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Abs t rac t  . 

n, Steamboat Spr ings, o lorado,  he1 ium and s h a l l o w  
quick,  i nexpens ive  ge r m a l - e x p l o r a t i o n  methods t h a t  

ogether w i t h  e x c e l l e n t  r e s u l t s .  Steamboat Spr ings, i n  
ado, l 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 th  

t h e  major s t r u c t u r e  be ing  a n o r t h - t r e n d i n g  normal f a u l t  pass ing t h r o u g h  t h e  
western p o r t i o n  o f  t h e  c i t y .  Work by Chr is topherson (1979) i n d i c a t e s  t h a t  t h e  
Steamboat warm s p r i n g s  a re  n o t  l a t e r a l l y  connected a t  sha l l ow  depth w i t h  R o u t t  

km t o  t h e  n o r t h ,  a areas are f a u l t  
ha1 l o w  temperature i n  t h e  c i t y  t o  

e f u l n e s s  o f  t h i s  met a t u r e  resource  area. 
us f a c t o r s  i n f l u e n c i n g  s r e  measurements were 
e l d  techn ique  o r  subsequent ana lys i s .  A h e l i u m  su rvey  was 
a r e  w i th  temperature r e s u l t s .  S i x t y - t w o  s o i l  he1 ium samples 

an i n t e r v a l  o f  .1 t o  .2 Km, t w i c e  t h e  d e n s i t y  o f  t h e  18 
s t a t i o n s .  A m o b l l e  spectrometer a l l owed  immediate a n a l y s i s  

A d i r e c t  c o r r e l a t i o n  o f  temperature t o  he l i um value a t  each 
due t o  t h e  h i g h  s o l u b i l i t y  o f  t h i s  gas. The contoured d a t a  
oes c o r r e l a t e  w e l l  and i n d i c a t e s  t h a t  two f a u l t s  c o n t r o l  t h e  

resource i n  Steamboat Spr ings. A l though these surveys should always be used t o  
wpplement o t h e r  data, 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  apparent. 

w 

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

t i v e  methods have been p e r f e  or  geothermal expf o r  a t  i on ; 
ome techniques cannot be used i n  an urban environment, and c o s t  i s  

o f t e n  p r o h i b i t i v e .  As demonstrated i n  Steamboat Spr ings, Colorado, he1 ium and 
shallow ground temperature surveys a re  quick,  i nexpens ive  methods t h a t  can be 
used i n  f a u l t  c o n t r o l l e d  hydrothermal areas w i t h  ex n t  r e s u l t s ,  even i n  an . These met 

a r e  b e s t  used 
e r  hydro1 ogy. 

The c i t y  o n no r thwes te rn  Colorado, l i e s  p r i m a r i l y  
w upon Qua te rna ry  t b r r a c e  grav a l l uv ium.  The major geo log i c  s t r u c t u r e  i n  

t h e  immediate v i c i n i t y  i s  a n o r t h - t r e n d i n g  'normal f a u l t  t h a t  passes t h r o u g h  t h e  
western p o r t i o n  of t h e  s tudy  area (F ig.  1). Th is  f a u l t  i s  i n  t u r n  o f f s e t  by  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 g 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  (Snyder, 1977b) . 
The r i d g e  o f  Dakota Sandstone t h a t  i s  exposed a long t h e  t r a c e  o f  t h e  normal 
f a u l t  i s  ove r tu rned  from an e a s t e r l y  d i p  t o  t h e  south t o  a w e s t e r l y  d i p  n o r t h  w 
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of  the transverse faults (Zacharakis, et a l . ,  1981).  These transverse faul ts  
mzy, i n  fac t ,  be wrench faults common in the region as described by Stone 

- 

L==j ( 1 9 6 9 ) .  General geology i s  shown i n  figure 2. c 
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I ,Geothermal Resource Characteristics 

About f ive ho t  s p r i n g s ,  Routt  Springs, are clustered i n  a small area abou t  
6 kilometers n o r t h  'of Steamboat Springs. Temperatures range from 51°C (124OF) 
t o  66°C (151OF) and total  discharge i s  abou t  3.2'1/s (50 gpm). ' The total  
dissolved solids content i s  low, a b o u t  539 mg/l (Barrett and Pearl, 1976). The 
springs issue from fracture zones w i t h i n  faulted Precambrian granitic and 
metamorphic rocks (Pearl ,  1979). 

Within the Ci ty  of Steamboat Springs, several warm spr ings  range i n  
temperature from 2 O o C  (68°F) t o  40°C (104°F). Most of the springs are 
clustered along the river on the west side of the c i ty ,  b u t  Heart Spring, t o  

1/s,  140 gpm) ,  hottest (40°C, 104°F) spring w i t h  the  best water quality 1 " 0 8  903 
the east ,  i s  a notable exception ( F i g .  1). Heart S p k i n g  i s  the largest 

mg/l TDS) (Barrett and Pearl, 1976).. All of t he  springs are high i n  sulphur. 

audio-magneto t e l lu r i c s ,  t e l l u r i c  II 
profiling, and sel f-potential geophysical techniques i n  the ar 
figure 1, came t o  the following conclusions: (1) Although Steambo 
S p r i n g s  are b o t h  fau l t  controlled, they are not connected la teral ly:  a t  shaJlow~ 
depth. (2) A low resis t ivi ty*zone extends t o  a depth of about  1000'rn&t~,rs' 
below Rout t  Springs. ( 3 )  The Steamboat Springs are faul t  controlled. (4) -, 
Subsurface flow i s  controlled by subhorizontal faulting a t  depth associated 
w i t h  a prominent thrust faul t .  ( 5 )  Frequent tremors in the area are' a possible 
mechanism f o r  maintaining fau l t  permeability. 

I 

Christopherson (1979), u s i n g  gravit 

. ~ ". Shallow Temperature Probes ' A  

. .. 

i 

I t  i s  theoretically possible t o  determine spacial distribution o f  a 
subsurface heat source by near surface temperature measurements. This 
prpcedure has proven useful i n '  delineating the extent of a secondiir2y heat 
source i n  areas' of near surface convective geothermal systems. Kintzinger  
(1'956) reported excel lent resul ts  i n  mapping temperatures measured a t  a ' .d@pth 

1 meter i n  Lordsburg ,  New Mexico for defining a hot ground water sygtem. 
sted (1977) had good resul ts  from 1 meter deep temperature measurements i n  

an'area of near surface steam t n  Nevada. Friedman and Norton (1981) were able 
t o  define areas of anomalous heat flow a t  Yellowstone Nat iona l  P a r k  by'using 
the Pallman method o f  temperature determination a t  2 meters d e p t h .  Flxnn, e t -  
al. (1980), reported good correlation between 2 meter deep isotherms', local 
fault  trends, and temperature measurements from thermal wells. 

Several extraneous f a c t o r s  may influence near surface earth temperature.. 
These factors include diurnal surface temperature e f fec ts ,  seasonal' flux, 
e r ra t ic  cl imate anomal i e s ,  micro climate (micr geography), soil and rock type, 
groundwater damping e f fec ts ,  and vegetation. These factors may be dealt w i t h  
qualitatively either by technique or' subsequent analysis. Other, more subtle 
( in  most areas of in te res t )  temperature effects  such as near surface oxidizing 
of sulphides, other exothermic reactions, or thermal pollution are necessarily 
interpreted as true heat source values. 

I t  i s  generally agreed t h a t  the effects of daily surface temperature flux 
are negl i gib7 e bel ow 1 meter (Thompson, 1860, Lover i ng and Goode, 1963, 

I I Olmsted, 1977, friedman and Norton, 1981). Install ing,  reading, and removing 
I temperature probes in 1 t o  3 days effecti-vely mitigates the effects  of seasonal 

or errat ic  climate variance. Micro-climate and  other factors can be dealt  w i t h  
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somewhat by recording surface temperature, slope orientation, elevation, s 
type geol ogy, n present a t  each s i t e .  Correlation of each o 
these effects  t he surv,ey can.be.. odi fy  interpretation i f  

Probably the greatest single factor distorting shallow temperature d a t a  i s  
i s  groundwater. Shallow, unconfined aqui fe rs  are generally warmer, t h a n  dry 
soil i n  $the winter, and cooler i n  the pnmer. Ground water considerably 

temperatvre ' d r i f t .  Cartwright (1968) reported as much as a 2OC 

V necessary. 
J 

ambqat Springs t o  
ideal area. The 

augering a two 
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presence of uranium, hydrocarbons, or geothermal energy (Reimer, 
geothermal explorat ion t o o l ,  helium can be detected a t  some d i s t ance  rom the 
source, allowing grea te r  e f f i c i e n c y  w i t h  
t h i s  explorat ion technique h a s  been well 
1976, 1977, Hinckle, 1980, Mazor, 1974, Robert 
Very h i g h  helium values were obtained near c 

s ,  e t .  a l .  (1975). 

a t u r e  r e s u l t s .  Soil  h e l i u m  samples were taken near each :temperature 
helium survey was "conducted a t  S t  

well as 44 other s i t e s ,  u s i n g  'zi samp 
the  temperature probe survey ( F i g .  2 ) .  Sample s i t  c 

-Analyt ical  equipment cons is ted  o f  a mobile 
Spectrometer 12055A) mounted i n  a crewcab pickup 
analyzing t h e  samples i s  + 1 0  b. Gas samples were 
3/4 meter hollow probe in& t h  round 'and ' ex t rac t ing  
w i t h  a disposable  p l a s t i c  syringe. 
u n i l t  t h e  same day. ' )  

mples were t 
C 

Results and Discussion - r  +I , ' 

Recorded temperatures ranged from 11.3OC t o  1816' 
emplaced for  72 hours showed a maximum T of f . Z 0 C .  

( R )  increased .7'C over the  same period. 

unexplained. All other probes s t a b i l i z e d  w i t  
temperatures could be  d i r e c t l y  r e l a t e d  t o  sp 
apparently l i t t l e  e f f e c t  by the recorded var iabl  

48 hours showed a temperature increase  of 1.6'C'over c 
The former t 

' t o  c lose  proximity t o  a warm sp r ing ,  w h i l  

the  r e s u l t s  and each e f f e c t  could-be  subs t an t i a  4 

Local water cbnservati'on o f f i c i a l  Wes S igns ,  w i t h  t h e  Color 
Water Resources, ind ica ted  t h a t  groundwater w i t h i n  the a l l u v i u  
area is  probably a t  a c o n s i s t e n t ,  shallow d.epth. Although col 
probably a f fec ted  the  near sur face  temperature 

a t t r i bu ted  t o  va r i a t ions  i n  groundwater proximity. 

values of He and temperature for  each corresponding s i te .  A d i r e c  
of temperature t o  helium value a t  each s i t e  i s  not va l id  

warm waters. Helium anomalies tend t o  be down hydraul ic  g 
temperature anomalies. The most e a s t e r l y  he1 i u m  anomaly proba 
flow t o  the  north,  beyond the  temperature s t a t i o n s .  Lower h 
the southeastern temperature h i g h  could be due t o  d i l u t i o n  ne 
extremely low helium value a t  s t a t i o n  6 i s  not considered v a l i d  due , to  observed 

by evolving carbon d ioxide ,  methane, or dther g a s  

opinion of the  authors  t h a t  the t r e n d s  shown 6 

Helium r e s u l t s  a r e  p lo t ted  w i t h  isotherms i n - f i g u r e  3. 

s h i f t i n g  of helium concentrat ion caused by t h e  s o l u b i l i t y  of e 

'petroleum contamination a t  t~he s i t e .  Helium may ha  urged a t  s t a t i o n  6 4 

+ '  

i - "  
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Li Temperature v a l  ues compared. ' 

w i t h  i n t e r p o l a t e d  hel.ium 
v a l  ues 6 a=* 

He v a l u e s  (ppb) w i t h  
r e s p e c t  t o  a i r  (5240 ppb) 

( " C )  (ppbb5240) 

1. 0 25 . 29 49. 49 A. 18.6 50 

(I 
2. 0 26. 741 50. 3694 B. 18.6 20 

,A --' 
Ai 60 C. 17.7 10 
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5 80 G. 16.4 

20 I .  15.9 50 
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60. 4275 L. 15.1 60 

(I 

- - -.. - .. " _  20 H. 16.1 1000 .. 
A/ 

4 
50 J. 15.8 -1000 * 

.e. 

36. 0 - - ."_ . .  
-" I 

0 . -.- 
_ .  37. -20 . 61; 22800 M e  13.7 

)I_ 

-he. - 1. 
%-.* ' 
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12 

42. 90 R. 11.3 -15 
43. 39 
44. 1073 

45. 263 X = 15.4OC 

38. -20 62. 76950 N. 13.4 

39. 0 0. 13.1 

40. 4o . P. 12.6 
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47. 59 
48. 78 
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Comparing figure 3 t o  the geology shown i n  figure 2 ,  i t  can be seen t h a t  
the h i g h e s t  temperature and he1 i u m  values correspond t o  b o t h  the westernmost 
normal f au l t ,  and an extension of  a more easterly inferred f a u l t .  The d a t a  
tndfcates t h a t  these f a u l t s  con t ro l  the - geothermal resource i n  Steamboat 
Spr f ngs 

bJ 
3 

Concl usi on 

A l t h o u g h  the resul ts  here o n l y  confirm w h a t  could reasonably b e  
interpreted from surface geology, this survey proves the usefulness o f  these 

techniques. Bo th  methods are measures of thermal convection primarily, and 
relation should  be consistent. A l t h o u g h  these surveys should always be used 

nction w i t h  other methods where possible, their  u t i l i t y  i n  €andem i s  
uestion here.' 
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