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The Colado geothermal area i s  evidenced by  ho t  water w e l l s  i n  a l l u v i u m  

a long t h e  west f l a n k  o f  t h e  West Humboldt Range. 

geothermal system has progressed i n t o  advanced stages w i t h  complet ion o f  

sha l low thermal g rad ien t  d r i l l i n g ,  two in te rmed ia te -depth  e x p l o r a t i o n  d r i l l  

holes, one deep e x p l o r a t i o n  d r i l l  hole,  d e t a i l e d  geo log ic  mapping, d i p o l e -  

d i p o l e  r e s i s t i v i t y ,  g r a v i t y ,  ground magnetics, MT-AMT, TDEM and assor ted  

uncommon e l e c t r i c a l  r e s i s t i v i t y  techniques. 

The e x p l o r a t i o n  o f  t h i s  

A thermal anomaly was o u t l i n e d  by t h e  sha l low d r i l l i n g .  D i p o l e - d i p o l e  

r e s i s t i v i t y  and g r a v i t y  data a long w i t h  d e t a i l e d  geo log ic  mapping have 

suggested t h a t  t h i s  anomaly i s  s t r u c t u r a l l y  c o n t r o l l e d .  Other geophysical  

techniques employed do no t  appear t o  c o n t r i b u t e  t o  an understanding o f  t h e  

geothermal anomaly. The two in te rmed ia te -depth  e x p l o r a t i o n  ho les  (IGH-1, IGH-  

2 )  and t h e  one deep ho le  (44x-10) may no t  have been l o c a t e d  i n  t h e  most 

favo rab le  p o r t i o n s  o f  t h e  geothermal anomaly. 

e x p l o r a t i o n  p o t e n t i a l  f o r  in termediate-depth d r i l l  i n g  appears t o  be centered 

on t h e  shal l ow  d r i l l  h o l e  14-22. An in termediate-depth d r i l l  h o l e  l o c a t e d  

near DH14-22 i s  most l i k e l y  t o  encounter one o f  t h e  condu i ts  t h a t  a l l o w  

thermal waters t o  r i s e  near t h e  surface. 

The area hav ing t h e  g rea tes t  

1 
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The Colado geothermal area ( F i g u r e  1) i s  l o c a t e d  i n  Pershing County, 

Nevada approximately 7 m i l e s  nor theas t  o f  t h e  town o f  Lovelock. Ge t t y  O i l  

Company's i n t e r e s t  i n  t h e  geothermal p o t e n t i a l  o f  t h e  area was s t i m u l a t e d  

when, w h i l e  d r i l l i n g  on nearby min ing  claims, t h e y  encountered a l i g h t  f l o w  o f  

steam and thermal waters (Wayne Shaw, personal communication). The main area 

o f  geothermal e x p l o r a t i o n  t o  da te  i s  a long t h e  western f l a n k  o f  t h e  West 

Humboldt Range, l y i n g  between t h e  r a i l r o a d  s i d i n g s  o f  Kodak and Woolsey 

( P l a t e  I ) ,  a d i s t a n c e  o f  about 4.5 mi les .  

Th is  r e p o r t  presents an e v a l u a t i o n  o f  t h e  geophysical data package which 

The data were i n c l u d e s  t h e  r e s u l t s  o f  a thermal g r a d i e n t  d r i l l i n g  program. 

submi t ted  by  Get ty  O i l  Company t o  t h e  Ear th  Science Laboratory,  U n i v e r s i t y  of 

Utah  Research I n s t i t u t e  (ESL/UURI), as p a r t  o f  t h e  da ta  due t o  t h e  U.S. 

Department o f  Energy, D i v i s i o n  o f  Geothermal Energy th rough G e t t y ' s  

p a r t i c i p a t i o n  i n  t h e  I n d u s t r y  Coup1 ed Program. Resu l t s  o f  a d i p o l  e -d ipo l  e 

e l e c t r i c a l  r e s i s t i v i t y  survey (Mackelprang, 1980) conducted by t h e  E a r t h  

Science Labora tory  suppor t ing  our e v a l u a t i o n  o f  t h i s  da ta  package a r e  a l s o  

i nc l  uded i n  t h i  s r e p o r t .  

GEOLOGIC SETTING 

The Colado geothermal area i s  i n d i c a t e d  by ho t  water w e l l s  i n  a l l u v i u m  

a long t h e  west f l a n k  o f  t h e  West Humboldt Range. 

s tand ing  o f  t h e  geothermal environment, S i b b e t t  and B u l l e t t  (1980) mapped t h e  

geology o f  t h e  West Humboldt Range ( P l a t e  I )  ad jacent  t o  t h e  geothermal 

area. The f o l l o w i n g  i s  taken from t h e  a b s t r a c t  o f  t h e i r  r e p o r t .  

To ga in  a b e t t e r  under- 

Q 

The West Humboldt Range c o n s i s t s  m a i n l y  o f  T r i a s s i c  t o  Ju rass i c  s l a t y  

3 
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shal e t o  quartzite of the Auld Lang Syne Group. 

Lovelock Formation have been thrust  over the pe l i t i c  rocks on the south  end of 

the area. 

metasediments i n  the range. 

Carbonate rocks of the 

Erosional remnants of Tertiary tuf fs  and sediments overlay the 

Several thrust  fau l t s  are exposed south  of Coal Canyon and a structural 

break i n  the Mesozoic rocks exis ts  under Coal Canyon. Several low-angle 

f a u l t s  occur t o  the nor th  b u t  t he i r  e f fec t ,  i f  any, on the geothermal occur- 

rence i s  n o t  known. 

The principal structures are high-angle f a u l t s  s t r iking north-northwest, 

northeast and north-south. The horst t o  graben t ransi t ion along the range 

front consists of several step f a u l t s  fo l l  owing an  irregul ar south-to-north 

trend. 

continues t o  the west under the Quaternary a l l u v i u m .  

thought t o  r i s e  along a major fau l t  or fau l t  system t o  the base of the 

a1 1 u v i  um. 

The structural  pattern noted a long  the west edge o f  the range probably 

The thermal waters are  

The surface morphology o f  the valley has been strongly affected by the 

Pleistocene Lake Lahontan shore features (Morrison, 1964).  Several a lga l  

mounds in the southern part o f  the Colado area remain from Lake Lahontan 

time. This t u f a  i s  a typfcal lake deposit and has no geothermal significance 

(Morrison, 1964) .  

A more detailed geologic description of the Colado geothermal area can be 

found i n  the report by Sibbett and Bullett  (1980) which i s  an excellent 

Q 

accompaniment to  t h i  s report. 
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THERMAL GRADIENT DRILLING 
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The Colado geothermal system i s  a "blind" hot water system in t h a t  no 

surface manifestation exis ts .  Several hot domestic wells have been reported 

in the Lovelock area and an  industrial well i n  alluvium a t  Colado has a 

reported temperature of 66°C (Garside and Schill ing,  1979). 

Getty Oil was the f i r s t  company t o  undertake a serious evaluation of the 

a rea ' s  geothermal potential. 

holes, R G - 1  and R G - 2 ,  d r i l l ed  for  the  evaluation of mining claims. The 

d r i l l i ng  program has progressed t h r o u g h  the stage o f  dr i l l i ng  18 shallow (<500 

f e e t )  thermal gradient holes, two intermediate-depth (1500 feet  and 1165 f e e t )  

holes, and one deep t e s t  well (Colado 44x-10) which was dr i l led  t o  a d e p t h  o f  

7,965 feet .  

This began w i t h  the temperature logging of two 

Figure 2 i s  a location map for the thermal gradient holes. 

Examination of cutt ings obtained from the various thermal gradient holes 

has identified l i thologic changes i n  each hole as discussed in detail  by 

Sibbett and Bul l e t t  (1980). Christensen (1980) performed a mu1 t i e l  ement 

geochemical analysis of the d r i l l  cutt ings,  and interpretation of the resul ts  

out1 i n e d  an area o f  anomalous geochemistry related t o  f l u i d  flow and 

temperature distribution within the Colado geothermal area. 

Temperature Logs 

Figures 3, 4 and 5 show temperatures i n  "C recorded in the d r i l l  holes a t  

depths of 100 fee t ,  300 feet  and 500 feet  respectively. Quite c lear ly ,  the 

highest temperatures are encountered a1 ong a northeast-trending zone 

encmpassi ng d r i l l  holes 16-22, 14-22, 13-26, IGH-1, 10-34, 9-34, and  7-4. 

Fluids encountered in these holes have temperatures 60°C or hotter. I t  i s  

fur ther  evident t h a t  the  thermal f luids  are leaking i n t o  valley f i l l  a t  
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re1 a t i v e l y  sha l low depths. Temperatures a r e  c o o l e r  a t  t h e  g r e a t e r  depth shown 

by F i g u r e  5, suggest ing e i t h e r  a m ix ing  o f  thermal f l u i d s  w i t h  ground water o r  

a g rea te r  d i s tance  between the  l e a k i n g  condu i t  and t h e  d r i l l  hole.  

plumbing system f o r  t h e  thermal  f l u i d s  i s  very  l i k e l y  f a u l t  c o n t r o l l e d  w i t h  

t h e  h o t t e s t  hole,  14-22, p robab ly  be ing  l oca ted  ve ry  near one o f  these 

The 

s t r u c t u r e s .  

F igures  6 through 9 a r e  p l o t s  o f  recorded temperatures ob ta ined by Ge t t y  
0 

O i l  i n  t h e  sha l low thermal g rad ien t  d r i l l  holes. These are  a l i g n e d  as 

p r o f i l e s  n o r t h  t o  south across t h e  area o f  i n t e r e s t .  D r i l l  ho les  15-21, 17-24 

and 18-24 a l l  show inc reas ing  temperatures w i t h  depth and e x h i b i t  thermal 
0 

0 

0 

0 

c) 

8 

g r a d i e n t s  o f  65.6"C/km, 75.4"C/km and 77.8"C/km r e s p e c t i v e l y .  D r i l l  h o l e  16- 

22, on t h e  o the r  hand, d i s p l a y s  a temperature r e v e r s a l ,  b u t  temperatures 

recover  near t h e  bottom o f  t h e  h o l e  and show a thermal g rad ien t  of 19.7"C/km 

over t h e  f i n a l  50 fee t .  Th is  g rad ien t  i s  about normal f o r  t h e  Basin and Range 

Prov ince.  

D r i l l  ho les  11-36 and 12-26 (F igu re  7 )  a1 so show i n c r e a s i n g  temperature 

w i t h  depth and thermal g rad ien ts  o f  60.7"C/km and 69.6"C/km r e s p e c t i v e l y .  

D r i l l  ho les R G - 1  and RG-2, which a r e  t h e  minera l  assessment holes,  show ve ry  

h i g h  thermal g rad ien ts  w i thou t  encounter ing a temperature maximum. The 

iso thermal  i n t e r v a l  i n  t h e  bottom o f  these ho les  i s  i n t e r p r e t e d  t o  be due t o  a 

c l o s i n g  o f f  o r  b r i d g i n g  over i n  t h e  holes. The h o t t e s t  shal low thermal 

g r a d i e n t  h o l e  d r i l l e d  i s  DH14-22 w i t h  a maximum recorded temperature of 

113.5"C a t  a depth o f  250 feet .  D r i l l  ho le  13-26 a l s o  shows a h i g h  thermal 

g rad ien t ,  b u t  b o t h  t h i  s h o l e  and DH14-22 a r e  e x h i b i t i n g  a temperature reve rsa l  

i n  t h e  deeper p o r t i o n  o f  t h e  holes. 

10 
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The d r i l l  ho les  shown on F i g u r e  8 show temperatures i n  DH1-12 and DH2-2 

t o  have g rad ien ts  about t w i c e  t h e  Basin and Range average (20-30°C/km) f o r  t h e  

i n t e r v a l  between 50 f e e t  and 500 f e e t .  The upper p o r t i o n  o f  ho les  8-34, 9-34 

and 10-34 e x h i b i t  h i g h  g rad ien ts  b u t  these a l l  decrease t o  g rad ien ts  o f  50- 

65"C/km, a t  l e a s t  i n  9-34 and 10-34. The temperature g r a d i e n t  i n  h o l e  8-34 

may have reversed a t  i t s  deepest po in t .  

The remaining ho les  on F i g u r e  9 a r e  s i m i l a r  t o  those p r e v i o u s l y  d i s -  

cussed. 

DH3-10 and DH6-6 from a depth o f  50 f e e t  t o  t o t a l  depth. D r i l l  h o l e  4-16 

s t a r t e d  ou t  n e a r l y  i so thermal  b u t  p icked up about 150 f e e t  w i t h  t h e  

temperature maximum being a t  t h e  bottom o f  t h e  hole. 

i n d i c a t i o n s  o f  a t u r n o v e r  s t a r t i n g  t o  develop. 

ou t  w i t h  h ighe r  g rad ien ts ,  b u t  a t  a depth o f  300 f e e t  DH5-8 went i so thermal  

Thermal g rad ien ts  rough ly  double t h e  Basin and Range average occur i n  

There are,  however, 

DH5-8 and DH7-4 b o t h  s t a r t e d  

w h i l e  DH7-4 had a r e v e r s a l .  

WELL LOG DATA FOR DRILL HOLES I G H - 1  AND IGH-2 

P l a t e  I 1  i s  a composite o f  t h e  va r ious  l o g s  recorded i n  t h e  i n te rmed ia te -  

depth d r i l l  holes. D r i l l  ho le  I G H - 1  was d r i l l e d  by K. 0. B u r t  D r i l l i n g  Co., 

Inc., S p r i n g v i l l e ,  Utah, d u r i n g  March 4-18, 1980. To ta l  depth was 1500 f e e t .  

D r i l l  h o l e  IGH-2 was d r i l l e d  by Southwest D r i l l i n g  and E x p l o r a t i o n  Inc., R ig  

#7, d u r i n g  Oct. 30-Nov. 18, 1979, t o  a t o t a l  depth o f  1165 fee t .  

Ho le  I G H - 1  s t a r t e d  i n  a r g i l l a c e o u s  s i 1  t s tone ,  penet ra ted  q u a r t z i t e  and 

The f i r s t  charac ter -  bottomed i n  a t h i c k  sequence o f  s l a t e  o r  s l a t y  shale. 

i s t i c  f e a t u r e  i n  t h e  l o g s  o f  t h i s  h o l e  occurs a t  a depth o f  425 f e e t ,  r o u g h l y  

c o i n c i d i n g  w i t h  t h e  water tab le .  Ca l i pe r ,  p o r o s i t y  (neut ron  and d e n s i t y )  and 

gamma ray 1 ogs show an inc rease a t  t h i s  depth whereas b u l k  dens i t y ,  r e s i s - -  

15 



t i v i t y  and spontaneous p o t e n t i a l  l o g s  show decreases. A p o s s i b l e  f a u l t  zone 

i s  a l s o  shown on t h e  l i t h o l o g i c  l o g  a t  t h i s  hor izon. 
I O  

The s l a t e  o r  s l a t y  sha le  l a y e r  shown i n  t h e  500-540 f o o t  i n t e r v a l  i s  a l s o  

t h e  I i n d i c a t e d  i n  t h e  var ious  l o g s  b u t  a t  a s l i g h t l y  g r e a t e r  depth w i t h  a l l  
I 

I Q  l o g s  showing increases i n  t h e i r  measured parameters. An i n d i c a t i o n  o f  severe 

h o l e  enlargement occurs i n  t h e  900-1200 f o o t  i n t e r v a l .  Th is  i n t e r v a l  i s  

e v i d e n t  i n  t h e  va r ious  l o g s  as a general ,  b u t  i r r e g u l a r ,  zone of s l i g h t l y  

h i g h e r  p o r o s i t y  and lower  b u l k  dens i t y ,  r e s i s t i v i t y ,  spontaneous p o t e n t i a l  and 

gamma ray response. 

d i a g n o s t i c  c h a r a c t e r i s t i c s  o f  t h e  l i t h o l o g i c  log .  

These e f f e c t s  have no t ,  however, been c o r r e l a t e d  t o  any 

c3 

0 

8 

0 

D r i l  1 h o l e  IGH-2 penet ra ted  approximately 1100 f e e t  o f  a1 t e r n a t i n g  1 ayers 

o f  coarse and f i n e  grave l  be fo re  bo t toming i n  65 f e e t  o f  s l a t e  o r  s l a t y  

sha le .  

January 9, 1980. 

200 f e e t  - t h e  depth t o  the  water tab le .  

200 f e e t  t o  t o t a l  depth o f  t h e  ho le  i s  a cons tan t  114'C/km (7.2"F/100 f t ) .  

The o t h e r  l o g s  taken i n  t h i s  h o l e  a r e  shown t o  be very  e r r a t i c .  There i s ,  

however, a pronounced i ncrease i n ho l  e r u g o s i t y  , neut ron  p o r o s i t y  and bu l  k 

d e n s i t y  along w i t h  a decrease i n  sonic v e l o c i t y ,  r e s i s t i v i t y  and gamma r a y  

response i n  t h e  depth i n t e r v a l  960-1140 fee t .  

The temperature l o g  was run  by Un i ted  W i r e l i n e  Surveys, Inc., on 

It shows a pronounced increase i n  temperature a t  a depth  of 

The temperature g r a d i e n t  below 

Only t h e  b u l k  d e n s i t y  can no t  

be exp la ined by w a t e r - f i l  l e d  open f r a c t u r e s .  

D r i l l  h o l e  44X-10 was r e c e n t l y  (1981) completed a t  an i n te rmed ia te  depth 

o f  7965 fee t .  Th is  h o l e  was l o c a t e d  near d r i l l  h o l e  IGH-2. The predominant 

rocks  penet ra ted  were p h y l l i t e  w i t h  i n t e r v a l s  o f  qua r t z  and s e r i c i t e  t o  t h e  

bottom o f  t h e  hole.  The temperature l o g  ( F i g u r e  10) showed a f a i r l y  normal 

Basin and Range g rad ien t  t o  a depth o f  4600'. The temperature p i c k s  up a t  

16 
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nd cont inues  t o  increase t o  t o t a l  depth o f  7965 f e e t .  Therm 1 

g rad ien ts  a re  h i g h  over  t h i s  i n t e r v a l  w i t h  t h e  bo t tom 65 f e e t  be ing  about 

263"C/km. Th is  g r a d i e n t  was ob ta ined from a temperature l o g  taken the  day 

a f t e r  comple t ion  o f  t h e  d r i l l  hole, hence i t  may be i n  e r r o r  because 

i n s u f f i c i e n t  t ime  had passed f o r  t h e  h o l e  t o  e q u i l i b r a t e .  

0 

0 

Q 

Q 

0 

8 

0 

8 

5900 f e e t  

SURFACE GEOPHYSICAL DATA 

I n  mid-1977, Ge t t y  O i l  Company con t rac ted  several  geophysical surveys o f  

t h e  Colado area t o  Electrodyne Surveys o f  Sparks, Nevada. 

these surveys was t o  d e l i n e a t e  s t r u c t u r e  and anomalous areas w i t h i n  o r  below 

a l l u v i a l  cover t h a t  cou ld  be r e l a t e d  t o  t h e  geothermal occurrence noted on 

G e t t y ' s  min ing  claims. 

The purpose o f  

D iscuss ion  o f  D a t a  Sets 

Several geophysical techniques were appl i e d  by E l  ectrodyne Surveys t o  

determine t h e  r e s i s t i v i t y  s t r u c t u r e  o f  t h e  geothermal area. I n  a d d i t i o n ,  

E l  ectrodyne subcontracted g r a v i t y  and ground magnetic surveys t o  Lanton Survey 

Company o f  Va l l e jo ,  C a l i f o r n i a .  E lec t rodyne 's  approach was t o  use what t h e y  

c a l  l e d  "reconnaissance" type  surveys, namely M -AMT soundings, r o v i n g  Vec tor  

T e l l u r i c  soundings, and i n - l i n e  T e l l u r i c  p r o f i  i n g  i n  c o n j u n c t i o n  w i t h  t h e  

g r a v i t y  and ground magnetic da ta  t o  d e f i n e  t h e  s t r u c t u r a l  make-up and anom- 

a1 ous 1 ow apparent r e s i  s t  i v i  t y  zones. Subsequent areas i n t e r p r e t e d  by 

E lec t rodyne t o  be o f  i n t e r e s t  were then  " d e t a i l e d "  u s i n g  (DC) ga l van ic  

e l e c t r i c a l  r e s i s t i v i t y  soundings, para1 l e 1  e l e c t r i c - f i e l d  (DC) measurements, 

t ime-domain electromagnet ic (TDEM) soundings and combined e l e c t r i c - f i e l d  - 
TDEM soundings. Two techniques, MT-AMT and a second-der iva t ive  map of t h e  

g r a v i t y  da ta  cons t ruc ted  by E l  ectrodyne, form t h e  re fe rence  base used by 

E lec t rodyne t o  i n t e r p r e t  t h e  data se ts  from t h e  o the r  surveys. Observations 
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rega rd ing  t h e  var ious  techniques and t h e i r  i n t e r p r e t a t i o n  by E l  ectrodyne 

f o l l o w .  

G r a v i t y  D a t a :  Th is  data s e t  obtained by Lanton Survey Company c o n s t i -  

t u t e s  a r e g i o n a l  survey  over t h e  general geothermal area. Copies of t h e  f i e l d  

da ta  were ob ta ined from Ge t t y  O i l ,  checked f o r  p rocess ing  e r r o r s  and were b 
found t o  be o f  good q u a l i t y .  Lanton ob ta ined e l e v a t i o n s  w i t h  t r a n s i t  and 

s t a d i a  and t e r r a i n  c o r r e c t i o n s  were made a t  each s t a t i o n  th rough zone D ( o u t e r  

r a d i u s  o f  558 ' ) .  Our (ESL) r e v i s e d  Bouguer g r a v i t y  map i s  shown as P l a t e  111. c3 

E l  ectrodyne computed a second-der iva t ive  g r a v i t y  map from which t h e y  

i n t e r p r e t e d  a complex s t r u c t u r a l  p i c t u r e .  Our review, however, suggests t h a t  

t e r r a i n  c o r r e c t i o n s  were no t  cunputed f o r  an adequate area around each s t a t i o n  

0 

nor  were s t a t i o n s  o f  s u f f i c i e n t  a rea l  d e n s i t y  t o  j u s t i f y  a q u a n t i t a t i v e  

i n t e r p r e t a t i o n  based upon t h e  second-der iva t ive  technique. 

d e r i v a t i v e  map i s  t h e r e f o r e  thought t o  be very  specu la t i ve .  

T h e i r  second- 

It i s  poss ib le ,  however, t o  p resent  an i n t e r p r e t a t i o n  based upon t h e  

G r a v i t y  data from t h e  Carson Sink Area (Wahl , 1965 Bouguer g r a v i t y  data. 

show a p r o n o u n c e d  low n o r t h  o f  Lovelock along the west f l a n k  o f  t h e  West 

Humboldt Range which has been i n t e r p r e t e d  as due t o  7100 f e e t  o f  down-fau 

Cenozoic sediments. The d e n s i t y  c o n t r a s t  between these sediments and t h e  

T e r t i a r y  rocks  o f  t h e  range i s  rough ly  -0.6 gm/cc. The g r a v i t y  da ta  obta 

by Lanton Survey Company e s s e n t i a l l y  d u p l i c a t e d  t h e  g r a v i t y  l o w  n o r t h  of 

t ed 

Pre- 

ned 

Lovelock and gave a d d i t i o n a l  d e t a i l  a long t h e  west f l a n k  o f  t h e  West Humboldt 

Range ( P l a t e  111). 

western f l a n k  o f  t h e  range. 

NE-SW s t r i k e  t o  t h e  border ing  s t ruc tu res .  A s t r u c t u r a l  break i n  t h e  Mesozoic 

rocks  f o l l o w s  Coal Canyon ( S i b b e t t  and B u l l e t t ,  1980). Th is  break apparen t l y  

These data g i v e  s t rong  evidence f o r  f a u l t i n g  along t h e  

South o f  Coal Canyon t h e  g r a v i t y  da ta  suggest a 

19 
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forms a hinge l i n e  a l lowing  f o r  the deflection of the border fau l t s  t o  the 

north.  This north-trending f a u l t  system can be traced i n  the gravity d a t a  

across the valley, passing between the range f ront  and DH15-21 and along the 

eastern s ide o f  the gravity h i g h  located a t  the  extreme nor th  end of the 

gravity survey area ( C ) .  This northern gravity h i g h  i s  caused by bedrock in  

the mountain range t h a t  forms the western border to  the Humboldt River Valley 

i n  the Rye Patch area, Rye Patch being located on Highway 40 approximately 15 

miles nor th  of Colado. F a u l t i n g  i s  present a l o n g  the eastern side of this 

northern g r a v i t y  h i g h  and , w i t h  1 i t t l  e imagination, can be projected s o u t h  

across the valley i n t o  the north-trending f a u l t  system located just n o r t h  of 

Coal Canyon. 

The north-trending f a u l t  system to  the nor th  of Coal Canyon has been open 

0 

0 

0 

8 

8 

t o  f l u i d  movement i n  the  past a s  evidenced by the intense hematite s t a i n i n g  i n  

the Tertiary and Mesozoic rocks near t h i s  zone. The andesite lava  flows 

nearby have been strongly altered to  se r i c i t e ,  ca l c i t e ,  chlor i te ,  q u a r t z ,  clay 

and hematite (Sibbett and BuTlett, 1980). 

extension of t h i s  f a u l t  zone t o  the n o r t h  beneath the gravel cover i s  also 

similarly a1 tered. 

I t  i s  quite possible t h a t  the 

Another f a u l t  system apparent1 y extends northeast from DH16-22 a1 ong the 

range front and  essentially duplicates the trend for the segment south of Coal 

Canyon. There i s  evidence i n  the gravity d a t a  t h a t  this f a u l t  system extends 

southwest i n t o  the vicini ty  of Colado and i s  separate from the fault ing along 

the range front  south of Coal Canyon. Sibbett (personal communication) notes 

t h a t  the a l terat ion along the NE-SW trending f au l t  segments i s  considerably 

less intense as i n  the intervening area d i rec t ly  north o f  Coal Canyon. The 

projected f a u l t  intersection i n  the vicini ty  of DH14-22 may cause a zone of 
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i n tense  f r a c t u r i n g ,  increased p e r m e a b i l i t y  and f l u i d  movement, and may be t h e  

main condu i t  f o r  ho t  f l u i d s  noted i n  DH14-22. 

F igures  11-13 a r e  computed 2 1/2-dimensional g r a v i t y  models across t h e  

Colado area, t h e i r  l o c a t i o n s  being shown on P l a t e  111. A -0.6 gm/cc bedrock- 

0 

0 

a l l u v i u m  d e n s i t y  c o n t r a s t  was used i n  computing these models. 

unique, these models g i ve  a good approx imat ion t o  t h e  th i ckness  o f  v a l l e y  f i l l  

(<6000 f e e t )  as we l l  as general l o c a t i o n s  of b u r i e d  f a u l t s  which may be t h e  

condu i t s  f o r  thermal f l  u ids  

Whi le  non- 

Ground Magnetic Data: 

d u r i n g  t h e  g r a v i t y  survey. 

con ta in ing  bu r ied  water l i n e s ,  power l ines  and metal fences. The data 

presented appear t o  have s t rong  c u l t u r a l  i n t e r f e r e n c e s  as a r e s u l t  and a r e  n o t  

i nc luded  i n  t h i s  r e p o r t .  

Tota l  - f i e l d  ground magnetic data were acqu i red  

These s t a t i o n s  appear t o  be l o c a t e d  a long roads 

MT-AMT and Vector  T e l l u r i c  Soundings: Th i r t y -one  MT-AMT and seventeen 

r o v i n g  vec to r  t e l l u r i c  soundings were made a t  Colado by Electrodyne. The data 

p r e s e n t a t i o n  they prov ided t o  DOE c o n s i s t s  o f  t abu la ted  apparent r e s i s t i v i t i e s  

(Tables 11-1 and 111-1, Vol. 11, ESL Open-Fi le Release NV/COL/GOC-1) f o r  t h e  

s t a t i o n  s i t e s  der ived  from f requenc ies  o f  14 Hz and 0.045 Hz. The source da ta  

f o r  these r e s u l t s  a re  no t  ava i l ab le ,  hence, i t  i s  n o t  p o s s i b l e  t o  eva lua te  t h e  

apparent r e s i s t i v i t y  da ta  presented. 

a c q u i s i t i o n  techniques presented i n  Volume I I o f  E l  ect rodyne's  r e p o r t  , 
however, lends some i n s i g h t  i n t o  data q u a l i t y .  

The d e s c r i p t i o n  of t h e  method and 

Elect rodyne appears t o  have gathered t h e i r  f i e l d  data by  measuring t h e  

e l e c t r i c  f i e 1  d w i t h  orthogonal  p o t e n t i a l  e lec t rodes  and the  magnetic f i e l d  

w i t h  a dua l -ax i s  f l u x g a t e  magnetometer. Th is  magnetometer had a s e n s i t i v i t y  
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'0 usual case f o r  m idd le  l a t i t u d e s ,  t h e  median ampl i tude va lue  f o r  magnetic 

v a r i a t i o n s  w i t h i n  t h e  f requency range 0.03 t o  0.2 cps i s  about 0.02 gammas 

(Yungul, 1966; Campbell, 1959). Based on t h i s  r a t h e r  c i r c u m s t a n t i a l  evidence, 

T y p i c a l l y ,  i t  i s  necessary t o  know t h e  apparent one-dimensional 

r e s i s t i v i t y  a t  a base s i t e  i n  o rde r  t o  r e l a t e  t h e  r e s u l t s  o f  t e l l u r i c  

soundings a t  o t h e r  s i t e s  t o  apparent r e s i s t i v i t y .  
8 

The apparent r e s i s t i v i t y  a t  

t h e  base s i t e  can be  determined p r e f e r a b l y  f rom a r e s i s t i v i t y  l o g  i n  a d r i l l  

h o l e  o r  a l t e r n a t i v e l y  from a sounding techn ique such as MT. Due t o  t h e  l o w  

s e n s i t i v i t y  o f  t h e  magnetometer used i n  t h e  MT soundings and s ince  no 

r e s i s t i v i t y  l o g s  were a v a i l a b l e ,  none o f  t h e  necessary requirements f o r  a base 

c3 

0 

9 

s i t e  have been met. Hence, t h e  apparent r e s i s t i v i t i e s  determined from t h e  

t e l l u r i c  surveys a t  Colado appear t o  be suspect a lso .  

T e l l u r i c  P r o f i l i n g  Data: The da ta  a c q u i s i t i o n  f o r  t h i s  techn ique i s  

s i m i l a r  t o  r o v i n g  t e l l u r i c  soundings except t h a t  t h e  p o t e n t i a l  d i f f e r e n c e  i s  

compared between e lec t rodes  from a p rev ious  s i t e  and a new s i t e ,  p laced i n -  

l i n e ,  us ing  a mu l t i channe l  rece ive r .  The da ta  should d i s p l a y  r e l a t i v e  changes 

i n  conductance between t h e  two s i t e s .  Several d isc repanc ies  were noted 

between contoured apparent r e s i  s t i v i  t y  maps ( E l  ectrodyne'  s P1 a tes  V I  I and 

V I I I )  and tabu la ted  apparent r e s i s t i v i t y  va lues  shown i n  Volume 11, Table I V  

o f  E l  ectrodyne'  s r e p o r t  (ESL OFR NV/COL/GOC-l). These d i  screpancies cons1 s t s  

o f  da ta  omissions, p l o t t i n g  o f  se lec ted  va lues  r a t h e r  than a l l  va lues  a long 

t h e  p r o f i l e s ,  and p l o t t i n g  o f  values n o t  l i s t e d  i n  t h e  tab le .  

Para1 le1  E-Fie1 d E l e c t r i c a l  R e s i s t i v i t y  Data: As E l  ectrodyne s ta tes ,  

t h i s  techn ique i s  r e l a t i v e l y  unknown. There i s  no re fe rence  t o  i t  be ing  used 
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f o r  de te rm ina t ion  o f  apparent r e s i s t i v i t y  e i t h e r  as a general geophysical 

survey technique o r  as a method t o  prospect  f o r  geothermal f l u i d s  i n  t h e  U.S. 

geophysical  1 i te ra tu re .  

go i n t o  s u f f i c i e n t  d e t a i l  t o  make an a n a l y s i s  o f  t h e  data poss ib le .  

E l  ec t rodyne'  s p r o f i l  es was repeated by them w i t h  r e s u l t a n t  apparent 

r e s i s t i v i t i e s  va ry ing  by as much as a f a c t o r  o f  7. 

technique appears warranted s ince  b e t t e r  DC and AC survey ing  methods w i th  w e l l  

e s t a b l i s h e d  i n t e r p r e t a t i o n  procedures a re  ava i l ab le .  

The E l  ect rodyne d e s c r i p t i o n  o f  t h e  technique does n o t  

One o f  

L i t t l e  conf idence i n  t h e  

Mod i f ied  Schl umberger, Equator ia l  and Monopole Soundings: DC e l e c t r i c a l  

r e s i s t i v i t y  soundi ngs were a1 so obta ined i n  t h e  Col ado area by E lec t rodyne 

through t h e  use o f  long  c rossed-b ipo le  sources. 

enables b o t h  l a t e r a l  and v e r t i c a l  d e f i n i t i o n  o f  apparent r e s i s t i v i t y  th rough 

t h e  canbined use o f  mod i f i ed  Schlumberger, e q u a t o r i a l ,  o r  monopole soundings 

a t  a s i n g l e  s i t e .  

one-dimensional v e r t i c a l  r e s i s t i v i t y  sec t ions .  Wi th  t h e  except ion  o f  s i t e s  

2.3, 10.1 and 10.2 (ESL OFR NV/COL/GOC-1 P l a t e  X ) ,  which used monopole and 

modi f ied Schl umberger a r rays ,  a1 1 soundings a r e  ambiguous regard ing  t h e  a r r a y  

used. 

h i g h l y  e r r a t i c .  

con jec ture .  

Supposedly t h i s  technique 

Apparent ly ,  curve matching was used t o  d e r i v e  t h e  d i sp layed  

The sounding r e s u l t s  were smoothed because t h e  data themselves were 

I n  general ,  t h e  r e s u l t s  o f  t h i s  survey a r e  open t o  

Time-Domain EM Data: Because t h e  t i m e - d m a i n  EM sounding l o c a t i o n s  do 

n o t  co inc ide  w i t h  those o f  t h e  DC e l e c t r i c a l  r e s i s t i v i t y  soundings, i t  i s  no t  

p o s s i b l e  t o  compare d i r e c t l y  apparent r e s i s t i v i t y  va lues  obtained. It would 

seem l o g i c a l  t o  expect a t  l e a s t  near-sur face apparent r e s i s t i v i t i e s  t o  be 

s i m i l a r  between the  two techniques. The r e s u l t s  obta ined w i t h  DC and TDEM 

soundings show gross d i f f e r e n c e s  i n  t h e  i n t e r p r e t e d  apparent r e s i s t i v i t y  

8 
23 



d i s t r i b u t i o n .  Th is  appears t o  r e s u l t  f rom the  use o f  one-dimensional model ing 

0 
The Ear th  Science Laboratory  D i v i s i o n ,  U n i v e r s i t y  o f  Utah Research 

I n s t i t u t e  (ESL/UURI) undertook a d i p o l e - d i p o l e  e l e c t r i c a l  r e s i s t i v i t y  survey 

(Mackelprang, 1980) t o  cha rac te r i ze  t h e  e l e c t r i c a l  r e s i s t i v i t y  d i s t r i b u t i o n  o f  

t h e  resource area i n  suppor t  o f  t h e  Get ty  O i l  Company geothermal e x p l o r a t i o n  

e f f o r t .  Th is  survey i s  adequately descr ibed i n  t h e  ESL/UURI r e p o r t  

re fe renced . 
0 

0 

Q 

Q 

Q 

A comparison o f  t h e  d i p o l e - d i p o l e  r e s i s t i v i t y  survey w i t h  t h e  E lec t rodyne 

r e s i s t i v i t y  surveys shows t h e  two data se ts  t o  have major  d i f f e rences .  

d i p o l e - d i p o l e  data appear t o  be more d e f i n i t i v e  i n  d e l i n e a t i n g  no t  o n l y  areas 

o f  1 ow apparent r e s i s t i v i t y  b u t  s t r u c t u r a l l y  c o n t r o l  1 ed areas as we1 1. 

The 

P l a t e  I V  i s  an ove r lay  t o  P l a t e  I and shows l o c a t i o n  o f  r e s i s t i v i t y  l i n e s  

and t h e  e l e c t r i c a l  r e s i s t i v i t y  d i s t r i b u t i o n  a t  a depth o f  approx imate ly  1000 

f e e t  f o r  each o f  t h e  f i v e  ESL d i p o l e - d i p o l e  l i n e s .  Th is  p l a t e  shows t h e  sharp 

r e s i s t i v i t y  c o n t r a s t s  and t h e i r  l o c a t i o n s  f rom which t h e  f a u l t i n g  i s  i n f e r r e d .  

The data source f o r  P l a t e  I V  i s  t h e  computed models shown as F i g u r e  A 1  th rough 

A5 i n  t h e  r e p o r t  by Mackelprang (1980). There i s  good c o r r e l a t i o n  w i t h  mapped 

s t r u c t u r e s  w i t h i n  the  mountain range. 

away from t h e  mountain f r o n t  i s  o f  p a r t i c u l a r  importance f o r ,  w h i l e  these 

f a u l t s  may have been suspected, t h e i r  l o c a t i o n  was n o t  known. Al though shown 

The d e t e c t i o n  o f  subal l u v i a l  f a u l t s  

8 24 



lo 

8 

8 

as separate f au l t s ,  several could be p a r t  of a single fau l t  zone and i t  must 

be understood t h a t  the locations of these f au l t s  as shown on Plate V are to  be 

considered as close approximations only. 

sens i t iv i ty  of the dipole spacing used as well as the non-uniqueness of the 

computer model i n g  technique. 

They are  necessarily subject t o  the 

Plate V shows an interpreted schematic of the hydrothermal reservoir 

Areas interpreted t o  based u p o n  r e s i s t i v i ty  contrasts shown on Plate IV. 

contain gravel saturated w i t h  thermal waters as well as areas containing the 

conduits for  these waters have been denoted. Thermal waters encountered i n  

several shal low d r i l l  holes support the assumption t h a t  the h o t  f lu ids  may be 

associated w i t h  areas of low apparent res i s t iv i ty .  

as  interpreted from model i n g  of the dipole-dipole observed apparent res is-  

t i v i t y  d a t a  i s  therefore particularly significant since these structures may 

be the conduits for  the thermal f luids .  Shown also on t h i s  Plate are loca- 

t ions of interpreted fau l t s  taken from evaluation of the Bouguer gravity d a t a .  

The evidence of faul t ing 

SUMMARY 

T h i s  report  presents an i n t e r p r e t a t i o n  o f  the  geophysical d a t a  gathered 

i n  the Colado geothermal area. The d a t a  package described herein was acquired 

fran several sources. A t  this point i t  i s  f e l t  t h a t  a d d i t i o n a l  tes t ing of the 

geothermal potential i n  the Colado area will require additional intermediate- 

depth d r i l l i n g .  Judicious selection of these d r i l l  s i t e s  can be made through 

evaluation of the many d a t a  sets  a v a i l a b l e ,  not only i n  this report b u t  those 

previously evaluated and released under separate cover. There can be l i t t l e  

doubt t h a t  the thermal f l u i d s  noted i n  the Colado geothermal area are rising 

fran great depths along s t ructural ly  controlled conduits. Because d r i l l  hole 

14-22 i s  i n  the center of the thermal anomaly and since structural  

25 
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i n t e r s e c t i o n s  based on i n t e r p r e t a t i o n  o f  g r a v i t y  and d i p o l e - d i p o l e  r e s i s t i v i t y  

data occur near t h i s  d r i l l  hole,  i t  i s  concluded t h a t  t h i s  area prov ides  t h e  

g rea tes t  p o t e n t i a l  f o r  i n t e r s e c t i n g  one o f  these condu i t s  w i t h  an 

in te rmed ia te -depth  d r i l l  hole. 
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DESCRIPTION OF MAP UNITS 

Mesozoic 
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Plate I 

- 
[TI 
F] Landsl ide deposits. 

Fl A l l u v i a l  fans and col luvium, 

Humboldt R iver  channel and f lood p la in .  

Wind-deposited sand and s i l t ,  a c t i v e  and inac t i ve ,  f i l l s  va l leys  
i n  Humboldt Range and reworks Lahontan sediments. 

Lake Lahontan deep water deposits. 

Lake Lahontan shore deposits, beach and deltas. 

Fl 

Fl - 
T e r t i a r y  u n i t s  no r th  o f  Coal Canyon 

I Ts I Tuffaceous mudstone and minor sand and gravel .  

I Tlr I Lacustr ine l imestone w i t h  interbedded c l a s t i c  sediments. 

Pink non-welded ash-f low conta in ing  a few a l t e r e d  fe ldspar  
phenocrysts, d e v i t r i f i e d  glass shards, and f ine-grained 
secondary quar tz  between the  shards. 

Alluvium, conta in ing  cobbles o f  ash-f low t u f f  i n  a c l a y  and 

Rhyo l i te  breccia dikes conta in  fragments o f  ash-flow t u f f  i n  
a glassy m a t r i x  and c u t  T t .  

White, phenocrysts. welded ash-f low t u f f ,  c r y s t a l  poor w i t h  a few quar tz  

Rhyo l i te  s i l l s  and dikes, c r y s t a l  poor, s t rong ly  f l o w  banded. 
Some dikes are feeders t o  T t  and grade i n t o  p y r o c l a s t i c  dikes. 

Coarse conglomerate conta in ing  c l a s t s  o f  1 imestone, q u a r t z i t e  
and andesite i n  a sandy matr ix.  

Andesite lava flows which conta in  small p lag ioc lase  and a l t e r e d  
maf ic phenocrysts. 

F] 
FI s i l t  matr ix.  

[TI 
Fl 

F l  
Fl The f lows are dark g ray  t o  o l i ve .  

F] Uasalt  s i l l  w i t h  a diabasic texture.  The s i l l  i n t rudes  J R s  
bu t  i t s  age i s  unknown. 

T e r t i a r y  u n i t s  south o f  Coal Canyon. 

Rhyo l i t e  lava f low, c r y s t a l  poor, d e v i t r i f i e d .  

Rhyo l i te  i n t r u s i v e  dome o r  plug, ye l l ow ish  brown, f l o w  banded 
fe l s i t e .  

Py roc las t i c  deposits, inc lude pe r l i t es ,  minor ash-flow tuff,  and 
t u f f  o r  ash a l t e r e d  t o  c lay.  

p] 
Fl - 
- D i o r i t e ,  greenish gray and medium-grained. It i s  t e n t a t i v e l y  rl assigned a Jurassic age based on l i t h o l o g i c  s i m i l a r i t y  t o  

age dated rocks t o  the  south (Speed, 1976). 

Lovclock Formation, t h i c k  beds o f  gray l imestone w i t h  minor 
shale beds (Speed, 1974). 

Auld Lang Syne Group 

Thick beds o f  l i g h t  gray t o  t a n  limestone, gray or thoquar tz i te ,  
and brown mudstone. The 50 t o  100 feet t h i c k  l imestone beds 
d i s t i n g u i s h  the  sequence from the  t h i n  l imestone beds i n  the  
p e l i t e  

I=] 
Dark gray lenses o f  l imestone w i t h i n  the  p e l i t e  

sequence (J'A s, JT? 1, JT? 4). 

(JR 5 ) .  

Orthoquartz i te,  gray t o  o l i v e  o r  reddish brown, f ine-grained 1Jl)qJ quar tz i te .  

Slaty-shale, mudstone and minor s i l t s t o n e  beds. The shale which 
grades t o  s l a t e  i s  t h i n l y  bedded and weathers tan. The mudstone 
i s  medium-to dark-brown and poor l y  bedded. 
s i l t s t o n e  beds o f  l i m i t e d  ex ten t  a re  present w i t h i n  the  slates. 

S i l t s tone ,  clean, well sorted s i l t s t o n e  t o  very f i n e  sandstone, 
weathers t o  ye l l ow  and tan  tones, occurs on l y  i n  detached t h r u s t  
p la te .  Assigned a T r i a s s i c  age by Speed (1976). 

Limestone s o l u t i o n  brecc ia  exposed a t  the base o f  t h r u s t  sheets. 
The upper zone i s  an o l i v e  gray co l lapse breccia. 
zone contains l a r g e  blocks of fo lded gray limestone. The age o f  
the  l imestone i s  unknown b u t  i t  seems t o  under ly the  T r i a s s i c  
s i 1  tstone. 

IJ..I Thin arg i l laceous  

[TI 
The lower 
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