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GEOLOGY OF THE C O V E  FORT-SULPHURDALE K G R A  

by 

I 

J .  N. Moore, S. M. Samberg 

w i t h  B i b l i o g r a p h i c  Anno ta t ions  and 
P e t r o g r a p h i c  D e s c r i p t i o n s  by Bruce S i b b e t t  

ABSTRACT 

The Cove For t -Sulphurda le  Known Geothermal Resource Area ( K G R A )  i s  

l o c a t e d  on the nor thwes tern  margin o f  the Marysvale  v o l c a n i c  f i e l d  i n  

sou thwes te rn  Utah. The geology o f  the KGRA i s  dominated by l a v a  f lows  and 

ash-f low tuffs  o f  l a t e  Oligocene t o  mid-Miocene age  t h a t  were d e p o s i t e d  on 

f a u l t e d  sedimentary rocks o f  P a l e o z o i c  t o  Mesozoic age.  The r o c k s  o f  the Cove 

Fort-Sul  phurdal e a r e a  were metamorphosed and mineral  i zed by stocks of  q u a r t z  

monzoni te  and l a t i t e  porphyry d u r i n g  the lower Miocene. An u n r e l a t e d  hydro- 

thermal  event produced small  f l u o r i t e  deposits n e a r  Cove F o r t .  

v o l c a n i c  a c t i v i t y  produced extensive a n d e s i t i c  b a s a l t  f l ows  a long  the western 

margin o f  the KGRA. 

' 

Quaternary  

The geothermal system of the Cove For t -Su lphurda le  KGRA i s  s t r u c t u r a l l y  

c o n t r o l l e d  by normal f a u l t s .  The principle structures i n c l u d e :  north- 

northwest and n o r t h e a s t - t r e n d i n g  s t e e p l y  d i p p i n g  f a u l t s  and low-angle west- 

d i p p i n g  f a u l t s .  The low-angle f a u l t s  bound l a r g e - s c a l e  g r a v i t a t i o n a l  g l i d e  

b locks  i n  the central' p a r t  o f  the Cove For t -Su lphurda le  a rea .  

f a u l t s  control f l u i d  flow w i t h i n  the geothermal  reservoir, w h i l e  the 

g r a v i t a t i o n a l  g l i d e  b l o c k s  p rov ide  an impermeable c a p  for  the geothermal 

system i n  the c e n t r a l  par t  o f  the f i e l d .  

High-angle 

1 



Surficial activity occurring t o  the nor th  and south of the glide blocks 

i s  characterized by the evolution o f  hydrogen sulfide and deposition of  native 

sulphur. Intense acid alteration o f  the alluvium, resulting from downward 

migration of sulphuric acid, has l e f t  porous siliceous residues t h a t  retain 

many of the original sedimentary structures. The acid-altered areas are 

concentrated along mineralized, steeply dipping faults.  

the intense low magnitude earthquake activity i n  the Cove Fort area reflects 

reactivation of older faults.  

I t  i s  suggested t h a t  

This report includes detailed logs of U n i o n  Oi l  Company d r i l l  holes 

Forminco #1, U t a h  State 42-7, and U t a h  State 31-33. 

2 
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INTRODUCTION 

The Cove Fort-Sul phurdal e Known Geothermal Resource Area ( K G R A )  i s  

c e n t e r e d  n e a r  the j u n c t i o n  of the Pavant Range and the Tushar  Mountains i n  

sou th  central Utah ( F i g u r e  1). 

Monroe-Joseph Hot S p r i n g s  and t h e  Roosevel t  Hot S p r i n g s  geothermal a r e a s .  

The a r e a  l i e s  approx ima te ly  midway between the 

The a c t i v e  hydrothermal system i n  the Cove For t -Su lphurda le  a r e a  has  

produced i n t e n s e  a l t e r a t i o n  of  the a l luv ium a s  well  a s  d e p o s i t i o n  o f  s u l p h u r  

and minor  s u l f i d e s .  Small bu t  commercial deposits o f  su lphur  have been mined 

a t  Sul  phurdal e ( M o u n t ,  1964) .  

In 1975, U n i o n  Oil  Company i n i t i a t e d  an e x p l o r a t i o n  program i n  the  Cove 

For t -Su lphurda le  KGRA t o  t es t  the geothermal p o t e n t i a l  o f  the  a r e a .  T h i s  

program included the d r i l l i n g  o f  three deep h o l e s  and 14 sha l low thermal  

g r a d i e n t  h o l e s ,  and p r e p a r a t i o n  of  d e t a i l e d  r e s i s t i v i t y  p r o f i l e s  (Union Oil 

Company, 1978b-d).  

Rodriguez (1960) ,  and Cal laghan  (1973), po in ted  o u t  t h e  need for a b e t t e r  

unde r s t and ing  of the s t r u c t u r a l  e v o l u t i o n  and s u b s u r f a c e  geology of the  

geothermal f i e l d .  Consequent ly ,  d e t a i l e d  g e o l o g i c  and geophys ica l  s t u d i e s  

were i n i t i a t e d  as p a r t  o f  the I n d u s t r y  Coupled Case S tudy  Program o f  the 

Department o f  Energy, D i v i s i o n  o f  Geotherrnal Energy. T h i s  r e p o r t  d e s c r i b e s  

These s t u d i e s ,  a s  wel l  a s  the work of  King ( 1 9 5 3 ) ,  

the geology of the Cove Fort-Sul phurdal e KGRA and provides d e t a i  1 ed 1 i tho1 o g i c  

l o g s  o f  the Union  Oil Company e x p l o r a t i o n  w e l l s .  

Our s t u d i e s  have o u t l i n e d  a f a r  more complex picture of hydrothermal 

al teration and s t r u c t u r a l  deformat ion  i n  the Cove F o r t  area t h a n  had pre- 

v i o u s l y  been d e s c r i b e d .  Evidence now i n d i c a t e s  t h a t  the a l t e r e d  rocks and 
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related surficial sulphur deposits o f  the d i s t r i c t  overlie a deeply buried, 

unrelated intrusive system o f  mid-Tertiary age w h i c h  i s  largely obscured by 

younger volcanic rocks and alluvium. Union Oil Company d r i l l  holes near 

Sulphurdale and  Cove Fort (App. 1-111) p r o v i d e  insight into the deeper buried 

portions of t h i s  system. Another hydrothermal system, between the other two 

systems in age, deposited f luori te  i n  brecciated Paleozoic limestones of the 

southwestern Pavant Range. The three hydrothermal systems of  the Cove Fort- 

Sulphurdale area d i f fe r  in s tyle  as well as in intensity, and the i r  geological 

and geochemical characteristics are the major  themes o f  th i s  paper. 

GEOLOGIC SETTING 

The Cove Fort-Sulphurdale geothermal resource area spans  the northwestern 

margin o f  the Marysvale volcanic field (Fig. 1).  I t  i s  bounded t o  the east 

and south by Tertiary volcanics, t o  the'west by the Cove Fort basalt f ie ld ,  

and t o  the north by Paleozoic and Mesozoic sedimentary rocks. The zones of 

intensely altered rocks related t o  the presently active hydrothermal system 

l i e  almost entirely within the Marysvale volcanic f ie ld  and are included i n  

t h e  present  study area (Plate I ) .  

The Marysvale volcanic f ie ld  l i e s  near the eastern edge of a broad belt 

of intrusive rocks and widely distributed mineral deposits (Callaghan 1973, 

Rowley and others, 1968). 

Plateau east o f  Marysvale, Utah  through Pioche, Nevada and is  commonly 

referred t o  as the Pioche-Beaver-Tushar belt (Call a g h a n ,  1973). The evolution 

o f  the Marysvale volcanic f ie ld  has been s t u d i e d  by many workers including 

Callaghan (1939, 1973), Molloy and Kerr (1962),  Anderson and Rowley (1975), 

Cunningham and Steven ( 1 9 7 7 ) ,  and Steven and others (1977) .  The l a t t e r  

The belt extends from the boundary o f  the Calorado 
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summarized the S t r a t i g r a p h i c  r e l a t i o n s h i p s  w i t h i n  the n o r t h e r n  h a l f  of  the 

Marysvale  v o l c a n i c  f i e l d .  Although the b a s i c  s t r a t i g r a p h i c  framework has  been 

out-1 i n e d ,  the d e x a i l e d  geo log ic  r e l a t i o n s h i p s  i n  many p o r t i o n s  o f  the  v o l c a n i c  

f i e l d  have no t  y e t  been mapped. 

The s t ra t i  g r a p h i c  and structural r e1  a t  i o n s h i  p s  on the nor thwes te rn  margi n 

o f  the Marysvale  v o l c a n i c  f i e l d  have been d e s c r i b e d  by Steven  and Cunningham 

(1979) and Steven  (1978) .  

the  g e o l o g i c  r e l a t i o n s h i p s  p re sen ted  by many of the  e a r l i e r  i n v e s t i g a t i o n s  

[e.g. Crosby (1959) ,  Rodriguez (1960) ,  Cal l  aghan and Pa rke r  (1961a ) ,  Cal l  aghan 

(1973), Caskey and Shuey (1975)  and U n i o n  Oil  Company ( 1 9 7 8 a ) l .  While our 

f ie ld  i n v e s t i g a t i o n s  support the relationships presented by Steven and 

Cunningham (1979) ,  t h i s  s t u d y  p rov ides  further i n s i g h t  i n t o  t he  v o l c a n i c  

s t r a t i g r a p h y  and hydrothermal a c t i v i t y  of this p o r t i o n  of the v o l c a n i c  f i e ld .  

The geology t o  the west of the Pavant Range has  been mapped by Zimmerrnan 

(1961) 

These s t u d i e s  have l e d  t o  s u b s t a n t i a l  r e v i s i o n s  i n  

The Cove F o r t  area i s  u n d e r l a i n  a t  dep th  by th i ck  accumula t ions  of  

P a l e o z o i c  and Mesozoic Sedimentary rocks i n  t he  s o u t h e r n  Pavant  Range (Maxey, 

1946; Lau tensch lage r ,  1952; Crcsby,  1959; Hin tze ,  1973).  These rocks  a r e  p a r t  

o f  a broad belt  t h a t  was fo lded  and f a u l t e d  d u r i n g  the S e v i e r  Orogeny (Crosby,  

1959; A m s t r o n g ,  1968) .  Near Cove Fort ,  the sed imen ta ry  rocks  consist primar- 

i l y  o f  P a l e o z o i c  c a r b o n a t e s  and s a n d s t o n e s ,  and Mesozoic redbeds  (Crosby,  

1959). Fol lowing de fo rma t ion ,  e r o s i o n  o f  the thrust sheets l e d  t o  the 

forrnati on of  the  Price Ri ver Conglomerate d u r i n g  the  1 a t e  Cretaceous and e a r l y  

T e r t i a r y  (Crosby,  1959) W i t h i n  the mapped area, the conglomera te  over1 i e s  

the Pennsylvanian  Oqui r rh  Formation or the Permian Coconino Sandstone.  The 
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conglomera te  i s  c o a r s e l y  f ragmenta l  n e a r  i t s  base  bu t  becomes f i n e r - g r a i n e d  

upward and l a t e r a l l y  t o  the south.  

i* 

Volcanism began i n  the  Marysvale v o l c a n i c  f i e l d  approx ima te ly  30 my ago 

and c o n t i n u e d  i n t o  t h e  lower Miocene, producing intermediate-composition l a v a  

flows, b r e c c i a s ,  and ash-f low tuffs from numerous l o c a l  vent centers (S teven  

and others, 1977) .  

sources w i t h i n  the Basin and Range Province lapped up a long  the margins  of the 

deve lop ing  stratovolcanic complex (Mackin, 1963; Caskey and Shuey, 1975; 

Anderson and Rowley, 1975; S teven  and others ,  1977) .  The f i n a l  s t a g e s  of  

intermediate-composition volcanism were accompanied by emplacement o f  widely  

d i s t r i b u t e d  hypabyssal  q u a r t z  monzonite i n t r u s i o n s  i n  the 1 ower p o r t  i ons  o f  

Concurrently, widespread ash- f low tuffs d e r i v e d  from 

the v o l c a n i c  complex. I n t e n s e  hydrothermal a l t e r a t i o n  and minor  base  metal  

m i n e r a l i z a t i o n  were a s s o c i a t e d  w i t h  these i n t r u s i o n s  i n  many p a r t s  of  the  

v o l c a n i c  f i e l d .  

R h y o l i t i c  ash-f low tuffs and l a v a  f lows  were e r u p t e d  from v o l c a n i c  

centers i n  the Marysvale  v o l c a n i c  f i e l d  between 21 and 17 my ago ( B a s s e t t  and 

o t h e r s ,  1963; Cunningham and S teven ,  1977; Carmony 1977) .  The voluminous 

ash- f low tuf fs  sp read  outward from a l a r g e  c o l l a p s e  c a l d e r a  i n  the c e n t r a l  

Tushar Mountains,  accumula t ing  i n  a d j a c e n t  depressions w i t h i n  the o l d e r  

s t r a t o v o l c a n i c  complex (S teven  and o t h e r s ,  1977) . A small er  vent center was 

simultaneously a c t i v e  i n  the Antelope Range t o  the e a s t  and i n  the a d j a c e n t  

por t ions  of the Tushar Mountains (Cunningham and S t e v e n ,  1977).  

Extensive Basin and Range f a u l t i n g  began a f t e r  d e p o s i t i o n  of the 

r h y o l i t i c  v o l c a n i c s  and i s  r e s p o n s i b l e  for  many o f  the present topograph ic  
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features. 

seismically active ( S m i t h  and Sbar, 1974; Olson and Smith, 1976) .  

F a u l t i n g  con t inued  throughout the  Cenozoic and the area i s  s t i l l  

Locally derived alluvial deposits of the Sevier River Formation and t h i n ,  

interbedded basa l t  flows accumulated i n  depressions a f te r  deposition of the 

rhyolitic volcanics. Although the Sevier River Formation i s  poorly repre- 

sented in the s tudy  area, thick sections occur i n  the Clear Creek downwarp 

located east of Cove Fort  (Cal laghan  and Parker, 1961a). 

(1977)  have dated a volcanic ash near the base of the formation a t  13.8 t1.7 

my and another ash near the t o p  of the formation a t  6.9 k1.3 my using fission 

track techniques on included zircon. The Sevier River Formation in the Clear 

Creek downwarp i s  displaced by north-  and northeast-trending Basin and Range 

f a u l t s .  

Steven and others 

The Cove Fort-Sulphurdale geothermal f ie ld  i s  bordered on the west by the 

l a t e  Cenozoic Cove For t  b a s a l t  f ie ld  (Condie and Barskey, 1972) .  

flows did n o t ,  however, extend i n t o  the P a v a n t  Range or Tushar Mountains. 

chemistry and petrographic descriptions o f  the l a v a  flows are provided  by 

The l a v a  

The 

Clark (1977).  

The volcan 

VOLCANIC STRATIGRAPHY 

c rocks of the Cove For t -Sulphurda le  area define a relatively 

simple stratigraphic succession (P la t e  1). The oldest rocks, exposed prin- 

cipally in the southern por t ion  o f  the  Pavant  Range, include intermediate- 

composition l a v a  flows and breccias erupted about  30 my ago from a local 

volcano (Steven and others, 1978).  Younger ash-f low t u f f  sheets derived from 

volcanic centers within the Marysvale volcanic field and i n  the Basin and 
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Range t o  the west have accumulated on the margins of  t h i s  upper Oligocene. 

volcano,  locally lapping u p  and  wedging o u t  a g a i n s t  i t .  

edges of the ash-flow sheets are now preserved i n  downdropped f a u l t  blocks 

south of Cove Fort .  In  adjacent areas, the ash-flow tuf fs  intertongue w i t h  

vent and alluvial facies volcanics of the Marysvale volcanic field (Steven and 

others, 1977; Cunningham and others, 1978). 

Portions of the t h i n  

Bull ion Canyon Volcanics 

Steven and others (1977)  have assigned the locally derived 01 igocene 

volcanic rocks and intrusives o f  intermediate composi t ion t o  the B u l l i o n  

Canyon Volcanics. 

study area,  the Bullion Canyon Volcanics include l a v a  flows, flow breccias, 

ash-flow tuf fs ,  and subord inan t  hypabyssal intrusives. 

volcanic f ie ld  we have studied,. the lava flows are restricted t o  the lower 

p a r t  of the Bullion Canyon Volcanics. 

flows of similar composition belonging t o  the upper and lower portions of the 

Bullion Canyon Volcanics are separated by the distinctive and widespread Three 

Creeks Tuff Member (Steven and others, 1977; C u n n i n g h a m  and others, 1978). 

The Bullion Canyon Formation i s  overlain by the regional Osiris Tuff i n  the 

Cove Fort area. 

On the distal  edge of the Marysvale volcanic f ield i n  the 

In  the p o r t i o n  of the 

Elsewhere i n  the volcanic f ie ld ,  lava 

Lower Member--The rocks of the lower part  of the Bullion Canyon Volcanics 

include dacite lava flows and flow breccias t h a t  are interlayered with a 

locally thick, crystal-rich ash-flow tuff.  

southern Pavant  Range, b u t  deep dr i l l ing in the northern Tushar Mountains 

(App. I ,  11; Plate 1) indicazes t h a t  the ash-flow tuff becomes increasingly 

important t o  the south.  We follow Steven (personal comm., 1979)  i n  assigning 

The lava flows predominate i n  the 
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th i s  ash-flow t u f f  t o  the Needles Range Formation. 

have mapped the Needles Range Formation near Highway 15 northwest o f  Cove 

Fort. 

Caskey and Shuey (1975) 

The l a v a  flows i n  the southern P a v a n t  Range overlie the Price River 

Conglomerate or the Coconino Sandstone and p a r t l y  underlie the Needles Range 

Formation. Here Caskey and Shuey (1975) have mapped a thick plagioclase- 

hornblende-bearing l a v a  flow which they termed the S u l p h u r  Peak Member of  the 

Bullion Canyon Volcanics. 

Sulphur Peak area, located just  east of our s tgdy  area. Our mapping suggests 

t h a t  the S u l p h u r  Peak Member i s  correlative w i t h  the basal l ava  flows mapped 

north of Cove Fort .  

The flow i s  several hundred meters t h i c k  in the 

The dacite flows consist of 15-302 phenocrysts i n  a glassy t o  crypto- 

crystal  1 ine matrix. 

phenocrysts in the samples studied. 

l a v a  flows from the Cove For t  area are 154, andesine, 5% hornblende, 2% each of 

b i o t i t e  and magnetite. 

f l  ows. 

Plagioclase and hornblende account for  nearly 802 o f  the 

The average phenocryst abundances of the 

Minor amounts o f  pyroxene occur i n  some of the l a v a  

The regionally extensive Needles Range Formation, derived from a source 

area in the Basin and Range (Mackin, 1963), contains approximately 40 percent 

phenmrysts in a welded matrix o f  devitrified glass shards and flattened 

pumice. 

bioti te.  

The phenocrysts consist 1 argely of pl agi ocl ase, hornbl  ende and mi nor 

In  contrast t o  the overlying densely welded and crystal-rich Three 

Creeks Tuff Member, the Needles Range Formation i s  f iner  grained and commonly 

contains abundant  pumice fragments; near Cove Fort, i t  has a minimum thickness 

of approximately 120 m (App. 11). 
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Propylitic alteration of  the lower part of  the B u l l i o n  Canyon Volcanics 

has produced epidote, serici t e ,  cl ays,  calci te  a f t e r  p lag ioc lase  and 

magnetite, and chlorite and biot i te  af ter  amphibole .  

intense, aggregates of magnetite record the original distribution and form o f  

the amphibole phenocrysts. 

Where alteration i s  

Alteration of the matrix of the l a v a  flows has 

produced aggregates of clays and quartz.  
I 

Caskey and Shuey (1975) bel ieve t h a t  one o f  the vent areas for the  l a v a  

flows was located a t  S u l p h u r  Peak. Our mapping suggests t h a t  a d d i t i o n a l  vent 

areas were centered i n  the  northern Tushar Mountains  approximately 2 km 

southeast o f  Cove Fort and immediately east of Utah  State 31-33 ( P l a t e  1 ) .  

the l a t t e r  area, an andesitic intrusive contains  a b o u t  35% phenocrysts i n  a 

I n  

devitrified matrix. The phenocryst content o f  the intrusive i s  approximately 

282 andesine, 3% hornblende, 2% augite, and 2% of magnetite, b io t i te ,  r u t i l e ,  

apati te,  and zircon. The compositional similari t ies between t h i s  intrusive 

phase and the dacite lava  flows have led us t o  interpret the  intrusive as a 

feeder f o r  some of the flows. 

Three Creeks T u f f  Member--The lower parts of the B u l l i o n  Canyon Volcanics 

are overlain by the crystal-rich Three Creeks Tuff Member ( the Clear Creek 

Tuff of Caskey and Shuey, 1975; Steven and others, 1977) in the Pavant Range 

and Tushar Mountains. This tuff i s  widely distributed th roughou t  the northern 

portion of the volcanic field and forms, in the south-central Pavant  Range, a 

thick compound cooling unit. 

division o f  the Three Creeks Tuff Member and informally separated the densely 

welded upper and lower por t ions  o f  the ash-flow t u f f  from a poorly welded 

central  portion. Subsequently, Steven and others (1977) and Steven (1978) 

Caskey and Shuey (1975) proposed a three-fold 
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mapped parts of the source caldera  in the southern P a v a n t  Range. I n  i t s  

source area, the Three Creeks T u f f  Member has a thickness  of  over 500 m 

(Steven and others, 1 9 7 7 ) .  

In the  southwestern Pavant  Range and northwestern Tushar Mountains,  

densely welded Three Creeks Tuff accumulated on the margins of the upper 

Oligocene volcanic complex, forming thick deposits i n  the Cove Fort- 

Sulphurdale area. 

northwestern and southern edges of the mapped area a n d ,  near S u l p h u r d a l e ,  has 

a minimum thickness of almost 400 m i n  Utah State 42-7 (c.f . ,  App. I ,  P la te  

1). 

portion of the  Three Creeks Tuff Member t o  the lower p a r t  o f  t h e  Compound 

The  ash-flow tuff forms extensive outcrops a long  the 

We follow Caskey and Shuey (1975) in assigning th i s  densely welded 

cooling u n i t .  However, a t  several places near Sulphurdale and in the area 

north of Cove For t  we have observed loca l  partings and minor v a r i a t i o n s  i n  

welding which reflect  compound cooling of the lower p a r t  of the Three Creeks 

Tuff Member a1 so. 

The Three Creeks Tuff Member c o n t a i n s  approximately 45% phenocrysts i n  a 

densely welded groundmass o f  devitrified g l a s s  shards. Steven and others 

(1977) give the fo l lowing  average mode: andesine 30%, kaersutitic amphibole 

12%,, quartz 2%, and minor amounts of b io t i te ,  opaques, sanidine, apati te,  

sphene, zircon, and pyroxene. 
I 

The biot i te  often forms large ( u p  t o  several 

mm) euhedral plates which are conspicuous in hand specimen. The Three 'Creeks 

Tuff  has a K-Ar age of 27 my (Caskey and Shuey, 1975; Steven and others, 

1977). 

Red Tuff--A simple cooling unit t h a t  we have informally designated a s  the 

Red Tuff [tuff o f  A1 bi  nus Canyon of Steven and C u n n i n g h a m  (1979)l 'over1 ies the 
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Three Creeks Tuff Member in the Cove For t  area. The Red Tuff contains 2-55 

potassium feldspar, 0-5% andesine, 1-21 q u a r t z ,  and  trace amounts of opaque 

minerals, apati te,  and zircon i n  a matrix of densely welded glass shards. 

Although the source area has  not yet been identified, Steven (personal comm., 

1978) suggests that the vent may be located t o  the east of Cove Fort .  

!Jhite Tuff--The upper portions o f  the volcanic section i n  the north- 

western portion of the Tushar Mountains i s  dominated by a crystal-poor 

ash-flow tuff  t h a t  we have informally designated as the White T u f f  [zeolitic 

tuff  o f  Steven and C u n n i n g h a m  (1979) l .  Although the t u f f  i s  more t h a n  180 m 

thick southeast of Cove For t ,  i t  i s  not  present in the volcanic section of the 

northern Tushar Mountains east of the s t u d y  area (Steven, 1978).  

The  White Tuff contains approximately 3% phenocrysts in a poorly welded 

matrix of glass shards and pumice. 

potassium feldspar, 0.5% each of q u a r t z  and  biot i te ,  and trace amounts of 

opaque mineral s ,  apati te,  and zi rcon. 

The phenocrysts include 1% oligoclase, 1% 

The p l  agi ocl ase phenocrysts exhibit 

combined simp1 e and polysynthetic twinning characterized by unequal develop- 

ment o f  the polysynthetic twins w i t h  respect to  the simple t w i n  plane. 

The circulation of water through the ash-flow tuff has produced wide- 

spread zeol i t ization o f  the matri x (Steven and C u n n i  ngham, 1979), imparting a 

pink hue t o  the rock. In  contrast t o  the White T u f f ,  the younger, poor.ly 

, welded Joe L o t t  T u f f  Member of the Mount Belknap Volcanics has not been 

diagenetically a1 tered. 
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The upper portion of the White Tuff was eroded before deposition of t he  

overlying Osiris Tuff 22 my ago (Fleck and others, 1975) .  

ments representing the  u p p e r  reworked portions of the !Jhite T u f f  occur a t  

several local i t ies  w i t h i n  the northern Tushar Mountains. 

deposits a re  less than  several meters thick. 

Tuffaceous sedi- 

These sedimentary 

Latite Porphyry and Quartz Monzonite Intrusives--During the mid-Tertiary, 

the volcanic and sedimentary rocks of the Cove Fort-Sulphurdale area were 

altered and intruded by dikes and  stocks o f  l a t i t e  porphyry and quar tz  

monzonite. 

the volcanic sequence was accompanied th roughou t  the area by the formation of 

domes and l ava  flows. 

cross section A-A'  (Plate 2 ) ,  1 ava flows related t o  one o f  the vent areas are 

preserved beneath the Osiris Tuff. A t  th is  locali ty the l a v a  flows overl ie  

The intrusion of the l a t i t e  porphyry i n t o  the lower portions of 

In the southeastern p o r t i o n  of the mapped area a long  

fine-grained l a t i t e  porphyry of a dome interior. 

The l a t i t e  porphyry i s  characterized by phenocrysts and aggregates o f  

pyroxene, labradorite, and an altered mafic mineral pseudomorphosed by 

fine-grained aggregates of phlogopite and t a l c .  

mineral suggests t h a t  i t  may have been ol ivine. 

aggregates consist of approximately 50% labradorite, 25% clinopyroxene, 15% 

altered ol ivine(?) ,  9% opaque minerals, and 1% apatite. I n  contrast t o  the 

relative abundances o f  phenocrysts in the  l a t i t e  porphyry, the aggregates have 

a significantly greater clinopyroxene-to-plagiocl ase ra t io  t h a n  the l a t i t e  

porphyry. 

ear ly  crystallized portion of a zoned magma chamber located in the n o r t h -  

The habit of t h i s  altered 

The  pyroxene-1 abradorite 

We suggest t h a t  the pyroxene-1 abradori t e  aggregates represent the 
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western Tushar'Mountains. 

phenocryst and ma t r ix  contefit of  the l a t i t e  porphry. 

The remaining residual melt i s  represented by the 

Contact effects around the margins of these l a t i t e  intrusions are 

generally only weakly developed. However, a zone of baked and glassy White 

Tuff occurs a long  the margin o f  a small stock 2 . 7  km northeast of Sulphurdale. 

.Hence the White T u f f  provides a lower age for th i s  intrusive event. 

Utah State 42-7 penetrated t h i n  dikes of quartz monzonite and metamor- 

The widespread sulfide and  base metal phosed siliceous dolomites (App. I ) .  

mineralization and contact  metamorphism discussed below are most likely 

related t o  th i s  intrusive event, and  specific aspects o f  the alteration are 

described. Small base metal and alunite deposits associated w i t h  23 my-old 

quartz monzonite intrusions are widely distributed t h r o u g h o u t  the Marysvale 

volcanic f ie ld  (Cal laghan and Parker, 1961a-c and 1962; Steven and others, 

1977). 

contemporaneous with these intrusive bodies. 

The  Tertiary intrusive system centered near Cove Fort  i s  probably 

I 

The quar tz  monzonite dikes consist o f  approximately 40% orthoclase, 35% 

andesine, 11% quartz ,  10% a u g i t e ,  and 1% each opaque minerals, apati te,  and 

zircon. 

plagioclase grains  are sl ightly larger t h a n  1 m. 

produced minor amounts of ser ic i te ,  c lays ,  epidote', ca lc i te ,  and actinolite. 

The average grain s i te  i s  approximately 0.4 mm a l t h o u g h  some o f  the 

Alteration of the dikes has 

Osiris Tuff 

The Osiris Tuff i s  a dist inctive,  regionally extensive compound cooling 

unit t h a t  spread across the southwestern High Plateaus o f  Utah from a source 

area in the Marysvale volcanic f ie ld  (Anderson and Rowley, 1975) .  I n  the Cove 
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Fort-Sul p h u r d a l  e area the Osi ri s Tuff accumul a t ed  on a n  i rregul ar topographic 

surface t h a t  developed af ter  intrusion of t h e  l a t i t e  porphyry dikes and 

stocks. 

Member, the White T u f f  and associated tuffaceous sediments, lower B u l l i o n  

Canyon Volcanics, local  l a v a  flows associated with the intrusives, and the 

intrusives themselves. The Osiris Tuff was n o t  affected by base metal 

mineralization in the study area and t h u s  provides an upper age limit t o  th i s  

mid-Tertiary event. 

Osiris T u f f  as 22.4 t0 .4  my. 

I n  different places the Osiris Tuff overlies the Three Creeks Tuff 

Fleck and others (1975) have established the age  of the 

The Osiris Tuff contains approximately 30% phenocrysts i n  a matrix of 

densly welded devitrified glass shards and  sparse, flattened pumice. 

and Rowley (1975) report a n  average composition of 14.3% plagioclase, 3.92 

Anderson 

potassium'feldspar, 0.1% q u a r t z ,  1.3% b 

and a trace of amphibole. Samples from 

characterized by a conspicuous para1 le1 

o t i t e ,  0.7% pyroxene, 0.8% magnetite,. 

the Cove For t -Su lphurda le  area are 

sm of the plagioclase phenocrysts in a 

dark gray matrix. 

welded zone i s  preserved under the Joe L o t t  T u f f  Member of  the Mount Belknap 

Volcanics. Here the Osiris Tuff contains a sl ightly lower phenocryst content 

in a l ight  gray matrix characterized by minor vapor  phase crystallization. 

In the central portion of the study area, the upper poorly 

Joe Lott  Tuff Member of the Mount Belknap Volcanics 

The Joe Lo t t  Tuff Member o f  the Mount Belknap Volcanics (Steven and 

others, 1977) was erupted from the Mount Belknap Caldera about  19 my ago 

(Cunningham and Steven, 1977). 

spread radially outward from i t s  source in the central Tushar Mountains, 

accumulating in the topographic lows on the Bullion Canyon Volcanic complex 

This rhyolit ic ash-flow t u f f  (Callaghan, 1939) 
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(S teven  and o t h e r s ,  1977).' The J o e  L o t t  T u f f  Member forms steep canyon w a l l s  

i n  the C l e a r  Creek d r a i n a g e  b a s i n  a long  the northern margin o f  the Tushar  

Mountains where i t  r e a c h e s  thicknesses o f  g r e a t e r  t han  245 rn (Cal laghan  and 

P a r k e r ,  1961a) .  

several small  exposures i n  downfaulted b locks  where i t  i s  o v e r l a i n  by con- 

g lomera te  and b a s a l t  flows of the S e v i e r  River Formation. 

I n  the Cove For t -Su lphurda le  a r e a ,  the  t u f f  i s  restricted t o  

The Joe Lo t t  T u f f  Member i n  the northern por t ion  o f  the Tushar  Mountains 

i s  a white, pumice-rich u n i t  c h a r a c t e r i z e d  by vapor  phase c r y s t a l l i z a t i o n .  

The tuff  c o n t a i n s  approximate ly  1% broken phenoc rys t s  of q u a r t z ,  s a n i d i n e ,  

p l a g i o c l a s e ,  and minor  b i o t i t e .  

p o o r l y  welded d e v i t r i f i e d  g l a s s  s h a r d s  and pumice f ragments .  

I n  the Cove For t  a r e a ,  the m a t r i x  consists of 

STRUCTURAL DEFORMATION 

As i l l u s t r a t e d  i n  Plate  1, t h e  rocks of the n o r t h e r n  Tushar  Mountains and 

s o u t h e r n  Pavant  Range have been extensively d i s r u p t e d  by normal f a u l t s .  

r ecogn ize  n o r t h - n o r t h e a s t -  and n o r t h - t r e n d i n g ,  s t e e p l y  d i p p i n g  f a u l t s  and 

1 ow-angl e west-di p p i  ng f a u l t s  i n the Cove Fort-Sul phurdal e a r e a .  

s u g g e s t s  t h a t  normal f a u l t i n g  i n t e n s i f i e d  a f t e r  d e p o s i t i o n  of the Joe L o t t  

T u f f  Member i n  the mid-Miocene and has c o n t i n u e d  th roughou t  the remainder  of 

the Cenozoic.  

We 

O u r  mapping 

Steven and others (1977)  have as s igned  these mid-Miocene f a u l t s  

t o  the  i n i t i a l  phase o f  Basin and Range a c t i v i t y  i n  the Marysvale  v o l c a n i c  
a 

f ie ld .  

Nor th- t rending  faul ts  of p robab le  mid-Miocene age form the major range  

f r o n t  f a u l t s  i n  the Cove For t -Su lphurda le  area and s e v e r a l  narrow horst and 

g rabens  n o r t h  of Su lphurda le  (see for example P l a t e  2 ,  section A - A ' ) .  The 
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northeast-trending f a u l t  t h a t  bounds the southwestern P a v a n t  Range has 

localized the f luori te  deposits and  several of  the small sulphur occurrences 

near Cove For t .  

relationship between the location of  the basaltic vents and the projection of 

th i s  fault  southwestward into the Cove Fort  basalt f ield.  

Cove Fort  basalt f ield ( C 1  a r k ,  1977) may. represent renewed acti v i  t y  a1 ong this  

There i s  as well a spatial ,  although perhaps n o t  causal, 

F a u l t i n g  i n  the 

structural trend. 

The northwestern Tushar  Mountains are dominated by a family of low-angle . 

faul ts  (denudation faults of Armstrong, 1972)  which postdate many of the 

high-angle, mid-Miocene structures. These faults can be traced from the 

northern edge of the Tushar Mountains t o  Sulphurdale. 

bound gravitational glide blocks t h a t  have moved t o  the northwest. 

section A-A '  (Plate 2 )  i l lust rates  the geometry of the glide blocks and 

denudation faults a l o n g  an east-west section near Sulphurdale. 

decollement has a d i p  of 300 t o  the northwest. 

must, as shown, merge w i t h  the basal decollement because o f  the sl ightly 

steeper dips of the upper glide planes. 

t h a t  the basal decollement i n  U t a h  State 42-7 (Plate 2 ,  section A - A ' )  i s  

located a t  the base of the volcanic section. 

The denudation faults 

Cross 

The basal 

The upper denudation faults 

Stratigraphic relationships suggest 

The youngest faults in the Cove Fort-Sulphurdale area include a family of  

northwest- t o  northeast-trending structures. Many of  these faults are 

associated with recent scarps in the Quaternary alluvial fans. 

by Olson and Smi th  (1976) demonstrate t h a t  the Cove For t  area continues t o  be 

seismically active and indicate t h a t  earthquake activity i s  concentrated 3 km 

northeast of Cove Fort  a t  depths of  less than  5 km. 

Recent studies 
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TERTIARY MINERALIZATION AND ALTERATION 

Intrusion of q u a r t z  monzonite and  l a t i t e  porphyry dikes and stocks during 

the mid-Tertiary was accompanied by the development of a b r o a d ,  hydrothermally 

a1 tered envelope and contact metamorphism of the adjacent sediientary and 

volcanic rocks. 

al teration of the volcanic rocks and introduction of  pyrite and base metal 

sul fides. 

The hydrothermal effects include widespread propylitic 

The outer portions of the hydrothermally altered envelope are 

characterized by quartz-pyrite veins. 

pyrite i s  loca l ly  accompanied by ga lena ,  sphalerite, pyrrhotite, bornite, and 

chalcopyrite. 

d r i l l  holes i s  i l lustrated in Appendicies 1-111. The mineralization i n  these 

dri,ll  holes i s  fracture control 1 ed and dominated by pyri te .  

I n  the  northwestern Tushar  Mountains, 

T h e  distribution of the sulfide phases i n  the Union Oil Company 

Utah State 42-7 provides a nearly complete section of the contact meta- 

morphic aureole related t o  mid-Tertiary quartz monzonite intrusion. 

of the metamorphic aureole consists of Paleozoic siliceous dolomites and 

limestones. 

t a l c  in the outer low-temperature portions o f  the aureole and fors te r i te  in 

the inner high-temperature portions where i t  has been serpentinized t h r o u g h  

most of i t s  extent. The grade o f  metamorphism increases with depth i n  Utah 

S t a t e  42-7. 

The b u l k  

The progressive metamorphism o f  the  siliceous dolomites produced 

Skarn assemblages containing various proportions of grossularite, 

diopside, epidote, potassium feldspar,  and quartz  occur between 2158 and 

2176 m in Utah State 42-7. These assemblages are volumetrically minor, 
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constituting less t h a n  one percent of the c h i p  samples. 

are spatially associated w i t h  dikes of  quartz monzonite, suggesting t h a t  the 

calc-sil icate minerals probably formed by metasomatic exchange between 

carbonate beds and the q u a r t z  monzonite dikes. 

The skarn assemblages 

For the siliceous dolomites, the metamorphic changes suggest the 

following sequence of  equilibria (c.f . ,  Moore and Kerrick, 1976):  

tremolite + 11 dolomite = .  8 fors ter i te  + 13 calci te  + 9C02 + H 0 2 

I n  spi te  of the absence of  tremolite i n  the rocks studied, t h e  s tab i l i ty  field 

of tremolite has been f i rmly established by field and experimental studies t o  

l i e  between t h a t  of t a l c  and fors ter i te  (Skippen, 1974; Slaughter and others, 

1975). The absence of tremolite i n  our assemblages most l i k e l y  reflects the 

lack of suitable b u l k  compositions preserved w i t h i n  the appropriate tempera- 

ture range. 

The contact  metamorphism and mineralization probably i s  only incidently 

related t o  the small, high-level bodies of l a t i t e  porphyry scattered through- 

out  the northern Tushar Mountains as our  observations indicate t h a t  metamor- 

phic effects related t o  the l a t i t e  porphyry dikes and stocks are weak and only 

locally developed. More likely the intense metamorphic effects are re la ted  t o  

a large, mineralized quartz monzonite stock a t  depth i n  the northern Tushar 

Mountains. Figure 2 i l lus t ra tes  the general geologic relationships between 

the postulated quartz monzonite intrusive and the contact metamorphic aureole. 

The outer position o f  the metamorphic aureole i s  marked by the presence o f  
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Figure 2: Generalized cross section o f  the northwestern Tushar Mountains illustrating the relationships between contact 
metamorphism, base metal mineralization and quartz-monzonite intrusion. The gravitat ional  glide block has moved to  the 
northwest. The spatial relationships between the zones o f  contact rr. -‘ ‘ Imorphism and the quartz monzonite are based 
on the studies o f  Moore and Kerfick(1976). 



t a l c  in Utah State 42-7 and by weakly metamorphosed sil tstones in Utah  S t a t e  

31-33 characterized by t h e  1 ow-grade metamorphic assemblage calci te-bioti te-  

white mica-quartz-chl ori t e  (Turner, 1968). 

extend into the upper par t  of Utah State 31-33 (c.f., App. I I ) ,  t he  outer edge 

of the metamorphic aureole as defined by chlorite-free rocks cannot be 

accurate1 y 1 ocated. 

Because the s i  1 tstones do not 

Two small f luori te  deposits are located near Cove Fort a long  the  

northeast-trending Basin and Range fault  in the southwestern P a v a n t  Range 

(Fig. 3 ) .  The f luori te  occurs i n  the Rain Bow and Black Mine areas in 

brecciated carbonate rocks o f  the Oquirrh Formation. 

o f  ore were produced from the Rain Bow mine, and d r i l l i n g  has outlined an 

additional 20,000 tons  of ore (Bul lock ,  1976). 

Approximately 210 tons  

A t  the Rain Bow deposit, f luori te  i s  accompanied by s i l i c i f ied  

carbonates, minor s u l p h u r ,  and l o c a l l y  intense acid alteration. 

evidence clearly indicates t h a t  the s u l p h u r  deposition and a c i d  alteration 

pos tda te  the f luori te  within th i s  deposit and are probably  contemporaneous 

w i t h  t h e  o t h e r  n a t i v e  s u l p h u r  d e p o s i t s  t h r o u g h o u t  the geothermal field.  

Textural 

Several, l ines of evidence suggest t h a t  deposition of f luori te  was not  

T h i s  conclusion i s  based related t o  the mid-Tertiary hydrothermal events. 

primarily on the following observations: 1)  the absence of f luori te  in 

widespread carbonate rocks affected by mid-Tertiary hydrothermal alteration, 

in spi te  o f  the low solubility of f luor i te  in such environments (Moore and 

Kerrick, 1976), 2 )  the occurrence of f luori te  in areas peripheral t o  the 

mid-Tertiary intrusions, and 3 )  the deposition o f  f luori te  i n  tensional zones 

within structures of probable Basin and Range (post-intrusion) age. On the 
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other hand,  1)  the absence of f luori te  in nearly a l l  areas presently associ- 

ated with active hydrothermal alteration, 2 )  the  substantial differences in 

hydrothermal environments between f luori te  and  s u l p h u r  deposition, and 3 )  the 

clearly younger age of the s u l p h u r  a l l  suggest t h a t  the f luori te  i s  n o t  

related t o  active hydrothermal alteration. 

Fluorite occurrences are widespread throughout the Marysvale volcanic 

field.  

related t o  the 17-21 million year o l d  period of rhyolitic volcanism. 

the observations and relationships described above, a genetic relationship 

between f luori te  and rhyolitic volcanism i s  likely b u t  cannot  be definitely 

O u r  reconnaissance work suggests t h a t  most of these occurrences are 

Based on 

documented. 

Samples of the hydrotherma fluids related t o  f l u o r i t e  deposition are 

preserved as two-phase fluid inclusions within the fluorite.  The volume of 

the vapor phase in these inclusions ranges from approximately 5-452. These 

observations, as we1 1 as the absence of secondary d a u g h t e r  mineral s , suggest 

t h a t  the f luori te  was deposited by a b o i l i n g  fluid of relatively low salinity.  

A simple reconstruction o f  t h e  sedimentary and volcanic section i n  the area of 

the f luori te  deposits suggests t h a t  the mineral deposition occurred a t  depths 

of a t  least 300 m. 

-THE COVE FORT-SULPHURDALE GEOTHERMAL SYSTEM 

The youngest (and s t i l l  active) hydrothermal event t o  effect the Cove 

Fort-Sulphurdale KGRA has produced surficial  and subsurface alteration in an 

area covering a minimum of 47 sq. km. The surficial  a l t e r a t i o n  of the 

alluvium and Price River Conglomerate near Cove For t  ( F i g .  3 )  and  a t  
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Sulphurdale has been accompanied by the formation o f  native sulphur deposits. 

This alteration has l e f t  porous residues of s i l i ca  and clays w i t h i n  w h i c h  many 

of the original sedimentary textures and structures are preserved. I 

A l t h o u g h  the existence o f  a h o t  water system ( i n  the sense of White and 

1 others, 1971)  in the Cove Fort-Sulphurdale area has been confirmed by deep 

dr i l l ing ,  many of the surficial features typical of  other geothermal fields 

are not  present, such as hot  springs and deposits o f  siliceous and calcareous 

sinter.  Instead, the altered areas produce hydrogen sulfide. White and 

others (1971) suggest t h a t  the differences i n  the surface manifestations of 

h o t  water systems can be explained i n  terms of relative depths of  the water 

table. Where the water table i s  depressed, as i n  the Cove Fort-Sulphurdale 

area (approximately 400 m, Union Oil Company, 1978c), the surface features 

reflect degassing and boiling of the water t a b l e  a t  depth. 

Hydrogen sulfide i s  presently evolving from some of the  altered areas 

near Cove Fort, a l so  from the central portions o f  the S u l p h u r d a l e  deposit 

where i t  escapes t h r o u g h  small pools of  standing water, probably  o f  meteoric 

o r i g i n .  The water has a pH o f  about  1. I n  con t r a s t ,  surface water  i s  not  

I 

I 

I 

presently associated w i t h  any of the altered areas near Cove Fort .  

release of hydrogen sulfide from the hydrothermal fluids has been considered 

The 

by Schoen and others (1974) t o  explain the o r i g i n  of the intense alteration 

("acid altered areas'' o f  Schoen and Ehrlich, 1968) and sulphur deposition a t  

Steamboat S p r i n g s ,  Nevada. 

existing rocks form above the water table by cont inuous downward migration o f  

sulphuric acid dissolved i n  ra in  water and condensed water vapor. 

They concluded t h a t  siliceous residues of pre- 

According 

t o  the i r  model, the o x i d a t i o n  under swrface conditions of  hydrogen sulfide 
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derived from the  geothermal fluids can l e a d  directly i o  the formation and 

precipitation of native sulphur. Further o x i d a t i o n  by b a c t e r i a l  a c t i o n  leads 

t o  the format ion  of sulphuric a c i d .  

produce, below the zone of intense a c i d  leaching, assemblages dominated by 

The downward-migrating a c i d  waters 

clay minerals. The overall effect o f  these mineral reactions i s  t o  decrease 

the near-surface permeability by sealing the fracture zones. 

1 The sulphur deposits of the Cove Fort-Sulphurdale area contain variable 

amounts of gypsum, sul p h u r ,  pyrite, and marcasi t e  (Rodriguez, 1960). 

minerals form a sequence of assemblages w h i c h  diminishes w i t h  depth. 

guez ( 1960) recognized an upper envel ope of secondary gypsum f o l  1 owed downward 

These 

Rodri- 
I 

by successive envelopes o f  gypsum + sulphur, sulphur, sulphur t pyrite + 

marcasite, and pyrite + marcasite. 

located a t  Sulphurdale has uncovered iron sulfides approximately 10 feet below 

the surface (Ca l l aghan ,  1973). 

F o r t ,  the replacement of sulphur by gypsum has been complete and no primary 

sulphur remains. 

centimeters 1 ong and smal 1 er del icate,  radiating c l  usters. 

replaces limestone pebbles w i t h i n  the Price River Conglomerate (Rodriguez, 

1960). 

explanation, consistent w i t h  our observations, f o r  the intense alteration and 

the declining surficial activity i n  some o f  the altered areas near Cove F o r t .  

Excavation i n  the largest of t h e  deposits 

I n  some o f  the smaller occurrences near Cove 

The gypsum forms large t a b u l a r  crystals u p  t o  several 

Local l y ,  gypsum 

The model proposed by Schoen and others (1974) provides an 

The distribution of altered areas and faul t  zones near Cove For t  i s  

i l lustrated i n  Figure 3. 

a l o n g  the north- and northeast-trending f a u l t s  i n  the  southwestern Pavant  

The altered areas are located east of Cove For t  and 

Range. Our investigations indicate t h a t  the acid-altered areas are localized 
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along s i l ic i f ied  fault  zones and we suggest t h a t  the recent earthquake 

activity i n  the Cove F o r t  area reflects reactivation of these nor th-  and 

northeast-trending faults.  

The general structural re1 ationshi ps a t  Sul phurda l  e are simi 1 ar t o  those 

east  of Cove Fort. The Sulphurdale deposit l i e s  on the southern edge of the 

denudation faults i n  the northern Tushar  Mountains. I t  i s  bounded on the east 

by a locally s i l i c i f ied  fault  zone, and other s i l i c i f ied  f a u l t s ,  located 

southeast of the deposit, project i n t o  the Sulphurdale area. 

The  areas of intense alteration northeast of  Cove F o r t  l i e  along the 

northeast-trending Basin and Range fault .  

spatially associated with the Tertiary f luori te  deposits. 

t h a t  i t  is  the b r i t t l e  behavior of these mineralized f a u l t  zones d u r i n g  recent 

tectonic act v i t y  t h a t  allows escape of hydrogen sulfide from the geothermal 

f l  uihs . 

Many of these altered areas are 

I t  appears likely 

Surficial alteration does not  occur i n  the northwestern portion of the 

Tushar  Mountains between Cove Creek and Sul phurdal e ,  however, U t a h  State 31-33 

encountered hydrogen sulfide a t  a depth of 412 m (c.f., Union Oil Company, 

19784). 

Sulphurdale is  characterized by thick accumulations of ash-flow tuffs  and 

gravitational glide blocks t h a t  apparently ac t  as a n  impermeable cap t o  this  

port ion o f  the geothermal system (c.f., Nielson and others, 1978). 

This area, i n  contrast t o  the southern P a v a n t  Range and the area near 

d i  stri b u t  

Figure 4. 

The relationship between low-angle faulting 

on i n  the upper parts o f  the geotherma 

The low-angle f a u l t  t h a t  crosses Utah 

and the temperature 

reservoir i s  i l l  ustrated in 

State 42-7 a t  610 m separates 
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f i l  
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r a nearly isothermal por t ion  of the reservo 

acterized by a steep thermal gradient. Th 

below from a n  upper zone char- 

ernperature distribution bel ow the 

denudation f a u l t  suggests t h a t  heat transfer occurs primarily by convection of 

the thermal fluids t h r o u g h  a fractured reservoir. A h i g h  fracture density i n  

Utah State 42-7 i s  indicated by numerous intervals of  l o s t  circulation and fio 

sample return i n  the t e s t  well (Appendix I ) .  The d r i l l i n g  records of Forrninco 

1 and Utah State 31-33 also i n d i c a t e  a h i g h  fracture density i n  the ge0therma.l 

f ie ld  east of Cove Fort. 

The rapid temperature loss above the denudation f a u l t  ( F i g .  4 )  may 

reflect  heat loss b o t h  by conduction and the i n f l u x  of co ld  meteoric water. 

This interpretation i s  supported by the abundance of co ld  springs t h r o u g h o u t  

northern Tushar Mountains. 

The subsurface activity i n  the northern portion of the Tushar Mountains 

resulted i n  the deposition of anhydrite-bearing veins ana  open space 

ings  below the water table. 

ored por t ions  of  the geothermal system. 

These veins occur t h r o u g h o u t  the lower 

The anhydrite occurs as coarse 

euhedral blades often coated w i t h  calci te ;  b o t h  t h e  carbonate coat ings and 

habit contrast with the surficial secondary occurrences of  gypsum formed by 

oxidation o f  native sulphur. 

The heat source for the active Cove Fort-Sul  phurda l  e geothermal system 

has been'assumed by most workers t o  be related t o  recent basaltic volcanism 

(Cal laghan ,  1973; Steven and others, 1977) and seismic studies by Olson and 

Smith (1976) support t h i s .  hypothesis. The concentration of  hydrothermal 
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alteration and seismicity north and northeast of Coye Fort cannot be 

demonstrably re1 ated t o  basal t i c  volcanism and  a v a i l  ab1 e geological and 

geophysical d a t a  do not  a l low resolution o f  this  problem a t  the present time. 

CONCLUSIONS 

The geometry of the Cove Fort-Sulphurdale geothermal reservoir reflects 

the extensive faulting, volcani'sm, and intrusion t h a t  has occurred in the 

Pavant Range and Tushar  Mountains primarily since the mid-Tertiary. 

summarizes the major geologic events t h a t  have affected th i s  area. 

Cove Fort ,  f a u l t s  related t o  the Sevier Orogeny may become increasingly 

important control  factors. The reservoir consists o f  Paleozoic and Mesozoic 

sedimentary rocks as well as Tertiary intrusive and volcanic rocks. 

Figure 5 

North of 

The 

migration of thermal fluids through the reservoir i s  cont ro l led  primarily by 

hi gh-angl e faul ts  of Cenozoic age. 

The central par t  of the  geothermal f ie ld  in the Cove Fort-Sulphurdale 

area i s  dominated by low-angle faults t h a t  bound g r a v i t a t i o n a l  glide blocks 

w h i c h  a c t  as an impermeable cap t o  the upper portions o f  the geothermal system 

i n  the northwestern Tushar Mountains. Surficial a l t e r a t i o n  related t o  the 

geothermal system i s  concentrated along steeply dipping f a u l t s  t o  the north 

and south o f  the glide blocks and i s  characterized by the evo lu t ion  o f  

hydrogen sulfide a t  a water t a b l e  located about  400.m (Un ion  Oil Company, 

1978~) .  

1 eachi ng and smal 1 nati ve sulphur deposits. 

The hydrogen sulfide is associated w i t h  areas o f  intense acid 

The dimensions of the geothermal reservoir and the base temperatures have 

not yet been established. Nevertheless, h o t  water wells and intense 

30 



M i n e r a l i z a t i o n  

Intrusive Activity 

V o l c a n i s m  

N o r m a l  Fault ing'  

C I J  
andesite 

- 
Lower 
Bullion 
Canyon 
volcanics 

m 3 - 3  
base melol * flourite' 

sulphides 

c = 1  
lal i te quortz 
porphyry monzanile 

- c=1c=1 
Three Red While 

Creeks Tuff Tuff 
Tuff 

m - 
Osiris Joe Lol l  
Tuff Tuff 

n 
sulphur 

(geothermal system1 

I 
bosall 

1 1 1 I I I 
I 1 I I 1 1 I 
30 25 20 15 10 5 p r e s e n t  

m i l l i o n  years 

Figure 5 .  Summary diagram of  the geologic events in the Cove Fort-Sulphurdale K G R A  since the late Oligocene 



seismici ty  8 km n o r t h  of Cove For t  i n  Dog Valley (Olson and S m i t h ,  1976) .  

suggest t h a t  t h e  geothermal system may be s ign i f i can t ly  l a rge r  t h a n  the  area 

characteri  zed by surf i c i  a1 a1 t e r a t i  on and hi g h  thermal gradi ents  (Union Oi 1 

Company 1978a) 

! 
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APPENDIX I 

Union Oil Company d r i l l  hole Utah State 42-7 was collared in alluvium 

approximately 1066 m northeast of Sulphurdale i n  T26S, R6W, section 7. The 

alluvium overlies Bullion Canyon Volcanics and  the Needles Range Formation 

which extend from 60 t o  2040 feet (18 t o  622 r n ) .  The volcanics consist o f  

thick accumulations o f  the Three Creeks Tuff Member o f  the Bullion Canyon 

Volcanics, Needles Range Formation and minor l a v a  flows and breccias o f  the 

lower member o f  the Bullion Canyon Volcanics. 

volcanic section i s  in fault  contact  with quartzit ic sandstones of the 

Coconino Sandstone. 

gravitational sl ide blocks of the northwestern por t ion  of  the Tushar 

Mountains. 

Cove Fort-Sulphurdale area, this  u n i t  i s  not present in d r i l l  hole Utah S t a t e  

The basal p o r t i o n  of the 

This fault  i s  interpreted as the basal glide plane t o  the 

Although the Price River Conglomerate i s  found elsewhere in the 

42-7 

The Coconino Sandstone overlies thermally metamorphosed Paleozoic 

sed-imentary rocks consisting primarily o f  recrystallized and locally graphitic 

limestones and lesser amounts o f  siliceous dolomites and quartzites. The 

metamorphism o f  siliceous dolomites has produced t a l c  near the t o p  of the 

section ( a t  2820 feet;  800 m )  and fors ter i te  marble near the base; the l a t t e r  

i nterval i s enti rely serpenti n i  zed ( 7100-7730 feet  ; 2164-2356 m )  . 
Dikes o f  quartz monzonite associated with the mid-Tertiary hydrothermal 

event are intersected by the hole a t  6180'-6220' (1884-1896 r n ) ,  6490'-6540' 

(1978-1993 m) , 6960 '-7100 (2121-2164 rn) , and 7530 ' -7540 ' ( 2295-2298 m )  . 
Metasomatic exchange between the carbonate rocks and  the q u a r t z  monzonite has 
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produced skarns adjacent t o  some of the dikes. 

g rossu la r i t e ,  diopside, epidote,  potassium feldspar ,  and quartz. 

The skarn assemblages contain 

Pyr i te  i s  widely d is t r ibu ted  throughout the d r i l l  hole and i n  places i s  

associated w i t h  minor amounts of pyrrhot i te ,  borni te ,  chalcopyrite,  galena, 

and sphaler i te .  A t  3360 f ee t  (1024 m )  the mineralization i s  associated w i t h  

in tense quartz veining. 

common below 2800 f ee t  (853 m )  and cons t i t u t e  approximately 45 percent of the 

sample a t  6080 f ee t  (1853 m )  

Minor amounts o f  anhydrite coated w i t h  c a l c i t e  a r e  
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. APPENDIX I 1  

Union Oil Company d r i l l  hole Utah S t a t e  31-33 was collared in alluvium on 

the northern edge of the Tushar Mountains approximately 3 . 5  km east of Cove 

Fort in T25S, R6W, section 32. The upper p o r t i o n  of the d r i l l  hole consists 

of Bullion Canyon Volcanics t h a t  extend from 52-1000 feet (16-305 m). A t  t h i s  

locali ty,  a thick accumulation of Needles Range Formation i s  interbedded w i t h  

d a c i t e  lava  flows. S i l l s  of andesite porphyry intrude the volcanics near the 

base of the section and near the t o p  of the d r i l l  hole. The lava flows are 

p a r t  o f  the lower member of the Bullion Canyon Volcanics. The volcanic rocks 

are in faul t  contact with the underlying.argillaceous sandstones of the Price 

River Conglomerate. 

structures related t o  gravitational glide blocks i n  the northern Tushar 

The fault  i s  interpreted as one o f  a family of denudation 

Mountains. A second glide plane i s  believed t o  cross the d r  

2000 feet  (610 in). The Price River Conglomerate unconformab 

t o  mediurn-grained dolomites of Paleozoic age. Near the base 

11 hole about  

y over1 ies  fine- 

of the d r i l l  

hole, pre-volcanic thrust faulting has juxtaposed Triassic si l tstones and 

1 imestones a g a i n s t  the Paleozoic dolomites. 

The rocks of Utah  State 31-33 have been affected by minor base metal and 

sulfide mineralization as well as low-grade metamorphism. The mineralization 

i s  dominated by pyrite and i s  fracture controlled. Between 1390 and 1400 feet 

(424-427 m), significant amounts o f  galena, sphalerite,  and chalcopyrite 
,- 

accompany the pyrite. Metamorphism has produced minor amounts of chlorite in 

the calcareous si l tstones th roughou t  the lower portion of the dr i l l  hole. 
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APPENDIX I11 

Union Oil Company d r i l l  ho le  Forminco #1 i s  located approximately 3 km 

east of Cove Fort in a small alluvial-covered basin i n  the southern end of the 

Pavant  Range. 

from 55 t o  240 feet (17 t o  73 m ) .  

Beneath the alluvium, the d r i l l  hole penetrated volcanic rocks 

The volcanic rocks are bleached and contain 

gypsum, pyrite, and minor native sulphur t o  a depth of 105 feet  (32 m ) .  We 

believe t h a t  th is  alteration i s  related t o  the presently active hydrothermal 

system i n  the Cove Fort-Sulphurdale area. 

chip samples indicates t h a t  the volcanic section consists primarily of lava 

Petrographic examination o f  the 

flows belonging t o  the lower part of the Bullion Canyon Volcanics. 

lesser amounts o f  ash-flow tuff a l s o  occur i n  the d r i l l  hole, the volcanic 

rocks are not differentiated on the accompanying l o g  because of the intense 

Although 

alteration and poor sample recovery in th i s  interval. 

in faul t  contact with the underlying Coconino Sandstone which overlies in turn 

a blue-gray limestone of the Pakoon Formation. Below 720 feet (219 m )  many 

sample interval s returned few cut t i  ngs because of 1 ost ci rcul a t  i on; from 

720-1000 feet (219-305 m )  there were no returns. The bo t tom of the d r i l l  hole 

i s  in brown-gray friable and coarsely crystall ine dolomite. Both the dolomite 

and limestone are probably of mid-Paleozoic age. 

The volcanic rocks are 

In Forminco #1, in contrast t o  Utah S ta t e  42-7 and 31-33, pyrite was the 

only sulfide found. Near the t o p  of the hole, pyrite i s  associated with the 

acid-altered rocks. Quartz-pyrite veins occur sporadically between 240 and 

740 feet (73-226 m )  in the Coconino sandstones and underlying limestones b u t  

are absent from the dolomites a t  the base o f  the d r i l l  hole. The association 

of the pyrite with quartz veins leads us t o  believe t h a t  th is  mineralization 

i s  related t o  the early mid-Tertiary hydrothermal event. 
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The map c o v e r s  the e a s t e r n  p a r t  of the quadrang le  a t  a s c a l e  o f  1:62,500. 
The mapped a r e a  ex tends  from Wildca t  Creek south t o  the South Fork of  
North Creek. A b r i e f  account  of the geology and minera l  d e p o s i t s  i s  
i ncl uded . 

1961c,  Geology of the Monroe quadrang le ,  Utah: U.S.G.S. Geologic  
Quadrang le  Map GQ-155. 

1962, Geology of the Delano Peak quadrang le ,  Utah: U.S.G.S. 
Geologic  Quadrangle  Map GQ-153. 

Carmony, J.R., 1977, S t r a t i g r a p h y  and geochemis t ry  of the Mount Belknap 
series, Tushar  Mountains, Utah: Penn.  S t a t e  U n i v . ,  unpub M.S. thesis, 
153 p. 

Caskey, C.F., and Shuey, R.T., 1975,  Mid-Ter t ia ry  v o l c a n i c  s t r a t i g r a p h y ,  
Sevier-Cove Fort  a r e a ,  Cent ra l  U t a h :  Utah Geology, v .  2 ,  no. 1, p. 17-25. 
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I 
The paper covers the area from U.S. Interstate 15 e'ast into Beaver Co. 12  
kilometers, and from just sou th  of Interstate 70 t o  12 kilometers nor th  
this paper provides paleo-magnetic d a t a  and a geologic sketch map w i t h  
sample s i tes .  
pe t rographic  relationships are n o t  described in detail .  

Hand sample descriptions are given for  the hnits,  b u t  the 

Clark, E. E . ,  1977, Late Cenozoic volcanic and tectonic a c t i v i t y  along the 
eastern margin of the Great Basin, in the proximity of Cove F o r t ,  Utah: 
Brigham Young Univ. Geology Studies, v .  24,  p t .  1, p. 87-114. 

This paper discusses the petrography and tectonic activity of the Cove 
For t  basaltic f ie ld  (southern h a l f  of the Black Rock Desert). 
geochemical compositions f o r  20 samples are l isted.  
a t  a scale of 1:125,000 and extends from Interstate 15 t o  Black Rock on 
the Union Pacific railroad l ine t o  the west. 

The 
The geologic map i s  

Condie, K.C. ,  and  Barsky, C.K.,  1972, Origin of Quaternary b a s a l t s  from the 
Black Rock Desert Region, U t a h :  Geol. SOC. Amer. Bull., v .  83, p. 
333-352. 

The individual volcanic fields are briefly described. The geochemical 
variations are discussed, and t he  geochemical trends of the eruptions 
are used t o  interpret the magmatic evolution. The geologic map i s  a 
small-scale reference map. 

Crosby, G.W., 1959, Geology of the S o u t h  P a v a n t  Range, Millard and Sevier 
Counties, U t a h :  Brigham Young U n i v .  Geology Studies, v. 6 ,  no. 3, 59 p. 

The focus o f  the paper i s  on the sedimentary rocks rang ing  from Cambrian 
t o  Quaternary and i t  includes a brief discussion of Miocene? volcanics. 
A stratigraphic column and a geologic map w i t h  a scale o f  1 inch t o  4693 
feet  are included. 

Cunningham, C.G., and Steven, T.A., 1977, Mount Belknap and Red Hills Calderas 
and associated rocks, Marysvale volcanic f ie ld ,  west-central Utah: 
U.S.G.S. Open-File Report 77-568, 40 p. 

The Mount Belknap volcanic units and the Red Hills  units are described 
and a small scale geologic map of the Mount Bel k n a p  Caldera i s  included. 
The chemical breakdown o f  11 samples i s  also l isted.  

Cunningham, C.G., Steven, T.A. and Naeser, C.W., 1978, Structural and 
mineralogical analysis of the Deer Trail Mountain-Alunite Ridge mining 
area, Utah: U.S.G.S. Open-File Report 78-314, 1 p l a t e .  

I 

39 



Dasch M.D., 1964 Fluorine, i n  Mineral and wa te r  resources o f  Utah: Utah 
keol Mineral  Survey Bu l l .  73,  p. 162-168 (reprinted 1969) .  

-F leck ,  R.J., Anderson, J .J . ,  and Rowley, P .D . ,  1975,  Chronology of mid- 
T e r t i a r y  volcanism i n  high p l a t e a u s  r eg ion  of  Utah: 
of southwestern h igh  p l a t e a u s  of Utah: Geol SOC. Am=. Spec. Paper  160,  
88 p. 

i n  Cenozoic geology 

Haugh, G.R.? 1978,  Late Cenozoic,  c a u l d r o n - r e l a t e d  s i 1  i c i c  volcanism i n  
the T w i n  Peaks a r e a ,  M i l l a r d  County, Utah: 
M.S. thesis,  53 p. 

Brigham Young U n i v . ,  unpub .  

The s t u d y  area i s  located about  12 km nor thwes t  of Cove F o r t .  
g e o l o g i c  map i s  a t  a s c a l e  o f  1:95040. The thesis d e f i n e s  the v o l c a n i c  
units and r e l a t e s  the i r  occur rence  t o  a cau ld ron .  
descriptions of the units, t h e i r  p e t r o c h e m i s t r y ,  and t r a c e  e lement  model 
d i s t r i b u t i o n s  a r e  d i scussed .  

The 

Pe t rog raph ic  

Hintre, Lehi F., 1973, Geologic  h i s t o r y  o f  Utah: Brigham Young Univ .  Geology 
S t u d i e s ,  v.  20,  p t .  3, 181 p. 

This paper  p rov ides  a b r i e f  review of  the g e o l o g i c  h i s t o r y  o f  Utah. 
S t r a t i g r a p h i c  columns for  46 l o c a t i o n s  w i t h i n  the  s t a t e  are g iven  
i n c l u d i n g  the Cove F o r t ,  northern Pavant Range, and Marysvale a r e a s .  

Hoover, J.D., 1974, Periodic Quaternary  volcanism i n  the Black Rock Desert, 
Utah: Brigham Young U n i v .  Geology S t u d i e s ,  v .  2 1 ,  p t .  1 ,  p .  3-72. 

The paper  d e s c r i b e s  the i n d i v i d u a l  volcanic f i e l d s  and eruptive events i n  
eastern M i l l a r d  County. The geochronology f o r  20 samples i s  g iven,  the  
structure i s  discussed, and pe t rography and p e t r o c h e m i s t r y  o f  t h e  
Quaternary b a s a l t  f lows  are d e s c r i b e d .  

King, C.R., 1953, Cove Creek su lphur :  M h n g  Eng inee r ing ,  p.  375-387. 

Lau tensch lage r ,  Herman K. ,  1952, The Geology o f  the c e n t r a l  p a r t  o f  t h e  
P a v a n t  Range, Utah: O h i o  S t a t e  U n i v .  unpub. M.S. thesis. 

The thesis d e s c r i b e s  the sedimentary  units and structures i n  the Pavant 
Range. P e t r o g r a p h i c  descriptions and photomicrographs a r e  a l s o  g iven  f o r  
two samples of Bu l l ion  Canyon Volcanics .  A map a t  a s c a l e  of 1:31,000 i s  
inc luded .  
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Lee, W.T., 1906,  The Cove Creek su1phu.r beds ,  Utah:  U.S.G.S. B u l l e t i n ,  
V .  315, p.  485-490. 

Lee r e p o r t s  t h a t  the  s u l p h u r  d e p o s i t s  a r e  a long  a zone of i n t e n s e  
f a u l t i n g  and v o l c a n i c  a c t i v i t y .  
o r e  and d i s c u s s e s  i t s  o r i g i n .  
e s c a p i n g  through vents i n  1906. An a n a l y s i s  o f  the wa te r  i n  the su lphur  
beds i s  l is ted.  

The paper  describes the c h a r a c t e r  of the 
Large volumes of gas  were reported t o  be 

Molloy, M.W., and Kerr P.F., 1962, Tushar  Uranium a r e a ,  Marysvale ,  Utah: Geol. 
SOC. Amer. B u l l . ,  v. 73,  p. 211-236. 

Mackin, J.H., 1963, Reconnaissance s t r a t i g r a p h y  of the Needles Range 
Formation: In te rmtn .  Assoc. Petroleum G e o l o g i s t s ,  1 2 t h  A n n .  Field Conf., 
Southwestern Utah Guidebook, p. 71-78. 

Maxey, G.B. ,  1946, Geology of p a r t  of the Pavant  Range, M i l l a r d  County, 
Utah: Amer. Jour. Sc i . ,  v.  244, p. 324-356. 

The geology o f  the s o u t h e r n  end of the Pavant  Range i s  discussed. 
Pa leozo ic  rocks a r e  i n  thrust c o n t a c t  w i t h  Mesozoic and Permian rocks .  

Ea r ly  

Mehnert ,  H.H., Rowley, P.D., and Lipman,  P.W., 1978,  K-Ar ages  and 
geothermal i m p l i c a t i o n s  of  young r h y o l 4 t e s  i n  West-Central  U t a h :  
I sochron/West , 'no .  21, p. 3-7. 

T h i s  paper  g i v e s  K-Ar d a t e s  f o r  14 samples f rom Thermo, Rooseve l t ,  and 
Black Rock Desert a r e a s .  Mineral  modes f o r  the 14 samples  a r e  a l s o  
l is ted.  

Moore, J.N., and Kerrick, D.M., 1976,  Mixed-vo la t i l e  e q u i l i b r i a  i n  
c a l c a r e o u s  rocks  from the A l t a  a u r e o l e ,  Utah: Amer. J o u r .  S c i . ,  v.  276, 
p. 502-5240 

Mount, Pr isci l la ,  1964,  S u l f u r ,  - i n  Mineral and water resources of  Utah:  Utah 
Geol. Mineral Survey B u l l .  73,  p.  228-232. 

Mount d e s c r i b e s  b r i e f l y  the p roduc t ion  o f  s u l p h u r  from Cove Creek and 
S u l p h u r d a l e  between 1869 and 1906. 
from these d e p o s i t s  since 1952. 
zone o f  f a u l t i n g  a r e  d i s c u s s e d .  
inc luded .  

There has  been no s i g n i f i c a n t  o u t p u t  
Types o f  s u l p h u r  deposits which f o l l o w  a 
A map of U t a h ' s  s u l p h u r  d e p o s i t s  i s  
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Nielson, D.L.,  S j b b e t t ,  B.S., McKinney, D.B. ,  Hulen, J.B., Moore, J.N., , 

Samberg, S.M., 1978, Geology o f  t he  Roosevel t  Hot Spr ings  K G R A :  Ear th  
S c i e n c e  Lab, U n i v .  of Utah Research I n s t . ,  no. 1 2 ,  Con t rac t  no. 
EG-78-C-07-1701, 120 p. 

Olson,  T.L., and Smith,  R.B. ,  1976,  Earthquake Surveys  o f  t h e  Roosevel t  Hot 
S p r i n g s  and the Cove For t  a r e a s ,  Utah; U n i v .  Utah Dept. Geol. and 
Geophysics R p t .  v. 4 ,  Grant no. GI-43741, 83 p. 

Peterson, D.L. ,  1974, P r i n c i p a l  facts for g r a v i t y  s t a t i o n s  i n  parts of 
Beaver ,  I r o n ,  and M i l l a r d  Counties, sou thwes te rn  Utah: U.S.G.S. 
Open-File Report 74-298. 9 p. 

The report contains  s t a t i o n  l o c a t i o n s  by l o n g i t u d e  and l a t i t u d e ,  and 
l i s t s  the t y p e  o f  s t a t i o n .  
c o r r e c t i  on are 1 i s t e d .  

The e l e v a t i o n ,  observed  g r a v i t y ,  and f ree  a i r  

Rodr guez,  E.L. ,  1960,  Economic geology of the  su lphur  deposits a t  
S u l p h u r d a l e ,  Utah: Univ. o f  Utah unpub. M.S. thesis,  74 p. 

The geology of the Cove For t  and Su lphurda le  a r e a  i s  d e s c r i b e d .  The 
su lphur  d e p o s i t s  a r e  d e s c r i b e d  i n  d e t a i l ,  and in fo rma t ion  from d r i l l  
h o l e s  i s  given.  The s u l p h u r  
d e p o s i t s  are a t t r i b u t e d  t o  thermal  s p r i n g s  of s u l f o t a r i c  n a t u r e .  Ore 
reserves f o r  the area a r e  l i s t e d .  

Ore and gangue minerals are d e s c r i b e d .  

Rowley, P.D., Lipman, P.W., Mehnert, H.H., L indsey ,  D.A.,  and Anderson, J .J . ,  
1968, Blue Ribbon l ineamen t ,  an e a s t - t r e n d i n g  s t r u c t u r a l  zone w i t h i n  the 
Roche minera l  b e l t  o f  southwes tern  U t a h  and e a s t e r n  Nevada: Jour .  
Research, U.S.G.S., v.  6 ,  no. 2 ,  p. 175-192. 

Schoen, R . ,  and Ehrlich, G.G. ,  1968, B a c t e r i a l  o r i g i n  of sulphuric a c i d  i n  
su lphurous  hot  s p r i n g s :  Proc. 23rd In t .  Geol . Congress ,  v. 1 7 ,  p. 
171-178 . 

Schoen, R . ,  White, D.E., and Hemley, J.J., 1974,  A r g i l l i z a t i o n  by descending  
acid a t  Steamboat S p r i n g s ,  Nevada: C lays  and Clay Mine ra l s ,  v. 22’, 
p. 1-22. 

Skippen G . ,  1974, A n  experimental model for low pressure metamorphism o f  
siliceous d o l o m i t i c  marble:  Amer. Jour. S c i . ,  v .  274,  p. 487-509. 
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S l a u g h t e r  J . ,  Kerrick, D.M., and Wall ,  V.J., 1975,  Experimental  and 
thermodynamic s t u d y  o f  e q u i l i b r i a  i n  t he  system CaO-MgO-Sio2-H20-C02: 
Amer. J o u r .  S c i . ,  v .  275, p. 143-162. 

Smi th ,  R.B.,  and S b a r ,  M.L., 1974, Contemporary t e c t o n i c s  and s e i s m i c i t y  o f  
the  western United S t a t e s  w i t h  emphasis on the  in t e rmoun ta in  seismic 
b e l t :  Geol.  SOC. Amer. Bu l l . ,  v. 85 ,  p. 1205-1218. 

S t even ,  T.A., 1978, Geologic  Map of the S e v i e r  SCJ Quadrangle ,  West-central  
Utah: U.S.G.S. Map MF-962. 

S t even ,  T.A., and Cunningham, C.G., 1979,  C l i n o p t i l o l i t e  resources i n  the 
Tushar  Mountains,  wes t - cen t r a l  Utah: U.S.G.S. Open-File Report  79-535, 22 
P. 

S t even ,  T.A., Cunningham, C.G. ,  Naeser ,  C.W., and Mehnert, H.H. ,  1977,  Revised 
s t r a t i g r a p h y  and r a d i o m e t r i c  a g e s  of v o l c a n i c  rocks and minera l  d e p o s i t s  
i n  the Marysvale a r e a ,  wes t - cen t r a l  Utah: U.S.G.S. Open-File Report  
77-569', 45 p *  

The paper  describes the v o l c a n i c  geology of the  Marysvale a r e a  and 
i n c l u d e s  1 i t h o l o g i c ,  p e t r o g r a p h i c  and minera l  composi t ion  o f  the Bull  ion 
Canyon S e r i e s .  
a l t e r a t i o n  and m e t a l l i c  and uranium m i n e r a l i z a t i o n  a r e  d e s c r i b e d .  K-Ar , 

age d a t e s  on 19 samples a r e  l i s t e d .  

The Mount Belknap Volcanics  and t h e  hydrothermal 

A g e o l o g i c  map i s  not  inc luded .  

S t e v e n ,  T.A., Ronley, P.D:, and Cunningham, C.G. ,  1978, Geology o f  the 
Marysvale v o l c a n i c  f i e l d ,  wes t - cen t r a l  U t a h :  Brigham Young U n i v . ,  v .  25 ,  
p t .  1, p a  67-70. 

Turne r ,  F.J., 1968, Metamorphic Pe t ro logy-Minera logica l  and F i e l d  Aspects: 
McGraw H i l l  Inc . ,  403 p. 

Union Oil Company, 1978a,  Cove For t -Su lphurda le  Geothermal U n i t  Area, Mi l l a rd  
and Beaver Co., Utah, Geologic  Report. 

, 

1978b, Cove Fort-Sul  phurdal e U n i t  We1 1 Formi nco #1, Mil 1 a rd  Co., 
U t a h ,  t e c h n i c a l  r e p o r t .  

1978c,  Cove Fort-Sul phurdal e U n i t  We1 1 X42-7, Beaver Co., Utah 
t e c h n i c a l  report. 

43 



7 

I 

1978d, Cove Fort-Sul  phurdal e U n i t  We1 1 #31-33,  Mil 1 a r d  Co., . 
Utah, t e c h n i c a l  r e p o r t .  

1 

Welsh, J.E., 1972,  Upper Pa leozo ic  s t r a t i g r a p h y ,  P la teau-Bas in  and Range 
transit ion zone,  central Utah :  Utah Geol. Assoc. P u b l .  2 ,  p. 13-20. 

T h i s  paper provides a d e s c r i p t i o n  of the M i s s i s s i p p i a n ,  Pennsylvanian ,  
and Permian s t r a t i g r a p h y  i n c l u d i n g  r e g i o n a l  r e l a t i o n s h i p s  i n  c e n t r a l  
Utah. I t  d i s c u s s e s  the tectonics e f f e c t i n g  d i s t r i b u t i o n  of l a t e  
Paleozoic r o c k s  and i n c l u d e s  a s ta te  map, "Tec ton ic  Elements of Different 
Ages t h a t  Effect D i s t r i b u t i o n  of Upper Pa leozo ic  Rocks." Base metal 
d e p o s i t s  and o i l  and gas  resources w i t h  l o c a t i o n s  a r e  l i s t e d .  

Mil 1 a r d ,  M.E., Cal l  aghan,  E . ,  1962,  Geol ogy o f  Marysval e quadrangl  e ,  
Utah: U.S.G.S. Geologic  Quadrangle  Map GQ-154. 

A b r i e f  d i s c u s s i o n  of l i t h o l o g i e s ,  a l t e r a t ion ,  structure and minera l  
d e p o s i t s  accompany a 1:62,500 s c a l e  map. 

White, D.E., Muff l e r ,  L.J.P., and T r u e s d e l l ,  A.H. ,  1971, Vapor-dominated 
hydrothermal systems compared w i t h  ho t -water  sys tems;  Econ. Geol . ,  v 66,  
p.  75-97. 

Zimmerman, J'.T., 1961,  Geology of the Cove Creek a r e a ,  ,Mi l l a rd  and Beaver 
Counties, Utah: U n i v .  o f  Utah unpub. M.S. thesis,  91 p. 

The s t u d y  a r e a  ex tends  west from I n t e r s t a t e  15 about  8 m i l e s  and from the 
M i l l a r d  Co. l i n e  no r th  t o  Sec. 36, T24S. 
units are d e s c r i b e d  i n  some d e t a i l  w i t h  T e r t i a r y  and Quaternary  igneous 
rocks e x t e n s i v e l y  described. 
a map a t  a scale  of 1:20,000 has good d e t a i l  

The P a l e o z o i c  and Cenozoic 

P e t r o g r a p h i c  descr ipt ions are inc luded  and 
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P a r t l y  c o n s o l i d a t e d  f a n g l o m e r a t e  d e p o s i t s  

Joe L o t t  T u f f  

L i g h t  g r a y  p o o r l y  welded r h y o l i t i c  a s h - f l o w  t u f f .  C o n t a i n s  a b o u t  
1% p h e n o c r y s t s  m a i n l y  o f  q u a r t z ,  s a n i d i n e ,  p l a g i o c l a s e  and t r a c e s  
o f  b i o t i t e .  b l i n o r  v a p o r  phase c r y s t a l l i z a t i o n  i s  common. E r u p t e d  

f ro in  t h e  Mount Be lknap  C a l d e r a  ( S t e v e n  and o t h e r s ,  1977) .  

7 

To O s i r i s  T u f f  

Dense ly  we lded  g r a y  t o  m o d e r a t e l y  we lded  1 i g h t  r e d - g r a y  r h y o d a c i  t i c  

a s h - f l o w  t u f f  c o n t a i n i n g  a b o u t  30% p h e n o c r y s t s  ( m a i n l y  p l a g i o c l a s e ,  

py roxene ,  b i o t i t e ) .  A1 ignmen t  o f  p l a g i o c l a s e  p h e n o c r y s t s  i s  
c o n s p i c u o u s .  K - A r  age i s  22.4 m.y. ( F l e c k  and o t h e r s ,  1 9 7 5 ) .  

B u l l i o n  Canyon V o l c a n i c s  

Tbqm Q u a r t z  iylonzoni t e  

Hed ium-g ra ined  d i k e s  c o n s i s t i n g  o f  o r t h o c l a s e ,  a n d e s i n e ,  q u a r t z ,  

a u g i t e .  D i k e s  o c c u r  o n l y  i n  Un ion  O i l  D r i l l  H o l e  ,42-7. The 

r e l a t i v e  age o f  t h e  q u a r t z  m o n z o n i t e  w i t h  r e s p e c t  t o  t h e  l a t i t e  
p o r p h y r y  ( T b l )  i s  n o t  known. 

T b l  L a t i  t e  P o r p h y r y  

F o r p h y r i t i c  g r a y  d i k e s  and s t o c k s  c o n t a i n i n g  30-40% p h e n o c r y s t s  o f  
l a b r a d o r i t e ,  c l i n o p y r o x e n e ,  and an a l t e r e d  m a f i c  phase. 
o f  c l i n o p y r o x e n e  and l a b r a d o r i t e  a r e  abundant .  I n c l u d e s  e x t r u s i v e  
e q u i v a l e n t s  and l o c a l l y  b r e c c i a t e d  cap r o c k s .  

Aggrega tes  
3 8 O  

Tbc W h i t e  T u f f  Nember 

P o o r l y  we lded  p i n k  a s h - f l o w  t u f f  c o n t a i n i n g  a b o u t  3% p h e n o c r y s t s  

( m a i n l y  o l i g o c l a s e ,  s a n i d i n e ,  q u a r t z ,  and b i o t i t e ) .  
d e v i t r i f i c a t i o n  o f  m a t r i x  i s  u b i q u i t o u s .  

Secondary 

T b r  

T b t  

Red T u f f  Member 

Dense ly  we lded  r e d  a s h - f l o w  c o n t a i n i n g  a b o u t  3% p h e n o c r y s t s  
( m a i n l y  s a n i d i n e ,  a n d e s i n e ,  and q u a r t z ) .  

Th ree  Creeks T u f f  Member 

Dense ly  we lded  r e d  t o  m o d e r a t e l y  we lded  g r a y  l a t i t i c  a s h - f l o w  t u f f  

c o n t a i n i n g  a b o u t  45% p h e n o c r y s t s  ( m a i n l y  a n d e s i n e ,  k a e r s u t i t i c  

amph ibo le ,  and b i o t i t e ) .  

c h a r a c t e r i s t i c s  i n  t h e  inapped a r e a .  E r u p t e d  f r o m  t h e  Th ree  Creeks 

C a l d e r a  a t  27 m.y. ( S t e v e n  and o t h e r s ,  1977) .  

D i s p l a y s  c o n s p i c u o u s  compound c o o l i n g  

Tb 

Tb i 
Lower B u l l i o n  Canyon V o l c a n i c s  

L a r g e l y  p o r p h y r i t i c  and v a r i a b l y  p r o p y l i t i z e d  d a c i  t e  l a v a  f l o w s  

and b r e c c i a s  c o n t i n i n g  a b o u t  30% p h e n o c r y s t s  o f  andes ine ,  

h o r n b l e n d e ,  and b i o t i t e .  

h o r n b l e n d e ,  py roxene  d i k e s  ( T b i  ) .  
I n c l u d e s  p o r p h y r i t i c  p l a g i o c l a s e ,  

Tn Needles Range F o r m a t i o n  
M o d e r a t e l y  we lded  a s h - f l o w  t u f f  c o n t a i n i n g  a b o u t  40% p h e n o c r y s t s  

o f  p l a g i o c l a s e ,  h o r n b l e n d e  and b i o t i t e .  

(Caskey and Shuey, 1975). L o c a l l y  i n t e r l a y e r e d  w i t h  l o w e r  B u l l i o n  
Canyon Vol can i c s  . 

K - A r  age i s  30.6 m.y. 

P r i c e  R i v e r  Cong lomera te  

L a r g e l y  b o u l d e r  c o n g l o m e r a t e  c o n t a i n i n g  c l a s t s  o f  l i m e s t o n e  and 

q u a r t z i t e .  I n c l u d e s  sands tones  and s h a l e  ( K p s ) .  

RU S i 1  t s t o n e  and L imes tone  
U n d i f f e r e n t i a t e d  s i l t s t o n e  and l i m e s t o n e  o f  p r o b a b l e  T r i a s s i c  age.  

Pc Coconino Sandstone 

B u f f - c o l o r e d  q u a r t z i t i c  sands tone .  

PO O q u i r r h  F o r m a t i o n  
L a r g e l y  b l u e - g r a y  l i m e s t o n e  w i t h  i n t e r b e d d e d  sands tone ,  s h a l e ,  and 
do lon i i  t e .  

Pk Pakoon L imes tone  

L i m e s t o n e  c o n t a i n i n g  beds o f  sandy l i m e s t o n e  and b u f f  q u a r t z i t i c  
sands tone  a t  base. 

/ *  C o n t a c t ,  d o t t e d  where cove red .  

9 0 ' '  

-L 

f a u l t ,  d o t t e d  where cove red ;  b a l l  and b a r  on downthrown s i d e .  

S t r i k e  and d i p  o f  s e d i m e n t a r y  l a y e r i n g  o r  c o m p a c t i o n  f o l i a t i o n .  

0 Geothermal  w e l l .  
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500' 
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1500' 

Refe r  to s t ra t i g raph ic  column fo r  descr ip t ion 
of l i t h o l o g i e s  

a l l u v i u m  (Qal) 

Bul l ion Canyon Volcanlcs;  u n d i f f e r t i a t e d  ( T b )  

: 

500' 

1000' 

1500' 

Dist r ibut ion o f  q u a r t z -  p y r i  te 
veins. P y r i t e  t y p i c c l l y  com- 
pr ises less than  1% o f  t h e  
vein. 

, . . . . .  Coconino Sandstone (Pc) 

Pakoon L lmes tcne  ( P k )  

@ u n d i f f e r e n t l o t e d  Paleozoic r o c k s  

Blank spaces in co lumn ind i ca te  no r e t u r n s .  

4 Ar rows  to r i g h t  o f  co lumn i n d i c a t e  
l o s t  c i r c u l a t i o n  

APPENDIX mS 
Union Oi l  Dr i l l  Hole 
Forminco #1 
sulfide distribution 
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