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Abst rac t  

Temperature data were obtained i n  41 wel ls ,  thermal con- 
d u c t i v i t y  i n  1 2  w e l l s ,  and publ ished data were synthes ized  i n  
o r d e r  t o  i n v e s t i g a t e  t h e  geothermal c h a r a c t e r  of an  a r e a  i n  no r the rn  
Owyhee County, Idaho. T h i s  area inc ludes  t h e  Bruneau and Grand 
View-Castle Creek KGRA's and i s  c h a r a c t e r i z e d  by a l a r g e  nurnber 
of warmwater a r t e s i a n  i r r i g a t i o n  wel l s .  I n  t h e  Oreana-Grand View 
a r e a s  t h e  geothermal g rad ien t  t o  4 .0  f 1°F/lOO f t  
and t h e  hea t  f low i s  about 2 . 1  f.2 HE'U (about  normal for t h e  

western United S t a t e s ) .  The southern p a r t  of t h e  Oreana a r e a  
a long  t h e  upper p a r t  of C a s t l e  Creek and t h e  L i t t l e  Valley-Bruneau 
a r e a s  have geothermal g r a d i e n t s  ranging from 5' t o  8°P/100 f t  

and heat  f low v a l u e s  from 50% t o  loop above t h e  r eg iona l  
average.  P a r t  of t h e  Murphy area has  a geothermal g rad ien t  of 
about 4.0°F/100 f t  and normal heat  f low while t h e  o t h e r  par t  
has g r a d i e n t s  of 6' t o  10°F/lOO f t  and above-regional hea t  
f low. 
thermal  systems)  a s s o c i a t e d  w i t h  shallow magmatic hea t  sources ,  
o r  w i t h  r e g i o n a l  ground water  flow. If l o c a l  magmatic hea t  
sources  a r e  p r e s e n t  they  may occur a long t h e  southern h i n g e l i n e  
of t h e  Snake River  P l a i n s .  Suggestions f o r  f u r t h e r  work a r e  
included.  

3,000 f e e t  i s  

The h igh  v a l u e s  may be d i r e c t l y  or i n d i r e c t l y  ( v i a  geo- 
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INTRODUCTION 

T h i s  r e p o r t  deals w i t h  t h e  r e s u l t s  and i n t e r p r e t a t i o n  of 
a r e g i o n a l  geothermal g rad ien t  and hea t  flow survey i n  t h e  
Bruneau-Grand View-Murphy a r e a  of n o r t h  c e n t r a l  Owyhee County, 
Idaho. The survey w a s  c a r r i e d  out du r ing  June of 1975. The 
a r e a  has been ex tens ive ly  d r i l l e d  f o r  i r r i g a t i o n  and domestic 
water s u p p l i e s ,  and t h e  method of ope ra t ion  was t o  i n q u i r e  
l o c a l l y  f o r  d r y  w e l l s ,  t emporar i ly  unused w e l l s ,  o r  we l l s  i n  
t h e  p rocess  of being d r i l l e d ,  i n  which temperature  information 
could be obtained.  Forty-one we l l s  were logged; t h e  r e s u l t s  
a r e  included i n  Appendix B. Another 10-20 were v i s i t e d ,  but 
could not  be en tered  p a s t  5-10 meters and no useable  r e s u l t s  
were obta ined .  A l i m i t e d  number of samples were obtained f o r  
thermal conduc t iv i ty  s t u d i e s .  The r e s u l t s  of t h e  thermal 
s t u d i e s  w i l l  be d iscussed  s e p a r a t e l y ,  and i n  conjunct ion  w i t h  

r e g i o n a l  geo log ica l  and geophysical  data a v a i l a b l e  i n  t h e  
1 it e r a t  u r e  . 

The a r e a  of t h e  survey ( s e e  Figure 1) i s  bounded on t h e  
no r th  by t h e  Snake River ,  on t h e  west by Squaw Creek (approxi- 
mately t h e  township l i n e  common t o  Ranges 4W and 5W), on t h e  
e a s t  by t h e  township l i n e  common t o  Ranges 8E and 9E ,  and on 
t h e  south  and southwest by t h e  su r face  water  dra inage  d i v i d e  
and by t h e  township l i n e  common t o  Townships 8s and 9 s .  
A very u s e f u l  r epor t  conta in ing  much background information 
on t h e  geology and hydrology of t h e  area i s  a v a i l a b l e  (Rals ton  
and Chapman, 1969) .  

are  shown i n  F igure  2. The a r e a  ac tua l ly  sampled by t h e  data 
inc ludes  about 
of a reconnaissance na ture .  ‘The motivat ion f o r  t h e  s tudy w a s  
t h e  ex i s t ence  of ex tens ive  dSsplays of hot  a r t e s i a n  f l u i d s  i n  
t h e  g e n e r a l  area and i n  t h e  Oreana-Bruneau a r e a  p a r t i c u l a r l y  
(Rals ton  and Chapmna, 1969; Ross, 1971: and o t h e r s ) .  I n  s p i t e  
of t h e  abundant evidence of geothermal f l u i d ,  almost nothing 
i s  known of t h e  geothermal g r a d i e n t  i n  t h e  a r e a  and t h e  

The a c t u a l  l o c a t i o n  a n d : i d e n t i f i c a t i o n  of t h e  logged w e l l s  

and s o  t h e  r e s u l t s  descr ibed  here are 
i 

1000 m i 2  
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commercial geothermal imp l i ca t ions  of t h e  many man i fe s t a t ions .  
Thus t h i s  study was undertaken i n  o r d e r  t o  f u r n i s h  information 
upon which t o  l o c a t e  smaller  a r e a s  of i n t e r e s t  and upon which 
t o  base more d e t a i l e d  s t u d i e s .  

f o r  i r r i g a t i o n  and domestic water supp l i e s .  The gene ra l  loca-  
t i o n s  f o r  t h e  we l l s  a r e  t h e  same as descr ibed  by Rals ton and 
Chapman (1969)  a l though many more we l l s  have been d r i l l e d  s i n c e  
t h a t  r e p o r t .  Many we l l s  a r e  being d r i l l e d  on t h e  per iphery  of 
t h e  exp lo i t ed  a r e a  as many new a r e a s  of  land a r e  being brought 

under c u l t i v a t i o n  v i a  t h e  d e s e r t  en t ry  program. It is important 
t o  remember t h a t  t h e  a r e a s  of hole  l o c a t i o n  as shown by Rals ton 
and Chapman (1969) ,  and as r e f l e c t e d  i n  t h e  holes  logged dur ing  
t h i s  s tudy ,  a r e  determined by s u i t a b i l i t y  of land f o r  c u l t i v a -  
t i o n ,  no t  by geographic l imits on t h e  a q u i f e r s !  Therefore  t h e  
ex ten t  of t h e  a q u i f e r  systems i s  undoubtedly g r e a t e r  than t h e  
developed a r e a s  would i n d i c a t e ,  

Severa l  hundred wel l s  have been d r i l l e d  i n  t h e  study a r e a  
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d o t s .  

0 5 10 - 
M I L E S  

2 €  3 E  4 E  

12 
13 

B 

5 E  6 E  7 E  8 E  



Blackwell 

GEOLOGICAL AND GEOPHYSICAL BACKGROUND 

3 

I n  explora t ion  of any geothermal area a p p l i c a t i o n s  of ex- 
t ens ive  and va r i ed  explora t ion  techniques a r e  necessary due t o  
t h e  gene ra l  complexity of t h e  geologic  s e t t i n g s .  For tuna te ly  
a number of geologic  and geophysical  s t u d i e s  a r e  a v a i l a b l e  f o r  
t h e  gene ra l  a r e a i n  t h e d e t a i l  app ropr i a t e  f o r  t h e  study de- 
sc r ibed  here .  The na tu re  of t h e  information a v a i l a b l e  i n  t h i s  
a r e a  w i l l  be b r i e f l y  ou t l ined  i n  t h i s  s e c t i o n  w h i l e  t h e  data 
w i l l  be descr ibed  i n  more d e t a i l  i n  t h e  i n t e r p r e t a t i o n  s e c t i o n .  
The most s e r i o u s  shortcoming of t h e  information a v a i l a b l e  i s  
t h e  lack of a good geologic  base upon which t o  p i n  t h e  geophys- 
i c a l  r e s u l t s .  A number of geophysical  anomalies a r e  present  i n  
t h e  a r e a ,  but t h e  i n t e r p r e t a t i o n  of a l l  of them i s  ambiguous o r  
even impossible given t h e  p re sen t  l e v e l  of geo log ica l  informa- 
t i o n  a v a i l a b l e .  

and Chapman, 1969, p. 9-10): 
The geology of t h e  study a r e a  i s  cha rac t e r i zed  by (Rals ton 

"(1) a rugged mountain range i n  t h e  southwestern por- 
t i o n ,  ( 2 )  a r o l l i n g  upland i n  t h e  southeas te rn  p o r t i o n ,  
and ( 3 )  a f o o t h i l l  and lowland a r e a  extending from t h e  
upland and mountainous a r e a s  t o  t h e  Snake River. The 
mountainous region,  is composed of a g r a n i t i c  co re  over- 
Lain by younger igneous and sedimentary rocks.  The 
r o l l i n g  upland is cha rac t e r i zed  by a mineral ized 
r h y o l l i t i c  core  ove r l a in  by a sequence of rocks similar 
t o  t h a t  of t h e  mountainous reg ions .  The f o o t h i l l  and 
lowland a r e a  c o n s i s t s  of s e v e r a l  poor ly  consol ida ted  
sedimentary formations in t e r spe r sed  w i t h  t h i c k  s e c t i o n s  
of basal t ic  lava .  The upland and mountainous r eg ions  
are  important as source a r e a s  f o r  recharge t o  t h e  
a q u i f e r s  t h a t  have been developed f o r  i r r i g a t i o n  and 
domestic usage i n  t h e  s tudy a r e a . "  

The basement rocks i n  t h e  a r e a  are  Mesozoic g r a n i t i c  rocks 
c o r r e l a t i v e  w i t h  t h e  Idaho b a t h o l i t h  no r th  of t he  Snake River 
P l a i n .  The g r a n i t i c  rocks a r e  o v e r l a i n  by a complex sequence 
of predominantly s i l i c i c  volcanic  rocks ranging i n  age from 
perhaps 20 t o  8 MY o r  younger. T h i s  sequence of rocks  holds  
t h e  key t o  t h e  geothermal p o t e n t i a l  of t h e  area and t o  t h e  
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i n t e r p r e t a t i o n  of t h e  geophysical  data, y e t  t h e  rocks a r e  es- 
s e n t i a l l y  unstudied.  
da ted  (Armstrong e t  a l . ,  1975), but i n f i n i t e l y  more remains t o  
be done. The s i l i c i c  rocks p r o b a b l y  u n d e r l i e  a t  depth  a31 of 
t h e  a r e a  descr ibed  i n  t h i s  r e p o r t .  

Overlying t h e  s i l i c i c  rocks is a complex, i n t e r f i n g e r i n g  
sequence of l a c u s t r i a n  sedimentary rocks and b a s a l t s .  I n  o l d e r  
usage t h e  whole packet i s  r e f e r r e d  t o  as t h e  Idaho Formation, 
a l t h o u g h  l a t e r  workers have subdivided t h e  u n i t .  Some of t h e  
names t h a t  have been used i n  t h e  r epor t  a r e a  a r e  shown i n  
F igure  3 ( a f t e r  Ralston and Chapman, 1969);  t h e  most accepted 
usage seems t o  be t h a t  of Malde and Powers (1962) .  

The Poison Creek Formation is composed of l a c u s t r i a n  
d e p o s i t s  c o n s i s t i n g  of c l a y ,  s i l t ,  s h a l e ,  vo lcanic  ash and 
sandstone,  w i t h  b e n t o n i t i c  s i l t  and poorly consol ida ted  s h a l e  
most common. The u n i t  may be over 700 f e e t  t h i c k  i n  p l a c e s ,  
but is absent  i n  t h e  e a s t e r n  po r t ion  of t h e  a r e a .  It o v e r l i e s  
t h e  s i l i c i c  vo lcanic  rocks. 

A few of t h e  u n i t s  have r e c e n t l y  been 

The Banbury B B s a l t  is a complex u n i t  conta in ing  perhaps 
one-half basalt and one-half l a c u s t r i a n  d e p o s i t s  and may i n t e r -  
f i n g e r  w i t h  t h e  sedimentary u n i t s  above and below. Radiometric 
age-dates  (Armstrong e t  a l . ,  1975) i n d i c a t e  t h a t  s e v e r a l  basalts 
of d i f f e r e n t  ages a r e  c a l l e d  Banbury. I n  t h e  western p a r t  of 

t h e  r e p o r t  a r e a  t h e  Banbury i s  h igh ly  a l t e r e d  and a poor 
a q u i f e r ,  while i n  t h e  e a s t  i t  i s  re la t iv ie ly  una l t e red  and is 
a good a q u i f e r .  I 

The over ly ing  formations a r e  t h e  Chalk Hills and Glenns 
Ferry Formati-ons. The Chalk H i l l s  Formation is similar t o  t h e  
Poison Creek Formation as is t h e  l a c u s t r i a n  environment p o r t i o n  
of  t h e  Glenns Ferry Formation. The Glenns Ferry a l s o  inc ludes  
f l u v i a t i l e  sediments such as sand, s i l t  and g rave l .  The sand 
and g rave l  zones a r e  tapped p r i m a r i l y  f o r  domestic water. 
The two formations cannot be d i s t ingu i shed  on d r i l l e r s '  l o g s .  
The Chalk Hills Formation a l s o  inc ludes  t h i n  flows of basalt.  
Wells t y p i c a l l y  p e n e t r a t e  1000-2000 f e e t  of t h e s e  u n i t s  i n  
t h e  Grand View a r e a ,  The gene ra l  s t r u c t u r e  and topography a r e  



Malile & Powers (1962) 
Format ions 

Melon Gravel 
Snake River Basalt 
Crowsnest Gravel 
Sugar Bowl Gravel 

Black Mesa Gravel 

Bruneau Formation 

Tuana Gravel 

Glenns Ferry Formation 

Chalk H i l l s  Formation 

Banbury Basalt 

Poison Creek Formation 

Idavada Vo lcanics 

Undifferentiated Rocks 

Anderson (1965) 
Fqrmations 

Snake River Basalt  

L i t t l e t o n  & Crosthwaite (1957) 
Formations 

Snake River Basalt  

Hart Creek Fanglomerate* 

Upper member, Jackass Butte 
Formati on, Montini Formation, 
Otter Basalt 

Pediment Gravel* 

Lower member, Jackass Butte 
Formation, Oreana Formation 

Upper member and Sinker 
Creek Rasalt  member, 
Brown Creek Formation 

Idaho Fornation 

Idaho Formation 
Basalt  o f  Pliocene(?) age 

Lower member 
Brown Creek Formation Idaho Formation 

Tert  i s r y  S i l i c i c  Volcanics* S i l i c i c  Volcanic Rocks 

Un con f ormi t y 

Granitic Rocks 

*Correlation, t e n t a t i v e  o r  doubtful 

Rhyol i t ic  Rocks 

FIGURE 3. Equivalent Geologic Formations present  i n  northern Owyhee County 

( R a l s t o n  and Chapman, 1969, Figure 5 )  
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i l l u s t r a t e d  i n  F igure  4 ( a f t e r  Young and Whitehead, 1975). 
South of t h e  a r e a  t h e  s i l i c i c  vo lcanics  and t h e  Mesozoic 
g r a n i t e s  a r e  exposed i n  t h e  Owyhee Mountains at e l eva t ions  of 
3000-6000 f e e t .  By a combination of downwarping and f a u l t i n g  
along t h e  margins of t h e  Snake River P l a i n  t h e s e  u n i t s  have 
been d i sp laced  downwards and a r e  now covered by up t o  s e v e r a l  
thousand f e e t  of Cenozoic basalts and c o n t i n e n t a l  sedimentary 
rocks.  

Most of t h e  we l l s  logged as p a r t  of t h i s  study p e n e t r a t e  
t h e  Chalk H i l l s  and/or Glenns Fer ry  Formations. Wells pene- 
t r a t i n g  t h e  deeper  formations a r e  e i t h e r  product ive and i n  use 
as a r t e s i a n  o r  pumped i r r i g a t i o n  we l l s  o r  have caved somewhere 
i n  t h e  sedimentary u n i t s  above t h e  Banbury Basalt and a r e  no 

n t o  d r i l l e d .  depth.  
n t  - r epor t  s an  ex tens ive  amount of informa- 

.- I 

t i o n  on t h e  geochemistry o f  f l u i d s  i n  t h e  study a r e a  (Young 
and Mi tche l l ,  1973; Young and Whitehead, 1974, 1975). These 
data w i l l  a l s o  be discussed i n  more d e t a i l  i n  t h e  i n t e r p r e t a -  
t i o n  s e c t i o n  of t h i s  r e p o r t .  

The geophysical  data a v a i l a b l e  a r e  s u f f i c i e n t  f o r  r eg iona l  
c o r r e l a t i o n s  w i t h  t h e  geothermal data; however, l i t t l e  informa- 
t i o n  i s  a v a i l a b l e  on a d e t a i l e d  s c a l e .  The g r a v i t y  and magnetic 
data are summarized by Young and Whitehead (1974, 1975) although 
theyat tempt  no i n t e r p r e t a t i o n s .  The r e s u l t s  of an audiomagnetic- 
t e l l u r i c  (AMT) survey 'have a l s o  been descr ibed  (Hoover and 
Tippens,  1974, 1975). , An anomaly was found dur ing  t h e  AMT 
survey i n  t h e  Grand.View a r e a  which w a s  i n t e r p r e t e d  t o  have 
geothermal s ign i f i cance .  
t h e  hea t  flow r e s u l t s  w i l l  be descr ibed  below. 

The c o r r e l a t i o n s  of t hese  data w i t h  
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SURVEY RESULTS 
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Background. Before d i scuss ing  t h e  r e s u l t s  of t h e  study 
some p o s s i b l e  - a p r i o r i  models w i l l  be b r i e f l y  mentioned; t h e  
models a r e  descr ibed  i n  more d e t a i l  i n  Appendix A. The f a c t  
t h a t  most of t h e  deeper a q u i f e r s  have a r t e s i a n  p res su re  suggests  
a r eg iona l  hydraul ic  g rad ien t  and flow f rom t h e  Owyhee Highlands 
i n  t h e  south of t h e  a r e a  toward t h e  Snake River P l a i n  on t h e  
no r th .  Thus a regime as shown i n  Figure Al-c (Appendix) might 

be expected. Because t h e  a q u i f e r s  i n  t h e  sedimentary rocks 
a r e  separa ted  by aquicludes ( c l a y  l a y e r s ) ,  and head d i f f e r e n c e s  
a r e  common i n  t h e  w e l l s ,  i n t r a h o l e  c i r c u l a t i o n  e f f e c t s  as 
descr ibed  i n  F igure  A l - a  a r e  t o  be expected. F i n a l l y ,  it has 

been pos tu l a t ed  t h a t  hot water moves upward along f a u l t s  i n  
t h e  a r e a  and t h a t  some of t h e  w a r m  water a t  shallow depths  
(between 1000-3000 f e e t )  i s  due t o  leakage along t h e  f a u l t s .  
Therefore  t h e  e f f e c t s  descr ibed i n  Appendix A and i l l u s t r a t e d  
i n  Figure A 2  must be a n t i c i p a t e d .  

t h e  system i n  t h e  Bruneau-Grand View-Murphy a rea .  Is t h e  heat  
f l o w  f o r  t h e  region normal o r  i s  it high? If t h e  hea t  flow is 
high,  what i s  t h e  source of t h e  heat  -- r e g i o n a l  ground water 
f low,  l o c a l - h e a t  sources ,  o r  something e l s e ?  The survey de- 
sc r ibed  he re  cannot answer t h i s  important ques t ion  unequivocally 
because of t h e  lack of d e t a i l e d  sampling of t h e  s e c t i o n s  c u t  
by t h e  we l l s  f o r  thermal conduct iv i ty  and heat  f l o w ,  and f i n a l l y  
because of t h e  l a r g e  a r e a  covered. 

wel l  known. How’ever, t h r e e  hea t  flow va lues  have been published 
f o r  t h e  Owyhee Mountains that a r e  e i t h e r  i n  o r  nea r  basement 
rocks (Table 1). A value of  2.4 pcal/cm sec ( H F U )  was found 
i n  Miocene ( ? )  basalt above g r a n i t e  i n  t h e  S i l v e r  C i t y  a r e a  
( B r o t t  e t  a l . ,  no. 741-49, 1975) and value.si$of~ 3.b and 2 . 1  HFU 
were found i n  g r a n i t e  southwest of Murphy and Oreana r e s p e c t i v e l y  
(Urban and Diment, 1975). The r eg iona l  average f o r  much of 
t h e  western U.S. i s  2.0 HFU, but cons ide ra t ion  of  basement 

I(; 

One of t h e  important unknowns i s  t h e  source of  heat  f o r  

The background hea t  f l o w  and geothermal g rad ien t  a r e  not  

2 

,$ . 



T a b l e  1. Published temperature ,  g r a d i e n t ,  thermal conduc t iv i ty ,  
and heat  f low data i n f o r n a t i o n  i n  no r th  c e n t r a l  Owyhee 
County, Idaho. References f o r  t h e  data a r e  Brot t  e t  a l .  
(1975) and Urban and Diment (1975) .  One f.IFU i s  
1 .*$cal/cm sec .  2 
.- 

Maximum . .Geothermal Interval, Thermal 
Conduct ivi ty  Heat Flow 
ncal/crn secW HFU fee t  Ternpe&ature, r a d i e n t ,  

F 'F/100 f t  

Depth, 
f e e t  Hole No Locat i on  

741-35 T2S R2W 36 cd 1 , 1 7 5  86 .3  6 . 3  33-330 

741-44 T 7 S  R5E 19  8 5  73.7 -- 
74I-36A T2S  R2W 36 bd 3 30 71.8 6.7 33-262 

. 741-45 T6S R3E 11 ca  1 7 7  64.7 7 .7  f 0 .8  33-98 
3.0 f 0 . 2  115-197 

741-46 T6S R3E 1 4  bcb  180 62 .1  2 .9  o r 4 . 0  30-165 

741-49 T5S R4W 3 acc  1 ,280  73.4 2.6 f 0 . 1  66-1 , 280 

741-50 T5S R1W 27 dc 194 109 .3  29.3 33-180 

USGS-MUR-1 T3S R3W 2 827  

USGS-MOH-1 T7S  R3W 24 827 

2.6 

1 .7  

4 . 8  

6 .6  

7 .0  

2 .4  

3 . 1  

2 . 2  
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rock type s u g g e s t s ' t h a t  a va lue  of 1 . 7  HFU would be more ap- 
p r o p r i a t e  f o r  t h e  Owhee Mountains. Since a l l  t h e  measured 
va lues  a r e  above 1 . 7 - - f E U ,  e i t h e r  r eg iona l ly  h igher  hea t  f l o w  
( a s s o c i a t e d  w i t h  t h e  formation of t h e  Snake River P l a i n s ? ) ,  o r  
l o c a l  heat sources  a r e  p re sen t  i n  t h e  Owyhee Mountain a r e a .  

i n t e r e s t  a r e  t h e  r epor t  by Brot t  e t  a l .  (1975) which con ta ins  
r e g i o n a l  data on t h e  Snake River P l a i n  i n  Idaho,  and Bowen and 
Blackwell (1975) which con ta ins  data from t h e  western Snake 
River  Basin. D r i l l i n g  i s  i n  p rogres s  by t h e  Idaho Department 
of Water Resources on two p r o f i l e s  ac ross  t h e  Snake River 
P l a i n s  which i n t e r s e c t  i n  the  Bruneau-Grand View a r e a .  Resul t s  
of t h a t  program should be a v a i l a b l e  i n  l a t e  1975 o r  e a r l y  1976.  
The holes  i n  t h e  study a r e a  a v a i l a b l e  p r i o r  t o  t h i s  study a r e  
summarized i n  Table 1. 

1- &e- - -. 

Other geothermal data bearing i n  gene ra l  on the  a r e a  of 

The l o c a t i o n ,  i d e n t i f i c a t i o n ,  and geothermal data f o r  t h e  
measured w e l l s  a r e  l i s t e d  i n  Table 2 and p l o t t e d  i n  F igures  2 ,  1 2  
and 15. The data l i s t e d  i n  Table 2 inc lude  t h e  logged depth ,  
depth  t o  water ,  geothermal g r a d i e n t ,  c a l c u l a t i o n - i n t e r v a l  of 
geothermal g r a d i e n t ,  and t h e  maximum temperature recorded f o r  
each we l l .  The water depth i s  important ,  as sometimes t h e  only 
u s e f u l  g r a d i e n t  information i s  obtained above t h e  water t a b l e  
and i n  t h i s  area of common a r t e s i a n  f l o w  t h e  b e s t  data came from 
ho les  which d i d  not  p e n e t r a t e  t h e  water t a b l e  o r  had caved i n  
above t h e  water t a b l e .  P r e e x i s t i n g  data a r e  a l s o  included i n  
t h e  f i g u r e s  and l i s t e d  i n  Table 1. The r e s u l t s  w i l l  be de- 
sc r ibed  by subarea f i r s t ,  then  t h e  o v e r a l l  r eg iona l  r e s u l t s  
w i l l  be d iscussed  and compared t o  a v a i l a b l e  geo log ica l  and geo- 
phys i ca l  information.  The data a r e  grouped i n t o  f o u r  subareas 
because of t h e  geographic ex ten t  of t h e  wel l  d r i l l i n g .  These 
a r e ,  f rom northwest t o  sou theas t ,  the.Murphy, Oreana, Grand 
View, and L i t t l e  Valley-Bruneau subareas.  T h i s  d i v i s i o n  
corresponds c l o s e l y  t o  t h e  subarea d i v i s i o n s  of Rals ton and 



Hole 
No 

1 G  

2 5  

3 G  
4 c  

5 N  
6 M  
7' .M 
8 0  
9 0  

10 0 

11 0 

1 2  B 

1 3  B 
14 B 

15 M 

T a b l e  2.  Resu l t s  of temperature measurements i n  w e l l s  i n  no r th  c e n t r a l  
Owyhee County, Idaho. Gradients  f o r  a r t e s i a n  we l l s  a r e  ind i -  
ca t ed  by an asterisk.  The s tandard e r r o r  i s  shown f o r  t h e  
g r a d i e n t  only where t h e  temperature-depth curves  a r e  l i n e a r  
over  some depth  range (shown,-in columnif_8$. Values w i t h  

g r e a t e r  than o r  l e s s  than  symbols a r e  bounds only.  

Gradien t ,  Water Maximum 
Level,  Tempegature, OF/l00 f t  

Depth, 
f e e t  

Collar 

f e e t  f e e t  F 
Location Elevat ion,  

T5S R3E 34 daa 
T6S R3E 22  ddb 

T6S R3E 1 3  bdc 

T6S R3E 23 ddd 

T3S R1W 1 7  cbb 
T2S R2W 35 aaa 
T2S  R3W 22 dbc 

T4S R1E 35 bbd 

T5S R l E  10 bdc 

T5S R l E  2 aaa 
T4S RlE 35 acb 
T7S R5E 7 ddc 

T7S R5E 18 acc 
T7S R4E 2 dbc 

T 1 S  R3W 24 cab 

- _. - 

2480 
2725 
2620 
2770 
3205 
2900 
2790 
2540 
2 645 
2610 
2545 
2610 
2650 

2600 

2665 

397 
1 6 1  1 6  
197 66 
348 0 
493 -- 
444 ' -- 
144 -- 
912 0 
344.  0 

49 16 
10 3 0 

43 0 

394 33 
98 < 33 

732 

7 0 . 1  
59.2 
59.1 
85.5 
84.0 
70.0 
64.5 
96.8 
91.5 
57.8 
62.5 
72.3 
91.4 
64.9 
95.4 

3.7 f 0 . 1  
> 2 . 2  
> 1.8' 

8.0+'  

5 .5  f 0 .2  

6 . 1  - 6.6  
4 .2  f 0 . 2  
4 . 1  f 0.5"  

4 . 1  f 0.5"  

3 . 8  
4 . 1  f 0 .4*  

> 2.4"  

7 .1"  
( - 2 . 4 )  

7.4 
4.8 
5 .5  

I n t e r v a l ,  
f e e t  

1 3 1  - 394 
33 - 164 
33 - 197 

164 - 410 
66 - 44,4 
33 - 144 

33 - 49 
33 - 98 

66 - 98 
30 - 164 

230 - 525 
0 - 722 



Hole 
NO 

1 6  M 

1 7  0 
18 ' 0  

1 9  0 
20 G 

2 1  0 
22  0 

2 3  0 

25 G 

26 G 

27 GB 
28 G 

29 G 

30 G 

31 0 

32 M 
33 M 
34 G 

35 G 

24 G 

T a b l e  2 .  (Cont inued)  

C o l l a r  
Loca t ion  E leva t ion ,  

T2S R2W 4 dab 

T4S R2E 20 
T4S R2E 20 dbd' 

T4S R1E 35 acc 
T5S R3E 15 c b b  

T5S R1E 35 ddd 
T5S R1E 29 da 
T4S R1W 29jbdc 
T6S R3E 10'r'lbab 2' 

T6S R3E 10 bdb 

T6S R3E 10  bac 

T5S R3E 1 2  bda 

T5S R2E 27 daa 
T5S R2E 22 dcd 

T5S R2E 25 aad 

T5S R1E 9 cca 
T3S R I E  18 acc 
T3S R1E 18 caa 
T5S R3E 23 caa 
T6S R3E 4 ddb 

f e e t  

2500 
2485 
2550 
2548 
2 360 
3000 
36&o . 

3310 
2580 
2542 
2615 
3010 
2840 
2810 
2640 

2760 
2425 
2430 
2395 
2585 

Depth,  
f e e t  

10 8 
29 2 
207 
279 
1 7 1  
208' 

154 
282 

525 
36 
69 

413 
62 

230 
177 

390 
226 

98 
62 
56 

Water 
Level ,  

f e e t  

66 
0 

. 33 
0 
0 

197 
49 
1 6  

3 
36 
49 

328 
49 

>213  

47 

66 
33 

0 

33 

1 6  

Maximum 
Temperature, 

OF 

62.9 
93 .5  
66.6 
87 .4  

66.8 
8 7 . 1  
50.2 
77.7 

76.0 

59.1 
58.7 
83.4 
59.0 
68.0 
75.5 

67.2 
64.4 
59.2 
94 .3  
69.9 

Grad ien t ,  
OF/100 f t  

3.9 f 0 . 2  

3. 5* 
3 .6  - 4.2* 

( 4 . 4  - 6.O)* 
< 6 ;0*  

5 . 2  f 0 . 2  
20.2 

2 .6  - 3.9  

7 . 4  f 0 .4  

4.9 f 0 . 3  
. < 8.0" 
2.7 f 0.1" 
1.5 f 0.1 

> 3 . 3  
5 .9  f 0 . 7  

-- 

I n t e r v a l  , 
f e e t  

33 - 98 

49 - 197 
16  - 148 

197 - 525 

98 - 330 

33 - 213 
0 - 177 

49 - 177 
246 - 377 

33 - 223 
33 - 98 



T a b l e  2.  (Continued) 

Hole 
No 

36 G 

37 G 

38 GB 

39 G 

40 G 

41 G 

C o l l a r  

f e e t  
Locat ion Elevat ion 

T6S R3E 6 cab 2770 
T6S R3E 7 cbd 2800 

T7S R4E 6 cda 2935 
T6S R3E 23  bbb 2675 

T6s R4E 1 7  bbb 2660 
T6S R4E 4 bdb 2.530 

Depth, 
f e e t  

116 
259 

272 
115 

92 
253 

Water 
Level ,  
f e e t  

>116 
213 

>272 
95 

92 
33 

Maximum 
Tempgrature 

F 

58.5 
8 2 . 1  

76.0 
6s .7  

62.0 
68.7 

g rad ien t  
F/100 f t  

2 .7  f 0 . 1  
4.1 f 0 . 4  

> 2 . 8  
6 . 4  f 0 . 3  

4 . 6  
1 . 0  

7 . 5  - 4 . 6  
2 .3  
4 . 6  

I n t e r v a l ,  
f e e t  

49 - 114 
33 - 98 

o - 902 

33 - 82 
8 2  - 114 
33 - 8 2  
33 - 180 

33 - 253 

8 2  - 262 

"Gradients from a r t e s i a n  wells 
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Chapman (1969)  except t h a t  no t  enough data were obtained i n  
t h e  Walters Ferry o r  Bruneau subareas t o  cons ider  them 
s e p a r a t e l y .  P robab ly  a t  l e a s t  another  20-30 u s e f u l  ho le s  
i n  poorly sampled l o c a t i o n s  i n  t h e  Murphy, Walters Ferry and 
Bruneau subareas  could have been loca ted  and logged, but t h e r e  
was no remaining f i e l d  time. Thus t h e  r e s u l t s  of t h e  survey 
a r e  t ime l i m i t e d  r a t h e r  than hole  l i m i t e d .  Nevertheless  suf-  
f i c i e n t  data have been obtained f o r  development of  a p i c t u r e  
of t h e  shallow ( l e s s  t h a n  1000 f e e t )  geothermal regime and 
f o r  some in fe rences  on t h e  deeper geothermal regime. 

Thermal Conductivity.  Samples of c u t t i n g s  from o n l y  1 2  
we l l s  could be c o l l e c t e d  f o r  thermal conduc t iv i ty  de te rmina t ions  
because most of t h e  holes  logged were o ld  and t h e  c u t t i n g s  no 
longer  ex i s t ed .  The r e s u l t s  of t h e  measurements, made by t h e  
technique of Sass e t  a l .  (1971), a r e  shown i n  Table 3 as a r e  
t h e  measured geothermal g r a d i e n t s  and c a l c u l a t e d  heat  f l o w  
va lues  f o r  each sampled wel l .  The bulk thermal conduc t iv i ty  
i s  t h e  conduc t iv i ty  of t h e  rock i f  it had zero p o r o s i t y .  The 
a c t u a l  conduc t iv i ty  i n  t h e  ground i s  a func t ion  of t h e  bulk 
conduc t iv i ty  and t h e  p o r o s i t y .  
equiva len t  rock u n i t s  i n  t h e  Vale,  Oregon, a r e a  i n d i c a t e  a bes t  
va lue  f o r  p o r o s i t y  of t h e  Idaho Group rocks of 
-- i n  s i t u  va lues  i n  Table 3 were c a l c u l a t e d  assuming t h i s  va lue  
f o r  p o r o s i t y .  The heat f l o w  shown f o r  each we l l  i s  an est imated 
value only.  Because t h e r e  i s  no d'epth c o n t r o l  on t h e  c u t t i n g  
samples, it i s  n o t  c e r t a i n  t h a t  t h e  thermal conduct iv i ty  va lues -  
a r e  a s s o c i a t e d  i n . t h e  w e l l  wi th  t h e  depth  i n t e r v a l  over which 
t h e  g r a d i e n t  was measured.. 'rA'minimum e r r o r  of * t o $  i s  t h u s  
a s s o c i a t e d  w i t h  t h e  heat  f low va lues .  The conduct iv i ty  meas- 
urements a r e  evidence f o r  a t  l e a s t  two d i s t i n c t - _ t h e r m a l  con- 
d u c t i v i t y  u n i t s  i n  t h e  Idaho Group, one w i t h  a bulk thermal 
conduc t iv i ty  of about 3 . 5  and t h e  second w i t h  a bulk thermal  
conduc t iv i ty  of abobt  5.7. These two va lues  may correspond 

Extensive measurements on 

Oi3. The 



Table 3. Measurements of thermal  conduct iv i ty  i n  no r th  c e n t r a l  
Owyhee County, Idaho.  Also shown a r e  geothermal 
g r a d i e n t s  f o r  t h e  wel l  where thermal conduc t iv i ty  
va lues  were obtained and apparent  hea t  f l o w  va lues .  
The bulk thermal conduc t iv i ty  is t h e  conduc t iv i ty  of 
t h e  c o n s t i t u e n t  mineral  and rock fragments w i t h  zero  
p o r o s i t y .  The s i t u  conductive was c a l c u l a t e d  from 
t h e  equat ion 
(assumed t o  be 0 . 3 ) .  A change i n  p o r o s i t y  of 0 . 1  is 
equiva len t  t o  about a 10% change i n  thermal  conduc t iv i ty .  

'-+' where (9 is p o r o s i t y  K = ( 1 . 4 )  X (KB) 0 

Bulk Thermal -7 I n  s i t u  Thermal Geothermal Heat 
Hole No Conduct ivi ty  Conductivity Gradient  Flow 

10-3  cal/cm s e c O ~  10-3 cal/cm sec°C 'F/100 f t .  HFU 

6 M  3 .51  2.7 6 * 3  3 . 1  
1 3  B 
1 7  0 
2 1  0 

27 GB 
28 G 

29 G 

32 
36 G 

37 G 

40 G 

41  G 

5-34. 
5.57 
3.44 
4 .78  
4.32 
6 . 0 2  
5.14 
5 .41 
3.81 

5.16 

3.42 

3.6 
3.7 
2 .6  
3 .3  
3.1 
3.9 
3 .5  
3 . 6  
2 . 8  

3 .5  

2 .6  

7 . 1  4 . 7  
3 .5  2 .3  
5.2 2 .5  
7 .4  4 . 4  

4 .9  3.5 
2 3 . 3  2 2 . 1  

2 .7  1 .8  
4 . 1  2 . 1  
4.6" 2.9% 
7.5 4 . 8  
2 .3  1.1 
4.6*- 2.2* 

*Preferred va lue  



Table 4, Sample thermal conductivity values f o r  lithologies 
found in north central Owyhee County, Idaho. Gradient 
is calculated assuming a representative lower bound on 
the heat flow of 2 pcal/cm sec, The actual gradient 
for any heat f l o w  is calculated 
gradient, times the heaE-flow divided by 

2 
- A. -_ 

ul-tGiii-& that 
2.0. 

Unit Gradient Thermal Average 
Lithology Conductivity Thermal OF/100 ft. 

Range Conductivity 
millical/cm sec°C 

Idaho Silt and Clay 2.5 - 3.5 
Group Lithic Sandstone 3.5 - 6.0 
d = . 3  Quartz Sandstone 4 - 10 
Banbury Basalt 2.5 - 3.5 
Basalt 
0 = .l. 
silicic Rhyolite 4.0 - 6.0 

Volcanics Glass or 
9 = .l Vitrophyre 3.0 - 3.3 
Miocene Andestitic 

Volcanics* Basalt ( ? )  
9 = .I 

4 = . 05  
Ba s ement Granite 6.0 - 8.0 

2.6 
3.6 
6.0 

3.0 

5.0 

3.2 

4.8 

7.0 

3.7 
3.7 
1.8  

3.7 

2 . 2  

3.4 

2.3 

1.6 

*silver City area, hole 741-49 
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t o  t h e  c l a y  and l i t h i c  sandstone in t e rbeds  i n  t h e  Idaho Group. 
It i s  not  known whether t h e s e  d i f f e r e n c e s  a r e  due t o  l a t e r a l  
o r  v e r t i c a l  v a r i a t i o n s  i n  l i t h o l o g y  i n  t h e  Idaho Group. D r i l l  
ho les  36 and 37, and d r i l l  h o l e s  40 and 41 a r e  c l o s e  
t o g e t h e r  and y e t  have very d i f f e r e n t  thermal conduc t iv i ty  
v a l u e s ,  The v a r i a t i o n s  i n  t h e  g r a d i e n t s  w i t h  depth i n  ho le  
40 and i n  hole  41 might i n d i c a t e  v e r t i c a l  l i t h o l o g i c  
v a r i a t i o n s .  The heat f l o w  va lues  w i l l  be d iscussed  i n  more 
d e t a i l  i n  a subsequent s ec t ion .  

l i t h o l o g y  a r e  shown i n  Table 4.' 
each u n i t ,  upon which t h e  average va lues  i n  column 4 a r e  based, 
a r e  shown w i t h  t h e  u n i t  name. Thermal Conduct ivi ty  va lues  f o r  
t h e  v a r i o u s  u n i t s  inc lude  t h e  data i n  Table 3 and i n  t h e  
r e fe rences  ( p r i m a r i l y  B r o t t  e t  a l . ,  1975; Bowen and Blackwell ,  
1975; and Urban,and Diment, 1975). For t h e  Idaho Group rocks 
l a r g e  v a r i a t i o n s  i n  p o r o s i t y  might occur. Lower p o r o s i t y ,  o r  
h ighe r  qua r t z  content  of  t h e  sediments would inc rease  t h e  
thermal  conduc t iv i ty  while h igher  p o r o s i t y  would decrease  t h e  

Synoptic va lues  of thermal conduc t iv i ty  and r e p r e s e n t a t i v e  
Estimated p o r o s i t y  va lues  f o r  

va lues  of thermal  conduc t iv i ty  shown. If g r a d i e n t s  a r e  known 
a c r o s s  only a few f e e t  i n  a bore ho le  and t h e  l i t h o l o g y  i s  

unknown then  use  of t h e s e  average va lues  t o  c a l c u l a t e  heat  
f l o w  can lead  t o  la l rgeer rors .  

l i t h o l o g y  a r e  knoMn over  s e v e r a l  hundred f e e t  i n  a bore hole  
then  t h e  appropgia te  thermal conduct iv i ty  va lue  from Table 4 
w i l l  a l low a v a l i d  c a l c u l a t i o n  of hea t  flow, 

However; if grad ien t  and 

Oreana Subarea. The most d e f i n i t i v e  and i n t e r e s t i n g  
r e s u l t s  come from t h e  Oreana area. 
i n  t h e  a r e a  a r e  shown i n  Figure 5 and are l i s t e d  i n  Table 1. 

ture-depth curves  f o r  most of t h e  wells a r e  shown 
. The holes  a r e  wel l  d i s t r i b u t e d  along a NE-SW 

l i n e  approximately<perpendicular t o  t h e  r e g i o n a l  s t r i k e  and 
from very nea r  t h e  r h y o l i t e  ou tcrop ,nor theas t  t o  t h e  Snake 
River .  The measured we l l s  a l s o c o i n c i d e c l o s e l y  w i t h  t h e  

The l o c a t i o n  and g r a d i e n t s  

i.'l 
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The l o c a t i o n s  of measured w e l l s  

The l o c a t i o n s  of deep a r t e s i a n  w e l l s  a r e  shown by c i r c l e s .  The 
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l o c a t i o n  of t h e  h o t  a r t e s i a n  w e l l s  (shown i n  Figure 5 )  i n  
t h e  a r e a .  

Most of t h e  holes  logged were a r t e s i a n  (8 ,  9 ,  11, 1 7  
and 19) w i t h  flows t h a t  ranged from about one q u a r t  (number 
11) t o  s e v e r a l  ga l lons  p e r  minute (gpm). The repor ted  depths  
of t h e  a r t e s i a n  we l l s  a r e  ind ica t ed  i n  Figure 6. The minimum 
g r a d i e n t  f o r  a p a r t i c u l a r  wel l  was obtained by p r o j e c t i n g  the  
observed g r a d i e n t  i n  t h e  pcesence-of  f l u i d  flow t o  t h e  repor ted  
depth  of t h e  wel l  t o  ob ta in  t h e  bottom ho le  temperature ,  
assuming 57OF ( t h e  average annual  ground temperature)  as t h e  
s u r f a c e  temperature ,  and c a l c u l a t i n g  t h e  g rad ien t  from t h e  
temperature d i f f e r e n c e  d iv ided  by t h e  depth  of t h e  wel l .  One 
w e l l  (number 8 )  w a s  measured t o  i t s  repor ted  depth (900  f e e t ) ;  
i n  g e n e r a l ,  however, t h e  holes  could not  be logged t o  t h e  
r epor t ed  depth .  These holes  were p a r t i a l l y  blocked by cave 
zones which prevented t h e  r e l a t i v e l y  l i g h t  logging t o o l  used 
f rom going deeper ,  but allowed slow water f low through the  
p lug .  The geothermal g r a d i e n t s  c a l c u l a t e d  as descr ibed  above 
ag ree  remarkably wel l ;  t h e  range of  g r a d i e n t s ,  excluding t h e  
ones:Jat t h e  southern end of t h e  p r o f i l e ,  i s  
(65  - 100°C/km). The g r a d i e n t s  observed i n  nonflowing shallow 
w e l l s  (number 10 and 18) and we l l  number 11 (which w a s  flowing 
only 1 quart /minute)  are 3.8 - 4 .1  ( 7 0  - 75'C/km). T h e  only  

except ion i s  wel l  number 31 (nonflowing) which has  two d i s t i n c t  
segments of g r a d i e n t  ( 2 . 7  and 1.5°F/100 f t . ) ,  both of which 
a r e  much lower than t h e  average value.  The reason f o r  t h e  low 
g r a d i e n t s  i s  not  apparent  f rom t h e  informatkon a v a i l a b l e .  The 
bes t  va lue  of a l l  t h e . d a t a  taken t o g e t h e r  i s  -4.loF/l0O f t  

3.6 - 4.5J0F/lO0 f t  

( 7 5 O C / k m ) .  
There a r e  a number of deep a r t e s i a n  w e l l s . i n  t h e  gene ra l  

a r e a .  The l o c a t i o n s  of s e v e r a l  of t h e  w e l l s  a r e  shown i n  
F igure  5 as a r e  t h e  .flowing tempera tures ,  where a v a i l a b l e .  
Most of t h e  we l l s  f l o w  1,000 gpm o r  more under h igh  a r t e s i a n  
p r e s s u r e  from t h e  Banbury Basalt and/or t h e  s i l i c i c  vo lcan ic s .  - ..-- -_ - 

- 

1 '  , -  " -.L d-., -J . I 
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The depths  of most of t h e  w e l l s ,  except i n  t h e  southern p o r t i o n  
of t h e  map, a r e  2500-3000 f e e t  and t h e  measured flowing temp- 
e r a t u r e s  range from 146-178OF. 

The depths  from which t h e s e  wel l s  a r e  producing a r e  no t  
known. However,the flow must be frorn t h e  Banbury o r  s i l i c i c  
vo lcan ic s  and t h e  temperature-depth p r o j e c t  i ons  ' a r e  c o n s i s t e n t  
w i t h  f l o w  f rom t h e  s i l i c i c  vo lcan ic s .  As shown i n  F igu re  3 
t h e  deep we l l s  were completed a f t e r  p e n e t r a t i n g  only a few f e e t  
of t h e  s i l i c i c  vo lcanics .  Since t h e  we l l s  f l o w  at  h igh  temp- 

e r a t u r e  and p r e s s u r e  I VL, ;; ' it  *-- m s  l i k e l y  that t h e  we l l s  were 
d r i l l e d  u n t i l  t h e y  rbac-he he- hot a r t e s i a n ; a q u i f e r ,  at-  which 
po in t  -. d r i l l i n g  ceased. By t h i s  reasoning ,  most of' t h e  f l o w  

- 

would come from t h e  s i l i c i c  vo lcan ic s .  
The repor ted  temperatures  i n  a nurnber of we l l s  i n  t h e  

Oreana-Grand View-Bruneau a r e a  a r e  shown i n  F igure  7 (from 
Young and Whitehead, 1975). The w e l l  i d e n t i f i c a t i o n ,  where 
known, i s  shown on t h e  f i g u r e .  Young and Whitehead (1975) 
g i v e  a g r a d i e n t  of as a f i t  t o  t h i s  data. 
The curve a c t u a l l y  drawn, however, has a s lope  of 
(5k°C/km). 
unknown percentage of  f l u i d  i n  t h e  t o t a l  f l o w  f rom shallow 
hor izons  i n  t h e  we l l ,  which may coo l  t h e  deeper  f l u i d .  The 
data p l o t t e d  by Young and Whitehead (1975) a r e  from w e l l s  
which are cased a t  least  60% of t h e i r  t o t a l  depth.  There- 
f o r e  t h e s e  data a r e  presumably l e a s t  a f f e c t e d  by sha l low 
d i l u t i o n .  A t h i r d  curve w i t h  a s lope  of. 7'F/100 f e e t  
(68OC/km) 
through o r  above ( i n  temperature)  a l l  but two of t h e  1 7  wel l s  
p l o t t e d .  T h i s  curve o r i g i n a t e s  a t  t h e  s u r f a c e  temperature 
[(5701?) observed i n  t h i s  s tudy.  T h i s  curve should g i v e  t h e  
h ighes t  ( l e a s t  d i l u t e d )  g rad ien t  c o n s i s t e n t  wi th  t h e  data. 
P o i n t s  which f e l l  below t h i s  l i n e  i n  temperature  r ep resen t  
w e l l s  w i t h  lower geothermal g r a d i e n t s ,  o r  we l l s  i n  which t h e  

3.6OF/lOO f e e t  
3'F/lOO f e e t  

The g r e a t e s t  u n c e r t a i n t y  i n  t h e s e  data is t h e  

has  been added t o  F igure  7 an i s  drawn t o  pass  
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water has been difluted or- coll-edPon i ts . ,way ,-upxther-=;weI21, -I - *  

P o i n t s  wel l  above t h i s  curve (only  one) a r e  i n t e r p r e t e d  t o  
r ep resen t  w e l l s  tapping shallow hot  water which has moved up 
along a f a u l t  o r  f r a c t u r e  zone. It is c l e a r  t ha t  t h e r e  is 
e x c e l l e n t  agreement between t h e  g r a d i e n t  determined from t h e  
ho le s  logged dur ing  t h i s  study and t h e  g rad ien t  obtained from 
flowing temperatures  of t h e  deep a r t e s i a n  w e l l s  a t  a depth  of 
3000 f e e t  o r  so .  This  correspondence is very s t rong  evidence 

t h a t  t h e  geothermal g rad ien t  c h a r a c t e r i s t i c  of t h i s  subarea 
t o  a depth  of a t  l e a s t  3000 f e e t  i s  about 4°F/100 f t  (70°C/km). 

A deep oil t e s t  w a s  d r i l l e d  i n  1974 by Anschutz i n  
Sec t ion  11 T5S R1E. 
t h e  we l l  w a s  11,125 f e e t  and t h e  bottom ho le  temperature 
w a s  48OoF. There i s  no information on whether t h e  repor ted  
temperature  r e p r e s e n t s  equi l ibr ium cond i t ions ,  but i f  i t  does 
t h e  i n d i c a t e d  g r a d i e n t  is about 4°F/100 f t .  (70°C/km), very 
similar t o  t h e  r e s u l t s  d i scussed  i n  t h e  prev ious  paragraphs. 

The Anschutz wel l  w i l l  be r e f e r r e d  t o  below a l s o .  

According t o  l o c a l  r e p o r t s  t h e  depth  of 

Near t h e  southern margin of t h e  map i n  F igure  5 t h e  
geothermal g r a d i e n t  is apparent ly  much d i f f e r e n t .  Wells 22  
and 741-50 ( B r o t t  e t  a l . ,  1975) d i s p l a y  extremely high 

g r a d i e n t s .  
artesian wells and the high gradients may be due to hot water 

moving upwardiand out  a t  shallow depths  i n t o  t h e  ground water  
t a b l e .  A h o l e  (number 21)  which has a conductive g rad ien t  of 
5.2'F/100 f t .  . (95'C/km) i s  loca ted  r e s p e c t i v e l y  about 
17 and Th i s  g rad ien t  
p r e d i c t s  t h a t  water at  95-1Ok0F w i l l  be found a t  720-850 f e e t .  
The d r i l l e d  depths"of z:.?, wel l s  (741-50 and 22;  a r e  probably 
i n  t h e  range of 600-900 f e e t ,  a l though no f i rm information 
is avai lab le . '  60 t h e  observed temperat 
a r e  c o n s i s t e n t  w i t h  upiflow from 600% 

Both of t h e s e  w e l l s  prev ious ly  may have been 

1 1 2 2  mi+les, from number 741-50 and 22. 

, -- _ -  
- t F t h e  water  t a b l e .  

b 
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An i n t e r p r e t a t i o n  of t h e  geologic  s t r u c t u r e  along a 
north-south p r o f i l e  i s  shown i n  F igure  8 (Young and Whitehead, 
Sec t ion  G G 1 ,  1975; Ralston and Chapman, F igu re  6 ,  1 9 6 9 ) .  The 
flowing temperatures  of t h e  a r t e s i a n  we l l s  (where known) and 
t h e  l o c a t i o n  and g r a d i e n t s  from t h e  shallow we l l s  d i scussed  
here  a r e  a l s o  shown. The temperatures  of t h e  flowing we l l s  
do not change much, even though t h e d e p t h s  of  t h e  we l l s  decrease 
southward by about .  a fact0.r-,of 

_.. - I ,  I ( .  

2 ;when t h e  fault'.run-&g through 
Sec t ions  2 1  and 22,TSS, RlE, i s  crossed.  The whole system i s  
c l o s e l y  r e l a t e d ,  however, as t h e  a r t e s i a n  p res su re  i n  t h e  
southern we l l s  has decreased,  and even d isappeared ,  as t h e  
deeper  we l l s  t o  t h e  n o r t h  have been d r i l l e d  and allowed t o  
flow. Former hot  sp r ings  i n  Sec t ion  29,T5S, RIE, nea r  t h e  
s i t e  of wel l  number 2 2 ,  have a l s o  ceased t o  f l o w  as t h e  pres- 
s u r e  has been reduced by product ion t o  t h e  nor th .  Thus t h e  
flow from t h e  deeper  w e l l s  has-decreased  t h e  a q u i f e r  p re s su re  
t o  t h e  po in t  t h a t  shallow ho ' i n  t h e  southern par t  of t h e  

i ;higher ..- ini%&evatiOn.&han c -  - -.I -~ Wells - . t o  t h e  

eased t o  b e  a r t e s i a n .  The g rad ien t  data d is -  
, Q .  howger, ; at,, there-  -is, LEY 

s t i l l  upflow i n  t h e  we l l s ;  it j u s t  doesn ' t  g e t  a l l  t h e  way 
t o  t h e  su r face .  

i n  g r a n i t e  i n  T7S, RlW,Section 24 about 10 mi les  south of 
t h e  Oreana subarea i n  1974. The hea t  f l o w  i n  t h a t  ho le  i s  
2 . 1  HFU. Simi e a t  f low va lues  c a l c u l a t e d  f o r  t h e  
a r e a  i n  Table 3 tL :;: 2 . 3  - 2.5 HFU. A l l  t hese  
va lues  a r e  i d e n t i c a l  wi th in  t h e  accuracy of t h e  data. Thus 
t h e  geothermal g r a d i e n t  measured from shallow wells .  and 
i n f e r r e d  from t h e  deep a r t e s i a n  w e l l s  corresponds t o  t h e  
r e g i o n a l  va lue  of hea t  f low.  The high g r a d i e n t  i s  due t o  low 
conduc t iv i ty  of t h e  rocks above t h e  s i l i c i c  vo lcan ic s .  I con- 
c lude  t h a t ,  i n  s p i t e  of t h e  a r t e s i a n  p r e s s u r e s  of t h e  a q u i f e r s ,  

.- 

. 2 - 7  . -  
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The U . S .  Geological Survey drilled a well to 827 f e e t  
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l i t t l e  heat  i s  being t r anspor t ed  r e g i o n a l l y  by n a t u r a l  l a t e r a l  
and v e r t i c a l  water flow i n  t h i s  area. According t o  H.W. Young 
(pe r sona l  communication, 1975) i s o t o p i c  evidence i n d i c a t e s  t h a t  
t h e  water  i s  very  old ( P l e i s t o c e n e )  i n  t h e  Oreana and Grand 
View a q u i f e r s  and t h e s e  data, combined wi th  t h e  lack  of an 
obvious d i scha rge  system f o r  t h e  a q u i f e r s  (Rals ton  and 
Chapman, 1 9 6 9 )  a r e  c o n s i s t e n t  w i t h  t h e  hea t  flow r e s u l t s ,  
suggest ing l i t t l e  o r  no l a t e r a l  o r  v e r t i c a l  t r a n s p o r t  of heat  
by ground water ,  A l t e r n a t i v e l y  t h e  Oreana area may be i n  t h e  
conductive-appearing p o r t i o n  of a r eg iona lg roundwate r  system 
(Curve 2 i n  F igu re  Al-c) .  In such a case t h e  main d i scha rge  
areas would be n o r t h  of t h e  Snake River.  There is no evidence 
f o r  such a system (Rals ton  and Chapman, 1970) so t h e  f i r s t  
hypothes is  i s  t h e  more l i k e l y  one. 

The a r e a  of sha l low hot w e l l s  and o ld  hot sp r ings  i n  t h e  
southwestern part  of T5S, RlE, remains t o  be explained,  however. 
The high g r a d i e n t s  and hea t  f l o w  t h e r e  could be due (1) t o  a 
nearby hea t  s o u r c e 9 0 r  ( 2 )  t o  upward motion of water  a long t h e  
f a u l t s  blocking out t h e  southern margins of t h e  Snake River 
P l a i n ,  o r  ( 3 )  a.combinat ion of both .  There have been published 
sugges t ions  (Rals ton  and Chapman, 1969; Aossp 1971; Young and 
Whitehead, 1975) t h a t  hot water  l eak ing  up along f a u l t s  o r  
flowing pver  some heat source w a s  r e s p o n s i b l e  f o r  t h e  w a r m  
a r t e s i a n  water i n  t h e  no r the rn  part of t h e  a r e a .  The normal 
geothermal g r a d i e n t s  (4.1°F/100 f t )  es t imated  f o r  t h e  a r t e s i a n  
system wi th  r e g a r d - t o  t h e  r e g i o n a l  heat  f l o w ,  and t h e  l ack  of 
evidence of water  through-flow make it clear that such hypotheses 
a r e  necessary and t h e  heat i n  t h e  a q u i f e r s  i s  merely a 
r e f l e c t i o n  of t h e  hea t  escaping from the e a r t h ’ s  i n t e r i o r  a t  
t h e t  po in t .  In  view of t h e  apparent  connect ion of t h e  hot 
springs and ?shallow w e l l s  i n  t h e  south t o  t h e  deeper  system 
i n  t h e  n o r t h ,  hyp’othesis ( 2 )  i s  t h e  most l i k e l y  one. If a 
hea t  source e x i s t s  i n  a d d i t i o n  t o  t h e  r e g i o n a l  background hea t  
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f l o w  it must be i n  some d i r e c t i o n  o t h e r  t h a n  t o  t h e  no r theas t  
because of t h e  evidence f o r  merely r eg iona l  hea t  flow va lues  
t h e r e .  The va r ious  p o s s i b l e  explana t ions  f o r  t h e  h igher  g r a d i e n t s  
w i l l  be d iscussed  i n  a following sec t ion .  

Grand - View Subarea. Eighteen ho le s  were logged i n  t h e  
Grand View subarea and an a d d i t i o n a l  two ho le s  a r e  a v a i l a b l e  i n  
an open f i l e  r e p o r t  ( B r o t t  e t  a l . ,  1975, number 741-45 and 751-46). 
The l o c a t i o n s  of t hese  wel l s  a r e  shown i n  F igure  9. Temperature- 
depth  curves f o r  t h e  we l l s  deeper  than 70 f e e t  a r e  shown i n  
F igure  10.  O f  a l l  t h e  subareas ,  t h e  l e a s t  s a t i s f a c t o r y  data were 
obtained here .  Very few of t h e  w e l l s  logged show l i n e a r  temperature- 
depth  curves.  The h o l e s  which have l i n e a r  temperature-depth curves  
a r e  numbers I, 24 and 29. Many of t he  curves ,  inc luding  ones from 
weakly a r t e s i a n  we l l s  (4, 20,  30) and a r e c e n t l y  pumped wel l  (37) 
and t h e  non-ar tes ian  w e l l s  (34, 40-41) have a sigmoidal shaped 
temperature-depth curve.  The d i f f e r e n c e s  i n  g r a d i e n t  (a  f a c t o r  
of 2 o r  more) a r e  t o o  g r e a t  t o  be a s s o c i a t e d  w i t h  thermal con- 
d u c t i v i t y  v a r i a t i o n s  i n  t h e  sha l low p a r t  of t h e  Idaho Group ( s e e  
Tables  3 and 4) and must r e f l e c t  a complicated n a t u r a l  o r  
i r r i ga t ion -caused  i n t e r a q u i f e r  c i r c u l a t i o n  i n  t h e  sha l low sub- 

water movement between a q u i f e r s .  

t h e  g r a d i e n t s  a re  i n  t h e  range of  

r e l i a b l e  g r a d i e n t s  a r e  considered t o  be from no 1 
between 131 and 394 f t ) ,  no 24 (2.6°@/100 f t  between 197 
and 525 f t  ) , no 29 (4.9°F/100 f t  from 33 - 213 f t  ) , no 36 
(2.7'F/I00 f t  between 49 - 114 f t  ) , no 37 (4. 1°F/lOO f t  

between 33 and 98 f t ) ,  no 41  (2.3 t o  4.6°F/100 f t  between 
30 and 197 f t ) ,  741-45 (3.0°F/100 f t  between 115 and 
197 f t ) ,  and 741-46 ( e i t h e r  2 .9  o r  4.0°F/100 f t  between 
33 and 160 f t ) .  There is a d i s t i n c t  d i f f e r e n c e  i n  t h e  
Grand View subarea and t h e  l o g s  of we l l s  27 and 38 which a r e  
j u s t  t o  t h e  southeas t  toward L i t t l e  Val ley as- much h igher  
g r a d i e n t s  a r e  measured t h e r e  ( s e e  fol lowing s e c t i o n ) .  

, sur face .  Severa l  of t h e  w e l l s  a l s o  appear  t o  have intra.wel1 

Except f o r  t h e  very s h a l l o w  s e c t i o n s  of some of t h e  l o g s ,  
2.3 - 4.9°F/100 f t .  The most 

(3.7°F/100 f t  
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i d e n t i f i c a t i o n ,  and g r a d i e n t s  ( i n  OF/100 f t . )  of measured we l l s  a r e  
ind ica t ed .  Gradients  i n  a r t e s i a n  w e l l s  o r  of doub t fu l  v a l i d i t y  a r e  i n  
parentheses .  Holes which gave no g r a d i e n t  information have a slash through 
l o c a t i o n  d o t .  The l i n e  of s e c t i o n  BB' i s  shown. 



Figure  lOc. Temperature-depth curves  f o r  we l l s  
i n  t h e  Grand View subarea.  
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Blackwell. 1 6  

The thermal conduct iv i ty  measurements range between 2 . 6  
and 3.6 mcal/cm sec°C. 
t i v i t y  is assoc ia t ed  w i t h  t h e  h igher  geothermal g r a d i e n t s  
(about 4.5°F/100 f t )  and v i c e  v e r s a ,  t h e  hea t  flow va lues  would 
be 2 . 1  HFU ( f o r , a  g rad ien t  of4.5°F/100 f t )  and 2.0 HF'U ( f o r  
a g rad ien t  of 3'F/lOO f t ) .  These heat  flow v a l u e s , a s  descr ibed  
above,-are apparent ly  about normal f o r  t h e  . . .  a r e a .  . *  Thus I be l ieve  
t h a t  t h e  v a r i a t i o n  i n  g rad ien t  i s - d u e  t o  t h e  v a r i a t i o n  in-  thermal  

If t h e  lower va lue  of  thermal conduc- 

* .  -'-l - -. 

Some of t h e  deep a r t e s i a n  we l l s  descr ibed  i n  t h e  l i t e r a t u r e  
a re  i n  t h e  Grand View subarea and data these  w e l l s  were 
included i n  Figure 7 .  These deeper t e  t u r e  data a r e  very 
nea r ly  the.same as those  from t h e  Oreana subarea,  although t h e  
temperatures  i n  t h e  Grand V i e w  subarea may be 

a t  3000 f e e t .  
5 - 10°F warmer 

A geologic  c r o s s  sec t ion  f o r  t h e  Grand View subarea i s  
shown i n  F igure  11 based on s e c t i o n  BB' of Young and Whitehead 
(1975). Numerous f a u l t s  a r e  shown on t h e  s e c t i o n  between t h e  
south end and t h e  midpoint of t h e  sec t ion .  The r e s u l t  i s  t h a t  
t h e  Banbury Basalt i s  dropped down sys t ema t i ca l ly  t o  the  n o r t h  
as fa r  as T6S,R3E, Sect ion 2.  An a l t e r n a t i v e  i n t e r p r e t a t i o n  f o r  
t h i s  f a u l t i n g ,  remembering t h e  v e r t i c a l  exagera t ion  of t h e  
sec t ion  (1O:l) i s  a g e n t l e  reg iona l  dip t o  t h e  no r th  w i t h  no 
f a u l t i n g  o r  o t h e r  s t r u c t u r a l  o r  s t r a t i g r a p h i c  complexi t ies  
requi red  except i n  t h e  .north h a l f  of t h e  p r o f i l e .  Near t h e  
c e n t e r  of t h e  c r o s s  sec t ion  t h e r e  is an apparent  th ickening  
of t h e  Banbury f r o  -_  bout 500 - 1500 f e e t ,  poss ib ly  a-ssoc&Wed 
:W i t )hi fa&$ ihg : 

View subarea i s  ambiguous, but temperature  g r a d i e n t  seems t o  vary 
from s l i g h t l y  l e s s  t o  s l i g h t l y  g r e a t e r  than  t h e  Oreana subarea.  
The shallow subsurface appears  t o  be much more complicated 
l i t h o l o g i c a l l y  and hydro logica l ly  than t h e  o t h e r  a r e a s  ( o r  

1- _. - -- 

I 

I n  summary, t h e  shallow g rad ien t  informat'ion i n  t h e  Grand 

t h e r e  is j u s t  more data a v a i l a b l e ) .  The deeper temperature 
- -  -- 

-L 
- - -  
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information from a r t e s i a n  w e l l s  i s  e s s e n t i a l l y  t h e  same as  i n  
t h e  Oreana subarea.  The average g r a d i e n t  i n  t h e  Idaho Group 
i s  4 . 0  f 1°F/lOO f t .  

L i t t l e  Valley-Bruneau Subarea. Data a r e  a v a i l a b l e  f o r  
only six holes  i n  t h i s  subarea (numbers 12, 13 ,  14, 2 7 ,  38, 
741-44), and u s e f u l  data were obtained only from numbers 13, 
27 and 38. The temperature-depth curves f o r  1 3 ,  27, and 38 a r e  
shown i n  F igure  1 3  and t h e  l o c a t i o n s  of t h e  wel ls  are  shown i n  

' F i g u r e  1 2 .  Wells 27 and 38 a r e  a c t u a l l y  between t h e  Grand View 
and L i t t l e  Val ley subareas ,  but have T-D curves  t h a t  a r e  d i s -  

t i n c t l y  d i f f e r e n t  from those  of t h e  Grand View subarea.  Well 
27 shows downward c i r c u l a t i o n  of water i n  t h e  bottom of t h e  
hole  but o therwise  has  a l i n e a r  temperature-depth curve.  Well 
1 3  was a former a r t e s i a n  we l l  which was being r e d r i l l e d ;  i t s  
g r a d i e n t  was obtained by assuming a s u r f a c e  temperature  of 
The g r a d i e n t s  i n  t h e s e  we l l s  average 6.9OF/lOO f t ,  s i g n i f i c a n t l y  
h igher  than  t h e  g r a d i e n t  i n  t h e  Oreana and Grand View subareas .  

The temperatures  i n  deep a r t e s i a n  i r r i g a t i o n  w e l l s  a r e  not  
as d e f i n i t i v e  f o r  t h i s  subarea as f o r  t h e  Oreana and Grand View 
subareas .  Because a l l  t h e  permeable zones are a r t e s i a n ,  i t  i s  
common p r a c t i c e  t o  complete t h e  deep i r r i g a t i o n  w e l l s  i n  as many 
aquifers  as p o s s i b l e ,  i n  o r d e r  t o  c o o l  t h e  deeper w a t e r  a s  much 
as p o s s i b l e .  According t o  Rals ton and Chapman (1969, Table 2 )  
t h e  average temperature  recorded on d r i l l e r s '  logs i s  about  
llO°F as opposed t o  about 90°F i n  t h e  Grand V i e w  a r e a ,  
a l though no we l l  depths  are given.  Thus I conclude t h a t  t h e  
evidence f avor s  a h igher  geothermal g r a d i e n t  i n  t h e  L i t t l e  Valley 
subarea than  i n  t h e  Oreana o r  Grand View subareas .  The h igher  
geothermal g r a d i e n t  i s  not  due t o  thermal. conduc t iv i ty  v a r i a t i o n s  
because t h e  w e l l s  are i n  Idaho Group sediments and so t h e  va r i a -  
t i o n s  must be e i t h e r  due t o  h ighe r  hea t  f low from t h e  basement 
o r  l a t e r a l  heat t r a n s p o r t  by water f low wi th  o r  without above- 
r e g i o n a l  heat  flow. These resu l t s  w i l l  be d iscussed  i n  r e l a t i o n  
t o  t h e  r e s t  of t h e  a r e a s  i n  a subsequent s ec t ion .  

57°F. 



65 

7 s  
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2w 
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Figure  1 2 .  Geothermal g r a d i e n t s  f o r  t h e  we l l s  logged i n  t h e  
s tudy a rea .  The "bes t"  g r a d i e n t ,  i n  F/100 f t . ,  
f o r  each wel l  i s  shown. Ci rc led  l o c a t i o n s  i n d i c a t e  
data from B r o t t  e t  a l .  (1975) or Urban and Diment 
(1975) .  The gene ra l i zed  contac t  of t h e  Idaho Group 
rocks  and t h e  o l d e r  u n i t s ,  mainly t h e  s i l i c i c  vol -  
c a n i c s ,  i s  a l s o  shown ( a f t e r  Ralston and Chapman, 
1969, and Young and Whitehead, 1975) .  The ho le s  
ind ica t ed  by s lashed  d o t s  a r e  ho le s  f o r  which no 
g r a d i e n t s  a r e  p l o t t e d .  Gradients  f rom a r t e s i a n  
w e l l s  a r e  shown i n  pa ren theses ,  The dashed l i n e s  
s e p a r a t e  genera l ized  a r e a s  w i t h  g r a d i e n t s  above 
and below about '--b.5°F/100 f e e t .  See Figure 9 
f o r  d e t a i l s  on t h e  data f o r  t h e  box o u t l i n e d  by 
s h o r t  dashes.  

0 5 10 - 
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Blackwell  18 

Murphy Subarea. Seven wel ls  were logged i n  t h e  Murphy and 
Walters Fer ry  subareas  of Rals ton and Chapman (1969) ,  and data 
a r e  a v a i l a b l e  from an a d d i t i o n a l  two we l l s  ( B r o t t  e t  a l . ,  1975, 
number 741-35 and 3 6 ~ )  .-:' ,-., The temperature-depth curves  f o r  
wel ls  5 ,  6 ,  7 ,  15 and 33 a r e  shown i n  F igure  14 and t h e  l o c a t i o n s  
are  shown i n  F igu re  1 2 .  Well number 1 6  w a s  no t  p l o t t e d ,  but i s  

- .  

almost i d e n t i c a l  t o  number 7. Severa l  of t h e  w e l l s  i n  t h e  Murphy 
subarea @;We good g r a d i e n t  informat ion.  The temperature-depth 
curve f o r  number 6 shows a c l a s s i c  downward water  flow, w i t h  t h e  
h igh  g r a d i e n t s  below t h e  water  l o s s  zone (compare w i t h  F igure  A l - b ,  

curve 1). The g r a d i e n t s  a r e  about 7OF/lOO f e e t  i n  w e l l s  5, 6 ,  
15, 33, 741-35 and 741-36A and about 4'F/lOO f e e t  i n  w e l l s  7 
and 1 6  ( t h e  same as i n  t h e  Oreana suba rea ) .  Wells 15 and 74-1-35 
a r e  t h e  deepest  non-ar tes ian we l l s  logged, but both g i v e  ambig- 

uous information.  Well 74\1-35 has down-flow of water i n  t h e  bore 
h o l e  between 330 f e e t  and t h e  bottom (1170 f t )  which completely 
des t roys - :  t h e  g r a d i e n t  i n  t h a t  i n t e r v a l .  Well 15 has a g rad ien t  
of 7.4OF/lOO f e e t  
smoothly t o  ze ro  i n  t h e  l a s t  temperature i n t e r v a l .  The g rad ien t  
v a r i a t i o n  could be due t o  up-flow o r  down-flow i n  t h e  bore h o l e ,  
i t  could be due t o  r e g i o n a l  water motions (compare w i t h  F igure  
A l - c j ) ,  o r  t h e r e  could be thermal  conduc t iv i ty  v a r i a t i o n s  i n  
t h e  rocks c u t  by t h e  bore hole .  Unfortunately,  no drill logs 
appear t o  have been f i l e d  w i t h  t h e  Idaho Department of Water 
Resources on t h e  deeper  wells i n  TlS,R2W o r  3W, s o  t h e r e  i s  no 
l i t h o l o g i c  information a v a i l a b l e  f o r  t h i s  o r  nearby wel l s .  Th i s  
ho le  ( an  o l d ,  
temperature  a t  t h e  water t a b l e ,  a l though t h e  same average g r a d i e n t  
i s  found a t  a d i s t a n c e  of a few meters above and below t h e  water 
t a b l e  d i s tu rbance .  

i n  t h e  upper part of t h e  ho le  which decreases  

20" i r r i g a t i o n  w e l l )  a l s o  shows an  o f f s e t  of 

A few miles t o  t h e  n o r t h  along t h e  Snake River  t h e r e  a r e  
numerous o ld  a r t e s i a n  w e l l s  w i t h  only small flow. Reported 
depths  and temperatures  correspond t o  a geothermal g r a d i e n t  on 
t h e  o r d e r  of 6OF/lOO f e e t  t o  dep ths  of 1 , 0 0 0  - 1,300 f e e t .  
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Blackwell 1 9  

A t  l e a s t  one home uses  water  from an a r t e s i a n  we l l  a t  about 
120°F 
wells  appa ren t ly  are i n  t he  Poison Creek Formation, t h e  basal 
u n i t  of t h e  Idaho Group. 

Unlike most of t h e  remainder of t h e  a r e a ,  most w e l l s  i n  
t h e  v i c i n i t y  of Murphy a r e  no t  a r t e s i a n ,  and t h e  temperature- 
depth  l o g s  i n  f a c t  i n d i c a t e  t h a t  t h e  shallow a q u i f e r s  have h igher  
heads than  t h e  deep a q u i f e r s .  A s  i s  t h e  case f o r  t h e  L i t t l e  
Valley-Bruneau area, t h e  h igh  g r a d i e n t s  may be due e i t h e r  t o  
hea t  t r a n s p o r t  i n  t h e  ground-water system o r  t o  h i g h  i n t r i n s i c  
hea t  flow. The T-D curve f o r  wel l  15 sugges ts  t h e  water  t r ans -  
p o r t  hypothes is ,  but t h e  l a c k  of a r t e s i a n  p r e s s u r e  i n  t h e  a r e a  
sugges ts  t h a t  t h e  p re s su re  d i f f e r e n c e  d r i v i n g  any l a r g e - s c a l e  
ground-water c i r c u l a t i o n  must be lower than  t h a t  found t o  t h e  
northwest and sou theas t .  Because t h e  g r a d i e n t s  are  h ighe r  than 
i n  t h e  Oreana a r e a ,  f o r  example, even though evidence f o r  a 
l a rge - sca l e  i n t e g r a t e d  a q u i f e r  system i s  l e s s  c l e a r ,  t h e  r eg iona l  
wa te r - c i r cu la t ion  hypothesis  i s  not  as s t rong ly  suggested as  i n  
t h e  L i t t l e  Valley-Bruneau a r e a .  

i s  about 50% above t h e  r e g i o n a l  average and; taken a t  f a c e  
va lue ,  sugges ts  a nearby magmatic hea t  source.  That va lue  may 
not  have been co r rec t ed  f o r  topography and ,as  i t  i s  i n  a s t eep  

v a l l e y ,  t h e  va lue  could be h igh  by 1 0  - 3O$. For  a hea t  f l o w  
of 3.0 HFU, t h e  geothermal g r a d i e n t  observed i n  t h e  w e l l s  
c u t t i n g  t h e  Idaho Group would be i n  t h e  range of 5' t o  6'F/lOOft, 
which i s  t h e ' g r a d i e n t  found f o r  some of t h e  w e l l s ,  On t h e  o t h e r  
hand t h e  gradi ,ents  i n  wells number 7 and 1 6  would suggest hea t  
f low v a l u e s  of . 2 . 1  .- 2 . 3  HFU, similar t o  t h e  v a l u e s  observed 
n e a r  S i l v e r  C i t y  and south of Oreana. 

f o r  space hea t ing  ( i n  Sec t ion  7 ,  T l S ,  R2W). Most of t h e  

The hea t  f low observed i n  t h e  we l l  i n  g r a n i t e  i n  T3S,R3W 

Heat Flow. The hea t  f low va lues  have been mentioned above -- 
f o r  most a r e a s ,  but it i s  t h e  purpose of t h i s  s e c t i o n  t o  summarize 
t h e s e  r e s u l t s .  The hea t  f low va lues  a c t u a l l y  c a l c u l a t e d  f o r  
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i n d i v i d u a l  we l l s  a r e  shown i n  F igure  15. The thermal  conduc t iv i ty  
of t h e  Idaho Group sediments apparent ly  ranges from about 
3.6 mcal/cm sec°C. 
t h e  hea t  f low may r e s u l t  from l i t e r a l  i n t e r p r e t a t i o n  of t h e  heat  

f low data shown i n  Table 3 ,  because t h e  depth i n t e r v a l  of t h e  
geothermal g rad ien t  may not  be t h e  dep th  i n t e r v a l  from which t h e  
c u t t i n g s  sampled came. Therefore ,  based on t h e  gene ra l  geothermal. 
g rad ien t  r e s u l t s  (F igure  1 2 )  an e range of thermal  conduct iv i ty  
va lues ,  an  i n t e r p r e t a t i o n  of t h e  heat f low d-fstributXoE is ~ 

a l s o  shown i n  F igu re  15. 
Based on t h i s  i n t e r p r e t a t i o n ,  most p a r t s  of t h e  Oreana and 

a l l  p a r t s  of t h e  Grand V i e w  subareas  s tud ied  have hea t  f low 
va lues  n e a r  o r  only s l i g h t l y  h igher  (lO-l5$) than  t h e  r e g i o n a l  
norm. P a r t  of t h e  Murphy subarea a l s o  has normal hea t  flow. 
The no r the rn  p a r t  of t h e  Murphy a r e a ,  t h e  southwestern p a r t  of 
t h e  Oreana, and t h e  L i t t l e  V a l l e y  subareas  have hea t  flow 
50% t o  100% above t h e  r e g i o n a l  norm. 
above t h e  r e g i o n a l  norm is a l s o  found i n  basement rocks south- 
west of t h e  Murphy subarea. 
I recommend followup s t u d i e s  i n  t h e s e  t h r e e  areas i n  o rde r  t o  
b e t t e r  d e f i n e  t h e  anomaly a r e a s  and t o  determine t h e  cause of 
t h e  h igh  hea t  f low va lues .  A t e n t a t i v e  conclusion is t h a t  t h e  
high v a l u e s  of hea t  flow seem t o  l i e  along t h e  southern  h inge  

l i n e  of t h e  Snake River  P l a i n s  where t h e  s i l i c i c  vohcanics a r e  
down f a u l t e d  o r  sharp ly  warped from n e a r  t h e  s u r f a c e  t o  
2 ,000  - 3,000 f e e t  

2.6 - 
A s  discussed  above, an inaccura t e  p i c t u r e  of 

A heat  f low va lue  much 

On t h e  basis of t h e  hea t  f low data, 

below t h e  s u r f a c e  ( see  F igures  4, 8 and 11). 
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Figure  15. I n t e r p r e t i v e  map of shal low (< 1 , 0 0 0  f e e t )  
The va lues  from Table and Table heat  flow. 3 

f o r  i n d i v i d u a l  w e l l s  a r e  shown as small numerals.  
Values thought t o  be c h a r a c t e r i s t i c  of larger  
areas a r e  shown i n  l a r g e  numerals. The dashed 
l i n e s  s e p a r a t e  a r e a s  w i t h  approximately t h e  
r e g i o n a l  average heat f l o w  f r o n  a r e a s  w i t h  
h igher  than normal hea t  flow. 
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General. The l o c a t i o n  and geothermal g rad ien t  va lues  a r e  
summarized f o r  t h e  whole a r e a  ‘ n  F igure  12 and t h e  hea t  flow 
r e s u l t s  are summarized i n  Figure 15. A contour  has been drawn 
on t h e  map i n  F igure  1 2  s epa ra t ing  t h e  areas of “normalf1 g rad ien t  
(about b°F/lOO f t ) ,  such as t h e  Oreana, Grand View and par t  of 
t h e  Murphy subareas ,  from t h e  areas w i t h  h i g h  geothermal g rad ien t  
(5OF/lOO f t  o r  g r e a t e r ) .  Also shown on Figure  1 2 ,  f o r  compari- 
son, i s  t h e  genera l ized  contac t  of t h e  s i l i c i c  vo lcan ic s  and t h e  

overlying rocks  (from Ralston and Chapman, 1969; and Young and 
Whitehead, 1975). A s  a g e n e r a l i z a t i o n ,  t h e  g rad ien t  and heat  
f l o w  tend t o  be h ighes t  i n  t h e  updip d i r e c t i o n  of t h e  sedimentary 
rocks.  The g r a d i e n t s  of 4°F/100 f t  r e f l e c t  areas of ffnormallf 
conductive hea t  loss f o r  t h e  a r e a ,  and as such e i t h e r  do not  have 
heat t r a n s p o r t  by through-flow of water ,  o r  a r e  i n  t h e  midrange 
of a r eg iona l  ground-water system. The high g r a d i e n t s  r e f l e c t  
above-average heat  loss e i t h e r  due t o  d ischarge  of t h e  r eg iona l  
a q u i f e r  sys tem o r  due t o  presence of a l o c a l  heat source,  o r  b o t h .  

Before cons ider ing  the  geothermal models i n  more d e t a i l ,  t h e  
heat flow r e s u l t s  w i l l  be compared t o  o t h e r  a v a i l a b l e  geo log ica l  
and geophysical  information. F igure  16 shows g r a v i t y  data i n  t h e  
Oreana-Bruneau a r e a  (Young and Whitehead, 1975); Figure  17 shows 
a contour  map of magnetic data (Young and Whitehead, 1975); 
Figure 18 shows a m a p  of t h e  AMT results (Hoover and Tippens,  

1975) and K G R A ’ s ;  and F igure  19 shows an  i n t e r p r e t i v e  map of t h e  
t op  of t h e  s i l i c i c  vo lcan ic s  based on we l l  l og  data summarized 
by Young and Whitehead- -(L9-75). 
Figure  1 2  is superimposed on a l l  of t h e s e  maps. 
i n  t h i s  s e c t i o n  of t h e  r e p o r t  i s  on r e g i o n a l  c o r r e l a t i o n s  between 
t h e  geothermal g rad ien t  and hea t  flow data and o t h e r  information 
of p o s s i b l e  geothermal s ign i f i cance .  These r eg iona l  c o r r e l a t i o n s  
may help i n t e r p r e t  t h e  geothermal regime i n  t h e  area and suggest 
areas of p a r t i c u l a r  i n t e r e s t  o r  where a d d i t i o n a l  information is 
needed. Detailed a n a l y s i s  of t h e  data i s  beyond t h e  scope of 

The g r a d i e n t  contour  from 
The emphasis 
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Contours of equal  simple Bouguer g r a v i t y  anomaly 
i n  p a r t  of n o r t h  c e n t r a l  Owyhee County, Idaho. 
Contours a r e  i n  mi l l iga ls  and t h e  data a r e  from 
Young and Whitehead (1975). A geothermal g r a d i e n t  
contour  i s  shovm superimposed on t h e  g r a v i t y  
anomaly contour  (dashed l i n e ) .  The gene ra l i zed  
4,000 f o o t  e l e v a t i o n  contour  i s  a l s o  shown 
(do t t ed  l i n e ) .  
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Figure  19 .  I n t e r p r e t i v e  ske tch  map of t h e  t o p  of t h e  s i l i c i c  
vo lcan ic s  based p r i m a r i l y  on wel l  logs t a b u l a t e d  
by Young and Whitehead (1975) .  The average 
e l e v a t i o n ,  r e l a t i v e  t o  sea  l e v e l ,  of t h e  s i l i c i c  
vo lcan ic s  wi th in  each block i s  shown. Areas of 
more r a p i d  change i n  e l eva t ion  a r e  shown as 
f a u l t s ,  w i t h  hachures on t h e  downthrown s i d e .  
The l o c a t i o n s  of we l l s  used a r e  shown by t h e  X . S .  

5s 
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t h i s  r e p o r t ,  al though such a n a l y s i s  is s t rong ly  recommended i f  

f u r t h e r  work i n  t h e  a r e a  is planned. 

we l l  log data of Young and Whitehead (.1975), but d i f f e r s  i n  t h e  
i n t e r p r e t a t i o n  of t h e  f a u l t i n g .  A s  poin ted  out i n  t h e  s e c t i o n  
on t h e  Grand View subarea,  t h e  i n t e r p r e t a t i o n  of Young and 
Whitehead (1975) is a maximum f a u l t  mode1,and some a r e a s  t h a t  
appear t o  have a uniform r e g i o n a l  d i p  t o  t h e  n o r t h  have been 
shown chopped up by f a u l t s .  The average depth t o  t h e  top of t h e  
s i l i c i c  vo lcan ic s  is shown f o r  each s t r u c t u r a l  block and f a u l t s  
a r e  shown only where l a r g e  changes a r e  noted i n  dep th  t o  t h e  top  
of t h e  u n i t .  Some of t h e s e  changes i n  e l e v a t i o n  might a l s o  r e f l e c t  
o r i g i n a l  topography o r  o r i g i n a l  d i p  i n s t e a d  of f a u l t i n g  and t h e  
map is i n t e r p r e t i v e  only.  

The AMT data have been i n t e r p r e t e d  t o  have major geothermal 
s i g n i f i c a n c e  and t h e  Cas t l e  Rock-Grand View KGFU is based in 
l a r g e  part on AMT data:,’ It is i n t e r e s t i n g  t h a t  t h e  a r e a  of low 
r e s i s t i v i t y  corresponds with t h e  a r e a  of normal hea t  flow where 
g r a d i e n t s  a r e  about 4’F/100 f t .  The lowest va lues  of r e s i s -  
t i v i t y  a r e  i n  t h e  Oreana subarea and t h e  northwestern p a r t  of 

The map of t h e  top  of t h e  s i l i c i c  vo lcan ic s  is based on t h e  

t h e  Grand View subarea,  Comparison of t h e  AMT r e s u l t s  w i t h  t h e  
map of t h e  t o p  of t h e  s i l i c i c  vo lcan ic s  shows t h a t  t h e  low r e s i s -  
t i v i t y  a r e a  i n  gene ra l  co inc ides  w i t h  t h e  a r e a  where the  t o p  o f  

t h e  s i l i c i c  vo lcan ic s  is 1 , 0 0 0  f e e t  o r  l e s s  above sea  l e v e l  and 
t h e  Idaho Group is t h i c k e r  t han  1,000 f e e t .  A s  poin ted  out  
(Hoover and Tippens, 1974, p. 9 2 ) ,  given t h e  low r e s i s t i v i t y  va lues  
found in t h e  c e n t e r  of the  anomaly, t h e  sounding depths  do not  
reach t h e  t o p  of t h e  s i l i c i c  vo lcan ic s ;  yet geothermal p o t e n t i a l  
is assoc ia t ed> ,wi th  t h e  s i l i c i c  vo lcan ic s  on the  basis of t h e  
r e s i s t i v i t y  data (p .  9 3 ) .  The s t r u c t u r a l  high on t h e  s i l i c i c  
vo lcan ic s  ( s e e  F igure  1 9 )  which is c o r r e l a t e d  w i t h  t h e  low 
r e s i s t i v i t y  is pene t r a t ed  by a we l l  i n  Sec t ion  Z5aa ,T5s9R2E.  
According t o  t h e  d r i l l e r s  l og  t h e  wel l  c u t  t h e  s i l i c i c  vo lcan ic s  
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a t  about 400 f e e t  above sea  l e v e l  a t  a depth  of 2 , 2 3 7  f e e t ,  
had a t o t a l  depth of 3 , 0 2 5  f e e t ,  w a s  cased t o  1 , 8 2 6  f e e t ,  and 
had a temperature  of 140°F. If t h e  water comes from t h e  t o p  of  

t h e  s i l i c i c  vo lcan ic s  t h e  ind ica t ed  geothermal g rad ien t  would be 
about 4°F/100 f e e t ,  t h e  average va lue  found f o r  t h e  g e n e r a l  a r e a .  
Thus, I be l i eve  t h a t  t h e  l o w  r e s i s t i v i t y  i s  r e l a t e d  t o  t h e  stratig- 
raphy of t h e  Idaho Group and has no geothermal s i g n i f i c a n c e .  The 
s t r u c t u r a l  information i n f e r r e d  from t h e  ANT data is u s e f u l ,  but 
t o  a t t a c h  geothermal s i g n i f i c a n c e  t o  t h e  r e s i s t i v i t y  data when 
d r i l l i n g  has pene t r a t ed  below t h e  depth of p e n e t r a t i o n  of t h e  
AMT survey seems tenuous a t  b e s t .  

The g r a v i t y  data appear t o  c o r r e l a t e  on a q u a l i t a t i v e  basis 
w i t h  t h e  th i ckness  of t h e  Idaho Group, p a r t i c u l a r l y  west of t h e  
township l i n e  common t o  R2E and R3E. The contours  of g r a v i t y  i n  
TJS, R3E p a r a l l e l  t h e  i n t e r p r e t e d  southern margin of t h e  s t r u c t u r a l  
h igh  on t h e  s i l i c i c  vo lcan ic s  and t h e  g r a q i t y  t rough ., southwest 
of t h e  Bruneau River corresponds t o  an apparent  graben o r  t rough 
i n  t h e  top  of t h e  s i l i c i c  vo lcan ic s  ( s e e  F igure  1 9 ) .  To t h e  
northwest ,  t h e  major g r a v i t y  t r e n d s  p a r a l l e l  t h e  main topographic 
break of t h e  Snake R i v e r ' P l a i n s  t h a t  extends MW-SE ac ross  t h e  
whole a r e a  (compare w i t h  t h e  r e g i o n a l  4 , 0 0 0  f o o t  e l eva t ion  
contour  shown i n  F igure  1 6 ) .  The magnetic data a l s o  c l e a r l y  
parallel t h i s  trend (F igure  1 7 )  and t h e  major anomaly must r e f l e c t  
a major  upper c r u s t a l  e f f e c t .  In  t h e  northwestern p o r t i o n  of t h e  
study a r e a  t h e  geo log ica l  and g r a v i t y  ::trends a r e  p a r a l l e l .  
I n  t h e  southwestern p o r t i o n  of t h e  map a r e a ,  however, they d i v e r g e ,  
w i t h  t h e  f a u l t s  and r h y o l i t e  outcrop p a t t e r n  t rending  east-west 
and t h e  g r a v i t y  t r e n d s  cont inuing  t h e  NW-SE t r e n d .  

The study a r e a  can be d iv ided  i n t o  t h r e e  p a r t s  on t h e  basis 
of geothermal g rad ien t :  (1) t h e  Grand View-Oreana a r e a  and p a r t  
of t h e  Murphy a r e a  ( t h e  no r theas t  p a r t  of T2S,R2W) w i t h  an 
average geothermal g r a d i e n t  of about LcoF/100 f t ;  ( 2 )  t h e  L i t t l e  
Valley subarea and t h a t  p a r t  of t h e  Murphy subarea w i t h  a g r a d i e n t  
of 5' t o  8'F/100 f t ;  and ( 3 )  t h e  a r e a  i n  t h e  southwest part 
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of T 5 S , R l E  south of Oreana where t h e r e  i s  evidence of very h igh  

geothermal g r a d i e n t s ,  a t  s h a l l o w  depths  a t  l e a s t .  

Grand View-preana-Murphy Area. - L i t t l e  i s  known about t h e  
deeper regime i n  t h e  a r e a  of normal g r a d i e n t  nea r  Murphy, but 
t h e r e  i s  ex tens ive  information on t h e  Grand View a r e a .  D r i l l i n g  
sugges ts  t h a t  t h e  geothermal g rad ien t  :Is about 4'F/100 f t  t o  
depths  of 3 , 0 0 0  f e e t  and poss ib ly  as deep as 1 1 , 0 0 0  f e e t .  
Assuming tha t  t h e  Anschutz wel l  d i d  not p e n e t r a t e  a long i n t e r v a l  
of g r a n i t i c  rock,  t h e  ind ica t ed  th i ckness  of Cenozoic volcanic  
and sedimentary rocks below t h e  t o p  of t h e  s i l i c i c  vo lcan ic s  
(about  2 ,500  - 3,000 f e e t  below t h e  s u r f a c e )  is 8,000 f e e t  
o r  more. The p o t e n t i a l  f o r  f l u i d  product ion of t h i s  s e c t i o n  i s  
not  known, but Owyhee B a s a l t ,  t h e  Columbia River equiva len t  i n  
t h i s  a r e a  and s t r a t i g r a p h i c a l l y  below t h e  s i l i c i c  vo lcan ic s  ( t h e  
topmost s i l i c i c  vo lcan ic s  a t  l e a s t ) ,  is a product ive  a q u i f e r  
where i t  has  been d r i l l e d  a t  sha l low dep ths  i n  Oregon and 
Washington, and o t h e r  a q u i f e r  zones m a y  be p r e s e n t  i n  t h e  
sequence. 

sequence below t h e  Banbury Basalt must depend on t h e  s t r a t i g r a p h y ,  
source a r e a s ,  and PreBanbury s t r u c t u r e  of t h e s e  o l d e r  u n i t s ,  which 
a r e  a t  p re sen t  unknown. I t  might be argued t h a t  t h e  Anschutz 
wel l  went i n t o  a volcanic  vent  a r e a ,  and thus  c u t  a much t h i c k e r  
sequence of T e r t i a r y  vo lcan ic  rocks than  would o t h e r  w e l l s  i n  
t h e  g e n e r a l  a r e a .  I n  1973 Standard O i l  Company d r i l l e d  a wel l  

( llHighland") near  Parma,-, Idaho, about 50 miles  northwest of t h e  
study a r e a .  The we l l  i s  on top  of one of t h e  p o s i t i v e  g r a v i t y  
anomalies c h a r a c t e r i s t i c  of t h e  Snake River  P l a i n .  The s t ra t i -  
graphic  s e c t i o n  of t h e  wel l  included sedimentary rocks between 
0 and 3,800 f e e t ,  t h e  Grassy Mountain Basalt ( 2 )  and o l d e r  
sedimentary rocks between 3,000 and 6 ,720  f e e t ,  t h e  Owyhee 
Basalt a t  6720 f e e t ,  followed by a sequence of s i l i c e o u s  
vo lcan ic s ,  l a c u s t r i a n  sediments and b a s a l t s ,  t o  a t o t a l  depth  
of almost 1 2 , 0 0 0  f e e t .  The G r a s s y  Mountain Basalt occupies  
t h e  same s t r a t i g r a p h i c  p o s i t i o n  as t h e  Banbury Basalt i n  t h e  

The th i ckness  of t h e  Cenozoic vo lcan ic  and sedimentary 
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study a r e a  and t h e r e  a r e  no s i l i c i c  vo:lcanics on top  of t h e  Owhyee 
Basalt i n  t h e  western Snake River Basin. Thus t h e  Standard wel l  
pene t r a t ed  over 5 ,000  f e e t  of vo lcan ic  and sedimentary rocks 
below t h e  Idaho Group rocks.  The wel l  had a repor ted  temperature 
of 400°F i n  t h e  Owyhee B a s a l t ,  which would correspond t o  an 
average geothermal g rad ien t  of about 5 O F / l O O  f e e t  . Theref o re  
n e i t h e r  t h e  th i ckness  of vo lcanic  and sedimentary rocks cu t  by 
t h e  Anschutz w e l l ,  nor  t h e  temperatures  encountered seem unusual 
f o r  t h e  Snake River P l a i n .  

Young and Whitehead (1975) have presented  geochemical 
ternperatures f o r  many of t h e  w e l l s  i n  t h e  Oreana-Bruneau a r e a .  
They f i n d  geochemical temperatures  f o r  waters  f rom t h e  s i l i c i c  
vo lcan ic s  of 220' - 300°F f o r  t h e  S i 0 2  geothermometer, 
140' - 400°F f o r  t h e  Na-K-Ca geothermometer, and 
f o r  t h e  mixing models, where c a l c u l a t e d .  They d i s c a r d  r e s u l t s  
from water coming from t h e  over ly ing  sedimentary rocks ,  because 
they th ink  t h a t  t h e  S i02  con ten t s  a r e  i n  equi l ibr ium w i t h  

amorphous s i l i c a  i n s t e a d  of q u a r t z .  The s i g n i f i c a n c e  of t h e  
h igh  temperatures  is d i f f i c u l t  t o  es t imate .  They have been 
a t t r i b u t e d  t o  mixing of h o t t e r  water from depth w i t h  t h e  shallower 
water i n  t h e  s i l i c i c  vo lcan ic s  and r e s u l t a n t  hea t ing  of t h e  
shal lower water .  However, t h e r e  may n o t  be as many f a u l t s  as 
proposed, the normal gradients do not suggest a significant 
mixing of shallow and deep water,  and t h e r e  a r e  few r e p o r t s  of 
abnormally hot water  (water  r equ i r ing  g r a d i e n t s  much above 
4'F/100 f e e t )  f o r  a given depth  i n  we l l s .  I t h i n k  tha t  t h e  
SiOz 
because of t h e i r  e q u i l i b r a t i o n  w i t h  glass i n  t h e  v o l c a n i c s ,  r a t h e r  
than w i t h  qua r t z .  
have mixed or been heated t o  temperatures  of t h i s  magnitude u n l e s s  
t h e r e  is a very high v e r t i c a l  pe rmeab i l i t y  and mixing i n  t h e  
s i l i c i c  vo lcan ic s  and lower u n i t s .  Such a v e r t i c a l  mixing might 

l e a d  t o  low convect ive g r a d i e n t s  r a t h e r  than t h e  conductive 
g r a d i e n t s  of 4'F/100 f e e t  observed above t h e  vo lcan ic s .  The 
repor ted  temperature  i n  t h e  Anschutz we l l  is c o n s i s t e n t  w i t h  t h e  

338' - 473OF 

con ten t s  may be high f o r  waters  i n  t h e  s i l i c i c  vo lcan ic s  

There i s  no obvious p l a c e  f o r  t h e  waters t o  
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p ro jec t ed  temperature based on conductive hea t  t z a n s f e r  and t h e  
thermal conduc t iv i ty  of t h e  u n i t s  invollved, however, and t h e r e  
is no evidence f o r  t h e  d ischarge  requi red  i f  r ap id  through f l o w  
occurs .  Therefore  t h e  geothermometers a r e  of l i t t l e  u se fu lness  
i n  t h i s  a r e a  and I f e e l  t h a t  t h e i r  r e s u l t s  must be t r e a t e d  
w i t h  c au t ion .  

geothermal g r a d i e n t  of about 4'F/100 f e e t  t o  a depth of 
3 ,000  f e e t  and, based on unconfirmed we l l  data, t o  11,OO f e e t .  
Thus temperatures  of 400°F should occur  at  about 8 ,000  f e e t  
i n  Cenozoic vo lcan ic s ,  whose r e s e r v o i r  c h a r a c t e r i s t i c s  a r e  not  
known, but which may be f avorab le  f o r  geothermal development. 
There i s  an e l e c t r i c a l  r e s i s t i v i t y  anomaly p resen t  i n  t h e  a r e a  

I n  summary, t h e  Oreana-Grand View a r e a s  have a demonstrated 

a t  depths  of  1 ,000  t o  3,000 f e e t ,  and c a l c u l a t e d  geochemical 
temperatures  a r e  q u i t e  high.  

been dec la red  a KGRA and t h u s  l e a s i n g  may be more expensive; 
t h e  geothermal g rad ien t  may be h igher  :in surrounding a r e a s ;  t h e r e  
is no evidence t h a t  t h e  th i ckness  of Cenozoic vo lcan ic s  and sedi-  
ments i s  much d i f f e r e n t  elsewhere; t h e  geothermal s i g n i f i c a n c e  of 
t he  e l e c t r i c a l  r e s i s t i v i t y  anomaly i s  not  obvious; and t h e  geo- 
chemical data do not  appear t o  be r e l i a b l e .  

On t h e  o t h e r  hand, t h e  a r e a  has 

L i t t l e  Valley-Murphy Areas. These a r e a s  a r e  summarized 
toge the r  because of t h e i r  similar geothermal g r a d i e n t s ,  a l though 
t h e  o r i g i n  of t h e  similar g r a d i e n t s  may be completely d i f f e r e n t .  
The g r a d i e n t s  i n  t h e s e  a r e a s  a r e  5' t o  7OF/lOO f e e t  o r  more. 
Much more o t h e r  geo log ica l  and geophysical  data a r e  a v a i l a b l e  
f o r  t h e  L i t t l e  Valley-Bruneau a r e a s  than  f o r  t h e  Murphy a r e a ,  
but t h e r e  i s  no simple c o r r e l a t i o n  of t h e  information w i t h  t h e  
geothermal g r a d i e n t s .  The th i ckness  of t h e  p o s t - s i l i c i c  
vo lcan ic  u n i t s  i s  l e s s  i n  thi)srareas  -<t 

a r e a  so t h e  th%nner  -I&hOL:G ;rocks.kW act  ; h e r e m s  an 
a q u i t a r d ,  thereby allowing some water ,  and h e a t ,  t o  d i scha rge  f rom 
t h e  deeper  a r t e s i a n  system i n  t h e  s i l i c i c  vo lcan ic  rocks.  Ralston 
and Chapman (1969) note  t h a t  t h e  water  piezometr ic  l e v e l s  a r e  
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lower i n  t h e  L i t t l e  Valley area than elsewhere,  suggest ing t h i s  

a r e a  as a p o s s i b l e  d ischarge  zone. The low r e s i s i s t i v i t y  zone 
extends i n t o  t h e  no r the rn  par t  of t h e  area,  where t h e  Idaho Group 
sediments are th i ckes t .  There i s  much more c h a r a c t e r  t o  t h e  
g r a v i t y  f i e l d  than  i n  t h e  Oreana-Grand V i e w  area, suggest ing 
more complicated subsurface cond i t ions ,  The geochemical temp- 
e r a t u r e s  are similar t o  those  i n  t h e  Greana-Grand V i e w  a r ea .  

If t h e  h igh  g r a d i e n t s  a r e  due t o  water flow, t h e  a.verage 
g r a d i e n t  t o  depths  of severa.1 thousand f e e t  s t i l l  should be about 
k°F/lOO f e e t  
t i v i t y  d i f f e r e n c e s  i n  t h e  sec t ions .  If  t h e  higher  g r a d i e n t s  are  
due t o  h igher  hea t  f low, temperatures  w i l l  be much h ighe r  a t  
equiva len t  depths  i n  t h e  a r e a  of h ighe r  g r a d i e n t .  For  example, 
a temperature  of 
5 ,000 t o  6 ,000  fee t  i f  t h e  g rad ien t  i s  about 6OF/lOO f e e t ,  
as opposed t o  a depth of about 8 ,000  f e e t  i n  t h e  Oreana-Grand 
V i e w  a r e a s .  On t h e  o t h e r  hand, t h e  deeper temperatures  and 
s t r u c t u r e  are unknown i n  t h e  L i t t l e  Valley a r e a ,  whereas i n  t h e  
Grand View a r e a  t h e r e  i s  some information a v a i l a b l e .  

o r  h ighe r ,  a l lowing of course f o r  thermal conduc- 

400°F would be reached a t  a depth  of about 

There i s  much l e s s  information a v a i l a b l e  f o r  t h e  Murphy 
subarea.  The shallow g rad ien t  i s  about; t h e  same as i n  t h e  L i t t l e  
Valley a r e a ,  but t h e r e  i s  some evidence t h a t  t h e  g r a d i e n t  may 
dec rease  wi th  depth .  A ve ry  f a v o r a b l e  p i e c e  of d a t a  i s  t h e  meas- 

urement of h ighe r  than r e g i o n a l  heat flow i n  t h e  basement rocks 
n e a r  PIurphy. This%d&e j u s t i f i e s  more cons ide ra t ion  of t h e  
Murphy area, i n  my opinion. 

Upper C a s t l e  Creek Area. The h ighes t  g r a d i e n t s  were found -- 
i n  t h e  southwestern p a r t  of TSS,RlE, along t h e  upper p a r t  of 
Castle Creek. Hot sp r ings  are r epor t ed  t o  have occurred i n  t h i s  

a r e a  i n  t h e  past .  This  area i s  t h e  only one found t h a t  has 

evidence f o r  upward flow of water a long  faults: t h e r e f o r e ,  t h i s  

a r e a  may o f f e r  t h e  l o c a t i o n  where t h e  deeper temperature regime 
might be t e s t e d  i n  we l l s  1 , 0 0 0  t o  3,000 f e e t  deep. On t h e  
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o t h e r  hand, t h e  most l i k e l y  r e s u l t  i s  t h a t  temperatures  of 
140' t o  180°F w i l l  be encountered a t  shallow depths  and t h a t  
t h e  temperatures  w i l l  be i so thermal  o r  even become lower f o r  
some d e p t h  below t h e  shallow h igh  temperatures .  

The hot s p r i n g s  along t h e  Bruneau River southeas t  of 
Bruneau occupy a similar geologic  s e t t i n g  t o  t h e  upper C a s t l e  
Creek a r e a .  Thus it  may be t h a t  t h e  h igher  g r a d i e n t s  found near  
t h e  southern l imi t s  of t h e  Oreana a r e a  (where t h e  s i l i c i c  
vo lcan ic s  a r e  f a u l t e d  a g a i n s t  Idaho Group sediments)  may be 

much more common and exp lo ra t ion  along t h e  f a u l t s  o f t e n  marking 
t h e  c o n t a c t  of t h e  s i l i c i c  vo lcan ic s  and t h e  younger sediments 
(F igure  8 and F igure  1 2 )  might d i scove r  many o t h e r  geothermal 
systems. 

Geothermal Plodel of t h e  Snake River P l a i n .  I n  s p i t e  of t h e  -- -- 
abundant geothermal man i fe s t a t ions  and young volcanism cha rac t e r -  
i s t i c  of t h e  Snake River P l a i n ,  no r a t i o n a l e  f o r  geothermal ex- 
p l o r a t i o n  has y e t  been proved. All t h e  data suggest  a deep bas in  
(10,000 f e e t  o r  more) of porous and permeable rocks ,  w i t h  

average geothermal g r a d i e n t s  of 4°F/100 f e e t  o r  higher .  Thus, 
a t  t h e  very  l e a s t ,  abundant very hot water  must be a v a i l a b l e  a t  
depths  of s e v e r a l  thousand f e e t .  The basin i s  a t  l e a s t  p a r t i a l l y  
fault-bounded and i t s  i n t e r n a l  s t r u c t u r e  may be very  complicated.  
Therefore ,  t h e r e  must be s t r u c t u r a l  cond i t ions  t h a t  a l low shallow 
c i r c u l a t i o n  and t r app ing  of t h e  deep hot  water and t h e r e  may be 
shallow geothermal systems over  s t i l l - c o o l i n g  magma bodies asso-  
c i a t e d  d i r e c t l y  o r  i n d i r e c t l y  w i t h  t h e  abundant young volcanism, 
a l though no such s y s t e m s  have y e t  been recognized. 

I n  some r e s p e c t s  t he  geothermal c h a r a c t e r i s t i c s  of t h e  
Snake River  P l a i n  may be similar t o  t h e  Imper ia l  V a l l e y .  There,  
i n  a deep sedimentary bas in ,  t h e  most a t t r a c t i v e  p rospec t s  are  
a r e a s  of shallow p e n e t r a t i o n  of t h e  deeper  f l u i d s .  The traps 
a r e  c l ay  caps  on o r  n e a r  a c t i v e  f a u l t  zones which appa ren t ly  
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act  as t h e  zones of upward migrat ion.  I n  t h e  Snake River  P l a i n ,  
t h e  average hea t  flow and geothermal g rad ien t  i s  as h i g h  as o r  
h igher  than  i n  t h e  Imperial  Val ley and porous and permeable 
vo lcan ic  u n i t s  are  i n t e r c o l a t e d  w i t h  t h e  sedimentary rocks.  The 
only well-documented t r a p  similar t o  t h e  shallow anomalies i n  
t h e  Imper ia l  Va l l ey ,  however, i s  t h e  Cow Hollow anomaly n e a r  
Vale,  Oregon (Bowen and Blackwell ,  1975), where g r a d i e n t s  of 
10' t o  13°P/100 f e e t  occur a long  a northwest- t rending f a u l t  
zone. Upward motion and entrapment of h o t  f l u i d s  do not  seem 
t o  be common i n  t h e  a r e a s  descr ibed  here ,  a l though upper C a s t l e  
Creek and t h e  Bruneau Hot Springs a r e a s  may r ep resen t  such 
f e a t u r e s .  

Other t han  along n a t u r a l  pluming s y s t e m s ,  such as major 
f a u l t  zones,  t h e  obvious p l a c e s  f o r  exp lo ra t ion  i n  t h e  Snake 
River P l a i n s  are n e a r  c e n t e r s  of i n t r u s i v e  a c t i v i t y ,  p a r t i c u -  
l a r l y  i f  such c e n t e r s  are  l e s s  t han  a few m i l l i o n  yea r s  o ld .  
The basalt c e n t e r s  may not  be too  a t t r a c t i v e  because of t h e  
sma l l e r  amount of i n t r u s i v e  a c t i v i t y  as opposed t o  e x t r u s i v e  
a c t i v i t y ,  a l though c e n t e r s  of repea ted  volcanism might be 

promising. There i s  no evidence of any anomaly a s s o c i a t e d  w i t h  

t h e  c e n t e r s  of Bruneau Basalt a long t h e  Snake River  i n  t h e  study 
a r e a ,  a l though t h e  r e s u l t s  a r e  c e r t a i n l y  not d e f i n i t i v e .  The 
c e n t e r s  of the s i l i c i c  vo lcan ic s  exposed in t h e  s t u d y  area are 
not known, and t h e  dated rocks  a r e  f a i r l y  o l d ,  but so l i t t l e  
i s  r e a l l y  known about t h e s e  rocks t h a t  t h e i r  geothermal s i g n i f i -  
cance cannot be dismissed without more p o s i t i v e  information.  
The h igh  heat  f low i n  t h e  basement rocks  south  of t h e  a r e a  and 
t h e  abundant thermal  man i fe s t a t ions  a r e  evidence f o r  p o s s i b l e  
geothermal concen t r a t ions  in t h e  s i l i c i c  vo lcan ic s .  
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Based on t h e  geothermal g r a d i e n t  data summarized here and 
t h e  c o r r e l a t i o n s  w i t h  t h e  o t h e r  geophysical  data, t h e  fol lowing 
s t u d i e s  a r e  recomnended: 

(1) Addi t iona l  logging of shallow h o l e s  and c o l l e c t i o n  of 
a r t e s i a n  w e l l  temperatures  i n  t h e  Bruneau a r e a  and Murphy a r e a ,  
where t ime d i d  not  permit  measurement of a l l  a v a i l a b l e  holes .  

( 2 )  Q u a n t i t a t i v e  i n t e r p r e t a t i o n  of t h e  geophysical  data 
( g r a v i t y  and magnetic r e s u l t s  p a r t i c u l a r l y ) ,  i n  combination 
w i t h  t h e  g e o l o g i c a l  and geothermal r e s u l t s ,  t o  l o c a t e  s t r u c t u r e s  
of p o s s i b l e  geothermal s i g n i f i c a n c e ,  such as  deep f a u l t  zones. 

( 3 )  Geological  s t u d i e s  of t h e  s i l i c i c  v o l c a n i c s ,  inc luding  
age d a t i n g ,  i n  an e f f o r t  t o  determine th i ckness  and t o  n o t e  
c e n t e r s  of e rup t ion .  

( 4 )  Geothermal g rad ien t  and hea t  f l o w  s t u d i e s  i n  t h e  
s i l i c i c  vo lcan ic  outcrop and n e a r  i t s  f a u l t  con tac t  w i t h  Idaho 
Group sediments ,  beginning i n  t h e  Bruneau, Murphy and upper 
Castle Creek a r e a s .  

( 5 )  Micro-earthquake s t u d i e s  t o  l o c a t e  p o s s i b l e  zones of 
a c t i v e  f a u l t i n g ,  as l i k e l y  p a t h s  f o r  subsurface f l u i d  migrat ion.  

( 6 )  De ta i l ed  l o c a l  exp lo ra t ion  i n  anomalous a r e a s  l o c a t e d ,  
and i n  upper C a s t l e  Creek area. 
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