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He1 iurn and Ground Ten ipe ra tu re  S u r v e y s  a t  
S teamboat  S p r i n g s ,  C o l o r a d o  

k e v i n  P. McCar thy ,  J o s t  Been*, G.M. Re imer* ,  
C.  G i l b e r t  Bowles* ,  and D. G. M u r r e y *  

b S' 

* U . S .  G e o l o g i c a l  S u r v e y  

AB S TF: AC T 

As  d e m o n s t r a t e d  i n  S teamboat  S p r i n g s ,  C o l o r a d o ,  he1 ium and s h a l l o w  
t e m p e r a t u r e  s u r v e y s  a r e  q u i c k ,  i n e x p e n 5 i v e  g e o t h e r m a l  e x p l o r a t i o n  me thods  t h a t  
can  be used t o g e t h e r  w i t h  e x c e l l e n t  r e s J l t s  i n  an u r b a n  e n v i r o n m e n t .  S teamboat  
S p r i n g s ,  i n  n o r t h w e s t e r n  C o l o r ( i d 0 ,  1 i e s  p r i m a r i l y  upon t e r r a c e  g r a v e l s  and 
a l l u v i u m  w i t h  t h e  m a j o r  s t r u c t u r e  b e i n g  a n o r t h - t r e n d i n g  no rma l  f a u l t  p a s s i n g  
t h r o u g h  t h e  w e s t e r n  p o r t i o n  o f  t h e  c i t y .  Work b y  C h r i s t o p h e r s o n  ( 1 9 7 9 )  
i n d i c a t e s  t h a t  t h e  Steamboat  w a r m  s p r i n g s  a r e  n o t  l a t e r a l l y  c o n n e c t e d  a t  
s h a l l o w  d e p t h  w i t h  R o u t t  H o t  S p r i n g s ,  113 K m  ( 6  m i . )  t o  t h e  n o r t h ,  a l t h o u g h  b o t h  
r e s o u r c e  a r e a s  a r e  f a u l t  c o n t r o l  l e d ,  A s h a l  l o w  t e m p e r a t u r e  s u r v e y  was 
c o n d u c t e d  i n  t h e  c i t y  t o  d e t e r m i n e  t h e  u s e f u l n e s s  o f  t h i s  method t o  d e l i n e a t e  a 
1 ow t e m p e r a t u r e  r e s o u r c e .  S e v e r a l  e x t r a n e o u s  f a c t o r s  i n f l  u e n c i n g  s h a l l  ow 
t e m p e r a t u r e  measurements  were  d e a l t  w i t h  b y  f i e l d  t e c h n i q e  o r  s u b s e q u e n t  
a n a l y s i s .  A he1 i u m  s u r v e y  was c o n d u c t e d  t o  compare w i t h  t e m p e r a t u r e  r e s u l t s .  
S i x t y - t w o  s o i l  h e l i u m  samples  were  t a k e n ,  u s i n g  an i n t e r v a l  o f  .1 t o  .2 K m  (.06 
t o  . 1 2  m i . )  , t w i c e  t h e  d e n s i t y  o f  t h e  18 t e m p e r a t u r e  p r o b e  s t a t i o n s .  A m o b i l e  
s p e c t r o m e t e r  a l l o w e d  i m m e d i a t e  a n a l y s i s  o f  he1 ium samples .  The c o n t o u r e d  d a t a  
f r o m  each  me thod  c o r r e l a t e  w e l l  s p a t i a l l y  and i n d i c a t e  t h a t  t w o  f a u l t s  c o n t r o l  
t h e  r e s o u r c e  i n  S teamboat  S p r i n g s .  A l t h o u g h  t h e s e  s u r v e y s  s h o u l d  a l w a y s  be  
used t o  s u p p l e m e n t  o t h e r  datc l ,  t h e i r  u t i l i t y  i n  t h i s  s t u d y  was r e a d i l y  _ _  
a p p a r e n t .  

I N T R O D U C T I O N  
I 

Many e f f e c t i v e  me thods  have  been p e r f e c t e d  f o r  g e o t h e r m a l  e x p l o r a t i o n ;  
however ,  some t e c h n i q u e s  c a n n o t  be usc2d i n  an u r b a n  e n v i r o n m e n t ,  and c o s t  i s  
o f t e n  p r o h i b i t i v e .  As dernonstr; i ted i n  S teamboat  S p r i n g s ,  C o l o r a d o ,  he1 i u m  and 
s h a l l  ow g r o u n d  t e m p e r a t u r e  s u r v e y s  a r e ,  q u i c k ,  i n e x p e n s i v e  me thods  t h a t  can  be  
used i n  f a u l t  c o n t r o l l e d  h y d r o t h e r m a l  a r e a s  w i t h  e x c e l l e n t  r e s u l t s ,  even  i n  an 
u r b a n  s e t t i n g .  These me thods  may enhance r e s u l t s  o f  a d j a c e n t  g e o p h y s i c a l  
s u r v e y s ,  and a r e  b e s t  used a f t e r  c a r e f u l  i n t e r p r e t a t i o n  o f  s u r f i c i a l  g e o l o g y  
and g r o u n d  w a t e r  h y d r o 1  ogy. 

GEOL3GY 

The c i t y  o f  Steamboat  S p r i n g s ,  ii n o r t h w e s t e r n  C o l o r a d o ,  l i e s  p r i m a r i l y  
upon Q u a t e r n a r y  t e r r a c e  g r a v e l  s and a1 1 uviurn. The m a j o r  g e o l o g i c  s t r u c t u r e  i n  
t h e  i m m e d i a t e  v i c i n i t y  i s  a n o r t h - t r e n d i n g  no rma l  f a u l t  t h a t  passes  t h r o u g h  t h e  
w e s t e r n  p o r t i o n  o f  t h e  s t u d y  a r e a  ( F i g .  1).  T h i s  f a u l t  i s  i n  t u r n  o f f s e t  b y  a t  
l e a s t  two  n o r t h e a s t - t r e n d i n g  r i c h t - l a t e r a l  s t r i  k e - s l  i p  f a u l t s  ( S n y d e r ,  1977 and 
1980) .  The r i d g e  o f  D a k o t a  S a n d s t o n e  t h a t  i s  exposed a l o n g  t h e  t r a c e  o f  t h e  
no rma l  f a u l t  i s  o v e r t u r n e d  f r o m  an e a s t e r l y  d i p  t o  t h e  s o u t h  t o  a w e s t e r l y  d i p  
n o r t h  o f  t h e  t r a n s v e r s e  f a u l t s  ( P e a r l  and o t h e r s ,  1 9 8 2 ) .  These t r a n s v e r s e  
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f a u l t s  nay, i n  f a c t ,  be wrench f a u l t s  common i n  t he  region a s  descr ibed  by 
Stone ( 1 9 6 9 ) .  General geology i s  shown i n  f i g u r e  2 .  

G E O T H E R M A L  R E S O U R C E  C H A R A C T E R I S T I C S  

A b o u t  f i v e  h o t  s p r i n g s ,  known as R o u t t  Sp r ings ,  a r e  c l u s t e r e d  i n  a small 
a rea  a b o u t  10 K m  ( 6  mi.) n o r t h  of Steamboat Spr ings .  Temperatures range frcm 
51°C (124°F) t o  66°C (151°F) a n d  t o t a l  d i scharge  i s  a b o u t  3.2 l / s  (50 g p m ) .  
The t o t a l  d i sso lved  s o l i d s  conten t  i s  l o w ,  a b o u t  539 m g / l  ( R a r r e t t  a n d  P e a r l ,  
1 9 7 6 ) .  The sp r ings  i s s u e  from f r a c t u r e  zones within f a u l t e d  Precambrian 
g r a n i t i c  and  metamorphic rocks ( P e a r l ,  1 9 7 9 ) .  

Within the  City o f  Steamboat S p r i n g s , ' s e v e r a l  warm s p r i n g s  range i n  
temperature  from 20°C (68°F) t o  49°C (104°F) .  Most of t h e  s p r i n g s  a r e  
c l u s t e r e d  a l o n g  t h e  r i v e r  on t h e  west s i d e  of t h e  c i t y ,  b u t  Heart Spring t o  t h e  
e a s t  i s  a no tab le  except ion ( F i g .  1 ) .  Heart S p r i n g  i s  t h e  l a r g e s t  (8 .8  l / s ,  
140  g p m ) ,  h o t t e s t  (40"C, 104°F) spr ing  with t h e  best  water q u a l i t y  (903 mg/l 
TDS) ( B a r r e t t  a n d  P e a r l ,  1 9 7 6 ) .  All of t h e  s p r i n g s  a re  high in  s u l p h u r .  

Chris topherson ( 1 9 7 9 ) ,  using g r a v i t y ,  audio-magneto t e l l u r i c s ,  t e l l u r i c  
p r o f i l i n g ,  a n d  s e l f - p o t e n t i a l  geophysical techniques i n  t h e  area shown in 
f i g u r e  1 ,  came t o  t h e  fol lowing conclus ions :  ( 1 )  A l t h o u g h  Steamboat a n d  R o u t t  
Spr ings  a re  both f a u l t  c o n t r o l l e d ,  they  a r e  n o t  connected l a t e r a l l y  a t  shal low 
depth.  ( 2 )  A l o w  r e s i s t i v i t y  zone extends t o  a depth o f  a b o u t  1000 meters 
(3280 f t )  below R o u t t  Spr ings .  ( 3 )  The Steamboat Springs a re  f a u l t  c o n t r o l l e d .  
( 4 )  Subsurface flow i s  c o n t r o l l e d  by subhorizontal  f a u l t i n g  a t  depth a s soc ia t ed  
with a prominent thrust  f a u l t .  ( 5 )  Frequent t remors  i n  t he  a rea  a r e  a poss ib l e  
mechanism f o r  maintaining f a u l t  permeabil i t y .  

S H A L L O W  T E M P E R A T U R E  P R O B E S  

I t  i s  t h e o r e t i c a l l y  poss ib l e  t o  determine spac ia l  d i s t r i b u t i o n  of a 
subsur face  heat source by near s u r f a c e  temperature  measurements. This 
procedure h a s  proven useful i n  d e l i n e a t i n g  t h e  ex ten t  of a secondary heat  
source in a reas  of near su r face  convec t ive  geothermal systems. Ki n t z inge r  
(1956)  repor ted  excel l e n t  r e s u l t s  in mapping temperatures  measured a t  a depth 
of 1 meter i n  Lordsburg, New Mexico f o r  de f in ing  a hot g r o u n d  water system. 
Olmsted ( 1 9 7 7 )  h a d  good r e s u l t s  from 1 meter deep temperature  measurements i n  
an a rea  of near su r face  steam in Nevada. Friedman and N o r t o n  (1981) were ab le  
t o  de f ine  a reas  o f  a n o m a l o u s  heat  flow a t  Yellowstone National P a r k  by using 
t h e  Pallman method of temperature  de te rmina t ion  a t  2 meters depth.  Flynn and 
o t h e r s  (1980) ,  repor ted  good c o r r e l  a t i o n  between 2 meter deep i so therms,  1 oca1 
f a u l t  t r e n d s ,  a n d  temperature  measurements from thermal well s. 

Several  extraneous f a c t o r s  may in f luence  near su r face  e a r t h  temperature .  
These f a c t o r s  inc lude  d i u r n a l  su r f ace  temperature  e f f e c t s ,  seasonal f l u x ,  
e r r a t i c  cl imate anomal i e s ,  micro cl  imate (micro  geography) ,  s o i l  a n d  rock t y p e ,  
ground water damping e f f e c t s ,  a n d  vege ta t ion .  These f a c t o r s  may be d e a l t  with 
qual i t a t i v e l y  e i t h e r  by technique or subsequent a n a l y s i s .  Other ,  more s u b t l e  
( i n  most a r eas  of i n t e r e s t )  temperature  e f f e c t s  such as near su r face  oxid iz ing  
of sul phides , o t h e r  exothermic r e a c t i o n s  , o r  thermal pol  1 u t ion a re  i n t e r p r e t e d  
a s  t r u e  heat source values .  
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I t  i s  g e n e r a l l y  a g r e e d  t h a t  t h e  e f - ' e c t s  o f  d a i l y  s u r f a c e  t e m p e r a t u r e  f l u x  
a r e  n e g l i g i b l e  b e l o w  1 m e t e r  (Thompson,  1 8 6 0 ,  L o v e r i n g  and Goode, 1 9 6 3 ,  
Olms ted ,  1 9 7 7 ,  F r i e d m a n  and N o r t o n ,  1 9 8 1 ) .  I n s t a l l i n g ,  r e a d i n g ,  and r e m o v i n g  
t e m p e r a t u r e  p r o b e s  i n  i t o  3 aays  e f f e c t i v e l y  m i t i g a t e s  t h e  e f f e c t s  o f  s e a s o n a l  
o r  e r r a t i c  c l i m a t e  v a r i a n c e .  M i c r o - c l i m a t e  and o t h e r  f a c t o r s  can  be  d e a l t  w i t h  
somewhat b y  r e c o r d i n g  s u r f a c e  t e m p e r a t u r e ,  s l o p e  o r i e n t a t i o n ,  e l e v a t i o n ,  s o i l  
t y p e ,  g e o l o g y ,  and v e g e t a t i o n  p r e s e n t  a t  each  s i t e .  C o r r e l a t i o n  o f  each  o f  
the:,e e f f e c t s  t o  r e s u l t s  o f  t h e  s u r v e y  can be made t o  m o d i f y  i n t e r p r e t a t i o n  i f  
n e c e s s a r y .  

P r o b a b l y  t h e  g r e a t e s t  s i n g l e  f a c t o r  d i s t o r t i n g  s h a l l o w  t e m p e r a t u r e  d a t a  i s  
g r o u n d  w a t e r .  S h a l l o w ,  u n c o n f i n e d  a q u i  f e r s  a r e  g e n e r a l l y  warmer t h a n  d r y  s o i l  
i n  t h e  w i n t e r ,  and c o o l e r  i n  t h e  summer. Ground w a t e r  c o n s i d e r a b l y  dampens 
t e m p e r a t u r e  d r i f t .  C a r t w r i g h t  ( 1 9 6 8 )  r e p o r t e d  as much as a 2°C t e m p e r a t u r e  
anoma ly  a t t r i b u t e d  t o  s h a l l o w  g r o u n d w a t e r  d u r i n g  s h a l l o w  s h o r t  t e r m  t e m p e r a t u r e  
s u r v e y s .  P a r s o n s  ( 1 9 7 0 )  f o u n d  Ciround w a t e r  i n  a p e r m e a b l e  e s k e r  warmer t h a n  
t h a t  f rom a d j a c e n t  c l a y  and t i l l .  The u s e f u l n e s s  o f  s h a l l o w  t e m p e r a t u r e  
measurements  t o  l o c a t e  n e a r  s u r F a c e  g r o u n d  w a t e r  was d e m o n s t r a t e d  b y  B i r m a n  
( 1 9 6 9 )  , who c o n c l  uded t h a t  i n c r e a s i n g  t e l n p e r a t u r e  i s  p r o p o r t i o n a l  t o  i n c r e a s i n g  
d e p t h  t o  g r o u n d w a t e r .  T h i s  t e m p e r a t u r e  change c o u l d  be c o n s i d e r e d  n e g l i g i b l e  
where  d e p t h  t o  g r o u n d  w a t e r  i s  v e r y  c o n c , i s t e n t ,  o r  g r e a t e r  t h a n  7 5  m ( 2 2 5  f t ) .  
The e f f e c t  o f  t h i s  v a r i a b l e  can  be d e t e r m i n e d  where  l o c a l  w e l l  d a t a  i s  
a v a i  1 ab1 e. 

The s h a l l o w  t e m p e r a t u r e  s u r v e y  i s  r i o r e  an e f f e c t i v e  measure  o f  g e o t h e r m a l  
c o n v e c t i o n ,  r a t h e r  t h a n  c o n d u c t i o n .  Most  s u c c e s s f u l  r e s u l t s  have  been o b t a i n e d  
n e a r  f a u l t  zones ,  and h i g h  t e m p e r a t u r e  s u r f a c e  f e a t u r e s .  I d e a l l y ,  t h e  b e s t  
a r e a  t o  a p p l y  t h i s  t e c h n i q u e  s h o u l d  have  h i g h  t e m p e r a t u r e  s u r f a c e  
m a n i f e s t a t i o n s  p r e s e n t  , u n i f o r m  s o i l  t -gpe,  g e o l o g y  and v e g e t a t i o n ,  a deep o r  
u n i f o r m  w a t e r  t a b l e ,  r e 1 a t i v e l . v  f l a t  t o p o g r a p h y ,  and i n v a r i a b l e  c l i m a t e .  
O lms ted  ( 1 9 7 7 )  c o n s i d e r s  n e a r  s c r f a c e  h e a t  f l o w  o f  a t  l e a s t  s e v e r a l  t h o u s a n d  
t i m e s  b a c k g r o u n d  t o  be i d e a l .  13asin and Range- t ype  g e o t h e r m a l  s i t e s  i n  t h e  
s o u t h w e s t e r n  U n i t e d  S t a t e s  a r e  we1 1 s u i t e d  t o  t h i s  p r o c e d u r e .  

A s h a l l o w  t e m p e r a t u r e  s u r v e y  was c o n d u c t e d  a t  S teamboat  S p r i n g s  t o  
d e t e r m i n e  t h e  u s e f u l n e s s  o f  t h i s  method i n  a m a r g i n a l  a r e a .  The t e m p e r a t u r e  
p r o b e s  used c o n s i s t  o f  t h e r m i s t o r s  e p o x i e d  t o  t a p e r e d  1 . 9  cm ( . 7 5  i n )  d i a m e t e r  
m a p l e  d o w e l s .  The 3.08 cm ( 2  i n )  l o n g  d o w e l s  a r e  f a s t e n e d  t o  1.52 rn ( 5  f t )  P V C  
p i p e .  T h i s  p r o b e  c o n s t r u c t i o n  was a d v i s e d  b y  t h e  Nevada Bureau  o f  M i n e s  and 
G e o l o g y  ( T o m  F l y n n ,  o r a l  comm., 1981) .  

S t a t i o n  i n t e r v a l s  were  .4 K m  ( . 2 4  m i . )  i n  a NW l i n e ,  and .2 Km ( .12 m i . )  
i n  a NE t r e n d  t o  c o i n c i d e  w i t h  s t r e e t s  ( F i g .  2 ) .  Most  p r o b e s  were  emplaced b y  
a u g e r i n g  a 5 cm ( 2  i n . )  d i a m e t e r  h o l e  t o  1.52  m ( 5 f t . )  d e p t h  w i t h  a s o i l  
a u g e r .  Some p r o b e s  had t o  be emplaced b y  d r i l l i n g  10.16  cm ( 4 i n . )  h o l e s  w i t h  
a power auger .  Some i n t e n d e d  s i t e s  had t o  be abandoned o r  moved due t o  r o c k y  
s o i l  and a f e w  p r o b e s  were  emplaced a t  o n l y  f o u r  f o o t  d e p t h s .  Mos t  p r o b e s  were  
l e f t  i n  t h e  g r o u n d  f o r  24  h o u r s ,  w h i l e  o t h e r s  were  l e f t  f o r  up t o  72 h o u r s  t o  
d e t e r m i n e  i f  f u t h e r  t e m p e r a t u r e  change w o u l d  o c c u r  w i t h  t i m e .  

T e m p e r a t u r e s  were  r e c o r d e d  t o  an a c c u r a c y  o f  + . l 0 C  w i t h  an E l e c t r o t h e r m  
!T 616 d i g i t a l  theri i iorner;er. F o r  each  s i t e  the- f o l l o w i n g  v a r i a b l e s  were  
r e c o r d e d  : p r o b e  d e p t h  , g e o l  ogy  , e l  e v i i t  i o n  , d i s t a n c e  f r o m  n e a r e s t  s p r i n g ,  
d i s t a n c e  f rom r i v e r ,  s l o p e  o r i e n t a t i o n ,  s u r f a c e  t e m p e r a t u r e ,  t i m e  emplaced,  
t h e r m i s t e r  r e a d i n g ,  and o t h e r  r e m a r k s .  S o i l  t y p e ,  v e g e t a t i o n  p r e s e n t  , and 
e s t i m a t e d  s o i l  m o i s t u r e  s q o u l d  a l s o  be r e c o r d e d  a t  each  s i t e .  
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HELIUM SURVEY 

Helium i s  formed d u r i n g  the  r a d i o a c t i v e  decay of u r a n i u m .  Anomalous 
concen t r a t ions  o f  helium occurr ing i n  groundwater or so i l  gas may i n d i c a t e  the  
presence o f  urani um , hydrocarbons , or geothermal energy (Reimer, 1376 1. As a 
geothermal explora t ion  t o o l  , s o i l  he1 ium has advantages of being d e t e c t a b l e  a t  
d i s t a n c e  from the  sou rce ,  a n d  being present  in extremely high concen t r a t ions  
over t he  source.  The usefu lness  of t h i s  exp lo ra t ion  technique has been well 
documented (Westcot t  , 1980, Denton, 1 9 7 6 ,  1 9 7 7 ,  Hinckle,  1980, Mazor ,  1974, 
Roberts ,  1 9 7 5 ,  e t .  a1 . , 1 9 7 5 ) .  A b r u p t  he1 ium Val ues were obtained near I d a h o  
Hot Spr ings ,  Colorado by Roberts a n d  o t h e r s  ( 1 9 7 5 ) .  

Two f a c t o r s  may in f luence  s o i l  helium va lues :  d iurna l  e f f e c t s  a n d  
hydraul ic  g r a d i e n t .  The d iurna l  f l u c t u a t i o n  o f  s o i l  he1 ium concen t r a t ions  
gene ra l ly  does n o t  exceed 20 p p b ,  which i s  i n s i g n i f  c a n t  when compared t o  
anomalies a t  geothermal s i t e s ,  which a r e  commonly we 1 over 100 t imes t h i s  
Val ue. Since he1 ium may be t r anspor t ed  by water ,  anoma ous concen t r a t ions  may 
be s l i g h t l y  s h i f t e d  down hydraul ic  g rad ien t  , and may be compensated f o r  by 
comparing values t o  r e s u l t s  of o the r  exp lo ra t ion  methods, o r  by eva lua t ing  
subsurface g r o u n d  water cond i t ions .  

A helium survey was conducted a t  Steamboat Springs t o  compare with 
temperature r e s u l t s .  S o i  1 he1 ium sampl e s  were taken near each temperature  
probe s i t e ,  as  well as 44 o the r  s i t e s ,  u s i n g  a sampling gr id  twice as  dense as 
t h e  t e m p e r a t u r e  p r o b e  s u r v e y  ( F i g .  2 ) .  Sample  s i t e s  were  .1 t o  .2 Km ( .06 t o  
.12  m i  .) a p a r t .  Analyt ical  equipment cons i s t ed  of a mobile he1 ium " s n i f f e r "  
( D u p o n t  Spectrometer 1 2 0 S S A )  mounted in a crewcab pickup t ruck  (Reimer,  1 9 7 6 ) .  
S e n s i t i v i t y  i n  analyzing the  samples i s  10 p p b .  Gas samples were c o l l e c t e d  by 
pounding a 3 /4  meter ( 2 . 4 6  f t )  hollow probe i n t o  the  g r o u n d  and  e x t r a c t i n g  10  
cm s o i l - g a s  sample with a d i sposab le  p l a s t i c  syr inge .  Samples were then 
analyzed by t he  mobile un i t  t he  same day. 

RESULTS A N D  DISCUSSION 

Recorded temperatures  ranged from 11.3"C t o  18.6"C ( 5 2 . 3  t o  6 5 . 5 " F )  (Table  
1 ) .  Probes l e f t  emplaced for  7 2  hours showed a m a x i m u m  temperature  change of 
+ . 2 " C  ( + . l 0 F ) .  One probe ( K )  l e f t  in f o r  48 hours showed a temperature  
increase  of 1.6OC ( . 9 " F )  over 24  hours ,  while another  ( R )  increased . 7 " C  ( . 4 " F )  
over the  same per iod.  The former change can be a t t r i b u t e d  t o  c lose  proximity 
t o  a warm s p r i n g ,  while the  l a t t e r  f l u c t u a t i o n  i s  unexplained. A l l  o the r  
probes s t a b i l i z e d  w i t h i n  one h o u r ,  and  no o the r  temperatures  could be d i r e c t l y  
r e l a t e d  t o  spr ing  proximity.  There was apparent ly  l i t t l e  e f f e c t  by t h e  
recorded v a r i a b l e s ,  as no c o r r e l a t i o n  between the  r e s u l t s  a n d  each e f f e c t  could 
be s u b s t a n t i a t e d .  

Local water conservat ion o f f i c i a l  Wes S igns ,  with the  Colorado Divis ion of 
lJater Resources , ind ica ted  t h a t  groundwater within the  a1 1 uvium i n  t he  study 
area i s  p r o b a b l y  a t  a c o n s i s t e n t ,  shallow depth .  A l t h o u g h  cold groundwater 
probably a f f ec t ed  the  near su r face  temperature  t o  a minor  degree ,  i t  was 
assumed t h a t  the  t r e n d s  shown by mapped isotherms c a n n o t  be a t t r i b u t e d  t o  
v a r i a t i o n s  in groundwater proximity.  

Helium r e s u l t s  a r e  p lo t t ed  w i t h  i sotherms in f i g u r e  3 .  Table 1 shows 
A d i r e c t  c o r r e l a t i o n  values o f  He a n d  temperature  f o r  each corresponding s i t e .  

- 6 -  



o f  temperature t o  helium value a t  each s i t e  i s  n o t  va l id  due t o  a s l i g h t  
s h i f t i n g  o f  helium concent ra t ioq  caused by t h e  s o l u b i l i t y  of t he  g a s  in t h e  
warm waters .  Helium anomalies tend t o  be down hydraul ic  g rad ien t  from t h e  
temperature anomal  i e s .  The most e a s t e r l y  he1 ium anomaly probably r e f l e c t s  heat  
flow t o  the  n o r t h ,  beyond the  temperature  s t a t i o n s .  Lower helium values  over 
the southeas te rn  temperature  high c o u l d  be due t o  d i l u t i o n  near t he  r i v e r .  The 
extremely low he1 ium value a t  s t c ' t i on  6 i s  n o t  considered Val id due t o  observed 
petroleum contamination a t  t he  s i t e .  Helium may have been purged a t  s t a t i o n  6 
by evolving c a r b o n  d iox ide ,  methane, or o the r  gases .  

Comparing f i g u r e  3 t o  t he  ceology shown i n  f i g u r e  2 ,  i t  can be seen t h a t  
the  highest  temperature and  he1 i u m  Val ues correspond t o  b o t h  t h e  westernmost 
normal  f a u l t ,  a n d  a n  extension o f  a more e a s t e r l y  i n f e r r e d  f a u l t .  The d a t a  
i n d i c a t e s  t h a t  t hese  f a u l t s  ccintrol t he  geothermal resource  in Steamboat 
S p r i  n g  s .  

CONC LUS I ON 

A 1  t h o u g h  t he  r e s u l t s  here only confirm w h a t  could reasonably be 
i n t e r p r e t e d  from su r face  geolog,y, t h i s  survey proves the  useful ness of t h e s e  
two techniques .  B o t h  methods a r e  measures of thermal convection p r imar i ly ,  a n d  
c o r r e l a t i o n  should be c o n s i s t e n t .  A 1  t h 3 u g h  t hese  surveys should always be used 
i n  conjunct ion w i t h  o t h e r  methoijs where p o s s i b l e ,  t h e i r  u t i l i t y  in  tandem i s  
beyond quest ion here.  

,- 
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Table 1 

He values ( p p b )  w i t h  
r e s p e c t ,  t o  a i r  ( 5 2 4 0  p p b )  

1. 0 25 .  
2 .  0 26.  
3. -20 27.  
4. 60 28 .  
5 .  60 29.  
6 .  -1199 * 30.  
7. 6 8  31.  
8. 59 32 .  
9. 40 33 .  

1 0 .  440 34.  
11. 60 35.  
1 2 .  9 8  3 6 .  
1 3 .  254 37 .  
1 4 .  59 38 .  
15 .  39 39 .  
1 6 .  107 40 .  
1 7 .  0 41 .  
18. -4 0 42 .  
1 9 .  20 4 3 .  
20.  50 4 4 .  
21. 20 4 5 .  
22. 0 4 6 .  
23. 10 4 7 .  
24.  39  48.  

29 
74 1 

39 
-78 

20 
6 8  

0 
50 
20 
40  
70 

0 
-20 
-20 

0 
40  
40 
90 
39  

1073 
263 
312 

5 9  
78 

49 .  49 
50. 3694 
51. 60  
52.  80  
53.  20 
54 .  20 
55.  80  
56 .  20 
57.  20 
58 .  50 
59.  510 
6 0 .  4275 
6 1 .  22800 
62 .  76950 

Temperatue Val ues compared 
w i t h  i n t e r p o l a t e d  he1 ium 

val ues 
( " C )  ( ppb-5240 ) 

A. 
B .  
C .  
D. 
E .  
F. 
G .  
H.  
I .  
J .  
K. 
L .  
M. 
N. 
0. 
P .  
Q. 
R .  

18.6  
18 .6  
17 .7  
1 7 . 7  
17 .2  
16 .4  
1 6 . 4  
1 6 . 1  
15 .9  
1 5 . 8  
1 5 . 2  
1 5 . 1  
1 3 . 7  
1 3 . 4  
13 .1  
12 .6  
1 2 . 6  
1 1 . 3  

- 
X = 15.4"C 
s = 2.2OC 

50 
20 
10 
55 
70 
80  

5 
1000 

50 
-1000 * 
76000 

60 
0 

25 
65 
12 

-4 0 
-1 5 

*contaminated 
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