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INTRODUCTICN - -- -- - . - . - 

The s tudy  area i s  l o c a t e d  a t  t h e  western boundary o f  a  l a r g e ,  a rcua te  

topographic  low, s t r e t c h i n g  across t h e  w i d t h  o f  southern Idaho, known as t h e  Snake 

R i ve r  P l a i n  (F i gu re  I ) .  L i m i t s  o f  t h e  s tudy  area were a r b i t r a r i l y  s e t  a t  t h e  

boundaries o f  a v a i l  ab l e  U  .S. Geolog ica l  Survey (USGS) topograph ic  maps a t  1  a t i  - 
t i d e s  44°15t00" on t h e  n o r t h  and 43'52 t30"  on t h e  south and a t  l o n g i t u d e  

117°30'00'' on t h e  west and a t  t h e  Oregon-Idaho border  on t h e  eas t .  Th i s  s tudy,  

performed under U.S. Department o f  Energy (USDOE) Con t rac t  No. DE FC07-79E727220, 

was undertaken t o  es t ima te  t h e  geothermal p o t e n t i a l  o f  t h e  area us i ng  va r i ous  

methods i n c l u d i n g  compi 1  a t i o n  o f  e x i s t i n g  data,  photo-1 ineament ana l ys i s ,  we1 1  

and s p r i n g  geochemistry., and acc rua l  o f  geothermal -grad ient  data.  

2  2  Geograph ica l l y ,  t h e  s t udy  area i s  comprised o f  a  1622 km (625 mi  ) area o f  

low, grass- and sagebrush-covered r o l l i n g  h i l l s  c u t  i n  an east-west and n o r t h -  

south f ash i on  by canyons o f  t h e  Flalheur R i v e r  and Wi l low and B u l l y  

Creeks, r e s p e c t i v e l y ,  The eas te rn  boundary area i s  r e l a t i v e l y  f l a t ,  comprised 

ma in l y  o f  t h e  Snake R i v e r  f l o o d  p l a i n .  The ma jo r  popu la t i on  cen te rs  a re  t h e  

c i t i e s  o f  On ta r i o  (pop. 8,950) a t  t h e  eas te rn  edge o f  t h e  s tudy  area, Vale 

(pop. 1,900) i n  t h e  sou th -cen t ra l  p o r t i o n ,  and a  number o f  smal l  fa rm ing  and 

s e r v i c e - r e l a t e d  communities a long ma jo r  highways throughout  t h e  area. 



F igu re  1: Map showing l o c a t i o n  o f  s tudy  area. 



GEOLOGY 

I 'ntroduction 

The geo log ic  map ( P l a t e s  I and 11) of t h i s  a r e a  i s  a g e n e r a l i z a t i o n  based 

on a compila t ion of a number of o l d e r  g radua te  t h e s e s  maps ( C a r l a t ,  1954; Cal k i n s ,  

1954; Needen, 1963; Kit t leman,  1 9 6 2 ) ,  s e v e r a l  reconna issance  s t u d i e s  (Corcoran 

and o t h e r s ,  1962; Newton and Corcoran, 1963; Brooks and o t h e r s ,  1976; and Walker, 

1 9 7 7 ) ,  and s e v e r a l  geophysical  s t u d i e s  [ L i  11 i e ,  1977; B o l e r ,  1979; Couch and 

Baker,  1977; Couch, 1977; and Couch, 1978) .  Cross - sec t ions  a r e  based on t h e  corn- 

p i l e d  map and o i l ,  g a s ,  and geothermal well  logs  a v a i l a b l e  through DOGAMI, In 

compiling t h e  map, a number o f  d i f f i c u l t i e s  a r o s e  concerning s t r a t i g r a p h y  and 

a b s o l u t e  ages .  Most prohlems were r e s o l v e d  by d i spens ing  with  t h e  use o f  forma- 

t i o n a l  names and using g e n e r i c  names only.  Absolute ages f o r  rocks i n  t h e  s tudy  

a r e a ,  however, a r e  n o n e x i s t e n t  i n  t h e  p u b l i c  domain and a r e  t h e r e f o r e  n o t  a v a i l -  

a b l e  t o  r e s o l v e  a number o f  s t r a t i g r a p h i c  problems. 

S t r a t i g r a p h y  

The geology of t h e  a r e a  i s  c h a r a c t e r i z e d  by P l iocene  l a c u s t r i n e  and f l u v i -  

a t i l e  sediments  wi th  i n t e r c a l a t e d  t h i n  f lows of o l i v i n e  f l o o d - b a s a l t  downwarped 

toward t h e  e a s t  o f f  a c o r e  o f  o l d e r  T e r t i a r y  and P r e - T e r t i a r y  rocks t o  t h e  nor th  

and west .  These Pl iocene u n i t s  (map u n i t s  T p s t ,  T p b ,  ~ ~ o b )  have been grouped 

i n t o  one l a r g e  u n i t  known a s  t h e  Idaho Group (Corcoran and o t h e r s ,  1962) .  Th is  

u n i t  has been mapped e a s t  a c r o s s  Idaho i n t o  sou thern  Montana, and has  been 

mapped and c o r r e l a t e d  west  i n t o  t h e  Harney Basin and beyond (Walker,  1977) .  

Ui th in  t h e  s t u d y  a r e a ,  i t  is t h e  dominant s u r f a c e  u n i t .  

Underlying t h e  Idaho Group is  a u n i t  o f  Miocene f l o o d  b a s a l t s  wi th  minor 

t u f f s  and sed iments  (uni't f i b ] .  This  u n i t  has been mapped nor th  i n t o  t h e  Colum- 



bia River Basalt Group and south into  the Steens Mountains Basalt ,  h o t h  of which 

are considered time-stratigraphic equivalents. This un i t ,  which according to o i l  

and gas d r i l l i ng  records has been downwarped several thousands of f e e t  t o  the 

ea s t ,  i s  local ly  termed the Owyhee Basalt. Age of t h i s  uni t  in the study area 

i s  not known; however, K/Ar dates taken from rocks found to  the south indicate 

an age of approximately 13.4 to  13.6 m.y. f o r  same flows. 

Overlying and intruding the Owyhee Basalts and Idaho Group are a number of 

rhyol i t e s ,  hasal t s ,  dikes,  and mafic vents. The age and detailed s t ra t igraphic  

relationships of these units are not c lear ly  known. However, t he i r  d is t r ibut ion 

suggest a relationship wi ' th  the s t ructures  of the underlying uni ts ,  

Structural  geology 

The s t ructures  of the study area are poorly known. Several geophysical 

studies (Bowen and Blackwell , 1975 ; Li 11 i e ,  1977 ; Couch and Baker, 1977, e t c ,  ) 

have been made i n  an attempt t o  delineate the s t ructural  geology of the area 

using gravity and magnetics; however, very l i t t l e  has ever been mapped a t  the 

surface t o  corroborate, The s t ructures  t ha t  have been mapped are the Bully 

Creek Fault (Pla te  I )  and the small folds and f au l t s  immediately to  the eas t  

and south. Also mapped have been several small f au l t s  in the north-central 

portion of the map (Plate 11) and a broad, south-plunging antic1 ine northwest 

of Ontario. The remaining f au l t s  shown on the geologic map have been inferred 

from geophysical studies o r  from aer ia l  -photo interpreta t ion.  

The general s t ructural  trend of the area (both mapped and inferred)  i s  

northwest-southeast with the regional dip down toward the e a s t ,  Faulting appears 

to be normal in re la t ive  o f f s e t ,  however Lawrence (1976) in te rpre t s  the Willow 

Creek Fault as. a r ight- la tera l  termination f au l t  of the Basin-Range Province. 



F a u l t i n g  has  formed a number o f  graben and h o r s t  s t r u c t u r e s  which have 

subsequent ly ,  i n  some i n s t a n c e s ,  been g e n t l y  f o l d e d  i n t o  broad,  plunging a n t i -  

c l  i nes and sync1 i nes , 

The geothermal system p r e s e n t  i n  t h e  a r e a  i s  undoubtedly f a u l  t - c o n t r o l  l e d .  

The r e a d e r  is  d i r e c t e d  t o  a number o f  p u b l i c a t i o n s  which d i s c u s s  t h e  r e l a t i o n -  

s h i p  of geophys ics ,  s t r u c t u r e s ,  and t h e  geothermal system. These p u b l i c a t i o n s  

a r e :  Bowen and Blackwell ,  1975; L i l l i e ,  1977; Couch and Baker,  1977; Couch, 

1974; Couch, 1978; Couch and o t h e r s ,  1975; L i l l i e  and o t h e r s ,  1975; and L i l l i e  

and Couch, 1979. 



GEOPHYSICS 

A number of geophysical s tudies  have been made of the Uestern Snake River 

Plain (see previous section on Structural  Geology), Three of these s tudies  

are  presented, a t  l e a s t  in par t ,  fo r  evaluation i n  t h i s  study, They are:  

(1 )  a 1 :62,500 aeromagnetic study performed by the  Oregon S ta te  University 

Geophysics Group (Boler, 1970; Couch, 1978) presented as Plate IV; ( 2 )  a 

1;250,000 complete Bouguer gravi'ty study a lso performed by the Oregon S ta te  

University Geophysics Group ( L i  11 i e  , 1977; Couch and Baker, 1977) which i s  coupled 

with a photo-1 inean~ent study on Plate 111, and ( 3 )  an audio-magnetotelluric 

apparent r e s i s t i v i t y  study performed by Long, Hoover, and Bramsoe, 1975, of the 

USGS, presented as Figures 2 ,  3 and 4.  

Detailed interpreta t ion of the gravity and aeromagnetic s tudies  have been 

carried out in the aforementioned texts  and the reader i s  directed t o  them for  

complete analysis.  No additional in terpreta t ion of the data i s  attempted fo r  

t h i s  study. 

The audio-magnetotelluric apparent r e s i s t i v i t y  study performed by Long and 

others (1975) delineates an area of low r e s i s t i v i t y  (high conductivity) in the 

area surrounding the c i t y  of Vale. This anomaly, however, show considerable 

dis tor t ion over the frequency spectrum, ult imately s p l i t t i n g  in to  two r e s i s t i v -  

i ty 1 om in the lower frequencies (i  . e .  , deeper probing) a1 igned along a north- 

west- s t r i k ing  ax i s ,  This northwest-stri king s t ructure  i s  interpreted as being 

the extension of the Willow Creek Fault proposed by Bowen and Blackwell (1975), 

and other authors, The r e l a t i ve  d i s to r t ion  of closed anomalies between east -  

west and north-south t e l l u r i c  l ines  of s imilar  frequencies i s  interpreted to  be 

probably a function of the northwest s t r i k e  of the Willow Creek Fault versus the 





Figure 3: 



Figure 4: 



s t r i k e  o f  t h e  t e l l  u r i c  1  i nes .  Eowen and B l a c k w e l l  ' s  Flalheur R i v e r  F a u l t ,  wh ich 

has been i n t e r p r e t e d  t o  i n t e r s e c t  t h e  Wi l l ow  Creek F a u l t  a t  Va le  h o t  s p r i n g s ,  

may a l s o  be adding t o  t h e  observed d i s t o r t i o n s .  

D e t a i l e d  i n t e r p r e t a t i o n  o f  any o f  t h e  a forement ioned geophys ica l  s t u d i e s  

cannot be made w i t h o u t  a  h i g h  degree o f  conf idence i n  a  p h y s i c a l  g e o l o g i c a l  

model. Therefore,  a l l  geophys ica l  l y - b i a s e d  model1 i n g  shou ld  be c o n s t r a i n e d  by 

d e t a i l e d  g e o l o g i c  mapping o f  t h e  s t u d y  area.  



WATER CHEMISTRY 

During the period of t h i s  reconnaissance study, seventeen springs and 

wells were sampled and the i r  waters analyzed. This brings to  twenty-six the 

number of analyses available for  evaluation i n  th i s  report (Table 1 ) .  These 

analyses were then used to  calculate minimum reservoir temperatures (Table 2 )  

using standard formulae for  geothermometry. The methods used in these analyses, 

together with references, are included as Appendix A .  O u r  reconnaissance of 

the area indicates a large number of thermal anomalies; however, many of these 

wells and springs were not sampled, due to  time constraints.  

Sampling temperatures ranged from near boiling for Vale and Neal Hot Springs 

down to  13 .8 '~  for  a cold spring near the southern end of the project area. The 

natural water of the area i s  a neutral to  rather basic water of a mixed-ion 

type with a total  dissolved solid content of less than 1000 mg/l. S i l i ca  and 

sodium are the major cations with sulfa te  and bicarbonate being the major anions. 

This re la t ively "clean" water i s  typical of eastern Oregon systems and shows 

characterist ics of Basin-Range deep circulation f l  uid-dominated systems, though 

a magmatic component to  the water cannot be ruled out from our analysis. Detailed 

analyses of hot and cold systems of the area,  including gas and isotopic analyses, 

must be made before interpretations re1 ating to  provenance, recharge, and c i r -  

culation patterns can be made. 



Table 1. Spr ing  and we1 1 chemis t ry  o f  Vale and western Snake R i ve r  P la in- -Cont inued.  
A l l  measurements a re  i n  mg/l , except  f o r  pH o r  as i n d i c a t e d .  n t  = n o t  tes ted ;  
t r =  t race .  

Loca t i on  

Date sampled 

Temp. (O C) 

P H 
Conductance 
vmhos/cm 

A1 k a l  i n i  t y  
Xh as mg/l HC03 

Xc as mg/l CaC03 

Hardness 
as mg/l CaC03 

To ta l  d i  sso l  ved 
so l  i d s  

S i  O2 

N a 

K 

Ca 

M g 

C1 

As 

B 

L i  

F 

Fe ( t o t a l )  

A 1 

HC03 

P04 

S04 

Nor th  
Harper 

BLM We1 1 

19S/45E/ 
90Db 

6/76 

36 

8.0 

71 4 

157, 

n t 

476 

40 

1 34 

2.2 

30 

0.5 

4.3 

0.05 

0.26 

0.21 

1.61 

0.05 

0.05 

n t 

0.13 

121 

0.14 

0.25 

BLM Vines 
H i l l  Well 

19S/43E/ 
22Dd 

6/80 

2 9 

8.3 

76 3 

281, 

4 

467 

46.0 

167 

8.1 

2.2 

0.4 

11.2 

0.082 

0.798 

0.13 

3.1 

<0.05 

<o. 1 

n t 

0.074 

83.3 

0.32 

0.88 

Baschur 
Glel 1 

19S/43E/ 
30Bb 

6/80 

69 

8.5 

724 

1 Oac 

8 

5 39 

58.6 

140 

3.1 

3.7 

<O. 05 

74.0 

0.007 

4.573 

0.11 

7.0 

<O. 05 

10.1 

n t 

0.008 

100 

<o. 02 

1.72 

Harper 
blarm 

Spr ings 

19S/42E/ 
20Ab 

6/80 

28 

7.5 

644 

260 

194 

553 

70.2 

55.8 

15.0 

46 

19.8 

33.0 

0.065 

1 .331 

10.1 

0.4 

0.56 

0.16 

n t 

0.024 

34.2 

0.02 

0.14 

Deer 
Bu t t e  

Hot Spr ing  

21 S/45E/ 
14Dd 

6/80 

7 9 

9.0 

51 0 

72 

9 

438 

102.8 

97.3 

3.1 

3.7 

0.2 

22.4 

0.013 

0.541 

<o. 1 

14.7 

1.87 

4.0 

n t 

0.008 

95.8 

0.19 

0.32 

Luce 
Hot Spr ings 

24S/37E/20 

172 

63 

7.43 

1330 

n t 

n t 

n t 

110 

240 

9.7 

34 

0.5 

140 

0.04 

6.6 

0.27 

4.8 

<0.02 

n t 

160 

0.21 

290 

n t 

0.514 



Table 1. Sp r i ng  and w e l l  chemis t ry  o f  Vale and western Snake R i v e r  P la in- -Cont inued.  
A l l  measurements a re  i n  mg/l , except  f o r  pH o r  as i n d i c a t e d .  n t  = n o t  t es ted ;  
tr = t race .  

M i  t c h e l l  M i  t c h e l l  K e i t h  Kei t h  
B u t t e  B u t t e  Cameron Cameron 

Hot  Spr ing  Hot  Sp r i ng  A r t e s i a n  Well A r t e s i a n  \de l l  

Loca t i on  21S/45E/ 21S/45E/ 21 S/46E/ 21S/46E/ 
12Aa 12Aa 33Da 33Da 

Date sampled 172 6/80 3/77 6/ 80 

Temp. (O C) 6 2 48 4 6 4 4 

PH 8.69 9.2 9.5 9.4 

Conductance 559 720 670 578 
umhos/cm 

A1 k a l i n i t y  n t 
Xh as mg/l HC03 70c 77c 80c 

Xc as mg/l CaC03 

Hardness n t 13 n t 
as mg/l CaC03 

To ta l  d i s so l ved  
so l  i d s  

S i O2 

N a 

K 

Ca 

M g  
C 1 

As 

B 

L i 

F 

Fe ( t o t a l )  

A 1 

HCG3 

P04 



Table 1. Spr ing and we1 1 chemist ry  o f  Vale and western Snake R i ve r  Plain--Continued. 
A l l  measurements are i n  mg/l , except f o r  pH o r  as i nd i ca ted .  n t  = n o t  tested;  
tr = t race .  

Loca t ion  

Date sampled 

Temp. (O C) 

P H 
Conductance 
~mhos/cm 

A1 ka l  i n i  t y  
Xh as mg/l HC03 

X c  as mg/l CaC03 

Hardness 
as mg/l CaC03 

Tota l  d i sso l ved  
so l  i d s  

As 

B 

L i 

F 

Fe ( t o t a l )  

A 1 

HC03 

P04 

Ceci 1 
McCormi ck 

We1 1 

21 S/46E/ 
34Bc 

6/80 

36 

6.7 

61 0 

75c 

4 

42 1 

40.4 

122 

0.8 

1.9 

<O. 05 

12.3 

0.01 4 

0.265 

<0.1 

2.6 

<O.  05 

0.15 

n t 

0.005 

167 

<0.02 

0.94 

Vale Hot 
Springs 

18S/45E/ 
20Dc 

/ 74 

73 

7.47 

1530 

1 43h 

n t 

n t 

130 

31 0 

16 

19 

0.8 

360 

n t 

9.4 

0.28 

6.1 

<o. 02 

0.017 

n t 

n t 

100 

n t 

1 .o 

Vale Hot 
Springs 

18S/45E/ 
20Dc 

8/ 74 

9 0 

8.3 

1400 

196, 

117.8 

882 

82 

190 

13.2 

31.2 

7.4 

153.1 

<O .005 

n t 

n t 

2.8 

<O. 05 

<o. 01 

n t 

0.88 

71.1 

0.77 

0.64 

Vale Hot  
Springs 

18S/45E/ 
20Dc 

6/ 80 

85 

7.2 

1400 

135, 

80 

850 

74.4 

2 32 

12.4 

25.6 

3.8 

270 

0.034 

7.33 

0.22 

4.3 

0.88 

1.85 

n t 

0.119 

101 

0.58 

0.86 

Neal Hot  
Springs 

18S/43E/ 
9Ba 

/ 72 

8 7 

7.32 

101 0 

n t 

n t 

n t 

1 80 

190 

16 

8.8 

0.2 

120 

0.02 

4.1 

0.3 

9.4 

<o. 02 

0.008 

198 

0.21 

120 

n t 

1 .o 

Neal Hot 
Springs 

18S/43E/ 
9Ba 

6/80 

88 

7.8 

1000 

173, 

22 

756 

129.2 

186 

15.3 

8.9 

0.2 

11 8 

0.049 

4.4 

0.26 

9.2 

~ 0 . 0 5  

<0.1 

n t 

0.016 

102 

0.04 

0.85 



Table 1 .  Spr ing  and wel l  chemis t ry  of Vale and wes te rn  Snake River  Pla in--Cont inued.  
All  measurements a r e  i n  mg/l, e x c e p t  f o r  pH o r  a s  i n d i c a t e d .  n t  = n o t  t e s t e d ;  
t r  = t r a c e .  

Bul ly  Creek Bul ly  Creek Sni ve ly  Sni ve ly  
Warm Spr ing  Warm Spr ing  Hot Spr ings  Hot Spr ings  

Locat ion 18S/43E/ 18S/43E/ 21S/45E/ 21 S/45E/ 
4Da 4Da 22Bd 22Bd 

Date sampled 6/77 6/80 6/80 6/80 

Temp. (O C) 3 7 3 3 57 57 

Conductance 11 5 400 500 n t 
vmhos/cm 

A1 kal i ni  t y  37c 184, 69c n t X h  a s  mg/l HC03 

Xc a s  mg/l CaC03 

Hardness 
a s  mg/l CaC03 

Total  d i s s o l v e d  
s o l  i d s  

As 

B 

L i 

F 

Fe ( t o t a l )  

A1 

HC03 



Table 1. Sp r i ng  and w e l l  chemis t ry  o f  Vale and western Snake R i v e r  P la in- -Cont inued.  
A l l  measurements a re  i n  mg/l ,  excep t  f o r  pH o r  as i n d i c a t e d .  n t  = n o t  t es ted ;  
tr = t r a c e .  

Brown ' s 
Hot  Water 

Seeps 
Brown ' s  
Warm We1 1 

Brown ' s  
Cold Spr inc ;  

Loca t i on  

Date sampled 

Temp. (O C) 

Conductance 
umhos/cm 

A1 k a l i n i  ty 
X,, as mg/l HC03 

Xc as mg/l CaC03 

Hardness 
as mg/l CaC03 

To ta l  d i s s o l v e d  
s o l  i d s  

Fe ( t o t a l )  

A 1  

HC03 

P04 



Table 1 .  Spr ing  and well chemistry of Vale and western Snake River Plain--Continued. 
A1 1 measurements a r e  i n  mg/l , excep t  f o r  pH o r  a s  i n d i c a t e d .  n t  = no t  t e s t e d ;  
t r  = t r a c e .  

A1 k a l i  F l a t  F a r r e l l  
G eothermal Jack Roberts Peterson 

We1 1 We1 1 Ar t e s i an  Well 

Location 

Date .sampl ed 5/ 75 3/77 3/77 

Temp. ( O  C )  2 4 17 13  

Conductance 2400 
umhos/cm 

A1 kal i ni t y  11 5, 337c 660, 
X h  a s  mg/l HC03 

Xc a s  mg/l CaC03 

Hardness 42.5 40.5 4 4 
a s  mg/l CaC03 

Total di s so l  ved 
so l  i d s  

S i02  

Na 

K 

Ca 

Mg 
C 1 

As 

B 

Fe ( t o t a l )  

A 1 

HC03 

P04 



Table 2. Geothermetri c calculat ions* of minimum reservoir  temperatures f o r  
se lec ted thermal waters of  Vale and western Snake River Plain 

North Harper BLF? Vines Baschun Harper Warm Deer Butte 
BLM Well '76 Hill Well '80 Well '80 Spring '80 Hot Spring '80 

Flow r a t e  
1 i ters/mi n .  

Measured 
temperature 
0 

C 

Na: K 
0 C 

Na: K :  Ca 
Mg corrected 
0 

C 

Si O2 

conducti ve 
0 

C 

Si02 

adiabat ic  
0 C 

Si02 

chal cedony 

O c  

Si O2 

opal 

O c  

*Methodology fo r  ca lcula t ions  presented in  Appendix A .  nc = not ca lcula ted .  



Table 2. Geothermetri c calculations* of minimum reservoir temperatures for  
selected thermal waters of Vale and western Snake River Plain--Continued. 

Mi tchel 1 
Butte Hot 
Spri n a  ' 72 

Mi tchell 
Butte Hot 
Spring ' 80 

Keith Cameron 
Artesian 
Well '77 

Kei t h  Cameron 
Artesian 
!dell '80 

Luce Hot 
Springs ' 72 

Flow rate  
1 i ters/mi n .  

Measured 
temperature 

O c 

Na: K 

O c  

Na: K: Ca 
4/3 P 

O c 

Na: K: Ca 
Mg corrected 

O c 

Si02 

conducti ve 

O c  

Si O2 

adiabatic 
0 

C 

Si02 

chalcedony 
0 C 

Si02 

opal 
0 C 

*Methodology for  calculations presented in Appendix A .  nc = not calculated. 



Tab1 e 2. Geothermetri c calculations* of minimum reservoir temperatures for 
selected thermal waters of  Vale and western Snake River Plai n--Conti nued. 

Ceci 1 
McCormick Vale Hot Vale Hot Vale Hot Neal Hot 
Well '80 Springs '74 Springs '74 Springs '80 Springs '72 

Flow ra te  nc n c nc n c 90 
1 i ters/mi n .  

Measured 36 7 3 9 0 8 5 8 7 
temperature 

O c  

Na: K 

O c  

Na: K: Ca 
1/3 B 
0 C 

Na : K: Ca n c 
Mg corrected 

O c 

Si02 

conducti ve 

O c 

adiabatic 
0 C 

chalcedony 

opal 

O c  

*Methodology for calculations presented in Appendix A .  nc = not calculated. 

- 20 - 



Table 2. Geothermetric ca l cu l a t i ons*  of  minimum r e s e r v o i r  temperatures  f o r  
s e l e c t e d  thermal waters  of Vale and western Snake River Plain--Continued. 

Neal Hot Bully Creek Bully Creek Snively Hot 
Springs ' 80 Warm Spring ' 77 Warm Spring ' 80  Springs '80 

Flow r a t e  9 0  7  6  
1 i  t e r s lmi  n .  

Measured 88  3  7  
temperature 

O c 

Na: K 162 266 

O c 

Na: K: Ca 148 nc 
4 /3  B 
0 C 

Na: K: Ca n  c 54 
Mg co r r ec t ed  

O c  

Si O2 152 137 126 118 

conducti ve 

O c 

Si02 145 132 124 11 7  

a d i a b a t i c  

O c  

chalcedony 

O c 

Si O2 30 16 7  0.26 

opal 

O c 

*Methodology f o r  c a l c u l a t i o n s  presented i n  Appendix A .  nc = not  c a l c u l a t e d .  



Table 2. Geothermetr i  c c a l c u l a t i o n s *  o f  minimum r e s e r v o i r  temperatures f o r  
se l ec ted  thermal waters  o f  Vale and western Snake R i ve r  P l  a i  n--Cont i  nued. 

F a r r e l l  
A l k a l i  F l a t  Jack Peterson Brown ' s Brown's Brown ' s 
Geothermal Roberts A r t e s i a n  Hot  Water Warm Cold 
Well '75 Well '77 Well ' 77  Seeps '80  Well ' 80  Sp r i ng  '80 

Flow r a t e  nc n c nc n c n c nc 
1 i t e r s l m i  n. 

Measured 2 4 17 13 52.2 62.2 13.8 
temperature 

O c  

Na: K 6 8 198 168 9 5 91 7 7 

O c 

Na: K:Ca 108 199 186 128 107 99 
113 B 
O c 

Na: K: Ca 109 147 160 114 55 5 4 
413 B 

O c 

Na:K:Ca n c 1 38 43 nc nc nc 
Mg co r rec ted  

O c  

S i02 82 119 127 144 136 103 

conduc t i ve  

O c  

S i02 85 11 7 124 139 132 

a d i a b a t i c  

O c 

S i02  51 9 0 9 9 118 109 

chalcedony 

O c 

S i02 -31 1 8 2 3 16 

opal  

O c 

*Methodology f o r  c a l c u l a t i o n s  presented i n  Appendix A. nc = n o t  ca l cu l a t ed .  



GEOTHERMAL-GRAD1 ENT AND HEAT- FLON DATA* 

The temperature g r a d i e n t  and hea t - f l ow  r e s u l t s  f o r  t h e  Western Snake 

R i ve r  Bas in  area a re  shown i n  Table 3. I nc l uded  i n  t h e  t a b l e  a re  t he  township/ 

range-sec t ion  and l a t i t u d e  and l o n g i t u d e  l o c a t i o n  o f  each ho l e .  I n  addi  t i o n ,  

t he  h o l e  name, da te  o f  l o g g i n g  used and c o l l a r  e l e v a t i o n  a re  i n c l u d e d  f o r  each 

ho le .  As ove r l ays  on P l a t e  I and 11, t he  bot tom h o l e  temperature, maximum depth, 

c o r r e c t e d  temperature g rad i en t ,  and (where a v a i l  ab l e )  c o r r e c t e d  h e a t  f l o w  a re  

shown. These values a r e  a l s o  l i s t e d  i n  t h e  t a b l e ,  as a r e  t h e  depth i n t e r v a l  and 

average thermal c o n d u c t i v i t y  used f o r  c a l c u l a t i o n  o f  t h e  g r a d i e n t  and hea t  f l ow .  

2 
The va1 ues a re  g i ven  i n  S I  u n i t s .  To t r ans fo rm  u n i t s ,  1  x  ca l /cm sec (HFU) = 

41.84 m ~ m - ~ ,  1  x  cal /cm secOc (TCU) = 0.4184 Wrn-'~-'. A lso  1°c/km = 1  m~rn- l  

= 18.2O~/100 ft. The temperature-depth measurements themsel ves f o r  each h o l e  a re  

p resen ted  i n  Appendix B. Cor rec ted  g r a d i e n t  and c o r r e c t e d  h e a t  f l o w  a re  values 

f o r  which t h e  topographic  e f f e c t s  have been removed. These a r e  n o t  s i g n i f i c a n t  

f o r  most o f  t h e  s i t e s  s t ud i ed .  

The ho les  a re  ranked i n  terms o f  t h e  q u a l i t y  of  t h e  g r a d i e n t  o r  hea t - f l ow  

i n f o rma t i on ,  f rom h i g h  qual  i t y  ( A ) ,  t o  good qual  i ty ( 8 )  , t o  marg ina l  qual i t y  (C) , 

t o  data w i t h  some problems ( D ) ,  t o  data f o r  which no u s e f u l  temperature g r a d i e n t  

o r  hea t  f l o w  can be es t imated  ( X ) .  Most o f  t h e  thermal c o n d u c t i v i t y  measurements 

were made on c u t t i n g  samples , a1 though some measurements o f  thermal c o n d u c t i v i t y  

on samples o f  t h e  Idaho Group s i l t s t o n e s  were made w i t h  a  needle-probe technique.  

The ho les  were d r i l l e d  f o r  a  v a r i e t y  o f  purposes i n c l u d i n g  water ,  uranium exp lo r -  

a t i o n  and geothermal e x p l o r a t i o n .  

The Western Snake R i v e r  Bas in  has been t h e  s i t e  o f  ex tens i ve  h igh- temperature 

geothermal resource e x p l o r a t i o n .  I n  t h e  e x p l o r a t i o n  so f a r ,  sha l l ow  and i n t e r -  

mediate depth ho les  (up t o  2,000 f t )  have been d r i l l e d  and no geothermal d i s cove r i es  

"Dr. DBvid B lackwe l l ,  Southern Me thod i s t  U n i v e r s i t y  



Table 3. Geothermal -g r ad i en t  d a t a ,  western Snake River Basin a r e a ,  Oregon. 

B o t t o m  D e p t h  U n c o r r .  C o r r .  C o r r .  
T w n / R n g -  N L a t .  W L o n g  H o l e  # C o l l a r  T e m p .  , Interval  A v g .  TC # G r a d i e n t  G r a d i e n t  H F  Q 
Sect ion  D e g . M i n .  D e g  . M i n .  D a t e  E l e v .  ( " c )  (m)  h ' m - l ~ - '  T C  OC/km OC/km m ~ m - '  HF 

44-11.50 117-26.10 JRRM 
101 2/72 

I 
16S/43E- 44-10.64 117-25.79 JRNR 758 28.15 25.0 38.6 38.6 C 

p ISDR 10/ 5/72 105.0 7.0 

16Sf43E- 44-10.44 117-23.20 URLE 768 24.96 50.0 51.5 51.5 C 
13nD 10/ 4/72 130.0 5.0 

130.0 ( 1.171 94.7 94.7 114 B 
170.0 2.7 

17S145E- 44- 6.84 117-11.24 BLNSW 774 24.64 10.0 
3DD 9 9/75 35.0 



Tab le  3. Geothermal-gradicl.it d a t a ,  weztern SnaKe River Basin a r e a ,  Oregon--Conti nved. 

B o t t o m  D e p t h  U n c o r r .  C o r r .  C o r r .  

T w n / R n g -  N L a t .  W L o n g  H o l e  # C o l l a r  T e m p .  ;,Interval A v g .  TC # G r a d i e n t  G r a d i e n t  H F  Q 
S e c t i o n  D e g - M i n .  D e g - M i n .  D a t e  E l e v .  ( " c )  (m)  hTm-lK-l TC OC/km OC/km m ~ m -  ' HF 

17S/45E- 44- 6.48 117-14.98 VN-75-2 721 18.17 30.0 1.26 C183.0) (183.0) 233 C 
8QA 6/ 4/75 60.0 

44- 3.21 117-23.08 JQBLM 
18/14/72 

44- 2.15 116-58.52 JOHRNSON 
6/27/80 

44- 1.50 116-58.20 ONTCTYPK 
8/19/77 

43-59.78 117-17.33 HIRTT 
7/ 2/80 



T a b l e  3. G e o t h e r m a l - g r a d i e n t  d a t a ,  w e s t e r n  Snake R i v e r  B a s i n  a rea ,  Oregon--Cont inued.  

Bottom Depth Uncorr. Cor r .  Corr.  
Twn/Rng- N Lat .  W Long Hole # C o l l a r  Temp. - , Interval  Avg. TC # Gradien t  Gradien t  HF 

wm-lK-' 
Q 

Sec t ion  ~eg .Min .  Deg-Min. Date Elev. ( "c)  (m) TC OC/km OC/km m ~ m -  ' HF 

18Sy45E- 43-59.10 117-14.55 GRIGGS 683 26.54 10.0 (1.17) 135.7 135.6 159 G 
20CC 6/25/80 100.5 3.0 

18946E- 43-59.08 117- 6.18 LEE 692 17.79 
21CC 7/ 8/77 

18S/45E- 43-57.87 117-13.87 COLERICK 698 29.18 
32QB 81 1/80 

1W46E- 43-56.83 117- 6.93 WINEBRGR 808 29.26 15.0 ( 1.171 96.6 96.5 114 C 
5BD 7/ 3/80 90.0 3.0 

90.0 34.0 34.0 X 
260.0 2.6 

10.0 (1.171 60.0 60.0 70 C 
269.5 



Table 3. Geothermal -g r ad i en t  d a t a ,  western Snake River Basin a r e a ,  Oregon--Conti nued. 

B o t t o m  D e p t h  U n c o r r .  C o r r .  C o r r .  
T w n / R n g -  N L a t .  W  L o n g  H o l e  # C o l l a r  T e m p .  , - , Interval  A v g .  T C  # G r a d i e n t  G r a d i e n t  HF  

wm- lK- 1 
Q 

Sec t i on  ~ e g . M i n .  D e g - M i n .  D a t e  E l e v .  ( " c )  (m)  T C  OC/km 'C/km m ~ m - '  HF 

43-55.08 117- 7.95 SWW 
6/ 18/76 

43-54.78 117- 4.21 NC-WW 
10/27/76 

19S146E- 43-54.62 117- 2.23 CO-WW 707 
IXD 111 4/76 

19SY44E- 43-54.12 117-18.33 SQP 3 713 
22DQ 7/ 2/80 

lSM4E- 43-54.03 117-19.17 SFlP 2 716 
Em 7/  2/88 



T a b l e  3. G e o t h e r m a l - . g r a c i i e n t  c i a t a ,  w e s t e r n  S ~ a k e  T:i vcr b a s i n  a r e a ,  U r e g o n - - f : o n t i n u e a .  

B o t t o m  D e p t h  U n c o r r .  C o r r .  C o r r .  

T w n / R n g -  N Lat. W L o n g  H o l e  # C o l l a r  Temp. , ,Interval A v g .  TC # G r a d i e n t  G r a d i e n t  H F  Q 
Sec t ion  D e g - M i n .  D e g . M i n .  Date E l e v .  ( " C )  (m)  wm-'K-' TC OC/km OC/km m ~ m - '  HF 

43-53.69 117- 9.64 RDH-F 813 29.08 30.0 1.26 
7/24/72 70.0 .02 

43-53.97 117-11.67 GULF 843 27.24 30.0 1.30 
7/24/72 115.0 .05 

43-53.44 117-10.70 GULF 822 34.69 30.0 1 1.266) 
7/25/72 175.0 



of h i q h  temperatures has been announced. E x p l o r a t i o n  has focused on t h r e e  

areas. One o f  these i s  a  ma jo r  zone o f  h i g h  h e a t  f l o w  and geothermal g r a d i e n t  

ex tend ing  sou theas t  f rom t h e  Vale Hot  Spr ings  f o r  a  d i s t ance  o f  a t  l e a s t  10 km. 

The ex tens i on  o f  the  Vale Ho t  Sp r i ng  anomaly was i n i t i a l l y  d i s cove red  d u r i n g  an 

e a r l i e r  phase o f  t h e  Oregon geothermal program (Bowen and B lackwe l l ,  1975), and 

t h e  da ta  f rom these e a r l i e r  s t u d i e s  have been p r e v i o u s l y  p u b l i s h e d  (Bowen e t  a l . ,  

1976; B l ackwe l l  -- e t  a l . ,  1978).  We have con t i nued  d a t a - c o l l e c t i o n  i n  t h i s  area 

and have added severa l  ho l es  t o  t h e  da ta - se t  p r e v i o u s l y  pub l i shed .  

E x p l o r a t i o n  o f  a d d i t i o n a l  h igh - tempera tu re  s i t e s  has been focused i n  

T  17S/ R 44E i n  t h e  v i c i n i t y  o f  W i l l ow  Creek and i n  T  17S/ R 43E i n  t he  v i c i n i t y  

o f  B u l l y  Creek. Only sparse da ta  f o r  these areas a re  shown i n  t h e  t a b l e  and map 

because most o f  t h e  data a r e  p r o p r i e t a r y .  

A deep e x p l o r a t i o n  h o l e  was d r i l l e d  i n  t h e  town o f  O n t a r i o  a t  t h e  eas te rn  

marg in  o f  t h e  area.  Th is  h o l e  went t o  a  depth o f  ove r  3000 m. The temperatures 

were h i g h  ( i n  excess o f  175 '~ )  i n  t h e  ho le ,  b u t  no f l u i d  c o u l d  be produced f rom 

below 2000 m. We measured a  temperature o f  91 . ~ O C  a t  a  depth o f  1  km i n  t h i s  

h o l e  a f t e r  e q u i l  i b r i  um. 

The geothermal g r a d i e n t  i s  h i g h  o v e r  t h e  whole area. The minimum g r a d i e n t  

i s  on t h e  o r d e r  o f  6ooc/km and t h e  average i s  75 t o  90°c/km. Hence, medium- 

temperature resources a re  l i k e l y  t o  occu r  anywhere i n  t h e  a rea  a t  a  depth between 

1  and 1.5 km. I n  t he  areas o f  sha l l ow  anomalies, temperatures s u i t a b l e  f o r  l ow 

temperature use may occur  a t  depths as shal  l ow as 300 t o  500 m. The anomal i e s  

themselves seem t o  be assoc i a t ed  w i t h  f a u l t s  which a l l o w  leakage o f  warmer wa te r  

from porous u n i t s  a t  depth t o  near  t h e  su r face .  The u n i t s  which tend  t o  c a r r y  

f l u i d  a re  t h e  basal  t s  and in te rbedded  coarse g ra i ned  c l a s t i c  r ocks .  Aquic ludes 

a re  g e n e r a l l y  t h e  s i l  t s t ones  o f  t h e  Idaho group. 



COPlCLUS IONS AND RECOPlMENDATIOMS 

With i t s  high population densi'ty and large agricultural  industry the 

Western Snake River Plain i s  one of the most important moderate-temperature 

geothermal resource areas in Oregon. And,  with the poss ib i l i ty  of a high 

temperature component (over 1 5 0 ~ ~ 1 ,  it may prove to  have e lec t r i ca l  generation 

potent ia l .  A t  present the ra te  of geothermal ac t iv i ty  in the area i s  high with 

a deep (3 km) hole jus t  completed by Ore-Ida, Inc. in the Ontario area ,  con- 

siderable indus.try d r i l l  ing ac t iv i ty  i n  the Vale - Bully Creek area ,  and a 

number of large-scale direct-use projects (a1 chohol plants ,  mushroom nurseries,  

greenhouses, e t c . )  scheduled to  come on l i ne  in the immediate future.  

The ra te  of a c t i v i t y  i s  high; however, in attempts to  locate a resource fo r  

u t i l i z a t i on ,  f a i l u r e  i s  more common than success, and with the high expense of 

d r i l l i ng  $15-30/ft.,  f a i l u r e s  can be very cost ly .  The reason fo r  most exploration 

fa i lu res  i s  poor understanding of the physical nature of the resource system. 

Nith t h i s  in mind, the following steps are recommended to  ra i se  the level of 

geologic confidence t o  an acceptable 1 eve1 : 

1. Detailed ( sca le  1 :24,000 for  greater)  geologic and photo-geologic 

mapping of the Western S ~ a k e  River Plain making use of BLM o r  industry- 

generated low level aer ia l  photography -- t o  define the dis t r ibut ion 

and ages of rock and volcanic centers and t o  ident i fy  s t ructures  which 

control the geothermal systems, 

2. Refining exis t ing complete Bouguer gravity data t o  a more detailed 

scale  (1 :62,500), and production of a residual anomaly gravity map t o  



be t te r  define the physical geologic model and i t s  re la t ion t o  the 

geothermal system. 

3 .  An extensive spring and well sampling program, including isotopic  

analys is  -- t o  define individual reservoirs and systems and t o  ac- 

curately predict  subsurface conditions. 

4. A program of a t  l e a s t  twenty 500-ft. gradient/strat igraphy holes,  

ten in the Ontario area and ten in the Vale a rea ,  followed by a 

program of a t  l e a s t  ten 2,000-ft. gradient holes -- t o  model heat 

flow and d i rec t ly  t e s t  geothermal aquif iers .  
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APPENDIX A 

Formulas used i n  c a l  c u l  a ti ons 

Na: K ( rev i sed )  : 121 7 
t OC = l o g  (Na/K) + 1.483 

- 273.15 (Fourn ie r ,  1979) 

1647 - 273.15 (Fourn ie r  and Truesdel l ,  1973) Y 

t OC = 2.24 + F ( T  

where F (T)  = l o g  (NaIK) + [ B l o g  (+6/~a) 1, 
B = 113 i f  t >  1 0 0 ~ ~ ~  and 413 i f  t < 1 0 0 ~ ~ ,  

t O c  = c a l  c u l  a t ed  r e s e r v o i r  temperature, 

and concent ra t ions  a re  expressed i n  m o l a l i t y .  

Magnesium c o r r e c t i o n  r a t i o :  

(m i l  1 i e q u i v a l e n t s  Mg) 
R = ( m i l l  i equ i va len t s  Mg) + ( m i l l i e q u i v a l e n t s  Ca) + ( m i l l  i equ i va len t s  K) X 100 

I f  R <5 o r  >50, no c a l c u l a t i o n  was made. For R between 5-50, 

b t  = 10.66-(4.7415) (R) t L(325.87) ( l o g  R ) ~ ]  - [ ( I  .032 X l o 5 )  ( l o g  R ) ~ / T ]  - 
Mg 2 2 3 2 

[ ( I  .968 X l o 7 )  ( l o g  R) /T ] + [ ( I  .605 X l o 7 )  ( l o g  R) /T 1, 
where R = magnesium c o r r e c t i o n  r a t i o  expressed i n  equ iva len ts ,  

~t = the  temperature c o r r e c t i o n  t h a t  i s  sub t rac ted  from 
Mg 

the  Na: K: Ca 113 8 c a l c u l a t e d  temperature, 

T = Na:K:Ca 113 B ca l cu la ted  temperature i n  OK. 

O r  b t  can be obta ined by us ing  t he  graph compiled by Fourn ie r  and P o t t e r  (1979). 
Mg 

Si02 temperature c a l c u l a t i o n s  (Fourn ie r  and Rowe, 1966) : 

Si02 (conduct ive) ,  

S i02 (ad iaba t i c ) ,  

S i02 (chalcedony), 

S i02 (opa l ) ,  

1309 
tOc  = 5.19 t l o g  (S i02)  - 273.15 

1522 
tOc  = 5.75 + l o g  (S i02)  - 273.15 

1032 
tOc  = 4.69 + l o g  (SiOq) - 273.15 

- 

731 
tOc  = 4.52 t l o g  (Si02)  - 273.15, 

where Si02 i s  expressed i n  mg/l . 
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LBCATleN: V A + r  BREGBN 
He&€ NUMBER: 1 6 * Q 3 S 1 0  
DATE MEASURED: 1 0 / 2 / 7 2  

DEPTH 
METERS 

TEMPERATURE 
DEG C DEG F 

GEBTHERMAL GRADIEUT 
DEQ C ~ K M  P E E ~ / D E G  - F 



LBCATIBN: VALt- BREGBh 
HeLE N U ~ B E R :  16-43~13 
DATE MEASURED1 1 3 / 4 / 7 2  

db% 4 

DEPTH DEPTH TEMPERATURE 
METERS FEET DEG C DEG F 

GEBTHERMAL G R A D I E V T  
DEQ C i K M  F E E I l D E G  F 



L 0 C A T I 0 N :  V A L L -  0REGON 
HOLE NUMBERI 1 6 * 4 3 S 1 5  

-u& 4 
DATE MEASUREDt 13/5/72 

DEPT H DEPTH TEMPERATURE GEBTHERMAL G R A D I E Y T  
M E T E R S  FEET DEG C DEG F DEG C/KM FEETtDES F 



l.8CAT ION:  VAL;. BREG3N - Uh=L- hrdA 
HBLE NUMBER: 16 -43823  
DATE MEASUREDI 1 0 / 1 / 7 2  

DEPf H 
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TEMPERATURE 
DEG C -0EG F 

GEOTHERMAL G R A D I E V T  
DEG C/#M FEEI /DEG F 
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- w& U-dJ 

DATE MEASURED! 1 3 / 1 4 / 7 2  

DEPTH DEPTH TEMPERATURE GEBTHERHAL GRADIENT 
METERS FEET DEG c DEG F DEG c 7 ~ n  FEETIDEG - F 



LBCATION: V A L & .  
HOLE NUMBER: 1 7 - 4 4  
DATE MEASURED1 

DEPTH 
METERS 

DEPTH 
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TEHPERATURE 
DEG C DEG F 

GEBTHERMAL GRADIENT 
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LBCATIBN: v h , i #  9REG9h 
M8LE NUHBER: 17-43$9 
DATE MEASURED: 13/2/72 

DEPTH 
METEHS 

DEPTH 
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TEMPERATURE 
DEG C DEG F 

GEBTHERMAL G R A D I E h T  
DEG C/KM F E E ~ / D E G  F 
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T E M P E R O T U R E ,  D C G  C 



LOCFlT I ON 8 80 1% RIIS s OkhbUN 
10S/45E--29U~l 

HOLE NAilE: URLE C H I  
DQTE MEkjURED I 7/29/06 

DEPTH DEPTH TEI'1PEKRTUkE 
METERS FEET DiiG C DE-G F DEG C/KPI DEE F/100 FT 

GEOTHEKliclL CiIiflD I EN'T 



T E M P E R R T U R E .  D E G  C 



DEPTH 
METERS 
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DEPTH Tbl?PkKCITlIRr: GEOTCiEkl llr)L GEHD I ElVT 
FEET DEG C DEG F DEG C/KI-I DElj F/ldO F'T 
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DEPTH TEPiPERdI'LJi<E 
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DEPTY 
METERS 

LOCRTION, BOISE NMSs OREGON 
135/44E-22DR 

HOLE PJFIME: 5QP 3 
PQTE PlERrJURED: 7/ 2/80 

DEPTH TEMPERQTURE GEOTWERMQL GEFID I EP4T 
FEET DEG C DEG F DEG C/KM DEG F A 9 0  FT 





DEPTtl 
METERS 

LCICRI I CIN r BU ISE RrlSr OREGON 
19944E-22CQ 

HOLE NRIIE: 
DQTE MERSURED: 7/ 2 4 3 0  

SRP 2 

DEPTH TFIIPERRTURE 
FEET DEG C 

GEOTHERMFIL GRQD T EPIT 
DEE C/KM DEG F/190 FT 





DEPTH 
METERS 

L O U \  T I UN I10 I SE QMS OREGON 
195/41E-21DD 

HOLE NRME 8 SRP 1 . 
DATE MERSUEED; - 77 2/88 

DEPTH TEFlPERFITURE 
FEET DEG C DEG F 

GEQTHERRGL EFFlDIENT 
DEE CfKN DEG F/1@0 FT 





LOCRT I 014 : PI3 I SE Of12 r OREGON 
l1>7/4GE- aDD 

HOLE NMIE : W I NEBPGR 
DR'I E MEKJJCED r 7 /  3/R@ 

DEI'TY DE7TH TEI lPERHTI_IS:E GFOTHEWlRL GEPD T FNT 
IlI<TEFS E EET PEG C IIEG F PEG C/KM DEG FilC'q FT 

L 3 5 .  0 
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c j r  - J. 0 

3.C0.0 
lC5.9 
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METERS 

LOCGI'I I ON DO I SE FlMS v OREGON 
1 9 9 4 6 E -  5BD 
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FEET DEG C DEG F 
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DEG C/EM DEB F/1OQ FT 
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LBCATIBN:  VALL BREGBN 
fl0I.t: NUMBER: 17-44SW 11 
DATE MEASUREDt 10/6/72 

DEPTH 
METERS 

DEPTH 
FEET 

TEMPERATURE 
DEG C DEG F 





LOCAT I B N :  VALE8 - ,<EGBN 
HBLE NUMBER: 18-44S21 
DATE MEASURED8 10/11/72 

DEPTH DEPTH 
r METERS FEET 

TEMPERATURE 
DEG C DEG F 

GEOTHERMAL GRADIENT 
DEO C ~ K M  FEEI /DEG F 





3EPTH DEPTH TEYPEHATJRE G E ~ T H E R M A L  GHACIELT 
YETERS FEET 2EG C 3ES F 3EG C / K M  F E E T I ~ E J  F 





LOCAT Ii??d: V A L L D  B R k G 3 b  
HBLE NuKSER: 13-45S22 
3ATE YLASURLD: 7 / 2 4 / 7 2  

3 t P T h  DEPTH TEYPERATURE 
YETENS FEET >ErJ C DES F 



-_*_. -- 
.o GRAD I ENT , D E ~  ~ / K M  
r 3oD 



LfjcAT I= ' ,  : VA.  . r  Y HEL3h; 
Y ~ L L  h ~ - a t R :  13-45523 
3ATt K L A S J R E ~ :  7 /24 /72  
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L e C A T  19%: VAL . BREG9h 
YOLE N ~ Y B L R :  2 1 - 4 3 S 3 6  
DATE M L A S U R E C :  7 / 2 7 / 7 2  

D E P T H  
F E E T  

TEYPEHATUHE 
ZEG C DEG F 



DATE MEASURED: 7 /26/72 

DEPTH T L ~ ~ P E R A T U H L  
FEET CE5 C DE"J F 





DEPT9 
METERS 

LOCRTIONt BOISE RMSs OREGON 
21S/46E-lSCF( 

HOLE NRMEI ADRIRN 1 
DRTE MEASURED! 7,' 2/80 

DEPTH TEMPERRTIJRE 
FEET 

GEQTHERMRL GIclRDIENT 
DEG C DEG F DEG C/KM DEG F/100  FT 





DEPTH 
METERS 

LOCQTIONI BOISE QM5, OREGON 
21S/46E-l5I)FI - 
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FEET DEG C DEG F DEG C/KM DEE F/ld0 FT 
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DEPTrl 
METERS 
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22S/46E-l2DD 

HOLE NQME I GEERTSON 
DOTE MERSURED: 7/29/80 

DEPTH TEMPERRTCJRE GEOTHERMRL GRRDIENT 
FEET DEG C DEG F DEG C/KM DEG F/100 FT 



DEPTH 
METERS 

LOCQTIDNI BOISE QMSI OREGON 
22S/46E-l2DD 

HOLE NQME: GEEKTSON 
DHTE MERSUREDr 7/29/B0 

DEPTH TEllPERRTURE 
FEET DEG C DEG F 

PRGE 2 

GEOTHERMRL GWDIENT 
DEG C/KM DEG FJI.00 FT 



T E M P E R R T U R E .  DEG C 



LBCAT 18N: V A L E 8  Y.lEGON 
HBCE NUMBER: 18-41S35 
DATE MEASURED1 10/12/72 

DEPTH DEPT H 
Y E T  EHS FEET 

TEMPERATURE 
DEG C DEG F 

GEB~HERMAC GRADIENT 
DEG C/KM FEEI/DEG F 



L B C A T I B N :  ~ R E w S ~ Y I B R E G ~ N  
MI,.€ NUMBER: 2 1 - 3 5 1 1 A  
D A T E  MEASURED8 9 / 1 1 / 7 3  

i)EPTH DEPTH 
M E T E R S  FEET 

TEMPERATURE 
DEG C DEG F 

GEBTHERMAL GRADIENT  
DEG C / K M  FEET/DEG F 



L B c A T  i r j k :  V A L  . r  8@EG3N C k - R o w  4 - L  
Y B L t  YUuBER: 23-44S5 
3ATE M E A S U R E D :  8DSMI 

' I  w km u c d ~  *.r % c  

>EPT! i  DEPTH T E Y P E R A T U R L  G E B T H E R M A L  G H A O I E l T  
METLQS FEET 3ES C DEG F 3EG C/K*  FEETIDE: F 
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Figure 6. Temperature-depth plots for holes dri l led by Oregon Department of Geology and Mineral Industries. 
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