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I NTRODl lCTI  ON 

Since 1978, the  D i v i s i o n  o f  Geology and E a r t h  Resources o f  t he  Washington 

Department o f  N a t u r a l  Resources has p a r t i c i p a t e d  i n  the U.S. Department o f  

Energy 's  (USDOE) State-Coup1 ed Geothermal Resource Program. Federal  and s t a t e  

funds have been used t o  i n v e s t i g a t e  arid eva lua te  the  p o t e n t i a l  f o r  geothermal 

resources, on bo th  a reconnaissance arid a r e a - s p e c i f i c  l e v e l .  

P r e l i m i n a r y  r e s u l t s  and progress r*eports f o r  t h e  p e r i o d  up through mid- 

1980 have been re leased  as a D i v i s i c n  Open F i l e  Report ,  OFR 81-3 (Korosec, 

Schuster,  and o the rs ,  1981). P r e l  im i r i a ry  r e s u l  t s  and progress summaries o f  

work c a r r i e d  o u t  from mid-1980 through the  end o f  1982 are presented i n  

OFR 83-7 (Korosec and o the rs ,  '1983). 

w i t h  geothermal resource i n v e s t i g a t i o n s  i n  the  s t a t e  has been p u b l i s h e d  t o  

date. An I n f o r m a t i o n  C i r c u l a r  re leased  by t h e  D i v i s  on, I .C.  62, (Schuster  

and o the rs ,  1P78) compi led the  geology, geochemistry 

d r i l l i n q  r e s u l t s  from a p r o j e c t  i n  the I n d i a n  Heaven area o f  t h e  south 

Cascades. 

Only one o t h e r  summary r e p o r t  d e a l i n g  

and hea t  f l o w  

The progress r e p o r t  f o r  t h e  geothermal program, c o v e r i n g  the  p e r i o d  up 

t o  mid-1980, Open F i l e  Repor t  131-3 i n c l u d e d  i n f o r m a t i o n  on temperature 

g r a d i e n t s  measured throughout t h e  s t a t e ,  heat  f l o w  d r i l l  i n g  i n  the  southern 

Cascades, g r a v i t y  surveys f o r  t h e  southern Cascades, thermal and m ine ra l  

s p r i n g  i n v e s t i g a t i o n s ,  geologic:  mapping f o r  t he  White Pass-Tumac Mountain 

area, and area s p e c i f i c  s t u d i e s  f o r  t he  Camas area o f  C l a r k  County and 

Mount S t .  Helens. T h i s  work, a long w i t h  some a d d i t i o n a l  studies, l e d  t o  

t h e  c o m p i l a t i o n  of t he  Geothermal Resources o f  Washington., Geologic  Map 

GM-25, (Korosec, K a l e r ,  and o the rs ,  19i31). 

t e c h n i c a l  p r e s e n t a t i o n  based on a l l  a v s i l a b l e  geothermal in format ion. ,  pre- 

sented as data p o i n t s ,  tables, and t e x t  on a map w i t h  a sca le  o f  1:500,000. 

The map i s  p r i n c i p a l l y  a non- 



The progress r e p o r t  cove r ing  the  p e r i o d  from m i 6 1 9 8 0  through the end 

o f  1982, Open F i l e  Report  83-7 presented: chemical analyses f o r  thermal 

and m ine ra l  spr ings,  i n c l u d i n g  a v a i l a b l e  U.S. Geologica l  Survey data; d i s -  

cuss ions of t he  reg iona l  g r a v i t y  work conducted i n  the  Cascade Range; r e s u l t s  

o f  t h e  heat f l o w  d r i l l i n g  program c a r r i e d  o u t  d u r i n g  1982; a d i scuss ion  of  

t h e  low temperature geothermal resources o f  the Columbia Basin and surrounding 

reg ions  o f  eastern Washington; a progress r e p o r t  f o r  t he  time-space-composi t i o n  

model ing p r o j e c t  f o r  south Cascades Qua te rna ry  vo l can ics ;  a summary o f  t he  

f i n d i n g s  f o r  t h e  White Pass-Tumac Mountain-Bumping Lake area geologic  mapping 

p r o j e c t ;  a synopsis o f  t he  geohydro log ic  s t u d i e s  and model ing o f  the thermal 

a q u i f e r s  i n  t h e  Yakima V a l l e y  area; and a summary r e p o r t  on progress and pro- 

posal  s f o r  t he  s t a t e ' s  most s i g n i f i c a n t  geothermal resource t a r g e t s .  Since 

the re lease  o f  t he  19880-1982 progress r e p o r t ,  several  a d d i t i o n a l  p r o j e c t s  

have been completed. The r e s u l t s  o f  these p r o j e c t s  are a v a i l a b l e  as open 

f i l e  r e p o r t s ,  as descr ibed below. 

The r e s u l t s  o f  the 1983 temperature g r a d i e n t  and heat  f low d r i l l i n g  

p r o j e c t  a r e  discussed i n  Open F i l e  Repor t  83-12. The two areas examined were 

t h e  Green R i v e r  Soda Spr ings near Mount S t .  Helens, and the Mount Baker area. 

Open F i l e  Repor t  83-10 c o n s i s t s  o f  a s o i l  mercury p r o j e c t  r e p o r t  prepared 

by two geology s tudents who conducted the work as p a r t  o f  the Department o f  

Na tu ra l  Resources' i n t e r n  program. The s t u d i e s  were concentrated i n  the 

Green R i v e r  Soda Spr ings  and Marb le Mountain areas j u s t  beyond the boundaries 

o f  t he  Mount S t .  Helens Na t iona l  Volcanic  Monument. 

Geologic mapping f o r  t h e  Wind R i v e r  area by Dulcy B e r r i ,  a subcontractor  

t o  the D i v i s i o n ,  i s  presented i n  Open F i l e  Report  83-5. A d iscuss ion  o f  t he  

geothermal p o t e n t i a l  o f  t h i s  p o r t i o n  o f  t he  Columbia R i v e r  Gorge i s  inc luded.  



open F i l e  Report  83-11 c o n s i s t s  of a geohydro log ic  s tudy o f  t h e  thermal 

a q u i f e r s  i n  t h e  Moses I . a k ~ - R i t ; z v i l l c - ~ o n n e l l  area o f  t h e  Colitmbia Rasln. The 

work was c a r r i e d  ou t  by Scot t  Widness, a graduate s tudent  a t  Washington S t a t e  

I l n i  v e r s i  t y  . 
Open F i l e  Report  83-13 presents  geochemical analyses, age dates,  and f low 

es t imates  fo r  Ouaternary v o l c a n i c  rocks  o f  t h e  southern Cascade Range o f  

Washington. The work was c a r r i e d  ou t  by nr. Paul Hammond, p o r t l a n d  S t a t e  

l l n i  v e r s i  t y  , through a subcont rac t  . 
Open f i l e  Report  84-1 presents  t h e  r e s u l t s  o f  chemical analyses o f  thermal 

and minera l  s p r i n g s  i n v e s t i g a t e d  i n  I. 'X3?-lQA?. A t a h l e  o f  s p r i n g  geochemistry 

from t h e  1I.S. Geolog ica l  Turvey ( n o t  p r e v i o u s l y  r e p o r t e d  i n  o t h e r  n i v i s i o n  

progress r e p o r t s )  has heen inc luded.  

The pi-esent r e p o r t  i s  meant t o  serve as (1) a summary o f  p r o j e c t  a c t i v i t y ,  

' w i t h  references t o  t h e  p u h l i c a t i o n s  produced, and ( ? I  a summary o f  t h e  p r o j e c t  

f i n d i n g s ,  as they r e l a t e  t o  s p p c i f i c  qeothermal resource t a r g e t  areas. T t  i s  

reconnnended t h a t  t h e  i n d i  v i  dual  p r o j e c t  open fi l e  r e p o r t s  and t h e  "annual I' 

program summary open f i l e  r e p o r t s  be consu l ted  f o r  d e t a i l s  on s tudy area, 

methrids, and s p e c i f i c  f i n d i n g s .  

-3- 



PART 1. - q1IMMARY OF PROJECTS ANn PROnllCTS FOR THE 

1978-1 983 
GE(VHERMAL PROGRAM I N  THF - .  5TATF OF WA SHI NGTON 

n u r i n g  t h e  course of t h e  geothermal program, many d i f f e r e n t  p r o j e c t s  were 

conducted by personnel of t h e  n i v i s i o n  of Geology and E a r t h  Resources and by 

subcon t rac to rs  work ing f o r  t h e  d i v i s i o n .  I n  t h e  f o l l o w i n g  sec t i ons  (A and R ) ,  

b r i e f  d e s c r i p t i o n s  o f  these p r o j e c t s  and t h e  p u b l i c a t i o n s  which have been 

produced a re  discussed. Roth proqress r e p o r t s  and f i n a l  r e p o r t s  are inc luded,  

c o n s i s t i n g  o f  open f i l e  r e p o r t s  (OFR), gc?ologic maps (GM), and u n i v e r s i t y  theses. 

Sect ion C l i s t s  t h e  p u b l i c a t i o n s  which serve as data sets,  arranged by major  

t o p i c .  F u l l  re ferences f o r  t h e  r e p o r t s  are presented i n  Sec t i on  n, t h e  l i s t  

o f  pub1 i c a t  i ons . 
A. Major P r o j e c t s  o f  t h e  Geothermal 

E x ~ l  o r a t  i on Proaram 

Thermal and Y i n e r a l  Sp r ing  Chemistry 

n u r i n g  t h e  geothermal assessment program, most o f  t h e  s t a t e ' s  known thermal 

and minera l  sp r ings  were sampled and analyzed by t h e  d i v i s i o n .  

s i  gni  f i cant  m i  nor  an i  on and c a t i o n  concent r a t i o n s  were measured and used 

w i t h  va r ious  geothermometers t o  es t ima te  r e s e r v o i r  e q u i l i b r i u m  temperatures.  

Open F i l e  Report  (OFR) 80-11 was an e a r l y  c o m p i l a t i o n  o f  thermal and 

Major and 

m ine ra l  s p r i n g  l o c a t i o n s ,  i n c l u d i n g  i n f o r m a t i o n  on temperature and c o n d u c t i v i t y .  

I n  Chapter 4 o f  nFR 81-3, chemical analyses and several  s i t e - s p e c i f i c  des- 

c r i p t i o n s  were presented f o r  sp r ings  examined from 1978 through 1980. 

Chapter 3 o f  OFR 83-7 serves as a c o m p i l a t i o n  o f  a l l  a v a i l a b l e  i n f o r m a t i o n  

on thermal and minera l  sp r ings  up t o  1983, i n c l u d i n g  l o c a t i o n s ,  geochemistry 

( f r o m  t h e  n i v i s i o n  as w e l l  as t h e  1I.S. Geologica l  qurvey l ,  geothermometers, 

and severa l  s i  t e -spec i  f i c desc r i  p t i o n s  . nFR 84-1 presents  geochemi c a l  

analyses f o r  sp r ings  examined and analyzed hy t h e  n i v i s i o n  i n  1983. 

A d d i t i o n a l  geochemical data f rom t h e  1I.S. Geologica l  Survey are a l s o  p re -  

sented i n  OFR 84-1. 



. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .. . . . - .. . . -. . . . . - - - . -. . 

Heat Flow D r i l l i n g  

A major p o r t i o n  o f  t h e  Geothermal E x p l o r a t i o n  Program has been t h e  d r i l l i n q  

o f  500 f o o t  temperature-gradient  and heat- l ' low holes w i t h i n  reg ions  and areas 

where down-hol e i nformat i on had n o t  been pr-evi ous l y  avai  1 ah1 e. 

The f i r s t  heat f l o w  d r i l l i n g  p r o j e c t  was p a r t  o f  a 1975-1976 Na t iona l  

Science Foundation-sponsored proqram t o  ext i lore t h e  I n d i a n  Heaven nuaternary 

v o l c a n i c  reg ion  o f  t h e  southern Cascades. 

C i r c u l a r  67, "Heat Flow Studies i n  t h e  ?teamboat Mountain-Lemei Rock area, 

Ykamani a County, Washi nqton" . 

Resul ts  were presented i n  In fo rma t ion  

n u r i n q  t h e  5utnmer and F a l l  o f  1979, 11 holes were d r i l l e d ,  p r i m a r i l y  i n  

t h e  southern Cascades. 5 i t e s  i n c l u d e  Lonqmi re,  Rand1 e, Packwood, nhanapecosh , 

White Pass, Mount T t .  Helens ( 3  s i t e s ) ,  and Camas ( 3  s i t e s ) .  Chapter 4 of  

OFR 81-3 presents  t h e  l o c a t i o n s ,  temperature q rad ien ts  and heat f l o w  values 

f o r  these ho l  es . 
Dur ing t h e  Summer o f  1981, 11 temperature g rad ien t  heat f low holes were 

completed, i n c l u d i n g  t h e  s i t e s  a t  Scenic (7 s i t e s  near Scenic Hot Spr ings,  Stevens 

Pass area) ,  Sncqualmie Pass ( 7  s i t e s ) ,  White R ive r ,  Clear  Creek and Sand Ridge 

(eas t  o f  White Pass), T ie ton,  Wind River ,  :Trout Creek H i l l ,  and K l i c k i t a t .  

Locat ions and r e s u l t s  were presented i n  (IFF! 81-8 and Chapter 6 o f  OFR 83-7. 

Three temperature g rad ien t  hea t - f l ow  holps were d r i l l e d  d u r i n g  t h e  slimmer 

o f  1983, i n c l t i d i n q  one near t h e  Green R i v e r  Soda Spr ings northwest of Mount 

S t .  Helens, and two holes i n  t h e  Mount Raker area. The l o c a t i o n s  and r e s u l t s  

f o r  these ho les  are presented i n  OFR 83-17,, 

-5 -  



TemDe r a  t u r e  Grad i en t Mea s u reme n t s 

Resides measuring temperature q r a d i e n t s  f o r  t h e  5nn-foot ho les  d r i l l e d  

f o r  heat f l o w  s tud ies ,  t h e  d i v i s i o n  measured numerous temperature g r a d i e n t s  

i n  e x i s t i n g  w e l l s .  Most o f  t h e  w e l l s  are l o c a t e d  w i t h i n  t h e  Columbia Rasin 

and around i t s  per imeter .  Locat ions  and bottom-hole temperatures f o r  many 

o f  these w e l l s  were shown on t h e  1983 Geothermal Yesource Map o f  Washington, 

GM-35. A c o l l e c t i o n  o f  t h e  b e s t  q u a l i t y  g r a d i e n t s  up t o  3981 are l i s t e d  and 

p l o t t e d  i n  nFR 80-9. A l l  temperat i i re-gradient  i n f o r m a t i o n  c o l l e c t e d  f rom w e l l s  

s i n c e  t h e  proqram beqan up t o  1981 are  l i s t e d  i n  a compiiter f i l e  c a l l e d  

WELLTHERM which i s  a v a i l a b l e  as a p r i n t o u t  i n  nFR 87-7. Resu l ts  of t h e  q r a d i e n t  

meaqurinq p r o j e c t s  a re  d iscussed i n  OFR 87-1 and Chapter 7 o f  OFR 81-7. 

A d d i t i o n a l  g r a d i e n t  i n f o r m a t i o n  i s  presented i n  r e p o r t s  generated by two 

a r e a - s p e c i f i c  h y d r o l o g i c  s tud ies ,  i n c l u d i n g  0FR 81-7, OFR 83-6, Chapter 10 

o f  nFR 81-7, and t h e  John Riggane t h e s i s  f o r  t h e  Yakima area; and nFR 93-11 

and t h e  5 c o t t  Widness t h e s i s  f o r  t h e  Moses Lake-R i tzv i  l l e - C o n n e l l  area. 

Cascade Range Regional  G r a v i t y  

The D i v i s i o n  suppor ted g r a v i t y  s t u d i e s  of t h e  n o r t h  and south Cascade 

Mountains p r o v i  nce through subcont rac ts  w i t h  Z. F. nanes o f  t h e  l l n i  v e r s i  t y  of 

Puget Yound and nanes Research Associates,  Tacoma, Washinqton. The purpose 

o f  t h e  work was t o  ga ther  b a s e l i n e  q r a v i t y  data f o r  c o n t r i b u t i o n  t o  

geothermal rpsource e v a l u a t i o n ,  w i t h  a qoal of a c h i e v i n q  a q r a v i t y  s t a t i o n  

d e n s i t y  of about one g r a v i t y  s t a t i o n  per  5 mi’. 

‘ I n f o r m a t i o n  c o l l e c t e d  as p a r t  o f  t h e  reg iona l  q r a v i t y  survey has been 

presented i n  f o u r  p u b l i c a t i o n s .  The p r i n c i p a l  f a c t s  fo r  a l l  o f  t h e  q r a v i t y  

s t a t i o n s  and a d i s c u s s i o n  o f  t e r r a i n  c o r r e c t i o n  methods were re leased as 

OFR 83-1. Contoured Rouguer g r a v i t y  anomaly maps f o r  t h e  n o r t h  and south 

s e c t i o n s  o f  t h e  Cascades were p u b l i s h e d  as GM-77 a t  a s c a l e  o f  1:7Fin,nnn. 

I n  Chapters 4 and 5 o f  nFR R 3 - 7 ,  W .  M. P h i l l i p s  descr ibed t h e  r e d u c t i o n s  used 



t o  produce t h e  maps, and presented p r e l i m i n a r y  i n t e r p r e t a t i o n s  o f  t h e  g r a v i t y  

t rends  and anomalies. n. Dishherger prepared r e s i d u a l  g r a v i t y  maps f o r  t h e  

southern Cascade Mountains u s i n g  F o u r i e r  ana lys i s  i n  OFR 83-4. 

Geohydroloqy Study o f  t h e  Yakirna Area - 

The qeoh.ydro1oqy o f  t h e  low temperati lrv? qeothermal resources o f  t h e  Yakima 

area was s t u d i e d  b,y ,lohn Riggane o f  Mashinqton S t a t e  l l n i v e r s i t y .  Th i s  t h e s i s  

p r o j e c t  was funded by t h e  D i v i s i o n  th rough a s i thcontract  w i t h  Rigqane. 

l i m i n a r y  r e p o r t  was re leased as ClFR 81-7. 

pe ra tu re  geothermal resources and s t ra t i g r ,aphy  o f  p o r t i o n s  o f  Yakima 

County, Washington" was re leased by Washington S t a t e  l l n i  v e r s i t y  i n  1982. 

Th is  same p u b l i c a t i o n  was re leased by t h e  n i v i s i o n  as OFR 87-6, and a con- 

densed ve rs ion  o f  t h i s  study was p r e s e n t d  i n  Chapter 10 o f  OFR 83-7. The 

computer-processed geophysical  logs; f o r  t h e  area, c o l l e c t e d  by Washington 

S t a t e  U n i v e r s i t y  over t h e  pas t  decdde, were re leased as OFR 83-2. 

A pre- 

Riggane's t h e s i s ,  "The low tem- 

Low Temperature Geothermal 9esourcc.s o f  t h e  Moses Lake -R i t zv i l l e -Conne l l  Area: 

Geohydrologic s t u d i e s  o f  t h e  Moses Lake -R i t zv i l l e -Conne l l  area of t h e  

Columhia Rasin were c a r r i e d  ou t  by Scot t  k' idness, a qraduate s tudent  a t  

Washinqton S ta te  I l n i v e r s i t y  IWSII). The w o r k  was supported hy t h e  D i v i s i o n  

th rough a subcont rac t .  

The f i r s t  p u b l i c a t i o n s  d e a l i n g  w i t h  t h e  resources o f  t h i s  req ion  werp 

t h e  qeothermal map 04-75  and a r e p o r t  on t h e  p o t e n t i a l  low temperature q ~ o -  

thermal  resources th roughout  t h e  Columhia Rasin (OFR 87-1 and Chapter 7 o f  

OFR 83-7). The a rea -spec i f i c  p r o j e c t  conducted hy Scot t  Widness was sum- 

marized i n  OFR 83-11. The t h e s i s  produced f o r  t h i s  p r o j e c t  i s  scheduled 

f o r  re lease  i n  e a r l y  1984. Computer-processed qeophysical  l ogs  c o l l e c t e d  

by WSll and used i n  Widness' s t u d i e s  are  found i n  OFR 83-14 and nFR 83-15. 
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Geology o f  t h e  Whi t e  Pass-Tumac Mountain-Bumpi ng Lake Region 

The White Pass-Tumac Mountain geologic  mapping p r o j e c t  was begun i n  1978 

and expanded t o  i n c l u d e  Bumping Lake t o  t h e  n o r t h  and Goat Rocks t o  the  south. 

Work was c a r r i e d  o u t  by Geoff .  Clayton, a graduate s tudent  a t  t h e  U n i v e r s i t y  

o f  Washington, and supported by t h e  D i v i s i o n  through a subcontract .  

The r e g i o n  l i e s  i n  t h e  no r theas te rn  p a r t  of t h e  southern Cascades o f  

Washington, which form t h e  c r e s t  between the  Columbia Basin t o  the  e a s t  and 

t h e  Puget Sound Trough, Cascade f o o t h i l l s ,  and Mount R a i n i e r  t o  the  west. 

D e t a i l e d  f i e l d  mapping, p e t r o l o g i c  and geochemical s tud ies ,  and rad io -  

m e t r i c  d a t i n g  o f  rock u n i t s  i n  t h e  area were designed t o  c l a r i f y  the r e c o r d  

o f  Quaternary volcanism, d e f i n e  the  major  s t r u c t u r e s  which c o n t r o l  t he  

l o c a t i o n  o f  a h i g h - l e v e l  s i l i c i c  magma chamber i n f e r r e d  t o  e x i s t  beneath the  

nor thwestern p o r t i o n  o f  t h e  area., and p e r m i t  a b e t t e r  understanding o f  smal 1 e r  

s c a l e  s t r u c t u r e s  which m i g h t  c o n t r o l  hydrothermal systems and l o c a l i z a t i o n  of 

heat.  

A p r e l i m i n a r y  progress r e p o r t  was presented i n  Chapter 6 o f  OFR 81-3. 

The p r e l i m i n a r y  map was made a v a i l a b l e  as OFR 80-8, a t  a sca le o f  1:24,000. 

The f i n a l  r e p o r t  and map comprise a Master o f  Science t h e s i s  a t  t he  U n i v e r s i t y  

o f  Washington en t i t l ed . ,  "Geology o f  t he  White Pass Area., South-Central Cascade 

Range., Washington". 

v o l c a n i c  a c t i v i t y  and d i s t r i b u t i o n  o f  v o l c a n i c  cen te rs  and products  i n  the 

area were compi led i n  Chapter 9 o f  OFR 83-7. 

Sec t i ons  o f  t he  t h e s i s  d e a l i n g  w i t h  P l i ocene  t o  Recent 

Wind R i v e r  Geology 

Dulcy Berr i . ,  P o r t l a n d  S t a t e  U n i v e r s i t y ,  was subcontracted by the  D i v i s i o n  

t o  map t h e  geology o f  t he  lower  Wind R i v e r  dra inage and surrounding r i dges ,  

f rom T r o u t  Creek H i l l  south t o  the  Columbia R i v e r  Gorge. 

presented i n  OFR 83-5. 

c ross  sec t i ons ,  petrochemical  data, age dates,  and a d i scuss ion  o f  the geo- 

thermal p o t e n t i a l  o f  t he  area. 

The r e s u l t s  were 

The r e p o r t  i nc ludes  a map a t  a sca le o f  1:24,000, 
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Ceockemi s t r y  o f  Southern Cascade M n r i r i t a i  ns nuatprnary  Volcanl  c Rocks 

A geo loq i c  and qeochemical i nves t  i q a t i o n  of t h e  nua te rna ry  v o l c a n i c  rocks 

o f  t h e  southern Cascades was c a r r i e d  ou t  by Paul Hammond, P o r t l a n d  S t a t e  

U n i v e r s i t y ,  th rough a subcont rac t  w i t h  t h e  D i v i s i o n .  The study area extended 

from t h e  Columbia R i v e r  n o r t h  t o  t h e  C o w l i t z  R ive r  and Coat Rocks Wilderness 

Area, and from t h e  K l i c k i t a t  t? iver  wfbst t o  about l o n g i t u d e  173' W .  Whole-rock 

chemical analyses, se lec ted  t r a c e  element qeochemistry, volume approximat ions,  

s p e c i f i c  g r a v i t y  de terminat ions ,  and l o c a t i o n s  were determined f o r  103 samples. 

Rad iomet r ic  dates were determined fo r ,  71 o f  t h e  b a s a l t  and b a s a l t i c  andes i te  

f lows.  

P r e l i m i n a r y  progress was repo r ted  i n  Chapter 8 o f  OFR 83-7. Tables of 

age dates, geochemical data, (lnd volumes, a long w i t h  a l o c a t i o n  map, a re  

p resented  i n  I)FK 83-11. 

S o i l  mercury surveys were conducted by two i n t e r n s  work ing  f o r  t h e  D i v i s i o n ,  

Jenny Holmes and Kathleen Wauqh. The areas covered were t h e  Green R i v e r  Yoda 

Spr ings req ion  northwest o f  Mount 5 t .  Helens, and t h e  Marble Mountain req ion  

southeast o f  Mount Y t .  HelPns., The r e s u l t s  o f  t h e i r  s tud iPs ,  i n c l u d i n q  two 

i'laps and a d e t a i l e d  d e s c r i p t i o n  o f  t h e  p r o j e c t ,  a re  presented i n  nFR R7-1n. 

R . Addi t i ona l  P r o j e c t s  

1 - h ~  f o l l o w i n g  r e p o r t s  wew completed f o r  pro. iects conducted d u r i n g  e a r l i e r  

years o f  t h e  qeothermal proqram. 

a .  R e s i s t i v i t y  o f  t h e  Camas, Washinqton area: Appendix C o f  0FR 81-3. 

b. Geothermal i n v e s t i q a t i o n s  i n  t 'ne Camas area: Chapter 7 o f  nFR 81-7. 

c. A rea -spec i f i c  s tud ies  a t  Mount 5t. Helens: Chapter 8 o f  nFR 81-3. 

d .  F a u l t  map o f  Washinqton: nFR 30-7 and OFR 81-1. 



C. Data qets  

Compi la t ions of data generated' or c o l l e c t e d  by t h e  geothermal program over 

t h e  past  f i v e  years have been re leased i n  several  separate p u b l i c a t i o n s ,  many 

o f  which have a1 ready been mentioned. 

a. G r a v i t y :  P r i n c i p a l  f a c t s  f o r  Cascade q r a v i t y  are l i s t e d  i n  OFR 83-1. 

h. Temperature Gradients:  A l l  good q u a l i t y  temperature q rad ien ts  up t o  

1981 a re  l i s t e d  and p l o t t e d  i n  OFR 811-9. I n f o r m a t i o n  c o l l e c t e d  s ince  

then, a long w i t h  t h e  o l d e r  data, a re  l i s t e d  i n  a computer f i l e  c a l l e d  

WELLTHERM (an updated ve rs ion  o f  OFR 87-7). 

OFR 83-14, and flFR 81-15, a l s o  i n c l u d e  temperature g rad ien t  i n fo rma t ion .  

GM-75, OFR 83-7, 

c. Heat Flow n r i l l i n g :  Resu l t s  of t h e  var ious heat f l o w  d r i l l i n g  p r o j e c t s  

a re  presented i n  Chapter 3 o f  OFR 81-3, OFR 81-8, Chapter 6 of OFR P3-7, 

anrl OFR 83-12. A l l  o f  t h e  i n fo rma t i ' on  has heen drawn toge the r  i n  a 

r e p o r t  be ing  prepared by n a v i d  n. Rlackwel l  o f  Southern Methodis t  

t l n i v e r s i t y  f o r  t h e  1I.S. Department o f  Fnerqy Geothermal Proqrarn, under 

separate c o n t r a c t ,  and w i l l  be a v a i l a h l e  throuqh t h e  n i v i s i o n .  

d. Spr ing and Well  GeocIWtnistry: ChapWr 1 o f  nFR 83-7 and flFR 84-1 

c o n t a i n  severa.1 ta'hles wtiicti pre3Wif a l l  avai l a h l  e data f o r  thermal 

and m ine ra l  s p N n g 9  in' WdfHi 

e. Pet rochemi s for Cascade h a t e r n a r y  v o l  cani  c 

rocks a re  presented'  in- a' t f i e s i s  Sy Geoff  .- Clayton' f o r  t h e  White Pass- 

or t h e  south Cascades. 

f. Geoptiysi'cal We Logs:- w i d 7  l'o'gs ar'e able f o r  t h e  Columbia 

ape*&&, and i n  n' 

as nFR 83.3, OFR 83-14', and OFR 93-15. 

ed i n  t h e  southern 

are r e s t r i c t e d  t o  t h e  

n R' iver Yoda Spr inqs and Marhle' Mountain. 

ermal r e p o r t s  anrl a r t i c l e s  for  t h e  

n OFQ 813-4 and Ch'apter 17 of nFR R3-7. 
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P a r t  7 .  Summary o f  Progress and Proposals fo r  Washinqton's 
Geothermal Resoiircct Targets  

I n t  rodu c t  i on 

Dur ing  t h e  course o f  conduct ing  t h e  s ta tew ide  reconnaissance study o f  

Washington's p o t e n t i a l  geothermal resources, severa l  s p e c i f i c  areas and 

hroader reg ions  have been i d e n t i f i e d  as t a r g e t s  which warrant a more con- 

c e n t r a t e d  e f f o r t .  

i d e n t i  f y  new s i t e s ,  h u t  has concent r a t e d  on h e t t e r  d e f i  n i  nq t h e  resource 

p o t e n t i a l  o f  t h e  hes t  areas. 

geothermal areas, and Tah le  1 presents  t h e  levo1 o f  progress f o r  each area, 

expressed as a percentage o f  comple t ion  f o r  t h e  var ious  e x p l o r a t i o n  tasks .  

Over t h e  pas t  t h r e e  years,  t h e  program has cont.inued t o  

F iq r i re  1 shows t h e  l o c a t i o n s  o f  these 

I n  t h e  f o l l o w i n g  sec t i on ,  d e s c r i p t i o n s  o f  t h e  qeothermal t a r q e t  areas 

a r e  presented. 

repo r t s ,  e s p e c i a l l y  Korosec and o thers ,  1981 and Korosec and o thers ,  1983. 

Much o f  t h i s  m a t e r i a l  has heen summarized f rom e a r l i e r  

Geothermal Target  4rea D e s c r i p t i o n s  

Olympic and Sol niic Hot Ypr ings: Recause these ho t  sp r inqs  are  w i t h i n  t h e  

Olympia Na t iona l  Park, ve ry  l i t t l e  a t t e n t i o n  has heen p a i d  t o  them d e s p i t e  

t h e i r  5n0C su r face  temperat i i re.  The water  chemis t ry  and r e g i o n a l  qeology 

sugqest t h a t  t h e  tempera ture  i s  t h e  r e s u l t  o f  deep c i  r c i i l a t i o n  th rouqh pe r -  

meahle s t r u c t u r e s ,  p robab ly  f a u l t s .  F q u i l i h r i u m  r e s e r v o i r  temperatures as 

i n d i c a t e d  hy chemical geothermorneters, a re  ahout lnn°C. ~ Q P  Korosec and 

o thers ,  1981, f o r  f u r t h e r  i n f o r m a t i o n  on t h o  Yo1 nuc Hot Ypr inqs area. 
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Figure I.  Geothermal Resources of Washington 
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The development o f  thest? resources w i l l  need t o  he c o n s i s t e n t  w i t h  t h e  

ph i losophy of t h e  N a t i o n a l  Park Service,  and w i l l  l i k e l y  i n c l u d e  a g rea te r  

use o f  t h e  Snl nuc resource f o r  pool  and space h e a t i n g  than i s  c u r r e n t l y  

t a k i n g  place. Olympic Hot ';prings w i l l  he l e f t  i n  a " n a t u r a l "  st.ate, w i t h  

no development planned f o r  t h e  fu tu re .  

For a hpt.ter unders tand inq  of t h e  qpo loq ic  na tu re  o f  these systems, an 

impor tan t  i n f o r m a t i o n  v o i d  t o  f i l l  i s  t h e  l ack  o f  temperature g rad ien t  

and heat- f low data  fo r  t h e  area. The e n t i r e  Olympic Peninsula i s  suspected 

t o  he a r e l a t i v e l y  low heat f l o w  p m v i n c e ,  w i t h  q rad ien ts  l e s s  than 40°C/km, 

h u t  very l i t t l e  clownho e ten iperat i i r?  i n fo rma t ion  e x i s t s  i n  suppor t  of t h i s .  

I n  a d d i t i o n ,  a sha l low d r i l l i n g  prolgram i n  t h e  v i c i n i t y  o f  t h e  ho t  sp r ings  

w i l l  p r o v i d e  i n f o r m a t i  n on t h e  depth and ex ten t  o f  t h e  sha l l ow  a q u i f e r s ,  

thought t o  be t h e  lower p o r t i o n  o f  t h e  v a l l e y  f i l l i n g  a l luv ium,  and cou ld  

h e t t e r  d e f i n e  t h e  s t r u c t u r e  which c o n t r o l s  these ho t  spr ings .  

G l a c i e r  Peak: G l a c i e r  Peak, p a r t  01' t h e  Nor th  Cascade Range, i s  a p r i m a r i l y  

a n d e s i t i c  nuaternary  s t ra tovo lcano .  Whi le t h e  most s i g n i f i c a n t  p e r i o d  of 

recent  a c t i v i t y  occ i I r red hetween 5,flftfl and 14,nnn years  ago, sma l le r  tephra  

e r u p t i o n s  h a v e  occurred  as r e c e n t l y  as l n 0  t o  3N l  years  ago (Reget ,  1487). 

The volcano i s  p a r t  o f  t h e  G l a c i e r  P'eak Wilderness Area i n  t h e  Mount Raker- 

Snocjualmie Na t iona l  Fo res t .  

Good geo log ic  mapping ex- is ts  f o r  t h e  area (Tabor and Crowder, 1968) ,  and 

t h e  recent e r u p t i v e  h i s t o r y ,  o f  t h e  volcano has been documented i n  d e t a i l  

(Reget, 19R7). 

F o s s i l  and p o s s i h l y  s t i l l  a c t i v e  s o l f a t a r i c  areas on t h e  upper s lopes 

o f  t h e  volcano suggest t h a t  a h i g h  t ' impera ture  r e s e r v o i r  e x i s t s  w i t h i n  t h e  

upper p a r t  of t h e  cone. Hot sp r ings  on t h e  lower f l a n k s  sugqest t h a t  a 

s u h s t a n t i a l  h i g h  temperat.ure r e s e r v o i r  e x i s t s  below t h e  cone, e s p e c i a l l y  on 

t h e  no r theas t  and west s ides .  
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Kennedy Hot Spr ings  (?ROC) i s  l o c a t e d  ahoiit 5 km west of t he  peak and 

about 3 km i n s i d e  t h e  Wi lderness Area Roundary. The sp r ings  may a r i s e  from 
I 

I 

a r e s e r v o i r  w i t h  an e q u i l i b r i u m  temperature f rom 170 t o  7711OC, based on t h e  

water  chemis t ry  and geothermometers. 

Gamma Hot qp r ings  (65"C), l o c a t e d  about 5 km no r theas t  of t h e  peak, has 

one o f  t h e  h ighes t  su r face  temperatures of any ho t  s p r i n q  system i n  t h e  S t a t e  

o f  Washington. Water chemis t ry  suqgosts t h a t  i t  may o r i q i n a t e  i n  a r e s e r v o i r  

w i t h  a temperature o f  7111) t o  715OC. 

W i t h i n  t h e  v a l l e y  o f  t h e  S u i a t t l e  R ive r ,  abO\Jt I1 km nor theas t  of t h e  

peak, a qroup o f  c o l d  m ine ra l  seeps f l o w  from a l l u v i u m  on t h e  east s ide  of 

t h e  r i v e r .  The water i s  sodium ch lo r i de - t ype ,  s i m i l a r  t o  Gamma Hot Spr inqs .  

The water chemis t ry  suggests a r e s e r v o i r  e q u i l i h r i u m  temperature i n  t h e  range 

o f  171) t o  775OC. The S u i a t t l e  R i v e r  M ine ra l  5eeps a re  p o s s i b l y  r e l a t e d  t o  

Gamma Hot Spr ings (4.5 km southwest and upslope from t h e  seeps) and may be 

p a r t  o f  t h e  vo lcano 's  geothermal system. 

Sulphur Creek Hot Spr ings  (17OC) i s  l o c a t e d  ahout 17 km n o r t h  of t h e  

peak. I t s  water chemis t ry  sugqests t h a t  t h e  s p r i n q  i s  p a r t  of a moderate- 

temperature system, p rohah ly  t h e  r e s i i l t  o f  deep c i r c u l a t i o n .  On t h e  has i s  

o f  i t s  chemis t ry  and d i s t a n c e  from G l a c i e r  Peak, 5u lphur  Creek Hot Spr inqs 

i s  prohahly no t  r e l a t e d  t o  t h e  s t r a t o v o l c a n o ' s  geothermal system. 

Desp i te  t h e  h i g h  p o t e n t i a l  o f  t h e  G l a c i e r  Peak systems, ve ry  l i t t l e  qeo- 

t h e r m a l l y  o r i e n t e d  geo loq ic  work has heen completed. To date, no sha l low 

d r i  11 i n q  f o r  temperature g rad ien ts  and heat - f low de te rm ina t ions  have heen 

performed, and no i n f o r m a t i o n  from geophysical  surveys, such as q r a v i t y  and 

r e s i s t i v i t y ,  i s  a v a i l a b l e .  The p r i n c i p a l  reason for  t h i s  i s  t h e  w i lderness  

s t a t u s  o f  t h e  G l a c i e r  Peak area, which precludes most types of e x p l o r a t i o n .  
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. . . . . . . 

The area  o i r ts ide of t h e  western hountiary o f  t h e  w i l de rness  area deserves 

f u r t h e r  a t t e n t i o n .  I t  i s  on l y  3 km from Kennedy Hot Spr inqs, and i s  e a s i l y  

access ih le  hy e x i s t i n q  l o q q i n q  and r e c r e i i t i o n a l  roads. The land  i s  p a r t  of 

t h e  Mount Raker-Snoqualmie Na t iona l  Fo res t .  Recommended p r e l i m i n a r y  work 

i nc l i i des  qeochemical sampl ing of sp r ings  i n  t h e  area, s o i l  mercury surveys, 

and shal low d r i l l i n g  f o r  temperature q ra t l i en t  i n fo rma t ion ,  e s p e c i a l l y  i n  t h e  

Idhi te Chiick R ive r  and N0rt.h Fork Sauk R i v e r  drainages. It may he found t h a t  

ho les deeper than 15n meters w i l l  be needed t o  adequately t e s t  t h e  tern- 

p e r a t u r e  g rad ien ts  i n  t h e  r i v e r  v a l l e y s ,  due t o  p o s s i b l y  deep r i v e r  deposi ts ,  

q l a c i a l  dehr is ,  and mudflqw depos i t s .  

Mount Raker: Mount Raker i s  a h a t e r n a r y  s t r a t o v o l c a n o  on t h e  western f r o n t  

o f  t h e  North Cascades. I t  i s  l o c a t e d  w i t h i n  t h e  Mount Raker-Snoqualmie 

Na t iona l  Forest ,  and has heen des lqnated a Na t iona l  Fo res t  Rec rea t ion  Area. 

The bulk  o f  t h e  mountain 's e d i f i c e  was formed p r i o r  t o  t h e  l a s t  q l a c i a t i o n ,  

w i t h  t h e  e a r l i e s t  a c t i v i t y  extend-ing as f a r  back as 4Ofl,OOO years  aqo (Rlack 

Rut tes v o l c a n i c s )  (Swan, I Q R O ) .  'There has heen some a c t i v i t y  w i t h i n  t h e  

l a s t  150 y e a r s ,  accord inq t o  numerous h i s t o r i c  accounts. Fumarol ic  a c t i v i t y  

a t  t h e  norr fumarole f i e l d  and w i t h i n  t h e  Sherman c r a t e r  si iqqests t h a t  a h i q h  

temperature qeothermal system e x i s t s  w i t h i n  t h e  upper p a r t  o f  t h e  cone. 

The best d e t a i l e d  geologic  mapping f o r  t h e  area i s  p rov ided  by McKeever 

( 1 9 7 7 )  (south f l ank  o n l y ) ,  Rlackwebll (1981) ( r e q i o n  beyond t h e  south and 

east  f l a n k s ) ,  and Swan f19801, w h i l e  r e q i o n a l  reconnaissance geoloqy i s  p re -  

sented by Moen ( l Q 6 Q ) .  Studies which per ta- in  t o  s u r f i c i a l  expressions o f  

t h e  upper cone hydrothermal r e s e r v o i r  i n c l u d e  Friedman and Frank (19741, 

Frank and Friedman (1975), and Hyde and Crande l l  (1978). The v o l c a n i c  

hazards aspects of t h i s  volcano are addressed by Hyde and C r a n d e l l  (1978). 
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The occurrence of Raker Hot Spr ings ( 4 5 O C ) ,  about 11 km east  of t h e  peak, 

suggests t h a t  a qeothermal system may extend a t  depth w e l l  beyond t h e  topo-  

q raph ic  l i m i t s  of t h e  v o l c a n i c  p i l e .  The water chemist ry  a t  Raker Hot Spr ings 

sugqests t h a t  t h e  r e s e r v o i  r equi  1 i br ium temperature o f  t h i s  system may range 

as h i g h  as 150 t o  1 7 n O C .  There a r e  a l s o  r e p o r t s  o f  o t h e r  h o t  s p r i n g s  i n  t h e  

area, i n c l u d i n g  submerged thermal  spr inqs  i n  t h e  S w i f t  Creek dra inage n o r t h  

o f  Raker Hot Spr ings. 

t h e  volcano, severa l  minera l  and p o s s i b l y  thermal spr inqs  and seeps are  

rumored t o  e x i s t .  

Along t h e  Nor th  Fork Nooksack R i v e r  t o  t h e  n o r t h  o f  

A 140-meter-deep h e a t - f l o w  h o l e  was d r i l l e d  about 1/4 km t o  t h e  southwest 

o f  Raker Hot Spr inqs i n  August, 2983. Hot water s i m i l a r  t o  t h e  ho t  s p r i n g  

was encountered, and a hot tom h o l e  temperature o f  48OC was measured. Two 

temperature g r a d i e n t s  were observed: 7nn°C/Km i n  t h e  upper p o r t i o n  of t h e  

hole,  and l n n ° C / K m  i n  t h e  lower  1 /3  o f  t h e  hole.  

About 8 km south o f  t h e  peak, i n  S c h r i e h e r ' s  Meadow, a c i n d e r  cone and 

severa l  w a t e r - f i l l e d  boccas mark t h e  vent area which produced t h e  numerous 

andes i te  f l o w s  o f  t h e  Sir lphur Creek and Rocky Creek drainages. The vent was 

a c t i v e  i n  Holocene t ime,  younqer than about 10,nnn years,  br i t  o l d e r  than t h e  

6,7nn year  o l d  Mazama ash which l i e s  on t h e  sur face  o f  some of t h e  d i s t a l  

f lows.  Whi le no present-day thermal  m a n i f e s t a t i o n s  have been found i n  t h e  

v i c i n i t y ,  t h e  r e l a t i v e l y  young age o f  t h i s  vent, t h e  volume of andes i te  

produced, and t h e  c o v p a r a t i v e l y  easy access t o  C c h r i e b e r ' s  Meadow ( i n  com- 

p a r i s o n  t o  t h e  upper s lopes and c r a t e r  areas o f  t h e  peak) make t h i s  area a 

pr ime t a r g e t  f o r  f u r t h e r  geothermal e x p l o r a t i o n .  

A d d i t i o n a l  f e a t u r e s  o f  i n t e r e s t  i n  t h e  Mount Raker area i n c l u d e  r e l a -  

t i v e l y  young v o l c a n i c  centers  on Ptarmigan Ridge and i n  t h e  upper Roulder 

Creek drainage, a deep g r a v i t y  low on t h e  west and south-southwest s ides o f  

t h e  volcano (about  50 t o  60 mqals) ex tend ing  from t h e  S c h r i e h e r ' s  Meadow 
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area t o  t h e  G l a c i e r  Creek V a l l e y  t o  t h e  northwest,  and a s l i q h t  q r a v i t y  h i q h  

npar t h e  Raker Hot Ypr inqs area. 

n r ~ r i n q  l a t e  19R1 th ro i iqh  IQR3, I levin, Yadl ier-Rrown, Goodbrand, Ltd., 

conducted a p r e l i m i n a r y  reconnaissance s i l rvey o f  t h e  Mount Raker area f o r  

S e a t t l e  C i t y  L i g h t .  

s p e c i f i c  t asks  i n  a number o f  t a r g e t  areas. The work i n c l u d e d  r e s i s t i v i t y  

surveys, s o i l  mercury measurements, and water  c o n d u c t i v i t y  de te rm ina t ions .  

A5 o f  t h i s  w r i t i n g ,  much o f  t h e  r e s u l t s  o f  t h e  work were p r o p r i e t a r y ,  and 

t h e r e f o r e  c o n f i d e n t i a l .  It i s  expected t h a t  t h e  i n f o r m a t i o n  w i l l  he re leased 

Th is  was f o l l o w e d  up by f u r t h e r  reconnaissance and area- 

i n  t.he near f u t u r e .  

Only one tempera ture-qrad ien t  h o l e  i s  a v a i l a b l e  f o r  t h e  Mount Raker area, 

l o c a t p d  near t h e  Raker Hot ' jpr inqs.  As such, t h e  d r i l l i n g  of seve ra l  i n t e r -  

mediate depth tempera tu re -q rad ien t j l l ea t - f l ow  ho les  around t h e  f l a n k s  o f  

Mount Raker ,  e s p p c i a l l y  i n  t h e  C c h r i e h e r ' s  Meadow area, and t h e  reg ion  west 

o f  Raker Hot 'iprinqs, should he car i - ied  ou t  as p a r t  o f  any f u r t h e r  exp lo ra -  

t i o n  proqram. Tn a d d i t i o n ,  d e t a i l e d  q r a v i t y  surveys and r e s i s t i v i t y  

measurements i n  t h e  S c h r i e h p r ' s  Meadow area should he conducted i n  an e f f o r t  

t o  i d e n t i f y  t h e  u n d e r l y i n q  s t r u c t u r e  and determine t h e  cause o f  t h e  deep 

q r a v i t y  low. Th is  cou ld  he f o l l o w e d  up by se ismic  p r o f i l i n q  wh ich  woii ld 

a l s o  d e f i n e  s t r u c t u r e ,  h u t  t h e  ruqgc3d t e r r a i n e  would make such surveys 

d i f f i c u l t  t o  conduct. 

Cen t ra l  Cascades: The c e n t r a l  Cascddes req ion  o f  Washington, i n f o r m a l l y  

d e f i n e d  as t h e  area ex tend ing  f rom Mount R a i n i e r  n o r t h  t o  about G l a c i e r  

Peak, i s  cha rac te r i zed  p r i m a r i l y  hy T e r t i a r y  v o l c a n i c s  and sediments, i n t e r -  

rup ted  by numerous n l i q o c e n e ( 7 )  t o  Miocene i n t r u s  ves. 

p r i m a r i l y  1 t . Y .  Fores t  Yerv ice  ft4oun.L Raker-Ynoqua m i P  N a t i o n a l  F n r e s t ) ,  

w i t h  l e s s e r  p r i v a t e  ownership concont r a t e d  i n  t h e  f o o t h i  11 s and major v a l l e y s .  

The ownership i s  



The on ly  suggest ion o f  geothermal p o t e n t i a l  i n  t h i s  reg ion  i s  t h e  occurrence 

o f  f o u r  i s o l a t e d  thermal sp r ings .  They i n c l u d e  Garland M ine ra l  Spr ings 

(79OC) i n  t h e  Skykomish R i v e r  v a l l e y ,  Scenic Hot Yprings f 5 1 1 O C )  on t h e  

southern s lope o f  t h e  Ykykomish R i v e r  v a l l e y  near Stevens Pass, Gnldmeyer 

Hot Spr ings (53Or) near t h e  Midd 

and Les te r  Hot Spr ings (49OC) i n  

Scenic and Goldmeyer systems 

reqervo i  r equi  1 i h r i  um temperatur  

e Fork o f  t h e  Snoqualmie R i v e r  drainage, 

t h e  Green R i v e r  v a l l e y .  

have chemis t r i es  which suggest t h a t  t h e i r  

s are near 3nn0C. The sp r ings  are l i k e l y  

t h e  r e s u l t  o f  deep c i r c u l a t i o n  o f  me teo r i c  water. 

and others,  1983, f o r  a d d i t i o n a l  i n f o r m a t i o n  on these spr ings.  

5ee Chapter 3 o f  Korosec 

Garland M ine ra l  Ypr ing has a chemist ry  which suqgests a h i q h  r e s e r v o i r  

It f lows from r i v e r  a l l u v i u m  and e q l l i l i h r i u m  temperature o f  165 t o  19n°C. 

g l a c i a l  d e b r i s  i n  a v a l l e y  c u t  throuqh Miocene q r a n i t e  and q r a n o r i i o r i t e  and 

p r e - T e r t i a r y  metamorphic rocks.  A nor th -sou th  t r e n d i n q  f a u l t  thouqht  t o  he 

a p a r t  o f  t h e  Y t r a i q h t  Creek F a u l t  system has heen p r o j e c t e d  across t h e  v a l l e y  

a t  Garland (Tabor and others,  l W ) .  The c l o s e s t  nua te rna ry  v o l c a n i c  centers  

a re  t h e  White Chuck and I r id ian  Pass c i n d e r  cones about 71 km t o  t h e  no r theas t ,  

and G l a c i e r  Peak, about 30 km t o  t h e  no r theas t .  

t h i s  s p r i n g  system, b u t  on t h e  bas i s  of i t s  chemist ry ,  Gar land i s  prohahly  

t h e  hest geothermal t a r g e t  i n  t h e  c e n t r a l  Cascades. 

L i t t l e  e l s e  i s  known about 

L e s t e r  Hot Spr ings may a l s o  have a moderately h iqh  r e s e r v o i r  temperature,  

about 170 t o  150°C, h u t  i t s  l o c a t i o n  w i t h i n  t h e  Ci ty  o f  Tacoma Watershed 

compl i cates expl  o r a t i  oh and evef i tual  d e w  ent .  See Korosec and o the rs  

( 3 9 8 1 )  Yprinqs . 
l i t t l e  f ikatAf low a Aien t  i n f o r m a t j o n  has heen 

ct l l le - i t3? i i  fP8m centFal  Cascades. Thi! area ji n o r t h  of Mount R a l  

anii tke Qi i iqual i i ie  P8s.s aFea 

but ti;i"d hSl'&s $ea? Scenic ana St8vens Pass lproduc'ed r e l a t i v e l y  h iqh  heat 

'daced very low heat f low,  about 511 mW/m7r 



f lows o f  about 100 t o  14n mW/m7. 

heat  f l o w  f o r  t h e  h u l k  o f  t h e  c e n t r a l  Cascades has y e t  t o  he determined. 

The temperature g r a d i e n t s  a t  t h e  ho les  near Scenic a re  35 and 6Fi0C/km. 

As such, t h e  general  c h a r a c t e r  o f  t h e  

I n  a d d i t i o n  t o  reconnaissance heat f l o w  d r i l l i n g  i n  t h i s  reg ion ,  deeper 

d r i l l i n g  may he warranted i n  t h e  Garland and L e s t e r  areas as p a r t  o f  f u t u r e  

e x p l o r a t i o n  a c t i v i t y .  There shoi l ld  be an at tempt  t o  c o l l e c t  qeothermal 

f l u i d s  f rom deeper p o r t i o n s  o f  thc  s p r i n g  s,ystems w i t h  these deeper ho les,  

a long w i t h  t h e  d e t e r m i n a t i o n  o f  g r a d i e n t s  a t  depth. 

Youth Cascades: The southern por t : ion o f  Washington's Cascades c o n s i s t s  of 

u p l i f t e d  T e r t i a r y  vo lcan ics ,  capped i n  p laces by h a t e r n a r y  s t ra tovo lcanoes,  

c i n d e r  cones, s h i e l d  volcanoes, and l a v a  f lows. There are severa l  s p e c i f i c  

t a r g e t s  w i t h i n  t h i s  geographic p rov ince ,  i n c l u d i n q  Mount R a i n i e r ,  Mount S t .  

Helens, Mount Arlams, and t h e  Columbia R i v e r  Gorge--Wind R i v e r  areas. Fach 

o f  these t a r g e t s  i s  d iscussed s e p a r a t e l y  i n  t h i s  chapter.  

Most o f  t h e  young v o l c a n i c s  i n  t h e  South Cascades are monogenetic b a s a l t  

and h a s a l t i c - a n d e s i t e  f l o w s  and cones and p o l y q e n e t i c  b a s a l t i c  s h i e l d  

volcanoes, w i t h  o n l y  minor  occurrences o f  more s i l i c i c  products .  The best  

ta rqe t . s  w i t h i n  t h i s  v o l c a n i c  p r o v i n c e  should be judged by a combinat ion o f  

a l  age of v o l c a n i c  centers ,  h l  d e n s i t y  o f  v o l c a n i c  centers  and/or volume of 

vo lcan ics  i n  t h e  area, and c )  composi t ion o f  vo lcan ics ,  w i t h  t h e  more s i l i c i c  

c e n t e r s  he i  n g  most favorahl  e. 

The hest  comhinat ion o f  densit,y and r e l a t i v e  youth  of v o l c a n i c  centers  

occurs i n  t h e  I n d i a n  Heaven area o f  t h e  G i f f o r d  Pinchot  N a t i o n a l  F o r e s t .  

North-south o r i e n t e d  f i s s u r e  zones have pr.oducc?d h a s a l t s  which cover 7,7nn 

km7.  The o l d e s t  f lows are  from about 14n,nnn t o  690,OOn years  o ld ,  h i l t  t h e  

maj0r i t . y  o f  f l o w s  a r e  7n,nnn t o  1311,nnn years  o l d  (Yammond, 19Rn). Several  

f l o w s  a r e  of recent  aqe, perhaps o n l y  a few thousand years  o ld ,  i n c l u d i n g  
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t h e  very l a r g e  R i g  Lava Red. I n d i v i d u a l  centers  and t h e i r  ages are discussed 

i n  Schuster and o the rs  (1978), and Hammond (1Q80). The I n d i a n  Heaven area 

i s  a l s o  t h e  l o c a t i o n  of a l a r g e ,  r e l a t i v e l y  deep (ahout 35 mqals) q r a v i t y  

low, centered near t h e  main f i s s u r e  zones. 

Desp i te  t h e  c o n c e n t r a t i o n  of young vo l can ics ,  no thermal o r  minera l  

sp r ings  occur i n  t h e  v i c i n i t y  o f  I n d i a n  Heaven. I t i s  suspected, however, 

t h a t  an.y u p w e l l i n g  thermal f l u i d s  would he r a p i d l y  d i l u t e d  hy t h e  deep 

penet r a t i  ng meteor i  c-ground water  i n  t h i  s r e g i  on o f  h i  qh p r e c i  p i  t . a t  i on. 

n u r i n g  1975, a sha l l ow  d r i  11 i n g  p r o j e c t  found temperature g rad ien ts  of 

45 t o  60°C/km, and heat f l ows  o f  ahout 50 t o  70 mW/m7 (Schuster and others,  

1978). The d r i l l  ho les were o n l y  150 meters deep, and were obv ious l y  

i n f l u e n c e d  hy ground water  f l o w  t o  depths o f  5n t o  Qn meters. 

a r e  doubts as t o  whether o r  n o t  t h i s  adequately c h a r a c t e r i z e s  t h e  area 's  

temperature g rad ien ts  and heat f low,  deeper holes,  o f  6nO meters o r  q rea te r ,  

should he d r i l l e d  b e f o r e  t h e  I n d i a n  Heaven area i s  removed from f u r t h e r  geo- 

thermal  cons ide ra t i on .  

Recause t h e r e  

A s i m i l a r  c o n c e n t r a t i o n  o f  b a s a l t i c  cen te rs  occurs w i t h i n  t h e  K ing  

Mountain f i s s u r e  zone, east  o f  I n d i a n  Heaven and south o f  Mount Adams. 

v o l c a n i c s  a re  o l d e r  than  those  o f  I n d i a n  Heaven on t h e  average, h u t  some of 

t h e  centers  may he o n l y  a few tens o f  thousands of years o ld .  

i s  known about t h e  K ing  Mountain a rea ' s  geolog ic  qature and geothermal 

p o t e n t i a l .  Geologic maps o f  t h e  area a re  p rov ided  by Sheppard tlQ641, 

Hopkins (1976), and Hammond (19Rnl .  Recause o f  i t s  p r o x i m i t y  t o  Mount Adams 

and favo rab le  l a n d  s t a t u s  ( p r i m a r i l y  1l.S. Forest  Serv ice l and  des ignated for  

m u l t i p l e  use),  f u t u r e  e x p l o r a t o r y  e f f o r t s  should he conducted i n  t h e  area, 

w i t h  an emphasis on i n t e r m e d l a t e  d r i l l i n g ,  aqe da t ing ,  and s t r u c t i i r a l  mapping. 

These 

1ler.y l i t t l e  

Another area o f  concentrated v o l c a n i c  centers ,  south o f  Mount S t .  Helens 

and northwest o f  T r o u t  Creek H i l l ,  i nc ludes  West Cra te r  and Soda Peak. 
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The land i s  p a r t  o f  t h e  G i f f o r d  Pinc:hot Na t iona l  Fores t .  West C r a t e r  i s  a 

b a s a l t i c  c inde r  cone w i t h  two in t ra -canyon lava  f l ows  of Recent age. I t  may he 

one o f  t h e  youngest v o l c a n i c  centers  i n  t h e  s t a t e ,  as ide  from t h e  f i v e  main 

s t ra tovo lcanoes (Paul Hammontl, persclnal comnunicat ions).  Timhered and Soda Peaks 

are  vo l  can i  c cen ters  which produced hornb l  ende andpsi t e  f lows.  They are s i  qn i  - 
f i c a n t l y  o l d e r  than West Cra te r ,  pra'hahly o f  M idd le  t o  L a t e  P l e i s t o c e n e  aqe. 

Rare Mountain c r a t e r ,  however, which c o n s i s t s  of a n d e s i t i c  s c o r i a  a top  t h e  f l ows  

nor thwest  of Soda Peak, i s  we l l -p rese rved  and probab ly  o f  Recent age. 

No tempera t i i re -qrad ien t  o r  h e a t - f l o w  in fo rma t ion  i s  avai l a h l e  f o r  t h e  reg ion  

around Soda Peak and West Cra te r ,  and no occurrences of thermal o r  m ine ra l  sp r ings  

have been repo r ted  f o r  t h e  immediate area. The Government M ine ra l  Spr ings  and 

L i t t l e  Soda Spr ings occur 5 t o  fi km east  o f  Soda Peak, and may be r e l a t e d  t o  t h e  

Ouaternary \lo1 can i  cs  whi ch surround t h e  area. Pub1 i shed geol o g i  c rnappinq f o r  t h e  

area i s  very crude, br i t  i t  should he g r e a t l y  improved by a t h e s i s  mapping p r o j e c t  

c u r r e n t l y  be ing  c a r r i e d  o u t  hy nave P o l i v k a  a t  P o r t l a n d  S t a t e  I l n i v e r s i t y .  

Fu tu re  work i n  t h e  West Crater-Soda Peak area should i n c l u d e  d r i l l i n g  o f  

sha l l ow  and i n t e r m e d i a t e  ho les  f o r  tmemperature-gradient and h e a t - f l o w  i n f o r m a t i o n ,  

and age d a t i n g  o f  t h e  vo l can ics .  Gel2physical surveys such as r e s i s t i v i t y  and 

se ismic  p r o f i l i n g  might he e f f e c t i v e  e x p l o r a t i o n  techniques f o r  l a t e r  s t a q e  

e x p l o r a t i o n  i n  t h i s  area. Recause o f  t h e  ex tens i ve  l o g g i n g  opera t i ons  which have 

p e r s i s t e d  i n  t h i s  p o r t i o n  of t h e  N a t i o n a l  Fo res t  f o r  many decades, an ex tens i ve  

road system e x i s t s  which should q r e a t l y  f a c i l i t a t e  e x p l o r a t i o n  a c t i v i t i e s .  

Colirmhia Gorge - Mind R i v e r  Area: Along a s e c t i o n  o f  t h e  Columbia Gorge, 

ex tend ing  from about Ykamania east t o  about t h e  L i t t l e  White Salmon R i v e r ,  

seve ra l  warm sp r ings  and w e l l s  w i t h  r e l a t i v e l y  h i g h  temperature q r a d i e n t s  occur. 

These are  e s p e c i a l l y  concent ra ted  i n  t h e  area of Carson, where t h e  Wind R i v e r  

f l o w s  i n t o  t h e  Columbia R ive r .  W i t h i n  t h e  Wind R i v e r  v a l l e y  t o  t h e  n o r t h  o f  t h e  

Columbia R ive r ,  t h e r e  a re  seve ra l  m ine ra l  sp r ings  and h igh- tempera ture-grad ien t  
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holes. Consequently; t h e  Win# R i v e r  vaTl-ey+ has been inc luded  as p a r t  of t h e  

Col umhia Gorge geothermal' tar 'qet  area. 

Land ownership i n  t h e  reg ion  i s  a comhinat ion o f  federa l ,  s t a t e ,  and 

p r i v a t e .  Along t h e  Columbia R i v e r  and throuqh t h e  lower p o r t i o n  o f  t h e  

Wind R i v e r  v a l l e y ,  t h e  l a n d  i s  p r i m a r i l y  under p r i v a t e  ownership. Above 

t h e  r i v e r s ,  v a l l e y s ,  and through t h e  upper p o r t i o n  o f  t h e  Wind R i v e r  v a l l e y ,  

t h e  ownership i s  p r i m a r i l y  Federal  ( G i f f o r d  Pinchot  Na t iona l  F o r e s t ) .  The 

F t a t e  o f  Washington owns lands a long t h e  pe r iphe ry  o f  t h e  Na t iona l  Fo res t  

and s c a t t e r e d  throughout some o f  t h e  p r i v a t e  land. The e n t i r e  req ion  of t h e  

Columbia Gorqe i s  under s tudy f o r  some t ype  o f  p rese rva t i on ,  such as a Na t iona l  

Monument, which may i n f l u e n c e  development a c t i v i t y  i n  t h e  f u t u r e .  

Geoloqic rnappinq i n  t h e  area i s  q u i t e  qood, w i t h  coveraqe p rov ided  hy 

Hammond (198n), Wise (la61 and 1970\,  and R e r r i  (1981). The area o f  t h e  Gorge 

has a r e l a t i v e l y  low d e n s i t y  o f  nua te rna ry  v o l c a n i c  centers  compared t o  areas 

t o  t h e  n o r t h  and south. The c l o s e s t  v o l c a n i c  centers  are monogenetic b a s a l t  

cones and f l ows  a t  o r  near Red R l u f f s  (Greenleaf  Rasin),  Qock Creek Ruttp,  

Cedar Creek, Reacon Rock, and M t .  Defiance (Oreqon). 

c l o s e  t o  t h e  T rou t  Creek H i l l (  volkano; whose basal l t  covers t h e  f l o o r  of t h e  

v a l l e y  down t o  t h e  Coqumhia Gorge. 

young West C r a t e r  and Sod8 Peak vo lcancic  centers  (see section1 on South Cascades). 

The sp r ings  a long t h e  Gorge ilncltude R o n n e v i l l e  Hot Ypsings ( 3 A O C )  near 

The Wind R i v e r  V a l l e y  cuts  

Troult Creek Hi1'1 i s  c l o s e  t o  t h e  r e l a t i v e l y  

t h e  town o f  Nor th  Ronnevi l l 'e (see Korosec and others,  1,981,. Chapter 41, 

Rock Creek Hot Sprimgs ( 3 F i O C )  4l.5 km northwest of Stevenson hsee Korosec 

and oghers, I98 chapter  ?\), ( S t .  Mart i ins (Carson) f 5 4 O C )  and' Shilpherdz 

Cprings ( 4 5 O C )  on! t h e  Wrnd R i v e r  near i t s  motrth (see Korosec and 
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others,  1483, chapter  3 ) ,  and C o l l i r i s  Hot qpr inqs,  near t h e  hase of blind 

Mountain. nile t o  t h e  r a i s i n q  of then water l e v e l  behind R o n n e v i l l e  h m ,  

C o l l i n s  Hot Spr inqs i s  submprqed, hut f rom h i s t o r i c  accounts, t h e  sp r ings  

a t  C o l l i n s  were s i m i l a r  t o  St. M a r t i n s  Hot Spr ings. 

The chemis t r i es  o f  these s p r i  ngs suggest t h a t  they have r e s e r v o i  r equi  1 i h r i  um 

temperature5 o f  about lnn°C o r  less,  n o t  s i g n i f i c a n t l y  warmer than t h e i r  su r face  

temperatures.  They occur a lonq  suspected nor th-nor thwest  t r e n d i n g  f a u l t s ,  where 

these f a u l t s  i n t e r s e c t  t h e  major no r theas t  t r e n d i n g  l ineament o f  t h e  Columbia 

R i v e r  and L i t t l e  Wind R i v e r  (Hammond, lqS(l1. 

Well s d r i  11 ed i n  t h e  v i c i n i t y  o f  t h e  ho t  s p r i  nqs have produced spec tacu la r  

temperature g rad ien ts ,  as worild be expected, and have encountered t h e  w a r m  

a q u i f e r s  a t  r e l a t i v e l y  shal low depth!;. I n  t h e  R o n n e v i l l e  area, t h e  town o f  

Nor th Ronnevi 11 e r l r i  11 ed t h r e e  s h a l l  ow temperature holes,  f o l l  owed by an i n t e r -  

mediate depth e x p l o r a t i o n - p r o d u c t i o n  w e l l  . 
i n  t h e  150 t o  190 meter-deep holes. The p roduc t i on  w e l l ,  68n meters deep, 

encountered severa l  d i f f e r e n t  a q u i f e r s  which produced a combined f l o w i n g  tem- 

p e r a t u r e  o f  4n°C, and had a hottom h a l e  temperature o f  44OC,  w i t h  an average 

q rad ien t  of o n l y  Sn°C/km.  The e f f e c t s  o f  c o o l e r  water e n t e r i n q  t h e  w e l l  from 

shallower depths may be s i q n i f i c a n t ,  h u t  have no t  been f u l l y  assessed. 

Gradients  ranged from 55 t o  17n°C/km 

A shal low (150 m e t e r )  heat f l o w  h o l e  near Shipherds Hot Yprings, d r i l l e d  by 

t h e  D i v i s i o n  i n  1982 (see Korcisec and others,  1983, chapters  3 and 6 1, produced 

a q rad ien t  o f  3 M ° C / k m .  A w e l l  d r i l l w i  by a nearby p r o p e r t y  owner i n  1987 

penetrated t o  a depth o f  190 meters, w c o u n t e r e d  37OC water a t  about 1713 meters, 

and cont inued t o  have an i nc rease  i n  tpmperature below t h e  ho t  a q u i f e r .  The 

g r a d i e n t  determined f o r  t h i s  w e l l  was about 153"C/km. , 

Only a few o t h e r  w e l l s  have h e m  nieasured i n  t h e  surroun?inq area, w i t h  m i x P d  

r e s u l t s .  Most are uncased and t o o  shal low t o  produce qood q rad ien ts ,  h u t  some 

q i v e  i n d i c a t i o n s  of q rad ien ts  ,as low as 35OClkrn and as h iqh  as o n l y  55OC/km. 
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However, a 750-770 meter water w e l l  southwest of Home Va l l ey  alonq t h e  Colirmbia 

R i v e r  r e p o r t e d l y  produced about 78 t o  3O0C m i n e r a l i z e d  water, which suggests a 

temperature g rad ien t  o f  a t  l e a s t  65'C/km, and perhaps much h ighe r .  

About 711 t o  27 km up t h e  Wind R ive r ,  two s p r i n g  groups, Government 

M ine ra l  5 p r i  ngs and L i t t l e  Soda Cpr i  ngs , produce cool  m i  n e r a l  i zed water.  

T h e i r  chemis t r i es  sugqest they a r i s e  f rom r e s e r v o i r s  o f  I n n  t o  1 F ; n O C  a t  hest  

(see Korosec and others,  1983, chap te r  3 ) .  

5 km south of t h e  sp r inqs  and southeast o f  T rou t  Creek H i l l  produced a g ra-  

d i m t  o f  84OC/km (see Korosec and others,  1983, chapter  6). 

A hea t - f l ow  ho le  d r i l l e d  about 

n t h e r  i n t e r e s t i n q  fea tu res  and observat ions f o r  t h i s  area i n c l u d e  t h e  

occurrence o f  a broad east-west t r e n d i n q  q r a v i t y  h iqh  n o r t h  o f  t h e  Colurnhia 

R i v e r  which i n t e r r u p t s  t h e  l a r g e  nor th-south t r e n d i n q  Cascade Range q r a v i t y  

low; a smal l  q r a v i t y  low superimposed on t h e  req iona l  h i q h  i n  t h e  v i c i n i t y  

o f  Nor th Ronnevi l le ;  h i g h  c h l o r i d e  content  of t h e  S t .  Mar t i ns  Hot Cpr ings 

water;  and very h i g h  pH values f o r  a l l  o f  t h e  s p r i n q  waters,  e s p e c i a l l y  f o r  

waters f rom t h e  R o n n e v i l l e  Hot Cpr inqs, Qock Creek Hot Yprinqs, and 

Ronnevi 11 e D r i  11 Hol e. 

The Columbia Gorqe and Wind R i v e r  area i s  one of t h e  hest areas fo r  low 

t o  i n te rmed ia te  temperature geothermal resources, hecause o f  t h e  combinat ion 

o f  conf i rmed resource, f a v o r a b l e  economics, nearby users, and c u r r e n t l y  

f a v o r a b l e  l a n d  s t a t u s  and ownership. A d d i t i o n a l  e x p l o r a t i o n  a c t i v i t i e s  

which would add t o  t h e  understanding o f  these qeothermal resources i n c l u d e  

t h e  d r i l l i n g  o f  a d d i t i o n a l  sha l l ow  temperature q rad ien t  holes and i n t e r -  

mediate depth holes (600 meters)  i n  t h e  v i c i n i t y  o f  thermal sp r inqs  and 

e x i s t i n g  high-temperature-gradient w e l l s ,  and h y d r o l o g i c a l  s tud ies  o f  t h e  

shal low warm a q u i f e r s .  R e s i s t i v i t y  should be t e s t e d  as a method t o  t r a c e  

t h e  ex ten t  o f  t h e  m i n e r a l i z e d  warm water  aqui fers .  The hest  t a r g e t  appears 

t o  he t h e  S t .  M a r t i n s  Hot q p r i n q s  area. 

ward t o  t h e  Wind Mounta in-Col l ins  Hot Spr inqs area, as suqqested hy t h e  warm 

w e l l  southwest o f  Home Va l l ey .  

This  t a r q e t  may extend southeast-  



Goat Rocks: The Goat Rocks are  h i g n  e l e v a t i o n  v o l c a n i c  r i d q e s  south o f  

White Pass and n o r t h  of Mount Adams. This  roadless area has been preserved 

a s  a Nat iona l  Wi lderness Area. 

The Goat Rocks should he consid(:red Washinqton S t a t e ' s  s i x t h  h a t e r n a r y  

s t ra tovo lcano.  

a c t i v i t y  s h i f t e d  t o  c a l c - a l k a l i n e  cone-bu i ld inq  vo lcanism i n  t h e  e a r l y  

P le is tocene.  T h i s  s t r a t o - v o l c a n i c  a c t i v i t y  con t inued u n t i l  a t  l e a s t  1 

m i l l i o n  years aqo. Most o f  t h e  e d i f i c e ,  which a t  one t i m e  may have been as 

l a r q e  as Mount Adams, has heen eroded and deeply d issected,  p r i m a r i l y  th rouqh 

q l a c i a l  a c t i  wity. A d d i t i o n a l  qpoloc i ica l  i n f o r m a t i o n  f o r  t h i s  area i s  p re-  

sented i n  Korosec and o thers  (1983,  chapter  9) and C lay ton  (1qR1). 

A f t e r  e x p l o s i v e  r h y o l i t i c  vo lcanism d u r i n g  t h e  l a t e  P1 iocene, 

No s i r r face man i fes ta t ion#;  p x i s t  which sirqqest t h e  presence of a c t i v e  

geothermal systems, except for a few r e p o r t e d  minera l  s p r i n q s  southeast  of 

Cispus Pass i n  t h e  upper reaches of t h e  K l i c k i t a t  R i v e r  (Geoff .  C layton,  

personal  communication). Cispus Pass i s  a l s o  an area o f  hydrothermal  

a l t e r a t i o n .  

Whi le no measurements have been made i n  t h e  v i c i n i t y ,  i t  i s  suspected 

t h a t  t h e  area i s  c h a r a c t e r i z e d  hy above normal heat f low.  T h i s  i s  sugqested 

by h iqh t e m p e r a t u r e  q r a d i e n t s  and hedt f l o w s  measured i n  sr i r roundinq reg ions,  

and t h e  presPncP o f  h a t e r n a r y  v o l c a n i c  centers  throughout  t h e  req ion.  

Recause t h e  Goat Rocks are  p a r t  o f  a Wi lderness Area, and c l o s e d  t o  most 

e x p l o r a t i o n  and development, it i s  u r i l i k e l y  t h a t  f u r t h e r  work w i l l  he con- 

ducted i n  t h e  near fu tu re ,  except  for -  onqoinq q e s l o g i c a l  mappinq and potpn-  

t i a l  m inera l  resources assessment for t h e  r e g i o n  be inq  c a r r i e d  n u t  by t h e  

11.5. Geologica l  Survey. 

Mount Adams: Mount Adams i s  pyroxene andes i te  nuatPrnary vo lcano 

surrounded by a number of monogenetic, b a s a l t i c  volcanoes. The eas tern  

p o r t i o n  of t h e  mountain i s  p a r t  of t h e  Yakima I n d i a n  Reservat ion.  The r e s t  
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o f  t h e  volcano and much of t h e  surrounding req ion  are p a r t  of t h e  Mount Adams 

W i  lderness Area. 

Because o f  t h e  l and  s t a t u s  (Wi lderness Area and I r ld ian Reserva t i on ) ,  very  

l i t t l e  e x p l o r a t i o n  has taken p lace  i n  t h e  reqion. The on ly  areas t h a t  could 

be e a s i l y  explored and e v e n t u a l l y  developed would he t h e  G i f f o r d  Pinchot  

Na t iona l  Forest  lands beyond %he boundaries o f  t h e  Wilderness Area on t h e  

west., southwest, and south s ides.  The only  thermal m a n i f e s t a t i o n  i n  t h i s  

reg ion  i s  Orr Creek warm s p r i n g s  (Korosec and others,  1981). Water chemist ry  

from t h i  c, 7noC s p r l  ng system siiqqestq t h a t  t h e  oqiri 1 i hr ium rese rvo i  r tem- 

p e r a t u r e  may he as h i g h  as 700°C, h u t  t h e  water has a r e l a t i v e l y  low t o t a l  

d i s s o l  veri sol  i d s  content  and probably  represents  a h i q h l y  d i l u t e d  thermal 

seep. The sp r ings  may have no r e l a t i o n s h i p  t o  t h e  Mount Adams volcano, b u t  

f o r  lack o f  a d d i t i o n a l  i n f o r m a t i o n ,  O r r  Creek should he considered a p r i m e  

geothermal t a r g e t  worthy o f  f u r t h e r  c o n s i d e r a t i o n  and e x p l o r a t i o n .  There i s  

no tempwatu re -g rad ien t  i n f o r m a t i o n  f o r  t h e  req ion,  and as such, t h e  d r i  11 i n g  

o f  shal low t o  i n t e r m e d i a t e  e x p l o r a t i o n  holes should be c a r r i e d  out  as p a r t  

o f  an e x p l o r a t i o n  program, e s p e c i a l l y  near Orr Creek and i n  t h e  v i c i n i t y  o f  

Po ta to  H i l l  n o r t h  o f  M t .  Adams. Po ta to  H i l l  may he t h e  youngest of t h e  

numerous b a s a l t  volcanoes extenr i i  ng hetween Mount Adarns and Goat Rocks, w i t h  

a p o s s i b l y  p o s t - q l a c i a l  age (Hammond, 198n). 

(In t h e  south and southeast s ides o f  Mount Adams, severa l  h a s a l t i c  s h i e l d  

volcanoes and c i n d e r  cones o f  t h e  King Mountain f i s s u r e  zone occur. 

v o l c a n i c  cen te rs  are p r i m a r i l y  l a t e  P le i s tocene  i n  aqe. No thermal mani- 

f e s t a t i o n s  occur i n  t h e  area, and no ternperature-gradient o r  hea t - f l ow  

i n f o r m a t i o n  has been c o l l e c t e d  i n  t h e  req ion.  I n te rmed ia te  d r i l l i n g  f o r  

temperatf i re q rad ien t  i n f o r m a t i o n  miqht he t h e  best means t o  assess whether 

t h i s  area holds any p o t e n t i a l  f o r  geothermal resources. 

These 



Mount R a i n i e r :  Th i s  nuaternary volcano, l o c a t e d  w i t h i n  Mount R a i n i e r  

Na t iona l  P a r k ,  i s  t he  l a r g e s t  o f  t h e  s t a t e ' s  s t r a t o v o l c a n i c  mountains. It 

i s  considered t e m p o r a r i l y  dormant, w i t h  t h e  l a s t  minor e r u p t i o n s  r e p o r t e d  

i n  t h e  mid t o  l a t e  18nn's. I c e  c a w s  formed hy f u m a r o l i c  a c t i v i t y  i n  t h e  

summit c r a t e r  area and thermal seeps which occur near t h e  terminus o f  several  

o f  t h e  major  ql a c i e r s  suqgest t h a t  a s i g n i f i c a n t  hydrothermal system e x i s t s  

w i t h i n  t h e  upper cone. 

f i c e  o f  t h e  mountain, a t  Longmire ,and nhanapecosh, suggest t h a t  t h e r e  may 

a l s o  be a hydrothermal system which extends heyond t h e  topographic  hounds o f  

t h e  volcano. Chemistry o f  t h e  waters from ho th  Longmire ( 7 8 O C )  and 

Ohanapecosh (FinOC) Hot 5p r ings  suggest t h e  temperature o f  t h e  systems may be 

a s  h igh  as 150 t o  175OC. 

The o c c u r r m c e  o f  ho t  sp r inqs  beyond t h e  main A i -  

Very l i t t l e  qeothermal e x p l o r a t i o n  has taken p lace a t  Mount R a i n i e r ,  

p r i m a r i l y  because i t  i s  w i t h i n  a Na t iona l  Park whose houndary extends about 

17 t o  35 km ou t  from t h e  peak. P r e l i m i n a r y  work o u t s i d e  o f  t h e  park boundary 

has no t  produced any h i g h  p o t e n t i a l  prospects,  b u t  t h e  occi i r rence of a min- 

e r a l i z e d  s p r i n g  a long t h e  Puyal lup R i v e r  near t h e  Park boundary (Pigeon Yoda 

Spr ings )  may warrant f u r t h e r  a t t e n t i o n .  The p r o x i m i t y  o f  t h e  Ohanapecosh 

Hot Yprings t o  t h e  southeast corner  of t h t b  park suggests t h a t  t h i s  houndary 

area may he a prime t a r g e t  f o r  f u r t h e r  st i rd ies,  i n c l u d i n g  i n t e r m e d i a t e  depth 

d r i l l i n g  and va r ious  qeophysical  work,. such as r e s i s t i v i t y  survqys. 

Mount Y t .  Helens: Plbunt S t .  Helens i s ,  wi i thout quest ion,  t h e  most ohvious 

geothermal m a n i f e s t a t i o n  in '  t h e  S t a t e  of iJashington,. as a consequence of 

i t s  c o n t i n u i n g  e r u p t i v e  a c t i v i t y  s ince  e a r l y  19Rn:. P r i o r  t o  t h a t  t ime, t h i s  

a n d e s i t i c  t o  d a c i t e  s t r a t o v o l c a n o  was a pr ime t a r q e t  due t o  a combinat ion o f  

fac to rs ,  i n c l u d i n g  t h e  younq aqct o f  t h e  mountain, h i s t o r i c  repopts  o f  a c t i -  

v i t y  d u r i n q  t h e  19th century ,  fumaro l ic  a c t i v i t y  on i t s  upper f lanks,  



a c c e s s i b i l i t y ,  and land  s t a t u s .  Ownership o f  t h e  surrounding l and  was 

d i v i d e d  hetween t h e  I1.S. Fores t  Yerv ice ( G i f f o r d  Pinchot Na t iona l  F o r e s t ) ,  

t h e  5 t a t e  of Washington, and p r i v a t e  concerns, p r i m a r i l y  l a r q e  t imber  con- 

panies.  Decades o f  l o g g i n g  i n  t h e  area were respons ih le  f o r  t he  cons t ruc -  

t i o n  o f  an ex tens i ve  road system. 

I n  t h e  wake o f  t h e  major  w i r p t i o n s  o f  t h e  volcano, a Na t iona l  M l c a n i c  

Monument. was es tab l i shed ,  which removes t h e  moi in ta in  and immediate 

surroundinq coun t rys ide  from f u r t h e r  e x p l o r a t i o n  and s p e c i f i c a l l y  precludes 

any t y p e  o f  development o f  qeothermal resources. 

o u t s i d e  o f  t h e  moniment's boundar ies,  however, which should he considered 

f o r  f u r t h e r  e x p l o r a t i o n .  

There are a few areas 

The Green R i v e r  Soda Spr ings occur where a p r o j e c t i o n  o f  a l i n e a r  d i s -  

t r i  b u t i o n  o f  earthquake e p i c e n t e r s  extending nor th-nor thwest  from Mount St. 

Helens crosses t h e  Green R i v e r  v a l l e y .  

presence o f  a l a r q e  f a u l t  o r  f r a c t u r e  zone r e l a t e d  t o  t h e  volcano, was e v i -  

Th i s  l i n e a r  zone, which sugqests t h e  

dent he fo re  1Wn. Yeismic a c t i v i t y  f rom 

a f te rshocks  associated w i t h  t h e  1981 E l k  

5.5), has b e t t e r  d e f i n e d  t h i s  s t r i r c t u r e .  

t h e  l a t e s t  e rup t i ons  and from 

Lake earthquake ( R i c h t e r  maqnitude 

It extends f o r  a t  l e a s t  311 km and 

i s  s e i s m i c a l l y  d i s t u r b e d  a t  depths as shal low as a few k i l omete rs .  The land  

belonqs hoth t o  t h e  s t a t e  and t o  p r i v a t e  t imber  companies. 

surrounding t h e  soda s p r i n q  i s  p a r t  o f  t h r e e  patented m in inq  claims. ' 

The land  immediately 

The Mount S t .  Helens f a u l t  zone hecomes an i n t r i q u i n g  t a r q e t  f o r  qeo- 

thermal  e x p l o r a t i o n  hecause i t  i s  i n t i m a t e l y  r e l a t e d  t o  vo l can ic  a c t i v i t y ,  

represents  a probahle .permeable zone which would a l l o w  f l u i d  movement, shows 

se ismic a c t i v i t y  t o  d r i l l a h l e  depths, and extends heyond t h e  hounds o f  t he  

preserved monument. 

concentrate f u t u r e  a c t i v i t y .  Chemistry o f  t h i s  cool minera l  sp r ing ,  

r e p o r t e d  t o  have heen s i g n i f i c a n t l y  warmer several  decades ago, suqgests 

The Green R i v e r  Soda Spr ings mark an ohvious a r e a  t o  
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t h a t  t h e  e q u i l i h r i c i m  r e s e r b o i r  t e m w r a t u r e  may be as h i q h  as 140 t o  15n'C. 

Because t h e  s p r i n q  i s  f l o w i n q  f rom v a l l e y  f i l l ,  i t  i s  very l i k e l y  t h a t  t h e  

s p r i n q  waters represent  a m i x  of t h e  u p w e l l i n q  thermal f l u i d s  and t h e  

sha l low qround water.  

A 1411 meter deep tempera ture-grad ien t  h o l e  was d r i l l e d  about km east 

o f  t h e  Green R i v e r  Soda Spr inqs i n  J u l y ,  1481. Hiqh s a l i n i t y ,  bicarbonate, 

a r t e s i a n  water w i t h  a temperature o f  14'1: and a c o n d u c t i v i t y  o f  5,5011 umbos/ 

cm ( s i q n i f i c a n t l y  h iqher  th3n t h e  soda s p r i n q s )  was encountered. A r e l a t i -  

v e l y  s t r a i q h t - l i n e  g r a d i e n t  o f  W 0 C / k m  was measured i n  t h e  lower  3 / 4  o f  t h e  

ho le .  Work which should be c a r r i e d  ou t  a t  t h i s  prospect  i n c l u d e s  d e t a i l e d  

q e o l o q i c a l  mapping, r e s i s t i v i t y  surveys, and t h e  d r i l l i n g  of an i n t e r m e d i a t e  

depth h o l e  (600 meters o r  d w p e r )  t o  t e s t  t h e  g r a d i e n t  a t  depth. 

On t h e  south-southeast ex tens ion  o f  t h e  suspected f a u l t  zone, beyond t h e  

jo i r thern boundary o f  t h e  monument, a c o l  l e c t i o n  o f  fluaternary v o l c a n i c  cen- 

t e r s  has b u i l t  up Marble Mountain. The vo lcan ics  a re  p r i m a r i l y  mid  t o  l a t e  

P1 e i  stocene basal  t s ,  b u t  one center ,  probably  t h e  youngest,  produced a horn-  

b lende andes i te  flow. T h i s  f low ha:; been K - A r  aqe dated a t  about l f ; n , n n n  

,years n l d .  No thermal m a n i f e s t a t i o n s  occur w i t h i n  t h e  immediate area, and 

no ternperature-gradient o r  h e a t - f l o w  i n f o r m a t i o n  has been c o l l e c t e d .  F o r  

rnan,y of  t h e  same reasons ment ioned 1'or t h e  Green R i v e r  5oda Spr ings  area, 

Marh le  Mountain should h e  f u r t h e r  i n v e s t i q a t e d ,  p r i m a r i l y  th rough sha l low 

and i n t e r m e d i a t e  d r i l l i n q .  

0 

Yimcop Moiintains and K l i c k i t , i t  Area: The Simcoe Mountains are a c o l l e c t i o n  

o f  P l iocene t o  P le is tocene o l i v i n e  and p y r o x e n e - o l i v i n e  b a s a l t  s h i e l d  

volcanops and c i n d e r  cones i n  south c e n t r a l  Washington. The n o r t h e r n  p o r t i o n  

o f  t h e  area i s  w i t h i n  t h e  Yakima I n d i a n  Reservat ion,  w h i l e  t h e  r e s t  i s  a 

- 

comhinat ion of p r i v a t e  and s t a t e  ownt3rship. 
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4lthough t h e  area has heen mapped a t  sca les  o f  1:13!5,nnO (Sheppard, 1960 

and l M 7 )  and 1:67,5r)n (Shannon and Wilson, 1973) ,  t h e  Simcoe !fountains a re  

poor1.y understood. 

vo l can ics ,  and t h e  r e s u l t s  suggest ages o f  l a t e  P l iocene t o  e a r l y  

P le is tocene.  Rut t h e  geomorpholoqy o f  many o f  t h e  c inde r  cones suqgests 

t h a t  some o f  t h e  vo l can ics  may be s i g n i f i c a n t l y  younqer. 

a re  thought  t o  he as young as 10,nnn t o  ln0,nnn years  old.  

Only a few age dates have heen determined f o r  t h e  

A few c i n d e r  cones 

Many o f  t h e  cones, p a r t i c u l a r l y  those i n  t h e  southern p o r t i o n  of t h e  

area, a re  arranged i n  l i n e a r  c l u s t e r s ,  suggest ing f a u l t  and/or f i s s u r e  zone 

c o n t r o l .  The centers  a re  a l i g n e d  rough ly  north-south,  as w e l l  as nor thwest -  

southeast.  

The o n l y  recognized s i l i c i c  p roduc ts  o f  t h e  Simcoes occur near I n d i a n  

Rock, atop and a long t h e  f l a n k s  of a very l a r g e  s h i e l d  volcano. The d a c i t e  

domes and r h y o l i t e  f l o w s  are  o n l y  minor i n  volume, h u t  t h e i r  presence 

suggests t h e  occurrence o f  sha l low c r u s t a l  accumulations o f  magma sometime 

d u r i n g  t h e  h i  s t o r y  of t h e  Simcoe vo l can i  cs. 

There are  4 minera l  sp r ings  associ,ated w i t h  t h e  Yincoes, i n c l u d i n g  

K l i c k i t a t  M inera l  Ypr ings (warm s p r i n g  and w e l l s  up t o  37OC1, Y l i c k i t a t  Yoda 

Spr ings ( c o l d ) ,  Rlockhouse M ine ra l  Spr ings  ( c o l d ) ,  and F i s h  Hatchery Warm 

Spr ings (74OC). K l i c k i t a t  M ine ra l  Spr ings has the  h ighes t  r e s e r v o i r  

e q u i l i  h r i  um temperature p r e d i c t e d  by geothermometers, at. about 160 t o  170°C 

(see Korosec and o thers ,  1983, chap te r  3 ) .  

Most tempera ture-grad ien t  i n f o r m a t i o n  f o r  t h e  area comes from w a t e r  we1 1s 

on the  south s i d e  of  v o l c a n i c  f i e l d ,  c l u s t e r e d  around t h e  Goldendale area. 

The g rad ien ts  range f rom 30 t o  5!5OC/km. There are no h i g h - q u a l i t y  data from 

w e l l s  l o c a t e d  w i t h i n  t h e  main v o l c a n i c  p rov ince .  A tempera ture-grad ien t  ho le  

d r i l l e d  near t h e  K l i c k i t a t  M ine ra l  Yprinqs i n  19Sl qave a q rad ien t  of S F ; O C / k r n  

and a heat. f l o w  o f  7 R  mW/m7. 
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The hest recognized geothermal t a r g e t s  w i t h i n  t h e  Simcoes are K l i c k i t a t  

M inera l  Tpr ings,  F i s h  Hatchcary Idarm Spr ings,  and t h e  d a c i t e  domes near 

I n d i a n  Rock. I n t e r m e d i a t e  d r i l l i n g  i n  these areas may be t h e  on1.y means of 

demonstrat ing any geothermal p o t e n t i a l  f o r  these t a r g e t s ,  heyond t h a t  

suggested by t h e  p r e s e n t l y  a v a i l a h l e  in fo rmat ion ,  such as s p r i n g  chemist ry .  

Temperat i i re-gradient d r i l l i r l g  i n  t h e  o t h e r  p o r t i o n s  o f  t h e  Simcoe v o l c a n i c  

f i e l d  i s  needed t o  charactermize t h e  l o c a l  g r a d i e n t s  and heat f low,  and 

p o s s i h l y  f i n d  o therw ise  b l i n d  geothl2rmal systems i n  t h e  reg ion.  

Tumac Mountain-White Pass Area: Th is  area forms t h e  Cascade c r e s t  east  o f  

M t .  R a i n i e r ,  west o f  Y a k i m a ,  and n o r t h  o f  t h e  Goat Rocks Wilderness Area. 

Ownership i s  p r i m a r i l y  1I.S. Fores t  !;ervice. R e l a t i v e l y  younq v o l c a n i c  cen- 

t e r s  occur w i t h i n  t h e  area, surrounded hy v o l c a n i c  products  produced d u r i n g  

t h e  P l iocene through l a t e  P le is tocene.  A d e t a i l e d  mapping, geochemical , and 

p e t r o l o g i c  s tudy o f  t h e  area was conducted hy Geoff. C lay ton  f rom la78 

th rouqh 1987 (Clayton,  1483) and i s  summarized i n  chapter  9 o f  Korosec and 

o t h e r s  (1981). 

The younqest v o l c a n i c  c e n t e r  i s  Tumac Mountain , est imated t o  be between 

4n,nnO and ln,nnn years  o ld .  The products  are f lows and c i n d e r s  o f  

b a s a l t i c - a n d e s i t e  composi t ion.  A number o f  r e l a t i v e l y  younq monoqenetic 

volcanoes c o n s i s t i n g  o f  hornhlende a n d e s i t e  and d a c i t e  may be of q r e a t e r  

geothermal s i g n i f i c a n c e  than Tumac Mountain. Th is  vo lcanism i s  es t imated  

t o  span a p e r i o d  f rom about :) m i l l i o n  years  t o  3r),nr)n years  R.P. ,  and 

i n v o l v e s  t h e  area f rom Sugar loa f  Mountain near Rumpinq Lake on t h e  n o r t h  t o  

C lear  Fork on t h e  southwest t o  S p i r a l  R u t t e  t o  t h e  east.  The l o n g  d u r a t i o n  

o f  volcanism, a rea l  ex ten t ,  a n d , c o m p x i t i o n  o f  t h e  hornblende andes i tes  and 

d a c i t e s ( w h i c h  appear t o  he qenerated f rom a common soi i rce),  srrqqest t h a t  a s i g -  

r e  area. n i f i c a n t  upper c r u s t a l  maqma chamber may u n d e r l i e  t h e  ent  
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Only two s h a l l  ow temperature-gradient  ho l  PS e x i s t  w i t h i n  t h i s  area, one - 
a t  White Pass summit, t h e  o t h e r  i n  t h e  Clear  Creek v a l l e y  j u s t  south o f  

Y p i r a l  Ruttc?. The f i r s t  produced a tpmperature q rad ien t  o f  5 3 O C / k m ,  w i t h  a 

heat, f l o w  o f  about 90 mW/m7. 

65"C/km and a heat f l o w  o f  about 1311 mWlm7. 

The C lea r  Creek ho lp  produced a q rad ien t  o f  

The on ly  m i n e r a l i z e d  s p r i n g  i n  

t h i s  area i s  Summit Creek Soda Spr ings, a s e r i e s  o f  spr ings and seeps which 

have h u i l t  up severa l  t u f a  mounds (Korosec and others,  1981). The chemist ry  

o f  t h i s  s p r i n g  system suggests t h a t  i t  may a r i s e  f rom a r e s e r v o i r  w i t h  an 

equi  1 i h r i  um temperature of l5n t o  155°C:. 

Future work i n  t h e  area should s t a r t  w i t h  f u r t h e r  shal low d r i l l i n q  

throughout  t h e  region. 

mediate depth d r i l l i n g  (6011 meters and deeper) i n  t h e  most promis ing areas, 

e s p e c i a l l y  near S p i r a l  Ru t te ,  t h e  youngest hornblende andesi t e - d a c i t e  

v o l c a n i c  center .  A d d i t i o n a l  work should a l s o  he desiqned t o  he lp  i n t e r p r e t  

t h e  complex s t r u c t u r a l  n a t u r e  o f  t h e  area suqgested by t h e  s u r f i c i a l  

geology, i n c l u d i n g  c lose-spacing g r a v i t y  surveys, seismic p r o f i l i n g  (where 

t e r r a i n  and access p e r m i t )  and p o s s i b l y  r e s i s t i v i t y  work ( t a r q e t e d  around 

t h e  vo l can ic  centers  and major f a u l t s ,  and h i q h  temperature-gradient  

$hal low d r i l l i n g  should he fo l l owed  up hy i n t e r -  

areas 1. 

Columbia Rasin, Yakima Val ley,  and Wal la G l a l l a  Va l l ey :  

pe ra tu re -g rad ien t  measurements f o r  we1 1s throughout t h e  Columbia Rasin p ro -  

v ince, severa l  areas have been i d e n t i f i e d  where above average q rad ien ts  

occur, r e s u l t i n g  i n  warm a q u i f e r s  a t  r e l a t i v e l y  shal low depth. The best  

areas a re  discussed i n  chapter  7 o f  Korosec and others,  ( 1 9 S ? ) .  

i n c l u d e  t h e  Yakfma-A anum-Simcoe areas, Moses Lake-Rit z v i  11 e-Connel 1 reqi  on, 

From numerous tem- 

They 

p o r t i o n s  o f  L i n c o l n  and Douqlas Counties, Horse Heavcrn H i l l s ,  lower  Yakima 

Val ley,  t h e  U a l l a  Walla Va l ley ,  and sevpra l  o t h e r  sma l le r  anomaloiis areas. 



. - . .. . . - . . . . . . - . . . . . . - . .. . . . . . . . . . - . . . . . . 

i n  t h e  Yakima area, a d e t a i l e d ,  s t a t i s t i c a l l y  o r i e n t e d  stud,y focused on 

t h e  v a r i a t i o n s  i n  temperature g r a d i e n t s  and a q u i f e r  c h a r a c t e r i s t i c s  f o r  t h e  

i n d i v i d u a l  bas ins  and v a l l e y s  i n  t h e  area (Riqgane, 1981, 1982, 

and o thers ,  1983, chapter  7 ' \ .  A s i m i l a r  s tudy i s  i n  progress f 

Lake-R i tzv i  l l e - C o n n e l l  reg ion .  These s t u d i e s  have shown t h a t  s 

v a r i a t i o n s  e x i s t  w i t h i n  t h e  broad anomalous areas i d e n t i f i e d  i n  

s t u d i e s .  I n  a d d i t i o n ,  they  have shown t h a t  i n d i v i d u a l  warm aqu 

somewhat l i m i t e d  i n  ex ten t .  

The bes t  areas around Yakima i n c l u d e  t h e  c i t y  proper,  Moxee 

and Korosec 

r t h e  Moses 

g n i f i c a n t  

e a r l i e r  

f e r s  may he 

V a l l e y  t o  

t h e  east ,  and t h e  Yakiha R i v e r  Va1ll.y t o  t h e  n o r t h  and t o  t h e  south o f  t h e  

c i t y .  Gradients  a re  g e n e r a l l y  i n  t l i e  45 t o  6n°C/km range. Many i r r i g a t i o n  

and domestic w e l l s  produce I n  t o  35°C water f rom depths g e n e r a l l y  l e s s  than 

400 t o  Finn meters. 

W i t h i n  t h e  c e n t r a l  and e a s t e r n  p o r t i o n s  o f  t h e  Columbia Rasin, severa l  

pockets o f  very  h i q h  temperature-qr ikdient w e l l s  occur.  Near Moses Lake, 

g r a d i e n t s  range f rom 45 t o  60°C/km. Nor th  o f  R i t z v i l l e ,  anomalous g r a d i e n t s  

range from 50 t o  65'Clkm. A broad anomalous area extends nor theas t ,  east ,  

and southeast f rom Connel l ,  ex tend ing  over 70 km t o  t h e  east ,  w i t h  g r a d i e n t s  

ranq inq  f r o m  55 t o  60°C/krn, h u t  t h e  d e n s i t y  o f  coverage w i t h i n  t h i s  a rea  i s  

low. This  req ion  and i t s  low-temperature qeothermal p o t e n t i a l  a re  t r e a t e d  

i n  g r e a t e r  d e t a i l  by Widness (1983, 1984) .  

I n  L i n c o l n  County, an area which extends 50 km west from navenport  con- 

t a i n s  many w e l l s  w i t h  qood q u a l i t y  g r a d i e n t s  ranq inq  f rom 50 t o  Fjn'Clkm. 

Most of  t h e  w e l l s  are l e s s  than 75fl meters deep, and very l i t t l e  i n f o r m a t i n n  

i s  a v a i l a b l e  on t h e  temperature and p r o d u c t i o n  o f  t h e  a q u i f e r s  w i t h i n  t h e  

anomaly. The same cou ld  he s a i d  o f  the anomaly i n  nouglas County, where a 

few w e l l s  sugqest above normal q rad i l?n t r .  
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I n  t h e  Horse Heaven H i l l s  i n  eas te rn  K l i c k i t a t  and southern Renton 

Counties, w e l l s  produce warm i r r i g a t i o n  water from r e l a t i v e l y  shal low depths. 

The q rad ien ts  range from 45 t o  5S°C/km. 

I n  t h e  lower Yakima V a l l e y  area, f rom about l ln ion Gap south t o  Prosser,  

severa l  w e l l s  have g r a d i e n t s  o f  50 t o  55OC/km, b u t  t h e r e  are a number o f  

c o o l e r  w e l l s  i n te rspe rsed .  Concentrat ions o f  warm w e l l s  o r  h i g h  temperature 

g r a d i e n t  w e l l  s occur west o f  Mabton and no r theas t  o f  Sunnyside. 

I n  t h e  W a l l a  Walla R i v e r  Va l l ey ,  temperature q rad ien ts  range from 45  t o  

55"C/km, and h igher .  I n  t h e  Lowden-Touchet area, several  we1 1 s produce 

g r a d i e n t s  q r e a t e r  than 7n°C/km. Recause o f  t h e  r e l a t i v e l y  h iqh  q rad ien ts  

i n  t h e  area, and t h e  deep depths o f  many o f  t h e  we l l s ,  water temperatures 

o f  3l t o  4n°C a r e  common. 

I n  summary, t h e  c o l l e c t i o n  o f  downhole temperature g rad ien t  i n f o r m a t i o n  

f o r  t h e  Columbia Basin, and t h e  c o n t o u r i n g  o f  t h e  data on maps has l ead  t o  

t h e  i d e n t i f i c a t i o n  o f  s p e c i f i c  areas o f  anomalous temperature g rad ien ts .  

However, f o r  most o f  these areas, very  l i t t l e  i s  known about t h e  number, 

c h a r a c t e r i s t i c s ,  and e x t e n t  o f  t h e  a q u i f e r s  encountered by these we1 1 s .  

Many h i g h  g rad ien t  w e l l s  may be "d ry  ho les" .  

area p r o j e c t  (Biggane, 1982) and t h e  work i n  t h e  Moses L a k e - R i t z v i l l e - C o n n e l l  

area (Widness, 1483, 1984) should be c a r r i e d  out  i n  a l l  o f  t h e  anomalous 

areas be fo re  proceeding w i t h  development plans. A t  t h e  very l e a s t ,  w e l l  

p r o d u c t i o n  and temperature i n f o r m a t i o n  should he c o l l e c t e d ,  t o  i d e n t i f y  

e x i s t i n g  w e l l s  which cou ld  he used f o r  low temperature geothermal a p p l i c a -  

t i o n s  r i g h t  away. 

p e r a t u r e  i n f o r m a t i o n  i n  new w e l l s  and p r e v i o u s l y  unmeasured w e l l s  w i l l  b e t t e r  

de f i ne  t h e  e x t e n t  o f  t h e  i d e n t i f i e d  anomalies, and perhaps l o c a t e  new ano- 

ma l i es  i n  areas o f  poor coverage. 

Studies s i m i l a r  t o  t h e  Yakima 

Tn a d d i t i o n ,  t h e  cont inued c o l l e c t i o n  o f  downhole tem- 
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