
NOTICE CONCERNING COPYRIGHT 
RESTRICTIONS 

 
This document may contain copyrighted materials. These materials have 
been made available for use in research, teaching, and private study, but 
may not be used for any commercial purpose. Users may not otherwise 
copy, reproduce, retransmit, distribute, publish, commercially exploit or 
otherwise transfer any material. 

 
The copyright law of the United States (Title 17, United States Code) 
governs the making of photocopies or other reproductions of copyrighted 
material. 

 
Under certain conditions specified in the law, libraries and archives are 
authorized to furnish a photocopy or other reproduction. One of these 
specific conditions is that the photocopy or reproduction is not to be "used 
for any purpose other than private study, scholarship, or research." If a 
user makes a request for, or later uses, a photocopy or reproduction for 
purposes in excess of "fair use," that user may be liable for copyright 
infringement.

 
This institution reserves the right to refuse to accept a copying order if, in 
its judgment, fulfillment of the order would involve violation of copyright 
law.

 



GeothermaZ Resources C o d l ,  TRANSACTIONS, VoZ. 3 September 1979 

THE EXPLORATION SIGNIFICANCE OF LOW-ANGLE FAULTS I N  THE 
ROOSEVELT HOT SPRINGS AND COVE FORT-SULPHURDALE GEOTHERMAL SYSTEMS, UTAH 

Dennis L. Nielson and J.  N. Moore 

Ear th Science Laboratory 
U n i v e r s i t y  of Utah Research I n s t i t u t e  

420 Chipeta Uay, Su i te  120 
S a l t  Lake City, Utah 84108 

ABSTRACT 

Low-angle normal f a u l t s  o f  T e r t i a r y  age have 
been documented by d e t a i l e d  geologic mapping a t  
both t h e  Roosevelt Hot Springs and Cove F o r t -  
Sulphurdale geothermal f i e l d s  i n  Utah. A t  Cove 
Fort-Sul phurdal e the  1 ow-angl e s t ruc tu res  cap t h e  
geothermal system and i n h i b i t  t h e  r i s e  o f  H2S from 
t h e  thermal f l u i d s  as evidenced by t h e  l a c k  o f  
a l t e r a t i o n  w i t h i n  t h e  zone o f  low-angle f a u l t i n g .  
Low-angle f a u l t s  i n  t h e  Roosevelt Hot Springs KGRA 
have produced s t ruc tu res  i n  t h e  southern p o r t i o n  
of t h e  r e s e r v o i r  which , where in te rsec ted  by 1 a t e r  
f a u l t s ,  prov ide s i g n i f i c a n t  permeabil i t y  c o n t r o l s  
on t h e  geothermal system. Low-angl e normal f a u l t s  
a re  more common i n  t h i s  p o r t i o n  o f  t h e  Basin and 
Range than ind ica ted  by e x i s t i n g  maps, and t h e i r  
presence and importance should be evaluated i n  
expl o r a t  i on programs . 

INTRODUCTION 

The geothermal f i e l d s  o f  Utah occupy a 
d i f f u s e  nor th - t rend i  ng bel t a1 ong t h e  eastern 
margin o f  t h e  Basin and Range Province. Explora- 
t i o n  a c t i v i t i e s  by the  geothermal i n d u s t r y  have 
concentrated p r i m a r i l y  on t h e  Roosevel t Hot 
Springs and Cove Fort-Sul phurdal e KGRAs (F ig.  1)  . 

Figure 1. Index Map o f  Utah I l l u s t r a t i n g  t h e  
Locations o f  t h e  Cove Fort-Sul phur- 
da le  and Roosevelt Hot Springs KGRA. 

Our s tud ies (Nie lson and others, 1978; Moore 
and Samberg , 1979) i n d i c a t e  t h a t  1 ow-angl e normal 
f a u l t s  can be very important i n  both l o c a l i z i n g  
geothermal reservo i rs  and masking t h e  a1 t e r a t i o n  
and thermal gradients associated w i t h  geothermal 
systems. These low-angle f a u l t s  are s i m i l a r  t o  
t h e  denudation f a u l t s  t h a t  have been i d e n t i f i e d  i n  
t h e  h i n t e r l a n d  o f  t h e  Sevier Orogenic R e l t  
(Armstrong, 1972). Because o f  t h e  shal low d i p s  
associated w i t h  denudation fau l ts ,  they are  o f t e n  
d i f f i c u l t  t o  recognize on a e r i a l  photographs and 
on t h e  ground. Our mapping suggests t h a t  these 
f a u l t s  may be present t o  a greater  extent  w i t h i n  
t h e  Rasin and Range province than was prev ious ly  
thought. 

REGIOVAL GEOLOGIC SETTING 

The Roosevelt Hot Springs and Cove F o r t -  
Sulphurdale geothermal f i e l d s  l i e  on t h e  eastern 
margin o f  t h e  Rasin and Range Province i n  south- 
cent ra l  Utah. This p o r t i o n  o f  t h e  Rasin and Range 
e x h i b i t s  widespread Cenozoic i n t r u s i v e  and 
vo lcanic  a c t i v i t y  which forms p a r t  o f  a broad, 
east - t rending b e l t  extending from Pioche, Vevada 
t o  Marysvale, Utah (Ca l l  aghan, 1973). Quaternary 
vo lcanic  a c t i v i t y  (Lipman and others, 1978; Condie 
and Rarskey, 1972), centered on t h e  eastern end of 
t h e  b e l t ,  i s  s p a t i a l l y  r e l a t e d  t o  the  areas of 
geothermal a c t i v i t y .  Th is  volcanism produced 
r h y o l i t e  domes i n  the  q inera l  Range adjacent t o  
t h e  Roosevelt Hot Springs geothermal f i e l d  and 
basa l t  f lows i n  t h e  Cove F o r t  area. 

Basin and Range f a u l t i n g  began dur ing  t h e  
mid-Ter t iary  (Steven and others, 1977) and con- 
t inued throughout t h e  Cenozoic i n  t h e  Roosevelt 
Hot Springs and Cove Fort-Sul phurdal e areas. The 
dominant Rasi n and Range Fau l ts  i ncl  ude h i  gh-angl e 
nor th- t rending f a u l t s  t h a t  con t ro l  much o f  t h e  
present topography. Low-angl e f a u l t s  devel oped 
dur ing  t h e  e a r l y  stages o f  Rasin and Range f a u l t -  
i n g  as a r e s u l t  o f  g r a v i t a t i o n a l  i n s t a b i l i t y  and 
represent d i  spl acement o f  a1 1 ochthonous b locks 
toward adjacent basins. Thei r  l i s t r i c  form and 
normal o f f s e t  a re  documented i n  Nielson and others 
(1978) and i n  Moore and Samberg (1979). Holocene 
a c t i  v i  t y  i s represented by numerous n o r t h e r l y  
t rend ing  f a u l t  scarps i n  t h e  Quaternary a1 1 u v i a l  
fans. 
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The general ized geology i n  t h e  Cove For t -  
Sulphurdale KGRA i s  i l l u s t r a t e d  i n  F igure 2. The 
nor thern p o r t i o n  of t h e  geothermal area consis ts  
p r i m a r i l y  o f  Paleozoic t o  l a t e  Mesozoic sedimen- 
t a r y  rocks and mid-Ter t iary  d a c i t i c  lava  flows. 
To t h e  south, i n  t h e  nor thern Tushar Mountains, 
these rocks are  covered by mid-Ter t iary  ash-flow 
t u f f s  and in t ruded by l a t i t e  and quartz- monzonite 
stocks and dikes. The vo lcanic  rocks th icken 
southward and eastward toward t h e  i n t e r i o r  o f  t h e  
Marysvale vo lcanic  f i e l d .  

I n  the  Cove Fort-Sul phurdal e geothermal 
f i e l d ,  t h e  low-angle f a u l t s  t runcate Miocene 
r h y o l i t i c  ash-flow t u f f s  t h a t  are o v e r l a i n  by 
i s o l a t e d  remnants o f  basa l t  f lows and coarse 
c l a s t i c  sedimentary rocks. We be l ieve  these 
younger u n i t s  c o r r e l a t e  w i t h  the  widespread 
mid-Miocene Sevier  R iver  Formation which ranges i n  
age from 7-14 my (Steven and others, 1977). 

The geot hermal reservo i  r i s 1 ocated p r i  mari 1 y 
w i t h i n  f rac tu red  Paleozoic carbonate rocks. I n  
the  cent ra l  p o r t i o n  o f  t h e  KGRA, low-angle f a u l t s  
and o v e r l y i n g  impermeable vo lcanic  rocks are an 
e f f e c t i v e  caprock t o  t h e  upward f l o w  o f  hydro- 
thermal f l u i d s .  F igure 2 i l l u s t r a t e s  t h e  geometry 
o f  t h e  low-angle f a u l t s  i n  t h e  southern p o r t i o n  o f  
t h e  geothermal f i e l d .  Convective f l o w  o f  hydro- 
thermal f l u i d s  beneath t h e  low-angle f a u l t s  i s  
probably c o n t r o l l e d  by s teeply  d ipp ing  f a u l t s  and 
f ractures.  I n  t h e  upper 1500 meters o f  t h e  geo- 
thermal system, t h e  r a p i d  temperature decrease may 
r e f l e c t  heat l o s s  by conduction and by mix ing w i t h  
c o l d  meteoric water. Th is  i n t e r p r e t a t i o n  i s  
supported by t h e  presence o f  c o l d  spr ings 
occur r ing  throughout t h e  nor thern p o r t i o n  o f  t h e  
Tushar Mountains . 

Vear the  nor thern and southern margins o f  t h e  
low-angle f a u l t s ,  leakage from t h e  geothermal 
system r e s u l t s  i n  t h e  deposi t ion o f  n a t i v e  s u l f u r  
and produces in tense a c i d  leaching o f  t h e  a l luv ium 
and under ly ing bedrock (Fig. 2). The a c i d  
leaching r e s u l t i n g  from t h e  downward migra t ion  o f  
su lphur ic  ac id  (Schoen and others, 1974) has l e f t  
porous, s i l i c e o u s  residues t h a t  r e t a i n  many 
o r i g i n a l  sedimentary s t ruc tu res  o f  the  parent 
rock . 

The Cove Fort-Suphurdal e area i 11 us t ra tes  a 
s i t u a t i o n  where low-angle f a u l t i n g  has capped a 
geothermal system w i t h  a t h i c k  sequence o f  
allochthonous volcanic and sedimentary rocks. 
Surface a l t e r a t i o n  produced by H2S seeps i s  found 
both t o  t h e  n o r t h  and south o f  t h e  zone o f  low- 
angle f a u l t i n g  b u t  no t  w i t h i n  t h a t  zone. I n  
addi t ion,  temperature gradient measurements 
i n d i c a t e  t h a t  t h e  al lochthonous rocks have served 
as a thermal Cap on the  system separating a 
convective thermal regime beneath t h e  f a u l t  from a 
zone of conductive heat t ranspor t  and probable 
f r e s h  water i n f l u x  above t h e  p r i n c i p a l  f a u l t  zone. 
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Figure 2. Geology of t h e  Cove Fort-Sul phiurdale 
Geot hermal Area. 
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Clear ly ,  explorat ion i n  t h i s  environment u t i l i z i n g  
s h a l l  ow temperature measurements i s  f raught  w i t h  
unce r ta in t y  i f  s t ructures have not  been documented 
by f i e l d  mapping. 

GEOLOGY OF ROOSEVELT HOT SPRINGS GEOTHERMAL SYSTEM 

The geothermal system a t  Roosevelt Hot 
Springs KGRA i s  con t ro l l ed  by s t ruc tu res  c u t t i n g  
p l u t o n i c  and metamorphic rocks o f  T e r t i a r y  and 
Precambrian age (Fig. 3). A major low-angle 
normal f a u l t ,  mapped along t h e  western margin o f  
t h e  Mineral ~ o u n t a i n s  (Nielson and other,  1978; 
1979), i s  character ized by in tense m y l o n i t i z a t i o n  
o f  t h e  c r y s t a l l i n e  country rock. O f f se t  has been 
determined t o  be a p ~ r o x i m a t e l y  600 meters i n  a 
wester ly  d i rect ion.  The hanging wa l l  o f  t h i s  
f a u l t  i s  i n tense ly  brecc iated where f r i c t i o n  
between 1 arge blocks has produced steeply  d ipp ing  
my lon i te  zones. Both t h e  steep- and shallow- 
d ipp ing  myloni te  zones have been a l t e r e d  and 
s i l i c i f i e d  t o  produce an impermeable bu t  b r i t t l e  
rock. Strong j o i n t i n g  w i t h  increased permeabi l i ty  
i s  o f t e n  found adjacent t o  t h e  myloni te  zones. 
Permeabi 1 i t y  i n the upper 1 eve1 s o f  t he  geothermal 
f i e l d  occurs from t h e  i n t e r s e c t i o n  o f  t h e  myloni te  
zones formed d u r i  ng denudation f a u l t  i ng w i t h  t h e  
s teeply  d ipp ing normal f a u l t s  s i m i l a r  t o  t h e  Opal 
Mound Faul t .  

Geothermal f l u i d s  are conveyed from depth 
along t h e  Opal Mound Fau l t  and p a r a l l e l  
s t ructures.  These f l u i d s  enter  shal low reser-  
vo i r s ,  i n  t h e  area o f  72-16 and 25-15, which 
r e s u l t  f rom t h e  increased s t r u c t u r a l  pe rmeab i l i t y  
i n  t h e  hanging w a l l  of t h e  denudation fau l t .  
Also, w i t h i n  t h i s  environment i t  i s  poss ib le  t h a t  
geothermal f l u i d s  may be channeled 1 a t e r a l  l y  a1 ong 
denudation f a u l t s  and subsid iary  s t ruc tu res  such 
t h a t  sur face and near-surface mani festat ions o f  
geothermal a c t i  v i  t y  are 1 a t e r a l l  y d i  sp l  aced from 
deeper reservo i  rs.  

SUMMARY 

Detai  1 ed geol og i  c mapping i n t h e  Roosevel t 
Hot Springs and Cove Fort-Sulphurdale KGRAs has 
shown t h a t  low-angle f a u l t s  c o n t r i b u t e  t o  t h e  
s t r u c t u r a l  cont ro ls  o f  some rese rvo i r s  wh i l e  
masking any near-surface mani festat ions o f  o the r  
geothermal system. I f  st ructures o f  t h i s  t ype  
are present i n  the  area of geothermal explorat ion,  
an understanding o f  t h e i r  geometries i s  necessary 
f o r  e f f e c t i v e  explorat ion.  
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Figure 3. Geology o f  t h e  Roosevelt Hot Springs 
Geothermal Area. 
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