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GEOTHERMAL RESOURCE ASSESSMENT OF WESTERN SAN LUIS VALLEY, COLORADO 

Ted G. Z a c h a r a k i s ,  R i c h a r d  Howard P e a r l  and C h a r l e s  D. R i n g r o s e  
b y  

ABSTRACT 

The C o l o r a d o  G e o l o g i c a l  S u r v e y  i n i t i a t e d  and c a r r i e d  o u t  a f u l l y  i n t e g r a t e d  
assessment  p r o g r a m  o f  t h e  g e o t h e r m a l  r e s o u r c e  p o t e n t i a l  o f  t h e  w e s t e r n  San L u i s  
V a l l e y  d u r i n g  1979 and 1980.  The San L u i s  V a l l e y  i s  a l a r g e  i n t e r m o n t a n e  b a s i n  
l o c a t e d  i n  s o u t h c e n t r a l  C o l o r a d o .  W h i l e  t h e r m a l  s p r i n g s  and w e l l s  a r e  f o u n d  
t h r o u g h o u t  t h e  V a l l e y ,  t h e  o n l y  t h e r m a l  w a t e r s  f o u n d  a l o n g  t h e  w e s t e r n  p a r t  o f  
t h e  V a l l e y  a r e  found a t  Shaw Warm S p r i n g s  w h i c h  i s  a r e l a t i v e l y  unused s p r i n g  
l o c a t e d  a p p r o x i m a t e l y  6 m i l e s  ( 9 . 6 6  km) n o r t h  o f  Del  N o r t e ,  C o l o r a d o .  The 
w a t e r s  a t  Shaws Warm S p r i n g  have a t e m p e r a t u r e  o f  86°F ( 3 0 ° C ) ,  a d i s c h a r g e  o f  
40 g a l l o n s  p e r  m i n u t e  and c o n t a i n  a p p r o x i m a t e l y  408 m g / l  o f  t o t a l  d i s s o l v e d  
s o l  i d s .  

The assessment  p r o g r a m  c a r r i e d  o u t  i n  t h e  w e s t e r n  San L u i s  V a l l e y  c o n s i s t e d  o f :  
s o i l  m e r c u r y  geochemica l  s u r v e y s ;  g e o t h e r m a l  g r a d i e n t  d r i l l  i n g ;  and 
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  t r a v e r s e s  , S c h l  umberger  s o u n d i n g s  , 
A u d i o - m a g n e t o t e l l  u r i c  s u r v e y s ,  t e l l  u r i c  s u r v e y s  , and t i m e - d o m a i n  e l e c t r o -  
m a g n e t i c  s o u n d i n g s  and s e i  smic s u r v e y s .  

Shaw Warm S p r i n g s  a p p e a r s  t o  be t h e  o n l y  s o u r c e  o f  t h e r m a l  w a t e r s  a l o n g  t h e  
w e s t e r n  s i d e  o f  t h e  V a l l e y .  From t h e  v a r i o u s  i n v e s t i g a t i o n s  c o n d u c t e d  t h e  
s p r i n g s  appear  t o  be f a u l t  c o n t r o l l e d  and i s  v e r y  l i m i t e d  i n  e x t e n t .  

Based on b e s t  e v i d e n c e  p r e s e n t l y  a v a i l a b l e  e s t i m a t e s  a r e  p r e s e n t e d  on t h e  s i z e  
and e x t e n t  o f  Shaw Warm S p r i n g s  t h e r m a l  system..  I t  i s  e s t i m a t e d  t h a t  t h i s  
c o u l d  have an a r e a l  e x t e n t  o f  0 .63 s q .  m i l e s  ( 1 . 6 2  s q .  km) and c o n t a i n  0 .0148  
Q ' s  o f  h e a t  e n e r g y .  

INTRODUCTION 

I n  1979, t h e  C o l o r a d o  G e o l o g i c a l  Survey ,  i n  c o o p e r a t i o n  w i t h  t h e  U.S.  
D e p a r t m e n t  o f  Energy ,  D i v i s i o n  o f  Geothermal  Energy ,  u n d e r  C o n t r a c t  No. 
DE-AS07-77ET28365, i n i t i a t e d  a p r o g r a m  d e s i g n e d  t o  d e t e r m i n e  t h e  n a t u r e  and 
e x t e n t  o f  C o l o r a d o ' s  g e o t h e r m a l  r e s o u r c e s .  P r i o r i t y  was g i v e n  t o  t h o s e  a r e a s  
w i t h  t h e  g r e a t e s t  p o t e n t i a l  f o r  n e a r  t e r m  deve lopment .  The a r e a s  e v a l u a t e d  
u n d e r  t h i s  p r o g r a m  were The Animas V a l l e y  n o r t h  o f  Durango,  Canon C i ty  Area,  
H a r t s e l  H o t  S p r i n g s ,  H o t  S u l p h u r  S p r i n g s ,  I d a h o  S p r i n g s ,  Ouray,  Ranger H o t  
S p r i n g s ,  t h e  Steamboat  S p r i n g s - R o u t t  H o t  S p r i n g s  a r e a ,  and t h e  w e s t e r n  San L u i s  
V a l l e y  i n  t h e  v i c i n i t y  o f  Shaw Warm S p r i n g s .  T h i s  p u b l i c a t i o n  r e p o r t s  t h e  
f i n d i n g s  o f  t h e  r e s o u r c e  assessment  p r o g r a m  c a r r i e d  o u t  i n  t h e  a r e a  s u r r o u n d i n g  
Shaw Warm S p r i n g s  i n  t h e  w e s t e r n  San L u i s  V a l l e y  ( F i g .  1).  As t h e  g e o l o g i c a l  
c o n d i t i o n s  c o n t r o l l i n g  t h e  o c c u r r e n c e  o f  Shaws Warm S p r i n g  were n o t  a p p a r e n t ,  a 
mu1 ti - f a c e t e d  e x p l o r a t i o n  p r o g r a m  was c o n d u c t e d .  The p r o g r a m  c o n s i s t e d  o f  
1 i t e r a t u r e  s e a r c h ,  r e c o n n a i  sance g e o l o g i c  and h y d r o g e o l  o g i c a l  mapp ing  , 
g e o p h y s i c a l  s u r v e y s  , s o i l  m e r c u r y  g e o c h e m i c a l  s u r v e y s  , and d e t e r m i n a t i o n  o f  t h e  
g e o t h e r m a l  g r a d i e n t  o f  t h e  a r e a .  
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F i g u r e  1. I n d e x  map. 

The San L u i s  V a l l e y  o f  s o u t h c e n t r a l  C o l o r a d o  i s  a l a r g e  i n t e r m o n t a n e  b a s i n  
h a v i n g  an a v e r a g e  a1 t i t u d e  o f  a p p r o x i m a t e l y  7,600 f t  ( 2 . 3 2  km) above sea l e v e l .  
P r i n c i p a l  i n d u s t r i e s  o f  t h e  V a l l e y  a r e  a g r i c u l t u r e ,  a g r i c u l t u r a l  p r o d u c t  
p r o c e s s i n g  and m i n i n g  (Coe, 1 9 8 0 ) .  The San L u i s  V a l l e y  i s  an e n e r g y  p o o r  r e g i o n  
w i t h  45% o f  i t s  e l e c t r i c a l  e n e r g y  and 100% o f  i t s  p e t r o l e u m  p r o d u c t s  b e i n g  
i m p o r t e d  (Coe, 1 9 8 0 ) .  I n  h e r  i n - d e p t h  assessment  o f  t h e  e n e r g y  needs and 
consumpt ion  i n  t h e  San L u i s  V a l l e y ,  Coe ( 1 9 8 0 )  n o t e d  t h a t  due t o  a m o r a t o r i u m  
on new gas t a p s ,  many o f  t h e  r e s i d e n t s  o f  t h e  V a l l e y  were f o r c e d  t o  t u r n  t o  
e x p e n s i v e  e l e c t r i c i t y  o r  p r o p a n e  f o r  h e a t  i n  t h e  1970s. She p o i n t e d  o u t  t h a t  a 
p o s s i b l e  s o u r c e  o f  e n e r g y  t h a t  c o u l d  be used t o  h e l p  a l l e v i a t e  t h e  g r o w i n  
e n e r g y  needs o f  t h e  V a l l e y  i s  g e o t h e r m a l  e n e r g y .  A c c o r d i n g  t o  C o e ' s  ( 1 9 8 0  
c a l c u l a t i o n s ,  t h e  g e o t h e r m a l  r e s o u r c e s  o f  t h e  V a l l e y  have t h e  p o t e n t i a l  f o r  
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s u p p l y i n g  a n n u a l l y  more t h a n  2 t i m e s  t h e  amount o f  n a t u r a l  gas consumed 
t h r o u g h o u t  t h e  V a l l e y  i n  1977. M a i n f e s t a t i o n s  o f  g e o t h e r m a l  e n e r g y  i n  t h e  fo rm 
o f  h o t  w a t e r  ( h y d r o t h e r m a l )  s p r i n g s  a r e  f o u n d  t h r o u g h o u t  t h e  V a l l e y .  From 
n o r t h  t o  s o u t h ,  t h e s e  h y d r o t h e r m a l  a r e a s  a r e :  M i n e r a l  H o t  S p r i n g s ;  V a l l e y  View 
Warm S p r i n g s ;  Sand Dunes Swimming Poo l  H o t  Water We l l ;  Shaw Warm S p r i n g s ;  t h e  
Alamosa a r e a ;  and D e x t e r  and M c I n t y r e  Warm S p r i n g s .  T e m p e r a t u r e s  o f  t h e  
t h e r m a l  w a t e r s  f o u n d  i n  t h e  V a l l e y  r a n g e  f r o m  a l o w  o f  68°F (20°C)  t o  a h i g h  o f  
140°F ( 6 0 ° C ) .  

D u r i n g  t h e  l a s t  10 y e a r s  v a r i o u s  a s p e c t s  o f  t h e  g e o t h e r m a l  r e s o u r c e s  o f  t h e  San 
L u i s  V a l l e y  have been d i s c u s s e d  by  numerous a u t h o r s .  Some o f  t h e s e  p a p e r s  were 
a u t h o r e d  by :  B a r r e t t  and P e a r l  (1976 and 1978) ;  B u r r o u g h s  ( 1 9 8 1 ) ;  Coe ( 1 9 8 0 ) ;  
Coury  and Vorum ( 1 9 7 8 ) ;  G o e r i n g  and Connor ( 1 9 8 0 ) ;  G o e r i n g  and o t h e r s  (1979a,  
1979b, and 1980) ;  H a r d e r  and o t h e r s  ( 1 9 8 0 ) ;  J o r d a n  ( 1 9 7 4 ) ;  Meyer  and R o b e r t s  
( 1 9 7 9 ) ;  P e a r l  (1972 and 1 9 7 9 ) ;  P e a r l  and B a r r e t t  ( 1 9 7 6 ) ;  Romero and F a w c e t t  
( 1 9 7 8 ) ;  and Vorum and o t h e r s  ( 1 9 7 8 ) .  

Geothermal  e n e r g y ,  t h e  n a t u r a l  h e a t  o f  t h e  e a r t h ,  i s  a s o u r c e  o f  e n e r g y  t h a t  
can, u n d e r  f a v o r a b l e  c o n d i t i o n s ,  be p u t  t o  a w i d e  r a n g e  o f  uses .  Under normal  
c o n d i t i o n s  g e o t h e r m a l  e n e r g y  i s  e i t h e r  t o o  d i f f u s e  o r  f ound  a t  d e p t h s  t o o  g r e a t  
t o  be o f  p r a c t i c a l  v a l u e .  I n  t h o s e  i n s t a n c e s  where g e o t h e r m a l  e n e r g y  o c c u r s  
c l o s e  t o  t h e  s u r f a c e  i t  can be d e v e l o p e d  and p u t  t o  p r a c t i c a l  use. T e c h n i q u e s  
and e q u i p m e n t  f o r  deve l  o p i n g  and u s i n g  g e o t h e r m a l  e n e r g y  a r e  r e a d i l y  a v a i l a b l e  
t o d a y .  A b r i e f  d e s c r i p t i o n  o f  g e o t h e r m a l  e n e r g y  and some o f  i t s  p o s s i b l e  u s e s  
a r e  p r e s e n t e d  i n  Append ix  A .  
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THERMAL C O N D I T I O N S  OF THE WESTERN SAN LUIS VALLEY AREA 

Thermal  Waters  

A number o f  t h e r m a l  s p r i n g s  and w e l l s  whose w a t e r  t e m p e r a t u r e s  a r e  i n  e x c e s s  o f  
68°F (20°C)  a r e  l o c a t e d  i n  t h e  San L u i s  V a l l e y .  However, t h e  o n l y  t h e r m a l  
w a t e r s  i n  t h e  w e s t e r n  p a r t  o f  t h e  San L u i s  V a l l e y  a r e  f o u n d  a t  Shaw Warm 
S p r i n g s .  T h i s  a r e  s m a l l  r e 1  a t i v e l y  unused t h e r m a l  s p r i n g s  l o c a t e d  a p p r o x i m a t e l y  
6 m i  ( 9 . 6 6  km) n o r t h  o f  De! N o r t e ,  C o l o r a d o  and 5 m i  (8 .05  km) s o u t h e a s t  o f  t h e  
Summer Coon v o l c a n i c  a r e a  on t h e  e a s t e r n  s l o p e  o f  t h e  San Juan M o u n t a i n s  ( F i g .  
2 ) .  The w a t e r s  o f  Shaw Warm S p r i n g s  have a t e m p e r a t u r e  o f  86°F ( 3 0 " C ) ,  an 
annua l  a v e r a g e  d i s c h a r g e  o f  40 g a l l o n s  p e r  m i n u t e  (gpm) and c o n t a i n  
a p p r o x i m a t e l y  408 m g / l  o f  t o t a l  d i s s o l v e d  s o l  i d s .  H i s t o r i c a l l y  t h e  t h e r m a l  
w a t e r s  have o n l y  been used b y  t h e  owner f o r  r e c r e a t i o n a l  p u r p o s e s  ( B a r r e t t  and 
P e a r l  , 1 9 7 8 ) .  Chemical  a n a l y s i s  o f  t h e  Shaw Warm S p r i n g s  w a t e r s  i s  p r e s e n t e d  i n  
Appendix  B. 

Geothermal  G r a d i e n t s  and H e a t  F1 ow 

O n l y  one t r u e  h e a t - f l o w  h o l e  has been d r i l l e d  a l o n g  t h e  w e s t e r n  s i d e  o f  t h e  San 
L u i s  V a l l e y .  C a l c u l a t i o n s  f r o m  measurements made i n  t h i s  w e l l  , l o c a t e d  
a p p r o x i m a t e l y  3 m i l e s  ( 4 . 8  Km) n o r t h  o f  Shaw Warm S p r i n g s ,  d e t e r m i n e d  t h a t  t h e  
c o r r e c t e d  h e a t  f l o w  f o r  t h e  a r e a  i s  113 mW/m2 ( D e c k e r  and Bucher ,  1 9 7 9 ) .  
Based on r e g i o n a l  d a t a ,  Z a c h a r a k i s  ( 1 9 8 1 )  has shown t h a t  t h e  h e a t  f l o w  o f  t h e  
Western  San L u i s  V a l l e y  r a n g e s  f r o m  l e s s  t h a n  100 mW/m2 t o  o v e r  120 mW/M2 
( F i g .  3 ) .  

D u r i n g  t h e  w i n t e r  o f  1979-80,  16 t e m p e r a t u r e  g r a d i e n t  h o l e s  were d r i l l e d  
t h r o u g h o u t  t h e  c e n t r a l  p a r t  o f  t h e  San L u i s  V a l l e y  ( F i g .  4 ) .  The d e p t h  o f  
t h e s e  h o l e s  r a n g e d  up t o  300 f t  ( 9 1 . 4  m) ( R i n g r o s e ,  1 9 8 0 ) .  I n  o r d e r  t h a t  a 
c o m p l e t e  and r e p r e s e n t i v e  measurement o f  t h e  g e o t h e r m a l  g r a d i e n t s  be made, 
u n p e r f o r a t e d ,  t w o - i n c h  d i a m e t e r ,  b l a c k  i r o n  p i p e  was i n s t a l l e d  i n  t h e  h o l e s  t o  
t o t a l  d e p t h .  The a n n u l a r  space was b a c k f i l l e d  w i t h  d r i l l  c u t t i n g s  t o  w i t h i n  3-4 
f t  ( 1 - 1 . 2  m )  o f  t h e  s u r f a c e  on w h i c h  a cement  g r o u t  s e a l  e x t e n d i n g  t o  t h e  
s u r f a c e  was p l a c e d .  The p i p e  was f i l l e d  w i t h  w a t e r  and a l l o w e d  a minimum o f  
two weeks t o  r e a c h  e q u i l i b r i u m  t e m p e r a t u r e  c o n d i t i o n s  b e f o r e  t e m p e r a t u r e  
measurements were made ( R i n g r o s e ,  1 9 8 0 ) .  As shown i n  F i g u r e  4,  g r a d i e n t s  
measured i n  t h e s e  h o l e s  r a n g e d  f r o m  1.62"F/ lOO f t  (29.6"C/km) t o  a h i g h  o f  
4 . l0F /1O0 f t  (74.7"C/km).  The a v e r a g e  g e o t h e r m a l  g r a d i e n t  f o r  t h e s e  16 h o l e s  
was 3.17"F/ lOO f t  (57.8"C/km).  A F1 u i d  Dynamics t e m p e r a t u r e  p r o b e  c a l  i b r a t e d  t o  
an a c c u r a c y  o f  + 0.1"C w i t h  a r e s o l u t i o n  o f  a t  l e a s t  .01"C was used t o  measure 
t h e  t e m p e r a t u r e s  i n  t h e  h o l e s  ( R i n g r o s e ,  1 9 8 0 ) .  
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F i g u r e  2. P h y s i o g r a p h i c  s u b d i v i s i o n s ,  San L u i s  V a l l e y  
( m o d i f i e d  f r o m  B u r r o u g h s ,  1981) .  

F i g u r e  3 .  H e a t  f l o w  map o f  C o l o r a d o  ( f r o m  Z a c h a r a k i s ,  1 9 8 1 ) .  
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D u r i n g  t h e  summer o f  1981, Ms. C i n d y  Gwinn ( S o u t h e r n  M e t h o d i s t  U n i v e r s i t y ) ,  
remeasured t h e  t e m p e r a t u e s  i n  t h e s e  h o l e s  and c a l c u l a t e d  b o t h  t h e  g e o t h e r m a l  
g r a d i e n t  and h e a t  f l o w .  Her  measurments showed t h a t  t h e  g r a d i e n t s  r a n g e d  f rom 
1.24"F/lOO f t  (22.6C/km) t o  4.35"F/ lOO f t  (79.3"C/km)  w i t h  an a v e r a g e  g r a d i e n t  
o f  3.34"F/lOO f t  (59.O0C/km) ( F i g .  4 )  (Gwinn,  1 9 8 1 ) .  

U s i n g  b o t t o m  h o l e  t e m p e r a t u r e  measurements fr'om o i l  w e l l s ,  p l u s  o t h e r  d a t a ,  
R e p p l i e r  and F a r g o  ( 1 9 8 1 )  have shown t h a t  t h e  r e g i o n a l  g r a d i e n t  i n  t h e  w e s t e r n  
San L u i s  V a l l e y  i s  a p p r o x i m a t e l y  2 .2"F /100 f t  (40 "C /km) .  

Gwinn ( 1 9 8 1 ) ,  d e t e r m i n e d  t h a t  t h e  h e a t - f l o w  i n  t h e  g r a d i e n t  h o l e s  she 
remeasured ranged  f r o m  34 mW/m2 t o  96 m W / m 2  ( F i g .  4 ) ,  w i t h  an a v e r a g e  h e a t  
f l o w  o f  70.5 mW/m2. Due t o  t h e  l a r g e  number o f  v a r i a b l e s  i n c l u d i n g  s h a l l o w  
d e p t h  o f  h o l e s ,  g r o u n d - w a t e r  movement, and assumed c o n d u c t i v i t y  o f  s e d i m e n t s  
w h i c h  c o u l d  be i n f l u e n c i n g  t h e  t e m p e r a t u r e  measurements,  h e r  r e s u l t s  a r e  i n  
f a i r l y  c l o s e  agreement  w i t h  o t h e r  pub1 i shed d a t a .  
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GEOLOGY 

I n  t r o d u c  t i  on 

The f o l l o w i n g  d i s c u s s i o n  i s  t a k e n  f r o m  B u r r o u g h s  ( 1 9 8 1 ) ,  Chap in ,  ( 1 9 7 9 )  and 
Tweto (1975 and 1 9 7 9 )  a l t h o u g h  C o r d e l l ,  1978; James, 1971; and R i e c k e r ,  1979 
have a l s o  p u b l i s h e d  on v a r i o u s  a s p e c t s  o f  t h e  g e o l o g i c a l  c o n d i t i o n s  o f  t h e  
V a l l e y  and i t s  i m m e d i a t e  s u r r o u n d i n g s .  

The San L u i s  V a l l e y  i s  p a r t  o f  t h e  l a r g e r  R i o  Grande R i f t  Zone, w h i c h  e x t e n d s  
f rom s o u t h e r n  New M e x i c o  n o r t h w a r d  t h r o u g h  t h e  San L u i s  and u p p e r  A r k a n s a s  
V a l l e y s ,  and t e r m i n a t e s  a b o u t  12 m i l e s  ( 1 9  km) n o r t h  o f  L e a d v i l l e ,  C o l o r a d o .  
The V a l l e y ,  w h i c h  opens s o u t h w a r d  i n t o  New M e x i c o ,  i s  bounded on t h r e e  s i d e s  b y  
m o u n t a i n  r a n g e s :  The Sangre de C r i s t o  Range on t h e  e a s t  and n o r t h ;  a n d ' t h e  San 
Juan M o u n t a i n s  on t h e  w e s t  and n o r t h w e s t  ( F i g .  2 ) .  

A l o n g  t h e  e a s t  s i d e  o f  t h e  v a l l e y  b l o c k  f a u l  t i n g  has b r o u g h t  P r e c a m b r i a n  age 
r o c k s  o f  t h e  Sangre de C r i s t o  M o u n t a i n s  up i n t o  c o n t a c t  w i t h  t h e  T e r t i a r y  age 
r o c k s  o f  t h e  V a l l e y .  On t h e  w e s t  s i d e  o f  t h e  v a l l e y  O l i g o c e n e  age v o l c a n i c  
r o c k s  o f  t h e  San Juan M o u n t a i n s  d i p  i n t o  t h e  V a l l e y  where t h e y  become 
i n t e r b e d d e d  w i t h  t h e  v a l l e y  f i l l  d e p o s i t s .  I n  t h e  s u b s u r f a c e  t h e  V a l l e y  i s  
b r o k e n  b y  two h o r s t  b l o c k s .  A t  t h e  s o u t h e r n  end o f  t h e  V a l l e y ,  n e a r  t h e  New 
M e x i c o  b o r d e r ,  as a r e s u l t  o f  b l o c k  f a u l t i n g  O l i g o c e n e  v o l c a n i c  r o c k s  have been 
b r o u g h t  t o  t h e  s u r f a c e ,  f o r m i n g  t h e  San L u i s  H i l l s  ( F i g .  2 ) .  E x t e n d i n g  n o r t h  
f o r m  t h i s  s t r u c t u r e  i s  a e a s t e r l y  t i l t e d ,  d e e p l y  b u r i e d  h o r s t ,  named t h e  
Alamosa H o r s t ,  w h i c h  i s  composed o f  P r e c a m b r i a n  age r o c k s  ( T w e t o ,  o r a l  
communica t ion ,  1982; Z e i s l o f t  and M a c k e l p r a n g ,  i n  p r e p . )  ( F i g .  2 ) .  A g e o t h e r m a l  
w e l l  d r i l l e d  i n  t h e  C i t y  o f  Alamosa i n  l a t e  1981 e n c o u n t e r e d  t h e  Alamosa H o r s t  
a t  a d e p t h  i n  e x c e s s  o f  5,000 f t  ( 1 . 5 2  Km) ( Z e i s l o f t  and M a c k e l p r a n g ,  i n  
p r e p . ) .  On e i t h e r  s i d e  o f  t h e  Alamosa H o r s t  a r e  two deep b a s i n s ,  t h e  Baca 
Graben on t h e  e a s t  and t h e  Monte V i s t a  Graben on t h e  w e s t  ( F i g .  2 ) .  I t  i s  
e s t i m a t e d  t h a t  t h e  Baca Graben i s  a p p r o x .  19,000 f t  ( 5 . 8  km) deep and t h e  Monte 
V i s t a  Graben o v e r  10,000 f t  (3 .05  km) deep. 

O v e r l y i n g  t h e  P r e c a m b r i a n  basement r o c k s  i s  a t h i c k  sequence o f  T e r t i a r y  age 
v a l l e y  fill s e d i m e n t s  and v o l c a n i c  r o c k s .  The absence o f  P a l e o z o i c  and 
Mesozoic  age s e d i m e n t s  r e f l e c t s  t h e  f a c t  t h a t  t h r o u g h o u t  much o f  g e o l o g i c  t i m e  
most  o f  t h e  San L u i s  V a l l e y  a r e a  was a p o s i t i v e  f e a t u r e .  

I 

W h i l e  t h e  R i o  Grande R i f t  as a w h o l e  s t a r t e d  d e v e l o p i n g  between 32 and 27 m.y. 
ago ( L a t e  01 i gocene)  , t h e  Col o r a d o  segment s t a r t e d  d e v e l o p i n g  a b o u t  26-27 m.y . 
ago ( E a r l y  M i o c e n e ) .  A t  t h i s  same t i m e  i g n e o u s  a c t i v i t y  a s s o c i a t e d  w i t h  t h e  
r i f t i n g  o c c u r r e d .  I g n e o u s  r o c k s  contemporaneous w i t h  t h e  r i f t i n g  o c c u r  a s  f a r  
n o r t h w a r d  as t h e  Wyoming b o r d e r .  D u r i n g  t h e  r i f t i n g  phase,  and c o n t i n u i n g  up t o  
t h e  p r e s e n t  t h e  c r u s t  sagged a l l o w i n g  b r o a d  s h a l l o w  b a s i n s  t o  f o r m  i n  w h i c h  
m a f i c  f l o w s  and v o l c a n i c  ash beds  were i n t e r b e d d e d  w i t h  a l l u v i a l  d e p o s i t s  w h i c h  
were l a t e r  b r o k e n  b y  f a u l t i n g .  I t  i s  beyond t h e  scope o f  t h i s  p a p e r  t o  p r e s e n t  
a d e s c r i p t i o n  o f  a l l  t h e  v a r i o u s  r o c k  u n i t s  f o u n d  i n  t h e  w e s t e r n  San L u i s  
V a l l e y .  T a b l e  1 i s  a summary d e s c r i p t i o n  o f  t h e  v a r i o u s  r o c k  u n i t s .  F o r  a 
more c o m p l e t e  d e s c r i p t i o n  t h e  r e a d e r  i s  r e f e r e d  t o  p a p e r s  b y  B u r r o u g h s  (19811,  
L ipman ( 1 9 6 8  and 1 9 7 8 ) ,  L ipman and M e h n e r t  ( 1 9 7 5 1 ,  and Mertzman ( 1 9 7 1 ) .  
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TABLE 1. STRATIGRAPHIC SECTION, WESTERN SAN L U I S  VALLEY 
(From L i  pman, 1 9 7 6 )  

DESCRIPTION SYSTEM SERIES FORMATION THICKNESS 
f t  (m) 

S u r f i c i a l  

Q u a t e r n a r y  Ho l  ocene A l l u v i u m  v a r i a b l e  

Ho locene  C o l l u v i u m  

T a l u s  dep. 

P1  e i  s t o c e n e  Lands1 i d e  
dep. 
G1 ac i a1 
outwas h 

I O  

A l l u v i a l  f a n  ,I 

REGIONAL LAVAS AN0 RELATE0 R O C K S  

T e r t i a r y  P1 i o c e n e  H i n s d a l  e 0 -164 f t .  
M iocene  F o r m a t i o n  (0 -50m)  

P1 i o c e n e  Los P i n o s  0 -131  ft. 
01 i gocene F o r m a t i o n  (0-40111) 

01 i gocene Vo l  can  i c 0-82  f t .  
Sands tone  (0-25111) 

ASH -F LOW SHEETS 

01 i gocene C a r p e n t e r  0 -246 f t .  
R i d g e  T u f f  ( 0 - 7 5  m) 

01  i g o c e n e  F i s h  Canyon 0-328 f t. 
T u f f  ( 0 - 1 0 0  m) 

01 i gocene Mason ic  0 -164 f t .  
P a r k  T u f f  ( 0 - 5 0  m) 

01  i g o c e n e  T r e a s u r e  0 -640  f t .  
Mtn. T u f f  ( 0 - 1 9 5  m) 

D e p o s i t s  

S i 1  t, sand, g r a v e l ,  
p e a t  i n  v a l l e y  b o t t o m s .  

P o o r l y  s o r t e d  s l o p e  
m a t e r i a l .  
A n g u l a r  r o c k  f r a g m e n t s  
p o o r l y  s o r t e d .  
Poor  s o r t e d  r o c k  
d e b r i  s. 
W e l l  s o r t e d  sand and 
g r a v e l  , rounded 
b o u l d e r s .  
P o o r l y  s o r t e d  s i l t  and  
b o u l d e r .  

F i n e  g r a i n e d  l a v a  f l o w  
m a t e r i a l .  S i 1  i c i c  
a1 k a l  i o 1  i v i n e  b a s a l t  
and b a s a l  t i c  a n d e s i t e .  

Cong lomera te ,  s a n d s t o n e  
and m u d f l o w  b r e c c i a .  
C o n t a i n s  c l a s t s  d e r i v e d  
f r o m  v o l c a n o e s  t o  s o u t h  
w e s t .  

E roded  sandy d e b r i s  
f r o m  Summer Coon 
Vo l  cano.  

Non-we lded l i g h t  g r a y  
t o  d e n s e l y  we lded  r e d -  
b rown r h y o l  i t i c  ash-  
f l o w .  

Non-we1 ded 1 t - g r a y  t o  
m o d e r a t e l y  we1 ded  t a n  
q u a r t z  l a t i t i c  ash f l o w  

Non-we1 ded g r a y  t o  
p a r t l y  we lded  y e l l o w -  
b rown  q u a r t z  1 a t i  t i c  
a s h - f l o w  s h e e t .  

P y r o c l a s t i c  sequence 

q u a r t z  l a t i t i c  a s h - f l o w  
s h e e t s  i n t e r l a y e r e d  
w i t h  r h y o l i t i c  a s h - f l o w  
and a s h - f a 1  1 d e p o s i  t s .  
Found p r i m a r i l y  s o u t h  
o f  R i o  Grande R i v e r .  

o f  two  w i d e s p r e a d  

EARLY INTERMEDIATE COMPOSITION ROCK 

01  i g o c e n e  Cone jos  0-1.01 m i )  L a v a  f l o w s  and f l o w  
F o r m a t i o n  ( 0 - 1 . 6 4  b r e c c i a s  o f  a n d e s i t e ,  

km 1 r h y o d a c i t e ,  and q u a r t z  
1 a t i  t e .  Beded. 
c o n g l  omera te ,  s a n d s t o n e  
and m u d f l o w s .  

01  i g o c e n e  F l o w s  and 0-1.11 m i  R h y o d a c i t e ,  Q u a r t z  
d i k e s  (0 -1 .8  km) l a t i t e ,  P o r p h y r i t i c  

r h y o l  i t e ,  r h y o l  i t e ,  
and a n d e s i t e .  - 9 -  



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

Shaw Warm S p r i n g s  a r e  l o c a t e d  a p p r o x i m a t e l y  5 m i  (8 .05  Km) s o u t h e a s t  o f ,  and 
w e l l  down on t h e  s o u t h e a s t  f l a n k  o f  t h e  Summer Coon v o l c a n i c  c e n t e r  ( L i p m a n ,  
1 9 7 6 ) .  Bedrock  o f  ' t h e  r e g i o n  c o n s i s t s  o f  r o c k s  e j e c t e d  f r o m  t h e  Summer Coon 
V o l c a n o  and o t h e r  v o l c a n o e s  l o c a t e d  t o  t h e  w e s t  ( F i g .  5 ) .  Most  o f  t h e s e  
e x t r u s i v e  r o c k s  a r e  p r e d o m i n a n t l y  ash f l o w  s h e e t s  o f  E a r l y  O l i g o c e n e  age c a l l e d  
t h e  Mason ic  P a r k  T u f f ,  F i s h  Canyon T u f f  and t h e  C a r p e n t e r  R i d g e  T u f f  ( F i g .  5 ) .  
These u n i t s  d i p  e a s t w a r d  i n t o  t h e  V a l l e y  where t h e y  become i n t e r b e d d e d  w i t h  t h e  
t h i c k  sequence o f  r e l a t i v e l y  u n c o n s o l i d a t e d  v a l l e y  f i l l  m a t e r i a l .  I n t r u d i n g  
t h e s e  and o t h e r  r o c k  u n i t s  a r e  a l a r g e  number o f  d i k e s  o f  v a r y i n g  c o m p o s i t i o n  
t h a t  expand r a d i a l l y  f r o m  t h e  v o l c a n i c  complex .  O v e r l y i n g  t h e  v o l c a n i c  r o c k s  
a r e  p o o r l y  s o r t e d  s u r f i c i a l  and a l l u v i a l  d e p o s i t s  r a n g i n g  f r o m  s i l t s  t o  
b o u l  d e r s  , -o f  P1 e i  s t o c e n e  and H o l o c e n e  age. 

Tsq Tsi R b E i R 7 E  

Twelvemi le 
Road 

T 
11 
N 
T 
IO 
U 

- 

i 
1 Mile 

EXPLANATION 

Qal Quaternary  a1 1 u v i  um Tsa 
Q c  Quaternary  c o l 1  u v i  um Tsd 
Of Quaternary  a1 1 u v i a l -  Ts i 

Tvs T e r t i a r y  v o l c a n i c  Tsai 

Tfc T e r t i a r y  F i s h  Canyon 

Tsq T e r t i a r y  q u a r t z  l a t i t e  

f a n  d e p o s i t s  

sandstone 

Tuff 

- 

Tmp T e r t i a r y  Flasonic Park 25 

T e r t i a r y  andes i te  
T e r t i a r y  rhyodaci  t e  
Ter ti a r y  i n termed i a t e  

composi t ion d i k e  
T e r t i a r y  andes i te  d i k e  
Geol o g i  c c o n t a c t  
F a u l t ;  dashed where . 

i n f e r r e d  , b a l l  on 
downthrown s i d e  

S t r i k e  and d i p  o f  bed 

F i g u r e  5 .  R e g i o n a l  g e o l o g i c  map ( a d o p t e d  f r o m  L ipman,  1 9 7 6 )  
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HYDROGEOLOGY OF THE WESTERN S A N  LUIS VALLEY 

Due t o  i t s  g e o l o g i c  c h a r a c t e r  t h e  San L u i s  V a l l e y  c o n t a i n s  l a r g e  q u a n t i t i e s  o f  
n o n - t h e r m a l  g r o u n d  w a t e r s  a t  r e l a t i v e l y  s h a l l o w  d e p t h s .  Over t h e  y e a r s  a 
s u c c e s s f u l  a g r i c u l t u r a l  i n d u s t r y  has d e v e l o p e d  based on t h e  use o f  t h e s e  
g r o u n d - w a t e r  s u p p l i e s .  The h y d r o g e o l  o g i c a l  i n v e s t i g a t i o n s  c o n d u c t e d  i n  t h e  
V a l l e y  b y  Emery and o t h e r s  ( 1 9 7 1  and 19731, H u n t l e y  ( 1 9 7 5 1 ,  and P o w e l l  ( 1 9 5 8 )  
d e a l  t p r i m a r i l y  w i t h  t h e  n o n t h e r m a l  w a t e r  o f  t h e  v a l l e y ,  w h i c h  a r e  used f o r  
i r r i g a t i o n  p u r p o s e s ,  and n o t  t h e  t h e r m a l  r e s o u r c e s .  F o r  t h e  m o s t  p a r t  t h e s e  
w a t e r s  have no r e l a t i o n s h i p  t o  t h e  t h e r m a l  w a t e r s  and t h e r e f o r e  w i l l  n o t  b e  
d i s c u s s e d  i n  any d e t a i l  h e r e .  

Emery and o t h e r s  ( 1 9 7 2 )  r e p o r t e d  t h e  e x i s t e n c e  o f  t h e r m a l  w a t e r  w e l l s  n o r t h  and 
e a s t  o f  Shaws Warm S p r i n g  i n  t h e  more c e n t r a l  p a r t s  o f  t h e  V a l l e y .  These 
w a t e r s  were coming f rom w e l l s  h a v i n g  r e p o r t e d  d e p t h s  r a n g i n g  f r o m  354 f t  ( 1 0 8  
m) t o  4,200 f t  ( 1 . 2 8  km).  From an e x a m i n a t i o n  o f  t h e  l i t e r a t u r e  p l u s  f i e l d  
i n v e s t i g a t i o n s  , i t  a p p e a r s  t h a t  t h e  o n l y  h y d r o t h e r m a l  a r e a  a1 ong t h e  w e s t e r n  
s i d e  o f  t h e  San L u i s  V a l l e y  t h e  Shaw Warm S p r i n g s  a r e a .  W h i l e  no i n - d e p t h  
p a p e r s  have been p u b l i s h e d  on t h e  h y d r o t h e r m a l  c o n d i t i o n s  o f  t h e  w e s t e r n  San 
L u i s  V a l l e y ,  a number o f  p a p e r s  have been p u b l i s h e d  p e r t a i n i n g  t o  t h e  t h e r m a l  
c o n d i t i o n s  o f  t h e  Shaw Warm S p r i n g s  a r e a .  These p a p e r s  have been a u t h o r e d  b y :  
B a r r e t t  and P e a r l  ( 1 9 7 6  and 1 9 7 8 ) ,  B e r r y  and o t h e r s  ( 1 9 8 0 ) ;  George and o t h e r s  
( 1 9 2 0 ) ;  L e w i s ,  ( 1 9 6 6 ) ;  M a l l o r y  and B a r n e t t  ( 1 9 7 3 ) ;  P e a r l  ( 1 9 7 2  and 1 9 7 9 ) ;  and 
War ing  ( 1 9 6 5 ) .  

George and o t h e r s  ( 1 9 2 0 )  made t h e  f i r s t  c o m p r e h e n s i v e  a p p r a i s a l  o f  t h e  t h e r m a l  
w a t e r s  o f  C o l o r a d o  and t h e  m e d i c i n a l  v a l u e s  a s s o c i a t e d  w i t h  them. Those 
i n t e r e s t e d  i n  t h e  h i s t o r i c  t r e a t m e n t  o f  t h i s  s u b j e c t  w i l l  f i n d  t h i s  r e p o r t  o f  
immense v a l u e .  I n  a d d i t i o n  t o  r e p o r t i n g  t h e  c h e m i c a l  c o m p o s i t i o n  o f  t h e  t h e r m a l  
w a t e r s ,  George and o t h e r s  ( 1 9 2 0 )  l i s t e d  such p h y s i c a l  p a r a m e t e r s  a s  
t e m p e r a t u r e ,  l o c a t i o n ,  r a d i o a c t i v i t y ,  and l o c a t i o n  o f  t h e  s p r i n g .  I n  1978 
B a r r e t t  and P e a r l  , f o l l o w i n g  up on t h e  work o f  George and o t h e r s  (19201,  
r e e v a l u a t e d  t h e  t h e r m a l  w a t e r s  o f  o f  C o l o r a d o .  They ( B a r r e t t  and P e a r l  , 1 9 7 8 )  
r e 1  o c a t e d  t h e  t h e r m a l  w a t e r  s o u r c e s  , measured t h e i r  t e m p e r a t u r e ,  pH , and o t h e r  
f i e l d  p a r a m e t e r s ,  and had a c o m p l e t e  modern c h e m i c a l  a n a l y s i s  o f  t h e  w a t e r s  
made. I n  a d d i t i o n  t h e y  t r i e d  t h r o u g h  t h e  use o f  geochemica l  geothermometer  
model s t o  e s t i m a t e  t h e  s u b s u r f a c e  r e s e r v o i r  t e m p e r a t u r e s .  I n  1979 P e a r l  
carried t h i s  analysis  one step f u t h e r  a n d  p r e s e n t e d  e s t i m a t e s  o f  t h e  s i z e  a n d  
e x t e n t  o f  t h e  t h e r m a l  a r e a  ( T a b l e  2 ) .  

B a r r e t t  and P e a r l  ( 1 9 7 8 )  and P e a r l  ( 1 9 7 9 )  s t a t e d  t h a t  t h e y  b e l i e v e d  r e c h a r g e  
f o r  Shaw W a r m  S p r i n g s  was p r o b a b l y  o c c u r r i n g  i n  t h e  h i g h e r  g r o u n d  t o  t h e  w e s t .  
They f e l t  t h a t  as t h e  g r o u n d  w a t e r s  moved downdip t h r o u g h  p e r m e a b l e  i n t e r f l o w  
u n i t s  t h e  w a t e r s  became h e a t e d  due t o  r e s i d u a l  h e a t  f r o m  t h e  T e r t i a r y  v o l c a n i c  
a c t i v i t y  o f  t h e  a r e a .  
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T a b l e  2. Resource  a n a l y s i s  o f  Shaw Warm S p r i n g s  
(From B a r r e t t  and P e a r l  , 1978 and P e a r l  , 1 9 7 9 ) .  

Geothermometer  t e m p e r a t u r e  e s t i m a t e s :  
M i x i n g  Model (amorphous s i l i c a )  ......... 81°F (27°C)  

Na-K-Ca ................................. 217°F (103°C)  
Na-K .................................... 212°F (100°C) 

Most  l i k e l y  Temp .......................... 86-140°F (30-60°C)  
A r e a l  e x t e n t :  ............................. 0.63 s q  m i  
H e a t  e n e r g y :  .............................. 0.0148 Q ' s  
( 1  Q o f  h e a t  e n e r g y  = 1,000,000,000,000,00O.B.T.U.'s) 

B a r r e t t  and P e a r l  ( 1 9 7 8 )  n o t e d  t h a t  t h e  above r e s e r v o i r  t e m p e r a t u r e  e s t i m a t e s  
s h o u l d  be used w i t h  c a u t i o n  because m o s t  t h e  a s s u m p t i o n s  i n h e r e n t  i n  t h e i r  use 
a r e  v i o l a t e d .  T h e r e f o r e  a f t e r  a r e v i e w  o f  a l l  t h e  d a t a  t h e y  s t a t e d  t h a t  t h e  
m o s t  l i k e l y  r e s e r v o i r  t e m p e r a t u r e  f o r  t h i s  a r e a  i s  between 86 and 140°F ( 3 0  and 
60°C).  
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GEOPHYSICAL I N V E S T I G A T I O N S  

I n t r o d u c t i o n  

D u r i n g  t h e  c o u r s e  o f  t h i s  i n v e s t i g a t i o n ,  i n  an a t t e m p t  t o  map t h e  s u b s u r f a c e  
g e o l o g i c a l  c o n d i t i o n s  o f  t h e  w e s t e r n  San L u i  s Val 1 ey ,  t h e  f o l l  o w i n g  g e o p h y s i c a l  
s u r v e y s  were  c a r r i e d  o u t :  s e i s m i c ;  e l e c t r i c a l  r e s i s t i v i t y ;  t e l l u r i c ;  
A u d i o - m a g n e t o t e l l  u r i c  (AMT); and t i m e - d o m a i n  e l e c t r o m a g n e t i c  s o u n d i n g s  b y  
e i t h e r  t h e  C o l o r a d o  G e o l o g i c a l  Su rvey ,  U .S .  G e o l o g i c a l  Su rvey ,  t h e  C o l o r a d o  
Schoo l  o f  M ines  summer f i e l d  camp, o r  b y  p r i v a t e  compan ies .  M o s t  o f  t h e s e  
i n v e s t i g a t i o n s  were p r i m a r i l y  d e s i g n e d  t o  map t h e  g e o l o g i c a l  c o n d i t i o n s  
c o n t r o l l i n g  Shaw Warm S p r i n g s ,  and t o  t h a t  end t h e y  were p a r t i a l l y  s u c c e s s f u l .  

E l  ec t r i  c a l  Res i  s t  i v i t y  Surveys  

D i p o l  e - D i p o l  e R e s i s t i v i t y  S u r v e y s :  

I n  t h e  immed ia te  v i c i n i t y  o f  Shaw Warm S p r i n g s  t h e  C o l o r a d o  G e o l o g i c a l  S u r v e y  
r a n  6 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  t r a v e r s e s  t o t a l 1  i n g  20,100 f t  ( 6 . 1  
km) ( F i g .  6 )  t o  d e t e r m i n e  t h e  b o u n d a r i e s  o f  l o w  r e s i s t i v i t y  zones .  These zones 
a r e  one o f  t h e  p r i m a r y  i n d i c a t o r s  o f  g e o t h e r m a l  sys tems .  A c o m p l e t e  d e s c r i p t i o n  
o f  a l l  t h e  v a r i o u s  f a c t o r s  w h i c h  m i g h t  a f f e c t  e l e c t r i c a l  r e s i s t i v i t y  
measurements a r e  p r e s e n t e d  i n  Append ix  C .  A c o m p l e t e  d e s c r i p t i o n  o f  t h e  
equ ipmen t  used  i n  t h e s e  s u r v e y s  i s  p r e s e n t e d  i n  Append ix  D.  

One o f  t h e  more common methods  o f  p o r t r a y i n g  and i n t e r p e r a t i n g  e l e c t r i c a l  
r e s i s t i v i t y  d a t a  i s  t h r o u g h  t h e  use  o f  p s e u d o s e c t i o n s .  These e s s e n t i a l l y  a r e  
c r o s s  s e c t i o n s  drawn f o r  each t r a v e r s e  l i n e  showing t h e  measured r e s i s t i v i t y  
v a l u e s .  I n  t h e  i n t e r p e r a t i o n  o f  t h e s e  s e c t i o n s  one mus t  be aware t h a t  l a t e r a l  
v a r i a t i o n s  i n  t h e  s u b s u r f a c e  g e o l o g i c a l  c o n d i t i o n s  may i n f l u e n c e  t h e  
r e s i s t i v i t y  measurements .  F i g u r e s  7 t o  12 a r e  p s e u d o s e c t i o n s  f o r  t h e  v a r i o u s  
d i p o l e - d i p o l e  r e s i s t i v i t y  t r a v e r s e s .  Due t o  g e o l o g i c a l  c o n d i t i o n s  and e q u i p m e n t  
l i m i t a t i o n s  i t  was o n l y  p o s s i b l e  t o  a c q u i r e  i n f o r m a t i o n  on t h e  s u b s u r f a c e  
c o n d i t i o n s  t o  a d e p t h  o f  300 t o  400 f t  ( 9 1 . 4  t o  122 m).  A n o t h e r  method, w h i c h  
was n o t  used,  t o  i n t e r p e r a t e  e l e c t r i c a l  r e s i s t i v i t y  g e o p h y s i c a l  d a t a  a r e  
d e t a i l e d  computer  m o d e l s .  These mode ls  wou ld  g i v e  a more a c c u r a t e  d e s c r i p t i o n  
o f  t h e  i n d i v i d u a l  f a u l t s .  

These s u r v e y s  were s u c c e s s f u l  i n  he1 p i n g  t o  d e l  i n e a t e  t h e  g e o l o g i c a l  c o n t r o l  s 
o f  Shaw Warm S p r i n g s .  A n o r t h w e s t  t r e n d i n g  f a u l t  p a s s i n g  t h r o u g h  Shaws Warm 
S p r i n g  was d e l i n e a t e d .  U n f o r t u n a t e l y  no d a t a  were a c q u i r e d  a l o n g  t h e  t r a v e r s e  
l i n e  b i s e c t i n g  t h e  mapped f a u l t  a p p r o x i m a t e l y  0.5 m i  ( 0 . 8  km) t o  t h e  n o r t h .  

Sch lumberge r  D e p t h  Sound ings :  

I n  a d d i t i o n  t o  t h e  d i p o l e - d i p o l e  s u r v e y s ,  t h r e e  Sch l  umberger  d e p t h  s o u n d i n g  
s u r v e y s  were made. D a t a  f r o m  300, 500, and 900 f t  ( 9 1 ,  152,  and 274 m) d e p t h s  
were used t o  p r e p a r e  s u b s u r f a c e  c o n t o u r  maps o f  t h e  Shaw Warm S p r i n g s  a r e a  
d e l i n e a t i n g  t h e  a r e a l  e x t e n t  o f  t h e  t h e r m a l  r e s e r v o i r  ( F i g s  13,14,15).  As i s  
n o t e d ,  t h e  r e s e r v o i r  appears  t o  be  l o c a t e d  n o r t h  o f  Shaw Warm S p r i n g s  and i s  
bounded by  t h e  mapped f a u l t  l o c a t e d  approx .  0 .5  m i  ( 8 0 5  m) n o r t h  o f  Shaw Warm 
S p r i n g s ,  i n  t h e  n e x t  v a l l e y .  

- 13 - 
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A low r e s i s t i v i t y  zone was mapped between s t a t i o n s  23 t o  2 7  a p p r o x i m a t e l y  400 
f t  n o r t h w e s t  of  the  warm s p r i n g s  a r e a .  The r e s i s t i v i t y  v a l u e s  i n c r e a s e  n o r t h  
and south  of  t h i s  a r e a .  A t  the  s u r f a c e  t o  the s o u t h ,  t h e  v a l u e s  i n c r e a s e  t o  SEPARATION: n Value 
2 2 1  ohm-meters, however ,  a t  d e p t h  ( n  = 5 )  t h e  v a l u e s  d e c r e a s e  t o  a p p r o x i m a t e l y  
15 ohm-meters. These low v a l u e s  may be a t t r i b u t e d  t o  e i t h e r  w a t e r  s a t u r a t e d  TYPE: Dipole-Dipole 
a l luv ium o r  p o s s i b l y  a f a u l t  downthrown t o  the n o r t h .  G e n e r a l l y ,  t h e  v a l u e s  SPREAD: 0 = 1 0 0 f t  
a long  t h i s  l i n e  d e m o n s t r a t e  a h i g h e r  r e s i s t i v e  s u r f a c e  rock which may be due t o  
a bur ied  s t r e a m  channel  o r  f a u l t i n g  ( d a t a  from S t a t i o n s  1-16 were n o t  POSSIBLE FAULT: - - 
o b t a i n e d ) .  

LENGTH: 18oof t  I 5 4 9 m l  

DATE: 6/30/80 

RESISTIVITY: In ohm meters 

F i g u r e  7 .  D i p o l e - d i p o l e  p s e u d o s e c t i o n  1 i n e  A .  
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52-55,40-41 -40 

n = I  
2 
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4 
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LENGTH: 1 8 0 0 f t  I 549 ml 
SEPARATION: n Value 

A low r e s i s t i v i t y  zone was mapped between s t a t i o n s  9 t o  18. T h i s  zone which may DATE: 6/30/80 
be a f a u l t  zone c o r r e l a t e s  w i t h  the low r e s i s t i v i t y  f a u l t  zone mapped o n  l i n e  TYPE: Dipole-Dipole 
A .  A n  a d d i t i o n a l  d e e p - s e a t e d  low was mapped between s t a t i o n s  4 a n d  6 .  SPREAD: a = l o o f t  

RESISTIVITY: In ohm meters 
POSSIBLE FAULT: - - 

F i g u r e  8.  D i p o l e - d i p o l e  p s e u d o s e c t i o n  1 i n e  B. 

- 15 - 
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25-25 25 

LENGTH: 210011 I 6 4 0 m I  
T h i s  n o r t h w e s t - s o u t h e a s t  t r e n d i n g  l i n e  i s  a p p r o x i m a t e l y  2,100 f t  ( 6 4 0  m) i n  SEPARATION: n Value 
l e n g t h .  No c l e a r  s t r u c t u r a l  t r e n d s  were  e v i d e n t  a l o n g  t h i s  t r a v e r s e .  A DATE: 7 / v 8 0  
p o s s i b l e  f a u l t  may b e  c o n j e c t u r e d  i n  t h e  v i c i n i t y  o f  S t a t i o n  10 downth rown  t o  TYPE: Dipole- Dipole 
t h e  n o r t h w e s t .  A s u r f a c e  l o w  o c c u r s  be tween  s t a t i o n s  2 - 5 ,  b u t  i s  n o t  SPREAD: 0 = l o o f t  
i n d i c a t i v e  o f  any  f e a t u r e s  o f  s i g n i f i c a n c e .  G e n e r a l l y  t h e  r e s i s t i v i t y  l a y e r s  RESISTIVITY: In ohm meters 

POSSIBLE FAULT : - o n  t h i s  l i n e  a p p e a r  t o  d e c r e a s e  w i t h  d e p t h ,  w h i c h  c o u l d  b e  a t t r i b u t e d  t o  a 
b u r i e d  c h a n n e l  bed.  

Figure 9 .  Dipole-dipole pseudosection l i n e  C .  

300 
J 

40- 40 

LENGTH: 5oooft  11524mr 
SEPARATION: n Value 
DATE: 7/8/80 
TYPE: Dipole- Dipole 
SPREAD: 0 = lOOft 

POSSIBLE FAULT: - 
T h i s  l i n e ,  p a r a l l e l  t o  t h e  n o r t h  - s o u t h  c o u n t y  r o a d ,  was t h e  l o n g e s t  t r a v e r s e  
c o n d u c t e d  (5,000 f t  ( 1 . 5 2  k m ) )  d u r i n g  t h e  c o u r s e  o f  t h i s  i n v e s t i g a t i o n .  A v e r y  
p r o n o u n c e d  l o w  r e s i s t i v i t y  zone  was mapped i n  t h e  v i c i n i t y  o f  s t a t i o n s  37 
t h r o u g h  40 w i t h  v a l u e s  as  l o w  as  5 ohm-meters .  T h i s  l o w  zone,  however ,  does  

n o t  p e r s i s t  w i t h  d e p t h ,  and t h e  f a u l t  d e p i c t e d  i s  v e r y  q u e s t i o n a b l e .  The RESISTIVITY: In ohm meters unnamed c r e e k  t h a t  f l o w s  b y  Shaw Warm S p r i n g s  c o u l d  b e  c o n t r o l l e d  b y  t h i s  
f a u l t .  The s u r f a c e  l a y e r s  r e f l e c t  h i g h e r  r e s i s t i v i t y  v a l u e s  t h a n  t h e  deeper  
l a y e r s .  

Figure 10. Dipole-dipole pseudosection l i n e  D. 
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T h i s  t r a v e r s e  p a r a l l e l s  t h e  b u r i e d  e a s t - w e s t  f a u l t ,  d e f i n e d  by  t r a v e r s e s  A and 
D, w h i c h  passes  t h r o u g h  t h e  s p r i n g .  A l o w  r e s i s t i v i t y  zone a t  t h e  i n t e r s e c t i o n  
o f  l i n e  A and  t h i s  t r a v e r s e  ( s t a t i o n  4 0 )  c o r r e l a t e s  w i t h  t h e  l o w  r e s i s t i v i t y  
zone mapped on l i n e  A a t  s t a t i o n  31 .  Due t o  a c c e s s  p r o b l e m s  no d a t a  w a s  
c o l l e c t e d  f r o m  s t a t i o n s  43 t o  49. 

LENGTH: 4100ft 11250ml 
SEPARATION: n Value 
DATE: 7/9/80 
TYPE: Dipole-Dipole 
SPREAD: 0 = 100 f t  
RESISTIVITY: In ohm meters 
HOT SPRING: a 

I Figure 11. Dipole-dipole pseudosection l i n e  E .  
F 
4 

I - a East West 
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T h i s  l i n e  i s  a p p r o x .  0.5 m i  ( 0 . 8  kin) n o r t h  o f  Shaw Warm S p r i n g s  p a r a l l e l s  t h e  
n o r t h w e s t  t r e n d i n g  mapped f a u l t .  A l o w  r e s i s t i v i t y  zone was mapped a t  d e p t h  
be tween  s t a t i o n s  35 t o  40, w i t h  t h e  deeper  l a y e r s  s h o w i n g  t h e  l o w e r  r e s i s t i v i t y  
v a l u e s .  From an e x a m i n a t i o n  o f  t h e  d a t a  t h e  mapped f a u l t  i s  n o t  a p p a r e n t .  
However s i n c e  t h e  t r e n d  o f  t h i s  l i n e  p a r a l l e l s  t h e  s t r i k e  o f  t h e  f a u l t ,  t h e  
f a u l t  w o u l d  n o t  b e  t o o  a p p a r e n t .  

LENGTH : 4000 f t  I 1219 m I 
SEPARATION: n Value 
DATE : 7/10/80 
TYPE: Dipole - Dipole 

RESISTIVITY: In ohm meters 
SPREAD: a = i o o f t  

Figure 1 2 .  Dipole-dipole pseudosection l i n e  F.  
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F i g u r e  13. S c h l u m b e r g e r  d e p t h  s o u n d i n g ,  300 f t .  d e p t h  
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F i g u r e  15. Schlumberger depth sounding, 900 f t .  depth .  



A u d i o - m a g n e t o t e l l  u r i c  and T e l l  u r i c  S u r v e y s  

D u r i n g  t h e  summer o f  1980 p e r s o n n e l  f r o m  t h e  U . S .  G e o l o g i c a l  S u r v e y  r a n  
A u d i o - m a g n e t o t e l l u r i c s  (AMT) and t e l l  u r i c  s u r v e y s  i n  t h e  Shaw Warm S p r i n g s  
r e g i o n  ( C h r i s t o p h e r s o n  and o t h e r s ,  1 9 8 1 ) .  The f o l l o w i n g  i s  a summary o f  t h e i r  
f i n d i n g s  and c o n c l u s i o n s .  

Two n o r t h e a s t  t r e n d i n g  t e l l u r i c  p r o f i l e s  were made i n  t h e  Shaw Warm S p r i n g s  
a r e a . u s i n g  250 m e t e r  d i p o l e s  ( F i g .  1 6 ) .  These p r o f i l e s  d e l i n e a t e d  t h r e e  f a u l t s  
i n  t h e  r e g i o n ,  one o f  w h i c h  was known and two p r e v i o u s l y  unmapped f a u l t s .  
E v i d e n c e  was g a t h e r e d  t o  e x t e n d  t h e  f a u l t  t h a t  L ipman ( 1 9 7 6 )  had mapped 
a p p r o x i m a t e l y  . 5  m i  ( . 8  km) n o r t h  o f  Shaw Warm S p r i n g s  t o  t h e  w e s t  and e a s t .  
The two p r e v i o u s l y  unmapped f a u l t s  were i n  t h e  Shaw Warm S p r i n g s  v a l l e y  s o u t h  
o f  t h e  E l e p h a n t  Rocks.  One o f  t h e s e  f a u l t s  i s  j u s t  s o u t h  o f  t h e  E l e p h a n t  Rocks 
and t h e  o t h e r  i s  i n  t h e  v i c i n i t y  o f  t h e  w a r m  s p r i n g s  t h a t  f o l l o w s  t h e  d r a i n a g e  
o f  Shaw Warm S p r i n g s .  

The AMT s u r v e y s  showed t h a t  t h e r e  i s  a l a c k  o f  warm w a t e r s  t o  a t  l e a s t  a d e p t h  
o f  1640 f t  (500 m) a l t h o u g h  t h e r e  may be some l e a k a g e  i n t o  t h e  v a l l e y  f i l l  
m a t e r i a l  e a s t  o f  Shaw Warm S p r i n g s .  The c o n c l u d e d  t h a t  no s i g n i f i c a n t  
r e s e r v o i r  i s  a p p a r e n t ,  o t h e r  t h a t  what  may be p r e s e n t  i n  t h e  v a l l e y  f i l l .  

G e o p h y s i c a l  S u r v e y s  Conducted by t h e  C o l o r a d o  Schoo l  o f  M i n e s  

D u r i n g  t h e  summer o f  1980 t h e  C o l o r a d o  Schoo l  o f  M ines  (C.S.M.),  D e p a r t m e n t  o f  
G e o p h y s i c s ,  c o n d u c t e d  s e i s m i c  r e f l e c t i o n  and r e f r a c t i o n  and t i m e - d o m a i n  
e l e c t r o m a g n e t i c  s o u n d i n g  as p a r t  o f  i t s  summer f i e l d  camp i n  t h e  w e s t e r n  San 
L u i s  V a l l e y .  Bond ( 1 9 8 1 )  e v a l  u a t e d  a1 1 . o f  t h e  g e o p h y s i c a l  s u r v e y s  c o n d u c t e d  b y  
C.S.M. and o t h e r s  i n  t h e  w e s t e r n  San L u i s  V a l l e y  a r e a .  B o n d ' s  s t u d i e s  showed 
t h a t  a l o w  r e s i s t i v i t y  zone i s  p r e s e n t  i n  t h e  i m m e d i a t e  v i c i n i t y  n o r t h  o f  Shaw 
Warm S p r i n g s ,  w h i c h  may be r e l a t e d  t o  t h e  t h e r m a l  w a t e r  e m e r g i n g  f r o m  t h e  
mapped f a u l t s  i n  t h e  a r e a .  

S e i s m i c  R e f l e c t i o n  S u r v e y s :  

G e o p h y s i c s  Fund I n c .  , u n d e r  c o n t r a c t  t o  t h e  C o l o r a d o  G e o l o g i c a l  S u r v e y ,  
a t t e m p t e d  s e i s m i c  r e f l e c t i o n  s u r v e y s  a l o n g  t h e  w e s t e r n  s i d e  o f  t h e  San L u i s  
V a l l e y .  Due t o  u n f a v o r a b l e  g e o l o g i c a l  c o n d i t i o n s ,  namely  v o l c a n i c  f l o w s  , t h e  
r e f l e c t i v e  d a t a  a c q u i r e d  was p o o r .  James K .  A p p l e g a t e  ( 1 9 8 1 ) ,  p r o j e c t  l e a d e r ,  
n o t e d  t h a t  i t  i s  p o s s i b l e  t o  a n a l y z e  t h i s  p r o b l e m  b y  l o o k i n g  a t  s e i s m i c  d a t a  
a c q u i r e d  i n  o t h e r  p o r t i o n s  o f  t h e  San L u i s  V a l l e y  and f r o m  o t h e r  s t u d i e s  i n  
s i m i l a r  g e o l o g i c a l  p r o v i n c e s  and c o n t r a s t i n g  them t o  t h e  Shaw Warm S p r i n g s  
d a t a .  

A p p l e g a t e  ( 1 9 8 1 ) ,  n o t e d  t h a t  much b e t t e r  q u a l i t y  s e i s m i c  d a t a  has  been a c q u i r e d  
on t h e  e a s t  s i d e  o f  t h e  San L u i s  V a l l e y  where t h e r e  i s  a t h i c k e r  s e c t i o n  o f  
s e d i m e n t s .  He p o s t u l a t e d  t h a t  on t h e  w e s t  s i d e  t h e  t h i c k e r  v o l c a n i c  r o c k  
sequence,  w h i c h  o c c u r s  c l o s e r  t o  t h e  s u r f a c e  t h a n  on t h e  e a s t  s i d e ,  may a c t  as 
a s c a t t e r e r  and r e f l e c t o r  o f  t h e  s e i s m i c  e n e r g y .  To o v e r  come t h i s  p r o b l e m  
A p p l e g a t e  s u g g e s t e d  t h a t  maybe a d i f f e r e n t  s e t  o f  s e i s m i c  p a r a m e t e r s  t h a n  t h o s e  
used m i g h t  g i v e  u s e f u l  s e i s m i c  d a t a  on t h e  w e s t e r n  s i d e  o f  t h e  V a l l e y .  

- 2 1  - 
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Quaternary a1 1 uvial  Tsd T e r t i a r y  r h y o d a c t i t e  
fan d e p o s i t s  Qf 

T e r t i a r y  quar tz  
Qal Quaternary a1 1 u v i  urn Tsq l a t i t e  

Qc Quaternary c o l l  uvi urn Tsa T e r t i a r y  a n d e s i t e  

Tvs sandstone and 
Te r t  i a r y  vol can i c Tsi T e r t i a r y  dikes 

conglomerate AMT s t a t i o n s  

Tc r 
Tfc T e r t i a r y  t u f f  
TmP 

A Fau l t ;  dashed where 
inferred,  ba l l  on 
downthrown s ide  

Figure 16. T e l l u r i c  p r o f i l e  l o c a t i o n  map and genera l ized  geology o f  Shaw 
Springs,  Colorado (adopted from Chri s topherson and o t h e r s ,  1981). 
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A p p l e g a t e  ( 1 9 8 1 )  , n o t e d  t h a t  s u c c e s s f u l  s e i  smic s u r v e y s  have been c o n d u c t e d  i n  
o t h e r  i n t e r l a y e r e d  v o l c a n i c  r o c k  a r e a s ,  such as t h e  Snake and R a f t  R i v e r  P l a i n s  
o f  I d a h o  and t h e  Nevada T e s t  S i t e .  These s u r v e y s  were c o n d u c t e d  u t i 1  i z i n g  h i g h  
r e s o l u t i o n  s e i s m i c  methods  w i t h  v e r y  c l o s e  geophone s p a c i n g s  u s i n g  " V i b r o s e i s "  
e q u i p m e n t  ( " V i b r o s e i s "  i s  a r e g i s t e r e d  t r a d e m a r k  o f  C o n t i n e n t a l  O i l  Company). 

I n  summary, A p p l e g a t e  ( 1 9 8 1 )  s t a t e d  t h a t  i n  l i g h t  o f  t h e  g e o l o g i c a l  c o n d i t i o n s  
o f  t h e  a r e a  and e q u i p m e n t  l i m i t a t i o n s ,  i t  w o u l d  appear ,  t h a t  no m a t t e r  what  
methods a r e  used,  t h a t  i t  w o u l d  be d i f f i c u l t  t o  a c q u i r e  q u a l i t y  s e i s m i c  d a t a  on 
t h e  w e s t e r n  f l a n k  o f  t h e  San L u i s  V a l l e y .  I t  i s  p o s s i b l e  t h a t  t h e r e  a r e  
' 'windows" where one c o u l d  see t h r o u g h  t h e  s h a l l o w  v o l c a n i c s .  However, i t  i s  
a l s o  q u i t e  p o s s i b l e  t h a t  t h e s e  windows a r e  v e r y  l i m i t e d  i n  e x t e n t  and t h a t  i t  
w o u l d  be v e r y  e x p e n s i v e  and d i f f i c u l t  t o  l o c a t e  them. 

A p p l e g a t e  ( 1 9 8 1 )  s t a t e d  t h a t  i t  a p p e a r s  u n l i k e l y  t h a t ,  w i t h o u t  e x t e n s i v e  work,  
i t  w i l l  be i m p o s s i b l e  t o  a c q u i r e  q u a l  i t y  s e i s m i c  d a t a  on t h e  w e s t e r n  f l a n k  o f  
t h e  v a l l e y  and, i n  p a r t i c u l a r ,  i n  t h e  Shaw Warm S p r i n g s  a r e a .  How f a r  one has 
t o  go t o  t h e  e a s t  b e f o r e  t h e  d a t a  q u a l i t y  i m p r o v e s  s i g n i f i c a n t l y  i s  an unknown 
f a c t o r  w h i c h  can be d e t e r m i n e d  o n l y  b y  expanded f i e l d  e f f o r t .  

Time-Domain E l e c t r o m a g n e t i c  S o u n d i n g  S u r v e y s :  

S t u d e n t s  a t  t h e  C o l o .  Schoo l  o f  M i n e s  g e o p h y s i c a l  summer camp r a n  two 
t i m e - d o m a i n  e l e c t r o m a g n e t i c  s o u n d i n g  (TDEM) s u r v e y s  n o r t h  and e a s t  o f  Shaws 
Warm S p r i n g s  ( F i g .  1 7 ) .  TDEM i s  an e l e c t r i c a l  p r o s p e c t i n g  t e c h n i q u e  t h a t  
p r o v i d e s  i n f o r m a t i o n  a b o u t  t h e  e l e c t r i c a l  p r o p e r t i e s  o f  r o c k s  t o  a d e p t h  o f  
s e v e r a l  k i l o m e t e r s .  Bond ( 1 9 8 1 )  p r e s e n t s  a c o m p l e t e  d e s c r i p t i o n  o f  t h e  t h e o r y  
and t h e  f i e l d  t e c h n i q u e s  employed by t h i s  method.  

Based on TDEM s o u n d i n g s  c o n d u c t e d  i n  t h e  Shaw Warm S p r i n g s  a r e a  Bond ( 1 9 8 1 ) ,  
d rew an e a s t - w e s t  and a n o r t h - s o u t h  s e c t i o n  ( F i g s  1 8  and 1 9 ) .  A c c o r d i n g  t o  Bond 
( 1 9 8 1 )  t h e s e  two s e c t i o n s ,  w h i c h  r e p r e s e n t  a c o m p l e t e  c o v e r a g e  o f  t h e  Shaw Warm 
S p r i n g s  a r e a ,  show a zone t o  a d e p t h  o f  a t  l e a s t  3,281 f t  (1000 m) o f  s a t u r a t e d  
v o l c a n i c  f l o w s ,  t u f f s  and a1 t e r a t i o n s .  
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0 1 MILE 

F i g u r e  17. TDEM r e c e i v e r  and p r o f i l e  l o c a t i o n s  map. 
(Adopted f rom Bond, 1981.) 

Sources (A) and ( 6 ) .  
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Figure  18. East-west time-domain e l e c t r o -  
magnetic sounding cross-sect ion 
(adopted from Bond, 1981) .  



SOIL MERCURY SURVEYS 

I n t r o d u c t i o n  

The m a j o r i t y  o f  e x p l o r a t i o n  methods used i n  g e o t h e r m a l  e x p l o r a t i o n  a r e  t h e  more 
common ones such as g e o l o g y ,  g e o p h y s i c s ,  and h y d r o g e o l o g i c a l  mapping;  however ,  
new methods  a r e  b e g i n n i n g  t o  be used. One o f  t h e s e ,  s o i l  m e r c u r y  s u r v e y s ,  has  
p r o v e n  s u c c e s s f u l  i n  a number o f  i n s t a n c e s .  F o r  example,  Capuano and Bamford  
(19781,  Cox and C u f f  ( 1 9 8 0 1 ,  Klusman and o t h e r s ,  (19771,  Klusman and L a n d r e s s ,  
( 1 9 7 9 ) ,  and M a t l i c k  and Buseck ( 1 9 7 6 )  have d e m o n s t r a t e d  t h e  use o f  s o i l  m e r c u r y  
s u r v e y i n g  as a g e o t h e r m a l  e x p l o r a t i o n  t o o l .  B o t h  M a t l i c k  and Buseck ( 1 9 7 6 1 ,  
and more r e c e n t l y  Cox and C u f f  (19801,  have used s o i l  m e r c u r y  s u r v e y s  on a 
r e g i o n a l  s c a l e .  On a d e t a i l e d  s c a l e ,  s o i l  m e r c u r y  s u r v e y s  can d e l i n e a t e  f a u l t s  
o r  p e r m e a b l e  zones i n  g e o t h e r m a l  a r e a s .  The a s s o c i a t i o n  o f  m e r c u r y  w i t h  
g e o t h e r m a l  d e p o s i t s  has been shown b y  W h i t e  ( 1 9 6 7 ) .  M a t l i c k  and Buseck ( 1 9 7 6 )  
s t a t e d  t h a t  a r e a s  w i t h  known t h e r m a l  a c t i v i t y ,  such as:  Geysers ,  C a l i f o r n i a ;  
W a i r a k e i  , New Zea land;  Geyser ,  I c e l a n d ;  L a r d e r e l l o ,  I t a l y ;  and Kamchatka,  
R u s s i a  a1 1 c o n t a i n  m e r c u r y  d e p o s i t s .  

M a t l i c k  and Buseck (19761,  i n  p r e s e n t i n g  t h e  geochemica l  t h e o r y  b e h i n d  t h e  
a s s o c i a t i o n s  o f  m e r c u r y  w i t h  g e o t h e r m a l  d e p o s i t s ,  n o t e d  t h a t  m e r c u r y  has  g r e a t  
v o l a t i l i t y ,  and t h a t  t h e  e l e v a t e d  t e m p e r a t u r e s  o f  m o s t  g e o t h e r m a l  sys tems t e n d s  
t o  cause t h e  e l e m e n t  t o  m i g r a t e  upward and away f r o m  t h e  g e o t h e r m a l  r e s e r v o i r .  
I n  a d d i t i o n ,  t h e y  n o t e d  t h e  work o f  W h i t e  ( 1 9 6 7 )  and W h i t e  and o t h e r s  ( 1 9 7 0 1 ,  
showed t h a t  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n s  o f  m e r c u r y  a r e  f o u n d  i n  t h e r m a l  
w a t e r s .  M a t l i c k  and Buseck (1976) p o i n t e d  o u t  t h a t  s o i l s  i n  t h e r m a l  a r e a s  
s h o u l d  be e n r i c h e d  i n  m e r c u r y ,  w i t h  t h e  m e r c u r y  b e i n g  t r a p p e d  on t h e  s u r f a c e s  
o f  c l  ays and o r g a n i c  and o r g a n o m e t a l l  i c  compounds. 

M a t l i c k  and Buseck ( 1 9 7 6 )  p r e s e n t e d  f o u r  case s t u d i e s  where t h e y  used s o i l  
m e r c u r y  c o n c e n t r a t i o n s  as an e x p l o r a t i o n  t o o l .  T h r e e  o f  t h e  f o u r  a r e a s  t e s t e d ,  
Long V a l l e y ,  C a l i f o r n i a ,  Summer Lake and K l a m a t h  F a l l s ,  Oregon i n d i c a t e d  
p o s i t i v e  a n o m a l i e s .  A t  t h e  f o u r t h  a r e a ,  E a s t  Mesa i n  t h e  I m p e r i a l  V a l l e y  o f  
C a l i f o r n i a ,  no anomaly was o b s e r v e d ,  a1 t h o u g h  i s o l a t e d  e l e v a t e d  v a l u e s  were 
r e c o r d e d .  

Klusman and o t h e r s  ( 1 9 7 7 )  e v a l u a t e d  t h e  s o i l  m e r c u r y  c o n c e n t r a t i o n  i n  t h e  
G1 enwood S p r i n g s  g e o t h e r m a l  a r e a .  T h e i r  sampl i n g  and a n a l y s i s  p r o c e d u r e s  
d i f f e r  f rom M a t l i c k  and Buseck ( 1 9 7 6 )  i n  t h a t  t h e y  f i r s t  decomposed t h e  s o i l s  
u s i n g  hydrogen p e r o x i d e  and s u l f u r i c  a c i d ;  t h e n  a f l a m e l e s s  a t o m i c  a b s o ' r p t i o n  
p r o c e d u r e  was used t o  d e t e r m i n e  t h e  c o n c e n t r a t i o n  o f  m e r c u r y .  T h e i r  s u r v e y  
i n d i c a t e d  anomalous zones a t  Glenwood S p r i n g s .  

S o i l  M e r c u r y  s u r v e y s  were r u n  b y  Capuano and Bamford  ( 1 9 7 8 )  a t  t h e  Roosevel  t 
H o t  S p r i n g s  Known Geothermal  Resource  Area,  Utah .  They a n a l y z e d  t h e  s o i l  
samples w i t h  a Jerome I n s t r u m e n t  Corp .  g o l d  f i l m  m e r c u r y  d e t e c t o r .  The r e s u l t s  
o f  t h e i r  i n v e s t i g a t i o n  showed t h a t  m e r c u r y  s u r v e y s  c a n  be u s e f u l  f o r  
i d e n t i f y i n g  and mapping f a u l t s  and o t h e r  s t r u c t u r e s  c o n t r o l l i n g  t h e  f l o w  o f  
t h e r m a l  w a t e r s  and f o r  d e l  i n e a t i  ng a r e a s  o v e r l y i n g  n e a r - s u r f a c e  t h e r m a l  
a c t i  v i  t y  . 

SOIL MERCURY SURVEY I N  THE SHAW WARM S P R I N G S  AREA 

E m p l o y i n g  s a m p l i n g  methods s e t  f o r t h  b y  Capuano and Bamford  ( 1 9 7 8 1 ,  143 s o i l  
samples were c o l l e c t e d  d u r i n g  t h e  summer o f  1979 a t  100 f t  ( 3 0 . 4 8  m) i n t e r v a l s  
i n  t h e  Shaw Warm S p r i n g s  a r e a  ( F i g .  20 ) .  The l i n e s  were l o c a t e d  t o  c r o s s  any 
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F i g u r e  20. L o c a t i o n ,  s o i l  m e r c u r y  l i n e s ,  Shaw Warm S p r i n g s .  *, 
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p o s s i b l e  c o n t r o l l i n g  f a u l t s .  A n a l y t i c a l  r e s u l t s  r a n g e d  f r o m  a l o w  o f  0 ppb t o  
a h i g h  o f  55  ppb. A c o m p l e t e  d e s c r i p t i o n  o f  t h e  e q u i p m e n t  and m e t h o d o l o g y  
employed b y  t h e  C o l o r a d o  G e o l o g i c a l  S u r v e y  f o r  t h i s  p r o g r a m  a t  Shaw W a r m  
S p r i n g s  a r e  p r e s e n t e d  i n  Append ix  F.  

S o i  1 D e s c r i p t i o n  

100- 

80 - 

Bo- 
* -  
1 ;  P 

E :  
LL 

40 - 

20 - 

0- 

S o i l  deve lopment  a l o n g  t h e  t h r e e  l i n e s  i s  v e r y  t h i n  o r  n o n e x i s t e n t .  F o r  t h e  
sample l o c a l i t i e s  l o c a t e d  on t h e  T e r t i a r y  a n d e s i t e  b e d r o c k ,  samples were 
c o l l e c t e d  j u s t  above t h e  b e d r o c k  u s u a l l y  a t  a d e p t h  o f  l e s s  t h a n  7 i n  ( 1 7 . 7 8  
cm). F o r  t h o s e  samples c o l l e c t e d  i n  t h e  Q u a t e r n a r y  d e p o s i t s  and i n  t h e  
T e r t i a r y  t u f f s ,  sands and g r a v e l s  were c o n s i s t e n t l y  f o u n d  a t  s a m p l i n g  d e p t h  
w h i c h  v a r i e d  f r o m  4 - 7 i n  (10 .16  - 17.78 cm).  

M e r c u r y  Anomal i e s  

S i x t e e n  samples were c o l l e c t e d  a b o u t  one m i l e  s o u t h  o f  Shaw Warm S p r i n g s  t o  
d e t e r m i n e  t h e  s o i l  m e r c u r y  b a c k g r o u n d  Val ues.  A n a l y s i s  d e t e r m i n e d  t h a t  t h e  
m e r c u r y  c o n t a i n e d  i n  t h e s e  samples r a n g e s  f r o m  l e s s  t h a n  1 ppb t o  8 ppb. These 

- samples were a l l  t a k e n  f r o m  Q u a t e r n a r y  a l l u v i a l  f a n  d e p o s i t s ,  and t h u s  a r e  n o t  
c o m p l e t e l y  r e p r e s e n t i v e  o f  t h e  s t u d y  a r e a .  A n a l y s i s  o f  t h e  m e r c u r y  v a l u e s  i n  
the s t u d y  a r e a s  was n o t  so s t r a i g h t f o r w a r d  because t h e r e  were so many v a l u e s  
l e s s  t h a n  1 ppb. 

To a i d  i n  d e t e r m i n a t i o n  o f  b a c k g r o u n d  v s  anomalous c o n c e n t r a t i o n  l e v e l s  t h e  
a n a l y t i c a l  d a t a  was g r a p h i c a l l y  p l o t t e d  and a n a l y z e d  ( F i g .  2 1 ) .  Based on a 
s u b j e c t i v e  i n t e r p e r a t i o n  o f  t h e  h i s t o g r a m  p l o t  o f  t h e  a n a l y t i c a l  d a t a ,  i t  was 
d e c i d e d  t h a t  a l l  v a l u e s  above 6 ppb s h o u l d  be c o n s i d e r e d  anomalous.  

142 SAMPLE VALUES 

10 20 30 40 50 60 

Morcury Concontration - ppb 

F i g u r e  21.  Shaw Warm S p r i n g s ,  C o l o r a d o  s o i l  m e r c u r y  h i s t o g r a m  
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1 

A t  numerous sample s i t e s  m e r c u r y  c o n c e n t r a t i o n s  were measured above t h e  
e x p e c t e d  b a c k g r o u n d  l i m i t s  ( F i g .  2 0 ) .  Upon r e a n a l y s i s  many o f  t h e s e  v a l u e s  were 
d e t e r m i n e d  n o t  t o  be s i g n i f i c a n t .  C u r s o r y  o b s e r v a t i o n  s u g g e s t s  t h a t  v a r i a t i o n  
due t o  l a b o r a t o r y  a n a l y s i s  i s  c o n t r i b u t i n g  a h i g h  p e r c e n t a g e  o f  t h e  v a r i a n c e  
between sampl e 1 oca1 t i e s .  

Even t h o u g h  some o f  t h e  anomalous v a l u e s  upon r e a n a l y s i s  p r o v e d  t o  be l o w e r ,  
t h e  p r e s e n c e  o f  s e v e r a l  f a u l t s  i s  i n d i c a t e d  ( F i g  2 0 ) .  P r i o r  t o  t h e  commencement 
o f  t h i s  s t u d y  one o f  t h e s e  f a u l t s  was unknown. T h i s  f a u l t ,  w h i c h  t r e n d s  i n  a 
n o r t h w e s t  d i r e c t i o n ,  i s  l o c a t e d  j u s t  a d j a c e n t  t o  Shaw Warm S p r i n g s  and i s  
i n d i c a t e d  b y  s e v e r a l  h i g h  a n a l y t i c a l  v a l u e s .  A n o t h e r  f a u l t ,  w h i c h  had been 
p r e v i o u s l y  mapped, l o c a t e d  i n  t h e  f i r s t  v a l l e y  n o r t h  o f  Shaw Warm S p r i n g s ,  i s  
i n d i c a t e d  b y  h i g h  a n a l y t i c a l  v a l u e s .  

One o f  t h e  p r o b l e m s  why more d e f i n i t i v e  v a l u e s  were n o t  r e c o r d e d  may h a v e  been 
t h e  u n f a v o r a b l e  s o i l  media ( s a n d  and g r a v e l  m a t e r i a l )  f o r  a d s o r b i n g  m e r c u r y .  

T a b l e  3 A n a l y t i c a l  m e r c u r y  v a l u e s ,  Shaw Warm S p r i n g s  a r e a .  

o* 0 0 0 1 1 2 3 5 11 
o** 0 0 0 1 1 2 3 5 1 3  
0 0 0 0 1 1 2 3 7 1 3  
0 0 0 0 1 1 2 3 7 1 3  
0 0 0 0 1 2 2 3 7 1 3  
0 0 0 0 1 2 2 3 a 1 4  
0 0 0 0 1 2 2 4 a 23 
0 0 0 0 1 2 2 4 9 5 5  
0 0 0 0 1 2 2 4 9 
0 0 0 0 1 2 3 4 9 
0 0 0 0 1 2 3 5 10 
0 0 0 0 1 2 3 5 10 
0 0 0 1 1 2 3 5 1 0  
0 0 0 1 1 2 3 5 11 
0 0 0 1 1 2 3 5 11 

* R e p r e s e n t s  f i r s t  v a l u e  r e c o r d e d  and no r e p l i c a t e d  v a l u e s .  
** Z e r o  s h o u l d  be i n t e r p r e t e d  as l e s s  t h a n  1 ppb.  
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O R I G I N  OF THE SHAW WARM S P R I N G S  THERMAL WATERS 

Due t o  t h e  l a c k  o f  any deep w a t e r  w e l l s  o r  w a t e r  i s o t o p e  d a t a  i n  t h e  s t u d y  
a r e a ,  t h e  a u t h o r s  were l i m i t e d  i n  t h e i r  e f f o r t s  t o  f u l l y  e v a l u a t e  t h e  t h e r m a l  
c o n d i t i o n s  o f  t h e  r e g i o n  and i n  t h e  p r e p a r a t i o n  o f  a w o r k i n g  model o f  t h e  
t h e r m a l  c o n d i t i o n s .  However,  based on i n t e r p r e t a t i o n  o f  t h e  g e o l o g i c  
c o n d i t i o n s  o f  t h e  a r e a  and t h e  known c o n d i t i o n s  a t  o t h e r  t h e r m a l  sys tems o f  t h e  
w o r l d ,  some b a s i c  a s s u m p t i o n s  can be made c o n c e r n i n g  t h e  o r i g i n  o f  t h e  t h e r m a l  
w a t e r s  o f  t h i s  system. 

Thermal w a t e r s  a r e  o f  e i t h e r  magmatic o r  m e t e o r i c  o r i g i n .  Magmat ic  w a t e r s  a r e  
w a t e r s  d r i v e n  o f f  f r o m  a c o o l i n g  i g n e o u s  r o c k  body .  M e t e o r i c  w a t e r s  a r e  t h o s e  
w a t e r s  w h i c h  have f a l l e n  on t h e  s u r f a c e  o f  t h e  e a r t h  i n  t h e  f o r m  o f  
p r e c i p i t a t i o n ,  t h e n  due t o  n a t u r a l  p r o c e s s e s  have become p a r t  o f  t h e  
g r o u n d - w a t e r  system. C r a i g  ( 1 9 6 1 )  and C r a i g  and o t h e r s  ( 1 9 5 6 )  have d e m o n s t r a t e d  
t h a t  most  t h e r m a l  w a t e r s  a r e  o f  m e t e o r i c  o r i g i n .  To d e f i n i t e l y  p r o v e  t h a t  t h e  
t h e r m a l  w a t e r s  o f  t h e  s t u d y  a r e a  a r e  o f  m e t e o r i c  o r i g i n  w o u l d  n e c e s s i t a t e  
s a m p l i n g  and a n a l y z i n g  t h e  w a t e r s  f o r  v a r i o u s  oxygen i s o t o p e s ,  w h i c h  was n o t  
done. T h e r e  i s  a r e m o t e  p o s s i b i l i t y  t h a t  t h e  t h e r m a l  w a t e r s  o f  Shaw Warm 
S p r i n g s  c o u l d  be o f  magmat ic  o r i g i n ,  however on a w o r l d  w i d e  b a s i s  w a t e r s  o f  
t h i s  o r i g i n  a r e  v e r y  r a r e  and u n t i l  p r o v e n  o t h e r w i s e  i t  w i l l  be assumed t h a t  
t h e  t h e r m a l  w a t e r s  o f  t h e  s t u d y  a r e a  a r e  o f  m e t e o r i c  o r i g i n .  

As i s  normal  , m o s t  o f  t h e  p r e c i p i t a t i o n  f a l l i n g  upon t h e  s u r f a c e  o f  t h e  l a n d  
i n  t h e  f o r m  o f  snow o r  r a i n  r u n s  o f f  and becomes p a r t  o f  t h e  r i v e r s  and s t r e a m s  
o f  t h e  a r e a .  However,  a s m a l l  p a r t  o f  t h i s  p r e c i p i t a t i o n  f l o w s  i n t o  t h e  e a r t h  
and becomes p a r t  o f  t h e  g r o u n d - w a t e r  r e g i m e .  As t h i s  w a t e r  c i r c u l a t e s  downward 
t o  d e p t h  a l o n g  t h e  many f a u l t s  and f r a c t u r e s  i n  an a r e a  o f  above normal  
geothermal  g r a d i e n t s  i t  becomes h e a t e d .  

One o f  t h e  p r o b l e m s  l e f t  unanswered b y  t h i s  i n v e s t i g a t i o n  i s  t h e  mechanism b y  
w h i c h  t h e  g r o u n d  w a t e r s  a r e  h e a t e d .  The s e v e r a l  p o s s i b l e  means b y  w h i c h  t h e  
w a t e r s  c o u l d  become h e a t e d  a r e  v o l c a n i c  r o c k s ,  h i g h  h e a t  f l o w ,  and decay  o f  
r a d i o a c t i v e  m i n e r a l  s .  W h i l e  t h e  San Juan v o l c a n i c  f i e 1  d i s  composed o f  T e r t i a r y  
age v o l c a n i c  r o c k s  ( T a b l e  2 )  t h e o r e t i c a l l y  t h e s e  r o c k s  a r e  t o o  o l d  ( > 2 0  m i l l i o n  
y e a r s )  t o  be t h e  s o u r c e  o f  t h e  h e a t .  A n o t h e r  mechanism b y  w h i c h  t h e  w a t e r s  
c o u l d  become h e a t e d  i s  b y  t h e  r e g i o n a l  h e a t - f l o w  o f  t h e  a r e a .  H e a t - f l o w  
c a l c u l a t i o n s  have shown t h a t  t h e  San L u i s  V a l l e y  has above normal  h e a t - f l o w  
(Edwards and o t h e r s ,  1978, R e i t e r  and o t h e r s ,  1975, and Z a c h a r a k i s ,  1 9 8 1 ) .  The 
r e g i o n a l  h e a t - f l o w  o f  t h e  w e s t e r n  San L u i s  V a l l e y  r a n g e s  f r o m  l e s s  t h a n  100 
mW/m2 t o  o v e r  120 mW/m2. T h i s  i s  above t h e  s t a t e  w i d e  a v e r a g e  o f  
a p p r o x i m a t e l y  100 mW/m2 ( F i g .  3 ) .  C o r d e l l  (19781,  i n  h i s  g e o p h y s i c a l  
assessment  o f  t h e  R i o  Grande R i f t ,  s t a t e d  t h a t  t h e  h i g h  h e a t - f l o w  a l o n g  t h e  
R i f t  i s  p r o b a b l y  o f  magmat ic  and s u b c r u s t a l  o r i g i n  r a t h e r  t h a n  r a d i o g e n i c .  He 
( C o r d e l l ,  1 9 7 8 )  b e l i e v e d  t h a t  t h e  h i g h  h e a t - f l o w  i s  p r o b a b l y  a s s o c i a t e d  w i t h  a 
P1 i o c e n e  age h i g h - t e m p e r a t u r e  anomaly a t  d e p t h .  T h e r e f o r e ,  u n t i l  p r o v e n  o t h e r  
w i s e ,  i t  i s  assumed b y  t h e  a u t h o r s  t h a t  t h e  t h e r m a l  w a t e r s  o f  Shaws Warm S p r i n g  
a r e  o f  m e t e o r i c  o r ’ i g i n  and a r e  b e i n g  h e a t e d  b y  deep c i r c u l a t i o n  i n  an a r e a  
h a v i n g  above normal  g e o t h e r m a l  g r a d i e n t s .  

An e s t i m a t e  t o  what  d e p t h  t h e s e  t h e r m a l  w a t e r s  m i g h t  have c i r c u l a t e d  t o o  can b e  
made based on t h e  g e o t h e r m a l  g r a d i e n t  o f  t h e  a r e a  p l u s  t h e  e s t i m a t e d  r e s e r v o i r  
t e m p e r a t u r e .  I t  has been e s t i m a t e d  t h a t  Shaw Warm S p r i n g s  t h e r m a l  sys tem has a 
maximum s u b s u r f a c e  r e s e r v o i r  t e m p e r a t u r e  o f  140°F ( B a r r e t t  and P e a r l ,  1 9 7 8 ) .  
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As n o t e d  e a r l i e r  t h e  g e o t h e r m a l  g r a d i e n t  f o r  t h i s  a r e a  i s  1.9"F/100 f t  
(35"C/km).  T h e r e f o r e  t o  r e a c h  t h e s e  t e m p e r a t u r e s ,  i t  can be c a l c u l a t e d  t h a t  
t h e  w a t e r s  w o u l d  need t o  c i r c u l a t e  t o  a d e p t h  o f  a p p r o x i m a t e l y  5 ,526 ft. ( 1 . 7  
km) b e l o w  t h e  r e c h a r g e  a r e a .  

I n  summary i t  can b e  c o n c l u d e d  t h a t  t h e  t h e r m a l  w a t e r s  o f  Shaw Warm S p r i n g s  
most  l i k e l y  a r e  o f  m e t e o r i c  o r i g i n .  Some o f  t h e  p r e c i p i t a t i o n  t h a t  f e l l  on t h e  
s u r f a c e  o f  t h e  l a n d  became p a r t  o f  t h e  g r o u n d  w a t e r s  o f  t h e  a r e a  w h i c h  m i g r a t e d  
t o  d e p t h  a l o n g  f a u l t s  o r  o t h e r  p e r m e a b l e  c h a n n e l  s i n  an a r e a  o f  above normal  
g r a d i e n t s .  I n  so d o i n g  t h e  w a t e r s  became h e a t e d ,  t h e n  r e t u r n e d  t o  t h e  s u r f a c e  
v i a  f a u l t  zones o r  o t h e r  permeab le  zones.  
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SUMMARY AND CONCLUS ONS 

An e x t e n s i v e  g e o t h e r m a l  e n e r g y  r e s o u r c e  assessment  p rogram was c a r r i e d  o u t  i n  
t h e  v i c i n i t y  o f  Shaws Warm S p r i n g .  Shaw Warm S p r i n g s ,  i s  l o c a t e d  a b o u t  6 m i  
(9 .66  km) n o r t h  o f  Del  N o r t e  a l o n g  t h e  w e s t e r n  s i d e  o f  t h e  San L u i s  V a l l e y  i n  
s o u t h c e n t r a l  C o l o r a d o .  Whi 1 e t h e r m a l  w a t e r s  have been p r o d u c e d  f r o m  w a t e r  
w e l l s  e a s t  o f  Del  N o r t e ,  i n  t h e  c e n t r a l  p a r t  o f  t h e  V a l l e y ,  o t h e r  t h a n  Shaw 
Warm S p r i n g s ,  no t h e r m a l  w a t e r s  have been r e p o r t e d  a l o n g  t h e  w e s t  s i d e  o f  t h e  
Val 1 ey.  

W i t h  t h e  e x c e p t i o n  o f  t h e  s e i s m i c  g e o p h y s i c a l  s u r v e y ,  a l l  t h e  o t h e r  s u r v e y s  
c o n d u c t e d  i n  t h e  v i c i n i t y  o f  Shaw Warm S p r i n g s  were s u c c e s s f u l  , t o  one degree 
o r  a n o t h e r ,  i n  d e l  i n e a t i n g  t h e  g e o l o g i c a l  c o n d i t i o n s  c o n t r o l 1  i n g  i t s  
o c c u r r e n c e .  Shaws Warm S p r i n g  appear  t o  be coming up f r o m  d e p t h  a l o n g  a b u r i e d  
f a u l t  h a v i n g  no s u r f a c e  e x p r e s s i o n .  Two o f  t h e  e l e c t r i c a l  g e o p h y s i c a l  s u r v e y s  
gave c o n t r a d i c t o r y  i n t e r p r e t a t i o n s  o f  t h e  g e o t h e r m a l  c o n d i t i o n s .  The 
Sch lumberger  d e p t h  s o u n d i n g s  d e m o n s t r a t e d  a s h a l l o w  ( < g o 0  f t  ( 2 7 4  m ) )  f a u l t  
bounded r e s e r v o i r  l o c a t e d  n o r t h  o f  Shaw Warm S p r i n g s .  On t h e  o t h e r  hand t h e  
deeper  r e a d i n g  (1,640 f t  (500 m)) AMT s u r v e y  d i d  n o t  l o c a t e  any r e s e r v o i r .  As 
t h i s  c o n t r a d i c t i o n  was n o t  a p p a r e n t  u n t i l  a f t e r  a l l  f i e l d  work had been 
c o m p l e t e d  no o t h e r  measurements were made w h i c h  m i g h t  have r e s o l v e d  t h e  
p r o b l e m .  

From t h e  b e s t  e v i d e n c e  a v a i l a b l e  i t  a p p e a r s  t h a t  t h e  t h e r m a l  w a t e r s  o f  Shaw 
Warm S p r i n g s  a r e  o f  m e t e o r i c  o r i g i n ,  and became h e a t e d  due t o  deep c i r c u l a t i o n  
( <  5 ,526 f t ,  1 . 7  km) i n  an a r e a  h a v i n g  above normal  g e o t h e r m a l  g r a d i e n t s .  The 
r e s e r v o i r  i s  p r o b a b l y  s m a l l  and l i m i t e d  i n  e x t e n t .  E a r l i e r  e s t i m a t e s  s u g g e s t e d  
t h a t  t h i s  t h e r m a l  a r e a  m i g h t  encompass no more t h a n  0.63 s q  m i  ( 1 . 6 2  s q  km) and 
c o n t a i n  approx .  0.0148 Q ' s  o f  h e a t  e n e r g y  a t  a t e m p e r a t u r e  o f  1 1 3 "  F ( 4 5 "  C ) .  
I n  l i g h t  o f  t h e  f i n d i n g s  o f  t h i s  p r e s e n t  s t u d y  i t  i s  b e l i e v e d  t h a t  t h o s e  
e s t i m a t e s  a r e  p r o b a b l y  c o r r e c t .  F i g u r e  22 summar izes f i n d i n g s  o f  a l l  t h e  
s u r v e y s  c o n d u c t e d .  

From a l l  e v i d e n c e  g a t h e r e d  d u r i n g  t h e  c o u r s e  o f  t h i s  i n v e s t i g a t i o n  i t  a p p e a r s  
t h a t  t h e  o n l y  t h e r m a l  w a t e r s  a l o n g  t h e  w e s t e r n  s i d e  o f  t h e  San L u i s  V a l l e y  a r e  
t h o s e  a t  Shaw Warm S p r i n g s .  W h i l e  t h i s  i n v e s t i g a t i o n  c e n t e r e d  on Shaw Warm 
S p r i n g s  and t h e  i m m e d i a t e  a d j a c e n t  a r e a ,  no e v i d e n c e  was o b t a i n e d  t o  s u g g e s t  
t h a t  o t h e r  t h e r m a l  w a t e r s  w o u l d  be f o u n d  a t  r e 1  a t i v e l y  s h a l  l o w  d e p t h s  a1 ong t h e  
west  s i d e  o f  t h e  San L u i s  V a l l e y .  It was beyond t h e  scope o f  t h i s  p r o j e c t  t o  
i n v e s t i g a t e  t h e  g e o t h e r m a l  r e s o u r c e s  o f  t h e  deep Monte V i s t a  Graben,  e a s t  o f  
Shaw Warm S p r i n g s .  From a c u r s o r y  e x a m i n a t i o n  o f  t h e  g e o l o g i c a l  c o n d i t i o n s  o f  
t h e  Monte V i s t a  Graben i t  a p p e a r s  t h a t  one c o u l d  e x p e c t  t o  f i n d  g e o t h e r m a l  
f l u i d s  i n  i t  a t  d e p t h .  
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A P P E N D I X  A 

G E O T H E R M A L  E N E R G Y  A N D  ITS POSSIBLE USES 

Geothermal energy, the heat generated by n a t u r a l  processes beneath the e a r t h ' s  
surface normal ly  occurs a t  g rea t  depths.  I n  some p laces ,  however i t  can be 
f o u n d  c lose t o  or a t  the surface i n  the form of volcanoes, geysers or h o t  
spr ings.  Where i t  occurs near the sur face  i t  can be developed a n d  p u t  t o  
beneficial  use. Geothermal energy i n  the form of h o t  spr ings  has been used by 
m a n k i n d  f o r  medicinal a n d  cooking  purposes s ince the e a r l i e s t  days o f  recorded 
h is tory .  I n  the l a s t  100 years  development o f  t h i s  energy source f o r  o ther  
uses has occurred, a n d  i t  i s  n o w  used for  such purposes a s :  Generation o f  
e l e c t r i c i t y ;  heat ing and  c o o l i n g  o f  bu i ld ings ;  processing o f  f o o d  a n d  other  
goods; heating c a t t l e  barns ,  greenhouses a n d  f i s h  ponds; m i l k  p a s t e u r i z a t i o n ;  
and  recrea t ion  and  medicinal purposes. Due t o  decl ining petroleum reserves  I t  
i s  an t ic ipa ted  t h a t  i n  years  t o  come development o f  t h i s  energy source w i l l  
increase.  Figure 23 l i s t s  some o f  the uses geothermal energy c o u l d  be p u t  t o  
and the temperatures required.  

COe (1978 a n d  1 9 8 2 )  has presented a discussion on the poss ib le  uses ,  o f  
geothermal energy development i n  Colorado and some o f  the problems associated 
w i t h  i t s  development. For  those in t e re s t ed  i n  learning more a b o u t  geothermal 
enery and  i t s  poss ib le  development they are  re fer red  t o  papers by:  Anderson and  
Lund ( 1 9 7 9 ) ;  Kruger a n d  Otte ( 1 9 7 3 ) ;  Muffler ( 1 9 7 9 ) ;  a n d  White a n d  Williams 
( 1 9 7 5 ) .  Listed on the back cover i s  a complete l i s t i n g  of  a l l  papers a n d  
reports  p u b 1  ished by the C o l o r a d o  Geological Survey r e l a t i n g  t o  the geothermal 
resources o f  Col orado. 
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Figure 23. Temperature range f o r  some d i r e c t  uses of geothermal energy. 
(Adopted from Anderson a n d  L u n d ,  1979) .  
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A P P E N D I X  B. SHAW WARM S P R I N G S  THERMAL WATERS 

T a b l e  4 .  P h y s i c a l  p r o p e r t i e s  and c h e m i c a l  a n a l y s i s  o f  Shaw Warm S p r i n g s .  

D a t e  Sampled 

8 / 7 5  1 0 / 7 5  1 / 7 6  4 /76  
A r s e n i c ,  (UG/L)  0 0 - - 

Cadium, (UG/L)  0 0 - - 
C a l c i u m ,  (MG/L) 0 .9 0.5 2 . 7  0 .9 

I r o n ,  ( U G / L )  40 20 10 0 
L i t h i u m ,  (UG/L)  10 10 - - 
Magnesium, (MG/L) 0.6 0.3 0 .7  0 . 1  
Manganese , (UG/L)  0 0 0 10  
M e r c u r y ,  (UG/L)  0 0 - - 
N i  t r o g e n  , (MG/L ) 0.01 0.02 0 .02  0 . 0 1  

O r t h o  , (MG/L ) 0 .12  0.09 0.15 0 .12  

B o r o n  , (UG/L ) 130 140 120 270 

C h l o r i d e ,  (MG/L) 7.5 7.2 7 .3 7 .0  
F l u o r i d e ,  (MG/L) 3 . 1  2.9 3 .0  4 .2  

Phosphate  

P o t a s s i u m ,  (MG/L) 1 . 5  1.4 1 . 5  1 .5  
Se len ium,  (UG/L) 0 0 - -0 
S i l i c a ,  (MG/L) 83 73 100 76 
Sodium, (MG/L) 130 130 130 130 
S u l  f a t e  , (MG/L ) 50 53 46 46 

A1 k a l  i n i  t y  

Hardness  

O r t h o  d i s s .  as P ,  (MG/L) 0.04 0.03 0.05 0.04 

Z i n c ,  ( U G / L )  0 0 - - 

As C a l c i u m  Carb.,  (MG/L) 214 222 221 219 
As B i c a r b o n a t e ,  (MG/L) 1 2 1  114 154 1 2 7  

N o n c a r b o n a t e  , (MG/L ) 0 0 0 0 
T o t a l  , (MG/L ) 5 2 10 3 

S p e c i f i c  Conductance 
( M i c r o m o h s )  550 540 569 556 

T o t a l  D i  s s o l  ved 
S o l i d s  (MG/L) 406 402 424 398 

ph ,  F i e l d  9 .3  9 .3  9.0 8.9 
D i s c h a r g e  (gpm) 34 34 52 40 
T e m p e r a t u r e  ( " C )  30 30 30 30 
L o c a t i o n :  SE,  SE,  Sec. 33, T.  4 1  N., R .  6 E . ,  New M e x i c o  P r i n c i p a l  M e r i d a n .  

Remarks: C a r b o n a t e  c o n t e n t :  69; 77 ;  57; and 69 m g / l  r e s p e c t i v e l y .  
Source  o f  d a t a :  B a r r e t t  and P e a r l  ( 1 9 7 6 )  
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A P P E N D I X  C 

FACTORS AFFECTING R E S I S T I V I T Y  

One o f  t h e  more f a v o r a b l e  t e c h n i q u e s  used i n  g e o t h e r m a l  r e s o u r c e  e x p l o r a t i o n  
a r e  e l e c t r i c a l  g e o p h y s i c a l  s u r v e y s .  The b a s i c  p r i n i c i p a l  b e h i n d  t h i s  method i s  
t h a t  t h e  r e s i s t e n c e  o f  t h e  s u b s u r f a c e  r o c k s  t o  t h e  passage o f  an e l e c t r i c a l  
c u r r e n t  can be measured.  The method used b y  t h e  C o l o r a d o  G e o l o g i c a l  S u r v e y  
i n v o l v e s  i n d u c i n g  a man made e l e c t r i c a l  c u r r e n t  i n t o  t h e  s u b s u r f a c e  and 
m e a s u r i n g  t h e  r e s u l t a n t  p o t e n t i a l  a t  two r e c e i v i n g  e l e c t r o d e s  ( S o i l  T e s t  I n c .  , 
1968) .  A c o m p l e t e  d e s c r i p t i o n  o f  t h e  e q u i p m e n t  and f i e l d  p r o c e d u r e s  used i s  
p r e s e n t e d  i n  Appendec ies  D and E .  

The t r a n s m i s s i o n  o f  t h e  e l e c t r i c a l  c u r r e n t  i s  dependent  upon such f a c t o r s  as :  
1) s u b s u r f a c e  t e m p e r a t u r e ;  p o r o s i t y  o f  t h e  r o c k s ;  2 )  s a l i n i t y  o f  f l u i d s  
c o n t a i n e d  i n  t h e  r o c k s ;  and 3 )  c l a y  c o n t e n t  o f  t h e  r o c k s .  As t h e s e  f a c t o r s  t e n d  
t o  be h i g h e r  i n  g e o t h e r m a l  sys tems t h a n  non g e o t h e r m a l  sys tems t h e  g e o t h e r m a l  
sys tems a r e  d i s t i n g u i s h e d  b y  l o w e r  r e s i s t e n c e  measurements t h a n  t h e  s u r r o u n d i n g  
a r e a s .  However, i t  m u s t  be k e p t  i n  m i n d  t h a t  u n d e r  f a v o r a b l e  c o n d i t i o n s  non 
t h e r m a l  a r e a s  may be c o n f u s e d  w i t h  t h e r m a l  a r e a .  F o r  example a l o w  
t e m p e r a t u r e ,  h i g h l y  s a l i n e  g r o u n d  w a t e r  can p r o v i d e  t h e  same r e a d i n g s  as a h i g h  
t e m p e r a t u r e ,  m o d e r a t e l y  s a l  i n e  g e o t h e r m a l  f l u i d .  T h e r e f o r e ,  t o  be m o s t  
e f f e c t i v e ,  e l e c t r i c a l  r e s i s t i v i t y  s u r v e y s  s h o u l d  be used i n  c o n j u c t i o n  w i t h  
o t h e r  methods,  such a s  g r a d i e n t  t e m p e r a t u r e  measurements,  t h a t  a r e  o f  v a l u e  i n  
d e t e r m i n i n g  t h e  r e a s o n  f o r  t h e  r e s i s t i v i t y  measurements r e c o r d e d .  

D u r i n g  t h e  c o u r s e  o f  i t s  i n v e s t i g a t i o n s  The C o l o r a d o  G e o l o g i c a l  Survey ,  
employed t h e  method o f  man i n d u c e d  e l e c t r i c a l  c u r r e n t s .  A c o m p l e t e  d e s c r i p t i o n  
o f  t h e  e q u i p m e n t  and f i e l d  p r o c e d u r e s  used a r e  p r e s e n t e d  i n  Appendec ies  D and 
E. 
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A P P E N D I X  D 

SC I N T R E X  RAC-8 LOW FREQUENCY R E S I S T I V I T Y  SYSTEM 

The f o l l o w i n g  d e s c r i p t i o n  o f  t h e  S c i n t r e x  RAC-8 e l e c t r i c a l  r e s i s t i v i t y  
equ ipmen t  used b y  t h e  C o l o r a d o  G e o l o g i c a l  Su rvey  i s  t a k e n  f r o m  t h e  S c i n t r e x  
Manual ( 1 9 7 1 ) .  The S c i n t r e x  RAC-8 i s  a v e r y  l o w  f r e q u e n c y  AC r e s i s t i v i t y  sys tem 
w i t h  h i g h  s e n s i t i v i t y  o v e r  a w i d e  m e a s u r i n g  range .  The t r a n s m i t t e r  and 
r e c e i v e r  o p e r a t e  i n d e p e n d e n t  o f  each  o t h e r ,  r e q u i r i n g  no r e f e r e n c e s  w i r e s  
between them. T h i s  a l l o w s  a g r e a t  d e a l  o f  e f f i c i e n c y  and f l e x i b i l i t y  i n  f i e l d  
p r o c e d u r e s  and e l  i m i n a t e s  any p o s s i b i l  i t y  o f  i n t e r f e r e n c e  f r o m  c u r r e n t  l e a k a g e  
o r  c a p a c i t i v e  c o u p l i n g  w i t h i n  t h e  sys tem.  

The t r a n s m i t t e r  p roduces  a 5Hz s q u a r e  wave o u t p u t  a t  a p r e s e t  e l e c t r o n i c a l l y  
s t a b i l i z e d ,  c o n s t a n t  c u r r e n t  a m p l i t u d e .  The o u t p u t  c u r r e n t  l e v e l  i s  s w i t c h  
s e l e c t a b l e  a t  any one o f  f i , v e  v a l u e s  r a n g i n g  f r o m  0 .1  t o  333 m i l l i a m p s .  

The r e c e i v e r  i s  a h i g h  s e n s i t i v i t y  phase l o c k ,  synch ronous  d e t e c t o r  w h i c h  l o c k s  
o n t o  t h e  t r a n s m i t t e r  s i g n a l  t o  make t h e  r e s i s t i v i t y  measurement .  When s e t  a t  
t h e  same c u r r e n t  s e t t i n g  as t h e  t r a n s m i t t e r ,  t h e  r e c e i v e r  g i v e s  a d i r e c t  
r e a d o u t  o f  V / I  r a t i o .  

The RAC-8, w i t h  a m e a s u r i n g  r a n g e  f r o m  .0001 t o  10,000 ohms, h i g h  s e n s i t i v i t y  
t o  w e i g h t  r a t i o ,  g i v e s  f a s t ,  a c c u r a t e  r e s i s t i v i t y  d a t a .  W i t h  t h e  l o w  AC 
o p e r a t i n g  f r e q u e n c y ,  good p e n e t r a t i o n  may be o b t a i n e d  i n  excess  o f  1500 f t  
under  f a v o r a b l e  c o n d i t i o n s .  The sys tem has an o u t p u t  v o l t a g e  maximum 1000 V 
peak t o  peak. However, t h e  a c t u a l  o u t p u t  v o l t a g e  depends on t h e  c u r r e n t  l e v e l  
and l o a d  r e s i s t a n c e .  The o u t p u t  power under  opt imum c o n d i t i o n s  approaches  80  
w a t t s .  

I n  a r e a s  o f  v e r y  l o w  r e s i s t i v e  l i t h o l o g y ,  t h e  p e n e t r a t i o n  power was r e d u c e d  b y  
a s i z e a b l e  amount. R e a l i z i n g  t h e  a f o r e m e n t i o n e d  c o n s t r a i n t ,  t h e  i n t e n t  was t o  
d e l i n e a t e  g r o s s  d i f f e r e n c e s  i n  r e s i s t i v i t y .  I n  some a r e a s  where t h e  l i t h o l o g y  
r e f l e c t e d  s m a l l  d i f f e r e n c e s  i n  r e s i s t i v i t y ,  t h e  RAC-8 sys tem appeared  t o  
ave rage  t h e  p e n e t r a t e d  l i t h o l o g i c  sequences r a t h e r  t h a n  p i c k i n g  up d i s t i n c t  
b r e a k s .  C o n s i d e r i n g  c o s t  and t i m e  c o n s t r a i n t s ,  t h e  sys tem p e r f o r m e d  as 
i n d i c a t e d  and p e r f o r m e d  b e s t  i n  a r e a s  o f  h i g h  r e s i s t i v i t y .  
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A P P E N D I X  E 

RESISTIVITY FIELD PROCEDURES 

I n t r o d u c t i o n  

One o f  t h e  m o s t  w i d e l y  used e l e c t r i c a l  p r o c e s s i n g  t e c h n i q u e s  f o r  g e o t h e r m a l  
r e s o u r c e  e x p l o r a t i o n  i s  t h e  r e s i s t i v i t y  p r o f i l i n g  and s o u n d i n g  method. The 
method u t i l i z e s  v a r i o u s  a r r a y s ,  b u t  t h e  m o s t  common a r e  t h e  Wenner, t h e  
S c h l  umberger and t h e  D i p o l  e - D i p o l  e schemes. The C o l o r a d o  Geol o g i c a l  S u r v e y  
e x t e n s i v e l y  employed t h e  l a t t e r  method p r i m a r i l y  because o f  t h e  ease o f  use and 
a l s o  b e i n g  a b l e  t o  o b t a i n  h o r i z o n t a l  and v e r t i c a l  s e c t i o n s .  

B e f o r e  d i s c u s s i n g  t h e  v a r i o u s  e l e c t r o d e  methods  used,  i t  i s  n e c e s s a r y  t o  
c o n s i d e r  what  i s  a c t u a l l y  measured b y  an a r r a y  o f  c u r r e n t  and p o t e n t i a l  
e l e c t r o d e s  ( F i g .  2 4 ) .  By m e a s u r i n g  ( V )  and c u r r e n t  ( I )  ‘and knowing t h e  
e l e c t r o d e  c o n f i g u r a t i o n ,  a r e s i s t i v i t y  ( p )  i s  o b t a i n e d .  Over  homogeneous 
i s o t r o p i c  g round t h i s  r e s i s t i v i t y  w i l l  b e  c o n s t a n t  f o r  any c u r r e n t  and 
e l e c t r o d e  a r r a n g e m e n t .  T h a t  i s ,  i f  t h e  c u r r e n t  i s  m a i n t a i n e d  c o n s t a n t  and t h e  
e l e c t r o d e s  a r e  moved around,  t h e  p o t e n t i a l  v o l t a g e  ( V )  w i l l  a d j u s t  a t  each 
c o n f i g u r a t i o n  t o  keep t h e  r a t i o  ( V / I )  c o n s t a n t  (Sumner,  1 9 7 6 ) .  

I f  t h e  g r o u n d  i s  nonhomogeneous, however,  and t h e  e l e c t r o d e  s p a c i n g  i s  v a r i e d ,  
o r  t h e  s p a c i n g  r e m a i n s  f i x e d  w h i l e  t h e  w h o l e  a r r a y  i s  moved, t h e n  t h e  r a t i o  
w i l l  i n  g e n e r a l  change.  T h i s  r e s u l t s  i n  a d i f f e r e n t  v a l u e  o f  P f o r  each 
measurement.  O b v i o u s l y ,  t h e  m a g n i t u d e  i s  i n t i m a t e l y  i n v o l v e d  w i t h  t h e  
a r r a n g e m e n t  o f  e l  ec t r o d e s  . 
T h i s  measured q u a n t i t y  i s  known as t h e  a p p a r e n t  r e s i s t i v i t y ,  Pa. A l t h o u g h  i t  
i s  d i a g n o s t i c  o f  t h e  a c t u a l  r e s i s t i v i t y  o f  a zone i n  t h e  v i c i n i t y  o f  t h e  
e l e c t r o d e  a r r a y ,  t h i s  a p p a r e n t  r e s i s t i v i t y  i s  d e f i n i t e l y  n o t  an a v e r a g e  v a l u e .  
O n l y  i n  t h e  case o f  homogeneous g r o u n d  i s  t h e  a p p a r e n t  v a l u e  e q u i v a l e n t  t o  t h e  
a c t u a l  r e s i s t i v i t y  (Sumner,  1 9 7 6 ) .  

The f o l l o w i n g  f o r m u l a  i s  used b y  a l l  methods  t o  c a l c u l a t e  t h e  a p p a r e n t  
r e s i s t i v i t y  a t  a s i t e .  

Genera l  R e s i  s t i  v 
Pa = 2 P I a V / I  

a 
V / I  

Pa 
2P I 

t y  F o r m u l a  

= S p r e a d  l e n g t h  
= V o l t a g e  c u r r e n t  r a t i o  
= a p p a r e n t  r e s i s t i v i t y  
= 6.2 
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Wenner Array 

I n  the Wenner Spread ( F i g .  2 5 )  the e lec t rodes  a re  uniformly spaced i n  a l i n e  
(Sumner, 1 9 7 6 ) .  I n  s p i t e  of the simple geometry, t h i s  arrangement i s  o f ten  
qui te  inconvenient for  f i e l d  work and  has some disadvantages from the 
theore t ica l  point of  view as  well .  F o r  depth explorat ion using the Wenner 
Spread, the e lec t rodes  a re  expanded about a f ixed c e n t e r ,  increasing the 
spacing i n  s t eps .  For l a t e r a l  explorat ion o r  m a p p i n g  the spacing remains 
constant a n d  a l l  f o u r  e lec t rodes  a re  moved a l o n g  the l i n e ,  then along another 
l i n e ,  and  so on .  I n  m a p p i n g ,  the apparent r e s i s t i v i t y  f o r  each array pos i t ion  
i s  p lo t ted  a g a i n s t  the center  o f  the spread. 

Schl umberger Array 

F o r  the Schlumberger a r r a y ,  the cur ren t  e lec t rodes  a re  spaced much f u r t h e r  
a p a r t  t h a n  the poten t ia l  e lec t rodes  ( F i g .  2 6 ) .  

I n  depth p r o b i n g  the poten t ia l  e lec t rode  remains fixed while the cu r ren t  
e lec t rode  spacing i s  expanded symmetrically about the center  of the spread. 
For l a r g e  values o f  L i t  may be necessary t o  increase 2 x 1 a l so  i n  order t o  
m a i n t a i n  a measurable p o t e n t i a l .  T h i s  procedure i s  more convenient t h a n  the 
Wenner expanding spread because o n l y  two e lec t rodes  need move. I n  a d d i t i o n ,  
the e f f e c t  of  shallow r e s i s t i v i t y  va r i a t ions  i s  constant  w i t h  f ixed poten t ia l  
spread (Sumner , 1 9 7 6 ) .  

I n  summary, shor t  spacing between the outer  e lec t rodes  assumes s h a l l  ow 
penetrat ion of cu r ren t  f l o w  a n d  computed r e s i s t i v i t y  wi l l  r e f l e c t  p rope r t i e s  of 
shallow depth. As the e lec t rode  spacing i s  increased,  more cu r ren t  pene t ra tes  
t o  g rea te r  depth and  conducted r e s i s t i v i t y  wi l l  r e f l e c t  p rope r t i e s  of each 
material a t  g rea t e r  depth. This method was used on a few l i n e s  f o r  sampling 
purposes i n  a r r a y .  
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F i g u r e  24. Schemat ic  d i a g r a m  f o r  r e s i s t i v i t y  ( f r o m  Combs, 1 9 8 0 ) .  
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F i  g u r e  25. Wenner a r r a y  ( f r o m  Combs, 1 9 8 0 ) .  
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D i  pol e-dipol e Array 

The poten t ia l  e lec t rodes  are  c lose ly  spaced and  remote from the cu r ren t  
e lec t rodes  which a re  c lose together .  There i s  a separat ion between C a n d  P , 
usual ly  1 t o  5 times the dipole  lengths  ( F i g .  2 7 ) .  

Inductive coup1 i n g  between potent i  a1 and cu r ren t  cab1 e s  i s  reduced w i t h  t h i  s 
arrangement. This method was pr imari ly  used throughout a l l  study areas  because 
o f  r e l i a b i l i t y  a n d  ease o f  f i e l d  operat ion.  A d i a g r a m  o f  t h i s  method i s  
depicted i n  Figures 28 a n d  2 9 .  

W i t h  reference to  Figures 28 a n d  2 9 ,  an i n - l i ne  100 foo t  dipole-dipole  
e lec t rode  geometry was used. Measurements were made a t  dipole  separa t ions  o f  n 
= 1, 2 ,  3, 4, 5. The apparent r e s i s t i v i t i e s  have been p lo t ted  as  
pseudosections, w i t h  each d a t a  p o i n t  being p lo t ted  a t  the i n t e r s e c t i o n s  of  two 
l i n e s  drawn a t  45"  from the center  o f  the t ransmi t t ing  a n d  receiving d ipoles .  
This type o f  survey provides b o t h  reso lu t ion  of ve r t i ca l  a n d  horizontal  
r e s i s t i v i t y  c o n t r a s t s  s ince the f i e l d  procedures generate both v e r t i c a l  
s o u n d i n g  and  horizontal  p r o f i l e  measurements. The pr incipal  advantage o f  t h i s  
technique i s  t h a t  i t  produces b e t t e r  geological ly  i n t e r p r e t a b l e  r e s u l t s  t h a n  
the other  two methods (Wenner , Schl umberger) . I n  a d d i t i o n  , the d i p o l  e-dipol e 
a r ray  i s  e a s i e r  to  maneuver i n  rugged t e r r a i n  t h a n  e i t h e r  o f  the  o ther  methods. 
I t s  main disadvantage compared to  the Schlumberger array i s  t h a t  i s  usual ly  
requires  more c u r r e n t ,  and  therefore  a heavier generator fo r  the same 
penetrat ion depth. Another disadvantage of  t h i s  method i s  t h a t  i t  i s  very 
d i f f i c u l t  t o  make a n  accurate  in te rpera t ion  from the d a t a  co l l ec t ed  (Sumner, 
1 9 7 6 ) .  
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F i g u r e  2 6 .  Schlumberger  a r r a y  ( f r o m  Combs, 1980) .  

F i g u r e  2 7 .  Dipol e - d i p o l  e a r r a y  ( from Combs , 1 9 8 0 ) .  

. 
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F i g u r e  28 .  D a t a  p l o t t i n g  scheme f o r  d i p o l e - d i p o l e  a r r a y  ( f r o m  Combs, 1980) .  
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F i g u r e  429. T y p i c a l  d i p o l e - d i p o l e  a r r a y  ( f r o m  Combs, 1 9 8 0 ) .  
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A P P E N D I X  F 

SOIL MERCURY SURVEYS 

S t r a t e g y  and Methodo l  ogy 

The a i m  o f  t h e  geochemica l  s a m p l i n g  p r o g r a m  b y  t h e  C o l o r a d o  G e o l o g i c a l  S u r v e y  
was t o  e v a l  u a t e  t h o s e  t h e r m a l  a r e a s  deemed t o  have h i g h  commerc ia l  deve lopment  
p o t e n t i a l .  As t h e  t i m e  a l l o t t e d  f o r  t h i s  p r o g r a m  was l i m i t e d ,  t h e  s o i l  m e r c u r y  
s u r v e y s  had t o  be p r e l i m i n a r y  i n  n a t u r e .  The geochemica l  s a m p l i n g  p r o g r a m  
s t a r t e d  i n  1979 and c o n t i n u e d  i n t o  1980. The s u r v e y s  c o n d u c t e d  d u r i n g  t h e  
summer o f  1979 were  a imed a t  d e t e r m i n i n g  t h e  s t r u c t u r a l  c o n d i t i o n s  c o n t r o l 1  i n g  
t h e  h o t  s p r i n g s .  T h i s  a p p r o a c h  was s t r o n g l y  i n f l u e n c e d  b y  t h e  work o f  Capuano 
and Bamford  ( 1 9 7 8 ) .  I n  1980 a b r o a d e r  s a m p l i n g  t a r g e t  was s e l e c t e d .  R a t h e r  
t h a n  j u s t  s a m p l i n g  a l o n g  t r a v e r s e s  l o c a t e d  o v e r  s u s p e c t e d  f a u l t s ,  g r i d  s a m p l i n g  
p a t t e r n s  were used.  I f  anomalous m e r c u r y  c o n c e n t r a t i o n s  were d e t e c t e d ,  t h e n  
f o l l o w - u p  samples were  c o l l e c t e d  a t  a more d e t a i l e d  l e v e l .  F o r  t h o s e  t h e r m a l  
a r e a s  where g r i d  s a m p l i n g  was n o t  p o s s i b l e  due t o  l a c k  o f  a c c e s s ,  s o i l  
d i s t u r b a n c e ,  o r  u r b a n  d e v e l o p m e n t  , t r a v e r s e s  were chosen i n  a s i m i l a r  method t o  
t h e  p r o c e d u r e  used i n  1979. 

D u r i n g  t h e  c o u r s e  o f  t h e  i n v e s t i g a t i o n s  t h e  f o l l o w i n g  r e s t r i c t i o n s  became 
a p p a r e n t :  u r b a n  deve lopment ;  a l l u v i a l  and c o l l u v i a l  d e p o s i t s ;  and m i n i n g  
a r e a s .  I n  u r b a n  d e v e l o p m e n t s  one c a n n o t  r e a l l y  be s u r e  w h e t h e r  t h e  s u r f a c e  
d e p o s i t s  i n  t h e  b a c k  s t r e e t s  and l a w n s  a r e  o r i g i n a l  o r  h a v e  been b r o u g h t  i n .  
I n  sampl i n g  a1 1 u v i a l  and c o l l  u v i a l  s u r f i c i a l  d e p o s i t s  such d e p o s i t s  because o f  
t h e i r  o r i g i n ,  age and m i n e r a l  c o n t e n t  t e n d  t o  mask, d i l u t e ,  a n d / o r  d i s t o r t  any 
a n o m a l i e s .  I n  o l d  m i n i n g  a r e a  t h e  p r o b l e m  becomes w h e t h e r  t h e  m e r c u r y  
c o n c e n t r a t i o n s  f o u n d  a r e  caused b y  m i n e r a l  i z a t i o n  o r  b y  g e o t h e r m a l  a c t i t i v t y .  

S a m p l i n g  Methods  

A t  s e l e c t e d  sample s i t e s ,  one t o  e i g h t  samples were t a k e n  a t  p o i n t s  w i t h i n  15 
t o  20 f t  o f  each o t h e r .  The n o t a t i o n  o f  s a m p l i n g  l o c a l i t y  i s  e x p l a i n e d  i n  
M i e s c h  ( 1 9 7 6 ) .  The i n t e r v a l  between sampl i n g  s i t e s  depends on t h e  t a r g e t  b e i n g  
c o n s i d e r e d .  F o r  a r e a s  i n v e s t i g a t e d ,  t h e  sample s i t e  i n t e r v a l  was e i t h e r  100 f t  
t o  200 f t  o r  400 f t  ( 3 0  m t o  6 1  m or  122 m).  When u s i n g  a 400 f t  ( 1 2 2  m) 
i n t e r v a l ,  t h e  a r e a  i n  t h e  i m m e d i a t e  v i n c i n i t y  o f  t h e  h o t  s p r i n g  was c o n s i d e r e d  
t h e  t a r g e t  r a t h e r  t h a n  any p a r t i c u l a r  f a u l t .  S a m p l i n g  i n t e r v a l s  o f  200 f t  ( 6 1  
m) o r  l e s s  were used where a t t e m p t s  were made t o  d e l  i n e a t e  c o n t r o l 1  i n g  f a u l t s .  
T h i s  s p a c i n g  was used b y  Capuano and Bamford  ( 1 9 7 8 ) .  However,  Klusman and 
L a n d r e s s  ( 1 9 7 9 )  seem t o  t h i n k  t h a t  t h e  sample m u s t  be t a k e n  d i r e c t l y  o v e r  t h e  
f a u l t i n g  f o r  d e t e c t i o n .  C o n s i d e r i n g  t h e  e m p i r i c a l  r e s u l t  o f  Capuano and 
Bamford ( 1 9 7 8 )  , i t  was b e l  i e v e d  t h a t  some anomalous m e r c u r y  Val  ues s h o u l d  be 
e n c o u n t e r e d  i f  a g r i d  p a t t e r n  encompass ing  t h e  h o t  s p r i n g  a r e a  was used.  A 
d e f i n i t e  s t r u c t u r a l  p a t t e r n  may be o b v i o u s ,  b u t  i f  t h e  s t u d y  a r e a  i s  b e i n g  
i n f l u e n c e d  b y  g e o t h e r m a l  a c t i v i t y ,  t h e  t r e n d  s h o u l d  i n d i c a t e  t h a t  t h e  h o t  
s p r i n s  a r e a  e n t i r e l y  o r  p a r t i a l l y  i s  h i g h  i n  m e r c u r y  r e l a t i v e  t o  s u r r o u n d i n g  
a r e a .  

The s a m p l i n g  p r o c e d u r e  used d u r i n g  1979 c o n s i s t e d  o f  l a y i n g  o u t  a s e r i e s  o f  
samples l i n e s  a c r o s s  s u s p e c t e d  f a u l t s  i n  t h e  t h e r m a l  a r e a s .  Samples were 
c o l l e c t e d  a t  p r e d e t e r m i n e d  i n t e r v a l s  ( u s u a l l y  100 f t )  a l o n g  t h e  l i n e s .  
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I n  most  o f  t h e  a r e a s  i n v e s t i g a t e d  d u r i n g  1980, t h r e e  o r  more samples were t a k e n  
a t  random sample l o c a l i t i e s .  T h i s  was done t o  g e t  an e s t i m a t e  o f  how t h e  
v a r i a n c e  be tween sample l o c a l i t i e s  compared w i t h  t h e  v a r i a n c e  a t  a sample 
l o c a l i t y .  If t h e  c o m p a r i s o n  sugges ted  t h a t  t h e r e  i s  as much v a r i a n c e  a t  a 
sample l o c a l  i t y  as t h e r e  i s  between sample l o c a l  i t e s ,  t h e n  t h e  d a t a  wou ld  t h a n  
l i k e l y  l e a d  t o  f a l s e  i n t e r p r e t a t i o n .  

Two r a t i o n a l e s  have been used f o r  d e t e r m i n i n g  t h e  s a m p l i n g  d e p t h .  The method 
recommended b y  Capuano and Bamford ( 1 9 7 8 )  i s  t o  d e t e r m i n e  t h e  p r o f i l e  o f  
m e r c u r y  down t o  a d e p t h  o f  a p p r o x i m a t e l y  16 i n  ( 4 0  cm), t h e  d e p t h  a t  w h i c h  t h e  
p r o f i l e  peaks  d e t e r m i n e s  t h e  s a m p l i n g  d e p t h .  The o t h e r  method c o n s i s t e n t l y  
samples a s o i l  h o r i z o n ,  such  as t h e  A o r  6 h o r i z o n .  The p r o b l e m  w i t h  u s i n g  t h e  
A h o r i z o n  i s  t h a t  i t s  n o r m a l l y  h i g h  o r g a n i c  c o n t e n t  has been shown t o  have 
s t r o n g  secondary  e f f e c t s  i n  c o n t r o l l i n g  m e r c u r y  i n  t h e  s o i l .  A l s o ,  t h e  
s a m p l i n g  d e p t h  i n  t h e  A h o r i z o n  may n o t  be deep enough t o  a v o i d  t h e  " b a k i n g "  
e f f e c t  o f  t h e  sun. 

The method used d u r i n g  1979 c o n s i s t e d  o f  u s i n g  p r o f i l e s  t o  d e t e r m i n e  s a m p l i n g  
d e p t h s .  A s a m p l i n g  d e p t h  o f  a p p r o x i m a t e l y  6 i n  ( 1 5  cm),  w i t h  an i n t e r v a l  o f  
a b o u t  0.4 i n  ( 1  cm),  was used f o r  mos t  o f  t h e  p r o f i l e s .  D u r i n g  1980 each 
sample was t a k e n  o v e r  an i n t e r v a l  o f  5 t o  7 i n  ( 1 3  t o  18 cm). I t  was hoped 
t h a t  some o f  v a r i a n c e  due t o  d e p t h  w o u l d  be smoothed o u t  b y  s a m p l i n g  o v e r  a 
w i d e r  i n t e r v a l .  A l s o ,  a t  t h a t  d e p t h  i t  was hoped t h a t  t h e  sun w o u l d  n o t  b e  
a f f e c t i n g  t h e  s o i l ' s  a b i l i t y  t o  r e t a i n  m e r c u r y .  

To c o l l e c t  a sample,  t h e  g r o u n d  was b r o k e n  w i t h  a shove l  t o  a d e p t h  o f  9 t o  1 0  
i n  ( 2 0  t o  25 cm).  Then a s p a t u l a  and m e t a l  cup were used t o  c o l l e c t  
a p p r o x i m a t e l y  100 grams o f  m a t e r i a l .  The c o n t e n t s  o f  t h e  cup were t h e n  p u t  i n  
a marked p l a s t i c  bag. A t  t h e  end o f  t h e  day t h e  m a t e r i a l  i n  each  bag was l a i d  
o u t  and a l l o w e d  t o  d r y  o v e r n i g h t .  Sometimes i t  wou ld  t a k e  more t h a n  one n i g h t  
t o  d r y .  N o r m a l l y ,  t h e  f o l l o w i n g  m o r n i n g  t h e  d r i e d  m a t e r i a l  w o u l d  be s i e v e d  
down t o  an 80 mesh s i z e  o u t s i d e  i n  a shaded a rea  and s t o r e d  i n  4 m l  g l a s s  v i a l  s 
w i t h  sc rew c a p s .  W i t h i n  a p e r i o d  o f  seven days l a t e r ,  t h e  samples were  
a n a l y z e d  f o r  m e r c u r y  u s i n g  t h e  Model 301 Jerome g o l d  f i l m  m e r c u r y  d e t e c t o r .  

A n a l y s i s  

F o r  an a c c u r a t e  a n a l y s i s  o f  geochemica l  d a t a ,  i t  i s  n e c e s s a r y  t o  d i f f e r e n t i a t e  
between b a c k g r o u n d  and anomalous v a l u e s .  There  a r e  v a r i o u s  s t a t i s t i c a l  ways o f  
a c c o m p l i s h i n g  t h i s .  F o r  t h o s e  a r e a s  where t h e  s t a t i s t i c a l  sample approaches  
100 samples  and a l o g n o r m a l  d i s t r i b u t i o n  can be  assumed, a method w h i c h  l o o k s  
f o r  a b r e a k  i n  t h e  c u m u l a t i v e  f r e q u e n c y  p l o t  o f  t h e  m e r c u r y  d a t a  can be used. 
H o p e f u l l y ,  t h e  b r e a k  d i s t i n g u i s h e s  t h e  two p o p u l a t i o n s  - -  t h e  b a c k g r o u n d  and 
t h e  geo the rma l  i n d u c e d  p o p u l  a t i  on (Capuano and Bamford ,  1978; L e p e l  i t o r ,  1969; 
and L e v i n s o n ,  1974 1. 

F o r  t h o s e  i n s t a n c e s  where t h e  d a t a  was a n a l y z e d  u s i n g  a c u m u l a t i v e  f r e q u e n c y  
d iag ram,  t h e  f o l l o w i n g  p r o c e d u r e  was used.  

1 ) .  D e t e r m i n e  t h e  number o f  c l a s s  i n t e r v a l s  b y  m u l t i p l y i n g  t h e  l o g a r i t h m  
o f  t h e  number o f  t h e  samples  b y  10. 

2 ) .  D e t e r m i n e  t h e  r a n g e  o f  each c l a s s  i n t e r v a l  b y  d i v i d i n g  t h e  max 
r e c o r d e d  v a l u e ,  b y  t h e  c l a s s  i n t e r v a l  l e s s  one. 
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3 ) .  D e t e r m i n e  l o g a r i t h m  o f  t o p  end o f  each i n t e r v a l .  

4 ) .  D e t e r m i n e  c l a s s  f r e q u e n c y  b y  c a l c u l a t i n g  t h e  number o f  v a l u e s  i n  each 
c l  ass .  

5 ) .  D e t e r m i n e  r e l a t i v e  f r e q u e n c y  b y  d i v i d i n g  each c l a s s  f r e q u e n c y  v a l u e  by 
t o t a l  number o f  v a l u e s .  

6 ) .  C o n s t r u c t  f r e q u e n c y  d i s t r i b u t i o n  g r a p h  b y  p l o t t i n g  c l a s s  f r e q u e n c y  

7 ) .  N o t e  where b r e a k  i n  s l o p e  o f  g r a p h  o c c u r s .  

1 og Val ues b y  cumul a t i  v e  f r e q u e n c y .  

To d e m o n s t r a t e  t h i s  method,  assume t h a t  90 samples had been c o l l e c t e d  and 
a n a l y z e d  w i t h  a n a l y t i c a l  v a l u e s  r a n g i n g  f r o m  0 ppb t o  900 ppb.  1) To d e t e r m i n e  
t h e  c l a s s  i n t e r v a l  , mu1 t i p l e  t h e  l o g  o f  90 b y  10 ( C .  I .  = 1 0  l o g  90 = 19 
i n t e r v a l s ) .  2 ) .  To d e t e r m i n e  t h e  r a n g e  o f  each c l a s s  i n t e r v a l  d i v i d e  900/18 .  
C.I. r a n g e  = 50 ppb. 3 )  D e t e r m i n e  l o g  o f  each c l a s s  i n t e r v a l :  l o g  49 = 1.69; 
l o g  99 = 2.00 e t c .  f o r  a l l  1 9  c l a s s e s .  4 ) .  A r r a n g e  d a t a  i n  a s c e n d i n g  n u m e r i c a l  
o r d e r .  D e t e r m i n e  number o f  v a l u e s  w i t h i n  each c l a s s  i n t e r v a l .  Assume t h a t  f i r s t  
c l a s s  i n t e r v a l  ( 0 - 4 9  p p b )  c o n t a i n e d  38 samples;  and t h e  second c l a s s  i n t e r v a l  
( 5 0 - 9 9  p p b )  c o n t a i n e d  24 samples.  5 ) .  R e l a t i v e  f r e q u e n c y  o f  i n t e r v a l  no. 1: 
38/90 = .422. R e l a t i v e  f r e q u e n c y  o f  i n t e r v a l  no. 2:  24/90 = ,267. 6 )  C o n s t r u c t  
c u m u l a t i v e  f r e q u e n c y  t a b l e  b y  summing r e l a t i v e  f r e q u e n c y  v a l u e s ;  .422, .422 + 
.267 =.689, e t c .  P l o t  r e l a t i v e  f r e q u e n c y  a g a i n s t  c u m u l a t i v e  f r e q u e n c y .  7 ) .  N o t e  
where b r e a k  i n  s l o p e  o c c u r s .  

F o r  t h o s e  cases  where t h e  d a t a  were s p a r c e  and t h e  v a l u e s  were c l u s t e r e d  n e a r  
t h e  l o w e r  d e t e c t i o n  l i m i t  o f  t h e  i n s t r u m e n t  w i t h  a f e w  h i g h  v a l u e s  a t  t h e  
o p p o s i t e  e x t r e m e ,  a more e m p i r i c a l  method was used.  T h i s  method c a l l e d  f o r  
a r r a n g i n g  t h e  d a t a  i n  a s c e n d i n g  n u m e r i c a l  o r d e r  t h e n  i n s p e c t i n g  t h e  d a t a  f o r  
any gaps.  The anomalous v a l u e s  a r e  d i f f e r e n t i a t e d  f r o m  b a c k g r o u n d  v a l u e s .  F o r  
t h e  l a c k  o f  a p r o p e r  s a m p l i n g  d e s i g n  and computer  f a c i l i t i e s ,  t h e  gap between 
background and t h e  anomaly was chosen s u b j e c t i v e l y ,  r a t h e r  t h a n  u s i n g  a 
s t a t i s t i c a l  t e s t  as recommended b y  M i e s h  ( 1 9 7 6 ) .  When b a c k g r o u n d  was 
d e t e r m i n e d  i n  t h i s  manner,  somet imes t h e  anomaly c r i t e r i a  o f  f o u r  t i m e s  t y p i c a l  
background was used t o  see how i t  compared deve lopment .  T h i s  e f f o r t  c o n s i s t e d  
o f  a l i t e r a t u r e  s e a r c h ,  and g e o l o g i c  mapping.  

As a f u r t h e r  a i d  i n  d e t e r m i n i n g  b a c k g r o u n d  m e r c u r y  v a l u e s ,  sample l o c a l i t i e s  
were chosen w i t h i n  a m i l e  o r  two o f  t h e  s t u d y  a r e a .  Care  was t a k e n  t o  t r y  t o  
sample on t h e  same p a r e n t  m a t e r i a l  as i n  t h e  s t u d y  a r e a .  I t  was assumed t h a t  
t h e r e  were no e x t r e m e  r e g i o n a l  t r e n d s .  
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A P P E N D I X  G. R E S I S T I V I T Y  CALCULATIONS 

T a b l e  5. LINE A 

COLORADO GEOLOGICAL SURVEY 
G e o p h y s i c a l  E x p l o r a t i o n  

( R e s i s t i v i t y  S u r v e y )  

LOCATION PROJECT 
Shaw S p r i n g s  L i n e  A 

CHIEF OPERATOR ASSISTANTS 
J a y  J o n e s  F a r g o  and T r e s k a  D i  

S t a .  

34-33 
32-31 
31 -30 
30-29 
29-28 
28-27 

33-32 
31 -30 
30-29 
29-28 
28-27 
27-26 

32-31 
30-29 
29-28 
28-27 
27-26 
26-25 
25-24 

31 -30 
29-28 
28-27 
27-26 
26-25 
25-24 

30-29 
28-27 
27-26 
26-25 
25-24 
24-23 

Range 
- 
10 
1 
1 
1 
1 

100 
10 
1 
1 
1 

100 
10 
1 
1 
1 
1 

100 
10 
1 
1 
1 

100 
10 
1 
1 
1 

MA 
- 
.Ol 
.Ol 
.Ol 
.OOl 
.OOl 

.OOl 

.OOl 

.OOl 

.OOl 

.OOl 

.OOl 

.OOl 

.OOl 

.OOl 

.OOl 

.OOl 

.OOl 

.OOl 

.OOl 

.OOl 

.OOl 

.OOl 

.OOl 

.OOl 

.OOl 

.OOl 

V o l  t a g e  

66 
66 
66 
66 
66 

66 
66 
66 
66 
66 

66 
66 
66 
66 

66 
66 
66 
66 
66 

66 
66 
66 
66 
66 
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v P  - 
1.29 
1.18 
0.28 
1.25 
0.71 

2.06 
1.73 
3.95 
1.53 
0.78 

3.85 
3.58 
3.73 
1.46 
0.65 
.55 

3.35 
1.16 
3.14 
1.22 
0.93 

1.21 
1.00 
2.81 
1.80 
.8430 

D V / I  

DATE 
11 June1980 

METHOD 
o l e - D i p o l e  (Nx100' ) 

.129 

.0118 

.00258 

.00125 

.00071 

.206 

.0173 
,00395 
.00153 
.00078 

.385 
,0358 
.00373 . 00 146 
.00065 

.335 

.0116 

.00314 

.00122 

.00093 

.121 

.Ol 

.00281 . 00 188 

.000843 

G.F. 

57 5 
2299 
5747 
11493 
20112 

575 
2299 
5747 
11493 
20112 

575 
2299 
5747 
11493 
20112 

575 
2299 
5747 
11493 
20113 

575 
2299 
5747 
11493 
20113 

Pa - 
74.2 
27.1 
15 
14 
14 

118 
40 
23 
18 
16 

221 
82 
21 
17 
13 
18 

193 
27 
18 
14 
19 

70 
23 
16 
22 
17 



TABLE 5.  L I N E  A (CONT.)  

S t a .  Range 

29-28 
27-26 100 
26-25 10  
25-24 10  
24-23 1 
23-22 1 

28-27  
26-25 
25-24 
24-23 
23-22 
2 2 - 2 1  

27-26 
24-25 
25-24 
23-22 
2 2 - 2 1  
21-20 
20-19 

26-25 
24-22 
23-22 
2 2 - 2 1  
21-20 
20-19 

25-24 
23-22 
2 2 - 2 1  
21-20 
20-19 
19-18 

24-23 
22 -2 1 
21-20 
20-19 
19-18 
18-17 

100 
10  
1 
1 
1 

100 
10 
1 
1 
1 
1 

100 
10 
1 
1 
1 

10  
10  
1 
1 
1 

100 
10 
10  
1 
1 

MA 

- 
. O O l  
. O O l  
. O O l  
. O O l  
. O O l  

. O O l  

. O O l  

. O O l  

. O O l  

. O O l  

. O O l  

. O O l  

. O O l  

.OOl 

. O O l  

. O O l  

. O O l  

. O O l  

. O O l  

. O O l  

. O O l  

. O O l  

. O O l  

. O O l  

. O O l  

. O O l  

. O O l  
. O O l  
. O O l  
. O O l  
. O O l  

V o l t a g e  

100 
100 
100 
100 

66 

100 
100 
100 
100 
100 

66 
66 
66 
66 
66 
66 

66 
66 
66 
66 
66 

66 
66 
66 
66 

66 
66 
66 
66 
66 

v P  - 
.85 
.84 
.45 
1 . 6 1  
. 7 8  

.46 
1 .32  
3 . 2 9  
1 . 3 5  

.67 

1 . 6 0  
1 .09  
3.06 
1.26 

. 7 2  

. 51  

.56 

. 69  
2.08 
1 . 0 2  
.64 

6.45 
1 . 0 5  
3 .48  
1 . 6 9  
1 . 4 0  

1.82 
3.36 
1 . 0 0  
3 .88  
1 .50  

D V / I  

,085 
.0084 
.0045 
.00161 
.0078 

.046 

.0132 

.00329 

.OO135 

.00067 

.0109 

.00306 

.00126 

.00072 

.00051 

.056 

.0069 

.00208 

.00102 

.00064 

.0645 

.0105 

.00348 

.00169 

.0014 

.182 

.0336 

. O l O  
,00388 
.0015 

G.F. 

57 5 
2299 
5747 

11493 
20113 

575 
2299 
5747 

11493 
20113 

57 5 
2299 
5747 

11493 
20113 

575 
2299 
5747 

11493 
20113 

11493 

57 5 
2299 
5747 

11493 
20113 

Pa - 
59 
19  
26 
19  
16 

26 
30 
19  
16 
1 3  I 

6 
7 
7 
8 

10  

32 
16 
1 2  
1 2  
1 3  

(37 1 
1 2  
20 
19 
28 

105 
7 7  

575 
45 
30 
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TABLE 5 .  LINE A (CONT.) 

S t a .  

23 -22 
21 -20 
20-19 
19-18 
18-17 
17-16 

22-21 
20-19 
19-18 
18-17 
17-16 
16-15 

2 1-20 
19-18 
18-17 
17-16 
16-15 
15-14 

20-19 
18-17 
17-16 
16-15 
15-14 
14-13 

Range 

100 
10 
10 
1 
1 

100 
10 
1 
1 
1 

100 
10 
1 
1 
1 

100 
10 
1 
1 
1 

LEGEND: Range = G a i n  

MA V o l t a g e  

.OOl 66 

.OOl 66 

.OOl 66 

.OOl 66 
,001 66 

.OOl 66 
,001 66 
.OOl 
.OOl 
.OOl 

.OOl 66 

.OOl 66 

.OOl 66 

.OOl 66 

.OOl 66 

.OOl 66 

.OOl 66 

.OOl 66 

.OOl 66 

.OOl 66 

v P  

1.63 
3.80 
1.22 
3.20 
1.56 

1.13 
2.92 
5.66 
2.12 
0.88 

1.35 
1.84 
4.5 
1.56 
0.78 

1.21 
1.67 
3.64 
1.51 
0.68 

D V / I  

.038 
,0122 
.00320 
.00156 

.113 

.0292 

.00566 

.002 12 

.00088 

0.184 
,0045 

00.156 

.121 

.0167 

.00364 

.00151 

.00068 

G.F. 

2299 

57 5 
2299 
5747 
11493 
20113 

57 5 
2299 
5747 

P a  

94 
87 
70 
37 
32 

75 
67 
33 
24 
18 

78 
42 
26 
18 
16 

70 
38 
21 
17 
14 

MA = Dummy TX C u r r e n t  S w i t c h  
VP = B a l a n c e  C o n t r o l  t o  N u l l  M e t e r  
G.F. = Geometr ic  F a c t o r  
Pa = Apparent  R e s i s t i v i t y  
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TABLE 6. LINE B. 

COLORADO GEOLOGICAL SURVEY 
Geophys i c a l  E x p l  o r a t i o n  

( Re s i  s t i  v i t y  S u r v e y  

L OC AT I ON PROJECT DATE 
Shaw S p r i n g s  L i n e  B 1 July1980 

CHIEF OPERATOR ASSISTANTS METHOD 
F a r g o  and T r e s k a  J a y  J o n e s  D i p o l  e - D v (  NxlOO ' 

S t a .  

2 -3 
4-5 
5 -6 
6-7 
7 -8 
8-9 

3 -4 
5-6 
6 -7 
7-8 
7 -8 
9-10 

4 -5 
6-7 
7 -8 
8-9 
9-10 
10-11 

5 -6 
7 -8 
8 -9 
9-10 
10-11 
11 -12 

6-7 
8-9 
9-10 
10-11 
11-12 
12-13 

Range 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

MA 
- 

.Ol 

.Ol 

.Ol 

.OOl 

.OOl 

.Ol 

.Ol 

.Ol 

.OOl 

.OOl 

.Ol 

.Ol 

.Ol 

.OOl 

.OOl 

.Ol 

.Ol 

.Ol 

.OOl 

.OOl 

.Ol 

.Ol 

.Ol 
,001 
.OOl 

V o l t a g e  

100 
100 
100 
5 00 
500 

66 
66 
66 
366 
366 

66 
66 
66 
166 
166 

66 
66 
66 

275 
275 

66 
66 
66 
300 
300 

v P  

7.50 
1.15 
.38 
1.63 
.69 

7.20 
1.16 
.40 
1.41 
.70 

7.70 
1.62 
.47 
2.09 
1.18 

7.54 
1.37 
0.49 
2.41 
1.12 

6.00 
1.48 
.59 
2.44 
1.20 

D V / I  

.075 

.0115 

.0038 

.00163 

.00069 

.072 

.0116 

.0040 

.00141 

.0007 

.077 

.0162 

.0047 

.00209 

.0018 

0.0754 
.0137 
,0049 
.00241 
.00112 

.060 

.0148 

.0059 

.00244 
,00120 

G.F. 

86 2 
3448 
8620 
17240 
301 70 

862 
3448 
8620 
17240 
301 70 

862 
3448 
8620 
17240 
30170 

862 
3448 
8620 
17240 
30170 

862 
3448 
8620 
17240 
30170 

Pa 

65 
41 
33 
28 
21 

62 
40 
35 
24 
21 

66 
55 
41 
35 
54 

65 
48 
42 
41 
30 

52 
52 
45 
41 
30 
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TABLE 6. LINE B ( C O N T . )  

S t a .  

7 -8 
9-10 
10-11 
11-12 
12-13 
13-14 

8-9 
10-11 
11-12 
12-13 
13-14 
14-15 

9-10 
11-12 
12-13 
13-14 
14-15 
15-16 

10-11 
12-13 
13-14 
14- 15 
15-16 
16-17 

8-9 , 

10-11 
11-12 
12-13 
13-14 
14-15 

9- 10 
11-12 
12-13 
13-14 
14-15 
15-16 

10-11 
12-13 
13-14 
14-15 
15-16 
16-17 

Range MA V o l t a g e  V p  DV / I  - G.F. 

1 .Ol 66 4.34 .0434 86 2 
1 .Ol 66 1.15 .0115 3448 
1 .OOl 166 4.33 .00433 8620 

17240 1 .OOl 166 1.92 .00192 
1 .OOl 166 1.03 .OOl 30170 

1 .Ol 66 3.40 0.034 862 
1 .Ol 66 0.65 0.0065 3448 
1 .Ol 66 0.27 0.0027 8620 
1 .OOl 133 1.20 0.00120 17240 
1 .OOl 133 0.72 0.00072 30170 

1 . 01 66 2.39 0.0239 862 
1 .OOl 133 4.90 0.0049 3448 
1 .OOl 133 1.95 0.001 95 8620 
1 .OOl 133 1.05 0.00105 17240 
1 .OOl 133 0.61 0.00061 30170 

1 .Ol 66 2.45 0.0245 862 
1 .Ol 66 0.55 0.0055 3448 
1 .OOl 133 2.15 0.00215 8620 
1 .OOl 133 1.10 0.001 10 17240 
1 .OOl 133 0.80 0.00080 301 70 

1 .Ol 66 3.40 0.034 862 
1 .Ol 66 0.65 0.0065 .* 3448 
1 .Ol 66 0.27 0.0027 8620 
1 .OOl 133 ' 1.20 0.00120 17240 
1 ,001 133 0.72 0.00072 301 70 

1 .Ol 66 2.39 0.0239 862 
1 .OOl 133 4.90 0.0049 3448 
1 ,001 133 1.95 0.00195 8620 
1 .OOl 133 1.05 0.00105 17240 
1 .OOl 133 0.61 0.00061 30170 

1 .Ol 66 2.45 0.0245 862 
1 .Ol 66 0.55 0.0055 3448 
1 ,001 133 2.15 0.00215 8620 
1 .OOl 133 1.10 0.00110 17240 
1 .OOl 133 0.80 0.00080 30170 

Pa 

37 
40 
37 
33 
30 

29 
22 
23 
21 
21 

21 
17 
17 
17 
18 

21 
17 
17 
17 
24 

29 
22 
23 
21 
21 

21 
17 
17 
17 
18 

21 
17 
19 
17 
24 
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T A B L E  6. LINE B ( C O N T . )  

S t a .  

11 -12 
13-14 
14-15 
15-16 
16-17 
17-18 

12-13 
14-15 
15-16 
16-17 
17-18 

13-14 
15-16 
16-17 
17-18 

14-15 
16-17 
17-18 

15-16 
17-18 

Range 

1 
1 
1 
1 
1 

1 
1 
1 
1 

1 
1 
1 

1 
1 

1 

L E G E N D :  Range = G a i n  

MA V o l t a g e  

.Ol 66 

.OOl 133 

.OOl 133 

.OOl 133 

.OOl 133 

.Ol 66 

.Ol 66 
,001 100 
.OOl 100 

.Ol 66 

.OOl 100 

.OOl 100 

.Ol 6 

.Ol 66 

.Ol 66 

v P  

2.11 
4.85 
1.85 
1.10 
0.75 

2.25 
0.47 
2.09 
1.20 

1.92 
4.73 
2.10 

2.00 
0.54 

2.07 

DV/I 

0.0211 
0.00485 
0.00185 
0.00110 
0.00075 

0.0225 
0.0047 
0.00209 
0.001 20 

0.0192 
0.00473 
0.00210 

0.02 
0.0054 

0.0207 

G . F .  

86 2 
3448 
8620 
17240 
301 70 

862 
3448 
8620 
17240 

862 
3448 
8620 

862 
3448 

862 

Pa 

18 
17 
16 
17 
22 

19 
17 
17 
17 

17 
17 
17 

17 
17 

17 

MA = Dummy TX Current Swi tch  
Vp = Balance  Cont ro l  t o  Null Meter 
G.F. = Geometr ic  F a c t o r  
Pa = Ap,parent R e s i s t i v i t y  
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TABLE 7. LINE C .  

c 

COLORADO GEOLOGICAL SURVEY 
G e o p h y s i c a l  E x p l o r a t i o n  

( Re s i  s t i v i t y  Survey  ) 

L OC AT I ON P R O J E C T  D A T E  
Shaw S p r i n g s  L i n e  C 1 July1980 

CHIEF OPERATOR A S S I S T A N T S  METHOD 
F a r g o  and T r e s k a  J a y  J o n e s  D i po l  e - D m (  N x l O O  ' 

S t a .  

1-2 
3 -4 
4 -5 
5 -6 
6 -7 
7 -8 

2 -3 
4 -5 
5 -6 
6-7 
7 -8 
8-9 

3 -4 
5 -6 
6 -7 
7 -8 
8-9 
9-10 

4 -5 
6 -7 
7 -8 
8-9 
9-10 
10-11 

5-6 
7 -8 
8-9 
9-10 
10-11 
11-12 

Range 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

MA 
- 

.Ol 

.Ol 

.OOl 

.OOl 

.OOl 

.Ol 
. O l  
.OOl 
.OOl 
,001 

.Ol 

.Ol 

.OOl 

.OOl 

.OOl 

.Ol 

.OOl 

.OOl 

.OOl 

.OOl 

.Ol 

.Ol 

.OOl 

.OOl 

.OOl 

V o l t a g e  

66 
66 
100 
100 
100 

66 
66 
166 
166 
166 

66 
66 
66 
100 
100 

66 
100 
100 
100 
100 

66 
66 
100 
100 
100 

V P  D V  /I 

2.55 
0.70 
3.46 
1.58 
1.05 

2.90 
0.92 
3.43 
1.95 
1.16 

3.33 
0.83 
3.77 
2.04 
1.06 

2.77 
7.92 
3.62 
1.70 
1.39 

2.88 
0.83 
3.29 
2.42 
1.80 

0.0255 
0.0070 
0.00346 
0.00158 
,00105 

0.0290 
0.0092 
0.00343 
0.00195 
0.001 16 

0.0333 
0.0083 
0.00377 
0.00204 
.00106 

0.0277 
0.00792 
0.00362 
0.00170 
0.00139 

0.0288 
0.0083 
0.00329 
0.00242 
0.00180 

G.F. 

862 
3448 
8620 
17240 
301 70 

862 
3448 
8620 
17240 
30170 

86 2 
3448 
8620 
17240 
301 70 

862 
3448 
8620 
17240 
301 70 

862 
3448 
8620 
17240 
301 70 

Pa 

22 
24 
30 
18 
30 

25 
31 
30 
28 
30 

28 
28 
32 
34 
38 

23 
28 
31 
29 
42 

25 
28 
30 
41 
54 
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TABLE 7 .  L I N E  C (CONT. 1 

D V / I  S t a .  
.B 

Range MA V o l t a g e  V p  G.F. Pa 

6 -7 
8-9 
9-10 
10-11 
11-12 
12-13 

10 
10  
1 
1 
1 

. O O l  100 2.93 

. O O l  100 0.76 
. O O l  100 4.52 
,001  100 3.04 
. O O l  100 1.70 

.0293 
0.0076 
0.00452 
0.00304 
0.00170 

86 2 25 
3448 28 
8620 39 

-1 7240 52 
301 70 51 

8-7 
9-10 
10-11 
11-12 

. O l  66 2.73 

. O l  66 1.18 

. O l  66 0.70 

. O O l  133 3.30 

. O O l  133 1 . 5 0  

0.0273 
0.0118 
0.0070 
0.00330 
0.0015 

86 2 23 
3448 41 
8620 52 

17240 57 
301 70 45 

12-13 
13-14 

9-8 
10-11 
11-12  
12-13 
13-14 
14-15 

1 
10  
1 
1 
1 

. O l  66 3.27 
,001  -133 1.31 
. O O l  133 5.59 
. O O l  133 2.26 
. O O l  133 1 . 1 2  

0.0327 
0.0131 
0.00559 
0.00226 
0.00112 

86 2 28 
3448 45 
8620 49 

17240 40 
301 70 33 

10-9 
11 -12 
12-13 
13-14 
14-15 
15-16 

. O l  66 5 . 1 3  

. O l  66 1 . 3 5  

. O O l  100 4 .51  
. O O l  100 1.94 
. O O l  100 0 .69  

0 .0513 
0.0135 
0.00451 
0.00194 

,00069 

862 44 
3448 45 
8620 39 

17240 33 
30170 2 1  

10-11 
12-13 
13-14 
14-15 
15-16 
16-17 

1 0  
1 0  
1 
1 
1 

. O l  100 7.70 

. O l  100 1 . 7 1  

. O O l  133 6 .10  
. O O l  133 1 .76  
. O O l  133 0 . 8 1  

0.770 
0.171 
0.0061 
0.00176 
0.00081 

862 66 3 
3448 59 
8620 52 

17240 29 
301 70 24 

11 -12 
13-14 
14-15 
15-16 
16-17 
17-18 

862 86 
3448 69 
8620 43 ~ 

17240 31 
301 70 2 7  

10  
1 
1 
1 
1 

. O l  66 1 . 0 0  

. O l  66 2 .40  

. O l  6 0.50 

. O O l  200 1 . 8 5  
, 0 0 1  2 00 0 .90  

0.1000 
0.0240 
0.0050 
0.00185 
0.00090 

12-13 
14-15 
15-16 
16-17 
17-18 
18-19 

10  
1 
1 
1 
1 

. O l  66 1.11 

. O l  66 1.62 
, 0 0 1  133 4 . 7 8  
. O O l  133 1.90 
. O O l  133 1 . 0 1  

0.111 
0.0162 
0.00478 
0.00190 
0.00101 

86 2 95 
3448 55 
8620 40 

17240 33 
301 70 29 
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TABLE 7. LINE C ( C O N T . )  

S t a .  

13-14 
15-16 
16-17 
17-18 
18-19 
19-20 

14-15 
16-1 7 
17-18 
18-19 
19-20 
20-21 

15-16 
17-18 
18-19 
19-20 
20-21 

16-17 
18-19 
19-20 
20-21 

17-18 
19-20 
20-21 

18-19 
20-21 

Range 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 

10 
10 
1 

1 
1 

1 

LEGEND: Range = G a i n  

MA 

- 

.Ol 

.Ol 
,001 
.OOl 
.OOl 

.Ol 

.OOl 

.OOl 

.OOl 

.OOl 

.Ol 

.Ol 
,001 
,001 

.Ol 
,001 
.OOl 

.Ol 

.Ol 

.Ol 

V o l t a g e  

66 
66 
166 
166 
166 

66 
200 
200 
2 00 
225 

66 
66 
100 
100 

66 
100 
100 

100 
100 

66 

v P  

7.75 
1.55 
5.00 
1.80 
0.80 

8.50 
1.90 
5.38 
1.70 
0.80 

9.68 
1.89 
3.68 
1.50 

0.93 
1.10 
2.64 

5.50 
0.63 

2.90 

D V / I  

0.0775 
0.0155 
0.0050 
0.00180 
0.00080 

.0850 
0.001 90 
0.00538 
0.00170 
0.00080 

.0968 

.0189 

.00368 . 00 150 

0.093 
0.0011 
0.00264 

0.055 
0.0063 

0.029 

G.F. 

862 
3448 
8620 
17240 
301 70 

86 2 
3448 
8620 
17240 
301 70 

86 2 
3448 
8620 
17240 

862 
3448 
8620 

86 2 
3448 

862 

P a  

67 
52 
43 
30 
24 

73 
70 
41 
28 
24 

84 
65 
32 
26 

80 
40 
23 

47 
22 

25 

- 
MA = Dummy TX C u r r e n t  S w i t c h  
Vp = B a l a n c e  C o n t r o l  t o  N u l l  M e t e r  
G.F. = G e o m e t r i c  F a c t o r  
Pa = A p p a r e n t  R e s i s t i v i t y  
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TABLE 8. LINE D. 

COLORADO GEOLOGICAL SURVEY 
G e o p h y s i c a l  E x p l o r a t i o n  

( R e s i s t i v i t y  S u r v e y )  

DATE 
8 July1980 

PROJECT 
L i n e  D 

LOCAT I ON 
Shaw S p r i n g s  

CHIEF OPERATOR ASSISTANTS METHOD 
J a y  J o n e s  F a r g o  and T r e s k a  D i p o l e - D i p o l e  (Nx200 '  

S t a .  Range MA V o l t a g e  V p  D V / I  G.F. Pa 

44 -42 
38-40 100 .OOl 133 1.06 0.106 1149 121.8 
38-36 1 .OOl 133 1.26 0.00126 4597 5.8 
36-34 1 .OOl 133 5.20 0.0052 11493 59 
34-32 1 .OOl 133 1.75 0.001 75 22987 40.2 
32 -30 .OOl 133 N . R . - - l o s t  s i g n a l  40227 

42 -40 
38-36 10 ,001 133 7.91 0.00791 1149 91 
36-34 10 .OOl 133 1.59 0.00159 4597 73 
34-32 1 .OOl 133 4.30 0.00430 11493 49.4 
32 -30 1 ,001 133 1.72 0.00172 22987 39.5 
30-28 1 .OOl 133 0.65 0.00065 40227 26.15 

40-38 
36-34 10 .OOl 133 7.40 0.0074 1149 85.1 
34-32 10 .OOl 133 1.54 0.0154 4597 70.8 
32-30 1 .OOl 133 4.90 0.00490 11493 56.3 
30-28 1 .OOl 133 1.50 0.00150 22987 34.5 
28-26 - .OOl 133 N.R. - - l o s t  s i g n a l  --  201 12 

38-36 
34-32 10 .OOl 225 3.53 0.0353 11492 40.6 
32-30 1 .OOl 225 8.90 0.0089 4597 41 .O 
30-28 1 .OOl 166 2.45 0.00245 11493 28.1 
28-26 1 .OOl 166 0.91 0.00091 22987 21 .o 
26-24 1 .OOl 166 0.39 0.00039 40227 15.7 

36 -34 
32 -30 10 .OOl 166 5.02 0.0502 11492 57.7 
28-30 10 .OOl 166 1.00 0.010 4597 46.0 
28-26 1 .OOl 166 2.80 0.0280 11493 321.8 
26-24 1 .OOl 166 0.94 0.00094 22987 21.6 
24-22 - .OOl 166 N . R . - - l o s t  s i g n a l - -  40227 
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34 -32 
30-28 
28-26 
26-24 
24-22 
22-20 

32 -30 
28-26 
26-24 
24-22 
22 -20 

28-30 
26-24 
24-22 
22-20 
20-18 
18-16 

26-28 
24-22 
22-20 
20-18 
18-16 
16-14 

24 -26 
20-22 

8-20 
16-18 
14-16 
12-14 

24-22 
20-18 
18-16 
16-14 
14-12 
12 -10 

22 -20 
18- 16 
16-14 
14-12 
12-10 
10-8 

Range 

1 0  
10  
1 0  
1 
1 

100 
10  
10  
1 

100 
10  
1 
1 
1 

10  
1 
1 
1 
1 

10  
10  
1 
1 
1 

10 
1 0  
1 
1 
1 

1 0  
1 0  
1 
1 
1 

TABLE 8. L I N E  D (CONT.) 

MA 

- 

. O O l  
, 0 0 1  
. O O l  
. O O l  
. O O l  

. O O l  

. O O l  

. O O l  

. O O l  

, 001  
. O O l  
. O O l  
. O O l  
. O O l  

. O l  

. O l  

. O O l  

. O O l  

. O O l  

. O l  

. O O l  
, 0 0 1  
, 0 0 1  
.OOl 

. O l  
, 0 0 1  
. O O l  
. O O l  
. O O l  

. O l  

. O O l  

. O O l  
. O O l  
. O O l  

V o l t a g e  V p  D V / I  

100 
100 
100 
100 
100 

100 
100 
100 
100 

100 
100 
100 
100 
100 

66 
66 

166 
166 
166 

66 
166 
166 
166 
166 

66 
166 
166 
166 
166 

66 
2 00 
2 00 
166 
166 

7 .10  0.0710 
1 . 4 0  0.0140 
0 .40  0.0040 
1 .14  0 .001  14  
0 .40  0.00040 

1 . 0 5  0.105 
2.20 0.022 
0 .35  0.0035 

N. R. - - L o s t  S i g n a l  -- 

0.98  
1 .49  
3.77 
1 . 2 6  
0.71 

1 . 0 0  
1.67 
4.05 
1 . 5 5  
0 .54  

0 . 9 3  
1.67 
4.42 
1 . 0 9  
0.60 

0.97 
1 . 7 6  
3 .11  
1.30 
0 .55  

0 . 8 8  
1 .04  
3.45 
1 . 1 7  
0 .54  

0.098 
0.0149 
0.00377 
0.00126 
0.00071 

0.100 
0.0167 
0.00405 
0.00155 
0.00054 

0.093 
0.0167 
0.00442 
0.00109 
0.0006 

0.097 
0.0176 
0.00311 
0.00130 
0.00055 

0.088 
0.0104 
0.00345 
0.001 1 7  

.00054 

G.F. 

11492 
4597 

11493 
22987 
40227 

11497 
4597 

11493 
22987 

11497 
4597 

11493 
22987 
40227 

11497 
4597 

11493 
22987 
40227 

11492 
4597 

11493 
22987 
40227 

11492 
4597 

11493 
22987 
40227 

11492 
4597 

11493 
22987 
40227 

81 .6  
64 .4  
45 .9  
26.2 
1 6 . 1  

120 .7  
101 .1  

40 .2  

112 .6  
6 8 . 5  
4 3 . 3  
51 .0  
28.6 

1114.9  
76.77 
46 .5  
35.6 
2 1 . 7  

1 0 6 . 9  
76.7 
50.8 
25 .1  
24.1  

111.4  
8 0 . 9  
36 .0  
29 .9  
2 2 . 1  

101 .1  
47 .8  
39 .6  
26 .9  
2 1 . 7  
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T A B L E  8. LINE D ( C O N T . )  

S t a .  MA V o l t a g e  V p  DV/I G . F .  
-- 

Pa Range 

20-18 
16-14 
14-12 
12-10 
10-8 

.Ol 66 5.68 0.0568 

.OOl 166 1.18 0.0118 
,001 166 2.70 0.0027 
.OOl 166 0.96 0.00096 

11492 
4597 
11493 
22987 

65.3 
54.2 
31.0 
22.1 

1 
10 
1 
1 

18-16 
14-12 
12-10 
10-8 

120.7 
76.7 
46.6 

10 
10 
1 

.Ol 66 1.05 0.105 

.OOl 133 1.67 0.0167 

.OOl 133 4.06 0.00406 

11492 
4597 
11493 

16-14 
12 -10 
10-8 

100 
10 

.OOl 133 1.05 0.105 
,001 133 1.75 0.0175 

11492 
4597 

120.6 
80.45 

14-12 
10-8 .OOl 133 1.03 0.103 11492 118.4 100 

50-48 
46-44 
44-42 
42 -40 
40-38 
38-36 

10 
10 
1 
1 

.OOl 133 8.15 0.00815 

.OOl 133 1.81 0.0181 

.OOl 133 5.38 0.00538 

.OOl 133 1.74 0.00174 

.OOl 133 -- N . R .  -- 

11492 
4597 
11493 
22987 
40227 

93.7 
83.2 
61.8 
39.9 

48-46 
44-42 
42 -40 
40-38 
38-36 
36-34 

100 
10 
1 
1 
1 

.OOl 2 00 1.08 0.108 

.OOl 200 2.38 0.0128 

.OOl 200 6.40 0.0064 
,001 200 1.60 0.00160 
.OOl 2 00 0.75 0.00075 

11492 
4597 
11493 
22987 
40227 

124.1 
109.4 
73.5 
36.7 
30.17 

46 -44 
42-40 100 .OOl 2 00 1.09 0.109 
40-38 10 .OOl 2 00 2.35 0.00235 
38-36 1 .OOl 2 00 4.80 0.0048 
36-34 1 .OOl 200 1.85 0.00185 
34-32 1 .OOl 200 0.78 0.00078 

11492 
4597 
11493 
22987 
40227 

125.3 
108.0 
55.1 
42.5 
31.4 

L E G E N D :  Range = Gain 
MA = Dummy TX Current Swi t ch  
VP = B a l a n c e  C o n t r o l  t o  N u l l  Meter 
G.F.  = Geomet r i c  F a c t o r  
Pa = Apparen t  R e s i s t i v i t y  
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TABLE 9. LINE E 

COLORADO GEOLOGICAL S U R V E Y  
G e o p h y s i c a l  E x p l o r a t i o n  

( R e s i  s t i v i  t y  S u r v e y )  

LOCAT I ON PROJECT DATE 
Shaw S p r i n g s  m 9 July1980 

CHIEF OPERATOR ASSISTANTS METHOD 
F a r g o  and T r e s k a  J a y  J o n e s  D i p o l  e - D m (  Nx200 ' ) 

S t a .  
- - -  

1-3 
5 -7 
7 -9 
9-11 
11-13 
13-15 

3 -5 
7 -9 
9-11 
11-13 
13-15 
15-17 

5 -7 
9-11 
11-13 
13-15 
15-17 
17-19 

7 -9 
11 -13 
13-15 
15-17 
17-19 
19-21 

9-11 
13-15 
15-17 
17-19 
19-21 
21-23 

Range 
- - - - -  

1 
1 
1 
1 
1 

100 
10 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

MA 
- -  

.Ol 

.Ol 

.OOl 

.OOl 
,001 

,001 
.OOl 
.OOl 
.OOl 
.OOl 

.Ol 

.Ol 

.OOl 

.OOl 

.OOl 

.Ol 

.OOl 

.OOl 

.OOl 

.OOl 

.Ol 

.OOl 

.OOl 

.OOl 

.OOl 

Vo l  t a g e  
- - - - - - -  

66 
66 
133 
133 
133 

66 
66 
66 
66 
66 

66 
66 
66 
66 
66 

66 
133 
133 
133 
133 

66 
133 
133 
133 
133 

V 
P ---- 

6.50 
1.00 
1.76 
1.18 
0.45 

1.11 
1.00 
2.45 
1.04 
0.55 

5.50 
0.70 
2.17 
0.91 
0.40 

6.30 
8.50 
2.40 
1.08 
0.64 

3.90 
5.40 
1.84 
0.95 
0.48 

DV / I  - - - - - - -  

0.0650 
0.010 
0.00176 
0.00118 
0.00045 

0.111 
0.010 
0.00245 
0.00104 
0.00055 

0.055 
0.0070 
0.00217 
0.00091 
0.00041 

0.0630 
0.00850 
0.00240 
0.00108 
0.00064 

0.0390 
0.00540 
0.00184 
0.00095 
0.00048 

G.F. - - - - -  

1149 
4597 
11493 
22987 
40227 

1149 
4597 
11493 
22987 
40227 

1149 
4597 
11493 
22987 
40227 

11493 
4597 
11493 
22987 
40227 

11493 
4597 
11493 
22987 
40227 

Pa - - - -  

74.7 
46.0 
20.2 
27.13 
18.1 

127.5 
46.0 
28.1 
24.0 
22.12 

63.2 
32.18 
25.0 
20.9 
16.5 

72.4 
39.0 
27.6 
24.8 
25.7 

44.8 
24.8 
21.15 
21.84 
19.3 
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TABLE 9 L I N E  E ( C O N T . )  

S t a .  

11-13 
15-17 
17-19 
19-21 
21 -23 
23-25 

13-15 
17-19 
19-21 
21-23 
23-25 
25-27 

15-17 
19-21 
21-23 
23-25 
25-27 
27-29 

17-19 
21-23 
23-25 
25-27 
27-29 
29-31 

19-21 
25-23 
27-25 
29-27 
31-29 
33-31 

21 -23 
25-27 
27-29 
29-31 
31 -33 
33-35 

23-25 
27-29 
29-31 
31-33 
33-35 
35-37 

Range 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

10 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

MA 

- 

.Ol 

.OOl 
,001 
.OOl 
.OOl 

.Ol 

.OOl 

.OOl 

.OOl 

.OOl 

.OOl 

.OOl 

.OOl 

.OOl 

.OOl 

.Ol 

.OOl 

.OOl 

.OOl 

.OOl 

.Ol 

.OOl 
,001 
.OOl 
,001 

.Ol 
,001 
.OOl 
.OOl 
.OOl 

.Ol 

.OOl 

.OOl 
001 
,001 

V o l t a g e  

66 
133 
133 
133 
133 

66 
133 
133 
133 
133 

133 
133 
133 
133 
133 

66 
133 
133 
133 
133 

66 
166 
166 
166 
166 

66 
2 50 
2 50 
2 50 
2 50 

66 
166 
166 
166 
166 

"P 

3.08 
5.08 
2.00 
0.91 
0.50 

2.68 
4.56 
1.78 
0.81 
0.45 

2.90 
4.30 
1.82 
1.00 
0.48 

1.31 
3.67 
1.78 
0.85 
0.36 

1.15 
4.32 
1.86 
0.76 
0.30 

1.22 
4.40 
1.53 
0.54 
0.27 

1.43' 
4.04 
1.31 
0.65 
0.28 

DV/I 

.0308 
0.00508 
0.0020 
0.00091 
0.00050 

0.0268 
0.00456 
0.00178 
0.00081 
0.00045 

0.0240 
0.00430 
0.00182 
0.0010 
0.00048 

0.0131 
0.00367 
0.001 78 
0.00085 
0.00036 

0.0115 
0.00432 
0.00186 
0.00076 
0.00030 

0.0122 
0.00440 
0.00153 
0.00054 
0.00027 

0.0143 
0.00404 
0.00131 
0.00065 
0.00028 

G.F. 

11493 
4597 
11493 
22987 
40227 

1149 
4597 
11493 
22987 
40227 

1149 
4597 
11493 
22987 
402 2 7 

1149 
4597 
11493 
22987 
40227 

1149 
4597 
11493 
22987 
40227 

1149 
4597 
11493 
22987 
40227 

1149 
4597 
11493 
22987 
40227 

Pa 

43.7 
23.4 
23.0 
20.9 
20.1 

31.0 
21 .o 
20.5 
18.6 
18.10 

33.3 
19.7 
20.9 
22.9 
19.3 

15.2 
16.8 
20.45 
19.5 
14.48 

13.2 
19.8 
21.4 
17.5 
12.06 

14.0 
20.2 
17.5 
12.4 
10.87 

16.4 
18.5 
15.1 
14.94 
11.3 
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TABLE 9. LINE E ( C O N T . )  

p a  c S t a .  Range MA V o l t a g e  V p  DV /I G.F. 

25-27 
29-31 1 .Ol 66 1.36 0.0136 1149 15.6 
31 -33 1 .OOl 066 3.52 0.00352 4597 16.2 
33-35 1 .OOl 066 1.39 0.00139 11493 16.0 
35-37 1 .OOl 066 0.48 0.00048 22987 11.0 
37-39 1 .OOl 66 0.27 .0002 7 40227 10.9 

27-29 
31 -33 1 .Ol 66 1.39 0.0139 1149 16.0 
33-35 1 .OOl 66 3.58 0.00358 4597 16.5 
35-37 1 .OOl 66 1.04 0.00104 11493 11.95 
37-39 1 .OOl 66 0.48 0.00048 22987 11.0 
3 9-4 1 1 .OOl 66 0.24 0.00024 40227 9.6 

29-31 
33-35 
35-37 
37-39 
39-41 
41-43 

31-33 
35-37 
37-39 
39-41 
41-43 
43-45 

33-35 
37-39 
39-41 
41-43 
43-45 

35-37 
39-41 
41-43 
43-45 

.Ol 

.OOl 

.OOl 

.OOl 

.OOl 

.Ol 

.OOl 

.OOl 

.OOl 

.OOl 

66 
100 
100 
100 
100 

66 
133 
133 
133 
133 

1 .Ol 66 
1 .OOl 66 
1 .OOl 66 
1 .OOl 66 

1 .Ol 66 
1 .OOl 133 
1 .OOl 133 

1.49 
3.21 
0.95 
0.38 
0.22 

2.11 
3.41 
0.84 
0.44 
0.20 

0.0149 
0.00321 
0.00095 
.00038 
.00022 

0.0211 
0.00341 
0.00084 
0.00044 
0.00020 

1149 
4597 
11493 
22987 
40227 

1149 
4597 
11493 
22987 
40227 

17.1 
14.8 
11.0 
8.7 
8.85 

24.3 
15.7 
9.7 
10.1 
8.0 

2.46 0.0246 1149 28.3 
2.07 0.00207 4597 9.5 
0.77 0.00077 11493 8.8 
0.32 0.00032 22987 7.35 

1.63 0.0163 1149 18.7 
2.39 0.00239 4597 10.9 
0.72 0.00072 11493 8.3 

37-39 
41-43 1 .Ol 66 2.41 0.0241 1149 27.7 
43-45 . 1  .OOl 166 3.09 0.00309 4597 14.2 

39-41 
43-45 1 .Ol 66 3.50 0.0350 1149 40.2 

LEGEND: Range = G a i n  MA = Dummary TX C u r r e n t  S w i t c h  
G.G. = G e o m e t r i c  F a c t o r  Vp = B a l l a n c e  c o n t r o l  t o  n u l l  m e t e r  
Pa = A p p a r e n t  R e s i s t i v i t y  
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TABLE 10. LINE F. 

COLORADO GEOLOGICAL SURVEY 
G e o p h y s i c a l  E x p l o r a t i o n  

( R e s i  s t  i v i t y  S u r v e y )  

LOCATION PROJECT DATE 
Shaw S p r i n g s  L i n e  t 10 July1980 

CHIEF OPERATOR A S S I S T A N T S  METHOD 
F a r g o  and T r e s k a  J a y  J o n e s  D i p o l  e - D V (  Nx200 ' 

S t a .  

1-3 
5-7 
7 -9 
9-11 
11-13 
13-15 

3 -5  
7 -9 
9-11 
11-13 
13-15 
15-17 

5-7 
9-11 
11-13 
13-15 
15-17 
17-19 

7 -9 
11 -13 
13-15 
15-17 
17-19 
19-21 

9-11 
13-15 
15-17 
17-19 
19-21 
21 -23 

Range 

1 
1 
1 
1 
1 

1 
1 

1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

MA 
- 

.Ol 

.Ol 

.OOl 

.OOl 

.OOl 

.Ol 

.OOl 

.OOl 

.OOl 

.OOl 

.Ol 

.Ol 

.OOl 

.OOl 

.OOl 

.Ol 

.OOl 
,001 
.OOl 
.OOl 

.Ol 

.OOl 

.OOl 

.OOl 

.OOl 

V o l t a g e  

66 
66 
466 
466 
466 

66 
100 
100 
100 
100 

66 
66 
100 
100 
133 

66 
200 
200 
2 00 
2 00 

66 
200 
200 
2 00 
2 00 

v P  

8.20 
0.75 
2.25 
0.98 
0.55 

6 .,OO 
8.50 
2.64 
1.29 
0.74 

7.55 
0.85 
2.68 
1.39 
0.75 

5.35 
6.21 
2.35 
1.22 
0.61 

4.72 
5.91 
2.52 
1.19 
0.63 

D V / I  

0 .'082 0 
0.0075 
0.00225 
0.00098 
0.00055 

0.060 
0.00850 
0.00264 
0.00129 
0.00074 

0.0755 
0.0085 
0.00268 
0.00139 
0.00075 

0.0535 
0.00621 
0.00235 
0.00122 
0.00061 

0.0472 
0.00591 
0.00252 
0.001 19 
0.00063 

G.F. 

1149 
4597 
11493 
22987 
40227 

1149 
4597 
11493 
22987 
4022 7 

1149 
4597 
11493 
22987 
40227 

1149 
4597 
11493 
22987 
4022 7 

1149 
4597 ' 

11493 
22987 
4022 7 

Pa 

94 
35 
26 
23 
22 

69 
39  
30 
30 
30 

87 
39 
31 
32 
30 

62 
29 
27 
28 
25 

54 
27 
29 
27 
25 
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TABLE 10. L I N E  F (CONT. )  

S t a .  

11-13 
15-1 7 
17-19 
19-21 
2 1  -23 
23-25 

13-15 
17-19  
19-21 
2 1  -23 
23-25 
25-27 

15-17 
19-21 
21-23  
23-25 
25-27 
27-29 

17-19 
2 1  -23 
23-25 
25-27 
27-29 
29-31 

19-21 
23-25 
25-27 
27-29 
29-31 
31-33 

2 1  -23 
25-27 
27-29 
29-31 
31 -33 
33-35 

23-25 
27-29 
29-31 
31-33 
33-35 
35-37 

Range  

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

MA 

- 

. O l  
, 0 0 1  
. O O l  
. O O l  
. O O l  

. O l  

. O O l  

. O O l  

. O O l  
, 0 0 1  

. O l  

. O O l  
, 0 0 1  
. O O l  
. O O l  

. O l  

. O O l  

. O O l  

. O O l  

. O O l  

. O l  

. O O l  

. O O l  

.OOl 

. O O l  

. O l  

. O O l  

. O O l  

. O O l  

. O O l  

. O l  

. O O l  

. O O l  

. O O l  

. O O l  

V o l t a g e  

66 
133 
133  
133 
133 

66 
100 
100 
100 
100 

66 
100 
100 
100 
100 

66 
100 
100 
100 
100 

66 
133 
133 
133 
133 

66 
200 
200 
200 
2 00 

66 
200 
2 00 
2 00 
200 

v P  

2.90 
5.70 
2 .31  
1 . 1 3  
0.65 

2.06 
5 .14  
2.25 
1 .16  
0.65 

1 .64  
5 . 2 8  
2.40 
1 . 2 4  
0.60 

1 . 7 3  
5.75 
2.58 
1 .15  
0 .75  

1.84 
6 .21  
2.50 
1.20 
0.65 

1 :95 
6 .24  
2.63 
1.18 
0 . 5 1  

2.16 
7.05 
2 .78  
1 .10  
0.52 

DV/I 

0.0290 
0.00570 
0.00231 
0.00113 
0.00065 

0.0206 
0.00514 
0.00225 
0.00116 

.00065 

0.0164 
0.00528 
0.00240 
0.00124 
0.00060 

0.0173 
0.00575 
0.00258 
0.001 1 5  
0.00075 

0.0184 
0.00621 
0.00250 
0.00120 
0.00065 

0.0195 
0.00624 
0.00263 
0 .00118 
0.00051 

.0216 
0.00705 
0.00278 
0.00110 
0.00052 

G.F. 

1149 
4597 

11493 
22987 
40227 

1149 
4597 

11493 
22987 
40227 

1149 
4597 

11493 
22987 
40227 

1149 
4597 

11493 
22987 
40227 

1149 
4597 

11493 
22987 
40227 

1149 
4597 

11493 
22987 
40227 

1149 
4597 

11493 
22987 
40227 

P a  

33 
26 
2 7  
26 
26 

24 
24 
26 
2 7  
26 

19  
24 
28 
28 
29 

20 
26 
30 
26 
30 

2 1  
29 
29 
28 
26 

22  
29 
30 
2 7  
20 

25 
32 
32 
25 
2 1  

P 
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S t a .  Range 

25-27 
29-31 
31 -33 
33-35 
35-37 
37-39 

27-29 
31 -33 
33-35 
35-37 

39-41 0 37-39 

33-35 
35-37 
37-39 
39-41 
41 -43 

31 -33 
35-37 
37-39 
39-41 
41-43 
43-45 

33-35 
37-39 
39-41 
41 -43 
43-45 

35-37 
39-41 
41-43 
43-45 

37-39 
41-43 
43-45 

39-41 
43-45 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
10 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 

1 
1 
1 

1 
1 

1 

TABLE 10. LINE F (CONT.) 

MA 
- 

.Ol 

.OOl 

.OOl 

.OOl 

.OOl 

.Ol 

.OOl 

.OOl 

.OOl 

.OOl 

.Ol 

.OOl 

.OOl 

.OOl 

.OOl 

.Ol 

.OOl 
,001 
.OOl 
.OOl 

.Ol 

.OOl 

.OOl 

.OOl 

.Ol 

.OOl 

.OOl 

.Ol 

.Ol 

.Ol 

V o l t a g e  

66 
133 
133 
133 
133 

66 
166 
166 
166 
166 

66 
200 
2 00 
200 
200 

66 
200 
200 
200 
200 

66 
100 
100 
100 

66 
166 
166 

66 
66 

66 

v P  

2.55 
7.90 
2.68 
1.15 
0.55 

3.00 
6.80 
2.60 
1.00 
0.30 

3.4 
0.95 
2.40 
0.65 
0.45 

4.50 
8.20 
1.40 
0.95 
0.60 

3.60 
3.00 
1.52 
0.80 

3.00 
7.80 
3.48 

3.50 
1.00 

3.40 

LEGEND: Ranqe = G a i n  " 
MA = Dummy TX C u r r e n t  S w i t c h  
Vp = B a l a n c e  C o n t r o l  t o  N u l l  M e t e r  
G.F. = G e o m e t r i c  F a c t o r  
Pa = A p p a r e n t  R e s i s t i v i t y  

D V / I  

0.0255 
0.00790 
0.00268 
0.00115 
0.00055 

0.030 
0.0068 
0.00260 
0.0010 
0.00030 

0.0340 
0.0095 
0.0024 
0.00065 
0.00045 

0.0450 
0.00820 
0.00140 
0.00095 
0.00060 

0.0360 
0.0030 
0.00152 
0.00080 

0.030 
0.0078 
0.00348 

0.0350 
0.010 

.034 

G.F. 

1149 
4597 
11493 
22987 
40227 

1149 
4597 
11493 
22987 
40227 

1149 
4597 
11493 
22987 
4022 7 

1149 
4597 
11493 
22987 
40227 

1149 
4597 
11493 
22987 

1149 
4597 
11493 

1149 
4597 

1149 

Pa 

29 
36 
31 
26 
22 

34 
31 
30 
23 
12 

39 
44 
28 
15 
18 

52 
38 
16 
22 
24 

41 
14 
17 
18 

34 
36 
40 

40 
46 

39 
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APPENDIX H 

TABLE 11 
GEOMETRIC FACTOR TABLE 

SCHLUMBERGER METHOD 

2 
( ft) 

L (  ft) 25 50 75 100 2 00 300 

50 
75 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 

95.78 
215.5 
383.11 
1532.44 
3447.99 
6129.87 
9577.77 
1391.99 
18772.43 
24519.1 
31031.99 
38311.1 
46356.42 
55167.97 
64745.74 
75083.74 
861 99.96 

47.89 
107.75 
191.55 
766.22 
1724 
3064.89 
4788.89 
6896 
9386.22 
12259.54 
15515.99 
191 55.55 
23178.21 
27583.99 
32372.87 
37544.87 
43099.98 

31.93 23.94 
71.83 53.87 
127.70 95.78 
510.81 383.11 
1149.33 862 
2043.26 1532.44 
3192.59 2394.44 
4597.33 3447.99 
6257.48 4693.11 
8173.03 6129.77 
10344 ' 7758 
12770.36 9577.77 
15452.14 11589.11 
18389.32 13791.99 
21581.91 16186.44 
25029.91 18772.44 
28733.32 21548.98 

11.97 
26.94 
47.89 
191.56 
43 1 
766.22 
1197.22 
1724 
2346.55 
3064.89 
3879 
4788.89 
5794.55 
6896 
8093.22 
9386.22 
10774.99 

TABLE 12. DIPOLE-DIPOLE GEOMETRIC FACTOR TABLE 

- na( ft) 25 50 100 150 200 

7.98 
17.96 
31.93 
127.70 
287.33 
510.81 
798.15 
1149.33 
1564.37 
2043.26 
2586 
3192.59 
3863.04 
4597.33 
5395.48 
6257.48 
7183.3 

300 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

143.67 287.33 574.67 862 1149.33 1724 
574.67 1149.32 2298.67 3448 4597.32 6896 

17240 1436.7 2873.3 5746.7 8620 11493.3 
2873.4 5746.6 11493.4 17240 22986.6 3480 
5028.45 1056.55 201 13.45 301 70 40226.55 60340 
8045.52 16090.48 32181.52 48272 64362.48 96544 
11924.61 23848.39 47697.61 7 1546 95394.39 143092 
17240.4 34479.6 68960.4 103440 137913.6 206880 

284460 23705.55 47409.45 94820.55 14230 189639.45 
31607.4 63212.6 126429.4 189640 252852.6 379280 

TABLE 13. WENNER GEOMETRIC FACTOR TABLE 

- 211a(ft) 25 50 100 200 300 400 500 

6.2 157 314.16 628.32 1256.64 1884.64 2513.27 3141.6 

- 71 - 



- 72 - 



c _ .  e 

HERMAL INVESTIGATIONS OF PAGOSA 
G S ,  COLORADO WITH A SECTION O N  MINERALOGICAL 

AND P - 1 ,  P A G O S A  S P R I t l G S ,  COLORADO, b y  W . W .  A t k i n s o n ,  1980,  95 p .  $10.00 

COLORADO, ed .  b y  T. G. Z a c h a r a k i s ,  1981,  69 p. ,  F r e e  o v e r . t h e  c o u n t e r .  

TIVE WAY TO HEAT AND COOL Y O U R  HOME, b y  K.L. G a r i n g  and F.R. 
r, $1981,  32 p . ,  ' F r e e  o v e r  t h e  c o u n t e r .  

AND P E T R O G R A P H I C  FJS OF S-ERMAL WELLS 0-1  
. 11 

It 

p e c i a l  Pub. 16 ,  GEOTHERMAL RESOURCE ASSESSMENT OF WAUNITA HOT S P R I N G S ,  

/I 
e c i a l  Pub. 18, GROUNDWAJ,ER HEAT PUMPS I N  COLORADO, Ah! EFFICIENT AND COST 

I 

ap S e r i e s  14 ,  GEOTHERMAL 'IRESOURCES OF COLORADO, b y  R.H. P e a r l ,  
S c a l e  1 :500 ,000 ,  F r e e  o v e r  t h e  c o u n t e r .  

I1 

S c a l  c! 1": 1 ,000 ,000 ,  Fqee o v e r  t h e  c o u n t e r .  

R.L. F a r g o ,  1981,  S c a l e  1: 1 ,000 ,000 ,  F r e e  o v e r  t h e  c o u n t e r .  

I N  COLORADO, b y  J . K . ' / B a r r e t t ,  R.H. P e a r l  and A.J. P e n n i n g t o n ,  1976,  
S c a l e  l : l , O O O , O O O ,  o u t  o f  p r i n t .  

S e r i e s  18, R E V I S E D  HEAT FLOW MAP OF COLORADO, b y  T.G. Z a c h a r a k i s ,  

S e r i e s  20, GEOTHERMAL !,GRADIENT MAP OF COLORADO, b y  F.N. R e p p l i e r  and  

1 
I n f o .  S e r i e s  4 ,  MAP SHOWING THERMAL S P R I N G S ,  WELLS, AND HEAT FLOW CONTOURS 

I n f o  

I 

, 
S e r i e s  6 ,  HYDROGEOLOGICAL DATA OF THERMAL SPRINGS AND WELLS I N  

S e r i e s  9 ,  GEOTHERMAI! ENERGY DEVELOPMENT IN COLORADO, P R O C E S S E S ,  

COLORADO, b y  J.K. B a n r e t t  and R.H.  P e a r l ,  1976,  124 p.  $4.00 

P R O M I S E S  AND PROBLEMS, b y  B.A. Coe, 1978,  51 p. ,  $3.00  

b y  B.A.,Coe and N.A.  / I forman, 1980,  F r e e  o v e r  t h e  c o u n t e r .  

I 

1 

'I 
e s  1 5 ,  REGULATION OF GEOTHERMAL ENERGY DEVELOPMENT I N  COLORADO, I n  

O p e n - F i l  e R e p o r t  80-10 ,  GEOTHERMAL POTENTIAL I N  CHAFFEE COUNTY, COLORADO, 
b y .  F.C1 H e a l y ,  47 p!, F r e e  o v e r  t h e  c o u n t e r .  

80-11, C~MMUE~ITY DEVELOPMENT OF GEOTHERMAL ENERGY IN PAGOSA 
LORADO, b y  B.A. Coe, 1980,  F r e e  o v e r  t h e  c o u n t e r .  

AND CANJN CITY AREA,/COLORADO, b y  C.D. R i n g r o s e ,  F r e e  o v e r  t h e  c o u n t e r .  

, 
I 

O p e n - F i l e  R e p o r t  80-12 ,  TEMPERATURE-DEPTH PROFILES I N  THE SAN LUIS  VALLEY 

4 
n - F i l e  R e p o r t  80-13, GEOTHERMAL ENERGY P O T E N T I A L  I N  THE SAN L U I S  V A L L E Y ,  

b y  B . A .  C,oe, 1980,  4 ., F r e e  o v e r  t h e  c o u n t e r .  

t 81-2, G E ~ T H E R M A L  E 
B.A. Coe and J u d y  Zimmerman, 1981,  F r e e  o v e r  t h e  c o u n t e r .  

'I 
GY OPPORTUNITIES AT FOUR COLORADO 

O p e n - F i l e  R e p o r t  81-3 ,  A P P E N D I C E S  OF AN APPRAISAL FOR THE USE OF GEOTHERMAL 
ENERGY I N  STATE-OWNE! BUILDINGS I N  COLORADO: SECTION A, A lamosa;  
SECTION B, BUENA VISTA; SECTION C,  BURLINGTON: SECTION D, DURANGO; 
SECTION' E, GLENWOOD SPRINGS; SECTION F, STEAMBOAT SPRINGS, 1981,  $1.50 
e a c h  o r  $8.00 f o r  t h e  s e t .  

c o u n t e r .  jl 

I 

P a m p h l e t ,  GEOTHERMAL ENERGY -COLORADO ' S  UNTAPPED RESOURCE, F r e e  o v e r  t h e  

I 
I/ 

t h e  above k h a r g e s  t h e r e  s a n  a d d i t i o n a l  c h a r g e  f o r  a l l  m a i l  
a c t  t h e  C o l l o r a d o  Geo l .  S u r v e y  f o r  e x a c t  amount .  To o r d e r  
e c i f y  s e r i e , s  and number, t i t l e  and q u a n t i t y  d e s i r e d .  P repaymen t  
k e  Checks F layab le  t o :  C o l o r a d o  G e o l o g i c a l  S u r v e y ,  Rm. 715,  1313 
n v e r ,  C o l o r a d o  80203 (303 /866-2611) .  




	Acknowledgments
	Abstract
	Introduction
	Thermal conditions of the western San Luis Valley
	Thermal waters
	Geothermal gradients and heat flow

	Geology
	Introduction
	Stratigraphy

	Hydrogeology of the western San Luis Valley
	Geophysical investigations
	Introduction
	Electrical resistivity surveys
	Dipole-dipole resistivity surveys
	Schlumberger depth soundings

	Audig-magnetotell uric and tell uric surveys
	Geophysical surveys conducted by the Colorado School of Mines
	Seismic reflaction surveys
	Time-domain el ectromgnetic sounding surveys


	Soil mercury surveys
	Introduction

	Soil mercury survey in the Shaw Warm Springs area
	Soil description
	Mercury anomalies

	Origin of Shaw Warm Springs thermal waters
	Summary and conclusions
	References
	Appendix A Geothermal energy and its possible uses
	Appendix B Shaw Warm Springs thermal waters
	Appendix C Factors affecting resistivity
	Appendix D Scintrex RAC-8 low frequency resistivity system
	Appendix E Resistivity field procedures
	Introduction
	Wenner array
	Schlumberger array
	Dipole-dipole array

	Appendix F Soil mercury surveys
	Strategy and methodology
	Sampling methods
	Analysis

	Appendix G Resistivity calculations
	Appendix H Geometric factor tables
	Schlumberger factor table
	Dipole-dipole factor table
	Wenner geometric factor table

	Figure 1 Index map of Colorado
	Figure 5 Regional geologic map
	San Luis Valley Colorado

	Figure 7 Dipole-dipole pseudosection Line A
	Figure 8 Dipole-dipole pseudosection Line B
	Figure 9 Dipole-dipole psuedosection Line C
	Figure 10 Dipole-dipole psuedosection Line D
	Figure 11 Dipole-dipole psuedosection Line E
	Figure 12 Dipole-dipole psuedosection Line F
	Figure 13 Schlumberger depth sounding 300 ft depth
	Figure 14 Schlumberger depth sounding 500 ft depth
	Figure 15 Schlumberger depth sounding 900 ft depth
	Shaw Springs Colorado

	TDEM receiver and profile locations map
	East-west time-domain electromagnetic sounding eross-sec
	Figure 19 North-south time-domain electromagnetic sounding cross-sec
	Location soil mercury lines Shaw Warm Springs
	Figure 21 Shaw Warm Springs Colorado soil mercury histogram
	Figure 22 Shaw Springs Colorado geothermal resource area map
	Figure 23 Temperature range for some direct uses of geothermal energy
	Figure 24 Schematic diagram for resistivity
	Figure 25 Wenner array
	Figure 26 Schlumberger array
	Figure 27 Dipole-dipole array
	Figure 28 Data plotting scheme for dipole-dipole array
	Fi gure 29 Typi cal dipol e-dipol e array
	Stratigraphic section western San Luis Valley
	Resource analysis of Shaw Warm Springs
	Analytical mercury values Shaw Warm Springs area
	Physical properties and chemical analysis of Shaw Warm Springs
	Resistivity line A calculations
	Resistivity Line B calculations
	Resistivity line C calculations
	Resistivity line D calculations
	Resistivity line E calculations
	Resistivity line F calculations
	Geometric factor table Schlumberger method
	Dipole-dipole geometric factor table
	Wenner geometric factor table
	00161
	0078
	OO135
	00067
	OOl
	00072
	00051
	00102
	00064
	0645
	0105
	00348
	00169
	0014
	OOl
	OOl
	0015
	0434
	1 OOl 166 1.92 00192
	1 OOl 166 1.03 OOl
	1 Ol
	1 Ol
	1 Ol
	11-12
	1 Ol
	1 Ol
	1 Ol
	1 Ol
	1 Ol
	9-
	1 Ol
	1 Ol
	1 Ol
	Ol
	Ol
	Ol
	Ol
	Ol
	Ol
	0293
	Ol
	Ol
	Ol
	Ol
	Ol
	Ol
	OOl
	Ol
	Ol
	Ol
	Ol
	0850
	OOl
	0968
	Ol
	Ol

	28-26
	Ol
	Ol
	Ol
	16-18
	14-16
	Ol
	18-16
	Ol
	19-21
	Ol
	Ol
	Ol
	29-27
	33-31
	Ol
	27-29
	OOl
	OOl
	OOl
	Ol
	35-37
	1 Ol
	0002
	Ol
	Ol
	1 Ol
	1 OOl
	1 OOl
	1 OOl
	1 Ol
	1 Ol

	Ol
	17-19
	Ol
	Ol
	23-25
	Ol
	Ol
	OOl
	OOl
	OOl
	Ol
	Ol
	Ol
	OOl

	Ol
	Ol
	Ol
	Ol
	Ol





