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Abst ract  

Simple conceptual models have been developed t o  
exp la in  the nature o f  many geothermal systems i n  
t h e  Basin and Range physiographic province. 
Models are character ized by range bounding normal 
f a u l  t s  which separate h i  gh thermal conducti v i  ty 
bedrock from low thermal conduct iv i t y  Val l e y  f i  11 , 
and along which geothermal f l u i d s  may c i r c u l a t e ,  
Modeling r e s u l t s  suggest t h a t  in fo rmat ion  on the 
temperature o f  the f l u i d ,  d i p  o f  t h e  f a u l t ,  and 
v e r t i c a l  ex ten t  o f  the f l u i d  c i r t u l a t i o n  i s  
contained i n  the heat  f l o w  anomaly pa t te rn .  
in format ion i s  valuable f o r  exp lo ra t ion  decisions. 
The models w i l l  be i l l u s t r a t e d  f o r  geothermal 
anomalies a t  Vale Hot Springs KGRA, Oregon, and 
Roosevelt Hot Springs KGRA, Utah. 

Such 

Most h o t  springs i n  the  Basin and Range physio- 
graphic province are loca ted  on o r  near the major 
range bounding normal f a u l t s  t h a t  block ou t  t h e  
mountains and va l leys.  These f a u l t s  usua l ly  j u x -  
t i p o s e  widely  cont ras t ing  rock u n i t s  such as 
unconsolidated and semi -consol idated s i  1 t, c l a y  
and sand o r  vo lcan ic  rocks aga ins t  Paleozoic and/ 
o r  Mesozoic sedimentary rocks o r  Mesozoic and Cen- 
ozo ic  vo lcanic  and i n t r u s i v e  rocks. I n  such a 
s e t 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  data are d i f f i c u l t  
t o  i n t e r p r e t  w i t h  respect  t o  t h e i r  geothermal s i g -  
n i  f icance due t o  the  w ide ly  cont ras t ing  i n t r i n s i c  
e l e c t r i c a l  r e s i s t i v i t y  o f  t h e  d i f f e r e n t  un i ts .  
Geothermal gradient  and heat  flow surveys can be 
used t o  great  advantage i n  such s i t u a t i o n s  and, 
combined w i t h  o t h e r  geophysical data, can f u r n i s h  
the in format ion needed f o r  exp lo ra t ion  dec is ions,  

Simple conceptual models app l i cab le  t o  Basin and 
Range se t t ings  are shown i n  F igure 1. These models 
are amenable t o  numerical s o l u t i o n  using heat con- 
duct ion theory i n  two dimensions. I n  each model 
the  subsurface i s  d iv ided i n t o  two regions: bed- 
rock having h igher  thermal conduct iv i t y  i s  separ- 
a ted from lower  thermal c o n d u c t i v i t v  v a l l e v  f i l l  
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by a normal f a u l t  of a r b i t r a r y  d i p  ‘Bnd d isb lace-  
ment. A t y p i c a l  Basin and Range heat f low o f  2.0 
lca l /cm2 s (HFU) i s  assumed so t h a t  the thermal 
g rad ien t  i n  the bedrock i s  29 oC/km and t h a t  i n  the 
v a l l e y  fill a l l u v i u m  i s  57 OC/km. , 

Model 1 describes a non geothermal area where the  
isotherms f r o m  t h e  va l ley  and range connect 

. 
F igure 1. 
s e t t i n g ,  Model 1: Conf igurat ion o f  isotherms and 
heat  flow p a t t e r n  across a range bounding f a u l t  
us ing t y p i c a l  Basin and Range background heat f low, 
Model 2: Thermal s p r i n g  i s  modeled by h o t  water 
c i r c u l a t i o n  along, the  range bounding f a u l t .  
d i s t i n c t i v e  isotherm and heat f low p a t t e r n  i s  seen. 

Thermal models f o r  a Basin and Range 

A 
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smoothly across the f a u l t  zone. The warping o f  t h e  
isotherms r e s u l t s  f r o m  r e f r a c t i o n  o f  heat caused by 
the thermal c o n d u c t i v i t y  cont rast .  A small heat  
flow anomaly r e s u l t s  f r o m  t h i s  r e f r a c t i o n  (see 
Figure 1).  Model 2 describes a s i m i l a r  Basin and 
Range s e t t i n g  b u t  w i t h  the add i t ion  o f  a thermal 
spr ing.  Water heated by the  n a t u r a l  geothermal 
g rad ien t  t o  about 100°C a t  1.5 km depth moves up 
along a range bounding f a u l t  t o  a depth o f  100 t o  
200 m. We model the thermal source as a sheet o f  
f l u i d  c i r c u l a t i o n  up along the  f a u l t .  
f low anomaly associated w i t h  t h i s  thermal s p r i n g  
can be subs tan t ia l  as i s  shown i n  F igure 1. 

The heat  

Heat f low surveys i n  t h e  Basin and Range Province 
demonstrate t h a t  many h o t  springs are associated 
w i t h  t h i s  l a t t e r  type o f  anomaly. An anomaly may 
be several k i lometers l o n g  even though on ly  one o r  
two h o t  spr ings are observed. Thus the  area o f  
f l u i d  upflow i s  much more extensive than i n d i c a t e d  
by the  sur face manifestat ions. 
areas have no upflow except along a small area 
around t h e  s p r i n g  and a pipe model may be app l ic -  
able t o  such systems. 
more complicated than the  simple model i l l u s t r a t e d .  

I n  c o n t r a s t  some 

F i n a l l y  some systems are 

Obviously i t  i s  o f  great  i n t e r e s t  i n  geothermal 
e x p l o r a t i o n  t o  i d e n t i f y  the  nature o f  the system 
associated w i t h  a surface hot  s p r i n g  o r  a con- 
cealed geothermal resource. The heat  f low data 
(heat f low must be used here due t o  the c o n t r a s t i n g  
thermal c o n d u c t i v i t i e s  o f  the rocks) conta in  i n f o r -  
mation on the nature (sheet, pipe, o ther )  and 
e x t e n t  of the c i r c u l a t i o n  system. I f  d e t a i l e d  data 
are a v a i l a b l e  on a cross sect ion across the  anomaly 
in fo rmat ion  on the temperature o f  the  f l u i d ,  d i p  
o f  the f a u l t ,  and v e r t i c a l  ex ten t  o f  f l u i d  c i r c u -  
l a t i o n  i s  contained i n  t h e  anomaly pa t te rn  i n  t h e  
same way t h a t  dens i ty  cont ras t  and f a u l t  geometry 
are conta ined i n  a g r a v i t y  anomaly. A l l  these 
parameters cannot be independently determined, b u t  
i f  o t h e r  in fo rmat ion  i s  avai lab le,  such as f a u l t  
geometry f r o m  r e s i s t i v i t y  o r  g r a v i t y  surveys, 
temperature from geochemistry, etc., then d e t a i l e d  
i n t e r p r e t a t i o n s  are possible. Even 1 acking these 
o t h e r  data a ser ies  o f  se l  f cons is ten t  models fo r  
the c i r c u l a t i o n  system can be developed f o r  t e s t i n g  
by a d d i t i o n a l  exp lo ra t ion  o r  deep d r i l l i n g .  

The a p p l i c a t i o n  o f  the i n t e r p r e t i v e  techniques are 
i 11 us t r a t e d  by t h e o r e t i c i c a l  and ac tua l  examples. 
Heat f low anomalies from Vale Hot Springs KGRA, 
Oregon, and Roosevelt Hot Springs KGRA, Utah are 
examples o f  the  kinds o f  anomalies discussed. A t  
the Vale KGRA t h e  anomaly i s  caused by c i r c u l a t i o n  
along a s teep ly  d ipp ing  normal f a u l t .  The length  
o f  the anomaly i s  about 10 km although the  o n l y  
sur face man i fes ta t ion  i s  a t  the  Vale Hot Springs. 
A t  Roosevelt KGRA the  anomaly i s  cons is ten t  w i t h  
one c o n t r o l  on the system being a bas in d ipp ing  
normal f a u l t .  However the width o f  the anomaly i s  
g rea ter  on the range s ide  o f  the  sur face f a u l t  t race  
than i s  p r e d i c t e d  by the s i n g l e  f a u l t  model, i n d i -  
c a t i n g  t h a t  the system i s  more complex and l a r g e r  
than a s i n g l e  f a u l t  zone. Deep e x p l o r a t i o n  d r i l l i n g  
has v e r i f i e d  t h a t  the r e s e r v o i r  i s  i n  f a c t  i n s i d e  
the range b lock i n  f rac tu red  Miocene gran i te .  
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