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ABSTRACT 

T h e L u c i n m i n i n g d i s t r i c t i s i n t h e n o r t h e r n t h i r d o f 

t h e P i l o t R a n g e o f w e s t e r n U t a h a n d e a s t e r n N e v a d a . T h e 

d i s t r i c t h a s p r o d u c e d s i n c e 1 8 7 0 o v e r t h r e e m i l l i o n d o l l a r s 

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

c h r y s o c o l l a , g o e t h i t e a n d l i m o n i t e . M i n i n g o p e r a t i o n s 

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

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

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

i n p r o d u c t i o n u n t i l i n 1 9 5 5 , o p e r a t i o n s w e r e a b a n d o n e d . 

O r e b o d i e s i n t h e d i s t r i c t a r e c o n c e n t r a t e d i n t w o 

l o c a l i t i e s . A t C o p p e r M o u n t a i n t h e y o c c u r a l o n g n o r t h - s o u t h 

f a u l t s i n t h e D e v o n i a n G u i l m e t t e F o r m a t i o n , a n d a t T e c o m a 

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

t h e O r d o v i c i a n F i s h H a v e n D o l o m i t e , S i l u r i a n L a k e t o w n 

D o l o m i t e a n d t h e G u i l m e t t e F o r m a t i o n . A l l o f t h e m a j o r 

f a u l t t r e n d s a r e p r e - L a t e T e r t i a r y , a l t h o u g h t h e T e c o m a H i l l 

e a s t - w e s t a n d n o r t h e a s t f i s s u r e s a r e y o u n g e r t h a n t h e C o p p e r 

M o u n t a i n n o r t h - s o u t h f a u l t s „ I n t r u s i o n o f a m o n z o n i t e s t o c k 

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

i s u n c e r t a i n . 

O r e d e p o s i t s a r e c l a s s i f i e d a s r e p l a c e m e n t a n d f r a c t u r e 

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

l o w e r m a s s i v e l i m e s t o n e m e m b e r o f t h e G u i l m e t t e F o r m a t i o n . 

S u l p h i d e o r e s f i l l e d w a t e r - w o r n c a v i t i e s i n t h e h o s t r o c k b u t 

ABSTRACT 

The Lucin mining district is in the northern third of 

the Pilot Range of ·western Utah and eastern Nevada. The 

district has produced since 1870 over three million dollars 

of 10"l"T grade copper and iron ore primarily of Ill2.1achi te, 

chrysocolla, goethite and limonitee Mining opp.rations 

reached a high point in the early nineteen hundreds but 

because of high percentages of alumina and silica, milling 

and metallurgical difficulties forced the Gradual decrease 

in production until in 1955, operations "lT8re abandoned. 

Ore bodies in the district are concentrated in tuo 

localities. At Copper H01.mto.in they occur along north-south 

faults in the Devonian Guilmette Formo.tion, and at Tecoma 

Hill they occur o.lonG eO-st-Hest and northeast fractures in 

the Ordovicio.n Flsh Haven Dolomite, SilurLn Laketoi"m 

Dolomite and tho Guilmette Formation. All of the major 

fault trends are pre-LQte Tertiary, o.lthouC;h the Tecoma Hill 

east-I'Test and northeast fissures are younger than the Copper 

Moun tain north-·sou th fo.ul ts 0 In trus:i,.on of a monzoni te sto ck 

accompanied the faulting but its relationship to ore formation 

is uncertain. 

Ore deposits o.re classified as replacement m1d fracture 

fillings in favorable carbonate rock, particularly in the 

low·er massive limestone member of the Guilmette Formation. 

Sulphide ores filled Imter-I"Torn cavi ties in the host rock but 

-i-



h a v e s i n c e b e e n a l m o s t c o m p l e t e l y o x i d i z e d t o o x i d e s , c a r ­

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

B o t h t h e C o p p e r M o u n t a i n a n d t h e T e c o m a H i l l l o c a l i t i e s 

h a v e e x p e r i e n c e d e x t e n s i v e p o s t - L a t e T e r t i a r y e r o s i o n 

a c c o m p a n y i n g u p l i f t o f t h e P i l o t R a n g e • S t r i p p i n g o f p o s t -

D e v o n i a n s e d i m e n t a r y r o c k h a s e x p o s e d t h e G u i l m e t t e a n d o l d e r 

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

t o o c c u r . 

R o c k s o r i g i n a l l y c o n s i d e r e d t o b e o f C a r b o n i f e r o u s a g e 

i n t h e L u c i n d i s t r i c t r a n g e f r o m E a r l y O r d o v i c i a n t o M i d d l e 

P e r m i a n . T h e s e r e v i s e d a g e s a r e b a s e d o n f o s s i l z o n e s i n 

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

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

l o g i c a l c o r r e l a t i o n w i t h t h e n e i g h b o r i n g S i l v e r I s l a n d a n d 

C r a t e r I s l a n d M o u n t a i n s . 

T h e r e v i s e d P a l e o z o i c s e c t i o n i s a s f o l l o w s t 

M i d d l e ( ? ) P e r m i a n u n n a m e d f o r m a t i o n 0 - 1 2 5 f 

L o w e r P e r m i a n ( L e o n a r d ) P e q u o p F o r m a t i o n 8 4 0 - 8 7 5 ' 

W o l f c a m p - u p p e r P e n n s y l v a n i a n u n d i f f e r e n t i a t e d 
( a n g u l a r u n c o n f o r m i t y ) 1 2 0 - 1 3 0 f 

L o w e r P e n n s y l v a n i a n ? - C h a i n m a n - D i a m o n d P e a k 
U p p e r M i s s i s s i p p i a n u n d i f f e r e n t i a t e d 4 5 0 - 4 7 0 1 

( a n g u l a r u n c o n f o r m i t y ) 

U p p e r D e v o n i a n 

G u i l m e t t e 
F o r m a t i o n 

M i d d l e a n d U p p e r 
D e v o n i a n 

u p p e r s h a l y l i m e s t o n e 
( P i n y o n P e a k e q u i v a l e n t ) 3 0 5 - 3 4 5 ' 

Mi d d l e q u a . r t z 1 1 e 

( V i c t o r i a e q u i v a l e n t ) 2 3 5 - 2 7 0 1 

l o w e r m a s s i v e l i m e s t o n e 8 5 0 - 9 0 0 1 

have since been almost completely oxldized to oxides, car-

bonates, sulphates, and other secondary minerals. 

Both the Oopper Mountain and the Tecoma Hill localities 

have experienced extensive post-Late Tertiary erosion 

accompanyinG uplift of the Pilot RanGe~ Stripping of post-

Devonian sedimentary rock has exposed the Guilmette and older 

formations to surface leachinG a,llo1"rinG supergene enrichment 

to occur. 
, 

Rocks originally considered to be of Oa,rboniferous aGe 

in the Lucin district ranGe from Early Ordovician to Niddle 

Permian. These revised aGes are based on fossil zones in 

the immediate area t as "Hell as in the entire 2J ilot Hountain 

area, on sequence of position~ o.nd on litholOGic and paleonto-

logical correlation \"rith the neiGhborinc; Silver Island and 

Orater Island Mcuntains4 

The revised Paleozoic section is as follows~ 

Middle (?) Permian unnamed formation 

Lower Permian (Leonard) Pequop Formation 

Wolfcamp - upper Pennsyl vani;:m l.mdifferen titl. ted 
(angular unconformity) 

LOl·rer Pennsyl v3..llian? - Ohainman -, Diamond Peak 
U:pper Hi s sis sippi::m undi..fferen tiated 

(anGular wlconformity) 

o - 125 r 

840 - 875' 

120 - 130 r 

450 - 470' 

Upper Devonian upper sh8.1 y lime stone 
(Pinyon Peak equivalent) 305 - 345' 

Guilmette 
fO rmc'l.ti on 

!Uddle and Upper 
Devonian 

Hiddle C1uartzi.te 
(Viotoria equivalent) 235 - 270' 

lower massive 1im~stone 850 - 900' 



M i d d l e D e v o n i a n 
( p a r a c o n f o r m i t y ) 

S i m m o n s o n F o r m a t i o n 5 2 0 - 5 5 0 1 

M i d d l e S i l u r i a n 
( p a r a c o n f o r m ! t y ) 

L a k e t o w n D o l o m i t e 1 0 5 5 - 1 0 7 0 

U p p e r O r d o v i c i a n 
( p a r a c o n f o r m i t y ) 

P i s h H a v e n D o l o m i t e 3 7 0 - 3 9 5 

M i d d l e O r d o v i c i a n ' 
( p a r a c o n f o r m i t y ) 

E u r e k a Q u a r t z i t e 1 5 0 - 1 7 5 

L o w e r O r d o v i c i a n P o g o n i p G r o u p ( L e h m a n 
F o r m a t i o n ) 0 - 1 5 0 

A t t h e s o u t h e r n e n d o f t h e d i s t r i c t a s m u c h a s 2 , 0 0 0 f e e t 

o f P r o t e r o z o i c ( ? ) - C a m b r i a n P r o s p e c t M o u n t a i n q u a r t z i t e i s 

e x p o s e d a n d a t t h e n o r t h e a s t e r n a n d w e s t e r n m a r g i n o f t h e a r e a 

2 , 5 0 0 - 3 , 0 0 0 f e e t o f U p p e r M i o c e n e - L o w e r P l i o c e n e S a l t L a k e 

F o r m a t i o n u n d e r l i e a P l i o c e n e , u n n a m e d , v i t r i c t u f f d e p o s i t , , 

I g e n o u s r o c k i n t h e a r e a , o t h e r t h a n t h e m o n z o n i t e , 

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

f l o w a n d a s s o c i a t e d d i a b a s e d i k e s . 

- i l l -

Middle Devonian 
(paracOnfOrIlLl. ty) 

Middle Silurian 
(paraconformity) 

Upper Ordovician 
(paraoonformi ty) 

Middle Ordovician 
(paraconiormity) 

LOl'rer Ord ovi cian 

Simmonson Formation 

Lake tOI'm Dolomite 

Fish Haven Dolomite 

Eureka Quartzite 

pogonip Group (Lehman 
Formation) 

t 
,.;F 

520 - 550' 

1055 - 1070' 

370 - 395' 

150 - 175' 

o - 150 

At the southorn end of the district ns much as 2,000 feet 

of Proterozoic (?) Cambrian Prospect Hou.ntain Quartzite is 

exposed and at the northeast.ern and "l1estern margin of the area 

2,500 - 3,000 feet of Upper !<[j.ocene - Leo,rer ]Jliocene Salt Lake 

Formation lUldorlie n Plio cene 9 Ul'Ll1arned> vi tr'l c tu,ff de po si to 

Igenous rock in the area~ other than the monzonite, 

include a rhyolite f},ow or ignimbrite seQuence ~nd a basalt 

flow and associated diabase dikes. 
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INTRODUCTION 

L o c a t i o n 

T h e L u c i n m i n i n g d i s t r i c t l i e s i n t h e n o r t h e r n t h i r d o f 

t h e P i l o t M o u n t a i n r a n g e o f B o x E l d e r C o u n t y , U t a h , a n d E l k o 

C o u n t y * N e v a d a . ( p l a t e 1) T h e m i n i n g d i s t r i c t w a s o r g a n i z e d 

a n d n a m e d i n 1 8 7 2 a n d , a c c o r d i n g t o l i m i t s s e t i n t h e n i n e ­

t e e n t h c e n t u r y , i n c l u d e s a n a r e a o f 1 2 5 s q u a r e m i l e s a n d e x t e n d s 

n o r t h o f t h e P i l o t R a n g e « I n t h i s r e p o r t , t h e L u e i n m i n i n g 

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

i n t h e i m m e d i a t e v i c i n i t y o f C o p p e r M o u n t a i n o P a t t e r s o n P a s s 

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

T h e a r e a c o v e r s a b o u t 6 5 t o 7 0 s q u a r e m i l e s a n d i n c l u d e s 

a l l o r p a r t of- T o w n s h i p s 6 a n d 7 N o r t h 9 R a n g e 1 8 a n d 1 9 W e s t , 

S a l t L a k e ' B a s s ' a r $ M e r i d i a n a n d T o w n s h i p s 3 8 ? 39, a n d 4 0 N o r t h , 

R a n g e 7 0 E a s t . M t . D i a b l o B a s e a n d M e r i d i a n * 

I m p o r t a n t m i n e s o f t h e d i s t r i c t a r e a t o r n e a r C o p p e r 

M o u n t a i n a n d a r e e i g h t m i l e s s o u t h w e s t o f L u c i n , U t a h , a n d 

8 . 5 m i l e s e a s t o f M o n t e l l o , N e v a d a . A l t h o u g h s i t u a t e d o n 

t h e N e v a d a - U t a h b o u n d a r y , t h e d i s t r i c t : s m o s t v a l u a b l e m i n e s 

a r e i n U t a h i n B o x E l d e r C o u n t y b e t w e e n o n e - h a l f a n d 1 . 5 m i l e s 

e a s t o f t h e s t a t e l i n e * * -

T h e L u c i n d i s t r i c t i n c l u d e s t w o m a j o r a r e a s o f o r e 

c o n c e n t r a t i o n . T e c o m a H i l l , l o c a t e d i m m e d i a t e l y e a s t o f t h e 

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

l e s s e r i m p o r t a n c e t h a n t h e C o p p e r M o u n t a i n a r e a . T h e l a t t e r 

V 

INTRODUCTI ON 

Location 

The Lucin mini ng di s t r ict lies in the norther n third of 

the Pilot Mount ain range of Box Elder County, Ut ah, and Elko 

County, Neva da e (plate 1 ) Th e mini ng di s t ri ct was organized 

and named in 1872 and , according to l i mits s et in the nine­

teenth century , includes sn al~8~ of 1 25 s quare miles and extends 

nort h of t he Pilot Range o In thi3 report~ the Lucin mining 

district includes only the northern third of t he Pi l ot Range 

in the immediate vicinity of Copper Mountai n o Patterson Pass 

marks the s outhern boundary f the district o 

The area covers about 65 to 70 square miles and includes 

all or part of· T01m.ships 6 and 7 North, Range 18 and 19 West, 

Sal t Lake 'Bas'd arifl Meridj.an and TOi'ffiS ru..pS 38, 399 and 40 North, 

Range 70 East, Mt o Diablo Base and Meridian . 

I mpor tant min es of the di s trict are at or near Copper 

Mountain and are eight mi les southwest of Lu cin 9 Utah , and 

8.5 miles eas t of Montello ~ Nevada o Al t hough si tua ted on 

the Neva da -Utah boundary , the distrj,ct ~ s most valuable mines 

are in Ut ah in Box Elder County betwe en one- half and 105 miles 

ea s t of t he state line ~R 

The Lucin di s trict includes two major areas of ore 

concent r ation. Tecoma Hill, located immediately east of the 

state lin e, was the first to be developed but ha s been of 

lesser i mpor tanc e than the Copper Mountain area o The latter 

-1-
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a r e a , l o c a t e d a m i l e e a s t o f T e c o m a H i l l a n d i n c l u d i n g f o u r 

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

w a s d i s c o v e r e d a b o u t 1 9 0 0 . R e l a t i v e i m p o r t a n c e o f t h e 

C o p p e r M o u n t a i n a r e a h a s a l l o w e d t h e t e r m " C o p p e r M o u n t a i n 

D i s t r i c t " t o r e p l a c e " L u c i n m i n i n g d i s t r i c t " i n r e c e n t 

l i t e r a t u r e . 

A c c e s s i b i l i t y 

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

L u c i n , U t a h , o r M o n t s i l o , N e v a d a . B o t h c o m m u n i t i e s l i e o n 

t h e m a i n l i n e 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 a n d o n a 

g r a v e l r o a d s k i r t i n g t h e n o r t h e r n e n d o f t h e P i l o t M o u n t a i n s 

d e s i g n a t e d U t a h H i g h w a y 7 0 o r N e v a d a H i g h w a y 3 0 . L u c i n a n d 

M o n t e l l 0 m a y b e r e a c h e d f r o m W e n d o v e r , U t a h , b y g r a v e l r o a d s 

p a r a l l e l i n g t h e P i l o t M o u n t a i n s . 

P r o m L u c i n , u n i m p r o v e d g r a v e l a n d d i r t r o a d s l e a d t o t h e 

C o p p e r M o u n t a i n a r e a v i a t h e C o a l B a n k S p r i n g a r e a o r v i a t h e 

L i o n H i l l a n d T u n n e l S p r i n g a r e a s . B o t h r o u t e s l e a d t o t h e 

G o v e r n o r ' s S p r i n g c a m p a t t h e b a s e o f C o p p e r M o u n t a i n . P r o m 

t h e r e a n a r r o w , s t e e p r o a d l e a d s t o t h e m i n e s a t t h e s u m m i t . 

P r o m M o n t e l l o , s e v e r a l u n i m p r o v e d r o a d s l e a d t o t h e m i n i n g 

a r e a v i a e i t h e r t h e J e f f R a n c h - R e g u l a t o r C a n y o n o r t h e 

P e a r s o n R a n c h - S i x S h o o t e r C a n y o n a r e a s . T h e P i l o t M o u n t a i n s 

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

G e o g r a p h y 

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

d r a i n e d a r e a o f h i g h r e l i e f . An 8 , 0 2 6 - f o o t r e c o r d i n g a t 

-2-

area, located a mile east of Tecoma Hill and including four 

or five square miles in the center of the Lucin district, 

1m s di s covered a bou t 1900. Rela ti ve importanc e 0 f the 

Oopper ~.roUll tain area has a110lTed the term "Oopper }fountain 

District" to replace "Lucin Hining district" in recent 

literature. 

Accessibility 

The Lucin mining district is accessible from either 

Lucin, Utah, or Montzllo, Nevada. Both communities lie on 

the main line of the Southern Pacific Railroad and on a 

gravel road sldrting the northern end of the Pilot MOU11.tains 

designated Utah I-Iighimy 70 or Nevada Highi'Tay 30. Lucin and 

Montello may be reaclled from ~Iendover, Utah, by gravel roads 

parallelinG the Pilot HOlm tnins. 

From Lucin, unimproved c;rnvel and dirt roads le8..d to the 

Oopper l10tUltain area 'T,rio. -~he 000.1 Banlc Spring area or via the 

Lion Hill and Tunnel Spring areas. Both routes lead to the 

Governor's 3pring camp at the base of Oopper MOWlta1n. From 

there a narrOlT, steep r08,d leads to tho mines at the SUli1TDi t. 

Prom :r.lontello, several lUlimproved roads lead to the mining 

area via either the Jeff Ranch-Regulator Oanyon or the 

Pearson Ranch-Six Shooter Oanyon areas. The Pilot 110untains 

may be crossed only at the 00111181'" l.foulltai:;:.l SUliJuit 

Geography 

The Luoin district lies in a moderately timbered, iv-ell 

drained area of hiGh relief. Al1. 8,026-foot recordinG at 
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G r a s s y O a l m , a U . S . C o a s t a n d G e o d e t i c S u r v e y t r i a n g u l a -

t i o n s t a t i o n , i s t h e h i g h e s t p o i n t o n t h e d i v i d e . G r a s s y 

C a i r n i s l e s s t h a n t h r e e q u a r t e r s o f a m i l e n o r t h o f C o p p e r 

M o u n t a i n . C o p p e r M o u n t a i n i s t h e l o w e s t p o i n t o n t h e d i v i d e 

w i t h i n t h e d i s t r i c t a n d h a s a n e l e v a t i o n o f a b o u t 7 , 3 0 0 f e e t , 

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

l o w e s t p o i n t o n t h e P i l o t M o u n t a i n r i d g e a n d i s l i t t l e m o r e 

t h a n 6 , 8 0 0 f e e t a b o v e s e a l e v e l . A r e a s b e t w e e n C o p p e r M o u n t a i n 

a n d P a t t e r s o n P a s s a t t a i n a l t i t u d e s o f m o r e t h a n 7 , 8 0 0 f e e t 

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

w i t h a l t i t u d e s o f m o r e t h a n 1 0 , 0 0 0 f e e t r e c o r d e d , T e c o m a H i l l 

i s a m i n o r w e s t - t r e n d i n g r i d g e b e t w e e n 6 , 2 0 0 a n d 6 , 8 0 0 f e e t 

a b o v e s e a l e v e l . 

T h e e a s t e r n s i d e o f t h e d i s t r i c t i s c h a r a c t e r i z e d b y 

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

e a s t e r l y d i p p i n g G u i l m e t t e F o r m a t i o n a n d y o u n g e r r o c k s . T h e 

l o w e r p o r t i o n o f t h e e a s t e r n s l o p e h a s a l e s s e r g r a d i e n t t h a n 

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

e x t e n d s e a s t w a r d f o r a b o u t t w o m i l e s b e y o n d t h e G o v e r n o r ' s 

S p r i n g c a m p . 

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

c h a r a c t e r i z e d b y a m o d e r a t e s l o p e . T h i s s l o p e i s d i s s e c t e d 

b y s e v e r a l e a s t - w e s t v a l l e y s s e p a r a t e d b y r o u n d e d r i d g e s . 

T h e v a l l e y s a r e V - s h a p e d e x c e p t F a t Woman C a n y o n a n d a r e i n 

t h e e a r l y m a t u r e s t a g e o f t h e f l u v i a l e r o s i o n a l c y c l e . F a t 

Woman C a n y o n w h i c h i s u n d e r l a i n b y a n o r t h w e s t p r o j e c t i o n o f 

t h e g r a n i t o i d m a s s h a s a m o r e o p e n , r o l l i n g v a l l e y f l o o r . 
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Grassy Cairn, a U. S. Coast and Geodetic Survey triangula-

tion station, is the highest point on the divide. Grassy 

Cairn is less than three quarters of a mile north of Copper 

Mountain. Copper Mountain is the lOvrest point on the divide 

iuthin the district and has an elevation of about 7,300 feet. 

Patterson Pass, at the southern limit of the district, is the 

1m-rest point on the Pilot Mountain ridge and is little more 

than 6,800 feet above sea level. Areas betw'een Copper Mountain 

and Patterson Pass attain altitudes of more than 7,800 feet 

and south of Patterson Pass the topography is more rugged 

with altitudes ot more than 10,000 feet recorded. Tecoma Hill 

is a minor west-trending ridge behreen 6,200 and 6,800 feet 

above sea level. 

The eastern side of the district is characterized by 

steep gradients "l1"here it is controlled by dip-slopes of the 

easterly dipping Guilmette Formation and younger rocks. The 

lOi-rer portion of the eastern slope has a lesser gradient than 

the upper part and is underlain by granitoid rock which 

extends eastward for about two miles beyond the Governor~s 

Spring camp. 

By contrast, the vrestern slope of the district is 

characterized by a moderate slope. This slope is dissected 

by several east-west valleys separated by rounded ridges. 

The valleys are V-shaped except Fat vroman Canyon and are in 

the early mature stage of the fluvial erosional cycle. Fat 

Woman Canyon which is underlain by a northwest projection of 

the granitoid mass has a more open, rolling valley floor. 
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B e c a u s e o f t h e p r e v a l e n t e a s t e r l y d i p s t h e s t r a t i g r a p h i c 

s e c t i o n f r o m L o w e r O r d o v i c i a n t o M i d d l e P e r m i a n i s b e s t 

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

N o r t h o f G r a s s y C a i r n t h e r e l i e f i s l e s s r u g g e d a n d 

a m o r e r o l l i n g t o p o g r a p h y p r e v a i l s . E a s t - w e s t s t r u c t u r a l 

t r e n d s a r e l e s s p r o n o u n c e d a n d r i d g e s a r e c a p p e d b y l e s s 

r e s i s t a n t ' " , p o s t - D e v o n i a n r o c k . 

T h e e a s t e r n f l a n k g r a d e s i n t o p i e d m o n t s l o p e s t h a t a r e 

m o d i f i e d o n l y b y s c u l p t u r i n g e f f e c t s o f L a k e B o n n e v i l l e , 

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

e x i s t s b e t w e e n m o u n t a i n s l o p e a n d p i e d m o n t . 

V e g e t a t i o n a n d R a i n f a l l 

R a i n f a l l i n t h e d i s t r i c t r a n g e s f r o m 1 0 t o 1 5 i n c h e s 

a t h i g h e r e l e v a t i o n s , a n d o n l o w e r s l o p e s . . a n d p i e d m o n t a r e a s 

i s l e s s t h a n 1 0 i n c h e s . On t h e a l k a l i f l a t s a l m o s t n o 

p r e c i p i t a t i o n i s r e c e i v e d . T h i s d i s t r i b u t i o n i s b a s e d o n 

f e w m e a s u r e m e n t s a n d i n f e r r e d f r o m t h e d i s t r i b u t i o n o f t h e 

v e g e t a t i o n . 

T h e h i g h e r s l o p e s a r e : m o d e r a t e l y t i m b e r e d w i t h j a c k 

a n d p i n o n p i n e , J u n i p e r , a s p e n , a n d o a k b r u s h . A l s o t y p i c a l 

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

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

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

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

On t h e h i g h e r s l o p e s i n t h e P a t t e r s o n P a s s a r e a a n d i n 

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

a r e m o s t common w i t h s m a l l a s p e n g r o v e s a s s o c i a t e d w i t h m a n y 
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Because of the prevalent easterly dips the stratigraphic 

section from Low'er Ordovician to Middle Permian is best 

exposed on the "rest side of the r::nge. 

North of Grassy Oairn the relief is less rugged and 

a more rolling topography prevails. East-i'rest structural 

trends are less pronounced and ridges are capped by less 

resl'stant;· , post-Devonian rock. 

The eastern flank grades into piedmont slopes that are 

modified only by sculpturing effects of Lake BOllneville, 

whereas on the western side a slight change in gradient 

exists behreen mountain slope and piedmont. 

Vegetation and Rainfall 

Rainfall in the district ranges from 10 to 15 inches 

at higher elevations, and on lower slopes_ill1d piedmont areas 

is less than 10 inches. On the alkali flats almost no 

precipitation is received. This distributlon is based on 

few measurements and inferred from the distributi6n of the 

vegetation. 

The higher slopes are : moderately timbered with jack 

and pinon pine, jtUliper, aspen, and oak brush. Also typical 

of these slopes are patches of sagebrush and many species 

of shrubs and grasses. prevailing Hesterly i"rinds cause the 

western slopes to receive more moisture and as a result have 

larger pine and jUlliper grow·ths as Hell as thicker soil cover. 

On the higher slopes in the Patterson Pass area and in 

other areas underlain by granitoid rock, grasses and sagebrush 

are most common i,ri th small aspen groves associated i·ri th many 
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s p r i n g s . G r a s s e s a r e a l s o p r e v a l e n t I n a r e a s t h a t a r e u n d e r ­

l a i n b y M i s s i s s i p p i a n a n d P e r m i a n s t r a t a . 

On e i t h e r s i d e o f t h e m a i n m o u n t a i n r i d g e l o w e r s l o p e s 

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

u p p e r f r i n g e a n d s a g e b r u s h f u r t h e r d o w n . T h e a l k a l i f l a t s a r e 

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

a n d p o o r d r a i n a g e h a s f a v o r e d t h e g r o w t h o f t h e s e a l k a l i -

r e s i s t i n g p l a n t s . 

D r a i n a g e a n d W a t e r S u p p l y 

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

s e v e r a l c a n y o n s c o n t a i n w a t e r u n t i l e a r l y s u m m e r . H o w e v e r , 

m a n y p e r m a n e n t s p r i n g s a r e p r e s e n t . M o s t o c c u r o n t h e e a s t e r n 

s i d e w h e r e s e d i m e n t a r y r o c k s d i p t o w a r d t h e e a s t a n d p r o v i d e 

n a t u r a l c h a n n e l s f o r s u b s u r f a c e w a t e r . 

S e v e r a l s p r i n g a r e a s o n t h e e a s t e r n s i d e , n o t a b l e 

C o a l B a n k , I n d i a n a n d T u n n e l S p r i n g s , w e r e o r i g i n a l l y d u g a s 

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

O t h e r s a r e g a t h e r e d i n s h a d e d a r e a s a n d u s e d f o r s t o c k w a t e r ­

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

c o l l e c t e d f o r d o m e s t i c a n d s t o c k u s e . G o v e r n o r ' s S p r i n g a n d 

o t h e r s i n t h e C o p p e r M o u n t a i n a n d P a t t e r s o n P a s s a r e a s h a v e 

b e e n u s e d i n t h e m i n i n g o p e r a t i o n s . 

P r e v i o u s W o r k 

P r e v i o u s g e o l o g i c a l w o r k i n t h e P i l o t M o u n t a i n a r e a h a s 

b e e n l i m i t e d t o b r i e f a n d g e n e r a l i z e d r e p o r t s c o n c e r n i n g t h e 
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springs. Grasses are also prevalent in areas that are under­

lain by l1ississippian and Permian strata. 

On either side of the main mountain ridge 10vrer slopes 
, " 

and piedmont plains support an undergrowth of grasses at the 

upper fringe and sagebrush further dOi·m. The alkali flats are 

rimmed by grease"tvood and shadscale. Practically no moisture 

and poor drainage has favored the groi'Tth of the se alkali­

resisting plants. 

Drainage and Water Supply 

No perennial streams exist in the district although 

several canyons contain ivater 1ll1til early summer. Hovrever, 

many permanent springs are present. Most occur on the east~rn 

side where sedimentary rocks dip tOvrard the east and provide 

na tural channels for subsurface i,ra ter. 

Several spring areas on the eastern Side, notable 

Coal Banlc, Indian and Tunnel Springs, vrere originally dug as 

wells, then collected and piped to Lucin for railroad use. 

Others are gathered in shaded areas and used for stock 't'rater-

ing. On the western side of the district spring water is 

collected for domestic and stock use. Governor's Spring and 

others in the Copper M01ll1tain ruld Patterson Pass areas have 

been used in the mining operations. 

Previous Work 

Previous geological i'iork in the Pilot 1101ll1tain area has 

been limited to brief and generalized reports concerning the 



L u c i n d i s t r i c t . Trie f i r s t s t u d y w a s m a d e i n 1 8 7 2 ( M u r p h y , 

1 8 7 2 ) a n d d e s c r i b e d l i v i n g a n d s o c i a l c o n d i t i o n s a s f u l l y 

a s i t d i d t h e m i n i n g o p e r a t i o n s a t T e c o m a H i l l ' s c o p p e r 

a n d l e a d m i n e s . I n 1 8 7 7 » a g e n e r a l s t u d y w a s m a d e b y t h e 

F o r t i e t h P a r a l l e l S u r v e y ( H a g u e , e t a l , I 8 7 7 ) i n a n a t t e m p t 

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

P i l o t M o u n t a i n s a s w e l l a s i n o t h e r a r e a s i n t h e w e s t e r n 

s t a t e s a l o n g t h e f o r t i e t h p a r a l l e l . T h e L u c i n d i s t r i c t * w a s 

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

s t r a t i g r a p h i c w o r k c o m p l e t e d b y t h i s g r o u p i n t h e P i l o t R a n g e 

i s n o w k n o w n t o b e e r r o r , a l t h o u g h g e n e r a l i z a t i o n s c o n c e r n i n g 

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

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

H u n t l e y , ( H u n t l e y , 1 8 8 5 ) w r o t e a b r i e f d e s c r i p t i o n o f 

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

f o l l o w e d i n 1 9 1 0 b y D . B . S t e r r e t t , ( S t e r r e t t , 1 9 1 0 ) a n d 

i n 1 9 1 1 b y L . J . P e p p e r b e r g , ( P e p p e r b e r g , 1 9 1 1 ) b y r e p o r t s 

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

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

I n 1 9 1 4 t h e f i r s t d e t a i l e d d e s c r i p t i v e r e p o r t o n t h e 

L u c i n o r e d e p o s i t s w a s c o m p i l e d b y G. H . R y a n , ( R y a n , 1 9 1 4 ) . 

R y a n ' s s t u d y p r e s e n t e d a g e o l o g i c c r o s s s e c t i o n a n d w a s 

c o n c e r n e d c h i e f l y w i t h ' t h e s t r u c t u r a l c o n t r o l s o f t h e 

C o p p e r M o u n t a i n o r e s . T h e r e p o r t a l s o b r i e f l y m e n t i o n e d 

t h e T e c o m a H i l l o r e . No a t t e m p t w a s m a d e t o a m e n d t h e 

s t r a t i g r a p h i c w o r k o f t h e H a g u e p a r t y . 

I n 1 9 2 0 , B u t l e r , L o u g h l i n a n d H e i k e s , ( B u t l e r , e t a l , 

1 9 2 0 ) r e v i e w e d t h e m i n i n g a c t i v i t y i n t h e L u c i n d i s t r i c t a n d 
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Lucin district. The first study Has made in 1872 (Murphy, 

1872) and described living and social conditions as fully 

as it did the mining operations at Tecoma Hill's copper 

and lead mines. · In 1877, a general study Has made by the 

Fortieth Parallel Survey (Hague, et aI, 1877) in an attempt 

to unravel stratigraphic and structural relations in the 

Pilot HotUltains ·as well as in other areas in the uestern 

states along the fortieth parallel. The Lucin districi;1Tas 

mentioned only briefly in the Hague study. Much of the 

stratigraphic l'rorIc completed by this group in the Pilot Range 

is nOll Imolm to be error, although c;eneralizations concerning 

structural relations appear to be nearly correct despite the 

lacIc of accurate stratigraphic control. 

HUlitley, (HtUltley, 1885) i·rrote a brief description of 

varisci te deposits five miles north of Irucin and this lTa S 

follOl·red in 1910 by D. B. s terrett, (Sterrett, 1910) and 

in 1911 by L. J. PepDerberc;, (Pepperberc; , 1911) by r eports 

concerninc; the variscite, but little lTas added beyond Huntley I 

oric;inal observations. 

In 1914 the first detailed descriptive report on the 

Lucin ore deposits i'ras compiled by G. H. Ryan, (Ryan, 1914). 

Ryan I s study present ed a geologic cross section 8l1d IvaS 

concerned chiefly rri tll. · the structural controls of the 

Copper Mountain ores. The re port also briefly mentioned 

the Tecoma Hill ore. No attempt i'.faS made to amend the 

strati lSr aphic Horle of the Hague party. 

In 1920, Butler, Loughlin and Heilees, (Butler, et al, 

1920) reviel,red the mining a ctivity in the Lucin district and 



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

e n t i r e P i l o t M o u n t a i n s . A g a i n , h o w e v e r , n o r e v i s i o n s w e r e 

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

I n 1 9 4 - 3 , C r a w f o r d a n d B u r a n e k , ( C r a w f o r d a n d B u r a n e k , 

1 9 4 3 ) w r o t e a b r i e f d e s c r i p t i o n o f t h e C o p p e r M o u n t a i n a r e a 

t h a t w a s l a r g e l y a s u m m a r y o f t h e B u t l e r , L o u g h l i n a n d H e i k e s 

r e p o r t . T h i s p a p e r , h o w e v e r , w a s t h e f i r s t t h a t t r e a t e d t h e 

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

S i n c e 194-3 n o t h i n g h a s b e e n p u b l i s h e d c o n c e r n i n g e i t h e r 

t h e L u c i n d i s t r i c t o r t h e P i l o t M o u n t a i n s , a l t h o u g h t h e 

L u c i n o r e s h a v e b e e n s t u d i e d b y a m i n i n g c o m p a n y . S e v e r a l 

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

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

M e t h o d a n d P u r p o s e o f S t u d y 

F i e l d w o r k w a s d o n e i n t h e P i l o t M o u n t a i n a r e a d u r i n g 

t h e s u m m e r s o f 1 9 5 7 a n d 1 9 5 8 , a n d a m o r e d e t a i l e d s t u d y o f 

- t h e L u c i n d i s t r i c t w a s m a d e d u r i n g J u l y , 1 9 5 9 . 

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

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

s e c t i o n s o b s e r v e d e l s e w h e r e i n t h e P i l o t M o u n t a i n s , m a p p i n g 

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

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

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

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

t h e J a c k Ammann C o m p a n y a n d t h e IT. S . D e p a r t m e n t o f 

A g r i c u l t u r e a t a s c a l e o f 1 : 2 0 , 0 0 0 . T h e b a s e m a p o f t h e 
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included a stratigraphic and structUral description of the 

entire Pilot Mountains . Again, hOl/ever, no revisions Here 

made in the stratigraphic column . 

In 1943, Ormfford and Buranek, (Orm·rford and Buranek, 

1943) I"Irote a brief description of the Oopper Mountain area 

that I'TaS largely a summary of the Butler, Loughlin and Heikes 

report. This paper, how"ever, w-as the first that treated the 

area as an iron property rather than as a copper property. 

Since 1943 nothing has been published concerning either 

the Lucin district or the Pilot Mountains, although the 

Lucin ores have been studied by a mining company_ Several 

oil companies have completed larc;e and small scale strati­

graphic and geophysical reconnaissance surveys in the area. 

Method and Purpose of Study 

Field Hork I-TaS done in the Pilo t HOUlltain area during 

the summers of 1957 and 1958, and a more detailed study of 

.~he Lucin district was made during July, 1959. 

Field investigation for this report included the corre­

lation of measured sections in the Lucin district uith 

sections observed eIsel-There in the Pilot Mountains, mapping 

of stratigraphic units and structural elements on a broad 

scale and observing closely the relationship betueen ore 

bodies and stratic;raphic and structura l controls .. 

Aerial photographs used for the project Here flOlm by 

the Jack Ammann Oompany and the U. So Department of . 

Agriculture at a s cale of 1:20,000. The base map of the 



L u c i n d i s t r i c t i s p a r t o f t h e P i l o t M o u n t a i n b a s e m a p 

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

t h e s l o t t e d t e m p l a t e m e t h o d . C u l t u r e , a n d s t r e a m c o u r s e s , 

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

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

p l a n i m e t r i c p l o t t e r . P r o f i l e s u s e d i n c o n s t r u c t i n g g e o l o g i c 

c r o s s t - s e c t i o n s w e r e o b t a i n e d f r o m A r m y Map S e r v i c e s h e e t s 

N K 1 2 - 7 ( B r i g h a m C i t y ) a n d N K 1 1 - 1 2 ( E L k o ) . 

L a b o r a t o r y s t u d i e s a t t h e U n i v e r s i t y o f U t a h d u r i n g 

t h e w i n t e r o f 1 9 5 7 a n d 1 9 5 8 a n d A u g u s t , 1 9 5 9 , i n c l u d e d 

t h i n s e c t i o n s t u d y , X - R a y a n d i n f r a - r e d a n a l y s i s o f h o s t 

r o c k a n d o r e a l t e r a t i o n , a n d i d e n t i f i c a t i o n o f f o s s i l s . 

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

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

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

o r e b o d i e s . A l s o a n a t t e m p t i s m a d e t o u n r a v e l t h e g e n e t i c 

h i s t o r y o f t h e o r e d e p o s i t s a n d t o p r o p o s e s u g g e s t i o n s f o r 

f u t u r e d e v e l o p m e n t . M a j o r r e v i s i o n o f t h e P a l e o z o i c 

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

m a d e . C o r r e l a t i o n s w i t h o t h e r p a r t s o f t h e P i l o t M o u n t a i n s 

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

n e i g h b o r i n g r a n g e s i n t h e e a s t e r n G r e a t B a s i n a r e p r o p o s e d . 
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Lucin district is part of the Pilot 1·1ountain base map 

constructed by the i·rri ter from the aerial pho t ographs by 

the slotted template method. Culture, .and stream courses, 

as well as the geologic features, Here transferred from 

the photo graphs to the base map by means of a radial 

planimetric plottero Profiles us ed in constructing geologic 

crosst-sections i'Tere obtained from Army Map Service sheets · 

NK12-7 (Brigham City) and NK11-12 (ELlco)~ 

La boratory studies at the University of Utah during 

the vlinter of 1957 and 1958 and Au[;Ust, 1959, included 

thin s ection study, X-Ray and infra -red analysis of host 

rock and ore alt eration, and identi fication of fossils. 

The Luci~ report, a more detailed study of a portion 

of the Pilot Range, presents a descriptive surnmary of ore 

deposi ts including cross s ections and plan viei'TS of the 

ore bodies. Also an attempt is made to unravel the genetic 

history of the ore deposits and to propose suggestions for 

future developmento Major revision of the Paleozoic 

stratigraphy and minor revision of structural relations are 

made. Correlations with other parts of the Pilot Mountains 

is shoim and correlations i,ri th strati gr aphic uni ts in 

neighboring ranges in the eastern Great Basin are proposed. 



STRATIGRAPHY 

S t a t e m e n t o f t h e P r o b l e m 

R o c k s o f t h e L u c i n m i n i n g d i s t r i c t r a n g e f r o m 

P r o t e r c z o i c ( ? ) - C a m b r i a n t o P l e i s t o c e n e i n a g e . 

E a r l y r e p o r t s ( H a g u e e t a l , 1 8 7 7 ) a s w e l l a s m o r e 

r e c e n t p u b l i c a t i o n s ( B u t l e r et a l , 1 9 2 0 ) p o i n t o u t t h a t 

t h e L u c i n d i s t r i c t , a s w e l l a s m o s t o f t h e P i l o t R a n g e , 

i s u n d e r l a i n b y s t r a t a o f C a r b o n i f e r o u s a g e , e x c l u d i n g 

T e r t i a r y m o n z o n i t i c r o c k a n d L a t e T e r t i a r y l a k e b e d s . 

L i t t l e e f f o r t w a s m a d e b y t h e s e w r i t e r s t o s u b d i v i d e 

t h e C a r b o n i f e r o u s i n t o t h e M i s s i s s i p p i a n o r P e n n s y l v a n i a n 

s y s t e m s , n o r I s t h e r e m e n t i o n o f p r e - M i s s i s s i p p i a n r o c k s 

o r P e r m i a n s t r a t a * 

B u t l e r , ( B u t l e r e t a l , 1 9 2 0 , p i 4 9 0 ) b r i e f l y 

s u m m a r i z e s t h e s t r a t i g r a p h y : 

" H a g u e h a s p r o v i s i o n a l l y c o r r e l a t e d t h e 
q u a r t z i t e w i t h t h e W e b e r q u a r t z i t e o f t h e 
W a s a t c h r a n g e . „ • , t h e l i m e s t o n e s a t t h e 
s o u t h e r n e n d o f t h e r a n g e a r e r e f e r r e d b y 
H a g u e t o t h e f U p p e r C o a l M e a s u r e s 1 t h e 
e n t i r e s e d i m e n t a r y s e r i e s a t t h e n o r t h e n d 
o f t h e r a n g e i s o f C a r b o n i f e r o u s a g e c o n ­
s i s t i n g o f P e n n s y l v a n i a n a n d p r o b a b l y u p p e r 
M i s s i s s i p p i a n , " 

T h e C a r b o n i f e r o u s a g e i s b a s e d o n s e v e r a l f o s s i l 

z o n e s r e p o r t e d i n t h e s o u t h e r n p a r t o f t h e r a n g e , s o m e 

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

i n t h e C o p p e r M o u n t a i n v i c i n i t y . I t w o u l d a p p e a r t o t h i s 

w r i t e r t h a t o r i g i n a l c o r r e l a t i o n s i n t h e P i l o t M o u n t a i n 

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

s tatement of the problem 

Rocks of the Lucin mt ntnc;; ai~i tri c t I'0.l1s e tro}11 

:rroterozo i c (?) - Cambri cljl t o . _" l eJ_ st o c "~H 8 in a6e. 

Early reports (Hague et 0.1, 1877) a s ,'rell as more 

recent publications (Butler et a l, 1920) point out that 

the Lucin district, as lvell as most of the Pilot Range, 

is underlain by strata of Carboniferous age , excluding 

Tertiary monzoni ti c ro cle and La te Tertiary l ake beds. 

Little effort was made by the s e llrit er s to subdivide 

the Carboniferous into the Mississippian or Peru1sylvanian 

systems, nor is there mention of pre-~lissis sippian rocks 

or Permi ru1 stratao 

Butler, (Butler et al, 1920, p; 490) briefly 

summarizes the stratigraphy: 

~Ha~u e h~s provisionally correla ted the 
quart~ite with the We ber quartzite of the 
Wasatch range •••• the limes tone s at the 
southen1 end of the range a re referred by 
Hague to the 'Upper Co al Measures' •••• the 
entire sedimentary serie s at the north end 
of the range is of Carboniferous age con­
sisting of Pennsylvanian and probably upper 
Mississippian. " 

The Carboniferous age is based on several fos sil 

zones reported in the southern part of the range , some · 

hrent y -five miles distant and on meager fo s sil evidence 

in the Copper Mountain vicini ty . It I-Tould appear to this 

\"Triter that original correlations in the Pilot Mountain 

1-rere based largely on gross litholo gic similarities behree 

-9-



- 1 0 -

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

z o n e s o r s e q u e n c e o f p o s i t i o n w i t h i n t h e P i l o t a r e a . 

E a r l y g e o l o g i s t s a r e n o t t o b e s e v e r e l y c r i t i c i z e d , 

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

C e n t u r y l i t t l e w a s k n o w n c o n c e r n i n g P a l e o z o i c s e d i m e n t a r y 

b a s i n s o r g e o s y n c l i n e s o f t h e w e s t . B e c a u s e e a r l y s u r v e y s 

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

o b s e r v e d w a s r e s t r i c t e d t o a b e l t a l o n g t h e F o r t i e t h 

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

b e e x p e c t e d . I t i s f o r t h e s e r e a s o n s t h a t e a r l y g e o l o g i c 

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

s i m i l a r - a p p e a r i n g s e c t i o n s o f c a r b o n a t e a n d c l a s t i c m a t e r i a l 

t o g e t h e r a s b e l o n g i n g t o o n e t i m e p e r i o d . A f e w f o s s i l s o f 

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

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

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

r e g i o n a l u n c o n f o r m i t i e s . 

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

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

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

t h e P i l o t M o u n t a i n s . . A l s o , l i t h o l o g i c s i m i l a r i t i e s a n d 

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

i n t h e P i l o t R a n g e i t s e l f a n d i n t h e n e i g h b o r i n g C r a t e r 

I s l a n d a n d S i l v e r I s l a n d M o u n t a i n s , h a v e c o n t r i b u t e d t o t h e 

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

( P l a t e 4 » ) 
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widely separated areas rather than on distinctive fossil 

zones or sequence of position within the Pilot area. 

Early geologists are not to be severely criticized, 

however, for prior to the second half of the Twentieth 

Oentury little was knOIm. concerning Paleozoic sedimentary 

basins or geosynclines of the west. Because early surveys 

were necessarily pressed for time and because the area 

observed was restricted to a belt along the Fortieth 

Parallel, detailed reports on individual ranges could hardly 

be expected. It is for these reasons that early geologic 

surveys might have had the tendency to group thick, 

similar-appearing sections of carbonate and clastic material 

together as belonging to one time period. A few fossils of 

Carboniferous age collected at both ends of the Pilot Range 

might have induoed early geologists to make sweeping corre­

lations with little regard for structural complications or 

regional unconformities. 

The following paragraphs present revised stratigraphic 

relationships of the Lucin district as determined by this 

writer, established by fossil assemblages found within the 

district and correlated with fossils found elsewhere vdthin 

the Pilot Mountainso Also, lithologic similarities and 

sequence of position observed throughout the area, both 

in the Pilot Range itself and in the neighboring Crater 

I'sland and Silver Island M9un tains , have contribute d to the 

more complete understanding of the stratigraphic section. 

{Plate 4.) 
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G e n e r a l S t a t e m e n t 

T h e o l d e s t s t r a t a e x p o s e d i n t h e L u c i n d i s t r i c t i s 

a n i n c o m p l e t e s e c t i o n o f t h e P r o s p e c t M o u n t a i n F o r m a t i o n 

o f P r o t e r o z o i c ( ? ) - C a m b r i a n a g e . A b o v e t h e P r o s p e c t 

M o u n t a i n i s a n i n c o m p l e t e s e c t i o n 6 f t h e L e h m a n F o r m a t i o n 

o f E a r l y O r d o v i c i a n a g e . T h e L e h m a n F o r m a t i o n , t h e u p p e r 

u n i t o f t h e P o g o n i p G r o u p , c o n s i s t s o f g r e y , p l a t y 

l i m e s t o n e s a n d i s o v e r l a i n u n c o n f o r m a b l y b y a 1 5 0 - t o 1 7 5 -

f o o t s e c t i o n o f d i s t i n c t i v e E u r e k a - S w a n P e a k Q u a r t z i t e a n d 

3 7 0 t o 3 9 5 f e e t o f b l a c k , m a s s i v e F i s h H a v e n D o l o m i t e o f 

l a t e O r d o v i c i a n a g e . 

L y i n g u n c o n f o r m a b l y a b o v e t h e U p p e r O r d o v i c i a n F i s h 

H a v e n i s a p p r o x i m a t e l y 1 , 0 6 0 f e e t o f M i d d l e S i l u r i a n 

L a k e t o r n D o l o m i t e , a n a l t e r n a t i n g l i g h t a n d d a r k g r e y 

r e s i s t a n t r o c k t h a t c a p s m u c h o f T e c o m a H i l l a s w e l l a s 

m a n y r i d g e s i n t h e v i c i n i t y o f C o o k ' s C a n y o n a n d H o g a n ' s 

C a n y o n . T h e U p p e r S i l u r i a n - L o w e r D e v o n i a n S e v y D o l o m i t e 

i s a p p a r e n t l y a b s e n t f r o m t h e e n t i r e P i l o t M o u n t a i n a r e a 

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

t h e L a k e t o w n a n d t h e D e v o n i a n S i m o n s o n F o r m a t i o n . T h e 

S i m o n s o n F o r m a t i o n i s a n a l t e r n a t i n g , b a n d e d d o l o m i t e 

a n d l i m e s t o n e u n i t o f a b o u t 5 3 0 f e e t t h i c k n e s s i n t h e 

L u c i n d i s t r i c t . 

A b o v e t h e S i m o n s o n , a n d p r o v i d i n g t h e r e s i s t a n t c a p -

r o c k f o r t h e m a j o r i t y o f r i d g e s , i s a 1 , 5 0 0 - f o o t s e c t i o n o f 

t h e M i d d l e a n d U p p e r D e v o n i a n G u i l m e t t e F o r m a t i o n . T h e 
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General statement 

The oldest strata exposed in the Lucin district is 

an incomplete section of the Prospect Mountain Formation 

of Proterozoic (?) -Cambrian age. Above the Prospect 

Mountain is an incomplete section of the Lehman Formr-l.tion 

of Early Ordovician age. The Lehman Formation, the upper 

unit of the Pogonip Group, consists of grey, platy 

limestones and is overlain unconformably by a 15o-to 175-

foot section of distinctive Eureka-Siran Peak Quartzite and 

370 to 395 feet of black, massive Fish Haven Dolomite of 

Late Ordovician age. 

Lying unconformably above the Upper Ordovician Fish 

Haven is approximately 1,060 feet of Middle Silurian 

Laketo"i'm Dolomite, an alternating light and dark grey 

resistant rock that caps much of Tecoma Hill as "I'Iell as 

many ridges in the vicinity of Cook's Canyon and Hogan1s 

Canyon. The Upper Silurian ... Lo"wer Devonian Sevy Dolomite 

is apparently absent from the entire Pilot MOillltain area 

aJ.ld, therefore, a hiatus spans considerable time betw"een 

the Laketovm and the Devonian Simonson Formation. The 

Simonson Formation is all alternating, banded dolomite 

and limestone unit of about 530 feet thiclmess in the 

Lucin district. 

Above the Simonson, and providing the resistant cap­

rock for the majority of ridges, is a 1,500-foot section of 

the Middle and Upper Devonian Guilmette Formation. The 
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G - u i l m e t t e c a n b e s u b d i v i d e d i n t o t h r e e m e m b e r s i n t h e 

L u c i n d i s t r i c t : a n 8 5 0 - t o 9 0 0 - f o o t s e c t i o n o f m a s s i v e 

d a r k g r e y a n d b l u e l i m e s t o n e , 2 3 5 - 2 7 0 f e e t o f h e m a t i t e 

s t a i n e d , m a s s i v e q u a r t z i t 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 

t h e V i c t o r i a Q u a r t z i t e , a n d 3 0 5 - 3 4 5 f e e t o f g r e y , t h i n -

b e d d e d , p l a t y l i m e s t o n 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 t h e 

P i n y o n P e a k L i m e s t o n e . 

D i a g n o s t i c M i s s i s s i p p i a n f o s s i l s a r e a b s e n t f r o m t h e 

C o p p e r M o u n t a i n a r e a b u t c o r r e l a t i o n s f r o m t h e s o u t h e r n 

e n d o f t h e r a n g e a n d f r o m t h e n o r t h e r n e n d w h e r e 

M i s s i s s i p p i a n c e p h a l p o d s a r e r e c o g n i z e d , s h o w M i s s i s s i p p i a n 

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

o n t h e G - u i l m e t t e F o r m a t i o n . I n t h e C o p p e r M o u n t a i n a r e a , 

t h e M i s s i s s i p p i a n i s r e p r e s e n t e d b y 3 2 0 f e e t o f m e d i u m 

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

r e s i s t a n t D i a m o n d P e a k F o r m a t i o n . A t t h e n o r t h e r n e n d o f 

t h e r a n g e t h e D i a m o n d P e a k s a n d s t o n e s a n d c o n g l o m e r a t e s 

i n t e r f i n g e r w i t h t h i n l e n s e s o f t h e b l a c k , f o s s i l i f e r o u s 

s h a l e s o f t h e C h a i n m a n F o r m a t i o n . T h e c e p h a l o p o d - b e a r i n g 

C h a i n m a n i s o n l y 5 0 t o 1 0 0 f e e t t h i c k a n d f o r m s n o n -

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

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

f i n g e r i n g D i a m o n d P e a k a n d C h a i n m a n u n i t s i s a 1 2 5 - f o o t 

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

r e p r e s e n t s t h e V i r g i l ( ? ) - U p p e r W o l f c a m p i n t e r v a l . I t , i n 

t u r n , i s c o n f o r m a b l y o v e r l a i n b y 8 4 0 - 8 7 5 f e e t o f p l a t y , 

p u r p l e a n d g r e y l i m e s t o n e s o f E a r l y P e r m i a n a g e , t e r m e d 

-<I ~-

Guilmette can be subdivided into three members in the. 

Lucin district: an 850- to 900-foot section of massive 

dark grey and blue limestone, 235-270 feet of hematite 

stained, massive quartzite, tentativelY correlated idth 

the Victoria Quartzite, and 305-345 feet of grey, thin­

bedded, platy limestone, tentatively correlated idth the 

Pinyon Peak Limestone. 

Diagnostic }ftssissippian fossils are absent from the 

Copper Mountain area but correlations from the southern 

end of the range and from the northern end where 

Mississippian cephalpods are recognized, show Mississippian 

rocks of probable Chester age lying iuth ~ngular :di~cordance 

on the Guilmette Formation. In the Copper Mountain area, 

the Mississippian is represented by 320 feet of medium 

and coarse sandstones and fine conglomerates of the very 

resistant Diamond Peak Formation. At the northern end of 

the range the Diamond Peak sandstones and conglomerates 

interfinger with thin lenses of the black, fossiliferous 

shales of the Chainman Formation. The cephalopod-bearing 

Chainman is only 50 to 100 feet thick and forms non­

resistant, grass covered slopes. 

Lying Vii th unconformable relationship on the inter­

fingering Diamond Peak and Chainman units is a l25-foot 

section of an unnamed clastic and carbonate sequence which 

represents the Virgil (?) -Upper Wolfcamp interval. It, in 

turn, is conformably overlain by 840-875 feet of platy, 

purple and grey limestones of Early Permian age, termed 
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P e q u o p b y S t e e l e ( S t e e l e , 1 9 5 8 ) . F u s u l i n i d i d e n t i f i c a t i o n 

h a s p l a c e d t h e P e q u o p i n t h e L o w e r L e o n a r d - L o w e r 

G u a d a l u p i a n i n t e r v a l . 

A b o v e t h e P e q u o p l i e s a n i n c o m p l e t e s e c t i o n o f u n n a m e d 

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

h a v e b e e n 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 u p p e r b e d s o f t h e 

P e q u o p 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 o r w i t h t h e l o w e r 

u n i t s o f t h e P a r k C i t y G r o u p , ( C h e n e y , p e r s o n a l c o m m u n i c a ­

t i o n ) o U p p e r p a r t s o f t h e P a r k C i t y G r o u p h a v e b e e n 

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

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

A t t h e n o r t h e r n e n d o f t h e r a n g e , o n b o t h e a s t a n d 

w e s t f l a n k s , e x p o s u r e s o f M i o c e n e - P l i o c e n e S a l t L a k e F o r m a ­

t i o n a r e o v e r l a i n b y a y o u n g e r v i t r i c t u f f u n i t r e p o r t e d 

b y V a n H o u t e n ( V a n H o u t e n , 1 9 5 6 ) . 

PROSPECT MOUNTAIN FORMATION 

A t t h e s o u t h e r n - m o s t l i m i t o f t h e m a p a r e a , s o u t h o f 

P a t t e r s o n P a s s , P r o s p e c t M o u n t a i n s t r a t a r i s e a b r u p t l y a b o v e 

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

P a l e o z o i c r o c k s 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 e P e r m i a n 

P e q u o p F o r m a t i o n , a n d t h e p o s t - P e q u o p u n n a m e d b e d s . 

L l t h o l o g i c D e s c r i p t i o n 

T h e P r o s p e c t M o u n t a i n F o r m a t i o n i s a f i n e - t o m e d i u m -

g r a i n e d q u a r t z i t e t h a t i s h i g h l y j o i n t e d a n d f r a c t u r e d . 

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

o n f r e s h s u r f a c e s a n d d a r k m a r o o n o r r e d d i s h - b r o w n o n 
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Pequop by Steele (Steele, 1958). Fusulinid identification 

has placed the Pequop in the Lowe r Leonard-Lo we r 

Guadalupian interval. 

Above the Pequop lies an incomplete s ection of unnamed 

cherty, productid-bearing limestone s and dolomites that 

have been tentatively correlated with upper beds of the 

Pequop Formation at its type locality or Hi th the lOlfer 

units of the Park Oity Group, (Oheney , personal communica­

tion). Upper parts of the Park Oity Group hav~ be en 

removed by eros.ion in the Lucin di strict although they 

are exposed el sel'There in the ran8;e. 

At the northern end of the range ~ on both east and 

lIe s t flanlcs, expo sures of Mio cene- Pliocene Salt Lake Forma­

tion a re overlain ' by a yOUllt3er vi tric tuff lUli t reported 

by Van Houten (Van Houten, 1956). 

PROS PEOT MOUNTAIN FORMATION 

At the southern-most limit of the map area, s outh of 

Patterson Pass , Prospect Nountain strata rise abruptly above 

the monzonite intrusive, and are also in f ault contact vdth 

Paleozoic rocks tentatively correlated uith the Permian 

Pequo p Formation, and the po st ·-Pequo p Unnamed beds. 

Lithologi c Des cription 

The pro spect Mountain Formation i 3 a fine- to medium­

grained quartzite that is highly jointed and fractured. 

The rock is l~ite or li8;ht , grey to pink or light maroon 

on fre sh surfaces and da rk maroon or r eddi sh-bro vffi on 
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w e a t h e r e d s u r f a c e s . L o w e r i n t h e s e c t i o n , q u e s t i o n a b l y 

b e l o w t h e C a m b r i a n - P r o t e r o z o i c ( ? ) b o u n d a r y , t h e u n i t s a r e 

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

t i n t s a r e n o t u n c o m m o n . I n t h i s l o w e r s e c t i o n m e t a - l i m e s t o n e s , 

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

a r e c o m m o n , a l t h o u g h q u a r t z i t e r e m a i n s t h e d o m i n a n t r o c k 

t y p e . 

I n d e s c r i b i n g t h e s t r a t a a s a w h o l e , t h e t e r m m a s s i v e 

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

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

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

o f b e d d i n g . 

T h e P r o s p e c t M o u n t a i n F o r m a t i o n i s e a s i l y d i s t i n g u i s h e d 

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

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

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

t h e h i g h e s t a n d m o s t r u g g e d r i d g e s i n t h e P i l o t R a n g e . 

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

a s t h e s e c t i o n e x p o s e d i n t h e a r e a s o u t h o f P a t t e r s o n P a s s 

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

s e e n i n t h e P i l o t R a n g e . A l s o t h e a r e a i n q u e s t i o n i s b a d l y 

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

s e c t i o n h a s b e e n r e p e a t e d . A f i g u r e o f 2 , 0 0 0 f e e t i s 

s u g g e s t e d f o r t h e e x p o s e d t h i c k n e s s i n o r d e r t o e s t i m a t e 

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

t h i s f i g u r e i s p r o b a b l y c o n s e r v a t i v e . 
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l1ea thered -surface s. L011er in the se ction, que stionably 

belo"H the Cambrian-Protero zoi c (?) boundary, the uni ts are 

more characteristically buff although light purple and green 

tints are not uncommon. In this 10H"er section meta-limestones , 

phyillites, slates, argillites, and fine-pebble conglomerate 

are common, although quartzite remains the dominant rock 

type .• 

In describing the strata as a l~lole, the term massive 

or "heavy bedded" i s applicable, although sometimes 101"T 

angle, current cross bedding and partings of micaeous 

shale or argillite provide clues to asc ertain the presence 

of bedding . 

The Prospect Mountain Formation i s easily distinguished 

in the field b ecause of its massive ha bit, towering , blocky 

cliffs , and the presence of huge oran ge or brOlmish-red 

talus piles . It s resi stant nature 0.110lT8 it to stand as 

the hi gh es t and most rugge d ridg es in the Pilot Range. 

The Pro spect Nountain section "HaS not measured inasmuch 

as the sec tion exposed in the a r ea south of ?at ters on Pass 

probably re pr esents but a small fraction of the se ction 

seen in the Pilot Ran ge . Al s o the are a in questi on i s badly 

broken by faulting and it is su spe cted that much of the 

section has been repe a ted. A fi gure of 2 ,000 feet is 

suggeste d for the ex·pose d thickness . in order to estima te 

the amount of displacement on the Patt er s on Pass f ault and 

thi s fi gure is probabl y conservative . 
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A g e a n d C o r r e l a t i o n 

T h e P r o s p e c t M o u n t a i n F o r m a t i o n i n t h e L u c i n a r e a i s 

t h o u g h t t o b e o f L a t e P r o t e r o z o i c a n d E a r l y C a m b r i a n a g e . 

I t i s c o r r e l a t e d w i t h t h e P r o s p e c t M o u n t a i n q u a r t z i t e o f 

t h e S i l v e r I s l a n d R a n g e w h e r e I t i s a l s o t h o u g h t t o i n c l u d e 

t i m e l i e s o f b o t h P r o t e r o z o i c a n d C a m b r i a n , ( S c h a e f f e r , I 9 6 0 ) . 

ORDOVICIAN SYSTEM 

G e n e r a l S t a t e m e n t 

O r d o v i c i a n d e p o s i t i o n i s r e p r e s e n t e d i n t h e L u c i n 

d i s t r i c t b y t h r e e f o r m a t i o n w h i c h i n c l u d e 1 1 0 t o 1 6 0 f e e t 

o f t h e L e h m a n F o r m a t i o n o f t h e P o g o n i p G r o u p , 1 5 0 t o 1 7 5 

f e e t o f E u r e k a - S w a n P e a k q u a r t z i t e , a n d 3 7 0 t o 3 9 5 f e e t 

o f U p p e r O r d o v i c i a n F i s h H a v e n D o l o m i t e . 

ORDOVICIAN POGONIP GROUP 

( L e h m a n F o r m a t i o n ) 

R o c k s c o r r e l a t e d w i t h t h e L e h m a n F o r m a t i o n o f t h e 

P o g o n i p G r o u p a r e f o u n d i n t h e L u c i n a r e a i n t h r e e l o c a l i t i e s , 

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

H i l l , a t t h e n o r t h o f Q u a r t z i t e C a n y o n , a n d o n t h e L u c i n -

M o n t e l l o r o a d t h r e e m i l e s w e s t o f L u c i n . 

L i t h o l o g l c D e s c r i p t i o n 

The L e h m a n F o r m a t i o n i s a t h i n - b e d d e d , f i n e - t o m e d i u m -

c r y s t a l l i n e , a r g i l l a c e o u s l i m e s t o n e . C o l o r r a n g e s f r o m 

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

l a v e n d a r m o t t l i n g . T h e u n i t m a y b e c h a r a c t e r i s t i c a l l y 
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Age and Correlation 

The Prospect Mountain Formation in the Lucin area is 

thought to be of Late Proterozoic and Early Cambrian age. 

It is correla ted Ifi th the Prospect Mountain quartzite of 

the Silver Island Range Ifhere it i s also thought to include 

time lies of both Proterozoic and Cambrian , (Schaeffer, 1960). 

ORDOVICIAN SYSTEM 

General Statement 

Ordovician deposition is represented in the Lucin 

district by three formation which include 110 to 160 feet 

of the Lehman Forma tion of the Pogonip Group, 150 to 175 

. feet of Eureka-Slfall Peak quartzi te, and 370 to 395 feet 

of Upper Ordovician Fish Haven Dolomite8 

ORDOVICIAN POGONIP GROUP 

(Lehman Formation) 

Rocks correlated I·Ti th the Lehman Formation of the 

Pogonip Group a re found in the Lucin area in three localities, 

I'd thin a horst structure on the eastern edge · of Te coma 

Hill, a t the north of Quartzite Canyon 1 and on the Lucin­

Montello roa d three miles west of Lucin. 

Lithologi c De s cription 

The Lehman Formation is a thin-b edded, fine- to medium­

crystalline, argillaceous limestone. Color ranges from 

dark blue-grey to blue-black I·d th characteristic buff and 

lavendar mottling. The unit may be . characteristically 
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d e s c r i b e d a s b e i n g p l a t y , a l t h o u g h s u r f a c e s a r e r o u g h 

a n d e d g e s a n g u l a r , , 

A g e a n d C o r r e l a t i o n 

No f o s s i l s e x c e p t t r i l o b i t e " h a s h " w e r e f o u n d i n t h e 

L e h m a n F o r m a t i o n i n t h e L u c i n a r e a . I t h a s b e e n 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 e L e h m a n F o r m a t i o n o f t h e s o u t h e r n e n d 

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

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

K h o s h s h a l e , a n d I n t h e S i l v e r I s l a n d R a n g e a f a u n a i n c l u d ­

i n g L e p e r d i t i a o p . , C y b e l o p s i s s p . , E l e u t h e r o c e n t r u s s p . , 

H e l l c o t o m a s p „ a n d o r t h i d b r a c h i o p o d s i s f o u n d i n L e h m a n 

r o c k s . A s i m i l a r a s s e m b l a g e i s r e c o g n i z e d i n t h e s o u t h e r n 

P i l o t R a n g e . B y l i t h o l o g i c s i m i l a r i t y t h e L e h m a n o f t h e 

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

f a u n a l a s s e m b l a g e s i d e n t i f i e d i n t h e S i l v e r I s l a n d M o u n t a i n s , 

p l a c e d s t r a t l g r a p h i c a l l y i n t h e M o h a w k i a n S e r i e s o f t h e 

O r d o v i c i a n , a n d p e r h a p s m o r e c l o s e l y w i t h i n t h e u p p e r p a r t 

o f t h e C h a z y a n S t a g e . 

ORDOVICIAN EUREKA-SWAN PEAK QUARTZITE 

T h e E u r e k a - S w a n P e a k Q u a r t z i t e i n t h e L u c i n a r e a i s 

f o u n d o n l y i n Q u a r t z i t e C a n y o n a n d a t t h e m o u t h o f a s m a l l e r 

c a n y o n i m m e d i a t e l y t o t h e n o r t h . 

L i t h o l o g i c D e s c r i p t i o n 

S t r a t a t h o u g h t t o r e p r e s e n t t h e S w a n P e a k - E u r e k a 

i n t e r v a l a r e m a s s i v e , w h i t e , ' f i n e - t o m e d i u m - g r a i n e d , 
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described as being platy, although surfaces are rough 

and edges angular. 

Age and Correlation 

No fos sil s except trilobite "hash " we re found in the 

Lehman Formati on in the Lucin area . I t has been tentatively 

correIa t .ed Ivi th the Lehman Formation of the s outhern end 

of the Pilot Range and in the Silver I s land Range . In both 

localitie s the Lehman rests conformably on the diagnostic 

Kno sh shal e, and in the Silver I sl and RanGe a f auna includ­

ing Le pe rdi tia sp., Cybelopsis sp_ ~ El eutherocentrus s1'., 

Heli co toma sJ? and ortrd d brae:hi. oj;iocl s i:::: fOUYJ.d i::l LG:X~::l.l1 

rocks . A simil ar ass emblage i s reco gnized in the southern 

Pilot Range. By lithologic simil arity the Lehman of the 

LLlcin di s trict can be correlated ui th these areas , and by 

f aunal assembl ages identified in the SlIver I s l and Mountains, 

placed stratigraphically in the Mohmrkian · Series of the 

Ordovician , and perhaps more clo sely ·I"Tithin the upper part 

of the Chazyan Stage . 

ORDOVICIAlIJ EUREKA-SlvAN PEAK QUARTZITE 

The Eur eka-SHan Peak Quartzite in the Lucin a rea is 

found only in Quartzite Canyon and at t he mouth of a smaller 

canyon immediately to the north. 

LitholOGic De scription 

Str a t a thought to r epre sent t he Suan Peak-Eureka 

interval are massive, vrhite,. fine- to me dium- gr ained, 
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v i t r e c u s q u a r t z i t e b e d s t h a t h a v e d i s t i n c t o r a n g e o r 

y e l l o w - b r o w n w e a t h e r e d s u r f a c e s „ T y p i c a l l y , t h e b e d s a r e 

r e s i s t a n t a n d h e n c e a r e r e c o g n i z e d a s c l i f f - f o r m e r s • A b o u t 

1 5 0 f e e t w e r e m e a s u r e d , b u t i t I s s u s p e c t e d t h a t t h e l o w e r ­

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

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

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

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

d i f f i c u l t , . 

A g e a n d C o r r e l a t i o n 

E u r e k a - S w a n P e a k b e d s p r o b a b l y i n c l u d e E a r l y B o l a r i a n 

t o L a t e T r e n t o n i a n t i m e l i n e s w i t h i n t h e M o h a w k i a n S e r i e s 

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

b e t w e e n M i d d l e B o l a r i a n a n d U p p e r T r e n t o n i a n I s i n f e r r e d i n 

t h e L u c i n a r e a . 

T h e p r o b l e m o f c o r r e l a t i o n a n d s e p a r a t i o n o f t h e 

E u r e k a a n d S w a n P e a k b e d s i s a c o m p l i c a t e d o n e t h a t c a n n o t 

b e t r e a t e d a d e q u a t e l y i n t h i s r e p o r t . T h e u n i t i s b e s t 

c o r r e l a t e d w i t h s i m i l a r u n i t s i n t h e S i l v e r I s l a n d R a n g e 

a n d G r a t e r I s l a n d a l t h o u g h i n b o t h l o c a l i t i e s t h e p r e s e n c e 

o f S w a n P e a k i s q u e s t i o n e d . 

ORDOVICIAN F I S H HAVEN DOLOMITE 

I n t h e L u c i n a r e a , a c o m p l e t e s e c t i o n o f F i s h H a v e n 

D o l o m i t e i s e x p o s e d o n e a s t - w e s t r i d g e s n e a r Q u a r t z i t e 

a n d E a s t C a n y o n s , a n d p a r t i a l s e c t i o n s a r e e x p o s e d i n t h e 

vitreous Quartzite beds that have di s tinct orange or 

yelloH-broull lTeathered surLaces . Typically , the beds are 

resi stant and hence aIe reco Q;niz ed a8 cliff-formers. About 

150 feet Here measured, but it is suspected tha t the lower­

most part of the unit is not expo s ed. because of talus cover. 

Simila rly, a carbonate slope 1s present beloH the massive 

cliffs and ,because it also it covered., inference as to 

thiclmess or prec1.se l.mderstandi.nc of its li tholo gy is 

difficul to 

Age and Correlation 

Eureka-S-';'ran Peak beds probably inolude Early Bolarian 

to Late Tren tonian time 11ne s within the Noh8. ikian Series 

and the re gional disconformi ty reco (jn.i. z ed by many 'Iu'i ters 

bet';'Te en Ivlid.d.le Bolarian and. Upper Tr-en ton1. aJ:l is inferred in 

the Lucin area. 

The problem of c:o :rrela tion and separ ation of the 

Eureka and Svran Peak beds is a complica t ed one that cannot 

be treate d adeQua tely in thi s report. The unit is best 

corr:.elate d \'lith simi. l a r units in th o Silver I s l and Range 

and Crater Island although in both localitie s the presence 

of Snan Pe a k is Questioned. 

ORDOVICIM~ FI SH HAVEN DOLO~TITE 

In the Lu c:in a rea, a compl.ete se ction of Fish Haven 

Dolomite is exposed on east-nest ridges near Quartzite 

and East Canyons, and partial secti ons a re exposed in the 
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v i c i n i t y o f R e g u l a t o r a n d C o o k ' s C a n y o n s . On t h e e a s t 

s i d e o f t h e d i s t r i c t ; n o r t h o f G o v e r n o r ' s S p r i n g a n 

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

r i s e s a b o v e t h e m o n z o n i t i c r o c k s a n d h a s b e e n t e n t a t i v e l y 

m a p p e d a s P i s h H a v e n . 

L i t h o l o g i c D e s c r i p t i o n 

D e s c r i p t i o n o f t h e P i s h H a v e n D o l o m i t e i n t h e L u c i n 

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

( Y o u n g , 1 9 5 5 ; C o h e n o u r , 1 9 5 7 ? A n d e r s o n , 1 9 5 7 ' a n d S c h a e f f e r , 

I 9 6 0 ) , 0 t h a t i s , a m a s s i v e , c l i f f ~ f o r m i n g m e d i u m - g r e y t o 

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

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

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

T h e u p p e r u n i t , a b o u t 1 0 0 f e e t t h i c k , i s . , c h a r a c t e r i s t i c a l l y 

a s l o p e - f o r m e r a n d o f t e n a p p e a r s f r o m a d i s t a n c e t o b e 

b a n d e d , t h e b a n d s r a r e l y e x c e e d i n g t w e n t y f e e t i n t h i c k n e s s . 

T h e l o w e r u n i t , a b o u t 2 7 5 ' f e e t t h i c k , i s t y p i c a l l y a 

m a s s i v e - a p p e a r i n g u n i t t h a t s t a n d s a s s h a r p r i d g e s a n d 

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

i s n o t e d i n b o t h u p p e r a n d l o w e r u n i t s . 

A g e a n d C o r r e l a t i o n 

Pew w e l l - p r e s e r v e d f o s s i l s h a v e b e e n f o u n d i n P i s h 

H a v e n b e d s , a l t h o u g h a b u n d a n t d o l o m l t . i z e d o r p a r t i a l l y 

d o l o m i t i z e d f o r m s h a v e b e e n r e c o g n i s e d . T h e p r i n c i p a l 

f o s s i l s a r e F a v o s i t e s s p . , H a l y s i t e s ( C a t i n i p o r a ) g r a c i l i s 

vicinity of Re gulator and Coole's Canyon s . On the east 

side of the distric"t north of Gove r n or' s Spring an 

unfo ssiliferous sequence of bl ack and grey dolomite s 

ri ses a bove the monzonit.ic rocks and has be en tentatively 

mapped as Fish Haven. 

Litholo gic Descrip t ion 

Description of the Fish Ha ven Dolomite in the Lucin 

area resembles the out o:roops reported. in su:crounding areas 

(Young, 1955; Cohenour, 1957 ; AndeTson ~ 1957; and Schaeifer, 

1960); that iS 9 a massive, cliff- f .orming medium-grey to 

black, black I'Teathering, medium- to fine- gr a ined calcareous 

dolomite, and an upper unit consistinc; of thi ck-be4ded, 
" 

chert y , medium-grey and dark- grey arenaceous dolomites. 

The upper uni t, about 100 feet thiele, i s_ ch;"l. r <J cteri stically 

a s lo p e - fo r me r and often G..ppears from 8. distan ce to be 

band ed, the bands r are l y c.,;ccc cding tuenty feet i n thiclale s s. 

The 10He r 'lmi t, about 275 'fee t thi c1: , i s typically a 

mass i ve-appeetring 'lmi t that s t c.nds 8.:3 sh8.r p ridc; es and 

bold cliffs . The pres ence . of (,hert nodule s etl1d s tring e r s 

i s n oted i ,n bo th upper and lOlTer unit s . 

Age and Correla.ti on 

Fe lT \'Tel 'l-pre serve d fo ssi.l s h etv e be en found in Fi sh 

I·raven be ds, a1 t h OUGh a bUl1dan t dolom-j tize d or p2rti ally 

dolomi tize d forms h ave been recol!,J.1.l.zed. The pri11.e:ipa l 

fossils a r e Fa vo 81 te 8 SD 0 , . ~ Ha l ysite s (C 2. tiniDo r a ) £3.ra cilis 
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a n d S t r e p t e l a s m a ( ? ) a s w e l l a s a v e r y q u e s t i o n a b l e s p e c i u m 

o f P a l a e o p h y l l u m s p . U n i d e n t i f i a b l e b r a c h i o p o d f r a g m e n t s 

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

a g e o f t h e F i s h H a v e n . T h e f a u n a l a s s e m b l a g e l i s t e d a b o v e 

i s s i m i l a r t o a s s e m b l a g e s s t u d i e d b y D u n o o n ( D u n c a n , 1 9 5 6 ) 

a n d , t h e r e f o r e , i s a s s i g n e d t o t h e e a r l y L a t e O r d o v i c i a n 

o r p r o b a b l y R i c h m o n d a g e 0 T h i s d e s i g n a t i o n i s q u e s t i o n a b l e 

i n a s m u c h a s t h e u n d e r l y i n g E u r e k a q u a r t z i t e i s t h o u g h t t o 

h a v e a n u p p e r a g e l i m i t o f T r e n t o n i a n . I f t h e u p p e r 

E u r e k a l i m i t i s t o b e a c c e p t e d , t h e n r o c k s r e p r e s e n t i n g 

a c o n s i d e r a b l e p e r i o d o f t i m e ( E d e n i a n a n d M a y s v i l l i a n ) 

m u c h b e m i s s i n g 0 

T h a t t h e c o n t a c t b e t w e e n t h e E u r e k a a n d F i s h H a v e n i s 

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

a p p e a r s t o r e p r e s e n t a f a u n a l b r e a k r a t h e r t h a n a s t r u c t u r a l 

d i s c o r d a n c e , . I n t h e L u c i n a r e a , t h e l o w e r F i s h H a v e n 

c o n t a c t i s p l a c e d a t t h e t o p o f t h e l a s t s a n d s t o n e o f t h e 

E u r e k a a t t h e b a s e o f t h e f i r s t d o l o m i t e c l i f f . 

S ILURIAN SYSTEM . 

G e n e r a l S t a t e m e n t 

T h e S i l u r i a n i s t h e l e a s t w e l l r e p r e s e n t e d o f 

P a l e o z o i c s y s t e m s i n t h e B a s i n a n d R a n g e P r o v i n c e . I n t h e 

L u c i n d i s t r i c t t h e S i l u r i a n i s r e p r e s e n t e d b y b u t o n e 

f o r m a t i o n , t h e w e l l - k n o w n L a k e t o w n D o l o m i t e o f p r o b a b l y 

N i a g a r a n a g e . 
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and Streptelasma (1.) as 1'Tel1 as a very que stiona ble speci um 

of Palaeophyllum ,s'O. Unid.entifia ble brachiopod fragments 

are also found but they afford no help in determining the 

age of the Fish Haven. The famlal assemblage listed above 

is similar to as semblages studied by Duncan (Duncan, 1956) 

and, therefore, is assigned to the early Late Ordovician 

or probably Richmond age. This designa tion is questionable 

inasmuch . as the under1yi.n g Eu.reka quartzite is thought to 

have an upper age limit of Trentonian. If the upper 

Eureka limit is to be accepted, th'en rocks representing 

a considerable period of time (Edenian and l1aysvillian) 

much be missingo 

That the contact betHeen t.he Eureka and Fish Haven is 

unconformable is not easy to demons trate , for everY1'There it 

appears to represent a faunal break r a ther than a structural 

discordanceo In the Lucin area , the loner Fish Haven 

conta ct is plac ed at the top of the l as t sandstone of the 

Eureka a t the base of the first dolomite cliff. 

SILURIAN SYSTEM , 

General St a tement 

The Siluri.an is the l eas t \'Tell r epresented of 

Paleo zoi.c systems in the Basin and Ranc e Province. In the 

Lucin distri ct the Sllur.ian i,s represented by but one 

formation, the lTe ~l.l ~lQlown Laketo1'll Dolomite of probably 

Niagaran age . 
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SILURIAN LAKE T O M DOLOMITE 

L a k e t o w n r o c k s i n t h e L u c i n a r e a a r e r e c o g n i z e d i n 

l o n g c o n t i n u o u s c l i f f s b e t w e e n P a t t e r s o n P a s s a n d R e g u l a t o r 

C a n y o n . L a k e t o w n D o l o m i t e i s t h e c o n s p i c u o u s c l i f f - f o r m e r 

i n t h e v i c i n i t y o f T e c o m a H i l l , a n d i t h a v e b e e n t e n t a t i v e l y 

m a p p e d w i t h F i s h H a v e n r o c k s n o r t h o f G o v e r n o r ' s S p r i n g 

c a m p . I n t h e v i c i n i t y o f C o p p e r M o u n t a i n , 1 , 0 5 0 f e e t o f 

L a k e t o w n w a s m e a s u r e d a n d a b o u t 1 , 1 0 0 f e e t i s r e c o g n i z e d i n 

t h e s o u t h e r n p a r t o f t h e P i l o t R a n g e . T h e s e s e c t i o n s r e p r e ­

s e n t s o m e o f t h e t h i c k e r L a k e t o w n s e c t i o n s k n o w n i n t h e 

e a s t e r n N e v a d a - w e s t e r n U t a h a r e a . 

L i t h o l o g i c D e s c r i p t i o n 

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

d o l o m i t e a n d c a l c a r e o u s d o l o m i t e s . T h e t e z t u r e i s f i n e t o 

a p h a n i t i c ; b e d d i n g r a n g e s f r o m s e v e r a l f e e t t o m o r e t h a n 

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

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

p r e s e n c e o f t h r e e c o l o r z o n e s i s a p p a r e n t . T h e l o w e r z o n e , 

a b o u t 2 5 0 f e e t i n t h i c k n e s s i s l i g h t g r e y , t h e m i d d l e 

u n i t , a b o u t 4 0 0 f e e t t h i c k , i s d o m i n a n t l y d a r k g r e y t o 

b l a c k , a n d t h e u p p e r u n i t , 3 6 5 - 4 1 5 f e e t t h i c k , i s l i g h t -

t o m e d i u m - g r e y . T h e u p p e r u n i t i s c h a r a c t e r i z e d b y i t s 

s m o o t h w e a t h e r i n g a p p e a r a n c e a n d t h e a b s e n c e o f c h e r t ; t h e 

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

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

i s u s u a l l y b r o w n w e a t h e r i n g , b l a c k o r d a r k g r e y . 
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SILURIAN LAKETOI·m DOLOHITE 

Laketo'lm rocks in the Lucin area are recognized in 

long continuous cliffs betl'reen Patterson Pass and ReGulator 

Canyon. Laketmm Dolomite is the conspicuous cliff-former 

in the vicinity of Tecoma Hill, and it have been tentatively 

mapped "\"Ti th Fi sh Haven ro cks north of Governor r s SprinG 

camp. In the vicinity of Oopper 1101ll1tain, 1,050 feet of 

Laketown I-ras measured and about 1,100 feet is recognized in 

the southern part of the Pilot Range. These sections repre­

sent some of the thicker Laketolm sections knolm in the 

eastern Nevada - Ifestern Utah area. 

LitholoGic Descrintion 

Laketo1-m beds in the Lucin area consist chiefly of 

dolomite and calcareous dolomites. The texture is fine to 

aphanitic; beddinG ranees from several feet to more than 

tl'renty feet in thiclmess. The formation is liGht- to 

medium-erey although \'Then vieued from a distance the 

presence of three color zones is apparent. The lower zone, 

about 250 feet in thickness is light grey, the middle 

Ullit, about 400 feet thiclc,is dominantly dark Grey to 

black, and the upper unit, 365-415 feet thick, is liGht-

to mediwll-Grey. The upper unit is characterized by its 

smooth I'rea therinc appearance and the abs 8n(;e of cllert; the 

lm'Ter tl·ro Ulli ts hav:.? rOUGh ueathered sUTfaces and chert is 

observed as nodules and in strinc;er and thin beds. The chert 

is usually broi-nl ueatJ.lering, black or dark Grey. 
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L a k e t o w n r o c k s a r e r e c o g n i z e d b e t w e e n P a t t e r s o n P a s s 

a n d R e g u l a t o r C a n y o n a s m a s s i v e l i g h t a n d m e d i u m g r e y 

c l i f f s a n d u n d e r l i e t h e d i s t i n c t i v e S i m o n s o n D o l o m i t e . 

T h e s t r a t a i n t h i s a r e a p r o b a b l y r e p r e s e n t t h e u p p e r p a r t 

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

o f c h e r t a n d a s a s e c t i o n o n l y 4 5 0 f e e t t h i c k c o u l d b e 

m e a s u r e d . On T e c o m a H i l l , a n d o n e a s t - w e s t r i d g e s t o t h e 

n o r t h i n t h e v i c i n i t y o f E a s t a n d Q u a r t z i t e C a n y o n s , a 

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

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

A g e a n d C o r r e l a t i o n 

T h e a g e o f t h e L a k e t o w n i s g e n e r a l l y r e g a r d e d t o b e 

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

i n m a n y a r e a s . I n t h e L u c i n a r e a , f e w . . f o s s i l s o t h e r t h a n 

P a v o s i t e s a n d H a l y s l t e s a n d s e v e r a l u n i d e n t i f i a b l e c o r a l 

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

t h e L a k e t o w n i s b e t t e r e x p o s e d a n d a m o r e c o m p l e t e c o l l e c ­

t i o n Was o b t a i n e d , i n c l u d i n g F a v o s i t e s , . H a l y s i t e s , C o e n i t e s , 

H e l i o l l t e s , ' S y r l n g o p o r a , C a l o a e c i a , M o n o g r a p t u s , A l v e o l i t e s , 

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

b y t h e a b o v e a s s e m b l a g e a l s o p o i n t s t o t h e N i a g a r a n E p o c h , 

( D u n c a n . 1 9 5 6 ) , a n d h e n c e t h e w r i t e r f e e l s c o n f i d e n t w h e n . 

c o r r e l a t i n g w i t h n e i g h b o r i n g a r e a s . 

I n t h e L u c i n d i s t r i c t t h e S i l u r i a n - D e v o n i a n b o u n d a r y 

i s p l a c e d a t t h e t o p o f t h e L a k e t o w n - F o r m a t i o n ( N i a g a r a n ? ) 

o r a t t h e b a s e o f t h e S i m o n s o n F o r m a t i o n ( M i d d l e D e v o n i a n ) . 
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Laketown rocks are reco e;nized betueen Patterson Pass 

and Regulator Canyon as mas sive light and medium grey 

cliffs and underlie the distinctive Simonson Dolomite. 

The strata in this area probably represent the upp er p~rt 

of the Lake tOI,m section only, as the beds are almo st void 

of chert and as a section only 450 fe et thick could be 

measured. On Tecoma Hill, and on east- uest ridges to the 

north in the vicinity of East and Quar tzite Canyons , a 

more complete se ction \'Tas seen, the 101'Ter par't of I"1hi ch 

1-raS cherty and the upper part void ' of cherta 

AGe and Correla tion 

The age of the Lalcetovm i s gene rally r egarded to be 

Niagaran and i s based on coral and brachiopod identification 

in many areaso In the Lucin ar ea , felf _fo ssil s other than 

Favosites ruld Halysites and sever al l~lid entifiabl e coral 

speci mens Her e f ound. In the southern -part of the r ange , 

the Lalcetovm is better exposed ·and a mor e complete collec­

t:l.On.·1·rasobtained, including Favo sites , Halysites, Coenites; 

Helioli tes, I ,Syringopora , Calo ne cia , Nonogr antus, Al veoli tes , 

stromtoporids and pentameroid brachiopods. The aGe sugGested 

by the above assembl age . al so poi nts to the Ni agaran Epoch, 

(Duncan ; 1956), and hence the \'rri ter feels confident I'Then 

correIa tine; I'Ti th neiGhboring areas . 

In the .Lucin di strict the SilU!ian-Devonian boundary 

is placed at the top of t he Laketourr Formation (Niagar an ?) 

or at the base of the Simons on Formati on (r.1i ddle De{ronian). 
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T h e S e v e y F o r m a t i o n , o f t e n c o n t a i n i n g t h e S i l u r i a n -

D e v o n i a n b o u n d a r y i n t h e e a s t e r n p a r t o f t h e G r e a t B a s i n , 

i s a b s e n t i n t h e P i l o t M o u n t a i n s . 

DEVONIAN" SYSTEM 

G e n e r a l S t a t e m e n t 

D e v o n i a n r o c k s i n t h e L u c i n d i s t r i c t m a k e u p 1 , 9 5 0 

t o 2 , 0 5 0 f e e t o f t h e s t r a t i g r a p h i c c o l u m n . D e v o n i a n 

f o r m a t i o n s r e c o g n i z e d I n c l u d e t h e S i m o n s o n D o l o m i t e 

( 5 5 0 ' ) a n d t h e G u i l m e t t e F o r m a t i o n ( l , 4 0 0 } - l , 5 0 0 r ) „ 

T h e G u i l m e t t e F o r m a t i o n c a n b e s u b d i v i d e d i n t o t h r e e 

m e m b e r s , a l o w e r m a s s i v e l i m e s t o n e ( 8 5 0 - 9 0 0 : ) , a 

m i d d l e m a s s i v e q u a r t z i t e ( 2 3 5 - 2 7 0 ' ) a n d a n u p p e r p l a t y , 

s h a l y l i m e s t o n e ( 3 0 5 - 3 4 5 c ) o 

DEVONIAN SIMONSON FORMATION 

I n t h e L u c i n d i s t r i c t o n l y t h e u p p e r a l t e r n a t i n g 

m e m b e r o f t h e S i m o n s o n D o l o m i t e , a s d e f i n e d b y O s m o n d 

( O s m o n d , 1 9 5 4 ) i s r e c o g n i z e d . I t i s b e s t o b s e r v e d o n t h e 

s o u t h - f a c i n g w a l l o f I l o g a n ' s C a n y o n , b u t I t a l s o o c c u r s i n 

s e v e r a l c a n y o n s i n t h e v i c i n i t y o f I l o g a n ' s C a n y o n a n d o n 

s e v e r a l r i d g e s n o r t h o f F a t Woman C a n y o n . No S i m o n s o n 

i s r e c o g n i z e d i n t h e C o p p e r M o u n t a i n v i c i n i t y a s i t i s 

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

L i t h o l o g i c D e s c r i p t i o n 

T h e S i m o n s o n F o r m a t i o n c o n s i s t s o f m o n o t o n o u s a l t e r ­

n a t i n g l i g h t - g r e y t o d a r k - g r e y a n d b l a c k , b a n d e d , c a l c a r e o u 
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The Sevey Forma tiol1, often con to.ininc; the Silurian-

Devonian boundary in the eastern part of the Great Basin, 

is absent in the Pilot l·1ountains. 

DEVOlUAlf S Y3 TEE 

Genero.l ~to.temcnt 

Devonian rocks in the Lucin district make up 1,950 

to 2,050 feet of the straticro.phic column. Devonian 

formo:tions recoC;-l1ized inclt1.de the :3i:<101180n DoloT'li te 

(550') and the Guilmette Formation (1,400 1 
- 1,500 t

). 

The GuilElette Form8.tion can be subdivided into three 

members, 0. lower mo.ssive limestone (850 - 900:), a 

middle mas eli vc qu:r..rtzi te (235 - 270!) and. ::.m Ul)per platy, 

shaly limestone (305 - 345 t
). 

DEVOlHAN SIHON~)mJ FOR1IATIOH 

In the Lucin district only the upper o.ltcrnatinc 

member of the Simonson Dolomi.te, as defined bJ" Osmond 

(Osnond, 1954) is reco gnized. It is best observed on the 

south-fo..cinC 'irall of IIoCO-l1 r s Canyon, but it also occurs in 

several Co.nyon3 in the vicinity of IIoC:J.l1 r 3 C8.l1yon an.d 011 

,-., "l ... ,.. ........ ,..,r.., 1 
tJ ...... li .......... L .... __ Woman Canyon. No Simonson 

is recognized in the CO:9per NOtmto.in vicil':i ty as it i::; 

om. tted from t~10"t area by faul tine;. 

LitholOGic Description 

The Simonson Formation consist::; of monotonous alter-

natine licht-Grey to dar~-c;rey and blo.cl:, b~nded., calcareous 
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d o l o m i t e b e d s . T h e f o r m a t i o n i s g e n e r a l l y f i n e l y 

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

t h e t h i n t o m e d i u m b e d d i n g . A s a r u l e , t h e u n i t i s n o n -

r e s i s t a u t t o e r o s i o n a n d a s a r e s u l t f o r m s g e n t l e s l o p e s 

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

G u i l m e t t e . C o m m o n l y a p o o r l y d e v e l o p e d s o i l c o v e r l i e s 

o n t h e S i m o n s o n s l o p e s w h i c h p r o v i d e s a f o o t h o l d f o r 

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

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

t o s e t t h e S i m o n s o n a p a r t f r o m o t h e r b e d s w h e r e v e r i t i s 

p r e s e n t . . 

A g e a n d C o r r e l a t i o n 

T h e S i m o n s o n i s g e n e r a l l y r e g a r d e d t o b e o f M i d d l e 

D e v o n i a n a g e e n t h e b a s i s o f w e l l e s t a b l i s h e d f a u n a l z o n e s 

r e c o g n i z e d t h r o u g h o u t t h e e a s t e r n G r e a t B a s i n . I n t h e 

L u c i n a r e a , i t i s a s s u m e d t h a t t h e p a r t o f t h e S i m o n s o n 

F o r m a t i o n e x p o s e d i s o f t h i s a g e a l s o b e c a u s e o f t h e 

r e c o g n i t i o n o f s t r o m o t o r o i d h e a d s , O l a d o p o r a s p # , A m p h i p o r a 

S J D . , T h a m n o n o r a s p . a n d a s s o r t e d b r a c h i o p o d f r a g m e n t s 

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

( ? ) . 

I n t h e n o r t h e r n p a r t o f t h e P i l o t R a n g e , t h e p a r t o f 

t h e S i m o n s o n r e c o g n i z e d r e s e m b l e s o n l i t h o l o g i c e v i d e n c e 

t h e u p p e r a l t e r n a t i n g m e m b e r o f t h e S i m o n s o n o f e a s t - c e n t r a l 

N e v a d a . I t - i s , t h e r e f o r e , s u g g e s t e d t h a t t h e S i m o n s o n 

F o r m a t i o n i n t h e L u c i n d i s t r i c t r e p r e s e n t s o n l y t h e u p p e r 

p a r t o f t h e S i m o n s o n o f e a s t - c e n t r a l N e v a d a , a n d t h a t t h e 
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dolomite beds. ~he formati on is generally finely 

crystalline and I'reathers in step.-1ike slopes, reflecting 

the thin to medium bedding . As a rule, the unit is non-

resi struLt to erosion and as a r esult forms gentle slopes 

betl,reen cliffs of the underlying Laketoirm and overlying 

Guilmette. Commonly a poorly developed soil cover lies 

on the Simonson slopes which provides a foothold for 

vegetation that conceal the bedso The alternating nature 

\ . , 

of the unit, as well as its finely- laminated natu.re , tends 

to set t he Simonson apart from other beds wherever It is 

presento ~ 

Age and Cor relation 

The Simonson is generally regarded to be of Middle 

Devonian age on the basis of well established faunal zone s 

recogni.zed throughout the eastern Great Basin . In the 

Lucin area , it is assumed that the part of the Si.monson 

Formation exposed is of this age als o because of the 

reco gni tion of stromotoroid heads, Cladopora .sF., Amphipora 

sJ?.' TharnnolJora PP.o and assorted brachiopod fragments 

that could very I'Tell be f orms of Atrypa and Stringocephalus 

( ? ) • 

I n the northern part of the Pilot Range, the part of 

the Simonson recognized resembles on litholo gic evidence 

the upper alternating member of the Simonson of east-central 

Nevada . I~- is, ·therefore, suggested that the Simonson 

Formation in the Lucin district represents only the upper 

part of the Simonson of east-central Nevada, and t ha t the 
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p a r a c o n f o r m i t y b e t w e e n L a k e t o w n a n d S i m o n s o n r o c k s s p a n s 

a n i n t e r v a l f r o m p o s t - N i a g a r a n t o M i d d l e D e v o n i a n t i m e 

( M i d d l e E r i a n ) . 

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

s i m i l a r i t y a n d s e q u e n c e o f p o s i t i o n w i t h t h e S i l v e r I s l a n d 

R a n g e a n d N e w f o u n d l a n d R a n g e a n d w i t h t h e t y p e l o c a l i t y a t 

G e l d H i l l . I t i s p r o b a b l y a t i m e e q u i v a l e n t o f t h e 

N e v a d a F o r m a t i o n a t E u r e k a , N e v a d a . 

DEVONIAN GUILMETTE FORMATION 

G e n e r a l S t a t e m e n t 

T h e G u i l m e t t e F o r m a t i o n i s e a s i l y d i v i s i b l e i n t o 

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

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

d i s t r i c t . I t i s t h e s e t w o M i d d l e a n d L a t e D e v o n i a n u n i t s , 

t h e l o w e r m a s s i v e l i m e s t o n e a n d t h e m i d d l e m a s s i v e 

q u a r t z i t e , t h a t a r e f r e q u e n t l y r e f e r r e d t o b y b o t h R y a n 

( R y a n , 1 9 1 4 ) a n d B u t l e r , ( B u t l e r £ t a l , 1 9 2 0 ) w h e n d e s ­

c r i b i n g t h e L u c i n o r e d e p o s i t s a n d c o n s i d e r e d b y t h e s e 

w r i t e r s , a s w e l l a s b y K i n g ( K i n g , 1 8 7 7 ) » t o b e M i s s i s s i p p i a n 

a n d P e n n s y l v a n i a ^ i n a g e . T h e u p p e r u n i t i s a n o n -

r e s i s t a n t , s h a l y l i m e s t o n e o f p r o b a b l e l a t e s t D e v o n i a n 

a g e . 

H i s t o r y o f N o m e n c l a t u r e 

T h e t y p e l o c a l i t y f o r t h e G u i l m e t t e F o r m a t i o n i s i n 

G u i l m e t t e G u l c h o n t h e w e s t s i d e o f t h e D e e p C r e e k M o u n t a i n s 

( N o l a n , 1 ? 3 5 J p . 2 0 ) . w h e r e t h e f o r m a t i o n i s p r i n c i p a l l y 
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paraconformi ty between LaketO"l"ID and Simonson rocks spans 

an interval from post-Niagaran to ~liddle Devonirul time 

(:r.fiddle Erian) 0 

The Simonson is easily correlated on lithologic 

similari ty and sequence of position )'Ti th the Silver Island 

Range and Nei"ifoundland Rangeahd va th the type locality at 

Gold Hill. It is probably a time equivalent of the 

Nevada Formation at Eureka 9 Nevada. 

DEVONIAN GUILMETTE FOR}~TION 

General Statement 

The Guilmette Formation is easily divisible into 

three mappable units, tl'l"O of whioh are prominently dis­

played from almost any vantage point l1"i thin the Lucin 

districte It is these two r-Uddle and Late Devonian units, 

the lower massive limestone ruld the middle massive 

quartzite, that are frequently referred to by both RY~l 

(Ryan, 1914) and Butler, (Butler et al, 1920) I'Then des­

cribing the Lucin ore deposits and considered by these 

writers, as well as by King (King, 1877), to be MiSSissippian 

and Pennsylvanian in age. The upper unit is a non­

resistant, shaly limestone of probable latest Devonian 

9..ge. 

History of NomenolatlIT8 

The type locality for the Guilmette Formation is in 

Guilmette Gulch on the lTest side of the Deep Creek Mountains 

(l~olan, 1~35, p. 20), 1[11ere the formation is principally 



- 2 5 -

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

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

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

v i c i n i t y o f t h e P i l o t R a n g e i n c l u d i n g t h e N e w f o u n d l a n d , 

G r o u s e C r e e k , C r a t e r I s l a n d , a n d S i l v e r I s l a n d R a n g e s . 

I n t h e s e a r e a s t h e u n i t i s c h a r a c t e r i s t i c a l l y a l i m e s t o n e 

a l t h o u g h m i n o r q u a r t z ! t i c a n d s h a l y z o n e s a r e c o m m o n l y 

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

D i s t r i b u t i o n 

T h e D e v o n i a n G u i l m e t t e F o r m a t i o n , a n d p a r t i c u l a r l y 

t h e l o w e r t w o m e m b e r s , i s w i d e l y d i s t r i b u t e d i n t h e L u c i n 

d i s t r i c t . I t f o r m s l o n g , c o n t i n u o u s , r e s i s t a n t r i d g e s 

e x t e n d i n g f r o m t h e n o r t h e r n s i d e o f P a t t e r s o n P a s s t o 

R e g u l a t o r C a n y o n , a n d d i s c o n t i n u o u s , b l o c k y r i d g e s n o r t h 

o f R e g u l a t o r C a n y o n , 

T h e m a s s i v e q u a r t z i t e m e m b e r i s o b s e r v e d a l m o s t 

e v e r y w h e r e i n t h e L u c i n a r e a t o o v e r l i e t h e m a s s i v e l i m e ­

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

t h e G u i l m e t t e F o r m a t i o n . T h e s h a l y l i m e s t o n e m e m b e r i s 

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

n o r t h o f P a t t e r s o n P a s s , a n d i n s a d d l e s i n t h e a r e a 

i m m e d i a t e l y s o u t h o f C o p p e r M o u n t a i n a t t h e h e a d o f 

H o g a n ' s a n d C o o k ' s C a n y o n s . 

MASSIVE LIMESTONE MEMBER 

L i t h o l o g i c D e s c r i p t i o n 

T h e l o w e r m e m b e r o f t h e G u i l m e t t e F o r m a t i o n i s a 

d a r k - g r e y t o b l u e - b l a c k , t h i c k - b e d d e d l i m e s t o n e w i t h 
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a fine-grained medium to dark gr ey dolomite "'I'ri th thick 

limestone beds and l enti cular sandstones. The formation 

has since been recognized in many localities in the 

vicini ty of the Pilot Range including the Ne1{foundland, 

Grouse Creek, Cra ter Island, and Silver Island Ranges. 

In the,se areas the unit is characteristically a limestone 

although minor Cluartzitic and shaly zones are commonly 

reco gnized in the upper parts of the formation. 

Distribution 

The Devonian Guilmette Formation, and particularly 

the 10lTer t1'ro members, is 1d dely distributed in the Lucin 

district. It forms long , continuous , re s i stant ridges 

extending from the northern side of Patterson Pass to 

Re gulator Canyon, and discontinuous, blocky ridges north 

of Regulator C~yon. 

The massive quartzite member i s observed al most 

everY1'rhere in the Lucin area to overlie the massive lime­

stone memb er, the l atter being the most prominent unit in 

the Guilmette Formation. The shaly limestone member is 

reco gni zed in but a fe'if locali ties , at the top of cliffs 

north of Patterson Pass , and in saddl es in the a rea 

immedia tely south of Copper M01Ultain a t the head of 

Hogan 's and Cookrs Crulyons. 

MASSIVE LINES TONE MElIDER 

Lithologic ' Des cription 

The low'er member of the Guilmette Formation is a 

dark-grey to blue-black, thick-bedded limestone lri th 
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d o l o m i t e s t r i n g e r s n e a r t h e b a s e . T h e u n i t i s v e r y 

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

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

r e s i s t a n t l i m e s t o n e b e d s . T h e l i m e s t o n e u n i t i n t h e 

L u c i n a r e a i s 8 5 0 t o 9 0 0 f e e t t h i c k b u t b e c o m e s m o r e 

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

a n d w e l l d i s p l a y e d o n t h e c l i f f s n o r t h e a s t o f G o v e r n o r ' s 

S p r i n g G a m p , s a n d y a n d e v e n q u a r t s ! t i c b e d s , r a n g i n g f r o m 

o n e t o f i v e f e e t i n t h i c k n e s s , a r e p r e s e n t . 

A t t h e h e a d o f H o g a n ' s C a n y o n t h e t o p o f t h e l o w e r 

m a s s i v e l i m e s t o n e i s c h a r a c t e r i z e d b y a t w e n t y - f o o t z o n e 

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

b e d d e d c h e r t u n i t , a n d w i t h i n t h r i t y f e e t o f t h e c o n t a c t 

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

e l o n g a t e d b l a c k c h e r t n o d u l e s . 

T h e m a s s i v e l i m e s t o n e m e m b e r h a s b e e n r e f e r r e d t o i n 

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

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

i r o n m i n e r a l i z a t i o n . I t i s s u s p e c t e d t h a t t h e h i g h l i m e 

c o n t e n t i s i n p a r t r e s p o n s i b l e f o r r e p l a c e m e n t m i n e r a l i z a ­

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

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

m i n e r a l i z a t i o n t h e l o w e r m a s s i v e l i m e s t o n e i s c h a r a c t e r i z e d 

b y m a n y w h i t e c a l c i t e a n d q u a r t z s t r i n g e r s t h a t g i v e t h e 

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

l i g h t - o r m e d i u m - g r e y . 
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dolomite strinGers near the base. The illlit is very 

finely crystalline, and appears as smooth "lIeathering, 

massive cliffs, as 'i'Tell as centle ~;lol")c;; forDod on less 

resistant limestone beds. The limestone lUlit in the 

Lucin area is 850 to 900 feet tlliclc but becomes more 

clastic in nature upuard in the section. To~mrds the top, 

and Hell displayed on the cliffs northeast of Governor's 

SprinG Camp, sD-ndy and even Cluartzitic beds, ranGinG from 

one to five feet in thicl:ness, are present. 

At the head of HOGan I s Canyon tile to}! of the 10"i-Ter 

massive limestone is characterized bJ 0. tlJenty-foot zone 

containinG one- to three-inch black chert beds. Above the 

bedded chert lUli t, and ui thin tIu'i ty feet of the contact 

uith the Cluartzite member,the limestone beds contain 

elonca ted blade chert nodUle s. -

The massive limestone member has boen referred to in 

early Ii terature o.s the II fO.vorable li1118 stOlle bed It as it 

is the principal rock unit acting as host for copper 8.l1d 

iron mineralization. It is Guspectc;d that the hiGh lime 

content is in part responsible for replacement mineraliza­

tion, I'Thereas in dolomitic rocks 101"rer in the section the 

maVlesium content hindered replacement. In the area of 

mineralization the louer Tilassi ve limestone is characterized 

by many uhite calcite c.nd Cluartz strincers th8.t Give the 

overall appearO.llce of the 1mi t at that locali ty of beinG 

light- or mediu~-Grey. 
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A g e a n d C o r r e l a t i o n 

F o s s i l z o n e s " w i d e l y r e c o g n i z e d i n t h e B a s i n a n d 

R a n g e P r o v i n c e a r e p r e s e n t i n t h e G u i l m e t t e F o r m a t i o n 

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

e a s y . 

A t t h e b a s e o f t h e G u i l m e t t e F o r m a t i o n , a b e d c o n ­

t a i n i n g H e l i o l t e s s p . i s n o t e d , a s w e l l a s o t h e r f o r m s 

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

F a v o s l t e s , A t r y p a n e v a d e n s i s ( ? ) , S y r l n g o p o r a a n d P r l s -

m a t o p h y l l u m . T h e H e l i o l t e s z o n e i s o v e r l a i n b y t h e 

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

p a r t o f t h e N e v a d a F o r m a t i o n ( M e r r i a m , 1 9 4 0 ) » 

A b o v e t h e S t r i n g o c e p h a l u s z o n e , S t r o m o t o p o r a - a n d 

C l a d o p o r a - b e a r i n g l i m e s t o n e c l i f f s a r e r e c o g n i z e d a n d t h i s 

h o r i z o n p r o b a b l y r e p r e s e n t s t h e l o w e r p a r t s o f t h e D e v i l s 

G a t e l i m e s t o n e , o f u p p e r M i d d l e a n d L a t e D e v o n i a n a g e . 

( m e r r i a m , 1 9 4 0 ) . 

T h e L a t e D e v o n i a n S p i r i f e r a r g e n t a r l u s z o n e i s 

r e c o g n i z e d a b o v e S t r i n g o c e p h a l u s - b e a r i n g s t r a t a a n d i t 

i s c o r r e l a t e d w i t h t h e u p p e r p a r t o f t h e D e v i l s G a t e 

F o r m a t i o n . A s s o c i a t e d w i t h t h i s f o r m a r e A t r y p a 

m o n t a n e n s l s , M a r t i n ! a s p . , S t r o m a t o p o r a a n d C l a d o p o r a . 

A b o v e t h e S . a r g e n t a r l u s z o n e a r e s p e c i e s o f A m o h i o o r a , 

b u t n o C r y t o s p i r i f e r o r S p i r i f e r u t a l i e n s i s z o n e i s r e c o g ­

n i z e d i n t h e a r e a . 

T h e f o s s i l s s u g g e s t t h a t a n i n t e r v a l o f M i d d l e a n d 

e a r l y L a t e D e v o n i a n t i m e i s r e p r e s e n t e d b y t h e l o w e r 
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Age and Correlation 

Fossil zones i·ridely recoc;nized in the Basin and 

Range Province are present in the Guilmette Formation 

and correlations wIth neighborinG ranges are relatively 

easy. 

At the base of the Guilmette Formation, a bed con-

taininG Helioi tes sp .• is noted, as nell as other forms 

that are often associated uith that zone, including 

Favosites, Atrypa nevadensis (?), Syrinr;opora and Pris-

matonhyllum. The Helioites zone is overlain by the 

Stringocephalus zone, a distinctive Guide from the upper 

part of the nevada Formation (Merriam, 1940)0 . 

Above the Stringocephalvs zon e , stromotoJ?ora - and 

Cladopora-bearing limestone eli.ffs D.re r e co Gnized and this 

horizon probably represents the lOITer parts of the Devils 

Gate . limestone , of upper Middle Emd Ln t e Devoni an aGe . 

(merriam, 1940). 

The Late Devonian Spirifer argelltarius zone is 

reco gnized above Stringocephalus-b earing stra ta and it 

is correlated uith the upper part of the Devils Gate 

Formation. Associated uith this form nr e Atrypa 

montanen sis, l'iartinia .SPa, Stromatop~and Cladopora . 
. 

Above the S. argentarius zone a re spe cies of Amphipora, 

but no Crytosp~rifer or Spirifer uta~siG zon~ is recog-

ntzed in the a reao 

The fossils suggest that an interval of lliddle and 

early Late Devonian time is repr esented by the louer 
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l i m e s t o n e m e m b e r o f t h e G u i l m e t t e F o r m a t i o n „ I t i s 

a l s o s u g g e s t e d t h a t t h e u p p e r t i r o m e m b e r s o f t h e 

G u i l m e t t e F o r m a t i o n s p a n r e m a i n i n g D e v o n i a n t i m e , n o r m a l l y 

r e c o g n i z e d b y d r y t o s p i r i f e r a n d S p i r i f e r u t a n e n s i s z o n e s , 

a n d p e r h a p s e v e n b r i d g e t h e D e v o n i a n - M s s i s s i p p i a n 

b o u n d a r y . 

T h e b o u n d a r y b e t w e e n t h e S i m o n s o n F o r m a t i o n a n d t h e 

l o w e r m a s s i v e l i m e s t o n e m e m b e r o f t h e G u i l m e t t e h a s b e e n 

p l a c e d a t t h e H e l i o l t e s z o n e w h i c h l i e s m o r e t h a n 1 0 0 f e e t 

b e l o w t h e S t r i n g o c e p h a l u s z o n e . T h e S t r i n g o c e p h a l u s z o n e 

i s o f t e n e m p l o y e d i n t h e e a s t e r n G r e a t B a s i n t o l o c a t e t h e 

l o w e r m o s t b e d s o f t h e G u i l m e t t e F o r m a t i o n b u t t h i s i s n o t 

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

l a t e d w i t h t h e b o u n d a r y i n t h e S i l v e r I s l a n d R a n g e w h e r e a 

c h a n g e f r o m m i x e d d o l o m i t e a n d l i m e s t o n e " to m a s s i v e l i m e ­

s t o n e c l i f f s i s n o t e d ( S c h a e f f e r , i 9 6 0 ) . 

M a s s i v e Q u a r t z i t e M e m b e r 

L i t h o l o g i c D e s c r i p t i o n 

T h e m a s s i v e q u a r t z i t e m e m b e r o f t h e G u i l m e t t e F o r m a ­

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

q u a r t z l t e . I n t h e H o g a n C a n y o n a r e a , i t i s g r a n u l a r b u t 

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

t h e u n i t a p p e a r s a s a l i g h t - g r e y t o m e d i u m - g r e y v i t r e o u s 

r o c k t h a t i s c h a r a c t e r i s t i c a l l y t i n t e d w i t h l i g h t a n d d a r k 

b l u e . s h a d e s . 

T h e w e a t h e r e d s u r f a c e , h o w e v e r , i s p e r h a p s t h e m o s t 

d i a g n o s t i c d i s t i n g u i s h i n g f e a t u r e c f t h e u n i t , f o r t h e d a r k 
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limestone member of the Guilmette .Formationo It is 

also suggested that the upper tvTO members of the 

Guilmette Formation span remaining Devonian time, normally 

recognized by Crytospirifer and Spirifer utahensis zones, 

~d perhaps even bridge the Devonian-~fississippian 

boundary. 

The boundary betueen the Simonson Formation and the 

10l-Ter massive limes tone member of the Guilmette has been 

placed at the Helioi tes zone lThich li es more than 100 feet 

below the Stringocephalus zoneo The Strincoceuhalus zone 

is often employed in the eastern Great Basin to locate the 

lOi-rerrnost beds of the Guilmette Formation but thi s is not 

alw-ays a completely reliable guideo The boundary is corre­

Ia t ed ui th the boundary · in the Silver I s l ':.1l1d Range \"There a 

Cha11 c;e from mixed dolomite and "limestone -to mass ive lime­

stone cliffs is noted (Schaeffer, 1960). 

Massive Quartzite Ivlember 

LitholoGic Description 

The massive quartzite member of the Guilmette Forma­

tion is .a fine-grained, thicle-b edded to massive ortho­

quartziteo In the HOgall Canyon area, it i s gr anular but 

this is an exception and not the rule. On fresh surfaces, 

the lUli t appears as a light- grey to medium- c;r ey vi treous 

rock that is characteristically tinted vTith li ght and dark 

blue . shades. 

The "lTe3. thered surface, how-ever, is perhaps the mo st 

diagnostic distinguishing fe ature cf the unit, for the dark 
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b r o w n t o r e d d i s h - b r o w n , r o u n d e d b u t m a s s i v e c l i f f s , a r e 

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

b y s o i l o r v e g e t a t i v e c o v e r . 

T h e u n i t i s t h i c k - b e d d e d t o m a s s i v e a l t h o u g h b e d d i n g 

i s i n d i s t i n c t e x c e p t w h e n v i e w e d f r o m a d i s t a n c e . C o n t a c t s 

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

a r e e x c e p t i o n a l l y s h a r p . T h e m a x i m u m t h i c k n e s s i s 2 7 0 f e e t 

a n d t o w a r d s t h e P a t t e r s o n P a s s a r e a i t t h i n s t o l i t t l e m o r e 

t h a n 3 P o r 4 0 f e e t a n d n o r t h o f Q u a r t z i t e C a n y o n i t a p p a r e n t l y 

t h i n s t o a f e a t h e r e d g e . T h e u n i t i s n o t r e c o g n i z e d s o u t h 

o f P a t t e r s o n P a s s . 

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

n o w h e r e d o e s I t a p p e a r f r i a b l e , n o r a r e t h e r e a n y l i t h o l o g i e s 

o t h e r t h a n o r t h o q u a r t z i t e r e p r e s e n t e d . 

S h a l y L i m e s t o n e M e m b e r 

L i t h o l o g i c D e s c r i p t i o n 

T h e s h a l y l i m e s t o n e m e m b e r o f t h e G u i l m e t t e F o r m a t i o n 

i s r e c o g n i z e d o n l y i n t h e a r e a b e t w e e n P a t t e r s o n P a s s a n d 

R e g u l a t o r C a n y o n . T h e u n i t c o n s i s t s o f d a r k g r e y t o b l a c k 

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

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

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

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

t h e s i l t y m a t e r i a l , g i v e t o t h e e n t i r e m e m b e r a n o v e r a l l 

m o t t l e d c a s t . 
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broi'ffi to reddish-brol·m, rOilllded b.ut massive cliffs, are 

easily reco gnized even I'Then most of the a rea is · obscured 

by soil or vegeta tive cover. 

The llilit is thick-bedded to massive although bedding 

is indistinct except Hhen vieued from a distanc e . Contacts 

"td th the Underlying limestone and overlying shaly limestone 

are exceptionally sharp. The maximum thiclmess is 270 feet 

anc1 tOlTards the Patterson Pass area it thins to little more 

than 30 or 40 feet and north of Quartzite Canyon it apparently 

thins to a feather edge. The unit i s not re'coVlized south 

of Patterson Pass. 

,The unit everYi'There expo sed is extr emely in dura ted and 

nouhere does it appear friable, nor a re there any lithologies 

other than orthoQuartzite represent ed. 

Shaly Limeston e Memb er 

Li tholoaic Description 

The shaly limestone member of the Guilmette Formation 

is r ecognized only in the area betueen Pa:tterson Pass and 

Re gulator Canyon. The unit consi s ts of dark grey to black 

platy limestones that chara cteristically have mottled and 

finely-laminated a ppearance due to sil ty and a r gillQceous 

::;trinc ::;TS t ll2.t 0 (;CllT ::1.10::'1 ::; b ~dcl~ l :L~ J. ~ planes. YellolT and 

brmmi sh- yellolv shades, as 1'lell a c pl1rpli sh-:red tints in 

the silty material,give to the entire member an overall 

mottled cast. 
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Th e m e m b e r i s n o n - r e s i s t a n t t o e r o s i o n b u t a t t h e 

h e a d o f R e g a n ' s C a n y o n i t i s t h e r i d g e - f o r m e r . To d a t e 

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

m e a s u r e d a t t h e h e a d o f H o g a n f s C a n y o n , i s b e t w e e n 3 0 5 t o 

3 4 5 f e e t t h i c k . 

A s h a r p e r o s i o n a l c o n t a c t w i t h t h e u n d e r l y i n g q u a r t z i t e 

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

T h e c o n t a c t b e t w e e n t h e u p p e r G u i l m e t t e a n d t h e o v e r l y i n g 

M i s s i s s i p p i a n ( ? ) C h a i n m a n - D i a m o n d P e a k F o r m a t i o n s h o w s 

a n g u l a r d i s c o r d a n c e . 

A g e a n d C o r r e l a t i o n 

T h e p r o b l e m o f e s t a b l i s h i n g a p r e c i s e a g e f o r t h e 

q u a r t z i t e a n d s h a l y l i m e s t o n e m e m b e r s o f t h e G u i l m e t t e 

F o r m a t i o n i s t h e m o s t t r o u b l e s o m e s t r a t i g r a p h i c p r o b l e m i n 

t h e L u c i n a r e a . B e c a u s e o f i t s c l a s t i c n a t u r e , n o f o s s i l s 

o f a n y k i n d h a v e b e e n f o u n d i n t h e q u a r t z i t e , a n d t h e o v e r ­

l y i n g s h a l y l i m e s t o n e u n i t a l s o a p p e a r s t o b e u n f o s s i l i -

f e r o u s . B e n e a t h t h e q u a r t z i t e m e m b e r t h e S p i r i f e r a r g e n t a r i u s 

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

G u i l m e t t e F o r m a t i o n , a n d t h i s z o n e i n d i c a t e s a n e a r l y L a t e 

D e v o n i a n a g e ( F r a s n i a n ? ) . I t i s k n o w n , t h e r e f o r e , t h a t t h e 

q u a r t z i t e m e m b e r a n d t h e s h a l y l i m e s t o n e m e m b e r a r e p o s t -

e a r l y - L a t e D e v o n i a n a n d i t i s s u g g e s t e d b y t h i s w r i t e r t h a t 

t h e q u a r t z i t e i s e q u i v a l e n t t o t h e V i c t o r i a Q u a r t z i t e a n d 

r e p r e s e n t s a t i m e i n t e r v a l s p a n n i n g m o s t o f t h e r e m a i n i n g 

D e v o n i a n t i m e ( F a m e n n i a n ) . S i m i l a r l y , i t i s s u g g e s t e d t h a t 

t h e s h a l y l i m e s t o n e u n i t i s a P i n y o n P e a k e q u i v a l e n t a n d 

" 
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The member is no~-resistant to erosion but at the 

head of Hogan's Canyon it is the ridge -former. To date 

no fossils have been found in this unit. The member, as 

measured at the head of Hogan's Canyon, is betw"een 305 .to 

345 feet thick. 

A sharp ero sional contact In th the underlying quartzi te 

member is readily apparent, but the upper contact is covered. 

The contact betlfeen the upper Guilmette and the overlying 

:r-lississippian (7) Chainman-Diamond Peak Formation shous 

angular discordance. 

Age and Correlation . , 

The problem of establishing a precise age for the 

quartzite and shaly limestone members of the Guilmette 

Formation is the most troublesome stratigraphic problem in 

the Lucin area. Because of its clastic nature, no fossils 

of any kind have been found in the quartzite, and the over-

lying shaly limestone unit also appears to be unfossili­

ferous. Beneath the quartzite member the Spirifer argentarius 

zone is recognized in the massive limestone member of the 

Guilmette Formation, and this zone indicates an early Late 

Devonian age (Frasnian ?). It is Im01"m, therefore, that the 

quartzite member and the shaly limestone member are post­

early-Late Devonian and it is suggested by this uriter that 

the quartzite is equivalent to the Victoria Quartzite and 

represents a time interval spanning most of the remaining 

Devonian time (Famennian). Similarly, it is suggested that 

the shaly limestone unit is a Pinyon Peak equivalent and 
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t h a t i t r e p r e s e n t s l a t e r D e v o n i a n t i m e a n d p o s s i b l y e v e n 

e a r l i e s t M i s s i s s i p p i a n t i m e . T h e s e s u g g e s t i o n s a r e b a s e d 

o n l i t h o l o g i c c o r r e l a t i o n b e t w e e n t h e q u a r t z i t e a n d 

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

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

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

M I S S I S S I P P I A N AND PENNSYLVANIAN SYSTEMS 

G e n e r a l S t a t e m e n t 

R o c k s o f M i s s i s s i p p i a n a n d P e n n s y l v a n i a n a g e a r e 

r e p r e s e n t e d i n t h e L u c i n d i s t r i c t b y t h e D i a m o n d P e a k -

C h a i n m a n P o r a m t i o n s u n d i f f e r e n t i a t e d a n d b y o u t c r o p s o f 

L a t e P e n n s y l v a n i a n r o c k s . T h e M i s s o u r i a n t o E a r l y 

W o l f e a m p i a n i n t e r v a l , a l t h o u g h n o t c l e a r l y d i f f e r e n t i a t e d 

f r o m t h e o v e r l y i n g P e q u o p F o r m a t i o n , i s r e p r e s e n t e d i n 

t h e C o a l B a n k S p r i n g a r e a o n t h e b a s i s o f f u s u l i n i d 

I d e n t l f i c a t i o n . 

M i s s i s s i p p i a n a n d P e n n s y l v a n i a n f o r m a t i o n s i n L u c i n 

d i s t r i c t , h a v e a n a g g r e g a t e t h i c k n e s s n o t e x c e e d i n g 6 0 0 

f e e t . T h e s e u n i t s a r e r e l a t i v e l y I n s i g n i f i c a n t w h e n c o m ­

p a r e d t o t h e g r e a t t h i c k n e s s o f r o c k s o f t h e s a m e a g e s i n 

a r e a s t o b o t h t h e e a s t a n d w e s t . ( 5 , 8 0 0 f e e t o f 

M i s s i s s i p p i a n a l o n e i n t h e S t a n s b u r y M o u n t a i n s p l u s 

a n o t h e r 1 6 , 0 0 0 f e e t o f P e n n s y l v a n i a n , a n d a s m u c h a s 1 0 , 0 0 0 

f e e t o f t h e t w o s y s . t e m s i n c e n t r a l N e v a d a . ) 
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that it represents later Devonian time and possibly even 

earliest Mississippian time. These sUGGestions are basec. 

on lithologic correlation between the quartzite and 

shaly limestone and other Basin and Range units I-Ihich are 

more de~initely tied into the stratigraphic colwml by 

fossil evidence. 

MISSISSIPPIAN AND PENNSYLVANIAN SYSTEMS 

General Statement 

Rocks of Mississippian and Pennsylvanian age are 

represented in the Lucin district by the Diamond Peak-

Chainman Foramtions undifferentiated and by outcrops of 

Late Pennsylvanian rocks. The Missourian to Early 

1'Tolfcampian interval, although not clearly differentia ted 
., . . ~ -

from the overlying Pequop Formation, is represented in 

the Coal Bank Spring area on the basis offusulinid 

iden tifi cation. 

Mississippian and Pennsylvanian formations in Lucin 

district, have an aggregate thiclmess not exceeding 600 

feet. These units are relatively insignificant I'Then com-

pared to the great thickness of rocks of the same ages in 

areas to both the east and west. (5,800 feet of 

l-li.ssissippian alone in the Stansbury Houlltains _ plus 
I 

-another 16,000 feet of Penn s ylvrulian , and as much as 10,000 

feet o'f the tim sys.tems in central Nevada.) 
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M I S S I S S I P P I A N DIAMOND PEAK-CHAINMAN FORMATIONS 

UNDIFFERENTIATED 

T h e c u r r e n t u s a g e o f t h e t e r m s C h a i n m a n a n d D i a m o n d 

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

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

N o l a n ( N o l a n et_ a l , 1 9 5 6 , p p . 5 6 - 6 1 ) a n d h e s t a t e s : 

" F o r t h e E u r e k a d i s t r i c t we p r o p o s e t o 
u s e D i a m o n d P e a k F o r m a t i o n f o r t h e q o a r s e 
c l a s t i c p o r t i o n o f t h e u p p e r M i s s i s s i p p i a n 
s e q u e n c e w h e r e i t c a n b e s a t i s f a c t o r i l y 
s e p a r a t e d f r o m t h e u n d e r l y i n g b l a c k s h a l e s , 
a n d t o a d o p t S p e n c e r ' s n a m e o f C h a i n m a n 
s h a l e f o r t h e l o w e r u n i t , w h e r e i t c a n b e 
s e p a r a t e l y m a p p e d . F o r t h o s e a r e o , s i n t h e 
D i a m o n d M o u n t a i n s , w h e r e t h e t w o a r e g r a d a -
t i o n a l l i t h o l o g i c a l l y , we h a v e g r o u p e d t h e m 
i n o u r m a p p i n g a s " D i a m o n d P e a k - C h a i n m a n 
f o r m a t i o n s u n d i f f e r e n t i a t e d " . . . . O u r 
c o l l e c t i o n s ( m a r i n e f a u n a s ) . . . a r e b e l i e v e d 
t o i n d i c a t e a l a t e M i s s i s s i p p i a n a g e f o r 
b o t h f o r m a t i o n s . " 

I n t h e L u c i n d i s t r i c t t h i s w r i t e r b e l i e v e s i t 

d e s i r a b l e t o f o l l o w N o l a n ' s u s a g e , a n d t h u s t h e t e r m 

D i a m o n d P e a k - C h a i n m a n F o r m a t i o n s u n d i f f e r e n t i a t e d i s 

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

d i s t i n c t i o n i s p o s s i b l e . F o r d i s c u s s i o n p u r p o s e s , 

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

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

D i s t r i b u t i o n 

S t r a t a o f D i a m o n d P e a k - C h a i n m a n F o r m a t i o n s u n d i f f e r e n t i 

a t e d a r e w e l l e x p o s e d o n t h e g r a s s y h i l l s i m m e d i a t e l y s o u t h 

o f t h e R e g u l a t o r C a n y o n t r a n s v e r s e f a u l t , a n d a t t h e n o r t h 

e n d o f t h e P i l o t R a n g e , . n o r t h a n d w e s t o f C o a l B a n k S p r i n g . 
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MISSISSIPPIAN DI.A}lOND PEAK-OHAINl-1AN FORMATIONS 

UNDIFFERENTIATED 

The current usage of the terms Ohainman and Diamond 

Peak presents a considerable problem in nomenclature and 

correla tion. This problem has ·been .fully treated by 

Nolan (Nolan ~ al, 1956, pp. 56-61) and he states: 

"For the Eureka di strict lIe propose to 
use Diamond Peak Formation for the ~oarse 
clastic portion of the upper Mississippian 
seQuence where it can be satisfa ctorily 
separated from the underlyine; bla ck shales, 
and ,to adopt ~pencerts name of Oha inman 
shale for the lOI'Ter uni t, l'lhere it can be 
separately mapped. For those area s in the 
Diamond Hountains, vlhere the tuo are gr ada­
tional lithologically, we have grouped them 
in our mapping as "Diamond Peak-Oha inman . 
formations undifferentiat ed" •••• Our 
collections (mar~ne faunas ) .•• are believed 
to indicate a late Mississippian age for 
both formations." 

\ .. 

In the Lucin district this vITi ter believes it 

desirable to follo 1-1 Nolan's usage, and thus the term 

Diamond Peak-Ohainman Formations undifferentiated is 

. used for mapping purposes except, in localities I'There 

distinction is possible. For discussion purposes, 

however, it is desirable in part to present the da ta 

under separate headings. 

Distribution 

Strata of Diamond Peak-Ohainman Formations undifferenti 

ated are uell exposed on the grassy hills immediately south 

of the Regulator Oanyon transverse fault, and at the north 

end of the Pilot Range , .no-rth and I'Test of Ooal Bank Spring. 
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A t t h e n o r t h e n d o f t h e r a n g e t h e C h a i n m a n s h a l e c a n b e 

s e p a r a t e d f r o m t h e D i a m o n d P e a k F o r m a t i o n . T h i s o n e 

l o c a l i t y a f f o r d s t h e o n l y v i e w o f t h e C h a i n m a n S h a l e , a s 

a s e p a r a t e u n i t , i n t h e e n t i r e P i l o t R a n g e . E l s e w h e r e i n 

t h e n o r t h e r n p a r t o f t h e L u c i n d i s t r i c t t h e b l a c k s h a l e s 

o f t h e C h a i n m a n i n t e r f i n g e r a n d a r e i n t e r b e d d e d w i t h t h e 

D i a m o n d P e a k e l a s t i c s . 

L i t h o l o g i c D e s c r i p t i o n - CHAINMAN SHALE 

T h e C h a i n m a n S h a l e f o r m s a s t e e p s l o p e a n d c o n s i s t s 

v e r y f i n e , f i s s i l e s i l t s t o n e s w i t h s o m e c l a y s t o n e a t t h e 

b a s e . O n l y 7 5 f e e t o f C h a i n m a n l i t h o l o g y c o u l d b e 

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

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

q u a r t z i t e a n d f i n e c o n g l o m e r a t e . T h e s h a l e i s e x t r e m e l y 

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

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

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

a b r o w n i s h c a s t . 

L i t h o l o g i c D e s c r i p t i o n - DIAMOND PEAK FORMATION 

T h e D i a m o n d P e a k l i t h o l o g y i n t h e L u c i n d i s t r i c t i s 

e a s i l y r e c o g n i z e d b e c a u s e o f i t s c o a r s e n a t u r e . On t h e 

s l o p e s s o u t h o f C o p p e r M o u n t a i n a n d t h e R e g u l a t o r C a n y o n 

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

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

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

t h e u n i t t h e r e i s a 1 5 0 - f o o t s e c t i o n o f b r o w n w e a t h e r i n g 

-33-

At the north end of the ranGe the Chainman shale can be 

separated from the Diamond Peak Formation. This one 

10 cali ty affords the only vi ell of the Chainman 3hale, as 

a separate unit, in the entire Pilot Range. Else't"rhere in 

the northern part of the Lucin district the black shales 

of the Chainman interfinGer and are interbedded with the 

Diamond Peak clastics. 

Litholor;ic Description - CHAINHAN SHALE 

The Chainman Shale forms a steep slope mld consists 0 

very fine, fissile siltstones ldth some claystone at the 

base. Only 75 feet of Chainman litholoGY could be 

measure d, 8.1 though a t the to p 0 f the Ulli t the f1 s sil e 

shales are gradational 1"Ti th 8. thick s equenca of brolm 

quartzi te and fine conGlomerate. The shale is e:ctremely 

hard and argillaceous and Heathers to angular chips and 

fragments. Color of both the fresh and ~Teathered surfaces 

is dark Grey to black, althOUGh the slope appears to have 

a brol'mish casto 

Li thol05i c Description - DIANOND PEAK FORl1ATION 

The Diamond Peak litholoGY in the Lucin district is 

easily recoGllized because of its coarse nature. On the 

slopes south of Copper Mountain 8l1d the ReGulator Canyon 

fatlit, the unit is a series of alternatin0 slopes and 

lOll ledGes of a highly indurated brOlnl and tan sandstone 

and Grit and fine pebble conglomerate. At the base of 

the unit there is a 150-foot section of brolill ueathering 
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s i l t y l i m e s t o n e w h i c h m a y b e a f a c i e s o f t h e C h a i n m a n 

l i t h o l o g i e s r e c o g n i z e d f u r t h e r n o r t h . S i m i l a r l i m e s t o n e s 

a r e o b s e r v e d i n t e r b e d d e d w i t h t h e c l a s t i c m a t e r i a l i n t h e 

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

o f a C h a i n m a n l i m e s t o n e f a d e s i s s u b s t a n t i a t e d . T h e 

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

b e d d e d t o p l a t y , f i n e l y - c r y s t a l l i n e a n d p o s s e s s " a m e d i u m 

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

t h i n s u r f i c i a l c o a t o f s i l t c o v e r s t h e l i m e s t o n e . 

T h e m i d d l e p a r t o f t h e s e q u e n c e c o n s i s t s o f a b o u t 1 3 5 

f e e t o f a l t e r n a t i n g s l o p e s o f f i n e s a n d s t o n e , g r i t , a n d 

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

g l o m e r a t e . T h e s a n d s t o n e s a n d g r i t s a r e b r o w n - t o y e l l o w -

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

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

c e m e n t . G r a d e d b e d d i n g i s common i n t h i s u n i t , t h e r a n g e 

o f g r a i n s i z e e x t e n d i n g f r o m a f i n e s a n d t o c o a r s e s a n d , a n d 

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

l e d g e s i n t h e m i d d l e u n i t a r e a l s o b r o w n - w e a t h e r i n g , a n d , 

s i m i l a r t o t h e s a n d s t o n e s a n d g r i t s , e x t r e m e l y i n d u r a t e d 

b e c a u s e o f a s i l i c a c e m e n t . P e b b l e s i n t h e u n i t r a n g e f r o m 

o n e - e i g h t h o f a n i n c h i n d i a m e t e r t o m o r e t h a n t h r e e i n c h e s . 

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

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

v a r i e t y . G r e e n c h e r t s a r e r e c o g n i z e d i n t h e ' D i a m o n d P e a k 

u n i t s a t t h e n o r t h e r n e n d o f t h e r a n g e , t h e s i z e r a n g e o f 

t h e f r a g m e n t s m a k e i t p o s s i b l e t o r e f e r t o t h e u n i t i n 

t h a t l o c a l i t y a s a c o a r s e s a n d s t o n e o r g r i t . 
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sil ty limestone w"hich may be a facies of the Ohainman 

Ii tho"logies recognized further northo Similar limestones 

are observed interbedded in. th the clastic material in the 

middle,~nd upper parts of the unit, and hence the presence 

of a Ohainman limestone facies is substantiated. The 

limestones are dark grey to black on fresh surfaces, thin 

bedded to platy, finely-crystalline and possess a medium 

brovro w"eathered surface 1d th a 8il tstone appearance. A 

thin surficial coat of silt covers the limestone. 

The middle part of the sequence cons.ists of about 135 

feet of alternating slopes of fine sandstone, grit, and 

silty limestone ruld ledges of fine to coarse pebb~e con­

glomerate. The sandstones and grits are brown to yello'i"T­

broml lv-eathering and have a light taIl" hue on fresh surfaces. 

The sandstones are well indurated, possessing a silica 

cement. Graded bedding is common ::i.n this unit, the range 

of grain size extending from a fine sand to coarse sand, and 

in some specimens to fine conglomerate. The conglomerate 

ledges in the middle unit are also bro"lnl-vreathering, and, 

similar to the sandstones ruld grits, e:x:tremely indurated 

because of a silica cement. Pebbles in the unit range from 

one-eighth of an inch in diameter to more than three inches. 

Lithologies represented in the conglomerate include lime­

stones and chert, the latter being largely a black or red 

variety. Green cherts are recognized in the 'Diamond Peak 

units at the northern end of the range, the size range of 

the fragments make it possible to refer to the unit in 

that locality as a coarse sandstone or grit. 
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T h e u p p e r u n i t o f . t h e D i a m o n d P e a k s e q u e n c e i s l a r g e l y -

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

c o n g l o m e r a t e . L i m e s t o n e s a r e a b s e n t f r o m t h i s p a r t o f 

t h e s e q u e n c e . 

T h e l o w e r c o n t a c t o f t h e D i a m o n d P e a k - C h a i n m a n F o r m a ­

t i o n s u n d i f f e r e n t i a t e d w i t h t h e D e v o n i a n G u i l m e t t e F o r m a ­

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

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

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

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

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

A g e a n d C o r r e l a t i o n 

F o s s i l s i d e n t i f i e d b y S t e e l e f r o m t h e C h a i n m a n s h a l e 

n o r t h o f C o a l B a n k S p r i n g i n c l u d e t h e c e p h a l o p o d s 

C r a v e n o c e r a s s p . a n d E u m o r p h o c e r a s s p „ T h i s w o u l d p l a c e 

t h e a g e o f t h e r o c k s a s C h e s t e r t o n a n d p r o b a b l y u p p e r 

C h e s t e r i a n . I n a s m u c h a s t h e u n f o s s i l i f e r o u s D i a m o n d P e a k 

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

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

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

M i s s i s s i p p i a n , a n d p e r h a p s i n t o e a r l y P e n n s y l v a n i a n 

e p o c h s . 

T h e u n c o n f o r m i t y b e t w e e n D i a m o n d P e a k - C h a i n m a n r o c k s 

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

n o u p p e r a g e l i m i t f o r t h e D i a m o n d P e a k c a n b e a s s i g n e d . 

T h e o l d e s t r o c k s a b o v e t h e D i a m o n d P e a k l i t h o l o g y a r e 

S t r a t h e a r n e q u i v a l e n t s a n d a r e t h e r e f o r e p l a c e d i n t h e 
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The upper unit of . the Diamond Peak seQuence is largely 

composed of sandstone and m~nor amounts of fine pebble 

conglomerate. Limestones are absent from this part of 

the seQuence. 

The louer contact of the Diamond Peak-Chainman Forma­

tions Uildifferentiated uith the Devonian Guilmette Forma­

tion is one of pronounced angularity in the area south of 

Copper l10untaino Elsei'rhere angularity is more diffi cuI t to 

demonstrate 0 The upper con tact appears to be angular iii th 

y01.me;er rocks and a time span of mu(;h of the Pennsylvanian 

is thought to be represented at t he contacto 

Age and Correlation 

Fo ssils identified, by Steele from the Chainman shale 

north of Coal Bank Spring include the cephalopods 

Craveno ceras SI?8 and Eumorpho ceras sp. Thi s i'Tould place 

the ae;e of the ' rocks as Chesterian o.nd probably upper 

Chesterian. Ina smuch as the unfossiliferous Diamond Peak 

conglomera tes and grits lie both above and beloii the 

fossil-bearing shales it is assumed that they also fall 

into a time rang e spannine; the Chester epoch of the 

Mississippirul, and perhaps into early rennsylvanian 

epochs. 

The unconformity bet'Heen Diamond Peak-Chainman rocks 

and youne;er rocks spans an indeterminable amount of time as 

no upper age limit for the Diamond Peak can be assigned. 

The oldest rocks above th.e Diamond Peak lithology are 

Strathearn eQuivalents and are therefore placed in the 
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M i s s o u r i a n - e a r l y W o l f c a m p i a n i n t e r v a l . M i d d l e a n d U p p e r 

W o l f e a m p i a n r o c k s a n d t h e L e o n a r d i a n P e q u o p F o r m a t i o n r e s t s 

u n c o n f o r m a b l y o n t h e D i a m o n d P e a k - C h a i n m a n F o r m a t i o n . 

C o r r e l a t i o n w i t h n e i g h b o r i n g a r e a s i s o f s o m e h e l p i n 

l i m i t i n g t h e t i m e i n t e r v a l r e p r e s e n t e d b y C h a i n m a n a n d 

D i a m o n d P e a k r o c k s , a n d d e t e r m i n i n g t h e a m o u n t o f t i m e 

r e p r e s e n t e d b y t h e u n c o n f o r m i t y b e t w e e n D i a m o n d P e a k -

C h a i n m a n r o c k s a n d y o u n g e r r o c k s . I n t h e C r a t e r I s l a n d 

M o u n t a i n s , A n d e r s o n ( A n d e r s o n , 1 9 5 7 ) m a p p e d t h e C h a i n m a n 

a n d D i a m o n d P e a k F o r m a t i o n s s e p a r a t e l y a n d a s s i g n e d t h e 

C h a i n m a n t o t h e L a t e M i s s i s s i p p i a n a n d E a r l y P e n n s y l v a n i a n 

a n d t h e D i a m o n d P e a k t o t h e E a r l y P e n n s y l v a n i a n . C o r r e l a t i o n 

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

A n d e r s o n b u t c o n f l i c t i n g o p i n i o n s a s t o a g e d e s i g n a t i o n 

o f N e v a d a s e c t i o n s h a v e c o m p l i c a t e d h i s c o n c l u s i o n . 

I n t h e S i l v e r I s l a n d R a n g e , S c h a e f f e r 

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

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

o f t h e C h a i n m a n ' F o r m a t i o n i n t e r f i n g e r i n g w i t h e l a s t i c s 

o f t h e D i a m o n d P e a k F o r m a t i o n . S c h a e f f e r s u g g e s t s t h a t 

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

b e l i e f i s s h a r e d b y t h i s w r i t e r . 

UPPER PENNSIL VANI AN-WOLFCAMPIAN UNDIFFERENTIATED 

L y i n g w i t h a n g u l a r d i s c o r d a n c e o n t h e D i a m o n d P e a k -

C h a i n m a n F o r m a t i o n i s a t h i n ( 1 2 0 ' - 1 3 0 * ) l i m e s t o n e u n i t 

t h a t h a s b e e n t e n t a t i v e l y p l a c e d i n t h e L a t e P a n n s y l v a n l a n -

W o l f c a m p t i m e I n t e r v a l . T h e u n i t i s b e s t e x p o s e d a t t h e 
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Missourian-early Wolfcampian interval. Middle and Upper 

lfolfcampian rocks and the Leonardian Pequop Formation rests 

unconformably on the Diamond Peak-Ohainman Formation. 

Oorrelation 1;ri th neighboring areas is of some help in 

limiting the time interval represented by Ohainman and 

Diamond Peak rocks, and determining the amount of time 

represented by the unconformity be~~een Diamond Peak­

Ohainman rocks and younger rocks. In the Orater Island 

Mountains, Anderson (Anderson, 1957) mapped the Chainman 

and Diamond Peak Forma"\jions separately and assigned the 

Ohainman to the Late ~ussissippian and Early Pennsylvanian 

and the Diamond Peak to the Early Pennsylvanian. Oorrelation 

of both units vii th their type localities is suggested by 

Anderson but conflicting opinions as to age designation 

of Nevada sections have complicated his conolusion. 

In the Silver Island Range, Schaeffer 

(personal communication) has found relationships similar 

• 

to that in the Lucin district; that is, black fissile shales 

of the Ohainman Formation interfingering i"rith clastics 

of the Diamond Peak Formation. Schaeffer suggests that 

the t1~o units are actually facies of one another, and this 

belief is shared by this writer. 

U1?PER PElmSYLVAlUAN-l'lOLFOAMPIAN UNDIFFERENTIATED 

Lying vrith angular discordance on the Diamond Peak­

Ohainman Formation is a thin (120' - 130 ' ) limestone unit 

that has been tentatively placed in the Late Pannsylvanian-

1'1olfcamp time intervale The unit is best exposed at the 
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c r e s t o f t h e r i d g e b e t w e e n P a t t e r s o n P a s s a n d C o p p e r 

M o u n t a i n . F o s s i l s f r o m t h e V i r g i l - W o l f c a m p i n t e r v a l h a v e 

b e e n r e c o g n i z e d i n t h e C o a l B a n k S p r i n g l o c a l i t y b u t i n 

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

s e p a r a t e t h e b e d s f r o m t h e o v e r l y i n g P e q u o p F o r m a t i o n . 

I i i t h o l o g i c D e s c r i p t i o n 

T h e d o m i n a n t l i t h o l o g y o f t h e U p p e r P e n n s y l v a n i a n -

W o l f c a m p i n t e r v a l i s l i m e s t o n e . T h e u n i t i s m e d i u m - t o 

c o a r s e l y - c r y s t a l l i n e . S t r a t i f i c a t i o n i s d i f f i c u l t t o 

d i s t i n g u i s h a n d c a n b e d e s c r i b e d a s t h i c k - b e d d e d t o m a s s i v e . 

A v e r y r o u g h w e a t h e r e d s u r f a c e i s c h a r a c t e r i s t i c o f t h e 

l i m e s t o n e . F o s s i l h a s h o f c r i n o i d s , b r y o z o a n s , b r a c h i o p o d s , 

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

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

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

D i a m o n d P e a k - C h a i n m a n F o r m a t i o n i s s t r u c t u r a l l y u n c o n ­

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

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

i s m o r e d i f f i c u l t t o p l a c e . I n t h e a r e a b e t w e e n C o p p e r 

M o u n t a i n a n d P a t t e r s o n P a s s t h e u n i t l i e s a t t h e t o p o f t h e 

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

a m o u n t o f t h e l i m e s t o n e . A t C o a l B a n k S p r i n g t h e r e i s n o 

d e f i n i t e p h y s i c a l b r e a k b e t w e e n t h e U p p e r P e n n s y l v a n i a n -

W o l f c a m p r o c k s a n d t h e o v e r l y i n g P e q u o p F o r m a t i o n . V i r g i l 

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

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

s e q u e n c e i n t h i s l o c a l i t y w a s m a p p e d a s P e q u o p F o r m a t i o n . 
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crest of the ridge between Patterson Pass and Copper 

Mountain. Fossils from the Virgil-Wolfcamp interval have 

been recognized in the Coal Bank Spring locality but in 

this area it is impractical for mapping purposes to 

separate the beds from the overlying PeQuop Formation. 

Lithologic Description 

The dominant lithology of the Upper Pennsylvanian­

Wolfcamp interval is limestone. The unit is medium- to 

coarsely-crystalline 0 Stratification is difficult to 

distinguish and can be described as thick-bedded to massive. 

A very rough vreathered surface is characteristic of the 

limestone. Fossil hash of crinoids, bryozoans, brachiopods, 

and fusulinids is scattered throughout the interval but 

only the fusulinids are useful in correlation. 

The lower con tact of the unit 'wi th the underlying 

Diamond Peak-Chainman Formation is structurally uncon­

formable and the rocks are easily distinguished because 

of contrasting lithologies. The upper contact, hOI'rever, 

is more difficult to place. In the area between Copper 

Mountain and Patterson Pass the unit lies at the top of the 

ridge, and hence erosion has stripped a"V'TaY an unknolm 

amount of the limestone. At Coal Bank Spring there is no 

defini te physical break betvreen the Upper Pennsylvanian­

Wolfcamp rocks and the overlying PeQuop Formation. Virgil 

and 1"olfcamp fusulinids give the only basi s for separating 

the beds from the younger rocks and hence the entire 

seQuence in this locality 'was mapped as PeQuop Formation. 

• 
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A g e a n d C o r r e l a t i o n 

F u s u l i n i d s f r o m t h e C o a l B a n k S p r i n g a r e a w e r e i d e n t i ­

f i e d b y G r a n t S t e e l e a n d h e r e p o r t s S c h w a g e r i n a a f f . 

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

t o S t e e l e a n E a r l y a n d M i d d l e W o l f c a m p i a n a g e , a l t h o u g h 

h e a l s o r e p o r t s t h e p r e s e n c e o f t h e V i r g i l i a n t i m e l i n e 

( L a t e P e n n s y l v a n i a n ) . F u s u l i n i d s f r o m t h e a r e a s o u t h o f 

C o p p e r M o u n t a i n a r e a a r e E a r l y W o l f c a m p i a n i n a g e . 

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

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

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

u n t i l a m o r e d e t a i l e d s t u d y c a n b e m a d e : 1 ) T h e u n i t i s 

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 e S t r a t h e r n F o r m a t i o n , a 

t e r m i n t r o d u c e d b y D o t t ( D o t t , 1 9 5 5 , p . 2 2 4 8 ) t o i n c l u d e 

a s e q u e n c e o f l i m e s t o n e , s i l t s t o n e a n d c o n g l o m e r a t e i n 

t h e n o r t h c e n t r a l N e v a d a a r e a . T h e S t r a t h e r n F o r m a t i o n 

o v e r l i e s t h e T o m e r a F o r m a t i o n a n d u n d e r l i e s W o l f c a m p i a n 

s i l t s t o n e s n e a r E l k o . A T r i t i c i t e s z o n e 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 n d i c a t e s t o D o t t a M l s s o u r i a n - V i r g i l i a n 

a g e w h e r e a s p r i m i t i v e S c h w a g e r i n a i n t h e u p p e r p a r t 

s u g g e s t s a n E a r l y W o l f c a m p i a n a g e . 2 ) A n o t h e r p o s s i b l e 

c o r r e l a t i v e i s t h e " F e r g u s o n S p r i n g s F o r m a t i o n , " a t e r m 

p r o p o s e d b y S t e e l e ( S t e e l e , p e r s o n a l c o m m u n i c a t i o n ) t o 

i n c l u d e f u s u l i n i d - b e a r i n g c a r b o n a t e a n d c l a s t i c r o c k s , 

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

P e q u o p F o r m a t i o n s . A t t h e t y p e l o c a l i t y t h e " F e r g u s o n 

S p r i n g s F o r m a t i o n " i s . a m e d i u m t o m a s s i v e b e d d e d , f u s u l i n i d -

b e a r i n g , l i m e s t o n e a n d s i l t s t o n e o v e r l y i n g M i d d l e 
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Age and Correlation 

Fusulinids from the CO,al Bank Spring area 'i'lere iden ti­

fi ed by Grant Steele and he reports Schl'lagerina aff. 

cellamagnus and Schuagerina sp. These varieties indicate 

to Steele an Early and Middle 1'Tolfcampian age, although 

he also reports the presence of the Virgilian time line 

(Late Pennsylvanian). Fusulinids from the area south of 

Copper :Hountain area are Early l'[olfcampian in age. 

Lack of more faunal evidence and the small relative 

amount of the rock type exposed make the problem of corre­

Ia tion difficult. The follo 'i'ri ng conclusions are offered 

until a more detailed study can be made: 1) The unit is 

tentatively correlated with the Strathern iormation, a 

term introduced by Dott (Dott, 1955, p. 2248) to include 

a sequence of limestone, silt s tone and conglomerate in 

the north central Nevada area. The Strathern Formation 

overli es the Tomera Formation and underlie s V[olfcampian 

siltstones near Elko. A Triticites zone in the lower part 

of the formation indicates to Dott a Missourian-Virgilian 

age vlhereas primi ti ve Sch'l'lagerina in the upper part 

suggests an Early I'lolfcampian age. 2) Another possible 

correla tive is the "Ferguson Springs Formation," a term 

proposed by St eele (Steele, personal communication) to 

include fusulinid-bearing carbona te and clas tic rocks, 

heretofore UIDlamed, lying bet'l'reen the Str athern and the 

Pequop Formations. , At the type locality the "Ferguson 

Springs Formation" is , a ' mediumto massive bedded, fusulinid­

bearing , lime s tone and siltstone overlying ~liddle 



P e n n s y l v a n i a ! ! E l y L i m e s t o n e a n d u n d e r l y i n g t h e P e q u o p 

F o r m a t i o n o f L e o n a r d a g e . A t t h e t y p e s e c t i o n o f t h e 

" F e r g u s o n S p r i n g s F o r m a t i o n " t h e S t r a t h e r n F o r m a t i o n i s 

a b s e n t a s a r o c k u n i t a l t h o u g h S t e e l e b e l i e v e s t h e 

S t r a t h e r n t i m e i n t e r v a l t o b e p r e s e n t ( S t e e l e , p e r s o n a l 

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

T h i n d e p o s i t s o f L a t e P e n n s y l v a n i a n a n d E a r l y P e r m i a n 

r o c k s a r e r e c o g n i z e d i n t h e s o u t h e r n p a r t o f t h e P i l o t 

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

r o c k s i n c l u d i n g t h e S t r a t h e r n F o r m a t i o n i s p r e s e n t i n t h e 

S i l v e r I s l a n d R a n g e , ( S c h a e f f e r , - p e r s o n a l c o m m u n i c a t i o n ) . 

I n t h e C r a t e r I s l a n d M o u n t a i n s , U p p e r P e n n s y l v a n i a n r o c k s 

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

W o l f c a m p i a n r o c k s , , T h e L o i r e r P e r m i a n s e r i e s o f r o c k s , 

r e f e r r e d t o a s t h e U n n a m e d F o r m a t i o n b y A n d e r s o n , 

( A n d e r s o n . , 1931) i n t h o u g h t b y Y-.V-. •..-.<•: '.>•.(• v , t-.-.:> \ 

t h e T p p ^ r ? e n h z y 1 v a n i a n - 'Jo 1 £ o a ;r. p i a a i n l a r v a l . 

PERMIAN MQ$0§ FORMATION 

T h e P e q u o p F o r m a t i o n n a m e d b y S t e e l e ( S t e e l e , 1 9 5 9 ) 

i s b e s t e x p o s e d a t G r a s s y C a i r n , i m m e d i a t e l y n o r t h o f 

C o p p e r M o u n t a i n . F r o m G r a s s y C a i r n n o r t h w a r d t h e P e q u o p 

F o r m a t i o n I s e x p o s e d a l o n g m o s t o f t h e h i l l s a n d r i d g e s 

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

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

L i t h o l o g i c D e s c r i p t i o n 

T h e P e q u o p F o r m a t i o n i n t h e L u c i n d i s t r i c t c o n s i s t s 

o f 8 4 0 t o 8 7 5 f e e t o f p l a t y , i r r e g u l a r b e d d e d l i m e s t o n e s . 
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Pennsyl vani an Ely Li,me ston e a nd 'LUlderlyinc; the Pe quo p 

Formation of Leonard age . At th e type se cti on of the 

"FerGu s on Springs Forma tion" the Str a thern Formation i s 

absent as a rock wiit a l though Ste el e b elieves the 

Strathern time interva l to be pr e sent ( St ee l e , pe r sonal 

communication ) • 

Thin de po sits of La te ~enn sylvaniah a nd Ear l y P er mian 

rock:::; are reCO Gn iz e d in the s outher n part of the Pilot 

Ran Ge , a nd a r a ther complet e se c t ion of Pennsyl vanian 

rock s includin G the 3trathern :Porma tion i s pr esent in the 

3ilver I s l a n d Rane; e ~ ( Schaeffer , pe r :::: ono.l co null'LUlicati on). 

In the Ora te r I s l and NOl.m t a ins , Uppe r ? ennsyl vani a n ro cks 

a r e absen t a nd the r e r Illan secti on beeinG l.' i th l·1iddl e 

Holfcampi a n rO(; lCS . Th e LO ITe r j.'e r mi ::m :.:.;e ri es of rocks , 

-
r e f e rred t o as the Unname d Foi~ma tion by Anrl c r :-;on, 

( ~ .... '1' - T - " ." '"" - 7 ) i -. .... ., " " " "' ..<. -- .. . '.', ' ., ___ -; "' ~-" . .J ~ _, - ;:J:" . ~ ~. l · .J " ; J' " ' ~ .J • . . 1 . ', : ( ' : '. f ; ( ' .' r " " . ' . I 

- , .. .::. -_ __ ::. v-. 

PERMIAN ?EQUOP FORNATION 

The Pequop Formation name d by St eel e ( 3 teel e ~ 1959 ) 

i s best expo se d at Gr assy Oairn , i mmedi a t el y north of 

OO l')pe r }loun tain . From Gr assy Oa irn n orthuard t he pe q,uo p 

Forma tion i s e~~ p o s ed a l one; mo s t of the hi ll s and r idGes 

to a poin t a t tD c northern end of the r an .:::; e ':JDe r e i t 

di sappear s beneat h a lluvium fill and volcani c debri s . 

Li tho lO Gic De s c r iption 

The Pe quo p Formation in t he Lu cin distric t cons i :::: t s 

of 840 to 875 fee t of pl a ty , irreGul a r b edd e d lime s ton e s . 
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T h e u n i t i s m a d e u p o f a 3 1 0 - f o o t s e c t i o n o f s i l t y l i m e ­

s t o n e a t t h e b a s e , w h i c h g r a d e s i n t o a 5 0 - f o o t i n t e r v a l 

o f l i m e y s i l t s t o n e a n d t h e n i n t o a n u p p e r 4 9 0 - f o o t s e c t i o n 

o f a t h i n - b e d d e d , p l a t y l i m e s t o n e o T h e e n t i r e u n i t m a y 

b e d e s c r i b e d a s b e i n g v e r y f i n e g r a i n e d . C o l o r r a n g e s 

f r o m m a r o o n - a n d l a v e n d e r - t i n t e d g r e y i n t h e l i m e s t o n e 

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

t i o n i s m o r e s i l t y . T h r o u g h o u t t h e L u c i n a r e a t h e P e q u o p 

F o r m a t i o n c o n t a i n s c o q u i n a z o n e s s p a c e d a t i r r e g u l a r 

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

c o r a l s , P e n t a c r i n u s s p „ , b r y o z o a n s , c r i n o i d b u t t o n s a n d 

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

O n l y t h e f u s u l i n i d s h a v e b e e n u s e f u l i n c o r r e l a t i o n . 

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

i r r e g u l a r l y b e d d e d , i t i s t r u e t h a t a t G r a s s y C a i r n t h e 

P e q u o p . F o r m a t i o n i s t h i n - b e d d e d a n d p l a t y a n d w e a t h e r e d 

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

w i d e v e r t i c a l i n t e r v a l , , T h e P e q u o p F o r m a t i o n i s b o t h a 

g e n t l e a n d s t e e p s l o p e f o r m e r a n d s u p p o r t s l i t t l e v e g e t a ­

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

T h e l o w e r c o n t a c t o f t h e P e q u o p F o r m a t i o n i s p l a c e d 

a t t h e t o p o f t h e m a s s i v e l y b e d d e d P e n n s y l v a n i a n - W o l f c a m p 

L i m e s t o n e s , o r i f t h e c o n t a c t z o n e i s c o v e r e d , a t t h e 

p o i n t w h e r e t h e p l a t y l i m e s t o n e f r a g m e n t s a p p e a r o n t h e 

w e a t h e r e d s l o p e * A t l o c a l i t i e s w h e r e t h e u n i t r e s t s o n 

D i a m o n d P e a k - C h a i n m a n t h e r e i s l i t t l e d i f f i c u l t y i n 

s e p a r a t i n g t h e e l a s t i c s o f t h e D i a m o n d P e a k - C h a i n m a n f r o m 

t h e P e q u o p L i m e s t o n e s . T h e u p p e r c o n t a c t i s a l s o d i s t i n c t , 
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The unit is made up of a 3l0-foot section of silty lime-

stone at the base, which grades into a 50-foot interval 

of limey siltstone and then into an upper 490-foot section 

of a thin-bedded, platy limestoneo The entire unit may 

be described as being very fine grained. Color r anges 

from maroon- and lavender-tint ed Grey iri the limestone 

in te:;.'"'vals to light tans and yello"t',T-brolills i1here the forma­

tion i s more silty. Throughout the Lucin a rea the Pequop 

Formation contains coquina zones spaced at irregular 

intervals 'Hhich produce many spe cimens of fusulinids, 

cora l s , Pen tacrinus sp 0, bryo zoans, crinoid buttons and 

plates, and broken fragments of brachiopods and pelecypods. 

Only the fusulinid s have been u seful in correlation. 

1rfhereas the unit ' as a whole can be de s cribed as being 
-

irregul arly bedded, it is true that at Grassy Cairn the 

Pequop, Formation is thin-bedded and pl a ty and "t'reathered 

fragments r eflect a very even and uniform bedding over a 

vTide vertical interval. The Pequop Formati on 1s both a 

gentle and steep slope former and supports little veg eta­

tion other than grasses. 

The lower contact of the Pequop Formation is placed 

at the top of the massively bedded Pennsyl vanian-Wolfcamp 

Limestones, or if the conta ct zone is covered, a t the 

point vihere the platy limestone fragments appear on the 

I'Teathered slope. At localities vlhere the unit rests on 

Diamond Peak-Chainman there i s little difficulty in 

separating the clastics of the Diamond Peak-Chainman from 

the Pequop Limestone s . The upper conta ct is also distinct, 



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

i s a m a s s i v e - b e d d e d , c ^ i f f - f o r m i n g s i l i c e o u s l i m e s t o n e . 

T h i s y o u n g e r u n i t t o t h e w r i t e r ' s k n o w l e d g e , i s u n n a m e d , 

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

P h o s p h o r i a o r P a r k C i t y F o r m a t i o n ( C h e n e y , p e r s o n a l 

c o m m u n i c a t i o n ) , o r t h e u p p e r m o s t b e d s o f t h e P e q u o p 

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 o 

A g e a n d C o r r e l a t i o n 

T h e P e q u o p F o r m a t i o n o f t h e L u c i n d i s t r i c t i s c o r r e ­

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

i d e n t i f i c a t i o n b y S t e e l e ( S t e e l e , 1 9 5 9 ) • I n c l u d e d i n 

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

P a r a f u s u l i n a w h i c h , t o S t e e l e , i n d i c a t e a n E a r l y t o L a t e 

L e o n a r d a g e . 

No G u a d a l u p i a n f u s u l i n i d s p e c i m e n s w e r e r e c o g n i z e d 

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

s i l i c e o u s l i m e s t o n e a b o v e t h e P e q u o p , a s d e s i g n a t e d i n 

t h i s r e p o r t , a r e p e r h a p s r e p r e s e n t a t i v e o f t h e u p p e r 

p a r t s o f t h e P e q u o p F o r m a t i o n a s d e s i g n a t e d b y S t e e l e a t 

P e q u o p S u m m i t . S p e c u l a t i o n r e s u l t s f r o m t h e f a c t t h a t 

t h e " p o s t - L e o n a r d i a n " l i t h o l o g i e s i n t h e L u c i n a r e a d o 

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

P a r k C i t y F o r m a t i o n a s d e s c r i b e d b y C h e n e y ( p e r s o n a l 

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

( m a s s i v e d o l o m i t e ) d e s c r i b e d b y S t e e l e t o l i e a b o v e t h e 

P e q u o p a t t h e . t y p e l o c a l i t y . S i m i l a r l y t h e " p o s t -

L e o n a r d i a n " b e d s i n t h e L u c i n a r e a a r e p r o b a b l y n o t 
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for lying conformably above slope-forming platy limestone 

is a massive-bedded, c~lff-forming siliceous limestone. 

Thi s young er uni t to the 1fri ter r S Imo"Wl edge, is unname d , 

al though it possibly represents the lOloTermost beds of the 

Phosphoria or Park City Formation (Cheney, personal 

communication), or the uppermost beds of the Pequop 

Formation at its type localityo 

Age and Correlation 

The Pequop Formation of the Lucin district is corre­

Ia ted i"ri th the type section on the basis of fusulinid 

identification by Steele (Steele 9 1959) 0 Inclu.ded in 

the collections are various species of Schivageri,na and 

Parafusulin~ i"rhioh, to Steele, indicate an Early to Late 

Leonard age. 

No Guadalupian fusulinid specimens lrere recognized 

and thus it is possible to speculate that the massive, 

siliceous limestone above the Pequop, as designated in 

this report, are perhaps representative of the upper 

parts of the I)equop Formation as designated by Steele at 

Pequop Summit. Speculation results from the fact that 

the "post-Leonardian" lithologies in the Lucin area do 

not resemble closely any units in the Phosphoria or 

Park City Formation as described by Cheney (personal 

communication), nor do they approach the lithologies 

(massive dolomite) described by Steele to lie above the 

Pequop at the_ type locality 0 Similarly the IIpO st­

Leonardian fl beds in the Lucin area are probably not 
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l i t h o l o g i c e q u i v a l e n t s o f t h e 4 , 0 0 0 f e e t o f s i l t s , l i m e ­

s t o n e s a n d g y p s i f e r o u s b e d s r e c o g n i z e d s e p a r a t i n g t h e 

P e q u o p a n d t h e P h o s p h o r i a F o r m a t i o n s i n t h e n o r t h e r n 

T o a n a R a n g e t o t h e w e s t . On t h e b a s i s o f n e g a t i v e 

e v i d e n c e t h e " p o s t - L e o n a r d i a n " b e d s a r e b e s t c o r r e l a t e d 

w i t h t h e u p p e r p a r t s o f t h e P e q u o p F o r m a t i o n a t t h e t y p e 

l o c a l i t y , b u t w i t h n o f a u n a l e v i d e n c e , t h e c o r r e l a t i o n 

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

POST-LEONARDIAN UNNAMED FORMATION 

D i s t r i b u t i o n 

P o s t - L e o n a r d i a n r o c k s a r e b e s t e x p o s e d a t t h e t o p 

o f G r a s s y O a i r n a n d o n t h e r i d g e s b r a n c h i n g f r o m t h e 

s u m m i t . A t t h e n o r t h e n d o f t h e P i l o t R a n g e s i m i l a r 

b e d s a r e r e c o g n i z e d a s c a p p i n g s o n t h e h i g h e s t r i d g e s 

a n d k n o l l s . 

L i t h o l o g i c D e s c r i p t i o n 

T h e p o s t - L e o n a r d i a n u n n a m e d f o r m a t i o n c o n s i s t s 

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

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

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

s u r f a c e s h a s a y e l l o w i s h - b r o w n c o l o r . F r e s h s u r f a c e s 

e x h i b i t a l i g h t y e l l o w t i n t o n a l i g h t - t o m e d i u m - g r e y 

b a c k g r o u n d . 

A c c u r a t e m e a s u r e m e n t o f t h e u n i t a p p e a r s t o b e 

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

m i s s i n g b e c a u s e o f e r o s i o n . T h e m a x i m u m t h i c k n e s s r e c o r d e d 
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litholo gic equivalents of the 4,000 feet of silts , lime-

stones and gypsiferous beds r ecognized separating the 

Pequop and the Phosphoria Formations in the northern 

To ana Range to the west. On the basis of negative 

evidence t he "po st -Leonardian" beds ar e best · correlated 

I'Ti th the upper par t s of the Pequo p Formation a t the type 

locality , but with no f aunal evidence, the correlation 

is little more than speculation. 

POST-LEONARDIAN UNNANED FOIU1ATION 

Di stribution 

Post':'L eonardi an rocks are best exposed at the top 

of Grassy Cairn and on the ridGes br8.llChing from the 

summit. At the north end of the Pilot RanGe simil a r 
-

beds a r e r ecognize d as cappings on the highest ridGes 

and 101011 s . 

Litholo Gic Descripti on 

The post -Leonardian unnamed formation consists 

of s ilic eous and cherty lime stones and dolomit es iIi th 

ar gilla c eous partings , and cherty and limeston e breccia. 

The lUli t ·ueathers in vertical cliffs o.nd on ·;.re2.ther ed 

surfaces has a yelloi'Tish-broITil color. Fresh surfaces 

e:Jdlibi t a li.ght yello"t-T til1 ·~ on a l iCht -. "':'0 wcOuiuLl- [;rey 

ba ckGround. 

Accurate me asurement of the Ulli t appears to be 

impr actica l inasmuch as the top of the unit i s everyullere 

missing because of erosion. The ma~d.mum thiclmess r ecorded 
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d i d n o t e x c e e d 1 2 5 f e e t . T h e u n i t s s l o w e r c o n t a c t , 

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

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

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

u n i t . 

A g e a n d C o r r e l a t i o n 

T h e p o s t - L e o n a r d i a n u n n a m e d f o r m a t i o n i s t h o u g h t 

p o s s i b l e t o 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 o f t h e P e q u o p 

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 a t P e q u o p S u m m i t o r c o r r e ­

l a t i v e w i t h t h e l o w e r m e m b e r s o f t h e P a r k C i t y o r 

P h o s p h o r i a F o r m a t i o n s . T h e f o r m e r c o r r e l a t i o n i s p r e f e r ­

r e d b y t h i s w r i t e r . T h e U 0 S . G e o l o g i c a l S u r v e y i s 

c u r r e n t l y w o r k i n g o n t h e P a r k C i t y - P h o s p h o r i a p r o b l e m 

a n d u n t i l t h a t w o r k I s c o m p l e t e d l i t t l e m o r e c a n b e s a i d . 

TERTIARY SYSTEM 

T e r t i a r y r o c k s e x p o s e d i n t h e L u c i n d i s t r i c t i n c l u d e 

a p a r t i a l s e c t i o n o f t h e L a t e M i o c e n e - E a r l y P l i o c e n e 

S a l t L a k e F o r m a t i o n a n d a y o u n g e r E a r l y a n d M i d d l e 

P l i o c e n e ( ? ) v i t r i c t u f f u n i t d e s c r i b e d b y V a n H o u t e n 

( V a n H o u t e n , 1 9 5 6 ) . N e i t h e r T e r t i a r y u n i t s p l a y a r o l e 

i n o r e d e p o s i t i o n a n d h e n c e l i t t l e s p a c e n e e d b e d e v o t e d 

t o t h e m , 

SALT LAKE FORMATION 

T e r t i a r y r o c k s a r e e x p o s e d o n t h e n o r t h e a s t a n d 

n o r t h w e s t f l a n k s o f t h e P i l o t R a n g e , n o r t h o f t h e C o p p e r 
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did not exceed 125 feetc The unit! s lOlrer contact, 

hOvTever, is distinot for the slope"~forming, platy lime-

stones of the Pequop are easily distinguished from the 

cliff-forming massive siliceous limestones of the younger 

unit. 

Age and Oorrelation 

The post,-Leonardian urmamed formation is thought 

possible to be equivalent to the upper part of the Pequop 

Formation at its type locality at Pequop Summit or corre-

la ti ve lrith the lower members of the Park Oi ty or 

Phosphoria Formationsc The former correlation is prefer-

red by this vrriter c The U 0 S ~ Geological Survey is 

currently I"Torlcing on the Park O:i ty-Phosphoria problem 

and u..Yltil that work is completed little more can be said. 

TERTIARY SYSTE}l ----
Tertiary rocks exposed in the Lucin district include 

a partial section of the Late Miocene-Early Pliocene 

Salt Lake Formation and a younger Early and Middle 

Pliocene (?) vitrie tuff unit described by Van Houten 

(Van Houten, 1956). Neither Tertiary units playa role 

in ore deposition and henee little space need be devoted 

to them. 

SALT LAKE FOIDlATION 

Tertiary rocks are exposed on the northeast and 

northwe st flanks of the Pilot Range, north of the Oopper, 
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M o u n t a i n a r e a . O r i g i n a l l y t h o u g h t c o r r e l a t i v e s o f t h e 

E o c e n e G r e e n R i v e r F o r m a t i o n ( H a g u e e t a l , 1 8 7 7 ) t h e y a r e 

n o w k n o w n t o b e o f L a t e M i o c e n e - E a r l y P l i o c e n e a g e a n d m o s t 

p r o b a b l y e q u i v a l e n t s o f t h e S a l t L a k e F o r m a t i o n . T h e u n i t 

h a s b e e n d e s c r i b e d m o r e r e c e n t l y b y V a n H o u t e n ( V a n H o u t e n , 

1 9 5 6 , p . 2 8 1 0 ) a s a p a r t o f t h e " e a s t e r n s e d i m e n t a r y s e q u e n c 

t h a t u n d e r l i e s o r i s a " l a t e r a l f a c i e s o f t h e v i t r i c t u f f 

u n i t " i n n o r t h e a s t e r n N e v a d a . 

L i t h o l o g i c D e s c r i p t i o n 

T h e S a l t L a k e F o r m a t i o n i s a 2 , 5 0 0 - t o 3 , 0 0 0 - f o o t 

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

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

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

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

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

v e r y f i n e - g r a i n e d , a n d r e s i s t a n t t o e r o s i o n „ A b r o w n a n d 

g r e y , c o a r s e - g r a i n e d , f l a g g y , g r e y w a c k e s a n d s t o n e p r o v i d e s 

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

t h e a r e a , a s d o e s t h e c o n g l o m e r a t e a n d i n t e r b e d d e d 

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

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

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

d e n s e , s i l i c e o u s m a t r i x . 

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

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

r o c k s a n d t h e m o n z o n i t e i n t r u s i v e b o d y . W h e r e t h e S a l t 

L a k e F o r m a t i o n l a p s o n t h e m o n z o n i t e t h e c o n t a c t i s 
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Mountain areao Originally thought correlatives of the 

Eocene Green River Formation (Hague et al, 1 877 ) they are 

no l'T lalolm to b;;; of Late Miocene-Early Pliocene a8e and most 

probably equivalents of the Salt Lake Formation. The unit 

has been def:;crib ed more rec ently by Van Houten (Van Houte:r:., 

1956,1'. 2810) as a part of the "eastern sedimentary sequenc 

that tmderlies or is 8. "lateral f acies of the vi tric tuff 

unit" in northeastern Nevadao 

Litholo gic Description 

The Salt Lake Forma tion is a 2,500-to 3,000-foot 

aggregate of platy siliceous limeston e and mudstone, tan 

and yellol'!-grey sand. stone, cream-colored limestone and 

brolm-stained pebble conglomerate. T,uffa ceous shale and 

siltstone and minor amounts of carbonaceous shale are 

also characteristic of the miit. The formation i s generally 

very fine- gr ained, and resistant to erosion. A brovm and 

grey, coars e-grain ed, flaggy, gr eyuact:e sandstone provide s 

an adequate marker bed for correlation purposes lTi thin 

the area, as does the conglomerate and interbedded 

sandstone n ear the top of the unit. The conglomerate 

beds consist primarily of Cl.uartz.i te, che.rt, and limeptone 

pebbles up to one-half incn in diameter, cemented in a 

dense, siliceous matrix. 

The 10lTer boundary of the unit is unc ertain for the 

beds are ' in ' faul t contact I·d th both Permian sedimentary 

rocks and the monzonite intrus ive body. rlhere the Salt 

Lake Formation lap s on the monzonite the contact is 

http://quartz.it
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o b s c u r e d b y a s o i l a n d g r a s s c o v e r . T h e u p p e r c o n t a c t i s 

l i k e w i s e q u e s t i o n a b l e a s t h e f o r m a t i o n d i p s s t e e p l y b e n e a t h 

p i e d m o n t g r a v e l s o n b o t h e a s t a n d w e s t f l a n k s o f t h e r a n g e . 

A g e a n d . C o r r e l a t i o n , 

B e c a u s e o f t h e n a t u r e o f b o t h t h e u p p e r a n d l o w e r 

c o n t a c t s o f t h e u n i t , i t i s u n c e r t a i n a s t o h o w m u c h o f t h e 

S a l t L a k e F o r m a t i o n i s p r e s e n t . P l a n t f o s s i l s n e a r t h e t o p 

o f t h e e x p o s e d b e d s c o u l d n o t b e d a t e d b u t m o l l u c k s , d a t e d 

a s L a t e M i o c e n e o r e a r l i e s t P l i o c e n e , w e r e r e c o v e r e d w i t h i n 

4 5 0 f e e t o f t h e e x p o s e d t o p . T h e s e f o s s i l s , i d e n t i f i e d b y 

D w i g h t T a y l o r o f t h e UY 3 . G e o l o g i c a l S u r v e y , i n c l u d e t h e 

f r e s h w a t e r c l a m S p h a e r i u m i n d e t . a n d t h e f r e s h w a t e r s n a i l 

V I v i p a r u s of<.V„ T u r n e r ! H a n n i b a l . 

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

s t a t u s o f n o n m a r i n e C e n o z o i c d e p o s i t s i n t h i s p a r t o f t h e 

B a s i n a n d R a n g e P r o v i n c e . On t h e a d v i c e o f Van H o u t e n 

( p e r s o n a l c o m m u n i c a t i o n ) c o r r e l a t i o n w i t h t h e S a l t L a k e 

F o r m a t i o n i s p r o p o s e d . O t h e r p o s s i b i l i t i e s a r e a v a i l a b l e 

a l t h o u g h l e s s d e s i r a b l e . T h e L a t e M i o c e n e - E a r l y P l i o c e n e 

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

t h e P a y e t t e b e d s o f s o u t h e r n I d a h o ( M a p e l a n d H a i l , 1 9 5 6 ) , 

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

o f o n e f o r m a t i o n , e i t h e r S a l t L a k e o r H u m b o l d t . T h e l a k e 

b e d s a r e t i m e e q u i v a l e n t s o f t h e P a y e t t e F o r m a t i o n o f 

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

L u c i n a r e a w o u l d b e u n w i s e . S i m i l a r l y , t h e u s e o f t h e t e r m 

H u m b o l d t ( S h a r p , 1 9 3 9 ) i s u n w i s e b e c u a s e o f t h e p r e s e n t 
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obscured by a soil and grass cover. The upper contact is 

likew'ise questionable as the formati on dips steeply beneath 

piedmont gr avels on both east and I're st flanks of the range. 

A~e and Correlation I 

Be cause of the nature of both the u pper and 101'Te r 

contacts of the 1.mi t, it is uncerta in as to hOlT much of the 

Salt Lake Forma tion i s present . Pl nn t fos s ils near the top 

of the e:':posed beds oould not b e dated. but mollucks? dated 

as La te Miocene or earliest Pliocene , uere recovered lIt thin 

450 feet of the exposed top. These fos sils, identified by 

Dldght Taylor of the Uo S . Geologica l Survey, include the 

freshI"Tater clam Sphaerium indeL and the fr'eshuater snail 

Vi viparus .oia y. Turneri Hanniba l 0 

Nomenclature problems are ~omplic8.te s! due to the presen t 

status of nonma rine Cenozoic deposits in this part of, the 

Basin and RanGe Province. On the 8.d.vl.ce cf Van Houten 

(personal communication) correlation ui th the Sal t Lalce 

Formation is proposed. Other possibilities a re a vailable 

although less desi~able. The Late Miocene-Early Pliocene 

lake beds de scrib ed herein, and possibly co~relatives of 

the Payette beds of southern Idaho (Mcmel and Hail, 1956), 

and the overlying vitric tuff could be given member status 

of{)ne formation, either Salt Lake or Humboldt. The l ake 

, beds are time equivalents of the Payette Formation of 

southern Idaho but stretching that terminolo gy as far as the 

Lucin area 'Hould be unwi. se 0 Similarly, the use of the term 

Humboldt (Sha rp, 1939 ) is unvTise becua s e of the present 



c o n f u s i o n c o n c e r n i n g i t s l i m i t s a n d i t s a g e . V a n H o u t e n 

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

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

t e r m e d t h e S a l t L a k e F o r m a t i o n a n d t h e l a t t e r t o b e 

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

c o m p l e t e d i n t h e n o r t h e a s t e r n N e v a d a a n d n o r t h w e s t e r n 

U t a h a r e a * 

V I T R I C TUFF UNIT 

T h e m o s t e x t e n s i v e a n d w i d e l y e x p o s e d s e q u e n c e o f 

T e r t i a r y s e d i m e n t a r y r o c k s i n n o r t h e a s t e r n N e v a d a i s t h e 

v i t r i c t u f f u n i t d e s c r i b e d b y V a n H o u t e n ( V a n H o u t e n , 

1 9 5 6 ) . I n t h e L u c i n d i s t r i c t t h e u n i t i s e x p o s e d i n 

i s o l a t e d p a t c h e s o n t h e e a s t e r n f l a n k o f t h e r a n g e a n d 

b e n e a t h P l i o c e n e ( ? ) l a v a f l o w s a t t h e n o r t h e r n e n d o f 

t h e r a n g e . T h e b e d s w e r e f i r s t d e s c r i b e d i n t h e P i l o t 

R a n g e a s P l i o c e n e ( ? ) v o l c a n i c p r o d u c t s u n d e r l y i n g 

Q u a r t e r n a r y l a v a s a n d g r a v e l s , ( H a g u e ejb a l , 1 8 7 7 ) . 

L i t h o l o g i c D e s c r i p t i o n 

T h e v i t r i c t u f f u n i t - i n t h e L u c i n D i s t r i c t n o w h e r e 

e x c e e d s 5 0 0 f e e t I n t h i c k n e s s a n d i n c l u d e s a s e q u e n c e o f 

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

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

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

c o n g l o m e r a t e t h a t a p p e a r s t o b e w a t e r - l a i n . S t r a t i f i c a ­

t i o n a n d c r o s s b e d d i n g I s p r e s e n t . A t t h e n o r t h e r n e n d 
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con~usion concerning its limits and its ageo Van Houten 

hence suggests the separation o~ the lake beds and the 

vi tric tuff illli t in to tl"ro ~orma tions, the ~ormer to be 

termed the Salt Lake Formation and the latter to be 

re~erred tc? as the vi tric tuff illli t illl til ~urther j"rorle is 

completed in the northeastern nevada and northlJ"estern 

Utah area.!) 

VITRIO TUFF UnIT 

The most extensive and widely exposed sequence o~ 

Tertiary sedimentary rocks in northeastern Nevada is the 

vitric tuf~ unit described by Van Houten (Van Houten, 

1956)0 In the Lucin district the illlit is exposed in 

isolated patches on the eastern flank of the range and 

beneath Pliocene (?) lava ~lOlfS at the northern end o~ 

the range. The beds were first described in the Pilot 

Range as Pliocene (?) volcanic products illlderlying 

Quarternary lavas and gravels, (Hague ~ al, 1877). 

Lithologic Description 

The vi tric tuf~ illli t, in the Lucin District now·here 

exceeds 500 feet in thicklless and includes a sequence o~ 

white, light grey, lavendar and light green colored 

illlaltered vitric tu~f and ash interbedded with light 

colored calcareous siltstone, sandstone, and fine pebble 

conglomerate tha.t appears to be water-laino Strati~ica­

tion and cross bedding is presento At the northern end 
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o f t h e r a n g e t h e u n i t a l s o c o n t a i n s s u b o r d i n a t e a m o u n t s o f 

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

o b s i d i a n l e n s e s . T h e u n i t s t a n d s o u t b e c a u s e o f i t s l i g h t 

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

w h i c h i t r e s t s . T h e u n i t s i s n o n - r e s i s t a n t t o e r o s i o n a n d 

f o r m s g e n t l e s l o p e s a n d l c w 5 r o u n d e d h i l l s . 

A g e a n d C o r r e l a t i o n 

T h e v i t r i c t u f f u n i t , a s d e s c r i b e d b y V a n H o u t e n , i s 

r e g a r d e d a s L a t e M i o c e n e t o E a r l y P l i o c e n e i n a g e . I n 

t h e L u c i n a r e a , h o w e v e r , t h e u n i t r e s t s o n t h e S a l t L a k e 

F o r m a t i o n w h i c h , o n t h e b a s i s o f f o s s i l e v i d e n c e s I s 

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

v i t r i c t u f f u n i t l i e s s t r a t i g r a p h i c a l l y a b o v e t h e S a l t L a k e 

F o r m a t i o n a n E a r l y P l i o c e n e o r s l i g h t l y y o u n g e r a g e c a n b e 

a s s i g n e d t o i t . T h a t I t b e a l a t e r a l f a d e s o f t h e S a l t 

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

a s a s e p a r a t e l y m a p p a b l e u n i t f r o m t h e S a l t L a k e F o r m a t i o n 

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

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

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

i g n i m b r i t e s e q u e n c e r e c o g n i z e d i n s e v e r a l l o c a l i t i e s i n 

a d j a c e n t a r e a s ( Y o u n g , p e r s o n a l c o m m u n i c a t i o n ) . 

of the range the 'LUli t also contains subordinate amounts of 

welded tuff, glassy pumice~ or lapilli-li1ce material, and 

obsidian lenses" The tmi.t stal1.ds out becaus e of its light 

hues contraqting 'with the grey and drab-colored rocks on 

which it rests.. The units is non-resistant to erosion and 

forms gentle slopes 8.J.ld lOlY ~ rounded hills 0 

Age and Correlation 

The vi.tric tuff uni.t, as described by Van Routen, is 

regarded as Late }uocene to Early Pliocene in age.. In 

the Lucin area, however, tho 1.:mit rests on the Salt Lake 

Formation I"Thioh, on the basis of fossil evidence, is 

regarded to be as younc; as early Pliocene" Inasmuch as the 

vitric tu.ff unit lies stratigraphically above the Salt Lal\:e 

Formation all Early Pliocene or slightly younger age can be 

assigned to it. That it be a lateral facies of the Salt 

Lake Formation is Ilossible but in the Lucin area it appears 

as a separately mappable unit from the Salt Lake Formation 

and hence it is given separate status, but no formal name. 

It has recently been suggested to the writer that the 

tuff Ulli t may be in reality the lowest member of an 

ignimbrite seCluence recognized in several localities in 

adjacent areas (YOlli1.g, personal communication) .. 
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IGHE0U3 ROCK* 

I g n e o u s r o c k s o f t l i e L u c i n d i s t r i c t i n c l u d e m o n z o n i t e 

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

r h y o l i t c f l o w ( ? ) a n d a s s o c i a t e d d i a b a s e d i k e r o c ; : . T h e 

m o n z o n i t e i s t h e o n l y i g n e o u s f e a t u r e e x t e n s i v e e n o u g h t o 

w a r r a n t a f o r m a l n a m e a n d i n t h i s r e p o r t w i l l b e t e r m e d 

t h e P a t t e r s o n P a s s s t o c k . T h e P a t t e r s o n P a s s s t o c k a n d 

m o n z o n i t e p o r p h y r y a r e b e l i e v e d t o b e o f E a r l y T e r t i a r y 

a g e w h e r e a s t h e v o l c a n i c r o c k s a n d t h e a s s o c i a t e d d i k e a r e 

p o s s i b l y p o s t - E a r l y P l i o c e n e ago™ B o t h t h e i n t r u s i v e ra id 

e x t r u s i v e r o c k s a r e s i m i l a r t o i g n e o u s s e q u e n c e s d e s c r i b e d 

b y o t h e r w o r k e r s 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 B a s i n a n d 

R a n g e t ' r o v l n c e 0 

PATTERS OH PAG; 1 STOOK 

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

t r i c t i s u n d e r l a i n b y a bafe lc t ra rd " L n - s h a p e d P a t t e r s o n 

P a s s s t o c k o f m o n z o n i t i c c o m p o s i t i o n . T h e s t o c k a t i t s 

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

i s l e s s t h a n t w o m i l e s . T h e s t o c k d o c s n o t e x t e n d b e y o n d 

C o a l B a n k S p r i n g , n o r s o u t h w a r d m o r e t h a n a m i l e b e y o n d 

P a t t e r s o n P a s s , T h e r o c k i s f a r l e s s r e s i s t a n t t o e r o s i o n 

t h a n a r e t h e s u r r o u n d i n g s e d i m e n t a r y r o c k s w h i c h i t I n t r u d e 

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

r e l i e f , , C h a r a e t e r i s t i c e r o s l o n a l f o r m s o f t h e i g n e o u s 

b o d y a r e n u m e r o u s r o u n d e d k n o b s t h a t p r o t r u d e a b o v e t h e 

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

- L{ B-

I GNEOU .~ IWC IC 

I C;llcour; rocl:: s of the Luein d:1.0trLet lnclude l::.onzoni t o 

rhyolite f low (? ) ~nd associated di ~b~~c dike roc~ . The 

t1011zon1 to is the on l y i ~~llc O US :lCatlLrc e:~tcn:::Jive enoul)l to 

the ~ ):..'..ttc r 8(m :...' O.8:::J ··i ....... ..-. ( ... 
_ ........ . J >-.J ~) to et 2.:1.1(1 

monzon i te porp~yry 2r c ~eli evcd to ~2 0; E2rly Te r t i a r y 

aCG l:hereo.s the vol ccnri e I'o eks :1nd ~~li:; .:'. ~ ~(; cia te d dike a r c 

p o ssi.bl y ~o :::;t - EDrly 71.ioceno ~G c . BGth the intru ~ivc ~ld 

e=:tru~d.ve TO cl-:s :..'..re 31,r.li l ;:>.r to i .=)100U:-; ;:::0:]1.1811 (;0 s de seri b cd 

:~AT fl'.cR: . ; OH _'A .. ~~: ;TOCIC 

Pass stock of monzoni tic conno:::;itiOil . Th c s tock ~t i ts 

lTldc:::.;t Tloint L:; tllr cc :.:-md a 11;-'.11' rd.lc e
; , Jut tIl e :"1.vc r o . .:.;c 

i ::; l es3 than t~TO r.1l.1 c:::J . T~lC stocL doc :::; n ot C::t Cl1d be~rOl1d 

Co a l Ballk 0prin::::; , Hor ::';0 utln~aI'd 1:10r-C tlw.n c. n ile bc;;·ond 

Tc.t tor s on "'1") <") ~ (' • 
. i..(., ,,'.J I.) " 

th'"'-1 '"' re J_'"", r<' ·r'r· 01.1'ldl·l1"~ ""ed --"1"11'-' ''''r' y roe'- " ',r'1-'l (;'1 l' t l" l J 'r"lde'" 1,.-1 L,." i.J 11.1..;; • ..Jvl J. u I.,) l l ,\":;' L ....... ,. , . .'-\. .1 .) '. , •• • • 1 . .L l,; L.. 0 , 

and h eme c the s t o el: :::; u PTl ort s only .3clltl e s lo '),:;:::; ~,;i t11 l i t t l e 

r elie f' 0 ChC'.:r.2.cccri sti. c ero ::;1,o1'p.l f OTUJ 0 f t:w i G~le ous 

surro uncl:l.n ,:; terrain a T~li. s .i:::; p~-'.ri L (;-,L1 2.rl~/ true in the 



~ 4 9 » 

P a t t e r s o n P a s s a r e a w h e r e t h e s t o o l : f o r m s t h e l o w e s t 

p o i n t o n t h e d i v i d e i n t h e L u c i n d i s t r i c t . 

T h e i n t r u d e d s e d i m e n t a r y r o c k I n c l u d e s t h e P r o s p e c t 

M o u n t a i n F o r m a t i o n , G u i l m e t l e F o r m a t i o n , D i a m o n d P e a k 

F o r m a t i o n , P e q u o p F o r m a t i o n a n d t h e u n n a m e d p o s t -

L e o n a r d i a n r o c k s . C o n t a c t s w i t h t h e s e u n i t s a r e g e n e r a l l y 

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

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

c a s e o f t h e o t h e r f o r m a t i o n s . T h e e n a c t r e l a t i o n s h i p b e t w e 

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

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

t h e i g n e o u s b o d y d e f i n i t e l y I n t r u d e s t h e o l d e r s e q u e n c e s 

w i t h s h a r p c o n t a c t . I n t h e P a t t e r s o n P a s s a r e a s c o n t a c t 

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

Me g a s c o p I c De s o r i p 1 1 o n 

T h e P a t t e r s o n P a s s s t o c k i s c o m p o s e d o f m o n z o n i t e 

t h a t g r a d e s i n a r e a s w e s t o f P a t t e r s o n P a s s i n t o q u a r t z 

m o n z o n i t e . T h e r o c k h a s a m e d i u m - g r a i n e d ( 1 - 5 mm) 

p h a n e r i t i c t e x t u r e t h a t i s p o r p h y r i t i e w i t h o r t h o c l a s e 

p h e n o c r y s t s , n o r t h e a s t o f C o p p e r M o u n t a i n . T h e r o c k i s 

g e n e r a l l y w h i t e o r l i g h t g r e y a l t h o u g h p i n k a n d r e d d i s h -

g r e y m o t t l i n g c a n b e o b s e r v e d , G e n e r a l l y t h e r o c k h a s 

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

q u i t e f r i a b 1 e „ 

I n t h e P a t t e r s o n P a s s a r e a m a n y b l o t i t e - h o r n b l e n d e -

r i c h I n c l u s i o n s a r e n o t e d , n o n e e x c e e d i n g a f o o t i n d i a -

-49 ,·, 

:?at ter-son Pass area uhere t:le stoe1: forms the 10Hes t 

point on the divide in the Luein district . 

Tlle intruded sedimento.r;7 ro ck: incl ud e s the Pro spect 

Notm t a l .n Formo.tio:n ~ Guilmet tc Forma tion, Diamond :?ea1c 

Forma tion, Pequop Formation a nd t he wlnamed post,­

Lc onardhm ro cks . Contacts Ir1 th the se lUli t s a re Gener a lly 

obscur e d by t a lus s lo pes, as in thc cas e of th e Pro spect 

Mowlta in Formation 2,nd by Gr ass 81d s oil cover as in the 

ca se of the o the~c forme: Uons . The e::act relationshi p betHe , 

the i 01O OU 8 rocle a nd the enclOs inG s edi.mcmto.ry uni ts is, 

therefore , Ullcertain ~ D. l t~lGUGh i ll sever a l mine tunnel s 

the i [;ne OU 8 body defin:l.tol y in t; r u.des the older sequences 

uith sha rp conta ct. I n the ~o..tte I D on 70SS a reas contact 

silicates (1i~e noted at th e marc:ln o f t h e s tock . 

Me casconic Description 

TIle l'a tters on =?as s r;tock l. s comn oDC! d o.f monzonite 

t hat c r a d es in o.Teas ITe st of J?a tte:r ;]on ~) ;). 3 ~~ into quo.rtz 

mOrlzon i te . The ro clc ha s a medium·- Gr o..ined (1 '~5 nun ) 

phanerltic te:: ture that i 3 porpll;;T i tic uith orthoclas e 

phenocryst::; , northeast o.f Co pper r-1otmktin . The rock i s 

Genera lly -;Th i te or liGht Grey a l thou Gh p1.nk o.nd r eddi 3h­

Grey mottlj.n~ ca n be observed. Genera lly the rock has 

b een dee pl y Heathered 211d hence the l ;ec.th ered surface i s 

qui te f r i abl e 0 

In the Pa t ter s on ~o. ss ~r e~ m~ny biotitc -~ornblende -

rich inclusions a re iloted~ n on e e~cce din~ a foot in dia-
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. m e t e r . A l s o i n t h i s a r e a a r e s m a l l a p l i t e d i k e s a n d 

d i a b a s e d i k e s w i t h g l a s s y m a r g i n s . 

M i c r o s c o p i c D e s c r i p t i o n 

I n t h i n s e c t i o n t h e P a t t e r s o n P a s s i n t r u s i v e i s 

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

m o r p h i c - g r a n u l a r . Much o f t h e p l e g i o c l a s e i s e u h e d r a l 

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

s u b h e d r a l a n d a n h e d r a l . M i n e r a l s i n c l u d e a b o u t e q u a l 

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

a n d e s i n e c o m p o s i t i o n , b l a c k a n d b r o w n - s t a i n e d b i o t i t e , 

m i n o r a m o u n t s o f g r e e n h o r n b l e n d e , a n d q u a r t z . O r t h o ­

c l a s e c r y s t a l s h a v e d e v e l o p e d t o m o r e t h a n 1 0 mm i n 

d i a m e t e r . O r t h o c l a s e i s d o w d y w i t h s e c o n d a r y k a o l i n 

w h e r e a s t h e p l a g i o c l a s e i s a l t e r e d s l i g h t l y t o s e r i c i t e . 

B i o t i t e a n d h o r n b l e n d e a r e p a r t i a l l y i n t e r g r o w n a n d 

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

t o c h l o r i t e . Q u a r t z i s i n t e r s t i t i a l a l t h o u g h a f e w 

m e d i u m ( 2 mm) a n h e d r a l c r y s t a l s a r e p r e s e n t . A c c e s s o r y 

m i n e r a l s i n c l u d e m a g n e t i t e , a n d m i n o r a m o u n t s o f z i r c o n 

a n d a p a t i t e . 

A g e a n d C o r r e l a t i o n 

T h e P a t t e r s o n P a s s s t o c k i s s i m i l a r t o a c i d i c , 

g r a n i t o i d r o c k s d e s c r i b e d b y w o r k e r s i n t h e C r a t e r I s l a n d 

M o u n t a i n , S i l v e r I s l a n d R a n g e , N e w f o u n d l a n d R a n g e t o t h e 

e a s t a n d t h e T o a n a R a n g e t o t h e w e s t . A n d e r s o n 

( A n d e r s o n , 1 9 5 7 ) d e s c r i b e s s e v e r a l i g n e o u s o c c u r r e n c e s 

-50-

. meter. Also in this area are small aplite dikes and 

diabase dikes Ivi th glfiSsy margins. 

Microscopic Descri£tion 

In thin section the Patterson Pass intrusive is 

holocrystaline and the fabric is granitic to panidio~ 

morphic-granularo Much of the plegioclase is euhedral 

and most of the orthoclase and biotite crystals are 

subhedral and anhedral o Minerals include about equal 

amounts of Hhite orthoclase and triclinic feldspar of 

andesine composition, black and brOi·m-stained biotite, 

minor amounts of green hornblende, and quartz. Ortho­

clase crystals have developed to more than 10 rum in 

diameter. Orthoclase is C10I'fdy i·rith secondary kaolin 

i,rhereas the plagioclase is altered slightly to sericite. 

Bioti te and hornblende are partially in tergrolID and 

relatively fresh although biotite is partially altered 

to chlorite. Quartz is inter~titial although a fel'f 

medium (2 rum) anhedral crystals are present. Accessory 

minerals include magnetite, and minor amounts of zircon 

and apa ti te. 

Age and Correlation 

The Patterson Pass stock is similar to acidic, 

grani toid roclcs described by I'Torkers in the Crater Island 

11ountain, Silver Island Range, Newfoundland Range to the 

east and the Toana Range to the i'rest. Anderson 

(Anderson, 1957) describes several igneous occurrences 
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i n t h e C r a t e r I s l a n d M o u n t a i n s , t h e l a r g e s t c o v e r i n g 

a n a r e a o f t w o s q u a r e m i l e s . I t s c o m p o s i t i o n i s q u a r t z 

m o n z o n i t e a n d m o n z o n i t e t h a t g r a d e s i n t o s y e n i t e . O t h e r 

s t o c k s i n t h e a r e a i n c l u d e " b i o t i t e a n d p y r o x e n e - r i c h 

m o n z o n i t e a n d g r a n o d i o r i t e . I n t h e S i l v e r I s l a n d R a n g e , 

S c h a e f f e r ( S c h a e f f e r , p e r s o n a l c o m m u n i c a t i o n ) r e p o r t s 

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

n o r t h e r n e n d o f t h e N e w f o u n d l a n d R a n g e ( P a d d o c k , 1 9 5 6 ) , 

a l a r g e q u a r t z m o n z o n i t e s t o c k i s e x p o s e d a n d m i c r o s c o p i c 

s t u d y h a s r e v e a l e d a r o c k r i c h I n q u a r t z , p e r t h i t e , 

p l a g i o c l a s e , h o r n b l e n d e , a n d b i o t i t e « T h e N e w f o u n d l a n d 

s t o c k i s i n s h a r p c o n t a c t w i t h t h e e n c l o s i n g s e d i m e n t s 

w i t h n o g r a d a t i o n a n d l i t t l e a l t e r a t i o n . S m a l l ( i m i l e d i a . ) 

g r a n o d i o r i t e a n d m o n z o n i t e i n t r u s i v e s a r e r e c o g n i z e d i n 

t h e s o u t h e r n e n d o f t h e P i l o t R a n g e a n d t h r e e s e p a r a t e 

b u t a d j a c e n t a c i d i c p l u t o n s a r e r e c o g n i z e d i n t h e T o a n a 

R a n g e ( S t e p h e n s , u n f i n i s h e d t h e s i s ) . N o r t h o f t h e L u c i n 

d i s t r i c t t h e r e a r e s i m i l a r s t o c k s r e p o r t e d b y B a k e r , 

( B a k e r , 1 9 5 9 ) i n t h e G r o u s e C r e e k R a n g e a n d b y O l s e n , 

( 0 1 s e n , I 9 6 0 ) i n t h e D e l n o d i s t r i c t . I n a d d i t i o n , s e v e r a l 

p l u t o n s h a v e b e e n d e s c r i b e d i n t h e e a s t e r n N e v a d a a r e a 

b y S t r i n g h a m a n d h i s a s s o c i a t e s a t t h e U n i v e r s i t y o f U t a h . 

T h e P a t t e r s o n P a s s s t o c k i s t h o u g h t t o h a v e b e e n 

i n t r u d e d i n t h e L a t e C r e t a c e o u s - p r e - M i o c e n e t i m e i n t e r v a l . 

A g e s a r e b a s e d e n t i r e l y o n w o r k d o n e i n s u r r o u n d i n g a r e a s , 

f o r w i t h i n t h e L u c i n d i s t r i c t t h e o n l y p o s i t i v e e v i d e n c e 

f o r t h e s t o c k ' s a g e i s t h e r e l a t i o n s h i p o f t h e m o n z o n i t e 

in the Crater Island l-1ountains, the largest covering 

an area of two square mile s. Its compo si tion is quartz 

monzonite and monzonite that grades into syenite. Other 

stocks in the area include bioti-cc; ancl ?yro:;:e:i.13-ricll 

monzonite and granodiorite. In the Silver Island Range, 

Schaeffer (Schaeffer, personal communication) reports 

t1'lO small stocks of granodiorite compositiono At the 

northern end of the Ne\'rfou~1dland Range (Paddock, 1956), 

a large quartz monzonite stock is exposed and microscopic 

study has revealed a rock rich in quartz, perthite, 

plagioclase, hornblende, and biotiteo The Ne1tffoundland 

stock is in sharp contact I'd th the enclosing sediments 

wi th no gradation and little alteration. Small (* mile dia.) 

granodiorite and monzonite intrusives are recognized in 

the souther-!l end of the Pilot Range and three separate 

but adjacent acidic TJlutons are recognized in the Toana 

Range (Stephens, unfinished thesis). North of the Lucin 

district there are similar stocks reported by Baker, 

(Baker, 1959) in the Grouse Creek Range and by Olsen, 

(Olsen, 1960) in the Delno district. In addition, several 

plutons have been described in the eastern Nevada area 

by Stringham and his associates at the University of Utah. 

The Patterson Pass stock is thought to have been 

intruded in the Late Cret~ceous-pre-}fiocene time interval. 

Ages are based entirely on lrork ~one in surrounding areas, 

for lTi thin the Lucin district the only positive evidence 

:- for the stOCk'S age is the relationship of the monzonite 
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t o t h e L a t e M i o c e n e - E a r l y P l i o c e n e S a l t L a k e F o r m a t i o n . 

I t c a n b e d e m o n s t r a t e d i n t h e a r e a s o u t h o f C o a l B a n k 

S p r i n g t h a t t h e S a l t L a k e F o r m a t i o n l i e s n o n c o n f o r m a b l y 

o n t h e m o n z o n i t e . I n t r u s i v e s i n t h e R u b y R a n g e a r e t h o u g h t 

t o b e o f p r e - M i o c e n e a g e ( S h a r p , 1 9 3 9 ) , L a t e E o c e n e t o 

E a r l y O l i g o c e n e a t G o l d H i l l ( N o l a n , 1 9 3 5 ) • P a l e o c e n e t o 

E o c e n e g e n e r a l l y i n t h e G r e a t B a s i n a n d e a s t o f t h e I d a h o 

B a t h o l i t h ( E a r d l e y , 1 9 5 1 ) , O l i g o c e n e i n t h e S i l v e r I s l a n d 

M o u n t a i n s ( S c h a e f f e r , p e r s o n a l c o m m u n i c a t i o n ) , p r e - M i o c e n e 

i n t h e C r a t e r I s l a n d M o u n t a i n s ( A n d e r s o n , 1 9 5 7 ) ? a n d L a t e 

C r e t a c e o u s t o E o c e n e I n t h e N e w f o u n d l a n d R a n g e . ( G i l l u l y , 

1 9 2 8 5 P a d d o c k , 1 9 5 6 ) . A l t h o u g h f e w o f t h e s e a g e s a r e i n 

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

L a t e C r e t a c e o u s t o p r e - M i o c e n e . I n t h e l i g h t o f e x i s t i n g 

e v i d e n c e ( o r t h e l a c k o f i t ) i n t h e P i l o t R a n g e a n d p a r t i ­

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

w r i t e r . t h a t t h e P a t t e r s o n P a s s s t o c k b e a s s i g n e d a n a g e 

i n g e n e r a l a g r e e m e n t w i t h p l u t o n s I n s u r r o u n d i n g a r e a s . 

MONZONITE PORPHYRY 

A s m a l l m o n z o n i t e p o r p h y r y s t o c k , l e s s t h a n J - m i l e 

i n d i a m e t e r , i s e x p o s e d a t t h e h e a d o f S i x S h o o t e r C a n y o n . 

I t i n t r u d e s t h e L a k e t o ™ , S i m o n s o n , a n d G u i l m e t t e F o r m a ­

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

t h e F i s h H a v e n D o l o m i t e a n d t h e L a k e t o w n D o l o m i t e . I t i s 

b e l i e v e d t h a t t h e m o n z o n i t e p o r p h y r y a n d t h e P a t t e r s o n P a s s 

s t o c k a r e g e n e t i c a l l y r e l a t e d . I t c r o p s o u t i n S i x S h o o t e r 

to the Late Mioce~e-Early Pliocene Salt Lake Formation. 

It can be demonstrated in the area south of Coal Bank 

Spring that the Salt Lake Formation lies nonconformably 

on the monzonite. Intrusives in the Ruby Range are thought 

to be of pre-Miocene age (Sharp, 1939), Late Eocene to 

Early Oligocene at Gold Hill (Nolan, 1935). Paleocene to 

Eocene generally in the Great Basin and east of the Idaho 

Batholith (Eardley, 1951), Oligocene in the Silver Island 

Mountains (Schaeffer~ personal communi.cati.on) s pre-Miocene 

in the Crater Island Mountains (Anderson, 1957), and Late 

Cretaceous to Eocene in the ,Ne"l'Tfoundland Range. (Gilluly ~ 

1928; Paddock, 1956)0 Although few of these ages are in 

agreement they all fall within the broad time range of 

Late Cretaceous to pre-Mioceneo In the light of existing 

evidence (or the lack of it) in the Pilot Range and parti­

cularly in the Lucin district~ it seems best to this 

writer ~hat the Patterson Pass stock be assigned an age 

in general agreement "In th plutons in surrounding areas. 

MONZONITE PORPHYRY 

A small monzonite porphyry stock, less than t-mile 

in diameter, is exposed at the head of Six Shooter Canyon. 

It intrudes the Laketm'ffi, Simonson, and Guilmette Forma­

tions and is in ·faul t contact 'on the southern margin vri th 

the Fish Haven Dolomite and the Laketown Dolomite. It is 

believed that the monzonite porphyry and the Patterson Pass 

stock are genetically related. It crops out in Six Shooter 
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C a n y o n a s l o w r o l l i n g h i l l s a n d g i v e t h e v a l l e y a m o r e 

o p e n a p p e a r a n c e t h a n t h e u s u a l V - s h a p e d c a n y o n s . 

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

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

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

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

s i v e e r o s i o n a n d t h e w e a t h e r e d m a t e r i a l i s e x t r e m e l y ' 

f r i a b l e . T h e r o c k i s f i n e - g r a i n e d ( 0 . 5 - 1 mm) p h a n e r i t i c 

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

5 c e n t i m e t e r s i n d i a m e t e r a l t h o u g h t h e a v e r a g e d i a m e t e r 

i s l e s s t h a n 2 . 5 c e n t i m e t e r s . 

I n t h i n s e c t i o n t h e m o n z o n i t e i s h o l o c r y s t a l l i n e a n d 

t h e t e x t u r e p o r p h y r i t i c w i t h e u h e d r a l t o s u b h e d r a l c r y s t a l s 

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

i d e n t i c a l t o t h a t o f t h e P a t t e r s o n P a s s s t o c k a l t h o u g h t h e 

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

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

i n t h e p o r p h y r y . P l a g i o c l a s e p h e n o c r y s t s a r e g e n e r a l l y 

z o n e d w i t h c o r e s o f a n d e s i n e a n d r i m s o f o l i g o c l a s e . 

G r o u n d m a s s m a t e r i a l c o n s i s t s o f a f i n e g r a n u l a r i n t e r -

g r o w t h o f o l i g o c l a s e a n d o r t h o c l a s e . I t h a s a m i c r o -

g r a n i t i c t e x t u r e . A l t e r a t i o n o f f e l d s p a r t o s e r i c i t e 

a n d b i o t i t e t o c h l o r i t e i s m o r e i n t e n s e i n t h e S i x S h o o t e r 

C a n y o n a r e a t h a n a t P a t t e r s o n P a s s . 
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Canyon as low rolling hills and give the valley a more 

open appearance than the usual V-shaped canyons. 

In hand specimens, the rock is I'rhite to light grey 

on fre sh surfaces, yellow'-stained on i·rea thered surfaces, 

and a pin'k t~nt is afforded on some fre sh surfaces by 

pink orthoclase crystals. The rock has undergone exten­

sive er.osion and the 'weathered material is extremely 

friable. The rock is fine-grained (0.5 - 1 mm) phaneritic 

but phenocrysts of o~thoclase and plagioclase exceed 

5 centimeters in diameter although the average diameter 

is less than 2.5 centimeters. 

In thin section the monzonite is holocrystalline and 

the texture porphyritic I·d th euhedral to subhedral crystals 

in the ground mass. The composition of the porphyry is 

identical to that of the Patterson Pass stock although the 

amount of biotite and hornblende is less in the smaller 

mass and there is a smaller percentage accessory minerals 

in the porphyry. Plagioclase phenocrysts are generally 

zoned with cores of andesine and rims of oligoclase. 

Groundmass material consists of a fine granular inter­

grm'rth of oligoclase and orthoclase. It has a micro­

granitic texture. Alteration of feldspar to sericite 

and biotite to chlorite is more intense in the Six Shooter 

Canyon area than at Patterson Pass . 
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RHYOLITE E L O t f ( ? ) 

A t t h e n o r t h e r n e n d o f t h e P i l o t R a n g e a n o v a l -

s h a p e d m a s s o f r h y o l i t e I s e x p o s e d , o n c e r e f e r r e d t o a s 

t h e Ombe B l u f f s , ( H a g u e e t a l , 1 8 7 7 ) . T h e f e a t u r e i s t h e 

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

t h e r a n g e a n d i s m o r e t h a n a m i l e l o n g a n d a l m o s t a m i l e 

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

a b o u t 3 0 0 f e e t h i g h . A t l e a s t t w o d i s t i n c t u n i t s w i t h i n 

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

r h y o l i t e t u f f a n d a n u n d e r l y i n g v i t r o p h y r e l a y e r , m a y m a k e 

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

d e s c r i b e d b y R o b e r t s a n d P e t e r s o n ( R o b e r t s a n d P e t e r s o n , 

I 9 6 0 ) , T h e v i t r i c t u f f u n i t , d e s c r i b e d u n d e r T e r t i a r y 

S t r a t i g r a p h y , m a y b e t h e l o w e s t u n i t o f t h e f o u r ; t h e t o p 

u n i t , a n a c t u a l f l o w r o c k , i s n o t p r e s e n t i n t h e L u c i n 

d i s t r i c t . Two h u n d r e d , t w e n t y - f i v e f e e t o f w e l d e d r h y o l i t e 

a n d w e l d e d t u f f a c e o u s m a t e r i a l i s e x p o s e d i n a n i s o l a t e d 

a r e a a b o u t a m i l e s o u t h w e s t o f I n d i a n S p r i n g . 

L i t h o l o g i c D e s c r i p t i o n - M e g a s c o p i c 

I n h a n d s p e c i m e n s , t h e r h y o l i t e i s a l a v e n d a r t o p i n k 

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

s a n a d i n e p h e n o c r y s t s t h a t w e a t h e r a s e a r t h y w h i t e s p o t s . 

T h e m a t r i x m a t e r i a l i s a p h a n i t i c a n d h a s a n e a r t h y a p p e a r ­

a n c e . T h e v i t r o p h y r e i s a b l a c k , g l a s s y , b r i t t l e m a t e r i a l 

a b o u t 2 0 f e e t t h i c k w i t h u n i f o r m s t r u c t u r e . B l a c k , r e d , 

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

h a n d s p e c i m e n s . 
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RHYOLITE FL01'T(?) 

At the northern end of the Pilot Range an oval-

shaped mass of rhyolite is exposed, once refe~red to as 

the Ombe Bluffs, (Hague 8t aI, 1877). The feature is the 

most prominent topoGraphic form at the northern end of 

the range and is more than a mile long and almost a mile 

I'ri~e, and stands in lavendar or light brolm-colored cliffs 

abqut 300 feet high. At least tlTO distinct units lri thin 

the mass are recognized and these t'VTO, a partially lTelded 

rhyoli te tuff and an 1.mderlying vi trophyre layer, may make 

up the middle tuo of four units in an ignimbrite seQuence 

described by Roberts and Peterson (Roberts and Peterson, 

1960). The vitric tuff unit, described under Tertiary 

Stra tigraphy, may be the IOlles.t unit of the four; the top 

unit,an actual floH rocle, is not present in the Lucin 

district. THO hundred, tuenty-five feet of 1'lelded rhyolite 

and ,ielded tuffaceous material is expo s ed in an isola ted 

area about a mile southI'Test of Indian Spring. 

Lithologic Descri ptlon - 1-1egascopic 

In hand specimens, the rhyolite is a lavendar to pink 

porphyry I'Ti th glassy Quartz phenocrysts and deeply I'Teathered 

sanadine phenocrysts that 'weather as earthy uhi te spots. 

The matrix m'aterial is aphani tic and has an earthy appear­

ance. The yitrophyre is a bl~ck, glassy, brittle material 

about 20 feet thick i:a th uniform structure. Black, red, 

and yellOl'T bands of gl ass , I'raven together, can be seen in 

hand specimens. 
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L i t h o l o g i c D e s c r i p t i o n - M i c r o s c o p i c 

I n t h i n s e c t i o n t h e r o c k i s a p a r t i a l l y w e l d e d , 

p o r p h y r y o f r h y o l i t e c o m p o s i t i o n . T e x t u r e i s h y p o -

c r y s t a l l i n e t o v i t r e o u s ( e u t a x i t i c ) . T h e r o c k c o n s i s t s 

o f b l a c k , r e d a n d y e l l o w c o n t o r t e d a n d a l t e r n a t i n g b a n d s 

o r s t r e a k s o r d a s h e s o f g l a s s t h a t a r e i n t r i c a t e l y 

b r a i d e d w i t h i n t h e r h y o l i t e . T h e r e a r e g e n e r a l l y t w o 

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

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

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

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

o n o n e a n o t h e r , t h o r o u g h l y k n e a d e d t o g e t h e r a n d t h e n d r a w n 

o u t l o n g i t u d i n a l l y . " ( H a g u e , e t a l , 1 8 7 7 ) S u c h a d e s ­

c r i p t i o n s u g g e s t s w e l d i n g . T h e r e d - y e l l o w g l a s s c o n t a i n s 

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

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

i r r e g u l a r t r l c i t e s . A t t h e b a s e o f t h e m a s s t h e g l a s s 

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

t h e b r a i d e d a p p e a r a n c e . 

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

do n o t e x c e e d 0 . 8 mm i n d i a m e t e r . T h e y c o n s i s t o f 

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

G r o u n d m a s s m i n e r a l s i n c l u d e s o d i c p l a g i o c l a s e , s a n i d i n e , 

g l a s s a n d m i n o r a m o u n t s o f b i o t i t e a n d ' m a g n e t i t e t h a t h a s 

b e e n p a r t i a l l y a l t e r e d t o h e m a t i t e . N u m e r o u s d r a w n - o u t 

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

i g n i m b r i t e , p s e u d o - f l o w s t r u c t u r e . 
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!!.i thologic Desc.:;'J.-ption ,= l1icrosconic 

In thin section the rock is a partially vielded, 

porph;yry of rhyolite composition. Texture is hypo­

crystalline to vitreous (eutaxltic)0 The rock consists 

of black, red and yellow contorted and alternating bands 

or streaks or dashes of glass that are intricately 

braided within the rhyolite. There are generally two 

types of glass, a red-yellow variety and a colorless 

variety, both quite brittle and llith sharp division lines 

between them. According to Hague, they "look as if thin 

layers of red and colorless glass had been artifically laid 

on one another, thoroughly kneaded together and then drmm 

ou t longi tudinally. II (Hague ~ et aI, 1877) .Such a des­

cription suggests welding. The red-yellow glass contains 

long narrow cavities that are parallel to the banding, 

1"lhereas the colorless glass is more compact and contains 

irregular tricites. At the base of the mass the glass 

approaches a true obsidian although still possessing 

the braided appearance. 

Phenocrysts in the felsitic and glassy groundmass 

do not exceed 0.8 mm in diameter. They consist of 

sanidine and quartz that have inclusions of glass. 

Groundmass minerals include sodic plagioclase, sanidine, 

glass and minor amounts of biotite and magnetite that has 

been partially altered to hema ti t e. Numerous draw"n-ou t 

glass and air cells suggest floH structure, or if an 

ignimbrite, pseudo-flow structure. 
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Th e v i t r o p h y r e l a y e r c o n t a i n s a c o m p l e t e l y g l a s s y 

g r o u n d m a s s o f f l a t t e n e d , c o m p r e s s e d a n d s q u e e z e d g l a s s 

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

t a k e s t h e f o r m o f w a t e r - c l e a r m a t e r i a l w i t h b l a c k g l a s s y 

s t r i p e s , a n g u l a r a n d r o u n d e d , b l a c k , o p a q u e g l a s s , 5 a n d 

t h i n t r i c i t e s . 

A g e a n d C o r r e l a t i o n 

T h e e x a c t a g e o f t h e r h y o l i t e a n d v i t r o p h y r e i s 

u n c e r t a i n . I t l i e s w i t h s l i g h t a n g u l a r i t y o n t h e E a r l y 

a n d M i d d l e ( ? ) P l i o c e n e v i t r i c t u f f u n i t a n d b e l o w t h e 

b a s a l t f l o w t h a t I s t h o u g h t t o b e L a t e P l i o c e n e o r 

E a r l y P l e i s t o c e n e . T h e u n i t c a n b e c o r r e l a t e d w i t h 

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

G o o s e C r e e k M o u n t a i n s , ( Y o u n g , p e r s o n a l c o m m u n i c a t i o n ) a n d 

w i t h l a v a f l o w s ( ? ) o f L a t e C e n o z o i c a g e t h r o u g h o u t t h e 

B a s i n a n d R a n g e P r o v i n c e . 

T h e o r i g i n o f t h e r h y o l i t e i s u n c e r t a i n f o r t h e r e 

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

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

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

n u e e s a r d e n t e s , i s t h e r e s u l t o f s t u d y m a d e o n s i m i l a r 

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

U t a h ( M a c k i n , i 9 6 0 ) ' a n d b y R o b e r t s a n d P e t e r s o n a t 

B a t t l e M o u n t a i n , N e v a d a , a n d G l o b e , A r i z o n a , ( R o b e r t s a n d 

P e t e r s o n , i 9 6 0 ) . Y o u n g ( Y o u n g , p e r s o n a l c o m m u n i c a t i o n ) 

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

i n t h e G o o s e C r e e k M o u n t a i n s i s o f t h e i g n i m b r i t e t y p e . 
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The vitrophyre layer contains a completely glassy 

grom1dmass of flattened, compressed and squeezed glass 

particles, I'relded together to form a uniform mass. Glass 

takes the form of \'Tater-clear material with black glassy 

stripes, angular and rounded, black, opaque glass ,; and 

thin tricites. 

Age and Correlation 

'The exact age of the rhyolite and vi trophyre is 

uncertain. It lies i'ri th slight angularity on the Early 

and lfiddle (?) Pliocene vitric tuff unit and below' the 

basalt flow that is thought to be Late Pliocene or 

Early Pleistocene. The unit can be correlated vri th 

similar appearing rhyolites and vitrophyres in the southern 

Goose Creek :r.10untains 1 (Young, personal communication) and 

11ith lava flo1'[s (?) of Late Cenozoic age throughout the 

Basin and Range Province. 

The origin of the rhyolite is uncertain for there 

appears to be no acidic volcanic centers in the vicinity. 

The possibility suggested above, that is, that the material 

is not a flo1-1' but. rather an ignimbrite that formed by 

nuees ardentes, is the result of study made on similar 

appearing material described by Mackin in south11estern 
\ 

Utah (Mackin, 1960)' and by Roberts and Peterson at 

Battle Mountain, Nevada, and Globe, Arizona, (Roberts and 

Peterson, 1960). Young (Young, personal communication) 

has shOi·m by thin-section study that volcanic products 

in the Goose Creek 1-iountains is of the ignimbrite type. 
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BASALT FLOW 

I m m e d i a t e l y w e s t o f t h e r h y o l i t e a t t h e n o r t h e r n e n d 

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

d i k e . T h e f l o w h a s b e e n b r o k e n i n t o s e g m e n t s b y e r o s i o n . 

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

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

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

s t a n d s i n v e r t i c a l , c o l u m n a r j o i n t e d w a l l s o f v e s i c u l a r , 

s c o r i a c e o u s b a s a l t . T h e b a s a l t d i k e e x t e n d s n o r t h w a r d 

f r o m t h e n o r t h w e s t m a r g i n o f t h e c r a t e r . T h e w e s t e r n 

s e g m e n t I s r e c o g n i z e d a s l o w r o u n d e d h i l l s o n w h i c h a r e 

s u p e r p o s e d m a n y w e l l d e v e l o p e d i n t e r m e d i a t e s t r a n d l e v e l s 

o f L a k e B o n n e v i l l e . 

L i t h o l o g i c D e s c r i p t i o n 

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

a h a c k l y f r a c t u r e . I n t h i n s e c t i o n t h e b a s a l t r o c k • 

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

m a t e r i a l . T h e a p h a n i t i c g r o u n d m a s s c o n s i s t s o f l a t h -

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

g l a s s ; n o o l i v i n e i s p r e s e n t . G r a i n s o f m a g n e t i t e a n d 

l e u c o x e n e a r e a b u n d a n t I n a g r o u n d m a s s t h a t b e c o m e s m o r e 

g l a s s y a n d g o b u l i t i c t o w a r d s t h e b a s e . C a v i t i e s a n d 

d r u s e s ( 0 . 5 - 1 nam) a r e 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 . 
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BASALT FLOU 

Immediatel;)T livest of the rhyolite at the northern end 

of the range is a younger basalt flo"l"T and associated basalt 

dike. The flol-; has been broken into seGments by erosion. 

The eastern segment is the most easily recognized for it 

takes the form of a l'Tell developed volcanic plug. The mass 

is flat-topped, slopes slightly to the south and the plug 

,stands in vertical? columnar jointed lralls of vesicular, 

scoriaceous basalt. 'rhe basalt dike e::tends northward 

from the north1·rest margin of the cratsr. The western 

segment is recognized as 101;" rounded hills on \';hich are 

superposed many i"Tell developed intermediate strand levels 

of Lake Bonneville. 

The basal,t is a tough, resistant variety that possesses 

a hackly fracture" In thin section the basalt rock -

possesses a holocrystalline, slightly po:r:phyritic texture 

1'7i th phenocrysts of calcic plagioclase and minor opaline 

material. The aphanitic gro~dmass consists of lath-
. .'" " ... ~ . 

shpaed 18_bradori te crystals and augite I-Ti th interstitial 

glass; 110 olivine is present. Grains of magnetite and 

leucoxene are abund$.nt in a groundmass that becomes more 

glassy and gobulitic t01'T2.rds the base. Cavities and 

druses (0.5 ~ I nun) are filled uith secondary calcite. 
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A g e a n d C o r r e l a t i o n 

The. b a s a l t f l o w a n d i t s a s s o c i a t e d d i k e a r e d a t e d 

b e t w e e n L a t e P l i o c e n e a n d t h e W i s c o n s i n s t a g e o f t h e 

P l e i s t o c e n e . T h i s s t a t e m e n t i s b a s e d u p o n t h e f a c t t h a t 

t h e b a s a l t o v e r l i e s t h e L a t e P l i o c e n e ( ? ) r h y o l i t e a n d i s 

m a s k e d b y s t r a n d l i n e s o f L a k e B o n n e v i l l e b e t w e e n t h e 

B o n n e v i l l e a n d P r o v o s t a g e , t h o u g h t t o b e E a r l y 

W i s c o n s i n a g e ( E a r d l e y e t a l , 1 9 5 7 ) . T h e b a s a l t i s p r o b ­

a b l y c o r r e l a t i v e w i t h L a t e T e r t i a r y a n d E a r l y Q u a t e r n a r y 

v o l c a n i c s r e c o g n i z e d b y m a n y w r i t e r s i n t h e B a s i n a n d 

R a n g e P r o v i n c e . T h e e r u p t i o n w a s e v i d e n t l y o f a f l o w 

t y p e , f o r n o a s h o r c i n d e r d e p o s i t s a r e r e c o g n i z e d . 

DIABASE DIKES 

D i a b a s e d i k e s a r e r e c o g n i z e d i n s e v e r a l l o c a l i t i e s 

i n t h e L u c i n d i s t r i c t . T h e y a r e b e s t d i s p l a y e d i n t h e 

a r e a i m m e d i a t e l y e a s t o f C o p p e r M o u n t a i n w h e r e t h e y 

i n t r u d e b o t h t h e G u i l m e t t e F o r m a t i o n a n d t h e P a t t e r s o n 

P a s s s t o c k . W i t h i n t h e s t o c k t h e y a r e b e s t r e c o g n i z e d 

o n a e r i a l p h o t o g r a p h s a s d a r k e r c o l o r e d p a t c h e s a n d 

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

T h e y d o n o t s t a n d a s r e s i s t a n t r i d g e s a n d t h e i r t o p o g r a p h i c 

e x p r e s s i o n i s a l m o s t n o n - e x i s t a n t . 

L i t h o l o g i c D e s c r i p t i o n 

A l l o f t h e d i k e r o c k s i n t h e L u c i n a r e a h a v e 

a p p r o x i m a t e l y t h e s a m e d i a b a s e c o m p o s i t i o n . I n s o m e 

-58-

Age and Correlation 

The basalt floVl and its associated dike are dated 

be~jeen Late Pliocene and the Wisconsin stage of the 

Pleistocene. This statement is based upon the fact that 

the basalt overlies the Late Pliocene (?) rhyolite and is 

masked by strandlines of Lake Bonneville bet1'Teen the 

Bonneville and Provo stage, thought to be Early 

Wisconsin age (Eardley et aI, 1957). The basalt is prob­

ably correlative with Late Tertiary and Early Quaternary 

volcanics recognized by many \vri ters in the Basin and 

Range Province. The eruption v-ms evidently of a flow 

type, for no ash or cinder deposits are recognized. 

DIABASE DIKES 

Diabase dikes are recognized in several localities 

in the Lucin distriqt. They are best displayed in the 

area immediately east of Copper Mountain where they 

intrude both the Guilmette Formation and the Patterson 

Pass stock. 'tii thin the stock they are best recognized 

on aerial photographs as darker colored patches and 

stringers for they are not readily apparent in the field. 

They do not stand as resistant ridges and their topographic 

expression is almost non-existant. , 

Lithologic Description 

All of the dike rocks in the Lucin area have 

approximately the same diabase composition. In some 
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i n s t a n c e s t h e c o m p o s i t i o n a p p r o a c h e s a g a b b r o i c o r b a s a l t i c 

t y p e . T e x t u r e s a r e g e n e r a l l y f ! n P 1 y - p h n n p r 1.1; 1 n n i n , , , , , , ] , 

a p h a n i t i c t e x t u r e s a r e n o t UUUO-IIUUOII In Lhn ill.Iimti n r Mm 

P a t t e r s o n P a s s a r e a . 

M e g a s c o p i c a l l y t h e r o c k s a r e b l a c k a n d d a r k g r e e n w i t h 

a d e e p b r o w n i s h w e a t h e r e d s u r f a c e . P h e n o c r y s t s a r e n o t 

a b u n d a n t i n a n y o f t h e d i k e m a t e r i a l . 

T h i n s e c t i o n s r e v e a l a o p h i t i c t o s u b o p h i t i c t e x t u r e . 

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

a l t e r e d t o s e r i c i t e , a n d b o t h d a r k g r e e n a n d c o l o r l e s s 

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

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

t h e l a b r a d o r i t e l a t h s . M a g n e t i t e , l e u c o x e n e , a p a t i t e , a n d 

t i t a n i t e ( ? ) a r e r e c o g n i z e d a s a c c e s s o r y m i n e r a l s . S e c o n d a r y 

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

A g e a n d C o r r e l a t i o n 

D i k e r o c k s i n t h e L u c i n d i s t r i c t a r e t h o u g h t b y t h i s 

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

n i z e d a t t h e n o r t h e r n e n d o f t h e r a n g e . T h e y i n t r u d e 

P a l e o z o i c r o c k s , f o l l o w i n g p r e - e x i s t i n g f i s s u r e s o f p r o b ­

a b l y M i d d l e T e r t i a r y a g e . T h e y a p p e a r t o b e o v e r l a p p e d 

b y t h e S a l t L a k e F o r m a t i o n o f L a t e M i o c e n e a n d E a r l y 

P l i o c e n e a g e a l t h o u g h t h i s r e l a t i o n s h i p i s n o t c e r t a i n . 

I n a s m u c h a s t h e r e a r e n o o t h e r b a s i c r o c k s i n t h i s a r e a 

w i t h w h i c h t o c o r r e l a t e , o t h e r t h a n t h e b a s a l t f l o w , i t 

w o u l d s e e m p l a u s i b l e t o a s s o c i a t e t h e f l o w a n d t h e d i k e s . 
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instances the composition approaches a gabbroic or basaltic 

type. Textures are P; oner.1.11y fJ 11 (> l~'-l,] I :1 11 (> 1'1 1.1 ' " 'I I I I I,,, 1:, 1 I 

aphanitic texture~ arc Hot Ullt:UllllllUII 1.11 I.llt \ dlhll il III ' 1.11)) 

Patterson Pass area. 

MegascopicCllly the rocks are black and dark green \'lith 

a deep brol,mlsh I-reathered surface. Phenocrysts are not 

abundant in any of the dike material. 

Thin sections reveal a ophitic to subophitic texture. 

The principal constituents are l abr adorite, partially 

altered to sericite, and both dark green and colorless 

augite. Biotite is partially altered to chlorite and 

chlorite also fills some of the interstitial space between 

the labradori te laths. l,fagneti te, leucoxene, apa ti te, and 

titanite (?) are recognized as accessory minerals. Secondary 

calcite is abundant in some of - the diaba~e rocks. 

Age and Correlation 

Dike rocks in the Lucin district are thought by this 

I'rri ter to be associated wi th basal tic out-pourings recog­

nized at the northern end of the range . They intrude 

Paleozoic rocks, following pre~existing fissures of prob­

ably 1-fiddle Tertiary age. Tp.ey appear to be overlapped 

by the Salt Lake Formation of Lat e Hiocene and Early 

Pliocene age although this relationship is not certain. 

Inasmuch as ' there a re no other basic rocks in thi s area 

1'li th uhi eh to correlate" other than the basalt flo 'l-T , it 

Ivould seem plausible to associate the flol'T and the dikes. 



STRUCTURAL FEATURES 

G - e n e r a l S t a t e m e n t 

S t r u c t u r a l f e a t u r e s i n t h e L u c i n d i s t r i c t a r e c o m p l e x 

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

M i d d l e a n d L a t e P a l e o z o i c r o c k s t h a t a r e m a s k e d b y L a t e 

M e s o z o i c ( ? ) a n d T e r t i a r y n o r m a l f a u l t i n g , a n d a l s o d u e t o t h e 

i n t r u s i o n o f t h e s m a l l m o n z o n i t e s t o c k . 

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

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

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

q u e s t i o n a b l y p o s t - i n t r u s i v e a n d t r a n s e c t t h e r a n g e . B o t h 

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

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

P i l o t R a n g e . 

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

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

f e w d e g r e e s e a s t o f n o r t h . T h e f o l d s p l u n g e s l i g h t l y t o t h e 

n o r t h . R o c k s i n v o l v e d i n t h e f o l d i n g i n c l u d e t h e O r d o v i c i a n , 

S i l u r i a n a n d D e v o n i a n a n d M i s s i s s i p p i a n a n d y o u n g e r r o c k s 

l i e u n c o n f o r m a b l y o n t h e D e v o n i a n . T h e s e y o u n g e r r o c k s 

h a v e b e e n w a r p e d :by p o s t - D e v o n i a n c r u s t a l f o r c e s . P o s t -

D e v o n i a n f o l d i n g h a s b e e n o n a m i n o r s c a l e a n d o n l y b r o a d , 

o p e n f o l d s a r e p r e s e n t . T h e i r a x e s s t r i k e a n d p l u n g e t o 

t h e n o r t h . 

G r a v i t y s l i d e p h e n o m e n o n a r e q u e s t i o n a b l y r e c o g n i z e d 

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

a t t e s t t o s e v e r a l p e r i o d s o f d e f o r m a t i o n . 

- 6 0 -

STRUCTURAL FEATURES 

General Statement 

Structural features in the Lucin district are complex 

due to re gional folding, unconformable relationships betl'Teen 

Middle and Late Paleozoic rocks that are masked by Late 

.Hesozoic (?) and Tertiary nor.rn;J.1 faulting , and also due to the 

intrusion of the small monzonite stock. 

The Lucin area is characterized by north trending Early 

Tertiary normal faults that are pre~intrusive, and by 

younger east and northeast trending normal fatuts that are 

questionably post-intrusive and transect the range. Both 

trends are trilllcnted by Late Tertiary Basin and Range normal 

faul ts I-Thich caused tilting and ac (;ompanying uplift of the 

Pilot Range . 

Folds ~n the Lucin district consist Of asymmetrical 

synclines and anti(;lines. The axes of the folds strike a 

fel'T de grees east of north. The folds pltUlge slightly to the 

north. Rocks- involved in the folding include the Ordovician, 

Silurian and Devonian and MiSSissippian and younger rocks 

lie unconformably on the Devonian. These younger rocks 

have been Imrped :by post-Devonian crustal forces. Post­

Devonian folding has been on a minor scale and only broad, 

open folds are present. Their axes strike and plunge to 

the north. 

Gravity slide phenomenon are questionably recognized 

in the Patterson Pass area, and numerous unconformities 

attest to s ever a l periods of deforma tion. 

-60-
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FAULTS 

C o p p e r M o u n t a i n F a u l t Z o n e 

T h e m o s t p r o m i n e n t f a u l t z o n e i n t h e L u c i n d i s t r i c t 

i s a m i n e r a l i z e d f a u l t z o n e a t t h e c r e s t o f C o p p e r M o u n t a i n . 

T h e z o n e i s m o r e t h a n 1 , 0 0 0 f e e t w i d e a n d i n c l u d e s s e v e r a l 

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

G u i l m e t t e l o w e r l i m e s t o n e m e m b e r . M a n y s m a l l e r f r a c t u r e s 

c u t t h i s z o n e a t v a r i o u s a n g l e s a n d t h e r e s u l t i n g j u n c t i o n s 

a r e m i n e r a l i z e d . 

T h e C o p p e r M o u n t a i n f a u l t z o n e c o n s i s t s o f f a u l t p l a n e s 

d i p p i n g t o t h e w e s t . D i s p l a c e m e n t a l o n g t h e s e i s o n t h e 

o r d e r o f a f e w h u n d r e d f e e t w i t h t h e w e s t s i d e d o w n . Of 

t h e t w o m a j o r f a u l t s e x p o s e d a t t h e c r e s t o f t h e h i l l w i t h i n 

t h e C o p p e r M o u n t a i n f a u l t z o n e t h e w e s t e r n f r a c t u r e i s t h e 

O l d e r , f o r I t i s s h o w n i n t h e B e l l an<$ G r e e n C a r b o n a t e 

T u n n e l s t h a t t h e w e s t e r n f r a c t u r e h a s b e e n t r u n c a t e d b y 

t h e e a s t e r n . ) I t c a n a l s o b e d e m o n s t r a t e d i n t h e s e t u n n e l s 

t h a t f a u l t i n g w a s b o t h p r e - a n d p o s t - o r e . A s i m i l a r 

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

e a s t w h e r e t h e C o p p e r M o u n t a i n d i a b a s e d i k e w a s f o r c e d 

i n t o p r e - e x i s t i n g f r a c t u r e s a n d s u b s e q u e n t l y o f f - s e t . T h e 

r e l a t i o n o f f a u l t i n g t o i n t r u s i o n o f m o n z o n i t e m a g m a i n d i ­

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

m o n z o n i t e o f f - s h o t s f o l l o w t h e f r a c t u r e s I n t o t h e e n c l o s i n g 

G u i l m e t t e l i m e s t o n e w i t h o n l y m i n o r c r u s h i n g o r a l t e r a t i o n . 

FAULTS 

Copper Mountain Fault Z~ 

The most prominent fault zone in the Lucin district 

is a mineralized fault zone at the crest of Copper Mountain. 

The zone is more than 1,000 feet "Hide and includes several 

;1.ntersecting normal faults with a north trend vii thin the 

Guilmette 101ver limestone member. l-!any smaller fractures 

cut this zone at various angles and the resulting junctions 

are mineralized. 

The Copper llountain fault zone oonsists of fault planes 

dipping to the west. Displacement along these is on the 

order of a fe-y,i llur.Ldred fee t \'I.']. th the vrest side down. Of 

the tvlO major faults exposed at the crest of the hill wi thin 

the Copper l-fountain fault zone the vTester-n. fracture is the 

older 1 for it is sho"l'/TI. in the Bell al1cl Gre en Carbonate 

Tunnels that the western fracture has been truncated by 

the eastern. It can also be demonstrated in these tunnels 

that faulting "Ims both pre- a..."'1d post-ore. A similar 

relationship is demonstrated several hundred feet to the 

east "Ivhere the Oopper l-1:ountain diabase dike "Ivas forced 

into pre-existing fractures and subsequently off-set. The 

relation of faulting to intrusion ci' monzonite magma indi­

cates the intrusion to be younger? as it can be shown that 

monzonite off-shots folloW' the fractures into the enclosing 

Guilmette limestone vrl. th only minor crushing or al tera tion. 
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T h e C o p p e r M o u n t a i n f a u l t s w e r e o r i g i n a l l y r e c o g n i z e d 

o n t h e b a s i s o f o f f - s e t o r e b o d i e s a t t h e c r e s t o f t h e h i l l . 

D i s p l a c e m e n t c o u l d b e e s t i m a t e d b y p r o j e c t i n g o r e b o d i e s 

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

d r i f t s w e r e d r i v e n i n t o t h e m o u n t a i n . W i t h o u t t h e a i d o f 

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

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

a n d m i n o r a l t e r a t i o n o f l i m e s t o n e c a n b e d e t e c t e d . 

S o u t h o f t h e m i n i n g a r e a t h e C o p p e r M o u n t a i n f a u l t 

z o n e v e e r s t o t h e s o u t h w e s t t o a p o i n t w h e r e i t i s t r u n ­

c a t e d b y a y o u n g e r e a s t - w e s t t r a n s v e r s e f a u l t . I t h a s b e e n 

s u g g e s t e d b y B u t l e r , ( B u t l e r e t a l , 1 9 2 0 , p . 4 9 2 ) t h a t t h e 
tf 

C o p p e r M o u n t a i n f a u l t z o n e c o n t i n u e s s o u t h o f t h e e a s t -

w e s t t r a n s v e r s e f a u l t , t e r m e d t h e R e g u l a t o r C a n y o n f a u l t , 

a n d i s d i s p l a c e d 1 , 0 0 0 y a r d s t o t h e w e s t . T h i s r e l a t i o n i s 

n o t c l e a r l y d e m o n s t r a t e d . N o r t h - s o u t h f a u l t s o c c u r I n t h i s 

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

a b s e n c e o f a w e l l d e v e l o p e d b r e c c i a z o n e a n d a c c o m p a n y i n g 

a l t e r a t i o n s i m i l a r t o t h a t o b s e r v e d o n C o p p e r M o u n t a i n 

s u g g e s t s t h a t t h e z o n e s a r e n o t t h e s a m e . 

T e c o m a H i l l R e v e r s e F a u l t 

W e s t o f t h e C o p p e r M o u n t a i n f a u l t z o n e , i n a s a d d l e 

b e t w e e n C o p p e r M o u n t a i n a n d T e c o m a H i l l , i s t h e t r a c e o f 

a n o r t h - s o u t h r e v e r s e f a u l t t h a t b r i n g s S i l u r i a n L a k e t o w n 

d o l o m i t e u p o n t h e w e s t s i d e i n t o c o n t a c t w i t h t h e 

G - u i l m e t t e F o r m a t i o n . B o t h s t r a t i g r a p h i c u n i t s s t r i k e 

a b o u t N15W a n d d i p 3 0 d e g r e e s t o t h e e a s t . T h e f a u l t 
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The Copper Mountain faults were originally recognized 

on the basis of off-set ore bodies at the crest of the hill. 

Displacement could be estimated by projecting ore bodies 

in the subsurface and later checking the off-set 1fhen 

drifts 1'l"ere driven into the mountain. Without the aid of 

off-set ore bodies, the reco gui tion of faults "N"l thin the 

massive limestone i'muld be difficult although brecciation 

and minor alteration of limestone can be detected. 

South of the mining area the Copper Mountain fault 

zone veers to the southi"Test to a point i-rhere it is trun-

ca ted by a younger east-i·rest transverse fault. It has been 

sugges~ed by Butler, (Butler et al, 1920, p. 492) that the 
-r 

Copper Mountain fault zone continues south of the east­

l'rest transverse fau.lt, termed the Regulator Canyon fault, 

and is displaced 1,000 yards to the i-rest. This relation is 

not clearly demonstrated. North-south faults occur in this 

area but the' lack of mineralization of any kind, and the 

absence of a well developed breccia zone and accompanying 

alteration similar to that observed on Copper Mountain 

sugg~sts that the zones are not the same. 

Tecoma Hill Reverse Fault 

-West of the Copper Mountain fault zone, in a saddle 

beti-reen Cop'per Mountai.n and Tecoma Hill, is the trace of 

a north-south reverse fault that brings Silurian Laketovm 

dolomi te up 011 the west side into contact i'ri th the 

Guilmette Formation. Both stratigraphic units strike 

about N15~v and dip 30 degrees to the east. The fault 
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p l a n e d i p s s t e e p l y t o t h e w e s t a n d d i s p l a c e m e n t i s e s t i ­

m a t e d t o b e b e t w e e n 1 , 0 0 0 a n d 1 , 3 0 0 f e e t . I t c a n b e 

d e m o n s t r a t e d t h a t t h e d i s p l a c e m e n t i s a t l e a s t 6 0 0 f e e t 

a s a p p a r e n t l y t h e w h o l e D e v o n i a n S i m o n s o n F o r m a t i o n h a s 

b e e n o m i t t e d . U p p e r l i m i t s o n d i s p l a c e m e n t a r e q u e s t i o n 

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

c a n n o t b e a c c u r a t e l y d e t e r m i n e d . F i g u r e s o f 3 5 0 f e e t f o : 

t h e L a k e t o w n a n d 4 0 0 f e e t f o r G u i l m e t t e w o u l d b e a c l o s e 

a p p r o x i m a t i o n a n d t o t a l d i s p l a c e m e n t , i n c l u d i n g 5 5 0 f e e t 

o f S i m o n s o n , t h e r e f o r e , d o e s n o t e x c e e d 1 , 3 0 0 f e e t . T h e 

T e c o m a H i l l r e v e r s e f a u l t I s n o t m i n e r a l i z e d . 

T e c o m a H i l l N o r m a l F a u l t s 

W e s t o f t h e T e c o m a H i l l r e v e r s e f a u l t a r e n u m e r o u s 

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

t r e n d i n g f r a c t u r e s . I t I s i n t h e s e l a t t e r f r a c t u r e s , 

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

t h a t T e c o m a H i l l m i n e r a l i z a t i o n h a s o c c u r r e d . T h e n o r t h 

s o u t h t r e n d s a r e n o t m i n e r a l i z e d e x c e p t a t p o i n t s o f 

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

I m m e d i a t e l y w e s t o f t h e r e v e r s e f a u l t t h e t r a c e o f 

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

t h e L a k e t o w n D o l o m i t e i n c o n t a c t w i t h t h e O r d o v i c i a n 

P o g o n i p G r o u p , a n d i n p a r t i c u l a r , t h e L e h m a n F o r m a t i o n . 

T h e L e h m a n F o r m a t i o n I s a c t u a l l y p r e s e n t i n a h o r s t i 

s t r u c t u r e , f o r w i t h i n a f e w h u n d r e d f e e t w e s t o f t h e 

o n e b o u n d i n g f a u l t I s a 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 

t h a t d r o p s t h e L a k e t o w n D o l o m i t e d o w n i n t o c o n t a c t 

" , 
\ 
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plane dips steeply to the i'JeS1; and displacement is esti­

mated to be beti'reen 1,000 and 1,300 fe et. It can be 

demonstrated that the displacement is at least 600 feet 

as apparently the 'l"Thole Devonian Simonson Forma tiOl .. has 

been omitted. Upper limits on displacement are question~ 

able, for the amount of Laketo1'1il and Guilmette missing 

cannot be accurately determined. Figures of 350 feet for 

the Laketol'1ll and 400 feet for Guilmette lTould be a close 

approximation and total displacement, includinG 550 feet 

of Simonson, therefore, does not exceed 1,300 feet. The 

Tecoma Hill reverse fault is not mineralized. 

Tecoma H~ll Normal Fau~ 

~'rest of the Tecoma lUll reverse f8.ul tare nv.merous 

north trending normal faults cut by east and northeast 

trending fracttITes. It is in these latter fractures, 

and particularly at the ju..."1.CtiO:1S of the various trends, 

that Tecoma Hill mineralization has occurred. The north-

south trends are not mineralized except at pOints of 

intersection llith younger displacements. 

Immediately 'west of the reverse fault the trace of 

~ __ gn easterly dipping normal fault is exposed that brings 

the Laketolf.a Dolomite in contact "\ri th the Ordovician 

Pogonip Group, and in particular, the Lehman For,mation. 

The Lel~rul Formation is actually present in a horst 

structure, :tor Iri thin a felT ll1.ll1dred feet i'rest of the 

one boundinG fault is a llesterly dipping normal fault 

that drops the Laketoln.1. Dolomite dOll11 into contact 

.. 
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w i t h t h e w e s t e r n e d g e o f t h e L e h m a n F o r m a t i o n . I t w o u l d 

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

i n R e g u l a t o r C a n y o n t h a t t h e h o r s t s t r u c t u r e i s o l d e r 

t h a n t h e T e c o m a H i l l r e v e r s e r a u l t , a l t h o u g h t h i s c a n n o t 

b e p o s i t i v e l y d e m o n s t r a t e d . 

R e g u l a t o r C a n y o n F a u l t 

P o o r l y e x p o s e d s o u t h o f R e g u l a t o r C a n y o n o n t h e 

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

f a u l t t h a t d i s p l a c e s G u i l m e t t e l i m e s t o n e h o r i z o n s f o r 

1 , 0 0 0 y a r d s . T h e m o v e r m e n t o n t h e f a u l t h a s b e e n s t r i k e -

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

1 , 0 0 0 y a r d s a n d d o w n l e s s t h a n 2 0 0 f e e t . T h e p l a n e o f 

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

i n c l i n a t i o n t o t h e n o r t h . 

A f e w h u n d r e d y a r d s s o u t h o f t h e m i n e r a l i z e d z o n e 

o f C o p p e r M o u n t a i n t h e R e g u l a t o r C a n y o n t r a n s v e r s e f a u l t 

c u t s t h e r i d g e - l i n e i n a l o w p a s s . H e r e t h e u p p e r s h a l y 

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

w i t h t h e D i a m o n d P e a k F o r m a t i o n . B o t h f o r m a t i o n s a b u t t 

t h e f a u l t , a n d b o t h d i p t o t h e e a s t . F u r t h e r 

w e s t , i n R e g u l a t o r C a n y o n , F i s h H a v e n a n d L a k e t o w n b e d s 

o n t h e n o r t h s i d e o f t h e c a n y o n s t r i k e i n t o S i m o n s o n a n d 

G u i l m e t t e b e d s o n t h e s o u t h s i d e . 

T h e R e g u l a t o r C a n y o n f a u l t a p p e a r s t o b e y o u n g e r t h a n 

t h e m o n z o n i t e i n t r u s i o n f o r m i n o r o f f - s e t i n t h e i g n e o u s 

r o c k , a t i t s c o n t a c t w i t h s e d i m e n t a r y b e d s ' , c a n b e d e t e c t e d . 
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"In th the "I'rester-.a edge of the Lehman Formation. It "Iiould 

appear from relationships observed south of Tecoma Hill 

in Regulator Canyon that the horst structure is older 

thrul the Tecoma Hill reverse rault, although this cannot 

be positively demonstrated. 

Regulator Canyon Faul~ 

Poorly exposed south of Regulator Canyon on the 

north-facing slope is the trace of an east-11est transverse 

fault that displaces Guilmette limestone horizons for 

1,000 yards. The moverment on the fault has been strike­

slip, i-ri th the north side being displaced to the east 

1,000 yards and dOlm less than 200 feet. The plane of 

the fault is nearly vertical although there may be steep 

inclination to the north. 

A fev1 hundred yards south of the mineralized zone 

of Copper Mountain the Regulator Canyon transverse fault 

cuts the ridge-line in a 10"l'T pass. Here the upper shaly 

limestone unit of the Guilmette is brought in contact 

1nth the Diamond Peale Formation. Both formations abutt 

~inst the fatut, and both dip to the east. Further 

"I-rest, in Regulat0=f Oanyon, Fish Haven and Laketol,m beds 

on the north side of the canyon strike into Simonson and 

Guilmette beds on the south side. 

The Regulator Canyon fault appears to be younger thru1 

the monzonite intrusion f'or minor off-set in the igneous 

rock, at its contact with sedimentary beds', can be detected~ 
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B r e c e l a t e d a n d a l t e r e d z o n e s t h a t m i g h t n o r m a l l y b e 

e x p e c t e d i n t h e m o n z o n i t e a l o n g t h e s t r i k e o f t h e f a u l t 

h a v e n o t b e e n o b s e r v e d . . 

G r a s s y P a l m F a u l t 
/ 

/ 

A t t h e n o r t h e r n e n d o f C o p p e r M o u n t a i n a s e c o n d 

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

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

a n d P e r m i a n r o c k s . N o r t h o f t h e G r a s s y C a i r n f a u l t i s a 

p o s s i b l e e x t e n s i o n o f t h e n o r t h t r e n d i n g C o p p e r M o u n t a i n 

f a u l t z o n e . T h i s n o r t h e r n e x t e n s i o n h a s b e e n o f f - s e t 

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

b r i n g s P e r m i a n s t r a t a i n c o n t a c t w i t h O r d o v i c i a n . S i l u r i a n , 

a n d D e v o n i a n F o r m a t i o n s . O n l y s l i g h t d o w n w a r d m o v e m e n t 

i s a p p a r e n t o n t h e G r a s s y C a i r n f a u l t . 

I t I s t h e G r a s s y C a i r n a n d R e g u l a t o r C a n y o n t r a n s ­

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

o f t h e r i d g e l i n e b e t w e e n P a t t e r s o n P a s s a n d t h e n o r t h e r n 

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

t o t h e e a s t . 

P a t t e r s o n P a s s F a u l t 

A t r a n s v e r s e f a u l t o f p r o b a b l e l a r g e l a t e r a l a n d 

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

t e r m e d P a t t e r s o n P a s s , a t t h e s o u t h e r n e n d o f t h e m a p 

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

p o i n t f o r i t w a s i n t o t h i s z o n e o f w e a k n e s s t h a t t h e 

P a t t e r s o n P a s s m o n z o n i t e w a s i n t r u d e d . 
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Brecciated and altered zones that might normally be 

expected in the monzon~te along the strike o~ the fault 

have not been observed .• 

Grass~ Cairn Fault 
I 

I 

At the northern end of Copper Mountain a second 

transverse strike-slip fault crosses the ridge line and 
J 

brings Guilmette strata in contact with Mississippian 

and Permian rocks. North of the Grassy Cairn fault is a 

possible extension of the north trending Copper Mountain 

fault zone. This northern extension has been off-set 

to the east for a distance of several hundred yards and 

brings Permian strata in contact with Ordovician, Silurian, 

and Devonian Formations. Only slight dO"iIDWard movement 

is apparent on the Grassy Cairn fault. 

It is the Grassy Cairn and Regulator Canyon trans­

verse faults that result in the topographic off-set nature 

of the ridge line between Patterson Pass and the northern 

end of the range, for both faults displace the north sides 

to the east. 

Patterson Pass Fault 

A transverse fau1.t of probable large lateral and 

vertical displacement is recognized in the 101'1 divide 

termed Patterson Pass, at the southern end of the map 

area. The trace of the fault is not exposed at any 

point for it vIaS into this zone of weakness that the 

Patterson Pass monzonite was intruded. 
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Th e r e a s o n f o r s u s p e c t i n g a f a u l t w i t h a l a r g e 

s t r i k e - s l i p c o m p o n e n t i s r e a d i l y a p p a r e n t , f o r o n o p p o s i t e 

s i d e s o f t h e p a s s P r o s p e c t M o u n t a i n q u a r t z i t e o f P r o t e r o z o i 

( ? ) a n d C a m b r i a n a g e s t r i k e s t o w a r d a n d a p p r o x i m a t e l y 

p a r a l l e l t o t h e D e v o n a i n G - u i l m e t t e f o r m a t i o n a n d u n d i f f e r e n 

t i a t e d P e r m i a n r o c k . T h e P r o s p e c t M o u n t a i n F o r m a t i o n d i p s 

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

n o r t h - s t r i k i n g f r a c t u r e s . How m u c h o f t h e f o r m a t i o n i s 

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

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

s t r a t i g r a p h i c p r o b l e m s i n v o l v e d w i t h P r o t e r o z o i c - C a m b r i a n 

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

w o u l d n o t b e a n a m b i t i o u s e s t i m a t e . I f e v e n t h e p a r t o f 

t h e f o r m a t i o n e x p o s e d w e r e t a k e n t o r e p r e s e n t t h e v e r y t o p 

o f t h e P r o s p e c t M o u n t a i n a n d i f 2 , 0 0 0 f e e t o f t h e u n i t w e r e 

e x p o s e d , a m i n i m u m o f f - s e t o f 9 , 5 0 0 f e e t w o u l d b e n e c e s s a r y 

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

S i m i l a r l y , a n a l m o s t e q u a l l y l a r g e v e r t i c a l d i s p l a c e ­

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

e x p o s e d a t a n e l e v a t i o n o f 6 0 0 f e e t o r m o r e b e l o w t h e 

P r o s p e c t M o u n t a i n F o r m a t i o n , a n d a l l o f t h e l o w e r P a l e o z o i c 

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

T h e P a t t e r s o n P a s s s t r u c t u r e i s t h e m o s t i m p r e s s i v e 

i n t h e L u c i n d i s t r i c t a n d p o s s i b l y I n t h e w h o l e P i l o t 

R a n g e , I t s r e l a t i o n t o o t h e r m a j o r f a u l t s i n t h e L u c i n 

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

-66-

The reason for suspecting a fault 1v:-i th a large 

strike-slip component is readily apparent, for on opposite 
, 

sides of the pass prospect Mountain quartzite of proterozoic 

(?) and dambrian age strikes to't'lard and approximately 

parallel to the Devonain Guilmette formation and undifferen­

tiated Permian rock. The Prospect Mountain Formation dips 

steeply to the east ruld is itself complexly faulted by 

north-striking fractures" HO'Vl much of the formation is 

represented in this area is uncertain because of possible 

repetition by north-south faulting and because of complex 

stratigraphic problems involved 'Vdth Proterozoic-Cambrian 

boundary, but it would appear that several thousand feet 

1'Tould not be an ambitious estimate. If even the part of 

the formation exposed were taken to represent the very top 

of the Prospect Mountain and if 2,000 feet of the unit ioTere 

exposed, a minimum off-set of 9,500 feet 't'J'Ould be necessary 

to place the involved strata in their present positions. 

Similarly, an almost equally large vertical displace­

ment component is necessary, for the Guilmette strata are 

exposed at an elevation of 600 feet or more belo'toT the 

Prospect Mountain Formation, and all of the lower Paleozoic 

has still to be accounted for. 

The Patterson Pass structure is the most impressive 

in the Lucin district and possibly in the i'Thole Pilot 

Range. Its relation to other major faults in the Lucin 

district is not clearly understoud, althou~~ it is 
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d e f i n i t e l y k n o w n t o p r e c e d e t h e i m p l a c e m e n t o f t h e 

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

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

f e a t u r e s . T h a t i t i s y o u n g e r t h a n t h e C o p p e r M o u n t a i n 

n o r t h - s o u t h m o v e m e n t s a n d o l d e r t h a n o r c o r r e l a t i v e t o 

m a j o r e a s t - w e s t m o v e m e n t s f u r t h e r n o r t h i n t h e a r e a i s 

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

i n t h e l i g h t o f e x i s t i n g e v i d e n c e . 

O t h e r F a u l t s 

T h e r e a r e i n t h e n o r t h e r n p a r t o f t h e P i l o t R a n g e 

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

l a r g e r d i s p l a c e m e n t s m e n t i o n e d a b o v e . M o s t o f t h e m i n o r 

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

t h e l a r g e r f a u l t s ; t h a t i s , n o r m a l f a u l t s w i t h n o r t h , 

e a s t , o r n o r t h e a s t t r e n d s . M o s t d i s p l a c e m e n t s i n t h e 

a r e a n o r t h o f C o p p e r M o u n t a i n b r i n g i n t o c o n t a c t t h e 

M i s s i s s i p p i a n D i a m o n d P e a k a n d D i a m o n d P e a k - C h a i n m n a n 

u n d i f f e r e n t i a t e d a n d P e r m i a n P e q u o p f o r m a t i o n s a l t h o u g h 

s e v e r a l e f f e c t o l d e r s t r a t a . T h e d i s p l a c e m e n t s o n t h e 

m a j o r i t y o f f a u l t s i s s m a l l , p r o b a b l y n o t e x c e e d i n g 5 0 0 

f e e t i n a n y i n s t a n c e . 

-67-

defini tely kno,m to precede the implacement of the 

intrusive body. Uith only this one e;uide little can 

be said concerning relation to the Lucin structural 

fea ture s .Tha tit is YOlUlger than the Copper Mountain 

north-south movements and older than or correlative to 

major east-I'rest movements further north in the area is 

only a tentative suggestion, but perhaps the best possible 

in the light of existing evidence. 

other Fault.: 

There a re in the northern part of the ?ilot Ran~e 

many faults of minor sig.a.ificance Hh en compared to the 

larger displacements mentioned above . Most of the minor 

faults, hOl'rever, f all into the patterns est2.blished by 

the larger faults; ' that' is, normal faults 'Hi th north, 

east, or northeast trends. Most di splacement s in the 

are2. north of Copper H:ountain brinG i nto contact the 

H:issi ssippian Diamond Peale and Diamond Peak-Chainmnan 

undifferentiated and Permian Pequop formations although 

several effect older strata. The displacements on the 

majority of faults is small, probably not excee ding 500 

feet in any instance. 
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FOLDS 

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

a s j r m m e t r i c a l s y n e l i n e s a n d a n t i c l i n e s , b r o k e n b y i n t e r n a l 

n o r m a l f a u l t s a n d m a r g i n a l B a s i n a n d R a n g e f a u l t s . F o l d ­

i n g i s r e c o g n i z e d i n t w o s t a g e s a n d r e p r e s e n t s t w o p h a s e s 

o f d e f o r m a t i o n . T h e o l d e r f o l d i n g i s m o r e s e v e r e t h a n 

t h e y o u n g e r a n d a f f e c t s r o c k s o f O r d o v i c i a n , S i l u r i a n , 

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

M i s s i s s i p p i a n a n d y o u n g e r s e d i m e n t a r y r o c k s . P r e s e n t d i p s 

o f t h e P e r m i a n a n d o l d e r r o c k s a r e d u e i n p a r t t o p o s t -

P e r m i a n t i l t i n g a s s o c i a t e d w i t h M e s o z o i c a n d O e n o z o i c 

d e f o m r a t i o n . 

T h e w e s t e r n l i m b o f a n o p e n , p r e - M i s s i s s i p p i a n s y n c l i n e 

i s e x p o s e d o n t h e w e s t e r n f l a n k o f t h e P i l o t R a n g e , ( p l a t e 

3 , s e c . D - D 1 , E - E : ) „ T h e s y n c l i n a l a x i s a p p r o x i m a t e l y 

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

M o u n t a i n . T h e a x i s s t r i k e s b e t w e e n H5W a n d N 1 5 E a n d 

p l u n g e s s l i g h t l y t o t h e n o r t h . W e s t e r n l i m b s d i p b e t w e e n 

3 5 a n d 5 5 d e g r e e s t o ^ t h e e a s t w h e r e a s e a s t e r n l i m b s d i p 

1 5 a n d 2 0 d e g r e e s w e s t . I t i s o n l y p o s t u l a t e d ( p l a t e 3 , 

s e c . E - E J ) t h a t t h e w e s t e r l y d i p e x c e e d s 3 5 d e g r e e s f o r 

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

r o c k s . T h e f o l d h a s b e e n b r o k e n b y m a r g i n a l B a s i n a n d 

R a n g e a n d h e n c e t h e a n t i c l i n a l e x t e n s i o n t o t h e w e s t h a s 

b e e n d r o p p e d d o w n a n d p a r t i a l l y b u r i e d b y T e r t i a r y a n d 

Q u a r t e r n a r y s e d i m e n t s , ( p l a t e 3 , s e c , A - A 1 , D - D J , E - E ' ) . 

-68-

FOLDS 

Folds in the Lucin district consist o£ broad, open, 

aSJ~etrical synclines and anticlines, broken by internal 
" 

normal £aults and marginal Basin and Range faults. Fold-

ing is recognized in t"lvO stages and represents t.-ro phases 

of de£ormation. The older folding is more severe than 

the younger and a££ects rocks o£ Ordovician, Silurian, 

and Devonian age, whereas the younger folding a£fects 

Mississippian and younger sedimentary rocks. Present dips 

of the Permian and older rocks are due in part to post:.. 

Permian tilting associated Iii th Mesozoic and Cenozoic 

de£omration. 

The "'i-Tester-A limb o£ an open, pre-1fississippian syncline 

is exposed on the "I'restern £lank o£ the Pilot Range, (plate 

3, sec. D-D', E-E/)o The synclinal axis approximately 

follows the ridge line o£ the range, south o£ Copper 

Mountain. The axis strikes betvreen N5W and N15E and 

plunges slightly to the north. Western limbs dip betl'reen 

35 and 55 degrees to -the east vrhereas eastern limbs dip 

15 and 20 degrees i-rest. It is only postulated (plate 3, 

sec. E-E') that the westerly dip exceeds 35 degrees for 

}Ussissippian and younger rocks conceal much of the older 

rocks. The fold has been broken by marginal Basin and 

Range and hence the anticlinal extension to the i'rest has 

been dropped dO"'iID and partially buried by Tertiary and 

Quarternary sediments, (plate 3, sec. A-AI, D-DI, E_Et). 
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P a r t s o f t h e a n t i c l i n e c a n b e o b s e r v e d , h o w e v e r , w e s t a n d 

n o r t h w e s t o f C o p p e r M o u n t a i n , ( p l a t e 3 , s e c . B - B 1 , C - C ' ) 

a n d d i p s o n e i t h e r l i m b do n o t e x c e e d 3 0 d e g r e e s . A n t i ­

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

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

a r e o b s e r v e d e a s t a n d n o r t h e a s t o f C o p p e r M o u n t a i n , ( p l a t e 

3 , s e c . A - A { , a n d B - B 1 ) . N o r t h o f C o p p e r M o u n t a i n t h e 

f o l d s a r e p a r t i a l l y c o v e r e d b y M i s s i s s i p p i a n a n d P e r m i a n 

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

P o s t - M i s s i s s i p p i a n w a r p i n g i s e x h i b i t e d s o u t h o f 

C o p p e r M o u n t a i n , ( p l a t e 3 , s e c . D - D ' a n d E - E 1 ) a s a b r o a d , 

s h a l l o w , a s y m m e t r i c a l s y h c l i h e w h o s e a x i s s t r i k e s N5W t o N 1 5 I 

a n d p l u n g e s l e s s t h a n 1 0 d e g r e e s t o t h e n o r t h . D i p s o n 

e i t h e r l i m b do n o t e x c e e d 3 0 d e g r e e s . N o r t h o f C o p p e r 

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

w a r p , t h e d i p s o f w h o s e l i m b s a v e r a g e b e t w e e n 2 5 a n d 3 5 

d e g r e e s . . 

P e r m i a n r o c k s i n t h e s o u t h e a s t e r n m a r g i n o f t h e d i s ­

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

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

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

P e r m i a n r o c k s i n t h e G r a s s y C a i r n v i c i n i t y a r e t i l t e d t o 

t h e e a s t a t a n g l e s n o t e x c e e d i n g 20 d e g r e e s a n d t h i s i s 

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

M e s o z o i c o r C e n o z o i c d i s t u r b a n c e s . 

Parts of the anticline can be ob served, houever, Hest and 

110rth1'l"est of Oopper }fountain, (pla te 3, sec. B .• B 1
, 0_0 1

) 

and dips on either limb do not e::ce ed 30 de grees. Anti­

clinal extension to the ea st is l a r gely obscured by the 

mon~onite intrusive body although shalloH anticlinal folds 

are observed ea st and northeast of Oopper Mountain, (plate 

3, sec. A_AI, and B_Bi). North of Oo pper 110untain the 

fold s ar e partially ccvered by Mi ssis s ippian and Permian 

rocks that li e unconformably on their truncated edges. 

Post-Mississippian "Harping i s exh i bi ted south of 

Oo pper Mountain, (plate 3. sec. D-DI 2"nd E":'EI) a s a broa d, 

shall 011 , as;ymme tri ca l syne;line uho s e a :d s strilce s N5~"1 to N15I 

and plunGes l ess t han 10 d eGr ee s to the north . Dips on 

either limb do not exceed 30 de gr ees . Ncrth of Oo pper 

}10untain the fold is poorly ezpos"ed as :::r broad anticlinal 

lTarp, the di ps of lThose limbs averaGe bet"l"reen 25 2.l1d 35 

degrees. 

Permian rocks in the s outheas tern mar gin of the dis­

trict a re intensely distorted and brok~n but this condition 

is beli eved to be the result of gr avity s liding associated 

1'1i th monzonite intrusicn, r a ther t han re Giol1.2.1 compression. 

Permian rocks in the Gr a s s y Oairn vicini t y a re tilted to 

the ea st a t an Gl e s not exceeding 20 decr ee s and t his i s 

thought du e to oro genic movement ~ss ociate d either Hith 

Nesozoic or Oenozoic disturban ces . 
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U H 0 0 N F 0 R M I T I E S 

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

G r e a t B a s i n a r e r e c o g n i z e d i n t h e L u c i n d i s t r i c t . 

T h e s e i n c l u d e n o n - d e p o s i t i o n a l o r e r o s i o n a l b r e a k s b e t w e e n 

t h e L o w e r O r d o v i c i a n L e h m a n F o r m a t i o n a n d t h e M i d d l e 

O r d o v i c i a n E u r e k a Q u a r t z i t e , b e t w e e n t h e E u r e k a a n d t h e 

U p p e r O r d o v i c i a n P i s h H a v e n D o l o m i t e , b e t w e e n t h e P i s h 

H a v e n a n d t h e M i d d l e S i l u r i a n L a k e t o w n D o l o m i t e , a n d 

b e t w e e n t h e L a k e t o w n a n d t h e M i d d l e D e v o n i a n S i m o n s o n 

F o r m a t i o n . 

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

r e c o g n i z e d w h e r e U p p e r M i s s i s s i p p i a n D i a m o n d P e a k -

C h a i n m a n F o r m a t i o n t r u n c a t e s t h e t h r e e m e m b e r s o f t h e 

D e v o n i a n G u i l m e t t e F o r m a t i o n . T h a e a n g u l a r d i s c o r d a n c e 

i s a b o u t 1 5 t o 20 d e g r e e s a n d c a n b e b e s t o b s e r v e d s o u t h 

o f t h e R e g u l a t o r C a n y o n f a u l t . T h e u n c o n f o r m i t y r e p r e ­

s e n t s e v i d e n c e f o r P a l e o z o i c o r o g e n i c m o v e m e n t s t h a t h a v e 

b e e n p o s t u l a t e d b y N o l a n ( N o l a n , 1 9 2 8 ) , R o b e r t s ( R o b e r t s , 

e t a l , 1 9 5 8 ) , a n d R i g b y ( R i g b y , 1 9 5 9 ) t o a f f e c t t h e n o r t h ­

e a s t e r n p a r t o f N e v a d a a n d t h e n o r t h w e s t e r n a n d n o r t h -

c e n t r a l p a r t s o f U t a h d u r i n g L a t e D e v o n i a n a n d M i s s i s s i p ­

p i a n t i m e , o r t h e W e n d o v e r p h a s e o f t h e A n t l e r O r o g e n y a s 

p o s t u l a t e d b y S a d l i c k a n d S c h a e f f e r t o a f f e c t t h e W e n d o v e r 

a r e a d u r i n g M i d d l e M i s s i s s i p p i a n t i m e , ( S a d l i c k a n d 

S c h a e f f e r , 1 9 5 9 ) • 

•A' m i n o r a n g u l a r u n c o n f o r m i t y e x i s t s b e t w e e n t h e 

D i a m o n d P e a k - C h a i n m a n F o r m a t i o n a n d t h e b e d s o f V i r g i l i a n 

-,0 -

UIl JOlT FORrU TI ES 

Regiona l un conformit es ob serVed t hroughout t he ­

Gr ea t Ba sin are reco gnized in t h e Lu ci n di s trict. 

Th es e include non-de positional or ero s ional breaks be t ween 

the LO lfer Ordovi cian Lehman Forma tion and the Middle 

Ordovician Eureka Quartzi t e , b e t':'i.e en the Eureka and t he 

Upper Ordovici an Fi sh Hav en Dolomit e , between t he Fi sh 

Haven and t he Middl e Silurian La ke t olm Dolomi t e , an d 

betlTe en th e Laket01m and the r·1iddle Devoni an Simo ns on 

Forma tion. 

I n addi t ion , a prono un ced a~gular unconformity i s 

r eco gniz ed I'Th er e Upper Mi ssi ss i ppi an Di amond ? eak­

Chai nman Forma tion t r uncat es th e t hree memb er s of the 

Devoni an Guilmett e Formation. Tha e angular discordance 

is a bout 15 to 20 de grees and can be b es t observed s outh 

' of the Regula tor Canyon f ault. Th e unconformity r epre­

sent s evidence for Paleozoic oro geni c mo vement s that have 

been postulat ed by Nolan (Nolan, 1928 ), Roberts (Rob er ts , 

~ al, 1958), and Ri gby (Ri gby , 1959 ) t o a ff ect t he north­

east ern part of Neva da and t he northuestern and north ­

c en t ral part s of Utah dur ing Lat e Devoni an and Mi ss i ss i p­

pian tim e , or t he Wendover phase of th e Antl er Oro geny as 

pos t ul ated by Sadlick and Schaeff er to a ffect th e Wendover 

a r ea during Middle Mi ssi ss i ppi an t i me , (Sadlick and 

Scha3 ff er, 1959 ) • 

. A minor angul a,r unconformi ty exi s t s be t."deen t he 

Di amond Peak-Chai nman Forma tion and t he beds of Vi r gilian 



( ? ) - W o l f c a m p i a n a g e i n t h e a r e a s o u t h , o f C o p p e r M o u n t a i n . 

T h i s d i s c o r d a n c e , w i t h a n g u l a r i t y o f 1 0 d e g r e e s , s u g g e s t s 

a p o s t - L a t e M i s s i s s i p p i a n - p r e - M i d d l e o r L a t e P e n n s y l v a n i a n 

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

r e c o g n i z e d i n t h e S i l v e r a n d C r a t e r I s l a n d M o u n t a i n s 

( S c h a e f f e r a n d A n d e r s o n , 1 9 5 9 ) . 

P o s t - P e r m i a n 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 w h e r e L a t e 

T e r t i a r y v o l c a n i c d e b r i s r e s t s o n P e r m i a n a n d o l d e r r o c k s , 

a n d w h e r e r h y o l i t e a n d b a s a l t f l o w s r e s t o n t i l t e d E a r l y 

o r M i d d l e P l i o c e n e v i t r i c t u f f . 

GRAVITY S L I D E PHENOMENON 

I t h a s b e e n s u g g e s t e d t o t h i s w r i t e r b y Wm, L e e S t o k e s 

t h a t t h e i s o l a t e d P e r m i a n P e q u o p F o r m a t i o n a n d t h e p o s t -

L e o n a r d i a n b e d s i n t h e P a t t e r s o n P a s s a r e a a r e p e r h a p s i n 

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

b y M a c k i n , ( M a c k i n , i 9 6 0 ) i n s o u t h w e s t e r n U t a h . A l t h o u g h 

i t w a s i m p o s s i b l e t o r e - e x a m i n e t h e f i e l d r e l a t i o n s h i p s 

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

o n t h i s q u e s t i o n . 

M a c k i n s u g g e s t s t h e p o s s i b i l i t y t h a t b l o c k f a u l t i n g 

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

a n d R a n g e P r o v i n c e I n p o s t - o r o g e n i c t i m e , a n d t h a t s t r u c t u r e : 

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

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

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

(7) - Holfcampian age in the area south of Copper Nountain. 

This discordance, wi. th angulari ty of 10 degrees, suggests 

a post-Late Nississippian - pre-Middle or Late Pennsylvanian 

disturbance that correlates vith a similar orogenic phase 

recognized in the Silver and Crater Island Mountains 

(Schaeffer and Anderson, 1959). 

Post-Permian 11l1conformi ties are recognized i-There Late 

Tertiary volcanic debris rests on Permian and older rocks, 

and i'There rhyolite and basalt flOi-TS rest -on til ted Early 

or Middle Pliocene vitric tuff. 

GRAVITY SLIDE PHENO}illNON 

It has been sugGested to this uriter by Hm. Lee Stokes 

that the isolated Permian Pequop Formation and the post­

Leonardian beds in the Patterson Pass area are perhaps in 

their present positions due to gravity sliding as described 

by Maclcin, (Mackin, 1960) in southuestern utah. Although 

it i-TaS impossible to re-examine the field relationships 

in this new light it would seem appropriate to dwell briefly 

on this question. 

Mackin suggests the possibility that block faulting 

has been the only type of regional tectonism in the Basin 

and Range Province in post-orogenic time, and that structure: 

usually interpreted as orogenic thrust faults may merely 

be the result of emplacement of hypabyssal intrusions and 

gravity sliding from primary relief features raised by 
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i n t r u s i o n a n d " b l o c k f a u l t i n g . M a c k i n 1 s s t u d y d e a l s 

p r i m a r i l y w i t h g r a v i t y s l i d e r e l a t i o n s h i p s i n T e r t i a r y 

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

i n t h e P a t t e r s o n P a s s a r e a t o o . A l t h o u g h t h e p o s i t i o n o f 

t h e P e r m i a n r o c k s o n t h e P a t t e r P a s s s t o c k h a s n o t b e e n 

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

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

P a l e o z o i c s e c t i o n . I t i s e n t i r e l y p o s s i b l e t h e n t h a t - t h e 

i n t r u s i o n o f t h e P a t t e r s o n P a s s s t o c k c a u s e d t h e r a i s i n g 

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

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

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

i n t h i s c a s e t h e P e r m i a n s e d i m e n t a r y s e q u e n c e , t o s l i d e 

d o w n t h e s l o p e i n t o a s t a b l e p o s i t i o n . W h e r e a s t h e P e r m i a n 

r o c k s i n t h e a r e a a r e n o t b r e e c i a t e d , t h e y a r e b a d l y 

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

s e d i m e n t a r y b e d s e l s e w h e r e i n t h e L u c i n a r e a . S i m i l a r l y , 

t h e u p p e r - m o s t b e d s o f t h e P e q u o p F o r m a t i o n , w h i c h i s t h e 

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

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

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

b e L a t e C r e t a c e o u s t o E a r l y T e r t i a r y , t h e r e h a s b e e n a n 

i n v e r s i o n o f r e l i e f , f o r t h e m o n z o n i t e s t o c k i s t o p o g r a p h i ­

c a l l y t h e l o w e s t p a r t o f t h e a r e a i n q u e s t i o n . 
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intrusion and block fatuting . Mackin's study deals 

primarily I,d th gravity slide relationships in Tertiary 

volcanic rocks but it may be applicable to the Permian rocks 

in the Patterson Pass area too. Although the position of 

the Permian rocks on the Patter Pass stock has not been 

regarded as a thrust relationship it does appear strange 

that they should be so isolai;;edfrom the rest of the 

Paleozoic section. It is entirely possible then tha~ - the 

intrusion of the Patterson Pass stock caused the raising 

of the overlying relief features into unstable positions, 

perhaps causing slopes to exceed the angle of repose. It 

uo-q.ld then be possible and probable for the unstable mass, 

in this cas,e the Permian sedimentary sequence, to slide 
0 " 

do't"m the slope into a stable position. Hhereas · the Permian 

rocks in the area are not brecciated, they are badly 

fractured and their dips far exceed structural dips of 

sedimentary beds elsevlhere in the Lucin area. .Similarly, 

the upper-most beds of the Pequop Formation, uhich is .the 

lowest stratigraphic interval represented in the area, 

'tv-ould provide material on "which the mass 't'Tould slide most 

readily. Since the time of intrusion, uhich is thought to 

be Late Cretaceous to Early Tertiary, there has been an 

inversion of relief, for the monzonite stock is topographi-

cally the louest part of the area in question. 



ORE D E P O S I T S 

HISTORY AITD PRO DUO T I PIT. 

T h e d e p o s i t s o f t h e L u c i n d i s t r i c t w e r e d i s c o v e r e d i n 

t h e s u m m e r o f 1 8 6 8 a l t h o u g h t h e d i s t r i c t w a s n o t o r g a n i z e d 

a n d n a m e d u n t i l 1 8 7 2 . N a t i v e c o p p e r , r e d a n d b l a c k o : : l d e s , 

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

w e r e s h i p p e d l a r g e l y f r o m t h e Y e l l o w J a c k e t , W a d d e l l , 

C e n t r a l P a c i f i c , a n d F i r s t E x t e n s i o n c l a i m s . N a t i v e s i l v e r 

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

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

U n c l e Sam p r o p e r t i e s o n T e c o m a H i l l . 

T h e n e a r e s t s t a t i o n t o t h e m i n e s o n t h e m a i n l i n e 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 w a s T e c o m a , a s e t t l e m e n t o f 

a b o u t 2 0 0 p e o p l e a t t h e h e i g h t o f m i n i n g a c t i v i t y . S h i p ­

m e n t s o f o r e w e r e m a d e f r o m T u t t l e ' , a p o i n t a t t h e b a s e o f 

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

b e e n c o n s t r u c t e d . An a e r i a l t r a m w a s e m p l o y e d a f t e r 1 9 0 0 

t o t r a n s p o r t o r e f r o m C o p p e r M o u n t a i n m i n e s t o T u t t l e , t h e 

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

b e e n b r o u g h t t o T u t t l e b y w a g o n o r t r u c k . 

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

p r o p e r t y w a s t h e m o s t p r o m i n e n t a n d i n 1 8 7 1 t h e m i n e s h i p p e d 

4 0 0 t o n s o f s i x t y p e r c e n t l e a d a n d $ 6 0 t o | l 4 b s i l v e r o r e . 

M u r p h y ( 1 8 7 2 ) d e s c r i b e d t h e m i n i n g a c t i v i t y i n t h e 

T e c o m a a r e a a s f o l l o w s ; 

" T h e p r o p e r t y , ( T e c o m a ) h a s r e c e n t l y 
^ c h a n g e d o w n e r s h i p , h a v i n g b e e n p u r c h a s e d b y 

B u e l e n d B a t e m a n o n t h e 4 t h o f O c t o b e r , 1 8 7 1 , 
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ORE DE20:J I T8 

n r:3TORY AND ? RODUC TI ON , 

The deposits of the Lu cin dl :::; trict ire re di s covered in 

the summer of 1868 although the district Has not orc anized 

and named until 1872. Native cO P11 er, red and black o::i<1 es, 

and blue and gr een carbone. t es i'T '3re fir s t discovered and ores 

wer e shipped l a r Gol y fro@ the Yellow J a cke t, Waddell, 

Centra l ? acific, and First E~~t ',:m sion clo.i L1S . He. ti v e silver 

and lee.d sulpho.t e s, sulphides, ca rbono..tes, 2.nd molybdonite 

Here s ubseque1ltly mine d from the Tecom<':'., Inde pend en c e a~ld 

Uncle Sam prop erti es on Te com8. lIill. 

The nea r e st s t a tion to t he mi nes on the main lin e of 

the Southern Pc.cific Ro..ilro a d l,ras Te cor.le. , a s c ttlemen t 0 f 

about 200 peo ple a t the h oi C;:il"c of mininG acti vi ty. Shi D -

ments of ore lTere n18.de fro m Tuttle', a poin~ at the ba se of 

the Pilot Rance, to ITl1ich a spur fro m the main li11 e ha d 

b een constructed. iul a eri a l traill ':rc.s cnplo ye d after 1900 

to tranSl)Ort ore froiil Co pper HOlU1 t a in nin e s to Tuttl e , the 

terminal of the spur, but ore fro m Te coDa Hill has a l ways 

been brOUGht to Tuttl e b y H8.Gon or trucl:. 

In the Lucin dis t ric t in e e.rly yco..r s t h e Tecoma 

property 1'12.S the mos t prominent e.nd in 1371 the r:1in e s:li pped 

400 tons of six t y perc ent leo.d and $60 t o $140 silver or e . 

Murphy (1872) describe d t he mininG o. cti vity in t he 

Tecoma area a s foll o,,: ;s : 

"The pro perty , ( Te co m2. ) has r e cen tly 
chanbed ol-w cr shi p , havinG b e en purc ha::; ed by 
Bu el and Ba t ewan on the 4th of October, 1871, 

-73-
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f o r $ 1 2 5 , 0 0 0 g o l d . A t o w n s i t e w a s a t o n c e 
l a i d o u t a n d n a m e d B u e l . W h e r e p r e v i o u s l y 
t h e r e h a d b e e n o n l y f o u r o r f i v e c a b i n s 
o c c u p i e d b y s o m e 2 5 o r 3 0 q u i e t m i n e r s , i n 
t w o o r t h r e e w e e k s t h e r e s p r a n g u p t w o 
h o t e l s , t h r e e r e s t a u r a n t s , h a l f a d o z e n 
s a l o o n s , s t o r e s f o r m e r c h a n d i s e a n d a 
f u r n a c e o f 20 t o n s c a p a c i t y f o r e a c h 2 4 h o u r s . 

" P r o m 5 0 t o 7 0 m e n a r e e n g a g e d i n c h a r c o a l 
b u r n i n g a n d a b o u t d o u b l e t h e n u m b e r i n a n d 
a r o u n d t h e m i n e , a n d p u t t i n g u p t h e s m e l t i n g 
w o r k s , o f f i c e s , a n d o t h e r n e c e s s a r y b u i l d i n g s , 
f o r t h e B u e l c o m p a n y . 

"A s t a g e l i n e h a s b e e n e s t a b l i s h e d f r o m 
T e c o m a s t a t i o n t o t h e t o w n o f B u e l , a d i s t a n c e 
o f 5 m i l e s . A l a r g e a c c e s s i o n t o t h e m i n i n g 
p o p u l a t i o n h a s b e e n m a d e s i n c e t h e e r e c t i o n 
o f s m e l t i n g w o r k s . " 

T h e B u e l C i t y s m e l t e r , e r e c t e d b y t h e A m e r i c a n 

T e c o m a C o m p a n y t o r e d u c e l e a d o r e , w a s s u b s e q u e n t l y s o l d 

t o H o w l a n d a n d A s p i n w a l l o f New Y o r k i n 1 8 7 2 ; t h e l a t t e r 

f i r m s h i p p e d s e v e r a l t h o u s a n d t o n s o f 45 . p e r c e n t l e a d a n d 

3 5 o u n c e s i l v e r o r e b e t w e e n 1 8 7 2 a n d 1 8 7 6 . T h e f u r n a c e w a s 

s h u t d o w n i n I 8 7 6 b e c a u s e o f h i g h o p e r a t i n g c o s t s , c r u d e 

e x t r a c t i o n m e t h o d s a n d a s m a l l s u p p l y o f o r e . I t h a s b e e n 

I d l e e v e r s i n c e . 

T h e E n g l i s h T e c o m a C o m p a n y o w n e d s e v e r a l c l a i m s d u r i n g 

t h i s e a r l y p e r i o d , a n d s h i p p e d a b o u t 1 , 0 0 0 t o n s o f l o w 

g r a d e o r e , c o n t a i n i n g 3 0 p e r c e n t l e a d a n d 1 0 t o 2 5 o u n c e s 

o f s i l v e r t o t h e i r c o m p a n y f u r n a c e a t T r u c k e e , C a l i f o r n i a . 

I n 1 8 7 4 , a b o u t 4 0 t o n s o f h o r n s i l v e r o r e , v a l u e d a t 

$ 1 6 , 0 0 0 w e r e c o l l e c t e d f r o m n e a r - s u r f a c e d e p o s i t s a t t h e 

B l a c k W a r r i o r c l a i m o n T e c o m a H i l l . 
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for $125,000 gold. A t01ffi site \"Tas at once 
laid out and named Buel. Where previously 
there had been only four or five cabins 
occupied by some 25 or 30 Quiet miners, in 
t1'lO or three I'Te eks there spranG up t1'TO 
hotels, three restaurants, half a dozen 
saloons, stores for merchandis e and a 
furnace of 20 tons capacity for each 24 hours. 

"From 50 to 70 men are enGag ed in charcoal 
burning and a bout double the 'number in and 
around the mine, ' and putting up the smelting 
l'lorks, offices, and other nec essary buildings, 
for the Buel company. 

"A stage line ha s been established from 
Tecoma station to the tOvill of Buel, a distance 
of 5 miles. A large accession to the mininG 
population has been made since the erection 
of smeltinG works." 

The Buel City smelter, erected by the American 

Tecoma Company to reduce lea d ore, Has subs eQuently sold 

to Howland and Aspim'ra:),.l of NelI York in 1872; the latter 

firm shipped several thousand ~ons of 42 percent lead and 

35 ounce silver ore betI'Teen 1872 and 1876. The furnace I'TaS 

shut d01'm in 1876 because of hiGh opera ting costs, crude 

extraction methods and a small supply of ore . It has been 

idle ever since. 

The English Tecoma Company olmed several claims during 

this early period, and shipped about ~,OOO tons of lou 

grade ore, containing 30 percent lead and 10 to 25 OIDlces 

of silver to their company furnace at Truckee, California. 

In ],,874, about 40 tons of horn silver ore, valued at 

$16,000 Here collected from near- surfa ce de.posits at the 

Black Ifarrior claim on Te coma Hill. 
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R e c o r d s o f m i n i n g a c t i v i t y a r e s c a n t y ; b e t w e e n 1 8 7 6 

a n d 1 8 8 6 , B o x E l d e r C o u n t y r e c o r d s s h o w o n l y a d o z e n n e w 

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

2 5 f i l i n g s p r i o r t o I 8 7 6 . 

B e t w e e n 1 8 8 6 a n d 1 8 9 4 , h o w e v e r , c o p p e r p r o p e r t i e s 

w e r e v i g o r o u s l y w o r k e d a n d s u b s e q u e n t l y s o l d t o t h e 

S a l t L a k e C o p p e r C o m p a n y , D u r i n g t h i s i n t e r v a l i r o n , 

a l t h o u g h h i g h i n a l u m i n a a n d s i l i c a c o n t e n t , a l s o w a s 

r e c o v e r e d a n d s h i p p e d t o S a l t L a k e s m e l t e r s f o r u s e a s a 

f l u x . T h e m o s t n o t e d i r o n a n d c o p p e r p r o p e r t y i n t h e 

L u c i n d i s t r i c t w a s t h e " G l o r y H o l e , " a t t h e s u m m i t o f 

C o p p e r M o u n t a i n , T h e o r i g i n a l " G l o r y H o l e " i s n o w c o v e r e d 

b y w a s t e f r o m n e w e r o p e n p i t s . 

T h e m a j o r i t y o f c l a i m s r e c o r d e d i n t h e L u c i n d i s t r i c t 

w e r e f i l e d b e t w e e n 1 8 8 6 a n d 1 9 1 0 a n d w o r k e d i n t e r m i t t e n t l y 

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

I n 1 9 0 2 , v a r l s c i t e d e p o s i t s w e r e d i s c o v e r e d o n U t a h l i t e 

H i l l a f e w m i l e s n o r t h o f L u c i n . V a r i s c i t e , a g e m s t o n e 

w e l l a d a p t e d f o r t h e m a k i n g o f c r a f t s m a n o r b a r b a r i c * 

j e w e l r y , w a s r e c o v e r e d i n m i n o r a m o u n t s f r o m t h e U t a h Gem, 

U t a h l i t e , P r o t e c t i o n L o d e , G r e e n b a c k L o d e a n d S e n t i n a l 

c l a i m s . T h e s e d e p o s i t s w e r e n e v e r c o m m e r c i a l l y i m p o r t a n t 

# " . . . t y p e o f o r n a m e n t c o n s i s t s o f v a r i o u s p r e c i o u s a n d 
- s e m i p r e c i o u s s t o n e s a n d g e m m a t r i c e s w o r k e d i n t o l a r g e a n d 

s m a l l s e t t i n g s o f g o l d , p l a t i n u m , s i l v e r o r a l l o y m a t e r i a l 
a n d b u i l t a l o n g t h e l i n e s o f q u a i n t o r i e n t a l a n d o t h e r 
d e s i g n s , " 
( P e p p e r b u r g , 1 9 1 0 ) 
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Records of mining activity are scanty; betueen 1876 

and 1886, Box Elder County records show only a dozen nerT 

claims filed during that interval, compared to more than 

25 filings prior to 1876. 

Between 1886 and 1894, however, copper properties 

'tv-ere vigorously worked and subsequently sold to the 

Salt Lake Copper Company. During this interval iron, 

although high in alumina and silica content, also was 

recovered and shipped to Salt Lake smelters for use as a 

flux. The most noted iron and copper property in the 

Lucin district was the "Glory Hole," at the summit of 

Copper l-iountain. The original "Glory Hole" is nOiV' covered 

by i-Taste from newer open pits. 

The majority of claims recorded in the Lucin district 

't-Tere filed bet1'1"een 1886 and 1910 and 1vorked intermittently 

by at least fifteen different mining and exploration companies. 

In 1902, variscite deposits were discovered on Utahlite 

Hill a few ~tles north of Lucin. Variscite, a gemstone 

I'Tell adapted for the mal'Cing of craftsman or barbaric* 

j erTelry, 'VTas re covered in minor amount s from the Utah Gem, 

Utahlite, Protection Lode, Greenback Lode and Sentinal 

claims. These deposits 1'rere never commercially important 

* Ii ••• type of ornament consists of various precious and 
--semiprecious· stones and gem matrices icrorked into large and 
small settings of gol~, platintun, $~lver or alloy material 
and built along the lines of quaint oriental and other 
designs ~ II 

(Pepperburg, 1910) 
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a s g e m s t o n e p r o d u c e r s , a l t h o u g h i n t e r e s t w a s b r i e f l y 

r e v i v e d i n 1 9 5 7 i n s e a r c h f o r l a p i d a r y m a t e r i a l . 

P r o m 1 8 7 0 t o 1 9 1 7 t h e f o l l o w i n g m e t a l v a l u e s w e r e 

r e c o v e r e d f r o m t h e L u c i n d i s t r i c t : ( B u t l e r e t a l . , 1 9 2 0 , 

p . 4 8 9 ) 

G o l d S i l v e r C o p p e r L e a d , Z i n c T o t a l 

1 8 7 0 - 1 9 0 5 f - $ 2 2 0 , 2 8 2 $ 2 3 7 , 8 3 5 # 2 1 9 , 7 2 0 t — '" | , 6 7 7 , 8 3 7 

1 9 0 6 - 1 9 1 3 5 6 3 1 2 , 3 8 7 1 , 7 6 7 , 3 4 6 7 , 9 7 3 — 1 , 7 8 8 , 2 6 9 

1 9 1 4 - 1 9 1 7 1 , 5 9 5 2 0 , 8 1 5 6 9 7 , 0 7 7 6 7 , 0 6 3 3 4 , 6 8 0 7 9 0 , 0 8 7 

# 2 , 1 5 8 1 2 5 3 , 4 8 4 | 2 , 7 0 2 , 2 5 8 $ 2 9 4 , 7 5 6 | 3 4 , 6 8 0 $ 3 , 2 5 6 , 1 9 3 

G o l d 
P i n e 
O u n c e s 

S i l v e r 
P i n e 
O u n c e s 

C o p p e r 
P o u n d s 

L e a d Z i n c 
P o u n d s P o u n d s 

1 8 7 0 - 1 9 0 5 — 1 7 6 , 0 0 0 1 , 6 7 5 , 2 0 0 3 , 7 2 0 , 0 0 0 

1 9 0 6 - 1 9 1 3 2 7 . 2 9 2 1 , 8 6 6 1 2 , 1 2 7 , 4 1 8 1 7 7 , 4 8 1 

1 9 1 3 - 1 9 1 7 7 7 . 1 4 2 7 , 2 5 0 2 , 8 7 4 ? 7 0 ? 8 5 1 , 6 4 1 3 4 , 6 8 0 

1 0 4 . 4 3 2 2 5 , 1 3 6 1 6 , 5 7 7 , 3 2 1 4 , 7 4 9 , 1 2 2 3 4 , 6 8 0 

M i n i n g i n t e r e s t d e c l i n e d s h a r p l y a f t e r W o r l d W a r I 

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

C o p p e r M o u n t a i n a r e a b e t w e e n 1 9 2 0 a n d 1 9 5 8 . 

T h e a e r i a l t r a m , c o n n e c t i n g C o p p e r M o u n t a i n p r o p e r t i e s 

w i t h t h e s p u r t e r m i n a l , c e a s e d o p e r a t i o n i n 1 9 3 5 . I n 1 9 4 1 , 

t h e t r a m a n d t h e B u e l C i t y s m e l t e r w e r e s o l d f o r s c r a p . 

I n 1 9 3 7 , t h e B u e l s c h o o l , t h e o n e r e m a i n i n g v e s t i g e o f 

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

Z i n c o r e w a s r e c o v e r e d f r o m t h e B l a c k W a r r i o r a n d 

T e c o m a p r o p e r t i e s o n T e c o m a H i l l u n t i l a s l a t e a s 1 9 4 3 , 

b u t h i g h s h i p p i n g c o s t s t o a m i d - w e s t e r n s m e l t e r f o r c e d 
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as gem stone producers , although interest viaS briefly 

revived in 1957 in search for lapidary material. 

From 1870 to 1917 the following metal values I'Tere 

recovered from the Lucin district: (Butler et al., 1920, 

p. 489) 

Gold Silver Oopper Lead Zinc Total 

1870-1905 $ $220,282 $ 237,835 $219,720 $ $ .677,837 

1906-1913 563 12,387 1,767,346 7,973 1,788,269 

1914-1917 l z595 20,815 697 z0Z7 67 206;2. ;241;680 790 z087 

$2,158 $253,484 $2,702,258 $294~756 $34,680$3,256,193 

Gold Silver Copper Lead Zinc 
Fine Fine pounds Pounds P01Ulds 
Ounces Ounces 

1870-1905 176,000 1,675,200 3,720,000 

1906-1913 27.29 21,866 12,127,418 177,481 

1913-1917 7Z·14 2Z,250 2,874~703 851,641 24,680 

104.43 225,136 16,577,321 4,749,122 34,680 

Mining interest declined sharply after Horld lIar I 

al though as many as fifty new" claims W'ere filed in the 

Copper Mountain aT ea b etw"e en 1920 and 1958. 

The aerial tram, connecting Copper Mountain properties 

with the spur terminal, ceased operation in 1935. In 1941, 

the tram and the Buel City smelter "tv-ere sold for scrap. 

In 1937, the Buel school, the one remaining vestige of 

the former town,I'/8.S offi cially cl0 sed. 

Zinc ore 11as recovered from the Black Warrior and 

Tecoma properties on Tecoma Hill until as late as 1943, 

but high shipping costs to a mid-western smelter forced 
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t h e i r c l o s u r e . B e t w e e n 1 9 4 5 a n d 1 9 5 8 p r o d u c t i o n h a s b e e n 

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

s i l v e r o r e l e s s t h a n 1 0 , 0 0 0 t o n s . D u r i n g t h e l a t e 1 9 4 o ' s 

a n d e a r l y 1 9 5 0 } s t h e C o p p e r M o u n t a i n M i n i n g C o m p a n y i n t e r ­

m i t t e n t l y m i n e d l o w g r a d e c o p p e r a n d i r o n o r e f r o m o p e n 

p i t s n e a r t h e " G l o r y H o l e , " a n d l o w g r a d e l e a d - s i l v e r o r e 

f r o m t h e W a l k e r T u n n e l b e l o w C o p p e r M o u n t a i n . B e t w e e n 1 9 4 5 

a n d 1 9 4 8 t h e E n g l a n d B r o t h e r s C o m p a n y o f T o o e l e , U t a h , a l s o 

a t t e m p t e d t o r e v i v e t h e C o p p e r M o u n t a i n w o r k i n g s b u t t h e 

v e n t u r e p r o v e d u n s u c c e s s f u l . I n 1 9 5 0 a n d 1 9 5 1 C h u r c h a n d 

W e s t o v e r l e a s e d t h e o p e n p i t s f o r c o p p e r a n d i r o n r e c o v e r y 

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

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

s u m m i t ' s o p e n p i t s a n d W a l k e r T u n n e l , F r a z e r a n d . E l f e 

c o n t i n u e d t h e w o r k I n t h e C o p p e r M o u n t a i n a r e a i n 1 9 5 2 

a n d 1 9 5 3 b u t o n l y s m a l l q u a n t i t i e s o f l o w g r a d e c o p p e r 

c a r b o n a t e a n d o x i d e o r e w a s r e c o v e r e d . 

T h e l a s t m a j o r m i n i n g o p e r a t i o n i n t h e d i s t r i c t w a s 

c a r r i e d o n I n 1 9 5 3 b y M a c F a r l a n d a n d H u l l i n g e r , I n a 

p e r i o d o f s e v e r a l m o n t h s a l m o s t 9 , 0 0 0 ton^s o f l o w g r a d e 

l i m o n i t e v a l u e d a t $ 5 0 , 0 0 0 w a s r e c o v e r e d f r o m t h e " G l o r y 

H o l e " a r e a , a n d s h i p p e d t o R i c h l a n d , W a s h i n g t o n , f o r u s e 

b y t h e A t o m i c E n e r g y C o m m i s s i o n . 

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

g o l d o r e w a s m a d e I n 1 9 5 5 b y P r a z i e r a n d K i l l i o n t o t h e 

A m e r i c a n S m e l t i n g a n d R e f i n i n g C o r p o r a t i o n p l a n t a t G a r f i e l d , 

U t a h , a n d t o t h e N e v a d a C o n s o l i d a t e d C o p p e r C o m p a n y a t 

M c G i l l , N e v a d a . 
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their closu.re. Bet't"Teen 1945 and 1958 production ,has been 

meager vTith total reeovery of iron, copper, lead and 

silver ore less than 10,000 tons.. DLU'ing the late 1940's 

and early 1950's the Oopper Mountain Mining Oompany inter­

mi ttrul tly mined lOll grade copper and iron are from open 

pits ncar the "Glory HOle," and 10lT grade lead-silver are 

fron: the 1Ialker Tunnel below' Oopper l-iou.r.i.-cain. Betw'een 1945 

and 1948 the England Brothers Oompany of Teoele, Utah, also 

a tte:mpted to revive the Oopper 1IIcl.U1tc~in 1';rorkings but the 

venture proved ~~successful. In 1950 and 1951 Ohurch and 

Westover leased the open pits for copper and iron recovery 

and durinG this same interval local individuals shipped 

small q,uantities of copper~ lead and silver ore from the 

sumni tis open pi ts and lTal1:er Tunnel. Frazer and Fife 

continued the work in the Oopper }IO"wltain a.rea in 1952 

and 1953 but only small Quanti ties of lS'lT grade copper 

carbonate and oxide ore uas recovered. 

The last major mininG OlJeration in the district 11'8..S 

carried on in 1953 by l-fu.cFarland and Hullinger. In a 

period of several months almost 9,000 tons of 101'T grade 

limoni te valued at $50,000 1TaS recovered from the ','Glory 

Hole" area and shipped to Richland, vlashington, for use 

by the Atomic Energy Oommission. 

The final shipment of lOlv grade copper ~ silver, and 

gold ore v1'8..s made in 1955 by Frazier and Killion to the 

American Smelting and Ref~ning Oorporation plant at Garfield, 

Utah, and to the Nevada Oonsolidated Copper Oompany at 

McGill, Nevada. 



~ 7 3 ~ 

C o p p e r M o u n t a i n w a s o w n e d b y t h e L e w i s h o l n B r o t h e r s o f 

New Y o r k C i t y d u r i n g t h e p e r i o d f r o m 1 9 4 8 t o 1 9 5 5 . L i t t l e 

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

1 9 5 5 . C o p p e r M o u n t a i n w a s s o l d i n 1 9 5 5 t o U r a n i u m 

P e t r o l e u m C o r p o r a t i o n , ( U p e t c o ) , a S a l t L a k e f i r m b u t l i t t l e 

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

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

c o p p e r . 

P r o d u c t i o n d a t a f o r t h e L u c i n d i s t r i c t s i n c e 1 9 1 7 a r e 

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

v a l u e f r o m t h e C o p p e r M o u n t a i n a r e a a l o n e m a y e x c e e d f i v e 

m i l l i o n d o l l a r s . P r o d u c t i o n f r o m t h e T e c o m a H i l l p r o p e r t i e s 

s i n c e 1 9 1 7 h a s b e e n i n s i g n i f i c a n t . 

C l a i m m a p s f o r t h e . C o p p e r M o u n t a i n a n d T e c o m a H i l l 

a r e a s a r e p r e s e n t e d o n p l a t e s 5 - a n d 6 0 

·-78-

Oopper Mountain vTaS OI,m ed by t.he Lei·risholn Brothers . of 

New York Oity during the period from 1948 to 1955. Little 

mining has been done except by local prospecto~s since 

1955. Oopper Mountain "lvas sold in 1955 to Uranium , 

Petroleum Oorporation, (Upetco), a Salt Lalce firm but little 

development has been attempted becaus e of prohibitive mining 

and milling co sts and the low price n01-1 offered for domesti c 

copper. 

Production data for the Lucin district since 1917 are 

not available although it is probable that total production 

value from the Oopper Mountain area alone may exceed five 

million dollars. Production from t.he Tecoma Hill properties 

since 1917 has been insi gnificant. 

Olaim maps for the _Oopper Motmtain and Tecoma Hill 

areas are presented on plates 5- and 60 
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ORE D E P O S I T S 

G e n e r a l S t a t e m e n t 

M i n e r a l i z a t i o n I n t h e L u c i n d i s t r i c t i s g e n e t i c a l l y 

a s s o c i a t e d w i t h t h e P a t t e r s o n P a s s m o n z o n i t e i n t r u s i v e a n d 

o r e d e p o s i t s a r e c o n f i n e d t o s t r a t a o f O r d o v i c i a n , S i l u r i a n , 

a n d D e v o n i a n a g e . 

O r e d e p o s i t s a r e c l a s s i f i e d a s h y d r o t h e r m a l f i s s u r e -

f i l l i n g a n d r e p l a c e m e n t b o d i e s o f o x i d i z e d c o p p e r , i r o n , 

s i l v e r , l e a d , a n d z i n c w i t h i n t h e O r d o v i c i a n P i s h H a v e n 

D o l o m i t e , S i l u r i a n L a k e t o w n F o r m a t i o n a n d t h e l o w e r l i m e ­

s t o n e m e m b e r o f t h e G u i l m e t t e F o r m a t i o n . N o n - c o m m e r c i a l 

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

d o l o m i t e a d j a c e n t t o t h e m o n z o n i t e . T h e i n t r u s i o n i s t h o u g h t 

" t o b e a s s o c i a t e d w i t h L a r a m i d e d e f o r m a t i o n a n d i t i s p r o b a b l e 

. . t h a t m i n e r a l i z a t i o n a l s o o c c u r r e d d u r i n g t h a t i n t e r v a l . 

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

i r o n o n C o p p e r M o u n t a i n . C o p p e r , l e a d a n d s i l v e r a s w e l l 

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

d i g g i n g s o n T e c o m a H i l l . 

O r e o n C o p p e r M o u n t a i n i s c o m p o s e d o f n u m e r o u s c l a y 

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

n a t i v e c o p p e r . T h e d e p o s i t a s a w h o l e c o n t a i n s a s m u c h a s 

"50% t o 3 5 $ a l u m i n u m o x i d e . 

T h e o r e h a s b e e n a l m o s t c o m p l e t e l y o x i d i z e d t o c a r b o n a t e s , 

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

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

I n s m a l l q u a n t i t i e s , h o w e v e r , f r o m s e v e r a l w o r k i n g s o n 
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ORE DEPOSITS 

General Statement 

Mineralization in the Lucin district is genetically 

associated 1'Ti th the Patterson Pass monzonite intrusive and 

ore deposits are confined to strata of Ordovician, Silurian, 

and Devonian age. 

Ore deposits are classified as hydrothermal fissure-

filling and replacement bodies of oxidized copper, iron, 

silver, lead, and zinc l,ri thin the Ordovician Fish Haven 

Dolomi te, Silurian Laketo'iffi Formation and the IOI'ler lime­

stone member of the Guilmette Formationo Non-commercial 

contact metamorphic deposits occur locally in limestone and 

dolomite adjacent to the monzcni teo Theintnlsion is thought 

-to be associated 1-ri th Laramide det'orm.ation and it is probable 

.. that mineralization also occurred. dlJ.ring that interval. 

Replacement bodies have produced primarily copper and 

iron on Copper Mountain. Copper, lead and silver as well 

as small amounts of zinc and gold have been recovered from 

diggings on Tecoma Hill. 

Ore on Copper Mountain is composed of numerous clay 

minerals, cuprite, malachite~ azurite, e:hrysocolla and 

native copper. The deposit as a lifhole contains as much as 
/ 

30% to 35% aluminum oxide. 

The ore has been almost completely oxidized to carbonates, 

oxid~ ... s and slllphates from the su;rface to,considerabl-e 

depth. primary lead and silver sulphides have been recovered 

in small quanti ties, hOT"rever, from several I'Torkings on 

-79-



ORE D E P O S I T S 

G e n e r a l S t a t e m e n t 

M i n e r a l i z a t i o n i n t h e L u c i n d i s t r i c t i s g e n e t i c a l l y 

a s s o c i a t e d w i t h t h e P a t t e r s o n P a s s m o n z o n i t e i n t r u s i v e a n d 

o r e d e p o s i t s a r e c o n f i n e d t o s t r a t a o f O r d o v i c i a n , S i l u r i a n , 

a n d D e v o n i a n a g e . 

O r e d e p o s i t s a r e c l a s s i f i e d a s h y d r o t h e r m a l f i s s u r e -

f i l l i n g a n d r e p l a c e m e n t b o d i e s o f o x i d i z e d c o p p e r , i r o n , 

s i l v e r , l e a d , a n d z i n c w i t h i n t h e O r d o v i c i a n P i s h H a v e n 

D o l o m i t e , S i l u r i a n L a k e t o w n P o r m a t i o n a n d t h e l o w e r l i m e ­

s t o n e m e m b e r o f t h e G u i l m e t t e P o r m a t i o n . N o n - c o m m e r c i a l 

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

d o l o m i t e a d j a c e n t t o t h e m o n z o n i t e . T h e i n t r u s i o n i s t h o u g h t 

" t o b e a s s o c i a t e d w i t h L a r a m i d e d e f o r m a t i o n a n d i t i s p r o b a b l e 

. t h a t m i n e r a l i z a t i o n a l s o o c c u r r e d d u r i n g t h a t i n t e r v a l . 

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

i r o n o n C o p p e r M o u n t a i n . C o p p e r , l e a d a n d s i l v e r a s w e l l 

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

d i g g i n g s o n T e c o m a H i l l . 

O r e o n C o p p e r M o u n t a i n i s c o m p o s e d o f n u m e r o u s c l a y 

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

n a t i v e c o p p e r . T h e d e p o s i t a s a w h o l e c o n t a i n s a s m u c h a s 

~5§% t o 35% a l u m i n u m o x i d e . 

T h e o r e h a s b e e n a l m o s t c o m p l e t e l y o x i d i z e d t o c a r b o n a t e s , 

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

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

ORE DEPOSITS 

General Statement 

1-iineralization in the Lucin di s trict is genetically 

associated nith the Patterson Pass monzonite intrusive and 

ore deposits are confi.ned to strata of Ordovician, Silurian, 

and Devonian age. 

Ore deposits are 81assified as hydrothermal fissure-

filling and replacement bodies of oxidized copper, iron, 

silver, lead, and zinc 'irlthin the Ordovic:i.811 Fish Haven 

Dolomi te, Silurian LaketoTrffi Formation and the lOl'rer lime-

stone member of the Guilmette Forma tion. Non~commercial 

contact metamorphic deposits occur lo cally :i.n limestone and 

dolomite adjacent to the monzoniteoThe intrusion is' thought 

-to be associated I'rith La.ramide defor'Illation and it is probable 
- -

, that mineralization also 0 c.~curred. during that interval. 

Re pl a cement bodies have produc:cd primarily copper and 

iron on Copper Mountain. Copper, le ad and silver as I'Tell 

as small amounts of zinc and gold have been recovered from 

diggings on Tecoma Hill. 

Ore on Copper Mountain is composed of numerous clay 

minerals, cuprite, malachite~ azurite, chrysocolla and 

native copper. The deposit as n whole contains as much as 
I 

30% to 35% alruninum oxid e . 

The ore has been almost compl etely o xidiz~d to carbonates, 

oxidE?,s and sulphates from the surface to ,considerabl-e 

depth . ?ri mary l ead and silver sul phide s nave been recovered 



T e c o m a H i l l a n d f r o m t h e C o p p e r M o u n t a i n p i t s , b u t n o 

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

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

M o u n t a i n o r T e c o m a H i l l . 

C o n t a c t m e t a m o r p h i c s i l i c a t e d e p o s i t s i n l i m e s t o n e a n d 

d o l o m i t e a d j a c e n t t o t h e q u a r t z m o n z o n i t e h a v e b e e n p r o s ­

p e c t e d n o r t h o f T e c o m a H i l l a n d o n l y g a r n e t , d i o a s i d e 

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

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

A l t e r a t i o n o f t h e h o s t c a r b o n a t e r o c k s a n d m o n z o n i t e i s 

o f l i t t l e c o n s e q u e n c e a l t h o u g h t h e m o n z o n i t e s h o w s t r a c e s o f 

s l i g h t c h l o r i t i z a t i o n a n d s e r i c i t i z a t i o n . B l e a c h i n g a n d 

s o f t e n i n g o f c a r b o n a t e s , c h a n g e s i n g r a i n s i z e , a n d a 

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

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

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

b e e n e n c o u n t e r e d w i t h L u c i n c o p p e r d e p o s i t s b e c a u s e o f 

h i g h p e r c e n t a g e s o f a l u m i n u m o x i d e a n d s i l i c a . A t p r e s e n t 

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

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

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

o r f i l t e r p r o p e r l y ( Q u i g l e y , 1 9 5 5 ) . P r o b l e m s w i t h r o a s t ­

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

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

i 9 6 0 u n p r o f i t a b l e . A s u m m a r y o f e x p e r i m e n t a l o r e t r e a t m e n t 

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

Tecoma Hill and from the Copper Motmtain pits, but no 

copper sulphide body has been encotmtered, nor have any 

secondary sulphides been observed either beneath Copper 

Motm t a.in or Te coma Hillo 

Contact metamorphi.c silicate de posits in limestone and 

dolomi te adjacent to the quartz monzonite ha've been pros­

pected north of Tecoma Hill and onl y Garnets diopside 

and tr emoli te mi.neralization has been recognized. These 

pits have not yielded ore. 

Alteration of the host carbona te rocks and monzonite is 

of little consequence although the monzonite shows traces of 

slight chloritizati.on and seri.citiza tion. Bleaching and 

softening of carbonates, changes in c;raJ_n si.ze, and a 

slight increase in porosi.ty and permeability are the only 

physical or chemi.cal changes affecting the- se dimentary rocks . . 

An extremely difficult problem of ore treatment has 

been encount ered I,d th Lucin copper deposi ts b eca'J.se of 

high percentages of aluminum oxide and si. lica. At present 

ne~th er the clay type are nor the cuprite is adaptable to 

milling and metallurgical processes for ores do not readily 

separate with flotati.on methods nor 'l'rill they acid-leach 

or filter properly (Quigley, 1955). Problems I'rith roast­

ing of cuprite and crushing of native copper a lso exist 

thereby causing ore processi.ng to be expensive, and in 

1960 unprofita.ble. A summary of experimental ore treatment 

methods is presented in the appendixe 
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A t t h e t i m e o f t h i s s t u d y d r i f t s a n d s h a f t s w e r e 

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

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

t h e o p e n p i t s a t t h e C o p p e r M o u n t a i n s u m m i t a r e e a s i l y 

v i e w e d . 

C o p p e r M o u n t a i n M i n e r a l i z a t i o n 

C o p p e r a n d I r o n m i n e r a l i z a t i o n o f c o m m e r c i a l i m p o r t a n c e 

i s l o c a t e d o n C o p p e r M o u n t a i n a n d w o r k e d b y b o t h o p e n p i t 

a n d u n d e r g r o u n d o p e r a t i o n s . O r e o c c u r s a s o x i d i z e d r e p l a c e ­

m e n t b o d i e s o f s t r a t i f i e d c o p p e r a n d i r o n c a r b o n a t e s , o x i d e s 

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

w r i t e r I n c l u d e t h e f o l l o w i n g § 

a z u r i t e CU3(C O 3 ) ? ( O H ) 2 

m a l a c h i t e C u 2 ( C O 3 ) ( O H ) 2 

n a t i v e c o p p e r Cu 
c u p r i t e CuO 
c h r y s o c o l l a C u S i O j . 2 H 2 0 
g o e t h i t e F e O ( O H ) 
l i m o n i t e F e 0 ( 0 H ) . n H 2 0 + F e 2 0 3 . n H 2 0 
h e m a t i t e F e 2 0 3 

O r e m i n e r a l s r e p o r t e d "by e a r l i e r w r i t e r s b u t n o l o n g e r 

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

n a t i v e s i l v e r 
l e a d s u l p h i d e ( g a l e n a , ? ) 
l e a d c a r b o n a t e ( c e r u s s i t e , ? ) 
l e a d s u l p h a t e ( a n g l e s i t e , ? ) 

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

t h e m a r g i n s o f t h e o p e n p i t s c o n s i s t o f s o f t , r e d d i s h -

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

m i l k w h i t e t o r e d d i s h - b r o w n c o l o r , w h i c h R y a n ( 1 9 1 4 , p . 2 0 ) 

s t a t e s c o n t a i n s a s h i g h a s 2 7 p e r c e n t a l u m i n a . T h e g a n g u e 

At the time of this study drifts and shafts -Vlere 

partially inaccessible beca.use of caving. The Tecoma and 

Black Warrior claims are accessible, hOliever, and of course, 

the open pits at the Copper Mountain summit are easily 

Copper ~Ioul1tai.n Mineralization 

Copper and iron mineralization of commercial importance 

is located on Copper Mountain and Ivorked by both open pit 

and lli~dergroUl1d operations. Ore occurs as oxidized replace-

ment. bodies of stratified copper and iron carbonates, oxides 

and sulphates. Ore minerals present and observed by the 

writer include the following: 

azurite 
malachite 
native copper 
cuprite 
chrysocolla 
goethite 
limonite 
hematite 

Ore minerals reported by earlier -vlri ters but no longer 
" 

present include the follolving: 

na ti ve silver 
lead sulphide (~alena, ?) 
lead carbonate (cerussite, ?) 
lead sulphate (anglesite, ?) 

Outcrops of gossan at the summit of the hill and at 

the margins of the open pits consist of soft, reddish-
" 

brol'm iron ore mixed 'wi th a gangue of soapy material of 

milk whi te to reddish-broim color, irlhich Ryan (1914, p. 20) 

states contains as high as 27 percent alumina. The gangue 
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m a t e r i a l , a s - w e l l a s t h e o r e i t s e l f , i s s t r a t i f i e d w i t h i n 

t h e e n c l o s i n g G u i l m e t t e F o r m a t i o n . B u t l e r ( B u t l e r e t a l , 

1 9 2 0 , p . 4 9 2 ) s t a t e s t h a t t h e o r e c o n s i s t s o f : 

" . . . h y d r o u s o x i d e s o f i r o n , ( l i m o n i t e a n d 
g o e t h i t e ) o x i d e o f c o p p e r , ( c u p r i t e ) ' c o p p e r 
p i t c h ' , ( a b l a c k s u b s t a n c e c o n t a i n i n g c o p p e r 
a n d m a n g a n e s e ) , c a r b o n a t e s o f c o p p e r , a n d a 
l a r g e a m o u n t o f c l a y e y m a t e r i a l t h a t i s w h i t e 
t o d a r k b l u e , a c c o r d i n g t o t h e a m o u n t o f c o p p e r 
i t c o n t a i n s . . . . S o m e s p e c i m e n s o f t h e b l u e 
m i n e r a l a p p r o a c h t h e . c o m p o s i t i o n o f c h r y s o c o l l a 
. . . . I r r e g u l a r m a s s e s * ' ' o f c u p r i t e a r e i n p l a c e s 
e n c l o s e d i n t h i s m a t e r i a l m a k i n g a h i g h g r a d e 
o r e . " 

X - R a y a n d i n f r a - r e d a n a l y s i s o f t h i s m a t e r i a l c o n f i r m s 

B u t l e r ' s o b s e r v a t i o n a n d p o i n t s t o t h e p r e s e n c e o f o t h e r 

c l a y m i n e r a l s a s w e l l . A c o m p l e t e l i s t o f t h e c l a y 

m i n e r a l s a n d a l t e r a t i o n p r o d u c t s i s a s f o l l o w s : 

a l u n i t e KA1-* (OH) 5 ( S O 4 ) 2 

a z u r i t e 0 ^ 1 0 0 3 ) 2 ( 0 1 5 ) 2 
c a l c i t e OaOOj 
c h r y s o c o l l a 0 u S i 0 ^ . 2 H 2 0 
g o e t h i t e F e O ( O H ) 
h a l l o y s i t e A ^ S i g O g C Q H ^ . HgO 
h e m a t i t e F e 2 0 3 
k a o l i n i t e A l | S i 2 Oc ( 0 H ) 4 
k a o l i n g r o u p u n d i f f e r e n t i a t e d 
l i m o n i t e F e O ( Q H ) . n H 2 0 + F e 2 0 3 . n H 2 0 
m a l a c h i t e 0 CU2CO3 ( 0 H ) 2 

q u a r t z a n d 6 A q u a r t z S i O p 

s e r i c i t e 1 ^ 3 3 1 3 0 1 0 (&H) 2 

M i n o r a m o u n t s o f n a t i v e c o p p e r o c c u r a s s m a l l v u g s 

w i t h i n t h e c o p p e r c a r b o n a t e s . M i n o r a m o u n t s o f s i l v e r a n d 

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

r e p o r t e d , ( R y a n , 1 9 1 4 ) . 

T h e r e a p p e a r s t o b e t w o p h a s e s o f m i n e r a l i z a t i o n o n 

C o p p e r M o u n t a i n , o n e o n t h e e a s t e r n s i d e o f t h e f a u l t 

z o n e c o n t a i n i n g a h i g h p e r c e n t a g e o f h y d r o u s i r o n o x i d e . 

-82-

material, as well as the ore itself, is stratified within 

the enclosing Guilmette Formation. Butler (Butler ~ ~, 

1920, p. 492) states that the ore consists of: 

fl ••• hydrous oxides of iron, (limon! te and 
goethite) oxide of copper, (cuprite) 'copper 
pitch', (a black substance containing copper 
and manganese), carbonates of copper, and a 
large amount of clayey material that is 1'ihi te 
to dark blue, according to the amount 6f copper 
it contains •••• Some specimens of the blue 
mineral approach the pomposi tion of chrysocolla 
•••• Irregular masses"of cuprite are in places 
enclosed in this material making a high grade 
ore." 

X-Ray and infra-red analysis of this material confirms 

BUtler's observation and points to the presence of qther 

clay minerals as well. A complete list of the clay 

minerals and alteration products is as follows: 

alunite 
azurite 
calcite 
chrysocolla 
goethite 
halloysite 
hematite 
kaolinite 
kaolin group 
limonite 
malachite 
quartz and 6 
sericite 

Minor amounts of native copper occur as small vugs 

ldthin the copper carbonates. Minor amounts of silver and 

lead sulphide and aluminum silicates have also been 

reported, (Ryan, 1914). 

There appears to be t"liO phases of mineralization on 

Oopper Mountain, one on the eastern side of the fault 

zone contain1ng a high percentage of hydrous iron oxide. 
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w i t h l e s s e r a m o u n t s o f c o p p e r , l e a d , a n d s i l v e r , a n d o n e 

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

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

i r o n o x i d e a n d o x i d i z e d s i l v e r . C o p p e r o r e o n t h e w e s t e r n 

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

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

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

C r a w f o r d a n d B u r a n e k ( 1 9 4 2 . , p p . 1 6 - 1 7 ) s t a t e s 

" L i m o n i t e i s common i n o t h e r m i n e s i n t h e 
( L u c i n ) d i s t r i c t , b u t n o n e o f t h e m c o n t a i n a s 
l a r g e a b o d y a s t h a t m e n t i o n e d a b o v e , " 
( C o p p e r M o u n t a i n ) o 

" i t i s d o u b t f u l , h o w e v e r , i f t h e C o p p e r 
M o u n t a i n M i n e w i l l e v e r b e w o r k e d p r i m a r i l y 
f o r i t s i r o n c o n t e n t , b e c a u s e a l t h o u g h i t i s 
u n u s u a l l y l a r g e f o r a s e c o n d a r y d e p o s i t o f 
i t s t y p e , i t i s r e l a t i v e l y s m a l l w h e n c o m p a r e d 
w i t h s o u t h e r n U t a h - i r o n d e p o s i t s . " 

C o p p e r M o u n t a i n o r e s a m p l e s a n a l y z e d - b y t h e T e c h m a n i x 

a n d C o m b i n e d M e t a l s R e d u c a t i o n C o m p a n y i n 1 9 5 7 s h o w t h e 

f o l l o w i n g c o m p o s i t i o n i 

A s s a y Cu P e S 1 0 ? CuO M^O AlpO" 7; CO? S i g n i t i o n 
' "~ l o s s 

% 3 . 0 . 1 1 . 4 2 9 . 7 3 . 4 2 . 6 2 1 . 9 3 - 8 T r 1 6 . 1 

A s s a y Zn P b WQj Au Ag 

o z . / t o n 0 . 1 0 . 0 0 . 0 2 T r 0 . 2 

O t h e r s a m p l e s a s s a y e d f o r c o p p e r c o n t e n t s h o w e d 

4 . 5 0 ^ c o p p e r ( Q u i g l e y , 1 9 5 5 ) a n d c o m p o s i t e s a m p l e s t a k e n 

a t s e v e r a l p o i n t s i n t h e B e l l a n d G r e e n C a r b o n a t e T u n n e l s 

a s s a y e d 5 .40/& c o p p e r a n d 3 4 . 0 ^ a l u m i n u m o x i d e . Q u i g l e y ' s 

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

'Hi th lesser amounts of copper, lead, and silver, and one 

on the "'Testern side of the fault zone containing a high 

percen tage of copper carbonates 'Hi th minor amounts of 

iron oxide and oxidiz ed silver. Copper ore on the western 

side is surrounded by masses of porous limonite and 

goethi te, or in some instances, . a yellol'rish-brOlm iron-

rich mud. Regarding the limonite and goethite deposits 

Cr8.11ford and Buranek (1942~ pp . 16-·17) sta te: 

"Limonite is common in other mines in the 
(Lucin) district, but none of them contain as 
large a body as that mentioned above," 
(Copper Mountain) 0 '. 

"I tis doubtful, hOlJ:ever, if the Conner 
Moun tain Mine l·fi11 ever be I'Torked primarily 
for its iron content, because although it is 
unusually large f9r a secondary deposit of 
its type, it is relatively small lrhen compared 
1'vi th southern Utah _iron depo si ts. " 

Copper 110untain ore samples analyzed- by the TechmanL: 

and Combined Metals Reducation Company in 1957 sho",\T the 

follo1"ling compo siti on: 

Assa;z Cu Fe Si02 CuO MgO A1 2°,? CO2 S ignition 
loss 

% 3.0 . 11.4 29.7 3.4 2.6 21.9 3.8 Tr 16.1 

Assa;z 211 Pb 1'10 3 Au ~ 

oz./ton 0.1 0.0 0.02 Tr 0.2 

Other samples assayed fbr copper content shOl1ed 

4.50% copper (Quigley, 1955) and composite samples taken 

at several points in the Bell and Green Ca rbonate Tunnels 

assayed 5.40% copper and 34.0% aluminum oxide. Quigley's 

assay figures for samples taken from the lT8St side open 
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p i t ( 5 - t o 1 0 - f o o t c h a n n e l s c u t a t 2 5 - f o o t i n t e r v a l s ) 

a r e a s f o l l o w s : 

S a m p l e N o . % C o p p e r C o n t e n t S a m p l e N o . % C o p p e r C o n t e n 

1-W 3 . 9 0 6 - i ; 2 . 3 0 

2-W 3 o 0 0 7-W 0 . 9 0 

4-W 3 . 5 0 8-17 2 . 3 0 

5-W 2 . 0 0 9-W 1 . 2 5 

, A v e r a g e C o p p e r C o n t e n t . . . . . . . . . 2 . 4 0 $ 

C o p p e r M o u n t a i n O r e D i s t r i b u t i o n 

T h r e e o r e b o d i e s a r e e x p o s e d a t t h e s u m m i t o f 

C o p p e r M o u n t a i n w i t h i n a d i s t a n c e o f m o r e t h a t 2 , 0 0 0 f e e t , 

b u t n o c o n n e c t i o n b e t w e e n t h e m h a s b e e n o b s e r v e d . T h e m a i n 

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

a r e t h e c e n t r a l a n d e a s t e r n , t h e c e n t r a l o n e b e i n g t h e 

l a r g e s t a n d m o s t i m p o r t a n t c o p p e r p r o d u c e r . ( S e e a p p e n d i x 

V f o r p l a n a n d s e c t i o n v i e w s . ) I t e x t e n d s a l o n g s t r i k e f o r 

1 5 0 f e e t a t t h e s u r f a c e a n d 3 0 0 f e e t d o w n t h e w e s t e r n s l o p e 

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

c o n t i n u o u s f a c e s o f c o p p e r a n d i r o n m i n e r a l i z a t i o n f o r 

2 5 0 a n d 2 2 0 f e e t r e s p e c t i v e l y . T h e e a s t e r n - m o s t o r e b o d y , 

w i t h a g r e a t e r c o n c e n t r a t i o n o f t h e i r o n m i n e r a l i z a t i o n , 

pit (5 - to 10-f oo t ChO,lillC13 cut at 25 - fo ot i nterva l s ) 

are as f olIous : 

Samnl e No . if. Co p12 er Cont ent Samnl e No . :& Co nne r Conten ~ 

1 - "Iv 3 090 6 ... 1'; 2 . 30 

2-1'[ 3 000 7- 11 0 . 90 

4-·1v 3.50 8-u 2 . 30 

5-W 2 000 0 _ r 1 . 25 ./ .. 

Aver ase Co pper Content ~noo . o.oe 2 . 40% 

~per Mountain Ore Di stributi on 

Three ore bodies ar e C::I)03ccl 0 t the smnmi t of 

Co ppe r :r-Tounta i.n \·rithin 0. di s t an c e of more tho. t 2,000 f eet , 

but n o conn ecti on beh,ee~1 t llem has be en ob s er-ved . The mai n 

produc i n G bodi e s , se parated by 0. r el a tivel y ba rren zon e , 

a r e the centr a l and easter n, t he c2iltr o..l ail e beine the 

l a r ges t and most important co pper producer . (See appendi x 

V for pl an and secti.on vi e~T3 0) I t 8~:t end0 o.l o11G s trike f or 

150 f ee t at the surface and J00 f eet d01m the Fester n slo pe 

fro m the t op . The central a nd eas te r n are bodi es are 

continuous faces of co pp er and i ron mine r a l iza t i on for 

250 and 220 feet res pec tivel y . The eas te r n-mos t are body , 

wi th a gre a t er concentr a t i on of th~ ira~ ~ineraliz~ tio~, 

o ~ - .- .=;. :'i~:s o 
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T h e w e s t e r n o r e b o d y i s t h e s m a l l e s t o f t h e t h r e e ; 

i t c o n t a i n s s i m i l a r m i n e r a l i z a t i o n b u t i s n o t n o t i c e a b l y 

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

S o u t h o f t h e c e n t r a l o r e b o d y a n d a p p r o x i m a t e l y 5 0 

f e e t b e l o w t h e w e s t e r n p i t i s t h e e n t r a n c e t o t h e B e l l 

T u n n e l . I t e x t e n d s i n t o t h e m o u n t a i n f o r 2 0 0 f e e t f r o m 

t h e w e s t . S e v e n t y - f i v e f e e t f r o m t h e p o r t a l a d r i f t t u r n s 

s o u t h a n d j o i n s t h e G r e e n C a r b o n a t e T u n n e l 4 7 5 f e e t f a r t h e r 

s o u t h . C o p p e r b o d i e s a n d s m a l l v e i n s w e r e f o l l o w e d i n 

t h e s e w o r k i n g s o n t h r e e l e v e l s o v e r a 6 0 - f o o t v e r t i c a l 

i n t e r v a l . 

O r e s i m i l a r t o t h a t a t t h e s u m m i t o f C o p p e r M o u n t a i n 

w a s p r o s p e c t e d a t t h e w e s t e n d o f T e c o m a H i l l . T h e 

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

a b r u p t l y t e r m i n a t e d a t s h a l l o w d e p t h b y t h e q u a r t z m o n z o n i t e . 

P r o b a b l y m u c h o f t h i s d e p o s i t h a s b e e n r e m o v e d ' b y e r o s i o n . 

S t r u c j t u r a l ^ C o n t r o l . o f C o p p e r M o u n t a i n O r e 

T h e C o p p e r M o u n t a i n f a u l t z o n e p l a y s a m o s t i m p o r t a n t 

r o l e i n o r e d e p o s i t i o n . Of t h e t w o m a j o r s t r u c t u r a l t r e n d s 

i n t h e L u c i n d i s t r i c t t h e n o r t h - s o u t h f r a c t u r i n g i n t h e 

C o p p e r M o u n t a i n a r e a i s t h e m o s t s i g n i f i c a n t i n t e r m s o f 

o r e c o n t r o l . T h e z o n e i s a b o u t 1 , 0 0 0 f e e t w i d e a n d o v e r 

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

t h a t d i p s t e e p l y t o b o t h t h e e a s t a n d w e s t . F a u l t s a r e 

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

o f t h e m i n o r f r a c t u r e s s h o w i n p o c k e t s o r c a v i t i e s t h a t 
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The vrestern ore body i s t he small est of t he t hree; 

it contains si milar mineralization but is not noticeably 

affect ed by either north or eas t trending f aulting . 

South of the central ore body and appro xi mat ely 50 

feet belo"l'i t he "t"restern pi t is the entrance to the Bell 

Tunnel. It ex tends into the mount ai n for 200 feet from 

the vre s t. Seven t y-five feet fro m t he portal a drift turns 

s outh and joins the Green Oarbonate Tunn el 475 feet farther 

south. Oo pper bodies and small vei ns I'rere follo l'Ted i n 

thes e 1"mrkings on three level s over a 60- foot vertical 

i n terval. 

Ore similar to that at the summi t of Oo pper Mountain 

was pro spected at the west end of Te coma Hill. The 

v enture proved lli~ successful be cause t he ore has been 

abruptly t er nrl.na ted at shallol'T depth by t he Quartz monzonite. 

Probably much of this deposit has be en removed "by erosion. 

Str uctur al Oontrol of Oo pper Mountain Ore 

The OopperMountain fault zone pl ays a mo s t i mportant 

role in ore de pos i tion. Of the two ma jor s tructural trends 

in the Lucin di strict the nor t h - south fra cturing i n the 

Oo pper Mount ai n a~ea is the mostslgni f ican t i n t er ms of 

ore control. The zone is about 1, 000 fee t l'li de and over 

one- hal f mile l ong and consists of normal fault pl an es 

tha t dip ste epl y to both the east and I"res t. Faults are 

br anching i n natur e and the inter sections and junct~ons 

of t he mi nor f r actures shol in pockets or cavi t i es t hat 
I 
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w e r e m o r e f a v o r a b l e t o o r e d e p o s i t i o n t h a n w e r e s u r r o u n d i n g 

a r e a s . F a u l t i n g i n t h e z o n e i s b o t h p r e - a n d p o s t - o r e 

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

f r a c t u r e s . D r i f t s a n d r a i s e s i n t o t h e c e n t r a l a n d e a s t e r n 

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

e m p l a c e m e n t o f o r e i s I n d i c a t e d . 

S e d i m e n t a r y C o n t r o l o f P o p p e r M o u n t a i n O r e s 

O r e I n t h e C o p p e r M o u n t a i n a r e a i s c o n f i n e d t o t h e 

f a v o r a b l e c a r b o n a t e ' b e d s o f t h e l o w e r m a s s i v e l i m e s t o n e 

m e m b e r o f t h e D e v o n i a n G u i l m e t t e F o r m a t i o n . F o r t h e m o s t 

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

i n i t s l o w e r p o r t i o n s , c o n t a i n s r e - d e p o s i t e d , l e a c h e d 

m a t e r i a l f r o m t h e u p p e r p a r t o f t h e d e p o s i t , " p a r t i a l l y 

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

o u t e r e d g e o f t h e d i a b a s e , " ( R y a n , 1 9 1 4 , p . 2 1 ) . D o l o m i t e 

b e d s i n t h e C o p p e r M o u n t a i n a r e a a r e n o t m i n e r a l i z e d . 

C h a r a c t e r i s t i c o f t h e o r e b o d i e s i s t h e l a c k o f a l t e r a t i o n 

o t h e r t h a n d i s i n t e g r a t i o n b e t w e e n t h e o r e a n d t h e 

G u i l m e t t e F o r m a t i o n . W a l l s g e n e r a l l y a r e h a r d , u n a l t e r e d 

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

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

s u b t e r r a n e a n c a v e r n s . 

I g n e o u s C o n t r o l o f C o p p e r M o u n t a i n O r e s 

R e l a t i o n s h i p o f c o p p e r a n d I r o n o r e s t o t h e P a t t e r s o n 

P a s s s t o c k i s u n c e r t a i n . B e c a u s e t h e s t o c k i s t h e o n l y 

viere more favorable to ore deposition than i'Ter~ surrounding 

areas. Faulting in the zone is both pre- and post-ore 

al though ore-bearing solutions follow·ed pre-existing 

fractures. Drifts and raises into the central and eastern 

ore bodies sh01"T evidence of post-ore faulting but no further 

emplacement of ore is indicatedo 

Sedimentary Control of COPl?er :r.~ountain Ores 

Ore in the Oopper Mountain area is confined to the 

favorable carbonate beds of the lower massive limestone 

member of the Devonian Guilmette Formation~ For the most 

part, ore follow"ed bedding surfaces i.n the limestone and, 

in its lower portions, contains re-deposited, leached 

material from the upper part of the deposit, "partially 

filling channels and creviee~ in the gangue and along the 

outer edge of the diabase," (Ryan, 1914, po 21). Dolomite 

beds in the Oopper r-1ountain area are not mineralized. 

Oharacteristic of the ore bodies is the lack of alteration 

other than disintE;(rgration between the ore and the 

Guilmette Formation. 1rlalls generally are hard, unaltered 

limestones having the appearance of im ter-I"rom cavities, 

possibly representing an old erosion surface or even 

subterranean caverns. 

I~n~£~s q~~trol.of Oorper Mountain Ores 

Relationship of copper and iron ores to the Patterson 

Pass stock is uncertaino Because the stock is the only 



i g n e o u s b o d y o f a n y s i z e o r c o n s e q u e n c e i n t h e a r e a i t 

i s a s s u m e d t h a t t h e o r e a n d i g n e o u s m a t e r i a l a r e g e n e t i ­

c a l l y r e l a t e d . S u l p h i d e - b e a r i n g s o l u t i o n s e m m a n a t i n g f r o m 

t h e m a g m a a s i t i n t r u d e d t h e G u i l m e t t e F o r m a t i o n w o u l d 

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

b e p r e c i p i t a t e d b y f a v o r a b l e c a r b o n a t e h o r i z o n s . E m p l a c e ­

m e n t o f t h e m o n z o n i t e i s p o s t - n o r t h - s o u t h f a u l t i n g f o r i t 

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

p r e - e x i s t i n g f r a c t u r e s a s d i d t h e o r e s o l u t i o n s . I n a d d i t i o n 

t o t h e m o n z o n i t e s t o c k a d i a b a s e d i k e i n t r u d e s i n t h e 

C o p p e r M o u n t a i n a r e a a n d t r u n c a t e s t h e e a s t e r n - m o s t o r e 

b o d y . I n r e g a r d s t o t h i s d i k e , B u t l e r ( B u t l e r e t a l , 1 9 2 0 , 

p . 4 9 2 ) s t a t e s ? 

" T h e s t r i k e o f t h e d i k e c o r r e s p o n d s i n a 
g e n e r a l w a y w i t h t h a t o f t h e f a u l t z o n e , a n d 
t h e i n t r u s i o n a p p a r e n t l y f o l l o w e d t h i s p l a n e 
o f w e a k n e s s . T h e a c c e s s i b l e w o r k i n g s a t t h e 
t i m e o f v i s i t d i d n o t f u r n i s h c o n c l u s i v e 
e v i d e n c e o f t h e r e l a t i o n o f t h e d i k e t o t h e 
o r e , b u t I n d i c a t e d t h a t i t w a s i n t r u d e d a f t e r 
t h e d e p o s i t i o n o f t h e o r e . T h e r e h a s b e e n 
m o v e m e n t a l o n g t h e f a u l t z o n e , h o w e v e r , s i n c e 
t h e d i k e w a s i n t r u d e d . " 

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

t h a n c r u s h i n g a n d m i n o r b r e c c i a t i o n . 

A l t e r a t i o n a t C o p p e r M o u n t a i n , 

A l t e r a t i o n o f s e d i m e n t a r y r o c k a t C o p p e r M o u n t a i n 

i s m i n o r . L i t t l e a l t e r a t i o n i s a p p a r e n t o t h e r t h a n o c c a s i o n a l 

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

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

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

igneous body of any size or consequence in the area it 

is assumed that the ore and igneous material are geneti-

cally related. Sull)J:lide-be3.ring solutions emmanating from 

the magma as it intruded the Guilmette Formation 'would 

percolate through the limestone and ore minerals could 

be precipitated by favorable carbonate horizons. Emplace­

ment of the monzonite is post-north-south faulting for it 

can be demonstrated that the monzonite follolred and intruded 

pre-exi sting fr~:;v::tt1.res 8.S did the ore solutions. In addition 

to the monzonite stock a diabase dike intrudes in the 

Copper l·lountain area and -truncates the eastern-most ore 

body. In regards t;o this dike, Butler (Butler et aI, 1920, 

p. 492) states: 

"The strike of the dike corresponds in a 
general "\ra;y 'ui tl1 that of the fault zone ~ and 
the intrusion apparently fclloi·;-ed this plane 
of "l-Teakness 0 The acces si ble ""j~rkings at the 
time of visit did not furnish conclusive 
evidence of the relation of the dike to the 
ore, but indicated that it ""Tas intruded after 
the deposition of the ore. There has been 
movemen t along the fault zone, hO ... ·Tever, since 
the dike was in tru.ded. " 

The dike is accompanied by little or no change other 

than crushing and minor brecciation. 

Alteration of sediment8:ry rook at Copper Nountain 

is minor. Little alteration is apparent other than occasional 

bleaching of dark gre-:.l sediments to light grey or uhi te, 

slight softening and re-cementing of carbonates on a 

local scale and a minor porosity and permeability increase. 
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L i t t l e e v i d e n c e o f d o l o m i t i z a t i o n o f l i m e s t o n e i s s e e n . 

C o n t a c t s b e t w e e n o r e a n d c a r b o n a t e r o c k s a r e g e n e r a l l y 

s h a r p , a n d e v e n t h e b a r r e n z o n e s b e t w e e n t h e C o p p e r 

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

m i n o r l i m o n i t e s u r f a c e s t a i n . 

S i m i l a r l y , c o n t a c t s b e t w e e n m o n z o n i t e a n d s e d i m e n t s 

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

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

f r e s h . T h e c o n t a c t b e t w e e n d i a b a s e d i k e r o c k a n d s e d i m e n t 

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

O r i g l n o f C o p p e r a n d I r o n D e p o s i t s 

S e v e r a l t h e o r i e s a r e a d v a n c e d ' t o e x p l a i n t h e o r i g i n 

a n d t h e p r e s e n t f o r m o f t h e C o p p e r M o u n t a i n d e p o s i t s : 

1 ) A l a r g e r o r m a i n s u l p h i d e b o d y i s l o c a t e d a t 

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

a n d o n l y t h e u p p e r o x i d i z e d p o r t i o n o f t h e m i n e r a l i z e d 

b o d y h a s b e e n o b s e r v e d i n o p e n p i t s a n d t u n n e l s ; 2 ) 

E r o s i o n h a s r e m o v e d a g r e a t e r p o r t i o n o f t h e m o u n t a i n 

c o n t a i n i n g a n o r i g i n a l s u l p h i d e d e p o s i t s , o r 3 ) T h e o r e 

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

o f s u l p h i d e s a s w e l l a s t h e r e - d e p o s i t i o n o f m i n e r a l s 

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

p o s i t i o n n o w o c c u p i e d b y t h e o x i d i s e d z o n e . 

O n l y n e g a t i v e s t a t e m e n t s r e g a r d i n g t h e f i r s t s u g g e s ­

t i o n c a n b e m a d e . P r o s p e c t t u n n e l s d r i v e n f r o m t h e e a s t 
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Little evidence of dolomitiza tion of limes ton e i s s een. 

Contacts betwe en ore and carbona te rock s are generally 

sharp , and even the barren zon es between the Co pper 

Mounta in ore bodies a re free from alterations, other than 

minor limonite surface sta i n . 

Similarly , contacts behreen Bonzoni t e and sediments 

a re sh;::.r p uhere dire ctl y 0 bs erved , a nd ;-There brush or 

soil obscures th e contact, roclcs Hher e l a st observed are 

fresh. The conta c t betueen diab2,se dike rock aj:ld sediment 

shoHs no effects other thall crushi nG. 

Origi n of Co pper and Iron Depos it s -_._- ... 

Severa l theorie s are a dvanc ed' to e ~nlai n the origin 

o,nd t he pr esent form of the Co pper HOUlltain de 1Jos i t s : 

1) A l ar ge r or main sul phide body i s loca ted a t 

depth but be c2,use of faulting has yet to be di sc overed, 

and only the upper o:~idized po r t ion of th e mi ner alized 

body has b een obs erved in open pits and t1.,mnels; 2) 

Erosion has r emoved a cr ea t er ·po rtion of the mountain 

con taininb all o1'i 0in2,1 s ul phi d ;:; de po ;.:; i ts , or 3 ) 'l' ~l e ore 

body i s the , r e sul t of compl ete l e2. chi~G and o ~i dati on 

of sul phides 2.S Hell as the r e -d epo sition of mi neral s 

from Hater s per co l a tinG through a sul phide body in a 

position nOI1 occupj.ed by the o:~idized zon e . 

Only nega tive sta tements re garding the first sUGges ­

tion can be made. Prospect tunnel s driven f rom the east 



s i d e e n c o u n t e r e d n o d o w n w a r d e x t e n s i o n o f o r e , i n e i t h e r 

o x i d i z e d o r s u l p h i d e f o r m , 1 , 0 0 0 f e e t b e l o w t h e s u m m i t , 

a n d i n f a c t , e n c o u n t e r e d o n l y u n a l t e r e d q u a r t z m o n z o n i t e 

a t t h a t d e p t h . I t i s k n o w n , h o w e v e r , t h a t t h e C o p p e r 

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

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

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

m o n z o n i t e b o d y a n d h e n c e a w a y " f r o m t h e a r e a a c t i v e l y 

p r o s p e c t e d . 

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

g e s t s m o r e s t r o n g l y t h a t o r e c o n t i n u a t i o n i s m o r e l i k e l y 

c o n t a i n e d i n G u i l m e t t e L i m e s t o n e b e d s t h a t h a v e b e e n 

d i s p l a c e d u p a n d t o t h e e a s t , a n d s i n c e e r o d e d . C r o s s 

s e c t i o n s 1 - 4 ( A p p e n d ! : : V) p o i n t o u t t h i s r e l a t i o n s h i p . 

M u c h e r o s i o n h a s t a k e n p l a c e i n t h e C o p p e r M o u n t a i n s a r e a , 

i n f a c t p r o b a b l y a s m u c h a s 4 , 0 0 0 f e e t o f D e v o n i a n , 

M i s s i s s i p p i a n , P e n n s y l v a n i a n ( ? ) , P e r m i a n , a n d T r i a s s i c 

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

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

G u i l m e t t e a n d n o t n e c e s s a r i l y a d o w n w a r d e x t e n s i o n o f 

o r e . N a t u r a l l y n o e v i d e n c e r e m a i n s t o p r o v i d e a c l u e a s 

t o t h e n a t u r e o f e r o d e d o r e , i . e . , w h e t h e r i t w a s i n 

s u l p h i d e o r o x i d i z e d f o r m . 

B e c a u s e l i t t l e p r e - D e v o n i a n r o c k h a s b e e n r e m o v e d 

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

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

b o d y s h o u l d b e r e m o v e d b y e r o s i v e a c t i o n . P o r t h i s r e a s o n 
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side encountered no dOl:rl'iI2.rd e:·:t ension of ore, in either 

oxidized or sul phide fo r m, 1,000 feet beloiT t h e SUT.U:lit , 

and in fact , encountered only "LUla l t er ed quo.rtz raonzoni te 

at tha t de pth . It i s JrJlOlm , hO'. :-ever, that t he Copper 

l-lountain a re a is hi ghl y fractur ed a nd therefore, it i s 

po ssi bV~ t i13.t c~ s,,·,l p:L:Ld. :::: -":' o d.~- in !.'['.70Z'_t ble limestone beds 

is located l1ithin a f ault slice o. t depth, ':Te s t of th e 

monzoni t e body and llenc e m,ray ' f rom the 2.r ea actively 

pro spected. 

The relationship of ore and faulting , ~ovever, sug­

Ge s ts more strongl y t ha t ore continua tion i s more likel y 

conta i ned i n Guilmette Li meston e be ds tha t have b een 

displ acs d up and to the east , and since eroded. Cro s s 

secti ons 1-4 (Ap pendi~::: V) 'ooint out thi s relo. tionshi lJ. 

Much erosion has taken pl a ce i n the Copper Hounto.ins a r ea , 

in fact pro babl y as much a s 4,000 feet of Devonian , 

MiSSissippian, Pennsylvanian (?), Perman, and Triassic 

(?) rocks have been stripped , but pr oba bl y the ore-bearing 

rock removed was only a l ate r a l cont inuation of the 

Gui l mette and no t nece ssarily a dOHm mrd extension of 

ore. Naturally no evidence r ema ins to provide a clue as 

to the no. ture of eroded ore, i. e ., ~ ;heth er it lias in 

sul phide or o:ddiz ed form • 

. Because little pre-Devonia n rock ha s be en r emoved 

b~r ero s ion, and in f 2.ct i s buried u.:nd er younGer s ediment, 

it i s hi ghl y inconceivea bl e that all tra ce s of a sul nhidc 

body should be removed by ero s ive a ction . For thi s reas on 
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a l o n o t h e p o s s i b i l i t y o f f i n d i n g e r e i n e r e - D e v o n i a n r o c k 

o r e v e n a w e s t w a r d c o n t i n u a t i o n i n t h e G u i l m e t t e i s n o t 

a l t o g e t h e r r e m o t e . 

I t i s l i k e l y t h a t o r e - b e a r i n g s o l u t i o n s f i l l e d t h e 

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

t h e D e v o n i a n G u i l m e t t e F o r m a t i o n a f t e r t h e 1? a l s o z o i c f o l d - ' 

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

t o t h e i r p r e s e n t e l e v a t i o n . T h i s c o n c l u s i o n i s b a s e d o n t h e 

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

w i t h i n t h e G u i l m e t t e F o r m a t i o n . 

P e r h a p s t h e n , a s R y a n ( R y a n , 1 9 1 A , p . 2 2 ) s u g g e s t s , 

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

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

s o l u t i o n s e m a n a t i n g f r o m . . t h e i n t r u s i v e magma a n d r i s i n g 

a l o n g p r e - e x i s t i n g f i s s u r e s . If- t h i s i s t r i u e , b o t h i r o n 

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

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

r e p l a c i n g t h e i r o n a n d t h e a l u m i n a r e m a i n i n g i n t h e o r e . 

D e s c e n d i n g s u p e r g e n e w a t e r s a t s o m e s u b s e q u e n t t i m e , 

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

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

s u l p h i d e s t o ' t h e p r e s e n t f o r m , 

W e a t h e r i n g o f n o w e x p o s e d s u r f a c e d e p o s i t s t o d e e p -

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

s t r a t a w e r e s t r i p p e d a n d , t h e r e f o r e , a f t e r t h e r a n g e h a d 

b e e n t i l t e d a n d e l e v a t e d . 
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alon ~ th a pos s~~i lity of fin dinG ore i~ ~re-D3vo~i an rock . 

or SV3 l: :J.. ! ~est~,c.rd conti nuati on i ~1 th e.: :::':..ti lrn.ett e i s not 

al t o ge th ~r remote . 

It i s likel ;y that ore -b earinG so l ations filled the; 

charac teri stic, I'm te r lwrn cavi ti e s i n th8 lO~Ier mem~er of 

the Dcvoni2.11 Gui lm ette Formatio n c.ft c:c t~:e ? a l Gozoi c fold · .. · 

in~ but b9fore the strat a were s8veraly ti l t ed and el evat ed 

t o th eir pT3sent ~leva tion. Thi s conclus ion i s based O~ t~8 

sub- par all el strati fic~ti on of ore compar ed t o beddinG pl anes 

~ithinthe Guilmette Formation. 

~ erha,j th an, as Ryan (Ryan , 1 91 4 , ] . 22) sUGGests , 

iron minJral s fill ed the cavitie s or openinGS , and l a ter 

co pps r min ~rc.l s ~2re preci pitated from Dul phi d e-b earin ~ 

solutions emanating from _the intrus i v8 maGma and ri s inG 

along pre--existing fissures. If- thi s i s tr:CU8 , both i.ron 

and all~ina could have a cted as pr e ci pi tants of co pper in 

favora bl e carbonat e beds, t he co pper t o a l a r Ge extent 

replacing the iron a nd the alumina r emaining in the ore. 

Des cending su pe r gen e waters at s ome subsequent time, 

and probabl y a fter east-west f aultins 6f s tra ta and even 

tiltinG, could cause the a lmo st compl et e oxida tion of 

sul phides t o ' the present form. 

Neat hering of now expos ed surface d e;posits to d eep­

r e d iron - rich Gos sans probably oc curred aft er the ov erlyin~ 

strata ~ara stri ]]ed and , therefore, after the ranGe had 

b een t ilte d and e l ova t e d~ 



I t i s d i f f i c u l t t o i m a g i n e t h a t o x i d a t i o n a n d l e a c h i n g 

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

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

f u l l y a c c e p t a b l e I t m a y s e e m p r e s u m p t o u s t o s t a t e t h a t 

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

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

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

z o n i t e i s f o u n d , b u t a g a i n i n t h e l i g h t o f e x i s t i n g 

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

C o p p e r M o u n t a i n R e s e r v e s 

A l t h o u g h t o t a l c o p p e r r e s e r v e s h a v e n o t b e e n m e a s u r e d , 

i t i s a p p a r e n t t h a t t h e y a r e l a r g e . C o p p e r m i n e r a l i z a t i o n 

c a n b e t r a c e d l a t e r a l l y f o r m o r e t h a n o n e - h a l f m i l e ; 

w i d t h a n d d e p t h d i m e n s i o n s e x c e e d 4 0 0 a n d 1 0 0 f e e t r e s p e c t ­

i v e l y . I t i s i n s t e a d , p r o b l e m s o f m i l l i n g t h a t r a i s e t h e 

q u e s t i o n a s t o w h e t h e r C o p p e r M o u n t a i n o r e s c a n e v e r b e 

p r o f i t a b l e . P r o v e d , i n d i c a t e d a n d i n f e r r e d o r e r e s e r v e s , 

( Q u i g l e y , 1 9 5 5 ) a r e r e p r o d u c e d w i t h t h e p e r m i s s i o n o f 

U r a n i u m a n d P e t r o l e u m C o r p o r a t i o n a n d t h e e c o n o m i c s a n d 

m i n i n g c o s t s a r e l i s t e d i n A p p e n d i x I I a n d I I I . 

I n s u m m a r y , p r o v e d o r e r e s e r v e s t o t a l 8 0 , 0 3 5 t o n s o f 

2 . 5 0 / £ c o p p e r o r e w h e r e a s i n d i c a t e d a n d i n f e r r e d r e s e r v e s 

t o t a l 1 3 0 , 2 4 0 t o n s o f 2 . 5 0 ^ c o p p e r a n d 3 , 0 0 0 , 0 0 0 t o n s o f • 

2,50% c o p p e r o r e r e s p e c t i v e l y . 
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It i.s diffi.cu l t to im2,c;i n e thDl o:ddation and l ea chinG 

were so compl ete as to oblit era t e all 8ul phides but in 

the li ght of existi.ng evidence, no othe r conclus ion i s 

full y acceptable. It may seem pr e sumptous to state that 

ore i s gen etically associated with the monzonite, and in 

f a ct that de position is the re sult of precipitation from 

emanations from that body, \"Then no co nn ection to the mon­

zonit e is found, but a gain in th e li gh t of eXis tinc; 

evidence , no other hypotheses s eem .r easona ble. 

Copper I'loun tain Re s erve s 

AlthouC;h tota l copper reserves ha ve n ot been mea sured, 

it i s ~pparent that they are l arge. Co pper min eraliza tion 

can be traced later ally for more than on e- half mil e ; 

width and de pth dimensions exce ed 400 and 100 feet re spe ct­

ively. It is instead , problems of mil~inc; that rais e th e 

question as to whe ther Co pper Mountain ores can ever be 

profitable. Proved, indicated and i nf erred ore res erve s , 

(Qui gl ey , 1955) are reproduc ed with th e permission of 

Uranium and Pe troleum Corporation and the econo:nic s and 

mining costs are list ed in Appendix II an d III. 

In summary, prov ed ore ,res er ves tota l 80,035 tons of 

2.50% co ppe r ore whereas indicated an d inferred re s erves 

tota l 130,240 tons of 2.50% co pper and 3,000,000 tons of 

2.50% copper ore respectively. 



T e c oma H i 1 1 De p o s i t s 

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

z i n c a n d m i n o r q u a n t i t i e s o f g o l d a n d l o w g r a d e i r o n w e r e 

w o r k e d o n a n d i n t h e v i c i n i t y o f T e c o m a H i l l . T e c o m a H i l l 

p r o p e r ! t i e s , a n d p a r t i c u l a r l y t h e T e c o m a a n d B l a c k W a r r i o r 

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

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

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

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

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

g o e t h i t e . 

I t h a s n o t b e e n e s t a b l i s h e d b y t h i s w r i t e r w h a t t h e 

s i l v e r m i n e r a l s w e r e , h o w e v e r , f o r n o t r a c e o f t h e m r e m a i n s 

n o r d o o r e s h i p m e n t r e c o r d s i n d i c a t e t h e v a r i e t y . I t i s 

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

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

o f g a l e n a a s w e l l a s n a t i v e s i l v e r , r a t h e r t h a n s u l f o - s a l t s . 

N a t i v e g o l d w a s f o u n d 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 o r e s 

i n m i n o r q u a n t i t i e s a n d o n l y s m a l l v a l u e s w e r e r e c o v e r e d . 

T h e m o l y b d o n a t e o f l e a d , i n t h e f o r m o f w e l l - d e v e l o p e d , 

e x c e p t i o n a l l y l a r g e w u l f e n i t e c r y s t a l s , i s d e s c r i b e d 

( H a g u e , 1 8 8 7 , p . 4 9 7 ) a s f o l l o w s : 

" T h e m o l y b d o n a t e o f l e a d f r e q u e n t l y f o r m s 
s o h i g h a p e r c e n t a g e o f t h e o r e a s t o I n t e r f e r e 
s e r i o u s l y w i t h i t s t r e a t m e n t i n t h e o r d i n a r y l e a d 
f u r n a c e s , r e n d e r i n g a m o d i f i c a t i o n o f t h e m e t h o d s 
e m p l o y e d v e r y d e s i r e a b l e . T h e c r y s t a l l i z e d 
w u l f e n i t e f r o m t h e T e c o m a m i n e o c c u r s i n l a r g e 
m a s s e s , t h e f a c e s o f i n d i v i d u a l c r y s t a l s 

Tecoma Hill Deposits .""----- . --..... -~" .. --,,--

Small comi11ercial depo si ts of copper, lead , silver, and 

zinc and minor quanti ties of gold and 10vl" grade iron I'rere 

worked on and in the vicinity of Tecoma Hill. Tecoma Hill 

properities, and particularly the Tecoma and Black I'larrior 

mines have ylelded fine specimens of galena, pyrite, and 

sphalerite. Sulphides are, however, limited in occurrence 

and the principle ore minerals are rather 8ulphates, car-

bonates and molybdenates. The ore also contains substantial 

quantities of hydrous iron oxides, especially limonite and 

goethite. 

It has not been established by this lrri ter what the 

silver minerals were, however, for no trace of them remains 

nor do ore shipment records indicate the variety. It is 

suspected on the basis of the associated assemblage of 

minerals that silver occurred as argentiferous varieties 

of galena as I'vell as native silver, rather than sulfo-salts. 

Native gold l'laS found disseminated throughout the ores 

in minor quanti ties and only small values liTere recovered. 

The molybdona te 0 f lead, in the form of 'well-developed, 

exceptionally large vrulfeni te crystals, is described 

(Hague, 1887, p. 497) as follow's: 

If The molybdonate of lead frequently forms 
so high a percentage of the :::re 8.S to interfere 
seriously \·ri th i ts treatment in the ordinary lElad 
furnaces, rendering a modification of the methods 
employed very desireable. The crystallized 
liVulfeni te from the Tecoma mine occurs in large 
masses, the faces of individual crystals 
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h a v i n g b e e n o b s e r v e d f r o m a n i n c h t o i f i n c h e s 
i n l e n g t h . T h e y p o s s e s s a r e s i n o u s l u s t e r , a 
l e m o n y e l l o w c o l o r , a n d a r e f r e q u e n t l y 
t r a n s p a r e n t a n d e x c e e d i n g l y b r i t t l e . I n s i z e 
a n d b r i l l i a n c y t h e f i n e s t s p e c i m e n s f a r 
s u r p a s s t h e f a m o u s w u l f e n i t e c r y s t a l s o f 
B l e i b e r g i n C a r i n t h l a . A s s o c i a t e d w i t h t h e 
w u l f e n i t e . a d h e r i n g t o t h e b r o a d t a b u l a r f a c e s , 
m a y o c c a s i o n a l l y b e s e e n w e l l d e v e l o p e d 
c r y s t a l s o f c e r u s i t e a n d a n g l e s i t e . " 

O r e m i n e r a l s f o u n d i n t h e T e c o m a H i l l a r e a i n c l u d e 

t h e f o l l o w i n g s 

a n g l e s i t e P b S 0 4 l i m o n i t e F e O ( O H ) . nHgO 
c e r u s s i t e P b C O ^ g o e t h i t e F e Q ( O H ) 
w u l f e n i t e PbMO^ h e m a t i t e . - F e 2 ° 3 
s m i t h s o n i t e ZnCO^ g a l e n a P b S 
h e m i o r p h i t e Z n ^ S i o O y ( O H ) 2 • H 2 0 p y r i t e F e S ^ 
p l u m b o j a r s i t e P b F e g f O H ) - , 2 ( s 0 ^ ) ^ s p h a l e r i t e ZnS 
n a t i v e g o l d Au c h a l c o p y r i t e C u F e S 2 

n a t i v e s i l v e r A g 

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

T e c o m a H i l l a r e a a n d i d e n t i f i e d b y X - R a y a n d i n f r a - r e d 

a n a l y s i s i n c l u d e s 

l i m o n i t e P e 0 ( 0 1 1 ) . n . H p 0 
g o e t h i t e P e O ( O H ) 
a l u n i t e K A l - z ( 0 H ) g ( S 0 4 ) 2 

h a l l o y s i t e A l p S i o O ^ ? 0 H ) A . H 2 0 
s e r i c i t e K A I 3 S I 3 O - L 0 ( 0 H ) p 

c a l c i t e CaCO^ 
k a o l i n i t e A l 2 S i 2 0 ^ ( O H ) 4 

S t r u c t u r a l C o n t r o l o f T e c o m a H i l l O r e 

S t r u c t u r e s t h a t c o n t r o l t h e d e p o s i t i o n o f t h e T e c o m a 

H i l l o r e s a p p e a r t o b e , f o r t h e m o s t p a r t , t h e e a s t a n d 

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

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

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

i s n o t l a r g e j , f o r a l t h o u g h d o l o m i t i z a t i o n o f c a r b o n a t e 
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having been observed from an inch to 1* inches 
in lengtho They possess a resinous luster, a 
lemon yellol.f color, and are frequently 
transparent and exceedingly brittle. In size 
and brilliancy the finest specimens far 
surpass the fa.il10US l-rulfeni te crystals of 
Bleiberg in Oarinthia. Assooiated ~-ri th the 
lrulfenite~ adhering to the broad tabular faces, 
may occasionally be seen well developed 
crystals of cerusite and anglesite." 

Ore minerals fOillld in the Tecoma Hill area include 

the follo"l-ring g 

anglesite PbS04 
cerussite Pb003 lrulfeni te Pb~~04 
smithsonite Zno03 
hemtorphi te ZnlJ-SJ.;;P7 (OH) 2 • H20 
plumbojarsite PbFe6l0H)12(S04)4 
native gold Au 
native silver Ag 

limonite 
goethi te 
hematite 
galena 
pyrite 
sphalerite 
ohalcopyrite 

FeO(OH) 
FeO(OH) 
,Fe 203 
PbS 
FeS 2 ZnS 
Cl.1FeS2 

Clay minerals and alteration products found in the 

Tecoma Hill area and identified by X-Ray and infra-red 

analysis include~ 

limonite 
goethi te 
alunite 
halloysite 
sericite 
calcite 
kaolinite 

Structural Oontrol of Tecoma Hill Ore 

Structures that control the depoBition of the Tecoma 

Hill ores appear to be, for the most part, the east and 
~ 

northeast fractures., that is, normal faul ts with the pla,nes 

of displacement dipping steeply to the south and southeast. 

The order of magnitude of displacement on these fractures 

is not large, for although dolomitization of carbonate 
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b e d s h a s h i n d e r e d t h e i d e n t i f i c a t i o n o f P i s h H a v e n , 

L a k e t o w n , a n d S i m o n s o n l i t h o l o g i e s , i t a p p e a r s l i k e l y 

t h a t o n a n y o n e f a u l t d i s p l a c e m e n t i s l e s s t h a n 5 0 0 f e e t . 

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

e x p o s e d i n b o t h t h e T e c o m a a n d B l a c k W a r r i o r t u n n e l s . 

T h e l a r g e s t l e a d - s i l v e r d e p o s i t s a r e c o n t a i n e d i n 

t h e n o r t h e a s t t r e n d i n g f a u l t z o n e , a l t h o u g h e a s t o f t h e 

T e c o m a p r o p e r t y t h e f a u l t i s b a r r e n . A p r o b l e m a r i s e s 

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

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

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

w e s t f i s s u r e s . T h e q u e s t i o n i s n o t f u l l y a n s w e r e d a l t h o u g h 

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

T e c o m a H i l l f r a c t u r e s a r e p r e - o r e , a s a r e C o p p e r 

M o u n t a i n f i s s u r e s . I t I s a p p a r e n t t h a t f i s s u r e z o n e s , 

a s w e l l a s w a t e r - w o r n c a v i t i e s , i n b o t h d o l o m i t e a n d 

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

m i n e r a l i z e d s o l u t i o n s . 

S e d i m e n t a r y C o n t r o l o f T e c o m a H i l l O r e 

T h e T e c o m a H i l l o r e s a r e f i s s u r e f i l l i n g , r e p l a c e m e n t 

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

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

t h e l o w e r m e m b e r o f t h e D e v o n i a n G u i l m e t t e F o r m a t i o n , a n d 

a l s o i n t h e S i l u r i a n L a k e t o w n D o l o m i t e a n d O r d o v i c i a n F i s h 

H a v e n D o l o m i t e . S i m o n s o n d o l o m i t e h a s b e e n o m i t t e d b y 

f a u l t i n g a t t h i s l o c a l i t y . 
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beds has hindered the identification of Fish Haven, 

Lalret011rn, and Simonson lithologies, it appears likely 

that on anyone fault displacement is less than 500 feet. 

Faul t planes and the relationship to the ore are viell 

exposed in both the Tecoma and Black 1Iarrior tunnels. 

The largest lead-silver deposits are contained in 

the northeast trending fault zone, although east of the 

Tecoma property the fault is barren. A problem arises 

as to i"Thether the northeast fault is actually the seat 

of ore deposition, or 'vJ'hether ore occurs in the main 

fracture only 1'J'here it is interseoted by smaller east-

1·rest fissures. The question is not fully ans't'rered although 

the latter suggestion seems more probable. 

Tecoma Hill fractures are pre-ore, as are Copper 

Mountain fissures. It is apparent that fis~~e zones, 

as 't"l"ell as 't"rater.-'t"lOI'l'l cavities, in both dolomite and 

limestone beds provided collecting areas for the 

mineralized solutions. 

Sedimentary Control of Tecoma Hill ~re 

The Tecoma Hill ores are fissure filling, replacement 

bodies in favorable carbonate beds and occur as irregular 

shoots and buncheso Ore minerals lTere precipitated in 

the lower member of the Devonian Guilmette Formation, and 

also in the Silurian LaketOi·m Dolomite and Ordovician Fish 

Haven Dolomite. Simonson dolomite has been omitted by 

faulting at tllls locality. 
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Ifoieous Control of Tecoma Hill Ore 
Tecoma Hill ore is controlled by presence of favorable 

carbonate beds in association "with-a monzonite porphyry 
intrusion, undoubtedly related to the Patterson Pass stock. 
The Black Warrior tunnel particularly shows the relationship 
of faulting to intrusion of monzonite porphyry dikes and 
it appears likely that the intrusion accompanied or even 
preceded the younger east-west and northwest movements, 
rather than succeeding them. 

Alteration at Teooma Hill 
Alteration in the vicinity of Tecoma Hill is slight 

and of little importance as a guide to ore. Where the 
northwestern extension of the monzonite intrudes dolomite 
or where minor faults bring the monzonite in contact with 
carbonates, slight chloritization of magnesium-rich 
minerals has occurred. Similarly, at the contacts between 
sediment and monzonite, biotite and muscovite crystals 
have been altered to sericite. Minor contact metamorphism 
has occurred in this area although it is of local importance 
with no regional implication. 

Along both north-sou.th and east-west faults limonite 
and goethite has developed at the margins of mineralized 
fissures. Much of the limonite no doubt is the result 
of surfaces weathering and leaching, rather than alteration 
at, the time of mineral deposition. 
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I@eous Oontro1 of Tecoma Hill Ore 

Tecoma Hill ore is controlled by presence of favorable 

carponate beds in association uith·a monzonite porphyry 

intrusion, llildoubted1y related to the Patterson Pass stock. 

The Black iVarrior tunnel particularly ShO'iTS the relationship 

of faulting to intrusion of monzonite porphyry dikes and 

it app~ars likely that the intrusion accompanied or even 

preceded the younger east-lT8st and northlTest movements, 

rather than succeeding them. 

Alteration at Tecoma Hill 

Alteration in the vicinity of Tecoma Hill is slight 

and of little importance as a guide to ore. ~Ihere the 

nort~jestorn extension of the monzonite intrudes dolomite 

or "fhere minor faults bring the monzonite in contact ""T2- th 

carbonates, slight chloritization of ma~lesium-rich 

minerals has occurred. Similarly, at the contacts betueen 

sediment and monzonite, biotite and muscovite crystals 

have been altered to sericite. Minor contact metamo~phism 

has occurred in this area although it is of local importance 

with no regional implication. 

Along both north-south and east-uest faults limonite 

and goethite has developed at the margins of mineralized 

fissures. Huch of the limonite no doubt is the result 

of surfaces weathering and leaching, rather than alteration 

at. the time of mineral deposition. 



O r . i g i n o f T e c o m a H i l l O r e s 

T h e g e n e s i s o f T e c o m a H i l l c o p p e r , l e a d , s i l v e r a n d 

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

C o p p e r M o u n t a i n c o p p e r a n d i r o n d e p o s i t s . I t s h o u l d b e 

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

t h a n C o p p e r M o u n t a i n o r e s a s t h e y a r e c o n t r o l l e d i n p a r t 

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

f o r e y o u n g e r t h a n , C o p p e r M o u n t a i n n o r t h - s o u t h f a u l t s . 

F o l l o w i n g t h e d e p o s i t i o n o f s u l p h i d e s s u p e r g e n e 

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

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

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

T e c o m a H i l l Re s e r v e s 

To t h e w r i t e r 5 s k n o w l e d g e t h e T e c o m a H i l l p r o p e r t i e s 

a r e a l m o s t c o m p l e t e l y m i n e d o u t . No e f f o r t s h a v e b e e n 

m a d e t o r e c o v e r o r e i n t h i s a r e a s i n c e 1 9 4 3 a n d i t i s 

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

t o s u p p o r t e v e n s m a l l - s c a l e o p e r a t i o n s . No f i g u r e s c o n ­

c e r n i n g p r o d u c t i o n a r e a v a i l a b l e s i n c e 1 9 1 7 , a n d n o f i g ­

u r e s c o n c e r n i n g r e s e r v e s h a v e e v e r b e e n p r e p a r e d . 

O t h e r D e p o s i t s 

S o u t h o f T e c o m a H i l l a n d R e g u l a t o r C a n y o n , a n d s o u t h ­

w e s t o f C o p p e r M o u n t a i n 3 m a n y p r o s p e c t p i t s h a v e b e e n d u g 

i n t h e F i s h H a v e n a n d L a k e t o w n d o l o m i t e s w h e r e s u r f a c e 

l i m o n i t e s t a i n s h a s e x p o s e d m i n o r f i s s u r e s . T h i s a r e a . . 

Oripin of Tecoma Hill Oros 
-",",",,'-~~"'-""'-'.-.. ---,..."""""'""""....--_,.,=-._,.,., 

Th(~ c;enes:i:3 0 f Te coma Hi,1,1 copper, lead ~ silver and 

zinc ores pro ~ly follows a course similar to that of the 

Copper Mountain copper and iron deposits. It should be 

added, hOliever" t.hat Tecoma Hill ores are probably younger 

than COy-per Hountain ores as they are oo'atI'olled in part 

by east-west and northeast faults w~ich cut, and are there-

fore younGsI' than, Co~uer Mountain nor south faults. 

F;)llcnTin!~ t:18 de)o si, tio:;:1 of sulphides supergene 

solutions percola tj ng t11.rough th9 carbon8,te beds could 

cause an almost complete oxidation of primary minera~s to 

carbonates, sulphatcs, oxides and other secondary products. 

Tacoma Hill Reserves 
~--.---.---..,""""''''''''''''''<-

To the uriterls knowledge the Teooma Hill properties 

are almost completely mined out. No efforts have been 

made to recover are in this area sinc(j 1943 and it is 

suspected that quantity of ore remaininG is i~Bufficient 

to su~port even small-scale operations. No figures eon-

eerning production are available since 1917, and no fig-

ures concerning reserves have ever been prepared. 

South of Tacoma Hill and Regulator Oanyon, and south-

I'rest of CO))8r }'lountain, many pros)ect :)its have been dug 

J..rl The Fi 811 Havcm and Laketo':Tn dolomites ,;here sUl~face 

limonite stains has ex~osed minor fissures. This area, 
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c a l l e d M i n e r a l M o u n t a i n , l i a s p r o d u c e d l i t t l e m i n e r a l v a l u e , 

h o w e v e r , a s d e p o s i t s t e r m i n a t e a t s h a l l o w d e p t h . 

R e c e n t l y - w o r k e d c l a i m s i n H o g a n ! s C a n y o n h a v e p r o d u c e d 

m i n o r q u a n i t i e s o f a g a l e n a s a n d f r o m s m a l l f r a c t u r e s i n 

t h e l o w e r m e m b e r o f t h e G u i l m e t t e F o r m a t i o n . T h e s e s a n d s 

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

e x p l o r a t o r y w o r k h a s b e e n d o n e t o d e v e l o p t h e p r o p e r t y . 

S e v e r a l t u n n e l s h a v e b e e n d r i v e n i n t o t h e l o w e r m e m b e r 

o f t h e G u i l m e t t e F o r m a t i o n n o r t h o f P a t t e r s o n P a s s a n d m i n o r 

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

t h e C u n a p a h m i n e . A t p r e s e n t o n l y l i m o n i t e - s t a i n e d r o c k 

a p p e a r s o n t h e d u m p s . B o t h H o g a n 8 s C a n y o n a n d P a t t e r s o n 

P a s s o p e r a t i o n s a r e s o u t h o f t h e C o p p e r M o u n t a i n a n d T e c o m a 

H i l l m i n e r a l i z e d a r e a s a n d a r e s e p a r a t e d f r o m t h e m b y t h e 

R e g u l a t o r C a n y o n f a u l t . 

S e v e r a l m i l e s n o r t h o f L u c i n a r e v a r i s c i t e d e p o s i t s 

i n t h e P e r m i a n P h o s p h o r i a o r P a r k C i t y F o r m a t i o n . T h e s e 

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

P e p p e r b e r g a n d o t h e r s a n d h a v e b e e n d e s c r i b e d a s " g r e e n 

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

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

o f l i m e s t o n e . " T h e d e p o s i t s h a v e n e v e r b e e n c o m m e r c i a l l y 

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

s h i p o f t h e s e d e p o s i t s t o C o p p e r M o u n t a i n a n d T e c o m a 

H i l l o r e s . 

-
-97-

called !lJineral Mountain, has :oroduced li ttle mineral value, 

hOIIever j as depo si ts terminate at shallow depth 0 

Recently-worked claims in Hogan's Canyon have produced 

minor c;:uani ties of a galena sand from small fractures in 

the low·er member of the Guilmette Formation. These sands 

also assay small values in silver, but little more than 

exploratory work has been done to develop the property. 

Several tunnels have been driven into the 10';'Ter member 

of the Guilmette Formation north of };)atterson Pass and minor 

quanities of lead, silver, and copper llfere recovered from 

the Cunapah mine. At present only limonite=stained rock 

appears on the dumps. Both Hogan's Canyon and Patterson 

Pass operations are south of the Copper Mountain and Tecoma 

Hill mineralized areas and are separated from them by the 

Regulator Canyon fault. 

Several miles north of Lucin are variscite deposits 

in the Permian Phosphoria or Park City Formation. These 

deposits have received considerable attention by Sterrett, 

Pepperberg and others and have been described as "green 

balls, nodules, and irregular masses of hydrous aluminum 

phosphate occurring in a cherty breecia containing fragments 

of limestone. II The deposits have never been commercially 

important, and nothing is knOl·m concerning the relation­

ship of these deposi ts to Copper r10untain and Tecoma 

Hill ores. 
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R e l a t i o n s h i p o f L u c i n O r e s t o P o r p h y r y i n t h e B a s i n a n d 

R a n g e P r o v i n c e 

A s t a t i s t i c a l r e p o r t b y S t r i n g h a m , ( S t r i n g h a m , 1 9 5 8 ) 

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

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

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

i n t r u s i o n s o f g r a n i t o i d r o c k o n l y , e x c l u d i n g s m a l l s i l l s 

o r d i k e s . S t r i n g h a m ! s p e r s o n a l o b s e r v a t i o n i n t h e n o r t h e r n 

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

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

i n t r u s i v e s c o u l d o c c u r u n d e r i m m e d i a t e l y a d j a c e n t l a v a a n d 

s e d i m e n t a r y c o v e r , ( S t r i n g h a m , 1 9 5 8 , p . 8 1 2 ) . P r o m d e t a i l e d 

o b s e r v a t i o n o f t h e P a t t e r s o n P a s s i n t r u s i v e b y t h i s w r i t e r , 

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

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

i n d e e d . S t r i n g h a m 8 s c o n c l u s i o n s , b a s e d o n t h e a b s e n c e o f 

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

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

o v e r .a p e r i o d o f y e a r s . S u c h a s t a t e m e n t i s r e i n f o r c e d 

b y a n a l y z i n g t h e e s t i m a t e d r e s e r v e s o n C o p p e r M o u n t a i n , 

( Q u i g l e y , 1 9 5 5 ) l i s t e d i n t h i s r e p o r t ^ ( A p p e n d i x I , I I , a n d I I I ) 

S u m m a r y a n d S e q u e n c e o f E v e n t s o f L u c i n D i s t r i c t O r e s 

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

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

i g n e o u s f e a t u r e s a s f o l l o w s s 

Relationship of Lucin Ores to Porphyry in the Basin and 

Range Province 

A statistical report by Stringham, (Stringham, 195.8) 

has classified the Lucin district as being one of a group 

of mining camps that have produced betl'reen three and five 

million dollars of metal value, and also as one containing 

intrusions of granitoid rock only, excluding small sills 

or dikeso Stringham's personal observation in the northern 

Pilot Range has revealed no significant intrusive porphyry 

in the vicinity of the Lucin ore bodies, although aphanitic 

intrusives could occur under immediately adjacent lava and 

sedimentary cover, (Stringham, 1958, p. 812). From detailed 

observation of the Patterson Pass intrusive by this I'Tri ter, 

it uould appear that the possibility of lava or sedimentary 

cover concealing an aphaJ.1.i tic intrusive is very remote 

indeed. Stringham's conclusions, based on the absence of 

a major porphyry body, woUld indicate that the Lucin district 

coUld never hope to be a large producer of metal values 

over a :Qeriod of years. Such a statement is reinforced 

by analyzing the estimated reserves on Copper Mountain, 

(Quigley, 1955) listed in this report, (Appendix I, II, and III) 

Summa~y and Seguence of Events of Lucin District Ores 

Ore deposits of the Lucin district may be placed in 

chronological order and related to structural control and 

igneous fea tuxes as follol'lS ~ 



1.. D u r i n g t h e e a r l y o f m i d d l e p h a s e o f L a r a m i d e 

d e f o r m a t i o n , I n L a t e C r e t a c e o u s o r E a r l y -

T e r t i a r y t i m e , t h e e a s t e r n G r e a t B a s i n a r e a 

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

w i t h m o n z o n i t i c o r g r a n i t i c c o m p o s i t i o n . One 

s u c h b o d y , o f m o n z o n i t i c c o m p o s i t i o n , i n t r u d e d 

t h e n o r t h e r n t h i r d o f t h e P i l o t M o u n t a i n s i n 

t h e P a t t e r s o n P a s s a n d C o p p e r M o u n t a i n a r e a s . 

T h e i m p l a c e m e n t o f t h i s b o d y a n d o t h e r s ' l i k e ' i t 

i n a d j a c e n t m o u n t a i n s w a s c o n t r o l l e d b y p r e -

e x i s i t n g f a u l t o r ' f r a c t u r e z o n e s p r o b a b l y 

r e l a t e d t o L a r a m i d e o r e v e n L a t e U e v a d i a n d e f o r m a ­

t i o n ; E m a n a t i n g f r o m t h e I g n e o u s b o d y w e r e 

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

t h a t w e r e p r e c i p i t a t e d b y I r o n a n d a l u m i n a c o m ­

p o u n d s i n w a t e r - w o r n c a v i t i e s a s w e l l a s i n 

p r e - e x i s t i n g , n o r t h s t r i k i n g f i s s u r e s . I n t h e 

C o p p e r M o u n t a i n a r e a d e p o s i t i o n o f o r e m i n e r a l s 

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

G u i l m e t t e F o r m a t i o n * 

2 . S u b s e q u e n t t o e a r l y L a r a m i d e d e f o r m a t i o n a n d 

m o n z o n i t i c I n t r u s i o n m e n t i o n e d i n # 1 , w e r e c r u s t a l 

d i s t u r b a n c e s t h a t r e s u l t e d I n m a j o r e a s t - w e s t 

a n d n o r t h e a s t f a u l t t r e n d s a s w e l l a s m i n o r 

m o v e m e n t o n e a r l i e r f a u l t s . T h e s e t r e n d s a r e 

y o u n g e r t h a n t h e n o r t h - s o u t h t r e n d s a t C o p p e r 

M o u n t a i n b u t o l d e r t h a n t h e m a j o r n o r t h - s o u t h 
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1e During the early of middle phase of Laramide 

deformation, in Late Cretaceous or Early 

Tertiary time, the eastern Great Basin area 

'Vlas intruded by numerous acidic igneous bodies 

with monzonitic or granitic composition. One 

such body, of monzonitic composition, intruded 

the northern third of the Pilot Mountains in 

the Patterson Pass and Copper Mountain areas. 

The implacement of this body and others'"1:ike 'i't 

in adjacent mou.ntains I'Tas controlled by pre­

eXisitng fault or 'fracture zones probably 

related to Laramide or even Late Nevadian deforma­

tion;" Emanating from the igneous body -vrerC} 

solutions and gases rich. in sulphide compounds 

tIla t were pre (.:i pi tat ed by iron and al uJ!lina com­

pounds in 1m ter""vTOrn cavities as i'Tell as in 

pre-existing, north striking fissures. In the 

Copper !·10untain area deposition of ore minerals 

occurred in the lOi-ler limestone member of the 

Guilmette Formationo 

2. Subsequent to early Laramide deformation and 

monzoni tic intrusion mentioned in #1, 'were crustal 

disturbances that resulted in major east-ifest 

and northeast fault trends as vrell as minor 

movement on earlier faultse These trends are 

younger than the north-south trends at Copper 

Hountain but older than the major north-south 
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f a u l t s t h a t p a r a l l e l t h e m a r g i n o f t h e r a n g e 

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

t h e e a s t - w e s t a n d n o r t h e a s t f i s s u r i n g w a s t h e 

i m p l a c e m e n t o f m o n z o n i t e p o r p h y r y d i k e s i n t h e 

T e c o m a H i l l a r e a , d i k e s t h a t a r e g e n e t i c a l l y 

r e l a t e d t o t h e P a t t e r s o n P a s s i n t r u s i o n a n d 

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

s i v e p h a s e o f t h e d e f o r m a t i o n . E m a n a t i n g f r o m 

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

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

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

O r d o v i c i a n , S i l u r i a n , a n d D e v o n i a n a g e . T e c o m a 

H i l l o r e , d e p o s i t e d I n e a s t - w e s t a n d n o r t h e a s t 

f i s s u r e s , i s t h e r e f o r e y o u n g e r t h a n O o p p e r 

M o u n t a i n d e p o s i t s b u t o l d e r t h a n L a t e T e r t i a r y 

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

r a n g e - e l e v a t i n g , B a s i n a n d R a n g e f a u l t s . 

D u r i n g t h e l a s t p u l s e s o f L a r a m i d e d e f o r m a t i o n , 

o r a s s o c i a t e d w i t h p o s t - L a r a m i d e d e f o r m a t i o n , 

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

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

t i l t e d t o t h e e a s t . • U p l i f t a n d t i l t i n g w e r e 

u n d o u b t e d l y d u e t o n o r t h - s o u t h B a s i n a n d R a n g e 

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

w e s t e r n f l a n k o f t h e r a n g e . 
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faults that parallel the margin of the range 

and resulted in its uplift. Associated with 

the east~"\'rest and northeast fissuring 'Vms the 

imp1acement of monzonite porphyry dikes in the 

Tecoma Hill area, dikes that are genetically 

related to the Patterson Pass intrusion and 

probably represent the last stages of the intru­

sive phase of the deformationo Emanating from 

the younger i eOllS bodies "Jere sulphide-rich 

solutions from which precipitated copper, lead, 

silver, and zinc minerals in carbonate rock of 

Ordovician, Silurian, and Devonian age. Tecoma 

Hill are, deposited in east-vest and northeast 

fissures, is therefore younger than Copper 

Mountain deposits but older than Late Tertiary 

since their enclosing faults are truncated by 

range-elevating, Basin and Range faults. 

30 During the last pulses of Laramide deformation, 

or associated viith post-Laramide deformation, 

in probably Late Tertiary time, the Pilot 

Range iias uplifted and s edimen t~ry rocks I"Tere 

tilted to the east •. Uplift and tilting were 

undoubtedly due to north-south Basin and Range 

normal faulting, partiQular1y affecting the 

1!2stern flank of the range. 
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4 . D u r i n g a n d s u b s e q u e n t t o t h e e p i s o d e o f u p l i f t 

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

e r o s i o n , p a r t i c u l a r l y i n t h e C o p p e r M o u n t a i n a r e a . 

A t C o p p e r M o u n t a i n , D e v o n i a n G u i l m e t t 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 c r e s t o f t h e P i l o t M o u n t a i n 

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

t h e G u i l m e t t e , t h e M i s s i s s i p p i a n D i a m o n d P e a k a n d 

C h a i n m a n , P e r m i a n P e q u o p a n d P h o s p h o r i a ( ? ) F o r m a ­

t i o n s a n d p e r h a p s T r i a s s i c r o c k w e r e s t r i p p e d a w a y , 

a l l o w i n g t h e s u l p h i d e d e p o s i t s i n t h e G u i l m e t t e t o 

b e a t t a c k e d b y w e a t h e r i n g p r o c e s s e s . 

5 . O x i d a t i o n a n d l e a c h i n g o f p r i m a r y s u l p h i d e s t o 

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

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

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

a n d u p l i f t o f t h e a r e a a n d d u r i n g t h e p e r i o d o f 

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

F o r m a t i o n o f t h e C o p p e r M o u n t a i n g o s s a n a n d o t h e r 

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

r e c e n t l y , o r a t l e a s t a f t e r t h e G u i l m e t t e w a s 

e x p o s e d b y s t r i p p i n g o f o v e r l y i n g p o s t - D e v o n i a n 

s t r a t a . 

6 . D u r i n g t h e L a t e T e r t i a r y , a n d w h i l e t h e a r e a w a s 

u n d e r g o i n g e x t e n s i v e e r o s i o n , b a s a l t f l o w s a n d 

r h y o l i t e f l o w s ( ? ) w e r e e x t r u d e d i n t h e G r e a t 

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

4. During and subseQuent to the episode of uplift 

and tilting, the Pilot Range undeI'1fent considerable 

erosion, particularly in the Oopper }lountain area. 

At Oopper :{I1ountain, Devonian Guilmette Formation 

is exp~sed along the crest of the Pilot Mountain 

divideo Younger rock q, namely the upper members of 

the GUilmette, the Nississippian Diamond Peak and 

Ohainman, Permian PeQuop and Phosphoria (?) Forma-

tions and perhaps Triassic ro ck 1'rere stripped away, 

allOl"ring the sulphide deposits in the Guilmette to 

be attacked by i'lea thering pro ce sses <> 

5. Oxidation and leaching of primary sulphides to 

carbona te, sulpha tes and oxides ,. as 1rell as to 

other minor secondary forms by descending super­

gene solutions probably occurred after the tilting 

and uplift of the area and during the period of 

active lreathering and erosion tli1til the present. 

Formation of the Oopper Mountain gossan and other 

minor limonite gossru1s probably occt~red Quite 

recently, or at least after the Guilmette Has 

exposed by stripping of overlying post-Devonian 

strata. 

6. Dt~ing the Late Tertiary, and uhile the area w"as 

undergoing extensive erosion, basalt flollS and 

rhyoli t e flol"rs (?) uere extruded in the Great 

Basin area including an area just north of the 
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Lucin district. This igneous activity may "be 
related to uplift of the range although this 
relationship is not certain. . That the extru­
sive rock is related to basic dikes at Copper 
Mountain is suspected, for certainly these dikes 
are post-ore and play no role in its deposition. 
Ho attempt has been made by early writers or by 
this writer to determine how the variscite deposits 
north of Lucin are related to the above mentioned 
structural features or igneous intrusion. 
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Lucin district. This igneous a ctivity may be 

related to uplift of the range although this 

relationship is not certain • . That the ex tru­

sive rock is related to basic dikes at Copper 

Mountain is suspected, for certainly these dikes 

are post-ore and play no role in its deposition. 
, 

7. No attempt has been made by early lrri ters or by 

this 't"rri ter to determine hOi"r the varisci te deposits 

north of Lucin are related to the above mentioned 

structural features or igneous intrusion. 



APPENDIX 

I. PROVED, INFERRED AND INDICATED RESERVES 
The following material is the result of a special 

study made by W, Don Quigley (1955) for Uranium Petroleum 
Corporation. 

Proved Ore Reserves 
East Pit 

Exposed face of copper ore - 10 ft. x 
2-i ft. x 20 ft. = 500 cu. ft. or about 
35 tons of ore averaging K% Cu. 

Total Cu. content is 1.40 tons. 
West Pit 

Exposed face of copper ore - 250 ft. x 50 
ft. high x 208 ft deep (?) (The depth into 
the hillside is unknown, but mineralization 
is found in"old workings on the east side -
a distance of more than 400 ft. away) = 
2,500,000 cu. ft. We must assume that half 
of this face will be waste, due to the lack 
of iron mineralized rock and fault breccia 
which will be encountered. Therefore, 
approximately 80,000 tons of ore are probable 
which may average 2.50/£ Cu, 

Total Cu. Content is ,.2000.00 tons 
Totals - Total Cu. Content is 2001.40 tons 
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APPENDIX 

I. PROVED, INFERRED AND INDICATED RESERVES 
\ 

The follo'l'iing material is the result of a special 

study made by W. Don Quigley (1955) for Uranium Petroleum 

Corporation. 

Proved Ore Reserves 

East Pit 

~{posed face of copper ore - 10 ft. x 

2 J. f-'-
-';.~- v 0 ::: 20 ft. = 500 cu. ft. or about 

35 tons of ore averaGinG 4% Cu. 

Toto.l Cu. content is ........... l.40 tons. 

\"Test ~it 

E::po s od face of copper ore - 250 ft. J: 50 

ft 0 hiGh :: 208 ft deep (?) (The depth into 

the 11illside is unlmol:'"'.!1, but mneraliza tion 

is found in" old liorkinGs on the east side -

a dist811ce of more than 400 ft. alT2.Y) = 
2,500,000 cu. ft. "'-'Te r.1Ust assume that half 

of this face lTill be waste, due to the lack 

of iron mineralized rock and fal-u. t breccia 

1"rhi ch I'rill be en COl-ill tered. Therefore, 

appro::1mn tely 80,000 tons of ore are probable 

uh1cll may averaGe 2.50% Cu. 

Total Cu. Content 18 ••••••. 2000.00 tons 

Totals - Total Cu. Content is ....... 2001.40 tons 
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Indicated Ore Reserves 
East Pit 

Below the present workings, according to 
V. 0. Prazier, the operator, is a good face 
of ore, some of which has "been removed. 
This face may measure 40 feet long "by 3 
feet deep and 30 feet in width. This equals 
3,600 cu. ft., or 240 tons or ore averaging 
about 3% Cu. 

Total Cu. content is 7.20 tons 
West Pit 

According to the operator, the face of ore 
exposed in the pit continues on to the north 
for about 200 feet more to the edge of the 
old "Glory Hole." (This is now covered by 
waste material moved off the top and from 
the sides of the present pit.) This face is 
reported to be 60 feet high and my extend 
into the hill approximately 200 feet as 
above. This makes a total of 2,400,000 cu. 
ft.; but again, we must assume that half 
will be wate. Therefore, approximately 
80,000 tons of ore are indicated, which may 
contain 2.50% Ou. 

Total Ou. content is 2,000 tons 
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Indicated Ore Re;:lerves 

East Pit 

Below the present workinGs, according to 

V. C. Frazier, the operator, is a good face 

of ore, some of "l'Thich has been removed. 

This face may measure l~O fee t long by 3. 

feet deep and 30 feet in "l'ddth. This equals 

3,600 cU o ft., or 240 tons or ore 2.veraGilJ.G 

3.bout 3% Cu. 

Total CU o content is ••••••.• 7.20 tons 

I'Test Pit 

According to the operator, the face of ore 

exposed in the pit continues on to the north 

for about 200 feet more to the edge of the 

old uGlory Hole." (This is nOl'l covered by 

vlaste material moved off tlie top and from 

the sides of the present pit.) This faoe is 

reported to be 60 feet high and my extend 

into the hill approximately 200 feet as 

above. This makes a total of 2,400,000 cu. 

ft.; but again, vle must assume that half 

Hill be I'm. te. Therefore , approximately 

80,000 tons of ore are indicated, v1h1ch may 

contain 2.50% Cu. 

Total Cu. content 18 •••..••• 2,000 tons 
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O l d M i n e s 

T h e B e l l a n d G r e e n C a r b o n a t e t u n n e l s h a v e 

c o n s i d e r a b l e c o p p e r m i n e r a l i z a t i o n e x p o s e d 

a l o n g t h e s i d e s o f t h e d r i f t s . T h e p r e s e n t 

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

t o b e r e m o v e d t h r o u g h o p e n p i t o p e r a t i o n s . 

I t i s e n t i r e l y p o s s i b l e t h a t a n o t h e r 5 0 , 0 0 0 

t o n s o f o r e c o u l d b e o b t a i n e d . I f we 

a s s u m e a 2 , 5 0 ^ a v e r a g e c o p p e r c o n t e n t t h e 

T o t a l c o p p e r c o n t e n t i s , . . . 1 , 2 5 0 , 0 0 t o n s 

T o t a l s - T o t a l C u . c o n t e n t i s . . . . . . . 3 , 2 5 7 - 2 0 t o n s 

I n f e r r e d O r e R e s e r v e s 

No d e e p o r l a t e r a l d r i l l i n g h a s b e e n d o n e o n 

C o p p e r M o u n t a i n . A s p r e v i o u s l y s t a t e d , i t i s 

' e n t i r e l y p o s s i b l e t h a t c o p p e r s u l p h i d e o r e s 

m i g h t b e f o u n d b e l o w t h e o x i d i z e d z o n e . I f s o , 

t h e o r e r e s e r v e s c o u l d w e l l b e I n c r e a s e d s e v e r a l 

t i m e s . T h e l a t e r a l e x t e n t o f t h e c o p p e r m i n e r a l i ­

z a t i o n o n t h e s u r f a c e i s m o r e t h a n t h r e e t i m e s t h e 

d i s t a n c e c o n s i d e r e d I n t h e a b o v e c a l c u l a t i o n s 

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

m o r e d a t a i s a v a i l a b l e , i t i s f a i r l y s a f e t o 

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

a b o u t 3 ? 0 0 0 , 0 0 0 ' t o n s . I f t h i s a v e r a g e d 2.50% 

C u , , t h e t o t a l C u , c o n t e n t w o u l d b e , , , 7 , 5 0 0 ^ t o n s . 
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Old Mines - .. ------

The Bell and Green Oarbonate tmmels have 

oonsiderable copper mineralization exposed 

along the sides of the driftso The present 

lmrkings are unsafe and the ere 1·wuld have 

to be removed through open pit operations. 

It is entirely possible that another 50,000 

tons cf ore could be obtained.. If "i"re 

assu-,'Ue a 2" 50% average copper COll tent the 

Total ccp.per content iso o ". 1,250.00 tons 

Totals - Total OUo content isoo ••• o* 3,257020 tons 

Inferred Ore Reserves -----

No deep or lateral drilling has been done on 

Copper I-1ol.lntain. A.s previously stated ~ it is 

. entirely possible that copper su.lphide ores 

IT'.ight be fcund below the oxidized zone. If so, 

the ore reserves could uell be increased several 

times" The lateral extent of the copper minerali­

za tiol1 on the surface is more thaJ.'l thre,e times the 

distance considered in the above calculations 

for the proven and indicated reserves. Until 

more data is available, it is fairly safe to 

assume that; the inferred ore reserves may be 

about 3,000,000 'tons" If this av.eraged 2.50% 

Ou., the total Ou. content vrould be •• ,,7,500 .. :-tons. 
<' 
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II. COPPER MOUNTAIN ORE RESERVES AND VALUES (table 1 ) 

The following figures are based on estimates compiled 
by W, Don Quigley (1955) for the Uranium Petroleum 
Corporation. 

Proven Ore Reserves 
East Pit 1.40 tons 
West Pit 2000.00 tons 

total Cu content 2001„40 tons 
value at 43^ per lb. (1955) 81,721,204.00 
value at 30^ per lb. (1959) $1,200,840.00 

Indicated Ore Reserves 
East Pit 1 7.20 tons 
West Pit 2000.00 tons 
Old Mines 

(Bell and Green Carbonate) 
1250o00 tons 

total Cu. content 3257.20 tons 

value at 43^ per lb. (1955) |2,801,192.00 

value at 30^ per'lb. (1959) $1,954,320.00 

Inferred Ore Reserves • 
total Cu. content 7500.00 tons 
value at 43^ per lb. (1955) §6,450,000.00 

value at 30^ per lb. (1959) $4,500,000.00 

Total Proven, Indicated and Inferred Reserves 
Cu. content 12,758.60 tons 
value at 43^ per lb. (1955) $10,972,396.00 

value at 30^ per lb. (1959) $ 7 ,655,160.00 
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II. COPPER I-1OUNTAIN ORE RESERVES AND VALUES (t:::tble 1) 

The follolIinc; fiGures are based on estimates compiled 

by I'T. Don Quigley (1955) for the Uranium Petrolewn 

Corporation. 

Proven Ore Resorves 

East Pit 1.40 tons 

~Test n°'(" _lv 2000.00 tons 

total Cu content 2001040 tons 

value 3.'t lj·3 st per lb. (1955) $1,721,204.00 

v3.11.1.e at 30¢ per lb. (1959) $1 , 200, 840.00 

Indicated Ore Re ser\res 

East Pit 1 7.20 tons 

Hest Pit 2000000 tons-

Old 

Inferred 

l·1inos 

(Bell and Green Carbonate) 
1250000 tons 

tcto.l Cu. content 3257 ¥ 20 tons 

value at 43¢ per lb. (1955) $ 2, 801 , 1 92.00 

value at 30¢ per'lb. (1959) $1,954,320.00 

Ore Reserves 

total Cu. content 7500.00 tons 

value at 43¢ per lb. (1955) $6,450,000.00 

value at 30¢ per lb. (1959) $4,500,000.00 

Total Provon, Indicated and Inferred Reserves 

Cu. (,ontont 12,758.60 tons 

value at 43¢ per lb. (1955) $10,972,396.00 

value at 30¢ per lb. (1959) 8 7,655,160.00 
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I l l , COPPER MOUNTAIN R E S E R V E S , ECONOMICS AND COSTS 

T h e r e s e r v e s a n d v a l u e s l i s t e d i n t a b l e 1 o f t h e 

a p p e n d i x G h o u l d n e t b e c o n s t r u e d t o i n d i c a t e p o s s i b l e 

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

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

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

p r o b l e m s m e n t i o n e d i n s e c t i o n 4 o f t h e a p p e n d i x . 

T h e c o s t o f a s p e c i a l l y d e s i g n e d m i l l t o h a n d l e 2 0 0 

t o n s o f o r e d a i l y w i l l b e a s m u c h a s $ 8 0 0 , 0 0 0 a n d t h e c o s t 

o f p r o c e s s i n g o n e t o n o f o r e w i l l b e a p p r o x i m a t e l y $ 3 . 0 0 

( Q u i g l e y , 1 9 5 5 ) . 

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

m i n i n g a r e a o p e n p i t r e c o v e r y w i l l b e n e c e s s a r y a t l e a s t 

u n t i l a m o r e s t a b l e a n d e v e n u n o x i d i s e d o r e b o d y i s 

d i s c o v e r e d a t d e p t h * I t i s e s t i m a t e d b y Q u i g l e y ( 1 9 5 5 ) 

t h a t m i n i n g c o s t s m a y r u n a s h i g h a s $ 1 0 . 0 0 p e r t o n , 

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

c o n s i d e r e d . 

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

b y Q u i g l e y f o r t h e U r a n i u m P e t r o l e u m C o r p o r a t i o n , ( t a b l e 

2 ) a n d d o n o t i n c l u d e t h e p r o b a b l e i n c r e a s e i n m i n i n g a n d 

m i l l i n g c o s t s s i n c e 1 9 5 5 • 
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IIIo COPPER MOUNTAIN RESERVES, ECONOMICS AND OOSTS 

The reserves and values listed in table 1 of the 

appel1di:: GhouJ.d net be C011,St'fU8d to il1dicat'~: possible 

prefi to M:tnlng and, mill:l.ng c;c S'ts Llc~luded in this section 

viill be necessar:ily high due to high percentages of alumina 

and silica 111 the ere and because a i.' other ahelll.'Lc.'ul 

p~C'o Lle:E!S mentioned in section 4 of ti'lC; appendj,x .. 

The Clost of a specially designed :mill to handle 200 

tons of' ore da:L:.y Iff,11 013 as muc:h as $800 ~OOO and the cost 

of prooessing one ten cf (:,t'8 'will be approximately $:;;.00 

(Qulg1ey, 195.5)., 

Because of the very pcrous 8.lJ.d uns·table na'ture of the 

mining area open pit re::cvery 't'rill be ne:';essary at least 

until a more stable and elren Ul10xidized ore body is 

discovered a:t d,eptho r't is eS1jimated hy Qu.1g1ey (1955) 

that rrrin:tng ccsts may r12n as high as $10,,00 per tOll!> 

especially i-when the cost of moving lJ'aste material is 

considered. 

The folo~ving figu.res are based on estimates compiled 

b;;r Quigley for the Ur2.niu:m. Petroleum Corporation, (table 

2) and do not include the probable lncrease in mining and 

m:i.lling costs s1.n(;e 19550 
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1955 1959 
(kit p e r l b . ) (3C¥ p e r l b . ) 

P r o v e n Ore R e s e r v e . „ . . . . . . . . . < , . . <>.80,035 t o n s 

Copper c o n t e n t and v a l u e 2,001.1*0 t o n s $ l ,721 , .20iuOO $1,200,81*0.00 

C o s t of Mining $ 8 0 0 , 3 5 0 . 0 0 

C o s t of f M i l l C o n s t . $1*00,000.00 

C o s t of p r o c e s s i n g o r e $2l*0,105»00 

TO t a 1 COStoooooocooooooooocoooooooocoooocoooooo $1,1*1*0 , 1*35 o 00 o c o o o o $ 1 , 1*1*0 , 1*55 o 00 

P r o f i t o r D e f i c i t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . #$ 280,71*9 = 0 0 . . . . . = 4 ^ 2 3 9 , 6 1 5 . 0 0 ^ ) 

I n d i c a t e d Ore R e s e r v e 0 . . . . . . . . . c 130 s2l*0 t o n s 

Copper c o n t e n t and v a l u e 3 ,257o2 t o n s $ 2 , 8 0 1 , 1 9 2 . 0 0 $1,951*,320.00 

C o s t of min ing $1 ,302,1*00.00 

C o s t of 2 M i l l c o n s t r . $ 1*00,000.00 

C o s t of P r o c e s s i n g Ore $ 3 9 0 , 7 2 0 . 0 0 

T o t a l COSta o . o o o » . . . o . e e o » » » « . o o « c o o o o o o o o o o o o o $ 2 , 0 9 3 « 120 . 00 o o o o o O $ 2 , 0 9 3 s 120 .00 

P r o f i t o r D e f i c i t . . . . . . . . . . *$ 7 8 0 , 0 7 2 . 0 0 . . . . - $ ( l 3 8 , 8 0 0 . 0 0 ) 

1 ...... 
o 
CD 
! 

APPENDIX TABLE 2 

1955 
(h3¢~ per lb.) 

Proven Ore Reserve .• o.oooo.ooooo o.80 ~ 035 tons 

Copper cont ent and value 

Cost of Mining 

Cost of 1 Mill Canst. 

Cost of processing are 

$800 ~ 350000 

$400i'000000 

$240 j 105",00 

1959 
(Jot per lb.) 

$,1 ~ 200 ~ 840 ",00 

Total Costo.o.oo oooo oooo.o •• oo. oo .o o.o •• • • oo.o o $Ls440~550000 0oo.0 $1.~440~455ooo 

Profit or 'Deficito oo •• ,o • •• ooo • •• o •••••• ooooo *$ 280 ~749 , 00o o o . ~$(239~615<>00) 

Indicated Ore Reserveoo •• ooooo.ooo 130 ~240 tons 

Copper content and value 

Cost of mining 

Cost of 1 Mi ll cons t r. 

Cost of Processing Ore 

)~ 25702 tons 

$l j 302 j 400000 

$ 400,000 000 

$ 390,9720000 

$l~954.9 3 20 ",00 

Total Cost ••••••••••• · •••••••••••• '.0 • •• o • • • • 0. oo$2,9093 :; 120000 000 000$2,9093,9120,,00 

) 



APPENDIX TABLE 2 (cont'd.) 

1955 1959 
CU3jzf' per lb.) (30^ per lb.) 

Inferred Ore Reserve..............300,000 tons 

Copper content and value 7,500 tons $6,U50,000.00 $ti,500,000.00 

. Cost of mining $3,000,000.00 

Cost of processing ore $ 900,000.00 

Total COStj o a o o o o o o o o o o o o o o o o o o o o o o o o o o o o o Q O o o »$3S900 o000 o O O o o . o o .S3 9900 s000 o O O 

P r o f i t . o . . . o . o . . . . c . . c o o . . c . . . o . . . . . o c c . . . . „ o + $ 2 , 5 5 0 , 0 0 0 . 0 0 . . . „ + $ 6 0 0 , 0 0 0 . 0 0 

Total Ore R e s e r v e . . . . . . . . . . . . . . . . . 5 1 0 , 2 7 5 tons 

Copper Content and Value 1 2 , 7 5 8 . 6 0 tons $ 1 0 , 9 7 2 , 3 9 6 . 0 0 $ 7 , 6 5 5 , 1 6 0 . 0 0 

Total cost of Mining $ 5 , 1 0 2 , 7 5 0 . 0 0 

Total cost of Mill constr. $ 8 0 0 , 0 0 0 . 0 0 

Total cost of Ore Process $ 1 , 5 3 0 * 8 2 5 . 0 0 

Total C o s t c . . . . . . . . . . . . . . . . . . . . . . . . . . . » a . . . . . . . o $ 7 , U 3 3 , 5 7 5 . 0 0 . . . . . o $ 7 $ i i 3 3 , 5 7 5 . 0 0 

TO ta 1 P r o f l t o b o o o o o o o o o « » o o o o o o o o o o o o o o o o o o o o o o $ 3 , 5 3 9 , 8 2 1 o O O o o o o o o $ 2 2 1,585oOO 

i ...... 
o 

APPENDLX TABLE 2 (conti do) 

I'nferred Ore Reserveooocooo.cooooo300;000 tons 

Copper content and value 

Cost of mining 

Cost of processing ore 

7 ~500 tons 

$3:;000~000oOO 

$ 900~000aOO 

1955 
(Ldi per 1to) 

$6,,450 .• 000.00 

1959 
(Joy! per 1b 0 ) 

To ta 1 Co s too. 0 0 0 0 0 0 0 0 0 " " 0 " 0 0 0 " " " " 0 CO" " " 0 0 0 0 " " 0 • $ J ;; 900 ;. 000 .00.0 " 0 " " 0 $ 3 .~ 900 5 000 .00 

Profit"""" ••• "o.o.o •• oo.o •••• "Oo •• O"C" •• O"o." +$2~550jOOOoOO.ooo ~$ 600:;000000 

\0 Total Ore Reserve, .• 00.ooo.0.cooooo51O~275 tons 
! 

Copper Content and Value 12,758 060 tons 

Total cost of Nining :$ 5:; 10 2 ;. 750 000 

Total cost of m 11 constr" $ 800:;000000 
/ 

Total cost of Ore Process $17530~825 .. 00 

To ta 1 Pr 0 fit ••••••••• 0 ••••••••• 0 • 0 •••• 0 • 0 0 0 0 0 0.0 $, 3:; 539> 821 000 0 0 • 0 " 0:$ 221 j 585000 



I V . SUMMARY OF MILLING- AND METALLURGICAL PROCESSES 

B e c a u s e o f t h e u n u s u a l n a t u r e o f C o p p e r M o u n t a i n o r e s , 

i t w a s n e c e s s a r y t o c o n d u c t e x p e r i m e n t a l w o r k t o d i s c o v e r 

p o s s i b l e m e t h o d s o f e x t r a c t i n g m e t a l s f r o m o r e . T h e 

f o l l o w i n g p a r a g r a p h s a r e t h e c o n c l u s i o n s o f e x p e r i m e n t a l 

w o r k d o n e b y t h e T e c h m a n i x a n d C o m b i n e d M e t a l s R e d u c a t i o n 

C o m p a n y f o r U r a n i u m a n d P e t r o l e u m C o r p o r a t i o n a n d a r e r e p r o ­

d u c e d w i t h t h e i r p e r m i s s i o n * 

" T h e h e a d s a m p l e o n w h i c h o u r t e s t w o r k w a s d o n e h a d 

t h e f o l l o w i n g a n a l y s i s . 
I g n i t i o n 

A s s a y Cu F e S 1 0 2 CaO MgO A1 2C>3 C 0 2 3 L o s s 

% 3 * 0 1 1 . 4 2 9 * 7 3 o 4 2 . 6 2 1 . 9 3 * 8 T r , 1 6 . 1 

A s s a y Zn P b WQg Au A g 

O z . / T o n 0 . 1 0 0 . 0 2 T r * 0 . 2 O z . / T o n 

" T h e f o l l o w i n g o u t l i n e s h o w s t h e v a r i o u s t y p e s o f t r e a t -
•f 

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

t h e c o u r s e o f o u r w o r k o n t h i s o r e * A b r i e f d i s c u s s i o n o f 

t h e s e p r o c e d u r e s f o l l o w s t h e o u t l i n e . 

I CONCENTRATION BY S I Z I N G 

I I GRAVITY CONCENTRATION 

I I I FLOTATION 
( a ) . . F l o t a t i o n o f C o p p e r M i n e r a l s . 
( b ) o F l o t a t i o n of ' G a n g u e M i n e r a l s . 

I V DIRECT LEACHING 

( a ) . S u l f u r i c A c i d . 
( b ) . A m m o n i a , Ammonium C a r b o n a t e . 
( c ) . S o d i u m H y d r o x i d e , 

- 1 1 0 -

IV. §UMMA.RY O~JULLING AND, MET~I.CAL PROCESSES 

Beoause of the unusual nature of Copper Mountain ores, 

it vTaS necessary to conduct experimental work to discover 

possible methods of extracting metals from ore. The 

i'ollo1'ring paragraphs are the conclusions of experimental 

vmrk done by the Techman:tx and Combined Metals Reducation 

Company for Uranium and Petroleum Corporation and are repro-

duced w'i th their permiss:l.ono 

"The head sample onwhlch our test work was done had 

the following analysis. 
Ignition 

Assay Cu Fe Sl02 CaO N,gQ A12Q3 ,902 S L= . .;;..Os.;..;s ___ _ 

% 300 1104 2ge7 3.4 2.6 21.9 3.8 Tr. 16.1 

Assay 

.Oz./Ton 

Zn Pb 

° 
1'1°2 

0.02 

Au 

Tr" 

"The following outll.ne show's the various types of treat-

ment proct?dures which have been partially investigated during 

the course of our work on this ore" A brief discussion of 

these procedures follows the outline. 

I CONCENTRATION BY SIZING 

II GRAVITY CONCENTRATION 

III FLOTATION 

(a).. Flotation of Copper Minerals. 
(b)o Flotation o.t Gangue 1>finerals. 

IV DIRECT LEACHING 

Sulfuric Acid. 
Ammonia, Ammonium Carbonate" 
Sodium Hydroxide 0' 



V ROASTING AND LEAGUING 
(a). Dehydrating Oxidizing Roast Followed by 

Ammonia, Ammonium Carbonate Leachinga 

(b). HCI Lou Temperature Chloridizing Roast 
Followed by Both Water and Ammonia 
Leachingo 

(e ) o Selective Sulfation Roasting Followed by 
Water L e a c h i n g o 

(d)e NaCl Chloridizing Roasting Followed by 
Water Leaching. 

" I CONCENTRATION BY SIZING 
" a screen analysis was run on the ore head sample after 

crushing through 8 mesh to determine the distribution of 
copper and gangue minerals. This test showed a remarkably 
even distribution of Cu, AlpO^s and 0IO2 in all the screen 
fractions and eliminated the possibility of making either a 
rejectionable product or a higher grade product by sizing 
alone. Iron, which is mostly present as hard limonite;, 
does concentrate to some extent in the coarse size fraction. 
About ~5§% of the minus 10 mesh ore consists of minus 325 

mesh slime with a copper content approximately the same as 
the head sample0 This high slime content almost eliminates 
the possibility of using a direct leaching process which 
involves a filtration stepc The slimes can, however, be 
readily flocculated with separan and other flocculating 
agents which might allow counter-current decantatlon to 
be used in place of filtering. 

V ROASTING AliID LEAOHING 

(a). Dehy~r~ting Oxidizing Roast Followed by 
Ammonia, Arlwonium Oarbonate Leachingo 

(b). HOI Lou Temperature Ohloridizing Roast 
FollolIed by Bo th v-la ter and Ammonia 
Leaching. 

(R). Selective Sulfation Roasting Follol'red by 
vlater Leachingo 

(d)o NaOl Ohloridizing Roasting Folloued by 
\'Tater LeachinG' 

"I OONOENTRATION BY SIZING 

,II A screen analysi s '\'TaS run on the ore head sample after 

crushing throuGh 8 mesh to determine the distribution of 

copper and gangue minerals. This test shoued a remarkably 

even dlstribution of eu, A1 20 39 and 3i02 in all the screen 

fract:j.ons and eli.minated the possibility of makinG either a 

rejectionable product or a hiGher grade ]2Toduct by sizing 

alone. Iron~ I1hich is mostly present as hard limonite~ 

does concentrate to some extent in the coarse size fraction. 

About 30% of the mi.nus 10 mesh ore consists of minus 325 

mesh slime with a copper content approximately the same as 

the head sample 0 This high slime content almost eliminates 

the posslbili ty of usi.ng a dlrect leaching process uhich 

involves a filtration step. The slimes can, h01'lever, be 

readily flocculated 'Hi th separan and other flocculating 

agents 'l"7h10h m:l.C;h t allaH counter-current decan ta tion to 

be used in place of filtering. 



"II GRAVITY CONCENTRATION 
Gravity concentration and heavy liquid tests on the 

sands show no appreciable concentration of copper in either 
the heavy or light products. Copper appears to be largely 
present as chrysocolla in the light gravity fractions 
while the heavy gravity fractions, which consist mostly 
of limonite, contains coarse malachite, copper oxides and 
a little native copper,, Heavy media separation or some 
other gravity treatment procedure might possibly be of value 
in separating the light gravity chrysocolla from the native 
copper and other heavy copper minerals so that the different 
minerals could be treated by the most suitable procedures„ 
Gravity treatment might also have some value in connection 
with the recovery of by-products such as scheelite0 

"III FLOTATION . 
Numerous flotation tests have been conducted in which 

an attempt was made to either float the copper minerals 
away from the gangue minerals or the gangue away from the 
copper minerals. None of the straight flotation test work 
has been very encouraging although some additional work is 
probably warranted. Possibly some of the combination 
procedures, mentioned later, whereby copper minerals are 
reduced to native copper prior to flotation can be worked 
out. 

- 1 I 2~ 

"11 GRAVITY CONCENTRATION 

Gravity concentration and heavy liQuid tests on the 

sands sho'H no appreciable concentration of copper in either 

the heavy or light products. Copper appears to be largely 

present as chrysocolla in the light gravity fractions 

'i'Thile the heavy gravity fractions, li'hich consist mostly 

of limonite, contains coarse malachite, copper oy~des and 

a little native coppero Heavy media separation or some 

other gravity treatment procedure might possibly be of value 

in separating the light gravity chrysocolla from the native 

copper and other heavy copper minerals so that the different 

minerals could be treated by the most suitable procedureso 

Gravity treatment might also have some value in connection 

1"ri th the recovery of bY-'products such as scheeli teo 

"III FLOTATION 

Numerous flotation tests have been conducted in "\"Thich 

an attempt I'las made to ei ther float the copper minerals 

aI'lay from the gangue minerals or the gangue auay from the 

copper minerals. None of the straight flo:tation test lTork 

has been very encouraging although some additional \'rork is 

probably uarrantedo Possibly some of the combination 

pro cedures, men ti.oned later, I'Thereby copper minerals are 

reduced to native copper prior to flota tlon can be "\wrked 

out. 

~1 I 2~ 



"IV DIRECT LEACHING 
(a). Sulfuric Acid 
Direct sulfuric acid leacing tests have given copper 

extraction of around 80% with a consumption of around 400 
pounds of H 2S0^ per ton. The A120-^ extraction in acid leach­
ing is about 5 o 5 ^ o The iron extraction varied from 2% on 
the coarse sand to 12% on the slimes. By use of counter-
current leaching it may be possible to increase the copper 
extraction slightly and decrease the acid consumption. The 
acid leach pulps are practically impossible to filter with­
out the use of flocculating agents such, as separan. During 
acid leaching of +28 mesh, thoroughly Trashed, clean sand 
about 11% of the sand disintegrated into minus 3 2 5 mesh 
slime. This breakdown of the sands during acid leaching 
seems to eliminate the possibility of treating the sand 
fraction by conventional percolation leaching procedures. 

The leach - precipitation - flotation or L. P. P. 
process is now in use at several plants. In this process 
the copper Is first leached with acid and then precipitated 
in the pulp on finely divided metallic iron. The fine 
cement copper is then recovered by flotation from the 
slurry. Only the leaching step of this procedure has been 
investigated to date,, 

Before conducting more work on acid leaching, it 
would be desireable to find out if this ore sample is 
reasonably representative of the ore body with respect to 
its lime and other acid consuming constituents. 

- 1 1 3 

"IV DIRECT LEACHING 

(0.)0 Sulfuric Acid 

Direct sulfuric acid leacing tests have given copper 

extraction of around 80% "Hi th a consUlnl")tion of around 400 

pounds of H2S04 per ton. The A1 203 extraction in acid leach­

ing is about 5.5%0 The iron extraction varied from 2% on 

the coarse sand to 12% on the slimes. By use of counter­

current leaching it may be possible to increase the copper 

extraction slightly and decreaso the acid consumption. The 

acid leach pulps are practically impossible to filter uith­

out the use of flocculating agents such as separan. During 

acid leaching of +28 mesh, thoroughly uashed, clean sand 

about 11% of the sand disintegrated into minus 325 mesh 

slime 0 Thls breakq.ol'm of the sands during acid leaching 

seems to eliminate the po~sibility of treating the sand 

fraction by conventional percolation leaching prccedures. 

The leach - precipitation - flotation or L. P. F. 

process is now in use at several plants. In this process 

the copper is first leached \-lith acid and then precipitated 

in the pulp on finely divided metallic iron. The fine 

cement copper is then recovered by flotation from the 

slurry. Only the leaching step of this procedure has been 

investigated to date o 

Before conducting more work on acid leaching, it 

would be desireable to find out if this are sample is 

reasonably representative of the are body with respect to 

its lime and other acid consuming constituents. 
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(b ) o Ammonia, Ammonium Carbonate 
Test results on direct ammonia, ammonium carbonate 

leaching of raw UPTCO ore have produced low extractions and 
low grade solutions. Present information seems sufficient 
to rule out the possibility of direct ammonia leaching 
although It is quite likely that the product, after roast­
ing with salt, can be successfully leached with ammonia 
solutions i 

(c). Caustic Leaching 
Test results with caustic leaching produced poor 

extractions and suffered from the same filtration difficultie 
experienced in the other raw ore leaching tests. This 
approach does not appear to warrant further consideration. 

n V ROASTING AND LEACHING 
On all tests where leaching has been preceded by any-

type of roasting step excellent commercial filtration rates 
have been obtained. Test results from dehydrating roasting 
and ammonia leaching, low temperature HC1 chloridizing and 
leaching and selective sulfation roasting (a. b. c of the 
outline) gave poor copper extractions and can probably be 
ruled out of future work. 

"Test results with chloridizing roasting using sodium 
chloride have been very encouraging. Preliminary tests on 
this method.of treatment have involved mixing the ore with 
NaCl, roasting at about 850° C. and water leaching of the 
CUCI20 Water leach extractions of around Q0% have been 

(b) e' Ammonia, Anunoni um Carbonate 

Test results on direct ammonia, anllnonium carbonate 

leaching of raw UPTCO ore have produced 10N extractions and 

low grade solutions. Present information seems sufficient 

to rule out the possibility of direct ammonia leaching 

although it is quite likely that the product, after roast­

ing lfi th salt, can be successfully leached 1'Q th ammonia 

solutions. 

(c). Caustic Leaching 

Test results I"a th caustic leaching produced poor 

extractions and suffered from the same filtration difficulties 

experienced in the other raU ore le8.ching testso This 

approach does rlOt app;ear to narrant furt.her consideration. 

"V ROASTING AND LEACHING 

On all tests ·where leachi.ng has been preceded by any 

type of roasting step excellent commercial. filtration rat~s 

have been obtainedo Test results from dehydrating roasting 

and ammon,ia leaching, 1011" temperature HCl chloridizing and 

leaching and selective sulfation roasting (a. b. c. of the 

outline) gave poor copper extractions and can probably be 

ruled out of future work. 

"Test results uith chloridi.zing roasting using sodium 

chloride have been very encouraging. Preliminary tests on 

this method of treatment have involved mixing the ore I"a th 

NaCl, roasting at about 8500 C. and water leaching of the 

CuC1 2 0 Hater leach extractions of aroillld 80% have been 



o b t a i n e d b y t h i s p r o c e d u r e * D u r i n g s a l t r o a s t i n g t h e N a C l 

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

v a p o r t o p r o d u c e HOI a s s h o w n b e l o w * 

2 N a C l + S I 0 2 + H 2 0 —*- N a 2 S I 0 , + 2 HOI 

" T h i s r e a c t i o n I s k n o w n t o p r o c e e d r a p i d l y a t 7 0 0 ° 0* 

a n d I t w o u l d p r o b a b l y b e p o s s i b l e t o u s e a l o w e r t e m p e r a ­

t u r e t h a n e m p l o y e d i n o u r p r e l i m i n a r y t e s t s . T h e HOI g a s 

l i b e r a t e d b y t h i s r e a c t i o n t h e n a t t r a c t s t h e c o p p e r o x i d e 

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

" C h r y s o c o l l a i s a l s o a t t a c k e d b y t h e HC1 p r o d u c i n g 

a c o p p e r c h l o r i d e a n d f r e e S i 0 2 ° S i n c e c u p r o u s c h l o r i d e , 

C u 2 C l 2 , h a s a r e l a t i v e l y l o w w a t e r s o l u b i l i t y , t h e p r i n c i p a l 

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

c u p r i c c h l o r i d e C u C l 2 o 

" O h i o r i d i - z i n g r o a s t i n g o f o x i d i z e d c o p p e r o r e s u s i n g 

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

p r o c e s s v a r i a t i o n s h a v e b e e n a d v o c a t e d o v e r t h e p a s t 5 0 

y e a r s , 

" T h e f o l l o w i n g r e p r e s e n t s o m e o f t h e s e v a r i a t i o n s , 

I C h l o r i d e V o l a t i l i z a t i o n * 

I I C h i o r i d i z i n g a n d W a t e r L e a c h i n g . 

I l l C h i o r i d i z i n g a n d A m m o n i a L e a c h i n g , 

I V S e g r e g a t i o n O h l o r i d i z i n g a n d F l o t a t i o n , 

V S e g r e g a t i o n C h l o r i d i z i n g a n d A m m o n i a L e a c h i n g , 

I n t h e c h l o r i d e v o l a t i l i z a t i o n p r o c e s s e s c u p r o u s 

c h l o r i d e i s v o l a t i l i z e d f r o m t h e o r e i n t h e p r e s e n c e o f 

- 1 1 5 * 

obtained by this procedureo During salt roasting the NaOl 

reacts "ltvi th silicate gangue minerals and traces of i'Tater 

vapor to produce HOI as sho1n1 belo"';-; 0 

2 NaOI + 8i02 + H20 ~ Na2Si03 + 2 HOl 

"This reacti,on is known to proceed rapidly at 7000 o. 

and it lwuld probably be possible to use a lower tempera­

ture than employed i.n our preliminary testso The HOl gas 

liberated by this reaction then attracks the copper oxide 

minerals converting them to chlcrideso 

"Ohrysocolla is also attaoked by the HOI producing 

a copper chlorid.e and free 81°2 0 Si.nce cuprous chloride, 

OU20l2~ has a relati.lTely 101T uater solubility, the principal 

product of the reaotion under the test conditions 1laS probably 

cupric chloride 0"1.,101 2 0 

"Ohloridizing roast:i.ng of oxidized copper ores using 

a chloride salt: is not a nel-T procedure and a number of 

process variatlons have been ad'V'ocated over the past 50 

yearso 

"The f'ollol-ring represent some of these variations. 

I Ohloride Volatilizationo 

II Ohloridizlng and ~Tater Leaching. 

III Chloridizing and Ammonia Leaching. 

IV Segregatlon Ohlorldizing and Flotationo 

V Segregation Ohloridizing and Ammonia Leaching. 

In the cl:1loride volatilization processes cuprous 

cl:)loride is volatilized from the ore in the presence of 
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s a l t a t t e m p e r a t u r e s a r o u n d 1 0 0 0 ° and c o l l e c t e d f r o m t h e 

g a s s t r e a m i n c o t t r e l l p r e c i p i t a t o r s . A l t h o u g h t h i s p r o ­

c e d u r e w o u l d p r o b a b l y g i v e g o o d m e t a l l u r g i c a l r e s u l t s on 

t h e UPTCO o r e , t h e o t h e r p r o c e d u r e s w o u l d seem t o o f f e r a 

b e t t e r c h a n c e o f b e i n g c o m m e r c i a l l y s u c c e s s f u l . ' I n p r o c e d u r e s 

I I and I I I , t h e s a l t r o a s t i n g t e m p e r a t u r e s a r e k e p t b e l o w 

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

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

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

C u p r o u s c h l o r i d e r e q u i r e s t h e u s e o f ammonia , b r i n e , o r some 

o t h e r s o l v e n t I n t h e s o l u t i o n s „ C h l o r i d i z i n g r o a s t i n g and 

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

i n - p u l p i o n e x c h a n g e f o r m e t a l r e c o v e r y . 

" I n t h e s e g r e g a t i o n - p r o c e s s ( i t e m I V and V) o r e , s a l t , 

and c o k e o r c o a l a x e h e a t e d t o g e t h e r I n a - s l i g h t l y r e d u c i n g 

a t m o s p h e r e a t a b o u t 7 0 0 ° C . f o r a s h o r t t i m e . The c o p p e r 

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

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

w i t h t h e r e g e n e r a t i o n o f HC1 g a s * A f t e r c o o l i n g t h e c a l ­

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

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

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

u s i n g t h e s e g r e g a t i o n - f l o t a t i o n p r o c e d u r e I n t h e l a t e 

1 9 2 0 * s b u t s h u t d e a n i n t h e e a r l y 1 9 3 0 " s b e c a u s e o f t h e 

v e r y l o w p r i c e o f c o p p e r . C o p p e r r e c o v e r y i n t h e s e p l a n t s 

w a s a b o u t 90%, P i l o t p l a n t I n v e s t i g a t i o n s b y t h e B u r e a u 

o f M i n e s on a number o f o x i d i z e d o r e s f r o m t h e W e s t e r n 

salt at temperatures around 1000° 0, and collected from the 

gas stream in cottrell preci.pitators. Although this pro-

cedure would probably give good metallurGical results qn 

the U:J?TOO ore~ the other procedu:res uould seem to offer a 

better chance of beinG commerc:-J..ally 8uccessful. In procedures 

II 2lld III, the salt rOQsttn l:::; tenrp:::T".::l.tu:res are kept belm·r 

the vola ti.:U.ZCit1 OD t omperoture uJ cop;Jer chloride s uhich 

are subsequen t}.y le::l ~:hc~d from i.he calclnc" Only cupric 

chloride co.n bo s·uccessfuJ.ly le(Jched ~;-l th 1~2.ter alone. 

Ouprous chloridc rc r:j1JUes >:l':,CLisC of :.~m.QOIllD ~ brine, or some 

other solv8nt 1n1:118 sol.'i)tiot1:' 0 0~lJ':r:ld121nc; roastinG and 

amillonia le::'.ch'inc: mic;h t 'be SL1CCS'S::;[i)Jly c(lmbined ui th resin-

in-yulIJ lon c::ch::mc;e for met'::l :r8(C'Ter]e 

"In tIle sec;re:::;ation-pro::ess (Irc':::1 IV and V) are, salt, 

ond coke or c~o~l aTe heQ,lcd toc;ethc:r 1n a -sli.C;htly reducing 

- .' lor a sD.(.rt 
-l_ ., ulme. The copper 

chlori.des ,\::1.1 ell eTC sl:l Gh.tly voIn t.LLe: n,i.c;ro. te to the surf2.ce 

of tho curbon yo.r~ic18s o.nd o.re redGcod to metallic copper 

vith the reGc~er~~ion of HOI C~S< Aftar cooling the cal-

cine, out of conto.ct ,\Tith atr, tile met~~lli.c copper can be 

recovered by cOll're::ltionol flot·:::,UO:--l I)rocedures or by ammonia 

leo.ch1ne. '3eve.r::tl :JL1:::'11 Afr:i.c~'.JJ p1C'1l\.:-; o)ero.ted successfully 

using the s8c;reGutl.cn-fl.oto.ti.on procedure in the late 

1920's but ;]i1u.t dC';:]1 '111 rhe cofLj' 1930:::; 'oec~.:.usc of the 

very lo~ price of c0p~er. Oopper recovery in these plants 

'r S 'O~"'1'- 9U-"cf \'. a 2. \..' l.i, , /0 • l'i.lot plant il1\rc~;U.!:::,:J. ~i.on;; by the BureaU 

of Hl118s on o. l1U.mb2r of 0::10:1 zed erer.::: iroIn the Hestern 
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United States have given copper extractions ranging from 
80 to 95% by the segregation-flotation procedure* On some 
•of these ores it was possible to produce very high grade 
flotation concentrates bub on many of them only low grade 
concentrates could be obtained beoause of activation of 
the gangue minerals during roasting„ Conventional ammonia 
leaching of either the whole calcine or the low grade 
flotation concentrate could be expected to produce a copper 
oxide product containing nearly Q0% copper. Ammonia leach­
ing of the segregated product might have some advantage over 
flotation in that it would be capable of recovering copper 
chloride, oxides, and other compounds which might not res­
pond to flotation,, 

"The salt requirement for the segregation process is 
reported to be from 10 to 50 pounds per ton or ore.and the 
coke requirement is about 20 pounds per ton. A fairly 
recent cost estimate by the Bureau of Mines based on the 
segregation-flotation treatment of 1000 tons of ore per 
day indicates a direct operating cost of $3»30 per ton. 

"CONCLUSIONS 
"Preliminary tests with salt roasting have been encourag 

ing. It seems likely that some form of salt chloridizing 
or segregation roasting could become the basis of a 
metallurgically sound process for the treatment of this ore. 
Additional test work will have to be done to evaluate this 
possibility and to determine what process variation would 
be best0 

Uni ted States have given copper e:~tr8c:ti.ons ranging from 

80 to 95% by the seGrecation-flotation procedure~ On some 

':' 'of these ores i.t vras possible to produce very high grade 

flotatiol1 C0j1c..8:1tr~~t:8:3 buL 0:1 r.1C;:1~/ of them only lOll grade 

concentrates could be cbtained because of activation of 

the ganGue minerals du.:d,YlG roastinc;o Conventional ammonia 

leaching of ei ther the 1'Thole oalcine or the 10'l"[ Grade 

flotation concentrate c.ould be ezpected to produce a copper 

oxide prodlict con t.;]'1n1ng neo.rly 80% i:,C'pper. fu."'11ll.onia leach­

ing of the segre[;o.ted. product might helve some advantage over 

flotation in that it 1'Tould be cap:Jble of recoverin[; copper 

chloride, c:::i,des ~ and other compounds 1111ich miGht not res­

pond to flotation. 

liThe salt requirement for the seGregation process is 

reported to be from 10 to 50 pOLmds pOl" ton or ore· and the 

coke requi,remcnt is about 20 pOI.ll'Hls per ton. A bdrJ;y 
recent co st es tima te by the Bureau cf. lti.nes bas ed on the 

segregation-flotation treatment of 1000 tons of ore per 

day indicates a direct operatinG sos~ of $3.30 per ton. 

"CONCLUSIONS 

IIpreliminary tests i'ii.th salt roo.sting have been encourag­

ing o It seems likely that; some form of salt chloridizing 

or sesregation roasting could become the basis of a 

meto.llurgically sound precess 1(-1' the treatment of this ore. 

Addi tional test Hork '1'[3..11 have to be done to evaluate this 

possibi.lity and to determine uhat process variation 'Would 

be besto 



''Some form of sulfuric acid treatment such as the 
leach - precipitation - flotation process may also have 
merit if the lime content, cf the ore is not too high. 

With a sizeable reserve of 3% ore and relatively low 
cost mining, it seems likely that an economical solution 
to this problem can be found*" 

1 1 8 -

r~Some form of sul.furic ac:'Ld trea tmen t such as the 

leach - precipitation - flotati.on process may also have 

merit if the lime content cf the ore is not too high. 

With a sizeable reserve of 3% are and relatively 101" , 

cost mininG? it seems li.kely that an economical solution 

to thi.s problem co.n be .found ... II 
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V RECOMMENDATIONS FOR FUTURE DEVELOPMENT OF LUCIN 
DISTRICT ORES 

Although the estimated reserves of the Lupin ores, and 
particularly the Copper Mountain deposits, are large, the 
problems of milling and benefielation have recently made 
mining operations unprofitable• It Is, therefore, impera­
tive that primary copper sulphides, If present, be discovered 
and developed by underground workings. The latter condl-' 
tion is desireable because much of the already developed 
workings need be involved with the removal of waste before 
open pit expansion can be continued„ 

To locate the questionable sulphide body, it is sug­
gested that an active drilling program be initiated in the 
area west of the Copper Mountain fault zone, but at the same 
time not more than a few hundred feet west of the northeast 
trending reverse fault. Drilling In this area may prove 
costly as depths of 600 to 700 feet may have to be reached 
in order to Intersect possible ore-bearing horizons 'similar 
to those on Copper Mountain. • • 

It will probably not be possible to intersect the 
Tecoma Hill ore continuation east of the hill, for besides 
its probable great depth (1200 - 2000 feet), structural 
complications at depth have undoubtedly played a part in 
ore location. Instead, a drilling program might be Initi­
ated a few hundred feet west of the Tecoma properties on 
the piedmont that extends toward Montello Valley." Such a 
program would be designed to intersect the Guilmette, 

v REOOM1{ENDATIONS FOR FUTURE DEVELO::?I1ENT OF LUCIN 

DISTRIOT ORES 

Although the estimated reserves of the Luoin ores, and 

partioularly the Oopper Mountain deposits, are large, the 

problems of mi,11i.nc; and beneflci.ati.on have reoently made 

mininc; operations unprofitable. It is, therefore, impera-

tive that primary copper sulphides, if present, be discovered 

and developed byunderc;round. ·\'lorld.nc;s 0 The latter condi-' 

tion is d.esireable because much of the already developed 

liorkings need be involved irl th the removal of 'l'laste before 

open pit expansi.on can be can tin'Jod. 

To locate the quest:lonable sulphlele body, it is suC;-

gested that em active drillinc; proGram bo i111 tia t§ld in the 

area lTest of tho Copper MOU.11tai.rJ. faul t zone~ but at the same 

time not more than a few hundred feet west o~ the northeast 

trending reverse faul,t. Drl111nG in thi.s area may prove 

costly as depths of 600 to 700 feet may have to be reached 

in order to intersect possible ore-bearinG horizons 'similar 

to those on Copper Mountaine 

It will probably not be possible to intersect the 

Tecoma Hill are continuation east of the hill, for besides 

its probable c;reat depth (1200 - 2000 feet), struct,Ul?al 

complications at depth have undoubted.ly played a part in 

ore location. Instead, a drilling progralI', miGht be initi-

ated a fel'r hundred feet lJest of the Tecoma properties on 
I 

the piedmont that extends tOlrard Montello Valley. Such a 

program would oe designed to intersect the Guilmette, 
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Simonson, Iiaketown5 and Pish Haven Iformations that have 
been thrown down to the west and since covered with 
alluvial debris. The likelihood of encountering workable 
ore here would be uncertain for an undetermined amount of 
alluvium is piled on sediments perhaps as young as Permian 
or even Triassie. If the latter were the case, drilling 
would necessarily be required to depths of more than 5000 
fee t o 

It should also be emphasized that before an active 
drilling program be attempted problems of benefielation be 
solved. In this regard, Quigley ( 1 9 5 5 ) states; 

"Along this line (an economical and satisfactory 
metallurgical processes for this special ore) 
it is suggested that the ore may first be separated 
into a light and heavy grade by gravity separation. 
The light grade could contain the clay-malachite 
ore, and the heavy would contain the cuprite and 
nativB copper.„ These-tare'grades migh't' then be 
processed differently.. The lights could probably 
be treated by a caustlt leach, rather than acid.. • 
because of the high lime content.. The cuprite 
could aJ.sc be leached, possibly by acid if most'of 
the limestone gangue was removed. I n the gravity 
separation., It I s possible that a mill designed 
ta-simply separate and concentrate would be suffi­
cients A cuprite concentrate should be marketable 
somewhere without further processing.'*8 

Also concerning the same problem, the Techmaniz 
Corporation I n 1,957 reported as follows; 

"Preliminary tests with salt roasting have been 
encouraging. It seems likely thai: some form of 
salt chloritlzation or segregation roasting could 
become the basis of a metallu.rgloally sound pro­
cess for the treatment of tills ore.... Some form 
of sulfuric acid treatment such as the leach -
precipitation -'flotation process may also have 
merit if the lime content of the ore is not too 
high. 

Simonson~ LoJceto"imo o.nd Fish II:J.ven FOrl0.3.tio11S tho.t have 

been throml dO';i11 to tll.e uest and since covered lIi th 

alluvi.oJ. debri s 0 The li.kelihood of encol..mterinc.; lJ'Orkable 

are here liOuld be lIJ.1COrLdn for 0.11 tUld8terrained amount of 

alluvi.um is piled on sedi.ments perhaps o.s young as Perm:¥'an 

or even Trio.ssi.c c If the latter were the co.se, drilli.ng 

would ncccssnrily be required to denths ~f more than 5000 

feet. 

It should ~lso be emphosi.zed t~2t b~fore o.n active 

drilli.nG pr ocrcr,l bo c; tt GrJpted lira bleFl~'; 0 f bencfi oio. tion be 

solvcd~ In t~i.3 record, QU~Gley (1955) 8tates~ 

IIAlonG thi.s line (on ec.onc'IJico.J. ona satisfo.ctory 
metalluxGI ('::1. proc,osses for th1.s sped.al oro) 
it is sUGGested that the are may first be separated 
into [} ]J .. r;ht ond heGvy grode by ~;.r2Vi. ty sepo.ration. 
The IlGln. Grode could. c;c1nta'l.n t:1C clo.::r-n~,lc.c~li te 
ore, and tIl 'J hco:v:r 'T7ctlld cont::::.l:n the cupri to o..nd 
l1D.t:Llre cc'pper-n, 1'h'esct':,i':" ·~):n]d.es ];Ll,iY'1't thEm be 
prooassad differontly •. T~c Ii01t2 could probably 
be tr.e::l.iC';d. bJ ;,~ u".li,ctlt .1 :2ch. r;~.ther than o.cid,.. 
beO[d1:::-:; 0:£ t,llC lY1.C;ll l.Lrno cc.j:::'\:,\)ill.o '. Tho cu.prite 
could. ~~hiC be le'-1c.:.~8d':i !lossl.bly lly ::laid if' most of 
the l.illIe ~3t0l1e c,anCuC' IhlS rCI1o;rc:d Ll -[1J,O cro.vi ty . ", 
sepo.rnt:l.oH. It 1s possible i::11;J.t ~: rrlll desiGned 
to'siI:rnl;] f]CpOr)tC' o.nd. COilC(mt:r~!/c::\ 1:ould be suffi­
cient" J'l l.1nr-'i.':,8 cOD(':e~1tr;Jt2 s.ilould I)e mO.rl::eto..ble 
C"Ol""e"'~" "'.,- .... , nj" :i'~"Ol''I-: l~l·'·r,·LI·l~c'~ Y"l"- C ".c<r'l· '1"' 13 tVa ~ I .. J. '-' .1.. '.' \ f . l ,L.l... .1,.~ i..,.,) J, .L :} .. U L! • .::> .. _} 1. ',--) fJ 

fr:?I~811ruJ:lc~.:r~r {:'.03 "G:.; 1"~i·-:~~i1. ~)~:.J.·t .. r·()~:-~-':·;~:l.·~l:~ 11::=t"T,!C 08Cll 

Cl1CO'l.lrcc:c;in,3. I':~ sooms likel~l tll2~ :~ODC forr:l of 
s8.1 t c1l1orit1.z:'"l"LJ .. Oll or- ;;ci-.;rcc~C'.tioi1 r00'8tL1C could 
beCODe tho hc"sls of 2, Iwtollt1rci.c2vl1y sound pro­
C8SS for t;i.C (::re:}trllC:1i~ of -t;lL'Ls CLCo. , .• ~;o;,:e for:J. 
of sulfurl.c :< .. cid tT8:::'.T:·ment ~uch ~;::; t:18 leach -
~recipituticn ·-'fl.ot3~Lon ~roces~ D2~ 2180 have 
mer'i t 1.-[' t:l.C .Lime CO~lt Ol'2'G c.f the 0 re i:3 :'10 t to a 
lliGh~ 
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"With a sizeable reserve of 3% ore and rela­
tively low cost mining, it seems likely that an 
economic solution to this problem can be found/' 
Finally, it is imperative that the mining claims in 

the Lucin district be re-surveyed inasmuch as all U. 3 . 

Mineral Markers have been destroyed and claim boundaries 
are uncertain. 

- 1 21 -

"With a sizeable reserve of 3% ore and rela­
ti vely 1011 co st mini.nc; ~ its oems likely that an 
economic soluti.on to this. problem can be fOlU1d." 

Finally, it is imp era tive tho. t t~1e mining claims in 

the Luci.n district be re~surveyed in::lsmuch as all U. S. 

l·lineral Harkers have been destroyed and claim boundaries 

are uncer~8.j.no 
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FmoroW* IwOtM IBM 

TRACED flKM PHOTOOfUPH 

Plan of 35 Ft 8 10 Ft Lavels 

COPPER MOUNTAIN MINE 
LUCIN MINING DISTRICT 

Box Ektar County, UTAH 
SCALE: r»50'± 
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LUCIN MINING DISTRICT 

Box Elder Col.llty , UTAH 

SCALE: I"· 50'! 

~ 1iIII».., (OMIt .. TVTTL[ , JUte , I~ 

L 

J 

B 

o 

R 



FROM MAP iY EDOAP. 8. TUTTLE, JUNE, It0« 
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LOON MINING DISTRICT 
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Plan of lOOFt. Leva/ 
COPPER MOUNTAIN MINE 

LUCIN MINING DISTRICT 
Box EloV County, UTAH 

SCALE: lM«50V 
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FvvorabU ltm««ton« tor* 

ORE BODY 

TRACED FROM PHOTOGRAPH 

Plan of 121 Ft. Laval 
COPPER MOUNTAIN MINE 

LUCIN MINING DISTRICT 
Box Eld«r County, UTAH 

SCALE! l"«50V 
FROM MAP tY EDOAR 0. TUTTLE, JUNE, l»0« 
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