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INTRODUCTION 

The Wind River v a l l e y , on the west s l o p e of the Cascade Range, i s 

a n o r t h w e s t - t r e n d i n g d r a inage t h a t j o i n s t h e Columbia River nea r Carson, 

Washington ( f i g u r e 1 ) . The r eg ion has been h e a v i l y d i s s e c t e d by f l u v i a l 

and g l a c i a l e r o s i o n . Ridges have s h a r p c r e s t s and deep s u b s i d i a r y v a l l e y s 

t y p i c a l of a mature topography , wi th a t o t a l r e l i e f of as much as 900 m. 

The r e g i o n i s v e g e t a t e d by f i r and hemlock, as well as dense , brushy ground 

cover and underg rowth . 

The lower 8 km of t he v a l l e y i s p r i v a t e l y owned and modera te ly 

p o p u l a t e d . The upper reaches l i e s w i t h i n t h e G i f f o r d P inchot Nat ional 

F o r e s t , and i n c l u d e s eve ra l campgrounds and day p a r k s , the Carson Nat ional 

Fish H a t c h e r y , and the Wind River Ranger S t a t i o n and Wind River Nursery of 

t h e U.S. F o r e s t S e r v i c e . Logging a c t i v i t y i s l i g h t due to t h e rugged 

t e r r a i n , and c o n s e q u e n t l y , most v a l l e y s l o p e s a r e no t a c c e s s i b l e by v e h i c l e . 

The r e a l i z a t i o n t h a t a p o t e n t i a l f o r s i g n i f i c a n t geothermal r e s o u r c e s 

e x i s t s in t he Wind River a rea was b rough t abou t by e a r l i e r e x p l o r a t i o n 

a c t i v i t i e s . Geologic mapping and i n t e r p r e t a t i o n was needed to f a c i l i t a t e 

f u r t h e r e x p l o r a t i o n of the r e s o u r c e by p r o v i d i n g a knowledge of p o s s i b l e 

g e o l o g i c c o n t r o l s on the geothermal s y s t e m . This r e p o r t p r e s e n t s t he 

d e t a i l e d geology of t h e lower Wind River v a l l e y wi th emphasis on t h o s e 

f a c t o r s t h a t bea r s i g n i f i c a n t l y on development of a geothermal r e s o u r c e . 

The l i m i t s of t h e s tudy a r e a shown in f i g u r e 1 were de te rmined by 

the l o c a t i o n s of p o t e n t i a l geothermal energy u s e r s . Thus the a r e a covers 

the Wind River v a l l e y from t h e town of Carson n o r t h as f a r as T r o u t Creek 

H i l l . Geothermal sys tems which may e x i s t o u t s i d e of t h i s a r e a , e s p e c i a l l y 



Figure 1. Location of Wind River, southwestern Washington Cascade Range. 
Study area outl ined. 



w i t h i n t h e Nat iona l F o r e s t t o t h e n o r t h , w i l l have to produce high 

t e m p e r a t u r e r e s o u r c e s in o r d e r to be c o n s i d e r e d f o r nea r term f u t u r e use 

because of t h e d i s t a n c e from p o t e n t i a l u s e r s . 

PREVIOUS WORK 

P r i o r to F o r e s t S e r v i c e road improvements in the r e g i o n , t he Wind 

River a r e a was s t u d i e d only a t t h e s o u t h e r n end of t h e v a l l e y , nea r i t s 

c o n f l u e n c e wi th t h e Columbia R i v e r . Geologic r e c o n n a i s s a n c e in the v i c i n i t y 

no r th and south of t h e Columbia River i n c l u d e s work by Will iams (1916) , 

Chaney (1918) , A l l en (1932) , and Hammond (1980). 

A d e t a i l e d i n v e s t i g a t i o n by Wise (1961, 1970) extended over 30 km 

nor th of t he Columbia River i n t o t h e Qua te rnary l ava p l a t e a u which forms 

t h e Wind River h e a d w a t e r s . Wise d e s c r i b e d t h e s t r a t i g r a p h y and p e t r o l o g y 

of Cenozoic b a s a l t i c and a n d e s i t i c l a v a s , t u f f , and t u f f b r e c c i a , vo lcan i -

c l a s t i c s e d i m e n t s , and i n t r u s i v e b o d i e s . Add i t iona l s tudy of i n t r u s i v e 

rocks by Free (1976) compared Wind River d i o r i t e s to o t h e r i n t r u s i v e s in 

t h e Columbia River Gorge. 

The most r e c e n t work in t h e Wind River a r e a was conducted by t h e 

Washington Department of Natural Resources , D iv i s i on of Geology and Ear th 

Resources (DNR) from 1980 to 1982. Thermal and minera l s p r i n g s were sampled 

and ana lyzed and two t e m p e r a t u r e g r a d i e n t t e s t h o l e s were d r i l l e d . One 

ho le was l o c a t e d n e a r t he Carson Hot Spr ings a t t h e sou th end of t he v a l l e y 

(DNR-8). The o t h e r h o l e was d r i l l e d nea r t h e Wind River Ranger S t a t i o n 

(DNR-7), abou t 7 km n o r t h w e s t of DNR-8. Water t e m p e r a t u r e s of 53°C e x i s t 

a t t he Carson Hot S p r i n g s , and t h e nearby d r i l l ho le has a g r a d i e n t of 

366°C/km. DNR-7, to t h e n o r t h w e s t , has a t e m p e r a t u r e g r a d i e n t of 84°C/km. 



REGIONAL GEOLOGY 

The Cascade Range e x p e r i e n c e d vo lcan ism from t h e e a r l y T e r t i a r y 

through Quate rnary P e r i o d s . Eocene t o e a r l y P l i o c e n e rocks form t h e 

bulk of t he Cascade Range in s o u t h w e s t e r n Washington (Hammond, 1980) . 

Ol igocene v o l c a n i c rocks in t h e Mount R a i n i e r a r e a were a s s i g n e d 

to t h e Ohanapecosh Formation by F i ske and o t h e r s (1963) . This i n c l u d e s 

a n d e s i t i c and b a s a l t i c l a v a s and v o l c a n i c l a s t i c rocks t h a t a r e t hough t to 

have f i l l e d a submerged b a s i n i n i t i a l l y , and l a t e r were d e p o s i t e d sub-

a e r i a l l y . Late Ol igocene to Miocene volcanism nor th of t h e Wind River 

a r e a was i n c r e a s i n g l y s i l i c i c , i n c l u d i n g p y r o c l a s t i c f l o w s , v o l c a n i c l a s t i c 

r o c k s , and pyroxene a n d e s i t e and b a s a l t f l o w s , in o r d e r of r e l a t i v e volumes. 

From t h e e a s t , t h e Miocene Yakima B a s a l t Subgroup of t h e Columbia River 

B a s a l t Group f lowed a c r o s s t h e s o u t h e a s t p a r t of t h e Wind River a r e a . 

High-alumina o l i v i n e b a s a l t was t h e dominant v o l c a n i c rock in the 

l a t e T e r t i a r y and Qua te rna ry P e r i o d s . The b a s a l t e r u p t e d from numerous 

vo lcanoes w i t h i n t h e Cascade Range, i n c l u d i n g Trou t Creek H i l l , Rock Creek 

B u t t e , and Cedar Creek in o r n e a r t h e s tudy a r e a ( f i g u r e 1 ) . N o r t h e a s t 

of t h e s tudy a r e a , t h e b a s a l t i c l a v a f lows c o a l e s c e d to form a p l a t e a u 

c a l l e d Ind ian Heaven. The Qua te rna ry p e r i o d was a l s o marked by t h e 

f o r m a t i o n of s e v e r a l l a r g e , s c a t t e r e d , a n d e s i t i c s t r a t o v o l c a n o e s , i n c l u d i n g 

Mount S t . He lens , Mount Adams and Mount R a i n i e r . 

Regional s t r u c t u r e s i n f l u e n c i n g t h e geology of t h e Wind River a r ea 

i n c l u d e two super - imposed f o l d t r e n d s and two d i r e c t i o n s of f a u l t i n g . 

T e r t i a r y s t r a t a a r e f o l d e d a long a n o r t h w e s t t r e n d wi th g e n t l y to modera te 

d i p s . This t r e n d may be p a r a l l e l t o t h e n o r t h w e s t e r l y Mesozoic s t r u c t u r a l 

g r a i n of t h e North Cascades (Hammond, 1980) . Superimposed on t h e s e f o l d s 



a r e n o r t h e a s t - t r e n d i n g f o l d s r e l a t e d t o t h e P l i o c e n e Yakima f o l d s (Hammond, 

1980) . 

A n o r t h w e s t - t r e n d i n g f a u l t system in the r eg ion probably accompanied 

development of t h e n o r t h w e s t - t r e n d i n g f o l d s . Nor th - sou th t r e n d i n g f a u l t s 

in t h e s o u t h e r n Washington Cascade Range r e f l e c t e a s t - w e s t e x t e n s i o n w i t h i n 

t h e r a n g e . Examples of t h i s i n c l u d e t h e n o r t h - s o u t h t r e n d i n g Ind ian Heaven 

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

CENOZOIC ROCKS 

I n t r o d u c t i o n 

The o l d e s t exposed u n i t in t h e Wind River a r ea i s t h e 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 in s o u t h e r n 

Washington and i s g e n e r a l l y composed of v o l c a n i c l a s t i c d e p o s i t s , l ava 

f l o w s , and p y r o c l a s t i c f l o w s . I t has been mapped a c r o s s t h e sou the rn 

Washington Cascade Range as r e p r e s e n t i n g a t ime of p r i m a r i l y d i s t a l , 

a n d e s i t i c vo lcan ism ( F i s k e , 1963; F i ske and o t h e r s , 1963) . 

West of t h e Wind R i v e r , t h e Ohanapecosh Formation i s unconformably 

o v e r l a i n by Stevenson Ridge l a v a s . These b a s a l t i c - a n d e s i t e s c o r r e l a t e 

wi th t h e Three Corner Rock l a v a s of Hammond (1980) , b e l i e v e d to be l a t e 

O l i g o c e n e - e a r l y Miocene in a g e . 

Another l a t e O l i g o c e n e - e a r l y Miocene v o l c a n i c u n i t common in the 

sou th Cascades i s t h e S tevens Ridge Format ion . These d a c i t i c p y r o c l a s t i c 

f lows and minor a n d e s i t e f lows have been mapped to t h e n o r t h and e a s t of 

t h e s tudy a r e a by Hammond (1980) . The Stevens Ridge Formation i s e i t h e r 

no t p r e s e n t in t h e lower Wind River v a l l e y , o r i s no t d i s t i n g u i s h a b l e from 

upper Ohanapecosh s t r a t a . 



Wise (1970) Hammond (1980) Lower Wind River v a l l e y 

L a n d s l i d e s 
P l a t y o l i v i n e 
b a s a l t of T r o u t 
Creek H i l l 

Al luvium, l a n d s l i d e s 

Hayden C r e e k D r i f t 

Alluvium, l a n d s l i d e s , 
d e l t a i c and t e r r a c e 

sed iments 

O l i v i n e b a s a l t of 
T r o u t Creek Hi l l 

O l i v i n e b a s a l t of 
Trou t Creek H i l l 

Trou t Creek b a s a l t 

unconformi ty unconformi ty unconformi ty 

I n t r u s i v e s i l l s 
and p lugs 

I n t r u s i v e s i l l s 
and p lugs 

I n t r u s i v e s i l l s 
and p lugs 

unconfo rmi ty 

Yakima B a s a l t 
Subgroup 

unconfo rmi ty unconformi ty 

u n c o n f o r m i t y | 
Yakima B a s a l t 

Subgroup 
(14 -16 .5 m . y . ) 

Yakima B a s a l t 
Subgroup 

unconfo rmi ty unconformi ty 

Eagle Creek 
Formation 

unconfo rmi ty 

S tevens Three 
Ridge Corner 
Formation Rock 
(26 .8 - Lavas 
19 .5 m . y . ) 

Stevenson Ridge 
Lavas 

unconfo rmi ty unconformi ty 

Ohanapecosh 
Formation 

Ohanapecosh 
Formation 

(35-27 m . y . ) 

Ohanapecosh 
Formation 

F i g u r e 2 . S t r a t i g r a p h i c columns f o r t h i s s tudy and from p r e v i o u s work 
by Wise (1970) and Hammond ( 1 9 8 0 ) . 



Wise (1970) a s s i g n e d the Stevenson Ridge a n d e s i t e f lows to the upper 

Ohanapecosh Formation ( f i g u r e 2 ) . Radiometr ic age d a t e s , however, i n d i c a t e 

t h a t t h e a n d e s i t e i s c o n s i d e r a b l y younger than the Ohanapecosh Format ion. 

Miocene Yakima B a s a l t f lows e n t e r e d only the extreme s o u t h e a s t c o r n e r 

of t h e Wind River v a l l e y and were s u b s e q u e n t l y i n t r u d e d by q u a r t z d i o r i t e 

of Wind Mountain. I n t r u s i v e even t s g e n e r a l l y occu r r ed from the Miocene 

through the P l i o c e n e . Qua te rnary o l i v i n e b a s a l t of T rou t Creek Hi l l i s 

t he most r e c e n t vo lcanism in the lower Wind River v a l l e y . 

Rocks of t he T e r t i a r y Per iod 

Ohanapecosh Format ion . The o l d e s t exposed rocks in the Wind River 

a r e a a r e a s s i g n e d to t h e Ohanapecosh Formation (Wise, 1970; Waters , 1973; 

Hammond, 1980) . The f o r m a t i o n has been a g e - d a t e d a t 35 to 27 m.y. in 

s e v e r a l p o r t i o n s of t h e Cascades beyond the s tudy a r e a (Hammond 1980) . 

In t h e Ohanapecosh Formation of t h e lower Wind River v a l l e y , l ava 

and p y r o c l a s t i c f lows a r e minor in comparison to v o l c a n i c l a s t i c rocks 

( f i g u r e 3 ) . In c o n t r a s t , Wise (1961) r e p o r t e d a 600-900 m s e c t i o n of 

Ohanapecosh b r e c c i a s and f lows about 14 km t o t h e n o r t h , wi th a high 

p e r c e n t a g e of l a v a s . The Ohanapecosh Formation w i t h i n t h e s tudy a r e a , 

may r e p r e s e n t p r o d u c t s of d i s t a l vo lcan ism in which v o l c a n i c c e n t e r s were 

l o c a t e d o u t s i d e of t h e a r ea and the bulk of v o l c a n i c m a t e r i a l s a r e v o l c a n i -

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

The base of t h e Ohanapecosh Formation i s n o t exposed in t h e Wind 

River v a l l e y . The f o r m a t i o n has a t o t a l t h i c k n e s s of a t l e a s t 400 m, 

as exposed on t h e e a s t s i d e of t h e v a l l e y , f rom r i v e r b e d to r i d g e t o p 

between Jimmy Creek and Bear Creek . 



Recent sed iments - a l l u v i u m , l a n d s l i d e d e b r i s , d e l t a i c and 
t e r r a c e d e p o s i t s . 

T r o u t Creek b a s a l t - (70 m) g r e y , d i k t y t a x i t i c o l i v i n e - r i c h 
b a s a l t , no t s e p a r a b l e i n t o d i s t i n c t f l o w s , p robab ly 
e r u p t e d c o n t i n u o u s l y over a s h o r t t ime i n t e r v a l . 

Yakima B a s a l t , Grande Ronde Member -
(50 m?) b lack s p a r s e l y phyr i c b a s a l t , 
unknown t h i c k n e s s ; in s o u t h e a s t corner 
of a rea in s l i d e c o n t a c t with Ohana-
pecosh Fo rma t ion . 

Stevenson Ridge Lavas - (30 m) pyroxene 
a n d e s i t e f l o w s , o v e r l i e deeply 
weathered zone in Ohanapecosh 

Ohanapecosh Format ion - ( a t l e a s t 300 m) 
p r i m a r i l y v o l c a n i c l a s t i c sed iments 
wi th minor i n t e r b e d d e d p y r o c l a s t i c 
f low and mudflow d e p o s i t s of t u f f 
b r e c c i a and minor a n d e s i t e and b a s a l t 
i n t r a c a n y o n f l o w s . 

Ohanapecosh u n i t s , b u t canno t be demons t ra ted to 
i n t r u d e t h e post-Ohanapecosh u n i t s (which a r e 
m i s s i n g from the a r e a s of the i n t r u s i v e s ) . 

(Base no t exposed) 

F i g u r e 3 . G e n e r a l i z e d composi te columnar s e c t i o n , Wind River 
v a l l e y , sou thwes t Washing ton . 

* have i n t r u d e d 

Quarz diorite of Wind Mountain - quartz-rich pluton intrudes Ohanapecosh Formation and Grande Ronde Basalt. 

Diorite intrusions -six diorite bodies, plagioclase-rich, clay-altered* 



Stevenson Ridge to t h e west c o n t a i n s g e n t l y d i p p i n g Ohanapecosh 

s e d i m e n t s , l a v a s , and t u f f b r e c c i a s between the v a l l e y f l o o r and about 

t he 730 m e l e v a t i o n , f o r a t o t a l t h i c k n e s s of 280 m. The c o n t a c t with 

o v e r l y i n g Stevenson Ridge l a v a s appea r s t o d ip g e n t l y to t h e s o u t h -

s o u t h e a s t . The c o n t a c t i s an e r o s i o n a l u n c o n f o r m i t y . 

The f o l l o w i n g t h r e e s u b u n i t s were d i f f e r e n t i a t e d w i t h i n the Ohana-

pecosh Format ion : 1) f i n e - g r a i n e d v o l c a n i c l a s t i c s e d i m e n t s , 2) massive 

p y r o c l a s t i c f lows and v o l c a n i c b r e c c i a s , i n c l u d i n g mudflows, and 3) 

l ava f l o w s . P l a t e I i n d i c a t e s t h e e x t e n t of t h e s e s u b u n i t s . U n d i f f e r -

e n t i a t e d Ohanapecosh Formation i s used on ly where s u b u n i t s canno t be 

shown s e p a r a t e l y a t t h i s map s c a l e . 

V o l c a n i c l a s t i c o r f l u v i a l v o l c a n i c sed iments a r e t h e most abundant 

of t h e Ohanapecosh s u b u n i t s . G e n e r a l l y w e l l - s o r t e d , dark r edd i sh -b rown , 

l i t h i f i e d sed iments c o n s i s t of rounded a n d e s i t e and a l t e r e d pumice 

p a r t i c l e s , l e s s than 2 cm in s i z e . The m a t r i x i s a l t e r e d g l a s s , c r y s t a l s 

c l a y , and o r g a n i c g r a i n s . Some s t r a t a c o n s i s t e n t i r e l y of opaque o r g a n i c 

m a t e r i a l . Secondary r ep lacemen t of t h e m a t r i x has o c c u r r e d in i s o l a t e d 

a r e a s , c o n s i s t i n g of s i l i c a and z e o l i t e . Numerous t h i n z e o l i t e ve ins 

occur in sed iments around Buck Mountain . 

Within t h e s t u d y a r e a , most s l o p e s a r e h e a v i l y v e g e t a t e d and rock 

exposures a r e ex t r eme ly l i m i t e d . In many c a s e s , l a c k of o u t c r o p s of the 

more c o h e r e n t t u f f b r e c c i a o r l ava o u t c r o p p i n g s impl ied t h e p r e s e n c e of 

n o n r e s i s t a n t , f i n e - g r a i n e d sed iments t h a t have weathered back , forming 

a t h i c k s o i l c o v e r . 



Coarse p y r o c l a s t i c f lows of t h e Ohanapecosh Formation a r e b e s t exposed 

in t h e Bear Creek a r e a . Wise (1961, 1970) p r e s e n t e d d e t a i l e d l i t h o l o g i c 

s e c t i o n s of mass ive t u f f b r e c c i a s a v e r a g i n g 11 m t h i c k , with i n t e r b e d d e d 

f i n e r - g r a i n e d t u f f , s a n d s t o n e , conglomera te , o r c l a y s t o n e . The mass ive and 

p o o r l y - s o r t e d l i t h i c and pumice - r i ch t u f f b r e c c i a s were i n t e r p r e t e d as 

p y r o c l a s t i c f l o w u n i t s . 

Coarse c l a s t i c b r e c c i a o u t c r o p s a r e widespread in the Wind River v a l l e y . 

Outcrops a r e rounded by w e a t h e r i n g and form d i s c o n t i n u o u s exposures of 

g r e e n , grey , o r r edd i sh -b rown b r e c c i a 8 to 15 m t h i c k . C l a s t s of a n d e s i t e , 

b a s a l t , and pumice a r e very poor ly s o r t e d , r ang ing in s i z e from 2 cm to 0 . 5 m. 

The m a t r i x g e n e r a l l y i n c l u d e s brown and green c l a y wi th s i l t - s i z e d l i t h i c 

f r a g m e n t s and a l t e r e d g l a s s s h a r d s , and commonly c o n t a i n s h e m a t i t e and 

f i n e - g r a i n e d p l a g i o c l a s e and a u g i t e c r y s t a l s . P r i s m a t i c z e o l i t e was observed 

in c a v i t i e s r e p l a c i n g green and brown c l a y . Rare ca rbon i zed wood f r agmen t s 

were f o u n d , as well as t h i n i n t e r b e d s of f i n e to medium-grained s a n d s t o n e . 

The l a c k of s o r t i n g among a n g u l a r and rounded c l a s t s i n d i c a t e s d e p o s i t i o n 

of t h e s e s t r a t a by l a h a r s a n d / o r d e b r i s f l o w s . 

A t u f f b r e c c i a occu r s a t t h e top of t h e Ohanapecosh Formation on 

Stevenson Ridge . The o l i v e to b l u e - g r e e n c o l o r e d rock has been i n t e n s e l y 

wea thered t o o l i v e - c o l o r e d c l a y . The wea the red zone ex tends downward in 

the b r e c c i a f o r a b o u t 3 m. This uncon fo rmi ty a c t s as a s l i d e p l a n e f o r 

t he o v e r l y i n g S tevenson Ridge l a v a s ( p l a t e I ) . 

Lava f lows of t h e Ohanapecosh Format ion a r e up to 30 m t h i c k , and a r e 

p r i m a r i l y composed of d i s c o n t i n u o u s , h i g h l y wea the red and a l t e r e d a n d e s i t e 

and b a s a l t . The l a v a s canno t be t r a c e d l a t e r a l l y f o r any d i s t a n c e . 

A p o r p h y r i t i c pyroxene d a c i t e c r o p s o u t on t h e lower f l a n k s of n o r t h e r n 

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

The dark grey t o b l a c k d a c i t e i s p l a t y and b l o c k y - j o i n t e d . Highly wea thered 

o u t c r o p s a v e r a g e a b o u t 3 m t h i c k . 



The high degree of minera l a l t e r a t i o n in a l l s u b u n i t s of t h e 

Ohanapecosh Formation a t t e s t s to t h e s i g n i f i c a n t hydrothermal a l t e r -

a t i o n and deep w e a t h e r i n g expe r i enced by t h e s e m a t e r i a l s . Lavas 

e x h i b i t groundmass a l t e r a t i o n to y e l l o w i s h - g r e e n c l a y s o r c h l o r i t e , 

pyroxene r ep lacemen t by c l a y , and s l i g h t z e o l i t i z a t i o n of p l a g i o c l a s e . 

Fragmental v o l c a n i c s u b u n i t s a r e p e r v a s i v e l y a l t e r e d t o ye l lowish -b rown 

and green c l a y s and c h l o r i t e . Pumice c l a s t s and g l a s s sha rd s a r e com-

p l e t e l y a l t e r e d to a f i n e , y e l l o w i s h - b r o w n , h i g h l y b i r e f r i n g e n t m i n e r a l . 

Z e o l i t e s f i l l f r a c t u r e s and pore spaces and r e p l a c e g l a s s . C o n c e n t r a t i o n s 

of z e o l i t e and s i l i c a occur in sed iments nea r d i o r i t e i n t r u s i o n s and were 

formed by l o c a l i z e d h e a t i n g of conna te wate r w i t h i n Ohanapecosh sediments 

dur ing emplacement of t h e i n t r u s i o n s . Oxida t ion of i r o n r e l e a s e d by 

minera l breakdown in porous b r e c c i a s r e s u l t e d in h e m a t i t e - c o a t e d c l a s t s . 

The unconfo rmi ty a t t h e top of t h e Ohanapecosh Formation on Stevenson 

Ridge i n d i c a t e s pro longed chemical wea the r ing t h a t produced a t h i c k l a y e r 

of m o n t m o r i l l o n i t e . Abundant h i g h e r - t e m p e r a t u r e s m e c t i t e , c h l o r i t e , and 

z e o l i t e m i n e r a l s , however, i n d i c a t e p e r v a s i v e hydrothermal a l t e r a t i o n has 

o c c u r r e d . This a l t e r a t i o n may r e p r e s e n t low-grade r e g i o n a l metamorphism 

t h a t developed d u r i n g f o r m a t i o n of n o r t h w e s t - t r e n d i n g f o l d s a c r o s s t h e 

s o u t h e r n Washington Cascades du r ing t h e Miocene (Hammond, 1977) . Con-

t i n u o u s o r s e v e r a l s t a g e s of d e f o r m a t i o n may have occu r r ed a f t e r Miocene 

t i m e , bu t p e r v a s i v e hydrothermal a l t e r a t i o n i s not observed in p o s t -

Ohanapecosh s t r a t a . 

A p o r p h y r i t i c pyroxene d a c i t e c rops o u t on t h e lower f l a n k s of 

n o r t h e r n Stevenson Ridge d i r e c t l y wes t of t h e Hemlock Ranger S t a t i o n 

( p l a t e I ) . The dark grey to b l ack d a c i t e i s p l a t y and b l o c k y - j o i n t e d . 

Highly wea thered o u t c r o p s ave rage abou t 3 m t h i c k . 



A K-Ar age d a t e f o r t h e d a c i t e was de te rmined to be 22 .7 ± 0 . 3 m . y . , 

f a r younger than a n t i c i p a t e d f o r a u n i t of the Ohanapecosh Format ion. 

The d i s c r e p a n c y may be due to s e v e r a l p o s s i b i l i t i e s , i n c l u d i n g misass ignment 

of t h i s f low to t h e Ohanapecosh Formation o r thermal r e s e t t i n g of t h e K-Ar 

c l o c k . The f low was a s s i g n e d to t h e Ohanapecosh Formation because i t i s 

o v e r l a i n and u n d e r l a i n by v o l c a n i c l a s t i c s s i m i l a r t o m a t e r i a l on t h e e a s t 

s i d e of t he v a l l e y , and because both t h e f low and v o l c a n i c l a s t i c s show the 

same degree of a l t e r a t i o n . However, t h e d a c i t i c compos i t ion of t he f low i s 

in c o n t r a s t wi th t h e more b a s i c a n d e s i t e s and b a s a l t s which c h a r a c t e r i z e t h e 

Ohanapecosh Formation in t h i s p o r t i o n of t h e sou th Cascades . The r a d i o m e t r i c 

age of t h e d a c i t e i s very c l o s e to t h e age de te rmined f o r t h e d i o r i t e of 

Warren Ridge, a t 23 .2 ± 1 .0 m.y . I t i s q u i t e p o s s i b l e t h a t t h e i n t r u s i v e 

a c t i v i t y a s s o c i a t e d wi th t h e Warren Ridge e v e n t a n d / o r r e g i o n a l low-grade 

z e o l i t e f a c i e s metamorphism du r ing t h e Miocene r e s e t t h e K-Ar v a l u e s . 

The p r o p e r s o l u t i o n to t h i s problem would r e q u i r e a d d i t i o n a l work, 

i n c l u d i n g r e sampl ing and a n a l y s i s , b u t in t h i s r e p o r t , i t i s assumed t h a t 

t h e d a c i t e f l o w i s a high s i l i c a upper u n i t of t h e Ohanapecosh Formation 

which has had i t s K-Ar d a t e t h e r m a l l y r e s e t . (See sample 2 in t a b l e s 1 

and 3 ) . 

O l i g o c l a s e a n d e s i t e occur s high on t h e d i v i d e between Bear Creek and 

Brush Creek. The exposure i s 122 m long by 30 m t h i c k , wi th poor ly developed 

columnar j o i n t i n g . Yellow g r a n u l a r c l a y i s p e r v a s i v e , and c h l o r i t i c masses 

occur in s c a t t e r e d l e n s e s abou t 2 cm l o n g . 

An a p h y r i c b a s a l t of very l i m i t e d e x t e n t caps Huckleber ry Ridge and 

i s l e s s than 3 m t h i c k . P l a t y j o i n t s d i p to t h e s o u t h w e s t . 



TABLE 1. 

K-Ar Rad iomet r i c Age D a t e s , 

Lower Wind River Val ley 

D i o r i t e Warren Ridge 23 .2 ± 1 .0 m .y . 
4N/7E/23B; Table 4 , No. 5 

B a s a l t i c -
Andes i t e Stevenson Ridge l a v a . . . .15 .7 ± 1 . 5 m .y . 

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

A n a l y s t : S t a n l e y Evans, U n i v e r s i t y of Utah Research I n s t i t u t e 

D a c i t e Ohanapecosh Forma t ion . . . .22 .7 ± 0 . 3 m.y . 

B a s a l t T r o u t Creek b a s a l t 0 .338 ± 0 .075 m . y . 
(338,000 ± 75 ,000) 

A n a l y s t : R. A. Duncan, Oregon S t a t e U n i v e r s i t y 



I d e n t i f i c a t i o n of c l a y and z e o l i t e m i n e r a l s was performed by Wise 

(1961) . The most common z e o l i t e m i n e r a l s a r e h e u l a n d i t e , l a u m o n t i t e , 

and anal c i t e . The a s s o c i a t i o n of t h e s e m i n e r a l s wi th o t h e r hydrothermal 

m i n e r a l s a l lowed Wise to f i x t h e maximum t e m p e r a t u r e of a l t e r a t i o n a t 

280°C wi th p r e s s u r e of 1000 b a r s . 

The abundant b i r e f r i n g e n t , ye l l owi sh -b rown minera l showed X-ray 

d i f f r a c t i o n p r o p e r t i e s i n t e r m e d i a t e between s a p o n i t e (a v a r i e t y of 

s m e c t i t e ) and c h l o r i t e . Wise l a b e l e d the c l a y " g r i f f i t h i t e " , an i r o n -

r i c h s a p o n i t e . A random m i x e d - l a y e r s a p o n i t e - c h l o r i t e has been found 

in rocks of s i m i l a r l i t h o l o g i e s and age in the Mount Hood a r e a . I t 

g rades i n t o c h l o r i t e a t i n c r e a s i n g t e m p e r a t u r e and depth wi th the t r a n -

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

1982) . Because s a p o n i t e - c h l o r i t e c o e x i s t s wi th c h l o r i t e in Wind River 

r o c k s , thermal metamorphism did no t exceed 180°C, assuming a s i n g l e meta-

morphic e v e n t . 

S tevenson Ridge l a v a s . P o r p h y r i t i c pyroxene b a s a l t i c - a n d e s i t e and 

l e s s e r amounts of b a s a l t form the c r e s t of Stevenson Ridge ( p l a t e I ) . 

Flows a r e f l a t - l y i n g o r d ipp ing ve ry g e n t l y wes tward . The e a s t margin 

of t h e l a v a s s u g g e s t s t h a t they may have f lowed s o u t h e a s t w a r d toward t h e 

Columbia R i v e r , c r o s s i n g the p r e s e n t - d a y v a l l e y sou th of Carson , perhaps 

f l owing through a p a l e o d r a i n a g e . S tevenson Ridge would t h e r e f o r e r e p r e -

s e n t i n v e r t e d topography and an a n c i e n t cou r se of t h e Wind R i v e r . 

A d a t e of 15 .7 ± 1 . 5 m.y. ( t a b l e 1) was o b t a i n e d from s o u t h e a s t 

Stevenson Ridge. The b a s a l t i c - a n d e s i t e i s b e l i e v e d to c o r r e l a t e wi th 

a n d e s i t e of Three Corner Rock t o t h e w e s t , s u g g e s t e d by Hammond (1980) 

to be of l a t e O l i g o c e n e - e a r l y Miocene a g e . I f t h e f lows d r a i n e d to t h e 

sou th o r s o u t h e a s t , t h i s da t ed m a t e r i a l may u n d e r l i e younger f lows found 

h i g h e r on t h e r i d g e t o t h e n o r t h . 



At t h e nor th end of Stevenson Ridge, dark grey pyroxene b a s a l t i c -

a n d e s i t e n e a r l y 30 m t h i c k caps t h e r i d g e . P l a t y j o i n t s grade upward 

i n t o blocky j o i n t i n g . Groundmass f e l d s p a r m i c r o l i t e s show s l i g h t a l i g n -

ment . L a b r a d o r i t e phenoc rys t s have co re s of s m e c t i t e o r s c a t t e r e d s e r i c i t e . 

L igh t g r e e n , anhedra l a u g i t e occur s in t h e groundmass and as p h e n o c r y s t s . 

Contor ted p l a t y - j o i n t e d pyroxene b a s a l t i c - a n d e s i t e on t h e e a s t s i d e 

of Stevenson Ridge, wes t of Carson , i s dense and n o n v e s i c u l a r . I t forms 

a d i p s l o p e , and in many p l a c e s i s found in l a n d s l i d e d e p o s i t s ove r wea thered 

Ohanapecosh Format ion . I t i s very s i m i l a r p e t r o g r a p h i c a l l y to b a s a l t i c -

a n d e s i t e to t h e n o r t h . B a s a l t i c - a n d e s i t e a l s o occurs a long the Columbia 

River sou th of Carson , u n d e r l y i n g o l i v i n e b a s a l t from Trou t Creek H i l l . 

At t h e s e two l o c a t i o n s , v o l c a n i c f l o w - b r e c c i a c o n t a i n s d e u t e r i c f r a c t u r e 

c o a t i n g s and ve in s of c l a y and s i l i c a . This f low b r e c c i a i n d i c a t e s t he 

t e rminus of t h e a n d e s i t e f l o w ( s ) was sou th of Carson, nea r o r a t t h e 

Columbia R i v e r . 

Dark gray to b l ack a p h y r i c b a s a l t occur s e a s t of Sedum P o i n t a t t h e 

ext reme wes t edge of t h e s tudy a r e a . The b a s a l t ave rages 10 m t h i c k and 

ex tends westward an unknown d i s t a n c e . I t s r e l a t i o n s h i p to o t h e r b a s a l t s 

in t he a r ea i s u n c l e a r . The d e n s e l y a p h y r i c b a s a l t was found in p l a c e s 

t o c o n t a i n megascopic f e l d s p a r p h e n o c r y s t s and pa t ches of dark green c l a y e y 

a l t e r a t i o n . I t i s s i m i l a r t o Grande Ronde B a s a l t o c c u r r i n g a c r o s s t he 

v a l l e y n o r t h e a s t of Wind Mountain , and i s q u i t e d i s t i n c t from t h e nearby 

o l i v i n e b a s a l t of T r o u t Creek H i l l ( d e s c r i b e d be low) . I t was mapped as a 

s e p a r a t e u n i t , b u t i t could be a s u b u n i t of t h e Stevenson Ridge l a v a s o r 

a remnant of Columbia River B a s a l t . 



Yakima B a s a l t Subgroup. B a s a l t of t he Grande Ronde B a s a l t Format ion, 

Yakima B a s a l t Subgroup, Columbia River B a s a l t Group, occu r s in t h e extreme 

s o u t h e a s t p a r t of t h e Wind River v a l l e y , n o r t h e a s t of Wind Mountain. The 

u n i t i s widespread e a s t of Wind Mountain and forms r i d g e t o p s no r th and 

west of t h e B o n n e v i l l e l a n d s l i d e s t o t h e w e s t . The Grande Ronde B a s a l t 

has been age da t ed a t 14 to 16 .5 m.y . o ld (Hammond, 1980) . 

The b a s a l t i s s p a r s e l y p o r p h y r i t i c , c o n t a i n i n g f e l d s p a r and pyroxene 

as phenocrys t s and groundmass g r a i n s . Nearly 40% of t h e rock c o n s i s t s of 

b lack opaque g l a s s wi th m a g n e t i t e . 

The Wind Mountain l a n d s l i d e , e a s t of Wind Mountain, c o n s i s t s of b a s a l t 

and o t h e r rock d e b r i s a c t i v e l y s l i d i n g over a base of weak m o n t m o r i l l o n i t e 

c l a y of t h e Ohanapecosh Formation (Pope, 1972) . The l a r g e i n a c t i v e s l i d e 

nor th and west of Wind Mountain ( P l a t e I ) a l s o c o n s i s t s of b a s a l t with 

v o l c a n i c l a s t i c d e b r i s t h a t has s l i p p e d a long a zone of wea thered green c l a y . 

I t i s p o s s i b l e t h e n , t h a t t h e Grande Ronde B a s a l t was d e p o s i t e d over a 

deep ly weathered Ohanapecosh s u r f a c e s i m i l a r t o t h a t u n d e r l y i n g t h e s l i g h t l y 

o l d e r a n d e s i t e of S tevenson Ridge, a s u r f a c e t h a t encourages s l i p p a g e of 

t h e dense l a v a s . 

I n t r u s i v e r o c k s . Many s i l l s and p lugs i n t r u d e d rocks of t h e Ohana-

pecosh Format ion . S ix d i s t i n c t i v e i n t r u s i o n s a r e named and i d e n t i f i e d , 

a l l l y i n g a long t h e Wind River v a l l e y ( f i g u r e 4 ) . Modal compos i t i ons 

show p e t r o g r a p h i c d i s t i n c t i o n s ( t a b l e 2 ) . 

The q u a r t z d i o r i t e of Wind Mountain forms a promontory 580 m above 

sea l e v e l a long t h e Columbia R i v e r , j u s t e a s t of t h e c o n f l u e n c e wi th the 

Wind R i v e r . The p lug has a d i a m e t e r of roughly 1 .2 km a t i t s b a s e . The 

l i g h t grey h o l o c r y s t a l l i n e d i o r i t e c o n t a i n s p l a g i o c l a s e p h e n o c r y s t s , 



Figure 4. Intrusions of the lower Wind River valley: Wind Mountain - quartz 
d io r i t e ; Buck Mountain, Wise (1961), P i lo t Knob, Warren Ridge -
d io r i t e ; Bunker Hill - gabbro. 



TABLE 2 

MODES OF INTRUSIVE ROCKS 

Sample No. 

P h e n o c r y s t s : 
p l a g i o c l a s e 
a u g i t e 
h y p e r s t h e n e 

Groundmass: 
p l a g i o c l a s e 
pyroxene 
m a g n e t i t e 
a p a t i t e 
q u a r t z 

Alteration: 
b i o t i t e 
c l a y s 
a u g i t e 
c a l c i t e 

Wind Mtn. 
q u a r t z d i o r i t e 

*An c o n t e n t of p l a g i o c l a s e not d e t e r m i n a b l e due to heavy a l t e r a t i o n a n d / o r zon ing . 
250 p o i n t s counted per sample . 

Buck Mtn. 
d i o r i t e 

WR-13 

7 An40 

<1 

68 An6 2 
13 

4 

1 

6 
<1 
<1 

WM-4 

12* 
<1 

47An38 
23 

9 

<1 

<1 
8 

P i l o t Knob d i o r i t e 
south body 

WR-7 

76* 
10 

5 

<1 

8 

west body 
WR-1 

70 An2 0 
10 

7 

5 
8 

PK-1 

<1* 

45 An3 4 
12 

7 
2 

<1 

34 

WAR-4 

67An48 
14 

4 
<1 
<1 

14 

Warren Ridge 
d i o r i t e 

Bunker H i l l 
gabbro 

BH-1 

<1* 
<1 

67 An4 6 
6 
5 

22 



s u b p o r p h y r i t i c hornb lende pseudomorphs, g r a n u l a r c r y p t o f e l s i t i c m a t e r i a l , 

and m a g n e t i t e . B i o t i t e and m a g n e t i t e have r e p l a c e d hornblende p h e n o c r y s t s , 

and t h e p l a g i o c l a s e has been i n t e n s e l y s e r i c i t i z e d . 

Wise (1961) d e s c r i b e s an i n t r u s i v e c o n t a c t of t h e q u a r t z d i o r i t e wi th 

Miocene b a s a l t , s u p p o r t e d by the p r e s e n c e of b a s a l t i c x e n o l i t h s in t h e 

d i o r i t e ( F r e e , 1976) . Consequent ly , t h e Wind Mountain i n t r u s i o n i s younger 

than t h e Grande Ronde B a s a l t , younger than abou t 14 m.y. (Hammond, 1980) . 

The Wind River f i shway s i l l and Buck Mountain i n t r u s i o n , t r e a t e d by 

Wise (1961) as s e p a r a t e b o d i e s , a r e b e l i e v e d t o be i r r e g u l a r l y exposed 

p o r t i o n s of a c o n t i n u o u s mass r e f e r r e d to he re as t h e Buck Mountain i n t r u -

s i o n ( 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 e a s t of Carson , forming t h e s t e e p wes t and south f l a n k s of Buck Moun-

t a i n . Exposures on sou th Buck Mountain a r e h i g h e r in e l e v a t i o n than t h o s e 

t o t h e n o r t h w e s t , s u g g e s t i n g a n o r t h w e s t - d i p p i n g i n t r u s i o n ( p l a t e I ; p l a t e 

I I , c r o s s - s e c t i o n B - B ' ) . The d i o r i t e i s l i g h t grey t o b l u i s h - g r e y , and 

c o n t a i n s l a r g e p l a g i o c l a s e p h e n o c r y s t s , zone An10-50 wi th minor c a l c i t e 

r ep l acemen t of c o r e s . Hypers thene p h e n o c r y s t s a r e i nc luded and embayed, 

most o f t e n by a u g i t e . Clay a l t e r a t i o n of pyroxene , s i m i l a r t o t h e c e l a -

d o n i t e of Wise ( 1 9 6 1 ) , i s common. 

Two d i o r i t e bod ies occur a t P i l o t Knob. The sou thwes t f l a n k of t he 

h i l l c o n t a i n s a w e l l - e x p o s e d d i o r i t e s i l l , abou t 12 m t h i c k , t h a t has up-

warped t h e o v e r l y i n g t u f f b r e c c i a of t h e Ohanapecosh Format ion . E q u i g r a n u l a r 

f e l d s p a r ( A n 1 5 - 2 5 ) and a u g i t e a r e i n c l u d e d and embayed, and the a u g i t e i s 

commonly r e p l a c e d by hornb lende and m a g n e t i t e . Near t h e c o n t a c t , t h e i n t r u -

s i o n c o n t a i n s pods and l e n s e s of s i l i c a wi th g r a n u l a r and f i b r o u s z e o l i t e s . 



A h i g h l y a l t e r e d , t r a c h y t i c q u a r t z - b e a r i n g d i o r i t e occu r s on t h e 

sou th f l a n k of P i l o t Knob and i s more s i l i c e o u s than o t h e r d i o r i t e bod ies 

a t P i l o t Knob. I t may be r e l a t e d t o a s i l l l o c a t e d about 1 . 6 km t o t h e 

s o u t h e a s t a long t h e Wind R i v e r . Formidable a c c e s s problems i n h i b i t e d 

sampl ing of t h i s l a t t e r s i l l , mapped by Wise (1961) and inc luded on p l a t e I . 

The n o r t h e r n P i l o t Knob i n t r u s i o n ( s ee f i g u r e 4 ; PK-1, t a b l e 2) i s 

c l o s e l y r e l a t e d t o a d i o r i t e body t h a t u n d e r l i e s Warren Ridge t o t h e no r th 

(WAR-4, t a b l e 2 ) . Near ly e q u i g r a n u l a r p i l o t a x i t i c f e l d s p a r i s zoned and 

h e a v i l y r e p l a c e d by y e l l o w i s h - o r a n g e c l a y s . O p h i t i c g r a n u l a r a u g i t e i s 

r e p l a c e d by s i m i l a r c l a y s . A h i g h e r deg ree of c l a y a l t e r a t i o n i s e v i d e n t 

in PK-1, in c o n t r a s t t o WAR-4. Chemical a n a l y s e s show t h e s e rocks t o have 

very s i m i l a r major e lement c o m p o s i t i o n s . D i o r i t e of Warren Ridge was da ted 

a t 23 .2 ± 1 . 0 m.y. ( t a b l e 1 ) ; a l t h o u g h i t p o s t - d a t e s Ohanapecosh Format ion , 

i t does no t appea r t o be s i g n i f i c a n t l y y o u n g e r , as i n d i c a t e d by i t s h i g h l y 

a l t e r e d c o n d i t i o n . 

Very dark and c o a r s e - g r a i n e d i n t r u s i v e rock of g a b b r o i c compos i t ion 

forms Bunker H i l l , wes t of P i l o t Knob. Massive blocky o u t c r o p s a r e found 

on t h e sou th and s o u t h e a s t f l a n k s . The gabbro c o n s i s t s of euhedra l f e l d s p a r 

p h e n o c r y s t s (An 4 6 ) and subhedra l a u g i t e , both a l t e r i n g t o c e l a d o n i t e . The 

groundmass c o n t a i n s anhedra l zoned f e l d s p a r , m a g n e t i t e , and pyroxene , wi th 

s i g n i f i c a n t c l a y a l t e r a t i o n . Wise (1961) e s t i m a t e d t h e age of t h e Bunker 

H i l l i n t r u s i o n t o be p o s t - l o w e r Miocene. 

A s s o c i a t e d a n d e s i t e f l o w s . Hornblende a n d e s i t e forms t h e cap rock of 

Warren Ridge a t t h e n o r t h e a s t c o r n e r of t h e s tudy a r e a . Wise (1961) i n t e r -

p r e t e d t h i s t o be a d i o r i t e s i l l . However, v e s i c u l a r i t y and o u t c r o p l o c a t i o n s 

s u g g e s t t h e a n d e s i t e i s a r i d g e - c a p p i n g l ava d e r i v e d from d i o r i t e plug 

m a t e r i a l exposed on t h e lower f l a n k s . The l a v a and plug a r e s i m i l a r p e t r o -

g r a p h i c a l l y and c h e m i c a l l y . 



The f low i s a t l e a s t 30 m t h i c k , wi th i r r e g u l a r p l a t y j o i n t i n g and zones 

of v e s i c u l a r i t y . Hornblende pseudomorphs a r e composed of g r a n u l a r mag-

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

t a i n s abundant a p a t i t e . 

Hydrothermal a l t e r a t i o n i s p e r v a s i v e in a l l d i o r i t e s of the Wind 

River v a l l e y . Most common a r e s e r i c i t i z e d c a l c i c co res of p l a g i o c l a s e 

g r a i n s . C a l c i t e a l s o has r e p l a c e d some p l a g i o c l a s e . Pyroxene was s u s -

c e p t i b l e to a l t e r a t i o n to a mon tmor i l lono id c l a y . Amphibole commonly 

r e p l a c e d a u g i t e , and l e s s commonly was i t s e l f a l t e r e d to b i o t i t e and 

m a g n e t i t e . 

The a l t e r a t i o n may have been ach ieved through two p r o c e s s e s : 

1) d u r i n g the l a t e s t a g e s of c r y s t a l l i z a t i o n , m i n e r a l s may form a t t he 

expense of e a r l i e r formed m i n e r a l s ( r e a c t wi th remaining m e l t ) , such as 

a u g i t e j a c k e t i n g h y p e r s t h e n e , o r 2) a s e p a r a t e , p o s t - c r y s t a l l i z a t i o n 

even t of metasomat ic metamorphism may cause i o n i c t r a n s f e r and a l t e r a t i o n 

of minera l c o m p o s i t i o n s , as in u r a l i t i z a t i o n of pyroxene to form horn -

b lende and m a g n e t i t e . U n f o r t u n a t e l y , both p r o c e s s e s may produce s i m i l a r 

r e a c t i o n s . The i n t r u s i o n s p robab ly e x p e r i e n c e d r e g i o n a l metamorphism 

a s s o c i a t e d with n o r t h w e s t - t r e n d i n g d e f o r m a t i o n , as proposed f o r Ohana-

pecosh a l t e r a t i o n , super imposed upon a l t e r a t i o n t h a t o c c u r r e d du r ing 

l a t e - s t a g e c r y s t a l l i z a t i o n . 

Qua te rnary Rocks 

Trou t Creek B a s a l t , O l i v i n e b a s a l t o r i g i n a t e d from t h e Trou t Creek 

H i l l volcano and f lowed s o u t h e a s t w a r d down t h e Wind River Val ley to the 

Columbia R i v e r . The b a s a l t f lowed around both s i d e s of Bunker H i l l , 

d i s r u p t i n g t h e c o u r s e of t h e Wind River e a s t of Bunker H i l l . The f low 

dammed both P a n t h e r and Bear Creeks , c a u s i n g t e r r a c e f o r m a t i o n a long 

lower Pan the r Creek . B a s a l t a l s o dammed t h e Columbia R i v e r , r e s u l t i n g 

in d e p o s i t i o n of d e l t a i c s ed imen t s (Wise , 1961) . 



Wise (1961) b e l i e v e d s e v e r a l f lows e r u p t e d from t h e T rou t Creek Hi l l 

v o l c a n o . No ev idence was found in t h i s s t u d y of sed imenta ry i n t e r b e d s o r 

baked c o n t a c t s w i t h i n t h e b a s a l t , which would have been i n d i c a t i v e of 

m u l t i p l e f l o w s . A 70 m t h i c k n e s s of T r o u t Creek b a s a l t can be observed 

in t h e Wind River gorge under t h e "High Br idge" on t h e Wind River Highway 

no r th of Carson . A con t inuous o u t p o u r i n g of b a s a l t could form such a g r e a t 

t h i c k n e s s wi th no i n t e r b e d s o r baked c o n t a c t s , bu t i t i s p o s s i b l e t h a t t h e 

Trou t Creek b a s a l t may have been a s e r i e s of i n t r a c a n y o n f l o w s , e r u p t e d 

ove r a r e l a t i v e l y s h o r t t i m e , c o n f i n e d to a r e l a t i v e l y narrow gorge and 

no t e n t i r e l y f i l l i n g t h e p r e s e n t broad v a l l e y . Fol lowing a s u c c e s s i o n of 

i n t r a c a n y o n f l o w s , t h e r e c u t t i n g of t h e gorge beneath t h e High Br idge could 

today be expos ing s e v e r a l d i f f e r e n t f l o w s . In f u t u r e s t u d i e s , f l o w u n i t s 

may be s e p a r a b l e by v e r t i c a l v a r i a t i o n s in v e s i c u l a r i t y o r t r a c e e lement 

c h e m i s t r y , and thus de t e rmine t h e number of e r u p t i v e p u l s e s from T r o u t 

Creek H i l l vo lcano du r ing i t s s h o r t p e r i o d of a c t i v i t y . 

The b a s a l t i s c h a r a c t e r i z e d by megascopic c l o t s of g l a s s y , l i g h t green 

o l i v i n e in a dark g r e y , d i k t y t a x i t i c groundmass . Subhedral l a b r a d o r i t e 

l a t h s (Ang63) accompany t h e rounded , i d d i n g s i t i z e d o l i v i n e . Groundmass 

c o n s t i t u e n t s a r e m i c r o l i t e f e l d s p a r ( A n 5 3 ) , g r a n u l a r pyroxene and g l a s s . 

The p r e s e n c e of u n a l t e r e d g l a s s w i t h i n t h e rock as well as r e l a t i v e l y 

y o u t h f u l l a v a f l ow morphology of t h e u n i t s u g g e s t t h e b a s a l t i s l a t e 

P l e i s t o c e n e in age . A K-Ar r a d i o m e t r i c age d a t e of 338,000 y e a r s was 

de te rmined f o r b a s a l t c o l l e c t e d f rom a d i s t a l p o r t i o n of t h e f l o w , nea r 

t h e Columbia River ( s ee sample 17 in t a b l e 1 and p l a t e I ) . This i s i n 

agreement wi th a K-Ar age d a t e of 340 ,000 y e a r s f o r b a s a l t c o l l e c t e d from 

Trou t Creek Hi l l (Hammond, 1982, p e r s o n a l communica t ion ) . 



Quate rnary s e d i m e n t s . Poorly l i t h i f i e d to u n l i t h i f i e d sed imenta ry 

m a t e r i a l s of Qua te rna ry age occur t h roughou t t h e Wind River v a l l e y . 

Glac ia l d e p o s i t s a r e found pas t ed on t h e v a l l e y w a l l s and high banks of 

t he Wind R i v e r , e s p e c i a l l y a long the Wind River Highway south of S t a b l e r . 

U n s t r a t i f i e d t i l l in t h e s e d e p o s i t s i n c l u d e s cobb les and bou lde r s of 

hornb lende d i o r i t e , q u a r t z d i o r i t e , a n d e s i t e , and b a s a l t . Recent s u r f i c i a l 

d e p o s i t s i n c l u d e g l a c i a l d r i f t , a l l u v i u m , and l a n d s l i d e s of Grande Ronde 

B a s a l t , and Stevenson Ridge l a v a s o v e r l y i n g weathered Ohanapecosh Format ion . 

Crossbedded sands o v e r l i e Trou t Creek b a s a l t s o u t h e a s t of Carson, 

near t he mouth of t h e Wind R i v e r . According to Wise (1961) , a f low of 

Trou t Creek b a s a l t t e m p o r a r i l y dammed the Wind and Columbia R i v e r s , 

c r e a t i n g a d e l t a i c envi ronment in t h e a r e a s o u t h e a s t of Carson. T r i b u -

t a r i e s of t he Wind River were a l s o a f f e c t e d by t h e Trou t Creek b a s a l t . 

F l a t t e n e d s t r eam g r a d i e n t s in t r i b u t a r i e s on t h e e a s t s i d e of t he Wind 

River v a l l e y r e s u l t e d in d e p o s i t i o n of t e r r a c e g r a v e l s and s a n d s . 

Summary of Rock Uni t s and S t r a t i g r a p h y 

The o l d e s t g e o l o g i c u n i t , t h e Ohanapecosh Formation of Ol igocene 

a g e , may r e p r e s e n t d i s t a l - t y p e volcanism c o n s i s t i n g of v o l c a n i c l a s t i c 

rocks and l e s s e r p y r o c l a s t i c d e p o s i t s and l ava f l o w s . I n t r u s i o n of 

d i o r i t e s and concomi t an t hydrothermal a l t e r a t i o n of t he Ohanapecosh h o s t 

rocks o c c u r r e d d u r i n g r e g i o n a l metamorphism in t h e Miocene. 

About 16 m.y . ago , i n t r a c a n y o n a n d e s i t e and b a s a l t of Stevenson 

Ridge f lowed o v e r deep ly weathered Ohanapecosh s t r a t a in t h e wes t e rn 

and s o u t h e r n p o r t i o n s of the Wind River v a l l e y . The Grande Ronde B a s a l t 

e r u p t e d s h o r t l y a f t e r w a r d s to t h e e a s t , and f lowed over deep ly weathered 

Ohanapecosh Format ion . 



The q u a r t z d i o r i t e of Wind Mountain i n t r u d e d the Ohanapecosh and 

o v e r l y i n g Grande Ronde B a s a l t . The no r the rnmos t d i o r i t e i n t r u d i n g 

Ohanapecosh Format ion , a t Warren Ridge, i s 23 m.y . o l d , p r e - d a t i n g Wind 

Mountain . Other i n t r u s i o n s of s l i g h t l y va ry ing minera logy occu r a long 

t h e r i v e r v a l l e y , and a r e b e l i e v e d to be Miocene o r younger in age . 

O l i v i n e b a s a l t e r u p t e d ove r a s h o r t t ime i n t e r v a l in t h e P l e i s t o c e n e 

from T r o u t Creek Hi l l vo l cano , p a r t l y f i l l i n g t h e Wind River v a l l e y . 

D e l t a i c and t e r r a c e sed iments were d e p o s i t e d marginal t o t h e l ava f low 

where i t dammed t h e Wind and Columbia Rivers and t r i b u t a r i e s to t he 

Wind R i v e r . 

GEOLOGIC STRUCTURES 

Wise (1961) b e l i e v e s t h e Wind River a r e a to be in a s o u t h w e s t - d i p p i n g 

homocl ine , p o s s i b l y p a r t of a r e a c t i v a t e d , p re -Cenozo ic s t r u c t u r e (Hammond, 

1980) . Bedding in t h e Ohanapecosh Formation and Stevenson Ridge l a v a s 

i s h o r i z o n t a l o r d i p s g e n t l y to t h e w e s t . 

Some s t r u c t u r a l d i s c o n t i n u i t y e x i s t s a long t h e Wind River v a l l e y . 

The v a l l e y forms a w e l l - d e f i n e d l i n e a m e n t t r e n d i n g abou t N45°W from the 

Columbia River nea r Carson to beyond the s tudy a r e a . The p re sence of 

ho t s p r i n g s and i n t r u s i v e bod ies a l i g n e d a long t h e l i n e a m e n t ( f i g u r e 5) 

i n d i c a t e s t h e e x i s t e n c e of a c r u s t a l weakness t h a t has a l lowed the a s c e n t 

of magma t o nea r t h e s u r f a c e . Such a weakness cou ld be r e l a t e d to the 

homocline of Wise (1961) . 

I t i s no t n e c e s s a r y f o r t h i s "Wind River zone" to be a ma jo r f a u l t 

zone . There i s no t o p o g r a p h i c e x p r e s s i o n of a f a u l t l y i n g a long t h e west 

s i d e of t h e v a l l e y , nor g e o l o g i c e v i d e n c e of a f a u l t on t h e e a s t s i d e 

t h a t migh t i n t e r s e c t P i l o t Knob. However, a f a u l t may l i e c e n t r a l l y in 



Figure 5. Relationships of intrusive bodies (shaded) and hot springs to s t ructures , 
Lower Wind River val ley. 



t h e v a l l e y and be b u r i e d under T rou t Creek b a s a l t . A more w e s t e r l y 

s p l i n t e r o f f t h e Wind River zone could pass sou th of Bunker Hi l l and 

through T r o u t Creek Hi l l Volcano, s u g g e s t i n g one mechanism f o r e r u p -

t i o n of t h e b a s a l t . However, any d i r e c t e v i d e n c e of f a u l t i n g i s l a c k i n g . 

I f t h e S tevenson Ridge l a v a s f i l l e d a p a l e o v a l l e y , and the c o n t a c t 

of the l a v a s wi th Ohanapecosh Formation i s unconfo rmab le , then t h e t r u e 

top of t he Ohanapecosh on t h e west s i d e of t h e s t u d y a rea was p robab ly 

many hundreds of me te r s h i g h e r in e l e v a t i o n p r i o r to f l u v i a l e r o s i o n . 

Because of such p o s s i b i l i t i e s , o f f s e t canno t be de te rmined from e l e -

v a t i o n s of t h e eroded tops of the f o r m a t i o n on e i t h e r s i d e of t he p r e s e n t 

v a l l e y . 

Even though i t has not been p o s s i b l e t o c o r r e l a t e rock types ( sub-

u n i t s ) a c r o s s t h e v a l l e y , 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 of topography 

and l o c a l d e p o s i t i o n a l environments r e s u l t e d in ext reme l a t e r a l d i s c o n -

t i n u i t y of Ohanapecosh s u b u n i t s . A major n o r t h w e s t - t r e n d i n g f a u l t i s not 

n e c e s s a r y t o c r e a t e g e o l o g i c f e a t u r e s observed in t h e Wind River a r e a . 

Because very l i t t l e g e o l o g i c ev idence of such a f a u l t was o b s e r v e d , t he 

Wind River Val ley a r e a i s b e l i e v e d to be a zone of c r u s t a l weakness r e -

l a t e d to r e g i o n a l s t r e s s systems t h a t a l lowed i n t r u s i v e a c t i v i t y and 

a s s o c i a t e d h o t s p r i n g s a long i t s l e n g t h . 

The n o r t h e a s t - t r e n d i n g l i n e a m e n t which i s formed by t h e Columbia 

River west of Carson and c o n t i n u e s e a s t a long t h e L i t t l e Wind River 

( f i g u r e 5) i s a n o t h e r i m p o r t a n t s t r u c t u r e w i t h i n the s tudy a r e a . This 

l i n e a m e n t i n t e r s e c t s t h e Wind River zone nea r t h e Carson Hot S p r i n g s , 

sou th of Buck Mounta in , and i s r e f e r r e d t o as t h e L i t t l e Wind River 

f a u l t . Two n o r t h e a s t - t r e n d i n g , s o u t h - d i p p i n g f a u l t zones exposed in 

the w a l l s of t h e Wind River gorge n e a r t h e Carson Hot Spr ings f u r t h e r 

s u p p o r t t h e c o n c e p t of a L i t t l e Wind River f a u l t . The i n t e n s e l y f r a c -

t u r e d zones o c c u r w i t h i n d i o r i t e of t h e Buck Mountain i n t r u s i o n , and 



t r e n d N. 44° E . , 60° S. and N. 48° E . , 85° S. Clay a l t e r a t i o n i s common, 

as well as s i l i c a and z e o l i t e f r a c t u r e c o a t i n g s . 

The n o r t h e a s t - t r e n d i n g f r a c t u r e zones p o s t - d a t e t h e Buck Mountain 

i n t r u s i o n . The d i o r i t e may have been emplaced a long t h e Wind River zone , 

bu t was l a t e r c u t by younger n o r t h e a s t - t r e n d i n g f r a c t u r e s of t h e L i t t l e 

Wind River f a u l t . High v e r t i c a l c l i f f s of d i o r i t e a r e p r e s e n t on ly on 

the s i d e s of Buck Mountain t h a t co r re spond to t h e L i t t l e Wind River f a u l t 

and the Wind River zone . I t i s no t known i f d i o r i t e was indeed downdropped 

sou th of t h e L i t t l e Wind River f a u l t s i n c e t h i s a r e a i s now covered by 

l a n d s l i d e d e b r i s . 

The o f f s e t of t h e n o r t h w e s t e r l y t r e n d of t h e Wind River a t i t s j u n c t i o n 

wi th Bear Creek may be due t o a f a u l t t r e n d i n g a long Bear Creek , p a r a l l e l 

t o t h e L i t t l e Wind River f a u l t . A t u f f b r e c c i a s u b u n i t of t h e Ohanapecosh 

i s exposed on t h e n o r t h w e s t s i d e of upper Bear Creek, bu t no t on t h e s o u t h -

e a s t s i d e , implying downdrop to t h e s o u t h e a s t . 

GEOCHEMISTRY 

Seventeen samples were ana lyzed by x - r a y f l u o r e s c e n c e s p e c t r o m e t r y 

f o r e l e v e n major ox ide abundances . These da t a a r e r e p o r t e d in t a b l e s 3 , 

4 , and 5 . Loca t ions of samples a r e p l o t t e d on p l a t e I . 

V a r i a t i o n d iagrams were p l o t t e d f o r ma jo r ox ides ve r sus SiO2 ( f i g u r e 

6 ) . The igneous rocks show a t r e n d over t ime of d e c r e a s i n g SiO2 and K2O 

and an i n c r e a s e of o t h e r major o x i d e s . However, wi th t h e e x c e p t i o n of 

T rou t Creek b a s a l t , a l l v o l c a n i c rocks a r e presumed to have o r i g i n a t e d 

o u t s i d e of t h e s t u d y a r e a , thus a g e n e t i c a s s o c i a t i o n between members of 

a "Wind River s u i t e " t h a t formed o v e r a p e r i o d of 30 m.y. o r more i s no t 

p r a c t i c a l . The Wind River rock r e c o r d r e f l e c t s a r e g i o n a l t r e n d toward 

more maf i c compos i t i ons wi th t i m e , as well as m u l t i p l e sou rce a r e a s . 



TABLE 3 . 

Chemical a n a l y s e s of T e r t i a r y l a v a s and v o l c a n i c l a s t i c r o c k s . 

SiO2 

TiO 2 

Al2O3 

Fe 2 O 3 

FeO 

MnO 

MgO 

CaO 

Na2O 

K2O 

P2O5 TOTAL 

L o c a t i o n s of Samples : 
1 . T h o l e i i t i c b a s a l t , e a s t of Sedum P o i n t ; S t evenson Ridge l a v a ( ? ) , 4N/7E/31B. 
2 . Pyroxene d a c i t e , sou th of Ranger S t a t i o n ; Ohanapecosh F o r m a t i o n , 4N/7E/27C. 
7 . A n d e s i t i c v o l c a n i c l a s t i c s e d i m e n t , e a s t of P i l o t Knob; Ohanapecosh F o r m a t i o n , 4N/7l /2E/24C. 

11 . A n d e s i t i c t u f f b r e c c i a , Bear Creek ; Ohanapecosh F o r m a t i o n , 3N/8E/6C. 
13 . Pyroxene b a s a l t i c - a n d e s i t e , s o u t h e a s t S tevenson Ridge ; S tevenson Ridge Lava , 3N/8E/18D. 
1 6 . Pyroxene b a s a l t i c - a n d e s i t e , q u a r r y s o u t h w e s t of Car son ; S tevenson Ridge Lava , 3N/8E/29D. 



TABLE 4 . 

Chemical Analyses of I n t r u s i v e Rocks 

SiO2 

TiO2 

Al2O3 

Fe2O3 
FeO 
MnO 
MgO 
CaO 
Na2O 
K2O 
P2O5 

L o c a t i o n s of Samples: 

3 - Gabbro, Bunker H i l l ; 4N/7E/22D; BH-1, Table I I . 
4 - D i o r i t e / a n d e s i t e , south c r e s t of Warren Ridge; 4N/7E/13B. 
5 - D i o r i t e , south base of Warren Ridge on Wind River Highway; 4N/7E/23B; WAR-4, Table 2 . 
6 - D i o r i t e , n o r t h P i l o t Knob; 4N/7E/24B. 
8 - D i o r i t e , n o r t h w e s t P i l o t Knob; 4N/7E/26A; WR-1, Table 2 . 
9 - D i o r i t e , west P i l o t Knob; 4N/7E/26D. 

10 - D i o r i t e , sou thwes t P i l o t Knob; 4N/7E/36A; WR-7, Table 2 . 
14 - D i o r i t e , Buck Mountain i n t r u s i o n , no r th of f i s h l a d d e r ; 3N/8E/21B. 
15 - D i o r i t e , Buck Mountain i n t r u s i o n , o p p o s i t e Carson Hot S p r i n g s ; 3N/8E/21D; WR-13, Table 2 . 

A n a l y s t : P. R. Hooper, Washington S t a t e U n i v e r s i t y , Pul lman, Washington 



TABLE 5 . 

Chemical Analyses of T rou t Creek B a s a l t 

SiO2 

TiO2 

Al2O3 

Fe2O3 

FeO 

MnO 

MgO 

CaO 

Na2O 

K2O 

P2O5 

TOTAL 

L o c a t i o n s of Samples: 

12 - O l i v i n e b a s a l t , no r th of Bear Creek -
Pan the r Creek j u n c t i o n ; 3N/8E/6D. 

17 - O l i v i n e b a s a l t , south of Carson near 
Columbia R ive r ; 3N/8E/28D. 

A n a l y s t : P. R. Hooper, Washington S t a t e U n i v e r s i t y , Pul lman, Washington 



Figure 6. Variation diagrams for major oxides versus s i l i ca in Lower Wind River 
rocks. Oxides are reported in weight percent. The figure is continued 
on the next 2 pages. 
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T h e r e f o r e , t h e chemical e v o l u t i o n of a s i n g l e Wind River magma canno t be 

s p e c u l a t e d upon. 

Lacking more than one d i o r i t e age d a t e , i t i s d i f f i c u l t t o de t e rmine 

a sequence of emplacement f o r t h e i n t r u s i v e b o d i e s . The in t rus ive groups 

d e s c r i b e d in t a b l e 2 a r e roughly grouped by chemical compos i t ion in f i g u r e 6 . 

There i s c o n s i d e r a b l e range in compos i t i ons between t h e i n t r u s i v e 

g r o u p s , f rom 54 to 62 p e r c e n t S iO 2 . The q u a r t z d i o r i t e of Wind Mountain , 

ana lyzed by Wise (1961) , ex tends t h i s range to 66 p e r c e n t S iO 2 . At l e a s t 

one of t h e P i l o t Knob i n t r u s i o n s i s 23 m.y . o l d , bu t t h e Wind Mountain 

i n t r u s i o n p o s t - d a t e s Grande Ronde B a s a l t , i . e . i s younger than 14 m.y. o l d . 

The remain ing i n t r u s i o n s a r e s i m i l a r t o t he P i l o t Knob body, b u t i t canno t 

be assumed they a r e of s i m i l a r age mere ly on t h e b a s i s of p e t r o g r a p h i c 

and chemical c o m p o s i t i o n s . F u r t h e r age d a t i n g may b e t t e r d e f i n e t h e 

r e l a t i o n s h i p between d i o r i t e i n t r u s i o n s in t h e Wind River v a l l e y . 

SUBSURFACE GEOLOGY 

Two s h a l l o w t e m p e r a t u r e g r a d i e n t h e a t f l ow h o l e s were d r i l l e d by 

t h e Washington D i v i s i o n of Geology and Ear th Resources in t h e Wind River 

a r e a . Loca t i ons of t he two 152 m h o l e s a r e : DNR-7 (Trou t Creek d r i l l 

h o l e ) - 4N/7E/28AA, and DNR-8 (Carson d r i l l h o l e ) - 3N/8E/21BDD ( see p l a t e 

I ) . 

As i l l u s t r a t e d in the l i t h o l o g i c l ogs ( f i g u r e 7 ) , t h e T r o u t Creek 

d r i l l h o l e p e n e t r a t e d abou t 9 m of o l i v i n e b a s a l t from T r o u t Creek Hi l l 

v o l c a n o . This was u n d e r l a i n by 15 m of a l l u v i u m and a t l e a s t 128 m of 

Ohanapecosh F o r m a t i o n . The l a t t e r c o n s i s t s p r i m a r i l y of a l t e r e d f i n e 

g r a i n e d t u f f s o r t u f f a c e o u s s e d i m e n t s , e x c e p t f o r a 9 m t h i c k a p h y r i c 

b a s a l t . The a l l u v i u m i n t e r b e d proved incompe ten t du r ing d r i l l i n g . 
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Figure 7. Lithologic logs of drill ho l e s , lower Wind River valley. 
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Due to i t s p o s i t i o n between t h e T rou t Creek b a s a l t and c l ayey t u f f and 

l a v a of t h e Ohanapecosh, t he porous m a t e r i a l may f u n c t i o n as an a q u i f e r . 

The Carson d r i l l ho le encoun t e r ed a c o n s i d e r a b l y g r e a t e r t h i c k n e s s 

of T rou t Creek b a s a l t ( f i g u r e 7 ) . The b a s a l t i s u n d e r l a i n by 9 m (30 f t ) 

of a l l u v i u m and abou t 40 m (130 f t ) of Ohanapecosh t u f f and a p h y r i c l a v a . 

The lower 70 m (230 f t ) of t h e h o l e c o n s i s t s of d i o r i t e of t h e Buck Mountain 

i n t r u s i o n . Two t h i n d ikes o r s i l l s of d i o r i t e occur in t he o v e r l y i n g 

Ohanapecosh Fo rma t ion . 

Both d r i l l h o l e s have r e v e a l e d r e l a t i v e l y sha l low i n t e r b e d d e d a l l u -

vium capped by impermeable T rou t Creek b a s a l t and u n d e r l a i n by c l a y - r i c h 

u n i t s of t h e Ohanapecosh Format ion ; t h u s , t h e a l l uv ium may s e r v e as a 

g roundwater a q u i f e r . F r a c t u r i n g of t h e Ohanapecosh Formation d u r i n g 

i n t r u s i o n of t h e d i o r i t e in DNR-8 may f u r t h e r p rov ide r o u t e s f o r hea ted 

m e t e o r i c w a t e r a scend ing from t h e Buck Mountain i n t r u s i o n . 

EVALUATION OF GEOTHERMAL RESOURCE POTENTIAL 

S e t t i n g 

The Wind River a r e a , in t h e s o u t h w e s t e r n Cascade Range of Washington, 

i s u n d e r l a i n c h i e f l y by v o l c a n i c l a s t i c s t r a t a s e v e r a l km t h i c k and abou t 

500 m of a n d e s i t i c l a v a f lows of Ol igocene to middle Miocene a g e . The 

lower v o l c a n i c l a s t i c rocks form p a r t of t h e Ohanapecosh Formation and 

t h e unconformably o v e r l y i n g l a v a f lows a r e named t h e Stevenson Ridge l a v a s . 

The S tevens Ridge Formation and l a v a f lows of Three Corner Rock, r ecogn ized 

by Hammond ( 1 9 8 0 ) , were no t r e c o g n i z e d in t h e a r e a , a l t hough Stevenson 

Ridge l a v a s a r e b e l i e v e d to c o r r e l a t e wi th Three Corner Rock l a v a s . 



By middle Miocene t ime the s t r a t a had been warped to form a s o u t h w e s t -

d ipp ing homocline and were i n t r u d e d by a number of small s t o c k s and t h i c k 

s i l l s of gabbro , d i o r i t e , and q u a r t z d i o r i t e , a long a n o r t h w e s t - t r e n d i n g 

zone p a r a l l e l i n g t h e s t r i k e of t h e homocl ine . Low-grade z e o l i t e f a c i e s 

metamorphism produc ing z e o l i t e s and c h l o r i t e p e r v a s i v e l y a f f e c t e d t h e rocks 

a t t h i s t i m e . This zone i s p r e s e n t l y fo l lowed by t h e c o u r s e of t h e lower 

Wind R i v e r . Although a f a u l t i s no t d e l i n e a t e d a long t h e v a l l e y , s t r a t i -

g r a p h i c d i f f e r e n c e s between t h e v a l l e y s i d e s and t h e p e r s i s t e n t t o p o g r a p h i c 

e x p r e s s i o n of t h e v a l l e y s t r o n g l y s u g g e s t t h a t a s t r u c t u r a l zone u n d e r l i e s 

t he v a l l e y f l o o r . 

The n o r t h e a s t - t r e n d i n g L i t t l e Wind River f a u l t formed a f t e r t he 

i n t r u s i o n s were emplaced . Hot s p r i n g s l o c a l i z e d nea r t he j u n c t i o n of t h e 

f a u l t wi th t h e Wind River zone ( f i g u r e 5) s u g g e s t t h e r e may be a l a t e n t 

h e a t sou rce a t d e p t h , reached by groundwater c i r c u l a t i o n through t h e 

L i t t l e Wind River f a u l t . The two h o t s p r i n g s of f i g u r e 5 , however, a r e 

l o c a t e d a long the Wind River zone , thus the L i t t l e Wind River f a u l t 

p robab ly s e rved to r e a c t i v a t e o r reopen f r a c t u r e s a long t h e p r e - e x i s t i n g 

Wind River zone . 

Geochemical s t u d i e s of t h e s p r i n g wa te r have de te rmined i t i s no t 

magmatic in o r i g i n (Campbell and o t h e r s , 1970, Korosec and o t h e r s , 1983) . 

Although t h e Qua te rna ry Trou t Creek b a s a l t may l o c a l l y o f f e r l a t e n t thermal 

e n e r g y , t h e h o t s p r i n g s a r e l o c a t e d a g r e a t d i s t a n c e from t h e b a s a l t i c 

v e n t , and t h u s , t h e Qua te rna ry vo lcano i s no t b e l i e v e d r e s p o n s i b l e f o r 

ho t s p r i n g a c t i v i t y . Evidence of a c t i v e o r f o s s i l ho t s p r i n g s a c t i v i t y 

e l sewhere in t h e lower Wind River v a l l e y i s l a c k i n g . I t i s b e l i e v e d , 

t h e r e f o r e , t h a t t h e i n t e r s e c t i o n of t h e two s t r u c t u r a l zones shown in 

f i g u r e 5 nea r an i n t r u s i v e mass i s d i r e c t l y r e s p o n s i b l e f o r t h e h o t s p r i n g 



development . I f h e a t i s indeed s u p p l i e d by a c o o l i n g i n t r u s i o n , t h e 

p r e s e n t - d a y a c t i v i t y of t he ho t s p r i n g s nea r t h e Buck Mountain i n t r u s i o n 

s u g g e s t s 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 l o s e r in 

age to nearby Wind Mountain (pos t -Columbia River B a s a l t ) than to d i o r i t e 

of P i l o t Knob (23 m . y . ) , l o c a t e d ove r 13 km t o t h e n o r t h w e s t , bu t even 

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

Nature of t h e Thermal Water and Heat Source 

Phys ica l and chemical c h a r a c t e r i s t i c s of t h e Carson and Shipherds 

Hot Spr ings a r e l i s t e d in t a b l e 6 . A c c e l e r a t e d d i s s o l u t i o n of s i l i c a t e 

m i n e r a l s by t h e thermal wa te r s has r e s u l t e d in high pH and d i s s o l v e d 

SiO2 v a l u e s . The high t o t a l d i s s o l v e d s o l i d s (TDS) and r e l a t e d high 

c o n d u c t i v i t y of t h e Carson Hot Spr ings w a t e r s u g g e s t e i t h e r , 1) t h a t 

much of i t i s c o n n a t e o r f o r m a t i o n a l wa te r from b u r i e d sed imen ta ry r o c k s , 

which tend to c o n t a i n e l e v a t e d Na and CI ion abundances , o r 2) e x t e n s i v e 

w e a t h e r i n g and p ro longed c o n t a c t by t h e f l u i d wi th sed imen ta ry rocks 

o c c u r r e d , c o n c e n t r a t i n g CI i o n s . 

The lower v a l u e s of c o n d u c t i v i t y , TDS, Cl and Na ions in Sh ipherds 

Hot Spr ings s u g g e s t t h e r e may be more mixing wi th d i l u t e s u r f a c e w a t e r s , 

e s p e c i a l l y Wind River w a t e r , than o c c u r s a t Carson Hot S p r i n g s , The ho t 

s p r i n g s a r e l e s s than 800 m no r th of Carson Hot Spr ings ( s ee f i g u r e 5) 

and occu r in Buck Mountain d i o r i t e . I t i s no t known i f t h e r e i s a f a u l t 

i n t e r s e c t i o n c o n t r o l l i n g l o c a t i o n of t h e s e s p r i n g s . The w a t e r may be 

m i g r a t i n g a long f r a c t u r e s away from t h e Wind R i v e r - L i t t l e Wind River 

f a u l t i n t e r s e c t i o n , s u r f a c i n g ups t ream as s l i g h t l y c o o l e r , more d i l u t e 

w a t e r . F r a c t u r e s were obse rved w i t h i n u n i t s of t he Ohanapecosh Formation 

in d r i l l h o l e DNR-8, n e a r t he Sh iphe rds Hot S p r i n g s . 



TABLE 6 . 

C h a r a c t e r i s t i c s of two Wind River hot s p r i n g s 

Carson Hot Spr ings 
(3N/8E/21Dd) 

53 

2200 

1410 

8 . 5 

680 
16 
22 
51 

325 
5.2 

68 
0 .4 
0 . 4 
0.6 
7 . 3 

Not d e t e c t e d 

88 
100 
103 

73 

Shipherds Hot Spr ings 
(3N/8E/21Db) 

220 

135 

8 . 5 

100 

38 
12 
43 
47 
43 

Not d e t e c t e d 
4 .2 
0.1 

Not d e t e c t e d 
0 .4 
0.6 

Not d e t e c t e d 

99 
69 

Temperature ( °C) . . . 

Conduc t iv i t y (umhos/cm) 

Total Disso lved S o l i d s 
(mg/l) 

PH 

Flow Rate (1/min) . . . 

Cl (ppm) 
SO4 

A l k a l i n i t y . . . . 
SiO2 

Na 
K 
Ca . . 
Mg 
Li 
F 
Br 
Fe 

Geothermometers: 

Na/Li ( °C) . . . . 
Na-K-Ca 
SiO2 ( q u a r t z ) . . . 

SiO2 ( c h a l c e d o n y ) . 

Sources : Tempera ture , TDS, Flow Rate - Korosec and o t h e r s (1981) 
All o t h e r da ta - M. Korosec , Washington Dept . of Natural Resources 
(persona l communicat ion) . 



Geothermometers s u g g e s t t h a t both ho t s p r i n g s o r i g i n a t e from a 

sou rce having an ave rage t e m p e r a t u r e of around 90°C (195°F) . Depth 

t o t h i s s u b s u r f a c e r e s e r v o i r i s no t i n d i c a t e d by geochemical d a t a . 

The t e m p e r a t u r e g r a d i e n t in t h e lower p o r t i o n of t he Carson d r i l l 

ho le (DNR-8) was measured to be ex t r eme ly h i g h , 365°C/km ( s ee f i g u r e 8 ) . 

With a bottom h o l e t e m p e r a t u r e of on ly 28°C a t 114 m, and s p r i n g s in t h e 

v i c i n i t y wi th t e m p e r a t u r e s as high as 45°C, t h e high g r a d i e n t was assumed 

to be due to conduc t ion between t h e s u r f a c e and a r e l a t i v e l y sha l low 

warm a q u i f e r , a t l e a s t 45°C, which f e e d s the s p r i n g s . 

About a y e a r a f t e r DNR-8 was comple t ed , a deepe r well was d r i l l e d 

by t h e p r i v a t e l and owner w i t h i n a few mete r s of t h e f i r s t h o l e . The 

Hegewald well i s 190 m deep , wi th a l o w e r - h o l e g r a d i e n t of 153°C/km and a 

bottom h o l e t e m p e r a t u r e of 36°C. Because of w a t e r f low w i t h i n t h e h o l e , 

i n c l u d i n g co ld w a t e r downflow from above and warm w a t e r downflow near 

t he bo t tom, t h e g r a d i e n t canno t be d i r e c t l y compared to the g r a d i e n t 

of DNR-8. D e s p i t e t h e f a c t t h a t a h o t a q u i f e r was e n c o u n t e r e d , t h e low 

t e m p e r a t u r e r e l a t i v e to t h e h o t s p r i n g s and t h e o b s e r v a t i o n t h a t t h e 

g r a d i e n t c o n t i n u e s to i n c r e a s e a t t h e bottom of t h e ho le s u g g e s t s t h a t 

t h e main h o t w a t e r a q u i f e r had y e t t o be r e a c h e d . Using a g r a d i e n t of 

150°C/km, t h e ho t s p r i n g t e m p e r a t u r e of 45°C would be reached a t about 

250 m, and t h e p r e d i c t e d r e s e r v o i r t e m p e r a t u r e of 90°C would be reached 

a t 550 m e t e r s . 

A g r a d i e n t of 8 4 . 3 ± 1.08°C/km e x i s t s in t h e T rou t Creek d r i l l h o l e . 

This g r a d i e n t may r e f l e c t a very h igh r e g i o n a l g r a d i e n t , o r may be due 

to l a t e n t Qua te rna ry v o l c a n i c h e a t a s s o c i a t e d wi th t h e T rou t Creek Hi l l 

v o l c a n o . No i n t r u s i o n s o r f a u l t s a r e known in t h i s a r e a . 



Figure 8 . Temperature vs . Depth diagram for DNR-8 and Hegewald Well. 



Geothermal Resource 

Volcanic a c t i v i t y has o c c u r r e d in r e c e n t t i m e s , as i n d i c a t e d by 

the P l e i s t o c e n e T r o u t Creek b a s a l t . L a t e n t v o l c a n i c h e a t s i g n i f i c a n t l y 

r a i s e s geothermal g r a d i e n t s . The ev idence of t h i s r e p o r t shows t h a t 

only one e r u p t i v e phase i s a s s o c i a t e d wi th T rou t Creek H i l l v o l c a n o . 

C e r t a i n l y , r e p e a t e d e r u p t i o n s ove r a long t ime i n t e r v a l p rov ide a more 

encouraging geothermal p r o s p e c t , and f u r t h e r work on t h i s a s p e c t may 

prove i t to be t h e c a s e . P r e s e n t f i e l d , p e t r o g r a p h i c and chemical da t a 

s u p p o r t on ly a s i n g l e l ava type t h a t e r u p t e d r a p i d l y over a s h o r t p e r i o d 

of t ime . 

The modera te temperature g r a d i e n t found in t h e Trou t Creek d r i l l 

ho le should be f u r t h e r e x p l o r e d . Deeper h o l e s would i n d i c a t e i f t h e 

g r a d i e n t cou ld be r e l i a b l y p r o j e c t e d to deepe r d e p t h s , and would p rov ide 

more i n f o r m a t i o n on t h e n a t u r e of p o s s i b l e a q u i f e r s in u n i t s of t h e 

Ohanapecosh Format ion . 

Water wel l l ogs show t h a t t h e Qua te rnary b a s a l t may be as much as 

90 m t h i c k in p l a c e s . Tempera tures in w e l l s p e n e t r a t i n g t h i s v a l l e y 

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 w a t e r f l owing 

through o r below t h e b a s a l t f l o w s . 

Slowly c o o l i n g i n t r u s i v e bod ies may be s o u r c e s of h e a t , bu t they 

must be of s i g n i f i c a n t s i z e a n d / o r r e l a t i v e l y young a g e . F u r t h e r s tudy 

of t h e s e i n t r u s i o n s cou ld d e f i n e t h e i r age r e l a t i o n s h i p s , p a r t i c u l a r l y 

i f t h e bod ie s were p r o g r e s s i v e l y emplaced from sou th to nor th o r no r th 

to south as t h e Wind River zone deve loped . P o s i t i o n s of t h e y o u n g e s t , 

h o t t e s t , and p o s s i b l y s t i l l concea led i n t r u s i o n s would then be l o c a t e d 

a t t h e younger end of t h e zone . The r e l a t i v e l y young Wind Mountain 

i n t r u s i o n and t h e Buck Mountain i n t r u s i o n wi th i t s r e l a t e d ho t s p r i n g s 



l i e a t t he sou th end of t he Wind River zone in Washington. S h e l l r o c k 

Mountain i s a q u a r t z d i o r i t e p lug t h a t c rops o u t d i r e c t l y a c r o s s t he 

Columbia River from Wind Mountain and a l s o i n t r u d e d Columbia River B a s a l t . 

The Wind River zone , may, t h e r e f o r e , have developed from nor th to s o u t h , 

and may extend southward i n t o Oregon. 

The o c c u r r e n c e of the thermal w a t e r s nea r Carson i s a t t r i b u t e d to 

t h e i n t e r s e c t i o n of two s t r u c t u r a l zones over an i n t r u s i v e body t h a t 

y i e l d e d h e a t t o c i r c u l a t i n g g roundwa te r . 

The 90-100°C e s t i m a t e d r e s e r v o i r t e m p e r a t u r e a t the Carson and 

Sh iphe rds Hot Spr ings i s no t w i t h i n t h e range of conven t iona l geothermal 

power p r o d u c t i o n . Many p o s s i b l e a p p l i c a t i o n s e x i s t , however, i n c l u d i n g 

space h e a t i n g of homes, s c h o o l s , o f f i c e s o r g r eenhouses , as well as l ower -

t e m p e r a t u r e uses such as food p r o c e s s i n g , f i s h f a r m i n g , s o i l warming, 

and v a r i o u s c o - g e n e r a t i o n p r o c e s s e s . Numerous p o t e n t i a l u s e r s of t h i s 

r e s o u r c e e x i s t a t t he south end of t h e Wind River v a l l e y and a long the 

Columbia River Gorge. 

SUMMARY AND CONCLUSIONS 

The lower Wind River d r a i n a g e c o n s i s t s p r i m a r i l y of t he Ohanapecosh 

Format ion , an Ol igocene u n i t t h a t i s r e c o g n i z e d a c r o s s t h e e n t i r e s o u t h e r n 

Washington Cascade Range. The f o r m a t i o n i s a t l e a s t 300 m t h i c k in the 

Wind River v a l l e y a r e a . I t c o n s i s t s l a r g e l y of v o l c a n i c l a s t i c s e d i m e n t s , 

wi th minor mass ive p y r o c l a s t i c f l o w s , v o l c a n i c b r e c c i a s and l ava f l o w s . 

Low grade z e o l i t e f a c i e s metamorphism d u r i n g t h e Miocene l ed to f o r m a t i o n 

of hydro thermal m i n e r a l s in Ohanapecosh s t r a t a . Metamorphism probably 

o c c u r r e d a t l e s s than 180°C. 



Stevenson Ridge l a v a s f lowed o v e r deeply wea thered v o l c a n i c l a s t i c s 

of t h e Ohanapecosh Format ion . The m o n t m o r i l l o n i t e s u r f a c e f a c i l i t a t e d 

l a t e r s l i d i n g of t h e l a v a s . S tevenson Ridge l a v a s c o n s i s t of pyroxene 

a n d e s i t e and minor b a s a l t f lows up t o 30 m t h i c k . The l a v a s , K-Ar age 

da ted a t 15 .7 m . y . , may be i n t r a c a n y o n f lows t h a t f i l l e d an a n c i e n t cou r se 

of t h e Wind R i v e r . 

Nearly a p h y r i c Yakima B a s a l t f l o w s , s l i g h t l y younger than Stevenson 

Ridge l a v a s , o c c u r no r th and e a s t of Wind Mountain. Yakima B a s a l t o v e r l i e s 

m o n t m o r i l l o n i t e of t h e upper Ohanapecosh, and i s d i s r u p t e d 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 Mounta in . 

Wind Mountain i s a q u a r t z d i o r i t e p lu ton t h a t i n t r u d e d t h e Ohanapecosh 

and Yakima B a s a l t in t h e l a t e Miocene o r P l i o c e n e . Severa l s m a l l e r 

d i o r i t i c i n t r u s i o n s , one d a t e d a t 23 m.y . o l d , occur w i t h i n t h e Ohanapecosh 

to t h e no r th a long t h e Wind R i v e r . Hydrothermal a l t e r a t i o n of t h e d i o r i t e s 

may have been induced by l a t e - s t a g e c r y s t a l l i z a t i o n as well as by r e g i o n a l 

metamorphism in t h e Miocene. Bunker H i l l i s t h e s i n g l e m a f i c i n t r u s i o n 

in t h e v a l l e y . 

The T r o u t Creek b a s a l t i s a 70 m t h i c k s e r i e s of i n t r a c a n y o n o l i v i n e 

b a s a l t f l o w s . E r u p t i o n s o c c u r r e d o v e r a s h o r t t ime i n t e r v a l abou t 338,000 

y e a r s ago . The l a v a s d i s r u p t e d s t r e a m s a long t h e Wind River v a l l e y and 

t e m p o r a r i l y dammed the Columbia R i v e r . D e l t a i c and t e r r a c e sed imen t s 

were d e p o s i t e d marg ina l t o t h e l a v a s . 

A g e n t l y s o u t h w e s t - d i p p i n g s t r u c t u r e a f f e c t s t h e lower Wind River 

v a l l e y . Normal to t h i s i s t h e n o r t h w e s t - t r e n d i n g Wind River zone , a 

t o p o g r a p h i c l i n e a m e n t i n c l u d i n g a l i g n e d i n t r u s i o n s and h o t s p r i n g s b u t 

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

p o s s i b l y r e l a t e d t o n o r t h w e s t - t r e n d i n g Miocene f o l d s . The n o r t h e a s t -



t r e n d i n g , s o u t h - d i p p i n g L i t t l e Wind River f a u l t i n t e r s e c t s t he Wind 

River zone and c u t s t h e Buck Mountain i n t r u s i o n . A s i m i l a r l y - o r i e n t e d 

f a u l t may c o i n c i d e wi th Bear Creek. 

Minor chemical t r e n d s in i n t r u s i v e rocks were d e t e c t e d , with SiO2 

g e n e r a l l y i n c r e a s i n g from nor th to sou th a long t h e Wind River v a l l e y . 

F u r t h e r age d a t e s and geochemical a n a l y s e s a r e r e q u i r e d to v e r i f y i f 

t h i s t r e n d r e p r e s e n t s magmatic d i f f e r e n t i a t i o n and emplacement of i n -

t r u s i o n s from n o r t h to south over t i m e . 

A p o t e n t i a l geothermal r e s o u r c e e x i s t s near Buck Mountain a t t he 

Carson Hot S p r i n g s . E x p l o r a t o r y d r i l l i n g nea r Buck Mountain shows t h a t 

t h e Ohanapecosh Format ion , beneath t h e v a l l e y f i l l i n g Quaternary b a s a l t 

from Trou t Creek H i l l , i s c u t by t h i n d ike s o r s i l l s and i s u n d e r l a i n 

by a l a r g e mass of d i o r i t e . The L i t t l e Wind River f a u l t r e a c t i v a t e d 

f r a c t u r e s of t h e Wind River zone t h a t a l l ow groundwater c i r c u l a t i o n 

w i t h i n t h e i n t r u s i o n a t d e p t h . Heat a t d e p t h , f rom e l e v a t e d h e a t f l o w , 

p o s s i b l y a s s o c i a t e d wi th i n t r u s i v e a c t i v i t y , produces h o t s p r i n g temper-

a t u r e s of a t l e a s t 53°C and very high t e m p e r a t u r e g r a d i e n t s l o c a l l y above 

t h e hydrothermal s y s t e m . 

The g e o l o g i c s e t t i n g of t h e Carson Hot Spr ings s u g g e s t s f r a c t u r e s 

c u t t i n g t h e Wind River zone and y o u t h f u l i n t r u s i v e bodies may be p r e r e -

q u i s i t e f o r a geothermal r e s o u r c e in t h i s r e g i o n . S i m i l a r geo log i c en-

v i ronments may e x i s t a t Wind Mountain, S h e l l r o c k Mountain, and f o r t h e 

i n t r u s i v e s fo rming t h e h i l l s a t t h e head of t h e C o l l i n s P o i n t and Home 

Val ley l a n d s l i d e s . P o s s i b l e temporal development of t h e Wind River zone 

from no r th to sou th s u g g e s t s t h e g r e a t e s t geothermal p o t e n t i a l may l i e a t 

t h e s o u t h e r n end of t h e zone. The e x t e n s i o n of t h i s zone t o t h e sou th of 

S h e l l r o c k Mountain shou ld be i n v e s t i g a t e d f o r p o s s i b l e modera te t e m p e r a t u r e 

geothermal r e s o u r c e s in Oregon. 
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