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GEOLOGY AND MINERAL RESOURCES 

OF 18 BLM WILDERNESS STUDY AREAS, 

HARNEY AND MALHEUR COUNTIES, OREGON 

EXECUTIVE SUMMARY 

A t  t h e  end o f  September 1981, a $313,000 c o n t r a c t  was s igned  between 

t h e  Oregon Department o f  Geology and M ine ra l  I n d u s t r i e s  (DOGAMI) and t h e  

Bureau o f  Land Management (BLM). The c o n t r a c t  c a l l e d  f o r  t h e  Department 

t o  examine t h e  minera l  p o t e n t i a l  o f  18 BLM Wilderness Study Areas (WSA's) , 
which were l o c a t e d  i n  Harney and Malheur Count ies and which covered 805,000 

acres.  The s tudy  was t o  be completed by March 15, 1983, and was t o  i n c l u d e  

comp i l a t i on  o f  geo log i ca l  maps and stream-sediment, s o i l ,  and r ock - ch i p  

sampling. The p o t e n t i a l  f o r  o i l  and gas and geothermal energy was a l s o  

t o  be evaluated.  The p o t e n t j a l  f a r  t h e  non -me ta l l i c  commodities, such as 

b e n t o n i t e  and z e o l i t e s ,  was n o t  p a r t  o f  t h e  s tudy.  

Th i s  p r o j e c t  was completed accord ing  t o  t h e  terms o f  t h e  c o n t r a c t .  

Geolog ica l  maps were prepared f o r  t h e  s tudy  areas. Dur ing  t h e  f i e l d  season, 

1,491 samples were taken and assayed f o r  17 elements. Sample- locat ion maps 

were prepared. A computer system was used t o  s t o re ,  r e t r i e v e ,  and analyze 

t h e  raw da ta  and t o  p l o t  element-anomaly maps. 

A ma jo r  r e s u l t  o f  t h i s  p r o j e c t  was t o  prove t h a t  Oregon has a new g o l d  

p rov ince .  Only  two o f  t h e  WSA1s, Pueblo Mountain (2-811) and Steens Mountain 

(2-85F),  were known t o  be m ine ra l i zed ,  ma in l y  f o r  mercury, be fo re  t h i s  

s tudy  was completed. The sampl ing and assay ing has shown t h a t  every  WSA had 

a t  l e a s t  s c a t t e r e d  anomalous g o l d  va lues.  The Owyhee Reservo i r  and Pueblo 

Moutains have a h i g h  g o l d  p o t e n t i a l .  The Pueblo Mountains a l s o  have a 

h i g h  p o t e n t i  a1 f o r  copper and molybdenum. Severa l  o t h e r  WSA's have i n t e r e s t i n g  

g o l d  anomaly p a t t e r n s  o r  s c a t t e r e d  anomalous g o l d  va lues.  

A l l  o f  t h e  WSA1s a l s o  have geothermal p o t e n t i a l  because a l l  have 

above-average hea t  f l ows  and many have warm o r  h o t  sp r i ngs .  A few o f  t h e  

WSA's have areas which have been des ignated by e i t h e r  t h e  Department as be ing  



known o r  i n f e r r e d  t o  be u n d e r l a i n  by thermal water  o r  by t h e  USGS as a  Known 

Geothermal Resource Area (KGRA) . 
Because o f  t h e  na tu re  o f  known sedimentary fo rmat ions ,  p o s s i b l e  s t r u c t u r a l  

t r aps  ( formed by b l ock  f a u l t i n g ) ,  and t h e  c u r r e n t  i n t e r e s t  i n  leas ing ,o i  l 

and gas development i s  a  p o s s i b i l i t y  f o r  most o f  t h e  WSA's. 

Th i s  s tudy  was a  v e r y  f a s t  geo log i ca l  and geochemical reconnaissance 

survey o f  an p r e v i o u s l y  unknown g o l d  p rov ince .  A t  t h i s  p o i n t ,  t h e  i n f o r m a t i o n  

con ta ined  i n  t h e  raw da ta  has b a r e l y  been examined. The pan concen t ra tes  

t h a t  were taken  a t  each sediment s i t e  have n o t  been assayed. As f o l l o w  up 

t o  t h i s  s tudy,  t h e  raw da ta  should be f u r t h e r  analyzed by computer. Pan 

concen t ra tes  f rom se l ec ted  WSA's should be assayed. New l a r g e r  s ca l e  

geo log i ca l  mapping should be done i n  such areas as t h e  eas t  and west s i des  

o f  t h e  Owyhee Reservo i r .  Each o f  t h e  p laces where h i g h  g o l d  va lues form 

a  p a t t e r n  should be examined, and enough new geochemical sampl ing should be 

undertaken t o  e x p l a i n  those p a t t e r n s .  



INTRODUCTION 

General 

The Federal  Bureau o f  Land Management (BLM) has t h e  r e s p o n s i b i l i t y  o f  

managing p u b l i c  domain lands  f o r  bo th  su r f ace  and subsur face m u l t i p l e  use. 

The Oregon Department of Geology and M ine ra l  I n d u s t r i e s  (DOGAMI) has t h e  

r e s p o n s i b i l i t y  o f  p r o v i d i n g  a  s t r o n g  minera l  base f o r  t h e  S t a t e  o f  Oregon's 

economic w e l l  -being. The BLM has determined t h a t  t h e  e x i s t i n g  m ine ra l  da ta  

base f o r  most BLM lands,  i n c l u d i n g  18 Wilderness Study Areas (WSA) l i s t e d  

i n  Table 1 and cove r i ng  805,390 acres,  i s  weak. As t h e  BLM does n o t  have 

s t a f f  t o  do f i e l d  work and c o l l e c t  data, and as one o f  t h e  main f u n c t i o n s  

o f  t h e  DOGAMI s t a f f  i s  m ine ra l  da ta  s to rage  and r e t r i e v a l ,  a  c o n t r a c t  was 

nego t i a t ed  between t h e  agencies whereby DOGAMI s t a f f  would work under BLM 

monies . 

Departmental  Qua1 i f  i c a t i  ons 

The Oregon Department o f  Geology and M ine ra l  I n d u s t r i e s  (DOGAMI) i s  

un i que l y  q u a l i f i e d  t o  under take and complete t h e  m inera l  e v a l u a t i o n  s t ud i es .  

DOGAMI o r  i t s  predecessor has been engaged i n  m ine ra l  resource  eva lua t i ons  

throughout  t h e  S t a t e  s i nce  1913. The Department i s  r espons ib l e  under Oregon 

law f o r  t h e  conduct o f  geo log ic  research and t h e  r e g u l a t i o n  o f  e x p l o r a t i o n  

and development o f  m ine ra l s  and minera l  f u e l s .  The agency has a  s t a f f  o f  

15 g e o l o g i s t s  and engineers;  a  chemical ,  f i r e  assay, and spec t rograph ic  

l abo ra to r y ;  l i b r a r y ;  ca r t og raph i c  f a c i l i t i e s ;  a  p u b l i c a t i o n s  sec t i on ;  and 

accoun t ing  s t a f f .  

DOGAMI has been and i s  engaged i n  c o n t i n u i n g  e a r t h  sc ience  research  

i n v o l v i n g  a  v a r i e t y  o f  geo log i ca l ,  geochemical, and geophys ica l  s t ud i es .  

Over t h e  years ,  t h e  Department has b u i l t  an ou t s t and ing  minera l -geo logy  

da ta  base through i t s  numerous pub l i shed  s t ud i es ,  i t s  unpubl ished r e p o r t s  



and f i l e s ,  i t s  t h r e e  mine-map d e p o s i t o r i e s ,  and i t s  i n p u t  t o  t h e  U.S. Bureau 

o f  Mines (USBM) and U.S. Geo log ica l  Survey 's  (USGS) MILS and CRIB computer 

systems, r e s p e c t i v e l y .  The Department a l s o  p laces  g r e a t  impor tance on t h e  

p r o f e s s i o n a l  development o f  i t s  s t a f f  th rough  p r o f e s s i o n a l  meet ings,  f i e l d  

work, and f r e q u e n t  c o n t a c t  w i t h  t h e  p r i v a t e  sec to r .  

Con t rac t  

Purpose 

The p r ima ry  purpose o f  t h e  c o n t r a c t  f o r  t h i s  p r o j e c t  was t o  have DOGAMI 

conduct  geochemical and geo log i ca l  surveys of t h e  18 BLM WSA's i n  o r d e r  t o  

o u t l i n e  areas e x h i b i t i n g  anomalous amounts o f  chemical  elements, and, th rough  

geo log i ca l  i n f e rences  and s t a t i s t i c a l  i n t e r p r e t a t i o n s ,  d e f i n e  zones where 

such anomal ies m i g h t  be r e l a t e d  t o  p o t e n t i a l  economic m i n e r a l  occurrences.  

E x i s t i n g  p e r t i n e n t  geophys ica l  i n f o r m a t i o n  such as aeromagnet ic,  geothermal 

hea t  f l ow ,  and g r a v i t y  surveys were t o  be i n t e g r a t e d  and analyzed t o  a r r i v e  a t  

t h e  geo log i ca l  i n f e rences .  A  r e p r e s e n t a t i v e  number o f  m i n i n g  p rospec ts  and 

mine work ings were t o  be examined o r  sampled w i t h  permiss ion,  when necessary, 

f rom t h e  c l a iman t .  M ine ra l  p r o d u c t i o n  and d r i l l i n g  data,  when a v a i l a b l e ,  

i n c l u d i n g  those  f o r  geothermal and o i l  and gas w e l l s ,  were a l s o  t o  be u t i l i z e d  

f o r  m ine ra l  assessment. The main t h r u s t  o f  a l l  t h e  work was t o  e v a l u a t e  

m e t a l l i c  m ine ra l  resources.  

Parameters 

The Depar tment 's  t asks  were d i v i d e d  i n t o  severa l  ca tego r i es  such as 

geothermal survey,  g e o l o g i c a l  mapping , examina t ion  o f  a  r e p r e s e n t a t i v e  

number o f  mines and prospects ,  and r ev i ew  and i n t e g r a t i o n  o f  e x i s t i n g  g e o l o g i c a l ,  

geophys ica l  and minera l -occur rence  data.  The WSA's a re  l o c a t e d  i n  t h e  sou th -  

e a s t  co rne r  o f  t h e  S ta te ,  i n  Harney and Malheur  Count ies,  and cover  805,930 

ac res  (see F i g u r e  1). Tab le  1 g i ves  t h e  BLM numbers, names, and acreages 

o f  each of t h e  WSA's. The s t udy  of n o n m e t a l l i c  resources such as t h e  bedded ben ton i t e ,  

z e o l i t e ,  and f l u o r s p a r  depos i t s  and t h e i r  economic p o t e n t i a l  a r e  n o t  p a r t  

o f  t h e  c o n t r a c t ;  however, f rom t h e  geo log i ca l  map those  f o rma t i ons  which 

cou ld  c o n t a i n  l a k e  bed depos i t s  can be i d e n t i f i e d ,  and i n f e r e n c e  t o  t h e i r  

a e r i a l  e x t e n t  can be made. 

Del i v e r a b l e s  

The c o n t r a c t  c a l l  s  f o r  geo log i ca l  maps, sample 1  o c a t i o n  maps, element 
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Figure 1 .  Wilderness study area location map. 
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Table 1. Names, numbers, and acreages o f  18 BLM Wilderness Study Areas i n  

t h i s  p r o j e c t  

BLM Wilderness Area Area 

number and name (ac res )  

Owyhee Reservo i r  

3-56 Dry Creek Bu t tes  51,000 

3-74A Bannock Ridge 3,000 

3-75 Slocum Creek 7,600 

3-77 Honeycombs 38,200 

Sub to ta l  99,800 (156 mi2 )  

M idd le  Owyhee R iver  

3-59A Owyhee Breaks 12,800 

3-110 Lower Owyhee Canyon 73,200 

Sub to ta l  86,000 (134 mi2)  

Upper Owyhee R i v e r  

3-173A Upper West L i t t l e  Owyhee 66,060 

3-195 Owyhee R iver  Canyon 195,400 

Sub to ta l  261,460 (409 mi2)  

T rou t  Creek 

2-780 Red Mountain 2,720 

3-152 Wi l low Creek 29,800 

3-153 D i s a s t e r  Peak 13,300 

3-156A F i f t e e n m i l e  48,500 

3-157 Oregon Canyon 41,900 

3-162A Twelvemile 27,100 

Sub to ta l  163,320 (255 mi2 )  

Pueblo Mountains 

2-81L Pueblo Mt. 

Subtota l  67,430 (105 mi2)  

Steens Mountain 

2-85F South Steens 65,940 

2-86E B l i t z e n  R iver  52,060 

2-86F B l i t z e n  R iver  9,380 

Sub to ta l  127,380 (199 mi2 )  

To ta l  805,390 (1,258 miL)  



anomaly maps, maps showing m ine ra l  resource  p o t e n t i a l ,  and d e s c r i p t i v e  t e x t .  

The Department was t o  no te  a l l  m ine ra l  occurrences w i t h  economic p o t e n t i a l  

t h a t  were found i n  t h e  f i e l d .  The Department was a l s o  t o  make a v a i l a b l e  t o  

BLM t h e  computer system ob ta ined  f rom USGS f o r  geochemical da ta ,  s torage,  

r e t r i e v a l ,  and ana l ys i s ,  and p u t  on l i n e  a t  Oregon S t a t e  U n i v e r s i t y  (OSU). 
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OFFICE RESEARCH AND ACTIVITIES 

General 

The work t o  execute the contract  consisted of o f f ice  research, f i e l d  

surveying , compi 1 i ng of geol ogi cal maps, col 1 e c t i  ng of a1 1 pub1 i shed and 

unpublished data on mines and prospects, and design of a computer system 

fo r  the geochemical data.  Because of l a t e  signing of the contract  and 

need fo r  samples t o  be studied before the 1982 f i e l d  season, much of the 

surveying in the Steens Mountain area was completed before the o f f i c e  research 

was s ta r ted .  

Compi 1 a t i  on of Geologic Maps 

Seven geologic maps were compiled from original notes of researchers 

and theses covering each of the wilderness study areas.  The names of the 

areas combined fo r  each of the maps are  given in Table 1, and t h e i r  r e l a t i ve  

positions a re  shown in Figure 1. 

The geology f o r  the general wilderness study areas was compiled on 

the standard BLM 30-minute s e r i e s  base maps a t  a scale  of I "=  1 mi. 

Reconnaissance geologic maps of the Adel (Walker and Repenning, 1965) and 

Jordan Val ley (Walker and Repenning, 1966) AMS sheets and the geologic map of the 

Owyhee region (Kettleman and others ,  1967) were the basic references used. 

Graduate student theses and the authors '  personal knowledge of southeastern 

Oregon geology provided additional d e t a i l ,  especia l ly  in the Steens Mountain 

and Pueblo Mountains areas.  George Walker (USGS) provided a f i e l d  map fo r  

part  of the Boise AMS sheet ( G .  W .  Walker, personal communication, 1981), 

and a USGS open-file report  (Rytuba and others ,  1979) provided additional 

information fo r  the Trout Creek Mountains area.  All of the references used 

are  l i s t e d  in  the bibliography. 

Li tera ture  Search fo r  Geophysical Data 

Most of the published geophysical s tudies  in southeastern Oregon are  of 

a regional nature and concerned with geothermal exploration or  uranium 

potent ia l .  Aerial gamma ray and magnetic surveys of the Boise (Geometries , 



Inc., 1979 a ,  b ) ,  Jordan Valley (Geodata International,  Inc . ,  1980), and 

Adel (Geodata International , Inc. ,  1979) , AMS quadrangles are  avai 1 able as 

a resu l t  of the U.S. Department of Energy's (USDOE) National Uranium Resource 

Evaluation ( N U R E )  program. Reports from these surveys assessing uranium 

potential have been reviewed t o  note any uranium anomalies in the wilderness 

study areas. Detailed interpreta t ion of the magnetic data in re la t ion t o  

potential mineral resources has not been attempted. 

Gravity, seismic ref1 ection,  and magnetic studies of local areas near 

Vale were conducted in the mid- t o  l a t e  1970's by OSU geophysicists t o  assess the 

geothermal - potential (Bol e r ,  1979; Larson and Couch, 1979). These studies 

may have some application fo r  the Owyhee Reservoir Wilderness Study Area. 

Another se r ies  of local geophysical studies by the USGS including gravity,  

magnetic, and magnetotelluric apparent r e s i s t i v i t y  are  available fo r  the 

Alvord Valley and the frontal  f au l t  area of Steens Mountain (Griscom and 

Conradi, 1975). These studies were conducted t o  in te rpre t  subsurface s t ructure  

in assessing the geothermal potential of the Alvord Valley. 

Field radiometric surveying and rock sampling fo r  uranium favorabi l i ty  

of the Tertiary rocks of Harney and Malheur counties was done by the Bendix 

Field Engineering Corporation fo r  USDOE (Eri kson, 1977; Eri kson and Curry, 1977). 

The conclusions reached in these studies have been reviewed in assessing the 

mineral potential of the individual study areas.  Another regional geochemical 

study re la t ing t o  uranium, thorium, and other metal associations of s i l i c i c  

volcanic complexes of the northern Basin and Range Province (Wal ker, 1981) has 

also been reviewed fo r  i t s  application to  the study areas.  

Literature Search fo r  Geothermal Data 

In assessing the geothermal potential of the wilderness study areas,  

a1 1 avai 1 able information has been reviewed. For regional evaluation and 

where no specif ic  information was available,  USGS Circular 790 (Muffler, 1979) 

and Oregon Department of Geology and Mineral Industries Special Paper 4 

(Blackwell and others,  1978) have been used. Private companies have 

actively explored fo r  geothermal resources in the eastern part  of the Steens 

Mountain study area,  b u t  t h e i r  information was not available fo r  t h i s  study. 

The newly published map of geothermal resources of Oregon (Oregon Department 

of Geology and Mineral Industries,  1982) also contains the known hot springs 
and anomalous temperature wells fo r  the region. All of the published geothermal 



reports used i n  t h i s  study a re  l i s t e d  i n  the bibliography. 

Li tera ture  Search fo r  Mines, Prospects, and Mineralization 

DOGAMI ' s  publ ished and unpublished repor ts ,  other agencies publ ished 

repor ts ,  the reports of USBM MILS computer system, the USGS CRIB computer 

system, and private mining firms' confidential  data were a1 1 searched fo r  

mines, prospects, and areas of mineralization.  The Pueblo Mountains and 

Steens Mountain (2-85F) metal l ic  mines and prospects a r e  l i s t e d  in Tables 

13 and 15 under t h e i r  WSA evaluation section.  Most of these data came from 

the USGS CRIB system. Occurrences of mercury, uranium, barium, manganese, 

copper, gold, and s i l v e r  are  l i s t e d  on the tables .  The locations of each of 

these occurrences were plotted on the f i e l d  working maps. Although t h i s  study 

deals primarily with metal1 i c  minerals, picture rock ( jasperoid)  and optical  

c a l c i t e  mining s i t e s  were a l so  plotted on the f i e l d  maps because these materials 

can be pathfinders t o  gold deposits .  In t h i s  report  the term "picture  rock" 

and "jasperoid" a re  interchangeable. The term "picture  rock" i s  a local name 

fo r  s i l i c i f i e d  sediments and vein jasper t ha t  i s  sold fo r  rockhound use. The 

term "jasperoid" i s  defined as a rock composed dominantly of s i l i c a ,  most 

commonly quartz,  t ha t  i s  formed largely  by epigenetic replacement. 

"A1 though jasperoid in  the United States  i s  most abundant in  

1 imestone and dolomite, i t  a l so  occurs in shale ,  mudstone, 

extrusive igneous rocks, and metamorphic rocks. Most bodies 

of jasperoid a re  localized along f a u l t s ,  f rac tu re  zones, and 

shear zones, and they spread l a t e r a l l y  from such conduits 

through beds of favorable l i thology or  permeability, o r  be- 

neath impermeable caprocks. 

Large masses of jasperoid charac te r i s t i ca l ly  form promi- 

nent rugged outcrops t ha t  shed a t a lus  of angular broken 

blocks. They tend t o  be strongly brecciated and recemented 

by younger quartz. The rock i s  f i ne  grained t o  aphani t i c  in 

texture;  the  coarser va r i e t i e s  resemble fine-grained quar tz i t e ,  

and the  f i ne r  va r i t i e s  resemble cher t .  Vugs are  conimonly 

abundant and conspicuous. Jasperoid in  most outcrops i s  

oxidized and i s  stained by iron oxides in various shades of 

brown, yellow, and red. Unoxidized jasperoid i s  predominantly 

gray or  black. Some jasperoid re ta ins  both the color and tex- 

tu re  of the host rock.. . ." (Lovering, 1972, p.1).  



During the f i e l d  season these mines, prospects, and mineralized areas 

were v i s i t ed  and sampled. They are  l i s t e d  on rock-chip sample tables  f o r  

each of the respective WSA's. 

Li tera ture  Search of Geochemical Surveying Case Studies 

An extensive l i t e r a t u r e  search indicated tha t  geochemical sampling i s  

e f fec t ive  in an a r id  environment, such as t ha t  of the southeastern corner 

of Oregon. Although a l l  of the s tudies  t ha t  were reviewed are  l i s t e d  in  the 

bi bl iography, two (Loveri ng and McCarthy, 1978; Rimal and others ,  1980) 

were of par t i cu la r  value. Several mining firms described epi thermal gold 

ore deposit  models t ha t  would have application in t h i s  section of Oregon 

(Eimon, 1981 ; Berger and Eimon, 1982). These models indicate  t ha t  gold 

deposits a re  most 1 i  kely to  occur within s i l i c i f i e d  rocks, such as agate 

and picture rock, areas of metal mineralization,  those areas with non-bedded 

clay and zeo l i t e  zones, and in proximity t o  deep-seated near-vertical  s t ruc tures  

and zones of hydrobrecciation. 

Mining Firm Interviews 

Several mining firms were interviewed by telephone and by personal v i s i t s .  

Some were very open with t h e i r  confidential  information, thereby confirming the 

information gained from the l i t e r a t u r e  search of geochemical case s tudies  and 

adding other pertinent data. They showed the Department t h e i r  claim maps, 

geological maps, and geochemical anomaly maps. This type of data was placed 

in broad terms on the f i e l d  maps. During the f i e l d  season the anomalous areas 

were so i l  sampled, and the anomalies were confirmed. 

After the f i e l d  season had ended and t h i s  report  was i n  the f ina l  stages 

of completion, Daniel Allen of Vale, Oregon, reported t ha t  he ans two associates 

had staked 90 claims on a breccia zone 3 mi long and one-quarter mi wide. A 

sample of breccia submitted t o  the Department showed strong pyr i t e  mineralization. 

The claim block i s  against  the north edge of WSA no. 3-56 (Dry Creek Buttes) 

Computer System 

The USGS has developed computer systems (Rock Analysis Storage System 

(RASS) and S t a t i s t i c a l  Package (STATPAC)) t o  s t o r e ,  r e t r i eve ,  and s t a t i s t i c a l l y  

analyze geochemical and geological assay data.  The system can a l so  drive a 



plo t te r  so t ha t  element data can be plotted on a map. 

Since t h i s  study may be the prelude fo r  a fu l l - sca le  USBM and USGS 

wilderness study, a l l  data collected by DOGAMI should be compatible with the 

Federal system. Therefore, George Van Trump (USGS) had a copy of the RASS 

and STATPAC systems sent t o  DOGAMI. The tape was placed on l i n e  a t  the 

OSU Computer Center by the time a l l  samples had been assayed. Forms which 

were prepared fo r  recording locations and physical descriptions of the samples 

and sample s i t e s  and fo r  recording assay data were designed t o  be compatible 

w i t h  RASS and STATPAC systems. Figure 2 i s  a completed form which shows how 

four d i f fe ren t  cards must be punched t o  enter  on the computer a l l  the location 

and descriptive information about a sample and a sample s i t e .  Card 1 t e l l s  the 

computer t ha t  three data cards are  t o  be entered. Card 2 i s  self-explanatory 

except fo r  the subsections. A section i s  quartered, with a "6" equaling the 

NE 114, "7" equaling the N W  114, "8" equaling SE 114, and a "9" equaling the 

SW 114. The f i r s t  number i s  the 114 section.  The second number i s  the quarter 

quarter section.  The th i rd  number i s  the quarter quarter quarter section.  There- 

fo re ,  fo r  example, 6,9,9 would be the SW quarter of the SW quarter of the N E  

quarter.  The sample i s  located within a 10-acre area. 

A major problem was tha t  the forms do not have room for  112 or  314 

townships o r  ranges. In one of the WSA's (Steens Mountain, 2-86E), t h i s  created 

a problem. Table 2 gives the s i t e  numbers which are  incomplete on the computer 

en t r i es  and indicates the f ract ion tha t  should be added t o  the range number. 

Card 3 gives the Universal Transverse Mercator ( U T M )  coordinates of the 

sample s i t e  and the geological map symbols f o r  each of the geological formations 

which could have contributed t o  the sample s i t e .  The f i r s t  geological symbol i s  

fo r  the geologic uni t  where the sample i s  taken, the next i s  up stream, and i f  

there i s  another number, i t  i s  from fur ther  u p  stream. 

The USGS master code 1 i s t  (U.S. Geological Survey, 1969, 1970) was used to  

f i l l  in data f o r  Card 5. The "B"  under material c lass  means "unconsolidated 

sediment," "A" under sample type means "s ingle  (grab) ," "G" under sample source 

means "other," "E" under rock type means "unconsolidated sediment," "Z" under 

geologic age means "Holocene," and "SIN under rock name means " s i l t . "  

Figure 3 i s  the heading fo r  the two assay-data computer input forms. 

Three cards are  needed t o  input assay data f o r  21 elements. Only 17 elements 

were actual ly  analyzed. The f i r s t  card t e l l s  the computer t ha t  there  are  two 

data cards. The second card has data fo r  gold through copper. The th i rd  card 

has data f o r  lead through zinc. 



7 1 7 9  80 

Boo1 ean s i r i n g  Lab # [ A ]  11‘7' 17 I Y  I F ~ o I  1 1  c a r d  # 

Sample r ' s  name Year Month 
t 2 0 28 29 30 3 1  

Day 
3 2  3 3  

l~lolRlMi IPI I / I / I / / i 1 1  1 ! 1 1  [i-'m 1 
3 5  3 6  37 3 8  39 10 4 1  4 2  4 3 

Subsect ions:  1s Z@ @ 3G @ 

(Xarn$y=025, Pal  ~ e u r = C 4 5 )  

UTM-E UTM-N S t a t e  Cpunty- 
? 4 19 21 2 7 3 0  31 3 4  

F ~ ~ a t i o n  name 
3 6 59 

[nlsii I Q t ~ l l I i i l  I I i l  I I I l I I ! I I  ( c o n t i n u e s  r c x :  i i ne) 

M a t e r i a l  c l a s s  a 

~ o c k  nane f*? 

12 13 

sample Type Simple source [G! ?ock t ype  

1 7  

S t r u c t u r a l  s e t t i n g  0 M a t r i x  C x i d a i j o n  st?;? 

21 2 4 

Cre m i n e r a l s  M inera l  d e p o s i t  f o n  fi S i c l a y f c  age 

7 1  7 8 

Lab * / A / /  14 ~ ~ I Y I F ~ O J  I ] Card = 

WRITE COMMENTS ON BACK OF PAGE - - - - -  

F i g u r e  2. Sample and s a m p l e - s i t e  d a t a  e n t r y  f o rm.  
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T a b l e  2,. Sample s i t e  numbers t h a t  need a f r a c t i o n  added t o  t h e  range number 

Sample s i t e  Township 
number (South)  

Range 
(East) 

32% 

3Z1, 

3Z1, 

324 

32% 

3ZL2 

32-3/4 

32% 

32% 

32-314 

32-314 

32-314 

32-314 

32-314 

32% 

324 

32% 

324 

32% 

32', 

324  

32', 

32', 

32', 

32% 

32? 

32', 

324  

32', 

324  

3Z1, 

3Z1, 

3ZL2 

32', 

32', 

3ZL, 

32-314 

32-3/4 

32', 

32', 

32% 

3ZL2 

32% 

32% 

32', 

32', 

32', 

32', 

32-314 

32', 

32-314 

3Z1, 

32-3/4 

32-214 

32-314 

32', 

Sample s i t e  
number 

Township 
(South)  

Range 
(East) 



ATPN. KEYPUNCH OPERATOR: For each NUNBER ( c a s e )  l i s t e d  below p l e a s e  punch a card which w i l l  have a  "T" i n  columns 6 and 7 and the  K'MBER 
i n  columns 7 1  through 78  and a  "1" i n  column 80 .  See  example be low.  



This computer system was used t o  re t r i eve ,  analyze, and pr in t  out the 

data.  I t  was a lso  used t o  plot  the data in form of histograms and s ca t t e r  

graphs and on overlay maps. The computer system and data from th i s  study are  

available from the OSU Computer Center a t  t h e i r  cost .  



FIELD SURVEYING 

General 

A f i e l d  crew o f  f o u r  sampled 1,477 s i t e s  s c a t t e r e d  over  805,390 acres, 

63 7f-minute topograph ic  quadrangle maps, and two 15-minute topographic  maps 

( F i g u r e  4 ) .  F i e l d  equipment used i nc luded  t h r e e  4x4 veh i c l es ,  two d i r t  b ikes ,  

t h r e e  boats, and one h e l i c o p t e r .  

P i  1 o t  Study 

The Steens Mountain area (WSA's 2-85F, 2-86E, and 2-86F) was se lec ted  f o r  

a p i l o t - s i z e  f i e l d  s tudy.  The c o n t r a c t  between t h e  two agencies was s igned 

a f t e r  t h e  1981 normal f i e l d  season; however, sample da ta  were needed t o  p lace  

t h e  computer system on l i n e  and t o  p e r f e c t  computer forms. Sampling techniques 

had t o  be worked o u t  and samples were needed so t h a t  o u t s i d e  assaying l a b o r a t o r i e s  

cou ld  be se lec ted .  

A f i e l d  crew o f  t h r e e  sampled 167 s i t e s  between October 3, 1981, and November 

26, 1981. From t h e  p i l o t  work, t h e  t ime  r e q u i r e d  t o  sample a s i t e  was determined. 

The minimum number o f  check samples needed f o r  q u a l i t y  c o n t r o l  was a l s o  ascer ta ined ,  

Th i s  a l lowed p lann ing  t o  proceed f o r  t h e  1982 f i e l d  season. 

Geochemical Sampl i n g  

Dur ing  t h e  f i e l d  work, 3,797 samples were taken from 1,477 s i t e s  (Tab le  3 ) ;  

o f  t h e  3,797 samples, 1,491 were assayed. From each o f  t he  stream-sediment s i t e s ,  

t h r e e  samples were taken. Two samples weighing one pound each were taken o f  t h e  

s i l t - s i z e  sediment. The f i r s t  sample was assayed; t h e  second was used as back 

up and f o r  a random check. The t h i r d  sample was de r i ved  f rom a go ld  pan l e v e l  

f u l l  o f  a i n c h  minus and was panned down when water  was a v a i l a b l e  u n t i l  i t  

weighed about a q u a r t e r  pound. I f  t h e  s i t e  was d ry ,  a c l o t h  bag 7 i n .  by 12.5 i n .  

was f i l l e d  w i t h  t h e  g rave l .  A f u l l  bag weighed f rom 8 t o  10 pounds. L a t e r  t h e  

sample was panned when water  was a v a i l a b l e .  The panned concentrates were sen t  t o  

t h e  DOGAMI P o r t l a n d  warehouse f o r  s to rage b u t  have n o t  been analyzed. These 

samples w i l l  be v i s u a l l y  examined and analyzed a t  some t ime  i n  t h e  f u tu re .  The 



Figure 4.  Index t o  quadrangle map coverage of wilderness study areas. 

Numbers refer t o  7;- and 15-minute quadrangles that are identified by name on 
p. 105. 
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Table 3. Numbers and types o f  samples assayed f rom each Wi lderness Study Area 

Wi lderness Study Area 
No. o f  checked No. o f  sed i - *  No. o f  r o c k  No. o f  s o i l  T o t a l  no. o f  T o t a l  no. o f  
samples ment s i t e s  samples samples samples sample s i t e s  

Owyhee Reservo i r  

3-56 Dry Creek B u t t e s  (wes t  s i d e )  

3-74A Bannock Ridge ( e a s t  s i d e )  

3-75 Slocum Creek ( e a s t  s i d e )  

3-77A Honeycombs ( e a s t  s i d e )  

Sub to ta l  

M idd le  Owyhee R i v e r  

3-59 Owyhee Breaks 

3-110 Lower Uwyhee Canyon 

Sub to ta l  

Upper Owyhee R i v e r  

3-173A Upper West L i t t L e  Owyhee 

3-195 Owyhee R i v e r  Canyon 

Sub to ta l  

T rou t  Creek 

2-780 Red Mountain 

3-152 Wi l low Creek 

3-153 D i s a s t e r  Peak 

3-156A F i f t e e n m i l e  

3-157 Oregon Canyon 

3-162A Twelvemi le 

Sub to ta l  

Pueblo Mountains 

2-81L Pueblo Mt. 

Steens Mountains 

2-85F South Steens 

2-86E 81 i t z e n  R i v e r  

2-86F B l  i t z e n  R i v e r  

Sub to ta l  

GRAND TOTAL 

* A t  each sediment s i t e ,  t h r e e  samples c o n s i s t i n g  o f  two s i l t s  and one panned concen t ra te  were taken.  T o t a l  

number o f  sediment samples taken  was 3,459; 88 r o c k  samples and 250 s o i l  samples were a l s o  c o l l e c t e d ,  making 

a grand t o t a l  o f  3,791 samples c o l l e c t e d  f o r  t h e  e n t i r e  p r o j e c t .  



number o f  stream-sediment s i t e s  t h a t  were t o  be sampled was 1,200, o r  one pe r  

square m i l e .  The f i n a l  count  was 1,153 s i t e s .  

Of  t h e  1,491 samples assayed, 250 were s o i l  samples taken  across m i n e r a l i z e d  

areas i n  WSA's 2-81L and 3-56. 

E i g h t y - e i g h t  r o c k  c h i p  samples were taken. Rock c h i p  sampl ing was m a i n l y  

a t  mines and prospects ,  geothermal d r i l l  s i t e s ,  and p i c t u r e  r o c k  ( j a s p e r o i d )  

outcrops.  

The sample numbering system used f o r  t h i s  p r o j e c t  was des igned t o  be used 

Department-wide f o r  any a rea  and any t y p e  o f  sample. The number code used 

e i g h t  c h a r a c t e r  spaces and s t a r t e d  w i t h  a l e t t e r :  "A" f o r  t h e  Albany, "B" f o r  

t h e  Baker o f f i c e ,  "G"  f o r  t h e  Grants  Pass o f f i c e ,  and "P" f o r  t h e  P o r t l a n d  o f f i c e .  

The n e x t  f o u r  c h a r a c t e r  spaces were used f o r  t h e  sequen t i a l  s i t e  number; a l e t t e r  

was used i n  t h e  n e x t  space t o  des igna te  t h e  t ype  o f  sample be i ng  taken  ( " D "  i s  

f o r  d i r t  ( S o i l ) ,  "C"  f o r  concen t ra tes ,  "F" f o r  f i n e s  ( s i l t ) ,  "G"  f o r  g rave l ,  and 

"8" f o r  r ock ) .  The l a s t  two c h a r a c t e r  spaces were f o r  t h e  number o f  samples t aken  

a t  t h e  s i t e  and f o r  t h a t  t y p e  o f  sample. A t  every  stream-sediment s i t e ,  t h r e e  

numbers were used. For  s i t e  number 25, f o r  example, t h e  numbers were A0025F01, 

A0025F02, and A0025C03. I f  a r ock - ch i p  sample was taken  a t  t h a t  same s i t e ,  i t s  

number was A0025R04. 

A t  each s i t e ,  a 6- by 8- in . -wide area was spray  p a i n t e d  y e l l o w  w i t h  a f a s t  

d r y i n g  p a i n t  on a nearby rock .  The s i t e  number was p a i n t e d  on t h e  y e l l o w  

r e c t a n g l e  w i t h  a r e d  jumbo marker.  The f l a g g i n g  p laced  a t  each s i t e  was marked 

w i t h  t h e  s i t e  number. 

Each o f  t h e  crew members was expected t o  average f o u r  sample s i t e s  p e r  10- 

hour  day. The average t i m e  needed t o  t ake  a sample was 15 minutes,  and ano ther  

15 minutes was needed t o  f i l l  o u t  t h e  sample forms. There fo re ,  an average o f  

2 hours p e r  work day was spen t  a c t u a l l y  sampl ing. The r e s t  o f  t h e  10-hour day 

was used t o  g e t  t o  and f rom t h e  sample s i t e s .  The one-way v e h i c l e  t r a v e l  t ime  

f rom s l e e p i n g  q u a r t e r s  t o  f i r s t  sample s i t e  was as much as 3 hours. Round t r i p  

h i k i n g  d i s t ances  reached as f a r  as 12 mi.  I n  some areas, t h e  sample s i t e s  were 

a t  t h e  bot tom o f  canyons and t h e  roads were a t  t h e  t op .  An up-and-down change 

i n  e l e v a t i o n  o f  1,000 f t  was v e r y  common. I f  t h e  sample s i t e  had water ,  3.25 

pounds o f  m a t e r i a l  was c o l l e c t e d .  I f  t h e  s i t e  was d r y ,  13.25 pounds o f  m a t e r i a l  

was c o l l e c t e d .  A t  t h e  end o f  a sampl ing loop,  a 40-pound t o  50-pound pack was 

normal. 



F i e l d  Checking o f  Geo log ica l  Maps 

The compi led geo log i ca l  maps were f i e l d  checked. A1 though t h e  maps were 

ma in l y  unchanged, t h e  f i e l d  observa t ions  suggest t h a t  geo log i ca l  i n t e r p r e t a t i o n  

o f  some o f  t h e  fo rmat ions  would be changed i f  more d e t a i l e d  s t u d i e s  were t o  be 

done. 

F i e l d  Checking o f  Mines, Prospects,  and A1 t e r a t i o n I M i n e r a 1  i z a t i o n  

Two t a b l e s  l i s t i n g  a l l  t h e  mines and p rospec ts  t h a t  were i n  t h e  USBM MILS 

and USGS CRIB computer systems were prepared. These a r e  Tables 13 and 15 t h a t  

cover  t h e  Pueblo Mountains and Steens Mountain sec t i ons ,  r e s p e c t i v e l y .  These 

t a b l e s  were t h e  s t a r t i n g  p o i n t  f o r  f i e l d  check ing and r ock  c h i p  and s o i l  sampl ing. 

Several  p r i v a t e  m ine ra l  e x p l o r a t i o n  f i r m s  had po in ted  o u t  t h e  impor tance o f  agate, 

j asper ,  and p i c t u r e  r o c k  depos i t s  as a  fo rm o f  a l t e r a t i o n  t h a t  c o u l d  be r e l a t e d  

t o  g o l d  m i n e r a l i z a t i o n .  A l l  o f  t h e  m i n e r a l i z e d  areas t h a t  were p i n p o i n t e d  by 

t h e  mines and prospects  l i s t e d  i n  t h e  two t a b l e s  were v i s i t e d .  About h a l f  o f  

those mines and p rospec ts  l i s t e d  were sampled. Seven s o i l  sampl ing p r o f i l e s  were 

r un  i n  Dry Creek Bu t t es  (WAS 3-56), and seven were r u n  i n  t h e  Pueblo Mountains 

(WAS 2-81L). 

A d d i t i o n a l  p rospec ts  and aga te -p i c t u re  r ock  depos i t s  were found d u r i n g  

stream-sediment sampl ing. These depos i t s  a l s o  were sampled. 



LABORATORY SUPPORT 

General 

The role  of the Departmentus laboratory i n  t h i s  project  was four-fold. 

The f i r s t  was t o  oversee, from the assaying standpoint, the taking, handling, 

and storage of the samples. As part  of t h i s  project ,  the heavy-mineral pan 

concentrates tha t  were taken a t  each stream-sediment s i t e  were put i n  chrono- 

logical order and stored fo r  future  use by the BLM. 

The second laboratory task was to  perform part  of the assaying. The th i rd  

was t o  choose outside laboratories t o  do the r e s t  of the assaying, by cal l ing 

fo r  bids, narrowing the 1 i s t s  of laborator ies ,  and v i s i t ing  laboratories in 

Salem, Oregon; Redding, Cal i fo rn ia ;  Reno, Nevada; and Vancouver, Br i t i sh  

Columbia. A to ta l  of four outside laboratories were involved in  the assaying. 

The fourth ro le  of the laboratory was the providing of qua1 i t y  control within 

and between the laborator ies ,  including the Department's laboratory. 

Definition of Term "Sample" 

In general, the term "sample" has two meanings in t h i s  study: (1) the 

raw or  f i e l d  sample taken, and ( 2 )  the analytical  sample prepared from the 

f i e l d  sample. The l a t t e r  samples were analyzed t o  produce the composition 

data included herein. When the term "sample" i s  used, the meaning intended 

should be c lea r  from the context. 

The analytical  samples fo r  stream sediments and s o i l s  were the minus 80 

f ract ion of the raw samples. For rocks, the minus 80 mesh material (pulp) 

produced by grinding consti tuted the analytical  samples. 

Sampl e Preparation 

Sample Preparation Steps 

The procedures used in preparing the samples were designed t o  reduce or  

el imi nate contamination and t o  prevent 1 oss of the more volat i  1 e elements. 

The l a s t  few s teps  were fo r  rock-chip samples. Examples are:  



1. The compositions of the various materials coming in  contact  with the  

samples were selected so t h a t  the metal load would not be increased. 

2. Samples were a i r  dried a t  room temperature ra ther  than oven dried t o  

minimize the  loss  of mercury. 

3 .  A1 1 equipment was blown f r ee  of dust  w i t h  compressed a i r  before and 

a f t e r  each sample was t rea ted .  

4. Affected surfaces were frequently vacuumed t o  pick u p  material l o s t  

in  the inevi table  "dusting" as samples were being prepared. 

5. Waste rock, followed by quartz,  was used t o  wash (by grinding) the 

residue l e f t  on the grinding pla tes  a f t e r  grinding gummy samples. 

6. Grinding was done on an interrupted schedule t o  prevent heat build-up 

in the grinding pla tes .  

7. Larger than necessary volumes of rock samples, many of which were 

obviously mineralized, were ground. The object  was t o  d i l u t e  any 

material l e f t  in  the  pulverizer a f t e r  grinding the  p r io r  sample. 

Stream Sediments 

Compacted samples were f i r s t  broken up with a pes t l e  in  an unglazed 

porcelain mortar and gently ground. The samples were then sieved with a l l -  

s t a i n l e s s  s tee l  s ieves  t o  produce minus 80 mesh material f o r  analysis .  Each 

minus 80 mesh f rac t ion  was then s p l i t  with an a l l  s t a i n l e s s  s tee l  s p l i t t e r  

in to  four  equal pa r t s ,  and each par t  was t ransferred t o  a prenumbered pulp 

envelope. 

Soi 1 s 

Because in  many of the study areas ,  even though a 17 mesh screen was 

used t o  f i l l  a  sample sack, the samples did not contain enough minus 80 mesh 

sample. Therefore, each sample was l i g h t l y  ground in a Bico pulverizer t o  

produce a g rea te r  amount of material f o r  analysis .  The ground sample was then 

sieved as above. The sample was s p l i t  using the equipment indicated above, 

but here two one-eighth s p l i t s  and two three-eighths s p l i t s  were made and 

packaging was done as above. In t h i s  manner, the sample weights required f o r  

the various analyses could be accommodated. 



Rock Chips 

All of each rock sample ( 1  t o  3 kg) was crushed in a Bico chipmunk jaw 

crusher t o  minus 114 inch mesh. The crushed material was s p l i t  repeatedly in  

an a l l - s t a i n l e s s  s tee l  s p l i t t e r  unt i l  the desired mass of about 1 kg was 

obtained. This portion was stored in  a p l a s t i c  bag pr io r  t o  grinding; the 

balance of the crushed material was discarded. Each crushed portion was then 

ground t o  about minus 80 mesh in a Bico pulverizer,  s p l i t  in to  two one-eighth 

and two three-eighth par t s ,  and packaged as above. 

Analytical Program 

The concentrations of 16 elements were determined in most samples; a few 

f ie1 d samples produced insuf f ic ien t  material f o r  the determination of a1 1 

sixteen elements. The elements determined included: 

Au (gold) Be (beryl 1 i  um) Mn (manganese) Sn ( t i n )  

Ag ( s i l v e r )  Co (coba l t )  Hg (mercury) W (tungsten) 

As (a r sen ic )  Cu (copper) Mo (molybdenum) U (uranium) 

Ba (barium) Pb ( l ead)  Ni (n icke l )  Z n  ( z inc)  

Based on the  methods required t o  adequately character ize  these elements 

and the  equipment required by these methods, the following analyt ical  program 

was devised: 

Group I  Elements: As - Hg - Mo - Sn - W 

Group 11 Elements: (as  U308) 

Group I11 Elements: Ba - Be - Co - Cu - Mn - Ni - Zn 

Group IV Elements: Ag - Pb 

Group V Elements: Au 

The elements of Groups I11 and IV were determined in the  Department 

laboratory. Three separate commercial laborator ies  provided analyses f o r  one 

each of the three  remaining groups. 

Analytical Methods 

General 

The purpose of an analyt ical  method fo r  geochemical exploration i s  the 

determination of the  concentration of an element. The method must have 

su f f i c i en t  spec i f i c i t y ,  accuracy, detection l im i t ,  and precision so t h a t  the  



data a r e  amenable t o  s t a t i s t i c a l  analys is  when a number of samples a r e  compared 

f o r  t h a t  element. In order t o  character ize  a given element, a s p e c i f i c  method 

must be employed. The d i f f i c u l t y  i s  t h a t  t h i s  method can ra re ly  be extended t o  

a l l  of the  other  elements t o  be determined. Therefore, t o  produce analyt ical  

r e s u l t s  f o r  a large  number of elements in  a large  number of samples a t  a reason- 

able cost  and within a reasonable time, compromise analyt ical  methods must be 

empl oyed . 
The (compromise) analyt ical  methods used f o r  t h i s  study were based on the  

1 i t e r a t u r e ,  information from mining and exploration companies, and current  

commercial laboratory pract ice .  Detection l imi t s  were s e t  f o r  Au a t  0.005 ppm; 

Ag, 0.01 pprn; As, 0.2 ppm; Ba, 1.0 ppm; Be, 0.05 ppm; Cd, 0.02 ppm; Co, 1.0 ppm; 

C u ,  1.0 ppm; Pb, 0.5 ppm; Mn, 5.0 ppm; Hg, 0.002 pprn; Ni, 1.0 ppm; Sn, 0.1 ppm; 

W ,  1 .0 ppm; U308, 0.1 ppm; and Z n ,  1.0 ppm. 

Decomposition Methods 

Various decomposition methods were employed t o  p u t  the  metals of i n t e r e s t  

in to  the  forms required f o r  instrumental analys is .  In summary these were: 

1. Acid decomposi t ion .  Used f o r  the  "extractable"  metals (Ag-As-Ba- 

Be-Co-Cu-Pb-Mn-Hg-Mo-Ni-Sn-U-Zn) in sediments and soi  1 s .  

2. Hydrofluoric acid decomposition. Used f o r  " t o t a l  " metals (Ag-As- 

Ba-Be-Co-Cu-Pb-Mn-Hg-Mo-Ni -Sn-U-Zn) in rocks. 

3. Fusion decomposition. Used f o r  " t o t a l "  W i n  sediments, s o i l s ,  and 

rocks. 

4 .  Fi re  assay fusion decomposition. Used f o r  " t a t a l "  Au in sediments, 

s o i l s ,  and rocks. 

In sediments and s o i l s ,  pa r t  of the  contained metals i s  derived from 

external sources and i s  bound u p  by the  c lay,  organic matter ,  and/or hydrous 

iron and manganese oxide. Use of a mild decomposition reagent allows these 

adsorbed metals t o  be extracted p re fe ren t i a l ly  t o  the  metals contained within 

the mineral fragments. Various combinations of hydrochloric acid + n i t r i c  acid 

and n i t r i c  acid alone a re  commonly used t o  ex t rac t  a number of metals. The 

extracted metals a r e  in t u r n  t rea ted s ingly  o r  in groups by appropriate chemical 

and instrumental techniques. 

For t o t a l  metal determinations, more d r a s t i c  chemical treatment i s  

necessary t o  f r e e  the  metals contained within individual grains of sample. Here 

e i t h e r  hydrofluoric acid ( i n  combination with other  acids)  o r  fusion with various 

f luxes  i s  common pract ice .  
25 



Instrumental Methods of Analysis 

All of the metals were determined by instrumental methods a f t e r  appropriate 

decomposition. Gold, s i l ve r ,  barium, beryl 1 ium, cobalt ,  copper, lead,  manganese, 

molybdenum, nickel,  and zinc were determined by atomic absorption spectrometry 

(AAS or  AA) . Arsenic and t i n  were determined by hydride/AA. Mercury was determined 

by cold vapor/AA. Tungsten was determined by UV-VIS spectrophotometry. Uranium 

was determined by f 1 uorimetry . 

Specific Methods 

Detailed instructions fo r  the Department's laboratory procedures and the 

contracted laboratories are  contained in the Department's f i l e s .  The following 

groups of elements are  combined by the d i f fe ren t  means of decomposition: 

1. Group I Elements: As - Hg - Mo - Sn 

a. For sediments and s o i l s ,  decomposition was with hydrochloric 

acid + n i t r i c  acid. For rocks, decomposition was with hydro- 

f luor ic  + n i t r i c  + perchloric acids. 

b .  Arsenic and t i n  were determined by the hydride/AA method. 

Mercury was determined by the cold vapor/AA method. Molybdenum 

was determined in the acid solution by AA. 

2. Group I Element: W 

a. For a l l  samples, decomposition was with a potassium pyrosulfate 

fusion; the tungsten was extracted from the aqueous solution 

with di thiol/amyl aceta te ,  and the tungsten (colored complex) 

was determined by spectrophotometry. 

3. Group I1 Element: U (reported as U308) 

a. For sediments and s o i l s ,  decomposition was with n i t r i c  acid. For 

rocks, decomposition was with hydrofluoric + n i t r i c  + perchloric 

acids,  solution taken to  dryness, and f i na l l y  taken u p  with n i t r i c  

acid. The uranium was extracted with ethyl aceta te  and an a l iquot  

was fused with sodium and potassium carbonates + sodium f luor ide .  

The uranium was determined by fluorimetry. 

4. Group I11 Elements: Ba - Be - Co - Cu - Mn - N i  - Z n  

a. For sediments and s o i l s ,  decomposition was with n i t r i c  + hydrochloric 

acids + potassium chlorate. For rocks, decomposition was with 

hydrofluoric + hydrochloric acids,  taken t o  dryness, and f i na l l y  taken 

u p  with the same reagents as used fo r  sediments and so i l s .  All 



elements were determined by AA on t h e  r e s u l t i n g  so lu t ion .  

5.  Group IV Elements: Ag - Pb 

a.  For sediments and s o i l s ,  decomposition was with hydrochloric  ac id  

+ potassium ch lo ra t e .  For rocks,  decomposition was with hydro- 

f l u o r i c  ac id  taken t o  dryness,  a  so lu t ion  of aluminum ch lo r ide  

was added and taken t o  dryness aga in ,  and t h e  d r i ed  res idue  was 

taken up with hydrochloric  ac id  + potassium c h l o r a t e  a s  with 

sediment and s o i l  samples. For a l l  samples a t  t h i s  po in t ,  an 

ascorb ic  ac id  + potassium iodide  so lu t ion  was added, and the  

metals were ex t r ac t ed  with a  t r i  caprylyl  methyl ammonium ch lo r ide  

+ methyl isobutyl  ketone so lu t ion .  The two metals  were determined 

i n  t h e  organic so lu t ion  by AA. 

6. Group V Element: Au 

a. Gold was gathered by a  f i r e  assay fusion decomposition with added 

s i l v e r .  The r e s u l t i n g  bead was dissolved in  hydrochloric  + n i t r i c  

ac id s .  Gold was determined by AA. 

Qual i ty-Control  Program 

For t h i s  s tudy ,  prec is ion  -- t h e  reproduci bi 1  i  t y  of ana ly t i ca l  r e s u l t s  -- 
was of primary importance. To measure prec is ion  t h e  following procedures were 

imp1 emented: 

Prec is ion  within an individual  labora tory .  

a .  The two l a b o r a t o r i e s  respons ib le  f o r  providing t h e  o r ig ina l  da t a  

f o r  14  of t h e  16 elements ran r e p l i c a t e  analyses (two o r  more 

analyses on sepa ra t e  port ions of t he  same sample) on every 

twentieth sample. 

b. The labora tory  determining gold could not provide repl i c a t e  

analyses on t h e  sediment and s o i l  samples because of t h e  l imi ted  

sample ava i l ab l e .  The rock samples were not s o  1  imi t e d ,  so  

repl i c a t e s  could be provided. 

c.  The labora tory  providing uranium analyses was not asked t o  

provide r e p l i c a t e  analyses.  

2.  I n t r a l abo ra to ry  prec is ion .  

a.  Using iden t i ca l  o r  v i r t u a l l y  i den t i ca l  methods, o the r  l a b o r a t o r i e s  

provided analyses f o r  t h e  16 elements f o r  comparison with t h e  



original data. Again every twentieth sample was analyzed. A 

very limited number of samples were rechecked by ye t  another 

1 aboratory . 
3. Blind Samples. 

a. Fifty-six samples were submitted t o  the lab. No information 

was available t o  the lab concerning these samples. 

4. Development of Department's Standard. 

a. No standard reference materials were available fo r  the deter-  

mination of the extractable metals. In l ieu of such a standard, 

a large sample was taken a t  one s i t e ,  sieved, and s p l i t  in to  20 

parts.  A t  l e a s t  one s p l i t  was analyzed along with every 25 to  

50 samples ( f o r  Ag-Ba-Be-Co-Cu-Pb-Mn-Ni-Zn only) by the Department 

lab. Assuming tha t  the sample was homogeneous, i t  was f e l t  tha t  

the resul tant  large body of data would give some overall measure 

of the precision to  be expected. 

b. Standard reference materials were available from the USGS for  

comparison with the rock samples. Unfortunately the compositions 

of these standards were not adequate f o r  comparison with a l l  16 

el ements . 

Petrographic Services 

Most petrographic examinations were done in the f i e l d  with a 10-power hand 

lens. A few unusual rocks and minerals were informally examined petrographically 

a t  the USBM Albany Research Center. 



GEOCHEMICAL DATA 

General 

The following steps were taken to  interpret  the mass of data generated by 

the taking and analyzing of the 1,491 samples over an area of 800,000 acres: 

1. The computer printed out the tabulated assay and s i t e  data. 

2. The computer plotted a "+" for  each s i t e  on one of three overlays a t  

a scale of 1:250,000. 

3 .  The random resampl ing assay data was compared to  the original sampl ing 

assay data. 

4. The computer-printed summarized assay data table was analyzed. 

5. The computer-printed s i  1 t-sampl e frequency tab1 es and histograms of 

each element in 1 ogari thms were studied. 

6. An anomalous threshold value for  each of the elements was assigned. 

7. A stepwise multiple regression was run for  gold and s i l ve r  against 

the res t  of the elements. 

8. Fourteen soi 1 sampling profi 1 es were graphed using elements selected 

from the stepwise mu1 t i p l e  regression. 

9. The soi l  prof i le  graphs were studied in relation t o  the elements' 

assigned anomalous values. 

10. Least squares correlations were run, and sca t t e r  graphs were plotted 

between each of the elements. 

2 11. Using the correlation R , i t  was decided which elements should be 

plotted together on the 1 in. = 1 mi overlays. 

12. The computer plotted four overlays for  each of the seven 1 in.  = 

1 mi maps. The Upper Owyhee area was so large that  i t  had to  be 

prepared in two maps--the north half and  the south half.  

Tabulated Assay and S i te  Data 

The computer printout generated by th i s  study consists of the raw assay, 
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s i t e  data ,  area summary tables  and frequency tab les ,  histograms, and s c a t t e r  

graphs. The printout appears on the microfiche included with t h i s  report .  The 

f i r s t  par t  of the computer pr intout  i s  arranged in the same order as Table 1: 

Owyhee Reservoir, Middle Owyhee River, Upper Owyhee, Trout Creek, Pueblo Mountains, 

and Steens Mountain. Under each of the study areas,  the f i r s t  data given are  

si l t-sample assay data f o r  gold through copper in  numerical order by s i t e  number. 

A summary tab le  f o r  the s i l t  samples i s  next. For each element, the number of 

samples, the mean assay value, the minimum assay value, the maximum value, the 

range, and standard deviation a re  given. The next data s e t  i s  f o r  rock samples 

and i s  f o r  gold through copper. The next data s e t  i s  f o r  so i l  samples, again 

fo r  gold through copper. The next data s e t  i s  f o r  si l t-sample assay data f o r  

lead through the zinc/cadmium r a t i o .  I f  the computer sheets are  torn apar t  between 

the s i l t  and so i l  sample data ,  the two sil t-sample data s e t s  will  l i n e  up, so t h a t  

a l l  the data fo r  one sample beginning with gold values and ending with the zinc/ 

cadmium r a t i o  can be seen. The rock-sample data and soil-sample data f o r  lead 

through zinc/cadmium r a t i o  will a lso  l i ne  up. The next three data s e t s  give s i t e  

data by s i l t ,  rock, and so i l  . The s i t e  numbers are  in  the same order as the  assay 

data given above. A t  the top of each page, column headings a re  given. 

Sample Location Maps 

Three 1:250,000 overlay maps were plotted by the computer. The computer 

plotted a "+" f o r  each of the 1,477 sample s i t e s .  One map covers par t  of the 

Boise AMS map and includes the Owyhee Reservoir and half of the Middle Owyhee 

River. The second map i s  fo r  the Jordan Valley AMS map and includes the r e s t  

of the Middle Owyhee River, the Upper Owyhee River, and half of the Trout Creek. 

The l a s t  map i s  f o r  the Adel AMS map and includes the r e s t  of the Trout Creek, 

the Pueblo Mountains, and the Steens Mountain areas.  

A s e t  of these maps i s  avai lable  fo r  inspection in the DOGAMI 1 i brary in  

Port1 and. 

Random Resampl i ng 

After a l l  the s i l t  (stream sediment) sampling had been completed, a t ab le  

of random numbers was used t o  s e l ec t  f i f t y - s i x  s i t e s  t o  be resampled fo r  qual i ty  

control .  A few s i t e s  which came u p  on the t ab le  of random numbers were rejected 

because of the high cost  of get t ing t o  them. A t  each resampling s i t e ,  a new 



number was used f o r  t h e  sampl ing. The samples were comp le te ly  b l i n d  t o  t h e  

assayer. Table 4  shows t h e  summary o f  t h e  assay s t a t i s t i c s  f o r  t h e  t e s t  of  two 

means. Wi th  t h i s  t e s t  t h e  random sample assay i s  sub t r ac ted  f rom t h e  o r i g i n a l  

sample assay. The d i f f e r e n c e s  a r e  then  t r e a t e d  as a  new s t a t i s t i c .  The 

ob ta ined  "t" va lue  i s  compared t o  a  t a b l e  o f  "t" values. Fo r  a  two - t a i  l e d  t e s t  

a t  t h e  98-percent l e v e l ,  i f  t h e  va l ue  i s  l e s s  t han  2.4 f o r  a  sample s i z e  o f  

40 t o  60, then  t h e  two assays were taken f rom t h e  same popu la t i on .  Only a r sen i c  

and z i n c  f e l l  o u t  o f  a  s i n g l e  popu la t i on .  I n  genera l ,  t h e  random sampl ing showed 

t h a t  bo th  t h e  work o f  t h e  samplers and t h e  assayers was r ep roduc ib l e .  

Assay Data Summary by Sample Type and by A l l  Samples 

Table 5 g ives  a  s t a t i s t i c a l  summary o f  t h e  assay da ta  by s i l t  (s t ream 

sediment) samples, r ock - ch i p  samples, and s o i l  samples and f o r  t o t a l  (every  

sample). The row showing number o f  samples i n d i c a t e s  how many samples had 

va lues above t h e  d e t e c t i o n  t h resho ld .  A  row i s  g i ven  f o r  t h e  means, t h e  

minimum values,  t h e  maximum values,  t h e  ranges, and t h e  s tandard  d e v i a t i o n s .  

Frequency Tab1 es and Histograms 

The computer program was used t o  generate f requency t a b l e s  and h is tograms 

t h r e e  d i f f e r e n t  ways: ( 1 )  us i ng  raw da ta  f rom a l l  o f  t h e  samples; ( 2 )  us i ng  

raw da ta  f rom j u s t  t h e  s i l t  samples, and ( 3 )  by conve r t i ng  t h e  s i l t - s a m p l e  raw 

da ta  t o  logar i thms.  A  good h is togram cou ld  n o t  be generated by methods 1 o r  2 

because ve r y  h i g h  va lues occur red  i n  a  few o f  t h e  rock  and s o i l  samples. The 

s i l t  samples were t h e  o n l y  unbiased samples. The o t h e r  samples were taken because 

they  were expected t o  c a r r y  va lues.  Therefore,  f u r t h e r  a n a l y s i s  was on j u s t  s i l t -  

sample data.  The f requency t a b l e s  and h is tograms were b e t t e r  b u t  n o t  as b e l l  

shaped as t hey  should have been. The l oga r i t hms  o f  s i l t  da ta  were then  run, 

produc ing good be l l - shaped  h is tograms.  

Stepwise Mu1 t i p l e  Regression w i t h  S i l v e r  as t h e  Dependent V a r i a b l e  

The n e x t  s t ep  was t o  determine i f  any element c o u l d  be a  p a t h f i n d e r  f o r  

go ld .  For  t h e  s i l t  samples, a  s tepwise m u l t i p l e  r eg ress i on  was r u n  w i t h  va lues 

i n  logar i thms,  w i t h  g o l d  as t h e  dependent v a r i a b l e  and t h e  r e s t  o f  t h e  elements 

as independent v a r i a b l e s .  The f i r s t  v a r i a b l e  t o  come i n t o  t h e  r eg ress i on  was 

s i l v e r ;  however, t h e  c o r r e l a t i o n  was ve r y  poor. Only  130 samples o u t  of a  
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T a b l e  4.  Summary o f  assay  s t a t i s t i c s  f o r  t h e  t e s t  o f  two  means 

NUMBER 3F SAMPLES* 
MEAN OF SET A 
MEAN OF SET B 
MEAN CIFFERENCE 
S T O .  ERR04 OF O I F F  
T v aLucs - 

W 
N 

NUMBER OF SAMPLES* 
MEAN OF SET A 
MEAN O F  SET  9 --- 
HEAk DIFFERENCE 
S T O .  ERROR OF D I F F  
T VALUES 

* The number g i v e n  i n  t h e  "number o f  samples '  row i s  t h e  number o f  m a t c h i n g  p a i r  f o r  t h a t  e lement .  A m a t c h i n g  
p a i r  i s  a sample s i t e  where b o t h  t h e  o r i g i n a l  sample and t h e  resample had assay v a l u e s  above t h e  d e t e c t i o n  
l i m i t s  f o r  a p a r t i c u l a r  e lement .  



Table 5 Statlrtlcal overvlew of array d a t a  for all rsmple type5 and a r e a s  

HUHALR OF SI IMPLES 
ME*" YILU'L 
* I N I * U I  V b L U T S  
?AXI""*  Y l L U E Z  
R A N G E S  
S T I N D M R f l  O E Y I b I  I O N S  

R O C K  LbIIPLLS 

NUn9ER OF I I M P L E I  
M E A N  VALUES 
N I N I * " "  V I L E 5  
1 1 1 1 * U H  VLLUES 

W Q&HCES 
w S ' a n o r a o  o i v ~ r r r o ~ s  

S O I L  S I * P L t S  

21. a6.  61. 111. 6 7 .  0 .  87. Or. 86. 111. 8 1 .  76. 87.  76.  7. 87. I?. 
.I50 G.275 119.128 296.156 1.917 0.000 20.747 1111..110 1 7 . 9 1 9  281.671 1l.5.8~~ 9.0*6 17.712 5.079 1.229 9.966 6*.95* 0.0'0; 
1005 ,070 I.LOO 2O.OJO .Oh0 0.000 1 . 0 0 0 ' 1 . 0 0 0  2.000 JO.000 .062 3.000 5.000 ,500 1.100 .I00 C.000 0.000 

2.070 225.280 2kb0.000 1150.010 I.L*O 0.000 222.000 95500.000 176.000 1370.000 1310.000 72.600 112.000 109.000 i.,01 35I.000 1590.030 C.OQ0 
2.065 225.260 1131.1011 1IIO.DOO 7.310 0.000 221.000 95bP6.000 116.000 II110.00O 8339.918 69.600 127.000 101.500 .700 351.900 lSab.000 0.000 
.J11 15.235 615.111 213.536 1.313 0.000 33.010 13908.103 21.986 257.095 933.299 10.251 23.3C7 12.ILL .Z56 1 6 . 8 0 1  lflO.851 0.001 



possible 1,151 samples had gold values above the detection l imi t  (0.005 ppm).  

S i lver  was selected t o  be a stand-in fo r  gold. A stepwise multiple regression was 

run with assay values in logarithms, with s i l v e r  as the dependent variable and with 

Be, U3O8; Z n ,  Pb ,  C u ,  Hg, As, Co, Ni , Mn, Ba, and Sn as the independent variables.  

This regression i s  l i s t e d  in Table 6. The stepwise equations are  given in order 
2 of the appearance of an element. The bottom l i ne  of the t ab le  i s  the R of each 

of the equations and shows the amount of corre la t ion added by each element. The 

corre la t ion s t a r t s  a t  0.19 and ends a t  0.27, which means a t  the s t a r t ,  19 percent 

of the variation of s i l v e r  could be explained by beryllium, and, a f t e r  the other 

eleven elements were added, 27 percent of variation of s i l v e r  could be explained. 

Least Squares Correlations and Sca t te r  Graphs 

For a study of t h i s  kind, i t  i s  necessary to  determine which elements follow 

which other elements--and how well they follow. The l a s t  part  of the computer 

printout contains the least-square corre la t ions  and s ca t t e r  graphs fo r  each element 
2 against  every other element. All values are  in logarithms. The R of each of 

the l e a s t  squares i s  given in Table 7. The se r ies  of 1 ' s  t ha t  go diagonally down 

and across the t ab le  i l l u s t r a t e s  tha t  an element i s  100 percent correlated with 
2 i t s e l f .  From Table 7 a l l  pairs of elements t ha t  had an R of 0.1 were picked fo r  

Table 8,  which in turn, contains the l e a s t  squares equation fo r  each of the pa i r s ,  
2 

the number of observations from which the equation was drawn, and the R of the 

equation. The samples were assayed fo r  seventeen elements. I f  two element values 
0 

are highly correlated (high R ~ ) ,  then not many are  l o s t  by not assaying one of the 
2 elements. The R between nickel and cobalt  i s  0.79, which means t ha t  fo r  t h i s  

report  i t  was not necessary t o  assay one of these two elements. 

Anomalous Value Thresh01 ds 

The next s tep was t o  assign a value to  each element over which an assay 

value would be considered anomalous. For each of the si l t-sample elements from 

Table 5 ,  the mean and two standard deviations were added together as the  f i r s t  

attempt t o  obtain the threshold values. These values were then compared t o  the 

corresponding frequency tables  and histograms, which were in logarithms. To 

make the comparison, the antilogarithms of the values shown in the frequency 

tables and histograms had to  be figured. The comparison was too high. Values 

were picked from frequency tables  and histograms, and they were about the  same 

as the means with one and one-half standard deviations. The threshold values 
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Table 6.  Stepwise m u l t i p l e  r e g r e s s i o n  a n a l y s i s  w i t h  assay va lues  i n  l o q d r l t h m s  us ina  s i l v e r  as t h e  dependent v a r i a b l e  and b e r y l l i u m ,  uranium 
ox ide ,  z inc .  l ead ,  copper,  mercury,  a r s e n i c ,  c o b a l t ,  n i c k e l ,  manganese, barium, and t i n  as t h e  independent v a r i a b l e s *  

ds each 0.180 0.212 0.226 0.240 0.261 0.268 0.269 0.269 0.270 0.271 
elelllent added 0.272 

* Au, Cd, Ma. W ,  ZnlCd were n o t  used becdure t o o  few dssay va lues  were above l e v e l  o f  d e t e c t i o n  



Table 7. Correlation R2 values between the logarithms of the element assays 



Tab le  8 .  Leas t  squares equat ions  f o r  each p a i r  o f  elements w i t h  an R~ o f  0.1 o r  b e t t e r  

Equat ion  

Au(10g) = - 2.52527 + 1.0000 

Ag(1og) = - 1.27011 + 0.790697 

Hg(1og) = - 0.995574 + 0.493686 

Ag(10g) = - 1.65881 + 1.0000 

Ag(10g) = - 1.35334 + 0.352587 

As(10g) = 0.929300 - 0.376604 

As(10g) = - 0.131657 + 0.602022 

As(1og) = 0.446191 + 0.532349 

W 
u As(1og) = 0.490188 + 1.00000 

Ba(1og) = 0.228908 + 0.471602 

Ba(1og) = 2.46435 + 0.271861 

Ba(1og) = 1.93739 + 0.337667 

Ba(1og) = 0.822743 + 0.504541 

Ba(1og) = 1.78240 + 1.0000 

Ba(1og) = 2.23566 + 0.246119 

Be(1og) = 0.093795 + 0.258123 

Be(1og) = - 0.346552 + 0.281553 

Be(1og) = - 1.21079 + 0.397618 

Be(1og) = - 0.101746 + 0.285344 

Be(1og) = - 0.794276 + 0.431253 

No. o f  
obse rva t i ons  R2 

4 0.790 

1007 0.176 

643 0.138 

22 0.189 

1007 0.135 

1112 0.141 

11 12 0.191 

201 0.211 

29 0.203 

1151 0.145 

758 0.118 

11 51 0.156 

1151 0.156 

29 0.122 

1151 0.150 

7 58 0.161 

1151 0.166 

1151 0.147 

1151 0.307 

1151 0.209 

No. o f  
Equat ion  obse rva t i ons  R2 

Cd(10g) = - 0.353472 - 0.323478 Cu(1og) 7 58 0.164 

Cd(10g) = - 1.48963 + 0.755837 Pb(10g) 758 0.453 

Cd( lo9)  = - 0.325359 - 0.359852 N i (1og)  7 58 0.282 

Cd(10g) = - 0.781532 + 0.388379 U3O8(loq) 758 0.213 

Co(10g) = 0.322824 + 0.597804 Cu(10g) 1150 0.651 

Co(1og) = 1.58115 - 0.492028 Pb(1og) 1150 0.228 

Co(1og) = 1.24328 + 0.840091 Mn(1og) 11 50 0.298 

Co(1og) = 0.403735 + 0.575495 N i (1og )  1150 0.738 

Co(10g) = 1.14591 - 0.345547 U308( log) 1150 0.204 

Co(1og) = 0.124238 + 0.613588 Zn(1og) 11 50 0.191 

Cu(10g) = 2.13112 - 0.851309 Pb(10g) 1151 0.377 

Cu(1og) = - 0.641553 + 0.704807 Mn(1oa) 1151 0.116 

Cu(1og) = 0.431789 + 0.727684 N i (1og )  1151 0.650 

Cu(1og) = - 0.562713 + 1.16701 Zn(1og) 1151 0.381 

Pb(1og) = 1.39556 - 0.378268 N i (1og)  1151 0.388 

Pb(1og) = 0.714891 + 1.0000 W(1og) 2 9 0.148 

Pb(1og) = 0.903556 + 0.313432 U308( log) 1151 0.177 

N i (1og)  = 1.29135 - 0.636727 U308( log) 1151 0.310 

N i (1og)  = - 0.241232 + 0.916638 Zn(1og) 1151 0.192 

% ( l o g )  = - 0.303882 + 1.0000 W(1og) 25 0.151 



(assay values which a r e  equal o r  g r e a t e r  a r e  considered anomalous) a r e  gold, 0.005 

pprn; s i l v e r ,  0.1 ppm; a r sen i c ,  4 .5 pprn; barium, 250 pprn; beryllium, 1 ppm; cadmium, 

0.3 ppm; coba l t ,  24 pprn; copper, 45 ppm; l ead ,  10 ppm; manganese, 800' pprn; mercury, 

0.2 pprn; molybdenum, 7 ppm; n i cke l ,  25 ppm; t i n ,  2 ppm; tungsten,  1 ppm; uranium 

oxide, 2 ppm; z inc ,  60 pprn; and zinc/cadmium r a t i o ,  700. 

Soi 1 -Sampl e Prof i 1 e s  

Fourteen soil-sampling t r ave r se s  were completed: seven i n  t h e  Owyhee 

Reservoir (WSA 3-56) and seven i n  Pueblo Mountains (WSA 2-81L). S ix  elements 

were picked t o  be p lo t ted  on semilogarithm graph paper. Beside gold and s i l v e r ,  

t he  o the r  fou r  were t he  f i r s t  t o  come i n t o  t h e  s tepwise mul t ip le  regress ion .  

They were beryllium, uranium oxide,  z inc ,  and lead.  The 14 p r o f i l e s ,  given 

l e t t e r s  "A" through "Nu, a r e  shown i n  t h e  following f igu re s :  Figure 5 ,  p r o f i l e s  

A-A' through G - G '  ; Figure 6 ,  p r o f i l e s  H - H '  and I - I '  ; Figure 7 ,  p r o f i l e  J - J ' ;  

Figure 8,  p r o f i l e  K-K '  ; Figure 9 ,  p r o f i l e  L - L '  ; and Figure 10,  p r o f i l e s  M - M '  

and N-N'. A s c a l e  i s  given f o r  each p r o f i l e  along with t h e  s t a r t i n g  and stopping 

s i t e  numbers f o r  each t r ave r se .  I f  t h e r e  i s  a change i n  a numerical s e r i e s  within 

a t r a v e r s e ,  t h e  change i n  s i t e  numbers w i l l  a l s o  be shown. Figure 5 i s  located in  

t he  Owyhee Reservoir s ec t ion ,  and Figures 6 - 10 i n  t h e  Pueblo Mountains s ec t ion .  

I f  t h e  s o i l  p r o f i l e s  a r e  compared with t he  threshold anomalous value 

l i s t e d  i n  t he  previous s ec t ion ,  only t he  t op  of t he  peaks would be considered 

anomalous. The threshold values used i n  t h i s  s tudy were a good compromise f o r  

the  t o t a l  p i c tu re ,  but a s  t he  s o i l  p r o f i l e s  show, t h e  values may have been much 

too high f o r  some loca l  a reas .  

Computer-Pl o t t ed  Anomaly Over1 ays 

2 Using t h e  R from Table 7 ,  dec is ions  were made on which elements were t o  

be p lo t ted  toge ther .  The 18 elements were p lo t t ed  on fou r  overlays f o r  each of 

t he  seven base maps. To show anomalous values f o r  each of up t o  f i v e  elements 

on a s i n g l e  overlay,  a nested system of symbols were used. The symbols, l a rge  t o  

small ,  were an octagon, square,  diamond, p lus ,  and a c ross .  For t h e  f i r s t  s e t  

of over lays ,  gold values equal t o  o r  g r e a t e r  than 0.005 ppm were shown by the  

octagon, tungsten values equal t o  o r  g r e a t e r  than 1 ppm by t h e  square,  s i l v e r  

values 0.1 ppm by t h e  diamond, beryllium values equal t o  o r  g r e a t e r  than 1 ppm 

by plus,  and t i n  values equal t o  o r  g r e a t e r  than 2 ppm by t h e  c ros s .  These overlays 



Figure  5. Owyhee Reservoi r  area (WSA 3 -56 ) ,  s o i l  p r o f i l e s  A - A '  through G-G'  , 
showing z inc ,  1 ead, uranium oxide, b e r y l  1 ium, s i l v e r ,  and gold.  



100.0 

F i gu re  6. Pueblo Mountains area (WSA 2-81L), s o i l  p r o f i l e s  H-H' and I - I '  , 
showing z i nc ,  lead,  uranium oxide,  b e r y l l i u m ,  s i l v e r ,  and gold.  Note: sample no. 
1200 had 103 ppm N i ,  1275 had 104 ppm N i ,  1277 had 90 ppm Ni  and 109 ppm Cu, and 1278 
had 129 ppm N i .  
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F i gu re  7. Pueblo Mountains area (WSA 2-81L), s o i l  p r o f i l e  J-J '  , showing z i nc ,  
lead, uranium oxide,  b e r y l l i u m ,  s i l v e r ,  and go ld .  Note: sample no. 1043 had 100 ppm 
Ni, 1044 had 129 ppm N i ,  1049 had 1060 ppm Hg, 1151 had 290 ppm Cu, 1206 had 410 ppm 
Cu, 1207 had 220 ppm Cu and 12 ppm As, 1208 had 320 ppm Cu and 14 ppm As, and 1209 
had 21 ppm As. 
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F i g u r e  8. Pueblo Mountains area (WSA 2-81L), s o i l  p r o f i l e  L - L '  , showing z i nc ,  
lead,  uranium ox ide ,  b e r y l l i u m ,  s i l v e r ,  and go ld .  Note: sample no. 62 had 92 ppm 
Mo, 130 had 60 ppm Mo, 134 had 119 ppm Cu, 1353 had 111 ppm N i ,  1354 had 15 ppm Mo 
and 16 ppm A s ,  and 1358 had 12 ppm Mo and 18 ppm As. 
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F i g u r e  9. Pueblo Mountains a rea  (WSA 2-81L), s o i l  p r o f i l e  L -L '  , showing z i n c ,  
lead,  uranium ox ide ,  b e r y l l i u m ,  s i l v e r ,  and go ld .  Note: sample no. 1229 had 144 
ppm Cu, 1234 had 144 pprn Cu, 1235 had 367 ppm Cu, 1241 had 17 pprn As, 1242 had 1030 
ppm Ba and 442 ppm Cu, and 1245 had 118 ppm Cu. 
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F igu re  10. Pueblo Mountains area (WSA 2 1 8 1 ~ ) ~  s o i l  p r o f i l e s  M-M' and N-N '  , 
showing z inc ,  lead, uranium oxide, b e r y l l i u m ,  s i l v e r ,  and go ld .  Note: sample No. 
1230 had 125 ppm Cu and 112 ppm Mo, 1317 had 11 ppm As, 1322 had 14 ppm As, and 
1323 had 106 ppm Cu. 



are marked with the name of the study area and the elements shown. For the 

second s e t  of overlays, arsenic values equal to  o r  greater  than 4.5 pprn were 

shown by the square, mercury values equal t o  o r  greater than 0.2 ppm by the 

diamond, molybdenum values equal t o  o r  greater than 7 pprn by the plus, and 
zinc/cadmium r a t i o  equal to  o r  greater  than 700 by the cross.  For the th i rd  

s e t  of overlays, barium values equal to  o r  greater  than 250 pprn are shown by 

the octagon, cadmium values equal o r  greater than 0.3 pprn by the square, lead 

values equal t o  o r  greater  than 10 pprn by the diamond, uranium oxide values 

greater than 2 pprn by the plus, and manganese values greater  than 800 ppm by 

the cross. For the fourth and l a s t  s e t  of overlays, cobalt values equal to  o r  

greater than 24 pprn are shown by the square, copper values equal t o  o r  greater  

than 45 pprn by the diamond, nickel values equal t o  or greater  than 25 pprn by 

the plus, and zinc values equal t o  o r  greater than 60 pprn by the cross.  



WILDERNESS STUDY AREA SUMMARY REPORTS 

The 18 WSA's were grouped i n t o  s i x  r e p o r t i n g  areas on t he  bas i s  o f  t h e i r  

p r o x i m i t y  and t h e i r  s i m i l a r  geology. The areas a re  d iscussed i n  t h i s  r e p o r t  

i n  t h e  o rder  l i s t e d  i n  Table 1, s t a r t i n g  w i t h  t h e  Owyhee Reservoi r  area, 

moving upstream f o r  t h e  Middle Owyhee area and then t o  t he  Upper Owyhee 

area. The d iscuss ion  t u r n s  c lockwise  through t h e  T rou t  Creek Mountains, 

t he  Pueblo Mountains, and ends w i t h  Steens Mountain. 



Owyhee Reservo i r  Area 

(WSA U n i t  Nos 3-56, Dry Creek Bu t t e ;  3-74A, Bannock Ridge; 3-75, 

Slocum Creek; 3-77A, Honeycombs) 

Genera1 
2 The Owyhee Reservo i r  genera l  area covers about 100,000 acres,  o r  156 mi , 

and i s  made up of f ou r  i n d i v i d u a l  w i lde rness  s tudy areas t h a t  a r e  l o c d t e d  a long  

and ad jacen t  t o  t h e  Owyhee Reservo i r  i n  n o r t h - c e n t r a l  Malheur County. Three 

of t h e  i n d i v i d u a l  areas,  Honeycombs, Slocum Creek, and Bannock Ridge, a r e  

cont iguous and fo rm a r ough l y  5-mi-wide and 20-mi- long s t r i p  a long  t h e  eas t  

s i d e  of t h e  Owyhee Reservo i r .  The Dry Creek Bu t t es  area i s  a l s o  a l o n g  narrow 

s t r i p  o f  about  t h e  same s i z e  a long  t h e  west s i d e  o f  t h e  r e s e r v o i r .  Access t o  

t h e  west s i d e  o f  t h e  r e s e r v o i r  i s  f rom t h e  n o r t h  v i a  U.S. Highway 20 and then  

from a secondary road  which t u r n s  southward 4 mi west o f  Vale th rough  Sand 

Hol low and Negro Rock Canyon. Access t o  t h e  area e a s t  o f  t h e  r e s e r v o i r  i s  by 

an unimproved g rave l  road  t h a t  leaves  Oregon S t a t e  Highway 201 about 25 m i  

south o f  Nyssa and p a r a l l e l s  Sucker Creek. The Sucker Creek road  con t inues  

southward and j o i n s  U.S. Highway 95 20 m i  n o r t h  o f  Jordan Va l l ey .  Another 

unimproved road  t r ends  westward f r om  near  t h i s  j u n c t i o n  t o  t h e  upper end o f  

t h e  Owyhee Reservo i r .  I n  l a t e  summer and low water  t h i s  road  crosses t h e  

r i v e r  a t  a  f o r d  and j o i n s  t h e  sou thern  ex tens i on  o f  t h e  Sand Hollow-Negro 

Rock Canyon road. E l eva t i ons  range f r om  t h e  normal pool  e l e v a t i o n  o f  t h e  

Owyhee Reservo i r  a t  2,655 f t  t o  about  5,500 f t  on t h e  nor thwes t  f l a n k  o f  

Mahogany Mountain and Bannock Ridge. The c l i m a t e  i s  one o f  dese r t  (10 i n .  o r  

l e s s  o f  annual p r e c i p i t a t i o n ) ,  w i t h  c o l d  w i n t e r s  and ho t ,  d r y  summers. The 

vege ta t i on  r e f l e c t s  t h e  c l i m a t e ,  and low-growing sage b rush  and cheat  grasses 

a re  predominant. The genera l  area i s  i n  t h e  Owyhee Uplands phys iograph ic  

p rov ince ,  a  r o l l i n g  t o  rugged upland o f  4,000 t o  5,000 f t  e l e v a t i o n  which has 

been moderate ly  t o  deeply  d i s sec ted  by t h e  n o r t h -  t o  nor theas tward- f low ing  

Owyhee R i ve r  and i t s  t r i b u t a r i e s .  

Geology 

The geo log i ca l  map was compi led f rom t h e  work o f  Walker and Repenning 

(1966),  Walker (1977), K i t t l e m a n  and o the r s  (1967), and Corcoran and o t h e r s  

(1962),  who have completed reconnaissance s t u d i e s  t h a t  cover  o r  border  t h e  

Owyhee Reservo i r  area.  The general  s t r a t i g r a p h i c  column developed f o r  a1 1 t h e  

w i lde rness  s tudy  areas i n  southeastern Oregon con ta i ns  i n f o r m a t i o n  f rom these 

r e p o r t s .  Format ional  names have been used where poss i b l e ;  however, emphasis 



has been p laced  on d e s c r i p t i o n s  of t h e  va r i ous  l i t h o l o g i e s  as t hey  r e l a t e  t o  

p o t e n t i a l  m inera l  depos i t s .  The r e g i o n  i s  u n d e r l a i n  by a  t h i c k  s e c t i o n  o f  

m idd le  t o  upper Cenozoic v o l c a n i c  and assoc i a t ed  p y r o c l a s t i c  and sedimentary 

rocks.  These rocks ,  which i n c l u d e  r e s i s t a n t  l a v a  and ash-f low t u f f s  as w e l l  

as p o o r l y  cemented and e a s i l y  eroded sediments and t u f f s ,  now d i s p l a y  a  

v a r i e d  landscape of rounded h i  11 s  , f l  a t - topped  mesas, and deep gorges. 

A l l  t h e  rocks  w i t h i n  t h e  area a r e  Niocene o r  younger i n  age and i n c l u d e  

r h y o l i t e  and b a s a l t  f l ows ,  a i r f a l l  and ash- f low t u f f s ,  and t u f f aceous  sedimentary 

rocks .  There a re  a l s o  l a r g e  areas u n d e r l a i n  by a  v a r i e t y  o f  P l e i s t ocene  and 

Recent s u r f i c i a l  sediments. The rocks  were a l l  depos i ted  i n  a  broad, n o r t h -  

p l ung ing  bas i n  o r  bas ins t h a t  evo lved i n  eas te rn  Oregon and western Idaho 

beg inn ing  i n  l a t e  Miocene t ime .  The Miocene sedimentary rocks  and l a v a  f l o w s  

have been moderate ly  deformed and broken i n t o  severa l  separate f a u l t  b locks .  

These b locks  a r e  n o t  as l a r g e  o r  t h e  d isp lacements as g r e a t  as i n  t h e  Basin 

and Range t e r r a i n  t o  t h e  south and west. The P l iocene  and P le i s t ocene  rocks  

o f  t h e  a d j o i n i n g  Rome bas i n  j u s t  t o  t h e  south a r e  o n l y  s l i g h t l y  deformed and 

i n d i c a t e  a  l essen ing  of t h e  s t r esses  i n  t h e  l a t e  Cenozoic t e c t o n i c  h i s t o r y  o f  

t h e  general  area.  

S t r a t i g r a p h y  

The o l d e s t  rocks  o f  t h e  area a re  a  2 ,000 - f t - t h i c k  sequence o f  va r i co l o red ,  

t h i n -  t o  th ick-bedded t u f f aceous  lake-bed depos i t s ,  a  massive ash- f low t u f f  

u n i t ,  and some in te rbedded  b a s a l t  and r h y o l i t e  f l ows .  These have Seen 

des ignated as u n i t s  Tsc and T l g  on t h e  geo log i c  maps. The unde r l y i ng  base- 

ment r ocks  a r e  unknown b u t  p robab ly  a r e  Mesozoic metamorphic and g r a n i t i c  

rocks  s i m i l a r  t o  those t h a t  c rop  o u t  i n  southwestern Idaho and n o r t h e r n  Nevada. 

K i t t l eman  (1962) f i r s t  proposed t h e  name Sucker Creek Formation f o r  these 

1  i g h t - c o l o r e d  bedded depos i t s .  The sediments i n c l u d e  brown t o  ye1 l o w i s h  t o  

g reen ish  t u f f aceous  vo l can i c  and a r k o s i c  sandstones, w a t e r l a i d  t u f f s ,  carbona- 

ceous shales,  massive s i l t s t o n e s ,  and very  m inor  conglomerates. They a re  

b a s i c a l l y  non indura ted  and i n  many p laces  more o r  l e s s  a l t e r e d  t o  c l a y  m ine ra l s  

( b e n t o n i t e )  , which g i ves  t h e i r  su r face  a  cracked o r  expanded appearance. The 

prominent  ash- f low t u f f  l a y e r  i s  c a l l e d  t h e  L e s l i e  Gulch member by K i t t l eman  

f o r  prominent  ou tc rops  a long  t h a t  creek.  I t i s  r e p o r t e d  t o  be a  complexly 

zoned r h y o l i t i c  ash- f low t u f f .  Th is  t h i c k  (as much as 1,000 f t )  p i n k i s h  d e p o s i t  

was appa ren t l y  e rup ted  f rom an unknown source nearby. It i s  now somewhat 



indurated,  and d i f f e r e n t i a l  e ros ion  has carved i t  i n t o  a maze o f  steep 

(even overhanging) c l i f f s ,  sp i res ,  and p innac les .  It i s  present  over an area 

o f  a t  l e a s t  100 sq m i  and represents a vo l can i c  e r u p t i o n  o r  several  c l o s e l y  

spaced e rup t i ons  o f  tremendous magnitude. 

The f i n e - g r a i n e d  b a s a l t  f l ows  o f  t h e  fo rmat ion  are  low i n  t he  sec t i on  

and are  n o t  known t o  crop ou t  i n  t h e  study area. 

Reddish t o  brownish domes, f lows,  and b recc ia  o f  r h y o l  i t i c ,  rhyodaci t i c ,  

and d a c i t i c  composi t ion a re  widespread i n  t h e  upper p a r t  o f  and j u s t  above 

t h e  Sucker Creek Formation. Corcoran and o the rs  (1962) suggest they may be 

a p a r t  o f  a l a r g e  mass o f  a c i d i c  lavas  t h a t  occur south o f  t he  r e s e r v o i r  i n  

Oregon and extend i n t o  t h e  S i l v e r  C i t y  quadrangle i n  southwestern Idaho. They 

are  designated as u n i t  Trh on t h e  geo log ic  maps, and i nc lude  t h e  Jump Creek 

Rhyol i t e  and L i t t l e f i e l d  Rhyol i t e  o f  K i  t t leman and o the rs  (1965) and t h e  

ex tens ive  unnamed domes, i n t r u s i v e s ,  and f l ows  mapped by Wal ker  and Repenning 

(1966) i n  t h e  southeastern corner  o f  Oregon. Potassium-argon dates range f rom 

13 t o  16 m.y.B.P. 

Over ly ing  t h e  Sucker Creek Formation and r h y o l i t e  ( u n i t  Trh)  unconformably 

i s  a t h i c k  sesion o f  westward-dipping b a s a l t  f lows and interbedded t u f f s  o f  

l a t e  Miocene age. The Owyhee Basa l t  type sec t i on  i n  t h e  Owyhee Canyon down- 

stream from t h e  n o r t h  boundary o f  t h e  study area reaches a th ickness  o f  

about 1,500 ft. I n d i v i d u a l  f l ows  are  dark gray t o  b lack ,  dense t o  scoriaceous 

01 i v i n e - f r e e  b a s a l t .  The Owyhee Basa l t ,  u n i t  Tbo on t h e  geo log ic  maps, appears 

t o  have the  same s t r a t i g r a p h i c  p o s i t i o n  and age as a p a r t  o f  t h e  Columbia R iver  

Basa l t  Group and t h e  Steens Basa l t  and probably c o r r e l a t e s  w i t h  them. I n t e r -  

beds o f  redd i sh  t u f f ,  c inders ,  and s c o r i a  are  common between t h e  i n d i v i d u a l  

f lows o f  dark-gray t o  b lack ,  dense, 01 iv ine-poor  b a s a l t .  Small basal t i c  

i n t r u s i o n s ,  vo lcan ic  necks, d ikes,  and s i l l s  ( u n i t  T b i )  on the  geo log ic  

maps) may have been feeders f o r  the  Owyhee Basa l t  f lows.  

Upper Miocene sedimentary rocks w i t h  some t h i n  interbedded b a s a l t  f lows 

disconformably o v e r l i e  t he  Owyhee Basa l t  and Sucker Creek Formation. Corcoran 

and o thers  (1962) named t h i s  sequence o f  rocks,  designated as u n i t s  Tds and 

Tdb on the  geo log ic  maps, f o r  s t r a t a  exposed i n  Deer Bu t te  and M i t c h e l l  Bu t te  

n o r t h  o f  t he  Owyhee Reservoi r .  They u n d e r l i e  most o f  t h e  area west o f  t he  

r e s e r v o i r ,  and well-cemented arkose sandstones and conglomerates make up many 

o f  t he  prominent h i l l s  such as Dry Creek But te ,  Burn t  Mountain, and Pinnacle 

Po in t .  The b a s a l t  f l ows  ( u n i t  Tdb) a re  i n t e r c a l a t e d  i n  t he  lower p a r t  o f  t he  

fo rmat ion  w i t h  tu f faceous s i l t s t o n e s ,  c laystones,  and shales probably deposi ted 



i n  a  l a c u s t r i n e  env i ronment .  C a l c i t e  v e i n s  as much as 25  f t  wide and t r a c e a b l e  

f o r  up t o  h a l f  a  m i l e  a r e  c h a r a c t e r i s t i c  f o r  t h i s  p a r t  o f  t h e  f o rma t i on .  The 

upper p a r t  of t h e  fo rmat ion  i s  coa rse r  and c o n t a i n s  massive beds o f  a r k o s i c  

sandstone and we1 1  -cemented congl  omerate t h a t  c o n t a i n s  cobbles o f  g r a n i t e ,  

r h y o l i t e ,  q u a r t z i t e ,  and q u a r t z .  The source area f o r  these  c o n s t i t u e n t s  o f  t h e  

r ocks  i s  n o t  p o s i t i v e l y  known b u t  b e l i e v e d  t o  be t h e  S i l v e r  City, Idaho, a rea ,  

where a  Mesozoic g r a n i t i c  p l u t o n  and metamorphic r ocks  a r e  p resen t .  Some d i kes  

and masses o f  i n t r u s i v e  o l i v i n e  b a s a l t  ( u n i t  Tdb i )  i n t r u d e  t h e  Deer B u t t e  

sediments and p robab l y  a r e  sources f o r  t h e  Deer B u t t e  l a v a  f l o w s .  

The youngest  r ocks  i n  t h e  a r e  t h i n  f l o w s  o f  o l i v i n e  b a s a l t  ( u n i t  QTb) o f  

P l  i o cene (? )  o r  P l e i s t ocene  age t h a t  cap l ow  mesa-1 i ke land fo rms (No r t h  Table 

and South Tab le )  i n  t h e  sou thern  p a r t  o f  t h e  area.  S u r f i c i a l  a l l u v i u m  and 

c o l  1  uvium ( u n i t  Q a l  c )  o f  t h e  p resen t  streams and t e r r a c e  d e p o s i t s  assoc i a t ed  

w i t h  them a r e  shown on t h e  geo log i c  maps o n l y  where t hey  a r e  conspicuous o r  

cover  l a r g e  areas. 

S t r u c t u r e  

ERTS h i g h - e l e v a t i o n  photographs show t h e  o v e r a l l  g r a i n  o f  t h e  Owyhee 

Rese rvo i r  a rea  t o  be about  no r t h - sou th  t o  s l i g h t l y  west o f  n o r t h .  

The l a r g e - s c a l e  s t r u c t u r e  of t h e  Owyhee Rese rvo i r  a rea  appears t o  have some 

r e l a t i o n s h i p  t o  t h e  much l a r g e r  Snake R i v e r  downwarp t o  t h e  n o r t h e a s t .  The 

Miocene l a v a s  and sediments have been modera te ly  deformed and broken i n t o  a  

number o f  separa te  f a u l t  b l ocks .  The predominant  t r e n d  o f  t h e  f a u l t s  i s  

n o r t h e r l y ,  and though t h e  p a t t e r n  resembles t h a t  o f  t h e  ex tens i ona l  t ec ton i sm  

o f  t h e  Bas in  and Range Prov ince ,  t h e  d isp lacement  on i n d i v i d u a l  f a u l t s  i s  n o t  

n e a r l y  as g r e a t .  It cannot  be determined d i r e c t l y ,  b u t  severa l  segments of t h e  

r i v e r  canyon appear t o  be c o n t r o l l e d  by t h i s  a l ignment  o f  r i d g e s  and v a l l e y s .  

The a rea  as a  whole i s  a  nor thward-p lung ing  f a u l t e d  b a s i n  which began t o  f o r m  

a t  l e a s t  as e a r l y  as mid-Miocene t ime .  The depress ion  con t i nued  t o  grow and 

f i l l  w i t h  l a v a  and sediments;  however, t h e  P l i ocene  sediments show l e s s  

d isp lacement  on t h e  n o r t h e r l y - t r e n d i n g  normal f a u l t s ,  and s i nce  P le i s t ocene  

t ime,  t h e r e  appears t o  have been l i t t l e  o r  no de fo rmat ion .  Vo lcan ic  a c t i v i t y  

has been voluminous and c o n t i n u i n g .  It i s  p robab l y  e p i s o d i c  l i k e  t h e  Bas in  and 

Range Prov ince  t o  t h e  west.  O f  t h e  severa l  episodes o f  l a t e  b a s a l t  f lows,  those  

o f  t h e  Cow Lakes area j u s t  t o  t h e  sou theas t  a r e  t h e  youngest  and may be as young 

as 10,000 yea rs  ago. 



Geophysical Data 

Heat-flow geophysical data are discussed in the l a t e r  section on 

geothermal energy. 

Mines, Prospects, and Mineral i zed Areas 

Along and s l i gh t l y  within the eas t  edge of the boundary of the Honeycombs 

(3-77A) WSA, many mines and prospects f o r  picture rock ( jasperoid)  have been 

located. The picture rock i s  a jasperoid which i s  a bright-colored s i l i c i f i e d  

sediment. The bright colors are  caused by the weathering of pyr i te .  Four s i t e s  

were sampled, and a l l  had anomalous metal values. One s i t e  (no. 321) had 

unweathered disseminated sulf ides .  Calcite veins,  another indicator of 

mineral izat ion,  which were prospected fo r  optical  -grade ca l c i t e  in the ear ly  

19401s, are  found a short  distance to the north of t h i s  WSA in secs.  26 and 

27, T .  23 S. ,  R .  44 E. Other c a l c i t e  veins were sampled (sample no. A0443R01) 

along the west boundary of Dry Creek Buttes (3-74A). Both s e t s  of c a l c i t e  

occurrences are  described by Lowry (1943). Quartz Mountain (sec .  6 ,  T .  25 S . ,  

R .  43 E . ) ,  a short  distance to  the west of the study area ,  was soi l  sampled 

because a mining firm had blocked out a group of claims around a mercury-gold 

anomaly. The sample, no. A0467D01, confirmed the anomaly. 

After the f i e l d  season, a block of 90 claims was staked adjacent t o  and 

north of the north boundary of WSA 3-56. The claims were reported t o  cover a 

s i l i c i f i e d  breccia zone 3 mi long and a quarter mile wide. Many rock-chip 

samples and two soi l  prof i les  were taken near and across Red Butte (secs .  26, 

27, 34, and 35, T .  25 S. ,  R .  43 E . ) .  Red Butte i s  a large,  bright-colored 

s i l i c i f i e d  area which stands up in r e l i e f .  There i s  an old prospect p i t  a t  

the top,  and along the eas t  side a hydrofractured breccia i s  exposed. A basal t  

dike t o  the west of the butte was par t ly  s i l i c i f i e d  and was therefore a lso  

soi l  profiled and rock-chip sampled. Other isolated picture rock outcrops 

were a lso  sampled. A reported mineralized sandstone a short  distance west of 

the boundary and south of Quartz Mountain was a l so  sampled (sample no. A1382R01) 

and was found to  be mineralized. 

The rock-chip data are given in Table 9. All of the samples had anomalous 

values in one or more elements. 

Geochemical Sampling Results 

The computer-generated over1 ay map for  go1 d,  tungsten, s i l v e r ,  and t i n  

indicates t ha t  the to ta l  area i s  highly mineralized both eas t  and west of the 



Tab le  9. Rock-chip salluple da td  f o r  t h e  Owyhee R e s e r v o i r  area 

USA no. L o c a t i o n  Sample Rock na111e M i n e r a l i z a t i o n  Anomalous Conuner~ts 
and nallue source o r  o r  elements 

Salnple no. T,[S.) R.1E.j Sec. Sub sec. type a l t e r a t i o n  _ 

3-56 Dry Creek B u t t e s  A03781704 

A0396R01 

A0397R01 

A0443R01 

A0447R01 

A0448R01 

A0458R02 

A0458R03 

Outcrop Igneous 

Outc rop  Sedimentary 

Outcrop Igneous 

Outc rop  U n i d e n t i f i e d  

Outcrop Jaspero id  

Outcrop Jaspero id  

Outc rop  Jaspero id  

Outc rop  Jaspero id  

C a l c i t e  

S i l i c a  

S i l i c a ,  s u l f i d e s  

C a l c i t e  

S i l i c a  

S i l i c a  

S i l i c a ,  c a l c i t e  

S i l i c a  

Au, N i  

Au. Ag, As, Ba, Be, N i .  Sn, U,O, 

Ag, As, Cu, Ph, N i  

Ag, Mo, N i ,  Sn 

Au, Ag, As. Ba, Cu, Mo, U,O, 

Au, Ag, As, Cu, Ni  

Au, Ag, Be, l u ,  Mo, N i ,  Sn 

Au, Ag, As, Ba, Be, Cu, Pb, Mo, Sn, 
u3oa 

Outcrop Jaspero id  

Outc rop  J a s p e r c i d  

Outcrop Sedinientary 

Outcrop Sandstone 

Outc rop  Jaspero id  

S i l i c a  

S i l i c a  

I r o n  

I r o n  

S i l i c a  

Au, Ag, Be, Cu, Mo, N i ,  Sn 

Ag, As, Be, Cu, ~ g ,  MO, N i ,  sn 

Ag, Be. Pb, Hg, Sn, U30,, Zn 

Au, N i ,  Ag, U30, As, Ba, Be, Cu, Pb, Hg, Mo, 

Au. Ag, As, Ba, Cu, Pb. Hg, N i ,  
"30, 

Outc rop  Jdspero id  

Outcrop S i l t s t o n e  

S i l i c a  

1 ron  

Au. Ag, As, Ba, Be, Hg, Mo, U30, 

Au, Ag, As, Ba, Be, Cu, Pb, Hg, Sn, 
U308, Zn 

Outc rop  Jaspero id  A9, A S ,  B d ,  Be, Cu, Hg, N i ,  Sn, 
U308 

Outcrop Sandstone 

Outcrop Jaspero id  

S i l i c a  

S i l i c a  

Ag. Be. Cu, Pb, l lg,  U30, 

Au, u308 Ag, AS, Be, Cu, Pb, Hg. Mo, Sn, 

Outcrop Jaspero id  S i l i c a  Au, Ag, Cu. Pb, Hg, Mo 

Outcrop Jaspero id  

Prospec t  Jaspero id  
V l t  

S i l i c a  

S i l i c a  

Ay, As, Be, Cu, Pb, Sn, U30,. Zn 

Ag, Be, Cu, Pb, Hg, U30, 

P a i n t e d  Rock Canyon no. 1 c l a i m  

Unknown c l a i m  

Outc rap  Jaspero id  

Prospec t  Jdspero id  
P i t  

S i l i c a  Ag, Be, Cu, Pb, tlg. Sn. U30,. Zn Owytiee Green c l a i m  

S i l i c a ,  s u l f i d e s .  
1 i m o n i t e  Ag. As, Ba, Be, Cu, Pb, Sn, U,O, 



reservoir .  There were anomalous gold values in the  stream sediments of most 

of the drainages entering the  rese rvo i r .  All rock-chip samples were anomalous 

in a t  l e a s t  two to  11 d i f f e r en t  elements. The soi l  sampling t raverses  (Figure 5 )  

showed t ha t  a large area around Red Butte has anomalous values in gold. The 

soi l  p rof i l es  in Figure 5 show t h a t  most of the t raverses  were not long enough, 

par t i cu la r ly  F-F' and G-G', which were taken across the top of Red Butte. The 

other f i ve  p rof i l es  were across a basa l t  dike t h a t  appeared t o  swing t o  the 

south of Red Butte, which would p u t  i t  in f r on t  of two gold highs shown in 

p rof i l es  F-F' and G-G'. All anomalies found in t h i s  study area were not 

re la ted t o  any previously known mineral i za t ion,  mines, o r  prospects. 

Mineral Potential 

General: This project  examined the potential  f o r  o i l  and gas,  geothermal 

energy, and metal l ic  minerals. I t  was not designed t o  consider the nonmetals 

such a s  bentonite and zeo l i t e  o r  fue l s  such as o i l  shale  o r  coal.  ~t must 

be noted in passing t ha t  bentonite and zeo l i t e  beds were seen during f i e l d  

work. Also t h i s  area might have a potential  f o r  o i l  sha le ,  because in a s imilar  

basin t o  the north in Wallowa County, a large coal f i e l d  has been found. 

For the f u l l  mineral potential  of the area t o  be determined, a deta i led 

study should a l so  be made of the nonmetallic and fuel  commodities. 

Oil and gas: This a rea ,  the Middle Owyhee River a rea ,  and the northern 

half of the  Upper Owyhee River area a re  a l l  par t  of a large sedimentary basin. 

Since about 1900, there  have been 20 t o  25 o i l  and gas wildcat we1 1 s d r i l l ed  

in the Vale-Ontario area .  Several of these wells produced small but s ign i f ican t  

flows of natural gas. 

I t  would appear t ha t  about half of the federal  lands in these areas a re  

under o i l  and gas leases  o r  are  covered by appl icat ions  t o  l ease .  Those 

lands not covered by leases  o r  appl icat ions  t o  lease  a re  surrounded by lands 

t ha t  a re .  The f a c t s  t h a t  these areas a re  basins,  a nearby area has been 

d r i l l e d ,  small gas shows have been found, and land has been or  was wanted fo r  

lease  a l l  indicate t h a t  these areas have good potential  f o r  o i l  and gas. 

Geothermal energy: The potential  f o r  geothermal energy i s  high (Oregon 

Department of Geology and Mineral Industr ies ,  1982). Hot springs a re  present 

a shor t  way t o  the  north of the area and on the south edge of the area .  Black- 
2 well and others (1978) report  anomalously high heat flow of 100 mW/m f o r  t h i s  

area.  The high geothermal gradients a re  a1 so anomalous . 



Metal1 i c  commodities: The Owyhee Reservo i r  s tudy area,  which i nc l udes  

WSA's 3-56, 3-74A, 3-75, and 3-77A, has a  h i g h  p o t e n t i a l  t o  have a  major  

g o l d  mine. 

The geochemical sampl ing o f  t h e  s i l t  ( s t ream sediments),  r o c k  ch ips ,  and 

s o i l  a l l  show t h a t  t h e  t o t a l  s tudy area i s  h i g h l y  m ine ra l i zed .  Gold va lues 

up t o  1.2 ppm and s i l v e r  va lues up t o  1.7 ppm were ob ta ined .  The rock - ch i p  

sampl ing (Tab le  9)  and s o i l  p r o f i l i n g  (F i gu re  5 )  i n  t h e  Red B u t t e  a rea  

i n d i c a t e  a  ma jo r  g o l d  e x p l o r a t i o n  t a r g e t .  I f  g o l d  va lues were t o  r i s e  a t  t h e  

south end of t r a v e r s e s  F-F' and G - G '  t hey  would be i n  t h e  o r e  range. On t h e  

ground Red B u t t e  shows severa l  o f  t h e  c l a s s i c a l  f e a t u r e s  o f  a  h o t - s p r i n g  

d e p o s i t i o n  model f o r  an ep i the rma l  g o l d  depos i t ,  such as s t e e p l y  d i p p i n g  f a u l t s ,  

a  s i l i c a  cap, hyd rob recc i a t i on ,  and anomalous va lues i n  severa l  me ta l s  over  a  

l a r g e  area. 

M idd le  Owyhee Area 

(WSA U n i t  Nos. 3-59, Owyhee Breaks; and 3-110, Lower Owyhee Canyon) 

General 
2  The Midd le  Owyhee genera l  area covers about  86,000 acres (134 mi ) and 

i nc l udes  about 30 m i  o f  t h e  Owyhee R i v e r  Canyon and a  v a r i a b l e - w i d t h  s t r i p  o f  

t h e  up land on b o t h  s i des ,  b u t  mos t l y  west,  o f  t h e  r i v e r .  The sou thern  boundary 

i s  about  10 m i  n o r t h  o f  Rome, and t h e  area extends n o r t h  and eastward as f a r  

n o r t h  as t h e  Owyhee Breaks i n  T. 27 S.,  R. 42 E. Most o f  t h i s  area i s  r a t h e r  

i n a c c e s s i b l e  except  by secondary roads a long  t h e  western boundary t h a t  extend 

nor thward f rom U.S. Highway 95 west o f  Rome and by s i m i l a r  roads t h a t  make a  

l o o p  f r om  Rome nor thward and eastward t o  t h e  Cow Lakes and Jordan V a l l e y .  

Th i s  genera l  area i s  a l s o  i n  t h e  Owyhee Upland phys iograph ic  p rov ince ,  a  

more o r  l e s s  r o l l i n g  p l a t eau  w i t h  e l e v a t i o n s  f r om  3,500 t o  4,500 ft. The 

Owyhee R i ve r  has eroded a  s teep and s inuous canyon through t h e  t h i c k  s e c t i o n  o f  

m idd le  t o  upper Cenozoic v o l c a n i c  r ocks  t h a t  a r e  p resen t .  As i n  t h e  Owyhee 

Reservo i r  area t o  t h e  n o r t h ,  t h e  d i s s e c t i o n  by t h e  r i v e r  and i t s  t r i b u t a r i e s  

i s  r espons ib l e  f o r  t h e  cons iderab le  r e l i e f  i n  t h e  topography. The l owes t  

e l e v a t i o n  on t h e  r i v e r  where i t  leaves t h e  area near  t h e  mouth o f  B i r c h  Creek 

i s  about  2,700 f t  and t h e  h i g h e s t  4,870 f t  i n  h i l l s  o f  Miocene ash- f low t u f f  

j u s t  south o f  t h e  canyon r i m  near  t h e  headwaters o f  B i r c h  Creek. 

C l i m a t i c  c o n d i t i o n s  a re  s i m i l a r  t o  those  ment ioned f o r  t h e  Owyhee Reservo i r  

area - a  harsh dese r t  one where temperatures even i n  summer can range w i d e l y  



f rom near  f r e e z i n g  t o  100" F. 

The topography o f  t h i s  area, e s p e c i a l l y  o f  t h a t  p a r t  c a l l e d  t h e  Owyhee 

Breaks and t h e  Hole- in-the-Ground i n  T. 27 S., R. 42 E., e x h i b i t s  l a n d s l i d i n g  

on a  grand sca le .  The t h i c k  l a y e r s  o f  p o o r l y  cemented t u f f aceous  f i n e - g r a i n e d  

sedimentary rocks  o v e r l a i n  by t h i n  r e s i s t a n t  l a y e r s  o f  b a s a l t  l a v a ,  when eroded 

by a  v igo rous  y o u t h f u l  stream, a r e  ve ry  s u s c e p t i b l e  t o  mass was t ing  o r  s lumping 

o f  smal l  t o  l a r g e  areas.  The Owyhee R i v e r  w i t h i n  t h i s  area t r ends  genera l  1y 

nor thward f rom t h e  southern boundary u n t i l  i t  reaches Jackson Hole, where 

i t  a b r u p t l y  swings t o  t h e  e a s t  as i t  t r ave r ses  t h e  6  t o  7  mi th rough  t h e  Hole-  

in-the-Ground. As i t  leaves t h a t  area a t  t h e  sou th  end o f  t h e  Owyhee Breaks, 

a  s teep meandering canyon has been c u t  i n  r e s i s t a n t  L e s l i e  Gulch ash- f low t u f f ,  

and then  a  n o r t h  t r e n d  i s  aga in  es tab l i shed .  

Geology 

Very 1  i t t l e  geology o f  a  d e t a i l e d  na tu re  has been done w i t h i n  t h e  area.  

The geo log i c  map f o r  t h i s  area i s  based on unpubl ished reconnaissance work by 

Walker ( l a t e  19601s) ,  which he used i n  comp i l i ng  t h e  geo log i c  map o f  t h e  

eas te rn  h a l f  o f  Oregon (Walker, 1977). The geo log i c  map by K i t t l eman  and o the r s  

(1967) o f  t h e  Owyhee Reservo i r  extends n e a r l y  t o  t h e  no r t he rn  boundary o f  t h i s  

area, and t h e  same rock  u n i t s  con t i nue  southward i n t o  t h i s  area. 

Th i s  area i s  b a s i c a l l y  a  broad no r t h -p l ung ing  b a s i n  f i l l e d  w i t h  upper 

Miocene t o  Recent l a c u s t r i n e  and f l  u v i a l  l y  depos i ted  sediments w i t h  in te rbedded  

and mesa-capping l a v a  f l ows .  I n  t h i s  p a r t  o f  t h e  bas in ,  known as t h e  Rome 

Basin, t h e  r ocks  a r e  somewhat younger, and t h e  "Rome Beds" o f  m idd le  P l iocene  

age a re  prominent .  Deformat ion i s  l e s s  severe, and o n l y  a  few nor thwes t -  

and n o r t h - t r e n d i n g  normal f a u l t s  o f  m inor  s i g n i f i c a n c e  a re  p resen t .  

S t r a t i g r a p h y  

The o l d e s t  rocks  a re  i n  t h e  no r t he rn  p a r t  of t h e  area where t h e  Owyhee 

R i ve r  has carved  a  s teep canyon i n  t h e  upper Miocene L e s l i e  Gulch member o f  

t h e  Sucker Creek Formation ( u n i t  T l g ) .  The basement r ocks  a r e  n o t  known; 

however, p r e - T e r t i a r y  g r a n i t i c  p l u t o n i c  and metamorphic r ocks  occur  t o  t h e  

eas t  and south i n  Idaho and Nevada and cou ld  be p resen t  i n  t h e  subsurface. 

The L e s l i e  Gulch t u f f  i s  a  t h i c k ,  complex ly  zoned brownish t o  t a n  t o  w h i t e  

ash f l o w  w i t h  smal l  c r y s t a l s  o f  q u a r t z  and san id ine .  It i s  moderate ly  r e s i s t a n t  

t o  e ros i on  and has t h e  a b i l i t y  t o  s tand  as s teep s lopes.  The ash f l o w  i s  as 

much as 1,700 f t  t h i c k  i n  t h e  Owyhee R i ve r  canyon w a l l s  i n  t h e  n o r t h  p a r t  o f  



t h e  area near t h e  mouth o f  B i r c h  Creek. 

R h y o l i t e  f lows ( u n i t  T rh )  i n  t h e  upper p a r t  of t h e  Sucker Creek Formation 

occur  i n  two smal l  outcrops:  one near  t h e  mouth of Crooked Creek i n  t h e  south 

p a r t  of t h e  area and t h e  o t h e r  cove r i ng  an area o f  about 2 sq mi and making up 

I r o n  P o i n t  i n  sec. 14, T. 28 S., R .  14 E.  We have found no d e t a i l e d  i n f o r m a t i o n  

about these rocks ;  however, t h e  ou tc rop  a t  I r o n  P o i n t  i s  about 1,400 f t  t h i c k  

and dark reddish-brown i n  c o l o r .  They p robab ly  a r e  a p a r t  o f  t h e  ex tens ive  

unnamed domes, i n t r u s i v e s ,  and f l o w s  mapped by Walker and Repenning (1966) i n  

t h e  southeast  co rne r  o f  Oregon t h a t  have K-Ar dates o f  13 t o  16 m.y.B.P. 

The upper Miocene Owyhee B a s a l t  ( u n i t  Tbo) i s  m i ss i ng  i n  t h i s  area. The 

n e x t  o v e r l y i n g  rocks  a re  sediments o f  t h e  Deer B u t t e  Formation ( u n i t  Tds) 

w i t h  some in terbedded b a s a l t i c  l a v a  f l o w s  ( u n i t  Tdb).  The Deer B u t t e  Formation 

w i t h i n  t h i s  s tudy  area occurs ma in ly  west and n o r t h  o f  t h e  Owyhee R i ve r  i n  t h e  

v i c i n i t y  o f  Hole- in-the-Ground. The sediments a r e  ma in l y  t u f f aceous  s i l t s t o n e s ,  

c laystones,  and mudstones ( u n i t  Tds) capped by 01 i v i n e  b a s a l t  f l o w s  ( u n i t  Tdb).  

The we1 1 -cemented a r k o s i c  sandstones and conglomerates t h a t  a r e  prominent  

f a r t h e r  n o r t h  i n  t h e  Deer B u t t e  Formation a re  subord ina te  i n  t h i s  area; 

however i r on - s t a i ned ,  wel l -cemented sandstones t h a t  may be Deer B u t t e  i n  age 

c rop  o u t  near t h e  mouth o f  Bogus Creek and i n  t h e  Chalk Basin. 

Above t h e  Deer B u t t e  i s  another  u n i t  o f  p a r t l y  conso l i da ted  tu f faceous  

sandstone and s i l t s t o n e ,  w i t h  minor  amounts o f  conglomerate, t u f f  b recc i a ,  

and pumice l a p i l l i  t u f f  ( u n i t  Tsb),  which a re  i n  t u r n  o v e r l a i n  by t h i n  t o  

t h i c k ,  dark-gray t o  b l ack ,  dense t o  open- textured ( d i k t y t a x i t i c )  o l i v i n e  b a s a l t  

f l ows  ( u n i t  Tob). These two u n i t s ,  which a re  be l i e ved  t o  be mid-Pl iocene i n  

age, a re  c o r r e l a t e d  w i t h  t h e  Kern Basin Formation and Chalk B u t t e  Formation o f  

Corcoran and o the r s  (1962),  t h e  B u l l y  Creek Formation and Grassy Mountaion 

Formation o f  K i t t l eman  and o the r s  (1965),  and t h e  "Rome Beds" o f  Baldwin 

(1964). The b a s a l t  f l ows  a r e  s i m i l a r  t o  those mapped as Grassy Mountain B a s a l t  

by Corcoran and o the r s  (1962) and t h e  Ante lope F l a t  B a s a l t  o f  K i t t l eman  and 

o the r s  (1965).  K-Ar ages f o r  t h e  u n i t  Tsb sediments range f rom 4.0 t o  9.7 

m.y. and t h e  u n i t  Tob b a s a l t  f l ows  f rom 6 t o  7 m.y. 

Above t h e  mid-Pl iocene rocks  a r e  P l iocene-P le is tocene  semiconsol idated 

ashy t o  p a l a g o n i t i c  sedimentary rocks ,  mos t l y  t u f f aceous  sandstone and s i l t s t o n e  

( u n i t  QTs), t h a t  grade l a t e r a l l y  i n t o  u n i t  QTb, which c o n s i s t s  o f  t h i n  f l ows  

o f  open- textured ( d i  k t y t a x i  t i c )  b a s a l t .  P le is tocene  sedimentary rocks ,  u n i t  

Qs, and t h i n  g ray  t o  b l ack  d i k t y t a x i t i c  o l i v i n e  b a s a l t  f l o w s  cover  l a r g e  areas 

o f  t h e  up land sur face  n o r t h  o f  Rome. The sediments a r e  l a c u s t r i n e  c l a y  and 



s i l t ,  w i t h  some sand and g rave l  . Some 1  ayered che r t - qua r t z  pebble conglomerate 

i s  r epo r t ed  i n  t h i s  u n i t .  The l a v a  f l ows  a r e  young enough t o  r e t a i n  t h e i r  

o r i g i n a l  su r face  f ea tu res .  Bogus Rim and Bogus Bench a r e  capped by P le is tocene  

( u n i t  Qb)  l a vas  whose o r i g i n  was p robab ly  i n  t h e  Cow Lakes area. U n i t  Qb 

lavas  surround Saddle Bu t t e  t o  t h e  west and a l s o  t h e  area around Burns Junc t ion .  

The o n l y  younger rocks  as i de  f rom t h e  Quate rnary  a l l u v i u m  a re  t h i n  f l o w s  o f  

scor iaceous, 01 i v i ne -bea r i ng  basal t s  ( u n i t  Qhb f )  , whose b l ocky  sp iny  o r  pahoehoe 

sur faces w i t h  t h e i r  pressure r i d g e s  and t umu l i  a r e  e s s e n t i a l l y  unmodi f ied by 

e ros ion .  The abso lu te  age o f  these young lavas ,  e s p e c i a l l y  those o f  Cow Lakes, 

i s  n o t  known, b u t  t h e i r  f r e s h  surfaGes i n d i c a t e  they  a r e  p robab ly  l e s s  than 

10,000 years  o l d  - and cou ld  be cons iderab ly  younger.  O t t o  and Hutchinson 

(1977) suggest t h a t ,  based on growth r a t e s  o f  l i c h e n  and weather ing r a t e s  o f  

exposed and unexposed b a s a l t ,  t h e  Cow Lakes l avas  a r e  between 4,000 and 9,000 

years  o l d .  Minor amounts o f  Qua te rnary  a l l u v i u m  ( u n i t  Q a l c )  occur  w i t h i n  t h e  

Owyhee R i ve r  canyon and t h e  main t r i b u t a r y  streams. As no ted  p rev i ous l y ,  

l a n d s l i d i n g  o f  t h e  p a r t i a l l y  conso l i da ted  sedimentary rocks  ad jacen t  t o  t h e  

Owyhee R i ve r  i s  widespread i n  t h i s  s tudy area. Rapid e ros i on  and unde rcu t t i ng  

o f  t h e  sedimentary rocks  w i t h  t h i n  i n t e rbeds  and capping l a v a  f l o w s  cou ld  be t h e  

cause o f  t h e  l a r g e  volumes o f  l a n d s l i d e  m a t e r i a l .  Temporary damming o f  t h e  

r i v e r  by t h e  young l ava  f l o w s  c o u l d  a l s o  have sa tu ra ted  t h e  sedimentary beds 

and l e d  t o  slumping as t h e  l a k e  t h a t  formed d ra ined  q u i c k l y  by breaching of 

t h e  dam. 

S t r u c t u r e  

Major s t r u c t u r a l  f e a t u r e s  a re  n o t  ev iden t ,  a l though  t h e  area i s  p a r t  o f  

t h e  o v e r a l l  broad nor thward-p lunging bas i n  i n  t h i s  p a r t  o f  Oregon. Walker 

(1977) i n d i c a t e s  a  s y n c l i n a l  s t r u c t u r e  ex tend ing  i n t o  t h e  area f rom t h e  south. 

Th is  i s  p robab ly  t h e  so - ca l l ed  Rome Basin o f  severa l  au thors  i n c l u d i n g  

Baldwin (1964).  The a x i s  crosses t h e  Owyhee R i ve r  near t h e  mouth o f  Crooked 

Creek. A  few minor ,  n e a r l y  eas t -wes t - t rend ing  normal f a u l t s  and o the r s  t h a t  

t r e n d  n e a r l y  no r t h - sou th  occur  w i t h  o n l y  minor  displacement o f  t h e  r ock  u n i t s .  

H i gh -e l eva t i on  ERTS photographs show a  subdued N. 10" W .  g r a i n  unde r l y i ng  t h e  

young s u r f i c i a l  rocks .  Several segments o f  t h e  Owyhee Canyon a l s o  appear t o  

be a l i g n e d  i n  t h i s  d i r e c t i o n ;  however t h e  reason f o r  t h e  severa l  n e a r l y  

r i g h t - a n g l e  t u r n s  i n  t h e  r i v e r  canyon i n  t h i s  area i s  n o t  known. 

Volcanic  a c t i v i t y  has been voluminous and may have been ep i sod i c  as 

i n  o t h e r  p a r t s  o f  eas te rn  Oregon. The l a t e s t  episodes have been basal t i c ,  



with re la t ive ly  quiet  outflow of f l u id  lavas tha t  covered large areas .  The 

Cow Lakes-Jordan Craters lava flows are  probably the most recent.  

Geophysical Data 

Heat-flow geophysical data are  discussed in the geothermal section below. 

Mines, Prospects, and Mineralized Areas 

Eleven rock-chip samples (see  Table 10) were taken of the mineralization 

within t h i s  area ,  which was exhibited by outcrops and f l o a t  of jasper 

(p ic tu re  rock) and ca l c i t e  veining. Within Birch Creek Canyon (WSA 3-59A, 

Owyhee Breaks), two outcrops of jasperoid were sampled (nos. A0407R01 and 

A0410R01). A small amount of picture rock had been mined and shipped from 

the outcrops. Two rock-chip samples (nos. A1391R01 and A1392R01) were taken 

from an area of s i l i c i f i c a t i o n  a shor t  way north of t h i s  WSA. The jasperoid 

had been mined by two open p i t s .  

The c a l c i t e  veining was found a t  the south end of the WSA 3-110, Lower 

Owyhee Canyon. 

Geochemical Sampl ing Results 

The overlay map fo r  gold, tungsten, s i l v e r ,  and t i n  indicates t ha t  

anomalous values are  scat tered a l l  over the study area .  One pattern t ha t  seems 

t o  be present i s  the concentration of gold anomalies in WSA 3-59 following the 

shape of the landslide areas.  Another pattern i s  t ha t  other metal anomalies 

seem to  c lu s t e r  near Lambert Rock. Many of the gold anomalies are  associated 

with uni t  Tdb (Deer Butte Formation). A1 1 of these anomal i es  were unknown 

before t h i s  study. The area had no known metal1 i c  mineralization,  mines, or 

prospects. 

Mineral Potential 

General : As with the Owyhee Reservoir a rea ,  only o i l  and gas,  geothermal 

energy, and the metall ic commodities were t o  be studied. However, the Rome 

zeo l i t e ,  bentonite,  and f l u o r i t e  beds should be considered as  par t  of the mineral 

potent ia l .  Deposits of these commodities have been described by Santini and 

LeBaron (1982), Campion (1979), Sheppard (1974), and Sheppard and Gude (1969). 

As with the previous area ,  t h i s  one i s  par t  of a sedimentary basin, and 

therefore has o i l  shale and coal potent ia l .  



Table  10. Rock-chip sample data  f o r  t h e  M idd le  Owyhee R i ve r  area 

WSA no. Loca t i on  Sample Rock name M i n e r a l i z a t i o n  Anomalous Comnents 
and name source o r  o r  elements 

. . Saniple no. T.(S. ) -1s.) Sec. Sub sec. -- type a l t e r a t i o n  -- 

3-59A Owyhee Bredks A0407R01 27 43 19 6 7 9 F l o a t  Jaspe ro id  S i l i c a  Ag, As, Be, Cu, Pb, Hg, Sn, U,O, 

A0410R01 27 43 19 9 9 6 Outcrop Jaspero id  S i l i c a  Ag, Ba, Be, Cu, Pb, Hg, Sn. U,O, 

A0422R01 27 42 11 8 6 8 Outcrop Jaspero id  S i l i c a  Ag, CU, W ,  U308 

A1391R01 27 43 8 8 7 7 Prospect  Jaspero id  S i  1 i c a  Ag, Be, Cu, Hg 
p i t  

A1392R01 27 43 8 8 9 6 Prospect  Jaspe ro id  S i l i c a  Ag, Ba, Be, Cu, Hg 
p i t  

3-110 Lower Owyhee 
Canyon 

A0324R04 31 4 1 8 7 6 7 F l o a t  Ma f i c  C a l c i t e  Ag, Mn - 
igneous 

A0340R01 28 4 1 32 9 9 8 Outcrop Igneous S i l i c a ,  i r o n  Ag, As, Be, Cu, Pb, Mo, Sn, W, U,O, 

A0403R01 28 41 33 A 7 8 Outcrop Jaspe ro id  S i l i c a  Ag, As. Be, Pb, Mo, Sn, U,O, - 

A0403R02 28 41 33 8 7 8 Outcrop T u f f  C a l c i t e  c r y s t a l s  - - -  Not assayed 

A0419R04 27 42 21 6 8 6 F l o a t  Jaspero id  S i l i c a  Ag, Ee, Cu, N i ,  U,08 - 

A0503R01 28 4 1 33 8 6 6 Outcrop Jaspe ro id  S i l i c a  Ag, As, Be, Cu, P b ,  Mo, Sn, U,O, - 



Oil and gas: As shown by the in te res t  in leasing federal lands for  o i l  

and gas, over half the area i s  leased or has been requested t o  be leased. 

As the study area i s  part of a basin in which dr i l l ing  has found gas shows, 

t h i s  area has a potential for  o i l  and gas. 

Geothermal energy: The Middle Owyhee River area has two unnamed hot 

springs located in secs. 4 and 9,  T .  29 S.,  R .  41 E., along the Owyhee River 

near Lambert Rocks and one located in sec. 18, T .  27 S.,  R .  43 E.  The areas 

around these three springs are categorized as areas known or inferred to  be 

underlain a t  shallow depth ( l e s s  than 1,000 m )  by thermal water of suff ic ient  

temperature for  direct-heat appl ications (Oregon Department of Geology and 

Mineral Industries, 1982). Heat flow (Blackwell and others,  1978), i s  anomalous 
2 a t  80 t o  100 mW/m for  a l l  of the study area. Therefore, t h i s  study area has 

a potential for  the production of geothermal energy. 

Metallic commodities: This area has many anomalies in a l l  of the metals. 

I t  was beyond the scope of t h i s  study to  do the large-scale sampling needed 

to  t e l l  why those anomalies are there.  The Middle Owyhee River area i s  part 

of the general hot-spring gold province. There i s  a warm spring within the 

area,  which proves the presence of a thermal system. If the large landslide 

which contains downdropped blocks of rocks and jasperoid f l oa t  i s  the top of 

a collapse feature ,  the gold anomalies in that  area should be further studied. 

Upper Owyhee River Area 

(WSA Unit Nos. 3-173A, Upper West L i t t l e  Owyhee; 

and 3-195, Owyhee River Canyon) 

General 

The Upper Owyhee River general area i s  the largest  of the general areas 

and covers about 261,460 acres or 409 sq mi. I t  i s  in the southeastern corner 

of both Ma1 heur County and the s t a t e .  I t  includes a narrow s t r i p  of land 

2 to  5 mi wide adjacent to  the Owyhee River canyon from just  south of Rome 

to Three Forks; from there southward, the main Owyhee River and South Fork 

canyon rims are the eastern boundary, and the western boundary i s  1 to  2 mi 

west and parallel  to  the West L i t t l e  Owyhee River. These boundaries form a 

broad hook-shaped area that  includes the drainage of Toppin Creek, the headwaters 

of Antelope Creek, and the West L i t t l e  Owyhee River. The north part of the 

area i s  accessible from U.S. Highway 95 near Rome by secondary roads that  

trend southward and more or less  parallel  the r iver  canyon. Few i f  any roads 



have r i v e r  c ross i ngs  i n  t h e  canyon. The southwestern p a r t  o f  t h e  area can be 

reached by a  network o f  secondary roads t h a t  extend eastward f rom U.S. Highway 95 

between Burns J u n c t i o n  and McDermit t .  The southeast  p a r t  o f  t h e  area i s  

l e a s t  access i b l e  b u t  can be reached by a  secondary road  a long  t h e  Nevada bo rde r  

e a s t  o f  McDermit t  o r  f rom p o o r l y  ma in ta ined  roads t h a t  extend e a s t  and n o r t h  

f rom Anderson Cross ing.  

Th i s  p a r t  o f  sou theas te rn  Oregon, l i k e  t h e  areas t o  t h e  n o r t h ,  i s  a  p a r t  

o f  t h e  Owyhee Upland phys iograph ic  p rov ince ,  a  r o l l i n g  lava-covered p l a t eau  

w i t h  narrow s teep-s ided  r i v e r  canyons and i s o l a t e d  low sh ie ld-shaped v o l c a n i c  

e r u p t i v e  cen te rs .  E l eva t i ons  range f r om  about  3,400 f t  on t h e  r i v e r  a t  Rome 

t o  6,440 f t  a t  Horse H i l l  near  t h e  headwaters o f  West L i t t l e  Owyhee R i ve r  

no r t heas t  o f  McDermit t .  I n  t h i s  p a r t  o f  t h e  Owyhee Upland, e l e v a t i o n s  i nc rease  

g e n e r a l l y  f rom about 3,900 f t  i n  t h e  n o r t h  near  Rome t o  5,500 t o  6,000 f t  near  

t h e  Oregon-Nevada border .  

The Owyhee R i v e r  and t h e  main t r i b u t a r y  canyons f o r  most o f  t h e i r  l eng ths  

a r e  s teep-wa l led  gorges seldom over  f mi wide, and i n  some p laces  i t  i s  as 

much as 1,000 ft f rom t h e  canyon r ims  t o  t h e  stream below. 

The c l i m a t e  i s  harsh w i t h  l a r g e  d i u r n a l  v a r i a t i o n s  i n  temperature and low 

annual p r e c i p i t a t i o n  ( l e s s  than  10 i n .  a n n u a l l y ) .  Vege ta t ion  i s  ma in l y  

low-growing sagebrush and n a t i v e  grasses. I n  most p laces  t h e  s o i l  zone i s  t h i n  

w i t h  l a g  g rave l s ,  bou lders ,  and near -su r face  bed rock .  

Geology 

The two geo log i c  maps ( t o p  h a l f  and bot tom h a l f )  f o r  t h i s  area have been 

adapted f rom Walker and Repenning (1966).  To o u r  knowledge, no o t h e r  more 

d e t a i l e d  maps have been pub1 i shed  f o r  t h i s  remote area.  

The a rea  i s  u n d e r l a i n  by a  t h i c k  sequence o f  upper Miocene and younger 

v o l c a n i c  rocks ,  ma in l y  r h y o l i t i c  ash- f low t u f f s  and f l o w s  and b a s a l t i c  l a v a  

f l o w s  and t h e i r  ven ts ,  w i t h  o n l y  m inor  t u f f aceous  sedimentary  rocks.  

The e v o l u t i o n  o f  t h e  nor thwes te rn  p a r t  o f  t h e  Great  Bas in  o f  which t h e  

Owyhee Upland and ad jacen t  Snake R i v e r  Bas in  a r e  a  p a r t  i s  t h e  s u b j e c t  o f  

c o n t i n u i n g  s t ud i es .  Stewar t  (1978) i n  a  r ev i ew  o f  r e p o r t s  on t h e  s u b j e c t  

i n d i c a t e s  t h a t  t h e  Bas in  and Range Prov ince  i s  c h a r a c t e r i z e d  by: "(1) low 

se ismic v e l o c i t y  o f  t h e  upper mant le  i n d i c a t i v e  of p a r t i a l  me l t i ng ;  ( 2 )  t h i n  

c r u s t ;  ( 3 )  h i g h  hea t  f l ow ;  ( 4 )  r e g i o n a l  u p l i f t  and ex tens ion ;  ( 5 )  p rev ious  

h i s t o r y  o f  de fo rmat ion  i n  Mesozoic and e a r l i e s t  Cenozoic t ime ,  and o f  widespread 



s i l iceous volcanism in middle Cenozoic time; and (6 )  position inland from a 

transform plate  boundary. " 
The rocks of t h i s  area are  typical of those generated in a tensional 

tectonic regime; however, the youthful pattern of 1 inear faul t-bounded 

ranges separated by elongate a l luviated valleys i s  conspicuously absent in 

t h i s  t ransi t ional  area.  

Stratigraphy 

The oldest  and most widespread rocks in the area a re  upper Miocene s i l iceous 

volcanic rocks (un i t  T r h ) .  These have been described by Walker and Repenning 

(1966) as  "par t ly  t o  densely welded t u f f s  and rhyol i te  or daci te  flows .... 
Some glass  par t ly  o r  complete converted t o  a1 kal i  fe ldspar  and cr is tobal  i t e  

e i t he r  from gas phase a l t e r a t i on  or  dev i t r i f i c a t i on .  Locally contains layers 

of fresh vitrophyre and vitrophyre breccia ...." 
Wal ker (1981) a1 so described samples collected in southern Ma1 heur County 

as "vitrophyre or rhyol i te  obsidian from glassy selvages on e i t he r  flows or 

possibly ash-flow tu f f s .  These glassy selvages, which occur in places on tops 

of flow un i t s ,  are  thought t o  represent chi l led upper surfaces of flows, 

inasmuch as  eu tax i t i c  textures a re  not recognizable in th in  sect ion;  however, 

they may be ch i l l ed  par ts  of th ick,  thoroughly remobilized ash-flows in which 

vi t r o - c l a s t i c  (eutaxi t i c )  textures  have been largely  o r  completely destroyed 

through remelting and flowage. " 
The rocks mapped as  uni t  T r h  underlie about 250 sq mi of the L i t t l e  Owyhee 

River general area and extend eastward into  western Idaho and south into  

northern Nevada. Total thickness of the uni t  i s  unknown; however, a t  l e a s t  

800- t o  1,000-ft masses are  exposed in the walls of the main Owyhee River 

Canyon in the Three Forks area and a t  Five Bars and the South Fork Owyhee 

River. Zones of porphyrit ic vitrophyre and vitrophyre breccia occur a t  the top,  

within, and in the lower par ts  of the thick masses of rock. Flow banding i s  

prominent throughout the uni t  b u t  appears t o  be the r e su l t  of nearly complete 

melting and of subsequent flowage of a massive ash-flow t u f f .  A large s i l i c i c  

volcanic center appears to  be needed as a source fo r  such a large volume of 

rock, but so f a r  none has been iden t i f i ed  in southeastern Oregon. There are  

large s i l i c i c  volcanic centers reported in the southwestern corner of Idaho 

and northern Nevada t ha t  could be the source. The rhyodacite t o  daci te  

composition rocks weather t o  a dark-gray to  browni sh-red color and form rounded 



to  steep-sided low-lying outcrop land forms. The re la t ive ly  rapid up1 i f t  of 

t h i s  part  of the Great Basin has allowed the main streams t o  cut steep-walled 

(ver t i ca l  , even overhanging) canyons, especial l y  in these indurated massive 

ash-flow tu f f  rocks. Some s i l i c i f i c a t i o n  has taken place,  but by f a r  the 

majority of the uni t  appears fresh and unaltered. No metal 1 i c  mineral ization 

i s  known or  reported. The only K-Ar age reported f o r  these s i l i ceous  rocks 

i s  13.3 m.y. from a black glassy porphyrit ic zone a t  Anderson Crossing. 

Overlying uni t  Trh are  basal t  flows and minor tuffaceous sedimentary rocks 

of various ages: ( 1 )  10 m.y. fo r  a flow (un i t  T d b )  near the base of a 

500-ft-thick section exposed in the Owyhee River Canyon south of Rome; 

(2 )  5 m.y. f o r  th in  flows (un i t  Tob) t ha t  unconformably over l ie  the uni t  T r h  

ash-flow tu f f  a t  Anderson Crossing; ( 3 )  0.91 m.y. f o r  rimrock capping basal t  

flows (un i t  Q b )  in the v ic in i ty  of Rome. In a recent deta i led study of some 

of the basa l t i c  lavas of t h i s  a rea ,  Hart (1982) shows t h e i r  composition t o  

be mainly a low-K, high-alumina ol ivine t h o l e i i t e .  Hart compares these lavas 

to  mid-ocean ridge basal ts  and back-arc basin basal ts  and supports an idea 

tha t  t h i s  par t  of the Great Basin represents a continental back-arc basin. 

Thin- to  thick-layered sedimentary uni ts  composed mainly of tuffaceous 

sandstone and s i l t s t o n e  with minor conglomerate (un i t s  Tts ,  Tsb, and Qs )  

separate the  generally f l a t - ly ing  basal t  flows. Low shiel  d-shaped vents 1 i ke 

Horse H i l l ,  Toppin Creek Butte, Black Butte, and Sacramento Hill in the south 

part  of the area and Grassy Mountain, Round Mountain, and Jackies Butte in 

the north a re  some of the vents f o r  the basal t  flows. Hart (1982) a l so  

indicates t ha t  the basa l t i c  lava flows occurred in three  major pulses 0 t o  
2.5 m.y., 3.5 t o  6 m.y., and 7 t o  10 m.y. ago. 

Structure 

Like the r e s t  of the Great Basin, the Owyhee Upland i s  an area of broad 

u p l i f t ,  a s  shown by the youthful topography in the main r ive r  canyons. Unlike 

the typical Basin and Range s t ructure  of youthful l inear  basins and f au l t -  

block mountains, the north- t o  northwest-trending pattern of normal f a u l t s  

i s  subdued t o  missing in most of t h i s  area .  No major s t ructural  features  a re  

apparent in the  upper Owyhee River area .  The previously mentioned broad 

northward plunging basin (Rome basin) begins in the northern par t  of the area ,  

b u t  overall i t  appears to  be a re la t ive ly  s t ruc ture less  upl i f ted plateau. As 

noted previously, the northwestern Great Basin including the Owyhee Uplands 



during late Cenozoic time is characterized by extensional tectonics, a thin 

crust, high heat flow, and bimodal rhyol ite-basal t volcanic rocks. 

Geophysical Data 

Aerial radiometric and magnetic surveys of the Jordan Valley AMS sheet 

(Geodata International , Inc., 1979) have been completed by Geodata International , 
Inc., a subcontractor for Bendix Engineering for USDOE. A review of their 

summary and recommendations shows many low anomalies of 208~1, 2 1 4 ~ i ,  and 

isotope ratios in the Tertiary units. "....The resource potential for these 

units is considered fair to poor, due in part to the general character of 

the deposits. Localized, economically significant deposits may occur, however." 

A careful review of individual fl ightl ine data from this report (GJBX-95-80) 

will be required before any further exploration is contemplated. A1 1 the 

anomalies except in the extreme southwest corner (McDermitt Caldera) of the 

quadrangle appear to be of low intensity, making the uranium potential of the 

Upper Owyhee area of low priority. 

Heat-flow data are discussed under the geothermal section. 

Mines, Prospects, and Mineralized Areas 

Fourteen rock-chip samples (see Table 11) were taken. All but two 

were jasperoids. One silicified zone (sample no. A0518R04) could be traced 

for 1,000 ft. The zone has been mined and the jasper-opal material sold for 

cutting usage. The remains of a miner's cabin were found at the junction of 

Long Canyon and Owyhee River. The silt sample (no. A0437F01) taken from 

this site shows anomalous values in As, Ba, Mn, Hg, and Ni. A sample (no. 

A0288R01) taken from ferruginous-cemented gravel s was anomalous in 11 el ements . 
All of the rock-chip samples were anomalous in one or more elements, including 

sample no. A0734R01, which was of fresh-looking rhyolite. 

Geochemical Sampling Results 

The two overlay maps for gold, tungsten, silver, and tin indicate that 

the gold and other metal anomalies are scattered, except for three areas: 

Five Bars (sample site nos. 584, 920, 919, and 918), Toppin Creek (sar.iple 

site nos. 909, 916, 914, 912, and 913), and Antelope Creek (sample site nos. 

603, 285, and 711). All anomalies in this area .were identified by 

work done for this study. There were no previously known metallic mineralized 

zones, mines, or prospects. 
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Tdble  11. Rock-chlp sample data  f o r  t h e  Upper Owyhee R i ve r  area 

WSA no. Loca t i on  Sample Rock name M ine ra l  l z a t i o n  Anomalous Comments 
and na111e source o r  o r  elements 

-- -- San~ple no. T . (S. )  R.(E.) Sec. Sub sec t ype  a1 t e r a t i o n  

3-173A Upper West 
L i t t l e  Owyhee 

A0288R01 38 44 24 7 9 9 Outcrop Igneous l r on  

3-195 Owhyee R i v e r  
Canyon 

Outcrop Igneous 

F l o a t  Igneous 

F l o a t  Jaspe ro id  

F l o a t  Jaspe ro id  

Outcrop Igneous 

F l o a t  Jaspe ro id  

F l o a t  Igneous 

Outcrop F e l s i c  
igneous 

Outcrop F e l s i c  
igneous 

Outcrop Jaspe ro id  

Outcrop Jaspe ro id  

Outcrop Jaspe ro id  

Outcrop Jaspe ro id  

S i l i c a  

S i l i c a  

S i l i c a  

S i l i c a ,  i r o n  

S i l i c a  

S i l i c a  

S i l i c d  

S i l i c a  

None 

S i l i c a  

S i l i c a  

S i l i c a  

S i l i c a  

Ag, As. Be, Co, Cu, Mn, Mo, N i ,  W,  
U308, Zn 

Ag, Ba, Be, Pb, Hg, Sn, U,O, 

Ag. Ba, Be, Cu, Pb, U30,, ~g 

Ag, Cu, N i ,  U,O, 

Ag, Ba, Cu, U30, 

Ag, Ba, Be, Pb. Sn, U30, 

Ag, Ba, Be, Cu, Pb, Sn, U,O, 

Ag, Cu, Sn, U,O, 

Ag, Ba, Be, Cu, Pb. Sn, U,O, 

AY, Ba, Be, Cu, Pb, Sn, ~ ~ 0 ,  

Ba, Be, Cu, Pb, Sn, U,O, 

Ag, Ba,  Be, Cu, Pb, Ni ,  Sn, U,O, 

Ag, Ba, Be, Cu, Pb, N i ,  Sn, U,O, 

Ag. Ba, Be, Cu, Pb, Sn, U,O, 

Background f o r  u n i t  Trh  



Minera l  P o t e n t i a l  

Genera l :  Th i s  r e p o r t  was n o t  t o  cons i de r  t h e  f u e l s  such as o i l  sha le  

and coa l  and nonmetal 1  i c s  such as b e n t o n i t e ,  f l u o r i t e ,  and z e o l i t e .  However, 

t h e  t o p  h a l f  o f  t h i s  s tudy  area,  as t h e  p rev i ous  two areas were, i s  p a r t  o f  

a  sedimentary bas in .  Therefore,  i t  has a  p o t e n t i a l  f o r  b e n t o n i t e ,  f l u o r i t e ,  

z e o l i t e ,  o i l  sha le ,  and c o a l .  

O i l  and gas: O i l  and gas l e a s i n g  a c t i v i t y  i n  t h e  n o r t h e r n  p a r t  of t h i s  

s tudy  area,  which i s  a  sedimentary  bas in ,  i n d i c a t e s  t h a t  t h e r e  i s  a  p o t e n t i a l  

f o r  o i l  and gas. 

Geothermal p o t e n t i a l  : The geothermal p o t e n t i a l  of t h i s  l a r g e  area i s  

perhaps l e s s  w e l l  known than  f o r  any o f  t h e  o t h e r  w i l de rness  s tudy  areas and 

w i l l  have t o  w a i t  u n t i l  a d d i t i o n a l  i n f o r m a t i o n  i s  a v a i l a b l e .  There i s  a  h o t -  

s p r i n g  zone w i t h  m u l t i p l e  o r i f i c e s  o f  moderate temperature water  (35' C )  

and an es t ima ted  f l o w  o f  3,750 1  i t e r s l m i n  on t h e  banks of t h e  Owyhee R i v e r  

j u s t  above Three Forks,  sou th  o f  Rome. Reported hea t  f l o w  o f  100 mW/m 
2 

f o r  a l l  o f  t h e  s tudy  area (B l ackwe l l  and o the r s ,  1978) i s  anomalous. 

M e t a l l i c  commodit ies:  Anomalous va lues t h a t  were found  i n c l u d e  t h e  

f o l l o w i n g :  go l d ,  r ang ing  up t o  0.4 ppm; s i l v e r ,  1.2 ppm; a r sen i c ,  17 ppm; 

bar ium, 900 ppm; b e r y l 1  ium, 3.5 ppm; c o b a l t ,  104 ppm; copper, 318 ppm; l ead ,  

24 ppm; manganese, 960 ppm; mercury, 0.3 ppm; molybdenum, 9  pprn; n i c k e l ,  

132 ppm; t i n ,  22 ppm; tungs ten ,  1.2 pprn; U308, 29 ppm; and z i n c ,  76 ppm. 

Except f o r  t h e  t h r e e  areas ment ioned i n  t h e  geochemical s e c t i o n ,  t h e r e  does 

n o t  seem t o  be a  c l e a r  p a t t e r n  t o  t h e  anomal ies. 

F i e l d  evidence suggests t h a t  u n i t  T rh  ( r h y o l i t e  welded t u f f s  o r  f l o w s )  

may have been a  s i n g l e  ash - f l ow  t u f f .  I f  t h a t  had been t h e  case, t h e  f l o w  

may have been depos i ted  i n t o  a  r i f t  v a l l e y ,  comp le te ly  f i l l i n g  i t .  The anomalous 

va lues may be l e a k i n g  up a long  f r a c t u r e s  f r om  below u n i t  Trh. I n  any event  

a  second l o o k  a t  t h e  t h r e e  areas w i t h  c l u s t e r s  o f  g o l d  anomal i e s  would be 

wor thwh i le .  



Trout Creek Area 

(WSA Unit Nos. 2-780, Disaster Peak; 3-152, Willow Creek; 3-153, Red Mountain; 

3-156A, Fifteenmile; 3-157, Oregon Canyon; and 3-162A, Twelvemile) 

General 

The Trout Creek general area covers about 162,320 acres ,  o r  255 sq mi, 

and i s  made u p  of f i ve  individual study areas jus t  north of the Nevada border 

in the southeast corner of Harney County and the southwest corner of Malheur 

County in southeastern Oregon. Fluch of the area i s  remote b u t  generally 

accessible by ridge roads and jeep t r a i l s .  A boundary road para1 l e l  s the west 

side from the Trout Creek-Whitehorse road t o  the Nevada border. This furnishes 

access t o  the Willow Creek and Disaster Peak/Red Mountain individual areas.  

A road from Denio u p  Cottonwood Creek a l so  connects with the west boundary road. 

The Oregon Canyon area i s  accessible from the Oregon Canyon road or  from the 

roads t ha t  lead northward from the McDermitt Caldera. The central  and northwest 

areas ,  Twel vemil e and Fifteenmi l e  Creeks, can be reached by unimporved sing1 e- 

lane roads and jeep t r a i l s  u p  Willow Creek, from near Whitehorse Ranch, and 

Twel vemi 1 e Creek. 

The Trout Creek Mountains are a par t  of a broad uplifted area in the 

northern part  of the Basin and Range Province. The Trout Creek Mountains r i s e  

abruptly from the Pueblo Valley on the west and are  bounded on the eas t  by 

Oregon Canyon, another broad northwest-trending vall ey t ha t  extends southward 

into northern Nevada. The southern border i s  the arcuate-shaped northern par t  

of the large McDermi tt Caldera, a complex Miocene volcanic s t ruc ture ,  half 

of which i s  in Oregon and half in Nevada. Highest elevations are  in the 

southern part  bordering the McDermitt Caldera, where the tops of the ridges 

range from 7,000 to  8,000 f t .  Elevations gradually decrease t o  5,000 t o  6,000 

f t  northward across the dissected plateau before merging into the re la t ive ly  

f l a t  lava-covered plain in the v ic in i ty  of the Whitehorse Ranch. The north- 

western boundary of the wilderness study area extends into  the southern par t  

of another large collapse caldera s t ructure  t ha t  has recently been described 

by USGS geologists and named the Whitehorse Caldera. 

The Trout Creeks have a middle l a t i t ude  desert  climate with cold winters 

and warm t o  hot, dry summers. In t h i s  climate, vegetation i s  mainly of low- 

growing sagebrush and short  native grasses. The only t rees  are  willows and 

cottonwoods (quaking aspen) along the perennial streams and mountain mahogany 



t h i c k e t s  on h i ghe r  e l e v a t i o n  s lopes.  Beaver a c t i v i t y  (dams and burrows) 

was noted i n  and a long  some o f  t h e  pe renn ia l  streams a t  h i ghe r  e l eva t i ons .  

Geol ogy 

Most o f  t h e  area has been s t u d i e d  o n l y  i n  reconnaissance; t h e  geology 

map i n  t h i s  s tudy was compi led and adapted f rom Walker and Repenning (1965, 

1966), who pub l i shed  reconnaissance geo log ic  maps o f  t h e  Adel and Jordan 

Va l l ey  AMS quadrangles. The geology o f  Whitehorse Caldera was descr ibed  by 

Rytuba and o the r s  (1981).  E a r l i e r  Smith (1927) descr ibed  sedimentary rocks  

a long  Trou t  Creek and named t h e  T rou t  Creek Formation, and MacGin i t i e  (1933) 

descr ibed  a  f o s s i l  f l o r a  f rom t h e  Trou t  Creek beds. 

A l l  t h e  rocks  exposed a re  Miocene and younger and c o n s i s t  o f  o l d e r  b a s a l t i c  

and a n d e s i t i c  l a v a  f l ows  and o v e r l y i n g  ash- f low t u f f  sheets w i t h  occas ional  

domes and e x t r u s i v e  masses o f  r h y o l i t e  and d a c i t e .  The h igh-angle normal 

f a u l t i n g  o f  n o r t h -  t o  nor thwes t - t rend  t h a t  i s  u s u a l l y  so common i n  t h e  Basin 

and Range Prov ince i s  n o t  n e a r l y  so w e l l  developed i n  t h e  T rou t  Creek Mountains. 

Ins tead  t h e  s t r u c t u r e  seems t o  be c o n t r o l l e d  by t h e  two l a r g e  co l l apse  

ca ldera  f ea tu res ,  one on t h e  southeast  and t h e  o t h e r  on t h e  nor thwest .  

The bo rde r i ng  area t o  t h e  south w i t h i n  t h e  McDermit t  Caldera has been 

s t ud i ed  i n  d e t a i l ,  f i r s t  by Schuet te  (1938) and then by Yates (1942),  who 

descr ibed  t h e  B re t z  and O p a l i t e  mercury mines. Brooks (1963) a l s o  descr ibed  

t h e  mercury depos i t s  near  McDermit t .  The mercury, uranium, and l i t h i u m  

occurrences i n  t h e  McDermit t  Caldera complex have been t h e  s u b j e c t  o f  severa l  

r e p o r t s  by Rytuba and o t h e r  USGS s c i e n t i s t s  du r i ng  t h e  l a t e  19701s, and s t ud i es  

a r e  con t i nu i ng .  Greene (1972, 1976) d i d  a  p r e l i m i n a r y  geo log ic  map of t h e  

Jordan Meadow quadrangle, Nevada, and descr ibed  t h e  vo l can i c  rocks  o f  t h e  

McDermi tt Cal dera . 

S t r a t i g r a p h y  

The rocks  o f  t h e  T rou t  Creek Mountains appear t o  r e f l e c t  events  i n  t h e  

e a r l y  f o rma t i on  o f  t h e  Basin and Range Prov ince.  

The o l d e s t  rocks  shown on t h e  geo log ic  map ( u n i t  Ta f )  a re  mid t o  l a t e  

Miocene age and a re  ma in l y  p l a t y  andes i te  and b a s a l t  f l ows  t h a t  a re  c o r r e l a t e d  

by Val ke r  (1977) w i t h  t h e  Steens Basa l t ,  Owyhee Basa l t ,  and Columbia R i ve r  

Basa l t  Group. These l a r g e  ou tpour ings  o f  b a s a l t i c  l a v a  mark a  t r a n s i t i o n  

f rom c a l c - a l k a l i n e  vo lcanism i n  t h e  Great  Bas in  about 17 m.y. ago. A  major  



change f rom compressional t o  ex tens i ona l  t e c t o n i  sm occur red  a t  t h i s  t ime  because 

o f  changes i n  r e l a t i v e  mot ions o f  t h e  P a c i f i c  and No r t h  American P la tes ,  and 

t h a t  change i s  be1 i eved  t o  be t h e  beg inn ing  of t h e  bi-modal ( b a s a l t - r h y o l i t e ) -  

t ype  vo lcanism and t h e  development o f  t y p i c a l  h o r s t  and graben topography o f  

t h e  n o r t h e r n  Great  Basin. 

Walker and Repenning (1965, 1966) have desc r i bed  t h e  t h i c k  s e c t i o n  o f  

b a s i c  l a vas  i n  t h e  T r o u t  Creeks as f o l l o w s :  "Most ly  p l a t y  andes i t e  f l o w s  b u t  

a l s o  some f lows o f  p o r p h y r i t i c  01 i v i n e  b a s a l t ,  basal  t i c  and andesi t i c  f l o w  

b recc i a ,  and minor  amounts of i n te rbedded  tu f faceous  sedimentary  r ocks  and 

t u f f s .  Near t o p  o f  u n i t  some l a y e r s  o f  s i l i c i c  ( d a c i t i c ? )  t u f f s ,  b recc i as  

and b r e c c i a t e d  f l ows (? ) .  Tex tu re  o f  andesi  t e  f l o w s  commonly p i 1  o t a x i  t i c ;  

some a r e  h y a l o p i l i t i c  t o  i n t e r s e r t a l .  Rocks l ow  i n  t h e  u n i t  a r e  g e n e r a l l y  

a l t e r e d  and c o n t a i n  smal l  t o  moderate amounts o f  m o n t m o r i l l o n i t e .  Glass i n  

groundmass, f r e s h  t o  o n l y  s l i g h t l y  a l t e r e d  i n  a n d e s i t i c  f l o w s  near  t o p  o f  

u n i t . "  Rytuba and o the r s  (1981) r e p o r t  an age of more t han  16 m.y. f o r  t h e  andes i t e  

and b a s a l t i c  f l o w s  i n  t h e  n o r t h  p a r t  o f  t h e  w i lde rness  s tudy  area.  

The u n i t  Ta f  r ocks  a r e  t h e  main r ocks  exposed i n  t h e  h i gh l ands  o f  t h e  

southwest,  west,  and southeast  p a r t s  o f  t h e  T rou t  Creek Mountains. They 

a r e  a l s o  p resen t  i n  t h e  c e n t r a l  and n o r t h e r n  p a r t s  o f  t h e  area beneath a  

v a r i a b l e  cover  o f  t h e  s i l i c e o u s  ash-f low t u f f s  from t h e  McDermit t  and Whitehorse 

Caldera complexes. The t ype  o f  basement r ocks  beneath t h e  b a s a l t  and andes i t e  

f l o w s  i s  unknown. The c l o s e s t  p r e - T e r t i a r y  r o c k  ou tc rops  a re  10 mi t o  t h e  

southwest on t h e  Oregon-Nevada border  and c o n s i s t  o f  metamorphic and p l u t o n i c  

rocks  o f  Permian t o  Cretaceous age s i m i l a r  t o  those  exposed i n  t h e  Pueblo 

Mountains. No meta l  1  i c  m inera l  occurrences o r  hydrothermal  l y  a1 t e r e d  zones 

have been r e p o r t e d  f rom t h e  u n i t  Ta f  r ocks  w i t h i n  t h e  w i l de rness  s tudy  areas. 

Ove r l y i ng  t h e  b a s a l t  and andes i t e  f l o w s  i s  a  sequence o f  p a r t l y  t o  

densely  we1 ded ash- f low t u f f s  ( u n i t  T t r )  . P r e l  im ina r y  i n f o r m a t i o n  i n d i c a t e s  

t h a t  a l l  o f  t h e  t h i n  t o  t h i c k  widespread ash- f low t u f f  sheets  were e rup ted  

e i t h e r  f rom t h e  McDermit t  Caldera t o  t h e  southeast  o r  t h e  Whitehorse Caldera 

i n  t h e  nor thwes t .  T h e i r  chemical  composi t ions,  p e r a l  k a l  i n e  r h y o l  C t e ,  a r e  

b a s i c a l l y  t h e  same. The youngest ash - f l ow  t u f f  f r om  t h e  Whitehorse Caldera 

has been dated a t  about  15.0 m.y., w h i l e  those f l o w s  from t h e  McDermit t  Caldera 

a r e  about  16.0 m.y. o l d .  Minor  n o r t h -  t o  no r t hwes t - t r end ing  f a u l t s  o f f s e t  

some o f  t h e  e s s e n t i a l l y  h o r i z o n t a l  depos i t s .  It i s  i n t e r e s t i n g  t o  n o t e  t h a t  

t h e  Whitehorse Caldera i s  younger than  t h e  McDermit t ,  which para1 l e l  s  t h e  age 



trend of other rhyol i te  rock sources in the Basin and Range Province in Oregon. 

Walker (1974) documented t h i s  progression of younger rocks to  the northwest 

and older ones t o  the southeast beginning a t  about the Oregon-Idaho-Nevada 

corner. Rytuba and others (1981), in t he i r  descriptive map of the Whitehorse 

Caldera, suggest tha t  the s i l i c i c  vent masses in most cases probably postdate 

the ash-flow tu f f  layers and were erupted re la t ive ly  quiet ly  as  domes and 

thick flows within and a f t e r  collapse occurred in the calderas.  Some isolated 

masses such as  the rhyol i te  dome in the eastern part  of the area (sec .  14 ,  
T.  40 S . ,  R .  41 E . )  appear t o  have no caldera associations and may be older 

or a part  of uni t  Taf. 

Thin veneers of fine-grained tuffaceous sedimentary rocks and t u f f s  of 

flood plain o r  shallow lake deposit origin (un i t  Tts)  are  found covering the 

ash-flow tuff  layers and in thicker layered deposits within the two large 

calderas.  Gravelley colluvium of similar age occurs in bahada-type sloping 

deposits along the eastern highlands adjacent t o  Oregon Canyon. Lake-bed 

deposits around Flagstaff Butte, now known t o  have been deposited in the 

Miocene Whitehorse Caldera, were f i r s t  described by Smith (1927) and named the 

Trout Creek Formati on. Rytuba and others (1981) described a 135-m-thi ck 

section of the Whitehorse Cal dera-f i l l  deposits from one d r i l l  hole and found 

clay and zeol i t e  mineral izat ion.  

Similar lake beds and volcanic breccia deposits f i l l e d  the large McDermi tt 

Caldera during l a t e  Miocene time and were a l tered and mineralized by hydro- 

thermal solutions.  

Alluvium and colluvium (un i t  Qa lc )  continue to  be transported and deposited 

in the stream valleys and broad upland f l a t s .  

Structure 

The two large l a t e  Miocene caldera s t ructures  are  the dominant s t ructural  

features in the overall wilderness study area.  The overall area a lso  i s  a 

part  of a large uplifted and dissected t i l t e d  plateau separated by Basin and 

Range f a u l t s  from the Alvord-Pueblo Valley on the west and Oregon Canyon 

valley on the eas t .  Walker and Repenning (1965) also mapped a re la t ive ly  broad 

syncline tha t  plunges gently to  the northwest, with the axis  of the downfold 

trending north-northwest and paral le l ing L i t t l e  Whitehorse Creek through 

the central to  western part  of the area.  Minor northwest- and northeast- 

trending normal f a u l t s  are present in the eastern and western par ts  of the 



area ,  with the central  area r e l a t i ve ly  f r e e  of f a u l t s .  

Geophysical Data 

A regional aeromagnetic map including the  Adel and par t s  of the  Burns, 

Boise, and Jordan Valley AMS quadrangles i s  avai lable  a s  an open-fi le repor t  

(U.S. Geological Survey, 1972). 

N U R E  s tudies  of the  area include a radiometric survey and an ae r i a l  

magnetic survey a t  a scale  of 1:125,000 of both the  Adel and Jordan Valley 

AMS quadrangles (Geodata In te rna t iona l ,  Inc. ,  1980a,b). 

Private company s tudies  around the north border of the  McDermitt Caldera 

a re  reported,  as well a s  some d r i l l i n g  a c t i v i t y .  So f a r  the  r e su l t s  of the 

d r i l l i n g  o r  the  data of geophysical s tud ies  a r e  not avai lable .  

Mines, Prospects, and Mineral ized Areas 

Five rock-chip samples (Table 12) were taken in the  Trout Creek Area. 

Sample no. A0664ROI was taken of f resh pla ty  andesi te  basal t  t o  provide 

background data f o r  un i t  Taf. All of the  rock-chip samples had anomalous 

values in one o r  more elements. 

Geochemical Sampl ing Resul t s  

The overlay map fo r  gold,  tungsten,  s i l v e r ,  and t i n  has some in te res t ing  

pat terns .  One pattern i s  the  N .  35" E.  l i n e  of gold values above anomalous 

l eve l s  t h a t  cu t s  across the center  of the Trout Creek study area .  The second 

i s  the c lu s t e r  of gold values t o  the  e a s t  of the opal i t e  mine. Overall t h i s  

area seems t o  have high general background in mercury. 

Mineral Potential 

General : The mineral commodities of o i l  and gas,  geothermal energy, and 

metal l ic  minerals will  be discussed a t  length.  Because of the  lack of 

sedimentary rocks, the  potential  i s  low f o r  nonmetal 1 i c  minerals, o i l  shale ,  

and coal .  

Oil and gas: One o i l  and gas t e s t  well has been d r i l l e d  by the Standard 

Oil Co. of California on the  west f lank of Blue Mountain about 10 mi northeast  

of the north par t  of the  wilderness study area .  The 8,400+ f t  d r i l l  hole 

reportedly encountered volcanic rocks (mainly ba sa l t )  t o  8,200-ft depth, 



Tdble 12. Rock-chip san~ple data f o r  t he  Trout  Creek area 

WSA no. Loca t i on  Sample Rock name M i n e r a l i z a t i o n  Anomalous Coments 
and name source o r  o r  elements 

-- Sample no.-T_:(S.) R.(E.) Sec. Sub sec. type a l t e r a t i o n  -. 

3-153 D ias te r  Peak 

A0657R01 39 4 1 17 8 6 8 Outcrop Igneous S i l i c a  

-4 
3-1564 F i f t eenmi le  

N 
A0938R04 40 39 11 7 7 6 F l o a t  Jaspero id S i l i c a  

3-157 Oregon Canyon 

A0664R01 39 41 8 9 6 6 Outcrop In te rmed ia te  None 
igneous 

3-162A Twelvemile 

A0949R04 37 40 29 7 9 8 Outcrop Igneous 1 ron 

A0965R01 37 39 11 8 8 7 Outcrop Jaspero id S i l i c a  

Ag, AL,  Be, Cu, Pb, Hg, Sn, U,O, - 

Ag, Be. Pb,  Sn, u,o,, - 

Ag, Ba, Be, Pb,  Sn, U,O, Background f o r  u n i t  Taf 

Ag, Ba, Be, Co, P b ,  Mn. Sn, U,OH, - 
Zn 

Ag, Be, Cu, Sn, u,OH - 



where t h e  d r i  11 encountered g r a n i t e  ( d i o r i  t e )  of probable p r e - T e r t i a r y  age 

t o  t h e  t o t a l  depth. The presence o f  p r e - T e r t i a r y  metamorphic rocks  j u s t  t o  

t h e  southwest i n  bo th  Oregon and no r t he rn  Nevada and t h e  e x t r u s i v e  and 

i n t r u s i v e  na tu re  o f  t h e  t h i c k  p i l e  o f  T e r t i a r y  vo l can i c  rocks  make t h e  area 

one of r e l a t i v e l y  low p r i o r i t y  f o r  t h e  f i n d i n g  of o i l  and gas. None o f  t h i s  

s tudy area has been leased  f o r  o i l  and gas. 

Geothermal energy: The heat  f l o w  shown by B lackwe l l  and o the r s  (1978) 
2  i s  about 100 mW/m f o r  t h i s  s tudy area. Plaps o f  t h e  area i n d i c a t e  t h a t  h o t  

sp r ings  occur  i n  bo th  McDermit t  and Whitehorse Calderas as w e l l  as i n  t h e  

Oregon Canyon v a l l  ey (Oregon Department o f  Geology and Minera l  I n d u s t r i e s ,  

1982). 

The r i n g - f r a c t u r e  systems generated by t h e  two ca lderas  a r e  n e a r - v e r t i c a l  

and deep seated. These migh t  p rov i de  pathways f o r  geothermal f l u i d s .  

M e t a l l i c  commodities: Jus t  t o  t h e  south o f  t h e  s tudy area w i t h i n  t h e  

McDermitt Caldera t h e r e  has been and con t inues  t o  be major  p roduc t i on  o f  

mercury. A lso r i g h t  a t  t h e  south boundary l i n e  o f  t h e  s tudy area a  l a r g e  

uranium depos i t  has been d r i l l e d  ou t .  The m i n e r a l i z a t i o n  has been i n  t h e  

lake-bed sediments o f  t h e  ca ldera .  Wi th  t h e  one very  s t r ong  g o l d  t r e n d  and 

t h e  h i gh  background i n  mercury, t h i s  area cou ld  prove t o  be i n t e r e s t i n g  f o r  

f u r t h e r  g o l d  e x p l o r a t i o n .  Each o f  t h e  f i v e  r ock - ch i p  samples had anomalous 

va lues i n  f i v e  o r  more elements i n c l u d i n g  t h e  " f r e s h "  rock  taken t o  p rov i de  

background data f o r  u n i t  Ta t  ( a i r f a l l  t u f f ) .  



Pueblo Mountains Area 

(WSA U n i t  No. 2-816, Pueblo Mounta ins)  

General 

The Pueblo Mountains genera l  a rea  covers about  67,400 ac res  o r  105 sq mi 

j u s t  n o r t h  of t h e  Nevada bo rde r  i n  sou th - cen t r a l  Harney County. I t  i s  r o u g h l y  

10 mi  w ide  i n  an east -west  d i r e c t i o n  and 15 mi l o n g  f rom n o r t h  t o  sou th  and 

i nc l udes  most of t h e  h i g h e r  e l e v a t i o n s  o f  t h e  Pueblo Mountains i n  Oregon. The 

eas te rn  and c e n t r a l  p a r t s  o f  t h e  area a r e  access i b l e  f rom a  network o f  unmain- 

t a i n e d  secondary roads and j eep  t r a i l s  t h a t  l e a d  f r om  an a l l - w e a t h e r  g rave l  

road  t h a t  p a r a l l e l s  t h e  e a s t  s i d e  o f  t h e  mounta in  range. The wes te rn  p a r t  o f  

t h e  a rea  i s  l e s s  e a s i l y  v i s i t e d ,  b u t  a  few unimproved s i n g l e - t r a c k  roads extend 

f o r  s h c r t  d i s t ances  up t h e  main dra inages f rom t h e  Bog Hot  Val ley-Oregon End 

Tab le  Ranch road.  

The Pueblo Mountains a r e  t h e  sou thern  p a r t  o f  a  l a r g e  n o r t h - t r e n d i n g  west -  

ward -d ipp ing  e l e v a t e d  f a u l t  b l o c k  t h a t  i n c l u d e s  t h e  Steens Mounta in  t o  t h e  no r t h .  

The s teep  eas te rn  mounta in  f r o n t  i s  bounded by a  h i gh -ang le  normal f a u l t  t h a t  

separates i t  f rom t h e  broad a l l u v i a t e d  Pueblo Va l l ey .  Together  these  a r e  t y p i c a l  

o f  t h e  topography o f  t h e  Bas in  and Range P rov i nce  i n  t h e  n o r t h e r n  p a r t  o f  t h e  

Great  Basin. 

An e r o s i o n a l  median v a l l e y  d i v i d e s  t h e  mounta in  mass i n t o  two d i s t i n c t  

e longa te  n o r t h - t r e n d i n g  r i d g e s .  The h i g h e s t  and most rugged r i d g e  l i e s  t o  t h e  

e a s t  and i s  u n d e r l a i n  by a  v a r i e t y  o f  Pa leozo ic  t o  Mesozoic metamorphic and 

p l u t o n i c  rocks ,  w h i l e  t h e  wes te rn  p a r a l l e l  r i d g e s  and t e r r a c e s  a r e  formed by 

t h e  t i l t e d  edges o f  l a y e r e d  b a s a l t  f l ows ,  ash- f low t u f f s ,  and in te rbedded  

t u f f aceous  sedimentary  r ocks  o f  T e r t i a r y  age. 

E l e v a t i o n s  range f rom about  4,200 f t  on t h e  Pueblo V a l l e y  f l o o r  t o  8,650 

f t  a t  t h e  t o p  o f  Pueblo Mountain.  As i n  most o f  Oregon e a s t  o f  t h e  Cascades, 

t h e  Pueblo Mountains have a  d e s e r t  c l i m a t e  w i t h  c o l d  w i n t e r s  and ho t ,  d r y  

summers. The eas te rn  and wes te rn  s lopes have a  t h i n  r ocky  s o i l  and i n  t h i s  

c l i m a t e  suppo r t  o n l y  low-growing sagebrush and n a t i v e  grasses. The med ia l  

v a l l e y  i n  some p a r t s  has t h i c k e r  s o i l s  t h a t  suppo r t  s l i g h t l y  more v igorous  

growth o f  t h e  same v e g e t a t i o n  p l u s  mounta in  mahogany t h i c k e t s  a t  h i g h e r  

e l e v a t i o n s .  There a r e  a l s o  clumps o f  w i l l o w  and cottonwood t r e e s  a long  t h e  

pe renn ia l  streams. 

Geology 

The geology map was compi led f rom seve ra l  p rev ious  s t u d i e s  made i n  t h e  



general area including reports on the geology and mercury deposits in both the 

Steens and Pueblos by Ross (1942) and Williams and Compton (1953). The geology 

i s  included in  the reconnaissance map of the Adel quadrangle by Walker and 

Repenning (1965). There are  three Oregon S ta te  University masters'  theses tha t  

include parts of the wilderness study area: Rowe (1971), Tower (1972), and Harrold 

(1973) ; a University of Washington doctoral d i s se r ta t ion  by Avent (1965) a1 so 

covers par t  of the area in  detai  1.  

The Pueblo Mountains area i s  one of the two places in  southeastern Oregon 

where basement pre-Tertiary rocks are  exposed. Much of the eastern part  of the 

large t i 1  ted f a u l t  block i s  underlain by an assemblage of moderately t o  steeply 

dipping Permian and Tr iass ic  metamorphic rocks including quar tz i t e ,  graywacke 

sandstone, greenstone, s e r i c i t e  s ch i s t ,  quartz-muscovite s ch i s t ,  a r g i l l i t e ,  and 

minor marble. Cretaceous-age gneissic granodiorite and quartz d i o r i t e  are in t rus ive 

into  the metamorphic rocks. 

To the west, the pre-Tertiary metamorphic and int rusive rocks are  overlain 

unconformably by tuffaceous sedimentary and s i l i c i ous  volcaniclas t ic  rocks and 

a thick layered sequence of andesi t e  and basal t  flows of ear ly  t o  mid-Tertiary 

age. The eas t  f lank of the range i s  blanketed by a thick colluvium deposit of 

Pliocene age t ha t  i s  a lso  t i l t e d  to  the west, indicating t ha t  much of the u p l i f t  

and t i l t i n g  of t h i s  f a u l t  block i s  geologically young. 

Stratigraphy 

The oldest  rocks exposed are moderately t o  steeply dipping Permian and 

Triass ic  metamorphic rocks (lR Pm) t h a t  include s ch i s t s ,  phyll i t e s ,  quar tz i t e ,  

and greenstone. Minor rock types in the 10,000-ft-thick assemblage are  meta- 

conglomerate, meta-graywacke, and meta-dior i te(?) .  The metamorphic rocks a re  

probably derived from i nterbedded basal t i c  to  intermediate 1 ava flows , gray- 

wacke sandstones, mudstones, volcanic brecci as ,  and conglomerates deposited in  

a mobi 1 e eugeosyncl inal be1 t. Regional metamorphism appears to  have occurred 

sometime during Jurass ic  time. Rocks in the metamorphic assemblage range in 

color from almost white f o r  the sch i s t s  t o  grays fo r  the quar tz i t e  and pale- 

purplish grays fo r  the phyl l i t e  t o  various shades of gray, gray-green, and green 

fo r  the meta-graywackes, conglomerate, and greenstones. Detailed descriptions 

of the various rock types in  the metamorphic sequence are  contained in  the 

graduate student theses. Tower (1972) subdivided the metamorphic rocks into  

three uni ts  based on differences in color,  texture ,  l i thology,  and s t ructure .  

Most of the metamorphic rocks are  re la t ive ly  r e s i s t an t  t o  erosion and form 



rugged, narrow ridges,  and steep-wall ed canyons. Quartz veins and isola ted 

masses of quartz are  common throughout and generally paral le l  the  fo l i a t i on .  

Metall ic mineralization occurs a t  several horizons in the metamorphic rock 

sequence, and there  has been extensive exploration f o r  gold-bearing quartz 

veins and disseminated copper occurrences. 

Associated w i t h  the metamorphic rocks are  plutonic rocks t ha t  include 

quartz d i o r i t e ,  quartz monzonite, granodiorite,  and minor a p l i t e .  Some of the 

di kel i ke and i r regu la r  masses a r e  in t rus ive  with contact  aureoles.  The plutonic 

rocks have not been d i f fe ren t ia ted  on the geologic map and are  shown as un i t  

Ki where the masses are  of su f f i c i en t  s i ze .  K-Ar dates f o r  the in t rus ive  rocks 

of 90 t o  95 m.y. B.P.  indicate  they a re  of mid-Cretaceous age. Mineralization 

in the metamorphic greenstones and s ch i s t s  adjacent t o  the  l a rges t  plutonic mass 

along Denio Creek in the  southeast par t  of the  area may have some re la t ion  t o  the  

grani t i c - type  rocks. Exploration dr i  11 ing has been done i n  recent years a t  t h i s  

location (Farnham Prospect) .  

The pre-Tertiary rocks are  truncated abruptly on t h e i r  eas tern  contact  by a 

prominent f rontal  f a u l t .  On the west s ide  they are  overlain unconformably by the 

same Ter t iary  volcanic and volcaniclas t ic  rock section as t ha t  in  the Steens 

Mountain. This section i s  described below. 

A basal sedimentary and volcanic un i t  can be corre la ted w i t h  the  Pike Creek 

Formation (un i t  Tpc) , which i n  the  Pueblo Mountains consis ts  of conglomerate, 

interbedded l ight-colored t u f f s ,  volcanic sandstone, and an andesite flow of 

variable thickness. The formation, which forms a narrow outcrop pattern t h a t  

trends north-south and dips t o  the  west a t  20" t o  25", appears t o  have been 

deposited on a surface with considerable r e l i e f .  The rhyol i t e  flows and thick 

ash-flow t u f f s  so prominent in  the makeup of the formation f a r t he r  north in the 

southeast par t  of the Steens a re  missing in the  Pueblo Mountains. A smaller area 

of reddish rhyol i t e ,  l ight-colored t u f f s ,  and greenish ash-flow t u f f s  near Red 

Point has been mapped by some authors a s  equivalent t o  the  Pike Creek Formation, 

b u t  l a t e r  information shows t h i s  mass of basical ly  s i l i ceous  rocks i s  probably 

l a t e  Miocene in age and equivalent t o  the  un i t  Ttr rocks t h a t  a r e  widely exposed 

in the Trout Creek Mountains. 

The extensive thick section of Steens Basalt ( un i t  T t b )  over l ies  the  Pike 

Creek Formation in  the  Pueblo Mountains and i s  the  underlying rock type in  the 

median val ley and west ridge. There a re  some minor th in  ash-flow and a i r - f a l l  

t u f f s  of s i l i ceous  composition interbedded in the mainly basa l t  flow un i t .  The 



Steens B a s a l t  p i l e  i n  t h e  Pueblos i s  as much as 6,500 f t t h i c k  and b a s i c a l l y  has 

t e x t u r e s  and s t r u c t u r e s  s i m i l a r  t o  those seen a t  Steens Mountain.  D e t a i l s  o f  t h e  

pet rography and p e t r o l o g y  a re  con ta ined  i n  severa l  o f  t h e  graduate theses and 

re fe rences  i n  t h e  b i  b l  iography.  Numerous widespread v e r t i c a l  b a s a l t  d i kes ,  5  t o  

20 f t wide, t h a t  t r e n d  f rom N. 20" t o  50" E. and east -west  may be feeders  f o r  

i n d i v i d u a l  f l o w s  o f  t h e  Steens Basa l t .  

Ove r l y i ng  t h e  Steens B a s a l t  w i t h  no apparent  d iscordance i s  a  sequence o f  

r h y o l i t e  ash- f low t u f f s  and v o l c a n i c l a s t i c  sediments ( u n i t  T t s )  t h a t  occur  i n  a  

nor th -sou th  b e l t  a long  t h e  t o p  and upper s lope  o f  t h e  west  r i d g e  o f  t h e  Pueblos. 

Another sma l l e r  area o f  u n i t  T t s  occurs on t h e  e a s t  s i d e  between W i l l ow  and 

Cottonwood Creeks. Here t h e  rocks  a r e  f i n e - g r a i n e d  and l i g h t - c o l o r e d  t h i n -  t o  

th ick-bedded t u f f s .  Walker and Repenning (1965) c o r r e l a t e  these rocks  w i t h  t h e  

T r o u t  Creek Formation and V i r g i n  V a l l e y  beds o f  l a t e  r l iocene age. The u n i t  T t s  

rocks  a r e  e s s e n t i a l l y  una l t e red ,  and t h e r e  a r e  no r e p o r t e d  m ine ra l  occurrences 

i n  t h e  u n i t  i n  t h e  Pueblo Mountains. 

Along t h e  l owe r  f l a n k s  o f  t h e  west  r i d g e  o f  t h e  Pueblo Mountains and 

para1 l e l  i n g  t h e  western boundary o f  t h e  w i lde rness  s tudy  area a long  Rincon Creek 

i s  a  younger (upper Miocene and P l iocene)  p y r o c l  as t i c -sed imenta ry  u n i t  ( u n i t  Tsb) . 
Thin-bedded t o  massive beds o f  pumiceous a s h - f a l l  t u f f s  and p o o r l y  i n d u r a t e d  t o  

welded r h y o l i t e  ash f l ows  form a  r o l l i n g  subdued topography. No ex tens i ve  a l t e r -  

a t i o n  o t h e r  than  t o  c l a y  has been r e p o r t e d  f o r  t h i s  r e l a t i v e l y  t h i n  (850 f t )  

sequence o f  rocks.  

A t  about t h e  same s t r a t i g r a p h i c  p o s i t i o n  i n  t h e  no r t heas t  p a r t  o f  t h e  area 

i s  a  2-mi-wide area o f  t i l t e d ,  u p l i f t e d ,  l ow r o l l i n g  h i l l s  u n d e r l a i n  by t h i c k  t o  

massive, c rude l y  layered ,  somewhat conso l i da ted  conglomerate and in te rbedded  

mudstone and sandstone. The u n i t  i s  made up o f  angu la r  t o  rounded, l o c a l l y  

de r i ved  cobbles and bou lders  i n  a  m a t r i x  o f  sand and s i l t - s i z e  p a r t i c l e s .  The 

u n i t  ranges up t o  2,000 f e e t  i n  th i ckness .  It i s  f r i a b l e  t o  modera te ly  con- 

s o l  i d a t e d  and forms low rounded h i 1  1s which a re  draped w i t h  a  heterogeneous 

assor tment  o f  vo l can i c ,  p l u t o n i c ,  and metamorphic cobbles and bou lders .  The 

a n g u l a r i t y  o f  t h e  r ock  fragments, poor  s o r t i n g ,  and l a c k  o f  u n i f o r m  bedding 

i n d i c a t e  a  l o c a l  source f o r  t h e  depos i t ,  and o t h e r  workers suggest i t  has been 

depos i ted  r a p i d l y  i n  coa lesc ing  a l l u v i a l  fan - type  depos i t s  a long  an a c t i v e  

mountain f r o n t .  Avent (1965) has s t u d i e d  t h e  depos i t s  i n  d e t a i l .  On t h e  b a s i s  

o f  i t s  s t r a t i g r a p h i c  p o s i t i o n  and v e r t e b r a t e  f o s s i l s ,  a  m idd le  P l i ocene  age has 

been proposed f o r  t h e  fo rmat ion .  The conglomerate has a  s t r i k e  o f  about N. 15" W. 

and d i p s  westward a t  angles up t o  25", i n d i c a t i n g  t h e  f o rma t i on  has been i n v o l v e d  



i n  Bas in  and Range tecton ism.  A t  l e a s t  p a r t  o f  i t s  western con tac t  w i t h  t h e  

Steens Basa l t  and p r e - T e r t i a r y  metamorphic rocks i s  a  normal f a u l t  t h a t  d i p s  

s t eep l y  t o  t h e  east .  The eas t  edge o f  t h e  conglomerate i s  c u t  by t h e  n o r t h  

t o  nor thwes t - t rend ing  r ange - f r on t  f a u l t  and u p l i f t e d  above t h e  a l l u v i u m  o f  t h e  

v a l l e y  f l o o r .  No m i n e r a l i z a t i o n  i s  r epo r t ed  w i t h i n ;  however, a t  t h e  western 

f a u l t e d  con tac t  t h e  metamorphic rocks  e x h i b i t  b r e c c i a t i o n  and s l i c kens i des  and 

have been hydro therma l l y  a l t e r e d  over  a  broad zone. 

A  v a r i e t y  o f  a l l u v i a l  depos i t s  ( u n i t  Q a l c )  i n c l u d i n g  P le is tocene  l a k e  beds, 

a l l u v i a l  fans, smal l  l ands l i des ,  and co l l u v i um  abu t  t h e  range f r o n t s  on bo th  eas t  

and west s ides.  The eastward- and westward-f lowing streams con t inue  t o  depos i t  

coarse and f i n e  d e t r i t u s .  

S t r u c t u r e  

The prominent t i l t e d  f a u l t  b lock  s t r u c t u r e  w i t h  t h e  r ough l y  no r t h - t r end ing  

f r o n t a l  f a u l t  i s  t h e  main s t r u c t u r a l  f e a t u r e  o f  t h e  Pueblo Mountains. Tensional 

t e c t o n i c  f o r ces  which have t i l t e d  t h e  f a u l t  b l ock  about 20" westward and u p l i f t e d  

t h e  b l ock  by as much as 10,000 ft i s  be l i e ved  t o  have s t a r t e d  ve r y  l a t e  i n  Miocene 

t ime and cont inued t o  t h e  present .  Most o f  t h e  u p l i f t ,  however, appears t o  have 

taken p lace  be fo re  t h e  onset  o f  g l a c i a t i o n  as t he re  i s  evidence o f  g l a c i a t i o n  h i gh  

on t h e  western r i d g e  o f  t h e  Pueblo Mountains as w e l l  as t h e  l a r g e  g l a c i a l  canyons 

on t h e  west s i d e  o f  Steens Mountain. A  f a u l t e d  a l l u v i a l  f a n  o f  P le is tocene  t o  

Recent age a t  t h e  mouth o f  Cottonwood Creek i n d i c a t e s  a  con t i nu i ng  t ens i ona l  

t e c t o n i c  pa t t e rn .  

Geophysical Data 

Regional NURE geophysical  s t ud i es  cover  t h e  Steens and Pueblo Mountains 

( ~ e o d a t a  ~ n t e r n a t i o n a l  , Inc.,  1980 a,b) . A 1  i s t  o f  anomalous r a d i o a c t i v e  readings 
i s  summarized genera l l y ,  and a  paragraph under t h e  summary and recommendations f o r  

t h e  Adel quandrangle s t a t es :  "The southern p a r t  o f  t h e  surveyed area would appear 

t o  have cons iderab le  p o t e n t i a l  f o r  r a d i o a c t i v e  m inera l  depos i t s "  (Geodata I n t e r -  

n a t i o n a l  , Inc.,  1980 a) .  

Mines, Prospects,  and M ine ra l i zed  Areas 

The eas t  h a l f  o f  t h e  Pueblo Mountains i s  h i g h l y  m inera l i zed .  The mines, 

prospects,  and m i n e r a l i z a t i o n  were descr ibed  by Ross (1941),  W i l l i ams  and 

Compton (1953), and Brad ley  (1982). Table 13 summarizes t h e  da ta  f rom these 

t h ree  r e p o r t s  and f rom t h e  USGS CRIB system. The repo r t ed  m ine ra l i zed  zone 



Table 13. Mines and prospects i n  t h e  Pueblo Mountains area 

Loca t ion  

Name CRIB no.* T . ( S . )  R.(E).  Sec. Commodities Ore i i i ineral  s  Gangue minera ls  Host r o c k  t ype  Product  i o n  

Pueblo Group MO 20001 
(Pueblo M in ing  Co.) 

Hg ,Au ,CU ,A9 

Au, Cu 

Hg, Cu 

Hg, Cu 

Hg 

Hg, Cu, 
Mn, Au 

Hg, Cu 

Hg, Cu 

AY 

Hg, Cu 

Hg, Cu, As 

Hg, Cu, Ba 

Hg, Cu 

Cha lcopyr i te ,  c innabar ,  schwat- 
z i t e ,  p y r i t e ,  hemat i te ,  copper 
oxides 

Quar tz ,  carbonates Meta-andesi te Some g o l d  
i s  r e p o r t e d  
m i l l e d  

Farnham p r o p e r t y  MO 20002 Cha lcopyr i te ,  p y r i t e  Quartz,  s e r i c i t e ,  Metamorphic 
b i o t i t e ,  potassium rocks  
f e l d s p a r  

None 

Spr ing Creek MO 54930 Cinnabar Chalcedony, quar tz  Andesi te,  
b a s a l t  

None 

Red H i l l  MO 54933 
(Red B u l l )  

Pueblo M in ing  Co. MO 54934 
c la ims  

Ar izona ( V a l l e y  View) MO 54945 

Cinnabar, copper m inera ls  Copper m inera ls  Andesi te None 

None 

None 

None 

None 

Ma lach i te ,  c h r y s o c o l l a ,  a z u r i t e ,  
Mn oxides,  s i d e r i t e  

Quar tz ,  chalcedony, Meta-andesi tes 
c a l c i t e ,  s i d e r i t e  

Apache MO 54946 Cinnabar, c h a l c o p y r i t e ,  schwatz- 
i t e ,  p y r i t e ,  l i m o n i t e ,  Cu ox ides  

Chalcedony, q u a r t z ,  Metamorphic 
1  imon i te  rocks 

Double L i n k  MO 54952 Cinnabar, schwatz i te ,  c h r y s o c o l l a ,  
ma lach i te  

Opal , chalcedony Andesi te,  
b a s a l t  

Farnhani (Wonder Rock) MO 54953 Cha lccpyr i te ,  ma lach i te ,  chryso- 
c o l l a ,  schwatz i te ,  f r e e  go ld ,  
p y r i t e  

Quar tz ,  carbonates,  Meta-andesi t e ,  
l i m o n i t e  q u a r t z  f e l d -  

spar s c h i s t s  

Some Hg 
and Au 

Cash Group (Cottonwood) MO 54954 Copper s t a i n i n g ,  c h a l c o p y r i t e ,  
Cu oxides,  p y r i t e  

Kaol i n i  t e ,  1  imon- Andesi te,  
i t e ,  carbonates shale,  t u f f -  

aceous sand- 
stone 

None 

Blue B u l l  . MO 54955 Cinnabar, ma lach i te ,  a z u r i t e ,  
c h r y s o c o l l a ,  s c h w a t z ~ t e ,  
c h a l c o p y r i t e  

K a o l i n i t e ,  l imon-  Meta-andesi te 
i t e ,  opa l ,  porphyry 
chalcedony 

None 

Rabb i t  Hole MO 54956 
(Spr ing  Creek) 

Cinnabar, secondary Cu minera ls  C a l c i t e ,  k a o l i n i t e ,  B a s a l t ,  
opal  i t e  andes i te  

0.001 f l .  Hg 

None Red King (O'Keefe Copper) MO 54957 Cinnabar, schwatz i te ,  chalcopy- 
r i t e ,  ma lach i te ,  a z u r i t e  

Q u a r t z ,  do lomi te  Andesi te 

* L i s t i n g  taken f rom USGS CRIB s y s t e ~ ~ i  



s t r ikes  north-south and i s  on the eas t  s ide  of the Pueblo Mountains. Five east-  

west soi l  prof i les  were r u n  across the zone. These prof i les  are shown graphically 
by Figures 6 through 10. 

Seventeen rock-chip samples were taken of the mineralization (Table 14) .  

Most of the samples were taken from prospect p i t s ,  mine shaf t s ,  and dumps, b u t  a 

few were taken from outcrops. All of the rock chips showed anomalous values f o r  

one or  more elements. Gold values ranged u p  to  2.1 ppm and copper u p  t o  96,000 

PPm. 
A reconnaissance geochemical sampling program (stream sediment) was conducted 

by Harrold (1973). The samples were analyzed fo r  copper, nickel,  zinc,  and lead. 

Several above-background copper anomalies are  c i ted along with recommendations fo r  

more detai  1 ed sampl i ng. 

Geochemical Sampling Results 

The soi l  prof i les  (Figures 6 through 10) show most convincingly tha t  the eas t  

s ide  of the Pueblo Mountains i s  a major mineralized zone. One of the prof i les  
confirmed the gold-mercury anomalous area staked by a major mining firm. Other 

prof i les  seemed to  have even higher gold values. The eas t  s ide  of the Pueblo 

Mountains has been known as a mineralized area fo r  a long time; however, t h i s  

study has shown tha t  the so i l  prof i les  with the stronger and higher anomalies 

may not have been recognized by the mineral exploration firms. 

Mineral Potential 

General: This study was not to  be concerned with commodities such as o i l  

shale,  bentonite, and zeol i te .  In NW$ sec. 2 1 ,  T.  39 S. ,  R .  35 E . ,  small 

tonnages of zeo l i t e  have been mined. To determine the mineral potent ia l ,  a 

detailed study should be made of t h i s  type of commodity. 

Oil and gas: Three-fourths of the study area have been leased o r  requested 

to  be leased fo r  o i l  and gas. Although the eas t  s ide  of the Pueblo Mountains has 

a predominance of pre-Tertiary metamorphic and plutonic rocks overlain by the 

thick Tertiary lava-flow sequence, the Pueblo Mountains s t ruc tura l ly  i s  a t i l t e d  

f a u l t  block which dips t o  the west. This would make a good t rap  fo r  o i l  and gas 

i f  there were sediments below the units exposed a t  the surface. 

Geothermal energy: The northeast part  of the Pueblo Mountains has been 

c lass i f i ed  as an area known or inferred t o  be underlain a t  shallow depth ( l e s s  

than 1,000 m )  by thermal water of suf f ic ien t  temperature f o r  d i r ec t  heat application 

(Oregon Department of Geology and Mineral Industries,  1982). Heat-flow values are 



Table  14. Rock-chip saniple data  f o r  t he  Pueblo Mountains area 

WSA no. 
and name 

- -- Sample no. T.(S.)-.  

Loca t i on  

R. (E. )  Sec. Sub set.- 

San~ple Rock ndli~e M ine ra l  i z d t i o n  
source o r  o r  

t ype  a l t e r a t i o n  

Anomalous 
elements 

Comments 

2-81L Pueblo Mou~ l t a i ns  

A0067R01 40 

A1078R01 41 

A1083R01 41 

Outcrop Qua r t z  Si 1  i c a ,  copper 

.. . 

S i l i r a ,  cnpper 

Au, Ag, As, Cu, Hg 

Au, Ag, Co, Cu, Hg, N i ,  Sn, Zn 

Au. Sn Ag, As, Be, Co, Cu. Pb, Hg, N i .  

A9, As, Be, Co, Cu, Pb, Hg, N i ,  Sn, 
Zn 

Au, Ag, Co, Cu, Mo, N i ,  U30, 

Outcrop Diabase 

T i 1  l e r  prospect  Prospect  Basa l t  
p i t  

Prospect  B a s a l t  
p i t  

S i l i c a  

D r i l l  S c h i s t  
co re  

Farnian prospect  

Outcrop Greenstone S i l i c a  A9, u308 Ba, Be, Co, Cu. Pb, Hg, N i ,  Sn, 

Mine S c h i s t  
dump 

S i l i c a  Au. Ag, As. Ba,  Be, Co. Cu, Pb, Mn, 
N i ,  W ,  U,O,, Zn 

Au, Ag, As, Co. Cu, Mo, N i ,  W ,  U,O, Mine Sch i s t  
dunlp 

S i l i c a  

Mine S c h i s t  
dump 

S i l i c a  Au, Ag, Co. Cu, Mo, N i ,  U30, 

Prospect  S c h i s t  
 it 

S i l i c a ,  copper Au, A9, C0, CU, Mo, N i ,  U,O, 

Mine S c h i s t  
dump 

S i l i c a  Au, Ag, As, Ba, Cu, Pb, Hg. N i  
U308. Zn 

Au. Ag, As, Co, Cu, N i ,  U,O, Mine S c h i s t  
dump 

S i l i c a  

Prospect  Quar tz  
p i t  

S i l i c a  Au. Ag. As, Co, C u ,  Pb, Mo, N i ,  
U ~ O H ,  Zn 

Au, Be, Cu, Pb, U30,, Zn 

Au, Ag, As, Ba, Co, Cu, Mo, u308 

Outcrop Qua r t z  S i l i c a  

I r o n ,  copper Ar izona prospect  Prospect  Metaniorphic 
p i t  

S i  1  i c a ,  copper, 
mercury  

Au, Ag, As, Be, Co, Cu, Pb, Hg, N i ,  
Zn 

Red King prospect  

B lue  B u l l  p rospect  

Prospect  Qua r t z  
p i t  

Prospect  Qud r t z  
p i t  

S i l i c a ,  copper. 
mercury 

Au, Ag, As, Ba, Cu, Pb, Hg, Ni 
U108, Zn 



2 i n  t h e  anomalous range o f  80 t o  100 mW/m . 
A warm s p r i n g  (Pedro Spr ing )  near F i e l d s  about 10 mi n o r t h  o f  t h e  s tudy  

boundary has a  temperature o f  32" C and a  f l o w  r a t e  o f  about 100 l/m. 

A m ine ra l  e x p l o r a t i o n  ho l e  i n  sec. 13, T. 39 S., R. 34 E., when measured 

f o r  geothermal g r a d i e n t  by t h e  Oregon Department o f  Geology and M ine ra l  

I n d u s t r i e s ,  showed a  temperature o f  35" C a t  a  depth o f  380 m. The temperature 

g r a d i e n t  o f  t h i s  w e l l  was measured a t  60°/km. From a l l  i n d i c a t i o n s  t h i s  w i lde rness  

s tudy  area shou ld  have a  h i g h  p o t e n t i a l  f o r  geothermal energy. 

Meta l  1  i c  commodities: The geochemical sampl ing and t h e  p a s t  m in i ng  

a c t i v i t i e s  can o n l y  l e a d  t o  t h e  conc lus ion  t h a t  t h i s  i s  a  h i g h l y  m i n e r a l i z e d  

area. M i  nab1 e  depos i t s  o f  go ld ,  mercury, and copper-molybdenum cou ld  be h idden 

i n  t h e  e a s t  h a l f  o f  t h e  Pueblo Mountains. The s o i l  p r o f i l e s  and t h e  o t h e r  

sampl ing have proved t h e  ex i s t ence  of severa l  ma jo r  e x p l o r a t i o n  t a r g e t s .  Both 

t h e  ep i the rma l  g o l d  model and t h e  copper-molybdenun porphyry  model f i t  f o r  t h i s  

s tudy  area. 



Steens Mountain Area 

(WSA Unit Nos. 2-85F, South Steens; 2-86E, Bli tzen River; 

and 2-86F, Bl i tzen River) 

General 

The Steens Mountain general area covers about 127,380 acres (199 sq mi) 

and i s  made u p  of three individual wilderness study areas located generally in 

the central part of Steens Mountain in south-central Harney County. 

The South Steens individual study area straddles the rugged crest  and includes 

the steep east-facing escarpment and flanks from near Andrews northward to  the 

headwaters of McCoy and Kiger Creeks. The other two study areas include (1) the 

area high on the western slope that  makes up the headwaters of L i t t l e  Indian and 

Big Indian Creeks and the i r  t r ibu ta r ies  and L i t t l e  Blitzen River, and (2) a 

s l igh t ly  larger area on the lower west slope that  straddles the Donner and Blitzen 

River almost t o  Frenchglen. Both areas are accessible from north-south trending 

roads that  parallel Steens Mountain on the east  and west sides.  On the east  side 

the county-maintained gravel road leaves Oregon Highway 58 a t  the Folly Farm 

junction and connects to  Fields a t  the southern end of Steens Mountain. Access 

roads extend short distances across coalescing a1 1 uvial fans generally only to  

the mouths of the steep stream canyons that  drain the east-facing escarpment. 

On the west side,  accessibi l i ty  i s  by way of Oregon Highway 205 from Burns to  

Frenchglen, a county road that  i s  paved along the east  side of the Catlow Valley 

as f a r  as Roaring Springs, and then an all-weather gravel road that  sk i r t s  the 

south end and connects with Fields. During l a t e  spring and summer, the Steens 

Mountain Loop Road with shorter spur roads makes most points on the western 

slope accessible, including the highest elevations along the crest .  

Situated in the northern part of the Basin and Range Province, Steens 

Mountain and the adjoining Pueblo Mountains to  the south are an impressive 

north- to  northeast-trending, 9,700-ft high, t i 1  ted f au l t  block with a long 

gentle dip slope on the west. The long, east-facing steep escarpment r ises  

abruptly from the Alvord-Pueblo Val ley. The Alvord Val ley i s  essent ia l ly  f l a t  

with in te r ior  drainage, as i s  the Catlow Valley which bounds the mountain block 

on the south and west. The northwest flank dips into the Harney Basin, another 

large valley of in te r ior  drainage. 

Glaciated surfaces are common in the high Steens, and several spectacular 

U-shaped valleys drain the c res t  and western slopes. 

The Steens Mountain area has a middle la t i tude desert climate with wide 

variations in temperatures. Sagebrush and native grass vegetation i s  typical 

with scattered juniper trees on the higher western slopes and canyon walls. 
83 



Geol ogy 

The geological map was compi 1 ed from various workers including Kussei 1 

(1884, 1903a,b), Smith (1927), and Fuller and Waters (1929). Fuller (1931) 

studied the rocks and described the petrography and petrology in great  de t a i l .  

Ross (1941) examined the Steens and Pueblo Mountains fo r  quicksilver and other 

mineral deposits and suggested there  might be large quant i t ies  of low-grade 

material present. Will iams and Compton (1953) followed with a more comprehen- 

s ive  study which discussed the s t ra t igraphy,  s t ruc ture ,  and mineral deposits 

and concluded tha t  despite the great  length and width of some occurrences, no 

large bodies of ore had been found and no promising reserves were foreseen. 

Several graduate students,  including Wi 1 kerson (1958), Fryberger (1959), Avent 

(1965), and Cleary (1976) have studied and presented theses on the geology of 

parts of the Steens Mountain and Alvord Valley. Walker and Repenning (1965) 

have published a regional reconnaissance geologic map which includes the area. 

Also during the 1970ts,  the USGS and DOGAMI reviewed the geothermal potential  

and published several reports t ha t  contain information about the water chemistry, 

geothermal gradients,  heat flow, and geophysical parameters of the general area. 

Most of these are  1 i s t ed  in  the bibliography. 

The Steens Mountain escarpment exposes a t ru ly  impressive sequence of Tertiary 

volcanic rocks. All are Miocene and younger i n  age, and although light-colored 

tuffaceous sediments, rhyol i t e  and daci t e  flows, and ash-fl ow tu f f s  are  present 

low i n  the sect ion,  by f a r  the majority of the exposed rocks a re  andesi t ic  and 

basa l t i c  lava flows. Baksi and others (1967), who studied them in d e t a i l ,  suggest 

tha t  the Steens Mountain Basalt escarpment may be the world's l a rges t  exposure of 

successive Ter t iary  lava flows. 

On the west s ide  the gently dipping basal t  surfaces are  overlain by patches 

of upper Miocene and Pliocene ash-flow tu f f s  tha t  are  believed to  have originated 

from caldera-type vents in  the Harney Basin t o  the northwest. Coalescing a l luvial  

fans blanket the foot of the escarpment along the eas t  s ide ,  and small areas of 

glacial  gravels and lake beds are  present on the west slope. 

Extensional tectonic forces t ha t  began about 14 m.y. B . P .  and tha t  have 

become progressively more youthful and concentrated toward the margins are 

be1 ieved t o  be responsible fo r  the large parallel  1 inear basins and ranges in t h i s  

part  of Oregon and the northwestern part  of the Great Basin in general. 

Stratigraphy 

The geologic map fo r  t h i s  study was compiled and adapted from many of the 



reports noted above but mainly those of Walker and Repenning (1965), Williams and 

Compton (1953), Wil kerson (1958), and Gryberger (1959). A personal knowledge of 

the geology and f i e l d  checking are  a lso  ref lected in the geologic map. 

In the study area a l l  the rocks are  volcanically derived and of Miocene and 

younger age. Ful ler  (1931) was the f i r s t  t o  study the  sequence i n  de ta i l  and 

divided them basi cal ly  as  described be1 ow. 

The oldest  ( un i t  Tac) i s  a sequence of l ight-colored,  foss i l i f e rous  s i l i c i c  

t u f f s ,  claystone, opaline cher t ,  and conglomerate in  th in  t o  thick beds, to ta l ing  

500 t o  800 f t  and named the Alvord Creek Formation. There has been much controversy 

about the age of t h i s  formation, but K-Ar dates of 21 m.y. B . P .  reported by 

Evernden and James (1964) and the  determination t ha t  the overlying Steens Basalt 

flows are  a l l  pre-Pliocene have established an ea r ly  Miocene age of the Alvord 

Creek Formation. 

Overlying the Alvord Creek Formation a re  rhyol i t e  and daci t e  flows, ash-flow 

t u f f s ,  and interbedded tuffaceous sediments and breccias with a t o t a l  thickness 

of 1,000 t o  1,500 f t  and named the  Pike Creek Formation (un i t  Tpc). Dating has 

a l so  established an ea r ly  t o  middle Miocene age fo r  the Pike Creek rocks. Occurrences 

of mercury and uranium present in f a u l t s  and breccia zones of the  Pike Creek rocks 

have resulted in  numerous prospects and workings. 

Overlying the Pike Creek and older  rocks unconformably i s  an extensive section 

of andesite and basal t  flows ( u n i t  Tfb) t h a t  may be as thick as 5,000 f t .  As 

o r ig ina l ly  described by Fuller (1931), a lower andesite un i t  of 2,000-ft thickness 

was cal led the Steens Mountain andesi t ic  s e r i e s ,  and an upper uni t  of 3,000 f t  of 

th in  regularly bedded flows of basal t  was cal led the  Steens Basalt .  Later work by 

Wil kerson (1958) and Avent (1970) has shown tha t  the  two uni ts  are  essen t ia l ly  a 

part  of the  same sequence, and the name Steens Basalt should be applied t o  the  whole 

volcanic assemblage in  Steens Mountain as well as the Pueblo Mountains t o  the 

south t o  which the rocks can be traced d i rec t ly .  The repor t  by Avent (1970) 

contains a comprehensive discussion of the Steens Basalt problem. 

The Steens Basalt consis ts  of l i t e r a l l y  hundreds of individual flows ranging 

from 2 t o  100 f t  in  thickness b u t  averaging about 5 t o  10 f t  th ick.  They are  

generally vesicular  and dark-gray t o  black in color with some reddish par ts .  

There are  occasional zones of scor ia  and brecciated scor ia  between flows, b u t  

rare ly  are  there  interbedded sediments. Columnar jo int ing i s  a l so  generally 

lacking. Fine-grained va r i e t i e s  predominate, but textures  vary widely, and a 

notable fea tu re  of some flows i s  the large s i z e  and amount of fe ldspar  phenocrysts. 

In some the thin-bladed plagioclase c rys ta l s  are  as much as 2 in.  long. A 

di ktytaxi t i c  o r  sieve1 i ke c ry s t a l l i ne  texture  was f i r s t  described by Ful ler  (1931) 



f o r  some o f  t h e  Steens B a s a l t  f l ows .  K-Ar dates f o r  t h e  bot tom and t o p  o f  t h e  

s e c t i o n  o f  16 and 14.5 m.y. B.P. i n d i c a t e  t h a t  t h i s  t h i c k  s e c t i o n  o f  b a s a l t i c  

l a vas  was ex t ruded  r a p i d l y  and r e g u l a r l y  d u r i n g  m idd le  Miocene t ime.  There i s  

now general  agreement t h a t  t h e  Steens B a s a l t  i s  a  l a t e r a l  t i m e  e q u i v a l e n t  o f  t h e  

Columbia R i v e r  B a s a l t  Group. 

Th i n  d iscon t inuous  patches o f  l i g h t - g r a y  t o  r edd i sh  r h y o l i t e  ash- f low t u f f s  

( u n i t  Ta t )  occur  on t h e  l owe r  western f l a n k  o f  Steens Mountain. Most p rev ious  

workers have c o r r e l a t e d  these ash- f low t u f f s  w i t h  t h i c k e r ,  more widespread mid- 

P l iocene  depos i t s  (Ra t t lesnake  T u f f )  i n  t h e  Harney Basin.  There a r e  s i m i l a r  ash- 

f l o w  t u f f s  p resen t  f a r t h e r  south i n  t h e  Pueblo Mountains and i n  V i r g i n  Va l ley ,  

Nevada. Walker and Repenning (1965) r e p o r t  K-Ar dates o f  about  10 m.y. f o r  

s i m i l a r  ash- f low t u f f s .  

I n  bo th  o f  t h e  bounding bas ins  (Cat low V a l l e y  on t h e  west and A l v o r d  

Val l e y  t o  t h e  east), t h e r e  a r e  Quate rnary  l a k e  sediments ( u n i t  QTs) t h a t  l a p  

on to  t h e  f a u l t e d  escarpments. These th in-bedded depos i t s  v a r y  f rom coarse g rave l s  

t o  f i n e  sands and s i l t s .  Wave-cut t e r r a c e s  around t h e  bas ins a r e  ev idence f o r  

l a r g e  sha l low l akes  d u r i n g  g l a c i a l  t imes.  

Quate rnary  a1 1  uvium and c o l  l u v i  um ( u n i t  Q a l  c )  t h a t  i n c l u d e  1  a rge  1  ands l  i d e  

masses a re  t h e  p roduc ts  o f  c o n t i n u i n g  e r o s i o n  and d e p o s i t i o n  which drape t h e  

mountain f l a n k s  and c o n t r i b u t e  t o  t h e  b a s i n  f i l l .  

S t r u c t u r e  

As no ted  p rev i ous l y ,  Steens Mountain i s  i n  t h e  n o r t h  p a r t  o f  t h e  Bas in  and 

Range Province; t h e  prominent  h o r s t  and graben f e a t u r e s  p resen t  a r e  c h a r a c t e r i s t i c  

o f  t h e  r e s t  o f  t h e  p rov i nce  and r e s u l t e d  f rom cons iderab le  east -west  ex tens i on  

d u r i n g  l a t e  Cenozoic t ime.  

An examinat ion o f  t h e  s a t e l l i t e  imagery shown on ERTS Landsat c o l o r  photo-  

graphs o f  sou theas te rn  Oregon tends t o  c o n f i r m  t h e  observa t ions  o f  ea r l y -day  

workers 1  i ke Russel 1  (1884) who suggested t h a t  t h e  Steens-Pueblo Mounta in  range 

i s  t h e  western f l a n k  o f  an arch,  t h e  keystone o f  which dropped down t o  fo rm t h e  

A l vo rd  Va l l ey .  The photos show a  l a r g e  p a r t  o f  t h e  h i g h  Steens t o  have been an 

e longate,  dome-shaped mass be fo re  i t  became t h e  complex h o r s t  and graben s t r u c t u r e  

i t  i s  today. A  s e t  o f  no r t h -no r t heas t  and nor th -nor thwes t  f a u l t s  i s  w e l l  developed, 

e s p e c i a l l y  a t  t h e  n o r t h  end o f  t h e  A l v o r d  Va l l ey .  

Lawrence (1976) i n t e r p r e t s  t h e  p a t t e r n  o f  f a u l t i n g  i n  t h e  Bas in  and Range of 

southeast  Oregon t o  be zones o f  east -west  ex tens ion  t h a t  l i e  between prominent  

r i g h t - l a t e r a l  s t r i k e - s l i p  f a u l t s  t h a t  t r e n d  N. 50" W .  t o  N .  60' W .  The Steens-Pueblo 



area l i e s  between the northernmost of these zones, called the Vale zone, and 

another t ha t  Lawrence called the  Eugene-Denio zone. Farther west the northward 

extent of the Basin and Range topography i s  terminated by the Brothers f a u l t  

zone, which Lawrence suggests ends a t  o r  near the range-front fauTt of Steens 

Mountain. 

Other regional studies of the Basin and Range Province point out (1 )  the 

charac te r i s t i c  pattern of youthful l inear  basins and ranges t ha t  are  c lea r ly  

related to  l a t e  Cenozoic tectonic  events, and (2 )  normal faul t ing t ha t  has 

continued v i r tua l ly  to  the present. The s tudies  a l so  point t o  a high heat flow, 

a th in  c rus t ,  and a low upper-mantle seismic velocity.  Faceted spurs along the 

range f ron t  and of f se t s  in  layered a l luvial  fans are  reported, indicating t ha t  

the tectonic  regime which o f f s e t  the Steens Mountain f a u l t  block as much as 

5,500 f t  from the Alvord Valley f loor  i s  s t i l l  ac t ive  today. 

Geophysical Data 

Geophysical studies conducted during exploration fo r  geothermal resources 

have mainly been concerned with the subsurface s t ruc ture  of the Alvord Valley. 

A gravity study by Cleary (1976) confirms the complex graben s t ruc ture  of the 

valley and indicates the boundary f au l t s .  A regional magnetic survey by the 

USGS (1972) more o r  l ess  confirms the presence of a large f a u l t  along the ea s t  

side of Steens Mountain. Other detailed magnetotelluric and r e s i s t i v i t y  surveys 

are concerned with parts of the Alvord Valley and hot-spring locations.  

Mines, Prospects, and Mineralized Areas 

The eas t  s ide  of the Steens Mountains i s  highly mineralized. The mines, 

prospects, and mineralization have been described by Ross (1941), Williams and 

Compton (1953), and Bradley (1982). Table 15 summarizes the data from these 

three reports and from the USGS CRIB system. Eighteen rock-chip samples 

(Table 16) were taken. Four of the rock-chip samples were from pi les  of dis-  

carded dr i  11 cutt ings from four d i f fe ren t  geothermal prospect holes. The holes 

varied in  depth from 500 to  2,000 f t .  All of these samples had anomalous 

values in one or  more elements. 

Geochemical Sampling Results 

Geochemical sampling has shown tha t  the eas t  s ide  of Steen Mountain i s  

mineralized. I t  has a lso  shown a few gold anomalous values on the west s ide ,  as  

we1 1 .  Some of the rock-chi p samples had very high values in high-temperature 



Table 15. Mines and prospects i n  t h e  Steens Mountain area,  (WSA 2-85F) 

Loca t ion  

CRIB no.* T.(S.)  R.(E.) Sec. Comnodities 

Timberbeast MO 20004 34 34 7  U 

Rhoads Prospect  MO 20005 34 34 7 U, Mn 

P ike  Creek C a r n o t i t e  Group MO 20006 34 34 18 U, Hy 
(K iska ,  C a r n o t i t e  Group) 

Upper P ike  Creek MO 20007 

Alex-Ladd MO 20008 

A lvo rd  Cave Clainrs MO 20009 

Jackpot MO 54966 

Stewart (Ai le-Rogue Claim) MO 54967 

Pot Hole MO 54968 

Las t  Chance ( I n d i a n  C h i e f )  MO 54969 

P ike  ( I n d i a n  C h i e f )  MO 54970 

Weston Bros. (Alexander)  MO 54971 

Steens Mountain Mu 54972 
(Stepharrson & Brad ley )  

Rhoads MO 54973 

-- * L i s t i n g  taken f rom t h e  USGS CRIB system. 

Ore minera ls  Gangue minera ls  Rock type  Produc t ion  Produc t ion  
years  amounts 

I l semann i te ,  a u t u n i t e ,  Clay,  s i l i c a  Daci te,  rhyo-  None None 
t o r b e n i  t e ,  manganese l i t e ,  bedded 
ox ides  t u f f s  

I l semann i te ,  niangan- ... R h y o l i t e  None None 
ese oxides b recc ia ,  t u f f  

Au tun i te ,  u n i d e n t i -  S i l i c a  R h y o l i t e  None None 
f i e d  b lack  ox ide ,  b r e c c i a ,  
manganese ox ide  r h y o l i t e  t u f f  

Iron-manganese ... B i o t i t e  d a c i t e  None None 
oxides 

A u t u n i t e  ---  R h y o l i t e  d i k e  None None 

Autuni  t e  ... R h y o l i t e  None None 

Ciririabar , l i m o n i t e  Chalcedony, R h y o l i t e ,  
c l a y  r h y o l i t e  t u f f  None None 

Cinnabar - - -  B i o t i t e  d a c i t e  None None 

Cinnahar ..- R h y o l i t e  None None 

Cinnabar Chalcedony, Rhyol i t e  None None 
quar tz  c a l c i t e  

Cinnabar;  n a t i v e  Clays,  R h y o l i t e  None None 
mercury, 1  imoni t e  chalcedony 

Cinnabar Cha l~edony ,  R h y o l i t e  b a s a l t  1941-42 0.006 f l .  Hg 
l i m o n i t e ,  c l a y  

C i n ~ ~ a b a ~ ' , l i ~ n o n i t e  Clay R h y o l i t e  1941-42, 0.036 f l . H g  
1361 

Cinnabar, b a r i t e  --- R h y o l i t e  None None 



Tab le  16. Rock-chip sample da ta  f o r  t h e  Steens Mountain area 

USA no. L o c a t i o n  Sample Rock name M i n e r a l i z a t i o n  Anomalous Cornnen t s 
and name source o r  o r  elements 

Sample no. T . (S . )  R.(E.) Sec. Sub sec. t ype  a1 t e r a t i o n  

2-85F South Steens 

A0055R01 

A0056R01 

A0057R01 

A0058R01 

A0981R01 

A0982R01 

A0983R01 

A0984ROl 

A0984R02 

A0985R01 

A0986R01 

A0987R01 

A0987R02 

A0988ROl 

A0989R01 

A0990ROl 

A0991RO1 

A0992R01 

D r i l l  
c u t t i n g  

D r i l l  
c u t t i n g  

D r i l l  
c u t t i n g  

D r i l l  
c u t t i n g  

F l o a t  

Outcrop 

Outcrop 

Outcrop 

Mine 

Mine 

Mine 

Mine 

Prospect 
P l t  

Ouctrop 

Outcrop 

F l o a t  

Outcrop 

Mine 
dump 

U n i d e n t i f i e d  

U n i d e n t i f i e d  

U n i d e n t i f i e d  

U n i d e n t i f i e d  

Jaspero id  

R h y o l i t e  

R h y o l i t e  

R h y o l i t e  

R h y o l i t e  

R h y o l i t e  

R h y o l i t e  

R h y o l i t e  

R h y o l i t e  

R h y o l i t e  

R h y o l i t e  

R h y o l i t e  

R h y o l i t e  

R h y o l i t e  

S i l i c a  Ag, Be, Co, Zn. N i ,  Cu, Pb, Hg 

S i l i c a  Ag, Be, Cu, Zn. Pb. Hg, U30a 

S i l i c a  Ag, Be. Cu, Pb, Hg, N i ,  Sn, U30, 

S i l i c a  Ag, Ba, Be, Pb, Hg 

S i l i c a  Ag, Be, Cu. Pb, Hg. Sn 

S i l i c a  Ag, Be, Cu, Pb, Hg. N i ,  Sn. U,08 

S i l i c a  Ba, Pb, Hg, Sn, U30a 

S i l i c a  Ag, As, Ba, Be, Cu, Pb, Mo, Sn, 
u308 

Copper Ag, As, Ba, Be, Cu, Pb, Hg, no, 
Sn, U3D8. Zn 

S i l i c a  Au, Ag, As, Be, Cu. Pb, Hg. Sn, 
u308 

S i l i c a .  mercury Ag, Be, Cu, Pb, Hg, N i ,  Sn. U30a 

S i l i c a ,  molybdeum Ag, As, Ba, Be, Pb, Hg 

Clay Ag, As, Ba, Be. Pb, Hg, Sn 

S i l i c a  Ag, Ba, Be, Cu, Pb, Sn, U30a 

S i l i c a  Ag, Cu, Hg, Sn 

S i l i c a  Ag, As, Be, Hg, Mo, Sn, U30, 

S i l i c a  Ag, As, Be, Pb, Hg, Sn, U30a, Zn 

Clay,  uranium Ag, As, Be, Cu. Pb, Hg, Mo, Sn, 
u308 

C u t t i n g  f rom ANADARKO h o l e  no. 
79-4, 2,000' deep. 

C u t t i n g  f rom ANADARKO h o l e  no. 
80-6. 500' deep. 

C u t t i n g  f rom ANADARKO h o l e  no. 
81-7, 1,000' + deep. 

C u t t i n g  f rom ANAOARKO h o l e  no. 
81-5. 500' t deep. 

- 

Roads prospect 

Steens Mountain 

Ueston Bros 

Unnamed 

Unnamed 

- 

Pike Creek C a r n o t i t e  Group 



metals such as t i n  and molybdenum. The zinc/cadmium r a t i o  showed tha t  the 

area may be temperature zoned. 

Mineral Potential 

General: This study was not designed t o  consider o i l  shale ,  coal ,  o r  the 

nonmetallic minerals; however, some of the sediments tha t  crop out near the 

valley f l oo r  on the eas t  f ron t  of Steens Mountain ac t  very benl;onitic, as shown 

by road cuts.  Sheppard and Gude (1969) reported a z eo l i t e  deposit  in the W f  
T.  34 S . ,  R .  34 E. To assess the to ta l  mineral potent ia l ,  these mineral 

commodities should be studied in  de t a i l .  

Oil and gas: Over one-half of t h i s  study area has been leased or  applications 

have been f i l e d  fo r  o i l  and gas. Steens Mountain i s  a t i l t e d  f a u l t  block with 

sedimentary rocks be1 ow mainly Ter t iary  volcanic extrusives.  This area may have 

a potential fo r  o i l  and gas. 

Geothermal energy: The eas t  s ide  of Steens Mountain i s  part  of the Alvord 

KGRA and has been ident i f ied as a prime Basin and Range geothermal prospect 

(Oregon Department of Geology and Mineral Industr ies ,  1982). I t  has thus 

a t t rac ted  considerable exploration and lease  i n t e r e s t .  

Some exploration by a private company has been accomplished in the study 

area in the v ic in i ty  west of the Alvord Hot Spring. Exploratory d r i l l  holes of 

a t  l e a s t  1,000-ft depth have been d r i l l ed .  No information about bottom-hole 

temperatures o r  stratigraphy i s  available from t h i s  work. There are  three  warm 

springs in the v ic in i ty  of Frenchglen north and west of the study area t ha t  have 

temperatures of about 30" C and water flows of 400 t o  500 l i ters lmin.  All are 

associated with normal f au l t s  and believed to  be of deep c i rcula t ion type. 

Peterson and Brown (1980) discuss the geothermal potential of the Alvord Valley 

in de t a i l .  

Metallic commodities: This study area had a few s i l t  sample s i t e s  with 

anomalous gold values. Only one rock-chip sample carr ied gold. The area seems 

t o  have more of uranium oxide and molybdenum potential than gold. However, the 

eas t  s ide  of Steens Mountain has the requirements t o  f i t  the epithermal gold 

deposit model. The model does not ca l l  fo r  anomalous values in go1 d i f  very 

l i t t l e  erosion of the system has taken place. 



SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

Th i s  p r o j e c t  was completed accord ing  t o  t h e  terms o f  t h e  c o n t r a c t  between 

t h e  BLM and DOGAMI. Geo log ica l  maps were prepared f o r  t h e  s tudy  areas. Dur ing  

t h e  f i e l d  season, 1,491 samples were taken over  805,000 acres.  Sample l o c a t i o n  

maps were prepared. Those samples were assayed f o r  17 elements. A computer 

system was used t o  s t o re ,  r e t r i e v e ,  and analyze t h e  raw da ta  and t o  p l o t  element- 

anomaly maps. 

Table 17 summarizes t h e  s t u d y ' s  f i n d i n g s .  The summary s ta tement  f o r  each 

WSA was t h e  r e s u l t  o f  t h e  c r i t e r i a  shown as columns on t h e  t a b l e .  Oregon has a 

new g o l d  prov ince.  Only  two o f  t h e  WSA's, Pueblo Mountains (2-81L) and Steens 

Mountain (2-85F), were known t o  be m i n e r a l i z e d  be fo re  t h i s  s t udy  was completed. 

Every WSA had a t  l e a s t  s c a t t e r e d  anomalous g o l d  va lues.  F i gu re  11 i l l u s t r a t e s  

t h e  m e t a l l i c  f i n d i n g s .  The Owyhee Reservo i r  and Pueblo Mountains have a h i g h  

g o l d  p o t e n t i a l .  The Pueblo Mountains a l s o  have a h i g h  p o t e n t i a l  f o r  copper- 

molybdenum. The o t h e r  WSA1s have i n t e r e s t i n g  g o l d  anomaly p a t t e r n s  o r  s c a t t e r e d  

anomalous g o l d  va lues.  

A l though f rom t h i s  s tudy  ve r y  p o s i t i v e  s ta tements have been made about t h e  

m e t a l l i c  commodities, t h e  o t h e r  commodities should n o t  be s l i g h t e d .  A l l  o f  t h e  

WSA's have anomalous h i g h  hea t  f l ows .  Many have warm o r  h o t  sp r i ngs .  Geothermal 

energy t h a t  cou ld  be used e i t h e r  i n  d i r e c t  a p p l i c a t i o n s  o r  i n  a power p l a n t  has 

h i g h  p o t e n t i a l  o f  be ing  p resen t .  Because o f  t h e  sedimentary fo rmat ions  t h a t  occur  

i n  t h i s  reg ion ,  p o s s i b l e  s t r u c t u r a l  t r a p s  formed by b l ock  f a u l t i n g ,  and t h e  

i n t e r e s t  i n  l eas i ng ,  o i l  and gas development i s  always a p o s s i b i l i t y  f o r  most 

o f  t h e  WSA1s. 

Th i s  s tudy  was a v e r y  f a s t  geo log i ca l  and geochemical reconnaissance survey 

o f  an unknown g o l d  p rov ince .  The i n f o r m a t i o n  con ta ined  i n  t h e  raw d a t a  has b a r e l y  

been touched. The pan concentrates t h a t  were taken  a t  each sediment s i t e  have n o t  

been assayed. As f o l l owup  t o  t h i s  study, t h e  raw da ta  should be f u r t h e r  analyzed 

by computer. Se lec ted  pan concentrates should be assayed. New l a r g e r  s ca l e  

geo log i ca l  mapping should be done i n  such areas as t h e  e a s t  s i d e  o f  t h e  Owyhee 

Reservo i r .  Each o f  t h e  anomaly p a t t e r n s  should be resampled, and enough new 

geochemical sampl ing should be completed t o  e x p l a i n  each p a t t e r n .  
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Figure 11. General ized metal 1 i c  potential rat ing fo r  18 BLM wilderness 
study areas,  southeastern Oregon. 
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APPENDIX A. MICROFICHE COPY O F  COMPUTER PRINTOUT 

Included in an envelope as part  of t h i s  report  i s  a microfiche copy of the 

computer printout.  Included in the microfiche are raw assay and s i t e  data ,  area 

summary tables ,  frequency tab les ,  histograms, and s ca t t e r  graphs. 

A 1 i s t  of a l l  the microfiche included with t h i s  report  i s  printed on p. vi -vii  . 



APPENDIX B .  LIST OF MAPS PRODUCED FOR THIS STUDY 

Several s e t s  of maps were produced f o r  t h i s  study and a r e  avai lable  

f o r  inspection a t  the DOGAMI l i b r a r y  in  Portland. 

Geologic Maps (Scale 1 in .  = 1 mi) 

Geology of the  Owyhee Reservoir area 

Geology of the  Middle Owyhee River area 

Geology of the Upper Owyhee River (N) area 

Geology of the  Upper Owyhee River (S) area 

Geology of Trout Creek area 

Geology of the  Pueblo Mountains area 

Geology of the  Steens Mountain area 

Sample Location Maps (Scale 1: 250,000) 

Boise, Idaho, Oregon 

Jordan Val ley ,  Oregon, Idaho 

Adel, Oregon 

Sample Location Maps (Scale 1 in .  = 1 mi) 

Owyhee Reservoir area 

Middle Owhyee River area 

Upper Owyhee River ( N )  area 

Upper Owyhee River (S) area 

Trout Creek area 

Pueblo Mountains area 

Steens Mountain area 



Sample Loca t ion  Maps (Scale 1 :62,500 o r  1:24,000)* 

Twin Springs 

The Elbow 

Quar tz  Mountain Basin 

Pel i c a n  P o i n t  

Three Fingers Rock 

B i g  Mud F l a t  

Di  amond B u t t e  

Rooster Comb 

Bannock Ridge 

Ri  nehar t  Canyon 

The Hol e - i  n-the-Ground 

Jordan Cra te rs  Nor th  

Wrangle B u t t e  

Lambert Rocks 

Owyhee B u t t e  

Frenchgl en 

Page Springs 

McCoy Ridge 

B i g  Pasture Creek 

Rome 

S c o t t  Reservo i r  

Dry Creek R i m  

L i t t l e  Grassy Mountain 45. 

Roaring Spr ings 46. 

Tombstone Canyon 47. 

F i s h  Lake 48. 

W i  1 dhorse Lake 49. 

I n d i a n  F o r t  50. 

S k u l l  Creek 51. 

Whitehorse B u t t e  52. 

Ankle Creek 53. 

A l vo rd  Hot Springs 54. 

Squaw F l a t  55. 

Three Forks 56. 

Andrews 57. 

L i t t l e  Owyhee R i v e r  2 NE 58. 

L i t t l e  Owyhee R i ve r  1 NW 59. 

T rou t  Creek 1 SE 60. 

Oregon Canyon 2 SW 61. 

Oregon Canyon 1 SE 62. 

L i t t l e  Owyhee R i v e r  2 SE 63. 

L i t t l e  Owyhee R i v e r  1 SW 64. 

L i t t l e  Owyhee R i ve r  1 SE .65. 

Rincon F l a t  

Ladycomb Peak 

Tumtum Lake 

L i t t l e  Whitehorse Creek 

T r o u t  Creek 4 NE 

Oregon Canyon 3 NW 

Oregon Canyon 4 NE 

L i t t l e  Owyhee R i ve r  3 NW 

L i t t l e  Owyhee R i ve r  3 NE 

L i t t l e  Owyhee R i ve r  4 NW 

L i t t l e  Owyhee R i ve r  4 NE 

Oregon End Table 

Van Horn Bas in  

Colony Ranch 

T r o u t  Creek 4 SW 

T r o u t  Creek 4 SE 

Oregon Canyon 3 SW 

Oregon Canyon 3 SE 

L i t t l e  Owyhee R i v e r  3 SW 

L i t t l e  Owyhee R i v e r  3 SE 

Rai 1 road P o i n t  (1:62,500) 

Denio (1:62,500) 

*Map sca le  i s  1:24,000 except as i nd i ca ted .  Map numbers correspond t o  map l o c a t i o n s  

shown on F igure  4 i n  t e x t .  

Element Anomaly Over lay Maps (Scale 1 i n .  = 1 m i )  

1. Owyhee Reservo i r  

a. Gold, s i l v e r ,  be ry l l i um ,  t i n ,  and tungsten ove r l ay  

b. Arsenic ,  mercury, molybdenum, and zinc/cadmium r a t i o  over1 ay 

c. Cobalt ,  copper, n i c k e l ,  and z i n c  ove r l ay  

d. Barium, cadmium, lead, manganese, and uranium ox ide  ove r l ay  

2. M idd le  Owyhee R i ve r  . 
a. Gold, s i l v e r ,  be ry l l i um ,  t i n ,  and tungsten ove r l ay  



b. Arsenic,  mercury, molybdenum, and zinc/cadmium r a t i o  over lay  

c .  Cobalt ,  copper, n i cke l ,  and z inc  over lay  

d. Barium, cadmium, l ead ,  manganese, and uranium oxide over lay  

3 .  Upper Owyhee River ( N )  

a.  Gold, s i l v e r ,  beryl l ium, t i n ,  and tungsten over lay  

b. Arsenic,  mercury, molybdenum, and zinc/cadmium r a t i o  over lay  

c .  Cobalt ,  copper, n i cke l ,  and z inc  overlay 

d. Barium, cadmium, l ead ,  manganese, and uranium oxide overlay 

4. Upper Owyhee River (S )  

a .  Gold, s i l v e r ,  beryl l ium, t i n ,  and tungsten over lay  

b. Arsenic,  mercury, molybdenum, and zinclcadmi um r a t i o  overl  ay 

c .  Cobalt,  copper, nickel , and z inc  over lay  

d. Barium, cadmium, l ead ,  manganese, and uranium oxide over lay  

5. Trout Creek 

a .  Gold, s i l v e r ,  bery l l  ium, t i n ,  and tungsten overlay 

b. Arsenic, mercury, molybdenum, and zinc/cadmium r a t i o  overl  ay 

c. Cobalt ,  copper, n i cke l ,  and z inc  over lay  

d. Barium, cadmium, l ead ,  manganese, and uranium oxide over lay  

6.  Pueblo Mountains 

a .  Gold, s i l v e r ,  beryl l ium, t i n ,  and tungsten over lay  

b. Arsenic,  mercury, molybdenum, and z i  nc/cadmium r a t i o  overl  ay 

c .  Cobalt ,  copper, n i cke l ,  and z i n c  overl ay 

d. Bari um, cadmi u m ,  1 ead, manganese, and urani um oxide overl  ay 

7. Steens Mountain 

a .  Gold, s i l v e r ,  bery l l  ium, t i n ,  and tungsten overlay 

b. Arsenic, mercury, molybdenum, and zinc/cadmium r a t i o  overl ay 

c .  Cobalt ,  copper, nickel  , and z inc  over lay  

d. Barium, cadmium, l ead ,  manganese, and uranium oxide overlay 


