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ABSTRACT 

The McCoy geothermal system s t r a d d l e s  t h e  border  o f  Lander and 

C h u r c h i l l  count ies ,  c e n t r a l  Nevada, i n  t h e  midd le  o f  t h e  Basin and 

Range Province. The s tudy  area occupies approx imate ly  100 sq. km. 

near t h e  i n t e r s e c t i o n  o f  t h e  Augusta and Clan A l p i n e  Mountains and t h e  

New Pass Range. 

The geology o f  t h e  area i s  dominated by r h y o l i t e  ash- f low t u f f s  

and s u b o r d i n a t e  in termediate-composi t ion l a v a  f lows o f  Oligocene 

age. 

c h e r t s  and T r i a s s i c  d o l  omi t i c 1 imestones. 

These v o l c a n i c s  were empl aced on Permo-Pennsylvanian massive 

A t  l e a s t  two episodes o f  hydrothermal a c t i v i t y  can be recognized 

a t  McCoy. The o l d e s t  event a l t e r e d  and m i n e r a l i z e d  t h e  v o l c a n i c  and 

sedimentary rocks,  producing t h e  McCoy and W i l d  Horse mercury 

depos i ts .  The youngest event produced t r a v e r t i n e  and s i l i c e o u s  s i n t e r  

d e p o s i t s  which i n t e r c a l a t e  w i t h  a l luv ium,  and appear t o  be r e l a t e d  t o  

t h e  h i g h  heat  f l o w  found a t  t h e  McCoy prospect.  

The o l d e s t  recognized f a u l t s  a t  McCoy produced severa l  east-west 

grabens and hors ts .  These f a u l t  zones were a c t i v e  b e f o r e  and d u r i n g  

t h e  d e p o s i t i o n  o f  t h e  vo lcan ics .  The Wild Horse and McCoy mercury 

mines occur  a long one o f  t h e s e  east-west f a u l t  zones. Bas in  and Range 

and produced a complex a r r a y  

y eroded i n t o  s u b p a r a l l e l  

f a u l t i n g  began 

o f  po lygonal  b 

cuestas. 

subsequent t o  23 m.y. ago, 

ocks which were subsequent 

1 



F l u i d  movement i n  t h e  geothermal system i s  c o n t r o l l e d  by t h e  

i n t e r s e c t i o n s  of  t h e  east-west and no r th -sou th  f a u l t s .  There i s  no 

known igneous source f o r  t h e  thermal  energy i n  t h i s  system. However 

i t s  in t ramontane l o c a t i o n  i s  a t y p i c a l  o f  known geothermal systems i n  

t h e  Basin and Range, which may p rec lude  deep c i r c u l a t i o n  through major  

basin-boundi ng f a u l t s .  

2 
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E 

INTRODUCTION 

West-central  Nevada i s  an area of h i g h  p o t e n t i a l  f o r  geothermal 

energy. The McCoy geothermal prospect ,  one o f  severa l  geothermal 

systems w i t h i n  t h i s  reg ion ,  i s  t h e  s u b j e c t  o f  t h i s  s tudy  (F ig .  1). 

The McCoy geothermal prospect  was d iscovered i n  t h e  mid-1970's by t h e  

geothermal resource d i v i s i o n  o f  Amax Inc. A d e t a i l e d  geo log ic  map was 

r e q u i r e d  f o r  accura te  model ing o f  t h e  l a r g e  amount o f  geophysical  and 

geochemical da ta  t h a t  r e s u l t e d  f rom t h e i r  e x p l o r a t i o n ,  and t o  

d e l i n e a t e  the  s t r u c t u r e s  which c o n t r o l  subsur face p e r m e a b i l i t y .  Th is  

r e p o r t  descr ibes  t h e  geology o f  t h e  area, mapped a t  a s c a l e  o f  

1:24,000, from which t h e  d e t a i l e d  geophysical  data were c o l l e c t e d .  

The s tudy  area a l s o  encanpasses t h e  thermal  anomalies d e f i n e d  by a 

s e r i e s  o f  shal low thermal  g r a d i e n t  h o l e s  (F ig .  2, 3). 

The McCoy geothermal prospect ,  found on t h e  b a s i s  o f  i t s  mercury 

m i n e r a l i z a t i o n ,  i s  c h a r a c t e r i z e d  by heat  f l o w  anomalies, thermal 

f l u i d s  a t  depth, and one o f  t h e  l a r g e s t  t r a v e r t i n e  mounds known i n  t h e  

western U n i t e d  States.  I n  c o n t r a s t  t o  most o f  t h e  known geothermal 

resources i n  t h e  Bas in  and Range prov ince,  which appear t o  be r e l a t e d  

t o  deep c i r c u l a t i o n  a long major  f a u l t s ,  t h e  McCoy prospec t  i s  s i t u a t e d  

i n  lowlands a t  t h e  j u n c t u r e  o f  t h r e e  mounta in ranges (F ig.  l ) ,  f a r  

from t h e  bounding f a u l t s  o f  any major  bas in.  

The McCoy area i s  covered t o  a l a r g e  e x t e n t  by ash- f low t u f f s ,  

which p r o v i d e  unique s t r a t i g r a p h i c  marker h o r i z o n s  a1 l o w i n g  s t r u c t u r e s  

4 
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f central N

evada. 
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Figure 2.  Contoured hea t  f l o w  (HFU (mW/m2)) a t  McCoy geothermal prospec t  
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Figure 3. Location o f  shallow thermal gradient holes. 
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t o  be mapped i n  d e t a i l  throughout  t h e  area. The mapping was done on 

a e r i a l  photographs and t h e  vo lcan ic  u n i t s  were c o r r e l a t e d  on t h e  b a s i s  

o f  pet rography and t e x t u r e s .  Spectrochemical o x i d e  analyses and model 

composi t ions were determined f o r  t h e  ash- f low t u f f s  i n  o r d e r  t o  

compare them on a r e g i o n a l  bas is .  

The area can be reached by d i r t  and grave l  roads s u i t a b l e  f o r  

U.S. 50 and s t a t e  highway 8A a r e  t h e  nearest  most passenger cars.  

paved roads, b o t h  l e a d i n g  t o  Aust in ,  Nevada, approx imate ly  50 a i r  

k i l o m e t e r s  southeast o f  t h e  mapped area. The c l i m a t e  o f  t h e  r e g i o n  i s  

semi -ar id  and no permanent s u r f a c e  water  e x i s t s  w i t h i n  t h e  mapped 

area. Vegeta t ion  c o n s i s t s  of  sagebrush and sparse j u n i p e r  t r e e s  

t h e  lower  reaches, w i t h  t h e  j u n i p e r s  becoming p l e n t i f u l  a t  h i g h e r  

e l e v a t i o n s .  The mapped area s t r a d d l e s  t h e  l a n d e r  County-Churchi l  

n 

County l i n e ,  c o v e r i n g  a l l  o f  township 23 nor th ,  range 40 east ,  and 13 

s e c t i o n s  i n  township 22 n o r t h ,  range 40 eas t ,  Mount D i a b l o  base 

mer id ian.  

8 
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PREVIOUS I N V E S T I G A T I O N S  

L i t t l e  s c i e n t i f i c  work was done i n  t h e  McCoy area p r i o r  t o  

1942. 

Mines, i n  1916 and 1939, r e s p e c t i v e l y ,  a s t r a t e g i c  m i n e r a l s  

i n v e s t i g a t i o n  o f  t h e  mine area was i n i t i a t e d  by t h e  U.S. Geologica l  

Survey (Dane and Ross, 1942). A1 though t h e i r  i n t e r p r e t a t i o n s  o f  

s t r u c t u r e s  i n  t h e  p r e - T e r t i a r y  s t r a t a  a r e  s i m i l a r  t o  those descr ibed 

i n  t h i s  r e p o r t ,  t h e y  were handicapped by t h e  s t a t e  o f  t h e  a r t  i n  ash- 

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

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

A f t e r  t h e  es tab l i shment  o f  the  McCoy and Wi ld  Horse Mercury 

The sedimentary s t r a t i g r a p h y  was l o c a l l y  d e f i n e d  by Dane and Ross 

i n  1942 (Dane and Ross, 1942). It was l a t e r  r e d e f i n e d  f o r  county  

g e o l o g i c  maps by Speed ( i n  Stewar t  e t  al. ,  1977) and W i l l d e n  ( W i l l d e n  

and Speed, 1974) whose work was p a r t l y  based on t h e  work o f  M u l l e r  e t  

a l .  (1951). The v o l c a n i c  u n i t s  i n  t h e  McCoy area were f i r s t  d e f i n e d  

by McKee and Stewart  (1971) i n  a n  e f f o r t  t o  sys temat ize  t h e  ash- f low 

t u f f  s t r a t i g r a p h y  o f  c e n t r a l  Nevada by K - A r  age d a t i n g  and 

1 i t h o l o g y .  

t e c t o n i c  regime o f  c e n t r a l  Nevada a r e  t h o s e  o f  R i e h l e  e t  a l e  (1972) 

and Burke and McKee (1979). 

Other works r e l a t i n g  t h e s e  ashes t o  t h e  01 igocene volcano- 

A summary o f  t h e  geophysical  and geochemical surveys done by Amax 

E x p l o r a t i o n ,  Inc. was g i v e n  by Olsen e t  a l .  (1979). 

9 
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GEOLOGIC SETTING 

The McCoy geothermal prospect  l i e s  near  t h e  c e n t e r  o f  t h e  Basin 

and Range phys iographic  prov ince.  

severa l  T e r t i a r y  v o l c a n i c  and Mesozoic p l u t o n i c  complexes. The F i s h  

Creek c a l d e r a  (McKee, 1970) and t h e  Mount Lewis cau ld ron  (Wrucke and 

Silberman, 1975) border  t h e  western and e a s t e r n  marg ins o f  n o r t h e r n  

Antelope Va l ley ,  r e s p e c t i v e l y  (Fig.  1 ) .  Southwest o f  McCoy, i n  t h e  

Clan A l p i n e  Mountains, r h y o l i t e  domes, l a v a  f lows, and ash- f low t u f f s  

f i l l  a l a r g e  vo lcano- tec ton ic  depress ion ( R i e h l e  e t  a1 . , 1972). Two 

Mesozoic p l u t o n i c  canplexes i n  t h i s  r e g i o n  a r e  t h e  S t i l l w a t e r  Gabbro 

Complex, i n  t h e  S t i l l w a t e r  Range, and t h e  A u s t i n  P lu ton ,  i n  t h e  

Toiyabe Range ( W i l l d e n  and Speed, 1974; Stewar t  e t  a l . ,  1977) (F ig .  

The s tudy  area i s  surrounded by 

, 

1) 

The o l d e s t  rocks a t  McCoy a r e  Paleozoic  (Dane and Ross, 1942). 

These c o n s i s t  of massive bedded c h e r t s ,  sandstones, and conglomerates 

which were t i g h t l y  f o l d e d  and t h r u s t  o v e r  contemporaneous carbonate 

f a c i e s  rocks  d u r i n g  t h e  Sonoma Orogeny. 

o v e r l a i n  unconfonnab y by a t h i c k  sequence o f  T r i a s s i c  l imestones and 

d o l o m i t i c  l imestones themselves g e n t l y  f o l d e d  d u r i n g  t h e  Nevadan 

Orogeny ( W i l  l d e n  and Speed, 1974). A f t e r  peneplanat ion,  d u r i n g  t h e  

l a t e  Mesozoic and e a r l y  T e r t i a r y ,  Ol igocene v o l c a n i c s  covered t h e  pre-  

T e r t i a r y  rocks.  

T e r t i a r y  t e c t o n i s m  was recognized i s  near t h e  Wild Horse and McCoy 

The Pa leozo ic  rocks a r e  

The o n l y  area a t  McCoy where pre-Basin and Range 

10 



Mercury Mines. F a u l t i n g  i n  t h i s  l o c a l e  r e s u l t e d  i n  t h e  fo rma t ion  of 

t h i c k  fanglomerates (Dane and Ross, 1942) and c o n t r o l l e d  t h e  

d i s t r i b u t i o n  o f  severa l  ash- f low t u f f  sheets. Basin and Range 

f a u l t i n g  in t h e  McCoy area produced a s e r i e s  o f  po lygonal  r o t a t e d  

blocks, which d i p  from 10 t o  40" eastward. Quaternary  hydrothermal 

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

thermal depos i t s  a r e  coeval w i t h  Quaternary  a1 luvium. 

11 
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ASH-FLOW TUFFS 

Over 70% o f  t h e  exposed rocks a t  McCoy a r e  ash- f low t u f f s .  These 

u n i t s  p r o v i d e  good marker beds f o r  s t r a t i g r a p h i c  c o r r e l a t i o n .  

G e o l o g i c a l l y ,  emplacement o f  each c o o l i n g  u n i t  i s  isochronous y i e l d i n g  

h o r i z o n s  which enable one t o  work ou t  t h e  geometry and chronology o f  

f a u l t s  w i t h  h i g h  p r e c i s i o n  (Mackin, 1960). To u t i l i z e  ash- f low t u f f s  

i n  t h i s  f a s h i o n  two p o s t - d e p o s i t i o n a l  changes must be t a k e n  i n t o  

account, we ld ing  and c r y s t a l l i z a t i o n  (Smith, 1960; Ross and Smith, 

1961). L a t e r a l  and v e r t i c a l  zonat ion  r e s u l t i n g  from t h e s e  processes 

were d e s c r i b e d  by Smith (1960) and a r e  reproduced i n  F ig .  4. 

As an ash- f low i s  emplaced t h e  shards a r e  f r e q u e n t l y  h o t  and 

p l a s t i c ,  and t h e  lower  p o r t i o n  o f  t h e  f l o w  compresses and welds i f  t h e  

pressure  o f  t h e  o v e r l y i n g  ash i s  s u f f i c i e n t .  

and t o p  a r e  o f t e n  coo led  r a p i d l y  enough t o  prevent  weld ing,  w h i l e  i n  

t h e  i n t e r i o r  o f  t h e  f low,  we ld ing  i s  t y p i c a l l y  a t  a maximum. 

D i f f e r e n c e s  i n  t h e  degree o f  we ld ing  l e d  Smith (1960) t o  recognize 

t h r e e  zones, shown i n  F ig .  4A as a )  t h e  non-welded zone, b )  t h e  

p a r t i a l l y  welded zone, and c )  t h e  densely  welded zone. 

I n  many sheets t h e  base 

The appearance o f  an ash- f low sheet may a l s o  be a f f e c t e d  by 

c r y s t a l l i z a t i o n .  C r y s t a l l i z a t i o n  i -n  ash- f low t u f f s  r e s u l t s  from t h e  

presence o f  v o l a t i l e s  and e leva ted  temperatures.  

c r y s t a l l i z a t i o n ,  p r imary  d e v i t r i f i c a t i o n  and vapor phase 

c r y s t a l  l i z a t i o n ,  a r e  synchronous w i t h  t h e  we ld ing  process. 

The two types  o f  

12 
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Pr imary d e v i t r i f i c a t i o n  occurs i n  the densely welded zone where 

i d e a l l y  there i s  no pore space (Fig. 46, Zone b). The v o l a t i l e s  i n  

t h i s  zone stay i n  so lu t i on  i n  the glass o r  c o l l e c t  a t  shard boundaries 

and increase the  m o b i l i t y  o f  ions i n  t h e  glass phase. These ions 

migrate t o  form c rys ta l s  o f  c r i s t o b a l i t e  and a l k a l i  feldspar from the  

glass shards. 

shards ( a x i o l i t i c  d e v i t r i f i c a t i o n ) .  

above t h e  non-welded base the  temperature i s  o f ten  t o o  low t o  permit 

d e v i t r i f i c a t i o n ,  r e s u l t i n g  i n  a dense glass ca l l ed  the v i t rophyre 

C r y s t a l l i z a t i o n  f requent ly fo l lows the ou t l i nes  o f  t he  

I n  densely welded ash immediately 

zone. 

The p a r t i a l l y  welded zone kontains appreciable pore space, and 

the  v o l a t i l e s  exsolve i n t o  open spaces i n  t h e  shard matrix. 

Aggregates o f  t r i d y m i t e  and a l k a l i  fe ldspar c r y s t a l l i z e  i n  these 

spaces. This zone i s  c a l l e d  the zone o f  vapor phase c r y s t a l l i z a t i o n  

(Fig 4B, Zone c). 

accumulate s u f f i c i e n t  vol  a t  i 1 es t o  d i  splay vapor phase c r y s t a l  1 i z a t i  on 

(Fig. 4B, Zone a). 

The lower non-welded zone i s  usual ly  t o o  t h i n  t o  

I 

When using zonation as a mapping too l ,  care must be taken t o  

es tab l i sh  t h e  va r ia t i on  w i t h i n  a un i t .  

t he  existence and extent o f  zonation i s  determined 

of factors  , inc lud ing  temperature o f  erupt ion , thickness , v o l a t i l e  

concentration, composition, amount and t iming o f  erupt ive pulses, 

paleotopography (discussed bel ow) , and distance from source area 

(discussed below). 

zonation of an ash-flow t u f f  may be considered unique and consistent 

w i t h i n  a r e s t r i c t e d  area. 

I n  any s p e c i f i c  ash-flow t u f f  
\ 

a m u l t i p l i c i t y  

With such a l a rge  number o f  variables, t h e  

Paleotopography may be e a s i l y  taken i n t o  account when i t s  e f f e c t s  
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on zonat ion  are  understood. Because o f  t h e  f l u i d i z e d  n a t u r e  o f  an 

ash- f low p r i o r  t o  emplacement, v a r i a t i o n s  i n  topography r e s u l t  i n  

d i f f e r e n c e s  i n  t h i c k n e s s  and t h e r e f o r e  zonat ion  changes. There i s  a 

r e d u c t i o n  i n  t h i c k n e s s  over  topographic  h ighs  causing t h e  o v e r a l l  

degree of weld ing t o  lessen o r  t h e  densely welded zone t o  t h i n  o r  

d isappear  (F ig .  4C). 

Flows may t h i c k e n  i n  t o p o g r a p h i c a l l y  low areas, l e a d i n g  t o  

I n  low areas t h e  inc reased weld ing and a t h i c k e n e d  v i t r o p h y r e .  

v i t r o p h y r e  w i l l  f o l l o w  t h e  o u t l i n e s  o f  t h e  depress ion (F ig .  4C), and 

can be v e r t i c a l  where t h e  ash- f low has encountered a s teep f a u l t  

scarp, i n d i c a t i n g  f a u l t i n g  prev ious  t o  o r  synchronous w i t h  e r u p t i o n  o f  

t h e  t u f f .  

Ash-flow t u f f s  a r e  c l a s s i f i e d  i n t o  s imp le  c o o l i n g  u n i t s ,  compound 

c o o l i n g  u n i t s ,  o r  composi te c o o l i n g  u n i t s .  

these c a t e g o r i e s  i s  r e l a t e d  t o  t h e i r  c o o l i n g  h i s t o r y .  

The d i f f e r e n c e  between 

An ash- f low t u f f  t h a t  c o n t a i n s  a c e n t r a l  densely  welded zone and 

an upper and lower  less-welded zone, as shown i n  F ig .  5 A ,  i s  t h e  

p r o t o t y p e  of t h e  s imp le  c o o l i n g  u n i t .  V a r i a t i o n s  i n  t h e  i n i t i a l  

c o n d i t i o n s  d iscussed above can cause a u n i t  t o  l a c k  one o r  more o f  

these zones. 

An ash-f low sheet can c o n s i s t  o f  severa l  f l o w  u n i t s .  When these 
I 

f l o w s  a r e  c l o s e l y  spaced i n  t i m e  t h e y  can conserve heat  l o n g  enough t o  

weld as a s imp le  c o o l i n g  u n i t .  

between e r u p t i o n s  i s  a l lowed f o r  t h e s e  t u f f s  t o  coo l ,  t h e y  w i l l  form 

Conversely, when s u f f i c i e n t  t i m e  

separate s imple c o o l i n g  u n i t s .  

i s  t h e  compound c o o l i n g  u n i t ,  shown i n  Fig.  5B. When t h e  t o p  o f  a 

f l o w  has o n l y  t i m e  enough t o  cool  s l i g h t l y  b e f o r e  be ing  covered by 

I n t e r m e d i a t e  between these two cases 
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5A- Stmple Cooltng Unit 

56- Compound Cooling Unit 

5C--Composite Cooling Unit 

Figure 5. Classif icat ion of ash-flow t u f f s .  
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another  ash- f low pulse,  a rhy thmic  a l t e r n a t i o n  o f  densely  welded and 

p a r t i a l l y  welded zones can r e s u l t .  

sheet r a i s e s  i t s  rank t o  a compound c o o l i n g  u n i t .  

Th is  a l t e r n a t i o n  i n  an ash- f low 

Ash-f lows l o s e  heat  i n  t h e i r  d i s t a l  p o r t i o n s  due t o  m i x i n g  w i t h  

cool  a i r  and t h i n n i n g .  Whi le ash- f low pu lses  may form a compound o r  

n t h e  main body of  t h e  sheet t h e  d i s t a l  p o r t i o n s  

c i e n t l y  t o  form two o r  more s imp le  c o o l i n g  

change i n  rank d e f i n e s  a composite c o o l i n g  u n i t  

s imp le  c o o l i n g  u n i t  

may have cooled suf f  

u n i t s .  T h i s  l a t e r a l  

(Fig.  5C) .  

The source vent 

may be determined i n  

o f  an ash- f low t u f f  o r  i t s  p r o x i m i t y  t o  t h i s  vent  

severa l  ways. The f i r s t  i s  by r e c o r d i n g  a change 

i n  rank o f  t h e  ash- f low t u f f  i n  quest ion.  

h o t t e s t  near i t s  source, mapping t h e  t r a n s i t i o n  f rom a s imp le  t o  a 

compound c o o l i n g  u n i t  can d e f i n e  a c e n t e r  where t h e  source i s  l i k e l y  

t o  be. 

Cunningham and Steven, 1977). I n t r a - c a l  dera rocks  a r e  t e c t o n i c a l l y  

c h a o t i c  and may i n c l u d e  a v a r i e t y  o f  c o l l a p s e  fea tures .  

r e s t r i c t e d ,  t h i c k  ash-f low t u f f s  and t u f f a c e o u s  sediments a r e  common 

t o  ca lderas . ,  Domes, l a v a  f lows, and s h a l l o w  i n t r u s i v e s  s i m i l a r  i n  

composi t ion t o  t h e  ash- f low t u f f  sheet o f t e n  d e f i n e  r i n g  d i k e s  formed 

b y  t h e  c o l l a p s e  of a ca ldera .  

widespread a s h - f l  ow t u f f s ,  which t h i n  d i s t a l  ly. 

Since an ash-f low i s  

Another method i s  t o  map i n t r a - c a l d e r a  vs. o u t f l o w  rocks ( i .e.  

A r e a l l y  

O u t f l o w  rocks  a r e  l a v a  f l o w s  and 
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PRE-TERTIARY STRATIGRAPHY 

The o n l y  rocks r e p r e s e n t a t i v e  o f  t h e  Paleozoic  Erathem a t  McCoy 

a r e  t h o s e  o f  t h e  Pennsylvanian and Permian Haval l a h  Formation, 

c o n s i s t i n g  o f  greenish-grey and dark grey c h e r t ,  s i l i c i f i e d  s i l t s t o n e ,  

s i l t s t o n e ,  ca lcareous s i l t s t o n e ,  and l imestone.  The Hava l lah  

Format ion has n o t  been dated r a d i o m e t r i c a l l y  o r  by f o s s i l s  and was 

assigned a Pennsylvanian t o  Permian age by Stewart  e t  a l .  (1977) 

because o f  i t s  c o n s i s t a n t  s t r a t i g r a p h i c  p o s i t i o n  below T r i a s s i c  

s t r a t a .  Above t h e  Haval lah i s  a t a n  t o  red  sandstone and s i l t s t o n e  

u n i t  cons idered b y  W i l l d e n  and Speed (1974) t o  be t r a n s i t i o n a l  between 

t h e  Pa leozo ic  and Mesozoic systems, r e f e r r e d  t o  i n  t h i s  r e p o r t  as  

Permo-Tr iassic u n d i f f e r e n t i a t e d  sedimentary rocks. The l i t h o l o g y  o f  

t h i s  u n i t  i s  t y p i c a l  o f  t h e  Pa leozo ic  s t r a t a  i n  t h i s  r e g i o n  b u t  i s  

markedly  d i  scordant t o  bedding o f  t h e  sub jacent  Haval l a h  whi 1 e b e i  ng 

conformable o r  near conformable w i t h  t h e  o v e r l y i n g  T r i a s s i c  

congl omerate. 

The T r i a s s i c  congl m e r a t e  i s a promi nent  1 edge-former c o n s i s t i n g  

o f  r e d  and green c h e r t  pebbles i n  a s i l i c e o u s  m a t r i x .  

t h e  super jacent  f o s s i l i f e r o u s  Faveret  Format ion a r e  t h e  most e a s i l y  

recognized o f  any sedimentary rocks a t  McCoy. 

c o n t a i n s  dark grey th in-bedded 1 imestones in te rbedded w i t h  b l a c k  sha le  

and r e d  t o  t a n  s i l t s t o n e s .  

by t h e  presence o f  abundant ammonites o f  t h e  genus Acrocord iceras and 

T h i s  u n i t  and 

The Faveret  Format ion 

A Lower T r i a s s i c  age has been determined 
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pelecypods o f  t h e  genus Daonel la  ( S i l b e r l i n g ,  1956). Above t h i s  u n i t  

i s  t h e  Augusta Format ion which c o n s i s t s  o f  t h r e e  members, t h e  lower  

two o f  which a r e  i n  t h e  mapped area. 

dark-grey,  b i o c l a s t i c ,  d o l o m i t i c  1 imestone, and t h e  m i d d l e  member 

i n c l u d e s  thin-bedded, grey 1 imestone and calcareous shal e. 

member i s  a massive grey l imestone ( M u l l e r  e t  a l . ,  1951). 

The lower  member i s  a massive, 

The upper 
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T E R T I A R Y  STRATIGRAPHY 

E x t r u s i v e  Rocks 

Dark c o l o r e d  pyroxene-hornblende andes i tes  and d a c i t e s  form t h e  

o l d e s t  T e r t i a r y  u n i t  i n  t h e  v i c i n i t y  o f  McCoy. These v o l c a n i c s  r e s t  

unconformably on p r e - T e r t i a r y  s t r a t a  and a r e  o v e r l a i n  by r h y o l i t i c  

a s h - f l  ow- t u f f s .  Most exposures i n  t h e  mapped area a r e  p r o p y l  i t i c a l  l y  

a l t e r e d ,  s lope formers, and f r e q u e n t l y  covered by s lope wash. The 

base i s  n o t  exposed and thus  t h e  t h i c k n e s s  i s  unknown. 

South o f  McCoy, i n  t h e  Clan A l p i n e  Mountains, s i m i l a r  f l o w s  a r e  

i n t e r c a l a t e d  w i t h  e p i c l a s t i c  rocks  and vary from 0 t o  800 meters i n  

t h i c k n e s s  ( R i e h l e  e t  al. ,  1972). These f l o w s  have a K - A r  age o f  35.9 

m.y. which i s  c o n s i s t e n t  w i t h  t h e  ages o f  t h e  widespread a n d e s i t e  and 

d a c i t e  l a v a  f lows i n  C h u r c h i l l  ( W i l l d e n  and Speed, 1974) and Lander 

(Stewart  e t  a l . ,  1977) count ies .  

An i s 0  a ted  v o l c a n i c  vent  r i s i n g  100 meters above p r e - T e r t i a r y  

sediments 1 es i n  t h e  extreme n o r t h  o f  t h e  mapped area. I t c o n s i s t s  

o f  b l a c k  l a v a  f lows w i t h  40% phenocrysts  o f  p l a g i o c l a s e ,  

orthopyroxene, and c l i n o p y r o x e n e  (see Table 1). 

f lows t o  t h e  east ,  n o r t h  and south  i s  unknown due t o  t h e  t h i c k n e s s  of  

t h e  o v e r l y i n g  ash- f low t u f f s  and v a l l e y  f i l l  and t h e  western marg in o f  

t h e  vent  i s  t r u n c a t e d  by f a u l t i n g  and e r o s i o n  which occurred p r i o r  t o  

t h e  d e p o s i t i o n  o f  t h e  fanglomerate.  The age o f  t h i s  vent  i s  presumed 

t o  be comparable t o  t h e  andes i tes  d iscussed above. 

The e x t e n t  o f  t h e  
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T e r t i a r y  Fanglomerate 

The T e r t i a r y  fanglomerate i s  an in fo rmal  name f i r s t  used by Dane 

and Ross (1942) t o  desc r ibe  an unconso l ida ted  d e p o s i t ' c o n t a i n i n g  

1 irnestone and c h e r t y  do lomi te  cobbles and boul ders which mantl e t h e  

p r e - T e r t i a r y  rocks  i n  t h e  neighborhood o f  t h e  McCoy and Wi ld  Horse 

Mercury Mines. Th is  u n i t  can be recognized by t h e  l i g h t  c o l o r  o f  t h e  

s o i l  m a t r i x  as w e l l  as t h e  l a r g e  s i z e  (up t o  8 meters i n  d iameter )  o f  

t h e  boulders.  I t s  o r i g i n a l  t h i ckness  must have exceeded 7 5  meters 

(Dane and Ross, 1942). The fanglomerate u n d e r l i e s  t h e  ash-f low t u f f s  

i n  t h e  no r th -eas t  p o r t i o n  o f  t h e  mapped area. 

T e r t i a r y  Ash-Flow T u f f s  a t  McCoy 

The fo rma t ion  names used f o r  t h e  ash - f l ow  t u f f s  i n  t h i s  s tudy a r e  

those  o f  McKee and Stewart  (1971). 

shown i n  F ig .  6. 

ash- f low t u f f s  i n  t h e  Desetoya Mountains, t h e  New Pass Range, and t h e  

c e n t r a l  p a r t  o f  t h e  Shoshone Mountains (F ig .  1) by K - A r  age d a t i n g  and 

reg iona l  mapping. 

l i t t l e  c o n t i n u i t y  o f  f o rma t ions  between t h e  Desetoya Mountains and t h e  

New Pass Range, b u t  t h a t  many o f  t h e  ash- f low t u f f s  i n  t h e  New Pass 

Range and Shoshone Mountains a r e  c o r r e l a t i v e  and a r e  e a s i l y  grouped by 

minera logy  and ex ten t .  

by c o o l i n g  u n i t .  

f o l l owed  by a number. 

Stewar t  (1971) have a number as a fo rma t ion  d e s i g n a t i o n  and a l e t t e r  

as a c o o l i n g  u n i t  des ignat ion .  

c o o l i n g  u n i t  from t h e  bot tom o f  Edwards Creek Tuff. 

The c o r r e l a t i o n  o f  these u n i t s  i s  

I n  t h e i r  r e p o r t  t h e y  at tempted t o  sys temat ize  t h e  

The r e s u l t s  of t h e i r  s tudy  show t h a t  t h e r e  i s  

The ash- f low t u f f s  i n  t h i s  s tudy  were mapped 

They a r e  des ignated  as T e r t i a r y  we l l ed  t u f f s  ( T w t )  

The t u f f s  grouped i n t o  fo rma t ions  by  McKee and 

For  example, Twt 6C denotes t h e  t h i r d  

The ash- f low t u f f  s t r a t i g r a p h y  used i n  t h i s  s tudy  agrees w i t h  
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t h a t  of McKee and Stewart  (1971) w i t h  one except ion.  

has shown t h a t  severa l  c o o l i n g  u n i t s  which do n o t  appear i n  t h e  t y p e  

o r  re ference s e c t i o n  o f  Edwards Creek T u f f  a r e  mapped by McKee and 

Stewart  (1977) as Edwards Creek T u f f .  These c o o l i n g  u n i t s  d i f f e r  i n  

minera logy  f r a n  and a r e  n o t  coes tens ive  w i t h  t h e  Edwards Creek Tuf f .  

The intra-Edwards Creek Tuff u n i t s  a r e  n o t  l a r g e ,  so r a t h e r  than 

compl ica te  t h e  map by separa t ing  them out  Edwards Creek T u f f  p l u s  t h e  

aforement ioned u n i t s  were mapped as Twt 6. 

D e t a i l e d  mapping 

Modal composi t ions and chemical a n a l y s i s  of each c o o l i n g  u n i t  a r e  

g iven i n  Tables 1 and 2, and t h e  sample l o c a t i o n s  a r e  shown i n  Fig.  8. 

O lder  T u f f s  

The o l d e r  ash- f low t u f f s ,  f i r s t  descr ibed by McKee and Stewart  

(1971), comprise a t  l e a s t  4 c o o l i n g  u n i t s  of ash- f low t u f f s  which 

d i f f e r  i n  t h e i r  mineralogy. I n  t h i s  r e p o r t  t h e y  were mapped 

separa te ly ,  and t h e  mapping u n i t s  Twt 1 t o  Twt 4 a r e  d iscussed 

i n d i v i d u a l l y  below. 

Twt 1 \ 

Twt 1 c o n s i s t s  o f  a s imp le  c o o l i n g  u n i t  which r e s t s  unconformably 

on p r e - T e r t i a r y  sedimentary rocks as w e l l  as T e r t i a r y  l a v a  f lows, 

fanglomerate,  and an eroded remnant o f  a p o o r l y  welded ash- f low 

t u f f .  The eroded remnant f i l l s  a p a l e o - v a l l e y  i n  t h e  cuestas 

n o r t h e a s t  o f  t h e  McCoy Mine and i s  mapped f o r  convenience as t o g e t h e r  

w i t h  Twt 1. T h i s  remnant i s  a grey, v i t r i c ,  p o o r l y  welded ash- f low 

t u f f  w i t h  5 t o  10% c r y s t a l s  o f  s a n i d i n e  and p l a g i o c l a s e ,  a t r a c e  of 

b i o t i t e ,  a few v i t r o p h y r i c  l i t h i c  f ragments up t o  .5 cm i n  d iameter ,  

and some a r g i l l i z e d  f l a t t e n e d  pumice fragments approx imate ly  2 cm i n  
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Map U n i t  Tv Twt 1 Twt  1 Twt 2 Twt 2 T w t  3 T w t  4 T w t  5 T w t  5 T w t  6A T w t  6A T w t  6A T w t  6A T w t  68 T w t  6A 

Sample No. Twt-V 130-80 132-80 135-80 137-80 15-79 17-79 23-79 24-79 SS-14 269-80 SS-15 SS-16 SS-17 SS-18 

We1 d i  ng Dense Poor P a r t l y  P a r t l y  P a r t l y  Dense P a r t l y  V i t r o  Dense V i t r o  P a r t l y  P a r t l y  P a r t l y  P a r t l y  P a r t l y  

D e v i t r i f i c a t i o n  Yes No No Yes Yes Yes Yes No Yes No Yes Yes Yes Yes Yes 
Shards % 53.0 87.5 91.9 86.2 69.8 50.6 76.6 84.2 76.2 89.9 88.3 87.1 86.2 82.2 85.7 
S a n i d i n e  % 1.0 2.8 4.4 5.4 16.4 25.3 11.7 7.3 13.3 9.5 10.2 9.0 12.5 12.4 11.7 

P l a g i o c l a s e  % 42.0 .2 .5 .8 6.7 10.2 3.8 5.0 6.7 .8 .9 2.9 .4 3.9 1.2 
Q u a r t z  X 2.1 

B i o t i t e  % .5 1.1 5.2 6.9 7.4 1.0 1.7 .1 

Hornblende % .9 .2 

cpx 1: 4.0 .5 2.5 .3 1 .o 
opx X .2 

L i t h i c  Frag.  % .7 .5 1.8 2.9 4.1 2.5 1.2 .1 .8 .2 

Opaques X 8.4 1.5 .8 .2 .2 1.0 1.4 

T o t a l  Pheno. % 47.0 11.9 7.6 12.1 30.2 46.4 19.3 13.3 22.6 10.4 11.5 12.1 12.9 17.3 12.9 --- 
Map Un i t  T w t  6A Twt 68 T w t  68 T w t  68 Ts2 T w t  6C T w t  6C T w t  60 T w t  60 Twt 6D T w t  60 Twt 60 T w t  60 T w t  60 I n t .  

T u f f  
Sample No. SS-19 327-80 SS-21 55-22 26-79 SS-23 263-80 SS-24 16-80 17-80 SS-25 18-80 55-26 55-27 260-80 

We1 d i  ny P a r t l y  V i t r o  Dense P a r t l y  P a r t l y  Poor Poor  V i t r o  Dense V i t r o  Dense Dense Dense P a r t l y  Poor 

Oevi t r  i f i c a  t i on Yes No Yes No Yes No No No No No Yes Yes Yes Yes No 
Shards X 88.2 87.9 87.0 77.2 92.0 79.5 90.9 12.9 88.7 90.4 79.5 79.0 84.0 84.2 67.9 
S a n i d i  ne % 9.0 5.7 8.6 15.0 2.7 8.4 5.3 22.6 9.4 7.8 17.3 19.2 14.5 12.7 10.8 

P l a g i o c l a s e  % 1.9 4.3 4.1 7.6 4.9 2.7 .6 3.4 1.7 1.2 2.0 1.8 .6 2.0 1.2 
Q u a r t z  X 

B i o t i t e  % .8 -3 .1 1.0 1.9 ' .1 .1 .2 .9 4.4 

Hornblende % .2 .1 

cpx X 
opx % 

Opaques X .1 .4 

.2 

.4 

.3 

.2 .5 
.7 7 3.0 

.2 12.6 L i t h i c  Fraq. X .1 .2 8.0 1.1 .5 

T o t a l  Pheno. X 11.7 10.0 13.0 22.7 7.8 12.5 7.8 26.6 11.3 9.6 20.5 21.0 16.0 15.6 19.4 - 

Tab le  1. McCoy Modal Compos i t i ons  (Volume Percen t )  



Map U n i t  Twt 6E Twt 6E Twt 6F T w t  6F T w t  6G T w t  7A Twt  78 Twt 78 T w t  78 T w t  7C T w t  8A T w t  8B T w t  8C 

NS-10 343b-80 380-3-80 SS-30 P2-80 565-80 242-80 243-80 244-80 245-80 35a-79 35b-79 505-80 ____ Sample No. 

We1 d i n g  Dense 

D e v i t r i f i c a t i o n  Yes 

Shards X 94.0 

San id ine  % 4.3 

P l a g i o c l a s e  X 1.2 

Q u a r t z  X 
B i o t i t e  X .5 
Hornblende 'z 
c p x  X 
opx % 
Opaques X 
L i t h i c  Fraq. X 

P a r t l y  Dense Dense Par t l y  V i t r o  

Yes Yes Yes Yes No 

91.3 82.7 78.7 83.7 81.0 

5.1. 10.8 14.7 11.6 9 .o 
1.2 2.0 4.4 3.8 3.9 

2.4 .3 1.3 .2 6.0 
t r  

3.1 1.5 .1 

.7 

Poor P a r t l y  P a r t l y  Dense P a r t l y  P a r t l y  Poor 

No Yes Yes Yes Yes Yes Yes 

91.3 87.8 82.2 76.5 92.1 93.4 78.2 

3.2 8.3 9.6 16.2 6.1 6.1 13.2 

2.0 1.1 3.2 3.3 .5 
5.8 

3.0 2.8 3.1 2.8 

.3 .7 1.2 1.3 .3 

1.2 2.8 

8.7 12.2 16.6 23.5 7.9 6.4 19.0 6.0 8.7 17.3 21.9 16.3 19.0 

N 
P 

Table 1 (Cont.) McCoy Modal Composi t ions (Volume P e r c e n t )  



Map U n i t  Twt 1 Twt 2 T w t  2 Twt 3 T w t  4 T w t  5 T w t  5 T w t  6A T w t  6A T w t  6A T w t  68 T w t  68 Ts2 T w t  6C T w t  60 

N 
m 

Sample No. ~ c / N v  Mc/NV Mc/NV Mc/NV Mc/NV Mc/NV Mc/NV Mc/NV MC/NV Mc/NV Mc/NV Mc/NV Mc/NV Mc/NV * Mc/NV 
38 55-24 132 135 137 15-79 40 23 24 SS-15 269 SS-19 SS-21 SS-22 14-79 

Si02 68.7 72.6 69.8 66.4 73.0 73.3 74.9 73.9 75.8 73.6 76.0 74.5 70.2 73.1 70.7 
T i  O2 .13 .14 - 3 1  .42 .15 .13 .24 .15 .14 -19  .22 .28 .20 .20 .23 

13.1 13.7 14.8 16.1 13.0 14.0 13.8 13.3 13.8 12.7 11.9 12.5 13.8 13.9 14.0 
Fe203* 1.79 2.03 2.80 3.28 1.54 1.65 1.23 1.38 1.80 2.04 2.44 2.70 2.59 1.77 1.77 

MnO .05 .03 .03 .07 .03 -06  .02 .02 .03 . O l  .03 .03 .05 .05 .05 

MgO .44 .51 .48 .76 .84 <.l <.l .06 .02 .37 .19 .55 <.l <.l .14 

CaO 2.30 .72 1.50 2.80 1.53 .71  1.42 .68 .53 -97 1.02 1.74 .99 1.02 .80 

Na20 3.19 2.61 3.51 3.52 2.41 3.15 3.59 3.77 3.54 3.31 3.12 3.08 2.75 2.67 2.98 
5.09 5.69 5.22 4.91 4.70 6.02 4.68 5.42 5.62 5.08 4.56 4.33 6.32 6.21 6.24 

2'3 

KZO 
'2'5 .04 .03 .07 .ll -06 - 0 1  .06 . O l  .03 .02 .03 -08 .05 .02 . 00 

1.57 3.80 :* LO1 5.39 2.10 1.35 2.89 4.55 3.07 1.18 1.00 1.12 2.30 2.10 2.30 3.71 

T o t a l  100.2 100.12 99.85 101.32 101.74 101.96 101.04 99.70 102.35 100.63 101.65 102.10 100.64 100.52 99.75 

Q 
C 

o r  

ab 
an 

25.83 33.32 25.63 20.34 36.58 30.44 33.19 29.74 32.60 32.34 38.05 35.85 28.01 31.68 27.57 

1.91 .85 .18 1.27 1.07 - 4 0  -01 .95 .06 .05 .79 -98 .90 
30.08 33.62 30.85 29.01 27.77 35.57 27.66 32.03 33.21 30.02 26.95 25.59 37.35 36.70 36.87 
26.99 22.08 29.70 29.79 20.39 26.65 30.38 31.90 29.95 28.01 26.40 26.06 23.27 22.59 25.22 

6.48 3.38 6.98 13.17 7.20 3.46 6.65 3.31 2.43 4.68 4.86 7.44 4.58 4.93 3.97 

wo 

d i  -wo 
--- --- --- --- --- --- --- --- - -- --- --- --- --- --- d i  -en 1.10 

--- .35 hy-en --- 1.27 1.20 1.89 2-09 --- --- .15 .05 .92 .47 1.37 --- 

il -11 .06 .06 -15 .06 .13 .04 .04 .06 .02 -06 .06 .ll .ll .ll 

---  --- --- - -- --- --- --- --_ --- --- - -- --- --- --- --- m t  

hm 1.79 2.03 2.80 3.28 1.54 1.65 1.23 1.38 1.80 2.04 2.44 2.70 2.59 1.77 1.77 
--- .47 --- --- --- t n  -18 

r u  --- 1.11 .28 .34 .12 .06 .22 .13 .ll .18 .19 .05 -14 .14 .17 
.07 .07 .17 .26 -14 .02 .14 .02 .07 -05 .07 .19 .12 .05 --- aP 

To ta l  94.49 97.86 98.51 98.41 97.17 99.06 99.91 98.71 101.24 98.32 99.55 99.79 96.96 98.95 96.93 

--- --- --- --- --- --- --- --- --- 

Table 2. Chemical Analyses and C I P W  Norms o f  Ash-Flow T u f f s  f rom McCoy 



Map U n i t  Twt 60 Twt  60 T w t  6E Twt 6E Twt  6F T w t  6F Twt 7C Twt- 8 A  

N 
0-l 

Sample No. Mc/NV Mc/NV Mc/NV Mc/NV Mc/NV Mc/NV Mc/NV Mc/NV 
18-80 55-26 NS-10 380-3 343b-80 SS-30 245 228 

Si  O2 72.6 11.7 74.0 76.3 77.9 73.5 71.3 75.0 
T i  O2 .22 .25 .12 .10 .09 .18 -39 .08 

14.8 14.2 11.9 13.0 11.6 13.8 15.9 12.9 A1203 
Fe2O3* 2.09 2.19 1.60 1.71 1 - 5 0  2.16 2.21 1.13 

MnO .04 .03 -04 .07 .08 .03 -06 .08 

MgO . O l  .21 .17 <.I  <.l .13 .28 .01 
C a 0  .82 ,  .92 .58 .30 .39 .62 1.69 .46 
Na20  3.77 3-15 4.06 4.04 3.57 4.45 4.20 3.32 

5.47 5.63 4.92 4.88 4.29 5.08 4.71 5.09 K20 
'2'5 .01 -02 . O l  .02 . O l  . O l  -06 . 00 
LO1 .71 1.30 2.30 1.07 1.65 1.00 1.48 3.00 

Tota l  100.44 100.29 99.66 101.23 100.88 100.98 102.30 101.04 

CIPW Norms 

Q 27.94 26.03 30.80 33.50 39.90 26.77 24.96 35.17 
C 1.17 .31 - -- .53 .39 ---- .99 1.09 
o r  32.32 33.27 29.07 28.84 25.35 30.02 27.83 30.08 
a b  31.90 31.90 33.77 34.19 30.21 37.65 35.54 28.09 
an 4.00 4.43 --- 1.36 1.87 2.68 7.99 2.28 
a c  --_ --- --- --- --- - -_ -52 -__  

--- --- .58 --- --- --- --_ --_ wo 
d i  -wo 

d i  -en 

hy-en 

m t  

il 

hm 

t n  

ru 

ao  

-49 
.42 

--- 
.09 

1.42 
.I8 
--- 
.02 

- -_ 
.15 

1.71 
--_ 
.02 

.05 

--- 
--- 
.32 

--- 
.06 

2.16 
.23 
.05 
.02 

-02 

-03  
.15 
. ll  

Total  99.74 98.99 97.37 100.35 99.42 99.98 100.82 98.04 

Table  2 (Cont.). Chemical Analyses a n d  CIPW Norms of Ash-Flow Tuffs from McCoy 



1 engt h. 

T w t  1 i s  a d i s t i n c t i v e  o l i v e  grey, v i t r i c  ash- f low t u f f  w i t h  3% 

c r y s t a l s  o f  sanid ine,  p l a g i o c l a s e ,  and b i o t i t e .  I t  g e n e r a l l y  crops 

ou t  as a low ledge masked by t a l u s  and s lope wash. Throughout t h e  

mapped area, ash- f low t u f f s  which have a s i m i l a r  we ld ing  and 

minera logy and appear a t  t h e  base o f  t h e  ash- f low t u f f  s e c t i o n  have 

been mapped as Twt  1. C o r r e l a t i o n  o f  these t u f f s  i s  u n c e r t a i n  due t o  

t h e  p a u c i t y  o f  modal a n a l y s i s  o f  these rocks  and t h e  - lack  o f  ou tc rop  

c o n t i n u i t y .  

topograph ic  i n - f i l l i n g  add t o  t h e  d i f f i c u l t y  i n  c o r r e l a t i o n .  The K - A r  

V a r i a t i o n s  i n  weld ing and t h i c k n e s s  a p p a r e n t l y  caused by 

ages o f  a welded c o r r e l a t i v e  from t h e  western marg in o f  t h e  mapped 

area a r e  31.1 f 1.2 m.y. ( s a n i d i n e )  and 29.2 i 1.1 m.y. ( b i o t i t e ) .  

The maximum observed t h i c k n e s s  o f  t h i s  u n i t  i s  20 m and t h e  minimum 

area l  e x t e n t  i s  approx imate ly  360 km2. 

Twt 2 and 3 

Twt  2 and 3 a r e  d i s t i n c t i v e  b i o t i t e - r i c h  ash- f low t u f f s  which 

o u t c r o p  from t h e  e a s t e r n  marg in o f  D i x i e  V a l l e y  t o  t h e  western border  

o f  t h e  Shoshone Range. Twt 2 i s  a p i n k  t o  whi te ,  d e v i t r i f i e d ,  s i m p l e  

c o o l i n g  u n i t  c o n t a i n i n g  30% c r y s t a l s  o f  san id ine ,  p l a g i o c l a s e ,  and 

b i o t i t e ,  w h i l e  Twt 3 i s  a b l a c k  t o  grey compound c o o l i n g  u n i t  w i t h  50% 

c r y s t a l s  o f  san id ine ,  p l a g i o c l a s e ,  b i o t i t e ,  and c l inopyroxene.  Twt  2 

i s  u s u a l l y  found as a t h i n ,  p o o r l y  welded zone beneath t h e  v i t r o p h y r e  

o f  Twt 3, b u t  inc reases  i n  th ' ickness t o  40 m i n  t h e  p a l e o - v a l l e y  

n o r t h e a s t  o f  t h e  McCoy Mine, where i t  i s  densely  welded. 

i n  t h i c k n e s s  from 10 t o  40 m as  a r e s u l t  o f  i n - f i l l i n g  o f  

topography. 

one densely  welded zone and f r e q u e n t l y  has a p o o r l y  welded zone a t  t h e  

Twt 3 v a r i e s  

It i s  a m u l t i p l e - f l o w  u n i t ,  and always c o n t a i n s  a t  l e a s t  
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t o p  and bottom (see F ig.  6). 

(McKee and Stewart ,  1971). 

Twt  3 has a K - A r  age o f  28.7 2 1.1 m.y. 

T w t  4 

Twt 4, c a l l e d  l i t h i c  e u t a x i t e  by McKee and Stewart  (1971), i s  a 

d i s t i n c t i v e ,  quar tz-bear ing,  compound c o o l i n g  u n i t .  

20% c r y s t a l s  o f  sanid ine,  p l a g i o c l a s e ,  quar tz ,  and b i o t i t e ,  w i t h  

abundant pumice fragments and small  s c a t t e r e d  b l a c k  and red  l i t h i c  

f ragments o f  shale. 

dense ly  welded zone i s  a c l a s s i c  example o f  a e u t a x i t e ,  w i t h  numerous 

b l a c k  g l a s s  fiamme ( a  flame-shaped welded pumice) up t o  10 cm i n  

diameter,  and 2)  t h e  shards o f  t h e  p o o r l y  welded zone a r e  f r e q u e n t l y  

a l t e r e d  t o  z e o l i t e s  and c lays ,  g i v i n g  these zones a d i s t i n c t i v e  waxy 

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

pronounced i n  areas of hydrothermal a l t e r a t i o n .  Twt  4 i s  

c h a r a c t e r i s t i c a l l y  assoc ia ted  w i t h  opal-cemented b r e c c i a  i n  f a u l t  

zones where b r e c c i a  occurs. 

preserved, above which l e n t i c u l a r  beds o f  sediment and a i r  f a l l  t u f f  

( T s l )  occur. 

Canyon t o  60 m a t  t h e  western edge o f  Ante lope Va l ley ,  a d i s t a n c e  of 

35 km. Twt 4 most o f t e n  o v e r l i e s  Twt 3, b u t  a t  a few l o c a l i t i e s  l i e s  

unconformably on p r e - T e r t i a r y  s t r a t a .  The min imal  a r e a l  e x t e n t  o f  Twt 

4 i s  approx imate ly  360 km2. 

It conta ins  up t o  

Th is  u n i t  has two ou ts tand ing  fea tures ;  1)  t h e  

The green t i n t  i s  e s p e c i a l l y  

The non-welded t o p  of  Twt  4 i s  u s u a l l y  

The t h i c k n e s s  o f  Twt 4 v a r i e s  f rom 125 m i n  Shoshone 
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Northern Ash-Flow T u f f s  (Twt 5 )  

Along t h e  nor theas t  marg in o f  t h e  mapped area a r e  two c o o l i n g  

u n i t s  of  ash- f low t u f f  mapped by McKee and Stewart  (1971) as Edwards 

Creek Tuf f .  Al though they  l i e  i n  t h e  same s t r a t i g r a p h i c  p o s i t i o n  as 

t h e  lower  u n i t s  o f  Edward Creek they  d i f f e r  i n  minera logy,  c o o l i n g  

h i  s t o r y  , and d i  s t  r i  b u t  i on. 

The lower  u n i t  o f  t h e  n o r t h e r n  ash- f low t u f f s  i s  a v i t r o p h y r e  

c o n t a i n i n g  25% c r y s t a l s  o f  sanid ine,  p l a g i o c l a s e ,  b i o t i t e ,  and 

hornblende. 

break i s  t h e  m i d d l e  u n i t ,  c o n s i s t i n g  o f  a red, densely  welded 

d e v i t r i f i e d  zone and c o n t a i n i n g  13% c r y s t a l s  o f  sanid ine,  p l a g i o c l a s e ,  

and c l inopyroxene.  The upper u n i t  i s  a lavender,  p a r t i a l l y  welded 

ash- f low t u f f  w i t h  20% c r y s t a l s  o f  san id ine ,  b i o t i t e ,  and p l a g i o c l a s e ,  

w i t h  w h i t e  s l i g h t l y  f l a t t e n e d  pumice up t o  30 cm i n  l e n g t h  and 

abundant l i t h i c  f ragments o f  densely welded ash- f low t u f f  up t o  15 cm 

i n  diameter.  

Over ly ing  t h e  v i t r o p h y r e  w i t h  no d i s c e r n i b l e  c o o l i n g  

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

i s  obscured by t h e  s lope- forming n a t u r e  o f  t h e  upper u n i t .  

The t o t a l  observed t h i c k n e s s  o f  these u n i t s  i s  55 m w i t h  an a r e a l  

e x t e n t  o f  90 km2. 

Edwards Creek T u f f  (and I n t e r f i n g e r i n g  T u f f )  

The Edwards Creek T u f f ,  d e f i n e d  b y  McKee and Stewart  (1971) 

Al though t h e  c o n s i s t s  o f  5 c o o l i n g  u n i t s  o f  s i m i l a r  mineralogy. 

d e s c r i p t i o n  o f  these t u f f s  conforms t o  those found i n  t h e  t y p e  

sec t ion ,  severa l  c o o l i n g  u n i t s  mapped a s  Edwards Creek do n o t  appear 

i n  t h e  t y p e  s e c t i o n ,  l o c a t e d  19 km south o f  t h e  McCoy Mine. 

Three o f  these c o o l i n g  u n i t s  were mapped as Twt 5 ,  a s  mentioned 

One u n i t ,  Twt  6C, t h a t  c o n s i s t e n t l y  l i e s  below t h e  t h i r d  above. 
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c o o l i n g  u n i t  o f  McKee and Stewart  (1971) i n  t h e  mapped area and was 

grouped w i t h  Edwards Creek i n  t h e  T w t  6 s e r i e s ,  does n o t  appear i n  t h e  

t y p e  o r  re fe rence s e c t i o n  (F ig .  6) .  

u n i t  s i t t i n g  on t h e  f i f t h  c o o l i n g  u n i t  o f  McKee and Stewart  (1971) i s  

a l s o  miss ing  i n  t h e  t y p e  and re fe rence sect ions.  

i n c l u d e d  w i t h  Twt  6. 

Twt  66, an a r e a l l y  r e s t r i c t e d  

This  u n i t  was a l s o  

The observed t h i c k n e s s  o f  Twt  6 v a r i e s  from 190 m i n  t h e  south t o  

110 m i n  t h e  n o r t h e a s t  corner  o f  t h e  mapped area (F ig.  7a,b). T h i s  i s  

due t o  t h e  disappearance o f  Twt 6A i n  t h e  n o r t h e r n  area r a t h e r  than 

t h e  d i s t a n c e  o f  T w t  6 from i t s  source area. 

McKee and Stewart  (1971) pub l i shed an average K - A r  age f o r  t h e  

t h i r d  and f o u r t h  c o o l i n g  u n i t s  o f  Edwards Creek T u f f  (Twt  6D and 6E) 

as 27.7 f 1 m.y. 

Twt  6A 

Twt 6A i s  t h e  o l d e s t  c o o l i n g  u n i t  o f  t h e  Edwards Creek Tuff .  

W i t h i n  t h e  mapped area i t  i s  grey  t o  p a l e  red, p a r t i a l l y  welded, and 

c o n t a i n s  19% c r y s t a l s  o f  p l a g i o c l a s e  and san id ine ,  and a t r a c e  o f  

hornblende. It i s  a m u l t i p l e  ash- f low s imp le  c o o l i n g  u n i t ,  t h e  l o w e r  

ash- f low be ing  e u t a x i t i c  w i th  w h i t e  f l a t t e n e d  pumice up t o  10 cm i n  

l e n g t h  w h i l e  t h e  upper f l o w  i s  s t r u c t u r e l e s s .  

f r e q u e n t l y  covered and probab ly  l e n t i c u l a r .  

10 km west o f  t h e  u n i t  area, i n  t h e  Shoshone Range. 

unconformably above Twt 4, separated from i t  by v a r i a b l e  th icknesses  

o f  a i r - f a l l  t u f f  and t u f f a c e o u s  sediment ( T s l ) .  

The basal  v i t r o p h y r e  i s  

Twt 6A i s  p o o r l y  welded 

Twt 6 A  l i e s  

The minimum area l  e x t e n t  o f  Twt  6A i s  360 km'. It extends from 

t h e  Shoshone Range t o  t h e  eas tern  edge o f  D i x i e  V a l l e y  and a t  l e a s t  as 

f a r  south as t h e  t y p e  s e c t i o n  o f  McKee and Stewart  (1971). It does 

30 



Tu FF 

M c K e e  and S t e w a r t ,  1971 

Figure 6 - Correlation of Map Units 

31 



Figure 7 - Columnar sections of Edwards C r e e k  Tuff From the Type Section in Edwards Creek Val ley ,  

to the Eastern Reference Section in Antelope. Line of section 1s shown in figure 8. 
Queries indicate questionable correlation, dashed linos indicote unknown thickness. and overlapping 

zone symbols indicato transitionol zones. 
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n o t  extend i n t o  t h e  n o r t h e a s t  p o r t i o n  o f  t h e  mapped 

f a u l t i n g  i n  t h e  mine area t h a t  produced topograph ic  

T w t  66 

area, because o f  

b a r r i e r s .  

The most d i s t i n c t i v e  marker h o r i z o n  o f  Twt 6 i s  Twt 6B, t h e  

second c o o l i n g  u n i t  o f  McKee and Stewart  (1971) .  

densely  welded, s t r u c t u r e l e s s ,  compound c o o l i n g  u n i t  c o n t a i n s  l e s s  

than 10% c r y s t a l s  o f  s a n i d i n e  and p l a g i o c l a s e ,  and a t r a c e  o f  

b i o t i t e .  It c o n s i s t s  o f  l e n t i c u l a r  basal  non-welded and v i t r o p h y r e  

zones, a ledge- forming densely  welded d e v i t r i f i e d  zone, and upper 

p a r t i a l  l y  welded and non-welded zones which a r e  f r e q u e n t l y  

preserved. 

c o o l i n g  breaks b u t  severa l  k i l o m e t e r s  t o  t h e  south t h e  f l o w  p a r t i n g s  

a l l o w  no doubt  o f  i t s  s t a t u s  as a compound c o o l i n g  u n i t .  

Th is  b r i c k  red, 

W i t h i n  t h e  mapped area t h e  densely  welded zone shows no 

Twt 6B was found by McKee and Stewart  (1971) i n  t h e i r  re ference 

s e c t i o n  near Ante lope Va l ley ,  a l though t h i s  u n i t  was n o t  l o c a t e d  a t  

t h a t  s i t e  d u r i n g  t h e  present  study. 

V a l l e y  o r  i n  t h e  n o r t h e a s t  corner  o f  t h e  mapped area. 

a rea l  e x t e n t  i s  100 km2. 

It was n o t  found near D i x i e  

I t s  minimum 

The observed t h i c k n e s s  i s  about 10 m. 

Ts 2 - 
The t h i c k e s t  accumulat ion o f  t u f f a c e o u s  sediment (Ts2) i n  t h e  

McCoy area c o n s i s t e n t l y  occurs  below Twt 6C. 

bedded t o  p l a n a r  bedding and i s  c r y s t a l - r i c h .  

t o  e r o s i o n  p r i o r  t o  t h e  d e p o s i t i o n  o f  6C, w i t h  a t h i c k n e s s  v a r y i n g  

f r a n  0 t o  10 m. I n  a few l o c a l i t i e s  Twt 6C e i t h e r  f a i l e d  t o  surmount 

t h e  topography o f  t h e  t u f f a c e o u s  sediments o r  was eroded, i n  these 

areas Twt 6D d i r e c t l y  o v e r l i e s  t h e  sediment. 

T h i s  sediment has c ross-  

Ts2 i s  l e n t i c u l a r  due 
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North of t h e  McCoy mine, where Twt  66 i s  absent, t h e  tu f faceous 

sediment i s  s i g n i f i c a n t l y  t h i c k e r  (40 m) and l i e s  on t h e  upper u n i t  o f  

Twt 5. Here t h e  sediment i s  more pumice-r ich,  c r y s t a l - p o o r ,  and 

in terbedded w i t h  a t h i n ,  red, densely welded ash- f low t u f f  c o n t a i n i n g  

l e s s  than 10% c r y s t a l s  o f  p l a g i o c l a s e  and s a n i d i n e  and a t r a c e  o f  

hornblende. 

T w t  6C' 

Another good marker h o r i z o n  i n  t h e  mapped area i s  Twt  6C. 

A l though f r e q u e n t l y  covered w i t h  s lope wash, i t s  minera logy,  l a r g e  

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

u n i t  from t h e  r e s t  o f  Edwards Creek T u f f .  T w t  6C i s  a l i g h t  brown t o  

green, f r i a b l e ,  p a r t i a l l y  welded ash- f low t u f f .  

welded c o o l i n g  u n i t  c o n s i s t i n g  o f  8% c r y s t a l s  o f  san id ine ,  b i o t i t e ,  

and p l a g i o c l a s e ,  and i t  c o n t a i n s  l a r g e  w h i t e  pumice up t o  30 cm i n  

l e n g t h ,  b l a c k  v i t r o p h y r e  l i t h i c  fragments up t o  10 cm across,  and 

vapor phase minera ls .  I n  a few p laces  Twt  6C i s  p ink ,  densely  welded, 

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

pumice. 

observed t h i c k n e s s  o f  20 meters. 

It i s  a p a r t i a l l y  

Twt 6C has a minimum a r e a l  e x t e n t  of 9 1  km2 and a maximum 

Twt 60 

Twb 6D i s  a compound c o o l i n g  u n i t  composed of  a t  l e a s t  3 

d i s t i n c t i v e  f l o w  u n i t s .  The basal  p o r t i o n  i s  grey,  p e r l i t i c ,  densely  

welded, and c o n t a i n s  11% c r y s t a l s  o f  san id ine ,  p l a g i o c l a s e ,  and a 

t r a c e  o f  b i o t i t e  and hornblende. 

d i s t i n g u i s h e d  by i t s  ye l low-orange s t a i n e d  f r a c t u r e s .  

23 m t h i c k  s t r u c t u r e l e s s ,  red, p a r t i a l l y  t o  densely  welded f l o w  u n i t  

T h i s  u n i t  i s  2 m t h i c k  and can be 

Above t h i s  i s  a 
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w i t h  a s e v e r e l y  weathered basal  v i t r o p h y r e .  This  u n i t  con ta ins  9% 

c r y s t a l s  o f  s a n i d i n e  and p l a g i o c l a s e  as w e l l  as .5% c r y s t a l s  o f  

c l inopyroxene,  orthopyroxene, and b i o t i t e .  

m inera logy  b u t  c o n t a i n s  up t o  1% b i o t i t e .  I t  i s  p a r t i a l l y  welded, 

e u t a x i t i c ,  and l a r g e  c a v i t i e s  have formed from weathering. 

The upper u n i t  has s i m i l a r  

Twt  6D has 

an observed t h i c k n e s s  o f  50 meters where t h e  non-welded t o p  i s  

preserved, and a minimum a r e a l  e x t e n t  o f  360 krn . 
e q u i v a l e n t  o f  McKee and Stewarts  (1971) t h i r d  c o o l i n g  u n i t  o f  Edwards 

Creek T u f f  which was dated by them, u s i n g  t h e  K - A r  method, a t  27.6 t 1 

2 Twt 6D i s  t h e  

m.y. 

I n t e r f  i n g e r i n g  Ash-F1 ow T u f f  

I n t e r f i n g e r i n g  w i t h  Edwards Creek T u f f  i s  a lavender  t o  p u r p l e  

ash-f low t u f f  c o n t a i n i n g  26% c r y s t a l s  o f  sanid ine,  p l a g i o c l a s e ,  

b i o t i t e ,  and moderate ly  abundant l i t h i c s  o f  densely  welded ash- f low 

t u f f .  W i t h i n  t h e  r e f e r e n c e  s e c t i o n  o f  Edwards Creek (McKee and 

Stewart ,  1971) t h i s  u n i t  i s  70 m t h i c k  and l i e s  between Twt 6D and 6E 

w i t h  no d i s c e r n i b l e  c o o l i n g  break. 

extends i n t o  t h e  mapped area i n  one l o c a l i t y  and i s  represented by a 

The d i s t a l  p o r t i o n  o f  t h i s  u n i t  

10 m t h i c k  p a r t i a l l y  welded zone o v e r l a i n  by 10 m o f  e p i c l a s t i c  

s edi  me n t  s . 
Twt 6E 

Twt 6E, t h e  f o u r t h  c o o l i n g  u n i t  o f  Edwards Creek T u f f  (McKee and 

Stewart ,  1971), i s  an e a s i l y  r e c o g n i z a b l e  h o r i z o n  i n  t h e  Twt 6 

ser ies.  U s u a l l y  o c c u r r i n g  as a l o w  c l i f f ,  t h i s  l i g h t  purp le ,  

p a r t i a l l y  welded ash- f low t u f f  c o n t a i n s  8% c r y s t a l s  o f  san id ine ,  

p l a g i o c l a s e ,  and b i o t i t e .  I n  most p laces  i t  i s  10 m t h i c k ,  b u t  where 
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i t  l i e s  below Twt  6G i t  doubles i n  t h i c k n e s s  and i s  densely  welded. 

Twt 6E has a minimum a r e a l  e x t e n t  o f  160 km2 and a K - A r  age o f  27.7 f 

1 m.y. (McKee and Stewart ,  1971). 

Twt  6F 

T w t  6F i s  a s imp le  c o o l i n g  u n i t .  Cool ing r e l a t i o n s h i p s  w i t h i n  

t h i s  u n i t  a r e  p o o r l y  d e f i n e d  due t o  poor outcrop.  I t  i s  a red  t o  grey 

ash- f low t u f f  w i t h  a densely  and a p a r t i a l l y  welded zone t h a t  c o n t a i n s  

13% c r y s t a l s  o f  s a n i d i n e  and p lag ioc lase .  The p a r t i a l l y  welded vapor 

phase zone i s  e u t a x i t i c  and c o n t a i n s  up t o  1% b i o t i t e .  

a r e a l  e x t e n t  o f  t h i s  u n i t  i s  160 km2, t h e  maximum observed t h i c k n e s s  

i s  20 m. 

The minimum 

Twt 66 

T h i s  u n i t  i s  purp le , ’dense ly  welded, and c o n t a i n s  17% c r y s t a l s  o f  

san id ine ,  p l a g i o c l a s e ,  and quar tz ,  wi th an observed t h i c k n e s s  o f  15 

m. 

Most o f  t h e  d e t a i l s  o f  Twt 66 a r e  obscured by t a l u s  and f a u l t i n g .  

It outcrops i n  a 3 km2 area 1 km south o f  t h e  W i l d  Horse Mine. 

T u f f  o f  McCoy Mine 

The T u f f  o f  McCoy Mine was informa1,ly des ignated as such by McKee 

and Stewar t  (1971) because o f  i t s  numerous ou tc rops  j u s t  south of 

McCoy Mine. 

densely  welded u n i t  (7C) and Bates Mountain T u f f ,  t h e  T u f f  o f  t h e  

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

aspects  o f  t h i s  t u f f  a r e  t h e  c o n s i s t e n t  presence o f  b i o t i t e  and t h e  

b r i t t l e n e s s  o f  t h e  p o o r l y  welded zones. 

ash- f low t u f f s  i s  a t t r i b u t e d  by Smith (1960) t o  i n d u r a t i o n  b y  vapor 

Genera l l y  o c c u r r i n g  as a s o f t  s l o p e  capped by i t s  upper 

The most n o t a b l e  

B r i t t l e n e s s  in p o o r l y  welded 

phase minera ls .  The minimum t h i c k n e s s  and age are,  r e s p e c t i v e l y ,  60 m 

37 



and 27.0 f .9 m.y. (McKee and Stewart ,  1971). 

Twt  7 A  

Twt 7 A  c o n s i s t s  o f  a t  l e a s t  2 c o o l i n g  u n i t s .  The lower  i s  a 

wh i te ,  p o o r l y  welded, c r y s t a l - p o o r  ash- f low t u f f  c o n t a i n i n g  sanid ine,  

b i o t i t e ,  p l a g i o c l a s e ,  and a few smal l  pumice and l i t h i c  fragments. 

The maximum t h i c k n e s s  o f  t h i s  u n i t  i s  23 m. 

The upper c o o l i n g  u n i t  i s  a l e n t i c u l a r  v i t r o p h y r e  c o n t a i n i n g  18% 

c r y s t a l s  o f  sanid ine,  b i o t i t e ,  and p l a g i o c l a s e .  Th is  u n i t  c o n s i s t s  of  

30 cm o f  non-welded ash a t  t h e  lower  c o n t a c t  and i s  p l a t y ,  v i t r i c ,  and 

p o o r l y  we ded near t h e  upper contac t .  

be a simp e c o o l i n g  u n i t .  

Therefore i t  i s  considered t o  

Twt  7B 

The midd le  u n i t  o f  t h e  T u f f  o f  McCoy Mine i s  a m u l t i p l e - a s h - f l o w  

s imp le  c o o l i n g  u n i t .  It c o n s i s t s  o f  severa l  p a r t i a l l y  welded zones 

separated by f l o w  breaks o r  l e s s  welded zones t h a t  m a n i f e s t  themselves 

as ledges and p a r t i n g s .  It i s  grey, orange, o r  p a l e  p u r p l e  and 

c o n t a i n s  14% c r y s t a l s  of san id ine ,  b i o t i t e ,  and p l a g i o c l a s e  as w e l l  as 

a few s c a t t e r e d  pumice and l i t h i c  fragments. The case-hardened aspect 

i s  e s p e c i a l l y  e v i d e n t  i n  t h i s  u n i t .  I t s  t h i c k n e s s  i s  a t  l e a s t  50 m. 

Twt 7C 

The dense we ld ing  and abundant b i o t i t e  o f  Twt 7C makes i t  t h e  

b e s t  marker h o r i z o n  o f  t h e  upper ash- f low t u f f s  i n  t h e  McCoy area. 

i s  c o n s i s t e n t l y  red, s t r u c t u r e l e s s ,  dense ly  welded, and c o n t a i n s  22% 

c r y s t a l s  o f  san id ine ,  b i o t i t e ,  and p l a g i o c l a s e .  

I t  

The observed 

t h i c k n e s s  i s  5 m. 
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Bates Mountain T u f f  

The Bates Mountain T u f f  was d e f i n e d  by Stewart  and McKee (1968) 

a t  Bates Mountain i n  western Lander County. I t  c o n s i s t s  o f  5 c o o l i n g  

u n i t s  w i t h  a t o t a l  t h i c k n e s s  o f  a few hundred meters. It has an area l  

2 e x t e n t  o f  5600 km and i s  found i n  Nye, Lander, and C h u r c h i l l  Count ies 

(Stewar t  e t  a1 . , 1977). 

The u n i t s  of  Bates Mountain T u f f  p resent  i n  t h e  McCoy area a r e  

mapped as Twt 8A, 88, and 8C, and c o r r e l a t e  w i t h  u n i t s  1, 4 ,  and 

p o s s i b l y  5 o f  Sargent and McKee (1969). 

Mountain T u f f  can be recognized on a e r i a l  photographs because o f  t h e  

development o f  d e n d r i t i c  dra inage p a t t e r n s  on d i p  s lopes. 

s lopes o f  Bates Mountain T u f f  g e n e r a l l y  develop fewer c l i f f  exposures 

than t h e  o t h e r  t u f f  u n i t s .  

c o o l i n g  u n i t s  i s  24.6 m.y. (Stewar t  e t  al., 1977). 

I n  t h e  map area Bates 

Scarp 

The average age o f  t h e  f i v e  Bates Mountain 

T w t  8A 

Twt  8A i s  a 46 m t h i c k  s l i g h t l y  e u t a x i t i c  compound c o o l i n g  u n i t  

c o r r e l a b l e  i n  l i t h o l o g y ,  age, and chemis t ry  t o  u n i t  1 o f  Sargent and 

McKee (1969). It c o n s i s t s  o f  two p a r t i a l l y  welded zones separated by 

a f low break l e d g e  and a basal  v i t r o p h y r e .  T h i s  u n i t  i s  p a l e  p i n k  t o  

r e d  and c o n t a i n s  l e s s  t h a n  10% c r y s t a l s  o f  s a n i d i n e  and p l a g i o c l a s e .  

A l l  exposures o f  t h e  l o w e r  v i t r o p h y r e  e x h i b i t  secondary 

d e v i t r i f i c a t i o n .  The basal p o r t i o n  o f  b o t h  f lows form l o w  rounded 

c l i f f s ,  w h i l e  t h e  p a r t i a l l y  welded zones a r e  s l o p e  formers. The K - A r  

age of t h i s  u n i t  i s  25.3 ?: 1.0 m.y. i n  t h e  Shoshone Mountains (McKee 

and Stewart ,  1971) and 24.7 1.0 m.y. i n  t h e  Simpson Park Mountains 

(Naeser and McKee, 1970). 

50 m .  

The observed t h i c k n e s s  i n  t h e  McCoy area i s  
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Twt 88 

The basal zone o f  Twt 8B i s  t h e  most d i s t i n c t i v e  h o r i z o n  o f  t h e  

Bates Mountain T u f f .  It c o n s i s t s  o f  a 1 rn t h i c k ,  red, densely welded 

zone w i t h  s p h e r i c a l  c a v i t i e s  about 1 cm i n  d iameter  and c o n t a i n s  l e s s  

than 7% c r y s t a l s  o f  s a n i d i n e  and p lag ioc lase .  

cheese" h o r i z o n  o f  McKee and Stewart  (1971) and u n i t  4 o f  Sargent and 

McKee (1969). 

o v e r l i e s  t h e  swiss cheese h o r i z o n  and west o f  t h e  McCoy Mine i s  i n  

t u r n  o v e r l a i n  by an 8 m t h i c k ,  s o f t  grey, p a r t i a l l y  welded, e u t a x i t i c  

zone w i t h  vapor phase c r y s t a l l i z a t i o n .  The K - A r  age o f  t h e  basal  u n i t  

o f  Twt 8B i s  23.9 f .9 m.y. (McKee and Stewart ,  1971). The t o t a l  

observed t h i c k n e s s  o f  these u n i t s  i s  25 rn. 

T h i s  i s  t h e  "swiss 

A 2 rn t h i c k ,  p a l e  red, e u t a x i t i c ,  densely  welded zone 

Twt  8C 

Twt 8C i s  another  d i s t i n c t i v e  h o r i z o n  i n  t h e  Bates Mountain T u f f .  

It i s  a p i n k  t o  grey,  p a r t i a l l y  t o  p o o r l y  welded s imp le  c o o l i n g  u n i t  

c o n t a i n i n g  19% c r y s t a l s  o f  s a n i d i n e  and quar tz .  T h i s  u n i t  was dated 

by McKee and Stewart  (1971) a t  24.2 t .9 m.y. Twt 8C i s  c o n f i n e d  t o  

one r i d g e  2 km n o r t h  o f  Hole- in- the-Wal l  Wel l ,  where i t  i s  10 m t h i c k .  
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QUATERNARY ALLUVIUM 

There appears t o  be more t h a n  one p e r i o d  o f  a l l u v i u m  development 

i n  t h e  s tudy  area. 

h e i g h t  occur  near Hole-In-The-Wall Well #2. A l l u v i u m  i s  p r e s e n t l y  

accumulat ing i n  v a l l e y s ,  and i s  l o c a l l y  o v e r l a i n  by o r  in te rbedded 

w i t h  ca lcareous t r a v e r t i n e .  

Several mounds o f  coarse a l l u v i u m  up t o  15 m i n  

I 
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COMPOSIT ION AND CLASSIFICATION OF ASH-FLOW TUFFS 

The chemical composi t ions o f  t h e  ash- f low t u f f s  a t  McCoy were 

determined by X-ray f luorescence,  flame photometry, and i n d u c t i v e l y  

coupled plasma spect rometry  ( ICP).  Table 2 l i s t s  t h e  major  element 

conten ts  o f  24 samples and t h e i r  r e s p e c t i v e  norms. Sample l o c a t i o n s  

a r e  shown i n  F i g u r e  8. 

The s i 1  i c a  va lues range from 66 t o  78%. The l o w e r  end o f  t h i s  

range, 66-72% c h a r a c t e r i z e s  t h e  o des t  ash- f low t u f f s ,  Twt 60, and t h e  

T u f f  o f  McCoy Mine. The upper r a  ge o f  values, 73-78%, i s  comprised 

o f  Twt 4, 5, 6A-C, 6E-G, and Bates Mountain T u f f .  A l l  o f  t h e  samples 

c o n t a i n  normat ive quar tz ,  o r t h o c l a s e ,  a1 b i t e ,  a n o r t h i t e ,  i l m e n i t e ,  and 

hemat i te .  A m a j o r i t y  have normat ive  corundum, hypersthene, r u t i l e ,  

and a p a t i t e .  No modal topaz o r  muscovi te  were observed. Only a few 

c o n t a i n  normat ive t i t a n i t e  o r  a a n i t e .  O f  t he  3 rocks  t h a t  do not  have 

normat ive  corundum, two c o n t a i n  normat ive  w o l l a s t o n i t e  and d iops ide.  

Composi t ional  v a r i a t i o n s  w i t h i n  a s i n g l e  c o o l i n g  u n i t  can be 

r e l a t e d  t o  severa l  processes, and t h e  samples f o r  a n a l y s i s  must be 

chosen accord ing ly .  Several primary and secondary causes o f  chemical 

v a r i a t i o n  must be taken i n t o  account. 

Pr imary zonat ion  produces compos i t iona l  zonat ion  f rom h i g h  s i l i c a  

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

top. The c l a s s i c  example o f  p r imary  z o n a t i o n  i s  t h e  Bishop T u f f  

( H i l d r e t h ,  1979). I n  o r d e r  t o  d e t e c t  compos i t iona l  z o n a t i o n  a t  l e a s t  
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Figure 8. Sample locations.  
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and l a c k  

c l  oses t 

Nockol ds 

two widely-spaced ( v e r t i c a l l y )  samples were analyzed f o r  most of t h e  

c o o l i n g  u n i t s .  Only one u n i t ,  Twt 2, shows t h i s  t y p e  o f  zonat ion.  

Post-emplacement a1 t e r a t i o n  c o n s i s t s  o f  d e u t e r i c  a1 k a l  i exchange 

i n  f e l d s p a r s  (Scot t ,  1971a, b ) ,  h y d r a t i o n ,  secondary c r y s t a l l i z a t i o n ,  

p r i m a r y  c r y s t a l  l i z a t i o n ,  and ground-water a l t e r a t i o n  (Lipman, 1967; 

Lipman e t  a l . ,  1969; Noble e t  a l . ,  1967; Rosho l t  and Noble, 1969; 

Roshol t  e t  a1 ., 1971). 

c r y s t a l l i z a t i o n  may be min imized by t a k i n g  samples t h a t  have undergone 

p r i m a r y  c r y s t a l  l i z a t i o n .  

a l t e r a t i o n  i s  dependent on t h e  shard s u r f a c e  area and p e r m e a b i l i t y ,  

and t h u s  may be min imized by choosing a densely  welded sample. 

The e f f e c t s  o f  h y d r a t i o n  and secondary 

The e x t e n t  o f  d e u t e r i c  and ground-water 

O f  t h e  analyses i n  Table 2, severa l  were v i t r o p h y r e s  and a few 

were p a r t i a l l y  welded. 

comparison o r  when a densely  welded, d e v i t r i f i e d  zone was l a c k i n g  i n  

t h e  c o o l i n g  u n i t .  

d e v i t r i f i c a t i o n  f o r  each o f  t h e  analyses can be found i n  Table 1. 

The p a r t i a l l y  welded samples were analyzed f o r  

The s t a t e  o f  weld ing and t h e  presence o r  absence of  

The ash- f low t u f f s  i n  t h e  McCoy area were c l a s s i f i e d  by p l o t t i n g  

t h e  normat ive fe ldspars  on a t e r n a r y  d iagram (O'Connor, 1965). As 

shown i n  F i g u r e  9, a l l  u n i t s  p l o t  i n  t h e  r h y o l i t i c  f i e l d  except  Twt 3, 

which p l o t s  as a q u a r t z  l a t i t e .  The presence o f  normat ive  corundum 

t h e s e  r h y o l i t e s  a r e  

i ne r h y o l  i t e  o f  

o f  subequal Na20 and K20 i n d i c a t e  t h a t  

n c a n p o s i t i o n  t o  t h e  average c a l c - a l k a  

( 1954) 
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Figure 9. Ternary diagram o f  normative feldspar  r a t i o s ,  c l a s s i f i ca t ion  from 
0 '  Connor (1965). 
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STRUC TUR E 

Paleozoic  S t r u c t u r e  

The e a r l i e s t  o f  t h e  two Paleozoic  s t r u c t u r a l  events  l i k e l y  t o  

have a f f e c t e d  t h i s  area i s  t h e  Roberts Mountain t h r u s t  o f  p robab le  

E a r l y  M i s s i s s i p p i a n  age ( G i l l u l y  and Gates, 1965). T h i s  t h r u s t  f a u l t  

emplaced e a r l y  P a l  eozoic  s i 1  iceous sedimentary rocks  over  carbonate 

f a c i e s  o f  canparable age. 

must l i e  a t  cons iderab le  depth s i n c e  t h e  youngest rocks  encountered i n  

T h i s  t h r u s t ,  i f  present  i n  t h e  McCoy area, 

t h e  800 m d r i l l  h o l e  were o f  Pennsylvanian age. 

The second Pa leozo ic  event i s  t h e  Sonoman Orogeny o f  L a t e  

Pa leozo ic  age. Dur ing  t h i s  event t h e  Hava l lah  Format ion was t i g h t l y  

f o l d e d  and t h r u s t  eastward. I t s  basal  c o n t a c t  i s  n o t  exposed a t  McCoy 

b u t  elsewhere i t  has been mapped c o n s i s t e n t l y  i n  t h r u s t  c o n t a c t  w i t h  

t h e  u n d e r l y i n g  rocks ( S i 1  b e r l i n g  and Roberts ,  1962). 

Mesozoic S t r u c t u r e  

The o n l y  Mesozoic rocks present  i n  t h e  area mapped a r e  t h o s e  o f  

Th is  carbonate assemblage was f o l d e d  t h e  T r i a s s i c  Augusta Sequence. 

d u r i n g  J u r a s s i c  o r  Cretaceous t i m e  ( i n f e r r e d  from f l a t - l y i n g  T e r t i a r y  

s t r a t a )  i n t o  n e a r l y  or thogonal  f o l d  s e t s  whose mean a x i a l  t r a c e s  a r e  

nor thwest  and southwest ( W i l l d e n  and Speed, 1974). The southwest-  

t r e n d i n g  f o l d s  a r e  broader  and younger than t h o s e  t r e n d i n g  

nor thwest .  I n  t h e  New Pass Range, Permian and T r i a s s i c  rocks  a r e  

fo lded i n  an a n t i c l i n e  whose a x i s  plunges 42"W, and whose a x i a l  
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sur face d ips  70°N (Wi l lden  and Speed, 1974). 

Ter t  i a ry  St ruc tures  

L i t t l e  i s  known about pre-Basin and Range T e r t i a r y  s t r u c t u r e  i n  

t h i s  area due t o  a depos i t iona l  h i a t u s  t h a t  l a s t e d  from Late T r i a s s i c  

t o  middle T e r t i a r y  time. 

n o r t h  o f  t he  mercury mines as w e l l  as t h e  d i s t r i b u t i o n  of Twt  6 A  and 

68 imp l i es  some s i g n i f i c a n t  s t r u c t u r a l  a c t i v i t y  p r i o r  t o  r h y o l i t e  

volcanism, b u t  these s t r u c t u r e s  are  l a r g e l y  covered. The s t r u c t u r e  o r  

se r ies  o f  s t ruc tu res  respons ib le  f o r  t h e  eros ion  and depos i t ion  o f  t h e  

The ex is tence o f  t h i c k  T e r t i a r y  fanglomerate 

fanglomerate are apparent ly  r e s t r i c t e d  t o  the  area n o r t h  o f  the  Wi ld 

Horse Mine, al though t h e r e  was some subsidence 1 km south of t h e  mine 

between t h e  emplacement o f  Twt 6D and 6E. 

The maximum age o f  Basin and Range f a u l t i n g  i s  23 m.y., t h e  age 

o f  t h e  youngest ash-f low t u f f .  Ash-flow t u f f  zonat ion i s  an exce l l en t  

i n d i c a t o r  o f  f a u l t  scarps formed du r ing  o r  prev ious t o  emplacement. 

The t u f f s  o f  McCoy Mine and Bates Mountain were deposi ted i n  the  McCoy 

area on very low topography, w i t h  l i t t l e  d i s r u p t i o n  from f a u l t  

scarps. 

d e f i n a b l e  i n  t h e  McCoy area, b u t  t h e  15 m.y. o l d  basa l t s  i n  t h e  Clan 

A lp ine  Mountains cover  Basin and Range f a u l t s  and a re  thus  younger 

(R ieh le  e t  al., 1972). 

The minimum age o f  Basin and Range s t r u c t u r e s  i s  no t  

Basin and Range f a u l t s  vary i n  displacement from 5 t o  500 meters 

and s t r i k e  east -nor theast  t o  west-northwest, g i v i n g  r i s e  t o  a 

polygonal pa t te rn .  Fau l t s  o f  major  displacement (Fig. 10, 11) t r e n d  

nor theas t  o r  northwest b u t  due t o  sp lay ing  they  commonly f o l l o w  a 

r a t h e r  angular  path. 

f a u l t i n g .  

There i s  no s i g n i f i c a n t l y  predominant sense of 

Some o f  these s t ruc tu res  have v a r i a b l e  displacement a1 ong 
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F igu re  10. Fau l t s  w i t h  displacement g r e a t e r  than 70 m. 

A Q  



Figure 11. Faults with displacement less than 70 m. 
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s t r i k e .  

Modern-day se ismic a c t i v i t y  and f a u l t i n g  have been observed i n  

t h e  v i c i n i t y  o f  t h e  McCoy area. 

D i x i e  V a l  l e y  earthquakes i n  1954 (Slemmons, 1966). These earthquakes 

r e a c t i v a t e d  severa l  basin-bounding f a u l t s  i n  D i x i e  Va l ley .  Recent 

se ismic s t u d i e s  suggest t h a t  t h e  present  se ismic a c t i v i t y  i n  t h e  McCoy 

area has a smal l  r i g h t - l a t e r a l  component (Olsen e t  a l . ,  1979). 

The most r e c e n t  a c t i v i t y  was t h e  
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GEOLOGIC H I S T O R Y  

The f i r s t  T e r t i a r y  rocks t o  be depos i ted  i n  Lander and C h u r c h i l l  

c o u n t i e s  (S tewar t  e t  a l . ,  1977; W i l  l d e n  and Speed, 1974) were andes i te  

and d a c i t e  l a v a  f lows and ash- f low t u f f s  about 36 m.y. ago. These 

f lows accumulated on an eros iona l  s u r f a c e  o f  l o w  r e l i e f ,  c u t  i n t o  

rocks o f  Paleozoic  and Mesozoic age (F ig.  12A). 

were extruded, f a u l t i n g  i n  t h e  n o r t h e r n  p a r t  o f  t h e  s tudy  area 

produced s u f f i c i e n t  topography t o  erode l a r g e  bou lders  o f  T r i a s s i c  

l imestone and conglomerate t o  form a fanglomerate up t o  80 m t h i c k  

(F ig .  12B). A f t e r  an e r o s i o n a l  h i a t u s ,  d u r i n g  which t h e  t h i c k n e s s  o f  

t h e  fanglomerate was c o n s i d e r a b l y  reduced (F ig.  12C), an ash- f low t u f f  

(Twt 1)  was depos i ted  i n  a n o r t h e r n  canyon. 

f l o w  t u f f  was subsequent ly eroded below t h e  r i m  o f  t h i s  canyon. 

Between 30 and 28 m.y. ago most  of  t h e  topography r e m a i n i n g  was f i l l e d  

by ash- f low t u f f  u n i t s  Twt 2, 3,  and 4, f o l l o w e d  by m i n o r  a s h - f a l l s  

and e r o s i o n  (Fig.  12D). A topograph ic  b a r r i e r  was t h e n  c r e a t e d  by 

b l o c k  f a u l t i n g  i n  t h e  v i c i n i t y  o f  t h e  McCoy and Wild Horse Mercury 

Mines. 

Twt 6A and B, f r a n  be ing  depos i ted  n o r t h  and n o r t h e a s t  o f  t h e  f u t u r e  

mine s i t e .  Nor th  o f  t h i s  b a r r i e r  severa l  c o o l i n g  u n i t s  o f  ash- f low 

t u f f  accumulated (Twt 5), as w e l l  as severa l  t e n s  o f  meters o f  

t u f f a c e o u s  sediment. T h i s  sediment e v e n t u a l l y  s p i l l e d  over  t h e  

topograph ic  b a r r i e r ,  and i t  was p a r t i a l l y  eroded. 

A f t e r  these f lows 

T h i s  p o o r l y  welded ash- 

Th is  topograph ic  b a r r i e r  b locked t h e  n e x t  t w o  ash- f low t u f f s ,  

The nex t  ash- f low 
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Figure 12. Geologic history (Sections oriented SW-NE). 
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t u f f  t o  be deposited, Twt 6C, f i l l e d  the  topographic lows created by 

t h e  eros ion o f  t h e  tu f faceous sediment (F ig .  12E). 

Approximately 27 m.y. ago Twt  60 was erupted and i n t e r f i n g e r e d  

w i t h  ash-flow t u f f s  from t h e  east. This was fo l lowed by l o c a l  

subsidence south o f  t he  McCoy Mine, and t h e  emplacement o f  Twt 6E, F, 

and G (F ig .  12E and F). 

l o c a l l y  d i s t r i b u t e d  t u f f  o f  McCoy Mine and the  23 m.y. o l d  widespread 

Bates Mountain Tuf f  accumulated. 

On t o p  o f  Twt 6F and 66 t h e  26 m.y. o l d  

The onset o f  Basin and Range f a u l t i n g  occurred between t h e  

depos i t i on  o f  t h e  23 m.y. o l d  Bates Mountain T u f f  and the  ex t rus ion  o f  

t h e  15 m.y. o l d  basa l t s  found i n  t h e  Clan A lp ine  Mountains, forming a 

s e r i e s  o f  subpara l l e l  cuestas. Nor th- t rending f a u l t s  d i e  ou t  o r  a re  

t runcated  i n  several  p laces by eas t - t rend ing  f a u l t s ,  which appear t o  

have been s p o r a d i c a l l y  a c t i v e  from t h e  t ime o f  t h e  e a r l i e s t  ash-f low 

t u f f s  through t h e  Basin and Range pe r iod  o f  f au l t i ng .  

Since t h e  e r u p t i o n  o f  t h e  young basa l ts ,  e ros ion  and geothermal 

a c t i v i t y  have been t h e  daninant processes opera t ing  i n  t h i s  area. 

Some u p l i f t  has occurred, causing some a l l u v i a l  depos i ts  t o  be deeply 

inc ised.  Carbonate-charged waters were vented onto t h e  sur face  west 

of t h e  McCoy Mine, forming an extens ive depos i t  o f  t r a v e r t i n e .  I n  a 

few p laces s i l i c a  saturated waters also reached t h e  surface, forming 

s i 1  iceous s i n t e r  and apparent ly  sea l i ng  severa l  conduits. No surface 

a c t i v i t y  i s  now present  and these depos i ts  a r e  today being eroded. 
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SOURCES FOR THE ASH-FLOW TUFFS AT McCOY 

There i s  no obvious source f o r  most o f  t h e  ash- f low t u f f s  a t  

McCoy. 

were encountered d u r i n g  mapping. However, such i n d i r e c t  evidence such 

as t h e  age o f  known v o l c a n i c  c e n t e r s  and changes i n  we ld ing  and 

t h i c k n e s s  i n  t h e  ash-f low t u f f s  can be used t o  i n d i c a t e  t r a n s p o r t  

d i r e c t i o n .  These l i n e s  o f  ev idence a r e  considered below. The 

t h i c k n e s s  and we ld ing  changes a r e  i l l u s t r a t e d  i n  Fig.  7. 

No r h y o l i t i c  ven t  f a c i e s  rocks o r  v o l c a n o - t e c t o n i c  features 

The known v o l c a n i c  c e n t e r s  near McCoy (F ig.  13) a r e  t h e  Mount 

Lewis cauldron,  which formed 32-34 m.y. ago (Wrucke and Silberman, 

1975), t h e  Clan A l p i n e  v o l c a n i c  center ,  where a c t i v i t y  was 

concent ra ted  between 29-31 m.y. and 25-26 m.y. ago ( R i e h l e  e t  al., 

1972), and t h e  F i s h  Creek Caldera, which formed about 24.6 m.y. ago 

(McKee, 1970). 

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

1, 2, and 3. These have been dated a t  28.7, 29.2, and 31.1 m.y., 

r e s p e c t i v e l y  (S tewar t  and McKee, 1971). 

3, which b r a c k e t s  t h e  age o f  Twt 4 between 27.6 and 28.7 m.y. o ld .  

These ages a r e  c l o s e  t o  those o f  t h e  e a r l i e r  ep isode o f  vo lcanism a t  

t h e  Clan A l p i n e  v o l c a n i c  center .  

The o n l y  ash-f low t u f f s  a t  McCoy whose ages match 

Twt  4 l i e s  d i r e c t l y  above Twt 

The C lan  A l p i n e  v o l c a n i c  c e n t e r  l i e s  t o  t h e  southwest o f  t h e  

McCoy area. The t h i c k n e s s  o f  Twt 1, 2, and 3 do n o t  i n c r e a s e  t o  t h e  

southwest,  w h i l e  t h e  t h i c k n e s s  o f  Twt 4 does. S ince T w t  1 and 2 a r e  
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conf ined t o  t h e  n o r t h e a s t e r n  p o r t i o n  o f  t h e  McCoy area, and T w t  2 and 

3 e x h i b i t  a g e n e t i c  r e l a t i o n s h i p ,  i t  i s  u n l i k e l y  t h a t  these u n i t s  

o r i g i n a t e d  as f a r  away as t h e  Clan A l p i n e  Mountains. 

evidence g i v e n  above f o r  Twt 4 i s  c o n s i s t e n t  w i t h  a source i n  t h e  Clan 

A l p i n e  v o l c a n i c  center .  

However, t h e  

The d i s t r i b u t i o n  o f  Twt 5 u n i t  i s  l i m i t e d  t o  t h e  n o r t h e a s t  

q u a r t e r  o f  t h e  mapped area. 

a pa leo- topographic  b a r r i e r  south and west o f  T w t  5, i t s  source area 

would be t o  t h e  n o r t h  o r  eas t  o f  McCoy. 

S ince t h i s  d i s t r i b u t i o n  i s  a t t r i b u t e d  t o  

McKee and Stewart  ( 1 9 7 1 )  have s t a t e d  t h a t  t h e  most l i k e l y  source 

f o r  t h e  ash- f low t u f f s  grouped b y  them i n t o  t h e  Edwards Creek T u f f  was 

t o  t h e  southwest o f  t h e  McCoy area. As shown i n  F i g u r e  7, t h e  o n l y  

u n i t  i n  t h e  Edwards Creek T u f f  which inc reases  i n  t h i c k n e s s  o r  we ld ing  

towards t h e  southwest i s  Twt 6A. Twt 6B and 6C do n o t  occur  southwest 

o r  e a s t  o f  t h e  McCoy area. South o f  McCoy, i n  Edwards Creek V a l l e y ,  

Twt 6C i s  absent and t h e  we ld ing  o f  6B decreases. A source area f o r  

Twt 6B and 6C c o n s i s t e n t  w i t h  these f a c t s  would be n o r t h  o r  west o f  

t h e  McCoy a r e a .  

The o n l y  ev idence t h a t  was found f o r  a source d i r e c t i o n  o f  Twt 6D 

was a decrease i n  t h i c k n e s s  a t  t h e  r e f e r e n c e  s e c t i o n  a t  t h e  e a s t e r n  

edge o f  Antelope Va l ley .  However, t h i s  r e d u c t i o n  i n  t h i c k n e s s  i s  due 

t o  t h e  compaction of  t h e  upper  non-welded zone where Twt 6D forms a 

compound c o o l i n g  u n i t  w i th  t h e  I n t e r f i n g e r i n g  Tuf f .  

we ld ing  o f  Twt 6 E  and 6F do n o t  change s i g n i f i c a n t l y  i n  t h e  mapped 

The t h i c k n e s s  and . 

area, and t h e r e  i s  no ev idence as t o  t h e i r  source area. 

The T u f f  o f  McCoy Mine does n o t  e x h i b i t  any l a t e r a l  changes 

i n d i c a t i v e  o f  a source area d i r e c t i o n .  Th is  u n i t  has been dated a t  
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about 27 m.y., which c o u l d  imp ly  an o r i g i n  i n  t h e  Clan A lp ine  

Mountains. The h i g h  b i o t i t e  content  o f  T w t  7 and t h e  26 m.y. o l d  

v o l c a n i c s  from t h e  Clan A l p i n e  v o l c a n i c  c e n t e r  i s  c o n s i s t e n t  w i t h  t h i s  

hypothes i  s. 

As d iscussed i n  t h e  s t r a t i g r a p h y  s e c t i o n ,  t h e  Bates Mountain Tuf f  

o r i g i n a t e d  severa l  mountain ranges eas t  o f  McCoy, i n  t h e  Simpson Park 

Mountains. 

\ 
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ALTERATION AND MINERALIZATION 

Hydrothermal a l t e r a t i o n  a t  McCoy i s  l a r g e l y  c o n f i n e d  t o  t h e  Wi ld  

Horse and McCoy mine areas. The two mines occupy p o s i t i o n s  w i t h i n  1.5 

km o f  each o ther ,  b o t h  o c c u r r i n g  w i t h i n  s i l i c i f i e d  l imestone.  The o r e  

c o n s i s t s  o f  c i n n i b a r  and smal l  amounts o f  mercur ic  c h l o r i d e  m i n e r a l s  

i n  f i l m s ,  v e i n l e t s ,  c r y s t a l  aggregates, and c r u s t s  a long f r a c t u r e s  and 

i n  smal l  c a v i t i e s .  Gangue m i n e r a l s  a r e  q u a r t z ,  c a l c i t e ,  k a o l i n e ,  

b a r i t e ,  c o l l o p h a n i t e ,  p y r i t e ,  i r o n  oxides, and s t i b n i t e  (Stewar t  e t  

a l . ,  1977). The o r e  bodies a r e  smal l  and e r r a t i c a l l y  d i s t r i b u t e d  i n  

t h e  f r a c t u r e d  and s i l i c i f i e d  l imestone (Dane and Ross, 1942). 

Development c o n s i s t s  o f  smal l  open p i t s ,  g l o r y  holes,  t renches,  a d i t s ,  

and an i n c l i n e d  s h a f t  (Stewar t  e t  al . ,  1977). 

A t  t h e  Black D e v i l  mine, 4 km southwest o f  t h e  W i l d  Horse mine, 

an i n t e r c a l a t e d  sequence o f  f i n e -  t o  coarse-gra ined a l l u v i a l  sediments 

i s  p a r t l y  rep laced by ps i lane lane.  

conf ined t o  an east-west t r e n d i n g  graben. 

The m i n e r a l i z a t i o n  appears t o  be 

Manganese a l s o  occurs i n  a s s o c i a t i o n  w i t h  t h e  t r a v e r t i n e  f i e l d  

and w i l l  be d iscussed i n  a l a t e r  sec t ion .  

S i l i c i f i c a t i o n  and b r e c c i a t i o n  i s  found i n  t h e  Hava l lah  Format ion 

a long severa l  pre-ash- f low t u f f  f a u l t s .  
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HEAT FLOW AND SURFACE HOT WATER DEPOSITS 

The Basin and,Range p r o v i n c e  i s  an area o f  h i g h  heat  f low, t h i n  

c r u s t ,  deep c i r c u l a t i o n  o f  f l u i d s  a long bas in  f a u l t s ,  and young 

igneous a c t i v i t y  a t  t h e  margins. W i t h i n  t h e  Basin and Range i s  t h e  

B a t t l e  Mountain Heat Flow High, a r e g i o n  o f  t w i c e  normal heat f low.  

The B a t t l e  Mountain Heat Flow High extends from Lovelock, Nevada i n  

t h e  south, t o  t h e  Snake R i v e r  P l a i n  i n  t h e  n o r t h  (Brook e t  al . ,  1979). 

Amax Inc.  d r i l l e d  over  50 shal low thermal  g r a d i e n t  ho les  i n  t h e  

mapped area t o  determine t h e  heat  f low.  

t h r e e  areas o f  h i g h  heat  f l o w  and a nor th -south  t r e n d  o f  e l e v a t e d  heat  

f l o w  were def ined.  Heat f l o w  va lues  ranged from 38 t o  960 mW/m2 (F ig .  

2)  (Olsen e t  al., 1979). 

As a r e s u l t  o f  t h i s  survey 

Almost t h r e e  square k i l o m e t e r s  o f  bedded t r a v e r t i n e  1 i e  on 

alluvium directly northwest o f  the McCoy Mine. The travertine i s  

assoc ia ted  w i t h  manganese depos i ts ,  a s  i s  t h e  f a u l t  runn ing  beneath 

t h e  t r a v e r t i n e  and bounding t h e  McCoy Mine. 

occur i n  t h e  Black D e v i l  mine, 4 km southeast  o f  t h e  Wild Horse Mine. 

Manganese d e p o s i t s  a l s o  

An eroded remnant of t r a v e r t i n e  mant les a smal l  r i d g e  5.6 km 

south  of Hole i n  t h e  Wall Well  no. 2 (F ig .  14). The backbone o f  t h i s  

r i d g e  i s  a v e r t i c a l  body o f  amorphous s i l i c a ,  which appears t o  f i l l  

t h e  feeder  vent  o f  t h e  t r a v e r t i n e .  C l a s t s  o f  t r a v e r t i n e  occur i n  t h e  

s i l i c a ,  w h i l e  t h e  t r a v e r t i n e  sur round ing  t h e  vent  c o n t a i n s  s i l i c a -  

f i l  l e d  c a v i t i e s  and pore  spaces. 
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S i l i c e o u s  s i n t e r  i s  found 500 m southwest o f  t h e  s i l i c i f i e d  

t r a v e r t i n e .  The s i n t e r  l i e s  i n  a ma jo r  d ra inage  and i s  p a r t i a l l y  

b u r i e d  by a l l u v i u m .  I t s  e x t e n t  i s  n o t  known. 
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D I S C U S S I O N  

Several  l i n e s  o f  evidence i n d i c a t e  t h e  thermal system a t  McCoy i s  

f a u l t  c o n t r o l l e d .  Rocks encountered i n  d r i l l  ho les  as w e l l  as on t h e  

s u r f a c e  i n c l u d e  Paleozoic  metasediments, T r i a s s i c  l imestones,  and 

T e r t i a r y  vo lcan ics .  These rocks have low p r i m a r y  perrneabil i t y .  I n  

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

d u r i n g  d r i l  l i n g  and t h e  a s s o c i a t i o n  o f  t r a v e r t i n e  and s i 1  iceous 

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

geothermal system. F i v e  s t r u c t u r a l  t r e n d s  can be d i s t i n g u i s h e d  on t h e  

b a s i s  of heat  flow, t r a v e r t i n e ,  and s i l i c e o u s  s i n t e r  (F ig .  14). 

d i s t i n g u i s h i n g  c h a r a c t e r i s t i c s  o f  these t r e n d s  a r e  d iscussed below. 

The 

Trend 1 

S t r u c t u r a l  t r e n d  1 c o n s i s t  o f  one f a u l t  which extends n o r t h e r l y  

from e a s t  o f  t h e  southern heat  f l o w  anomaly t o  where i t  i n t e r s e c t s  

t r e n d  2. 

627 mW/m*. 

Along t h i s  p a t h  i t  borders  a heat  f l o w  h i g h  o f  approx imate ly  

Th is  f a u l t  i s  covered by a l l u v i u m  a long most o f  i t s  

path. 

east-west f a u l t .  Located a t  t h i s  bend i s  a 960 mW/m heat  f l o w  

Trend 1 bends t o  t h e  n o r t h e a s t  b e f o r e  b e i n g  t r u n c a t e d  by an 

2 

anomaly. There i s  no s u r f i c i a l  ev idence o f  h o t  s p r i n g  a c t i v i t y  a l o n g  

t r e n d  1. 

Trend 2 

I n  t h e  southern p a r t  o f  t h e  area t r e n d  2 i s  represented  by a 
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f a u l t  t h a t  p a r a l l e l s  t r e n d  1 and i n t e r s e c t s  t h e  southern 500 mW/m2 

heat  f low anomaly. The f a u l t  bounds a competent b l o c k  o f  ash- f low 

t u f f  on t h e  west. 

t o  t h e  n o r t h e a s t  and sp lays  many t imes b e f o r e  i n t e r s e c t i n g  east-west 

f a u l t s  a t  t h e  W i l d  Horse Mine. Heat f low i n  t h e  v i c i n i t y  o f  t h e  eas t -  

west and nor th -south  f a u , l t  i n t e r s e c t i o n s  a t  t h e  Wi ld  Horse Mine i s  l o w  

(<170 mW/m2). 

condu i ts .  However no evidence o f  recent  s u r f i c i a l  geothermal a c t i v i t y  

was recognized i n  t h e  mine area. 

have been s i l i c i f i e d  i s  demonstrated by t h e  s i l i c i f i e d  feeder  zone 

A f t e r  i n t e r s e c t i n g  t r e n d  1, t h e  t r e n d  2 f a u l t  bends 

This  may be due t o  s i l i c i f i c a t i o n  and s e a l i n g  of f l u i d  

That o t h e r  p o r t i o n s  o f  t h e  system 

a long t r e n d  3. 

system i s  d iscussed l a t e r  i n  t h i s  sec t ion .  

The r e l a t i o n s h i p s  o f  s i l i c e o u s  s i n t e r  t o  a geothermal 

From t h e  W i l d  Horse Mine t r e n d  2 f a u l t s  curve  nor thwest  th rough 

t h e  McCoy Mine. 

i n t e r c a l a t e d  w i t h  a l l u v i u m  and a 600 mW/m2 heat  f l o w  anomaly. 

f a u l t s  a r e  a l s o  assoc ia ted  w i t h  manganese o x i d e  d e p o s i t i o n  i n  t h e  

t r a v e r t i n e  as w e l l  as i n  t h e  mine area. From t h e  W i l d  Horse Mine 

t rend 2 curves nor thwest  th rough t h e  McCoy Mine and t h e n  cont inues  

nor thwest  

These f a u l t s  border  an e x t e n s i v e  f i e l d  o f  t r a v e r t i n e  

These 

Trends 3 and 4 

Trend 3 i s  a low-displacement f a u l t  near which t r a v e r t i n e  and 

s i l i c e o u s  s i n t e r  occur. P r e c i p i t a t i o n  o f  s i l i c a  f rom thermal  water  

i n d i c a t e s  t h a t  subsur face temperatures o f  t h e  water  p robab ly  exceeded 

18OOC.  However, t h e  heat  f l o w  i n  t h e  v i c i n i t y  o f  t h e  s i l i c e o u s  s i n t e r  

i s  l o w  (<200 mW/m2).  

been sea led  b y  s i l i c a  p r e c i p i t a t i o n ,  reduc ing  t h e  h e a t  f l o w  due t o  

convect ion.  The spac ia l  p r o x i m i t y  and age o f  s i n t e r  d e p o s i t s  a long 

T h i s  suggests t h a t  t h e  water  c o n d u i t s  may have 
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. 

t rend  3 and t rend  2 imp l i es  t h a t  they a re  man i fes ta t ions  o f  the  same 

geothermal system. The most l i k e l y  routes o f  communication of t he  

t rend  3 s i n t e r  deposi ts  w i t h  the  present heat f l ow  anomaly a re  t rends 

3 and 4. Trend 4 i s  a se r ies  o f  ex tens i ve l y  b recc ia ted  f a u l t  zones 

running fran t h e  s i n t e r  t o  t h e  southern heat f l ow  anomaly. 

Trend 5 

Trend 5 extends from j u s t  east o f  t h e  southern anomaly t o  t h e  

western edge o f  Antelope V a l  ley .  While on l y  s l i g h t l y  anomalous i n  heat 

f low, t r a c e  element ana lys i s  has shown mercury enrichment i n  d r i l l  

ho le  c u t t i n g s  along t h i s  t rend  

coincidence o f  s t r u c t u r a l  c o n t r o l s  f o r  t h e  f l u i d  which deposi ted the 

mercury su l f i des  a t  t h e  Wi ld  Horse and McCoy Mines and t h e  f l u i d  of 

t h e  present geothermal system. The concent ra t ion  o f  mercury i n  d r i l l  

ch ips f ran t h e  thermal g rad ien t  ho les i s  contoured i n  F igure  15. The 

mercury contours i n  t h e  McCoy area a r e  roughly  p a r a l l e l  t o  t h e  heat 

fl ow contours. 

This  may i n d i c a t e  a poss ib le  

f 
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Figure 15. Contoured mercury concentrations ( p p b )  from d r i l l  chips. 

66 



CONCLUSIONS 

The v o l c a n i c  rocks  a t  t h e  McCoy geothermal prospect  c o n s i s t  o f  a t  

l e a s t  20 c o o l i n g  u n i t s  of r h y o l i t i c  ash f l o w  t u f f s  o v e r l y i n g  

i n t e r m e d i a t e  c a n p o s i t i o n  l a v a  flows, a l l  o f  Ol igocene age. Only one 

c o o l i n g  u n i t ,  Twt 2, was found t o  be c o m p o s i t i o n a l l y  zoned downward 

fran a q u a r t z - l a t i t e  t o  a r h y o l i t e .  

n o n s y s t e m a t i c a l l y  w i t h i n  t h e  r h y o l i t e  compos i t ion  f i e l d  o f  O'Connor 

(1965) . 

The o t h e r  ash f l o w  t u f f s  vary  

No ca lderas  o r  vent  f a c i e s  r e l a t e d  t o  t h e  ash f l o w  t u f f s  were 

found w i t h i n  t h e  mapped area. 

t h e  ash f l o w  t u f f s  i n d i c a t e  a nor theas t  t o  nor thwest  source d i r e c t i o n  

f o r  u n i t s  Twt 1, 2, 3, 5, 6B, and 6C. The most l i k e l y  source area for  

u n i t s  Twt  4 and 7 i s  t h e  Clan A l p i n e  v o l c a n i c  center ,  southwest o f  t h e  

mapped area. Twt 8 (Bates Mountain T u f f )  i s  known t o  have o r i g i n a t e d  

west of McCoy, i n  t h e  Simpson Park Mountains. 

The t h i c k n e s s  and we ld ing  v a r i a t i o n s  o f  

1, 

The o l d e s t  recognized T e r t i a r y  f a u l t s  i n  t h e  McCoy prospect  

produced severa l  east-west t r e n d i n g  h o r s t s  and grabens. These 

s t r u c t u r e s  were a c t i v e  before,  d u r i n g  and a f t e r  ash- f low t u f f  

depos i t ion .  Ananalously h i g h  mercury c o n c e n t r a t i o n  i n  d r i l l  chips,  

manganese o x i d e  m i n e r a l i z a t i o n ,  and two mercury mines occur  a long some 

o f  t h e  east-west t r e n d i n g  f a u l t s .  The mercury and manganese 

m i n e r a l i z a t i o n  post -dates t h e  ash- f low t u f f s .  

Bas in  and Range f a u l t i n g  began a f t e r  t h e  emplacement of  t h e  
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youngest ash- f low t u f f  23 m.y. ago. 

f o r  Basin and Range f a u l t i n g  was found a t  t h e  McCoy prospect.  

No evidence o f  t h e  minimum age 

A t  l e a s t  two episodes o f  hydrothermal a c t i v i t y  can be recognized 

i n  t h e  prospect  area. 

v o l c a n i c  and sedimentary rocks,  producing t h e  W i l d  Horse and McCoy 

Mercury Mines. 

s i l i c e o u s  s i n t e r ,  and manganese o x i d e  i n  and on Quaternary a l luv ium.  

The o l d e s t  event a l t e r e d  and m i n e r a l i z e d  t h e  

The youngest event depos i ted  ca lcareous t r a v e r t i n e ,  

The geothermal system a t  McCoy i s  s t r u c t u r a l l y  c o n t r o l l e d .  The 

e l o n g a t e  n o r t h - t r e n d i n g  heat  f low p a t t e r n  f o l l o w s  t h e  p a t t e r n  o f  Basin 

and Range f a u l t i n g ,  and t h e  major  heat  f l o w  anomalies occur  a t  t h e  

i n t e r s e c t i o n s  o f  nor th -south  and east-west t r e n d i n g  f a u l t s .  T h i s  

p a t t e r n  i s  a l s o  fo l lowed by mercury enr ichment i n  d r i l l  h o l e  c u t t i n g s  

(Fig.  15), suggest ing t h a t  t h e  present-day h o t  water  c o n d u i t s  c o i n c i d e  

w i t h  those used by t h e  hydrothermal f l u i d  r e s p o n s i b l e  f o r  t h e  mercury 

m i n e r a l i z a t i o n  a t  t h e  W i l d  Horse and McCoy mines. 

A r e c e n t  age f o r  t h e  system may be i n f e r r e d  from t h e  p o s i t i o n  o f  

t h e  t r a v e r t i n e  and s i l i c e o u s  s i n t e r  on a l l u v i u m  and i n  present-day 

dra inages . 
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APPENDIX  
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Figure 16. Location o f  s t r a t i g r a p h i c  sections. 
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S t r a t i g r a p h i c  Sec t ion  o f  Bates Mountain T u f f  

U n i t  Thickness i n  meters 

8C Medium grey t u f f ,  p a r t i a l l y  welded, 20% c r y s t a l s  o f  
f e l d s p a r  and smoky quar tz ,  c o n t a i n s  moderately 
abundant pumice w i t h  vapor phase c r y s t a l l i z a t i o n ,  
forms a l o w  s lope ................................... 5 

P a r t i a l  Cool ing Break 

8C 

8C 

88 

8B 

8A 

Orange t u f f ,  p o o r l y  welded, 15% c r y s t a l s  o f  f e l d s p a r  and 
smoky quar tz ,  forms a low s l o p e  ..................... 8 

P a r t i  a1 Cool i ng Break 

Pa le  p i n k  t u f f ,  p o o r l y  welded, 15% c r y s t a l s  o f  f e l d s p a r  
and smoky q u a r t z ,  forms a l o w  slope.. ............... 3 

Compl e t e  Cool i ng Break 

Grey t u f f ,  p a r t i a l l y  welded, 5-10% c r y s t a l s  o f  f e l d s p a r ,  
c o n t a i n s  b lack ,  grey,  and w h i t e  fiamme w i t h  vapor 
phase c r y s t a l l i z a t i o n  and 5 cm c a v i t i e s  which 
i n c r e a s e  i n  abundance upwards, forms a low ledge. ... 6 

Maroon, densely  welded t u f f ,  10% c r y s t a l s  o f  f e l d s p a r ,  
c o n t a i n s  d u l l  b l a c k  t o  g lassy  fiamme up t o  30 cm 
i n  length ,  forms a l o w  ledge ........................ 2 

P a r t i a l  Coo l ing  Break 

L i g h t  grey t u f f ,  p a r t i a l l y  welded,  15% c r y s t a l s  o f  
f e l d s p a r ,  c o n t a i n s  occasional  l i g h t  grey fiamme, 
forms a l o w  slope..-. ................................ 14 

M o t t l e d  red-b lack densely  welded t u f f ,  15% c r y s t a l s  of 
fe ldspar  , forms weathered bou lders  a1 ong 
a l o w  ledge.................. ....................... 3 

C m p l  e t e  Cool i ng Break 

Dark p u r p l e  t o  bleached w h i t e  t u f f ,  p o o r l y  t o  p a r t i a l l y  
we1 ded, 15% c r y s t a l  s o f  f e l  dspar , c o n t a i n s  
occasional  fiamme which a r e  u s u a l l y  t h e  
c o l o r  of t h e  rock,  forms a s teep slope.. ............ 43 

M o t t l  ed red-b lack densely  welded t u f f ,  10-15% c r y s t a l s  
o f  f e l d s p a r  c o n t a i n s  abundant 1-10 cm c a v i t i e s  
which f r e q u e n t l y  have o x i d i z e d  r ims, forms a s teep 
s lope ............................................... 2 
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S t r a t i g r a p h i c  Sec t ion  o f  Bates Mountain T u f f  

U n i t  Thickness i n  meters 

8A (cont . )  B lack t u f f ,  densely  welded t o  v i t r o p h y r i c ,  15% c r y s t a l s  
of fe ldspar ,  c o n t a i n s  occasional  w h i t e  o r  b l a c k  
g l a s s  fiamme, forms a low ledge ..................... 2 

Black t u f f ,  brown, o r  grey, v i t r i c  p o o r l y  t o  p a r t i a l l y  
welded, 1-10s c r y s t a l s  o f  f e l d s p a r ,  c o n t a i n s  w h i t e  
o r  b l a c k  g lassy  fiamrne, forms a l o w  s lope ........... 3 

Compl e t e  Cool i n g  Break 
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S t r a t i g r a p h i c  S e c t i o n  o f  t h e  T u f f  o f  McCoy Mine 

U n i t  Thickness i n  meters 

7c Maroon t u f f ,  densely  welded, 15% c r y s t a l s  o f  f e l d s p a r  
and b i o t i t e ,  t h e  b i o t i t e  i s  very  abundant, forms a 
prominent ledge.. ................................... 4 

Complete Cool ing Break 

7B 

78 

78 

7A 

7A 

L i g h t  p u r p l e  t u f f ,  p o o r l y  welded, 10% c r y s t a l s  o f  
f e l d s p a r  and b i o t i t e ,  c o n t a i n s  smal l  w h i t e  pumice 
which inc reases  i n  abundance upwards, forms a s teep 
slope.. ............................................. 38 

Compl e t e  Cool i ng Break 

Orange-brown t u f f ,  p o o r l y  we1 ded , 15% c r y s t a l  s of  
f e l d s p a r ,  2% of b i o t i t e ,  c o n t a i n s  a few smal l  w h i t e  
pumice w i t h  vapor phase c r y s t a l l i z a t i o n  and a few 
brown l i t h i c  f ragments about .5 cm i n  d iameter ,  
forms steep slopes........ .......................... 7 

L i g h t  grey t u f f ,  p o o r l y  welded, 15% c r y s t a l s  of  
fe ldspar ,  2% o f  b i o t i t e ,  c o n t a i n s  a few smal l  d u l l  
red pumice and s c a t t e r e d  sinal 1 r e d  1 i t h i c  
fragments, forms a s teep s lope ...................... 8 

Compl e t e  Cool i n g  Break 

Black v i t r o p h y r e  t u f f ,  20% c r y s t a l s  o f  f e l d s p a r ,  3% 
b i o t i t e ,  forms a low ledge.. ........ 

Canplete Cool i ng Break 

White t u f f ,  p o o r l y  welded, 5% c r y s t a  
b i o t i t e ,  orange o r  w h i t e  pumice w i t h  
c r y s t a l  l i z a t i o n ,  forms a l o w  s l o p e  w 

............... 4 

s of f e l d s p a r ,  1% 
vapor phase 
t h  no o u t c r o p  

exposure a t  t h e  base................................ 32 

Compl e te?  Cool i ng Break 
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Reference Sect ion  o f  U n i t s  T w t  1 and 2 

T h i s  s e c t i o n  represents  t h e  o l d e s t  ash- f low t u f f s  i n  t h e  McCoy 

area. 

u n i t s .  

I n  t h i s  l o c a l e  (F ig .  16) they  a r e  t h i c k ,  d i s t i n c t  c o o l i n g  

Elsewhere i n  t h e  McCoy area they  occur as a th ickened,  

b i o t i t e - p o o r ,  non-welded base o f  Twt  3. Inc luded a t  t h e  base o f  t h i s  

s e c t i o n  i s  an eroded remnant o f  an ash- f low t u f f .  

01 der Ashes 

U n i t  Thickness i n  meters 

2 Red t u f f ,  densely  t o  p a r t i a l l y  welded, 5% c r y s t a l s  of  
f e l d s p a r ,  5% b i o t i t e ,  forms a s teep c l i f f . . .  ........ 25 

P a r t i a l  Cool ing Break 

1 Grey t u f f ,  p a r t i a l l y  welded, 3% c r y s t a l s  o f  f e l d s p a r ,  
.5% b i o t i t e ,  fonns a steep slope. ................... 14 

Pa le  green t u f f ,  densely  welded, 3% c r y s t a l s  o f  fe ldspar  
and a t r a c e  o f  b i o t i t e ,  c o n t a i n s  a few smal l  w h i t e  
fiamme, fonns a s teep s lope ......................... 2 

Dark grey l a v a  f low,  forms a low slope.. ............ 1 

L i g h t  grey t u f f ,  p o o r l y  welded, .3% c r y s t a l s  o f  f e l d s p a r  
and a t r a c e  o f  b i o t i t e ,  fonns a moderate slope. ..... 4 

Compl e t e  Cool i ng Break 

R emn a n t Grey t o  w h i t e  t u f f ,  p o o r l y  welded, 5% c r y s t a l  s of 
Ash-flow f e l d s p a r  and b i o t i t e ,  c o n t a i n s  a few smal l  b l a c k  
T u f f  l i t h i c  fragments and 2 cm w h i t e  pumice, forms a 

l o w  s l o p e  ........................................... 11 
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Reference Sect ion  o f  U n i t s  T w t  3, 4, and 5 

T h i s  s e c t i o n  (F ig .  16) was  chosen t o  represent  t h e  upper p o r t i o n  

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

Ts2. Also, i n  t h i s  s e c t i o n  T w t  5 u n d e r l i e s  Ts2 and demonstrates t h e  

m u t u a l l y  e x c l u s i v e  r e l a t i o n s h i p  o f  T w t  5 and Twt  6A and B. The 

t h i c k n e s s  g i v e n  f o r  T s l  i s  l e s s  than t h e  t r u e  t h i c k n e s s  due t o  a 

normal f a u l t ,  b u t  t h e  displacement on t h i s  f a u l t  i s  min ima l ,  l e s s  than 

5 m. 

U n i t  Thickness i n  meters 

Ts 2 Tuffaceous sediment, forms a s teep slope.. .......... 20 

Red-brown t u f f ,  densely  welded, 7% c r y s t a l s  o f  f e l d s p a r ,  
2 forms a l o w  ledge. .................................. 

Tuffaceous sediment, forms a moderate s lope ......... 20 

5 

Ts 1 

4 

Lavender t u f f ,  p o o r l y  welded, 20% c r y s t a l s  o f  f e l d s p a r  
and b i o t i t e ,  c o n t a i n s  l a r g e  w h i t e  pumice and 
l i t h i c  fragments up t o  5 cm i n  d iameter ,  forms a 
l o w  slope....................... .................... 27 

Red t u f f ,  densely  welded, 18% c r y s t a l s  o f  f e l d s p a r ,  2% 
b i o t i t e ,  forms a l o w  ledge. ......................... 17 

Black v i t r o p h y r e ,  13% c r y s t a l s  o f  f e l d s p a r ,  1% 
c l  inopyroxene, forms a l o w  1 edge.. .................. 6 

P o o r l y  welded zone o f  above, forms a low slope...... 2 

Canpl e t e  Cool i ng Break 

Tuffaceous sediment, forms. a 1 ow sl ope. ............. 6 

White t u f f ,  p o o r l y  t o  p a r t i a l l y  welded, 15% c r y s t a l s  o f  
f e l d s p a r ,  2% quar tz ,  1% b i o t i t e ,  c o n t a i n s  abundant 
pumice wi th  a waxy l u s t e r ,  forms a l o w  slope........ 15 

L i g h t  brown t o  grey t u f f , . d e n s e l y  welded, 15% c r y s t a l s  
o f  fe ldspar ,  2% quar tz ,  1% b i o t i t e ,  c o n t a i n s  
abundant b l a c k  t o  dark g rey  fiamme up t o  15 cm i n  
length ,  forms a r e s i s t a n t  r i d g e .  .................... 8 

L i g h t  grey t u f f ,  p a r t i a l l y  welded, 15% c r y s t a l s  of  
f e l d s p a r ,  2% quar tz ,  1% b i o t i t e ,  c o n t a i n s  orange 
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t o  w h i t e  pumice and smal l  b lack  l i t h i c  fragments, 
f o n s  a moderate s lope .............................. 23 

U n i t  Thickness i n  meters 

3 Pink t u f f ,  p a r t i a l l y  welded, 35% c r y s t a l s  o f  f e l d s p a r ,  
7% b i o t i t e ,  2% c l inopyroxene,  weld ing inc reases  and 
c o l o r  deepens downsection, f o n s  a moderate slope. .. 6 

Black t u f f ,  densely  welded, 35% c r y s t a l s  o f  fe ldspar ,  7% 
11 b i o t i t e ,  2% c l inopyroxene,  forms a moderate s lope ... 

Black v i t r o p h y r e  t u f f ,  35% c r y s t a l s  of  f e l d s p a r ,  7% 
b i o t i t e ,  2% c l inopyroxene,  f o n s  a low ledge. ....... 6 

Grey t u f f ,  p o o r l y  welded base o f  above, forms a moderate 
s lope ............................................... 15 

C m p l  e t e  Cool i ng Break 
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Reference S e c t i o n  o f  Edwards Creek T u f f  

f o r  t h e  McCoy Area 

A l l  o f  t h e  u n i t s  i n  Edwards Creek T u f f  except Twt 66 a r e  present  

i n  t h i s  sec t ion .  

a l though t h e  d i p s  o f  u n i t s  6A-D a r e  steepened w i t h  r e s p e c t  t o  6E and 

F. O f  p a r t i c u l a r  i n t e r e s t  i n  t h i s  s e c t i o n  i s  t h e  i n t e r c a l a t i o n  o f  a 

d i s t a l  p o r t i o n  o f  t h e  I n t e r f i n g e r i n g  T u f f  w i t h  u n i t s  6D and E. 

There a r e  no major  f a u l t s  i n  t h i s  s e c t i o n  (Fig.  16) 

U n i t  Thickness i n  meters 

6F Red t u f f ,  densely welded, 10% c r y s t a l s  o f  f e l d s p a r ,  2% 
b i o t i t e ,  s l i g h t l y  e u t a x i t i c  w i t h  wh i te ,  grey o r  
b lack  fiamme, forms a l o w  ledge.. ................... 3 

P a r t i a l  Coo l ing  Break 

6E Orange t o  g rey  t u f f ,  p a r t i a l l y  t o  p o o r l y  welded, 5% 
c r y s t a l s  o f  f e l d s p a r ,  1% b i o t i t e ,  a few smal l  
w h i t e  fiamme, forms a moderate s lope capped b y  a 
p r a n i n e n t   ledge....................^...............^. 12 

Canplete Cool i ng Break 

Tuffaceous sediment, forms a s teep slope. ........... 10 

I n t e r f i n -  Pale p u r p l e  t u f f ,  p o o r l y  welded, 12% c r y s t a l s  o f  
g e r i  ng 
T u f f  o f  e x t r u s i v e  rock, fonns a steep slope.. ............ 10 

f e l d s p a r ,  4% b i o t i t e ,  c o n t a i n s  1 i t h i c  f ragments 

Compl e t e  Coo l ing  Break 

6D L i g h t  grey t u f f ,  p o o r l y  welded, 15% c r y s t a l s  o f  f e l d s p a r  
9 and a t r a c e  of b i o t i t e ,  forms a l o w  slope. .......... 

Red t u f f ,  densely  welded, 10% c r y s t a l s  o f  f e l d s p a r  and 
a t r a c e  o f  b i o t i t e ,  c o n t a i n s  a few g l a s s y  fiamme 
which a r e  n o t  v i s i b l e  on a weathered sur face ,  
forms a p r a n i n e n t   cliff..........................^.. 6 

Red t u f f ,  densely  welded, 10% c r y s t a l s  o f  f e l d s p a r ,  
c o n t a i n s  a few smal l  fiamme, forms a p r a n i n e n t  
c l i f f  ............................................... 20 

White t o  grey t u f f ,  dense ly  welded, 20% c r y s t a l s  o f  
f e l d s p a r ,  forms a l o w  ledge... ...................... 1 

Compl e t e  Cool i n g  Break 
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U n i t  Thickness i n  meters 

6C Red-brown t u f f ,  p a r t i a l l y  welded, v i t r i c ,  10% c r y s t a l s  
o f  f e l d s p a r ,  2% b i o t i t e ,  c o n t a i n s  abundant l i t h i c  
fragments o f  b l a c k  e x t r u s i v e  rocks,  forms a s teep 
slope.. ............................................. 2 1  

Compl e t e  Cool i ng Break 

Ts 2 

6B 

? 

6A 

Tuffaceous sediment................................. 20 

Orange-pi nk t u f f ,  p a r t i a l  l y  we1 ded, 5% c r y s t a l  s o f  
fe ldspar  and a t r a c e  o f  b i o t i t e ,  c o n t a i n s  a few 
smal l  l i t h i c  fragments o f  e x t r u s i v e  rock,  forms a 
l o w  slope.. ......................................... 5 

Red t u f f ,  densely  welded, 5% c r y s t a l s  o f  f e l d s p a r  and a 
t r a c e  o f  b i o t i t e ,  forms a prominent ledge ........... 3 

Covered slope. ...................................... 1 

Complete Cool i ng Break 

Tuffaceous sediment............................,....... 1 

Lavender t u f f ,  p o o r l y  welded, 8% c r y s t a l s  o f  f e l d s p a r ,  
5% b i o t i t e ,  6% c l inopyroxene,  forms a low slope..... 10 

Pink t u f f ,  p a r t i a l l y  welded, 10% c r y s t a l s  o f  f e l d s p a r ,  
1% b i o t i t e ,  forms a s teep s l o p e  w i t h  rounded 

Pink t o  red  t u f f ,  p a r t i a l l y  welded, 12% c r y s t a l s  o f  
f e l d s p a r ,  c o n t a i n s  l a r g e  w h i t e  pumice, forms a 
steep s lope ......................................... 35 

ledges.. ............................................ 8 

Red t u f f ,  densely  welded, 12% c r y s t a l s  o f  f e l d s p a r ,  
c o n t a i n s  1-5 cm c a v i t i e s  wh ich  i n c r e a s e  i n  
abundance upward, forms a s teep slope.. ............. 12 

Black v i t r o p h y r e  t u f f ,  12% c r y s t a l s  o f  f e l d s p a r ,  
c o n t a i n s  a few b l a c k  o r  w h i t e  fiamme, forms a 
l o w  slope........................................... 5 
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I 

Reference Sect ion  o f  McKee and Stewart  (1971) 

on t h e  Eastern Edge o f  Antelope V a l l e y  

McKee and Stewart  (1971) used t h i s  area on t h e  eas t  edge o f  

Antelope V a l l e y  (F ig .  16) as a Reference Sect ion  t o  d e f i n e  t h e  Edwards 

Creek Tuf f .  Miss ing f r a n  t h i s  s e c t i o n  a r e  Twt B and C, which a r e  

widespread i n  t h e  McCoy area. The I n t e r f i n g e r i n g  T u f f  reaches a 

t h i c k n e s s  o f  50 m i n  t h i s  l o c a l e .  

U n i t  Thickness i n  meters 

6E P a l e  p u r p l e  t u f f ,  p a r t i a l l y  welded, 5% c r y s t a l s  o f  
f e l d s p a r  and b i o t i t e ,  forms a moderate s lope 
capped by a low ledge...... ......................... 15 

? Covered slope........ ............................... 12 

I n t e r f i n -  
g e r i  ng 

P u r p l e  t u f f ,  p o o r l y  t o  p a r t i a l l y  welded, 5% c r y s t a l s  o f  
f e l d s p a r  and a t r a c e  o f  b i o t i t e ,  p l a t y  morphology, 

T u f f  forms a moderate s lope. ............................. 14 

Pale p u r p l e  t u f f ,  p a r t i a l l y  welded, 12% c r y s t a l s  o f  
fe ldspar ,  4% b i o t i t e ,  c o n t a i n s  moderate ly  abundant 
l i t h i c  fragments o f  e x t r u s i v e  rock  and a few smal l  
w h i t e  pumice, we ld ing  inc reases  and c o l o r  deepens 
downward, forms a s teep c l i f f  i n  t h i s  s e c t i o n  b u t  
i s  u s u a l l y  a s lope former... ........................ 35 

P a r t i a l  Coo l ing  Break 

6D Red t u f f ,  p a r t i a l l y  welded, 10-15% c r y s t a l s  o f  f e l d s p a r ,  
c o n t a i n s  l a r g e  pumice and weathered c a v i t i e s  , 
forms a p r a n i n e n t  ledge... .......................... 12 

Red t u f f ,  p a r t i a l l y  t o  densely  welded, 15% c r y s t a l s  of  
f e l d s p a r ,  c o n t a i n s  pumice up t o  .5 meter  i n  
l e n g t h ,  forms a l o w  ledge ........................... 
White t u f f ,  dense ly  welded, 20% c r y s t a l s  o f  f e l d s p a r ,  
forms a s teep ledge..... ............................ 

10 

1 

U n i t  Thickness i n  meters 

6D (cont.)  Tuffaceous sediment, fonns a low s l o p e  .............. 3 

6A? Grey t u f f ,  densely  welded, 10-15% c r y s t a l s  o f  f e l d s p a r ,  
2% b i o t i t e ,  moderate ly  abundant l i t h i c  f ragments o f  
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6A 

e x t r u s i v e  rock,  forms a s teep s lope  ................. 10 

Cool i ng Reversal  

Grey t o  w h i t e  t u f f ,  p a r t i a l l y  welded, 10-15% c r y s t a l s  
o f  f e l d s p a r ,  1% b i o t i t e ,  c o n t a i n s  a few l i t h i c  
f ragments o f  e x t r u s i v e  rock ,  forms a moderate 

Grey t o  w h i t e  t u f f ,  dense ly  welded, 10-15% c r y s t a l s  o f  
f e ldspar ,  forms a prominent l edge  ................... 
slope.... ........................................... 9 

10 

Tuffaceous sediment, forms a l ow  s l o p e  .............. 6 
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