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INTRODUCTION 

I n  1979 P h i l l i p s  Petroleum Company completed t h e  Campbell E-2 geothermal 

t e s t  w e l l  t o  a depth o f  8060 f e e t  (2456.7111) i n  Sec t ion  15, T31N, R33E, t o  

eva lua te  t h e  geothermal p o t e n t i a l  o f  t h e  Humboldt House thermal area on the  

nor thwest  s i d e  o f  t h e  Humboldt Range, Persh ing County, Nevada. The c u t t i n g s  

and w e l l  l o g s  were made a v a i l a b l e  f o r  study by t h e  E a r t h  Science Laboratory,  

U n i v e r s i t y  o f  Utah Research I n s t i t u t e  through the  D O E D G E  I n d u s t r y  Coupled 

Program. The w e l l  l o c a t i o n  i s  shown on F i g u r e  1. 

The thermal area i s  l o c a t e d  on t h e  west s i d e  o f  t h e  Humboldt Range 

( F i g u r e  1 )  , i n  t h e  Bas in  and Range phys iographic  prov ince.  The v a l l e y  f i l l  

c o n s i s t s  o f  Quaternary t o  T e r t i a r y  a l l u v i u m  (Johnson, 1977), l a k e  sediments 

and v o l c a n i c  rocks.  

Grass V a l l e y  Format ion and Natchez Pass Format ion a r e  t h r u s t  over  t h e  T r i a s s i c  

P r i d a  Format ion and o l d e r  rocks ( F i g u r e  2 ) .  

mapped by S i  1 b e r l  i n g  and Wall ace (1967 1. 

Eas t  o f  t h e  range f r o n t  f a u l t ,  T r i a s s i c  s l a t e s  of  t h e  

The geology o f  t h e  range was 

No a c t i v e  h o t  spr ings  a r e  known i n  t h e  area, b u t  s i l i c e o u s  and calcareous 

s i n t e r  d e p o s i t s  a r e  exposed i n  t h e  Val l e y  about t h r e e  m i l e s  nor thwest  o f  t h e  

Campbell E-2 w e l l  (Gars ide and S c h i l l i n g ,  1979, p .  61). A 600- foo t - th ick  

i n t e r v a l  o f  s i l i c e o u s  s i n t e r  was encountered below 700 f e e t  o f  a l l u v i u m  i n  t h e  

Campbell E - 1  h o l e  ( E a r t h  Science Lab., 1979). 

LITHOLOGIC LOG 

The c u t t i n g s  o f  Campbell E-2 were examined i n  d e t a i l  w i t h  a b i n o c u l a r  

microscope supplemented by twelve t h i n  s e c t i o n s  o f  se lec ted  i n t e r v a l s .  The 

d e t a i l e d  l i t h o l o g i c  l o g  i s  presented i n  t h e  appendix and a genera l i zed  l o g  i s  

i" 1 



Figure 1. Location map of the Humboldt House geothermal a r e a .  
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shown w i t h  t h e  w e l l  l o g s  on F i g u r e  3 ( i n  

The d r i l l  h o l e  penetrated 740 f e e t  

( F i g u r e  3) .  The n e x t  150 f e e t  (45 m) o f  

probably  T e r t i a r y  age, f o l l o w e d  by about 

pocket ) .  

225 m) o f  g rave l  and conglomerate 

in terbedded mudstone and d a c i t e  a r e  

5,000 f e e t  (1524 m) of  gray s l a t e  

( F i g u r e  3 ) .  This  format ion i s  probably  the T r i a s s i c  Grass V a l l e y  Format ion 

which i s  exposed e a s t  o f  t h e  w e l l  ( F i g u r e  2) .  

probably  penet ra ted  a t  t h e  top  o f  the  s l a t e  a t  890 f e e t ,  (271.3 m )  and below 

t h i s  depth t h e  d r i l l  h o l e  i s  i n  t h e  Humboldt House h o r s t .  

The range f r o n t  f a u l t  was 

T h i s  geometry 

r e q u i r e s  t h e  range f r o n t  f a u l t  t o  d i p  approx imate ly  33 degrees from i t s  

sur face  t r a c e  a t  an e l e v a t i o n  100 f e e t  (30.5 m) h i g h e r  than t h e  d r i l l  s i t e  and 

1,500 f e e t  (457.2 m)  t o  the  southeast. No evidence o f  f a u l t i n g  o r  o f  

a l t e r a t i o n  which m i g h t  occur a long a major  f a u l t  was found w i t h i n  t h e  upper 

2,000 f e e t  (609.6 m) o f  the  s l a t e .  

Pass Format ion ( S i 1  b e r l  i n g  and Wallace, 1969) which under1 i e s  t h e  

Formation. Two i n t e r p r e t a t i o n s  o f  t h e  1 i tho1 og ies  encountered i n  

p o s s i b l e .  The f i r s t  i n t e r p r e t a t i o n  suggest t h a t  t h e  s l a t y  marb le 

c o r r e l a t i v e  w i t h  the  middle member o f  t h e  P r i d a  Format ion and t h e  

c o r r e l  a t i  ve w i  t h  t h e  1 ower member o f  the  P r i  da Format ion ( S i  1 b e r l  

Wallace, 1969). Cross sec t ion  A A '  ( i n t e r p r e t a t i o n  1, F i g u r e  2 ) ,  

Wi th in  t h e  depth i n t e r v a l  o f  5,260 t o  5,800 f e e t  (1603.2-1767.8 m )  t h e  

c a l c i t e  c o n t e n t  o f  t h e  s l a t e  increases; below t h i s  zone a g r a p h i t e - r i c h  marble 

i s  in terbedded w i t h  s l a t e .  These carbonate rocks  and t h e  t h i c k  q u a r t z i t e  

below cannot  be c o r r e l a t e d  w i t h  t h e  l i t h o l o g i e s  o f  the  Grass V a l l e y  Formation 

( S i l b e r l i n g  and Wallace, 1967; Burke and S i l b e r l i n g ,  1973) o r  o f  t h e  Natchez 

Grass Va l ley  

t h e  h o l e  a r e  

may be 

q u a r t z i t e  

ng and 

i 11 u s t r a t e s  

i e s  t h a t  the  Humboldt C i t y  t h r u s t  was t h i s  p o s s i b i l i t y .  I n t e r p r e t a t i o n  1 imp 
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c r o s s e d  a t  5,260 fee t  (1603.2 m )  and the Natchez Pass  and u p p e r  Pr ida  

Formations a r e  miss ing  due t o  thrust f a u l t i n g .  The thrust  d i p s  30" i n  ou tcrop  

( S i l b e r l i n g  and Wallace,  1967).  An average d i p  of  32" would p u t  the f a u l t  a t  

5,260 feet  (1603.2 m )  under Campbell E-2. 

consistent w i t h  d a t a  from geophysical logging  w h i c h  i n d i c a t e s  s i g n i f i c a n t  

changes i n  rock p r o p e r t i e s  o v e r  a zone from 5,240 t o  5,260 f e e t  (1597.2-1603.2 

m )  ( F i g u r e  3, i n  p o c k e t ) .  

A f a u l t  zone a t  th i s  depth i s  

The l i t h o l o g i e s  of both the s l a t y  marble and the q u a r t z i t e  appear  very  

uniform i n  the c u t t i n g s ,  whereas the middle  and lower members of  the Pr ida  

Formation i n  o u t c r o p  have diverse 1 i t h o l o g i e s  c h a r a c t e r i z e d  by c a r b o n a t e ,  

a r g i  11 i t e  , si 1 t s t o n e  , and metavol c a n i c  rock (S i1  ber l  i ng and Wall a c e ,  1969).  

T h e  sands tones  i n  the lower member a r e  c h a r a c t e r i z e d  a s  c a l c a r e o u s  ( S i  1 b e r l  i ng 

and Wallace,  19691, b u t  the q u a r t z i t e  i n  Campbell E-2, w h i c h  may be the 

metamorphosed equi  Val ent of the Pri da Formation sands tones  , i s noncal careous .  

Assuming the h o l e  intersects the format ions  a t  a small  a n g l e  t o  the bedding 

p l a n e ,  there i s  no problem w i t h  the t h i c k  intercepts because the h o l e  would be 

c u t  n e a r l y  p a r a l l e l  t o  b e d d i n g ,  b u t  t h e  m i d d l e  member would  h a v e  t o  b e  c r o s s e d  

t o  reach the q u a r t z i t e .  

the c u t t i n g s  i s  a problem f o r  the P r i d a  Formation i n t e r p r e t a t i o n .  

T h e  l a c k  of  evidence of  in te rbedded  l i t h o l o g i e s  i n  

An a1 t e r n a t e  i n t e r p r e t a t i o n  s u g g e s t s  t h a t  the s l a t y  marble and q u a r t z i t e  

may be p a r t  o f  the Auld Lang Syne Group ( F i g u r e  2 ,  A A '  i n t e r p r e t a t i o n  2). The 

Auld Lang Syne Group, a s  exposed i n  the Antelope mining d i s t r i c t  west of  the 

v a l l e y ,  c o n t a i n s  both q u a r t z i t e  and l imes tone  beds (Johnson,  1977, p. 46). 

The general  d e s c r i p t i o n  o f  the s l a t e s  i n  the Antelope d i s t r i c t  i s  c o n s i s t e n t  

w i t h  the s l a t e  i n  Campbell E-2. The Grass Val ley i s  the lower formation i n  

0 5 



the  Auld Lang Syne Group. 

fo rmat ions  o f  t h e  group. I n t e r p r e t a t i o n  2 suggests t h a t  the  Grass V a l l e y  

Formation i s  t h r u s t  over  upper Auld Lang Syne rocks  i n  t h e  Campbell E-2 hole.  

Q u a r t z i t e  and carbonate u n i t s  occur  i n  t h e  upper 

i 

The ca lcareous s l a t e  and s l a t y  marble between a depth o f  5260 and 6080 

f e e t  (1603-1853 m) conta ins  a s i g n i f i c a n t  amount o f  g r a p h i t e  as i n d i c a t e d  by 

b i n o c u l a r  microscope and t h i n  s e c t i o n  study o f  t h e  c u t t i n g s .  

of i n s o l u a b l e  res idue of c u t t i n g s  from 5340 f e e t  (1627.6 m )  and 5910 f e e t  

(1801.4 m )  conf i rmed t h e  p r e s e n t  o f  g raph i te .  

conductor and the h i g h  g r a p h i t e  conten t  i n  these rocks  corresponds t o  a h i g h l y  

conduct ive  zone on t h e  r e s i s t i v i t y  l o g  ( F i g u r e  3) .  

X-ray d e f r a c t i o n  

Graph i te  i s  an e l e c t r i c a l  

0 

0 

R e l a t i v e l y  r e s i s t i v e  zones i n  t h e  lower  p a r t  o f  t h e  conduct ive i n t e r v a l  

c o r r e l a t e  w i t h  c l e a n  marble, w h i l e  t h e  h i g h l y  conduct ive  zones c o r r e l a t e  w i t h  

carbon and g r a p h i t e - r i c h  rocks. The ca lcareous s l a t e  probably  has low 

permeabi 1 i ty , and t h e  neutron poros i  ty  1 og shows no s i  gn i  f i c a n t  change across 

the c o n t a c t  a t  5,240 f t  ( F i g u r e  3 ) .  

a lmost  e n t i r e l y  water  i n  hydrated minera ls .  

seem t o  be a major f a c t o r  i n  t h e  conduct ive zone. The g r a p h i t e  zone may be 

respons ib le  f o r  low r e s i s t i v i t y  anomalies i n d i c a t e d  by sur face  methods. 

anomalously conduct ive zones a r e  known i n  carbonaceous l imestones and shales 

and t h e i r  metamorphic e q u i v a l e n t s  i n  Nevada (Howard Ross, personal  

communication ) . 

As noted below, t h e  neut ron  " p o r o s i t y "  i s  

Permeab i l i t y ,  t h e r e f o r e ,  d o e s n ' t  

Other 

Surface e l e c t r i c a l  methods may n o t  be a b l e  t o  d i s t i n g u i s h  between t h i c k  

conduct ive  zones due t o  carbonaceous m a t e r i a l  and those due t o  thermal f l u i d s .  

Caut ion should be used i n  i n t e r p r e t i n g  e l e c t r i c a l  e x p l o r a t i o n  surveys where 
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these type o f  rocks may be present.  

WELL LOGS 

A f a i r l y  complete s e t  o f  w e l l  l o g s  was ob ta ined i n  t h e  Campbell E-2 w e l l  

f rom near  sur face  t o  5530 f t  (1685.5111). 

and temperature l o g s  were obtained; a summary o f  w e l l  l o g s  ob ta ined i n  

Campbell E-2 i s  g iven  i n  Table 1. Most of  t h e  w e l l  l o g  da ta  were d i g i t i z e d  

and a r e  p l o t t e d  i n  F i g u r e  3 ( i n  pocket) .  The l o g  composite ( F i g u r e  3 )  

i n c  udes t h e  d r i l l i n g  r a t e  f rom t h e  mud l o g  and l i t h o l o g i c  l o g  abr idged from 

the  data g iven i n  t h e  Appendix. The b i t  s i z e  and cas ing  r e c o r d  f o r  t h e  we1 1 

a r e  a l s o  shown on t h e  l o g  composite bes ide  t h e  c a l i p e r  log .  The l o g  q u a l i t y  

appears q u i t e  good except  t h a t  the  i n d u c t i o n  l o g  becomes s a t u r a t e d  i n  t h e  

r e s i s t i v e  q u a r t z i t e  and t h e  s i n g l e  a r m  c a l i p e r  ob ta ined w i t h  t h e  nuc lear  t o o l s  

Below t h i s  depth, o n l y  r e s i s t i v i t y  

does n o t  a c c u r a t e l y  d e p i c t  t h e  borehole diameter and e x h i b i t s  some d r i f t  w i t h  

depth. The c a l i p e r  l o g  ob ta ined w i t h  sonic  l o g  i n  t h e  upper p a r t  o f  t h e  w e l l  

a1 so appears inaccura te .  

A few d i s t i n c t  c o r r e l a t i o n s  between t h e  l i t h o l o g y  and w e l l  l o g s  a r e  

The T e r t i a r y  c l a y / s h a l e  u n i t  (Ts)  between 740 and apparent i n  F i g u r e  3. 

870 ft (225.6 and 265.2 m) i s  w e l l  marked by lower  r e s i s t i v i t y ,  h i g h e r  SP and 

i n t e r v a l  t r a v e l  t ime than surrounding rock  u n i t s .  The d a c i t e  i n  t h e  Ts u n i t  

i n  t h i s  i n t e r v a l  does n o t  have any d i s t i n c t  geophysical  response. The w e l l  

l o g s  agree w i t h  t h e  t o p  p i c k  from d r i l l  c h i p s  f o r  t h e  Ts u n i t  b u t  suggest t h a t  

the base of the  u n i t  i s  c l o s e r  t o  920 ft. A t  t h i s  depth a d i f f e r e n c e  i n  t h e  

u n d e r l y i n g  s l a t e  was noted i n  t h e  c h i p  samples. The upper few meters o f  t h e  

s l a t e  may be weathered and f r a c t u r e d  t o  generate a response s i m i l a r  t o  t h e  Ts 

u n i t s .  

3 7 



TABLE 1 LOGS 
CAMPBELL ''E" NO. 2 

TYPE OF LOG INTERVAL LOGGED FT. REMARKS DATE 

1-5 t o  
3-5-79 

1-19-79 

1-19-79 

COMPANY 

Energy w e l l  logg ing  
s e r v i c e  

Energy l o g  
w i  t h  1 i t h o l  ogy 

45-8061 
( 13.7 -2457. Om ) 

D r i l l  Rate, miid temp., CO2 H2S 
L i  t h o l  ogy 

Go w i  re1 i ne serv ices  B.H.C. Sonic & GR 165-1919 
( 50.3-584.9m) 

165-1927 
(50.3-587.3m) 

Rm = 9.7 
Rmf = 6, 8 58"F, 14.4"C 
Rmc = 10, 
MRT = 130"F, 54.4"C 

Go w i  re1  i ne serv ices  Dual induc t ion-1  a t e r o l o g  
w i t h  1 i n e a r  
c o r r e l a t i o n  log  (SP) 

Go w i  re1 i ne serv ices  

Go w i  re1 i n e  serv ices  

Comp. Densi t y  Neutron 
& Cal iper  & GR 

1559-5530 ( a 1 
( 475.2- 1685.5m 1 

S S  Cal ib .  f o r  Neutron Log. 2-16-79 
co 

2-16-79 Dual i n d u c t i  on-1 a t e r o l  og 
w i t h  1 i n e a r  
c o r r e l a t i o n  1 og ( SP 

1559-5530 
(475 .2-1685.5m) 

MRT = 236"F, 113.3"C 
Rm = 7, (h 50"F, 10°C 
Rmf = 5.1, @ 53"F, 11.7"C 
Rmc = 7.2, (h 50"F, 10°C 

2-17-79 Go w i r e l i n e  serv ices  

Go w i  re1  i ne serv ices  

B.H.C. Sonic & GR 1414-5514 ( a  ) 
(431.0-168O.7m) 

Dual i nduc ti on-1 a t e r o l  og 
w i t h  1 i n e a r  
c o r r e l  a t i  on 1 og ( SP ) 

5303-8060 
(1616.4-2457 .Om) 

Rm = 9.0, 8 150"F, 65.6"C 
Rmf ti Rmc N/A 
MRT = 312"F, 155.6"C 

3-6-79 

3-7-79 Agnew and sweet 

Agnew and sweet 

Temperature 100-8061 
(30.5-2457 .Om) 

4-30-79 Temperature 100 - 805 5 
(30.5-2455.21~1) 

( a )  I n d i v i d u a l  l o g s  were made f o r  2"=100' and 5"=100' scales. 
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The Grass Va l l ey  s l a t e  from 280 t o  1600 m e x h i b i t s  l i t t l e  v a r i a t i o n  i n  

l i t h o l o g y  o r  geophysical l o g  response. 

w i t h  p y r i t e  i n  t h e  c u t t i n g s .  

Some h ighs  i n  t h e  SP l o g  c o r r e l a t e  

The t o p  of t he  ca lcareous s l a t e  i s  de f i ned  by a drop i n  t h e  neut ron  

p o r o s i t y ,  by  l ower  r e s i s t i v i t y ,  h ighe r  SP and lower  gamma r a y  ( F i g u r e  3) .  

Th is  c o n t a c t  a t  a depth o f  5260 f e e t  (1603 m) i s  t he  most d i s t i n c t  geophysical 

break i n  t h e  hole. As discussed above, t h e  low r e s i s t i v i t y  i s  p robab ly  due t o  

the  h i g h  g r a p h i t e  con ten t  and f r a c t u r e s  r a t h e r  than inc reased p o r o s i t y  because 

b u l k  d e n s i t y  i s  unchanged and t h e  neut ron  p o r o s i t y  i s  lower .  There i s  o n l y  a 

t r a c e  o f  p y r i t e  i n  the  c u t t i n g  so the  low r e s i s t i v i t y  i s  n o t  due t o  s u l f i d e s .  

Only t h e  r e s i t i v i t y ,  SP and temoerature l o q s  con t inue  i n t o  t h e  s l a t y  

marble and t h i c k  q u a r t z i t e  a t  depth. 

t h e  ca lcareous  s l a t e  and marble. 

s l a t e .  The lower  r e s i s t i v i t y  may be due, i n  p a r t ,  t o  q r e a t e r  f r a c t u r i n g  o f  

t h e  ca lcareous s l a t e  and marb le and, i n  p a r t ,  t o  t h e  g r a p h i t e  i n  t h e  s l a t e .  

The d r i l l i n q  r a t e  was h i g h e r  throughout most o f  t h i s  i n t e r v a l ,  again 

suggest ing  t h e  presence o f  more f r a c t u r e s  i n  t h i s  i n t e r v a l .  

The l o g s  show 1 i t t l e  d i f f e r e n c e  between 

However, t h e  marb le  i s  in te rbedded w i t h  

The q u a r t z i t e  below 6230 f t  (1898.9 m) has such a h i g h  r e s i s t i v i t y  t h a t  

t h e  i n d u c t i o n  l o g s  appear sa tu ra ted  ove r  most o f  t h e  i n t e r v a l .  

r e s i s t i v i t y  breaks suggest the  presence o f  small  f r a c t u r e s  a t  these deDths. 

The l a t i  t e  d i k e  i n  t h e  q u a r t z i t e  appears t o  c o r r e l a t e  w i t h  one o f  these 

f r a c t u r e d  i n t e r v a l s .  

ray response and neut ron  p o r o s i t y  . 

The few lower  

The q u a r t z i t e  has a d i s t i n c t  and p r e d i c t a b l e  lower  qamma 

O f  t he  two temperature l o q s  shown i n  F i g u r e  3, t he  l o g  on 3 / 7 / 7 9  was 

9 
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o b v i o u s l y  ob ta ined be fore  the  w e l l  temperature e q u i l i b r a t e d .  The l o g  obta ined 

on 4/30/79 appears t o  have n e a r l y  reached t h e  e q u i l i b r i u m  subsurface 

temperature p r o f i l e .  Q u a l i t a t i v e l y ,  i f  t h e  e a r l i e r  temperature l o g  can be 

i n t e r p r e t e d  i n  terms o f  a temperature i n j e c t i o n  p r o f i l e ,  t h e  l o g  suggests some 

p e r m e a b i l i t y  below 5000 f t  (1524.0 m), i n  p a r t i c u l a r  assoc ia ted  w i t h  f r a c t u r e s  

w i t h i n  t h e  ca lcareous s l a t e ,  and below 7400 f t  (2255.5 m) i n  t h e  q u a r t z i t e .  

The p o s i t i v e  SP d e f l e c t i o n s  a t  some of t h e  f r a c t u r e d  i n t e r v a l s  e i t h e r  suggests 

t h a t  t h e  fo rmat ion  water  has l e s s  d i s s o l v e d  s o l i d s  than t h e  d r i l l i n g  f l u i d  o r  

i n d i c a t e s  streaming p o t e n t i a l .  The mud r e s i s t i v i t y  l o g s  i n d i c a t e  l e s s  than 

1000 ppm TDS i n  t h e  mud f o r  a l l  t h r e e  l o g g i n g  runs,  which makes i t  d i f f i c u l t  

t o  accept  t h e  f i r s t  i n t e r p r e t a t i o n .  

' 

A t  depth, temperature grad ien ts  determined f rom t h e  l a t e r  temperature 

p r o f i l e  approach a u n i f o r m  34"C/km va lue  which i s  c l o s e  t o  t h e  normal Basin 

and Range value. 

t h e  q u a r t z i t e  and t h e r e f o r e  a good p a r t  o f  t h e  change i n  g r a d i e n t  w i t h  depth 

may be due t o  change i n  rock  type and thermal c o n d u c t i v i t y  ( F i g u r e  4).  

would be usefu l  t o  make thermal c o n d u c t i v i t y  measurements on rock ch ips  from 

t h i s  d r i  11 hol  e. 

The thermal conduct ive ly  o f  t h e  s l a t e s  may be h a l f  t h a t  o f  

It 

F igure  5 a, b, and c a r e  t h r e e  c ross  p l o t s  o f  l o g  data. The c ross  p l o t s  

show t h e  e f f e c t  o f  hydrous, and l a r g e l y  maf ic ,  m i n e r a l s  on t h e  w e l l  log .  I n  

the neutron-densi ty  cross p l o t s  t h e  data do n o t  f o l l o w  a t r e n d  t h a t  would be 

expected i f  the  rock  were composed o f  a non-hydrous minera l  component hav ing  a 

b u l k  d e n s i t y  near 2.65 gm/cc and a hydrous minera l  component hav ing a b u l k  

d e n s i t y  g r e a t e r  than 2.65 gm/cc. 

d i f f e r e n t  i n  the  two i n t e r v a l s  p l o t t e d .  

The hydrous minera l  component appears t o  be 

The shal lower  i n t e r v a l  has a g r e a t e r  

3 10 
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neutron " p o r o s i t y "  v a r i a t i o n  and a probable 1 ower hydrous minera l  d e n s i t y  thar, 

t h e  deeper i n t e r v a l .  

a re  dehydrated w i t h  depth o r  a d d i t i o n a l  hydrous minera l  s a r e  developed by 

hydrothermal a1 t e r a t i o n ,  t h a t  i s ,  c l a y  minera l  s i n  t h e  uoper i n t e r v a l  a re  

rep laced i n  p a r t  by micas i n  t h e  lower  i n t e r v a l .  

p o r o s i t y  c r o s s  p l o t  i n  F i g u r e  5c shows a c o r r e l a t i o n  between h i q h e r  " p o r o s i t y "  

and h i g h e r  gama r a y  resoonse. 

t h a t  potassium r i c h ,  hydrous m i n e r a l s  such as c l a y s  and micas c o n t r i b u t e  t o  

t h e  observed neutron and b u l k  dens i ty  l o g  responses. 

T h i s  r e s u l t  suggests t h a t  e i t h e r  t h e  hydrous m i n e r a l s  

The gamma ray neutron 

This  r e s u l t  again supDorts t h e  i n t e r p r e t a t i o n  

CONCLUSIONS 

I n  l i g h t  o f  t h e  c u t t i n g s  and geophysical l o g s  f rom t h e  Campbell E-2 ho le,  

i t  seems u n l i k e l y  t h a t  a geothermal r e s e r v o i r  e x i s t s  i n  t h e  h o r s t  b l o c k  o f  t h e  

Humboldt House area. A l l  known s i n t e r  depos i ts  occur i n  t h e  graben b l o c k  i n  

t h e  v a l l e y ,  nor thwest  and southwest o f  Campbell E-2. The range f r o n t  f a u l t ,  

which may serve as a c o n d u i t  f o r  deeDly c i r c u l a t i n g  f l u i d s ,  d i p s  t o  t h e  west 

and i n t e r s e c t s  t h e  h o l e  a t  890 f e e t  (271.3 m). 

depos i ts  and t h e  deeper extens ion o f  t h e  f a u l t  t o  the  west suggest t h a t  t h e  

geothermal system may be l o c a t e d  t o  t h e  west  o f  t h e  Campbell E-2 ho le .  

c 

The presence o f  s i n t e r  

The Grass Va l ley  Format ion and t h e  Auld Lange Syne Group i n  general a r e  

f i n e - g r a i n e d  a r g i l l a c e o u s  and s l a t y  rocks.  

i n t e r g r a n u l a r  p e r m e a b i l i t y  and may n o t  be competent enough t o  m a i n t a i n  a 

s i g n i f i c a n t  f r a c t u r e  p e r m e a b i l i t y  necessary f o r  a geothermal r e s e r v o i r  rock.  

These rocks  have a very  l o w  

15 
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DETAILED L I T H O L O G I C  LOG OF CAMPBELL E-2 
HUMBOLDT HOUSE THERMAL AREA 
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