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INTRODUCTION 

The Wind River val ley,  on the west slope o f  the Cascade Range, i s  

a northwest-trending drainage t h a t  j o i n s  the Columbia River near Carson, 

Washington ( f i g u r e  1). The region has been heavi ly dissected by f l u v i a l  

and g lac ia l  erosion. Ridges have sharp crests and deep subsidiary val leys 

typ ica l  o f  a mature topography, w i th  a t o t a l  r e l i e f  o f  as much as 900 m. 

The region i s  vegetated by fir and hemlock, as wel l  as dense, brushyground- 

cover and undergrowth. 

The lower 8 km o f  the va l ley  i s  p r i va te l y  owned and moderately 

populated. The upper reaches l i e s  w i t h i n  the G i f f o r d  Pinchot National 

Forest, and include several campgrounds and day parks, the Carson National 

Fish Hatchery, and the Wind River Ranger Stat ion and Wind River Nursery o f  

the U S .  Forest Service. Logging a c t i v i t y  i s  l i g h t  due t o  the rugged 

ter ra in ,  and consequently, most va l ley  slopes are no t  accessible by vehicle. 

The rea l i za t i on  t h a t  a po ten t ia l  f o r  s i g n i f i c a n t  geothermal resources 

ex is ts  i n  the Wind River area was brought about by e a r l i e r  explorat ion 

a c t i v i t i e s .  Geologic mapping and in te rpre ta t ion  was needed t o  f a c i l i t a t e  

fu r ther  explorat ion o f  the resource by providing a knowledge o f  possible 

geologic contro ls  on the geothermal system. This repor t  presents the 

deta i led geology o f  the lower Wind River va l ley  w i th  emphasis on those 

factors  t h a t  bear s i g n i f i c a n t l y  on development o f  a geothermal resource. 

The l i m i t s  o f  the study area shown i n  f i g u r e  1 were determined by 

the locat ions o f  po ten t ia l  geothermal energy users. Thus the area covers 

the Wind River va l ley  from the town o f  Carson nor th  as f a r  as Trout Creek 

H i l l .  Geothermal sys tem which may e x i s t  outs ide o f  t h i s  area, especial ly 

1 
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Figure 1. Location o f  Wind River, southwestern Washington Cascade Range. 
Study area out1 ined. 
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w i t h i n  the National Forest t o  the north, w i l l  have t o  produce high 

temperature resources i n  order t o  be considered f o r  near term fu tu re  use 

because o f  the distance from poten t ia l  users. 

PREVIOUS WORK 

P r i o r  t o  Forest Service road improvements i n  the region, the GJind 

River area was studied only  a t  the southern end o f  the val ley, near i t s  

confluence w i th  the Columbia River. 

north and south o f  the Columbia River includes work by Williams (1916), 

Chaney (1918), A1 1 en (1932), and Hammond '0980) . 

Geologic reconnaissance i n  the v i c i n i t y  

A de ta i led  inves t iga t ion  by Wise (1961, 1970) extended over 30 km 

north o f  the Columbia River i n t o  the Quaternary lava plateau which forms 

the Wind River headwaters. Wise described the s t ra t igraphy and petrology 

o f  Cenozoic basa l t i c  and andesi t ic  lavas, tuff ,  and tuf f  breccia, volcani- 

c l a s t i c  sediments, and in t rus i ve  bodies. 

rocks by Free (1976) compared Wind River d i o r i t e s  t o  other in t rus ives  i n  

Addit ional study o f  i n t rus i ve  

the Columbia River Gorge. 

The most recent work i n  the Wind River area was conducted by the 

Washington Department o f  Natural Resources, D iv is ion  o f  Geology and Earth 

Resources (DNR) from 1980 t o  1982. 

and analyzed and two temperature gradient t e s t  holes were d r i l l e d .  

hole was located near the Carson Hot Springs a t  the south end o f  the va l ley  

(DNR-8). 

(DNR-7), about 7 km northwest o f  DNR-8. Water temperatures o f  53OC e x i s t  

a t  the Carson Hot Springs, and the nearby d r i l l  hole has a gradient o f  

366OC/kn. DNR-7, t o  the northwest, has a temperature gradient o f  84'C/km. 

Thermal and mineral springs were sampled 

One 

The other  ho le was d r i l l e d  near the Wind River Ranger Stat ion 

3 



.The Cascade Range 

through Quaternary Per 

REGIONAL GEOLOGY 

experienced volcanism from the e a r l y  T e r t i a r y  

ods. Eocene t o  ea r l y  Pl iocene rocks form the 

bu lk  o f  the Cascade Range i n  sou thws te rn  Washington (Hamnond, 1980). 

Oligocene vo lcanic  rocks i n  the Mount Rain ier  area were assigned 

t o  the Ohanapecosh Formation by Fiske and others (1963). This includes 

andes i t i c  and b a s a l t i c  lavas and vo l can ic las t i c  rocks t h a t  a re  thought t o  

have f i l l e d  a submerged bas in  i n i t i a l l y ,  and l a t e r  were deposited sub- 

a e r i a l l y .  Late Oligocene t o  Miocene volcanism no r th  o f  the Wind River 

area was increas ing ly  s i l i c i c ,  i nc lud ing  py roc las t i c  flows, vo l can ic las t i c  

rocks, and pyroxene andesi te and basa l t  f lows, i n  order  o f  r e l a t i v e  volumes. 

From the east, the Miocene Yakima Basal t  Subgroup o f  the Columbia River 

Basal t  Group flowed across t h e  southeast p a r t  o f  the  Wind River  area. 

High-alumina o l i v i n e  b a s a l t  was the dominant vo lcanic  rock i n  the 

l a t e  T e r t i a r y  and Quaternary Periods. The b a s a l t  erupted from numerous 

volcanoes w i t h i n  the Cascade Range, i nc lud ing  Trou t  Creek H i l l ,  Rock Creek 

Butte, and Cedar Creek i n  o r  near the study area ( f i g u r e  1) .  

o f  the study area, the b a s a l t i c  lava flows coalesced t o  form a plateau 

c a l l e d  Ind ian  Heaven. 

Northeast 

The Quaternary per iod was a l so  marked by the 

format ion o f  several large, scattered, andes i t i c  stratovolcanoes, i nc lud ing  

Mount S t .  Helens, Flount Adams and Mount Rainier. 

Regional s t ruc tu res  i n f l uenc ing  the geology o f  the Wind River area 

inc lude two super-imposed f o l d  trends and two d i rec t i ons  o f  f au l t i ng .  

Te r t i a ry  s t r a t a  a re  fo lded along a northwest t rend w i t h  gent ly  t o  moderate 

dips. This t rend may be p a r a l l e l  t o  the nor thwester ly  Mesozoic s t r u c t u r a l  

g ra in  o f  the North Cascades (Hammond, 1980). Superimposed on these fo lds  

4 



are northeast- t rending fo lds  r e l a t e d  t o  the Pl iocene Yakima fo lds  (Hamnond, 

1980) . 
A northwest-trending f a u l t  system i n  the reg ion probably accompanied 

development o f  the  northwest-trending folds.  North-south t rending f a u l t s  

i n  the southern Washington Cascade Range r e f l e c t  east-west extension w i t h i n  

the range. Examples o f  t h i s  inc lude the north-south t rending Ind ian  Heaven 

and King Mountain f i s s u r e  zones (Hammond, 1980). 

5 

CENOZOIC ROCKS 

In t roduc t i on  

The o ldes t  exposed u n i t  i n  the Wind River  area i s  the Ohanapecosh 

Formation ( f i g u r e  2). The u n i t  i s  a t  l e a s t  5000 m t h i c k  i n  southern 

Washington and i s  genera l ly  composed o f  vo l can ic las t i c  deposits, lava 

flows, and py roc las t i c  flows. It has been mapped across the southern 

Washington Cascade Range as represent ing a t ime o f  p r i m a r i l y  d i s t a l ,  

andes i t i c  volcanism (Fiske, 1963; Fiske and others, 1963). 

West o f  the Wind River, the Ohanapecosh Formation i s  unconformably 

o v e r l a i n  by Stevenson Ridge lavas. 

w i t h  the Three Corner Rock lavas o f  Hammond (1980), be l ieved t o  be l a t e  

Oligocene-early Miocene i n  age. 

These basal t ic-andesi  tes co r re la te  

Another 1 a te  01 i go 

south Cascades i s  the *S 

f lows and minor andesi te f lows have been mapped t o  the nor th  and east  o f  

the study area by Hammond (1980). The Stevens Ridge Formation i s  e i t h e r  

n o t  present i n  the lower Wind River va l ley,  o r  i s  no t  d is t ingu ishab le  f r o m  

r l y  Miocene volcanic u n i t  c o m n  i n  the 

ge Formation. _These daci t i c  py roc las t i c  

pecosh s t r a t a  . 

5 
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Wise (1970) Hammond (1 980) Lower Wind River Val 1 ey 

Lands1 ides 
P1 a ty  01 ivine 
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I 
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unconformi t y  
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(26.8- Lavas 
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Stevenson. Ridge 
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Ohanapecosh 
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Figure 2. Stra t igraphic  columns fo r  this study and from previous work 
by Wise (1970) and Hamnond (1980). 
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Wise (1970) assigned the Stevenson Ridge andesi te f lows t o  the upper 

Ohanapecosh Formation ( f i g u r e  2). 

t h a t  the  andesi te i s  considerably younger than the Ohanapecosh Formation. 

Radiometric age dates, however, i n d i c a t e  

Miocene Yakima Basal t  f lows entered on ly  the extreme southeast corner  

of the Wind River  va l l ey  and were subsequently in t ruded by quar tz  d i o r i t e  

o f  Wind Mountain. I n t r u s i v e  events genera l ly  occurred from the  Miocene 

through the Pliocene. Quaternary o l i v i n e  b a s a l t  o f  T rou t  Creek H i l l  i s  

the most recent  volcanism i n  the lower Wind River va l ley.  

Rocks o f  the T e r t i a r y  Period 

Ohanapecosh Formation. The o ldes t  exposed rocks i n  the  Wind River 

area are  assigned t o  the  Ohanapecosh Formation (Wise, 1970; Waters, 1973; 

Hammond, 1980). The format ion has been age-dated a t  35 t o  27 my. i n  

several por t ions  o f  the Cascades beyond the study area (Hammond 1980). 

I n  the  Ohanapecosh Formation o f  the lower Wind River va l ley,  lava 

and py roc las t i c  f lows are minor i n  comparison t o  vo l can ic las t i c  rocks 

( f i g u r e  3 ) .  I n  contrast ,  Wise (1961) repor ted a 600-900 m sec t ion  o f  

Ohanapecosh breccias and f lows about 14 km t o  the  north, w i t h  a h igh 

percentage o f  lavas. The Ohanapecosh Formation w i t h i n  the study area, 

may represent products o f  d i s t a l  volcanism i n  which vo lcanic  centers were 

loca ted  ou ts ide  o f  the area and the bu lk  of vo lcanic  mater ia ls  are vo lcani -  

c l a s t i c  i n  o r i g in .  

The base o f  the Ohanapecosh Formation i s  n o t  exposed i n  the Wind 

River va l ley.  The format ion has a t o t a l  thickness o f  a t  l e a s t  400 m, 

as exposed on the  east  s ide  o f  the va l ley,  from r iverbed t o  r idgetop  

between Jimmy Creek and Bear Creek. 

7 
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Figure 3. Generalized composite columnar section, Wind River 
valley, southwest Washington. 
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The high degree o f  mineral a l t e r a t i o n  i n  a l l  subunits o f  the 

Ohanapecosh Formation a t tes ts  t o  the s i g n i f i c a n t  hydrothermal a1 t e r -  

a t i o n  and deep weathering experienced by these materials. Lavas 

e x h i b i t  groundmass a1 te ra t i on  t o  yellowish-green clays o r  ch lor i te ,  

pyroxene replacement by clay, and s l i g h t  z e o l i t i z a t i o n  o f  plagioclase. 

Fragmental vol cani c subuni t s  are pervasively a1 tered t o  ye1 1 owi sh-brown 

and green clays and ch lo r i t e .  

p l e t e l y  a1 tered t o  a f ine,  yellowish-brown, h igh l y  b i re f r i ngen t  mineral. 

Zeol i tes f i l l  fractures and pore spaces and replace glass. Concentrations 

o f  z e o l i t e  and s i l i c a  occur i n  sediments near d i o r i t e  intrusions and were 

formed by loca l ized heating o f  connate water  w i t h i n  Ohanapecosh sediments 

during emplacement o f  the intrusions. Oxidation o f  i r o n  released by 

mineral breakdown i n porous breccias resul ted i n hemati te-coated c las ts  . 

Pumice c lasts  and glass shards are com- 

The unconformity a t  the top o f  the Ohanapecosh Formation on Stevenson 

Ridge indicates prolonged chemical weathering t h a t  produced a th i ck  layer. 

of montmoril lonite. Abundant higher-temperature smecti te, ch lo r i t e ,  and 

z e o l i t e  minerals, however, ind icate pervasive hydrothermal a1 te ra t i on  has 

occurred. This a1 te ra t i on  may. represent low-grade regional metamorphism 

tha t  developed during formation o f  northwest-trending fo lds across the 

southern Washington Cascades during the Miocene (Hamnond, 1977). Con- 

tinuous o r  several stages o f  deformation may have occurred a f t e r  Miocene 

time, but  pervasive hydrothermal a l t e r a t i o n  i s  not  observed i n  post- 

Ohanapecosh s t ra ta  . 
A po rphy r i t i c  pyroxene dac i te  crops ou t  on the lower f lanks o f  

northern Stevenson Ridge d i r e c t l y  west o f  the Hemlock Ranger Stat ion 

(p la te I ) .  The dark grey t o  black dac i te  i s  p l a t y  and blocky-jointed. 

Highly weathered outcrops average about 3 m thick. 
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A K-Ar  age date f o r  the dac i te  was determined t o  be 22.7 + 0.3 m.y., - 
far  younger than an t i c ipa ted  f o r  a u n i t  o f  the Ohanapecosh Formation. 

The discrepancy may be due t o  several p o s s i b i l i t i e s ,  i nc lud ing  misassignment 

o f  t h i s  f l o w  t o  the Ohanapecosh Formation o r  thermal r e s e t t i n g  o f  the K-Ar  

clock. 

o v e r l a i n  and under la in  by vo l can ic las t i cs  s i m i l a r  t o  mater ia l  on the east 

s ide o f  the va l ley,  and because both the f l ow  and vo l can ic las t i cs  show the 

same degree o f  a l t e r a t i o n .  

i n  con t ras t  w i t h  the more basic andesites and basal ts which character ize the 

The f l ow  was assigned t o  the Ohanapecosh Formation because i t  i s  

However, the d a c i t i c  composition o f  the f l ow  i s  

Ohanapecosh Formation i n  t h i s  p o r t i o n  of the south Cascades. The radiometr ic 

age o f  the dac i te  i s  very c lose t o  the age determined f o r  the d i o r i t e  o f  

Warren Ridge, a t  23.2 - + 1.0 m.y. It i s  q u i t e  poss ib le  t h a t  the i n t r u s i v e  

a c t i v i t y  associated w i t h  the Warren Ridge event and/or regional  low-grade 

zeol i t e  fac ies metamorphism dur ing the Miocene r e s e t  the K-Ar Val ues. 

The proper s o l u t i o n  t o  t h i s  problem would requ i re  add i t i ona l  work, 

i nc lud ing  resampling and analysis,  b u t  i n  t h i s  repor t ,  i t  i s  assumed t h a t  

the dac i te  f l o w  i s  a h igh s i l i c a  upper u n i t  o f  the Ohanapecosh Formation 

which has had i t s  K-Ar date thermal ly reset.  

and 3). 

(See sample 2 i n  tables 1 

Ol igoclase andesite occurs high on the d i v i d e  between Bear Creek and 

Brush Creek. 

columnar j o i n t i n g .  

occur i n  scat tered lenses about 2 cm long. 

The exposure i s  122 m long by 30 m th ick,  w i t h  poor ly  developed 

Yellow granular c l a y  i s  pervasive, and c h l o r i t i c  masses 

An aphyr ic basa l t  o f  very l i m i t e d  ex ten t  caps Huckleberry Ridge and 

i s  less than 3 m th ick.  P la ty  j o i n t s  d i p  t o  the southwest. 
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I d e n t i f i c a t i o n  of c lay  and z e o l i t e  minerals was performed by Wise 

(1961). 

and analc i te .  The associat ion o f  these minerals w i t h  other  hydrothermal 

minerals al lowed Wise t o  f i x  the maximum temperature o f  a l t e r a t i o n  a t  

28OoC w i t h  pressure o f  1000 bars. 

The most common z e o l i t e  minerals are heulandite, laumontite, 

The abundant b i re f r ingent ,  yellowish-brown mineral showed X-ray 

d i f f r a c t i o n  proper t ies intermediate between saponite (a va r ie t y  of 

smect i te)  and c h l o r i t e .  

r i c h  saponite. A random mixed-layer saponi t e - c h l o r i  t e  has been found 

i n  rocks o f  s i m i l a r  l i t h o l o g i e s  and age i n  the Mount Hood area. 

grades i n t o  c h l o r i t e  a t  increasing temperature and depth w i t h  the t ran-  

s i t i o n  t o  c h l o r i t e  being complete a t  about 180°C (Holdaway and Bussey, 

1982). Because saponi te-chl  o r i  t e  coexis ts  w i  t h  ch l  o r i  t e  i n  Wind River 

rocks, thermal metamorphism d i d  no t  exceed 18OoC, assuming a s ing le  meta- 

Wise labeled the c lay  " g r i f f i t h i t e " ,  an i ron -  

I t  

morphic event. 

Stevenson Ridge lavas. Po rphy r i t i c  pyroxene basal t ic-andesi  t e  and 

lesser  amounts o f  basa l t  form the c r e s t  o f  Stevenson Ridge ( p l a t e  I). 

Flows are f l a t - l y i n g  o r  d ipp ing very gent ly  westward. 

o f  the lavas suggests t h a t  they may have f lowed southeastward toward the 

Columbia River, crossing the present-day V a l  1 ey south o f  Carson, perhaps 

f lowing through a pal eodrainage. Stevenson Ridge would therefore repre- 

sent inver ted  topography and an anc ient  course o f  the Wind River. 

The east margin 

A date o f  15.7 - + 1.5 m.y. ( tab le  1) was obtained from southeast 

Stevenson Ridge. The basal t ic-andesi  t e  i s  be l ieved t o  co r re la te  w i t h  

andesite o f  Three Corner Rock t o  the west, suggested 

to be of l a t e  Oligocene-early Miocene age. I f  the f 

south o r  southeast, t h i s  dated mater ia l  may under l i e  

h igher  on the r i dge  t o  the north. 
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TABLE 1. 

K - A r  Radiometric Age Dates, 

Lower Wind R i  ver Val 1 ey 

D i o r i t e  . . . . .Warren Ridge . . -23.2 + 1.0 m.y. 
4N/7E/23B; Table 4, No. 5 

- 

Basal t i c -  
Andesite. . . . .Stevenson Ridge lava . . . .15.7 - + 1.5 m.y. 

3N/8E/18D; Table 3, No. 13 

Analyst: Stanley Evans, Unfversi ty o f  Utah Research I n s t i t u t e  

Dacite . . . . .Ohanapecosh Formation. . . .22.7 - + 0.3 m.y. 

Basal t . . . . .Trout Creek basal t  . . . . .0.338 + 0.075 m.y. 
(338,OUO - + 75,000) 

Analyst: R. A. Duncan, Oregon State Univers i ty  
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Stevenson Ridge to the west contains gently dipping Ohanapecosh 

sediments, lavas, and tuff breccias between the valley f loor  and about 

the 730 m elevation, for  a total  thickness of 280 m. The contact w i t h  

overlying Stevenson Ridge lavas appears to  d i p  gently to  the south- 

southeast. The contact is an erosional unconformi ty. 

The following three subuni t s  were differentiated w i t h i n  the Ohana- 

1) fine-grained volcaniclastic sediments, 2)  massive pecosh Formation: 

pyroclastic flows and volcanic breccias, including mudflows, and 3) 

lava flows. Plate I indicates the extent of these subunits. Undiffer- 

entiated Ohanapecosh Formation is used only where subuni ts  cannot be 

shown separately a t  this map scale. 

Yolcaniclastic o r  fluvial  volcanic sediments a re  the most abundant J 

of the Ohanapecosh subuni ts .  Generally well-sorted, dark reddish-brown, 

l i thif ied sediments consist  of rounded andesite and a1 tered pumice 

par t ic les ,  less than 2 cm i n  site. 

clay, and organic grains. Some s t r a t a  consist  ent i re ly  of opaque organic 

material. 

areas, consisting of s i l i c a  and zeolite. Numerous t h i n  zeol i te  veins 

occur i n  sediments around Buck Mountain. 

The matrix is al tered glass, crystals ,  

Secondary replacement of the matrix has occurred i n  isolated 

W i t h i n  the study area, most slopes are heavily vegetated and rock 

exposures a re  extremely limited. 

more coherent tuff  breccia o r  lava outcroppings implied the presence of 

nonresistant, fine-grained sediments that  have weathered back, forming 

a thick soi l  cover. 

In many cases, lack of outcrops of the 
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A t  the nor th  end o f  Stevenson Ridge, dark grey pyroxene basa l t i c -  

andesi te near ly  30 m t h i c k  caps the r idge. P la ty  j o i n t s  grade upward 

i n t o  blocky j o i n t i n g .  Groundmass fe ldspar  micro1 i tes show s l i g h t  a1 ign- j 
ment. 

L i g h t  green, anhedral aug i te  occurs i n  the groundmass and as phenocrysts. 

Labrador i te  phenocrysts have cores of smecti t e  o r  scat tered s e r i c i  te. 

Contorted .p la ty - jo in ted  pyroxene basal t ic-andesi  t e  on the east  s ide  

I t forms o f  Stevenson Ridge, west o f  Carson, i s  dense and nonvesicular. 

a d i p  slope, and i n  many places i s  found i n  l ands l i de  deposi ts over weathered 

Ohanapecosh Formation. I t  i s  very s i m i l a r  pe t rograph ica l l y  t o  basa l t i c -  

andesi te t o  the north. Basal t i c -andes i te  a lso  occurs along the Columbia 

River south o f  Carson, under ly ing o l i v i n e  b a s a l t  from Trout  Creek H i l l .  

A t  these two loca t ions  , volcanic  f low-breccia contains deuter ic  f rac tu re  

coatings and veins o f  c l a y  and s i l i c a .  This f l ow  brecc ia ind ica tes  the 

terminus o f  the andesi te f low(s)  was south o f  Carson, near o r  a t  the 

Columbia River. 

Dark gray t o  black aphyr ic basa l t  occurs east  o f  Sedum Po in t  a t  the 

extreme west edge o f  the study area. The basa l t  averages 10 m t h i c k  and 

extends westward an unknown distance. I t s  r e l a t i o n s h i p  t o  o ther  basal t s  
1 

in the area i s  unclear, 

t o  conta in  megascopic fe ldspar  phenocrysts and patches o f  dark green clayey 

a l te ra t i on .  

v a l l e y  nor theast  o f  Wind Mountain, and i s  q u i t e  d i s t i n c t  from the nearby 

o l i v i n e  basa l t  o f  Trout  Creek H i l l  (descr ibed below). 

separate u n i t ,  b u t  i t  could be a subuni t  o f  the Stevenson Ridge lavas o r  

a remnant o f  Columbia Rilver Basalt. 

The densely aphyr ic b a s a l t  was found i n  places 

It i s  s i m i l a r  t o  Grande Ronde Basal t  occur r ing  across the 

I t  was mapped as a 
. 
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Yakima Basalt Subgroup. Basalt of the Grande Ronde Basalt Formation, 

Yakima Basalt Subgroup, Columbia River Basalt Group, occurs i n  the extreme 

southeast part  of the Wind River valley, northeast of Wind Mountain. The 

u n i t  i s  widespread eas t  of Wind Mountain and forms ridgetops north and 

west of the Bonnevil l e  lands1 ides to  the west. The Grande Ronde Basalt 

has been age dated a t  14 t o  16.5 m.y. old (Hamnond, 1980). 

The basalt  is sparsely porphyritic, containing feldspar and pyroxene 

Nearly 40"; of the rock consists of as phenocrysts and groundmass grains. 

black opaque glass w i t h  magnetite. 

The Wind Mountain landslide, eas t  of Wind Mountain, consists of basalt 

and other rock debris actively s l i d i n g  over a base of weak montmorillonite 

clay of the Ohanapecosh Formation (Pope, 1972). The large inactive slide 

north and west of Wind Mountain (Plate  I )  a lso consists of basalt  w i t h  

volcaniclastic debris tha t  has s l ipped  along a zone of weathered green clay. 

I t  is possible then, that  the Grande Ronde Basalt was deposited over a 

deeply weathered Ohanapecosh surface similar to  that  underlying the s l ight ly  

older andesite of Stevenson Ridge, a surface that  encourages slippage of 

the dense lavas. 

Intrusive rocks. Many s i l l s  and plugs intruded rocks of the Ohana- 

pecosh Formation. 

a l l  lying along the Wind River valley (figure 4 ) .  

show petrographic dis t inct ions ( table  2).  

S i x  d i s t inc t ive  intrusions a re  named and identified,  

Modal compositions 

The quartz d io r i t e  of Wind Mountain forms a promontory 580 m above 

sea level along the Columbia River, just  eas t  of the confluence w i t h  the 

Wind River. The plug has a diameter of roughly 1.2 km a t  its base. The 

l i g h t  grey holocrystalline d ior i te  contains plagioclase phenocrysts, 

# 
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Figure 4. Intrusions of the lower Wind River valley: Wind Mountain - quartz 
diorite; Buck Mountain, Wise (19611, Pilot Knob, Warren Ridge - 
diorite; Qunker Hill - gabbro. 

16 



TABLE 2 

MODES OF INTRUSIVE ROCKS 

Bunker H i  11 Wind Mtn. Buck Mtn. P i l o t  Knob d i o r i t e  , Warren Ridge 
quartz d i o r i t e  d i o r i t e  south body west body d i o r i t e  gabbro 

Sample No. - - 
Phenocrysts : 

I 

p l  agiocl ase 12* 7 An40 <1* < 1" 
augite <1 
hypersthene <1 

<1 

Groundmass : 
plagioclase 47An38 68 An62 76* 70An20 

apat i te  

pyroxene 23 13 10 10 
magnetite 9 4 5 7 

quartz <1 1 <1 

45An34 
12 
7 
2 

<1 

67An48 
14 

67 An46 
6 

4 5 
(1 
<1 

A1 terat ion:  
b i o t i t e  <1 5 
c l  ays 8 6 8 8 34 14 22 
augi te (1 
c a l c i t e  <1 

250 poi  n ts  counted per sampl e 
*An content of plagioclase not determinable due to heavy a l t e r a t i o n  and/or zoning. 
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subporphyri t i c  hornblende pseudomorphs , granular c r y p t o f e l s i  t i c  mater ia l  , 
and magnetite. 

and the p lag ioc lase has been in tense ly  s e r i c i  t i  zed. 

B i o t i t e  and magnetite have. replaced hornblende phenocrysts, 

Wise (1961) describes an i n t r u s i v e  contact  o f  the quar tz  d i o r i t e  with 

Miocene basal t ,  supported by the presence o f  basal t i c  xeno l i ths  i n  the 

d i o r i t e  (Free, 1976). Consequently, the Wind Mountain i n t r u s i o n  i s  younger 

than the Grande Ronde Basalt, younger than about 14 m.y. (Hamnond, 1980). 

The Wind River fishway s i l l  and Buck Mountain in t rus ion ,  t rea ted  by 

Wise (1961) as separate bodies, are be l ieved t o  be i r r e g u l a r l y  exposed 

por t ions o f  a continuous mass re fe r red  t o  here as the Buck Mountain i n t r u -  

s ion  ( f i g u r e  4). The i n t r u s i o n  i s  exposed f o r  about 3.2 km along the Wind 

River eas t  o f  Carson, forming the steep west and south f lanks  o f  Buck Moun- 

ta in .  Exposures on south Buck Mountain are h igher  i n  e leva t ion  than those 

t o  the northwest, suggesting a northwest-dipping i n t r u s i o n  ( p l a t e  I ;  p l a t e  

11, cross-sect ion B-B'). The d i o r i t e  i s  l i g h t  grey t o  bluish-grey, and 

contains 1 arge p lag ioc lase phenocrysts , zone Anl0-50, w i t h  minor ca l  c i t e  

rep1 acement o f  cores. Hypersthene phenocrysts are i nc l  uded and embayed, 

most of ten by augi te.  Clay a l t e r a t i o n  o f  pyroxene, s i m i l a r  t o  the cela- 

don i te  o f  Wise (1961), i s  comnon. 

Two d i o r i t e  bodies occur a t  P i l o t  Knob. 

h i l l  contains a well-exposed d i o r i t e  s i l l ,  about 12  m th ick ,  t h a t  has up- 

The southwest f l ank  o f  the 

warped the over ly ing  t u f f  brecc ia o f  the Ohanapecosh Formation. Equigranular 

f e l  dspar (Anis-25 ) and aug i te  are included and embayed, and the aug i te  i s  

commonly replaced by hornblende and magnetite. Near the contact ,  the i n t r u -  

s ion contains pods and lenses o f  s i l i c a  w i t h  granular and f ib rous  zeol i tes.  
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A highly a1 tered, trachytic quartz-bearing d ior i te  occurs on the 

south flank of P i lo t  Knob and is more sil iceous t h a n  other d ior i te  bodies 

a t  Pi lot  Knob. I t  may be related to  a s i l l  located about 1.6 km t o  the 

southeast along the Wind River. 

sampling of this l a t t e r  s i l l ,  mapped by Wise (1961) and included on plate I .  

The northern P i l o t  Knob intrusion (see figure 4; PK-1, table 2 )  is 

Formidable access problems i n h i b i t e d  

closely related to  a d ior i te  body that  underlies Warren Ridge to  the north 

(WAR-4, table 2 ) .  

heavily replaced by yellowish-orange clays. Ophitic granular augite is  

replaced by similar clays. 

in PK-1, i n  contrast t o  WAR-4. Chemical analyses show these rocks t o  have 

very similar major element compositions. Diorite of Warren Ridge was dated 

a t  23.2 2 1.0 m.y. ( table  1 ) ;  although i t  post-dates Ohanapecosh Formation, 

i t  does not appear to  be significantly younger, as  indicated by i t s  highly 

a1 tered condition. 

Nearly equigranular p i lo tax i t ic  feldspar i s  zoned and 

A higher degree of clay al terat ion is e v i d e n t  

Very dark and coarse-grained intrusive rock of gabbroic composition 

forms Bunker Hill, west of Pi lot  Knob. Massive blocky outcrops a re  found 

on the south and southeast flanks. The gabbro consists of euhedral feldspar 

phenocrysts (An46) and subhedral augite, both a1 tering t o  celadoni te. The 

groundmass contains anhedral zoned feldspar, magnetite, and pyroxene, w i t h  

significant clay al terat ion.  Wise (1961) estimated the age of the Bunker 

Hill intrusion to  be post-lower Miocene. 

Associated andesite flows. Hornblende andesite forms the cap rock of 

Wise (1961) inter- Warren Ridge a t  the northeast corner of the study area. 

preted th i s  t o  be a d io r i t e  s i l l .  

suggest the andesite is a ridge-capping lava derived from dior i te  plug 

material exposed on the lower flanks. The lava and plug are similar petro- 

graphically and chemically. 

However, vesicularity and outcrop locations 

. 
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Coarse py roc las t i c  flows o f  the Ohanapecosh Formation a r e  best  exposed 

i n  the Bear Creek area. Wise (1961, 1970) presented d e t a i l e d  l i t h o l o g i c  

sections o f  massive t u f f  breccias averaging 11 m th ick ,  w i t h  interbedded 

f iner-gra ined t u f f ,  sandstone, conglomerate,or claystone. 

poor ly-sorted 1 i t h i c  and pumice-rich k f f  breccias were i n t e r p r e t e d  as 

The massive and 

py roc las t i c  f l o w  uni ts .  

Coarse c l a s t i c  breccia outcrops are widespread i n  the Wind River val ley.  

Outcrops are rounded by weathering and form discontinuous exposures o f  

green, grey,or reddish-brown breccia 8 t o  15 m th i ck .  Clasts o f  andesite, 
1 , 
I 

basalt,and pumice are very poor ly sorted, ranging i n  s i z e  from 2 cm t o  0.5 m. 

I The ma t r i x  genera l ly  includes brown and green c lay  w i t h  s i l t - s i z e d  l i t h i c  
1 

fragments and a1 tered glass shards, and commonly contains hematite and 

f ine-grained p lag ioc lase and aug i te  c rys ta l s .  Pr ismat ic z e o l i t e  was observed 

i n  c a v i t i e s  rep lac ing green and brown clay.  

were found, as wel l  as t h i n  interbeds o f  f i n e  t o  medium-grained sandstone. 

The lack  o f  s o r t i n g  among angular and rounded c l a s t s  i nd i ca tes  deposi t ion 

o f  these s t r a t a  by lahars and/or debr is flows. 

Rare carbonized wood fragiiients 

A t u f f  breccia occurs a t  the top o f  the Ohanapecosh Formation on 

Stevenson Ridge. The o l i v e  t o  blue-green colored rock has been in tensely  

weathered t o  o l  i ve-col ored c lay  . 
the breccia f o r  about 3 m. 

the ove r l y ing  Stevenson Ridge lavas ( p l a t e  I ) .  

The weathered zone ex tends downward i n 

This unconformity acts as a s l i d e  plane f o r  

Lava f lows o f  the Ohanapecosh Formation a r e  up t o  30 m th ick,  and are 

p r i m a r i l y  composed o f  discontinuous, h i g h l y  weathered and a1 tered andesite 

and basal t .  The lavas cannot be traced l a t e r a l l y  f o r  any distance. 

A p o r p h y r i t i c  pyroxene d a c i t e  crops o u t  on the lower f lanks o f  northern 

Stevenson Ridge d i r e c t l y  west o f  the Hemlock Ranger S t a t i o n  ( p l a t e  I ) .  

nted. Highly weathered The dark grey t o  black dac 

outcrops average about 3 m 

t e  i s  p l a t y  and blocky- jo 

th i ck .  
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The f low i s  a t  l e a s t  30 m th ick,  w i th  i r regu la r  p l a t y  j o i n t i n g  and zones 

o f  ves icu lar i ty .  

n e t i  t e  w i th  pyroxene r i m s  and cores. The c r y p t o f e l s i  t i c  groundmass con- 

ta ins abundant apat i te.  

Hornblende pseudomorphs are composed o f  granular mag- 

Hydrothermal a l t e r a t i o n  i s  pervasive i n  a l l  d i o r i t e s  o f  the Wind 

River valley. Most common are s e r i c i t i z e d  c a l c i c  cores o f  plagioclase 

grains, Calc i te  a lso has replaced some plagioclase, Pyroxene was sus- 

cept ib le  t o  a l t e r a t i o n  t o  a montmoril lonoid clay. Amphibole commonly 

replaced augite, and less comnonly was i t s e l f  a l te red  t o  b i o t i t e  and 

magnetite. 

The a l t e r a t i o n  may have been achieved through two processes: 

1) dur ing the l a t e  stages o f  c rys ta l l i za t i on ,  minerals may form a t  the 

expense o f  e a r l i e r  formed minerals (react with remaining melt), such as 

augi te jacket ing hypersthene, o r  2) a Separate, pos t -c rys ta l l i za t ion  

event o f  metasomatic metamorphism may cause i o n i c  t ransfer  and a1 t e r a t i o n  

o f  mineral compositions, as i n  u r a l i t i z a t i o n  o f  pyroxene t o  form horn- 

blende and magnetite. Unfortunately, both processes may produce s im i la r  

reactions. The in t rus ions probably experienced regional metamorphism 

associated w i th  northwes t- t rending deformation, as proposed f o r  Ohana- 

pecosh a1 terat ion,  superimposed upon a1 te ra t i on  t h a t  occurred during 

late-stage c rys ta l l i za t i on .  

Quaternary Rocks 

Trout Creek Udsi~lt, Ol iv ine  basal t  or ig inated from the Trout Creek 

H i l l  volcano and flowed southeastward down the Wind River Val ley to the 

Columbia River. The basal t  flowed around both sides o f  Bunker H i l l ,  

d isrupt ing the course o f  the Wind River east o f  Bunker H i l l .  The f low 

dammed both Panther and Bear Creeks, causing terrace formation along 

lower Panther Creek. 

i n  deposi t ion o f  d e l t a i c  sediments (Wise, 1961). 

Basalt a lso dammed the Columbia River, resu l t i ng  
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Wise (1961) be l ieved several t l o i a  erupted from the  Trout  Creek H i l l  

volcano. 

baked contacts w i t h i n  the Sasalt, which would have been i n d i c a t i v e  o f  

m u l t i p l e  flows. 

i n  the Wind River gorge under the "Figh Bridge" on the Wind River  Highway 

No evidence was found i n  t h i s  study o f  sedimentary interbeds o r  

A 70 m thickness o f  Trout Creek b a s a l t  can be observed 

nor th  o f  Carson. A continuous outpour ing o f  basa l t  could form such a great  

thickness w i t h  no interbeds o r  baked contacts, b u t  i t  i s  poss ib le  t h a t  the 

Trout Creek basa l t  may have been a ser ies  o f  intracanyon flows, erupted 

over a r e l a t i v e l y  sho r t  time, conf ined t o  a r e l a t i v e l y  narrow gorge and 

n o t  e n t i r e l y  f i l l i n g  the present broad va l ley.  

intracanyon flows, the r e c u t t i n g  o f  the gorge beneath the High Bridge could 

today be exposing several d i f f e r e n t  flows. 

may be separable by v e r t i c a l  var ia t ions  i n  v e s i c u l a r i t y  o r  t race  element 

chemistry, and thus determine the  number o f  e rup t ive  pulses from Trout 

Creek H i l l  volcano dur ing i t s  sho r t  per iod o f  a c t i v i t y .  

Fol lowing a succession o f  

I n  f u t u r e  studies,  f l ow  u n i t s  

The basa l t  i s  character ized by megascopic c l o t s  o f  glassy, l i g h t  green 

o l  i v i n e  i n  a dark grey, d i  k t y t a x i  t i c  groundmass. 

1 a ths ( An63) accompany the rounded , i ddi ngsi ti zed 01 i v i  ne. 

cons ti tuents a re  micro1 i t e  fe ldspar  ( Ans3) , granular  pyroxene and glass. 

The presence o f  unal tered glass w i t h i n  the rock as we l l  as r e l a t i v e l y  

youth fu l  lava  f l ow  morphology o f  the u n i t  suggest the basa l t  i s  l a t e  

Pleistocene i n  age. 

Subhedral 1 abrador i  t e  

Groundmass 

A K-Ar  rad iometr ic  age date o f  338,000 years was 

, determined f o r  basa l t  co l l ec ted  from a d i s t a l  p o r t i o n  o f  the f low, near 

the Columbia River  (see sample 17 i n  t a b l e  1 and p l a t e  I). 

agreement w i t h  a K-Ar  age date o f  340,000 years f o r  basa l t  co l l ec ted  from 

This i s  i n  

I 
I T rout  Creek H i l l  (Hammond, 1982, personal comnunication). 
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Quaternary sediments. Poorly l i t h i f i e d  to  unlithified sedimentary 

materials of Quaternary age occur throughout the Wind River valley. 

Glacial deposits are  found pasted on the valley walls and high banks of 

the Wind River, especially along the Wind River Highway south of Stabler. 

Unstratified t i l l  i n  these deposits includes cobbles and boulders of 

hornblende d ior i te ,  quartz d ior i te ,  andesite, and basalt. Recent surf ic ia l  

deposits include glacial d r i f t ,  alluvium, and landslides of Grande Ronde 

Basalt, and Stevenson Ridge lavas overlying weathered Ohanapecosh Formation. 

Crossbedded sands over1 ie  Trout Creek basalt  southeast of Carson, 

near the mouth of the Wind River. According t o  Wise (1961), a flow of 

Trout Creek basalt  temporarily dammed the Wind and Columbia Rivers, 

creating a del ta ic  environment i n  the area southeast of Carson. Tribu- 

t a r ies  of the Wind River were also affected by the Trout Creek basalt. 

Flattened stream gradients i n  t r ibutar ies  on the eas t  side of the Wind 

River valley resulted i n  deposition of terrace gravels and sands, 

Summary of Rock Units and Stratigraphy 

The oldest  geologic u n i t ,  the Ohanapecosh Formation of 01 igocene 

age, may represent distal-type volcanism consisting of volcaniclastic 

rocks and lesser  pyroclastic deposits and lava flows. 

dior i tes  and concomitant hydrothermal a1 teration of the Ohanapecosh host 

rocks occurred d u r i n g  regional metamorphism i n  the Miocene. 

Intrusion of 

About 16 m.y. ago, intracanyon andesite and basalt  of Stevenson 

Ridge flowed over deeply weathered Ohanapecosh s t r a t a  i n  the western 

and southern portions of the Wind River valley. The Grande Ronde Basalt 

erupted shortly afterwards to the eas t ,  and flowed over deeply weathered 

Ohanapecosh Forma tion. 
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The quar tz  d i o r i t e  o f  Wind Mountain in t ruded the Ohanapecosh and 

over ly ing  Grande Ronde Basalt.  

Ohanapecosh Formation, a t  Warren Ridge, i s  23 m.y. old,  pre-dat ing Wind 

Mountain. Other i n t rus ions  o f  s l  i g h t l y  vary ing mineralogy occur along 

the r i v e r  va l ley,  and are  bel ieved t o  be Miocene o r  younger i n  age. 

The northernmost d i o r i t e  i n t r u d i n g  

01 i v i n e  basa l t  erupted over a sho r t  t ime i n t e r v a l  i n  the Pleistocene 

from Trout  Creek H i l l  volcano, p a r t l y  f i l l i n g  the Wind River  va l ley.  

De l ta ic  and ter race sediments were deposited marginal t o  the lava  f l ow  

where i t  dammed the Wind and Columbia Rivers and t r i b u t a r i e s  t o  the 

Wind River. 

GEOLOGIC STRUCTURES 

GJise (1961) bel ieves the Wind River  area t o  be i n  a southwest-dipping 

homocline, poss ib ly  p a r t  of a react ivated,  pre-Cenozoic s t ruc tu re  (Hamnond, 

1980). 

i s  hor izon ta l  o r  d ips gent ly  t o  the west. 

Bedding i n  the Ohanapecosh Formation and Stevenson Ridge lavas 

Some s t r u c t u r a l  d i scon t inu i t y  e x i s t s  along the Wind River  va l ley.  

The va l l ey  forms a wel l -def ined l ineament t rending about N45'W from the 

Columbia River near Carson t o  beyond the study area. 

h o t  spr ings and i n t r u s i v e  bodies a l igned along the l ineament ( f i g u r e  5) 

ind ica tes  the existence o f  a c r u s t a l  weakness t h a t  has al lowed the ascent 

o f  magma t o  near the surface. 

homocline o f  Wise (1961). 

The presence o f  

Such a weakness could be r e l a t e d  t o  the 

I t i s  n o t  necessary f o r  t h i s  "Wind River zone" t o  be a major f a u l t  

zone. 

s ide  o f  the Val 1 ey, nor  geologic evidence o f  a f a u l t  on the  east  s ide  

t h a t  might i n t e r s e c t  P i l o t  Knob. 

There i s  no topographic expression o f  a f a u l t  l y i n g  along the west 

However, a f a u l t  may l i e  c e n t r a l l y  i n  
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Figure 5. Relationships o f  intrusive bodies (shaded) and hot sprlngs to structures, 
Lower Wind River valley. 
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the Val l e y  and be buried under Trout Creek basalt. A more westerly 

I s p l i n t e r  o f f  the Wind River zone could pass south o f  Bunker HI11 and 

through Trout Creek H i l l  yolcano, suggesting one mechanism f o r  erup- 

t i o n  o f  the basalt. However, any d i r e c t  evidence o f  f a u l t i n g  i s  lacking. 
1 
i 
j 

I 
! 

I f  the Stevenson Ridge lavas f i l ? e d  a paleovalley, and the contact 

o f  the lavas wi th  Ohanapecosh Formation i s  unconformable, then the t rue 

top o f  the Ohanapecosh on the  west s ide o f  the study area was probably 

many hundreds o f  meters higher i n  elevat ion p r i o r  t o  f l u v i a l  erosion. 

Because o f  such p o s s i b i l i t i e s ,  o f f s e t  cannot be determined from ele- 

I 

I 

vations o f  the eroded tops o f  the formation on e i t h e r  s ide o f  the present 

val ley. 

Even though i t  has not  been possible t o  corre la te rock types (sub- 

u n i t s )  across the val ley, i t  i s  l i k e l y  t h a t  i r r e g u l a r i t i e s  o f  topography 

and loca l  deposit ional environments resul ted i n  extreme l a t e r a l  discon- 

t i n u i t y  o f  Ohanapecosh subunits. A major northwest-trending f a u l t  i s  not  

necessary t o  create geologic features observed i n  the Wind River area. 

Because very l i t t l e  geologic evidence o f  such a f a u l t  was observed, the 

Wind River Valley area i s  believed to  be a zone o f  crusta l  weakness re- 

l a ted  to  regional stress systems t h a t  allowed i n t r u s i v e  a c t i v i t y  and 

associated hot  springs along i t s  length. 

The northeast-trending lineament which i s  formed by the Columbia 

River west o f  Carson and continues east along the L i t t l e  Wind River 

( f i g u r e  5) i s  another important s t ructure w i t h i n  the study area. This 

lineament in tersects  the Wind River zone near the Carson Hot Springs, 

south o f  Buck Mountain, and i s  re fer red t o  as the L i t t l e  Wind River 

fau l t .  Two northeast-trending, south-dipping f a u l t  zones exposed i n  

the wal ls o f  the Wind River gorge near the Carson Hot Springs fu r the r  

support the concept o f  a L i t t l e  Wind River f a u l t .  

tured zones occur w i t h i n  d i o r i t e  o f  the Buck Mountain intrusion, and 

The intensely f rac-  
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trend N. 44' E., 60' S. and N. 48' E., 85' S. Flay al terat ion i5 comnon, 

as well as s i l i c a  and zeol i te  f racture  coatings. 

The Wrtheast-trending fracture  zones post-date the Buck Mountain 

intrusion. The d io r i t e  may have been emplaced along the Wind River zone, 

but  was l a t e r  cut  by younger northeast-trending fractures of the Little 

Wind Riirer faul t .  High vertical  c l i f f s  of d io r i t e  a r e  present only on 
the sides of Buck Mountain tha t  correspond to the Little Wind River f a u l t  

and the Wind River zone. 

south of the L i t t l e  Wind River f a u l t  since this area is now covered by 

1 andsl ide debri s . 
I t  is not known i f  d io r i t e  was indeed downdropped 

The of fse t  of the northwesterly trend of the Wind River a t  its junction 

w i t h  Bear Creek may be due to  a f a u l t  trending along Bear Creek, parallel 

to  the Little Wind River faul t .  A tuff breccia subuni t  of the Ohanapecosh 

is exposed on the northwest s ide of upper Bear Creek, but not on the south- 

eas t  side, implying downdrop to  the southeast. 

GEOCHEMISTRY 

Seventeen samples were analyzed by x-ray fluorescence spectrometry 

for  eleven major oxide abundances. These data a re  reported i n  tables 3, 

4, and 5. Locations o f  samples are plotted on plate I .  

Variation diagrams were plotted for  major oxides versus Si02 (figure 

The igneous rocks show a trend over time of decreasing Si02 and K20 6). 

and an increase o f  other major oxides. However, w i t h  the exception of 

Trout Creek basalt ,  a l l  volcanic rocks a re  presumed to have originated 

outside of the study area, thus a genetic association between members of 

a "Wind River sui te"  tha t  formed over a period of 30 m.y. o r  more is not 

practical. The Wind River rock record ref lects  a regional trend toward 

more mafic compositions w i t h  time, as well as multiple source areas. 
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TABLE 3. 

Chemical analyses o f  Tert iary lavas and volcaniclastic rocks. 

Sample Number 

1 2 7 11 13 16 

s i02 . . . . . . . 52.39 67.27 63.15 64.30 54.32 54.58 

Ti02 . . . . . . . 1.85 0.76 1.05 0.72 1.50 1.70 

A1203. . . . . . . 16.87 14.09 15.62 14.87 17.72 15.97 

. . . . . . . 5.35 3.23 3.59 3.02 4.33 5.03 Fe203 

FeO. . . . . . . . 6.12 3.70 4.11 3.46 4.96 5.76 

MnO. . . . . . . . 0.19 0.16 0.18 0.18 0.16 0.17 

MgO. . . . . . . . 4.01 1.04 1.80 1.17 3.51 3.61 

CaO. . . . . . . . 8.20 2.87 5.80 6.55 8.23 7.55 

Ha20 . . . . . . . 3.74 4.36 3.10 2.94 4.01 4.15 

K20. . . . . . . . 0.98 2.28 1.37 1.76 0.98 1.17 

P205 . . 0 0 . . 0.29 0.22 0.24 1.03 0.29 0.30 . . . . . . . . 99.98 100.01 100.00 100.01 99.99 

Locations o f  Samples: 
1, Tholeiitic basa l t ,  east o f  Sedum Poin t ;  Stevenson Ridge l a v a ( ? ) ,  4N/7E/31B0 
2. Pyroxene daci t e ,  south o f  Ranger Stat ion;  Ohanapecosh Formation, 4N/7E/27C. 
7 .  Andesitic volcanic1 as t ic  sediment, east o f  P i l o t  Knob; Ohanapecosh Formation, 4N/71/2E/24C. 

11. Andesitic tuff breccia, Bear Creek; Ohanapecosh Formation, 3N/8E/6C. 
13. Pyroxene basal tic-andesi te ,  southeast Stevenson Ridge; Stevenson Ridge Lava, 3N/8E/18D. 
16. Pyroxene basal tic-andesi t e  , quarry southwest of Carson; Stevenson Ridge Lava, 3N/8E/29D. 



TABLE 4. 

Chemical Analyses o f  Intrusive Rocks 

T102. . . . . 1.35 1.78 1.92 1.84 1.44 1.81 1.88 1.07 0.92 
A1203 . . . 19.20 16.43 15.45 15.86 14.76 15.93 16.40 16.61 17.47 
Fe203 . . . . . 4.34 5.10 4.85 4.78 4.42 5 049 4.26 3.47 3.19 
FeO . . . . . . 4.98 ' 5.84 5.56 5.48 5.06 6.28 4.89 3.98 3.66 
MnO . . . . . . 0.15 0.19 0.20 0.19 0.18 0.22 0.17 0.12 0.11 
MgO . . . . . 3.01 2.61 2.81 3.03 1.48 3.20 2.81 3.65 3.80 
CaO . . . . . . 8.01 5.42 6.20 5.91 5.57 6.42 5.87 6.62 6.45 
Na20. . . . . . 4.33 4.77 4.01 4.15 3.50 4.24 4.29 3.73 4.02 
K20 . . . . . . 0.78 1,02 61 1.64 1.37 0.99 1.49 1.10 1.14 
p205 . . . . . 0.24 0.29 48 0.44 0.46 0.32 0.31 0 022 0.16 

AL 99 099 100 001 100 .oo 100 001 100 001 100 000 100 001 99.98 99.99 

Locations o f  Samples: 
' 

h) w 

3 - Gabbro, Bunker H i l l ;  4N/7E/22D; BH-1, Table 11. 
4 - Dior i  telandesite, . south crest o f  Warren Ridge; 4Nl7EI13B. 
5 - Diori te, south base o f  Warren Ridge on Wind River Highway; 4N/7E/23B; WAR-4, Table 2. 
6 - Diori te, north P i l o t  Knob; 4Nl7EI24B. 
8 - Diori te, northwest P i l o t  Knob; 4N/7E/26A; WR-1, Table 2. 
9 - Diori te, west P i l o t  Knob; 4N/7E/26D0 

10 - Diori te, southwest P i l o t  Knob; 4N/7E/36A; WR-7, Table 2. 
14 - Diori te, Buck Mountain intrusion, north o f  f i s h  ladder; 3N/8E/21Bm 
15 - Diori te, Buck Mountain intrusion, opposite Carson Hot Springs; 3N/8E/21D; WR-13, Table 2. 

Analyst: P. R. Hooper, Washington State University, Pullman, Washington 



TABLE 5. 

Chemical Analyses o f  Trout Creek Basalt 

SamDl e Number 

SiO2. . . . . . . . . .  51.09 50.21 

TiO2.  . . . . . . . . .  1.14 1.11 

A1 203 . . . . . . . . .  17.45 17.91 

Fe203 . . . . . . . . .  4.74 

FeO . . . . . . . . . .  5.43 

MnO . . . . . . . . . .  0.17 

MgO . . . . . . . . . .  7.19 

CaO . . . . . .  ; . . .  8.85 

4.90 

5.61 

0.17 

7.07 

8.77 

Na20. . . . . . . . . .  3.42 3.73 

K20 . . . . . . . . . .  0.35 0.32 

'205. . . . . . . . . .  0.17 0.19 
' T m A L  . . . . . . . . .  100.00 99.99 

Locations o f  Samples: 

12 - Olivine basa l t ,  north o f  Bear Creek - 
Panther Creek junct ion;  3N/8E/6D. 

17 - Olivine basa l t ,  south o f  Carson near 
Col umbi a R i  ver; 3N/8E/28D. 

Analyst: P. R. Hooper, Washington S t a t e  University, P u l l m a n ,  Washington 
, 
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Therefore, the chemical evo lu t ion  o f  a s i n g l e  Wind River  magma cannot be 

speculated upon. 

Lacking more than one d i o r i t e  age date, i t  i s  d i f f i c u l t  t o  deteriiiine 

a sequence o f  emplacement f o r  the i n t r u s i v e  bodies. 

described i n  t a b l e  2 are roughly g rwped by chemical composit ion i n  f i g u r e  6. 

The intrusive groups 

There i s  considerable range i n  compositions between the  i n t r u s i v e  

groups, from 54 t o  62 percent Si02. 

analyzed by Wise (1961), extends t h i s  range t o  66 percent SiOp. 

one o f  the P i l o t  Knob in t rus ions  i s  23 m.y. o ld ,  b u t  the Wind Flountain 

i n t r u s i o n  post-dates Grande Ronde Basalt,  i.e. i s  younger than 14 m.y. old.  

The remaining in t rus ions  a re  s i m i l a r  t o  the P i l o t  Knob body, b u t  i t  cannot 

be assumed they are o f  s i m i l a r  age merely on the basis o f  petrographic 

The quar tz  d i o r i t e  o f  Wind Mountain, 

A t  l e a s t  

and chemical compositions. Further age da t ing  may b e t t e r  de f ine  the 

re la t i onsh ip  between d i o r i t e  i n t rus ions  i n  the Wind River  va l ley .  

SUBSURFACE GEOLOGY 

Two shallow temperature gradient  heat f l ow  holes were d r i l l e d  by 

the Washington D iv i s ion  o f  Geology and Earth Resources i n  the Wind River 

area. Locations o f  the two 152 m holes are:  DNR-7 (Trout  Creek d r i l l  

ho le ) -  4N/7E/28AAY and DNR-8 (Carson d r i l l  ho le ) -  3M/8E/ZlBDD (see p l a t e  

I ) .  

As i l l u s t r a t e d  i n  the l i t h o l o g i c  logs ( f i g u r e  7) ,  the Trout  Creek 

d r i l l  ho le  penetrated about 9 m o f  o l i v i n e  basa l t  from Trout  Creek H i l l  

volcano. This was under la in  by 15 m o f  a l luv ium and a t  l e a s t  128 m o f  

Ohanapecosh Formation. The l a t t e r  cons is ts  p r i m a r i l y  o f  a1 tered f i n e  

grained t u f f s  o r  tuffaceous sediments, except f o r  a 9 in t h i c k  aphyric 

basal t .  The a l luv ium in te rbed proved incompetent dur ing  d r i l l i n g .  
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Due t o  i t s  p o s i t i o n  between the Trout  Creek basa l t  and clayey t u f f  and 

lava of the Ohanapecos5, the porous mater ia l  may func t i on  as an aqui fer .  

The Carson d r i l l  ho le  encountered a considerably g rea ter  thickness 

o f  Trout  Creek basa l t  ( f i g u r e  7). The basa l t  i s  under la in  by 9 111 (30 f t  

o f  a l luv ium and about 40 m (130 f t j  o f  Ohanapecosh t u f f  and aphyr ic lava 

The lower 70 m (230 ft) o f  the  ho le  consis ts  o f  d i o r i t e  o f  the Buck Mountain 

in t rus ion .  

Ohanapecos h Forma ti on. 

Two t h i n  dikes o r  s i l l s  o f  d i o r i t e  occur i n  the  over ly ing  

Both d r i l l  holes have revealed r e l a t i v e l y  shal low interbedded a l l u -  

vium capped by impermeable Trout  Creek basa l t  and under la in  by c lay - r i ch  

u n i t s  of the Ohanapecosh Formation; thus, the a l luv ium may serve as a 

groundwater aqui fer .  

i n t r u s i o n  o f  the d i o r i t e  i n  DNR-8 may f u r t h e r  prov ide routes f o r  heated 

meteoric water ascending from the Buck Mountain in t rus ion .  

Frac tur ing  o f  the Ohanapecosh Formation dur ing  

EVALUATION OF GEOTHERMAL RESOURCE POTENTIAL 

Set t ing  

The Wind River  area, i n  the southwestern Cascade Range o f  Washington, 

i s  under la in  c h i e f l y  by vo l can ic las t i c  s t r a t a  several km t h i c k  and about 

500 rn o f  andes i t i c  lava f lows o f  Oligocene t o  middle Miocene age. The 

lower vo l can ic las t i c  rocks form p a r t  o f  the Ohanapecosh Formation and 

the unconformably over ly ing  lava  f lows are named the Stevenson Ridge lavas. 

The Stevens Ridge Formation and lava  f lows o f  Three Corner Rock, recognized 

by Hammond (1980), were n o t  recognized i n  the area, al though Stevenson 

Ridge lavas a re  bel ieved t o  c o r r e l a t e  w i t h  Three Corner Rock lavas. 
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By middle Miocene time the s t r a t a  had been warped to  form a southwest- 

d i p p i n g  homocline and were intruded by a number of small stocks and thick 

s i l ls  of gabbro, d ior i te ,  and quartz d ior i te ,  along a northwest-trending 

zone para1 1 el i ng the 5 tr i  ke of the homocl ine. 

metamorphism producing zeol i tes and chlor i te  pervasively affected the rocks 

a t  this time. T h i s  zone is  presently followed by the course of the lower 

Wind River. A1 though a faul t is not del ineated along the valley, s t r a t i -  

graphic differences between the valley sides and the persistent topographic. 

Low-grade zeol i te facies 

expression of the valley strongly suggest tha t  a structural  zone underlies 

the val 1 ey floor. 

The northeas t-trendi ng L i  ttl e Wi nd River faul t formed a f t e r  the 

intrusions were emplaced. 

f au l t  with the Wind River zone (figure 5) suggest there may be a la ten t  

Hot springs localized near the junction of the 

heat source a t  depth, reached by groundwater circulation through the 

L i t t l e  Wind River fault .  

located along the Wind River zone, t h u s  the Li t t le  Wind River f au l t  

probably served to reactivate o r  reopen fractures along the pre-existing 

Wi nd Ri ver zone. 

The two hot springs of figure 5 ,  however, a re  

I 

Geochemical studies of the s p r i n g  water have determined i t  is not 

magmatic in origin (Campbell and others, 1970, Korosec and others, 1983). 

Although the Quaternary Trout Creek basalt  may locally offer  la ten t  thermal 

energy, the hot springs are located a great distance from the basal t ic  

vent, and t h u s ,  the Quaternary vol can0 is not bel ieved responsible for  

h o t  s p r i n g  act ivi ty ,  Evidence of active o r  fossi l  hot springs a c t i v i t y -  

elsewhere i n  the lower Wind River valley i s  lacking. I t  is believed, 

therefore, that  the intersection of the two structural  zones shown i n  

figure 5 near an intrusive mass is direct ly  responsible for  the hot sp r ing  
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development. 

present-day a c t i v i t y  o f  the h o t  springs near the Buck Mountain i n t r u s i o n  

suggests t h i s  p a r t i c u l a r  d i o r i t e  body may be young, perhaps c lose r  i n  

age t o  nearby Wind Mountain (post-Columbia River Basal t )  than t o  d i o r i t e  

I f  heat i s  indeed suppl ied by a coo l ing  in t rus ion ,  the 

o f  P i l o t  Knob (23 m y . ) ,  located over 13 km t o  the northwest, b u t  even 

t h i s  would be too o l d  t o  supply s i g n i f i c a n t  heat. 

Nature o f  the Thermal Water and Heat Source 

Physical and chemical cha rac te r i s t i cs  o f  the Carson and Shipherds 

Hot Springs are l i s t e d  i n  t a b l e  6. 

minerals by the thermal waters has resu l ted  i n  h igh pH and dissolved 

Si02 values. The h igh  t o t a l  d isso lved s o l i d s  (TDS) and re la ted  h igh  

conduct iv i t y  o f  the Carson Hot Springs water suggest e i ther ,  1) t h a t  

much o f  i t  i s  connate or , format ional  water from bur ied sedimentary rocks, 

which tend t o  conta in  elevated Na and C1 i o n  abundances, o r  2) extensive 

weathering and prolonged contact  by the f l u i d  w i t h  sedimentary rocks 

occurred, concentrat ing C1 ions. 

Accelerated d i sso lu t i on  o f  s i l i c a t e  

The lower values o f  conduct iv i t y ,  TDS, C1 and Na ions i n  Shipherds 

Hot Springs suggest there may be more mix ing w i t h  d i l u t e  surface waters, 

espec ia l l y  Wind River water, than occurs a t  Carson Hot Springs. The h o t  

spr ings are less than 800 m nor th  o f  Carson Hot Springs (see f i g u r e  5)  

and occur i n  Buck Mountain d i o r i t e .  I t  i s  n o t  known i f  there i s  a f a u l t  

i n te rsec t i on  c o n t r o l l i n g  l o c a t i o n  o f  these springs. The water may be 

migra t ing  along f rac tu res  away from the Wind R i v e r - L i t t l e  Wind River 

f a u l t  in te rsec t ion ,  sur fac ing  upstream as s l i g h t l y  cooler,  more d i l u t e  

water. 

i n  d r i l l  ho le  DNR-8, near the Shipherds Hot Springs. 

Fractures were observed w i t h i n  u n i t s  o f  the Ohanapecosh Formation 
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TABLE 6. 

Charac te r i s t i c s  o f  two Wind River hot  springs 

Carson Hot Springs 
( 3 N/8 E/2 1 Dd 1 

Shipherds Hot Springs 
(3N/8E/21Db) 

Temperature ( " C ) .  . . .  53 42 

Conductivity (umhos/cm) 2200 220 

Total D i  ssol ved Sol i d s  1410 135 

pH. . . . . . . . . . .  8.5 8.5 

Flow Rate ( l / m i n )  . . .  - 100 

C1 (ppm) . . . . .  680 38 
so4. . . . . . . .  16 12 
Alkal in i ty  . . . .  22 43 
si02 . . . . . . .  51 47 
Na . . . . . . . .  32 5 43 
K . . . . . . . . .  5.2 Not detected 
Ca . . . . . . . .  68 4.2 
Mg . . . . . . . .  0.4 0.1 
L i  . . . . . . . .  0.4 Not detected 
F. . . . . . . . .  0.6 0.4 
Br . . . . . . . .  7.3 0.6 
Fe . . . . . . . .  Not detected Not detected 

(mg/l)  

Geothermometers: 

Na/Li ("C).  . . .  88 - 
Na-K-Ca. . . . . .  100 - 
si02 (chalcedony). 73 69 
Si02 (qua r t z ) .  . .  103 99 

Sources: Temperature, TDS, Flow Rate - Korosec and o the r s  (1981) 
A l l  o ther  data  - M. Korosec, Washington Dept. o f  Natural Resources 
(personal comnunication) . 
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Geothermometers suggest t h a t  both ho t  springs o r ig ina te  from a 

Depth source having an average temperature o f  around 90°C (195OF). 

t o  t h i s  su.bsurface reservo i r  i s  no t  ind icated by geochemi 

The temperature gradient i n  the lower por t ion  o f  the 

hole (DNR-8) was measured t o  be extremely high, 365' C/km 

With a bottom hole temperature o f  on ly  28OC a t  114 m, and 

v i c i n i t y  w i th  temperatures as high as 45OC, the high grad 

a1 data. 

Carson d r i l l  

(see f i gu re  8). 

springs i n  the 

en t  was assumed 

t o  be due t o  conduction between the surface and a r e l a t i v e  

warm aquifer, a t  l e a s t  45OC, which feeds the springs. 

About a year a f t e r  DNR-8 was completed, a deeper wel l  

by the p r i va te  land owner w i t h i n  a few meters o f  the f i r s t  

Hegewald wel l  i s  190 m deep, w i th  a lower-hole gradient o f  

y shallow 

was d r i l l e d  

hole. The 

153OC/km and a 

bottom hole temperature o f  36OC. 

inc lud ing co ld  water downflow from above and warm water downflow near 

the bottom, the gradient cannot be d i r e c t l y  compared t o  the gradient 

o f  DNR-8. 

temperature r e l a t i v e  t o  the h o t  springs and the observation t h a t  the 

gradient continues t o  increase a t  the bottom o f  the hole suggests t h a t  

the main ho t  water aqui fer  had y e t  t o  be reached. Using a gradient o f  

150°C/km, the hot  spring temperature o f  45OC would be reached a t  about 

250 m, and the predicted reservo i r  temperature o f  90°C would be reached 

a t  550 meters. 

Because o f  water f low w i t h i n  the hole, 

Despite the f a c t  t h a t  a ho t  aqu i fe r  was encountered, the low 

A gradient o f  84.3 - + 1.08'C/km ex is ts  i n  the Trout Creek d r i l l  hole. 

This gradient may r e f l e c t  a very high regional gradient, o r  may be due 

t o  l a t e n t  Quaternary volcanic heat associated w i th  the Trout Creek H i l l  

volcano. No in t rus ions o r  f a u l t s  are known i n  t h i s  area. 
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Figure 8. Temperature vs. Depth diagram for DNR-8 and Hqewald Well. 



Geothermal Resource 

Volcanic a c t i v i t y  has occurred i n  recent  times, as i nd i ca ted  by 

the Pleistocene Trout  Creek basal t .  

ra ises geothermal gradients. The evidence o f  t h i s  r e p o r t  shows t h a t  

on ly  one e rup t i ve  phase i s  associatEd w i t h  Trout Creek H i l l  volcano. 

Certainly,  repeated erupt ions over a long t ime i n t e r v a l  provide a more 

Latent  volcanic heat s i g n i f i c a n t l y  

encouraging geothermal prospect, and f u r t h e r  work on t h i s  aspect may 

prove i t  t o  be the case. Present f i e l d ,  petrographic and chemical data 

support on ly  a s i n g l e  lava type t h a t  erupted r a p i d l y  over a s h o r t  per iod 

o f  time. 

The moderate temperature gradient  found i n  the Trout  Creek d r i l l  

ho le  should be f u r t h e r  explored. Deeper holes would i n d i c a t e  i f  the 

gradient  could be r e l i a b l y  pro jected t o  deeper depths, and would provide 

more in format ion on the nature o f  poss ib le  aqui fers  i n  u n i t s  o f  the 

Oh a na pecos h Fo rma ti on . 
Water wel l  logs show t h a t  the Quaternary b a s a l t  may be as much as 

90 m t h i c k  i n  places. 

f i l l i n g  b a s a l t  may be s i g n i f i c a n t l y  lowered by cool ground water f lowing 

Temperatures i n  we l l s  penetrat ing t h i s  v a l l e y  

through o r  below the b a s a l t  f lows. 

Slowly cool ing i n t r u s i v e  bodies may be sources o f  heat, b u t  they 

must be o f  s i g n i f i c a n t  s i z e  and/or r e l a t i v e l y  young age. 

o f  these in t rus ions  could de f i ne  t h e i r  age re la t ionships,  p a r t i c u l a r l y  

Further study 

i f  the bodies were progressively emplaced from south t o  no r th  o r  no r th  

t o  south as the Wind River zone developed. Posi t ions o f  the youngest, 

ho t tes t ,  and possibly s t i l l  concealed i n t rus ions  would then be located 

a t  the younger end o f  the zone. 

i n t r u s i o n  and the Buck Mountain i n t r u s i o n  w i t h  i t s  r e l a t e d  h o t  springs 

The r e l a t i v e l y  young Wind Mountain 
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l i e  a t  the south end o f  the Wind River zone i n  Washington. 

Mountain i s  a quartz d i o r i t e  p lug t h a t  crops ou t  d i r e c t l y  across the 

Columbia River from Wind Mountain and a lso intruded Columbia River Basalt. 

The Wind River zone, may, therefore, have developed from nor th to  south, 

and may extend southward i n t o  Oregon. 

Shellrock 

The occurrence of the thermal waters near Carson i s  a t t r i bu ted  t o  

the in te rsec t ion  o f  two s t ruc tu ra l  zones over an i n t r u s i v e  body t h a t  

y ie lded heat t o  c i r c u l a t i n g  groundwater. 

The 90-100°C estimated reservo i r  temperature a t  the Carson and 

Shipherds Hot Springs i s  no t  w i t h i n  the range o f  conventional geothermal 

power production. Many possible appl icat ions ex is t ,  however, inc lud ing 

space heating o f  homes, schools, o f f i c e s  o r  greenhouses, as wel l  as lower- 

temperature uses such as food processing, f i s h  farming, s o i l  warming, 

and various co-generation processes. Numerous po ten t ia l  users o f  t h i s  

resource e x i s t  a t  the south end o f  the Wind River va l ley  and along the 

Columbia River Gorge. 

SUMMARY AND CONCLUSIONS 

The lower Wind River drainage consists p r imar i l y  o f  the Ohanapecosh 

Formation, an Oligocene u n i t  t h a t  i s  recognized across the e n t i r e  southern 

Washington Cascade Range. 

Wind River va l ley  area. 

w i th  minor massive pyroc las t ic  flows, volcanic breccias and lava flows. 

The formation i s  a t  l e a s t  300 m th i ck  i n  the 

I t consists l a rge ly  o f  vo lcan ic las t i c  sediments, 

Low grade z e o l i t e  fac ies metamorphism during the Miocene l e d  t o  formation 

o f  hydrothermal minerals i n  Ohanapecosh s t ra ta .  Metamorphism probably 

occurred a t  less than 180°C. 
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Stevenson Ridge lavas flowed over deeply weathered vo l can ic las t i cs  

o f  the Ohanapecosh Formation. 

l a t e r  s l i d i n g  o f  the lavas. 

andesite and minor basa l t  f lows up t o  30 m th ick.  

The montmor i l lon i te  surface f a c i l  i ta ted  

Stevenson Ridge lavas cons is t  o f  pyroxene 

The lavas, K-Ar age 

dated a t  15.7 m.y., may be intracanyon f lows t h a t  f i l l e d  an anc ient  course 

o f  the Wind River. 

Nearly aphyr ic Yakima Basal t  f lows, s l i g h t l y  younger than Stevenson 

Ridge lavas, occur no r th  and east o f  Wind Mountain. Yakima Basal t  o v e r l i e s  

montmor i l lon i te  o f  the upper Ohanapecosh, and i s  d isrupted by l a r g e  a c t i v e  

< and i n a c t i v e  s l i d e s  near Wind Mountain. 

Wind Mountain i s  a quar tz  d i o r i t e  p lu ton  t h a t  i n t ruded  the Ohanapecosh 

and Yakima Basal t  i n  the l a t e  Miocene o r  Pliocene. Several smal ler  

d i o r i t i c  in t rus ions,  one dated a t  23 m.y. old, occur wi th in  the Ohanapecosh 

t o  the no r th  along the Wind River. Hydrothermal a l t e r a t i o n  o f  the d i o r i t e s  

may have been induced by late-stage c r y s t a l l i z a t i o n  as we l l  as by regional  

metamorphism i n  the Miocene. Bunker H i l l  i s  the s i n g l e  maf ic i n t r u s i o n  

i n  the va l ley.  

The Trout Creek b a s a l t  i s  a 70 m t h i c k  ser ies o f  intracanyon o l i v i n e  

basa l t  f lows. Eruptions occurred over a s h o r t  t ime i n t e r v a l  about 338,000 

years ago. 

temporar i ly  dammed the Columbia River. 

were deposited marginal t o  the lavas. 

The lavas d isrupted streams along the Wind River v a l l e y  and 

De l ta i c  and ter race sediments 

A gent ly  southwest-dipping s t r u c t u r e  a f f e c t s  the lower Wind River 

va l ley.  Normal t o  t h i s  i s  the northwest-trending Wind River zone, a 

topographic 1 ineament i nc lud ing  a l igned i n t r u s i o n s  and hot springs b u t  

no d i r e c t  evidence o f  f a u l t i n g .  The Wind River zone i s  a c r u s t a l  weakness, 

possibly r e l a t e d  t o  northwest-trending Miocene folds.  The northeast- 
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trending, south-dipping L i t t l e  Wind River f a u l t  in tersects  the Wind 

River zone and cuts the Buck Mountain intrusion. A s imi lar ly-or iented 

f a u l t  may coincide wi th  Bear Creek. 

Minor chemical trends i n  i n t rus i ve  rocks were detected, w i th  

generally increasing from north t o  south along the Wind River Val 

Further age dates and geochemical analyses are required t o  v e r i f y  

t h i s  trend represents magmatic d i f f e r e n t i a t i o n  and emplacement o f  

trusions from north t o  south over t ime. 

A potent ia l  geothermal resource ex is ts  near Buck Mountain a t  

Si02 

eY 

i f  

i n -  

the 

Carson Hot Springs. Exploratory d r i l l i n g  near Buck Mountain shows t h a t  

the Ohanapecosh Formation, beneath the va l ley f i l l i n g  Quaternary basal t  

from Trout Creek H i l l ,  i s  c u t  by t h i n  dikes o r  s i l l s  and i s  underlain 

by a large mass o f  d i o r i t e .  The L i t t l e  Wind River f a u l t  react ivated 

fractures o f  the Wind River zone t h a t  a l low groundwater c i r c u l a t i o n  

w i t h i n  the i n t rus ion  a t  depth. Heat a t  depth, from elevated heat flow, 

possibly associated w i t h  i n t r u s i v e  a c t i v i t y ,  produces ho t  spring temper- 

atures o f  a t  l e a s t  53OC and very high temperature gradients l o c a l l y  above 

the hydrothermal system. 

The geologic s e t t i n g  o f  the Carson Hot Springs suggests f ractures 

c u t t i n g  the Wind River zone and youthful  i n t r u s i v e  bodies may be prere- 

q u i s i t e  f o r  a geothermal resource i n  t h i s  region. S imi lar  geologic en- 

vironments may e x i s t  a t  Wind Mountain, Shellrock klountain, and f o r  the 

in t rus ives forming the h i l l s  a t  the head o f  the Col l ins  Point  and Home 

Valley landsl ides. 

from north t o  south suggests the greatest geothermal potent ia l  may l i e  a t  

the southern end o f  the zone. The extension o f  t h i s  zone t o  the south o f  

Shellrock Mountain should be invest igated f o r  possible moderate temperature 

geothermal resources i n  Oregon. 

Possible temporal development o f  the Wind River zone 
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SYMBOLS - Contact approximately located 

. . .  
Approximate contact between subunits . . . . .  ; .., . .  

Fault: bar and dot on downthrown side; dotted where uncertain, dashed where inferred A .... 

DNR-8 -$- Temperature gradient drill hole; number refers to text 

Location of chemically analyzed sample; number refers to text 

15.7 
K-Ar radiometric age in millions of years 

LITHOLOGIC UNITS 

RECENT 

FI Alluvium - includes fluvial and glacial gravels and sands 

I Qls I Landslide materials 

1 Qt 1 Stream terrace deposits; crossbedded unlithified sands, gravels 

_ _ - - - - - - - - -  
PLEISTOCENE r l  Trout Creek basalt; diktytaxitic glomeroporphyritic olivine basalt from Trout Creek Hill volcano 

- - - - - - - - - - -  
Columbia River Basalt Group, Grand Ronde Basalt 

MIOCENE Undifferentiated aphyric basalt 

F] Stevenson Ridge lavas; pyroxene andesite 

- - - - - - -  
Ohanapecosh Formation, undifferentiated El 

Fl Volcaniclastic sediments subunit 

F1 Tuff breccia subunit 

OLIGOCENE 

Lava flow subunit 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Intrusive Rocks, Eocene to Pliocene age 

Diorite sills and plugs 

Associated andesite lava flows 

I Ti I Quartz diorite of Wind Mountain 

I Tig I Gabbro of Bunker Hill 
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