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ABSTRACT 

D u r i n g  t h e  summer o f  1977,  r e g i o n a l  g r a v i t y  d a t a  were c o l l e c t e d  

i n  p o r t i o n s  o f  t h e  Pavant Range, Tushar Mountains,  n o r t h e r n  S e v i e r  

P l a t e a u ,  t h e  Ante lope Range, and th roughout  S e v i e r  V a l l e y  

approx imate ly  between t h e  towns o f  R i c h f i e l d  and J u n c t i o n ,  Utah. 

A d d i t i o n a l  l y  , d c t a i  1 e d  g r a v i t y  and ground magnet ic d a t a  were c o l  1 ec ted  

i n  t h e  v i c i n i t y  o f  h o t  s p r i n g s  i n  b o t h  t h e  Monroe and Joseph Known 

Geothermal Resource Areas (KGRA's) 

The r e g i o n a l  g r a v i t y  da ta  were t e r r a i n  c o r r e c t e d  o u t  t o  a 

d i s t a n c e  o f  167 km f r o m  t h e  s t a t i o n  and 948 g r a v i t y  s t a t i o n  va lues 

were compi led i n t o  a complete Bouguer g r a v i t y  anomaly map o f  t h e  

survey area. M a j o r  f e a t u r e s  o f  t h i s  map i n c l u d e :  

r e g i o n a l  g r a v i t y  g r a d i e n t  assoc ia ted  w i t h  t h e  Pavant t h r u s t  a long 

wh ich  dense Pa leozo ic  carbonate r o c k s  s t r u c t u r a l l y  emplaced over  

Mesozoic sedimentary rocks  a r e  exposed n o t  f a r  f r o m  low-dens i ty  

v o l c a n i c  rocks o f  t h e  Narysva le  v o l c a n i c  f i e l d ;  2) g r a v i t y  l o w s  ove r  

t h e  a1 1 u v i a l  - f i  11 ed grabens o f  Sevi  e r  Val 1 ey and Marysval  e Val 1 ey ; 

s t r o n g  g r a v i t y  g r a d i e n t s  a s s o c i a t e d  w i t h  t h e  S e v i e r ,  E l s i n o r e ,  Dry 

Wash, and Tushar f a u l t s ;  4 )  g r a v i t y  lows over  t h e  Nount Belknap, Red 

H i  11 s ,  and B i g  John ca lderas;  and 5 )  e a s t - n o r t h e a s t - t r e n d i n g  g r a v i t y  

contours  i n  a l ignment  w i t h  a b e l t  o f  T e r t i a r y  i n t r u s i v e  r o c k s  and t h e  

b e l t  o f  southern Utah. 

1) a pronounced 

3) 

r e g i o n a l  g r a v i t y  p r o f i l e s  th roughout  t h e  survey 

Wah-Wah-Tushar m 

Model ing o f  

nera 

f o u r  



t 

area i n d i c a t e s  t h a t :  1 )  t h e  S e v i e r  V a l l e y  graben has an a l l u v i a l - f i l l  

about 1300 m i n  depth and Marysvale V a l l e y  graben has an a l l u v i a l - f i l l  

about  1200 m i n  depth; 

southern Pavant Range may be l a r g e l y  due t o  changes i n  d e n s i t i e s  o f  

sedimentary r o c k s  across t h e  C o r d i l l e r a n  hinge1 i n e ,  and o n l y  p a r t l y  

t h e  r e s u l t  o f  changes i n  t h e  depth t o  t h e  Moho across  t h e  B a s i n  and 

Range-Colorado P la teau t r a n s i t i o n ;  and 3) t h e  Mount Be l  knap c a l d e r a  

g r a v i t y  low may be due t o  low-dens i ty  T e r t i a r y  v o l c a n i c  f i l l  i n  t h e  

c a l  dera surrounded by sedimentary and i n t r u s i v e  rocks.  Polynomial  

r e s i d u a l  g r a v i t y  anomaly maps were h e l p f u l  i n  d e l i n e a t i n g  a c l o s e d  

g r a v i t y  l o w  i n  t h e  Pavant Range which may be r e l a t e d  t o  a v o l c a n i c  

source area. 

2 )  t h e  r e g i o n a l  g r a v i t y  g r a d i e n t  i n  t h e  

A t o t a l  o f  840 ground magnet ic s t a t i o n s  e s t a b l i s h e d  a l o n g  19 

p r o f i l e s  i n  t h e  Monroe KGRA were compi led i n t o  a d i u r n a l - c o r r e c t e d  

t o t a l  magnet ic i n t e n s i t y  anomaly map. Major  f e a t u r e s  o f  t h i s  map 

i n c l u d e :  

Red H i l l  Hot  S p r i n g  w i t h  t h e  magnet ic h i g h  on t h e  S e v i e r  V a l l e y  s i d e  

o f  t h e  h o t  spr ing ;  and 2 )  a l i n e a r  magnet ic low a long t h e  Monroe Hot  

Spr ings  area. 

a l t e r a t i o n  o f  magnet i te  i n  t h e  a l l u v i u m  by thermal waters  r i s i n g  a long 

t h e  S e v i e r  f a u l t  zone, 

t h e  Monroe KGRA shows t h e  f a u l t i n g  t o  c o n s i s t  o f  many i n d i v i d u a l  en 

echelon f a u l t s  a long t h e  S e v i e r  f a u l t  zone i n s t e a d  o f  one l a r g e  f a u l t .  

D e t a i l e d  g r a v i t y  and ground magnet ic da ta  were a l s o  c o l l e c t e d  

1) a magnet ic anomaly o f  about 700 gammas r e l i e f  across t h e  

These magnet ic f e a t u r e s  a r e  b e l i e v e d  t o  be due t o  

Model ing o f  g r a v i t y  and magnet ic p r o f i l e s  i n  

a long two p r o f i l e s  i n  t h e  Joseph KGRA. 

magnet ic da ta  a long one o f  these p r o f i l e s  i n d i c a t e s :  

Model ing o f  g r a v i t y  and 

1) r e l a t i v e l y  



l i t t l e  th row a long  t h e  Dry Wash f a u l t ,  which c o n t r o l s  t h e  Joseph Ho t  

Spr ings; and 2) t h e  e x i s t e n c e  of  a l a r g e r  f a u l t  o f  about 800 m throw 

(down on t h e  e a s t )  f a r t h e r  west i n  t h e  v a l l e y  near t h e  S e v i e r  R ive r .  

The r e s u l t s  o f  t h i s  work have p r o v i d e d  v a l u a b l e  i n f o r m a t i o n  

rega rd ing  l a r g e - s c a l e  f a u l t s  th roughout  t h e  survey area and 

p a r t i c u l a r l y  about f a u l t s  which c o n t r o l  h o t  s p r i n g s  i n  t h e  Monroe and 

Joseph KGRA's. 

p r o p e r l y  1 o c a t i n g  f u t u r e  t e s t  o r  p r o d u c t i o n  d r i  11 h o l e s  des i  gned t o  

t a p  t h e  geothermal energy resources o f  t h i s  reg ion .  

Such i n f o r m a t i o n  shou ld  be o f  s i g n i f i c a n t  h e l p  i n  

v i  
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INTRODUCTION 

D u r i n g  t h e  summer o f  1977, r e g i o n a l  g r a v i t y  da ta  were c o l l e c t e d  

th roughout  t h e  p o r t i o n  o f  Utah shown i n  F i g u r e  1. 

d e t a i l e d  g r a v i t y  and ground magnet ic da ta  were c o l l e c t e d  near  h o t  

s p r i n g s  w i t h i n  t h e  Monroe and Joseph KGRA' s (Known Geothermal Resource 

Areas).  F i g u r e  2 shows t h e  boundar ies o f  t h e  two KGRA's (John Reeves, 

U .S. G .S. geothermal superv i  s o r  I s o f f i c e  , 1978 , o r a l  communication ) i n 

t h e  survey area. 

I n  a d d i t i o n ,  

T h i s  research was conducted as p a r t  o f  a v a r i e t y  o f  

i n v e s t i g a t i o n s  i n t o  geothermal resource  e v a l u a t i o n  b e i n g  performed by 

members o f  t h e  U n i v e r s i t y  o f  Utah Department o f  Geology and 

Geophysics. Two f a c t o r s  have been o f  impor tance t o  t h e  f u l l  

r e a l i z a t i o n  o f  t h i s  p r o j e c t .  F i r s t ,  i n c r e a s i n g  i n t e r e s t  i n  geothermal 

e x p l o r a t i o n  f rom b o t h  p r i v a t e  and government agencies c r e a t e d  a need 

f o r  a d d i t i o n a l  work t o  he1 p e v a l u a t e  t h e  p o s s i b l e  geothermal resources 

w i t h i n  t h e  survey area. The impending development o f  a commercial 

geothermal resource near M i l f o r d ,  Utah has c e r t a i n l y  s t rengthened 

i n t e r e s t  i n  f u r t h e r  e x p l o r a t i o n .  Second, t h e  a v a i l a b i l i t y  i n  e a r l y  

1977 o f  U.S.G.S. p r e l i m i n a r y  7-1/2 minute topograph ic  quadrangle maps 

p r o v i d e d  a source o f  accura te  h o r i z o n t a l  and v e r t i c a l  c o n t r o l .  T h i s  

a l lowed t h e  c o l l e c t i o n  o f  r e g i o n a l  g r a v i t y  da ta  o f  s u f f i c i e n t  d e n s i t y  

t o  a c c u r a t e l y  d e f i n e  t h e  major  g r a v i t y  f e a t u r e s .  
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U T A H  

SCALE R E G I O N A L  G R A V I T Y  

S U R V E Y  A R E A  0 25 5 0  75  100 MILES 
k ( ' 1  I, 1 

0 25 5 0  75 IbO KILOMETERS 

F igu re  1. Map of Utah showing area covered by r e g i o n a l  
g r a v i t y  survey. 
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Figure 2.  Map of survey area showing major geographic fea tures  and 
location o f  Monroe and Joseph Known Geothermal Resource 
Areas (KGRA I s ) . 
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Purpose 

The purpose o f  t h i s  research i s  t o  a i d  bo th  t h e  immediate and 

long-range e v a l u a t i o n  o f  p o t e n t i a l  geothermal resources w i t h i n  t h e  

survey area. 

magnetic surveys i s  t o  a s s i s t  immediate development o f  known 

geothermal resources i n  those areas near h o t  spr ings  which w i l l  

p robably  be t a r g e t s  o f  f u r t h e r  e x p l o r a t i o n  and development a c t i v i t y  i n  

t h e  near fu ture.  S p e c i f i c a l l y ,  these surveys were designed t o  he lp  

l o c a t e  f a u l t s  c o n t r o l l i n g  t h e  h o t  spr ings  and t o  c o n s t r a i n  models o f  

subsurface geology as a guide t o  exp lo ra to ry  and development d r i  11 i ng. 

The o b j e c t i v e  of t h e  d e t a i l e d  g r a v i t y  and ground 

The purpose o f  t h e  reg iona l  g r a v i t y  survey i s  t o  improve our  

understanding of reg iona l  geolog ic  aspects o f  t h e  survey area. 

S p e c i f i c a l l y ,  t h e  reg iona l  survey should p rov ide  i n f o r m a t i o n  regard ing  

the  throw and l o c a t i o n  o f  major f a u l t s ,  est imates o f  depths o f  v a l l e y  

f i 11 , and p o s s i b l y  he1 p f u r t h e r  de l  i neate i n t r u s i v e  bodies and ca ldera  

s t ruc tu res .  

Loca t ion  

The reg iona l  g r a v i t y  survey covers t h e  area between l a t i t u d e s  380 

15 '  N.  and 38045' N .  and between long i tudes  112000' W .  and 112030' W .  

Located w i t h i n  p o r t i o n s  o f  M i l l a r d ,  P i u t e ,  and Sevier  count ies ,  t h e  

survey covers a t o t a l  area o f  about 2600 km2 and comprises t h e  f o u r  

U.S.G.S. 15-minute topographic quadrangles o f  Monroe, Marysvale, 

Sevier ,  and Delano Peak. 

The d e t a i l e d  g r a v i t y  and ground magnetic p r o f i l e s  a r e  l o c a t e d  

w i t h i n  t h e  Monroe and Joseph KGRA's which a r e  bo th  i n  t h e  U.S.G.S. 
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Figure 3 .  U . S . G . S .  15-minute topographic quadrangle o f  Monroe 
showing de ta i l ed  gravi ty  and ground magnetic survey 
areas .  
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15-minute topograph ic  quadrangle of Monroe. F i g u r e  3 shows t h e  

general  areas covered by d e t a i l e d  g r a v i t y  and ground magnet ic data. 

P hy s i o gra  p hy 

The survey area l i e s  i n  t h e  t r a n s i t i o n  zone between t h e  Bas in  and 

Range phys iograph ic  p r o v i n c e  t o  t h e  west  and t h e  Colorado P l a t e a u  

p r o v i n c e  t o  t h e  east .  Topograph ica l l y  t h e  area i s  ex t remely  rugged, 

w i t h  e l e v a t i o n s  r a n g i n g  from 1550 m i n  t h e  v a l l e y s  t o  over  3700 m i n  

t h e  Tushar Mountains. 

Major  geographic f e a t u r e s  o f  t h e  survey area a r e  shown i n  F i g u r e  

2. S e v i e r  V a l l e y  extends south t o  n o r t h  through t h e  survey area. 

n o r t h e r n  S e v i e r  P la teau l i e s  e a s t  o f  S e v i e r  V a l l e y ,  and t h e  Tushar 

Mountains and Pavant Range a r e  on t h e  west  s ide.  The Ante lope Range 

t r e n d s  east-west d i r e c t l y  across S e v i e r  V a l l e y  i n  t h e  c e n t r a l  p o r t i o n  

The 

o f  t h e  survey area. The S e v i e r  R i v e r ,  which p r o v i d e s  t h e  p r i m a r y  

dra inage f o r  t h e  e n t i r e  survey area, has c u t  a deep gorge th rough t h e  

Ante lope Range named Marysvale Canyon. C l e a r  Creek, a t r i b u t a r y  o f  

t h e  S e v i e r  R i v e r ,  d r a i n s  a l a r g e  area l y i n g  between t h e  Pavant Range 

and Tushar Mountains.  

- Prev ious  I n v e s t i g a t i o n s  

Geologic s t u d i e s  w i t h i n  t h e  survey area have been conducted f o r  

about  t h e  l a s t  100 y r  and c o n t i n u e  today. 5 The impetus f o r  t h i s  work 

has come f rom b o t h  academic i n t e r e s t  i n  t h e  t h i c k  accumulat ion o f  

v o l c a n i c  r o c k s  o f  T e r t i a r y  age and economic i n t e r e s t  i n  t h e  v a r i e t y  of 

m i n e r a l  d e p o s i t s  found here. 

Dut ton  (1880) was one o f  t h e  e a r l i e s t  i n v e s t i g a t o r s  t o  s tudy t h e  
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High P la teaus  o f  Utah s e c t i o n  of t h e  Colorado Plateau. 

covered s u b j e c t s  o f  economic i n t e r e s t ,  i n c l u d i n g  p r e c i o u s  meta l  , 

massive s u l  p h i  de , and a1 u n i t e  deposi t s .  

f i r s t  d e t a i l e d  d e s c r i p t i o n  o f  v o l c a n i c  s t r a t i g r a p h y  i n  t h i s  reg ion .  

The r e s u l t s  of f i e l d  work by Cal laghan and o t h e r s  th rough 1952 were 

p u b l i s h e d  as f o u r  U.S.G.S. geo log ic  quadrangle maps, one c o v e r i n g  each 

o f  t h e  15-minute quadrangle maps w i t h i n  t h e  survey area (Cal laghan and 

Parker  , 1961a , 1962a , 1962b ; W i  11 a r d  and C a l l  aghan , 1962). Discovery 

o f  uranium m i n e r a l i z a t i o n  i n  t h e  Ante lope Range near Marysvale i n  1949 

s t i m u l a t e d  e x p l o r a t i o n  and l e d  t o  a s tudy o f  t h e  c e n t r a l  uranium area 

by K e r r  and o t h e r s  (1957). 

B u t l e r  (1920) 

C a l l  aghan ( 1939 p r o v i  ded t h e  

Recent ly ,  geol  o g i  s t s  o f  t h e  U .S. Geologica l  Survey remapped p a r t s  

o f  t h e  survey area and have made progress  i n  r e g i o n a l  c o r r e l a t i o n  o f  

v o l c a n i c  s t r a t i g r a p h y  i n  southern Utah. Rowley and o t h e r s  (1975) 

s t u d i e d  areas south and west  o f  t h e  survey area. 

(1977) suggested a r e v i s e d  s t r a t i g r a p h y  f o r  t h e  v o l c a n i c  rocks  o f  t h e  

Marysvale area based on d e t a i l e d  f i e l d  work and r e c e n t  age-dat ing 

i n f o r m a t i o n .  Based on t h e  same work, Cunningham and Steven (1977) 

d e s c r i b e d  two major  c o l l a p s e  c a l d e r a  s t r u c t u r e s  i n  t h e  r e g i o n  and 

i n t e r p r e t e d  t h e  e v o l u t i o n  of these features.  Steven and o t h e r s  (1978) 

d e s c r i b e  t h e  most r e c e n t  i n f o r m a t i o n  ava i  1 ab1 e r e g a r d i n g  t h e  geology 

o f  t h e  Marysvale v o l c a n i c  f i e l d .  

Steven and o t h e r s  

A r e g i o n a l  g r a v i t y  survey by Sontag (1965) o v e r l a p s  w i t h  much o f  

t h e  r e g i o n  s t u d i e d  i n  t h i s  survey. 

mountainous areas, they d i d  i n d i c a t e  t h e  presence o f  ma jor  g r a v i t y  

anomalies and thus  served as a g u i d e l i n e  i n  p l a n n i n g  t h e  f i e l d  work 

Al though h i s  da ta  were sparse i n  
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f o r  t h e  p r e s e n t  survey. 

t h e  n o r t h  i n  S e v i e r  and Sanpete v a l l e y s ,  and t h e  g r a v i t y  survey by 

Fishman (1976) covers a l a r g e  area e a s t  and south o f  t h i s  survey. 

Brumbaugh (1977) s t u d i e d  r e g i o n a l  g r a v i t y  f e a t u r e s  west  of t h e  area o f  

t h i s  r e p o r t  area and cons iders  s p e c i f i c a l l y  t h e  use o f  g r a v i t y  surveys 

i n  e x p l o r a t i o n  f o r  geothermal resources. 

Brown (1974) conducted a g r a v i t y  survey t o  

L i m i t e d  g r a v i t y  and ground magnet ic da ta  were a v a i l a b l e  f rom 

f i e l d  work o f  t h e  1976 G r a v i t y  and Magnet ics c l a s s  a t  t h e  U n i v e r s i t y  

o f  Utah under t h e  s u p e r v i s i o n  o f  D r .  K.  L. Cook. 

d e t a i l e d  ground magnet ic surveys conducted i n  t h e  v i c i n i t y  o f  t h e  Red 

H i l l  and Joseph Hot  Spr ings  a r e  shown i n  F i g u r e s  4 and 5, 

r e s p e c t i v e l y .  

c o l l e c t i o n  o f  a d d i t i o n a l  ground magnet ic da ta  which i s  d iscussed and 

The r e s u l t s  o f  

The l a r g e  anomalies across these f e a t u r e s  prompted t h e  

i n t e r p r e t e d  i n t h i  s r e p o r t .  

Aeromagnetic data c o v e r i n g  t h e  survey area a r e  a v a i l a b l e  f rom t h e  

aeromagnetic map o f  Utah ( Z i e t z  and o t h e r s ,  1976). 

da ta  around t h e  r e g i o n a l  g r a v i t y  survey area o f  t h i s  r e p o r t  i s  

i n c l u d e d  as a c o n t o u r  map i n  F i g u r e  6. 

i n t e r p r e t s  major  f e a t u r e s  o f  t h i s  aeromagnetic data.  

A p o r t i o n  o f  t h e  

Eppich (1973) d iscusses and 

S ince  t h e  p r e s e n t  survey area c o n t a i n s  a number o f  c o l l a p s e  

c a l d e r a  f e a t u r e s  w i t h i n  a v o l c a n i c  f i e l d ,  p r e v i o u s  i n v e s t i g a t i o n s  o f  

t h e  g r a v i t y  s i g n a t u r e  over  ma jor  v o l c a n i c  f i e l d s  and v o l c a n i c  

subsidence s t r u c t u r e s  e l  sewhere were reviewed. 

Yokoyama ( 1958) show g r a v i t y  r e s u l t s  over  s e l e c t e d  c a l d e r a s  i n  t h e  

Japanese i s l a n d - a r c .  G r a v i t y  lows o f  more than 20-mgal c l o s u r e  were 

observed over  t h e  K u t t y a r o  and Aso ca lderas ,  whereas a g r a v i t y  h i g h  o f  

I n v e s t i g a t i o n s  by 
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F i g u r e  4. T o t a l  ground magnetic i n t e n s i t y  anomaly map o f  t h e  Red 
H i l l  Hot Spr ing d e t a i l e d  g r i d .  From 1976 G r a v i t y  and 
Magnetics c lass ,  Univ.  of Utah, under s u p e r v i s i o n  of 
Dr .  K. L. Cook. 
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NOTE : J O S E P H  HOT SPRING "A" LOCATED AT 

L A T I T U D E  38'36.83'  AND LONGITUDE 
I I 2 12.07 ' 

\ 
00 

F i g u r e  5. T o t a l  ground magnetic i n t e n s i t y  anomaly map of the  Joseph 
Hot Springs d e t a i l e d  g r i d .  
c l a s s ,  Univ .  of Utah,  under superv is ion  of D r .  K. L. Cook. 

From 1976 G r a v i t y  and Magnetics 
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Figure 6. Total i n t ens i ty  aeromagnetic map of a portion of Utah, from 
Zietz and others  (1976). 
i s  out l ined.  

Area o f  regional grav i ty  survey 
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about 15 mgal c l o s u r e  was observed over  t h e  

(1964) no ted  a g r a v i t y  low o f  about 70-mgal 

1 2  

Volcano Mihara.  Pak ise r  

amp l i t ude  i n  t h e  southern  

Cascade Range near Lassen Peak i n  C a l i f o r n i a .  

d iscuss  a g r a v i t y  low of  about 50-mgal c l o s u r e  ove r  t h e  Long V a l l e y  

ca lde ra ,  C a l i f o r n i a ,  which i s  i n t e r p r e t e d  t o  be t h e  r e s u l t  of about 3 

km o f  v o l c a n i c  m a t e r i a l  i n  t h e  c a l d e r a  assuming a d e n s i t y  c o n t r a s t  of 

0.45 gm/cc. S tud ies  by Eaton and o t h e r s  (1975) show a l a r g e  g r a v i t y  

low o f  about 50-mgal c l o s u r e  i n  Yel lowstone N a t i o n a l  Park. Here t h e  

g r a v i t y  low was i n t e r p r e t e d  as due n o t  t o  l ow-dens i t y  v o l c a n i c  fill 

b u t  r a t h e r  t o  a c r y s t a l l i n e  o r  mo l ten  b a t h o l i t h .  

Kane and o t h e r s  (1976) 

The San Juan v o l c a n i c  f i e l d  i n  southwestern Colorado c o n s i s t s  o f  

numerous c a l d e r a  s t r u c t u r e s  assoc ia ted  w i t h  widespread s i l i c i c  

vo lcan ism (Steven and Lipman, 1976). 

Bonanza c a l d e r a  i n  t h e  no r theas te rn  p a r t  o f  t h e  f i e l d  ( K a r i g ,  1965) 

revea led  a g r a v i t y  low o f  a t  l e a s t  12-mgal c losu re .  

i n t e r p r e t e d  as due t o  2500 m o f  v o l c a n i c  t u f f s  and l a v a  f l o w s  assuming 

a d e n s i t y  c o n t r a s t  o f  0.2 gm/cc. 

o f  t h e  e n t i r e  San Juan v o l c a n i c  f i e l d .  

25-mgal c l o s u r e  was assoc ia ted  w i t h  t h e  v o l c a n i c  f i e l d ,  a1 though 

i n d i v i d u a l  g r a v i t y  anomal i e s  w i t h i n  t h e  1 ow were n o t  o b v i o u s l y  

assoc ia ted  w i t h  t h e  p r i p c i p a l  ca lderas .  The r e g i o n a l  g r a v i t y  low was 

i n t e r p r e t e d  as due t o  a c r y s t a l l i n e  b a t h o l i t h  u n d e r l y i n g  t h e  San Juan 

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

A g r a v i t y  survey ove r  t h e  

T h i s  l ow  was 

P l o u f f  (1972) made a g r a v i t y  s tudy  

A l a r g e  g r a v i t y  low o f  over 



GEOLOGY 

S t r a t i g r a p h y  

A l i t h o l o g i c  map ( F i g .  8)  was prepared u s i n g  t h e  g e n e r a l i z e d  

s t r a t i g r a p h i c  column shown i n  F i g u r e  7. The column i s  based 

p r i n c i p a l l y  on t h e  work of Steven and o t h e r s  (19771, and c o n t a i n s  some 

major  changes f rom t h e  s t r a t i  graphy as i n t e r p r e t e d  by C a l l  aghan 

(1939). Since u n i t s  of t h e  s t r a t i g r a p h i c  column a r e  desc r ibed  below 

i n  general  terms o n l y ,  t h e  above sources shou ld  be c o n s u l t e d  f o r  more 

d e t a i  1 ed d e s c r i p t i o n  o f  t h e  rocks  invo lved.  

Rocks o f  Precambrian age a r e  n o t  recogn ized w i t h i n  t h e  survey 

area. 

Pa leozo ic ,  Mesozoic, and T e r t i a r y  age. Rocks o f  Cambrian and 

Ordov ic ian  age a r e  found i n  t h e  n o r t h e r n  p o r t i o n  o f  t h e  S e v i e r  

The lowes t  s t r a t i g r a p h i c  u n i t  c o n s i s t s  o f  sedimentary rocks  o f  

15-minute topograph ic  quadrangle, where they  form t h e  southernmost 

e x t r e m i t y  o f  t h e  Pavant t h r u s t  descr ibed by Maxey (1946 1. 

r ocks  o f  Pa leozo ic  and Mesozoic age a r e  exposed b o t h  near t h e  Pavant 

t h r u s t  and a long t h e  base o f  Deer T r a i l  Mountain south o f  Marysvale. 

M a j o r  f o rma t ions  w i t h i n  t h i s  u n i t  i n c l u d e  t h e  Kaibab l imestone,  

Moenkopi and Chi n l  e f o r m a t i  ons, Navajo sandstone ( q u a r t z i t e )  , and t h e  

Arap ien  shale.  Sedimentary rocks  of  T e r t i a r y  age a r e  found p r i m a r i l y  

i n  t h e  n o r t h - c e n t r a l  p a r t  o f  t h e  survey area  and c o n s i s t  o f  l imestone,  

Sedimentary 

s i l t s t o n e ,  shale,  sandstone, and conglomerate. 

Above t h e  sedimentary rocks  l i e  t h e  B u l l i o n  Canyon Vo lcan ics .  
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TERTIARY AND QUATERNARY ALLUVIUM - poorly t o  
moderately consolidated fluvial and lacust r ine deposits 
of the Sevier River formation and a l l  younger deposi ts ,  

TERTIARY AND QUATERNARY B A S A L T  - t h i n  vesicular 
o l i v ine  basal t  f lows o f  Miocene, PI iocene, and Pleistocene 
age. Closely associated w i th  the Sevier River fo rmat ion .  

MOUNT B E L K N A P  VOLCANICS - r h y o l i t i c  lava f lows 
and t u f f s  o f  M i o c e n e  age .  

/:-/:-,:4 Joe L o t t  T u f f  M e m b e r  of Mount Be lknap mj Volcanics - poor ly  to  moderately welded s i l i c i c  

TERTIARY INTRUSIVE ROCK - g r a n i t i c  to  monzoni t ic  
intrusive bod ies  of O l igocene and Miocene age.  

B U L L I O N  CANYON VOLCANICS - in termediate lava  f l o w s  
and volcanic breccias of  Ol igocene and Miocene age. 

+ + +  

SEDIMENTARY ROCK - l i m e s t o n e ,  s i l t s t o n e ,  sha le ,  
s a n d s t o n e ,  and c o n g l o m e r a t e  o f  Pa leozo ic ,  Mesozoic, 
and  T e r t i a r y  age.  

Figure 7. Generalized stratigraphic column for rocks within the survey 
area. 
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Figure 8. Generalized lithologic map o f  the survey area. 
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T h i s  u n i t  comprises a major  p o r t i o n  of t h e  Marysvale v o l c a n i c  f i e l d  

Grs 
I 

and i s  desc r ibed  by Steven and o t h e r s  (1977) as f o l l o w s :  

"The Ol igocene and Miocene B u l l i o n  Canyon Vo lcan ics  i s  a 
complex assemblage of near source and o u t f l o w  f a c i e s  l a v a  
f lows, v o l c a n i c  b recc ias ,  and v o l c a n i c  mudflow b r e c c i a s  t h a t  
accumul a t e d  around a c l u s t e r  o f  g e n e r a l l y  i n t e r m e d i a t e  
compos i t ion  volcanoes cen te red  i n  t h e  Tushar Mountains , 
Ante lope Range, and Nor the rn  Sev ie r  Plateau. 'I 

Al though progress  has been made i n  d i s t i n g u i s h i n g  v a r i o u s  members o f  

t h e  B u l l i o n  Canyon Vo lcan ics ,  i t  w i l l  remain u n d i v i d e d  f o r  t h e  purpose 

o f  i n t e r p r e t i n g  g r a v i t y  data. The l i t h o l o g i c  map ( f i g .  8) i n c l u d e s  as 

B u l l  i o n  Canyon Vol c a n i c s  a1 1 u n i t s  p r e v i o u s l y  mapped as B u l l  i o n  

Canyon, Dry Hollow, o r  Roger Park fo rmat ions ,  f o l l o w i n g  t h e  suggest ion  

o f  Cunni ngham ( 1978 , o r a l  communi c a t i o n )  

I n t r u s i v e  igneous rocks  o f  T e r t i a r y  age a r e  assoc ia ted  w i t h  bo th  

t h e  B u l l i o n  Canyon Vo lcan ics  and t h e  Mount Belknap Vo lcan ics .  The 

i n t r u s i o n s  range f rom monzon i t i c  t o  g r a n i t i c  i n  compos i t ion ,  a r e  o f  

v a r i a b l e  t e x t u r e ,  and t r e n d  eas t -no r theas t  across  t h e  c e n t r a l  p o r t i o n  

o f  t h e  survey area. The l a r g e s t  exposures o f  t h i s  u n i t  a r e  t h e  

' ' cen t ra l  i n t r u s i v e "  o f  K e r r  and o t h e r s  (1957) l o c a t e d  i n  t h e  Antelope 

Range, and t h e  Dry Creek and Monroe Canyon i n t r u s i v e s  i n  t h e  n o r t h e r n  

S e v i e r  Plateau. 

The Mount Belknap Vo lcan ics  i s  an i m p o r t a n t  u n i t  which r e s u l t e d  

f rom a change f rom i n t e r m e d i a t e  t o  s i l i c i c  vo lcan ism i n  t h e  Miocene 

and t h e  development o f  ma jor  c o l l a p s e  c a l d e r a  s t r u c t u r e s .  

c o n s i s t s  p r i m a r i l y  o f  r h y o l i t i c  l a v a  f l o w s  and ash-f low t u f f s  o f  

T h i s  u n i t  

Miocene age. E rup t ions  apparen t l y  m i g r a t e d  southwestward from t h e  



deta i led  s 

an outflow 

only subun  

Vol cani cs. 
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Antelope Range toward the Mount Belknap caldera over a period of a few 

mill ion years .  Cunningham and Steven (1977)  have establ ished a 

r a t i  graphy for  the Mount  Bel knap Vol canics , i ncl ud i  ng both 

and i ntracal dera fac ies .  In t h i  s compi 1 a t i  on , however, the 

t wi l l  be the Joe Lott Tuff member of the Mount Belknap 

The Joe Lot t  T u f f  member i s  a poorly t o  moderately welded 

s i l i c i c  ash-flow t u f f  which spread north, south, and e a s t  of the 

source area as the r e s u l t  of a s e r i e s  of catastrophic  eruptions.  

represents the largest-volume eruption of the Mount Belknap caldera 

and was followed by col lapse of the caldera.  

Lott T u f f  member i s  up t o  300 m thick.  

I t  

I n  some places the Joe 

Basalt  of Tert iary and Quaternary age i s  in te rca la ted  w i t h  the 

a l luv ia l  u n i t  of the same age lying above i t  and cons is t s  of generally 

t h i n  vesicular  o l iv ine  basa l t  flows. The basa l t  may be correlated 

w i t h  l a t e  Cenozoic extensional fau l t ing  and i s  therefore  included i n  

the s t ra t igraphy . 
A l l u v i u m  of Tert iary and  Quaternary age includes the Sevier River 

formation of Callaghan (1939) and a l l  younger a l l u v i a l  deposits.  The 

Sevier River formation consis ts  of poorly t o  moderately consolidated 

f luv ia l  and lacus t r ine  deposi ts ,  and  therefore  i s  n o t  expected t o  show 

a s ign i f i can t  density cont ras t  w i t h  recent alluvium of the major 

basins such as  Sevier Valley. 

Structure  

Data shown on the s t ruc tura l  geology map i n  Figure 10 were 

compiled from the work o f  Hintze (1963) and  Cunningham and Steven 
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E XPL AN AT1 ON 

Normal fault, U on upthrown side, 
0 on downthrown side 

Inferred normal fault, U on upthrown 
side, D on downthrown side 

Thrust fault, barbs on upper plate 
of thrust sheet 

Out l ine of ca lde ra  or w a l l  of cauldron 

Figure 9. Explanation of symbols used i n  geologic s t r u c t u r e  map, 
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Figure 10. Geologic structure map o f  the survey area. 
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(1977 1. S t r u c t u r a l  f e a t u r e s  consi  s t  o f  normal f a u l t s  , t h r u s t  f a u l t s ,  

and c o l  1 apse c a l  deras o r  cau l  drons. 

The survey area l i e s  w i t h i n  t h e  s t r u c t u r a l  t r a n s i t i o n  zone 

between t h e  Colorado P la teau  and t h e  Bas in  and Range phys iograph ic  

p rov inces .  Rowley and o t h e r s  (1978) d iscuss  t h e  age o f  s t r u c t u r a l  

d i f f e r e n t i a t i o n  o f  these two p rov inces ,  and apparen t l y  they  were 

t o p o g r a p h i c a l l y  d i f f e r e n t i a t e d  by 24 m.y. ago. 

basin-range f a u l t i n g  i n  t h e  High P la teaus  began l e s s  than 22 m.y. ago 

and c o n t i  nues today. 

The main phase o f  

Normal f a u l t s  a r e  t h e  dominant s t r u c t u r a l  f e a t u r e  o f  t h e  H igh  

P la teaus ,  and a r e  r e s p o n s i b l e  f o r  many o f  t h e  topograph ic  fea tu res .  

O f ten  t h e r e  a r e  zones o f  en echelon f a u l t i n g  as opposed t o  a s i n g l e  

f a u l t .  Normal f a u l t s  and assoc ia ted  h o r s t s  and grabens g e n e r a l l y  

t r e n d  n o r t h e r l y ,  a l t hough  some f a u l t s  s t r i k i n g  east-west occur 

l o c a l l y .  Rowley (1968, p. 137) has compi led a rose  diagram of s t r i k e s  

o f  major f a u l t s  near t h e  southern S e v i e r  Plateau. A bimodal 

d i s t r i b u t i o n  o r i e n t e d  a t  N. 250 W .  and N.  350 E. i s  c l e a r l y  i n d i c a t e d .  

Such a d i s t r i b u t i o n  w i t h  modes a t  600 t o  each o t h e r  has been 

i n t e r p r e t e d  by Moody (1966) as p o s s i b l e  evidence f o r  l a t e  Cenozoic 

wrench f a u l t i n g .  A l l  f i e l d  evidence, however, i n d i c a t e s  e n t i r e l y  

normal movement on t h e  f p u l t s  w i t h  no component o f  s t r i k e - s l i p  mot ion 

(Rowley, 1968). 

The S e v i e r  f a u l t  i s  t h e  most e x t e n s i v e  normal f a u l t  i n  t h e  survey 

Du t ton  (1880, p. 31) desc r ibed  t h i s  f a u l t  as ex tend ing  from t h e  area. 

V e r m i l l i o n  C l i f f s  t o  t h e  n o r t h e r n  High P la teaus  o f  Utah and says: 
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The maximum disp lacement  i s  a p p a r e n t l y  a t t a i n e d  a few m i l e s  
south  o f  t h e  Mormon v i l l a g e  Monroe, and f rom t h a t  p o i n t  
nor thward  i t  r a t h e r  r a p i d l y  d imin ishes.  
and S a l i n a  t h e  apparent  shear has become zero.  

Between Glenwood 

The S e v i e r  f a u l t  scarp exceeds 1600 m i n  r e l i e f ,  which represents  t h e  

minimum throw on t h e  f a u l t  (Rowley, 1968). 

A l though t h e  e a s t e r n  edge o f  S e v i e r  V a l l e y  i s  marked by t h e  

S e v i e r  f a u l t  a lone,  t h e  western s i d e  o f  t h e  v a l l e y  i s  marked by f o u r  

i n d i v i d u a l  f a u l t s .  The E l s i n o r e  f a u l t  marks t h e  boundary between t h e  

Pavant Range and S e v i e r  Va l ley .  

t h e  town o f  Joseph, and f rom t h e r e  south t o  t h e  n o r t h e r n  f l a n k  o f  t h e  

Tushar Mountains l i e s  t h e  Dry Wash f a u l t .  The E l s i n o r e  and Dry Wash 

f a u l t s  fo rm a r e l a t i v e l y  c o l i n e a r  p a i r ,  y e t  have o p p o s i t e  d i r e c t i o n s  

o f  d isplacement.  A l though d i r e c t  evidence i s  n o t  a v a i l a b l e ,  i t  i s  

p o s s i b l e  these two f a u l t s  evolved t o g e t h e r  w i t h  " s c i s s o r s "  mot ion.  

The Tushar f a u l t  o r i g i n a t e s  on t h e  southern f l a n k s  o f  t h e  

T h i s  f a u l t  t e r m i n a t e s  j u s t  n o r t h  o f  

Ante lope Range and extends southward, i n c r e a s i n g  t o  a maximum throw o f  

over  1000 m near  Cottonwood Creek (Cal laghan and Parker ,  1962a). The 

Tushar f a u l t  then d imin ishes  a b r u p t l y  and meets t h e  Eas t  Branch Tushar 

f a u l t  near  P i u t e  Reservo i r .  The Tushar and E a s t  Branch Tushar f a u l t s  

a r e  o f  o p p o s i t e  throw, and p r e s e n t  t h e  same r e l a t i o n s h i p  t o  each o t h e r  

as t h e  Dry Wash and E l s i n o r e  f a u l t s  t o  t h e  n o r t h .  

Normal f a u l t s  s t r i k i n g  east -west  can be found i n  t h e  area c a l l e d  

The e n t i r e  t h e  C l e a r  Creek downwarp by Cal laghan and Parker  (1962b).  

dra inage o f  C l e a r  Creek i s  r a t h e r  compl ica ted  s t r u c t u r a l l y  and 

c o n t a i n s  many smal l  f a u l t s  and f o l d s .  

T h r u s t  f a u l t s  a r e  l i m i t e d  t o  those a s s o c i a t e d  w i t h  t h e  Pavant 
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t h r u s t  (Maxey, 1946) i n  t h e  n o r t h e r n  p o r t i o n  o f  t h e  S e v i e r  15-minute 

topograph ic  quadrangle. A l though t h e  Pavant t h r u s t  i s  r a t h e r  

compl ica ted  i n  d e t a i l ,  t h e  gross r e l a t i o n s  a r e  s imple.  

t h r u s t  p l a n e  l i e  sedimentary rocks  of  e a r l y  Pa leozo ic  age, and below 

i t  l i e  sedimentary r o c k s  of Permian t o  J u r a s s i c  age. Red Ridge i s  a 

l a r g e  hogback o f  r e s i s t a n t  Navaho sandstone o f  J u r a s s i c  age which 

s t r u c t u r a l l y  u n d e r l i e s  t h e  Pavant t h r u s t .  

pronounced t o p o g r a p h i c a l l y  t h a t  i t  can be e a s i l y  recogn ized i n  ERTS 

sate1 1 i t e  imagery . 

Above t h e  

T h i s  f e a t u r e  i s  so 

The Mount Belknap and Red H i l l s  ca lderas  have been r e c e n t l y  

d e s c r i b e d  by Cunningham and Steven (1977).  

(18 m.y. o l d )  i s  a major  subsidence s t r u c t u r e  l o c a t e d  i n  t h e  c e n t r a l  

The Mount Belknap c a l d e r a  

Tushar Mountains. The Red H i l l s  c a l d e r a  i s  a r e l a t e d  smal 

s t r u c t u r e  l o c a t e d  i n  t h e  southern Ante lope Range. Both ca 

i n t e r p r e t e d  t o  have e x i s t e d  over  h i g h - l e v e l  magma chambers 

common source. Depth t o  t h e  h i g h - l e v e l  magma chambers i s  

e r  

deras a r e  

above a 

n t e r p  r e t e d  

as 3 t o  4 km based on thermodynamic c a l c u l a t i o n s  and a n a l y s i s  o f  t h e  

Mount Belknap Volcanics.  

Canyon Vo lcan ics  a r e  t h e  Three Creeks c a u l d r o n  and t h e  B i g  John 

ca ldera .  The Three Creeks c a u l d r o n  i s  a v o l c a n i c  subsidence s t r u c t u r e  

(27  m.y. o l d )  i n  t h e  upper p a r t  o f  t h e  C l e a r  Creek dra inage ( T .  A. 

Steven , 1978 , o r a l  communication). T h i s  f e a t u r e  a p p a r e n t l y  c o l  1 apsed 

on one s i d e  o n l y  and i s  r e f e r r e d  t o  as a c a u l d r o n  i n s t e a d  o f  a 

ca ldera ,  which, by d e f i n i t i o n ,  must be a somewhat c i r c u l a r  depression. 

The B i g  John c a l d e r a  i s  l o c a t e d  i n  B i g  John F l a t  i n  t h e  Tushar 

Mountains j u s t  south o f  t h e  Mount Belknap c a l d e r a  ( C .  G. Cunningham, 

Two ca lderas  r e l a t e d  t o  t h e  o l d e r  B u l l i o n  

A 



1978, o r a l  communication 1. Th i  s c a l  dera 

t u f f  member of  t h e  B u l l i o n  Canyon Volcan 

Delano Peak. L a t e r  e r u p t i o n s  f i l l e d  t h e  

L o t t  ash- f low t u f f s  of  t h e  Mount Belknap 

1978). 
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was t h e  source o f  an ash- f low 

c s  found i n  t h e  v i c i n i t y  o f  

B i g  John c a l d e r a  w i t h  Joe 

v o l c a n i c s  (Steven and o thers ,  

Geologic  C o n t r o l  Data 

Rock d e n s i t y  and magnet ic s u s c e p t i b i l i t y  da ta  were compi led t o  

a i d  t h e  i n t e r p r e t a t i o n  o f  t h e  geophysical  data.  Measurements o f  

densi  ty and magnet ic suscept i  b i  1 i ty were made on samples c o l  1 e c t e d  

d u r i n g  t h e  summer o f  1977. A lso,  i n f o r m a t i o n  was compi led f rom 

ava i  1 ab1 e d r i  11 h o l  e d e s c r i  p t i  ons i n  t h e  1 i t e r a t u r e .  

A l though no deep d r i l l  h o l e s  e x i s t  w i t h i n  t h e  survey area, Ritzma 

(1972) descr ibes  t h r e e  nearby deep w i l d c a t  o i l  wel l -s.  

t h e  S i g u r d  area n o r t h  o f  R i c h f i e l d  (Standard O i l  o f  C a l i f o r n i a  No. 1 

u n i t  and Champlin Petro leum No. 13-31 USA) i n d i c a t e  a g r e a t  t h i c k n e s s  

o f  t h e  J u r a s s i c  Arapien f o r m a t i o n  l y i n g  beneath Sev ie r  V a l l e y .  

Arapien i s  composed l a r g e l y  o f  s a l t  and extends t o  a depth o f  2.5 km 

below the Val ley f loor .  Another deep we1 1 i n Antimony Canyon south o f  

t h e  survey area (Tenneco No. 1 U n i t )  shows about  200 m o f  B u l l i o n  

Canyon Vo lcan ics  u q d e r l q i n  by a t h i c k  sedimentary sec t ion .  

o f  d r i l l i n g  records  a t  t h e  Utah Geo log ica l  and M i n e r a l  Survey y i e l d e d  

one a d d i t i o n a l  d r i l l  h o l e  l o c a t e d  a few k i l o m e t e r s  e a s t  o f  R i c h f i e l d .  

T h i s  w e l l  showed v o l c a n i c s  down t o  a t o t a l  depth o f  200 m. 

Two w e l l s  i n  

The 

A search 

D r i l l  h o l e s  w i t h i n  t h e  survey area a r e  l i m i t e d  t o  11 shal low 

thermal g r a d i e n t  h o l e s  d r i l l e d  i n  t h e  Monroe KGRA by t h e  U n i v e r s i t y  of 

n 
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F i g u r e  11. Map of survey area showing l o c a t i o n s  and d e n s i t i e s  (gm/cc) 
of r o c k  samples c o l l e c t e d .  See Appendix 3 f o r  d e s c r i p t i o n  
o f  samples. 
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Utah d u r i n g  1977. 

11 c o r e  samples were measured f o r  d e n s i t y  and 37 samples ( c o r e ,  

a1 1 u v i  um, o r  o u t c r o p )  were measured f o r  magnet ic s u s c e p t i  b i  1 i ty . 

L o c a t i o n s  of these h o l e s  a r e  shown i n  F i g u r e  12. 

Appendix 

d e s c r i  p t  

wei g h i  ng 

b a l  ance. 

Speci a1 t 

4 l i s t s  t h e  r e s u l t s  o f  these measurements and g i v e s  

ons o f  t h e  d r i l l  holes.  D e n s i t i e s  were determined by 

each sample b o t h  i n  and o u t  o f  water  on a s i n g l e  beam 

Magnet ic suscept i  b i  1 i ty was measured w i t h  a Geophysical 

e s  Co. Model MS-2 magnet ic s u s c e p t i b i l i t y  b r i d g e .  Core and 

ou tc rop  samples were crushed t o  pea-s ize b e f o r e  measurement, and a 

volume c o r r e c t i o n  was made f o r  t h e  p o r o s i t y  o f  each sample. Dens i ty  

measurements were a l s o  made on 49 sur face  rock  samples c o l l e c t e d  

d u r i n g  t h e  f i e l d  season. 

shown i n  F i g u r e  11, and a l i s t i n g  and d e s c r i p t i o n  o f  t h e  samples i s  

L o c a t i o n  and d e n s i t i e s  o f  these samples a r e  

g i v e n  i n Appendix 3. 

A summary o f  t h e  d e n s i t y  and magnet ic suscept i  b i  1 i ty measurements 

i s  g i v e n  i n  Table 1. 

proper  u n i t  o f  t h e  g e n e r a l i z e d  s t r a t i g r a p h i c  column ( F i g .  7 ) ,  and a l l  

Regional  rock  samples were ass igned t o  t h e  

sample d e n s i t i e s  i n  t h a t  u n i t  were averaged t o  g i v e  a r e p r e s e n t a t i v e  

value. Data r e l e v a n t  t o  t h e  d e t a i l e d  g r a v i t y  and ground magnet ic 

surveys have been grouped accord ing  t o  d r i  11 ho le ,  w i t h  one a d d i t i o n a l  

group f o r  two samples o f  ou tc rop  b a s a l t i c  a n d e s i t e  measured f o r  

magnet ic s u s c e p t i b i l i t y .  The da ta  o f  Tab le  1, as w e l l  as d e n s i t y  

measurements r e p o r t e d  by p r e v i o u s  i n v e s t i g a t o r s ,  were used t o  choose 

reasonable d e n s i t i e s  f o r  model ing g r a v i t y  and magnet ic p r o f i l e s .  

Sedimentary rock  d e n s i t i e s  a r e  d i f f i c u l t  t o  determine due bo th  t o  

A 
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Table 1.  Summary of Geologic Control Data 

A 

Densities Relevant t o  Regional Gravity Survey 

Rock U n i t  NO. Samples Range (gm/cc) Average (gm/cc) 

- - - - - - - c - - m _ -  -----c-- TQa 1 0 
1 2.44 - 2.44 2.44 

Tm 13 2.26 - 2.51 2.42 
TQb 

Tmj  6 1.59 - 2.06 1.92 
T i  2 2.56 - 2.65 2.61 
Tb 23 2.18 - 2.67 2.41 
S 4 1.98 - 2.57 2.36 

All Samples 49 1.59 - 2.67 2.36 

Densities Relevant t o  Detailed Gravity Surveys 

Dr i l l  Hole2 No. Samples Range (gm/cc) Average (gm/cc) 

M2 
M3 
M6 
RH1 

3 2.19 - 2.29 2.26 
3 2.29 - 2.51 2.41 
2 2.43 - 2.52 2.48 
3 2.46 - 2.50 2.48 

All Samples 11 2.19 - 2.52 2.40 

Magnetic S u s c e p t i b i l i t i e s  Relevant t o  Detailed Magnetic Surveys 

Sample Group2 No. Samples (c .g .s .  units) (c .g . s .  uni ts)  
Range Average 

M2 
M3 
M4 
M5 
M6 
RH1 
R H 2  
RH3 
RH4 
RH5 
Outcrop 

3 
3 
3 
1 
2 
8 
5 
3 
4 
3 
2 

0.0001 - 0.0006 
0.0001 - 0.0005 
0.0003 - 0.0006 
0.0001 - 0.0001 
0.0000 - 0.0001 
0.0000 - 0.0001 
0.0009 - 0.0013 
0.0011 - 0.0017 
0.0000 - 0.0003 
0.0004 - 0.0024 
0.0026 - 0.0042 

0.0003 
0.0003 
0.0005 
0.0001 
0.0001 
0.0001 
0.001 1 
0.001 5 
0.0002 
0.001 3 
0.0034 

All Samples 37 0.0000 - 0.0042 0.0007 

'See Figure 7 f o r  rock u n i t  descr ip t ion  

'See Figure 12 f o r  locat ion of d r i l l  ho le .  All samples were 
e i t h e r  alluvium (TQal)  o r  Bullion Canyon Volcanics (Tb).  
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t h e  v a r i a b l e  n a t u r e  o f  t h e  sedimentary sequence, and t h e  smal l  number 

o f  su r face  samples c o l l e c t e d  from t h e  r e l a t i v e l y  l i m i t e d  exposures o f  

sedimentary rock. 

i n  Table 1 i s  n o t  cons idered a r e p r e s e n t a t i v e  va lue  due t o  t h e  smal l  

number of samples and t h e  f a c t  t h a t  none o f  t h e  samples a r e  Pa leozo ic  

rock.  Snow (1978) d i f f e r e n t i a t e d  between Pa leozo ic  and Mesozoic 

sedimentary rocks,  a s s i g n i n g  d e n s i t i e s  o f  2.8 gm/cc and 2.6 gm/cc, 

r e s p e c t i v e l y .  

se ismic  r e f r a c t i o n  da ta  and su r face  d e n s i t y  measurements by o t h e r  

i n v e s t i g a t o r s  (Snow, 1978). S ince  the  Pa leozo ic  s e c t i o n  i n  t h i s  

p o r t i o n  o f  Utah c o n s i s t s  l a r g e l y  o f  l imestones  and do lomi tes ,  t h e  

d e n s i t i e s  f o r  those pure  m ine ra l s ,  which range from 2.71 gm/cc t o  2.85 

gm/cc (Ber ry  and Mason, 19591, c o u l d  be cons idered maximum values. 

C a r t e r  (1978) r e p o r t s  11 measurements o f  l imes tone  d e n s i t i e s  i n  t h e  

M ine ra l  Mountains which range from 2.55 gm/cc t o  2.97 gm/cc, and 

average about 2.72 gm/cc. Brumbaugh (1977) r e p o r t s  13 d e n s i t y  

measurements of d o l o m i t i c  l imestones  from t h e  Cove F o r t  area j u s t  west 

o f  t h i s  p r e s e n t  survey. 

2.79 gm/cc, and average 2.64 gm/cc. 

d e n s i t i e s  r a n g i n g  from 2.3 gm/cc t o  2.5 gm/cc f o r  Mesozoic sedimentary 

rocks  i n  t h e  c e n t r a l  Cojorado Plateau. 

average d e n s i t y  o f  2.62 gm/cc f o r  sandstone and q u a r t z i t e  o f  

unspeci f i ed age i n t h e  M ine ra l  Mountai ns. 

average d e n s i t y  o f  2.58 gm/cc f o r  sandstone and q u a r t z i t e  o f  

u n s p e c i f i e d  age i n  h i s  area. 

gamma-gamma b u l k  d e n s i t y  l o g s  of a w i l d c a t  o i l  w e l l  l o c a t e d  40 km 

The average d e n s i t y  f o r  sedimentary rocks  i n d i c a t e d  

H i s  h i g h  d e n s i t y  f o r  Pa leozo ic  rocks  i s  based on 

H i s  measurements range from 2.29 gm/cc t o  

Case and J o e s t i n g  (1972) r e p o r t  

C a r t e r  (1978) r e p o r t s  an 

Brumbaugh ( 1977 r e p o r t s  an 

Brown (1975) r e p o r t s  mean d e n s i t i e s  f rom 
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e a s t - n o r t h e a s t  o f  R i c h f i e l d .  

were found t o  range from 2.52 gm/cc t o  2.67 gm/cc, excep t  f o r  t h e  

Arap ien  f o r m a t i o n  which ranges from about 2.0 gm/cc t o  2.1 gm/cc. 

Cons ide r ing  a l l  t h e  above data,  we m i g h t  expec t  most sedimentary rocks  

t o  f a l l  i n  t h e  d e n s i t y  range o f  2.5 gm/cc t o  2.8 gm/cc, w i t h  even 

w i d e r  v a r i a t i o n s  p o s s i b l e  i n  some cases. A d d i t i o n a l l y ,  t h e r e  seems t o  

be an i n d i c a t i o n  t h a t  Pa leozo ic  sedimentary rocks  a r e  denser than  

Mesozoic rocks ,  p a r t i c u l a r l y  s i n c e  t h e  Pa leozo ic  s e c t i o n  c o n s i s t s  

mos tl y o f  1 i mes tones and do l  omi tes.  

D e n s i t i e s  f o r  Mesozoic sedimentary rocks  

E x t r u s i v e  v o l c a n i c  rock d e n s i t i e s  a r e  re1  a t i  v e l y  we1 1 determi ned 

by t h e  da ta  i n  Tab le  1 due t o  t h e  l a r g e  number o f  samples, b u t  

d e n s i t i e s  f o r  i n t r u s i v e  igneous rocks  a r e  p o o r l y  determined s i n c e  o n l y  

two samples were c o l l e c t e d .  

Vo lcan ics  and Mount Belknap Vo lcan ics )  show wide  ranges o f  d e n s i t i e s  

w i t h  an average d e n s i t y  very  c l o s e  t o  2.4 gm/cc. 

Joe L o t t  T u f f  Member o f  t h e  Mount Belknap Vo lcan ics ,  which averages 

l e s s  than 2.0 gm/cc, and t h e r e f o r e  can be expected t o  p r e s e n t  a 

d e n s i t y  c o n t r a s t  w i t h  o t h e r  e x t r u s i v e  v o l c a n i c  rocks.  

i n t r u s i v e  samples shown i n  Tab le  1 average c l o s e  t o  2.6 gm/cc, which 

agrees we1 1 w i  t h  11 d e n s i t y  measurements on g r a n i t e  averag i  ng 2.6 

gm/cc as r e p o r t e d  by Brumbaugh (1977). 

(1972) r e p o r t  a range o f  2.6 gm/cc-to 3.2 gm/cc f o r  Precambrian 

i n t r u s i v e  rocks,  and Snow (1978) assumed a d e n s i t y  o f  2.8 gm/cc f o r  

i n t r u s i  ve rocks  based p r i m a r i  l y  on s e i  smi c data. 

r e p o r t s  34 samples o f  g r a n i t e  measured which range i n  d e n s i t y  f rom 

2.45 gm/cc t o  2.77 gm/cc, w i t h  an average va lue  c l o s e  t o  2.6 gm/cc. 

E x t r u s i v e  v o l c a n i c  rocks  ( B u l l i o n  Canyon 

One excep t ion  i s  t h e  

The two 

However, Case and J o e s t i n g  

C a r t e r  ( 1978) 
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Cons ider ing  t h e  above data,  e x t r u s i v e  v o l c a n i c  r o c k s  m i g h t  be expected 

t o  range f rom 2.3 gm/cc t o  2.5 gm/cc, whereas i n t r u s i v e  igneous rocks 

show a wide range o f  d e n s i t i e s  w i t h  most va lues  i n  t h e  2.6 gm/cc t o  

2.8 gm/cc range. 

The d e n s i t y  o f  T e r t i a r y  and Quaternary  a1 l u v i u m  i s  p a r t i c u l a r l y  

d i f f i c u l t  t o  determine s i n c e  i t  cannot  be sampled d i r e c t l y .  

reasonable va lue  o f  2.0 gm/cc i s  suggested by Crebs (1976) based on a 

d e n s i t y  p r o f i l e  across a l l u v i u m  west  o f  t h e  M i n e r a l  Mountains. 

A 

A 



DATA A C Q U I S I T I O N  

I n s t r u m e n t a t i o n  

A l l  observed g r a v i t y  values were ob ta ined  w i t h  LaCoste and 

Romberg Model G geodet ic  g rav ime te r  No. 264. 

p r e c i s i o n  c a p a b i l i t y  o f  0.001 mgal . 
t h e  f i e l d  work, t h e  c a l i b r a t i o n  o f  t h e  g rav ime te r  was checked by 

occupying the  S a l t  Lake City c a l i b r a t i o n  loop. 

t e s t  agreed w e l l  w i t h  those o f  p rev ious  surveys and t h e  g rav ime te r  was 

judged t o  be o p e r a t i n g  p r o p e r l y .  

T h i s  i n s t r u m e n t  has a 

A t  b o t h  t h e  beg inn ing  and end o f  

The r e s u l t s  o f  t h i s  

Ground magnetic da ta  were ob ta ined  u s i n g  a Geometrics Model 6816 

p r o t o n  p recess ion  magnetometer, which measures t h e  e a r t h ' s  t o t a l  

magnetic f i e l d  i n t e n s i t y  w i t h  a p r e c i s i o n  o f  - + 1 gamma. 

Regional  G r a v i t y  Data 

To conduct t h e  r e g i o n a l  grav 

- 

ty survey, f i e l d  base s t a t  ons were 

e s t a b l i s h e d  a t  both Monroe and Marysvale.  Observed g r a v i t y  va lues f o r  

these bases were determined by t y i n g  them i n  a "ABABA" l o o p i n g  

techn ique t o  t h e  Utah G r a v i t y  Base S t a t i o n  Network (Cook and o thers ,  

1971) s t a t i o n s  i n  Beaver, Loa, and R i c h f i e l d .  Complete d e s c r i p t i o n s  

o f  t h e  f i e l d  base s t a t i o n s  a r e  g i ven  i n  Appendix 1. D e s c r i p t i o n s  o f  

observed and computed g r a v i t y  base s t a t i o n  t i e s  a r e  g i ven  i n  Appendix 

2. 

A t o t a l  o f  953 r e g i o n a l  g r a v i t y  s t a t i o n s  were e s t a b l  i s h e d  d u r i n g  
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A s tandard l o o p i n g  procedure was used t o  c o l l e c t  t h e  sumner o f  1977. 

these data, w i t h  each l o o p  b e g i n n i n g  and end ing  a t  a f i e l d  base 

s t a t i o n .  A l though loops  were c l o s e d  as o f t e n  as p o s s i b l e ,  i t  was 

sometimes necessary t o  t a k e  an e n t i r e  day f o r  one l o o p  due t o  t h e  

rugged and remote t e r r a i n  th roughout  t h e  survey area. Access was 

usual  l y  by four-wheel  d r i v e  v e h i c l e ,  a1 though i t  was occasional  l y  

necessary t o  backpack t h e  grav imeter  t o  a l o c a t i o n .  One o v e r n i g h t  

t r i p  was necessary t o  e s t a b l i s h  s t a t i o n s  a long a remote r i d g e  i n  t h e  

Tushar Mountains. 

H o r i z o n t a l  and v e r t i c a l  c o n t r o l  was o b t a i n e d  f rom U.S.G.S. 

p r e l i m i n a r y  7-1/2 m i n u t e  topograph ic  quadrangle maps. S ince  t h e  4 0 - f t  

c o n t o u r  i n t e r v a l  o f  these maps was t o o  coarse t o  p r o v i d e  c o n t r o l  a t  

a r b i t r a r y  l o c a t i o n s ,  s t a t i o n s  were e s t a b l i s h e d  o n l y  a t  benchmarks and 

s p o t  e l  e v a t i  ons. 

Deta i  1 ed G r a v i t y  Data 

A t o t a l  of 88 d e t a i l e d  g r a v i t y  s t a t i o n s  were e s t a b l i s h e d  a long 

f i v e  p r o f i l e s  i n  t h e  v i c i n i t y  o f  h o t  s p r i n g s  w i t h i n  t h e  Monroe and 

Joseph  KGRA's. Each g r a v i t y  s t a t i o n  was read twice and t h e  r e a d i n g s  

averaged i n  o r d e r  t o  i n s u r e  accura te  data.  Loops were c l o s e d  t o  base 

s t a t i o n  about  every hour  t o  min imize  t h e  e f f e c t s  o f  t h e  e a r t h  t i d e s  

and i n s t r u m e n t  d r i f t .  H o r i z o n t a l  and v e r t i c a l  c o n t r o l  were p r o v i d e d  

by survey ing  w i t h  a Hewlet t -Packard model 3810 t o t a l  s t a t i o n  

e l e c t r o n i c  d i s t a n c e  meter. The s u r v e y i n g  was per formed under c o n t r a c t  

by Horrocks and Associates,  c o n s u l t i n g  engineers,  o f  R i c h f i e l d ,  Utah 

on August 12, 1977 (Mr. T. Jones, surveyor ) .  
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F i g u r e  12 shows t h e  l o c a t i o n  of t h r e e  d e t a i l e d  g r a v i t y  p r o f i l e s  

i n  t h e  Monroe H o t  Spr ings  area l a b e l l e d  "RH" (Red H i l l  ) ,  "SC" (Sand 

Canyon), and "MC" (Monroe Canyon). F i g u r e  13 shows t h e  l o c a t i o n  of  

two d e t a i l e d  g r a v i t y  p r o f i l e s  i n  t h e  Joseph H o t  Spr ings  area l a b e l l e d  

" J l "  and "52". 

D e t a i l e d  Ground Magnet ic Data 

A t o t a l  o f  840 ground magnet ic s t a t i o n s  were e s t a b l i s h e d  a long 19 

p r o f i l e s  i n  t h e  Monroe Hot  Spr ings  area, and a t o t a l  o f  105 s t a t i o n s  

were e s t a b l i s h e d  a l o n g  two p r o f i l e s  i n  t h e  Joseph Hot  Spr ings  area. A 

s tandard l o o p i n g  techn ique was used t o  c o l l e c t  t h e  magnet ic data,  w i t h  

each days work normal ly  c o n s i s t i n g  o f  two c l o s e d  l o o p s  taken back t o  

Monroe magnet ic base. 

g i v e n  i n  Appendix 1. 

A complete d e s c r i p t i o n  o f  t h e  magnet ic base i s  

S t a t i o n  spacing was 20 m i n  areas o f  s p e c i a l  i n t e r e s t ,  i .e., near  

t h e  h o t  s p r i n g s ,  and 50 m elsewhere. F i v e  read ings  were taken a t  each 

s t a t i o n  and then averaged i n  an a t t e m p t  t o  reduce t h e  high-frequency 

magnet ic n o i s e  a s s o c i a t e d  w i t h  t h e  v o l c a n i c  environment.  One r e a d i n g  

was taken a t  t h e  s t a t i o n  i t s e l f ,  and f o u r  o t h e r s  were taken a t  p o i n t s  

about 3 m f rom t h e  s t a t i o n  toward t h e  p r i n c i p a l  compass d i r e c t i o n s .  

F i g u r e s  12 and 13 show t h e  l o c a t i o n  o f  d e t a i l e d  magnet ic p r o f i l e s  

w i t h i n  t h e  Monroe and Joseph H o t  Spr ings  areas, r e s p e c t i v e l y .  A l s o  

shown on these f i g u r e s  a r e  l o c a t  

(F igs .  4 and 5 )  surveyed i n  1976 

t h e  U n i v e r s i t y  o f  Utah under t h e  

A l a r g e  power t r a n s m i s s i o n  

ons o f  t h e  d e t a i l e d  magnet ic g r i d s  

by t h e  G r a v i t y  and Magnet ics c l a s s  a t  

s u p e r v i s i o n  o f  D r .  K.  L. Cook. 

i n e  extends d i r e c t l y  through the  
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F i g u r e  13. Map of Joseph H o t  Spr ings area showing l o c a t i o n  o f  
d e t a i l e d  g r a v i t y  and ground magnetic p r o f i l e s .  
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Monroe Hot  Spr ings  area and caused a g r e a t  deal  o f  magnet ic no ise.  

However, t h i s  n o i s e  was e a s i l y  recogn ized by e r r a t i c  magnetometer 

read ings  and no r e a d i n g  was at tempted i n  areas immediate ly  under o r  

a d j a c e n t  t o  t h e  power l i n e .  



DATA REDUCTION 

G r a v i t y  Data Reduct ion  

Both r e g i o n a l  and d e t a i l e d  g r a v i t y  da ta  were reduced on t h e  

U n i v e r s i t y  o f  Utah U N I V A C  1108 computer u s i n g  FORTRAN s o f t w a r e  

a v a i l a b l e  i n  t h e  Department o f  Geology and Geophysics. 

program conver ted  i n s t r u m e n t  read ings  t o  r e 1  a t i  ve g r a v i t y  Val ues u s i n g  

t h e  a p p r o p r i a t e  g rav imeter  s c a l e  constants .  

made assuming l i n e a r  d r i f t  between t h e  i n i t i a l  and f i n a l  base s t a t i o n  

read ings  o f  a loop. 

d i f f e r e n c e  between t h e  d r i f t - c o r r e c t e d  s t a t i o n  v a l u e  and t h e  observed 

g r a v i t y  a t  t h e  base s t a t i o n .  T h e o r e t i c a l  g r a v i t y  va lues  a t  sea l e v e l  

The r e d u c t i o n  

Drift c o r r e c t i o n s  were 

Observed g r a v i t y  va lues were computed as t h e  

u s i n g  t h e  I n t e r n a t i o n a l  G r a v i t y  Formula o f  1934 

and a 

n a  

chosen 

were c a l  c u l  a t e d  

(Swick, 1942). 

Bouguer c o r r e c t  

t o t a l  e l e v a t i o n  

A1 though t h e  chosen Bouguer c o r r e c t i o n  d e n s i t y  does n o t  r e f l e c t  

t h e  average d e n s i t y  o f  s u r f i c i a l  v o l c a n i c  r o c k s  found th roughout  t h e  

survey area (Tab le  11, t h e  cho ice  i s  cons idered reasonable.  T h i s  

v a l u e  does r e p r e s e n t  t h e  average d e n s i t y  f o r  c r u s t a l  r o c k s  above sea 

e ton ,  1976, p. 157) and i s  a reasonable d e n s i t y  f o r  

rocks  b e l i e v e d  t o  u n d e r l i e  t h e  e x t e n s i v e  v o l c a n i c  cover. 

s i n c e  g r a v i t y  surveys sur round i  ng t h i s  survey have a1 1 

A f r e e - a i r  c o r r e c t i o n  f a c t o r  o f  0.30861 mgal/m 

on d e n s i t y  o f  2.67 gm/cc were used, r e s u l t i n g  

c o r r e c t i o n  o f  0.19683 mgal/m a p p l i e d  above t h e  

datum o f  sea l e v e l .  

l e v e l  ( N e t t  

sedimentary 

Fur thermore 



used a 2.67 gm/cc r e d u c t i o n  d e n s i t y ,  i t  w i l l  be p o s s i b l e  t o  t i e  t h e  

surveys t o g e t h e r  f o r  f u t u r e  r e g i o n a l  s tud ies .  

Simple Bouguer g r a v i t y  anomaly va lues were determined by 

s u b t r a c t i n g  t h e  t h e o r e t i c a l  g r a v i t y  va lues  f r o m  t h e  observed g r a v i t y  

Val ues. Complete Bouguer g r a v i t y  anomaly va lues were computed by 

adding t e r r a i  n c o r r e c t i o n s  (de termi  ned by techn iques  d e s c r i b e d  i n  t h e  

n e x t  s e c t i o n )  t o  t h e  s imple Bouguer g r a v i t y  anomaly va lues.  

A t o t a l  o f  953 s t a t i o n  l o c a t i o n s  and t h e i r  r e s p e c t i v e  complete 

Bouguer g r a v i t y  anomaly va lues were then machine p l o t t e d  on a map a t  a 

s c a l e  o f  1:62500. F i f t e e n  a d d i t i o n a l  s t a t i o n s  were i n c o r p o r a t e d  i n t o  

t h e  map f rom t h e  work o f  Fishman (1576) .  These da ta  were then 

hand-contoured a t  a 1-mgal i n t e r v a l .  Twenty s t a t i o n  va lues  were found 

t o  be i n c o n s i s t e n t  w i t h  sur round ing  da ta  p robab ly  due t o  e l e v a t i o n  

e r r o r s  and were omi t ted ,  l e a v i n g  a t o t a l  o f  948 s t a t i o n s  used t o  

c o n s t r u c t  t h e  map. F i g u r e  14 shows t h e  f i n a l  complete Bouguer g r a v i t y  

anomaly map contoured a t  a 2-mgal i n t e r v a l .  

A t o t a l  o f  88 g r a v i t y  s t a t i o n s  e s t a b l  i s h e d  a l o n g  d e t a i l e d  

p r o f i l e s  were reduced i n  t h e  same manner as t h e  r e g i o n a l  da ta  except  

t h a t  t h e  r e d u c t i o n  program was m o d i f i e d  t o  accept  e l e v a t i o n  da ta  t o  

t h e  n e a r e s t  0.1 f t  (0.03 m ) .  P r i n c i p a l  f a c t s  f o r  b o t h  t h e  r e g i o n a l  

and d e t a i l e d  g r a v i t y  s t a t i o n s  a r e  g i v e n  i n  Appendix 5. 

G r a v i t y  T e r r a i n  C o r r e c t i o n s  

Extreme topographic  r e l i e f  w i t h i n  t h e  survey area r e q u i r e d  t h a t  

t e r r a i n  c o r r e c t i o n s  be taken o u t  t o  a r a d i a l  d i s t a n c e  o f  167 km (100 

m i l e s )  f rom each s t a t i o n .  A f t e r  examining p o s s i b l e  techniques and 
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, Figure 14. Complete Bouguer g rav i ty  anomaly map of the survey area .  
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a v a i l a b l e  sof tware,  a t h r e e - p a r t  procedure was chosen t o  compute t h e  

t e r r a i n  c o r r e c t i o n s .  The t h r e e  p a r t s  cover  a d j a c e n t  areas r e f e r r e d  t o  

as t h e  i n n e r ,  i n t e r m e d i a t e ,  and o u t e r  zones. Fo r  a l l  t h r e e  zones, t h e  

t e r r a i n  c o r r e c t i o n s  were computed assuming a d e n s i t y  o f  2.67 gm/cc. 

The inner -zone t e r r a i n  c o r r e c t i o n  covers t h e  area th rough zone E 

o f  t h e  Hayford-Bowie (U.S.C. & G.S.) t e r r a i n  c o r r e c t i o n  c h a r t s  (Swick, 

19421, i .e.,  o u t  t o  a r a d i a l  d i s t a n c e  o f  1.28 km f rom t h e  s t a t i o n .  

Standard U.S.C. G.S. templa tes  were used t o  e s t i m a t e  v i s u a l l y  t h e  

n 

and 

compartment e 

zone C y  D,  o r  

re -co r rec  ted. 

eva t i ons .  For  those cases i n  which t h e  c o r r e c t i o n s  

E exceed 1 mgal , t h e  zone was d i v i d e d  i n t o  two p a r t s  

P l o u f f  (1977, o r a l  communication) has found t h a t  

f a i l u r e  t o  f o l l o w  t h i s  procedure w i l l  cause c o n s i s t e n t l y  p o s i t i v e  

e r r o r s  o f  1 mgal o r  more i n  t h e  c o r r e c t i o n .  An i n c l i n e d  p lane  

approx imat ion  t o  t h e  topography was used t o  e s t i m a t e  t h e  c o r r e c t i o n  

f o r  zones B and C where poss ib le .  

f o r  t h i s  purpose. 

Sandberg’s (1956) t a b l e s  were used 

Inner-zone t e r r a i n  c o r r e c t i o n s  were computed from 

ng a Hewlet t -Packard HP9100B compartment e l e v a t i o n  es t imates  us 

programmabl e c a l c u l a t o r .  

The in te rmed ia te -zone t e r r a i n  

FORTRAN program w r i t t e n  by Hardman 

c o r r e c t i o n s  were computed u s i n g  a 

(1964) as m o d i f i e d  by C a r t e r  

(1978).  The program used a “ d i g i t a l  t e r r a i n  model”,  a v a i l a b l e  f rom 

Fishman (19761, which was prepared by d i g i t i z i n g  topograph ic  maps on a 

1-km g r i d .  The c o r r e c t i o n  i s  computed f o r  t h e  area between i n n e r  and 

o u t e r  squares cen te red  on t h e  s t a t i o n  and measuring 2 km and 40 km on 

a s ide ,  r e s p e c t i v e l y .  There i s  some mismatch i n  go ing  from t h e  

c i r c u l a r  p a t t e r n  o f  t h e  i n n e r  zone t o  t h e  square p a t t e r n  of  t h e  
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The e r r o r  i n t r o d u c e d  thereby  i s  l a r g e l y  a f u n c t i o n  i n t e r m e d i a t e  zone. 

o f  t h e  n a t u r e  o f  t h e  t e r r a i n  a t  t h e  t r a n s i t i o n  between t h e  zones. 

T h i s  method has been used i n  many p r e v i o u s  g r a v i t y  surveys (Hardman, 

1964; Fishman, 1976; Brumbaugh, 1977; Case, 1977; and C a r t e r ,  1978); 

and a p p a r e n t l y  t h e  e r r o r  i ntroduced i s minimal . 
The outer-zone t e r r a i n  c o r r e c t i o n s  were computed u s i n g  a FORTRAN 

program w r i t t e n  by P l o u f f  (1977). The program uses topograph ic  da ta  

on a geographic g r i d  o f  a r b i t r a r y  spacing, and c a l c u l a t e s  t h e  

c o r r e c t i o n  by approx imat ing  t h e  g r a v i t y  e f f e c t  o f  a r e c t a n g u l a r  

compartment w i t h  a v e r t i c a l  l i n e  mass a t  t h e  c e n t e r  o f  t h e  

compartment. C o r r e c t i o n  i s  made f o r  t h e  e f f e c t  o f  t h e  e a r t h ' s  

curva ture .  F o r  t h i s  survey, d i g i t i z e d  topography on a 3-minute g r i d  

was o b t a i n e d  f rom t h e  U.S. Geo log ica l  Survey i n  Denver and used t o  

compute t e r r a i n  c o r r e c t i o n s  f o r  t h e  c i r c u l a r  area f rom 22.6 km t o  167 

km r a d i a l  d i s t a n c e  from t h e  s t a t i o n .  The i n n e r  r a d i u s  o f  22.6 km was 

chosen so t h a t  i t  c o n t a i n e d  t h e  same amount o f  s u r f a c e  area as t h e  

40-km o u t e r  square o f  t h e  i n t e r m e d i a t e  zone. 

a g a i n  i n t r o d u c e d  i n  changing f rom a square t o  a c i r c u l a r  p a t t e r n ,  t h e  

above procedure should min imize  t h e  e r r o r .  

A l though some e r r o r  i s  

The t o t a l  t e r r a i n  c o r r e c t i o n  f o r  each s t a t i o n  was taken as t h e  

sum o f  t h e  i n n e r ,  i n t e r m e d i a t e ,  and outer-zone c o r r e c t i o n s  f o r  t h a t  

s t a t i o n .  The l a r g e s t  c o r r e c t i o n  was 51.14 mgal f o r  t h e  s t a t i o n  

l o c a t e d  on Mount Baldy ( e l e v a t i o n  3680 m) i n  t h e  Tushar Mountains. 

The s m a l l e s t  c o r r e c t i o n  was 1.83 mgal f o r  a s t a t i o n  i n  g e n t l y  r o l l i n g  

t e r r a i n  near t h e  Pavant Ranger S t a t i o n .  The average t e r r a i n  

c o r r e c t i o n  th roughout  t h e  survey area was 6.41 mgal. 
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Table 2. Comparison of T e r r a i n - c o r r e c t i o n  Values 

S t a t i o n  Name T e r r a i n  S t a t i o n  Name T e r r a i n  D i f f e rence  
(Th is  Survey) Cor rec t i on  (Previous Survey) Cor rec t i on  

MH140 

MH140 

MH149 

MH4 93 

MH498 

MH511 

MH548 

MH606 

MH719 

MH875 

MH933 

2.99 

2.99 

2.13 

4.03 

3.62 

3.78 

3.76 

3.77 

6.98 

3.73 

6.44 

RS5 

76-1 46 

RS45 

RS94 

RS96 

RS103 

RS82 

RS126 

RS123 

76-1 33 

RS65 

2.39 

2.89 

2.84 

3.24 

2.87 

2.95 

3.11 

3.42 

6.26 

5.36 

5.24 

+O. 60 

t0.10 

-0.71 

+O. 79 

t0 .75 

+O .83 

+O. 65 

t0 .35 

+O. 72 

-1.63 

t1 .20  

R.M.S. D i f f e rence  = 0.85 mgal 

Sources o f  p rev ious  data:  

'IRS" s t a t i o n s  - Sontag (1965) 
"76" s t a t i o n s  - G r a v i t y  and Magnetics c lass ,  Univ. o f  Utah, 

F a l l ,  1976, under superv is ion  o f  K. L. Cook. 
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Comparison was made between 11 c o r r e c t i o n s  o f  t h i s  survey w i t h  

t e r r a i n  c o r r e c t i o n s  determined a t  t h e  same l o c a t i o n s  by p r e v i o u s  

i n v e s t i g a t o r s .  

Close agreement between va lues  cannot  be expected s i n c e  t h e  

c o r r e c t i o n s  from p r e v i o u s  surveys were taken o u t  t o  a d i s t a n c e  of  58 

km on ly ,  whereas i n  t h i s  survey t h e  t e r r a i n  c o r r e c t i o n s  were taken o u t  

t o  167 km. 

va lues  determined i n  t h e  p r e s e n t  survey. A lso,  t e r r a i n  c o r r e c t i o n s  i n  

t h e  p r e v i o u s  surveys were made w i t h  15-minute topograph ic  quadrangles,  

The r e s u l t s  of  t h i s  comparison a r e  shown i n  Table 2. 

T h i s  d i f f e r e n c e  i s  t h e  apparent  cause o f  g e n e r a l l y  h i g h e r  

whereas t e r r a i n  c o r r e c t i o n s  f o r  t h e  p r e s e n t  s tudy  were made w i t h  7-1/2 

minute quadrangle maps. 

used, t h e  comparison does i n d i c a t e  t h a t  t h e  t e r r a i n  c o r r e c t i o n s  

determined h e r e i n  a r e  reasonable values, and a p p a r e n t l y  no gross 

e r r o r s  were made. 

I n  v iew o f  t h e  d i f f e r e n t  techniques and maps 

Ground Magnet ic Data Reduct ion 

The f i r s t  s tep  i n  reduc ing  t h e  ground magnet ic da ta  was t o  

average t h e  f i v e  t o t a l  magnet ic f i e l d  i n t e n s i t y  read ings  taken a t  each 

s t a t i o n .  D i u r n a l  c o r r e c t i o n s  were then made w i t h  a hand c a l c u l a t o r  by 

assumi ng 1 i near change o f  t h e  e a r t h  ' s magnet ic f i e l  d between 

success ive read ings  a t  t h e  base s t a t i o n .  D i u r n a l  c o r r e c t i o n s  

g e n e r a l l y  ranged between 10 and 40 gammas. 

p recess ion  magnetometer was cons idered n e g l i g i b l e .  

smal l  a r e a l  e x t e n t  o f  t h e  magnet ic surveys, c o r r e c t i o n s  were n o t  made 

t o  remove t h e  e a r t h  ' s mai n magnet ic f i e l  d g r a d i e n t .  

va lues  were then s u b t r a c t e d  f rom t h e  t o t a l  magnet ic f i e l d  i n t e n s i t y  

D r i f t  o f  t h e  p r o t o n  

Because o f  t h e  

D i  u r n a l  - c o r r e c t e d  
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v a l u e  a t  t h e  Monroe magnet ic base t o  o b t a i n  t h e  d r i f t - c o r r e c t e d  t o t a l  

magnet ic f i e l  d i n t e n s i  ty  anomaly. A 1 i s t i n g  o f  magnet ic anomaly 

va lues  f o r  a l l  magnet ic p r o f i l e s  i s  g i v e n  i n  Appendix 6. 

The reduced ground magnet ic da ta  c o l l e c t e d  i n  t h e  Monroe Hot 

Spr ings  area were p l o t t e d  as p r o f i l e s  and hand-smoothed t o  reduce t h e  

e f f e c t s  o f  b o t h  c u l t u r a l  n o i s e  and n o i s e  due t o  s u r f i c i a l  v o l c a n i c  

rocks.  Smoothed va lues  were p l o t t e d  on a map a t  a s c a l e  o f  1:4800 a t  

50-m i n t e r v a l s  a long t h e  p r o f i l e s  and contoured a t  an i n t e r v a l  o f  100 

gammas. The r e s u l t a n t  t o t a  magnet ic i n t e n s i t y  anomaly map i s  shown 

i n  F i g u r e  15. 

E r r o r  Ana lys i  I_ s 

E r r o r s  a s s o c i a t e d  w i t h  t h e  ground magnet ic da ta  a r e  d i f f i c u l t  t o  

e s t i m a t e  q u a n t i t a t i v e l y .  Re-occupied magnet ic s t a t i o n s  were g e n e r a l l y  

r e p e a t a b l e  t o  w i t h i n  10 gammas, which i s  a reasonable e s t i m a t e  o f  t h e  

e r r o r  t h e r e i n .  However, t h e  magnet ic da ta  a r e  s u b j e c t  t o  t e r r a i n  

e f f e c t s ,  c u l t u r a l  no ise,  and near-sur face v o l c a n i c  rocks  w i t h i n  t h e  

survey area. 

magnet ic data.  

These e f f e c t s  must be cons idered when i n t e r p r e t i n g  t h e  

E r r o r s  assoc ia ted  w i t h  g r a v i t y  da ta  can be a t t r i b u t e d  t o  

u n c e r t a i n t i e s  i n  h o r i z o n t a l  and v e r t i c a l  c Q n t r o l  , t i d a l  e f f e c t s ,  

i n s t r u m e n t  d r i f t ,  t e r r a i n  c o r r e c t i o n s ,  and t h e  Bouguer r e d u c t i o n  

d e n s i t y .  

r e g i o n a l  g r a v i t y  da ta  c o n s i d e r i n g  an "average" case f o r  a s t a t i o n  i n  

moderate t e r r a i n ,  and a "wors t -poss ib le"  case f o r  a s t a t i o n  a t  extreme 

e l  e v a t i  on i n rough t e r r a i  n. 

These e r r o r s  w i l l  be analyzed f o r  b o t h  t h e  d e t a i l e d  and 
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Consider f i r s t  the detai led gravity data col lected along the 

precisely surveyed profi  1 es.  

f t  (0.03 m )  which corresponds t o  0.006 mgal e r ro r .  

e r r o r  i s  negl igible .  

e f f e c t s ,  e r ro r s  therein shal l  be included i n  the estimate for  

instrument d r i f t .  

about every hour ,  the average e r ro r  i s  estimated t o  be 0.05 mgal b u t  

could be . a s  h i g h  as 0.15 mgal i n  the worst case. Terrain correction 

e r rors  a re  estimated using the "rule-of-thumb" suggested by P l o u f f  

(1977 ,  o ra l  communication) of 10 percent o f  the t o t a l  t e r r a i n  

correct ion.  

e r r o r  of 0.5 mgal should be expected, and  possibly u p  t o  1.0 mgal i n  

the worst case. 

a re  t h o u g h t  t o  be small due t o  r e l a t ive ly  low r e l i e f  encountered along 

the de ta i led  gravity prof i les .  I n  summary, the de ta i led  gravity d a t a  

a r e  subject  t o  an average e r ro r  of a b o u t  0.6 mgal and possibly 1.2 

mgal e r r o r  i n  the worst case. 

The regional g rav i ty  d a t a  are  subject t o  the same e r ro r s  as the 

Vertical control was guaranteed to  - + 0.1 

Horizontal control 

Since the data were n o t  corrected f o r  t i da l  

Considering t h a t  loops t o  base s t a t ion  were closed 

Following this guideline an average t e r r a i n  correction 

Errors associated with the Bouguer reduction density 

de ta i led  d a t a ,  b u t  the magnitude of the errors i s  grea ter  due t o  l e s s  

accurate ver t ica l  control and  extreme topographic r e l i e f .  Horizontal 

and ver t ica l  control were obtained from U.S.G.S. preliminary 7-1/2 

minute topographic quadrangles. Horizontal control e r r o r  i s  a g a i n  

estimated as negligible.  Vertical control e r r o r  i s  dependent on the 

type of s t a t ion  occupied. U.S.G.S. bench mark elevat ions a re  subject  

t o  negl igible  e r r o r ,  whereas s p o t  e levat ions a re  subject  t o  e r ro r s  o f  

one tenth the map contour interval  , i n  this case 4 f t  ( J .  Zuck, 1978, 
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Since most g r a v i  ty s t a t i o n s  were e s t a b l  i shed a t  o r a l  communication). 

s p o t  e l e v a t i o n s ,  an average v e r t i c a l  c o n t r o l  e r r o r  o f  0.2 mgal i s  

est imated,  b u t  c o u l d  be as h i g h  as 0.4 mgal . E r r o r s  due t o  t i d a l  

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

loops  were o f t e n  c l o s e d  o n l y  once p e r  day. 

mgal i s  est imated,  w i t h  a w o r s t  case e s t i m a t e  o f  0.4 mgal. These 

es t imates  a r e  based on comparisons o f  s imp le  Bouguer va lues  a t  11 

s t a t i o n s  which were occupied t w i c e  d u r i n g  t h e  c o l l e c t i o n  o f  data. 

Observed changes ranged f rom 0.02 mgal up t o  0.28 mgal , w i t h  an 

average change o f  0.12 mgal. 

An average e r r o r  o f  0.1 

O f  a l l  t h e  p o s s i b l e  e r r o r s  i n  t h e  r e g i o n a l  g r a v i t y  data,  t h e  

g r e a t e s t  i s  b e l i e v e d  due t o  t h e  t e r r a i n  c o r r e c t i o n s .  

" ru le-of - thumb" o f  10 percent  t e r r a i n  c o r r e c t i o n  e r r o r  ment ioned 

above, an average e s t i m a t e  would be 0.6 mgal and c o u l d  be g r e a t e r  than 

A p p l y i n g  t h e  

5 mgal f o r  some s t a t i o n s  i n  t h e  Tushar Hountains.  Even t h i s  e s t i m a t e  

does n o t  t a k e  i n t o  account t h e  e r r o r  due t o  t h e  cho ice  o f  2.67 gm/cc 

f o r  t h e  t e r r a i n  c o r r e c t i o n  dens i ty .  

q u a n t i t a t i v e l y  w i t h o u t  a d d i t i o n a l  i n f o r m a t i o n  r e g a r d i n g  subsur face 

d e n s i t i e s ,  b u t  t h e  geo log ic  c o n t r o l  da ta  would suggest r e a l  d e n s i t i e s  

somewhat l o w e r  than 2.67 gm/cc. Such e r r o r s  expressed i n  t h e  reg iona 

g r a v i t y  da ta  w i  11 appear as i s 0 1  a t e d  complete Bouguer g r a v i t y  anomaly 

h i g h s  c o r r e l a t e d  w i t h  extreme topograph ic  f e a t u r e s .  

T h i s  e r r o r  cannot  be e s t i m a t e d  

E r r o r  assoc ia ted  w i t h  t h e  Bouguer r e d u c t i o n  d e n s i t y  o f  2.67 gm/c 

i s  a l s o  d i f f i c u l t  t o  e s t i m a t e  w i t h o u t  subsur face d e n s i t y  i n f o r m a t i o n .  

Q u a l i t a t i v e l y ,  t h e  e r r o r s  w i l l  r e p r e s e n t  t h e  cumula t ive  e f f e c t  o f  

d e n s i t i e s  o t h e r  than 2.67 gm/cc f rom t h e  datum p l a n e  o f  sea l e v e l  up 
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t o  t h e  s t a t  on e l e v a t i o n .  These e f f e c t s  a r e  expected t o  be 

s i g n i f i c a n t  o v e r  t h e  broad h i g h  p l a t e a u s  i n  t h e  survey area which 

s tand about  1500 m above t h e  v a l l e y s .  

i s  l e s s  than 2.67 gm/cc as expected, t h e  e r r o r  i s  such t h a t  t h e  

complete Bouguer g r a v i t y  anomaly va lues w i l l  be more n e g a t i v e  than i f  

t h e  t r u e  d e n s i t y  was used i n  t h e  Bouguer r e d u c t i o n .  

I f  t h e  d e n s i t y  o f  t h e  p l a t e a u s  

I n  summary, t h e  u n c e r t a i n t y  i n  t h e  r e g i o n a l  g r a v i t y  da ta  i s  

expected t o  be about  0.9 mgal f o r  t h e  average case, and up t o  6 mgal 

o r  g r e a t e r  i n  t h e  w o r s t  case. 

i n  t h e  t e r r a i n  and Bouguer c o r r e c t i o n s  a r e  n o t  i n c l u d e d  i n  these 

q u a n t i t a t i v e  es t imates  , t h e r e f o r e  t h e  qual i t a t i v e  e f f e c t s  descr ibed 

above must be cons idered when i n t e r p r e t i n g  t h e  r e g i o n a l  g r a v i t y  data. 

E r r o r s  f rom improper c h o i c e  o f  d e n s i t y  

I n  an a t t e m p t  t o  e v a l u a t e  f u r t h e r  i n  a q u a l i t a t i v e  manner t h e  

e f f e c t s  o f  d i f f e r e n t  r e d u c t i o n  d e n s i t i e s ,  a smal l  p o r t i o n  o f  t h e  

r e g i o n a l  g r a v i t y  data was reduced u s i n g  2.5 gm/cc f o r  b o t h  t h e  t e r r a i n  

and Bouguer c o r r e c t i o n  d e n s i t i e s .  F i g u r e s  16 and 17 show t h e  complete 

Bouguer g r a v i t y  anomaly data reduced a t  2.67 and 2.5 gm/cc, 

r e s p e c t i v e l y .  

e l e v a t i o n s  and most rugged t e r r a i n  o f  t h e  survey r e g i o n ,  and show a 

l a r g e  g r a v i t y  low b e l i e v e d  due t o  low-dens i ty  m a t e r i a l  i n  t h e  Mount 

Belknap ca ldera .  

a b r u p t  topographic  r e l i e f  w i t h  g r a v i t y  s t a t i o n s  on t o p  o f  them. 

can be seen i n  b o t h  f i g u r e s  t h a t  t h e  contours  a r e  d i s r u p t e d  i n  t h e  

v i c i n i t y  o f  these peaks. 

t h a t  a r e  c l o s e l y  a s s o c i a t e d  w i t h  extreme topography, they  a r e  b e l i e v e d  

t o  be t h e  r e s u l t  o f  t o o  h i g h  a r e d u c t i o n  d e n s i t y  assumed f o r  t h e  

These f i g u r e s  cover  t h e  area c o n t a i n i n g  t h e  h i g h e s t  

Mount Belknap and Mount Baldy a r e  two peaks of  

It 

Since these d i s r u p t i o n s  a r e  g r a v i t y  h ighs  
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Figure 16. Complete Bouguer gravi ty  anomaly map of the Mount 
Belknap caldera region. 
used fo r  Bouguer and t e r r a in  correct ions.  

Density of 2.67 gm/cc was 
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Figure 17 .  Complete Bouguer gravi ty  anomaly map o f  the M o u n t  
Belknap caldera region. 
used f o r  Bouguer and t e r r a in  correct ions.  

Density o f  2.50 gm/cc was 
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t e r r a i n  c o r r e c t i o n .  

Bouguer g r a v i t y  anomaly map shown i n  F i g u r e  14. A l though t h e  g r a v i t y  

low assoc ia ted  w i t h  t h e  Mount Belknap c a l d e r a  e x i s t s  i n  b o t h  f i g u r e s ,  

t h e  shape and magnitude o f  t h e  anomaly a r e  changed s i g n i f i c a n t l y .  The 

values i n  t h e  map reduced a t  2.5 gm/cc a r e  more p o s i t i v e ,  which i s  

apparen t l y  t h e  r e s u l t  o f  t h e  l ower  Bouguer r e d u c t i o n  d e n s i t y .  The map 

reduced a t  2.5 gm/cc i s  judged t o  p resen t  smoother and more 

" r e a l i s t i c "  da ta  than  the  2.67 gm/cc r e d u c t i o n  d e n s i t y  map, even 

though the  d i f f e r e n c e s  a r e  n o t  s t r o n g l y  pronounced. 

t o  be an i n d i c a t i o n  t h a t  2.5 gm/cc i s  a more accu ra te  Bouguer 

r e d u c t i o n  d e n s i t y  than t h e  2.67 gm/cc used. 

These e f f e c t s  were smoothed o u t  i n  t h e  complete 

Th is  i s  b e l i e v e d  



DATA PROCESSING 

I t  was cons idered d e s i r a b l e  t o  process t h e  r e g i o n a l  g r a v i t y  data 

i n  o r d e r  t o  s tudy  b o t h  t h e  r e g i o n a l  g r a v i t y  t r e n d s  and t h e  r e s i d u a l  

g r a v i t y  a f t e r  removal o f  t h e  r e g i o n a l  g r a v i t y .  The techn ique chosen 

t o  accompl ish t h i s  was t o  f i t  polynomia l  sur faces  o f  d i f f e r e n t  o rders  

t o  t h e  g r a v i t y  da ta  as descr ibed by Montgomery (1973).  A1 though t h i s  

method i s  n o t  as q u a n t i t a t i v e  as wavelength f i l t e r i n g  i n  terms o f  t h e  

a c t u a l  wavelengths i n  t h e  da ta  t h a t  a r e  f i l t e r e d ,  i t  does have t h e  

advantage o f  b e i n g  l e s s  t r o u b l e d  by edge e f f e c t s .  

da ta  show a s teep g r a d i e n t  a long t h e  n o r t h e r n  p o r t i o n  o f  t h e  survey 

area, t h e  m i n i m i z a t i o n  o f  edge e f f e c t s  was cons idered h i g h l y  

d e s i r a b l e .  A number o f  r e c e n t  g r a v i t y  surveys (Crebs, 1976; 

Brumbaugh, 1977; Sawyer, 1977; and Case, 1977) have used bo th  

po lynomia l  f i tti ng and wave1 ength f i 1 t e r i  ng t o  produce r e s i  dual 

g r a v i t y  maps. A l though some d i f f e r e n c e s  between t h e  two types  o f  maps 

have been observed, they g e n e r a l l y  produce s i m i l a r  r e s i d u a l  maps. For  

t h i s  reason, po lynomia l  f i t t i n g  a lone was cons idered s u f f i c i e n t  t o  

accompl ish t h e  goal  o f  removing t h e  r e g i o n a l  t rends .  

S ince t h e  g r a v i t y  

PreDara t ion  o f  Data 

To enable machine-contour ing o f  t h e  polynomia l  sur faces  and 

r e s i d u a l  g r a v i t y  maps, i t  was necessary t o  produce da ta  on a r e g u l a r  

g r i d  f rom t h e  randomly- located g r a v i t y  s t a t i o n  data.  T h i s  was 
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accompl ished by hand-d ig i  t i z a t i o n  o f  t h e  complete Bouguer g r a v i t y  

anomaly va lues  which had been hand-contoured on a map a t  a 1-mgal 

i n t e r v a l .  The U n i v e r s a l  Transverse Mercator  (UTM) g r i d  system o f  1-km 

g r i d  spac ing  was used. An a r r a y  o f  47 by 58 da ta  p o i n t s  was thus  

generated, c o v e r i n g  t h e  area from 368 km E t o  414 km E, and f rom 4233 

km N t o  4290 km N ,  r e s p e c t i v e l y ,  w i t h i n  zone 12 o f  t h e  UTM g r i d  

system. T h i s  da ta  g r i d  was machine-contoured a t  a 2-mgal i n t e r v a l  and 

t h e  r e s u l t i n g  complete Bouguer g r a v i t y  anomaly map i s  shown i n  F i g u r e  

18. 

I t  i s  i m p o r t a n t  t o  cons ider  t h e  a l i a s i n g  e f f e c t  o f  t h e  

d i g i t i z a t i o n  process. The 1-km d i g i t i z i n g  i n t e r v a l  w i l l  cause 

a l i a s i n g  o f  a l l  f requenc ies  i n  t h e  da ta  h i g h e r  than t h e  N y q u i s t  

f requency o f  0.5 cycles/km. It must be no ted  t h a t  t h e  o r i g i n a l  

a c q u i s i t i o n  o f  t h e  da ta  a l s o  causes a l i a s i n g ,  a l though a s p e c i f i c  

N y q u i s t  f requency cannot  be c a l c u l a t e d  f o r  t h e  i r r e g u l a r l y  spaced 

s t a t i o n  data. However, s i n c e  948 s t a t i o n s  were used t o  c o n s t r u c t  a 

map c o v e r i n g  about  2600 km2, t h e  average s t a t i o n  d e n s i t y  i s  about  0.36 

s tat ion/km2.  

i t s e l f  caused a l i a s i n g  o f  f requenc ies  h i g h e r  than about 0.18 

cycles/km. 

A rough es t imate ,  then, i s  t h a t  t h e  data a c q u i s i t i o n  

Since a1 i a s i n g  due t o  d i g i t i z a t i o n  removed o n l y  those 

f requenc ies  h i g h e r  than expected t o  be found i n  t h e  o r i g i n a l  data,  the  

d i g i t i z a t i o n  process should n o t  n o t i c e a b l y  change t h e  o r i g i n a l  data. 

Indeed, a comparison between t h e  two complete Bouguer g r a v i t y  anomaly 

maps generated f rom random and g r i d d e d  da ta  ( F i g s .  14 and 18, 

r e s p e c t i v e l y )  shows them t o  be s i m i l a r .  



53 

1 1 2 O 3 0 '  112°15' 112: 00' 
38O45' 

38" 30' 

38"15' 

0 IO M I L E S  F 
0 5 IO 15 K I L O M E T E R S  

CONTOUR I N T E R V A L  
2 M G A L  

Figure 18. Complete Bouguer g rav i ty  anomaly map of the survey area .  
Machine-contoured from I-km d i g i t i z e d  da ta .  
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Polynomi a1 Surface F i  1 t e r i  ng 

All polynomial surface calculat ions were made u s i n g  FORTRAN 

computer programs o r ig ina l ly  wri t ten by Dr. Je r ry  R Montgomery. 

gridded regional gravity data was used t o  compute polynomial surfaces 

of orders 1 through 10 which represent a best f i t  t o  the gravity data 

i n  a least-squares sense. The R.M.S. residual between the polynomial 

surface and the gridded g rav i ty  data was computed f o r  each order 

polynomial , and i s  shown plot ted i n  Figure 19. T h i s  curve was 

analyzed t o  help decide which order polynomials provide best  f i t  t o  

the data. The breaks on the curve shown a t  the t h i r d - ,  f i f t h - ,  and 

seventh-order polynomials indicate  these t o  be the best  choices. The 

polynomial surfaces and residual gravity maps for  these orders were 

then machine-contoured a t  a 2-mgal in te rva l .  A tenth-order polynomial 

surface and residual map were a l so  produced s ince this high-order 

surface closely approximates the or iginal  data and i s  s imi la r  t o  a 

low-pass gravity map. The th i rd - ,  f i f t h - ,  seventh-, and tenth-order 

polynomial surfaces a re  shown in Figures 20, 21 ,  2 2 ,  and 23, 

respectively.  The corresponding residual complete Bouguer gravity 

anomaly maps a re  shown i n  Figures 24, 25, 26, and 2 7 ,  respectively.  

The 
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Figure 19. R.M.S. residual v s .  order o f  polynomial sur face  
determined f o r  griddcd gravi ty  data .  Arrows show 
order of sur faces  and residual  maps se lec ted  f o r  
ana lys i s .  
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Figure 20. 3rd-order polynomial su r f ace  g rav i ty  anomaly map. 
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Figure 21. 5th-order polynomial surface grav i ty  anomaly map. 
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Figure 22. 7th-order polynomial surface gravi ty  anomaly map. 
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Figure 23. 10th-order polynomial sur face  g rav i ty  anomaly map. 
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Figure 24. 3rd-order polynomial res idual  grav i ty  anomaly map. 
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Figure 25. 5th-order polynomial residual gravity anomaly map. 
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Figure 26. 7th-order polynomial res idual  grav i ty  anomaly map. 
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F i g u r e  27.  10 th-order  po lynomia l  r e s i d u a l  g r a v i t y  anomaly map. 



I NTERPRETAT I ON 

Methods o f  I n t e r p r e t a t i o n  --_ 

Both qual i t a t i  ve and quant i  t a t i  ve techniques were used t o  

i n t e r p r e t  t h e  g r a v i t y  and ground magnet ic da ta  i n t o  a coherent  

geo log ic  p i c t u r e .  The major  f e a t u r e s  of t h e  r e g i o n a l  g r a v i t y  da ta  

were f i r s t  q u a l i t a t i v e l y  c o r r e l a t e d  w i t h  known g e o l o g i c  fea tures .  

Polynomial  r e s i d u a l  g r a v i t y  maps were a l s o  s t u d i e d  t o  h e l p  c l a r i f y  

those f e a t u r e s  d i s g u i s e d  by r e g i o n a l  e f f e c t s  i n  t h e  o r i g i n a l  data. 

I n t e r p r e t i v e  g e o l o g i c  c ross  s e c t i o n s  were c o n s t r u c t e d  a1 ong f o u r  

es. The d e t a i l e d  g r a v i t y  and ground magnetic r e g i o n a l  g r a v i t y  p r o f i  

da ta  were i n t e r p r e t e d  

t h e  Monroe Hot  Spr ings  

area. 

n a s i m i l a r  manner, and i n c l u d e  f o u r  models i n  

area and two models f o r  t h e  Joseph H o t  Spr ings  

I n t e r p r e t a t i v e  geo log ic  c ross  s e c t i o n s  were c o n s t r u c t e d  u s i n g  

b o t h  f o r w a r d  and i n v e r s e  two-dimensional g r a v i t y  and magnet ic model ing 

techniques.  

a r e  d e s c r i b e d  by Snow (1978) and employ techniques developed by 

Talwani  and o t h e r s  ( 1959) and Talwani (1965) .  A1 though t h e  programs 

a r e  capabl e o f  model i ng f i n i  t e  s t r i  ke-1 ength ( "2-1/2-0" ) bodies,  t h i  s 

o p t i o n  was n o t  used s i n c e  i n  most cases t h e  advantages a r e  outweighed 

by t h e  added complex i ty  o f  t h e  techn ique (John H. Snow, 1978, o r a l  

communication). 

The s p e c i f i c  computer programs used t o  accompl ish t h i s  

Model ing o f  t h e  ground magnet ic da ta  was r e l a t i v e l y  s imp le  s i n c e  

3 
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t h e  program c a l c u l a t e s  t h e  magnet ic e f f e c t  o f  an a r b i  t r a r i l y - s h a p e d  

two-dimensional  body, i.e. , i t  i s  p o s s i b l e  t o  i n c l u d e  t h e  s u r f a c e  

topography i n  t h e  model i t s e l f .  Model ing o f  g r a v i t y  da ta  i n  areas o f  

extreme topograph ic  r e l i e f  presented a more complex problem s i n c e  t h e  

complete Bouguer g r a v i t y  anomaly va lues  had been reduced t o  a datum o f  

sea l e v e l  u s i n g  a Bouguer r e d u c t i o n  d e n s i t y  o f  2.67 gm/cc. 

o f  t h e  complete Bouguer g r a v i t y  anomaly va lues  d i r e c t l y  would be 

i n a p p r o p r i a t e  due t o  l a r g e  masses o f  low d e n s i t y  v o l c a n i c s  i n  t h e  

Pavant Range, n o r t h e r n  S e v i e r  P lateau,  and Tushar Mountains.  A s  

mentioned p r e v i o u s l y  , t h e  complete Bouguer g r a v i t y  anomaly va lues over  

these reg ions  a r e  more negat ive  than i f  they had been reduced t o  a 

datum u s i n g  a more a p p r o p r i a t e  d e n s i t y ,  i .e. ,  2.3 t o  2.5 gm/cc. The 

q u a n t i t a t i v e  es t imates  o f  depth, e t c .  i n  t h e  geo log ic  c r o s s  s e c t i o n s  

would be i m p r o p e r l y  b iased un less  some c o r r e c t i o n  i s  made f o r  t h i s  

Model ing 

e f f e c t .  

I n  

u s i n g  t 

Bouguer r e d u c t  

t h e  t e r r a i n ,  i 

U n f o r t u n a t e l y  , 

t i a l l y  i t  was thought  t h a t  t h e  problem c o u l d  be so lved by 

e techn ique o f  Smith (1973) ,  i n  which f r e e - a i r  g r a v i t y  anomaly 

va lues a r e  modeled and t h e  s u r f a c e  topography i s  i n c l u d e d  i n  t h e  

model. T h i s  method e s s e n t i a l l y  l e t s  t h e  model ing program per fo rm the  

on, and a d d i t i o n a l l y  c o r r e c t s  f o r  t h e  gross t r e n d  o f  

e. t h e  t r e n d  p e r p e n d i c u l a r  t o  t h e  p r o f i l e  d i r e c t i o n .  

t h e  technique does n o t  c o r r e c t  f o r  t e r r a i n  e f f e c t s  due 

t o  s u r f a c e  i r r e g u l a r i t i e s  near  t h e  s t a t i o n .  A few t e s t s  on t h e  data 

i n  t h i s  survey showed such e f f e c t s  t o  be s i g n i f i c a n t  i n  t h e  f r e e - a i r  

g r a v i t y  anomaly va lues,  thereby making i t  i m p r a c t i c a l  t o  model such 

" n o i s y "  data.  
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A techn ique b e t t e r  s u i t e d  t o  t h e  da ta  o f  t h i s  

s t i l l  n o t  i d e a l ,  

i s  r e f e r r e d  t o  as 

determined by t h e  

s t h a t  used by Brown (1974) .  Th s method uses 

t h e  " c o r r e c t e d "  complete Bouguer g r a v i t y  anoma 

equat ion :  

C '  = C + 0.01276 ( 2  

where: 

C '  = Cor rec ted  comp 
assuming mater 

survey, though 

what 

Y 

e t e  Bouguer g r a v i t y  anomaly va lue  i n  mgal , 
a1 o f  d e n s i t y  D gm/cc above datum. 

C = Complete Bouguer g r a v i t y  anomaly v a l u e  i n  mgal, 
reduced u s i n g  Bouguer d e n s i t y  o f  2.67 gm/cc. 

D = Dens i ty  o f  mass above datum i n  gm/cc. 

H = H e i g h t  o f  s t a t i o n  above datum i n  f e e t .  

TC = T e r r a i n  c o r r e c t i o n  o f  s t a t i o n  i n  mgal, c a l c u l a t e d  
u s i n g  assumed d e n s i t y  o f  2.67 gm/cc. 

I t  should be no ted  t t l a t  t h i s  equat ion  d i f f e r s  f rom t h a t  g i v e n  by Brown 

(1974)  i n  t h a t  I have changed t h e  s i g n  o f  t h e  second te rm f rom 

n e g a t i v e  t o  p o s i t i v e .  An examinat ion o f  h i s  p r o f i l e s  showed t h a t  

a p p a r e n t l y  he used t h e  equat ion  as g iven h e r e i n ,  and t h e  discrepancy 

i s  t h e  r e s u l t  o f  a typograph ica l  e r r o r .  

The concept  o f  t h i s  c o r r e c t e d  complete Bouguer g r a v i t y  anomaly i s  

s imple.  

p r o f i l e ,  and a l l  g r a v i t y  va lues  a long t h a t  p r o f i l e  a r e  then reduced 

down t o  t h e  datum u s i n g  a more a p p r o p r i a t e  d e n s i t y  f o r  t h e  s u r f a c e  

m a t e r i a l  than 2.67 gm/cc. 

The datum i s  chosen as t h e  l o w e s t  s t a t i o n  e l e v a t i o n  a long a 

The t e r r a i  n c o r r e c t i o n  i s a1 so r e c a l  c u l  a ted  

u s i n g  t h e  new d e n s i t y .  

va lues a r e  now assumed t o  l i e  a long t h e  e l e v a t i o n  o f  t h e  datum, and 

The c o r r e c t e d  complete Bouguer g r a v i t y  anomaly 

t h e  two-dimensional  model ing program i s  used t o  s i m u l a t e  t h e  e f f e c t s  
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By showing t h e  of bodies of  v a r i o u s  d e n s i t i e s  l y i n g  below t h e  datum. 

f l a t - t o p p e d  two dimensional  model w i t h  t h e  a c t u a l  sur face topography 

superimposed above i t, a r e a l  -1 o o k i  ng geol o g i c  c r o s s  s e c t i o n  i s 

produced and gross b i a s  due t o  improper  r e d u c t i o n  d e n s i t y  shou ld  have 

been e l i m i n a t e d .  

one must niodel ___ a l l  t h e  mass above t h e  datum e l e v a t i o n  as one s p e c i f i e d  

densi t y  , even though t h i s  m i  g h t  c o n t r a d i c t  t h e  known geol  ogy. 

The pr imary  disadvantage o f  t h i s  techn ique i s  t h a t  

The l o c a t i o n s  o f  g r a v i t y  p r o f i l e s  a r e  shown i n  F i g u r e  28, and 

d e t a i l e d  ground magnet ic p r o f i l e  l o c a t i o n s  a r e  shown i n  F i g u r e s  12 and 

13. 

t r e n d  o f  t h e  v a r i o u s  anomalies as much as p o s s i b l e  i n  o r d e r  t o  s a t i s f y  

t h e  two-dimensional  model ing assumption. Regional  g r a v i t y  p r o f i l e s  

were l o c a t e d  near  t o  o r  through g r a v i t y  s t a t i o n s  whose c o r r e c t e d  

complete Bouguer g r a v i t y  anomaly va lues were p r o j e c t e d  o n t o  t h e  

p r o f i l e  a long t h e  t r e n d  o f  t h e  g r a v i t y  contours.  A l l  g r a v i t y  va lues 

were c o r r e c t e d  t o  a datum equal t o  t h e  e l e v a t i o n  o f  t h e  l o w e s t  s t a t i o n  

a long t h e  p r o f i l e  

above t h e  datum. 

each g r a v i t y  mode , b u t  s i n c e  they were p l o t t e d  a s  s t r a i g h t  l i n e s  

between t h e  e l e v a t i o n  a t  each s t a t i o n  t h e  p r o f i l e s  may n o t  a c c u r a t e l y  

r e f l e c t  topograph ic  changes between s t a t i o n s .  

P r o f i l e s  were s e l e c t e d  such t h a t  they c r o s s  p e r p e n d i c u l a r  t o  t h e  

and assumed d d e n s i t y  o f  2.4 gm/cc f o r  m a t e r i a l  

P r o f i l e s  o f  t h e  s u r f a c e  topography a r e  i n c l u d e d  i n  

A l l  models were c o n s t r u c t e d  by f i r s t  c o m p i l i n g  an i n i t i a l  model 

f rom t h e  known s t r u c t u r e ,  l i t h o l o g y ,  and geo log ic  c o n t r o l  data as 

descr ibed p r e v i o u s l y .  

o b t a i n  a good f i t  t o  t h e  geophysical  da ta  y e t  remain as c o n s i s t e n t  as 

p o s s i b l e  w i t h  t h e  known geology. 

Model s were then a d j u s t e d  as necessary t o  

Models were k e p t  as s imp le  as 
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p o s s i b l e  by adding subsurface bodies o n l y  when necessary. Regional  

p r o f i l e s  were modeled f i r s t ,  and then used as g u i d e l i n e s  f o r  model ing 

o f  t h e  d e t a i l e d  p r o f i l e s .  Al though t h e  c ross  s e c t i o n s  shown h e r e i n  

a r e  n o t  unique, they  a r e  b e l i e v e d  t o  show reasonable i n t e r p r e t a t i o n s  

o f  t h e  subsur face geology. 

Regional  G r a v i t y  ~- Survey -- 

1) __.- Complete Bouguer G r a v i t y  Anomaly Map 

I n  genera l ,  g r a v i t y  f e a t u r e s  on t h i s  map ( F i g .  1 4 )  can be c l e a r l y  

c o r r e l a t e d  w i t h  t h e  known geology. 

qual  i t a t i  v e l y  d i  scussed here,  whereas q u a n t i  t a t i  ve i n t e r p r e t a t i  on o f  

Major  f e a t u r e s  o f  t h e  map w i l l  be 

f e a t u r e s  a1 ong s e l e c t e d  p r o f i l e s  i s  p r o v i d e d  1 a t e r .  

One o f  t h e  most s t r i k i n g  f e a t u r e s  o f  t h e  map i s  t h e  steep 

r e g i o n a l  g r a v i t y  anomaly c o n t a i n i n g  over  3U mgal r e l i e f  which l i e s  i n  

t h e  southern Pavant Range. 

between sedimentary rocks  and B u l l i o n  Canyon Volcanics,  which i s  

The g r a d i e n t  f o l l o w s  c l o s e l y  t h e  c o n t a c t  

b e l i e v e d  i n  p a r t  t o  be t h e  cause o f  t h e  g r a d i e n t .  Other  subsur face 

changes which may c o n t r i b u t e  t o  t h i s  g r a d i e n t  a r e  t h e  deepening o f  t h e  

Floho eastward and t h e  C o r d i l l e r a n  h i n g e l i n e  o f  Utah (Stokes,  1976) 

across which t h e  carbonate Paleozoic  s e c t i o n  found t o  t h e  west t h i n s  

r a p i d l y  eastward as t h e  Nesozoic sedimentary s e c t i o n  th ickens .  

D i  s t i  n c t  g r a v i  t y  1 ows a r e  observed over  a1 1 u v i a l  -f i 11 ed grabens 

th roughout  t h e  survey area. 

graben west o f  Monroe i n d i c a t e  t h a t  t h e  graben e i t h e r  becomes 

sha l lower  f rom n o r t h  t o  south towards t h e  Ante lope Range, o r  

a1 t e r n a t i v e l y ,  t h e  downdropped b l o c k  becomes more dense t o  t h e  south 

G r a v i t y  contours  i n  t h e  S e v i e r  V a l l e y  
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as would r e s u l t  f rom t h i n n i n g  of t h e  l ow-dens i t y  Arap ien  s a l t - s h a l e  

f o r m a t i o n  known t o  u n d e r l i e  Sev ie r  V a l l e y  near  R i c h f i e l d .  

graben i s  i n d i c a t e d  by c losed  g r a v i t y  contours  i n  t h e  v i c i n i t y  o f  

Joseph. 

south  o f  Marysvale. 

i n t e r p r e t e d  as due t o  a deep graben. 

m igh t  suggest a c a l d e r a  as t h e  source o f  t h i s  anomaly, t h i s  

i n t e r p r e t a t i o n  i s  n o t  cons idered v i a b l e  because o f  t h e  absence o f  

c l o s e l y  assoc ia ted  ash- f low t u f f s  t h a t  a re  a necessary component o f  

c a l  dera development. 

graben i n  t h e  area known as the  "elbow" i s  i n d i c a t e d  by t h e  ex tens ion  

o f  t h e  Pllarysvale V a l l e y  g r d v i t y  low i n t o  t h i s  reg ion .  

A sma l le r  

The l o w e s t  g r a v i t y  va lues  i n  t h e  survey area  a r e  found j u s t  

The l a r g e  somewhat c i r c u l a r  g r a v i t y  low here  i s  

A l though t h e  c i r c u l a r  shape 

A smal l  e r  graben southeas t  o f  t h e  Marysval e 

G r a v i t y  g r a d i e n t s  a re  assoc ia ted  w i t h  most o f  t h e  Bas in  and Range 

normal f a u l t s  found th roughout  t h e  survey area. The Sev ie r ,  E l s i n o r e ,  

Dry Wash, and Tushar f a u l t s  a re  a l l  c l e a r l y  expressed i n  t h e  g r d v i t y  

da ta  due t o  t h e  d e n s i t y  c o n t r a s t  between t h e  v o l c a n i c s  and a l l uv ium.  

Two p r e v i o u s l y  unmapped fait1 t s  a re  i n d i c a t e d  by g r a v i t y  g r a d i e n t s  on 

t h e  southeas t  and n o r t h e a s t  s i d e  o f  t h e  Marysvale V a l l e y  graben. The 

f a u l t  on t h e  southeas t  s ide  has no apparent  su r face  express ion,  and 

t r e n d s  n o r t h e a s t  c r o s s i n g  t h e  v a l l e y  j u s t  n o r t h  o f  P i u t e  Reservo i r .  

The f a u l t  i n d i c a t e d  by t h e  g r a v i t y  g r a d i e n t  on t h e  n o r t h e a s t  s i d e  o f  

t h e  Marysvale V a l l e y  graben t rends  nor thwest  and i s  b e l i e v e d  t o  l i e  

between t h e  Sev ie r  R i v e r  and t h e  B u l l i o n  Canyon Yo lcan ics  mapped due 

west  o f  Marysvale by W i l l a r d  and Ca l laghan (1962) .  

Tushar f a u l t ,  mapped by W i l l a r d  and Cal laghan (19621, i s  n o t  

man i fes ted  i n  t h e  g r a v i t y  da ta  and t h e r e f o r e  must be o f  ve ry  l i m i t e d  

The E a s t  Branch 
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throw o r  cause l i t t l e  d e n s i t y  c o n t r a s t .  

The b e l t  o f  igneous i n t r u s i o n s  t r e n d i n g  e a s t - n o r t h e a s t  across t h e  

survey area do n o t  i n d i v i d u a l l y  express themselves i n  t h e  g r a v i t y  

data.  A smal l  d e f l e c t i o n  i n  t h e  contours  a few krn n o r t h e a s t  of t h e  

Red H i l l s  c a l d e r a  may be r e l a t e d  t o  t h e  c e n t r a l  i n t r u s i v e  i n  t h e  

Ante lope Range, b u t  t h i s  i s  n o t  c e r t a i n .  The Dry Creek Canyon 

i n t r u s i o n  i s  n o t  man i fes ted  i n  t h e  g r a v i t y  data.  

g r a v i t y  h i g h  i n  t h e  n o r t h e r n  Sev ie r  P la teau e a s t  of Monroe may be due 

t o  a l a r g e  i n t r u s i v e  body here,  as suggested by t h e  exposed Monroe 

Canyon i n t r u s i o n  which l i e s  on t h e  southern s i d e  o f  t h i s  anomaly. 

A l a r g e  c i r c u l a r  

I n  genera l ,  g r a v i t y  lows a r e  observed over  known ca lderas  i n  t h e  

survey area. These g r a v i t y  lows a r e  b e l i e v e d  due t o  low-dens i ty  

v o l  can i  c f i 11 p r o v i  d i  ng a c o n t r a s t  w i  t h  denser sur round i  ng and 

u n d e r l y i n g  sedimentary and/or i qneous rocks.  

c a l d e r a  i s  expressed c l e a r l y  as  an oval-shaped g r a v i t y  low o f  about 10 

mgal r e l i e f .  The B i g  John c a l d e r a  corresponds w i t h  a smal l  c l o s e d  

g r a v i t y  low and a p e r t d r b a t i o n  o f  t h e  contours  on t h e  south s i d e  o f  

t h e  Mount Belknap c a l d e r a  g r a v i t y  low. 

corresponds w i t h  a c i r c u l a r  g r a v i t y  low o f  about 3 mgal c l o s u r e .  The 

s i g n a t u r e  over  t h e  Three Creeks cau ld ron  i s  n o t  c l e a r ,  i f  p r e s e n t  a t  

a l l .  A 1  though t h e  g r a v i t y  map does show d i s t r u b e d  contours  i n  t h i s  

area, w i t h o u t  f u r t h e r  geo log ic  i n f o r m a t i o n  no i n t e r p r e t a t i o n  can be 

made. 

The Mount Belknap 

The Red H i l l s  c a l d e r a  

A l i n e a r  g r a v i t y  anomaly o f  about 10 mgal r e l i e f  l i e s  across t h e  

w e s t - c e n t r a l  p o r t i o n  o f  t h e  survey area, and t r e n d s  e a s t - n o r t h e a s t  

a long t h e  n o r t h e r n  edge o f  t h e  Mount Belknap and Red H i l l s  c a l d e r a  and 



7 2  
b e l t  o f  i n t r u s i v e  rocks.  Where t h i s  t r e n d  i n t e r s e c t s  t h e  Sev ie r  f a u l t  

zone, t h e  g r a v i t y  g r a d i e n t  a long  t h e  S e v i e r  f a u l t  i s  c l e a r l y  

d i s rup ted .  

l ow-dens i t y  m a t e r i a l  i n  t h i s  p o r t i o n  o f  t h e  n o r t h e r n  Sev ie r  P la teau,  

p o s s i b l y  i n d i c a t  ve o f  another  v o l c a n i c  source area  here.  

T h i s  d i s r u p t i o n  may be due t o  t h i c k e r  accumulat ions of 

Two smal l  c osed g r a v i t y  lows i n  t h e  C l e a r  Creek downwarp a r e  n o t  

b e l i e v e d  r e l a t e d  t o  a v o l c a n i c  source area, b u t  a r e  i n t e r p r e t e d  as due 

t o  accumulat ions o f  l ow-dens i t y  Joe L o t t  T u f f  o r  S e v i e r  R i v e r  

f o r m a t i  on i n  small  bas i  ns. 

2 )  Polynomia l  Sur face and Residual  G r a v i t y  Anomaly Maps 

Anaysis  o f  t h e  po lynomia l  su r face  g r a v i t y  anomaly maps (F igs .  20 

t o  23) shows an i n t e r e s t i n g  p rog ress ion  f rom t h e  l ow- to -h i  gh-order 

sur faces .  

cen te red  near  Marysvale w i t h  two arms ex tend ing  outward, one west  

towards t h e  Mount Belknap c l a d e r a  and t h e  o t h e r  n o r t h  a long Sev ie r  

Va l ley .  The f i f t h - o r d e r  su r face  shows f u r t h e r  development o f  t h i s  

The t h i r d - o r d e r  su r face  shows a l a r g e  c i r c u l a r - s h a p e d  low 

p a t t e r n  as w e l l  as separa t i on  o f  t h e  n o r t h e r n  Sev ie r  P la teau  g r a v i t y  

h i g h  i n t o  two d i s t i n c t  h ighs.  The seventh-order  su r face  shows a lmost  

f u l l  development o f  t h e  g r a v i t y  low ex tend ing  eastward i n t o  t h e  

n o r t h e r n  S e v i e r  P la teau f rom t h e  f la rysva le  Va l l ey  low. The 

t e n t h - o r d e r  su r face  ( F i g .  2 3 )  i s  perhaps t h e  most s i g n i f i c a n t  o f  a l l  

t h e  po lynomia l  su r face  maps generated i n  t h a t  i t  shows t h e  s t r o n g e s t  

g r a v i t y  f e a t u r e s  and f i l t e r s  o u t  minor  i n f l e c t i o n s  assoc ia ted  w i t h  

weaker fea tu res .  

Sev ie r  Val 1 ey and Marysvale Val 1 ey grabens and assoc ia ted  1 ows, t h e  

The s t r o n g e s t  g r a v i t y  f e a t u r e s  observed a re  t h e  



Pavant  Range r e g i o n a l  g r a v i  t y  g r a d i e n t  , t h e  Mount Bel  knap c a l  dera 

g r a v i t y  low, t h e  l ow  ex tend ing  eastward o u t  o f  t h e  Marysvale V a l l e y  

graben i n t o  t h e  g e n e r a l l y  h i g h  g r a v i t y  va lues  ove r  t h e  n o r t h e r n  Sev ie r  

P la teau,  and t h e  g r a v i t y  h i g h  over  t h e  Tushar Mountains. 

c o r r e l a t e d  w i t h  t h e  B i g  John and Red H i l l s  ca lderas ,  Three Creeks 

cau ld ron ,  C l e a r  Creek downwarp, and Joseph graben a r e  n o t  seen i n  t h e  

ten th -o rde r  su r face  and a r e  minor  f e a t u r e s  i n  terms o f  t h e  r e g i o n a l  

geology i n  t h e  survey area. 

Anomal i e s  

Wi th some except ions ,  t h e  polynomia i  r e s i d u a l  g r a v i t y  anomaly 

ma.ps ( F i g s .  24 t o  2 7 )  do n o t  revea l  f e a t u r e s  c o r r e l a t a b l e  w i t h  t h e  

known geology which were n o t  obv ious i n  t h e  o r i g i n a l  data.  The 

excep t ions  occur  i n  those areas obscured by l a r g e  r e g i o n a l  g r a d i e n t s  

such as found i n  t h e  Pavant Range and n o r t h e r n  S e v i e r  P lateau.  

b e s t  example i s  t h e  l a r g e  c losed  g r a v i t y  low i n  t h e  Pavant  Range seen 

most d i s t i n c t l y  i n  t h e  t h i r d -  and f i f t h - o r d e r  r e s i d u a l  maps. A lso,  

n o r t h e a s t  o f  t h i  s 1 ow , nor thwes t - t rend i  ng o r a v i  t y  con tou rs  a r e  

observed i n  t h e  t h i r d -  through seventh-order  r e s i d u a l  maps. The 

The 

c l o s e d  g r a v i t y  low may be r e l a t e d  t o  a v o l c a n i c  source area i n  t h i s  

p a r t  o f  t h e  Pavant Range, and perhaps r e l a t e d  t o  t h e  Three Creeks 

cau ld ron .  The no r thwes t - t rend ing  con tou rs  may be r e l a t e d  t o  a major  

v o l  canic-sedimentary rock  c o n t a c t  which was obscured i n  t h e  o r i g i n a l  

da ta  by t h e  r e g i o n a l  g r a d i e n t .  A c l o s e  examinat ion  o f  t h e  geo log ic  

map o f  Cal laghan and Parker  (1962b) does suggest a l i n e a t i o n  near  t h e  

no r thwes t - t rend ing  g r a v i t y  g r a d i e n t  n o r t h e a s t  o f  which sedimentary 

rocks  ex tend f a r t h e r  southwest. Th i s  c o u l d  be e x p l a i n e d  as a l i n e  

n o r t h e a s t  o f  which t h e  Pavant  t h r u s t  c a r r i e d  sedimentary rocks  f a r t h e r  
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southeastward. 

c l o s e d  g r a v i t y  low i n  t h e  n o r t h e r n  Sev ie r  P la teau  shown on t h e  

seventh-order  r e s i d u a l  map. 

source area here,  a l t hough  no s p e c i f i c  geo log i c  ev idence f o r  t h i s  i s  

seen i n  t h e  geo log ic  map o f  Cal laghan and Parker  (1961a). 

Another notewor thy f e a t u r e  i n  t h e  r e s i d u a l  maps i s  t h e  

Thi  s c o u l d  a1 so i n d i  c a t e  a v o l c a n i c  

3 )  I n t e r p r e t i v e  Geologic  Cross Sec t ions  
.-__ 

a)  Sev ie r  V a l l e y  P r o f i l e  - __I.___- 

The g r a v i t y  changes a long  t h i s  p r o f i l e  ( F i g .  29) a r e  i n t e r p r e t e d  

as  due t o  combinat ions o f  e f f e c t s  f rom t h e  Sev ie r  V a l l e y  graben and 

changes i n  th icknesses  o f  bo th  sedimentary rocks  and B u l l i o n  Canyon 

Vo lcan ics .  The g r a v i t y  low i s  b e l i e v e d  due t o  t h e  a l l u v i a l - f i l l e d  

Sev ie r  V a l l e y  graben l y i n g  between t h e  E l s i n o r e  and Sev ie r  f a u l t s .  

The depth e s t i m a t e  o f  1300 m a c t u a l l y  r e f e r s  t o  t h e  combined depth o f  

a l l uv ium,  Joe L o t t  T u f f ,  and Arapien s a l t - s h a l e ,  a l l  of which a r e  

expected t o  have a d e n s i t y  o f  about 2.0 gm/cc. 

I t  was found i n p o s s i b l e  t o  f i t  t h e  g r a v i t y  da ta  u s i n g  a s t e e p l y  

d i p p i n g  c o n t a c t  a long  t h e  Sev ie r  f a u l t .  A l though t h i s  f a u l t  i s  shown 

as r a t h e r  g e n t l y  d ipp ing ,  i t  i s  a c t u a l l y  b e l i e v e d  t o  c o n s i s t  o f  a 

complex zone o f  en echelon f a u l t i n g .  A more p r e c i s e  i n t e r p r e t a t i o n  o f  

t h e  n a t u r e  o f  t h e  f a u l t i n g  here  i s  shown l a t e r  when t h e  d e t a i l e d  

g r a v i t y  da ta  across  t h e  Red H i l l  Ho t  Sp r ing  a r e  i n t e r p r e t e d .  The 

E l s i n o r e  f a u l t  i s  shown as v e r t i c a l  s ince  t h e  low s t a t i o n  d e n s i t y  

across  t h i s  f e a t u r e  d i d  n o t  c o n s t r a i n  t h e  model o therw ise .  

An i n t e r e s t i n g  aspec t  o f  t h e  model i s  t h a t  t h e  Sev ie r  Va l l ey  

graben i s  shown as asymmetr ica l .  T h i s  asymmetry i s  apparent  i n  the  
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ty  map ( f i g .  14)  as t h e  main g r a v i t y  low i s  centered  

west  s i d e  of t h e  v a l l e y .  T h i s  may i n d i c a t e  t h a t  t h e  

um c o n t a c t  i s  s teeper  on t h e  west  s i d e  o f  Sev ie r  Va l l ey .  

Deeper s t r u c t u r e s  i n t h e  model a r e  reasonable , b u t  1 a r g e l y  

c o n j e c t u r a l .  

t h e  v a l l e y ,  a body o f  2.6 gm/cc d e n s i t y  i s  shown r e p r e s e n t i n g  

sedimentary rocks.  T h i s  body t h i n s  westward w h i l e  a denser 

sedimentary s e c t i o n  o f  2.8 gm/cc d e n s i t y  t h i c k e n s  across  t h e  

C o r d i l l e r a n  " h i n g e l i n e "  o f  Utah as descr ibed by Stokes (1976). A 

1 arge i n t r u s i  ve body i s shown u n d e r l y i n g  t h e  n o r t h e r n  Sevi  e r  P1 ateau 

a t  t h e  e a s t  end o f  t h e  p r o f i l e .  

i n t r u s i v e  body here  i s  i n d i c a t e d  by t h e  exposure o f  q u a r t z  monzonite 

i n  blonroe Canyon j u s t  south o f  t h i s  p r o f i l e .  

2.8 gm/cc shown f o r  t h i s  i n t r u s i v e  body may be s l i g h t l y  h i g h e r  than 

expected f o r  t h i s  u n i t ,  2.8 gm/cc i s  s t i l l  a reasonable d e n s i t y  and i t  

was necessary t o  use t h i s  va lue  t o  f i t  t h e  oDserved g r a v i t y  data.  

Beneath t h e  B u l l i o n  Canyon Vo lcan ics  on e i t h e r  s i d e  o f  

The probab le  ex i s tence  o f  an 

A l though t h e  d e n s i t y  o f  

b )  Pavant Range - Marysvale Va l l ey  P r o f i l e  - --_________ 

T h i s  p r o f i l e  ( F i g .  30)  shows a t o t a l  g r a v i t y  r e l i e f  o f  about 70 

mgal between t h e  Pavant Range and Plarysvale over  a d i s t a n c e  o f  l e s s  

than 50 km. A l though much o f  t h i s  s teep g r a d i e n t  c o u l d  be due t o  

deepening o f  t h e  Moho across t h e  Bas in  and Range - Colorado P la teau 

t r a n s i t i o n  zone, i t  has been suggested by Snow (1978)  t h a t  much o f  

t h i s  g r a v i t y  re1  i e f  m igh t  be exp la ined  by near -sur face  geo log ic  

changes. I n  o r d e r  t o  t e s t  t h i s  hypo thes i s  and i t s  a p p l i c a b i l i t y  here, 

t h e  model shown i n  F i g u r e  30 was c o n s t r u c t e d  by f i t t i n g  t h e  g r a v i t y  

da ta  u s i n g  subsur face bod ies  o f  reasonable d e n s i t y  and keep ing  them as 



- .
 . . .

 .. .
 . . . . .

 . .
 .
 -
 

. .
 .
 

.
 .
 .
 . 
.
 

. .
 .
 .
 .
 . . . . . . .

 . 
.
 
.
 

. . . .
 . .

 

77 

0
 

-
m
 

W
 

-
*

 

(D
 

-
*

 

q
 

-
*

 

N
 

-
*

 

0
 

-
*

 

W
 

-
m

 

(D
 

-
m

 

* 
-

m
 

N
 

-
m

 

0
 

-
m
 - 

w
=

 

-
8
 w

 

*
a
 

-
N

 +
 

-
N

 
Y

 
Y

 

0
 

z
 

cr) 

N
O

 
-

N
 - 

0
 

-
N

 

(I) 
- (D

 

U
 

- - N
 

- 

0
 

- -
w

 

-
(

D
 

-
*

 

-
N

 

-
0
 

v
, 

I 
I 

I 
I 

I 
1 

I 

\ 

cq 
N

 

m
 

m
 

7
 

I 
I 

I 
I 

I 
I 

I 



78 

s h a l l  ow as p o s s i b l e .  

The g r a v i t y  da ta  were s u c c e s s f u l l y  modeled w i t h i n  t h e  upper 6 km 

o f  t h e  c r u s t  by assuming b o t h  l a t e r a l  changes i n  t h e  d e n s i t y  o f  

u n d e r l y i n g  sedimentary rocks  and a 1 arge densi  ty c o n t r a s t  between 

Pa leozo ic  carbonate  rocks  and T e r t i a r y  v o l  can i  c s  o f  t h e  blarysval e 

Vo lcan ic  f i e l d .  The sedimentary rocks  a r e  shown as changing d e n s i t y  

f rom 2.8 gn/cc on t h e  n o r t h  t o  2.6 gm/cc on t h e  south.  

cons iders  these bod ies  t o  rep resen t  Pa leozo ic  and klesozoic sedimentary 

rocks ,  r e s p e c t i v e l y ,  t h i s  p i c t u r e  i s  c o n s i s t e n t  w i t h  t h e  changes i n  

t h e  sedimentary sequence across t h e  Cord i  1 l e r a n  " h i  ngel  i ne" as 

desc r ibed  by Stokes ( 1976). 

reasonabl e s i n c e  t h e  Pal eozoi  c s e c t i o n  here  i s 1 a r g e l y  1 imestone and 

do lomi tes ,  and t h e  Mesozoic s e c t i o n  c o n s i s t s  o f  l e s s  dense sandstones 

and shales.  

sou th  o f  t h e  Pavant  t h r u s t ,  t h e  e x t e n t  o f  t h i s  u n i t  a t  depth i s  n o t  

known and cannot  be determined f rom t h e  sparse g r a v i t y  da ta  i n  t h i s  

area. One sample of Navaho Sandstone c o l l e c t e d  i n  t h i s  area (sample 

NH415, Appendix 3 )  gave a d e n s i t y  o f  about 2.4 gni/cc. 

s i n c e  we cannot  expect  t o  d i f f e r e n t i a t e  t h e  v o l c a n i c s  and Navaho 

sandstone here,  bo th  u n i t s  were modeled a t  2.4 grii/cc dens i t y .  I t  

shoul d be emphasized t h a t  u n t i  1 addi  ti onal  geol og i  c c o n t r o l  ( i n c l  u d i  ng 

rock  d e n s i t i e s )  a r e  ob ta ined  i n  t h i s  area, t h e  exac t  p r o p o r t i o n  o f  t h e  

c o n t r i b u t i o n  t o  t h e  g r a v i t y  e f f e c t  o f  t h e  near -sur face  rocks  versus 

the  e f f e c t  o f  deepening o f  t h e  floho must be cons idered unce r ta in .  

I f  one 

A d d i t i o n a l  l y  , t h e  d e n s i t i e s  shown are  

Al though Llesozoic Navaho Sandstone i s  known t o  c rop  o u t  

There fore ,  

A body o f  l ow-dens i t y  m a t e r i a l  about  500 m t h i c k  i s  shown across 
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t h e  C l e a r  Creek downwarp. 

Member o f  t h e  Flaunt Bel  knap Vo lcan ics  which accumulated here  d u r i n g  

e r u p t i o n  o f  t h e  Mount Belknap ca ldera.  

T h i s  body represents  t h e  Joe L o t t  Tuff 

The r i s e  i n  g r a v i t y  va lues across t h e  Ante lope Range has been 

modeled as an upwarp i n  t h e  u n d e r l y i n g  sediments. An e q u a l l y  

reasonable i n t e r p r e t a t i o n  would show t h i s  h i g h  as due t o  i n t r u s i v e  

m a t e r i  a1 under t h e  Ante1 ope Range. 

The a1 1 u v i  a1 - f i  11 ed graben shown beneath Marysval  e s l  opes g e n t l y  

on t h e  n o r t h  s i d e  t o  a depth o f  1200 m. As w i t h  t h e  S e v i e r  V a l l e y  

graben, t h e  v a l l e y  f i l l  may i n  p a r t  c o n s i s t  o f  Joe L o t t  T u f f  which 

presents  no a p p r e c i a b l e  d e n s i t y  c o n t r a s t  w i t h  a l l u v i u m .  

g r a v i t y  g r a d i e n t  on t h e  south end o f  t h e  Marysvale V a l l e y  graben i s  

modeled as due t o  a Bas in  and Range f a u l t  o f  about 1 km displacement.  

A s teep 

c )  Mount Bel knap C a l  dera P r o f  i 1 e ___ _____ 

The g r a v i t y  low over  t h e  Mount Belknap c a l d e r a  ( F i g .  3 1 )  i s  

i n t e r p r e t e d  as due t o  low-densi  ty v o l c a n i c  m a t e r i a l  p r e s e n t i n g  a 

d e n s i t y  c o n t r a s t  w i  t h  denser sedimentary and i n t r u s i v e  rocks .  

Assuming a d e n s i t y  c o n t r a s t  of 0.2 gm/cc between t h e  v o l c a n i c s  and 

sedimentary rocks ,  t h e  c a l d e r a  fill i s  shown t o  ex tend t o  a depth o f  

2500 m below t h e  sur face.  

An a l t e r n a t i v e  i n t e r p r e t a t i o n  o f  t h e  g r a v i t y  low i s  p o s s i b l e  i f  a 

s i g n i f i c a n t  d e n s i t y  c o n t r a s t  e x i s t s  between t h e  Mount Bel  knap 

Vol can ics  i n  t h e  c a l  dera and sur round i  ng B u l l  i o n  Canyon Vol can i  cs. 

However, s i n c e  t h e  geo log ic  c o n t r o l  da ta  do n o t  suppor t  t h i s  

poss i  b i  1 i ty , t h e  f i r s t  i n t e r p r e t a t i o n  i s  p r e f e r r e d .  
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v o l c a n i c  

t h e  s i z e  

t h e  dens 

A1 though 

t h a t  shown by K a r i g  (1965)  over  t h e  Bonanza c a l d e r a  i n  t h e  San Juan 

f i e l d  o f  southwestern Colorado. They a r e  s i m i l a r  i n  terms 

o f  t h e  ca ldera ,  t h e  magnitude o f  t h e  g r a v i t y  low observed, 

t y  c o n t r a s t  used, and t h e  i n t e r p r e t e d  depth o f  v o l c a n i c  f i  

t h e  model shown i n  F i g u r e  31 does n o t  c o n s i d e r  t h e  r e g i o n  

below t h e  bot tom o f  t h e  v o l c a n i c  f i l l ,  i t  i s  reasonable t o  expect  a 

c r y s t a l  1 i ne b a t h o l  i t h ,  perhaps g r a n i  t i c  i n  composi t ion,  beneath t h e  
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The model o f  t h e  Mount Belknap c a l d e r a  shown here  i s  s i m i l a r  t o  

o f  

1. 

ca ldera .  Since 2.6 gm/cc i s  a reasonable d e n s i t y  f o r  b o t h  sedimentary 

rocks ,  no a t tempt  was made t o  d i f f e r e n t i a t e  these u n i t s  and i n t r u s i v e  

i n  t h e  model. 

d) 

The grav 

as due t o  t h e  

m o f  a1 l u v i a l  

ushar Mountai ris - Sevi e r  P1 ateau P r o f  i 1 e 

ty low shown a long t h i s  p r o f i l e  ( F i g .  3 2 )  i s  i n t e r p r e t e d  

Marysval e Val 1 ey graben. The model i n d i  c a t e s  about  1200 

f i l l ,  which may i n c l u d e  c o n s i d e r a b l e  th icknesses  o f  t h e  

The west s i d e  o f  t h e  graben i s  marked by t h e  Tushar Joe L o t t  T u f f .  

f a u l t ,  a l o n g  which d isp lacement  has been g r e a t  enough i n  t h e  area of 

Deer T r a i l  Mountain t o  expose sedimentary r o c k s  l y i n g  beneath t h e  

B u l l i o n  Canyon Volcanics.  The e a s t  s i d e  o f  t h e  graben i s  marked by a 

v e r t i c a l  f a u l t  n o t  shown on t h e  geo log ic  map o f  W i l l a r d  and Cal laghan 

(19621, b u t  never the less  suppor ted by a d i s t i n c t l y  l i n e a r  c o n t a c t  

between a l l u v i u m  and B u l l i o n  Canyon Vo lcan ics  about  10 km i n  l e n g t h  

l o c a t e d  j u s t  e a s t  o f  t h e  S e v i e r  R i v e r .  

A smal l  a l l u v i a l - f i l l e d  graben of about  200 m depth i s  shown a 

few k i l o m e t e r s  e a s t  o f  t h e  above unnamed f a u l t ,  and c o i n c i d e s  w i t h  



82 

L
 

a, 
.
C

 

W
 

-
 

a
 
a
 

W
 

l- -I 
a
 

a
 

w cn 

-
 

0
0

 / 
d

e
 /
 0
 

c
 

m
 

3
c
 

I- 
*
r
 

N
 

N
 

W
 
L
 
I
 

m
 
I
I
 

-
0

 

.? 



Grrs 
I 

83 

a1 1 u v i  um between v o l  can i  cs  mapped by W i  11 a r d  and C a l l  aghan ( 1962). 

T h i s  graben i s  t y p i c a l  o f  t h e  zone between t h e  Sev ie r  P la teau  and t h e  

Marysva 

eche lon  

I t 

beneath 

e V a l l e y  graben which i s  b e l i e v e d  t o  c o n t a i n  numerous en 

f a u l t s  of r e l a t i v e l y  smal l  d isp lacement .  

was necessary t o  model a l a r g e  body o f  2.8 gm/cc d e n s i t y  

t h e  Sev ie r  P la teau  t o  f i t  t h e  g r a v i t y  da ta ,  which p o s s i b l y  

i n d i c a t e s  t h e  presence o f  a l a r g e  i n t r u s i v e  mass a t  depth. 

occurrences o f  a l u n i t i c  a l t e r a t i o n  i n  t h i s  p o r t i o n  of t h e  S e v i e r  

P1 ateau (Wi 11 a r d  and C a l l  aghan, 1962 i nd i  c a t e  p a s t  hydrothermal  

Numerous 

a c t i v i t y ,  thereby  l e n d i n g  suppor t  t o  t h e  suggest ion  o f  a v o l c a n i c  

source area w i t h  a l a r g e  i n t r u s i v e  mass a t  depth. 

De ta i  1 ed G r a v i t y  and Ground Plagnetic Surveys __ - 

1) Flonroe Hot  Spr ings  Area -______ _____-____ 

a )  T o t a l  Clagnetic I r i t e n s i  t y  Anomaly l lap 
. _ _ _ ~ _ _  ______-__- 

Th i s  map ( F i g .  15)  shows a s t r o n g  magnetic g r a d i e n t  w i t h  contours  

t r e n d i n g  para1 l e 1  t o  t h e  Sev ie r  f a u l t  a long t h e  e n t i r e  1 ength o f  t h e  

map. 

va lues  a r e  observed over  B u l l i o n  Canyon Vo lcan ics  o f  t h e  S e v i e r  

P lateau.  T h i s  i s  i n t e r p r e t e d  as due t o  magne t i t e  i n  t h e  a l l u v i u m  i n  

High magnetic va lues a re  observed over  a l l u v i u m  and low magnetic 

c o n t r a s t  w i t h  e s s e n t i a l l y  non-magnetic a l t e r e d  v o l c a n i c s  found e a s t  o f  

Clonroe. The d e t a i l s  o f  t h e  pap a r e  b e l i e v e d  c o n t r o l l e d  by t h e  a c t i o n  

o f  b o t h  thermal  and non-thermal waters  changing t h e  magnetic cha rac te r  

,, 
Y 

o f  t h e  a1 l u v i u m  by a1 t e r a t i o n  o f  inagneti t e  t o  a non-magnetic m ine ra l  . 
The s t r o n g  magnetic g r a d i e n t  across t h e  Red H i l l  Ho t  S p r i n g  i s  

apparen t l y  t h e  r e s u l t  o f  thermal s p r i n g  waters  a1 t e r i  ng magnetic 
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a l l u v i u m  around t h e  Red H i l l  t u f a  mound. As t h e  contours  extend 

southwestward, they  broaden and form a l a r g e  "nose" sw ing ing  o u t  i n t o  

t h e  v a l l e y .  

f l o w i n g  o u t  o f  Sand Canyon and a l t e r i n g  t h e  magnet ic n a t u r e  o f  t h e  

a1 1 u v i  um. A1 t e r n a t i  v e l y  , a1 1 u v i  a1 m a t e r i  a1 brought  down Sand Canyon 

may be l e s s  magnet ic than t h a t  f rom Order Canyon which d r a i n s  i n t o  t h e  

Red H i l l  Hot  S p r i n g  area. T h i s  second i n t e r p r e t a t i o n  i s  p l a u s i b l e  

s i n c e  b a s a l t i c  a n d e s i t e  o f  t h e  B u l l i o n  Canyon Vo lcan ics  i s  mapped i n  

t h e  dra inage o f  Order Canyon b u t  n o t  i n  t h e  dra inage o f  Sand Canyon, 

and b a s a l t i c  a n d e s i t e  i s  presumed t o  be t h e  source o f  t h e  magnet ic 

a1 1 u v i  um. 

T h i s  nose i s  p o s s i b l y  t h e  r e s u l t  o f  s u r f a c e  waters  

O f  p a r t i c u l a r  i n t e r e s t  i s  t h e  l i n e a r  magnet ic low which extends 

southward a lmost  1 km f rom t h e  c e n t r a l  t u f a  mound o f  t h e  Flonroe Hot  

Spr ings. T h i s  low i s  a l i g n e d  w i t h  t h e  S e v i e r  f a u l t  and i s  i n t e r p r e t e d  

as due t o  a l t e r a t i o n  o f  magnet i te  i n  t h e  a l l u v i u m  by f l u i d s  r i s i n g  

a long t h e  S e v i e r  f a u l t  zone. 

b )  Red H i l l  Magnet ic P r o f i l e  -____I. (M77-1) 

I n  t h i s  model ( F i g .  331, t h e  700-gamma magnet ic anomaly across 

t h e  Red H i l l  Ho t  S p r i n g  i s  shown due t o  a body o f  magnet ic a l l u v i u m  

and/or v o l  can ics  i n Sevi  e r  Val 1 ey . The magnet ic suscept i  b i  1 i ty Val ue 

o f  0.003 c.g.s. u n i t s  used f o r  t h e  body i s  reasonable as suggested by 

a measurement o f  0.0042 C.Q.S. u n i t s  on o u t c r o p p i n g  b a s a l t i c  a n d e s i t e  

f rom t h e  S e v i e r  P lateau.  

magnet ic a1 l u v i u m  ex tend ing  t o  t h e  depth i n d i c a t e d  i n  t h e  model, 

t h e r e f o r e  a p r e f e r r e d  i n t e r p r e t a t i o n  i s  t h a t  beneath t h e  a l l u v i u m  

I t i s  d i f f i c u l t  t o  imagine a body o f  
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Magnetic suscepti-  
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t h e r e  l i e s  a b l o c k  o f  magnet ic b a s a l t i c  a n d e s i t e  downdropped t o  t h e  

west  a long t h e  S e v i e r  f a u l t  zone. The depth t o  t h e  i n f e r r e d  v o l c a n i c  

l a y e r  under t h e  a l l u v i u m  cannot be i n t e r p r e t e d  f rom t h e  magnet ic da ta  

as t h e r e  would be no s i g n i f i c a n t  s u s c e p t i b i l i t y  c o n t r a s t  across t h e  

magnet ic a1 luviurn-basal t i c  andes i te  i n t e r f a c e .  

The southeas tern  edge o f  t h e  magnet ic a l l u v i u m  body shown i n  t h e  

model does n o t  c o i  n c i  de w i t h  t h e  near -sur face  bedrock-a1 1 u v i  um c o n t a c t  

r e v e a l e d  by t h e  thermal g r a d i e n t  d r i l l h o l e s .  T h i s  i s  b e l i e v e d  due t o  

a l t e r a t i o n  o f  magnet i te  i n  t h e  magnet ic a l l u v i u m  near  t h e  Red H i l l  Ho t  

S p r i n g  by f l u i d s  r i s i n g  a long a f a u l t .  A s  l a t e r  models s u b s t a n t i a t e ,  

t h e  f a u l t  r e l a t e d  t o  t h e  Red H i l l  Hot  S p r i n g  i s  p robab ly  n o t  t h e  main 

branch o f  t h e  S e v i e r  F a u l t  Zone, b u t  r a t h e r  a ma jor  en echelon f a u l t .  

To d i s t i n g u i s h  between t h i s  i m p o r t a n t  f a u l t  and t h e  S e v i e r  F a u l t  zone 

i n  genera l ,  t h e  name Red H i l l  f a u l t  i s  suggested and w i l l  be used 

h e r e i  n. 

c )  Red H i l l  G r a v i t y  P r o f i l e  ___--___ ("RH") 

The l i n e a r  n a t u r e  o f  t h e  g r a v i t y  observed a long t h i s  p r o f i l e  

( F i g .  3 4 )  e l i m i n a t e s  any i n t e r p r e t a t i o n  showing a l a r g e  d isp lacement  

o f  m a t e r i a l s  o f  d i f f e r e n t  d e n s i t y  a long t h e  Red H i l l  f a u l t .  The 

i n t e r p r e t a t i o n  shown i n  t h i s  model i s  t h a t  t h e  S e v i e r  f a u l t  zone 

c o n s i s t s  o f  a number o f  en echelon f a u l t s ,  o f  which t h e  Red H i l l  f a u l t  

i s  an i m p o r t a n t  member. The g r a v i t y  model suggests t h a t  a downdropped 

b l o c k  o f  B u l l i o n  Canyon Vo lcan ics  l i e s  between t h e  main branch o f  t h e  

Sev ie r  f a u l t  and t h e  Red H i l l  f a u l t  about  300 m beneath t h e  a l luv ium.  

T h i s  i s  c o n s i s t e n t  w i t h  t h e  magnet ic model p r e v i o u s l y  discussed. 

n 
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A d e n s i t y  of 2.4 gm/cc was used t o  model t h e  B u l l i o n  Canyon 

Vo lcan ics  as suggested by t h e  geo log ic  c o n t r o l  data. The d i p  on t h e  

Red H i l l  f a u l t  i s  shown as v e r t i c a l  as t h e  g r a v i t y  c o u l d  n o t  r e s o l v e  

t h e  subsur face otherwise.  West of t h e  main branch o f  t h e  S e v i e r  

f a u l t ,  t h e  a l l u v i u m  i s  shown t o  extend t o  a depth o f  1300 m as 

suggested by t h e  r e g i o n a l  g r a v i t y  p r o f i l e  c o n s t r u c t e d  across Sev ie r  

Val 1 ey . 
d )  SS Canyon - Magnet ic P r o f i l e  (1477-14) 

T h i s  p r o f i l e  ( F i g .  35)  crosses t h e  l i n e a r  magnet ic low mentioned 

p r e v i o u s l y  which extends southward f rom t h e  Monroe Hot  Spr ings  t u f a  

mound. T h i s  magnet ic low i s  p robab ly  due t o  a zone o f  non-magnetic 

a l l u  ium c r e a t e d  by thermal f l u i d s  r i s i n g  a long t h e  S e v i e r  f a u l t .  The 

r i s e  i n  magnet ic va lues  e a s t  o f  t h e  S e v i e r  f a u l t  was modeled as due t o  

a t h  n l a y e r  o f  magnet ic a l l u v i u m  r e p r e s e n t i n g  m a t e r i a l  b e i n g  c a r r i e d  

down SS Canyon. 

shown as t h i c k e n i n g  a t  l o c a t i o n  1200 a long what may be an en echelon 

f a u l t  o f  t h e  S e v i e r  f a u l t  zone, o r  a l t e r n a t i v e l y  a zone o f  a l l u v i u m  

which has n o t  been a f f e c t e d  by t h e  thermal  waters  r i s i n g  a long  t h e  

S e v i e r  f a u l t .  

West o f  t h e  S e v i e r  f a u l t  t h e  magnet ic a l l u v i u m  i s  

A magnet ic s u s c e p t i b i l i t y  va lue  o f  0.001 c.g.s. u n i t s  was used t o  

model t h e  magnet ic a l l u v i u m  washed down SS Canyon, as suggested by t h e  

geo log ic  c o n t r o l  data.  A s  mentioned p r e v i o u s l y  , t h e  1 ower 

s u s c e p t i b i l i t y  o f  t h e  a l l u v i u m  here  as compared w i t h  t h e  a l l u v i u m  

b e i n g  washed down Order Canyon may be due t o  l e s s  magnet ic b a s a l t i c  

a n d e s i t e  p r e s e n t  i n  t h e  dra inage o f  SS Canyon. 
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e )  Sand Canyon Gravity Prof i le  ( "SC") 

Similar t o  the Red Hill  gravity p r o f i l e ,  the  l i n e a r  nature of the 

gravity p r o f i l e  along Sand Canyon ( F i g .  36)  suggests a zone of en 

echelon f a u l t i n g  ra ther  t h a n  one f a u l t  of la rge  displacement. A small 

f a u l t  of about 150 m displacement i s  shown a t  the m o u t h  of Sand Canyon 

near the alluvium-Bull ion Canyon Volcanics ("bedrock" contact.  The 

bedrock i s  shown as  level a t  t h a t  depth o u t  t o  locat ion 1400 where the 

main branch of the Sevier f a u l t  c u t s  the bedrock and  extends t o  a 

d e p t h  of 1300 m t o  the west i n  Sevier Valley. 

was used f o r  the Bullion Canyon Volcanics as  suggested by the geologic 

control data.  

A density of 2.4 gm/cc 

I t  should be mentioned t h a t  the de ta i led  gravity could have been 

modeled u s i n g  one low angle alluviun-bedrock contact  instead o f  a 

s e r i e s  of en echelon f a u l t s .  However, the in te rpre ta t ion  of en 

echelon f a u l t i n g  i s  preferred since d r i l l  holes across f a u l t s  

elsewhere in the Monroe KGRA do indicate  ver t ica l  or steeply dipping 

f a u l t s  near the  surface.  

Unfortunately, th is  gravity p r o f i l e  i s  not located coincident 

w i t h  t h e  magnetic p r o f i l e  i n  SS Canyon, and  the two cannot be compared 

d i r e c t l y .  

major en echelon f a u l t s ,  w i t h  a downdropped block of bedrock between 

the f a u l t s  a t  a d e p t h  of 100 m t o  200 m. 

However, they a re  s imi la r  i n  t h a t  they bo th  suggest two 

2 )  Joseph Hot S p r i n g s  Area 

a )  Joseph Magnetic P r o f i l e  ( J 2 )  _ _  __--_ I 

The magnetic data along this p r o f i l e  (Fig.  37) a re  interpreted as 
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c3 

b '  

r e f l e c t i n g  changes i n  depth t o  t h e  b a s a l t i c  a n d e s i t e  u n i t  of t h e  

B u l l i o n  Canyon Vo lcan ics  which comprises most o f  t h e  o u t c r o p  i n  h i l l s  

e a s t  o f  t h e  Dry Wash f a u l t .  The l a r g e  magnet ic peak occurs c o i n c i d e n t  

w i t h  t h e  l o c a t i o n  o f  b a s a l t i c  a n d e s i t e  o u t c r o p  exposed a t  t h e  t o p  o f  a 

20 m c l i f f .  

topograph ic  e f f e c t  f rom t h i s  c l i f f ,  a l though may i n  p a r t  be due t o  a 

low s u s c e p t i b i l i t y  zone a long t h e  Dry Wash f a u l t  as i n d i c a t e d  by t h e  

downwarp i n  t h e  magnet ic body here.  

Wash f a u l t  t h e  magnet ic va lues decrease s l o w l y ;  t h i s  i s  b e l i e v e d  due 

t o  deepening o f  t h e  b a s a l t i c  a n d e s i t e  beneath a l l u v i u m  and/or Joe L o t t  

T u f f .  

The magnet ic low west  of t h e  Dry Wash f a u l t  .is l a r g e l y  a 

Both west  and e a s t  o f  t h e  Dry 

The magnet ic s u s c e p t i b i l i t y  va lue  o f  0.003 c.g.s. u n i t s  assumed 

f o r  t h e  b a s a l t i c  a n d e s i t e  i s  based on a measurement o f  0.0026 c.g.s. 

u n i t s  made on o u t c r o p  f rom a peak about 500 m e a s t  o f  L i n e  31. 

i m p o r t a n t  f e a t u r e  o f  t h i s  model i s  t h a t  t h e r e  has been r e l a t i v e l y  

l i - t t l e  d isp lacement  o f  v o l c a n i c s  by t h e  Dry Wash f a u l t ,  and 

consequent ly  t h e  v o l c a n i c s  should l i e  a t  a r e l a t i v e l y  sha l low depth on 

t h e  downthrown (west )  s i d e  o f  t h e  f a u l t .  

An 

b )  Joseph G r a v i t y  P r o f i l e  (52)  

T h i s  p r o f i l e  ( F i g .  38) was extended beyond t h e  l i m i t s  o f  t h e  

d e t a i l e d  g r a v i t y  coverage i n  o r d e r  t o  examine t h e  f u l l  e x t e n t  o f  t h e  

g r a v i t y  anomaly. G r a v i t y  s t a t i o n s  f rom t h e  r e g i o n a l  g r a v i t y  survey 

were i n c o r p o r a t e d  f rom west  o f  t h e  town o f  Joseph southeastward t o  

Pover ty  F l a t .  

The g r a v i t y  va lues a r e  s u r p r i s i n g l y  s i m i l a r  across t h e  Dry Wash 
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Figure 38. Interpretive geologic cross section along Joseph gravity profile 
(52). Densities shown in gm/cc. 
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f a u l t ,  and do n o t  decrease u n t i l  some d i s t a n c e  nor thwestward o f  i t s  

mapped l o c a t i o n .  

d i r e c t l y  nor thwest  o f  t h e  Dry Wash f a u l t .  

about 800 m throw i s  p o s t u l a t e d  near  t h e  l o c a t i o n  o f  t h e  S e v i e r  R i v e r  

about 500 m nor thwest  o f  t h e  Dry Wash f a u l t .  

T h i s  i s  i n t e r p r e t e d  t o  i n d i c a t e  sha l low a l l u v i u m  

However, a ma jor  f a u l t  of 

Southeast  o f  t h e  Dry Wash f a u l t  t h e  B u l l i o n  Canyon Vo lcan ics  a r e  

shown t o  d i p  g e n t l y  reach ing  a depth o f  about  700 m beneath Pover ty  

F1 a t .  

s i g n i f i c a n t  th icknesses  of Joe L o t t  T u f f ,  b u t  t h e  a l l u v i u m  and t u f f  

a r e  modeled as one s i n c e  no d e n s i t y  c o n t r a s t  between them i s  expected. 

It should be no ted  t h a t  t h e  l a c k  o f  an anomaly corresponding w i t h  

A1 l u v i  um above t h e  B u l l  i o n  Canyon Vol c a n i c s  p robab ly  i n c l u d e s  

t h e  Dry Wash f a u l t  i s  e x p l a i n e d  as due t o  r e l a t i v e l y  l i t t l e  

d isp lacement  a long t h e  f a u l t .  However, t h e  f a u l t  may ex tend t o  

c o n s i d e r a b l e  depths and be a major  f e a t u r e  o f  impor tance t o  geothermal 

e x p l o r a t i o n  d e s p i t e  t h e  f a c t  t h a t  i t  c r e a t e s  no a p p r e c i a b l e  d e n s i t y  

c o n t r a s t .  



SUMMARY AND CONCLUSIONS 

Regional  g r a v i t y  da ta  were c o l l e c t e d  th roughout  a p o r t i o n  of 

sou th-cent ra l  Utah i n  t h e  v i c i n i t y  of Monroe and Marysvale. These 

g r a v i t y  da ta  were reduced t o  a datum of sea l e v e l  u s i n g  a Bouguer 

r e d u c t i o n  d e n s i t y  o f  2.67 gm/cc. T e r r a i n  c o r r e c t i o n s  were computed 

o u t  t o  a r a d i a l  d i s t a n c e  o f  167 km f rom t h e  s t a t i o n  a l s o  assuming a 

d e n s i t y  o f  2.67 gm/cc. 

compi led f rom t h i s  da ta  i n c o r p o r a t i n g  a t o t a l  o f  948 g r a v i t y  s t a t i o n s .  

A complete Bouguer g r a v i t y  anomaly map was 

A n a l y s i s  o f  t h e  complete Bouguer g r a v i t y  anomaly map r e v e a l s  a 

s t r o n g  c o r r e l a t i o n  w i t h  most s t r u c t u r a l  f e a t u r e s  mapped i n  t h e  survey 

area. 

t h e  survey area may be due t o  t h e  c o n t r a s t  o f  dense sedimentary rocks  

w i  t h  1 ess dense T e r t i a r y  v o l  can i  cs o f  t h e  Marysval  e v o l  can i  c f i e l  d, as 

w e l l  as a l a t e r a l  change i n  t h e  d e n s i t y  o f  t h e  sedimentary rocks  

across t h e  C o r d i l l e r a n  h i n g e l i n e ,  and o n l y  p a r t l y  t h e  r e s u l t  o f  

changes i n  depths t o  t h e  Moho across t h e  B a s i n  and Range-Colorado 

P la teau t r a n s i t i o n " .  

grabens o f  S e v i e r  and P-larysvale Va l leys .  

assoc ia ted  w i t h  most normal f a u l t s  i n  t h e  survey area, e s p e c i a l l y  t h e  

E l s i n o r e ,  Dry Wash, Sev ie r ,  and Tushar f a u l t s .  G r a v i t y  lows 

correspond w i t h  t h e  klount Belknap, B i g  John, and Red H i l l s  ca lderas .  

The g r a v i t y  da ta  appear t o  be d i s r u p t e d  near  t h e  Three Creeks cau ld ron  

b u t  t h e  e x a c t  s i g n a t u r e  i s  n o t  c l e a r .  

A l a r g e  r e g i o n a l  g r d v i t y  g r a d i e n t  i n  t h e  nor thwest  p o r t i o n  o f  

G r a v i t y  1 ows a r e  seen over  t h e  a1 1 u v i  a1 -f i 11 ed 

St rong g r a v i t y  g r a d i e n t s  a re  

A b e l t  o f  eas t -nor theas t -  
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t r e n d i n g  g r a v i t y  con tou rs  i s  a l i g n e d  w i t h  t h e  n o r t h e r n  edge o f  t h e  

c a l d e r a s  and igneous i n t r u s i o n s  and appears r e l a t e d  t o  t h e  Wah 

Wah-Tushar m ine ra l  b e l t  of southern Utah. The g r a d i e n t  a l o n g  t h e  

S e v i e r  f a u l t  i s  d i s r u p t e d  where t h i s  t r e n d  i n t e r s e c t s  t h e  n o r t h e r n  

Sev ie r  P lateau.  

v o l c a n i c  source area  i n  t h i s  p o r t i o n  o f  t h e  S e v i e r  p la teau .  

T h i s  d i s r u p t i o n  may i n d i c a t e  t h e  presence o f  a 

Polynomia l  r e s i d u a l  g r a v i t y  anomaly maps were produced and 

analyzed. Genera l l y  t h e  r e s i d u a l  maps show f e a t u r e s  s i m i l a r  t o  t h e  

o r i g i n a l  g r a v i t y  data,  except  i n  those areas o f  s t r o n g  r e g i o n a l  

g r a d i e n t s .  

when t h e  r e g i o n a l  g r a d i e n t  was removed by a f i f t h - o r d e r  po lynomia l  

su r face ,  and t h e  g r a v i t y  low may i n d i c a t e  a major  v o l c a n i c  source 

area. 

A r e s i d u a l  g r a v i t y  low i n  t h e  Pavant  Range was revea led  

Four  r e g i o n a l  y r a v i  ty  p r o f  i 1 es were modeled u s i n g  two-dimensional 

Subsurface models were c o n s t r a i n e d  by f o r w a r d  and i n v e r s e  a l g o r i  thins. 

bo th  geo log ic  c o n t r o l  da ta  and su r face  geology. A p r o f i l e  across  

S e v i e r  V a l l e y  shows t h i s  f e a t u r e  t o  be an a l l u v i a l - f i l l e d  graben o f  

about 1300 m average depth, f l a n k e d  on e i t h e r  s i d e  by major  Bas in  and 

Range normal f a u l t s .  A p r o f i l e  f r o m  t he  P a v a n t  t h r u s t  southward t o  

Marysvale Va l l ey  shows t h a t  t h e  l a r g e  r e g i o n a l  g r a d i e n t  i n  t h e  

southern  Pavant  Range can be modeled by reasonab le  d e n s i t y  changes i n  

t h e  upper c r u s t ,  and i s  n o t  ' necessa r i l y  r e l a t e d  t o  changes i n  t h e  

depth t o  t h e  Noho across  t h e  Bas in  and Range-Colorado P la teau  

t r a n s i t i o n .  

g r a v i t y  low may be due t o  l ow-dens i t y  v o l c a n i c  f i l l  about  2500 m deep 

assuming a d e n s i t y  c o n t r a c t  o f  U.2 gm/cc between t h e  surround and 

A p r o f i l e  across  t h e  Flount Belknap c a l d e r a  shows t h a t  t h e  



underlying rocks. A p r o f i l e  across  Marysvale Va 

Tushar Mountains t o  the northern Sevier plateau,  

Valley t o  be an a l l u v i a l - f i l l e d  graben of about 

9% 

ley extends from the 

and shows Marysvale 

200 m average d e p t h ,  

a l s o  flanked on e i ther  side by l a rge  normal f a u l t s .  Although a l l  

depth  estimates shown i n  these models a r e  believed reasonable, i t  must 

be remembered t h a t  they a r e  very dependent on the chosen density 

cont ras t .  

ava i lab le  data  the models shown must not  be considered unique. 

Since the density con t r a s t  i s  poorly determined by 

Detailed gravi ty  and ground magnetic data  were co l lec ted  i n  the 

v i c in i ty  of ho t  springs i n  both the Monroe and Joseph K G R A ' s .  

detai  1 ed gravi t y  data employed preci si on 1 eve1 1 i ng  and were reduced i n 

the same manner a s  the regional grav i ty  data.  Total magnetic 

intensity data  co l lec ted  along 19 p r o f i l e s  i n  the Monroe KGRA were 

corrected f o r  diurnal d r i f t  and compiled i n t o  a t o t a l  magnetic 

intensity anomaly map. 

alluvium i n  Sevier  Valley grading i n t o  a region of magnetic lows over 

a l t e r e d  Bullion Canyon Volcanics e a s t  of the Sevier f a u l t .  

believed due t o  alluvium i n  Sevier Valley containing u p  t o  one percent 

magnetite derived from a basa l t i c  andes i te  u n i t  of the Bullion Canyon 

Volcanics. A s t rong  magnetic grad ien t  across  the Red Hill Hot S p r i n g  

i s  bel ieved due t o  thermal waters r i s i n g  along the Red H i  11 f a u l t ,  a 

branch of the Sevier f a u l t  zone. 

the v i c i n i t y  of the Monroe Hot Spr ings  is  believed due t o  a l t e r a t i o n  

of magnetite i n  the alluvium by thermal f lu ids  rising along the main 

branch of the Sevier f a u l t  zone. 

The 

T h i s  map shows a s t rong magnetic h i g h  over the 

T h i s  i s  

A l i n e a r  magnetic low observed i n  

Subsurface geologic models were constructed along six gravi ty  and 
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magnet ic p r o f i l e s  i n  t h e  Monroe and Joseph KGRA's u s i n g  two- 

dimensional  model ing techniques. 

H i l l  Hot  Sp r ing  i n  t h e  Monroe KGRA shows t h a t  t h e  l a r g e  magnet ic 

g r a d i e n t  can be modeled as due t o  a body o f  magnet ic a l l u v i u m  and/or 

vo l can ics  i n  Sev ie r  Va l l ey  j u s t  west o f  t h e  Red H i l l  f a u l t .  A model 

A magnet ic p r o f i l e  across t h e  Red 

o f  g r a v i t y  da ta  a long  t h e  same p r o f i l e  suggests t h a t  t h e  major  throw 

a long  t h e  Sev ie r  f a u l t  zone does n o t  occur  i n  t h e  v i c i n i t y  o f  t h e  Red 

H i l l  Ho t  Spr ing ,  b u t  c o n s i s t s  o f  a zone o f  en echelon f a u l t i n g ,  as 

evidenced by t h e  l i n e a r  na tu re  o f  t h e  g r a v i t y  data. These data were 

modeled w i t h  t h e  main branch o f  t h e  Sev ie r  f a u l t  zone l o c a t e d  about 

500 m west  o f  t h e  Red H i l l  Hot  Spr ing,  and about 300 m d isp lacement  i s  

shown a long  t h e  Red H i l l  f a u l t .  A g r a v i t y  and magnet ic p r o f i l e  were 

a l s o  modeled across t h e  Monroe Hot  Sp r ing  area. The magnet ic p r o f i l e  

a long SS canyon shows t h a t  a magnet ic low observed ne%r a h o t  s p r i n g  

can be modeled as due t o  a zone o f  non-magnetic a l l uv ium,  presumably 

due t o  a l t e r a t i o n  o f  magnet i te  i n  t h e  a l l u v i u m  by thermal f l u i d s  

r i s i n g  a long  t h e  Sev ie r  f a u l t .  A g r a v i t y  p r o f i l e  a long Sand Canyon 

was modeled showing one f a u l t  a t  t h e  mouth o f  t h e  canyon w i t h  150 m 

throw, and t h e  main branch o f  t h e  Sev ie r  f a u l t  zone l o c a t e d  about  500 

m t o  t h e  west. 

A magnet ic and g r a v i t y  p r o f i l e  were a l s o  modeled across t h e  Dry 

Wash f a u l t  i n  t h e  Joseph KGRA a s h o r t  d i s t a n c e  south of  t h e  Joseph Hot  

Spr ings. 

a b a s a l t i c  andes i te  u n i t  o f  t h e  B u l l i o n  Canyon Vo lcan ics  across t h e  

Dry Wash f a u l t .  T h e . g r a v i t y  data were modeled showing no s i g n i f i c a n t  

depth o f  a l l u v i u m  on t h e  downthrown s i d e  o f  t h e  Dry Wash f a u l t ,  b u t  a 

The magnet ic da ta  suggest r e l a t i v e l y  l i t t l e  d isp lacement  o f  
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major  f a u l  l o c a t e d  abou 500 m t o  t h e  west  near t h e  Sev ie r  ver i s  

p o s t u l a t e d  t o  ex tend t o  a depth o f  about 800 m beneath t h e  town o f  

Joseph. 

I n  conc lus ion ,  t h e  r e g i o n a l  g r a v i t y  survey y i e l d e d  i n f o r m a t i o n  

rega rd ing  bo th  t h e  l o c a t i o n  an'd na tu re  o f  l a r g e - s c a l e  f a u l t i n g  

th roughout  t h e  survey area. 

f u t u r e  geothermal p rospec t i ng  f o r  resources which a re  n o t  assoc ia ted  

w i t h  su r face  h o t  spr ings .  Also,  t h e  depths o f  t h e  major  grabens have 

been es t ima ted  and a d d i t i o n a l  knowledge o f  t h e  major  v o l c a n i c  fea tu res  

th roughout  t h e  area has been gained. 

Th is  i n f o r m a t i o n  may be va luab le  t o  

I n f o r m a t i o n  which shou ld  prove u s e f u l  t o  t h e  development o f  known 

geothermal resources i n  t h e  Monroe and Joseph KGRA's has been 

i n t e r p r e t e d  f rom d e t a i l e d  g r a v i t y  and ground magnet ic data.  

p a r t i c u l a r ,  f a u l t s  near t h e  h o t  sp r ings  a r e  i n t e r p r e t e d  t o  be zones o f  

en echelon f a u l t i n g  as i n d i c a t e d  by t h e  g r a v i t y  data.  

magnet ic i n t e n s i t y  a r e  be l  i e v e d  re1  a t e d  t o  thermal waters  r i  s i n g  a1 ong 

f a u l t s  and a l t e r i n g  magnet i te  i n  t h e  a l l u v i u m  t o  a non-magnetic 

minera l .  

development o f  t h e  geothermal resources by h e l p i n g  t o  l o c a t e  bo th  t e s t  

and p roduc t i on  d r i l l  ho les  i n  t h e  most f a v o r a b l e  p o s i t i o n s .  The 

f a u l t s  and depths i n d i c a t e d  t h e  g r a v i t y  models can be used t o  p r e d i c t  

I n  

Zones o f  low 

I t i s  b e l i e v e d  t h a t  t h e  r e s u l t s  o f  t h i s  s tudy w i l l  a i d  t h e  

the  l o c a t i o n s  o f  f a u l t s  u n t i l  such t ime  as more s p e c i f i c  da ta  i s  

a v a i l a b l e .  

cons idered p r e l  im ina ry  t a r g e t  s i t e s  f o r  d r i  11 i ng as they  a re  probab ly  

i n d i c a t i v e  o f  zones o f  f r a c t u r i n g  and f l u i d  f l ow .  

The magnet ic lows i n  t h e  Monroe Hot  Spr ings  area can be 



APPENDIX 1 

DESCRIPTION OF FIELD BASE STATIONS 

MONROE GRAVITY FIELD BASE STATION 

Des ignat ion :  MHO01 
E l e v a t i o n :  5357 f t  (1633 m) 
L a t i  tude: 380 38.24' N 
Longi  tude : 1120 7.24' W 
Observed Gravi  ty : 979499.18 mgal 
D e s c r i p t i o n :  U.S.G.S. benchmark stamped "3E", l o c a t e d  a t  

t h e  top  o f  two s teps  on t h e  conc re te  f r o n t  
porch o f  a p r i v a t e  res idence,  nor thwest  co rne r  
o f  i n t e r s e c t i o n  o f  T h i r d  Nor th  and Main 
S t r e e t s ,  Monroe, Utah. 

MARYSVALE G R A V I T Y  FIELD BASE STATION 

Des ignat ion :  MH477 
E 1 eva t i on : 5866 f t  (1788 m) 
L a t i  tude: 380 26.96' N 
Longi  tude : 1120 13.80' W 
Observed Grav i  t y  : 
D e s c r i p t i o n :  

979437.80 mgal1 
U.S.G.S. benchmark stamped "H83", l o c a t e d  1 m 
i n s i d e  w h i t e  p i c k e t  fence, approx imate ly  50 m 
south o f  t h e  Chevron s t a t i o n  on west  s i d e  o f  
Main S t r e e t  j u s t  n o r t h  o f  f l a s h i n g  y e l l o w  
s i g n a l  , Marysvale,  Utah. 

MONROE MAGNETIC BASE STATION 

Des ignat ion :  MB 
Magnetic F i e l d :  
L oca t i on : 

A r b i t r a r i l y  ass igned a va lue  o f  zero. 
Reading p o i n t  i s  on t o p  o f  f l o o d  c o n t r o l  
levee , ha1 fway between t h e  two 1 arge d r a i n s  
i n  t h e  f l o o d  bas in ,  about 100 m e a s t  o f  South 
Sev ie r  High School , Monroe, Utah. 

1For documentation rega rd ing  observed g r a v i  ty  V a l  ues and g r a v i  ty 
base s t a t i o n  t i e s ,  r e f e r  t o  Appendix 2. 



APPENDIX 2 

G R A V I T Y  BASE STATION T I E S  

1 Observed T ies 

Observed Di f ference 
T i e  (A t o  B) Looping Technique (B-A, mgal)  

U n i v e r s i t y  o f  Utah 
t o  .R ich f  i e l  d ABABA -276.91 

Monroe t o  Loa ABA - 94.94 

Monroe t o  Beaver ABA - 49.09 

Monroe t o  R i c h f i e l d  AB A BA BA + 9.90 

Monroe t o  Marysvale A BA B A BA - 61.38 

Computed T ies  ' 
A B 

Computed Pub1 ished A- B 
D i f f e r e n c e  D i f f e rence  E r r o r  

T i  e (mgal ) (mqal) (mqal ) 

Univ.  Utah t o  Beaver v i a  
R i c h f i e l d  and Monroe -335.90 - 336.05 + 0.15 

Univ. Utah t o  Loa v i a  
R i  c h f  i e l  d and Monroe -381.75 -382.00 + 0.25 

Univ.  Utah t o  R i c h f i e l d  -276.91 -277.05 i- 0.14 

R i c h f i e l d  t o  Loa v i a  
Monroe -104.84 -1 04.95 + 0.11 

R i c h f i e l d  t o  Beaver 
v i a  Monroe - 58.99 - 59.00 + 0.01 

Loa t o  Beaver v i a  Monroe + 45.85 + 45.95 + 0.10 

' A l l  base s t a t i o n s  and observed g r a v i t y  values taken from Cook and 
others,  1971, except Monroe and Marysvale f i e l d  bases which have been 
descr ibed i n  Appendix 1. 
Romberg grav imeter  No. 264. 

T ies  made by M. H a l l i d a y  us ing  LaCoste and 



APPENDIX 3 

GEOLOGIC CONTROL DATA RELEVANT - i- TO THE REGIONAL GRAVITY SURVEY 

D e s c r i p t i o n  1 D e n s i t y  
Sampl e (gmjcc) Rock U n i t  

MHO02 
MHO53 
MHO66 
MHO68 
MHO76 
MHO77 
MHO87 
MHO91 
MH125 
MH127 
MH164 
MHl66 
MH202 
MH235 
MH242 
MH254 
MH255 

. MH265 
MH312 
MH329 
MH332 
MH358 
MH392 
MH399 
MH409 
MH415 
MH420 
MH460 
MH528 
MH533 
MH614 
MH648 
MH692 
MH712 
MH749 
MH763 
MH799 
MH800 
MH838 

1 

2.25 
2.31 
2.23 
2.53 
2.22 
2.29 
2.58 
2.34 
2.55 
2.53 
2.04 
2.41 
1.59 
2.20 
2.63 
2.65 
2.47 
2.40 
2.27 
1.90 
2.06 
2.01 
2.36 
2.18 
1.98 
2.37 
1.93 
2.41 
2.46 
2.44 
2.31 
2.39 
2.31 
2.55 
2.57 
2.49 
2.55 
2.46 
2.56 

Tbc 
Tbc 
Tbc 
Tbc 
Tbc 
Tbc 
Tbc 
Tbc 
Tbc 
S 
Tm j 
Tbc 
Tm j 
Tbc 
Tbc 
T i  
T bc 
Tm 
Tbc 
Tmj 
Tm j 
Tm j 
Tbc 
Tbc 
S 
S 
Tm j 
Tm 
Tm 
TQb 
Tbc 
Tbc 
Tm 
Tbc 
s 
Tm 
Tbc 
T bc 
T i  

L a t i t e ,  brownish r e d  
L a t i t e ,  l i g h t  brown 
Cher t  b r e c c i a  
B a s a l t i c  andes i te ,  b lack ,  v e s i c u l a r  
B a s a l t i c  andes i te ,  b lack ,  v e s i c u l a r  
B a s a l t i c  andesi te ,  b lack ,  v e s i c u l a r  
L a t i t e ,  l i g h t  r e d d i s h  brown 
L a t i t e ,  l i g h t  brown 
L a t i  t e  porphyry,  p u r p l e  
Q u a r t z i t e ,  w h i t e  
Welded tu f f ,  w h i t e  
B a s a l t i c  andes i te ,  b lack ,  v e s i c u l a r  
Welded t u f f ,  w h i t e  
T u f f ,  wh i te ,  a l t e r e d  
L a t i t e ,  g r a y  
Q u a r t z  monzonite, w h i t e ,  p i n k  t i n t  
Q u a r t z  l a t i t e ,  g r a y  
R h y o l i t e ,  l i g h t  g r a y  
C r y s t a l  t u f f ,  l i g h t  brownish gray 
Welded t u f f ,  w h i t e  
Welded t u f f ,  w h i t e  
Welded t u f f ,  w h i t e  
C r y s t a l  t u f f ,  l i g h t  brown 
L a t i t e ,  l i g h t  r e d d i s h  p u r p l e  
S i l t y  sandstone, y e l l o w  (Moenkopi) 
Sandstone, red, cross-bedded (Navajo)  
Welded t u f f ,  g r a y i s h  w h i t e  
Tuf faceous rhyol i t e ,  r e d d i s h  brown 
Tuf faceous r h y o l i t e ,  r e d d i s h  p u r p l e  
Basal t , b l  ac k , ves i c u l  a r  
B a s a l t i c  andes i te ,  b lack ,  v e s i c u l a r  
A l u n i t e ,  r e d  and w h i t e  
R h y o l i t e ,  gray,  flow-banded 
L a t i t e  porphyry,  g r a y i s h  p u r p l e  
Q u a r t z i t e ,  r e d d i s h  w h i t e  
R h y o l i t e ,  w h i t e  (Mt. Ba ldy)  
L a t i  t e  porphyry,  r e d  
L a t i  t e  porphyry,  g r a y  
Q u a r t z  monzoni te,  p i n k i s h  w h i t e  

Rock samples c l a s s i f i e d  accord ing  t o  t h e  g e n e r a l i z e d  
s t r a t i g r a p h i c  column shown i n  F i g u r e  7 .  

I 

I 
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D e s c r i p t i o n  1 Dens i ty  
Samp 1 e (gm/cc) Rock U n i t  

MH860 

MH897 
MH903 
MH904 
MH915 
MH931 
MH941 
MH942 
MH945 
MH946 

2.67 

2.26 
2.45 
2.39 
2.39 
2.64 
2.51 
2.51 
2.43 
2.47 

Tbc 

Tm 
Tm 
Tm 
Tm 
Tbc 
Tm 
Tm 
Tm 
Tm 

Welded t u f f ,  g r a y i s h  p u r p l e  

R h y o l i t e ,  w h i t e  (Gold Mtn. )  
R h y o l i t e ,  r e d  and w h i t e  
Rhyol i t e  , wh i t e  , f 1 ow- banded 
R h y o l i t e ,  w h i t e  
L a t i t e  porphyry,  redd ish  p u r p l e  
Rhyo l i t e ,  w h i t e  
Rhyol i t e  , gray  
Rhyol i t e  , w h i t e  
Rhyo l i t e ,  w h i t e  

(Delano Pk.) 



APPENDIX 4 

A 

GEOLOGIC CONTROL DATA RELEVANT TO THE 
DETAILED GRAVITY AND GROUND MAGNETIC SURVEYS 

Dens i t i es  o f  D r i l l  Hole Core Samples 

Dens i ty  (grn/cc ) 1 Depth below 
Samp 1 e surface ( f t )  Rock U n i t  

M2 
M2 
M2 
M3 
M3 
M3 
M6 
M6 
RH 1 
RH1 
RH 1 

30 
100 
200 

45 
160 
250 

65 
21 5 
45 
60 

197 

Tbc 
Tbc 
Tbc 
Tbc 
Tbc 
Tbc 
Tbc 
Tbc 
Tbc 
Tbc 
Tbc 

2.29 
2.19 
2.29 
2.43 
2.29 
2.51 
2.43 
2.52 
2.46 
2.49 
2.50 

Magnetic S u s c e p t i b i l i t y  Measurements 

Magnetic 
Depth below Suscept i  b i  1 i ty 

Sample surface ( f t )  Sample type  (c.g.s. u n i t s )  

M2 
M2 
M2 
M3 
M3 
M 3  
M4 
M4 
M4 
M5 
M6 
M6 
RH 1 
RH 1 
RH 1 
RH1 
RH1 

30 
100 
200 

45 
160 
250 
20 

120 
2 40 
N.D. 

65 
21 5 

10- 20 
40- 50 

45 
60 

95- 105 

Core 
Core 
Core 
Core 
Core 
Core 
A1 1 u v i  urn 
A1 1 u v i  um 
A1 1 u v i  urn 
A1 1 u v i  urn 
Core 
Core 
A1 1 u v i  urn 
A1 1 u v i  um 
Core 
Core 
A1 1 u v i  um 

0.0001 
0.0006 
0.0002 
0.0001 
0.0005 
0.0003 
0.0006 
0.0005 
0.0003 
0.0001 
0.0001 
0.0000 
0.0000 
0.0001 
0.0001 
0.0000 
0.0000 

'Rock samples c l a s s i f i e d  accord ing t o  t h e  genera l i zed  
s t r a t i g r a p h i c  column shown i n  F igure  7 .  
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Magnetic 
Suscept i  b i  1 i t y  

Sarnp 1 e surface ( f t )  Sample type  (c.g.s. u n i t s )  

RH 1 145- 155 A1 1 uvium 0.0000 
RH1 1 90- 200 A1 1 u v i  um 0.0000 
RH1 197 Core 0.0001 
RH 2 0- 20 A1 1 u v i  urn 0.0011 
RH2 40-60 A1 1 u v i  urn 0.001 3 
RH2 80- 100 A l luv ium 0.001 2 
RH2 140- 160 A1 1 u v i  urn 0.0009 
RH2 200-210 A1 1 u v i  urn 0.0010 
RH 3 0-20 A 1  1 u v i  urn 0.0011 
RH3 100- 120 A1 1 u v i  urn 0.0016 
RH3 180- 200 A l luv ium 0.0017 
RH4 0- 20 A1 1 u v i  urn 0.0000 
RH4 100- 1 20 A1 1 u v i  urn 0.0003 
RH4 1 80- 200 A1 1 u v i  urn 0.0001 
RH4 280- 300 A1 1 u v i  urn 0.0002 
RH5 0- 20 A1 1 u v i  urn 0.0012 
RH5 100-120 A1 1 u v i  urn 0.0024 
RH5 240- 260 A1 1 u v i  urn 0.0004 
MH166 Out crop B a s a l t i c  Andesi te  0.0026 
MH614 Outcrop B a s a l t i c  Andesi te 0.0042 

Depth b e l  ow 

D r i l l  Hole Desc r ip t i ons  

D r i l l  Hole Ground Level  E leva t i on  ( f t )  To ta l  Depth ( f t )  

M1 
M2 
M3 
M4 
M5 
M6 
RH1 
RH2 
RH3 
RH4 
RH 5 

5420 
5635 
5580 
551 5 
5570 
5750 
5670 
5550 
5500 
5620 
5660 

302 
20 5 
241 
253 
126 
248 
197 
21 1 
201 
29 7 
281 



APPENDIX 5 

PRINCIPAL: FACTS OF GRAVITY DATA 

NOTES: 1 )  Units a r e  a s  follows: 

Lati tude.  . . . . . . . . . . . . . .  degrees, minutes 

Longitude . . . . . . . . . . . . . .  degrees, minutes 

Elevation . . . . . . . . . . . . . .  feet  

Free-air  g rav i ty  anomaly value. . . .  mgal 

Simple Bouguer grav i ty  anomaly 
value 1 . . . . . . . . . . . . . . .  mgal 

1 Terrain-correction value . . . . . .  mgal 

Complete Bouguer gravi ty  anomaly 
value . . . . . . . . . . . . . . .  mgal 

2 )  Stat ion coding i s  as follows: 

"MH" -- Regional grav i ty  s t a t i o n  establ ished 
by M. Halliday d u r i n g  summer of 1977. 

"HF" -- Regional gravi ty  s t a t i o n  establ ished 
by Fishman (1976). 

" R H "  -- Red Hill p ro f i l e  de ta i led  gravi ty  s t a t i o n .  
"SC" -- Sand Canyon p ro f i l e  de ta i led  gravi ty  s t a t i o n .  
"MC" -- Monroe Canyon p ro f i l e  de ta i led  gravi ty  s t a t i o n .  
"Jl" - -  Joseph J1 profile detailed gravity station. "J2" -- Joseph 5 2  pro f i l e  de ta i led  gravi ty  s t a t i o n .  

' A  density of 2.67 gm/cc was used f o r  both the Bouguer 
and t e r r a i n  correct ions.  
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2.63 
2 .50  
2.60 
2.53 
2.63 
2.70 
2.74 
3.51 
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4.46 

2.63 

4.14 
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2.41 
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2.75 
2.61 

2.41 

COMPLETE 
BOUGUER 

-244 . 68 
-244 e 95 
-230.67 
-235. G2 

-229.92 
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-234.57 
-237 . c'4 
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5Y77 . 
5591 , 
5410. 
549;1 . 
5517. 
6248 . 
7521 . 
7341 . 
bG63 . 
Y l h ,  
9323 . 
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' L 4 5  . 03 
-24+3,db 
-237.37 
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-253 32 
-231 e ij9 
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-229 .68 
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-2*0 14 
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-248.14 

T Et? K fi I iV 
C O ~ i l E C T I O N  

2.85 
3,LO 
4.15 
4.79 
4.71 
5.b6 
9.34 

12.45 
4.5b 
6.85 
5.15 
7.61 
5,&3 
5.57 

22.13 
24 46 
18.52 
12.18 
5.68 
5.55 
7.40 
4.51 
7.76 
5.99 
15.02 
0.51 
10.99 
11.25 
13.21 
15.59 

COMPLETE 
GOUGUER 

-242.98 
-240.60 
-2 33 . 22 
-229.27 
-228.60 
-227 . 65 
-227.80 
-230 . 58 
-230 83 
-224 . 55 
-228. 17 
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-225 . 77 
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-219.23 
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-220.89 

-232.55 

1.226. 27 

-219o11 

-224.78 

E -226 52 



74.2?c 
lr33*59 
103,21 
109,59 
1L17.45 
1134.16 
133,s2 

89.87 
32.17 
77.93 
7 5 * 4 4  
81 9 82 
ti3Oi.3 
Y6,12 

1V7.04 
110,12 
-55.57 
-56 . 837 
-59 Q 0 3  
-59,13 
-38.90 
-57 * 91,' 
-55 0 93 
-54 * 55 
-55 * 53 
-53,0r! 
-50 . 62 
-45 . 26 
-32 . 00  
-56.97 
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15.21 
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120 8 02 
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-02.80 
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T E H ~ H  Ilu 
COHHL'CTION 

7.~18 
6,713 
B.u5 
9,72 

10.59 
13.69 
6,u9 
4.39 
4.36 

1 9 . Y 6  
3.2G 
2.80 
3.uo 
3.22 
q.52 
3-60 
2.93 
3.27 
2.99 
3.19 
3.18 
3,25 
3,u7 
2e96 
2.Y2 
3.49 
2.95 
2.13 
3e44 
3.27 

COMPLETE 
DOUGUER 
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c1 
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APPENDIX 6 

PRINCIPAL FACTS OF GROUND MAGNETIC DATA 

NOTES: 1 )  Units a re  as follows: 

Magnetic anomaly Val ue. . . . . . . . . . gammas 

Stat ion location along p ro f i l e .  . . . . . meters 

2 )  Profi les  can be ident i f ied  by 
reference to  Figures 12  and 13 
i n  the t ex t .  Magnetic anomaly 
values are  given w i t h  respect t o  
Monroe magnetic base which i s  
a r b i t r a r i l y  assigned a value of 
zero. " N . D . "  indicates  no data 
taken due t o  power l i n e  in t e r -  
ference. 



fi 

P r o f  i 1 e M77- 1 

S t a t i o n  

1020SE 
1 OOOSE 
980SE 
960SE 
940SE 
920SE 
9OOSE 
880s E 
860SE 
840SE 
820SE 
800SE 
780SE 
760SE 
740SE 
720SE 
700SE 
680SE 
660SE 
640SE 
620SE 
600SE 
580SE 
560SE 
540SE 
520SE 
500SE 
480SE 
460SE 
440SE 
420SE 
400SE 
380SE 
360SE 
340SE 
320SE 
300SE 
280SE 
260SE 
240SE 
220SE 
200s E 

G3 
b 

Magnet i c 
Anomaly 

- 254 
- 245 
-219 
-228 
- 266 
-271 
-275 
-279 
-263 
-296 
-117 
- 53 
- 69 

- 7  
+82 

+ l o 4  
+ l o 8  
- 234 
- 328 
- 376 
- 327 
-279 
-347 
- 264 
-371 
- 285 
- 444 
- 524 
- 464 
- 343 
- 324 
-372 
-367 
-457 
- 530 
-41 5 
- 380 
- 329 
- 288 
- 323 
-191 
- 239 

Magnetic 
S t a t i o n  Anomaly 

1 80SE 
160SE 
140SE 
120SE 
1 OOSE 
80SE 

' 60SE 
40SE 
20SE 

00 
20NW 
40NW 
60NW 
80NW 

1 OONW 
120NW 
140NW 
160NW 
180NW 
200NW 
220NW 
240NW 
260NW 
280NW 
300NW 
320NW 
340NW 
360" 
380NW 
400NW 
420NW 
440NW 
460NW 
480NW 
500NW 
520NW 
540NW 
560NW 
580NW 
600NW 
620NW 
640NW 

-345 
- 398 
-437 
- 449 
-390 
- 466 
- 456 
- 366 
- 358 
-343 
-431 
-464 
- 488 
- 506 
- 560 
- 527 
-676 
- 323 
- 466 
- 535 
-537 
- 484 
- 486 
-495 
-494 
-519 
-533 
-536 
- 489 
-473 
-463 
-444 
-454 
-445 
-373 
- 344 
- 350 
- 322 
- 278 
-250 
-104 
+67 

S t a t i o n  

660NW 
680NW 
700NW 
720NW 
740NW 
760NW 
780NW 
800NW 
820NW 
840NW 
860NW 
880NW 
900NW 
920NW 
940NW 

980NW 
1 OOONW 
1020NW 
1040NW 
1060NW 
1080NW 
11 OONW 
11 20NW 
1 140NW 
11 60NW 
11 80NW 
1200NW 
1220NW 
1240NW 
1260NW 
1280NW 
1300NW 
1350NW 
1400NW 
1450NW 
1500NW 
1550NW 
1600NW 
1650NW 
1700NW 
1750NW 

~ ~ O N W  

144 

Magnet i c 
Anoma 1 y 

158 
236 
207 
222 
206 
151 
133 
103 
111 
72 
89 
92 
93 
31 

N.D. 
N.D. 
N. D. 
N.D. 
N.D. 
N. D. 
N.D. 
N.D. 
N. D. 

64 
59 
67 
49 
49 
40 
58 
62 
98 

137 
113 
95 

156 
178 
200 
206 
160 
156 
139 



Prof i 1 e M77-2 

Magnetic 
S t a t i o n  Anomaly 

00 
20 
40 
60 
80 

100 
120 
140 
160 
180 
200 
220 
240 
260 
280 
300 
320 
340 
360 
380 
400 
420 
440 
460 
4 80 
500 
520 
540 
560 
580 
600 

- 547 
-532 
-555 
-431 
- 402 
-436 
-420 
-459 
-447 
- 398 
-458 
- 398 
- 599 
-452 
- 483 
- 359 
-313 
- 292 
- 238 
-136 
- 99 

- 268 
- 520 
- 541 
-577 
-641 
-546 
-51 3 
- 502 
-553 
-447 

S t a t i o n  

620 
640 
660 
680 
700 
720 
740 
760 
780 
800 
820 
840 
860 
880 
900 
920 
940 
960 
980 

1000 
1020 
1040 
1060 
1080 
1100 
1120 
1140 
1160 
1180 
1200 
1220 

Magnetic 
Anomaly 

-406 
- 282 
- 269 
-1 08 
- 49 

N. D. 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 
N. D. 
N.D. 
N. D. 
-303 
- 332 
- 377 
-397 
-453 
- 498 
-554 
-527 
- 301 
- 320 
-465 
- 367 
-297 
-21 5 

145  

Magnetic 
S t a t i o n  Anomaly 

1240 
1260 
1280 
1300 
1320 
1340 
1360 
1380 
1400 
1420 
1440 
1460 
1480 
1500 
1520 
1540 
1560 
1580 
1600 
1620 
1640 
1660 
1680 
1700 
1720 
1740 
1760 
1780 
1800 
1820 
1840 
1860 

-312 
-438 
-476 
-514 
-41 6 
- 280 
-259 
-243 
-233 
-238 
-246 
- 240 
-21 6 
-21 6 
-194 
-195 
-182 
-1 73 
-152 
-1 53 
-150 
-152 
-1 50 
-1 39 
-160 
-160 
-1 38 
-133 
-1 39 
-144 
-145 
- 33 

I 



P r o f i l e  M77-3 

1 4 6  

P r o f i l e  M77-4 

Magnetic 
S t a t i o n  Anomaly 

100 
150 
200 
250 
300 
350 
400 
450 
500 
550 
600 
650 
700 
750 
800 
850 
900 
950 

1000 
1050 
1100 
1150 
1200 
1250 
1300 
1350 
1400 
1450 
1500 
1550 
1600 

-345 
- 367 
-421 
-446 
-377 
- 382 
- 540 
-581 
-639 
-640 
- 508 
-512 
-456 
- 448 
-450 
-433 
- 383 
-184 

-95 
- 38 
N.D. 
N.D. 
N.D. 
N. D. 

+170 
+178 

163 
197 
198 
222 
21 2 

Magnet ic 
S t a t i o n  Anomaly 

100 
120 
140 
160 
180 
200 
220 
240 
260 
280 
300 
320 
340 
360 
380 
400 
420 
440 
460 
480 
500 
520 
540 
560 
580 
600 
620 
640 

-297 
-333 
-332 
-288 
-21 2 

-5 
- 238 
-241 
-294 
-364 
-367 
-1 95 
-475 
-406 
-497 
- 390 
-285 
- 294 
-225 
-284 
-312 
- 300 
- 304 
- 296 
- 309 
-339 
-276 
-201 

S t a  t i  on 

660 
680 
700 
720 
740 
760 
780 
800 
820 
840 
860 
880 
900 
9 20 
940 
960 
980 

1000 
1020 
1040 
1060 
1080 
1100 
1120 

Magnetic 
Anoma 1 y 

-1 64 
+23 

-115 
-94 
- 72 
-49 
-25 
+1 

+20 
31 
55 
70 
72 
82 

108 
127 
42 
55 
65 
73 
86 
96 
98 
06 

1140 204 
1160 229 
1180 224 
1200 21 1 



b 

Profile M77-5 

Magnetic 
Station Anomaly 

00 
50 
100 
150 
200 
250 
300 
350 
40 0 
450 
500 
550 
600 
650 
700 
750 
800 
850 
900 
950 
1000 
1050 
1100 
1150 
1200 

-487 
-649 
-578 
-251 
-296 
- 344 
-31 2 
- 384 
-378 
-451 
-351 
-226 

N.D. 
N.D. 
-53 
+3 
+1 

+127 
+197 
+295 
298 
275 
259 
243 
21 6 

Profile M77-6 

Magnetic 
Station Anomaly 

00 
50 
100 
150 
200 
250 
300 
350 
400 
450 
500 
550 
600 
650 
700 
750 
800 
850 
900 
950 
1000 
1050 
1100 
1150 
1200 
1250 
1300 
1350 
1400 
1450 
1500 
1550 
1600 

-190 
- 283 
-232 
-103 
-279 
- 98 
-367 
-225 
- 242 
-445 
-347 
-250 
-131 
+9 

+ 30 
- 40 
+126 
+276 
+270 
+332 
395 
335 
N.D. 
N.D. 
+489 
49 3 
49 1 
386 
436 
41 9 
392 
420 
41 1 

Profile M77-7 

Magnetic 
Station Anomaly 

100 
150 
200 
250 
300 
350 
400 
450 
500 
550 
600 
650 
700 
750 
800 
850 
900 
950 
1000 
1050 
1100 
1150 
1200 
1250 
1300 
1350 
1400 

+172 
+46 
-102 
+35 
+142 
92 
108 
133 
184 
81 
140 
181 
190 
26 4 
252 
266 
278 
283 
N.D. 
N.D. 
N.D. 
+289 
301 
293 
292 
285 
31 0 



P r o f i l e  M77-8 

Magnetic 
S ta t ion  Anomaly 

00 
50 

100 
150 
200 
250 
30 0 
350 
400 
450 
500 
550 
600 
650 
700 
750 
800 
850 
900 
950 

1000 
1050 
1100 
1150 
1200 
1250 
1300 
1350 
1400 
1450 
1500 
1550 
1600 
1650 
1700 
1750 
1800 

-672 
-641 
- 486 
- 377 
-1 70 
-285 
-492 
-41 7 
-1 77 
-1 55 
-139 

-95 
- 26 
- 70 

-2  
+4 

+40 
31 
64 

+63 
66 

104 
103 
98 

108 
N.D. 
N.D. 
N.D. 

+lo3  
88 
60 
44 
80 
54 
53 
38 
39 

Prof i 1 e M77-10 

S ta t ion  

100 
150 
200 
250 
300 
350 
400 
450 
500 
5 50 
600 
650 
700 
750 
80 0 
850 
900 
950 

1000 
1050 
1100 
1150 
1200 
1250 
1300 
1350 
1400 

Magnetic 
Anoma 1 y 

-95 
- 22 
-23 

-118 
-7 

+13 
+lo9 

142 
202 
N.D. 
N.D. 
N . D .  
N.D. 
32 1 
31 9 
31 7 
31 1 
340 
335 
346 
354 
349 
353 
357 
36 5 
35 7 
344 

3 48 

Profile M77-14 

S ta t ion  

00 
20 
40 
60 
80 

100 
120 
140 
160 
180 
200 
220 
240 
260 
280 
300 
320 
340 
360 
380 
400 
420 
440 
460 
480 
500 
520 
5 40 
560 
580 
600 
620 
640 
660 
680 
700 
720 
740 
760 
780 

Magnetic 
Anomaly 

-443 
- 496 
- 545 
-567 
-395 
-322 
-355 
- 365 
-229 

-41 
-446 
-435 
-31 6 
-352 
-31 3 
- 306 
-51 2 
- 580 
-41 2 
-544 
-333 
- 478 
- 380 
-537 
- 604 
-555 
-470 
-471 
- 469 

'I N.D. 
N.D. 
N.D. 

-347 
-136 
-31 7 
-378 
- 333 
-333 
-361 
- 356 

800 -292 



Profile M77-14 P r o f i l e  M77-15 

149 

Profi  1 e M77-15 

Gd 
D 

D 

Sta t ion  

820 
840 
860 
880 
900 
920 
940 
960 
980 

1000 
1020 
1040 
1060 
1080 
1100 
1120 
1140 
1160 
1180 
1200 
1220 
1240 
1260 
1280 
1300 
1320 
1340 
1360 
1380 
1400 
1420 
1440 
1460 
1480 
1500 
1520 
1540 
1560 
1580 
1600 
1620 

Magnetic 
A noma 1 y 

+94 
-377 
-41 5 
-41 7 
- 383 
-267 
-242 
- 265 
-293 
-31 1 
- 290 
- 282 
- 282 
- 294 
- 297 
-307 
-309 
-303 
- 309 
- 284 
- 270 
- 286 
-254 
- 240 
- 223 
- 205 
-186 
-1 77 
-164 
-161 
- 29 

-168 
-1 45 
-109 

-77 
- 69 

-1 24 
- 82 
-41 
-1 1 

-1 91 

S ta t ion  

00 
20 
40 
60 
80 

100 
120 
140 
160 
180 
200 
220 
240 
260 
280 
300 
320 
340 
360 
380 
400 
420 
440 
460 
480 
500 
520 

Magnet i c 
An oma 1 y 

-446 
-51 2 
-467 
-41 1 
-399 
-397 
-424 
-433 
-41 5 
- 399 
-402 
- 444 
-41 9 
-452 
-450 
-441 
-467 
- 503 
-460 
- 509 
-287 
- 395 
- 438 
-565 
-576 
-543 

N.D. 

Magnet i c 
S ta t ion  Anomaly 

540 
560 
580 
600 
620 
640 
660 
680 
700 
720 
740 
760 
780 
800 
820 
840 
860 
880 
900 
9 20 
940 
960 
980 

1000 
1050 
1100 
1150 

N. D. 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 
N. D. 

+227 
+136 

+70 
40 
34 

- 22 
-19 
+19 

15 
20 
29 
23 
19 
52 
42 
45 
44 
66 
75 

110 



150 

Prof i 1 e M77- 16 

Magnetic 
S ta t ion  Anomaly 

100 
150 
200 
250 
300 
350 
400 
450 
500 
550 
600 
650 
700 
750 
800 
850 
900 
950 

1000 
1050 
1100 
1150 
1200 
1250 
1300 
1350 
1400 
1450 
1500 
1550 
1600 
1650 
1700 
1750 
1800 
1850 
1900 

-636 
, -806 
- 584 - -502 
-897 
- 728 
-597 
-507 
- 343 
- 558 
- 222 
-107 
-462 

N . D .  
- 446 
-397 
-241 
-227 
- 240 
-193 
- 98 
-99 
N . D .  
N . D .  
N . D .  
N . D .  

+138 
+ 86 
131 
21 7 
21 9 
227 
187 
168 
141 
126 

- 28 

P r o f  i 1 e M77- 17 

, ,  

*. 

Sta t ion  

00 
20 
40 
60 
80 

100 
120 
140 
160 
180 
200 
220 
240 
260 
280 
300 
32 0 
340 
360 
380 
400 
420 
440 
460 
480 
500 
520 
540 
560 
580 
600 
620 
640 
660 
6 80 
700 
720 
740 
760 
780 
800 

Magnetic 
Anomaly 

- 344 
-458 
-471 
- 380 
-444 
-31 7 
- 245 
- 325 
-261 
-359 
-333 
- 383 
-445 
- 392 
- 328 
-527 
- 547 
- 529 
-498 
-392 
-322 
-239 
- 202 
-170 
-145 
-107 
- 80 
- 44 
- 40 
-13 
+4 
-9 

+22 
+16 

60 
39 
65 
52 
63 
90 
87 

BASE L I N E  

Magnetic 
S ta t ion  Anomaly 

00 
50 

100 
150 
200 
250 
300 
350 
400 
450 
500 
550 
600 
650 
700 
750 
800 
850 
900 
950 

1000 
1050 
1100 
1150 

+67 
61 
62 
53 
73 
24 

6 
- 34 
+16 
-1 3 
-98 

-143 
-1 22 
- 269 
-1 28 
- 303 
- 294 
-473 
-251 
-391 
-428 
- 494 
-493 

(-895) 



151 

brs 
B 

B 

LINE 300 

Magnet i c 
S t a t i o n  Anomaly 

740E 
720E 
700E 
680E 
660E 
640E 
620E 
600E 
580E 
560E 
540E 
520E 
500E 
480E 
460E 
440E 
420E 
400E 
380 E 
360E 
340E 
320E 
300E 
280E 
260E 
240E 
220E 
200E 
180E 
160E 
140E 
120E 
1 OOE 
80 E 
60E 
40E 
20E 
00 

-565 
-539 
-461 
- 449 
-41 5 
-433 
- 385 
-375 
-420 
-437 
- 395 
-491 
-273 
+173 
+156 

0 
25 
71 
60 
53 

N.D. 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 

49 
36 
55 

+ l o 8  
- 88 
+33 
- 60 
+14 
- 20 
- 20 

+1 
+12 

LINE 500 

Magnetic 
S t a t i o n  Anomaly 

160E 
140E 
120E 
1 OOE 
80E 
60E 
40 E 
20E 
00 

2ow 
40W 
6014 
80W 

1 oow 
120w 
140W 
160W 
180W 
200w 
22ow 
240W 
260W 
280W 
300W 
320W 
340W 
360W 
380W 
400W 
420W 
440W 
460W 
480W 
500W 

- 334 
- 334 
-312 
-256 
- 330 
- 303 
-255 
-153 

-95 
-61 

-3  
+14 
+31 

32 
41 
64 
51 
63 
61 

- 59 
+83 
101 
105 
110 
98 
93 
87 
83 
75 
61 
64 
51 
60 
62 

LINE 700 

Magnet i c 
S t a t i o n  Anomaly 

200E -62 
180E - 289 
160E -31 7 
140E -347 
120E -301 
1 OOE -31 8 
80E - 336 
60E -41 7 
40E - 394 
20E - 300 
00 -115 

20w -454 
40W -474 
60W -333 
80W - 249 

1 oow -255 
17OW - 288 
140W - 320 



152 

b 

LINE 

S t a t i o n  

480E 
460E 
440E 
420E 
400E 
380E 
360E 
340E 
320E 
300E 
280E 
260E 
240E 
220E 
200E 
180E 
160E 
140E 
120E 
1 OOE 
80E 
60E 
40E 
20E 
00 

20w 
40W 
60W 
80W 

l O O W  
120w 
140W 
160W 
180W 
200w 
220w 
240W 
260W 

1100 

Magnetic 
Anomaly 

- 397 
- 394 
-422 
- 358 
- 279 
-252 
- 303 
-233 
-531 
-479 
- 466 
-473 
-449 
- 489 
- 535 
-521 
-515 
-425 
- 345 
- 287 
-257 
-21 7 
- 202 
-1 72 
-140 
-141 
-126 
-141 
-1 19 
- 68 

-108 
-105 
-121 
-117 

-96 
- 78 
-67 
- 64 

LINE 1300 

Magnet i c 
S t a t i o n  Anomaly 

200E - 256 
180E - 288 
160E - 320 
140E -295 
120E -267 
1 OOE - 241 
80 E - 206 
60E +20 
40 E +202 
20E - 548 
00 -487 

20w - 352 
40W - 330 
60W - 322 
80W -256 

1 oow - 240 
120w -21 7 
140W - 205 
160W -191 
180W -167 
200w -151 
220w -124 
240W - 86 
260W -101 
280W - 76 
300W - 37 
320W -1 7 
340W - 34 
360W - 20 
380W - 50 
400W - 32 
420W -23 
440W +16 
460W -1 
480W +21 
500W +2 1 

LINE J1 

Magnet i c 
S t a t i o n  Anomaly 

00 748 
20 743 
40 626 
60 594 
80 445 

100 302 
120 176 

160 31 9 
180 492 
200 588 
220 244 
240 41 7 
260 648 
280 329 
300 400 
320 41 2 
340 277 
360 546 
380 632 
400 61 4 
420 607 
440 658 
460 646 
480 631 
500 646 

140 - 69 



S t a t i o n  

520 
5 40 
5 50 
560 
580 
600 
620 
640 
660 
680 
700 
720 
740 
760 
780 
800 
850 
900 
9 50 

1000 
1050 
1100 
1150 
1200 
1250 
1300 

L I N E  31 

Magnetic 
Anomaly 

698 
663 
673 
753 
786 
767 
803 
733 
707 
697 
666 
635 
61 3 
596 
558 
51 7 
496 
467 
442 
40 7 
378 
459 
273 
226 
154 
132 

L I N E  32 

S t a t i o n  

00 
25 
50 
75 

100 
120 
140 
160 
180 
200 
220 
2 40 
260 
280 
300 
320 
340 
360 
380 
40 0 
420 
440 
460 
480 
500 
520 

Mag n e t  i c 
Anoma 1 y 

575 
583 
583 
61 1 
604 
577 
581 
590 
606 
61 7 
638 
780 
66 2 
649 
600 
52 1 
792 
946 

1049 
777 
793 
794 
706 

1793 
548 
794 

S t a t i o n  

540 
560 
580 
600 
620 
640 
660 
680 
700 
720 
740 
760 
780 
800 
820 
840 
860 
880 
900 
950 

1000 
1050 
1100 
1150 
1200 
1250 
1300 

Magnet i c 
Anomaly 

335 
30 1 
239 
39 2 
49 1 
470 
451 
452 
492 
494 
498 
494 
476 
478 
486 
482 
502 
494 
482 
480 
463 
443 
41 5 
393 
300 
342 
31 5 

153 

L I N E  52 



REFERENCES 

Anderson, J .  J . ,  Rowley, P. D., F l e c k ,  R. J . ,  and N a i r n ,  A,, 
1975 , Cenozoic geology of southwestern H igh  P la teaus  o f  Utah: 
Geol SOC. America Spec. Paper 160, 88p. 

Armstrong, R .  L., 1968, S e v i e r  orogenic  b e l t  i n  Nevada and Utah: 
Geol. SOC. America B u l l . ,  v. 79, p. 429-458. 

Basset t ,  W .  A., K e r r ,  P .  F., Schaef fe r ,  0. A., and Stoenner, R. W . ,  
1963, Potassium-argon d a t i n g  o f  t h e  L a t e  T e r t i a r y  v o l c a n i c  
rocks  and m i n e r a l i z a t i o n  o f  Marysvale,  Utah: Geol. SOC. America 
B u l l . ,  V. 74, p. 213-220. 

Ber ry ,  L. G., and Mason, B., 1959, Minera logy,  W .  H. Freeman and 
Company, San Franc isco ,  630 p. 

Best,  M. T., and B r i m h a l l ,  W .  H., 1974, L a t e  Cenozoic a l k a l i c  
b a s a l t i c  magmas i n  t h e  western Colorado P la teaus  and t h e  Bas in  
and Range t r a n s i t i o n  zone, U.S.A., and t h e i r  b e a r i n g  on mant le  
dynamics: Geol. SOC. America B u l l . ,  v. 85, p. 1677-90. 

Brown, R. B., 1974, Regional  g r a v i t y  survey o f  t h e  Sanpete-Sevier 
V a l l e y s  and a d j a c e n t  areas i n  Utah: unpub l ished M.S. t h e s i s ,  
Univ.  o f  Utah, 72 p .  

Brumbaugh, W .  D., 1977, G r a v i t y  survey o f  t h e  Cove For t -Su lphurda le  
KGRA and t h e  n o r t h  N i n e r a l  Mountains area, M i l l a r d  and Beaver 
Count ies,  Utah: unpubl ished M.S. t h e s i s ,  Univ.  o f  Utah, 131 p. 

B u t l e r ,  B. S., and Gale, H. S., 1912, A l u n i t e  - a newly d iscovered 
d e p o s i t  near  Marysvale,  Utah: U.S. Geol. Survey B u l l .  511, 64 p.  

B u t l e r ,  6. S., L o u g h l i n ,  G. F., Heikes,  V .  C., and others ,  1920, The 
o r e  d e p o s i t s  o f  Utah: U. S. Geol. Survey P r o f .  Paper 111, 672 p. 

C a l l  aghan , E. , 1938., P r e l  i m i  nary  r e p o r t  on t h e  a1 u n i  t e  d e p o s i t s  
o f  t h e  Marysvale r e g i o n ,  Utah: U.S. Geol . Survey B u l l .  886-0, 
p. 91-134. 

, 1939, Vo lcan ic  sequence i n  t h e  Marysvale r e g i o n  i n  southwest 
c e n t r a l  Utah: Am. Geophys. Union Trans., p t .  3, p. 438-452. 

, 1973, M i n e r a l  resource  p o t e n t i a l  o f  P i u t e  County, Utah and 
a d j o i n i n g  area: Utah Geol . and M i n e r a l  Survey B u l l .  102, 135 p. 



Grs 
P 

155 

Callaghan, E. and Parker,  R. L., 1961a, Geology o f  t h e  Monroe 
quadrangle, Utah: U. S. Geol . Survey Map 69-155. 

, 1961b, Geologic map of p a r t  of t h e  Beaver quadrangle, Utah: 
U. S. Geol. Survey 'Mineral  Inv.  F i e l d  S tud ies  Map MF-202. 

, 1962a, Geology o f  t h e  Delano Peak quadrangle, Utah: U.S. Geol . 
Survey Map GQ-153. 

, 1962b, Geology of t h e  Sev ie r  Quadrangle, Utah: U.S. Geol . 
Survey Map GQ-156. 

Car te r ,  J . A.  , 1978, Regional g r a v i t y  and aeromagnetic surveys o f  t h e  
M ine ra l  Mountains and v i c i  n i  ty , M i  11 a r d  and Beaver Count ies,  
Utah: unpubl ished M.S. t hes i s ,  Univ. o f  Utah, 178 p. 

Case, J. E., and Joes t ing ,  H. R., 1972, Regional  geophysical  
i n v e s t i g a t i o n s  i n  t h e  c e n t r a l  Colorado Plateau: U. S. Geol. 
Survey P ro f .  Paper 736, 31 p. 

Caskey, C. F., and Shuey, R. T., 1975, M i d - t e r t i a r y  vo l can ic  
s t r a t i  graphy , Sevi er-Cove F o r t  area , c e n t r a l  Utah : Geol ogy , v. 2, 
no. 1, p. 17-25. 

Chr is t iansen,  F. W., 1537, The geology and economic p o s s i b i l i t i e s  o f  
t h e  a l u n i t e  depos i ts  i n  Sev ie r  and P i u t e  Count ies,  Utah: 
unpubl ished M.S. t hes i s ,  Univ. o f  Utah, 97 p. 

Cook, K .  L., Montgomery, J .  R ,  Smith, J .  T., and Gray, E. F., 
1575, Simple Bouguer g r a v i t y  anomaly map o f  Utah: Utah Geol. 
and Minera l  Survey Map 37. 

Cook, K .  L., N i l sen ,  T. H., and Lambert, J. F., 1971, G r a v i t y  base 
s t a t i o n  network i n  Utah - 1967: Utah Geol. and Minera l  
Survey B u l l .  92. 

Crebs, T. J .  , 1976, Grav i t y  and ground magnetic surveys o f  t h e  c e n t r a l  
M ine ra l  Mountains, Utah: unpubl ished M.S. t h e s i s ,  Univ.  o f  Utah, 
129 p .  

Crosby, G. W. , 1959, Geology o f  t h e  South Pavant Range, M i l l a r d  and 
Sev ie r  Count ies,  Utah: Brigham Young Univ.  Research Studies,  
Geology Ser ies,  v. 6, No. 3, 59 p. 

, 1972, Dual o r i g i n  o f  Basin and Range f a u l t s ,  i n  Plateau- 
Basin and Range t r a n s i t i o n  zone, c e n t r a l  Utah: m a h  Geol. Assoc. 
Publ. no. 2. 



156 

Cunningham, C. G., and Steven, T. A., 1977, Mount Belknap and Red 
H i  11 s c a l  deras and assoc ia ted  rocks  , Marysval  e v o l  c a n i  c f i e l  d, 
wes t - cen t ra l  Utah : U .S. Geol . Survey open-f i 1 e r e p o r t  77-568 , 
40 p. 

Cunningham, C. G., Steven, T. A., and Naeser, C. W., 1978, P r e l i m i n a r y  
s t r u c t u r a l  and m i n e r a l o g i c a l  a n a l y s i  s o f  t h e  Deer T r a i  1 
Moun ta in -A lun i te  Ridge m in ing  area, Utah: U.S. Geol Survey 
open- f i  1 e r e p o r t  78-314. 

Dutton, C. E., 1880, Repor t  on t h e  geology o f  t h e  H igh  P la teaus  o f  
Utah: U.S. Geog. and Geol . Survey Rocky Mtn. Region, 307 p. 

Eaton, G. P., Ch r i s t i ansen ,  R. L., I y e r ,  H. M:, P i t t ,  A. M . ,  Mabey, 
D. R., Blank, H. R., Z i e t z ,  I . ,  and G e t t i n g s ,  M. E., 1975, Magma 
beneath Yel lowstone Na t iona l  Park: Science, v. 188, p. 787-188. 

Eard ley ,  A. J. , and Beutner,  E. L. , 1934, Geomorphology o f  Marysvale 
Canyon and v i c i n i t y ,  Utah: Utah Acad. Sciences Proc., v. 11, p. 
149-159. 

Eppich, G. K., 1973, Aeromagnetic survey o f  sou th -cen t ra l  Utah: un- 
p u b l i s h e d  M.S. t h e s i s ,  Univ. o f  Utah, 78 p. 

Fenneman, N. M. ,  1928, Phys iograph ic  d i v i s i o n s  o f  t h e  U.S.: Assoc. Am. 
Geographers Annals, v. 18, pp. 261-353. 

, 1951, Phys ica l  d i v i s i o n s  o f  t h e  U n i t e d  S ta tes :  U.S. Geol. 
Survey, Phys i ca l  D iv .  Map. 

Fishman, H. S., 1976, Geologic s t r u c t u r e  and r e g i o n a l  g r a v i t y  o f  a 
p o r t i o n  o f  t h e  H igh  P la teaus  o f  Utah: unpub l ished M.S. t h e s i s ,  
Univ. o f  Utah, 134p. 

Gardner, S., W i l l i ams ,  J .  M., and Brougham, G. W., 1976, Audio 
m a g n e t o t e l l u r i c  da ta  l o g  and s t a t i o n  l o c a t i o n  map f o r  
Monroe-Joseph KGRA, Utah: U.S. Geol. Survey o p e n - f i l e  r e p o r t  
76-411. 

G i l b e r t ,  G. K., 1875, Repor t  upon t h e  geology o f  p o r t i o n s  o f  Nevada, 
Utah, C a l i f o r n i a ,  and Ar izona, examined i n  t h e  y e a r s  1871 and 
1872: U. S. GeogI and Geol. Surveys W .  100th  Mer., v. 3 ,  p. 
21-187. 

, 1928, Stud ies  o f  Basin Range s t r u c t u r e :  U. S. Geol. Survey 
P r o f .  Paper 153, 9 2 p .  

Gregory, H. E. , 1944 , Geologic obse rva t i ons  i n  t h e  upper Sev ie r  
R i v e r  V a l l e y :  Am. Jour .  Sci. ,  v. 242, p. 277-606. 



. - -.. . .  . .  . . .  . 

-- , 1945, Post-Wasatch T e r t i a r y  format ions i n  southwestern 
Utah: Jour.  Geology, v. 53, p. 105-115. 

, 1949 , Geologic and geographic reconnaissance of eas te rn  
M a r k a g u n t  P lateau,  Utah: Geol. SOC. America Bu l l . ,  v. 60, 

p. 969-998. 

, 1951, The geology and geography o f  t h e  Paunsaugunt reg ion,  
Utah: U.S. Geol. Survey Pro f .  Paper 226, 115 p. 

H a l l i d a y ,  M. E . ,  Cook, K .  L., and Sontag, R. J., 1978, G r a v i t y  and 
magnetic surveys as an a i d  t o  geothermal e x p l o r a t i o n  i n  t h e  
Monroe-Marysvale area and v i c i n i t y ,  Utah: Geol. Soc ie ty  o f  
America Abs t rac ts  w i t h  Programs, v. 10, no. 5, p. 217. 

157 

Hardman, Elwood, 1964, Regional g r a v i t y  survey o f  c e n t r a l  I r o n  and 
Washington Count ies,  Utah: unpubl ished M.S. t hes i s ,  U n i v e r s i t y  o f  
Utah, 107 p. 

Henderson, R. G. , and Corde l l  , L. , 1971, Reduct ion o f  unevenly 
spaced p o t e n t i a l  f i e l d  data t o  a h o r i z o n t a l  p lane by means o f  
f i n i t e  harmonic se r ies :  Geophysics, v. 36, p. 856-866. 

H i l p e r t ,  L. S. , and Roberts,  R. J. , 1964, Geology-Economic Geology, 
- i n .  U. S. Geol . Survey, Minera l  and water  resources o f  Utah: 
U. S. 88 th  Cong., 2nd sess., p. 28-38. 

H in tze ,  L. F. , 1963, ( comp i le r ) ,  Geologic map o f  southwestern Utah: 
Utah Geol . and Fl inera l  Survey. 

, 1973, Geologic h i s t o r y  o f  Utah: Brigham Young Univ. Geology 
Studies,  v. 20, p t .  3; 181 p. 

Jackson, W. H., and Pakiser ,  L. C., 1965, Seismic s tudy o f  c r u s t a l  
s t r u c t u r e  i n  t h e  Southern Rocky Mountains: U. S .  Geol. Survey 
Pro f .  Paper 525-D, p. D85-D92. 

Kane, M. F., 1962, A comprehensive system o f  t e r r a i n  c o r r e c t i o n s  
us ing  a d i g i t a l  computer: Geophysics, v. 27, p. 455-462. 

Kane, M. F. , Mabey , D. R. , and Brace, R. , 1976, A g r a v i t y  and magnetic 
i n v e s t i  ga t i on o f  t he  Long Val 1 ey Cal dera , Mono County , 
C a l i f o r n i a :  Jour .  Geophy. Research, v. 81, no. 5 ,  p. 754-762. 

Ka r ig ,  D. E., 1965, Geophysical evidence o f  a ca ldera  a t  Bonanza, 
Colorado: U.S. Geol . Survey Pro f .  Paper 525-8, p. B9-Bl2. 



D 158 

K e l l e r ,  G. R., Smith, R .  B., and B r a i l e ,  L. W . ,  1975, C r u s t a l  
s t r u c t u r e  a lone t h e  Great  Basin-Colorado P la teau  t r a n s i t i o n  
from seismic r e f r a c t i o n  s tud ies :  Jour .  Geophy. Res., v. 80, 
p. 1093-1098. 

Kennedy, R. R. , 1960, Geology between P ine  ( B u l l i o n )  Creek and 
Tenmile Creek, e a s t e r n  Tushar Range, P i u t e  Co., Utah: 
Brigham Young Univ. Research Stud ies ,  Geol. Ser., v. 7, no. 4, 
58 p. 

, 1963a, Geology of P i u t e  Co., Utah: Ph.D. d i s s e r t a t i o n ,  
Univ.  o f  Ar izona,  282 p. 

, 1963b, Sedimentary s t r a t i g r a p h y  o f  t h e  Tushar Range, 
P i u t e  County, Utah, i n  Guidebook t o  Geol. o f  southwestern 
Utah, 1 2 t h  annual f i e l d  conf .  , In te rmtn .  Assoc. Pet.  Geo log is ts ,  
P a  

Ker r ,  P. F., 1963, Geo log ica l  f e a t u r e s  o f  t h e  Marysvale uranium 
area, Utah, i n  Guidebook t o  t h e  Geol. o f  southwestern Utah, 
12 th  annual f i e l d  conf. ,  In te rmtn .  Assoc. Pet.  Geo log is ts ,  p. 
125-135. 

Ke r r ,  P. F. , Brophy, G. P. , Dah1 , H. M. , Green, J . ,  and Woolard, C. E. , 
1957, Marysvale,  Utah, uranium area: Geol. SOC. America Spec. 
Paper 64, 212 p.  

L i n s s e r ,  H., 1967, I n v e s t i g a t i o n  o f  t e c t o n i c s  by g r a v i t y  d e t a i l i n g :  
Geophys. Prosp., v. 15, p. 480-515. 

Loughl i n , G. F. , 1915 , Recent a1 u n i  t e  devel opments near Flarysval e 
and Beaver, Utah: U.S. Geol. Survey B u l l .  620-K, p. 237-270. 

Mackin, J .  H. , 1960a, S t r u c t u r a l  s i g n i f i c a n c e  o f  T e r t i a r y  v o l c a n i c  
rocks  i n  southwestern Utah: Am. Jour .  Sci . ,  v. 258, p. 81-131. 

, 1960b, E r u p t i v e  t e c t o n i c  hypothes is  f o r  t h e  o r i g i n  o f  
B a s i n - R a n g e  structure: Geol. SOC. America Bul l . ,  v.  7 1 ,  p. 1921. 

Maxey, G. B. , 1946 , Geology o f  p a r t  o f  t h e  Pavant Range, M i l  l a r d  
County, Utah: Am. Jour .  Sci. ,  v. 244, p. 324-356. 

Mo l l oy ,  M. W .  , and Ker r ,  P .  F. , 1962, Tushar uranium area, 
Marysvale,  Utah: Geol. SOC. America B u l l . ,  v. 73, p. 211-236. 

Montgomery, J .  R ,  1973, A r e g i o n a l  g r a v i t y  survey o f  western Utah: 
unpub l ished Ph.D. d i s s e r t a t i o n ,  Univ.  o f  Utah, 142 p. 

Moody, J .  D., 1966, C rus ta l  shear p a t t e r n s  and orogenesis :  Tectono- 
phys ics ,  v. 3, p. 479-522. 



159 

Moody, J. D., and H i l l ,  M. J . ,  1956, Wrench-faul t  t e c t o n i c s :  Geol. 
SOC. America Bu l l . ,  v. 67, p. 1207-1246. 

Moore, J G. , 1960, Curvature of normal f a u l t s  i n  t h e  Basin and Range 
p rov ince  of western U.S., U. S. Geol. Survey Pro f .  Paper 400-8, 
p. B409-B411. 

Mundorff, J .  C., 1970, Major thermal spr ings  o f  Utah: Utah Geol. and 
Minera l  Survey Water Resources B u l l .  13. 

N e t t l e t o n ,  L. L., 1976, G r a v i t y  and Magnetics i n  o i l  prospect ing:  
McGraw-Hill Book Company, New York, 464 p. 

Nolan, T. B., 1943, The Basin and Range p rov ince  i n  Utah, Nevada, and 
C a l i f o r n i a :  U. S. Geol. Survey Pro f .  Paper 197-D, p. 141-196. 

Olson, T. L., 1976, Se ism ic i t y  o f  t h e  Roosevel t  Hot  Spr ings and Cove 
F o r t  areas , Beaver and M i  11 a r d  Count ies , Utah: unpubl i shed M.S. 
t hes i s ,  Univ. o f  Utah. 

Pakiser ,  L. C., 1964, Grav i t y ,  volcanism, and c r u s t a l  s t r u c t u r e  i n  t h e  
southern Cascade Range, C a l i f o r n i a :  Ceol. SOC. America Bu l l . ,  v. 
75, p. 611-620. 

Parry,  W. T., Benson, N. L. and F l i l l e r ,  C. D., 1976, Geochemistry and 
hydrothermal a1 t e r a t i o n  a t  se lec ted  Utah Hot  Spr ings: F i n a l  
Report  NSF Grant GI-43741, v. 3, 131 p. 

P l o u f f ,  D., 1977, P re l im ina ry  documentation f o r  a FORTRAN program t o  
compute g r a v i t y  t e r r a i n  c o r r e c t i o n s  based on topography d i g i t i z e d  
on a geographic g r i d :  U.S. Geol . Survey o p e n - f i l e  r e p o r t  77-535. 

P l o u f f  , D. , and Pakiser ,  L.  C. , 1972, G r a v i t y  study o f  t h e  San Juan 
Mountains, Colorado: U.S. Geol. Survey P ro f .  Paper 800-8, p. 
8183-8190. 

Ritzma, H. R., 1972, S i x  Utah " h i n g e l i n e "  we l l s ,  i n  Plateau-Basin and 
Range t r a n s i t i o n  zone,  c e n t r a l  U tah ,  1972: Utah Geol .  Assoc. 
Publ .  2 ,  p. 75-80. 

ROSS, C. S., and Smith, R. L., 1961, Ash-flow t u f f s :  t h e i r  o r i g i n ,  
geo log ic  r e l a t i o n s ,  and i d e n t i f i c a t i o n :  U.S. Geol. Survey 
Prof .  Paper 366, 81 p. 

Rowley, P. D., 1968, Geology o f  t he  southern Sev ie r  Plateau, Utah: 
Ph.D. d i s s e r t a t i o n ,  Univ. o f  Texas, 327 p. 

Rowley, P. D., Anderson, J. J., and Wi l l iams,  P. L., 1975, A summary 
o f  T e r t i a r y  vo l can ic  s t r a t i g r a p h y  o f  t h e  southwestern High 
Plateaus and ad jacent  Great Basin, Utah: U. S. Geol. Survey 
B u l l .  1405-B. 



crs 
1 

160 

Rowley, P. D., Anderson, J. J . ,  Wil l iams,  P. L., and F leck ,  R. L., 
1978, Age o f  s t r u c t u r a l  d i f f e r e n t i a t i o n  between t h e  Colorado 
P la teaus  and Bas in  and Range p rov inces  i n  southwestern Utah: 
Geology, vo l .  6, p. 51-55. 

Rowley, P. D., Lipman, P. W., Mehnert, H. H., L indsey,  D. A., and 
Anderson , J J , 1978 , B1 ue r i b b o n  1 i neament , an e a s t - t r e n d i  ng 
s t r u c t u r a l  zone w i t h i n  t h e  Pioche m ine ra l  b e l t  of southwestern 
Utah and e a s t e r n  Nevada: U. S. Geol. Survey Jour .  Research, 
v. 6, no. 2, p .  175-192. 

Sandberg, C. H., 1958, T e r r a i n  c o r r e c t i o n s  f o r  an i n c l i n e d  p lane 
i n  g r a v i t y  computat ions:  Geophysics, v. 23, p. 701-711. 

Sbar, M. , Barazangi , M. , Dorman, J . , Schol z, C. H. , and Smith, 
R., 1972, Tec ton ics  o f  t h e  In te rmoun ta in  Seismic B e l t ,  western 
U. S.: Geol. SOC. America Bu l l . ,  v. 83, p. 13-27. 

S c h e l l i n g e r ,  D. K., 1972, Cur ie-depth de te rm ina t ion  i n  t h e  High 
Plateaus,  Utah: unpub l ished M.S. t h e s i s ,  Univ. o f  Utah, 176 p. 

Schneider,  M. C., 1964, Geology o f  t h e  Pavant Mountains west  o f  
R i c h f i e l d ,  Sev ie r  County, Utah: Brigham Young Univ. Geology 
Stud ies ,  v. 11, p. 129-139. 

Selk,  D. C., 1976, C rus ta l  and upper-mant le s t r u c t u r e s  i n  Utah as 
determined by g r a v i t y  p r o f i l e s :  unpub l ished M.S. t h e s i s ,  Univ. 
o f  Utah, 81  p. 

Scholz,  C. H., Barazangi ,  !I., and Sbar, M. L., 1971, L a t e  Cenozoic< 
e v o l u t i o n  o f  t h e  Great  Basin,  Western U.S., as an e n s i a l i c  
i n t e r a r c  bas in :  Geol. SOC. America Bu l l . ,  v. 82, p .  2979. 

Shuey, R. T., and Pasquale, A. S., 1973, End c o r r e c t i o n s  i n  magnetic 
p r o f i l e  i n t e p r e t a t i o n :  Geophysics, v. 38, p. 507-512. 

Shuey, R. T., S c h e l l i n g e r ,  D. K., Johnson, E. H., and A l l e y ,  L. B., 
1973, Aeromagnetics and t h e  t r a n s i t i o n  between t h e  Colorado 
P la teau  and t h e  Bas in  and Range p rov ince :  Geology, v. 1, 
p. 107-112. 

Smith, J. T., 1973, An i n t e r p r e t a t i o n  o f  g r a v i t y  anomal ies i n  n o r t h  
eas te rn  Utah: unpub l ished M.S. t h e s i s ,  U n i v e r s i t y  o f  Utah, 74 p. 

Smith, R. B., and Sbar, 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  t h e  western U n i t e d  S ta tes  w i t h  emphasis on the  
In te rmoun ta in  Seismic B e l t :  Geol. SOC. America Bu l l . ,  v. 85, 
p. 1205-1218. 

Smith, R. B., 1977, I n t r a p l a t e  t e c t o n i c s  o f  t h e  western Nor th  America 
p l a t e :  Tectonophysics,  v. 37, p. 323-336. 



b 

t 

I 

. . .. .. . . ... - . . .  . 

161 

Smith, R. B. , and Eaton , G. P. , eds. , 1978, Cenozoic Tectonics and 
r e g i o n a l  geophysics of t h e  Western C o r d i l l e r a :  Geol SOC. 
America Memoir 152, i n  press. 

Snow, J .  H., 1978, A study of s t r u c t u r a l  and t e c t o n i c  p a t t e r n s  as 
i n t e r p r e t e d  from g r a v i t y  and aeromagnetic data, unpubl ished M.S. 
t h e s i s ,  Univ. o f  Utah, 206 p. 

Sontag, R. J . , 1965, Regional g r a v i t y  survey o f  p a r t s  of Beaver, 
M i l l a r d ,  P i u t e ,  and Sev ie r  Counties, Utah: unpubl ished M.S. 
t h e s i s ,  Univ. o f  Utah, 32 p.  

Spieker, E. N., 1946, L a t e  Mesozoic and e a r l y  Cenozoic h i s t o r y  o f  
c e n t r a l  Utah: U.S. Geol . Survey Prof .  Paper 205-D, p. 117-161. 

, 1949, T r a n s i t i o n  between t h e  Colorado Plateau and t h e  
Great Basin i n  c e n t r a l  Utah: Guidebook t o  t h e  geology of Utah, 
no. 4, Utah Geol. SOC., 106 p. 

Steven, T. A . ,  Cunningham, C. G., Naeser, C. W., and Mehnert, H. H., 
1977 , Revi sed s t r a t i g r a p h y  and r a d i o m e t r i c  ages o f  v o l c a n i c  
rocks and minera l  deposi ts  i n  t h e  Marysvale area, west -centra l  
Utah: U.S. Geol. Survey o p e n - f i l e  r e p o r t  77-569, 45p. 

Steven, T. A . ,  and Lipman, P. W . ,  1976, Calderas o f  t h e  San Juan 
Volcanic  f i e l d ,  southwestern Colorado: U.S. Geol. Survey Prof .  
Paper 958, 35 p. 

Steven, T. A., Rowley, P .  D., and Cunningham, C. G., 1978, Geology o f  
t h e  Marysvale vo l can ic  f i e l d ,  west c e n t r a l  Utah: Brigham Young 
Univ. Geology Studies,  v. 25, p a r t  1, p. 67-70. 

Stewar t ,  J .  H., 1971, Basin and Range s t r u c t u r e :  A system o f  h o r s t s  
and grabens produced by deep-seated extension: Geol. SOC. America 
B u l l . ,  V. 82, p. 1019-1044. 

Stewart ,  J .  H . ,  Moore, W. J . ,  and Z i e t z ,  I . ,  1977, East-west p a t t e r n s  
o f  Cenozoic igneous r o c k s ,  aeromagnetic anomalies, and m ine ra l  
deposi ts ,  Nevada and Utah: Geol. Surv. America Bul”l., v. 88, p. 
67-77. 

Stokes, W .  L., 1965, Tectonic  h i s t o r y  o f  southwest Utah: Utah Geol. 
Soc ie ty  Guidebook t o  the  Geol. o f  Utah No. 19, p .  3-11. 

, 1968, R e l a t i o n  o f  f a u l t  t rends and m i n e r a l i z a t i o n ,  eastern 
Great Basin, Utah: Econ. Geology, v. 1, 63, p. 751. 

-- , 1972, S t r a t i g r a p h i c  problems o f  t he  T r i a s s i c  and J u r a s s i c  
sedimentary rocks o f  Centra l  Utah, i n  Plateau-Basin and Range 
t r a n s i t i o n  zone, c e n t r a l  Utah: U tahGeo l .  Assoc. P u b l i c a t i o n  No. 
2. 



162 

, 1976, What i s  t h e  Wasatch L ine?:  
Geo log is ts  - 1976 symposium, p. 1 1 - 2 r  

i n  Rocky Mountain Assoc. 

b 

, 1977, Subd iv i s ion  of t h e  major  phys iographic  p rov inces  i n  Utah: 
Utah Geology, v. 4, no. 1, p. 1-17. 

Stokes, W. L., and Heylmun, E. B., 1963, Tectonic  h i s t o r y  of south- 
western Utah: In te rmounta in  Assoc. of P e t r o l .  Geo log is ts  12 th  
annual f i e l  d conference. 

Swick, C. H., 1942, Pendulum g r a v i t y  measurements and i s o s t a t i c  
reduc t ions :  U.S. Coast and Geodetic Survey Spec. Pub. 232. 

Talwani, M., 1965, Computation w i t h  he lp  o f  a d i g i t a l  computer o f  
magnetic anomalies caused by bodies o f  a r b i t r a r y  shape: 
Geophysics, v. 30, p. 797-817. 

Talwani , M. , Worzel , J . L. , and Landisman, M. , 1959, Rapid g r a v i t y  
computations f o r  two-dimensional bodies w i t h  a p p l i c a t i o n  t o  t h e  
Mendocino submarine f r a c t u r e  zone: Jour.  Geophys. Research, 
V. 64, p. 49-59. 

Thompson , G. A. , and Burke, D. B., 1974, Regional geophysics o f  
t h e  Bas in  and Range prov ince:  Ea r th  and P lane ta ry  Science 
Annual Review, v. 2, p. 213-238. 

Vajk, R., 1956, Bouguer c o r r e c t i o n s  w i t h  v a r y i n g  sur face  dens i ty :  
Geophysics, v. 21, p. 1004-1020. 

Ward, S. H., 1977, Geothermal e x p l o r a t i o n  a r c h i t e c t u r e :  Technica l  
Repor t  ERDA Grant EY-76-S-07-1601, v. 77-2, 19 p. 

Wender, L. E. , 1976 , Chemical and m ine ra log i ca l  e v o l u t i o n  o f  t he  
Cenozoic vo lcan ics  o f  t h e  Marysvale, Utah area: unpubl ished M.S. 
t h e s i s ,  Univ. o f  Utah, 57p. 

White, D. E., and Wi l l iams,  D. L., 1975, Assessment o f  geothermal 
resources o f  t h e  U n i t e d  S t a t e s  - 1975: U.S.  Geol .  
Survey C i r c .  726, 155p. 

W i l l a r d ,  M. E., and Callaghan, E., 1962, Geology o f  t h e  Marysvale 
quadrangle, Utah: U.S. Geol. Survey Map GQ-154. 

Wi l l iams,  P. L. and Hackman, R. J . ,  1971, Geology, s t r u c t u r e  and 
uranium depos i ts  o f  t h e  S a l i n a  quadrangle, Utah: U. S. 
Geol . Survey Map 1-591. 

Yokoyama, I .  , 1958 , G r a v i t y  survey on Ku t t ya ro  Caldera Lake: Jour. 
Phys ics o f  t h e  Ear th,  v. 6, p. 75-79. 



Grs 
b 

163 

Z ie tz ,  I . ,  Shuey, R. T., and K i rby ,  J .  R . ,  J r . ,  1976, Aeromagnetic map 
o f  Utah: U.S. Geol . Survey Map GP-907. 

(1 



4 64 

VITA 

Name 

B i  r t h d a t e  

B i r t h p l a c e  

High School 

Uni v e r s i  t y  
1970-1 974 

Degree 
1974 

Pro fess iona l  Organizat ions 
1976- 1978 

Pro fess iona l  P o s i t i o n s  
summer 1976 

Research A s s i s t a n t  
1977- 1978 

Graduate Study 
1975-1 978 

Honors 
1976- 1977 

Mark E v e r e t t  Hal 1 i d a y  

May 9, 1952 

Oakland, C a l i f o r n i a  

Cen t ra l  Bucks High School 
Doylestown, Pennsylvania 

W i l l i a m e t t e  U n i v e r s i t y  
Salem, Oregon 

B.S. i n  Physics 
W i l l i a m e t t e  U n i v e r s i t y  
Sa 1 em, Oregon 

Society  o f  E x p l o r a t i o n  
Geophysic ists,  s tudent  member 

Geophysic is t  
Noranda E x p l o r a t i o n  U.S.A. 
Anchorage, Alaska 

Department o f  Geology 
U n i v e r s i t y  of Utah 
S a l t  Lake City, Utah 

U n i v e r s i t y  of Utah 
S a l t  Lake City, Utah 

and Geophysics 

ASARCO Graduate Fel lowship 
i n  Geophysi cs 
U n i v e r s i t y  o f  Utah 



James K A w l  egate 

Distribution List - External 

Department- of Geology 
Boise State University 
Boise, ID 83725 

Carl F. Austin 
c/o Geothermal Technology 
Code 2661, NWC 
China Lake, CA 93555 

Larry Ball 
DOE 
Division of Geothermal Energy 
3rd Floor 
20 Massachusetts Ave. , N.W. 
Washington, DC 20545 

David D. Blackwell 
Southern Methodist University 
Department of Geological Sciences 
Dallas, TX 75275 

C. M. Bonar 
Director, Geothermal Projects 
Atlantic Richfield Co. 
P.O. Box 1829 
Dallas, TX 75221 

Will iam D. Brumbaugh 
Geophysics Bldg. , Room 12 
Interpretation Group 
Conoco 
Ponca City, OK 74601 

Bob Christiansen 
U.S. Geological Survey 
345 Mi ddlef i el d Rpad 
Menlo Park, CA 94205 

Jim Combs 
Geothermal Services, Inc. 
10072 Willow Creek Rd. 
San Diego, CA 92131 

Sam Arentz, Jr., President 
Steam Corporation of America 
1720 Beneficial Life Tower 
Salt Lake City, UT 84111 

Lawrence Axtell 
Geothermal Services, Inc. 
10072 Wi 1 low Creek Rd. 
San Diego, CA 92131 

Ronald Barr 
Earth Power Corporation 
P.O. Box 1566 
Tulsa, OK 74101 

Gunnar Bodvarsson 
Oregon State University 
School of Oceanography 
1377 N.W. Alta Vista Dr. 
Corvallis, OR 97330 

Rudolf A. Black 
DOE 
Director of Div. of Geothermal Energy 
3rd Floor 
20 Massachusetts Ave., N.W. 
Washington, DC 20545 

Glen Campbell 
Geothermal Supervisor 
Gulf Min. Resource Company 
1720 South Bell Aire St. 
Denver, CO 80222 

Eugene V. Ci ancanel 1 
Consulting Geologist 
12352 Escala Drive 
San Diego, CA 92128 

F. Dale Corman, Pres dent 
O'Brien Resources, Inc. 
49 Toussin Avenue 
Kentfield, CA 94904 



Ri tchi e Coryel 1 
Program Manager 
National Science Foundation 
1800 G Street, N.W. 
Washington, DC 20050 

Gary Crosby 
Phillips Petroleum Company 

Bartlesville, OK 74003 
71-C PRC 

K. R. Davis 
Thermal Power Co. 
601 California Street 
San Francisco, CA 94108 

Katie Dixon 
3781 Lois Lane 
Salt Lake City, UT 84117 

John E. Dooley 
R. F. Smith Corp. 
552 E. 3785 S. 
Salt Lake City, UT 84106 

Robert C. Edmiston 
District Supervisor 
Chevron Resources Company 
P.O. Box 3722 
San Francisco, CA 94119 

Val A. Finlayson 
Research Engineer 
Utah Power and Light Company 
1407 West North Temple 
Salt Lake City, UT 84110 

Ron Forrest , Geol ogi s t 
Phillips Petroleum Co. 
P.O. Box 858 
Milford, UT 84751 

Gary Galyardt 
U.S. Geological Survey 
MS 602 
Box 25046, Federal Center 
Denver, CO 80225 

R. Corwin 
Dept . Eng . Geoscience 
University of California @ Berkeley 
Berkeley, CA 94720 

C. G. Cunningham 
U.S. Geological Survey 
Box 25046, Mail Stop 907 
Denver Federal Center 
Denver, CO 80225 

Lucy DeLuke 
Main Street 
Marysvale, UT 84750 

Wi 11 iam Dol an 
Chief Geophysicist 
Amax Exploration Inc. 
4704 Harlan Street 
Denver, CO 80212 

Earth Sciences Division Library 
Building 90 
University o f  California 
Lawrence Berkeley Laboratory 
1 Cyclotron Road 
Berkeley, CA 94720 

Samuel M. Eisenstat, President 
Geothermal Exploration Co., Inc. 
400 Park Ave. 
New York City, NY 10022 

Mi 1 ton Fisher 
295 Madison Avenue 
New York City, NY 10017 

Frank Frischknecht 
Box 25046, Denver Federal Center 
U.S. Geological Survey 
Denver, CO 80225 

N .  Sylvia Goeltz 
UV Industries, Inc. 
19th Floor, University Club Bldg. 
Salt Lake City, UT 84111 



N. E .  Goldstein 
Lawrence Berkeley Laboratory 
B u i l d i n g  90 
University of Ca l i fo rn ia ,  Berkeley 
Berkeley, CA 94720 

Bob Greider ,  V .  P. Exploration 
In te rcont inenta l  Energy Co. 
P .O.  Box 17529 
Denver, CO 80217 

G1 enn Hal 1 i day 
3043 B r i g h t o n  Place 
S a l t  Lake Ci ty ,  UT 84121 

Dee C.  Hansen 
Utah S t a t e  Engineer 
442 S t a t e  Capitol 
S a l t  Lake Ci ty ,  UT 84114 

Gerald W .  Huttrer, Sr. Geologist 
In te rcont inenta l  Energy Corporation 
7503 Marin Dr., Suite l - C  
Englewood, CO 80110 

Norris Jensen 
General Del i very 
Monroe, UT 84754 

Richard L. Jodry 
P.O.  Box 941 
Richardson, TX 75080 

George Kel ler  
Professor  and Head 
Department of Geophysics 
Colorado School of Mines 
Golden, CO 80401 

Mark Landisman 
Professor of Geophysics 
Uni versi t y  of Texas, Dal las 
Box 688 
Richardson , TX 95080 1 

Steven M. Goldstein 
The Mitre Corporation 
Metrek Division 
1820 Dolley Madison Blvd.  
McLean, VA 22101 

J .  H. Hafenbrack 
Exxon Co. USA 
P.O. Box 120 
Denver, CO 80201 

Mark Halliday 
c/o Resource Associates of Alaska 
3230 Airport  Way 
Fairbanks, AK 99706 

Norman Har th i l l  
Executive Vice President 
Group Seven, Inc.  
1301 Arapahoe S t . ,  Suite 300 
Golden, CO 80401 

Laurence P. James 
2525 South  Dayton Way #1406 
Denver, CO 80231 

George R .  J i r acek  
Department of Geology 
University of New Mexico 
Albuquerque, NM 87131 

Paul Kasameyer 
Lawrence Livermore Lab, L-224 
P.O. Box 808 
Livermore, CA 94550 

James B. Koenig 
Geothermex 
901 Mendocino Avenue 
Berkeley, CA 94704 

Guy W. Leach, Geologist 
Oil Development Company o f  Texas 
Box 12053, American National Bank Bldg. 
Amarillo, TX 79101 



63 
Dick Lenzer 
P h i  11 ips Petroleum Company 
P.O. Box 752 
Del Mar, CA 92014 

Robert B. FicEuen 
Woodward Clyde Consultants 
Three Embarcadero Center, Suite 700 
San Francisco, CA 94111 

S k i p  Matlick 
Republ i c  Geothermal 
P.O. Box 3388 
Santa Fe S p r i n g s ,  CA 90670 

Frank G .  Metcalfe,  Pres. 
Geothermal Power Corporation 
1127 Grant Ave. , Suite 6 
P.O.  Box 1186 
Novato, CA 94947 

Frank Morrison 
Professor of Geophysics Eng. 
University of Cal i forn ia  
Hearst Mining Building 
Berkeley, CA 94720 

C1 ayton Nichols 
DOE 
Divison of Geothermal Energy 
3rd Floor 
20 Massachusetts Ave., N . W .  
Washington, DC 20545 

Wayne Peep1 es 
Dept. o f  Geological Sciences 
Southern Methodist University 
Dallas, TX 75221 

Alan 0. Ramo 
Sunoco Energy Development Co. 
12700 Park Central P1 .  
S u i t e  1500, Box 9 
Dal las ,  TX 75251 

Jack Sal isbury 
DOE 
Division of Geothermal Energy 
3rd Floor 
20 Massachusetts Ave., N . W .  
Washington, DC 20545 

James 0. McClellan, President 
Geothermal E l e c t r i c  Systems Corp. 
P.O. Box 17574 
S a l t  Lake City,  UT 84117 

Don C .  McMillan 
Utah Geological & Mineral Survey 
606 Blackhawk Way, Research Park 
S a l t  Lake Ci ty ,  UT 84108 

Tsvi Meidav 
Consultant 
40 Brookside Ave. 
Berkeley, CA 94705 

J e r r y  Montgomery 
ASARCO Inc. 
Geophysical Off ice  
3422 S. 700 W. 
S a l t  Lake Ci ty ,  UT 84119 

L. J .  Pa t r ick  Muffler 
U.S. Geological Survey 
345 Mi ddl e f  i el d Road 
Menlo Park, CA 94205 

Care1 Otte 
President of Geothermal Division 
Union Oil Company 
P.O. Box 7600 
Los Angeles, CA 90051 

Donald Plouff 
U.S. Geological Survey 
345 Middlefield Road 
Menlo Park, CA 94025 

Robert W .  Rex, President  
Republic Geothermal, Inc. 
11823 E .  Slauson Ave., Su i t e  1 
Santa Fe Springs,  CA 90670 

Konosuke Sat0 
Metal Mining Agency of Japan 
Tokiwa Bldg. 
1-24- 14 Toranomon 
Minato-Ku, Tokyo 
JAPAN 



John V. A. Sharp 
Hydrosearch, I n c .  
333 F l i n t  S t r e e t  
Reno, NV 89501 

Gregory L. Simay 
City of Burbank - P u b l i c  Serv ice  Dept. 
164 West Magnolia Blvd. 
Burbank, CA 91503 

H. W. Smith 
Department o f  E l e c t r i c a l  Engg. 
U n i v e r s i t y  o f  Texas , Aus t in  
Aus t in ,  TX 78712 

Paul V.  Storm 
C a l i f o r n i a  Energy Company, I nc .  
Wel ls Fargo Bldg., S u i t e  300 
P.O. Box 3909 
Santa Rosa, CA 95402 

Charles M. S w i f t ,  Jr. 
Chevron O i l  Co.-Minerals Staf f  
P.O. Box 3722 
San Francisco, CA 94105 

Bernard T i l l emen t  
Aqu i ta ine  Co. o f  Canada 
2000 Aqu i ta ine  
540 5 t h  Avenue, S.W. 
Calgary, A l b e r t a  
Canada 

John Tsiaperas 
She l l  O i l  Company 
Box 831 
Houston, TX 77001 

D. Roger Wa l l ,  Geo log is t  
Geothermal Resources D i v i s i o n  
Aminoi l  USA, Inc .  
1250 Coddingtown Center 
Santa Rosa, CA 95401 

Ed W i t t e r h o l t  
City Serv ices O i l  Company 
Energy Research Laboratory  
Box 50408 
Tulsa, OK 74150 

Wayne Shaw 
Get ty  O i l  Company 
P.O. Box 5237 
Bakers f i e ld ,  CA 93308 

W. P. Sims 
DeGolyer and MacNaughton 
One Energy Square 
Da l las ,  TX 75206 

T. A. Steven 
U.S. Geologica l  Survey 
Denver Federal  Center 
Denver, CO 80225 

Chandler Swanberg 
New Mexico S ta te  U n i v e r s i t y  
P.O. Box 4408 
U n i v e r s i t y  Park D r .  
Las Cruces, NM 88003 

J. B. Syptak 
Anadarko Produc t ion  Co. 
P.O. Box 1330 
Houston, TX 77001 

Ronald Toms 
DOE 
D i  v i  s i  on o f  Geothermal Energy 
3 rd  F l o o r  
20 Massachusetts Ave., N.W. 
Washington, DC 20545 

Jack Von Hoene 
Davon, Inc .  
250 Nor th 100 West 
M i l f o r d ,  UT 84751 

Paul Wal ton, Pres ident  
American Geologica l  Enterpr ises ,  I nc .  
1102 Wal ker  Bank B1 dg . 
S a l t  Lake City, UT 84111 

W i l l i a m  B. Wray, Jr. 
VanCott, Bagley, Cornwall & McCarthy 
141 East 1 s t  South 
S a l t  Lake City, UT 84111 



B 
Paul C.  Yuen 
University of Hawaii @ Manoa 
2540 Dole Street, Holmes 240 bd Honolulu, HI 96822 

E l l i o t  J .  Zais 
E l l i o t  Zais & Associates 
7915 N.W. S i s k i n  Dr. 
Corva l l i s ,  OR 97330 

S. H .  Yungul 
Chevron Resources Co. 
P.O. Box 3722 
San Francisco, CA 94119 


	ABSTRACT
	ACKNOWLEDGMENTS
	LIST OF ILLUSTRATIONS
	INTRODUCTION
	Purpose
	Location
	Physiography
	Previous Investigations

	GEOLOGY
	Stratigraphy
	Structure
	Data

	DATA ACQUISITION
	Instrumentation
	Regional Gravity Data
	Detailed Gravity Data
	Detailed Ground Magnetic Data

	DATA REDUCTION
	Gravity Data Reduction
	Gravi ty Terrai n Corrections
	Ground Magnetic Data Reduction
	Error Analysis

	DATA PROCESSING
	Preparation of Data
	Polynomi a1 Surface Fi 1 teri ng

	INTERPRETATION
	Methods of Interpretation
	Regional Gravity Survey
	1) Complete Bouguer Gravity Anomaly Map
	Maps
	3) Interpretive Geologic Cross Sections
	Sevier Valley Profile
	Pavant Range Marysvale Valley Profile
	Mount Belknap Caldera Profile
	Tushar Mountains Sevier Plateau Profile


	Detailed Gravity and Ground Magnetic Surveys
	1) Monroe Hot Springs Area
	Total Magnetic Intensity Anomaly Map
	Red Hill Magnetic Profile (M77-1)
	Red Hil.1 Gravity Profile ("RH")
	SS Canyon Magnetic Profile (M77-14)
	Sand Canyon Gravity Profile ("SC")

	2) Joseph Hot Springs Area
	Joseph Magnetic Profile
	Joseph Gravity Profile



	SUMMARY AND CONCLUSIONS
	APPENDIX 1 Description of Field Base Stations
	2 Gravity Base Station Ties
	Gravity Survey
	Gravity and Ground Magnetic Surveys

	Facts of Gravity Data
	Facts of Ground Magnetic Data
	REFERENCES
	540
	600
	100
	300




