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THERMAL DATA O F  THE BLACK ROCK DESERT AREA 

HUMBOLDT AND WASHOE C O U N T I E S ,  NEVADA 

FRANK HADSELL, L.  T .  GROSE, AND G .  W .  BERRY 

A P R I L  10, 1 9 6 7  

Summary : 

This  i s  a p :ogress  r e p o r t  on a n a l y s i s  of therma 

d a t a  from t h e  Black Rock Desert of nor thwes t  Nevada. 

Hot s p r i n g s  a t  S o l d i e r  Meadows, F l y  Ranch, Ger l ach ,  and 

P i n t o  Mountains w e r e  mapped, and w a t e r  f lows and tempera- 

t u r e s  measured, by G .  W .  Berry and G .  R.  Downsin 1965 

and 1 9 6 6 .  These d a t a  have been s t u d i e d  f u r t h e r  by 

Frank Hadse l l  ( g e o p h y s i c i s t )  and L. T .  Grose ( g e o l o g i s t )  

a t  t h e  Colorado School of Mines and wi th  t h e  computer 

f a c i l i t i e s  of t h e  School of  Mines Graduate Research 

C e n t e r ,  i n  an e f f o r t  t o  determine geothermal  power 

p o t e n t i a l s .  

Power g e n e r a t i o n  by h y p o t h e t i c a l  Carnot  eng ines  

has  been c a l c u l a t e d  f o r  t h e  f o u r  thermal  a r e a s .  Data 
/ 

from seven p r o s p e c t  h o l e s  a t  P i n t o  Mountains have been 

e x p l o i t e d  i n  p l o t t i n g  geothermal  g r a d i e n t s  and computing 

h e a t  f lows .  I t  i s  emphasized t h a t  t h i s  r e p o r t  i s  t o  a 

l a r g e  e x t e n t  an exercise i n  a r i t h m e t i c  and thermodynamics, 

f r a u g h t  w i t h  assumptions t h a t  may n o t  endure.  A l l  of  t h e  
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conc lus ions  a r e  t e n t a t i v e .  However, w e  c o n s i d e r  t h i s  a 

v a l i d  l i n e  of p r a c t i c a l  r e s e a r c h .  T o  t h e  e x t e n t  t h a t  t h e  

f i g u r e s  and conc lus ions  are a p p l i c a b l e ,  t h e y  a r e  g e n e r a l l y  

encouraging i n  themselves  and i n  comparison w i t h  t h o s e  

of developed geothermal  a r e a s ,  as t o  t h e  geothermal  power 

p o t e n t i a l  of Sun ac reage  i n  t h e  B l a c k  Rock Desert a r e a .  

R e l a t i v e  M e r i t  of  H o t  Sp r ings  : -- 

Water f l o w s  and t empera tu res  can be i n t e r p r e t e d  

b e s t  i n  t e r m s  of an e x t e n s i v e  thermodynamic q u a n t i t y  which 

p l a c e s  p rope r  r e l a t i v e  emphasis on them. The q u a n t i t y  

adopted f o r  t h i s  s t u d y  i s  t h e  power of a h y p o t h e t i c a l  

Carnot  engine  (F igu re  l), i d e a l l y  o p e r a t i n g  between t h e  

h o t  h e a t  r e s e r v o i r  of a thermal  s p r i n g  and a c o o l  h e a t  

r e s e r v o i r  a t  t h e  mean a i r  t empera tu re  of t h e  a r e a .  The 

engine  i s  imagined t o  e x t r a c t  h e a t  from t h e  h o t  r e s e r v o i r  

a t  a ra te  e q u a l  t o  t h e  r a t e  a t  which h e a t  i s  t r a n s f e r r e d  

from t h e  h o t  s p r i n g  t o  a s u r f a c e  s t r eam a t  mean ambient 

tempera ture  by normal f l o w  of w a t e r ,  Q1, less t h e  ra te  

a t  which t h i s  w a t e r  t r a n s f e r s  h e a t  back i n t o  t h e  ground, 

Q 2 .  

t h e o r e t i c a l  maximum of  t h e  e x t r a c t e d  h e a t  i n t o  mechanical 

energy.  The e x i s t e n c e  of t h i s  maximum i s  an expres s ion  

The engine  i s  t h e n  imagined t o  conve r t  t h e  

of t h e  second l a w  o f  thermodynamics. 

I n  t h i s  h y p o t h e t i c a l  problem t h e  s e l e c t i o n  of Q a s  

t h e  h e a t  f low i n t o  t h e  Carnot engine  i s  a r b i t r a r y ,  made 
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l a r g e l y  on t h e  ba lanced  f low o f  w a t e r  i t  p rov ides ;  a 

l a r g e r  p o r t i o n  of  Q, cou ld  be assumed. 

The e f f i c i e n c y ,  e ,  of a Carnot  eng ine  o p e r a t i n g  

between h e a t  reservoirs w i t h  t empera tu res  T and T '  i s  

e xp re s s ed  

e = 1 - T ' / T  

and t h e  mechanical energy o u t p u t ,  W ,  of t h e  engine  i s  t h e n  

W = Qe = Q (1 - T ' / T ) .  

I f  c i s  t h e  average s p e c i f i c  h e a t  between T and T '  and 

m i s  t h e  m a s s  o f  water  t r a n s f e r r e d ,  t h e n ,  

(1 = c m ( T  - T ' )  

and 
( T  - T I ) *  

W = c m  
T 

and 
( T  - T I )  

P = 0 . 0 8 1  G (  ) , 255  + 5 /9  T 

where P i s  power i n  k i l o w a t t s ,  G i s  f low of w a t e r  i n  

g a l l o n s  p e r  minute ,  T i s  tempera ture  of t h e  h o t  s p r i n g  

i n  deg rees  F a h r e n h e i t ,  and T '  i s  t h e  mean a i r  tempera- 

t u r e  of  t h e  area i n  degrees  Fahrenhe i t .  

The graph o f  F igu re  2 pe rmi t s  one t o  o b t a i n  t h e  

Carnot  power o u t p u t  f o r  any s p r i n g  by a s i n g l e  m u l t i p l i c a -  

t i o n .  
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U .  S .  Weather Bureau d a t a  f o r  nor thwes tern  Nevada 

show mean annual  tempera tures  of 48.2'F t o  53.4'F i n  and 

n e a r  t h e  Black Rock Desert. Downs and Berry ( 1 9 6 6 )  

e s t i m a t e d  51'F f o r  S o l d i e r  Meadows. Conse rva t ive ly ,  w e  

have used 54'F f o r  a l l  o f  t h e  area i n  t h i s  s t u d y .  

Summary d a t a  f o r  h o t  s p r i n g s  of t h e  f o u r  l o c a l i t i e s  

a r e  l i s t e d  i n  Table 1. The w a t e r  f low i s  from f i e l d  

d a t a  by Berry and Downs ( 1 9 6 6 ) .  C a l c u l a t i o n s  o f  mean 

water tempera ture  ( f low of  a l l  h o t  s p r i n g s  mixed) and 

Carnot  power are by H a d s e l l ,  w i t h  computer. 

TABLE 1 

Water 
f low,  
gpm 

S o l d i e r  Meadows 2842 

F l y  Ranch - n a t u r a l  934 

F l y  Ranch - 
Western 

G e o t h e r m a l  w e l l  538 

F ly  Ranch - t o t a l  1 4 7 2  

Gerlach 253 

P i n t o  Mountains 1 4 2  

Mean water 
tempera ture  , 

OF 

Carnot  
power, kw 

110 

10 0 

2 0 5  

138 

175 

189 

2540 

6 6 0  

2 6 9 3  

3353 

855 

595 

The premium which t h e  Carnot  power f i g u r e  of m e r i t  

p l a c e s  on h igh  t empera tu re  i s  e v i d e n t  i n  comparison of  



7 

t h e  S o l d i e r  Meadows and Ger lach  a r e a s .  The wa te r  flow 

of  Ger lach  i s  less t h a n  one- ten th  t h a t  of  S o l d i e r  Meadows, 

b u t ,  because of h i g h e r  t empera tu re ,  the  Carnot  power i s  

more t h a n  o n e - t h i r d .  

A t  Wai rake i ,  New Zealand, a w e t  s team f i e l d ,  d r i l l i n g  

has  i n c r e a s e d  mass flow 3 t o  5 t i m e s  and t h e  h e a t  f low 

2 t o  3.5 t i m e s ,  from n a t u r a l  ( M c N i t t ,  1963, p.  39; 

Gr ind ley ,  1965) .  A t  The Geysers ,  C a l i f o r n i a ,  a d ry  

steam f i e l d ,  d r i l l i n g  ( t o  1963) has  i n c r e a s e d  mass f low 

about  20 t i m e s  and h e a t  f low about  1 7 0  t i m e s  from 

n a t u r a l  ( M c N i t t ,  1963, p.  3 9 ) .  I n  the rma l  a r e a s  

throughout  t h e  wor ld ,  w i thou t  e x c e p t i o n ,  h e a t  f lows have 

been s u b s t a n t i a l l y  i n c r e a s e d  by d r i l l i n g .  

A t  F ly  Ranch, t h e  Western Geothermal w e l l ,  on ly  

805 f t  t o t a l  dep th ,  has  i n c r e a s e d  t h e  the rma l  a r e a  mass 

f l u x  58 p e r c e n t  and t h e  Carnot  power o u t p u t  4 0 0  p e r c e n t .  

The Carnot  power f i g u r e s  may be u s e f u l  i n d i c a t o r s  

of r e l a t i v e  m e r i t ,  b u t  t h e y  cannot  now be equa ted  t o  

geothermal  power p o t e n t i a l .  Such c o r r e l a t i o n  should  

a w a i t  development of a c a t a l o g u e  of case h i s t o r i e s .  

I f ,  however, one i n s i s t s  on comparing Carnot  power 

w i t h  power s o l d  a t  a bus b a r ,  he  might proceed as 

fo l lows .  Empi r i ca l ly  it i s  sound t o  assume an i n c r e a s e  

i n  h e a t  f low by development d r i l l i n g ,  a f a c t o r  of 

1 7 0  t i m e s  a t  The Geysers .  To i n t e r p r e t  t h i s  i n c r e a s e  

i n  t e r m s  of Carnot  power an assumption must be made 
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concern ing  t h e  e f f i c i e n c y  of a r e a l  power p l a n t  

r e l a t i v e  t o  a h y p o t h e t i c a l  Carnot  eng ine .  Being invo lved  

on ly  wi th  o r d e r s  of magnitude it i s  r easonab le  t o  assume 

t h a t  t h e  e f f i c i e n c y  advantage ga ined  by d r i l l i n g  t o  h i g h  

t empera tu res  i s  j u s t  o f f s e t  by t h e  i n h e r e n t l y  h igh  

e f f i c i e n c y  of  a Carnot  eng ine ,  1 0  t o  2 5  p e r c e n t  i n  t h i s  

ca se .  I f ,  t h e n ,  The Geysers i n c r e a s e  i n  h e a t  f l u x  i s  

r e p r e s e n t a t i v e  and t h e  e f f i c i e n c y  assumption i s  v a l i d ,  

one could  i n c r e a s e  t h e  Carnot  power numbers of Table  1 

by two o r d e r s  of magnitude ( 1 O O X )  and g e t  a geothermal  

power p o t e n t i a l  f o r  S o l d i e r  Meadows of 254,000 kw. 

Although t h i s r k a n  encouraging number, it should  be  

emphasized aga in  t h a t  it i s  d e r i v e d  w i t h  h i g h l y  tenuous 

assumptions.  

Th i s  d i s c u s s i o n  i s  l i m i t e d  mainly t o  a n a l y s i s  of t h e  

h e a t  and mass f l u x  of t h e  h o t  s p r i n g s .  There i s  

a d d i t i o n a l  n a t u r a l  h e a t  f l o w  i n  t h e  l o c a l  t he rma l  

areas from t h e  r e l a t i v e l y  d ry  ground between s p r i n g s .  

S t o r e d  h e a t  a l so  may be very  impor t an t .  Steamboat 

S p r i n g s ,  Nevada, i s  a the rma l  a r e a  a t  t h e  eas t  f o o t  

of t h e  S i e r r a  Nevada, a roughly comparable g e o l o g i c a l  

l o c a t i o n  t o  t h e  w e s t e r n  Black Rock Desert. White 

( 1 9 6 4 ,  p. 4 0 7 )  has  c a l c u l a t e d  t h e  s t o r e d  h e a t  i n  an a r e a  

of 1 . 9  squa re  m i l e s  a t  Steamboat,  1 . 9  m i l e s  deep ,  a t  

approximately 1 . 6  x 1OI8 ca l .  This  i s  e q u i v a l e n t  t o  

t h e  n a t u r a l  h e a t  f low a t  t h e  p r e s e n t  r a t e  f o r  7000  
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y e a r s .  I t  i s  a minimum f i g u r e  because much excess  h e a t  

i s  s t o r e d  a t  g r e a t e r  depth  and below t h e  s u r f a c e  o f  

sur rounding  area.  Thompson and White ( 1 9 6 4 ,  p .  4 8 )  have 

e s t i m a t e d  t h a t  h e a t  f low i n  t h e  same 1 . 9  squa re  m i l e s  

o f  Steamboat thermal  area i s  7 x l o 6  cal/sec, e q u i v a l e n t  

t o  h e a t  from 1 0 0  t o n s  of c o a l  o r  5 0 0  b b l  of  o i l  p e r  day. 

Power P l a n t  Requirements:  

To a r r i v e  a t  an i d e a  of geothermal  r e source  r e q u i r e -  

ments w e  have a r b i t r a r i l y  assumed a 300,000-kw c a p a c i t y  

p l a n t ,  which, u s ing  a rough rule-of-thumb of 1 kw p e r  

cus tomer ,  would supply  a c i t y  about  t h e  s i z e  of  Dal las  

o r  Denver. G i l b e r t  and Berry ( 1 9 6 4 )  concluded t e n t a t i v e l y  

t h a t ,  f o r  such a p l a n t ,  t h e  l and  requi rement  i s  i n  t h e  

range  of  500-5000 acres,  and t h e  water requi rement  on t h e  

o r d e r  of 2 0 , 0 0 0  a c r e - f t  p e r  y e a r  f o r  d ry  steam and 5 0 , 0 0 0  

a c r e - f t  p e r  y e a r  f o r  w e t  steam. I n  t h e i r  i nven to ry  of  

t h e  water  r e sources  of t h e  Sun acreage  area i n  wes tern  

B l a c k  Rock D e s e r t ,  G i l b e r t  and Berry es t imated  t h e  

p e r e n n i a l  y i e l d  a t  24,500 a c r e - f t  ( W e s t  a r m  o f  Black Rock 

Desert, Gran i t e  Bas in ,  High Rock Lake, Summit Lake, 

Hualapai  F l a t ) .  Th i s  i s  l e g a l l y  t h e  maximum t h a t  can 

now be consumed annua l ly .  The water f lows  l i s t e d  i n  

Table  1 are f o r  f o u r  local  h o t  s p r i n g  areas and c e r t a i n l y  

are minimum f i g u r e s .  There is  cons ide rab le  a d d i t i o n a l  

water  d i scha rg ing  i n  t h e  subsurfiace i n  t h e s e  areas, and 
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t h e r e  a r e  s e v e r a l  a d d i t i o n a l  areas of s p r i n g  and w e l l  

d i s c h a r g e .  However, a t  S o l d i e r  Meadows,the measured 

2 8 4 2  gpm i s  4575 a c r e - f t  p e r  y e a r ,  o r  about  1 0  pe rcen t  

of e s t i m a t e d  w e t  s team requi rement .  Although wa te r  

consumption can undoubtedly be lowered by i n j e c t i o n ,  

r e c i r c u l a t i o n ,  and h e a t  exchangers ,  t h e  a v a i l a b i l i t y  

problem i s  very  r e a l .  

P rospec t  H o l e s :  

A s  a f i r s t  s t e p  i n  a n a l y s i s  of d a t a  from p r o s p e c t  

h o l e s  d r i l l e d  a t  P i n t o  Mountains and S o l d i e r  Meadows, 

t empera tu re  i n s t r u m e n t a t i o n  was t e s t e d  a t  t h e  Colorado 

School  of Mines geophys ica l  l a b o r a t o r y .  F i e l d  procedure 

has  been t o  run thermocouples i n t o  t h e  h o l e s  a s  soon a s  

d r i l l i n g  has  been completed and back f i l l  t h e  h o l e s  as 

completely a s  p r a c t i c a b l e .  Thermocouples a r e  Leeds & 

Northrup copper cons t an tan  (32OF), no. 2 4 ,  enamel and g l a s s  

i n s u l a t e d ,  w i th  Q u i k t i p  connec to r s .  Readings have been 

m a d e  w i t h  a Leeds & Northrup p o r t a b l e  m i l l i v o l t  

po ten t iome te r  no. 8 6 9 6 .  Two thermocouples w e r e  b o i l e d  

i n  t h e  l a b o r a t o r y  f o r  n e a r l y  two months, w i th  p e r i o d i c  

measurements of t he rma l  emfs. One of t h e  thermocouples 

had p r e v i o u s l y  been used a t  P i n t o  Mountains f o r  several 

months. T e s t s  i n d i c a t e  t h a t  w i t h  t h i s  equipment tempera- 

t u r e  of b o i l i n g  wa te r  can be measured wi th  an accuracy 

b e t t e r  t h a n  l0C (1.8'F) i f  t h e  t empera tu re  of t h e  c o o l  

c o n t a c t  i s  known t o  t h i s  accuracy.  N o  d r i f t  of 
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measurements w a s  observed ,  i n d i c a t i n g  j u n c t i o n  

c h a r a c t e r i s t i c s  w e r e  n o t  a p p r e c i a b l y  changed by be ing  

i n  b o i l i n g  water f o r  n e a r l y  t w o  months. 

There i s  s i g n i f i c a n t  u n c e r t a i n t y  i n  t h e  f i e l d  

measurements, perhaps a s  much a s  5'F, because t h e  

c o o l  j u n c t i o n ,  t h e  po ten t iome te r  t e r m i n a l ,  may n o t  have 

reached the rma l  e q u i l i b r i u m  as  r a p i d l y  as t h e  mercury 

thermometer l a i d  a longs ide .  Improvement can be made 

by p l a c i n g  t h e  coo l  j u n c t i o n  i n  an ice-water  b a t h ,  o r ,  

where t h i s  i s  i m p r a c t i c a l ,  making t h e  coo l  j u n c t i o n  m o r e  

l i k e  t h e  h o t  so t h e  h e a t  c a p a c i t y  i s  lower than  t h a t  of 

t h e  p o t e n t i o m e t e r  t e r m i n a l .  

Thermal c o n d u c t i v i t i e s  used i n  t h i s  s tudy  a r e  

from t a b l e s  by Clark  ( 1 9 6 6 ) ,  u s ing  f i e l d  l i t h o l o g i c  l o g s  

by G .  R .  Downs. They are n o t  p r e c i s e  d e t e r m i n a t i o n s .  

Laboratory measurements of thermal  c o n d u c t i v i t i e s  of 

h o l e  samples w i l l  g r e a t l y  enhance t h e  r e l i a b i l i t y  of  

such c a l c u l a t i o n s  i n  t h e  f u t u r e .  

Temperature measurements made i n  t h e  P i n t o  Mountains 

a r e a  and t h e  i n t e r p r e t e d  t empera tu re  d i s t r i b u t i o n s  and 

v e r t i c a l  h e a t  f l u x e s  a r e  g iven  i n  Figures3-9.  From t h e s e  

it i s  e v i d e n t  t h e  area i s  the rma l ly  anomalous. 

The "normal" t empera tu re  g r a d i e n t  of t h e  o u t e r  

6 . 2  m i l e s  of t h e  s o l i d  e a r t h  i s  1.125'F/100 f t  (probably  

t o o  l o w  i n  o rogen ic  a r e a s  and t o o  h igh  f o r  s t a b l e  

c o n t i n e n t a l  a r e a s )  (White,  1965, p .  1 4 ) .  P i n t o  
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Mountains p r o s p e c t  h o l e s  RD 1-6 have g r a d i e n t s  7'F t o  

47'F/100 f t ,  6 t o  4 2  t i m e s  h i g h e r  t han  ' 'normal." 

The c u r r e n t  e s t i m a t e  of  g l o b a l  average  h e a t  f low 
2 i s  1 .5  x cal/cm sec, and f o r  geothermal  cons ide ra -  

2 
t i o n s  h e a t  f low i n  t h e  range of  0 . 8  - 2 .O x cal/cm sec 

should  be  cons idered  i n  t h e  "normal" range (White,  1965, 

p.  1 4 ) .  Values f o r  t h e  v e r t i c a l  component of h e a t  

f l u x  i n  t h e  P i n t o  Mountains p r o s p e c t  h o l e s  a r e  2 t o  

4 8  x cal/cm sec,  a s  much a s  32 t i m e s  "normal." 2 

W e  have g e o l o g i c  e x p l a n a t i o n s  f o r  some of t h e  

v a r i a t i o n s  i n  h e a t  f l u x .  Although RD 5 i s  anomalously 

w a r m ,  i t  i s  t h e  c o o l e s t  h o l e  i n  t h e  a r e a .  Loca t ion  i s  

on t h e  r i d g e  between West and E a s t  Sp r ings  i n  T e r t i a r y  

" v o l c a n i c s  ,I' whereas a l l  t h e  o t h e r  s i x  h o l e s  are 

t o p o g r a p h i c a l l y  lower ,  i n  and n e a r  t h e  h o t  s p r i n g  

a r e a s ,  and i n  and n e a r  t h e  major normal f a u l t  zones bound- 

i n g  t h e  P i n t o  Mountains s t r u c t u r a l  b l o c k ,  o r  b l o c k s .  

The h i g h e s t  v e r t i c a l  components of h e a t  f l u x  a r e  

i n  RD 1, 6 ,  and 7 ,  West S p r i n g  a r e a .  RD 1 i s  l o c a t e d  

on t h e  s u r f a c e  t r a c e  of  a normal f a u l t  d ipp ing  w e s t  

about  70°, and RD 6 and 7 are t o p o g r a p h i c a l l y  and 

s t r u c t u r a l l y  lower,  i n  t h e  a l l u v i a l  g r a v e l s  w e s t  o f  t h e  

f a u l t  t r a c e .  The d e c r e a s e  i n  h e a t  f l u x  below 50 f t  i n  

RD 6 and 7 probably  i n d i c a t e s  a f low,  o r  a t  l e a s t  t h e  

e x i s t e n c e ,  of h o t  w a t e r  a t  dep ths  of  50 t o  80 f t .  W e  

cannot  now r u l e  o u t  e r r o r  i n  placement of thermocouples 

i n  RD 7 .  
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Prospec t  h o l e s  

eas t -d ipp ing  normal 

RD 3 and 4 a r e  l o c a t e d  w e s t  of t h e  

f a u l t  a t  E a s t  S p r i n g s ,  i n  " v o l c a n i c s "  

of t h e  upthrown b lock .  Although t h e r m a l l y  anomalous, 

t h e  h e a t  f l u x  i s  n o t  a s  h igh  a s  i n  h o l e s  basinward of 

t h e  West Spr ing .  

I 

The thermal  d a t a  c l e a r l y  suppor t  t h e  thes i s  t h a t  

mountain f r o n t  normal f a u l t s  are t h e  condu i t s  f o r  t h e  

h o t  ascending  wa te r s  of  t h e  Grea t  Basin thermal  areas. 

A t  S o l d i e r  Meadows 30 tempera ture  h o l e s  w e r e  

d r i l l e d ,  one t o  1 0 0  f t  and t h e  o t h e r s  t o  2 0  f t  o r  less.  

Although anomalous tempera tures  a r e  i n d i c a t e d ,  d a t a  

from t h e s e  sha l low h o l e s  wi th  on ly  bottom-hole 

thermocouples a r e  of very  l i m i t e d  use  i n  thermal  c a l c u l a -  

t i o n s .  W e  cannot  now make meaningful deduc t ions  from 

them. 

The curves  of F i g u r e s  3-9 show tempera tures  a t  t h e  

w a t e r  t a b l e  about  20°F h i g h e r  i n  a r e a s  of h igh  t h a n  i n  

a r e a s  of low ve r t i ca l  f l u x .  Such tempera ture  anomalies 

w i l l  n o t  of cour se  p e r s i s t  undiminished t o  t h e  s u r f a c e ,  

because r eg ions  of h igh  v e r t i c a l  f l u x  must a l s o  have a 

h igh  v e r t i c a l  component of t h e  geothermal  g r a d i e n t .  

N e v e r t h e l e s s ,  w e  b e l i e v e  t h e  p o s s i b i l i t y  t h a t  t h e s e  

tempera ture  anomalies a r e  m a n i f e s t  a t  t h e  s u r f a c e  t o  a 

degree  d e t e c t a b l e  by means of i n f r a r e d  r a d i o m e t e r s ,  

above n o i s e  of e m i s s i v i t y  e f f e c t s  and v a r i a t i o n s  i n  
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dep th  t o  water  t a b l e ,  i s  worth f u r t h e r  i n v e s t i g a t i o n .  

A p l a n  f o r  t h i s  surveying  i s  under d i s c u s s i o n  w i t h  

Geophoto Services (Texas I n s t r u m e n t s ) .  The t e n t a t i v e  

schedule  i s  t o  have a ground survey  a t  S o l d i e r  Mead.ows 

made by a Geophoto e x p e r t  and G .  W .  Berry d u r i n g  about  

a month of  t h e  f a l l  of 1967, u s i n g  t h e r m i s t o r s  a t  t h e  

s u r f a c e  and dep ths  of a few i n c h e s ,  and a hand-held 

i n f r a r e d  rad iometer .  This  f ie ldwork  i s  p r e r e q u i s i t e  

f o r  a i r b o r n e  i n f r a r e d  s e n s i n g  which has  been under 

d i s c u s s i o n  w i t h  Geophoto and t h e  p a r e n t  Texas 

Ins t rumen t s  f o r  t h e  p a s t  t h r e e  y e a r s .  
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PINTO MOUNTAINS 

PROSPECT HOLES 

*ELEV. TOTAL COMP. LITHOLOGY THERMO- DATE TCOiFi 1 DATE TC'F DATE TCOF DATE T V ' ~  n A r m  moo-  

1966  1 9 6 6  1 9 6 6  1 9 6 6  1 9 6 6  DEPTH DATE COUPLE 
FEET 1 9 6 6  FEET 

RD1 4 1 0 3  55 6-3  0-55 sand & D r i l l e d  w i t h  a i r ,  1 2 . 5  
stopped b y  30 
w a t e r  ( 4 0 )  5 3  

i. 
6-11  74.0 
6 -11  93 .0  
6 -11  1 0 1 . 5  

6-10 71.,q 
6-10 87 .5  
6-10 95.0 
6-10 1 0 4 . 5  
6-10 1 1 2 . 0  

7 

6-16 72 .5  
6-16 94 .0  
6-16 1 0 2 . 0  

1 r 
1 

6-16 72.G 
6-16 81 .0  
6-16 9 0 . 0  
6-16 9 3 . 5  
6-16 1 0 4 . 5  

6-22 6 9 . 0  
6-22 69 .0  
6-22 78 .0  
6-22 78 .0  
6-22 86 .0  
6-22 7 9 . 5  

I 
I 
I 

6-24 1 0 3 . 2  
6-24 1 3 5 . 0  
6-24 1 4 6 . 5  
6-24 1 4 9 . 5  

77 .0  7-1 80 .0  7-21 76.0 
9 1 . 7  7-1 9 4 . 0  7-21 87 .3  

1 0 1 . 0  7-1 1 0 0 . 0  7-21 95 .0  

6-15 
6-15  
6-15 

6 -11  
6 - 1 1  
6 -11  
6 -11  
6 -11  

6-18  
6-18 
6-18 

6-18 
6-18 
6 - 1 8  
6-18 
6-18 

6-25 
6-25  
6-25 
6--2 5 
6-25  
6-25  

6-25 
6-26 
6-26 
6-26 

c l a y  

RD2 4118  2 1 1  6-9 0-190 s a n d  & 

- I.- J c l a y  
2,5 '. I T3  190-200 grano- 

9.'. d i o r i t e ,  
w e  athered 

200-211 grano- 
d io r i t e  

D r i l l e d  w i t h  mud 1 7  
6 1  

111 
1 6 1  
209 

63 .0  6-15 73.0 7 -1  65.0 7-21 66 .0  
76 .0  6-15 86 .5  7-1  79 .0  7-21 82 .0  
92.0 6-15 1 0 2 . 5  7-1 92 .0  7-21 92 .0  

1 0 0 . 0  6-15 1 0 8 . 5  7-1 104 .0  7-21 9 9 . 3  
1 0 7 . 0  6-15 1 1 5 . 0  7-1  1 0 8 . 0  7-21 1 0 3 . 5  

? 73.0  7-21 RD3 4 1 4 3  1 0 0  6 -11  0-100 s a n d  & D r i l l e d  w i t h  mud, 22 
l o s t  circ. 9 8 ,  60  
water stood a t  9 7  
4135  

72 .5  7-1  
95 .0  7-1 

1 0 2 . 0  7-1 
c l a y  87 .5  7-21 7 6 . 1  

86 .0  7-21  ? 

6 5 . 0  7 -21  64 .0  
74 .5  7-21  72 .1  
86 .0  7-21 78 .3  
93 .4  7 -21  95.0 

1 0 2 . 5 '  7 -21  1 0 3 . 5  

60 .0  7-21  58.0 
64 .0  7-21 6 4 . 1  I 

70 .5  7-21  73.0 
78 .5  7-21  77 .5  
74 .5  7-21 82.0 
8 5 . 5  7-21  83.2 

1 0 0 . 5  7-21  1 0 3 . 0  
1 3 8 . 0  7-21  1 3 6 . 4  
1 4 3 . 5  7-21  1 4 7 . 0  
1 5 0 . 5  7-21  1 5 3 . 6  

RD4 4139 21'0 6-15 0-200 s a n d  & 
.1 clay 

D r i l l e d  w i t h  22 
mud 55 

1 0 5  
155 
2 0 3  

68 .0  7-1 
77.0 7-1  
86 .0  7-1  
94 .0  7-1  

1 0 4 . 0  7-1  

200-210 grano- 
d i o r i t e  

RD5 4284 3 6 3  6-2 Dr i l l ed  w i ' t h  2 3  
mud . 6 3  

1 3 9  
2 1 3  
2 8 8  

1 0-20 coarse 
g r i t ,  sand- 
s t o n e ,  & 
c l a y  

20-363 c l ay ,  

6 3 , s  7-1  
64 .0  7 -1  
76 .0  7-1  
82 .5  7-1 
83 .5  7-1  
69 .0  7-1  s t i c k y ,  i n t e r -  3 6 1  

bedded w i t h  
sandstone & 
s i l t y  c l a y  

RD6 4068  1 3 6  6-22 0-10 sand & Dri l l ed  w i t h  22 
c l a y  mud 60 

10-82  c l a y ,  9 5  
s a n d y  1 3 4  

82- 84 b a s a l t  
boulder 

84-85 grano- 
d i o r i t e  
b o u l d e r  

85-95 basa l t  
boulders  & 
w h i t e  c l a y  

95-136 b a s a l t ,  
weathered 

L\ G t L  \ 7.- 1; 
LP ' 

1 0 1 . 5  7-1 
1 3 7 . 0  7-1  
1 4 6 . 5  7 -1  
1 5 0 . 0  7-1  

I 
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PROSPECT HOLES 

ELEV. TOTAL COMP. LITHOLOGY 
DEPTH DATE 
FEET 1966  

THERMO- DATE TCOE 
COUPLE 1 9 6 6  
FEET 

RD7 4064  370 6-25 0-340 c l a y ,  D r i l l e d  w i t h  mud 20 6-26 9 i . a  
sandy & 50 6-26  1 u . a  
g r i t t y  90  6-26 1 i i . a  

340-350 2 9 3  6-26 7 7 . 0  
boulders 368  6-26  7 1 . 0  

7 G ij I '2, > 1 '  

\P' 350-370 
basa l t  , 
weathered 

. .. 

1 DATE TCOF DATE TCOF DATE TCOF DATE TCOF 
' 1966  1 9 6 6  1 9 6 6  1 9 6 6  

7 - 1  9 3 . 0  
7 -1  1 1 8 . 5  
7 - 1  1 1 7 . 0  

, 7 - 1  9 7 . 0  
1 7 - 1  7 5 . 5  

7 -21  9 5 . 0  
7 -21  119 ' .3  
7 -21  1 1 6 . 0  
7 -21  7 5 . 3  
7 - 2 1  7 0 . 3  

, '. - , . .  I 
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