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ABSTRACT 

Numerous low-temperature hydrothermal systems are  a v a i l a b l e  f o r  e x p l o i t a -  

t i o n  throughout the  Cascades and eastern Oregon. 

heat f l o w  s i g n i f i c a n t l y  h igher  than c rus ta l  averages and many thermal aqui fers .  

I n  nor theastern Oregon low temperature geothermal resources a re  c o n t r o l l e d  by 

reg ional  s t r a t i g r a p h i c  aqu i fe rs  o f  t h e  Columbia River  Basa l t  Group a t  shal low 

depths and poss ib l y  by f a u l t s  a t  greater  depths. I n  southeastern Oregon most 

hydrothermal systems are  o f  h igher  temperature than those o f  nor theastern 

Oregon and a re  c o n t r o l l e d  by high-angle f a u l t  zones and layered vo lcan ic  

aqui fers .  

centers. 

poss ib ly  i n  the  c i t i e s  o f  Oakridge and Ashland, where load may be grea t  enough 

t o  s t imu la te  development. Absence o f  la rge  popu la t ion  centers  a l so  i n h i b i t s  

i n i t i a l  low temperature geothermal development i n  eastern Oregon. It may be 

t h a t  uses f o r  t h e  abundant low temperature geothermal resources o f  t he  s t a t e  

w i l l  have t o  be found which do n o t  requ i re  l a r g e  nearby popu la t ion  centers. 

One promising use i s  generation o f  e l e c t r i c i t y  from freon-based biphase 

e l e c t r i c a l  generators. Those generators will be i n s t a l l e d  on w e l l s  a t  Vale 

and Lakeview i n  the  summer o f  1982 t o  eva'luate t h e i r  p o t e n t i a l  use on geothermal 

waters w i t h  temperatures as low as 80@ C (176" F) .  

A l l  o f  these areas have 

The Cascades have very h igh  heat f l o w  but  few l a r g e  popu la t ion  

D i r e c t  use p o t e n t i a l  i n  the  Cascades i s  t he re fo re  l i m i t e d ,  except 

It i s  c l e a r  a l so  t h a t  the  low temperature geothermal resources i d e n t i f i e d  

here and o thers  l i k e  them elsewhere i n  the s t a t e  must be viewed i n  a broader 

context  which considers the  very favorable geologic  s e t t i n g  f o r  geothermal 

p o t e n t i a l  i n  general. 

c o n s t i t u t e  p a r t  of a data base which may lead t o  the  d iscovery o f  a l a r g e r  

temperature resource base tomorrow, technology and economics pe rm i t t i ng .  

Thus, low temperature resources i d e n t i f i e d  today r e a l l y  
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INTROGUCTION 

This report is the sumnary and conclusions of an investigation of 

low-temperature (20 to 90" C) geothermal resources begun May 23, 1979 by the 

Oregon Department of Geology and Mineral Industries (DOGAMI) with support 

from the United States Department o f  Energy (USDOE) under Cooperative Agreement 

No. DE-FC07-79ET27220. The report sumnarizes low-temperature resource assess- 

ment data generated for the following project areas (Figure 1): 

1. Corbett-Moffett 8. Northern Harney Basin 

2. Parkdale 9. Southern Harney Basin 

3. Milton-Freewater 10. Western Snake River Plain 

4. La Grande (Craig Mountain- 11. Lakeview 

5. Bel knap-Foley Hot Springs 

6. Willamette Pass 

Cove area) 
12. Alvord Desert 

13. McDermi ti 

7. Powell Buttes 

Raw data and preliminary conclusions for these areas are included in the following 

pubqished DOGAMI reports and maps and will not be included here: 

1. 

2. Geothermal gradient data for Oregon: Open-File Report 0-78-4, 1978. 

Heat flow of Oregon: Special Paper 4, 1978, includes 1 map. 

3. Chemical analyses of thermal springs and wells in Oregon: Open-File 

Report 0-79-3, 1979. 

Geology o f  the La Grande area, Oregon: 4. Special Paper 6, 1980, 

includes 1 map. 

Preliminary geology and geothermal resource potential o f  the Bel knap- 5. 

Foley area: Open-File Report 0-80-2, 1980, includes 1 map. 
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Figure  1, Locat ion o f  p r o j e c t  areas. 
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6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

Preliminary geology and geothermal resource potential of the 

Willamette Pass area: Open-File Report 0-80-3, 1980, includes 1 map. 

Preliminary geology and geothermal resource potential of the Craig 

Mountain Cove area: 

Preliminary geology and geothermal resource potential of the western 

Snake River Plain: 

Preliminary geology and geothermal resource potential of the northern 

Harney Basin: 

Preliminary geoiogy and geothermal resource potential of the southern 

Harney Basin: 

Preliminary geology and geothermal resource potential of the Powell 

Buttes area: Open-File Report 0-80-8, 1980, includes 1 map. * 

Preliminary geology and geothermal resource potential .of the Lakeview 

area: Open-File Report 0-80-9, includes 2 naps. 

Preliminary geology and geothernal resource potential of the Alvord 

Desert area: Open-File Report 0-80-10, ?980, includes 2 maps. 

Progress report cn activities of the low-temperature resource- 

assessment program 1979-80: 

Geothermal gradient data for Oregon for 1978: 

Open-File Report 0-80-4, includes 1 map. 

Open-File Report 0-80-5, 1980, includes 4 maps. 

Open-File Report 0-80-6, 1980, includes 4 maps. 

Open-File Report 0-80-7, 1980, includes 8 maps. 

Open File Report 0-80-1 4. 

Open-File Report 

0-81 -3A. 

16. Geothermal gradient data for Oregon for 1979: Open-F 

0-81 -38. 

17. Geothermal gradient data for Oregon for 1980: Open-F 

0-81 -3C. 

le Report 

le Report 

18. Map showing geology and geothermal resources of the southern half 

o f  the Burns 15' Quadrangle: 

Map showing geology and geothermal resources of the Vale East 7 1/2' 

Quadrangle, Oregon: GMS 21, in press. 

GMS 20, in press. 

19. 
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20. Geothermal g r a d i e n t  da t a  f o r  Oregon f o r  1981: Open-File Report 

0-82-4. 

The  Department i s  cont inuing  i t s  resource  assessment e f f o r t s  i n  o t h e r  

a r e a s  throughout  Oregon w i t h  concen t r a t ion  on the Cascades. 

ment d a t a  w i l l  soon be a v a i l a b l e  i n  open f i l e  f o r  the low-temperature r e sources  

of  Ashland, Oregon when a 1982 d r i l l i n g  program is  completed under c o n t r a c t  

DE-FC07-79ID12044. 

Bend a r e a s  w i l l  a l s o  be a v a i l a b l e  i n  an upcoming s p e c i a l  paper on the geology 

and geothermal r e sources  of the Oregon Cascades (DOGAMI Specia l  Paper 15) .  

A pre l imina ry  summary o f  this  paper w i l l  be included i n  the conference  proceedings 

volume f o r  the 1982 USDOE-sponsored conference a t  S a l t  Lake C i t y ,  Utah. A 

s i m i l a r  paper ,  aimed p r i m a r i l y  a t  a sumnary of the d a t a  ga thered  a t  Powell 

But tes ,  was presented i n  the 1981 USDOE conference a t  Glenwood.Springs, 

Colorado ( s e e  DOE/ID/120-79-39, ESL-59, publ ished by t h e  Ear th  Sc ience  

Laboratory,  Un ive r s i ty  o f  Utah Research I n s t i t u t e ,  S a l t  Lake C i t y ,  Utah).  

Resource a s s e s s -  

Pre l iminary  conc lus ions  concerning the Klamath F a l l s  and 

. 
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CORBETT-MOFFETT 

The Corbett-Moffett area extends from Cascade Locks in the Columbia Gorge 

to the lower Sandy River-Troutdale area (Figure 1). 

(49°C) and North Bonneville (36°C) on the Washington side, a warm well at 

the new site of North Bonneville (37°C) and three slightly warm springs in 

the Troutdale area are the main surface manifestations of the geothermal 

resources. 

lineament on high altitude SLAR and ERTS imagery. 

and spring alignment has, as yet, not been determined. 

Hot springs at Carson 

These springs are in a northeast-southwest line in a distinct 

The cause o f  this lineation 

Cascade Locks (populatioc 835) is the largest city within the Columbia 

Gorge. Several smaller cornunities lie between Cascade Locks and Troutdale. 

Lumber mills at Bridal Veil and Cascade Locks and tourism are the economic 

bases for the population. 

who work at Bonneville Dam. 

There is also a sizable number 'of local residents 

At the western end of the Corbett-Moffett area the population is considerably 

Troutdale (population 5,940) and Gresham (population 33,250) are the larger. 

centers of lush farming a r d  light industrial areas. 

artesian well at Camp Collins (23"C), a slightly anomalous spring at Corbett 

Quarry (18OC), and a warm spring across the Columbia River at Camas suggest 

that a possible resource may lie at depth. 

Near Troutdale, a warm 

DOGAMI undertook study of the Corbett-Moffett area under the current 

USDOE low-temperature grant. The aims o f  the study were: 

the possibility of geothermal resources occurring on the south side of the 

Columbia Gorge; 2) to investigate the low-temperature manifestations at Camp 

Collins and Corbett Quarry; and 3) to see if the main source of geothermal waters 

was: a) a deep-seated northeasterly geologic structure; b) several northwesterly 

1 )  to investigate 
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or northerly cross-cutting geQlogic structures (such as the Lacamas F a u l t  in 

the Camas area) which could cause localization of geothermal waters; or 

c )  the deep incission of the Columbia River interacting with the regional 

heat flow t o  yield higher t h a n  ambient temperature. 

DOGAMI began a vigorous spring sampling and water well "scrounge" program 

t o  identify promising sites for drilling of geothermal heat flow test  holes. 

Al though  many springs were tested, only in the imnediate area of Camp Collins 

were new thermal waters discovered. None of the thermal found in the Camp 

Collins area exceeded the Camp Collins well in temperature or ion/mineral 

content. 

Six holes were drilled by DOGAMI in the Corbett-Woffett area in 1981. 

Locations and results are as follows: 

1 )  Dry Creek Falls - T h i s  hole was located a t  the fo'ot o f  the  c l i f f s  

south  of Cascade Locks. 

Cascade Locks, the s i te  was the nearest available with the possibility 

of yielding good results. 

a t  this s i te  was below the expected regional gradient. 

due t o  a downflow groundwater system a t  the site. 

Tanner Creek - This s i t e  i s  across the Columbia River from thermal 

anomalies a t  Moffett Hot Springs and North Bonneville. 

(1980) mapped a northwesterly f a u l t  crossing the Columbia Gorge in 

this area. 

slightly higher t h a n  the expected regional gradient. 

Al though the s i t e  was over 1 mile from 

The gradient wzs 55.4" C. The gradient 

This may be 

2 )  

Hammond 

The gradient was 77" C/km. The results a t  this s i te  were 

The Tanner Creek s i te  i s  located close t o  the Bonneville Dam 

complex, w i t h  i t s  fish hatchery, maintenance shops, administration 

buildings, and tourist facil i t ies.  However, unless s t i l l  warmer 

waters are encountered (by either deeper drilling or striking a 
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s t i l l  h igher  hea t  f low anomaly i n  the same v i c i n i t y ) ,  i t  is not  

l i k e l y  t h a t  low temperature  u t i l i z a t i o n  will be f e a s i b l e  i n  this a rea .  

Corbe t t  Quarry  - l oca t ed  a t  the s i t e  of  a s l i g h t l y  warm sp r ing .  

The g r a d i e n t  was 29.3" C/km down t o  110 m ,  where i t  became i so thermal .  

The g r a d i e n t  i s  isothermal  a t  approximately the same temperature  a s  

the nearby sp r ing  and i s  probably the product  of  upflow from the 

same source  w h i c h  feeds t h e  sp r ing .  

Howard Canyon - T h i s  s i t e  was chosen t o  h i t  the Columbia River Basa l t  

i n  an a r e a  where i t  may have f r a c t u r e  permeabi l i ty .  

hinge o f  a monoclinal f o l d  o f  the permeable b a s a l t s ,  on the p ro jec t ed  

strike o f  the Lacamas Fau l t .  The 

results were c o n s i s t e n t  w i t h  hea t  f low modeling o f  the nor thern  

Oregon Cascades of Blackwell and o t h e r s  (1978).  

t h a t  the s i te  i s  o u t s i d e  o f  the High Cascades hea t  f low anomaly. 

3 )  

4 )  

I t  is  on the 

The g r a d i e n t  was 40.5" C / h .  

The g r a d i e n t  i n d i c a t e s  

of  the Lacamas Fau l t  5 )  Sandy River - T h i s  s i t e  is a l s o  i n  the t r e n d  

w h i c h  has been mapped i n  southern Washington 

the Sandy River from Camp Co l l in s .  The  grad 

i s  aga in  c o n s i s t e n t  w i t h  regional  background 

High Cascade hea t  f low anomaly. 

I t  i s  a l s o  a c r o s s  

e n t  was 42" C/km wh 

va lues  o u t s i d e  the 

ch 

6) Camp C o l l i n s  - T h i s  ho le  was expected t o  determine the na tu re  of 

the re source  a t  nearby Camp Collins. Unfor tuna te ly ,  the hole had 

t o  be te rmina ted  before  reaching i t s  scheduled depth  because of 

d r i l l i n g  problems and budget l i m i t a t i o n s .  

was 124" C/km t o  a d e p t h  o f  74 m. 

t o  e v a l u a t e  this extremely anomalous result. 

However, the g r a d i e n t  

Deeper d r i l l i n g  needs t o  be done 
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The Camp Collins s i te  remains attractive for investigation 

a l t h o u g h  no evidence of a large-scale shallow hydrothermal system 

was revealed which m i g h t  be utilized by the nearby population center 

of Gresham. While i t  does n o t  seem likely t h a t  other t l  -I very low- 

temperature resources occur i n  this area, based on the low gradients 

in adjacent wells, the very high local temperature gradient suggests 

t h a t  deeper drilling m i g h t  have a chance of encountering higher 

temperature water than  currently utilized a t  Camp Collins. 

Thermal aquifers may occur i n  Columbia River Basalt Group ( C R B G )  

rocks a t  unknown depths (perhaps 1000 m ? )  beneath the Gresham area, 

a l t h o u g h  drilling for such aquifers in the M t .  Hood area has not  

been successful. 

area, i t  will be a t  about  50" C ,  assuming the heating of the Camp 

I f  water i s  present in CRBG a t  1 km in the Gresham 

Collins water occurs a t  depth w i t h i n  the area. Perhaps more likely 

i s  the possibility t h a t  thermal waters migrated laterally within an 

aquifer o f  the CRBG from the Cascade thermal anomaly t o  the east, 

and rose t o  shallow levels in t he  lower Sandy River area via loca l  

fracture zones associated with f o l d i n g  of the CRBG. T h i s  i s  

supported by the general vertical impermeability of the volcanic pile 

in the M t .  Hood area, the hydrostatic head of wells penetrating the 

CRBG i n  the Camp Collins area, and the absence o f  young loca l  

Quaternary volcanic centers. 

t o  evaluate whether further exploration for a low-temperature resource 

i s  justified. The study should take into account the probable low- 

temperature of the resource, high risk of finding inadequate fluid, 

and high costs o f  drilling deep wells, as well as the high potential 

load  available. 

Engineering studies should be pursued 
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Based on the r e su l t s  of the s tudies  undertaken fo r  this report ,  the 

best model explaining the occurrence of thermal phenomena i n  the Corbett- 

Moffett area would be the local izat ion of low-temperature geothermal waters 

by the intersect ion of the Columbia Gorge w i t h  cross-cutting northwesterly 

and  northerly geologic s t ructures .  Future recognition of additional geologic 

s t ruc tures  i n  the Columbia Gorge would merit fur ther  geothermal investigation. 
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PAR KDAL E 

The  Parkdale  a r e a  is  loca ted  a t  the  south  end of  Hood River Val ley 

(F igure  1 ) .  

populat ion centers inc lude  Parkdale ,  Dee and Ode1 1.  

The a r e a  i s  noted f o r  i t s  l u s h  farmland and orchards .  Local 

I n t e r e s t  i n  low-temperature geothermal energy i n  the Parkdale  a rea  i s  

based on the existence of  a warm well, a young lava f l a w  whose es t imated  age 

is  500 y e a r s ,  and youthful  f a u l t s  t o  promote convec t ive  c i r c u l a t i o n  t h a t  may 

a l low thermal water  from the M t .  Hood hea t  f l D w  anomaly t o  rise t o  shal low 

depths .  

Heat f low d a t a  from the a r e a  is  spa r se .  There i s  an abundance of sp r ing  

water  and runoff  a v a i l a b l e  t o  meet most of  the neecis of t h e  populat ion and 

ag r ibus iness .  

depths  i n  the v a l l e y  f i l l  of  river sediments.  

Those not  so f o r t u n a t e  have found ground water  a t  shal low 

Consequently t h e r e  a r e  few 

water  wells d r i l l e d  i n  the v a l l e y ,  and those  present do no t  p e n e t r a t e  the 

sediments  t o  any s u b s t a n t i a l  depth.  

The abundant r a i n f a l l  and the pe rmeab i l i t y  of the river d e p o s i t s  c r e a t e  

a masking e f f e c t  i n  w h i c h  sha l low cold  ground water  tends  t o  conceal reg iona l  

g r a d i e n t s  i n  wells t h a t  do not  pene t r a t e  t h r o u g h  t h e  shallow aquifers.  

The  warm well t h a t  p rovides  the Dee F i s h  Hatchery w i t h  24" C has been 

temperature  logged by DOGAMI. 

one a t  60 t o  110 m y i e l d s  water o f  24.2" C ,  and one a t  110 t o  175 m y i e l d s  

22" C water .  Geothermetr ic  c a l c u l a t i o n s  us ing  d a t a  from geochemical a n a l y s i s  

sugges t  r e s e r v o i r  tempera tures  o f  approximately 125" C. 

The tempera ture  log shows two sha l low aqu i fe r s ;  

DOGAMI undertook an assessment o f  the low-temperature geothermal resources  

o f  the Parkdale  a r e a  f o r  t h i s  r epor t .  

s tudy  involv ing  geochemical water sampl ing,  reg iona l  "scrounging" f o r  a v a i l a b l e  

open wells f o r  temperature  g r a d i e n t  logging ,  and geologic  mapping. 

The i n v e s t i g a t i o n  was a three-pronged 
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Nineteen s p r i n g s  were sampled i n  1981. Some o f  the s p r i n g s  were loca ted  

on maps and used f o r  l oca l  water  supp l i e s .  Others were loca ted  dur ing  the 

course  of  t h e  geologic  mapping p r o j e c t  and were poss ib ly  r e l a t e d  t o  s t r u c t u r a l  

geologic  f e a t u r e s .  However, none o f  the sampled s p r i n g s  showed any geothermal 

component, and measured temperatures were i n v a r i a b l e  low. The lone  except ion  

was t h e  resampled well a t  Dee's fish hatchery,  a l r e a d y  mentioned. 

The e f f o r t  t o  l o c a t e  a d d i t i o n a l  wells a v a i l a b l e  f o r  tempera ture  logging 

was only  moderately successful. 

wells i n  t h e  a r e a  w i t h  temperature  logs .  Many o f  these a r e  isothermal  o r  have 

nega t ive  g r a d i e n t s ,  i n d i c a t i n g  t h a t  these wells d i d  no t  p e n e t r a t e  through the 

cold  water  "b lanket"  genera ted  by recharge  from Mount Hood. Two o f  the 15  

w e l l s  were dr i l led  by DOGAMI i n  prev ious  years f o r  hea t  f low de termina t ion  

and encountered the same problem. 

DOGAMI's f i l es  now inc lude  a t o t a l  of  15 

The few good q u a l i t y  g r a d i e n t s  t h a t  exist  

f o r  the a r e a  are i n  the range of  25" C - 55" C / h ,  w i t h  a high hea t  f low 

maximum o f  87 mW/m . However, t h e  g r a d i e n t  o f  this well ( y i e l d i n g  a hea t  
2 o f  87 mW/m ), was no t  clear and the c a l c u l a t e d  heat flow i s  regarded a s  a 

maximum value .  

2 

Geologic mapping was i n t e n d e d  t o  i d e n t i f y  f a u l t i n g  and determine the 

f low 

age of the episodes .  The Parkdale  s c a r p ,  t h e  f a u l t  t h a t  t e rmina te s  the e a s t  

side o f  the v a l l e y ,  was s t u d i e d  by Department s t a f f .  

the f a u l t  occur red  between 2.66+2.0 - m.y. and 2.08+0.24 - m.y.B.P., w i t h  a 

displacement  of  g r e a t e r  than  2,000 feet. 

The  major movement on 

Last movement o f  the f a u l t  pos tda te s  

2.08+0.24 - m.y., making this f a u l t  one o f  t h e  youngest known f a u l t s  i n  the Oregon 

Cascade Range. 

Although a v a i l a b l e  reg iona l  g r a d i e n t  and s p r i n g  sampling d a t a  do no t  

i n d i c a t e  geothermal r e sources  i n  the Parkdale  a r e a  more promising than  f o r  

the reg ion  i n  gene ra l ,  t h e  i d e n t i f i c a t i o n  of young f a u l t i n g  and the proximity 
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to Mt. Hood suggests that further work should be done in the area. 

gradient data is not sufficient to analyze the potential adequately. 

a large urban population in the area probably precludes development of a 

district heating system, should adequate geothermal resources be found. 

Other, smaller-scale uses, such as the aquaculture system, already being 

utilized at the Dee Fish Hatchery, and food processing, might be possible on 

a much larger scale than currently in utilization. 

Available 

Lack o f  
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MILTON-FREEWATER 

The Milton-Freewater area, as defined for purposes of this report, is 

composed of that part of the Walla Walla Basin which lies in Oregon (Figure 1). 

The Walla Walla Basin is a triangular shaped area which lies astride the Oregon- 

Washington border approximately 30 miles (48 km) northeast of Pendleton, Oregon. 

The only significant population centers in Oregon are Milton-Freewater 

(pop. 5,110) and the small unincorporated town of hapine. 

main source of income for the region. 

Agriculture is the 

The Walla Walla Basin is a structural depression located in the Columbia 

Plateau physiographic province of eastern Oregon and Washington, which is 

composed mostly of flood basalts of the Miocene Columbia River Group. 

part o f  the plateau located in Oregon is known as the Deschutes-Umatilla Plateau 

The basin is bordered on all sides by anticlines. 

trending Blue Mountains Anticline, to the south the west-northwest trending 

Horse Heaven Anticline, to the west the north-south trending Divide Anticline, 

and to the north in Washington is a low east-west trending arch. 

That 

To the'east'is the northeast 

As has been previously mentioned, the Columb a Platea-u is underlain by 

a thick sequence of Miocene tholeiitic flood basa ts, the Columbia River Group. 

In the Walla Walla Basin, the basalts are exposed only in the bottoms of 

streams flowing into the basin, and on the flanks of the anticlines bordering 

the basin. 

dated Pleistocene and Holocene deposits which are as much as 650 feet (198 m) 

in thickness. The deposits include gravels, clays, loess, silts, siltstones, 

glacio-fluviati le deposits, and a1 luvium. 

Within the basin the basalts are covered by a series of unconsoli- 

There are no surface thermal phenomena in the Walla Walla Basin. Early 

interest in the area was generated by rumors of warm irrigation wells, some 

of which were artesian at temperatures in excess of 38' C, though most fall 
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into the range 15-27" C. The warmest wells a l l  turned o u t  t o  be located in 

the center of the basin near the town of Touchet, in Washington. 

The Department of Geology and Mineral Industries (DOGAMI) effort in the 

To this date temperature gradients have been region has been quite limited. 

measured in only seven open water wells in Oregon, t h o u g h  a larger da ta  set 

exists for  the Washington side of the Walla Walla Basin. 

program has been instigated, b u t  limited geochemical d a t a  i s  available from 

groundwater studies which have included the Walla Walla Basin. Silica geo- 

thermometers indicate minimum reservoir temperatures in the range 100"-120" C 

for some of the warmer we1 1 s in the area. 

No well sampling 

Based on the limited temperature gradient da ta  available, i t  appears t h a t  

the heat flow averages about 55 mWm-' in the Walla Walla Basin. 

gradients are 35' Ckm'l in the basalts and 50" Ckm'l in the lower thermal 

conductivity sediments overlying the basa l t s .  

Typical 

According t o  ground water studies, there are major sets of aquifers in 

The f i r s t  i s  associated w i t h  older Pleistocene gravels. the area. The water 

from wells drilled into these aquifers i s  typically cold and unconfined. The 

second i s  associated w i t h  f low contacts i n  the Columbia River Basalt. Waters 

from these aquifers are typically warm and artesian, and the wells comnonly 

produce several thousand gallons per minute of water. 

I t  i s  clear t h a t  there i s  a low-temperature resource i n  the Walla Walla 

Basin with abundant fluid and temperatures adequate for space heating and 

other lower temperature direct-use applications (most probably agricultural 

applications). 

of the somewhat high regional heat flow (55 mbbn-*) and the insulating cap of 

low thermal conductivity unconsolidated sediments. 

excess of 38" C occur, as in the Touchet area of Washington, i t  i s  probable 

The high temperatures, i n  most cases, result from a combination 

Where temperatures in 



-1 8- 

t h a t  the  f l u i d s  a re  der ived from convection systems associated w i t h  mapped 

normal f a u l t s .  

I t  appears, g iven the  nature o f  t he  Columbia River  Basal ts i n  the Oregon 

p o r t i o n  o f  t he  Columbia Plateau, t h a t  adequate q u a n t i t i e s  o f  warm f l u i d s  can 

be obtained a t  any s p e c i f i c  s i t e .  The temperature obtained i n  a s p e c i f i c  

we1 1 w i  11 depend p r i m a r i l y  upon the  depth d r i  1 led.  

should be d i r e c t e d  p r i m a r i l y  toward s i t e  s p e c i f i c  engineering studies,  t o  

determine i f  the  resource i s  adequate t o  supply the  expected load. 

areas d e t a i l e d  geologic mapping and geophysical s tud ies may be use fu l  f o r  

l o c a t i n g  f a u l t s .  

h igher temperatures than would normal ly be expected a t  a given depth. 

Therefore, f u t u r e  e f f o r t s  

I n  c e r t a i n  

Convective systems associated w i t h  the f a u l t s  could provide 
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LA GRANDE 

The La Grande area i s  located within the Blue Mountains physiographic 

province of northeastern Oregon (Figure 1 ) .  

Mountains on the n o r t h  and west, and by the Wallowa Mountains on the east. 

The three main population centers of La Grande (pop. 11,140), Union (pop. 2,160) 

and Cove (pop. 500), a l l  l i e  within the Grande Ronde Valley. 

I t  i s  bordered by the Blue 

The Grande Ronde Valley i s  a structural depression which i s  bordered on 

all  sides by normal faults with displacements of several thousand feet. The 

floor of the valley i s  composed of unconsolidated P1 io-Pleistocene lacustrine 

and fluvial sediments, landslide deposits, and alluvial fans. The bedrock 

making u p  the valley margins i s  composed exclusively of rocks o f  the Miocene 

Columbia River Basalt  Group. 

Hot springs are comon throughout  the study area, particularly along the 

southern and eastern margin of the Grande Ronde Valley. 

the Hot Lake Resort Spring, 11.7 krn southeast of La Grande, w i t h  a surface 

temperature of 85OC. 

in the range 20-30°C. 

systems w h i c h  are associated w i t h  the normal faults a t  the margins of the 

Grande Ronde Valley. 

The hottest spring i s  

Most of the other springs possess surface temperatures 

All o f  the springs are fluid-dominated deep circulation 

The Department of Geology and Mineral Industries (DOGAMI) commenced i t s  

geothermal effort in the Grande Ronde Valley in the sumner of 1977 with the 

measurement of temperature gradients i n  existing water wells. 

of 1980 a spring sampling program was completed, and in the winter of 1979/1980 

three heat flow holes were drilled in the city of La Grande. 

holes with a 152 meter (500 f t )  nominal depth were scheduled, bu t  extreme 

drilling problems resulted in the completion of only three holes, the deepest 

of which was completed t o  120 m. 

I n  the spring 

Originally 4 

During the DOGAMI sampling program, twenty-five thermal springs and wells 
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were sampled and analyzed.  These, when combined w i t h  p rev ious ly  publ ished d a t a ,  

r e s u l t e d  i n  a t o t a l  of  seventy- f ive  a n a l y s e s  a v a i l a b l e  f o r  eva lua t ion .  

f e l t  t h a t  the chalcedony and 4/3B Na:K:Ca geothermometers probably give the 

b e s t  e s t i m a t e s  o f  min imum r e s e r v o i r  temperature .  

wells, these e s t i m a t e s  fe l l  i n  the range  100-125°C. 

t empera tures  were f o r  t hose  s p r i n g s  a s s o c i a t e d  w i t h  the basin-bounding normal 

I t  i s  

For most o f  the s p r i n g s  and 

The h ighes t  c a l c u l a t e d  

f a u l t s .  

Resor t  We1 1 was 1 O O O C .  

The h ighes t  e s t ima ted  minimum r e s e r v o i r  temperature  f o r  the Hot Lake 

Heat f low d a t a  f o r  the Grande Ronde Basin i s  spa r se ,  and the q u a l i t y  of  

most o f  the d a t a  t h a t  has been ob ta ined  i s  n o t  good. Because most of the holes  

were measured i n  the unconsol idated sediments  of  the La Grande Basin,  where 

the effects o f  r e f r a c t i o n ,  sed imenta t ion ,  and groundwater c i r c u l a t i o n  tend t o  

dep res s  tempera tures ,  the measured tempera ture  g r a d i e n t s  were o f t e n  anomalously 

low o r  even iso thermal .  

La Grande, one was t o t a l l y  useless f o r  hea t  f low de termina t ions  (due t o  a 

nega t ive  tempera ture  g r a d i e n t )  and there were s i g n i f i c a n t  problems i n  in ter-  

p r e t a t i o n  a s s o c i a t e d  w i t h  the o t h e r  two. 

va lues  of  42 mWm" and 84 mWm-'. 

f o r  hea t  f low i n  the Grande Ronde Val ley is 60-80 mWm-*, and the b e s t  g r a d i e n t  

O f  the three ho le s  d r i l l e d  by DOGAMI i n  the c i t y  of 

These two holes  r e s u l t e d  i n  hea t  f low 

Based on the t o t a l  da t a  set, the best e s t i m a t e  

i s  50+20"Ckm-1. - 

One of  the DOGAMI holes ,  d r i l l e d  a d j a c e n t  t o  the c i t y  h o s p i t a l ,  encountered 

15-21°C water  f lowing a t  114 lpm; a tempera ture  and f low r a t e  adequate  f o r  

space hea t ing  a p p l i c a t i o n s  us ing  a h e a t  pump. 

I t  appears  t h a t  the a r e a s  wi th  the h i g h e s t  p o t e n t i a l  f o r  the d i r e c t  use 

o f  low temperature  geothermal f l u i d s  a r e  those  a d j a c e n t  t o  thermal convect ion 

systems a s s o c i a t e d  w i t h  v a l l e y  bounding normal f a u l t s .  

i n  the Grande Ronde Val ley,  t hose  a s s o c i a t e d  w i t h  the Craig Mountain f a u l t  and 

Of the many warm s p r i n g s  
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i t s  extensions along the southern margin of the valley appear t o  be the most 

promising. 

encountered in one of the DOGAMI d r i l l  holes is  evidence t h a t  thermal convection 

anomalies may be associated with these fau l t s .  A t  the present time the City of 

La Grande i s  d r i l l i n g  a 1700-ft hole near one of the DOGAMI d r i l l  s i t e s .  

Although i t  i s  being d r i l l ed  primarily as  a c i t y  water supply, DOGAMI will be 

allowed t o  temperature log the hole. If the temperatures a re  adequate, serious 

consideration will be given t o  forming a geothermal heating d i s t r i c t  t o  supply 

the many public loads in the area ( three  schools, c i t y  and county of f ices ,  and 

the Eastern S ta te  College Campus). 

Normal f a u l t s  a r e  a lso present i n  La Grande, and the warm water 

There i s  a lso considerable low temperature geothermal potential  toward the 

center of the Grande Ronde Valley, where deep i r r iga t ion  wells (900-1700 f t )  

commonly encounter large (often a r t e s i an )  flow ra tes  of several hundred t o  

several thousand gallons per minute of water i n  the temperature range 19-32°C. 

The aquifers i n  these wells a re  the flow contacts between basal ts  of the Columbia 

River Group, and the heat i s  provided by the regional geothermal gradient. 

Although the temperatures in the wells a re  not par t icular ly  high, the large 

volumes of water available should make them an a t t r ac t ive  economic ta rge t .  
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BELKNAP-FOLEY 

The Belknap-Foley area is  located a t  the eastern margin of the central 

Western Cascade Range of Oregon, approximately 80 km (50 m i )  e a s t  of Eugene 

(Figure 1 ) .  

i n  the study area.  

few people l ive i n  the area,  there is l i t t l e  likelihood t h a t  a large-scale 

heating d i s t r i c t  could be economically instal led.  

was done fo r  this study, although five temperature-gradient wells were d r i l l ed  

t o  about 150 m by the Department fo r  regional heat flow measurement i n  the 

Cascades project (Cooperative Agreement DE-FC07-79ID12044). A1 1 hot springs 

were sampled and a geologic map was prepared i n  conjunction w i t h  both the 

Cascades and low-temperature projects. 

f i ve  exis t ing wells were measured, and a geologic map a t  a scale  of 1:62,500 

was prepared. 

McKenzie Bridge, Rainbow, and Blue River a re  the only towns 

They a re  very ma11 unincorporated comnunities. Because 

For this reason, no d r i l l i n g  

In addition, temperature gradients i n  

The geology of the area is dominated by i t s  location a t  the boundary 

between the Western Cascades and the High Cascades. 

of the area a re  chief ly  Pliocene and younger basal t ic  lavas of the High 

Cascades, b u t  most of the area i s  composed o f  Oligocene t o  Miocene lavas and 

tuffs charac te r i s t ic  o f  the Western Cascade physiographic province. 

Rocks a t  the eas t  margin 

Although there is  minor folding i n  rocks older than about 9 m.y.B.P., 

the major s t ructures  i n  the area a re  a series of north-south trending normal 

fau l t s .  These f a u l t s  a r e  concentrated a t  the High Cascade-Western-Cascade 

physiographic boundary a t  Horse Creek and the upper McKenzie River and i n  the 

Sou th  Fork of the McKenzie River a t  Cougar Reservoir. Rocks older than about 

4 m.y. a r e  consistently o f f se t  downward toward the eas t  i n  both areas. Offset 

a t  Cougar Reservoir i s  a t  l e a s t  300 m and cumulative of fse t  across Horse Creek 

i s  about 620 m .  

The Horse Creek f a u l t  zone does not cut intracanyon lavas of the High  
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Cascades da ted  a t  2.05 t o  3.4 m.y.B.P. The Cougar Reservoi r  f a u l t  zone cuts 

rocks da ted  a t  13.2 m.y. but does n o t  cut P le i s tocene  g r a v e l s .  

Hot s p r i n g s  and a r e a s  of  anomalously high hea t  f low a r e  a s s o c i a t e d  w i t h  

the north-south t r end ing  f a u l t s .  The h o t t e s t  s p r i n g s  a r e  Belknap (86.7 t o  

71.0°C), Bigelow (61.0°C), and Foley (80.6OC) w h i c h  a r e  a long the Horse Creek 

f a u l t  zone. T e r w i l l i g e r  Hot Spr ings  ( a l s o  c a l l e d  Cougar Reservoi r  and Rider 

Hot Spr ings )  is  ad jacen t  t o  the Cougar Reservoir  f a u l t  zone and has a temp- 

e r a t u r e  o f  between 42 and 44OC. D r i l l i n g  near  T e r w i l l i g e r  Hot Spr ings  has 

shown t h a t  hydrothermal water  a l s o  occur s  a t  150 m depth  about  1 /2  km e a s t  

o f  the s p r i n g s  i n  an Oligocene(?)  lava .  

The most r e l i a b l e  geothermometric c a l c u l a t i o n s  f o r  the Horse Creek f a u l t  

zone group i n d i c a t e  r e s e r v o i r  tempera tures  i n  the 100 t o  143OC range.  

c a l c u l a t i o n s  f o r  Terwi 11 i g e r  Hot Spr ings  i n d i c a t e  r e s e r v o i r  tempera tures  of  

95 t o  103°C. 

S imi l a r  

O f  the f ive wells d r i l l e d  i n  the Belknap-Foley a r e a ,  three were loca ted  

along the Horse Creek f a u l t  zone and two were a d j a c e n t  t o  the Cougar Reservoir  

f a u l t  zone. Where hea t  f low was not  obvious ly  d i s t u r b e d  by nearby thermal 

s p r i n g s ,  reg iona l  hea t  f low conforms t o  t h e  pattern demonstrated by Blackwell 

and o t h e r s  (1978). 

t o  83 mW/m 

Reservoir  a r e a  t o  about  111 t o  114 mW/m ( t e r r a i n - c o r r e c t e d  g r a d f e n t s  of 

Heat f low increases a b r u p t l y  from va lues  o f  about  70 
2 ( t e r r a i n - c o r r e c t e d  g r a d i e n t s  of  5 3 O C / k m  t o  52"C/km) i n  the Cougar 

2 

71 t o  74"C/km) i n  the Horse Creek a r e a .  The a r e a  t h u s  l ies on the t r a n s i t i o n  

zone between low heat f low (55 mW/m o r  below) c h a r a c t e r i s t i c  of  the Western 
2 Cascades-Willamette Val ley provinces  and very high hea t  f low (over  100 mW/m ) 

2 

c h a r a c t e r i s t i c  o f  the High Cascades province.  These reg iona l  g r a d i e n t s  and 

hea t  f low va lues  i n d i c a t e  t h a t  hot  s p r i n g s  i n  the a r e a  probably ascend from 

dep ths  o f  about  1 .2  t o  2.0 km i n  the Horse Creek a r e a  and about  1.6 t o  1 .8  km 
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i n  the Cougar Reservoir area. 

The best target for furhter exploration is the Horse Creek f a u l t  zone. 

Drilling should be aimed a t  intercepting either the shallow aquifers near the 

hot  springs or possible aquifers within the fault zone a t  depths appropriate 

for  the temperatures desired. 

200°C can be expected. 

rocks near the f a u l t  zone, then electrical generation by direct-flash tech- 

nology might be possible. Electrical generation from the hot  spring waters 

i s  probably possible utilizing Rankine-cycle technology. 

kilowatts o f  electricity w i l l  be generated a t  Lakeview i n  the sumner of 1982, 

using freon as a working f l u i d ,  from 80°C (176°F) water. 

scale local space heating uses near the hot s p r i n g s  are probably the most 

cost-effective means of exploiting the low-temperature resources of the area. 

Lack of a large population o r  industrial base precludes large-scale district  

heating systems unless i t  i s  possible t o  pipe thermal waters t o  the population 

centers o f  Springfield and Eugene. 

evaluate a l l  of these possibilities. 

A t  depths o f  about  3 km, temperatures of about  

Should f l u i d  also be present, perhaps in fractured 

For example, 40 

This use, and small- 

An engineering study i s  recommended t o  



-25- 

1 The  Willamette Pass area is  located i n  the central Western Cascade 

Range of Oregon approximately 80 km (50 m i )  southeast of Eugene, Oregon, 

up the Willamette River drainage (Figure 1 ) .  The only town i n  the area i s  

j 
1 
I 

the c i t y  of Oakridge (population of 4,300). 

Because i t  is  a s ignif icant  population center a substantial  e f f o r t  was 

directed a t  d e f i n i n g  geothermal resources near Oakridge. Toward tha t  goal, 

a 122 m c i t y  water well was deepened t o  344 m ,  and a 150 m temperature gradient 

well was d r i l l ed  a t  a f a u l t  intersection 4 km southeast of Oakridge. A 

geologic map a t  a scale  of 1:62,500 and complete sampling and temperature 

measurement i n  a l l  available springs and wells was also completed. 

water samples were analyzed and seventeen temperature gradients were measured 

and recalculated t o  heat flow. Seven of the gradients were measured i n  holes 

d r i l l ed  fo r  the Cascades project. 

Eighteen 

Rocks i n  the area a re  ch ief ly  Oligocene(?) t o  l a t e  Miocene lavas and 

t u f f s  w i t h  minor Pleistocene o r  l a t e  Pliocene intracanyon basalt  flows. T h e  

Pleistocene t o  l a t e  Pliocene basal ts  come from vents i n  the High Cascades t o  

the eas t .  The lack of youthful fau l t ing  makes the location of s ignif icant  fractured 

rocks, which could hold thermal water, very d i f f i c u l t .  

(very iron-rich) lavas which have been mapped imnediately outside of the map 

area near Lookout Point, may, however, be permeable. These rocks, together 

w i t h  buried intrusive rocks may provide the best aquifers fo r  geothermal f lu ids  

in the area. Unfortunately, owing t o  the complexity of the geology of the area 

and the short  time available f o r  mapping, the depth t o  these potential reservoir 

rocks cannot be predicted w i t h  cer ta in ty  throughout much of the area. I t  i s  

highly probable, however, t h a t  neither of these rock types occur beneath Oakridge. 

Early Miocene t h o l e i i t i c  

Oakridge i s  located i n  a valley cut in to  rocks which appear t o  l i e  s t ra t igraph-  
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i c a l l y  below the t h o l e i i t i c  sequence. 

vo lcan ic  o r  p l u t o n i c  center i n  o r  a d j a c e n t  t o  the c i t y .  

pe rmeab i l i t y  a t  Oakridge is  underscored by the i n s i g n i f i c a n t  f l u i d  found i n  

the 344 m c i t y  well. I t  i s  however, p o s s i b l e  t h a t  pe rmeab i l i t y  may e x i s t  i n  

a r e a s  e a s t  o f  Oakridge since, a s  d iscussed  below, hydrothermal f l u i d s  a r e  

obvious ly  a b l e  t o  c i r c u l a t e  enough t o  form warm s p r i n g s  i n  three a r e a s  

w i t h i n  6 t o  15 km e a s t  of  town. 

t o  major f a u l t s  and l i n e a t i o n s .  

hydrothermal systems occur  i n  o r  ad jacen t  t o  unexplored f a u l t s  between Oakridge 

and the hot  s p r i n g  b e l t .  

a t  Hills Creek dam, however, d i d  no t  revea l  any anomalous g r a d i e n t s  o r  hea t  

f low i n d i c a t i v e  of  c i r c u l a t i n g  hydrothermal f l u i d s .  

There is a l s o  no evidence o f  a major 

Lack of  s i g n i f i c a n t  

These warm s p r i n g s  a r e  a l l  i n  o r  a d j a c e n t  

I t  is  t h u s  e n t i r e l y  p o s s i b l e  t h a t  s i m i l a r  

One tempera ture  g r a d i e n t  well i n  such a f a u l t  zone 

Three warm sp r ing  a r e a s  occur  east o f  Oakridge. Water i s  62 t o  73°C 

a t  McCredie Hot Spr ings ,  40 t o  41°C a t  Wall Creek Hot Spr ings  and 30 t o  44°C 

a t  Kitson Hot Springs.  

three s p r i n g s  i n d i c a t e  p o s s i b l e  r e s e r v o i r  temperatures  of  112-126"C, 1 18-125"C3 

and 97-1 1 O"C, r e s p e c t i v e l y .  

Most r e l i a b l e  geothermometric c a l c u l a t i o n s  f o r  the 

Temperature g r a d i e n t  and heat f l o w  measurements i n  t h e  a r e a  show t h a t  
2 the ho t  s p r i n g s  a r e  i n  the t r a n s i t i o n  zone between high (over  lOChW/m ) hea t  

f low c h a r a c t e r i s t i c  of  the High Cascades and low (55mW/m and l e s s )  hea t  

f low c h a r a c t e r i s t i c  of t h e  Western Cascades and Wil lamette  Valley.  Heat 

f low i n  the hot  s p r i n g s  b e l t  is  roughly 69 t o  101 mW/m2, w i t h  a t e r r a i n -  

co r rec t ed  g r a d i e n t  o f  about  60°C/km. 

b e l t  high a s  115 mW/m w i t h  t e r r a i n - c o r r e c t e d  g r a d i e n t s  a s  h i g h  a s  67"C/km. 

West o f  the hot  s p r i n g s  b e l t  a t  Oakridge the heat f low i s  about  66 t o  74mW/m 

and the t e r r a i n - c o r r e c t e d  g r a d i e n t  i s  between 36 t o  4OoC/km. 

thus on the westernmost edge of the hea t  f l o w  anomaly genera ted  by the High 

2 

Heat f low e a s t  of  the hot  s p r i n g s  
2 

2 

Oakridge i s  
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Cascades. The gradients  a t  Oakridge are, however, about h a l f  as h igh as 

gradients w i t h i n  the  main High Cascades anomaly. The t r a n s i t i o n  i s  v e r y  sharp, 

occurr ing over a distance o f  about 20 km. 

focus exp lo ra t i on  as f a r  east  o f  Oakridge as i s  economically feas ib le .  

This i s  an add i t i ona l  reason t o  

I n  order t o  a t t a i n  the  r e s e r v o i r  temperatures ca lcu lated f o r  t he  warm 

springs, waters would have t o  reach depths o f  about 1.0 t o  1.5 km i n  the  hot  

spr ings b e l t .  

Oakridge, meteoric water would have t o  c i r c u l a t e  t o  depths o f  about 2.3 t o  3.0 km. 

I f  p o t e n t i a l  c i r c u l a t i o n  occurs o n l y  t o  1.0 t o  1.5 m a t  Oakridge, then water 

w i t h  temperatures o f  between about 48 and 57°C should be expected a t  depth. 

I f  r a p i d  c i r c u l a t i o n  o f  water occurs l a t e r a l l y  from the High Cascades heat f l o w  

anomaly, then higher temperature water might be found near the  c i t y .  

I n  order t o  encounter s i m i l a r  temperatures (97-1 25°C) under 

No 

evidence o f  r a p i d  l a t e r a l  c i r c u l a t i o n  has, as yet ,  been found. 

Further exp lo ra t i on  f o r  low-temperature a t  Oakridge i s  warranted i f  

p o t e n t i a l  uses can j u s t i f y  t he  c a p i t a l  out lay.  There i s  a h igh p r o b a b i l i t y  

t h a t  p o t e n t i a l  resources w i l l  be located a t  l e a s t  a few km east o f  t he  c i t y .  

F e a s i b i l i t y  s tud ies should be conducted which evaluate the  v i a b i l i t y  o f  p i p i n g  

thermal water t o  Oakridge f o r  var ious end uses. Known thermal spr ing areas 

have temperatures adequate f o r  many uses, although the h igh content o f  

d isso lved s a l t s  i n  the water a t  K i t son  Hot Springs may preclude many uses. 

S i m i l a r l y  h igh s a l t  content was noted i n  the  small amount o f  water found i n  

the  344 m we l l  d r i l l e d  a t  Oakridge. 
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POWELL BUTTES 

Powell Buttes i s  a large elliptically shaped topographic high located in 

the High Lava Plains physiographic province of east central Oregon, approximately 

18 km southeast o f  Redmond and 29 km northeast of Bend, Oregon (Figure 1 ) .  

Powell Buttes i s  a volcanic vent complex composed o f  rhyolitic, rhyodacitic, 

and dacitic plugs, domes, flows, and tuffs of the Oligocene John Day Formation. 

A l t h o u g h  colluvium mantles the flanks of the buttes, dr i l l  holes indicate t h a t  

volcaniclastic sediments, ash-flow tuffs, and basalt flows of the late Miocene 

t o  Pliocene Deschutes Formation unconformably overlie the John Day Formation 

over large portions of the f lanks .  Powell Buttes l ies a t  the western end o f  

the Brothers F a u l t  Zone, a major structural  feature which i s  considered by some 

writers t o  mark the northern terminus of the Basin and Range physiographic 

province i n  the western United States. 

A l t h o u g h  several springs are  present on Powell Buttes, the warmest of these 

i s  only 18°C. The lack  o f  naturally occurring surface thermal phenomena makes 

the area a true "blind" geothermal anomaly. Several warm domestic water wells 

are present on the north, northwest, and western sides of the buttes. 

highest water temperature measured in a domestic well was 33"C, in a well 

located on the west flank of the buttes i n  the zone of highest heat flow. 

The 

The Oregon Department o f  Geology and Mineral Industries (DOGAMI) f i r s t  

became interested in the Powell Buttes area d u r i n g  the summer o f  1978, when 

temperatures measured in three open holes resulted in gradients i n  excess of 

100°C krn" and bottom hole temperatures as  h i g h  a s  37°C. Several more holes 

logged during the sumner o f  1979 confirmed the presence o f  a thermal anomaly 

along the north and west f lanks of the buttes. In 1980 DOGAMI completed an 

extensive water sampling program and made an intensive effor t  t o  locate and 

log every open well in the vicinity o f  Powell Buttes. In the fa l l  of 1980 

DOGAMI drilled 9 heat flow holes, mostly along the west f l ank  o f  the  buttes. 
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nated i n  February 1981 w i t h  the  completion o f  a 460- 

meter borehole centered i n  the  zone o f  h ighest  heat f low.  I n  add i t i on  t o  the  

above e f fo r t s ,  complete Bouguer and res idua l  g r a v i t y  and aeromagnetic maps o f  

the  Powell Buttes area were completed f o r  DOGAMI by the  Oregon State Un ive rs i t y  

Geophysics Group. 

A t o t a l  of twenty - f i ve  w e l l s  and spr ings were sampled and analyzed dur ing 

The waters a re  unusual when compared t o  waters from the  course o f  t he  pro jec t .  

o ther  geothermal areas i n  t h a t  they are  r e l a t i v e l y  "clean". 

s o l i d s  a re  low; and C 1 ,  which i s  usua l l y  present i n  abundance i n  thermal 

Tota l  d isso lved 

waters, i s  nea r l y  nonexistent.  Also somewhat unusual i s  the  presence o f  h igh 

amounts o f  t race  metals such as Cu, Bas Zn, and S r .  Minimum rese rvo i r  temper- 

atures, ca lcu la ted  using S i  geothermometers, a re  i n  a l l  cases less  than 100°C. 

Several conclusions can be der ived from the  chemical 'analyses o f  t he  

waters a t  Powell Buttes.  F i r s t ,  t he  waters sampled were probably never much 

warmer than the  temperature recorded dur ing sampling. 

very  low concentrat ions o f  cons t i tuents  normal ly associated w i t h  thermal 

waters, t he  waters a t  Powell Buttes have no t  been deeply c i rcu la ted .  

more l i k e l y  t h a t  they have been heated conduct ive ly  by a source t h a t  l i e s  a t  

g rea ter  depths. 

Second, because o f  the  

It i s  

Third,  t he  waters sampled a re  most probably meteor ic waters which have 

i n f i l t r a t e d  through the  buttes,  the  l o c a l  recharge area. The h igh t race  metal 

concentrat ions were probably acquired from zones of hydrothermal a l t e r a t i o n  as 

the  f l u i d s  migrated down the  hydro log ic  d i p  t o  where they were in tercepted by 

domestic water we1 1 s. 

The geophysical anomal i e s  associated w i t h  Powel 1 Buttes are somewhat 

d i f f i c u l t  t o  i n t e r p r e t .  There are la rge  p o s i t i v e  Bouguer and res idua l  g r a v i t y  

anomalies centered over the  bu t tes  p a r a l l e l i n g  i t s  nor theast  trend. 

block f a u l t i n g  nor  the  presence o f  an i n t r u s i v e  beneath the  but tes seem 

Nei ther  
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sufficient i n  themselves t o  provide the mass excess required t o  explain the 

large magnitude of the anomaly. 

operation. 

I t  i s  likely t h a t  both mechanisms are in 

The most surprising aspect of the aeromagnetic study a t  Powell Buttes i s  

the lack of an anomaly associated w i t h  the buttes, implying t h a t  either the 

buttes are underlain by nonsusceptible rocks, o r  t h a t  the rocks are very hot .  

Again i t  i s  probable t h a t  both mechanisms are in operation, particularly given 

the s i l i c ic  nature of the volcanism t h a t  has occurred a t  Powell Buttes and the 

high heat flow measured on i t s  flanks. 

Since 1978, temperature gradients have been measured in 43 dr i l l  holes in 

the vicinity of Powell k t t e s ,  and heat flow values have been determined for 

32 of the si tes.  

the west side of the butte. 

downslope from a large rhyolitic exogenous dome. 

The da ta  delineates a closed elliptical anomaly paralleling 

The zone of highest heat flow lies directly 

Although the early d a t a  collected a t  Powell Buttes indicated t h a t  tempera- 

ture gradients in excess of 160°C km'l and heat flow values in excess of  

376 mWm'2 were present i n  the high heat flow zone, later d a t a  from deeper 

holes (particularly the 460-meter hole drilled by DOGAMI) indicate t h a t  the 

average heat flow in the vicinity of Powell Buttes i s  125-167 m h ' *  and the 

average temperature gradient i s  about  80°C km'l. 

There are two possible explanations for the very high temperature gradients 

measured a t  shallow depths on the west side of the butte: 

are the result of a combination of heat flow refraction and very low thermal 

conductivities in the unconsolidated colluvium mant l ing  the flanks of the buttes, 

and ( 2 )  there i s  a slow flow of warm water in a shallow aquifer beneath the 

zone of highest heat flow. 

just east of the high heat flow zone could be acting as a conduit for thermal 

fluids. 

( 1 )  the high gradients 

I n  this second case fractures in the rhyolitic dome 
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There a re  problems w i t h  both hypotheses. Heat flow i n  the Powell Buttes 

area is  conductive. There i s  no evidence of large-scale convective f lu id  

movement i n  any of the holes i n  the data s e t ,  and only rarely is  there any 

evidence of intraborehole f lu id  movement. In the 9 heat flow holes d r i l l ed  

by DOGAMI, no aquifer of the type described was encountered, and the geochemistry 

o f  the various water samples indicates t h a t  the waters have not been deeply 

circulated.  

problem. 

ra tes  o f  only 5-10 gpm. 

narrow f rac ture  zones, arguing against  the presence of large s t ra t igraphic  

aquifers.  The hypothesis is  s t i l l  viable,  however, a s  the flow ra tes  i n  the 

aquifer could be extremely low and s t i l l  produce the anomaly. 

Finally,  groundwater supply i n  the Powell Buttes area i s  a serious 

Wells a r e  often t o t a l l y  dry, and those tha t  do produce do so a t  

Producing wells seem t o  be s i tuated along f a i r l y  

The temperature-depth prof i le  a t  Powell Buttes has k e n  successfully 

reproduced by computer using a f ini te  difference thermal conductivity model. 

The problem w i t h  this model is  tha t  t o  account fo r  the h i g h  temperature 

gradients,  extremely low thermal conductivit ies a re  required f o r  the surface 

layers. 

combinations alone, requiring tha t  the pore space i n  the rock be only about 

70% saturated; the remaining space f i l l e d  w i t h  a i r .  

given the a r id  nature o f  the region, the phenomemhas n o t  been ident i f ied 

in other holes i n  east central  Oregon. 

The conductivit ies a re  lower than can be produced w i t h  water-rock 

While cer ta in ly  possible, 

Whatever mechanism i s  operative,  i t  is obvious t h a t  temperatures adequate 

fo r  many d i r ec t  use applications can be found a t  re la t ive ly  shallow depths i n  

the Powell Buttes area. 

(PB-1)  was 56°C. Projections of the temperature gradient indicate tha t  80°C 

would be encountered a t  about .8 km, and 150°C a t  1 . 7  km. 

The temperature a t  460 meters i n  the DOGAMI deep t e s t  
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The problem i s  the  a v a i l a b i l i t y  o f  adequate f l u i d s .  Although the  

temperature-depth curve f o r  PB-1 d i d  show one small aqu i fe r  a t  425 m, s i g n i f i -  

cant amounts o f  f l u i d s  were no t  encountered i n  the hole. 

John Day Formation and the under ly ing Clarno Formation are composed o f  

l a rge  amounts o f  tuf faceous rocks, which are r e l a t i v e l y  impermeable. 

I n  general, the 

I t i s  c l e a r  t h a t  e f f o r t s  t o  produce a v i a b l e  low temperature resource 

i n  the Powell Buttes area must center around the l o c a t i o n  o f  adequate f l u i d s .  

Deta i led geologic mapping and geophysics, t o  l oca te  f r a c t u r e  permeabi l i ty ,  

and the  deepening o f  PB-1 t o  l o c a t e  s t r a t i g r a p h i c  aqu i fe rs  (probably associated 

w i t h  lava flows) are the  most obvious steps t o  take i n  t h i s  d i r e c t i o n .  

t h i s  p o i n t  i n  time, the  PB-1 d r i l l  s i t e  has been turned over t o  Francana 

Corporation, which plans t o  deepen the  hole sometime i n  the near fu tu re .  

Although p r i v a t e  i n d u s t r y  w i l l  probably cont inue t o  explore f o r  h igh temper- 

a tu re  geothermal resources, t he  p o s i t i o n  o f  Powell Buttes w i t h i n  p i p i n g  

distance o f  t h ree  important towns, Bend (16 km), P r i n e v i l l e  (8  km), and Redmond 

(8 km),  make i t  a v i a b l e  exp lo ra t i on  t a r g e t  f o r  d i r e c t  use resources. 

exp lo ra t i on  should be aimed a t  deeper d r i l l i n g  no t  on l y  a t  Powell Buttes but  

a l so  on you th fu l  f a u l t s  known t o  e x i s t  i n  the  v i c i n i t y  o f  Bend and Redmond 

(e.g. see Peterson and others, 1976). Addi t ional  temperature measurement and 

poss ib le  d r i l l i n g  should be accomplished a t  P r i n e v i l l e  as wel l .  

studies should be pursued t o  de f i ne  the  amount o f  exp lo ra t i on  expenditure 

which can be j u s t i f i e d  by expected loads and end uses. 

A t  

Future 

Engineering 

- 
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. 

NORTHERN HARNEY BASIN 

The study area i s  located a t  t he  northern end o f  a large,  c i r c u l a r  

topographic depression i n  the  cen t ra l  p o r t i o n  o f  eastern Oregon known as the 

Harney Basin (Figure 1). 

(a populat ion o f  3,525) and the  nearby comnunity o f  Hines (populat ion o f  

1,575). F i f t e e n  spr ings and we l l s  were sampled, f o u r  temperature logged t o  

a depth o f  800 m, and geolog c maps a t  both the 1:62,500 and 1:24,000 scale 

were produced f o r  t he  area. 

survey were a l so  completed. 

magnetometer surveys, was publ ished i n  var ious open f i l e  repo r t s  and i n  one 

h igh q u a l i t y  co lored 1:24,000 scale geologic map o f  the Burns area. 

The major populat ion center i s  t he  c i t y  o f  Burns 

A s o i l  mercury survey and ground magnetometer 

A l l  o f  t he  r a w  data, except t he  mercury and 

The nor thern Harney basin was a major s i l i c i c  vo lcanic  center dur ing the  

l a t e  Miocene and probably dur ing the  middle Miocene as we l l .  

subsidence blocks formed dur ing e rup t i on  o f  voluminous soda r h y o l i t e  ash-flow 

sheets which covered hundreds o f  square m i les  o f  eastern Oregon. 

ing  w i t h  the  ash f lows are smal ler  amounts o f  soda r h y o l i t e  lava and b a s a l t i c  

lava. 

volumes o f  a l k a l i n e  high-alumina t h o l e i i t e .  

basa l t  a t  Diamond Craters near the southern margin o f  t he  study area was the  

l a s t  vo lcanic  a c t i v i t y .  

Major cauldron 

I n t e r f i n g e r -  

Volcanism since about 3.0 m.y.B.P. has been dominated by e rup t i on  o f  small 

Holocene erupt ions o f  a l k a l i  

F a u l t i n g  i n  the  area fo l l ows  three general trends. The f i r s t  i s  the 

t rend  o f  t he  Brothers f a u l t  zone ( N 2 5 O W  t o  N 5 5 O W ) ,  which i s  e x h i b i t e d  most 

s t rong ly  imnediately west o f  Burns. 

t o  2.9 m.y.B.P. b a s a l t i c  andesites near Burns Butte. 

t h a t  o f  north-south t o  north-northwest d i p - s l i p  f a u l t s  o f  t he  Basin and 

Range which c u t  a l l  bedrock u n i t s  except the Holocene basal ts.  

These are d i p - s l i p  f a u l t s  which c u t  2.3 

The second t rend  i s  

D i p - s l i p  
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f a u l t s  a t  a N40"W t o  N50°W i n  the e a s t - c e n t r a l  p a r t  of  the a r e a  are t r a n -  

s i t i o n a l  between the Brothers  and Basin and Range trends. 

Many o f  the f a u l t s  have evidence o f  some r e l a t i o n  t o  s t r i k e - s l i p  motion. 

T h i s  i s  p a r t i c u l a r l y  true o f  f a u l t s  o f  the Brothers  f a u l t  zone w h i c h ,  according 

t o  Lawrence (1976) may be related t o  r i g h t  l a t e r a l  wrenching a t  depth.  

l a r g e  north-south t r end ing  f a u l t  i n  the S o l d i e r  Creek a r e a  a t  the nor thern  

margin o f  the bas in  a l s o  has evidence o f  l a t e r a l  movement. 

A 

The S o l d i e r  Creek 

f a u l t  i s  no tab le  f o r  i t s  l a r g e  opa l i zed  b recc ia  zones,  and because the h o t t e s t  

geothermal well i n  the a rea  ( t h e  O.J. Thomas we l l )  occurs  3 km e a s t  of  the 

presumed ex tens ion  of this f a u l t  a t  the nor thern  margin of  the basin. 

and o t h e r s  (1980a) conclude t h a t  the O.J. Thomas water  emanates from this f a u l t .  

The  S o l d i e r  Creek zone l o s e s  i t s  aeromagnetic and g r a v i t y  s i g n a t u r e  a t  about  

the l a t i t u d e  o f  Hines where a west-northwest t r end ing  s t r u c t u r e  appears  i n  

geophysi ca 1 maps. 

Brown 

Folding o f  bedrock units is g e n e r a l l y  i n  the form of  broad, sha l lowly  

d ipping  a n t i c l i n e s  and s y n c l i n e s  plunging toward the center of the bas in .  

Except ions a r e  s h a r p l y  fo lded  rocks  ad jacen t  t o  major f a u l t  zones. 

The Harney Basin appears  t o  be the result of downwarping over  a broad 

a rea .  

the nor thern  half  of  the a r e a  appears  t o  be a broad zone o f  subsidence r equ i r ing  

very l i t t l e  deformation a t  the basin boundaries.  D. D. Blackwell (personal  

communication) has  specula ted  t h a t  much of  this broad subsidence may be due 

t o  cool ing  and c o n t r a c t i o n  fo l lowing  l a t e  Miocene s i l i c i c  volcanism. 

Some p a r t s  of the bas in  may be bounded by c a l d e r a  f a u l t s ,  but  much of 

Most warm s p r i n g s  i n  the Burns a r e a  are i n  the 22 t o  28.5"C range w i t h  

Thermal c a l c u l a t e d  minimum r e s e r v o i r  tempera tures  o f  between 70°C and 11°C. 

water  near  the S o l d i e r  Creek f a u l t  zone possesses  both higher s u r f a c e  tempera tures  

(71°C) and h igher  c a l c u l a t e d  m i n i m u m  r e s e r v o i r  temperatures  (99-139°C). 
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The best example o f  thermal water from the  So ld ie r  Creek system i s  the 

0. J. Thomas wel l ,  which i s  15.3 km east-northeast o f  Burns. This  we l l  y i e lded  

11,400 l i t e r s  per minute (about 3,000 gpm) o f  72OC water i n  a pump t e s t  ( t h i s  

was the  capaci ty  o f  t he  pump). The Harney Development wel l ,  an o l d  o i l  we l l  

south o f  t he  0. J. Thomas w e l l  (14.5 km southeast o f  Burns), f lows about 

380 l i t e r s  per minute (100 gpm) o f  46°C t o  50°C thermal water, s i m i l a r  i n  

composit ion t o  the  water o f  t he  0. 3 .  Thomas water (e.g. h igh  t o t a l  d issolved 

s o l i d s  and boron). No pump t e s t  data i s  ava i l ab le  f o r  t he  Harney Development 

we l l  t o  e s t a b l i s h  i t s  u l t ima te  po ten t i a l  f low. 

Four shal low (140 m t o  187 m) temperature gradient  we l l s  and one deep o i l  

we l l  ( t h e  Poteet we l l  2 km east  o f  Burns) provided the  most d e f i n i t i v e  data 

about temperatures and aqu i fe rs  i n  the  area. 

logged t o  800 m and revealed t h a t  t he  background g rad ien t ' a t  Burns i s  about 

60" C / k m  w i t h  an estimated heat f l o w  o f  about 92 mW/m . 
disturbances i n  the  conductive grad ien t  i n d i c a t i v e  o f  d e f i n i t e  thermal aqu i fe rs  

a t  210-230 m (32°C) and 550-600 m (48°C) and a poss ib le  small a q u i f e r  a t  

about 750 m (55°C). A 187-m we l l  a t  the  Hines Lumber M i l l  encountered a 

3,800 l i t e r  per minute (1,OOG gpm), 27°C aqu i fe r  a t  15 t o  50 m. 

d r i l l e d  on the  Hotchkiss Ranch, about 2.4 km (1.5 m)  southwest of Hines was 

ta rge ted  on a s o i l  mercury anomaly and encountered a 4- t o  8 - l i t e r  per minute 

(lpm) a q u i f e r  a t  126 m, a 20-lpm aqu i fe r  a t  140 m, and - 20-1pm aqu i fe r  a t  

160 t o  164 m. 

i n  ash f l o w  t u f f ,  loose vo lcan ic  sands, o r  b a s a l t i c  i n t e r f l o w  areas. 

ra tes  are  estimated from water blown from the  we l l  dur ing a i r  d r i l l i n g .  

The Poteet we l l  was temperature 

2 The we l l  a lso  showed 

A 164-m we l l  

A l l  o f  these aqu i fe rs  were between 34 and 35°C and were located 

Discharge 

Comparing the  data from the above holes, i t  i s  apparent t h a t  abundant 

thermal water i n  the  temperature range o f  27°C t o  35°C occurs a t  depths o f  

15 m t o  230 m between Hines and Burns. This  i s  a lso  the  temperature o f  most 
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of the thermal springs in the area which no doubt  

aquifers. 

gradient i s  high enough t o  produce this 27 t o  35°C water from conductive 

heating a t  between 140 and 340 m. 

thus ascending from a t  least these depths and then f lowing  laterally i n  the 

layered volcanic rocks. 

s u e  from these same 

Data from the Poteet well suggests t h a t  the background temperature 

Water encountered in the Hines area i s  

A mapped fault a t  the Hotchkiss s i te  was encountered 

in the dril l  hole and may have provided a conduit f o r  rise of warm water there. 

Because the Hotchkiss s i te  i s  114 m higher i n  elevation t h a n  the Hines area, 

some water around Hines could be explained by lateral flow of water from the 

Hotchkiss area. The high flow rate a t  the Hines Lumber Mill s i te ,  however, 

suggests t h a t  water must be coming from other areas as well, perhaps other 

f a u l t s .  

pattern of these shallow aquifers a t  Hines. 

mapped f a u l t s  and probable extensions of mapped faults under the valley 

sediments. 

Additional drilling will be necessary t o  determine the circulation 

Drilling should be focused on 

The city of Burns probably has thermal aquifers a t  32°C a t  about  210 t o  

230 m and a t  48°C a t  about  550 t o  600 m, based on da ta  from the Poteet well. 

There i s  definitely abundant (380 lpm) 14°C water a t  Burns High School a t  

a d e p t h  of 37 m ,  and an 18°C aquifer o f  unknown volume occurs a t  about 140 m 

a t  the same site.  

logged below 800 m ,  in order t o  discover i f  other higher temperature thermal 

aquifers are present a t  depth beneath Burns .  

1975 m. Temperatures of 100°C a t  about 1.5 km (5,000 f t )  and 200°C a t  about  

3.2 km (10,400 f t )  would be expected beneath Burns, based on the Poteet da ta .  

There i s  no guarantee of fluids a t  these depths, however. 

The Poteet well should be cleaned o u t  and temperature 

The well has a drilled depth of 

One way of mitigating the high cost of drilling deep a t  Burns for hot  

water would be t o  take advantage of possible areas of upwelling thermal water. 

F a u l t  zones are often sites of upwelling. The probable southerly extension 
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1 of the Soldier Creek f a u l t  between 10.5 and 14.5 km (6 t o  9 m i )  eas t  of Burns 

apparently contains large quant i t ies  of thermal water, based on data from the 

0. 3 .  Thomas well ( a t  l e a s t  11,400 lpm, of 72°C water). 

I 
I 

Water found in 

I this well would have t o  ascend from a t  l ea s t  a depth of 1 km (3,280 f t ) ,  based 

on the 60" C/km Poteet gradient. I f  the 0. J. Thomas water i s  from a conductively 

heated source a t  the geochemically calculated reservoir temperature (99 t o  135OC), 

i 

the water would have t o  ascend from dep ths  of about 1.5 km t o  2.0 km. T h i s  i s  

a c lear  indication tha t  a major hydrothermal c i rculat ion system must be 

operating eas t  of Burns. Dril l ing between the 0. J. Thomas well and Burns 

should be pursued t o  determine the la te ra l  extent of the circulat ion system 

. 

toward Burns. 

Another par t icular ly  interesting s i te  f o r  d r i l l i ng  is  the area approxi- 

mately due eas t  of Hines and due south of Soldier Creek, where-geophysical 

anomalies indicate a possible intersection of the Soldier Creek s t ructure  w i t h  

a west-northwest t r end ing  structure.  

this area might allow convection of large quant i t ies  of thermal water t o  

shallow d e p t h s .  

Possible h i g h  f rac ture  permeability i n  

Engineering studies should be pursued which evaluate the f e a s i b i l i t y  of 

d r i l l i n g  beneath Burns f o r  the thermal aquifers  noted i n  the Poteet well. 

Additional s tudies  should focus on the maximum distances tha t  resources 

associated w i t h  the Soldier Creek hydrothermal system could be p iped .  

shallow thermal aquifer a t  Hines should be evaluated f o r  heat pump and 

The 

cogeneration applications. 
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SOUTHERN HARNEY BASIN 

The Harney Basin i s  a roughly c i rcu lar  basin w i t h  in te r ior  drainage t o  

The  basin covers approximately 8,lOG square Malheur, Harney and Mud Lakes. 

miles. The small unincorporated farming comnunities of Crane, Princeton, and 

Diamond a re  the only population centers.  

DOGAMI's study of the south Harney Basin (Figure 1 )  involved extensive 

spring sampling, gradient data accrual through the location and logging of a l l  

avai lable  open water wells, a l i t e r a t u r e  search, reconnaissance mapping of 

e ight  15' quadrangles, and the d r i l l i n g  of a 135 m heat flow hole a t  Crane 

School. 

Thermal spring and we1 1 water geochemistry generally indicates reservoir 

temperatures o f  100°C t o  140°C by the quartz geothermometer and 100°C t o  

170°C by the Na-K-Ca geothermometer. Numerous thermal springs'occur in the 

area,  22 o f  which were sampled f o r  this study. 

located near Crane, were 80°C. 

be spli t  into two groups. 

near Harney Lake. 

the rocks these f lu ids  a re  associated w i t h  a t  d e p t h  and subsurface residence 

time. 

The h ighes t  s p r i n g  temperatures, 

On the basis of the chemistry, the springs can 

The f i rs t  group is  centered near Crane, the second 

Chemical differences probably stem from the nature of 

The  basin was formed by regional collapse due t o  the eruption of 

voluminous ash-flow sheets from w i t h i n  the area. 

eruptive centers,  ac t ive  about 9 m.y.B.P. 

approximately 8 m.y.B.P., b u t  a Holocene basal t ic  center, Diamond Crater, was 

act ive a s  recently a s  15,000+_2,000 years ago (Norm Peterson, 1980, personal 

communication, c i ted  in Brown and others ,  1980b). 

Harney Lake was one of the 

The  l a s t  s i l i c i c  volcanism occurred 

The area i s  a lso i n  the Brothers Fault Zone, which represents the northern 

termination of the Basin and Range physiographic province. Basin and Range 
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f a u l t i n g  occurred predominantly i n  the middle and l a t e  Miocene and represents 

eas t -wes t  ex tens ion  on numerous north-south t r end ing  f a u l t s .  

F a u l t  Zone t r e n d s  no r thwes te r ly  through the a rea .  

w i t h  the Brothers  F a u l t  t r e n d  i s  younger than t h a t  of the Basin and Range 

t r end  i n  the a r e a .  The f a b r i c  of  the a r e a  is predominantly nor thwes ter ly .  

Northwest t r end ing  f a u l t s  cut  the 15,000+2,000 - year -o ld  b a s a l t s  o f  Diamond 

C r a t e r  (Brown and o t h e r s ,  1980b). 

The Brothers  

F a u l t  a c t i v i t y  a s s o c i a t e d  

The background g r a d i e n t  f o r  the south Harney Basin i s  60-8O0C/km, the 
2 background hea t  f low is  60-80 mW/m . These va lues  a r e  based on previous  

DOGAMI and USGS hea t  f low s t u d i e s  (Hull and o t h e r s ,  1977, DOGAMI 0-77-3; 

Sass  and o t h e r s ,  1976) and new d a t a  from open water wells. 

The deepes t  well logged f o r  temperature  i n  the  a r e a  is  the P o t e e t  o i l  

well, i n  the nor the rn  Harney Basin. The well i s  800 m deep w i t h  a g r a d i e n t  

o f  59.8"C/km and a hea t  f low o f  92 mW/rn2. 

w i t h  the modeling of Blackwell and o t h e r s  (1978) and co r robora t e s  p r e d i c t i o n s  

of  anomalous hea t  f low and geothermal p o t e n t i a l  a long the Brothers  F a u l t  Zone. 

This h igh-qual i ty  hea t  f low and g r a d i e n t  may be more r e p r e s e n t a t i v e  of the 

reg iona l  background hea t  f low than  the 60-80 mW/m va lue ,  s i n c e  the lower 

values a r e  based on sha l lower  measurements. 

this hypothes is  adequately.  

The hea t  f low va lue  i s  c o n s i s t e n t  

2 

Only deeper  d r i l l i n g  will test  

The background hea t  f low p r e d i c t s  t h a t  sp r ing  waters  probably ascend from 

a m i n i m u m  depth  of  one h. 

reach  a t  l e a s t  this depth  i n  o t h e r  p a r t s  of  the bas in  a s  well. 

T h i s  i n d i c a t e s  t h a t  hydrothermal c i r c u l a t i o n  may 

DOGAMI i d e n t i f i e d  a p o t e n t i a l  geothermal r e source  a t  Crane. A hea t  f low 

The  g r a d i e n t  was 96"C/km 

The hea t  f low f o r  the 

hole was d r i l l e d  by DOGAMI i n  1981 a t  Crane School.  

and the bottom hole  temperature  was 24.5"C a t  135 m. 

hole  i s  approximately 148 mWm . 2 Addit ional  d r i l l i n g  would be needed f o r  
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u t i 1  ization because no large water-bearing aquifer was encountered in the hole. 

This gradient and heat flow are  obviously very anomalous w i t h  respect t o  both 

of the above regional background estimates. 

background heat flow t o  be redis t r ibuted by convection t o  produce heat flow 

this high. 

1 ikely t h a t  hydrothermal convection is  responsible f o r  this anomaly, since 

Crane is  not a young volcanic center.  

there  could be a major hydrothermal c i rculat ion system beneath Crane. 

Additional shallow d r i l l i ng  around the Crane area should be done t o  determine 

the w i d t h  of the anomaly, i n  order t o  determine i t s  extent and to  do half 

w i d t h  calculations which can predict  the depth of the anomalous heat source. 

Deeper d r i l l i n g  should then be done i f  the predicted d r i l l i n g  depths  can be 

economical 1 y j u s t i f i e d .  

immediately t o  determine i f  t h e  anomaly i s  caused by a re la t ive ly  shallow 

aquifer of warm water. 

I t  is probably necessary for  

Either magmatic or hydrothermal convection would suff ice .  I t  i s  

Should t h i s  hypothesis prove correct ,  

A1 t e rna t i  vely , deeper d r i  11 i n g  could be pursued 

Anomalous geothermal areas ,  other than hot s p r i n g  locations, were found 

near Coyote Buttes and west of Diamond Valley, where gradients o f  130-160°C/km 

and 8 8 O C / k m ,  respectively,  and heat  flow of 125-155 and 146 mW/m, respectively,  

were found. 

j u s t i f y  exploitation unless industr ia l  i n t e re s t s  decide t o  lcoate a t  these 

s i t e s .  

hydrothermal water i s  readily accessible i f  hot sp r ing  temperatures a re  adequate. 

However, population densities i n  these areas a re  too low t o  

In terms of risk, the existing hot springs are  a bet ter  choice, since 

DOGAMI recomnends s i te -spec i f ic  resource evaluation of several locales 

w i t h i n  the basin. 

f o r  the population center of Crane and f o r  possible l i g h t  industr ia l /agr icul tural  

purposes elsewhere in the bas in .  Methods t h a t  should be used a re  detai led 

Low temperature u t i l i za t ion  would possibly be feas ib le  
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geologic mapping at large scales; detailed sampling and analysis of thermal 

springs and wells to determine fluid flow direction, provenance and reservoir 

conditions; and a drilling program to outline thermal anomalies and test 

geothermal aquifers. Several intermediate-depth wells (600 m) will be required 

to give stratigraphic control, identify aquifers at depth and enable informative 

pump test data to be acquired. 

neering feasibility studies have shown that development o f  potential resources 

is economically justified. 

These steps should only be taken after engi- 
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WESTERN SNAKE R I V E R  PLAIN 

The Western Snake River P l a i n ,  as  defined i n  this report, includes 

approximately 1100 square miles of eastern Oregon located in the extreme 

northeastern corner of Malheur County, adjacent t o  the state of Idaho (Figure 1). 

Major populat ion centers include Ontario (and Payette, immediately across the 

Snake River i n  Idaho) i n  the extreme east-central portion of the area; Vale, 

i n  the west-central p a r t  of the area; and Nyssa, in the southern part  of the 

area. 

The Snake River Plain i s  a broad structural downwarp which extends 

across southern Idaho and a t  i t s  western terminus i n t o  east-central Oregon. 

In Oregon the downwarp i s  f i l led w i t h  a series of Pliocene-Pleistocene lacustrine 

and fluvial sediments (often tuffaceous) which are intercalated w i t h  a few 

t h i n  olivine basa l t  flows, These sediments, which are over 914m (3000 f t )  

thick throughout  most of the study area, are underlain by a thick sequence of 

Miocene flood basa l t s  (the Owyhee Basalt) which are considered t o  be time-strati- 

graphic equivalents with the Columbia River Group in the Columbia Plateau and 

the Steens Mountain Basalt in south-central Oregon. 

Hot springs are common throughout  the study area, w i t h  the highest temperatures 

being reported f o r  Vale Hot Springs (90°C), Neal Hot Springs (88'C), Deer Butte 

Hot Springs (79'C), Baschon Well (69OC) ,  and Snively Hot Springs ( 5 7 O C ) .  

all  of the springs are associated w i t h  normal faulting, and they appear t o  

result from typical deep circulation systems. 

Nearly 

The Oregon Department of Geology and Mineral Industries (DOGAMI) has 

gathered a considerable amount of da t a  i n  the Western Snake River Plain over 

the l a s t  several years. 

wells has been an ongoing process since the early 1970's. 

1972 and 1973 a series of (2-3 meter) wells was drilled t o  investigate the 

possibilities o f  identifying geothermal anomalies by using temperature 

The measurement of temperature gradients i n  open water 

In the summers of 
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measurements from very shal low holes, and i n  1975 DOGAMI d r i l l e d  5 deeper holes 

(62-152 m) t o  i n v e s t i g a t e  geothermal anomalies i n  Cow Hollow, Wil low Creek, 

and South Fork Jacobsen Gulch. 

were d r i l l e d  i n  the  Western Snake River Plain.  Instead, t he  emphasis was 

placed on spr ing sampling and the  measurement o f  temperature gradients  i n  

open water wel ls.  

quadrangle was produced. 

A l a r g e  geochemical data base, which includes a l l  o f  t he  major hot springs 

For the  present study, no new heat f l ow  holes 

I n  addi t ion,  a d e t a i l e d  geologic map o f  t he  Vale East 7 1/2' 

The map w i l l  be publ ished i n  the summer o f  1982. 

i n  t he  area, now e x i s t s  f o r  t he  Western Snake River Plain. 

waters are t y p i c a l  o f  eastern Oregon Basin and Range fluid-dominated deep 

c i r c u l a t i o n  systems. Calculated minimum r e s e r v o i r  temperatures cover a wide 

range, w i t h  several o f  the spr ings having a t  l e a s t  one method o f  c a l c u l a t i o n  

r e s u l t i n g  i n  a minimum temperature o f  greater  than 150OC.' Tne'most proniising of 

Geochemically the 

of these are Vale Hot Springs (16OoC), Neal Hot Springs (180°), Bully Creek 

Warm Spring (188OC), Harper Warm Spring (208OC), and BLM Vine H i l l  wel l  (162OC). 

As a r e s u l t  o f  DOGAMI e f f o r t s  s ince t h e  e a r l y  1970's, a considerable body 

o f  heat f l o w  data now e x i s t s  f o r  the Western Snake River Plain.  

temperature gradients  had been measured i n  45 holes. 

i n  the  v i c i n i t y  o f  Vale Hot Springs, have been added since t h a t  time. 

serve to g i v e  a f a i r l y  accurate p i c t u r e  o f  heat f l o w  w i t h i n  the  province. 

average heat f l o w  i s  approximately 119 m h "  and the  average temperature 

gradient  i s  97.5' Ckm". 

By 1980, 

Addi t ional  holes, most ly 

these 

The 

The heat f l o w  i s  nea r l y  tw ice  the  worldwide average, 

and the  temperature g rad ien t  i s  greater  than twice the  worldwide average. 

i s  due t o  the  i n s u l a t i n g  e f f e c t  o f  t he  low thermal c o n d u c t i v i t y  tuffaceous 

This 

sedimentary rocks which crop o u t  throughout the  study area. 
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As i s  the case throughout  much of eastern Oregon, local convective thermal 

anomalies are superimposed on an overall high regional heat flow. In these 

systems, meteoric waters penetrate t o  great depths and are heated by the regional 

geothermal gradient. 

permeability i n  the normal faults which cut  the area, they rise r ap id ly  with 

l i t t l e  cooling t o  the surface, where they emerge a s  hot springs. 

When the heated waters encounter significant fracture 

Because of the combination of the above factors, the Western Snake River 

Plain has a great deal o f  low temperature geothermal potential. There are 

significant population centers, an overall h i g h  population density, and a 

large agricultural industry t o  provide loads .  

temperature gradient (60°Ckm-1 i s  the minimum gradient encountered i n  the 

region), i t  can be expected t h a t  moderate temperature resources (80°C-130OC) 

will be encountered in the depth range 1-1.5 km. 

anomalies are present, moderate temperatures exist a t  depths of only a few hundred 

meters. 

of a few tens of meters throughout the study area. 

Because of the h i g h  regional 

In areas-where convective 

Temperatures suitable for heat pump applications may be found a t  depths 

A t  the present time, several large-scale direct-use projects are i n  the - 

operation; including greenhouses, mushroom nurseries, and an alcohol p l a n t .  

The one potential problem w i t h  the development of low t o  moderate temperature 

geothermal resources i n  the Western Snake River Plain may be the lack of adequate 

fluids a t  d e p t h  beneath large portions o f  the study area. 

rocks which cover the area tend t o  be relatively impermeable. The Ore-Ida Food 

Comapny drilled a deep exploration hole to  greater t h a n  3000 meters in the city 

of Ontario;  and al though temperatures in excess of 175OC were encountered a t  

the bottom of the hole, there was no fluid production below 2000 meters. I t  

appears t h a t  future exploration will be more concerned w i t h  l oca t ing  aquifers 

rather t h a n  loca t ing  temperatures. The Ore-Ida well might, i n  fact have been 

successful 

The tuffaceous sedimentary 

had more attention been paid t o  permeability during s i t e  selection. 
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Vale Hot Springs i s  probably the best s i te  n the area for direct-use. 

In a crude pump t es t ,  conducted in cooperation w t h  the landowner, R. Butler, 

a shallow (30 m )  well near the old switmning pool a t  the springs 

1,500 lpm (400 gpm) of 110°C (23OOF) water for about ten hours. 

drilling and pump testing around Vale Hot Spr ings  should be done t o  estimate the 

ultimate volume and temperature of the waters. This resource could probably 

produce enough water t o  significantly offset space heating loads a t  the city 

o f  Vale which i s  within 1/4 km of the springs. 

produced about  

Additional 

There has also been considerable high-temperature resource exploration 

in the area. To this point in time, private industry has concentrated i t s  

energies primarily in three areas: Bully Creek, Willow Creek, and the Cow 

Hollow Geothermal Anomaly. This l a s t  anomaly i s  a fault-controlled system 

extending southeastward from Vale Hot Springs, which  was discovered during 

one of the early phases of the Oregon geothermal programs. 

there are plans t o  install a small biphase electrical generation system on a 

well in the Cow Hollow anomaly near Vale Hot Springs by the summer of 1982. 

A t  this time, 



-46- 

LAKEV I EW 

The Lakeview area i s  located i n  the  Basin and Range physiographic province 

o f  south-central  Oregon (Figure 1). 

p a i r ,  the  Goose Lake Val ley on the  west and the Warner Mountains on the  east, 

make up the  area. 

loca ted  i n  the  center  o f  t he  area a t  t he  f o o t  o f  the  Warner Range. 

A t y p i c a l  Basin and Range graben-horst 

Lakeview (pop. 2,770), t he  on ly  town i n  the  region, i s  

The geology i s  t y p i c a l  o f  most o f  the  r e s t  of the Basin and Range 

province i n  Oregon. 

Pleistocene t o  Holocene l a c u s t r i n e  and f l u v i a l  sedimentary deposi ts  which 

a re  as much as 1,524 m (5,000 f t )  t h i c k  i n  the  center o f  the  basin. 

Warner Range, i n  the  v i c i n i t y  o f  Lakeview, i s  composed o f  vo lcan ic  and vo lcanic-  

l a s t i c  rocks which range i n  age from Oligocene(?) t o  Ple is tocene(?)  rhyodac i t i c  

exogenous domes and f lows and maf ic  vent  complexes. 

The Goose Lake Va l ley  i s  composed o f  unconsolidated 

The 

The dominant s t ruc tu re  i n  the  area i s  the  e s s e n t i a l l y  north-south normal 

f a u l t  t h a t  separates Goose Lake Va l ley  from the Warner Mountains. 

v e r t i c a l  o r  s teep ly  westward d ipp ing and, where exposed i n  the  v i c i n i t y  o f  

Lakeview, i s  character ized by a breccia zone as much as 50 f e e t  i n  width. 

The e a r l i e s t  f a u l t  movement probably occurred i n  the  e a r l y  Pl iocene, and 

most o f  t he  movement on the  f a u l t  took place before g l a c i a t i o n  a f fec ted  the  

h igher  peaks i n  the  Warner Range, al though Pleistocene te r race  ma te r ia l  i s  

f a u l t e d  n o r t h  o f  Lakeview. 

I t  i s  

Surface o r  near surface thermal phenomena are  associated w i t h  t h i s  normal 

f a u l t  i n  th ree  separate pa r t s  of the  study area. 

Hot Well area j u s t  no r th  o f  Lakeview, where a bottom hole temperature o f  

112.7"C was measured i n  a 1 2 0 4  hole. 

cen t ra l  p a r t  of t he  study area, a temperature o f  75.7"C was measured i n  a 

7 3 4  hole, and a t  the  Rockford Ranch, i n  the  southern p a r t  o f  t he  study area, 

The h o t t e s t  i s  t he  Leach 

A t  Barry  Ranch Warm Spring i n  the  
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a temperature of 69.9"C was measured i n  a 4 1 5 4  hole. 

The Oregon Department of Geology and Mineral Industr ies '  (DOGAMI) e f f o r t  

i n  the Lakeview area consisted of a limited spr ing  sampling program, the 

measurement of temperature gradients in exis t ing,  open d r i l l  holes, and a 

nine-hole d r i l l i n g  program. 

completed f o r  DOGAMI by the Oregon Sta te  University Geophysics Group. 

Twenty thermal springs were sampled, and these, when combined with 

In addition, a complete Bouguer anomaly map was 

exis t ing published analyses, resulted i n  a to ta l  of 27 analyses avai lable  

fo r  the calculation of m i n i m u m  reservoir temperatures. In general ,  the 

calculated minimum reservoir temperatures f a l l  i n  the 100-150°C range. 

Of the nine holes d r i l l ed  by DOGAMI i n  the Lakeview area,  three were 

located i n  Hammersly Canyon adjacent t o  the Leach Hot Well thermal area,  

three were located i n  Bullard Canyon, imnediately west of 'the town of 

Lakeview, one was near the Precision Pine Company just north of the town, 

one was i n  the town i t s e l f ,  and one was near Barry Ranch Hot Springs. 

In addition t o  the nine holes d r i l l e d  by DOGAMI spec i f ica l ly  f o r  heat 

flow purposes, temperature gradients were measured i n  31 open water wells. 

The heat flow pattern which emerges is  typical of the Basin and Range Province 

throughout the western United States .  

100 mW/m ) is  modified by thermal refract ion,  erosion, sedimentation, and 

hydrologic e f fec ts .  These fac tors  in te rac t  i n  a complex manner, w i t h  the 

overall r e su l t  being tha t  higher heat flow values a re  typ ica l ly  measured i n  

the range blocks imnediately adjacent t o  the bounding normal f a u l t s  t h a n  a re  

measured i n  the adjacent valleys. 

flow a re  loca l ,  higher temperature anomalies which r e s u l t  from the circulat ion 

of thermal f lu ids  u p  permeable zones i n  the normal f au l t s .  

higher temperature anomalies are localized by the intersection of cross f a u l t s  

The h i g h  regional heat flow (approximately 
2 

Superimposed on the h i g h  regional heat 

Frequently the 

w i t h  the range bounding normal f au l t s .  
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The holes i n  the Leach Hot well area demonstrated t h a t  the actual upflow of 

geothermal f lu ids  occurs within the range block, and tha t  heat flow is  a t  

l e a s t  three times the regional value f o r  a distance o f  1 1 / 2  km in to  the 

range 

l a t e r  hole d r i l l e d  t o  208 m by Northwest Geothermal Corporation adjacent 

t o  t h  s hole found no increase i n  temperature a t  the deeper depth. 

One of the holes encountered 99°C water a t  a depth of 45 m. A 

In the town of Lakeview i t s e l f ,  temperature gradients and heat flow 

values a r e  lower, only about 50% greater  than regional values. 

I t  appears tha t  the heat requirements of the town of Lakeview may possibly 

be sa t i s f i ed  w i t h  water from geothermal systems located w i t h i n  8 km of the 

town. 

Natural Gas Company) was given a 30-year franchise by the c i t y  t o  build and 

operate a d i s t r i c t  geothermal heating system. The company has '  been waiting 

fo r  some large year-round industr ia l  loads or a construction subsidy before 

beg i n n i  ng construction. 

The  Northwest Geothermal Corporation (a  subsidiary of Northwest 

In addition t o  low temperature uses, there are temperatures i n  the Lake- 

view area adequate fo r  the generation of e l e c t r i c i t y  u s i n g  biphase technology. 

A 40-kw R a n k i n g  Cycle generator u t i l i z ing  80°C f lu id  has recently commenced 

operation on the Rockford Ranch. 
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ALVORD VALLEY 

The Alvord Va l l ey  l i e s  i n  the  Basin and Range physiographic province o f  

southeastern Oregon and northeastern Nevada (F igure 1). It i s  a north- t o  

northeast- t rending graben v a l l e y  t h a t  i s  f lanked on the  west by the Steens 

Mountains i n  Oregon and the  Pueblo Mountains i n  Nevada, and on t h e  southeast 

by the Trout Creek Mountains. The v a l l e y  i s  approximately 113 ki lometers 

long and has a maximum width o f  about 16 k i lometers near the Alvord Desert. 

The rocks o f  t he  Steens Mountains a re  composed o f  a ser ies o f  volcanic 

f lows and v o l c a n i c l a s t i c  rocks which range i n  age from lower Miocene t o  e a r l y ( ? )  

Pliocene. 

t o  Holocene unconsolidated l a c u s t r i n e  and f l u v i a l  deposits. 

The Alvord Val ley i s  composed o f  a se r ies  of Pliocene-Pleistocene 

S t r u c t u r a l l y  t he  area i s  dominated by the  l a r g e  nor th-  t o  northeast- 

t rending v e r t i c a l  t o  s teeply  eastward d ipp ing  normal f a u l t  which separates the  

Steens Mountains from Alvord Val ley.  

t o  be as much as 1000 feet ,  most o f  which occurred before the onset o f  g lac ia t i on .  

The s l i g h t  u p l i f t  o f  some Quaternary a l l u v i a l  fans i s  an i n d i c a t i o n  f a u l t i n g  i s  

an ongoing process. 

Displacements on the  f a u l t  are estimated 

Surface thermal phenomena a re  associated w i t h  the range-bounding normal 

f a u l t  a t  Mickey Hot Springs, i n  the  nor thern p a r t  o f  t he  area, a t  Alvord hot  

spr ing west o f  the Alvord Desert i n  t h e  c e n t r a l  p a r t  o f  the area, a t  Borax 

Lake Hot Springs i n  the  south c e n t r a l  p o r t i o n  o f  t he  area, and a t  Pedro Springs 

i n  the southern p a r t  o f  the area j u s t  west o f  F ie lds ,  Oregon. 

The Department o f  Geology and Mineral  I n d u s t r i e s  (DOGAMI) e f f o r t  i n  

Alvord Va l l ey  was conf ined t o  l i m i t e d  spr ing sampling and the  measurement o f  

temperature gradients  i n  e x i s t i n g  wel ls.  

t h e i r  waters analyzed. 

twenty-seven analyses was a v a i l a b l e  f o r  evaluation. 

I n  a l l ,  s i x  spr ings were sampled and 

When combined w i t h  p rev ious l y  publ ished data, a t o t a l  o f  

Calculated minimum r e s e r v o i r  
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f o r  Mickey Hot Springs and a 252°C estimate for Alvord Ha t  Springs. 

Due t o  the sparsely settled nature of the study area, there are few open 

The heat flow, holes available fo r  the measurement of temperature gradients. 

however, appears t o  be typical of other parts of the Basin and Range Province 

in the western United States, where local convective thermal anomalies are 

superimposed on h i g h  regional heat flow values of approximately 1OG mWm-2. 

The convective anomalies result from the rapid ascent of thermal waters in zones 

of fracture permeability i n  the range bounding normal faults. 

permeability often results from the intersection of cross f a u l t s  w i t h  the 

range-bounding normal f au l t s .  

Valley, where previously published geophysical da ta  indicate the presence of 

fau l t s  beneath Mickey Hot Springs, Alvord Hot Springs, and Borax Lake Hot 

Springs. 

The fracture 

This appears t o  be the situation in the Alvord 

Given the sparsely settled nature of the Alvord Valley (less than 1 person 

per square mile), the potential fo r  the use of low temperature geothermal fluids 

i s  not  significant. 

are present for direct use applications, the population densities required t o  

attract industrial users or establish heating districts are not.  

A l though  the required temperatures and fluid flow rates 

This i s  no t  the case w i t h  respect t o  electrical generation potential. 

The high minimum estimated reservoir temperatures a t  Mickey Wot Springs and 

Alvord Lake Hot Spr ings  have attracted considerable industry interest over the 

l a s t  few years, and exploration by the private sector i s  s t i l l  pressing forward 

a t  the present time. 
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Mc DERMI TT 

The McDermitt area i s  located i n  the extreme southeast corner o f  Oregon 

(Figure 1). 

o n l y  populat ion center i n  t h e  area. 

The town o f  McDermitt j u s t  across the s t a t e  l i n e  i n  Nevada i s  the 

The McDermitt caldera was a major Miocene e rup t i ve  center. F i ve  l a r g e  

over apping co l lapse s t ruc tu res  with resurgent domes and r i n g  dikes have been 

i d e n t i f i e d  by workers i n  the  area. Two o f  t h e  calderas p a r t i a l l y  extend i n t o  

Oregon's extreme southeast corner. Volcanism centered i n  the  area was very 

s i l i c i c .  

and ash-f low sheets o f  these compositions were a l l  erupted i n  the area. 

a c t i v i t y  occurred between 15 and 18 m.y.B.P. 

Rhyol i tes,  a l k a l i  r h y o l i t e s ,  trachyandesites, quartz l a t i t e s ,  dac i tes  

Volcanic 

Thermal spr ings w i t h  recorded temperatures of 53.5OC, 5ZoC, 3ZoC, 25OC, 

and 35OC and an a r tes ian  w e l l  f l ow ing  a t  46OC a r e  associated w i t h  the caldera 

s t ruc tu res  w i t h i n  Oregon. Geochemical ana lys i s  of the spr ings i nd i ca tes  r e s e r v o i r  

tempera tu res  o f  approximately 100-130°C. 

Mineral deposi ts  o f  mecury, uranium, and l i t h i u n ,  are found a t  the caldera 

margins. 

i n  Nevada associated w i t h  the same McDermitt caldera s t ructures a re  the l a r g e s t  

mecury deposi ts  i n  t h e  Uni ted States and a r e  c u r r e n t l y  i n  production. Chemical 

analyses o f  rocks o f  t he  area i n d i c a t e  r h y o l i t i c  and a l k a l i  r h y o l i t i c  magmas 

enriched i n  mecury, uranium and l i t h i u m  were probably the  source f o r  subsequent 

m i n e r a l i z a t i o n  by epithermal hydrothermal f l u i d s .  The highest uranium concen- 

t r a t i o n s  a r e  located i n  r h y o l i t i c  r i n g  d ikes and domes although there a re  a lso 

anomalous concentrat ions o f  uranium associated w i t h  mercury deposits. 

None o f  t h e  Oregon deposi ts are c u r r e n t l y  being worked, but  others 

Local heat f l o w  i s  g rea te r  than lOOmW/n? (Blackwell  and others, 1978). 

The thermal anomaly and spr ings o f  t he  McDermitt area may be generated by a 
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combination of the locally h i g h  radioactivity w i t h  the very low conductivity 

of the s i l ic ic  pyroclastic rocks. Thermal springs may occur where faulting 

or  fracturing has provided channelways for heated waters to r ise  to the surface. 

Low temperature geothermal uti l  ization i n  the McDermi tt area has low 

potential due t o  the very low population density of the area. 

between residences preclude formation of a heat ing district ,  and light industry 

i s  not likely to  locate in an area so remote w i t h  relatively l i t t l e  transportation 

access and through-traffic. Potential uti l  ization of thermal waters i n  the 

McDermitt area seems t o  be restricted to individual ranch resources and needs, 

unless high-temperature fluids, adequate for electrical generationscan be found. 

The h i g h  heat flow and faulted nature of the rocks i n  the area are favorable 

for such resources. 

Distances 

. 
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