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ABSTRACT 

The Cos0 Geothermal Explorat ion Hole number one (CGEH-1) was d r i l l e d  i n  the 
V 

bf 

Cos0 Hot Springs KGRA, Ca l i fo rn ia  from September 2 t o  December 2, 1977. Chip 

sampl es were co l  1 ected a t  t en  foo t  i n t e r v a l  s and extensi  ve geophysical 1 oggi ng 

surveys were conducted t o  document the geologic character o f  t h e  geothermal 

system as penetrated by CGEH-1. The major rock u n i t s  encountered inc lude a 

W 

mafic metamorphic sequence and a leucograni t e  which in t ruded the  metamorphic 

Y rocks. Only weak hydrothermal a l t e r a t i o n  was noted i n  these rocks. D r i l l h o l e  

surveys and d r i l l i n g  r a t e  data i nd i ca te  t h a t  the geothermal system i s  

s t ruc tu ra l  l y  cont ro l  l e d  and t h a t  the  d r i  11 hole i t s e l  f was s t rong ly  in f luenced by 

s t ruc tu ra l  zones . Water chemistry ind ica tes  t h a t  t h i  s geothermal resource i s a 

hot-water ra the r  than a vapor-dominated system. 

w 

Several geophysical 1 ogs were employed t o  character i  ze the d r i  11 hole 

geology. The na tura l  gamma and neutron po ros i t y  l ogs  i nd i ca te  gross rock type 

Q 

and the accoustic logs  i nd i ca te  f rac tu red  rock and p o t e n t i a l l y  permeable zones. 

A ser ies o f  temperature logs run as a funct ion of t ime dur ing and a f t e r  the  

completion o f  d r i l l i n g  were most usefu l  i n  de l ineat ing  the zones o f  maximum heat 

f l ux .  Convective heat f l o w  and temperatures greater  than 3500 F appear t o  occur 

only  along an open f rac tu re  system encountered between depths o f  1850 and 2775 

feet.  Temperature logs  i nd i ca te  a negat ive thermal g rad ien t  below 3000 feet.  
Y 

Q 

W 
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INTRODUCTION 

The Cos0 Hot Springs KGRA i s  located on the northwest p o r t i o n  o f  the China 

Lake Naval Weapons Center i n  Inyo County, Ca l i f o rn ia  (Fig. 1). Cos0 Geothermal 

Explorat ion Hole number one (CGEH-I) was d r i l l e d  t o  a t o t a l  depth of 4824 feet  

i n  the Cos0 Hot Springs KGRA by CER Inc. f o r  the Department o f  Energy, D iv i s ion  

o f  Geothermal Energy, between September 2 and December 2, 1977. The d r i l l i n g  

was undertaken t o  t e s t  the area f o r  recoverable steam o r  h o t  water. This r e p o r t  

describes the  geologic features encountered by the d r i l l  ho le  and geophysical 

measurements made both dur ing and a f t e r  d r i l l i n g .  

The d r i l l  s i t e  i s  located i n  the NW 1/4 sec. 6, T. 22S, R. 39E. (M t .  Oiablo 

base l i n e  and meridian) on the southwest f l ank  o f  the Cos0 Range. Cos0 Hot 

Springs, two m i les  east, and D e v i l ' s  Kitchen, one m i l e  south o f  the d r i l l  s i t e ,  

are the two most ac t i ve  fumerol ic areas i n  the KGRA. The d r i l l  s i t e  i s  roughly 

Centered w i t h i n  a 10 heat f l ow  u n i t  contour (Fig. 2). 

GEOLOGIC INTERPRETATION 

Geology 

The o ldes t  rocks i n  the Cos0 area are intermediate t o  maf,,: metamorphic 

rocks occurr ing as r o o f  pendants and xenol i ths i n  Cretaceous ( ? )  g r a n i t i c  rocks. 

The basement rocks are p a r t i a l l y  covered by Pleistocene r h y o l i t e  domes, ash f a l l  

t u f f s ,  and b a s a l t  c inder  cones and f lows ( D u f f i e l d  and Bacon, 1977; Hulen, 

1978). The d r i l l  s i t e  (Fig. 3 )  was prepared on unconsolidated ash f a l l  t u f f  i n  

a topographical ly closed basin adjacent t o  outcrops o f  the metamorphic sequence. 

The Cretaceous(?) leucograni t e  outcrops roughly 2000 f e e t  north, and again 4000 

f e e t  east and southeast o f  the d r i l l  s i t e .  A c l u s t e r  o f  r h y o l i t e  domes l i e  2000 

f e e t  west 'o f  the d r i l l  s i t e  and extend t o  the  south and east. 

2 
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Sampli ng Procedure 

Samples were co l l ec ted  from the shaker t a b l e  by p lac ing a p l a s t i c  t r a y  b J  
01 

below the l i p  o f  the shaker screen fo r  roughly 5 minutes. This procedure caught 

enough mater ia l  t o  f i l l  a 12 by 7 inch sample bag. The chips were washed, 

dried, and s p l i t  i n t o  two 5.5 by 10.5 and one 5 by 7 i nch  bag. One of the 

l a r g e r  bags was del ivered t o  the Navy's Geothermal Resources D iv i s ion  a t  the 

China Lake Naval Ueapons Center, the other  two bags are stored i n  the Geothermal 

Sample L ib ra ry  operated by the Earth Science Laboratory on the Univers i ty  o f  

Utah campus. A few tablespoons o f  mater ia l  were used f o r  on-s i te  logging and 

mounting on ch ip  boards. The ch ip boards are a lso stored a t  the Geothermal 

Sample L i b r a r y  . 
0 

An attempt was made t o  take continuous samples representat ive o f  the ten 

f o o t  i n t e r v a l  wh i l e  d r i l l i n g  the f i r s t  600 feet .  This proved t o  be f u t i l e  and 

Y subsequent samples were co l l ec ted  a t  the ten f o o t  mark. This s t i l l  resu l ted i n  

samples conta in ing more than one-rock type due t o  chips mixing i n  the hole and 

due t o  the complexit ies of these igneous and metamorphic \rocks. 

Cores were taken fou r  times: from 1680* t o  1685, 2197 t o  2207, 2973 t o  2983 

and 4036 t o  4039. The shor t  runs were p r i m a r i l y  due t o  the hard f ractured rock 

jamming i n  the core barre l .  Thin sections from the core are i nd i ca ted  on Plate 

I w i t h  the symbol **. 

I 

,J 

@ 

-- 
A l l  depth references i n  t h i s  r e p o r t  are t o  ground leve l .  * V 
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Appendix A contains the geologic f i e l d  l o g  referenced t o  the k e l l y  bushing 

which was 21.6 f e e t  above ground l e v e l  . A1 1 other  depth references i n  t h i s  
w 

4d 
r e p o r t  are with respect t o  ground level .  The sample depths shown i n  the f i e l d  

l o g  are used i n  t h i s  r e p o r t  as sample i d e n t i f i c a t i o n  numbers only. 
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Geologic Log 

The rocks o f  the Cos0 geothermal area are d iv ided i n t o  fou r  groups 

(1978) . 
1 . An o l  der, pre-Late Cretaceous, i ntermedi a te t o  mafic metamorph 

sequence . 
Post-metamorphic quartz l a t i  t e  porphyry and f e l s i t e .  2. 

3.  Late Cretaceous grani t e  complex . 
4. Late Cenozoic volcanic rocks, which inc lude the f lows and assoc 

by Hulen 

C 

py roc las t i c  deposits o f  the Cos0 r h y o l i t e  dome f i e l d .  

Figure 3 i s  a geologic map o f  the d r i l l  s i t e  which i l l u s t r a t e s  the 

a ted 

complexi ty o f  the geologic set t ing.  The d r i  11 s i t e  i s on rhyol  i t e  py roc las t i c  

debri s covering the grani te  complex which contains numerous 1 arge xenol i ths  o f  

the metamorphic complex. Bedrock under the rhyol  i t e  pyrocl  a s t i  cs and i n outcrop 

adjacent t o  the d r i l l  s i t e  i s  e i t h e r  a x e n o l i t h  o r  a roof pendant. CGEH-1 

penetrated u n i t s  from a l l  f o u r  rock groups i nc lud ing  a r h y o l i t e  d ike probably 

emplaced comtemporaneously w i t h  the r h y o l i t e  domes 2000 f e e t  east a1 though no 

such dikes can be mapped on the  surface. 

The graphic l o g  on Plate I shows the d i s t r i b u t i o n  o f  rock types i n  CGEH-1, 

except f o r  the l a t i t e s  which were l ess  than 50% of any sample. Table I gives 

representat ive compositions (based on v i  sua1 estimates) o f  the metamorphic 

sequence, 1 a t i  te, 1 eucograni t e  and rhyol  i te. 

7 
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From the surface t o  2065 f e e t  CGEH-1 penetrated rocks o f  the metamorphic 

sequence c u t  by several a l a s k i t e  dikes and minor l a t i t e s .  From 2065 t o  4674 

f e e t  the 1 i tho1 ogy i s  dominantly Cretaceous 1 eucograni t e  w i t h  numerous xenol i ths  

of the metamorphic sequence, wh i l e  the bottom 150 f e e t  i s  i n  metamorphic rock. 

A lask i tes and l a t i t e s  c u t  the metamorphic i n t e r v a l s  b u t  do no t  appear t o  c u t  the 

1 eucograni t e  a1 though surface exposures do i n d i c a t e  t h a t  some a1 aski t e s  are post 

1 eucograni te. 

A1 t e r a t i  on 

Only weak hydrothermal a l t e r a t i o n  was observed i n  the c u t t i n g s  from CGEH-1. 

I n  the metamorphic sequence hydrothermal a l t e r a t i o n  occurs i n  the cores o f  zoned 

plagioclase. Typ ica l l y  ten percent o r  l ess  o f  the plagioclase grains are 

a l t e r e d  t o  s e r i c i t e  + epidote + carbonate. Between samples 820 and 1170, only 

seven samples w i t h  weak t o  moderate c lay  a l t e r a t i o n  were noted i n  the f i e l d  log. 

This i n t e r v a l  i s  the zone o f  strongest hydrothermal a l t e r a t i o n  i n  the hole and 

appears t o  be re la ted  t o  a f a u l t .  Weak development o f  c h l o r i t e  a f t e r  b i o t i t e  

and c h l o r i t e  + carbonate + epidote a f t e r  hornblende i s  a lso found throughout the 

metamorphic rocks . This development i s probably due t o  regional metamorphi sm 

and i s  probably unrelated t o  the geothermal system. 

Hydrothermal a1 t e r a t i o n  i n  the leucograni t e  occurs on ly  i n  the cores o f  

zoned p l  agi  oc l  ase g ra i  ns. Typical 1 y 1 ess than f i ve percent o f  any p l  agi oc l  ase 

gra 

and 

out  

n i s  a l t e r e d  t o  s e r i c i t e  + epidote + carbonate. 

C h l o r i t i z a t i o n  i s  l o c a l l y  strong i n  shear zones i n  the metamorphic sequence 

i s  p a r t i c u l a r l y  evident i n  samples 1540-1560. One inch pebbles were blown 

o f  the hole w i t h  several cubic yards o f  gouge i n  t h i s  i n t e r v a l  These rocks 

Y 

w 
9 
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are  80% chlor i te  and e x h i b i t  very strong sheared textures. Similar chips occur 

i n  samples 176lJ-1770, 1810 t o  1850, 2090-2100, and 2540. 

Carbonate veining i s  indicated i n  almost every sample, usually as hair  line 

veins tha t  can only be seen i n  th in  section. Occasionally chips of carbonate 

material are  present from veins greater than one quarter inch across. A 

carbonate vein appears i n  the core sample 4059 a s  an aggregate of carbonate-clay 

veins where the clay i s  adjacent t o  the main mass of carbonate and replaces 

plagioclase more than orthoclase. Core sample 406U contains a carbonate vein 

developed i n  a shear zone w i t h  hematite envelopes developed outside the vein. 

Pyrite and hematite occur intermittently throughout CGEH-1 . Pyrite,  l e s s  

than one percent, occurs as occasional disseminated f ine  grains i n  the 

metamorphic sequence and appears t o  be a primary component of the metamorphics. 

Oxidation of pyrite t o  limonite by ground water was observed to  a dep th  of about 

1000 feet .  Hematite occurs along carbonate veins i n  the metamorphic rocks and 

is  deposited i n  fractures within quartz grains i n  the leucogranite. Hematite i s  

most abundant from 2830 t o  3190 and 4600 to  4660 f e e t  b u t  never exceeds two o r  

three percent of the rock. 

STRUCTURAL INTERPRETATION 

Figure 3 indicates 

considerable faul t i  ng. 

t ha t  CGEH-1 was s i t ed  i n  an area tha t  has undergone 

Faults have been mapped to  the eas t  and south, and 

rhyol i te  domes have been emplaced t o  the west and south. The dr i l l  s i t e  

overlies the border zone between two major rock groups. Ouffield (1975) 

described a regional faul t system' i ncl udi ng P1 i ocene ri ng f ractures ,  a north- 

10 
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northeast tensional f a u l t  system and a west-northwest trending, possibly l e f t -  

l a t e r a l  d ip -s l i p ,  f a u l t  system. Weaver and Walter ( i n  preparation), on the 

basis of cu r ren t  seismici ty,  i n f e r  a north-northeast f a u l t  system which defines 

a zone of c r u s t a l  spreading i n  the Cos0 KGRA area. 

St ructura l  Control o f  Hole Deviat ion and D r i l l i n g  Rate. Figure 4 i s  a p lan View 

o f  CGEH-1, e s s e n t i a l l y  a v e r t i c a l  hole inf luenced by f a u l t  and f r a c t u r e  zones SO 

t h a t  the bottom o f  the hole i s  351 feet west and 130 feet south of the co l l a r .  

S t i  ppl ed i n t e r v a l  s on Figure 4 i nd i ca te  i nterva l  s where d r i  11 i ng rates exceeded 

f i f t e e n  feet per hour per e i g h t  hour s h i f t .  I n t e r v a l s  w i t h  cross l i n e s  i nd i ca te  

the major l o s t  c i r c u l a t i o n  zones. Both h igh penetrat ion ra tes  and l o s t  

c i r c u l a t i o n  zones ind i ca te  t h a t  the rock i s  f a u l t e d  o r  f rac tu red  i n  these 

i nte rva l  s . 
Figure 5 shows d r i l l i n g  rates f o r  each e i g h t  hour s h i f t .  Figure 6 shows 

d r i l l i n g  ra tes  from 3500 f e e t  t o  4824 f e e t  computed from the Totco recorder 

(such records are not  avai lab le above 3500 feet ) .  The data i n  Figure 5 

represent an average r a t e  over a l a r g e r  i n t e r v a l  than shown i n  Figure 6 ,  but  

they do i nd i ca te  an average d r i l l i n g  r a t e  o f  about ten f e e t  per hour. A l l  

co r i ng  was accomplished a t  l ess  than two f e e t  per  hour and on ly  shor t  runs of 

three t o  ten f e e t  were possible due t o  the f ractured nature o f  the rock. 

Kaki r i  t e  chips made up a t race t o  ten  percent o f  almost every sample i n d i c a t i n g  

t h a t  f ractures w i t h  some movement are in tersected throughout the e n t i r e  hole. 

Figure 7 i s  a conceptual schematic o f  the i n te rp re ted  s t ruc tu ra l  cont ro l  i n  

CGEH-1. The hor izonta l  scale i s  about ten times the v e r t i c a l  which produces an 

apparent 60 degree d i p  on the near v e r t i c a l  west-northwest s t ruc tu ra l  zones. 

11 
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Figures 4 and 7 show t h a t  the hole was influenced by the west-northwest s t r i k i n g  

s t r u c t u r a l  zone a t  about 500 f e e t  and was deflected along i t  a t  about 900 feet. 

Between 1520 and 2800 feet the d r i l l  followed the i n te rsec t i on  of the west- 

northwest t rend  and a north-northeast open f racture system. From 2800 t o  2975 

u 

feet  the d r i  11 b i t  passed northward through the west-northwest zone and westward 

through the east-northeast zone. A t  about 4380 feet  the hole was again d i rected 

by a component of the west-northwest zone and passed i n t o  t h i s  zone a t  4770 

feet. The l o s t  c i r c u l a t i o n  problems which stopped d r i l l i n g  are probably the 

Y 

Y 
r e s u l t  o f  having penetrated t h i s  zone. The almost continuous p a r t i a l  l oss  o f  

f l u i d s  from 2800 f e e t  t o  t o t a l  depth was most l i k e l y  due t o  f r a c t u r i n g  o f  the 

rock between the two para1 l e 1  west-northwest zones. 
%# 

Inf luence o f  Structure on d r i l l i n g  and cementing. The f a u l t s  and f ractured rock 

not  on ly  c o n t r o l l e d  the hole d i r e c t i o n  b u t  l i m i t e d  the type o f  d r i l l i n g  

u procedures t h a t  could be used. From 900 tor1547 f e e t  the d r i l l  fo l lowed the 

west-northwest s t ruc tu ra l  t rend system. Gouge (rock ground t o  c lay s i ze  

p a r t i c l e s )  was encountered and recorded i n  the f i e l d  l o g  f o r  t h i s  i n t e r v a l  The 

i n t e r v a l  from 1515 t o  1550 produced several cubic yards o f  c lay gouge w i t h  

sheared rock fragments up t o  one i n c h  i n  diameter. The volume o f  sloughing 

mater ia l  and i t s  high v i s c o s i t y  due t o  the c lay  gouge severely i n h i b i t e d  

49 

8 c i r c u l a t i o n  and precluded continued d r i l l i n g  w i t h  a i r .  The 1515 t o  1550 f o o t  

i n t e r v a l  was cemented o f f  and a i r  d r i l l i n g  was resumed. 

encountered from 1905 t o  1935 f e e t  which stopped a i r  d r i l l i n g  a second time. 

Addi t ional  gouge was 

0 Below 2800 f e e t  the hole was less  t i g h t l y  con t ro l l ed  by f a u l t  zones b u t  s t i l l  

encountered many broken rock zones w i t h  enough permeabi l i ty  t o  cause l o s t  

c i  r c u l  a t i  on probl  ems. 

bi 16 



The i n t e n s i t y  of f rac tu r i ng  caused several problems and delays i n  the 

w d r i l l i n g  operat ion i t s e l f .  B i t  weight was l i m i t e d  and the  use o f  but ton b i t s  

was no t  p r a c t i c a l  because o f  

encountered i n  the f i r s t  600 

volvme when casing was set. 

plugs t o  seal o f f  l o s t  c i r c u  

cemented from 3500 f e e t  back 

the v i b r a t i o n  generated by the intense f r a c t u r i n g  

feet.  More cement was requi red than the ca lcu lated 

Thirteen days were required t o  s e t  eighteen cement 

a t i o n  zones before the seven inch  casing could be 

t o  the surface. The actual  cement volume used t o  

s e t  the casing exceeded the ca lcu lated volume needed by 84%. 

The GO In ternat ional  c a l i p e r  log, P la te  11, was run a t  the s t a r t  o f  t h i s  13 

day operation. The l o g  ind icates minor washouts except from 1515 t o  1535 where 

the hole diameter was greater than t h i r t y - t w o  inches ( t h e  l i m i t  o f  the c a l i p e r  

t o o l ) .  The excess cement used t o  s e t  the casing went i n t o  f ractures n o t  f i l l e d  

by the eighteen 100 f o o t  plugs se t  i n  an attempt t o  c lose o f f  these fractures. 

S t ruc tu ra l  con t ro l  o f  the thermal system. Structures a lso appear t o  con t ro l  the 

convective heat f low system. Figure 8 shows the f i v e  temperature logs run a t  

var ious t i m e  i n t e r v a l s  i n  the 50 hours a f t e r  the hole reached 4000 feet.  These 

logs i nd i ca te  a 925 f o o t  i n t e r v a l  o f  h igh thermal f l u x  beginning a t  1875 feet. 

This i s  the i n t e r v a l  where CGEH-1 fo l lowed the north-northeast s t ruc tu ra l  trend. 

A north-northeast t rend i  ng conducti ve zone was del i neated by the d i  pol e-di pol  e 

r e s i s t i v i t y  survey (Fox, 1978) nor th  of the d r i l l  s i t e  which may be the  same 

I 

I 

s t ruc tu ra l  zone . T t i i  s s t ruc tu ra l  system seems t o  contro l  the convective 

plumbing system b r ing ing  heat up i n t o  CGEH-1. 

U 17 
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Temperature logs  run since d r i l l i n g  stopped have a negative slope below 

2800 feet. This reversal  i s  most pronOunced on the  l o g  run on December 13, 1977 

(Fig. 8a, 7; P1. I ) .  The open hole below 3488 feet  i s  tapping a r e l a t i v e l y  

cooler  regional  ground water f low system warmed only  by conductive heat flow 

through the rock. The 60 f o o t  r e l a t i v e l y  cool i n t e r v a l  a t  2775 f e e t  adjacent t o  

a small h igh  temperature i n t e r v a l  a t  2700 feet  i l l u s t r a t e s  the complexity of the 

f l u i d  and heat flow system penetrated by CGEH-1. The slope o f  the l o g  run on 

February 4, 1978 i s  the same as the Oecember l o g  i n d i c a t i n g  the hole had 

recovered i n  December from any cool ing e f f e c t s  due t o  d r i l l i n g ,  thus these logs 

represent s tab le  condi t ions i n  the hole. 

These west-northwest and north-northeast s t ruc tu ra l  trends are very 

important t o  any fu tu re  d r i l l i n g  i n  the Cos0 KGRA. They have a strong in f luence 

on hole d i r e c t i o n  and penetrat ion rate,  and l i m i t  the type o f  d r i l l i n g  methods 

t h a t  may be employed. They a l s o  appear t o  cont ro l  the locus o f  h igh heat f l ux  

which would determine fu tu re  d r i l l i n g  targets.  Due t o  the pyroc las t ic  and 

a l l u v i a l  cover i n  the d r i l l  s i t e  area, no fau l t s  can be mapped on the surface. 

The subsurface informat ion ind icates t h a t  the west-northwest s t ruc tu ra l  zone i s  

a s t r i k e  s l i p  type system as suggested by both D u f f i e l d  (1975) and Weaver and 

d a l t e r  (1978). The north-northeast system which appears t o  contro l  the high 

heat f l u x  convective system i s  probably p a r t  of the tensional system described 

by both Du f f i e ld  (1975) and Weaver and Walter (1978). 

F l u i d  System 

The top o f  the l o c a l  water  t a b l e  and the piezometric head associated w i th  

the bottom o f  the  hole can be i n te rp re ted  f rom the  temperature logs run i n  

December 1977 and February 1978 (Fig, 8a), Figure 9 shows the 50 t o  1100 foo t  

20 
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i n t e r v a l  of these- logs. Sharp breaks i n  slope appear a t  500 ?5 f ee t  and a t  910 

feet .  The 910 f o o t  break i s  c l e a r l y  the  f l u i d  l e v e l  i n  the  ho le  which i s  cased b, 
w 

t o  3488 f e e t  and open t o  482% feet. The December l o g  (Fig. 8a, 7 )  has a cool ing 

notch a t  t he  water surface where the 205oF temperature i s  c lose t o  the  b o i l i n g  

temperature of pure water a t  t h a t  e levat ion.  The break i n  slope of the 

temperature curve a t  500 f e e t  i s  i n te rp re ted  as the  top  o f  the  water tab le  

outside the easing. The constant temperature between 500 and 910 f ee t  ind icates 

the  water t a b l e  surface i s  bo i l i ng ,  b u t  t he  r a p i d  temperature dec l ine above t h i s  

w 

e, 
p o i n t  means the upward heat f l u x  i s  low. Condensation appears t o  take place 

qu ick l y  and above 450 f e e t  t he  rock may be t o t a l l y  dry. 

Y Table I1 i s  water chemistry data f o r  samples co l l ec ted  from the 3488 t o  

4824 f o o t  i n t e r v a l  on December 1, 1977 o f  CGEH-1 as the  we l l  was being f low 

tested, and data published f o r  the 375 f o o t  w e l l  d r i l l e d  a t  Cos0 Hot Springs, 

Cos0 #1 (Aus t in  and Pr ingle,  1970). These analyses c l e a r l y  show t h a t  the  area 

i s  saturated w i t h  ch lo r ide  r i c h  ( C 1 W  ppm) water and the geothermal system i s  

water dominated (White, 1973). This i s  cons is tent  w i t h  the  r e s i s t i v i t y  data and 

the i n t e r p r e t a t i o n  presented by Fox (1978) which i nd i ca te  a la rge  area o f  low 

near-surface r e s i s t i v i t y  must, i n  par t ,  be due t o  the  mineral ized water i n  the 

area o f  greatest  geothermal a c t i v i t y .  

42 

0 

This water-saturated system i s  b o i l i n g  a t  the water tab le  as i s  seen i n  

CGEH-1, b u t  the  r a t e  o f  heat f l u x  i s  no t  h igh enough o r  the  water tab le  i s  too 

deep t o  c w s e  steaming ground everywhere i n  the KGRA. Areas l i k e  Dev i l ' s  
0 

Kitchen and Cos0 Hot Springs must be over l o c a l  channels, such as open f racture 

systems w i t h  h igh  permeabi l i ty  which a l low enough heat t o  reach the surface t o  

develop steam and ac id  springs. Water samples from these two areas (Table 111; 
Y 
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Q z 
c 

e e e 45 c d- c c: 

Table I1 - Water Chemistry CGEH-1 vs COSO-1 

CGE&/ Sample Interval 3488-4824 Feet , Collected 12/1/77 41 cos0 #l- 
Make up 
Water 

Si O2 63.0 

Ca 100.0 

Mg 29.8 

Na 100.0 

K 0.5 

L i  1.0 

Rb <0.02 

cs 4.01 

HC03 307.0 

Iu 
w 

s04 234.0 

c1 81.0 

F 0.1 

B 0.92 

PH 7.67 

TDS 918.0 
1. Silica value 

- 10:45AM 1l:OOAM ll:15AM 11:30AM ll:45AM 
710.d 710.&’ 710.&’ 710.d’ 710.&’ 

110.0 98.0 99.0 93.0 98.0 

3.0 2.5 I 2.3 2.7 2.5 

1600.0 1600.0 1580.0 1590.0 1590.0 

122.0 123.0 125.0 126.0 126.0 

9.6 9.7 10.0 IO. 3 10.0 

0.103 0.105 0.106 0.112 0.118 

CO.  01 CO.  01 co.01 <o. 01 4.01 

150.0 286.0 273.0 297.0 279.0 

314.0 268.0 266.0 257.0 245.0 

2330.0 2360.0 2420.0 2460.0 2480.0 

3.8 3.8 3.8 3.8 4.2 

54.0 53.0 54.0 56.0 58.0 

8.14 7.74 8.15 8.14 8.22 

5410.0 5518.0 5547.0 5610.0 5606.0 
include possible colloidal clay dispersed in water. 

3. Data source: Fournier, Thompson and Austin, 1978. 
4. Data source: Austin and Pringle, 1970. 

c - 

50.0 27.0 154.0 

72.8 359.0 74.4 

0.5 0.6 1.0 

1764.0 2808.0 1632.0 

154.0 172.0 244.0 

CO3L’ 50.4? 77.4? 

O&/ 76.2? 1.71 
134.2 0.0 0.0 

38.0 216.0 52.8 

2790.0 3681.0 3042.0 

3.7 1.6 2.2 

48.0 57.4 71.6 

8.9 9.8 8.5 

5744.0 6894.0 5228.0 
2. Impossible combination. Transcription 

error (? )  by Lab or by Austin and 
Pri ngl e. 



Table .'I11 
Surface Water Analyses 

Dev i l  I s  Kitchen 
Spring 

Cos0 Hot Spring 
Well 60" diam, 3.5' deep 

Analysis 22S/39E 07HS1 22S/39E 04K2 

S i  02 300.0 200.0 
ld 

AL 44.0 1.4 
Fe 2.8 0.09 
Ca 18.0 98.0 
Flr 81 25.0 
Na 14.0 81.0 
K 28.0 23.0 

so4 1400.0 530.0 
c1 0.0 6.5 
F 0.9 0.8 

NO3 3.0 8.1 
B 0.6 0.0 

w 

0 

TOS 2260.0 1030.0 

6640.0 1150.0 

0 
Conduc ti v i  ty  

mm hos /cm 

W 

V 



Moyle, 1963) appear t o  i n d i c a t e  a steam dominated resource. As explained by 

White (1973) such low ch lo r i de  waters can be der ived from h igh  ch lo r i de  ground 

water i n  a geothermal system where b o i l i n g  occurs a t  the water table. The Cos0 

KGRA i s  probably best  Characterized as a h o t  water system. 

Y 

GENERAL GEOPHYSICAL LOG ANALYSIS W 

Many logs  are useful  i n  holes i n  igneous rocks, b u t  the approach t o  

i n t e r p r e t a t i o n  i s  general ly q u i t e  d i f f e r e n t  than when the logs are run i n  

sedimentary sequences. Bore hole geophysical logs a re  widely and successful ly 
Y 

used i n  the petroleum and water wel l  i n d u s t r i k s  where development o f  a 

successful we1 1 i s dependent on the porosi ty , permeabi 1 4 ty , and saturat ion of 

the rocks penetrated by the bore hole. As a r e s u l t ,  i n t e r p r e t i v e  methods have 
0 

1 ogi  ca l  l y  evol ved expressly f o r  sedimentary rocks . Many 1 ogs are ca l  i brated 

against 1 imestone o r  sandstones and provide re1 i ab1 e est1 mates o f  porosi ty  and 

densi ty  f o r  these rock types. Corrections can be appl ied t o  these logs t o  

determine p o r o s i t i e s  o r  matr ix  proper t ies o f  other u n i t s  i n  the hole. 

0 Sedimentary rocks are mechanically deposited p a r t i c u l a t e s  such as 

sandstones, shales and some 1 imestone o r  chemical p rec ip i t a tes  1 i k e  chert ,  

l imestone o r  s a l t  deposits which tend t o  have l i t t l e  o r  no po ros i t y  o r  

permeabi 1 i ty. The rocks a t  Cos0 are igneous "p rec ip i  t a t s , "  and recrysta l  1 i zed  

metamorphic rocks. The metamorphic process o f  compression and r e c r y s t a l l i z a t i o n  

has e f fec t i ve l y  reduced the primary permeabi l i ty  and po ros i t y  t o  zero. Thus the 

rocks a t  Cos0 are analogous t o  dense chemical p r e c i p i t a t e  l imestones and cherts, 

and many logs ca l i b ra ted  against  a lime,stone matr ix  w i l l  g ive the c losest  

0 

I 

0 

approximati on of t r u e  rock propert ies.  Cer ta i  n composi t i o n a l  proper t ies of 

W 

W 25 



igneous rocks such as orthoclase feldspar and mafic mineral content are 

measurabl e by gamma ray  and neutron 1 ogs t o  provide 1 i tho1 ogi  c in terpretat ions.  

Acoustic 1 ogs 1 OCate f racture zones where secondary po ros i t y  and permeabi 15 ty 

6, 
Y 

may develop. 

w i l l  usua l l y  be secondary t o  the rad ioact ive logs. 

Induct ion and SP logs help w i t h  l i t h o l o g i c  i n te rp re ta t i ons  b u t  

cp 

The common near-ver t ica l  o r i e n t a t i o n  of geologic contacts i n  an igneous o r  

metamorphic sequence f u r t h e r  complicates l o g  i n te rp re ta t i on .  

basins contacts are usual ly  near-horizontal unless f a u l t e d  o r  folded. A t  Cos0 

la rge blocks o f  metamorphic rock occur w i t h i n  a g ran i te  matr ix,  the complex i s  

h i g h l y  fau l ted,  and the contacts are o f t e n  very steep o r  near-vert ical .  Thus 

rock types near the bore hole b u t  no t  a c t u a l l y  c u t  by i t  may be "seen" by deep 

I n  sedimentary 

0 

%, 

penetrat i  ng 1 ogs . 
The U t i l i t y  of Various Logs Run i n  CGEH-1 

Gamma Ray The gamma ray t o o l  i s  passive i n  t h a t  i t  counts natura l  r a d i a t i o n  

wi thout  prov id ing any st imulat ion.  Potassium 4u i s  the main source o f  gamma ray 

e 

r a d i a t i o n  i n  common igneous rocks and i s  found predominantly i n  potassium 

feldspar (orthoclase) and potassium mica '( s e r i c i  te/muscovi t e )  . Because the two 
0 

main rock groups a t  Cos0 have very pronounced d i f ferences i n  orthoclase content, 

YB 
the gamma ray l o g  i s  the most useful  l i t h o l o g i c  too l .  The o lder  metamorphic 

rocks are general ly h igh i n  mafic minerals and low ( 4 5 % )  i n  orthoclase whi le 

leucocrat ic  g ran i te  has almost no mafics (<5%) and 30-40% orthoclose. A lask i te  

dikes c u t  both rocks and have l o g  signatures s i m i l a r  t o  the leucogranite. The 

r h y o l i t e  i s  70% orthoclase and probably has a r e l a t i v e l y  h igh uranium and 

thoriuin content (Bacon, personal comm.) which r e s u l t s  i n  a much higher gamma ray 

8 

count than the 1 eucograni t e  . . -. 
(u 
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Neutron Poros i ty  The neutron l o g  i s  a measure of hydrogen i o n  concentrat ion i n  

the rock. High hydrogen i o n  concentrat ion i n  porous rocks i s  i n te rp re ted  t o  

i nd i ca te  water o r  petroleum. 

c r y s t a l s  as wel l  as water along fractures (Nelson and Glenn, 1975). The mafic 

minerals, b i o t i t e  and hornblende, contain enough water t o  a f f e c t  the neutron 

log. Thus the metamorphic rocks a t  Cos0 show r e l a t i v e l y  h igh neutron po ros i t y  

because o f  t h e i r  h igh mafic content not  because o f  actual porosi ty.  These rocks 

probably have t r u e  p o r o s i t i e s  o f  l e s s  than one percent. 

Non-porous igneous rocks  have water trapped w i t h i n  

Acoustic Log Acoustic data can be presented as a f u l l  wave p i c t u r e  o r  as a 

t r a v e l  time, A t ,  curve where e i t h e r  the t ime from signal  generation t o  the f i r s t  

P wave a r r i v a l  i s  recorded o r  the time between the f i r s t  a r r a i v l s  a t  two 

separate receivers i s  recorded. 

at tenuat ion i s  great and the f i r s t  P wave a r r i v a l  can no t  be detected, the f u l l  

wave sonic l o g  may produce useful q u a l i t a t i v e  information. 

I n  f rac tu red  igneous rock where signal 

I n  e i t h e r  case 

f 1 ow zones . '9. 

Cal iper Log Tne c a l i p e r  l o g  i s  essent ia l  f o r  the 

other  logs. Borehole size, p a r t i c u l a r l y  washouts 

strong s i  gnal at tenuat ion ind icates f rac tu red  zones which are possible f l u i d  

co r rec t  i n t e r p r e t a t i o n  of most 

the response of most logging tools.  

washouts have on the SP, neutron and r e s i s t i v i t y  

For example, 

o r  caving, s t rongly  a f f e c t s  

note i n . P l a t e  I the e f f e c t s  

ogs a t  1550 and 1951r feet .  I n  

these areas o f  hole enlargement the logging too l  responses are dominated by the 

physical  and chemical proper t ies o f  the d r i l l i n g  mud o r  borehole f l u i d s .  
-- - 

Induct ion Log The conduct iv i ty  ( i nduc t i on  r e s i s t i v i t y )  IOi o f ten  y i e l d s  the 

best  measure o f  t r u e  rock r e s i s t i v i t y  where f l u i d  r e s i s t i v i € y  i s  n o t  too low and 
I .- 



formations are uniform. I n  an igneous environment r e s i s t i v i t y  contrasts due t o  V 
l i t h o l o g i c  va r ia t i ons  are r a r e  o r  small . However rock f a b r i c ,  structure,  and 

va r ia t i ons  i n metal 1 i c m i  neral content can produce s i  gni f i cant apparent 

r e s i s t i v i t y  changes. Near-vert ical r a t h e r  than hor izonta l  contacts between rock 

u n i t s  fu r the r  complicates the i n te rp re ta t i on .  Deeply penetrat ing induct ion logs 

may respond t o  h i g h l y  conductive rocks o r  f l u i d - f i l l e d  zones n o t  ac tua l l y  

in tersected by the bore hole. Several features unrelated t o  primary rock 

may be recorded by the induct ion l o g  including: f a u l t  zohes w i t h  t h i c k  c 

gouge, areas where plagioclase feldspars have been hydrothermal l y  a1 tered 

t Y  Pe 
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t o  

clays, and va r ia t i ons  i n  mafic mi neral content due t o  hydrothermal a1 t e r a t i o n  

which increases b i o t i t e  content. 

Spontaneous Potent ia l  ( SP) 

semipermeable boundaries a t  shale-sandstone contacts. Cations migrate across 

Spontaneous po ten t i a l  s are usual ly  produced by 

the boundary more r e a d i l y  than anions which produces an e l e c t r i c a l  po ten t i a l  

across the boundary. This mechanism i s  n o t  e a s i l y  developed i n  igneous rocks. 

Uni ts with h igh c h l o r i t e  + mica mineral content a c t  somewhat l i k e  shales and low 

c h l o r i t e  + mica rocks may behave more 1 i ke 1 imestones. Short i n t e r v a l  s o f  gouge 

o r  zones o f  hydrothermal a l t e r a t i o n  w i t h  h igh c lay  content a lso may behave as 

shale zones. 

The SP, induction, and shor t  normal r e s i s t i v i t y  logs have a more l i m i t e d  

value f o r  l i t h o l o g i c  contro l  than the gamma ray and neutron logs i n  an igneous 

envi ronment. 

The temperature l o g  gives the only d i r e c t  measurement o f  the 

geothermal resource. 

because the temperature i n  the hole i s  inf luenced by many fac to rs  such as the 

I n t e r p r e t a t i o n  o f  t h i s  l o g  can be themos t  d i f f i c u l t  
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t ime since the hole was f lowing o r  since c i r c u l a t i o n  has stopped. Temperature 

logs a re  most useful when run i n  a sequence t o  detect  temperature changes i n  the 

hole w i t h  time. Generally, a hole w i l l  be cooled dur ing d r i l l i n g  by the 

c i r c u l a t i o n  o f  the d r i l l i n g  f l u i d .  A l o g  run soon a f t e r  c i r c u l a t i o n  stops W i l l  

i nd i ca te  cool zones where the cool ing e f f e c t  i s  the greatest  if the c i r c u l a t i n g  

f l u i d  i s  cooler  than the formation water. Subsequent logs run a t  appropriate 

time i n t e r v a l s  w i l l  i nd i ca te  where heat f l u x  i s  greatest  as the hole recovers 

from the coo l i ng  e f f e c t  o f  the d r i l l i n g  process. 

Log I n t e r p r e t a t i o n  

Plate I i s  a composite o f  logs run i n  CGEH-1. Table I V  l i s t s  the logging 

companies and the logs used t o  make the composite. 

The gamma ray and neutron poros i ty  logs have been superimposed i n  the same 

f i e l d .  Generally h igh neutron po ros i t y  coupled w i t h  low gamma ray counts 

ind icates mafic r i c h  rocks. Such envelopes have been shaded on the composite 

and i n d i c a t e  the dark metamorphic complex. Patches o f  t h i s  mater ia l  are 

ind icated throughout the d r i l l  hole; however, metamorphic rocks are dominant 

above 2065 feet .  Zones o f  low neutron po ros i t y  and h igh natural  gamma are 

s i  1 i c i  c igneous rocks . These zones general 1 y del i neate the grani t e  p l  uton bel  ow 

2065 feet.  Above 2065 f e e t  these zones are a l a s k i t e  dikes. Add t i o n a l  

a1 aski-tes i n t e r s e c t  the 1 eucograni t e  between 4450 and 4530 f e e t  . 
- 

An anomalous high potassium, h igh neutron po ros i t y  zone occurs between 2692 

and 2760 feet. The acoustic l o g  (Plate 11) ind icates t h i s  i s  a zone o f  intense 

f r a c t u r i n g  and a zone o f  s i g n i f i c a n t  ho le caving as i nd i ca ted  i n  the c a l i p e r  

log. This zone has a gamma ray count i n  excess o f  200 A P I  u n i t s  which i s  

i n d i c a t i v e  o f  a potassium r i c h  rock, o r  possioly minor uranium and thorium. The 
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Composite Logs 

Gamma Ray 

Table IV 
Geophysical Logs used to compile Plate I 

Neutron Porosity 

Cal i per 

U 
Induction Logs 
SP 
Short Normal 
Conducti vi ty 
Temperature 

Loggi ng Companies 

GO International 
Dresser Atlas 
Dresser Atlas 
GO International 
Dresser Atlas 
Dresser Atlas 
GO International 
Dresser At1 as 
Dresser At1 as 
Dresser Atlas 
GO International 
Dresser Atlas 
Dresser At1 as 
Triangle Service Inc. 
Triangle Service Inc. 

Interval 

20-1341 
1348-3900 
3900-4824 
580-1333 

1348- 3900 
3900-4824 
573-1341 

1348-3900 
3900-4824 

150-578 
574- 1341 

1348-3900 
3900-4824 

50-4824 
50-4824 

Date run 

09/25/77 
10/27/77 
02/03/78 
09/25/77 
10/27/77 
02/03/78 
09/25/77 
10/27/77 
02/03/78 
09/19/77 
09/25/77 
101 2 71 77 
02/03/78 
12/13/77 
02/04/78 
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chips i n d i c a t e  t h i s  i s  a zone o f  r h y o l i t e .  The neutron l o g  shows a high apparnet I 
p o r w i t y  p r i m a r i l y  due t o  the hole enlargement. W 

Y 

The shor t  normal r e s i s t i v i t y  and SP logs are inf luenced t o  a minor degree 

by l i t h o l o g i c  changes. These two logs and the induct ion l o g  are af fected by 

ay borehole en1 argement. The 1 ower shor t  normal r e s i s t i v i t y  , p o s i t i v e  s h i f t  i n  SP 

and increase i n  conduct iv i ty  i s  we l l  displayed a t  t he  washouts from 1865 t o  

1975, 2310 t o  2410 and 2585 t o  2650 feet. The SP s h i f t  i s  n o t  as c l e a r  a t  the 

l a r g e  washoqt between 1435 and 1515 f e e t  because o f  the s o f t  gouge zone 

occurr ing i n t h i s  i n t e r v a l  . 
e, 

The i n t e r v a l  from 850 t o  1300 f e e t  shows almost constant 10 ohm meter shor t  

normal r e s i s t i v i t y .  For t h i s  i n t e r v a l  the c a l i p e r  l o g  does n o t  i n d i c a t e  ho le 

enlargement whi le  d r i l l i n g  rates (Fig. 5 )  more than doubled and gouge was noted 

v 

I 
i n  the c u t t i n g s  from 960 t o  1020 feet. The sho r t  normal and SP logs appear t o  

be responding t o  the gouge i n  a near-ver t ica l  f a u l t  zone t h a t  i s  penetrated by 
0 

t he  hole from 960 t o  1020 f e e t  and i s  adjacent t o  the hole above 960 f e e t  and 

bel ow lU20 feet. The conducti v i  ty 1 og supports t h i  s i n te rp re ta t i on .  

I 
I 

Very h igh 

conduc t i v i t i es  from 820 t o  970 f e e t  i n d i c a t e  the t o o l  i s  i n  permeable f rac tu red  

rock. The chips i nd i ca te  very weak c lay  a l t e r a t i o n  i n  the plagioclase i n  t h i s  

i n t e r v a l  as wel l .  Conduct iv i ty decreases below 970 f e e t  t o  a minimum a t  1095 

f e e t  where the r e s i s t i v e ,  impermeable gouge i s  exposed edge-on i n  the hole. 

This corresponds t o  a r i s e  i n  the sho r t  normal r e s i s t i v i t y .  The conduct iv i ty  

r i s e s  again and i s  very high from 1170 t o  1290 feet. Figure 10 i s  a 

diagrammatic i n t e r p r e t a t i o n  o f  t h i  s i n t e r v a l  . 

I 

ly 

Qi 

The acoustic l o g  i s  displayed i n  Plate XI. The depths i n  the Dresser At las 

l o g  are i n  e r r o r  due t o  mechanical problems b u t  the ones on the GO In ternat ional  v ' 
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c a l i p e r  l o g  are Correct  and are used as a reference. Generally the acoustic l o g  

i nd i ca tes  f rac tu red  zones where the signal  i s  attenuated. The P wave f i r s t  

a r r i v a l  was d i f f i c u l t  t o  impossible t o  p i ck  on the o r i g i n a l  l o g  and the Xerox 

reduct ion presented here has f u r t h e r  removed weak s ignals  b u t  the zones of h igh 

bi 
cp, 

attenuat ion are s t i l l  obvious. Generally the c a l i p e r  l o g  ind icates washouts 

adjacent t o  zones o f  h igh attenuation. The exception t o  t h i s  i s  i n  the 2600 t o  

2800 foot  i n t e r v a l  where the signal i s  very s t rongly  attenuated whi le  the 

c a l i p e r  i nd i ca tes  very minor ho le enlargement. w 
One general r u l e  holds f o r  much o f  the acoustic log:  the f ractures are 

located predominantly a t  contacts between maf ic- r ich and mafic-poor rocks 

( i nd i ca ted  by the Gamma R a y  curve). Below 2800 f e e t  the frequency o f  f r a c t u r i n g  

would appear t o  be l e s s  than above 2800 feet.  This i s  a l so  the i n t e r v a l  

dominated by the 1 eucograni te. 

u 

4 
The presence o f  a f rac tu re  system does n o t  mean t h a t  f l u i d  i s  necessari ly 

f lowing there. Fractures pinch and swell ,  so wh i l e  they may be f l u i d - f i l l e d  

there may be very low permeabil i ty. I 
0 

Temperature logs give the best i n d i c a t i o n  o f  f l u i d  f l ow  and r e l a t i v e  heat 

f low. Unl ike other rock proper t ies measurable by geophysical logs, the rock 

(B temperature i s  a dynamic feature subject  t o  natural  change o r  induced s h i f t s .  

Logs run immediately a f t e r  c i r c u l a t i o n  stops w i l l  show where maximum and minimum 

cool i ng have occurred. Subsequent 1 ogs w i  11 del i neate re1 a t i  ve rates o f  thermal 

recovery t o  determine zones o f  maximum heat f l ux .  0 

Five temperature logs were run over a f i f t y  hour i n t e r v a l  s t a r t i n g  on 

October 27, 1977 i n  CGEH #1 (Fig. 8). f3ud temperatures were l l l O F  going i n  the 
Y 

33 
W 



hole and 1270 coming o u t  when c i r c u l a t i o n  stopped, The p l o t  o f  the f i r s t  l o g  

ind icates maximum coo l i ng  i n  the hole above 2800 feet.  Heat was f lowing from 

the rock t o  the d r i l l i n g  f l u i d  most r a p i d l y  above t h i s  depth w i t h  some peaks 

i n d i c a t i n g  zones o f  r a p i d  recovery. Using only t h i s  log, t he  i n t e r p r e t a t i o n  

could have been tha the rock below 2800 feet had recovered more r a p i d l y  o r  had 

been cooled l e s s  than the rock above. Subsequent logs i n d i c a t e  the i n t e r v a l  

below 2800 f e e t  had been cooled l ess  than the rocks above 2800 feet. I n  the 50 

hour i n t e r v a l  between the f i r s t  and l a s t  l o g  the zone between 1850 f e e t  and 2775 

feet had recovered over a temperature range greater than lUOOF with an apparent 

maximum o f  112OF a t  2250 feet .  This zone c l e a r l y  has the highest heat f l u x  i n  

the hole. 

The temperature l o g  run December 13, 1977 (Fig. 8a; P1 . I )  eleven days 

a f t e r  a l l  d r i l l i n g  a c t i v i t i e s  ceased, shows t h a t  the highest temperatures i n  

CGEH-1 occur i n  the i n t e r v a l  f rom 1961r t o  35UO f e e t  w i t h  maximum temperatures a t  

2100 and 2750 f e e t  of 3690 and 3670 respect ively.  The negative slope on t h i s  

l o g  below 3000 f e e t  was not  predicted by logs run p e r i o d i c a l l y  dur ing d r i l l i n g  

(Fig. 8, a, b ) .  These logs were included i n  the d r i l l i n g  program t o  a s s i s t  i n  

determining i f  a geothermal resource had been passed and the hole was being 

needlessly deepened+.into cooler rock. 

from the ef fects of the c i r c u l a t i n g  f l u i d  i s  the c o n t r o l l i n g  fac to r  i n  using 

t h i s  technique. Perhaps i f  the f i f t y  hour logging sequence run when the hole 

was a t  400U f e e t  had been extended t o  75 o r  100 hours, t h i s  reversal would have 

The t ime required f o r  the hole t o  recover 
c-1" 1. 

been indicated. 
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CONCLUSIONS 

High heat f l u x  ind ica ted  by the  h ighest  temperature i n t e r v a l  i n  the  hole 

was encountered between the depths of 1850 and 2775 f e e t  where d r i l l  hole CGEH-1 

in te rsec ted  the  north-northeast open f rac tu re  o r  f a u l t  system. Convective heat 

flow and temperatures greater than 350OF appear t o  occur on ly  along t h i s  

s t ruc tu ra l  trend, whi 1 e temperature 1 ogs recorded when borehol e fl U i  ds 

approached equi 1 i brium w i t h  the actual  thermal gradient  i nd i ca te  a negative 

thermal g rad ien t  below 3000 feet. 

The water tab le  i n  the v i c i n i t y  o f  CGEH-1 i s  i n te rp re ted  t o  occur a t  a 

depth o f  50U feet .  The hole i s  cased t o  3488 f e e t  and the  piezometric surface 

i s  a t  a depth o f  910 feet. Water samples taken from below 3488 f e e t  i nd i ca te  

t h i s  i s  t he  same h igh  ch lo r i de  water sampled i n  Cos0 #1 a t  Cos0 Hot Springs. 

These data i nd i ca te  t h a t  the Cos0 KGRA i s  a hot-water ra the r  than a 

vapor-domi nated system. 

The thermal system does n o t  appear t o  be re la ted  t o  spec i f i c  rock types. 

Only very weak hydrothermal a1 t e r a t i  on was observed i n the  d r i  11 cut t ings.  Weak 

sporadic a r g i l l i r a t i o n  occurs throughput the metamorphic rocks and i n  the c a l c i c  

cores o f  p l  agi  oc l  ase g ra i  ns i n the  1 eucograni t e  . M i  nor ca l  c i  t e  ve in ing occurs 

i n  a l l  rock types, occasional ly w i t h  hematite. 

Fau l t s  and f rac tu re  zones’ had a strong in f luence i n  ho le  d i r e c t i o n  and 

penetrat ion ra tes  and l i m i t e d  the type o f  d r i l l i n g  methods t h a t  could be used. 
- 

Gamma ray and neutro 

f l u i d  f low zones. The t e  

p red ic t  the gradient  reversal  below 3000 feet ,  bu t  d i d  de l ineate the  zone o f  

maximum heat f low between 1850 and 2775 feet .  

i t y  logs  i nd i ca te  gross rock type and po ten t ia l  

r e  logs recorded dur ing d r i l l i n g  f a i l e d  t o  
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APPENDIX A 
bd 

U The f i e l d  log,  Appendix A, stiows the terms used t o  record the geology 

during d r i  11 i ng. The analysis o f  t h i n  sections made from the cutt ings,  core and 

surface samples has resu l ted  i n  some name changes and c l a r i f i c a t i o n  o f  rock 

Y types t h a t  were n o t  i d e n t i f i a b l e  i n  the f i e l d ,  however, the ove ra l l  

r e la t i onsh ips  have n o t  changed. Igneous and metamorphic rock c l a s s i f i c a t i o n s  

are i n  l a rge  p a r t  based on t e x t u r a l  analysis because bulk  compositions can be 

i d e n t i c a l  - the  small s i ze  o f  the chips o f t e n  precluded any t e x t u r a l  v 

i n t e r p r e t a t i o n  u n t i l  t h i n  sections could be made and analyzed. Metamorphic and 

ma f i c - r i ch  rock names were used i n  the  f i e l d  f o r  t he  rocks o f  the metamorphic 

sequence whi 1 e the f i e l  d term "whi t e  grani t e "  i dent i  f i ed the 1 eucograni t e  p l  uton 

precisely.  A lask i tes c u t  both un i ts .  One a l a s k i t e  was i d e n t i f i e d  as a 

leucograni te i n  the f i e l d  log. 

0 

NOT ICE 

0 The f i e l d  log,  Appendix A, i s  a de ta i l ed  48 page record o f  the on s i t e  

l i t h o l o g i c  logging o f  CGEH-1 cut t ings.  Much o f  t h i s  informat ion i s  r e p e t i t i v e  

and i s  adequately represented by the graphic log, P la te  I. Since only a small 

B, f r a c t i o n  o f  the i nd i v idua ls  o r  organizations on the d i s t r i b u t i o n  l i s t  w i l l  

a c t u a l l y  use t h i s  informat ion Appendix A i s  n o t  included i n  t h i s  r e p o r t  b u t  i s  

avai 1 ab1 e upon request from the Earth Sci ence Laboratory. 
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