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i 

ABSTRACT 

The T e r r a c e and Hogup Moun ta ins a r e i n w e s t c e n t r a l Box E l d e r 
C o u n t y , U t a h . They a r e i n t h e m i d d l e o f t h e mapped a r e a wh ich 
c o m p r i s e s a 300 s q u a r e m i l e r e g i o n b e t w e e n K e l t o n t o t h e n o r t h and 
t h e L a k e s i d e and Newfoundland Moun ta in s t o t h e s o u t h . 

No r o c k s o l d e r t h a n u p p e r P e n n s y l v a n i a n a r e e x p o s e d i n t h e 
mapped a r e a . S t r a t a which a g g r e g a t e a p p r o x i m a t e l y 2 2 , 2 0 0 f e e t a r e 
a s s i g n e d t o t h e f o l l o w i n g s y s t e m s and f o r m a t i o n s : P e n n s y l v a n i a n — 
O q u i r r h F o r m a t i o n , V i r g i l i a n S e r i e s ( 3 0 0 0 + ) ; Pe rmian — O q u i r r h 
F o r m a t i o n , Wolfcampian S e r i e s ( 6 7 1 8 + ) , Diamond Creek S a n d s t o n e 
( 2 8 5 2 ) , L o r a y ? F o r m a t i o n (31*20), P a r k C i t y F o r m a t i o n , Grandeur 
Member ( 1 8 3 8 ) , P h o s p h o r i a F o r m a t i o n , Meade Peak P h o s p h a t i c (1*01*). 
Rex C h e r t Member ( 1 1 5 7 ) , G e r s t e r F o r m a t i o n ( 9 0 3 ) ; T r i a s s i c — 
Dinwoody F o r m a t i o n (161*7). and Thaynes F o r m a t i o n ( 3 2 9 + ) . P l i o c e n e 
s t r a t a o f t h e S a l t Lake Group and P l e i s t o c e n e s t r a t a of t h e Lake 
B o n n e v i l l e Group a r e p r e s e n t i n t h e T e r r a c e Moun ta ins a r e a b u t 
n e i t h e r of t h e s e g r o u p s h a s b e e n d i f f e r e n t i a t e d . 

T r i a s s i c s t r a t a a r e p a r a c o n f o r m a b l e above Permian s t r a t a . 
A n g u l a r u n c o n f o r m i t i e s a r e r e c o g n i z e d a t t h e b a s e of t h e P l i o c e n e 
and t h e P l e i s t o c e n e s e d i m e n t s . 

I g n e o u s r o c k s of P l i o c e n e age c o m p r i s e d i a b a s i c and b a s a l t i c 
d i k e s , b a s a l t f l o w s and a w e l d e d t u f f d e p o s i t . 

The T e r r a c e M o u n t a i n s a r e s t r u c t u r a l l y s i m i l a r t o n e i g h b o r i n g 
r a n g e s e x c e p t f o r t h e a p p a r e n t a b s e n c e of h i g h - a n g l e r e v e r s e and 
l a r g e s c a l e t h r u s t f a u l t s . The Big P a s s g r a b e n d i v i d e s t h e T e r r a c e 
Moun ta in s i n t o e a s t e r n and w e s t e r n s t r u c t u r a l b l o c k s , e ach c h a r ­
a c t e r i z e d by l o n g , h i g h - a n g l e , n o r t h - s o u t h t r e n d i n g b o u n d a r y f a u l t s 
and minor e a s t - w e s t n o r m a l f a u l t s . A s y s t e m of a r c u a t e r o t a t i o n a l 
f a u l t s i s p r e s e n t i n t h e w e s t e r n b l o c k . F o l d s a r e b r o a d and o f 
l a r g e s c a l e e x c e p t f o r t h o s e a t t h e n o r t h end of t h e e a s t e r n T e r r a c e 
M o u n t a i n s , i n t h e Hogup M o u n t a i n s , and a t t h e s o u t h end of C r o c o d i l e 
M o u n t a i n . The s t r u c t u r e of o u t l y i n g a r e a s i s s i m i l a r t o t h a t of 
t h e two p r i n c i p a l b l o c k s , b u t i t s i n t e r p r e t a t i o n i s d i f f i c u l t due 
t o t h e c o v e r of Q u a t e r n a r y l a c u s t r i n e s e d i m e n t s . The e x i s t e n c e of 
c o n c e a l e d b o r d e r f a u l t s a l o n g t h e e a s t e r n s i d e of t h e a r e a i s 
p o s t u l a t e d on p h y s i o g r a p h i c e v i d e n c e . D e s i c c a t i o n f r a c t u r e s and 
d e p r e s s i o n s t r u c t u r e s a r e p r e s e n t i n u n c o n s o l i d a t e d s e d i m e n t s . 

The geomorphic deve lopmen t of t h e a r e a i n c l u d e s o u t s t a n d i n g 
s h o r e - l i n e f e a t u r e s l e f t b y P l e i s t o c e n e Lake B o n n e v i l l e . The 
e l e v a t i o n s o f t h r e e major t e r r a c e s i n t h e Hogup Moun ta in s a r e : 
B o n n e v i l l e - 521*8 f e e t , P rovo - 1+833 f e e t , and S t a n s b u r y - 1*518 
f e e t . S h o r e l i n e s a r e a s much a s 50 f e e t h i g h e r i n t h e s o u t h e r n 

. T e r r a c e M o u n t a i n s . 

i 

ABSTRACT 

The Terrace and Hogup Mountains are in west central Box Elder 
County, Utah . They are in the middle of the mapped area which 
comprises a 300 square mile region between Kel ton to t he north and 
the Lakeside and Newfoundland 110untains to the south . 

No rocks older than upper Pennsylvanian are exposed in the 
mapped area. Strata which aggregate approximately 22 , 200 feet are 
assigned to the following systems and formations: Pennsyl vanian -­
Oquirrh Formation, Virgilian Seri es (3000+) ; Permian -- Oquirrh 
Formation , Wolfcampian Series (6718+) , Diamond Creek Sandstone 
(2852) , Lor~? Formation (3420) , Park City Formation, Grandeur 
Member (1838) , Phosphoria Formation, Meade Peak Phosphatic (404), 
Rex Chert Member (1157 ) , Ger ster Formation (903) ; Triassic -­
Dinwoody Formati on (1647 ), and Thaynes Formation (329+) . Pliocene 
strata of the Salt Lake Group and Plei stocene strata of the Lake 
Bonneville Group are present in the Terrace Mountains area but 
neither of these groups has been di ffe r enti ated . 

Triassic strata are paraconfor mabl e above Permian str ata. 
Angular unconformities are recognized at t he base of the Pliocene 
and t he Pleistocene sediments . 

Igneous rocks of Pliocene age comprise diabasi c and basaltic 
dikes , basalt flows and a wel ded tuff deposit . 

The Terrace Mountains are structurally similar to neighboring 
ranges except for the apparent absence of high- angle rever se and 
l arge scale thrust faults . The Big Pass graben divi des the Ter race 
Mountains into eastern and western structural blocks, each char­
acterized by long, high-angle, north- south trending boundary faults 
and minor east-west nor mal faults . A s,ystem of arcuate r otational 
fault s is present in t he western block. Folds are broad ~nd of 
l arge scale except for those at the north end of t he eastern Ter race 
Mountains , in the Hogup Mountains , and at the sout~ end of Crocodile 
Mountain . The structure of out~ng areas is similar to that of 
the two principal blocks, but its interpretation is difficul t due 
to the cover of Quaternary lacustrine sediments . The exi stence of 
concealed border faults along t he eastern side of t he area is 
postulated on physiographic evidence . Desiccation fractures and 
depression structures are present in unc onsolidated sediments . 

The geomorphic development of the area includes outstanding 
shore- l ine features left by Pleistocene Lake Bonnevil le . The 
el evations of three major terraces in the Hogup MountainS are: 
Bonneville - 5248 feet , Provo - 4833 feet, and Stansbury - 4518 
feet . Shore lines are as much as SO feet higher in t he souther n 
.Terrace Mountains . 
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N o n - m e t a l i c d e p o s i t s o f economic s i g n i f i c a n c e , i n c l u d i n g 
b e n t o n i t i c c l a y , v i t r i c t u f f , g r a v e l and p h o s p h a t i c s h a l e a r e 
p r e s e n t i n t h e a r e a . 

D u r i n g l a t e P e n n s y l v a n i a n and e a r l y Permian t i m e t h e mapped 
a r e a l a y w i t h i n t h e n o r t h w e s t e r n p a r t of t h e O q u i r r h B a s i n . 
E n v i r o n m e n t a l c o n d i t i o n s changed v e r y l i t t l e t h r o u g h o u t t h i s t i m e . 
D u r i n g L e o n a r d i a n t i m e t h e Diamond Creek S a n d s t o n e and t h e L o r a y ? 
F o r m a t i o n were d e p o s i t e d i n s h a l l o w m a r i n e w a t e r . Mar ine c o n ­
d i t i o n s p r e v a i l e d d u r i n g G u a d a l u p i a n t i m e when s t r a t a of t h e P a r k 
C i t y , P h o s p h o r i a , and G e r s t e r F o r m a t i o n s were d e p o s i t e d , 

A p a r a c o n f o r m a b l e r e l a t i o n s h i p i s i n d i c a t e d be tween s t r a t a 
of Pe rmian and T r i a s s i c a g e . The Dinwoody and Thaynes F o r m a t i o n s 
were d e p o s i t e d i n s h a l l o w w a t e r i n a s u b s i d i n g b a s i n . 

F o l d s b e l o n g i n g t o two g r o u p s were formed i n l a t e Mesozoic 
o r e a r l y Cenozo ic t i m e . F o l d i n g was f o l l o w e d by b l o c k f a u l t i n g 
and t i l t i n g of t h e b l o c k s t o t h e n o r t h w e s t . 

Topography a n c e s t r a l t o t h a t o f t h e p r e s e n t d e v e l o p e d d u r i n g 
l a t e Cenozo ic t i m e , p r e v i o u s t o d e p o s i t i o n o f s t r a t a o f t h e S a l t 
Lake G r o u p . F a u l t i n g o f P l i o c e n e and P l e i s t o c e n e age i s r e c o g n i z e d * 

ii 

Non-metalic deposits of economic significance, including 
bentonitic cl~, vitric tuff, gravel and phosphatic shale are 
present in the area. 

During late Pennsylvanian and early Permian time the mapped 
area ~ within the northwestern part of the Oquirrh Basin . 
Environmental conditions changed very little throughout this time . 
During Leonardian time the Diamond Creek Sandstone and the Loray? 
Formation were deposited in shallow marine water. Marine con­
ditions prevailed during Guadalupian time when strata of the Park 
City, Phosphoria, and Gerster Formations were deposited. 

A paraconformable relationship is indicated between strata 
of Permian and Triassic age . The Dinwoody and Th~es Formations 
were deposited in shallow water in a subsiding basin. 

Folds belonging t o two groups were formed in l ate Mesozoic 
or early Cenozoic time . Folding was followed by block faulting 
and tilting of the blocks to the northwest . 

Topography ancestral to that of t he present devel oped during 
late Cenozoic time, previous to deposition of strata of the Salt 
Lake Group. Faulting of Pliocene and Pleistocene age is recogni zed. 
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INTRODUCTION 

PURPOSE OF STUDY 

The p u r p o s e of s t u d y was t o d e c i p h e r t h e s t r a t i g r a p h y and t h e s t r u c ­

t u r e o f t h e T e r r a c e and Hogup M o u n t a i n s and t h e h i l l s s u r r o u n d i n g them 

and t o p r e p a r e a g e o l o g i c map o f t h e a r e a . S p e c i a l a t t e n t i o n was p a i d t o 

t h e l a c u s t r i n e f e a t u r e s o f Lake B o n n e v i l l e t h a t a r e w e l l d e v e l o p e d • 

LOCATION 

The T e r r a c e and Hogup Moun ta in s a r e i n w e s t - c e n t r a l Box E l d e r Coun­

t y i n n o r t h w e s t e r n U t a h , and t h e n o r t h e a s t p a r t o f t h e B a s i n a n d Range 

P h y s i o g r a p h i c P r o v i n c e . The mapped a r e a c o m p r i s e s a 300 s q u a r e - m i l e r e ­

g i o n b e t w e e n t h e abandoned town of K e l t o n i n t h e n o r t h and t h e n o r t h e r n 

ends of t h e Newfoundland and L a k e s i d e M o u n t a i n s t o t h e s o u t h . I t l i e s 

b e t w e e n t h e n o r t h e r n G r e a t S a l t Lake D e s e r t on t h e w e s t and t h e G r e a t 

S a l t Lake on t h e e a s t ( P l a t e I I ) . 

ACCESSIBILITY 

The mapped a r e a i s g e n e r a l l y a c c e s s i b l e o n l y from t h e n o r t h e r n e n d . 

An improved g r a v e l r o a d l e a d s s o u t h i n t o t h e a r e a from S t a t e Highway 7 0 , 

p a s t t h e Bar F Ranch and K e l t o n , an abandoned r a i l r o a d town i n t h e n o r t h ­

e a s t c o r n e r of t h e a r e a . A n o t h e r r o a d l e a d s w e s t t o K e l t o n from C o r i n n e , 

a l o n g t h e abandoned S o u t h e r n P a c i f i c R a i l r o a d b e d . I t i s d e s i g n a t e d 

S t a t e Highway 83 where i t i s paved i n i t s e a s t e r n s e c t i o n , b u t i t i s 

1 

INTRODUCTIOO 

PURPOSE OF STUvr 

The purpose of study was to decipher the stratigraphy and the struc­

ture of t he Terrace and Hogup Mountains and the hills surrounding them 

and to prepare a geol ogic map of the area. Special attention was paid to 

t he lacustrine features of Lake Bonneville that are well developed. 

LOCATION 

Tpe Terrace and Hogup Mountains are in west-central Box Elder Coun­

ty in northwestern Utah, and the northeast part of the Basin and Range 

Ptijrsiographic Province . The mapped area comprises a 300 square-mile re­

gion between the abandoned town of Kelton 1n the north and the northern 

ends of t he Newf oundland and Lakeside Mountains to t he ·sOIlth. It lies 

between the northern Gr eat Salt Lake Desert on the west and the Great 

Salt Lake on the east (Plate II) . 

ACCESSIBILITY 

The mapped area is generally accessible only from the northern end. 

An improved gravel road leads sout h into t he area troD State Highway 70, 

past the Bar F Ranch and Kelton, an abandoned r ailroad town in the north­

east corner of the area. Another road leads west to Kelton from Corinne. 

along t he abandoned Southern Pacific Railroad bed. It is des ignated 

State Highw~ 83 wher e i t is paved in its eastern section, but it is 
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marked a s a c a t t l e t r a i l a r o u n d t h e n o r t h end of t h e G r e a t S a l t Lake and 

i n t h a t s e c t i o n i s s u i t a b l e o n l y f o r f i e l d v e h i c l e s * T h i s r o a d e x t e n d s 

on t o t h e w e s t from K e l t o n and p r o v i d e s i m p o r t a n t a c c e s s t o t h e n o r t h e r n 

p a r t of t h e mapped a r e a . 

Major a c c e s s t o t h e c e n t r a l and s o u t h e r n p a r t s o f t h e a r e a i s by an 

improved g r a v e l r o a d l e a d i n g s o u t h from K e l t o n . A f o r k on t h e Hogup Bar 

l e a d s t o t h e w e s t e r n s i d e of t h e a r e a . G r a v e l and d i r t r o a d s , u s u a l l y 

p a s s a b l e by o r d i n a r y v e h i c l e s , t h o u g h somet imes n o t , e n c i r c l e t h e e a s t e r n 

and w e s t e r n T e r r a c e Mounta in masse s and c o n n e c t b e t w e e n them t h r o u g h t h e 

Big P a s s . Unimproved r o a d s and t r a i l s , s u i t a b l e f o r f i e l d v e h i c l e s o n l y , 

p e n e t r a t e p a r t s of t h e m o u n t a i n s and l e a d a c r o s s s u r r o u n d i n g s l o p e s t o 

o u t l y i n g f o o t h i l l s . 

A c c e s s t o t h e a r e a from t h e s o u t h i s p o s s i b l e b u t d i f f i c u l t . I n 

I 9 6 0 , r enewed government u s e of t h e Wendover Bombing and Gunnery Range 

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

be tween t h e n o r t h e r n G r a s s y H i l l s and t h e s o u t h e r n end of t h e mapped a r e a . 

A y e a r l a t e r , t h e S o u t h e r n P a c i f i c R a i l r o a d c o m p l e t e d a s e r v i c e r o a d a l o n g 

t h e t r a c k s of t h e L u c i n C u t o f f f rom L u c i n i n t h e w e s t , t h r o u g h t h e s o u t h e r n 

p a r t of t h e mapped a r e a and a c r o s s t h e G r e a t S a l t Lake t o Ogden. Use of 

t h i s r o a d , from e i t h e r L u c i n o r L a k e s i d e t o Hogup S i d i n g , i s p o s s i b l e 

w i t h p e r m i s s i o n of t h e r a i l r o a d and e l i m i n a t e s t h e d r i v e a r o u n d t h e n o r t h 

end of t h e l a k e t o r e a c h t h e a r e a ; h o w e v e r , a c c e s s g a t e s t o t h e r o a d a r e 

u s u a l l y l o c k e d and i t s u s e by o t h e r t h a n r a i l r o a d p e r s o n n e l i s d i s c o u r a g e d . 

Two l a n d i n g s t r i p s , u s e d p r i m a r i l y by s t o c k c o m p a n i e s , p r o v i d e a c c e s s 

t o t h e a r e a b y a i r , b u t a r e u s e f u l o n l y i f g round v e h i c l e t r a n s p o r t a t i o n 

i s t h e n a v a i l a b l e w i t h i n t h e a r e a . 
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marked as a cattle trail around the north end of the Gr eat Salt Lake and 

in that section i s suitable onlY f or field vehi cl es . This r oad extends 

on to the west from Kelton and pr ovides impor tant access to the northern 

part of the mapped area. 

Major access to the centr a1 and souther n parts of the area i s by an 

improved gravel road leading south from Kel ton . A fork on the Hogup Bar 

l eads to the western si de of the area. Gr avel and dirt roads , usual~ 

passable by or dinary vehicles , though sometimes not, encircl e t he easter n 

and western Terrace Mountain masses and connect between them through the 

Big Pass . Unimpr oved r oads and trail s , suitabl e for fiel d vehi cl es o~J 

penetr ate parts of the mountains and l ead across surrounding sl opes to 

out lying foothills . 

Access to the area from the south is possible but diff i cult . In 

1960, renewed government use of the ';lendover Bombing and Gunnery Range 

eliminated the trail across t he treacher ous clay flats and sand dunes 

between the northern Grass,y Hi l ls and t he southern end of the mapped area. 

A year l ater , t he Southern Paci£ic Railroad completed a service road along 

the t r acks of the Lucin Cutoff from Lucin i n the west , thr ough the southern 

part of the mapped area and across the Gr eat Salt Lake to Ogden . Use of 

this road, from either Lucin or Lakeside to Hogup Siding, is possibl e 

with permission of the railroad and el iminates the drive around the nor th 

end of the l ake to reach t he area; however, access gates to the r oad are 

usu~ locked and its use by other than r ailroad per sonnel is discouraged . 

Two landing stri ps , used primari ly by stock conpanies , provide access 

to the area by air , but are usefUl only i f ground vehicl e transpor tation 

i s then available within the area. 
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Box E l d e r County a n n u a l l y m a i n t a i n s t h e more i m p o r t a n t a c c e s s r o a d s 

i n t h e mapped a r e a f o r u s e by s t o c k m e n , a f a c t f o r which t h e w r i t e r h a s 

o f t e n f e l t g r a t e f u l . Were t h e a r e a n o t u t i l i z e d f o r w i n t e r r a n g e , i t 

would p r o b a b l y be n e a r l y i n a c c e s s i b l e t o d a y . 

NAMING OF THE TERR/ICE AND HOGUP MOUNTAINS 

Because t h e r e h a s b e e n some c o n f u s i o n a s t o w h i c h a r e v a l i d names 

f o r t h e m o u n t a i n s w i t h i n t h e s t u d y a r e a , t h e Board on G e o g r a p h i c Names 

of t h e U . S . D e p a r t m e n t of t h e I n t e r i o r was c o n s u l t e d f o r v a l i d a t i o n o f 

t h e n a m e s . T h e i r r e p l y , d a t e d May 2 0 , 1 9 5 9 , i n c l u d e s t h e f o l l o w i n g d e ­

c i s i o n s and i n f o r m a t i o n : 

"Hogup M o u n t a i n s : m o u n t a i n mass a b o u t h m i l e s 
i n d i a m e t e r , w i t h e l e v a t i o n s o v e r 5 . 0 0 0 f e e t , 
w e s t o f t h e n o r t h w e s t e r n arm of G r e a t S a l t Lake 
and i m m e d i a t e l y n o r t h of T e r r a c e M o u n t a i n s ; Box 
E l d e r C o u n t y , U t a h ; I L 1 0 3 5 ! N . , 113°10» W. 
N o t : Hog M o u n t a i n s . 

T e r r a c e M o u n t a i n s : m o u n t a i n mass a b o u t 12 m i l e s 
i n d i a m e t e r , w i t h e l e v a t i o n s o v e r 6 , 5 0 0 f e e t , 
w e s t o f t h e n o r t h i ^ e s t e r n arm of G r e a t S a l t L a k e ; 
Box E l d e r Coun ty , U t a h ; U l ° 2 5 f N . , 113°12« W. 
N o t : Hogup Moun ta in s ( q . v . ) . " 

The Board q u o t e s from a l e t t e r b a s e d on t h e f i l e s of t h e Utah S t a t e 

H i s t o r i c a l S o c i e t y , s a y i n g t h a t p o s s i b l e o r i g i n s f o r t h e s e names a r e a s 

f o l l o w s : 

" T e r r a c e M o u n t a i n s , ! s o named b e c a u s e t h e t e r r a c e s c u t i n 
s l o p e s o f o l d Lake B o n n e v i l l e c a n be s e e n from t h e 
t r a i n 1 . 

"Hogup M o u n t a i n s , 'A sheepman by t h e name of Brown came 
i n t o t h e s e h i l l s i n t h e 7 0 f s , he t r i e d t o k e e p a l l 
o t h e r sheepmen o u t of t h e s e h i l l s . So t h e h e r d e r s 
c a l l e d him hogup Brown, l a t e r t h e m t s . were named t h a t 1 . 
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Bax El der County annually maintains the more impor tant access roads 

in the mapped area for use by stockmen , a fact for l'lhich the writer has 

often felt grateful . Were the area not utilized for winter range , i t 

would probably be nearly inaccessible today. 

NAMING OF THE TERRACE AND HOGUP MGUNTAINS 

Because there bas been some confusi on as to which are valid nameS 

for the mountains within t he study area, t he Board on Geogr aphi c Names 

of t he U. S. Department of the Inter ior W~ consul ted for validati on of 

the names . Their r eply, dated May 20, 1959, incl udes t he following de-

cisions and i nformation : 

IIHo~p t-fountains : mountain mass about 4 miles 
in iameter , with el evations over 5, 000 feet , 
west of the northwestern arm of Great Salt Lake 
and immediately nor th of Terrace MountainS ; Box 
El der County, Utah ; 41°35' N., 113°10 ' \tl . 
Not : Hog Mountains . 

Terrace Mountains: mountain mass about 12 miles 
in diameter , with elevations over 6,500 f eet, 
west of the northwestern arm of Gr eat Sal t Lake; 
Box El der County , Utah ; 410 25 ' N., 113~2 ' w. 
Not: Hogup Mountains (q .v . ) ." 

The Board quotes from a l e t ter based on the files of the Utah Stat e 

Historical Soci ety, s~g that possi ble originS for these names are as 

follows : 

"Terrace Mountains , I so named because t he terraces cut in 
slopes of old Lake Bonneville can be seen from the 
train ' • 

"Hogup Mountains, 'A sheepman by the name of Brown came 
into these hills in the 10 ' s , he tried to keep all 
other sheepmen out of these hi lls . So the her ders 
called him hogup Brmffl, l ater the rots . were named that '. 
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The Board m e n t i o n s f u r t h e r t h a t o t h e r s have s u g g e s t e d t h a t t h e name 

"Hogup" may have some c o n n e c t i o n w i t h t h e e n g i n e e r s and c o n s t r u c t i o n 

w o r k e r s f o r t h e t r a n s c o n t i n e n t a l r a i l w a y . 

The T e r r a c e M o u n t a i n s a r e d i v i d e d by t h e Big P a s s i n t o e a s t e r n and 

w e s t e r n p a r t s wh ich w i l l b e r e f e r r e d t o a s s u c h t h r o u g h o u t t h i s p a p e r . 

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

t a t i o n w i t h i n t h e s t u d y a r e a and i n t h i s r e p o r t a r e l i s t e d w i t h t h e i r 

o r i g i n s i n t h e a p p e n d i x . 

PREVIOUS GEOLOGIC INVESTIGATIONS 

The mapped a r e a was f i r s t examined g e o l o g i c a l l y by C a p t a i n Howard 

S t a n s b u r y and members of h i s s u r v e y i n g p a r t y i n 181*9. H i s r e p o r t ( 1 8 5 3 ) 

m e n t i o n s t h e h a r d s h i p s e n c o u n t e r e d i n t r a v e r s i n g t h e n o r t h e r n p a r t of t h e 

a r e a , mos t o f which w e r e c a u s e d by t h e l a c k o f w a t e r . S t a n s b u r y v i s i t e d 

D o l p h i n I s l a n d w h i l e t r a v e r s i n g t h e G r e a t S a l t Lake by b o a t . He d e s c r i b e d 

t h e I s l a n d ( 1 8 5 3 , p . 191) and was g i v e n a r e p o r t on t h e r a n g e t o t h e w e s t , 

t h e T e r r a c e M o u n t a i n s , by a Mr, C a r r i n g t o n of h i s p a r t y , 

A r n o l d Hague v i s i t e d t h e a r e a I n t h e 1 8 7 0 ' s a s a member of t h e 

F o r t i e t h P a r a l l e l Survey u n d e r C l a r e n c e K i n g , Hague d e s c r i b e d t h e s t r i k i n g 

v iew from T a n g e n t Peak and m e n t i o n e d ( i n K i n g , 1 8 7 7 , p , u 2 7 ) t h a t t h e summit 

of t h a t p e a k i s b l u i s h - g r a y l i m e s t o n e , f i r s t u n d e r l a i n by a d a r k s i l i c e o u s 

c h e r t y band and f u r t h e r u n d e r l a i n by d a r k - g r a y l i m e s t o n e s . I t i s i n t e r e s t ­

i n g t o n o t e t h a t Hague m i s s e d s e e i n g t h e p h o s p h a t i c s h a l e and raudstone i n 

t h i s s e c t i o n , p r o b a b l y b e c a u s e t h e y a r e l a r g e l y c o n c e a l e d on T a n g e n t P e a k . 

S t r a t a f o r m i n g t h e mass of t h e m o u n t a i n s t o t h e s o u t h Hague a s s i g n e d t o 

t h e Wahsa tch l i m e s t o n e of l o w e r C a r b o n i f e r o u s a g e . 
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The Board mentions further that other s have suggested that t he name 

"Hogup" may have some connection with the engineers and construction 

workers for the transcontinental r ail'Hay. 

The Terrace Mountains are divided by the Big Pass int o eastern and 

western parts which will be referred to as such thr oughout this paper . 

Names f or l esser geographic features used qy the writer for orien­

tation within the study area and in this r eport are list ed with their 

origins i n t he appendiX. 

PREVIOUS GEOLOGIC I lnnlSTI GATI ONS 

The mapped area was first examined geologically qy Captain Howard 

Stansbury and member s of his surveying party in 1849 . His r eport (1853) 

mentions t he hardships encountered in traversing the northern part of the 

area, most of which were caused by the l ack of water . Stansbury visited 

Dolphin Island while traversing the Gr eat Salt Lake by boat . He described 

the island (1853 , p.191) and was given a report on the range to the west, 

the Terrace Mountai ns , by a ~tr. Carrington of his party. 

Arnold Hague visited t he area in t he 1870 l s as a member of the 

Fortieth Parallel Survey under Clarence KL~g . Hague described t he striking 

view from Tangent Peak and mentioned (in King, 1877 , p . 427) that the summit 

of that peak is bluish-gr ay limestone , first underlain br a dark siliceous 

cherty band and further underl ain by dark- gray limestones . It is interest­

ing to note that Hague missed seeing t he phosphatic shale and mudstone in 

this section, probably because they are largel y concealed on Tangent Peak. 

Strata forming the mass of the mountains to the south Hague assigned to 

the Wahsatch l imestone of l ower Carboniferous age . 
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G. K. G i l b e r t t r a v e r s e d t h e n o r t h e r n p a r t of t h e a r e a i n t h e l 8 7 0 ! s 

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

monograph on Lake B o n n e v i l l e ( l 8 ° 0 ) . 

No f u r t h e r g e o l o g i c work was done i n t h e T e r r a c e Moun ta in s u n t i l 

t h e 1 9 5 0 ! s . The T r i a s s i c s t r a t a i n t h e mapped a r e a were f i r s t m e n t i o n e d 

i n a s u r v e y s t u d y by C l a r k and S t o k e s (1956) and we re l a t e r d e s c r i b e d i n 

g r e a t e r d e t a i l by C l a r k ( 1 9 5 7 ) . 

G r a n t S t e e l e made a g e n e r a l s u r v e y of Pe rmian s t r a t a i n t h e T e r r a c e 

Mounta ins b e t w e e n 1953 and 1956 i n c o n n e c t i o n w i t h h i s s t u d y o f t h e P e n n -

s y l v a n i a n and Pe rmian Sys tems o f t h e e a s t e r n G r e a t B a s i n ( S t e e l e . 1 9 5 9 ) . 

S t r a t i g r a p h i c work was done i n t h e mapped a r e a by T . M. Cheney and 

a s s o c i a t e s of t h e U . S . G e o l o g i c a l S u r v e y from 1955 t o 1957 i n c o n n e c t i o n 

w i t h a r e g i o n a l s t u d y of t h e P a r k C i t y and P h o s p h o r i a F o r m a t i o n s . R e ­

s u l t s o f t h i s i n v e s t i g a t i o n have n o t b e e n p u b l i s h e d a t t h e t i m e of t h i s 

w r i t i n g ( l 9 6 2 i ) . 

I n t h e f a l l of 1 9 5 9 , an i n v e s t i g a t i o n o f t h e Meade Peak p h o s p h a t i c 

s h a l e s was made u n d e r t h e d i r e c t i o n of J . S t e w a r t W i l l i a m s f o r t h e U t a h 

S t a t e Land B o a r d . R e s u l t s of t h i s work a r e d i s c u s s e d i n t h e s e c t i o n on 

economic g e o l o g y . 

CULTURAL HISTORY 

The s t u d i e d a r e a was f i r s t o c c u p i e d b y I n d i a n s , a l t h o u g h s p e c i f i c 

i n f o r m a t i o n r e g a r d i n g t h e i r u s e of t h e mapped a r e a i s e x t r e m e l y l i m i t e d . 

F i r s t o c c u p a t i o n of t h e G r e a t B a s i n began e a r l i e r t h a n 1 1 , 0 0 0 y e a r s a g o , 

a c c o r d i n g t o J e s s e J e n n i n g s ( 1 9 5 3 ) . The B a s i n was s p a r s e l y p o p u l a t e d , 

w i t h most of t h e p e o p l e p r e s e n t t h e r e l i v i n g i n s m a l l g r o u p s c o m p r i s e d 

G. K. Gilbert traver sed t he northern part of the area in t he 1870 ' s 

and described the outstanding l acustrine f eatures of that r egi on in his 

monograph on Lake Bonneville (1890) . 

No fur ther geologic work was done in the Terrace Mountains until 

t he 1950 ' s . The Triassic strata in t he mapped area were first ment ioned 

in a surve,y stuqy b,y Cl ark and Stokes (1956) and were later described in 

greater detai l by Clark (1957) . 

Grant Steel e made a general surv~ of Permian strata in the Terrace 

Mountains between 1953 and 1956 in connecti on with his stuqy of the Penn­

syl vanian and Permian Systems of the eastern Great Basin (Steel e , 1959) . 

Stratigraphic work was done in the mapped area b,y T. M. Cheney and 

associates of the U.S. Geological Survey from 1955 to 1957 in connection 

with a regional study of t he Park City and Phosphoria Formations . Re­

sults of this investigation have not been published at the time of t his 

writing (1964) . 

In the fall of 1959 , an investigation of t he Meade Peak phosphatic 

shales was made under the direct ion of J . Stewart Williams for the Utah 

State Land Board . Result s of this work are discussed in t he section on 

economic geology. 

CULTURAL HISTORY 

The studied area was first occupied by I ndians , al though specific 

information r egarding their use of t he mapped area is extremely limited . 

First occupation of the Great Basin began earlier t han 11 , 000 years ago, 

according to Jesse Jennings (1953) . The Basin was sparsely populated, 

with most of the peopl e present there living in small groups comprised 
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of e x t e n d e d f a m i l i e s . T h e i r p a t t e r n of l i v i n g h a s been d e s i g n a t e d t h e 

D e s e r t C u l t u r e by J e n n i n g s ( 1 9 5 3 ) . The p e o p l e we re n o n - s e d e n t a r y , s e a ­

s o n a l g a t h e r e r s who i n t e n s i v e l y e x p l o i t e d t h e i r meager e n v i r o n m e n t , 

e a t i n g r o d e n t s , i n s e c t s , and s m a l l game a n i m a l s and h a r v e s t i n g s e e d s and 

p i n e n u t s . T h e i r m a t e r i a l c u l t u r e was a l s o meager and p r o b a b l y i n c l u d e d 

b a s k e t s , f u r c l o t h , s p e a r - t h r o w e r s , p r o j e c t i l e p o i n t s , m i l l i n g s t o n e s , a n d 

d i g g i n g s t i c k s , a s e v i d e n c e d b y a r t i f a c t s a t Danger Cave , n e a r Wendover , 

U t a h . A g r i c u l t u r e was p r o b a b l y n o t p r a c t i c e d i n t h e T e r r a c e M o u n t a i n s 

a r e a , t h o u g h i t i s loiown t o have e x i s t e d i n some p a r t s o f t h e B a s i n . 

T h i s t y p e of o c c u p a t i o n , c h a r a c t e r i z e d by l i v i n g i n r o c k - l e d g e o r c a v e 

s h e l t e r s s a j n i l a r t o t h o s e i n t h e s o u t h e r n p a r t of t h e mapped a r e a , p e r ­

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

P r e s e n t - d a y I n d i a n s of t h e G r e a t B a s i n and t h e i r immed ia t e a n c e s t o r s 

were c l o s e l y a s s o c i a t e d w i t h , i f n o t d e s c e n d a n t s of , t h e p r e h i s t o r i c 

I n d i a n s o f t h e same r e g i o n ( J e n n i n g s and o t h e r s , 1 9 5 9 , p « 3 U > . The S h o -

s h o n i - s p e a k i n g p e o p l e l i v e d w e s t of t h e G r e a t S a l t L a k e , t h r o u g h o u t an 

a r e a wh ich e x t e n d e d i n t o e a s t e r n Nevada and s o u t h e r n I d a h o , a s w e l l a s 

w e s t e r n "Wyoming. They were a n o n - a g r i c u l t u r a l , h u n t i n g and g a t h e r i n g 

p e o p l e , and t h e i r economic , s o c i a l , and p o l i t i c a l a c t i v i t i e s r e f l e c t e d 

t h e r i g o r of t h e i r env i ronmen t ( D i b b l e , 1 9 ^ 7 ) . Over mos t of t h e a r e a , 

g a t h e r i n g was t h e main s o u r c e of s u b s i s t e n c e w i t h s e a s o n a l s u p p l e m e n t s 

such a s p i n e n u t s , g a t h e r e d i n t h e f a l l , and game from r a b b i t , a n t e l o p e , 

and d e e r d r i v e s i n t h e w i n t e r . Groups came t o b e named a f t e r one of 

t h e i r p r i n c i p a l food s o u r c e s , s u c h a s t h e P i n e Nut E a t e r s , a s t h e Grouse 

Creek g r o u p was known. The P romonto ry g r o u p e x t e n d e d from P r o m o n t o r y 

P o i n t t o t h e l o w e r p o r t i o n o f t h e Bear R i v e r V a l l e y . O c c a s i o n a l l y t h e y 
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of extended families . Their pattern of living has been designated the 

Desert Culture by Jennings (1953) . The people wer e non-sedentar.r, sea­

sonal gatherers wh~ i ntensively exploited t heir meager environment , 

eating r odents, insects, and small game anL~s and harvesting seeds and 

pine nuts . Their material cul ture was a l so meager and probably included 

baskets , fur cloth, spear-thrower s , projectile points , milling stones, and 

diggi ng sticks , as evidenced by artifacts at Danger Cave, near Wendover, 

Utah. Agriculture was probablY not practiced in the Terrace Mountains 

area, though it is known to have existed in some parts of t he Basin . 

This type of occupati on, characterized by living in r ock-ledge or cave 

shelter s similar to those in the s outhern part of t he mapped area, per­

sisted r el atively unchanged into t he ethnographic present . 

Present-d~ I ndians of t he Gr eat Basin and t heir immediate ancestors 

wer e closely associated With , if not descendants of, the prehistor ic 

Indians of the same region (Jennings and others , 1.959, p. 34).. The Sho­

shoni- speaking people lived west of the Great Salt Lake, throughout an 

area which extended into eastern Nevada and southern Idaho, as wel l as 

western ~oming . They were a non-agricultural, hunting and gathering 

people , and t heir economic , social, and pol i tical activities r eflected 

the rigor of their environment (Dibble , 1947) . Over most of the area, 

gathering was the main Source of subsi stence with seasonal suppl ements 

such as pine nuts , gathered in the fall, and game from r abbit , antel ope , 

and deer drives in the Winter. Groups came to be named after one of 

their principal. f ood sources , such as the Pine Nut Eater s , as the Gr ouse 

Cr eek group was known . The Promontory group extended from Promontory 

Point to the lower portion of the Bear River Valley . Occasionally they 
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t r a v e l l e d t o Grouse Creek t o g a t h e r p i n e n u t s and u n d o u b t e d l y p a s s e d 

t h r o u g h t h e n o r t h e r n p a r t of t h e mapped a r e a . The s o - c a l l e d R a b b i t -

E a t e r s e x t e n d e d r o u g h l y from t h e K e l t o n a r e a , n o r t h t o t h e I d a h o b o r d e r 

and p r o b a b l y a l s o h u n t e d i n t h e s t u d i e d a r e a t o t h e s o u t h . The e n l a r g e d 

or e x t e n d e d f a m i l y was t h e b a s i c economic u n i t of s u b s i s t e n c e i n t h e s e 

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

of whom were engaged i n f o o d - g e t t i n g . S e a s o n a l l y , a t p i n e n u t g a t h e r i n g 

p l a c e s , s e v e r a l such g r o u p s would combine and h a r v e s t t h e c r o p t o g e t h e r , 

a t wh ich t i m e s s o c i a l a c t i v i t i e s t o o k p l a c e , u s u a l l y c o n n e c t e d w i t h t h e 

h a r v e s t i t s e l f . 

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

mine due t o t h e nomadic s o r t of e x i s t e n c e wh ich t h e y l e d . Because a 

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

g r o u p s , t h e r e may h a v e b e e n a number of them which u t i l i z e d t h e T e r r a c e 

Moun ta in s a r e a . 

P e t r o g l y p h s a r e c a r v e d on v e r t i c a l s u r f a c e s o f o r t h o q u a r t z i t e a t 

s e v e r a l p l a c e s i n t h e s t u d i e d a r e a s o u t h of t h e S o u t h e r n P a c i f i c R a i l r o a d . 

A t two p l a c e s I n t h e s o u t h w e s t e r n p a r t of t h e mapped a r e a s m a l l 

c i r c u l a r s t o n e s t r u c t u r e s of I n d i a n o r i g i n a r e s t i l l d i s c e r n a b l e . The 

number of p o t t e r y s h e r d s and worked a r t i f a c t s i n t h e i m m e d i a t e v i c i n i t y 

of t h e s e s t r u c t u r e s l e a v e s no d o u b t t h a t t h e y were b u i l t and u s e d by 

I n d i a n s . I t i s e x p e c t e d t h a t f u t u r e work by a r c h e o l o g i s t s w i l l p r o v i d e 

more s p e c i f i c i n f o r m a t i o n a b o u t t h e i n h a b i t a t i o n and u s e o f t h i s r e g i o n 

by I n d i a n s . 

O c c u p a t i o n of t h e mapped a r e a i n h i s t o r i c a l t i m e s c e n t e r e d a b o u t 

towns a l o n g t h e fo rmer t r a n s - c o n t i n e n t a l r a i l r o a d . The p o r t i o n which 

7 

travelled to Gr ouse Creek to gather pine nut s and undoubtedly passed 

through the nor thern part of t he mapped area. The so-called Rabbit­

Eaters extended roug~ from t he Kelton area, north to the Idaho border 

and probably also hW1ted in the studi ed area to the south . The enlarged 

or extended fam~ was the basic economic unit of subsistence i n these 

groups , that is , each gr oup consisted of perhaps three generat i ons , all 

of whom wer e engaged in food- getting. Seasonally, at pine nut gather ing 

places , sever al such groups would combine and harvest the crop together, 

at which times social activities took pl ace, usual ly connected with the 

harvest itself .. 

Boundaries of the gr oups of peopl e involved are diff i cult to deter­

mine due to the nomadic sort of existence ,shieh t hey l ed . Because a 

specif ic group often used, or shared , an area with several other similar 

groups , ther e may have been a number of them which utilized the Terrace 

l10untains area. 

Petr oglyphs are carved on vertical surfaces of orthoquartzite at 

several places in the studied area south of t he Southern Pacific Railroad . 

At two places in t he southwestern part of t he mapped area small 

circular stone structures of I ndi an origin are still discernable . The 

number of pottery sherds and ';lor ked artifacts in the i nunediate vicinity 

of these structures l eaves no doubt t hat t hey were built and used qy 

I ndians . It is expected that future work by archeologists will provide 

more specific information about the inhabitati on and use of this region 

by I ndians . 

Occupation of the mapped area in historical times centered about 

towns along t he former trans-continental railroad. The portion which 

• 
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p a s s e s t h r o u g h t h e n o r t h e r n p a r t of t h e a r e a was n e a r t h e end of t h e 

C e n t r a l P a c i f i c l i n e from C a l i f o r n i a and was c o m p l e t e d i n 1 8 6 9 • 

The town of K e l t o n s e r v e d a s a j u n c t i o n f o r s t a g e and f r e i g h t 

l i n e s from Oregon f o r s e v e r e ! y e a r s a f t e r t h e c o m p l e t i o n of t h e r a i l r o a d , 

and a s l a t e a s 19l |0 was s t i l l a s h i p p i n g c e n t e r f o r I d a h o g r a i n , t h e n 

h a v i n g a s m a l l s t o r e , a few b u i l d i n g s c o n s t r u c t e d o f t i e s , and a l a r g e 

r e d w a r e h o u s e (U tah W r i t e r s ' P r o j e c t , 1 9 l * l ) . A w e e k l y t r a i n had b e e n 

r u n a l o n g t h e Golden S p i k e r o u t e b y t h e S o u t h e r n P a c i f i c R a i l r o a d a f t e r 

c o m p l e t i o n , i n 1 9 0 3 , of t h e L u c i n C u t o f f , wh ich p a s s e s t h r o u g h t h e s o u t h ­

e r n end of t h e s t u d y a r e a , b u t r e g u l a r s e r v i c e a l o n g t h e o l d n o r t h e r n 

r o u t e was abandoned i n 1 9 ^ 0 . Only i n t e r m i t t e n t s e r v i c e was c o n t i n u e d 

u n t i l t h e r o u t e was c o m p l e t e l y abandoned and t h e t r a c k s we re r emoved . 

The r a i l r o a d g r a d e h a s b e e n u s e d s i n c e t h e n a s a r o a d w a y , b u t d e t e r i o r ­

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

o f f t h e r a i l r o a d bed a l o n g much o f i t s l e n g t h . N o t h i n g b u t a s h e e p l o a d ­

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

co t t onwood t r e e mark t h e K e l t o n t o w n s i t e a t t h e t i m e of t h i s w r i t i n g . 

Of i n t e r e s t h e r e i s t h e b r i e f d e s c r i p t i o n o f an e a r t h q u a k e , t h e 

e p i c e n t e r o f w h i c h was n e a r K e l t o n and wh ich was t h e mos t s e v e r e s i n c e 

w h i t e o c c u p a t i o n o f U t a h , a c c o r d i n g t o t h e U t a h W r i t e r s 1 P r o j e c t , wh ich 

s a y s ( I 9 l | l , p . 36k) t h a t : 

"From t h e r e n t e a r t h a t K e l t o n gushed muddy w a t e r and b l a c k 

s l i m e ; t h e c r a c k s a t some p l a c e s t h r e e f e e t a c r o s s - w e r e 

p l a i n l y v i s i b l e a l o n g t h e h ighway f o r s e v e r a l y e a r s . Houses 

i n K e l t o n were swung a w r y , and f o r a t i m e s c h o o l was h e l d i n a 

h o u s e , p r o p p e d u p b y r a i l r o a d t i e s and b e a m s , wh ich l e a n e d a t 

• 
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passes through t he norther n part of the area was near the end of the 

Central Paci..fic line from Califor nia and was completed in 1869. 

The tOlm of Kel ton served as a junction for stage and freight 

lines from Oregon for several years after the completion of the railroad, 

and as late as 1940 was still a shipping center for I daho gr ain, then 

having a small stor e, a few buildings constructed of ties , and a large 

red warehouse (Utah Writers' Project, 1941) . A weekly train had been 

run along the Golden Spi ke r oute by the Southern Pacific Rail r oad after 

completion, in 1903 , of the Lucin Cutoff, which passes through t he south­

ern end of the study area, but regular service along t he old northern 

route was abandoned in 1940 . Only intermittent service '\oIas continued 

until the route was compl et ely abandoned and the tracks were removed. 

The railroad gr ade has been used since then as a roadway, but deterior­

ation of bridges and culverts has necessit at ed construction of the road 

off t he r ailroad bed along much of its l ength. Nothing but a sheep load­

ing platform, several deteriorating cabinS , a graveyard, and a l arge old 

cottonwood tree mark the Kelton townsite at the time of this writing. 

Of interest her e i s t he brief description of an earthquake, the 

epicenter of which was near Kelton and which was t he most severe since 

white occupation of Utah, according to the Utah Writer s ' Proj ect , whi ch 

says (1941, p. 364) ~hat: 

n From the rent earth at Kel ton gushed muddy water and black 

slime ; the cracks at some places three feet across - were 

plainlY visible along t he highway f or several years . Houses 

in Kelton were swung awry, and for a time school was held in a 

house , propped up by railroad ties and beams, which l eaned at 
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an a n g l e of a l m o s t 30 d e g r e e s . " 

A cook s h a c k a t t h e w i n t e r camp o f a s t o c k company i n NWj-NWj- s e c . 

1 , T . 7 N . , R. 12 ¥ . i s t h e on ly p e r m a n e n t d w e l l i n g w i t h i n t h e s t u d y a r e a . 

The s e v e r a l s h e e p camps a r e u t i l i z e d o n l y i n t h e w i n t e r m o n t h s . A w a t e r 

w e l l i n t h e SWjNWj s e c . 3 , T . 7 N . , R . 12 W. s u p p l i e s a camp t h e r e and 

t h e one m e n t i o n e d a b o v e . Water u s e d d u r i n g t h e w r i t e r ' s s t u d y was o b ­

t a i n e d e i t h e r i n S a l t Lake C i t y or from a w e l l a t t h e Bar F r a n c h n o r t h 

of t h e a r e a . The w r i t e r i s i n fo rmed by D. C. Hah l ( o r a l c o m m u n i c a t i o n ) 

t h a t two new w a t e r w e l l s have been d r i l l e d a l o n g t h e e a s t e r n s i d e of t h e 

T e r r a c e M o u n t a i n s s i n c e t h e w r i t e r l a s t v i s i t e d t h e a r e a i n 1 9 6 2 . 

FIELD WORK 

F i e l d work was c a r r i e d o u t d u r i n g t h e summers of 1 9 5 9 , I 9 6 0 , and 

1 9 6 1 . Mapping was done on a e r i a l p h o t o g r a p h s t a k e n i n 1952 a t a s c a l e o f 

1 : 2 0 , 0 0 0 . O r i g i n a l l a n d s u r v e y i n g i n t h e a r e a was done i n t h e l 8 8 0 ' s . 

None of t h e r o c k c a i r n s e r e c t e d a t t h a t t i m e t o mark s e c t i o n c o r n e r s was 

found by t h e w r i t e r a f t e r d i l i g e n t s e a r c h . T h e r e f o r e , b e c a u s e l a n d c o n ­

t r o l was n o t a v a i l a b l e , i n f o r m a t i o n was t r a n s f e r r e d by p r e c i s e i n s p e c t i o n 

from t h e p h o t o g r a p h s t o t h e Army Map S e r v i c e t o p o g r a p h i c map, Br igham 

C i t y Q u a d r a n g l e , e n l a r g e d t o 1 : 6 2 , 5 0 0 . T h i s method was f e l t t o be a s 

a c c u r a t e a s any o t h e r u n d e r t h e c i r c u m s t a n c e s . 
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an angle of almost 30 degrees . 11 

A cook shack at the winter camp of a stock compaqy in NWtNwi sec . 

1, T. 7 N., R. 12 W. is t he only permanent d,,:elling within the study area. 

The several sheep camps are utilized o~ in the winter months . A water 

well in the ~ sec . 3, T. 7 N., R. 12 W. supplies a camp there and 

the one ment ioned above . Water used during t he writer' s study was ob­

tained either in Salt Lake City or from a well at the Bar F ranch north 

of the area . The wr iter is informed by D. C. Hahl (oral communication) 

that t wo new water wells have been drilled along the eastern side of the 

Terrace Nountains since the writer l ast visited the area in 1962. 

FIELD WORK 

Field work was carried out during the summer s of 1959, 1960, and 

1961. Mapping was done on aerial photographs taken in 1952 at a scale of 

1: 20, 000. Original l and surveying in the area was done in t he 1880 ' s . 

None of t he rock cairns erected at that t ime to mark section corners was 

found qy the writer after diligent search . Therefore , because land con­

trol was not available, information was transferred by precise inspection 

from t he photographs to the Ar~ Map Service topographic map, Brigham 

City Quadrangle, enlarged to 1:62 , 500. This method was felt to be as 

accurate as any other under the circumstances . 

To all of those who have contributed time, advice , material or 

finances to the project the writer expresses sincere thanks. Important 

among them are Dr . Frederi ck Schaeffer who suggested the pr obl em and 



10 

D r . ¥ . Lee Smokes who gave a d v i c e and g u i d a n c e t h r o u g h o u t t h e p r o j e c t . 

Advice from D r s . A. J , E a r d l e y , F . ¥ . C h r i s t i a n s e n , and H. D. Goode i s 

g r a t e f u l l y a c k n o w l e d g e d , a s i s t h e i r c r i t i c a l r e a d i n g o f t h e m a n u s c r i p t . 

Adv ice on s t r a t i g r a p h i c p rob l ems and mapping was k i n d l y g i v e n by 

D r s . R. J . R o b e r t s and E . ¥ • Tooker o f t h e U . S . G e o l o g i c a l S u r v e y and 

T . M. Cheney, f o r m e r l y w i t h t h a t o r g a n i z a t i o n . The w r i t e r i s g r a t e f u l 

f o r f o s s i l i d e n t i f i c a t i o n s by D r s . E . L . Y o c h e l s o n , J . T . D u t r o , J r . , 

D. W. T a y l o r , and R. C. D o u g l a s s o f t h e U . S . N a t i o n a l Museum. D r . G r a n t 

S t e e l e and M r s . B e t t y H. Sea lman b o t h w i t h t h e Gul f O i l Company and D r . 

R. C. D o u g l a s s of t h e U . S . G e o l o g i c a l S u r v e y k i n d l y i d e n t i f i e d f u s u l i n i d 

c o l l e c t i o n s g r e a t l y a i d i n g work i n v o l v i n g t h e O q u i r r h F o r m a t i o n . D r . 

B e r n a r d Kummel i d e n t i f i e d ammoni tes from t h e Thaynes F o r m a t i o n and Dwayne 

S tone i d e n t i f i e d c o n o d o n t s from T r i a s s i c s t r a t a . 

A p p r e c i a t i o n i s e x p r e s s e d t o Max P . E r i c k s o n f o r h e l p w i t h i g n e o u s 

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

o b l i q u e p h o t o g r a p h s . 

The w r i t e r g r a t e f u l l y acknowledges t h e d i s c u s s i o n of s t r a t i g r a p h i c 

p rob lems w i t h f e l l o w g r a d u a t e s t u d e n t s A l b e r t Toung , R o b e r t M a u r e r , 

Helmut D o e l l i n g , and Mounir T . Moussa , and e s p e c i a l l y t h a n k s J o h n F . 

S h r o d e r , J r . , f o r h i s a d v i c e i n p r e p a r a t i o n of t h e m a n u s c r i p t and h e l p 

w i t h d r a f t i n g . 

Two g e n e r o u s g r a n t s from t h e G r a d u a t e R e s e a r c h Commit tee o f t h e 

U n i v e r s i t y of U t a h h e l p e d t o d e f r a y f i e l d e x p e n s e s . 

S i n c e r e t h a n k s a r e e x p r e s s e d t o t h e w r i t e r ' s f a t h e r , ¥ . F l a c c u s 

S t i f e l f o r t h e p r o v i s i o n of a f i e l d v e h i c l e and t o h i s b r o t h e r , F l a c c u s 

H« B , S t i f e l who h e l p e d measu re some of t h e s t r a t i g r a p h i c s e c t i o n s . 

10 

Dr . W. Lee Stokes who gave advice and guidance throughout the project. 

Advice from Drs . A. J . Eardley , F. \-1. Christiansen , and H. D. Goode is 

gratefully acknowledged, as is their critical reading of t he manuscr ipt . 

Advi ce on stratigraphic problems and mapping was k1n~ gi ven by , 
Drs . R. J . Roberts and E. W. Tooker of the U. S. Geological Survey and 

T. M. Cheney, f ormerly with that organi zation. The writer is gr ateful 

for fossil identi ficati ons by Drs . E. L. Yochel son, J . T. Dutro , Jr., 

D. W. Taylor, and R. C. Dougl ass of the U. S. National Museum. Dr . Grant 

Steele and firs . Betty H. Sealman both with the Gulf Oil Company and Dr . 

R. C. Douglass of t he U. S . Geol ogi cal Survey kindly identified fusulinid 

coll ect ions greatly aiding work involving t he Oquirrh For mation. Dr . 

Bernard Kummel identified ammonites trom t he Th~es Formation and Dw~e 

Stone identified conodonts from Triassic strata. 

Appreciation i s expressed to ¥~ P. Erickson for help with igneous 

petrography and for flying t he wri ter over the study area to obtain 

oblique photogr aphs . 

The writer grateful ly acknowl edges t he discussion of stratigraphic 

problems with feiloy1 gr aduate students Albert Young, Robert Maurer, 

Helnrut Doelling, and Mounir T. l-1oussa , and especially t hanks John F. 

Shroder , Jr. , for his advice i n prepar ation of the manuscript and help 

ldth drafting . 

Two generous grants from t he Graduate Research Committee of the 

University of Utah hel ped to defray fiel d expenses . 

Sincere thanks are expressed to t he writer ' s father , W. Flaccus 

Stifel for the proviSion of a field vehi cle and t o his brother, Flaccus 

N. B. Stifel who helped measure some of t he stratigraphic sections . 



1 1 

F i n a l l y t h e w r i t e r e x p r e s s e s d e e p a p p r e c i a t i o n t o h i s w i f e , G l a d y s , 

f o r s e r v i n g a s f i e l d a s s i s t a n t t h r o u g h o u t t h e p r o j e c t and f o r t y p i n g much 

of t h e m a n u s c r i p t . 

II 

Finally the writer expresses deep appreciation to his wife, Gl adys , 

for serving as field assistant throughout t he project and for typing much 

of the manuscript . 



12 

STRATIGRAPHY 

GENERAL STATEMENT 

E i g h t f o r m a t i o n s i n t h e s t u d y a r e a , of P e n n s y l v a n i a n , P e r m i a n and 

T r i a s s i c age a g g r e g a t e a p p r o x i m a t e l y 2 2 , 0 0 0 f e e t i n t h i c k n e s s . I n a d d ­

i t i o n t o t h e s e , i n c o m p l e t e s e c t i o n s o f T e r t i a r y s t r a t a and Q u a t e r n a r y 

s e d i m e n t s we re measu red and a r e d e s c r i b e d . No r o c k s o l d e r t h a n P e n n ­

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

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

f o r m a t i o n d e s c r i p t i o n s a s a r e g r a p h i c co lumnar s e c t i o n s . 

The w r i t e r c o n s i d e r s t h e s t r a t i g r a p h i c s e c t i o n i n t h e T e r r a c e Moun­

t a i n s t o b e i n an i m p o r t a n t p o s i t i o n b o t h s t r a t i g r a p h i c a l l y and g e o g r a p h ­

i c a l l y . I t i s t h e t h i c k e s t and most c o m p l e t e l y exposed Pe rmian and T r i ­

a s s i c s e c t i o n i n t h e w ide a r e a b e t w e e n s o u t h e r n I d a h o and t h e Confus ion 

Range on t h e n o r t h and s o u t h , and t h e Wasa tch Range and E a s t e r n Nevada 

on t h e e a s t and w e s t . Such n e i g h b o r i n g r a n g e s a s t h e Goose C r e e k , Grouse 

C r e e k , S i l v e r I s l a n d , C e d a r , Newfoundland , and Promonto ry Moun ta in s and 

t h e G r a s s y H i l l s a l l have some Pe rmian s t r a t a , and two of t h e s e have 

T r i a s s i c r o c k s a s w e l l , b u t t h e s e c t i o n s a r e e i t h e r i n c o m p l e t e , p o o r l y 

e x p o s e d , o r u n d i f f e r e n t i a t e d i n e a c h of t h e m . 

The t h i c k n e s s of t h e P e r m i a n s e c t i o n i n d i c a t e s t h a t t h e s t u d y a r e a 

was a m a r i n e b a s i n r e c e i v i n g m i o g e o s y n c l i n a l s e d i m e n t s t h r o u g h o u t mos t o f 

Pe rmian t i m e , and t h e l o w e r T r i a s s i c s e c t i o n , a l s o t h i c k , i n d i c a t e s t h a t 

t h e b a s i n c o n t i n u e d t o s u b s i d e i n e a r l y T r i a s s i c t i m e a l t h o u g h t h e s e a 

was p e r s i s t e n t l y s h a l l o w . 

F o r m a t i o n s and l i t h o l o g i e s w i t h a f f i n i t i e s t o t h e W a s a t c h s e c t i o n 
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STRATIGRAPHY 

GENERAI STATEMENT 

Eight formations in the study area, of Pennsylvanian, Permian and 

Triassic age aggregate approximate~ 22 , 000 feet in thickness . I n add­

ition to these , incompl ete sections of Tert iary strata and Quaterna~ 

sediments were measured and are described . No r ocks older than Penn­

syl vani an are exposed in the study area . 

Measured sections includi ng f ossil collecti ons are integr ated with 

formation descriptions as are gr aphic col umnar sections . 

The wr iter considers the str ati graphi c section in the Ter race Moun­

tains to be in an important posi t i on both stratigraphically and geograph­

ically . It is t he thickest and mQst completely exposed Per mian and Tr i ­

assic section in the wide area between souther n I daho and the Confusion 

Range on the north and south , and t he "lasatch Range and Eastern Nevada 

on the eas t and west . Such neighbor i ng ranges as the Goose Cr eek, Gr ouse 

Cr eek, Silver Island, Cedar , Newf oundland, and Promontory Mountains and 

the Gras~ Hills all have some Permian strata, and two of these have 

Triassic rocks as well, but t he secti ons are ei ther incomplete , poorly 

exposed , or undifferentiated in each of them. 

The t hickness of the Permian section indicat es that the study ar ea 

was a marine baSin receiving miogeosyncl inal sediments throughout most of 

Permian time , and t he lower Triassic section, also thi ck, indicates that 

the basin continued to subsi de in ear~ Triassic time although the sea 

~as persi stently shallow. 

Formations and l i thol ogi es with affini ties to t he Wasatch section 
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t o t h e e a s t and t h e Nevada s e c t i o n t o t h e w e s t a r e p r e s e n t i n , and i n 

some i n s t a n c e s t h e y i n t e r t o n g u e and i n t e r g r a d e i n t h e mapped a r e a . 

PENNSYLVANIA^ AND PERMIAN SYSTEMS 

O q u i r r h F o r m a t i o n 

H i s t o r y of n o m e n c l a t u r e . The name O q u i r r h F o r m a t i o n was f o r m a l i z e d 

by James G i l l u l y when he w r o t e ( 1 9 3 2 , p , 3h) t h a t " , . , , t h e t h i c k e s t 

s t r a t i g r a p h i c u n i t i n t h e O q u i r r h Moun ta in s i s t h e g r e a t mass of a l t e r ­

n a t i n g l i m e s t o n e s and s a n d s t o n e s ( o r q u a r t z i t e s ) h e r e named t h e O q u i r r h 

f o r m a t i o n " . P r e v i o u s t o 1932 t h e name had b e e n u s e d o n l y i n f o r m a l l y f o r 

t h e i n t e r v a l o r i g i n a l l y c a l l e d t h e "Upper I n t e r c a l a t e d s e r i e s " by S p u r r 

( 1 8 9 5 ) . 

As a r e s u l t of r e c e n t work i n t h e O q u i r r h Range , t h e f o r m a t i o n h a s 

b e e n d i v i d e d i n t o f i v e named members by B i s s e l l ( 1 9 5 9 . P« 9h), and i n t o 

s e v e n numbered u n i t s by l o o k e r and R o b e r t s ( 1 9 6 1 , p , 2 1 ) , For u s e w i t h i n 

t h e Bingham Mining D i s t r i c t , t h e O q u i r r h F o r m a t i o n was r a i s e d t o g r o u p 

s t a t u s by Welsh and James ( 1 9 6 1 , p . 8 ) , and was d i v i d e d by them i n t o f o u r 

i n f o r m a l l y - n a m e d f o r m a t i o n s c o m p r i s i n g 18 i n f o r m a l members , Welsh and 

James ( 1 9 6 1 , p . 7) a l s o r e s t r i c t e d t h e t e r m O q u i r r h t o P e n n s y l v a n i a n r o c k s 

I n t h e O q u i r r h Range , a p r a c t i c e f o l l o w e d by n e i t h e r B i s s e l l ( 1 9 5 9 , p . 127 ) 

no r by Tooke r and R o b e r t s ( 1 9 6 1 , p , 2h) i n t h e same r a n g e , n o r b y t h e 

w r i t e r i n t h e T e r r a c e M o u n t a i n s . Each of t h e s e g e o l o g i s t s a s s i g n s p a r t 

of t h e O q u i r r h F o r m a t i o n t o t h e P e r m i a n . 
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to the east and the Nevada section to the west are present in, and in 

some instances they intertongue and intergrade in the mapped area. 

PIlNNSYLVANIAN AND PIlRMIAN SYSTEHS 

Oquirrh Formation 

History of nomenclature . The name Oquirrh Formation was formalized 

by James Gilluly lihen he wrote (1932 , p. 34) that II •••• the thickest 

stratigraphic unit in t he Oquirrh Hountains 1s t he great mass of alter­

nating limestones and sandstones (or quartzites ) her e named t he Oquirr h 

formation!!. Previous t o 1932 the name had been used only informally for 

the interval originally called t he uUpper I ntercalated series" by Spurr 

(1895) • 

As a result of recent '·lork Ll1 t he Oquirrh Range , the format i on has 

been divided into five named members by Bissell (1959 , p. 94), and into 

seven numbered units by Tooker and Roberts (1961, p . 21) . For use tuthin 

t he Bingham Hini.."lg District , the Oquirrh Formation <Has raised to group 

status by Vle1sh and James (1961, p . 8) , and Has divided by them into four 

informally- named formations comprising 18 informal members . vTe1sh and 

James (1961, p . 7 ) also restricted t he t erm Oquirrh to Pennsylvanian rocks 

in t he Oquirrh Range , a prac t i ce followed by neither Bissell (1959 , p . 127) 

nor by Tooker and Roberts (1961, p . 24) in the same range, nor by t he 

writer in the Terrace Hountains . Each of these geol ogists ass i gns part 

of the Oquirrh Formation t o the Permian. 



l i t 

V i r g i l i a n S e r i e s 

The P e n n s y l v a n i a ] ! Sys tem i s r e p r e s e n t e d i n t h e mapped a r e a by r o c k s 

d a t e d a s m i d d l e and u p p e r V i r g i l i a n age on t h e b a s i s of f u s u l i n i d s . Mega 

f o s s i l s o t h e r t h a n c r i n o i d c o l u m n a l s and worm t r a i l s ( F i g . l ) were n o t 

found i n r o c k s a s s i g n e d t o t h e V i r g i l i a n S e r i e s . The Wolfcampian and 

V i r g i l i a n S e r i e s a r e s e p a r a t e d e n t i r e l y by f o s s i l e v i d e n c e , r a t h e r t h a n 

by l i t h o l o g i c f e a t u r e s . Where a t r a n s i t i o n a l zone i s p r e s e n t i n t h e 

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

two s e r i e s . 

D i s t r i b u t i o n and e x p o s u r e . Rocks a s s i g n e d t o t h e V i r g i l i a n S e r i e s 

of t h e O q u i r r h F o r m a t i o n c o n s t i t u t e t h e n o r t h end of C r o c o d i l e M o u n t a i n , 

p a r t s of K e l t o n B u t t e , and p a r t s o f t h e low h i l l s i n s e c . 3 2 , T . 7 N . , 

R. 12 ¥ • , a t t h e s o u t h e r n end of t h e a r e a . E x p o s u r e s a r e few and s c a t ­

t e r e d on C r o c o d i l e M o u n t a i n , two of t h e l a r g e r o u t c r o p s f o r m i n g t h e n o s e 

and eye of t h e s i l h o u e t t e f o r which t h e m o u n t a i n was named. Numerous 

s m a l l e x p o s u r e s o c c u r on t h e s t e e p s o u t h - f a c i n g s l o p e of K e l t o n B u t t e , 

e s p e c i a l l y i n t h e l a r g e r g u l l i e s , b u t e x t e n s i v e g r a v e l - c o v e r e d a r e a s 

i n t e r v e n e , p r e v e n t i n g a c c u r a t e measurement o r s t r u c t u r a l i n t e r p r e t a t i o n . 

E x p o s u r e s of t h e V i r g i l i a n S e r i e s i n t h e s o u t h e r n h i l l s a r e l i t h o l o g i -

c a l l y s i m i l a r t o t h o s e of t h e s u p e r j a c e n t Wolfcampian S e r i e s . S t r a t a o f 

b o t h a g e s d i p u n i f o r m l y n o r t h w e s t and t h e more r e s i s t a n t b e d s c r o p o u t 

a s m i n i a t u r e hogbacks o r r i d g e s . 

T h i c k n e s s . Because of t h e p a u c i t y of f u s u l i n i d c o n t r o l , i ncom­

p l e t e n e s s of t h e s e c t i o n , and d i f f i c u l t y i n d e t e c t i n g s t r u c t u r a l r e p e t i ­

t i o n o r o m i s s i o n of p a r t s of t h e s e c t i o n , s t r a t a of t h e V i r g i l i a n S e r i e s 

were n o t p r e c i s e l y m e a s u r e d . A c a l c u l a t e d t h i c k n e s s of 2800 f e e t i s 

Virgilian Series 

The Pennsyl vani an Syst em is represented in t he mapped area by rocks 

dated as middle and upper Virgilian age on the bas i s of fusulinids . Mega­

fossils other than crinoid columnal s and worm trails (Fig. 1) were not 

found in rocks ass i gned to the Virgilian Ser ies . The Wol f campian and 

Virgilian Series are separated entirely by fos sil evidence , rather t han 

by l ithologic f eatures. Where a tranSiti onal zone is present in the 

southern par t of t he area, an arbitrar~ placed contact separates the 

two series . 

Distribution and exposure . Rocks assigned to the Virgilian Series 

of t he Oquirrh Formation constitute t he north end of Crocodile Mountain, 

parts of Kelton Butte, a~d parts of the l ow hills in sec . 32, T. 7 N. , 

R. 12 W. , at the southern end of t he area. Exposures are few and scat­

t er ed on Crocodile Mountain, t wo of t he l ar ger outcrops forming t he nose 

and eye of the silhouette for which t he mount ain was named . Numerous 

small exposures occur on the steep south- facing slope of Kel ton Butte, 

especially in t he l ar ger gullies , but extensive gr avel-covered areas 

intervene , preventing accurate measurement or structural interpretati on. 

Exposures of the Virgilian Series i n t he s outhern hills are lithologi ­

cally Similar to those of t he superjacent Wol fcampi an Ser i es . Strata of 

both ages dip uni formly northwest and t he more r esi stant beds crop out 

as miniature hogbacks or ridges . 

Thickness . Because of t he paucity of fU sulinid control, incom­

pleteness of t he section, and difficulty in det ect ing structural repeti­

tion or omission of parts of t he section , strata of t he Virgi lian Series 

were not preCisely measured . A calculated t hi ckness of 2800 feet is 



F i g u r e 1 . Worm t r a i l s i n t h e V i r g i l i a n S e r i e s of 
t h e O q u i r r h F o r m a t i o n , from e x p o s u r e s oh n o r t h e r n 
C r o c o d i l e M o u n t a i n . S c a l e i s s i x i n c h e s l o n g . 

Figure 1. Worm trails in the VirgUian Series of 
the Oquirrh Formation, from exposures oh northern 
Crocodile Hountain . Scale is siX inches l ong . 
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p r e s e n t a t t h e o c c u r r e n c e i n t h e s o u t h e r n p a r t of t h e a r e a , b u t d e p e n d i n g 

upon t h e p o s i t i o n of t h e c o n t a c t w i t h t h e Wolfcampian S e r i e s , t h e r e may be 

a s much a s 3100 f e e t o r a s l i t t l e a s 21^00 f e e t p r e s e n t . E x c e s s i v e c o v e r 

by l a c u s t r i n e g r a v e l p r e v e n t e d o t h e r t h a n an e s t i m a t e , of a p p r o x i m a t e l y 

3000 f e e t of t h i c k n e s s , f o r t h e s e c t i o n on C r o c o d i l e M o u n t a i n . S t r u c t u r a l 

c o m p l i c a t i o n and l a c k of e x p o s u r e s made i m p o s s i b l e even an e s t i m a t e o f t h e 

t h i c k n e s s of V i r g i l i a n age s t r a t a p r e s e n t on K e l t o n B u t t e . 

L i t h o l o g y and s t r a t i g r a p h i c r e l a t i o n s h i p s . I n t h e n o r t h e r n p a r t o f 

t h e a r e a , s t r a t a of l a t e V i r g i l i a n age a r e y e l l o w t o o r a n g e c a l c a r e o u s 

s a n d s t o n e , t a n and g r a y s i l t s t o n e , and p i n k t o p u r p l e o r t h o q u a r t z i t e . 

The s a n d s t o n e s a r e b i o c l a s t i c i n p a r t . Q u a r t z o s e s a n d g r a i n s , making u p 

over 60 p e r c e n t o f t h e r o c k , a r e w e l l r o u n d e d , b u t p o o r l y s o r t e d and a r e 

f i n e t o medium g r a i n e d . S i l t s t o n e i s of mino r s i g n i f i c a n c e compared t o 

t h e l a r g e r amounts i n t h e Wolfcampian S e r i e s . S t r a t a o f m i d d l e V i r g i l i a n 

age a r e p l a t y c a l c a r e o u s s i l t s t o n e i n t e r b e d d e d w i t h f u s u l i n i d - b e a r i n g 

c a l c a r e o u s s a n d s t o n e , s u p e r f i c i a l l y v e r y s i m i l a r t o t h o s e of Wolfcamp­

i a n age i n t h e same a r e a . A c o n c e a l e d f a u l t a p p a r e n t l y e x i s t s b e t w e e n 

t h e two s e r i e s on C r o c o d i l e M o u n t a i n . Two f a u l t s s e p a r a t e s t r a t a o f t h e 

two s e r i e s on K e l t o n B u t t e . F u s u l i n i d s from a s m a l l i n t e r v e n i n g f a u l t 

b l o c k a r e of l a t e V i r g i l i a n age o r p o s s i b l y of l a t e l o w e r Wolfcampian 

age and t h e s t r a t a c o n t a i n i n g them a p p a r e n t l y r e p r e s e n t a t r a n s i t i o n a l 

z o n e . Because o u t c r o p s a r e t o o few and f u s u l i n i d s were found i n o n l y 

one b e d , t h e w r i t e r c o u l d n o t a c c u r a t e l y d e t e r m i n e t h e s t r a t i g r a p h i c 

p o s i t i o n of t h i s i n t e r v a l . The b l o c k i s d e s i g n a t e d on P l a t e I a s h a v i n g 

s t r a t a of t h e V i r g i l i a n S e r i e s b e c a u s e of l i t h o l o g i c c h a r a c t e r i s t i c s . 

S t r a t a of V i r g i l i a n age i n t h e s o u t h e r n end of t h e a r e a c o m p r i s e 

present at the occurrence in the southern part of the area, but depending 

upon the position of t he contact with t he Wolfcampian Series, there may be 

as much as 3100 f eet or as little as 2400 feet present. Excessive cover 

b,y lacustrine gravel prevented other than an estimate, of approximatelY 

3000 feet of thickness , f or the section on Crocodile Mountain. Structural 

complication and l ack of exposures made impossible even an estimate of the 

thickness of Virgilian age strata present on Kelton Butte . 

Lithology and stratigraphic relationships. In the northern part of 

the area, strata of late Virgilian age are yellow to orange calcareous 

sandstone , tan and gray siltstone , and pink to purpl e orthoquartzite . 

The sandstones are bioclastic in part. Quartzose sand grains, making up 

over 60 per cent of the rock, are well rounded, but poorly sorted and are 

fine to medium grained . Siltstone is of minor significance compared to 

the larger amounts in t he Wolfcampian Series . Strata of middle Virgilian 

age are platy calcareous siltstone interbedded with fusulinid-bearing 

calcareous sandstone, superficially very similar to t hose of Wolfcamp­

ian age in the same area . A concealed fault apparently exists between 

the two series on Crocodile Mountain . Two faults separate strata of the 

two series on Kelton Butte . Fusulinids from a small intervening fault 

block are of l ate Virgilian age or possibly of l ate lower Wolfcampian 

age and the strata containing them apparently r epresent a transitional 

zone. Because outcrops are too few and fusulinids were found in only 

one bed, t he writer could not accurately determine the stratigraphic 

POSition of this interval . The block is designated on Plate I as having 

strata of the Virgilian Series because of lithologic characteristics. 

Strata of Virgilian age in the southern end of the ar ea comprise 
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i n t e r b e d d e d c a l c a r e o u s s a n d s t o n e s , b i o c l a s t i c l i m e s t o n e s , and d a r k g r a y 

t o b l a c k , f e t i d , c a l c a r e o u s s i l t s t o n e s , a l l s i m i l a r t o r o c k s i n t h e o v e r ­

l y i n g s e c t i o n which i s of Wolfcampian a g e . Only two f u s u l i n i d - b e a r i n g 

b e d s a r e p r e s e n t i n t h i s e n t i r e s e q u e n c e , s o t h e c o n t a c t b e t w e e n r o c k s 

of P e n n s y l v a n i a n and Pe rmian age c o u l d n o t b e a c c u r a t e l y p l a c e d . 

Age and C o r r e l a t i o n . S t r a t a of P e n n s y l v a n i a n age on C r o c o d i l e 

Mounta in a r e s o a s s i g n e d on t h e b a s i s o f T r i t i c i t e s s p . and P s e u d o f u -

s u l i n e l l a s p . ( u p p e r V i r g i l i a n ) i d e n t i f i e d by G r a n t S t e e l e and t h e same 

two g e n e r a f rom 2000 f e e t l o w e r i n t h e s e c t i o n , i d e n t i f i e d by B e t t y S e a l -

man and d e s i g n a t e d V i r g i l i a n a g e , p r o b a b l y m i d d l e . The s e c t i o n c o n t a i n ­

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

c o n c o r d a n t , and t h e d i f f e r e n t age d e s i g n a t i o n s , a p p a r e n t l y made on t h e 

b a s i s o f s t r u c t u r a l d e v e l o p m e n t of t h e f u s u l i n i d s ( b o t h i d e n t i f i c a t i o n s 

were made a t t h e same l a b o r a t o r y ) , would b e e x p e c t e d i f t h e w r i t e r ' s 

s t r a t i g r a p h i c i n t e r p r e t a t i o n o f t h e s e c t i o n i s c o r r e c t . 

S t r a t a on K e l t o n B u t t e a r e a s s i g n e d an u p p e r V i r g i l i a n age on t h e 

b a s i s of T r i t i c i t e s s p . , T r i t i c i t e s c f • T . h o b b l e n s i s , and T r i t i c i t e s 

c u l l o m e n s i s i d e n t i f i e d by B e t t y S e a l m a n . T r i t i c i t e s c u l l o m e n s i s f rom 

s t r a t a i n s e c 3 2 , T . 7 N . , R. 1 1 W. , i n d i c a t e s t h a t t h e l o w e r p a r t of 

t h e s e c t i o n t h e r e i s of V i r g i l i a n a g e . 

Rocks of V i r g i l i a n age i n t h e mapped a r e a a r e t e n t a t i v e l y c o r r e l a t e d 

w i t h p a r t s of t h e O q u i r r h F o r m a t i o n t o t h e s o u t h , s p e c i f i c a l l y w i t h u n i t s 

It and 5 of Tooker and R o b e r t s ( 1 9 6 1 , p . 2 9 - 3 0 ) and w i t h t h e P o l e Canyon 

Member of B i s s e l l ( 1 9 5 9 , p . 1 2 1 ) . B i s s e l l r e p o r t s ( i b i d , p . 12it) T r i t i ­

c i t e s c u l l o m e n s i s from t h e s o u t h e r n O q u i r r h M o u n t a i n s , and Baker ( 1 9 ^ 7 ) 

r e p o r t s T r i t i c i t e s a f f • c u l l o m e n s i s from t h e O q u i r r h F o r m a t i o n i n t h e 

Wasa t ch M o u n t a i n s e a s t of P r o v o . O q u i r r h s t r a t a o f V i r g i l i a n age a r e 
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interbedded calcareous sandstones, bioclastic limestones , and dark gr~ 

to bl ack, fetid, calcareous sil tstones , all similar to rocks in the aver­

~g section which is of Wolfcampian age . Only two fusulinid-bearing 

beds are present in this entire sequence, so the contact between rocks 

of Pennsylvanian and Permian age could not be accurately placed. 

Age and Correlation. Strata of Pennsylvanian age on Crocodile 

Mountain are so assigned on the basis of Tr iticites sp. and Pseudofu­

sulinella sp. (upper Vi r gilian ) identified by Grant Steele and the same 

two genera from 2000 feet lower in the section, identified by Bett,y Seal­

man and designated Virgilian age , probably middle . The section contain­

ing these two fustilinid occurrences , though much covered, appears to be 

concordant, and t he different age designations , apparently made on the 

basis of structural development of the fusulinids (both identifications 

were m.e.de at the same l abor atory), would be expected if the writer I S 

stratigraphic interpretation of the section is correct . 

Strata on Kelton Butte are assigned an upper Virgilian age on the 

baSis of Triticites sp., Triticites cf . !_ hobblensis , and Triticites 

cullomensis identified by Betty Sealman. Triticites cul10mensis from 

strata in sec . 32 , T. 7 N., R. 11 W. , indicates that t he lower part of 

the section there is of Virgilia~ age . 

Rocks of Virgilian age in the mapped area are tentatively correlated 

;.:ttl:: parts of the Oquirrh Formation to the south, specifically with units 

4 and 5 of Tooker ~~ Roberts (1961, p . 29-30) and with the Pole Canyon 

Member of Bissell (1959, p . 121 ) . Bissell reports (ibid', p. 124) Triti­

cites cullomensis from the southern Oquirrh Hauntains , and Baker (1947) 

reports Triticites aff . cullomensis from the Oquirrh Formation in the 

Wasatch MountainS east of Provo. Oquirrh strata of Virgi1ian age are 
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a l s o p r e s e n t i n t h e S t a n s b u r y Range ( R i g b y , 1 9 5 8 , p . 5 l ) , i n t h e Cedar 

Range ( M a u r e r , o r a l c o m m u n i c a t i o n ) and i n t h e G r a s s y H i l l s ( D o e l l i n g , 

o r a l c o m m u n i c a t i o n ) . 

Wolfcampian and L e o n a r d i a n S e r i e s 

D i s t r i b u t i o n and e x p o s u r e . The Pe rmian p a r t of t h e O q u i r r h Forma­

t i o n , of Wolfcampian and p o s s i b l y l o w e r L e o n a r d i a n a g e , i s e x p o s e d on 

t h e s o u t h e r n end of C r o c o d i l e Mounta in and t h e n o r t h e a s t s i d e of K e l t o n 

B u t t e i n t h e n o r t h e r n p a r t of t h e mapped a r e a , i n t h e e a s t e r n T e r r a c e 

Moun ta ins and a l o n g t h e s o u t h e a s t e r n edge of t h e w e s t e r n T e r r a c e Moun­

t a i n s . I n a d d i t i o n , i t makes u p mos t of t h e l o w - l y i n g h i l l s f rom t h e 

T e r r a c e M o u n t a i n s s o u t h t o t h e s o u t h e r n end o f t h e s t u d i e d a r e a . The 

Wolfcamp S e r i e s o f t h e O q u i r r h i s e x p o s e d o v e r more a r e a w i t h i n t h e r e ­

g i o n of s t u d y t h a n any o t h e r b e d r o c k u n i t * 

Ledge and bench t o p o g r a p h y , c h a r a c t e r i s t i c of t h e c y c l i c p a r t s o f 

t h e O q u i r r h i n most p l a c e s where i t i s e x p o s e d , i s n o t w e l l - d e v e l o p e d i n 

t h e mapped a r e a . The exposed s e c t i o n i n t h e T e r r a c e Moun ta in s c o n t a i n s 

much s i l t y l i m e s t o n e and s i l t s t o n e , and l a c k s t h e more r e s i s t a n t o r t h o -

q u a r t z i t i c u n i t s t h a t p r o d u c e s t r o n g l e d g e s e l s e w h e r e . L i t h o l o g i c v a r i a ­

t i o n s i n t h e s e c t i o n a r e marked o n l y by c o l o r v a r i a t i o n s , k n o l l s , and 

s a d d l e s on subdued t o p o g r a p h y . I n t h e s o u t h e r n p a r t of t h e a r e a , whe re 

r e s i s t a n t o r t h o q u a r t z i t e s a r e b e t t e r d e v e l o p e d and where t h e s t r a t a d i p 

s t e e p l y t o t h e n o r t h w e s t and w e s t , a s e r i e s of low hogback r i d g e s h a s 

d e v e l o p e d i n s t e a d of t h e more u s u a l l e d g e and bench t o p o g r a p h y found where 

d i p s a r e l e s s s t e e p . The s u r f a c e of t h e r e s i s t a n t o r t h o q u a r t z i t e and t h e 

c a l c a r e o u s s a n d s t o n e i s v e r y d a r k b rown , n e a r l y b l a c k , from t h e c a s e h a r d e n -
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also pr esent in the Stansbury Range (Rigby, 1958, p . 51), in the Cedar 

Range (Maurer , oral cOnmDlllicat1on) and in the Grassy HiJ.l.s (Doelling, 

oral communication) . 

Wolfcampi an and Leonardian Series 

Distribution and exposure . The Permian part of the Oquirrh Forma­

tion , of Wolfcampian and possib~ l ower Leonardian age , is exposed on 

t he southern end of Crocodile Mountain and the northeast side of Kelton 

Butte in the northern part of the mapped area, in t he eastern Terrace 

Mountains and along the southeastern edge of the western Terrace Moun­

tains . I n addition, it makes up most of t he low-lying hills from the 

Terrace Mountains south to the southern end of the studied area. The 

Wolfcamp Series of the Oquirrh i s exposed over more area within the re­

gion of study t han any other bedrock unit . 

Ledge and bench topography, characteristic of the cyclic parts of 

the Oquirrh in most pl aces where it is exposed, is not well-developed in 

the mapped area . The exposed section in t he Terrace Mountains contains 

much s i l ty limestone and siltstone, and lacks the more resistant ortho­

quartzitic units t hat produce strong ledges elsewhere . Lithol ogic varia­

tions in t he secti on are marked only by col or variations , knolls , and 

saddles on subdued topography . In t he southern part of the areaJ where 

resistant orthoquartzites are better developed and where t he strata dip 

steeply to the northwest and west, a series of law hogback ridges has 

developed instead of the more usual ledge and bench topograpqy found where 

dips are less steep. The surface of the resistant orthoquartzite and the 

calcareous sandstone is very dark brown, nearly black, from the case harden-



18 

i n g o r w e a t h e r i n g r i n d t h a t d e v e l o p s on i t . S i l i c e o u s s i l t s t o n e s i n t h i s 

r e g i o n some t imes form m a s s i v e - l e d g e - l i k e o u t c r o p s b u t a r e u s u a l l y much 

f r a c t u r e d and more o f t e n form lpw k n o l l s and g e n t l e s l o p e s . The i n t e r ­

c a l a t e d s h a l e y o r s i l t y l i m e s t o n e b e d s a r e u s u a l l y c o n c e a l e d and form 

s w a l e s o r d e p r e s s i o n s . 

L i t h o l o g y . Rocks o f t h e Wolfcampian and L e o n a r d i a n S e r i e s o f t h e 

O q u i r r h F o r m a t i o n a r e of v a r i e d b u t l a r g e l y c l a s t i c l i t h o l o g y . I n g e n e r ­

a l , t h e l o w e r p a r t s c o m p r i s e c a l c a r e o u s s i l t s t o n e , a r e n a c e o u s b i o c l a s t i c 

l i m e s t o n e , and f i n e - g r a i n e d c r y s t a l l i n e l i m e s t o n e , a l l o f w h i c h a r e i n t e r -

bedded w i t h c a l c a r e o u s s a n d s t o n e and o r t h o q u a r t z i t e . The u p p e r p a r t s 

c o m p r i s e s i l t y , s i l i c e o u s , and i n p a r t f e t i d l i m e s t o n e w i t h o r t h o q u a r t z i t e 

and c h e r t becoming dominan t i m m e d i a t e l y be low t h e c o n t a c t w i t h Diamond 

Creek S a n d s t o n e . 

N o t a b l e w i t h i n t h e Wolfcampian S e r i e s a r e p r i m a r y s e d i m e n t a r y 

s t r u c t u r e s t h a t i n d i c a t e an o c c a s i o n a l l y u n s t a b l e e n v i r o n m e n t o f d e p o s i ­

t i o n . A p p a r e n t t h i c k e n i n g of p a r t s o f t h e S e r i e s t o w a r d t h e s o u t h i n d i ­

c a t e s t h a t a b a s i n o r t r o u g h was p r e s e n t i n t h e d i r e c t i o n of t h e s o u t h e r n 

p a r t of t h e mapped a r e a d u r i n g a t l e a s t p a r t of Wolfcampian t i m e . U n i t s 

of f i n e l y l a m i n a t e d a r g i l l a c e o u s l i m e s t o n e a r e c o n t o r t e d by p e n e c o n t e m -

p o r a n e o u s s l u m p i n g , and a l t h o u g h d i r e c t i o n a l i n t e r p r e t a t i o n was d i f f i c u l t 

due t o l i m i t e d e x p o s u r e s , movement was a p p a r e n t l y i n a n o r t h e r l y or 

s o u t h e r l y d i r e c t i o n , a s a x e s of r e c o g n i z a b l e s lump f o l d s a p p e a r t o b e 

o r i e n t e d g e n e r a l l y e a s t - w e s t . 

An a d d i t i o n a l i n d i c a t o r of d e e p e r w a t e r o r g r e a t e r s u b s i d e n c e of t h e 

b a s i n t o t h e s o u t h i s t h e t h i c k e n i n g i n t h a t d i r e c t i o n of c o a r s e b i o ­

c l a s t i c l i m e s t o n e b e d s wh ich u n e v e n l y and l o c a l l y t r u n c a t e l a m i n a t i o n s 

of u n d e r l y i n g s i l i c e o u s l i m e s t o n e . The b i o c l a s t i c b e d s a r e c h a r a c t e r i z e d 

I 
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ing or weathering rind that develops on it . Siliceous siltstones in this 

region sometimes form massive-ledge-like outcrops but are usually much 

fractured and more often form l aw knolls and gentle slopes. The inter­

calated sbaley or silty limestone beds are usually concealed and form 

swales or depressions . 

Lithology _ Rocks of the Wolfcampian and Leonardian Series of the 

Oquirrh Formation are of varied but largely clastic lithology. In gener­

al, the lower parts comprise calcareous siltstone, arenaceous bioclastic 

limestone, and fine - grained c~stalline limestone , all of which are inter­

bedded with calcareous sandstone and orthoquartzite . The upper parts 

comprise silty, siliceous , and in part fetid limestone with orthoquartzite 

and chert becoming dominant immediately below the contact with Diamond 

Creek Sandstone . 

Notable within the Wolfcampian Series are primary sedimentary 

structures that indicate an occasionally unstable environment of deposi­

tion . Apparent thickening of parts of the Series toward the south indi­

cates that a basin or trough was present in the direction of the southern 

part of the mapped area during at least part of Wolfcampian time . Units 

of finely laminated argi l laceous limestone are contorted by penecontem­

poraneous slumping, and although directional interpretation was difficult 

due to l imited exposures , movement was apparently in a northerly or 

southerly direction, as axes of rec ognizable slump folds appear to be 

oriented generally east-west . 

An additional indicator of deeper water or greater subsidence of the 

basin to the south is t he thickening in that direction of coarse bio­

clastic limestone beds which unevenly and locally truncate laminations 

of underlying s iliceous l imestone . The bioclastic beds are characterized 
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by a l a r g e m o l l u s c an f a u n a , i n which E u p h e m i t o p s i s s p . and P l a g i o g l y p t a 

s p . a r e c h a r a c t e r i s t i c and p r o l i f i c . 

Where t h e Wolfcampian O q u i r r h o c c u r s i n t h e e a s t e r n T e r r a c e Moun­

t a i n s , o n l y one s u c h b e d of b i o c l a s t i c l i m e s t o n e i s p r e s e n t . I t i s one 

t o two f e e t t h i c k and i s a p p a r e n t l y c o n c o r d a n t w i t h u n d e r l y i n g b e d s . 

S i x m i l e s t o t h e s o u t h , howeve r , where t h e Wolfcampian S e r i e s was mea­

s u r e d i n t h e w e s t e r n T e r r a c e M o u n t a i n s , t h r e e s i m i l a r l i m e s t o n e u n i t s 

a r e p r e s e n t , one 25 f e e t t h i c k , and e a c h h a s an u n d u l a t o r y o r s l i g h t l y 

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

u n i t s . S i x m i l e s f u r t h e r t o t h e s o u t h e a s t , a s i m i l a r b i o c l a s t i c l i m e ­

s t o n e u n i t i s e x p o s e d on a k n o l l , and i s 90 f e e t t h i c k d e s p i t e t h e f a c t 

t h a t a p o r t i o n h a s b e e n removed by e r o s i o n ( F i g . 2 ) . I t s l o w e r c o n t a c t 

w i t h l a m i n a t e d s i l i c e o u s muds tone a p p e a r s g r a d a t i o n a l i n p l a c e s b u t i s 

l o c a l l y u n c o n f o r m a b l e i n o t h e r s where i t t r u n c a t e s t h e t h i n l y l a m i n a t e d 

b e d s . The a n g l e o f t r u n c a t i o n i s a s h i g h a s 5 t o 10 d e g r e e s i n p l a c e s 

and i s i n t e r p r e t e d a s a s u b a q u e o u s e r o s i o n a l d i a s t e m . F i g u r e 3 i l l u s ­

t r a t e s r o l l s t r u c t u r e s , l e n s i n g , and i n t e r - m i x i n g o f t h e two l i t h o l o g i e s 

a t t h e c o n t a c t . F u s u l i n i d s c o l l e c t e d i n c l o s e a s s o c i a t i o n w i t h a l l t h r e e 

o c c u r r e n c e s of t h i s b i o c l a s t i c u n i t s u g g e s t t h a t t h e y a r e o f t h e same age 

and a r e p r o b a b l y d i r e c t l y c o r r e l a t i v e . 

L i t h o l o g i e s of t h e Wolfcampian and L e o n a r d i a n O q u i r r h i n d i c a t e t h a t 

t h e r e g i o n was p r o b a b l y u n d e r i n f r a n e r i t i c c o n d i t i o n s when t h e e v e n l y and 

t h i n l y l a m i n a t e d s i l i c e o u s c a r b o n a t e r o c k s a c c u m u l a t e d and u n d e r e p i n e r i t i c 

c o n d i t i o n s d u r i n g t i m e s when, o r a t p l a c e s w h e r e , t h e a r e n a c e o u s and b i o ­

c l a s t i c l i m e s t o n e s and s a n d s t o n e s were b e i n g d e p o s i t e d . The i n t e r b e d d e d 

n a t u r e of t h e s e key l i t h o l o g i e s i s i n d i c a t i v e o f i n s t a b i l i t y i n t h e 

by a large molluscan faunaJ in which Euphemitopsis sp. and Plagiog5rPta 

sp. are characteristic and prolific. 

Where the Wolfcampian Oquirrh occurs in the eastern Terrace Moun­

tains J only one such bed of biocl astic limestone is present . It is one 

to two feet thick and is apparently concordant with underlying beds . 

Six miles to t he southJ howeverJ where the Wolfcampian Series was mea­

sured in the western Terrace Mountains J three similar l imestone units 

are presentJ one 25 feet thickJ and each has an undulato~ or slightly 

disconfor.mable contact with underlying laminated siliceous limestone 

units . Six miles further to the southeastJ a similar bioclastic lime­

stone unit is exposed on a knollJ and is 90 feet thick despite the fact 

that a portion has been removed qy erosion (Fig . 2). Its l ower contact 

with laminated siliceous mudstone appears gradational in places but is 

loc~ unconformable in others where it truncates the thinly laminated 

beds. The angl e of truncation is as high as 5 to 10 degrees in places 

and is interpreted as a subaqueous erosional diastem. Figure 3 illus­

trates roll structures J lensingJ and inter-mixing of the two lithologies 

at the contact . Fusulinids collected in close association with all three 

occurrences of this bioclastic unit suggest that they are of the same age 

and are probably directly correlative . 

Lithologies of the Wol fcampian and Leonardian Oquirrh indicate that 

the region was probably under infraneritic conditions when the evenly and 

th~ laminated siliceous carbonate rocks accumulated and under epineritic 

conditions during times whenJ or at places where J the arenaceous and bio­

clastic limestones and sandstones were being deposited . The interbedded 

nature of these key lithologies is indicative of instability in the 



F i g u r e 2 . C l i f f - f o r m i n g , b i o c l a s t i c l i m e s t o n e i n t e r v a l 
u n i t 13 o f t h e "Twin Caves" s e c t i o n o f t h e Wolfcampian 
S e r i e s of t h e O q u i r r h F o r m a t i o n , o v e r l y i n g b a n d e d 
s i l i c e o u s mudstone of u n i t 1 2 , 

F i g u r e 3, R o l l s t r u c t u r e s , l e n s i n g and i n t e r m i x i n g o f u n i t s 
12 and 13 of "Twin C a v e s " s e c t i o n o f t h e Wolfcampian 
S e r i e s of t h e O q u i r r h F o r m a t i o n . 

Figure 2. Cliff-fonning, bioclastic limestone interval 
unit 13 of t he i1Twin Caves" section of the Wolfcampian 
Series of the Oquirrh Formation , overlying banded 
siliceous mudstone of unit 12 . 

Figure 3 . Roll structures , lensing and intermixing of units 
12 and 13 of 1IT'win Caves u section of the Wolfcampian 
Series of the Oquirrh Formation. 
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d e p o s i t i o n a l a r e a , e s p e c i a l l y d u r i n g Wolfcampian t i m e . The a p p a r e n t 

t h i c k e n i n g of t h e c o a r s e c l a s t i c u n i t s t o w a r d t h e s o u t h may have b e e n 

due t o d e t r i t a l m a t e r i a l which had b e e n moved by c u r r e n t s i n t o d e e p e r 

w a t e r from a s h e l f o r s h a l l o w e r w a t e r t o t h e n o r t h . 

The c o n t a c t o r t r a n s i t i o n a l zone b e t w e e n t h e V i r g i l i a n and Wolf­

campian S e r i e s of t h e O q u i r r h i s p r e s e n t i n t h e s o u t h e r n p a r t of t h e 

mapped a r e a , b u t b o t h s e r i e s a r e I n c o m p l e t e t h e r e , s o t h e t o t a l t h i c k n e s s 

of n e i t h e r of t h e s e i n t e r v a l s i s known, B i s s e l l s t a t e s ( 1 9 5 9 , p . 127) 

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

i n w e s t e r n U t a h and e a s t e r n Nevada , s e d i m e n t a t i o n may have p r o c e e d e d 

w i t h o u t major change from P e n n s y l v a n i a n t i m e t o P e r m i a n t i m e i n t h e 

O q u i r r h B a s i n . A l t h o u g h t h e t r a n s i t i o n a l zone i n t h e s t u d i e d a r e a i s 

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

t r o l t o p r o v e a b s o l u t e l y t h a t t h e t r a n s i t i o n i s u n i n t e r r u p t e d , i t a p p e a r s 

t h a t s e d i m e n t a t i o n was c o n t i n u o u s and t h e r e i s no e v i d e n c e of a b r e a k . 

The u p p e r p a r t of t h e Pe rmian O q u i r r h i s l i t h o l o g i c a l l y g r a d a t i o n a l 

w i t h t h e o v e r l y i n g Diamond Creek S a n d s t o n e . For mapping p u r p o s e s , t h e 

c o n t a c t was p l a c e d a t t h e h i g h e s t o c c u r r e n c e of bedded c h e r t and s i l i c e o u s 

s i l t s t o n e . T h i s a r b i t r a r y c h o i c e n e c e s s a r i l y l e f t a c o n s i d e r a b l e amount 

of o r t h o q u a r t z i t e of Diamond Creek a f f i n i t y be low t h e c h o s e n c o n t a c t . 

T h i c k n e s s . T h r e e i n c o m p l e t e s e c t i o n s of Pe rmian age O q u i r r h Forma­

t i o n were measu red i n t h e mapped a r e a . The most c o m p l e t e and b e s t e x ­

posed s e c t i o n i s t h a t l o c a t e d i n t h e s o u t h e a s t e r n p a r t of t h e w e s t e r n 

T e r r a c e M o u n t a i n s , H e r e , a p p r o x i m a t e l y 6700 f e e t o f r o c k s we re a s s i g n e d 

t o t h e O q u i r r h on t h e b a s i s of s t r a t i g r a p h i c p o s i t i o n , l i t h o l o g y and 

f u s u l i n i d c o n t e n t . A s e c o n d s e c t i o n , d e s i g n a t e d t h e "Twin Caves" s e c t i o n , 

20 

depositional area, especially during Wol fcampian time. The apparent 

thickening of the coarse cl astic units toward the south m~ have been 

due to detrital material which had been moved qy curr ents into deeper 

water from a shelf or shallower water to the north . 

The contact or transitional zone between the Virgil ian and Wol f ­

campian Series of the Oquirrh is present in the southern part of the 

mapped area, but both series are incompl ete there , so the total thickness 

of neither of these intervals is known . Bi ssell states (1959 , p. 127) 

that al though there is a disconformity bel ow strata of Wol fcampian age 

in l'lestern Utah and eastern Nevada , sedimentati on may have proceeded 

without major change from Pennsylvanian time to Permian time in the 

Oquirrh Basin. Although the transitional zone in the studied area is 

unfortunate~ mostly concealed and there is too l ittle pal eontol ogic con­

trol to prove absolutely that t he transition is uninterrupted, it appears 

that sedimentation was continuous and there i s no evidence of a br eak. 

The upper part of the Permian Oquirrh is lithologically gradational 

liith t he overlying Diamond Creek Sandstone . For mapping purposes , the 

contact lias placed at the hi ghest occurrence of bedded chert and siliceous 

siltstone . This arbi trary choice necessar~ left a consi derabl e amount 

of orthoquartzite of Diamond Creek affinity ~elow the chosen contact. 

Thickness . Three i ncompl ete sections of Permian age Oquirrh Forma­

t i on 'Here measured in the mapped area. The most complete and best ex­

posed section is that located in t he southeaster n part of the western 

Terrace Hountains . Here, approximately 6700 feet of rocks were ass i gned 

to the Oquirrh on the basis of stratigraphic positi on, l ithol ogy and 

fusulinid content . A second section, designated the 1ITwin Cavest! section, 
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was m e a s u r e d i n s e e . 3 , T . 6 N, R. 1 1 W. Only 600 f e e t of r o c k s of 

m i d d l e Wolfcampian age a r e exposed h e r e , b u t t h e s e c t i o n i s s i g n i f i c a n t 

b e c a u s e i t g i v e s e v i d e n c e t h a t some b e d s w i t h i n t h e Pe rmian O q u i r r h 

t h i c k e n m a r k e d l y t o t h e s o u t h of t h e T e r r a c e M o u n t a i n s . A t h i r d s e c t i o n 

of Pe rmian O q u i r r h , of l o w e r t o u p p e r m i d d l e Wolfcampian a g e , d e s i g n a t e d 

t h e " S o u t h End" s e c t i o n , was measu red i n t h e s o u t h e r n m o s t h i l l s of t h e 

mapped a r e a , i n s e e s . 22 and 2 7 , T . 6 N . , R. 1 1 W. H e r e , a p p r o x i m a t e l y 

1600 f e e t o f r o c k s a r e e x p o s e d , wh ich d i p 20 d e g r e e s t o t h e n o r t h e a s t . 

The s e c t i o n h a s s e v e r a l c o v e r e d i n t e r v a l s t h a t may c o n c e a l minor f a u l t s , 

b u t f u s u l i n i d c o n t r o l i s good and l i t t l e o r no r e p e t i t i o n o r o m i s s i o n i s 

a p p a r e n t . U n f o r t u n a t e l y , n e i t h e r t h e t o p n o r b o t t o m of t h i s s e c t i o n i s 

e x p o s e d . 

Measured s e c t i o n . 

S e c t i o n of t h e O q u i r r h F o r m a t i o n , Wolfcampian and L e o n a r d i a n S e r i e s 

( i n c o m p l e t e ) measu red i n 

N | s e c , 2 5 , T , 8 N , , R, 12 W, , and N | s e c 3 0 , T . 8 N . , R. 1 1 W, , U t a h . 

P e r m i a n : 

Diamond Creek S a n d s t o n e , 

Conformable c o n t a c t 

O q u i r r h F o r m a t i o n ( i n c o m p l e t e ) : 

UNIT DESCRIPTION THICKNESS 
( f e e t ) 

S i l t s t o n e , c h e r t y , d a r k - g r a y , w e a t h e r s l i g h t g r a y . Up t o 
kO p e r c e n t c h e r t , d a r k - g r a y , n o d u l a r , v e r y f i n e - g r a i n e d . 
N o n - c a l c a r e o u s , Bedding v e r y t h i n b u t i n d i s t i n c t . 
Forms l e d g e . . . . . . . . . , . , • * , * , . 5 

S>lw O r t h o q u a r t z i t e , l i g h t - t o m e d i u m - g r a y , w e a t h e r s l i g h t e r , 
f i n e - g r a i n e d . No c h e r t . Forms l e d g e , • • . . . . . . . . 3 
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was measured in sec . 3, T. 6 N, R. II W. Only 600 feet of r ocks of 

mi ddle Wol fcampian age are exposed here, but the secti on i s s i gni ficant 

because it gives evidence that some beds within the Permian Oquirrh 

thicken markedly to the south of the Terrace Mountains . A thir d section 

of Permian Oquirr h, of lower to upper middl e Wol fcampian age, designated 

the "South End" section, was measured in the southernmost hills of the 

mapped area, in sees . 22 and 27 , T. 6 N., R. 11 W. Her e, approximately 

1600 feet of rocks are exposed, which dip 20 degrees to the northeast. 

The section has several covered intervals that may conceal minor faul ts, 

but fusulinid control is good and littl e or no repetition or omission is 

apparent . Unfortunately, neither the top nor bottom of this section i s 

exposed . 

Measured section . 

Section of t he Oquirrh Formation, Wolfcampian and Leonardi an Ser ies 

( incomplete) measured in 

N! sec . 25 , T. 8 N. , R. 12 W., and N~ sec . 30, T. 8 N. , R. 11 W., Utah . 

Permian: 

UNIT 

55. 

54. 

Diamond Creek Sandstone . 

Conformabl e contact 

Oquirrh Formation (incomplete): 

DESCRIPrION 

Siltstone, cherty , dark-gr~, weathers light gr~. Up to 
40 per cent chert , dark- gr ay, nodular, very fine- gr ained. 
Non-calcareous . Bedding very t hin but indi stinct. 
Forms ledge •• ••••••••••••••••• • .•• • .•• • •••••••••••••••••• 

Orthoquartzite , l i ght - to medium-gr~, weathers l ighter, 
fine- grained . No chert . Forms ledge •••••••••••••••••••• 

THICKNESS 
(feet) 

5 

3 
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C o n c e a l e d . F l o a t i s o r t h o q u a r t z i t e , medium g r a y t o t a n , 
w e a t h e r s t a n t o d a r k b r o w n . F i n e - g r a i n e d . A p p a r e n t l y 
med ium-bedded . Forms s w a l e . . 57 

O r t h o q u a r t z i t e , d a r k - g r a y , w e a t h e r s l i g h t t a n . T h i n - t o 
med ium-bedded . M e d i u m - g r a i n e d . C h e r t n o d u l e s 5 t o 10 p e r 
c e n t , i r r e g u l a r , d a r k - g r a y 5 

O r t h o q u a r t z i t e , m e d i u m - t a n , w e a t h e r s same and d a r k e r . F i n e ­
g r a i n e d ; l e s s w e l l - c e m e n t e d t h a n u n i t a b o v e . Medium-bedded . 
No c h e r t . Rounded f l o a t 16 

S i l t s t o n e , c a l c a r e o u s , d a r k - g r a y , w e a t h e r s l i g h t g r a y . 
T h i n - b e d d e d . 15 t o 20 p e r c e n t n o d u l a r c h e r t , l i g h t - t a n 
t o d a r k - g r a y , w e a t h e r s d a r k e r . Forms l e d g e . S i l i c i f i e d 
f o s s i l s i n c l u d e c r i n o i d c o l u m n a l s 1/2 i n c h i n d i a m e t e r , 
e c h i n o i d s p i n e s 6 i n c h e s l o n g , l/k i n c h i n d i a m e t e r . . . . . . . 2k 

O r t h o q u a r t z i t e , m e d i u m - t a n , w e a t h e r s d a r k e r . F i n e - g r a i n e d , 
Lower p a r t 5 t o 10 p e r c e n t n o d u l a r c h e r t . T h i n - t o med­
ium-bedded hi 

S i l t s t o n e , o r t h o q u a r t z i t e , and s i l t y c h e r t . Most p a r t s 
d a r k - g r a y , w e a t h e r same or l i g h t e r . Upper p a r t s i l t s t o n e , 
t h i n - b e d d e d . Two- foo t bed of o r t h o q u a r t z i t e i n m i d d l e . 
Lower p a r t 80 p e r c e n t d a r k - g r a y c h e r t . . . . . . . . . . . . . . . . . . . . . 28 

O r t h o q u a r t z i t e , m e d i u m - t a n , w e a t h e r s same t o d a r k b rown . 
Medium-bedded . Lower t w o - t h i r d s c o n c e a l e d . . . • 26 

C h e r t (60%) and s i l t s t o n e ( 1 | 0 $ ) . S i l t s t o n e i s c a l c a r e o u s , 
d a r k g r a y , w e a t h e r s l i g h t g r a y . T h i n - b e d d e d . C h e r t i s 
d a r k g r a y , w e a t h e r s s a m e . Nodu les i n I r r e g u l a r b e d s k0 

S i l t s t o n e and s a n d s t o n e , d a r k g r a y , w e a t h e r s b r o w n . P a r t s 
s i l i c e o u s o r c h e r t y . f i n e - g r a i n e d . Very s l i g h t r e a c t i o n 
t o a c i d . T h i n - b e d d e d . S a n d s t o n e a t t o p . Most c o n c e a l e d . 
P o s s i b l y f a u l t e d 199 

L i m e s t o n e , d a r k - g r a y , w e a t h e r s l i g h t - t o m e d i u m - g r a y . 
F i n e - c r y s t a l l i n e . Very t h i n - t o t h i n - b e d d e d . To 10 p e r 
c e n t s m a l l n o d u l e s of c h e r t . S m a l l s p i n e s and s m a l l 
c r i n o i d c o l u m n a l s $2 

S a n d s t o n e , o r t h o q u a r t z i t i c , d a r k - g r a y , w e a t h e r s t a n t o 
d a r k b r o w n . C a l c a r e o u s . T h i n - t o med ium-bedded . No 
c h e r t . . . • l i i 

L i m e s t o n e , s i l t y , d a r k - g r a y t o b l a c k , w e a t h e r s d a r k t a n . 
F i n e - g r a i n e d . P a r t s i l i c e o u s . T h i n l y l a m i n a t e d . P o o r l y 
e x p o s e d . . . . » * 26 
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53. Concealed. Float is orthoquartzite, medium gray to tan, 
weathers tan to dark brown . Fine- grained. Apparently 
medium-bedded. Forms swale ••••••••••••••••••••••••••••••••• 57 

52 . Orthoquartzite, 
medium-bedded. 

dark- gray, weathers light tan. Thin- to 
Medium- grained . Chert nodul es 5 to 10 per 

cent, irregular, dark- gray •• • ••••••••••••• •• • ••• •••• .••••••• 5 

51. Orthoquartzit e , medi um- tan, weather s same and darker . Fine­
grained; l ess well- cemented than unit above . Medium-bedded . 
No chert . Rounded float •••.•••• • •••••••• •• • • •• • •••• • ••••••• 1.6 

50. Siltstone , calcareous, dark- gr ay, weathers light gray. 
Thin-bedded . 15 to 20 per cent nodular cbert , light - tan 
to dark-gray, weathers darker . Forms l edge . Silicifi ed 
fossi l s include crinoid col urnnals 1/2 inch in diameter , 
ech inoid spines 6 i nches long, 1/4 inch in diameter . .. .... 24 

49 . Orthoquartzite , medium- tan, weathers darker . Fine- grained. 
Lower part 5 to 10 per cent nodular chert. Thin- to med-
i um-bedded . .. .. . .. . . ....... . . . ................ ... ......... . 41 

48 . Siltstone , or thoquartzite , and silty chert. Most parts 
dark- gray, weather same or lighter . Upper part siltstone , 
thin-bedded . Two- foot bed of orthoquartzite in middle . 
Lower part 80 per cent dark- gray chert •••• • •••••••••• ••• ••• 28 

47 . Or thoquartzite, 
Medium-bedded. 

medi um-tan, weathers same to dark brown. 
Lower two- t hirds concealed ••••••••••••••••• 

46 . Chert (60% ) and s iltstone (40%) . Siltstone is calcareous , 
dark gray, weathers light gray . Thin-bedded . Chert is 

26 

dark gray, weathers same . Nodules in irregular beds ••••••• 40 

45 . Siltstone and sandstone , dark gr ay, weather s brown . Parts 
s iliceous or cherty. Fine- grained . Very slight r eaction 
to acid . Thin-bedded . Sandstone at top. Most concealed . 
Possibly faulted .. .... ... ... . . ............ ... .. .... . . .... . 199 

44. Limestone , dark- gray, weathers light - to medium- gr ay . 
Fine- crystalline . Very thin- to thin-bedded . To 10 per 
cent small nodules of chert . Small spines and small 
crinoid colwnnals .... .. . .. .... ............... . . ... .. ... ... $2 

43 . Sandstone , orthoquartzitic , dark- gray, weathers tan to 
dark brown . Calcareous . Thin- to medium-bedded . No 
chert. .. .. ... ...... . . .. . .. ... .. . . . ... .. . . .... . .. . ... ...... 11 

42 . Limestone , silty , dark- gray to black, weathers dark tan. 
Fine- grained . Part siliceous . Thinly laminated . Poorly 
exposed . • • • • . . . . . . . . • • • . • • • • • • • • • • . • • • • • . • • • • • • • • • • • • • • • • • 26 
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I L I , C o n c e a l e d , F l o a t i s l i m e s t o n e , s i l i c e o u s , s i l t y , v e r y 
d a r k g r a y t o b l a c k , w e a t h e r s same t o l i g h t g r a y and 
b r o w n . T h i n b e d of c o a r s e b i o c l a s t i c m a t e r i a l 2^0 f e e t 
above b a s e . Very f i n e - c r y s t a l l i n e . Very t h i n - b e d d e d . . . . . 3k6 

k0» L i m e s t o n e . Same a s u n i t I L I , About 20 p e r c e n t s i l i ­
c e o u s m a t e r i a l . . . . . . . 7k 

3 9 . O r t h o q u a r t z i t e , d a r k - g r a y t o b l a c k , w e a t h e r s l i g h t t a n t o 
d a r k b r o w n . C a l c a r e o u s . F i n e - g r a i n e d . T h i n - b e d d e d . 
F o s s i l h a s h a t t o p and b o t t o m . F o s s i l s i n c l u d e ramose 
b r y o z o a , h i g h - s p i r e d g a s t r o p o d i n d e t . , A v i c u l o p e c t e n ? s p . , 
l i n g u l o i d b r a c h i o p o d i n d e t . , c r i n o i d c o l u m n a l s and p r o -
d u c t i d b r a c h i o p o d s i n d e t . . . . . • k7 

3 8 . L i m e s t o n e , s i l i c e o u s , medium- t o d a r k - g r a y , w e a t h e r s l i g h t 
g r a y . S i l i c e o u s m a t e r i a l i n t h i n b a n d s , v e r y d a r k g r a y -
brown t o b l a c k , w e a t h e r s r e d d i s h brown t o b l a c k ; d i s t i n c t l y 
s e g r e g a t e d from l e s s s i l i c e o u s p a r t s . P r o p o r t i o n s a r e 
a b o u t e q u a l . E x p o s u r e h a s banded a p p e a r a n c e . . . . . . . I u 2 

3 7 . S i l t s t o n e o r m u d s t o n e , s i l i c e o u s , d a r k - b r o w n , d a r k - g r a y 
and b l a c k , w e a t h e r s l i g h t e r , r e d d i s h and o r a n g e . Most i s 
n o n - c a l c a r e o u s . C h e r t i n t h i n , r e g u l a r b a n d s . Very t h i n -
b e d d e d . F l o a t i s r e s i s t a n t , u n i t forms d a r k band on h i l l s , 
O r b i c u l o i d e a s p , . k3$ 

3 6 , L i m e s t o n e , b i o c l a s t i c , g r a y , w e a t h e r s s a m e . C o a r s e - g r a i n e d , 
Medium- t o t h i c k - b e d d e d . P r i m a r y s lump s t r u c t u r e s e v i d e n t . 
F o s s i l s i n c l u d e E u p h e m i t o p s i s ? s p , , P l a g i o g l y p t a s p , , 
p e l e c y p o d s i n d e t . , a l g a l s t r u c t u r e s c f . O s a g i a s p . , c r i n o i d 
c o l u m n a l s 30 

3 5 . S i l t s t o n e o r m u d s t o n e , s i l i c e o u s , d a r k - g r a y , w e a t h e r s d a r k 
b rown . T h i n - b e d d e d . F l o a t i s s m a l l r e c t a n g u l a r c h i p s . 
Upper p a r t c o n c e a l e d . . 80 

3k* L i m e s t o n e , c h e r t y , v e r y d a r k g r a y t o b l a c k , w e a t h e r s same 
t o l i g h t g r a y . Lower 100 and u p p e r 60 f e e t c o n t a i n a b o u t 
20 p e r c e n t c h e r t . The 100 f e e t b e t w e e n a r e t h i n l y l a m i n ­
a t e d a r g i l l a c e o u s l i m e s t o n e , b l a c k when f r e s h , w e a t h e r s 
l i g h t g r a y . E n t i r e u n i t p r o d u c e s p l a t y f l o a t , . . • • • • • 260 

3 3 . L i m e s t o n e , c h e r t y , d a r k - g r a y , w e a t h e r s l i g h t e r . V e r y t h i n -
b e d d e d . Banded due t o s e g r e g a t i o n o f c h e r t , . . . . . . . . . . . , . , 100 

3 2 , S i l t s t o n e , s i l i c e o u s , l i m e s t o n e and s a n d s t o n e , c a l c a r e o u s , 
d a r k g r a y i s h - b r o w n t o b l a c k , w e a t h e r s u n i f o r m medium 
b r o w n , S i l t s t o n e h a s c o n c e n t r a t i o n s of s i l i c e o u s m a t e r i a l 
i n m i d d l e of 2 - t o 6 - i n c h b e d s g i v i n g banded a p p e a r a n c e . 
Few b e d s of a r g i l l a c e o u s l i m e s t o n e and some of c a l c a r e o u s 
s a n d s t o n e . F l o a t i s r e c t a n g u l a r , b l o c k y . . . . . . . . . . . . . . . . . . 300 
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41. Concealed . Float i s limestone, siliceous , silty, very 
dark gray to black, weathers same to light gr ay and 
brown . Thin bed of coarse biocl ast i c material 250 f eet 
above base . Very fine- crystalline . Very t hin-bedded ••••• 

40 . Limestone . Same as unit 41. About 20 per cent sili-
ceous materi al •••••••••••••••••••••••••••••••••••••••••••• 

39 . Orthoquartzite , dark- gray to black, weathers light tan to 
dark brown. Calcareous . Fine- grained. Thin-bedded . 
Fossil hash at top and bottom. Fossils include r amose 
bryozoa, high- spired gastropod indet ., Aviculopecten? sp., 
l ingul oid brachiopod indet ., crinoid col umnal s and pro-
duc t ld brachiopods indet ••••• • ••• •• • •• •••••••• •••••••••••• 

38 . Limestone , siliceous , medium- to dark-gr~, weathers light 
grCl\Y". Siliceous material in t hin bands , very dark gray­
br own to black, weathers r eddish brown to black; dist1nc~ 
segregated from l ess siliceous parts . Proportions ar e 
about equal. Exposure has banded appearance •••••••••••••• 

37. Siltstone or mudstone , s iliceous , dark-brol-1I1 , dark- gr ay 
and biack, weathers i i ghter, r eddish and orange . Most is 
non- calcareous . Chert in thin, regular bands . Very thin­
bedded . Float is resistant, unit forms dark band on hills . 
Orbiculoidea sp ••. • •.••••••••••••••••••••••••••••. • ••••••• 

36 . Limestone , bioclastic , gray, weathers same . Coarse- grained . 
Medium- to thick- bedded . Primary sl ump structures evident . 
Fossils incl ude Euphemitopsis? sp., Plagiog~ta sp., 
pelecypods i ndet ., algal structures ct. Osag~a sp., crinoid 
c olumnals • • ••••••••••••••••••••• • ••• •• ••• • • ••• • ••••••• ••• • 

35 . Siltstone or mudstone , sil iceous , dark-gr~, weathers dark 
brown . Thi n-bedded . Float is small rectangular chips . 
Upper part concealed •••••••. • •••• •• ••• •••••••• • ••• •• • ••••• 

34. Limestone , cherty , very dark gray to black, weathers same 
to light gray .. LOl'1er 100 and upper 60 feet contain about 
20 per cent chert . The 100 feet between are thinly lamin­
ated argillaceous limestone , black when fre sh, weathers 
light gray. Entire unit produces platy float • • •••• ••••• •• 

33 . Limestone , cherty, dark- gray , weather s l ighter . Very thin-
bedded . Banded due to segr egation of cher t ............... . 

32 . Siltstone, siliceous , limestone and sandstone , cal careous , 
dark gr~sh-brown to black, weathers uniform medium 
br own . Siltstone has concentrations of siliceous material 
in middle of 2- to 6- inch beds giving banded appearance . 
Few beds of argillaceous l imestone and some of calcar eous 
sandstone . Float is rectangul ar , blocky ••••••••• • ••••••• ~ 

346 

74 

47 

142 

435 

30 

80 

260 

100 

300 
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3 1 , L i m e s t o n e , s i l t y and c h e r t y , same a s above b u t more c a l ­
c a r e o u s . C h e r t c o n t e n t 10 t o 15 p e r c e n t , t h i n l y l a m i n a t e d . 

29* L i m e s t o n e , v e r y d a r k - g r a y t o b l a c k , w e a t h e r s l i g h t g r a y , 
p i n k i s h g r a y t o t a n and m a r o o n . Some s i l i c e o u s m a t e r i a l , 
e s p e c i a l l y i n a £ 0 - f o o t i n t e r v a l n e a r t h e m i d d l e of t h e 
u n i t . T h i s i n t e r v a l i s v e r y t h i n - b e d d e d s i l i c e o u s l i m e ­
s t o n e w i t h bands of n e a r l y p u r e c h e r t . W e a t h e r s v e r y d a r k . 
R e s t of u n i t v e r y t h i n - b e d d e d . L e s s t h a n 20 p e r c e n t 
c h e r t . P l a t y f l o a t . Most of u n i t c o n c e a l e d . . . 178 

2°*• C o n c e a l e d . F l o a t i s s a n d s t o n e , s l i g h t l y s i l i c e o u s , g r a y , 
w e a t h e r s b r o w n . F i n e - g r a i n e d 20 

2 7 . C h e r t {10%) and l i m e s t o n e ( 3 0 $ ) , C h e r t i s v e r y d a r k g r a y , 
w e a t h e r s s a m e . L i m e s t o n e i s s i l t y , d a r k g r a y , w e a t h e r s 
medium g r a y . Ve ry t h i n - b e d d e d t o l a m e l l a r . Not w e l l 
e x p o s e d • • 30 

2 6 . L i m e s t o n e , b i o c l a s t i c , med ium-g ray , w e a t h e r s s a m e . C o a r s e -
c l a s t i c , E v e n l y , med ium-bedded . F o s s i l s i n c l u d e Euphemi -
t o p s i s c f . E . s u b p a p i l l o s a , P l a g i o g l y p t a s p . , S c h w a g e r i n a 
a f f . S . e l k o e n s i s , S c h w a g e r i n a of form a p p r o a c h i n g S , 
c r a s s i t e c t o r i a , S c h w a g e r i n a s p , , a l g a e • • • • 25 

2 ^ . L i m e s t o n e , d a r k - g r a y , w e a t h e r s l i g h t g r a y ; f i n e - c r y s t a l l i n e . 
Very t h i n - b e d d e d . Lamina ted and c h e r t y t o w a r d t o p . As much 
a s 30 o r iiO p e r c e n t c h e r t i n b a n d s of I r r e g u l a r n o d u l a r 
m a s s e s . C h e r t i s d a r k g r a y , w e a t h e r s b l a c k . Most of u n i t 
c o n c e a l e d • 80 

2lj.. C o n c e a l e d . F l o a t of l o w e r 130 f e e t i s s a n d s t o n e , o r t h o -
q u a r t z i t i c , c a l c a r e o u s . A p p a r e n t l y v e r y t h i n - b e d d e d . Upper 
65 f e e t more c a l c a r e o u s , a p p r o a c h i n g sandy l i m e s t o n e , P l a t y 
f l o a t . U n i t m o s t l y c o n c e a l e d , . • 195 

2 3 . L i m e s t o n e , m e d i u m - g r a y , w e a t h e r s l i g h t g r a y and b r o w n . F i n e 
c r y s t a l l i n e , a r g i l l a c e o u s , s i l t y . Upper p a r t i s c h e r t y , 
n o d u l a r . Lower p a r t I s c a l c a r e o u s s a n d s t o n e . S e v e r a l b e d s 
o f c o a r s e b i o c l a s t i c l i m e s t o n e w i t h i n u n i t . The l o w e r p a r t s 
a r e I n t r a f o r m a t i o n a l b r e c c i a . Lower c o n t a c t s a r e wavy, a p p a r ­
e n t l y due t o c u r r e n t e r o s i o n . F o s s i l s i n c l u d e h i g h - s p i r e d 
g a s t r o p o d s c f . M e e k o s p i r a , E u p h e m i t o p s i s s p . , P l a g i o g l y p t a 
s p . , S c h w a g e r i n a s p . . . , 110 

2 2 . C o n c e a l e d . F l o a t i s l i m e s t o n e , d a r k - b r o w n t o b l a c k , 

Banded a p p e a r a n c e 600 

3 0 . S i l t s t o n e , s i l i c e o u s , d a r k - g r a y , s i l i c e o u s bands w e a t h e r 
d a r k b r o w n , c a l c a r e o u s i n t e r b e d s w e a t h e r g r a y . Very t h i n -
bedded t o l a m i n a t e d . Bedding v e r y u n i f o r m . P a r t s 75 t o 80 
p e r c e n t s i l i c e o u s m a t e r i a l . F l o a t i s s m a l l p l a t y c h i p s . , , . 75 

24 

31. Limestone, silty and cherty, same as above but more cal ­
careous . Chert content 10 to 15 per cent , thinly laminated e 
Banded appearance. .. ........................................ 600 

30 . Siltstone , siliceous , dark- gray, s iliceous bands weather 
dark brown., calcareous i nterbeds weather gr ay. Very thin­
bedded to laminated . Bedding very uniform. Parts 75 to 80 
per cent siliceous material . Float is small pl aty chips . ... 75 

29 . Limestone , very dark- gray to bl ack, weather s light gray, 
pinkish gray to tan and maroon . Some siliceous material , 
especially in a 50- foot interval near the middl e of the 
unit . This interval is very thin-bedded siliceous lime­
stone with bands of nearly pure chert. Weathers very dark. 
Rest of unit very thin-bedded . Less than 20 per cent 
chert . Platy float . Most of unit concealed ••••••• o........ 178 

28 . Concealed . Float is sandstone, slightly sil iceous , gr~, 
weathers br own . Fine- grained . .... .. ... ......... . ...... .. .. . 20 

27 . Chert (70%) and l imestone (30%) . Chert is very dark gr ay. 
weathers s ame . Limestone is sil ty, dark gr~, weathers 
medium gr~. Very thin-bedded to lamellar . Not well 
exposed •• •. • •• ..• ••.• • •.• •••• . •• . ••••••• •.•• •••••• •. • •• •• 0... 30 

26 . Limestone, biocl astiC , medium-gray, weathers same . Coarse­
clastiC . Evenly, medium-bedded . Fossils include Euphemi­
toriS cf. ~. SUb~illosa, PlagiOgWrta sp., Schwager ina 
af • ~. elkoensis , chwagerina of orm approaching~. 
crassitectori a , Schwagerina sp. , algae .... .................. 25 

25 . Limestone , dark-gr~, weathers light gray; fine - crystalline . 
Very thin-bedded . Laminated and cherty toward top. As much 
as 30 or 40 per cent chert in bands of irregular nodular 
masses . Chert is dark gray , ueathers black. Most of unit 
concealed . • • • • • • • • • • . . . • • • . • • • • • • • • • • • • • • • . • • • • • • . • . • • • • . • • • 80 

24 . Concealed . Float of lower 130 feet is sandstone , ortho­
quartzit i c , calcareous . Apparently very thin-bedded . Upper 
65 feet more calcareous , approaching sandy l imestone . Plat y 
float . Unit mostl y concealed.. . ................. . ..... . .. .. 195 

23 . Limestone, medium- gr ay, weathers light gray and brown . Fine 
crystilline, argillaceous , silty . Upper part i s cherty J 

nodular . Lower part is calcareous sandstone . Several beds 
of coarse bioclastiC limestone within unit. The lower parts 
are intraformational breccia . Lower contacts are wavy, appar­
ently due to current erosion . Fossils include high- spired 
gastropods cf. J.teekospira, Euphemitopsis sp., Plagioglypta 
sp., Schwagerina sp . ... . ............ .. .. ... .. ... .. . . .. . . . ... llO 

22. Concealed . Float is limestone , dark- brown to black, 



25 

w e a t h e r s v e r y l i g h t - g r a y . A p p a r e n t l y v e r y t h i n - b e d d e d . 
A r g i l l a c e o u s , s i l t y , f e t i d , P l a t y w e a t h e r i n g . , , , , , . 135 

2 1 , L i m e s t o n e , same a s u n i t 1 9 , w e a t h e r s d a r k b r o w n . . . . . . . . . . . 95 

2 0 . S a n d s t o n e , o r t h o q u a r t z i t i c , c a l c a r e o u s , l i g h t - g r a y , 
w e a t h e r s d a r k b rown. T h i n - b e d d e d 50 

1 9 . C o n c e a l e d . F l o a t i s l i m e s t o n e , d a r k g r a y - b r o w n t o b l a c k , 
l o w e r t h i r d w e a t h e r s d a r k b rown, u p p e r t w o - t h i r d s w e a t h e r 
l i g h t g r a y t o t a n y e l l o w . F i n e - c r y s t a l l i n e . B r i t t l e , 
Upper p a r t s l i g h t l y a r g i l l a c e o u s . Few sandy b e d s . Ve ry 
t h i n - t o t h i n - b e d d e d 220 

1 8 . S a n d s t o n e , c a l c a r e o u s , med ium- tan t o g r a y , w e a t h e r s y e l l o w 
t o v e r y d a r k b r o w n . P a r t s o r t h o q u a r t z i t i c . T h i n - b e d d e d . 
T h i n b i o c l a s t i c l i m e s t o n e b e d s i n l o w e r p a r t ; 5 - f o o t b e d a t 
b a s e . Fauna s i m i l a r t o t h a t of u n i t 2 6 , Few b e d s of 
b l a c k f e t i d l i m e s t o n e n e a r t o p . . . . . . 205 

1 7 . C o n c e a l e d . F l o a t i s l i m e s t o n e , b l a c k , w e a t h e r s l i g h t g r a y . 
L a m e l l a r t o v e r y t h i n - b e d d e d ; i n d i s t i n c t . F e t i d . I n d i s ­
t i n c t s m a l l p e l e c y p o d i m p r e s s i o n s n e a r m i d d l e • • 100 

1 6 , C o n c e a l e d . F l o a t i s s a n d s t o n e , c a l c a r e o u s and o r t h o q u a r t ­
z i t i c , d a r k - g r e y , w e a t h e r s same t o d a r k b r o w n . L a m i n a t e d , 
T h i n - b e d d e d . Lower p a r t v e r y i r r e g u l a r b e d d i n g . Midd le 
p a r t i s l i m e s t o n e , d a r k - g r a y , f e t i d , w e a t h e r s l i g h t g r a y 
t o p u r p l e 87 

1 5 . S a n d s t o n e and l i m e s t o n e . Lower 50 f e e t i s s a n d s t o n e , 
medium- t o d a r k - g r a y , w e a t h e r s l i g h t y e l l o w t o medium 
b r o w n . Very c a l c a r e o u s . F i n e - g r a i n e d ; u n i f o r m . Grades 
upward i n t o l i m e s t o n e , b l a c k , w e a t h e r s d a r k r e d d i s h b r o w n . 
D e n s e ; p a r t s s i l i c e o u s . L i m e s t o n e g r a d e s b a c k t o c a l c a r ­
eous s a n d s t o n e a t t o p . Most of f l o a t i s a n g u l a r b l o c k s . , , 135 

l l u C o n c e a l e d . F l o a t i s l i m e s t o n e , c a r b o n a c e o u s , v e r y d a r k -
g r a y t o b l a c k , w e a t h e r s l i g h t g r a y t o l i g h t p u r p l e . F i n e -
c r y s t a l l i n e . Ve ry t h i n - b e d d e d ; l a m i n a t e d . Some p e n e c o n -
t e m p o r a n e o u s s l u m p i n g . F o s s i l s from 30 f e e t above b a s e 
i n c l u d e ramose and f e n e s t e l l i d b r y o z o a , Nucu l ana s p , , 
p e l e c y p o d s i n d e t , , c r i n o i d c o l u m n a l s , p r o d u c t i d b r a c h i o p o d 
i n d e t . , S c h w a g e r i n a ? s p . , Near t o p i s bed c o n t a i n i n g l a r g e 
( 2 j - - i n c h ) p r o d u c t i d s p i n e s 85 

1 3 . S a n d s t o n e , o r t h o q u a r t z i t i c , s t e e l y - g r a y , w e a t h e r s t a n t o 
d a r k b r o w n . F i n e - g r a i n e d . T h i n - b e d d e d ; l a m i n a t e d . Upper 
h a l f h a s s m a l l l i m y n o d u l e s . Rough w e a t h e r e d s u r f a c e . 
Angu la r f l o a t 50 

25 

weathers very l ight- gr ay . Apparentl y very thin-bedded. 
Argillaceous, silty , fetid . Platy weathering............. 135 

21 . Limestone, same as unit 19, weathers dark br own........... 95 

20 . Sandstone , orthoquartzitic , calcareous , l i ght - gr ay , 
weathers dark brown . Thin-bedded ......................... 50 

19. Concealed . Float is limestone , dark gray- br own to black, 
lo~ler third weathers dark brown , upper two- thirds weather 
light gray to tan yell ow. Fine-crystalline . Bri t tle. 
Upper part sli ght l y argillaceous . Few sandy beds . Very 
thin- t o thin-bedded................. . ....... . .... . .. . .... 220 

18. Sandstone , calcareous , medi um- tan to gr ay, weathers yellow 
t o very dark brown . Parts orthoquartzitic . Thin-bedded . 
Thin bioclastic limestone beds in l ower part; 5- foot bed at 
base . Fauna similar to that of unit 26 . Few beds of 
black fetid limestone near top...... . .............. . ...... 205 

17. Concealed. Float is limestone , black, 'Heather s l ight gray. 
tamelrar to very thin-bedded; indistinct . Fetid . I ndi s-
tinct small pelecypod impressi ons near middle............. 100 

16 . Concealed . Float i s sandstone , calcareous a:ld orthoquart­
zitic , dark-grey, weather s same to dark brown . Laminated . 
Thin-bedded . Lower part very irregular bedding. Middle 
part is limestone , dark-gray, fetid , weathers light gray 
to purple ................ . ......................... . ... . .. 87 

15 . Sandstone and limestone . Lower 50 feet i s sandstone , 
medium- to dark- gray, weathers l i ght yel low t o medium 
br own . Very calcareous . Fine- grained; uniform. Gr ades 
upward into limestone , bl ack, weathers dark reddish brown . 
Dense j parts siliceous . Limestone grades back to calcar-
eous sandstone at top. l-tost of noat is angul ar blocks ... 135 

14. Concealed . Float i s l imestone , carbonaceous , very dark­
gr ay to black, weathers light gr ay to light purple . Fine­
crystalline . Very thin-bedded; l aminated. Some penecon­
temporaneous slumping . Fossils from 30 feet above base 
i ncl ude ramose and fenestellid bryozoa, Nuculana spo, 
pelecypods indet., crinoid col umnals , prOductid brachiopod 
indet ., Schwagerina? sp., Near top is bed containing l arge 
(2i - inch ) productid spines • • ••••••••• •••• ••• 0 •••• 0 •• '0' ••• 85 

13. Sandstone , orthoquartzitic , steely- gray , weathers tan to 
dark brawn . Fine - grained . Thin-bedded; laminated . Upper 
half has small 'l imy nodules . Rough weathered surface . 
Angular noat........... . .. ... . . ... . ...................... 50 
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1 2 . C o n c e a l e d . F l o a t i s s a n d s t o n e and l i m e s t o n e , g r a d a t i o n a l 
b e t w e e n u n i t s above and b e l o w . . . . . . . . . . . . I4.0 

1 1 . L i m e s t o n e , b i o c l a s t i c , m e d i u m - g r a y , w e a t h e r s d a r k e r . L o ­
c a l l y u n c o n f o r m a b l e on u n i t b e l o w . Base i s i n t r a f o r m a t i o n -
a l b r e c c i a . Th in l a m i n a t i o n s of u n d e r l y i n g u n i t a r e u n ­
e v e n l y t r u n c a t e d by t h e c o n t a c t . Fauna s i m i l a r t o t h a t 
of u n i t 26 8 

1 0 . L i m e s t o n e , d a r k - g r a y , w e a t h e r s l i g h t e r . F i n e - c r y s t a l l i n e , 
S i l t y o r d o l o m i t i c l e n s e s . P a r t s a p p e a r s a n d y . T h i n l y 
l a m i n a t e d • Very t h i n - b e d d e d , i r r e g u l a r 50 

9 . L i m e s t o n e , d a r k - g r a y t o b l a c k , w e a t h e r s medium t o l i g h t 
g r a y , u n i f o r m . F i n e - c r y s t a l l i n e ; s l i g h t l y a r g i l l a c e o u s . 
Very t h i n - t o t h i n - b e d d e d ; f i n e l a m i n a t i o n s . Bad ly c o n ­
t o r t e d by p e n e c o n t e m p o r a n e o u s s l u m p i n g . F l o a t i s t h i n 
p l a t e s hO 

8 . L i m e s t o n e , b i o c l a s t i c , d a r k - g r a y , w e a t h e r s s a m e . Sandy 
b a n d s w e a t h e r d a r k b r o w n . M e d i u m - b e d d e d . . . . . . . . . . . . . . . . . . $0 

7 . S a n d s t o n e , d a r k - b r o w n , w e a t h e r s l i g h t e r . Very f i n e - g r a i n e d , 
T h i n - b e d d e d . S l i g h t l y c a l c a r e o u s . . 75 

6 . C o n c e a l e d . F l o a t i s l i m e s t o n e , d a r k - g r a y t o b l a c k , w e a t h e r s 
l i g h t g r a y . P l a t y f l o a t • 85 

5 . C o n c e a l e d . F l o a t i s l i m e s t o n e , d a r k - g r a y , w e a t h e r s g r a y , 
b r o w n , and p u r p l i s h t a n i n b a n d s . S l i g h t l y a r g i l l a c e o u s . 
S i l t y . Few t h i n b a n d s of d o l o m i t i c or s i l i c e o u s m a t e r i a l . . 720 

It . C o n c e a l e d . F l o a t s i m i l a r t o above u n i t . S m a l l b l o c k y 
l i m e s t o n e c h i p s . Dark w e a t h e r i n g d o l o m i t i c o r s i l i c e o u s 
b a n d s s t a n d o u t • • 250 

3 . L i m e s t o n e . Same a s u n i t 9» Bad ly c o n t o r t e d due t o p e n e ­
c o n t e m p o r a n e o u s s l u m p i n g . Base i s b i o c l a s t i c h a s h of 
m i c r o g a s t r o p o d s and b r y o z o a • • • • 100 

2 . L i m e s t o n e , g r a y - b r o w n , w e a t h e r s l i g h t g r a y and t a n t o d a r k 
r e d d i s h b r o w n . F i n e - c r y s t a l l i n e . S i l t y and s i l i c e o u s 
i n p a r t s . C o n t o r t e d b e d d i n g ; v e r y t h i n - t o t h i n - b e d d e d . 
Most i s banded by 1 - t o 2 - i n c h s i l i c e o u s z o n e s . . . . . . . . . . . . 200 

1 . L i m e s t o n e , g r a y - b r o w n , w e a t h e r s l i g h t g r a y t o p u r p l e , e x ­
c e p t l o w e r 50 f e e t wh ich w e a t h e r s l i g h t y e l l o w i s h t a n t o 
o r a n g e . F i n e - c r y s t a l l i n e , l a m i n a t e d . Ve ry t h i n - b e d d e d . 
Some s i l t y or s h a l e y b e d s . F l o a t i s a n g u l a r b l o c k s and 
f l a t p l a t e s • 265 

Measured t h i c k n e s s of e x p o s e d Pe rmian O q u i r r h Forma­
t i o n 6718 

Base c o n c e a l e d 
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12 . Concealed. Float is sandstone and limestone, gradational 
between units above and below............................. 40 

11. Limestone, biocl astic , medium-gr~, weathers darker . Lo­
can:y unconf'ormable on unit below . Base is intraformation­
al breccia . Thin laminations of underlying unit are un­
evenly truncated by t he contact . Fauna similar to that 
of unit 26... ........ .......................... ... .... .... B 

10. Limestone , dark- gray, weathers lighter . Fine- cr,ystalline , 
Silty or dolomitic lenses . Parts appear sandy. Thinly 
laminated . Very thin-bedded, irregular. ............... ••• So 

9. Limestone, dark- gray to black, weathers medium to light 
gray, uniform. Fine- crystalline; slightl y argillaceous . 
Very thin- to thin-bedded; fine laminations . Badly con­
torted by penecontemporaneous slumping . Float is thin 
plates... •• • • • • . • •• •• • • • • •• •• • • • • . • • • • • • • • • • • • • • . • • • • • • • • • 40 

8. Limestone, bioclastic, dark-gr~, weather s same . Sandy 
bands weather dark brown . Medium-bedded . ... .............. 50 

7. Sandstone, dark-brmm, weathers lighter. Very fine- grained, 
Thin-bedded . Slightly calcareous. ........................ 75 

6 . Concealed . Float is limestone , dark-gr~ to black, weathers 
light gray. Platy float ................ . . .. .. .. ... . ...... 85 

5. Concealed . Float is limestone, dark- gray, weathers gr ay, 
brown, and purplish tan in bands . Slightly argillaceous . 
Silty. Few thin bands of dolomitiC or siliceous material.. 720 

4. Concealed . Float similar to above unit . Small blocky 
limestone chips. Dark weathering dolomitic or siliceous 
bands stand out............. . ................... . ... . ..... 250 

3. Limestone . Same as unit 9 . Badly contorted due t o pene­
contemporaneous slumping. Base is bioclastic hash of 
microgastropods and bryozoa..... . ......................... 100 

2. Limestone , gray-brown, weathers light gray and tan to dark 
reddish brown . Fine- crystalline . Silty and siliceous 
in parts . Contorted bedding; very t hin- to thin-bedded . 
Host is banded by 1- to 2- inch siliceous zones . ..... . . •••• 200 

1. Limestone , gray-brown, weathers light gray to purple , ex­
cept l ower 50 feet which weathers light yellowish tan to 
or ange . Fine-crystalline, laminated . Very thin- bedded . 
Some silty or shaley beds . Float is angular blocks and 
nat plates... . ...... ................ ... .................. 265 

Measured thickness of exposed Permian Oquirrh Forma-
tion. • . . . • . . • • • • • . . • . • • • . . • • • . • • • . • • • • • . • • • • • • • • • • • • • 671.8 

Base concealed 



27 

Measured s e c t i o n , 

"Twin Caves" s e c t i o n of O q u i r r h F o r m a t i o n , 

Wolfcampian S e r i e s ( i n c o m p l e t e ) m e a s u r e d i n 

W| s e c , 3 , T , 6 N . , R, 1 1 W. , U t a h , ( u n s u r v e y e d ) 

E r o s i o n a l t o p 

P e r m i a n : 

O q u i r r h F o r m a t i o n : 

Wolfcampian S e r i e s ( i n c o m p l e t e ) : 

UNIT DESCRIPTION THICKNESS 
( f e e t ) 

1 3 • L i m e s t o n e , b i o c l a s t i c , m e d i u m - g r a y , w e a t h e r s s a m e . 
Some i n t e r v a l s a r e n a c e o u s , f i n e - t o m e d i u m - g r a i n e d . 
C o a r s e - c l a s t i c , T h i n - t o medium-bedded , i r r e g u l a r , 
Forms m a s s i v e c l i f f and r e e f - l i k e s t r u c t u r e ( F i g . 2)« 
l o c a l l y t r u n c a t e s b e d s of s u b j a c e n t u n i t ; l o c a l l y 
h a s b a s a l zone of i n t e r f o r m a t i o n a l b r e c c i a and r o l l 
s t r u c t u r e s ( F i g . 3 )» F a u n a , l i t h o l o g y and age s i m i l a r 
t o t h a t of u n i t s 1 1 , 18 and 26 of s e c t i o n m e a s u r e d i n 
T e r r a c e M o u n t a i n s , 9 m i l e s t o t h e n o r t h w e s t , A p r o l i ­
f i c b u t p o o r l y p r e s e r v e d m o l l u s c a n f a u n a r e c o v e r e d from 
t h i s u n i t i n c l u d e s P l a g i o g l y p t a s p , (common) ( p o s s i b l y 
n o t P . c a n n a ) , Nucu lana c f . N. o b e s a W h i t e , m y a l i n i d 
p e l e c y p o d , S c h i z o d u s s p . i n d e t . , ?Permophorus s p . 
i n d e t c , A v i c u l o p e c t e n s p p . I n d e t . , E u p h e m i t o p s i s c f . 
E , s u b p a p i l l o s a White ( a b u n d a n t ) , E u p h e m i t e s c f . 
E . i m p e r a t o r Y o c h e l s o n , E u p h e m i t e s e x q u i s i t u s Y o c h e l s o n , 
E u p h e m i t e s s p . i n d e t . , S e l l e r o p h o n s p . i n d e t . , b e l l e r o -
p h o n t a c e a n I n d e t . (A n a r r o w c o m p r e s s e d fo rm. On e x t e r ­
n a l shape a l o n e t h i s i s s i m i l a r t o S i n v i t r i n a known from 
one spec imen i n t h e Leona rd F o r m a t i o n ) , N a t i c o p s i s s p , 
i n d e t , , K n i g h t i t e s ( R e t i s p i r a ) c f . K. (R . J m o d e s t a 
( G i r t y ) , n e r i t a c e a n g a s t r o p o d , i n d e t . , s u b u l i t a c e a n 
g a s t r o p o d s , i n d e t . ( p r o b a b l y two g e n e r a a r e i n v o l v e d , 
b o t h i n d e t . ) , h i g h - s p i r e d g a s t r o p o d , i n d e t , c f . Meek-
o s p i r a , " S t r o b e u s " s p . i n d e t . , s t r a i g h t c e p h a l o p o d 
i n d e t 87 

1 2 . L i m e s t o n e , s i l t y , s i l i c e o u s . D a r k - g r a y , w e a t h e r s l i g h t 
t a n and g r a y t o d a r k and v e r y d a r k b rown . Ve ry t h i n -
b e d d e d ; p l a t y b u t r e s i s t a n t . S i l i c e o u s zones i n m i d d l e 
of b e d s ; g i v e marked banded a p p e a r a n c e . Some b e d s of 
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Measured section . 

IITwin Caves ll section of Oquirrh Formation, 

Wolfcampian Series (incomplete) measured in 

w~ sec . 3, T. 6 N., R. 11 W., Utah . (unsurveyed) 

Erosional top 

Permian : 

Oquirrh Formation : 

vlolfcampian Series ( i ncompl ete) : 

UNIT DESCRIPrI ON 

13 . Limestone , bioclastic , medium- gray, weathers same . 
Some intervals arenaceous , fine- to medium-grained. 
Coarse- clastic . Thi n- to medium-bedded , irregular , 
Forms massive cliff and reef-like structure (Fig . 2), 
locally truncates beds of subjacent unit ; l ocally 
has basal zone of inter formational breccia and roll 
structures (Fig . 3) . Fauna, lithology and age sinrl..lar 
to that of units 11, 18 and 26 of section measured in 
Terrace MountainS , 9 miles to the nort hwest . A pr oli-
fic but molluscan fauna recovered from 
this Plagioglypta sp . (common) (possibly 
not P. Nuculana cf:N. oO~b1e!s~a~Wh;;;;gi~te~, ~myalinid 

indet : ~ 
cf . 

E. 
E~hemi.tes Yochel son, 

indet . , Bellerophon sp . "' bellero-
;mue'c . (A narrOl'l compressed form . On exter­

nal shape alone this is similar to Sinvitrina known from 
one speciInen in the Leonard Formation) Naticopsis sp. 
indet. , Knightites (Retispira) cf. ! . l~. J mOdeSta 
(Oirty) , neritacean gastropod , indet . , subulitacean 
gastropods , indet. (probably t~o genera are involved, 
both indet . ) , high-spired gastropod , indet . cf. Meek­
ospira , "Strobeus" sp. indet . , straight cephalo~ 

THICKNESS 
(feet) 

indet . • • • • • . . . • . . • . . • • • •• . • • • • • . . • • • . • • • •• • • • • • • •• • . •• • • • • 87 

12. Limestone , silty, siliceous . Dark-gr~, weathers light 
tan and gr ay to dark and very dark brawn . Very thin­
bedded; platy but r esistant . Siliceous zones in middle 
of bedsj give marked banded appearance . Some beds of 
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d a r k brown t o b l a c k n o d u l a r c h e r t ; t o k i n c h e s t h i c k ; 
form u p t o 60 p e r c e n t of b e d s i n m i d d l e o f u n i t , u p 
t o 80 p e r c e n t t o w a r d b a s e . Some f i n e - g r a i n e d o r t h o q u a r t z ­
i t e a t b a s e , d a r k - b r o w n t o d a r k - g r a j r . 186 

1 1 . L i m e s t o n e , b i o c l a s t i c . Medium-gray , w e a t h e r s s ame . 
C o a r s e c l a s t s of c r i n o i d a l h a s h and f u s u l i n e s i n c l u d i n g 
S c h w a g e r i n a w e l l s e n s i s and S c h w a g e r i n a s p . i n d e t . ( m i d d l e 
W o l f c a m p i a n ) . 3 

1 0 . O r t h o q u a r t z i t e , c a l c a r e o u s . Tan t o d a r k - g r a y , w e a t h e r s 
l i g h t t a n t o d a r k b r o w n . F i n e - g r a i n e d . Medium-bedded . 
Forms c l i f f on which p e t r o g l y p h s a r e c u t . . . . . . . . . . . . . 10 

9 , L i m e s t o n e and c h e r t . L imes tone d a r k - g r a y , w e a t h e r l i g h t 
t a n t o d a r k b r o w n . C h e r t d a r k - g r a y , w e a t h e r s s a m e . 
Lower p a r t u p t o 60 p e r c e n t c h e r t . P a r t forms c l i f f ; 
l o w e r 15 f e e t c o n c e a l e d • • 53 

^* S a n d s t o n e , o r t h o q u a r t z i t i c . Medium-gray , w e a t h e r s medium 
t o d a r k b r o w n . T h i n - t o medium-bedded , m i d d l e t h i r d 
more q u a r t z i t i c t h a n u p p e r , l o w e r t h i r d o r t h o q u a r t z i t e ; 
p l a t y ; d a r k - g r a y , w e a t h e r i n g l i g h t t o d a r k t a n ; 1 t o 3 
mm. bands 58 

7 . S a n d s t o n e , c a l c a r e o u s . L i g h t - t a n m o t t l e d , w e a t h e r s same 
and d a r k e r . S a c c h a r o i d a l , f i n e - g r a i n e d . U n i f o r m . T h i n -
t o med ium-bedded . Poor e x p o s u r e , forms s w a l e . . • 17 

6 . S i l t s t o n e , c a l c a r e o u s . D a r k - g r a y and t a n , w e a t h e r s l i g h t 
o r a n g e - t a n t o d a r k t a n . Very f i n e - g r a i n e d . Very t h i n -
bedded 3 

5 . O r t h o q u a r t z i t e , s a n d s t o n e , o r t h o q u a r t z i t i c , and s i l t s t o n e , 
c a l c a r e o u s . H o s t of u n i t i s medium t o d a r k g r a y , w e a t h e r s 
b rown; u p p e r b e d s a v e r a g e 10 i n c h e s , l o w e r p a r t v e r y t h i n -
b e d d e d , p l a t y ; some n o d u l e s of s i l t y l i m e s t o n e . Upper 10 
f e e t i s o r t h o q u a r t z i t i c s a n d s t o n e , medium- t o d a r k - g r a y , 
w e a t h e r s d a r k b r o w n . F i n e t o c o a r s e - g r a i n e d . Forms r e ­
s i s t a n t l e d g e . Only u p p e r I4.O f e e t of u n i t e x p o s e d . . . . . . . . l i | 0 

i i . L i m e s t o n e , c h e r t y . D a r k - g r a y t o b l a c k , w e a t h e r s medium 
g r a y t o t a n . S m a l l amount of b i o c l a s t i c m a t e r i a l . 
L a m i n a t e d , v e r y t h i n - b e d d e d . F u s u l i n i d s i n c l u d e 
S c h w a g e r i n a s p . i n d e t . , p o o r l y p r e s e r v e d . . . . . . . 1 1 

3 . O r t h o q u a r t z i t e . Med ium- tan , w e a t h e r s medium t o d a r k b r o w n . 
F i n e - g r a i n e d . Medium-bedded; u n i f o r m . F u s u l i n i d s c o l l e c t e d 
from b a s e i n c l u d e S c h w a g e r i n a a f f . S . p i n o s e n s i s , S c h w a g e r i n a 
a f f . S . e l k o e n s i s j and S c h w a g e r i n a s p . i n d e t . ( m i d d l e 
Wolfcampian} 22 
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dark brown to bl ack nodular chert; to 4 inches thick; 
form up to 60 per cent of beds in middle of unit , up 
to 80 per cent toward base. Some fine- grained orthoquart z-
i te at base, dark- brown to dark- gray.. .. ................. 186 

11. Limestone , biocl astic . Medium- gray, weathers same . 
Coarse clasts of crinoidal hash and fusulines including 
Schwagerina wellsensis and Schwagerina sp. indet . (~ddle 
Wolfcampian) . • • . . . • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • 3 

10. Orthoquartzite , calcareous . Tan to dark -gray, weathers 
light tan to dark br own . Fine- grained. Med i um-bedded. 
Forms cliff on which petrog~phs are cut .................. 10 

9. Limestone and chert . Limestone dark-gr~J weather light 
tan to dark brown . Chert dark-gr~J weathers same . 
Lower part up to 60 per cent chert . Part f orms cliffj 
l ower 15 feet concealed...................... . ... .. . . ..... 53 

8. Sandstone , orthoquartzitic . Medium-gray, weathers medium 
to dark brown . Thin- to medium-bedded, middle third 
more quartzitic than upper , lo,rer third orthoquartzite; 
platy; dark- gray, weathering light t o dark tan; 1 to 3 
nnn . bands ..... . ................ .. ......................... 58 

7. Sandstone, calcareous . Li ght- tan mottled, weathers same 
and darker . Saccharoidal, fine-grained. Unifor m. Tbi n-

6. 

to medium-bedded . Poor exposure , forms swale ............. 17 

Siltstone, calcareous . 
orange- tan to dark tan . 

Dark- gray and tan, weathers l ight 
Very fine-gr ained. Very thin-

bedded . • . • . . . . • . • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • 3 

5. Orthoquartzite, sandstone , orthoquartzitic , and siltstone , 
calcareous . Most of unit is medium to dark gr ay, weather s 
brown; upper beds average 10 inches, l ower part very thin­
bedded , platy; some nodules of silty l imestone . Upper 10 
feet is orthoquartzitic sandstone , medium- to dark- gray, 
weathers dark bro'Wl'l. Fine to coarse- grained . Forms re-
sistant l edge . Only upper 40 feet of unit exposed........ 140 

4. Limestone , cherty . Dark- gray to black, weathers medium 
gray to tan . Small amount of bioclastic mater ial . 
Laminated, very thin-bedded . Fusulinids include 
Schwagerina spo indet., poorly preserved . . .. . ............. 11 

3 . OrthOquartzite . Medium-tan, weat hers medium to dark brown. 
Fine- grained . Medium-bedded ; uniform. Fusulinids collect ed 
from base include SChwa~erina aff. £. pinosensis , Scrrwagerina 
aff . S. elkoensis , and chWagerina sp. indet . (middle 
Wol fcampi an). • • . . • • • • • • • • • • • • • • • • • • • . • • .... • • • .... • • • • • • ......... 22 



29 

2 . C h e r t (80%) and m u d s t o n e , s i l i c e o u s ( 2 0 $ ) . Very d a r k -
g r a y t o b l a c k , w e a t h e r s d a r k b r o w n - b l a c k t o l i g h t t a n . 
Very t h i n - b e d d e d . Banded . R e s i s t a n t , forms c l i f f 2k 

1 . L i m e s t o n e , b i o c l a s t i c . Medium-gray , w e a t h e r s d a r k e r . 
C o a r s e " t o m e d i u m - c l a s t i c , p a r t s a r e n a c e o u s . Medium-
b e d d e d , ( i n c o m p l e t e ) . . . . . . . . . . 37+ 

T o t a l t h i c k n e s s of Wolcamp S e r i e s of O q u i r r h F o r m a t i o n 
( i n c o m p l e t e ) , "Twin C a v e s " s e c t i o n . 6 5 l 

Base f a u l t e d and c o n c e a l e d . 

Measured s e c t i o n . 

" S o u t h End" s e c t i o n of t h e O q u i r r h F o r m a t i o n , 

Wolfcampian S e r i e s ( i n c o m p l e t e ) measu red i n 

E j s e c 1 5 . and E j s e c 2 2 , T. 6 N . , R . 1 1 W. , U t a h . ( u n s u r v e y e d ) 

Concea l ed t o p 

P e r m i a n : 

O q u i r r h F o r m a t i o n : 

Wolfcampian S e r i e s ( i n c o m p l e t e ) : 

UNIT DESCRIPTION 

2 1 . O r t h o q u a r t z i t e and c a l c a r e o u s s a n d s t o n e . Medium- t o 
d a r k - g r a y , w e a t h e r s d a r k b r o w n . F i n e - t o medium-
g r a i n e d . T h i n - t o med ium-bedded . A l t e r n a t i n g l i t h o l 
o g l e s g i v e banded a p p e a r a n c e , c a l c a r e o u s b e d s w e a t h e r 
more g r a y . C e n t r a l p a r t , from 72 t o 127 f e e t i s c o n ­
c e a l e d . C a l c a r e o u s i n t e r b e d s i n l o w e r 72 f e e t a r e 
l e s s a r e n a c e o u s t h a n t h o s e i n u p p e r p a r t 

2 0 . L i m e s t o n e , b i o c l a s t i c Med ium-gray , w e a t h e r s d a r k e r and 
bro i t fn ish . Medium- t o c o a r s e - g r a i n e d c o q u i n a of c r i n o i d a l 
h a s h and f u s u l i n e s , i n c l u d i n g S c h w a g e r i n a c f . S . n e o l a t a 
and S c h w a g e r i n a s p . ( m i d d l e - m i d d l e t o u p p e r - m i d d l e 
Wol fcampian) • 10 

1 9 . O r t h o q u a r t z i t e , c a l c a r e o u s and l i m e s t o n e , a r e n a c e o u s . 
Tan t o medium-brown and g r a y , w e a t h e r s d a r k e r . Upper 
70 f e e t h a s l i t t l e o r no c a l c a r e o u s m a t e r i a l . F o r t y f e e t 
c o n c e a l e d above l o w e r l b f e e t of banded o r t h o q u a r t z i t e 
and l i m e s t o n e . T h i n - t o m e d i u m - b e d d e d . . . . . . . . . . . . 122 

THICKNESS 
( f e e t ) 

157 
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2. Chert (80%) and mudstone, siliceous (20% ). Very dark­
gray to black, weathers dark br~m-black to light tan . 
Ver,y thin-bedded . Banded. Resistant , forms cliff........ 24 

1 . Limestone , bioclastic . Nedium- gray, weathers darker . 
Coarse- to medium-clastic , parts arenaceous . Medium-
bedded. (incompl ete) .............. . ......... . . .. ...... .. . 37+ 

Total thickness of Wolcamp Series of Oquirrh Format i on 
(incomplete) , " 'l'wi.n Caves ll section.............. . .... 651 

Base faulted and concealed . 

Measured section . 

"South Endl! section of the Oquirrh Formation, 

Wolfcampian Series ( incompl ete) measured in 

E! sec . I S, and E~ sec . 22, T. 6 N. , R. 11 W., Utab. (unsurveyed) 

Concealed top 

Permian : 

Oquirrh Formation: 

Wolfcampian Series (incomplete ): 

UNIT DESCRIPrION 

21. Orthoquartzite and calcareous sandstone . Medium- to 
dark- gray, weathers dark brown . Fille- to medium­
grained . Thin- to medium-bedded. Alternating lithol­
ogies give banded appearance, calcareous beds weather 
more gr~. Central part, from 72 to 127 f eet is con­
cealed . Calcareous interbeds in l ower 72 feet are 

THICKNESS 
(feet) 

l ess arenaceous than those in upper part.................. 157 

20 . Limestone, bioclastic . Medium- gray, weather s darker and 
browni sh . Hedium- to coarse- grained coquina of crinoidal 
hash and fusulines , including Schwagerina cf. s . neol ata 
and Schwagerina sp. (middle-middle to upper-miCI'dle 
Wolfcampian) . • • • • •• •• •• • • • • • • • • • •• • •• • • •• • • • • • • • •• • • • • • ••• 10 

19. OrthoquartZite , calcareous and limestone , arenaceous . 
Tan t o mediwn-brown and gray, weathers darker . Upper 
70 feet has little or no calcareous material . Forty f eet 
concealed above lmrer 14 feet of banded orthoquartzite 
and limestone . Thin- to mediwn-bedded.................... 122 
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1 8 . O r t h o q u a r t z i t e and l i m e s t o n e , a r e n a c e o u s . Same a s a b o v e , 
p a r t l y c o n c e a l e d . F u s u l i n e s from 12 f e e t above b a s e 
i n c l u d e B a r t r a m e l l a ? n . s p . , S c h w a g e r i n a e o l a t a , and 
S c h w a g e r i n a s p . i n d e t • ( m i d d l e - m i d d l e W o l f c a m p i a n ) . . . . . . . . XILU 

1 7 . S i l t s t o n e , c a l c a r e o u s . Very d a r k - g r a y , w e a t h e r s l i g h t e r . 
V e r y t h i n - b e d d e d , p l a t y . P o s s i b l e f a u l t i n g a t b a s e . . . . . . . h% 

1 6 . O r t h o q u a r t z i t e and l i m e s t o n e , b i o c l a s t i c , i n t e r b e d d e d , 
medium-gray t o b rown , w e a t h e r s d a r k brown and d a r k g r a y . 
O r t h o q u a r t z i t e f i n e - t o m e d i u m - g r a i n e d ; l i m e s t o n e medium-
t o c o a r s e - c l a s t i c . Upper 20 f e e t h a s v e r y l i t t l e l i m e ­
s t o n e . Medium-bedded . F u s u l i n e s c o l l e c t e d 30 f e e t above 
b a s e i n c l u d e B a r t r a m e l l a ? n . s p . , S c h w a g e r i n a a f f . S . 
p i n o s e n s i s , S c h w a g e r i n a n . s p . ( m i d d l e W o l f e a m p i a n ) 7 12k 

l f j . O r t h o q u a r t z i t e , l i m e s t o n e arenaceous and s i l t s t o n e . , 
i n t e r b e d d e d . Medium- t o d a r k - g r a y t o b rown, w e a t h e r s 
d a r k g r a y t o d a r k b r o w n . T h i n - b e d d e d , b a n d e d . Upper 
p a r t l a r g e l y c a l c a r e o u s s i l t s t o n e ; b i o c l a s t i c l i m e s t o n e 
a t t o p . . . 136 

l i t . O r t h o q u a r t z i t e , c a l c a r e o u s and l i m e s t o n e a r e n a c e o u s . Tan 
and d a r k - g r a y , w e a t h e r s d a r k b rown . L i m e s t o n e a b o u t 20 
p e r c e n t , l e s s t h a n c h a r a c t e r i s t i c of s e c t i o n . F i n e - t o 
m e d i u m - g r a i n e d . Medium-bedded. Some p l a t y s i l t s t o n e . 
Most o r t h o q u a r t z i t e s r e s i s t a n t a n d form good l e d g e s . 
P o o r l y p r e s e r v e d f u s u l i n e s c o l l e c t e d from 192 f e e t above 
t h e b a s e i n c l u d e S c h w a g e r i n a a f f . S . a n d r e w s e n s i s ? 
( middle Wol fcampian) T . • 2 l £ 

1 3 . O r t h o q u a r t z i t e , c a l c a r e o u s . Medium-gray , w e a t h e r s v e r y d a r k 
brown from w e a t h e r i n g r i n d . M e d i u m - g r a i n e d , medium-bedded; 
u n i f o r m . S c a t t e r e d f u s u l i n i d s i n u p p e r p a r t , u n i d e n t i f i e d . 25 

1 2 . L i m e s t o n e , s i l t y . Medium- t o d a r k - g r a y , w e a t h e r s medium 
g r a y - b r o w n . T h i n , i r r e g u l a r b e d d i n g . Poor e x p o s u r e , 
forms s w a l e • hh 

1 1 . O r t h o q u a r t z i t e , c a l c a r e o u s and l i m e s t o n e , a r e n a c e o u s . 
O r t h o q u a r t z i t e i s medium brown, w e a t h e r s d a r k b r o w n . 
F i n e - g r a i n e d . L i m e s t o n e i s b i o c l a s t i c , m e d i u m - g r a y , 
w e a t h e r s d a r k e r . Upper 20 f e e t t h i n - b e d d e d , p l a t y , 
w e a t h e r i n g s i l t y l i m e s t o n e . Very d a r k - g r a y , w e a t h e r s 
medium g r a y t o medium t a n . C o l l e c t i o n of f u s u l i n i d s 
U6 f e e t above b a s e i n c l u d e s P s e u d o s c h w a g e r i n a s p . 
I n d e t . , P s e u d o s c h w a g e r i n a a f f . P . t e x a n a , and P s e u d o -
f u s u l i n a s p . i n d e t . , l l o w e r - m i d d l e W o l f c a m p ) . C o l l e c t i o n 
of f u s u l i n i d s 1$ f e e t above b a s e i n c l u d e s P s e u d o ­
s c h w a g e r i n a s p . and S c h w a g e r i n a s p . i n d e t . ( l o w e r -
m i d d l e W o l f c a m p i a n ) . , • 67 

30 

18. Orthoquartzite and limestone, ar enaceous . Same as above, 
part ly concealed . Fusulines from 12 feet above base 
include Bartramella ? n . sp., SChwa,erina eal ata, and 
Schwagertna ap. indet . (middle-midd e Wolfcampian) • • •••••• . 

17. Siltstone , calcareous . Ve~ dark- gray, weathers lighter . 
Very thin-bedded, platy . Possible faulting at base....... 45 

16. OrthoquartZite and limestone , bioclastiC , interbedded, 
medium- gray to brown, weathers dark brown and dark gray. 
Or thoquartzite fine - to medi um-grained; l imestone medium­
to coarse- clasti c . Upper 20 f eet has very little l ime­
stone . Medium-bedded . Fusulines collected 30 feet above 
base include n . ap. , scrrwa6erina aff . S. 
pinosensis , • sp. (middle olfcampian)7...... 124 

Ortho~artzite, limestone arenaceous and Siltstone, 
inter~dded. Medium- to dark-gr~ to brown, weathers 
dark gray to dark brown . Thin-bedded, banded. Upper 
part largely calcareous Siltstone ; biocl astic l imestone 
at top_ ... ___ .. . .... • • • • • • • .. • • • • • • . • • • • • • • • • • • .. .. • .. .. . .... ... •• • • • • 136 

14. Orthoquartzite, calcareous and limestone arenaceous. Tan 
and dark- gray, weathers dark brown. Limestone about 20 
per cent, less than characteristic of section. Fine- to 
medi um- grained. Medium-bedded. Some pl aty siltstone . 
Most orthoquartzites resistant and form good ledges . 
Poorly preserved fusulines collected fram 192 f eet above 
the base include Schwa erina aff. S . andrel-Tsensis? 
(mldd1e Wol fc ampian •• • .•••••••••• :-......... ... .. .. ......... _ .... ... 215 

13. 

12. 

ll. 

OrthoquartZite , calcareous . Medium- gray, weathers very dark 
bro"m from \-leathering rind . Nedium- gr ained, medium-bedded; 
uniform. Scattered fusulinids in upper part, unidentified . 

silty. 
Thin, 

Medium- to dark- gray, weathers medium 
irregular bedding. Poor exposure, 

swale ................. .. . . ......... .. . .. ....................... . 

OrthoquartZite, calcareous and limestone, arenaceous . 
orthoquartzite is medium brown, weathers dark br own. 
Fine- gr ained. Limestone is biocl astiC , medi um- gr ay, 
\-leathers darker. Upper 20 feet thin-bedded, platy, 
weathering silty limestone . Very dark- gray, weathers 
medium gray to medium tan . Collection of fusulinids 
46 feet above base includes Pseudoschwagerina sp. 
indet., Pseudoschwagerina aft . f. texana, and Pseudo­
fusulina sp . indet ., (lower-middle Wolfcamp) . Collection 
of fUsulinids 15 feet above base includes Pseudo­
scbwagerina sp. and Schwagerina sp. indet . (lower-
middle Wol fcampian) .... . ................... .. ..... .... ..... .. ........... _ .. 

25 

44 

67 



3 1 

1 0 . S i l t s t o n e . c a l c a r e o u s and l i m e s t o n e , s i l t y . Very d a r k -
g r a y , w e a t h e r s medium g r a y t o medium y e l l o w t a n . Lower 
h a l f s i l t s t o n e , u p p e r h a l f f i n e - c r y s t a l l i n e s i l t y l i m e ­
s t o n e • T h i n - b e d d e d , forms s w a l e • 3 1 

9 . O r t h o q u a r t z i t e . c a l c a r e o u s . Medium-brown, w e a t h e r s 
d a r k t o v e r y d a r k brown and t a n . F i n e - g r a i n e d . Medium-
b e d d e d . S c a t t e r e d l i m e s t o n e n o d u l e s i n l o w e r p a r t . 
P o s s i b l e f a u l t i n g i n u n i t . C o l l e c t i o n of f u s u l i n i d s 20 
f e e t above b a s e i n c l u d e s S c h w a g e r i n a s p . and T r i t i c i t e s 
s p . ( l o w e r W o l f c a m p i a n ) . . . 95 

8 . S i l t s t o n e , c a l c a r e o u s . Medium g r a y - b r o w n , w e a t h e r s medium 
t a n t o v e r y d a r k b r o w n . Few t h i n s i l i c e o u s b e d s i n u p p e r 
p a r t , a s w e l l a s few s i l t y l i m e s t o n e i n t e r v a l s . Bedding 
i r r e g u l a r , l a m i n a t e d t o t h i n . Abundant worm t r a i l s 
t h r o u g h o u t 93 

7 . O r t h o q u a r t z i t e , s i l i c e o u s . L i g h t g r a y , w e a t h e r s b r o w n . 
Some c a l c a r e o u s i n t e r v a l s w e a t h e r d a r k g r a y , g i v e banded 
a p p e a r a n c e . F i n e - g r a i n e d . R e s i s t a n t , forms l e d g e . 
Upper 8 f e e t s i l t s t o n e . T h i n - t o m e d i u m - b e d d e d . . 23 

6 . O r t h o q u a r t z i t e and s i l t s t o n e , c a l c a r e o u s . O r t h o q u a r t z i t e 
i s m e d i u m - g r a y , w e a t h e r s d a r k t a n t o b r o w n . S i l t s t o n e i s 
m e d i u m - g r a y , w e a t h e r s medium b r o w n . Lower 22 f e e t o r t h o ­
q u a r t z i t e w i t h some l i m y pods c o n t a i n i n g o r g a n i c s p i n e s . 
T h i n - b e d d e d . R e s t of u n i t i s s i l t s t o n e ; t h i n - t o t h i c k -
b e d d e d . P a r t l y c o n c e a l e d ; i r r e g u l a r w e a t h e r i n g . Worm 
t r a i l s a b u n d a n t t h r o u g h o u t . . . . . . 158 

5 . L i m e s t o n e , b i o c l a s t i c . D a r k - g r a y , w e a t h e r s l i g h t e r , t o 
medium g r a y . C o a r s e - c l a s t i c . Forms r i d g e . C o l l e c t e d 
f u s u l i n i d s have r e p l a c e d s t r u c t u r e 3 

lw C o n c e a l e d . F l o a t i s l i m e s t o n e , s i l t y , b e d d i n g a p p e a r s 
i r r e g u l a r ; p l a t y f l o a t ; forms s w a l e »• 17 

3 . O r t h o q u a r t z i t e and s i l t s t o n e , c a l c a r e o u s . Med ium-gray , 
w e a t h e r s l i g h t t a n t o d a r k b r o w n . F i n e - g r a i n e d . 
Medium-bedded . Worm t r a i l s n e a r t o p • 1 5 

2 . L i m e s t o n e , b i o c l a s t i c . Med ium-gray , w e a t h e r s d a r k e r , 
c o a r s e - c l a s t i c Coquina of c r i n o i d and b r y o z o a n h a s h , 
c o r a l i n d e t . , and f u s u l i n i d s i n c l u d i n g S c h w a g e r i n a s p . 
i n d e t . , P s e u d o f u s u l i n e l l a s p . ( l o w e r W o l f c a m p i a n j . . . . . . . . • 2 

1 . O r t h o q u a r t z i t e and s i l t s t o n e , c a l c a r e o u s . O r t h o q u a r t z i t e 
i s m e d i u m - g r a y , w e a t h e r s b r o w n . F i n e - g r a i n e d . Medium-
b e d d e d . Dominant i n l o w e r h a l f o f u n i t . S i l t s t o n e i s 
d a r k - g r a y , w e a t h e r s l i g h t g r a y t o t a n . T h i n - b e d d e d i n 
l o w e r h a l f , medium-bedded and dominan t i n u p p e r h a l f 

31 

10 . Slltstone, calcareous and l imestone , sil ty. Very dark­
gray, weath~rs medium gray t o medium yellow tan. Lower 
half siltstone , upper half fine-crystallirie s ilty l ime-
stone . Thin-bedded, forms 5wale... . . .. . . .. . .. .. . . . . . ..... 31 

9. Orthoquartzite, calcareous . Medium-br own, weather s 
dark to very dark brown and tan. Fine - grained. Hedium­
bedded . Scattered limestone nodules in l ower part. 
Possi bl e faulting in unit . Collection of fusulinids 20 
feet above base includes Schwagerina sp. and Tr iticites 
ap. ( l ower Wol fcampi an) .. . ........ . .. . .... . . . . . ... . ....... 95 

8 . Silt stone , calcareous . Hedium gray-br own, weathers medium 
tan to very dark br own . Few thin siliceous beds in upper 
part, as wel l as few sil ty limestone intervals . Bedding 
irregular , laminated t o t hin . Abundant worm t r ail s 
throughout . • . . • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 93 

6. 

5. 

4. 

Orthoquartzite , siliceous . Li ght gray, weathers brOYm. 
Some ca:tcareous intervals <Heather dark gray, give banded 
appearance . Fine- grained. Resistant , for ms ledge . 
Upper 8 f eet siltstone . Thin- to medium-bedded •• •• ••• • ••• 

Orthodiartzite and s iltstone, calcareous . Orthoquartzite 
i s me urn- gray, weather s dark tan to brown. Siltstone is 
medium- gray, weathers medi um br own. Lower 22 feet ortho­
quartzite with some l imY pods containing organic spines . 
Thin-bedded. Rest of uni t is Siltstone ; t hin- to thi ck­
bedded. Partly concealed; irregular weat hering. Worm 
t r ails abundant throughout • •. • •• • • • • • • • ••• • • •• • • •••••••• • • 

bioclastic . Dark- gray, weathers lighter, to 
Coarse- clastic . Forms r idge . Col lected 

fusul inids have replaced structure •••• • ••••••••••••• • ••••• 

Concealed . 
irreglilaI' ; 

float is l imestone, Silty, bedding appears 
pl aty float ; forms swale ••••••• •• • ••••••••••••• 

3. Orthoquartzite and siltstone , cal careous . Medium- gray, 
weathers l i ght tan to dark brown. Fine- gr ained. 

23 

158 

3 

17 

Medium-bedded . Worm trails near top. . .. . .. ... . . . . . . .... .. I S 

2. Limestone , bioclastic . Hedium-gray, weather s darker , 
coarse- clastic . Coquina of crinoi d and bryozoan hash, 
coral indet ., and fusulinids including Schwager ina sp. 
indet . , Pseudorusulinella sp. (lower Wolfcampian) • • •• • •••• 

1 . Orthoquartzite and siltstone , cal careous . Orthoquart zi te 
i s medi um- gray J weathers brown. Fine- gra:iJ1ed. l1edi um­
bedded . Dominant in l ower half of unit . Siltstone is 
dark-grq, weathers l ight gray to tan . Thin-bedded in 
l ower half, medi um-bedded and dominant in upper half 

2 
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e x c e p t f o r q u a r t z i t e a t t o p . U n i t forms c l i f f i n t h e 
c e n t e r , s e c . 2 7 , T . 6 N . , R. 1 1 ¥ . , from b a s e of wh ich 
t h e s e c t i o n was b e g u n . • • • • • • • • • 77 

T o t a l t h i c k n e s s O q u i r r h F o r m a t i o n , Wolfcampian S e r i e s 
( i n c o m p l e t e ) i n " S o u t h End" s e c t i o n . . . 1603 

Base c o n c e a l e d . 

Age and c o r r e l a t i o n . The r o c k s mapped a s Pe rmian O q u i r r h F o r m a t i o n 

a r e a s s i g n e d t o Wolfcampian age on t h e b a s i s of f u s u l i n i d d e t e r m i n a t i o n s , 

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

The f o l l o w i n g i s a l i s t of t h e f u s u l i n i d s from t h i s i n t e r v a l , i d e n ­

t i f i e d by G r a n t S t e e l e : 

B a r t r a m e l l a ? n . s p . 
P s e u d o f u s u l i n a s p . 
P s e u d o f u s u l i n e ' l l a , s p . 
P s e u d o s c h w a g e r i n a c f . P . t e x a n a ( n . v a r . ) 
P s e u d o s c h w a g e r i n a s p . 
S c h w a g e r i n a a f f . S . a n d r e w s e n s i s ? 
S c h w a g e r i n a a p p r o a c h i n g S . e r a s s i t e c t o r i a 
S c h w a g e r i n a a f f . S , c r e b r i s e p t a 
S c h w a g e r i n a a f f , c e l k o e n s i s 
Schwagerina- e o l a t a 
S c h w a g e r i n a l i n e a r i s 
S c h w a g e r i n a a f f . S , p i n o s e n s i s 
S c h w a g e r i n a a f f . S . w e l l s e n s i s 
S c h w a g e r i n a n . s p . 
S c h w a g e r i n a s p . 
S c h w a g e r i n a c f . S , n e o l a t a 
T r i t i c i t e s s p . 

These forms and t h e i r r e s p e c t i v e a g e s , a s d e t e r m i n e d by S t e e l e , a r e 

i n c l u d e d i n t h e m e a s u r e d and co lumnar s e c t i o n s above w i t h t h e u n i t s 

from which t h e y were c o l l e c t e d . 

F o l l o w i n g i s a l i s t of f u s u l i n i d s c o l l e c t e d from i s o l a t e d , unmea­

s u r e d s e c t i o n s of Pe rmian O q u i r r h : 

C o l l e c t i o n from N E J N E J s e c 1 3 , T . U N . , R. 12 W. on n o r t h e a s t s i d e 

K e l t o n B u t t e . ( F i e l d No. 6 - 1 2 6 - 6 ) 

32 

except for quartzite at top_ Unit forms cliff in the 
center, sec. 27 , T. 6 N., R. 11 W., from base of which 
the secti on was begun.. . ..................... . ............ 77 

Total thickness Oquirrh Formati on, Wolfcampian Series 
(incomplete) in nSouth Endll section.... ... ........ .. . 1603 

Base concealed . 

Age and correlation. The rocks mapped as Permian Oquirrh Formation 

are assigned to Wolfcampian age on the basis of fusulinid determinations , 

stratigraphic position, and megafossils . 

The following is a list of t he fusulinids from this interval, i den-

t1fied ~ Grant Steele : 

Bartramella? n. sp. 
Pseudofusulina sp. 

~p~s~e~uld~o~rullsU1I1>n~·!e~ll~a: . sp . ~ cf. P. texana (n. var . ) 

~eOla:tia:~h m~~ 
linearis 

aff. S. weiisensis 
n . s p o 
sp . 
ef. s . neolata 

sp . 

These forms and their respective ages , as determined by Steele , are 

included i n the measured and columnar sections above with the units 

from which the,y were collected . 

Following is a list of fusulinids collected from isolated, unmea-

sured sections of Permian Oquirrh : 

Collection from NE~; sec . 13, T. 11 N., R. 12 W. on northeast side 

Kelton Butte . (Field No . 6-126-6) 
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-Pfagiagfypta sp 
Nucufana cf N abesa 

~~~2;~;~L----J myalinid pelecypod Sctllzadus sp. 
? Permapflarus sp 

-,-l---'J 1+,1-.]), ~ifT AVlculapecten sp 

~ = = 
12~=== == '=""= 

= <== = 
~ ~ ~ ~ 

9 

= = = 
= =- = 

==- = = = -= = 
= = = 

= = = 
= = = 

= = 
= = 

Eupflemitapsis cf E. subpapi//aso 
Eupflemifes ct. E. imperator 

I Eupflemites exqU/slfus 
i Bel/eropflan sp. 

Natieapsis sp. 
Knlqfltiles ct. K modesto 
neritacean gastropod 
subulltacean gastropod 
,~igh spire9, gastropod cf Meekospira 
'Strabeus 
Eupflemifes sp. 
straight cephalopod 
~. 

~ ____ ~ _____ ~ _____ L ____ ---1~:L=::r::~=r:::':::=cL.=----====~B=-:o~s=-e -.':c~o".'nC:.=e~ol~e_d,,-_ --------------------------------i 

COLUMNAR SECTION OF THE OQUIRRH FORMATION 

IN THE SOUTHERN TERRACE MOUNTAINS - uTWIN CAVES" SECTION 

VERTICAL SCALE I". 100' PLATE IV P.B.STIFEL 
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T r i t i c i t e s c f • T . v e n t r i c o s u s 
D u n b a r i n e T l a spT 
P s e u d o f u s u l i n e l l a f e r g u s o n e n s i s 
Lower Wolf camp ^by B e t t y Sea lman) 

C o l l e c t i o n from N E J N E J s e c , 1 3 , T . 1 1 N . , R, 12 W, , a p p r o x i m a t e l y 

100 f e e t s t r a t i g r a p h i c a l l y above p r e v i o u s c o l l e c t i o n , ( F i e l d No. 6 -

1 2 6 - 7 ) 

T r i t i c i t e s c f , T , c r e e k e n s i s 
T r i t i c i t e s c f , H* c e l l a m a g n u s 
P s e u d o f u s u l i n e i T a f e r g u s o n e n s i s 
D u n b a r i n e l l a ? 
S c h w a g e r i n a s p . 
Lower Wolfcampian ( b y B e t t y Sea lman) 

C o l l e c t i o n from c e n t e r S E j , s e c , 1 2 , T , 1 1 N , , R. 12 W. u n d e t e r m i n e d 

s t r a t i g r a p h i c d i s t a n c e above p r e v i o u s c o l l e c t i o n . ( F i e l d No . 6 - 1 2 6 - 5 ) 

T r i t i c i t e s c f . T . v e n t r i c o s u s 
D u n b a r i n e l l a spT 
S c h w a g e r i n a s p . 

C o l l e c t i o n from N W J N E J s e c . 2 6 , T . 1 1 N . , R. 12 W. s o u t h w e s t s i d e of 

K e l t o n B u t t e . ( F i e l d No. 6 - 1 2 7 - 1 0 ) 

T r i t i c i t e s c f . T . c r e e k e n s j s 
T r i t i c i t e s c f . T . c e l l a m a g n u s 
T r i t i c i t e s s p . ~~ 
D u n b a r i n e l l a s p . 
Lower Wolfcampian (by B e t t y Sea lman) 

C o l l e c t i o n from S E j s e c , 2 7 , T . 1 1 N , , R . 12 W, s o u t h w e s t s i d e of 

K e l t o n B u t t e . ( F i e l d No. 6 - 1 2 8 - 6 ) 

T r i t i c i t e s s p . a f f . T . meek i? 
P s e u d o f u s u l i n a s p . a f f . P . powwowensis 
Wolfeamp e q u i v a l e n t ( b y C. D o u g l a s s ) 

C o l l e c t i o n from N E J N E J s e c . 3 2 , T . 1 1 N . , R. 1 1 W., s o u t h e r n end o f 

C r o c o d i l e M o u n t a i n . ( F i e l d No, 5 - 2 3 - 1 ) 

T r i t i c i t e s s p . 
S c h w a g e r i n a s p . 
Lower t o m i d d l e Wolfcampian ( b y G r a n t S t e e l e ) 
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Triticites cf. T. ventricosus 
Dunbarinella sp: 
PseudofUsuiinella ferfbsonensis 
Lower t401fcamp (by Bet y SealJllan) 

Collection from NEiNK~ sec. 13, T. 11 N., R. 12 W., approximately 

100 feet stratigraphically above previous collection. (Field No. 6-

126-7) 

Triticites cf. T. creekensis 
Tr~ticites cf. T. cellamagnus 
PseudofusulinelIa fergusonensis 
Dunbarinella? 
Schvlagerina sp. 
Lo .. rer Wolfcampian (by Betty Sealman) 

Collection from center SEi, sec. 12, T. 11 N., R. 12 W. undetermined 

stratigraphic distance above previous collection. (Field No. 6-126-5) 

Triticites cf. T. ventricosus 
DUnbarinella sp-: 
Schwagerill.a sp. 

Collection from ~~i~~i sec. 26, T. 11 N., R. 12 W. southwest side of 

Kelton Butte. (Field No. 6-127-10) 

Triticites cf. T. creekensis 
Triticites cf. T. cellamagnus 
Triticites sp. 
Dunbarinella sp. 
Lower Wolfca~pian (by Betty Sealman) 

Collection from SEt sec. 27, T. 11 N., R. 12 \i, southwest side of 

Kelton Butte. (Field No. 6-128-6) 

Triticites sp. aff. T. meeki? 
Pseudofusulina sp. aff. P. ~OWWOi-lenSiS 
Wolfcamp equivalent (by ~.. Douglass) 

Collection from NEiNEi sec. 32, T. 11 N., R. 11 W., southern end of 

Crocodile Hountain. (Field No. 5-23-1) 

Triticites sp. 
Schwagerina sp. 
Lower to middle Wolfcampian (by Grant Steele) 
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P s e u d o f u s u l i n e l l a s p . 
T r i t i c i t e s s p . c T . a l a r g e i n f l a t e d t y p e 
P s e u d o f u s u l i n a s p . 
E a r l y P e r m i a n , Wolfcampian age s u g g e s t e d , 
( b y R. C. D o u g l a s s ) 
G e n e r i c d i f f e r e n c e t h o u g h t i n s i g n i f i c a n t by w r i t e r 
a s age d e t e r m i n a t i o n s s a m e . 

C o l l e c t i o n from SEjSEj s e c 3 3 , T . 9 N . , R. 1 1 W. , s o u t h e r n end of 

r i d g e , e a s t e r n T e r r a c e M o u n t a i n s . ( F i e l d No. 5 - 3 4 - 1 1 ) 

S c h w a g e r i n a l i n e a r i s 
S c h w a g e r i n a a f f . S . c r e b r i s e p t a 
Upper Wolfcampian ( b y ' G r a n t S t e e l e ) 

C o l l e c t i o n from NEjSEj s e c 3 0 , T . 10 N . , R. 12 W. , h i l l s s o u t h e a s t o f 

w e s t e r n T e r r a c e M o u n t a i n s . ( F i e l d No. 5 - 3 8 - 3 ) 

S c h w a g e r i n a s p . r e s e m b l i n g S . e x t u m i d a 
Wolfeamp ( b y R. C. D o u g l a s s j 

C o l l e c t i o n from NE |NE | s e c . 1 8 , T . 7 N . , R. 1 1 W., h i l l s i n s o u t h e r n 

p a r t o f a r e a . ( F i e l d No. 5 - 4 1 - 1 2 ) 

S t e e l e r e c o v e r e d an odd f o r m , b e l i e v e d i t t o be 
Wolfcampian and p r o b a b l y l o w e r o r m i d d l e Wolf­
c a m p i a n , b u t was d o u b t f u l . 

C o l l e c t i o n from SW^SWj s e c . 1 7 , T . 7 N , , R. 1 1 W., u n d e t e r m i n e d s t r a t i ­

g r a p h i c d i s t a n c e b e l o w p r e v i o u s c o l l e c t i o n . ( F i e l d No. 5-1*1-3) 

One spec imen r e c o v e r e d , l o w e r Wol fcampian , 
p o s s i b l y a s young a s l o w e r - m i d d l e Wolfcampian 
a c c o r d i n g t o S t e e l e . 

C o l l e c t i o n from NE-JNEJ s e c 3 2 , T . 7 N . , R . 1 1 W. i n s o u t h e r n end o f 

a r e a . ( F i e l d No . 5 - 4 4 - 1 ) 

T r i t i c i t e s s p . e x g r . T . v e n t r i c o s u s o r T . meek i 
E a r l i e s t Pe rmian ( b y R. C. D o u g l a s s ) 

T r i t i c i t e s s p . 

Lower Wolfcamp ( b y B e t t y Sea lman) 

C o l l e c t i o n from o u t c r o p i n s e c 3k, T . 6 N . , R. 12 W., i s o l a t e d h i l l s 

i n s o u t h w e s t c o r n e r of mapped a r e a . 
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Pseudofusulinella sp. 
Triticites sp. cf. a large inflated type 
Pseudofusulina sp. 
Early Permian, Wolfcampian age suggested. 
(by R. C. Douglass) 
Generic difference thought insignificant by writer 
as age determinations same. 

Collection from SEisEi sec. 33, T. 9 N., R. 11 W., southern end of 

ridge, eastern ~errace Hountains. (Field No. 5-34-11) 

Schwagerina linearis 
SchwagerL~a aff. S. crebrisepta 
Upper vlolfcampian-(by 'Grant Steele) 

Collection fror:! NEisEi sec. 30, T. 10 No, R. 12 W., hills southeast of 

western Terrace Hountains. (Field Ho. 5-38-3) 

Scm.ragerina sp. resembling S. extumida 
Woifcamp (by R. C. Douglass) 

Collection from NEilffii sec. 18, T. 7 N., R. 11 W. I hills in southern 

part of area. (Field No. 5-41-12) 

Steele recovered an odd form, believed it to be 
Wolfcampian and probably lower or middle Wolf­
campian, but vms doubtful. 

Collection from S1i'ltS\v~ sec. 17, T. 7 N., R. 11 "11., undetermined strati­

graphic distance below previous collection. (Field No. 5-41-3) 

One specimen recovered, lovmr 1'lolfcampian, 
possibly as young as lower-middle Wolfcampian 
according to Steele. 

Collection from NEiNEt sec. 32, T. 7 N., R. 11 W. in southern end of 

area. (Field No. 5-44-1) 

Triticites sp. exgr. T. ventricosus or T. meeki 
Earliest Permian (by R. C. Douglass) 

Triticites sp. 
LOvIer 1volfcamp (by Betty Sealman) 

Collection from outcrop in sec. 34, T. 6 H., R. 12 W., isolated hills 

in southwest corner of mapped area. 
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F u s u l i n i d s t o t a l l y r e p l a c e d . L a r g e s i z e s u g g e s t s 
p o s s i b l y l o w e r Wolfeamp. ' ( b y B e t t y Sea lman) 

The Pe rmian O q u i r r h of t h e mapped a r e a i s c o r r e l a t e d d i r e c t l y w i t h 

o t h e r o c c u r r e n c e s from wh ich Pe rmian age f u s u l i n i d s have b e e n i d e n t i ­

f i e d i n c l u d i n g , q u e s t i o n a b l y , t h e n o r t h e r n O q u i r r h Moun ta in s ( D o u g l a s s , 

i n Tooker and R o b e r t s , 1 9 6 1 , p . 3 1 ) , and d e f i n i t e l y , t h e s o u t h e r n 

Wasa t ch M o u n t a i n s (Thompson, 1 9 5 a . pp« 2 7 - 3 1 ) , and t h e G r a s s y H i l l s 

( D o e l l i n g , o r a l c o m m u n i c a t i o n ) . I n a d d i t i o n t o t h e s e , B i s s e l l m e n t i o n s 

( 1 9 6 2 , p . 33 ) s e v e n l o c a l i t i e s i n t h e n o r t h e a s t e r n G r e a t B a s i n where 

he h a s r e c o g n i z e d l i t h o l o g i e s and f u s u l i n i d s b e l o n g i n g t o Wol fcampian 

age O q u i r r h . 

C o r r e l a t i o n of t h e T e r r a c e Mounta in s e c t i o n w i t h t h e G r a s s y H i l l s 

s e c t i o n , 20 m i l e s t o t h e s o u t h , i s b a s e d on s t r a t i g r a p h i c p o s i t i o n , 

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

e r e n t a g e s a r e s u g g e s t e d by f u s u l i n i d s . F u s u l i n i d s i d e n t i f i e d by G r a n t 

S t e e l e , i n c l o s e a s s o c i a t i o n w i t h t h e b e l l e r o p h o n t a c e a n - s c a p h o p o d z o n e , 

i n c l u d e S c h w a g e r i n a a f f . S . e l k o e n s i s , S c h w a g e r i n a w e l l s e n s i s and 

S c h w a g e r i n a s p . of m i d d l e Wolfcampian a g e . F u s u l i n i d s I d e n t i f i e d f rom 

t h e same m e g a f o s s i l zone i n t h e G r a s s y H i l l s were a s s i g n e d an age o f 

l o w e r Leona rd a c c o r d i n g t o D o e l l i n g ( o r a l c o m m u n i c a t i o n ) . I n b o t h t h e 

G r a s s y H i l l s a n d t h e T e r r a c e M o u n t a i n s , t h e u p p e r c o n t a c t of t h e O q u i r r h 

was c h o s e n a t t h e t o p of an i n t e r v a l of b e d d e d c h e r t and s i l i c e o u s s i l t ­

s t o n e w h i c h , i n b o t h s e c t i o n s , i s u n d e r l a i n by a t h i c k , b a n d e d , s i l i ­

c e o u s muds tone or s i l t s t o n e s e q u e n c e . A l s o , i n b o t h of t h e s e s e c t i o n s , 

t h e p r e v i o u s l y d i s c u s s e d i n t e r v a l of b i o c l a s t i c l i m e s t o n e c o n t a i n i n g 

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

a s s o c i a t e d w i t h s i m i l a r l i t h o l o g i e s a p p r o x i m a t e l y 3000 f e e t b e l o w t h e 
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Fusulinids total~ replaced. Large size su~gests 
possibly l ower Wol!camp. ' (by Betty Sealman) 

The Permian Oquirrh of the mapped area i s correl ated directly with 

other occurrences from 'Hhich Permia.TJ. age fusulinids have been identi-

fied including, questionably, the northern Oquirrh 110untains (Douglass , 

in Tooker and Roberts , 1961, p. 31 ) , and definitely, t he southern 

vlasatch Mountains (Thompson, 1954, pp . 27-31) , and the Grassy Hills 

(Doelling, oral communication) . In addition to these, Bissell menti ons 

(1962 , p. 33) seven localities in the northeas t ern Great Basin where 

he has recognized lithologies and fusulinids belonging to Holfcampian 

age Oquirrh. 

Correlation of t he Terr ace Nountain secti on with t he Grassy Hills 

section, 20 miles to the south, is based on stratigraphic posi tion, 

l ithologic similarity, and megafossil content, although slightly diff-

erent ages are suggested by fusulinids . Fusulinids i dentified by Grant 

Steele, in close association with the belleropbontacean- scaphopod zone, 

include Schrlagerina aff. ~. elkoensis , Schwager ina wellsensis and 

Schwagerina sp. of middle "!ol fc ampian age . Fusulinids identified from 

the sa~e megafossil zone in the Grass,y Hills were ass i gned an age of 

lower Leonard according to Doelling (oral communication) . In both the 

Grassy Hills and the Terrace Hountains , t he upper contact of the Oquirrh 

was chosen at the top of an interval of bedded chert and siliceous silt-

stone which, in both sections , is underlain qy a thick, banded, sili-

ceous mudstone or siltstone sequence . Also, in both of these secti ons, 

the previously discussed interval of bioclastic limestone containing 

the prol ific bellerophontacean- scaphopod fauna is pr esent, and is 

associated with similar lithologi es approximate~ 3000 feet bel ow the 
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u p p e r c o n t a c t w i t h t h e Diamond Creek S a n d s t o n e . D i s t r i b u t i o n o f t h i s 

f a u n a l zone i s t h u s i n d i c a t e d o v e r a d i s t a n c e of no l e s s t h a n 50 m i l e s , 

and a l t h o u g h i t was n o t r e p o r t e d by Welsh and James ( l ° 6 l ) o r by Tooker 

and R o b e r t s ( l 9 6 l ) from r o c k s of Pe rmian age i n t h e n o r t h e r n O q u i r r h 

M o u n t a i n s , and h a s n o t y e t b e e n found b y Maurer i n t h e Permian O q u i r r h 

i n t h e Cedar R a n g e , 20 m i l e s s o u t h o f i t s o c c u r r e n c e i n t h e G r a s s y H i l l s 

( M a u r e r , p e r s o n a l c o m m u n i c a t i o n ) , i t i s of s i g n i f i c a n c e t h a t E u p h e m i t e s 

s p . and an i n d e t e r m i n a t e b e l l e r o p h o n t i d g a s t r o p o d were i d e n t i f i e d by 

E l l i s Y o c h e l s o n from t h e O q u i r r h F o r m a t i o n i n t h e P r o m o n t o r y R a n g e , 

30 m i l e s e a s t o f t h e mapped a r e a ( O l s o n , I 9 6 0 , p . l l r ? ) . I t i s u n f o r ­

t u n a t e t h a t t h i s f o s s i l c o l l e c t i o n was n o t c o r r e l a t e d by Olson w i t h h i s 

measu red s e c t i o n s , f o r i f i t were shown t h a t t h e f a u n a was from t h e 

u p p e r p a r t of t h e P romonto ry s e c t i o n , f u r t h e r s u p p o r t would be l e n t t o 

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

i s a l s o i m p o r t a n t t o r e a l i z e , h o w e v e r , t h a t t h e b e l l e r o p h o n t a c e a n -

scaphopod f a u n a i s n o t i n any s e n s e r e s t r i c t e d t o t h e Wolfcampian S e r i e s 

o r even t o t h e O q u i r r h F o r m a t i o n and t h a t t h e above d i s c u s s e d b e d s p r o b ­

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

E l l i s Y o c h e l s o n m e n t i o n s ( p e r s o n a l c o m m u n i c a t i o n ) , w i t h r e s p e c t t o 

a c o l l e c t i o n o f t h i s f a u n a s u b m i t t e d t o him by t h e w r i t e r from u n i t 13 

of t h e "Twin Gaves" s e c t i o n of Wolfcampian O q u i r r h t h a t , 

"One c o l l e c t i o n from t h e Grandeur Member of t h e P a r k C i t y 
a t S t r a w b e r r y V a l l e y (12681}. - PC) from b e d L - 38 i n t h e s e c t i o n 
g i v e n i n USGS C i r c u l a r 3 0 6 , p , 3 5 - 3 9 i s c o m p a r a b l e . T h a t 
c o l l e c t i o n , t h o u g h s m a l l , c o n t a i n s a b u n d a n t P l a g i o g l y p t a and 
some E u p h e m i t e s , T h e r e i s l i t t l e t h a t c a n be done w i t h 
P l a g i o g l y p t a b u t i t i s p o s s i b l e t h a t t h i s ( a b o v e ) o c c u r r e n c e 
and 19525 - PC ( T e r r a c e Moun ta in s - O q u i r r h ) may r e p r e s e n t a 
s p e c i e s d i s t i n c t from t h e c h a r a c t e r i s t i c P , c a n n a of t h e 
F r a n s o n Member of t h e P a r k C i t y . " 
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upper contact with the Diamond Creek Sandstone. Distribution of this 

faunal zone is thus indicated over a distance of no l ess than 50 miles, 

and although it was not reported qy Welsh and James (1961) or qy Tooker 

and Roberts (1961) from rocks of Permian age in the northern Oquirrh 

Hountains , and has not yet been found by J.!aurer in the Permian Oquirrh 

in the Cedar Range , 20 miles south of its occurrence in t he Gras~ Hills 

(Maurer, personal communication) , it is of Significance that Eupbemites 

sp. and an indeterminat e belleropbontid gastropod were identified by 

Ellis Yochelson from the Oquirrh Formation in t he Promontory Range, 

30 miles east of the mapped area (Olson, 1960, p . 149). It is unfor-

tunate that this fossil collection was not correlated by Olson with his 

measured sections , f or if it were shown that the fauna was from the 

upper part of the Promontory section, furth er support would be lent to 

the possibility of using t his zone for lL~ted r egional correlation . It 

is also important to r ealize, however , that the bellerophontacean-

scaphopod f auna i s not in any sense r estricted to t he vlolfcampian Series 

or even to t he Oquirrh Formation and that t he above discussed beds prob-

ably represent only r elatively local proliferations of t he fauna . 

Ellis Yochelson mentions (personal communication) , l-1ith respect to 

a collection of t his fauna submitted to him by t he writer f rom unit 13 

of t he "Twin Caves ll section of Wolfcampi an Oquirrh t hat , 

"One collection from the Gr andeur Member of the Park City 
at Strawberry Valley (12684 - pc) from bed L - 38 in the section 
given in USGS Circular 306, p . 35-39 is comparable . That 
collection, though small, contains abundant P1agiOg~a and 
some Euphemites . There is little that can be dOne wi h 
PlagiO~~ta but it is possible t hat t his (above) occurrence 
and 19 - PC (Terrace Hountains - Oquirrh) may represent a 
species distinct from t he characteristic P. canna of the 
Franson Member of the Park City . 1I 
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Of t h e a b u n d a n t b e l l e r o p h o n t a c e a n s i n t h i s c o l l e c t i o n he s a y s 

f u r t h e r ( p e r s o n a l commun ica t i on ) t h a t , 

. • I am r e a s o n a b l y c e r t a i n t h a t some of t h e s p e c i e s 
a r e t h e ones I d e s c r i b e d from t h e Bone S p r i n g L i m e s t o n e 
(Wol fcamp) . They a r e p a r t i c u l a r l y c h a r a c t e r i s t i c of t h e 
l o w e r p a r t of t h a t f o r m a t i o n i n t h e S i e r r a D i a b l o a r e a o f 
West T e x a s . 

E u p h e m i t o p s i s s u b p a p i l l o s a o c c u r s i n t h e A r c t u r u s 
F o r m a t i o n ( u p p e r Wolfe amp - l^wer L e o n a r d ) n e a r E u r e k a , 
Nevada . I have n o t s e e n any E u p h e m i t e s from t h e A r c t u r u s . " 
( S t a t e m e n t s i n p a r e n t h e s e s added by w r i t e r . ) 

B e s i d e s t h e i r o c c u r r e n c e i n t h e Grandeur i n S t r a w b e r r y V a l l e y , 

b e l l e r o p h o n t a c e a n g a s t r o p o d s and i n d e t e r m i n a b l e s caphopods we re i d e n ­

t i f i e d by E l l i s Y o c h e l s o n ( p e r s o n a l communica t ion t o A l b e r t Young, 1961) 

from r o c k s t e n t a t i v e l y a s s i g n e d t o t h e Grandeur F o r m a t i o n o f p r o b a b l e 

l a t e L e o n a r d i a n age i n t h e Goose C r e e k Moun ta ins ( A l b e r t Young , p e r s o n a l 

c o m m u n i c a t i o n ) . The h i g h e s t s t r a t i g r a p h i c o c c u r r e n c e of t h i s f a u n a i n 

t h e T e r r a c e Moun ta in s i s i n u n i t 2 1 of t h e m e a s u r e d s e c t i o n o f t h e 

Diamond C r e e k S a n d s t o n e , t h e c h a r a c t e r i s t i c members of t h e f a u n a n o t 

h a v i n g b e e n found i n P a r k C i t y or y o u n g e r r o c k s . 

P e n n s y l v a n i a n - P e r m i a n U n d i f f e r e n t i a t e d . N e i t h e r f u s u l i n i d s n o r 

o t h e r f o s s i l s d i a g n o s t i c of age were found i n s e v e r a l i s o l a t e d e x p o s u r e s 

of s t r a t a p r o b a b l y b e l o n g i n g t o t h e O q u i r r h F o r m a t i o n . These e x p o s u r e s 

have b e e n d e s i g n a t e d P e n n s y l v a n i a n - P e r m i a n O q u i r r h F o r m a t i o n u n d i f f e r ­

e n t i a t e d on P l a t e I . 

Diamond C r e e k S a n d s t o n e 

D e f i n i t i o n and t y p e l o c a l i t y . A t t h e t y p e l o c a l i t y , a t t h e head of 

L i t t l e Diamond Creek i n t h e s o u t h e r n Wasa tch M o u n t a i n s , t h e Diamond 
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Of the abundant bellerophontaceans in this collection he says 

further (personal communication) that, 

" ••• I am reasonably certain that some of the species 
are the ones I described from tte Bone SprD1g Limesto~e 
(vTolfcai11p). They are particularly characteristic of the 
lmver part of that formation in the Sierra Diablo area of 
\vest Texas. 

Euphemitopsis subpapillosa occurs in the Arcturus 
Formation (upper WoITcamp - IJwer Leonard) near Eureka, 
Nevada. I have not seen any Euphemites from the Arcturus. lt 

(Statements in parentheses added by writer.) 

Besides their occurrence in the Grandeur in Stranberry- Valley, 

bellerophontacean gastropods ru1d indeterminable scaphopods nere iden-

tified by Ellis Yochelson (personal communication to Albert Young, 1961) 

from rocks tentatively assigned to the Grandeur Formation of probable 

late Leonardian age in the Goose Creek Nountains (Albert Young, personal 

communication). The highest stratigraphic occurrence of this fauna in 

the Terrace Nountains is in unit 21 of the measured section of the 

Diamond Creek Sandstone, the characteristic members of the fauna not 

having been found in Park City or younger rocks. 

Pennsylvru1ian-Permian Undifferentiated. Neither fusulinids nor 

other fossils diagnostic of age were found in several isolated exposures 

of strata probably belonging to the Oquirrh Formation. These exposures 

have been designated Pennsylvanian-Permian Oquirrh Formation undiffer-

entiated on Plate 1. 

Diamond Creek Sandstone 

Definition a~d type locality. At the type locality, at the head of 

Little Diamond Creek in the southern \fasatch Hountains, the Diamond 
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Creek i s g r a y or b u f f t o r e d , f i n e - t o c o a r s e - g r a i n e d , c r o s s - b e d d e d 

s a n d s t o n e . I n l a r g e p a r t , i t i s l i m e - c e m e n t e d and f r i a b l e , b u t l o c a l l y 

i t h a s s i l i c e o u s c e m e n t , a c c o r d i n g t o Baker and W i l l i a m s ( l 9 l | 0 , p . 625) 

who named i t . I n a l a t e r p a p e r ( B a k e r and o t h e r s , 19u7) , Baker m e n t i o n e d 

i t s l e d g e - f o r m i n g n a t u r e , t h e p r e s e n c e of o c c a s i o n a l t h i n b e d s of l i m e ­

s t o n e , and a t h i c k n e s s of 835 f e e t a t t h e mouth of Kirkman H o l l o w , a 

r e f i n e m e n t of an e a r l i e r e s t i m a t e o f 600-1000 f e e t a t t h e n e a r b y t y p e 

s e c t i o n (JSkB)* 

D i s t r i b u t i o n and e x p o s u r e * The Diamond Creek S a n d s t o n e i s e x p o s e d 

i n a l i n e a r b e l t a b o u t t h r e e q u a r t e r s of a m i l e wide wh ich e x t e n d s 

a p p r o x i m a t e l y s e v e n m i l e s i n a n o r t h - s o u t h d i r e c t i o n a c r o s s t h e e a s t 

s l o p e o f t h e w e s t e r n T e r r a c e M o u n t a i n s , and i n a U - s h a p e d b e l t , concave 

t o t h e n o r t h , i n t h e e a s t e r n T e r r a c e Moun ta in s ( s e e P l a t e l ) . 

I n a l l of i t s o c c u r r e n c e s i n t h e s t u d i e d a r e a t h e Diamond Creek 

i s w e l l e x p o s e d . The o r t h o q u a r t z i t i c u n i t s form l e d g e s or s m a l l h o g ­

b a c k s , w i t h t h e more c a l c a r e o u s or p o o r l y i n d u r a t e d u n i t s f o r m i n g s w a l e s 

o r s m a l l s a d d l e s i n b e t w e e n . S t r a t a of t h e Diamond Creek w e a t h e r i n t o 

c o a r s e b l o c k y f l o a t and s c r e e wh ich i s v e r y d a r k b e c a u s e of t h e brown 

w e a t h e r i n g r i n d t h a t d e v e l o p s on t h e b l o c k s . The s c r e e u s u a l l y f i l l s 

l o n g n a r r o w g u l l i e s , f o r m i n g p a r a l l e l d a r k s t r i p e s on t h e s t e e p s l o p e s 

of S c o r p i o Mounta in and t h e i n t e r i o r h i l l s t o t h e n o r t h . Because t h e 

s c r e e - f i l l e d g u l l i e s become more r e s i s t a n t t o e r o s i o n t h a n t h e l e s s 

p r o t e c t e d i n t e r v e n i n g a r e a s , t o p o g r a p h y h a s b e e n l o c a l l y r e v e r s e d i n 

some p l a c e s . The s c r e e - c o v e r e d a r e a s become t o p o g r a p h i c a l l y h i g h b e ­

tween g u l l i e s c u t i n t h e i n t e r v e n i n g a r e a s which were f o r m e r l y h i g h 

t h e m s e l v e s . T h i s c a s e i s s i m i l a r t o one i n t h e Book C l i f f s r e g i o n o f 
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Creek is gray or buff to red, fine- to coarse-grained, cross-bedded 

s~~dstone. In large part, it is lime-cemented ~~d friable, but local~ 

it has siliceous cement, according to Baker and Williams (1940, p. 625) 

who na~ed it. In a later paper (Baker and others, 19471 Baker mentioned 

its ledge-forming nature, the presence of occasional thin beds of lime­

stone, and a thickness of 835 feet at the mouth of Kirkman Hollow, a 

refinement of ~~ earlier estimate of 600-1000 feet at the nearby type 

section (1940). 

Distribution and exposure. The Diamond Creek Sandstone is exposed 

in a linear belt about three quarters of a mile wide which extends 

approximately seven miles in a north-south direction across the east 

slope of the western Terrace Mountains, and in a U-shaped belt, concave 

to the north, in the eastern Terrace Mountains (see Plate 1). 

In all of its occurrences in the studied area the Diamond Creek 

is well exposed. The orthoquartzitic units form ledges or small hog­

backs, vnth the more calcareous or poorly indurated units forraing swales 

or small saddles ~l between. Strata of the Dirunond Creek weather into 

coarse blocky float and scree which is very dark because of the bro~~ 

weathering rind that develops on the blocks. The scree usually fills 

long narrow gullies, forming parallel dark stripes on the steep slopes 

of Scorpio Mountain and the interior hills to the north. Because the 

scree-filled gullies become more resist~lt to erosion than the less 

protected intervening areas, topography has been locally reversed in 

some places. The scree-covered areas become topographically high be­

tween gullies cut in the ~ltervening areas which were formerly high 

themselves. This case is sL~ilar to one in the Book Cliffs region of 
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U t a h d e s c r i b e d t o t h e w r i t e r by W. Lee S t o k e s ( p e r s o n a l c o m m u n i c a t i o n ) . 

S c o r p i o Peak and t h e h i g h i n t e r i o r h i l l s n o r t h of i t a r e d e v e l o p e d 

on s t r a t a o f t h e Diamond Creek S a n d s t o n e , a s i s t h e h i g h r i d g e i n t h e 

c e n t r a l , p a r t o f t h e e a s t e r n T e r r a c e Moun ta in s e 

T h i c k n e s s , l i t h o l o g y , and s t r a t i g r a p h i c r e l a t i o n s h i p s . The Diamond 

Creek i s 2850 f e e t t h i c k where i t was measu red on S c o r p i o Peak i n t h e 

s o u t h e r n T e r r a c e M o u n t a i n s . Here t h e f o r m a t i o n i s c a l c a r e o u s s a n d s t o n e 

and o r t h o q u a r t z i t e , composed of c l e a r , w e l l r o u n d e d , medium t o w e l l s o r t e d 

f i n e - t o c o a r s e - g r a i n e d q u a r t z o s e s a n d . Cross -oedd ing i s w e l l d i s p l a y e d 

i n some i n t e r v a l s . Cement ing m a t e r i a l i s p a r t i a l l y s i l i c e o u s and p a r ­

t i a l l y c a l c a r e o u s , and s e v e r a l a r e n a c e o u s l i m e s t o n e b e d s a r e p r e s e n t 

n e a r t h e b a s e . 

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

O q u i r r h F o r m a t i o n and t h e u p p e r w i t h t h e L o r a y ? F o r m a t i o n . Because t h e 

u p p e r l i m i t of bedded c h e r t i s more e a s i l y d e t e c t a b l e t h a n t h e i n i t i a l 

i n f l u x of Diamond C r e e k - t y p e s a n d , t h e l o w e r c o n t a c t was c h o s e n a t t h e 

t o p of t h e u p p e r m o s t bed of c h e r t . The u p p e r c o n t a c t was a r b i t r a r i l y 

c h o s e n on l i t h o l o g i c c h a n g e s d e s c r i b e d i n d e t a i l w i t h t h e L o r a y ? Form­

a t i o n . 

Measured s e c t i o n . 

S e c t i o n of Diamond Creek S a n d s t o n e m e a s u r e d i n 

S E j s e c . Ik and NEj s e c . 2 3 , T . 8 N . , R, 12 W. , U t a h . 

P e r m i a n : 

L o r a y ? F o r m a t i o n . 

Conformable c o n t a c t 

Diamond Creek S a n d s t o n e : 
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Utah described to the writer by W. Lee Stokes (personal communi cation) . 

Scorpio Peak and the high interior hi lls nor t h of it are devel oped 

on strata of the Diamond Creek Sandstone, as is t he hi gh ridge in the 

central part of t he eastern Terrace Mountains~ 

Thickness , lithology) and st ratigraphic relationships _ The Diamond 

Cr eek is 2850 feet thick where it was measured on Scorpio Peak in the 

southern Terrace Mountains . Here the formation is calcareous sandstone 

and or thoquart zite, composed of cl ear, well rounded, medium to well sorted, 

f i ne- to coarse- grained quartzose sand. Cross-bedding is well displ ayed 

in some intervals . Cementing material is partially siliceous and par­

t ially calcareous , and several arenaceous limestone beds are pr esent 

near the base . 

Both upper and l ower contacts are gradational, t he lower with the 

Oquirrh Formation and t he upper with the Lor~? Formation . Because the 

upper l imit of bedded chert is more easily detectabl e than t he initial 

influx of Diamond Creek- type sand, the lower contact was chosen at the 

top of the uppermost bed of chert . The upper contact was arbitrari~ 

chosen on l ithologic changes described in detail with the Loray? Form­

ation. 

Measured section . 

Permian: 

Section of Diamond Cr eek Sandstone measured in 

SE; sec . 14 and NEt sec . 23 , T. 8 N., R. 12 W. , Utah . 

Loray? For mation . 

Conformable contact 

Diamond Creek Sandstone : 
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UNIT DESCRIPTION THICKNESS 
( f e e t ) 

7 0 . S a n d s t o n e 3 o r t h o q u a r t z i t i c , medium- t o d a r k - b r o w n , w e a t h e r s 
l i g h t t a n . F i n e - g r a i n e d ; f r a c t u r e s a c r o s s g r a i n s . C a l c a r ­
e o u s , s t r o n g r e a c t i o n t o a c i d ; t h i n w e a t h e r i n g r i n d . Med­
i u m - b e d d e d . W e l l - e x p o s e d , forms l e d g e and s t r i p p e d d i p 
s l o p e o f s m a l l e x t e n t » • • • • • . • • « . . • • • - * « • • • • ; • • • • « • * • • • * « 9 

S a n d s t o n e , c a l c a r e o u s ; s i m i l a r t o above u n i t e x c e p t i n 
b e i n g more c a l c a r e o u s , v e r y t h i n - b e d d e d and i n f o r m i n g a 
s w a l e . W e a t h e r s i n t o t h i n p l a t y f l o a t . . . . • • 38 

6 8 . S a n d s t o n e , medium g r a y - b r o w n , w e a t h e r s d a r k e r . Lower t h i r d 
w e a t h e r s l i g h t t a n . S l i g h t l y c a l c a r e o u s , mos t i n m i d d l e 
t h i r d . S m a l l b l e b s o f c a l c a r e o u s m a t e r i a l c a u s e p i t s on 
w e a t h e r e d s u r f a c e . T h i n - t o v e r y t h i n - b e d d e d . Upper p a r t 
q u i t e b l o c k y w e a t h e r i n g , m i d d l e p a r t h a s v e r y i r r e g u l a r 
w e a t h e r e d s u r f a c e from h i g h e r c a r b o n a t e c o n t e n t and p o o r 
i n d u r a t i o n . P o o r l y e x p o s e d . . 22 

S a n d s t o n e , o r t h o q u a r t z i t i c , l i g h t t a n n i s h - g r a y , w e a t h e r s t a n 
t o d a r k b r o w n . F i n e - g r a i n e d ; w e l l - c e m e n t e d ; h a r d ; b r i t t l e . 
T h i n - b e d d e d ; s h a r p c o n t a c t s • Blocky w e a t h e r i n g . • • • • • 1 1 

6 6 . S a n d s t o n e , y e l l o w i s h - t a n , w e a t h e r s s a m e . S l i g h t l y c a l c a r e ­
o u s ; p o o r l y c e m e n t e d , f r i a b l e on s u r f a c e . T h i n - t o medium-
b e d d e d . P l a t y w e a t h e r i n g . 1 $ 

6 5 . S a n d s t o n e , u p p e r h a l f l i g h t y e l l o w i s h - w h i t e , w e a t h e r s b u f f t o 
t a n . Lower h a l f g r a y i s h - t a n , w e a t h e r s l i g h t g r a y . C a l c a r e o u s . 

- T h i n — b e d d e d . Midd le p a r t p i t t e d on w e a t h e r e d s u r f a c e . 
Lower 10 f e e t c o a r s e - g r a i n e d . . £8 

6k* C o n c e a l e d . F l o a t i s c a l c a r e o u s s a n d s t o n e lj.0 

6 3 . S a n d s t o n e , o r t h o q u a r t z i t i c , l i g h t b r o w n , w e a t h e r s l i g h t t a n 
t o g r a y . F i n e - g r a i n e d ; w e l l - c e m e n t e d ; b r i t t l e ; w e a t h e r e d 
s u r f a c e s m o o t h . Medium-bedded . Good e x p o s u r e • • 5>0 

6 2 . O r t h o q u a r t z i t e , l i g h t - t o m e d i u m - g r a y , w e a t h e r s t a n t o d a r k 
b r o w n . F i n e - g r a i n e d , v i t r e o u s . Medium-bedded . M o s t l y 
c o n c e a l e d . 57 

6 1 . S a n d s t o n e , c a l c a r e o u s , t a n t o l i g h t - g r a y , w e a t h e r s d a r k g r a y 
t o d a r k b r o w n . Upper 20 f e e t c o a r s e - t o m e d i u m - g r a i n e d , 
l o w e r t w o - t h i r d s f i n e - g r a i n e d . T h i c k - b e d d e d ; w e l l c r o s s -
b e d d e d . Lower t h i r d c o n c e a l e d • • 73 

6 0 . O r t h o q u a r t z i t e , l i g h t - g r a y , w e a t h e r s s l i g h t l y d a r k e r . Med­
ium g r a i n e d ; v i t r e o u s . T h i n - b e d d e d . Forms s w a l e on r i d g e . . 10 

40 

UNIT DESCRIPI'ION 

70. Sandstone, orthoquartzitic, medium- to dark-brown, weathers 
light tan. Fine-grained; fractures across grains. Calcar­
eous, strong reaction to acid; thin weathering rL~d. Med­
ium-bedded. Well-exposed, forms ledge and stripped dip 

THICKNESS 
(feet) 

slope of sreaD. extent 0 e ') Q ',' • 'J rl il U .: oj Q 'J ;;) 0 '-I 0- 00 ~ CI 0 ',J (io ,;, .£t .... III g. • oil Q ... iii • • 9 

69. Sandstone, calcareous; similar to above unit except in 
being more calcareous, very thin-bedded and in forming a 
swale. Weathers into thin platy float..................... 38 

68. Sandstone, medium gray-brown, weathers darker. Lower third 
weathers light tan. Slightly calcareous, most in middle 
third. Small blebs of calcareous material cause pits on 
weathered surface. Thin- to very thin-bedded. Upper part 
quite blocky weathering, middle part has very irregular 
weathered surface from higher carbonate content and poor 
induration. Poorly exposed................................ 22 

67. Sandstone, orthoquartzitic, light tannish-gray, weathers tan 
to dark brown. Fine-grained; well-cemented; hard; brittle. 
Thin-bedded; sharp contacts. Blocky weathering............ 11 

66. Sandstone, yellm~sh-tan, weathers same. Slightly calcare­
ous; poorly cemented, friable on surface. Thin- to medium-
bedded. Platy ueathering.................................. 15 

65. Sandstone, upper half light yellowish-white, weathers buff to 
tan. Lower half grayish-tan, weathers light gray. Calcareous. 
Thin-bedded. Middle part pitted on weathered surface. 
Lower 10 feet coarse-grained............................... 58 

64. Concealed. Float is calcareous sandstone.................. 40 

63. Sandstone, orthoquartzitic, light brovffi, weathers light tan 
to gray. Fine-grained; well-cemented; brittle; weathered 
surface smooth. Medium-bedded. Good exposure............. 50 

62. Orthoquartzite, light- to medium-gray, weathers tan to dark 
brown. Fine-grained, vitreous. Hedium-bedded. Mostly 
cone ealed. • • • • • • • • • • • • • • • • • .. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 57 

61. Sandstone, calcareous, tan to light-gray, weathers dark gray 
to dark brmm. Upper 20 feet coarse- to medium-grained, 
lower two-thirds fine-grained. Thick-bedded; well cross-
bedded. Lower third concealed............................. 73 

60. Orthoquartzite, light-gray, weathers slightly darker. Hed-
ium grained; vitreous. Thin-bedded. Forms swale on ridge.. 10 
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S a n d s t o n e , c a l c a r e o u s , l i g h t t a n n i s h - g r a y , w e a t h e r s medium 
t o d a r k b r o w n . Medium- t o f i n e - g r a i n e d . Medium-bedded, 
Upper p a r t o r t h o q u a r t z i t i c ; w e l l - e x p o s e d . Lower p a r t l e s s 
w e l l - c e m e n t e d , p a r t l y c o n c e a l e d XU 

C o n c e a l e d , F l o a t i s s i l t s t o n e , c a l c a r e o u s , m e d i u m - g r a y , 
w e a t h e r s same • F i n e - g r a i n e d 8 

O r t h o q u a r t z i t e , med ium-g ray , w e a t h e r s s l i g h t l y d a r k e r g r a y . 
Medium- t o c o a r s e - g r a i n e d . T h i n - b e d d e d , Wea the red s u r f a c e s 
q u i t e r o u g h 18 

Q r t h o q u a r t z i t e a l i g h t - g r a y , w e a t h e r s t a n t o d a r k b r o w n . 
F i n e - g r a i n e d , b r i t t l e . Midd le p a r t s l i g h t l y c a l c a r e o u s , 
p i t t e d s u r f a c e . T h i c k - b e d d e d ! forms b l o c k y f l o a t . . . . . . . . . . 90 

O r t h o q u a r t z i t e , l o w e r p a r t t a n , u p p e r p a r t p i n k i s h - t a n , 
b o t h w e a t h e r d a r k b rown . Medium- t o f i n e - g r a i n e d . Med­
i u m - b e d d e d . • • • • • • • • « 12 

S a n d s t o n e , g r a y i s h - t a n , w e a t h e r s t a n . S l i g h t l y c a l c a r e o u s . 
F i n e - g r a i n e d , T h i n - b e d d e d . Lower 10 f e e t l i g h t - g r a y ; 
med ium-bedded . • • • • • h9 

C o n c e a l e d . F l o a t i s o r t h o q u a r t z i t e , c a l c a r e o u s , v e r y f i n e ­
g r a i n e d hi 

O r t h o q u a r t z i t e , med ium-g ray , w e a t h e r s s a m e . F i n e - g r a i n e d . 
N o n - r e s i s t a n t u n i t , p a r t i a l l y c o n c e a l e d 88 

Q r t h o q u a r t z i t e , c a l c a r e o u s , l i g h t - g r a y , m o t t l e d , w e a t h e r s 
s a m e . Medium- t o c o a r s e - g r a i n e d . Medium- t o t h i c k - b e d d e d . 
W e l l d e v e l o p e d c r o s s - b e d d i n g . W e l l e x p o s e d ; l e d g e - f o r m e r . • 19 

0 r t h o q u a r t z i t e 3 t a n t o p i n k i s h - b r o w n , w e a t h e r s o r a n g e b r o w n . 
T h i n - b e d d e d . Poor e x p o s u r e , forms s w a l e . 19 

O r t h o q u a r t z i t e , t a n n i s h - g r a y , w e a t h e r s brown t o d a r k b r o w n . 
M e d i u m - g r a i n e d , T h i c k - b e d d e d , Mass ive o u t c r o p , forms l e d g e . 22 

C o n c e a l e d , F l o a t i s s a n d s t o n e , o r t h o q u a r t z i t i c , t a n n i s h - g r a y , 
w e a t h e r s t a n t o g r a y b r o w n . S l i g h t l y c a l c a r e o u s . F i n e ­
g r a i n e d , W e a t h e r e d s u r f a c e p i t t e d 62 

O r t h o q u a r t z i t e 3 l i g h t - g r a y , w e a t h e r s d a r k g r a y . Medium- t o 
c o a r s e - g r a i n e d . Medium-bedded . W e l l - d e v e l o p e d c r o s s -
b e d d i n g • • • • • 13 

S a n d s t o n e , c a l c a r e o u s , t a n and l i g h t - g r a y , w e a t h e r s d a r k b r o w n . 
F i n e - t o m e d i u m - g r a i n e d ; p o o r l y c e m e n t e d . F l o a t b l o c k y . 
Forms s w a l e • Upper h0 f e e t c o n c e a l e d . . . . . . . . . . . . . . . . . . . . . . f>5> 

59. Sandstone, calcareous, light tannish-gray, weathers medium 
to dark brown. Medium- to fine-grained. HediuIn-bedded. 
Upper part orthoquartzitic; well-exposed. Lower part less 
well-cemented, partly concealed............................ 14 

58. Concealed. Float is siltstone, calcareous, medium-gray, 
weathers same. Fine~graLled... .••••••••••••••••••••••••••• 8 

57. Orthoquartzite, medium-gray, weathers slightly darker gray. 
Hedium- to coarse-grained. Thin-bedded. Weathered surfaces 
quite rough................................................ 18 

56. Orthoquartzite, light-gray, weathers tan to dark brown. 
F.L~e-grained, brittle. Middle part slightly calcareous, 
pitted surface. Thick-bedded; forms blocky float.......... 90 

55. Orthoquartzite, lovIer part tan, upper part pinkish-tan, 
both weather dark brown. Medium- to fine-grained. Med-
ium-bedded................................................. 12 

54. Sandstone, grayish-tan, weathers tan. Slightly calcareous. 
Fine-grained. Thin-bedded. Lower 10 feet light-gray; 
medium-bedded.............................................. 49 

53. Concealed. Float is orthoquartzite, calcareous, very fine-
grained. . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . • . • • . . • . • . 47 

52. Orthoquartzite, medium-gray, weathers same. Fine-grained. 
Non-resistant unit, partially concealed.................... 88 

51. Orthoquartzite, calcareous, light-gray, mottled, weathers 
same. Hedium- to coarse-grained. Nedium- to thick-bedded. 
Well developed cross-bedding. Well exposed; ledge-former.. 19 

50. Orthoquartzite, tan to pinkish-bro1~, weathers orange brown. 
Thin-bedded. Poor exposure, forms swale................... 19 

49. Orthoquartzite, 
Hedium-grained. 

tannish-gray, weathers brown to dark brown. 
Thick-bedded. Massive outcrop, forms ledge. 

48. Concealed. Float is sandstone, orthoquartzitic, tannish-gray, 
weathers tan to gray brovm. Slightly calcareous. Fine-

22 

grained. Weathered surface pitted......................... 62 

47. Orthoquartzite, light-gray, weathers dark gray. Hedium- to 
coarse-grained. Mediu..rn.-bedded. vJell-developed cross-
bedding. . . . . . • • . . . . • • • . .. • • • . • . . . . . . • . . . •• • • . • • . • . . • . • • . • • • • 13 

46. Sandstone~ calcareous, tan aDd light-gray, weathers dark brown. 
Fine- to medium-grained; poorly cemented. Float blocky. 
Forms swale. Upper 40 feet concealed...................... 55 



k2 

ll5>. O r t h o q u a r t z i t e , t a n , w e a t h e r s s a m e . F i n e - g r a i n e d . Medium-
b e d d e d . Upper h a l f c o n c e a l e d ; l o w e r h a l f h a s p o o r e x p o s u r e * . 98 

iiiw O r t h o q u a r t z i t e , g r a y , w e a t h e r s t a n . F i n e - g r a i n e d . V i t r e ­
o u s . T h i n - b e d d e d . W e a t h e r e d s u r f a c e s s a c c h a r o i d a l . F l o a t 
i s medium s i z e d a n g u l a r b l o c k s 3 1 

1.3 • S a n d s t o n e , o r t h o q u a r t z i t i c , l i g h t t a n n i s h - g r a y , w e a t h e r s 
d a r k b r o w n . C o a r s e - g r a i n e d . T h i n - b e d d e d . C o a r s e g r a i n s 
s t a n d o u t on w e a t h e r e d s u r f a c e . . . . . . . . . . . . . . . . . . . . . . . * • • 53 

k2. S a n d s t o n e , t a n - b r o w n , w e a t h e r s l i g h t t a n t o g r a y . Medium-
g r a i n e d ; l o w e r p a r t f i n e . Medium-bedded. P o o r l y c e m e n t e d , 
f r i a b l e on b r o k e n s u r f a c e . Most o f u n i t c o n c e a l e d . . . . . . . . . . . 56 

l i l . Q r t h o q u a r t z i t e s g r a y , y e l l o w , and p i n k i s h , m o t t l e d , w e a t h e r s 
l i g h t t a n t o d a r k b r o w n . F i n e - t o m e d i u m - g r a i n e d . Upper 
h a l f medium-bedded , l o w e r h a l f t h i n - t o med ium-bedded . W e l l -
e x p o s e d , l e d g e fo rmer • 52 

UO. O r t h o q u a r t z i t e , c a l c a r e o u s , b r o w n i s h - t a n t o g r a y , w e a t h e r s 
b u f f g r a y . Medium- t o f i n e - g r a i n e d . T h i n - t o v e r y t h i n -
b e d d e d . Upper p a r t c o n c e a l e d , l o w e r p a r t forms s m a l l l e d g e • • hZ 

3 9 • O r t h o q u a r t z i t e , med ium- tan t o g r a y , w e a t h e r s d a r k b r o w n . 
Very f i n e - t o m e d i u m - g r a i n e d . Upper h a l f t h i n - b e d d e d , 
c o n c e a l e d , c h e r t y a p p e a r a n c e , s m a l l chunky f l o a t . Lower 
h a l f t h i c k - b e d d e d , forms l e d g e 9k 

3 8 . O r t h o q u a r t z i t e , y e l l o w t o g r a y , w e a t h e r s d a r k b r o w n . Med­
i u m - b e d d e d . S l i g h t l y p i t t e d w e a t h e r e d s u r f a c e . Forms 
l e d g e • • 6 

3 7 * O r t h o q u a r t z i t e , t a n , w e a t h e r s y e l l o w i s h t a n . F i n e - g r a i n e d . 
Ve ry t h i n - t o t h i n - b e d d e d . Upper p a r t forms l e d g e , l o w e r 
p a r t forms s w a l e hZ 

3 6 . C o n c e a l e d . F l o a t i s s a n d s t o n e , m e d i u m - g r a y , w e a t h e r s s a m e . 
F l o a t i s w e l l - r o u n d e d b l o c k s 72 

3 5 • O r t h o q u a r t z i t e , t a n n i s h - g r a y , w e a t h e r s d a r k b r o w n . Medium-
t o f i n e - g r a i n e d . Medium-bedded . Lower p a r t w e l l c r o s s -
bedded 93 

3 l i . S a n d s t o n e , o r t h o q u a r t z i t i c , l i g h t - g r a y t o t a n , w e a t h e r s t a n 
t o d a r k b r o w n . V i t r e o u s . Medium- t o f i n e - g r a i n e d , s l i g h t l y 
c a l c a r e o u s . Upper h a l f w e l l c r o s s - b e d d e d , forms l e d g e . 
Lower h a l f c o n c e a l e d 35 

3 3 • O r t h o q u a r t z i t e , med ium- tan t o g r a y , w e a t h e r s l i g h t t o d a r k 
b r o w n . Medium- t o f i n e - g r a i n e d . T h i n - b e d d e d . C r o s s - b e d d i n g 
w e a k l y d e v e l o p e d . Forms l e d g e . Lower 10 f e e t f i n e r g r a i n e d , 
c o n c e a l e d • 33 

42 

Orth0(tuartzite, tan, weathers same. Fine-grained. 1-1edium­
bedde. Upper half concealed; lower half has poor exposure •• 

Orthoquartzite, gray, weathers tan. Fine-grained. Vi tre­
ous. Thin-bedded. Weathered surfaces saccharoidal. Float 

98 

is medium sized angular blocks............................... 31 

43. Sandstone, orthoquartzitic, light tannish-gray, weathers 
dark brown. Coarse-grained. Thin-bedded. Coarse grains 
stand out on weathered surface............................... 53 

42. Sandstone, tan-brown, weathers light tan to gray. }1edium­
grained; lower part fine. Medium-bedded. Poorly cemented, 
friable on broken surface. Most of unit concealed........... 56 

41. Orthoquartzite, gray, yellow, and pinkish, mottled, weathers 
light tan to dark brown. Fine- to medium-grained. Upper 
half medium-bedded, lower half thin- to medium-bedded. Well-
exposed, ledge former........................................ 52 

40. Orthoquartzite, calcareous, brownish-tan to gray, weathers 
buff gray. Nedium- to fine-grained. Thin- to very thin-
bedded. Upper part concealed, lower part forms small ledge.. 42 

39. Orthoquartzite, medium-tan to gray, weathers dark brown. 
Very fine- to medium-grained. Upper half thin-bedded, 
concealed, cherty appearance, small chunky float. Lower 
half thick-bedded, forms ledge............................... 94 

38. Orthoquartzite, yellow to gray, weathers dark brown. Med­
ium-bedded. Slightly pitted weathered surface. Forms 
ledge........................................................ 6 

37. Orthoquartzite, tan, weathers yellowish tan. Fine~grained. 
Very thin- to thin-bedded. Upper part forms ledge, lower 
part forms swale............................................. 42 

36. Concealed. Float is sandstone, medium-gray, weathers sm.1e. 
Float is well-rounded blocks................................. 72 

35 • Orthoquartzite, tarLYlish-gray, weathers dark brown. Hedium­
to fine-grained. Medium-bedded. Lower part ylell cross-
bedded....................................................... 93 

34. Sandstone, orthoquartzitic, light-gray to tan, weathers tan 
to dark broYm. Vitreous. Medium- to fine-grained, slightly 
calcareous. Upper half well cross-bedded, forms ledge. 
Lower half concealed......................................... 35 

33. Orthoquartzite, medium-tan to gray, weathers light to dark 
brown. Nedium- to fine-gramed. Thin-bedded. Cross-bedding 
weakly developed. Forms ledge. Lower 10 feet finer grained, 
concealed.... ..•• .•••• •• . ........... • .• ••••••••••••••••••••••• 33 



U3 

3 2 . S a n d s t o n e j o r t h o q u a r t z i t i c , med ium- tan and g r a y , w e a t h e r s 
s a m e . F i n e - g r a i n e d . E v e n l y , t h i n - t o med ium-bedded . 
P a r t i a l l y c o n c e a l e d 33 

3 1 * S a n d s t o n e , o r t h o q u a r t z i t i c , medium g r a y - t a n , w e a t h e r s 
s a m e . C a l c a r e o u s . Medium- t o c o a r s e - g r a i n e d . T h i n - b e d d e d . 
C r o s s - b e d d e d . Most forms l e d g e , l o w e r p a r t c o v e r e d and 
forms s w a l e 1|0 

3 0 . Q r t h o q u a r t z i t e . medium- t o l i g h t - g r a y , w e a t h e r s d a r k b rown . 
Medium-bedded . Forms l e d g e • 2 1 

2 9 . S a n d s t o n e , g r a y and t a n , w e a t h e r s s ame . C a l c a r e o u s . F i n e ­
g r a i n e d ; u p p e r 3 f e e t i s s i l t s t o n e . T h i n - b e d d e d . Few b e d s 
o f f o s s i l h a s h . Middle p a r t forms s t r o n g l e d g e . . . . . . . . . . . 30 

2 8 . S i l t s t o n e and s a n d s t o n e . Upper p a r t s i l t s t o n e , m e d i u m - g r a y , 
w e a t h e r s s a m e . Has i r r e g u l a r t h i n b a n d s o f b l a c k c h e r t i n 
u p p e r p a r t . Lower h a l f i s s a n d s t o n e , t a n , w e a t h e r s d a r k e r . 
F i n e - g r a i n e d . L i t t l e n o d u l a r c h e r t . U n i t m o s t l y c o n c e a l e d . 19 

2 7 • S i l t s t o n e , c h e r t y , med ium-g ray , w e a t h e r s l i g h t g r a y . Ve ry 
t h i n - b e d d e d . Gray t o b l a c k c h e r t i n 1 - t o 2 - i n c h b a n d s . 
Forms l e d g e • If? 

2 6 . S a n d s t o n e , l i g h t - g r a y t o t a n , w e a t h e r s l i g h t t a n t o d a r k 
b r o w n . F i n e - g r a i n e d . T h i n - b e d d e d . S l i g h t l y c a l c a r e o u s . 2k 

^ * C o n c e a l e d . F l o a t i s s i l t s t o n e , d a r k - g r a y t o b rown, w e a t h ­
e r s medium t a n . Very f i n e - g r a i n e d . P l a t y f l o a t . . . . . . . . . . 10 

^ * O r t h o q u a r t z i t e 3 medium g r a y i s h - t a n , w e a t h e r s t a n t o d a r k 
b r o w n . M e d i u m - g r a i n e d , c o a r s e r i n l o w e r p a r t . T h i n - b e d d e d . 
Lower l i t f e e t c o n c e a l e d * • • • • • • k3 

2 3 . O r t h o q u a r t z i t e , c a l c a r e o u s , l i g h t - g r a y , w e a t h e r s l i g h t g r a y 
t o v e r y d a r k b r o w n . Medium- t o c o a r s e - g r a i n e d . M i d d l e 
p a r t c r o s s - b e d d e d ; forms l e d g e . Lower ll* f e e t c o n c e a l e d ; 
s a n d s t o n e , c a l c a r e o u s ; f i n e - g r a i n e d . S i x - f o o t b e d o f g r a y , 
s i l t y c a r b o n a t e r o c k a t b a s e 36 

2 2 . O r t h o q u a r t z i t e , m e d i u m - g r a y , w e a t h e r s l i g h t t a n t o d a r k b r o w n . 
F i n e g r a i n e d . T h i n - b e d d e d . Some b e d s form l e d g e s . . . . . . . . . . . k3 

2 1 . S a n d s t o n e , o r t h o q u a r t z i t i c , medium- t o l i g h t - g r a y , w e a t h e r s 
l i g h t g r a y . C a l c a r e o u s . Very f i n e - g r a i n e d . T h i n - b e d d e d . , 
S c a t t e r e d c h e r t n o d u l e s . F o s s i l s i n c l u d e E u p h e m i t e s s p . , 
P l a g i o g l y p t a ? s p . , s h a r k t o o t h . . • • • • • • • 3 

2 0 . O r t h o q u a r t z i t e , c a l c a r e o u s , l i g h t - g r a y and t a n , w e a t h e r s 
g r a y t o d a r k b r o w n . F i n e - t o m e d i u m - g r a i n e d . T h i n - b e d d e d . 
Upper h a l f forms l e d g e . Lower p a r t more c a l c a r e o u s ; 

-

43 

32. Sandstone, orthoquartzitic, medium-tan and gray, weathers 
same. Fine-grained. Evenly, thin- to medium-bedded. 
Partially concealed....................................... 33 

31. Sandstone, orthoquartzitic, medium gray-tan, weathers 
same. Calcareous. Medium- to coarse-grained. Thin-bedded. 
Cross-bedded. Nost forms ledge, lOvJer part covered and 
forms swale ••••••••••••••••••••••••••••••••••••• ~......... 40 

30. Orthoquartzite, medium- to light-gray, weathers dark brown. 
Mediwn-bedded. Forms ledge............................... 21 

29. Sandstone, gray and tan, weathers sa~e. Calcareous. Fine­
grained; upper 3 feet is siltstone. Thin-bedded. Few beds 
of fossil hash. !JIiddle part forms strong ledge........... 30 

28. Siltstone and sandstone. Upper part siltstone, medium-gray, 
weathers same. Has irregular thin bands of black chert in 
upper part. Lower half is sandstone, tan, weathers darker. 
FL~e-grained. Little nodular chert. Unit mostly concealed. 19 

27. Siltstone, cherty, medium-gray, weathers light gray. Very 
thin-bedded. Gray to black chert in 1- to 2-inch bands. 
Forms ledge............................................... 15 

26. Sandstone, light-gray to tan., l-leathers light tan to dark 
brown. Fine-grained. Thin-bedded. Slightly calcareous. 24 

25. Concealed. Float is siltstone, dark-gray to brown, weath-
ers medium tan. Very fine-grained. Platy float.......... 10 

24. Orthoquartzite, medium grayish-tan, weathers tan to dark 
brovm. NectIUm-grained, coarser in lower part. Thin-bedded. 
Lower 14 feet concealed................................... 43 

23. Orthoquartzite, calcareous, light-gray, weathers light gray 
to very dark brown. Nediu.~- to coarse-grained. l-1iddle 
part cross-bedded; forms ledge. Lower 14 feet concealed; 
s~~dstone, calcareous; fine-grained. Six-foot bed of gray, 
silty carbonate rock at base............................... 36 

22. Orthoquartzite, medium-gray, weathers light tan to dark brovm. 
Pine grained. ThL~-bedded. Some beds form ledges........... 43 

21. Sandstone, orthoquartzitic, medium- to light-gray, weathers 
light gray. Calcareous. Very fine-grained. Thin-bedded •. 
Scattered chert nodules. Fossils include Euphemites sp., 
Plagioglypta? sp., shark tooth............................... 3 

20. Orthoquartzite, calcareous, light-gray and tan, weathers 
gray to dark brown. Fine- to medium-grained. Thin-bedded. 
Upper half forms ledge. Lower part more calcareous; 



p i t t e d w e a t h e r e d s u r f a c e . . . . . . . . . . . hi 

1 9 • O r t h o q u a r t z i t e 5 l i g h t - g r a y , w e a t h e r s s a m e . C o a r s e - g r a i n e d , 
e x c e p t a t b a s e whe re medium- t o f i n e - g r a i n e d . A l l of u n i t 
e x c e p t b a s e forms l e d g e • • • • • • • • • • • 5 5 

^ * S i l t s t o n e 5 m e d i u m - g r a y , w e a t h e r s l i g h t g r a y t o t a n . V e r y 
c a l c a r e o u s • T h i n - b e d d e d . 1 5 

17* C o n c e a l e d . F l o a t i s s a n d s t o n e , g r a y t o t a n , w e a t h e r s s l i g h t ­
l y d a r k e r . C a l c a r e o u s . F i n e - g r a i n e d . Lower p a r t o r t h o q u a r t ­
z i t i c 17 

1 6 . S i l t s t o n e , m e d i u m - g r a y , w e a t h e r s l i g h t g r a y . C a l c a r e o u s . 
T h i n - b e d d e d . B locky f l o a t . Upper p a r t h a s s m a l l p e l e c y p o d s 
i n h a s h of c r i n o i d c o l u m n a l s . • • • • • • • • • 8 

1 5 . S a n d s t o n e , l i g h t - g r a y t o w h i t e , w e a t h e r s t a n . C o a r s e ­
g r a i n e d . T h i n - b e d d e d . C r o s s - b e d d e d . P o o r l y e x p o s e d . . . . . . . . 12 

l l w C o n c e a l e d . F l o a t i s o r t h o q u a r t z i t e , medium-gray t o t a n 
w e a t h e r s d a r k t a n . Medium- t o f i n e - g r a i n e d . Rounded 
c h i p p y f l o a t • 23 

l ^ . O r t h o q u a r t z i t e , medium- t o l i g h t - g r a y , w e a t h e r s v e r y d a r k 
b r o w n . F i n e - g r a i n e d . Medium-bedded. P a r t h a s p i t t e d 
w e a t h e r e d s u r f a c e . R e s i s t a n t ; forms l e d g e . L a r g e b l o c k y 
f l o a t . 2h 

1 2 . C o n c e a l e d . F l o a t i s o r t h o q u a r t z i t e , l i g h t - g r a y , w e a t h e r s 
d a r k brown. F i n e - g r a i n e d lh 

1 1 . S a n d s t o n e , o r t h o q u a r t z i t i c , medium-gray t o t a n , w e a t h e r s 
d a r k b r o w n . Medium- t o f i n e - g r a i n e d . Medium-bedded . Forms 
s t r o n g l e d g e ii5 

1 0 . C o n c e a l e d . F l o a t i s l i m e s t o n e , d a r k - g r a y , w e a t h e r s l i g h t 
g r a y . F i n e - c r y s t a l l i n e • Forms s w a l e 7 

9 . Q r t h o q u a r t z i t e , c a l c a r e o u s , m o t t l e d - p i n k and y e l l o w , w e a t h e r s 
d a r k b r o w n . Medium-bedded. Forms l e d g e • • • • • • • • • • 19 

8 . L i m e s t o n e 3 s i l t y and c h e r t y , d a r k - g r a y , w e a t h e r s l i g h t e r . 
Very f i n e - c r y s t a l l i n e . Medium-bedded . T h i n b a n d s of 
i r r e g u l a r c h e r t n o d u l e s • • 20 

7 . O r t h o q u a r t z i t e and s a n d s t o n e , p i n k i s h - g r a y t o t a n , w e a t h e r s 
l i g h t g r a y and d a r k t a n . S l i g h t l y c a l c a r e o u s . F i n e - t o 
m e d i u m - g r a i n e d . Medium-bedded. S l i g h t l y c r o s s - b e d d e d . 
Lower p a r t c o n c e a l e d . 26 

pitted weathered surface..................................... 47 

19. Orthoquartzite, light-gray, weathers same. Coarse-grained, 
except at base where medium- to fine-grained. All of unit 
except base forms ledge...................................... 55 

18. Siltstone, medium-gray, weathers light gray to tan. Very 
calcareous. Thin-bedded..................................... 15 

17. Concealed. 
ly darker. 

Float is sandstone, gray to tan, weathers slight­
Calcareous. Fine-grained. Lower part orthoquart-

zi tic. • • • • • • • • • • • . . . • • • • • • • • • • • . • • • . . • . . • . • • • • • • • • • • • • • • • • • • • 17 

16. Siltstone, medium-gray, weathers light gray. Calcareous. 
Thin-bedded. Blocky float. Upper part has small pelecypods 
in hash of crinoid columnals................................. 8 

15. Sandstone, light-gray to white, weathers tan. Coarse-
grained. Thin-bedded. Cross-bedded. Poorly exposed........ 12 

14. Concealed. Float is orthoquartzite, medium-gray to tan 
weathers dark tan. Medium- to fine-grained. Rounded 
chipp,y float................................................. 23 

I). Orthoquartzite, medium- to light-gray, weathers very dark 
brown. Fine-grained. Medium-bedded. Part has pitted 
weathered surface. Resistant; forms ledge. Large blocky 

12. 

11. 

float •••••••••••••••••.•...•.•••••••••••••••••••••••••••.•••• 

Concealed. 
dark brown. 

Sandstone, 
dark brown. 

Float is orthoquartzite, light-gray, weathers 
Fine-grained •••••.•••••••.•.•••••••••••••••••••• 

ortLoquartzitic, medium-gray to tan, weathers 
Hediurn- to fine-grained. Hedium-bedded. Forms 

24 

14 

strong ledge................................................. 45 

10. Concealed. Float is limestone, dark-gray, weathers light 
gray. Fine-crystalline. Forms swale........................ 7 

9. Orthoquartzite, calcareous, mottled-pink and yellow, weathers 
dark brown. Medium-bedded. Forms ledge..................... 19 

8. Limestone, silty and cherty, dark-gray, weathers lighter. 
Very fine-crystalline. r'ledium-bedded. Thin bands of 
irregular chert nodules...................................... 20 

7. Orthoquartzite and sandstone, pinkish-gray to tan, weathers 
light gray and dark tan. Slightly calcareous. Fine- to 
medium-grained. Medium-bedded. Slightly cross-bedded. 
Lower part concealed......................................... 26 



6 . O r t h o q u a r t z i t e j l i g h t - g r a y t o t a n , w e a t h e r s g r a y t o d a r k 
b r o w n . M e d i u m - g r a i n e d . Medium-bedded, Upper p a r t c r o s s -
b e d d e d ; forms l e d g e . Lower p a r t l e s s r e s i s t a n t , b l o c k y 
f l o a t . . . 5 5 

5 . L i m e s t o n e 5 med ium-g ray , w e a t h e r s l i g h t g r a y . P o r o u s , Med­
i u m - b e d d e d . Forms l e d g e 5 

ij.. O r t h o q u a r t z i t e 5 c h e r t y , m e d i u m - g r a y , w e a t h e r s g r a y t o d a r k -
b rown . F i n e - g r a i n e d . Medium-bedded . C r o s s - b e d d e d i n p a r t , 
c a l c a r e o u s i n p a r t . Bands of s i l i c i o u s m a t e r i a l s t a n d o u t 
on w e a t h e r e d s u r f a c e • 80 

3 . O r t h o q u a r t z i t e , d a r k - g r a y , w e a t h e r s t a n t o d a r k b rown. 
F i n e - g r a i n e d . Medium-bedded. N o n - r e s i s t a n t . Forms s w a l e . . . 28 

2 . S a n d s t o n e , c a l c a r e o u s , l i g h t - g r a y , w i t h m o t t l e d b l e b s o f 
y e l l o w and w h i t e , w e a t h e r s medium t a n . C o a r s e - g r a i n e d . 
T h i c k - b e d d e d . Ve ry p o r o u s 2k 

1 . O r t h o q u a r t z i t e . l i g h t - t a n t o p i n k , w e a t h e r s medium- t o d a r k 
b r o w n . Lower 20 f e e t l i g h t - g r a y , w e a t h e r l i g h t e r . Very 
f i n e - g r a i n e d . T h i c k - and e v e n l y b e d d e d . Forms good l e d g e . . . 37 

T o t a l t h i c k n e s s o f Diamond Creek S a n d s t o n e . . . . . . . . . . . . . . 2852 

Conformable c o n t a c t 

O q u i r r h F o r m a t i o n 

Age and c o r r e l a t i o n . Because f o s s i l s a r e a b s e n t i n mos t e x p o s u r e s 

of t h e Diamond Creek S a n d s t o n e , t h e Pe rmian age d e s i g n a t i o n h a s b e e n 

b a s e d l a r g e l y on t h e s t r a t i g r a p h i c p o s i t i o n o f t h e u n i t above O q u i r r h 

s t r a t a of Wolfcampian a g e , on t h e p o s i t i o n b e l o w t h e P a r k C i t y i n t e r v a l 

of G u a d a l u p i a n and u p p e r Leona rd a g e , and on a p r o b a b l e c o r r e l a t i o n 

w i t h t h e Coconino S a n d s t o n e t o t h e s o u t h e a s t ( B a k e r a n d W i l l i a m s , 19k0, 

p . 6 2 5 ) . I n t h e mapped a r e a i t l i e s be tween t h e L o r a y ? F o r m a t i o n o f 

u p p e r L e o n a r d i a n age and 3300 s t r a t i g r a p h i c f e e t above m i d d l e Wolfcamp­

i a n f u s u l i n i d s i n t h e O q u i r r h F o r m a t i o n . The Diamond C r e e k i n t h e 

T e r r a c e M o u n t a i n s i s c o r r e l a t e d by s t r a t i g r a p h i c p o s i t i o n and l i t h o l o g y 

45 

6. Orthoquartzite, light-gray to tan, weathers gray to dark 
brown. Hedium-grained. Hedium-bedded. Upper part cross­
bedded; forms ledge. Lower part less resistant, bloc~ 
float. . . . . . . . . • . . . . . • . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 55 

5. Limestone, medium-gray, weathers light gray. Porous. l1ed-
ium-bedded. Forms ledge..................................... 5 

4. Orthoquartzite, cherty, medium-gray, weathers gray to dark­
br01m. Fine-grained. Hedium-bedded. Cross-bedded in part, 
calcareous in part. Bands of silicious material stand out 
on weathered surface......................................... 80 

3. Orthoquartzite, dark-gray, weathers tan to dark brown. 
Fine-grained. Medium-bedded. Non-resistant. Forms swale... 28 

2. Sandstone, calcareous, light-gray, with mottled blebs of 
yellow and white, weathers medium tan. Coarse-grained. 
Thick-bedded. Very porous................................... 24 

~. Orthoquartzite, light-tan to pink, weathers medium- to dark 
brown. Lower 20 feet light-gray, weather lighter. Very 
fine-grained. Thick- and evenly bedded. Forms good ledge... 37 

Total thickness of Diamond Creek Sandstone.............. 2852 

Conformable contact 

Oquirrh Formation 

Age and correlation. Because fossils are absent in most exposures 

of the Diamond Creek Sandstone, the Permian age designation has been 

based largely on the stratigraphic position of the unit above Oquirrh 

strata of Wolfca~pian age, on the position below the Park City interval 

of Guadalupian and upper Leonard age, and on a probable correlation 

with the Coconino Sandstone to the southeast (Baker and ~villiams, 1940, 

p. 625). In the mapped area it lies bet~Teen the Loray? Formation of 

upper Leonardian age and 3300 stratigraphic feet above middle Wolfcamp-

ian fusulinids in the Oquirrh Formation. The Diamond Creek in the 

Terrace Mountains is correlated by stratigraphic position and lithology 
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w i t h r o c k s of t h e same f o r m a t i o n i n t h e G r a s s y H i l l s and t h e Cedar 

M o u n t a i n s t o t h e s o u t h . 

L o r a y ? F o r m a t i o n 

G e n e r a l s t a t e m e n t . The w r i t e r h a s b e e n v a r i o u s l y a d v i s e d w i t h 

r e s p e c t t o t h e p r o p e r t r e a t m e n t of t h e s t r a t i g r a p h i c i n t e r v a l b e t w e e n 

t h e Diamond Creek S a n d s t o n e and t h e Grandeur Member of t h e P a r k C i t y 

F o r m a t i o n . The i n t e r v a l h a s c o n s i d e r a b l e a f f i n i t y w i t h b o t h of t h e s e 

u n i t s , b u t i t i s s u f f i c i e n t l y d i s t i n c t t o b e mapped a s a s e p a r a t e 

f o r m a t i o n . 

I t i s s i m i l a r i n l i t h o l o g y , i n s t r u c t u r a l b e h a v i o r , and i n s t r a t ­

i g r a p h i c p o s i t i o n t o t h e Lo ray F o r m a t i o n ( S t e e l e , I 9 6 0 ) o f e a s t e r n 

Nevada , and b e c a u s e i t more p r o b a b l y r e p r e s e n t s t h e L o r a y t h a n a new, 

unnamed f o r m a t i o n , i t i s h e r e i n d e s i g n a t e d Loray?* A q u e r i e d a s s i g n m e n t 

t o t h e L o r a y , i t i s f e l t , i n d i c a t e s b o t h i t s a f f i n i t y t o t h a t f o r m a t i o n 

where i t i s w e l l e s t a b l i s h e d and t h e u n c e r t a i n t y w i t h w h i c h t h e a s s i g n ­

ment i s made . R e g i o n a l i n v e s t i g a t i o n of t h i s i n t e r v a l w i l l c l a r i f y t h e 

s t r a t i g r a p h i c r e l a t i o n s h i p s . 

D e f i n i t i o n and t y p e l o c a l i t y . The Lo ray F o r m a t i o n was named b y 

G r a n t S t e e l e ( i 9 6 0 , p . 106) f o r a s e q u e n c e of y e l l o w - t a n , g y p s i f e r o u s 

s i l t s t o n e s and b i o c l a s t i c l i m e s t o n e s exposed a t t h e h e a d of L o r a y Wash 

i n a S o u t h e r n P a c i f i c R a i l r o a d c u t on t h e s o u t h w e s t s i d e of M o n t e U o 

V a l l e y , E l k o C o u n t y , Nevada . At t h e t y p e l o c a l i t y t h e Loray i s u n d e r ­

l a i n c o n f o r m a b l y by t h e Pequop F o r m a t i o n and o v e r l a i n by t h e Ka ibab 

F o r m a t i o n . 

D i s t r i b u t i o n and e x p o s u r e . The Loray? c r o p s o u t i n a c o n t i n u o u s 

46 

with rocks of the same formation in the Gras~ Hills and the Cedar 

Hountains to the south. 

Loray? Formation 

General statement. The writer has been variously advised with 

respect to the proper treatment of the stratigraphic interval between 

the Diamond Creek Sandstone and the Grandeur I'lember of the Park City 

Formation. The interval has considerable affinity with both of these 

units, but it is sufficiently distinct to be mapped as a separate 

formation. 

It is similar in lithology, in structural behavior, and in strat­

igraphic position to the Loray Formation (Steele, 1960) of eastern 

Nevada, and because it more probably represents the Loray than a new, 

unnamed formation, it is herein designated Loray?~ A queried assignment 

to the Loray, it is felt, indicates both its affinity to that formation 

where it is well established a~d the uncertainty with which the assign­

ment is made. Regional investigation of this interval will clarify the 

stratigraphic relationships. 

Definition and type locality. The Loray Formation was named by 

Grant Steele (1960, p. 106) for a sequence of yellow-tan, gypsiferous 

siltstones &~d bioclastic limestones exposed at the head of Loray Wash 

in a Southern Pacific Railroad cut on the southwest side of Montello 

Valley, Elko County, Nevada. At the type 10Gality the Loray is under­

lain conformably by the Pequop Formation and overlain by the Kaibab 

Formation. 

Distribution and exposure. The Loray? crops out in a continuous 



band o n e - h a l f t o one m i l e wide w h i c h t r e n d s n o r t h e a s t a c r o s s t h e c e n ­

t r a l p a r t o f t h e w e s t e r n T e r r a c e Moun ta ins and i n a s e v e n s q u a r e - m i l e 

a r e a i n t h e n o r t h p a r t of t h e e a s t e r n T e r r a c e M o u n t a i n s , 

The L o r a y ? i s nowhere w e l l e x p o s e d i n t h e mapped a r e a . The p o o r l y 

i n d u r a t e d s a n d s t o n e and s i l t s t o n e of t h i s f o r m a t i o n c a n be s e e n o n l y a s 

f l o a t , or o c c a s i o n a l l y a s e x p o s u r e s i n g u l l i e s o r on v e r y s t e e p s l o p e s . 

The c h e r t y and d o l o m i t i c i n t e r v a l s c r o p o u t more commonly. I t i s 

c h a r a c t e r i s t i c of t h e f o r m a t i o n n o t o n l y t o b e p o o r l y exposed b u t t o b e 

s e v e r e l y a f f e c t e d by s t r u c t u r a l d i s t u r b a n c e s a s w e l l ( S t e e l e , o r a l 

c o m m u n i c a t i o n ) . I n t h e T e r r a c e M o u n t a i n s , major f a u l t i n g seems t o have 

b e e n i n i t i a t e d w i t h i n t h e Loray? . The f a u l t i n g i s i n f o r m a t i o n s above 

t h e L o r a y ? , b o t h s t r a t i g r a p h i c a l l y and i n mos t c a s e s p h y s i c a l l y a s w e l l , 

and i t may be due i n p a r t t o t h e s t r u c t u r a l weaknes s of t h a t f o r m a t i o n , 

p o s s i b l y c a u s e d by c o n t e n t of u n s t a b l e gypsum. A l t h o u g h t h e f o r m a t i o n 

i s b e s t e x p o s e d i n t h e e a s t e r n T e r r a c e M o u n t a i n s , o n l y t h e l o w e r p a r t i s 

p r e s e n t t h e r e , so measurement was made i n t h e w e s t e r n p a r t o f t h e r a n g e 

i n d i r e c t c o n j u n c t i o n w i t h t h e u n d e r l y i n g and o v e r l y i n g u n i t s . 

L i t h o l o g y , t h i c k n e s s , and s t r a t i g r a p h i c r e l a t i o n s h i p s . A 3 i t20-

f o o t s e c t i o n o f y e l l o w t o g r a y , f i n e - g r a i n e d c a l c a r e o u s s a n d s t o n e and 

s i l t y and c h e r t y l i m e s t o n e and d o l o m i t e i n t h e s t u d i e d a r e a i s c o n s i ­

d e r e d t o be r e p r e s e n t a t i v e of t h e Lo ray F o r m a t i o n e l s e w h e r e . Both t h e 

u p p e r and l o w e r c o n t a c t s a r e a r b i t r a r y , and a r e b a s e d on g r a d u a l l i t h e -

l o g i c c h a n g e s . The l o w e r c o n t a c t x^as c h o s e n where t h e o r t h o q u a r t z i t i c 

s a n d s t o n e s of t h e u n d e r l y i n g Diamond Creek S a n d s t o n e become f i n e r 

g r a i n e d , l e s s w e l l i n d u r a t e d , more y e l l o w t h a n g r a y , and much more c a l ­

c a r e o u s . Aequeous c r o s s - b e d d i n g i s p r e s e n t i n t h e L o r a y ? , b u t on a 

much s m a l l e r s c a l e t h a n i n t h e s u b j a c e n t Diamond C r e e k , Both s i l i c e o u s 
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band one-half to one mile wide which trends northeast across the cen­

tral part of the western Terrace Mountains and in a seven square-mile 

area in the north part of the eastern Terrace Mountains. 

The Loray? is nowhere vIell exposed in the mapped area o The poorly 

indurated sandstone and siltstone of this formation can be seen only as 

float, or occasionally as exposures in gullies or on very steep slopes. 

The cherty and dolomitic intervals crop out more commonly. It is 

characteristic of the formation not only to be poorly exposed but to be 

severely affected by structural disturbances as well (Steele, oral 

communication). In the Terrace Mountains, major faulting seems to have 

been initiated within the Loray? The faulting is in formations above 

the Loray?, both stratigraphically and in most cases physically as well, 

and it may be due in part to the structural weakness of that formation, 

possibly caused by content of unstable gypsum. Although the formation 

is best exposed in the eastern Terrace Mountains, only the lower part is 

present there, so measurement was made in the western part of the range 

in direct conjunction with the underlying and overlying units. 

Lithology, thickness, and stratigraphic relationships. A 3420-

foot section of yellml to gray, fine-grained calcareous sandstone ~ld 

silty and cherty limestone ffi1d dolomite in the studied area is consi­

dered to be representative of the Loray Formation elsewhere. Both the 

upper and lower contacts are arbitrary, and are based on gradual litho­

logic changes. The lOvIer contact ">-las chosen vlhere the orthoquartzitic 

sandstones of the underlying Diamond Creek Sandstone become finer 

grained, less well indurated, more yellow than gray, and much more cal­

careous. Aequeous cross-bedding is present in the Loray?, but on a 

much smaller scale than in the subjacent Diamond Creek. Both siliceous 



m a t e r i a l and c h e r t a r e p r e s e n t , e s p e c i a l l y i n t h e u p p e r p a r t o f t h e 

L o r a y ? b u t a r e a b s e n t i n t h e Diamond C r e e k . No f o s s i l s were found 

i n t h e L o r a y ? o r i n t h e u p p e r p a r t of t h e Diamond Creek a s t h e e x t r e m e l y 

sandy c o n d i t i o n s we re p r o b a b l y u n f a v o r a b l e f o r most o r g a n i s m s . 

The u p p e r c o n t a c t o f t h e Loray? , t h a t w i t h t h e Grandeu r Member of 

t h e P a r k C i t y F o r m a t i o n , was p l a c e d b e n e a t h an i n t e r v a l showing l i t h o l o -

g i c change and a l s o h a v i n g t h e l o w e s t o c c u r r e n c e of P a r k C i t y a g e f o s ­

s i l s . C h e r t y a n d f o s s i l i f e r o u s d o l o m i t e becomes d o m i n a n t i n t h e G r a n d ­

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

L o r a y ? . The minor s i l i c e o u s m a t e r i a l p r e s e n t i n t h e L o r a y ? i n c r e a s e s 

i n p e r c e n t a g e i n t h e d o l o m i t e of t h e G r a n d e u r . 

The f i r s t good d o l o m i t e b e d , be low w h i c h t h e c o n t a c t i s d r a w n , 

c o n t a i n s t h e b rach jopod P h r i c o d o t h y r i s s p . wh ich i s c h a r a c t e r i s t i c o f 

t h e Grandeur Member of t h e P a r k C i t y ( E l l i s Y o c h e l s o n , p e r s o n a l commun­

i c a t i o n ) . 

S t e e l e ( 1 9 ^ 9 , p» 15>W s u g g e s t s t h a t t h e u p l i f t of a p o s i t i v e f e a t u r e 

t o t h e s o u t h and s u b s i d e n c e of t h e N o r t h e a s t Nevada High s h i f t e d t h e 

m a r i n e c o n n e c t i o n b e t w e e n t h e O q u i r r h B a s i n and t h e B u t t e - D e e p C r e e k 

t r o u g h n o r t h w a r d i n u p p e r L e o n a r d i a n t i m e u n t i l i t was c e n t e r e d on o r 

n e a r t h e p r e s e n t l o c a t i o n of t h e T e r r a c e and Hogup M o u n t a i n s . The t h i c k ­

n e s s o f t h e L o r a y ? and Grandeu r u n i t s i n t h e T e r r a c e M o u n t a i n s seems t o 

s u b s t a n t i a t e t h i s s u g g e s t i o n . The w r i t e r s u g g e s t s , howeve r , t h a t t h e 

s u b s i d e n c e of much of t h e O q u i r r h B a s i n t o t h e e a s t had p r o b a b l y l a r g e l y 

s lowed or c e a s e d d u r i n g d e p o s i t i o n of t h e Diamond C r e e k S a n d s t o n e . 

Measured s e c t i o n . 

S e c t i o n of t h e L o r a y ? F o r m a t i o n m e a s u r e d i n 

S | s e c . 1 1 and N§ s e c . i l l , T . 8 N . , R. 12 ¥ . , U t a h . 
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material and chert are present, especially in the upper part of the 

Loray? but are absent in the Diamond Creek. No fossils were f~!l:~_/ 
in the Loray? or in the upper part of the Diamond Creek as the extremely 

sandy conditions were probably unfavorable for most organisms. 

The upper contact of the Loray~ that with the Grandeur Member of 

the Park City Formation, was placed beneath an interval showing litholo-

gic change and also having the lowest occurrence of Park City age fos-

sils. Cherty aDd fossiliferous dolomite becomes dominant in the Grand-

eur, replacing the calcareous sandstone and siltstone of the underlying 

Loray? The minor siliceous material present in the Loray? increases 

in percentage in the dolomite of the Grandeur. 

The first good dolomite bed, below which the contact is drawn, 

contains the brach:k>pod Phricodothyris Spa which is characteristic of 

the Grandeur Member of the Park City (Ellis Yochelson, personal connmm-

ication) • 

Steele (1959, p. 154) suggests that the uplift of a positive feature 

to the south and subsidence of the Northeast Nevada High shifted the 

marine connection between the Oquirrh Basin and the Butte-Deep Creek 

trough northward in upper Leonardian tllue until it was centered on or 

near the present location of the Terrace ~ld Hogup Mountains. The thick-

ness of the Loray? and Grandeur units in the Terrace Mountains seems to 

substantiate this suggestion. The writer suggests, hovTever, that the 

subsidence of much of the Oquirrh Basin to the east had probably largely 

slowed or ceased during deposition of the Diamond Creek Sandstone. 

Measured section. 

Section of the Loray? Formation measured in 

S! sec. 11 and Ni sec. 14, T. 8 N., R. 12 W., Utah. 
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P e r m i a n : 

P a r k C i t y F o r m a t i o n : 

Grandeur Member, 

Conformable c o n t a c t 

L o r a y ? F o r m a t i o n : 

UNIT DESCRIPTION THICKNESS 
( f e e t ) 

35* C o n c e a l e d . F l o a t i s c a l c a r e o u s , q u a r t z o s e s a n d s t o n e , 
medium-gray t o y e l l o w and o r a n g e - t a n , w e a t h e r s s a m e . 
Some c h e r t and s i l i c e o u s s i l t s t o n e w i t h t h i n b a n d s o f 
d a r k - g r a y s i l i c e o u s m a t e r i a l . Some v e r y s m a l l - s c a l e 
c r o s s - b e d d i n g . • 

3hm S a n d s t o n e , medium b r o w n i s h - g r a y t o y e l l o w i s h - p i n k , w e a t h e r s 
b o t h l i g h t t a n t o p i n k and d a r k t a n t o b r o w n . Very f i n e ­
g r a i n e d t o s i l t y . O r t h o q u a r t z i t i c i n u p p e r p a r t . M o s t l y 
c o n c e a l e d e x c e p t u p p e r 5>0 f e e t . S l i g h t l y c a l c a r e o u s . Con­
s i d e r a b l e c h e r t i n u p p e r p a r t . S m a l l - s c a l e c r o s s - b e d d i n g 
t h r o u g h o u t . Bedd ing somewhat c o n t o r t e d , p o s s i b l y due t o 
p e n e c o n t e m p o r a n e o u s s l u m p i n g , b u t more p r o b a b l y due t o 
s t r u c t u r a l d e f o r m a t i o n . 

33« S a n d s t o n e , medium g r a y i s h - t a n , w e a t h e r s l i g h t e r . F i n e ­
g r a i n e d . T h i n - b e d d e d ; a v e r a g e 8 i n c h e s . L a r g e n o d u l e s of 
g r a y i s h - b r o w n and d a r k - g r a y t o b l a c k c h e r t . Very f i n e - g r a i n e d 
t o s i l t y ; s i l i c e o u s c e m e n t . W e a t h e r s i n t o 1 - t o l j - i n c h 
s u b - a n g u l a r c h i p s . Both u p p e r and l o w e r c o n t a c t s a r e c o n ­
c e a l e d . U n i t i s b a d l y c o n t o r t e d t o t h e n o r t h and f a u l t i n g 
may b e p r e s e n t t o some d e g r e e where i t was measu red l irp 

3 2 . S a n d s t o n e , l i g h t - t o medium-gray and t a n , w e a t h e r s medium 
g r a y t o d a r k t a n . F i n e - t o m e d i u m - g r a i n e d ; c l e a r , f r o s t e d , 
s u b - t o w e l l - r o u n d e d q u a r t z g r a i n s . T h i n - b e d d e d ; w e l l -
d e v e l o p e d c r o s s - b e d d i n g , U n i t l a r g e l y c o n c e a l e d . F l o a t 
i s s m a l l , r o u n d e d b l o c k s 160 

3 ^ * S a n d s t o n e , l i g h t y e l l o w - t a n , w e a t h e r s medium t a n . C a l c a r ­
e o u s . F i n e - g r a i n e d . T h i n - b e d d e d ; w e a k l y d e v e l o p e d c r o s s -
b e d d i n g . L a r g e l y c o n c e a l e d . F l o a t i s s u b - r o u n d e d b l o c k s . . , . 3$ 

3 0 . L i m e s t o n e , s i l i c e o u s , medium- t o l i g h t - g r a y , w e a t h e r s v e r y 
l i g h t - g r a y , s i l i c e o u s p a r t s w e a t h e r d a r k b r o w n . D a r k - g r a y 
c h e r t n e a r t o p . Bedding i n d i s t i n c t ; mound-l ike e x p o s u r e . 
W e a t h e r s i n s p a l l s and b y s o l u t i o n . S m a l l c l a s t i c q u a r t z 
c o n t e n t . Much of u n i t b r e c c i a t e d ; forms s l i g h t l y r e s i s ­
t a n t l e d g e , , 15 
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Pe~mian: 

Park City Formation: 

Grandeur Nember. 

Conformable contact 

Loray? Formation: 

UNIT DESCRIPI'ION 

35. Concealed. Float is calcareous, quartzose sandstone, 
medium-gray to yellow and orange-tan, weathers same. 
Some chert and siliceous siltstone with thin bands of 
dark-gray siliceous material. Some very small-scale 

THICKNESS 
(feet) 

cross-beddmg. . . . . . . . . . . • . .. . . . . . • . • • • . • . • . • . • .• . . •• . •• • .. • • . • • 150 

34. S~~dstone, medium brownish-gray to yellowish-pink, weathers 
both light tan to pink and dark tan to brown. Very fine­
grained to silty. Orthoquartzitic in upper part. M6st~ 
concealed except upper 50 feet. Slight~ calc~reous. Con­
siderable chert in upper part. Small-scale cross-bedding 
throughout. Bedding so~ewhat contorted, possib~ due to 
penecontemporaneous slumping, but more probably due to 
structural deformation....................................... 225 

33. Sandstone, medium grayish-tan, weathers lighter. Fine­
grained. Thin-bedded; average 8 inches. Large nodules of 
grayish-bro~m a~d dark-gray to black chert. Very fine-grained 
to silty; siliceous cement. Weathers into 1- to l~-inch 
sub-angular chips. Both upper and lO~Ter contacts are con­
cealed. Unit is badly contorted to the north and faulting 
may be present to some degree where it was measured.......... 145 

32. SaDdstone, light- to medium-gr~ and tan, weathers medium 
gray to dark tan. Fine- to medium-grained; clear, frosted, 
sub- to 1rlell-rounded quartz grains. Thin-bedded; 1rJ'ell­
developed cross-bedding. Unit largely concealed. Float 
is small, rounded blocks..................................... 160 

31. Sandstone, light yellow-tan, weathers medium tan. Calcar­
eous. Fine-grained. Thin-bedded; lveakly developed cross-
bedding. Largely concealed. Float is sub-rounded blocks.... 35 

30. Limestone, siliceous, medium- to light-gray, weathers very 
light-gray, siliceous parts weather dark brown. Dark-gray 
chert near top. Bedding indistinct; rround-like exposure. 
Weathers in spalls and by solution. Small clastic quartz 
content. Much of unit brecciated; forms slightly resis-
tant ledge................................................... 15 



50 

29* S a n d s t o n e . S i m i l a r t o u n i t 3 1 . Much of u n i t a p p e a r s b r e c ­
c i a t e d , p o o r e x p o s u r e . 1+0 

2 8 . L i m e s t o n e , s i l i c e o u s . S i m i l a r t o u n i t 3 0 . . . . . . . . . . . . . . • • 25 

2 7 . S a n d s t o n e . S i m i l a r t o u n i t 3 1 . M o s t l y c o n c e a l e d e x c e p t 
u p p e r p a r t e No c r o s s - b e d d i n g . , Not b r e c c i a t e d . . . . . . . . . . . . . . . 80 

2 6 . L i m e s t o n e , s i l i c e o u s . S i m i l a r t o u n i t 3 0 . Not b r e c c i a t e d . . . 1|5 

25* S a n d s t o n e , medium-gray t o y e l l o w - t a n , w e a t h e r s same e x c e p t 
y e l l o w p a r t s w e a t h e r r e d o r a n g e . Very f i n e - g r a i n e d . C a l ­
c a r e o u s . P a r t o r t h o q u a r t z i t i c . T h i n - b e d d e d ; a v e r a g e h 
i n c h e s . No e v i d e n t c r o s s - b e d d i n g . F l o a t i s s u b - r o u n d e d 
b l o c k s 150 

21; . S a n d s t o n e ( 7 0 $ ) and l i m e s t o n e ( 3 0 $ ) . Lower p a r t g r a y t o 
t a n s a n d s t o n e , c a l c a r e o u s . Upper p a r t medium-gray l i m e ­
s t o n e , c h e r t y . Most of u n i t b r e c c i a t e d . Two-foot b e d o f 
e v e n l y bedded d a r k - g r a y c h e r t a t t o p of u n i t . 105 

2 3 . C h e r t {$0%) and s a n d s t o n e ( 5 0 $ ) . C h e r t i s l i g h t g r a y , 
w e a t h e r s f l e s h c o l o r • S a n d s t o n e i s l i g h t t o medium g r a y , 
w e a t h e r s s a m e . Th in b a n d s of b e d d e d c h e r t a r e i n t e r c a l ­
a t e d b e t w e e n t h i n t o medium b e d s of f i n e - g r a i n e d s a n d ­
s t o n e . The s i l i c e o u s b e d s s t a n d o u t i n s h a r p r e l i e f . . . . . . . . . 10 

2 2 . C o n c e a l e d . F l o a t i s s a n d s t o n e , y e l l o w t o o r a n g e , w e a t h e r s 
s a m e . Weakly i n d u r a t e d ; p o r t i o n s w i t h s i l i c e o u s , p o r t i o n s 
w i t h c a l c a r e o u s c e m e n t . Much of u n i t b a d l y b r e c c i a t e d . . . . . . . 175 

2 1 . S a n d s t o n e , y e l l o w t o y e l l o w - o r a n g e , w e a t h e r s s a m e . M o s t l y 
c o n c e a l e d . P o o r l y i n d u r a t e d . Only t h e more s i l i c e o u s b e d s 
a r e e x p o s e d . S i m i l a r t o u n i t 22 • 5 0 

20* S a n d s t o n e , m e d i u m - g r a y , w e a t h e r s v e r y l i g h t g r a y . T h i n -
b e d d e d . L a r g e n o d u l e s and b l e b s of s i l i c e o u s m a t e r i a l i n 
u p p e r p a r t . R e s i s t a n t u n i t , a p p e a r s t o c a p s e v e r a l h i l l s . . . . 160 

1 9 . L i m e s t o n e , s i l i c e o u s , m o t t l e d m e d i u m - g r a y , w e a t h e r s v e r y 
l i g h t g r a y and l i g h t t o d a r k t a n . T h i n - b e d d e d ; a v e r a g e 
2 t o 3 i n c h e s . C o n s i d e r a b l e q u a r t z o s e s and c o n t e n t . 
R e a c t s t o a c i d o n l y when s c r a t c h e d . A few l e n s e s and b l e b s 
of l i g h t - g r a y c h e r t 20 

1 8 . S a n d s t o n e , w h i t i s h - g r a y , w e a t h e r s l i g h t y e l l o w i s h t o p i n k ­
i s h and t a n g r a y . T h i n - b e d d e d ; a v e r a g e s 1 f o o t . Homogen-* 
e o u s , u n i f o r m b e d s . F i n e - t o m e d i u m - g r a i n e d . C a l c a r e o u s 
c e m e n t . W e l l d e v e l o p e d c r o s s - b e d d i n g . W e l l - r o u n d e d f l o a t . • • 155 

17* O r t h o q u a r t z i t e , medium- t o l i g h t p i n k i s h t a n , w e a t h e r s 
same , b u t w i t h m o t t l e d s u r f a c e . Medium- t o f i n e - g r a i n e d . 
T h i n - b e d d e d ; a v e r a g e 6 i n c h e s t o 1 f o o t ; no c r o s s - b e d d i n g . 

50 

29. Sandstone. Similar to unit 31. Much of unit appears brec-
ciated, poor exposure........................................ 40 

28. Limestone, siliceous. Similar to unit 30..................... 25 
27. Sandstone. 

upper parte 
Similar to unit 31. Mostly concealed except 

No cross-beddingo Not brecciated •••••..•••••••• 80 

26. Limestone, siliceous. Similar to unit 30. Not brecciated... 45 

25. Sandstone, medium-gray to yellow-tan, "reathers same except 
yellow parts weather red orange. Very fine-grained. Cal­
careous. Part orthoquartzitic. Thin-bedded; average 4 
inches. No evident cross-bedding. Float is sub-rounded 
bloc ks • . . . • • . • . . . • . . • . . . • . . . . . • • . . . . . • • . . . . • . . . . • . • • • • • . • • • • • 150 

24. Sandstone (70%) and limestone (30%). Lower part gray to 
tan sandstone, calcareous. Upper part medium-gray lime­
stone, cherty. Most of unit brecciated. Two-foot bed of 
evenly bedded dark-gray chert at top of unit................. 105 

23. Chert (50%) a~d sandstone (50%). Chert is light gray, 
weathers flesh color. S&~dstone is light to medium gray, 
"mathers same. Thin bands of bedded chert are intercal­
ated between thin to medium beds of fine-grained sand-
stone. The siliceous beds stand out in sharp relief......... 10 

22. Concealed. Float is sandstone, yell~l to orange,·weathers 
same. Weakly indurated; portions >-lith siliceous, portions 
with calcareous cement. Nuch of unit badly brecciated....... 175 

21. Sandstone, yellow to yellow-orange, weatllers same. l10stly 
concealed. Poorly indurated. Only the more siliceous beds 
are exposed. Similar to unit 22............................. 50 

20. Sandstone, medium-gray, weathers very light gray. Thin­
bedded. Large nodules and blebs of siliceous material in 
upper part. Resistant unit, appears to cap several hills.... 160 

19. Limestone, siliceous, mottled medium-gray, weathers very 
light gray and light to dark tan. Thin-bedded; average 
2 to 3 inches. Considerable quartzose sand content. 
Reacts to acid only "trIhen scratched. A few lenses and blebs 
of light-gray chert.......................................... 20 

18. Sandstone, whitish-gray, weathers light yellowish to pink­
ish and tan gray. Thin-bedded; averages 1 foot. Homogen­
eous, uniform beds. Fine- to medium-grained. Calcareous 
cement. 'Ivell developed cross-bedding. vlell-rounded float... 155 

17. Orthoquartzite, medium- to light pinkish tan, weathers 
same, but 1rlith mottled surface. Hedium- to fine-grained. 
Thin-bedded; average 6 inches to 1 foot; no cross-bedding. 
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F l o a t b l o c k y and a n g u l a r . C o n t a c t s s h a r p w i t h e n c l o s i n g 
u n i t s . E x p o s u r e poor b u t a b u n d a n t f l o a t . . . . . . . . . . . . . . . . 70 

S a n d s t o n e , l i g h t t o medium y e l l o w i s h - g r a y , w e a t h e r s s a m e . 
More y e l l o w p a r t s a r e v e r y f i n e - g r a i n e d ; t h e more g r a y 
p a r t s a r e f i n e - t o m e d i u m - g r a i n e d and a r e w e l l c r o s s -
b e d d e d . P a r t s a r e v e r y w e l l i n d u r a t e d . T h i n - b e d d e d ; b e d ­
d i n g w e l l - d e f i n e d . • • • • • • . • • , • • • • • • • • • • • • * • * • • 95 

15« S a n d s t o n e , l i g h t - t o m e d i u m - g r a y , w e a t h e r s g r a y - b r o w n . F i n e -
t o m e d i u m - g r a i n e d . C l e a r , f r o s t e d , w e l l - r o u n d e d g r a i n s s t a n d 
o u t a s d a r k - g r a y s p e c k s a g a i n s t l i g h t - g r a y c a l c a r e o u s m a t r i x . 
T h i n - b e d d e d , most 6 i n c h e s t o 1 f o o t . Poor e x p o s u r e . . 60 

i l l . . C o n c e a l e d . Dominant f l o a t i s q u a r t z o s e s a n d s t o n e , l i g h t 
p i n k i s h - g r a y , w e a t h e r s medium b rown . F i n e - t o medium-
g r a i n e d ; c a l c a r e o u s c e m e n t . S u b - t o w e l l - r o u n d e d c l e a r 
q u a r t z . T h i n - b e d d e d ; some i n t e r v a l s c r o s s - b e d d e d , e s p e c i ­
a l l y t h e more c o a r s e - g r a i n e d p a r t s . . . . . . . . . . . . . . 3 8 5 

1 3 . S a n d s t o n e , m e d i u m - g r a y , w e a t h e r s l i g h t g r a y t o t a n . F i n e -
g r a i n e d . Bedd ing i r r e g u l a r ; a v e r a g e 6 t o 10 i n c h e s . Some 
c r o s s - b e d d i n g . Poor e x p o s u r e . F l o a t i s s m a l l r ounded c h i p s . 30 

1 2 . C o n c e a l e d . F l o a t i s s a n d s t o n e , l i g h t t o medium p i n k i s h - t a n , 
w e a t h e r s s ame . F i n e - t o m e d i u m - g r a i n e d ; c l e a r , s u b - r o u n d e d 
q u a r t z . Ve ry t h i n - b e d d e d . Weakly d e v e l o p e d c r o s s - b e d d i n g . 
P o o r l y i n d u r a t e d . S a c c h a r o i d a l s u r f a c e l i ; 5 

1 1 . S a n d s t o n e , r e d - o r a n g e t o r e d d i s h - t a n , w e a t h e r s same and 
p i n k i s h g r a y . T h i n - b e d d e d ; a v e r a g e 10 i n c h e s . C r o s s - b e d d e d . 
Some marks p o s s i b l y worm b o r i n g s . P a r t o r t h o q u a r t z i t i c ; 
p a r t c a l c a r e o u s c e m e n t e d . Poor e x p o s u r e . F l o a t i s w e l l -
r o u n d e d b l o c k s , 130 

1 0 . O r t h o q u a r t z i t e , f l e s h - c o l o r e d t o p i n k , w e a t h e r s b r o w n i s h 
p i n k . F i n e - g r a i n e d ; u n i f o r m . T h i n - b e d d e d . B r i t t l e . W e l l 
e x p o s e d ; j a g g e d o u t c r o p . F l o a t i s s h a r p a n g u l a r c h u n k s . 
Lower c o n t a c t s h a r p , u p p e r c o n c e a l e d . . . . . . . . . . . . . . . . . . . . . . . . . 30 

9 . L i m e s t o n e , s a n d y , l i g h t - t o m e d i u m - g r a y , w e a t h e r s s a m e . 
Bedd ing a v e r a g e s 2 f e e t . Med ium-s i zed q u a r t z g r a i n s t h r o u g h ­
o u t , f r o s t e d , w e l l - r o u n d e d . Lower p a r t i s brown w e a t h e r i n g , 
c a l c a r e o u s s a n d s t o n e . W e l l - e x p o s e d . • 115 

8 . S a n d s t o n e , l i g h t - g r a y , w e a t h e r s medium t o v e r y d a r k b r o w n . 
P a r t c a l c a r e o u s , p a r t o r t h o q u a r t z i t i c . F i n e - g r a i n e d . T h i n -
b e d d e d . C r o s s - b e d d e d i n p a r t . U n i f o r m . L a r g e l y c o n c e a l e d 
e x c e p t i n more q u a r t z i t i c i n t e r v a l s . F l o a t i s r e s i s t a n t , 
a n g u l a r • • 155 

7 . L i m e s t o n e , c r y s t a l l i n e , m e d i u m - g r a y , w e a t h e r s l i g h t e r . T h i n -
t o t h i c k - b e d d e d b u t i n d i s t i n c t . C o n s i d e r a b l e f i n e - t o medium-

Float blocky and angular. Contacts sharp with enclos:ing 
units. EXposure poor but abundant float..................... 70 

16. Sandstone, light to medium yellowish-gray, weathers same. 
More yellow parts are very fine-grained; the more gray 
parts are fine- to medium-grained and are well cross­
bedded. Parts are very well indurated. Thin-bedded; bed-
ding well-defined............................................ 95 

15. Sandstone, light- to mediuIn-gray, .-reathers gray-brown. Fine­
to medium-grained. Clear, frosted, well-rounded grains stand 
out as dark-gray specks against light-gray calcareous matrix. 
Thin-bedded, most 6 inches to 1 foot. Poor exposure......... 60 

14. Concealed. Domll1ant float is quartzose sandstone, light 
pinkish-gray, 'Ttreathers medium. bro'Ttm. Fll1e- to medium­
grained; calcareous cement. Sub- to well-rounded clear 
quartz. Thin-bedded; some intervals cross-bedded, especi-
ally the more coarse-grained parts........................... 385 

13. S~~dstone, medium-gray, weathers light gray to tan. Fine­
grained. Bedding irregular; average 6 to 10 inches. Some 
cross-bedding. Poor exposure. Float is small rounded chips. 30 

12. Concealed. Float is sandstone, light to medium pinkish-tan, 
weathers same. Fine- to medium-grained; clear,sub-rounded 
quartz. Very thin-bedded. Weakly developed cross-bedding. 
Poorly indurated. Saccharoidal surface...................... 145 

11. Sandstone, red-orange to reddish-tan, weathers same and 
pinkish gray. Thin-bedded; average 10 inches. Cross-bedded. 
Some marks possibly worm bor:ings. Part orthoquartzitic; 
part calcareous cemented. Poor exposure. Float is well-
rounded blocks............................................... 130 

10. Orthoquartzite, flesh-colored to pink, weathers brownish 
pink. Fine-grained; uniform. Thin-bedded. Brittle. Well 
exposed; jagged outcrop. Float is sharp angular chunks. 
Lower contact sharp, upper concealed......................... 30 

9. LiInestone, sandy, light- to medium-gray, weathers same. 
Bedding averages 2 feet. Medium-sized quartz grains through-
out, frosted, well-rounded. Lower part is bro'\oID weathering, 
calcareous sandstone. Well-exposed.......................... 115 

8. Sandstone, light-gray, weathers medium to very dark brown. 
Part calcareous, part orthoquartzitic. Fine-gra:ined. Thin­
bedded. Cross-bedded in part. Uniform. Largely concealed 
except in more quartzitic intervals. Float is resistant, 
angular. . • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • 155 

7. Limestone, crystalline, medium-gray, weathers lighter. Thin­
to thick-bedded but indistinct. Considerable fine- to medium-
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g r a i n e d q u a r t z s and c o n t e n t . P a r t i a l l y c o n c e a l e d . . 20 

6* C o n c e a l e d . F l o a t i s s a n d s t o n e , l i g h t t a n n i s h - y e l l o w , w e a t h e r s 
d a r k b r o w n . Medium- t o f i n e - g r a i n e d . 80 

S a n d s t o n e , w h i t i s h - g r a y , w e a t h e r s l i g h t g r a y , s l i g h t l y d a r k e r 
t h a n when f r e s h . M e d i u m - g r a i n e d . T h i n - b e d d e d ; i r r e g u l a r . 
F l o a t w e a t h e r s t o s u b - r o u n d e d b l o c k s 50 

C o n c e a l e d . F l o a t i s s a n d s t o n e , v e r y l i g h t - t a n , w e a t h e r s d a r k 
y e l l o w i s h b r o w n . F i n e - g r a i n e d ; c a l c a r e o u s c e m e n t . Weakly 
d e v e l o p e d c r o s s - b e d d i n g . $0 

3 . S a n d s t o n e , w h i t i s h - t a n , w e a t h e r s medium- t o d a r k - b r o w n and 
g r a y . Medium- t o f i n e - g r a i n e d . C a l c a r e o u s . P o r t i o n s 
c r o s s - b e d d e d . 115 

2 . S a n d s t o n e , y e l l o w i s h - w h i t e , w e a t h e r s medium t a n . F i n e - g r a i n ­
e d . C a l c a r e o u s • S m a l l c a l c a r e o u s b l e b s w e a t h e r o u t c a u s i n g 
p i t t e d s u r f a c e . Very t h i n - b e d d e d ; a v e r a g e 2 i n c h e s . B r e c c i -
a t i o n i n t h e u p p e r p a r t . Both u p p e r a n d l o w e r c o n t a c t s c o n ­
c e a l e d . • • 5o 

1 . S a n d s t o n e , v e r y l i g h t - g r a y t o t a n , w e a t h e r s l i g h t g r a y . 
M e d i u m - g r a i n e d . C a l c a r e o u s . P o o r l y i n d u r a t e d . Bedd ing 
t h i n , i r r e g u l a r , a v e r a g e s 16 i n c h e s . F l o a t i s s m a l l b l o c k s . . 95 

T o t a l t h i c k n e s s of L o r a y ? F o r m a t i o n . 3U20 

Conformable c o n t a c t 

Diamond Creek S a n d s t o n e . 

Age and c o r r e l a t i o n . The L o r a y ? F o r m a t i o n i s c o r r e l a t e d w i t h a n 

i n t e r v a l t o t h e w e s t o r i g i n a l l y r e f e r r e d t o a s t h e Summit S p r i n g s Un­

named E v a p o r i t e F o r m a t i o n by S t e e l e ( 1 9 5 9 , p . 159) and l a t e r named t h e 

Lo ray F o r m a t i o n by h i m . A c c o r d i n g t o S t e e l e ( 1 9 5 9 , p . 1 5 9 ) , t h e e v a ­

p o r i t e s e q u e n c e i n t h e Summit S p r i n g s B a s i n , which i n c l u d e s d o l o m i t e s , 

l i m e s t o n e s , s i l t s t o n e s , s a n d s t o n e s , and a n h y d r i t e s , l i e s b e t w e e n t h e Upper 

Member of t h e Moorman Ranch F o r m a t i o n , o f l o w e r G u a d a l u p i a n a g e and t h e 

B u t t e Moun ta in F o r m a t i o n of m i d d l e G u a d a l u p i a n a g e . An e a r l y G u a d a l u p i a n 

age i s , t h e r e f o r e , a s s i g n a b l e t o t h e Loray F o r m a t i o n i n t h e t y p e a r e a . To 
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grained quartz sand content. Partially concealed............ 20 

6. 

5. 

4. 

Concealed. Float is sandstone, light tannish-yellm'l, \'leathers 
dark brovln. Hedium- to fine-grained •••• ~ •••••••••••••••••••• 

Sandstone, whitish-gray, weatbers liGht gray, slightly darker 
than vlhen fresh. Hediu.lJl-grained. Thin-bedc:ed; irregular. 
Float weathers to sub-rounded blocks ••••••••••••••••••••••••• 

Concealed. Float is sandstone, veFJ light-t~~, weathers dark 
yellowisn bro,vn. Fine-grained; calcareous cement. vleakly 
developed cross-bedding •••••••••••••••••••••••••••••••••••••• 

3. S~~dstone, whitish-tan, weathers medium- to dark-brOvffi ~~d 
gray. Nedi1L17l- to fine-grail1.ed. Calcareous. Portions 

80 

50 

50 

cross-bedded................................................. 115 

2. Sandstone, yellowish-white, weathers medium tan. Fine-grain­
ed. 'Calcareous. Small calcareous blebs i'leather out causing 
pitted surface. Very thin-bedded; average 2 inches. Brecci­
ation in the upper part. Both upper and lower contacts con-
cealed....................................................... 50 

1. Sandstone, very light-gray to tan, weathers light gray. 
Nedi1L'1l-grained. Calcareous. Poorly indurated. Bedding 
thin, irregular, averages 16 inches. Float is small blocks •• 

Total thickness of Loray? Formation ••••••••••••••••••••• 

Conformable contact , 

Diamond Creek Sandstone. 

Age and correlation. Tbe Loray? Formation is correlated with an 

interval to the west origh.ally referred to as the Summit Springs Un-

named Evaporite Fornation by Steele (1959, p. 159) and later nam.ed the 

Loray Formation cy hilil. According to Stee.le (1959, p. 159), the eva-

porite sequence in tLe SUiinnit Springs Bash., 1'lllich inCludes dolomites, 

95 

3420 

limestones, siltstones, sandstones, and anhydrites, lies between the Upper 

Hember of the Noorman Ranch Formation, of lO1'Jer Guadalupian age and the 

Butte Nountain Formation of middle Guadalupian age. An e~ly Guadalupian 

age is, therefore, assignable to the Loray Formation in the type area. To 
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t h e e a s t , h o w e v e r , t h e L o r a y i s e q u a t e d t o t h e u p p e r 300-ltOO f e e t o f t h e 

A r c t u r u s F o r m a t i o n of L e o n a r d i a n age i n t h e C o n f u s i o n Range ( S t e e l e , 

I 9 6 0 , p . 1 0 7 ) , and b e c a u s e of i t s s t r a t i g r a p h i c p o s i t i o n b e l o w t h e G r a n ­

d e u r of u p p e r L e o n a r d i a n age i n t h e T e r r a c e M o u n t a i n s , i t i s of l o w e r -

u p p e r L e o n a r d i a n age t h e r e . T h i s age and s t r a t i g r a p h i c p o s i t i o n s u g g e s t 

t h a t e n v i r o n m e n t a l c o n d i t i o n s r e s p o n s i b l e f o r t h e d e p o s i t i o n of t h e L o r a y 

F o r m a t i o n were i n i t i a t e d t o t h e n o r t h and e a s t , and s p r e a d w i t h t i m e t o 

t h e w e s t where t h e f o r m a t i o n i s a p p a r e n t l y y o u n g e r . 

The s t r a t i g r a p h i c s e c t i o n i n t h e P r o m o n t o r y Range d o e s n o t i n c l u d e 

r o c k s of L e o n a r d i a n a g e , and a l t h o u g h t h e L o r a y F o r m a t i o n i s p r o b a b l y 

p r e s e n t i n t h e G r a s s y M o u n t a i n s , t h e s t r a t i g r a p h i c i n t e r v a l i n w h i c h i t 

o c c u r s i s c o n c e a l e d by s e d i m e n t s of Lake B o n n e v i l l e (He lmut D o e l l i n g , 

o r a l c o m m u n i c a t i o n ) . I n t h e Cedar Range f u r t h e r t o t h e s o u t h , t h e 

Grandeur Member o f t h e P a r k C i t y F o r m a t i o n r e s t s d i r e c t l y , and a p p a r e n t l y 

c o n f o r m a b l y , on t h e Diamond C r e e k S a n d s t o n e , so t h e L o r a y i n t e r v a l t h e r e 
s 

i s r e p r e s e n t e d by an o b s c u r e h i a t u s o r by p a r t s o f one o r b o t h o f t h o s e 

f o r m a t i o n s . 

P a r k C i t y F o r m a t i o n 

Rocks o f P a r k C i t y age i n t h e w e s t e r n p h o s p h a t e f i e l d were f i r s t 

named t h e " Q u a d r a n t F o r m a t i o n " by P e a l e i n 1893 (McKelvey, 1 9 5 9 , p# 5 ) , 

b u t t h i s u n i t was m o d i f i e d t h r e e y e a r s l a t e r by Weed t o i n c l u d e t h e 

Q u a d r a n t Q u a r t z i t e and t h e T e t o n F o r m a t i o n . 

The name P a r k C i t y F o r m a t i o n was f i r s t a p p l i e d by B o u t w e l l i n 1907 

( p . hh3) t o r o c k s b e t w e e n t h e P e r m s y l v a n i a n Weber Q u a r t z i t e and t h e T r i -

a s s i c Woodside F o r m a t i o n i n t h e P a r k C i t y Min ing D i s t r i c t , Summit C o . , 
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the east, however, the Loray is equated to the upper 300-400 feet of the 

Arcturus Formation of Leonardian age in the Confusion Range (Steele, 

1960, p. 107), and because of its stratigraphic position below the Gran-

deur of upper Leonardian age in the Terrace Hountains, it is of lower-

upper Leonardian age there. This age and stratigraphic position suggest 

that environmental conditions responsible for the deposition of the Loray 

Formation were initiated to the north &.d east, and spread with time to 

the west where the formation is apparently younger. 

The stratigraphic section in the Promontory Range does not include 

rocks of Leonardian age, and although the Loray Formation is probablY 

present in the Grassy Mountains, the stratigraphic interval in which it 

occurs is concealed by sediments of Lake Bonneville (Helmut Doelling, 

oral communication). In the Cedar Range further to the south, the 

Grandeur Member of the Park City Formation rests directly, and apparentlY 

conformably, on the Diamond Creek Sandstone, so the Loray interval there 

is represented by an obscure hiatus or by parts of one or both of those 

formations. 

Park City Formation 

Rocks of Park City age in the western phosphate field were first 

named the ItQuadrant Formation l1 by Peale in 1893 (HcKelvey, 1959, p. 5), 

but this unit was modified three years later by Weed to include the 

Quadrant Quartzite and the Teton Formation. 

The name Park City Formation was first applied by Boutwell in 1907 

(p. 443) to rocks between the Pennsylvanian Weber Quartzite and the Tri-

assic Woodside Formation in the Park City }1ining District, Summit Co., 



U t a h . S i n c e t h e n , t h e work of many g e o l o g i s t s h a s c o n s i d e r a b l y m o d i f i e d 

t h e c o n c e p t of t h e P a r k C i t y F o r m a t i o n where i t i s p r e s e n t i n n o r t h e r n 

U t a h , s o u t h e a s t e r n I d a h o , and w e s t e r n Wyoming. C o n f l i c t a r o s e a s t o 

w h e t h e r t h e name s h o u l d be a p p l i e d t o an i n t e r v a l d e t e r m i n e d s p e c i f i c a l l y 

by age o r t o u n i t s b a s e d on l a t e r a l l i t h o l o g i c c o n t i n u i t y . T h i s and 

o t h e r n o m e n c l a t u r a l p r o b l e m s a r e d i s c u s s e d i n d e t a i l by McKelvey and 

o t h e r s ( 1 9 5 9 ) . To c l a r i f y t h e e x i s t i n g p r o b l e m s , i t was t h e i r d e c i s i o n 

t o a d o p t t h e s e c o n d of t h e above c h o i c e s . They have t h u s p r o p o s e d ( 1 9 5 9 , 

p . 9 ) t h a t t h e P a r k C i t y , P h o s p h o r i a , and Shedhorn F o r m a t i o n s b e b a s e d on 

t h e dominan t l i t h o l o g y i n t h e i r r e s p e c t i v e t y p e a r e a s and t h a t members 

and t o n g u e s of any one may e x t e n d i n t o r e g i o n s where one o r b o t h of t h e 

o t h e r f o r m a t i o n s a r e p r e s e n t o r even i n t o t h e i r t y p e s e c t i o n s . They 

r e c o g n i z e e l e v e n s u b d i v i s i o n s of t h e s e t h r e e f o r m a t i o n s , of wh ich t h r e e 

a r e p r e s e n t i n t h e T e r r a c e M o u n t a i n s ; t h e Grandeur Member of t h e P a r k 

C i t y F o r m a t i o n , and t h e Rex C h e r t and Meade Peak P h o s p h a t i c Shale^Members 

o f t h e P h o s p h o r i a F o r m a t i o n . 

Grandeur Member 

D e f i n i t i o n and t y p e l o c a l i t y . The Grandeur Member of t h e P a r k C i t y 

F o r m a t i o n was named and d e s c r i b e d by T . M. Cheney Cin McKelvey and o t h e r s , 

1 9 5 9 , p . 1 2 ) . H i s t y p e s e c t i o n , exposed a b o u t one m i l e s o u t h w e s t of 

Grandeur Peak i n t h e c e n t r a l Wasa tch M o u n t a i n s , i n c l u d e s i n t e r b e d d e d c a r ­

b o n a t e r o c k , c h e r t y c a r b o n a t e r o c k , c a r b o n a t i c s a n d s t o n e , and c a r b o n a t i c 

s i l t s t o n e . At i t s t y p e l o c a l i t y t h e Grandeur i s u n d e r l a i n by t h e Weber 

Q u a r t z i t e of P e r m o - P e n n s y l v a n i a n age and i s o v e r l a i n b y t h e Meade Peak 

Member o f t h e P h o s p h o r i a F o r m a t i o n . 
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Utah. Since then, the work of many geologists has considerably modified 

the concept of the Park City Formation where it is present in northern 

Utah, southeastern Idaho, and western wyoming. Conflict arose as to 

whether the name should be applied to an interval determined specifically 

by age or to units based on lateral lithologic continuity_ This and 

other nomenclatural problems are discussed in detail by HcKelvey and 

others (1959). To clarifY the existing problems, it was their decision 

to adopt the second of the above choices. They have thus proposed (1959, 

p. 9) that the Park City, Phosphoria, and Shedhorn Formations be based on 

the dominant lithology in their respective type areas and that members 

and tongues of anyone may extend into regions where one or both of the 

other formations are present or even into their type sections. They 

recognize eleven subdivisions of these three formations, of which three 

are present in the Terrace Mountains; the Grandeur Member of the Park 

City Formation, and the Rex Chert and Meade Peak Phosphatic Shale'Members 

of the Phosphoria Formation. 

Grandeur Member 

Definition and type locali!:l. The Grandeur l-lember of the Park City 

Formation was named and described by T. H. Cheney (in HcKelvey and others, 

1959, p. 12). His type section, exposed about one mile southloJest of 

Grandeur Peak in tbe central ~vasatch Nountains, includes interbedded car­

bonate rock, cherty carbonate rock, carbonatic sandstone, and carbonatic 

siltstone. At its type locality the Grandeur is underlain by the Weber 

Quartzite of Permo-Pennsylvanian age and is overlain by the Meade Peak 

Member of the Phosphoria Formation. 
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D i s t r i b u t i o n and e x p o s u r e s . The Grandeur i s e x p o s e d on t h e s o u t h ­

e a s t - f a c i n g s l o p e of T a n g e n t Peak i n t h e w e s t e r n T e r r a c e M o u n t a i n s . From 

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

o f t h e m o u n t a i n s and a l o n g t h e e a s t l i m b of t h e West T e r r a c e s y n c l i n e t o 

t h e s o u t h w e s t e r n p a r t o f t h e mapped a r e a . I n s e v e r a l p l a c e s t h e G r a n d e u r 

i s d i s p l a c e d t o t h e w e s t o f t h e d i v i d e by f a u l t i n g and i s e x p o s e d i n c a n ­

y o n s on t h e w e s t s l o p e o f t h e m o u n t a i n s . The G r a n d e u r a l s o makes u p mos t 

o f t h e w e s t - f a c i n g s i d e o f S h e l t e r Moun ta in P a s s . I t i s n o t p r e s e n t i n 

t h e e a s t e r n T e r r a c e o r i n t h e Hogup M o u n t a i n s . 

The u p p e r , m a s s i v e l y b e d d e d u n i t s o f t h e member a r e w e l l e x p o s e d and 

u s u a l l y form l e d g e s and p r o m i n e n t o u t c r o p s w h e r e v e r t h e y o c c u r . The l o w e r 

p a r t o f t h e Grandeur h a s r e l a t i v e l y few good e x p o s u r e s , p r o b a b l y due t o 

t h e h i g h s a n d and s i l t c o n t e n t . 

T h i c k n e s s , l i t h o l o g y , and s t r a t i g r a p h i c r e l a t i o n s h i p s . A p p r o x ­

i m a t e l y 1190 f e e t o f d o l o m i t e , s i l t y d o l o m i t e , s i l t y l i m e s t o n e , s a n d s t o n e , 

and c h e r t y c a r b o n a t e r o c k s a r e a s s i g n e d t o t h e Grandeur Member of t h e P a r k 

C i t y F o r m a t i o n i n t h e T e r r a c e M o u n t a i n s . The u p p e r p a r t of t h e member i s 

more d o l o m i t i c and c h e r t y and c o n t a i n s l e s s s i l t t h a n t h e l o w e r p a r t . Beds 

o f medium- t o d a r k - g r a y c h e r t a r e i n t e r b e d d e d w i t h d o l o m i t e and d o l o m i t i c 

l i m e s t o n e . The u p p e r p a r t i s a l s o more f o s s i l i f e r o u s and t h e b e d s a r e 

t h i c k e r and more r e s i s t a n t . 

The l o w e r p a r t of t h e Grandeur i s l a r g e l y s i l t y d o l o m i t e , s i l t y and 

c h e r t y l i m e s t o n e , and c a l c a r e o u s s a n d s t o n e . The h i g h s i l t and s a n d c o n ­

t e n t o f t h i s p a r t o f t h e Grandeur seems t o b e due t o c o n t i n u e d i n f l u e n c e 

o f t h e c o n d i t i o n s r e s p o n s i b l e f o r d e p o s i t i o n of t h e u n d e r l y i n g L o r a y ? 

F o r m a t i o n . The Grandeur Member i n t h e mapped a r e a , a s i n o t h e r l o c a l i ­

t i e s , i s d i f f e r e n t i a t e d from u n d e r l y i n g s a n d s t o n e u n i t s b y an i n c r e a s e d 
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Distribution and exposures. The Grandeur is exposed on the south­

east-facing slope of Tangent Peak in the western Terrace Mountains. From 

there to the south it is exposed along the drainage divide of that part 

of the mountains and along the east limb of the West Terrace syncline to 

the southwestern part of the mapped area. In several places the Grandeur 

is displaced to the west of the divide by faulting and is exposed in can­

yons on the west slope of the mountains. The Grandeur also makes up most 

of the west-facing side of Shelter Mountain Pass. It is not present in 

the eastern Terrace or in the Hogup Hountains. 

The upper, massively bedded units of the member are well exposed and 

usually form ledges a~d prominent outcrops wherever they occur. The lower 

part of the Grandeur has relatively few good exposures, probably due to 

the high sand and silt content. 

Thickness, lithology, and stratigraphic relationships. Approx­

imately 1190 feet of dolomite, silty dolomite, silty limestone, sandstone, 

and cherty carbonate rocks are assigned to the Grandeur Hember of the Park 

Ci ty Formation in the Terrace Hountai..'1s. The upper part of the member is 

more dolomitic and cherty and contains less silt than the lower part. Beds 

of medium- to dark-gray chert are interbedded with dolomite and dolomitic 

limestone. The upper part is also more fossiliferous and the beds are 

thicker and more resistant. 

The lower part of the Grandeur is largely silty dolomite, silty and 

cherty limestone, and calcareous sandstone. The high silt and s~'1d con­

tent of this part of the Grandeur seems to be due to continued influence 

of the conditions responsible for deposition of the underlying Lor~? 

Formation. The Grandeur Member in the mapped area, as in other locali­

ties, is differentiated from underlying sa~dstone units by an increased 



amount o f , o r dominance of c a r b o n a t e r o c k and i n t h e mapped a r e a , by a n 

i n c r e a s e o f c h e r t a s w e l l . A l s o , a s i n some o t h e r p l a c e s , n o t a b l y t h e 

e a s t e r n U i n t a M o u n t a i n s , a l i g h t e r and g r a y e r c o l o r , f i n e r s c a l e c r o s s -

b e d d i n g i n a r e n a c e o u s u n i t s , and o c c a s i o n a l b r e c c i a t e d i n t e r v a l s s e r v e t o 

d i s t i n g u i s h t h e Grandeur from t h e u n d e r l y i n g f o r m a t i o n . Some of t h e b r e c ­

c i a t e d zones i n t h e Grandeur Member of t h e T e r r a c e M o u n t a i n s may b e t e c ­

t o n i c , due t o s l u m p i n g and f a u l t i n g of t h e u n i t s above t h e i n c o m p e t e n t 

L o r a y ? F o r m a t i o n , b u t most a p p e a r t o b e g e n e t i c a l l y r e l a t e d t o t h e f o r m a ­

t i o n i t s e l f . Poor e x p o s u r e s of t h i s i n t e r v a l i n t h e mapped a r e a make 

i n t e r p r e t a t i o n of t h e b r e c c i a p r o b l e m d i f f i c u l t . 

The l o w e r c o n t a c t of t h e Grandeur i s s h a r p i n a few a r e a s , s u c h a s 

t h e Cedar Range i n n o r t h w e s t - c e n t r a l U t a h , whe re t h e r e i s a b r u p t change 

from s a n d s t o n e t o c a r b o n a t e r o c k s . I n t h e T e r r a c e M o u n t a i n s and o t h e r 

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

a r b i t r a r y c o n t a c t mus t b e d r a w n . 

Measured s e c t i o n . 

S e c t i o n of t h e Grandeur Member of t h e P a r k C i t y F o r m a t i o n m e a s u r e d i n 

Wf s e c , 1 1 , T, 8 N , , R, 12 ¥ . , U t a h , 

P e r m i a n ; 

P h o s p h o r i a F o r m a t i o n : 

Meade Peak Member. 

Conformable c o n t a c t 

P a r k C i t y F o r m a t i o n : 

Grandeur Member: 

DESCRIPTION UNIT 

2 6 . D o l o m i t e , l i g h t - t o med ium-g ray , w e a t h e r s l i g h t e r . 
S e v e r a l 2 - t o 3 - f o o t b i o c l a s t i c l i m e s t o n e b e d s n e a r 

THICKNESS 
( f e e t ) 
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amovnt of, or dominance of carbonate rock and in the mapped area, by an 

increase of chert as well. Also, as in some other places, notably the 

eastern Uinta Mountains, a lighter ~~d grayer color, finer scale cross-

bedding in arenaceous units, and occasional brecciated intervals serve to 

distinguish the Grandeur from the underlying formation. Some of the brec-

ciated zones in the Grandeur Member of the Terrace Hountains may be tec-

tonic, due to sllli~ping and faulting of the units above the incompetent 

Loray? Formation, but most appear to be genetically related to the forrra-

tion itself. Poor exposures of this interval in the mapped area make 

interpretation of the breccia problem difficult. 

The lower contact of the Grandeur is sharp in a few areas, such as 

the Cedar Range in northwest-central Utah, where there is abrupt change 

from sandstone to carbonate rocks. In the Terrace Mountains and other 

places, however, the transition is gradational or intertonguing and an 

arbitrary contact must be dra'lm. 

Measured section. 

Section of the Grandeur Nember of the Park City Formation measured in 

w! sec. 11, T. 8 N., R. 12 W., Utah. 

Permian: 

Phosphoria Formation: 

Meade Peak Member. 

Conformable contact 

Park City Formation: 

Grandeur }lember: 

UNIT DESCRIPI'ION 

26. Dolomite, light- to medium-gray, weathers lighter. 
Several 2- to 3-foot bioclastic limestone beds near 

THICKNESS 
(feet) 
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b a s e and a f o s s i l i f e r o u s bed a t t h e t o p . C h e r t n o d u l e s , 
d i s t i n c t , medium- t o d a r k - g r a y , d i s t r i b u t e d t h r o u g h o u t 
t h e d o l o m i t i c i n t e r v a l s , more a b u n d a n t i n t h e u p p e r p a r t . 
Lower p a r t , d i s t i n c t , medium-bedded; p o o r e x p o s u r e ; w e a t h ­
e r s i n t o s m a l l c h i p s . Upper p a r t , i r r e g u l a r , t h i c k - b e d d e d ; 
a v e r a g e 2 f e e t . Forms p r o m i n e n t l e d g e . F o s s i l s from u p p e r ­
most b e d i n c l u d e Compos i t a s p , , Compos i t a s u b t i l i t a ( H a l l ) , 
S p i r i f e r i n a s p , , P h r i c o d o t h y r i s s p , , r amose b r y o z o a , c r i -
n o i d c o l u m n a l s • • • • • • • 85 

2 5 • D o l o m i t e , medium b r o w n i s h - g r a y , w e a t h e r s l i g h t e r . Lower 30 
f e e t f i n e - c r y s t a l l i n e . S m a l l s i l i c e o u s c o n t e n t ; some v e r y 
f i n e s i l t ; s l i g h t l y c a l c a r e o u s . Upper 70 f e e t g i v e s no 
r e a c t i o n t o a c i d . C r o s s - b e d d i n g , s m a l l - s c a l e , h i g h - a n g l e , 
w e l l - d e v e l o p e d ( F i g , ij .) . Laminae of f i n e - g r a i n e d q u a r t z 
s t a n d o u t by d i f f e r e n t i a l w e a t h e r i n g . Very a n g u l a r f l o a t , 
s h a r p e d g e s . C o n s i d e r a b l e b i o c l a s t i c m a t e r i a l i n u p p e r 
p a r t ; some s i l i c i f i e d c r i n o i d c o l u m n a l s , Euompha l id g a s t r o ­
pod ( i n d e t . ) 100 

2 lu C h e r t , medium- t o d a r k - g r a y , w e a t h e r s s a m e . Bedding d i s t i n c t 
a v e r a g e 6 i n c h e s . Bedding s u r f a c e s s i l t y , u n d u l a t o r y . Good 
e x p o s u r e 7 

2 3 . L i m e s t o n e , l i g h t - t o med ium-g ray , w e a t h e r s l i g h t e r . Lower 
h a l f f i n e - c r y s t a l l i n e , u p p e r h a l f b i o c l a s t i c . T h i n - b e d d e d ; 
poor e x p o s u r e . F o s s i l s i n c l u d e Euomphal id g a s t r o p o d , Com­
pos i t a s p . , c r i n o i d c o l u m n a l s • 20 

2 2 . C o n c e a l e d . F l o a t i s s a n d s t o n e , c a l c a r e o u s , y e l l o w i s h - t a n , 
v e r y f i n e - g r a i n e d , v e r y t h i n - b e d d e d . Forms s m a l l s w a l e . . . . . . . . 5 

2 1 . C h e r t , l i g h t - t o v e r y d a r k - g r a y , w e a t h e r s s l i g h t l y l i g h t e r . 
Bedding i n d i s t i n c t , a v e r a g e 8 i n c h e s ; b e d d i n g p l a n e s f a i r l y 
s m o o t h , n o t wavy • 22 

2 0 . O r t h o q u a r t z i t e , med ium- tan t o b r o w n , w e a t h e r s l i g h t e r , y e l l o w ­
i s h . T h i n - b e d d e d , a v e r a g e 5 i n c h e s . M e d i u m - g r a i n e d ; f l o a t 
b l o c k y 20 

1 9 . D o l o m i t e , l i g h t - t o m e d i u m - g r a y , w e a t h e r s l i g h t g r a y . T h i n -
b e d d e d , a v e r a g e 10 i n c h e s . Very r o u g h w e a t h e r i n g s u r f a c e . 
S m a l l q u a r t z c l a s t i c c o n t e n t , i n c r e a s i n g upwards h3 

1 8 . D o l o m i t e , v e r y d a r k - g r a y , w e a t h e r s l i g h t y e l l o w i s h t a n . T h i n -
b e d d e d , a v e r a g e s 5 t o 6 i n c h e s . L i t t l e c l a s t i c c o n t e n t and no 
e v i d e n t c r o s s - b e d d i n g . E x p o s u r e p o o r b u t u n i f o r m ; w e a t h e r s 
i n t o s m a l l c h i p s . Forms marked y e l l o w i s h band on s u r f a c e . 
N o t a b l e l a c k of c h e r t o r f o s s i l s • . 120 

1 7 . D o l o m i t e , m e d i u m - g r a y , w e a t h e r s l i g h t - g r a y . High q u a r t z 
c l a s t i c c o n t e n t , t h e u p p e r p a r t b e i n g d o l o m i t i c s a n d s t o n e ; 
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base and a fossiliferous bed at the top. Chert nodules, 
distinct, medium- to dark-gray, distributed throughout 
the dolomitic intervals, more abundru1t in the upper part. 
Lower part, distinct, medium-bedded; poor exposure; weath­
ers into small chips. Upper part, irregular, thick-bedded; 
average 2 feet. Forms prominent ledge. Fossils from upper~ 
most bed include Composita sp., Composita subtilita (Hall), 
Spiriferina sp., Phricodothyris sp., ramose bryozoa, cri-
noid coiumnals................................................. 85 

25. Dolomite, medium brownish-gray, weathers lighter. Lower 30 
feet fine-crystalline. Small siliceous content; some very 
fine silt; slightly calcareous. Upper 70 feet gives no 
reaction to acid. Cross-bedding, small-scale, high-angle, 
well-developed (Fig. 4). Laminae of fine-grained quartz 
stand out by differential weathering. Very angular float, 
sharp edges. Considerable bioclastic material in upper 
part; some silicified crinoid columnals, Euomphalid gastro-
pod (indet.)................................................... 100 

24. Chert, medium- to dark-gray, 'Heathers same. Bedding distinct 
average 6 inches. Bedding surfaces silty, undulatory. Good 
exposure. • . • . • • • • • . • • . •• . • . • • . • • • •• . . . • • . • . . • . • . • • • • • • • . • • • •• • • 7 

23. Limestone, light- to medium-gray, weathers lighter. Lower 
half fine-crystalline, upper half bioclastic. Thin-bedded; 
poor exposure. Fossils include Euomphalid gastropod, ~ 
posita sp., crinoid columnals.................................. 20 

22. Concealed. Float is sandstone, calcareous, yellowish-tan, 
very fine-grained, very thin-bedded. Forms small swale........ 5 

21. Chert, light- to very dark-gray, weathers slightly lighter. 
Bedding indistinct, average 8 inches; bedding planes fairly 
smooth, not vm~............................................... 22 

20. Orthoquartzite, medium-tan to brown, weathers lighter, yellow­
ish. Thin-bedded, average 5 inches. Medium-grained; float 
bloc~................................................. ....•.•. 20 

19. Dolomite, light- to medium-gray, weathers light gr~. Thin­
bedded, average 10 inches. Very rough weathering surface. 
Small quartz clastic content, increasing upwards............... 43 

18. DolOmite, very dark-gray, weathers light yellowish tan. Thin­
bedded, averages 5 to 6 inches. Little clastic content and no 
evident cross-bedding. Exposure poor but uniform; weathers 
into small chips. Forms marked yellowish band on surface. 
Notable lack of chert or fossils............................... 120 

17. Dolomite, medium-gray, weathers light-gray. High quartz 
clastic content, the upper part being dolomitic sandstone; 



F i g u r e h* Hand spec imen showing f i n e - s c a l e , h i g h - a n g l e 
c r o s s b e d d i n g c h a r a c t e r i s t i c of t h e l o w e r p a r t of 
t h e Grandeur Member of t h e P a r k C i t y F o r m a t i o n ( x | ) . 

, 

Figur e 4. Hand s pecimen s howing fine- scale , high- angle 
cross bedding characteristic of t he lower part of 
the Gr andeur Hernber of the Park Cit y Formation (x -i). 
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medium g r a y - t a n , w e a t h e r i n g t a n b r o w n . F a i n t l y e x p r e s s e d 
c r o s s - b e d d i n g i n p a r t s . C h e r t i n t h i n zone n e a r t o p . . . . . . . . . . . 50 

1 6 . D o l o m i t e and c h e r t . D o l o m i t e , l i g h t - t o m e d i u m - g r a y , w e a t h e r s 
l i g h t g r a y . Compr i ses 20$ of l o w e r h a l f , 80$ of u p p e r h a l f 
o f u n i t . C h e r t , medium- t o d a r k - g r a y , w e a t h e r s same; s i l t y 
p a r t i n g s w e a t h e r r e d d i s h b r o w n . L i t h o l o g i c p r o p o r t i o n s com­
p l i m e n t a r y . Both l i t h o l o g i e s i n i r r e g u l a r , n o d u l a r m a s s e s , 
t h i n - b e d d e d , a v e r a g e h t o 5 i n c h e s . B locky and a n g u l a r f l o a t . . 3 0 

1 5 . C o n c e a l e d . F l o a t i s f i n e - g r a i n e d d o l o m i t i c s a n d s t o n e o r 
s a n d y d o l o m i t e . l e l l o w - g r a y , w e a t h e r s l i g h t y e l l o w t a n . 
A p p a r e n t l y l i t t l e c h e r t . W e a t h e r i n g c h i p s v e r y s m a l l ; u n i t 
forms s w a l e on r i d g e . Some f i n e - g r a i n e d f o s s i l h a s h U0 

l l i . D o l o m i t e , medium- t o l i g h t - g r a y , w e a t h e r s v e r y l i g h t g r a y . 
Midd le p a r t s a n d y , y e l l o w i s h - t a n ; p o o r e x p o s u r e . Upper and 
l o w e r p a r t s , s m a l l b l e b s of c h e r t , w e l l - e x p o s e d . W e a t h e r s 
i n t o 5 - t o 6 - i n c h c u b i c b l o c k s . W e l l - s i l i c i f i e d f o s s i l s 
i n c l u d e c r i n o i d c o l u m n a l s ( i n d e t . ) , M a r g i n i f e r a s p . , 
W e l l e r e l l a s p . , P h r i c o d o t h y r i s s p . , L i n o p r o d u c t i d ? s p . 
j i n d e t . ; , C r u r i t h y r i s s p . , H u s t e d i a c f . H. m o r m o n i . . . . . . . . . . . . . 60 

1 3 . C o n c e a l e d . F l o a t i s d o l o m i t e and s a n d s t o n e , med ium-gray t o 
medium y e l l o w i s h - t a n . F i n e - c r y s t a l l i n e and f i n e - g r a i n e d . 
Bedding a p p a r e n t l y a v e r a g e s 10 i n c h e s 5 5 

1 2 . C h e r t and d o l o m i t e , medium g r a y - t a n and y e l l o w - t a n , w e a t h e r s 
l i g h t g r a y and y e l l o w . Only c h e r t b e d s e x p o s e d . D o l o m i t e 
i s s i l t y and s i l i c e o u s i n p a r t . U n i t forms y e l l o w b a n d on 
s u r f a c e . C h e r t b e d s s i m i l a r t o u n d e r l y i n g u n i t « 125 

3JU C h e r t , medium- t o d a r k - g r a y , w e a t h e r s same . Beds 5 t o 10 
i n c h e s , s e p a r a t e d b y t h i n s i l t y z o n e s ; b e d d i n g s u r f a c e s 
i r r e g u l a r o r wavy 50 

1 0 . S a n d s t o n e , medium g r a y - t a n , w e a t h e r s medium t o l i g h t y e l l o w 
t a n . T h i n - b e d d e d , a v e r a g e 2i t o 5 i n c h e s ; no e v i d e n t c r o s s -
b e d d i n g . F i n e , s u b a n g u l a r g r a i n s . S l i g h t l y c a l c a r e o u s ; p a r t s 
s i l i c e o u s . M o s t l y cone e a l e d , forms s w a l e . . . . . . . . . . . . . . . . . . . . . . 30 

9 . C h e r t , medium- t o d a r k - g r a y , w e a t h e r s s a m e . Very t h i n - b e d d e d ; 
w e a t h e r e d b l o c k s i r r e g u l a r , a n g u l a r . A b u n d a n t , l i g h t - c o l o r e d , 
p o s s i b l y o r g a n i c b l e b s i n c h e r t . Bedding s u r f a c e s i r r e g u l a r . • • 2? 

8 . C o n c e a l e d . F l o a t i s s andy and s i l t y d o l o m i t e . Some c h e r t , 
a p p a r e n t l y i n c r e a s e s u p w a r d . One e x p o s e d , 2 - t o 3 - f o o t c h e r t 
b e d 250 f e e t above t h e b a s e . U n i t p o s s i b l y f a u l t e d . 300 

7 . S a n d s t o n e , q u a r t z o s e , medium y e l l o w i s h - t a n t o g r a y , w e a t h e r s 
l i g h t e r i n g e n e r a l , some p u r p l i s h i n t e r v a l s n e a r t o p . L a r g e ­
l y c o n c e a l e d . Some c a l c a r e o u s , s i l i c e o u s , and d o l o m i t i c i n t e r ­
v a l s ; e s p e c i a l l y d o l o m i t i c i n u p p e r p a r t . T h i n - b e d d e d ; w e l l 

58 

medium gray- tan, weathering tan brown . Faintly expressed 
cr oss-bedding in parts . Chert in thin zone near top........... So 

16. Dolomite and chert . Dol omite, light- to medium- gray, weather s 
light gray . Comprises 2o.t of l ower half, 80% of upper half 
of unit. Cber t , medium- to dark- gray, weat her s same; s ilty 
partings weather reddish brown. Lithol ogic propor tions com­
pl imentary. Both lithol ogies in irregular, ncxlular masses , 
thin-bedded, average 4 to 5 inches . Bloc~ and angular float.. 30 

15 . Concealed. Float is fine-grained dol omitic sandstone or 
sanay dolomite . Yellow- gray, weather s light yellow tan. 
Apparently little chert. Weather ing chi ps very sm.aJ.l; unit 
f orms swsle on r i dge . Some fine- grained foss il hash........... 40 

lh. Dol omite , medium- to l ight- gray, weather s very light gray. 
Middle part sandy J yellowish- tanj poor exposure . Upper and 
l ower parts , small bl ebs of cher t , well-exposed. Weather s 
into 5- to 6- inch cubi c bl ocks. Well-silicified fossils 
incl ude crinoid columnals ( indet. ) J sp.J 
Wellerella sp., Phric odot is sp., sp . 
lindet.)J Crurit 1S sp., stedi a ............. 60 

13. Concealed. Float is dol omite and sandstone J medium- gr ay to 
medium yellowish- tan. Fine-crystalline and fine- grained. 
Bedding apparent~ averages 10 inches.......................... 55 

12. Chert and dolOmite, medium gr~-tan and yellow- tanJ weather s 
light gray ana yellow . Only chert beds exposed . Dolomite 
i s s ilty and sil iceous in part. Unit forms yellow band on 
surface . Chert beds similar to under~ing unit .. . ............. 125 

11. Cher t , medium- to dark- grayJ weathers same . Beds 5 t o 10 
inches , separated by thin silty zones ; bedding surfaces 
irregular or wavy..................... . ... . ....... .. ........... 50 

10. Sandstone, medium gray-tanJ weathers medium to l ight yellow 
t an . Thin-beddedJ average 4 to 5 inches; no evident cross­
bedding. Fine, subangular grains . Slightly calcareous ; parts 
siliceous . Mostly concealedJ forms swale. .. . .................. 30 

9 . Chert, medium- to dark- gray, weat hers sa~e . Ver,y thin-bedded; 
weathered blocks i rregularJ angular . Abundant , light - col oredJ 
possibly organic blebs in chert . Bedding surfaces irregular ... 27 

8. Concealed. Float i s sandy and silty dol omite . Some chert, 
apparentlY increases upward. One exposedJ 2- to 3- foot cher t 
bed 250 feet above the base . Unit possiblY faulted......... . .. ) 00 

7. Sandstone J quartzose J medium yellowish- tan to gray J weather s 
l i ghter in generalJ some purplish intervals near top. Large­
ly concealed . Some calcareous J siliceous J and dol omitic inter­
vals ; especially dol omitic in upper part. Thin-bedded; well 
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c r o s s - b e d d e d n e a r t o p . S e v e r a l zones of b r e c c i a w i t h i n u n i t , 
p r o b a b l y from f a u l t i n g , b u t p o s s i b l y i n t r a f o r r a a t i o n a l b r e c c i a 
p e n e c o n t e m p o r a n e o u s w i t h d e p o s i t i o n . S e v e r a l b e d s w i t h p o o r l y 
p r e s e r v e d f o s s i l s $0 f e e t be low t o p . Compos i t a s p . . 

S a n d s t o n e , q u a r t z o s e , med ium-gray t o t a n , w e a t h e r s r e d d i s h 
o r a n g e i n l o w e r p a r t , medium g r a y i n m i d d l e , and r e d d i s h brown 
i n u p p e r p a r t . C o l o r bands d i s t i n c t on s u r f a c e t h o u g h l i t h o l -
ogy i s f a i r l y u n i f o r m . Bedding i n d i s t i n c t , t h i n . Very f i n e ­
g r a i n e d ; c a l c a r e o u s - c e m e n t e d ; s t r o n g r e a c t i o n t o a c i d . S m a l l -
s c a l e c r o s s - b e d d i n g i n u p p e r p a r t . Most b r e c c i a t e d , p r o b a b l y 
from f a u l t i n g , a l t h o u g h i n d i v i d u a l f a u l t s a r e n o t t r a c e a b l e 
w i t h i n t h e u n i t • 

C o n c e a l e d . F l o a t i s s i l i c e o u s or d o l o m i t i c l i m e s t o n e , medium-
t o d a r k - g r a y , w e a t h e r s l i g h t g r a y and t a n . C o n s i d e r a b l e 
amount of v e r y f i n e sand or s i l t ; c r o s s - b e d d i n g e v i d e n t i n 
l o w e r p a r t . T h i n - b e d d e d ; a v e r a g e 3 t o 1; i n c h e s ; p o o r e x p o s u r e . 
F l o a t i s v e r y s m a l l c h i p s . Some c h e r t n o d u l e s i n u p p e r p a r t . 
Bo th u p p e r a n d l o w e r c o n t a c t s g r a d a t i o n a l . F o s s i l s c o l l e c t e d 
from a bed t e n t a t i v e l y c o r r e l a t e d w i t h t h i s u n i t i n c l u d e 
" M u r c h i s o n i a " s p . i n d e t . ( a b u n d a n t ) , s u b u l i t a c e a n g a s t r o p o d s 
( r a r e J , b e l l e r o p h o n t a c e a n g a s t r o p o d s ( r a r e ) , of P l a t y w o r t h e n i a ? 
s p . i n d e t . (common), n e r i t a c e a n g a s t r o p o d s ( r a r e J 

C o n c e a l e d . F l o a t i s v e r y s i l t y d o l o m i t i c l i m e s t o n e , l i g h t - t o 
m e d i u m - g r a y , w e a t h e r s l i g h t e r e x c e p t u p p e r p a r t which i s b rown­
i s h from s i l t . W e l l - d e v e l o p e d c r o s s - b e d d i n g i n u p p e r p a r t . 
S l i g h t r e a c t i o n t o a c i d . F l o a t composed of s e m i - a n g u l a r b l o c k s 
and a few c h e r t n o d u l e s . Bedding a p p a r e n t l y s e v e r a l i n c h e s . 
F o s s i l s i n f l o a t i n c l u d e l a r g e Compos i t a s p . and P h r i c o d o t h y r i s 
s p • 

S i l t s t o n e , c h e r t y , medium- t o d a r k - g r a y , w e a t h e r s y e l l o w i s h 
o r a n g e t o t a n . Ve ry t h i n - b e d d e d ; w e a t h e r s i n t o t h i n p l a t e s 
and v e r y s m a l l c h i p s . C o n s i d e r a b l e w h i t e , p r o b a b l y c o l l o p h a n -
eous m a t e r i a l i n t h e more s i l i c e o u s b e d s 

C h e r t ( 7 0 $ ) and d o l o m i t e ( 3 0 $ ) . C h e r t i s d a r k b r o w n i s h g r a y , 
w e a t h e r s s a m e . D o l o m i t e i s medium g r a y , w e a t h e r s l i g h t g r a y . 
C h e r t most c o n c e n t r a t e d i n m i d d l e o f u n i t . Upper p a r t s a n d y . 
T h i n - b e d d e d . Good e x p o s u r e , forms l e d g e s on s t e e p h i l l s i d e . . . . 

D o l o m i t e , c h e r t y , med ium-g ray , w e a t h e r s l i g h t g r a y . About 
5$ c h e r t i n i r r e g u l a r b u t w e l l - d e f i n e d n o d u l e s . T h i n , u n i f o r m ­
l y b e d d e d , a v e r a g e 1 f o o t . C o n s i d e r a b l e b r e c c i a t i o n i n u n i t , 
p r o b a b l y i n d i c a t i v e of f a u l t i n g . Upper c o n t a c t g r a d a t i o n a l , 
l o w e r c o n t a c t c o n c e a l e d . S i l i c i f i e d f o s s i l s i n c l u d e P h r i c o d o ­
t h y r i s ? s p . , p r o d u c t i d b r a c h i o p o d s i n d e t . , and ramose b r y o z o a . . 

T o t a l t h i c k n e s s o f Grandeu r Member 
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cross-bedded near top. Several zones of breccia within unit, 
probably from faulting, but possibly intraformational breccia 
penecontemporaneous with deposition. Several beds with poorly 
preserved fossils 50 feet below top. Composita sp............. 285 

6. $andstone, quartzose, medium-gray to tan, weathers reddish 
orange in lower part, medium gray in middle, and reddish brown 
in upper parte Color bands distL~ct on surface though lithol­
of!::! is fairly uniform. BeddL~g indistinct, thin. Very fine­
grained; calcareous-cemented; strong reaction to acid. Small­
scale cross-bedding in upper part. Host brecciated, probably 
from faulting, although individual faults are not traceable 
within the unit ••••.••••••••••••••••••••••••••••••••••••••••••• 

5. Concealed. Float is siliceous or dolomitic limestone, medium­
to dark-gray, weathers light gray and tan. Considerable 
amount of very fine sand or silt; cross-bedding evident in 
lower part. Thin-bedded; average 3 to 4 inches; poor exposure, 
Float is very small chips. Some chert nodules in upper part. 
Both upper and lower contacts gradational. Fossils collected 
from a bed tentatively correlated with this unit include 
"Nurchisoniall sp. indet. (abundant), subulitacean gastropods 
(rare), bellerophontacean gastropods (rare), of Plat orthenia? 
sp. indet. (common), neritacean gastropods (rare •••••••••••••• 

4. Concealed. Float is very si1;ty dolomitic limestone, light- to 
medium-gray, weathers lighter except upper part which is brown­
ish from silt. Well-developed cross-bedding in upper part. 
Slight reaction to acid. Float composed of semi-angular blocks 
and a few chert nodules. Bedding apparently several inches. 
Fossils in float include large Composita sp. andPhricodothyris 
sp ••.••.••... _ ••.••.•.....•.•.•.•.•.•.•.......•.•••.•.•.•.••.•• 

3. Siltstone, cherty, medi~~- to dark-gray, weathers yellowish 
orange to tan. Very thin-bedded; weathers into thin plates 
and very small Chips. Considerable lvhite, probably collophan­
eous material in the more siliceous beds ••••••••••••••••••••••• 

2. Chert (70%) and dolomite (30%). Chert is dark brownish gray, 
weathers same. Dolomite is medium gray, weathers light gray. 
Chert most concentrated in middle of unit. Upper part sandy. 
Thin-bedded. Good exposure, forms ledges on steep hillside •••• 

1. Dolomite, cherty, medium-gray, 1tleathers light gray. About 
5% chert in irregular but well-defined nodules. Thin, uniform­
ly bedded, average 1 foot. Considerable brecciation in unit, 
probably indicative of faulting. Upper contact gradational, 
lower contact concealed. Silicified fossils include Phricodo­
thyris? sp., productid brachiopods indet., and ramose bryozoa •• 
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Total thickness of Grandeur Member ••••••••••••••••••••••••••••• 1838 
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Conformable c o n t a c t 

P e r m i a n : 

L o r a y ? F o r m a t i o n . 

Age and c o r r e l a t i o n . The Grandeur i s of l a t e L e o n a r d i a n age i n mos t 

p l a c e s , a l t h o u g h i t s d e p o s i t i o n may have begun a s e a r l y a s l a t e Wolfcamp-

i a n i n p a r t s of Montana (Dunbar and o t h e r s , I 9 6 0 ) * I t i s c o r r e l a t e d by 

f o s s i l s , l i t h o l o g y , and s t r a t i g r a p h i c p o s i t i o n w i t h t h e Ka ibab F o r m a t i o n 

of L e o n a r d i a n age i n w e s t - c e n t r a l Utah and e a s t e r n Nevada , and w i t h t h e 

Opeche S h a l e of l a t e L e o n a r d i a n age i n c e n t r a l and e a s t e r n "Wyoming. 

A t i t s t y p e l o c a l i t y i n t h e c e n t r a l Wasa tch R a n g e , t h e Grandeu r i s 

u n d e r l a i n by t h e Weber Q u a r t z i t e and i n t h e w e s t e r n U i n t a M o u n t a i n s i t 

i s g r a d a t i o n a l w i t h , o r may i n t e r t o n g u e w i t h a n d t h e r e f o r e b e e q u i v a l e n t 

t o , t h e u p p e r p a r t of t h e Weber (Cheney and o t h e r s , jjn McKelvey and o t h e r s , 

1 9 5 9 , p . 1 3 ) . E l s e w h e r e , i t i s u n d e r l a i n by t h e W e l l s , T e n s l e e p , o r Quad­

r a n t F o r m a t i o n s of P e n n s y l v a n i a n and P e r m i a n a g e s . I n t h e T e r r a c e Moun­

t a i n s i t i s u n d e r l a i n by t h e Loray? F o r m a t i o n of L e o n a r d i a n a g e . 

The Grandeur i s n e a r l y e v e r y w h e r e o v e r l a i n by t h e Meade Peak Member 

of t h e P h o s p h o r i a F o r m a t i o n of Wordian a g e . An e x c e p t i o n i s i n Montana , 

where i n p l a c e s i t I s o v e r l a i n by t h e Shedhorn S a n d s t o n e , of l a t e Word­

i a n and C a p i t a n i a n a g e . 

A s m a l l b r a c h i o p o d f a u n a , c h a r a c t e r i z e d by P h r i c o d o t h y r i s s p . and 

Compos i t a s u b t i l i t a ( K a i l ) , i s p r e s e n t a t i n t e r v a l s t h r o u g h o u t t h e e n t i r e 

s e q u e n c e a s s i g n e d t o t h e Grandeur i n t h e T e r r a c e M o u n t a i n s . Because o f 

t h e u n r e s t r i c t e d d i s t r i b u t i o n of P h r i c o d o t h y r i s w i t h i n t h e G r a n d e u r t h e r e , 

and t h e f a c t t h a t t h e genus seems t o b e c h a r a c t e r i s t i c of t h e u p p e r p a r t 
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Conformable contact 

Permian: 

Loray? FO~Ation. 

Age and correlation. The Grandeur is of late Leonardian age in most 

places, although its deposition IT~y have begun as early as late Wolfcamp­

ian in parts of I'lontana (Dunbar a"1d others, 1960). It is correlated by 

fossils, lithology, and stratigraphic position with the Kaibab Formation 

of Leonardian age in west-central Utah and eastern Nevada, a~d with the 

Opeche Shale of late Leonardian age in central and eastern ~Joming. 

At its type locality in the central 1'[asatch Range" the Grandeur is 

underlain by the Weber Quartzite and in the western Uinta JiIountains it 

is gradational with, or may intertongue with and therefore be equivalent 

to, the upper part of the Weber (Cheney a'1d others" in f1cKelvey and others, 

1959" p. 13). Elsewhere , it is underlain by the vlells, Tensleep, or Quad­

rant Formations of Pennsylvanian and Permian ages. In the Terrace Ivloun­

tains it is underlain by the Loray? Formation of Leonardian age. 

The Grandeur is ne&rly eve~Jhere overlain by the Neade Peak Hember 

of the Phosphoria Formation of Wordian age. An exception is in Nontana, 

where in places it is overlain by the Shedhorn Sandstone, of late Word­

ian and Capitanian age. 

A small brachiopod fauna, characterized by Phricodothyris sp. and 

Composita subtilita (full), is present at intervals throughout the entire 

sequence assigned to the Grandeur in the Terrace Hountains. Because of 

the unrestricted distribution of Phricodothyris within the Grandeur there" 

and the fact that the genus seems to be characteristic of the upper part 
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o f t h e Grandeur Member i n w e s t e r n Utah and n o r t h e a s t e r n Nevada ( E l l i s 

Y o c h e l s o n , p e r s o n a l c o m m u n i c a t i o n ) , i t i s p o s s i b l e t h a t o n l y t h e u p p e r 

p a r t of t h e member i s p r e s e n t i n t h e mapped a r e a , t h e l o w e r p a r t b e i n g 

r e p r e s e n t e d t h e r e by t h e u n d e r l y i n g Loray? F o r m a t i o n , T h i s p o s s i b i l i t y 

i s f u r t h e r s u g g e s t e d by t h e f a c t t h a t , i n t h e T e r r a c e M o u n t a i n s , t h e 

L o r a y ? F o r m a t i o n o c c u r s b e t w e e n t h e o v e r l y i n g Grandeur and t h e u n d e r l y i n g 

Diamond Greek F o r m a t i o n , w h e r e a s i n t h e Cedar Range t o t h e s o u t h and t h e 

s o u t h e r n Wasa tch Range t o t h e e a s t , t h e L o r a y i s a b s e n t and t h e Grandeu r 

r e s t s d i r e c t l y and c o n f o r m a b l y on t h e Diamond C r e e k . 

D r . E l l i s Y o c h e l s o n m e n t i o n s ( w r i t t e n c o m m u n i c a t i o n , l ° 6 l ) t h a t 

a s s e m b l a g e s of Compos i ta i n t h e u p p e r p a r t of t h e Grandeur Member a r e 

known from t h e Gold H i l l d i s t r i c t , t h e Pequop M o u n t a i n s , t h e Goose C r e e k 

M o u n t a i n s , and t h e T e r r a c e (Hogup) M o u n t a i n s . He m e n t i o n s f u r t h e r t h a t 

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

w i d e s p r e a d o c c u r r e n c e of t h e s e b e d s w i t h a b u n d a n t Compos i ta s u g g e s t s 

t h a t t h i s m i g h t b e a zone u s e f u l f o r c o r r e l a t i o n i n t h e n o r t h e r n Nevada -

Utah a r e a . 

D r . Y o c h e l s o n a l s o m e n t i o n s ( w r i t t e n c o m m u n i c a t i o n , l ° 6 l ) t h a t t h e 

G r a n d e u r h a s b e e n c o n s i d e r e d t o be of l a t e L e o n a r d i a n age i n a r e a s o t h e r 

t h a n n o r t h w e s t e r n U t a h , b u t t h a t t h e r e i s no d i r e c t e v i d e n c e i n f o s s i l 

c o l l e c t i o n s from t h a t p a r t of U tah t o c o n f i r m t h a t age a s s i g n m e n t . He 

s a y s t h a t on t h e o t h e r h a n d , t h e p o s s i b i l i t y of a l o w e r Word ian a g e c a n n o t 

b e d i s r e g a r d e d . 

P h o s p h o r i a F o r m a t i o n 

The t y p e l o c a l i t y of t h e P h o s p h o r i a F o r m a t i o n i s P h o s p h o r i a G u l c h , 
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of the Grandeur Hember in western Utah and northeastern Nevada (Ellis 

Yochelson, personal communication), it is possible that only the upper 

part of the member is present in the mapped area, the lower part being 

represented there by the underlymg Loray? Formation.. This possibility 

is further suggested by the fact that, in the Terrace MountainS, the 

Loray? Formation occurs between the overlying Grandeur and the underlying 

Diamond Creek Formation, whereas in the Cedar Range to the south and the 

southern Wasatch Range to the east, the Loray is absent and the Grandeur 

rests directly ~~d conformably on the Diamond Creek. 

Dr. Ellis Yochelson mentions ( .. rritten comrnmication, 1961) that 

assemblages of Gomposita in the upper part of the Grandeur Member are 

known from the Gold Hill district, the Pequop Mountains, the Goose Creek 

Nountains, and the Terrace (Hogup) Nounta:ins. He mentions further that 

although the fossils in themselves are not diagnostic as to age, the 

widespread occurrence of these beds vrlth abundant Composita suggests 

that this might be a zone useful for correlation in the northern Nevada­

Utah area. 

Dr. Yochelson also mentions (written communication, 1961) that the 

Grandeur has been considered to be of late Leonardian age in areas other 

thaD northwestern Utah, but that there is no direct evidence L~ fossil 

collections from that part of Utah to confirm that age assignment. He 

says that on the other hand, the possibility of a lm-Jer vlordian age cannot 

be disregarded. 

Phosphoria Formation 

The t;Tpe locality of the Phosphoria Formation is Phosphoria Gulch, 
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Bear Lake C o u n t y , I d a h o , f o r wh ich f e a t u r e i t was named by R i c h a r d s and 

M a n s f i e l d ( 1 9 1 2 , p . 681 ; ) . I n t h e v i c i n i t y of t h e t y p e a r e a t h e f o r m a t i o n 

c o m p r i s e s u p t o k$0 f e e t of d a r k c h e r t , p h o s p h a t i c and c a r b o n a c e o u s mud-

s t o n e , p h o s p h o r i t e , c h e r t y m u d s t o n e , and minor amounts of d a r k c a r b o n a t e 

r o c k a c c o r d i n g t o McKelvey ( i n McKelvey and o t h e r s , 1 9 5 9 , p . 2 0 ) . At t h e 

t y p e a r e a t h e f o r m a t i o n i s u n d e r l a i n b y t h e Grandeur Member o f t h e P a r k 

C i t y F o r m a t i o n and i s o v e r l a i n by t h e Dinwoody F o r m a t i o n o f T r i a s s i c a g e . 

The P h o s p h o r i a F o r m a t i o n a t i t s t y p e l o c a l i t y i s d i v i d e d i n t o t h e 

Meade Peak P h o s p h a t i c S h a l e Member, t h e Rex C h e r t Member, t h e C h e r t y 

S h a l e Member, and t h e R e t o r t P h o s p h a t i c S h a l e Member, i n a s c e n d i n g o r d e r . 

The l o w e r two of t h e s e , t h e Meade Peak and t h e Rex , a r e p r e s e n t i n t h e 

s t u d y a r e a and a r e d i s c u s s e d below* 

Meade Peak P h o s p h a t i c S h a l e Member 

D e f i n i t i o n and t y p e l o c a l i t y . The P h o s p h a t i c S h a l e Member o f 

R i c h a r d s and M a n s f i e l d ( 1 9 1 2 , p . 683) ( t h e m i d d l e s h a l e member of t h e 

P a r k C i t y F o r m a t i o n ) was renamed t h e Meade Peak P h o s p h a t i c S h a l e Member 

of t h e P h o s p h o r i a F o r m a t i o n by V . E . McKelvey ( i n McKelvey and o t h e r s , 

1 9 5 6 , p . 2 2 ) . The t y p e a r e a of t h e Meade Peak i s t h e same a s t h a t of t h e 

P h o s p h o r i a F o r m a t i o n , P h o s p h o r i a Gulch i n s o u t h e a s t e r n I d a h o , whe re t h e 

member i s composed m a i n l y o f d a r k c a r b o n a c e o u s , p h o s p h a t i c , and a r g i l l a ­

c e o u s r o c k s . Away f rom t h e t y p e a r e a , a s i s t h e c a s e i n t h e T e r r a c e 

M o u n t a i n s , t h e member a l s o i n c l u d e s v a r i a b l e amounts of c a r b o n a c e o u s , 

c h e r t y , o r s i l t y r o c k s . 

The P h o s p h o r i a F o r m a t i o n c h a r a c t e r i s t i c a l l y h a s a h o r i z o n t a l s u c ­

c e s s i o n of d i f f e r e n t l i t h o l o g i e s , wh ich l i t h o l o g i e s a r e a l s o e v i d e n t a s 
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Bear Lake County, Idaho, for which feature it was named by Richards and 

Nansfie1d (1912, p. 684). In the vicinity of the type area the formation 

comprises up to 450 feet of dark chert, phosphatic and carbonaceous mud­

stone, phosphorite, cherty mudstone, and minor amounts of dark carbonate 

rock according to HcKelvey (in HcKelvey and others, 1959, p. 20). At the 

type area the formation is underlain by the Gr~!deur Member of the Park 

City Formation ~'1.d is overlain by the Dim-Toody Formation of Triassic age. 

The Phosphoria Formation at its type locality is divided into the 

Meade Peak Phosphatic Shale Nember, the Rex Chert Nember, the Cherty 

Shale Member, ~'1.d the Retort Phosphatic Shale Member, in ascending order. 

The lower two of these, the Meade Peak and the Rex, are present in the 

study area and are discussed below. 

l1eade Peak Phosphatic Shale Member 

Definition and type locality. The Phosphatic Shale Hember of 

Richards and ~~sfield (1912, p. 683) (the middle shale member of the 

Park City Formation) was renamed the Neade Peak Phosphatic Shale l1ember 

of the Phosphoria Formation by V. E. NcKelvey (in HcKelvey and others, 

1956, p. 22). The type area of the Heade Peak is the same as that of the 

Phosphoria Formation, Phosphoria Gulch in southeastern Idaho, where the 

member is composed mainly of dark carbonaceous, phosphatic, and argilla­

ceous rocks. Away from the type area, as is the case in the Terrace 

Nountains, the member also includes variable amounts of carbonaceous, 

cherty, or silty rocks. 

The Phosphoria Formation characteristical~ has a horizontal suc­

cession of different lithologies, which lithologies are also evident as 



63 

a v e r t i c a l c y c l e i n some i n d i v i d u a l s e c t i o n s (McKelvey a n d o t h e r s , 1 9 5 6 , 

p , 5 ) « T h i s i s a l s o somewhat t h e c a s e w i t h t h e Meade Peak Member i t s e l f , 

and a s McKelvey m e n t i o n s ( 1 9 5 6 , p . 2 2 ) , t h e c y c l e i s s y m m e t r i c a l i n t h e 

t y p e a r e a of t h e Meade P e a k , 

D i s t r i b u t i o n and e x p o s u r e s . The Meade Peak i s e x p o s e d i n t h e w e s t e r n 

T e r r a c e M o u n t a i n s i n f o u r a r c u a t e b a n d s . The n o r t h e r n m o s t band e n c i r c l e s 

t h e s o u t h e a s t e r n f l a n k o f T a n g e n t Peak and t h e o t h e r s r e s u l t f rom down-

f a u l t i n g of t h e s t r a t i g r a p h i c s e c t i o n t o t h e s o u t h . I n each of t h e s e 

f o u r o c c u r r e n c e s b e d s of t h e u n i t d i p from 15 t o 30 d e g r e e s t o t h e n o r t h ­

w e s t , and i n a l l b u t t h e s o u t h e r n m o s t , t h e y a r e o v e r l a i n by c o n s i d e r a b l e 

t h i c k n e s s e s of t h e Rex C h e r t Member, S o u t h w e s t of t h e s e o u t c r o p s , m a i n l y 

i n s e e s , 2 1 and 2 8 , T , 8 N , , R, 12 ¥ , , t h e Meade Peak i s p r e s e n t i n s e v ­

e r a l s m a l l f a u l t b l o c k s . E x p o s u r e s a r e p o o r , h o w e v e r , and s t r a t i g r a p h i c 

and s t r u c t u r a l r e l a t i o n s a r e d i f f i c u l t t o d e c i p h e r i n t h i s a r e a . S o u t h 

o f t h e T e r r a c e M o u n t a i n s , i n s e e s , U, 9 , and 1 6 , T , 7 N , , R, 12 W, , t h e 

member i s p r e s e n t a l o n g t h e e a s t l i m b of t h e West T e r r a c e s y n c l i n e . I t 

i s c o n c e a l e d i n most of t h i s a r e a by B o n n e v i l l e g r a v e l , b u t a p p a r e n t l y 

d i p s 5 t o 10 d e g r e e s t o t h e w e s t . S t r u c t u r a l c o m p l i c a t i o n i s i n d i c a t e d 

by t h e f a c t t h a t t h e G r a n d e u r , b e l o w i t on t h e e a s t , and t h e R e x , above 

i t on t h e w e s t , b o t h d i p w e s t e r l y a b o u t 30 d e g r e e s . The Meade Peak may 

have t h i c k e n e d h e r e d u r i n g f o l d i n g o f t h e West T e r r a c e s y n c l i n e . 

The p h o s p h a t i c s h a l e i s c o n c e a l e d i n mos t of i t s o c c u r r e n c e s and 

i s u s u a l l y c o v e r e d w i t h s o i l , a l t h o u g h f l o a t of t h e more s i l i c e o u s and 

c a r b o n a c e o u s u n i t s i s n o r m a l l y p r e s e n t on t h e s u r f a c e . The l o w e r p a r t 

of t h e Meade Peak i s n e a r l y eve rywhe r e marked by a s h a l l o w b u t d i s t i n c t 

s w a l e c u t above t h e p r o m i n e n t l e d g e s of t h e u n d e r l y i n g Grandeu r c a r b o n ­

a t e s . Because of f a u l t i n g and e r o s i o n , mos t e x p o s u r e s o f t h e Meade Peak 
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a vertical cycle in some individual sections (McKelvey and others, 1956, 

p. 5). This is also somewhat the case with the Heade Peak Hember itself, 

and as NcKelvey mentions (1956, p. 22), the cycle is symmetrical in the 

t~lPe area of the Meade Peak. 

Distribution a'1d exposures. The Heade Peak is exposed in the western 

Terrace Hountains :in four arcuate bands. The northernmost band encircles 

the southeastern flank of Tangent Peak and t~e others result from down­

faulting of the stratigraphic section to the south. In each of these 

four occurrences beds of the unit dip from 15 to 30 degrees to the north­

west, ruld :in all but the southernmost, they are overla:in by considerable 

thicknesses of the Rex Chert Member. Southvlest of these outcrops, mainly 

in sees. 21 and 28, T. 8 N., R. 12 W., the Meade Peak is present in sev­

eral small fault blocks. Exposures are poor, however, and stratigraphic 

and structural relations are difficult to decipher in this area. South 

of the Terrace Hounta:ins, in secs. 4, 9, and 16, T. 7 N., R. 12 W., the 

member is present along the east limb of the West Terrace syncline. It 

is concealed in most of this area by Bonneville gravel, but apparently 

dips 5 to 10 degrees to the west. Structural complication is :indicated 

by the fact that the Gra'1deur, below it on the east, and the Rex, above 

it on the l-l"est, both dip westerly about 30 degrees. The Meade Peak may 

have thickened here during folding of the West Terrace syncline. 

The phosphatic shale is concealed in most of its occurrences and 

is usually covered with soil, although float of the more siliceous a'1d 

carbonaceous units is normally present on the surface. The lower part 

of the Meade Peak is nearly everywhere marked by a shallow but dist:inct 

swale cut above the prom:inent ledges of the underlying Grandeur carbon­

ates. Because of faulting and erosion, mo.st exposures of the IvIeade Peak 
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a r e i n c o m p l e t e . S u r f a c e s a r e smooth and t o p o g r a p h y i s r o u n d e d where 

d e v e l o p e d on t h e Meade P e a k , p r o d u c i n g a c o n t r a s t w i t h o t h e r u n i t s t h a t 

i s h e l p f u l i n i t s r e c o g n i t i o n on a e r i a l p h o t o g r a p h s . 

T r e n c h i n g of t h e p h o s p h a t i c s h a l e was done i n O c t o b e r 1959 by J . 

S t e w a r t W i l l i a m s f o r t h e Utah S t a t e Land B o a r d , t h e p u r p o s e b e i n g t o 

e v a l u a t e t h e m a t e r i a l and t o f a c i l i t a t e a c c u r a t e measurement and samp­

l i n g . F i v e s e p a r a t e t r e n c h e s were c u t i n t h e f o l l o w i n g l o c a t i o n s : ( l ) 

c e n t e r E§MSj, s e c . 3 , T . 8 N . , R. 12 W.j ( 2 ) and ( 3 ) , c e n t e r E^NWj s e c 

3 , T . 8 N . , R. 12 W. 5 ( i t ) and ( 5 ) , SW^SWj s e c 2 , T . 8 N . , R . 12 W. Only 

t h e f i r s t of t h e s e was of u s e t o t h e w r i t e r , t h e o t h e r s h a v i n g b e e n c u t 

a t u n c e r t a i n s t r a t i g r a p h i c p o s i t i o n s i n i n c o m p l e t e s e c t i o n s . R e s u l t s o f 

t h i s i n v e s t i g a t i o n a r e f u r t h e r d i s c u s s e d u n d e r economic g e o l o g y . 

T h i c k n e s s , l i t h o l o g y , and s t r a t i g r a p h i c r e l a t i o n s h i p s . I n t h e T e r r a c e 

M o u n t a i n s , t h e Meade Peak c o m p r i s e s 1|00 f e e t of m u d s t o n e , s i l t y and c h e r t y 

c a r b o n a t e r o c k and s h a l e . Two p h o s p h a t i c i n t e r v a l s a r e p r e s e n t , one i n 

t h e b a s a l t e n f e e t and one n e a r t h e m i d d l e of t h e member. These a r e 

s e p a r a t e d by a p p r o x i m a t e l y 160 f e e t of d o l o m i t i c , s i l i c e o u s and i n p a r t 

s i l t y c a r b o n a t e r o c k , an i n t e r v a l which i s v e r y p r o b a b l y a t o n g u e of t h e 

P lympton F o r m a t i o n . The u p p e r h a l f of t h e Meade Peak i s a v e r y t h i n b e d ­

ded t o l a m i n a r m u d s t o n e , s h a l e , and s i l t s t o n e . The u p p e r m o s t 50 f e e t a r e 

p l a t y , c a l c a r e o u s s i l t s t o n e and v e r y f i n e - g r a i n e d s a n d s t o n e . T h i s i n t e r ­

v a l i s p o s s i b l y a c l a s t i c t o n g u e of t h e F r a n s o n Member from t h e e a s t o r 

of t h e Plympton F o r m a t i o n from t h e s o u t h w e s t . 

The b a s a l u n i t of t h e Meade Peak r e s t s c o n f o r m a b l y on and c a u s e s a 

s w a l e t o form above t h e r e s i s t a n t , l e d g e - f o r m i n g d o l o m i t e of t h e Grandeu r 

( F i g . 5>). T h i s l e d g e and s w a l e i s p e r s i s t e n t i n t h e T e r r a c e Moun ta in s 
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are incomplete. Surfaces are smooth and topography is rounded where 

developed on the Meade Peak, producing a contrast with other units that 

is helpful in its recognition on aerial photographs. 

Trenching of the phosphatic shale was done in October 1959 by Je 

Stewart Williams for the Utah State Land Board, the purpose being to 

evaluate the material and to facilitate accurate measurement and samp­

ling. Five separate trenches l·mre cut in the fol101ving locations: (1) 

center EtNEi, sec. 3, T. 8 N., R. 12 W.; (2) and (3), center EtlfWi sec. 

3, T. 8 N., R. 12 W.; (4) and (5), swiswi sec. 2, T. 8 N., R. 12 W. On~ 

the first of these was of use to the writer, the others having been cut 

at uncertain stratigraphic positions in incomplete sections. Results of 

this investigation are further discussed under economic geology. 

Thickness, lithology, and stratigraphic relationships. In the Terrace 

}Iountains, the Meade Peak comprises 400 feet of mudstone, silty and cherty 

carbonate rock and shale. Two phosphatic intervals are present, one in 

the basal ten feet and one near the middle of the member. These are 

separated by approximately 160 feet of dolomitic, siliceous and in part 

silty carbonate rock, an interval which is very probably a tongue of the 

Plympton Formation. The upper half of the Meade Peak is a very thin bed~ 

ded to laminar mudstone, shale, and siltstone. The uppermost 50 feet are 

platy, calcareous siltstone and very fine-grained sandstone. This inter­

val is possibly a clastic tongue of the Franson Member from the east or 

of the Plympton Formation from the southvlest. 

The basal unit of the Beade Peak rests conformably on and causes a 

swale to form above the reSistant, ledge-forming dolomite of the Grandeur 

(Fig. 5). This ledge a..'1d swale is persistent in the Terrace Mountains 



F i g u r e $• The s w a l e i n t h e c e n t e r f o r e g r o u n d i s on t h e 
c o n t a c t b e t w e e n s h a l e o f t h e Meade Peak on t h e l e f t 
and d o l o m i t e of t h e Grandeur on t h e r i g h t . Swale 
and l e d g e i n t h e b a c k g r o u n d mark t h e c o n t a c t a c r o s s 
h i l l s i n t h e s o u t h e r n p a r t o f t h e w e s t e r n T e r r a c e 
Moun ta ins * 

Figure 5. The swale in the center foreground is on the 
contact between shal e of the ~~ade Peak on the left 
and dolomite of the Grandeur on the right . Swal e 
and ledge in the background mark the contact across 
hills in the southern pa»t of the western Terrace 
Mountains . 
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and g r e a t l y f a c i l i t a t e s l o c a t i o n and mapping of t h i s c o n t a c t . The u p p e r 

c o n t a c t o f t h e Meade Peak i s p l a c e d a t t h e b a s e of t h e f i r s t b e d of b l a c k 

b e d d e d c h e r t of Rex t y p e . T h i s p o s i t i o n i s i n a p p a r e n t d i s a g r e e m e n t w i t h 

T . M. Cheney ( p e r s o n a l c o m m u n i c a t i o n . I 9 6 0 ) who wou ld p l a c e t h e c o n t a c t 

a t t h e b a s e of u n i t 12 of t h e s e c t i o n of t h i s r e p o r t . The w r i t e r does 

n o t r e c o g n i z e t h a t t h e s i l i c e o u s m a t e r i a l i n h i s u n i t s 1 2 . 1 5 , and 16 

i s of s u f f i c i e n t q u a n t i t y o r of such c h a r a c t e r t h a t i t s h o u l d b e i n c l u d e d 

a s p a r t of t h e o v e r l y i n g Rex . The s i l i c e o u s m a t e r i a l may r e p r e s e n t c o n ­

d i t i o n s of d e p o s i t i o n g e n e t i c a l l y r e l a t e d t o t h o s e of t h e o v e r l y i n g Rex , 

b u t t h e more c l a s t i c l i t h o l o g y of t h e s e u n i t s and o t h e r s i n t h e u p p e r 

Meade Peak i n d i c a t e s t h a t t h e y b e l o n g , i n t h e o p i n i o n o f t h e w r i t e r , more 

a p p r o p r i a t e l y t o t h e Meade Peak t h a n t o t h e Rex . The dominance of c a r ­

b o n a c e o u s r o c k s and muds tone i n t h e T e r r a c e M o u n t a i n s s e c t i o n a s compared 

w i t h g r e a t e r amounts of s h a l e i n t h e t y p e a r e a i s f u r t h e r j u s t i f i c a t i o n 

o f t h i s p r o c e d u r e , wh ich i s t o s a y t h a t t h e Meade Peak i s o f more h e t e r -

o g e n i o u s l i t h o l o g y i n t h e T e r r a c e M o u n t a i n s t h a n i t i s i n i t s t y p e a r e a . 

A l s o of s i g n i f i c a n c e i s t h e f a c t t h a t t h e f i r s t d i s t i n c t b e d o f 

R e x - l i k e c h e r t , a t t h e b a s e of which t h e w r i t e r h a s drawn t h e u p p e r c o n ­

t a c t of t h e Meade P e a k , r e p r e s e n t s a s h a r p d e p o s i t i o n a l change from t h e 

u n d e r l y i n g s i l t s t o n e s , a l t h o u g h u n i t s 2 and k o f t h e Rex a r e a l s o s i l t ­

s t o n e , t o n g u e s of t h e Meade Peak o r F r a n s o n i n t h e i n t e r p r e t a t i o n o f t h e 

w r i t e r , and r e p r e s e n t b r i e f r e t u r n s t o Meade Peak c o n d i t i o n s a f t e r t h e 

f i r s t d e p o s i t i o n of t h e R e x - t y p e c h e r t . A l t h o u g h i t may seem s o , t h e 

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

g e n e r a l p o l i c y of t h e U . S . G e o l o g i c a l S u r v e y , which i s t o i n c l u d e t r a n ­

s i t i o n a l b e d s a t t h e t o p of t h e Meade Peak w i t h t h e Rex o r F r a n s o n b e ­

c a u s e of l i t h o l o g i c a l l i a n c e t o t h o s e u n i t s (McKelvey e t a l , 1 9 5 6 , p . 2 3 ) . 
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and greatly facilitates location and mapping of this contact. The upper 

contact of the Meade Peak is placed at the base of the first bed of black 

bedded chert of Rex type. This position is in apparent disagreement with 

T. M. Cheney (personal communication, 1960) who would place the contact 

at the base of unit 12 of the section of this report. The ,vri ter does 

not recognize that the siliceous material in his units 12, 15, and 16 

is of sufficient quantity or of such character that it should be included 

as part of the overlying Rex. The siliceous material may represent con­

ditions of deposition genetically related to those of the overlying Rex, 

but the more clastic lithology of these units and others in the upper 

Meade Peak indicates that they belong, in the opinion of the writer, more 

appropriately to the Meade Peak than to the Rex. The dominance of car­

bonaceous rocks and mudstone in the Terrace Mountains section as compared 

with greater amounts of shale in the type area is further justification 

of this procedure, which is to say that the Meade Peak is of more heter­

ogenious lithology in the Terrace Hountains than it is in its type area. 

Also of significance is the fact that the first distinct bed of 

Rex-like chert, at the base of which the writer has dravID the upper con­

tact of the I'Bade Peak, represents a sharp depositional change from the 

underlying siltstones, although units 2 and 4 of the Rex are also silt­

stone, tongues of the Neade Peak or Franson in the interpretation of the 

writer, and represent brief returns to Meade Peak conditions after the 

first deposition of the Rex-type chert. Although it may seem so, the 

writer does not feel that his interpretation is at variance with the 

general policy of the U.S. Geological Survey, which is to include tran­

sitional beds at the top of the Heade Peak with the Rex or Franson be­

cause of lithologic alliance to those units (McKelvey et aI, 1956, p. 23). 
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The Meade Peak i n t h e T e r r a c e Moun ta in s i s o f s u c h d i v e r s e l i t h o l o g y 

t h a t l i m i t a t i o n of t h e t e r m t o o n l y t h e t h i n p h o s p h a t i c s h a l e u n i t s would 

b e u n d u l y r e s t r i c t i v e . For t h i s r e a s o n , s i l t s t o n e u n i t s above t h e u p p e r 

p h o s p h a t i c s h a l e and muds tone b e d s be low t h e f i r s t good Rex c h e r t bed a r e 

i n c l u d e d i n t h e Meade P e a k . S h a l e y muds tone and s i l t s t o n e b e d s above t h e 

f i r s t good R e x - t y p e c h e r t a r e i n c l u d e d w i t h t h e Rex , i n a c c o r d a n c e w i t h 

S u r v e y p o l i c y . A l s o , a s opposed t o s i l i c e o u s zones w i t h i n t h e Meade 

P e a k , t h e b a s a l c h e r t bed of t h e Rex p r o v i d e s a u s e f u l h o r i z o n by wh ich 

t h e c o n t a c t can be mapped. 

A v e r t i c a l c y c l i c s e q u e n c e of l i t h o l o g i e s may b e p r e s e n t i n t h e 

T e r r a c e M o u n t a i n s s e c t i o n , b u t i f s o , i t i s n o t c o m p l e t e and i s n o t 

e a s i l y d i s t i n g u i s h a b l e . The g e n e r a l s e q u e n c e c o n t i n u e s upward f rom 

b a s a l b i o c l a s t i c , p h o s p h a t i c l i m e s t o n e , t h r o u g h p h o s p h a t i c s h a l e and 

m u d s t o n e , t o t h e m i d d l e of t h e c h e r t y c a r b o n a t e u n i t . T h i s s e q u e n c e i s 

t h e n r e f l e c t e d by t h e u p p e r p a r t of t h e c h e r t y c a r b o n a t e u n i t , mud and 

s i l t s t o n e , and p h o s p h a t i c s h a l e . 

Measured s e c t i o n . 

S e c t i o n of t h e Meade Peak Member of t h e P h o s p h o r i a F o r m a t i o n 

m e a s u r e d i n t r e n c h , 

c e n t e r , E J - N E | s e c , 3 , T . 8 N . , R. 12 ¥ . , U t a h . 

P e r m i a n : 

P h o s p h o r i a F o r m a t i o n : 

Rex C h e r t Member. 

C o n c o r d a n t c o n t a c t 

Meade Peak Member: 
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The l-leade Peak in t he Terrace Hounta:ins i s of such diverse lithol ogy 

that limitation of the term to only the thin phosphatic shale units would 

be und~ restrictive . For this reason, siltstone units above the upper 

phosphatic shale and mudstone beds below the first good Rex chert bed are 

included in the Meade Peak. Shaley mudstone and siltstone beds above the 

first good Rex- type chert are included with t he Rex, in accordance with 

Surve.y policy _ Also, as opposed to siliceous zones within the Meade 

Peak, the basal chert bed of t he Rex provides a useful horizon by whic h 

the contact can be mapped. 

A vertical cyclic sequence of lithol ogies may be present in t he 

Terrace Mountains section, but if so, it is not compl ete and is not 

eas~ distinguishable . The general sequence continues upward from 

basal bioclastic , phosphatic limestone, through phosphatic shal e and 

mudstone , to the middle of the cherty carbonate unit . This sequence is 

then reflected by the upper part of the cherty carbonate unit , mud and 

siltstone , and phosphatic shale . 

Measured section . 

Section of the J1eade Peak t<lember of the Phosphoria Formation 

measured in trench, 

center, EiNE; sec . 3, T. 8 N., R. 12 W., Utah. 

Permian ; 

Phosphoria Fo~tion : 

Rex Chert Member . 

Concordant contact 

J·leade Peak Member : 
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UNIT DESCRIPTION THICKNESS 
( f e e t ) 

2 c S i l t s t o n e , t a n t o g r a y , w e a t h e r s l i g h t g r a y t o medium 
b r o w n . C o n s i d e r a b l e i r o n s t a i n i n g ; p o o r l y d e v e l o p e d 
L i e s e g a n g r i n g s . L a m e l l a r b e d d i n g ; f i s s i l e . P a r t i a l l y 
c o n c e a l e d . S h a r p c o n t a c t w i t h o v e r l y i n g u n i t . . . . . . . . . , , , , , , 25 

2 3 , S h a l e , s i l t y , b l a c k , w e a t h e r s d a r k b r o w n i s h b l a c k ; l o w e r 
p a r t b r o w n e r . L a m e l l a r b e d d i n g ; f i s s i l e , S i l t y c o n t e n t 
i n t h i n pods 10 

2 2 . S a n d s t o n e , d a r k g r a y , w e a t h e r s y e l l o w t a n t o b r o w n . W e l l -
d e v e l o p e d L i e s e g a n g r i n g s . C a l c a r e o u s ; v e r y f i n e - g r a i n e d ; 
v e r y t h i n - b e d d e d , some t o 3 i n c h e s . W e a t h e r s i n p l a t e s 
and s p a l l s . Minor amount of s h a l e y m u d s t o n e . . . . . . . 6 

2 1 . M u d s t o n e , s i l t y , medium-brown, w e a t h e r s l i g h t g r a y . Non-
c a l c a r e o u s . Very t h i n - b e d d e d t o l a m e l l a r . W e a t h e r s i n 
s m a l l , a n g u l a r , f i s s i l e c h i p s 13 

2 0 . M u d s t o n e , b l a c k , w e a t h e r s g r a y w i t h g r e e n i s h y e l l o w s t a i n . 
N o n - c a l c a r e o u s ; f i s s i l e ; s h a l e y . . 5 

1 9 . S h a l e , d a r k - b r o w n t o b l a c k , w e a t h e r s l i g h t e r . Most c a l c a r ­
e o u s , some n o t . Very t h i n - b e d d e d t o l a m e l l a r ; f i s s i l e . 
Bedd ing i n d i s t i n c t . S e v e r a l b e d s of l e a c h e d , s i l t y mud­
s t o n e ; n o n - c a l c a r e o u s . S e v e r a l zones of c a l c a r e o u s c o n ­
c r e t i o n s . P a r t s of u n i t p h o s p h a t i c . . . 2;3> 

1 8 . M u d s t o n e , c a l c a r e o u s , and s h a l e . Mudstone i s medium brown 
t o b l a c k , w e a t h e r i n g l i g h t g r a y . Very t h i n - b e d d e d , some 
t o 3 I n c h e s . P a r t s c o n c r e t i o n a r y ; c o n c r e t i o n s 1 t o 5 f e e t 
i n l e n g t h . S h a l e I n t e r b e d d e d w i t h m u d s t o n e ; v e r y b l a c k ; 
b e d d i n g l a m e l l a r ; f i s s i l e . W e a t h e r s t o t h i n f l a k e s • 8 

1 7 . Muds tone , c a l c a r e o u s , b r o w n , w e a t h e r s l i g h t e r . Bedding 
l a m e l l a r , 1 t o 10 mm. Few s i l i c e o u s z o n e s . L a r g e c a l c a r ­
eous c o n c r e t i o n s a t t o p of u n i t . S t r e b l o c h o n c h r i a mon t -
p e l i e r e n s i s ( G i r t y ) , r a r e 9 

1 6 . M u d s t o n e , c a l c a r e o u s , and l i m e s t o n e , d a r k - g r a y t o b l a c k , 
w e a t h e r s l i g h t g r a y . Very t h i n - b e d d e d t o l a m e l l a r . L a r g e 
c o n c r e t i o n s i n u p p e r p a r t ; 1 X 2 X 6 f e e t ; most f r a c t u r e d , 
show w h i t e c a l c i t e v e i n s . U n i t w e a t h e r s i n t o b l o c k y 
f l o a t and t h i s i n t o f i s s i l e f l a k e s . 10 

1 5 . C o n c e a l e d . S i l i c e o u s muds tone i s dominan t f l o a t ; v e r y t h i n -
b e d d e d ; w e a t h e r s t o b l o c k y , b r i t t l e c h i p s 2 1 

l i i . M u d s t o n e , c a l c a r e o u s , m o t t l e d b r o w n i s h - b l a c k , w e a t h e r s v e r y 
l i g h t g r a y w i t h some r e d - o r a n g e i r o n s t a i n i n g . Very t h i n -
b e d d e d ; b l o c k y w e a t h e r i n g . Some s i l i c e o u s b e d s i n m i d d l e . . . 17 
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UNIT DESCRIPTION THICKNESS 

24. Siltstone, tan to gray, weathers light gray to medium 
brown. Considerable iron staining; poorly developed 
Liesegang rings. Lamellar beddin.g; fissile. Partially 

(feet) 

concealed. Sharp contact with overlying unit............... 25 

23. Shale, Silty, black, weathers dark brownish black; lower 
part browner. Lamellar bedding; fissile. Silty content 
in thin pods................................................ 10 

22. Sandstone, dark gray, weathers yellow tall to brown. I-Tell­
developed Liesegang rings. Calcareous; very fine-grained; 
very thin-bedded, some to 3 inches. Weathers in plates 
and spalls. Hinor amount of shaley mudstone................ 6 

21. Hudstone, silty, medium-br01ID, weathers light gray. Non­
calcareous. Very thin-bedded to lamellar. Weathers in 
small, angular, fissile chips............................... 13 

20. Mudstone, black, weathers gray with greenish yellow stain. 
Non-calcareous; fissile; shaley ••••••••••••••••••••••••••••• 

19. Shale, dark-brown to black, weathers lighter. Host calcar­
eous, some not. Very thin-bedded to la~ellar; fissile. 
Bedding i~distinct. Several beds of leached, silty mud­
stone; non-calcareous. Several zones of calcareous con-
cretions. Parts of unit phosphatic......................... 45 

18. Nudstone, calcareous, and shale. Nudstone is medium brovm 
to black, weatherD1g light gray. VerJ thLl-bedded, some 
to 3 inches. Parts concretionary; concretions 1 to 5 feet 
in length. Shale interbedded .Jith mudstone; very black; 
bedding lamellar; fissile. Weathers to thin flakes......... 8 

17. Mudstone, calcareous, br01m, vJeathers lighter. Bedding 
lamellar, 1 to 10 mm. Few siliceous zones. Large calcar­
eous concretions at top of llilit. Streblochonchria mont-
pelierensis (Girt'J''''), rare •.........•..•.••......... -:-:-:-:..... 9 

16. Mudstone, calcareous, a~d limestone, dark-gray to black, 
weathers ligbt gray. Very thin-bedded to lamellar. Large 
concretions in upper part; 1 X 2 X 6 feet; most fractured, 
show white calcite veins. Unit weathers into blocky 
float and this into fissile flakes.......................... 10 

15. Concealed. Siliceous mudstone is dOminru1t float; very thin-
bedded; vleathers to blocky , brittle chips................... 21 

14. Mudstone, calcareous, mottled brownish-black, weathers very 
light gray with some red-orange iron staining. Very thin-
bedded; blocky weathering. Some siliceous beds in middle... 17 
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1 3 . M u d s t o n e , c a l c a r e o u s , medium-brown, w e a t h e r s l i g h t e r . 
Bedding l a m e l l a r ; f i s s i l e . N o n - r e s i s t a n t u n i t . T h i n 
b e d of b l a c k , p l a s t i c c l a y n e a r m i d d l e . F o s s i l s from 
p a r t i n c l u d e S t r e b l o c h o n c h r i a m o n t p e l i e r e n s i s ( G i r t y ) , 
C r u r i t h y r i s a r c u a t a {Girty)3 P s e u d o g a s t r i o c e r a s s p , 
( a b u n d a n t ) ( F i g , 6 ) , s t r a i g h t n a u t i l o i d ( i n d e t , ) , c o l l e d 
n a u t i l o i d ? ( i n d e t , ) , c e p h a l o p o d ( i n d e t , - p o s s i b l y 2 
g e n e r a ? ) , o n y c h i t e s ( b e l e m n o i d t e n t a c l e hooks - r a r e ) 
( F i g . 7 ) , D e n t a l i n a ? s p . ( r a r e ) , s h a r k t o o t h ( r a r e ) , f i s h 
p a r t s ? ( r a r e ) , o r g a n i c s p i n e s , o r g a n i c m a t e r i a l ( i n d e t , ) , . . , 1 1 

1 2 . M u d s t o n e , c a l c a r e o u s , medium g r a y - b r o w n , w e a t h e r s l i g h t 
g r a y , T e r y t h i n - b e d d e d t o l a m e l l a r , b e a d i n g i n d i s t i n c t . 
Some y e l l o w i s h and some s i l i c e o u s z o n e s . W e a t h e r s t o 
b l o c k y chunks • 2 

1 1 , M u d s t o n e , p h o s p h a t i c , medium b r o w n i s h - g r a y , w e a t h e r s d a r k 
b r o w n . Bedd ing l a m e l l a r ; f i s s i l e ; w e a t h e r s t o s h a l e y 
f r a g m e n t s . Abundant s m a l l - t o m e d i u m - s i z e d n o d u l e s n e a r 
m i d d l e o f t e n c o n t a i n f o s s i l s , i n c l u d i n g P s e u d o g a s t r i o c e r a s 
s p . , p e l e c y p o d s ( i n d e t , - 2 g e n e r a ) 32 

1 0 . L i m e s t o n e and m u d s t o n e , b l a c k t o d a r k - b r o w n , w e a t h e r s g r a y 
t o t a n . H e t e r o g e n e o u s l i t h o l o g y ; some s i l i c e o u s o r c h e r t y 
l i m e s t o n e . S i l t y b e d s n e a r c e n t e r show f a i n t L i e s e g a n g 
r i n g s . Some mudstone b e d s c a l c a r e o u s , some n o t . L a m e l l a r 
t o v e r y t h i n - b e d d e d . P a r t i a l l y c o n c e a l e d . P o s s i b l y u p t o 
5 f e e t r e p e a t e d i n u p p e r p a r t by s m a l l f a u l t . . . 28 

9 . L i m e s t o n e , v e r y d a r k - g r a y , w e a t h e r s l i g h t e r . C r y s t a l l i n e , 
f i n e - g r a i n e d . W h i t e c a l c i t e v e i n i n g . Very t h i n - t o t h i n -
b e d d e d . P o s s i b l e l a r g e c o n c r e t i o n s ; p o o r l y e x p o s e d . . . . . . . . . h 

8 . C o n c e a l e d . F l o a t i s d o l o m i t i c l i m e s t o n e , v e r y d a r k - g r a y , 
w e a t h e r s medium g r a y . Upper p a r t s i l t y . C r y s t a l l i n e , 
v e r y f i n e - g r a i n e d ; s i l i c e o u s i n p a r t , g i v e s c o n c h o i d a l 
f r a c t u r e . Lower p a r t v e r y t h i n - b e d d e d , u p p e r p a r t l a m e l l a r . 
P o s s i b l e r e p e t i t i o n of a few f e e t by s m a l l - s c a l e f a u l t i n g . . . 10$ 

7 . C o n c e a l e d . No p r e d o m i n a n t f l o a t . P o s s i b l e s m a l l - s c a l e 

5 . S h a l e , b r o w n i s h - b l a c k , w e a t h e r s medium t a n t o b r o w n . Bedd ing 
l a m e l l a r t o v e r y t h i n . S l i g h t l y p h o s p h a t i c , p e l l e t a l I n p a r t . 
P a r t c a l c a r e o u s , p a r t a p p e a r s l e a c h e d and e a r t h y . M o s t l y 

f a u l t i n g 25 

6 . M u d s t o n e , d a r k - b r o w n t o b r o w n i s h - b l a c k , w e a t h e r s l i g h t 
b r o w n . S l i g h t l y p h o s p h a t i c ; s p a r s e d a r k b l e b s o r p e l l e t s . 
Ve ry t h i n - b e d d e d , some t o 3 i n c h e s . F i s s i l e i n p a r t ; n o n -
c a l c a r e o u s • P a r t l y c o n c e a l e d . 10 

c o n c e a l e d 1 1 

6B 

13. Hudstone, calcareous, medium-brolm, weathers lighter. 
Bedding lamellar; fissile. Non-resistant unit. Thin 
bed of black, plastic clay near middle. Fossils from 
part include Streblochonchriamomeelierensis (Girty), 
Crurithyris arcuata (Girty), Pseudogastrioceras sp. 
(abundant) (Fig. 6), straight nautiloid (indet.), coiled 
nautiloid? (indet.), cephalopod (indet. - possibly 2 
genera?), onychites (belemnoid tentacle hooks - rare) 
(Fig. 7), Dentalina? sp. (rare), shark tooth (rare), fish 
parts? (rare), organic spines, organic material (indet.).... 11 

12. l1udstone, calcareous, medium gray-broim, weathers light 
gray. Ve~J thin-bedded to lamellar, beddLDg indistinct. 
Some yellowish and some siliceous zones. \feathers to 
blocky chunks............................................... 2 

11. Mudstone, phosphatic, medium brownish-gray, weathers dark 
brown. Bedding lamellar; fissile; weathers to shaley 
fragments. Abundant small-to medium-sized nodules near 
middle often contain fossils, including Pseudogastrioceras 
sp., pelecypods (indet. - 2 genera)......................... 32 

10. Limestone &~d mudstone, black to dark-brmin, weathers gray 
to tan. Heterogeneous lithology; some siliceous or cherty 
limestone. Silty beds near center show faint Liesegang 
rings. Some mudstone beds calcareous, some not. Lamellar 
to very thin-bedded. Partially concealed. Possibly up to 
5 feet repeated in upper part by small fault................ 28 

9. Limestone, very dark-gray, "Heathers lighter. Crystalline, 
fL'le-grained. If.ni te calcite veining. Very thin- to thin-
bedded. Possible large concretions; poorly exposed......... 4 

B. Concealed. Float is dolomitic limestone, very dark-gray, 
weathers medium gray. Upper part silty. Crystalline, 
very fine-grained; siliceous in part, gives conchoidal 
fracture. Lower part very thin-bedded, upper part lamellar. 
Possible repetition of a fevJ feet by small-scale faulting... 105 

7. Concealed. No predominant float. Possible small-scale 
faulting. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 25 

6. Hudstone, dark-brown to brownish-black, weathers light 
brow.n. Slightly phosphatic; sparse dark blebs or pellets. 
Very thin-bedded, SOT1e to 3 inches. Fissile in part; non-
calcareous. Partly concealed............................... 10 

5. Shale, broW!~ish-black, weathers medium tan to bro1m. Bedding 
lamellar to very thin. Slightly phosphatic, pelletal in part. 
Part calcareous, part appears leached and earthy. Mostly 
concealed.. ... .. . ... .. ........... ... ... ... .... ............•.. 11 

/ 



F i g u r e 6 . P s e u d o g a s t r i o c e r a s s p , from u n i t 13 o f t h e 
m e a s u r e d s e c t i o n o f t h e Meade Peak Member o f t h e 
P h o s p h o r i a F o r m a t i o n , ( x l ) . 

F i g u r e 7 , O n y c h i t e , a b e l e m n o i d t e n t a c l e h o o k , f rom u n i t 
13 o f t h e measu red s e c t i o n o f t h e Meade Peak Member 
o f t h e P h o s p h o r i a F o r m a t i o n ( x 8 ) , 

Figure 6 . Pseudosastrioceras sp. from unit 13 of the 
measur ed sectl.on of the Neade Peak J-lember of the 
Phosphoria Formation . (x 1) • 

. ' 

Figure 7 . Onyohite, a belemnoid tentacle hook, from unit 
13 of the measured section of the ~1eade Peak Hember 
of the Phosphoria Formation (x 8). 
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i t . L i m e s t o n e , v e r y d a r k - g r a y t o b l a c k , w e a t h e r s l i g h t e r . 
P h o s p h a t i c . S e v e r a l t h i n b e d s i n u n i t ; b e d d i n g p l a n e s 
a p p e a r t o b e s t y l o l i t i c 8 i n c h e s 

3 . S h a l e , p h o s p h a t i c , b r o w n i s h - b l a c k , w e a t h e r s d a r k brown t o 
t a n . Bedding l a m e l l a r ; f i s s i l e . S p a r s e p h o s p h a t i c 
p e l l e t s . N o n - c a l c a r e o u s , l e a c h e d ; u s u a l l y c o n c e a l e d . . . . . . . . 3 

2 . S h a l e , p h o s p h a t i c , b r o w n i s h - b l a c k , w e a t h e r s d a r k b r o w n . 
L a m e l l a r b e d d i n g ; w e a t h e r s t o t h i n , f i s s i l e c h i p s ; p e l l e t a l . 
S l i g h t l y c a l c a r e o u s . Forms t o p o g r a p h i c s w a l e a l o n g w i t h 
u n i t s 3 t h r o u g h 7 ; u s u a l l y c o n c e a l e d . 28 i n c h e s 

1 . L i m e s t o n e , b i o c l a s t i c , d a r k - g r a y , w e a t h e r s l i g h t e r . Lower 
p a r t d o l o m i t i c . P h o s p h a t i c ; p e l l e t a l i n p a r t . T h i n - b e d d e d , 
a v e r a g e 3 to h i n c h e s . C o n s i d e r a b l e amount of s h e l l h a s h 
and f i s h s c a l e s ? . . 1 

T o t a l t h i c k n e s s of Meade Peak Member iiOii 

Conformable c o n t a c t 

P a r k C i t y F o r m a t i o n : 

Grandeu r Member. 

Age and c o r r e l a t i o n . On t h e b a s i s of s t r a t i g r a p h i c c o r r e l a t i o n , 

t h e Meade Peak I s of Wordian a g e . Almost e v e r y w h e r e i t was d e p o s i t e d 

i t o v e r l i e s t h e Grandeur ( l a t e L e o n a r d i a n - e a r l y Word i an ) and u n d e r l i e s 

t h e Rex o r F r a n s o n ( C a p i t a n i a n ) (Dunbar and o t h e r s , I 9 6 0 ) . I n p l a c e s 

i n U tah and I d a h o , p a r t s of t h e Meade Peak a r e i n t e r b e d d e d w i t h and 

t h e r e f o r e e q u i v a l e n t t o p a r t s of t h e s e u n d e r l y i n g and o v e r l y i n g u n i t s . 

The l o w e r b e d s of t h e Meade Peak a r e l a t e r a l l y g r a d a t i o n a l w i t h 

t h e Lower C h e r t Member of t h e P h o s p h o r i a F o r m a t i o n i n w e s t e r n Wyoming 

(McKelvey and o t h e r s , 1 9 5 9 , p . 2 1 ) , and i n s o u t h e r n and e a s t e r n Wyoming 

t h e Meade Peak i s c o r r e l a t e d w i t h t h e M i n n e k a h a t a L i m e s t o n e of l o w e r 

Word ian a g e . F u r t h e r e a s t and s o u t h i t c o r r e l a t e s w i t h r e d b e d s i n S o u t h 

D a k o t a , N e b r a s k a , and Kansas (Dunbar and o t h e r s , I 9 6 0 ) . S o u t h w e s t o f t h e 
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4. Limestone, ve~ dark-gray to bl ack, weathers lighter . 
Phosphatic. Several thin beds in unit; bedding planes 
appear to be styl ol itic •••• • •••••••• • •• • •••••••••• • • • •• •• ••• 

3 . Shale , phosphatic , brownish-b l ack, wea.thers dark brO'lffi to 
tan . Bedding lamellar; fissile . Sparse phosphatic 

8 inches 

pellets . Non- calcareous, leached; usually concealed........ 3 

2. Shale , phosphatic , brmoffiish-black, weathers dark brown. 
Lamel lar bedding; weathers to thin, fissile chips ; pelletal. 
Slightly calcareous . Forms topographic swale along with 
units 3 through 7; usually conceal ed ••• • ••• ••• ••• • •••••••••• 28 inches 

1 . Limestone , bioclastic , dark- gray, weathers l ighter . Lower 
part dolomitic . Phosphatic; pelletal in part . Thin-bedded, 
average 3 to 4 inches . Considerabl e amount of shell hash 
and fish scales? .. .. .. . . . . ....... . ... ... .... .. . . ... . ... . .. . 1 

Total thickness of Meade Peak Hember........ . .. . .... . .. 404 

Conformable contact 

Park City Formation : 

Grandeur Member . 

Age and correlation . On t he basis of stratigraphic correlation, 

the Meade Peak is of Wordian age . Almost everywhere it was deposited 

it overl ies the Grandeur (late Leonardian- early vlordian) and underlies 

the Rex or Franson (Capitanian) (Dunbar and others , 1960) . In pl aces 

in Utah and Idaho , parts of the Meade Peak are interbedded with and 

therefore equivalent to parts of these underlying and overlying units . 

The lower beds of the Meade Peak are laterally gradational with 

the Lower Chert Member of the 'Phosphoria Formation in western Wyoming 

(HcKelvey and others, 1959, p. 21 ) , and in souther n and eastern Wyoming 

the Meade Peak is cor rel ated with the Minnekahata Limestone of l ower 

Wordian age . Further east and south it correlates with redbeds in South 

Dakota , Nebraska, and Kansas (Dunbar and others , 1960). Southwest of the 
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mapped a r e a t h e Meade Peak i s c o r r e l a t e d w i t h t h e l o w e r p a r t o f t h e 

P lympton F o r m a t i o n of Word ian a g e , and p e r h a p s w i t h a p o r t i o n o f t h e 

u p p e r P lympton a s w e l l . 

F a u n a l e v i d e n c e of l a t e W o r d i a n - C a p i t a n i a n age i s i n d i c a t e d by t h e 

p r e s e n c e i n t h e T e r r a c e Moun ta in s e c t i o n of P s e u d o g a s t r i o c e r a s , c e r t a i n 

s p e c i e s of w h i c h , a c c o r d i n g t o M i l l e r and C l i n e (I93h), a r e a b u n d a n t and 

w i d e s p r e a d i n t h e U n i t e d S t a t e s and Mexico o n l y i n b e d s of Word ian a g e . 

M i l l e r , F u r n i s h , and C l a r k q u e s t i o n e d t h e d e s i g n a t i o n o f Word ian age f o r 

t h e Meade Peak i n 1 9 5 7 , h o w e v e r , when t h e y s u g g e s t e d t h a t t h e ammonoid 

a s s e m b l a g e i n t h a t u n i t i n s o u t h e a s t e r n I d a h o and t h e c e n t r a l Wasa tch 

M o u n t a i n s was of L e o n a r d i a n a g e . I n s p i t e of t h i s , r e c e n t a s s i g n m e n t 

of t h e o v e r l y i n g G e r s t e r F o r m a t i o n t o t h e C a p i t a n i a n on t h e b a s i s o f 

ammoni tes by Mackenz ie Gordon ( i n Dunbar and o t h e r s , I 9 6 0 , p . 1775) 

a g a i n l e n d s s u p p o r t t o t h e p r o b a b i l i t y of l a t e W o r d i a n - C a p i t a n i a n a g e 

f o r t h e u n d e r l y i n g Meade P e a k . 

E l l i s Y o c h e l s o n m e n t i o n s ( w r i t t e n c o m m u n i c a t i o n , 1 9 6 l ) t h a t t h e 

b r a c h i o p o d L e i o r h y n c h o i d e a and t h e c e p h a l o p o d P s e u d o g a s t r i o c e r a s , o c c u r 

t o g e t h e r i n c o l l e c t i o n s t h a t have b e e n a s s i g n e d an e a r l y C a p i t a n i a n age 

i n t h e Las D e l i c i a s a r e a , M e x i c o . He f u r t h e r s a y s t h a t on t h e b a s i s of 

t h e a s s o c i a t i o n of g e n e r a i n t h e f o s s i l c o l l e c t i o n s from n o r t h w e s t e r n 

U t a h , he would s u g g e s t t h a t t h e Meade Peak e q u i v a l e n t i n t h a t a r e a i s 

no o l d e r t h a n m i d d l e Wordian a g e . 

Rex C h e r t Member 

D e f i n i t i o n and t y p e l o c a l i t y . A l t h o u g h t h e Rex C h e r t was named by 

Ga le f o r Rex Peak i n t h e Crawford M o u n t a i n s , R ich Coun ty , U t a h , t h e t y p e 
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mapped area the Meade Peak is correlated with the lower part of the 

P~pton Formation of Wordian age, and perhaps with a portion of the 

upper Plympton as well. 

Faunal evidence of late Wordian-Capitanian age is indicated by the 

presence in the Terrace Nountain section of Pseudogastrioceras, certain 

species of which, according to Hiller and Cline (1934), are abunda..'1t and 

vlidespread in the United States and 11exico only in beds of Wordian age. 

Miller, Furnish, and Clark questioned the designation of Wordian age for 

the Heade Peak in 1957, hOv19ver, i.Jhen they suggested that the ammonoid 

assemblage in that unit in southeastern Idaho and the central vlasatch 

Mountains was of Leonardian age. In spite of this, recent assignment 

of the overlylllg Gerster Formation to the Capitanian on the basis of 

armnonites by Nackenzie Gordon (~Dunbar and others, 1960, p. 1775) 

again lends support to the probability of late Worctian-Capitanian age 

for the underlying Meade Peak. 

Ellis Yochelson mentions (written communication, 1961) that the 

brachiopod Leiorhynchoidea and the cephalopod Pseudogastrioceras, occur 

together in collections that have been assigned an early Capitanian age 

in the Las Delicias area, Mexico. He further s~s that on the basis of 

the association of genera in the fossil collections from northwestern 

Utah, he vlOuld suggest that the fileade Peak equivalent in that area is 

no older than middle Wordian age. 

Rex Chert Hember 

Definition and type locality. Although the Rex Chert was named by 

Gale for Rex Peak in the Crawford r1ountains, Rich County, Utah, the type 
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s e c t i o n i s a p p a r e n t l y t a k e n t o be t h a t d e s c r i b e d by R i c h a r d s and Mans- ' 

f i e l d ( 1 9 1 2 ) i n t h e a r e a o f P h o s p h o r i a G u l c h , Bear Lake C o u n t y , I d a h o 

(McKelvey and o t h e r s , 1 9 5 6 , p . 2 5 ) . R i c h a r d s and M a n s f i e l d d e s c r i b e d 

t h e Rex a t t h a t l o c a l i t y a s g r a y l i m e s t o n e and b l a c k c h e r t , r e d - s t a i n e d 

b l a c k c h e r t , and c h e r t y s h a l e ( 1 9 1 2 , p . 68U)• McKelvey ( 1 9 5 6 , p . 26 ) 

r e s t r i c t e d t h e name "Rex" t o t h e h a r d , r e s i s t a n t , d a r k c h e r t above t h e 

Meade P e a k , and d e s i g n a t e d t h e c h e r t y s h a l e a s a s e p a r a t e member ( l 9 l t 9 , 

p . 2 7 2 ) . 

D i s t r i b u t i o n and e x p o s u r e s . The Rex C h e r t forms t h e summit and a l l 

b u t t h e s o u t h e a s t s l o p e of T a n g e n t Peak i n t h e n o r t h e r n p a r t o f t h e w e s t ­

e r n T e r r a c e M o u n t a i n s . To t h e s o u t h from t h e p e a k , i t i s e x t e n s i v e l y 

e x p o s e d a l o n g t h e w e s t s i d e of t h e r a n g e . I t i s p r e s e n t on b o t h s i d e s 

of t h e West T e r r a c e s y n c l i n e , and forms t h e most s o u t h e r l y o u t c r o p s o f 

t h a t s t r u c t u r e . The re a r e no o c c u r r e n c e s of t h e Rex i n t h e e a s t e r n T e r ­

r a c e o r t h e Hogup M o u n t a i n s . 

The Rex forms t h e most p r o m i n e n t c l i f f s i n t h e w e s t e r n T e r r a c e Range 

and u s u a l l y i s w e l l e x p o s e d . Because of e x t e n s i v e f a u l t i n g , h o w e v e r , t h e r e 

i s no s i n g l e u n b r o k e n s e c t i o n i n t h e mapped a r e a . I t w a s , t h e r e f o r e , n e c ­

e s s a r y t o c o m p i l e a s e c t i o n f o r m e a s u r e m e n t , p a r t l y from e x p o s u r e s i n t h e 

s o u t h e r n T e r r a c e Moun ta in s and p a r t l y from t h e s o u t h s l o p e of S h e l t e r 

M o u n t a i n , 

T h i c k n e s s , l i t h o l o g y , and s t r a t i g r a p h i c r e l a t i o n s h i p s , A 1 1 5 7 - f o o t 

s e q u e n c e of b e d d e d c h e r t , c h e r t y s i l t s t o n e , and c h e r t y muds tone I s a s s i g n ­

ed t o t h e Rex C h e r t Member of t h e P h o s p h o r i a F o r m a t i o n , I n c l u d e d w i t h i n 

t h i s s e q u e n c e a r e s e v e r a l i n t e r v a l s of l i m e s t o n e , d o l o m i t e , and c h e r t y 

c a r b o n a t e r o c k wh ich a r e c o n s i d e r e d t o n g u e s of t h e G e r s t e r and P lympton 
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section is apparentlY taken to be that described b,y Richards and Mans- " 

field (1912) in the area of Phosphoria Gulch, Bear Lake County, Idaho 

(NcKelvey and others, 1956, p . 25) . Richards and Mansfield described 

the Rex at that locality as gray limestone and black chert, r ed- stained 

black chert, and cherty shale (1912, p. 684) . McKelvey (1956, p. 26) 

restricted t he name "Rex" to the hard, resistant , dark chert above the 

Meade Peak, and designated t he cherty shale as a separate member (1949, 

p . 272) . 

Distribution and exposures . The Rex Chert forms the summit and all 

but the sout heast slope of Tangent Peak in t he northern part of the west­

ern Terrace Mount ains . To t he south from t he peak, it is extensively 

exposed along the west side of the range. It is present on both sides 

of the West Terrace syncl ine , and for ms t he most southerly outcrops of 

that structure. There are no occurrences of the Rex in t he easter n Ter­

r ace or the Hogup Hountains . 

The Rex forms the most pr ominent cli£fs in the western Terrace Range 

and usually is wel l exposed. Because of extensive faul ting, however , there 

is no single unbroken section in the mapped area . It was , there£ore , nec­

essary to compile a section for measurement, partly from exposures in the 

southern Terr ace Mountains and partly from t he south sl ope of Shel ter 

Mountain . 

Thickness , lithology, and strati graphi c relationships . A llS7-foot 

sequence of bedded chert, cherty siltstone , and cherty mudstone is assi gn­

ed to the Rex Chert Member of the Phosphoria Formation. Included within 

this sequence are several. intervals of limestone, dolOmite, and cherty 

carbonate rock which are considered tongues of the Gerster and Plympton 
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F o r m a t i o n s . The l a t t e r f o r m a t i o n i s a s e q u e n c e of g r a y c h e r t , y e l l o w ­

i s h - g r a y d o l o m i t e , c h e r t y d o l o m i t e , and mino r s a n d s t o n e , s i l t s t o n e , and 

gypsum e x p o s e d on and named f o r P lympton Ridge i n t h e Confus ion R a n g e , 

M i l l a r d C o u n t y , U t a h (Hose and R e p e n n i n g , 1 9 5 9 , p . 2 l 8 l ) , The P lympton 

F o r m a t i o n i s bounded by t h e Kaibab be low and t h e G e r s t e r a b o v e , and i s 

c o r r e l a t e d g e n e r a l l y w i t h t h e Meade Peak and t h e l o w e r p a r t s of t h e Rex 

and t h e F r a n s o n Member o f t h e P a r k C i t y F o r m a t i o n i n t h e Wasa tch a r e a . 

Tongues of. t h e Plympton c o m p r i s e u n i t s 8 , 9 , and p o s s i b l y 6 , a s w e l l 

a s p a r t s o f o t h e r u n i t s i n t h e Rex s e c t i o n . C a r b o n a t e i n t e r v a l s w h i c h 

show s t r o n g l i t h o l o g i c a n d / o r f a u n a l a f f i n i t y t o t h e G e r s t e r i n c l u d e 

u n i t s 1 8 , 1 3 , and 1 1 , and p a r t s o f o t h e r s . These c a r b o n a t e t o n g u e s a g g r e ­

g a t e 396 f e e t , a c o n s i d e r a b l e p a r t o f t h e Rex s e c t i o n . 

C o n t a c t s b e t w e e n t h e t o n g u e s of c a r b o n a t e r o c k and t h e c h e r t b e d s 

o f t h e Rex a r e somewhat g r a d a t i o n a l . C h e r t i s p r e s e n t w i t h i n t h e c a r b o n a t e 

i n t e r v a l s , u s u a l l y a s d i s c r e e t n o d u l e s , and c a r b o n a t e r o c k i s u s u a l l y 

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

r a t h e r t h a n b e i n g d i s s e m i n a t e d t h r o u g h o u t t h e c h e r t . 

W i t h i n t h e l o w e r p a r t of t h e Rex a r e s e v e r a l t h i n I n t e r v a l s of c h e r t y 

s h a l e o r m u d s t o n e , q u i t e s i m i l a r t o t h e t y p e a s s i g n e d by McKelvey ( 1 9 5 6 , 

p . 28) t o t h e C h e r t y S h a l e Member of t h e P h o s p h o r i a F o r m a t i o n , C h e r t y 

s h a l e i s t h e dominan t l i t h o l o g y i n and above t h e Rex i n t e r v a l i n t h e S u b ­

l e t t e and o t h e r r a n g e s I n s o u t h e r n I d a h o , and a l t h o u g h t h e b e d s i n t h e 

T e r r a c e Moun ta in s e c t i o n may be i n p a r t c o r r e l a t i v e w i t h t h o s e t o t h e 

n o r t h , t h e y may o n l y r e p r e s e n t s i m i l a r l i t h o f a c i e s d e v e l o p m e n t . I n any 

c a s e , t h e y a r e n o t s u f f i c i e n t l y d i s t i n c t i n t h e mapped a r e a t o b e d i f f e r ­

e n t i a t e d from t h e Rex , 

D e p o s i t i o n of R e x - t y p e c h e r t was i n t e r r u p t e d above t h e i n i t i a l o r 
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Formations . The l atter formation is a sequence of gray chert, yellclVl­

ish- gray dolomite, cherty dolomite , and minor sandstone, siltstone, and 

gypsum exposed on and named for P~pton Ridge in the Confusion Range , 

Hillard County, Utah (Hose and Repenning, 1959 , p . 2181) . The Plympton 

Formation is bounded by the Kaibab below and the Gerster above, and is 

correlated general ly with t he Heade Peak and t he l ower parts of the Rex 

and the Franson Member of the Park City Formation in the Wasatch area. 

Tongues of, the Plympton comprise units 8, 9, and possibly 6, as well 

as parts of other units in the Rex section. Carbonate intervals which 

show strong lithol ogic and/or faunal affinity to the Ger ster incl ude 

units 18, 13, and 11, and parts of others. These carbonate tongues aggre­

gate 396 feet, a conSiderable part of the Rex section . 

Contacts between the tongues of carbonate rock and the chert beds 

of the Rex are somewhat gradational. Chert is present within the carbonate 

intervals , usually as discreet nodules , and carbonate rock is usually 

present in the chert beds as irregular but distinct nodules or segregations 

rather than bei ng disseminated throughout the chert . 

Within the lower part of the Rex are several thin intervals of cher ty 

shale or mudstone, quite similar to the type assigned by McKelvey (1956, 

p. 28) to the Cherty Shale Hember of the Phosphoria Formation. Cherty 

shale is the dominant lithology in and above the Rex interval in the Sub­

l ette and other ranges in southern Idaho, and although the beds in the 

Terrace Mountain section may be in part correlative with those to the 

north, they may only represent similar lithofacies development . In aQY 

case, they are not sufficiently distipct in the mapped area to be differ­

entiated from the Rex . 

Deposition of Rex- type chert was i nterrupted above the initial or 
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b a s a l b e d by a b r i e f i n f l u x of f i n e c l a s t i c m a t e r i a l s i m i l a r t o t h a t i n 

t h e u p p e r Meade Peak ( o r F r a n s o n T o n g u e ? ) . H i g h e r i n t h e Rex , t h e c h e r t 

was a g a i n c o n t a m i n a t e d , t h r o u g h a c o n s i d e r a b l e t h i c k n e s s , by e x t r e m e l y 

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

ous o r c h e r t y m u d s t o n e . 

The p l a c i n g o f b o t h t h e u p p e r and l o w e r c o n t a c t s o f t h e Rex i n t h e 

T e r r a c e M o u n t a i n s was n e c e s s a r i l y a somewhat a r b i t r a r y c h o i c e . The l o w e r 

c o n t a c t was p l a c e d a t t h e b a s e of t h e f i r s t i n t e r v a l of homogeneous , r e l a ­

t i v e l y p u r e , b e d d e d b l a c k c h e r t above t h e Meade P e a k . The u p p e r c o n t a c t 

was c h o s e n a t t h e b a s e of a r i c h l y f o s s i l i f e r o u s , c h e r t - f r e e c a r b o n a t e 

i n t e r v a l which was a s s i g n e d t o t h e G e r s t e r on t h e b a s i s of f a u n a and l i t h ­

o l o g y . Th in c a r b o n a t e u n i t s c o n t a i n i n g t h e S p i r i f e r i n a p u l c h r a f a u n a c h a r ­

a c t e r i s t i c of t h e G e r s t e r a r e p r e s e n t b e l o w t h e above m e n t i o n e d b e d , b u t 

a r e c o n s i d e r e d t o n g u e s of t h e G e r s t e r w i t h i n t h e R e x . None i s d i s t i n c t 

enough t o b e u s e d a s a b a s e f o r m a p p i n g . As w i l l be f u r t h e r d i s c u s s e d 

w i t h t h e G e r s t e r F o r m a t i o n , a t o n g u e of R e x - l i k e c h e r t i s p r e s e n t w i t h i n 

t h e G e r s t e r , p r o d u c e d by a p a r t i a l r e t u r n t o Rex d e p o s i t i o n a l c o n d i t i o n s 

above t h e u p p e r c o n t a c t a s h e r e c h o s e n . 

V e r t i c a l co lumnar s t r u c t u r e s or p i p e s a r e w e l l d e v e l o p e d i n s e v e r a l 

o f t h e c h e r t b e d s o f t h e Rex , e s p e c i a l l y i n u n i t l i t . These s e d i m e n t a r y 

s t r u c t u r e s a v e r a g e one t o f o u r i n c h e s i n d i a m e t e r and most a r e 12 t o 1 5 

i n c h e s l o n g . I n t r a n s v e r s e s e c t i o n t h e y show a c i r c u l a r c o r e of impure 

d a r k c h e r t e n c l o s e d by an a l t e r n a t i n g s e q u e n c e of t h i n c o n c e n t r i c r i n g s 

of p u r e w h i t e c h e r t and impure d a r k c h e r t of t h e t y p e t h a t forms t h e 

c o r e and t h e s u r r o u n d i n g bed ( F i g . 8 ) . I n v e r t i c a l s e c t i o n o f some , t h e 

c o r e i s c y l i n d r i c a l , b u t i n o t h e r s i t i s c o n i c a l , w i t h t h e apex a t t h e 
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basal bed by a brief influx of fine clastic material similar to that in 

the upper Meade Peak (or Franson Tongue?). Higher in the Rex, the chert 

was again contaminated, through a considerable thickness, by extremely 

fine cl astic material , producing the above mentioned intervals of silice­

ous or cher ty mudstone . 

The placing of both t he upper and l ower contacts of the Rex i n the 

Terrace Mountains was necessarily a somewhat arbitrary choice . The l ower 

contact was pl aced at the base of t he first interval of homogeneous , rela­

tively pure, bedded black chert above the Meade Peak. The upper contact 

was chosen at the base of a richly fossiliferous, chert-free carbonate 

interval which was ass i gned to the Ger ster on t he basis of fauna and lith­

ology. Thin carbonate units containing t he Spiriferina pulchra fauna char ­

acteristic of the Gerster are present below t he above mentioned bed, but 

are considered tongues of t he Gerster within the Rex . None i s distinct 

enough to be used as a base for mapping. As will be further discussed 

with the Gerster Formation, a tongue of Rex-like chert i s present within 

the Gerster, produced by a partial r eturn to Rex depositional conditions 

above the upper contact as here chosen . 

Vertical columnar structures or pipes are well devel oped in several 

of t he chert beds of the Rex, especial ly in unit 14. These sedimentary 

structures average one to four inches in diameter and most are 12 to 15 

inches l ong . In transverse section they show a circular core of impure 

dark chert enclosed by an alternating sequence of thin concentr ic rings 

of pure white chert and impure dark chert of the type that f onllS the 

core and the surrounding bed (Fig. 8) . In vertical secti on of some , the 

core is cylindrical, but in others it is conical, with the apex at the 
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b o t t o m . I n t h e l a t t e r c a s e , t h e c o n c e n t r i c t u b e s a r e v e r t i c a l , b u t a r e 

s t e p p e d a r o u n d t h e c o n i c a l c o r e ( F i g . 9 ) . The w h i t e t u b e s of p u r e 

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

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

by S t e e l e ( 1 9 5 9 , p . 1 9 2 ) , t h e e n t i r e s t r u c t u r e may r e p r e s e n t an a l g e -

sponge o r g a n i s m , S t e e l e s a y s f u r t h e r t h a t a t some l o c a l i t i e s s u c h o r g a n ­

i s m s make u p e n t i r e b e d s , some r e a c h i n g s e v e r a l h u n d r e d of f e e t i n t h i c k ­

n e s s , and t h a t t h e c h e r t s o f t h e G e r s t e r and P h o s p h o r i a F o r m a t i o n s i n many 

p l a c e s a r e composed a l m o s t e n t i r e l y of t h e monaxon s p i c u l e s o f t h i s o r g a n ­

i s m . 

I t i s c h a r a c t e r i s t i c t h a t t h e b e d d i n g s u r f a c e s i n t h e Rex a r e wavy 

o r i r r e g u l a r l y u n d u l a t o r y . They a r e marked by t h i n s i l t y p a r t i n g s w h i c h 

w e a t h e r o r a n g e and t a n t o d a r k b r o w n i s h - r e d , wh ich c o l o r s s t a i n t h e s u r ­

f a c e of t h e c h e r t i n some i n s t a n c e s . 

The Rex w e a t h e r s by f r a c t u r i n g i n t o s m a l l r e c t a n g u l a r b l o c k s w h i c h 

a r e i n d i v i d u a l l y q u i t e r e s i s t a n t and form a d a r k r e s i d u a l c o v e r i n g on t h e 

s u r f a c e . T h i s r e s i d u u m can b e s e e n i n t h e f i e l d and on a e r i a l p h o t o g r a p h s , 

and i s an a i d t o mapping t h e u n i t . 

The s o u r c e of s i l i c a i n t h e Rex h a s b e e n i n v e s t i g a t e d by numerous g e o ­

l o g i s t s . Most o f them b e l i e v e t h e u l t i m a t e s o u r c e t o have b e e n e i t h e r 

v o l c a n i s m o r c h e m i c a l w e a t h e r i n g , and many a l s o f e e l t h a t t h e s i l i c a was 

l a t e r d i r e c t l y p r e c i p i t a t e d from s e a w a t e r , a l t h o u g h some c o n s i d e r o r g a n i c 

p r e c i p i t a t i o n , i n t h e form of sponge s p i c u l e s , t o have b e e n a s i g n i f i c a n t 

p a r t of t h e immed ia t e s o u r c e . S p i c u l e s a r e p r e s e n t i n some b e d s of t h e 

Rex i n t h e T e r r a c e Moun ta ins and i n a few zones t h e y a r e so a b u n d a n t t h a t 

t h e y form a c o n s i d e r a b l e p a r t of t h e r o c k . However , t h e s o u r c e of t h e 

m a t e r i a l t h a t formed t h e b u l k of t h e Rex c h e r t r e m a i n s q u e s t i o n a b l e . 
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bottom. In the latter case, the concentric tubes are vertical, but are 

stepped around the conical core (Fig. 9). The white tubes of pure 

cbert are possibly fillings of concentric tensional fractures, developed 

penecontemporaneously with or shortly after deposition; or, as suggested 

by Steele (1959, p. 192), the entire structure may represent an alge­

sponge organism. Steele says further that at some localities such organ­

isms make up entire beds , some reaching several hundred of feet in thick­

ness , and that the cherts of the Gerster and Phosphoria Formations in many 

places are composed almost entirely of the monaxon spicules of this organ­

ism. 

It i s characteristic that the bedding surfaces in the Rex are wavy 

or irregularly undulatory. They are marked by thin silty partings which 

weather orange and tan to dark brownish-red, which colors stain the sur­

face of the chert in some instances. 

The Rex weathers by fracturing into small rectangul ar blocks which 

are individually quite resistant and form a dark residual covering on the 

surface . This r esiduum can be seen in the field and on aerial photographs , 

and is an aid to mapping the unit . 

The source of silica in the Rex has been investigated by numerous geo­

logists. Most of them believe t he ultimate source to have been either 

volcanism or chemical weathering, and many also feel that the silica was 

l ater directly precipitated from seawater, although some consider organic 

precipitation, in the form of sponge spicules , to have been a significant 

part of the immediate source . Spicules are present in some beds of the 

Rex in the Terrace Hountains and in a few zones they are so abundant that 

they form a considerable part of the rock. However , the source of the 

material that formed the bulk of t he Rex chert remains questionable . 



T r a n s v e r s e s e c t i o n o f one h a l f of a co lumnar F i g u r e 8 . 
o r 
t i o n of t h e Rex C h e r t Member o f t h e P h o s p h o r i a Forma 
t i o n . The s c a l e i s s i x i n c h e s l o n g . 

t ! p i p e , ! s t r u c t u r e from u n i t lh o f t h e m e a s u r e d s e c -

F i g u r e 9 . V e r t i c a l s e c t i o n of t h e same s p e c i m e n shown i n 
f i g u r e 8 . S c a l e i s s i x i n c h e s l o n g . 

Figure 6. Tr ansver se section of one half of a columnar 
or "pipe" structure from unit 14 of the measured sec­
tion of the Rex Chert Hember of the Phosphoria Forma­
tion. The scale is six inches long. 

Figure 9. 
figure 

Vertical secti on of the 
8. Scale i s six inches 

same specimen 
long. 

shown in 
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Measured s e c t i o n . 

S e c t i o n o f t h e Rex C h e r t Member of t h e P h o s p h o r i a F o r m a t i o n 

measu red i n 

N E J N E J s e c . 3 , and i n NEij s e c . 1 6 , T . 8 N . , R. 12 W., U t a h . 

P e r m i a n : 

G e r s t e r F o r m a t i o n . 

Conformable c o n t a c t 

P h o s p h o r i a F o r m a t i o n : 

Rex C h e r t Member: 

UNIT DESCRIPTION THICKNESS 
( f e e t ) 

1 9 . C h e r t , g r a y - b r o w n i n u p p e r p a r t , v e r y d a r k - b r o w n i n 
l o w e r p a r t . T h i n - t o med ium-bedded . L i m e s t o n e , 5> t o 
10 p e r c e n t , med ium-g ray , w e a t h e r s y e l l o w t a n t o o r a n g e ; 
n o d u l a r . C o n t a c t s h a r p w i t h o v e r l y i n g f o r m a t i o n 

1 8 . G s : L i m e s t o n e ( 9 0 $ ) and c h e r t ( 1 0 $ ) . L i m e s t o n e i s medium-
g r a y , w e a t h e r s d a r k e r . B i o c l a s t i c , N o n - r e s i s t a n t u n i t , 
forms s w a l e on r i d g e . F o s s i l s i n c l u d e Derbya magna, 
H u s t e d i a s p . , S p i r i f e r i n a p u l c h r a , E c h i n a u r i s s u b h o r r i d a , 
Ba thymonia n e v a d e n s i s • 

1 7 . C h e r t ( 7 0 $ ) and l i m e s t o n e ( 3 0 $ ) . C h e r t i s y e l l o w b rown , 
w e a t h e r s l i g h t e r . Bedding i n d i s t i n c t , n o d u l a r i n p a r t . 
L i m e s t o n e i s medium g r a y b rown, w e a t h e r s y e l l o w t a n . S i l t y . 
Bed c o n t a i n i n g a b u n d a n t c r i n o i d c o l u m n a l s 5> f e e t above b a s e . . 

1 6 . C h e r t ( 9 0 $ ) and l i m e s t o n e ( 1 0 $ ) . Same a s u n i t 15> w i t h 
a d d i t i o n medium-gray l i m e s t o n e n o d u l e s . . . . . • • 

1 5 . C h e r t , b r o w n i s h - g r a y , w e a t h e r s s a m e . Bedding i n d i s t i n c t . 
Some w h i t e c a l c i t e b l e b s . Some c h e r t y s h a l e o r m u d s t o n e ; 
t h i n - b e d d e d . U n i t m o s t l y c o n c e a l e d 

l i t . C h e r t ( 9 0 $ ) and l i m e s t o n e ( 1 0 $ ) . C h e r t i s b r o w n i s h b l a c k 
t o b l a c k , w e a t h e r s same . Medium-bedded, d i s t i n c t . Marked 
d e v e l o p m e n t of v e r t i c a l l y l a m i n a t e c h e r t p i p e s and c o n e s ; 
1 t o ii i n c h e s i n d i a m e t e r , u p t o l £ i n c h e s l o n g . See F i g s . 
8 and 9 . L i m e s t o n e i s s i l t y , medium g r a y , i n i r r e g u l a r 
n o d u l e s • • 

1 3 . G s ? : L i m e s t o n e , c h e r t y , m e d i u m - g r a y , w e a t h e r s l i g h t e r . 
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Measured section . 

Section of the Rex Chert Member of the Phosphoria Formation 

measured in 

NEiNE~ sec . 3, and in NE; sec. 16 j T. 8 N. , R. 12 W. , Utah. 

Permian : 

Gerster Formation. 

Conformable contact 

Phosphoria Formation: 

Rex Chert Member: 

UNIT DESCRIPTION THICKNESS 

19. Chert , gray- brown in upper part, very dark- brown in 
l ower part . Thin- to medium-bedded . Limestone, S to 
10 per cent, medium- gray J weathers yellow tan to orange; 

(feet) 

nodular . Contact sharp with overlying formation .. .. ........ 73 

18. Gs: Limestone (90%) and chert (10%) . Limestone is medium­
gray, weathers darker . ~astic. Non-resistant unit , 
forms swale on ridge . Fossils include Derbya magna, 
Hustedia sp., S~irirerina pulchra, Echinauris subhorrida, 
BatfjiMonia neva ensis....................................... 5 

17.. Chert (70%) and limestone (30%) .. C~ert is yellOYI brawn, 
weathers lighter . Bedding indistinct , nodular in part . 
Limestone is medium gray brown, weathers yellow tan. Silty. 
Bed containing abundant crinoid columnals S feet above base •• 

16. Chert (90%) and l imestone (10%) . Same as unit 15 with 
addition medium-gray limestone nodules aa •••••• a ••••••••••••• 

IS. Chert, brownish- gray, weathers same . Bedding indistinct . 
Some white calcite bl ebs . Some cherty shale or mudstone; 
thin-bedded . Unit mostly concealed •• • ••••••••••••• •• •••• • •• 

14. Chert (90%) and l imestone (10%). Chert is brownish black 
toOIack, weathers same . }tedium-bedded, distinct . Marked 
devel opment of vertically laminate chert pipes and cones; 
1 to 4 inches in diameter , up to IS inches long. See Figs. 
Sand 9. Limestone is silty, medium gray, in irregular 
nodules •••••. • •. •• •• • ••••• •• . •••••• •• ••••••• •••••••••• . ••••• 

13. Os?: Limestone , cherty, medium- gray, weathers lighter . 

70 

10 

";'U 

180 
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C r y s t a l l i n e ; m e d i u m - g r a i n e d . P a r t s have u p t o 30 p e r c e n t 
d a r k g r a y - b r o w n c h e r t n o d u l e s • • • • . . , 

12*, C h e r t , g r a y - b r o w n , w e a t h e r s s a m e . Bedding d i s t i n c t , a v e r a g e 
f i v e i n c h e s . Up t o 5 p e r c e n t m e d i u m - g r a y , c r y s t a l l i n e l i m e ­
s t o n e ; n o d u l a r , 16 

1 1 • G s ? : L i m e s t o n e , m e d i u m - g r a y , w e a t h e r s l i g h t e r , C h e r t y , 
Bedd ing i n d i s t i n c t . T h i s u n i t c o r r e l a t e d on t h e b a s i s of 
f o s s i l s , l i t h o l o g y , and s t r a t i g r a p h i c p o s i t i o n w i t h a u n i t 
on T a n g e n t P e a k , f o u r and t w o - t h i r d s m i l e s t o t h e n o r t h e a s t , 
from wh ich t h e f o l l o w i n g f o s s i l s were c o l l e c t e d : C r u r i t h y r i s ? 
s p . i n d e t . , C h o n e t e s ? s p . , C a n c r i n e l l a ? n . s p . , Rhynchopora 
c f . R. t a y l o r i , P l a g i o g l y p t a s p . , Nucu la s p p . , Nucu lana c f . 
N . o b e s a , Nucu lana? a f f . N . b e l l i s t r i a t a , A v i c u l o p e c t e n s p . , 
l i uphemi t e s e x q u i s i t u s , B e l l e r o p h o n d e f l e c t u s , R e t i s p i r a s p . , 
W o r t h e n i a s p . , " G l a b r o c i n g u l u m " s p . , * P h y m a t o p l e u r a u s p . , 
K n i g h t i t e s ( R e t i s p i r a ) s p . , g a s t r o p o d genus i n d e t . , P s e u d o -
z y g o p l e u r a s p . , S t r o b e u s s p . i n d e t . , f i s h f r a g m e n t i n d e t . , 
r amose b r y o z o a n s u n d e t . , v e r t e b r a t e l i m b b o n e , i n d e t . • • 10 

1 0 , C h e r t ( 8 5 ) and d o l o m i t e ( l 5 $ ) » C h e r t i s d a r k g r a y t o brown 
b l a c k , more brown i n u p p e r p a r t , w e a t h e r s s ame . Medium- t o 
t h i n - b e d d e d . D o l o m i t e i s l i g h t g r a y , w e a t h e r s d a r k g r a y . 
S m a l l r e a c t i o n t o a c i d . U n i t i s r e s i s t a n t and w e l l e x p o s e d . 
Lower c o n t a c t g r a d a t i o n a l • • 120 

9» P I : C o n c e a l e d . F l o a t i s d a r k g r a y , s i l i c e o u s d o l o m i t e w i t h 
1 0 t o 20 p e r c e n t c h e r t i n t h e l o w e r p a r t , u p t o 60 p e r c e n t 
c h e r t i n t h e u p p e r p a r t . C h e r t i s a p p a r e n t l y i n i r r e g u l a r 
n o d u l e s i n t h e d o l o m i t e • • • • • • • • • * • • « 190 

8 . P I : C o n c e a l e d . F l o a t i s d o l o m i t e , s i l i c e o u s . D a r k - g r a y , 
w e a t h e r s t a n t o r e d d i s h b rown . C r y s t a l l i n e , f i n e - g r a i n e d . 
Abundant b r a c h i o p o d s p i n e s I n l o w e r 20 f e e t . W e a t h e r s t o 
s m a l l a n g u l a r c h i p s and c h u n k s • • • • • • • • • • • • 65 

7 . C h e r t and d o l o m i t e . C h e r t i s d a r k - g r a y t o b l a c k , w e a t h e r s 
s a m e . N o d u l a r i n p a r t and v e r y t h i n - b e d d e d , 2 t o ii i n c h e s , 
i n p a r t . Bedding i n d i s t i n c t . Th in i n t e r b e d s of d a r k - g r a y 
s i l i c e o u s and s i l t y d o l o m i t e c o n s t i t u t e 10 t o 15 p e r c e n t o f 
t h e u n i t . Do lomi t e w e a t h e r s d a r k g r a y b r o w n . D i s s e m i n a t e d 
b l e b s of p h o s p h a t i c m a t e r i a l i n t h e l o w e r p a r t , some p o s s i ­
b l y bone 280 

6 . P I ? : C o n c e a l e d . F l o a t i s s i l i c e o u s o r d o l o m i t i c s i l t s t o n e 
and s i l t y d o l o m i t e , medium- t o d a r k - g r a y , w e a t h e r s o r a n g e 
brown t o v e r y d a r k b r o w n . Very t h i n - b e d d e d , a p p a r e n t l y 
a v e r a g e s 2 i n c h e s . O c c a s i o n a l t h i n b e d s of b l a c k c h e r t 
t h r o u g h o u t 120 

C h e r t and m u d s t o n e , s i l i c e o u s . Mudstone dominan t i n l o w e r 
p a r t , c h e r t i n u p p e r . Mudstone i s d a r k g r a y , w e a t h e r s l i g h t e r 
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Crystalline ; medium-grained. Parts have up to )0 per cent 
dark gr~-brown chert nodules ............................... 6 

12 . Chert , gray- br own, weather s same . Bedding distinct , average 
five inches . Up to S per cent medium- gr ay, crystalline lime-
stone; nodular •• o • ••• o •••••• o ••• • ••• o ••••• '" • • •• • 0.. .. .. ... 16 

11. Gs?: Limestone , medium-gray, weathers lighter . Cherty . 
Bedding indistinct . This unit corr elated on the basis of 
fossil s , l ithology, and stratigraphic position with a unit 
on Tangent Peak, four and two- thir ds miles to the northeast , 
f r om which the following foss ils were collected : Crurithyris ? 
sp . indet., Chonetes? sp_, Cancrinella? n. sp., ~Chopora 
cf. ~. taylori , Plagiog6YFta sp., Nucula spp., Nucu ana cf. 
N. abesa, Nucul ana? afro N. bei llstrlata, Avicul£eecten ap., 
! uphemites ex~situa , Beller oghon deflectus , Ret~s~ira sp., 
Worthenia sp., Gl abrocin urn sp., hPhY'i#topl eura sp., 
Knightites (Retispira ap., gastropod genus indet., Pseudo­
zygopleur a sp. , Str obeus sp. indet., fish fragment indet., 
r amose bryozoans undet ., vertebrate limb bone , indet........ 10 

10. Chert (85) and dolomite (15%). Chert i. dark gray to br own 
bl ack, more brown in upper part, weathers same . Mediurn- t o 
thin-bedded. Dol omite is light gr~, weathers dark gr ay. 
Smail reaction to acid. Unit is r esistant and well exposed. 
Lower contact gradational................................... 120 

9 . Pl: Concealed. Float is dark gray, siliceous dol omite with 
10 to 20 per cent chert in the l O\>ler part, up to 60 per cent 
chert in the upper part . Chert is apparent~ in irr egular 
nodul es in the dolomite ................ ..... ... . ............ 190 

8. Pl: Concealed. Float is dolOmite, sili ceous . Dark- gray, 
weatHers tan to reddish brown. Crystalline , fine- grained. 
Abundant brachiopod spines in lower 20 feet . vleathers to 
smail angular chips and chunks .............................. 65 

7. Chert and dol omite . Chert i s dark- gray to bl ack, weathers 
same . Nodular in part and very thin-bedded, 2 to 4 inches , 
in part. Bedding indistinct . Thin interbeds of dark-gr~ 
siliceous and silty dolomite constitute 10 to 15 per cent of 
the unit . Dolomite weathers dark gr~ brown. Disseminated 
blebs of phosphatic material in the lower part, some possi-
b~ bone .. . ...................... . ... . ...... . ......... . ..... 280 

6 . Pl? : Concealed . Float is siliceous or dolomiti c siltstone 
and silty dolOmite , medium- to dark-gray, weathers orange 
brown to very dark brown . Very thin-bedded, apparent~ 
averages 2 inches . Occasional thin beds of bl ack chert 
throughout .. •••••• • • •• • ••• •• •• • • • •• • • •.• . • •• ••• • • • • • • •• • • • • • 120 

Chert and mudstone , siliceous . 
part, chert in upper . }rudstone 

Mudstone dominant in lower 
is dark gray, weat hers l ighter 
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g r a y ; h a r d and b r i t t l e . B l e b s of s i l i c e o u s m a t e r i a l g i v e 
m o t t l e d a p p e a r a n c e . C h e r t i n c r e a s e s upward t o d e n s e b l a c k 
c h e r t a t t o p . Bedding 2 t o 3 i n c h e s i n l o w e r p a r t , 5 t o 6 
i n c h e s i n u p p e r p a r t . Bedding d i s t i n c t ; u n i t w e l l e x p o s e d he 

h. S i l t s t o n e , d a r k g r a y - b r o w n , w e a t h e r s y e l l o w i s h o r a n g e , t a n 
and g r a y . S l i g h t l y c a l c a r e o u s . Very t h i n - b e d d e d ; w e a t h e r s 
t o t h i n f i s s i l e f l a k e s . F a i n t L i e s e g a n g r i n g s . P o s s i b l y 
F r a n s o n . • 2 

C h e r t , d a r k g r a y t o b l a c k , w e a t h e r s same . T h i n - b e d d e d ; 
5 t o 10 i n c h e s . Dark r e d d i s h o r a n g e s i l t y p a r t i n g s on 
u n d u l a t o r y o r wavy b e d d i n g s u r f a c e . Beds p e r s i s t a n t l a t e r ­
a l l y . Homogeneous, no c o n c r e t i o n s o r p i p e s t r u c t u r e s . R e ­
s i s t a n t u n i t , fo rms c l i f f o r l e d g e . C o n t a c t s s h a r p w i t h 
e n c l o s i n g u n i t s • 23 

2 . S h a l e , g r a y t o b l a c k , w e a t h e r s t a n t o medium brown b l a c k . 
Bedd ing a v e r a g e s 10 i n c h e s , i n d i s t i n c t . C o n c r e t i o n a r y i n 
p a r t . W e a t h e r s i n t o s m a l l f i s s i l e c h i p s . Upper 6 i n c h e s , 
s i l t s t o n e , s i l i c e o u s , medium g r a y - t a n t o v e r y d a r k b rown , 
w e a t h e r s l i g h t e r . Lower bed c o n c r e t i o n a r y , b l a c k w i t h 
w h i t e c o a t i n g . Bedding s u r f a c e s wavy b u t b e d s p e r s i s t a n t 
l a t e r a l l y . P o s s i b l y a t o n g u e o f Meade Peak o r F r a n s o n . . . . . . 8 . 5 

1 . C h e r t , d a r k - g r a y t o b l a c k , w e a t h e r s same, m o t t l e d a p p e a r a n c e . 
Iiower c o n t a c t s h a r p . U n i t i s a 1 2 - i n c h b e d w i t h s e v e r a l 
t h i n b e d s on t o p . R e s i s t a n t , forms l e d g e • • • • • 1 . 5 

Conformable c o n t a c t 

P h o s p h o r i a F o r m a t i o n : 

Meade Peak Member. 

Age and c o r r e l a t i o n . James S t e e l e W i l l i a m s s t a t e s ( i n McKelvey and 

o t h e r s , 1 9 5 6 , p . ho) t h a t t h e f a u n a s of t h e p a r t s of t h e P a r k C i t y above 

t h e Meade Peak Member ( i n c l u d i n g t h e Rex C h e r t Member) a r e n o t d e f i n i t e ­

l y known t o be y o u n g e r t h a n t h e W o r d i a n , b u t some may be y o u n g e r . 

On t h e b a s i s of i t s s t r a t i g r a p h i c p o s i t i o n above t h e Meade P e a k , 

t h e u p p e r p a r t of which i s h e r e i n a s s i g n e d an e a r l y C a p i t a n i a n a g e , t h e 

Rex C h e r t i s o f m i d d l e C a p i t a n i a n a g e . 

T o t a l t h i c k n e s s of Rex C h e r t Member 1157 
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gr~; hard and brittle . Blebs of siliceous material give 
mottl ed appearance . Chert increases upward to dense black 
cher t at tOPe Bedding 2 to 3 inches in lower part, 5 to 6 
inches in upper part . Bedding distinct ; unit well exposed.. 48 

4. Siltstone , dark gray-broym, weather s yellowish orange, tan 
and gr ay .. Slightly calcareous . Very \tnin- bedded; weathers 
to thin fissile flakes . Faint Liesegang rings .. Poss i bly Franson .................... .... ......... ...... ... .. .. .. ... ........ .. ..... ........................ 2 

3. Chert, dark gr ay to black, weathers same . Thin-bedded; 
nolO inches .. Dark reddish orange sil ty partings on 
undulatory or wavy bedding surface . Beds persistant later­
ally. Homogeneous , no concretions or pipe structures . Re­
sistant unit , forms cliff or l edge . Contacts sharp with 
enclosing units ....... . ....... ...... ........................ 23 

2. Shale , gray to bl ack, weathers t an to medium brotm black. 
Bedding aver ages 10 inches, indistinct . Concretionary in 
part . Weathers into small fissile chips . Upper 6 inches , 
siltstone , siliceous , medi um gray- tan to very dark brown, 
weather s lighter. Lower bed concretio~, black with 
white coating. Bedding surfaces wavy but beds persistant 
l aterally . Possi bly a tongue of Meade Peak or Franson...... 8.S 

1. Chert , dark- gr ay to black, weathers same, mottled appearance . 
LOtler contact sharp. Unit is a 12- inch bed with several 
thin beds on top. Resistant , forms l edge.. .. ............... 1.S 

Total t hi ckness of Rex Chert Member . ••• • • • • •• • • • ••• liS7 

Conformable contact 

Phosphoria Formation: 

Meade Peak l1ember . 

Age and correl ati on . James Steele Williams states (~ McKelvey and 

other s , 1956, p. 40) that the faunas of the parts of the Park City above 

the Heade Peak Member (including the Rex Chert Member) are not definite-

ly known t o be younger than the vlordian, but some may be younger . 

On the basis of its stratigraphic position above the Meade Peak, 

the upper part of which is herein assigned an early Capitanian age, the 

Rex Chert is of middle Capitanian age . 
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The Rex C h e r t i n t h e s t u d i e d a r e a i s c o r r e l a t e d w i t h t h e F r a n s o n 

Member of t h e P a r k C i t y F o r m a t i o n i n t h e Wasa tch Range t o t h e e a s t and 

w i t h t h e G e r s t e r F o r m a t i o n i n a r e a s t o t h e s o u t h w e s t of t h e s t u d i e d 

a r e a . The e x t e n s i v e i n t e r t o n g u i n g o f t h e Rex C h e r t and t h e G e r s t e r F o r ­

m a t i o n i n t h e T e r r a c e Moun ta ins i s a s i g n i f i c a n t i n d i c a t i o n of t h e i r 

e q u i v a l e n c e . 

U n i t s c o r r e l a t e d w i t h t h e P h o s p h o r i a F o r m a t i o n by W i l l i a m s ( i b i d . , 

p , hO) i n c l u d e t h e C l o v e r Creek g r e e n s t o n e , t h e Seven D e v i l s and C a s t o 

v o l c a n i c s , t h e G e r s t e r , and t h e Edna Mounta in F o r m a t i o n s , t h e s e u n i t s 

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

G e r s t e r F o r m a t i o n * 

D e f i n i t i o n and t y p e l o c a l i t y . The G e r s t e r F o r m a t i o n was named b y 

T , B , Nolan ( 1 9 3 5 . p . 39 ) f o r G e r s t e r Gulch n e a r t h e Gold H i l l Min ing 

D i s t r i c t i n w e s t e r n U t a h , He i n c l u d e d i n t h e new u n i t a l l s t r a t a b e ­

tween t h e " O q u i r r h F o r m a t i o n " and t h e o v e r l y i n g T r i a s s i c s h a l e . G r a n t 

S t e e l e ( i 9 6 0 , p , 112) l a t e r r e c o g n i z e d t h a t t h e l o w e r p a r t o f t h i s s e ­

quence was e q u i v a l e n t t o t h e Ka ibab F o r m a t i o n and s u g g e s t e d t h a t t h e name 

G e r s t e r be r e s t r i c t e d t o l i m e s t o n e s above t h e K a i b a b , and above t h e P h o s ­

p h o r i a where t h a t f o r m a t i o n i s p r e s e n t , a s i t i s i n t h e T e r r a c e M o u n t a i n s , 

The G e r s t e r was r e c o g n i z e d i n t h e C o n f u s i o n Range b y Hose and R e p e n -

n i n g ( 1 9 5 9 , p . 2l81|) who i n c l u d e d i t , a l o n g w i t h t h e u n d e r l y i n g Ka ibab 

and P lympton F o r m a t i o n s , i n t h e P a r k C i t y G r o u p , Rocks o f P a r k C i t y age 

i n t h e Confus ion Range were o r i g i n a l l y a s s i g n e d t o t h e P h o s p h o r i a Forma­

t i o n by Newe l l ( 1 9 U 8 ) . 

D i s t r i b u t i o n and e x p o s u r e . The G e r s t e r F o r m a t i o n i s e x p o s e d a t d i s -
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The Rex Chert in the studied area is correlated with the Franson 

Hember of the Park City Formation in the Wasatch Range to the east and 

with the Gerster Formation in areas to the southwest of the studied 

area. The extensive intertonguing of the Rex Chert and the Gerster For­

mation in the Terrace Mountains is a significant indication of their 

equivalence. 

Units correlated with the Phosphoria Formation by Williams (ibid., 

p. 40) include the Clover Creek greenstone, the Seven Devils and Casto 

volcanics, the Gerster, and the Edna Hountain Formations, these units 

being distributed throughout several far western states. 

Gerster Formation 

Definition and type locality. The Gerster Formation was named by 

T. B. Nolan (1935, p. 39) for Gerster Gulch near the Gold Hill Mining 

District in western Utah. He included in the new unit all strata be­

tlveen the IIOquirrh Formationtl and the overlying Triassic shale. Grant 

Steele (1960, p. 112) later recognized that the lower part of this se­

quence was equivalent to the Kaibab Formation and suggested that the name 

Gerster be restricted to limestones above the Kaibab, and above the Phos­

phoria where that formation is present, as it is in the Terrace Hountains. 

The Gerster was recognized in the Confusion Range by Hose and Repen­

ning (1959, p. 2184) who included it, along with the underlying Kaibab 

and Plympton Formations, in the Park City Group. Rocks of Park City age 

in the Confusion Range were originally assigned to the Phosphoria Forma-

~ tion by Newell (1948). 

Distribution and exposure. The Gerster Formation is exposed at dis-
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c o n n e c t e d i n t e r v a l s a l o n g t h e w e s t s i d e of t h e w e s t e r n T e r r a c e M o u n t a i n s , 

e n t i r e l y w i t h i n t h e a r e a i n f l u e n c e d by t h e West T e r r a c e s y n c l i n e . A com­

p l e t e s e c t i o n i s p r e s e n t i n a g u l c h ( N j , s e c , 8 , T . 8 N , , R. 12 W,) on 

t h e w e s t l i m b of t h e s y n c l i n e , where r e l a t i v e l y good e x p o s u r e s and a mod­

e r a t e l y h i g h d i p f a c i l i t a t e d a c c u r a t e m e a s u r e m e n t . Good e x p o s u r e s of t h e 

l o w e r p a r t of t h e f o r m a t i o n a r e p r e s e n t on t h e n o r t h w e s t s l o p e of S h e l t e r 

M o u n t a i n , and s o u t h of t h e m o u n t a i n t h e l o w e r p a r t o f t h e f o r m a t i o n i s 

e x p o s e d a l o n g t h e a x i s of t h e s y n c l i n e , where i t c o v e r s an a r e a of a p p r o x ­

i m a t e l y f o u r s q u a r e m i l e s . 

T h i c k n e s s , l i t h o l o g y , and s t r a t i g r a p h i c r e l a t i o n s h i p s , A p p r o x i m a t e l y 

900 f e e t of s t r a t a which c o m p r i s e c r y s t a l l i n e and b i o c l a s t i c l i m e s t o n e , 

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

n e a r l y p u r e c h e r t a r e a s s i g n e d t o t h e G e r s t e r F o r m a t i o n i n t h e mapped 

a r e a . 

The b a s e of t h e f o r m a t i o n i s c o n f o r m a b l e w i t h t h e u n d e r l y i n g Rex 

C h e r t , The l o w e r c o n t a c t was drawn by t h e w r i t e r a t t h e b a s e of a 2 3 -

f o o t , medium- t o d a r k - g r a y b i o c l a s t i c l i m e s t o n e c h a r a c t e r i z e d b y an 

abundance of t h e p r o d u c t i d E c h i n a u r i s s u b h o r r i d a , f o r m e r l y 1 1 Avonia '*• 

A l t h o u g h t h i n t o n g u e s of G e r s t e r - l i k e l i m e s t o n e , c o n t a i n i n g t h e d i v e r s e 

S p i r i f e r i n a p u l c h r a or G e r s t e r f a u n a , a r e p r e s e n t i n t h e u p p e r p a r t of 

t h e Rex ( u n i t s 1 1 , 1 3 , 1 9 , and p a r t s of 1 8 ) , t h e "Avonia" b e d , a s i t i s 

i n f o r m a l l y r e f e r r e d t o , i s t h e most a p p r o p r i a t e b a s a l u n i t . I t i s a key 

b e d , e a s i l y d i s t i n g u i s h e d and u s e f u l f o r mapping p u r p o s e s i n t h e s t u d y 

a r e a ( F i g , 1 0 ) , I t a l s o r e p r e s e n t s t h e f i r s t l a r g e - s c a l e d e p o s i t i o n of 

G e r s t e r t y p e l i m e s t o n e a n d i s an a p p r o p r i a t e b o u n d a r y marke r f o r t h a t 

r e a s o n a s w e l l , E l l i s Y o c h e l s o n comments ( p e r s o n a l c o m m u n i c a t i o n ) t h a t 

t h e b r a c h i o p o d c o l l e c t i o n s u b m i t t e d from t h i s u n i t i n t h e mapped a r e a i s 
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connected intervals along the west side of the western Terrace Hountains, 

entirely vr.ithin the area influenced by the West Terrace syncline. A com­

plete section is present in a gulch (Nt, sec. 8, T. 8 N., R. 12 W.) on 

the west limb of the ~ncline, where relatively good exposures and a mod­

erately high dip facilitated accurate measurement. Good exposures of the 

lovIer part of the formation are present on the northwest slope of Shelter 

Nountain, and south of the mountain the lower part of the formation is 

exposed along the axis of the syncline, where it covers an area of approx­

imately four square miles. 

Thickness, lithology, and stratigraphic relationships. Approximately 

900 feet of strata lfhich comprise crystalline and bioclastic limestone, 

silty and argillaceous limestone, beds of cherty limestone, and beds of 

nearly pure chert are assigned to the Gerster Formation in the mapped 

area. 

The base of the formation is conformable l·r.ith the underlyi..'1.g Rex 

Chert. The lower contact was dravffi by the vITiter at the base of a 23-

foot, mediu..'i1- to dark-gray bioclastic limestone characterized by an 

abundance of the productid Echinauris subhorrida, formerly "Avonian. 

Although thin tongues of Gerster-like limestone, containing the diverse 

Spiriferina pulchra or Gerster fauna, are present in the upper part of 

the Rex (units 11, 13, 19, and parts of 18), the "Avonia" bed, as it is 

informally referred to, is the most appropriate basal unit. It is a key 

bed, easily distinguished and useful for mapping purposes in the study 

area (Fig. 10). It also represents the first large-scale deposition of 

Gerster type limestone and is an appropriate boundary marker for that 

~ reason as well. Ellis Yochelson comments (personal communication) that 

the brachiopod collection submitted from this unit in the mapped area is 
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c e r t a i n l y t y p i c a l o f t h e G e r s t e r and c o u l d b e t a k e n t o i n d i c a t e t h e b a s e 

o f t h a t f o r m a t i o n . 

The "Avonia" bed o r zone h a s b e e n r e c o g n i z e d a t s e v e r a l o t h e r l o c a l i ­

t i e s i n n o r t h w e s t e r n U t a h , and may b e u s e f u l f o r c o r r e l a t i o n i n t h a t g e n e r ­

a l a r e a . I n t h e Goose Creek Moun ta in s i n t h e n o r t h w e s t c o r n e r of t h e 

s t a t e i t I s p r e s e n t a t t h e b a s e of t h e G e r s t e r and c o n t a i n s a t l e a s t one 

b e d u p t o U0 f e e t t h i c k ( A l b e r t Young, p e r s o n a l c o m m u n i c a t i o n ) . T h e r e , 

a s I n t h e T e r r a c e M o u n t a i n s , much of t h e i n t e r v a l i s a c o q u i n a of E c h i -

n a u r i s s h e l l s i n a s i l t y l i m e s t o n e m a t r i x . A s i n g l e t h i n b e d c o n t a i n i n g " 

p r o d u c t i d s , t e n t a t i v e l y I d e n t i f i e d by t h e w r i t e r a s E c h i n a u r i s s p . , i s 

l o c a t e d a t o r n e a r t h e b a s e of t h e G e r s t e r F o r m a t i o n i n t h e G r a s s y H i l l s , 

30 m i l e s s o u t h e a s t o f t h e mapped a r e a . These t h r e e o c c u r r e n c e s would 

i n d i c a t e t h a t t h e i n t e r v a l t h i c k e n s t o t h e n o r t h and w e s t and p r o b a b l y 

p i n c h e s o u t s o u t h a n d e a s t of t h e G r a s s y H i l l s a r e a . C o r r e l a t i o n u s i n g 

t h i s i n t e r v a l must b e done j u d i c i o u s l y , howeve r , a s t h e r e a r e s e v e r a l 

c o q u i n a b e d s of E c h i n a u r i s i n some l o c a l i t i e s , and t h e f o s s i l i s a l s o 

p r e s e n t , t h o u g h i n l e s s e r a b u n d a n c e , b o t h above and b e l o w t h e key b e d . 

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

t e n t , t h e l i m e s t o n e s i n t h e b a s a l p a r t of t h e G e r s t e r have c o n s i d e r a b l e 

a r g i l l a c e o u s and c a l c a r e o u s m a t r i x and a few t h i n zones o f s m a l l d a r k 

b r o w n i s h - b l a c k c h e r t n o d u l e s . The a r g i l l a c e o u s c o n t e n t p r o d u c e s a l i g h t 

y e l l o w i s h - g r a y c o l o r on w e a t h e r e d s u r f a c e s . 

The amount of n o d u l a r c h e r t i n c r e a s e s i r r e g u l a r l y upward from t h e 

t o p of t h e s e n e a r l y c h e r t - f r e e b a s a l l i m e s t o n e s . C h e r t c o n s t i t u t e s more 

t h a n 50 p e r c e n t of t h e r o c k 270 f e e t above t h e b a s e , and 95 t o 100 p e r 

c e n t U00 f e e t above t h e b a s e . T h i s abundance of s i l i c e o u s m a t e r i a l i s 

i n t e r p r e t e d a s a p a r t i a l r e t u r n t o Rex c o n d i t i o n s , and t h e i n t e r v a l c o u l d 
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certa~ typical of the Gerster and could be taken to indicate the base 

of that formation. 

The !lAvonia" bed or zone has been recognized at several other locali­

ties in northwestern Utah, and may be useful for correlation in that gener­

al area. In the Goose Creek }iountams in the northwest corner of the 

state it is present at the base of the Gerster and contains at least ope 

bed up to 40 feet thick (Albert Young, personal communication). There, 

as in the Terrace Mountains, much of the interval is a coquina of ~­

nauris shells in a silty limestone matrix. A single thin bed containin~ 

productids, tentatively identified by the writer as Echinauris sp., is 

located at or near the base of the Gerster Formation in the Grassy Hills, 

30 miles southeast of the mapped area. These three occurrences would 

indicate that the interval thickens to the north and west and probably 

pinches out south and east of the Grassy Hills area. Correlation using 

this interval must be done judiciously, however, as there are several 

coquina beds of Echinauris in some localities, and the fossil is also 

present, though in lesser abundance, both above and below the key bed. 

In addition to their large megafossil fauna and crinoidal hash con­

tent, the limestones in the basal part of the Gerster have considerable 

argillaceous and calcareous matrix and a few thin zones of small dark 

brovmish-black chert nodules. The argillaceous content produces a light 

yellowish-gray color on weathered surfaces. 

The amount of nodular chert increasGs irregularly upward from the 

top of these nearly chert-free basal limestones. Chert constitutes more 

than 50 per cent of the rock 270 feet above the base, a~d 95 to 100 per 

cent 400 feet above the base. This abundance of siliceous material is 

interpreted as a partial return to Rex conditions, and the interval could 



F i g u r e 1 0 . View of u n i t 19 of t h e Rex C h e r t ( b e d d e d brown 
c h e r t a t l o w e r r i g h t ) o v e r l a i n by u n i t 1 o f t h e G e r s t e r 
F o r m a t i o n . L o c a t i o n i s a t t h e b a s e o f t h e measu red 
G e r s t e r s e c t i o n on t h e w e s t l i m b o f t h e West T e r r a c e 
s y n c l i n e . S t a f f i s 5>.f> f e e t l o n g . 

Figure 10. View of unit 19 of the Rex Chert (bedded brown 
chert at l ower right ) overlain by unit 1 of the Gerster 
Formation. Location is at the base of the measured 
Gerster section on the west limb of the West Terrace 
~cline . Staff is 5.5 f eet l ong. 
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be c o n s i d e r e d a t o n g u e of t h e Rex, o r on t h e o t h e r h a n d , t h e l i m e s t o n e 

b e d s h e r e d e s i g n a t e d b a s a l G e r s t e r c o u l d b e c o n s i d e r e d t o n g u e s o f G e r s t e r 

w i t h i n t h e R e x , 

Above t h e Rex t o n g u e i s 1;95> f e e t of g r a y - b r o w n c r y s t a l l i n e and l i g h t -

t o medium-gray b i o c l a s t i c l i m e s t o n e . C h e r t n o d u l e s a r e a b u n d a n t t h r o u g h ­

o u t t h i s u p p e r s e q u e n c e I n v a r y i n g a m o u n t s , and some of t h e b e d s a r e a b u n ­

d a n t l y f o s s i l i f e r o u s , 

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

s e v e r a l f e e t t h i c k . The more a r g i l l a c e o u s o r s i l t y l i m e s t o n e s a r e t h i n ­

n e r and i n d i v i d u a l b e d s a r e u s u a l l y s e p a r a t e d by s h a l e y or s i l t y i n t e r b e d s . 

The s h a l e y zones a r e e a s i l y e r o d e d and c a u s e t h e more r e s i s t a n t p a r t s t o 

s t a n d o u t p r o m i n e n t l y . 

A l l g r a d a t i o n s b e t w e e n c h e r t and l i m e s t o n e a r e p r e s e n t i n t h e G e r ­

s t e r , L i m e s t o n e b e d s w i t h a few s c a t t e r e d c h e r t n o d u l e s g r a d e t h r o u g h 

l i m e s t o n e b e d s w i t h d i s t i n c t m e d i a l c h e r t z o n e s , t o u n i t s of b e d d e d c h e r t 

c o n t a i n i n g o n l y a few s c a t t e r e d l i m e s t o n e n o d u l e s o r c o n c r e t i o n s , 

S t r a t i g r a p h i c r e l a t i o n s b e t w e e n t h e G e r s t e r and t h e o v e r l y i n g D i n -

woody F o r m a t i o n w i l l b e d i s c u s s e d be low w i t h t h e T r i a s s i c Sys tem* 

Measured s e c t i o n . 

S e c t i o n of t h e G e r s t e r F o r m a t i o n measu red i n 

c e n t e r N | s e c , 8 , T , 8 N . , R, 12 W, , U t a h . 

T r i a s s i c : 

Dinwoody F o r m a t i o n . 

P a r a c o n f o r m a b l e c o n t a c t 

P e r m i a n ; 

G e r s t e r F o r m a t i o n : 
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be considered a tongue of the Rex, or on the other hand, the limestone 

beds here designated basal Gerster could be considered tongues of Gerster 

within the Rex. 

Above the Rex tongue is 495 feet of gray- brown crystall ine and light­

to medium- gray bioclastic limestone. Chert nodules are abundant through­

out this upper sequence in varying amounts , and some of t he beds are abun­

dantly fossiliferous . 

Bioclastic beds throughout the formation are massive and usual~ 

several feet thick. The more argillaceous or silty limestones are thin­

ner and individual beds are usually separated qy shaley or silty interbeds . 

The shaley zones are easily eroded and cause the more res istant parts to 

stand out prominently . 

All gradations between chert and limestone are present in the Ger­

ster. Limestone beds with a few scattered chert nodules grade through 

~imestone beds with distinct medial chert zones, to units of bedded chert 

containing only a few scattered limestone nodules or concretions . 

Stratigraphic relations betHeen the Ger ster and the overlying Din­

woody Fonnation will be discussed below l'1i th the TriaSSiC System. 

Measured section . 

Triassic: 

Section of t he Gerster Formation measured in 

center N! sec . 8, T. 8 N., R. 12 W., Utah . 

Dinwoody Formation . 

Paraconformable contact 

Permian: 

Gerster Formation: 
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UNIT DESCRIPTION THICKNESS 
( f e e t ) 

1 3 • L i m e s t o n e , b i o c l a s t i c , l i g h t - t o m e d i u m - g r a y , w e a t h e r s 
l i g h t e r , C l a s t s l a r g e l y c r i n o i d a l , medium- t o c o a r s e ­
g r a i n e d . N o d u l e s of b l a c k c h e r t s c a t t e r e d t h r o u g h mos t 
b e d s ; a few a r e c h e r t f r e e . C h e r t l e s s t h a n $% o f u n i t . 
S e v e r a l b e d s w i t h l a r g e ramose b r y o z o a . Upper p a r t c o n ­
c e a l e d . . • » • , h9 

1 2 , L i m e s t o n e , l i g h t - g r a y , w e a t h e r s s a m e . D i s t i n c t b l a c k 
c h e r t n o d u l e s , 3 t o h I n c h e s i n d i a m e t e r , t h r o u g h o u t 
u n i t . Some c h e r t p i p e s p r e s e n t . Very f i n e - c l a s t i c and 
c r y s t a l l i n e . Bedd ing 1 t o 2 f e e t , i n d i s t i n c t . Lower p a r t 
r e s i s t a n t , u p p e r p a r t l e s s s o ; 20 f e e t i n m i d d l e c o n ­
c e a l e d . One bed w i t h l a r g e N e o s p i r i f e r s p . 5 f e e t from 
t o p . , • 65 

1 1 , C o n c e a l e d . F l o a t s i m i l a r t o u n d e r l y i n g u n i t 50 

1 0 . S i l t s t o n e , c a l c a r e o u s , l i g h t r e d d i s h - b r o w n o r t a n , w e a t h e r s 
s ame . C h e r t y . Bedd ing t h i n , i n d i s t i n c t . Much of u n i t i s 
c o n c e a l e d . F o s s i l s i n c l u d e ramose b r y o z o a n s , H u s t e d i a s p . , 
Rhynchopora c f . R. t a y l o r i , S p i r i f e r i n a p u l c h r a , S p i r i -
f e r e l l a ? s p . , Compos i ta c f . C. m i r a , N e o s p i r i f e r s p . , 
" E c h i n a u r i s " s p . . . 7 . . . . . 25 

9 • C o n c e a l e d . F l o a t s i m i l a r t o o v e r l y i n g u n i t • • 105 

8 . L i m e s t o n e , s i l t y , c h e r t y , medium- t o d a r k b r o w n i s h - g r a y , 
w e a t h e r s y e l l o w - t a n . C h e r t i n i n d i s t i n c t s c a t t e r e d n o d u l e s , 
v e r y d a r k - b r o w n t o b l a c k . C h e r t a s much a s k.0% i n p a r t s . 
Beds a v e r a g e h i n c h e s , none g r e a t e r t h a n 6 i n c h e s . P o o r ­
l y e x p o s e d . 1+0 

7 • C o n c e a l e d . F l o a t s i m i l a r t o o v e r l y i n g u n i t I4.O 

6 . L i m e s t o n e , b i o c l a s t i c , c h e r t y , m e d i u m - g r a y , w e a t h e r s y e l l o w 
and r e d d i s h - b r o w n from i r o n o x i d e s t a i n i n g . Upper p a r t a s 
much a s $0% brown c h e r t , l o w e r p a r t c h e r t f r e e . Bedd ing 
d i s t i n c t , 12 t o 18 i n c h e s a t b a s e , 2 t o 3 i n c h e s a t t o p . 
U n i t r e s i s t a n t w i t h good e x p o s u r e s i n s t r e a m b e d . F o s s i l s 
i n c l u d e Derbya magna, Compos i ta c f • C. m i r a , Bathymonia 
n e v a d e n s i s , " E c h i n a u r i s " s p . , Megous ia c f . M. a l a t u s , 
N e o s p i r i f e r ? s p . , Mui rwoodia m u l t i s t r i a t u s , S p i r i f e r i n a 
p u l c h r a and s p i n d l e s h a p e d b o r i n g s c o l l e c t e d from t h e l o w e r 
10 f e e t 60 

5 . L i m e s t o n e , s i l t y , c h e r t y , d a r k - b r o w n i s h - g r a y , w e a t h e r s 
b r i g h t y e l l o w - o r a n g e . Dark-brown t o b l a c k c h e r t n o d u l e s 
i n w e l l - d e f i n e d z o n e s , n o t s c a t t e r e d . Nodu les t h e m s e l v e s 
i n d i s t i n c t ; $% o f u n i t . Lower p a r t w e l l - b e d d e d , a v e r a g e 
20 i n c h e s , u p p e r p a r t i n d i s t i n c t l y b e d d e d . Upper c o n t a c t 

82 

UNIT DESCRlPrION THICKNESS 
(feet) 

13. Limestone, bioclastic , light- to medium- gray, weathers 
l i ghter . Clasts largely crinoi dal, medium- to coarse­
grained. Nodules of black chert scattered through most 
beds ; a few are chert free . Chert less than 5% of unit . 
Several beds with large ramose bryozoa.. Upper part con-

, 

cealed ••• . • •••• • •• •• ••.•.•••• ••••••• •• ••• • •• • • o ••• 0... ... .. 49 

12. Limestone , light-gr~J weathers same . Distinct black 
chert nOdules, 3 to 4 inches i n di ameter , throughout 
unit . Some chert pipes pr esent . Very fine-c l astic and 
crystalline . Bedding 1 to 2 feet , indistinct . Lower part 
reSistant, upper part less so; 20 feet in middle con­
cealed. One bed with l arge Neospirifer sp. 5 feet from 
top . • • . • . . . . . . . . . • • • • • • • • • • • • • • • • . . • . • • • • • . • . • • • . • • • . • . • • • • 65 

11. Concealed. Float similar to underlying uni t ... .... . ....... 50 

10. Siltstone , calcareous , light reddish-brown or tan, weathers 
same . Cherty . Bedding thin, indistinct. Huch of unit is 
concealed. Fossils include ramose bryozoans , Hustedia sp., 
RhynChO,Ora cf. ~. tayl ori, Spi r i fer ina pulchra, Spiri­
£erella sp., Composita c£. C. mira, Neospirifer sp., 
"Echinauris" sp •• •. ••• • •• • • • -: •• -:-:-:7.. . • . ••••••. .•••.•••.••• 25 

9 . Concealed . Float similar to over~g unit ..... . .......... 105 

8. Limestone , silty, cherty , medium- to dark brownish- gray, 
weathers yellow-tan . Chert in indistinct scatter ed nodules , 
very dark-br own t o black. Chert as much as 40% in parts . 
Beds average 4 inches , none greater than 6 inches . Poor-
ly exposed....................... . .. . .... . ... .. . ....... .. .. 40 

7. Conceal ed . Float similar to over lying unit. ............. . . 40 

6. Limestone, bioclastic , cherty, medium- gray, weathers yellow 
and r eddish-brown !'rom iron oxide staining. Upper part as 
much as 50% brown chert, l ower part chert .free . Bedding 
distinct, 12 to 18 inches at base, 2 to 3 inches at top. 
Unit resistant with good exposures i n stream bed. Fossils 
include c£. C. ~~, ~~§l~~ 

....................... ... .... ........... ... .. .. ..• 
5. Limestone, silty, cherty , dark-brownish- gray, weathers 

br ight yellow- orange . Dark-brown to bl ack chert nodules 
in well-de£ined zones , not scattered . Nodul es themsel ves 
indistinct ; 5% of unit . Lower part well-bedded, average 
20 inches , upper part indistinct~ bedded . Upper contact 

60 
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g r a d a t i o n a l , l o w e r c o n t a c t s h a r p . U n i t n o t r e s i s t a n t , forms 
s w a l e and s t r e a m j u n c t u r e . . . . . . . . . . . . . . • • • • • • » « • 

k* C h e r t and l i m e s t o n e . L i m e s t o n e i s medium t o d a r k g r a y , / 

w e a t h e r s t a n - b r o w n . C h e r t i s d a r k g r a y i s h - b l a c k , n o d u l a r , 
u p t o 30$ i n l o w e r p a r t , i n c r e a s e s i r r e g u l a r l y u p w a r d , com­
p r i s e s a b o u t 90$ 70 f e e t above b a s e and a g a i n n e a r t o p of 
u n i t ; medium y e l l o w - b r o w n n e a r t o p . U n i t a v e r a g e s 60 t o 70$ 
c h e r t and c o u l d b e c o n s i d e r e d a t o n g u e of t h e Rex C h e r t , I t 
i n d i c a t e s a p a r t i a l r e t u r n t o Rex c o n d i t i o n s of d e p o s i t i o n . 
O u t c r o p m a s s i v e , b e d d i n g i n d i s t i n c t , l o w e r p a r t l i t t o 16 
i n c h e s , u p p e r p a r t 6 t o 7 f e e t , marked by a l i g n m e n t of c h e r t 
n o d u l e s . L i m e s t o n e s l i g h t l y l e s s r e s i s t a n t t h a n c h e r t . 
L i m e s t o n e f o s s i l i f e r o u s i n p l a c e s b u t p r e s e r v a t i o n v e r y p o o r , 

3 , C o n c e a l e d . F l o a t i s s i l t y , c h e r t y , l i m e s t o n e . . . . . . . . . . . . . . • 

2 . L i m e s t o n e , b i o c l a s t i c , m e d i u m - g r a y , w e a t h e r s l i g h t y e l l o w ­
i s h - g r a y . C h e r t n o d u l e s 5 t o 1 0 $ , d a r k - b r o w n t o b l a c k , 
w e a t h e r i n g d a r k r e d d i s h - b r o w n . S i l t y o r s h a l e y p a r t i n g s 
b e t w e e n b e d s t o 2 i n c h e s . Wavy b e d d i n g s u r f a c e . U n i t n o t 
r e s i s t a n t . G r a d a t i o n a l c o n t a c t s . . . 

1 , L i m e s t o n e , b i o c l a s t i c , medium- t o d a r k - g r a y , w e a t h e r s 
l i g h t e r . S m a l l g r a y c h e r t n o d u l e s . T h i c k - b e d d e d , a v e r a g e 
3 t o it f e e t ; marked c o n t r a s t w i t h t h i n b e d s i n u n i t s above 
and b e l o w . F o s s i l s i n c l u d e C h o n e t i d b r a c h i o p o d s , E c h i n a u r i s 
s u b h o r r i d a (Meek) a b u n d a n t , Ea thymonia n e v a d e n s i s ( M e e k ) , 
S p i r i f e r i n a p u l c h r a (Meek) , Compos i t a s p . , b r y o z o a , and 
c r i n o i d c o l u m n a l s c o l l e c t e d 2 f e e t above t h e b a s e ( s e e F i g . 10) 23 

T o t a l t h i c k n e s s of G e r s t e r F o r m a t i o n 903 

Conformable c o n t a c t 

Rex C h e r t Member o f P h o s p h o r i a F o r m a t i o n . 

Age and c o r r e l a t i o n . J . S t e e l e W i l l i a m s r e p o r t s ( i n Hose and 

R e p e n n i n g , 1 9 5 9 , p . 2 1 8 5 ) , t h a t i n a p p r o x i m a t e t e r m s , t h e G e r s t e r c o r ­

r e l a t e s w i t h t h e Word F o r m a t i o n o f T e x a s , w i t h t h e m i d d l e p h o s p h a t i c 

s h a l e member of t h e P a r k C i t y i n t h e t y p e l o c a l i t y of t h e P a r k C i t y , 

and w i t h t h e Meade Peak (Member) and some o v e r l y i n g b e d s of t h e P h o s ­

p h o r i a F o r m a t i o n . He f u r t h e r s t a t e s , h o w e v e r , t h a t t h e p r e c i s e v e r t i ­

c a l l i m i t s of t h e G e r s t e r i n t e r m s of t h e above f o r m a t i o n s were n o t known 

60 

3i;8 

13 

25 
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gradati onal, l ower contact sharp. Unit not resistant , for ms 
swale and stream juncture... . .... ... .. . . .. .................. 60 

4. Cher t and limestone . Limestone is medium to dark gray, , 
weather s tan- brawn . Chert is dark grayish- black, nodular , 
up to 30% in lower part, increases i r r egularly upward, com­
pr ises about 90% 70 feet above base and again near top of 
unit; medium yellow-brown near top _ Unit averages 60 to 70% 
cher t and could be considered a tongue of t he Rex Chert . It 
indicates a partial return to Rex conditi ons of deposition. 
Outcrop massive, bedding indistinct, lower part 14 to 16 
inches , upper part 6 to 7 feet , marked by alignment of chert 
nodul es . Limest one slightly less res is t ant than chert . 
Limestone fos siliferous in places but preservation very poor . 348 

3 . Concealed. Float is silty, cherty, l imestone .. • ••• •••••• •• • 13 

2. Limestone , bioclastic , medium- gray, weathers light yell ow­
ish- gray . Chert nodul es 5 t o 10% , dark-brown to bl ack, 
weathering dark reddish- br awn . Silty or shaley part ings 
between beds to 2 inches . Wavy bedding surface . Unit not 
resistant . Gradati onal cont acts ...... . . . . ... . . .... . . .. .. .. . 25 . 

1 . Limestone , bioclastic , medi um- to dark- gr ay, weathers 
lighter . Small gr ay cher t nodules . Thick-bedded, average 
3 to 4 fe et ; marked contrast with thin beds in units above 
and bel ow. Fossils include Chonetid brachiopods , Echinauris 
*!!~~~!;! (Meek) abundant , Bathymonia nevadensis (Heek), 

(Heek) Composita sp. , bryozoa, and 
IScoU"et,ed 2 f eet above t he base \ see Fig.lD) 23 

Total thickness of Gerster Formation . . . . • • • • • • • • • • • • 903 

Conformable contact 

Rex Chert Hember of Phosphoria Formation . 

Age and correlation . J . Steele Will iams reports (in Hose and 

Repenning , 1959, p. 2185) , that in approxL~te terms , the Gerster cor-

relates with the Word Form ation of Texas , with the middle phosphatic 

shale member of the Park C i~ in the type locality of the Park City, 

and with the Meade Peak (Member) and some overlying beds of the Phos-

phoria Formation. He further states , however , that the pr ec i se vert i -

cal limits of the Gerst er in terms of the above formations were not known 
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ramose bryozoans, undet. 
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U. S.G.S. Locality 19655 
Hustedia sp. 
Rhynchopora cf. /?. taylori 
Spiriferina pulchra 
Spirifella sp. 
Composita cf. C /»//"<0 
Neospirifer sp. 
"Echinauris" sp. 
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U. S.G.S. Localities 17656 and 18887 
Derby a magna 
Composita cf. C /n/ra 
Bathymonia nevadensis 
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Megousia cf /V/ alatus 
Neospirifer ? sp. 
Muirwoodia multistriatus 
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spindle shaped borings 
Spiriferella ? sp. 
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ICancrinella sp. 
Rhynchopora sp. 
Chonetid brachiopods 
Echinauris subhorrida 
Bathymonia nevadensis 
Spiriferina pulchra 
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crinoid columnals 
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a t t h e t i m e of w r i t i n g ( 1 9 5 9 ) . G r a n t S t e e l e s t a t e s ( i 9 6 0 , p . 112) t h a t 

t h e G e r s t e r i s of upper Guadalupian ( C a p i t a n i a n ) age b y r e a s o n of s t r a t i ­

g r a p h i c p o s i t i o n and a p r o l i f i c megafauna which c o r r e l a t e s w i t h g e n e r a 

and s p e c i e s of Texas and New M e x i c o . 

The w r i t e r q u e s t i o n s W i l l i a m s ' c o r r e l a t i o n of t h e G e r s t e r w i t h t h e 

Word F o r m a t i o n and w i t h t h e Meade P e a k , b e c a u s e , f o r one r e a s o n , t h e r e 

a r e 1200 s t r a t i g r a p h i c f e e t b e t w e e n t h e G e r s t e r and t h e Meade Peak i n t h e 

T e r r a c e M o u n t a i n s . The C a p i t a n i a n age s u g g e s t e d b y S t e e l e i s p r o b a b l y 

more c o r r e c t . The G e r s t e r i s more p r o b a b l y e q u i v a l e n t i n p a r t t o t h e Rex 

C h e r t Member t h a n t o t h e Meade P e a k . The P l y m p t o n F o r m a t i o n , o f W o r d i a n 

a g e , which u n d e r l i e s t h e G e r s t e r i n t h e Confus ion Range , i s c o r r e l a t i v e 

w i t h t h e Meade Peak and a t l e a s t t h e l o w e r p a r t s of t h e Rex C h e r t , and 

b o t h t h e P lympton and t h e Meade Peak d i r e c t l y o v e r l i e t h e Ka ibab F o r m a t i o n 

o r i t s e q u i v a l e n t , t h e G r a n d e u r Member of t h e P a r k C i t y F o r m a t i o n of l a t e 

L e o n a r d i a n and e a r l y Wordian a g e . I n t h e mapped a r e a , t h e G e r s t e r o v e r l i e s 

and i n t e r t o n g u e s w i t h t h e u p p e r p a r t of t h e Rex C h e r t of C a p i t a n i a n age» 

]By v i r t u e of I t s s t r a t i g r a p h i c p o s i t i o n , t h e G e r s t e r c o r r e l a t e s t o 

t h e e a s t w i t h t h e u p p e r p a r t of t h e F r a n s o n Member of t h e P a r k C i t y Form­

a t i o n , p r e v i o u s l y c a l l e d t h e Upper C a r b o n a t e Member of t h e P a r k C i t y . 

TRIASSIC SYSTEM 

G e n e r a l S t a t e m e n t 

Mar ine r o c k s of Lower T r i a s s i c a g e a r e p r e s e n t i n t h e mapped a r e a 

and a r e a s s i g n e d t o t h e Dinwoody F o r m a t i o n and t o p a r t of t h e Thaynes 
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at the time of writing (1959). Grant Steele states (1960, p. 112) that 

the Gerster is of upper Guadalupjan (Capi tanian) age by reason of strati­

graphic position and a prolific megafauna which correlates with genera 

and species of Texas and Nelf Mexico. 

The writer questions Williams! correlation of the Gerster with the 

Word Formation and with the 11eade Peak, because, for one reason, there 

are 1200 stratigraphic feet bebmen the Gerster and the Heade Peak in the 

Terrace Mountains. The Capitanian age suggested by Steele is probably 

more correct. The Gerster is more probably equivalent in part to the Rex 

Chert Hember than to the Meade Peak. The Plympton Formation, of Wordian 

age, which underlies the Gerster in the Confusion Range, is correlative 

with the Heade Peak and at least the lower parts of the Rex Chert, and 

both the Plympton and the Heade Peak directly overlie the Kaibab Formation 

or its equivalent, the Grandeur Hember of the Park City Formation of late 

Leonardian and early Wordian age. In the mapped area, the Gerster overlies 

and intertongues with the upper part of the Rex Chert of Capitanian age. 

By virtue of its stratigraphic position, the Gerster correlates to 

the east with the upper part of the Franson Member of the Park City Form­

ation, previously called the Upper Carbonate Hember of the Park City. 

TRIASSIC SYSTEH 

General Statement 

Harine rocks of LOluer Triassic age are present in the mapped area 

and are assigned to the Dinwoody Formation and to part of the Thaynes 
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F o r m a t i o n . As t h e m a r i n e T r i a s s i c d e p o s i t s of t h e n o r t h e a s t e r n G r e a t 

B a s i n w e r e n o t d i s c o v e r e d by t h e G e o l o g i c E x p l o r a t i o n o f t h e F o r t i e t h P a r a l 

l e i ( 1 8 6 3 - 1 8 6 9 ) * i t was n o t u n t i l t h e e a r l y t w e n t i e t h c e n t u r y t h a t t h e expo 

s u r e s were f o u n d , and e v e n t h e n d e s c r i p t i o n s were n o t f o r t h c o m i n g u n t i l t h e 

1 9 3 0 , s ( S m i t h , 1 9 3 2 ) . A l t h o u g h r o c k s of Lower T r i a s s i c age were b y t h e n 

known i n s o u t h e r n I d a h o , w e s t e r n Montana , and l o o m i n g , t h e f i r s t g e n e r a l 

s u r v e y of t h e T r i a s s i c r o c k s i n t h e e a s t e r n G r e a t B a s i n was made from 19^9 

t o 1955 b y D . L . C l a r k and ¥ . L . S t o k e s ( 1 9 5 6 ) , T h e i r r e p o r t c o n t a i n e d 

t h e f i r s t m e n t i o n o f t h e e x p o s u r e s i n t h e T e r r a c e (Hogup) Moun ta in s a l o n g 

w i t h s e v e n o t h e r l o c a l i t i e s , a l l i n n o r t h e a s t e r n Nevada . The T e r r a c e Moun­

t a i n o c c u r r e n c e was a g a i n m e n t i o n e d , i n s l i g h t l y more d e t a i l , by C l a r k 

( 1 9 5 7 , p . 2 1 9 8 ) . 

P e r m i a n - T r i a s s i c Boundary 

A l t h o u g h t h e P e r m i a n - T r i a s s i c c o n t a c t i s e x p o s e d i n t h e West T e r r a c e 

s y n c l i n e , t h e o u t c r o p s which show i t a r e s m a l l , o c c u r r i n g o n l y on s t e e p l y 

d i p p i n g s t r a t a i n washes and g u l l i e s , so t h e e x a c t n a t u r e of t h e b o u n d a r y 

i s n o t d e t e r m i n a b l e . At t h e two b e s t e x p o s u r e s on t h e w e s t l i m b o f t h e 

s y n c l i n e ( s e e s , 5 and 8 , T , 8 N . , R. 12 W, ) , t h e c o n t a c t i s a p p a r e n t l y 

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

c o n f o r m i t y a t t h e c o n t a c t r e g i o n a l l y , i t i s n o t p e r c e p t i b l e t h e r e . The 

u p p e r b e d s of t h e G e r s t e r a r e m a s s i v e b i o c l a s t i c l i m e s t o n e s , none of wh ich 

i s a key b e d r e c o g n i z a b l e i n d i v i d u a l l y o v e r any d i s t a n c e , and t h e b a s a l 

T r i a s s i c b e d i s a 2 0 - f o o t g r a y - g r e e n s h a l e , wh ich l a c k s d i s t i n g u i s h a b l e 

b e d d i n g where t h e c o n t a c t i s b e s t e x p o s e d . These d i s c o u r a g i n g c o n d i t i o n s 

i n t h e mapped a r e a c o n f i r m a s t a t e m e n t of Kummel, who s a y s (195U, p . 167) 
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" 
Formation. As the marine Triassic deposits of the northeastern Great 

Basin ,\iere not discovered by the Geologic Exploration of the Fortieth Paral-

leI (1863-1869), it was not until the early tlventieth century that the expo-

sures were found, and even then descriptions were not forthcoming until the 

1930 1s (Smith, 1932). Although rocks of Lower Triassic age were by then 

knovIn in southern Idaho, western Nontana, and lVy-oming, the first general 

survey of the Triassic rocks in the eastern Great Basin was made from 1949 

to 1955 by D. L. Clark and W. L. Stokes (1956). Their report contained 

the first mention of the exposures in the Terrace (Hogup) Mountains along 

with seven other localities, all in northeastern Nevada. The Terrace Moun-

tain occurrence was again mentioned, in slightly more detail, by Clark 

(1957, p. 2198). 

Permian - Triassic Boundary 

Although the Permian-Triassic contact is exposed in the West Terrace 

~cline, the outcrops which show it are small, occurring only on steeply 

dipping strata in washes a~d gullies, so the exact nature of the boundary 

is not determinable. At the two best exposures on the west limb of the 

~cline (secs. 5 and 8, T. 8 N., R. 12 W. ), the contact is apparently 

a paraconformity or possibly a disconformity, and if there is angular un-

conformity at the contact regionally, it is not perceptible there. The 

upper beds of the Gerster are massive bioclastic limestones, none of which 

is a key bed recognizable individually over any distance, and the basal 

Triassic bed is a 20-foot gray-green shale, which lacks distinguishable 

bedding where the contact is best exposed. These discouraging conditions 

in the mapped area confirm a statement of Kummel, who says (1954, p. 167) 
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t h a t t h e r e i s l a c k of p h y s i c a l e v i d e n c e of a h i a t u s b e t w e e n t h e P h o s p h o r i a 

and Dinwoody o r Woodside F o r m a t i o n s a t most e x p o s u r e s i n t h e Midd le Rocky 

M o u n t a i n s . However , p h y s i c a l e v i d e n c e o f an u n c o n f o r m i t y b e t w e e n t h e 

Pe rmian and T r i a s s i c Sys tems w i t h i n t h e i r m u t u a l b a s i n of d e p o s i t i o n h a s 

b e e n m e n t i o n e d by numerous a u t h o r s , i n c l u d i n g Newe l l and Kummell ( l ° U 2 , 

p . 938) i n s o u t h w e s t e r n and c e n t r a l Wyoming, Baker and W i l l i a m s ( l ° l iO) i n 

t h e s o u t h e r n Wasa tch M o u n t a i n s , and Hose and Repenn ing ( 1 9 5 9 9 p . 2189) i n 

t h e Confus ion Range i n w e s t c e n t r a l U t a h , 

Dinwoody F o r m a t i o n 

D e f i n i t i o n and t y p e l o c a l i t y . B l a c k w e l d e r ( 1 9 1 8 , p . 1J.25-1J.25>) named 

and d e s c r i b e d t h e Dinwoody F o r m a t i o n , c h o o s i n g t h e t y p e s e c t i o n i n D i n ­

woody Canyon i n t h e Wind R i v e r Moun ta in s n e a r Du B o i s , T/fyoming. The f o r m a ­

t i o n was r e d e f i n e d by Newe l l and Kummel ( 1 9 ^ 2 , p . 9hl) on a l i t h o l o g i c 

r a t h e r t h a n t h e c o l o r b a s i s u s e d by B l a c k w e l d e r . The Dinwoody i s 90 f e e t 

t h i c k a t t h e r e d e f i n e d t y p e l o c a l i t y , a l t h o u g h i t r e a c h e s a t h i c k n e s s of 

u p t o 2kh3 f e e t i n s o u t h e a s t e r n I d a h o (Kummel, 19$h9 p . 1 6 9 ) . 

I n s o u t h w e s t e r n Montana , t h e Dinwoody F o r m a t i o n was d i v i d e d i n t o a 

l o w e r " S h a l e Member" and an u p p e r "L imes tone Member" by M o r i t z ( l 9 £ l ) and 

i n w e s t e r n l o o m i n g , t h r e e i n f o r m a l members were d e s i g n a t e d by N e w e l l and 

Kummel ( l9l{.2); a b a s a l s i i t s t o n e , l a t e r r e d e f i n e d a s s i l t y l i m e s t o n e (Kum­

m e l , 195k)} a m i d d l e L i n g u l a z o n e , and u p p e r C l a r a i a z o n e . 

D i s t r i b u t i o n and e x p o s u r e . The most e x t e n s i v e e x p o s u r e s of t h e D i n ­

woody F o r m a t i o n a r e i n an a r c u a t e p a t t e r n a l o n g t h e e a s t and w e s t l i m b s 

and a c r o s s t h e a x i s of t h e n o r t h e r n p a r t o f t h e West T e r r a c e s y n c l i n e , ove r 

an a r e a of a p p r o x i m a t e l y 3 s q u a r e m i l e s . O the r s m a l l e r e x p o s u r e s o c c u r i n 
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that there is lack of physical evidence of a hiatus betw"een the Phosphoria 

and Dinwoody or Woodside Formations at most exposures in the Middle Rocky 

Mountains. However, physical evidence of an unconformity between the 

Permian and Triassic S,ystems within their mutual basin of deposition has 

been mentioned by numerous authors, including Newell a~d Kummell (1942, 

p. 938) in southwestern and central WYoming, Baker and Williams (1940) in 

the southern l-1asatch Mountains, and Hose and Repenning (1959, p. 2189) in 

the Confusion Range in west central Utah. 

Dinwoody Formation 

Definition and type locality. BlackVJelder (1918, p. 425-425) named 

and described the Dinwoody Formation, choosing the type section in D~~­

woody Canyon in the Hind River l-iounta:ins near Du Bois, vrJoming. " The forma­

tion was redefined by Ne"t-Jell and Kummel (1942, p. 941) on a lithologic 

rather than the color basis used by Blac~1elder. The Dinwoody is 90 feet 

thick at the redefined type locality, although it reaches a thickness of 

up to 2443 feet in southeastern Idaho (Krumnel, 1954, p. 169). 

In southwestern IvIontana, the Din .. lOOdy Formation vlaS divided into a 

lower "Shale l1ember" and an upper tlLimestone HemberH by Horitz (1951) and 

in western WYoming, three informal members were designated by NevTell and 

Kummel (1942); a basal Siltstone, later redefined as silty limestone (Kum­

mel, 1954), a middle Lingula zone, and upper Claraia zone. 

Distribution and exposure. The most extensive exposures of the Din­

woody Formation are in an arcuate pattern along the east and west limbs 

and across the axis of the northern part of the West Terrace syncline, over 

an area of approximately 3 square miles. Other smaller exposures occur in 

http://1j.25-1j.25
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s e c . 1 7 , T . 8 N . , R . 12 W., on t h e a x i s of t h e s y n c l i n e , and i n s e c . 2 2 , 

T . 9 N . , R. 12 ¥ . , a t t h e b a s e of t h e w e s t e r n f l a n k of T a n g e n t P e a k . 

A f o u r t h o c c u r r e n c e of T r i a s s i c r o c k s i s p r e s e n t i n t h e SWj s e c . U, 

T . 8 N . , R. 1 1 ¥ • , n e a r t h e s o u t h e r n end of t h e Big P a s s . A l t h o u g h no 

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

k n o l l i s l i t h o l o g i c a l l y s i m i l a r t o t h e Dinwoody r o c k s i n t h e West T e r r a c e 

s y n c l i n e , and c o n t a i n s p e l e c y p o d i m p r e s s i o n s s i m i l a r t o t h o s e on many b e d ­

d i n g s u r f a c e s i n t h a t s e c t i o n . T h i s s m a l l , u n e x p o s e d b l o c k a p p a r e n t l y l i e s 

a s a wedge b e t w e e n major B a s i n and Range t y p e f a u l t s , h a v i n g b e e n d r o p p e d 

n e a r l y 2 0 , 0 0 0 s t r a t i g r a p h i c f e e t t o i t s p r e s e n t p o s i t i o n among Pe rmian 

r o c k s of l o w e r t o m i d d l e Wolfcampian a g e . 

The Dinwoody F o r m a t i o n i s b e s t p r e s e r v e d and b e s t e x p o s e d i n t h e 

c o r e of t h e West T e r r a c e s y n c l i n e . A few s c a t t e r e d o u t c r o p s p r o t r u d e 

t h r o u g h t h e c o v e r i n g of l a k e s e d i m e n t s , b u t b e t t e r , and i n many c a s e s , 

v e r y g o o d , t h o u g h l i m i t e d , e x p o s u r e s a r e p r e s e n t i n d r y washes on t h e w e s t 

l i m b of t h e s y n c l i n e . The f o r m a t i o n was m e a s u r e d i n t h r e e s u c h washes by 

o f f s e t t i n g on key b e d s . 

The l i m e s t o n e u n i t s a r e n e a r l y a lways exposed and u s u a l l y form l e d g e s 

o r f a l l s i n t h e wash b e d . S h a l e u n i t s a r e somet imes c o n c e a l e d , b u t t h e 

s i d e s of t h e washes a r e s t e e p i n most p l a c e s and t h e b e d r o c k i s e a s i l y u n ­

c o v e r e d . 

C h a r a c t e r i s t i c s and t h i c k n e s s . As d e l i n e a t e d by t h e w r i t e r , t h e D i n ­

woody F o r m a t i o n i s 1670 f e e t t h i c k i n t h e T e r r a c e M o u n t a i n s , and i s d i v i d e d 

i n t o t h e L i n g u l a and C l a r a i a zones of N ew e l l and Kummel ( l 9 i | 2 ) o r a t l e a s t 

t h e i r e q u i v a l e n t s , which t h e w r i t e r f e e l s a r e r e c o g n i z a b l e i n t h i s s e c t i o n . 

The b a s a l s i l t y l i m e s t o n e zone r e c o g n i z e d by Newel l and Kummel was a p p a r ­

e n t l y t r u n c a t e d t o t h e n o r t h , a s i t i s n o t p r e s e n t i n t h e T e r r a c e Moun ta in s 
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sec. 17, T. 8 N., R. 12 \OT., on the axis of the syncline, and in sec. 22, 

T. 9 Noo, R. 12 Woo, at the base of the western flank of Tangent Peak. 

A fourth occurrence of Triassic rocks is present in the swi sec . 4, 

T. 8 N., R. 11 Woo , near the southern end of the Big Pass . Although no 

actual outcr op is present there , dominant limestone float covering a smaIl 

lmoll is lithologically similar to t he Dinwoody rocks in the '''est Terrace 

syncl ine , and contains pelecypod impressions similar to those on ~ bed­

ding surfaces in that section. This small, unexposed block apparently lies 

as a Hedge between major Basin and Range type faults , having been dropped 

nearly 20, 000 stratigraphic feet to its present position among Permian 

r ocks of l Olier to middle vlolfcampian age .. 

The Dinwoody Formation is best preserved and best exposed in the 

core of the West Terrace ~cline . A few scatter ed outcr ops protrude 

through the covering of lake sediments, but better, and in many cases, 

ver,y good, though limited, exposures are present in dry washes on the west 

limb of the syncline . The formation was measured in three such washes by 

offsetting on key beds. 

The limestone units are nearly always exposed and usually form l edges 

or falls in the wash bed. Shale units are sometimes concealed, but the 

sides of the washes are steep in most places and the bedrock is easily un­

covered. 

Characteristics and thickness . As delineated by the writer, the Din­

woody Formation is 1670 feet thick in the Terrace HOW1tainS , and is divided 

i nto the Lingula and Claraia zones of Newell and Kummel (1942) or at l east 

their equivalents , which the writer feels are r ecognizable in this section. 

The basal sil ty limestone zone recognized by Newell and Kummel was appar­

entlY truncated to the north, as it is not present in the Terrace Mountains 
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s e c t i o n . 

L i n g u l a z o n e . The p r o b a b l e e q u i v a l e n t o f t h e L i n g u l a zone i n 

s o u t h e a s t e r n I d a h o i s a p p r o x i m a t e l y 260 f e e t t h i c k i n t h e T e r r a c e Moun­

t a i n s . I t s l o w e r b o u n d a r y i s t h e P e r m i a n - T r i a s s i c c o n t a c t , and i t s u p p e r 

l i m i t was c h o s e n a t an a r b i t r a r y p o s i t i o n b a s e d on g r a d u a l f a u n a l and l i t h -

o l o g i c c h a n g e s . The zone i s c h a r a c t e r i z e d by i n t e r b e d d e d maroon , g r e e n 

and o l i v e - g r a y s h a l e and b o t h b i o c l a s t i c and c r y s t a l l i n e , ma roon , c h o c o l a t e , 

and g r a y l i m e s t o n e . The s h a l e u n i t s a r e i n d i s t i n c t l y b e d d e d , w e a t h e r i n t o 

s m a l l c h i p s o r f l a k e s , and c o n s t i t u t e 7 0 - 8 0 p e r c e n t o f t h e z o n e . T h i n -

t o medium-bedded l i m e s t o n e u n i t s which w e a t h e r i n t o b l o c k s , make u p t h e 

c o m p l i m e n t a r y 2 0 - 3 0 p e r c e n t . 

S t r a t a a s s i g n e d t o t h e L i n g u l a zone were m e a s u r e d i n a d e e p wash i n 

s e c . 8 , T . 8 N . , R. 12 ¥ . , w e s t of t h e a x i s of t h e s y n c l i n e . Through t h e 

g r a d a t i o n a l i n t e r v a l b e t w e e n t h e L i n g u l a zone and t h e o v e r l y i n g C l a r a j a 

z o n e , s h a l e becomes l e s s a b u n d a n t , and p l a t y , s i l t y l i m e s t o n e ( c a l c a r e n -

i t e ) l a r g e l y t a k e s i t s p l a c e b e t w e e n u n i t s o f m a s s i v e c r y s t a l l i n e l i m e ­

s t o n e and c a l c a r e o u s s i l t s t o n e , and t h e l o w e r p a r t of t h e C l a r a i a zone 

r e t a i n s many l i t h o l o g i c c h a r a c t e r i s t i c s of t h e s u b j a c e n t L i n g u l a z o n e . 

C l a r a i a z o n e . A p p r o x i m a t e l y 1320 f e e t o f s t r a t a a r e a s s i g n e d t o t h e 

C l a r a i a z o n e , a l t h o u g h b e c a u s e p a r t s o f i t a r e n o t w e l l e x p o s e d and o f f ­

s e t t i n g was n e c e s s a r y f o r m e a s u r e m e n t , t h e r e i s a p o s s i b i l i t y of s l i g h t 

d u p l i c a t i o n o r o m i s s i o n i n t h i s i n t e r v a l . As m e n t i o n e d a b o v e , t h e l o w e r 

t h i r d o f t h e zone i s s i m i l a r t o t h e L i n g u l a z o n e , b u t h a s l e s s s h a l e and a 

h i g h e r p e r c e n t a g e of s i l t y l i m e s t o n e . The t h i n - b e d d e d t o l a m e l l a r , o l i v e -

y e l l o w t o b u f f and t a n c a l c a r e n i t e i s t h e dominan t l i t h o l o g y i n t h e u p p e r 

t w o - t h i r d s of t h i s z o n e . I t i s u s u a l l y r i p p l e - m a r k e d ( . symmet r i c a l r i p p l e s ) 

and i t p a r t s on m i c a c e o u s l a m i n a e i n t o t h i n p l a t y f l o a t . 
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section. 

Lingula zone. The probable equivalent of the Lingula zone in 

southeastern Idaho is approximately 260 feet thick in the Terrace Moun­

tains. Its lower boundary is the Permian-Triassic contact, and its upper 

limit was chosen at an arbitra~J position based on gradual faunal mid lith­

ologic changes. The zone is characterized by interbedded maroon, green 

and olive-gray shale mid both bioclastic and crystalline, maroon, chocolate, 

and gray limestone. The shale units are indistinctly bedded, weather into 

small chips or flakes, and constitute 70-80 per cent of the zone. Thin-

to medium-bedded limestone units which weather into blocks, make up the 

complimenta~J 20-30 per cent. 

Strata assigned to the Lingula zone were measured in a deep wash in 

sec. 8, T. 8 N., R. 12 ~v., west of the axis of the syncline. Through the 

gradational interval between the Lingula zone and the overlying Claraia 

zone, shale becomes less abundant, and platy, silty limestone (calcaren­

ite) largely takes its place between units of massive crystalline lime­

stone and calcareous siltstone, and the lower part of the Claraia zone 

retains many lithologic characteristics of the subjacent Lingula zone. 

Claraia zone. Approximately 1320 feet of strata are assigned to the 

Claraia zone, although because parts of it are not well exposed and off­

setting was necessary for measurement, there is a possibility of slight 

duplication or omission in this interval. As mentioned above, the lower 

third of the zone is sL~ilar to the Lingula zone, but has less shale and a 

higher percentage of silty limestone. The thin-bedded to lamellar, olive­

yellow to buff and tan calcarenite is the dominant lithology in the upper 

two-thirds of this zone. It is usually ripple:2marked (symmetrical ripples) 

ffiid it parts on micaceous laminae into thin platy float. 
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Measured s e c t i o n * 

S e c t i o n o f t h e Dinwoody F o r m a t i o n m e a s u r e d i n 

s e c . 5 and N j s e c . 8 , T . 8 N . , R. 12 U t a h . 

T r i a s s i c : 

Thaynes F o r m a t i o n . 

Conformable c o n t a c t 

Dinwoody F o r m a t i o n : 

UNIT DESCRIPTION THICKNESS 
( f e e t ) 

9 0 . L i m e s t o n e , s i l t y , o l i v e - b r o w n , w e a t h e r s s a m e . I n d i s t i n c t 
r i p p l e - m a r k s ; most v e r y t h i n - b e d d e d ; m i c r o - l a m i n a t i o n s . 
S e v e r a l b e d s 6 t o 8 i n c h e s . F o s s i l i f e r o u s b e d 20 f e e t 
f rom t o p ; p o o r p r e s e r v a t i o n s . E u m o r p h o t i s ? s p • . . . . . . . . « . . . * 196 

8 9 • L i m e s t o n e , g r a y - b r o w n , w e a t h e r s medium t o d a r k b r o w n . 
Bedd ing i r r e g u l a r , w e a t h e r s i n t o b l o c k y f l o a t . Micaceous 
p a r t i n g s on b e d d i n g p l a n e s ; w h i t e c a l c i t e v e i n i n g . . . . . . . . . . . 20 

8 8 . C o n c e a l e d . No dominan t f l o a t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 

8 7 . S i l t s t o n e , c a l c a r e o u s , o l i v e - b r o w n , w e a t h e r s medium t o d a r k 
b r o w n . T h i n - b e d d e d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

8 6 . C o n c e a l e d . F l o a t i s c a l c a r e o u s s h a l e • 20 

8 5 . L i m e s t o n e , s i l t y , d a r k y e l l o w i s h - t a n , w e a t h e r s s ame . T h i n -
b e d d e d . M o s t l y c o n c e a l e d . 65 

8 lu S i l t s t o n e , c a l c a r e o u s , o l i v e - b r o w n , w e a t h e r s d a r k b r o w n . 
R e s i s t a n t o u t c r o p 5 

8 3 . C o n c e a l e d . F l o a t i s l i m e s t o n e , s i l t y . . . . . . . . . . . . . . . . . . . . . . . 25 

8 2 . L i m e s t o n e , medium y e l l o w i s h - t a n w i t h g r e e n i s h t i n g e , w e a t h e r s 
s l i g h t l y d a r k e r . L a m e l l a r - b e d d e d , a v e r a g e 1 t o 3 mm.; 
f i s s i l e . S i l t y i n t e r b e d s 50 

8 1 . C o n c e a l e d . F l o a t i s c a l c a r e o u s s h a l e , o l i v e - t a n , f i s s i l e . . . 25 

8 0 . L i m e s t o n e , b i o c l a s t i c , m e d i u m - g r a y , w e a t h e r s medium g r a y 
b r o w n . C r y s t a l l i n e a p p e a r a n c e • 1 

7 9 . C o n c e a l e d . F l o a t i s s i l t y l i m e s t o n e , l i g h t y e l l o w i s h - t a n . 
Very t h i n - b e d d e d ; p l a t y ; f i s s i l e . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
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Measured section. 

Section of the Dinwoody Formation measured in 

sec. 5 and N~ sec. 8, T. 8 N., R. 12 W., Utah. 

Triassic: 

Thaynes Formation. 

Conformable contact 

Dimmody Formation: 

UNIT DESCRIPI'ION 

90. Limestone, silty, olive-brown, weathers same. Indistinct 
ripple-marks; most verJ thin-bedded; micro-laminations. 
Several beds 6 to 8 inches. Fossiliferous bed 20 feet 

THICKNESS 
(feet) 

from top; poor preservations. Eumorphotis? sp.............. 196 

89. Limestone, gray-brown, weathers medium to dark brown. 
Bedding irregular, weathers into blocky float. Micaceous 
partings on bedding planes; white calcite veining........... 20 

88. Concealed. No dominant float............................... 70 

87. Siltstone, calcareous, olive-brown, weathers medium to dark 
brown. Thin-bedded......................................... 5 

86. Concealed. Float is calcareous shale....................... 20 

85. Limestone, silty, dark yellmflsh-tan, weathers same. Thin-
bedded. }lostly concealed................................... 65 

84. Siltstone, calcareous, olive-brovm, weathers dark brown. 
Resistant outcrop........................................... 5 

83. Concealed. Float is limestone, silty....................... 25 

82. Limestone, medium yellowish-taD with greenish tinge, weathers 
slightly darker. Lamellar-bedded, average 1 to 3 rom.; 
fissile. Silty interbeds................................... 50 

81. Concealed. Float is calcareous shale, olive-tan, fissile... 25 

80. Limestone, bioclastic, medium-gray, weathers medium gray 
brown. Crystalline appearance.............................. 1 

79. Concealed. Float is silty limestone, light yellowish-tan. 
Very thin-bedded; platy; fissile............................ 25 
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7 8 . L i m e s t o n e , m e d i u m - g r a y , w e a t h e r s medium g r a y b r o w n . B i o c l a s -
t i c , a p p a r e n t l y r e c r y s t a l l i z e d . Whi te c a l c i t e v e i n i n g . Non-
r e s i s t a n t . • • • • • • • • • • • • • • • • 23 

7 7 • L i m e s t o n e , s h a l e y , g r e e n i s h - g r a y , w e a t h e r s s a m e . F i s s i l e , 
v e r y t h i n - b e d d e d . P o o r l y e x p o s e d . 18 

7 6 . L i m e s t o n e , medium g r a y b r o w n , w e a t h e r s s ame . Medium 
c r y s t a l l i n e 2 

75 • L i m e s t o n e , s h a l e y , medium y e l l o w - t a n , w e a t h e r s t a n . Some 
c r y s t a l l i n e l i m e s t o n e b e d s t o 2 i n c h e s . Bedd ing i r r e g u l a r ; 
1 t o 2 mm.; m i c a c e o u s p a r t i n g s . Poor e x p o s u r e . . . . . . . . . . . . . . . 62 

7 l u L i m e s t o n e , s h a l e y , g r e e n i s h - g r a y , w e a t h e r s s a m e . F i s s i l e ; 
p a r t n o d u l a r • Poor e x p o s u r e • • • • • . • . « • • . « . • • » • » • * . • • * . • • • • « • • 1 5 

7 3 • L i m e s t o n e , medium y e l l o w - t a n , w e a t h e r s same . Medium-bedded . 
Lower p a r t s h a l e y ; n o d u l a r . M i d d l e p a r t b l o c k y w e a t h e r i n g . . . 12 

7 2 . S h a l e , g r a y - g r e e n , w e a t h e r s s a m e . F i s s i l e . Few c a l c a r e o u s , 
m i c a c e o u s b e d s , t o 1 i n c h • • • • • • 19 

7 1 . L i m e s t o n e , m e d i u m - g r a y , g r e e n i s h t i n t , w e a t h e r s y e l l o w i s h -
b rown; m o t t l e d a p p e a r a n c e . F i n e - c r y s t a l l i n e . Beds 1 t o 3 
cm. Few b e d s g r a y , c r y s t a l l i n e l i m e s t o n e , t o 2 i n c h e s . F a i n t 
r i p p l e m a r k s . R e l a t i v e l y w e l l - e x p o s e d . . . . . . . . . . . . . « * • • . • • • • • • 1 3 

7 0 . L i m e s t o n e , y e l l o w - t a n , w e a t h e r s s ame . T h i n - b e d d e d ; f i s s i l e 5 
p l a t y . P a r t i a l l y c o n c e a l e d • • • • • • • • • • • • • • • • • • • • • • • • • • 13 

6 9 . L i m e s t o n e , m e d i u m - g r a y , w e a t h e r s b r o w n . F i n e - c r y s t a l l i n e . 
W e l l - b e d d e d ; \ t o 1 i n c h . Wea the red s u r f a c e r o u g h , m o t t l e d 
a p p e a r a n c e • • • 3 

6 8 . C o n c e a l e d . F l o a t i s l i m e s t o n e , g r e e n - g r a y , w e a t h e r s l i g h t e r . 
M i c a c e o u s , p l a t y . Few r e s i s t a n t b e d s form r e c t a n g u l a r 
chunks i n f l o a t • • • • 25 

6 7 . L i m e s t o n e , g r a y - g r e e n , w e a t h e r s s ame . S i l t y . P o o r l y b e d d e d . 3 

6 6 . C o n c e a l e d . P r o b a b l y s h a l e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 20 

6 5 . L i m e s t o n e , medium g r a y - b r o w n , w e a t h e r s d a r k b r o w n . W e a t h e r e d 
s u r f a c e m o t t l e d and r o u g h . I n d i s t i n c t f o s s i l c a s t s i n c l u d e 
M y a l i n a ? s p . , Nucu l a? s p . , and C l a r a i a ? s p . 15 

6 i u L i m e s t o n e , m o t t l e d g r a y , w e a t h e r s t a n t o b rown . Bedding 
i n d i s t i n c t ; 1 t o 1} i n c h e s . P a r t s q u i t e n o d u l a r 1 5 

6 3 . L i m e s t o n e , s i l t y , g r a y - g r e e n , w e a t h e r s s a m e . Very t h i n -
b e d d e d t o l a m e l l a r 6 
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78. Limestone, medium- grB¥ , weathers medium gray br own . Biocl as­
tic , apparently recrystallized . White calcite veining . Non-resistant... ......... ................. ................ ......... ......................... 23 

77 . Limestone, shaley, 
ve~ thin-bedded. 

greenish- gr ay, weathers same . Fissile, 
Poorly exposed ••••••••••••••• • •• • ••••••••• 18 

76 . Limestone , medium gray·,brown, weathers same . Medium 
cry-staiiine.. .. . ... .. . .. ...... ...... • .. • .. . ...... • ... ....... ... ...... • .. • .. ....... . ...... .. .. • .. 2 

75. Limestone, shaley, medium yellow- tan, weathers tan . Some 
crystauine l imestone beds to 2 inches . Bedding irregular; 
1 to 2 mrn.; micaceous partings . Poor exposure... . ........... 62 

74. Limestone, shaley, greenish- gray, weathers same . Fissil e; 
part nodular . Poor exposure ................................. IS 

73 . Limestone, medium yellow- tan, weathers same . Medium-bedded . 
Lower part shaley; nodular . Middle part blocky weathering... 12 

72 . Shal e, gr~-green, weathers same . Fissile . Few calcareous, 
micaceous beds , to 1 inch.. . ................................. 19 

71. Limestone, medium-gr~, greeni sh tint, weathers yellowish­
brown; mottled appearance . Fine-crystalline . Beds 1 to 3 
cm. Few beds gray, crystalline limestone , to 2 inches . Faint 
ripple mark~ Relatively well- exposed.. . ..... . ............... 13 

70. Limestone, yellow-tan, weathers same . Thin-bedded; fissile ; 
platy . Partially concealed.................................. 13 

69 . Limestone , medium- gray, weathers brown . Fine- crystalline . 
wel1-bedded; i to 1 inch . Weathered surface r ough, mottl ed 
appearance •••••••• •• •• • ••••• ••••••••••••••••••••••••• 0 o. •• •• • 3 

68 . Concealed. 
Micaceous , 

Float is limestone, gr een- gray, weathers lighter. 
platy. Few resistant beds form rectangular 

chunks in float ••••• ••••• ••.•••.••••••••••••••• •••••• •••••••• 25 

67. Limestone , gray- green, weathers same . Silty. Poorly bedded. 3 

66 . Concealed. Probably shale •••• •••••••.•••••••• •••••••••••• 0.. 20 

65 . Limestone, medium gray-brown, weathers dark brolm . Weathered 
surface mottled and rough . Indistinct fossil casts include 
~alina? sp., Nucula? sp., and Claraia? sp......... . ......... 15 

64 . Limestone , mottled gray, weathers tan to brown . Bedding 
indistinct; 1 to 4 inches . Parts quite nodular. .... . ......... IS 

63 . Limestone, Silty, gray- green, weathers same . Very thin-
bedded to l amellar... ..................... ......... .. ...... .. 6 



9 1 

6 2 • L i m e s t o n e , s i l t y , b r o w n i s h - g r a y , w e a t h e r s d a r k e r b r o w n . 
Some u n i f o r m b e d s a v e r a g e h i n c h e s . S u r f a c e s m o t t l e d , 
Blocky w e a t h e r i n g , • • . . . . . . . . . . k 

6 1 , L i m e s t o n e , s i l t y and s h a l e y , g r a y - g r e e n , w e a t h e r s s a m e , 
P l a t y ; r i p p l e - m a r k e d . Chunky w e a t h e r i n g . F i s s i l e , s h a l e y 
l i m e s t o n e a t b a s e , maroon s h a l e a t t o p . N o n - r e s i s t a n t u n i t * . 10 

6 0 . S h a l e and l i m e s t o n e . Lower p a r t s h a l e , maroon a n d g r e e n , 
w e a t h e r s s a m e . Upper p a r t s h a l e , y e l l o w i s h - g r e e n , c a l c a r e o u s , 
s i l t y ; i n t e r b e d d e d w i t h J - t o 1 - i n c h b e d s of g r a y l i m e s t o n e . 
P a r t l y c o n c e a l e d , 15 

5 9 . L i m e s t o n e and s i l t s t o n e , m o t t l e d - g r a y , w e a t h e r s s a m e . S e v e r a l 
1 - f o o t s i l t s t o n e b e d s . T h i n - b e d d e d , m i c a c e o u s , s i l t y l i m e ­
s t o n e a t b a s e . L i m e s t o n e s r e s i s t a n t , form f a l l s i n s t r e a m . . . 1 1 

5 8 . L i m e s t o n e and s h a l e , l i g h t t a n n i s h - g r a y w i t h g r e e n t i n t , 
w e a t h e r s s a m e . Green and maroon s h a l e i n u p p e r p a r t ; g r e e n 
s h a l e a t t o p . F i s s i l e , Bedding i n d i s t i n c t . . . . . . . . . . . . . . . . . * , h 

57* L i m e s t o n e , s i l t y - g r e e n i s h - g r a y t o maroon a t t o p , w e a t h e r s 
s a m e . Very t h i n - b u t w e l l - b e d d e d ; a v e r a g e § i n c h . Upper 
p a r t c a l c a r e o u s n o d u l e s i n s h a l e y m a t r i x h 

5 6 . L i m e s t o n e , c r y s t a l l i n e , g r a y - b r o w n , w e a t h e r s d a r k e r . W e a t h e r e d 
s u r f a c e r o u g h ; r e s i s t a n t u n i t 2 

£ 5 . L i m e s t o n e , medium g r e e n i s h - g r a y , w e a t h e r s s a m e . Smooth s u r ­
f a c e - . W e a t h e r s i n t o c u b i c b l o c k s 9 

5Iw S h a l e , c a l c a r e o u s and l i m e s t o n e » S h a l e i s g r a y - g r e e n , 
w e a t h e r s s a m e . F i s s i l e T L i m e s t o n e i n u p p e r p a r t b r o w n i s h 
maroon , 6 

5 3 . L i m e s t o n e , b i o c l a s t i c and s i l t y , m o t t l e d - g r a y , w e a t h e r s d a r k 
g r a y . Very t h i n - b e d d e d ; i r r e g u l a r , a v e r a g e 1 t o 2 i n c h e s , 
s e v e r a l 1 - f o o t s i l t y b e d s . U n i t r e s i s t a n t , makes f a l l s i n 
g u l l y . I n d i s t i n c t f o s s i l i m p r e s s i o n s on b e d d i n g s u r f a c e s . • , , 13 

5 2 . C o n c e a l e d , F l o a t i s s h a l e , c a l c a r e o u s 20 

5 1 . L i m e s t o n e and s h a l e . L i m e s t o n e i s g r a y , w e a t h e r s l i g h t e r ; 
s i l t y ; p a r t m a s s i v e , p a r t v e r y t h i n - b e d d e d , p l a t y . S h a l e i s 
b r i g h t ma roon , w e a t h e r s same; f i s s i l e . Some c o n c r e t i o n a r y 
l i m e s t o n e • • 23 

5 0 , C o n c e a l e d . No dominan t f l o a t , p r o b a b l y s h a l e . . . . . . . . . . . . . . . . 20 

1*9. L i m e s t o n e , s i l t y , g r a y - b r o w n , w e a t h e r s d a r k b r o w n . T h i n -
b e d d e d , Z t o k i n c h e s . Wea the r s i n t o s m a l l b l o c k s • • • • • 12 

lj.8, S i l t s t o n e , g r e e n i s h - t a n t o g r a y , w e a t h e r s d a r k e r . L a m e l l a r 

62. Limestone , silty, brownish- gray, weathers darker brmm. 
Some uniform beds aver age 4 inches. Sur faces mottled . 
Bloc~ weather ing............................ . ............... 4 

61. sil t y and shaley, gray- green, weatbers same . 
Chunky weathering. Fissil e , shal er 

l imestone at base, maroon shale at top. Non-resistant unit.. 10 

60. Shale and 1..i.mestone. Lower part shale , maroon and green, 
weathers same . Upper part shale , yellowish- green, calcar eous , 
sil~ ; interbedded with i- to I - inch beds of gray limestone . 
Partly concealed........ . ......... .. ...... . . ... .... . . . ....... 15 

59. 

58. 

57 . 

56. 

Limestone and siltstone , mottled-gray, weathers same . Several 
I-foot siltstone beds . Thin- bedded, micaceous , silty lime­
stone at base . Limestones resistant , form falls in stream ••• 

Limestone and shale, light tannish- gray with green tint, 
weathers same . Green and maroon shale in upper part; green 
shale at top. Fissile . Bedding indistinct ••••••••••••••••••• 

Limestone, sil ty- greenish- gray to maroon at top, weather s 
same . Very thin- but well- bedded; aver age ! inch . Upper 
part calcar eous nodules in shaley matrix ••• •••••••••••••••••• 

Limestone , crystalline, gray- brown, weathers darker . Weather ed 
surface rough; resistant unit ••••••••••••••••••••••••••• ••••• 

Limestone , medium greenish- gray, weathers same . Smooth sur­
f ace . Weathers into cubic blocks ••••••••••••• ••••• ••••••• •• • 

54. Shale , calcareous and limestone . Shale is gray- green, 
weat hers same . Fissile . Limestone in upper part br ownish 

11 

4 

4 

2 

9 

maroon. . •• • • . • • • . • • • • • • • • . . . • . • • . • • • ••• • •• • • •• •• •• • • • • ••• • •• • 6 

53 . Limestone , bioclastic and silty, mottled- gray, weathers dark 
gray. Very thin-bedded; irregular , average 1 to 2 inches , 
several I - foot silty beds . Unit resistant , makes falls in 
gully . Indistinct fossil impressions on bedding surfaces. ... 13 

52 . Concealed. Float is shale , cal careous . . ........ . ... . . .. ..... 20 

51. Limestone and shale . Lime stone is gray, weathers lighter ; 
silty; part massive , part very thin-bedded, pl aty . Shale is 
bright maroon, <Heathers same; fis s ile . Some concretionary 
limestone ••••••• • •.••••••••••• • • • • .•• ••••• ~ • • • • • • • • • • • • • •• • • • 23 

50 . Concealed. No dominant float , probably shale . . ........ . ..... 20 

49 . Limestone, silty, gray-brown, weathers dark bro~m . Thin-
bedded, 2 to 4 inches . Weathers into small blocks .. . ... . .... 12 

48 . Siltstone, gr eenish- tan to gray, weathers darker. Lamellar 
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t o v e r y t h i n - b e d d e d . O s c i l l a t i o n r i p p l e - m a r k e d . Un i fo rm; 
p l a t y . P o o r l y e x p o s e d . • 27 

him L i m e s t o n e , s i l t y , t a n - g r a y , w i t h g r e e n i s h t i n g e , w e a t h e r s 
b r o w n . Lower 5 f e e t v e r y t h i n - b e d d e d ; p l a t y ; m i c a c e o u s . 
C r o s s - b e d d e d ; r i p p l e - m a r k e d . Upper p a r t q u i t e s i l t y . 
W e a t h e r s t o a n g u l a r b l o c k s and s p a l l s . . . . . 7 

1*6. L i m e s t o n e , g r a y , w e a t h e r s s a m e . M e d i u m - c r y s t a l l i n e . 
W e a t h e r e d s u r f a c e r o u g h 2 

1*5. L i m e s t o n e , s i l t y , b u f f t o g r e e n i s h - g r a y , w e a t h e r s s l i g h t l y 
d a r k e r . Very t h i n - b e d d e d t o l a m e l l a r ; f i s s i l e . Micaceous 
s u r f a c e s ; p l a t y w e a t h e r i n g . P a r t n o d u l a r . . . . . . . . . . . . . . . . . . . . 10 

1*1*. L i m e s t o n e , g r a y - b r o w n , w e a t h e r s s a m e . M a s s i v e b e d ; c a l c i t e 
v e i n e d ; r o u g h w e a t h e r e d s u r f a c e 3 

h3. L i m e s t o n e , s i l t y , b u f f - y e l l o w t o g r a y - b r o w n , g r e e n i s h t i n g e , 
w e a t h e r s s l i g h t l y d a r k e r . Bedding i r r e g u l a r , l a m e l l a r t o 
t h i n - b e d d e d , t o 8 i n c h e s . F o s s i l s i n c l u d e Nucu la s p . , 
A n o d o n t o p h o r a ? s p . , E u m o r p h o t i s m u l t i f o r m i s , CorEu la? s p . , 
C l a r a i a s t a c h e i ? ^ C l a r a i a c f , C. m u l l e r i , Mya l ina s p . , 
M y a l i n a s p a t h i . • • 27 

1*2. S h a l e and l i m e s t o n e . S h a l e maroon , w e a t h e r s s a m e . L i m e s t o n e 
i s g r e e n i s h - t a n , w e a t h e r s d a r k b r o w n . Medium-bedded . Blocky 
l i m e s t o n e f l o a t . O s c i l l a t i o n r i p p l e - m a r k e d . M o s t l y c o n ­
c e a l e d , . . . . . . . . . . . . . . . . . . . . . . . . . . 3 0 

1*1. C o n c e a l e d . No dominan t f l o a t , p r o b a b l y s h a l e . . • • 20 

1*0. S i l t s t o n e , c a l c a r e o u s , b u f f t o t a n , w e a t h e r s s a m e . Beds 
a v e r a g e 1 i n c h . O s c i l l a t i o n r i p p l e - m a r k e d . N o n - r e s i s t a n t 
u n i t . Worm t r a i l s on some b e d d i n g s u r f a c e s 8 

' 3 9 . C o n c e a l e d . No dominan t f l o a t , p r o b a b l y s h a l e 30 

3 8 . L i m e s t o n e , m o t t l e d - g r a y t o y e l l o w - t a n , w e a t h e r s s a m e . 
I n d i s t i n c t b e d d i n g , a v e r a g e 1 t o 2 i n c h e s . 1* 

3 7 . L i m e s t o n e , s i l t y , l i g h t - g r a y t o t a n , w e a t h e r s d a r k b r o w n . 
T h i n - b e d d e d , 2 t o 1* i n c h e s , u n i f o r m . R e s i s t a n t u n i t , w e a t h e r s 
t o s m a l l b l o c k s 19 

3 6 . C o n c e a l e d . No dominan t f l o a t , p r o b a b l y s h a l e • 10 

3 5 • L i m e s t o n e , med ium-g ray , w e a t h e r s s ame . M e d i u m - c r y s t a l l i n e . 
S o l i d b u t c o n t o r t e d b e d s ; w h i t e c a l c i t e v e i n i n g ; r ough 
w e a t h e r e d s u r f a c e • « 5 

31*. S i l t s t o n e and l i m e s t o n e , t a n t o g r a y , most w e a t h e r s d a r k g r a y 
b r o w n . T h i n - b e d d e d ; r e s i s t a n t u n i t b u t p a r t i a l l y c o n c e a l e d . . 10 

to very 
platy. 
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thin- bedded. Oscillation ripple- marked . Uniform; 
Poor ly- exposed •••••••••••••••••••• ••••••••• •••••••••• 

47. Limestone, silt y , tan-gr~, with greenish tinge, weat hers 
brown . Lower S feet very thin- bedded; platy; micaceous . 
Cross- bedded; ripple- marked. Upper part quite s ilty . 

27 

Weathers to angular bl ocks and spalla ................... .. . .. 7 

46. Limestone, gray, weathers same . Medium-crystalline . 
Weathered surface rough..... . .. ... . .............. . ...... . .... 2 

45. Limestone, silty, buff to greenish- gray, weathers sli ghtly 
darker . Very thin- bedded to l amellar ; fissile . Micaceous 
surf aces; plat,r weathering. Part nodular ....... .. .......... . 10 

44. Limestone , gr~-brown , weather s same . Massive bed; calcite 
veined; rough weathered surface ........................ . ..... 3 

43. Limest one, silty , buff -yellow to gr ay- brown, greenish tinge, 
weathers Slight~ darker . Bedding irregular, l amellar to 
t hin-bedded, to 8 inches . Fossils include Nucula sp., 
Anodontophora? sp., Eumorphotis multiformis , CorbUla? sp., 
Claraia stachei?, Cl araia cf. C. iIiilleri, MYalina ap., 
&aIiria spathi •••.• • ••••••••• : . ... • ••••• ••••••• •••••••••••••• 27 

42. Shale and l imestone . Shal e maroon, weathers same . Limestone 
is greenish- tan, weathers dark brown. Hedium- bedded . ID..ocky 
limestone float . Oscillation r ipple-marked . Mostly con-
cealed •••••••••••••••••••••••••••••• '" • • • ••• • • ••• ••• ••• • ••• • 30 

41 . Concealed . No dominant float , probably shale ................ 20 

40. Siltstone , calcareous , buff to tan, weathers same . Beds 
average 1 inch . Oscillation ripple-marked. Non- resistant 
unit. 'toTorm trails on some bedding surfaces ... . . • •••••• •••• • • 8 

. 39 . Concealed. No dominant float , probably shale ........ .. ...... 30 

38. Limestone , 
Indistinct 

mottled- gray to yellOYI- tan, weathers same . 
bedding, average 1 to 2 inches •••••••••••••••••••• 4 

37 . Limestone , silty, l ight- gray to tan , ~eathers dark brown . 
Thin- bedded, 2 to 4 i nches , uniform. Resistant unit , l1eathers 
to small blocks ... . • •• •• • • • •• • • . • •• .• • • ••• • • • . •• • • • • • • • •• • • • • 19 

36. Concealed. No dominant float , probably shale............ . ... 10 

35. Limestone, medium-gray, weathers same . 
Solid but contorted beds; ~hite calcite 

Hedi um- crystalline . 
veining; rough 

1-leathered surface............... . ...... .. ....... . ..... . ... . .. 5 

34 . Siltstone and limestone , tan to gray, most weathers dark gr ay 
br01m . Thin- bedded; res i stant unit but partially concealed.. 10 
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33* C o n c e a l e d , No dominan t f l o a t , p r o b a b l y s i l t s t o n e and s h a l e . . . . 55 

3 2 . L i m e s t o n e , g r a y , w e a t h e r s d a r k g r a y t o b rown . D i s t i n c t l y b u t 
i r r e g u l a r l y b e d d e d ; 2 t o 12 i n c h e s . Some t h i n s h a l e y p a r t i n g s . 
W h i t e c a l c i t e v e i n s i n u p p e r p a r t . P o o r l y p r e s e r v e d f o s s i l 
i m p r e s s i o n s on b e d d i n g s u r f a c e s 13 

3 1 . C o n c e a l e d , p r o b a b l y s h a l e 1*0 

3 0 . L i m e s t o n e and s i l t s t o n e . L i m e s t o n e , g r a y , w e a t h e r s y e l l o w t a n . 
D e n s e ; c r y s t a l l i n e . Abundant p o o r l y p r e s e r v e d f o s s i l s . S i l t ­
s t o n e , c a l c a r e o u s , o r a n g e - y e l l o w , w e a t h e r s g r e e n i s h - t a n . T h i n -
b e d d e d ; p l a t y . I n d e t e r m i n a b l e p e l e c y p o d i m p r e s s i o n s t h r o u g h o u t . 
P a r t i a l l y c o n c e a l e d 25 

2 9 . L i m e s t o n e , s i l t s t o n e , and s h a l e . L i m e s t o n e , g r a y , w e a t h e r s 
same , s o l i d , medium-bedded; a t b a s e of u n i t . S i l t s t o n e , 
c a l c a r e o u s , y e l l o w - t a n , w e a t h e r s d a r k e r ; t h i n - b e d d e d , p l a t y . 
S h a l e , m o s t l y maroon , some g r e e n ; i n t e r b e d d e d w i t h s i l t s t o n e . 
Upper p a r t of u n i t m o s t l y c o n c e a l e d . 25 

2 8 . C o n c e a l e d . P r o b a b l y s h a l e . L i g h t g r e e n i s h - g r a y c l a y on 
s u r f a c e • 5 

2 7 . S i l t s t o n e , c a l c a r e o u s , y e l l o w i s h - t a n , w e a t h e r s s a m e . Very 
t h i n - b e d d e d ; i n d i s t i n c t . W e a t h e r s i n t o s m a l l c h i p s . P a r t i a l l y 
c o n c e a l e d . . 5 

2 6 . L i m e s t o n e , g r a y , w e a t h e r s d a r k e r . Lower p a r t s h a l e y . I r ­
r e g u l a r l y b e d d e d . N o d u l a r a p p e a r a n c e on s u r f a c e . R e s i s t a n t 
b e d s i n u p p e r p a r t ; c o n t o r t e d b e d d i n g . S m a l l d e t r i t a l m i c a 
c o n t e n t . 12 

2 5 . L i m e s t o n e , s i l t y , y e l l o w i s h - t a n , w e a t h e r s d a r k e r . Very t h i n -
b e d d e d ; t o 2 i n c h e s . Micaceous p a r t i n g s on b e d d i n g s u r f a c e s . 
O s c i l l a t i o n r i p p l e - m a r k s 9 

2 l | . S h a l e and l i m e s t o n e , s i l t y . S h a l e , g r e e n i s h - g r a y , w e a t h e r s 
s a m e . L i m e s t o n e , t a n . T h i n - b e d d e d . P a r t i a l l y c o n c e a l e d . . . . . 13 

2 3 . L i m e s t o n e , m e d i u m - g r a y , w e a t h e r s b r o w n . Very t h i n - b e d d e d . 
R e s i s t a n t u n i t . . 23 

2 2 . S h a l e , g r e e n and maroon , w e a t h e r s same; i n t e r b e d d e d . S e v e r a l 
1 - t o 2 - f o o t b e d s of l i m e s t o n e . S h a l e m o s t l y c o n c e a l e d . . . . . . . 1*5 

2 1 . L i m e s t o n e , g r a y , w e a t h e r s medium b r o w n . M e d i u m - c r y s t a l l i n e . . . 3 

2 0 . S h a l e , i n p a r t c a l c a r e o u s , and l i m e s t o n e . S h a l e g r e e n ; b e d d i n g 
i n d i s t i n c t , wavy . C a l c a r e o u s p a r t s r i p p l e - m a r k e d . L i m e s t o n e , 
g r a y - b r o w n , w e a t h e r s b r o w n . Very t h i n - b e d d e d , t o 2 i n c h e s . 
Ammonite? i m p r e s s i o n s on s u r f a c e . . . . . . . . . . 12 
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33. Concealed. No dominant float, probably siltstone and shale.... 55 

32. Limestone, gray, l{eathers dark gray 
irregularJ¥ bedded; 2 to 12 inches. 
~ite calcite veins in upper part. 

to brovm. Distinctly but 
Some thin shaley partings. 

Poorly preserved fossil 
impressions on bedding surfaces................................ 13 

31. Concealed, probably shale...................................... 40 

30. Limestone and siltstone. Limestone, gray, weathers yello"J tan. 
Dense; crystalline. Abundant poorly preserved fossils. Silt­
stone, calcareous , orange-yellow, "reathers greenish-tan. Thin­
bedded; platy. Indeterminable pelecypod impressions throughout. 
Partially concealed............................................ 25 

29. Limestone, siltstone, and shale. Limestone, gray, vreathers 
same, solid, medium-bedded; at base of unit. Siltstone, 
calcareous, yellow-tan, weathers darker; thin-bedded, platy. 
Shale, mostly maroon, some green; interbedded with siltstone. 
Upper part of unit mostly concealed............................ 25 

28. Concealed. Probably shale. Light greenish-gray clay on 
surface •••••••••.•••••••••••••.•••••...•••••••••••••••••••••••• 

27. Siltstone, calcareous, yello't~sh-tan, weathers same. 
thin-bedded; indistinct. Weathers ll1to small chips. 

Very 
Partially 

concealed. • • • . • • • • • . . . . • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • . • • • • • • 5 

26. Limestone, gray, weathers darker. Lower part shaley. Ir­
regularly bedded. Nodular appearance on surface. Resistant 
beds in upper part; contorted bedding. Small detrital mica 
content....................................................... 12 

25. Limestone, silty, yellowish-tan, weathers darker. Very thin­
bedded; to 2 inches. l1icaceous partings on bedding surfaces. 
Oscillation ripple-marks...................................... 9 

24. Shale and limestone, silty. Shale, greenish-gray, weathers 
same. LL~estone, tan. Thi~-bedded. Partially concealed ••••• 

23. Limestone, medium-gray, weathers brovm. Very thin-bedded. 

13 

Resist&it unit................................................ 23 

22. Shale, green arld maroon, Heathers same; interbedded. Several 
1- to 2-foot beds of limestone. Shale mostly concealed....... 45 

21. Limestone, gray, weathers medium brown. l'ledium-crystalline. • • 3 

20. Shale, in part calcareous, and limestone. Shale green; bedding 
indistinct, wavy. Calcareous parts ripple-marked. Limestone, 
gray-brovm, Heathers bro,m. Very thin-bedded, to 2 inches. 
Ammonite? impressions on surface............................... 12 
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19 • Lime s t o n e , m e d i u m - g r a y , w e a t h e r s g r a y brown t o maroon , Very 
t h i n - t o t h i n - b e d d e d . R e s i d u e shows s m a l l mica and d e t r i t a l 
q u a r t z c o n t e n t , a b u n d a n t s h e l l f r a g m e n t s and e c h i n o i d ( ? ) 
s p i n e s • • • . . . • . • . . . • . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . • * , , 1* 

1 8 , S h a l e , maroon t o g r e e n , w e a t h e r s s a m e . F i s s i l e ; c u r r e n t 
r i p p l e - m a r k e d . Bedding i n d i s t i n c t * S e v e r a l t h i n c a l c a r e o u s 
b e d s . P e l e c y p o d i m p r e s s i o n s on s u r f a c e s . . • • • . » • » • • • . 10 

1 7 . L i m e s t o n e , g r a y t o r e d - b r o w n , w e a t h e r s s a m e . C r y s t a l l i n e , 
f i n e - g r a i n e d , • • • 3 . 5 

1 6 . S h a l e , g r e e n , w e a t h e r s s a m e . Bedding i n d i s t i n c t . A few t h i n 
s i l t y , g r a y l i m e s t o n e b e d s n e a r t o p . P l a t y ; wavy b e d d i n g 
s u r f a c e s 10 

1 5 . L i m e s t o n e , medium-gray w i t h brown b l e b s , w e a t h e r s b r o w n . 
Bedding 2 t o k i n c h e s ; wavy s u r f a c e s . R e s i s t a n t e x p o s u r e , 
forms f a l l i n s t r e a m b e d . F o s s i l i m p r e s s i o n s on u p p e r 
s u r f a c e 3 . 5 

l l w S h a l e and l i m e s t o n e i n t e r b e d d e d . S h a l e m o s t l y g r e e n , some 
deep -maroon i n m i d d l e and u p p e r p a r t s , u s u a l l y b e t w e e n g r e e n 
i n t e r v a l s . L i m e s t o n e med ium-g ray , w e a t h e r s l i g h t g r a y t o 
b r o w n . F i n e - c r y s t a l l i n e , some s i l t y , s l i g h t l y g l a u c o n i t i c . 
Most v e r y t h i n - b e d d e d , wavy b e d d i n g s u r f a c e s commonly h a v i n g 
f o s s i l i m p r e s s i o n s . F o s s i l s from n e a r t o p i n c l u d e M y a l i n a 
s p a t h i ? , A v i c u l o p e c t e n s p . , E u m o r p h o t i s ? s p . , L i n g u l a 
b o r e a l i s ( t h r o u g h o u t ) . 66 

1 3 . C o n c e a l e d . No dominan t f l o a t , p r o b a b l y s h a l e 10 

1 2 . L i m e s t o n e and s h a l e , i n t e r b e d d e d . S h a l e g r e e n and maroon , i n 
3 - t o U - f o o t b e d s . L i m e s t o n e g r a y t o d a r k - b r o w n , w e a t h e r s 
g r a y brown t o d a r k b r o w n . Beds from 3 i n c h e s t o 2 f e e t . 
Upper p a r t v e r y t h i n - b e d d e d , wavy b e d d i n g s u r f a c e s . Most 
l i m e s t o n e b e d s c o n t a i n m i c r o g a s t r o p o d s and have L i n g u l a s p . 
and Y o l d i a ? s p , on b e d d i n g s u r f a c e s . . . . 25 

1 1 . L i m e s t o n e , r e d d i s h - b r o w n , w e a t h e r s d a r k e r . Some l i g h t - g r a y 
b a n d s . C r y s t a l l i n e , m e d i u m - g r a i n e d . Bedding d i s t i n c t ; k 
t o 6 i n c h e s . W e a t h e r e d s u r f a c e r o u g h . Low s i l t c o n t e n t . 
S i l i c e o u s s p i c u l e s and t h e c o n o d o n t H i n d e o d e l l a s p . . . . . . . . . . . 3 

1 0 . C o n c e a l e d . P r o b a b l y g r e e n s h a l e 8 

9 . L i m e s t o n e , m e d i u m - g r a y , w e a t h e r s l i g h t e r g r a y . C r y s t a l l i n e , 
m e d i u m - g r a i n e d . Bedding d i s t i n c t b u t i r r e g u l a r . . . . . k 

8 . S h a l e , g r e e n t o m o t t l e d g r e e n i s h - g r a y , w e a t h e r s s a m e . Bed-
d i n g i n d i s t i n c t . L i n g u l a b o r e a l i s a b u n d a n t 16 

7 . L i m e s t o n e , g r a y , w e a t h e r s m o t t l e d b r o w n i s h - g r a y . C r y s t a l l i n e , 

94 

19. Limestone, medi~~-gray, weathers gray brown to maroon. Ve~ 
thin- to thin-bedded. Residue shows small mica and detrital 
quartz content, abundant shell fragments and echinoid (?) 
spines....................................................... 4 

18. Shale, maroon to green, weathers same. Fissile; current 
ripple-marked. Bedding indistinct. Several thin calcareous 
beds. Pelecypod impressions on surfaces..................... 10 

17. Limestone, gray to red-brovm, weathers same. C~stalline, 
fine-grained................................................. 3.5 

16. Shale, green, weathers same. Bedding indistinct. A few thin 
silty, gray limestone beds near top. Platy; 'ltIavy bedding 
surfaces..................................................... 10 

15. Limestone, medium-gray • ..nth brovm blebs, weathers brown. 
Bedding 2 to 4 inches; wavy surfaces. Resistant exposure, 
forms fall in stream bed. Fossil impressions on upper 
surface...................................................... 3.5 

14. Shale and limestone interbedded. Shale mostly green, some 
deep-maroon in middle and upper parts, usually behleen green 
intervals. Limestone medium-gray, weathers light gray to 
brown. Fine-crystalline, some silty, slightly glauconitic. 
Nost very thin-bedded, wavy bedding surfaces commonly having 
fossil impressions. Fossils from near top include ~valina 
spathi?, Aviculopecten sp., Eumorphotis? sp., Lingula 
borealis (throughout) ••••••••••••••••••• ·••••••••••••••••••••• 66 

13. Concealed. No dominant float, probably shale................ 10 

12. Limestone and shale, interbedded. Shale green and maroon, in 
3- to 4-foot beds. LL~estone gray to dark-brovffi, weathers 
gray brm-m to dark bro,m. Beds from 3 inches to 2 feet. 
Upper part veF;/ thin-bedded, wa-vJ' bedding surfaces. Host 
limestone beds contain microgastropods and have Lingula sp. 
and Yoldia? sp. on bedding surfaces.......................... 25 

11. Limestone, reddish-brown, weathers darker. Some light-gray 
bands. Crystalline, medium-grained. Bedding distinct; 4 
to 6 inches. I'ieathered surface rough. Low silt content. 
Siliceous spicules and the conodont Hindeodella sp........... 3 

10. Concealed. Probably green shale............................. 8 

9. Limestone, medium-gray, weathers lighter gray. Crystalline, 
medium-grained. Bedding distinct but irregular.............. 4 

8. Shale, green to mottled greenish-gray, weathers same. Bed-
ding indistinct. Lingula borealis abundant.................. 16 

7. Lliaestone, gray, weathers mottled brownish-gray. Crystalline, 
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medium- t o c o a r s e - g r a i n e d . Bedding d i s t i n c t , h t o 6 i n c h e s . 
S m a l l d e t r i t a l q u a r t z c o n t e n t , c o n s i d e r a b l e p y r i t e . M i c r o -
g a s t r o p o d s a b u n d a n t , c o n o d o n t f r a g m e n t s i n d e t . . . . . . . . . . . . . . . . 7 

6 . S h a l e , g r e e n and maroon , w e a t h e r s s a m e . Bedding i n d i s t i n c t . 
L i e s e g a n g r i n g s p a r t i a l l y d e v e l o p e d . S e v e r a l l i m e s t o n e b e d s 
i n u n i t , m e d i u m - g r a y , w e a t h e r l i g h t g r a y - g r e e n . C r y s t a l l i n e . 
L a r g e p y r i t e c r y s t a l s . L i m e s t o n e s n o d u l a r and l e n t i c u l a r ; 
c o n t a c t s s h a r p . F o s s i l s i n l i m e s t o n e b e d s i n c l u d e E u m o r p h o t i s ? 
s p . , M y a l i n a p u t i a t i n e n s i s ? , p e l e c y p o d i n d e t . , s m a l l and m i -
c r o g a s t r o p o d s and p e l e c y p o d s , e c h i n o i d ( ? ) s p i n e s , c o n o d o n t s 
i n c l u d i n g Lonchod ina m u l l e r i T a t g e ( n o t H i b b a r d e l l a s u b -
s y m m e t r i c a M u l l e r ) , Lonchod ina s p . , i n d e t , L o n c h o d i n a n . s p . , 
and H i n d e o d e l l a s p . . . . • lU 

5 . L i m e s t o n e , g r a y - g r e e n , w e a t h e r s l i g h t g r a y . Bedding i n d i s ­
t i n c t , v e r y t h i n , u p p e r p a r t p l a t y ; m i c a c e o u s s u r f a c e s . 
S l i g h t l y p y r i t i c . M i c r o g a s t r o p o d s , p e l e c y p o d s , s h e l l f r a g ­
m e n t s , s p i n e s , c o n o d o n t s i n c l u d i n g H i n d e o d e l l a t r i a s s i c a 
and H i n d e o d e l l a s p . ; L i n g u l a b o r e a l i s on b e d d i n g p l a n e s • £ 

! u S h a l e , g r e e n - g r a y , w e a t h e r s s a m e . Bedding i n d i s t i n c t ; c o n ­
t a c t s w i t h e n c l o s i n g u n i t s s h a r p . I r o n s t a i n i n g on j o i n t 
s u r f a c e s . S l i g h t l y p y r i t i c . W e a t h e r s i n t o s m a l l c h i p s . 
P a r t l y c o n c e a l e d . R e s i d u e shows m i c a , a p p a r e n t l y p h l o g o p i t e , 
m i c r o g a s t r o p o d s and p e l e c y p o d s , L i n g u l a ? s p . f r a g m e n t s , 
p o s s i b l e f i s h b o n e s , and c o n o d o n t s i n c l u d i n g L o n c h o d i n a m u l l ­
e r i , H i n d e o d e l l a t r i a s s i c a , H i n d e o d e l l a s p . . . . . 26 

3 . L i m e s t o n e , m e d i u m - g r a y , w e a t h e r s l i g h t e r . T h i n - b e d d e d , 
c r y s t a l l i n e , f i n e - g r a i n e d . l y r i t i c . P o o r l y p r e s e r v e d m e g a -
f o s s i l s , e c h i n o i d s p i n e s , m i c r o g a s t r o p o d s , and c o n o d o n t s 
i n c l u d i n g Lonchod ina m u l l e r i T a t g e , l i e o p r i o n i o d u s b r a n s o n i 
M u l l e r , Q z a r k o d i n a s p . i n d e t . , O z a r k o d i n a n . s p ? , H i n d e o ­
d e l l a s p . . . . • 2 

2 . S h a l e , g r e e n i s h - g r a y , w e a t h e r s l i g h t e r . Bedding i n d i s t i n c t . 
W e a t h e r s i n t o s m a l l c h i p s . Lower p a r t p a r t i a l l y c o n c e a l e d . - , 
M i c r o g a s t r o p o d s , m i c r o c o l u m e l l a e , and c o n o d o n t O z a r k o d i n a s p . . 22 

1 . C o n c e a l e d . P r o b a b l y g r e e n s h a l e . . . .« 20 

T o t a l t h i c k n e s s of Dinwoody F o r m a t i o n . . . . . . . . . . . . . . . . . . . 161*7 

P a r a c o n f o r m a b l e c o n t a c t 

P e r m i a n : 

G e r s t e r F o r m a t i o n . 

Age and c o r r e l a t i o n . The age of t h e Dinwoody F o r m a t i o n a s e s t a b l i s h e d 

95 

medium- to coarse- gr ained. Bedding distinct, 4 to 6 inches . 
Small detrital quartz content, considerabl e p,yrite . Micr o-
gastr opods abundant , conodont fragments indet.. .............. 7 

6. Shale , green and maroon, weathers same. Bedding indistinct . 
tiesegang rings partially devel oped. Several l imestone beds 
in unit, medium~gr~J weather light gr~-green . Crystalline. 
Large pyri te crystals . Limestones nodular and l enticular; 
contacts sharp. Fossils in limestone beds include Eumorphotis? 
sp., Myalina putiatinensis?, pelecypod i ndet ., small and mi­
crogastropods and pel ecypods , echinoid (?) spines , conodonts 
incl uding Lonchodina muller i Tatge (not Hibbardella sub­
s~etrica Mull er ), Lonchodi na sp., indet, Lonchodina:n. sp., 
aIidHindeOdella sp... • • • • • • • • • • • • • • • • •• • • • • • • .. ... • • .. • .. • • • • • • •• 1.4 

5. Limestone, gray- green, weathers light gray . Bedding indis­
tinct , very thin, upper part platy; micaceous surfaces . 
Slightly p,yritic . Microgastropods, pelecypods , shell frag­
ment s , spines , conodonts including Hindeodella t riassica 
and Hindeodella sp.; Lingula borealis on bedding pl anes...... 5 

4. Shale , green-gray, weathers same . Bedding indistinct ; con­
tacts with encl osing uni ts sharp. Iron staining on joint 
surfaces. Slightly pyritic . Weathers i nto small chips . 
Partly conceal ed. Residue ShOHS mica, apparently pblogopite, 
microgas tropods and pel ecypods , Lingula? sp. fragments , 
possible fish bones , and conodonts including Lonchodina rnull-
~, Hindeodella triassica, Hindeodella sp •••••••••••••• ::::-. 26 

3. Limestone , medium- gra;y, v1eathers lighter. Thin- bedded, 
crystalline, fine- grained . Pyritic . Poorly preserved mega­
rossils, echinoid spines, microgastropods , and conodonts 
including Lonchoclina mulleri Tatge , Neoprioniodus bransoni 
}fuller, OzarkOdina sp. indet ., OzarkOdina n . sp? , Hindeo-
della sp............................................. . . .... .. 2 

2. Shale , greenish- gray, weathers lighter . Bedding indistinct . 
"leathers into small chips . Lower part parti ally concealed • . 
Hicrogastropods , microcolumellae , and conodont Ozarkodina sp.. 22 

1. Concealed . Probably green shale ............................. 20 

Total thickness or Dinwoody Formation ............ ... .... 1647 

Paraconformable contact 

Pennian : 

Ger ster Formation. 

Age and correlation . The age of the Dimroody Formation as established 
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by Newe l l and Kummel (191*2), I s S c y t h i a n ( m i d d l e lower T r i a s s i c ) b e c a u s e 

i t c o n t a i n s ammoni tes b e l o n g i n g t o t h e O t o c e r a t a n and G y r o n i t a n f a u n a l 

zones of t h e l o w e r E o - T r i a s s i c of S p a t h ( l 9 3 l i ) . S e v e r a l i n d e t e r m i n a b l e 

ammonite i m p r e s s i o n s were found by t h e w r i t e r i n t h e Dinwoody, i n a 

s t r a t i g r a p h i c p o s i t i o n n e a r t h a t p r e v i o u s l y s u g g e s t e d b y C l a r k (1957. . 

p . 2198) t o r e p r e s e n t t h e Meekoceras z o n e , a l s o on t h e b a s i s o f i m p r e s s ­

i o n s . However , b e c a u s e o f t h e p r e s e n c e of what i s a p p a r e n t l y t h e Meek­

o c e r a s zone h i g h e r i n t h e s e c t i o n , t h e w r i t e r f e e l s t h a t t h e s e l o w e r 

i m p r e s s i o n s p r o b a b l y r e p r e s e n t t h e O t o c e r a t a n o r G y r o n i t a n zone o f t h e 

Dinwoody F o r m a t i o n . 

R e c o g n i t i o n by t h e w r i t e r of t h e L i n g u l a and C l a r a i a zones o f 

N e w e l l and Kummel (191*2) l e n d s s u p p o r t t o h i s c o n t e n t i o n t h a t t h e l o w e r 

1600 f e e t o f T r i a s s i c s t r a t a i n t h e T e r r a c e M o u n t a i n s s h o u l d b e a s s i g n e d 

t o t h e Dinwoody F o r m a t i o n , r a t h e r t h a n t o t h e T h a y n e s , t o w h i c h l a t t e r 

f o r m a t i o n t h e l o w e r 900 f e e t was a s s i g n e d by C l a r k and S t o k e s ( 1 9 5 6 , 

p . 1 6 8 8 ) . To f u r t h e r s u b s t a n t i a t e t h i s c o n t e n t i o n , t h e w r i t e r o b t a i n e d 

c o n o d o n t s from l i m e s t o n e b e d s i n b o t h t h e Dinwoody and Thaynes Forma­

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

f i c a n c e was d i s c u s s e d w i t h Dwayne S t o n e ( o r a l c o m m u n i c a t i o n ) . Cono­

d o n t s r e c o v e r e d from t h e l o w e r 130 f e e t of t h e Dinwoody i n c l u d e d 

O z a r k o d i n a s p . and H i n d e o d a l l a s p . w h i c h a r e l o n g r a n g i n g s p e c i e s 

( S t o n e , p e r s o n a l communica t ion ) and Lonchod ina m u l l e r i and H i n d e o d e l l a 

t r i a s s i c a w h i c h l a t t e r two s p e c i e s a r e i n c l u d e d i n t h e G o n d o l e l l a 

p l a n a t a Assemblage-Zone of C l a r k ( i 9 6 0 , p . 125) and wh ich a c c o r d i n g 

t o C l a r k have b e e n found from a b o u t 10 f e e t above t h e b a s e of t h e 

T r i a s s i c , u p t o and I n c l u d i n g t h e Meekoceras b e d s . These forms a r e n o t 

d i a g n o s t i c o f t h e Dinwoody a s s u c h , b u t n e i t h e r a r e t h e y d i a g n o s t i c o f 

t h e T h a y n e s . 
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by Newell and Kummel (1942), is Scythian (middle l.ower Triassic) because 

it contains ammonites belonging to the Otoceratan and Gyronitan faunal 

zones of the lower ED-Triassic of Spath (1934). Several indeterminable 

ammonite impressions were found by the writer in the Dinwoody, in a 

stratigraphic position near that previously suggested by Clark (1957, 

p. 2198) to represent the Meekoceras zone, also on the basis of impress­

ions. However, because of the presence of what is apparently the Meek­

cceras zone higher in the section, t he writer feels that these lower 

impressions probably represent the Otoceratan or Gyronitan zone of the 

Dinwooqy Formation. 

Recognition by the writer of the Lingula and Claraia zCI1es of 

Newell and Kummel (1942) lends support to his contention that the lower 

1600 feet of Triassic strata in the Terrace Mountains should be assigned 

to the Dinwoody Formation, rather than to the Th~es, to which latter 

formation the lower 900 feet was assigned by Clark and Stokes (1956, 

p . 1688). To further substantiate this contention, the writer obtained 

conodonts from lL~estone beds in both the Dinwoo~ and Thaynes Forma­

tions . The fossils were identified by, and their stratigraphic signi­

ficance was discussed with Dwayne Stone (oral communication) . Cono­

donts recovered from the lower 130 feet of the Dinwoody included 

Ozarkodina sp . a.'1d Hindeodalla sp. which are long r anging species 

(Stone, personal communication) and Lonchodina mulleri and Hindeodella 

triassica which latter two species are included in the Gondolella 

planata Assemblage- Zone of Clark (1960, p. 125) and which according 

to Clark have been found from about 10 feet above t he base of the 

Triassic, up to and including the Meekoceras beds. These forms are not 

diagnostic of the Dinwoody as such, but neither are they diagnostic of 

the Thaynes. 
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Conodonts r e c o v e r e d from t h e M e e k o c e r a s - b e a r i n g l i m e s t o n e , u n i t 5 

o f t h e Thaynes F o r m a t i o n , i n c l u d e t h e l o n g r a n g i n g forms H i n d e o d e l l a s p . , 

H i b b a r d e l l a s p . , Lonchod ina s p . , and S p a t h o g n a t h o d u s s p . and one s p e c i e s , 

N e o p r i o n i o d u s b i c u s p i d a t u s , wh ich a c c o r d i n g t o C l a r k ( i 9 6 0 ) r a n g e s o n l y 

u p t o and i n c l u d i n g t h e Meekoceras b e d s . The p o s i t i o n of t h i s form 

h e l p s t o s u b s t a n t i a t e t h e w r i t e r ' s i n t e r p r e t a t i o n t h a t t h e Meekoce ra s 

zone of t h e Thaynes i s 1760 f e e t above t h e b a s e of t h e T r i a s s i c i n t h e 

T e r r a c e Moun ta in s r a t h e r t h a n a b o u t 350 f e e t a s s u g g e s t e d by C l a r k ( 1 9 5 7 , 

p . 2 1 9 8 ) , and t h a t u n d e r l y i n g s t r a t a a r e p r o p e r l y a s s i g n e d t o t h e D i n ­

woody F o r m a t i o n . 

The Dinwoody F o r m a t i o n i n t h e T e r r a c e M o u n t a i n s i s c o r r e l a t e d w i t h 

t h e Woodside F o r m a t i o n t o t h e e a s t on t h e b a s i s of s t r a t i g r a p h i c p o s i t i o n 

and a g e . Kummel s t a t e s ( 1 9 5 ^ p» 167) t h a t t h e Dinwoody F o r m a t i o n i n 

s o u t h e a s t e r n I d a h o and t h e Woodside F o r m a t i o n a t i t s t y p e l o c a l i t y n e a r 

P a r k C i t y , U t a h , have t h e same s t r a t i g r a p h i c b o u n d a r i e s a t t h e i r t o p and 

b o t t o m , and t h a t i f t h e t o p o f t h e P h o s p h o r i a i s of t h e same age i n 

s o u t h e a s t e r n I d a h o a s i n n o r t h e r n U t a h , t h e Woodside and Dinwoody Forma­

t i o n s a r e p r o b a b l y t i m e e q u i v a l e n t s of each o t h e r and i n t e r t o n g u e a t 

t h e i r m a r g i n s . 

The p r e s e n c e of a few maroon s h a l e b e d s i n t h e L i n g u l a zone o f t h e 

Dinwoody i n t h e T e r r a c e M o u n t a i n s s u g g e s t s t h a t t h i n t o n g u e s o f t h e 

Woodside F o r m a t i o n may e x t e n d a s f a r w e s t a s t h e s t u d y a r e a . T h i s would 

f u r t h e r s u g g e s t t h a t t h e T e r r a c e Moun ta in s e c t i o n l i e s on t h e w e s t e r n 

edge of t h e a r c u a t e b e l t a l o n g which t h e Dinwoody and Woodside i n t e r ­

t o n g u e (Kummel, 195U)» 
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Conodonts recovered from the l1eekoceras-bearing limestone, unit 5 

of the Thaynes Formation, include the l ong ranging forms Hindeodella sp., 

Hibbardella sp. , Lonchodina sp., and Spathognathodus sp . and one speci es , 

Neoprioniodus bicuspidatus , which according to Clark (1960) ranges o~ 

up to and including the Heekoceras beds . The position of this form 

helps to substantiate the writer ' s interpretation that the Meekoceras 

zone of the Thaynes is 1760 feet above the base of the Tri assic in the 

Terrace Hountains rather than about 350 feet as suggested by Clark (1957 J 

p. 2198), and that underlying st~ata are proper ly assigned to the Din­

woody Fonnation. 

The Dinwoody Formation in t he Terrace MountainS is correlated with 

the Woodside Formation to the east on the basis of strati graphic position 

and age . Kumme1 states (1954, p. 167) that the Dinwoody Formation in 

southeastern Idaho and the i100dside Formation at its type l ocality near 

Park City, Utah, have the same stratigraphic boundaries at their top and 

bottom, and that if the top of the Phosphoria i s of the same age in 

soutpeastern Idaho as in northern Utah, the Woodside and Dinwooqy Forma­

tions are probably time equivalents of each other and intertongue at 

their margins . 

The presence of a few maroon shale beds in the Lingula zone of the 

Dinwoocty in the Terrace Mountains suggests that thin tongues of the 

Woodside Formation may extend as far west as the study area. This \>lould 

further suggest that the Terrace Hountain section lies on the western 

edge of the arcuate belt along which the Dinwoody and Woodside inter­

tongue (Kumme1, 1954) . 
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Thaynes F o r m a t i o n 

D e f i n i t i o n and t y p e l o c a l i t y . B o u t w e l l ( 1 9 0 7 ) f i r s t a p p l i e d t h e 

name Thaynes t o l o w e r T r i a s s i c r o c k s e x p o s e d i n Thaynes Canyon, P a r k 

C i t y Mining D i s t r i c t , Summit Coun ty , U t a h . The f o r m a t i o n was r a i s e d 

t o g r o u p r a n k by M a n s f i e l d ( 1 9 1 6 ) , t o c o m p r i s e t h e Ross Fork l i m e s t o n e , 

t h e F o r t H a l l f o r m a t i o n and t h e P o r t n e u f l i m e s t o n e . L a t e r , Kummel 

(195>W> i n d i f f e r e n t i a t i n g s e v e n l i t h o l o g i c u n i t s i n t h e F o r t H a l l r e g i o n 

o f s o u t h e a s t e r n I d a h o , r e j e c t e d t h e names Ross F o r k and F o r t H a l l , and 

i n c o r p o r a t e d t h e P o r t n e u f L i m e s t o n e and t h e T imothy S a n d s t o n e of Mans­

f i e l d a s members of t h e Thaynes F o r m a t i o n . H i s members i n c l u d e i n 

a s c e n d i n g o r d e r : ( a ) Lower l i m e s t o n e , ( b ) l o w e r b l a c k l i m e s t o n e , 

( c ) t a n s i l t y l i m e s t o n e , ( d ) u p p e r b l a c k l i m e s t o n e , ( e ) s a n d s t o n e and 

l i m e s t o n e , ( f ) t h e P o r t n e u f l i m e s t o n e member, and ( g ) t h e T imothy 

s a n d s t o n e member. To t h e s o u t h , i n t h e Bear Lake a r e a , Kummel d i f f e r ­

e n t i a t e d e i g h t l i t h o l o g i c members , wh ich g roup i n c l u d e s , among o t h e r s 

changed from t h e F o r t H a l l a r e a , a l o w e r s h a l e u n i t above t h e Meekoceras 

b e a r i n g l o w e r l i m e s t o n e u n i t . 

D i s t r i b u t i o n and e x p o s u r e . The Thaynes F o r m a t i o n I s e x p o s e d a l o n g 

t h e a x i a l t r a c e of t h e West T e r r a c e s y n c l i n e i n s e e s . 3 1 and 3 2 , T . 9 N.. , 

R. 12 W. , where t h e s u r f a c e o u t c r o p a r e a i s a p p r o x i m a t e l y 1 s q u a r e m i l e . 

Most e x p o s u r e s a r e poor b u t o u t c r o p s a r e p r e s e n t i n d r y washes c u t t i n g 

t h e w e s t l i m b o f t h e s y n c l i n e and a l o n g t h e w a v e - c u t t e r r a c e of t h e 

P rovo l e v e l of Lake B o n n e v i l l e . 

T h i c k n e s s and l i t h o l o g y . A 3 3 0 - f o o t t h i c k n e s s of s t r a t a a s s i g n e d 

t o t h e Thaynes F o r m a t i o n i s e x p o s e d i n t h e West T e r r a c e s y n c l i n e . The 

u p p e r c o n t a c t i s e r o s i o n a l , b u t i s c o n c e a l e d by Q u a t e r n a r y s e d i m e n t s . 
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Thaynes Formation 

Def inition and type locality. Bout"lell (1907) first appl.ied the 

name Thaynes to l.O'Iier Tri assic rocks exposed in Thaynes Canyon, Park 

City Mi-~ing District, Summit County, Utah . The formation was raised 

to group rank by Hansfield (1916), to comprise the Ross Fork l imest one , 

the Fort Hall formation and the Portneuf l imestone . Later , Kummel 

(1954h in differentiating seven lithol ogic units in the Fort Hall region 

of soutbeastern Idah~rejected the names Ross Fork and Fort Hall, and 

i ncorporated t he Portneuf Limestone and the Timothy Sandstone of. Mans­

field as members of t he Thaynes Formation. His members include in 

ascending order : (a) LOiler l imestone , (b) Imver bl ack l imestone, 

(0) tan silty limestone, Cd) upper bl ack l imestone, (e ) sandstone and 

l~~estone , (f) the Portneuf limestone member, and (g) the Timothy 

sandstone member. To the south, in the Bear Lake area, Kummel differ­

entiated eight l ithologic members, lihich group includes , among others 

changed from the Fort Hall ar ea, a lower shale unit above the l1eekoceras 

bearing lower limestone unit . 

Distribution and exposure . The Thaynes Formation is exposed along 

the axial trace of t he West Terrace syncline in secs . 31 and 32 , T. 9 N., 

R. 12 W., where the surface outcrop area is approximately 1 square mile. 

Host exposures are poor but outcrops are present in dry liashes cutting 

the west l imb of the syncline and along the wave- cut terrace of the 

Provo l evel of Lake Bonneville . 

Thickness and lithol ogy . A 330-foot thickness of strata assigned 

to the Thaynes Formation i s exposed in the West Terrace syncl ine . The 

upper contact is er osi onal, but is concealed qy Quaternary sediments . 
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The l o w e r c o n t a c t i s a r b i t r a r i l y p l a c e d a t t h e b a s e of a l | . -foot c r y s t a l ­

l i n e l i m e s t o n e b e d , l i t h o l o g i c a l l y d i f f e r e n t from t h e s u b j a c e n t Dinwoody 

and s i m i l a r t o o v e r l y i n g l i m e s t o n e b e d s , one o f which 117 f e e t a b o v e , 

b e a r s t h e Meekoceras f a u n a d i a g n o s t i c o f t h e Thaynes* 

T h i n - b e d d e d s i l t y l i m e s t o n e , s i m i l a r t o t h a t of t h e Dinwoody C l a r a i a 

z o n e , i s p r e s e n t t h r o u g h o u t t h e e x p o s e d s e c t i o n of Thaynes and makes u p 

a s much a s 80 p e r c e n t o f t h e r o c k s * The o t h e r 20 p e r c e n t i s d a r k brown 

t o g r a y b i o c l a s t i c l i m e s t o n e s i m i l a r t o t h e l o w e r M e e k o c e r a s - b e a r i n g 

l i m e s t o n e of t h e Thaynes F o r m a t i o n i n o t h e r a r e a s * 

Measured s e c t i o n * 

S e c t i o n of t h e Thaynes F o r m a t i o n m e a s u r e d i n 

S E j s e c * 3 2 , T* 9 N . , R . 12 ¥ . , Utah* 

Q u a t e r n a r y : 

S u r f i c i a l a l l u v i u m * 

A n g u l a r u n c o n f o r m i t y 

T r i a s s i c : 

Thaynes F o r m a t i o n ( i n c o m p l e t e ) : 

UNIT DESCRIPTION THICKNESS 
( f e e t ) 

1 3 * Concea l ed* F l o a t i s d a r k - b r o w n l i m e s t o n e * • • « • • • • • • • • • • . . . . . . 5 

1 2 . S h a l e , c a l c a r e o u s , g r e e n i s h - t a n , w e a t h e r s s a m e . B r i t t l e ; 
f i s s i l e . Bedding s u r f a c e s have d e n d r i t i c p a t t e r n s o f 
manganese o x i d e • . • • • • • . • • • « . • • • • • • . * • • • • • • • • • • • • • • • • • • • 70 

1 1 . L i m e s t o n e , b r o w n i s h - g r a y , w e a t h e r s d a r k b r o w n . Upper p a r t 
becomes p l a t y and f i s s i l e ; same c o l o r . . . • . . . . . . . . . . . . . . . . . . . 3 

1 0 . L i m e s t o n e , y e l l o w - t a n , w e a t h e r s l i g h t e r . Very t h i n - b e d d e d ; 
f i s s i l e ; p l a t y w e a t h e r i n g . . 30 

9 . C o n c e a l e d . F l o a t i s l i m e s t o n e , medium- t o d a r k - g r a y , 
w e a t h e r s d a r k b r o w n . Sandy and s i l t y . . . . . 17 

8 . C o n c e a l e d . F l o a t i s l i m e s t o n e , y e l l o w i s h - t a n . Very t h i n -
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The lower contact is arbitrarily pl aced at the base of a 4- foot c~stal-

line l imestone bed, lithologi cally different from the subjacent Dinwooqy 

and si~ar to overlying l imestone beds, one of which 117 feet above , 

bears the Meekoceras fauna diagnostic of the Th~es. 

Thin-bedded silty limestone, similar to that of the Dinwoody Cl arai a 

zone , is present throughout the exposed secti on of Thaynes and makes up 

as much as 80 per cent of the rocks . The other 20 per cent is dark brown 

to gray bioclastic limestone similar to the lower Meekocer as-bearing 

limestone of the Thaynes For:mation in other areas. 

Measured section. 

Section of the Thaynes Formation measured in 

SE; sec . 32 , T. 9 N., R. 12 W. , Utah. 

Quaternary: 

Surficial alluvium. 

Angul ar unconformity 

Triassic : 

Thaynes Formation (incompl ete) : 

UNIT DESCRIPrION THICKNESS 
(feet) 

13 . Concealed. Float is dark-br ovm l imestone...... . .... . .... .. .. 5 

12. Shale, calcareous, greenish- tan, weathers same . Brittle ; 
fissile . Bedding surfaces have dendritic patterns of 
manganese oxide .. .......... ................ ................. 70 

11. Limestone, brownish-gray, weather s dark brotm. Upper part 
becomes platy and fissile ; same color....................... 3 

10. Limestone, yelloH- tan, w'eathers lighter . Very thin- bedded; 
fis sile; platy weathering............. .. ................ . ... 30 

9 . Concealed . Float is lim.estone , medium- to dark- gray, 
weathers dark brown. Sandy and silty....................... 17 

8 . Concealed. noat is limestone , yellOWish-tan. Very thin-
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b e d d e d ; p l a t y w e a t h e r i n g . . . . . . . . . . . . . . . . . . . . . . . . 28 

7 . L i m e s t o n e , medium- t o d a r k - g r a y , w e a t h e r s d a r k b rown . P o o r l y 
b e d d e d ; w e a t h e r s i n t o i r r e g u l a r wavy p i e c e s . E x p o s u r e forms 
d a r k b a n d , , . * • • • . . . . . . . . . . . . • . . • . » . . . . . . . . • • • 8 

6 , L i m e s t o n e , g r e e n i s h - y e l l o w t o t a n , w e a t h e r s s a m e , T h i n -
b e d d e d ; p l a t y w e a t h e r i n g ; c u r r e n t r i p p l e - m a r k e d , • • , • • • • * • • • » • 50 

5 . L i m e s t o n e , b i o c l a s t i c , b r o w n i s h - g r a y , w e a t h e r s d a r k brown* 
C o n s i d e r a b l e v e i n i n g of w h i t e c a l c i t e . F o s s i l s i n c l u d e 
D i e n e r o c e r a s s p , , P a r a n a n n i t e s s p , , Meekoce ras? s p , , and 
P s e u d o s a g e c e r a s ? s p . P r e s e r v a t i o n p o o r ; v e r y s m a l l e x p o s u r e . 
P r o b a b l y p a r t of t h e "Meekoce ra s " z o n e , H i n d e o d e l l a s p , , 
H i b b a r d e l l a s p . , Lonchod ina s p , , S p a t h o g n a t h o d u s s p , and 
H e o p r i o n i o d u s b i c i i s p i d a t u s 2 

i t . L i m e s t o n e , s i l t y , g r e e n i s h - y e l l o w t o t a n , w e a t h e r s s a m e . 
Ve ry t h i n - b e d d e d ; p l a t y w e a t h e r i n g . C u r r e n t r i p p l e - m a r k e d . 
Micaceous p a r t i n g s on b e d d i n g p l a n e s . . . . . . . . . . . . . . . . . . . . . . . . . 35 

3 . L i m e s t o n e , m e d i u m - g r a y , w e a t h e r s s a m e . Brownish b l e b s and 
w h i t e c r y s t a l l i n e c a l c i t e i n v e i n s . I r r e g u l a r b e d d i n g . 
W e a t h e r e d s u r f a c e r o u g h , l e a v e s no t a l u s • • • • , « , . 2 

2 . L i m e s t o n e , g r e e n i s h - y e l l o w t o t a n , w e a t h e r s s a m e . Very 
t h i n - b e d d e d ; p l a t y i n p a r t , s h a l e y i n p a r t . F i n e l y l a m i n a t e d . 
Very s m a l l s c a l e r i p p l e - m a r k s . F o s s i l s i n c l u d e c a s t s t h a t 
a r e p o s s i b l y a m m o n i t e s , L i n g u l a b o r e a l i s ( B i t t n e r ) , u n d e t e r ­
mined p e l e c y p o d c a s t s • • . • 75 

1 . L i m e s t o n e , m e d i u m - g r a y , w e a t h e r s s a m e . Medium- t o c o a r s e -
c r y s t a l l i n e . W e a t h e r i n g s u r f a c e r o u g h . W h i t e c a l c i t e 
v e i n i n g . Bedding i r r e g u l a r b u t r e s i s t a n t and w e l l e x p o s e d . , . It 

T o t a l t h i c k n e s s Thaynes F o r m a t i o n ( i n c o m p l e t e ) . . . . . . • • • • 329 

Conformable c o n t a c t 

T r i a s s i c : 

Dinwoody F o r m a t i o n , 

Age and c o r r e l a t i o n . U n i t 5 o f t h e Thaynes F o r m a t i o n i n t h e s t u d y 

a r e c o n t a i n s ammoni tes of t h e g e n e r a D i e n e r o c e r a s s p , , P a r a n n i t e s s p , , 

and q u e s t i o n a b l y of t h e g e n e r a Meekoce ras s p , and P s e u d o s a g e c e r a s s p . 

(Kummel, 1 9 6 1 , w r i t t e n c o m m u n i c a t i o n ) , wh ich g e n e r a a r e i n d i c a t i v e of 

t h e Meekoce ras zone of Smi th (1932 ) o r t h e Oweni tan d i v i s i o n o f S p a t h 
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bedded; platy weathering..................................... 28 

7. Limest one, medium- to dark- gr ay, Heathers dar k br ovm . Poorly 
bedded; weathe r s into irregular wavy pieces . Exposur e forms dark band................ .................................... 8 

6. Limestone, greenish-yellrn~ to tan, weathers same . Thin-
bedded; pl aty weathering; current ripple-marked.............. So 

s. Limestone J biocl astic J brol"lnish- gray, <Heathers dark brown. 
Consider abl e of l.j'hite cal cite. Fossils include 
Dienerocer as sp., sp., 11eekoceras? sp. J and 
Pseudosageceras? poor ; very small exposure . 
ProbablY part of the ul'Ieekoceras ll zone . Hindeodella sp., 
Hibbardella sp., Lonchodina sp., Spathognat hodUS sp. and 
Neoprioniodus bicuspidatus ... . ............................... 2 

4. Limestone , silty, greeni sh-yellow to tan, weather s same . { 
Very thin-bedded; pl aty weathering . Current r i ppl e-marked . 
Micaceous partings on bedding planes ...................... . .. 35 

3 . Limestone , medium- gray, \Oleathers same . Browni sh bl ebs and 
White crystalline calcite in veins . I rregul ar bedding . 'j ( 

\-leathered surface rough, leaves no talus .... •••••••••• ••••••• 2 

2. Limestone , greenish-yeU oH to tan, weather s same . Very 
t hi n-bedded; platy in part, shaley in part. Finely laminated. 
Very small scale ripple- marks . Fossils include casts that "I £( 

are possib~ ammonites , Lingula borealis (Bittner ) , undeter-
mined pele~pod casts.............. . . . ....... . ............ . .. 75 

1. Limestone, medium- gray, weathers same . Hedium- to coarse­
crystilline . Weathering surface rough . White calcite 
veining. Bedding irregular but resistant and well exposed... 4 

Total thickness Thaynes Formation (incomplete) .......... 329 

Conformable contact 

Triassic : 

Dim-roady Formation. 

Age am correlation . Unit 5 o:f t he Thaynes Formati on in the study 

are contains ammonites of the genera Dienerocer as sp., Parannites sp., 

and questionab~ of the genera Meekoceras sp. and Pseudosageceras sp . 

(Kurrunel, 1961, vtritten communicati on), which genera are indicative of 

the Heekoceras zone of Smith (1932) or t he Oweni tan diviSi on of Spath 
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( 1 9 5 1 ) $ o f S c y t h i a n a g e . The T e r r a c e Moun ta in s o c c u r r e n c e c a n be c o r r e ­

l a t e d by t h e s e f o s s i l s w i t h M e e k o c e r a s - b e a r i n g s t r a t a e l s e w h e r e , an 

e s s e n t i a l l y w o r l d - w i d e c o r r e l a t i o n w i t h t h e l o w e r T r i a s s i c . 

TERTIARY SYSTEM 

P l i o c e n e S e r i e s 

S a l t Lake Group 

D e f i n i t i o n . The name S a l t Lake Group was f i r s t a p p l i e d b y Hayden 

( 1 8 6 9 , p . 9 2 ) t o T e r t i a r y m a r l s , s a n d s , and s a n d s t o n e s i n t h e S a l t Lake 

and Weber V a l l e y s . A c o m p r e h e n s i v e s t u d y of t h e g r o u p was r e c e n t l y 

made by L . W. S l e n t z ( 1 9 5 5 ) • I n t h e s t u d i e d a r e a , d e p o s i t s o f T e r t i a r y 

age a r e t e n t a t i v e l y a s s i g n e d t o t h e S a l t Lake Group on t h e b a s i s o f 

f o s s i l c o n t e n t , l i t h o l o g y , and n a t u r e of o c c u r r e n c e . 

D i s t r i b u t i o n and e x p o s u r e . D e p o s i t s o f t h e S a l t Lake Group h a v e 

b e e n p r e s e r v e d on t h e e a s t , s o u t h , and w e s t s i d e s of t h e w e s t e r n T e r r a c e 

Moun ta in s and i n t h e Big P a s s . The most e x t e n s i v e a r e a of p r e s e r v a t i o n 

i s a b o u t one s q u a r e mi le . I n t h e embayment s o u t h o f t h e e a s t e r n T e r r a c e 

M o u n t a i n s . H e r e , a s a t o t h e r o c c u r r e n c e s o f t h e S a l t Lake Group i n t h e 

mapped a r e a t h a t were c o v e r e d by Lake B o n n e v i l l e , t h e r o c k s a r e e x p o s e d 

o n l y whe re s t r e a m s have c u t t h r o u g h t h e c o v e r i n g v e n e e r of l a k e s e d i m e n t s 

and Q u a t e r n a r y a l l u v i u m . E x p o s u r e s a r e , t h e r e f o r e , s c a t t e r e d , i n c o m p l e t e , 

and d i f f i c u l t t o f i n d . 

L i t h o l o g y and s t r a t i g r a p h i c r e l a t i o n s h i p s . The S a l t Lake Group 
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(1951), of Scythian age . The Terrace Mountains occurrence can be corre­

lated qy these fossils with Meekoceras-bearing strata elsewhere , an 

essentially world-wide correlation with the lower Triassic . 

TERTIARY SYSTEM 

Pliocene Series 

Salt Lake Group 

Definition. The name Salt Lake Group was first applied by Hayden 

(1869, p . 92) to Tertiary marls, sands , and sandstones in the Salt Lake 

and Weber Valleys . A comprehensive study of the group was recently 

made by L. W. Slentz (1955). In the studied area, deposits of Tertiary 

age are tentatively assigned to the Salt Lake Group on the basis of 

fossil content, lithology, and nature of occurrence . 

Distribution and exposure . Deposits of the Salt Lake Group have 

been preserved on the east , south, and west sides of the western Terrace 

Hountains and in the Big Pass . The most extensive area of preservation 

is about one square mile in the embayment south of the eastern Terrace 

Mountains . Here , as at other occurrences of the Salt Lake Group in the 

mapped area that were covered by Lake Bonneville, the rocks are exposed 

only where streams have cut through the covering veneer of lake sediments 

and Quatern~ alluvium. Exposures are, therefore, scattered, incomplete , 

and difficult to f ind. 

Lithology and stratigraphic relationships . The Salt Lake Group 
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c o m p r i s e s d e p o s i t s o f b e n t o n i t i c c l a y , v i t r i c t u f f , and f r e s h - w a t e r 

l i m e s t o n e o r m a r l * The b e n t o n i t i c c l a y i s a u n i f o r m b rown , g r a y , o r 

g r e e n i s h - g r a y * Bedd ing i n i t i s n o t d i s c e r n a b l e . The c l a y i s f o u n d 

i n t e r b e d d e d w i t h m a r l and v i t r i c t u f f i n two l o c a l i t i e s i n t h e s o u t h e r n 

p a r t o f t h e T e r r a c e M o u n t a i n s . 

The t u f f i s composed of f i n e - t o m e d i u m - g r a i n e d v o l c a n i c g l a s s s h a r d s * 

I t i s g r a y - w h i t e , l i g h t - t o med ium-gray and b u f f , w e a t h e r s t o a s l i g h t l y 

d a r k e r c o l o r * I t i s p o o r l y I n d u r a t e d and f r i a b l e * Much of t h e b e d d i n g i n 

i t i s v e r y i n d i s t i n c t and i r r e g u l a r . I n some o c c u r r e n c e s , where c r o s s -

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

have b e e n s t r e a m - d e p o s i t e d , b u t i n most of t h e o t h e r d e p o s i t s i t i s u n d e r ­

l a i n b y , o r i n t e r b e d d e d w i t h , m a r l and was a p p a r e n t l y d e p o s i t e d i n a l a k e . 

T h i s i s f u r t h e r e v i d e n c e d b y some b e d s which have s m a l l - s c a l e r i p p l e - m a r k s . 

A l t h o u g h e a c h of t h e p r e s e r v e d t u f f d e p o s i t s i s e i t h e r f l u v i a t i l e o r l a c u s ­

t r i n e , t h e m a t e r i a l was f i r s t p r o b a b l y a b l a n k e t d e p o s i t from a s h f a l l s 

o v e r t h e e n t i r e a r e a . 

The m a r l i s w h i t e t o i v o r y o r d a r k brown and g r a y , t h i n - t o v e r y t h i n -

b e d d e d , and w e l l i n d u r a t e d . I t i s p r o b a b l y e n t i r e l y of l a c u s t r i n e o r i g i n . 

Most of i t c o n t a i n s g l a s s s h a r d s v i s i b l e u n d e r a hand l e n s and some b e d s 

c o n t a i n a s p a r s e m o l l u s c a n f a u n a . 

The S a l t Lake Group was a p p a r e n t l y d e p o s i t e d on an i r r e g u l a r s u r f a c e 

and h a s b e e n p r e s e r v e d I n o n l y a few of t h e o r i g i n a l l y low p l a c e s . T h i s 

would I n d i c a t e t h a t a c o n s i d e r a b l e amount of m a t e r i a l h a s p r o b a b l y b e e n 

e r o d e d from t h e t o p of m o s t , i f n o t a l l , o f t h e d e p o s i t s , e s p e c i a l l y t h o s e 

c o v e r e d by Lake B o n n e v i l l e . 

T h i c k n e s s . Because c o n t a c t s a r e i r r e g u l a r and n o t w e l l - e x p o s e d , 

a c c u r a t e t h i c k n e s s e s of t h e S a l t Lake Group were n o t o b t a i n a b l e . The 
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comprises deposits of bentonitic c~, vitrie tuff, and fresh-water 

l imestone or marl. The bentonitic cl~ is a unifonn brown, gray, or 

greenish-gravr. Bedding in it is not discernable . The cl ay is found 

inter bedded with marl and vitrie tuff in two localit.ies in the southern 

part of the Terrace Hountains .. 

The tuff i s composed of fine- to medium- grained volcanic gl ass shards . 

It is gray-white, light- to medium- gray and buff, weathers t o a Slightly 

darker color . It is poorly indurated and friable . Much of the bedding in 

it is very indistinct and irregular . In some occurrences, where cross­

bedding and scattered, rounded pebbles are pres ent , the tuff appears to 

have been stream- deposited, but in most of the othelr deposits it is under­

lain by, or interbedded with, marl and was apparent:ly deposited in a lake. 

This is further evidenced by some beds which have sl~-scale ripple-marks . 

Although each of the preserved tuff deposits i s eit11er fluviatile or l acus­

trine, the material was first probably a blanket deposit from ash falls 

over the entire area. 

The marl is white to ivory or dark bxown and g:ray, thin- to very thin­

bedded, and well indurated . It is probab~ entire~r of lacustrine origi n. 

Host of it contains glass shards visible under a hand lens and some beds 

contain a sparse molluscan fauna . 

The Salt Lake Group was apparently deposit ed 011 an irregular surface 

and has been preserved in only a f ew of the origin~~ low places . This 

would indicate that a considerable amount of rnateri.il has probably been 

eroded from the top of most , if not all, of the deposits , especially those 

covered Qy Lake Bonneville . 

Thickness . Because contacts are irregular and not well-exposed, 

accurate thicknesses of the Salt Lake Group were not obtainable . The 
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p r e s e r v e d t h i c k n e s s of mos t d e p o s i t s seems t o b e 20 t o 30 f e e t , t h o u g h 

s e v e r a l have g r e a t e r t h i c k n e s s . A 1 9 0 - f o o t t h i c k s e q u e n c e o f i n t e r b e d d e d 

brown b e n t o n i t i c c l a y s , c o n g l o m e r a t i c m a r l s , a n d t u f f s i s p r e s e n t i n s e c . 

3h9 T . 8 N . , R . 12 ¥ . I t h a s b e e n t i l t e d a s much a s 15 d e g r e e s t o t h e 

n o r t h * 

Age and c o r r e l a t i o n . Dwight T a y l o r i d e n t i f i e d t h e m o l l u s c a n g e n e r a 

Sphae r ium s p . , Bu l imnea s p . , and P l a n o r b a r i u s s p . from w h i t e m a r l u n d e r l y i n g 

t u f f i n t h e c e n t e r E§SEi s e c . 1 9 , T . 8 N . , R. 1 1 W. ( U . S . G . S . Cenozo ic 

l o c a l i t y 2 3 1 9 2 ) . T a y l o r s u g g e s t s ( p e r s o n a l c o m m u n i c a t i o n , 1962 ) t h a t t h e s e 

f o s s i l s r e p r e s e n t an a s s e m b l a g e which seems t o r a n g e from e a r l y t o m i d d l e 

P l i o c e n e i n many l o c a l i t i e s i n s o u t h e r n I d a h o and n o r t h e r n U t a h . 

On t h e b a s i s of t h e i r a g e , a s d e t e r m i n e d by m o l l u s k s , t h e T e r r a c e 

Moun ta in d e p o s i t s a r e c o r r e l a t e d w i t h t h e Camp W i l l i a m s u n i t of S l e n t z 

( 1 9 5 5 ) and w i t h t h e l o w e r p a r t of t h e Cache V a l l e y F o r m a t i o n , w i t h wh ich 

l a t t e r f o r m a t i o n t h e T e r r a c e Mounta in d e p o s i t s a r e a l s o l i t h o l o g i c a l l y 

s i m i l a r . 

The S a l t Lake Group i n t h e mapped a r e a a l s o c o r r e s p o n d s l i t h o l o g i c a l l y 

t o t h e t u f f u n i t of t h e S a l t Lake Forma t ion a s u s e d by J . S t e w a r t W i l l i a m s 

( 1 9 6 2 , p . 13li) i n s o u t h e r n Cache V a l l e y . I t seems s i g n i f i c a n t t h a t t h e t u f f 

i n b o t h o c c u r r e n c e s i s u n d e r l a i n o r a s s o c i a t e d w i t h t h i n b e d s of b u f f t o 

w h i t e f r e s h - w a t e r l i m e s t o n e . 

QUATERNARY SYSTEM 

Q u a t e r n a r y d e p o s i t s a r e a b u n d a n t i n t h e s t u d y a r e a . They c o m p r i s e 

s u r f i c i a l a l l u v i a l d e p o s i t s and c o l l a v i a l s c r e e and t a l u s above t h e h i g h -
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preserved thickness of most deposits seems to be 20 to )0 feet , though 

several have greater thickness. A 190- foot thick sequence of interbedded 

br~Tn bentonitic clays, congl omeratic marls, and tuffs is present in sec. 

34, T. B N. , R. 12 W. It has been tilted as much as 15 degrees to the 

north. 

Age and correlation. Dwight Taylor identified the molluscan genera 

Sphaerium sp. J Bulimnea sp. J and Planorbarius sp. from .. rhite marl underlying 

tuff in the center EisEi sec . 19, T. 8 N., R. 11 W. (U .S.G .S. Cenozoic 

l ocality 23192) . Taylor suggests (personal communication, 1962) that these 

fossils repr esent an assemblage , .. hich seems to range from early to mi ddle 

Pliocene in many localities in southern Idaho and northern Utah . 

an the basis of their age , as determined by mollusks , the Terrace 

l10untain deposits are correlated with the Camp rlilliams unit of Slentz 

(1955) and with the lower part of the Cache Vall~ Formation, with which 

l atter formation the Terrace ~Iountain deposits are also lithol ogically 

similar . 

The Salt Lake Group in the mapped area also corresponds lithologically 

to t he tuff unit of the Salt Lake F';:lrm.a.tion as used by J . SteHart Williams 

(1962, p. 134) in southern Cache Vall~. It seems significant that the tuff 

in both occurrences is underlain or associated with thin beds of buff to 

white fresh-water limestone. 

QUATERNARY SYSTEM 

Quaternar,y deposits are abundant in the study area. They comprise 

surficial alluvial deposits and colluvial scree and talus above the high-



e s t Lake B o n n e v i l l e l e v e l . Below t h a t s h o r e l i n e , t h e y c o m p r i s e l a c u s t r i n e 

B o n n e v i l l e s e d i m e n t s , p o s t - B o n n e v i l l e f a n d e p o s i t s , l a k e - b o t t o m c l a y and 

o o l i t i c s a n d d e p o s i t s , and minor e o l i a n q u a r t z o s e s a n d d e p o s i t s . A l l o f 

t h e s e a r e r e l a t i v e l y u n c o n s o l i d a t e d e x c e p t f o r some t u f a - c e m e n t e d c o n g l o m ­

e r a t e d e p o s i t s o f Lake B o n n e v i l l e . 

D e p o s i t s Above B o n n e v i l l e . S h o r e l i n e 

A l l u v i a l d e p o s i t s . A l l u v i a l d e p o s i t s o t h e r t h a n p o s t - B o n n e v i l l e f a n s 

o c c u r a b u n d a n t l y o n l y i n t h e Big P a s s and i n an a r e a s o u t h of S h e l t e r Moun­

t a i n P a s s . The m a t e r i a l of t h e s e d e p o s i t s i s l a r g e l y d e r i v e d from s l o p e 

wash e r o d e d from s u r r o u n d i n g h i l l s . Some a l l u v i a l m a t e r i a l i s e p h e m e r a l l y 

d e p o s i t e d a l o n g ma jo r s t r e a m s , o f t e n a s m i n o r n a t u r a l l e v e e s , b u t t h e 

amount i s i n s i g n i f i c a n t and t h e d e p o s i t s were n o t mapped . -

C o l l u v i a l d e p o s i t s . S c r e e i s u s u a l l y p r e s e n t on s l o p e s u n d e r l a i n 

by t h e Diamond Creek S a n d s t o n e , b u t i s n o t r e s t r i c t e d t o t h a t f o r m a t i o n . 

S c r e e commonly f i l l s g u l l i e s , a s m e n t i o n e d i n c o n n e c t i o n w i t h t h e Diamond 

C r e e k , and u s u a l l y shows a c o l o r g r a d a t i o n from v e r y d a r k a t t h e b a s e o f a 

s l o p e t o l i g h t brown a t t h e t o p where t h e b l o c k s a r e more f r e s h . 

T a l u s d e p o s i t s a r e n o t a b u n d a n t on o t h e r t h a n c l i f f s formed from t h e 

O q u i r r h F o r m a t i o n , b u t I n t h o s e i n s t a n c e s , d e p o s i t s a r e l a r g e and o u t s t a n d ­

i n g . The b e s t d e v e l o p e d t a l u s s l o p e s a r e a t t h e b a s e o f w a v e - c u t c l i f f s 

a l o n g t h e e a s t b o r d e r of t h e e a s t e r n T e r r a c e M o u n t a i n s . 

D e p o s i t s Below H i g h e s t B o n n e v i l l e S h o r e l i n e 

Lake B o n n e v i l l e Group 

G e n e r a l s t a t e m e n t . G r a v e l , s i l t , d i a t o m i t e , and c l a y d e p o s i t s r e p r e -
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est Lake Bonneville level. Bel ow that shoreline, th~ comprise l acustrine 

Bonneville sediments , post-Bonneville fan deposits, lake-bottom cl ay and 

oolitic sand deposits, and minor eolian quartzose sand deposits. All of 

these are relati vely unconsolidated except for some tufa-cemented conglom­

erate deposits of Lake Bonneville . 

Deposits Above Bonneville. Shoreline 

Alluvial deposits . Alluvial deposits other than post- Bonneville fans 

occur ab1..U1dantly only in the Big Pass and in an area south of Shelter Moun­

tain Pass . The material of these deposits is large~ derived fram slope 

wash eroded from surrounding hills . Some alluvial mate r ial i s ephemerally 

deposited along major streams , often as minor natural levees, but the 

amount is insignificant and the deposits were not mapped. " 

Colluvial deposits . Scree is usually present on sl opes underlain 

~J the Diamond Creek Sandstone , but is not restricted to that format i on. 

Scree commonly fills gullies, as mentioned in connection with the Diamond 

Creek, and usually shows a color gradation from very dark at the base of a 

slope to light brown at t he top where t he blocks are more fresh . 

Talus deposits are not abundant on other than cliffs formed from the 

Oquirrh Formation, but in those i nstances , deposits are large and outstand­

ing. The best developed talus sl opes are at t he base of wave- cut cliffs 

along the east border of the eastern Terrace Nountains . 

Deposits Below Highest Bonneville Shorel ine 

Lake Bonneville Group 

General statement . Gravel , silt, diatomite, and cl ay deposits repre-
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s e n t a t i v e of t h e A l p i n e , B o n n e v i l l e , and P rovo F o r m a t i o n s o f t h e Lake 

B o n n e v i l l e Group a r e p r e s e n t i n t h e mapped a r e a b u t were n o t d i f f e r e n t i a t e d . 

F u t u r e work on t h e l i t h o l o g i c and s t r a t i g r a p h i c r e l a t i o n s h i p s and on t h e 

m o l l u s c a n , o s t r a c o d , and d i a t o m f o s s i l s of t h e s e d e p o s i t s may p r o v i d e b a s i s 

f o r t h e i r d i f f e r e n t i a t i o n i n t h e s t u d y a r e a . 

Much h a s b e e n w r i t t e n a b o u t t h e d e p o s i t s of Lake B o n n e v i l l e , and t h e 

r e a d e r i s r e f e r r e d t o U . S . G e o l o g i c a l S u r v e y Monograph 1 by G. K. G i l b e r t 

( 1890 ) and t o P r o f e s s i o n a l P a p e r 257 by Hunt and o t h e r s ( 1 9 5 3 ) f o r s p e c i f i c 

i n f o r m a t i o n . 

The l i t h o l o g i c c h a r a c t e r of Lake B o n n e v i l l e s e d i m e n t s a p p e a r t o 

depend l a r g e l y on t h e i r l o c a t i o n w i t h r e s p e c t t o l a k e c u r r e n t s and s e d i m e n t 

s o u r c e . T h i c k g r a v e l d e p o s i t s were b u i l t u p a l o n g s h o r e s where a l a r g e s u p ­

p l y o f d e t r i t a l m a t e r i a l was e x p o s e d t o s t r o n g l i t t o r a l c u r r e n t s , s u c h a s 

a l o n g t h e e a s t s l o p e of t h e e a s t e r n T e r r a c e M o u n t a i n s . The f i n e r f r a c t i o n s 

b y p a s s e d o r were washed o u t of t h e s e a r e a s and were d e p o s i t e d i n t h e more 

c u r r e n t - f r e e embayments and b e h i n d c u r r e n t - r e s t r i c t i n g b a r r i e r s . A l t h o u g h 

most of t h e m a t e r i a l t h a t f i l l e d I n t h e l a g o o n s b e h i n d t h e l a r g e b a y - m o u t h 

b a r s a t t h e B o n n e v i l l e l e v e l was e r o d e d from t h e a l l u v i a l c o v e r I n t h e r a n g e 

t h e e x t r e m e f i n e n e s s of some of t h e s e d i m e n t s u g g e s t s d e p o s i t i o n from l a k e 

w a t e r s p i l l i n g o v e r t h e b a r s . 

D i s t r i b u t i o n and e x p o s u r e . S e d i m e n t s d e p o s i t e d o r m o d i f i e d by t h e 

w a t e r s of Lake B o n n e v i l l e c o v e r a s much a s t h r e e - q u a r t e r s o f t h e mapped a r e a 

F i n e l a c u s t r i n e s e d i m e n t s were d e p o s i t e d i n a l l p r o t e c t e d embayments b e l o w 

t h e h i g h e s t l a k e l e v e l b u t a r e most a b u n d a n t a r o u n d t h e l o w e r s l o p e s of t h e 

r a n g e s . C o a r s e r s e d i m e n t s , m a i n l y g r a v e l , compose numerous c u r r e n t - and 

w a v e - b u i l t p h y s i o g r a p h i c f e a t u r e s I n a l l p a r t s o f t h e s t u d y a r e a t h a t we re 

c o v e r e d by t h e l a k e . 
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sentative of the Alpine, Bonneville, and Provo Formations of the Lake 

Bonneville Group are present in the mapped area but were not differentiated. 

FUture work on t he lithologic and stratigraphic relationships and on the 

molluscan, ostracod, and diatom fossils of these deposits may provide basis 

for their differentiation in t he study area. 

Much has been written about the deposits of Lake Bonneville, and t he 

reader is referred to U. S. Geol ogical Survey Monograph 1 by G. K. Gilbert 

(1890) and to Professional Paper 257 by Hunt and others (1953) for specific 

information. 

The litho logic character of Lake Bonneville sediments appear to 

depend l argely on their location with respect to lake currents and sediment 

source. Thick gravel deposits were built up along shores where a large sup­

p~ of detrital material was exposed to strong littoral currents, such as 

along t he east slope of the eastern Terrace Mountains . The finer fractions 

bypassed or were washed out of these areas a~d were deposited in the more 

current-free embayments and behind current- restricting barriers. Although 

most of the material that filled in the lagoons behind the large bay-mouth 

bars at the Bonneville level was eroded from the alluvial cover in the range , 

the extreme fineness of some of the sediment suggests deposition from lake 

water spill ing over the bars . 

Distribution and exposure . Sediments deposited or modified by the 

waters of Lake Bonneville cover as much as three- quarters of the mapped area. 

Fine lacustrine sediments were deposited in all protected emb~ents below 

the highest l ake level but are most abundant around the lower slopes of the 

ranges . Coarser sediments, mainly gravel, compose numerous current- and 

wave-built pnysiographic features in all parts of the study area that were 

covered by the lake . 
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A l t h o u g h l a k e s e d i m e n t s a r e a t o r n e a r t h e s u r f a c e w h e r e v e r t h e y o c c u r 

i n t h e a r e a , v e r y few s t r a t i g r a p h i c s e c t i o n s of s i g n i f i c a n t t h i c k n e s s a r e 

e x p o s e d . S t r e a m e r o s i o n h a s d i s s e c t e d s e v e r a l l a r g e baymouth b a r s a t t h e 

B o n n e v i l l e s h o r e l i n e and h a s e x p o s e d l i m i t e d s e c t i o n s of l a k e d e p o s i t s 

be low t h a t l e v e l . The mos t c o m p l e t e , w e l l - e x p o s e d s e c t i o n of s e d i m e n t s of 

t h e Lake B o n n e v i l l e Group i s i n a s m a l l embayment on t h e s o u t h e a s t - f a c i n g 

s l o p e o f K e l t o n B u t t e , b e t w e e n t h e S t a n s b u r y and P rovo shore l i n e s , i n t h e 

c e n t e r E § S ¥ j s e c . 1 3 , T . 1 1 N . , R. 12 ¥ • ( F i g . 1 1 ) . T h i s s e c t i o n was mea­

s u r e d and d e s c r i b e d . I t p r o b a b l y r e c o r d s a r i s e and f a l l o f t h e l a k e i n d i ­

c a t e d by t h e g r a v e l u n i t s a t t h e t o p and b o t t o m . 

T h i c k g r a v e l d e p o s i t s a l o n g t h e e a s t e r n s i d e o f t h e e a s t e r n T e r r a c e 

Moun ta in s have b e e n p a r t i a l l y d i s s e c t e d by t o r r e n t i a l wash from t h e h i l l s , 

b u t measurement of a c o m p l e t e s e c t i o n t h e r e was n o t p o s s i b l e . 

A c u t on t h e abandoned S o u t h e r n P a c i f i c R a i l r o a d i n SEjNWj s e c . 3 3 , 

T . 1 1 N . , R. 12 ¥ . p r o v i d e s an e x p o s u r e o f l a c u s t r i n e c o n g l o m e r a t e b e d s 

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

c u r r e n t s swept a c r o s s t h e b a r ( F i g . 1 2 ) . 

Measured s e c t i o n . 

S e c t i o n of t h e Lake B o n n e v i l l e Group u n d i f f e r e n t i a t e d measu red i n 

c e n t e r E§SWj s e c 1 3 , T . 1 1 N . , R. 12 ¥ . , U t a h . 

E r o s i o n a l t o p 

Q u a t e r n a r y : 

P l e i s t o c e n e : 

Lake B o n n e v i l l e Group ( i n c o m p l e t e ) : 

UNIT DESCRIPTION THICKNESS 
( f e e t ) 

5 . G r a v e l , s i l t y . D a r k - g r a y w i t h b u f f s i l t y m a t r i x 
F i n e - t o m e d i u m - g r a v e l . Medium s o r t i n g . No a p p a r e n t 
f o s s i l s • • 5+ 
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Although lake sediments are at or near the surface wherever they occur 

in the area, very few stratigraphic sections of significant thickness are 

exposed. Stream erosion has dissected several large baymouth bars at the 

Bonneville shore line and has exposed limited sections of lake deposits 

below that level. The most complete, well-exposed section of sediments of 

the Lake Bonneville Group is in a small embayment on the southeast-facing 

slope of Kelton Butte, between the Stansbury and Provo shore lines, in the 

center EtSW-i sec. 13, T. 11 N., R. 12 iVa (Fig. 11). This section was mea-

sured and described. It probably records a rise lli1d fall of the lake indi-

cated by the gravel units at the top &ld bottom. 

Thick gravel deposits along the eastern side of the eastern Terrace 

r'!otmtains have been partially dissected by torrential wash from the hills, 

but measurement of a complete section there was not possible. 

A cut on the abandoned Southern Pacific Railroad in sEtm'Ii sec. 33, 

T. 11 N., R. 12 ii. provides an exposure of lacustrine conglomerate beds 

which are steeply inclined to the north, indicating that north-flow:ing 

currents swept across the bar (Fig. 12). 

Heasured section. 

Section of the Lake Bonneville Group undifferentiated measured in 

center EtS1A~ sec. 13, T. 11 N., R. 12 W., Utah. 

Erosional top 

Quaternary: 

Pleistocene: 

Lake Bonneville Group (L~complete): 

UNIT DESCRIPl'ION 

5. Gravel, silty. Dark-gray with buff silty matrix 
Fine- to medium-gravel. Nedium sorting_ rIo apparent 

THICKNESS 
(feet) 

fossils...................................................... 5+ 



F i g u r e 1 1 . Measured and d e s c r i b e d s e c t i o n o f Lake Bonne­
v i l l e s e d i m e n t s on t h e s o u t h e a s t s l o p e of K e l t o n B u t t e . 
F i g u r e i n r i g h t c e n t e r g i v e s s c a l e . 

F i g u r e 1 2 . E x p o s u r e of p o o r l y i n d u r a t e d l a c u s t r i n e cong lom­
e r a t e i n a r a i l r o a d c u t t h r o u g h a b a r a t t h e P rovo l e v e l 
o f Lake B o n n e v i l l e . View i s t o t h e n o r t h w e s t . H i l l s i n 
b a c k g r o u n d a r e capped by b a s a l t f l ows o f l a t e T e r t i a r y 
a g e . Road i n f o r e g r o u n d g i v e s s c a l e . 

Figure li. Measured and described section of Lake Bonne­
ville sediments on the southeast slope of Kelton Butte. 
Figure in right center gives scale . 

Figure 12 . Exposure of poorly indurated lacustrine conglom­
erate in a railroad cut through a bar at the Provo level 
of Lake Bonneville . View is to the northwest . Hills in 
background are capped by basalt flows of late Tertia~ 
age. Road in foreground gives scale . 



107 

l u S i l t , a r g i l l a c e o u s . Buff t o i v o r y w h i t e . Upper p a r t more 
s i l t y . Has h i g h p e r c e n t a g e of v o l c a n i c g l a s s s h a r d s . Lower 
p a r t more a r g i l l a c e o u s . S l o p e s c o v e r e d w i t h g r a v e l from o v e r ­
l y i n g u n i t . F o s s i l s i n c l u d e a b u n d a n t o s t r a c o d s ( u n d e t . ) , and 
s p a r s e m o l l u s c a s i m i l a r t o t h o s e of u n i t 2 * . . . . . . . 2 8 

3 . S i l t , a r g i l l a c e o u s . Buff t o i v o r y w h i t e , l i g h t e r o v e r a l l 
t h a n o v e r l y i n g u n i t . Very f i n e - g r a i n e d . I n d i s t i n c t l y l a m i n ­
a t e d . Abundant o s t r a c o d s ( u n d e t . ) , s p a r s e m o l l u s c a s i m i l a r 
t o t h o s e o f u n i t 2 23 

2 . S i l t and g r a v e l . L i g h t - g r a y t o b u f f . A r g i l l a c e o u s , c a l c a r e ­
o u s . Very f i n e - g r a i n e d s i l t w i t h t h i n zones of g r a v e l . T h i n -
bedded t o l a m e l l a r . O s t r a c o d s and s p a r s e m o l l u s k s t h r o u g h o u t ; 
one 6 - i n c h t h i c k bed of u n c o n s o l i d a t e d c o q u i n a composed o f 
w e l l - p r e s e r v e d m o l l u s k s , 17 f e e t above b a s e o f u n i t , i n c l u d e s 
F l u m i n i c o l a c o l o r a d o e n s i s , Lymnaea b o n n e v i l l e n s i s , Lymnaea s p . , 
V a l v a t a h u m e r a l i s c a l i f o r n i c a , Amnioola l o n g i n q u a , Amnic o l a 
s p . , Physa s p . , and P i s i d i u m compressum, P i s i d i u m f e r r u g i n e u m . . 27 

1 . G r a v e l . D a r k - g r a y . Medium- t o f i n e ; w e l l r o u n d e d ; w e l l 
s o r t e d . T h i n - b e d d e d t o l a m e l l a r . Bedding s t e e p l y i n c l i n e d 
t o w a r d b a s i n , a t an a n g l e t o b e d d i n g of o v e r l y i n g u n i t . . . . . . . . 9+ 

T o t a l m e a s u r e d t h i c k n e s s Lake B o n n e v i l l e Group 
( i n c o m p l e t e ) , 92 

Base c o n c e a l e d . 

B o n n e v i l l e f o s s i l s . I n t h e i n t e r e s t of f u t u r e i n v e s t i g a t i o n of 

B o n n e v i l l e s e d i m e n t s , c o l l e c t i o n s of m o l l u s c a and d i a t o m a c e o u s s i l t were 

made from t h e d e p o s i t s whenever c o n v e n i e n t . The m o l l u s k s were i d e n t i f i e d 

by Dwight T a y l o r of t h e U . S . G . S . and t h e d i a t o m s by Anan tha S e t t y i n c o n ­

j u n c t i o n w i t h h i s s t u d y of t h e d i a t o m s of Lake B o n n e v i l l e ( S e t t y , 1 9 6 3 ) . 

Of t h e 126 d i a t o m s p e c i e s found by S e t t y t h r o u g h o u t t h e B o n n e v i l l e B a s i n , 

62 were p r e s e n t i n t h e s t u d y a r e a and t h r e e new s p e c i e s , S u r i n e l l a r o s -

t r a t a , S u r i n e l l a r h o m b o i d e s , and S u r i n e l l a r o b u s t a , named and d e s c r i b e d 

by S e t t y a r e o n l y known, t o d a t e , f rom t h e mapped a r e a . 

Fauna and f l o r a i d e n t i f i e d from t h e w r i t e r ' s c o l l e c t i o n s a r e a s 

f o l l o w s : 
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4. Silt, argillaceous. Buff to ivory white. Upper part more 
silty. Has high percentage of volcanic glass shards. Lower 
part more argillaceous. Slopes covered with gravel from over­
lying unit. Fossils include abundant ostracods (undet.), and 
sparse mollusca sL~ilar to those of unit 2................... 28 

3. Silt, argillaceous. Buff to ivory white, lighter overall 
'ti1aii overlying unit. Very fine-grained. Indistinctly lamin­
ated. Abundant ostracods (undet.), sparse mollusca sL~ilar 
to those of unit 2........................................... 23 

2. Silt and gravel. Light-gray to buff. Argillaceous, calcare­
ous. Very fine-grained silt with thin zones of gravel. Thin­
bedded to lamellar. Ostracods and sparse mollusks throughout; 
one 6-inch thick bed of unconsolidated coquina composed of 
well-preserved mollusks, 17 feet above base of unit, includes 
Fluminicola coloradoensis, Lymnaea bonnevillensis, Lymnaea sp., 
Vaivata h~~eralis californica, Amnicola longinqua, Amnicola 
sp., Physa sp., and Pisidiun compressmn., Pisidium ferrugineum.. 27 

1. Gravel. Dark-gray. Medium- to fine; well rounded; well 
sorted. Thin-bedded to lamellar. Bedding steeply inclined 
toward basin, at an angle to bedding of over~ing unit........ 9+ 

Total measured thiclmess Lake Bonneville Group 
(inc oi71plete ) . . .. .. ... . .. . . • ... .. . . • • • .. • • . • • .. • • • • 92 

Base concealed. 

Bonneville fossils. In the interest of future investigation of 

Bonneville sediments, collections of mollusca and diatomaceous silt were 

made from the deposits whenever convenient. The mollusks were identified 

by Dtfight Taylor of the U .S.G.S. and the diatons by Anantha Setty in con­

junction with his study of the diatoms of Lake Bonneville (Setty, 1963). 

Of the 126 diatom species found by Setty throughout the Bonneville Basin, 

62 were present in tl1e study area a'1d three nevI species, Surinella ros-

trata, Surinella rhomboides, and Surinella robusta, named and described 

by Setty are only known, to date, from the mapped area. 

Fauna and flora identified from the writer's collections are as 

follows: 
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Sample from P e p l i n F l a t s , c e n t e r SWj s e c . 3 5 , T . 1 1 N . , R. 12 ¥ . , 

E l e v . hkZO f e e t . A. P . S e t t y l o c a l i t y 9 . Very f i n e w h i t e t o b u f f s i l t , 

d i a t o m i t e . 

O s t r a c o d s : common - v e r y t h i n - s h e l l e d , u n d e t . 

D i a t o m s : a b u n d a n t -

M e l o s i r a g r a n u l a t a R Gomphonema l a l i t h a i i R 
M e l o s i r a v a r i a n s F Gomphonema n a v i c u l o i d e s R 
C y c l o t e l l a r o t u l a R Amphora o v a l i s F 
S y n e d r a p u l c h e l l a R E p i t h e m i a h y n d m a n i i C 
R h o i c o s p h e n i a c u r v a t a R E p i t h e m i a a r g u s G 
C o c c o n e i s l i n e a t a A E p i t h e m i a z e b r a F 
N a v i c u l a c o a r c t a t a F N i t z s c h i a a c i c u l a r i a F 
N a v i c u l a mormonorum C N i t z s c h i a l i n e a r i s F 
N a v i c u l a bohemica G D e n t i c u l a v a l i d a R 
N a v i c u l a r a d i o s a C S u r i n e l l a s t r i a t u l a F 
N a v i c u l a b r e b i s s o n i i R S u r i n e l l a o v a l i s F 
N a v i c u l a bombus G S u r i n e l l a o v a t a F 
N a v i c u l a s m i t h i i F S u r i n e l l a u t a h e n s i s F 
D i p l o n e i s e l l i p t i c a F ^ - S u r i n e l l a r o s t r a t a F 

Sample from K e l t o n B u t t e , c e n t e r E J S E J s e c . 2 3 , T . 1 1 N . , R. 12 W. 

E l e v . U600 f e e t . U . S . G . S . Cenozo ic l o c a l . 2 3 1 9 5 . A, P . S e t t y l o c a l . 1 0 . 

Very f i n e s i l t y and a r g i l l a c e o u s m a t e r i a l , l i g h t b u f f , s o f t and f r i a b l e . 

O s t r a c o d s : a b u n d a n t , u n d e t . 

M o l l u s k s : f r e s h w a t e r s n a i l s , r a r e -
c f . Amnicola l o n g i n q u a Gould 
Lymnaea b o n n e v i l l e n s i s C a l l 

D i a t o m s : a b u n d a n t -

M e l o s i r a g r a n u l a t a C Amphora p r o t e u s F 
M e l o s i r a v a r i a n s R E p i t h e m i a h y n d m a n i i R 
C o c c o n e i s l i n e a t a F E p i t h e m i a a r g u s C 
N a v i c u l a bohemica R E p i t h e m i a t u r g i d a C 
N a v i c u l a bombus F E p i t h e m i a z e b r a F 
N a v i c u l a s m i t h i i F D e n t i c u l a v a l i d a F 
Cymbel la a s p e r a F S u r i n e l l a s t r i a t u l a C 
Cymbel la t u r g i d a F S u r i n e l l a o v a l i s F 

Sample from 100 f e e t b e l o w p r e c e d i n g s a m p l e . A. P . S e t t y l o c a l . 1 1 . 

O s t r a c o d s : a b u n d a n t , u n d e t . 

D i a t o m s : a b u n d a n t -
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Sample from Peplin Flats , center SW! sec . 35, T. 11 N., R. 12 W., 

Elev. 4420 feet . A. P. Setty locality 9. Ver,y fine white to buff s ilt, 

diatomite . 

Ostracods: common - very thin- shelled, undet . 

Diatoms: abundant -

Melosira granulata R Gomphonema l alithaii R 
Nelosira varians F Gomphonema naviculoides R 
Cyclotella rotula R AmEhora avalis F 
Synedra pulchella R Epithemia hiridrnanii C 
RhoicosEhenia curvata R Epithemia argus C 
Cocconeis lineata A Epithemia zebra F 
Navicula coarctata F Nitzschia aclcularia F 
Navicula mormonorum C Nitzschia linearis F 
NavicUla bohemica C Denticula valida R 
Navicula radiosa C Surinella striatula F 
Navicula R Surinella avalis F 
NavicUla C Surinella ovata F 
Navl:cu!a F Surinella iitailensls F 
fiiploneis eUiptica F *Surinella rostrata F 

Sample from Kelton Butte, center E~i sec . 23, T. 11 N., R. 12 W. 

Elev. 4600 feet . U.S .G.S . Cenozoic local. 23195 . A. P. Setty l ocal . 10. 

Very fine silty and argillaceous material, l ight buff, soft and friable . 

Ostracods: abundant , undet . 

Mollusks J i'reshvlater snails, rare -
cf. Amnicola longingua Gould 
Lfmnaea bonnevillensis Call 

Diatoms : abundant -

C 
R 
F 
R 
F 
F 

p eila aspera F 
Cymbella turgida F 

proteus F 
hyndmanii R 
argus C 
turs:ida C 
zebra F 
valida F 
striatula C 
ovalis F 

Sample .from 100 .feet bel ow preceding sample . A. P . Setty local. ll. 

Ostracods: abundant , undet . 

Diatoms: abundant -
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M e l o s i r a v a r i a n s F ELeuros igma decorum R 
F r a g i l a r i a c a p u c i n e F Cymbel la t u r g i d a C 
S y n e d r a p u l c h e l l a F Cymbel la t u m i d a F 
R h o i c o s p h e n i a c u r v a t a R Amphora o v a l i s F 
C o c c o n e i s l i n e a t a C Amphora p r o c t u s F 
N a v i c u l a bohemica F E p i t h e m i a hyndman i i A 
N a v i c u l a p e r e g r i n a F E p i t h e m i a z e b r a F 
N a v i c u l a l o n g a F S u r i n e l l a s t r i a t u l a F 
N a v i c u l a i m p r e s s a F S u r i n e l l a o v a l i s F 
N a v i c u l a bombus F ^ S u r i n e l l a rhombo ides F 
N a v i c u l a s m i t h i i F • s S u r i n e l l a r o b u s t a F 
P i n n u l a r i a c a r d i n a l i s F 

Sample from n o r t h w e s t of S h e l t e r M o u n t a i n , c e n t e r W|NEj s e c . 8 , T , 

8 N , , R, 12 W. E l e v , k9$0 f e e t . U . S . G . S . Cenozo ic l o c a l , 2 3 1 9 k , A. P . 

S e t t y l o c a l . 1 2 . Medium s i l t , m a r l y u n c o n s o l i d a t e d s e d i m e n t , b u f f t o 

g r a y . 

O s t r a c o d s : a b u n d a n t , u n d e t . 

D i a t o m s : g e n e r a l l y r a r e -

F r a g i l a r i a c a p u c i n e R E p i t h e m i a a r g u s A 
S y n e d r a l a n c e o l a t a R E p i t h e m i a t u r g i d a C 
C o c c o n e i s p l a c e n t u l a R E p i t h e m i a z e b r a A 
N a v i c u l a bombus R D e n t i c u l a l a u t a R 
N a v i c u l a s m i t h i i R S u r i n e l l a s t r i a t u l a R 
Cymbel la l a n c e o l a t a C S u r i n e l l a o v a l i s C 
E p i t h e m i a h y n d m a n i i A S u r i n e l l a r e g i n a F 

Sample from n o r t h o f T a n g e n t P e a k , c e n t e r E§NWj- s e c . 1 1 , T . 9 N . , 

R. 12 W. E l e v . U820 f e e t . U . S . G . S . Cenozo ic l o c a l . 2 3 1 9 3 , A. P , S e t t y 

l o c a l . 1 3 • F i n e s i l t , t h i n l y l a m i n a t e d , w h i t e , o v e r l a i n by t h i n g r a v e l . 

O s t r a c o d s : a b u n d a n t , u n d e t * 

M o l l u s k s : f r e s h w a t e r s n a i l s - common 

V a l v a t a h u m e r a l i s Lymnaea b o n n e v i l l e n s i s 
c f . Amnico la l o n g i n q u a Physa s p . 
F l u m i n i c o l a c o l o r a d o e n s i s 

D i a t o m s : a b u n d a n t -

M e l o s i r a v a r i a n s 
C y c l o t e l l a s t r i a t a 

A 
F 

P i n n u l a r i a v i r i d i s F 
Cymbel la t u r g i d a A 

F 
F 
F 
R 
C 
F 
F 
F 
F 
F 
F 
F 
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Pleurosigma decorum 
Cymbella turgida 
Cymbella tumida 
Amphora ovalls 
AmPhora proctus 
Epi themia hyndmani1 
Epi themia zebra 
Surinella striatula 
Surinella ovalls 
~urinella rhomboides 
~urinella robusta 

R 
C 
F 
F 
F 
A 
F 
F 
F 
F 
F 

Sampl e from north'~·rest of Shelter Mountain , center ~NE-i sec . 8, T. 

8 N. , R. 12 W. Elev. 4950 feet . U.S.G.S. Cenozoic local . 23194, A. P. 

Setty local. 12 . Medium silt , marly unconsolidated sediment, buff to 

grB¥_ 

Ostrac ods: abundant, undet . 

Diatoms : generally rare -

Fragilaria capucine 
§medra lanceolata 
Cocconeis placentula 
Navicula bombus 
Navicula smithii 
Qrmbella lanceolata 
Epithemia hyndmanii 

R 
R 
R 
R 
R 
C 
A 

Epithemia argus 
Epithemia turgida 
Epithemia zebra 
Denticula lauta 
Surinella strIatula 
Surinella avalls 
Surinella regina 

A 
C 
A 
R 
R 
C 
F 

Sampl e from north of Tangent Peak, center E~NWt sec . 11, T. 9 N. , 

R. 12 W. Elev . 4820 feet . U.S.G.S. Cenozoic local. 23193 , A. P. Set~ 

l ocal . 13. Fine silt, thinly laminated, white , overlain by thin gravel. 

Ostracods : abundant, undet . 

Mollusks: fresh water snails - conunon 

Valvata humeralis 
cf. Amnicola longingua 
Fluminicol a coloradoensis 

Diatoms: abundant -

Melosira varians 
cyclotella striata 

A 
F 

Lymnaea bonneyillensis 
Plvsa sp. 

Pinnularia viridis 
QYmbella turgida 

F 
A 
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F r a g i l a r i a c a p u c i n a C 
S y n e d r a p u l c h e l l a F 
C o c c o n e i s l i n e a t a E 
N a v i c u l a bohemica C 
N a v i c u l a r a d i o s a C 
N a v i c u l a bombus R 
N a v i c u l a s m i t h i i R 

Cymbel la t u m i d a F 
Amphora h y a l i n a F 
Amphora c r a s s a F 
E p i t h e m i a h y n d m a n i i R 
S u r i n e l l a s t r i a t u l a R 
S u r i n e l l g . o v a l i s F 

Sample from s o u t h e a s t of w e s t e r n T e r r a c e M o u n t a i n s , NE^- s e c . 3 2 , T . 

8 If., R. 1 1 W. E l e v . kBOO f e e t . A* P . S e t t y l o c a l , l l ; . F i n e , w h i t e , m a r l y 

s i 3 . t . Whi te s e d i m e n t shown i n F i g . l l ; . 

O s t r a c o d s : r a r e , u n d e t . 

D i a t o m s : g e n e r a l l y r a r e -

M e l o s i r a v a r i a n s R 
M e l o s i r a d i s t a n s R 
F r a g i l a r i a c a p u c i n a R 
S y n e d r a l a n c e o l a t a R 
C o c c o n e i s p l a c e n t u l a R 
N a v i c u l a a c r o s p h e r i a F 
N a v i c u l a d a c t y l u s F 
N a v i c u l a f i s c h e r i F 
N a v i c u l a r a d i o s a R 
N a v i c u l a m a c u l a t a F 
N a v i c u l a bombus R 
N a v i c u l a s m i t h i i R 
D i p l o n e i s i n t e r r u p t a F 

Campylod i scus h i b e r n i c u s R 
Campylod i scus e h r e n b e r g i i R 
S u r i n e l l a o v a l i s F 
S u r i n e l l a s t r i a t u l a F 
D e n t i c u l a v a l i d a R 
Cymbel l a t u r g i d a C 
Cymbel la t u m i d a R 
Amphora p e l l u c i d a F 
E p i t h e m i a h y n d m a n i i A 
E p i t h e m i a a r g u s A 
E p i t h e m i a a r g u s v a r . 

a l p e s t r i s F 
N i t z s c h i a p u n c t a t a R 

P o s t - B o n n e v i l l e f a n d e p o s i t s . A l l u v i a l f a n s wh ich p o s t - d a t e Lake 

B o n n e v i l l e , a l s o d i s c u s s e d b r i e f l y u n d e r geomorpho logy , a r e composed o f 

f a n g r a v e l and f a n s a n d ( B l i s s e n b a c h , 195k) d e r i v e d b o t h from h i l l s above 

t h e B o n n e v i l l e l e v e l and from B o n n e v i l l e l a c u s t r i n e s e d i m e n t s t h e m s e l v e s . 

A l t h o u g h two p e r i o d s of p o s t - B o n n e v i l l e f an b u i l d i n g have b e e n r e c o g n i z e d 

e l s e w h e r e ( B i s s e l l , 1959, p . 1 8 2 ) , t h e y were n o t d i f f e r e n t i a t e d i n t h e 

s t u d y a r e a . S e t s o f b r a i d s and meanders o l d e r t h a n t h o s e p r e s e n t l y a c t i v e 

a r e v i s i b l e on t h e f a n s u r f a c e s , b u t no a t t e m p t was made by t h e w r i t e r t o 

s e p a r a t e s t a g e s of f a n d e v e l o p m e n t . 

C lay and s a n d d e p o s i t s . Bottom c l a y s of Lake B o n n e v i l l e a r e p r e s e n t 

u n d e r a t h i n v e n e e r of a l k a l i s a l t s and l i g h t - c o l o r e d , s u r f i c i a l a r g i l l a -

Navicula bombus 
Navicula smi thii 

C 
F 
R 
C 
C 
R 
R 

up 

F 
F 
F 
R 
R 
F 

Sample from s outheast of western Terrace Hountains , tlE; sec . 32 , T. 

8 ~ ., R. 11 vT. Elev . 4800 fe et . A. P. Setty l ocal. 14. Fine , white , marly 

silt . White sediment shown in Fig. 14. 

Ostr acods : rare, undet . 

Diatoms : generally r are -

Nelosir a varians 
Nel osira distans 
Fragilaria capucina 
Synedra l anceolata 
COCconeis pl acentula 
Navicul a acrospheria 
Navicula dactylus 
Navicula fischeri 
Navicula radiosa 
Nayicula maculata 
Navicula bombus 
Navicula smithii 
Di'ploneis i nt errupta 

R 
R 
R 
R 
R 
F 
F 
F 
R 
F 
R 
R 
F 

Post- Bonneville fan deposits . Alluvial fans which post- date Lake 

Bonnevil le , also discussed brie~ under geomorphol ogy, are composed of 

fangravel and f ansand ( Blissenbach, 1954) derived both from hills above 

R 
R 
F 
F 
R 
C 
R 
F 
A 
A 

F 
R 

the Bonneville l evel and from Bonneville l acustrine sediments themselves . 

Although two periods of post - Bonnevill e fan building have been recognized 

else'rJhere (Bissell, 1959, p .. 182), they "Jere not differentiated i n the 

study area. Sets of br aids and meanders ol der t han those presently active 

are viSible on t he f an surfaces , but no attempt was made Qy t he writer to 

separate stages of fan develop~ent . 

Clay and sand deposits .. Bottom cl ays of Lake Bonneville are pr esent 

under a t hin veneer of alkal i salts and light- col ored, surficial argilla-
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c e o u s m a t e r i a l a l o n g t h e e a s t e r n and s o u t h w e s t e r n s i d e s of t h e s t u d y a r e a . 

The f l a t s e a s t of t h e stucty- a r e a a r e p r e s e n t l y e x p o s e d above t h e G r e a t S a l t 

Lake w a t e r l e v e l , b u t would be f l o o d e d by a s l i g h t r i s e i n t h e p r e s e n t 

l a k e . I t h a s b e e n p o s t u l a t e d by S t i f e l and S t o k e s ( l Q 6 l ) t h a t an i n d e f i n ­

i t e amount of m a t e r i a l h a s b e e n e r o d e d from t h e c l a y s u r f a c e i n t h i s a r e a , 

s o t h a t t h e m a t e r i a l now exposed may have b e e n d e p o s i t e d a t some e a r l i e r 

t i m e t h a n t h e R e c e n t . O o l i t i c s a n d i s a b u n d a n t on t h e s u r f a c e o f t h e 

f l a t s i n some p l a c e s . 

E o l i a n d e p o s i t s . E o l i a n d u n e s , composed l a r g e l y of q u a r t z o s e and 

o o l i t i c s a n d , a r e p r e s e n t i n t h e s o u t h e r n p a r t of t h e s t u d y a r e a , b u t a r e 

s m a l l and s c a t t e r e d and were n o t mapped . 

ceous material along the eastern and southJlestern sides of the study area. 

The flats east of the study area are presently exposed above the Great Salt 

Lake water level, but would be flooded ~ a slight rise in the present 

lake . It has been postulated ~ Stife1 and Stokes (1961) that an L~defin­

ite amount of material has been eroded from t he c1~ surface in this area, 

so that the mater~al now exposed may have been deposited at some earl ier 

time than the Recent . Oolitic sand is abundant on the surface of the 

flats in some pl aces . 

Eolian deposits. Eolian dunes , composed largely of quartzose and 

ool itic sand, are present in the southern part of t he study area, but are 

small and scattered and were not mapped. 



112 

IGNEOUS ROCKS 

I n t r u s i v e Rocks 

D i k e s 

B a s i c i g n e o u s d i k e s a r e e x p o s e d a t two p l a c e s i n t h e s t u d y a r e a . 

A siffigle d i k e , i s o l a t e d from s u r f i c i a l f l o w s , t r e n d s e a s t - w e s t a c r o s s 

t h e imiddle o f t h e e a s t T e r r a c e Moun ta in s r i d g e ( c e n t e r s e c . 2 9 , T . 

9 N . , R . 12 ¥ . ) . The d i k e i s e x p o s e d f o r a p p r o x i m a t e l y 600 f e e t , i s 10 

f e e t w ide a t i t s w i d e s t p l a c e , and i t d i p s 8 0 - 8 5 d e g r e e s t o t h e s o u t h . 

I t s w e s t e r n end i n t e r s e c t s , and a p p e a r s t o c r o s s a n o r t h w e s t - t r e n d i n g f a u l t 

t r a c e . Columnar j o i n t i n g i s s l i g h t l y d e v e l o p e d and i s p a r a l l e l t o t h e d i p 

of the d i k e . 

The c e n t r a l p a r t o f t h e d i k e i s o l i v i n e d i a b a s e , o f s u b o p h i t i c t e x ­

t u r e , w i t h p h e n o c r y s t s o f l a b r a d o r i t e , a u g i t e , o l i v i n e and m a g n e t i t e . 

Rock from t h e edge of t h e d i k e i s f i n e - g r a i n e d o l i v i n e b a s a l t . I t shows 

d i s t i n c t f l ow b a n d i n g and I s of t h e same c o m p o s i t i o n a s t h e d i a b a s e . 

O l i v i n e p h e n o c r y s t s t h r o u g h o u t t h e d i k e show m a r g i n a l s e r p e n t i n i z a t i o n . 

T h r e e d i k e s r a d i a t e from t h e s o u t h s i d e of a b a s a l t f l ow i n t h e 

s e c . 3 0 , T . 8 N . , R. 12 ¥ . They a r e f i n e - g r a i n e d o l i v i n e - f r e e b a s a l t w i t h 

p h e n o c r y s t s o f l a b r a d o r i t e and a u g i t e and g r a i n s of m a g n e t i t e ; t h e same 

c o m p o s i t i o n a s t h e a s s o c i a t e d f l o w . A c o n t a c t was n o t e x p o s e d b e t w e e n 

t h e d i k e s and t h e o v e r l y i n g f l o w , b u t t h e p r o x i m i t y o f t h e two l e a v e s no 

d o u b t t h a t t h e d i k e s a r e r e l a t e d t o , and p r o b a b l y f e e d e r s o f t h e f low.. 

The age of t h e d i k e s i s u n c e r t a i n , b u t i t i s assumed t h a t t h e y a r e 

c o n t e m p o r a n e o u s w i t h s u r f i c i a l f l ows o f l a t e T e r t i a r y age w i t h which f l o w s 

t h e y a r e c l o s e l y a s s o c i a t e d . 
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IGNEOOS ROCKS 

Intrusive Rocks 

Dikes 

Basic igneous dikes are exposed at two pl aces in the stuqy area. 

A singl e dike, isolated from surficial flows , trends east-west acr oss 

the ndddle of the east Terrace Mountains ridge (center E~ sec. 29, T. 

9 N." R. 12 \'1. ) . The dike is exposed for appr oximate}Jr 600 .reet, is 10 

feet ~de at its ~ddest place , and it dips 80- BS degrees to t he south. 

I ts ~estern end intersects , and appears to cr oss a northwest- trending f ault 

trace . Col umpar jointing is slightl)r devel oped and is p~allel to the dip 

of the dike . 

The central part of t he dike is ol ivine diabase, of subophi t ic tex­

ture, wi th phenocr,ysts of labradorite, augite , ol i vine and magneti te. 

Rock from the edge of the dike is fine-grained olivine basalt . I t shmls 

distinct fio,1 banding and is of t he same composition as the diabase . 

Olivine phenocrysts throughout the dike show marginal serpentini zation. 

Three dikes r adiat e from the south side of a basalt flovl in t he NEiNW~ 

sec . 30, T. 8 N. , R. 12 w. They are fine-grained olivi ne- free basal t with 

phenocrysts of labradorite and augite and grai ns of magnetite ; t he same 

composition as the associated nou. A contact ",as not exposed between 

the dikes and the overlying flow, but t he proximity of the t wo l eaves no 

doubt that the dikes are related to, and probably feeders of t he flow. 

The age of t he dikes is uncertain, but it i s assumed that they are 

contemporaneous with surficial flO"lS of late Tertiary age with whi ch flows 

the,y are cl osely associated . 
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E x t r u s i v e Rocks 

B a s a l t Flows 

S u r f i c i a l b a s a l t f l ows a r e e x t e n s i v e i n t h e n o r t h e r n p a r t o f t h e s t u d y 

a r e a , c o v e r i n g a b o u t 1 1 s q u a r e m i l e s t h e r e ( s e e P l a t e l ) . To t h e s o u t h , 

i n t h e Big P a s s , a f low c o v e r s s l i g h t l y l e s s t h a n one q u a r t e r s q u a r e m i l e 

i n t h e m i d d l e of t h e w e s t e r n s i d e of t h e p a s s , and s e v e r a l s m a l l f l ows 

e m i n a t e from v e n t s a l o n g t h e Big P a s s f a u l t n e a r i t s s o u t h e a s t end* I n 

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

a r e p r e s e n t on t h e s o u t h w e s t e r n s i d e of t h e T e r r a c e M o u n t a i n s . 

The f l o w s i n t h e s t u d i e d a r e a may be d i v i d e d on t h e b a s i s of o l i v i n e 

c o n t e n t i n t o a t h o l e i i t i c o r o l i v i n e - f r e e g r o u p c o m p r i s i n g t h o s e f l ows a t 

t h e n o r t h end and i n t h e s o u t h w e s t p a r t of t h e a r e a , and i n t o an o l i v i n e -

b e a r i n g g r o u p c o m p r i s i n g t h o s e f lows ( a n d t h e d i k e ) which o c c u r i n t h e 

v i c i n i t y of t h e Big P a s s . T h e r e i s l i t t l e d i f f e r e n c e i n t h e s e g r o u p s 

o t h e r t h a n t h e amount of o l i v i n e p r e s e n t . I n a l l c a s e s , t h e r o c k i s f i n e ­

g r a i n e d w i t h p h e n o c r y s t s of l a b r a d o r i t e and g l o m e r o p h o r p h y r i t i c a u g i t e 

and g r a i n s of m a g n e t i t e i n a f i n e i n t e r g r a n u l a r g round m a s s . 

I n p l a c e s i n t h e n o r t h e r n p a r t of t h e a r e a , t h r e e s t r a t i f i e d f l o w s 

a r e d i s t i n g u i s h a b l e . They a r e a l l s c o r i a c e o u s , t h e u p p e r m o s t f low i n 

p a r t i c u l a r . The f i n e m a g n e t i t e i n t h e u p p e r m o s t f low h a s w e a t h e r e d , 

c o l o r i n g t h e r o c k r e d - b r o w n . A f low which c a p s a s m a l l b u t t e t h r e e m i l e s 

s o u t h w e s t of K e l t o n i s more t h a n I4.O f e e t t h i c k . The b a s e of t h e f l o w i s 

c o n c e a l e d by l a c u s t r i n e t u f a and s c r e e b l o c k s s o t h a t c o m p l e t e measuremen t 

i s i m p o s s i b l e . The u p p e r s u r f a c e of t h i s f low d i p s two d e g r e e s t o t h e 

s o u t h , and v e s i c u l a r e l o n g a t i o n and f low marks a r e a l l i g n e d S . 2 0 ° E . L i k e 
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Extrusive Rocks 

Ba~salt Flows 

Surficial basal t flows ar'8 extensive in t he northern part of the study 

area, covering about II squarei miles there (see Plate 1). To the south, 

in t he Bi g Pass , a flow covers: slightly l ess t han one quarter square mile 

in t he middle of the western side of t he pass , and several small navIS 

eminate from vents al ong t he Bi g Pass fault near its southeast end. In 

addit i on to these, three nOHS , covering less than one-half square mil e , 

are present on the southH8stern side of the Terrace J1ountains . 

The flows in the studied area may be divided on the basis of olivine 

cont ent into a tholeiitic or olivine- free group comprising those flows at 

the north end and in the southwest part of t he area, and into an olivine­

bearing group comprising those: flot'ls ( and t he dike) lih i ch occur in the 

vicinity of the Big Pass . There is little difference in these groups 

othe r t han the amount of olivine present . In all cases , t he rock is fine ­

grained with phenocrysts of la.bradorite a nd glomer ophor phyritic augite 

and grains of magnetite in a fine intergranular ground mass . 

In places in t he northern. part of the area, three stratifi ed flm'lS 

are distinguishable . They are all scoriaceous, the uppermost florl in 

particular . The fine magnetite in the uppermost flm'1 has weathered, 

col oring t he rock red- brown . A 'flow which caps a small butte three miles 

southwest of Kelton is more than 40 feet thick. The base of the flow i s 

concealed by lacustrine tufa a.nd scree blocks so that compl ete measurement 

is impossible . The upper surface of this flcm dips t"HO degr ees to the 

south, and vesicular elongation and flo'\o1 marks are a.J.ligned S. 200 E. Like 
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t h e o t h e r f l ows i n t h e n o r t h e r n p a r t o f t h e a r e a , t h i s one i s p a r t o f a 

g r o u p p r o b a b l y o r i g i n a t i n g a t t h e e a s t e r n end of t h e R a f t R i v e r M o u n t a i n s 

12, m i l e s t o t h e n o r t h . 

P r o c t o r and B u l l o c k (1963) s u g g e s t a l a t e T e r t i a r y ( P l i o c e n e ) age 

f o r t h e b a s a l t s exposed s o u t h of t h e R a f t R i v e r M o u n t a i n s , w i t h which 

t h e s e f lows a r e i n c l u d e d . 

Flows i n t h e Big P a s s a r e s c o r i a c e o u s and a r e b r e c c i a t e d n e a r t h e 

v e n t s from which t h e y e m a n a t e d . Some a r e of p o r p h y r i t i c t e x t u r e , and some 

a r e of i n t e r c e r t a l t e x t u r e w i t h a g l a s s y g r o u n d m a s s . 

One of s e v e r a l s m a l l f l ows i n t h e c e n t e r s e c . 1 7 , T . 8 N . , R. 1 1 W. 

which i s c l o s e l y a s s o c i a t e d w i t h f r e s h - w a t e r m a r l s of t h e S a l t Lake Group 

i s a m y g d a l o i d a l , t h e v e s i c l e s b e i n g f i l l e d w i t h s e c o n d a r y c a l c i t e . T h i s 

f l ow may u n d e r l i e d e p o s i t s of t h e S a l t Lake Group and t h e r e f o r e p r e d a t e 

t h e m , a l t h o u g h e x p o s u r e s a r e v e r y l i m i t e d , and s t r a t i g r a p h i c r e l a t i o n s h i p s 

a r e n o t c l e a r . On t h e o t h e r h a n d , t h e Big P a s s f l o w s e m i n a t e from and 

a p p a r e n t l y p o s t d a t e f a u l t s , which i n t u r n a p p e a r t o have had d i s p l a c e m e n t 

i n t h e P l i o c e n e b e c a u s e of t h e i r i n v o l v e m e n t w i t h t h e S a l t Lake Group s e d i ­

m e n t s . Thus t h e f a u l t i n g and e m i s s i o n of b a s a l t a r e p r o b a b l y p e n e c o n t e m p o r -

a neous o r c l o s e l y r e l a t e d . 

Melded Tuff 

An e x p o s u r e of r h y o d a c i t i c we lded t u f f c o v e r i n g a b o u t o n e - h a l f s q u a r e 

m i l e i s p r e s e n t i n s e c 1 2 , T . 1 1 N . , R, 12 ¥ • , f o u r m i l e s s o u t h w e s t o f 

K e l t o n . The u n w e a t h e r e d r o c k i s m o t t l e d i v o r y b u f f and g r a y b rown ; i s o f 

w e l l - d e v e l o p e d v i t r o c l a s t i c t e x t u r e ; and i s composed of q u a r t z , s a n a d i n e , 

and o l i g o c l a s e p h e n o c r y s t s , i n t h a t o r d e r of a b u n d a n c e , i n a g roundmass 

the other flOHS in the northern part of the area, t his one is part of a 

group probably originating at t he easter n end of t he Raft River Hountains 

l~ miles to the north. 

Proctor and Bullock (1963) suggest a late Tertiary (Pliocene) age 

for t he basalts exposed south of the Raft River Ho'Untains, 'With ,,,hich 

these flows are i ncluded . 

Flo,,,s in the Bi g Pass are scoriaceous and are brecciated near the 

vents from which t hey emanat ed . Some are of porp~ritic texture, and some 

are of intercertal t8A~ure with a glas~ groundmass . 

One of several small novls in t he center sec . 17, T. B N. , R. II W. 

which is closely associated with fresh- water marl s of the Salt Lake Gr oup 

is ~gdaloidal , t he vesicl es being filled with secondary calcite . This 

flow may underlie deposits of t he Salt Lake Group and t herefore predate 

them, although exposures are very l imited, and stratigraphic rel ationshi ps 

are not cl ear. On the other hand, t he Big Pass flows eminate fram and 

apparently postdate faults , which in turn appear to have had displacement 

in the Pliocene because of their involvernentwith t he Salt Lake Group sedi-

ments . Thus t he faulting and emissi on of basalt are probably penecontempor -

aneous or closely related. 

Helded Tuff 

An exposure of r hyodacitic •• eIded tuff covering about one- half square 

mile is present in sec . 12, T. 11 M. , R. 12 W., four miles southwest of 

Kelton. The uO'Heather ed r ock is mottled ivory buff and gray brown; is of 

well-developed vitroclastic texture; and is composed of quartz, sanadine, 

and oligoclase phenocrysts, in that order of abundance, in a ground.mass 
, 
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of g l a s s s h a r d s . A c c e s s o r y b i o t i t e , h o r n b l e n d e , and m a g n e t i t e a r e a l s o 

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

p a r t i a l l y w e a t h e r e d t o h e m a t i t e . 

The t u f f i s l a r g e l y w e a t h e r e d t o b e n t o n i t e c l a y o f mixed mont-r 

m o r i l l o n i t e which i s m o s t l y g r e e n w i t h some w e a t h e r i n g g r a y and r e d . 

The e x p a n s i v e n a t u r e of t h e c l a y p r o d u c e s c h a r a c t e r i s t i c " p o p c o r n " 

w e a t h e r i n g on t h e s u r f a c e of t h e b e n t o n i t e . Min ing of t h i s m a t e r i a l i s 

d i s c u s s e d u n d e r economic g e o l o g y . 

ll5 

of glass shards . Accessory biotite , hornbl ende, and magnetite are also 

present . The gl ass shards are partially devitrified, and t he biotite is 

parti~ weathered to hemati te . 

The tuff i s largely weathered to bentonite c~ of mixed mont­

morillonite which 1s mostly green with some weather ing gr ay and red. 

The expans ive nature of the clay pr oduces characteristic "pop::orntl 

ueathering on the sur f ace of the bentonite . l-lining of t hi s material i s 

discussed under economic geology. 
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STRUCTURAL GEOLOGI 

G e n e r a l S t a t e m e n t 

The e a s t e r n and w e s t e r n T e r r a c e Moun ta in s c o m p r i s e two w e s t e r l y 

t i l t e d f a u l t b l o c k s , w i t h o u t l y i n g h i l l s t o t h e n o r t h and s o u t h i n c l u d i n g 

t h e Hogup M o u n t a i n s , C r o c o d i l e M o u n t a i n , K e l t o n B u t t e , and o t h e r s . The 

m o u n t a i n s a r e c h a r a c t e r i z e d , a s a r e many of t h e s u r r o u n d i n g r a n g e s , by an 

abundance of f a u l t s and r e l a t i v e l y few f o l d s . T h r u s t f a u l t s w e r e n o t 

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

s i g n i f i c a n t . H i g h - a n g l e r e v e r s e f a u l t s may b e p r e s e n t , b u t s t r a t i g r a p h i c 

e x p o s u r e s a r e n o t s u f f i c i e n t l y d e f i n i t i v e t o s e p a r a t e them from t h e a b u n ­

d a n t h i g h - a n g l e n o r m a l f a u l t s . 

W e s t e r n T e r r a c e Moun ta in s Block 

The w e s t e r n T e r r a c e Moun ta in s b l o c k , 13 m i l e s l o n g and 8 m i l e s w i d e , 

i s d i v i d e d by t h e n o r t h e a s t t r e n d i n g o u t c r o p b e l t of t h e L o r a y ? F o r m a t i o n 

i n t o e a s t e r n and w e s t e r n s i d e s wh ich a r e s t r i k i n g l y d i f f e r e n t s t r u c t u r a l l y . 

S t r a t a on t h e e a s t e r n s i d e d i p h o m o c l i n a l l y , 35 t o hO d e g r e e s t o t h e w e s t 

and t o t h e n o r t h w e s t . The e a s t e r n s i d e of t h e b l o c k i s v e r y l i t t l e f a u l t e d 

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

f o l d e d , i s c o n s i d e r a b l y f a u l t e d . The f a u l t s i n t h e w e s t e r n T e r r a c e M o u n t a i n s 

b l o c k c a n b e g rouped i n t o a major n o r t h - s o u t h t r e n d i n g s y s t e m , an e a s t -

w e s t t r e n d i n g s y s t e m of l e s s e r i m p o r t a n c e , and a l i m i t e d g r o u p of s m a l l 

a r c u a t e f a u l t s w i t h r o t a t i o n a l movement . T h r e e b r o a d , open f o l d s a r e 

p r e s e n t i n t h e b l o c k . 
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STRUCTURAL GEOLOGY 

General Statement 

The eastern and western Terrace Hountains compri se two westerly 

t ilted f ault blocks , with outlying hills to t he north and south including 

the Hogup MOW1tains , Crocodile 11ountain , Kelton Butt e , and others . The 

mountains are characterized, as are many of t he surrounding ranges J by an 

abundance of faults and relatively few fol ds . Thrust faults were not 

discovered in the area, and minor overturning of strata is not structurally 

significant . High- angl e reverse faul ts may be present, but stratigraphic 

exposure~ are not suf f iciently definitive to separate them from t he abun­

dant high- angl e normal faul ts . 

Western Terrace Hountains Block 

The western Terrace J.1ountains bl ock, 1.3 mil es long and 8 miles wide , 

i s divided by the northeast trending outcrop belt of the Loray? Formation 

into eastern and western sides which are strikingly different structur ally. 

Strata on the eastern side dip homoclinally, 35 to 40 degrees to the west 

and to the northwest . The eastern side of the block is very little faulted 

or fol ded in contrast to t he western side Hhi ch, though also only sli ghtly 

folded, is considerably faulted . The faults in the 'Western Terrace J.lountains 

block can be grouped into a major north- south trending ~stem, an east-

west trending system of lesser importance, and a l imited group of small 

arcuate faults with rotational movement . Three broad, open fol ds are 

present in the block. 
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F a u l t s o f t h e N o r t h - S o u t h Sys t em 

T e r r a c e F a u l t . The T e r r a c e f a u l t c a n be t r a c e d by t h e e x p r e s s i o n 

o f i t s s c a r p f o r more t h a n a m i l e a l o n g t h e e a s t s i d e o f t h e w e s t e r n b l o c k 

s o u t h of t h e Big P a s s . I t p r o b a b l y e x t e n d s f u r t h e r t o t h e s o u t h a s w e l l 

a s t o t h e n o r t h u n d e r a l l u v i u m i n t h e Big P a s s . The f a u l t a p p e a r s t o b e 

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

i c u l t t o d e t e r m i n e b e c a u s e t h e f a u l t t r e n d s n e a r l y p a r a l l e l t o t h e s t r i k e 

of t h e e n c l o s i n g s t r a t a . S e v e r a l l a r g e masses of s i l i c e o u s b r e c c i a a r e 

p r e s e n t a b o u t 200 f e e t w e s t o f t h e f a u l t t r a c e , b u t t h e y do n o t seem t o 

i n d i c a t e a s e c o n d f a u l t and have no o b v i o u s r e l a t i o n s h i p t o t h e T e r r a c e 

f a u l t . 

West T e r r a c e F a u l t , The West T e r r a c e f a u l t i s one o f two l a r g e n o r ­

mal f a u l t s wh ich e x t e n d f o r a b o u t s e v e n m i l e s a l o n g t h e w e s t s i d e o f t h e 

b l o c k from i t s n o r t h e r n end t o t h e v i c i n i t y of S h e l t e r Moun ta in P a s s , 

The e a s t s i d e i s r e l a t i v e l y u p t h r o w n , and t h e f a u l t p l a n e d i p s w e s t e r l y 

a t a h i g h a n g l e , a s i s i n d i c a t e d by i t s n e a r l y s t r a i g h t t r a c e . O u t c r o p s 

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

i s composed of t h e Rex C h e r t t h r o u g h o u t n e a r l y t h e e n t i r e l e n g t h o f t h e 

f a u l t . A l t h o u g h t h e Rex on t h e w e s t s i d e i s opposed by G r a n d e u r , Meade 

Peak and Rex on t h e e a s t s i d e , t h e amount of d i s p l a c e m e n t i s d i f f i c u l t 

t o d e t e r m i n e b e c a u s e o f r o t a t i o n of b l o c k s on t h e e a s t s i d e . The f a u l t 

was a p p a r e n t l y a c t i v e a s r e c e n t l y a s t h e P l i o c e n e b e c a u s e i t s s c a r p h a s 

s l i g h t t o p o g r a p h i c e x p r e s s i o n , and v i t r i c t u f f d e p o s i t s o f t h e S a l t Lake 

Group a r e p r e s e r v e d a g a i n s t t h e s c a r p on t h e downthrown s i d e . 

S h e l t e r Moun ta in F a u l t , The S h e l t e r Moun ta in f a u l t i s s i m i l a r t o , 

and p r o b a b l y r e l a t e d t o , t h e West T e r r a c e f a u l t and e x t e n d s p a r a l l e l t o 

• 
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Faults of t he North-South System. 

Terrace Fault . The Terrace fault can be t r aced qy t he expression 

of its scarp for more than a mile along the east side of the western block 

south of the Big Pass . It probab~ extends further to the south as well 

as to the north under alluvi um in the Bi g Pass . The fault appear s to be 

normal, with t he eastern s i de upthrmm, although the r e l ationship is diff­

icult to determine because the fault trends nearly parallel to the strike 

of t he encl osing strata. Several large masses of siliceous breccia are 

present about 200 feet west of the fault trace J bu't they do not seem to 

indicate a second fault and have no obvious r el ationship to t he Terrace 

fault. 

West Terrace Fault. The West Terrace fault is one of two large nor­

mal faults which extend f or about seven miles along t he west side of the 

block from its northern end to t he vicinity of Shel ter Hountain Pass . 

The east si de i s relatively upthrown, and the faul't plane dips westerly 

at a high angle, as is indicated by its nearly straight trace . Outcrops 

are rare along the fault , especially on the downthrown western side which 

is composed of the Rex Chert throughout nearly t he entire l ength of the 

fault . Although the Rex on the west s ide i s opposed by Grandeur, Heade 

Peak and Rex on the east side , t he amount of displ acement is difficult 

to determine because of rotation of bl ocks on the east side . The fault 

was appar ently active as recently as the Pliocene 'because its scarp has 

s light topographic expression, and vitric tuff deposits of the Salt Lake 

Gr oup are preserved against t he scarp on the dOrmthrown side. 

Shel ter Mountain Fault . The Shelter Nountain fault is similar to, 

and probably r elated to, the West Terrace fault and extends parallel t o 
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i t a b o u t h a l f a m i l e t o t h e w e s t . D i s p l a c e m e n t i s on t h e o r d e r o f kOO 

f e e t where t h e f a u l t p a s s e s t h r o u g h S h e l t e r Moun ta in P a s s , and r e l a t i v e 

d i s p l a c e m e n t i s down on t h e w e s t e r n s i d e and up on t h e e a s t e r n s i d e . 

T h r o u g h o u t mos t o f i t s l e n g t h t h e f a u l t opposes T r i a s s i c and Rex on t h e 

w e s t a g a i n s t G e r s t e r and Rex on t h e e a s t . The S h e l t e r Mounta in f a u l t i s 

assumed t o be c o n t e m p o r a n e o u s w i t h t h e West T e r r a c e f a u l t . I t h a s had 

movement a l o n g i t s i n c e t h e P l i o c e n e , a s e v i d e n c e d by t h e p r e s e r v a t i o n of 

s e d i m e n t s of t h e S a l t Lake Group a l o n g i t s s c a r p on t h e downthrown s i d e . 

Minor N o r t h - S o u t h F a u l t s . S h o r t f a u l t s of t h e n o r t h - s o u t h s y s t e m 

a r e p r e s e n t on b o t h l i m b s o f t h e West T e r r a c e s y n c l i n e . They a r e most 

a b u n d a n t on t h e e a s t e r n l i m b , e s p e c i a l l y on and t o t h e s o u t h o f S h e l t e r 

M o u n t a i n . Most of them a r e of s m a l l d i s p l a c e m e n t , b u t one jn s e e s . 30 and 3 1 

T . 8 N • , R .12 W. on t h e w e s t l i m b of t h e s y n c l i n e h a s an a p p a r e n t t h r o w 

of 2^00 f e e t , w i t h t h e w e s t e r n s i d e r e l a t i v e l y downthrown. E v i d e n c e f o r 

t h e amount o f t h r o w i s d i s p l a c e m e n t of t h e c o n t a c t b e t w e e n t h e Rex C h e r t 

and t h e G e r s t e r F o r m a t i o n . Most of t h e f a u l t s i n t h e n o r t h - s o u t h s y s t e m 

on t h e w e s t e r n s i d e of t h e r a n g e a r e r e l a t i v e l y downthrown on t h e w e s t . 

An e x c e p t i o n t o t h i s i s p r e s e n t on t h e wes t s l o p e of T a n g e n t Peak where a 

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

on t h e w e s t . 

F a u l t s of t h e E a s t - W e s t Sys t em 

West S h e l t e r F a u l t . The West S h e l t e r f a u l t i s t h e o n l y one of more 

t h a n 15> f a u l t s of t h e e a s t - w e s t s y s t e m t h a t h a s l a r g e t h r o w and t h a t h a s 

b e e n g i v e n a name . I t c o u r s e s n o r t h w e s t from s o u t h of S h e l t e r M o u n t a i n , 

a c r o s s t h e a x i s o f t h e West T e r r a c e s y n c l i n e , and i s e n t i r e l y c o n c e a l e d 

by a l l u v i u m and l a k e d e p o s i t s . I t s p r e s e n c e i s i n d i c a t e d by an 1 8 0 0 - f o o t 

UB 

it about half a mile to the west . Displ acement is on the order of 400 

fee t where t he fault passes through Shelter J.lountain Pass , and r elat ive 

displacement 1s down on the western side and up on the eastern side. 

Throughout most of its length the fault opposes Triassic and Rex on the 

west against Gerster and Rex on the east . The Shelter Mountain fault is 

assumed to be contemporaneous with the West Terrace fault . It has had 

movement along it since the Pliocene , as evidenced b,y the preservation of 

sediments of t he Salt Lake Group along its scarp on the dawnthrown side . 

Minor North-South Faults . Short faults of the north- south system 

are pr&se~t on both l imbs of the West Terrace s,yncline . They are most 

abundant on the eastern limb, especi~ on and to the south of Shel ter 

Hountain. Host of t hem are of Sl1'.a1l displacement , but one jn secs. 30 and 31 

T. 8 ., R. 12 '11. on the west lirnb of the syncl ine bas an apparent throw 

of 2500 feet , with t he western s ide relative~ downthrown. Evidence for 

the amount of throw is displacement of the contact between the Rex Chert 

and the Gerster Formation. Host of the faults in the north- south system 

on the western side of the range are relatively downthr01il1 on the vlest . 

An exception to this is present on the west slope of Tangent Peak 'lher e a 

normal fault of small displacement dips easterly and is relatively upthrown 

on the ,lest . 

Faults of t he East -Hest System 

West Shelter Fault . The vlest Shelter fault is the only one of more 

than 15 faults of t he east-Hest system that has large throw and that has 

been given a name . It courses north,lest from south of Shel ter Hountain, 

across the axis of the "lest Terrace syncline, and is entirely concealed 

by alluvium and lake deposits . Its presence is indicated b,y an l 8DO- foot 
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d i s p l a c e m e n t of t h e P e r m i a n - T r i a s s i c c o n t a c t on t h e a x i s of t h e West T e r ­

r a c e s y n c l i n e r e l a t i v e l y down t o t h e s o u t h and by t h e r o t a t i o n o f t h e 

s o u t h e r n b l o c k s o t h a t i t i s t i l t e d t o t h e w e s t . T h i s f a u l t a p p a r e n t l y 

p o s t d a t e s t h e S h e l t e r Moun ta in f a u l t a g a i n s t wh ich i t s e a s t e r n end t e r m i n ­

a t e s a b r u p t l y . 

Minor E a s t - W e s t F a u l t s . The a x i s of t h e s y n c l i n e i s d i s p l a c e d a g a i n 

by a s m a l l e r f a u l t t h r e e m i l e s s o u t h of t h e West S h e l t e r f a u l t . T h e r e t h e 

n o r t h s i d e h a s b e e n r e l a t i v e l y downthrown and r o t a t e d t o t h e w e s t . The 

n o r t h s i d e i s t h e s o u t h e r n end of t h e b l o c k m e n t i o n e d a b o v e . 

I n t h e n o r t h e r n p a r t of t h e s y n c l i n e ( s e e s . 32 and 3 3 , T . 9 N . , R. 

12 W.) t h e a x i s i s o f f s e t l a t e r a l l y a b o u t a m i l e and a h a l f t o t h e e a s t , 

n o r t h o f an e a s t - w e s t t r e n d i n g f a u l t . D i s p l a c e m e n t of t h e a x i s i s a p p a r ­

e n t l y due t o a c o m b i n a t i o n of r o t a t i o n and movement on t h e n o r t h - s o u t h 

t r e n d i n g S h e l t e r Moun ta in f a u l t . No l a t e r a l movement i s i n d i c a t e d a l o n g 

t h e e a s t - w e s t f a u l t a s i t s e a s t e r n end t e r m i n a t e s a b r u p t l y a g a i n s t t h e 

S h e l t e r Mounta in f a u l t a t an 8 0 - d e g r e e a n g l e . 

D i s p l a c e m e n t on a s i m i l a r f a u l t a m i l e f u r t h e r t o t h e n o r t h h a s opposed 

t h e T r i a s s i c Dinwoody F o r m a t i o n on t h e s o u t h t o t h e Rex C h e r t on t h e n o r t h . 

The b l o c k n o r t h of t h i s f a u l t c o m p r i s e s o n l y e a s t e r l y d i p p i n g s t r a t a a p p a r ­

e n t l y r e p r e s e n t i n g t h e w e s t l i m b of t h e West T e r r a c e s y n c l i n e . The e a s t 

l i m b h a s a p p a r e n t l y b e e n o m i t t e d b y d i s p l a c e m e n t on t h e S h e l t e r M o u n t a i n 

and West T e r r a c e f a u l t s . 

F a u l t s of t h e A r c u a t e R o t a t i o n a l Group 

Unnamed f a u l t s . T h i s g r o u p c o m p r i s e s t h r e e unnamed n o r m a l f a u l t s o f 

l a r g e d i s p l a c e m e n t and t h e m i n o r s p l i n t e r o r b r a n c h f a u l t s t h a t a r e r e l a t e d 
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displacement of the Permian-Triassic contact on the axis of the vlest Ter­

race ~cline r elat i vely d~m to the south and Qy the r otation of the 

southern block so that it is tilted to the west . This fault apparently 

postdates the Shelter Mountain fault against which its eastern end termin­

ates abruptly. 

Minor East-West Faults . The axis of t he syncline is displaced again 

by a smaller fault three miles south of t he West Shelter fault . There the 

north side has been relatively downthrown and rotated to the Hest . The 

north side is t he southern end of t he block mentioned above . 

In the northern part of t he syncline (seese 32 and 33, T. 9 N., R. 

12 w.) the axis is offset later~ about a mile and a half to the east, 

north of an east-Hest trending faul t . Displacement of the axis is appar­

ently due to a combination of rotation and movement on the north- south 

trending Shelter Hountain fault . No l ateral movement is indi cated al ong 

the east-west fault as its eastern end terminates abruptly against t he 

Shelter Mountain fault at an 80-degree angle . 

Displ acement on a similar fault a mile further to the north has opposed 

the TriaSSiC Dim-roody Formation on the south to the Rex Chert on the north . 

The bl ock north of this fault comprises only easterly dipping strata appar­

ently" representing the west limb of the \vest Terrace syncline . The east 

l imb has apparently been omitted by displacement on the Shel ter Hountain 

and l'lest Terrace faults . 

Faults of the Arcuate Rotational Group 

Unnamed faul ts . This group comprises three unnamed normal faults of 

l arge displacement and t he minor spl inter or branch faul ts that are relat ed 
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t o t h e m . The ma jo r f a u l t s , e q u a l l y s p a c e d , a r e e a c h s l i g h t l y more t h a n a 

m i l e a p a r t , and t h e n o r t h e r n m o s t i s one h a l f m i l e s o u t h of T a n g e n t P e a k . 

The two more n o r t h e r l y f a u l t s a r e a b o u t t h r e e m i l e s l o n g and t h e s o u t h e r n ­

most i s a b o u t two m i l e s l o n g . The f a u l t t r a c e s a r e a r c u a t e , concave t o 

t h e s o u t h . The w e s t e r n ends t r e n d s l i g h t l y n o r t h of due w e s t and t e r m i n a t e 

a b r u p t l y a g a i n s t t h e West T e r r a c e f a u l t , a t n e a r l y r i g h t a n g l e s t o i t . 

The e a s t e r n ends t e r m i n a t e i n t h e o u t c r o p b e l t of t h e L o r a y ? F o r m a t i o n on 

t h e e a s t s i d e of t h e w e s t e r n T e r r a c e M o u n t a i n s d r a i n a g e d i v i d e , and t h e r e 

t h e y t r e n d s l i g h t l y w e s t of n o r t h , a p p r o a c h i n g t h e d i r e c t i o n o f s t r i k e 

of b e d s i n t h e L o r a y ? F o r m a t i o n . 

The f a u l t p l a n e s d i p t o t h e s o u t h a t h i g h a n g l e s , p r o b a b l y g r e a t e r 

t h a n 75 d e g r e e s , and t h e s o u t h e r n s i d e of e ach f a u l t I s down r e l a t i v e t o 

t h e n o r t h e r n s i d e , w i t h g r e a t e s t d i s p l a c e m e n t s a t t h e w e s t e r n t e r m i n i . 

The b a s e o f t h e Meade Peak p r o v i d e s a u s e f u l da tum f o r d e t e r m i n a t i o n o f 

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

most f a u l t h a s an a p p a r e n t d i s p l a c e m e n t of 6 0 0 - 8 0 0 f e e t , t h e m i d d l e f a u l t 

an a p p a r e n t d i s p l a c e m e n t of 2700-3000 f e e t , and t h e s o u t h e r n m o s t an a p p a r ­

e n t d i s p l a c e m e n t of 900-1000 f e e t . 

The n o r t h e r n m o s t of t h e s e t h r e e f a u l t s b i f u r c a t e s n e a r i t s e a s t e r n 

e n d , and t h e m i d d l e f a u l t i s a c t u a l l y a s e t , two f a u l t s whose a d j a c e n t 

ends a r e p a r a l l e l , a q u a r t e r of a m i l e a p a r t , and which o v e r l a p f o r a l ­

most a m i l e . The s o u t h e r n m o s t f a u l t i s s i n g l e , w i t h a minor b r a n c h f a u l t 

t o t h e s o u t h wh ich mee t s i t a t a b o u t 70 d e g r e e s n e a r t h e m i d d l e . 

A q u a r t e r of a m i l e n o r t h of t h e m i d d l e f a u l t i s a mino r e a s t - w e s t 

t r e n d i n g f a u l t , whose p l a n e d i p s t o t h e n o r t h and i s s l i g h t l y concave i n 

t h a t d i r e c t i o n . The f a u l t c u t s o u t t h e Meade Peak n e a r I t s w e s t e r n end 

where i t m e e t s t h e West T e r r a c e f a u l t . I t d r o p s Rex C h e r t r e l a t i v e l y 
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to them. The major faults , equal~ spaced, are each slightly mor e than a 

mile apart, and t he northernmost is one half mile south of Tangent Peak. 

The two more northerly faults are about three miles l ong and t he southern­

most is about tuo miles l ong . The fault traces are arcuate, concave to 

the south . The western ends trend slightly north of due west and terminate 

abruptl y against t he West Terrace fault , at nearly r i ght angles to it . 

The easter n ends terminate in the outcr op bel t of the Loray? Formati on on 

the east side of the ,-'estern Terrace Hountains drainage divide , and t here 

t hey trend sl i ghtly west of north, approaching the direction of strike 

of beds in t he Loray? Formation . 

The fault pl anes dip t o the south at high angles, probably greater 

than 75 degr ees , and t he southern side of each faul t is dOl-m relative to 

t he nor thern Side, with greatest displacements at the uestern termini. 

The base of the }fuade Peak provides a useful datum for deternDL~ation of 

displacement near t he middle of each fault , and in that part , t he northern­

most fault has an apparent displacement of 600- 800 feet , the middle fault 

an apparent displacement of 2700-3000 f eet , and the southernmost an appar­

ent displacement of 900-1000 feet . 

The northernmost of t hese three faults bifurcates near its eastern 

end, and the middle fault is actually a set , two faults whose adjacent 

ends are parallel, a quarter of a mile apart , and which overlap for al­

most a mile . The souther nmost f ault is Singl e , with a minor branch fault 

to the south tfhich meet s it at about 70 degrees near t he middle . 

A quarter of a mile nort h of t he middle faul t is a minor east-vlest 

trending fault , whose plane dips to the north and is slight l y concave i n 

that direc t i on . The fault cuts out t he Neade Peak near i t s 'Hestern end 

vlhere it meets the Hest Terr ace fault . It drops Rex Chert relatively 
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down on t h e n o r t h , a g a i n s t Grandeur b e d s t o t h e s o u t h , i n s m a l l s c a l e 

d i s p l a c e m e n t o p p o s i t e t o t h a t of t h e ma jo r a r c u a t e f a u l t s . 

T a n g e n t Peak F a u l t . The T a n g e n t Peak f a u l t i s s i m i l a r t o t h e a r c u ­

a t e f a u l t s d e s c r i b e d above« I t c o u r s e s a r o u n d t h e s o u t h e a s t e r n s i d e o f 

Tangen t P e a k , and i t s s o u t h e r n end t e r m i n a t e s a g a i n s t t h e n o r t h e r n m o s t 

o f t h e p r e v i o u s l y d e s c r i b e d f a u l t s a t a 5>0-degree a n g l e . I t i s a r c u a t e 

i t s e l f , i s concave t o t h e n o r t h w e s t and d i p s a t a h i g h a n g l e , p r o b a b l y 

80 d e g r e e s o r m o r e , i n t h a t d i r e c t i o n . I t s s o u t h e r n end i s o f s m a l l d i s ­

p l a c e m e n t , p r o b a b l y l e s s t h a t 100 f e e t b e c a u s e I t o n l y s l i g h t l y t h i n s t h e 

Meade Peak s e c t i o n by l o w e r i n g t h e n o r t h w e s t e r n b l o c k w i t h r e s p e c t t o t h e 

s o u t h e a s t e r n . The r e l a t i o n of t h i s f a u l t t o o t h e r s b o r d e r i n g t h e w e s t e r n 

edge o f t h e B i g P a s s i s u n c e r t a i n . I t s n o r t h e r n end s e r v e s a s a b o r d e r 

f a u l t , w i t h t h e Tangen t Peak b l o c k d r o p p e d r e l a t i v e l y down on t h e w e s t . 

A n o t h e r f a u l t , p o s s i b l y r e l a t e d t o t h e E a s t T e r r a c e f a u l t , t e r m i n a t e s 

a g a i n s t t h e m i d d l e of t h e Tangen t Peak f a u l t . I t may have d r o p p e d t h e 

B ig P a s s b l o c k r e l a t i v e l y down on t h e e a s t and a l t h o u g h t h e a t t i t u d e o f 

i t s p l a n e i s i n d e t e r m i n a b l e , i t d i p s a t a h i g h a n g l e , a s e v i d e n c e d by 

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

s o u t h w e s t . 

F o l d s 

West T e r r a c e S y n c l i n e . A b r o a d open s y n c l i n a l f o l d , named t h e West 

T e r r a c e s y n c l i n e , e x t e n d s f o r more t h a n 10 m i l e s a l o n g t h e w e s t e r n edge 

o f t h e w e s t e r n T e r r a c e M o u n t a i n s . The a x i s o f t h i s f o l d , w h i c h t r a c e s a 

s i n u o u s n o r t h - s o u t h c o u r s e , i s h o r i z o n t a l o r p l u n g e s 1 0 - 1 5 d e g r e e s t o t h e 

n o r t h , w i t h t h e e x c e p t i o n of t h e e x t r e m e s o u t h e r n end w h i c h p l u n g e s a t a 

s i m i l a r a n g l e t o t h e s o u t h . The a x i s of t h e f o l d i s f a u l t e d i n s e v e r a l 
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down on the north, against Grandeur beds to the south, in small scale 

displacement opposite to that of the major arcuate faults. 

Tangent Peak Fault. The Tangent Peak fault is similar to t he arcu­

ate faults described above~ It courses around t he southeastern side of 

Tangent Peak, and its southern end terminates against the northernmost 

of t he previously described faults at a 50- degree angle. It i s arcuate 

itself, is concave to t he northwest and di ps at a high angle, probably 

80 degrees or more , in that direction . Its southern end is of small dis­

placement, probably l ess that 100 feet because it only slightly thins the 

Meade Peak section by lowering t he northwestern bl ock with respect to the 

southeastern. The relati on of this fault to others bordering the western 

edge of the Big Pass is uncertain. Its northern end serves as a border 

fault, with the Tangent Peak block dropped relatively down on the west. 

Another fault, possibly related to t he East Terrace fault, terminates 

against the middl e of the Tangent Peak fault . It may have dropped the 

Bi g Pass bl ock relatively down on the east and although the attitude of 

its plane i s indeterminable, it dips at a hi gh angle, as evidenced qy 

its straight trace, and it is of reverse nature i f t he plane dips t o the 

southwest . 

Fol ds 

West Terrace SynCline . A broad open synclinal fold, named the West 

Terr ace syncl ine, extends for more t han 10 miles along the western edge 

of the western Terrace Mountains. The axis of t his f old, whi ch traces a 

sinuous north-south course, is horizontal or plunges 10-15 degrees to the 

north, with the exception of t he extreme southern end which plunges at a 

similar angle to the south. The axis of t he fold is faulted in several 
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p l a c e s a s m e n t i o n e d a b o v e , and i s o f f s e t t o t h e e a s t i n t h e n o r t h e r n p a r t 

o f t h e s t r u c t u r e * At t h e n o r t h e r n end o f t h e s y n c l i n e o n l y t h e w e s t e r n 

l i m b of t h e f o l d i s e x p r e s s e d * 

T h i s s y n c l i n e may r e f l e c t t h e e a r l i e s t s t r u c t u r a l d e f o r m a t i o n i n t h e 

a r e a * The a x i s h a s a p p a r e n t l y b e e n warped n e a r t h e m i d d l e by t h e e a s t -

w e s t t r e n d i n g S c o r p i o Peak a n t i c l i n e and h a s b e e n d i s p l a c e d by l a t e r 

f a u l t i n g . The s y n c l i n e i s o f i m p o r t a n c e s t r a t i g r a p h i c a l l y , n o t o n l y f o r 

t h e good e x p o s u r e s a l o n g i t s w e s t e r n l i m b , b u t a l s o f o r i t s p r e s e r v a t i o n 

o f T r i a s s i c s t r a t a i n t h e n o r t h e r n p a r t . Were i t n o t f o r t h i s s t r u c t u r e , 

i t i s n o t l i k e l y t h a t t h e T r i a s s i c r o c k s would have b e e n p r e s e r v e d from 

e r o s i o n * 

T a n g e n t Peak S y n c l i n e * The T a n g e n t Peak s y n c l i n e , on wh ich T a n g e n t 

Peak i s f o r m e d , i s a b r o a d f o l d , b e s t d e v e l o p e d on t h e n o r t h e r n end of t h e 

w e s t e r n T e r r a c e M o u n t a i n s , b u t r e f l e c t e d s l i g h t l y i n t h e s u c c e s s i v e f a u l t 

b l o c k s t o t h e s o u t h * I n t h e n o r t h e r n m o s t b l o c k t h e a x i s p l u n g e s n o r t h a t 

1 5 - 2 0 d e g r e e s and i s a p p a r e n t l y i n t e r s e c t e d by t h e T a n g e n t Peak f a u l t , o r 

a r e l a t e d o n e , u n d e r t h e l a c u s t r i n e s e d i m e n t s n o r t h of Tangen t P e a k . 

The a n t i c l i n a l f l e x u r e wh ich would b e e x p e c t e d b e t w e e n t h e West T e r ­

r a c e and T a n g e n t Peak s y n c l i n e s h a s a p p a r e n t l y b e e n o m i t t e d by movement 

on t h e S h e l t e r Moun ta in and West T e r r a c e f a u l t s , a l t h o u g h t h e r e l a t i o n s h i p 

b e t w e e n t h e two s y n c l i n e s i s n o t c l e a r b e c a u s e of l a c k o f b e d r o c k e x p o s u r e s . 

S c o r p i o Peak A n t i c l i n e . A b r o a d , s i n u o u s , e a s t - w e s t t r e n d i n g a n t i ­

c l i n a l f l e x u r e i s p r e s e n t i n t h e s o u t h e r n p a r t of t h e w e s t e r n T e r r a c e 

Moun ta in s b l o c k i n t h e v i c i n i t y of S c o r p i o P e a k , f o r wh ich p e a k t h e s t r u c ­

t u r e was named. The a x i s p l u n g e s a t a n a n g l e o f 3$-h$ d e g r e e s t o t h e 

w e s t * The f o l d encompasses s t r a t a of t h e Wolfcampian S e r i e s of t h e 

O q u i r r h F o r m a t i o n , t h e Diamond C r e e k , t h e L o r a y ? , and t h e G r a n d e u r . Lam-
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places as mentioned above, and is offset to t he ea.st in the northern part 

of the structure. At the northern end of t he ~cline only the western 

l imb of the fold is expressed . 

This syncl ine may reflect the earlies t struct,ural deformation in the 

area. The axis has apparently been YJarped near t he middle by the east­

west trending Scorpio Peak anticl ine and has been displ aced by l ater 

faulting . The syncline is of importance stratigra,phically, not only for 

t he good exposures along its western limb, but also for its preservation 

of Triassic strata in the northern part . Were it not for this structur e , 

it is not likely that t he Triassic rocks would hav'e been preserved from 

erosion. 

Tangent Peak §meline. The Tangent Peak syncline, on which Tangent 

Peak is formed , is a broad fold, best devel oped on. the northern end of the 

western Terrace }fountains, but reflected slightly in the successive fault 

blocks to the south. In the northerrunost bl ock the axis plunges north at 

15- 20 degrees and is apparently intersected by the Tangent Peak fault , or 

a related one, under t he lacustrine sediments north of Tangent Peak. 

The anticl inal flexure which l/lOuld b~ expected between the West Ter­

race and Tangent Peak s,ynclines has apparently been omitted by movement 

on the Shelter Hountain and West Terrace faul ts , although the relationship 

between the two synclines is not clear because of lack of bedrock exposures. 

Scorpio Peak Anticline . A broad, sinuous, ea.st-west trending anti­

cl inal flexure is present in the southern part of the western Terr ace 

Hountains block in the vicinity of Scor pio Peak, for which peak the struc­

ture was named. The axis plunges at an angle of 3.5-45 degrees to the 

west . The fold encompasses strata of the Wol fcampian Series of the 

Oquirrh Formation, the Diamond Creek, t he Loray?, Sk~d the Grandeur . Larn-
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i n a t e d s i l i c e o u s l i m e s t o n e u n i t s of t h e O q u i r r h n e a r t h e c o r e of t h e f l e x ­

u r e ( s e c . 2 l | , T . 8 N . , R. 12 W.) a r e c o m p r e s s e d i n t o s h a r p c h e v r o n f o l d s 

( F i g . 1 3 ) , and b e d s of t h e L o r a y ? and Grandeur a t t h e w e s t e r n end of t h e 

a x i a l t r a c e have j o i n t s which a r e s l i g h t l y open due t o t e n s i o n . Because 

o f t i l t i n g of t h e w e s t e r n T e r r a c e Moun ta in s b l o c k and e r o s i o n of t h e 

b l o c k t o i t s p r e s e n t t o p o g r a p h y , s u r f i c i a l e x p r e s s i o n of t h e f o l d i s t h a t 

of a t r a n s v e r s e s e c t i o n a t a b o u t h$ d e g r e e s t o t h e p l u n g e of t h e a x i s . 

Two m i n o r f l e x u r e s r e l a t e d t o t h e S c o r p i o Peak a n t i c l i n e a r e p r e s e n t 

on t h e s o u t h f l a n k of t h e l a r g e r f o l d . T h e i r a x e s a l s o p l u n g e s t e e p l y 

t o t h e w e s t p a r a l l e l t o t h e a x i s of t h e S c o r p i o Peak a n t i c l i n e . They com­

p r i s e a s m a l l a n t i c l i n e and complemen ta ry s y n c l i n e wh ich may c o r r e s p o n d 

t o two s i m i l a r f o l d s i n a g roup of s m a l l h i l l s a m i l e t o t h e e a s t , a l t h o u g h 

t h e y a r e n o t d i r e c t l y c o r r e l a t e d w i t h them b e c a u s e of l a c k of b e d r o c k e x ­

p o s u r e s i n t h e i n t e r v e n i n g a r e a . 

E a s t e r n T e r r a c e M o u n t a i n s B l o c k 

The e a s t e r n T e r r a c e Moun ta in s b l o c k i s much l e s s c o m p l i c a t e d s t r u c ­

t u r a l l y t h a n t h e w e s t e r n b l o c k . I t c o m p r i s e s u n i f o r m l y n o r t h w e s t e r l y 

d i p p i n g s t r a t a o f t h e O q u i r r h and Diamond Greek F o r m a t i o n s i n t h e s o u t h e r n 

p a r t , and c o m p l e x l y f o l d e d s t r a t a of t h e s e two f o r m a t i o n s and t h e L o r a y ? 

F o r m a t i o n i n t h e n o r t h e r n p a r t , i n wh ich p a r t t h e Hogup M o u n t a i n s a r e 

i n c l u d e d . 

F a u l t s 

B ig P a s s F a u l t . The e a s t e r n T e r r a c e M o u n t a i n s s t r u c t u r a l b l o c k i s 
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inated siliceous limestone units of the Oquirrh near the core of the flex­

ure (sec. 24, T. 8 N., R. 12 W.) are compressed into sharp chevron folds 

(Fig. 13), and beds of the Loray? and Gra..."1deur at the western end of the 

axial trace have joints which are slightly open due to tension. Because 

of tilting of the 'ltlestern Terrace HOll..Yltai>.'16 block and erosion of the 

block to its present topography, surficial expression of the fold is that 

of a transverse section at about 45 degrees to the plunGe of the axis. 

Tv/o minor flexures related to the Scorpio Peak anticline are present 

on the south flank of the larger fold. Their axes also plunge steeply 

to the west parallel to the axis of the Scorpio Peak anticline. They com­

prise a small anticline and complementary syncline which may correspond 

to two similar folds in a group of small hills a mile to the east, although 

they are not directly correlated with them because of lack of bedrock ex­

posures in the intervenL"1g area. 

Eastern Terrace Nountains Block 

The eastern Terrace llIountains block is r.ruch less co:nplicated struc­

turally than the western block. It comprises uniformly northwesterly 

dipping strata of the Oquirrh and Diamond Creek Formations in the southern 

part, and conplexly folded strata of these t~-lO formations and the Loray? 

Formation in the northern part, in which part the Hogup 1-10untains are 

included. 

Faults 

Big Pass Fault. The eastern Terrace Hountains structural block is 



F i g u r e 1 3 • R i g h t - a n g l e c h e v r o n f o l d s i n t h e Wolfcampian 
S e r i e s of t h e O q u i r r h F o r m a t i o n , n e a r a x i a l t r a c e and 
c o r e of S c o r p i o Moun ta in a n t i c l i n e i n t h e s o u t h e r n 
p a r t of t h e w e s t e r n T e r r a c e M o u n t a i n s . View i s t o 
t h e n o r t h w e s t . 

Figure 13 . Right - angle chevron fol ds in the \{olfcampian 
Series of the Oquirrh Formation, near axial trace and 
core of Scorpio Hountain anti cl ine in the southern 
part of the west.ep1 Terrace Mountains . View is to 
the northwest . 
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d e f i n e d a l o n g i t s w e s t s i d e by a n a p p a r e n t l y h i g h a n g l e , w e s t e r l y - d i p p i n g 

n o r m a l f a u l t named t h e Big P a s s f a u l t , whose n e a r l y s t r a i g h t s c a r p c o u r s e s 

f o r s i x m i l e s a l o n g t h a t s i d e of t h e b l o c k . I t s s o u t h e r n end may c o n t i n u e 

t o t h e s o u t h u n d e r c o v e r of l a k e s e d i m e n t s , and i t s n o r t h e r n end p r o b a b l y 

e x t e n d s t o t h e n o r t h w e s t u n d e r l a k e s e d i m e n t s . 

Some d i s p l a c e m e n t p r o b a b l y t o o k p l a c e a l o n g t h e f a u l t s i n c e t h e P l i o ­

c e n e a s e v i d e n c e d by s e d i m e n t s of t h a t age p r e s e r v e d a l o n g i t s s c a r p , a l ­

t h o u g h major movement a p p a r e n t l y o c c u r r e d p r i o r t o t h a t t i m e . L a t e T e r t i a r y 

b a s a l t f l ows e m i n a t e d from t h e f a u l t zone a t t h r e e v e n t s n e a r t h e s o u t h e r n 

end of t h e f a u l t , t h e l a v a a p p a r e n t l y h a v i n g f o l l o w e d t h e f a u l t p l a n e t o 

t h e s u r f a c e . A s i m i l a r b a s a l t f l o w on t h e w e s t s i d e of t h e B ig P a s s a l s o 

a p p e a r s t o o r i g i n a t e f rom a f a u l t t r a c e , a p p a r e n t l y a b r a n c h of t h e E a s t 

T e r r a c e f a u l t o r a r e l a t e d o n e . 

E a s t B o r d e r F a u l t . I t i s p o s t u l a t e d t h a t , b e c a u s e of t h e l i n e a r i t y 

of t h e e a s t e r n edge of t h e r a n g e , a f a u l t of l a r g e d i s p l a c e m e n t b o r d e r s 

t h e e a s t e r n T e r r a c e and t h e Hogup M o u n t a i n s a l o n g t h a t s i d e , p r o b a b l y e a s t 

of t h e improved r o a d t h a t f o l l o w s t h e edge of t h e l a k e f l a t s . D r . Kenne th 

Cook ( p e r s o n a l commun ica t i on ) a g r e e d w i t h t h e w r i t e r on t h e p r o b a b i l i t y 

t h a t a f a u l t of l a r g e d i s p l a c e m e n t i s p r e s e n t i n t h i s v i c i n i t y b e c a u s e of 

t h e l i n e a r i t y of t h e r a n g e f r o n t , b u t he m e n t i o n e d t h a t a l i m i t e d g r a v i t y 

s u r v e y i n d i c a t e s t h a t u n c o n s o l i d a t e d m a t e r i a l i s l e s s t h a n f?00 f e e t t h i c k 

on t h e edge o f t h e f l a t s e a s t of t h e Hogup M o u n t a i n s , and f u r t h e r , t h a t 

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

would n o t b e d e t e c t e d by a g r a v i t y s u r v e y . Because t h e r e i s no d i r e c t 

e v i d e n c e of t h e p o s i t i o n o f t h i s f a u l t , i t i s n o t shown on P l a t e I . 

Minor F a u l t s . S e v e r a l m i n o r f a u l t s t r e n d n o r t h w e s t , p a r a l l e l t o t h e 

r i d g e and t o t h e B ig P a s s f a u l t , i n t h e e a s t e r n T e r r a c e M o u n t a i n s . These 
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defined along its Hest side by an apparently high angl e, westerly- dipping 

nonnal fault named the Big Pass fault , l1hose near].y straight scarp courses 

for six miles along t hat side of the block. Its :southern end may continue 

to the south under cover of lake sediments, and its northern end probably 

,extends to the northwest under lake sediments . 

Some displacement probably took place along the fault since the Plio­

cene as evidenced qy sediments of that age preserved along its scarp, al­

though major movement apparently occurred prior to that time . Late Tertiary 

basalt flows eminated .from t he fault zone at threl;l vents near the southern 

end of the fault, the lava apparently having followed the fault pl ane to 

the surface . A similar basalt now on the west side of the Big Pass also 

appears to originate .from a fault trace , apparently a branch of the East 

Terrace faul t or a rela ted one . 

East Border Fault . It i s postulated that , bl:lCaUSe of t he linearity 

of the eas tern edge of the range , a fault of l argl:l displ acement borders 

the eastern Terr ace and t he Hogup Mountains along that side, probab~ east 

of the improved road t hat f ollows t he edge of t he lake flats . Dr . Kenneth 

Cook (personal communication) agreed with t he writ er on t he probability 

t hat a fault of l a r ge dis placement i s present in 1~his vicinity because of 

t he linearity of the range front , but he mentioned that a limited gravity 

survey indicates t hat uncons olidated mat erial is :less t han 500 feet thick 

on the edge of t he flat s east of t he Hogup Mountains , and further , that 

i f a fault i s present t here , it has d i splaced be~rock against bedrock and 

would not be det ec ted by a gravity survey. BecaU:5e there is no direct 

evidence of t he position of t hi s fault , it is not shown on Plate I. 

Hinor Faults . Several minor faults trend no:rthwest , parallel to the 

ridge and t o the Big Pass faul t , in t he eastern TI3rrace }tountains . These 
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a p p e a r t o b e o f s m a l l d i s p l a c e m e n t , t o be v e r y h i g h a n g l e o r v e r t i c a l 

b e c a u s e of t h e i r s t r a i g h t t r a c e s , and t o have had movement a l o n g them 

s i n c e t h e P l i o c e n e b e c a u s e t h e i r s c a r p s have t o p o g r a p h i c e x p r e s s i o n . Two 

may b e h i g h a n g l e r e v e r s e f a u l t s a s t h e y a p p e a r t o b e r e l a t i v e l y u p t h r o w n 

on t h e w e s t s i d e , i n c o n t r a s t t o t h e m a j o r i t y which a r e r e l a t i v e l y down-

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

t o d i p t o t h e w e s t i n harmony w i t h t h o s e of t h e o t h e r f a u l t s . 

F o l d s 

Numerous s m a l l f o l d s o r b u c k l e s a r e p r e s e n t i n t h e Hogup M o u n t a i n s . 

Axes of b o t h t h e a n t i c l i n e s and s y n c l i n e s t r e n d n o r t h e a s t - s o u t h w e s t and 

p l u n g e 1 5 - 2 5 d e g r e e s t o t h e n o r t h w e s t . The f o l d s a r e s e p a r a t e d i n t o t h r e e 

g r o u p s . The a x e s a r e e v e n l y s p a c e d a b o u t 700 f e e t a p a r t i n e a c h g r o u p , 

and i n t e r v e n i n g b e d s d i p s t e e p l y . 

The s m a l l e r f l e x u r e s a r e s u p e r p o s e d on a l a r g e r , p o o r l y d e f i n e d s y n ­

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

t h e e a s t e r n T e r r a c e M o u n t a i n s t o t h e s o u t h . 

S t r u c t u r e of O u t l y i n g A r e a s 

C r o c o d i l e M o u n t a i n . The l a n d m a s s h e r e i n c a l l e d C r o c o d i l e Moun ta in I s 

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

i s d i f f i c u l t b e c a u s e of l a c k of e x p o s u r e s of b e d r o c k . At t h e s o u t h e r n 

end of t h e m o u n t a i n , r o c k s of t h e Pe rmian O q u i r r h F o r m a t i o n a r e f o l d e d on 

n o r t h e a s t - s o u t h w e s t t r e n d i n g a x e s , w i t h t h e s t r a t a d i p p i n g s t e e p l y n o r t h ­

w e s t and s o u t h e a s t . 

Beds o f t h e V i r g i l i a n S e r i e s of t h e O q u i r r h F o r m a t i o n d i p u n i f o r m l y 

appear to be of small displacement, to be ver,y high angle or vertical 

because of their straight traces , and to have had movement along them 

since the Pliocene because their scarps have topographic expression. Two 

~ be high angle reverse faults as they appear to be relative~ upthrOh~ 

on the west s ide, in contrast to the majority which are relatively down­

thrown on t he west. Their fault planes dip at a very high angle but appear 

to dip to the west in harmony with those of t he other faults . 

Folds 

Numerous small folds or buckles are present in the Hogup Mountains . 

Axes of both the anticlines and s,ynclines trend northeast- southwest and 

plunge 15-25 degrees to the northwest . The folds are separated into three 

groups . The axes are evenly spaced about 700 feet apart in each group, 

and intervening beds dip steeply. 

The smaller flexures are superposed on a larger, poorly defined ~­

cl inal fold which t erminates the uniform nor thwesterly dip of strata in 

the easter n Terrace Mountains to the south . 

Structure of Out~g Areas 

Crocodile Hountain. The landmass her ein called Crocodile Hountain is 

fol ded complexly and faulted to a lesser degree . Structural inter pretation 

i s difficult because of l ack of exposures of bedrock. At the southern 

end of t he mountain, rocks of the Permian Oquirrh Formation are folded on 

northeast-southwest trending axes , with the strata dipping steeply north­

west and southeast . 

Beds of the Virgilian Series of the Oquirr h Formation dip uniforrn.1y 
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1 0 - 2 0 d e g r e e s t o t h e e a s t on t h e n o r t h e r n h a l f of t h e m o u n t a i n , and a r e 

s e p a r a t e d f rom s t r a t a of Wolfcampian age t o t h e s o u t h by a c o n c e a l e d f a u l t 

on w h i c h r o t a t i o n a l movement t o o k p l a c e . S m a l l b e d r o c k o u t c r o p s a r e s e p ­

a r a t e d h e r e by a l m o s t one h a l f m i l e of l a c u s t r i n e s e d i m e n t s , s o t h e e x a c t 

p o s i t i o n of t h e i n t e r v e n i n g f a u l t c a n o n l y b e p o s t u l a t e d . 

Because of i t s l i n e a r w e s t e r n m a r g i n , a f a u l t i s p o s t u l a t e d t o b o r d e r 

t h e w e s t e r n s i d e of C r o c o d i l e Mounta in u n d e r l a c u s t r i n e s e d i m e n t s . 

K e l t o n B u t t e . S t r u c t u r a l i n t e r p r e t a t i o n on K e l t o n B u t t e i s made 

d i f f i c u l t by t h e u n i f o r m i t y of l i t h o l o g y of t h e V i r g i l i a n and Wol feampian 

O q u i r r h F o r m a t i o n of which t h e b u t t e i s composed . Bedrock e x p o s u r e s a r e 

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

c o n c e a l e d by l a c u s t r i n e g r a v e l . The b u t t e i s c r o s s e d by f o u r n o r t h - t r e n d ­

i n g f a u l t s , a l l of u n c e r t a i n d i s p l a c e m e n t , and t h e t r a c e of a n o r t h w e s t e r l y 

t r e n d i n g a n t i c l i n a l a x i s c r o s s e s t h e b u t t e n e a r i t s m i d d l e . Minor f o l d i n g 

on n o r t h - s o u t h a x e s i s p r e s e n t on b o t h s i d e s of t h e l a r g e r f o l d . 

H i l l s S o u t h of t h e T e r r a c e M o u n t a i n s . Four g r o u p s o f h i l l s w i t h 

e x p o s e d b e d r o c k e x t e n d 12 m i l e s s o u t h e a s t from t h e w e s t e r n T e r r a c e Moun­

t a i n s t o t h e s o u t h e r n end of t h e mapped a r e a . S t r u c t u r e s i n t h e n o r t h e r n ­

mos t g r o u p , m a i n l y i n s e e s . 17 and 1 8 , T . 7 N . , R. 1 1 W . , a r e anomalous 

t o t h e s t r u c t u r a l a t t i t u d e of s t r a t a e x t e n d i n g t o t h e s o u t h f rom t h e 

w e s t e r n T e r r a c e M o u n t a i n s b l o c k , g i v i n g e v i d e n c e t o t h e p o s t u l a t i o n t h a t 

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

r e m a r k a b l e l i n e a r i t y of t h a t w e s t e r n e d g e . A l s o , a n o r t h e a s t e r l y t r e n d i n g 

f a u l t i s p r e s e n t on t h e e a s t e r n s l o p e of a s m a l l g r o u p of h i l l s two m i l e s 

t o t h e n o r t h , i n s e c . 3 2 , T . 8 N . , R . 1 1 W. , w h i c h f a u l t may b e , o r may 

b e r e l a t e d t o , a more n o r t h e r l y p a r t o f t h i s p o s t u l a t e d b o r d e r f a u l t . 

T h a t d i s p l a c e m e n t h a s t a k e n p l a c e on t h i s n o r t h e r n f a u l t i n P l e i s t o c e n e 

126 

10-20 degrees to the east on t:he northern half of t he mountain, and are 

separated from strata of Wolfc:ampian age to the south by a concealed fault 

on which rotati onal movement t,ook place. Small bedrock outcrops are sep­

arated here by almost one half mile of l acustrine sediments , so t he exact 

position of the intervening fa,lllt can o~ be postulated . 

Because of its l inear wes ·tern margin, a fault i s postulat ed to border 

the western side of Crocodile 1:1ountain under lacustrine sediments . 

Kelton Butte . Structural interpretation on Kelton Butte i s made 

difficult by t he uniformity of l ithol ogy of the Virgilian and Wolfcampian 

Oquirrh For mation of whi ch the butte is composed. Bedrock exposures are 

limited to t he steep sQutheast·· facing slope, t he northwest side being 

concealed by l acustrine gravel,. The butte is crossed by four north-trend­

ing .faults , all of uncertain d:isplacement, and the trace of a northwesterly 

trending anticlinal axis cross(~s the butte near i ts middle. Minor folding 

on north- south axes is present on bot h sides of the larger fold. 

HilJ.s South of the Terrace Nountains. Four groups of hills with 

exposed bedrock extend 12 mil es southeast from the western Terrace Moun­

tains to t he southern end of the mapped area. Structures in the northern­

most group, mainly in sec:;; . 17 and 18, T. 7 N., R. II W., are anomalous 

to the structural attitude of :strata extending to the south f r om the 

western Terrace l-lountains bl ock, giving evidence t o the postulation that 

a concealed fault along t he we:st side of t he hills is r esponsible for t he 

r emarkable linearity of that w(~stern edge. Also, a northeasterly trending 

fault i s present on the eastern slope of a small group of hills two miles 

to the north, in sec . 32, Ta 8 N., R. 11 W., which fault may be, or ~ 

be related to, a mor e norther~r part of t his postulated bor der f ault. 

That di splacement has taken p~ice on this northern fault in Pleistocene 
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t i m e i s e v i d e n c e d by t h e p r e s e r v a t i o n o f f i n e l a c u s t r i n e s e d i m e n t s on t h e 

r e l a t i v e l y downthrown w e s t e r n s i d e ( F i g , Ik), b u t t h e amount of p r e -

P l e i s t o c e n e movement, i f a n y , i s n o t d e t e r m i n a b l e * 

S i m i l a r l i n e a r i t y of t h e s o u t h w e s t e r n s i d e of t h e n e x t g r o u p of h i l l s 

t o t h e s o u t h , t h o s e m o s t l y i n s e c , 3 3 , T , 7 N , , R, 1 1 W, , s u g g e s t s t h e 

p r o b a b i l i t y of a c o n c e a l e d f a u l t a l o n g t h a t b o r d e r a l s o , B r e c c i a t i o n and 

d i s o r g a n i z e d a t t i t u d e s on s e v e r a l s m a l l e x p o s u r e s a r o u n d Hogup S i d i n g t o 

t h e s o u t h f u r t h e r s u g g e s t t h e p r e s e n c e of t h i s f a u l t and t h a t i t e x t e n d s 

t o t h e s o u t h w e s t . The h i l l s a r e formed on a f a u l t b l o c k composed of 

s t e e p l y n o r t h w e s t d i p p i n g s t r a t a of V i r g i l i a n and Wolfcampian age O q u i r r h 

F o r m a t i o n , 

A n o r t h - t r e n d i n g f a u l t , a p p a r e n t l y of s m a l l d i s p l a c e m e n t , b o r d e r s t h e 

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

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

one o t h e r t h a n t h e l i n e a r i t y of t h e b o r d e r . 

P r e l i m i n a r y g r a v i t y s t u d i e s show t h a t n o r t h w e s t - t r e n d i n g f a u l t s of 

l a r g e d i s p l a c e m e n t a r e p r e s e n t u n d e r t h e mud f l a t s on b o t h s i d e s o f t h e s e 

s o u t h e r n m o s t h i l l s , b u t t h e f a u l t s a r e a s many a s t h r e e m i l e s e a s t and 

w e s t of t h e b e d r o c k e x p o s u r e s ( K e n n e t h Cook, p e r s o n a l c o m m u n i c a t i o n ) * 

D r , Cook e x p l a i n e d t o t h e w r i t e r t h a t t h e s t r u c t u r e on t h e w e s t s i d e l a y 

b e t w e e n t h e h i l l s s o u t h o f Hogup S i d i n g and t h e s m a l l b e d r o c k e x p o s u r e s 

s i x m i l e s s o u t h of A l l e n S i d i n g on t h e S o u t h e r n P a c i f i c R a i l r o a d i n s e c , 

3U* T , 6 N , , R, 12 W, T h i s s t r u c t u r e i s a g r a b e n , which t r e n d s 

n o r t h w e s t , b u t wh ich d i e s o u t b e f o r e r e a c h i n g a s f a r n o r t h a s t h e r a i l ­

r o a d , D r , Cook f u r t h e r m e n t i o n e d ( p e r s o n a l communica t i on ) t h a t b e d r o c k 

was n o t f a r b e n e a t h t h e s u r f a c e i n t h e a r e a b e t w e e n t h e n o r t h e r n New-
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time is evidenced by the preservation of fine lacustrine sediments on the 

relatively downthrmm western side (Fig. 14), but the amount of pre­

Pleistocene movement, if any, is not determinable. 

Similar linearity of the southwestern side of the next group of hills 

to the south, those mostly in sec. 33, T. 7 N., R. 11 w., suggests the 

probability of a concealed fault along that border also. Brecciation and 

disorganized attitudes on several small exposures around Hogup Siding to 

the south further suggest the presence of this fault ~~d that it extends 

to the southw"est. The hills are formed on a fault block composed of 

steeply northwest dipping strata of Virgilian and Wolfcampian age Oquirrh 

Formation. 

A north-trending fault, apparently of small displacement, borders the 

eastern side of the southernmost group of hills, and a concealed fault 

may also border the western side, although there is little evidence for 

one other than the linearity of the border. 

Preliminary gravity studies show that northwest-trending faults of 

large displacement are present under the mud flats on both sides of these 

southernmost hills, but the faults are as many as three miles east and 

west of the bedrock exposures (Kenneth Cook, personal communication). 

Dr. Cook explained to the l~iter that the structure on the west side lay 

between the hills south of Hogup Siding and the small bedrock exposures 

six miles south of Allen Siding on the Southern Pacific Railroad in sec. 

34. T. 6 N., R. 12 W. This structure is a graben, which trends 

northwest, but which dies out before reaching as far north as the rail­

road. Dr. Cook further mentioned (personal communication) that bedrock 

was not far beneath the surface in the area betvTeen the northern New-



F i g u r e l l u O b l i q u e a e r i a l p h o t o g r a p h , l o o k i n g s o u t h w e s t 
a l o n g a f a u l t t r a c e i n s e c , 3 2 , T , 8 N , , R. 1 1 W. , 
showing B o n n e v i l l e s e d i m e n t s p r e s e r v e d on t h e down-
t h r o w n , u p h i l l s i d e o f t h e f a u l t ( t o t h e r i g h t ) . 

Figure 14 . Oblique aerial photograph, l ooking southwest 
along a fault trace in sec. 32, T. 8 N., R. 11 W., 
showing Bonneville sediments preserved on the down­
thrown, uphill side of the fault (to t he right) . 
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f o u n d l a n d Range and t h e T e r r a c e Moun ta in s and t h a t u n c o n s o l i c a t e d s e d i ­

ment was a l s o s h a l l o w i n t h e d e s e r t i m m e d i a t e l y w e s t o f t h e T e r r a c e 

M o u n t a i n s , i n d i c a t i n g t h a t a b o r d e r f a u l t of l a r g e d i s p l a c e m e n t was n o t 

l i k e l y t o b e p r e s e n t t h e r e . 

S t r u c t u r e s i n U n c o n s o l i d a t e d S e d i m e n t s 

P r e l i m i n a r y i n v e s t i g a t i o n h a s d i s c l o s e d two t y p e s of s e d i m e n t a r y 

s t r u c t u r e s d e v e l o p e d i n u n c o n s o l i d a t e d s e d i m e n t s r e l a t e d t o Lake Bonne­

v i l l e , 

T e n s i o n f r a c t u r e s . An I s o l a t e d s e t o f p o l y g o n a l t e n s i o n f r a c t u r e s 

h a s d e v e l o p e d from t h e d e s i c c a t i o n o f f i n e l a c u s t r i n e s e d i m e n t s i n t h e 

n o r t h w e s t e r n p a r t o f t h e mapped a r e a (wj- s e c , 3 1 , T . U N , , R, 12 W.) 

( F i g , l £ ) . The l a r g e r c e l l s a r e a b o u t 300 f e e t i n d i a m e t e r , t h e s m a l l e r 

a b o u t 100 f e e t . H e x a g o n a l , p e n t a g o n a l , and o r t h o g o n a l ( r e c t a n g u l a r ) c e l l s 

a r e p r e s e n t , d e v e l o p e d f rom b o t h t r i r a d i a l and b i r a d i a l s y s t e m s ( C h r i s t i a n ­

s e n , 1 9 6 3 ) . The p a t t e r n of t h e f r a c t u r e s y s t e m i s d i s c e r n a b l e b e c a u s e of 

more d e n s e v e g e t a t i o n g rowing o v e r t h e c r a c k s . The f i s s u r e s must e i t h e r 

s e r v e t o s t o r e w a t e r o r , a s C h r i s t i a n s e n s u g g e s t s ( o r a l c o m m u n i c a t i o n ) , 

t h e s e d i m e n t s f i l l i n g them may have h i g h e r c a p i l l a r i t y t h a n t h e e n c l o s i n g 

b e d s , p r o v i d i n g a d d i t i o n a l m o i s t u r e f o r v e g e t a t i o n . F u r t h e r i n v e s t i g a t i o n 

of t h e s e s t r u c t u r e s by t r e n c h i n g and c o r i n g m i g h t r e v e a l t h e d e p t h of t h e 

f i s s u r e s and t h e n a t u r e of t h e i r f o r m a t i o n and f i l l i n g . 

D e p r e s s i o n s t r u c t u r e s . The s econd t y p e o f s t r u c t u r e s , p r e v i o u s l y 

d e s c r i b e d by S t i f e l and S t o k e s ( 1 9 6 1 , p . 1 3 1 ) , i s a g r o u p of d i s t i n c t 

h e m i s p h e r i c d e p r e s s i o n s i n t h e g r e e n b o t t o m c l a y m a r g i n a l t o t h e G r e a t 

S a l t Lake b e t w e e n D o l p h i n I s l a n d and t h e e a s t e r n T e r r a c e M o u n t a i n s . The 
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foundland Range and the Terrace Mountains and that unconsolioated sedi­

ment was also shallow in the desert immediately west of the Terrace 

Mountains, indicating that a border fault of large displacement was not 

likely to be present there. 

Structures in Unconsolidated Sediments 

Preliminary investigation has disclosed tHO types of sedimentary 

structures developed in unconsolidated sediments related to Lake Bonne­

ville. 

Tension fractures. An isolated set of polygonal tension fractures 

has developed from the desiccation of fine lacustrine sediments in the 

northwestern part of the mapped area (w~ sec. 31, T. 11 N., R. 12 W.) 

(Fig. 15). The larger cells are about 300 feet in diameter, the smaller 

about 100 feet. Hexagonal, pentagonal, and orthogonal (rectangular) cells 

are present, developed from both triradial and biradial systems (Christian­

sen, 1963). The pattern of the fracture system is discernable because of 

more dense vegetation grovnng over the cracks. The fissures must either 

serve to store water or, as Christiansen suggests (oral communication), 

the sediments filling them may have higher capillarity than the enclosing 

beds, providing additional moisture for vegetation. Further investigation 

of these structures by trenching and coring might reveal the depth of the 

fissures and the nature of their formation and filling. 

Depression structur~~. The second type of structures, previously 

described by Stifel and Stokes (1961, p. 131), is a group of distinct 

hemispheric depressions in the green bottom clay marginal to the Great 

Salt Lake between Dolphin Island and the eastern Terrace Mountains. The 



F i g u r e l £ # V e r t i c a l a e r i a l p h o t o g r a p h showing p o l y g o n a l 
f r a c t u r e s d e v e l o p e d i n Lake B o n n e v i l l e s e d i m e n t s I n 
t h e n o r t h w e s t e r n p a r t of t h e mapped a r e a . QpLs, Q u a t ­
e r n a r y l a k e s e d i m e n t s ; Tbf , T e r t i a r y b a s a l t f l o w s . 

Figure 15 . Vertical aerial photograph ShOlrlng polygonal 
f ractur es developed i n Lake Bonneville sediments in 
the northt-lesteItn part of the mapped area . Qls , Quat ­
er nary l ake sediments ; Tbf, Tertiary basal t flows . 
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d e p r e s s i o n s e n c l o s e c o n c e n t r i c l a y e r s of gypsum c r y s t a l s , w h i t e c l a y , and 

o o l i t e s ( F i g , 1 6 ) , wh ich l a y e r s have b e e n t r u n c a t e d by t h e h o r i z o n t a l p l a n e 

o f t h e c l a y - f l a t s u r f a c e , on w h i c h s u r f a c e t h e s t r u c t u r e s have c i r c u l a r , 

o v a l , o r " d u m b e l l " shaped o u t l i n e s . Average s u r f a c e d i a m e t e r of t h e s t r u c ­

t u r e s i s a p p r o x i m a t e l y 6 f e e t , a v e r a g e d e p t h 2 f e e t , and a v e r a g e s e p a r a t i o n 

6 i n c h e s t o s e v e r a l f e e t . A l t h o u g h i n some p l a c e s two s t r u c t u r e s i n t e r ­

s e c t e a c h o t h e r , t h e i n d i v i d u a l forms a r e v e r y d i s t i n c t a n d a p p e a r t o have 

l i t t l e i n f l u e n c e on e a c h o t h e r . 

I t was p r o p o s e d b y S t I f e l and S t o k e s ( 1 9 6 1 , p . 1 3 1 ) t h a t t h e f i l l i n g 

l a y e r s we re o r i g i n a l l y a h o r i z o n t a l t a b u l a r body of gypsum and o o l i t e b e d s 

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

t i o n . The c l a s t i c f i l l i n g l a y e r s a r e of r e m a r k a b l y u n i f o r m t h i c k n e s s 

and show l i t t l e o r no l e n t i c u l a t i o n , i n d i c a t i n g t h a t t h e y we re p r o b a b l y 

a t one t i m e h o r i z o n t a l l y s t r a t i f i e d a t a l e v e l above t h e p r e s e n t e r o s i o n a l 

s u r f a c e of t h e mud f l a t s . The f a c t t h a t t h e s t r u c t u r e s p r e s e n t l y c o n t a i n 

a s much a s 3 f e e t of f i l l i n g m a t e r i a l s u g g e s t s t h a t t h e e n t i r e s y s t e m 

may have o r i g i n a l l y b e e n on t h e o r d e r of 5 -10 f e e t t h i c k . T h r e e t o f o u r 

f e e t of o o l i t e s and gypsum a n d 1-2 f e e t of c l a y have p r o b a b l y b e e n removed 

from above t h e p r e s e n t s u r f a c e . The s t r a t i f i e d f i l l i n g l a y e r s i n t e r ­

s e c t t h e p r e s e n t s u r f a c e a t h i g h a n g l e s ( a s much a s 7 0 - 8 0 d e g r e e s ) , 

i n d i c a t i n g t h e e r o s i o n of c o n s i d e r a b l e o v e r l y i n g m a t e r i a l s i n c e 

f o r m a t i o n of t h e s t r u c t u r e s ( F i g . 1 6 ) , The o u t e r m o s t of t h e c l a s t i c 

f i l l i n g l a y e r s i s a t a n , g r a y o r g r e e n i s h o o l i t e z o n e , 1-2 i n c h e s 

t h i c k . I n s i d e or above i t a r e b e d s o f gypsum c r y s t a l s mixed w i t h 

w h i t e c l a y and o o l i t e s . T h i s z o n e , 2 - 5 i n c h e s t h i c k , i s s t r i k i n g l y 

w h i t e and r e l a t i v e l y c o m p e t a n t , t h o u g h v e r y p o r o u s . I t i s f i l l e d i n 
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depressions encl ose concentric l~ers of gypsum cr,ystals , white cl~, and 

ool ites (Fig . 16) , which ~ers have been truncated by the horizontal plane 

of the clay- flat surface, on which surface t he structures have circular, 

oval.: or ndumbell" shaped outl ines . Average surface diameter of t he struc­

tures is approximately 6 feet , average depth 2 feet, and average separation 

6 inches to several feet . Although in some places two structures inte r­

sect each other, the individual. forms are very dis tinct and appear to have 

little influence on each other . 

I t was proposed by Stife1 and Stokes (1961, p. 131) that the filling 

layers were original~ a horizontal tabular boQy of gypsum and oolite 'beds 

which, after deposition, subsided local~ with relative~ little defor ma­

tion. The cl astic filling l ayer s are of remarkably uniform thickness 

and s how little or no l enticulati on, indi cating that they were probably 

at one t ime horizontally stratified at a l evel above the present er osional 

surface of the mud flats . The fact that the structures present~ cont ain 

as much as 3 feet of filling mat erial suggests that the entire system 

may have originally been on the order of 5-10 feet t hick . Three to four 

feet of oolites and gypsum and 1- 2 fe et of cl ay have probably been removed 

fr om above the present surface . The stratified f illing layers inter -

sect the present surface at high angl es ( as much as 70- 80 degrees) , 

indicating the erosion of considerable over~ing mater ial since 

formation of the structures ( Fig . 16) . The outermost of the clastic 

filling l ayer s is a tan, gray or gr eenish oolite zone , 1- 2 inches 

thick. I nside or above it are beds of gypsum crystals mixed with 

white clay and oolites . This zone , 2- 5 inches thick, is striking~ 

white and relatively competant, though very porous . It i s filled in 
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t u r n w i t h c o n c e n t r i c t a n b e d s o f o o l i t e s . B l a c k p e b b l e s o f l i m e s t o n e 

and c h e r t , moved a c r o s s t h e f l a t s by s h e e t w a s h , a r e c a u g h t on t h e s t r u c ­

t u r e s by l a y e r s d i f f e r e n t i a l l y r e s i s t a n t t o e r o s i o n and s l i g h t l y t o p o ­

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

r i n g s on t h e s u r f a c e of e ach s t r u c t u r e ( F i g . 1 7 ) • 

Two c o r e s , wh ich r e a c h e d d e p t h s o f 8 and 16 f e e t , were t a k e n from 

a r e a s b e t w e e n d e p r e s s i o n s t r u c t u r e s . The i n t e r v a l of t h e c o r e s b e t w e e n 

3 and 10 f e e t be low t h e p r e s e n t s u r f a c e gave v e r y i n c o m p l e t e c o r e s due t o 

h i g h b r i n e c o n t e n t , p o s s i b l y i n d i c a t i n g t h a t a zone of s a l t may have b e e n 

p r e s e n t i n t h i s i n t e r v a l . The ma jo r p a r t of e a c h c o r e was composed o f 

r e l a t i v e l y u n i f o r m d a r k g r e e n c l a y , i n p l a c e s brown from o r g a n i c m a t e r i a l , 

and o c c a s i o n a l t h i n zones of q u a r t z o s e s i l t and o o l i t e s . A s i n g l e s h a l l o w 

t r e n c h dug be tween two s t r u c t u r e s r e v e a l e d t h a t a s i l t y b e d e x t e n d e d h o r ­

i z o n t a l l y a c r o s s t h e i n t e r v a l , i n d i c a t i n g t h a t no d e f o r m a t i o n had t a k e n 

p l a c e i n t h e i n t e r v e n i n g c l a y , an i m p o r t a n t f a c t o r i n c o n s i d e r a t i o n of 

p r o p o s e d c a u s e s of f o r m a t i o n o f t h e s t r u c t u r e s . 

A l t h o u g h n o t t h o u g h t by t h e w r i t e r t o b e d i r e c t l y r e l a t e d t o t h e 

d e p r e s s i o n s t r u c t u r e s , b e d s of c l a y , gypsum c r y s t a l s , and o o l i t e s show 

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

a r e a b e t w e e n t h e above d e s c r i b e d d e p r e s s i o n s t r u c t u r e s and g r a v e l b a r s 

m a r k i n g t h e f o r m e r s h o r e l i n e o f t h e l a k e . These t h i n b e d s , s l i g h t l y more 

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

and s t a n d u p an i n c h o r two above t h e f l a t s a s l o w , s i n u o u s and u s u a l l y 

d i s c o n t i n u o u s r i d g e s o r m i n i a t u r e h o g b a c k s . E r o s i o n a l p l a n a t i o n o f t h e 

s u r f a c e and a c o v e r of a l l u v i a l g r a v e l h a v e l a r g e l y o b s c u r e d t h e s t r u c t u r e s , 

h o w e v e r , and i n v e s t i g a t i o n o f them o t h e r t h a n s h a l l o w t r e n c h i n g h a s n o t 
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turn with concentric tan beds of oolites. Black pebbles of limestone 

and chert, moved across the flats by sheet wash, are caught on the struc­

tures by layers differentially resistant to erosion and slightly topo­

graphical~ high as a result, producing remarkably distinct concentric 

rings on the surface of each structure (Fig. 17). 

Two cores, which reached depths of 8 and 16 feet, were taken from 

areas between depression structures. The interval of the cores between 

3 and 10 feet below the present surface gave very incomplete cores due to 

high brine content, possib~ indicating that a zone of salt may have been 

present in this interval. The major part of each core was composed of 

relatively uniform dark green clay, in places brown from organic material, 

and occasional thin zones of quartzose silt and oolites. A single shallow 

trench dug between two structures revealed that a silty bed extended hor­

izontally across the interval, indicating that no deformation had taken 

place in the intervening clay, an important factor in consideration of 

proposed causes of formation of the structures. 

Although not thought by the writer to be directly related to the 

depression structures, beds of clay, ~rpsum crystals,and oolites show 

evidence of penecontemporaneous slumping and irregular distortion in an 

area between the above described depression structures and gravel bars 

marking the former shoreline of the lake. These thin beds, slightly more 

resistant to erosion than the surrounding clay flats, dip at high angles 

and stand up an inch or two above the flats as low, sinuous and usually 

discontinuous ridges or miniature hogbacks. Erosional planation of the 

surface and a cover of alluvial gravel have largely obscured the structures, 

however, and investigation of them other than shallow trenching has not 



F i g u r e 1 6 . V e r t i c a l l y s e c t i o n e d d e p r e s s i o n s t r u c t u r e on 
t h e c l a y f l a t s b e t w e e n D o l p h i n I s l a n d and t h e e a s t e r n 
T e r r a c e M o u n t a i n s . D e p r e s s i o n i n g r e e n c l a y e n c l o s e s 
c o n c e n t r i c l a y e r s of w h i t e c l a y , gypsum c r y s t a l s , and 
o o l i t e s . 

F i g u r e 1 7 • C i r c u l a r s u r f i c i a l e x p r e s s i o n of d e p r e s s i o n 
s t r u c t u r e s . View i s t o t h e s o u t h e a s t , L a k e s i d e Moun­
t a i n s on t h e r i g h t h o r i z o n , Gunnison I s l a n d on t h e 
l e f t h o r i z o n . 

Figure 16. Vertically sectioned depress ion structure on 
the clay flats between Dol phin Island and the eastern 
Terrace Mountains . Depression in green clay encloses 
concentric layers of white clay, gypsum crystal s , and 
oolites . 

Figure 17. Circular surficial expression of depression 
structures . View is to t he southea.st , Lakeside Mo'¥l­
tains on the right horizon, Gunnison Island on the 
l eft horizon . 
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y e t b e e n c a r r i e d o u t . 

P l a n a t i o n o f b o t h t h e s lump and t h e d e p r e s s i o n s t r u c t u r e s i s a t t r i ­

b u t e d t o t h e i s o s t a t i c u p l i f t o f t h e r e g i o n i n p o s t - B o n n e v i l l e t i m e ( C r i t ­

t e n d e n , 1963) b u t t h e i r o r i g i n o r o r i g i n s a r e u n c e r t a i n . The i r r e g u l a r 

d i s t o r t i o n s may b e due t o s l u m p i n g by g r a v i t y s l i d i n g , a l t h o u g h l a k e w a r d 

s l o p e o f t h e p r e s e n t s u r f a c e i s a l m o s t i m p e r c e p t i b l e . However , a s s t r o n g 

e a r t h q u a k e s have o c c u r r e d i n H a n s e l V a l l e y , a s h o r t d i s t a n c e t o t h e n o r t h ­

e a s t , i n h i s t o r i c a l t i m e ( 1 9 3 k ) , s i m i l a r q u a k e s i n t h e p a s t may have 

t r i g g e r e d s l u m p i n g i n t h e s u r f i c i a l s e d i m e n t s . 

The d e p r e s s i o n s t r u c t u r e s a r e p r e s e n t i n a n a r e a of l e s s t h a n a 

s q u a r e m i l e a t t h i s n o r t h e r n l o c a l i t y , b u t s t r u c t u r e s of somewhat s i m i l a r 

n a t u r e and p r o b a b l y s i m i l a r o r i g i n a r e p r e s e n t 18 m i l e s t o t h e s o u t h e a s t 

n e a r L a k e s i d e , and a l s o w i t h i n t h e T e r r a c e - L a k e s i d e t h r e s h o l d i n T . 6 N . , 

R . 10 ¥ . , s o u t h o f t h e S o u t h e r n P a c i f i c r a i l r o a d t r a c k s . At t h e l a t t e r 

l o c a l i t y , b r i e f i n v e s t i g a t i o n d i s c l o s e d t h a t b e d s n e a r t h e s u r f a c e were 

a l s o composed of o o l i t e s , gypsum, and c l a y s i m i l a r t o t h o s e i n t h e d e s c r i b e d 

a r e a t o t h e n o r t h , b u t h e r e , d i s t o r t i o n of t h e b e d s was more i r r e g u l a r . I n 

mos t p l a c e s , an u p p e r b e d of gypsum and c l a y was found t o o v e r l i e l a y e r s 

of o o l i t e s and l o w e r l a y e r s o f gypsum c r y s t a l s . 

The i n t e r n a l s t r u c t u r e o f two t r e n c h e d forms i n t h i s a r e a was t h a t 

of a t r u n c a t e d dome, t h e b e d s h a v i n g q u a q u a v e r s a l d i p from t h e c e n t e r . 

The e n t i r e s t r u c t u r e s were u p s i d e down compared t o t h o s e t o t h e n o r t h . 

The s u r f i c i a l e x p r e s s i o n of t h e d i s t o r t e d b e d s i s u s u a l l y I r r e g u l a r , 

s h a p e s b e i n g c i r c u l a r , o v a l , v e r y e l o n g a t e o v a l , and r o u g h l y l i n e a r . I n 

some p l a c e s c i r c u l a r s t r u c t u r e s a r e a l l i g n e d i n n o r t h - s o u t h t r e n d i n g 

r o w s . F u r t h e r t r e n c h i n g of t h e s e s t r u c t u r e s and i n t e r v e n i n g a r e a s may 
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yet been carried out. 

Planation of both the slump and the depression structures is attri­

buted to the i sostatic uplift of the r egion in post-Bonneville time (Crit­

tenden, 1963) but their origin or origins are uncertain. The irregular 

distortions may be due to slumping by gravity sliding, although lakeward 

slope of the present surface is almost imperceptibl e. However, as strong 

earthquakes have occurred in Hansel Valle,y, a short distance to the north­

east, in historical time (1934), similar quakes in the past may have 

triggered slumping in the surficial sediments. 

The depression structures are present in an area of less than a 

square mile at this northern locality, but structures of somewhat similar 

nature and probab~ similar origin are present 18 miles to the southeast 

near Lake~ide, and also within the Terrace-Lakeside threshold in T. 6 N., 

R. 10 W., south of the Southern Pacific railroad tracks. At the latter 

l ocality, brief investigation disclosed that beds near t he surface were 

also composed of oolites, gypsum, and c1<\y" similar to those in the described 

area to the north, but here, distortion of the beds was more irregular. In 

most places, an upper bed of gypsum and clay was found to overlie layers 

of oolites and lower layers of gypsum cr,ystals. 

The internal structure of two trenched forms in this area was that 

of a truncated dome, the beds having quaquaversal dip from the center. 

The entire structures were upside down compared to those t o the north. 

The surficial expression of the distorted beds is usu~ irregular, 

shapes being Circular, oval, very el ongate oval, and roughly linear. In 

some places circular structures are alligned in north-south trending 

rows. further trenching of t hese structures and intervening areas may 
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h e l p e x p l a i n t h e i r o r i g i n . 

h y p o t h e s e s f o r t h e o r i g i n o f t h e n o r t h e r n g r o u p of d e p r e s s i o n o r 

r i n g s t r u c t u r e s s u g g e s t e d by and t o t h e w r i t e r i n c l u d e : ( l ) s y n c l i n a l 

d e p r e s s i o n s b e t w e e n mud v o l c a n o e s s i m i l a r t o t h o s e i n t h e G u l f o f C a l i f ­

o r n i a ( D o r s e y E a g e r , o r a l communica t ion )5 ( 2 ) b u c k L i n g , c o n t o r t i n g or 

f o l d i n g s e d i m e n t s on t h e c l a y f l a t s ; ( 3 ) d e f o r m a t i o n due t o e x p a n d i n g 

c l a y m i n e r a l s ; (h) d e f o r m a t i o n due t o i c e b l o c k s r a f t e d t o t h e a r e a ( D o r ­

s e y H a g e r , o r a l c o m m u n i c a t i o n ) ; ( 5 ) d e s i c c a t i o n c r a c k s w idened by r e p e a t e d 

f r e e z i n g and f i l l i n g ( D o r s e y H a g e r , w r i t t e n c o m m u n i c a t i o n ) ; ( 6 ) s u b s i d e n c e 

due t o l o c a l s o l u t i o n o f an u n d e r l y i n g s a l t b e d o r i n t e r v a l ; ( 7 ) l o c a l 

s u b s i d e n c e of an o r i g i n a l l y t a b u l a r gypsum and o o l i t e i n t e r v a l due t o i t s 

g r e a t e r d e n s i t y t h a n t h e u n d e r l y i n g c l a y b e d s , t h e p l a s t i c c l a y b e i n g 

s q u e e z e d u p b e t w e e n t h e c e n t e r s of s u b s i d e n c e (A. J . E a r d l e y , p e r s o n a l 

c o m m u n i c a t i o n ) ; and ( 8 ) , d e f o r m a t i o n due t o gypsum c r y s t a l g rowth ( J . F . 

S h r o d e r , p e r s o n a l c o m m u n i c a t i o n ) . U n f o r t u n a t e l y , mos t o f t h e above p r o ­

p o s a l s have b e e n p r o v e n by t h e w r i t e r t o be h i g h l y u n l i k e l y . I t i s hoped 

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

were r e s p o n s i b l e f o r t h e f o r m a t i o n o f t h e s e s t r u c t u r e s * 
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hel p explain their origin. 

~theses for the origin of the northern group of depression or 

ring structures suggested by and to the writer include : (1) synclinal 

depressions between mud volcanoes similar to those in the Gulf of Calif­

ornia (Dorsey Hager , oral communication); (2) buckling, contorting or 

folding sediments on the cl~ flats; (3) deformation due to expanding 

clay minerals ; (4) deformation due to ice blocks rafted to the area (Dor­

sey Hager, oral communication); (5) desiccation cracks widened b,y repeated 

freezing and filling (Dorsey Hager , written communication); (6) subsidence 

due to local solution of an underlying salt bed or interval; (1) local 

subsidence of an originally tabular gypsum and oolite interval due to its 

greater density than the underlying cl~ beds , the plastic cl ay being 

squeezed up between t he centers of subsidence (A . J . Eardley, personal 

communication) ; and ( 8), deformation due to gypsum crystal growth (J . F. 

Shroder, personal communication) . Unfortunately, most of the above pro­

posals have been proven by the writer to be highly unlikely. It is hoped 

that planned future research may disclose the process or processes that 

were responsibl e for t he formation of these structures . 
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GEOMORPHOLOGT 

G e n e r a l S t a t e m e n t 

Geomorphic f e a t u r e s i n t h e mapped a r e a , o t h e r t h a n t h o s e p r o d u c e d 

by Lake B o n n e v i l l e , r e f l e c t t h e s e m i - a r i d c o n d i t i o n s u n d e r w h i c h t h e y 

f o r m e d . I t i s p r o b a b l e t h a t mos t o f t h e major d r a i n a g e was e s t a b l i s h e d 

d u r i n g t h e l a t e Cenozo ic u p l i f t i n g o f t h e m o u n t a i n s . At p r e s e n t , a few 

s t r e a m s may f l o w f o r s h o r t p e r i o d s from s p r i n g m e l t w a t e r , b u t o t h e r t h a n 

t h i s s e a s o n a l r u n o f f , t h e o n l y s t r e a m f l o w i n t h e a r e a i s f rom t h e r e l a ­

t i v e l y r a r e t o r r e n t i a l r a i n s . 

S t r u c t u r e and l i t h o l o g y have a f f e c t e d t o p o g r a p h i c d e v e l o p m e n t t o 

some d e g r e e i n t h e mapped a r e a , b u t i t was Lake B o n n e v i l l e t h a t i m p r e s s e d 

t h e most s t r i k i n g geomorphic f e a t u r e s on t h e r e g i o n . 

P e p l i n Moun ta in 

P e p l i n M o u n t a i n , i n t h e n o r t h w e s t e r n c o r n e r o f t h e mapped a r e a , c o n ­

s i s t s of f o u r s m a l l , n e a r l y c i r c u l a r k n o l l s wh ich r i s e l e s s t h a n 200 f e e t 

above t h e B o n n e v i l l e s h o r e l i n e . T h e i r t o p o g r a p h y i s i n a s t a g e o f l a t e 

y o u t h t o e a r l y m a t u r i t y , and e a c h e x h i b i t s a marked r a d i a l d r a i n a g e 

p a t t e r n ( F i g . 1 8 a ) . The r e l a t i v e l y homogeneous s i l t s t o n e and l i m e s t o n e 

of which t h e y a r e formed seems t o h a v e had l i t t l e o r no i n f l u e n c e on t h e 

t o p o g r a p h y . 

The r e m a i n d e r of t h e mapped a r e a n o r t h of t h e Hogup M o u n t a i n s was 

c o v e r e d and m o d i f i e d by Lake B o n n e v i l l e and w i l l be d i s c u s s e d u n d e r t h a t 

h e a d i n g . 
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GEOHORPHOLOGY 

General Statement 

Geomorphic features in the mapped area, other than those produced 

by Lake Bonneville, reflect the semi-arid conditions under which they 

formed. It is probable that most of the major drainage was established 

during the late Cenozoic uplifting of the mountains. At present, a few 

streams may flow for short periods from spring meltwater, but other than 

this seasonal runoff, the only stream flow in the area is from the rela­

tively rare torrential rains. 

Structure and lithology have affected topographic development to 

some degree in the mapped area, but it was Lake Bonneville that impressed 

the most striking geomorphic features on the region. 

Peplin Mountain 

Peplin Hountain, in the north"lestern corner of the mapped area, con­

sists of four small, nearly circular knolls which rise less than 200 feet 

above the Bonneville shoreline. Their topography is in a stage of late 

youth to early maturity, and each exhibits a marked radial drainage 

pattern (Fig. 18a). The relatively homogeneous siltstone and limestone 

of which they are formed seems to have had little or no influence on the 

topography. 

The remainder of the mapped area north of the Hogup Mountains was 

covered and modified by Lake Bonneville and will be discussed under that 

heading. 



F i g u r e 1 8 • V e r t i c a l a e r i a l p h o t o g r a p h o f P e p l i n Moun ta in 
s h o w i n g : ( a ) d e v e l o p m e n t o f r a d i a l d r a i n a g e ; ( b ) a 
c u s p a t e b a r a t t h e B o n n e v i l l e s h o r e l i n e : ( e ) a s m a l l 
t o m b o l o ; ( d ) a w a v e - c u t t e r r a c e a t t h e B o n n e v i l l e 
s h o r e l i n e ; ( e ) a s e a - c l i f f ; ( f ) c u s p a t e f o r e l a n d s ; 
and ( g ) bay-mouth b a r s . 

Figure 18. Vertical aerial photograph of Peplin Mountain 
showing : Ca) development of radial drainage; ("b) a 
cuspate bar at the Bonneville shore line: (c) a small 
tombolo; Cd) a wave- cut terrace at the Bonneville 
shore line; (e) a sea-cliff; Cf) cuspate forelands; 
and ( g) bay- mouth bars . 

( 
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Hogup M o u n t a i n s 

The Hogup Moun ta in s c o m p r i s e two low h i l l s n o r t h of t h e e a s t e r n T e r ­

r a c e M o u n t a i n s . The nor the rnmos t of t h e two h i l l s was an i s l a n d d u r i n g 

t h e B o n n e v i l l e s t a g e o f t h e l a k e , a t which t i m e t h e Hogup S p i t was b u i l t 

f rom i t t o t h e s o u t h . The s e c o n d h i l l , a c t u a l l y a s m a l l g r o u p o f k n o l l s , 

was c o n n e c t e d a s a t ombo lo t o t h e n o r t h e r n end of t h e main r i d g e a t t h e 

B o n n e v i l l e l e v e l . 

E a s t e r n T e r r a c e M o u n t a i n s 

The e a s t e r n T e r r a c e Moun ta in s c o m p r i s e a s i n g l e s t r u c t u r a l b l o c k . 

The b l o c k h a s a main s l i g h t l y n o r t h w e s t t r e n d i n g r i d g e which i s composed 

o f u n i f o r m l y n o r t h w e s t d i p p i n g s t r a t a o f t h e Pe rmian O q u i r r h F o r m a t i o n and 

Diamond Creek S a n d s t o n e . The b l o c k i s o u t l i n e d by t h e B ig P a s s f a u l t on t h e 

w e s t and t h e wide B o n n e v i l l e t e r r a c e on t h e e a s t . The l i n e a r e a s t e r n b o r ­

d e r of t h e r a n g e i s p r o b a b l y due t o a major f a u l t o r f a u l t z o n e , b u t n e i t h e r 

t h e p o s i t i o n n o r a c t u a l e x i s t e n c e of s u c h a f a u l t i s d e m o n s t r a b l e w i t h 

a v a i l a b l e i n f o r m a t i o n . 

Topography o f t h e e a s t e r n T e r r a c e M o u n t a i n s i s i n t h e e a r l y m a t u r e 

s t a g e , w i t h w e l l i n t e g r a t e d d r a i n a g e , s h a r p d i v i d e s , and h i g h r e l i e f . 

A l l s u r f a c e s a r e v e r y s t e e p l y s l o p i n g . Most of t h e d r a i n a g e i s i n a 

y o u t h f u l s t a g e a n d shows s u g g e s t i o n s of l a t e r a l e r o s i o n o r f l o o d p l a i n 

deve lopmen t o n l y a t t h e mouths of a few canyons i n t h e n o r t h e r n p a r t . 

E p h e m e r a l g u l l y d e v e l o p m e n t a l o n g t h e s t r e a m s on t h e s t e e p e r e a s t e r n 

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

( F i g . 2 0 h ) . The m a j o r d r a i n a g e , of p o o r l y d e f i n e d d e n d r i t i c t y p e , i s 

d i v i d e d e a s t and w e s t by t h e s h a r p r i d g e l i n e of t h e s t r u c t u r a l b l o c k . 

134 

Hogup Hountains 

The Hogup Mountains comprise two low hills north of the eastern Ter­

race Mountains . The northernmost of the t wo hills was an island during 

the Bormeville stage of the lake, at 'Which time the Hogup Spit was built 

from it to the south . The second hill, actual~ a small group of knolls, 

was connected as a tambala to t he northern end of t he main ridge at the 

Bonnevil le l evel . 

Eastern Terrace Hountains 

The eastern Terrace Nountains comprise a single structural block. 

The bl ock has a main slightly northwest trending ridge which is compos ed 

of uniformly nor thwest dipping strata of the Permian Oquirrh Formation and 

Diamond Creek Sandstone . The block is outlined by the Big Pass fault on t he 

west and t he wide Bonneville terrace on the east . The l inear eastern bor­

der of the range is probab~ due to a major fault or fault zone , but neither 

the position nor actual existence of such a fault is demonstrable with 

available information . 

Topography of the eastern Terrace Hountains is in the early mature 

stage , with well integrated drainage, sharp divides , and hi gh r elief. 

All surfaces are ve~ steeply sloping . Most of the drainage is in a 

youthful s t age and shows suggestions of lateral erosion or flood plain 

development only at the mouths of a few canyons in the northern part . 

Ephemeral gully development along the streams on the steeper eastern 

side of t he ridge has produced a small scale pinnate drainage pattern 

(Fig. 20h) . The major drainage, of poorly defined dendritic ~e, is 

divided east and west by t he sharp ridge l ine of the structural block. 
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The r i d g e i s s t r a i g h t i n p l a c e s b u t i s a n g u l a r l y z i g - z a g o v e r mos t of i t s 

l e n g t h . 

W e s t e r n T e r r a c e Moun ta in s 

The a r e a of t h e w e s t e r n T e r r a c e Moun ta ins above t h e B o n n e v i l l e s h o r e ­

l i n e i s p a r t o f an e l o n g a t e t i l t e d b l o c k , r o u g h l y r e c t a n g u l a r i n o u t l i n e , 

w i t h a median d r a i n a g e d i v i d e and a peak n e a r e i t h e r e n d ; T a n g e n t Peak 

a t t h e n o r t h and S c o r p i o Peak a t t h e s o u t h . The e a s t e r n s l o p e of t h e 

w e s t e r n T e r r a c e Moun ta in s i s u n d e r l a i n m a i n l y by u n i f o r m l y n o r t h w e s t d i p ­

p i n g s a n d s t o n e s and l i m e s t o n e s o f t h e O q u i r r h , Diamond C r e e k , and L o r a y ? 

F o r m a t i o n s , and h a s a w e l l d e v e l o p e d d e n d r i t i c d r a i n a g e p a t t e r n . R e l a t i v e 

t o t h a t of t h e e a s t e r n T e r r a c e M o u n t a i n s , t h e t o p o g r a p h y i s s l i g h t l y s u b ­

d u e d , and t h e d e n d r i t i c s t r e a m p a t t e r n i s f i n e r , much b e t t e r d e v e l o p e d , 

and shows some s t r u c t u r a l c o n t r o l i n p l a c e s . 

A l t h o u g h t h e h i g h e r p a r t s o f t h e w e s t e r n s l o p e a r e s i m i l a r t o p o g r a p h ­

i c a l l y t o t h o s e of t h e e a s t e r n s l o p e , t h e s e v e r a l n o r t h - s o u t h b o r d e r f a u l t s , 

t h e ma jo r e a s t - w e s t f a u l t s and t h e n o r t h w e s t e r n d i p o f t h e s t r a t a combine 

t o somewhat a l t e r t h e t o p o g r a p h y of t h e l o w e r w e s t e r n s l o p e s . 

Major d r a i n a g e i s s u b - p a r a l l e l and g u l l i e d where b e d r o c k h a s b e e n 

f a u l t e d down and b u r i e d by a l l u v i u m t o t h e e x t e n t t h a t e x p o s u r e s a r e 

r a r e . The a l m o s t d i p - s l o p e n a t u r e of p a r t s of t h e w e s t e r n s i d e o f t h e 

r a n g e h a s p r o d u c e d f i n e r and more n e a r l y p a r a l l e l d r a i n a g e t h a n would 

o t h e r w i s e have b e e n d e v e l o p e d . 

I n t h e s o u t h e r n p a r t of t h e w e s t e r n T e r r a c e M o u n t a i n s , i n t h e r e g i o n 

of S h e l t e r M o u n t a i n , an u n u s u a l l y f i n e - s c a l e i n s e q u e n t and p a r t i a l l y d e n ­

d r i t i c p a t t e r n h a s d e v e l o p e d on e x t e n s i v e l y f a u l t e d s h a l e o f t h e Meade 
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The r idge is straight in pl aces but is angularly zig- zag over most of its 

l ength. 

Western Terrace Mountains 

The area of the western Terrace Mountains above the Bonneville shore­

l ine i s part of an el ongate til ted bl ock, r oughly rectangular in outline, 

with a median drainage divide and a peak near either end; Tangent Peak 

at the north and Scorpio Peak at the south . The eastern sl ope of the 

western Terr ace Hountains is underl ain mainly by uniformly northwest dip­

ping sandstones and limestones of the Oquirrh, Diamond Creek, and Lor ay? 

Format ions , and has a well devel oped dendrit ic drainage pattern. Rel ati ve 

to that of the easter n Terrace Hountains , the topography is sl i ghtly sub­

dued, and t he dendritic stream patt ern is finer, much better devel oped, 

and shows some structural cont rol in pl aces. 

Although the higher parts of the loJestern s l ope are simil ar topograph­

ically to those of the eastern slope, the several north- south border faults , 

the major east-west faults and the nortm.lester n dip of the strata combine 

to somewhat alter t he topography of t he l ower 1'1est ern slopes . 

1'1ajor drainage is sub- parallel and gullied wher e bedrock has been 

faulted down and buried by alluvium to the extent that exposures are 

rare . The almost dip-s lope nature of parts of t he western side of the 

range has produced finer and more nearly parallel drainage than would 

otherwise have been developed. 

In t he southern part of the western Terr ace Mountains , in t he r egion 

of Shel ter }fountain, an unusually fine- scale i nsequent and partially den­

drit i c pattern has developed on extensively faulted shale of the Meade 
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P e a k , c h e r t and muds tone of t h e Rex , and c a r b o n a t e r o c k of t h e G r a n d e u r . 

The f i n e p a t t e r n i s a p p a r e n t l y due t o c o n s i d e r a b l e f r a c t u r i n g i n t h e 

r e l a t i v e l y weak s t r a t a and t o numerous s m a l l f a u l t s . Bedrock e x p o s u r e s 

i n t h e a r e a a r e s c a r c e . 

S t r u c t u r a l d r a i n a g e c o n t r o l i s a p p a r e n t on b o t h ends of t h e w e s t e r n 

T e r r a c e M o u n t a i n s . S o u t h of S c o r p i o P e a k , s u b - p a r a l l e l s u b s e q u e n t v a l l e y s 

have d e v e l o p e d on s t e e p l y b u t u n i f o r m l y w e s t e r l y d i p p i n g o r t h o q u a r t z i t e s 

and s a n d s t o n e s of t h e Diamond C r e e k . N or th of Tangen t P e a k , s u b s e q u e n t 

d r a i n a g e p a r t i a l l y f o l l o w s t h e s t r i k e of t h e b e d s on b o t h e a s t and w e s t 

l i m b s of t h e T a n g e n t Peak s y n c l i n e . 

A t o p o g r a p h i c a l l y l ow r e g i o n w e s t o f S c o r p i o Peak c o r r e s p o n d s t o t h e 

n o r t h - s o u t h t r e n d i n g e x p o s u r e s of t h e r e l a t i v e l y i n c o m p e t e n t L o r a y ? Forma­

t i o n . - The h i g h e r e l e v a t i o n s b o r d e r i n g t h i s d e p r e s s e d a r e a a r e t h e r e s u l t 

of t h e more r e s i s t a n t s t r a t a of t h e Diamond Creek S a n d s t o n e ( l a r g e l y o r t h o 

q u a r t z i t e ) on t h e e a s t and o f t h e d o l o m i t e and c h e r t o f t h e G r a n d e u r on 

t h e w e s t ( F i g . 1 9 ) . A s i m i l a r v a l l e y was d e v e l o p e d s o u t h w e s t o f t h i s a r e a 

i n s e e s , k and 9 , T . 7 N . , R. 12 ¥ . , i n p r e - L a k e B o n n e v i l l e t i m e on t h e 

n o r t h - s o u t h s t r i k i n g Meade Peak s h a l e , b e t w e e n r i d g e s o f G r a n d e u r on t h e 

e a s t and Rex C h e r t on t h e w e s t . G r a v e l d e p o s i t s of t h e l a k e smoothed 

t h e c o n t o u r of t h e v a l l e y , and i t i s now d r a i n e d by s u b - p a r a l l e l c o n s e ­

q u e n t i a l g u l l i e s , a s i s most of t h e a r e a c o v e r e d by t h e l a k e . 

B ig P a s s 

U p l i f t o f b o t h t h e e a s t e r n and w e s t e r n T e r r a c e Moun ta in m a s s e s h a s 

p r o d u c e d a marked t o p o g r a p h i c c o n t r a s t i n t h e a r e a of t h e B ig P a s s . The 

p a s s i s formed by a s t r u c t u r a l b l o c k h a v i n g r e l a t i v e l y p a r a l l e l b o r d e r 
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Peak, chert and mudstone of the Rex, and carbonate rock of the Grandeur. 

The fine pattern is apparently due to considerable fracturing in the 

relatively weak strata and to numerous small faults. Bedrock exposures 

in the area are scarce. 

Structural drainage control is apparent on both ends of the western 

Terrace Mountains. South of Scorpio Peak, sub-parallel subsequent valleys 

have developed on steeply but uniformly westerly dipping orthoquartzites 

and sandstones of the Diamond Creek. North of Tangent Peak, subsequent 

drainage partially follows the strike of the beds on both east a~d west 

limbs of the Tangent Peak syncline. 

A topographically low region west of Scorpio Peak corresponds to the 

north-south trending exposures of the relatively incompetent Loray? Forma­

tion.- The higher elevations bordering this depressed area are the result 

of the more resistant strata of the Diamond Creek Sandstone (largely ortho­

quartzite) on the east and of the dolomite and chert of the Grandeur on 

the west (Fig. 19). A similar valley was developed southwest of this area, 

in secs. 4 and 9, T. 7 N., R. 12 W., in pre-Lake Bonneville time on the 

north-south striking Meade Peak shale, between ridges of Grandeur on the 

east and Rex Chert on the west. Gravel deposits of the lake smoothed 

the contour of the valley, and it is now drained by sub-parallel conse­

quential gullies, as is most of the area covered by the lake. 

Big Pass 

Uplift of both the eastern and western Terrace Mountain masses has 

produced a marked topographic contrast in the area of the Big Pass. The 

pass is formed by a structural block having relatively parallel border 



F i g u r e 1 9 • View i n t h e w e s t e r n T e r r a c e Moun ta in s l o o k i n g 
n o r t h from S c o r p i o P e a k . O u t c r o p s of Diamond Creek 
S a n d s t o n e i n t h e f o r e g r o u n d , t h e v a l l e y d e v e l o p e d on 
t h e Loray? F o r m a t i o n i n t h e c e n t e r , and T a n g e n t Peak 
i n t h e b a c k g r o u n d . R a f t R i v e r Moun ta in s a r e on t h e 
h o r i z o n t o t h e l e f t . 

Figure 19 . View in the western Terrace Mountains l ooking 
north from Scorpio Peak. Outcrops of Diamond Creek 
Sandstone in the foreground, the valley developed on 
the Loray? Formation in the center, and Tangent Peak 
in the background. Raft River Mountains are on the 
horizon to the left . 
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f a u l t s a l o n g e a c h s i d e , a p p r o x i m a t e l y t w o - t h i r d s of a m i l e a p a r t , t h r o u g h ­

o u t i t s l e n g t h . The Big P a s s b l o c k h a s b e e n l a r g e l y b u r i e d b y a l l u v i a l 

d e b r i s from t h e m o u n t a i n s on b o t h s i d e s o f i t . I n c o n t r a s t t o t h e c o a r s e r 

d e n d r i t i c , more p e r m a n e n t d r a i n a g e p a t t e r n on t h e s u r r o u n d i n g m o u n t a i n s , 

t h e d r a i n a g e i n t h e p a s s i s f i n e , s u b - p a r a l l e l and g u l l i e d , c l o s e l y r e s e m ­

b l i n g t h a t o f a r e a s c o v e r e d by s e d i m e n t s of Lake B o n n e v i l l e . 

F a u l t S c a r p s 

A l t h o u g h t h e r e a r e no f r e s h s c a r p l e t s i n t h e mapped a r e a , t o p o ­

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

t h e s e s c a r p s a r e on t h e w e s t e r n s i d e of t h e e a s t e r n T e r r a c e M o u n t a i n s , 

on e i t h e r s i d e of t h e Big P a s s , and on t h e w e s t s i d e o f t h e w e s t e r n 

T e r r a c e M o u n t a i n s . 

A n o r m a l f a u l t n e a r t h e s o u t h e r n end of t h e e a s t e r n T e r r a c e M o u n t a i n s 

i s e x p r e s s e d by l o c a l r e v e r s a l o f t h e w e s t e r l y s l o p e and b y l o c a l d i s l o ­

c a t i o n of d r a i n a g e . S t r e a m s wh ich o r i g j n a l l y f l owed t o t h e w e s t a c r o s s 

t h e l a t e r - f a u l t e d zone were d i v e r t e d a t r i g h t a n g l e s t o t h e p r e v a i l i n g 

s l o p e by t h e u p t h r o w n b l o c k . These s t r e a m s now have n o r t h - s o u t h a l l i g n e d 

s e g m e n t s which f o l l o w f o r s h o r t d i s t a n c e s a l o n g t h e f a u l t t r a c e b e f o r e 

t u r n i n g a g a i n down s l o p e t o t h e w e s t . 

F r a c t u r i n g and b r e c c i a t i o n a l o n g a n o t h e r f a u l t i n t h e same a r e a h a s 

c a u s e d p i r a c y of d r a i n a g e by a s t r e a m which e r o d e d headward a c r o s s s e v e r a l 

s p u r s ( s e e F i g . 20g) a l o n g t h e weak , e a s i l y e r o d a b l e f a u l t z o n e . 

The p r e s e r v a t i o n o f v i t r i c t u f f o f t h e S a l t Lake Group a l o n g a s c a r p 

o f t h e Big P a s s F a u l t i n d i c a t e s t h a t movement h a s t a k e n p l a c e a l o n g t h e 

f a u l t s i n c e t h e d e p o s i t i o n o f t h a t g r o u p d u r i n g t h e P l i o c e n e . Somewhat 
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faults along each side, approximately two-thirds of a mile apart, through­

out its length. The Bi g Pass block has been l argely buried by alluvial 

debris from the mountains on both sides of it. In contrast to the coarser 

dendritiC , more permanent drainage pattern on t he surrounding mountains, 

the drainage in the pass is fine, sub-parallel and gullied, closely resem­

bling that of areas covered by sedL~ents of Lake Bonneville. 

Fault Scarps 

Although there are no fresh scarplets in the mapped area, tope­

graphic~ expressed faul t scarps are numerous. The most distinct of 

these scarps are on the western side of the eastern Terrace MountainS , 

on either side of the Big Pass, and on the west side of the western 

Terrace Mountains . 

A normal fault near the southern end of the eastern Terrace Mountains 

is expressed by local reversal of the wester~ slope and by l ocal dislo­

cation of drainage . Streams which origj~ flowed to the west across 

the later-faulted zone were diverted at right angles to the prevailing 

slope by the upthrown block. These streams now have north-~outh alligned 

segments which follow for short distances along the fault trace before 

turning again down slope to the west. 

Fracturing and brecciation along anot her fault in the same area bas 

caused piracy of drainage qy a stream which eroded headward across several 

spurs (see Fig. 20g) along t he weak, easi~ erodable fault zone . 

The preservation of vitric tuff of the Salt Lake Group along a scarp 

of the Big Pass Fault indicates that movement has taken place along the 

fault since the deposition of that group during the Pliocene. Somewhat 
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s i m i l a r p r e s e r v a t i o n o f Lake B o n n e v i l l e s e d i m e n t s , on t h e downthrown s i d e 

o f a n o r m a l f a u l t s o u t h e a s t o f t h e T e r r a c e M o u n t a i n s , i n d i c a t e s t h a t a 

s c a r p t h e r e was t o p o g r a p h i c a l l y e x p r e s s e d a t o r s h o r t l y a f t e r t h e t i m e o f 

d e p o s i t i o n o f t h e l a k e s e d i m e n t s i n t h e P l e i s t o c e n e ( F i g . 

A l l u v i a l Fans and B a j a d a s 

P r e - B o n n e v i l l e a l l u v i a l f a n s a r e n o t e a s i l y d i s t i n g u i s h a b l e i n t h e 

mapped a r e a . S l i g h t h o r i z o n t a l bowing o f s h o r e l i n e s , wh ich s e r v e a s t o p ­

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

o f t h e n o r t h end o f t h e Big P a s s , a t l e a s t b e l o w t h e P rovo l e v e l , and 

s e v e r a l s m a l l e r f a n s were p r e s e n t a l o n g t h e e a s t s l o p e o f t h e e a s t e r n 

T e r r a c e M o u n t a i n s . Very l a r g e f a n s a r e l a c k i n g i n t h e a r e a b e c a u s e 

s t r e a m s a r e f e d o n l y from s m a l l d r a i n a g e b a s i n s . S m a l l e r f a n s p r e s e n t 

i n p r e - B o n n e v i l l e t i m e were s o e r o d e d and m o d i f i e d b y t h e a c t i o n o f t h e 

l a k e t h a t t h e y no l o n g e r have t o p o g r a p h i c e x p r e s s i o n . Many a r e p r o b a b l y 

b u r i e d by p o s t - l a k e f a n s and migh t b e d e t e c t a b l e by c o r i n g . 

P o s t - B o n n e v i l l e a l l u v i a l f a n s a r e numerous i n t h e a r e a , a r e f r e q u e n t l y 

l a r g e , and i n many c a s e s , a r e e x t r e m e l y s y m m e t r i c a l a n d w e l l d e v e l o p e d 

( F i g . 20c ) . Because t h e y c o v e r a s i g n i f i c a n t amount o f t h e a r e a b e l o w 

t h e B o n n e v i l l e s h o r e l i n e , t h e y have b e e n i n c l u d e d on t h e g e o l o g i c m a p . 

These f a n s a r e c l e a r l y d i s t i n g u i s h a b l e on a e r i a l p h o t o g r a p h s b e c a u s e t h e y 

u s u a l l y mask t h e l a k e t e r r a c e s t h e y c o v e r . Most o f t h e s m a l l e r , more 

s y m m e t r i c a l f a n s have q u i t e s t e e p g r a d i e n t s . T h i s i s e s p e c i a l l y t r u e o f 

t h o s e which were formed by s t r e a m s d r a i n i n g l i m i t e d w a t e r s h e d s t h a t debouch 

o n t o l a k e t e r r a c e s , g e n e r a l l y from b e t w e e n t r u n c a t e d s p u r s . Fanhead 

t r e n c h e s commonly a r e w e l l d e v e l o p e d on s u c h f a n s , and i n p l a c e s , d e e p 
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similar preservation of Lake Bonneville sediments, on the downthrown side 

of a normal fault southeast of the Terrace Mountains, indicates that a 

scarp there was topographically expressed at or shortly after the time of 

deposition of the lake sediments in the Pleistocene (Fig. 14)& 

Alluvial Fans and Bajadas 

Pre-Bonneville alluvial fans are not easily distinguishable in the 

mapped area. Slight horizontal bowing of shorelines, which serve as top­

ographic contour lines, reveal that a fan was probably present northwest 

of the north end of the Big Pass, at least below the Provo level, and 

several smaller fans were present along the east slope of the eastern 

Terrace Mountains. Very large fans are lacking in the area because 

streams are fed o~v from small drainage basins. Smaller fans present 

in pre-Bonneville time were so eroded and modified by the action of the 

lake that they no longer have topographic expression. Many are probably 

buried by post-lake fans and might be detectable by coring. 

Post-Bonneville alluvial fans are nQmerous in the area, are frequently 

large, and in many cases, are extremely symmetrical and well developed 

(Fig. 20c). Because they cover a significant amount of the area below 

the Bonneville shoreline, they have been included on the geologic map. 

These fans are clearly distlilguishable on aerial photographs because they 

usually mask the lake terraces they cover. Most of the smaller, more 

symmetrical fans have quite steep gradients. This is especially true of 

those which were formed by streams draining limited watersheds that debouch 

onto lake terraces, generally from between truncated spurs. Fanhead 

trenches commonly are well developed on such fans, and in places, deep 



F i g u r e 2 0 , V e r t i c a l a e r i a l p h o t o g r a p h of p r o x i m a l n o r t h 
end o f t h e T e r r a c e S p i t and s u r r o u n d i n g a r e a s h o w i n g : 
( a ) h o r i z o n t a l V - s h a p e d t e r r a c e a t t h e B o n n e v i l l e 
l e v e l ; ( b ) p o s t - L a k e B o n n e v i l l e g r a v e l s l i d e s ; ( c ) 
p o s t - l a k e a l l u v i a l f a n s ; ( d ) Lake B o n n e v i l l e s h o r e 
l i n e and c o n t r a s t i n g t o p o g r a p h y above and b e l o w i t ; 
( e ) P rovo s h o r e l i n e and t e r r a c e ; ( f ) Big P a s s f a u l t 
and c o n t r a s t of c o a r s e r e j u v i n a t e d t o p o g r a p h y e a s t 
o f t h e f a u l t and b u r i e d t o p o g r a p h y w i t h f i n e d r a i n ­
age w e s t of t h e f a u l t ; ( g ) s t r e a m p i r a c y by s u b s e ­
q u e n t t r i b u t a r i e s c o n t r o l l e d by f a u l t z o n e ; and ( h ) 
e p h e m e r a l p i n n a t e d r a i n a g e . 

I MILE 

Figure 20 . Vertical aerial photograph of proximal north 
end of t he Terrace Spit and surrounding area showing: 
(a) horizontal V- shaped terrace at the Bonneville 
level; (b) post-Lake Bonneville gr avel slides ; (c) 
post- lake alluvial fans ; ( d ) Lake Bonneville shore 
line and contrasting topography above and below it; 
(e) Provo shore line and terrace ; (r) Big Pass fault 
and contrast of coarse rejuvinated topography east 
of t he fault and buried topography with fine drain­
a ge west of the fault ; (g) stream piracy by subse­
quent tributaries controlled by fault zone; and (h) 
ephemeral pinnate drainage . 
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c h a n n e l s have b e e n c u t e n t i r e l y a c r o s s f a n s formed on o r b e t w e e n c l o s e l y 

s p a c e d t e r r a c e s * 

A l t h o u g h m o s t o f t h e f a n s a r e i s o l a t e d , t h e y c o a l e s c e i n p l a c e s t o 

form m i n o r b a j a d a s . P r e - B o n n e v i l l e b a j a d a s h a v e b e e n o b l i t e r a t e d by t h e 

l a k e , h o w e v e r , and p o s t - B o n n e v i l l e b a j a d a s a r e o f l i m i t e d e x t e n t and r a r e l y 

r e a c h down t o - the p r e s e n t d e s e r t f l o o r * 

P e d i m e n t s 

A c o n s i d e r a b l e p a r t o f t h e a r e a b e l o w t h e B o n n e v i l l e s h o r e l i n e i s o f 

p e d i m e n t n a t u r e . B e c a u s e o f e x t e n s i v e m o d i f i c a t i o n by t h e l a k e , e s p e c i ­

a l l y i n e m b a y m e n t s w h e r e b e d r o c k s u r f a c e s were b u r i e d by l a k e d e p o s i t s , 

p e d i m e n t s a r e common, b u t t h e i r a c t u a l e x t e n t i s d i f f i c u l t t o d e t e r m i n e . 

L a c u s t r i n e Dunes 

Two f i e l d s o f d u n e - l i k e s t r u c t u r e s o f p r o b a b l e l a c u s t r i n e o r i g i n 

a r e p r e s e n t o n t h e f l a t d e s e r t f l o o r which s u r r o u n d s t h e s o u t h e r n end of 

t h e mapped a r e a . The f i e l d on t h e s o u t h e a s t s i d e of t h e b e d r o c k e x p o ­

s u r e s i s i n T , 6 N . , R* 1 1 W. and i s c o m p r i s e d of e i g h t c r e s c e n t i c o r 

b a r c h a n - s h a p e d d u n e s . The dunes were formed and l a t e r m o d i f i e d b y c u r ­

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

m e n t i o n e d by E a r d l e y (I9f>7) and l a t e r c a l l e d t h e T e r r a c e - L a k e s i d e t h r e s h o l d 

by S t i f e l and S h r o d e r ( 1 9 6 U ) . I t i s p o s t u l a t e d t h a t d u r i n g t h e l a t e r 

s t a g e s o f L a k e B o n n e v i l l e ( p o s s i b l y t h e G i l b e r t S t a g e ) c u r r e n t s f l owed 

t h r o u g h t h i s p a s s a g e b e t w e e n t h e s o u t h e r n T e r r a c e and n o r t h e r n L a k e s i d e 

M o u n t a i n s i n t o t h e l a r g e w e s t e r n p o r t i o n of t h e l a k e b a s i n t o c o m p e n s a t e 

f o r e v a p o r a t i o n . Marks o f t h e s e c u r r e n t s a r e c l e a r l y v i s i b l e on a e r i a l 
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channels have been cut entirely across fans formed on or between closely 

spaced terraces. 

Although most of the fans are isolated, they coalesce in places to 

form. minor bajadas . Pre-Bonneville bajadas have been obliterated by the 

lake, however, and post-Bonneville bajadas are of limited extent and rarely 

reach down to the present desert floor. 

Pediments 

A considerable part of the area below the Bormeville shoreline is of 

pediment nature. Because of extensive modification by the lake, especi­

allY in emh~ents where bedrock surfaces were buried by lake deposits , 

pediments are common, but their actual extent is difficult to determine . 

Lacustrine Dunes 

Two fields of dune -like structures of probable l acustrine origin 

are present on the fiat desert floor which surrounds the southern end of 

t he mapped area . The field on the southeast side of the bedrock expo­

sures is in T. 6 N., R. II W. and is c ompri sed of eight crescentic or 

barchan- shaped dunes . The dunes were fonned and l ater modified by cur­

r ents flowing to the southwest across a low spillway or threshold first 

mentioned by E ardley (1957) and l at er called the Terrace-Lakeside threshold 

by Stifel and Shroder (1964). It is postulated that during the later 

stages of Lake Bonneville (possibly the Gilbert Stage) currents flowed 

through this J>assage between the southern Terrace and northern Lakeside 

Mountains into the l arge western portion of t he lake basin to canpensate 

for evaporation . Marks of these currents are clearly visibl e on aerial 



p h o t o g r a p h s . 

The d u n e s r a n g e i n l e n g t h from a b o u t 500 -5000 f e e t and a v e r a g e 

a p p r o x i m a t e l y 3000 f e e t . T h e i r w i d t h s ( f o r e s l o p e t o b a c k s l o p e ) r a n g e 

from 3 0 - 1 0 0 0 f e e t , and t h e y r e a e h a maximum h e i g h t of 10 f e e t , a l t h o u g h 

t h e c r e s t s o f mos t a r e o n l y 6 -7 f e e t above t h e s u r r o u n d i n g mud f l a t s . 

The h o r n s o f a l l t h e dunes p o i n t t o t h e s o u t h and s e v e r a l h o r n s have 

t h e form of r e c u r v e d s p i t s . The s p i t d e v e l o p m e n t on two of t h e dunes 

became s o complex a s t o n e a r l y o b s c u r e t h e i r o r i g i n a l c o n c e n t r i c s h a p e . 

The e a s t e r n end of one dune h a s b e e n l a r g e l y removed by c u r r e n t s , 

l e a v i n g a c l e a r l y d i s c e r n a b l e mark on t h e mud f l a t s i n d i c a t i n g i t s 

f o r m e r e x t e n t . 

The s e e m i n g l y anomalous f a c t t h a t t h e convex f o r e s l o p e s a r e s t e e p e r 

t h a n t h e concave b a c k s l o p e s was e x p l a i n e d by S t i f e l and S h r o d e r ( l Q 6 U ) a s 

b e i n g due t o m o d i f i c a t i o n by c u r r e n t s a f t e r t h e w a t e r l e v e l had d r o p p e d 

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

swept a r o u n d t h e h o r n s t o form t h e r e c u r v e d s p i t s . 

The dunes a r e composed of b u f f - c o l o r e d o o l i t i c s a n d wh ich i s bound 

w i t h v a r y i n g amounts of c a l c i l u t i t e and c l a y . I n g e n e r a l t h e o o l i t e s 

a v e r a g e m i l l i m e t e r i n d i a m e t e r , a l t h o u g h many zones have an a d m i x t u r e 

o f l a r g e r s i z e d a g g r e g a t e s composed of f e c a l i t e s , o o l i t e s and o d d - s h a p e d 

c o n c r e t i o n a r y p e l l e t s . 

The dune s e d i m e n t s r e s t on a 1-2 f o o t t h i c k b e d of v e r y c l e a n , g r a y 

t o b u f f o o l i t i c s a n d and a g g r e g a t e s . T h i s b e d i s i n t u r n u n d e r l a i n by 

g r e e n - g r a y c l a y , s i l t , and c a l c i l u t i t e . 

The d i p o f t h e i n t e r n a l b e d d i n g o f t h e dune s e d i m e n t s d o e s n o t 

e x c e e d 2 d e g r e e s u n d e r t h e f o r e s l o p e and no c r o s s - b e d d i n g was d e t e c t e d 

i n any of t h e d u n e s . 
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photographs. 

The dunes range in length from about 500-5000 feet and average 

approximately 3000 feet. Their widths (foreslope to backslope) range 

from 30-1000 feet, and they reach a maximum height of 10 feet, although 

the crests of most are only 6-7 feet above the surrounding mud flats. 

The horns of all the dunes point to the south and several horns have 

the form of recurved spits. The spit development on two of the dunes 

becm.1e so complex as to nearly obscure their original concentric shape. 

The eastern end of one dune has been largely removed by currents, 

leaving a clearly discernable mark on the mud flats indicating its 

former extent. 

The seemingly anomalous fact that the convex fore slopes are steeper 

than the concave backslopes was explained by Stifel and Shroder (1964) as 

being due to modification by currents after the water level had dropped 

below the crests of the dunes, material from the fore slope having been 

swept around the horns to form the recurved spits. 

The dunes are composed of buff-colored oolitic sand which is bound 

with varying amounts of calcilutite and clay. In general the oolites 

average t-! millimeter in diameter, although many zones have an admixture 

of lQrger sized aggregates composed of fecalites, oolites and odd-shaped 

concretionary pellets. 

The dune sediments rest on a 1-2 foot thick bed of very clean, gray 

to buff oolitic sand and aggregates. This bed is in turn underlain by 

green-gray clay, silt, and calcilutite. 

The dip of the internal bedding of the dune sediments does not 

exceed 2 degrees under the fore slope and no cross-bedding was detected 

in any of the dunes. 
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The d u n e s a r e l o c a t e d w i t h i n t h e s p i l l w a y where c u r r e n t s would have 

b e e n t h e s t r o n g e s t and on t h e w e s t e r n s i d e of t h e c h a n n e l where s e d i m e n t 

from a r e a s o f s h a l l o w w a t e r t o t h e n o r t h would have b e e n i n a b u n d a n t 

s u p p l y . The e x t r e m e l y l a r g e s i z e and low h e i g h t o f t h e d u n e s , i t i s 

m e n t i o n e d b y S t i f e l and S h r o d e r ( l 9 6 h ) > i s s u g g e s t i v e o f o t h e r t h a n 

t y p i c a l e o l i a n o r i g i n . Wi th r e s p e c t t o e o l i a n d u n e s , i t i s s t a t e d by 

R. A, Bagnold {I9hl, p . 2 l U ) , t h a t a l t h o u g h t h e r e l a t i v e l e n g t h , w i d t h 

and h e i g h t o f b a r c h a n s v a r y g r e a t l y , t h e maximum l e n g t h and w i d t h o f 

e x i s t i n g dunes i s a b o u t lj.00 m e t e r s ( 1300 f e e t ) and t h a t t h e maximum 

h e i g h t seems t o b e a b o u t 30 m e t e r s ( 9 0 f e e t ) . These f i g u r e s a r e com­

p a r e d t o t h e 5000 f o o t l e n g t h and o n l y 7 -10 f o o t h e i g h t o f t h e dunes i n 

t h e S a l t Lake D e s e r t , 

L , V. I H i n g (195>U, p . 89) d e s c r i b e d and i l l u s t r a t e d s i m i l a r s u b -

a e q u e o u s s t r u c t u r e s i n t h e Bahama I s l a n d s a s f o l l o w s : 

"One o f t h e gaps i n t h e Exuma a r c o f c a y s • , , , shows an 
i n t e r e s t i n g deve lopmen t of u n d e r w a t e r c r e s c e n t i c d u n e s * 
They m e a s u r e 3 0 - 7 0 y a r d s from t i p t o t i p and a r e convex 
t o w a r d t h e o c e a n . They a r e formed i n t h e c e n t r a l p a r t of 
t h e c h a n n e l by t h e 2 - 3 k n o t c u r r e n t s f l o w i n g o n t o t h e b a n k s , 
• . • These s u b m a r i n e ' b a r c h a n * dunes a r e n o t r e v e r s e d a t 
e a c h t i d e , " 

I l l i n g a l s o s t a t e s t h a t t h e dunes a p p e a r s t e e p i n b o t h d i r e c t i o n s 

and t h a t some do n o t have l o n g d r a w n - o u t l a t e r a l t a i l s , b o t h c o n d i t i o n s 

which a r e a l s o t r u e of t h e forms i n t h e S a l t Lake D e s e r t , The o n l y 

a p p a r e n t d i f f e r e n c e b e t w e e n t h e Bahaman dunes and t h o s e i n t h e S a l t Lake 

D e s e r t i s t h a t o f s i z e , t h e Utah s t r u c t u r e s b e i n g a b o u t 25 t i m e s a s l a r g e 

The w e s t e r n g roup o f d u n e s , a f i e l d of a b o u t 80 s t r u c t u r e s , l i e s 

b e t w e e n t h e s o u t h e r n T e r r a c e Moun ta in s and t h e n o r t h e r n Newfoundland 

M o u n t a i n s t o t h e w e s t . Most of t h e dunes a r e w i t h i n a b e l t a b o u t h 

·The dunes are located within the spillway where currents would have 

been the strongest and on the western side of the channel where sediment 

from areas of shallow water to the north would have been in abundant 

supply. The extremely large size and low height of the dunes, it is 

mentioned by Stifel and Shroder (1964), is suggestive of other than 

typical eolian origin. With respect to eolian dunes, it is stated by 

R. A. Bagnold (1941, p. 214), that although the relative length, width 

and height of barchans vary greatly, the max~~ length and width of 

existing dunes is about 400 meters (1300 feet) and that the maximum 

height seems to be about 30 meters (90 feet). These figures are co~ 

pared to the 5000 foot length and only 7-10 foot height of the dunes in 

the Salt Lake Desert. 

L. V. Illing (1954, p. 89) described and illustrated similar sub-

aequeous structures in the Bahama Islands as follows: 

"One of the gaps in the EA"U1lla arc of cays • • • , shows an 
interesting development of underwater crescentic dunes. 
They measure 30-70 yards from tip to tip and are convex 
toward the ocean. They are formed in the central part of 
the channel by the 2-3 knot currents flowing onto the banks • 
• • • These submarine 'barchan' dunes are not reversed at 
each tide." 

Illing also states that the dunes appear steep in both directions 

and that some do not have long dravm-out lateral tails, both conditions 

which are also true of the forms in the Salt Lake Desert. The only 

apparent difference between the Bahaman dunes and those in the Salt Lake 

Desert is that of size, the Utah structures being about 25 times as large. 

The western group of dunes, a field of about 80 structures, lies 

between the southern Terrace Mountains and the northern Newfoundland 

Hountains to the west. Host of the dunes are within a belt about 4 
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m i l e s l o n g and a m i l e w i d e , a l t h o u g h s e v e r a l l a r g e ones l i e o u t s i d e t h i s 

a r e a . Only one dune i n t h e w e s t e r n g r o u p i s b a r c h a n s h a p e d . The o t h e r s 

a r e o v a l , c i r c u l a r o r s l i g h t l y i r r e g u l a r i n o u t l i n e and a l l a r e r o u g h l y 

dome-shaped i n s e c t i o n . Many have s m a l l s p i t - l i k e p r o j e c t i o n s e x t e n d i n g 

from one or b o t h e n d s , a p p a r e n t l y due t o m o d i f i c a t i o n by c u r r e n t s i n w a t e r 

o n l y a few f e e t d e e p . 

The s m a l l e r dunes a v e r a g e a b o u t 600 f e e t i n d i a m e t e r and a r e n e a r l y 

c i r c u l a r . The l a r g e r o n e s , a r e e l o n g a t e o v a l s . They a v e r a g e 1700 f e e t 

i n l e n g t h , 800 f e e t i n w i d t h , and have c r e s t s 1 5 - 2 0 f e e t above t h e s u r ­

r o u n d i n g d e s e r t f l o o r . One o f t h e l a r g e s t of t h e s e , i s o l a t e d from t h e 

r e s t of t h e f i e l d , and a b o u t f o u r m i l e s from t h e p r e v i o u s l a k e s h o r e 

l i n e , i s 3900 f e e t l o n g and 800 f e e t w i d e . The one b a r c h a n - s h a p e d fo rm , 

a l s o l a r g e , i s a b o u t llj.00 f e e t from f r o n t t o b a c k , 3900 f e e t from h o r n 

t o h o r n , and 30 f e e t h i g h . A l l o f t h e s t r u c t u r e s a r e s t a b i l i z e d and 

a p p e a r t o have b e e n so f o r a c o n s i d e r a b l e t i m e . At t h e p r e s e n t t i m e t h e y 

have a s p a r s e c o v e r of p h r e a t o p h y t e s . 

Dunes i n t h e n o r t h e r n m o s t p a r t o f t h e f i e l d a p p e a r t o b e r e l a t e d 

t o l a r g e b a n k s o r d u n e - l i k e s t r u c t u r e s , composed o f s i m i l a r s e d i m e n t , wh ich 

were a p p a r e n t l y a t t a c h e d t o p r e v i o u s l a k e s h o r e l i n e s . 

The s o u t h e a s t e r l y t r e n d o f t h e s e d u n e - l i k e forms i s due e i t h e r t o 

t h e e f f e c t o f c u r r e n t s which may have formed t h e d e p o s i t s o r t o t h e 

d i s s e c t i o n of a fo rmer t a b u l a r body of s e d i m e n t s b y p o s t - B o n n e v i l l e 

s t r e a m s . One of t h e s e s t r u c t u r e s i s p r e s e n t a l o n g t h e w e s t e r n edge of 

t h e b e l t of b e d r o c k o u t c r o p s t h a t e x t e n d s s o u t h e a s t f rom t h e T e r r a c e 

M o u n t a i n s . I t i s l / 3 m i l e wide and a b o u t k m i l e s l o n g . I t c u r v e s a r o u n d 

t h e end o f t h e b e d r o c k o u t c r o p s and e x t e n d s a m i l e and a h a l f t o t h e 

s o u t h e a s t o n t o t h e mud f l a t s . The s t r u c t u r e i s s e p a r a t e d from t h e s h o r e 
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miles long and a mile wide, although several large ones lie outside this 

area. Only one dune in the western group is barchan shaped. The others 

are oval, circular or slightly irregular in outline and all are roughly 

dome-shaped in section. Many have small spit-like projections extending 

from one or both ends, apparently due to modification by currents in water 

only a few feet deep. 

The smaller dunes average about 600 feet in diameter and are nearly 

circular. The larger ones, are elongate ovals. They average 1700 feet 

in length, 800 feet in width, and have crests 15-20 feet above the sur­

rounding desert floor. One of the largest of these, isolated from the 

rest of the field, and about four miles from the previous lake shore 

line, is 3900 feet long and 800 feet wide. The one barchan-shaped form, 

also large, is about 1400 feet from front to back, 3900 feet from horn 

to horn, and 30 feet high. All of the structures are stabilized and 

appear to have been so for a considerable time. At the present time they 

have a sparse cover of phreatophytes. 

Dunes in the northernmost part of the field appear to be related 

to large banks or dune-like structures,coJ1posed of similar sediroent,which 

were apparently attached to previous lake shore lines. 

The southeasterly trend of these dune-like forms is due either to 

the effect of currents which may have formed the deposits or to the 

dissection of a former tabular body of sediments by post-Bonneville 

streams. One of these structures is present along the western edge of 

the belt of bedrock outcrops that extends southeast from the Terrace 

Nountains. It is 1/3 mile wide and about 4 miles long. It curves around 

the end of tbe bedrock outcrops and extends a mile and a half to the 

southeast onto the mud flats. The structure is separated from the shore 
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b y an u n d r a i n e d d e p r e s s i o n , t h e b o t t o m of which i s a t a b o u t t h e same 

e l e v a t i o n a s t h e mud f l a t s t o t h e w e s t . The d e p r e s s i o n i s a b o u t a 

q u a r t e r o f a m i l e w i d e and i t e x t e n d s t h e l e n g t h o f t h e s t r u c t u r e e x ­

c e p t where i t s k i r t s b e d r o c k e x p o s u r e s n e a r i t s s o u t h e r n e n d . 

L i n e a t i o n i s p r e s e n t i n t h e dune a r r a n g e m e n t , w i t h dunes a l l i g n e d 

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

o f c u r r e n t s i n t h a t r e g i o n . 

The dunes a r e composed of gypsum c r y s t a l s and f r a g m e n t s t h e r e o f , 

r a n g i n g from a maximum of a b o u t 5> m i l l i m e t e r s t o l e s s t h a n 1 / lOOth 

m i l l i m e t e r , and c a l c a r e o u s m a t e r i a l , some of wh ich i s i n t h e form of 

o o l i t e s , b u t most of which c o n s i s t s of c a l c i l u t i t e and s m a l l c a l c a r e o u s 

p a r t i c l e s o f u n d e t e r m i n e d o r i g i n . Very l i t t l e o t h e r c l a s t i c m a t e r i a l 

was d e t e c t e d . 

Core s were t a k e n a c r o s s one s m a l l dune and a s l i t t r e n c h was c u t i n 

t h e l a r g e b a r c h a n dune i n t h e m i d d l e of t h e Sou thern P a c i f i c R a i l r o a d c u t 

wh ich b i s e c t s t h e d u n e . Bedding i n each c a s e was e s s e n t i a l l y h o r i z o n t a l , 

t h a t i n t h e l a r g e dune b e i n g u n i f o r m o v e r s e v e r a l t e n s of f e e t t h r o u g h 

t h e c e n t r a l p a r t of t h e s t r u c t u r e . 

I t i s r e m o t e l y p o s s i b l e t h a t t h e s e d u n e - l i k e s t r u c t u r e s a r e r e s i d u a l 

t h e e r o s i o n a l r e m n a n t s of a fo rmer t a b u l a r body of s e d i m e n t which c o v e r e d 

t h e a r e a where t h e y now o c c u r . A more l i k e l y p o s s i b i l i t y , h o w e v e r , i s 

t h a t t h e y were v a r i o u s l y shaped mounds of m a t e r i a l a c c u m u l a t e d b y c u r r e n t 

on t h e f l o o r of Lake B o n n e v i l l e d u r i n g i t s l a t e r s t a g e s , wh ich mounds 

were l a t e r m o d i f i e d by c u r r e n t s f l o w i n g a round t h e m , a s e v i d e n c e d by t h e 

s m a l l s p i t - l i k e p r o t r u b e r a n c e s p r e s e n t on many of t h e m . 

F u r t h e r r e s e a r c h i s p l a n n e d i n t o t h e o r i g i n o f t h e s e s t r u c t u r e s . 
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by an undrained depression, the bottom of which is at about the same 

elevation as the mud flats to the west. The depression is about a 

quarter of a mile wide and it extends the length of the structure ex­

cept where it skirts bedrock exposures near its southern end. 

Lineation is present in the dune arrangement, with dunes alligned 

slightly northwest-southeast, in conformity with the apparent direction 

of currents in that region. 

The dunes are composed of gypsum crystals and fragments thereof, 

ranging from a maximum of about 5 millimeters to less than l/lOOth 

millimeter, and calcareous material, some of which is in the form of 

oolites, but most of which consists of calcilutite and small calcareous 

particles of undetermined origin. Very little other clastic material 

was detected. 

Cores were taken across one small dune and a slit trench was cut in 

the large barchan dune in the middle of the Southern Pacific Railroad cut 

which bisects t1le dune. Bedding in each case was essentially horizontal, 

that in the large dune being uIliform over several tens of feet through 

the central part of the structure. 

It is remotely possible that these dune-like structures are residual, 

the erosional remnants of a former tabular body of sediment which covered 

the area where they now occur. A more likely possibility, hOv18ver, is 

that they were variously shaped mounds of material accumulated by currents 

on the floor of Lake Bonneville during its later stages, which mounds 

were later modified by currents flouing around them, as evidenced by the 

small spit-like protruberances present on many of them. 

Further research is planned into the origin of these structures. 
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Caves 

A l a r g e c a v e i s p r e s e n t i n t h e SW c o r n e r , N E J S E J s e c . 3 1 , T . 8 H«, 

R. 12 W. , i n t h e s o u t h w e s t e r n p a r t o f t h e a r e a . I t was" a p p a r e n t l y formed 

b y s o l u t i o n a l o n g a b r e c c i a t e d zone and was p o s s i b l y u p l i f t e d by f a u l t i n g 

t o i t s p r e s e n t p o s i t i o n . I t i s i n one of t h e c a r b o n a t e i n t e r v a l s i n t h e 

Rex C h e r t and i s a t an e l e v a t i o n o f a b o u t hlOO f e e t , midway b e t w e e n t h e 

S t a n s b u r y and P rovo l a k e t e r r a c e s . I t h a s a l a r g e a n t e - r o o m , a b o u t 5>0 

f e e t d e e p , 1$ f e e t w ide and 10 t o V~> f e e t h i g h , c o n n e c t e d by a f o o t - h i g h 

c r a w l s p a c e t o an i n n e r room a b o u t 15> f e e t i n d i a m e t e r and 6 f e e t h i g h * 

The f l o o r s of b o t h rooms a r e composed of l a k e g r a v e l and r o o f f a l l s * 

T h r e e s m a l l c a v e s , l i t t l e more t h a n o v e r h a n g s , a r e p r e s e n t i n t h e 

s o u t h e r n p a r t of t h e a r e a . Two a r e a d j a c e n t , a t an e l e v a t i o n of khOO 

f e e t , i n t h e w e s t f s e c . 3 , T* 6 N . , R. 1 1 W . , formed a t t h e b a s e of u n i t 

13 o f t h e s e c t i o n o f t h e O q u i r r h F o r m a t i o n m e a s u r e d a t t h a t p l a c e . The 

t h i r d i s l o c a t e d u n d e r a s h e l l o f t u f a - c e m e n t e d l a c u s t r i n e c o n g l o m e r a t e 

i n s e c . 1 0 , T . 5 N . , R. 1 1 W. , a t a b o u t 1|300 f e e t . These t h r e e a l l 

a p p e a r t o have b e e n e x c a v a t e d by s h o r e p r o c e s s e s of Lake B o n n e v i l l e . 

Each of t h e c a v e s m e n t i o n e d was o c c u p i e d a s a s h e l t e r by I n d i a n s , 

a s e v i d e n c e d by a r t i f a c t s found i n and a r o u n d t h e m . 

D o l p h i n I s l a n d 

D o l p h i n I s l a n d was d e s c r i b e d by S t a n s b u r y d u r i n g h i s s u r v e y o f G r e a t 

S a l t L a k e . Of i t he s a i d ( 1 8 5 3 , p . 191) t h a t : 

l ! The summit i s some 70 f e e t above t h e l e v e l of t h e w a t e r , 
and t h e i s l a n d c o n s i s t s m a i n l y of c o n g l o m e r a t e i n 
h o r i z o n t a l s t r a t a , and v a r y i n g much i n t h e s i z e o f t h e 
cemen ted s t o n e . 1 1 

/ 
Caves 

A large cave is present in the SW corner, tffiisE% sec. 31, T. 8 N., 

R. 12 W., in the southwestern part of the area. It was- apparently formed 

by solution along a brecciated zone and was possibly uplifted by faulting 

to its present position. It is in one of the carbonate intervals in the 

Rex Chert and is at an elevation of about 4700 feet, midt-laY between the 

Stansbury and Provo lake terraces. It has a large ante-room, about 50 

feet deep, 15 feet wide and 10 to 15 feet high, connected by a foot-high . 
crawl space to an inner room about 15 feet in diameter and 6 feet high. 

The floors of both rooms are c or:lposed of lake gravel and roof falls. 

Three small caves, little more than overhangs, are present in the 

southern part of the area. Two are adjacent, at an elevation of 4400 

feet, in the "Hest ~ sec. 3, T. 6 N., R. 11 W., formed at the base of unit 

13 of the section of the Oquirrh Formation measured at that place. The 

third is located under a shell of tufa-cemented lacustrine conglomerate 

in sec. 10, T. 5 N., R. 11 W., at about 4300 feet. These three all 

appear to have been excavated by shore processes of Lake Bonneville. 

Each of the caves mentioned was occupied as a shelter by Indians, 

as evidenced by artifacts found in and around them. 

Dolphin Island 

Dolphin Island was described by Stansbury during his survey of Great 

Salt Lake. Of it he said (1853, p. 191) that : 

"The summit is some 70 feet above the level of the water, 
and the island consists mainly of conglomerate in 
horizontal strata, and varying much in the size of the 
cemented stone. 11 
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Only a few d e t a i l s c a n be added t o t h i s d e s c r i p t i o n . The f e a t u r e 

i s n o t an i s l a n d a t t h e p r e s e n t t i m e n o r does t h e s a l t c r u s t s t i l l e x i s t 

t h a t S t a n s b u r y m e n t i o n s a s l y i n g i m m e d i a t e l y w e s t o f t h e i s l a n d . The 

e l e v a t e d p a r t o f t h e i s l a n d i s a b o u t t h r e e - q u a r t e r s of a m i l e l o n g , a 

t h i r d o f a m i l e w i d e , a n d a s p o t e l e v a t i o n on t h e Army Map S e r v i c e s h e e t 

i n d i c a t e s t h a t t h e summit i s 1|235> f e e t above s e a l e v e l . The i s l a n d i s 

formed e s s e n t i a l l y of c a l c a r e o u s t u f a - c e m e n t e d c o n g l o m e r a t e ( F i g . 2 1 ) , 

t h e c o n s t i t u e n t s of which a r e s u b - t o w e l l - r o u n d e d , l a r g e - c o b b l e t o s a n d -

s i z e d e l a s t i c s a p p a r e n t l y d e r i v e d from t h e s a n d s t o n e s and b l a c k l i m e s t o n e s 

i n t h e e a s t e r n T e r r a c e o r t h e Hogup M o u n t a i n s . Wave a c t i o n and s o u t h -

f l o w i n g c u r r e n t s formed s m a l l c l i f f s on t h e n o r t h end of t h e i s l a n d and 

p r o d u c e d two w i n g - l i k e s p i t s o f g r a v e l and s a n d which e x t e n d t o t h e s o u t h 

on e i t h e r s i d e of t h e i s l a n d . O o l i t i c s a n d i s a b u n d a n t i m m e d i a t e l y a r o u n d 

t h e i s l a n d and on t h e s u r r o u n d i n g f l a t s . 

Lake B o n n e v i l l e F e a t u r e s 

G e n e r a l S t a t e m e n t 

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

mapped a r e a was r e c o g n i z e d e a r l y i n t h e c o u r s e of i n v e s t i g a t i o n s of t h e 

r e g i o n . They a r e f i r s t m e n t i o n e d , t h o u g h o n l y b r i e f l y , by Howard S t a n s ­

b u r y ( 1 8 5 3 ) i n h i s s u r v e y of t h e G r e a t S a l t L a k e . They were p a i d c o n s i ­

d e r a b l e t r i b u t e some y e a r s l a t e r by A r n o l d Hague ( i n K i n g , 1 8 7 7 , p . h27)9 

who s a i d o f t h e n o r t h e r n p a r t of t h e mapped a r e a and a d j o i n i n g a r e a s , 

t h a t p r o b a b l y no l o c a l i t y i n t h e r e g i o n o f S a l t Lake a f f o r d s a b e t t e r 

o p p o r t u n i t y f o r o b s e r v i n g t h e b r o a d e r and more pe rmanen t l a k e t e r r a c e s 

which mark t h e c h a n g e s of l e v e l of t h e e a r l i e r b o d i e s of w a t e r . G. K, 
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Only a few details can be added to this description. The feature 

is not an island at the present time nor does the salt crust still exist 

that Stansbury mentions as lying i~~ediately west of the isl&ld. The 

elevated part of the island is about three-quarters of a m..i..le long, a 

third of a mile wide, and a spot elevation on the Army Hap Service sheet 

indicates that the summit is 4235 feet above sea level. The island is 

formed essentially of calcareous tufa-cemented conglomerate (Fig. 21), 

the constituents of which are sub- to well-rounded, large-cobble to sand­

pized clastics apparently derived from the sandstones and black llllestones 

in the eastern Terrace or the Hogup Hountains. 1flave action and south­

flowing currents formed small cliffs on the north end of the island and 

produced two wing-like spits of gravel and sand which extend to the south 

on either side of the island. Oolitic sand is abundant immediately around 

the island and on the surrounding flats. 

Lake Bonneville Features 

General Statement 

The magnificent development of lacustrine shore features in the 

mapped area was recognized early in the course of investigations of the 

region. They are first mentioned, though only briefly, by Ho"mrd Stans­

bury (1853) in his survey of the Great Salt Lake. They were paid consi­

derable tribute some years later by Arnold Hague (in King, 1877, p. 427), 

who said of the northern part of the mapped area and adjoining areas, 

that probably no locality in the region of Salt Lake affords a better 

opportunity for observing the broader and more permanent lake terraces 

which mark the changes of level of the earlier bodies of water. G. K. 



F i g u r e 2 1 . T u f a - c e m e n t e d c o n g l o m e r a t e of "undetermined 
age which forms t h e e l e v a t e d p o r t i o n s o f D o l p h i n 
I s l a n d . View i s of s m a l l c l i f f s a t n o r t h e r n end o f 
t h e i s l a n d . 

Figure 21 . Tufa-cerr~nted conglomerate of undetermined 
age which forms the el evated portions of Dol phi n 
Island. View is of small cliffs at northern end of 
the island. 
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G i l b e r t v i s i t e d t h e n o r t h e r n p a r t of t h e mapped a r e a i n t h e l a t e 1 8 7 0 f s . 

He m e n t i o n e d s e v e r a l i m p o r t a n t l a c u s t r i n e f e a t u r e s o f t h e a r e a , and mea­

s u r e d and i l l u s t r a t e d l a k e t e r r a c e l e v e l s on K e l t o n B u t t e ( G i l b e r t , 1 8 9 0 ) , 

I n t h e p r e s e n t r e p o r t ^ a l l l a c u s t r i n e f e a t u r e s a r e a s c r i b e d t o s h o r e 

p r o c e s s e s a c t i v e i n Lake B o n n e v i l l e , a l t h o u g h t h e i d e a h a s b e e n e x p r e s s e d 

by J o n e s and M a r s e l l ( 1 9 5 5 • P« 116 ) t h a t some of t h e s h o r e l i n e f e a t u r e s 

o f t h e B o n n e v i l l e b a s i n c o n c e i v a b l y were p r o d u c e d by p r e d e c e s s o r s of Lake 

B o n n e v i l l e , b e c a u s e , a s t h e y f u r t h e r s t a t e ( i b i d . , p . 117)> 1 1 • • . i t 

seems c e r t a i n t h a t Lake B o n n e v i l l e was o n l y t h e l a s t o f s e v e r a l P l e i s t o c e n e 

l a k e s t o occupy s u c c e s s i v e l y t h e same b a s i n . " W i t h r e s p e c t t o p r e v i o u s 

o c c u p a t i o n s o f t h e B o n n e v i l l e b a s i n , E a r d l e y s t a t e s ( i n E a r d l e y and o t h e r s , 

1 9 5 7 , p« 1197) t h a t l a k e s o l d e r t h a n t h e A l p i n e e x i s t e d b u t d i d n o t r i s e 

a s h i g h , and t h e i r d e p o s i t s a r e n o t y e t w e l l u n d e r s t o o d . 

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

dominan t p a r t o f t h e l a n d s c a p e i n t h e mapped a r e a t h a t b r i e f d e s c r i p t i o n s 

o f t h e more o u t s t a n d i n g ones w i l l b e g i v e n h e r e . The many d i f f e r e n t 

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

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

c u s p a t e o r l o o p e d b a r s , t o m b o l o s , b o t h l o n g s h o r e and V - s h a p e d w a v e - b u i l t 

t e r r a c e s and s e v e r a l t y p e s of b a r s . 

E r o s i o n a l F e a t u r e s 

S e a - c l i f f s . G i l b e r t ( 1 9 0 1 , p . 3h) f e l t t h e t e r m s e a - c l i f f s h o u l d b e 

r e t a i n e d o v e r t h e more a c c u r a t e t e r m l a k e - c l i f f f o r s u c h f e a t u r e s i n t h e 

B o n n e v i l l e b a s i n , b e c a u s e o f t h e l o n g e s t a b l i s h e d u s e o f t h e f o r m e r t e r m . 

E x c e p t f o r a few i s o l a t e d c a s e s , s e a - c l i f f s a r e l i m i t e d t o t h e h i g h e s t , 

Gilbert visited the northern part of the mapped area in the late l870's. 

He mentioned several important lacustrine features of the area, and mea­

sured and illustrated lake terrace levels on Kelton Butte (Gilbert, 1890). 

In the present report I all lacustrine features are ascribed to shore 

processes active in Lake Bonneville, although the idea has been expressed 

by Jones and }fursell (1955, p. 116) that some of the shoreline features 

of the Bonneville basin conceivably were produced by predecessors of Lake 

Bonneville, because, as they further state (ibid., p. 117), It ••• it 

seems certain that Lake Bonneville liaS only the last of several Pleistocene 

lakes to occuP,1 successively the same basin." With respect to previoo.s 

occupations of the Bonneville basin, Eardley states (in Eardley and others, 

1957, p. 1197) that lakes older than the Alpine existed but did not rise 

as high, and their deposits are not yet well understood. 

Lacustrine shore features are so well developed and are such a 

dominant part of the landscape in the mapped area that brief descriptions 

of the more outstanding ones will be given here. The many different 

kinds present include both erosional features, such as sea cliffs and 

wave-cut terraces and constructional features, such as spits and hooks, 

cuspate or looped bars, tombolos, both longshore and V-shaped wave-built 

terraces and several types of bars. 

Erosional Features 

Sea-cliffs. Gilbert (1901, p. 34) felt the term sea-cliff should be 

retained over the more accurate term lake-cliff for such features in the 

Bonneville basin, because of the long established use of the former term. 

Except for a few isolated cases, sea-cliffs are limited to the highest, 
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o r B o n n e v i l l e s h o r e l i n e i n t h e mapped a r e a . An o u t s t a n d i n g l i n e o f s u c h 

c l i f f s , now p a r t i a l l y o b s c u r e d by p o s t - l a k e a l l u v i a l f a n s , o c c u r s a l o n g 

t h e e a s t s i d e o f t h e e a s t e r n T e r r a c e Moun ta in s a t t h e B o n n e v i l l e l e v e l 

( F i g . 2 2 ) , The b a s e of t h i s l i n e o f c l i f f s i s m a r k e d l y h o r i z o n t a l , a 

c o n s t a n t c h a r a c t e r i s t i c o f such f e a t u r e s a c c o r d i n g t o G i l b e r t ( 1 9 0 1 , 

p . 3k)• The s t r i k i n g a l i g n m e n t of t h e s e c l i f f s may b e due t o t h e i n f l u e n c e 

o f an e a s t e r n r a n g e - b o r d e r i n g f a u l t , b u t l a k e s e d i m e n t s have o b l i t e r a t e d 

any t r a c e o f a f a u l t and h a v e c o n c e a l e d any key b e d r o c k e x p o s u r e s t h a t 

m i g h t have i n d i c a t e d t h e p o s i t i o n of o n e . O t h e r l i n e s of s e a - c l i f f s , of 

s m a l l e r s i z e and l e s s s t e e p n e s s o c c u r a l o n g b o t h s i d e s o f t h e w e s t e r n 

T e r r a c e M o u n t a i n s . I n a l l o f t h e s e p l a c e s , wave a c t i o n h a s t r u n c a t e d 

s p u r s wh ich now form s m a l l a l i g n e d f l a t i r o n s , now l a r g e l y c o v e r e d w i t h 

t a l u s * 

S m a l l e r , u s u a l l y i s o l a t e d w a v e - c u t c l i f f s o c c u r b e l o w t h e B o n n e v i l l e 

l e v e l , e s p e c i a l l y i n t h e s o u t h e r n p a r t o f t h e a r e a * 

Wave -cu t T e r r a c e s . At many p l a c e s , t h e n i c k p o i n t where t h e Bonne­

v i l l e l e v e l t e r r a c e m e e t s t h e b a s e o f t h e c l i f f s i s v e r y p r o b a b l y w a v e -

c u t , b u t i n most i n s t a n c e s t h e c u t b e d r o c k s u r f a c e i s o b s c u r e d by a v e ­

neer of g r a v e l . F i g u r e 23 i l l u s t r a t e s one of s e v e r a l fo rmer i s l a n d s i n 

t h e mapped a r e a which a r e s u r r o u n d e d by b r o a d t e r r a c e s a t t h e B o n n e v i l l e 

l a k e l e v e l , wh ich t e r r a c e s a r e p a r t i a l l y w a v e - c u t , h a v i n g b e d r o c k e x p o ­

s u r e s on and a r o u n d t h e m , and a r e p a r t i a l l y w a v e - b u i l t . K e l t o n B u t t e 

h a s a n o t h e r such t e r r a c e and was i l l u s t r a t e d by G. K. G i l b e r t i n h i s 

B o n n e v i l l e monograph ( 1 8 9 0 , p . 1 0 8 ) . Wave-cu t t e r r a c e s a r e found a l m o s t 

e x c l u s i v e l y i n a s s o c i a t i o n w i t h w a v e - b u i l t t e r r a c e s and a r e v e r y few i n 

number w i t h r e s p e c t t o c o n s t r u c t i o n a l t e r r a c e s * 
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or Bonneville shore ]jne in the mapped area. An outstanding line of such 

cliffs, now partially obscured by post-lake alluvial fans, occurs along 

the east side of the eastern Terrace Hountains at the Bonneville level 

(Fig~ 22)8 The base of this line of cliffs is maxkedly horizontal, a 

constant characteristic of such features according to Gilbert (1901, 

p. 34). The striking alignment of these cliffs may be due to the influence 

of an eastern range-bordering fault, but lake sediments have obliterated 

any trace of a fault and have concealed any key bedrock exposures that 

might have indicated the position of one. Other lines of sea-cliffs, of 

smaller size and less steepness occur along both sides of the western 

Terrace Hountains. In all of these places, wave action has truncated 

spurs which now form small aligned flatirons, now largely covered with 

talus. 

Smaller, usually isolated wave-cut cliffs occur below the Bonneville 

level, especially in the southern part of the area. 

Wave-cut Terraces. At many places, the nickpoint where the Bonne­

ville level terrace meets the base of the cliffs is very probably wave­

cut, but in most instances the cut bedrock surface is obscured by a ve­

neer of gravel. Figure 23 illustrates one of several former islands in 

the ma~pod area which are surrounded by broad terraces at the Bonneville 

lake level, which terraces are partially wave-cut, having bedrock expo­

sures on and around them, and are partially wave-built. Kelton Butte 

has another such terrace and was illustrated by G. K. Gilbert in his 

Bonneville monograph (1890, p. 108). Wave-cut terraces are found almost 

exclusively in association with wave-built terraces and are very few in 

number with respect to constructional terraces. 
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C o n s t r u c t i o n a l F e a t u r e s 

S p i t s and H a o k s . P e r h a p s t h e mos t c o n s p i c u o u s l a k e f e a t u r e i n t h e 

mapped a r e a i s t h e T e r r a c e S p i t ( F i g . 2 U ) , wh ich i s a t t a c h e d t o t h e 

s o u t h e r n t i p of t h e e a s t e r n T e r r a c e Moun ta in s and e x t e n d s f o r n i n e m i l e s 

t o t h e s o u t h e a s t . From i t s p r o x i m a l o r a t t a c h e d end a t an e l e v a t i o n o f 

a b o u t 5300 f e e t , i t d e s c e n d s n e a r l y 1100 f e e t t o t h e l e v e l o f t h e c l a y 

f l a t s , a t an e l e v a t i o n t h e r e o f lj.210 f e e t . Forming t h e p r o x i m a l end o f 

t h e s p i t i s a s p e c t a c u l a r V-shaped t e r r a c e , a p p r o x i m a t e l y 3300 f e e t l o n g , 

v e r y n e a r l y h o r i z o n t a l and h a v i n g a t r i a n g u l a r d e p r e s s i o n 1 0 t o 20 f e e t 

d e e p w i t h i n m a r g i n a l b a r r i e r b a r s ( F i g . 2 0 a ) , , The t e r r a c e a n d i t s p e n ­

d a n t s p i t were b u i l t by two s t r o n g l i t t o r a l c u r r e n t s , one f l o w i n g s o u t h 

a l o n g t h e e a s t s i d e o f t h e Hogup and e a s t e r n T e r r a c e M o u n t a i n s and t h e 

o t h e r f l o w i n g e a s t , an eddy c u r r e n t i n t h e l a r g e embayment s o u t h w e s t o f 

t h e s p i t . The two c u r r e n t s were o f n e a r l y e q u a l s t r e n g t h when t h e l a k e 

was a t t h e B o n n e v i l l e l e v e l , b u t l a t e r , a s t h e s i z e of t h e embayment was 

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

t h e s o u t h e a s t , p a r a l l e l t o t h e e a s t s i d e o f t h e r a n g e . The d i s t a l end 

of t h e s p i t was r e c u r v e d t o w a r d t h e b a y f o r m i n g a t e r m i n a l h o o k . 

A s e c o n d l a r g e s p i t , h e r e i n c a l l e d t h e Hogup S p i t , was formed a t t h e 

B o n n e v i l l e l e v e l i n t h e Hogup M o u n t a i n s , b y t h e same s o u t h - f l o w i n g c u r ­

r e n t t h a t formed t h e T e r r a c e S p i t . The c u r r e n t f lowed from t h e n o r t h 

a r o u n d what a t t h e t i m e was a s m a l l i s l a n d , moving d e t r i t u s f rom b o t h 

s i d e s t o form t h e s p i t on t h e s o u t h o r l e e e n d . The Hogup S p i t i s s t r a i g h t , 

a b o u t 3000 f e e t l o n g , s e v e r a l h u n d r e d f e e t w i d e , and n e a r l y r e c t a n g u l a r 

i n p l a n v i e w . The n e a r l y f l a t s u r f a c e o f t h e s p i t s l o p e s t o w a r d t h e d i s ­

t a l e n d , and l i k e t h e T e r r a c e S p i t , i t h a s a s m a l l V - s h a p e d d e p r e s s i o n 

where i t i s a t t a c h e d t o t h e i s l a n d . 
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/ Constructional Features 

Spits and HJoks. Perhaps the most conspicuous lake feature in the 

mapped area is the Terrace Spit (Fig. 24), which is attached to the 

southern tip of the eastern Terrace Mountains and extends for nine miles 

to the southeast. From its proximal or attached end at an elevation of 

about 5300 feet, it descends nearly 1100 feet to the level of the clay 

flats, at an elevation there of 4210 feet. Forming the proximal end of 

the spit is a spectacular V-shaped terrace, approximately 3300 feet long, 

very nearly horizontal and having a triangular depression 10 to 20 feet 

deep within marginal barrier bars (Fig. 20a)., The terrace and its pen­

dant spit were built by two strong littoral currents, one flowing south 

along the east side of the Hogup and eastern Terrace Mountains and the 

other flowing east, an eddy current in the large embayment southwest of 

the spit. The two currents were of nearly equal strength when the lake 

was at the Bonneville level, but later, as the size of the embayment was 

reduced, the south-flowing current became dominant, aligning the spit to 

the southeast, parallel to the east side of the range. The distal end 

of the spit was recurved toward the bay forming a terminal hook. 

A second large spit, herein called the Hogup Spit, was formed at the 

Bonneville level in the HOgijp Mountains, by the same south-flowing cur­

rent that formed the Terrace Spit. The current flowed from the north 

around what at the time was a small island, moving detritus from both 

sides to form the spit on the south or lee end. The Hogup Spit is straight, 

about 3000 feet long, several hundred feet wide, and nearly rectangular 

in plan view. The nearly flat surface of the spit slopes toward the dis­

tal end, and like the Terrace Spit, it has a small V-shaped depression 

where it is attached to the island. 



F i g u r e 2lw Compos i t e o f v e r t i c a l a e r i a l p h o t o g r a p h s show­
i n g T e r r a c e S p i t e x t e n d i n g t o t h e s o u t h e a s t from t h e 
e a s t e r n T e r r a c e M o u n t a i n s . 

Figure 24 . Composite of ver tical aerial photographs show­
ing Terrace Spit extending to the southeast from the 
easter n Terrace Hountains. 
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S m a l l e r s p i t s a r e common i n t h e mapped a r e a , b u t none compare i n 

s i z e o r d e g r e e o f d e v e l o p m e n t t o t h e two d e s c r i b e d * 

Curved s p i t s o r hooks were formed a t s e v e r a l p l a c e s i n t h e n o r t h e r n 

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

away from t h e d i r e c t i o n of l i t t o r a l c u r r e n t s * The hooks u s u a l l y form 

s h o r t e x t e n s i o n s from l a r g e r g r a v e l embankment s . 

C u s p a t e B a r s * A c u s p a t e , o r l o o p e d b a r was formed on t h e s o u t h ­

e a s t s i d e o f n o r t h e r n P e p l i n Moun ta in i n s e e s . 9 and 1 6 , T . U N . , R* 

12 V/., ( F i g . 1 8 , b ) . I t was b u i l t e i t h e r b y l i t t o r a l c u r r e n t s c o n v e r g i n g 

i n t h e l e e o f a h e a d o r by a hook o r i g i n a t i n g on one s i d e of t h e h e a d 

and r e j o i n i n g i t on t h e o t h e r * 

Looped o r c u s p a t e b a r s e n c l o s i n g V - s h a p e d t e r r a c e s were formed a t 

t h e p r o x i m a l e n d s o f most s p i t s o r on h e a d l a n d s where c u r r e n t s c o n v e r g e d . 

One l o o p e d o r V- shaped b a r formed a t t h e G i l b e r t l e v e l o f f t h e s o u t h e r n ­

mos t b e d r o c k i n t h e mapped a r e a , where s o u t h - and e a s t - f l o w i n g c u r r e n t s 

b u i l t s p i t s o u t from s e p a r a t e h e a d s u n t i l t h e y c o n v e r g e d a t t h e a p e x o f 

t h e V. Both s p i t s were c u r v e d i n t o hooks a t numerous t i m e s d u r i n g t h e i r 

d e v e l o p m e n t by c u r r e n t s t u r n i n g i n t o t h e q u i e t m e d i a l l a g o o n . "When t h e 

s p i t s j o i n e d , t h e l a g o o n became e n t i r e l y e n c l o s e d and i s now an u n d r a i n e d 

d e p r e s s i o n . 

Tombolos . At t h e B o n n e v i l l e s t a g e o f t h e l a k e , numerous s m a l l 

i s l a n d s we re t i e d by b a r s a s t o m b o l o s t o t h e main T e r r a c e Moun ta in m a s s , 

an i s l a n d i t s e l f a t t h e t i m e . Two of t h e s e t o m b o l o s c o m p r i s e t h e Hogup 

M o u n t a i n s . L a t e r , a t t h e l o w e r P rovo s t a g e , a c h a i n of i s l a n d s , a l l 

c o n n e c t e d by g r a v e l b a r s , j o i n e d t h e Hogup M o u n t a i n s t o P e p l i n Moun ta in 

and t o t h e " m a i n l a n d " t o t h e n o r t h . An i m p o r t a n t one among many of t h e 

s m a l l e r t o m b o l o s i s C r o c o d i l e Moun ta in w h i c h , t h o u g h i t was e n t i r e l y s u b -

Smaller spits are cornmon in the mapped area, but none compare in 

size or degree of development to the two described. 

Curved spits or hooks were formed at several places in the northern 

part of the area! especially where shore lines diverged abruptly la~dward 

away from the direction of littoral currents. The hooks usually form 

short extensions from larger gravel embankments. 

Cuspate Bars. A cuspate, or looped bar was formed on the south­

east side of northern Peplin Hountain in secs. 9 and 16, T. 11 N., R. 

+2 W., (Fig. 18, b). It was built either by littoral currents converging 

in the lee of a head or by a hook originating on one side of the head 

and rejoining it on the other. 

Looped or cuspate bars enclosing V-shaped terraces were formed at 

the proximal ends of most spits or on headlands where currents converged. 

One looped or V-shaped bar formed at the Gilbert level off the southern­

most bedrock in the mapped area, where south- and east-flolf.Lng currents 

built spits out from separate heads until they converged at the apex of 

the V. Both spits were curved into hooks at numerous times during their 

development by currents turning into the quiet medial lagoon. vllien the 

spits joined, the lagoon became entirely enclosed and is now an undrained 

depression. 

Tombolos. At the Bonneville stage of the lake, numerous small 

islands were tied by bars as tombolos to the main Terrace f.1ountain mass, 

an island itself at the time. ~TO of these tombolos comprise the Hogup 

Mountains. Later, at the lower Provo stage, a chain of islands, all 

connected by gravel bars, joined the Hogup Hountains to Peplin Nountain 

and to the ttmainland" to the north. An important one among many of the 

smaller tombolos is Crocodile Mountain which, though it was entirely sub-
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merged d u r i n g h i g h l a k e s t a g e s , was an i s l a n d and was t i e d t o t h e n o r t h ­

e a s t s i d e o f t h e Hogup Moun ta in s by t h e Hogup Bar when l a k e l e v e l s were 

be low U300 f e e t . 

F i g u r e 18 i l l u s t r a t e s a s h o r t t o m b o l o t y i n g a s m a l l i s l a n d t o t h e 

s o u t h e r n s i d e of P e p l i n Moun ta in ( c ) , a s w e l l a s showing two baymouth 

b a r s ( g ) , a c u s p a t e b a r ( b ) , a w a v e - c u t t e r r a c e ( d ) , s e a - c l i f f ( e ) , and 

c u s p a t e f o r e l a n d s ( f ) . 

W a v e - b u i l t T e r r a c e s . C o n s t r u c t i o n a l t e r r a c e s o c c u r i n a l l p a r t s o f 

t h e mapped a r e a t h a t we re c o v e r e d by t h e l a k e . They a r e e s p e c i a l l y w e l l 

d e v e l o p e d a t t h e Provo l e v e l , and on t h e w e s t e r n s i d e of t h e Hogup Moun­

t a i n s t h e y a r e o u t s t a n d i n g f o r t h e i r b r e a d t h and f l a t n e s s ( F i g . 2 5 ) . 

P a r t s of a l l t e r r a c e s i n t h e a r e a a r e w a v e - b u i l t , e s p e c i a l l y t h o s e a t t h e 

ma jo r l a k e l e v e l s r e c o g n i z e d t h r o u g h o u t t h e B o n n e v i l l e b a s i n . 

Major T e r r a c e s and E l e v a t i o n s 

Major l a k e t e r r a c e s were d e v e l o p e d a t t h e B o n n e v i l l e , P r o v o , and 

S t a n s b u r y l e v e l s of Lake B o n n e v i l l e ( F i g . 2 6 ) . Because t h e y we re formed 

d u r i n g r e l a t i v e l y l o n g p e r i o d s of s t a b l e w a t e r l e v e l , t h e y e x h i b i t b o t h 

w a v e - c u t and w a v e - b u i l t t e r r a c e s and numerous s p i t s and b a r s . They a r e 

d i s t i n g u i s h a b l e anywhere w i t h i n t h e mapped a r e a and a r e e a s i l y t r a c e d 

on a e r i a l p h o t o g r a p h s . They a p p e a r e q u a l l y w e l l d e v e l o p e d t h r o u g h o u t 

t h e r e g i o n , a s t h e f e t c h on t h e l a k e was l o n g and n e a r l y t h e same i n a l l 

d i r e c t i o n s e x c e p t t o t h e n o r t h . As i n most o t h e r a r e a s o f t h e B o n n e v i l l e 

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

t h e u p p e r m o s t o r B o n n e v i l l e t e r r a c e i s t h e mos t d i s t i n c t b e c a u s e o f t h e 

a b r u p t c o n t r a s t i n t o p o g r a p h y above and b e l o w i t ( F i g . 2 0 , d and F i g . 2 6 ) . 
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merged during high lake stages, was an island and was tied to the north­

east side of the Hogup }1ountains by the Hogup Bar when lake levels were 

below 4300 feet. 

Figure 18 illustrates a short tombolo tying a small island to the 

southern side of Peplin Hountain (c), as well as showing two baymouth 

bars (g), a cuspate bar (b), a wave-cut terrace (d), sea-cliff (e), and 

cuspate forelands (f). 

Wave-built Terraces. Constructional terraces occur in all parts of 

the mapped area that Here covered by the lake. They are especially well 

developed at the Provo level, and on the western side of the Hogup Moun­

tains they are outstanding for their breadth and flatness (Fig. 25). 

Parts of all terraces in the area are wave-built, especially those at the 

major lake levels recognized throughout the Bo~~eville basin. 

Major Terraces and Elevations 

Major lake terraces were developed at the Bonneville, Provo, and 

Stansbury levels of Lake Bonneville (Fig. 26). Because they were formed 

during relatively long periods of stable water level, they exhibit both 

wave-cut and wave-built terraces and numerous spits and bars. They are 

distinguishable a~~here within the mapped area and are easily traced 

on aerial photographs. They appear equally well developed throughout 

the region, as the fetch on the lake was long and nearly the s&~e in all 

directions except to the north. As in most other areas of the Bonneville 

basin, the Provo level terrace is the best developed of the three, but 

the uppermost or Bonneville terrace is the most distinct because of the 

abrupt contrast in topography above and below it (Fig. 20, d and Fig. 26). 



F i g u r e 2$, View t o t h e s o u t h e a s t of b r o a d , f l a t g r a v e l 
t e r r a c e s a t t h e Provo l e v e l w e s t o f t h e Hogup Moun­
t a i n s , a l s o showing t h e s o u t h e r n Hogup and e a s t e r n 
T e r r a c e Moun ta in s i n t h e b a c k g r o u n d t o t h e l e f t , s e p ­
a r a t e d by t h e Big P a s s from Tangen t Peak i n t h e w e s t ­
e r n T e r r a c e Moun ta ins t o t h e r i g h t . 

F i g u r e 2 6 . View t o t h e s o u t h w e s t o f t h e n o r t h e r n Hogup 
M o u n t a i n s , two m i l e s d i s t a n t t o t h e r i g h t , and t h e 
e a s t e r n T e r r a c e Moun ta in s t o t h e l e f t . F i r s t t e r r a c e 
b e l o w h i l l t o p s i s B o n n e v i l l e , s econd w e l l d e v e l o p e d 
t e r r a c e i s P r o v o , t h i r d i s S t a n s b u r y . Below and b e ­
tween t h e s e a r e i n t e r m e d i a t e t e r r a c e s . H a y s t a c k i s 
on G i l b e r t t e r r a c e . 

Figure 25 , View to the southeast of broad, nat gravel 
terr aces at the Provo l evel west or t he Hogup Moun­
tains , also showing the southern Hogup and eastern 
Terrace Hountains in t he background to t he lett , sep­
arated qy the Big Pass fr om Tangent Peak in the west­
ern Terrace Hountains to the right . 

Figure 26 . Vi ew to t he southwest of the northern Hogup 
Hountains , two miles distant to the right , and the 
eastern Terrace Mountains to the left. First terrace 
below hilltops is Bonnevill e , second well devel oped 
terrace is Provo, third is Stansbury . Bel ow and be­
tween these are intermediate t erraces . Haystack is 
on Gilbert terrace . 
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The B o n n e v i l l e s h o r e 3 ine i s n e a r l y e v e r y w h e r e marked by a l i n e o f f a c e t e d 

s p u r s and baymouth b a r s , and on t h e e a s t s i d e o f t h e e a s t e r n T e r r a c e 

Moun ta in s a t e r r a c e a s wide a s 800 f e e t was b u i l t a t t h i s l e v e l . 

A t t e m p t s made by t h e w r i t e r t o d e t e r m i n e a c c u r a t e l e v e l s o f t h e 

ma jo r t e r r a c e s i n t h e mapped a r e a consumed c o n s i d e r a b l e t i m e and met 

w i t h l i t t l e s u c c e s s . The work was done p a r t l y f o r t h i s r e p o r t and p a r t ­

l y i n c o n j u n c t i o n w i t h an i n v e s t i g a t i o n o v e r t h e e n t i r e b a s i n done b y 

Max C r i t t e n d e n o f t h e U . S . G e o l o g i c a l S u r v e y ( C r i t t e n d e n , 1 9 6 3 ) • One of 

t h e p u r p o s e s o f t h e s e s t u d i e s was t o c o n f i r m G. K. G i l b e r t f s p r o p o s a l 

t h a t t h e l a k e t e r r a c e s showed c o n c e n t r i c u p l i f t due t o i s o s t a t i c r e b o u n d 

a f t e r u n l o a d i n g o f t h e w a t e r from Lake B o n n e v i l l e . 

Lake t e r r a c e l e v e l s n e a r K e l t o n were f i r s t m e a s u r e d d u r i n g t h e 

S t a n s b u r y s u r v e y of t h e r e g i o n i n 1850 and l a t e r by A r n o l d Hague f o r t h e 

s u r v e y o f t h e F o r t i e t h P a r a l l e l u n d e r C l a r e n c e K i n g . More c o m p l e t e 

measu remen t s were made by A. L . W e b s t e r a s p a r t of G. K. G i l b e r t ' s s u r ­

v e y of Lake B o n n e v i l l e p u b l i s h e d i n 1 8 9 0 . The f i g u r e s l i s t e d by W e b s t e r 

( i n G i l b e r t , 1 8 9 0 , Append ix A) v a r y s l i g h t l y , a p p a r e n t l y b e c a u s e s e v e r a l 

methods of measurement were employed and d i f f e r e n t f e a t u r e s w e r e ^ m e a s u r e d 

i n t h e f i e l d . H i s measu remen t s a r e o f r e l a t i v e e l e v a t i o n s above t h e Lake 

Shore Gauge Z e r o Datum which i s U208 f e e t above mean t i d e ( G i l b e r t , 1 8 9 0 , 

p . 361; ) . 

B o n n e v i l l e T e r r a c e . E l e v a t i o n s of t h e B o n n e v i l l e t e r r a c e were d e t e r ­

mined by t h e w r i t e r i n t h e s o u t h e r n Hogup Moun ta in s and on K e l t o n B u t t e 

a b o u t 10 m i l e s t o t h e n o r t h . I n t h e Hogup M o u n t a i n s , a s p o t e l e v a t i o n 

of 1*855 g i v e n f o r t h e P rovo s h o r e l i n e on t h e Army Map S e r v i c e t o p o g r a p h i c 

s h e e t was u s e d a s a b a s e . Adding t o t h i s t h e w r i t e r ' s f i g u r e of 393 

f e e t ( o b t a i n e d by b a r o m e t e r t r a v e r s e ) which i s t h e d i f f e r e n c e i n e l e v a -
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The BOIL.'1eville shore line is nearly everywhere marked by a line of faceted 

spurs and baymouth bars, and on the east side of the eastern Terrace 

Nountains a terrace as wide as 800 feet was built at this level. 

Attempts made by the writer to determine accurate levels of the 

major terraces in the mapped area consumed considerable time and met 

with little success. The work was done partly for this report and part­

ly in conjunction with an investigation over the entire basin done by 

M~~ Crittenden of the U.S. Geological Survey (Crittenden, 1963). One of 

the purposes of these studies vlaS to confirm G. K. Gilbert's proposal 

that the lake terraces showed concentric uplift due to isostatic rebound 

after unloading of the water from Lake Bonneville. 

Lake terrace levels near Kelton were first measured during the 

Stansbury survey of the region in 1850 and later by Arnold Hague for the 

survey of the Fortieth Parallel under Clarence King. More complete 

measurements were made by A. L. Webster as part of G. K. Gilbert's sur­

vey of Lake Bonneville published in 1890. The figures listed by Webster 

(~ Gilbert, 1890, Appendix A) vary slightly, apparently because several 

methods of measurement were employed and different features 't-Iere ~ measured 

in the field. His measurements are of relative elevations above the Lake 

Shore Gauge Zero Datum which is 4208 feet above mean tide (Gilbert, 1890, 

p. 364). 

Bonneville Terrace. Elevations of the Bo~~eville terrace were deter­

mined by the writer in the southern Hogup Mountains and on Kelton Butte 

about 10 miles to the north. In the Hogup Nountains, a spot elevation 

of 4855 given for the Provo shore line on the A~r Map Service topographic 

sheet was used as a base. Adding to this the writer's figure of 393 

feet (obtained by barometer traverse) which is the difference in eleva-
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t i o n b e t w e e n t h e P rovo and B o n n e v i l l e t e r r a c e l e v e l s , t h e B o n n e v i l l e 

s h o r e l i n e i s 5>2li8 f e e t above s e a l e v e l i n t h a t a r e a ( s e c , 1 , T . 9 N . , 

R, 12 W , ) , A b a r o m e t r i c t r a v e r s e made by t h e w r i t e r on K e l t o n B u t t e , 

( b a s e was USC&GS BM L 9 5 , U t a h L i n e 8 ) showed a 5 2 1 6 - f o o t e l e v a t i o n f o r 

t h e n i c k p o i n t o f t h e B o n n e v i l l e t e r r a c e t h e r e . T h i s f i g u r e compares 

w e l l w i t h t h e 5 2 2 5 - f o o t e l e v a t i o n l i s t e d by Webs t e r i n T a b l e XXII I (1017 

f e e t above Lake S h o r e Gauge Zero Datum, i n G i l b e r t , 1 8 9 0 , p . 1*12), and 

w i t h t h e b e s t d e t e r m i n a b l e f i g u r e from t h e Army Map S e r v i c e t o p o g r a p h i c 

s h e e t . C r i t t e n d e n m e n t i o n s ( 1 9 6 3 , p . 6 ) t h a t an e l e v a t i o n o f 5300 f e e t 

i n t h e e a s t e r n T e r r a c e (Hogup) M o u n t a i n s wh ich he d e t e r m i n e d from a e r i a l 

p h o t o g r a p h s and t h e above m e n t i o n e d map, was b e l i e v e d t o o h i g h and was 

i g n o r e d i n h i s c o n t o u r i n g on F i g . 3 ( 1 9 6 3 , p« 9 ) . He m e n t i o n e d h i s f e e l ­

i n g ( w r i t t e n c o m m u n i c a t i o n , 1 9 6 l ) t h a t t h i s f i g u r e c o u l d w e l l b e 50 f e e t 

i n e r r o r , and t h a t 5275 o r 5266 f e e t , d e t e r m i n e d from W e b s t e r ' s f i g u r e s 

o b t a i n e d n e a r t h e fo rmer town o f M a t l i n , s e v e r a l m i l e s w e s t o f K e l t o n 

B u t t e , was p r o b a b l y n e a r e r t h e t r u e e l e v a t i o n . The w r i t e r c o n c u r s w i t h 

t h i s f e e l i n g , a t l e a s t w i t h r e s p e c t t o t h e e a s t e r n T e r r a c e (Hogup) Moun­

t a i n s ( s e c . 3 , T . 8 N , , R. 1 1 W. , C r i t t e n d e n ' s l o c a t i o n ) , b u t he s u s p e c t s 

t h a t t h e s h o r e l i n e may b e a s h i g h a s 5300 f e e t i n t h e s o u t h e r n p a r t o f 

t h e w e s t e r n T e r r a c e M o u n t a i n s . 

P r o v o t e r r a c e . The e l e v a t i o n o b t a i n e d by W e b s t e r f o r t h e P rovo 

t e r r a c e on K e l t o n B u t t e i s a p p r o x i m a t e l y 1|871 f e e t above s e a l e v e l , w h i c h 

f i g u r e i s a t c o n s i d e r a b l e v a r i a n c e from t h e a p p a r e n t l y low d e t e r m i n a t i o n s 

of U829 and Zj.833 f e e t made by t h e w r i t e r and t h e l e s s t h a n U 8 5 5 - f o o t 

e l e v a t i o n on t h e Army Map S e r v i c e s h e e t . A g a i n , t h e d i s c r e p a n c i e s may 

b e due t o t h e u s e of d i f f e r e n t da tum l e v e l s and t o t h e f a c t t h a t r e a d i n g s 

were n o t t a k e n on t h e same p o i n t s i n t h e f i e l d . 
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tion between the Provo and Bonneville terrace levels, the Bonneville 

shore line is 5248 feet above sea level in that area (sec. 1, T. 9 N., 

R. 12 W.). A barometric traverse made by the vITiter on Kelton Th~tte, 

(base .-las USC&GS EN L95, Utah Line 8) shm'led a 5216-foot elevation for 

the nickpoint of the Bonneville terrace there. This figure compares 

well with the 5225-foot elevation listed by Webster in Table XXIII (1017 

feet above Lake Shore Gauge Zero Datum, in Gilbert, 1890, p. 412), and 

~th the best determinable figure from the ArTIlY Map Service topographic 

sheet. Crittenden mentions (1963, p. 6) that an elevation of 5300 feet 

in the eastern Terrace (Hogup) Mountains which he determined from aerial 

photographs and the above mentioned map, was believed too high and was 

ignored in his contouring on Fig. 3 (1963, p. 9). He mentioned his feel­

ing (written communication, 1961) that this figure could well be 50 feet 

in error, and that 5275 or 5266 feet, determined trom Webster's figures 

obtained near the former town of Mq.tlin, several miles vlest of Kelton 

Butte, was probably nearer the true elevation. The v.~iter concurs with 

this feeling, at least with respect to the eastern Terrace (Hogup) Moun­

tains (sec. 3, T. 8 N., R. 11 W., Crittenden's location), but he suspects 

that the shore line may be as high as 5300 feet in the southern part of 

the uestern Terrace Nountains. 

Provo terrace. The elevation obtained by T .. Jebster for the Provo 

terrace on Kelton Butte is approximately 4871 feet above sea level, which 

figure is at considerable variance from the apparently 101'1 determinations 

of 4829 and h833 feet made by the writer and the less than 4855-foot 

elevation on the Army Nap Service sheet. Again, the discrepancies may 

be due to the use of different datum levels and to the fact that readings 

were not taken on the same poL~ts L~ the field. 
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S t a n s b u r y T e r r a c e . U s i n g W e b s t e r ' s d i f f e r e n c e of 310 f e e t b e t w e e n 

t h e P rovo and S t a n s b u r y l e v e l s a t M a t l i n , t h e S t a n s b u r y s h o r e l i n e i s 

I i5 l8 f e e t above s e a l e v e l i n t h e n o r t h e r n p a r t of t h e s t u d y a r e a . T h i s 

f i g u r e i s compared t o a p p r o x i m a t e l y k%00 f e e t f o r t h e S t a n s b u r y t e r r a c e 

l e v e l a s d e t e r m i n e d from t h e t o p o g r a p h i c map. 

G i l b e r t T e r r a c e . S h o r e l i n e f e a t u r e s a r e p r e s e n t a t t h e G i l b e r t 

l e v e l ( E a r d l e y and o t h e r , 1 9 5 7 ) , e s p e c i a l l y a l o n g t h e e a s t e r n s i d e o f 

t h e mapped a r e a ( F i g . 2 6 ) , b u t a r e n o t e x t e n s i v e l y d i s t i n c t , and no 

a t t e m p t was made t o map o r t o measure t h i s l e v e l . 

Lack of c o n t r o l p o i n t s p r e v e n t e d a c c u r a t e measurement o f t e r r a c e 

l e v e l s by a l t i m e t e r i n t h e s o u t h e r n p a r t of t h e T e r r a c e M o u n t a i n s , b u t 

c o n t o u r l i n e s on t h e Army Map S e r v i c e s h e e t i n d i c a t e t h a t t e r r a c e s may 

b e a s much a s 60 t o 70 f e e t h i g h e r t h e r e t h a n t h e y a r e a t K e l t o n B u t t e 

20 m i l e s t o t h e n o r t h . The B o n n e v i l l e t e r r a c e on t h e s o u t h e r n end o f 

t h a t r a n g e i s 5280-5300 f e e t i n e l e v a t i o n , t h e P rovo ] | 8 8 0 - i # 0 0 f e e t , 

and t h e S t a n s b u r y h5kO~h$60 f e e t above s e a l e v e l . 

The a p p a r e n t d i f f e r e n c e i n s h o r e l i n e e l e v a t i o n s w i t h i n t h e mapped 

a r e a i s c o m p a t i b l e w i t h C r i t t e n d e n ' s c o n t o u r s ( 1 9 6 3 , p . 9 ) and s u p p o r t s 

G i l b e r t ' s h y p o t h e s i s of i s o s t a t i c r e b o u n d . The n o r t h e r n p a r t o f t h e a r e a , 

f o r m e r l y c o n n e c t e d t o a r e g i o n of s h a l l o w w a t e r , would n o t b e e x p e c t e d 

t o r e b o u n d a s much a s t h e s o u t h e r n p a r t , which was s u r r o u n d e d by d e e p 

p a r t s o f t h e fo rmer l a k e . 

V - s h a p e d T e r r a c e s . V - s h a p e d t e r r a c e s , a s m e n t i o n e d a b o v e , a r e p r e s e n t 

a t t h e p r o x i m a l ends of most s p i t s i n t h e mapped a r e a and a r e u s u a l l y b o r ­

d e r e d by s l i g h t l y h i g h e r b a r s . They a r e a l s o found a s c o n s t r u c t i o n a l e x ­

t e n s i o n s of h e a d l a n d s i n t h e l e e o f c u r r e n t . 

S to rm T e r r a c e s . I n t e r m e d i a t e t e r r a c e s , e s p e c i a l l y s t o r m t e r r a c e s 

1,3 

\ 
Stansbur,1 Terrace. Using Webster's difference of 310 feet between 

the Provo and StansbuI'"'J levels at Natlin, the Stansbur,1 shore line is 

4518 feet above sea level in the northern part of the study area. This 

figure is compared to approximately 1+500 feet for the Stansbury terrace 

level as determined from the topographic map. 

Gilbert Terrace. Shore line features are present at the Gilbert 

level (Eardley and other, 1957), especially along the eastern side of 

the mapped area (Fig. 26), but are not extensively distinct, and no 

attempt was made to map or to measure this level. 

Lack of control points prevented accurate measurement of terrace 

levels by altimeter in the southern part of the Terrace MountaL~s, but 

contour lines on theArnw Hap Service sheet indicate that terraces may 

be as much as 60 to 70 feet higher there than they are at Kelton Butte 

20 miles to the north. The Bonneville terrace on the southern end of 

that range is 5280-,300 feet in elevation, the Provo 4880-4900 feet, 

and the Stansbury 4,40-4560 feet above sea level. 

The apparent difference in shore line elevations within the mapped 

area is compatible with Crittenden's contours (1963, p. 9) ru1d supports 

Gilbert's hypothesis of isostatic rebound. The northern part of the area, 

formerly cOnl1ected to a region of shallow water, would not be expected 

to rebound as much as the southern part, l"hich lvas surrounded by deep 

parts of the former lake. 

V-shaEed Terraces;. V-shaped terraces, as mentioned above, are present 

at the proximal ends of most spits in the mapped area and are usually bor-

dered by slightly higher bars. They are also found as constructional ex-

tensions of headlands in the lee of current. 

Storm Terraces. Intermediate terraces, especially storm terraces 



o r b e a c h r i d g e s , a r e w e l l d e v e l o p e d i n many p a r t s o f t h e mapped a r e a . 

They a r e n a r r o w , and a l t h o u g h u s u a l l y o n l y f a i n t l y e x p r e s s e d t o p o g r a p h i ­

c a l l y , t h e y a r e d e t e c t a b l e on a e r i a l p h o t o g r a p h s b e c a u s e of v a r i a t i o n s 

i n s u r f i c i a l s e d i m e n t and v e g e t a t i o n „ They a r e w a v e - b u i l t o f g r a v e l y o r 

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

and a s a r e s u l t a r e b e s t d e v e l o p e d i n embayments and on g e n t l e s l o p e s where 

b o t h f i n e s e d i m e n t s and g r a v e l a r e a b u n d a n t . The most c l e a r and l e a s t 

o b l i t e r a t e d examples of t h e s e t e r r a c e s a r e on t h e w e s t e r n s l o p e o f t h e 

mapped a r e a where t h e y a r e v e r y l o n g , s e v e r a l s e t s b e i n g t r a c e a b l e i n d i v i d ­

u a l l y f o r o v e r s i x m i l e s . I n t h a t r e g i o n , 13 i n d i v i d u a l s t o r m t e r r a c e s 

a r e d e t e c t a b l e on a e r i a l p h o t o g r a p h s b e t w e e n t h e B o n n e v i l l e and P rovo 

l e v e l s , 3k b e t w e e n t h e Provo and S t a n s b u r y l e v e l s and 23 b e l o w t h e S t a n s ­

b u r y l e v e l , a t o t a l of 70 mino r t e r r a c e s . A s e c o n d v e r y c l e a r s e t i s 

p r e s e n t on t h e s o u t h w e s t s l o p e o f t h e T e r r a c e Moun ta in s where a t o t a l o f 

63 t e r r a c e s c a n be c o u n t e d , 1 1 b e t w e e n t h e B o n n e v i l l e and P r o v o , 3 1 b e ­

tween t h e Provo and S t a n s b u r y , and 2 1 b e t w e e n t h e S t a n s b u r y and t h e 

G i l b e r t ( ? ) l e v e l s . 

I n some p a r t s of t h e a r e a , t h e s e minor t e r r a c e s a r e m a r k e d l y w e l l 

d e v e l o p e d b e l o w t h e P rovo l e v e l and n e a r l y o b l i t e r a t e d above i t , s u g g e s t ­

i n g a r e l a t i v e l y l o n g p e r i o d of t i m e b e t w e e n r e c e s s i o n from t h e h i g h 

B o n n e v i l l e s t a g e of t h e l a k e and t h e l a s t o c c u p a t i o n of t h e P rovo l e v e l , 

w i t h t h e r e c e s s i o n from t h a t l e v e l l e a v i n g t h e p r e s e n t s e t o f s u b - P r o v o 

t e r r a c e s . E a r d l e y ( 1 9 5 7 , p . 1161}.) r e c o g n i z e d t h i s when he a t t r i b u t e d 

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

t e r r a c e s t o t h e gaps i n t i m e b e t w e e n t h e i r s u c c e s s i v e a b a n d o n m e n t s . 

B a r s . Baymouth and b a r r i e r b a r s a r e o u t s t a n d i n g geomorph ic f e a t u r e s 

i n t h e mapped a r e a . Most major d r a i n a g e s , s u c h a s t h o s e a t e i t h e r end 
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or beach ridges, are well developed in many parts of the mapped area. 

They are narrow, and although usually only faintly expressed topographi­

cally, they are detectable on aerial photographs because of variations 

in surficial sediment and vegetationo They are wave-built of gravel,ji or 

are erosional, having been cut slightly into gravel and fine lake sediments, 

and as a result are best developed in embayments and on gentle slopes where 

both fine sediments and gravel are abundant. The most clear and least 

obliterated examples of these terraces are on the western slope of the 

mapped area ,·rhere they are very long, several sets being traceable individ­

ual~ for over six miles. In that region, 13 individual storm terraces 

are detectable on aerial photographs between the Bonneville and Provo 

levels, 3h between the Provo and Stansbury levels and 23 below the Stans­

bury level, a total of 70 minor terraces. A second very clear set is 

present on the southvrest slope of the Terrace }iountains where a total of 

63 terraces can be counted, 11 between tho Bonneville and Provo, 31 be­

tween the Provo and Stansbury, and 21 between the Stansbury and the 

Gilbert (1) levels. 

In some parts of the area, these minor terraces are markedly well 

developed belm·J the Provo level and nearly obliterated above it, suggest­

ing a relatively long period of tLrne betHeen recession from the high 

Bonneville stage of the lake and the last occupation of the Provo level, 

with the recession from that level leaving the present set of sub-Provo 

terraces. Eardley (1957, p. 1164) recognized this when he attributed 

differences in photographic tone of the three intervals between major 

terraces to the gaps in time betliveen their successive abandonments. 

Bars. Baymouth and barrier bars are outsta~ding geomorphic features 

in the mapped area. Nost major drainages, such as those at either end 
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o f t h e B ig P a s s , and most s m a l l e r embayments and r e - e n t r a n t s , have b a y -

mouth b a r s a t t h e B o n n e v i l l e l e v e l . Some a r e s i n g l e b a r s and some a r e 

m u l t i p l e o r compound. The embayments b e h i n d most o f t h e s e b a r s were 

f i l l e d i n w i t h s e d i m e n t , and i n many c a s e s t h e whole s t r u c t u r e was l a t e r 

d i s s e c t e d by one o r more s t r e a m s , t h o u g h s e v e r a l l a r g e b a r s have n o t 

b e e n d i s s e c t e d and s t i l l have d e e p d e p r e s s i o n s b e h i n d t h e m . 

The l o n g e s t baymouth b a r i n t h e a r e a , b u i l t a t t h e G i l b e r t l e v e l , 

e x t e n d s i n an a r c from K e l t o n B u t t e s o u t h e a s t t o C r o c o d i l e M o u n t a i n , 

c l o s i n g o f f t h e embayment now c a l l e d P e p l i n F l a t s . Though o n l y a few 

f e e t h i g h e r t h a n t h e e n c l o s e d f l a t s , t h e b a r i s a m i l e and t w o - t h i r d s 

l o n g . 

Numerous b a r s , e s p e c i a l l y t h o s e b u i l t a s s p i t s o r h e a d l a n d s have 

m a r g i n a l b a r r i e r b a r s b e h i n d which s h a l l o w l a g o o n s were p r e s e n t . 

E v i d e n c e of C u r r e n t s i n Lake B o n n e v i l l e . C o n f o r m a t i o n o f numerous 

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

i n Lake B o n n e v i l l e . S p i t s and hooks a r e p e n d a n t from t h e l e e s i d e s o f 

fo rmer i s l a n d s , and t h e s o u r c e d i r e c t i o n s f o r l a r g e g r a v e l embankments 

a r e r e a d i l y d e t e r m i n e d . Major c u r r e n t s f lowed t o t h e s o u t h a l o n g b o t h 

s i d e s o f t h e T e r r a c e Moun ta in s b u t were l o c a l l y a f f e c t e d b y t h e i s l a n d s 

and l a n d masse s a r o u n d which t h e y f lowed ( P l a t e X I V ) . . 
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of the Big Pass , and most smaller emb~ents and r e- entr ants , have bay­

mouth bars at t he Bonneville l evel . Some are single bars and some are 

mult i pl e or compound . The embayment s behi nd most of these bars were 

f i lled in with sediment, and in many cases the whole structure was l ater 

dissected b.Y one or more streams, though several large bars have not 

been dissected and still have deep depressions behind them. 

The longest baymouth bar in t he area, built at t he Gilbert l evel, 

extends in an arc from Kel ton Butte southeast to Crocodile J1ountain, 

closing off the embayment now called Peplin Flats . Though only a few 

f eet higher than t he enclosed flats , the bar is a mile and two- thirds 

l ong. 

Numerous bars, especiallY those built as spits or headlands have 

mar ginal barrier bars behind which shallow lagoons were present . 

Evidence of Currents in Lake Bonneville . Conformation of munerous 

gravel deposits in the mapped area strongly r eflects curr ent directions 

in Lake Bonneville . Spits and hooks ar e pendant from t he l ee sides of 

former islands, and the source directions for large gravel embankments 

are r eadily determined . Major currents flowed t o the south along both 

sides of the Terrace Mountai ns but were locally affected by the islands 

and l and masses around which they flmied (Plate XIV) . ~ 
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ECONOMIC GEOLOGY 

A v a r i e t y of n o n - m e t a l l i c m a t e r i a l s of p o t e n t i a l economic s i g n i ­

f i c a n c e i s p r e s e n t i n t h e mapped a r e a , D i a t o m i t e , b e n t o n i t e , v i t r i c 

t u f f , and g r a v e l have b e e n m i n e d , and f u t u r e deve lopmen t of p h o s p h a t e 

d e p o s i t s i s a p r o b a b i l i t y . 

D i a t o m i t e 

D ia tomaceous l a c u s t r i n e d e p o s i t s o c c u r i n many o f t h e p r o t e c t e d 

embayments o f Lake B o n n e v i l l e , and a l t h o u g h most a r e i m p u r e , t h i n , and 

o f l o c a l e x t e n t , some a r e of p o s s i b l y commer i ca l g r a d e . Such a d e p o s i t 

c o v e r s a b o u t n i n e s q u a r e m i l e s o f P e p l i n F l a t s i n t h e n o r t h e r n p a r t of 

t h e mapped a r e a . Cla im t o more t h a n 180 a c r e s o f t h i s m a t e r i a l i s h e l d 

by C a r l L . C o b i a , p r e s e n t l y o p e r a t o r o f t h e Chevron s e r v i c e s t a t i o n i n 

S n o w v i l l e , U t a h . The d e p o s i t was i n v e s t i g a t e d f o r Mr. Cob ia by a C o l o ­

r a d o f i r m , b u t was a p p a r e n t l y found t o b e t o o impure f o r economic p r o d u c ­

t i o n a t p r e s e n t ( C o b i a , o r a l c o m m u n i c a t i o n , 1 9 6 1 ) . 

An abandoned l o a d i n g p l a t f o r m s t a n d s i n HWj s e c . 2 , T . 10 N . , R. 

12 ¥ . , l e f t from a p r e v i o u s m i n i n g o p e r a t i o n , a b o u t which t h e w r i t e r 

was u n a b l e t o o b t a i n s i g n i f i c a n t i n f o r m a t i o n . 

As much a s f i v e f e e t of h i g h g r a d e d i a t o m i t e was m e a s u r e d by t h e 

w r i t e r on t h e s u r f a c e o f P e p l i n F l a t s . T h i s r e l a t i v e l y p u r e d i a t o m i t e 

i s u n d e r l a i n i n most p l a c e s by s e v e r a l f e e t o f i m p u r e , s i l t y d i a t o m i t e , 

w h i c h , i n t u r n , i s u n d e r l a i n by g r a v e l . A c c u m u l a t i o n of t h e s e d e p o s i t s 

was a p p a r e n t l y enhanced by r e s t r i c t i o n of t h e P e p l i n F l a t s embayment b y 

t h e Hogup Bar and C r o c o d i l e Moun ta in when Lake B o n n e v i l l e was l o w e r e d 
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ECONOMIC GEOLOGY 

/ 
A variety of non-metallic materials of potential economic signi-

ficance is present in the mapped area~ Diatomite, bentonite, vitric 

tuff, and gravel have been mined, and future development of phosphate 

deposits is a probability. 

Diatomite 

Diatomaceous lacustrine deposits occur in many of the protected 

embayments of Lake Bonneville, and although most are impure, thin, and 

of local extent, some are of possibly commerical grade. Such a deposit 

covers about nine square miles of Peplin Flats in the northern part of 

the mapped area. Claim to more than 180 acres of this material is held 

by Carl L. Cobia, presently operator of the Chevron service station in 

Snowville, Utah. The deposit was investigated for ~IT. Cobia by a Colo­

rado firm, but was apparently found to be too impure for economic produc­

tion at present (Cobia, oral cOmmQ~ication, 1961). 

An abandoned loading platform stands in NVli sec. 2, T. 10 N., R. 

12 W., left from a previous mining operation, about which the writer 

was unable to obtain significant information. 

As much as five feet of high grade diatomite was measured by the 

writer on the surface of Peplin Flats. This relatively pure diatomite 

is underlain in most places by several feet of impure, silty diatOmite, 

which, in turn, is underlain by gravel. Accumulation of these deposits 

was apparently enhanced by restriction of the Peplin Flats embayment by 

the Hogup Bar and Crocodile I·Iountain when Lake Bonneville was lowered 
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t o a b o u t t h e S t a n s b u r y l e v e l , a s t h e more p u r e d e p o s i t s o c c u r b e l o w h500 

f e e t . 

B e n t o n i t e 

E x p o s u r e s of r h y o l i t i c w e l d e d t u f f i n t h e n o r t h e a s t e r n p a r t o f t h e 

a r e a have w e a t h e r e d t o b e n t o n i t i c c l a y o f c o m m e r c i a l q u a l i t y and q u a n ­

t i t y . S u r f a c e m i n i n g o f t h i s m a t e r i a l h a s b e e n i n t e r m i t t e n t , and on a 

s m a l l s c a l e , u s e of i t a p p a r e n t l y b e i n g t o s u p p l y n e e d s o f l o c a l d r i l l ­

i n g o p e r a t i o n s . F u t u r e p o t e n t i a l o f t h i s d e p o s i t was n o t i n v e s t i g a t e d 

by t h e w r i t e r . 

V i t r i c T u f f 

A c l a i m was e s t a b l i s h e d i n 19$h on a d e p o s i t of l a c u s t r i n e v i t r i c 

t u f f o f t h e S a l t Lake Group i n t h e S E j s e c . 3 3 , T . 9 N . , R. 12 W. by 

t h e N a d i r Min ing Company of S a n d y , U t a h . A p p r o x i m a t e l y 1 9 0 0 . 0 0 was 

s p e n t i n d e v e l o p m e n t a t t h e s i t e , b u t t h e p r o j e c t was abandoned a f t e r 

1 9 5 5 • I n t e n t i o n was a p p a r e n t l y t o c u t t h e m a t e r i a l i n t o s m a l l b l o c k s 

t o b e s o l d i n k i t s f o r f i g u r e c a r v i n g . 

No f u r t h e r e x p l o i t a t i o n of t h i s m a t e r i a l i s known i n t h e a r e a . I t 

c o u l d p o s s i b l y be u t i l i z e d a s an a b r a s i v e , b u t u n c o n t a m i n a t e d m a t e r i a l 

i s n o t a b u n d a n t i n t h e r e g i o n a n d , i n any c a s e , i s p r o b a b l y more e a s i l y 

o b t a i n a b l e where t h e S a l t Lake F o r m a t i o n o c c u r s e l s e w h e r e . 

G r a v e l 

L a r g e s u r f i c i a l g r a v e l d e p o s i t s a r e s o a b u n d a n t i n t h e mapped a r e a 
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to about the Stansbur,y level, as the more pure deposits occur below 4500 

feet. 

Bentonite 

Exposures of rhyolitic welded tuff in the northeastern part of the 

area have weathered to bentonitic clay of commercial quality and quan­

tity. Surface mining of this material has been intermittent, and on a 

small scale, use of it apparently being to supply needs of local drill­

ing operations. Future potential of this deposit was not investigated 

by the writer. 

Vitric Tuff 

A claim was established in 1954 on a deposit of lacustrine vitric 

tuff of the Salt Lake Group in the SE* sec. 33, T. 9 N., R. 12 W. by 

the Nadir Mining Company of Sandy, Utah. Approximately $900.00 was 

spent in development at the site, but the project was abandoned after 

1955. Intention was apparently to cut the material into srnall blocks 

to be sold in kits for figure carving. 

No further exploitation of this material is known in the area. It 

could possibly be utilized as an abrasive, but uncontaminated material 

is not abundant in the region and, in any case, is probably more easily 

obtainable where the Salt Lake Formation occurs elsewhere. 

Gravel 

Large surficial gravel deposits are so abundant in the mapped area 
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t h a t d i s c u s s i n g i n d i v i d u a l d e p o s i t s i s i n s i g n i f i c a n t , o t h e r t h a n t o 

m e n t i o n t h a t t h e most i m p o r t a n t a c c u m u l a t i o n s a r e on t h e w e s t s i d e of 

t h e Hogup M o u n t a i n s , t h e e a s t s i d e o f t h e e a s t e r n T e r r a c e M o u n t a i n s , 

and i n t h e s o u t h e r n p a r t of t h e a r e a , m a i n l y n o r t h of t h e r a i l r o a d . 

A l a r g e amount of g r a v e l was u s e d by t h e S o u t h e r n P a c i f i c R a i l r o a d 

i n c o n s t r u c t i o n of t h e L u c i n C a t - o f f and more r e c e n t l y a s r o a d m e t a l 

f o r t h e i r s e r v i c e r o a d a l o n g t h e t r a c k s . The r a i l r o a d ' s e x c a v a t i o n f o r 

t h i s g r a v e l , e x t e n d i n g a l o n g l a k e - s h o r e b a r s , i s 3 m i l e s l o n g , a b o u t 200 

f e e t w i d e , and 10 t o 15 f e e t d e e p , wh ich d i m e n s i o n s i n d i c a t e t h a t n e a r l y 

2 m i l l i o n c u b i c y a r d s o f m a t e r i a l was r emoved . 

T h e r e i s s u f f i c i e n t g r a v e l l o c a l l y f o r any c o n c e i v a b l e p r o j e c t 

w i t h i n t h e a r e a , and t h e r e would b e no n e e d t o t r a n s p o r t g r a v e l o u t 

o f t h e mapped a r e a b e c a u s e of i t s abundance i n s u r r o u n d i n g r e g i o n s . 

The d o m i n a n t l y f i n e c l a s t i c l i t h o l o g i e s o f t h e P e n n s y l v a n i a n and 

P e r m i a n r o c k s , m a i n l y O q u i r r h , i n t h e mapped a r e a a r e a p p a r e n t l y r e s p o n ­

s i b l e f o r t h e deve lopmen t of t h e t h i c k and e x t e n s i v e g r a v e l d e p o s i t s 

which o c c u r t h e r e . Inhere s i m i l a r l i t h o l o g i e s a r e p r e s e n t i n n e i g h b o r i n g 

r a n g e s , s u c h a s t h e G r a s s y H i l l s t o t h e s o u t h , l a r g e g r a v e l and s i l t 

d e p o s i t s a r e u s u a l l y p r e s e n t , and t o p o g r a p h y i s subdued a s i t i s i n t h e 

mapped a r e a . The l o w e r P a l e o z o i c l i m e s t o n e s , d o l o m i t e s , and q u a r t z i t e s 

p r e s e n t i n such a s t h e Newfoundland and S i l v e r I s l a n d Ranges a r e more 

r e s i s t a n t , f o r m i n g h i g h e r , c r a g g y , w e l l - e x p o s e d r a n g e s w i t h a much 

s m a l l e r amount of g r a v e l a r o u n d t h e m . The P romon to ry and L a k e s i d e Ranges 

a r e i n t e r m e d i a t e , h a v i n g e x p o s u r e s o f b o t h g e n e r a l t y p e s of r o c k and 

h a v i n g medium amounts o f g r a v e l . 
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that discussing individual deposits is insignificant, other than to 

mention that the most important accumulations are on the west side of 

the Hogup Mountains, the east side of the eastern Terrace Hountains, 

and in the southern part of the area, mainly north of the railroad& 

A large amount of gravel w·as used by the Southern Pacific Railroad 

in construction of the Lucin Cut~off and more recently as road metal 

for their service road along the tracks. The railroad's excavation for 

this gravel, extending along lake-shore bars, is 3 miles long, about 200 

feet wide, ru~d 10 to IS feet deep, which dimensions indicate that nearly 

2 ~illion cubic yards of material was removed. 

There is sufficient gravel locally for any conceivable project 

within the area, and there would be no need to transport gravel out 

of the mapped area because of its abundance in surrounding regions. 

The qominantly fine clastic lithologies of the Pennsylvanian and 

Permian rocks, mainly Oquirrh, in the mapped area are apparently respon­

sible for the development of the thick and extensive gravel deposits 

which occur there. Where similar lithologies are present in neighboring 

ranges, such as the Grassy Hills to the south, large gravel and silt 

deposits are usually present, and topography is subdued as it is in the 

mapped area. The lower Paleozoic limestones, dolomites, and quartzites 

present in such as the Neiffoundland and Silver Island Ranges are more 

resistant, formi11g higher, craggy, v-Tell-exposed ranges with a much 

smaller amount of gravel around them. The Promontor,y and Lakeside Ranges 

are intermediate, having exposures of both general types of rock and 

having medium amounts of gravel. 
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P h o s p h a t e 

Because s p o t s a m p l e s t a k e n from t r e n c h e s by J , S t e w a r t W i l l i a m s i n 

1959 show r e l a t i v e l y low p e r c e n t a g e of ( R e p o r t by W i l l i a m s t o U tah 

S t a t e Land B o a r d , December 1 9 5 9 ) , p h o s p h a t i c s h a l e s of t h e Meade Peak 

Member o f t h e P h o s p h o r i a F o r m a t i o n a p p e a r t o have l i t t l e p o t e n t i a l com­

m e r c i a l v a l u e i n t h e T e r r a c e M o u n t a i n s . The w r i t e r f e e l s , h o w e v e r , t h a t 

n e i t h e r t h e t r e n c h i n g n o r s a m p l i n g were a d e q u a t e a t t h a t t i m e , and t h a t 

f u r t h e r i n v e s t i g a t i o n of t h e p h o s p h a t e d e p o s i t s may be w a r r a n t e d . Un­

f o r t u n a t e l y , a c o m p l e t e and a c c u r a t e l y c o n t r o l l e d s e t of s a m p l e s t a k e n 

from a t r e n c h by t h e w r i t e r and Thomas Cheney o f t h e U . S . G e o l o g i c a l 

S u r v e y we re a p p a r e n t l y m i s p l a c e d and t h e i n f o r m a t i o n l o s t . T h e r e f o r e , 

a s t h e y a r e t h e o n l y d a t a a v a i l a b l e a t t h i s t i m e , f i g u r e s from t h e r e ­

p o r t of W i l l i a m s t o t h e U t a h S t a t e Land Board on t h e T e r r a c e Moun ta in 

o c c u r r e n c e s a r e i n c l u d e d a s f o l l o w s ( l o c a t i o n s c o r r e c t e d by t h e w r i t e r ) : 

1 . Long t r e n c h i n c e n t e r E J N E J s e c . 3 , T . 8 N . , R. 12 W. 

Approx ima te t h i c k n e s s Sample A n a l y s i s 
i n f e e t p o s i t i o n % ?2®$ 

Rex C h e r t 
E . S h a l e Uo p l u s 2 f e e t 2 . 2 3 
D. L i m e s t o n e ko 
C . S h a l e ko p l u s k0 f e e t 3 . 1 9 

p l u s 37 f e e t 6 . 3 8 
p l u s 17 f e e t 6 . 3 8 

B. L i m e s t o n e 100 
A. S h a l e 15 p l u s 13 f e e t 6 . 3 8 

p l u s 8 f e e t 1 5 . 1 9 

F o o t - w a l l l i m e s t o n e ( G r a n d e u r ) 

2 . T rench i n e a s t c e n t e r E|WWj s e c . 3 , T . 8 N . j R. 12 W. , n o r t h 
of w a s h . 

Two s a m p l e s from 1 5 - f o o t f a c e p l u s b l a c k s p o t s 
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Phosphate 

Because spot samples taken from trenches by J. Stewart Williams in 

1959 show relatively low percentage of P205 (Report by Williams to Utah 

State Land Board, December 1959), phosphatic shales of the Meade Peak 

Member of the Phosphoria Formation appear to have little potential com-

mercipl value in the Terrace Mountains. The writer feels, however, that 

neither the trenching nor sampling were adequate at that time, and that 

further investigation of the phosphate deposits may be warranted. Un-

fortunately, a complete and accurately controlled set of samples taken 

from a trench by the writer and Thomas Cheney of the U.S. Geological 

Survey were apparently misplaced and the information lost. Therefore, 

as they are the only data available at this time, figures from the re-

port of Williams to the Utah State Land Board on the Terrace Mountain 

occurrences are L~cluded as follows (locations corrected by the writer): 

1. Long trench in center E~NE% sec. 3, T. 8 N., R. 12 W. 

Rex 

Approximate thickness 
in feet 

Chert 
E. Shale 40 
D. Limestone 40 
C. Shale 40 

B. Limestone 100 
A. Shale 15 

Foot-wall limestone (Grandeur) 

Sample 
position 

plus 2 feet 

plus 40 feet 
plus 37 feet 
plus 17 feet 

plus 13 feet 
plus 8 feet 

2.23 

3.19 
6.38 
6.38 

6.38 
15.19 

2. Trench in east center E~NW% sec. 3, T. 8 N., R. 12 W., north 
of wash. 

Two samples from 15-foot face plus black spots 
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% P2O5 

S e l e c t e d b l a c k s p o t s 
Compos i te o f 1 5 - f o o t f a c e No. 1 
Compos i t e o f l 5 - f o o t f a c e No. 2 

3 . 1 9 
3 . 1 9 
3 .19 

3 . T r e n c h i n same l o c a t i o n s a s a b o v e , a c r o s s wash t o s o u t h . 

B e s t l o o k i n g m a t e r i a l 6 . 3 8 

T r e n c h on f o o t - w a l l s h a l e i n SWjSWj s e c 2 , T . 8 N . , R. 12 W. 

S h a l e a t 12 f e e t above f o o t - w a l l 
S h a l e a t 8 f e e t above f o o t - w a l l 
S h a l e a t f o o t - w a l l 

2 . 2 3 
h.19 
7 . 9 7 

5 . T r e n c h on h a n g i n g - w a l l s h a l e , s h o r t d i s t a n c e w e s t of a b o v e . 

Top o f 1 0 - f o o t e x p o s e d t h i c k n e s s 1 5 . 9 5 
Bot tom of 1 0 - f o o t e x p o s e d t h i c k n e s s 1 .59 

I t seems somewhat anomalous t o t h e w r i t e r t h a t t h r e e s a m p l e s from 

e a c h o f t h e f i r s t two t r e n c h e s c o n t a i n i d e n t i c a l amounts of p h o s p h a t e . 

I t was a l s o n o t e d by t h e w r i t e r i n t h e f i e l d t h a t t h e r e was a c o n s i d e r ­

a b l e t h i c k n e s s of Meade Peak b e t w e e n t h e t r e n c h on t h e " f o o t - w a l l s h a l e " 

and t h e b a s e of t h e member, and t h a t t h e t r e n c h on t h e " h a n g i n g - w a l l 

s h a l e " i s o f d u b i o u s p o s i t i o n w i t h i n t h e s e c t i o n . 

As D r . W i l l i a m s m e n t i o n s ( i b i d . , p . k), open p i t m i n i n g s i t e s do 

n o t a p p e a r t o e x i s t i n t h e r e g i o n he i n v e s t i g a t e d . I t i s s u g g e s t e d , 

h o w e v e r , t h a t o c c u r r e n c e s i n s e e s . 1|, 9» and 1 6 , T . 7 N . , R. 12 W . , 

b e c a u s e o f t h e i r l ow d i p s and l a r g e a r e a of e x p o s u r e , m i g h t be e x p l o i t ­

a b l e by open p i t methods i f t h e P2O5 c o n t e n t i s h i g h enough t h e r e . The 

p r e s e n c e of t h e S o u t h e r n P a c i f i c R a i l r o a d o n l y f o u r m i l e s t o t h e s o u t h 

may a l s o b e a c o n s i d e r a b l e f a c t o r . 
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Selected black spots 
Composite of lS-foot face No. 1 
Composite of lS-foot face No. 2 

3. Trench in same locations as above, across wash to south. 

Best looking material 

3.19 
3.19 
3.19 

6.38 

4. Trench on foot-wall shale in SW~SVl% sec. 2, T. 8 N., R. 12 W. 

Shale at 12 feet above foot-wall 
Shale at 8 feet above foot-wall 
Shale at foot-wall 

5. Trench on hanging-wall shale, short distance west of above. 

Top of 10-foot exposed thickness 
Bottom of 10-foot exposed thickness 

2.23 
4.79 
7.97 

It seems somewhat anomalous to the writer that three samples from 

each of the first tTtl0 trenches contain identical amounts of phosphate. 

It was also noted by the writer in the field that there vJaS a consider-

able thickness of Beade Peak between the trench on the "foot-vJall shale" 

and the base of the member, and that the trench on the tthanging-wall 

shale" is of dubious position within the section. 

As Dr. Williams mentions (ibid., p. 4), open pit mining sites do 

not appear to exist in the region he investigated. It is suggested, 

hO't-Jever, that occurrences in sees. 4" 9, and 16, T. 7 N., R. 12 W., 

because of their low dips and large area of exposure, might be exploit-

able by open pit methods if the P20S content is high enough there. The 

presence of the Southern Pacific Railroad only four miles to the south 

may also be a considerable factor. 
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GEOLOGIC HISTORY 

The a r e a o f t h e T e r r a c e and Hogup M o u n t a i n s was n e a r t h e c e n t r a l 

p a r t o f t h e C o r d i l l e r a n m i o g e o s y n c l i n e d u r i n g P a l e o z o i c t i m e . E v i d e n c e 

from t h e P r o m o n t o r y and L a k e s i d e Ranges s u g g e s t s t h a t s e d i m e n t s o f a l l 

P a l e o z o i c s y s t e m s were d e p o s i t e d i n t h e s t u d i e d a r e a , a l t h o u g h l a c k o f 

e x p o s u r e s u n f o r t u n a t e l y p r e v e n t s i n t e r p r e t a t i o n of e v e n t s t h a t t o o k p l a c e 

b e f o r e l a t e s t P e r m s y l v a n i a n ( V i r g i l i a n ) t i m e . 

D u r i n g l a t e P e r m s y l v a n i a n and e a r l y Pe rmian t i m e , t h e mapped a r e a 

l a y w i t h i n t h e n o r t h w e s t e r n p a r t o f t h e O q u i r r h B a s i n , and was p a r t l y 

n o r t h of and p a r t l y w i t h i n t h e j u n c t u r e of t h e O q u i r r h B a s i n w i t h t h e 

e a s t - w e s t t r e n d i n g B u t t e - Deep Creek Trough ( S t e e l e , I 9 6 0 , p . 9 1 ) ( F i g . 

2 7 ) . To t h e w e s t l a y t h e N o r t h e a s t Nevada High ( S t e e l e , 1 9 5 9 , p . 1 1 0 5 ) . 

The g r e a t t h i c k n e s s o f u p p e r P e n n s y l v a n i a n and l o w e r Pe rmian r o c k s i n 

t h e mapped a r e a i n d i c a t e s t h a t t h e h i g h o r p o s i t i v e f e a t u r e d i d n o t e x ­

t e n d a s f a r e a s t i n t o U t a h a s shown by S t e e l e ( i 9 6 0 , P l a t e l ) and b y 

B i s s e l l ( 1 9 6 2 , p . i ; 3 , F i g s . 5 and 6 ) , b u t i t p r o b a b l y s u p p l i e d much o f 

t h e c l a s t i c m a t e r i a l wh ich c o n s t i t u t e s t h e O q u i r r h F o r m a t i o n i n t h e 

T e r r a c e M o u n t a i n s a r e a . 

S e d i m e n t a t i o n of t h e O q u i r r h F o r m a t i o n was c h a r a c t e r i z e d by d e p o s i ­

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

ous s a n d s t o n e s , and o r t h o q u a r t z i t e s . C l a s t i c m a t e r i a l i s c o n s p i c u o u s l y 

d o m i n a n t . D u r i n g m i d d l e Wolfeampian t i m e w a t e r was a p p a r e n t l y d e e p 

enough i n t h e s o u t h e r n p a r t of t h e mapped a r e a t o a l l o w a c c u m u l a t i o n 

o f t h i n - b e d d e d , v e r y f i n e - t e x t u r e d , s i l i c e o u s muds tone and s i l t s t o n e . 

D e p o s i t i o n of t h i s l i t h o l o g y was p e r i o d i c a l l y i n t e r r u p t e d by i n f l u x e s 

o f c o a r s e b i o c l a s t i c and l i t h o c l a s t i c m a t e r i a l from more s h a l l o w w a t e r 
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GEOLOGIC HISTORY 

\ 

The area of the Terrace and Hogup Hountains was near the central 

part of the Cordilleran wiogeosyncline during Paleozoic time. Evidence 

from the Promontory and Lakeside Ra~ges suggests that sediments of all 

Paleozoic systems were deposited in the studied area, although lack of 

exposures unfortunately prevents interpretation of events that took place 

before latest Pennsylvanian (Virgilian) time. 

During late Pennsylvanian and early Permian time, the mapped area 

lay within the northwestern part of the Oquirrh Basin, and was partly 

north of and partly within the juncture of the Oquirrh Basin with the 

east-west trending Butte- Deep Creek Trough (Steele, 1960, p. 91) (Fig. 

27). To the west lay the Northeast Nevada High (Steele, 1959, p. 1105). 

The gJ;'eat thickness of upper Pennsylvanian and lower Permian rocks in 

the mapped area indicates that the high or positive feature did not ex­

tend as far east into Utah as Shovffi by Steele (1960, Plate 1) and by 

Bissell (1962, p. 43, Figs. 5 a~d 6), but it probably supplied much of 

the clastic material which constitutes the Oquirrh Formation in the 

Terrace Mountains area. 

Sedimentation of the Oquirrh Fonaation was characterized by deposi-
------

tion of bioclastic and arenaceous limestones, silty limestones, calcare-

ous sandstones, and orthoquartzites. Clastic material is conspicuous~ 

dominant. During middle Ivolfcampian time water was apparently deep 

enough in the southern part of the mapped area to allow accumulation 

of thin-bedded, very fine-textured, siliceous mudstone and siltstone. 

Deposition of this lithology was periodically interrupted by influxes 

of coarse bioclastic and lithoclastic material from more shallow water 
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t o t h e n o r t h and n o r t h w e s t * T e c t o n i c i n s t a b i l i t y d u r i n g t h i s t i m e i s 

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

t a t i o n a l s l u m p i n g i n p a r t i a l l y c o n s o l i d a t e d s e d i m e n t s . I n u p p e r Wolf-

campian and p o s s i b l y l o w e r L e o n a r d i a n t i m e t h e Deep Greek Trough a p p a r ­

e n t l y expanded t o t h e n o r t h , a l l o w i n g t h e f i n e , l a m i n a t e d s i l i c e o u s b e d s 

t o be d e p o s i t e d i n t h e c e n t r a l p a r t o f t h e mapped a r e a a t t h a t t i m e . 

The g e n e r a l t e n d e n c y t o w a r d d e p o s i t i o n o f v e r y f i n e - g r a i n e d c l a s t i c 

m a t e r i a l i n t h e T e r r a c e Moun ta in s a r e a d u r i n g Wolfcampian t i m e i s an 

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

t r a n s p o r t from s o u r c e a r e a s . 

These c o n d i t i o n s were i n t e r r u p t e d i n l o w e r L e o n a r d i a n t i m e b y an 

i n f l u x of q u a r t z o s e s a n d , p r o b a b l y f rom t h e e a s t and n o r t h e a s t . T h i s 

s a n d , which c o n s t i t u t e s t h e Diamond C r e e k S a n d s t o n e , was d e p o s i t e d i n 

v e r y s h a l l o w w a t e r . D u r i n g t h e t i m e of i t s d e p o s i t i o n a t l e a s t p a r t o f 

t h e e a s t e r n h a l f of t h e O q u i r r h B a s i n was u n d e r e o l i a n c o n d i t i o n s of 

a r i d i t y and s e m i - a r i d i t y a c c o r d i n g t o B i s s e l l ( 1 9 6 2 , p . 1|6), b u t s h a l l o w 

m a r i n e c o n d i t i o n s p r e v a i l e d t h r o u g h o u t L e o n a r d i a n t i m e i n t h e mapped 

a r e a , a s t h e r e i s no e v i d e n c e of e o l i a n d e p o s i t i o n o f e l a s t i c s i n t h e 

T e r r a c e M o u n t a i n s s e c t i o n . 

Wate r d e p t h may have i n c r e a s e d somewhat d u r i n g u p p e r L e o n a r d i a n 

t i m e when t h e L o r a y ? F o r m a t i o n and t h e l o w e r p a r t of t h e P a r k C i t y Form­

a t i o n ( G r a n d e u r Member) were d e p o s i t e d , and s u b s i d e n c e c o n t i n u e d a s i n ­

d i c a t e d by t h e s t r a t i g r a p h i c t h i c k n e s s of t h e s e i n t e r v a l s . Because 

e v a p o r i t e s a r e n o t r e c o g n i z e d i n t h e L o r a y ? i n t e r v a l i n t h e T e r r a c e 

M o u n t a i n s , t h e w r i t e r f e e l s t h a t w a t e r d e p t h was d e e p e r , and t h a t t h e 

d e p o s i t i o n a l b a s i n was l e s s c o n s t r i c t e d i n t h e T e r r a c e Moun ta in s a r e a 

t h a n i t was t o t h e w e s t and s o u t h w e s t where t h e Loray F o r m a t i o n c o n t a i n s 
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to the north and northwest. Tectonic instability during this time is 

indicated both by the large supplies of clastic material and by gravi­

tational slumping in partially consolidated sediments. In upper vlolf­

campian and possibly lower Leonardian time the Deep Creek Trough appar~ 

ently expanded to the north, allowing the fine, laminated siliceous beds 

to be deposited in the central part of the mapped area at that time. 

The general tendency toward deposition of very fine-grained clastic 

material in the Terrace Mountains area during Wolfcampian time is an 

indication of increasing tectonic stability and longer distances of 

transport from source areas. 

These conditions were interrupted in lower Leonardian time bJr an 

influx of quartzose sand, probably from the east and northeast. This 

sand, which constitutes the Di~~ond Creek Sandstone, was deposited in 

very shallow water. During the time of its deposition at least part of 

the eastern half of the Oquirrh Basin was under eolian conditions of 

aridity and semi-aridity according to Bissell (1962, p. 46), but shallow 

marine conditions prevailed throughout Leonardian time in the mapped 

area, as there is no evidence of eolian deposition of clastics in the 

Terrace Hountains section. 

\vater depth may have increased somewhat during upper Leonardian 

time when the Loray? Formation and the Im'1er part of the Park City Form­

ation (Grandeur Bember) Here deposited, and subsidence continued as in­

dicated by the stratigraphic thiclmess of these intervals. Because 

evaporites are not recognized in the Loray? interval in the Terrace 

Mountains, the vrriter feels that water depth was deeper, and that the 

depositional basin vms less constricted in the Terrace }1ountains area 

than it lvas to the west 8...l1d southwest 1'1here the Loray Formation contains 
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gypsum and a n h y d r i t e . Q y p s i f e r o u s s i l t s t o n e s may be p r e s e n t i n t h e 

T e r r a c e Moun ta in s s e c t i o n , b u t i f s o , t h e y a r e c o n c e a l e d . U n i t s o f 

n p u n k y , n f r i a b l e , c a l c a r e o u s s i l t s t o n e , common i n t h e T e r r a c e M o u n t a i n s 

s e c t i o n - may r e p r e s e n t l o c a l l y t h e e v a p o r i t i c c o n d i t i o n s which p r e v a i l e d 

t o t h e w e s t . 

S l i g h t d e e p e n i n g and b r o a d e n i n g of t h e d e p o s i t i o n a l b a s i n i s i n d i ­

c a t e d b y t h e i n c r e a s e o f c h e r t and d o l o m i t e i n t h e Grandeur Member o v e r ­

l y i n g t h e L o r a y ? F o r m a t i o n . Q u a r t z o s e c l a s t i c m a t e r i a l was o c c a s i o n a l l y 

s u p p l i e d t o t h e a r e a t h r o u g h o u t Grandeu r t i m e ( u p p e r L e o n a r d i a n - l o w e r 

G u a d a l u p i a n ) , b u t i t was v e r y f i n e - g r a i n e d . F i n e - s c a l e , h i g h - a n g l e , 

i r r e g u l a r c r o s s - b e d d i n g i n t h e G r a n d e u r i s i n d i c a t i v e of c u r r e n t a c t i o n 

i n r e l a t i v e l y s h a l l o w w a t e r , p r o b a b l y i n t h e e p i n e r i t i c z o n e . 

T h e r e p r o b a b l y was l i t t l e t e c t o n i c change i n t h e T e r r a c e M o u n t a i n s 

a r e a when Meade Peak d e p o s i t i o n was i n i t i a t e d d u r i n g Word ian t i m e . I t 

h a s b e e n g e n e r a l l y c o n c l u d e d (McKelvey, i n McKelvey and o t h e r s , 1 9 5 9 , 

p . 25) t h a t t h e p h o s p h a t i c s e d i m e n t s o f t h e Meade Peak p r o b a b l y accumu­

l a t e d on a g e n t l y s h o a l i n g b o t t o m t h a t r e c e i v e d c o l d p h o s p h a t e - r i c h 

w a t e r s from an open o c e a n . T e m p e r a t u r e , pH, and t h e p r e s e n c e of c e r t a i n 

m i n e r a l i o n s were a p p a r e n t l y t h e most i m p o r t a n t f a c t o r s i n c o n t r o l o f 

o f t h e d e p o s i t i o n o f t h e p h o s p h a t i c s e d i m e n t s . The e x t r e m e f i n e n e s s and 

h i g h o r g a n i c c o n t e n t o f t h e s e d i m e n t s u g g e s t s t h a t d e p o s i t i o n was n o t 

c l o s e t o s h o r e , and t h a t i t was i n w a t e r d e e p enough t o a l l o w r e d u c i n g 

c o n d i t i o n s n e a r t h e b o t t o m . 

The c h e r t y muds tone i n t e r v a l s i n t h e l o w e r p a r t of t h e o v e r l y i n g 

Rex C h e r t p o s s i b l y i n d i c a t e maximum w a t e r d e p t h i n t h e P a r k C i t y - P h o s p h o r 

i a s e q u e n c e , i f t h e y a r e assumed t o r e p r e s e n t a b a s i n w a r d f a c i e s of t h e 

Rex a s s u g g e s t e d by McKelvey ( i n McKelvey and o t h e r s , 1 9 5 9 , p . 2 9 ) , b u t 
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gypsum and annydrite. Oypsiferous siltstones may be present in the 

Terrace Mountains section, but if so, they are concealed. Units of 

ttpunky,n friable, calcareous Siltstone, connnon in the Terrace Hountains 

section; may represent locally the evaporitic conditions which prevailed 

to the vlest. 

Slight deepening and broadening of the depositional basin is indi­

cated by the increase of chert and dolomite in the Grandeur 11ember over­

lying the Loray? Formation. Quartzose clastic material was occasionally 

supplied to the area throughout Grandeur time (upper Leonardian-lower 

Guadalupian), but it was very fine-grained. Fine-scale, high-angle, 

irregular cross-bedding in the Grandeur is indicative of current action 

in relatively shallow water, probably in the epineritic zone. 

There probably vlaS little tectonic change in the Terrace Mountains 

area when Meade Peak deposition was initiated during Wordian time. It 

has been generally concluded 01cKelvey, ~ HcKelvey and others, 1959, 

p. 25) that the phosphatic sediments of the Meade Peak probably accumu­

lated on a gently shoaling bottom that received cold phosphate-rich 

waters from an open ocean. Temperature, pH, and the presence of certain 

mineral ions were apparently the most important factors in control of 

of the deposition of the phosphatic sediments. The extrene fineness and 

high organiC content of the sediment suggests that deposition was not 

close to shore, and that it was in water deep enough to allow reducing 

conditions near the bottom. 

The cherty mudstone intervals in the lower part of the overlying 

Rex Chert possibly indicate maximum water depth in the Park City-Phosphor­

ia sequence, if they are assumed to represent a basinward facies of the 

Rex as suggested by }lIcKelvey (in NcKelvey and others, 1959, p. 29), but 
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t h e p h y s i c a l c o n d i t i o n s of Meade Peak t i m e p e r s i s t e d t h r o u g h l o w e r Cap-

i t a n i a n t i m e w h i l e t h e Rex C h e r t Member was b e i n g d e p o s i t e d . As w i t h 

t h e p h o s p h a t e i n t h e u n d e r l y i n g Meade P e a k , t h e s u p p l y of s i l i c e o u s 

m a t e r i a l and t h e c h e m i c a l e n v i r o n m e n t was p r o b a b l y more r e s p o n s i b l e f o r 

t h e d e p o s i t i o n o f t h e Rex C h e r t t h a n was t h e p h y s i c a l e n v i r o n m e n t . D u r ­

i n g d e p o s i t i o n o f t h e u p p e r Rex and t h e o v e r l y i n g G e r s t e r c a r b o n a t e s t h e 

d e p o s i t i o n a l b a s i n became c o n t i n u o u s l y more s h a l l o w . The o c c u r r e n c e o f 

t h i c k P a r k C i t y and P h o s p h o r i a s e c t i o n s i n n o r t h w e s t e r n U t a h and e a s t e r n 

Nevada i n d i c a t e s t h a t t h e u p p e r Pe rmian s e a s we re e x t e n s i v e i n t h a t a r e a 

a s w e l l a s i n t h e s h e l f a r e a s t o t h e e a s t and n o r t h e a s t where t h e s e s t r a t -

i g r a p h i c i n t e r v a l s have l o n g b e e n known and s t u d i e d . 

As h a s b e e n m e n t i o n e d p r e v i o u s l y , t h e n a t u r e o f t h e P e r m i a n - T r i a s s i c 

b o u n d a r y i s u n c e r t a i n , b u t a p a r a c o n f o r m a b l e o r p o s s i b l y d i s c o n f o r m a b l e 

r e l a t i o n s h i p may b e p r e s e n t a t t h e c o n t a c t . The s h a r p l i t h o l o g i c change 

from c a r b o n a t e r o c k s t o s h a l e s u g g e s t s t h a t a h i a t u s may b e p r e s e n t , b u t 

t h e r e I s no o t h e r s t r a t i g r a p h i c e v i d e n c e i n t h e a r e a . 

The homogeneous s h a l e s and l i m e s t o n e s o f t h e l o w e r Dinwoody Forma­

t i o n i n d i c a t e an I n f l u x of f i n e c l a s t i c m a t e r i a l ove r t h e G e r s t e r l i m e ­

s t o n e s and p r o b a b l y i n d i c a t e s l i g h t l y more s h a l l o w w a t e r . The u p p e r 

p a r t o f t h e Dinwoody s e c t i o n , s i l t y and itfave r i p p l e - m a r k e d , i n d i c a t e s 

c o n t i n u e d s h a l l o w i n g of t h e w a t e r , a l t h o u g h t h e t h i c k n e s s of t h e D i n ­

woody a l s o a t t e s t s t o c o n t i n u e d s u b s i d e n c e o f t h e b a s i n i n l o w e r T r i -

a s s i c t i m e . The Thaynes F o r m a t i o n r e p r e s e n t s t h e l a s t m a r i n e d e p o s i t i o n 

p r e s e r v e d i n t h e mapped a r e a . Some a d d i t i o n a l T r i a s s i c s e d i m e n t s may 

have b e e n d e p o s i t e d , b u t I t i s l i k e l y t h a t s e d i m e n t a t i o n was i n t e r r u p t e d 

i n m i d d l e t o l a t e T r i a s s i c t i m e by t h e i n f l u e n c e of t h e m e d i a l C o r d i l -

l e ran g e a n t i c l i n e ( S c h u c h e r t , 1921;) wh ich became a p o s i t i v e a r e a t o t h e 
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the physical conditions of Heade Peak time persisted through lower Cap­

itanian time while the Rex Chert Member was being deposited. As with 

the phosphate in the underlying Meade Peak, the supply of siliceous 

material and the chemical environment was probably more responsible for 

the deposition of the Rex Chert than was the physical environment. Dur­

ing deposition of the upper Rex and the overlying Gerster carbonates the 

depositional basin became continuously more shallow. The occurrence of 

thick Park City and Phosphoria sections in northwestern Utah and eastern 

Nevada indicates that the upper Permian seas were extensive in that area 

as well as in the shelf areas to the east and northeast where these strat­

igraphic intervals have long been known and studied. 

As has been mentioned previously, the nature of the Permian-Triassic 

boundary is uncertain, but a paraconformable or possibly disconformable 

relationship may be present at the contact. The sharp lithologic change 

from carbonate rocks to shale suggests that a hiatus may be present, but 

there is no other stratigraphic evidence in the area. 

The homogeneous shales and limestones of the lOvler Dimuoody Forma­

tion indicate an influx of fine clastic material over the Gerster lime­

stones and probably indicate slightly more shallow water. The upper 

part of the Dinwoody section, silty and wave ripple-marked, indicates 

continued shal1010Ting of the water, although the thickness of the Din­

woody also attests to continued subsidence of the basin in lower Tri­

assic time. The Thaynes Formation represents the last marine deposition 

preserved in the mapped area. Some additional Triassic sediments may 

have been deposited, but it is likely that sedimentation Has interrupted 

in middle to late Triassic time by the influence of the medial Cordil­

Jeran geanticline (Schuchert, 1924) which became a positive area to the 
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w e s t i n T r i a s s i c t i m e . The u p p e r c o n t a c t of t h e Thaynes F o r m a t i o n , 

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

t o n i c a c t i v i t y t o t h e w e s t h a s p r o b a b l y b e e n r emoved . 

S e d i m e n t s t h a t may have b e e n d e p o s i t e d i n t h e T e r r a c e Moun ta in s a r e a 

d u r i n g t h e t i m e be tween t h e l o w e r T r i a s s i c and t h e l a t e T e r t i a r y have 

b e e n removed by e r o s i o n o r c o n c e a l e d u n d e r r a n g e - b o r d e r i n g a l l u v i u m . 

T e c t o n i c a c t i v i t y t o o k p l a c e i n t h e s t u d i e d a r e a b e t w e e n t h e T r i ­

a s s i c and t h e l a t e T e r t i a r y . I n i t i a l f o l d i n g o c c u r r e d d u r i n g e i t h e r 

t h e Nevad i an o r o g e n y ( l a t e J u r a s s i c and e a r l y C r e t a c e o u s ) o r t h e L a r a -

mide o r o g e n y ( l a t e C r e t a c e o u s t h r o u g h Eocene ) , o r b o t h , t h e r e b e i n g no 

d i r e c t e v i d e n c e f o r d i f f e r e n t i a t i o n b e t w e e n t h e two o r o g e n i e s . O r o g e n i c 

d e p o s i t s which s e r v e so w e l l t o d a t e t e c t o n i c e v e n t s i n t h e Wasa t ch Moun­

t a i n s t o t h e e a s t a r e c o m p l e t e l y l a c k i n g i n t h e T e r r a c e Moun ta in s and i n 

s u r r o u n d i n g r a n g e s a s w e l l . F o l d i n g c a n o n l y b e d a t e d a s p o s t l o w e r 

T r i a s s i c and p r e v i o u s t o b l o c k f a u l t i n g of t h e r a n g e . 

Two p h a s e s of f o l d i n g a r e d i s t i n g u i s h a b l e . One p h a s e c o m p r i s e s t h e 

b r o a d n o r t h - s o u t h t r e n d i n g West T e r r a c e s y n c l i n e and Tangen t Peak s y n -

c l i n e , and t h e o t h e r c o m p r i s e s e a s t - w e s t t r e n d i n g f o l d s which i n c l u d e 

t h e b r o a d S c o r p i o Peak a n t i c l i n e w i t h i t s a s s o c i a t e d minor f l e x u r e s and 

t h e f o l d s i n t h e Hogup Moun ta ins and C r o c o d i l e Mounta in t o t h e n o r t h . 

Tha t t h e n o r t h - s o u t h t r e n d i n g f o l d s were formed b e f o r e t h e e a s t - w e s t 

t r e n d i n g ones i s s u g g e s t e d on t h e meager g r o u n d s of t h e f l e x u r e o r u n d u ­

l a t i o n o f t h e a x i s of t h e West T e r r a c e s y n c l i n e , an a p p a r e n t e f f e c t of 

l a t e r n o r t h - s o u t h c o m p r e s s i o n . The a x i s o f t h e T a n g e n t Peak s y n c l i n e i s 

t o o much a f f e c t e d by l a t e r f a u l t i n g t o i n d i c a t e d e f o r m a t i o n by f o l d i n g . 

A major p h a s e of b l o c k f a u l t i n g and r o t a t i o n of t h e f a u l t b l o c k s 

a p p a r e n t l y t o o k p l a c e a f t e r f o l d i n g and may have begun i n t h e e a r l y 
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west in Triassic time. The upper contact of the Thaynes Formation, 

although concealed, is erosional and any sedimentary evidence of tec-

tonic activity to the west has probably been removed. 

Sediments that may have been deposited in the Terrace Mountains area 

during the time between the lower Triassic and the late Tertiary have 

been removed by erosion or concealed under range-bordering alluvium. 

Tectonic activity took place in the studied area between the Tri-

assic and the late Tertiary. Initial folding occurred during either 

the Nevadian orogeny (late Jurassic and early Cretaceous) or the Lara-

mide orogeny (late Cretaceous through Eoceneh or both, there being no 

direct evidence for differentiation between the two orogenies. Orogenic 

deposits which serve so well to date tectonic events in the Wasatch Moun-

tains to the east are completely lacking in the Terrace Mountains and in 

surrounding ranges as well. Folding c~~ only be dated as post lower 

Triassic and previous to block faulting of the range. 

Two phases of folding are distinguishable. One phase comprises the 

broad north-south trending West Terrace syncline and Tangent Peak syn-

cline, and the other comprises east-west trending folds which include 

the broad Scorpio Peak anticline with its associated minor flexures and 

the folds in the Hogup Hountains and Crocodile Mountain to the north. 

That the north-south trending folds were formed before the east-west 

trending ones is suggested on the meager grounds of the flexure or undu-

lation of the axis of the West Terrace syncline, an apparent effect of 

later north-south compression. The axis of the Tangent Peak syncline is 

too much affected by later faulting to indicate deformation by folding. 

A major phase of block faulting and rotation of the fault blocks 

apparently took place after folding and may have begun in the early 
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T e r t i a r y , T i l t i n g o f t h e T e r r a c e Moun ta in s b l o c k s was accompan ied by 

r o t a t i o n a l f a u l t i n g of t h e Pe rmian s t r a t a a l o n g t h e w e s t s i d e of t h e 

m o u n t a i n s . The p o s s i b i l i t y i s r e c o g n i z e d t h a t t h e e a s t - w e s t t r e n d i n g 

f o l d s may a l s o be r e l a t e d t o t h e l a t e r t i l t i n g of t h e major f a u l t b l o c k s , 

a l t h o u g h t h i s r e l a t i o n s h i p seems u n l i k e l y . 

B lock f a u l t i n g of t h e B a s i n and Range t y p e a p p a r e n t l y t o o k p l a c e 

i n t h e Miocene and has c o n t i n u e d on a mino r s c a l e a t l e a s t t o P l e i s t o c e n e 

t i m e . 

R e l i e f a n c e s t r a l t o t h a t of t h e p r e s e n t d e v e l o p e d b e f o r e d e p o s i t i o n 

o f t h e l a t e T e r t i a r y ( P l i o c e n e ) , S a l t Lake Group , b u t renewed B a s i n and 

R a n g e - t y p e f a u l t i n g h a s i n c r e a s e d d i s s e c t i o n s i n c e t h a t t i m e . I n p r o b a b l e 

c o n t e m p o r a n e i t y w i t h d e p o s i t i o n of t h e S a l t Lake Group and l a t e s t a g e s 

of b l o c k f a u l t i n g , s m a l l b a s a l t f l ows emana ted from f a u l t p l a n e s a t s e v ­

e r a l p l a c e s w i t h i n t h e s t u d i e d a r e a . 

Most of t h e mapped a r e a was g r e a t l y m o d i f i e d g e o m o r p h i c a l l y by Lake 

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

t i o n of t h a t l a k e d u r i n g t h e l a t t e r p a r t of t h e P l e i s t o c e n e , S e d i m e n t s 

of t h e B o n n e v i l l e Group a r e common i n t h e s t u d i e d a r e a , and t h e i r d i s ­

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

r e c e n t t i m e . 

P o s t B o n n e v i l l e e r o s i o n i s e v i d e n c e d by numerous and e x t e n s i v e 

a l l u v i a l f a n s wh ich c o n c e a l and l a r g e l y e r a d i c a t e s h o r e - l i n e t e r r a c e s 

t h a t t h e y c o v e r . 
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Tertia~. Tilting of the Terrace Mountains blocks was accomp~~ied by 

rotational faulting of the Permian strata along the west side of the 

mountains. The possibility is recognized that the east-west trending 

folds may also be related to the later tilting of the major fault blocks, 

although this relationship seems unlikely. 

Block faulting of the Basin and Range type apparently took place 

in the Miocene and has continued on a minor scale at least to Pleistocene 

time. 

Relief ancestral to that of the present developed before deposition 

of the late Tertia~ (Pliocene), Salt Lake Group, but renewed Basin and 

Range-type faulting has increased dissection since that time. In probable 

contemporaneity with deposition of the Salt Lake Group and late stages 

of block faulting, small basalt flows err~ated from fault planes at sev­

eral places within the studied area. 

Most of the mapped area was greatly modified geomorphically by Lake 

Bonneville and has been riSing isostatically as a result of the desicca­

tion of that lake during the latter part of the Pleistocene. Sediments 

of the Bonneville Group are co~~on in the studied area, and their dis­

placement locally indicates that faulting has been active until ve~ 

recent time. 

Post Bonneville erosion is evidenced by numerous and extensive 

alluvial fans which conceal and largely eradicate shore-line terraces 

that they cover. 
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APPENDIX 

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

w i t h i n t h e s t u d y a r e a , a p p r o v e d i n May, l$6h h y t h e Board on G e o g r a p h i c 

Names of t h e U . S . D e p a r t m e n t of t h e I n t e r i o r ! 

B ig P a s s : g e n e r a l l y n o r t h - s o u t h t r e n d i n g v a l l e y d i v i d i n g t h e T e r r a c e 
Moun ta in s j u s t e a s t o f Tangen t P e a k : Box E l d e r C o u n t y , U t a h ; 
l j l o 3 0 - N . , 1 1 3 o 0 9 - W. ^ o r t h e n d / , u l ° 2 6 » N . , 133°01* W. / s o u t h 
e n d / . 

P e t e r B . S t i f e l , Br igham C i t y 1 : 2 5 0 ; t h e p a s s i s v e r y l a r g e 
and d i s t i n c t , t h u s t h e name; n o t i n a USNF; name r e p o r t e d i n 
l o c a l u s a g e by s t o c k m e n . 

C r o c o d i l e M o u n t a i n : n o r t h - s o u t h t r e n d i n g m o u n t a i n a b o u t 2 , 5 m i l e s 
l o n g , w i t h an e l e v a t i o n o f a b o u t I t ,700 f e e t , a b o u t 2 m i l e s n o r t h ­
e a s t of t h e Hogup Moun ta in s and 8 m i l e s w e s t of t h e n o r t h w e s t end 
of t h e G r e a t S a l t L a k e ; so named b e c a u s e t h e m o u n t a i n p r o f i l e r e ­
s e m b l e s a c r o c o d i l e ! s h e a d ; Box E l d e r C o u n t y , U t a h ; l i l ° 3 8 f 3 0 " 
N . , 1 1 3 ° 0 7 f 3 0 « W. 

P e t e r B . S t i f e l , Br igham C i t y 1 : 2 5 0 ; name p r o p o s a l f o r an u n ­
named f e a t u r e ; n o t i n a USNF. 

Hogup B a r : r i d g e a b o u t 1 .5 m i l e s l o n g w i t h an e l e v a t i o n o f a b o u t U,380 
f e e t , b e t w e e n C r o c o d i l e M o u n t a i n , on t h e n o r t h e a s t , and t h e Hogup 
M o u n t a i n s , on t h e s o u t h w e s t ; Box E l d e r C o u n t y , U t a h ; U l ° 3 7 f l 5 u N . , 
113°08»00» W. 

P e t e r B . S t i f e l , Brigham C i t y 1 : 2 5 0 ; name p r o p o s a l f o r a n u n ­
named f e a t u r e ; n o t i n a USNF. 

K e l t o n B u t t e : b u t t e on t h e s o u t h e a s t end of P e p l i n Moun ta in j u s t 
n o r t h w e s t o f P e p l i n F l a t s and a b o u t 7 m i l e s s o u t h w e s t of K e l t o n ; 
Box E l d e r Coun ty , U t a h ; U l ^ O ' O ^ 1 1 N*, 123°10 ' l*0" W. 

P e t e r B . S t i f e l , Br igham C i t y 1 : 2 5 0 ; t o e s t a b l i s h t h e name; 
f i r s t u s e d by G. K. G i l b e r t i n USGS Monograph n o . 1 , 1 8 9 0 ; 
n o t i n a USNF. 

P e p l i n F l a t s : b a s i n a b o u t 3 m i l e s a c r o s s ; i t i s bounded on t h e e a s t 
by C r o c o d i l e Mounta in and Hogup B a r , on t h e s o u t h b y t h e Hogup 
M o u n t a i n s , and on t h e n o r t h w e s t b y P e p l i n M o u n t a i n ; Box E l d e r 
C o u n t y , U t a h ; l ; l o 3 9 ! 0 0 " N . , 1 1 3 ° 0 9 , O O n ¥ . 

P e t e r B . S t i f e l , Brigham C i t y 1 : 2 5 0 ; name p r o p o s a l f o r a n 
unnamed f e a t u r e ; t h e name " P e p l i n " i s common t o t h e a r e a ; 
n o t i n a USNF. ' 

S c o r p i o P e a k : m o u n t a i n peak w i t h an e l e v a t i o n of a b o u t 6 , 5 6 0 f e e t , 
i n t h e s o u t h e r n p a r t o f t h e T e r r a c e Moun ta in s a b o u t 10 m i l e s 
s o u t h w e s t of D o l p h i n I s l a n d i n t h e G r e a t S a l t L a k e ; s o named 
b e c a u s e o f t h e numerous s c o r p i o n s found on i t s s l o p e s ; Box E l d e r 

172 

APPENDIX 

The following is a list of geographic names used for location 

within the study area, approved in Hay, 1964 by the Board on Geographic 

Names of the U.S. Department of the Interiors 

Big Pass: generally north-south trending valley dividing the Terrace 
Hountains just east of Tangent Peak; Box Elder County, Utah; 
410301 N., 113009 1 w. L?orth en37, 41026 1 N., 1130 07' w. LSouth 
eng. 

Peter B. Stifel, Brigham City 1:250; the pass is very large 
and distinct, thus the name; not in a USNF; name reported in 
local usage by stockmen. 

Crocodile Hountain: north-south trending mountain about 2.5 miles 
long, with an elevation of about 4,700 feet, about 2 miles north­
east of the Hogup Hountains and 8 miles west of the northwest end 
of the Great Salt Lake; so named because the mountain profile re­
sembles a crocodile's head; Box Elder County, Utah; 41038 1 301t 

N., 113007 130" V.I. 
Peter B. Stifel, Brigham City 1:250; name proposal for an un­
named feature; not in a USNF. 

Hogup Bar: ridge 
feet, betHeen 
Hountains, on 
113008 100" W. 

about 1.5 miles long \ri.th an elevation of about 4,380 
Crocodile Hountain, on the northeast, and the Hogup 
the south1-18st; Box Elder County, Utah; 41037 1l51t N., 

Peter B. Stifel, Brigham City 
named feature; not in a USNF. 

1:250; name proposal for an un-

Kelton Butte: butte on the southeast end of Peplin 110untain just 
north-tv-est of Peplin Flats and about 7 miles southwest of Kelton; 
Box Elder County, Utah; 410 40'05" N., 113°l0 140u w. 

Peter B. Stifel, Brigh~~ City 1:250; to establish the name; 
first used by G. K. Gilbert in USGS Honograph no. 1, 1890; 
not in a USNF. 

Peplin Flats: basin about 3 miles across; it is bounded on the east 
by Crocodile Hountain and Hogup Bar, on the south by the Hogup 
~10untains, and on the north1-18Bt by Peplin Hountain; Box Elder 
County, Utah; 41039'00" N., 113009'00" w. 

Peter B. Stifel, Brigham City 1:250; name proposal for an 
unnamed feature; the name "Peplinll is common to the area; 
not in a USNF. 

Scorpio Peak: mountain peak with an elevation of about 6,560 feet, 
in the southern part of the Terrace Hountains about 10 miles 
southwest of Dolphin Island in the Great Salt Lake; so named 
because of the numerous scorpions found on its slopes; Box Elder 
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C o u n t y , U t a h ; I i l°2ii«20» N , , 1 1 3 0 1 0 » l 5 H ¥ . 
P e t e r B . S t i f e l , Br igham C i t y l :2f>0; name p r o p o s a l f o r an 
unnamed f e a t u r e * n o t i n a USNF, 

S h e l t e r M o u n t a i n ; m o u n t a i n w i t h an e l e v a t i o n of a b o u t 5 , 9 0 0 f e e t , on 
t h e w e s t s i d e of t h e T e r r a c e M o u n t a i n s a b o u t 3 m i l e s w e s t - n o r t h ­
w e s t o f S c o r p i o Peak* Box E l d e r C o u n t y , Utah* a l ° 2 5 f 3 0 M N , , 1 1 3 ° 
1 3 T 0 0 » ¥ • 

P e t e r B . S t i f e l , Br igham C i t y 1:25>0; name p r o p o s a l f o r an u n ­
named f e a t u r e * n o t i n a USNF. 

S h e l t e r Mounta in P a s s ; p a s s on t h e w e s t s i d e of t h e T e r r a c e Moun-
t a i n s j u s t e a s t o f S h e l t e r M o u n t a i n ; Box E l d e r C o u n t y , U t a h ; 
i a ° 2 5 T N , , 1 1 3 ° 1 3 ! W. 

P e t e r B , S t i f e l , Br igham C i t y ; name p r o p o s a l f o r an unnamed 
f e a t u r e ; n o t i n a USNF. 

T a n g e n t P e a k ; m o u n t a i n p e a k w i t h an e l e v a t i o n of a b o u t 6,75>0 f e e t , 
i n t h e T e r r a c e Moun ta in s a b o u t 9 m i l e s w e s t - n o r t h w e s t o f D o l p h i n 
I s l a n d i n t h e G r e a t S a l t L a k e ; named by t h e C l a r e n c e King E x p e d i ­
t i o n ( 1 8 7 7 ) ; Box E l d e r C o u n t y , U t a h ; La 028»50*» N . , 1 1 3 ° 1 0 » 2 5 " W. 

P e t e r B . S t i f e l , Br igham C i t y 1 : 2 ^ 0 ; t o e s t a b l i s h t h e name; 
u n u s e d on maps b u t u s e d f i r s t by A, Hague i n K i n g f s E x p l o r a t i o n 
of t h e UOth P a r a l l e l ; n o t i n a USNF. 

T e r r a c e S p i t : a r c u a t e r i d g e a b o u t 9 m i l e s l o n g , e x t e n d i n g s o u t h e a s t ­
ward from t h e e a s t s i d e of t h e T e r r a c e M o u n t a i n s a l o n g t h e w e s t 
s h o r e o f t h e G r e a t S a l t L a k e ; Box E l d e r C o u n t y , U t a h ; I ; l 0 2 6 , 3 0 n 

N . , 1 1 3 ° 0 5 f 3 0 » ¥ • / n o r t h w e s t e n d / , u l ° 2 0 » 0 0 t t N , , 1 1 3 6 0 0 ! 1 0 " ¥ , 
/ s o u t h e a s t e n d / . - -

P e t e r B . S t i f e l , Brigham C i t y 1 : 2 ^ 0 ; name p r o p o s a l f o r an 
unnamed f e a t u r e ; n o t i n a USNF. 
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County, Utah; 410 24'201t N., 113010'151t w. 
Peter B. Stifel, Brigham City 1:250; name proposal for an 
unnamed feature; not in a USNF. 

Shelter Mountain: mountain with an elevation of about 5,900 feet, on 
the west side of the Terrace Mountains about 3 miles west-north­
west of Scorpio Peak; Box Elder County, Utah; 410 25 130" N., 1130 

13 1 00 tl li. 
Peter B. Stifel, Brigham City 1:250; name proposal for an un­
named feature; not in a USNF. 

Shelter Hountain Pass: pass on the "lest side of the Terrace ~foun­
tains just east of Shelter Mountain; Box Elder County, Utah; 
410 25' N., 113~3' w. 

Peter B. Stifel, Brigham City; name proposal for an unnamed 
feature; not in a USNF. 

Tangent Peak: mountain peak with an elevation of about 6,750 feet, 
in the Terrace Hountains about 9 miles west-northwest of Dolphin 
Island in the Great Salt Lake; named by the Clarence King Expedi­
tion (1877); Box Elder County, Utah; 410 28'50" N., 113010'25t1 w. 

Peter B. Stifel, Brigham City 1:250; to establish the name; 
unused on maps but used first by A. Hague in King's Exploration 
of the 40th Parallel; not in a USNF. 

Terrace Spit: arcuate ridge about 9 miles long, extending southeast­
ward from the east side of the Terrace Hountains along the "Test 
shore of the Great Salt Lake; Box Elder County, Utahi, 410 26'30" 
N., 1130 05' 30" \i. [riorthlvest eng, 410 20' oolt N., 113 00 'lOll -W._ 
LSoutheast end? --

Peter B. Stifel, Brigham City 1:250; name proposal for an 
unnamed feature; not in a USNF. 
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