which no accessible en­
tryway presently exists. 

Like old, abandoned 
mine workings, some of the 
caves are more dangerous 
than others, but all have a 
potential for collapse at any 
unpredictable time. Con­
sequentl y, frequent refer­

ence is made in this report to the hazards of spelunking in this area. 

Location and Access 

The lava field in which this chain of tubes is developed occupies an area of 
about 82 square miles in western Malheur County. It is named for Saddle Butte, a 
prominent topographic feature situated in the northeast corner of T. 29 S., R. 39 E., 
a short distance north of the mapped area shown in figure 1. Elevations of the lava 
surface range from around 3700 feet at the eastern end to 5000 feet at the western. 
The climate in this region is semiarid and vegetation is scarce. 

Oregon State Highway 78 crosses the western end of the lava field, and side 
roads lead into other portions, as indicated in figure 1. A complication confronting 
any visitor not aquainted with the area is the low relief and lack of distinctive 
topographic landmarks. It is very easy to become confused, and even lost, in the 
wide-open expanse of the lava field, hence off-the-road exploration should be 
undertaken only by persons equipped with adequate vehicles, food supplies, water, 
and either maps or aerial photographs, or both. 

Access to most of the still-open caves and their adjoining collapsed trenches 
is mainly by rough side trails not suitable for travel in vehicles other than trucks or 
four-wheel-drive units. Otherwise, these features can be reached only by hiking, 
horseback, or hel icopter. 

As pointed out earlier, none of the caves can be considered safe to enter be­
cause of their thin, highly fractured, and unstable roof capping. Unlike solution 
caverns in massive limestones, which can be developed into relatively safe tourist 
attractions, the accessible caves in this particular lava-tube complex represent natu­
ral hazards totally unsuitable as sites for family outings or for needless entry by any­
one under any circumstances. Indeed, it is a coincidence that some of the presently 
accessible tube sections are sti II bridged by roof segments, and that collapse has not 
occurred before now, since a roof fall can be triggered by a sonic boom, the hoof 
beats of wild horses galloping over the lava flow, the seismic vibrations of a distant 
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earthquake, or anyone of many other causative factors. Thus, despite their interest 
as geologic features, these caves are not recommended as sites for public visitation. 
Rather, they are recommended as places to avoid. 

General Setting 

Emplacement of the lava field occurred during late Pleistocene to recent time, 
according to geologic mapping by the U.S. Geological Survey (Walker and Repen­
ning, 1966). The basalt making up the lava field is characterized by clear, fresh 
olivine and abundant titanaugite and, except in a few places, by flow surfaces only 
scantily modified by erosion. Over wide areas the soil covering is generally as sparse 
as the vegetation it supports. 

The land surface in the area occupied by this lava field slopes eastward with 
minimal relief; however, aerial photographs indicate that the most recent flow, and 
the one in which the lava-tube chain developed, was confined to a relatively narrow, 
serpentinous course having an over-all direction toward the northeast. In effect, 
therefore, the youngest outpouring of molten lava flowed like a river across its pre­
viously emplaced neighbors in a narrow channelway. This channel probably marked 
the trace of a shallow erosional gully which existed on the old land surface before 
any of the older companion flows were erupted. The approximate bounds of this 
"river of lava" in the cave area, as taken from aerial photographs and including 
local impoundments, is indicated in figure 1. How the differences in vegetative 
covering and soil development serve to make this boundary conspicuous when viewed 
from a high altitude is illustrated by figure 2, which represents a portion of one 
standard aeri al photograph. 

Figure 2 also illustrates the appearance of collapse trenches as seen from the 
air and the extent to which such collapse has taken place in comparison with the 
length of land-surface segments still bridged. Therefore, since aerial photographs 
covering other sections of the trench-tube chain show a similar ratio of collapse 
versus bridging, there are two conclusions which are strikingly evident. One is that 
it is only a matter of time until all remaining bridges break down to form one contin­
uous long trench. The second is that, because of this propensity to collapse, these 
bridges and their underlying caves are doubly hazardous, in that it would be just as 
bad to be walking or driving over the top of a cave as it would to be inside it when 
the roof fell in. 

Origin of Lava Tubes 

Lava tubes can be compared to the empty cavity in a cocoon after the moth 
has hatched and departed. In other words, they mark the place in the body of a lava 
flow from which a highly liquid core has drained after the rest of the surrounding 
lava has cooled and solidified enough to stand rigid. This does not happen in the 
case of all lava flows; instead, it occurs only in those in which there is a fairly 
rapid cooling and solidification along the sides and top, but also sufficient depth or 
thickness to insulate the interior lava and thus retain a state of liquidity in the inner­
most, lower portions. Even then this inner-zone lava will eventually cool to become 
solid rock if the physical conditions do not permit drain-out of the liquid core. This 
entails the existence of a slope down which to flow and some form of unobstructed 
place at the down-hill end at which to vent. 

Because these conditions prevail, or are likely to prevail, in the many types 
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Figure 2. Aerial photograph of part of the Saddle Butte lava field 
showing the difference in appearance between the older 
lava surface and the youngest flow. The prominent worm­
li ke lines in the youngest lava are trenches formed by 
col lapse of the shallow 8.5- mile tube near its southwest­
ern end . Scale is 1 inch == 1430 feet. 
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of terrain over which basaltic lavas can be erupted, lava tubes or other voids within 
the body of a congealed flow are not uncommon. For the most part, however, the 
area over which ideal gradient and vent conditions can occur is more likely to be 
localized than extensive; hence, the length of the essentially continuous chain of 
tubes and related collapse sections of the Saddle Butte lava field is unusual. 

I n some instances I ava tubes contai n a great deal of ornamentation comparabl e 
to the stalactite and stalagmite formations found in caves in limestone; however, 
when it occurs in lava tubes, this ornamentation is composed of lava rock and not 
calcite, and it is formed by molten lava dripping from the roofs and sides of the tubes 
or squeezing out into the tube from crevices during the final stages of solidification 
of the tube walls. Converging and diverging lateral branches constitute another char­
acteristic commonly found in connection with lava tubes, and it is not unprecedented 
to find tubes developed one above another. 

Lava Tubes and Trenches in the Saddle Butte Area 

Few of the characteristics described above are found in the Saddle Butte area 
tubes. For example, the picturesque ornamentation such as lava cicles hanging from 
the roof, drip accumulations on the floor, and fan-like sheets extruded from joints 
are almost totally lacking, and even where present they are poorly developed. Also 
lacking in any of the accessible tubes is evidence of splits with lateral converging 
and diverging branches. Present, however, at the portal of the 40-Mi Ie Cave (fig­
ures 3 and 5) is a fine example of one tube above another. Here, entrance to the 
longer, lowermost tube is achieved by entering the upper tube through a small col­
lapsed hole and thence by walking on the rubble-covered shell separating the tubes 
for a distance of 200 feet to a point where both merge and where descent can be made 
into the lowermost tube. A similar superpositioning of two tubes is also indicated at 
the far end of this cave, where the last third of the lowermost tube underlies a well­
developed surface trench which represents the remains of the now collapsed upper tube. 

The natural floors of the Saddle Butte area tubes are extensively obscured, eith­
er by accumulations of rock which have dropped from the top roof shell, or by a lay­
er of clayish silt which represents soil carried into the tube by rain and snow water 
enteri ng through crevices which extend between the tube cei Ii ng and the surface. 
The rubble from natural stoping occurs frequently in the form of large, steep-sided 
piles involving scores to hundreds of tons of blocky rock. In contrast, the washed-in 
soil occurs in the form of a fairly thin, level, and widely distributed floor covering 
which, interestingly enough, often exhibits a well-developed pattern of five-sided 
shri nkage cracks si mi lar to those commonly observable on sun-baked surface clays. 
Where observable, though, the natural floor in all of the tubes slopes consistently 
eastward in conformity with the slope of the overlying land surface. This suggests 
that a fairly uniform gradient prevailed throughout the entire 8 .5-mi Ie distance over 
which the lava tubes formed. 

Only at intervals, and for relatively short distances, do any of the tubes ex­
hibit their original lining of comparatively homogeneous, solidified lava in the form 
of an unbroken shell. Instead, the top section of this lining is lacking more frequent­
ly than not. This is due to caving primarily; however, the tendency for caving is 
due in turn to the fact that the overhead arch of lining is very thin and poorly devel­
oped in the first place -- too thin, that is, to offer substantial support for the covering 
of overlying rock for any prolonged period of time. This lack of a thick, strong lin­
ing in the roof section accounts for the fact that so much of the original tube has 
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(Above) This lorge, wide-open cove entrance was caused by massive 
collapse of on odjoining section of the tube. The thin shell of rock 
still bridging the cove is charocteristic of 011 remoining lava tubes in 
the area. 

(Below) Typical view of a cove entrance token from inside. Note 
the size of the blocks of rock that have fallen in the post and the size 
of those ready to fall in the future. 



already collapsed into trenches. 
Without doubt, many factors contributed to the lack of development of a sub­

stantially thick lining in the arching top section of these particular tubes. The most 
significant is evidence indicating that the tubes carried no sustained flow of molten 
lava from a replenishing source over any prolonged period of time. Instead, during 
much of their later history they carried only a partial load, asis indicated by horizon­
tal bulges on the side walls of some of the tubes at various midway heights between 
the floor and the top. In ·other words, these bulges represent local thickenings of the 
side wall and they indicate where the level of the stream of draining lava stood dur­
ing different periods of the drainage cycle. Had the tubes run more nearly to capac­
ity over a longer period of time, more of the molten material would have splattered 
onto the ceiling and thereby contributed to the build-up of a thicker lining in the 
topmost portion. Such a thicker lining could have contributed to the support needed 
for the preservation of a greater amount of the original tube than exists. Since the 
few remai ni ng intact sections lack the support needed to counteract the steady pu II 
of gravity on their thin, highly fractured shells of overlying basalt, eventual total 
collapse is inevitable. Indeed, two major rock falls can be reported as having taken 
place between the time the caves were mapped in 1967 and re-examined in 1969. 

The surface trenches formed as a result of bygone collapses are for the most part 
abrupt, steep-sided channels rangi ng from 20 to 80 feet wi de and from 10 to 20 or 
more feet deep. All are bottomed with a jagged jumble of broken blocks of what 
was once surface basalt. Soil washed or blown in over the years has accumulated in 
sufficient amounts in a few trenches to modify the harshness of the scene by support­
ing some grass and brush; however, inmost trenches soi I is very scarce, or absent. 
The inescapable conclusion is, therefore, that most of the collapsing is comparatively 
recent in age and that some of it is very new. That more trenches can be expected 
to develop in the future as a consequence of collapsing is a conclusion rendered vir­
tually certain by the character of the remaining roof structures and the weakening 
effects constantly being generated by natural stopi ng. 

Descriptions of Individual Caves 

The six major caves in the Saddle Butte lava field are described individually 
in the following paragraphs. For convenience, these descriptions begin with the 
Coyote Trap Cave, shown on the southwestern corner of figure 3, and continue there­
after in the order of their succession as shown on the map. Included also are maps of 
the Tire Tube, 40-Mile, and Owyhee River Caves. 

Coyote Trap Cave 

Entrance to this cave consists of a very narrow, irregularly shaped passageway 
leading downward on a sloping course through the nested blocks of the collapsed mar­
gin for a distance of about 20 feet. From this point a compass bearing confirms that 
the still intact remnant of the tube leads to and terminates against collapse rubble 
located an estimated distance of 150 feet to the northwest. Beyond this no detailed 
measurements were made, si nce the mai n cave was consi dered too dangerous to enter 
due to the fact that stopi ng has progressed to a level so near the surface of the ground 
that the remaining roof is obviously very thin and fragile. 
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(Above) Natural stoping is well illustrated by the fallen rock on the 
floor ond the iagged, fractured roof overheod. Note the thinness of 
the lava lining of the tube arch visible in the background. This is Ihe 
condi lion of Tire Tube Cove some 100 to 200 feet beyond the entrance. 

(Below ) This scene is in 40- Mile Cove and is one of the few places 
where one can relax in comparative sofely. The notvrol tvbe lining 
of fairly homogeneous lava is still well preserved, providing support 
to the overlying bridge of fractured basalt. 
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The forms resembl ing ghos~ in this picture are the real flesh-and-blood 
individuals who mode this time exposure possible by walking bock and 
forth and playing lights on the walls and ceiling of a section of the 40-
Mile tube. 
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Tire Tube Cove 

A locol collopse of the side woll constitutes the entronce to this cove, the firs t 
severo I hundred feet of whi ch consists of blocky rubble under foot ond rough, jogged, 
highly froctured rock above. In foct, it was in this cove o t 0 distance of about 250 
feet from the entronce that one of the mojor post-I 967 rock foils wos no ted. There ­
fore, since the area directly in front of this recent foil measures opproximotely 50 
feet wide by 23 feet high, with nothing but interwedged blocks of fractured rock in 
the roof, no re - exominotion was mode in 1969. The 1967 notes show, however, thol 
this tube had a measured Iroverse distonce of 1705 feet to the face and that it tapered 
foirly consistently from the portal tei the end. The lost third is floored with silt intro­
duced through crevices 01 the end. Because this sitt leoves on ly the narrow upper por­
tion of the tube open, the mapped width in plan v iew oppears to decrease (figure 4). 
Of interest in the cove ore the shrinkoge cracks in the silt. Although developed in 
tolal darkness, these are in 01 1 respects simi lor in oppearance to the cracks common-
ly found on Ihe surface of sun- baked mud flats. 

40- Mile Cave 

Thi s cove is referred to os the" 40-Mile Cove" becouse of the press repor ts in 
which it was described as being thai long. However, the measured distance between 
the entrance and the foce on its easternmosl extension is 3620 feel. This tvbe is re ­
ported to extend an additional 1200 feet to the westward, occording to a speleolagist 
who supposedly entered this portion of the tube by crowling for a dislonce of approxi ­
mately 50 feet through 0 nOHOW, crooked opening in ploces only 15 inches high. In 
any event, two ladders are needed for occess inlo this cave -- one to descend through 
a small hole in the roof to the floor of on upper tube, and another 10 descend from the 
floor level of the upper lube to th e floor level of the lower tvbe at the ploce where 
the two tubes merge. 

Except for stoping conditions in the vicin ity of the entrance ond at three places 
where the top arch of the lower lube has been breoched by caving between the en­
trance and the end (figure 5), this is probably the best preserved of ony of the Saddle 
Butte area coves. It is 01$0 one of the most impressi ve, in that cross-sectional tube 
dimensions in the open, nonsilted half neorest the entrance exhibit sustained widths 
of 40 and 60 feet by heights of 35 to 47 feet over 0 long distance. 

Towards its end, this cave is progressively fil led with sil t to the point where 
the silt merges with the bock or ce il ing, thereby ending the cove, However, as is 
indi cated on figure 3, the survey of its configuration indicates that the las l severol 
hundred feet of this cave closely porollel and apporently underlie a we ll -defined 
collapse trench on the surface. The Brunton survey is sufficiently accurate to show 
that this tube relates intimately with the one represented by the surface trench. But 
whether the 40-Mile Cave underlies or is loterolly offset in relotion to the trench is 
a question which would require a more precise survey inside the cave and the estab­
lishment of a picket line on the surface for a positive determination. On the basis 
of the present data, however, a smoll lateral offset is believed probable because of 
the relati vely sound, froctvre - free nature of the orched lining in the portion of the 
40- Mile Cove paralleling the surface trench. In either cose, the 40-Mile Cave and 
i ts upper companion segmenl are funct ional links in the 8.5-mile chain of tubes and 
relating trenches. 
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(Above) Horizontal ridges on the side walls of one of the beller pre ­
served sections of 40- Mile Cove show that the level of the stream of 
outflowing molten lava was both low and relatively stationary at times 
during the final drain-out stage of this lube's history. 

(Be low ) Some coves like tile Ti re Tube Cove shown here are completely 
blocked by silt washed in from tile land surface through open crocks 
and crevices in the roof. Other coves have merely a thin loyer of si It 
on the flOOf near the crevices. 
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Owyhee River Cave 

Entrance into the open end of this cave exists as a result of a massive collapse 
of part of the original tube. Distance to the back is 1550 feet by a circuitous course. 
Cross-sectional dimensions vary greatly to a maximum width of 85 feet by a height of 
40 feet at a point near the end. Crevices in the floor, together with a drum-like 
sound produced by footsteps at places in this cave, suggest the possibility of there 
being an underlying tube. 

Although the original tube cross-section is intact and nicely preserved in parts 
of this cave, much of the presently existing height is due to stoping, which in places 
must leave the ceiling practically at grass-root level. Indeed, there are five such 
places (figure 6) where the accumulated rubble on the floor assumes frightening pro­
portions from the standpoint of the amount of material that has fallen and the size of 
many of the slabs. Moreover, the instability of the roof is such that it was at one of 
these places where the second large post-1967 rock fall took place. 

Evidence in the form of a note on an old, yellowed paper cached in a bottle at 
the very end of this cave indicates that it was visited and explored prior to the turn 
of the century and again 10 years later. At least, in two different sets of handwrit­
ing this note reads "Arego Harrison, February 6, 1897" and "George P. Buckley and 
W. H. Gripe, June 6, 1906." Who Buckley and Gripe were is not known, but the 
name Arego Harrison is recognized as that of a sheep-camp tender working in the area 
at the time indicated on the note. How much the stoping has progressed between the 
time these notes were written and now would be interesting to know; however, in 
view of the unstable conditions currently observable, there is little room to doubt 
that the tonnage of rock in the various rubble piles on the floor is today many times 
greater than it was when Harrison, Buckley, and Gripe made their visits. 

Burns Cave 

This cave begins with a narrow, tortuous passageway between slumped and inter­
wedged blocks of rock on the margin of a collapse trench. Beyond that, the still­
remaining section of intact tube extends southward to a small but definitive collapse 
area which is all that keeps it and the previously described Owyhee River Cave from 
joining end to end as one continuous tube (figure 3). This was established by enter­
ing the cave the distance needed to confirm the bearing of the course of the main tube 
as recorded by a previous survey party on a plaque left at the entrance. Otherwise, 
no time was spent examining this cave for the reason that it seemed a needless risk; 
hence, no map showing configuration details is available in this instance. 

Rattlesnake Cave 

Found from a cruising helicopter and named after the guardian of its entrance, 
this cave measures only 882 feet in length and exhibits no features or dimensions 
differing materially from those observable in the other caves. For this reason the sur­
vey consisted of the center-line traverse only, with no height or width measurements. 
I t is to be noted, however, that whi Ie the tube termi nates against a collapse in the 
way the other caves do, there is at the end a small dog hole which angles upward 
through the rubble to the surface, where it emerges on the lower flank of a pressure 
ridge. This "exit," if it can be called that, is thus similar in its basic make-up to 
the entrances to the Burns and Coyote Trap Caves. 
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How much farther the lava-tube chain extends to the north and northeast from 
the collapse barrier which terminates forward progress in the Rattlesnake Cave can 
only be surmised, since no collapse trenches are to be seen on the aerial photographs 
beyond this point. There are, however, in places where the tube course can logi-

o cally be projected, some patterns which can be interpreted as evidence of incipient 
subsidence. If this can be accepted as sufficient grounds for surmising that the tube 
does indeed continue northward on a winding course which could very likely lead 

to the Tub Springs area, if not to Tub Springs itself, then the total length of the ori­
gi nal tube system may possi bly be 1 .5 to 2 mi les longer than mapped. 

Conclusion 

The chain of tubes and collapse trenches traceable for 8.5 miles in the Saddle 
Butte lava field was originally one continuous tube, or a closely interrelated system 
of individual tubes functioning as a unit. This feature formed near the surface of the 
parent lava flow without producing a strong reinforcing lining. Therefore, the thin, 
fractured, and poorly supported roof has collapsed over long distances. The potential 
for further collapse is too great to warrant developing as a tourist attraction the few 
short cave sections that are sti II fairly safe to enter. 
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* * * * * 

GEOLOGIC MAP OF OREGON FOR SALE BY DEPARTMENT 

A small, mul ticolored map of Oregon on a scale of 1 :2, ODD, 000 has just been pub­
lished by the U.S. Geological Survey. The map shows the various types and ages of 
rocks, the major faults, and a few geographic features. It was prepared by George 
W. Walker and Philip B. King and appeared originally in black and white patterns 
at a smaller scale in Oregon's Mineral and Water Resources report (Department Bul­
letin 64) compiled for the Committee on Interior and Insular Affairs. The colored 
version, Map 1-595, is on a sheet 11 by 20 inches. It is for sale by the Department 
at its Portland, Baker, and Grants Pass offices for 25 cents. 

* * * * * 

GROUND WATER IN COLUMBIA RIVER BASALT DESCRIBED 

"Effect of tectonic structure on the occurrence of ground water in the basalt of the 
Columbia River Group of The Dalles area, Oregon and Washington," by R. C. New­
comb has been published as Professional Paper 383-C by the U.S. Geological Survey. 
The report discusses the geology and hydrology of a 620-square-mi Ie area coveri ng 
both sides of the Columbia River between lat. 45°30' and 45°45' and long. 120°45' 
and 121° 30'. The report includes a geologic map at the 1 :62,500 scale, cross sec­
tions, and photographs. It is for sale by the Superintendent of Documents, U. S. 
Government Printing Office, Washington D.C., 20402 for $1.25. 

* * * * * 
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TECTONIC MAP OF NORTH AMERICA PUBLISHED 

"Tectonic Map of North America," on a scale of 1 :5, 000, 000 (1 inch = 80 mi les), 
has been compiled by the U.S. Geological Survey in collaboration with other nation­
al geological surveys, and with the assistance of various individuals. The multicol­
ored map, printed on two sheets, each 40 by 65 inches, is available from the U. S. 
Geological Survey, Federal Center, Denver, Colorado 80225, at $5.00 per set. 

A separately published companion to the map is Professional Paper 628, "The 
Tectonics of North America," designed to aid in the use and understanding of the 
map. This 95-page report can be purchased from the Superi ntendent of Documents, 
Washington, D.C. 20402, at $1.00 per copy. 

* * * * * 

EARTHQUAKE FELT IN HAINES-POWDER AREA 

A slight earthquake was felt at both North Powder and Haines in Baker County on 
August 14, 1969, accordi ng to the Record-Courier and the Democrat-Herald of Baker, 
Oregon. I t was the fi rst quake experienced by residents in that area in many years. 
The tremor was confirmed at the Blue Mountain Seismological Observatory as having 
occurred at 7:37 a.m., with a magnitude of 3.5 and centering 3~ miles ·south of 
North Powder. Larry Jaksha, chief of the station, said that the tremor persisted 
about 3 or 4 minutes on the instruments, but that it was localized possibly about 10 
seconds. 

* * * * * 

HORSE HEAVEN EXPLORATION GETS OME LOAN 

The partners in the Horse Heaven Mi ni ng Co., AI Franco, Mi I ton Roumm, and Dr. 
Charles Fine of Seattle and Ray Whiting, Jr. of Reno have received an OME loanof 
$24,000 to explore for mercury in a new area just west of the old Horse Heaven mine 
in Jefferson County. Proceeds of the loan will be used for shaft sinking, drifting, 
and long-hole drilling. Ray Whiting, who has been exploring the region around the 
Horse Heaven for the past 3 years, has shipped 17 flasks of mercury from the new site. 

* * * * * 

JOHN DAY GEOLOGY BOOKLET AVAILABLE 

A booklet, "The geologic setting of the John Day Country, Grant County, Oregon," 
has just been issued by the U. S. Geologi cal Survey. The 23-page booklet, illustrated 
wi th photographs and diagrams, was prepared by the Survey in cooperation wi th the 
Oregon Department of Geology and Mineral Industries, the Oregon State Highway 
Department, and the Grant County Planning Commission. The booklet is obtainable 
from these agencies free of charge. 

The information for the booklet was supplied by Dr. T. P. Thayer, who is an 
authority on the geology of this region. Designed especially for visitors touring the 
area, the publication is written in nontechnical style. It contains a summary of the 
geologic history of the area and a road log of the John Day "loop," which begins 
near Mount Vernon and makes a circuit through Picture Gorge, Kimberly, Monument, 
Long Creek, and back, with stops at points of special geologic interest. 

* * * * * 
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SAWTOOTH RIDGE: 

The ORE BIN 
Volume 31 , No.9 
September 1969 

A NORTHEAST OREGON VOLCANIC CRATER 

Peter V. Patterson* 

Introduction 

Sawtooth Ridge lies about 20 miles northeast of Baker, Oregon in sections 
10 and 11, T. 7 S., R. 42 E. (figure 1). The structure in its entirety is 
shown on the U. S. Geological Survey 7~-minute topographic quadrangle 
preliminary map Keating NE (1968) (p.late 1). It consists of a shield portion 
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* Geologist, Watershed Planning Staff, Soil Conservation Service, 
Portland, Oregon 
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Figure 2. Stereographic p lates of crater and surrounding area 
Scale: 1" = approximate ly 4000' . 
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approximately 3 miles in diameter, with a central crater separated by two 
radial dikes extending from the source spine. The average crater diameter 
is approximately 5000 feet. It is located on the southwestern margin of the 
Wa ll owa Mountains and can be reached by a U.S. Forest Service road from 
Medical Springs. 

The geology of this area has been described by James Gilluly (193n. 
N. S. Wagner (1958), R. L. Bateman (1961), and H. J . Prostka (1962). 
Bateman recognized the shield nature of this feature and developed the de­
tailed stratigraphic sequence for the area. The purpose of this paper is to 
describe the crater structure and to show its relationship to the surrounding 
geology. Structures of this magnitude and degree of preservation are rel­
atively rare, particularly in this area of Oregon (figure 2). 

Stratigraphic Sequence Underlying the Crater 

The area of interest is located on the southwest flank of the Wallowa 
Mountains uplift. The albite granites which are exposed farther to the eost 
are assumed to form the deeper port of the geologic "basement" beneath the 
crater. Overlying this unit are the pre-Tertiary volcanics and sediments of 
the Clover Creek Greenstone (Ptcg). These rocks are exposed along Big 
Creek approximately 2 miles northwest of the crater and also along the up­
per reaches of Clover Creek abaut 1 mile to the southeast (plate 2). At 
greater distances they almost circumscribe the structure . As described by 
Prostka (1962), these rocks consist of "basaltic to rhyolitic vo lcan ic flows, 
coarse- to fine-gra ined volcanic wockes, saodstones, tuff, and subordinate 
amounts of chert, conglomerate, and limestone , all of which have been 
slightly to moderately metamOfphosed." 

Overlying the pre-Tertiary rocks are several hundred feet of sequen­
tial flows of olivine basalt (Tob) which have been assigned to the upper Mi­
ocene by fossil -leaf dating. These basalts form a brood plateau which dips 
gently away from the Wa llowa uplift. The rock is grayish-brown and the 
flows range from 30 to 100 feet in thickness, with well-developed columnar 
iointing. 

Description of the Crater 

The Sawtooth shield and crater overlie the olivine basalts and the 
Clover Creek group (figure 3), The shield consists of discontinuous flows 
of platy andesite (Taif) which range in thickness from 20 to 50 feet. As 
described by B~teman (1961) "the flows of platy andesite surrounding Saw­
tooth Ridge have a gentle dip away from their source . Felted texture is 
most common and results in the platy fracture which is most common in most 
outcrops." Generally the dip of the plate surfaces increases to 300 to 400 
in or near the crater rim. No tuffaceous or pyroclastic beds were observed 
withi n or on the andesites of the shield. 

175 



Figure 3. Profile view of the crater, looking east 
from Oregon State Highway 203. 

~. 
Figure 4. Oblique aerial view to the northeast, showing the central 

spire, radial dikes, and the southeast rim. 

176 



The Sawtooth Crater is roughly circular in shape and covers 650 acres 
within the rim (figures 4 and 5). The rim circumference is approximately 
19,000 feet. The height of the rim above the crater floor ranges from 100 
to 400 feet, with the central spire rising to an elevation of 420 feet above 
the floor. Two radial dikes (figure 6) extend northeast and southwest from 
the spire and divide the crater into two equal basins along this axis. The 
northeast dike is the better preserved andis probably the origin of the name 
"Sawtooth Ridge." This feature rises 300 feet from the crater floor, the 
last 70 feet being a vertical wall. Breaching has occurred in each basin. 
Considerable rim erosion has taken place in the northwest basin, whereas 
the southeast basin has breached to form a narrow andesite-bound defi Ie 
with resulting excellent rim profile preservation. The radial dikes extend 
from the central spire to the rim and terminate in what appears to be rim 
horns or secondary plugs. No extension of the dikes was apparent beyond 
the rim termination. 

Three rock units were observed within the crater proper. The rim cap, 
central spire, and radial dikes are composed of platy andesite (Taif) like 
that in the shield section. This material is best exposed in the central 
spire, the northeast dike, and the southeast rim, which is almost complete­
ly capped by this resistant material. The central spire and dikes are char­
acterized by steeply dipping to vertical platy joints (figures 7 and 8). The 
plates range in thickness from! to 2 inches and separate rapidly on sub­
aerial exposure. 

Two outcrops of pyroclastic ejecta (Tp) are located within the crater 
(plate 1). The area on the floor immediately south of the central spire shows 
definite bedding planes dipping steeply away from the spire. Extensions of 
this outcrop were found in three backhoe exploration pits farther to the south 
and west where the angle of dip was significantly less. The second outcrop 
is located high on the north rim immediately beneath the platy andesite. 
Unfortunately, no bedding planes were evident at this location. The pres­
ence of a pyroclastic fraction was observed in backhoe pits well up the 
south rim, significantly above the crater floor. These rocks consist of sand­
to pebble-sized pumice,cinders, and andesite fragments. Embedded within 
this material are numerous 2- to 6-inch scoria bombs. The individual grains 
are angular to subrounded. Gross color has the appearance of "salt and 
pepper" owing to the light pumice and the darker cinders and andesite. 
These pyroclastics are moderately to well cemented with some zones having 
a welded appearance. The lateral extent of this unit is obscured by the 
colluvial aprons; however, the presence of the outcrop along the rim above 
the crater floor seems to indicate lateral subrim extension. This is consist­
ent with the conical emplacement of pyroclastics and lava flows during the 
build-up of a composite volcanic cone. 

The lower interior slopes and the floor are mantled with colluvial 
aprons of platy andesite, pyroclastics, and their developing soil profile of 
clayey silt (Qcd). 
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Fi gure 5. Oblique aer io l photograph showing rim curvoture, dike, ond central plug. 



Figure 6. Northeast radial dike as seen from the centrol plug. Max imum relief above talus apron 
is approximately 70 feet. 



Figure 7. Platy andesi te of the northeas t dike. 

Figure 8. Platy andesite of the central plug. 
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Formation of the Crater 

fv'Iost crater formotion con be ascribed to one or a combination of the 
follClWing four processes: impact, explosion, collapse, or differential ero­
sion . In the case of the Sawtooth structure, the existence of the massive 
central plug and the well -defined radial dikes would preclude impact and 
exp losion as modes of formation. Although ' the col lapse theory can by no 
means be ruled out, the presence of the plug and dikes and the absence of 
precollapse ejecta surrounding or downwind from the crater seem to discount 
this origin. 

The author feels that the observed geologic conditions are probably 
most consistent wi th the differential erosion process of crater formation . 
The presence of less resistant pyroclastic deposi ts, both on the crater floor 
and immediately underlying the platy andesite high on the northeast rim, 
provides the necessary erosional unit. It is recognized that their lateral 
extent is limited; hoY.'ever, a circular or conical type of deposition extend­
ing generally outward from a central vent is a reasonable exp lanation. 
With this ini tia l structure, norma l erosional processes would result in the 
present form once the protective andesite shie ld had been breached. 

Summary 

The object ive of this report hos been to locote and describe a well ­
defined crater structure in the Miocene lavas of northeastern Oregon . The 
preliminary reconnaissance indicates that the structure is erosional; how­
ever, the theory for a col lapse origin connot be positively discorded with ­
out further detailed investigations. The genera l geomorphic form is simi lar 
to previously described structures in south-central and southeastern Oregon. 

The existence of such a wel l-defined feature in this particular part 
of the state is re latively unknown . Further investigation of the crater is 
anticipated; this should odd considerobly to knowledge of the origin and 
emplacement of the late Cenozoic lavas in northeastern Oregon. 
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WORM-BORED POPLAR FROM THE EOCENE OF OREGON 

By I rene Gregory* 

That faithful, true-to-life detail may be retained during the process of pet­
rification is shown by the photographs on the opposite page. The beauti­
fully preserved and undisturbed chips of wood filling this worm bur~ow were 
formed in a poplar tree living about 40 million years ago during the Eocene 
in Oregon. The specimen (much enlarged) is of the genus Populus in the 
willow fami Iy (Salicaceae). 

The worm tunnel was made by an insect larva of the flat-headed borer 
type of today. Its strong mandibles enabled it to carve out from the living 
poplar wood the typical crescent-shaped chips pictured "floating" in the 
clear chalcedony that was deposited in the borrow during petrification by 
silica-bearing ground waters. 

The process of petrification of wood is not yet well understood, but, 
by this means, original cell structure is retained through some mineral (com­
monly silica) infiltrating the plant tissues. The nearly perfect preservation 
of detail that can result provides one of our most accurate tools for fossil­
wood research. 

In the specimen illustrated, structural features appear as clearly as 
in living wood, and minute anatomical details are retained in even the 
smallest chips carved out by the borer. 

Some of the typical anatomical features of poplar wood preserved in 
this fossil specimen include growth rings delineated by somewhat larger ves­
sels at the beginning of each ring; vessels small and in short radial rows of 
two to several; rays fine and close; and parenchyma limited to terminal. 

As with many Tertiary woods of the Pacific Northwest, the over-all 
aspect of this specimen more clearly resembles Asiatic Populus of today 
than it does our living North American members of this genus. The living 
forests of Asia seem to have retained their Tertiary character, not only in 
the ki nds of trees present but also in the anatomy and general aspect of 
their woods. 

The specimen pictured is one of an assemblage of silicified Eocene 
woods occurring in an outcrop of the Clarno Formation in Crook County, 
Oregon. Woods from this area are being collected and studied by the author. 

Selected References 

Pearson, R. 5., and Brown, H. P., 1932, Commercial timbers of India: 
Oxford, England, Oxford University Press. 

Sudo, Syoji, 1959, Identification of Japanese hardwoods: Tokyo, Japan, 
Govt. Forestry Bull. No. 118. 

* * * * * 

* Authority on fossi I woods of Oregon and author of several articles in 
The ORE BIN. 
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Photomicrographs of silicified poplar wood showing tunnel and chips made 
by a wood borer during the Eocene Epoch. Upper picture 2.5 X enlorge ­
ment; lower picture (portion of upper) 35 X enlorgement. (Specimen 
preparation by Fred Roner and photography by Thomas J. Bones.) 

See page opposite for story . 
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Oblique aerial view looking west across the Willomette River in the vicinity of Oregon City, showing the present volley of 
the Tua latin River on the left and the former route through Lake Oswego on the upper right. (Delono Photogrophics) 



GEOMORPHOLOGY OF THE LAKE OSWEGO AREA, OREGON 

Roger B. Parsons* 

Baldwin (1957) has reported drainage changes of the Willamette and Tuala­
tin Rivers near Lake Oswego, Oregon, and indicated that the Lake Oswego 
channel probably was formed during Illinoian time. The channel is consid­
erably younger than Illinoian. Baldwin apparently did not fully consider 
the sequential geomorphic relations in establishing the Pleistocene chronol­
ogy of the Lake Oswego area. 

The purpose of this paper is to show how geomorphology may lead to 
a better understanding of the genesis of the Lake Oswego area and to pro­
vide an explanation for a seemingly unusual soil occurrence along the Tu­
alatin River. 

Regional Geomorphology 

Geomorphic surfaces recently have been studied and mapped in the 
Willamette and the Tualatin River valleys (Balster and Parsons, 1968). The 
surfaces were mapped on high-altitude aerial photographs and visually 
traced throughout approximately 3000 square miles of the study area. Sur­
faces of particular interest in the Lake Oswego area, from oldest to young­
est, are Senecal, Champoeg, Winkle, Ingram, and Horseshoe. Soils have 
been related to the geomorphology and can be arrayed in a developmental 
sequence with decreasing horizonation as one progresses to successively 
younger surfaces. However, Chehalis soils occur on both Winkle and Ing­
ram surfaces. 

Steep, active slopes in the Willamette Valley were mapped as the 
Looney unit typified by Looney Butte in Marion County. Areas of Looney 
cannot be placed in a chronological sequence and soils exhibit a wide range 
of development. Dolph and Eola surfaces (figure 1) are primarily remnants 
of once-extensive middle Pleistocene landscapes. Areas of these surfaces 
occur on Petes Mountain and south of the Tualatin Valley. Soils on Dolph 
and Eola surfaces are generally red, strongly acid, and have well-differen­
tiated horizons. Since Dolph and Eola surfaces predate the Lake Oswego 

* Research Soil Scientist, Soil Conservation Service, and Assistant Profes­
sor, Oregon State University, Corvallis. 
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sequence, they are included in this discussion to complete the local geo­
morphology. 

The Senecal surface constitutes the modified main valley floor as typ­
ified along Senecal Creek in Marion County. Deposits associated with the 
Senecal surface are Linn Gravel, Willamette Silts, and strata recently 
named Diamond Hill, Wyatt, Malpass, and Greenback (Balster and Parsons, 
in press). The Diamond Hill paleosol may be correlative to the well-known 
Troutdale Formation in the northern Willamette Valley. Soils that occur on 
the Senecal surface are in the Willamette, Woodburn, Amity, Concord, 
Holcomb, and Dayton series (Parsons, Simonson, and Balster, 1968). Day­
ton soi Is have been shown to be derived from the contrasting Greenback 
and Malpass deposits (Parsons and Balster, 1967). 

The Champoeg surface is a lower lying modification of the Senecal 
surface and consists primarily of small, pediment-like landforms and depos­
its of sand and gravel. An area near Champoeg Park, about 2 miles south­
west of Newberg, serves as the type locality. The base level to which the 
Champoeg surface was developing was stable for only a short time during 
the late Pleistocene (Balster and Parsons, 1968). Champoeg surface is not 
readily identified in the Willamette Valley south of Salem. 

The Winkle surface occurs throughout the Wi lIamette Valley and is 
the oldest surface obviously associated with present drainage systems. An 
area south of Winkle Butte in Benton County is the type locality. Soils de­
veloped on the Winkle surface have been dated (Reckendorf and Parsons, 
1966) by C 14 methods at 5,250 ± 270 years B. P. * Wood from deeper sed­
iments beneath the Winkle surface has yielded a date of 10,850 ± 240years 
B. P. (Balster and Parsons, 1968). The Winkle surface consists of terraces, 
abandoned lake beds, wind gaps, and the flood plain of the Tualatin River. 
In several localities, strata largely composed of pumice have been observed 
within soil profiles. The pumice is probably from Mount Mazama, since 
the ages for the Winkle surface are approximately correlative to dates for 
the Mazama eruption. 

The Ingram surface is the high flood plain of the Willamette and most 
tributary rivers. Ingram Island in Benton County provides the name and type 
locality for the surface. The bar and swale topography of the Ingram sur­
face, with point bars and oxbow lakes, is typical of recent flood plains. 
In general, the bars are not flooded, but swales may be inundated depend­
ing on the severity of flooding, the presence of log jams, dams, and other 
factors. This recent alluvium has been dated at approximately 555 years 
(Balster and Parsons, 1968). Direct correlation of surfaces suggests a pos­
sible maximum age for Ingram alluvium of 3,290:- 120 years B.P.(Balster 
and Parsons, 1968). A study is presently being conducted on I ngram and 
Winkle surfaces in Lane County which should provide useful information 
about soil-geomorphic relationships on the high flood plain and low terraces. 

The Horseshoe surface includes the present stream channels and annual 

*Before present 
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flood plains and is believed to be post-settlement in age (Balster and Parsons, 
1968). Horseshoe Island in the Willamette River in Benton County serves as 
the type locality. Sediments associated with the Horseshoe surface are pri­
mari�y coarse-textured. Organic accumulation and weak structural devel­
opment are the only evidences of soi I formation. 

Since in most localities the Winkle surface is a terrace, a question 
arises as to why the Winkle surface is a flood plain along the Tualatin Riv­
er. Chehalis soils are generally encountered on the Ingram surface and 
lack the development of soils that occur on the older Winkle surface. How­
ever, Chehalis is the well-drained soil series on the Winkle surface along 
the Tualatin River. 

Lake Oswego Geomorphology 

The Lake Oswego valley between the Portland Hills and Petes Moun­
tain had developed by the time the Senecal surface was formed. Small rem­
nants of the Senecal surface are preserved along the edge of the Lake 
Oswego valley (figure 1) and truncate the older Dolph and Eola geomorphic 
surfaces. 

Geomorphic relations may substantiate Baldwin's (1957) interpretation 
that the post-Troutdale (Senecal) drainage of the ancestral Wi Ilamette Riv­
er flowed through the area presently occupi ed by the town of Wi Ilamette 
along the present lower reaches of the Tualatin River and joined the Tuala­
tin River near the town of Tualatin at the west end of Lake Oswego. How­
ever, an alternative is that the Tualatin, during stages of development of 
the Senecal surface, flowed along its present course, joined the Wi Ilamette 
River at the town of Willamette, and the combined rivers then cut the rock­
floored Senecal in the vicinity of West Linn and Oregon City. Subsequent 
uplift in the Petes Mountain area could have displaced the Tualatin River 
northward to the Champoeg-Winkle channel through Lake Oswego. Post­
Senecal uplift of the Parrot-Chehalem Mountain area is suggested by bed­
ding in Willamette Silts that gradually dips to the south in the vicinity of 
St. Paul. The Senecal surface rises gradually between Salem and Newberg 
and may have been caused by continued deformation along a structural 
trend across the valley from Oregon City to Chehalem Mountain (Balster 
and Parsons, 1968). Tectonic activity in the area has been described in 
some detail by Schlicker and Deacon (1967). 

The flood event that eroded the present Oswego channel (Schlicker 
and Deacon, 1967) and truncated Willamette Silts on Senecal surface de­
posited the torrentially cross-bedded Portland Sands (Baldwin, 1957). This 
sand (and gravel) is associated with the Champoeg geomorphic surface. It 
is possible that the bedrock-floored Senecal surface in the vicinity of West 
Linn was completely scoured of Pleistocene alluvium during the flood torrent 
(Baldwin, 1957) which brought in the Portland Sands during the Champoeg 
episode. 
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The ancestral Tualatin River remained in its Champoeg channel and 
re-excavated Lake Oswego throughout the Winkle episode. The Winkle­
age Tualatin channel effectively removed the Portland Sands, the lacustrine 
sand described by Schlicker and Deacon (1967). Then some mechanism, 
perhaps uplift of the area to the north or even backwater from the Columbia 
River, diverted the Tualatin from its Winkle-age Lake Oswego channel. A 
new Tualatin channel incised the Senecal surface, northwest of the town of 
Willamette, and was apparently the easiest course to the Willamette River. 
Baldwin (1957) suggests that plugging of the Lake Oswego channel by Port­
land Sands was probably responsible for the diversion of the Tualatin River. 
However, if the torrentially cross-bedded Portland Sands are a deposit re­
lated to the constructional Champoeg surface in the area, then the Winkle­
age ancestral Tualati n River was able to make a course through the Portland 
Sands and Lake Oswego. Baldwin (1957) apparently did not consider the 
geomorphic development that occurred between the time the Portland Sands 
were deposi ted and the development of the present lower Tualatin channel, 
or in other words, the Winkle episode. 

The Ingram surface has developed upstream on the Tualatin River to 
about the Nwi section 20, T. 2 S., R. 1 E., or about 4 miles upstream from 
its confluence with the Willamette River. The remainder of the present­
day Tualatin flood plain is Winkle surface which is deeply incised by the 
meandering Tualatin channel. The channel is comparatively straight on 
the lower reaches of the Tualatin River where the Ingram surface has de­
veloped. The Tualatin River above Section 20 has a hanging valley. Horse­
shoe surface, the channel itself, is unable to carry the large volume of 
flood water. Therefore, the channel quickly fills to overflow and inundates 
the Winkle surface. Periodic flooding with accompanying sedimentation 
effectively inhibits soi I horizonation. With continual renewal by addi­
tiona I alluvium, particularly alluvium containing considerable quantities 
of organic matter, soil development is retarded. Hence, Chehalis and other 
soils lacking B horizons with clay illuviation are encountered on Winkle 
surface in the Tualatin Valley, whereas more developed soils are commonly 
found on Winkle throughout the Willamette Valley (Balster and Parsons, 
1968). 

Summary 

Geomorphology provides a means ofdeveloping a sequence of events. 
Study of soils and geomorphology in the Tualatin Valley indicates that the 
abandonment of the Lake Oswego channel was not nearly as long ago as 
Baldwin suggests but may have been between 3290 and 5250 years ago. 
Throughout the Willamette Valley, Winkle surfaces now exist as terraces, 
peat bogs, or wind gaps. Examples of Winkle surfaces in the Willamette 

Valley area are Richardson Gap in Linn County, Lake Labish in Marion 
County, typical stream terraces in Benton County, and Lake Oswego in 
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Clackamas County. 
Pleistocene stages in the Lake Oswego area are late Wisconsin and 

Recent. The Senecal and Champoeg surfaces are late Wisconsin, whereas 
the Winkle and Ingram surfaces are about 5250 and 555 years old, respec­
tively. 
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* * * * * 

REYNOLDS METALS ACQUIRES ALCOA PROPERTIES 

Reynolds Metals Co. announces that it has acquired from the Aluminum Co. 
of America bauxite properties in Washington and Oregon, some of which 
are adjacent to present Reynolds holdings. Counties where property was 
acquired include Columbia, Washington, and Multnomah in Oregon, and 
Cowlitz in Washington. 

Deposi ts of high -i ron bauxi te were di scovered by the State of Oregon 
Department of Geology and Mineral Industries in the Tualatin Hills of 
Washington County in 1943. After the results of test drillings in this area 
were published (Department Bull.etin 29, "Ferruginous bauxite deposits in 
northwestern Oregon," by F. W. Libbey and others), Alcoa Mining Co. 
conducted a long-range exploration and drilling program which led to the 
acquisition of the properties recently purchased by Reynolds. 

* * * * * 
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DIORITE INTRUSIONS BETWEEN SIXES AND PISTOL RIVERS, 
SOUTHWESTERN OREGON 

Ernest H. Lund and Ewart M. Baldwin* 

Introduction 

Many small stocks and irregularly shaped plutons of dioritic composition are 
present between the Sixes and Pistol Rivers in Curry and Coos Counties in 
southwestern Oregon. The plutons have been of interest as a possible source 
of gold. The junior author paid particular attention to the location and 

OREGON 

shape of these plutons during an investigation 
of heavy minerals which was supported by a 
grant for the U.S. Geological Survey (Bald­
win and Boggs, 1969). Geologic maps of the 
Agness quadrangle and the Powers quadrangle 
are in preparation. 

Area Pioneer work in this part of Oregon was 
done by Di Iler (1903), who mapped the 30-
minute Port Orford quadrangle. The northern 

two-thirds of the region discussed in this paper is included in this quadrangle. 
Difficulties encountered by Diller in mapping such a large, rugged area 
which had few roads resulted insome striking errors in contacts, a situation 
that can readily be appreciated by those working there now. Diller included 
the greenstone and associated small gabbroic intrusions at Rusty Butte and 
those in the upper part of Elk River with some of the dioritic rock. Dott 
(1966) mapped in reconnaissance a smaller area showing the headwaters of 
the South Fork of the Sixes River and the North and South Forks ofEl k River. 
He recognized morediorite than did Diller, but he included without appre­
ciable change many of Diller's contacts. Both show a belt of intrusive rock 
trending eastward across the forks of Elk River, but no diorite was found in 
this area by the junior author. Only small, for the most part landsli de, 
blocks of greenstone are present. 

I ntrusi ons of al tered gabbro are also common, but most appear to be 
associated with the Galice greenstone and probably represent small dikes 

* Department of Geology, University of Oregon, Eugene, Oregon. 
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and plugs that may have acted os feeders. Similar bodies, perhaps even 
more altered, are in the Calebl-coke Schist. Most af these bodies may be 
readily separated from the younger dioritic intrusions, and they are not 
shawn on figure 1. One large intrusion extending from the north fork of 
lobster Creek eastward through Boulder Creek was tentatively mapped with 
the diorites (figure 1), but petrographic examination shaws thot it is related 
to the gabbros. 

Burt (1963) mopped the Collier Butte area and shows the intrusion os 
o diorite plug in serpentine. Koch (1966) mopped the Port Orford and Gold 
Beach 15-minute quadrangles and described the Pearse Peak pluton . It is 
the largest and most accessible pluton and therefore serves as a type for cor­
relation. Baldwin (1968) mapped the area that includes Groy Butte and the 
pluton at Game lake lookout. 

t-Aost of the intrusive bodies were emplaced during the Nevadanorog­
eny and correlate with the Pearse Peak pluton both in age and general com­
position, but several are questionable . Although Pearse Peak yie ldedK-Ar 
dates for biotite (Kulp in Koch 1966, p. 53) of 141 ± 7 m.y. and 146 ± 4 
m.y., it also yielded an anomalous date based on hornblende of 275 ± 20 
m.y. (Koch, 1966). The Saddle Mountain-lawson Creek pluton yielded a 
dote of 285:! 25 m.y., also on the basis of K-At from hornblende (Koch, 
1966, p . 53). 

The writers acknONledge the support of field work by the U.S. Geo­
logical Survey and advice by H. E. Clifton of the U.S . Geological Survey . 

Petrographic Procedure 

In the rocks for which a mode was determined, 1000 points were 
counted. All the rocks examined are hydrothermally altered in varying de­
gree, and the secondary minerals were counted along with the minerals 
from which they were derived. In some rocks where biotitehos been almost 
completely converted into the secondary minerals chlorite, epidote, and 
white mica, it appears in the mode though not in the rock in its present 
state. It is recognized that some secondary minerals draw their components 
from more than one source mineral and that for some groins the porent min­
erai isnot definitely known. These conditions introduce some error into the 
determination of the mode, but it is believed that the error is small and that 
the modes os slated are foirrepresentations of the original rock compositions 
(tobl. 1). 

Pearse Peak and Related Plutons 

Pearse Peok pluton (1 )* 

The rock of the Peorse Peok pluton is 0 medium gray, medium gronitoid, 
-:-:-:---;--
* Numbers refer to mop locality ( see figure 1). 
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Table 1. Modes of quartz diorites {volume percentages. 
Pearse Dixie Granite Johnson Gmy Lawson 

Locality Peak Benson Creek Josh Creek Creek Peak Creek Butte Creek 
I 2 3 4 5 6 7 B 9 10 11 

~ndesine 59 60 63 62 64 60 62 55 54 63 57 
~uartz 15 13 17 17 13 12 15 15 10 21 21 
prthoclase 4 3.5 2 4 6 3 5 6 2 0 0 
~ornblende 15 16 11 10 11 17 10 14 30 10 16 
~iotite 7 7 5 6 5 7 7 
~i nor accessori es tr 0.5 2 

9 2 5 5 

1. 
2. 
3. 
4. 

5. 
6. 
7. 
B. 
9. 

10 . 
II. 

2 I I I I 2 I I 
(Magnetite, apatite, zircon, sphene) 

BPa 67-1 B 
BP 67-1 
BP 6B-16 
BP 6B-33 

BP 67-24 
BP 67-23 
BP 67-3 
BP 6B-37 
BP 67-31 

BCB 67-8 
BCB 69-1 

Along Elk River rood at the mouth of Platinum Gulch. 
Where Rusty Butte logging road meets Benson Creek drainage; edge of pluton at west side of saddle. 
Along logging road that skirts north side of Benson Creek west of saddle and BP 67-1 locality. 
Logging road that follows south side of Benson Creek. Second saddle west of its crossing at the 
ex treme end of Be nson Creek. 
At mouth of Josh Creek a few yards above its iunction with Benson Creek. 
At 1600-foot elevation in upper Josh Creek . 
In Di xie Creek a few yards above th e iuncti on of Dixie Creek and Benson Creek. 
In Granite Creek on north edge of Granite Peak . 
In Johnson Creek a short distance below the mouth of Poverty Gulch and above the mouth af a 
small tributary called Boulder Creek. 
The extreme tip of Gray Butte . 
By waterfall in narrow gorge about 150 yards belON prominent forks in upper Lawson Creek. 
Pluton extends into Saddle Peak. 



equigranular, massive quartz diorite. Minerals identifiable in hand speci­
men are plagioclase, quartz, hornblende, and biotite. Orthoclase, present 
in minor amount, is not readily distinguishable in hand samples of the 
Pearse Peak roc k. 

Significantly abundant minerals, the amounts of which are shown in 
table 1, are plagioclase (andesine), quartz, hornblende, and biotite. 
Orthoclase is present but not in essential amounts, and minor accessories 
include magnetite, apatite, zircon, and sphene. 

The plagioclase is distinctly zoned, with some grains showing oscil­
latory zoning, and its average composition is about medium andesine, per­
haps a little on the sodic side of the midpoint in the andesine range. The 
grains are mainly subhedral but range from anhedral to nearly euhedral. 
The mineral has been considerably altered to sericite and lesser amounts of 
zoisite, and alteration is compositionally controlled. The central calcic 
part of most grains isaltered, and the more sodicouter rim isgenerally clear. 
In the grains that show oscillatory zoning, bands of alteration reflect the 
compositional zoning. 

Hornblende is mainly in subhedral grains, and shapes range from an­
hedral to euhedral. It is mostly unaltered and clear, but a few grains have 
small amounts of chlorite and epidote. 

Biotite was derived from hornblende during the late magmatic stage 
and is closely associated with hornblende. Much of it is fresh, buta con­
siderable amount has been altered to chlorite, epidote, and an unidentified 
colorless mineral, the optical properties of which suggest prehnite. This 
colorless mineral occurs in elongate lenses that lie along the cleavage planes 
of the biotite and appears not so much a product of alteration as something 
introduced. Its growth has forced apart the folia of biotite to conform to 
the shape of the mineral lenses. Alteration in most biotite grains is only 
partial, but some have been completely converted to secondary minerals. 

Quartz is anhedral and, like orthoclase, occupies interstices between 
the earlier-formed hornblende and plagioclase. The mineral is clear ex­
cept for liquid gas inclusions, which occur in irregular patches and in 
alignment. 

Orthoclase crystallized at about the same timeas quartz and lsin an­
hedral grains, the shapes of which are determined by the interstices between 
the plagioclase and hornblende. Except for small inclusions and possibly 
incipient kaolinization, the mineral is clear and has not undergone the hy­
drothermal alteration that affected the plagioclase. 

According to the mode of one Pearse Peak sample, the rock is classi­
fied as hornblende-biotite quartz diorite. Though it is near granodiorite, 
there is not quite enough orthoclase to place it in this class. 

Benson Creek pluton (2 - 7) 

Samples from a quartz diorite intrusion, here referred to as the Benson 
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Creek pluton, were collected from localities on Benson, Josh, and Dixie 
Creeks. The rock of this pluton is almost identical to that of the Pearse 
Peak pluton, both megascopically and microscopically. The minerals and 
their paragenesis are the same, and the percentages of sixsamples fall with­
in expected limits of randomly collected samples. Secondary minerals are 
the same and bear the same relationship to the magmatic minerals as do 
those in the Pearse Peak rock. 

Granite Peak pluton (8) 

In hand sample the rock of the Granite Peak pluton closely resembles 
that of Pearse Peak. One small difference is in the color of the orthoclase, 
which in the rock of Granite Peak is pale pink and readi Iy identifiable be­
cause of its contrast with the gray plagioclase. The most significant differ­
ence in the rock is the extent of hydrothermal alteration. The biotite has 
been almost completely converted to chlorite and epidote, and the plagio­
clase has been considerably sericitized, except for a thin, clear outer zone 
in most grains. Hornblende is generally fresh looking, but parts of some 
grains have altered to chlorite. The orthoclase has not been significantly 
changed. The rock is cut by small veinlets consisting mainly of quartz, 
and the presence of these veinlets offers a clue to the reason why this rock 
is more intensely altered than rock in other plutons of the Pearse Peak type. 

Johnson Creek pluton (9) 

The rock of the JohnsonCreekpluton is similar to that of Pearse Peak 
in both texture and mineral composition, but certain variations were noted. 
The most significant difference is in its much higher content of hornblende 
-- 30 percent in the one sample examined in contrast to a maximum of 17 
percent in the other samples of this rock type. It is correspondingly lower 
in all the other essential minerals. And, in addition, the hornblende has 
more of a tendency to form euhedral grains than it does in rocks of the 
other plutons. 

Gray Butte and Lawson Creek plutons (10 and 11 

The body inupper Lawson Creek also makes up much of Saddle Moun­
tain and is referred to by Koch (1966) by that name. The writers were un­
able to map the extent of the pluton, so the shape as shown on figure 1 is 
approximate. In hand specimen the rock of these plutons is not readily dis­
tinguishable from that of Pearse Peak. In thin section, however, certain 
mineral differences become apparent, the most significant of which is the 
absence, or near absence, of orthoclase. None was identified with cer­
tainty . 

Other primary minerals in the rock of the Gray Butte and Lawson 
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Creek plutons are essentially the same as in the other quartz-diorite intru­
sions. The secondary hydrothermal minerals are the same in kind and bear 
the same relationship to the primary magmatic minerals as do the secondary 
minerals of the other plutons. Notably different is the large amount of ep­
i dote and the large si ze of many of its grai ns in the roc k of both pi u tons. 
In the Lawson Creek sample, epidote makes up about 10 percent of the to­
tal rock and was derived by the alteration of both andesine and the ferro­
magnesian minerals. The largest grains of epidote are closely associated 
with the ferromagnesian minerals, but it is abundantly represented in the 
plagioclase. 

Original biotite has been almost completely converted to secondary 
minerals. These are mainly chlorite and epidote, but considerable white 
mica is associated with the chlorite and is presumably of hydrothermal 
origin. 

The plagioclase is badly altered, much of it almost beyond recogni­
tion, and the sericite formed from it is unusually coarse grained. 

Samples from both plutons have small veinlets. In the Lawson Creek 
sample, the vein minerals are carbonate, epidote, and quartz; in the Gray 
Butte sample, the main vein mineral is the colorless mineral, believed to 
be prehnite, associated with biotite in the other quartz diorite samples. 

Iron Mountain pluton (12) 

The rock of the Iron Mountain pluton is Pearse Peak type quartz di­
orite. In hand specimen it resembles the Pearse Peak rock, though it isof 
somewhat lighter color. A sample (BAg 68-5) from the southern end of 
the mountain near a mining claim on a large quartz vein was examined, 
but a mode was not made because the rock has been considerably modified 
through clastic deformation. The development of mortar structure in which 
the mineral grains are small and the conversion of all the original ferromag­
nesial silicates to chlorite and epidote make a meaningful mode difficult 
to determi ne. 

Most of the plagioclase has been very much altered to coarse-grained 
sericite, zoisite, and epidote. However, enough of it is sufficiently fresh 
to reveal its composition as medium andesine. Orthoclase, if present, was 
not identified. 

Miscellaneous Plutons 

Sixes River Middle Fork pluton (13) 

A rock body of undetermined form and affinities on the Middle Fork 
of the Sixes River has textural similarity to the Pearse Peak quartz diorite 
but differs significantly in mineral composition. 

The rock, a sample (BP 67-27) of which was collected where the 
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Middle Fork of the Sixes River crosses an east-trending dike that bisects 
Salmon Mountain, is composed of 57 percent plagioclase, 18 percent ortho­
clase, 20 percent hornblende, and 3 percent biotite. Accessories amount­
ing to 2 percent of the rock include quartz, abundant sphene, apatite, and 
very little magnetite. Accordingly, it is a hornblende syenodiorite. 

The plagioclase is medium andesine in anhedral and subhedral grains 
and is much altered to sericite and zoisite. 

Hornblende is mostlysubhedral, but ranges from anhedral to euhedral. 
Most of the grains are more or less poikilitic, with included chlorite and 
epidote and some plagioclase. Closely associated with hornblende are 
patches of chlorite and epidote, and the texture of the chlorite indicates it 
is pseudomorphous after biotite. The chlorite and epidote included in the 
hornblende grains are believed also to be originally biotite rather than sec­
ondary minerals derived from the hornblende, which is fresh looking except 
for iron oxide stains from weathering. 

The orthoclase is anhedral and fills interstices between hornblende 
and plagioclase. In places itembays plagioclase, and some grains have in­
clusions of plagioclase and hornblende. It is dusty appearing from kaolin­
ization but has not been hydrothermally altered. 

A very small amount of quartz crystallized late, probably at the same 
time as the orthoclase, and it occupies interstices between plagioclase and 
hornblende. The presence of essential orthoclase and the lack of essential 
quartz set this rock apart from the Pearse Peak and related quartz diorites, 
though conceivably it could be a facies variation. 

Game Lake Lookout pluton (14) 

The rock of the Game Lake pluton is very light colored and has a me­
dium granitoid texture. It was probably originally a massive igneous rock. 
but cataclastic deformation has imparted to it a trace of gneissic structure. 
This may not be readily apparent in a freshly broken sample, but the pattern 
stands out on a weathered surface, especially one with small bits of moss or 
lichen growing on it. In thin section the cataclastic aspect is apparent in 
mortar structure, bent muscovite grains and twin lamellae of plagioclase, 
and broken plagioclase grains. 

The mineral composition of the Game Lake rock (BCB 67-1), col­
lected at the site of the former Game Lake Lookout, is 49 percent plagio­
clase, 38 percent quartz, 12 percent muscovite, and a trace each of 
orthoclase and biotite. Zircon and apatite are accessories in minute 
quanti ti es . 

The plagioclase is zoned, and its average composition is estimated to 
be medium oligoclase but on the sodic side of the mid-point in its range. 
According to the classification of Johannsen (1939), the rock is a tonalite 
(or quartz diorite). The presence of the varietal mineral muscovite, the 
virtual absence of ferromagnesian minerals, and the cataclastic texture 
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mean that the rock could be called either a gneissic muscovite leucotona­
lite or a muscovite tonalite gneiss. Because the clastic metamorphism has 
done little to destroy the igneous characteristics of the rock, the writers 
prefer to call it a tonalite (quartz diorite) rather than tonalite gneiss or 
quartz diorite gneiss. In a classification such as that of Grout (1932), in 
which the plagioclase series is divided into three parts and where the first 
division comes at An20, this rock would be in the granite clan. Under this 
classification the rock could be called a muscovite sodic leucogranite. 
Because potash feldspar is the usual feldspar of granites, some readers may 
take exception to calling a rock that lacks essential potash feldspar a 
granite. 

Collier Butte (extension) ( 15) 

A rock sample (BCB 68-2) from the quarry a mile west of Collier Butte 
on Game Lake road is a light gray porphyry with plagioclase and quartz 
phenocrysts in an aphanitic groundmass of plagioc1ase, quartz, and musco­
vite. The rock has been sheared, and surfaces with slickensides are com­
mon. In thin section some plagioclase grains are seen to be bent and 
broken, and there is some mortar structure; however, it is not easy to dis­
tinguish minerals in the mortar structure from the groundmass minerals. 

The plagioclase phenocrysts are of medium andesine composition. The 
euhedral and subhedral shapes of many grains are still discernable, but the 
borders of the grains have been encroached upon by groundmass minerals so 
that boundaries are not distinct planes. The mineral has been sericitized, 
and much of the sericite is in comparatively large grains. 

The quartz phenocrysts show effects of resorption in their much-rounded 
shapes, and boundaries are irregular because of encroachment of groundmass 
minerals. The highly undulatory extinction of thequartz probably is anoth­
er reflection of the stress to which this rock was subjected. 

Muscovite is a matrix mineral and occurs in aggregates of small grains 
rather than in single discrete grains. Much of it has intimately associated 
chlorite, suggesting original biotite, but none of the biotite remains. 

In addition to the sericite and chlorite, zoisite and epidote are sec­
ondary minerals present in small amount. Zircon and apatite are acces­
sori es in mi nute quanti ti es. 

The composition of the groundmass plagioclase was not determined 
because of its small grain and altered condition, so an estimate of its an­
orthite content was not attempted. Based on the composition of the pheno­
crysts, the rock is classified as porphyritic muscovite dacite. This rock, 
which may be in an offshoot of the rock body at Collier Butte, is similar to 
that near Game Lake in its muscovite content and very low content of iron 
minerals and could well be genetically related, in spite of the textural 
difference. 
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Rock in quarry on Johnson Creek road (16) 

This rock (BP 68-38), sampled at a small roofing granule quarry at 
the head of Ragsdale Creek, a short tributary of Johnson Creek, is a light­
colored, fine-grained porphyry with plagioclase and some quartz pheno­
crysts in a groundmass of quartz, plagioclase, and the secondary minerals 
epidote, zoisite, chlorite, and white mica. Only a trace of original bio­
tite remains, and no hornblende is present. A modal analysis was not made, 
but the rock is clearly a dacite porphyry. 

The plagioclase in the phenocrysts is medium andesine, mostly in sub­
hedral grains but ranging in shape from anhedral to euhedral. Though the 
general shapes of the grains are still retained, the boundaries are irregular 
because of encroachment by groundmass minerals. Grains have been al­
tered in varying amounts to sericite, zoisite, and epidote. Some are af­
fected very little, and others are largely destroyed by alteration. 

Quartz is not as abundant as plagioclase in the phenocrysts but nearly 
equal to it in the groundmass. Phenocryst grai ns are corroded and embayed 
by the groundmass minerals. 

The secondary minerals chlorite, epidote, zoisite, and white mica 
occur together in aggregates. A cluster may be predominantly one mineral, 
but generally two or three minerals are together. These minerals, except 
where clearly embodied in plagioclase grains, are secondary after original 
ferromagnesian silicates. Some clusters have a trace of biotite, which is a 
clue to their parent material. These clusters are mainly white mica with 
lesser amounts of chlorite and other secondary minerals. Aggregates of this 
combination embody most of the secondary mineral matter outside the 
plagioclase. A few large clusters composed mostly of epidote may have 
been derived from hornblende. 

Lobster Creek-Boulder Creek metagabbro (17 & 18 ) 

Lying in the drainage area of the North Fork of Lobster Creek and 
Boulder Creek is a body of rock of mafic composition. The rock (BAg 67-7 
collected on the North Fork of Lobster Creek a short distance above the 
main forks, and BAg 69-1 collected on Boulder Creek, a prominent tribu­
tary of the South Fork of Lobster Creek, where road survey line reaches 
Boulder Creek) in hand specimen has a texture that appears igneous, though 
its general appearance gives the impression of its having been altered. 
Olive-green crystals of medium grain size are surrounded bya milky white, 
granu I ar grou ndmass . 

In thin section the rock is seen to consist largely of secondary miner­
als. Original monoclinic pyroxene is still pr~sent, but much of it has been 
altered to tremolite. Many grains have been completely converted to trem­
olite pseudomorphs, and others have been altered in varying amounts. 
Shapes of tremolite pseudomorphs and partly altered pyroxene grains suggest 
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that the original pyroxene was in euhedral and subhedral grains. 
Around the pyroxene and tremolite is zoisite, much of which IS In 

well-developed crystals of the variety with anomalous blue interference 
color. Associated with the zoisite is a little epidote and probably other 
secondary minerals not identified. It is very likely that these minerals are 
secondary after original plagioclase, though none of this mineral remains. 

Shear stress, if present during the time the rock was undergoing alter­
ation, did little to impart a planar structure, and in hand specimen there 
is only a suggestion of mineral grain alignment. 

Recrystallization has changed the texture and ~ineral composition of 
this rock to such a degree that it should be considered metamorphic. As­
suming that zoisite and related minerals represent original plagioclase of 
calcic composition, the rock is classed as a metagabbro. 

Summary and Conclusions 

Petrology 

Diorite and dacite intrusions lying in the drainage area of the Rogue 
River and the southern part of the drainage area of the Sixes River in Coos 
and Curry Counti es are of two general types. The most numerous are small 
diorite plutons that range in size from a few hundred yards to several miles 
across and are roughly oval to irregular in shape. Dikes or dike-like bodies 
of dacite are the other type, and they may be apophyses of the larger plu­
tons. The posi tion and age of the intrusions wi th respect to intruded forma­
tions suggest they are epizonal. Textures of the two types are different; 
the texture of the rock of theplutons is medium granitoid andequigranular, 
and that of the dikes is porphyritic. Mineralogic similarity between dikes 
and nearby plutons suggests a genetic relationship between the two types. 

The rock of most of the plutons is quartz diorite, and textural and 
mineralogicsimilarity between a number of them indicates a commonorigin. 
The largest is the Pearse Peak pluton. It was the first to be named and de­
scribed, and for this reason, and for the reason that its rock is representa­
tive of the rock in the several plutons, it is designated as the "type" 
quartz diorite of this group of related intrusive bodies. 

The rocks of three plutons studied differ somewhat from the Pearse 
Peak type in mineral composition but are like it in texture and general 
field appearance. One of these is in a pluton on Lawson Creek, and anoth­
er is at Gray Butte. The rocks of both lack potash feldspar, but otherwise 
are like the Pearse Peak in mineral paragenesis and texture and are not 
readily distinguishable from it in the field. 

The rock in a small pluton on the Middle Fork of the Sixes River dif­
fers significantly from the Pearse Peak in its lack of essential quartz. The 
other minerals and their paragenesis are the same as th'il Pearse Peak and the 
textures are similar. Its affinities are uncertain, but it may be a differentiate 
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of the magma from which the Pearse Peak quartz diorite crystallized. This 
idea is supported by the proximity of this intrusion to intrusions of the Pearse 
Peak type. 

The rock in the intrusion at Game Lake Lookout is either a quartz di­
orite or a granite, depending on which classification is used. The sodic 
oligoclase and the varietal mineral muscovite set this rock apart from the 
Pearse Peak quartz diorite. A porphyritic rock in a dike-like body west of 
Collier Butte is similar mineralogically and is probably genetically related 
to that in the Game Lake Lookout pluton. 

An elongate rock body that lies along the drainage divide between 
the North and South Forks of Lobster Creek and in the drainage area of 
Boulder Creek is a highly altered gabbro. Some original pyroxene remains, 
but most of it has been converted to tremolite, and original plagioclase 
has been completely altered, principally to zoisite. This rock is classified 
as a metagabbro. 

Age and correlation 

The intrusive bodies of southwestern Oregon seem to fall into two gen­
eral groups by rock type: 1) the dioritic intrusions discussed in this paper, 
and 2) gabbroic intrusions that appear to be associated with the Galice 
greenstone and the Colebrooke Schist. Diller (1903) included areas of 
greenstone and sedimentary rocks with gabbro and diorite. 

In most instances the two rock types may be distinguished megascop­
ically in the field. However, there are several that need c loser inspection. 
The altered pluton between the North Fork of Lobster Creek and Boulder 
Creek, although initially mapped with the younger intrusions, appears to 
be related to the older gabbros. There is a small intrusive body surrounded 
by serpentine under the Snow Camp Mountain Lookout. This is sheared and 
somewhat altered and is of questionable age. There is always the possibil­
ity that some of the plutonic rock was brought in with the encompassing 
serpentine. According to Koch (1966, p. 52) several severely deformed 
quartz diorite bodies are present along the coast near Otter Point and Von­
dergreen Hill. He concludes that the pluton on the southwestern side of 
Vondergreen Hi II was perhaps dragged upward duri ng intrusion of the ul tra­
mafic body. Cataclastic structure in the Game Lake body points to post­
intrusive deformation of the body. Diorite float occurs in the North Fork 
of Rock Creek on the east flank of Iron Mountain. It is similar to that at 
the south end of the mountain. Small masses are shown on figure 1 that 
are not discussed. 

Most of the dioritic plutons intrude pre-Nevadan formations but no­
where are they definitely known to intrude post-Nevadan formations. Koch 
(1966) found abundant cfasts of Pearse Peak diorite in the basal early Cre­
taceous Humbug Mountain conglomerate along Elk River. This evidence 
plus K-Ar dates ranging between 140 and 150 m.y. place the time of 
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intrusion of Pearse Peak and allied plutons within the span of the Nevadan 
orogeny. K-Ar dates, based on hornblende, of more than 200 million years 
do not seem tenable, for neither the Pearse Peak nor the Lawson Creek­
Saddle Mountain pluton is as internally deformed as one might expect with 
thrusting, a probable condition for a pre-Mesozoic age. Both are petro­
graphically simi lar. Although the plutons on the north end of Iron Moun­
tain and on Gray Butte are entirely surrounded by serpentine, and may 
have been brought in with the ultramafic rock, it is the authors' opinion 
that these pi utons were intruded after empl acement of the serpenti ne. 
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* * * * * 

NOTICE! NO FORWARDING OF ORE BINS 

Cruel as it seems, the u.S. Post Office does not forward The ORE BIN-­
or any other bulk mai I. So if you should move, please send us your new 
address and zip code immediately, so that you will continue to receive all 
issues of The ORE BIN. Otherwise, the magazine will come back to this 
office and we shall have to pay the Post Office 10 cents for each copy re­
turned. Unless we have your new address, The ORE BI N wi II never reach 
you. 

* * * * * 
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INTERIOR SUPPORTS MINING LAW OF 1872 

Secretary of Interior Walter J. Hickel recently gove full support to the 
existing Mining law of 1872. This wi 11 necessari Iy be the stand of the De­
portment of the Interior (which includes the Bureau of Land Management) 
in the nation-wide controversy over whether the present claim location sys­
tem should be replaced by a leasing system. This stand completely reverses 
the position taken by the former Secretary, Mr. Udall. 

In a letter to the Public Land Law Review Commission, Secretory 
Hickel recommended " •••• a workable revision of the mining law of 1872 
which will enable it to meet our present and future needs. This can be ac­
complished without sacrificing the best qualities of the old law and stifling 
needed exploration and development while still insuring appropriate con­
sideration for necessary conservation and multiple use management." 

He further recommended " .. . . thot a careful study be made of reve­
nues resulting from minerals claims to determine whether the Federal Gov­
ernment should receive any compensation from the minerals extracted from 
such claims. However, consideration should not be given to revisions 
which would deter exploration for and development of our mineral resources 
nor which would render unfeasible or uneconomical the removal of vitally 
needed minerals from public lands." 

His letter then went on to make the following suggestions for improv­
ing the Mining Law of 1872: 

"1. Revision of the patenting procedures to grant claimants only a 
patent to subsurface mineral resources with a right to use so much of the 
surface as is necessay for mining and related activities. Preference should 
be given to the patentee in any sale of the remaining surfac:e rights. 

"2. Provision for realistic increases in the purchase price per acre for 
mining claims upon patenting. Such increases should adequately reimburse 
the Federal Government for expenses incurred in issuing the patents. 
Prices established in 1872 are for from in line with prices of today. 

"3. Retention by the United States of surface rights should be occom­
ponied by a provision enabling the Federal Government to exercise a 
reasonable degree of control over the impact upon the surface and environ­
ment as a result of mining and related operations." [State of Alaska Mines 
Bulletin , vol. 17, no. 10, October 1969, p. 2] --

* * * * * 
GRANT COUNTY TO PURCHASE FOSSIL COLLECTION 

Fossils collected yecrs ago from geologic formations in the area of Dayvi lie 
by the late Mr. Weatherford, long-time resident of that district, will be 
enjoyed by visitors to the Grant County Chamber of Commerce. Directors 
of the organization have voted to purchase the collection. (From the 
Blue Mountain Eagle, Sept. 11, 1969.) 

* * * * * 
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COPPER BELT RE-EXAMI NED 

The geological consulting firm of E. P. Sheppard and Associates, Ltd. of 
Vancouver, B.C., is currently mapping the belt of copper prospects owned 
by the Oregon Copper Co. in the Lower Powder River and Sparta mining 
districts of Baker County. An extensive, close-interval geochemical samp­
ling survey is now in progress and a follow-up airborne magnetometer sur­
vey is contemplated. The examination is being made for the Baker Moun­
tain Copper, Ltd. (NPL) (formerly Dennis Holding Co.) of Vancouver, 
B.C. The area under investigation embraces more than 100 claims and in­
cludes most of the prospects held under option by the Cyprus Mining Co. 
during 1967 and 1968. Whether the present examination will include a 
continuation of the core-drilling program started by Cyprus will be gov­
erned by the ou tcome of the sampl i ng and mappi ng program now under way. 

* * * * * 

HEAVY METALS, GOLD PUBLICATIONS ISSUED 

"Principal gold-producing districts of the United States, " by A.H. Kosch-
/' 

mann and M. H. Bergendahl, is a recent Professional Paper (No. 610) of 
the U.S. Geological Survey. Information on U.S. gold deposits is presented 
alphabetically by state; 15 pages of the 283-page book are devoted to a 
discussion of Oregon's gold-producing districts. The book is for sale by the 
Superintendent of Documents, Government Printing Office, Washington, 
D.C. 20402. Price per copy (cloth bound) is $4.75. 

The Survey is also issuing 'progress reports on its Heavy Metals Program, 
which began in 1966 in cooperation with the U.S. Bureau of Mines. Field 
work and topical studies performed in 1968 are summarized in Circulars 621 
and 622 respectively. Both circulars are avai lable free of charge from the 
U.S. Geological Survey, Washington, D.C. 20242. 

* * * * * 

MOLLUSKS OF THE EUGENE FORMATION DESCRIBED 

"The Oligocene marine molluscan fauna of the Eugene Formation in Oregon," 
by Carole Jean Hickman, has been published as Bulletin 16 by the Univer­
sity of Oregon's Museum of Natural t:-Jistory. A total of 67 species of 
mollusks are described and figured. In addition, the stratigraphy, paleo­
ecology, and other aspects of the Eugene Formation are discussed. The 112-
page bulletin can be obtained from the Museum of Natural History, the 
University of Oregon, Eugene, Oregon 97403. The price is $2.50. 

* * * * * 
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CLI NOPTI LOLITE IN WATER-POLLUTION CONTROL 

Basi I W. Mercer* 

Clinoptilolite is a zeolite mineral which occurs in substantial deposits in 
the John Day region of Oregon (Fisher, 1962) and in other areas of the 
western United States (Hay, 1966). Because of its ion-exchange proper­
ties and potential low cost, clinoptilolite may find extensive use in the 
control of water pollution as an agent for the removal of ammonia nitrogen 
fromwastewater. As previously reported, clinoptilolite is highly effective 
for selectively removing cesium-137 from radioactive wastewaters (Brown, 
1962). It is also sufficiently selective for ammonium ion to be of potential 
value in a rather unusual ion-exchange process which will be subsequently 
described. 

Ammonia as a Pollutant 

Early in thedeveloping science of water-pollution control, the pres­
ence of ammonia in surface and ground-water supplies was regarded as a 
strong indication of recent pollution (Babbit and Bauman, 1958). As 
water-quality science progressed, it became apparent that the presence of 
ammonia in water has implications far more serious than merely serving as 
an index of recent pollution (Jones, 1964; Sawyer, 1947; Betz, 1962; 
and Behrman, 1968). I t was demonstrated that: 

1. Ammonia can be toxic to fish and aquatic life. 
2. Ammonia can contribute to explosive algae growths, thereby 

promoti ng eutroph icati on. 
3. Ammonia can restrict wastewater renovation and water reuse. 
4. Ammonia can have detrimental effects on disinfection of 

water supplies. 
5. Ammonia can be corrosive to certain metals and materials 

of construction. 

* Senior Research Scientist, Pacific Northwest Laboratory, Bate'lle Mem­
oriallnstitute, P. O. Box 999, Richland, Wash. 99352. 
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As a result, the removal of ammonia will become a necessary step in the 
treatment of municipal, agricultural, and industrial wastewater in many 
areas of the Uni ted States. 

More than 90 percent removal of ammonia will be required for muni­
cipal sewage treatment plant effluents in some areas which wi II be involved 
with very large volumes of wastewater. For example, the City of Detroit, 
Mich., discharges daily into Lake Erie an average of 687 million gallons 
of wastewater (U.S. Dept. Interior, 1968) containing an estimated 45 tons 
of ammonia. The discharge of wastewater from this and other cities in the 
Lake Erie drainage basin contributes heavily to the accelerated eutrophi­
cation of this lake. 

Ion Exchange Process 

Laboratory and pilot-plant studies on ammonia removal from waste­
water by sorption onclinoptilolite have been conducted at the Pacific North­
west Laboratory (Mercer and others, 1969). The clinoptilolite used in these 
studies was obtained from Hector, Cal. Clinoptilolite and other zeolites, 
such as mordenite, erionite, and chabazite, exhibit a high affinity for am­
monium ion in the presence of other ions commonly found in natural waters 
(Na+, Ca+2, and Mg+2 ). A comparison of the amount of ammonium ion 
(NH4: ) adsorbed from a mixed ammonium and calcium solution is shown in 
figure 1, for Hector clinoptilolite and a conventional ion-exchange resin, 
IR-120*. The clinoptilolite much prefers the ammonium ion to the calcium 
ion under these conditions. This selectivity for ammonium ion over calci-
um ion permits the use of an inexpensive chemical, lime, for regeneration 
of the clinoptilolite. 

I n the ammonia-removal process, the c linoptilolite is used in a gran­
ular form, normally 20 X 50 mesh, packed in an ion-exchange column. 
The wastewater is pumped through the bed of granular zeoli te unti I the 
NH4: sorptive capacity of the zeolite is exhausted. The bed of zeolite is 
then regenerated or renewed by pumping a lime solution or slurry through 
the bed. The alkalinity of the lime converts the sorbed NH4: ion to NH3 
which flows out with thewaste regenerant solution. The NH.;t ion is replaced 
with Ca+2 ion from the lime. The zeolite bed is then ready for service. 

This process has a distinct advantage over conventional ion exchange 
processes in that no liquid waste regenerant requires disposal. The waste 
regenerant is air stripped to remove the ammonia and is reused after the ad­
dition of make-up lime. A photograph of the mobile pilot plant used to 
demonstrate the process at the Rich land, Wash. sewage-treatment plant is 
shown in figure 2. Using this process, an estimated 480,000 cubic feet of 
clinoptilolite would berequired to treat thewastewater presently discharged 
from the City of Detroit, Mich. 

* Amberlite IR-120 product of the Rohm & Haas Co., Philadelphia, Penna. 
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Figure 1. Comparison of the amount of NH4+ adsorbed from a mixed 
ammonium and calcium solution under equilibrium conditions. 

Total equi librium solution normality = 0.1 

Clinoptilolite Quality 

High resistance to chemical and physical attrition as well as a high 
percentage of clinoptilolite isrequired in the granular form of the material 
used in the ion-exchange beds. The clinoptilolite obtained from Hector, 
Cal., is contained in an altered tuff with about 15 percent quartz, feld­
spar, and unaltered glass. The ion-exchange capacity is about 1.7 milli­
equivalents per gram of zeolite. When crushed, sieved, and thorough Iy 
washed with agitation to remove fines, clay, and other impurities, 20 X 50 
mesh Hector clinoptilolite gave a wet attrition test of 3 percent. The wet 
attrition test determines the amount of fines (less than 100 mesh) generated 
by 25 grams of the granular zeolite during rapid mixing with 75 milliliters 
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Figure 2. Photograph of mobile pi lot plant. (Photograph courtesy Battelle Memorial Institute.) 



of water on a paint shaker for 5 minutes. Commercial zeoli tes, such as eri ­
anite and chabazite which are powdered, mixed with clay binder, extruded, 
and fined, will generally give a wet attrition test af about 6 percent or 
twice that of the Hector clinoptilolite. Low wet attrition is important be ­
cause back flushi ng with fluidization of the ion exchange beds is required 
after regeneration with lime. 
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* * 1< * * 

IRONSIDE BULLETIN ON OPEN FILE 

"Geology of the Ironside fv\ountain Quadrangle, Oregon," by Wo llace D. 
lowry, has been placed on open file in the Department's Portland office. 
The 79-page bulletin is camera reody for publication, but because funds for 
this purpose are nat available a Xerox capy of the report is now placed in 
open file in the Department library, where it can be consulted. A color­
key proof of the geologic map and the photographic illustrations can also 
be seen. The Ironside fv\ountoin 30-minute quadrangle spans ports of Grant, 
Boker, Malheur, and Harney Counties in northeastern Oregon . 

* * * 1< 1< 
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MINING PO LICY BILL PASSES 

A major step toward establishing a much-needed notional mining and miner­
als policy wos token last month with the passage of Senate Bill 719. The 
measure, which would provide guidelines for orderly development of our 
mineral resources, was passed in the U.S. Senate on September 5 and sent 
to the House. 

Many in the mining industry feel that such a policy is essential if the 
U.S. is to continue as the world leader in the mineral industry. While ex­
tensi ve training and research programs have improved the conservation and 
use of agricultural crops, forests, soils, wildlife, and water resources, no 
such foresight hO$ been used in the case of mineral resources. The mining 
industry has been more or less left to fend for itself with little outside sup­
port. It has developed practical so lutions for many of the problems encoun­
tered in exploiting nonrenewable minerol resources and in improving a 
deteriorating environment. Technical difficulties and casts involved, how­
ever, have imposed limitations because they mean the difference between 
feasibility and infeasibi lity in the mining industry economic picture inmany 
cases . 

Ult imately, the industry will have to turn to lower grade ore deposits 
and depos its at great depths to satisfy mineral requirements. Such endeavors 
wil l, of course, require cansiderable research. 5.719 establishes the pol­
icy of fostering such research -- both government-sponsored and private -­
to deal wi th the technological problems of locating and extracting such min ­
erai deposits. 

As mineral resource problems increase, the number of mining depart­
ments in universities has dwindled -- from 26 in 1962 to only 17 in 1967. 
The national policy bill also emphasizes the need for techno logical training 
as well as strong research and instructional programs. The advantages of 
publishing and disseminating technic a l information are also pointed out. 

Minerals are critica l and essentia l to the nation's economy and the 
national mining and minerals policy, 5.719, which passed the Senate last 
month, is the first step in providing guidelines for their wise and efficient 
use. (Missouri Geological Survey Missouri Mineral Industry News, v . 9, 
no. 10, October 1969, p . 137.) 

* * * * * 
ROCK AND MINERAL BOOK LET REPRINTED 

"A Description of Some Oregon Rocks and Minerals, II by Hollis M. Dole, 
has jus t been pr inted for the fifth time by the Department. This popular 
41-page book le t , designated as Misce llaneous Paper 1, was orig inall y pub­
lished in 1950, and although reprinted three times, the supply has been ex ­
hausted since 1963. Misce llaneous Paper 1 is for sale for 40 cents by the 
Department at its Portland, Boker, and Grants Pass offices. 
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THE SEMIPRECIOUS GEM INDUSTRY OF OREGON 

Professor Les lie L. D. Sh affer* 
and 

Steve T. Hashimoto, MBA** 

Rockhounding, the lively art of searching for, cutting, shaping, 
and polishing a wide variety of quartz-family semiprecious gemstones, has 
become the most popular of all recreational activities based on natural 
resources in the state. More family hours are spent on rockhounding in 
Oregon than on any other outdoor activity. The following article was 
suggested to the authors by Ralph S. Mason, mining engineer with the State 
of Oregon Department of Geology and Mineral Industries, and much of the 
background information was supplied from the Department's files. Addi­
tional material was provided by Jerry Gray, geologist at the U.S. Bureau 
of Mines, Albany, Oregon. "The Semiprecious gem industry of Oregon" 
appeared in the Oregon Business Review, publication of the University of 
Oregon Bureau of Busi ness and Economi c Research, v. 28, no. 7, Ju Iy 
1969, 4 pages. (Edi tor) 

Interest in working stones into objects of artistic or utilitarian use is older 
than the written history of man. Within the general category of stone 
working there has always been special interest in semiprecious and precious 
gems. Refining rough material into display quality gem stones was a skill 
passed on by demonstration even before written instructions were avai lab Ie . 
The work was surprisingly good even by modern standcrds, especially in 
view of the primitive tools which were available. 

Rather complete instructions for theworking of semiprecious gem ma­
terial were available about 1800 (Sinkankas, 1962), but the attention of a 
large number of amateurs did not arise until the advent of the diamond-edge 
saw and the availabi lity of electric furnaces produced grinding substances 
-- about 1940. Development of interest has been quite rapid since these 
technical changes were introduced and especially in the last 15 years. 

* Professor of Management in the College of Business Administration, 
University of Oregon. 

** Graduate student in Management, University of Oregon. 
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Production Data 

The U. S. Bureau of Mines reports that 38 states produced semipre­
cious gem materials of significant amounts during 1967 (Petkof, 1968). 
Some believe that Oregon may be first among the states if several factors 
are considered. The presence of substantial deposits of rough material, the 
number of persons searching out material, and the number engaged in work­
ing rough to finished items, all need to be considered in this judgment. The 
total value of production for the state during 1967 has been estimated at 
$1,000,000 (the ORE BIN, 1965). However, it is quite probable that the 
actual total exceeds the above figure. It is difficult to establish an accu­
rate total dollar value, because much of the collecting of rough material is 
done by amateurs, both resident and tourist. Also, a large part of the fin­
ish ed s tones are never offered for sa Ie. 

Other states reporting semiprecious gem production of some value in­
clude the following in order of importance: California, Idaho, Arizona, 
Texas, Wyoming, Colorado, Montana, and Nevada, with each state pro­
viding materials exceeding $100,000 in value (Petkof, 1968). 

Sources of Gem Material 

Gem stones are divided into two general categories: precious and 
semiprecious. A precious gem stone has beauty, durability, and rarity, 
whereas a semiprecious gem has only one or two of these qualities (Schle­
gel, 1957). Examples of precious gems would include diamond, emerald, 
precious opal, ruby, and sapphire. With the exception of small amounts 
of precious opal and sapphire, nothing of significance in this category has 
been found in Oregon (Schrader and others, 1917). However, many vari­
eties of semiprecious gem stones can be located in different areas of Ore­
gon. As noted in table 1,22 counties in the state have deposits of usable 
rough material. 

In comparison to other minerals produced, gem stones rank only fourth 
as indicated in table 2. It can be observed, however, that those categories 
of higher total value include commodities such as sand and gravel, pumice 
and volcanic cinder, and other bulk items. 

There are several reasons why interest in semiprecious gems has de­
veloped into a significant activity in the state of Oregon. These include: 

1. A great variety of semiprecious material is found in Oregon 
compared with other states. 

2. Regardless of weather conditions, there is always some area 
in Oregon where raw materials can be obtained. 

3. A large part of the raw material is found on public land and 
access is relatively unrestricted. 
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Counties 

Baker 
Benton 
Coos 
Crook 
Curry 
Deschutes 
Douglas 
Grant 
Harney 
Jackson 
Jefferson 
Lake 
Lane 
Lincoln 

Linn 
Malheur 
Morrow 
Polk 
Union 
Wallowa 
Wasco 

Table 1. Principal gemstone localities in Oregon.* 

Gem materials 

Agate, jasper, petrified wood 
Agate 
Fossil wood 
Agate, carnelian, geode, moss agate 
Jade 
Agate, carnelian, geode, jasper, moss agate 
Agate 
Agate, petrified wood 
Agate, obsidian 
Agate, bloodstone, jasper, petrified wood, rhodonite 
Agate, amethyst, geode, opal 
Geode, obsidian 
Agate, petrified wood 
Agate, agatized coral, bloodstone, jasper, petrified wood, 

sagenite, sardonyx 
Agate 
Agate, geode, jasper, petrified wood 
Agate, geode 
Agate, jasper, petrifi ed wood 
Agate 
Agate 
Agate, amethyst, bloodstone, chalcedony, geode, jade, 

jasper, opal, quartz, sagenite. 

*Petkof, Benjamin, 1965, Gem stones: in Mineral facts and problems: 
U.S. Bureau of Mines Bull. 630, p~367. 

The expense involved in obtaining semiprecious gem stones is not 
necessarily great -- it depends upon the degree of interest the collector 
might have. Lapidary equipment is priced over a wide range. The collect­
ing and finishing of gem stones is an activity that is open to all groups, 
regardless of age or experience. In addition, the search for gem material 
can be intellectually stimulating to many persons, since they learn about 
Oregon's geography, history, and geology. Also, there is always the pos­
sibility of discovery of fossils, arrowheads, artifacts, and other unusual items. 

Gem Locations 

During 1967, the primary locations in Oregon where significant 
amounts of gem stones were found included sections along the Oregon 
coast and areas near Lebanon, Prineville, Lakeview, and Nyssa. In these 
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Table 2. Mineral production in Oregon, 1968. * 
Value 

Mineral Quantity (thousands) 

Clays thousand short ton~ 203 $ 338 
Diatomite short tons 40 3 
Gem stones NA 750 
Gold troy ounces 15 ** 
Lime thousand short tons 111 2,311 
Mercury 76-pound flasks 940 509 
Nickel short tons 16,732 W 
Perlite short tons W W 
Pumice and volcanic ci nder thousand short tons 850 1,200 
Sand, gravel, stone thousand short tons 40,000 55,440 
Silver troy ounces W W 
Talc and soapstone short tons 3 ** 
Value of items that cannot be disclosed: 

Cement, copper, peat XX $77,547 

Key: NA = Not available. XX = Not applicable. W =Withheld to avoid 
disclosing individual company's confidential data. ** = Less than $1000. 
* Source: Gray, J.J., Kingston, G.A., McComb, M.A., 1968, Mineral 
Industry of Oregon in 1968, preliminary annual report: U.S. Bureau of 
Mines, p. 2. 

locations, the most sought-after semiprecious gem stones include obsidian 
and cryptocrystalline* varieties of quartz -- thunderegg, moss and plume 
agate, jasper, and petrified wood (Collins and others, 1968, p. 668). No 
one knows where all deposits are, and each road-construction project seems 
to produce its own variety and quantity of interesting material. It is of in­
terest to note that rockhounding has now developed to the point where the 
state of Oregon, as well as many cities, provides maps showing locations 
where different types of raw material can be found. 

Every year and in increasing numbers individuals search the Oregon 
beaches as well as the gravel beds of many coastal rivers for gem material. 
Local collectors report that winter is the best season for obtaining beach 
agates, because storms are more violent at this time of the year. Also, 
winter rains assist in exposing agates and other gem materials. 

Among the beach gems most prized are the unique agates having var­
ious inclusions of colorful mineral matter. These stones are identified under 

* Cryptocrystalline refers to crystalline structures consisting of crystals 
too small to be seen with the microscope. 
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the general name of sagenite agate. Also beach agates sometimes contain 
movable bubbles of water (enhydros) and these make interesting cabinet 
spec i mens (Dake, H. C., 1 962) . 

Rockhound Meetings 

Lebanon, Oregon has become well known for its semiprecious gem 
materials. In 1965 the Pow-Wow Rockhounds of America held a formal 
Memorial Day convention there which attracted more than 500 enthusiasts*. 
In the Lebanon area, many owners of well-known locations charge a fee 
of $2.00 per day which permits individuals to search for gem stones. Car­
nelian agate, highly prized for its deep-red color, banded agates, opal, 
jasper, and petrified wood are found on a large swath of prehistoric river 
bottom approximately 2 miles south of the city. There are several other 
productive locations within the Lebanon area - one near Scio, several near 
Sweet Home and Brownsville, and others on McDowell Creek (Albany 
Democrat-Herald, 1968). 

Perhaps the most outstanding gathering of individuals interested in 
semiprecious gems occurs in Prineville, Oregon. An estimated 85,000 
rockhounds gather annually in thiscity for a "Pow-Wow." This single event 
brings in nearly half a million dollars revenue from out-of-state visitors 
who require food, lodging, gas, and other supplies. Approximately one­
half of the gem stones in this area are obtained from private holdings where 
owners charge a fee. Pri ces charged at these si tes range from 10 to 15 cents 
per pound of raw materials obtained with a $3.00 minimum per person per 
day. In addition, the city of Prineville has established several good 
locations where no fees are charged. 

In 1966, the town of Nyssa proclaimed itself "The Thunderegg Capi­
tal of Oregon," and conducted a three-day celebration (Thunderegg Days) 
bringing 3000 visitors and collectors from 42 states (Collins and others, 1967, 
p.651). According to Mrs. Kay Brendle, "Many of these out-of-state 
visitors (including some families composed of up to seven members) stayed 
in the area for an average of three days bringing in additional income for 
loca1 busi nessmen." The festival is now sponsored annually by the Nyssa 
Chamber of Commerce and the Treasure Valley Gem and Rock Club. 

Thunderegg -- Oregon State Rock 

The thunderegg is an agate-filled nodule found in parts of central 

* The Pow-Wow Rockhounds of America is a national organi zation com­
posed of members interested in the earth sciences, rock collecting, lapi­
dary, jewelry making, and archaeology. "Rockhound" has been defined 
as one who hunts and collects gem stones or minerals as a hobby. 
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and eastern Oregon, and is Oregon's unique contribution to rockhounding. 
It became the official state rock on March 5, 1965 (The ORE BIN, 1965, 
p. 192). 

Thundereggs are spherical masses of rock that range in size from less 
than an inch to several feet in diameter. Most are about the size of a 
baseball. They have a knobby rind of drab, si liceous rock around either a 
cavity or a core of agate or crystals. From the outside they appear unin­
teresting, but when sawed open and polished they may reveal exquisite and 
colorful designs ranging from five-pointed stars to miniature gardens. They 
are highly prized by gem collectors who come from every state to search 
for them. Thundereggs make handsome jewelry, book ends, paper weights, 
pen stands, and other decorative objects. Each year they contribute thou­
sands of dollars toOregon's gem-stone industry (The ORE BIN, 1965, p. 192). 

The thunderegg may owe its name to a legend of the Indians of cen­
tral Oregon. The story related that these hard, almost spherical rocks were 
missi les hurled from the craters of Mount Hood and Mount Jefferson when­
ever the gods i nhabi ti ng the mountai ns became angry (i bi d., p. 196). J. 
Lewis Renton probably deserves recognition for first putting the term 
"thunderegg" into print (Renton, 1936, p. 12) and for attributing the name 
to the Indian legend (The ORE BI N, 1965, p. 192). 

Geologists are uncertain about the origin of these spherical objects, 
and various theories have been advanced to explain the process of their 
formation. It appears that there may have been at least two separate stages 
of activity. First, small gas pockets were formed explosively in a semi­
solid light-colored lava flow, and second, the pockets were filled at a 
later time with agate or opal (Ross, 1941, p. 732; Staples, 1965). 

Activity and Prices 

At the present time in Oregon, there are 54 gem and mineral clubs 
(Lapidary Journal, 1968, p. 261-262) compared to 40 such organizations 
in 1957 (Lapidary Journal, 1957, p.144-146) (see table 3). 

Table 3. Gem and mineral clubs in Oregon* 

Year Number of clubs Year Number of clubs 

1957 40 1963 45 
1958 41 1964 49 
1959 47 1965 52 
1960 47 1966 51 
1961 49 1967 54 
1962 52 1968 54 

* Source: Lapidary Journal, Apri I issues of each year. 
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This is an indication of thegrowing interest inOregon's semiprecious 
gems. The total number of persons directlyinvolved in thisactivity inOre­
gon is unknown, since no survey has been taken. However, it is estimated 
that some 1900 individuals are actively interested (Northwest Federation of 
Mineralogical Societies, 1968). In addition, there are about 70 gem-stone 
retailers, several wholesalers of finished gems, and a fluctuating number of 
lapidary equipment and supply manufacturers (Lapidary Journal, 1967, 
p. 194). This would amount to about 2000 individuals in Oregon either 
interested or actively engaged in this activity. These figures do not in­
clude tourists or those enthusiasts who have sophisticated semiprecious gem 
collections but who are not members of clubs. 

Prices for semiprecious gems at any particular time will vary accord­
ing to several factors including beauty, durability, rarity, and supply and 
demand. From information obtained in contacting individuals involved in 
this industry, it was found that raw gem-material prices ranged from free to 
several dollars per pound or even per square inch of cut material. Unusual 
and rare items sell for even higher prices. For example, rare plume agate 
and some limb casts found in central Oregon wi II sell for as much as $35 
per pound. 

Polished and mounted gem stones have simi lar variations. For instance, 
a plume agate mounted in a necklace can be priced from $3 to $4 up to 
$15 to $18, depending upon its quality and the location of the r,etailer. It 
is apparent that there are no standardized prices for either raw material or 
fi n ish ed produc ts . 

Prospects 

Based upon the increased interest ingem stones indicated by new min­
erai clubs, larger gem displays in stores, and the volume of inquiries con­
cerning gem locations, it would appear that this activity has considerable 
attraction and some industrial potential. The data concerning the impact 
of semiprecious gem stones upon Oregon's economy is incomplete. A more 
detailed study would provide useful information in this respect, including 
the following considerations: 

1. The precise size and structure of the industry. 
2. An analysis of areas open to both fee and free digging. 
3. Problems in the administration and control of semiprecious 

gem locations. 
4. A more precise determination of production and valuation 

of gem stones and gem materials produced annually. 
5. The impact upon the state as well as local economies. 
6. Possible guidelines and recommendations for future action 

wi th regard to growth and development of the industry. 

If the income from the sale of lapidary equipment, display fittings, 
mountings, tools, gem and mineral books, magazines, and living accom-
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modations for vacationing rockhounds are included, it is quite probable 
that the semiprecious gem-stone "industry" of Oregon is larger than has 
been estimated. The supply of gem-stone material in Oregon is good, and 
new locations are continuously being found. There is opportunity for more 
individuals to make a living from the activity. 
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FRANCIS G. WELLS 

Early on the morning of October 20, 1969 Dr. Francis Gerritt Wells, 
affectionately known to his many friends as "Francois" or "Duke," died 
of pneumonia in Sarasota, Fla. 

Francois was born in Boston, Mass. on February 18, 1898. He was 
educated as a geologist, first at Massachusetts Institute of Technology, 
where he received his Bachelor of Science degree in 1922, and later at 
the University of Minnesota, where he received his doctoral degree in 1928. 
Dr. Wells worked briefly as a geologist in the eastern United States and, 
later, in Arkansas, Arizona, Utah, and Alaska. He first came to southwest 
Oregon in 1930 -- the locale for the greater part of his life's work on the 
U.S. Geological Survey. Much of his early work in southwest Oregon in­
volved the study of miningdistricts; this work led to the publication of re­
ports on gold, base metals, mercury, and chromite. During World War II 
he ably supervised a study of chromite deposits in Oregon and California 
under the U. S. Geological Survey's Strategic Minerals Program and, at 
the same time, supervised the geologic mapping of the region from Medford 
to the coast. 

As a result of his many years of work on the geology of Oregon, 
Francois was selected to direct the Survey's program to prepare a geologic 
map of the entire state. The western part of this map was published in 
1962, shortly before his retirement. 

Francois exerted a great influence on the lives of the many geologists 
who were associated with him, and all will remember his rigorous training 
camps, his stimulating discussions, and his delightful stories. 

- George W . Walker, Menlo Park, Cal. 

* * * * * 

NORTHWEST OREGON SUBSURFACE STUDY PUBLISH ED 

"Subsurface Geology of the Lower Columbia and Wi Ilamette Basins, Ore­
gon," has been published as the second in the Department's Oil and Gas 
Investigations series. Author is Vernon C. Newton, Jr., Petroleum Engi­
neer for the Department. I n this report Mr. Newton has gathered data from 
25 deep exploratory wells in northwestern Oregon basins and has correlated 
this information with surface mapping. The region selected for the study is 
underlain by 10,000 to 20,000 feet of Tertiary marine sedimentary and vol­
canic rocks. Oi I and Gas Investigations No.2 is a 121-page book accom­
panied by a subsurface geologic map and six sections. The publication can 
be purchased for $2.00 at the Department's offices in Portland, Baker, and 
Grants Pass. 

* * * * * 
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BAKER COUNTY GOLD MINE REACTIVATED 

Development work conducted by Anthony Brandenthaler of Baker on the old 
Bald Mountain mine in Baker County resulted in the shipping of one 60-ton 
carload of gold-bearing quartz ore to the Tacoma smelter during the latter 
part of October. This is in addition to a carload of mill concentrates sched­
uled for shipment to the Selby smelter in California in November. 

The Bald Mountain mine and its nearby companion I the Ibex l are lo­
cated in the Cracker Creek district on the western end of the well-known 
mineralized vein system of the Bourne area. Both mines have a history of 
productive operation prior to having been closed down by war-time curbs 
in 1941 1 and this is the first time that either has been reactivated since. 
The present output originates from a newly developed ore shoot on a drift 
at a point about 1500 feet from the portal. Additional shipments of the 
high-silica quartz ore will be made during the winter if the returns from the 
present shipment meet current expectations l which preliminary sampling re­
portedly indicates should be around half an ounce of gold and 17 ounces of 
silver to the ton. Four men have been employed at the mine and the George 
Reed Trucking Co. is transporting the ore from the mine to a rail siding at 
the Chemical Lime plant near Baker. 

* * * * * 

DEPARTMENT HIRES NEW CARTOGRAPHER 

John Newhouse l cartographer for the Department from June 1962 until Oc­
tober 1969 1 has left this position to go into environmental planning work l 

a field he is well qualified to follow as a result of his education in geogra­
phy at Portland State University and his broad experience in map making for 
the Department. In the seven years he was on the Department staff l John 
helped to raise the standards of the Department's publications by introduc­
ing many new ideas on content I design l and color. He was responsible for 
the execution of the high-quality geologic maps appearing in The ORE BINI 
GMS Map Series l Bulletins l and other Department publications. 

Replacing John Newhouse is Steven R. Renoud l who joined the De­
partment staff in August 1969. Steve is a native of Sweet Home, Oregon. 
He graduated from the Sweet Home High School in 1963 and entered the 
service that same year. In 1964 he re-enlisted to attend the U.S. Army 
Engineer's School for Cartography at Fort Belvoir, Va. During the next 
four years he obtained a wide range of training and experience in cartog­
raphy with the Army Map Service. One year of this period was spent in 
Vietnam and another year teaching map drafting to trainees at Fort Lewis. 
Steve is taking over the job of preparing illustrations and maps for the De­
partment's publ i cations. 

* * * * * 
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1069 Stole Office Bldg. 
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NOTES ON THE HISTORY 
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Volume31 , No.12 
December 1969 

OF THE SAND AND GRAVEl INDUSTRY IN OREGON 

by 

Pierre R. Hines* 

I ntroduction 

In 1917 George Bellows, American artist (1882- 1925), pointed a picture 
of two men looding 0 wogan with sand on a grovel bor at Monterey, Col. 
(figure I ). In those days a teom of horses wou ld pull 0 cubic yard or $0 of 
wet sand and grovel in 0 wagon and haul it directly to the building site. 

Figure 1. "The Sand Team," pointed in 1917 by George Bellows, 
hangs in the Brooklyn Museum, Brooklyn, N. Y. 

* Mining engineer, Portland, Oregon 
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Customarily, the wagon bottom was a layer of 2-by-6's which projected 
out the rear and could be twisted to dump the load; or, perhaps, the bot­
tom had doors which took care of the dumping operation. If the load was 
sand to be used in mortar, it was screened by hand, mixed with lime and 
water, and carried to the masons or plasterers. If the load was sand and 
gravel for concrete, it was shoveled onto an inclined screen so that the sep­
arated components could be measured in the desired proportions. Rough 
proportions for concrete were usually one part of cement, two parts of sand, 
and about four parts of gravel. A certain amount of this gravel, measured 
in wheelbarrow loads, was spread on a mixing platform; then the required 
wheelbarrow loads of sand were added; and on top of the pile a specified 
number of sacks of cement was spread. The mass was turned over with 
straight-edge shovels until uniformly mixed. Water was added as needed 
and the mixture was transferred by wheelbarrows or buggies to forms, where 
the concrete mixture was thorough Iy tamped. Usually steel re-enforcing 
rods had previously been placed and secured in the forms. This procedure 
was typical of the methods used in mixing and placing concrete around the 
turn of the century. 

Development of the Cement Industry in Oregon 

Oregon had a small population in the early 1900's so that construc­
tion was minimal. An abundance of building materials was readily avail­
able, however. The state had immense virgin forests containing the finest 
of timber and also plenty of good rock for foundation material. No local 
cement was at first available, so wood construction was usually the princi­
pal choice for housing and similar structures. Later, California cement was 
brought in by ship and became an essential ingredient in masonry construc­
tion. In 1916, the first Oregon cement plant began production at Oswego, 
near Portland. 

Increase in sand and gravel production closely parallels the growth of 
the cement industry, and it follows that construction of the highway system 
in the United States created a great demand for aggregate and cement in 
Oregon as well as in other parts of the country. Oregon pioneered in high­
way construction in 1913-15 in building the Columbia River Highway from 
Astoria to Hood River. The primary object was toconnectwestern and east­
ern Oregon with a paved highway and in so doing to take advantage of the 
scenery of the great Columbia River. 

Bonneville Dam on the Columbia, east of Portland, was started in 
1933. This was the first of several large, multipurpose dams built through­
out the Columbia River system. 

Oregon's population swelled during the middle part of the present 
century, especially after the end of World War II, and need for cement, 
sand, gravel, and crushed rock increased in a rapidly accelerating curve. 
Other factors affecting production and use of cement and aggregate in 
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construction, not restricted to Oregon alone but applicable to the country 
as a whole, are: 1) increased knowledge of how to manufacture high­
qual ity cement, produce better aggregate, and make higher strength con­
crete at lower cost, and 2) improved highway engineering. 

Delivery of ready-mix concrete from a central plant by mixer trucks 
rather than mixing at individual sites has revolutionized use of concrete in 
construction on practically all urban jobs*. Production of better aggregate 
is effected by such factors as: thorough washing of coarse aggregate; in­
crease in the number of sizes made available for mixes; use of vibrating 
screens which do a more efficient job of screening; and new types of fine 
grinders which produce a wider range of sizes. The greatest improvement 
of aggregate is in the sand component. Sand classifiers now meet rigid 
screen analysis specifications, so that the resulting sand produces a higher 
strength concrete with less cement. 

A central mixing plant which feeds the ready-mix trucks has accurate 
scale for proportioning the concrete mixture by weight and also has meters 
for measuring water to obtain the correct water-cement ratio as well as 
slump control, all of which elements make for better concrete. Certain ad­
ditives such as air entraining compounds improve freezing resistance and 
fluidity. Ready-mix is now sold for all important work according to rigid 
specifications and guarantees. Large producers have their own testing lab­
oratories and technical staffs. The improvements as described were initi­
ated about 1935-40, which is the time also of the beginning of the rapid 
increase in use of sand and gravel in concrete aggregate. 

Historical Outline of Sand and Gravel Operations 

1900 - 1920 

Uses of sand, gravel, and crushed rock were limited in this period, 
as has been indicated, and it follows that preparation for application in 
construction was simple compared to modern practi ce. 

* Five types of portland cement are now manufactured. They are: 
Type I. For use in general concrete construction when the special 

properties specified for types II, III, IV, and V are not 
required. 

Type II. For use in general concrete construction exposed to moder­
ate sulfate action or where moderate heat of hydration is 
required. 

Type III. For use when high early strength is required. 
Type IV. For use when a low heat of hydration is required. 
Type V. For use when high sulfate resistance is required. 

(A.I.M.E., "Industrial Minerals and Rocks," p. 165.) 
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Early producers of aggregate in the Portland area were: Star Sand 
Co., Columbia Contract Co., Nickum & Kelly, Diamond 0 Navigation 
Co. (Drake O'Reilly), Pacific Bridge Co., Columbia Digger Co., and 
Hackett Digger Co. 

Chris Minsinger, owner of Star Sand Co. (figure 2) and a pioneer in 
the industry, came to Portland from Pittsburgh, Pa., about 1902. He 
brought the ladder dredge to the Willamette from the Ohio River -- an 
innovation in digging river gravel for the local area. 

Star Sand Co., Columbia Contract Co., and Nickum & Kelly dug 
the Willamette River gravel with ladder dredges which were equipped with 
screening and crushing machinery, and they delivered the crushed products 
to barges alongside. The barges were towed to the docks and unloaded into 
bunkers from which the material was trucked to building sites. Some of 
the other operators used clam-shell dredges, while Pacific Bridge Co. uti­
lized a shovel dredge. 

Willamette River grave'l at this time was found at shallow depths and 
was easy digging. The sand component was not considered suitable for 
concrete, however, and sand from the Columbia River was used instead. 
Columbia River sand was dug by both clam-shell and suction dredges. 

Star Sand, Columbia Contract, and Pacific Bridge Companies had 
their own rockquarries and produced commercial crushed rock. Star Sand's 
quarry was at Coffin Rock, a monumental shaft of columnar basalt on deep 
water at Longview, Wash. Coffin Rock was leveled off just after the end 
of World War II, and the Weyerhaeuser salt unloading dock and bleach 
plant were built on the site. Columbia Contract Co. had a quarry on the 
river at St. Helens and also one for jetty rock at Fisher's Landing just west 
of Camas, Wash. Their distribution yard was on the east bank of the Wil­
lamette River just north of the Hawthorne Bridge (figure 3). Pacific Bridge 
Co. had a rock quarry on the Columbia River at Corbett, east of Portland; 
later the operation was moved to the lower Columbia at a location between 
Scappoose and Linnton where the highway, railroad, and slough converge. 

Oregon City, Salem, Albany, and Eugene each had dragline plants 
on the Wi II amette River for produc i ng aggregate. Sand and grave I deposi ts 
of commercial size are rare on the Oregon coast, owing to the relatively 
short length of most coastal streams which have their sources in the Coast 
Range. The Umpqua River is an exception, since it drains a considerable 
area of the Cascade Mountains. The Umpqua Navigation Co. started to 
produce sand and gravel from the Umpqua at Gardiner and Reedsport about 
1920. 

Old placer-mine tailings in the Rogue River drainage area were a 
source of sand and gravel in southern Oregon. 

1920 - 1930 

The Federal Highway Act was passed in 1916. It was not until 1920 
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Figure 2. The Star Sand Co. office and yard in northwest Port lond at the 
turn of the century. (Oregon Historical Society photograph) 

Figure 3. Columbio Contract Co. distribution yard at east end of Haw ­
thorne Bridge about 1920. (Photograph courtesy Miss Groce Kern) 
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that this act had much influence on Oregon highway construction. High­
way engineers encountered many problems, and one was finding adequate 
construction material. In mountainous areas where no suitable gravel was 
available, some of the rock cropping out along the highway route had to be 
used. The State Highway Department designated quarry sites close to each 
project and let contracts for definite amounts of crushed rock for construc­
tion and stockpi les for mai ntenance. The quantities requ ired wou I d not 
warrant a si ngl e I arge permanent operation; thus, portabl e crush ing and 
screening plants were developed at various locations on Oregon highways. 

For concrete installations it was usually common practice to haul the 
sand, gravel, and cement to the construction site and mix them there. Port­
able mixers were designed for both building structures and highway work. 
Hoisting towers and chutes were used to place large quantities of concrete 
for both building structures and dams, all of which required free-flowing 
concrete and a hi gh water -to-cement ratio. When research proved that 
better concrete was made with a lower water-to-cement ratio, these older 
methods were abandoned. Large quanti ti es of coarse grave I up to 3 inch es 
maximtJm size were used at this time, especially in highway construction. 

By 1926 shallow gravel in the Willamette River near Portland was 
becoming exhausted and digging had become too deep for ladder dredges; 
consequently, Howard Puariea built a clam-shell dredge equipped with 
screening and crushing equipment (figure 4). Shore plants and large stor­
age had not previously been needed on the Wi IIamette at Portland. 

Also in 1926, John Kiernan, who owned Ross Island and Hard Tack 
Island, both located on the east side of the Willamette River at Portland, 
sold them to the Ross Island Sand & Gravel Co., well known in the aggre­
gate business in Portland. It had been previously organized and incorpo­
rated by Sneelock &Co. W. G. Brown, Portland civil engineer, made 
several test borings for the company in the area to a depth of 80 feet and 
estimated that it contained a probable gravel reserve of 19,500,000 cubic 
yards, including 6,000,000 cubic yards of sand. This deposit was dug with 
an electrically driven suction dredge which pumped the material to a sump 
(figure 5). It was elevated from the sump by means of a clam-shell bucket 
and delivered to the top of the shore plant on Hard Tack Island which was 
equipped with crushing and screening machinery, including large bunkers 
and conveyors. An aerial tram delivered the aggregate to bunkers on Mc­
Laughlin Boulevard and to barges on the river. 

Willamette River gravel at Portland had not been considered suitable 
for average concrete, but William Elijah Buell, a civil engineer associated 
with Schneelock & Co., found that, by removing the contained fine silt', a 
sand superior to Columbia River sand could be produced. Ross Island in­
stalled the required sand wheels and thus produced a satisfactory sand 
wh i ch gave a stronger concrete. 

Treatment of the gravel to produce commercial sand by the Ross Is­
land Co. marked a changein thesandandgravel business on theWiliamette 
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Figure 4. Howard Puariea's first clam-shell dredge, 1926. 

Figure 5. The first Ross Islond Sand & Grovel Co. suction dredge, 1927. 
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River at Portland. Harold Blake was the first manager of the company. He 
installed a vibrating screen at the Ross Island plant about 1929. Highway 
engineers questioned its performance, but tests showed that this screen was 
making a cleaner and sharper separation than the revolving screens then in 
use. Shortly afterwards the Highway Department issued more rigid screen­
ing specifications which only vibrating screens could meet. 

1930 - 1940 

The 10 years between 1930 and 1940 were years of depression; nev­
ertheless, production curves show that the use of sand, gravel, and crushed 
rock began to accelerate in 1935. 

Work on the Bonneville Dam started on October 7, 1933. This was 
the beginning of the construction of the great system of dams to develop 
power, flood control, navigation, and irrigation in the Columbia River 
basin by the U.S. Government. A number of these dams have been built 
between Oregon and Washington, and also on the Willamette and its trib­
utaries wholly within Oregon. 

J. F. Shea and General Construction Co. had the contract for the 
south section of the Bonneville Dam. The Big Five Co. had the spillway 
contract, and used sand and gravel from up the river. General Construc­
tion Co. had thesubcontract forfurnishing300,OOOyards of sandandgravel 
required for the south section, the power house, and the navigation locks. 
The gravel plant was built in Portland on the riverwithin the Union Pacific 
Railroad yards at the foot of N. Portsmouth Avenue. The location was se­
lected for the purpose of obtaining a special intrastate freight rate to the 
Bonneville Dam site by way of Union Pacific Railroad. Sand and gravel 
were dug from theWillamette River plus additional sand from the Columbia 
River, and material from both sources was barged to the Portland plant. 
Digging equipment was leased from Swigert-Hart Co. and Harold Blake. 
The gravel plant had a capacity of 2500 yards per day. It had large storage 
and fast loading equipment; the finished aggregate was shipped directly to 
the dam site. Harold Blake managed the whole operation and, when the 
contract was completed, received the plant in payment for his services. 
This was the start of the combined Pacific Building Materials Co. and the 
Readymix Concrete Co. 

Some time in the 1930's a contractor in San Francisco mounted a 
concrete mixer on a truck body and patented a transmission by which he 
could drive the mixer from thetruck engineshaft. This idea did not appeal 
to operators immediately, but eventually it revolutionized the aggregate 
industry in the U ni ted States. 

During the late thirties, Porter Yett of Pacific Bridge Co. built a 
mixing plant at a location on East Water Street, Portland, and began to 
deliver ready-mix concrete in special trucks. This practice was followed 
successively by Ross Island Sand & Gravel Co. and Harold Blake of Pacific 
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Building Materials Co. The Porter Yett plant was one of the most import­
ant developments in the history of the sand, gravel, and crushed rock in­
dustry in Oregon. It did not change the industry over night, but it was a 
big step in its evolution. 

1940 - 1950 

World War II slowed down the increasing rate of rock-products pro­
duction in Oregon, but did not effectively hinder construction. Ship­
building plants and housing for shipyard workers, air fields and other 
adjuncts to defense plants all required concrete, thus greatly increasing 
demand for construction materials. 

During the post-war period, the ready-mix business grew rapidly but 
selectively. When Coffin Rock at Longview was depleted, Star Sand faded 
away. Nickum & Kelly went out of business. Diamond 0 Navigation also 
closed down after the death of its owner, Drake 0' Reilly. 

Pacific Building Materials Co. built the Curry Street plant of steel 
and concrete on the west side of the river convenient to the city core. The 
plant was designed to produce~ a large number of sand and gravel sizes and 
arranged so that the material co~ld be blended to meet a wide range of 
specifications. The plant could be run the year around, since it had a 
large storage area. The ready-mix plant had the latest batching equipment, 
as an outgrowth of large dam construction. 

The whole State of Oregon was growing during this period, and even 
some of the smaller towns had a sand and gravel plant and a ready-mix 
truck or two. 

Those who made the history of the sand, gravel, and crushed rock in­
dustry during the first half of the century are I isted below. It is to be re­
gretted that the biographies of these men cannot be written here. They 
were more than proqucers of sand, gravel, and crushed rock -- they were 
builders of the Pacific Northwest. All honor to them. 

1950 - 1960 

Detroit Dam and Lookout Point Dam were built during this period and 
the aggregate, both coarse and sand size, was made from rock near the dam 
sites. Although sandandgravel were available locally, the U.S. Corps of 
Engineers did not find them suitable for a permanent structure because of 
the presence of hydrous silicates, which may combine with alkalies in the 
cement and form undesirable compounds. The Vancouver and Longview 
areas took large amounts of aggregate for industrial construction and most 
of this was supplied from the Willamette River sand and gravel plants. The 
gravel at Astoria also required outside sand, since the Astoria gravel was 
inherently deficient in suitable material. 
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Pioneer Sand and Gravel Producers in Oregon 

Columbia Contract Co.: 
Dan Kern 
Kern & Kibbe 
Captain Puariea 

Diamond 0 Navigation Co.: 
Drake O'Reilly 

Eugene Sand & Gravel Co. 
Pacific Building Materials Co.: 

Harold Blake 
Harold Eykelbosch 
Frank Pennepacker 
Melvin Erlund 

Howard Puariea 
McGeorge Gravel Co. 

Lewis McGeorge 
Nickum & Kelly 
Pacific Bridge Co.: 

Charles Swigert 
Phi I Hart 
Porter Yett 

Milwaukie Sand & Gravel Co. 
and predecessors 

Ross Island Sand & Gravel Co.: 
Ralph Schneelock 
Harold Blake 
Dewey Carpenter 
W. H. Muirhead 

Star Sand Co.: 
Chris Minsinger 
William Minsinger 
David Minsinger 

Salem Sand & Gravel Co. 
and 

Oregon Gravel Co.: 
Mr. Miles 
Richard Slater 

James C. Tait 
Umpqua Sand & Gravel Co.: 

Howard Hinsdale 

Very little sand and gravel was now sold as such, because practically 
all aggregate was incorporated in concrete or asphalt for highways. Paci­
fic Building Materials Co. and Mason's Supply built lime-slacking plants 
which also mixed sand and lime for use as plaster. Gypsum wallboard, 
plywood, and veneer paneling replaced old wood-lath and plaster work in 
building construction. 

1960 - 1970 

Concrete is now usually pumped to where it is to be placed, ready­
mix trucks delivering it to the pump. Round gravel, as distinguished from 
angular material from crushers, is preferred for pumping and the balance is 
crushed for blacktop. Three-inch sizes are no longer required for highway 
work; minus 1 ~-inch is now the largest size used in most work except for 
large dams. 

Future supplies 

Outside of the Portland area, few of the sand and gravel deposits 
show signs of exhaustion. The life of some sand and gravel bars has been 
extended by systematic regulation of the digging, allowing one dug-out 
portion to fill from stream flow during flood season while another area is 
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Figure 6. Metcalf gravel pit in east Port land abaut 1910. 

dug out. This, of course, is limited to a certain annual yield. 
The supply of economic sand and grovel in the Portland area is rap id­

ly becoming depleted. The Willamette River bed from Portland to the Ore­
gon City Falls is now almost exhausted and wi ll not supply the area's needs. 
!toss Island Co. is using a pump dredge again for the shal low bank work, 
followed by a clam shell which digs deeper than the suction dredge. Ross 
Island still has plenty of gravel below the original drilling of 80 feet, but 
it alone could not supp ly Portland's requirements. The locks at West Linn 
ore a bottleneck inborging from above the falls -- they take only a 36- by ­
ISO-foot barge and the locking time is prohibitive. 

Parker-Schramm built a sand and grovel plant at Scappoose near the 
SP&S Railway years ago. Several compan ies are now getting ready to toke 
SWld and grovel from the Scappoose area. This will not lost long at the 
present rate of demand and further sources are necessary. 

The eastside of Portland is underlain by good sand and gravel. Small 
plants along 82nd Avenue and Johnson Creek supplied suburban home con­
.!ruction nearby (figure 6). Portland's growth built up the area but the 
home dwe ll ers objected to the aggregate plant's operations. The plants then 
moved eastward, where the cycle was repeated. In a few words, the growth 
ckoked the p lants which supplied the materials necessary for the growth. 
The result is that a.n enormous quantity of sand and gravel is now cavered 
by residential developments. 

The accompanying graphs (page 236) show the production of sand, 
grovel, and crushed rock from 1906 to 1967; they depict better than words 
how rapid the increase has been. It is estimated that Oregon has produced 
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450,000,000 cubic yards of sand, gravel, and crushed rock in this period. 
At the present rate of more than 30,000,000 cubic yards a year, itwill be 
necessary to preserve some areas for future needs before they are zoned for 
other purposes and we are then forced to bring in outside aggregate. 

Present open-pit methods of mining rock on a large scale have kept 
ahead of rising costs of labor and material, but these are still the limiting 
factors in production of aggregate for concrete. Modern crushing and 
grinding practice has also progressed so that over-all costs of aggregate 
are not excessive. The final solution for economical production eventual­
ly may be a large-capacity plant making aggregate from rock on either the 
Willamette or the Columbia Rivers. Oregon has all of the suitable rock 
needed. 
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OREGON "MOON ROCK" 

When astronauts make their third landing on the moon, after completing 
the ride into space early in 1970, they are expected to do some drilling into 
rocky portions of the moon's surface. When they do, they probably will 
use dri lis tested and developed by the Mart in- Marietta Co. at Denver. 

When Martin - Marietta began testing drills to be used on the moon, 
they coiled on the Stale of Oregon Deportment of Geology and Mineral 
Industries because of the work the Oeportment has done in post yeors on the 
recent volcanic rocks in the Bend areo. A special type of lava was needed 
in order to simulate what the geologists assumed to be the bedrock on the 
moon. 

Norman V. Peterson, district geologist in the Department's Grants 
Pass office, was able to locate the required rock because he remembered 
where large blocks of this materia l had been blasted loose during a construc ­
t ion project and were left lying on the surface. The rock was 0 vesicular 
basalt from a relatively young lava flow near Lava Butte, a well-known 
volcanic peak beside U.S. Highway 97 approximately 10 miles south of 
Bend. The age of th is lava flow was determined by rad ioactive carbon dot ­
ing to be 5800± 150 years. Approximately 1 0 tons of the basalt was shipped 
to Denver in 1966 and on almost equal amount was sent off about May 1 of 
this year when the supply at Denver hod been used up. (Photograph cour­
tesyof Grants Pass Courier.) 
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THE NORTH POWDER EARTHQUAKE OF AUGUST 14, 1969 

by 

Richard Couch and Robert Whitsett* 

The North Powder earthquake of August 14,1969 occurred at 07:37 a.m. 
PDT approximately 4 km southeast of the Thief Valley Reservoir in north­
eastern Oregon. A magnitude of 3.6 and a depth of focus of 32 km are 
estimated for the shock. Records list only two other earthquakes for the 
area between Baker'and Union, Oregon -- both of intensity III. Intensities 
up to V - VI are indicated for the 1969 shock. Consequently, it is the 
largest earthquake to have occurred in recorded history in this relatively 
aseismic area (figure 1). 

Recording stations 

Eight permanent and four temporary seismograph stations recorded the 
North Powder earthquake. Table 1 lists the P-wave arrival time and initial 
phase observed at the 12 stations. Only the Baker and Bend, Oregon sta­
tions recorded a well-defined first arrival. 

Epicenter and origin time 

The geographic coordinates of the earthquake are 44°59'N latitude, 
117°45'W longitude. The epicenter, as shown in figure 1, is located ap­
proximately 12 km (7.6 miles) south-southeast of North Powder and 4 km 
(2.4 miles) southeast of the Thief Valley Reservoir. This determination is 
based on the observed arrival times listed in table 1 and the local travel­
time curves prepared for the Pacific Northwest states by Deh linger, Chiburis, 
and Collver (1965). The origin time of the earthquake is estimated to be 
06 hrs. 37 mi n. 39.5 sec. PST, August 14, 1969. The sei smi c wave arrival 
times at Blue Mountains Seismological Observatory, although well defined, 
were not used in determining the epicenter. 

Depth of focus 

+ The earthquake occurred at a depth of 32 _ 3 km. Focal depth 
calculations depend on the seismic velocities of the crustal and subcrustal 

* Dept. of Oceanography, Oregon State University, Corvallis, Oregon. 
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45°15'.....---.----------.--------------, 

Clark Mt." 
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Telocaset o 

117°4!5 

\1 Frazier Mt. -/, 

Figure 1. The sectored circle indicates the epicenter of the 
North Powder earthquake of August 14, 1969. 

layers and are quite sensitive to small changes in velocity. A depth of 
30.3 km is obtained from calculations using the p-wave traV'el time to Blue 
Mountains Seismological Observatory and a crustal structu re (Dehl inger, 
Chiburis, and Collver, 1965; and Dehlinger, Couch, and Gemperle, 1968) 
consisting of an upper crustal layer 9 km thick with a p-w(]ve velocity of 
6.1 km/sec and a lower crustal layer 33 km thick with a p·-wave velocity 
of 6.6 km/sec. French (1970) developed a method of determining earth­
quake focal depths based on the arrivals of post Pn phases of seismic waves. 
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A focal depth of 32.0 km is obtained from post Pn arrivals at Pine Moun­
tain Observatory. This depth determination is independent of uncertainties 
in origin time and the location of the epicenter. 

Magnitude 

The magnitude of the earthquake is estimated to be 3.6 on the Rich­
ter Scale. Magnitudes according to this scale are based on the amplitude 
of ground motion recorded at seismic stations. Magnitudes are logarithmi­
cally scaled and range from 0 or less for the smallest recorded shocks to 
8 3/4 for the largest, most destructive earthquakes (Richter, 1958, p. 
340). A magnitude estimate of 3.5 was furnished by the Newport Seismo­
logical Station at Newport, Wash., and a magnitude estimate of 3.7 was 
furnished by the Blue Mountains Seismological Observatory at Baker, Ore. 

Station 

COR 

BMO 

HHM 

NEW 

NIT 

PMT 

PTD 

SPO 

BDG 

ELT 

OTH 

MID 

TABLE 1 

Location 

Corvallis, Oregon 

Baker, Oregon 
(Blue Mts. Seis. Obs.) 

Hungry Horse, Montana 

Newport, Washington 

Newport, Washington 
(Temporary) 

Bend, Oregon 
(Pine Mt. Obs.) 

Portland, Oregon 
(0. M. S. 1. ) 

Spokane, Washington 

Hanford, Washington 
(46°14.08', 119°19.05') 

Hanford, Washington 
(46°27.90', 119°03.50') 

Hanford, Washington 
(46°44.40', 119° 13.00') 

Hanford, Washington 
(46°36.80', 119°45.65') 
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Time (PST) 
hr/min/sec 

06:38:40.9 

06:37:47.0 

06:38:45.0 

06:38:30.0 

06:38:35.0 

06:38:22.2 

06:38:35.2 

06:38:26.0 

06:38:05.5 

06:38:06.9 

06:38:10.9 

06:38:12.1 

Initial Motion 
C-Compression 

D-Dilitation 

C 

D 

D 

D 

D 

D 



Intensity 

Estimated intensities on the Modified Mercall i Intensi ty Scale of 1931 
are: Wolf Creek V-VI, Muddy Creek IV-V, North Powder IV, Haines III, 
Baker II. Intensity estimates are based on the observed or felt effects of 
the earthquake at these various places. The M.M. scale extends from in­
tensity I, which is not felt, to intensity XII, in which damage is nearly to­
tal (Richter, 1958, p. 137). The intensity estimates are based largely on 
observations asreported by local newspapers. The higher intensities appear 
to occur in the valleys. This may be attributed to higher population densi­
ties in the valleys and also to thesurficial material - composed largely of 
fluviati Ie deposits - which tends to amplify the ground motion. Undula­
tions of the ground were reported in the Wolf Creek area. The earthquake 
was reportedly heard before it was felt in the North Powder, Haines, Ra­
dium Hot Springs, and Wolf Creek areas. 

Source motion 

The direction of first motion of the longitudinal wave (Pn) at Pine 
Mountain Observatory indicated a dilatation and the direction of first mo­
tion of the longitudinal wave (p) at Blue Mountains Seismological Observ­
atory indicated a compression. The first motion directions observed at the 
four Hanford, Wash. stations indicated adilatation. The first motion direc­
tions suggest right lateral faulting along a northwest-southeast trending 
strike-slip fault or left lateral faulting along a northeast-southwest strike­
slip fault. Weak longitudinal wave onsets and motions at Spokane and 
Newport, Wash., and relatively strong shear wave motions observed at 
North Powder and Wolf Creek also suggest strike-slip movement. Mapped 
surface faults in the region trend northwest-southeast. Although the lim­
ited data do not permit a definite conclusion regarding fault motion, right 
lateral motion along a northwest-southeast trending strike-sl ip fault appears 
the most likely cause of the North Powder earthquake. 

Discussion 

The area about North Powder and the Thief Valley Reservoir is rela­
tivelyaseismic. The area is bordered on the east by a seismically active 
area along the Snake River and on the north by activity in the vicinity of 
the Walla Walla River in the Deschutes-Umatilla Plateau. Berg and Baker 
(1963), in their historical summary of earthquakes in Oregon, list only two 
shocks for the region about Baker: September 1, 1906 and May 28, 1916. 
An intensity of III is listed for these two earthquakes, whereas an intensity 
of approximately V-VI is assigned the August, 1969 earthquake. The earth­
quake history of this region is too short to calculate an average seismic en­
ergy re I ease rate. 
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The earthquake occurred in the vicinity of the Blue Mountain uplift, 
on area of glacial and fluviatile deposits. These deposits are mostly of 
Pleistocene and Holocene age and are concentrated in the numerous valleys 
of the region. These deposits which are not well consolidated tend to en­
hance ground vibrations due to seismic waves. Their occurrence may par­
tially explain the relatively high intensities associated with an earthquake 
32 km deep. 

It is unlikely that changes in the heat source of Radium Hot Springs 
or levels of the Thief Valley Reservoir are the cause of the earthquake. The 
focal depth of the earthquake, in this relatively aseismic area, suggests a 
regional rather "than local couse and the method of faulting suggests a sub­
crustal tectonic cause rather than isostatic adjustment due to load removal 
by erosion. 

The agreement in focal depth of the earthquake, determined from the 
compressional wove travel-time to Blue Mountains Seismological Observa­
tory and independently by the method of French (1970), indicates that the 
depth beneath the surface of the Mohorovicic discontinuity - the interface 
between the Earth's crust and mantle - near Boker lOre" is approximately 
42 km as previously depicted by Dehlinger, Couch, and Gemperle (1968), 
and Thiruvathukol (1968). 
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* * * * * 

INTERIOR SUPPORTS MINING LAW OF 1872 

Secretary of the Interior Walter J. Hickel has given full support to the 
existing Mining Law of 1872, completely reversing the position taken by 
former Interior Secretary Stewart Udall. Hickel has recommended the fol­
lowing changes for improving the law without sacrificing its basic concepts: 

1. Revision of the patenting procedures to grant claimants only a 
patent to subsurface mineral resources with a right to use so much of the 
surface as is necessary for mining and related activities. The patentee 
would have preference in any sale of the remaining surface rights. 

2. Provisions for realistic increases in the purchase price per acre 
for mining claims upon patenting. Such increases should adequately reim­
burse the federal government for expenses incurred in issuing the patents. 
Prices established in 1872 are far from in lihe with prices today. 

3. Retention by the United States of surface rights should be accom­
panied by a provision enabling the federal government to exercise a reason­
able degree of control over the impact upon the surface and environment as 
a result of mining and related operations. 

4. Elimination of the distinction between lode and placer claims. 
Countless problems have been caused by this needless distinction and it is 
generally agreed that it serves no useful purpose. 

5. Establishment of a means to clear the public land of stale and 
abandoned mining claims. The present system is ineffective and extremely 
expensive. As a result, very slow progress has been made in clearing pub­
lic land of questionable claims which adversely affect both the mining in­
dustry and the public interest. 

6. Elimination of local laws and customs for the regulation of claims 
locations and the establishment of clear and modern federal requirements 
applied uniformly which recognize the technological development made in 
the mining industry. These regulations should require claim locations to 
conform to the lines of public survey. 
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7. Elimination of extralateral rights. Amend existing laws to pro­
vide that mining claims include only minerals within the vertical extensions 
of claim boundaries. 

8. Establishment of a system of prediscovery claims subject to rea­
sonable requirements for time of development. This should provide neces­
sary protection for one engaging in exploration with reasonable diligence 
and intending to develop any workable deposits found. 

DOTHAN (?) FOSSILS DISCOVERED 

By Len Ramp 

Whi Ie we were mapping in the Kalmiopsis Wilderness Area* of Curry County 
in September 1968, Vernon Newton and I discovered fossils unexpectedly in 
an area mapped as Dothan Formation by Wells and Peck (1961) on their Ge­
ologic Map of Oregon West of the 121 st Meridian. Because of the lack of 
diagnostic fossils in the Dothan Formation, we were quite excited about our 
find, and spent considerable time breaking rock to get a representative col­
lection. 

The fossils were in loose boulders of a dark gray to black, limy argil­
lite which was brownish on weathered surfaces. The boulders are along the 
east bank of the Chetco River about 1000 feet upstream from the mouth of 
Boulder Creek in sec. 7, T. 38 S., R. 11 W., and they appear to have orig­
inated from a rock slide. Similar rocks are exposed in place along the riv­
er banks nearby. 

The fossils have been examined by Dr. R. W. Imlay, U.S. Geologi­
cal Survey, Washington, D.C. and by Dr. D. L. Jones, U.S. Geological 
Survey, Menlo Park, Cal. Both men agree that the fossi Is appear to be Bu­
chia piochii (Gabb). This small clam indicates a latest Jurassic (Tithonian) 
age for the rocks in which it occurs. If the beds on the Chetco River are 
indeed part of the Dothan Formation, then the Dothan is appreciably younger 
than the Late Jurassic Galice (Oxfordian-Kimmeridgian). The age rela~ 
tionship between the Galice and Dothan Formations has been a controver­
sial matter ever since the two units were described by Diller in 1907. Diller 
(1914) bel ieved that the Dothan was the younger and that the eastward­
dipping Dothan-Gal ice section, with the Dothan on the west, was overturned. 
Subsequent authors -- Taliaferro (1942L Wells and Walker (1953L Irwin 
(1964L Dott (1965), and Baldwin (1969) -- have discussed the problemwith 
conflicting views. None of them, however, had the benefit of adequate 

* Part of a study concerning the geology and mineral resources of the 
Upper Chetco River to be published by the Department. 

245 



fossi I evidence for the age of the Dothan. What is needed now is more de­
tailed mapping within the formation to trace out these sedimentary rocks 
along the Chetco River and make sure that they are equivalent to similar­
appearing rocks at the type locality of the Dothan Formation along Cow 
Creek in Douglas County, 35 miles to the northeast. Of course, the dis­
covery of Buchia piochii (Gabb) in the type locality would be the best proof. 
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* * * * * 

FOSSIL WOOD ON EXHIBIT 

The Department has a new exhibit in its "loan case" at the Portland office. 
It consists of a group of beautifully polished fossi I woods that was collected 
and identified by Mrs. Irene Gregory, authority on fossil woods in Oregon. 
The wood specimens are from a wide variety of localities in the state, in­
cluding Sweet Home, Clarno, Greenhorn Mountains, and many other areas. 
Most of the specimens are cut and polished to reveal identifiable woodgrain. 
In addition, there are agate limb casts and features such as bark, knots, in­
sect eggs, and replacement crystals. At least 28 genera of Late Cretaceous 
and Tertiary woods are represented in this fine exhibit. 

* * * * * 
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Fossils - Dothan (?) fossils discovered, by len Ramp (31: 12:245-246) 

Grant County to purchase collection (31: 1 0: 207) 
John Day vertebrates on exhibit in Portland office (31:3:72) 
Palm wood in Oregon, by I. Gregory (31 :5:93-11 0) 
Wood collection on exhibit in Portland office (31:12:246) 
Worm-bored poplar from the Eocene, by I. Gregory (31 :9: 184-185) 

Geochemical analyses released for southwestern Oregon (31 :5: 112) 
Geological societies meet in Eugene (31 :2:48) 
Geological Soc. of America field trip guidebook, by Snavely, Macleod and Rau 

(31 :2:25-48; 31 :3:49-71) 
Geomorphology and soils, Lake Oswego area, by R.B. Parsons (31:9:186-192) 
Geothermal steam leasing bill (31:4:92) 
Gold - Baker County mine reactivated by Brandenthaler (31:11 :224) 

Omega's exploration wi th boring mach i ne (31 :6: 131 -1 32) 
Heavy minerals, Distribution in Sixes River, by Sam Boggs (31:7:133-150) 
Horse Heaven exploration gets OME loan (31 :8: 172) 
Ironside Mountain quadrangle report on open file (31: 11 :213) 
Lava-tube caves, Malheur County, by Ciesiel and Wagner (31:8:153-171) 
Marmes man, Date of confirmed (31:6:130) 
Mercury - Horse Heaven exploration (31 ;8: 172) 
Meteorite - Nininger award open (31 :5: 111) 

Year of the Meteorite continued (31:3:71) 
Mining law of 1872, Interior supports (31:12:244-245) 
Mining policy bill 719 passes (31: 11 :214) 
Mining scholarship announced (31 :4:91) 
Museum display - Fossil wood (I. Gregory collection) (31:12:246) 
National minerals policy urged (31:7:151) 
Newberry Volcano, ages of lava, by Peterson and Groh (31 :4: 73-87) 
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Newport area geology, by Snavely, Macleod, and Rau (31 :2:25-48; 31 :3:49-71) 
North Powder earthquake of Aug. 14, 1969, by Couch and Whitsett (31 :12:239-244) 
Notice! No forwarding of ORE BINS (31: 10:206) 
Oil and gas exploration in Oregon, by V. C. Newton (31:1:12-20) 

Department to assist (31: 1 :20-23) 
Omega Mines uses boring machine (31:6:131-132) 
Oregon Academy of Science meets at University of Oregon (31:1: 11) 

Publishes proceedings (31 :4:90) 
Oregon "Moon Rock" (lava Butte flow tested) (31: 12:238) 
Oregon's mineral and metallurgical industry in 1968, by R. S. Mason (31:1:1-11) 
Palm wood, fossi lized, in Oregon, by Irene Gregory (31 :5:93-11 0) 
Pollution of water, control by clinoptilolite, by B. W. Mercer (31:11:209-213) 
Publications announced (Department): 

Andesi te proceedi ngs (Bu II eti n 65) (31: 7: 1 52) 
Geochemical analyses for southwest Oregon (31 :5: 112) 
Ironside Mountain quadrangle report in open file (31:11:213) 
Mi neral and water resources (Bu II etin 64) (31: 7: 152) 
Published geologic maps (Miscellaneous Paper 12) (31:1:24) 
Rocks and minerals reprinted (Miscellaneous Paper 1) (31:11:214) 
Subsurface study, lower Columbia-Willamette Valley (31:11:223) 

Publications announced (U. S. Geological Survey): 
Bibliography of North American Geology for 1965 (31 :5: 110) 
Gold-producing districts of the United States (31: 1 0:208) 
Heavy metals program (31: 10:2-8) 
Ground water in Columbia River Basalt (31 :8: 171) 
Hydrology of Crater, East, and Davis lakes (31:4:89) 
John Day geology booklet (31 :8: 172) 
Madras and Dufur quadrangles (31: 1 :24) 
Myrtle Point area, Coos County (31 :5: 112) 
Open-fi Ie reports (31 :4:89) 
Oregon geologic map for sale (31 :8: 171) 
Tectonic map of North America (31 :8: 172) 

Publications announced (other): 
Minerals Yearbook (U. S. Bureau of Mines) (31 :6: 132) 
Mollusks of Eugene Formation (U. O. Museum of Natural History) (31: 10: 208) 
Oregon Academy of Science Proceedings (31 :4:90) 
Willamette Valley soils (Oregon State Univ.) (31:6:132) 

Reynolds Metals acquires Alcoa properties (31 :9: 192) 
Rockhound park established in New Mexico (31 :3:71) 
Safety is for the wary (mi ne worki ngs, etc.) (31 :4:92) 
Sand and gravel industry in Oregon, History of, by P. R. Hines (31: 12: 225-237) 
Sawtooth Ridge, northeast Oregon, volcanic crater, by P.V. Patterson (31:9:173-183) 
Semiprecious gem industry, by Shaffer and Hashimoto (31:11:215-222) 
Sixes River, Heavy minerals in, by Sam Boggs (31:7:133-150) 
Soils and geomorphology, lake Oswego area, by R. B. Parsons (31:9:186-192) 
Southwestern Oregon, Diorite intrusions, by lund and Baldwin (31: 10: 193-206) 
Volcanic crater (Sawtooth Ridge) in N.E. Oregon, by P.V.Patterson (31:9:173-183) 
Wells, Francis G. (31:11:223) 
Wilkinson, W. D. (31:1 :24) 
Worm-bored poplar from Eocene, by I. Gregory (31:9:184-185) 
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