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INTRODUCT 

PURPOSE 

ION 

Early  i n  January 1989, t he  U . S .  Department of Energy f i l e d  an 
app l i ca t i on  w i t h  t h e  U.S.  Bureau of Land Management f o r  an 
admin i s t r a t i ve  l a n d  withdrawal of 4255.5 ac re s  bordering t he  
western edge of  t h e  Nevada Test S i t e  (NTS) and t h e  southern edge 
of t h e  N e l l i s  Air Force Range. Notice of t h e  withdrawal 
app l i ca t i on  was published i n  t he  Federal  Regis te r  (January 13, 
1989; v o l .  5 4 ,  no .  9 ,  p .  1452) by t h e  Bureau of Land Management. 
This land i s  h e r e i n  r e f e r r ed  t o  a s  t h e  Yucca Mountain Addition. 
Approximately 4 0 0  ac r e s  i n  t he  nor theas tern  p a r t  of t he  Yucca 
Mountain Addi t ion i s  within a  1,500-acre a r ea  t h a t  includes NTS 
and N e l l i s  A i r  Force Range land being considered a s  a  p o t e n t i a l  
r epos i t o ry  f o r  h igh- level  nuclear  waste.  BLM land including t h e  
Yucca Mountain Addit ion,  along with adjacent  p a r t s  of Nel l i s  ~ i r  
Force Range and t h e  NTS, have been t h e  focus of extensive  s tudy  
dur ing t h e  p a s t  1 0  years .  In reques t ing  the  withdrawal o f  t h i s  
acreage,  t h e  Department of Energy s t a t e d  t h a t  a s  preparat ions  
begin f o r  more s p e c i f i c  s t ud i e s  on t h e  geology of Yucca Mountain 
it i s  e s s e n t i a l  t h a t  t h e  subsurface a r e a  be secured from any 
i n t e r f e r e n c e  t h a t  could hinder research  t o  determine t he  
s u i t a b i l i t y  of  Yucca Mountain f o r  a  high-level  waste repos i to ry  
(DOE News, January  13, 1989) . 

The Fede ra l  Land Policy and Management Act of  1 9 7 6  (FLPMA) 
r equ i r e s  t h a t  when a  request  f o r  land withdrawal such a s  t h i s  i s  
made, t h e  r e q u e s t i n g  agency furn i sh  t o  Congress " . . . a  report  
prepared by a  q u a l i f i e d  mining engineer,  engineer ing geologis t ,  o r  
geo log is t  which s h a l l  include but  not be l im i t ed  t o  information on: 
genera l  geology, known mineral depos i t s ,  pa s t  and present  mineral 
production,  mining claims, mineral l e a se s ,  eva lua t ion  of f u t u r e  
mineral  p o t e n t i a l ,  present  and p o t e n t i a l  market demands." The 
Nevada Bureau o f  Mines and Geology (NBMG) has performed t h i s  
mineral  e v a l u a t i o n  t o  meet these  requirements. 

METHODS OF STUDY 
i 

The NBMG minera l  evaluation was accomplished over a  four- 
month per iod  by t h r e e  sen ior  s c i e n t i s t s ,  a  mineral technician,  an 
a n a l y t i c a l  t e c h n i c i a n ,  a  graduate geology s tuden t ,  an o f f i c e  
manager, and a  s e c r e t a r y - t y p i s t .  I n i t i a l  work cons i s ted  of a 
l i t e r a t u r e  s e a r c h ,  p ro j ec t  planning, and obta ining NTS access.  

Remote s e n s i n g  da t a  were c o l l e c t e d  and analyzed t o  determine 
sur face  a l t e r a t i o n  and l i n e a r  s t r u c t u r a l  pa t t e rn s  f o r  t he  Yucca 
Mountain Addi t ion and known precious-metal d i s t r i c t s  i n  the  
region.  Ground c o n t r o l  data  were co l l ec t ed  i n  both  t h e  Yucca 
Mountain Addi t ion and precious-metal mining d i s t r i c t s .  

F i e l d  examination and sample c o l l e c t i o n  i n  t h e  Yucca Mountain 
~ d d i t i o n  were accomplished over a  one month per iod,  and a  week was 



devoted t o  s i m i l a r  work i n  t h e  mining d i s t r i c t s .  Samples were '  
analyzed f o r  s e l e c t e d  elements  by a commercial l a b o r a t o r y  and by 
t h e  NBMG l a b o r a t o r y .  Mineralogy and pe t ro logy  were determined by 
X-ray d i f f r a c t i o n  analyses  and t h i n  s e c t i o n  examinat ions .  The 
f i n a l  s t a g e s  o f  t h e  work inc luded  computer p r o c e s s i n g  of  
geochemical d a t a  and r e p o r t  w r i t i n g  which t o g e t h e r  took one month. 

D .  A .  Davis performed f i e l d  work and prepared  t h i n - s e c t i o n s ,  
and P .  M .  Golds t rand a l s o  performed f i e l d  work. L .  J .  Garside 
reviewed p a r t s  o f  t h e  r e p o r t .  Other NBMG pe r sonne l  who helped on 
t h i s  p r o j e c t  a r e  M .  D e s i l e t s ,  D .  Meeuwig, and L .  E .  Jacox.  

LOCATION 

The proposed Yucca Mountain Addition land withdrawal  i s  
l o c a t e d  about 30  km s o u t h e a s t  of t h e  town of B e a t t y  i n  southern  
Nye County, Nevada (Figure  1 ) .  The smal l  community of  Arnargosa 
Val ley  l i e s  abou t  20 km sou th  of Yucca Mountain, and Las Vegas, 
t h e  c l o s e s t  l a r g e  c i t y ,  i s  about  150 km t o  t h e  s o u t h e a s t .  

The land proposed f o r  c l o s u r e  t o  p u b l i c  a c c e s s  and withdrawal 
from mineral  e n t r y  c o n s i s t s  of 4255.5 a c r e s  of p u b l i c  land 
s p e c i f i c a l l y  d e s c r i b e d  a s  a l l  of s e c t i o n s  7 ,  8, 9; t h e  W/2 of 
s e c t i o n  1 0 ;  t h e  W/2 of s e c t i o n  15; a l l  of s e c t i o n s  16, 17; t h e  
N E / 4  of s e c t i o n  20; t h e  N/2 and t h e  N/2 of t h e  S/2 of  s e c t i o n  21; 
and t h e  NW/4 a n d  t h e  N/2 of t h e  SW/4 of  s e c t i o n  22, Township 13 
South, Range 4 9  E a s t ,  Nye County, Nevada. This  proposed 
withdrawal c o v e r s  t h e  sou the rn  p a r t  of Yucca Mountain and extends  
from t h e  mouth o f  Windy Wash on t h e  west,  ac ross  t h e  southern  end 
of S o l i t a r i o  Canyon and t h e  c r e s t  of Yucca Mountain, t o  t h e  lower 
f l a n k s  of t h e  mountain on t h e  e a s t .  The nor thern  boundary of t h i s  
a r e a  i s  t h e  s o u t h e r n  boundary of  t h e  N e l l i s  A i r  Force  Range; t h e  
e a s t e r n  boundary i s  t h e  western boundary of t h e  NTS. 

i 

HISTORY AND PRODUCTION 

M I N I N G  DISTRICTS SURROUNDING THE YUCCA MOUNTAIN A D D I T I O N  

Recorded in fo rmat ion  on t h e  h i s t o r y  of t h e  Yucca ~ o u n t a i n  
Addit ion and i t s  immediate v i c i n i t y  i s  spa r se .  Cane Springs,  
about  30 km e a s t  of  Yucca Mountain, was a  watering s t o p  on t h e  
Death Valley Emigrant T r a i l  i n  1849. The t r a i l  descended down 
For tymile  Wash, passed  t h e  sou th  end of  Yucca Mountain, and 
cont inued i n t o  Death Val ley  southwest of t h e  present -day town of  
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Arnargosa Va l l ey .  The e a r l i e s t  mining a c t i v i t y  i n  t h e  a r e a  
surrounding Yucca Mountain i s  a s s o c i a t e d ,  by popu la r  accounts ,  
w i t h  t r a v e l  a l o n g  t h e  Emigrant T r a i l .  An a r t i c l e  i n  t h e  Tonopah 
D a i l y  Times o f  February 1 4 ,  1928 s t a t e s  t h a t  ". . . t h e  o l d  
Horns i lve r  mine [northwest of Cane Springs]  had been worked by 
Mormons i n  1853."  B a l l  (1907) v i s i t e d  t h e  Horns i lve r  mine dur ing  
a reconnaissance  t r i p  through t h e  a r e a  i n  1905. He made no 
comments on a c t i v i t y  a t  t h e  mine bu t ,  by no t ing  it on h i s  maps, 
documented t h a t  it was known a t  t h e  t ime of h i s  v i s i t .  Old 
p r o s p e c t  p i t s  and  s h a f t s  i n  t h e  Cal ico  H i l l s ,  about  13 km 

n o r t h e a s t  of  Yucca Mountain, may a l s o  d a t e  from t h e  1905 p e r i o d  
of  a c t i v i t y .  The Bul l f rog  d i s t r i c t ,  l o c a t e d  west o f  t h e  town of 
B e a t t y  and abou t  30 km west of southern  Yucca ~ o u n t a i n ,  i s  a  l a r g e  
d i s t r i c t  with recorded precious-metals  production.  The Or ig ina l  
B u l l f r o g  mine i n  t h e  west p a r t  of  t h e  d i s t r i c t  was d iscovered  i n  
1904; product ion  from t h e  d i s t r i c t  i s  recorded from 1907 t o  1940 
and t o t a l s  abou t  3 m i l l i o n  d o l l a r s  (Couch and Carpen te r ,  1943) .  

Figure 1.  Map showing t h e  l o c a t i o n  of t h e  Yucca Mountain 
Addi t ion  and of  mining d i s t r i c t s  and o t h e r  a r e a s  
d i s c u s s e d  i n  t h e  t e x t .  

GOLD BAR MINE 

YUCCA MTN ADDITION NEVADA TEST SITE 
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The e a r l i e s t  r eco rded  min ing  a c t i v i t y  i n  t h e  d i s t r i c t s  
immediately s u r r o u n d i n g  Yucca Mountain began abou t  1905 wi th  
d i s c o v e r i e s  o f  g o l d  o r e  on t h e  e a s t  s l o p e  of  Bare Mountain. The 
camp of T e l l u r i d e  s p r a n g  up a t  t h i s  s i t e ,  about  20 kin nor thwes t  of 
t h e  south  end o f  Yucca Mountain,  and g o l d  o r e  was produced from 
1913 t o  1915 ( L i n c o l n ,  1 9 2 3 ) .  Mercury was d i s c o v e r e d  i n  t h i s  same 
a r e a  i n  1908 a n d  s m a l l  amounts o f  mercury were produced  from t h e  
d i s t r i c t  i n t e r m i t t e n t l y  t h r o u g h  1953 (Cornwall ,  1972)  . 

F l u o r i t e  was d i s c o v e r e d  d u r i n g  e x p l o r a t i o n  f o r  p rec ious  
m e t a l s  i n  t h e  n o r t h e r n  p a r t  o f  t h e  Bare Mountain mining d i s t r i c t  
i n  about 1906. F l u o r s p a r  h a s  been mined i n  t h e  d i s t r i c t  more-or- 
l e s s  c o n t i n u o u s l y  s i n c e  1919, mainly from t h e  Da i sy  mine (Papke, 
19791, and t h e  t o t a l  p r o d u c t i o n  of  f l u o r s p a r  o r e  f rom t h e  d i s t r i c t  
i s  i n  excess  o f  300,000 t o n s .  

In  1928 new d i s c o v e r i e s  o f  high-grade s i l v e r - g o l d  o r e  n e a r  
t h e  Horns i lve r  mine r e s u l t e d  i n  a  second r u s h  t o  t h a t  a r e a  and  t h e  
boom-camp of Wahmonie s p r a n g  up i n  t h e  f l a t s  s o u t h e a s t  of t h e  o l d  
mine.  Claim s t a k i n g  cove red  an  a r e a  o f  s e v e r a l  s q u a r e  km and a  
new, 150-m, s h a f t  was sunk by t h e  Wingfie ld  i n t e r e s t s  ( G o l d f i e l d  
Consol ida ted  Mines Co. o f  G o l d f i e l d ,  Nevada) (Tonopah Dai ly  Times, 
February  22, 1928)  . The boom c o l l a p s e d  qu ick ly ,  however, and no 
r eco rded  p r o d u c t i o n  r e s u l t e d  f rom t h i s  a c t i v i t y .  I n  1940, t h e  
Wahmonie d i s t r i c t  and t h e  a d j a c e n t  C a l i c o  H i l l s  a r e a  were inc luded  
w i t h i n  t h e  Tonopah Bombing and  Gunnery Range (now known a s  t h e  
Nevada Tes t  S i t e  and  N e l l i s  Ranges) and withdrawn from mine ra l  
e n t r y .  No m i n e r a l  a c t i v i t y  h a s , o c c u r r e d  i n  t h e  C a l i c o  H i l l s  o r  a t  
Wahmonie s i n c e  t h a t  t i m e .  

I n  t h e  d i s t r ic t s  w e s t  o f  t h e  proposed Yucca Mountain 
Add i t i on ,  p r e c i o u s - m e t a l s  min ing  a c t i v i t y  r e v i v e d  i n  1980 w i t h  t h e  
d i s c o v e r y  of  a  d i s s e m i n a t e d  g o l d  orebody a t  t h e  S t e r l i n g  mine. 
The S t e r l i n g ,  l o c a t e d  a c r o s s  C r a t e r  F l a t  about  11 km due west o f  
Yucca Mountain began g o l d  p r o d u c t i o n  i n  1984 and h a s  produced from 
9000 t o  7000 o z  g o l d  p e r  y e a r  s i n c e  t h a t  t i m e  (Nevada Bureau o f  
Mines and Geology, 1984, 1 9 8 8 ) .  I n  1988, GEXA Gold Corp. 
announced d i s c o v e r y  o f  s i g n i f i c a n t  r e s e r v e s  o f  g o l d  o r e  on i t s  
Mother Lode p r o p e r t y  a t  t h e  n o r t h  end of  Bare Mountain, about 8 km 
n o r t h  of  t h e  S t e r l i n g  mine.  Announcements i n  e a r l y  1989 d e s c r i b e d  
r e s e r v e s  a t  t h e  Mother Lode o f  about  4 . 4  m i l l i o n  t o n s  o f  o r e  
ave rag ing  0.054 o z / t o n  g o l d  i n  a  d e p o s i t  h idden u n d e r  sha l low 
g r a v e l  cover n e a r  t h e  o l d  camp o f  T e l l u r i d e .  

Major new min ing  a c t i v i t y  i s  a l s o  underway i n  t h e  B u l l f r o g  
district. I n  1982, S t .  J o e  American began e v a l u a t i o n  o f  t h e  
d i s t r i c t  and by 1985 had deve loped  r e s e r v e s  o f  mineable  o r e  a t  t h e  
o l d  Montgomery-Shoshone mine n o r t h e a s t  of  t h e  o l d  camp of 
R h y o l i t e .  Con t inued  e x p l o r a t i o n  i n  t h e  d i s t r i c t  r e s u l t e d  i n  t h e  
d i s c o v e r y  of a n  e n t i r e l y  new orebody n e a r  Ladd Mountain 1 km 
s o u t h e a s t  of R h y o l i t e .  Announced r e s e r v e s  a r e  3,088,000 t o n s  
g r a d i n g  0.072 o z  g o l d  p e r  t o n  a t  Montgomery-Shoshone and 
14,300,000 t o n s  g r a d i n g  0.110 oz go ld  p e r  t o n  a t  t h e  new ~ u l l f r o g  
d e p o s i t  ( Jo rgensen  e t  a l . ,  1989)  . Product ion  from t h e s e  two mines 
w i l l  soon e c l i p s e  a l l  h i s t o r i c  p roduc t ion  from t h e  e n t i r e  
d i s t r i c t .  I n  t h e  wes t e rn  p a r t  o f  t h e  B u l l f r o g  d i s t r i c t ,  n o r t h  of 
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t h e  O r i g i n a l  B u l l f r o g  mine, exp lo ra t ion  by o t h e r  companies has 
o u t l i n e d  1.23 m i l l i o n  t o n s  of gold o r e  a t  t h e  Gold Bar mine; t h i s  
d e p o s i t ,  which was be ing evaluated  i n  1987 (Nevada Bureau of Mines 
and Geology, 1 9 8 8 ) ,  i s  now being mined. 

I n  a d d i t i o n  t o  precious-metals  e x p l o r a t i o n  and mining on Bare 
Mountain, t h e  o n l y  o t h e r  a c t i v e  mining opera t ion  i n  t h e  inunediate 
a r e a  of  Yucca Mountain i s  recovery of v o l c a n i c  c i n d e r  from c i n d e r  
cones on t h e  s o u t h  end of Cra te r  F l a t .  The d e p o s i t  c u r r e n t l y  
b e i n g  mined i s  a d j a c e n t  t o  U . S .  Highway 95 about 13  km southwest 
of Yucca Mountain. Other  c inder  cones do t  t h i s  p o r t i o n  of C r a t e r  
F l a t ,  however, and mining could extend t o  them a t  some time i n  t h e  
f u t u r e .  

White montmor i l lon i t e  c l a y  has been mined s i n c e  t h e  e a r l y  
1950 ' s  from t h e  New Discovery mine about  a  mi le  s o u t h  of Beat ty .  
In  a d d i t i o n ,  minor c l a y  production has come from cla ims l o c a t e d  
j u s t  n o r t h e a s t  o f  B e a t t y .  An unknown amount of ceramic s i l i c a  was 
mined from from t h e  S i l i c o n  mine a t  t h e  northwest end of Yucca 
Mountain about 20 km northwest  of t h e  Yucca Mountain Addition. 

YUCCA MOUNTAIN A D D I T I O N  

There i s  no r e c o r d  o r  evidence of  any h i s t o r i c  mining 
a c t i v i t y  wi th in  t h e  boundaries  of t h e  Yucca Mountain Addition. 
With t h e  excep t ion  of t h e  road i n  S o l i t a r i o  Canyon, t h e r e  were 
probably  no r o a d s  o r  t r a i l s  t r a v e r s i n g  t h e  a r e a  p r i o r  t o  t h e  
p r e s e n t  p e r i o d  o f  DOE-related a c t i v i t y .  No mining o r  prospect ing  
excava t ions  of  any t y p e  were noted dur ing  t h e  p r e s e n t  s tudy.  

On June 29, 1987, Anthony J .  P e r c h e t t i  of Tonopah, Nevada 
s t a k e d  a block o f  10 lode  mining claims (Yucca 1-10) i n  s e c t i o n s  
9, 16, and 21, T13Sr R49E. These claims were l o c a t e d  end-to-end 
and g e n e r a l l y  f o l l o w  t h e  c r e s t  of southern  Yucca Mountain wi th in  
t h e  a r e a  now i n c l u d e d  i n  t h e  proposed withdrawal.  P e r c h e t t i  
l o c a t e d  17 a d d i t i o n a l  lode  claims i n  a  block west of  h i s  e a r l i e r  
c l a ims  1-3 on December 1, 1988. On December 17, 1988, four  lode  
mining claims,  t h e  Lucky 1 - 4 ,  were l o c a t e d  n o r t h  of  t h e  P e r c h e t t i  
c l a ims  i n  s e c t i o n  9 ,  T13.5, R49E, by Robert F .  Fowler of Lakewood 
Ci ty ,  C a l i f o r n i a .  It i s  be l i eved  t h a t  M r .  Fowler i s  an a s s o c i a t e  
of M r .  P e r c h e t t i .  I n  a  l e t t e r  t o  M r .  C a r l  Gertz,  Waste Management 
P r o j e c t  Of f i ce ,  U . S .  Department of ~ n e r g ~ :  Las Vegas, Nevada, 
d a t e d  January 6 ,  1989, M r .  P e r c h e t t i  s t a t e d  h i s  b e l i e f  t h a t  h i s  
c l a im block on Yucca Mountain had a l i k e l i h o o d  of conta in ing gold  
d e p o s i t s  s i m i l a r  t o  t h o s e  found on GEXA's Mother Lode holdings on 
nearby Bare Mountain. Other than sampling, a p p a r e n t l y  no work was 
done on t h e s e  c l a i m s  by P e r c h e t t i .  We have not seen  t h e  P e r c h e t t i  
sample r e s u l t s .  I n  mid-1989 M r .  P e r c h e t t i  s o l d  h i s  i n t e r e s t s  t o  
t h e  U .  S .  Department of  Energy, and t h e  U .  S .  Bureau of  Land 
Management c l o s e d  t h e  case  on a l l  27  Yucca claims on March 13, 
1989. I n  a d d i t i o n ,  t h e  U .  S .  Department of Energy purchased M r .  
Fowle r ' s  Lucky c l a i m s  i n  1989, but  a s  of  October 17, 1989 no 
n o t i c e  of  c l o s u r e  w a s  r e p o r t e d  i n  t h e  U .  S.  Bureau of  Land 
Management's i n d e x  of a c t i v e  mining c la ims i n  Nevada. 



GEOLOGIC SETTING 

REGIONAL LITHOLOGY 

The geology of t he  a r ea  around t h e  Yucca Mountain Addition i s  
dominated by t h e  rocks of t h e  southwestern Nevada volcanic  f i e l d  
a s  defined by Byers e t  a1 .  (1976) . Ash-flow t u f f s  and r e l a t ed  
rocks from a t  l e a s t  four  major Miocene calderas  comprL 3se t h i s  
volcanic  f i e l d ,  which once covered an area  of more t han  10,000 km2 
(Byers e t .  a l ,  1 9 8 9 ) .  The Te r t i a ry  volcanic rocks o v e r l i e  
metamorphic and sedimentary rocks ;anging i n  age from Precambrian 
t o  Miss iss ippian.  

The e a r l i e s t  ex t rus ions  of the  southeastern Nevada volcanic 
f i e l d  a r e  16-Ma (mi l l i on  year o ld )  t u f f s  erupted from the  Sleeping 
Butte ca ldera  about  35 km northwest of the  Yucca Mountain Addition 
(Chris t iansen e t  a l . ,  1977) . About 13.5 Ma (mi l l i on  years ago) ,  
ash flows were e rup t ed  t h a t  a r e  considered by Carr  e t  a l .  (1986a) 
t o  be from t h e  C r a t e r  F l a t  - Prospector Pass Caldera complex, 
whose eas te rn  w a l l  i s  thought t o  l i e  beneath t he  S o l i t a r i o  Canyon 
a r ea  within t h e  Yucca Mountain Addition. A t  about t h e  same time, 
l avas  and t u f f s  were deposi ted  i n  the  Calico H i l l s ,  10 km 
nor theas t  of t h e  Yucca Mountain Addition. 

The Pa in tbrush  Tuff ,  an extensive formation cons i s t i ng  of ash 
flows and a s s o c i a t e d  a i r  f a l l  u n i t s ,  was erupted approximately 13 
Ma from the  Claim Canyon ca ldera  about 5 km nor th  of  t h e  Yucca 
Mountain Addition (Byers e t  a l . ,  1 9 7 6  and 1989) . The upper p a r t s  
of  t h e  Paintbrush Tuff may have or ig ina ted  from t h e  Oasis Valley 
ca ldera  f u r t h e r  t o  t h e  northwest (Christ iansen e t  a l . ,  1 9 7 7 )  . 

A t  Wahmonie, about 30 km e a s t  of t he  Yucca Mountain Addition, 
flows and t u f f s  wi th  assoc ia ted  i n t ru s ives  were depos i ted  during 
t h e  same time p e r i o d  a s  t h e  Paintbrush Tuff. The a n d e s i t i c  t o  
rhyodac i t i c  Wahmonie rocks d i f f e r  i n  composition f -  &om mosc o ther  
rocks of t he  southwestern volcanic  f i e l d  which a r e  predominantly 
r h y o l i t i c  t o  l a t i t i c .  

The Timber Mountain Tuff ,  t he  most voluminous formation i n  
t h e  southwestern Nevada volcanic  f i e l d ,  was erupted about 11 Ma 
from t h e  Timber Mountain ca ldera ,  a  l a rge ,  well-preserved fea ture  
centered about 25 km nor th  of t h e  Yucca Mpuntain Addition (Byers 
e t  a l . ,  1 9 7 6 )  . Pos t -co l lapse  volcanic a c t i v i t y  i n  t h e  Timber 
Mountain ca lde ra  i s  thought t o  have continued u n t i l  about 1 0  Ma. 
Rhyol i t i c  l avas  and t u f f s  i n  t h e  Bullfrog H i l l s  about 30 km west 
of t h e  Yucca Mountain Addition have a l s o  yielded ages a s  young a s  
10 Ma (Jackson, 1988) .  

Basalt y i e l d i n g  1 0  and 4 Ma da tes  has been d r i l l e d  beneath 
Cra te r  F l a t  5  t o  10 km west of t h e  Yucca ~ o u n t a i n  Addition, and 
b a s a l t  flows and c inde r  cones about I Ma occur a t  t h e  surface on 
Cra te r  F l a t  ( C a r r ,  1988a) .  Lava flows a t  the  Lathrop Wells 
volcanic  cen te r  13  km south  of t h e  Yucca Mountain Addition a r e  
thought t o  be l e s s  than 100 Ka, and cinder cone depos i t ion  a t  t he  
same s i t e  i s  e s t ima ted  a t  l e s s  than 15 Ka (Crowe e t  a l . ,  1988). 



According t o  most r e c e n t  work, s t r u c t u r e s  w i t h i n  t h e  rocks  of 
t h e  sou thwes t e rn  Nevada v o l c a n i c  f i e l d  main ly  r e s u l t  from two 
i n t e r a c t i v e  l a t e  Cenozoic  t e c t o n i c  p r o c e s s e s :  e x t e n s i o n  of t h e  
s o u t h e r n  Bas in  a n d  Range p rov ince ,  and c a l d e r a  s u b s i d e n c e .  
Numerous wes t -d ipp ing  normal f a u l t s ,  low-angle detachment 
s u r f a c e s ,  and n o r t h w e s t e r l y  s t r i k e - s l i p  f a u l t s  were formed, as 
w e l l  a s  f a u l t  p a t t e r n s  r e l a t e d  t o  cau ld ron  s u b s i d e n c e  and 
r e s u r g e n t  doming. The sou thwes t e rn  Nevada v o l c a n i c  f i e l d  l i e s  
w i t h i n  t h e  Walker  Lane be l t ,  a  100-km-wide n o r t h w e s t e r l y  zone 
dominated s t r u c t u r a l l y  by l a t e r a l  s h e a r .  P a l e o z o i c  and Mesozoic 
s t r u c t u r e s  have  been  mod i f i ed  b o t h  by t h e  T e r t i a r y  c a l d e r a s  and  by 
c r u s t a l  e x t e n s i o n  d u r i n g  middle  t o  l a t e  Cenozoic t i m e .  

S t e e p l y  wes tward-d ipp ing  normal f a u l t s  a r e  abundant  i n  t h e  
Yucca Mountain a r e a  ( S c o t t  and Bonk, 1984) ,  and may r e p r e s e n t  t h e  
breakaway zone for detachment  f a u l t i n g  bounding Ba re  Mountain 10 
km e a s t  o f  t h e  Yucca Mountain A d d i t i o n .  According t o  Hamilton 
( 1 9 8 8 ) ,  normal f a u l t s  a t  Yucca Mountain o c c u r r e d  above an 11 Ma 
h i n g e  l i n e  be tween  more-or- less  f l a t - l y i n g  detachment  t o  t h e  e a s t  
and modera te ly  wes tward  d i p p i n g  detachment t o  t h e  wes t .  Hamilton 
b e l i e v e s  t h a t  t h i s  detachment  s u r f a c e ,  which s e p a r a t e s  T e r t i a r y  
v o l c a n i c s  from p r e - T e r t i a r y  rocks ,  now ex t ends  from e a s t  of Yucca 
Mountain i n  the s u b s u r f a c e ,  t h rough  s u r f a c e  exposu re s  on Bare 
Mountain and t h e  F u n e r a l  Mountains,  i n t o  Death V a l l e y .  On t h e  
o t h e r  hand, C a r r  (1988a)  r e l a t e  Yucca Mountain normal  f a u l t i n g  t o  
r e a c t i v a t i o n  a l o n g  subsidence-bounding f r a c t u r e s  o f  t h e  proposed 
1 4  Ma C r a t e r  F l a t - P r o s p e c t o r  P a s s  c a l d e r a .  Ca r r  (1988b) f u r t h e r  
s p e c u l a t e s  t h a t  t h e  sou thwes t e rn  Nevada v o l c a n i c  f i e l d  c a l d e r a s  
were emplaced a l o n g  a  no r th - sou th  r i f t  i n  t h e  Walker Lane b e l t  
s e p a r a t i n g  de t achmen t  f a u l t e d  t e r r a i n  t o  t h e  west from 
g r a v i t a t i o n a l l y  c a u s e d  e x t e n s i o n a l  f a u l t i n g  t o  t h e  e a s t .  Range- 
bounding f a u l t s  a r o u n d  Bare  Mountain a r e  c o n s i d e r e d  by Hamilton t o  
b e  p a r t  o f  a  l ow  t o  mode ra t e ly  d i p p i n g  detachment s u r f a c e ,  whereas 
C a r r  b e l i e v e s  t h a t  t h e  f a u l t  bounding t h e  e a s t  s i d e  of Bare 
Mountain i s  a  s t e e p l y  d i p p i n g  f e a t u r e  r e l a t e d  main ly  t o  subs idence  
o f  t h e  C r a t e r  F l a t - P r o s p e c t o r  P a s s  c a l d e r a .  

Geophys i ca l  d a t a  sugges t  t h a t  t h e  f a u l t s  bounding t h e  Bare  
Mountain P recambr i an  and  P a l e o z o i c  b lock  d i p  a t  30' o r  l e s s  
(Ackermann e t  a 1  . , 1988)  . The F l u o r s p a r  Canyon f a u l t ,  which forms 
t h e , n o r t h e r n  bounda ry  of  P a l e o z o i c  r o c k s  i n  t h e  Bare Mountain a r e a  
i s  though t  t o  b e  a n  e x t e n s i o n  o f  t h e  n e a r l y  f l a t - l y i n g  B u l l f r o g  
detachment  f a u l t  between T e r t i a r y  and p r e - T e r t i a r y  rocks  a t  t h e  
O r i g i n a l  B u l l f r o g  mine 30 km west o f  t h e  Yucca Mountain Add i t i on .  
Al though s u r f a c e  o u t c r o p s  a l o n g  t h e  F l u o r s p a r  Canyon f a u l t  s u g g e s t  
n o r t h e r l y  d i p s  o f  60' o r  more, d r i l l i n g  a t  t h e  Mother Lode g o l d  
d e p o s i t  n e a r  t h e  east end of  t h e  f a u l t  s u g g e s t s  a  n o r t h e r l y  d i p  of 
a b o u t  30' ( M .  R .  Mapa, p e r s o n a l  communication, 1989) . 



LITHOLOGY 

Within t h e  Yucca Mountain Add i t i on ,  p r e - Q u a t e r n a r y  s u r f a c e  
l i t h o l o g y  c o n s i s t s  of o n l y  t h r e e  me-mbers of two ash- f low 
f o r m a t i o n s  w i t h  a t t e n d a n t  bedded a i r - f a l l  s e q u e n c e s .  The 1 3 . 3  Ma 
Topopah S p r i n g  Member of  t h e  P a i n t b r u s h  Tuff ( p t u ,  P l a t e  1) i s  t h e  
o l d e s t  rock u n i t  exposed i n  t h e  a r e a .  It i s  c h a r a c t e r i z e d  by t h e  
p r e s e n c e  of p i n k  t o  g r a y  l i t h o p h y s a l  ash-f low t u f f  w i t h  s p a r s e  
p h e n o c r y s t s  ( g e n e r a l l y  under  10 p e r c e n t )  o v e r l a i n  by a  few me te r s  
o f  red-brown d e v i t r i f i e d  caprock  c o n t a i n i n g  abou t  15  p e r c e n t  
p h e n o c r y s t s ,  i n c l u d i n g  d i s t i n c t i v e  l a r g e  amber-colored b i o t i t e  
books .  Above t h i s  i s  a  t h i n  b l a c k  t o  reddish-brown v i t r o p h y r e  
w i t h  r e l a t i v e l y  abundant  p h e n o c r y s t s  which i s  i n c l u d e d  i n  t h e  
Topopah S p r i n g  Member caprock  by S c o t t  and Bonk ( 1 9 8 4 ) .  

Within  t h e  Yucca Mountain Add i t i on ,  t h e  Topopah S p r i n g  Member 
i s  o v e r l a i n  by a sequence composed main ly  of  n o n r e s i s t a n t  w h i t e  t o  
o r a n g e  o r  l i g h t - p u r p l e ,  nonwelded, pumiceous bedded a i r - f a l l  t u f f s  
( b t ,  P l a t e  1 ) .  I n  t h e  sou thwes t e rn  p a r t  of t h e  Yucca Mountain 

A d d i t i o n ,  t h i s  u n i t  a p p e a r s  t o  c o n t a i n  a  g l a s s y  p u r p l i s h - g r a y  
welded t u f f  ( s ample  SC 93) . Above t h e  nonwelded bedded t u f f  
s equence  i s  a  d i s t i n c t i v e  g l a s s y  orange  welded t u f f  ( l o c a l l y  g r a y  
o r  b i c o l o r e d  o r a n g e  and g r a y )  which appea r s  t o  g r a d e  downward i n t o  
nonwelded o r a n g e  bedded t u f f .  .. 

Loca l ly ,  above  t h e  orange  welded t u f f ,  i s  a  b l a c k  t o  dark-  
g r e e n i s h - g r a y  c r y s t a l - p o o r  v i t r o p h y r e  t h a t  g r a d e s  up i n t o  g l a s s y  
t o  d e v i t r i f i e d  ash- f low t u f f  t y p i f i e d  by columnar j o i n t i n g .  
~ c c o r d i n g  t o  S c o t t  and Bonk (1984) ,  t h i s  i s  t h e  b a s a l  u n i t  of t h e  
T i v a  Canyon Member (pcu,  P l a t e  1) of  t h e  P a i n t b r u s h  T u f f .  Most of  
t h e  o v e r l y i n g  T i v a  Canyon Member i s  comprised of  f l a g g y ,  c r y s t a l -  
p o o r  ( a v e r a g i n g  less t h a n  10 p e r c e n t  phenoc rys t s )  d e v i t r i f i e d  g r a y  
a sh - f low  t u f f  much of which r i n g s  when s t r u c k  ( c l i n k s t o n e  zones  of  
S c o t t  and Bonk, 1 9 8 4 ) .  The Tiva  Canyon caprock i s  c l i f f - f o r m i n g  
d e v i t r i f e d  t o  g l a s s y ,  g r a y  ash-f low t u f f  wi th  m o d e r a t e l y  abundant  
p h e n o c r y s t s  . 

The R a i n i e r  Mesa Member o f  t h e  Timber Mountain Tuff  i s  
exposed  i n  t h e  s o u t h w e s t e r n  t o  c e n t r a l  p a r t  o f  t h e  Yucca Mountain 
A d d i t i o n ,  m o s t l y  on P lug  H i l l  (Tmr, P l a t e  1) . It i s  a  l i g h t - g r a y  
t o  l i g h t - p i n k  d e v i t r i f i e d  a s h  f l ow  c o n t a i n i n g  r e l a t i v e l y  abundant  
qua rcz  and f e l d s p a r  p h e n o c r y s t s .  I t  i s  u n d e r l a i n  by  n o n r e s i s t a n t  
w h i t e  t o  l i g h t - p i n k  a i r f a l l  exposed i n  p l a c e s  a l o n g  t h e  wash w e s t  
o f  P l u g  H i l l  ( b t ,  P l a t e  1 ) .  

Qua te rna ry  g r a v e l s  (QTac, P l a t e  1) c o n s i s t i n g  main ly  o f  
f a n g l o m e r a t e  a n d  a l l u v i u m  u n d e r l i e  washes and canyons i n  t h e  Yucca 
Mountain Add i t i on ,  and  l o c a l l y  o c c u r  low on t h e  f l a n k s  of some 
r i d g e s .  C a l i c h e  cement i s  common i n  t h e s e  g r a v e l s ,  p a r t i c u l a r l y  
a l o n g  and a d j a c e n t  t o  f a u l t s .  Some exhumed g r a v e l s  may be  
T e r t i a r y .  
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Figure 2. Silica-cemented fault breccia near sample location 
YMSC 51, view to north. 
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Figure  3 .  S i l i c a -  and c a l c r e t e - c e n e n t e d  f a u l t  b r e c c i a  near 
sample l o c a t i o n  YMSC 6 9 ,  Located on  the west s i d e  of 
Boomerang Po in t ,  view t o  n o r t h .  



4 

Figure 4 .  Gouge zone along Abandoned Wash f a u l t .  Faul t  down- 
drops d e v i t r i f i e d  Tiva Canyon Member ash flow on west 
(back-ground) aga ins t  Paintbrush Tuff bedded tu f f  on 
e a s t  (fore-ground) . Sample loca t ion  YMSC 13. 

Sample l oca t i ons  were marked on copies of t h e  1:12,000 scale  
geologic  map of Scot-, and Bonk (1984) and on 1:12,000 sca le  
enlargements of 7 . 5  minute quadrangle maps. During sample 
co l l ec t i on ,  v i s u a l  de sc r ip t i ons  of mineralogy, l i t ho logy ,  and 
s t r u c t u r e s  encountered were recorded (Appendix A ) .  Samples were 
c o l l e c t e d  mainly from veins ,  f r a c t u r e  coatings,  f a u l t  zones, 
bodies of t e c t o n i c  b recc ia ,  and a reas  of a l t e r e d  rock.  I n i t i a l l y ,  
200 samples were c o l l e c t e d  from t h e  Yucca'Mountain Addition s tudy  
a r e a .  

A Samples were submitted t o  Geochemical Services Inc .  (GSI )  , of 
Rocklin, C a l i f o r n i z ,  f o r  15-elenent inductively-coupled plasma 
( I C P )  emission spec t roscopic  analyses ,  and gold ana lys i s  by 
g raph i t e  furnace atomic absorpt ion . Sample crushing and 
pu lver iza t ion  were done using e i t h e r  NBMG bucking f a c i l i t i e s ,  o r  
t hose  of GSI  l o c a t e d  i n  Sparks, Nevada. Ten blank quartz samples 
were submitted i n i t i a l l y  along with Yucca Mountain samples t o  
monitor pos s ib l e  contamination during sample p repara t ion .  

Following r e c e i p t  of a n a l y t i c a l  r e s u l t s  f o r  t h e  i n i t i a l  
samples, 20  samples were submitted f o r  corroborat ive  analyses t o  
t h e  NBMG geochemical l abo ra to ry .  In addi t ion,  38 sample s i t e s ,  
including a l l  s i t e s  t h a t  y ie lded samples with e leva ted  t r ace  
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element  c o n t e n t s ,  were r e v i s i t e d ,  resampled, and marked wi th  
aluminum t a g s  and  r e d  f l a g s  ( F i g u r e  5)  . During t h i s  rnsampling 
work, 22  samples were c o l l e c t e d  from new s i t e s .  A l toge the r ,  260 
samples  were c o l l e c t e d  from t h e  Yucca Mountain Add i t i cn  and 
s u b j e c t e d  t o  mul t i -e lement  a n a l y s e s  (Appendix 5 )  . 

I n  a d d i t i o n  t o  f i e l d  work on t h e  Yucca Mountain Addi t ion ,  
f i e l d  d a t a  and samples  were c o l l e c t e d  from two new gold  and s i l v e r  
mines i n  t h e  R h y o l i t e - a u l l f r o g  a r e a ,  a  r e c e n t l y  d i scovered  g o l d  
d e p o s i t  i n  t h e  Bare  Mountain a r e a ,  and f o u r  abandonec mining a r e a s  
known t o  have h a d  p a s t  p roduc t ion  of  g o l d  and s i l v e r .  A l l  o f  t h e  
c u r r e n t ,  p o t e n t i a l ,  o r  p a s t  p roduce r s  of  p rec ious  mera ls  examined 
have m i n e r a l i z e d  v o l c a n i c  rock t h a t  i s  contemporaneous, o r  n e a r l y  
s o ,  wi th  Yucca Mountain Addi t ion  r o c k s .  A t o t a l  of  122  samples 
( i n c l u d i n g  7 r e s u b m i t t e d  b l i n d  f o r  c o n t r o l )  were ana lyzed  from 
t h e s e  a r e a s  by G S I  wi th  t h e  same t echn iques  used f o r  t h e  Yucca 
Mountain Add i t ion  samples.  

Minera logic  and p e t r o g r a p h i c  work was done by NBMG and Desert  
Research I n s t i t u t e  pe r sonne l  on s e l e c t e d  samples from t h e  Yucca 
Mountain Add i t ion  and t h e  p rec ious -me ta l  d i s t r i c t s  examined. X- 
r a y  d i f f r a c t i o n  a n a l y s e s  were performed on 5 4  samples from t h e  
Yucca Mountain Add i t ion  and 2 9  samples from t h r e e  of  t h e  f o u r  
p rec ious -me ta l  d i s t r i c t s  examined (Appendix C )  . I n  a d d i t i o n ,  8 
t h i n  s e c t i o n s  o f  r e p r e s e n t a t i v e  v e i n s ,  b r e c c i a s ,  and a l t e r e d  rocks 
from t h e  Yccca Mountain Addi t ion  were ana lyzed  p e t r o g r a p h i c a l l y .  

F igure  5 .  Sample l o c a t i o n  YMSC 52.  A narrow zone of h e m a t i t i c  
s i l i c i f i e d  a i r - f a l l  t u f f  (beneath  aluminum t a g ) .  



GEOCHEMICAL RESULTS 

S e v e r a l  s a m p l e s  from t h e  Yucca Mountain A d d i t i o n  were found 
t o  c o n t a i n  s l i g h t l y  anomalous amounts o f  s i l v e r ,  a r s e n i c ,  b ismuth,  
l e a d ,  and ( o r )  t h a l l i u m ;  however, t h e  h i g h e s t  c o n t e n t s  o f  most 
a n a l y z e d  e l e m e n t s  i n  samples c o l l e c t e d  from t h e  Yucca Mountain 
A d d i t i o n  d u r i n g  t h i s  s t udy  a r e  n e a r  o r  below background  v a l u e s  i n  
t h e  e a r t h ' s  c r u s t  (Levinson,  1974) . Analyses f o r  t h r e e  e lements :  
pa l l ad ium,  s e l e n i u m ,  and t e l l u r i u m ,  a l l  f e l l  below d e t e c t i o n  
l e v e l s  ( s e e  T a b l e  1) . Most o f  t h e  anomalous Yucca Mountain 
A d d i t i o n  samples  were t aken  from t h e  Pa in tb rush  bedded  t u f f  u n i t  
( p b t ,  P l a t e  I ) ,  a n d  t h e s e  a r e  mainly s i l i c i f i e d  r o c k ,  bu t  one i s  
u n a l t e r e d  g l a s s y  a i r - f a l l  t u f f ,  and one i s  from a g l a s s y  t u f f  
d i k e .  

Perhaps t h e  most i n t e r e s t i n g  sample, i n  t e r m s  o f  i t s  
geochemis t ry ,  i s  YMSC 52, a  sample of  b r i g h t  r e d  s i l i c i f i e d  a i r -  
f a l l  t u f f  ( F i g u r e  2 )  from a  n o r t h e r l y  ve in  on t h e  w e s t  f l a n k  of  
Yucca C r e s t .  The  v e i n  i s  p robab ly  l e s s  than  20 c m  wide and cou ld  
o n l y  be f o l l o w e d  o n  t h e  s u r f a c e  f o r  a  few m e t e r s .  T h i s  sample 
c o n t a i n s  4 t o  8 ppm bismuth and 109 t o  145 pprn l e a d .  A s i n g l e  
a n a l y s i s  of s a m p l e  YMSC 92, brown s i l i c i f i e d  a i r - f a l l  t u f f  from a 
zone a p p r o x i m a t e l y  p a r a l l e l  t o  t h e  nearby YMSC 52 v e i n ,  y i e l d e d  a  
v a l u e  of 1 pprn b i s m u t h .  

Sample YMSC 22, c o n t a i n i n g  3 t o  4 pprn bismuth,  64 t o  97 pprn 
z i n c ,  and 2  pprn t h a l l i u m ,  was c o l l e c t e d  from a  3-cm-wide d i k e  of  
f r i a b l e ,  g l a s s y ,  p i n k  and w h i t g  a i r - f a l l  t u f f  which d i p s  s t e e p l y  
s o u t h w e s t .  T h i s  t u f f  d i k e  c u t s  an i r r e g u l a r  5- t o  10-cm-wide 
n o r t h e a s t e r l y  z o n e  o f  g r a y  o p a l i z e d  t u f f  (sample YMSC 22s)  
c a r r y i n g  0 .6  t o  1 . 8  pprn b i smuth .  The h o s t  rock a t  t h i s  l o c a l i t y  
i s  g r a y  g l a s s y  we lded  t u f f  which appea r s  t o  be  i n  t h e  P a i n t b r u s h  
bedded t u f f  s e q u e n c e .  

Sample YMSC 31, a compos i te  of pu rp l i sh -g ray  s i l i c i f i e d  a i r -  
f a l l  t u f f  and h e m a t i t i c  gouge from a  f a u l t  d i p p i n g  s t e e p l y  west ,  
c o n t a i n s  0 . 6  t o  1 . 5  pprn b i smuth  and 60 t o  68 pprn z i n c .  Sample 
YMSC 31B, h e m a t i t i c  a i r - f a l l  t u f f  t a k e n  from t h e  h a n g i n g  w a l l  of 
t h i s  f a u l t ,  c o n t a i n s  27 pprn a r s e n i c  and 0 . 3  pprn b i s m u t h .  

Other  anomalous  samples w i t h i n  t h e  P a i n t b r u s h  bedded t u f f  
sequence  a r e  YMSC 1 4 C ,  a  bed o f  f i n e ,  we l l - so r t ed ,  a n d  a p p a r e n t l y  
u n a l t e r e d  l a p i l l i  t u f f  c o n t a i n i n g  0 .4  t o  0 . 5  pprn s i l v e r ;  and YMSC 
88 from a  n e a r  v e r t i c a l  n o r t h e r l y  c a l c r e t e - s i l i c a  v e i n  system wi th  
1 pprn b i smuth .  

Only two g e o c h e m i c a l l y  anomalous samples were c o l l e c t e d  from 
o u t s i d e  t h e  P a i n t b r u s h  bedded t u f f  sequence.  Sample YMDD 36A, 
which c o n t a i n s  32 pprn a r s e n i c  and  1 pprn bismuth, i s  p u r p l i s h - g r a y  
s i l i c i f i e d  b r e c c i a  w i th  some i r r e g u l a r  ve in s  of w h i t e  o p a l  
c o l l e c t e d  from a f a u l t  d i p p i n g  s t e e p l y  sou thwes t .  Sample YMSC 4 5 ,  
w i t h  0 . 1  pprn s i l v e r ,  i s  of c a l c r e t e  v e i n  m a t e r i a l  f rom a  poor 
e x p o s u r e .  The h o s t  rock f o r  b o t h  occur rences  i s  d e v i t r i f i e d  ash-  
f l o w  t u f f  o f  t h e  Topopah S p r i n g  Member of  t h e  P a i n t b r u s h  T u f f .  

None of  t h e  samples  c o l l e c t e d  from t h e  Yucca Mountain 
A d d i t i o n  can b e  s a i d  t o  have h i g h l y  anomalous g o l d  c o n t e n t s .  The 
h i g h e s t  go ld  v a l u e  f o r  any Yucca Mountain Add i t i on  sample  r e p o r t e d  



by  G S I  i s  0 .026  ppm (YMSC 6 6 ) ;  however,  a n a l y s i s  of a  b l i n d  
r e s u b m i t t e d  sample  r e s u l t e d  i n  a  0 .003  ppm g o l d  v a l u e ,  a n d  g o l d  
w a s  n o t  d e t e c t e d  i n  r o c k  o b t a i n e d  b y  r e samp l ing  t h e  same o u t c r o p  
( s am p le  YMSC 66A).  The h i g h e s t  g o l d  v a l u e  f o r  a l l  o t h e r  samples  
from t h e  Yucca Mountain  A d d i t i o n  a n a l y z e d  by GSI i s  0 .009  ppm, 
e q u i v a l e n t  t o  0 .0003 ounces  p e r  t o n .  

T a b l e  1. E lemen t s  a n a l y z e d ,  d e t e c t i o n  l i m i t s ,  and  median 
v a l u e s  b y  a r e a .  Ana ly se s  by  Geochemical  S e r v i c e s  I n c .  
A l l  v a l u e s  i n  ppm. 
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Analyses  pe r fo rmed  by t h e  NBMG geochemical l a b o r a t o r y  on 
& 

Yucca Mountain A d d i t i o n  samples  y i e l d e d  h i g h e r  g o l d  numbers t h a n  
t h o s e  o b t a i n e d  by  GSI (Table  2 )  . The NBMG a n a l y s e s  were performed 
by  f i r e  a s s a y  w i t h  a tomic  a b s o r p t i o n  f i n i s h ,  a  t e c h n i q u e  which can 
b e  expec ted  t o  y i e l d  h i g h e r  r e s u l t s  than  t h a t  u sed  by GSI, which 
may n o t  e x t r a c t  a l l  o f  t h e  g o l d  i n  t h e  sample d u r i n g  d i s s o l u t i o n  
( P .  Lech le r ,  p e r s o n a l  communication, 1989) . The h i g h e s t  go ld  
v a l u e  o b t a i n e d  b y  NBMG on a  Yucca Mountain Add i t i on  sample i s  
0 .023  ppm, o r  a b o u t  0.0007 t r o y  ounces p e r  t o n .  A s imple  
r e g r e s s i o n  c u r v e  f i t t e d  t o  a  p l o t  o f  NBMG g o l d  a n a l y s e s  v e r s u s  GSI 
g o l d  a n a l y s e s  f o r  t h e  same samples  shows t h a t  t h e  p r o j e c t e d  
maximum NBMG v a l u e  i s  0.0245 ppm, about  0.0007 t r o y  ounces p e r  t o n  
( F i g u r e  6 ) .  

STATISTICAL EVALUATION OF GEOCHEMICAL SAMPLING 

S t a t i s t i c a l  c a l c u l a t i o n s  o f  sampling r e s u l t s  from t h e  Yucca 
Mountain A d d i t i o n  e v a l u a t i o n  were made us ing  s t a t i s t i c a l  s o f t w a r e  
deve loped  by Koch ( 1 9 8 7 ) .  I n  a d d i t i o n  t o  c a l c u l a t i o n s  on d a t a  
f rom t h e  Yucca Mountain w i thd rawa l ,  s t a t i s t i c a l  c a l c u l a t i o n s  were 
per formed on d a t a  f rom t h e  Mother Lode p rope r ty ,  from R h y o l i t e  i n  
t h e  B u l l f r o g  d i s t r i c t ,  and from t h e  Wahmonie d i s t r i c t .  

Geochemical v a l u e s  were a n a l y z e d  by d i s t r i c t  and t h e  r e s u l t s  
a r e  p r e s e n t e d  i n  T a b l e s  3  t h r o u g h  6 .  Table 1 p r o v i d e s  a  l i s t  of 
e l e m e n t s  a n a l y z e d ,  shows d e t e c t i o n  l i m i t s ,  and  shows median v a l u e s  
o f  e a c h  e lement  by  a r e a .  ~ a b l e s  3  th rough 6  show c o r r e l a t i o n  
c o e f f i c i e n t s  f o r  e l e m e n t s  i n  samples  from each  o f  t h e  f o u r  a r e a s .  

C o r r e l a t i o n  c o e f f i c i e n t s  v a r y  from +I  t o  -1. C o r r e l a t i o n  
c o e f f i c i e n t  v a l u e s  q u a n t i f y  adequacy o f  f i t  t o  a l i n e a r  r e g r e s s i o n  
c u r v e  ( v a l u e s  o f  k1 co r re spond  t o  a p e r f e c t  f i t ,  and  t h o s e  of 0  t o  
no  l i n e a r  f i t ) ,  a n d  s i g n s  i n d i c a t e  i f  t h e  c o r r e l a t i o n  i s  p o s i t i v e  
o r  n e g a t i v e .  The s i g n i f i c a n c e  o f  each  c o e f f i c i e n t  was de te rmined  
u s i n g  a  t a b l e  f o r  t e s t i n g  t h e  n u l l  hypo thes i s  p = 0  (Snedecor and 
Cochran,  1967, p .  5 5 7 ) .  A s  t h e  number of d a t a  p a i r s  i n c r e a s e s ,  
t h e  c o r r e l a t i o n  c o e f f i c i e n t  w i l l  be  s i g n i f i c a n t  a t  p r o g r e s s i v e l y  
lower  v a l u e s .  C o r r e l a t i o n  c o e f f i c i e n t s  s i g n i f i c a n t  a t  t h e  95 and 
99  p e r c e n t  l e v e l s  are i n d i c a t e d  on Tables  3  t h rough  6 .  T e s t i n g  by 
t h e  above methods may n o t  b e  v a l i d  f o r  d a t a  w i th  non-normal 
d i s t r i b u t i o n s .  ( e .  g . ,  mercury i n  Yucca Mountain s a m p l e s ) .  

I 

R e s u l t s  f rom 196  samples  c o l l e c t e d  i n  t h e  Yucca Mountain 
A d d i t i o n  s t u d y  area were used  i n  s t a t i s t i c a l  c a l c u l a t i o n s  ( a l l  
samples  t a k e n  d u r i n g  i n i t i a l  f i e l d w o r k  with  t h e  e x c e p t i o n  of 4 
samples  f o r  which a n a l y t i c a l  d a t a  was ob ta ined  t o o  l a t e  f o r  
i n c l u s i o n ) .  I n  t h i s  group,  g o l d  was r e p o r t e d  p r e s e n t  above t h e  
l i m i t  o f  d e t e c t i o n  i n  101  samples .  Mercury was found  above t h e  
l i m i t  o f  d e t e c t i o n  i n  o n l y  1 4  samples ,  bismuth was found i n  o n l y  
8, a n d  pa l l ad ium,  s e l en ium,  and  t e l l u r i u m  were n o t  found i n  any of  
t h e  samples  a t  t h e  l i m i t  o f  d e t e c t i o n  of t h e  a n a l y t i c a l  methods 
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Table  2 .  ~ o m & r i s o n  o f  GSI and  NBMG a n a l y t i c a l  r e s u l t s .  Twenty samples  were 
a n a l y z e d  f o r  g o l d ,  a r s e n i c ,  antimony, bismuth,  and  mercury a t  b o t h  l a b s .  
A l l  v a l u e s  i n  ppm. 

Hg(GSI)  

0.228 
<O. 105 
<O. f 09 
<o. 1 
<0.101 

<o. 101 
<o. 1 
co. 1 
<O. 11 1 
<O. 1 

<0.101 
<0.101 
<o. 1 
<O.l 
<o. 1 

<O. 104 
<o. 101 
~0.104 
<0.101 
<o. 1 
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Figure 6 .  s imple regress ion  p l o t  f o r  gold analyses . '  NBMG 
versus  G S I  va lues  f o r  20 samples. GSI va lues  repor ted 
a t  <0.0005 ppm p l o t t e d  a t  0.00025 ppm. 

Au ppm (GSI) 

used (Table I) . A l l  analyzed elements a r e  present  i n  very low 
concentra t ions  ( o r  a r e  below de t ec t i on  l i m i t s )  i n  a l l  samples 
c o l l e c t e d  wi thin  t h e  Yucca Mountain Addition. Cor re la t ion  
c o e f f i c i e n t s  between elements (Table 3 )  do not show s t rong  
groppings of c o r r e l a t e d  elements.  Arsenic, gold, and cadmium show 
weak c o r r e l a t i o n s  and t h e r e  i s  a  general  grouping of base metals  
(copper, molybdenum, lead,  antimony, and z inc  along with bismuth 
and gallium) t h a t  d i sp l ay  weak t o  moderate c o r r e l a t i o n s .  

e Distr; ct 
Sampling a t  Wahmonie was l e s s  extensive  than a t  t h e  o the r  

t h r e e  areas  s t u d i e d ;  only 12  samples a r e  ava i lab le  f o r  s t a t i s t i c a l  
eva lua t ion .  Median values  from Wahmonie show d e f i n i t e  enrichment 
of s i l v e r  and t e l l u r i u m  and lower, but  anomalous, concentra t ions  
of a r s en i c .  Element c o r r e l a t i o n s  (Table 4 )  a r e  l i m i t e d  t o  s t rong  
co r r e l a t i ons  between s i l v e r  and mercury, s i l v e r  and te l lu r ium,  



Table 3 .  Geochemistry co r r e l a t i on  c o e f f i c i e n t s ,  Yucca 
Mountain Addit ion.  No c o e f f i c i e n t s  a r e  shown f o r  Te 
because Te i s  below t h e  de t ec t i on  l i m i t  i n  a l l  samples. 

* Comlation coefficient significant at 99% level 
Correlation coefiicient significant at 95% level 

a r sbn ic  and cadmium, gold and te l lur ium,  and mercury and 
te l lu r ium.  Based on our sample r e s u l t s ,  t h e r e  does not seem t o  be 
a  base-metals a s s o c i a t i o n  a t  Wahmonie. 

e D ~ D Q S ? ' ~  Area 
Thirty-seven samples taken from t h e  Mother Lode Mine a r ea  

were used f o r  s t a t i s t i c a l  c a l cu l a t i ons .  Gold i s  present  above the  
de tec t ion  l i m i t  i n  a l l  37 samples; s i l v e r  i s  p resen t  i n  3 4 .  The 
mean gold value  o f  our  samples i s  0 .570 ppm; t h i s  i s  equivalent  t o  
about 0 . 0 2  oz per t o n  gold and compares favorably with t he  
announced grade of  t h e  Mother Lode orebody ( 0 . 0 5 4  oz/ ton)  because 
many of our samples are of unmineralized rock co l l ec t ed  from 



Table 4 .  Geochemistry c o r r e l a t i o n  c o e f f i c i e n t s ,  Wahmonie 
d i s t r i c t .  

* Correlation coefficient significant at 99% level 

A Correlation coefficient significant a t  95% level 

o u t s i d e  t h e  orebody.  Median va lues  f o r  a;senic, antimony, and 
mercury a r e  a l l  h i g h  i n d i c a t i n g  t h a t  t h e s e  elements  a r e  enr iched  
i n  "te a r e a  sampled.  C o r r e l a t i o n  c o e f f i c i e n t s  c a l c u l a t e d  from 
Mother Lode d a t a  (Table 5)  show a  precious-metals grouping  ( s t r o n g  
s i lve r -a r sen ic -go ld -copper - t e l lu r ium c o r r e l a t i o r , ~ )  and a  base- 
m e t a l s  grouping which i n c l u d e s  moderate t o  s t r o n g  s i lver-ant imony- 
l ead -z inc  c o r r e l a t i o n s ,  a weak zinc-cadmium c o r r e l a t i o n ,  and 
moderate  lead-ant imony-zinc-tel lur ium c o r r e l a t i o n s .  Mercury, 
known t o  be p r e s e n t  i n  t h e  d i s t r i c t  from i t s  p roduc t ion  h i s t o r y ,  
w a s  found t o  b e  p r e s e n t  above d e t e c t i o n  limits i n  2 1  of  t h e  3 7  
s m p l e s  from the  d i s t r i c t .  Mercury, however, does n o t  c o r r e l a t e  
w e l l  w i t h  any o f  t h e  e lements  i n  t h e  precious-metals  group and 
c o r r e l a t e s  o n l y  modera te ly  w i t h  copper, molybdenum, and l e a d  i n  
t h e  base-metals  grouping .  
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Table 5. Geochemistry correlation coefficients, Mother Lode 
property. 

* Correlation coefficient significant at 99% level 
A Correlation cod£ icient significant at 95% level 

j?&;olite .a 
Samples from mines and mineralized outcrops in the area 

around Rhyolite in the Bullfrog district show high median values 
for gold and silver. Base-metals values in this area are very low. 
Examination of the correlation coefficients between elements 
(Table 6 )  shows a precious-metals grouping with strong silver-gold 
correlation and moderate silver-gold-antimony-bismuth-correlations. 
A broad base-metals association includes moderate copper-antimony- 
bismuth, molybdenum-lead-cadmium, and zinc-cadmium correlations. 
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Table 6 .  Geochemistry cor re la t ion  c o e f f i c i e n t s ,  Rhyolite 
a r e a .  

* Correlation coefficient significant at 99% level 

A Correlation ccdficient significant at 95% level 

i 

A comparison of element median values shows very subs t an t i a l  
e n r % c h e n t s  i n  b o t h  gold  and s i l v e r  i n  t h e  e s t a b l i s h e d  precious- 
metal d i s t r i c t s  r e l a t i v e  t o  t h e  Yucca Mountain Addition (Table 1). 
Median precious-metals  values  i n  samples from Wahmonie, Mother 
Lode, and Rhyol i t e  a r e  5 t o  1 0 0  times the  median values found i n  
samples taken w i t h i n  t h e  Yucca Mountain Addition. Tellurium, 
present  i n  anomalous amounts i n  two of t h e  t h r e e  mining d i s t r i c t s ,  
was not  found t o  b e  p resen t  above the  de tec t ion  l i m i t  i n  Yucca 
Mountain samples. With t h e  exception of a  moderate arsenic-gold 
co r r e l a t i on ,  c o r r e l a t e d  elements i n  samples from Yucca Mountain 
f a l l  i n t o  only one genera l  category - a  base-metals assoc ia t ion .  
Two groupings o f  elements a r e  present  i n  samples from the  Mother 
Lode deposit  a r e a  and from t h e  Rhyolite d i s t r i c t .  Correlated 
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elements a t  wahmonie, however, were found only i n  t h e  
precious-metals grouping ( s i l ve r - t e l l u r ium,  gold-tel lurium, and 
mercury-tellurium) . 

MINERP-LOGIC A.XD LITHOLOGIC RESULTS 

Although mosc of t he  samples considered t o  be geochemically 
anomalous a r e  i n  t h e  Paintbrush bedded t u f f  sequence, these  
samples a r e  minera log ica l ly  v a r i a b l e .  S i l i c i f i e d  samples, such a s  
YMSC 2.25, W-SC 3 ,  YHSC 5 2 ,  YMSC 88, and YMSC 92  con ta in  opal  and 
opal-CT as  shown by X-ray d i f f r a c t i o n  (Appendix C)  . Opal-CT was 
def ined  by Jones and Segnit ( 1 9 7 1 )  a s  opal  t h a t  y i e l d s  X-ray 
d i f f r a c t i o n  p a t t e r n s  containing some c r i s t o b a l i t e  and t r idymi te  
peaks i n  add i t i on  t o  t h e  p a t t e r n  f o r  amorphous s i l i c a .  Unaltered 
phenocrysts of p l ag ioc l a se ,  potash f e ld spa r ,  b i o t i t e ,  and 
clinopyroxene a r e  p resen t ,  but  pumice l a p i l l i  and shards  a r e  
thorouqhly rep laced  by i s o t r o p i c  t o  f a i n t l y  b i r e f r i n g e n t  s i l i c a  
(Figure  7 )  . 

The t u f f  d i k e  (YMSC 2 2 ) ,  on t he  o ther  hand, i s  composed of 
l a r g e l y  una l te red  g l a s s  l a p i l l i  and shards with una l t e r ed  
phenocrysts of f e l d s p a r ,  b i o t i t e ,  and clinopyroxene. Minor 
amounts of f i n e l y  disseminated montmorillonite and carbonate a r e  
p resen t  (Figure 8 )  . Sample YMSC 1 4 C  i s  almost completely composed 
of volcanic g l a s s  wi th  l i t t l e  o r  no c a l c i t e ,  opal,  o r  c l ay .  

Sample YMSC 45A i s  of c a l c r e t e  b recc ia  i n  ash-flow t u f f  with 
l i t t l e  or  no secondary s i l i c a .   he c a l c r e t e  matrix cons i s t s  of 
f i n e l y  divided c a l c i t e  with rounded granules  of dark brown 
m a t e r i a l  (Figure 9 )  and very minor amounts of l a t e  opal-CT. 
Cav i t i e s  i n  t h e  ma t r ix  contain a c i c u l a r  carbonate (poss ib ly  
c a l c i t e  pseudomorphs a f t e r  a r a g o n i t e ) .  Similar  mineralogies and 
t e x t u r e s  were observed i n  c a l c r e t e  samples not considered t o  have 
anomalous chemis t r i e s  (Figures 10 and 11). 

Ssmple YMDD 36A i s  s i l i c i f i e d  b recc i a  from a  f a u l t  c u t t i n g  
ash-flow t u f f .  I t  c o n s i s t s  mainly of opal-CT and t r i dymi t e  based 
on X X D  ana lys i s .  It a l s o  conta ins  l a t e  ve in l e t s  of white opa l ine  
s i l i c a  conta ining t r i dymi t e  and chalcedony probably s i m i l a r  t o  
t h a t  shown i n  F igu re  7 .  

Sample YMDD 36A i s  macroscopically s imi la r  t o  many o ther  
s i l i c i f i e d  b recc i a  samples taken along f a u l t s  i n  t h e  Yucca A 

~ o u n t a i n  Addition (Figure  2 shows a  good extmple of an outcrop of 
such m a t e r i a l ) .  Except f o r  sample YMDD 36A, none of t he se  samples 
were found t o  have anomalous chemistries. Descr ipt ions  of two 
t h i n  sect ions  of  t h i s  type of rock se rve  t o  i l l u s t r a t e  t he  
mineralogical  and t e x t u r a l  f ea tu re s  of these  b recc i a s .  Sample 
YMSC 29 cons i s t s  of c l a s t s  of d e v i t r i f i e d  ash-flow s e t  i n  
s i l i c e o u s  matr ix  w i th  l o c a l  c a l c i t e .  I n  t h i n  s ec t i on ,  t he  matrix 
i s  seen t o  c o n s i s t  of wedges of t r i dymi t e  coated with brown opal-  
CT (Figure 1 2 )  and l a t e r  l o c a l  c a l c i t e ,  chalcedony, and poss ib le  
c r i s t o b a l i t e .  Sample YMSC 6 6  i s  s i m i l a r ,  containing a  matrix of 
brown opal-CT coa t ed  by chalcedony with l o c a l  l a t e  c a l c i t e  
i n f  i l l i n g  (Figure  13)  . 



Figure  7 .  .?hotomicrograph of sample YNSC 22s. ~ i l i c i f i e ( d  
a i r - f z l l  t u f f  wi th  s h a r d s  and l a p i l l i  a lmos t  comple te ly  
r e p l a c e 6  by i s o c z o p i c  s i l i c a  (on bot tom) and  c u t  by . + wnrte t r i d y x i t e - r i c h  o p a i i n e  s i l i c a  v e i n  (top) 
c c n t a i n i n g  d i s c o n t i n u o u s  l a y e r s  o f  b i r e f r i n g e n t  q u a r t z .  
F i e l d  05  view about  3 rnrn x 2 mrn. C r c s s - p o l a r i z e d  l i g h t .  

F igx re  8 .  Photomicrograph of sample YMSC 2 2 .  Pumice 
l a p i l l i  i n  g l a s s  s h a r d  m a t r i x  w i th  some f i n e  
b i r e f r i n g e n t  m o n t m o r i l l o n i t e .  F i e l d  o f  view about  3 mm 
x 2 mm. Cross -po la r i zed  l i g h t .  
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F i g u r e  9 .  *2hotomicrograph of sample YMSC 45 .  ~ r e c c i a  w i t h  
c a l c r e t e  m a t r i x  and d e v i t r i f i e d  ash- f low t u f f  c l a s t s .  
Note r cznded  da rk  g r a n u l e s .  F i e l d  of view 3 mm x 2 mm. 
P l a n e - p l a r i z e d  l i g h t .  

re 1 0 .  ?ho tomicrograph  of sample YMSC 1 4 .  C a l c r e t e  
l a y e r  i n  bedded t u f f  c o n t a i n i n g  pumice f ragments  and a 
p a r t i a l  s p h e r u l i t e  i n  f i n e  c a l c i t e  w i t h  dark  g r a n u l e s .  
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Figure 11. 2hotomicrograph of sample YKS2 1 4 .  Cavity i n  
c a l c r e z e  conta ining c a l c i t e  a f t e r  a r agon i t e  ( ? )  . 
Horizonzal  f i e l d  approx. 750 microns. Cross-polarized 
l i g h t .  

" SUBSURFACZ DATA 

Although geo log ic  and pet rographic  data  a r e  a v a i l a b l e  f o r  
t h r e e  d r i l l  ho l e s  i n  t h e  Yucca Mountain Addition, very  l i t t l e  
t r a c e  e lenent  d a t a  have been published.  In add i t i on ,  most of t h e  
d a t a  ava i l ab l e  a r e  not app l icab le  t o  precious- and ( o r )  base-metal 
exp lora t ion  because elements s p e c i f i c  f o r  t he  p resen t  work a r e  not 
included,  o r  because de t ec t i on  l i m i t s  a r e  too  h igh .  

A r e l a t i v e l y  d e t a i l e d  l i t h o l o g i c  log, a s  wel l  a s  data  on 
f r a c t u r e  f i l l i n g s ,  f o r  d r i l l  core t o  a  depth of 1533 m from holes  
USW G-3 and USW GU-3 a r e  ava i l ab l e  (Sco t t  and Coste l lanos ,  1984) . 
Based on t h i s  l o g ,  a l t e r a t i o n  of u n i t s  in te rcep ted  i n  these  d r i l l  
ho l e s  c o n s i s ~ s  o f  z e o l i t i c  a l t e r a t i o n  of b e d d e d t u f f s  a t  depths of 
600 m o r  nore, mi-or c l ay  a l t e r a t i o n  below 7 7 0  m ,  more extensive 
c l a y  a l t e r a ~ i o n  below 1100 m ,  and l o c a l  disseminated su l f i de s  
below 1 1 7 0  m .  F r ac tu re  f i l l i n g s  cons i s t  of c lay,  s i l i c a ,  z eo l i t e ,  
carbonate minezels ,  i r o n  oxides 2nd hydroxides, and f l u o r i t e ,  but 
zones of severe f r a c t u r i n g  have not been noted. 

Within t h e  Yucca Mountain Addition, we a r e  aware of only two 
gold  analyses,  bo th  below a  0 . 0 2  ppm de tec t ion  l i m i t ,  on two 
samples from d r i l l  hole  USW G-3 (Broxton e t  a l . ,  1 9 8 6 ) .  A s i ng l e  
antimony a n a l y s i s  was below the  0 .5  ppm detect ion l i m i t .  The 
ana lyses  of t h e s e  samples do not include other  precious-  o r  base- 
metals ,  o r  p a t h f i n d e r  elements assoc ia ted  with them. Results  of 
XRD analyses of f r a c t u r e  f i l l i n g s  i nd i ca t e  t h a t  most a r e  
predominantly composed of s i l i c a  (quar tz ,  c r i s t o b a l i t e ,  and 
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Figure 122; Phocc~icrograph of sample YKSC 29. Silicified 
brecciz matrix. Wedges of tricymite with brown opal-CT 
coatinc and lace chalcedony. Field of view abount 1 
mrn x 1.5 mm. PLane-polarized light. 

Figure 125. Phoeomicrograph of sample YMSC 29. Same view as 
in Figure 12a, buc with cross-polarized light. 
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Figure 13a.' Photomicrogaph of sample YXSC 6 5 .  Matrix of 
silicified breccia. Brown opal-CT coated with g r e y  
birefringent chalcedony. Late carkonete filling. 
Field of view 1.5 mm x 1 mm. Cross-~olarized light. 

Figure 13b. Photomicroaraph of sample YZSC 66. Plane- 
polarized view of Figure 13a. 
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t r i d y m i t e )  and  ( o i )  c a l c i t e .  However, s e v e r a l  f r a c t u r e s  c o n t a i n i n g  
up t o  an e s t i m a t e d  90 p e r c e n t  f l u o r i t e  were i d e n t i f i e d  a t  dep ths  
g r e a t e r  t h a n  249 m ( S c o t t  and C o s t e l l a n o s ,  1 9 8 4 ) .  

More t h a n  80 samples from d r i l l  h o l e  USW G - 1 ,  abou t  3 km 
n o r t h  of t h e  Yucca Mountain Add i t i on ,  have been  a n a l y z e d  f o r  g o l d .  
A l l  were below d e t e c t i o n  l i m i t s ;  however, f o r  t h e s e  a n a l y s e s  t h e  
g o l d  d e t e c t i o n  l i m i t  was 0 .12  ppm o r  h i g h e r .  Antimony a n a l y s e s  of 
t h e s e  samples were  a l s o  a l l  below a  1 . 5  ppm o r  h i g h e r  d e t e c c i o n  
l i m i t .  The d a t a  i n c l u d e  a  few z i n c  v a l u e s  o f  up t o  235 ppm 
(Broxton e t  a l . ,  1986)  . 

Core from d r i l l  h o l e  USW G-2, abou t  5  km n o r t h  o f  t h e  Yucca 
Mountain A d d i t i o n ,  c o n t a i n s  m i n e r a l s  c h a r a c t e r i s t i c  o f  
hydrothermal  a l t e r a t i o n ,  such  a s  c l a y  m i n e r a l s ,  c h l o r i t e ,  and 
p y r i t e  a t  d e p t h s  o f  1000 m o r  more, a s  we l l  a s  f l u o r i t e  v e i n s  and 
a  s i n g l e  t h i n  b a r i t e - c a l c i t e - c h l o r i t e  v e i n  (Caporusc io  e t  a l . ,  
1 9 8 2 ) .  I n  a d d i t i o n ,  g o l d  a n a l y s e s  o f  samples  from t h i s  h o l e  
i n c l u d e  a  v a l u e  o f  0 .06  g o l d  i n  z e o l i t i z e d  t u f f  f rom a  dep th  of 
515 m (Broxton e t  a l . ,  1 9 8 6 ) .  Two samples  from s h a l l o w e r  dep ths  
have no d e t e c t a b l e  g o l d  ( a t  a  d e t e c t i o n  l i m i t  of  0 .02  ppm). 

Uran i f e rous  o p a l  f r a c t u r e  f i l l i n g s  up t o  1 cm t h i c k  were 
n o t e d  i n  d r i l l c o r e  from h o l e  USW G-3 w i t h i n  t h e  Yucca Mountain 
~ d d i t i o n ,  b u t  t h e  h i g h e s t  uranium c o n t e n t  measured i s  35 ppm 
(Szabo and Kyser ,  1 9 8 5 ) .  Gamma l o g  r e s u l t s  i n d i c a t e  t h a t  d r i l l  

h o l e s  w i th in  t h e  Yucca Mountain A d d i t i o n  d i d  no t  e n c o u n t e r  
anomalously r a d i o a c t i v e  rock  (Mul le r  and  K i b l e r ,  1 9 8 5 ) .  

COMPARISON WITH SURROUNDING PRECIOUS-METAL DISTRICTS 

Areas w i t h  p r e c i o u s - m e t a l  d e p o s i t s  which were examined and 
sampled f o r  c o m p a r a t i v e  purposes  a r e  t h e  Wahmonie d i s t r i c t ;  t h e  
Kother  Lode d e p o s i t ;  and t h e  B u l l f r o g  d i s t r i c t ,  a  widespread group 
of p a s t  and p r e s e n t  p roducing  mines i n c l u d i n g  t h e  R h y o l i t e  area, 
t h e  O r i g i n a l  B u l l f r o g  mine, and  t h e  Gold Bar mine ( F i g u r e  I ) .  A l l  
o f  t h e s e  a r e a s  c o n t a i n  p rec ious -me ta l  m i n e r a l i z a t i o n  i n  
southwes te rn  Nevada v o l c a n i c  f i e l d  r o c k s  t h a t  a r e  contemporaneous, 
o r  n e a r l y  s o ,  w i t h  r o c k s  u n d e r l y i n g  t h e  Yucca Mountain ~ d d i t i o n .  

-e D i s t 7  i ct / 
p r e c i o u s - m e t a l  m i n e r a l i z a t i o n  i n  t h e  Wahmonie d i s t r i c t  occu r s  

i n  a  system o f  ~ 3 0 ' ~  v e i n s  w i t h i n  a  s i m i l a r l y  o r i e n t e d  8  km by 4 
km e l l i p t i c a l  a l t e r a t i o n  h a l o  c o n t a i n i n g  s t r a n g l y  o x i d i z e d  
a r g i l l i z e d  and  s i l i c i f i e d  r o c k .  M i n e r a l i z a t i o n  a g e s  de te rmined  on 
a d u l a r i a  from a l t e r e d  rock i n  t h e  Wahmonie d i s t r i c t  are 12 .6  and  
1 2 . 9  Ma ( Jackson ,  1988)  . Vein samples  c o l l e c t e d  from t h e  
Wingf ie ld  s h a f t  dump c o n t a i n  up t o  50 oz s i l v e r  and  0.67 oz g o l d  
p e r  t o n .  They c o n s i s t  mainly of  m a c r o c r y s t a l l i n e  q u a r t z  with  
a l u n i t e  and gypsum; and  c a r r y  f r e e  g o l d ,  ' c e r a r g y r i t e ,  a r g e n t i t e ,  
h e s s i t e ,  i r o n  a n d  manganese o x i d e s ,  a n d  s u l f i d e s  (Quade and 
Tingley ,  1984) . Samples o f  a l t e r e d  r o c k  and v e i n s  c o l l e c t e d  
d u r i n g  t h i s  s t u d y  w i t h i n  a  400-m r a d i u s  of  t h e  Wingf i e ld  s h a f t  
(samples  W - 1  t h r o u g h  W-12, Appendix 4 )  c o n t a i n  up t o  46 pprn s i l v e r  
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and  0.44 ppm g o l h  a l o n g  w i t h  anomalous a r s e n i c ,  b i s m u t h ,  mercury,  
antimony, and  t e l l u r i u m .  Gold c o n t e n t  ranges  between 0 .001  and 
0.202 ppm. The s i l v e r  t o  g o l d  r a t i o  ranges  from 5 t o  more t h a n  
200, and a v e r a g e s  about  7 5 .  

W t h e r  Jade  Deo0si.t pare& 
The E o t h e r  Lode d e p o s i t  i s  l o c a t e d  a t  t h e  b a s e  o f  t h e  

n o r t h e a s t  f l a n k  o f  Bare Mountain about  15 km n o r t h w e s t  of t h e  
Yucca Mountain A d d i t i o n  ( F i g u r e  1) n e a r  t h e  e a s t e r n  end  of  t h e  
F l u o r i t e  Canyon f a u l t .  The d e p o s i t ,  which was l o c a t e d  by d r i l l i n g  
a l o n g  an i n f e r r e d  ez s tward  e x t e n s i o n  o f  t h i s  f a u l t  u n d e r  cove r ,  
h a s  no t  been p u t  i n t o  p r o d u c t i o n ,  b u t  announced r e s e r v e s  a r e  3 . 7  
m i l l i o n  t o n s  a t  0 . 0 5  oz g o l d  p e r  t o n .  An a d d i t i o n a l  0 . 7  m i l l i o n  
t o n s  of  s i m i l a r  o r e  about  1000 meters  s o u t h e a s t  o f  t h e  Mother Lode 
d e p o s i t  were r e c e n t l y  announced by GEXA. The d e p o s i t  does  n o t  
c r o p  o u t ,  b u t  m i n e r a l i z e d  rock  o c c u r s  w i t h i n  1 m o f  t h e  p r e s e n t  
s u r f a c e  i n  a l a r g e  c ros s - shaped  t r e n c h  excava ted  a t  t h e  l o c u s  of  
t h e  most n e a r - s u r f a c e  p a r t  o f  t h e  d e p o s i t  de t e rmined  by d r i l l i n g .  

Two t y p e s  o f  m i n e r a l i z e d  rock ,  s e p a r a t e d  by a  n e a r  v e r t i c a l  
n o r t h e a s t e r l y  f a u l t ,  a r e  exposed  i n  t h e  t r e n c h .  A l t e r e d  pumiceous 
r h y o l i t i c  l a p i l l i  a i r - f a l l  t u f f  o c c u r s  west of t h e  f a u l t ,  and more- 
o r - l e s s  a l t e r e d  f i n e - g r a i n e d  v o l c a n i c  sands tone  w i t h  s i l t s t o n e  and 
l i m y  s i l t s t o n e  i n t e r b e d s  a r e  found e a s t  of t h e  f a u l t .  The t u f f ,  
which i s  c o r r e l a t i v e  w i t h  l e s s  a l t e r e d  rock on a  h i l l  j u s t  west  
of  t h e  d e p o s i t ,  i s  p robab ly  p a r t  o f  a  bedded t u f f  sequence  t h a t  
o v e r l i e s  t h e  P a i n t b r u s h  T u f f .  Examination of  t h e  t r e n c h  w a l l s  
showed t h a t  m i n e r a l i z e d  r o c k  was o r i g i n a l l y  o v e r l a i n  by 25 c m  t o  2  
m o f  g r a v e l  and  ( o r )  c a l i c h e .  

A l t e r a t i o n  mine ra logy  i n  b o t h  rock  t y p e s  exposed  i n  t h e  
t r e n c h  i s  domina t ed  by q u a r t z  and i l l i t e .  J a r o s i t e  i s  l o c a l l y  
abundant ,  p a r t i c u l a r l y  i n  t h e  t u f f .  Spa r se ,  c o a r s e l y  c r y s t a l l i n e ,  
d r u s y  i r r e g u l a r  q u a r t z  and manganese ox ide  v e i n s  are p r e s e n t ,  
p a r t i c u l a r l y  i n  t h e  s i l t s t o n e .  Manganese ox ide  and  q u a r t z  a r e  
a l s o  p r e s e n t  a l o n g  some f a u l t s  i n  t h e  t r e n c h .  
A The t r e n c h  a t  t h e  Mother Lode d e p o s i t  i s  i n  t h e  hanging  w a l l  

o f  t h e  n o r t h - d i p p i n g  F l u o r s p a r  Canyon f a u l t .  Samples o f  
l i m o n i t i z e d  P a l e o z o i c  rock  and  T e r t i a r y  d i k e  rock w e r e  c o l l e c t e d  
f rom dumps a t  o l d  workings s o u t h  of  t h e  f a u l t  i n  t h e  T e l l u r i d e  
min ing  d i s t r i c t .  The f a u l t  i s  t h e  l o c u s  of c h a l c e d o n i c  s i l i c a  
d e p o s i t i o n  i n  t h e  Mother Lode a r e a ,  and i s  a l s o  marked by 
s i l i c i f i c a t i o n  3 kin t o  t h e  sou thwes t  i n  F l u o r i t e  Canyon. 
S i l i c i f i e d  and  a l u n i t i z e d  samples  from t h e  f a u l t  a n d  t h e  P a l e o z o i c  
r o c k s  s o c t h  o f  t h e  f a u l t  were d a t e d  a t  12 .2  Ma and 1 1 . 2  Ma, 
r e s p e c t i v e l y  ( J a c k s o n ,  1 9 8 8 )  . 

T h i r t y - f i v e  samples  o f  m i n e r a l i z e d  and unmine ra l i zed  rock  
were  c o l l e c t e d  i n  t h e  v i c i n i t y  o f  t h e  Mother Lode d e p o s i t  (GEXA 1 
throucjh 3 5 ) ,  a n d  one  sample o f  s i l i c i f i e d  b r e c c i a  (FC-1) was t a k e n  
f rom F l u o r i t e  Canyon. Gold c o n t e n t  o f  t h e s e  samples  r anges  from 
0 . 0 0 1  ppm t o  more t h a n  7 ppm; and e l e v a t e d  s i l v e r ,  a r s e n i c ,  
mercury,  ant imony,  and t e l l u r i u m  c o n t e n t s  a r e  p r e s e n t  i n  samples 
w i t h  h i g h  g o l d .  The a v e r a g e  s i l v e r  t o  go ld  r a t i o  i s  0 . 8 .  
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m a ?  i t e  A m  
The R h y o l i t e  a r e a ,  which l i e s  e a s t  of Bea t ty  i n  t h e  B u l l f r o g  

d i s t r i c t  about  30  km nor thwes t  of  t h e  Yucca Mountain Addi t ion 
( F i g u r e  I ) ,  c o n t a i n s  t h e  l a r g e s t  and h i g h e s t  g rade  known gold  
r e s e r v e s  of any  a r e a  i n  t h e  southwes te rn  Nevada v o l c a n i c  f i e l d .  
The b u l k  of t h e  r e s e r v e s  a r e  i n  Bond Gold I n c . ' s  Bond-Bullfrog 
mine, where a m o d e r a t e l y  westward-dipping orebody h a s  an o v e r a l l  
g r a d e  of  0 . 1 1  o z  g o l d  and 0 .24  oz s i l v e r  p e r  t o n .  The orebody 
c o n s i s t s  of a  c e n t r a l  c o r e  o f  s i l i c a - f l o o d e d  o r e  o v e r l a i n  and 
u n d e r l a i n  by q u a r t z  v e i n  stockwork o r e  ( Jorgensen  e t  a l . ,  1989) . 
The o r e  o c c u r s  i n  r h y o l i t i c  t u f f s  p robably  e q u i v a l e n t  t o  t h e  
Timber Mountain Tuf f  (Cornwall  and Kleinhampl, 1964; and Eyers e t  
a l . ,  1 9 7 6 ) .  Ve in  gangue m i n e r a l s  a r e  c r y p t o c r y s t a l l i n e  t o  
c o a r s e l y  c r y s t a l l i n e  q u a r t z ,  c a l c i t e ,  and a d u l a r i a .  Limonite, 
f l u o r i t e ,  b a r i t e ,  p y r i t e ,  a r g e n t i t e ,  and base-metal  s u l f i d e s  a r e  
a l s o  p r e s e n t  ( J o r g e n s e n  e t  a l . , ,  1 9 8 9 ) .  Product ion  from t h e  Bond- 
B u l l f r o g  p i t  i s  s l a t e d  t o  b e g i n  i n  September 1989 a t  a  planned 
r a t e  o f  200,000 o z  g o l d  p e r  y e a r .  

Bond Gold I n c .  a l s o  h o l d s  r e s e r v e s  of 3 . 1  m i l l i o n  tons  of o r e  
a t  t h e  Montgomery-Shoshone mine, which produced most o f  t h e  g o l d  
i n  t h e  B u l l f r o g  d i s t r i c t  i n  t h e  p a s t ,  The Montgomery-Shoshone o r e  
i s  s i m i l a r  t o  t h a t  a t  Bond-Bullfrog,  which l i e s  about  1 . 5  km t o  
t h e  sou thwes t ,  a n d  o c c u r s  i n  t h e  same l i t h o l o g i c  u n i t s  (Jorgensen 
e t  a l . ,  1989) . A d u l a r i a  from t h e  Montgomery-Shoshone Mine was 
d a t e d  a t  9.5 M a  (Morton e t  a l . ,  1 9 7 7 ) .  

Although w e  were unab le  to, c o l l e c t  samples f rom t h e  Bond- 
B u l l f r o g  p i t ,  s a m p l e s  were t a k e n  on Ladd Mountain west of t h e  p i t  
(BH 2 1  th rough  BH 25,  Appendix 1) and from a  roadcu t  n o r t h e a s t  of 
t h e  p i t  (BE 1 3  t h r o u g h  BE 1 4 ,  Appendix 1 ) .  I n  a d d i t i o n ,  samples 
were c o l l e c t e d  f r o m  a  g l o r y  h o l e  a t  t h e  Montgomery-Shoshone mine 
(MS-1 th rough  MS-7, Appendix I ) ,  from t h e  Na t iona l  Bank mine a r e a  
1 kn nor thwes t  of t h e  Bond-Bullfrog p i t  (BH 2  t h rough  BE 8, 
Appendix 1 ) ;  a n d  from t h e  Tramps mine a r e a  2 km nor thwes t  of t h e  
Bond-Bullfrog p i t  (BH 9 t h rough  12, and  BH 26 th rough  29V, 
Appendix 1 ) .  A l l  samples  were c o l l e c t e d  from r o c k s  cons idered  
c o r r e l a t i v e  w i t h  t h e  P a i n t b r u s h  and Timber Mountain Tuf f s  
(Cornwal l  and Kle inhampl ,  1964; and Byers e t  a l . ,  1976) . The v e i n  
samples  c o n s i s t  m o s t l y  o f  cha l cedon ic  t o  c o a r s e l y  c r y s t a l l i n e  
d r u s y  q u a r t z  w i t h  d a r k  g r a y  l e a c h e d  c a l c i t e  and c l e a r  t o  whi te  
a d u l a r i a .  I r o n  a n d  manganese ox ides  occur  i n  many samples, and 
f r e e  g o l d  was n o t e d  a t  t h e  Tramps Mine. Seve ra l  samples  of 
s i l i c i f i e d  b r e c c i a  were c o l l e c t e d .  Country rock a d j a c e n t  t o  v e i n s  
i s  g e n e r a l l y  s i l i c i f i e d  and b l eached  ash-flow t u f f .  Basa l t  d i k e s  
a n d ( o r )  f lows  o c c u r  a t  t h e  Bond-Bullfrog, Nat iona l  Bank, and 
Montgomery-Shoshone d e p o s i t s ,  and  a r e  mine ra l i zed  and  a l t e r e d  
l o c a l l y .  M o n t m o r i l l o n i t e - i l l i t e  was i d e n t i f i e d  i n  a  mass of 
a r g i l l i z e d  rock  i n  t h e  Montgomery-Shoshone g l o r y  h o l e .  

Analyses  o f  3 4  samples  c o l l e c t e d  from t h e  R h y o l i t e  a r ea  
y i e l d e d  g o l d  v a l u e s  o f  up t o  13 .9  ppm, a long  wi th  h i g h  s i l v e r .  
Many samples are  s l i g h t l y  anomalous i n  molybdenum, p a r t i c u l a r l y  
t h o s e  from t h e  Montgomery-Shoshone ~ i n e .  A few samples  have 
anomalous a r s e n i c ,  mercury,  and  antimony, bu t  ~ h y o l i t e  a r ea  
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samples  a r e  r e l a t i v e l y  low i n  t h e s e  e lements  compared wi th  t h o s e  
f rom Wahmonie a n d  t h e  Mother Lode d e p o s i t .  Only a s i n g l e  sample 
f rom t h e  R h y o l i t e  a r e a  c o n t a i n s  h igh  t e l l u r i u m .  

quUF.-oa w h  
The O r i g i n a l  B u l l f r o g  mine i s  i n  t h e  southwes t  c o r n e r  of  t h e  

B u l l f r o g  d i s t r i c t  about  30 km west-northwest of t h e  Yucca Mountain 
A d d i t i o n  ( F i g u r e  1 ) .  The o r e  c o n s i s t s  most ly  of a  mass of  n e a r l y  
s o l i d  q u a r t z  some 20 m t h i c k  d i p p i n g  about  20' n o r t h ,  o v e r l a i n  by 
r h y o l i t e  wi th  abundant  q u a r t z  s t r i n g e r s  and u n d e r l a i n  by s h e a r e d  
s h a l y  P a l e o z o i c  rock  (Ransome e t  a l . ,  1 9 1 0 ) .  Q u a r t z  v e i n s  do no t  
e x t e n d  i n t o  t h e  u n d e r l y i n g  s h a l e  o r  a s s o c i a t e d  l i m e s t o n e .  A 
n e a r l y  h o r i z o n t a l  zone o f  b l eached  and i n t e n s e l y  s h e a r e d  rock 
o c c u r s  a long  a r o a d c u t  below t h e  main lode  and a p p e a r s  t o  s e p a r a t e  
q u a r t z - v e i n e d  r h y o l i t e  i n  t h e  hanging wa l l  from dark-green  s h a l e  
i n  t h e  f o o t w a l l .  The q u a r t z  v e i n  m a t e r i a l  c o n s i s t s  mos t ly  o f  
c o a r s e l y  c r y s t a l l i n e  q u a r t z ,  w i t h  some c a l c i t e ,  m a l a c h i t e ,  and  
c h r y s o c o l l a .  N a t i v e  g o l d  o c c u r s  a s  v i s i b l e  p a r t i c l e s  w i th  
l i m o n i t e  a s s o c i a t e d  w i t h  c h r y s o c o l l a .  

Adu la r i a  f rom ash- f low t u f f  a l t e r e d  t o  a l k a l i  f e l d s p a r  and 
m o n t m o r i l l o n i t e  a n d  c u t  by q u a r t z - a d u l a r i a  v e i n l e t s  w a s  d a t e d  a t  
8 . 7  Ma (Jackson ,  1 9 8 8 ) .  The age of t h e  ash-flow t u f f  t h a t  h o s t s  
t h e  O r i g i n a l  B u l l f r o g  l o d e  i s  n o t  known, b u t  it u n d e r l i e s  t h e  
B u l l f r o g  Menber o f  t h e  C r a t e r  F l a t  Tuff which i s  c o n s i d e r e d  t o  be 
1 4 . 0  Ma (Byers e t  a l .  ,1976)  . 

Although o n l y  f i v e  s a m p l e s  were c o l l e c t e d  from the  O r i g i n a l  
B u l l f r o g  mine ( B X  15 t h r o u g h  BH 20), r e s u l t s  of chemica l  a n a l y s e s  
a r e  s u f f i c i e n t l y  d i f f e r e n t  from t h e  r e s t  of t h e  B u l l f r o g  d i s t r i c t  
t o  show t h a t  t h i s  d e p o s i t  merits s e p a r a t e  d i s c u s s i o n .  Gold va lues  
i n  O r i g i n a l  B u l l f r o g  samples  range  between 0.02 and  117 ppm, and 
t h e  s i l v e r  t o  g o l d  r a t i o  a v e r a g e s  about  12.  Other  anomalous t r a c e  
e l e m e n t s  a r e  b i smuth ,  copper ,  and  antimony. Molybdenum i s  
anomalous,  a l t h o u g h  a t  low l e v e l s ,  and s i n g l e  samples  were 
anomalous i n  cadmium, l e a d ,  t e l l u r i u m ,  o r  t h a l l i u m .  

d Rar 
The Gold Bar  mine i s  a producing  s i l v e r - g o l d  d e p o s i t  l o c a t e d  

a b o u t  3 0  km n o r t h w e s t  o f  t h e  Yucca Mountain Add i t i on  i n  t h e  
n o r t h w e s t  c o r n e r  of t h e  B u l l f r o g  d i s t r i c t .  (F igu re  1) . The orebody 
c o n s i s t s  of a  n o r t h e a s t e r l y  zone of  b r e c c i a t e d  r h y o l i t e  and b a s a l t  
a b o u t  300 m by 30 m i n  p l a n  which d i p s  6 5 ' ~ ~  (Ransome e t  a l . ,  
1 9 1 0 ) .  The age  o f  t h e  m i n e r a l i z a t i o n  and h o s t  rock  i s  no t  known. 

F i v e  samples  were c o l l e c t e d  from a  muck p i l e  i n  t h e  Gold Bar 
p i t  (GB 1 t h r o u g h  GB 5 ,  Appendix I ) ,  b u t  none were found  t o  b e  of  
o re -g rade  m a t e r i a l .  Gold c o n t e n t s  range  between 0 .006  ppm i n  
unmine ra l i zed  ash- f low t u f f  and 0.08 ppm i n  b a s a l t  c u t  by c a l c i t e -  
q u a r t z  v e i n s .  The a v e r a g e  s i l v e r  t o  g o l d  r a t i o  i s  11, and o t h e r  
t r a c e  element c o n t e n t s  a r e  low, w i th  t h e  except ion  of  s l i g h t l y  
anomalous an t imony.  Veins c o n s i s t  o f  m a c r o c r y s t a l l i n e  c a l c i t e  and 
d r u s y  q u a r t z .  E l e c t r u m  and  go ld -bea r ing  p y r i t e  a r e  p r e s e n t  
(Ransome e t  a 1  . , 1910)  . 
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mtri c t z  
Based on ages  and c o r r e l a t i o n s  discussed above, l i t ho log i c  

u n i t s  exposed i n  t h e  Yucca Mountain Addition a r e  o l d e r  than 
minera l iza t ion  i n  a l l  of t h e  surrounding precious-metal d i s t r i c t s ,  
and rocks c o r r e l a t i v e  with Yucca Mountain Addition u n i t s  contain 
s i l ve r -go ld  d e p o s i t s  i n  t h e  Rhyoli te  a r e a .  Precious-metal 
minera l iza t ion  i n  t h e  Yucca Mountain Addition is ,  there fore ,  
permissive w i th in  t h e  c o n s t r a i n t s  of timing and host-rock 
l i t h o l o g y .  

Jackson (1988) suggested t h a t  s i lve r -go ld  mineral iza t ion i n  
t h e  southwestern Nevada volcanic  f i e l d  i s  r e l a t e d  t o  a  s ingle  
episode of widespread hydrothermal a c t i v i t y  a s soc i a t ed  with pos t -  
co l l apse  vo lcan ic  a c t i v i t y  fol lowing erupt ions  from the  Timber 
Mountain c a l d e r a .  The Yucca Mountain Addition f a l l s  within t h i s  
a r e a  of hydrothermal a c t i v i t y .  However, based on geochemistry and 
f l u i d  inc lus ion  d a t a ,  t h e  Bare Mountain d i s t r i c t  depos i t s ,  
inc lud ing  the  Mother Lode depos i t ,  a r e  thought t o  be a  near 
su r f ace  express ion of a  porphyry molybdenum system not c l ea r ly  
r e l a t e d  t o  c a l d e r a  a c t i v i t y  (Noble and Weiss, 1989) .  

According t o  Jorgensen e t  a l .  (19891, geologic data  suggest 
t h a t  s i l ve r -go ld  mine ra l i za t i on  i n  t h e  Bullfrog d i s t r i c t  formed 
from hydrothermal s o l u t i o n s  migrat ing along the  Bul l f rog  
detachment f a u l t .  Several  w r i t e r s  ( including Hamilton, 1988) have 
suggested t h a t  f a u l t s  bounding Bare Mountain, inc lud ing  the 
F l u o r i t e  Canyon f a u l t ,  a r e  t h e  ,eastward extension of t h e  Bul l f rog 
detachment. The Mother Lode depos i t  and o ther  go ld-s i lver  
minera l iza t ion  i n  t h e  Bare Mountain a r ea  could a l s o  be considered 
t o  be r e l a t e d  t o  f l u i d  migrat ion along a  detachment f a u l t .  I f ,  a s  
some bel ieve ( e  . g., Hamilton, 1988) , t h e  Bullf rog-Bare Mountain 
detachment s u r f a c e  extends eastward under Yucca Mountain, 
precious-metal m ine ra l i za t i on  could a l s o  occur t h e r e  a t  depth. 

The e a s t e r n  ca lde ra  wal l  f r a c t u r e s  of t he  proposed Crater  
Flat-Prospector Pass  ca lde ra  system may l i e  beneath Yucca Mountain 
(Carr ,  1984) . I f  t h i s  i s  so, precious-metal mineral iza t ion 
r e l a t e d  t o  pos t -co l lapse  hydrothermal a c t i v i t y  may occur a t  depth 
i n  t h e  Yucca Mountain Addit ion.  

Results  o f  s u r f a c e  examination and sampling i n  t h e  Yucca 
Mountain Addition have de l i nea t ed  some important d i f ferences  
between it and t h e  surrounding precious-metal d i s t r i c t s .  Based on 
the. general  absence of hydrothermal a l t e r a t i o n ,  we bel ieve t h a t  
t h e  da ta  fr3m d r i l l  ho les  G - 3  and GU-3 ind ica te  t h a t  geology 
s i m i l a r  t o  t h a t  exposed on t h e  sur face  extends t o  a  depth of a t  
l e a s t  600  m benea th  t h e  c r e s t  of Yucca ~ o u n t a i n .  

The Yucca Mountain Addition i s  underlain by rock types t h a t  
a r e  mineral ized i n  t h e  surrounding precious-metal d i s t r i c t s .  
However, exposures of T e r t i a r y  i n t r u s i v e  igneous rocks and pre- 
T e r t i a r y  rocks t h a t  occur i n  t h e  Wahmonie and Bul l f rog  d i s t r i c t s ,  
and i n  t h e  Mother Lode depos i t  area ,  do not occur i n  t h e  Yucca 
Mountain Addit i o n .  

Direct  s u r f a c e  observa t ions  i nd i ca t e  t hz t  no a reas  of 
hydrothermal a l t e r a t i o n  s i m i l a r  t o  those  i n  the  ~ahmon ie  and 
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t h e  Yucca Mountain A d d i t i o n .  No s i g n i f i c a n t  a r e a s  of s t r o n g l y  
b l eached ,  l i m o n i t i z e d ,  a r g i l l i z e d ,  o r  s i l i c i f i e d  rock  a r e  p r e s e n t  
i n  t h e  Yucca Mountain Add i t i on .  

The s i l i c i f i e d  a n d ( o r )  c a l c r e t e  f a u l t  b r e c c i a s ,  s i l i c a  
a n d ( o r )  c a r b o n a t e  v e i n s ,  and s m a l l  amounts o f  a l t e r e d  t u f f  
encoun te red  i n  t h e  Yucca Mountain Addi t ion  do n o t  c a r r y  anomalous 
g o l d ,  and o n l y  a few samples c o n t a i n  s l i g h t l y  anomalous s i l v e r ,  
l e a d ,  and b i s m u t h .  I n  comparison, v e i n s ,  b r e c c i a s ,  and a l t e r e d  
rock  from a r e a s  w i t h  known prec ious-meta l  m i n e r a l i z a t i o n  have 
modera te ly  t o  h i g h l y  anomalous go ld  and s i l v e r ,  a n d  g e n e r a l l y  
c o n t a i n  anomalous amounts of  a s s o c i a t e d  t r a c e  m e t a l s  such a s  
a r s e n i c ,  mercury,  and  ant imony.  In  a d d i t i o n ,  c o r r e l a t i o n s  among 
e lements  i n  s a m p l e s  from t h e  Yucca Mountain Add i t i on  show l i t t l e  
resemblance t o  e l e m e n t a l  c o r r e l a t i o n s  from p rec ious -me ta l  
d i s t r i c t s .  

The s i l i c a  a n d ( o r )  c a r b o n a t e  v e i n s  and b r e c c i a s  which 
commonly occur  a l o n g  f a u l t s  i n  t h e  Yucca Mountain Add i t i on  a r e  
m i n e r a l o g i c a l l y  d i s t i n c t  from v e i n s  and b r e c c i a s  i n  t h e  p rec ious -  
m e t a l  d i s t r i c t s  examined.  The s i l i c e o u s  component i n  t h e s e  rocks  
i n  t h e  Yucca Mountain ~ d d i t i o n  i s  mainly opal-CT, t r i d y m i t e  
a n d ( o r )  c r i s t o b a l i t e  w i th  on ly  minor cha l cedon ic  q u a r t z .  Vein and 
b r e c c i a  s i l i c a  i n  t h e  prec ious-meta l  d i s t r i c t s  i s  cha l cedon ic  t o  
c o a r s e l y  c r y s t a l l i n e  q u a r t z  w i th  l i t t l e  o r  no o p a l .  Carbonate i n  
Yucca Mountain A d d i t i o n  v e i n s  and  b r e c c i a s  i s  v e r y  f i n e - g r a i n e d  
c a l c r e t e ,  whereas  t h a t  i n  t h e  prec ious-meta l  d i s t r i c t s  i s  c o a r s e l y  
c r y s t a l l i n e .  S i l i c a  v e i n s  and b r e c c i a s  i n  t h e  Yucca Mountain 
Add i t i on  do n o t  c o n t a i n  abundant manganese ox ide  o r  l imon i t e ,  b u t  
some c o n t a i n  a b u n d a n t  h e m a t i t e .  By c o n t r a s t ,  l i m o n i t e  and 
manganese o x i d e  are abundant  i n  v e i n s  i n  t h e  prec ious-meta l  
d i s t r i c t s .  

REMOTE S E N S I N G  A N A L Y S I S  

Remote s e n s i n g  methods were used t o  compare f a u l t  p a t t e r n s ,  
l ineament  p a t t e r n s ,  and  a l t e r a t i o n  i n  thelYucca Mountain Addi t ion  
t o  t h o s e  i n  t h e  Wahmonie mining d i s t r i c t ,  t h e  C a l i c o  H i l l s  a r e a ,  
t h e ;  Mother Lode d e p o s i t  a r e a ,  and  t h e  Rhyo l i t e  a r e a .  

REMOTE SENSING METHODOLOGY 

Geoloui c S t _ r u c t l ~ r e  
S i x  v i s i b l e  a n d  n e a r  i n f r a r e d  bands of Landsat  Thematic 

Mapper (TM) d i g i t a l  imagery and one band of  SPOT panchromatic  
s a t e l l i t e  imagery,  w i t h  r e s o l u t i o n s  o f  30 m and 1 0  m, 
r e s p e c t i v e l y ,  were a n a l y z e d  on a  Terramar Microimage computer 
image p r o c e s s i n g  s y s t e m .  S t r u c t u r a l  f e a t u r e s  and l i neamen t s  were 
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enhanced on a s i h g l e  band of  TM imagery and on t h e  SPOT imagery by 
a p p l y i n g  a  h igh -pas s  f i l t e r .  The h i g h  p a s s  f i l t e r  per forms  an  
edge  enhancement and  emphasizes l i n e a r  f e a t u r e s  by  e x a g g e r a t i n g  
d i f f e r e n c e s  i n  b r i g h t n e s s  v a l u e s  between a d j a c e n t  p i c t u r e  
e l e m e n t s .  D i r e c t i o n a l  f i l t e r s  were a l s o  a p p l i e d  t o  b o t h  TM and  
SPOT imagery t o  emphasize l i neamen t s  w i t h  no r th - sou th ,  ea s t -wes t ,  
n o r t h e a s t - s o u t h w e s t ,  and no r thwes t - sou theas t  o r i e n t a t i o n s .  
Lineaments were drawn manually on t h e  edge-enhanced images.  
Because t h e  number o f  l i neamen t s  drawn i n  each  a r e a  was t o o  small 
t o  show a s t a t i s t i c a l l y  s i g n i f i c a n t  p a t t e r n ,  r o s e  diagrams were 
n o t  c o n s t r u c t e d .  

The l i n e a m e n t s  enhanced and  r ecogn ized  on SPOT and  Landsat  TM 
imagery a r e  l i n e a r  t opograph ic  and  t o n a l  f e a t u r e s  and  a r e  n o t  
unequ ivoca l ly  r e l a t e d  t o  g e o l o g i c  s t r u c t u r e .  L i n e a r  c u l t u r a l  
f e a t u r e s  such as r o a d s  and v e g e t a t i o n  boundar ies  are a l s o  enhanced 
by a p p l y i n g  f i l t e r s  t o  s a t e l l i t e  imagery.  L inea r  f e a t u r e s  shou ld  
be  i n t e r p r e t e d  w i t h  c a r e  s i n c e  l i n e a r  a r t i f a c t s  p a r a l l e l  t o  t h e  
s e n s o r  scan  l i n e  d i r e c t i o n  may be emphasized,  d i r e c t i o n a l  
e x a g g e r a t i o n s  may b e  in t roduced ,  and  s p u r i o u s  l i n e a r s  g e n e r a t e d  
from e l e c t r o n i c  " r i n g i n g "  ( a  shadow o r  h a l o  around s h a r p  edges )  
may b e  produced.  None o f  t h e  l i n e a r  f e a t u r e s  r e c o g n i z e d  on t h e  
s a t e l l i t e  imagery  d u r i n g  t h i s  i n v e s t i g a t i o n  have been  checked i n  
t h e  f i e l d .  U n t i l  f i e l d  checking  o r  d r i l l i n g  d a t a  con f i rm  t h e  
p r e s e n c e  of  f a u l t s ,  t h e s e  l i neamen t s  cannot  be assumed t o  be  
g e o l o g i c  s t r u c t u r e s .  

The d i r e c t i o n  and l e n g t h  04f f a u l t s  of more t h a n  0 . 3  km i n  
l e n g t h  were measured  on g e o l o g i c  maps of  t h e  Yucca Mountain 
Add i t i on  and i n  s u r r o u n d i n g  p rec ious -me ta l  mining d i s t r i c t s  and  
m i n e r a l i z e d  a r e a s .  For  each  a r e a ,  t h e  r e s u l t s  were t a b u l a t e d  and 
p l o t t e d  on r o s e  d iagrams t o  de t e rmine  t h e  most p rominent  f a u l t  
o r i e n t a t i o n s ,  a n d  t h e  c i r c u l a r  v a r i a n c e  was c a l c u l a t e d .  
Lineaments d e t e c t e d  on t h e  TM and  SPOT imagery were t h e n  compared 
w i t h  measured f a u l t  o r i e n t a t i o n s  i n  t h e  Yucca Mountain Add i t i on  
and  t h e  s u r r o u n d i n g  mining d i s t r i c t s .  

Pock Altera- 
Landsat Themat ic  Mapper imagery o f  t h e  Yucca Mountain 

A d d i t i o n  and s u r r o u n d i n g  m i n e r a l i z e d  a r e a s  was p r o c e s s e d  t o  l o c a t e  
and  enhance r o c k  a l t e r a t i o n  which may b e , a s s o c i a t e d  w i t h  
m i n e r a l i z a t i o n .  D i s t i n c t i v e  s p e c t r a l  f e a t u r e s  which have been 
obse rved  i n  t h e  v i s i b l e  and n e a r - i n f r a r e d  p a r t  of  t h e  spec t rum on 
l a b o r a t o r y  r e f l e c t a n c e  cu rves  o f  p u r e  mine ra l s  and which can b e  
i d e n t i f i e d  u s i n g  Landsa t  TM bandpasses  c o n s i s t  o f  f e r r o u s  and  
f e r r i c  i r o n ,  t h e  hydroxyl  i on ,  bound wa te r ,  and t h e  c a r b o n a t e  and 
s u l f a t e  i o n s .  Even i n  low c o n c e n t r a t i o n s ,  i r o n  a n d  hydroxyl  o r  
w a t e r  a b s o r p t i o n  f e a t u r e s  o f t e n  dominate  rock s p e c t r a ,  s i n c e  many 
rock-forming m i n e r a l s  ( e .  g . ,  q u a r t z  and  f e l d s p a r )  do n o t  have 
d i s t i n c t i v e  s p e c t r a  i n  t h e  v i s i b l e  and  n e a r  i n f r a r e d  p a r t  o f  t h e  
spec t rum.  

Three-band c o l o r  r a t i o  compos i te  images of t h e  Yucca Mountain 
Add i t i on  and s u r r o u n d i n g  mining d i s t r i c t s  were produced  t o  show 
a r e a s  o f  a r g i l l i c  and  i r o n  ox ide  a l t e r a t i o n .  The r a t i o s  make use  
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of spec t ra l  absotp t ion  features  cha rac te r i s t i c  of i ron  minerals 
near 450 nm and between 750 and 900 nm and absorption fea tu res  
near 2200  nm which a r e  cha rac te r i s t i c  of c lay minerals. The 
d i s t i n c t i v e  s p e c t r a l  cha rac te r i s t i c s  of c lay minerals causes areas 
with clay t o  appear br ight  i n  a  TM band 5/TM band 7 r a t i o  image 
while i ron oxide minerals appear br ight  in  a  TM band 3/TM band 1 
r a t i o  image. Because of spec t ra l  features  associated with 
vegetation, vegetat ion appears br ight  on a  TM band 4/TM band 3  
image. 

The vegetat ion,  iron oxide, and clay r a t i o  images were 
combined t o  form a  color  composite image where T M ~ / T M ~  was encoded 
blue,  TM3/TM1 was encoded green, and T M ~ / T M ~  was encoded red.  
Areas with i ron  oxide a l t e r a t i o n  appear green; areas  with a r g i l l i c  
a l t e r a t i o n  appear red; and areas containing both a r g i l l i c  and iron 
oxide a l t e r a t i o n  appear yellow on the  imagery. 

After t h e  Landsat TM imagery was processed, se l ec ted  areas  
t h a t  showed evidence of a r g i l l i c  and iron oxide a l t e r a t i o n  were 
checked i n  t h e  f i e l d  and samples were collected f o r  X-ray 
d i f f r a c t i o n  a n a l y s i s .  Reflectance spectra i n  the v i s i b l e  and near 
inf rared  were a l s o  recorded i n  the  f i e l d  and i n  the  laboratory 
with a  Geophysical Environmental Research, Inc. f i e l d  
spectroradiometer.  

RESULTS FOR YUCCA MOUNTAIN A D D I T I O N  

t s  and Ljneaments 
The lengths and or ienta t ions  of f a u l t s  longer than 0 .3  km 

mapped by Lipman and McKay (1965) i n  the  Yucca Mountain Addition 
were measured on t h e  1:24,000-scale map, tabulated, and p l o t t e d  in  
l o 0  increments on rose diagrams as  a  function of f a u l t  frequency 
(Figure 1 4 )  and cumulative length of f a u l t s  (Figure 1 5 ) .  Similar 
p l o t s  (Figures 1 6  and 1 7 )  were constructed for  f a u l t s  mapped by 
Scot t  and Bonk (1984) i n  the  Yucca Mountain Addition (1:12,000- 
sca le  map). The or ienta t ions  of mineralized veins o r  f r a c t u r e s  
from which samples were col lected and analyzed as  p a r t  of t h i s  
invest igat ion,  where recorded, were a l s o  plotted (Figure 1 8 ) .  For 
each of the  rose  diagrams, the t o t a l  number ( n )  o r  cumulative 
length i n  kilometers (1) of f a u l t s ,  veins, and f rac tu res  i s  given 
as  well as  t h e  c i r c u l a r  variance ( c v ) .  The c i r cu la r  variance i s  a  
measure of t h e  dispersion of the data  and varies between 0  and 1. 
Small values i n d i c a t e  t h a t  f a u l t  or ien ta t ions  are  t i g h t l y  grouped, 
and large values ind ica te  a  dispersed group of o r i en ta t ions .  

I n  the Yucca Mountain Addition, the maximum number of f a u l t s  
or  cumulative f a u l t  length, i n  a l l  f i v e  cases, was between north- 
south and NIOOE o r  north-south and N I O O w  on the rose diagrams. 
The o r i en ta t ions  with the  grea tes t  number of f a u l t s  a l s o  
approximately coincide with the or ientat ions of t h e  g r e a t e s t  
cumulative l eng th .  Mean d i rec t ions  were between N ~ O W  and N I O W ,  or  
a t  N ~ O E .  C i rcu la r  variance ranged from 0.18 t o  0.34. This 
indicates  t h a t  many of the f a u l t s  a t  the  surface i n  t h e  Yucca 
Mountain Addition a r e  subparal le l  and faul t  in tersec t ions  would be 



Figure 14. Yucca Mountain Addition normalized fault 6 

orientation frequency, as measured on the geologic map 
by Lipman and McKay (1965). The total number of faults 
measured (0.3 km or longer) is indicated by "nV; "cv" is 
the circular variance which can vary between 0 and 1. 



Figure  1 5 .  .Yucca Mountain Addi t ion  o r i e n t a t i o n  o f  n ~ r m a l i ~ e d  
c u m u l a t i v e  f a u l t  l e n g t h  f requency  f o r  f a u l t s  l onge r  than  
0 . 3  km, as measured on t h e  geo log ic  map b y  Lipman and 
McKay ( 1 9 6 5 ) .  T o t a l  f a u l t  l e n g t h  measured i n  k i lome te r s  
i s  i n d i c a t e d  by  "1"; "cv" i s  t h e  c i r c u l a r  v a r i a n c e  which 
can  v a r y  between 0 and 1. 



Figure  1 6 .  Yucca Mountain Addition normalized f a u l t  , 4 

o r i e n t a t i o n  frequency f o r  f a u l t s  longer  t h a n  0 . 3  km, a s  
measured on t h e  geologic  map by S c o t t  and Bonk ( 1 9 8 4 ) .  
The t o t a l  number of  f a u l t s  measured i s  i n d i c a t e d  by "n"; 
"cv" i s  t h e  c i r c u l a r  va r i ance  which can v a r y  between 0 
and I .  



Figure  1 7 .  Yucca Mountain Addi t ion  o r i e n t a t i o n  of normal ized  
c u m u l a t i v e  f a u l t  l e n g t h  f r equency  f o r  f a u l t s  l o n g e r  t h a n  
0 . 3  km, as measured on t h e  g e o l o g i c  map by S c o t t  and 
Bonk ( 1 9 8 4 ) .  The t o t a l  f a u l t  l e n g t h  measured i n  
k i l o m e t e r s  i s  i n d i c a t e d  by " I " ;  "cvW i s  t h e  c i r c u l a r  
v a r i a n c e  which can vary  between 0 and 1. 



F i g u r e  1 8 .  O r i e n t a t i o n  of  normalized f r equency  of minerali 'zed 
v e i n s  a n d  f a u l t s  sampled i n  t h i s  i n v e s t i g a t i o n  i n  t h e  
Yucca Mountain Add i t i on .  The t o t a l  number of v e i n s  and 
f a u l t s  o f  known o r i e n t a t i o n  i s  i n d i c a t e d  by "n"; "cv" i s  
t h e  c i r c u l a r  v a r i a n c e  which can  v a r y  between 0 and 1. 
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less l i k e l y  t o  o k c u r  t h a n  i n  a r e a s  w i t h  a  g r e a t e r  r a n g e  o f  f a u l t  
o r i e n t a t i o n s .  

SPOT d i g i t a l  d a t a  of  t h e  Yucca Mountain Add i t i on  were 
p r o c e s s e d  w i t h  a h igh-pass  f i l t e r  ( F i g u r e  19 )  and l i n e a m e n t s  were 
drawn on t h e  r e s u l t i n g  image. D i r e c t i o n a l l y  f i l t e r e d  images were 
a l s o  produced a n d  l i neamen t s  r ecogn ized  on t h e s e  ( i . e . ,  F i g u r e  20) 
were t r a n s f e r r e d  t o  a  n o n - d i r e c t i o n a l  b i a s e d  f i l t e r e d  image wi th  a  
p e r c e n t a g e  o f  t h e  o r i g i n a l  image added back t o  t h e  f i l t e r e d  image. 
F i g u r e  20 was enhanced  f o r  no r thwes t - sou theas t  l i n e a m e n t s ,  b u t  
shows l i n e a m e n t s  i n  many o t h e r  o r i e n t a t i o n s  a s  w e l l .  Lineaments 
drawn on F i g u r e  1 9  are i n d i c a t e d  on F igu re  20 w i t h  a r r o w s .  

Many o f  t h e  l i n e a m e n t s  c o i n c i d e  wi th  mapped f a u l t s ,  and some 
e x t e n d  t h e  f a u l t s  i n t o  t h e  a l l u v i u m .  The n o r t h e r n  p a r t  of t h e  
S o l i t a r i o  Canyon f a u l t  does  n o t  show up we l l ,  b u t  a  s i g n i f i c a n t  
l ineament  f o l l o w s  t h e  wash i n  S o l i t a r i o  Canyon. Three  ea s t -wes t  
l i neamen t s  t h a t  d o  n o t  c o i n c i d e  w i t h  mapped f a u l t s  have  been 
r ecogn ized ,  t h e  southernmost  one b e i n g  t h e  most p rominen t  (F igu res  
19  and 20) . If t h e s e  r e l a t i v e l y  l o n g  l ineaments  a r e  f a u l t s ,  t h e  
number of  f a u l t  i n t e r s e c t i o n s  would be  h ighe r  i n  t h e  Yucca 
Mountain A d d i t i o n  t h a n  i s  i n d i c a t e d  by geo log ic  mapping. However, 
none of  t h e  l i n e a m e n t s  drawn on t h e  images were checked  i n  t h e  
f i e l d  t o  e s t a b l i s h  t h e  p r e s e n c e  o r  absence  o f  f a u l t s .  

B l t e r a t  ion 
A Landsa t  TM c o l o r  r a t i o  compos i te  was produced f rom TM4/TM3, 

T M ~ / T M ~ ,  and  TM5/TM7 a s  b l u e ,  gSeen, and  r ed ,  r e s p e c t i v e l y  (F igu re  
2 1 ) .  The r a t i o  image produced from t h e  Landsat TM imagery  i s  a t  a 
s m a l l e r  s c a l e  a n d  lower  r e s o l u t i o n  t h a n  t h e  SPOT l i n e a m e n t  images.  
Areas  i n  t h e  Yucca Mountain Add i t i on  t h a t  a r e  a l t e r e d  show up a s  
ye l low,  i n d i c a t i n g  h i g h  c l a y  and i r o n  oxide  c o n t e n t ,  a n d  c o n s i s t  
p r i m a r i l y  o f  bedded  t u f f s  i n  o r  s t r a t i g r a p h i c a l l y  above  t h e  
P a i n t b r u s h  Tuff ( b t  and  p b t  on P l a t e  1) . 

These bedded  t u f f s  were sampled i n  t h e  f i e l d  a n d  r e f l e c t a n c e  
s p e c t r a  were r e c o r d e d  w i t h  a  f i e l d  s p e c t r o r a d i o m e t e r .  The bedded 
t u f f s  a r e  i r o n  s t a i n e d  and s i l i c i f i e d  i n  p l a c e s  and ,  b a s e d  on X- 
r a y  d i f f r a c t i o n  a n a l y s i s  (Appendix C ) ,  con ta in  p r i m a r i l y  v o l c a n i c  
g l a s s ,  w i t h  some c a l c i t e ,  o p a l ,  c r i s t o b a l i t e ,  and m o n t m o r i l l o n i t e  . 
S p e c t r a l  c u r v e s  r e c o r d e d  w i t h  t h e  s p e c t r o r a d i o m e t e r  i n d i c a t e d  c l a y  
a b s o r p t i o n  f e a t u r e s  i n  t h e  bedded t u f f s  which were a b s e n t  i n  t h e  
u n d e r l y i n g  u p p e r  u n i t  of t h e  Topopah Spr ing  Member ( F i g u r e s  22 and 
9 2 \  

RESULTS FOR PRECIOUS-METAL DISTRICTS AND MINERALIZED AREAS 

m i e  Dis t r ic t  

F a u l t s  and L ineamen t s  
Mapped f a u l t  f r equency ,  l e n g t h ,  and o r i e n t a t i o n  were measured 

on t h e  1 :24 ,000  g e o l o g i c  map of  t h e  S k u l l  Mountain q u a d r a n g l e  
(Ekren and  S a r g e n t ,  1 9 6 5 ) .  The r o s e  diagram of f a u l t  f r equency  
( F i g u r e  2 4 )  shows t h a t  t h e  g r e a t e s t  number of f a u l t s  are  o r i e n t e d  



F i g u r e  1 9 .  L i n e a m e n t s  drawn on a n  enhanced  SPOT p a n c h r o m a t i c  
image of t h e  Yucca Mountain A d d i t i o n .  The Yucca 
M o u n t a h  A d d i t i o n  i s  o u t l i n e d  i n  r e d .  L i n e a m e n t s  have 
n o t  b e e n  c h e c k e d  i n  t h e  f i e l d  t o  e s t a b l i s h  t h e  p r e s e n c e  
o r  a b s e n c e  o f  f a u l t i n g .  
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F i g u r e  2 0 ,  Lineaments  shewn i n  F igu re  1 9  a r e  i n d i c a t e d  with  
a r rows  on t h i s  SPOT panchromatic  image enhanced f o r  
n o r t h w e s t  l i n e a m e n t s .  The Yucca Mountain Addi t ion  i s  
o u t l i n e d  i n  r e d .  This  image covers  t h e  same a r e a  a s  
F i g u r e  1 9 .  Lineaments have no t  been checked  i n  t h e  
f i e l d  t o  e s t a b l i s h  t h e  p re sence  o r  absence  o f  f a u l t i n g .  



Figure  2 1 .  Landsa t  TM c o l o r  r a t i o  composi te  o f  t h e  Yucca 
Mountain Add i t i on .  The Yucca Mountain A d d i t i o n  i s  
o u t l i n e d  i n  r e d .  Red on t h e  image i n d i c a t e s  a r e a s  wi th  
a r g i l l i c  a l t e r a t i o n ,  g reen  i n d i c a t e s  a r e a s  w i t h  i r o n  
o x i d e  a l t e r a t i o n ,  and ye l low a r e a s  on t h e  image have 
been  a f f e c t e d  by bo th  c l a y  and  i r o n  o x i d e  a l t e r a t i o n .  
Yellow a r e a s  w i t h  a l t e r e d  bedded t u f f  a r e  o u t l i n e d  i n  
b l a c k .  



Figure  2 2 .  ,Spec t r a l  curve  of a l t e r e d  bedded t u f f ,  sample 4 

YMSF3 i n  t h e  Pa in tb rush  T u f f ,  showing a  c l a y  a b s o r p t i o n  
f e a t u r e  n e a r  2200  nm. 

wave Iengt  h (nm)  



Figure  2 3 .  R e l a t i v e l y  f e a t u r e l e s s  s p e c t r a l  c u r v e  of  t h e  4 

u n a l t e r e d  t o p  o f  t h e  Topopah S p r i n g  Member o f  t h e  
P a i n t b r u s h  Tuff ,  sample YMSF11. 



Figure  2 4 .  Normalized f a u l t  o r i e n t a t i o n  f requency f o r  f a u l t s  
l o n g e r  t h a n  0 . 3  km, a s  measured on t h e  g e o l o g i c  map by 
Ekren and Sarqent  ( 1 9 6 5 )  i n  t h e  Wahmonie mining 
d i s t r i c t .  The t o t a l  number of f a u l t s  measured i s  
i n d i c a t e d  by "n"; "cv" i s  t h e  c i r c u l a r  v a r i a n c e  which 
can v a r y  between 0 and 1. 
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between n o r t h - s o u t h  and  ~ 1 0 ' ~ .  A secondary f r equency  max'imum i s  
l o c a t e d  between ~ 3 0 ' ~  and  NSOOE. The Wahmonie d i s t r i c t  c o n t a i n s  a  
l a r g e  r ange  o f  f a u l t  o r i e n t a t i o n s  i n  comparison t o  t h e  Yucca 
Mountain A d d i t i o n .  

A r o s e  d i a g r a m  o f  o r i e n t a t i o n s  o f  cumulat ive mapped f a u l t  
l e n g t h  f o r  t h e  Wahmonie d i s t r i c t  shows t h a t  t h e  o r i e n t a t i o n  having 
t h e  g r e a t e s t  c u m u l a t i v e  f a u l t  l e n g t h  i s  between N30°E and N40°E 
and  t h e  c i r c u l a r  v a r i a n c e  i s  0 .64  (F igu re  25) . T h i s  c o i n c i d e s  
w i t h  t h e  s e c o n d a r y  maximum f o r  f a u l t  f requency on F i g u r e  24. 
Quade and T i n g l e y  (1984)  n o t e d  t h a t  t h e  m i n e r a l i z e d  v e i n  system i n  
t h e  Wahmonie m i n i n g  d i s t r i c t  f o l l o w s  a  s t r u c t u r e  t h a t  i s  o r i e n t e d  
N30°E . 

S i n c e  t h e  e a s t e r n  b o r d e r  o f  t h e  SPOT s a t e l l i t e  image i s  
s l i g h t l y  west o f  Wahmonie, Landsa t  TM imagery of  t h e  Wahmonie 
d i s t r i c t  was p r o c e s s e d  t o  enhance l ineaments  ( F i g u r e s  26 and 2 7 ) .  
The Landsat  TM image o f  t h e  Wahmonie a r e a  i s  a t  a  s m a l l e r  s c a l e  
t h a n  l i neamen t  images o f  t h e  o t h e r  mine ra l i zed  a r e a s  and  t h e  Yucca 
Mountain A d d i t i o n .  Wi th in  t h e  a r e a  o f  a l t e r a t i o n  mapped by Ekren 
and  S a r g e n t ,  which  h a s  been  o u t l i n e d  on F igure  26, l i neamen t s  of 
d i v e r s e  o r i e n t a t i o n s  were n o t e d .  Three long l i n e a m e n t s  a r e  t h e  
most p rominen t .  The f i r s t  l i neamen t  i s  o r i e n t e d  n o r t h - n o r t h e a s t  
and  c u r v e s  n o r t h w e s t  a t  i t s  n o r t h  e x t e n t ;  it c o i n c i d e s  wi th  t h e  
e a s t e r n  l i m i t  o f  T e r t i a r y  i n t r u s i v e  rocks  i n  t h e  Wahmonie a r e a .  
Most of  t h e  s h a f t s ,  a d i t s ,  and  p r o s p e c t  p i t s  i n  t h e  d i s t r i c t  a r e  
l o c a t e d  n e a r  t h e  s o u t h e r n  e x t e n t  of t h i s  l i neamen t .  The second 
l i neamen t  i s  o r i e n t e d  n o r t h - s o u t h ,  ex t ends  a c r o s s  most of  t h e  
Landsa t  TM image, and  i n t e r s e c t s  t h e  f i r s t  l ineament  i n  t h e  a r e a  
o f  abundant  mine workings .  The t h i r d  l ineament e x t e n d s  northwest  
a c r o s s  t h e  a r e a  o f  a l t e r a t i o n  a n d  i n t e r s e c t  t h e  o t h e r  two.  I t  
c o i n c i d e s  w i t h  mapped f a u l t s  which have not  been j o i n e d  t o g e t h e r .  
O t h e r  n e a r  e a s t - w e s t  l i n e a m e n t s  have a l s o  been n o t e d  (F igu res  26 
and  2 7 ) .  The Wahmonie l i n e a m e n t s  have not  been checked  i n  t h e  
f i e l d  f o r  c o r r e l a t i o n  w i t h  g e o l o g i c  s t r u c t u r e .  

A l t e r a t i o n  I 

The Landsa t  TM c o l o r  r a t i o  composi te  of t h e  Wahmonie mining 
d i s t r i c t  shows a n  e a s t - n o r t h e a s t - t r e n d i n g  zone o f  a r g i l l i c  and 
i r o n  o x i d e  a l t e r a t i o n  ( F i g u r e  2 8 ) .  Loca t ions  w i t h  h i g h  
c o n c e n t r a t i o n s  o f  i r o n  o x i d e  a r e  d i s p l a y e d  i n  g reen ;  a r e a s  wi th  
a r g i l l i c  a l t e r a t i o n  a r e  shown i n  r e d ;  and a r e a s  w i t h  b o t h  i r o n  
o x i d e  and a r g i l l i c  a l t e r a t i o n  a r e  c o l o r e d  yel low.  The a l t e r a t i o n  
shown i n  F i g u r e  28 i n c l u d e s  t h e  a l t e r a t i o n  mapped by  Ekren and 
S a r g e n t  ( 1 9 6 5 ) ,  b u t  p r o v i d e s  more in fo rma t ion  on t h e  s p e c i f i c  
a l t e r a t i o n  t y p e s .  

I l l i t e  a n d  m o n t m o r i l l o n i t e  were found du r ing  t h i s  
i n v e s t i g a t i o n  i n  a l t e red  v o l c a n i c  r o c k s  near  t h e  Wingf i e ld  s h a f t  
by X-ray d i f f r a c t i o n  a n a l y s i s  (Appendix C ) .  S u r f a c e  a l t e r a t i o n  a t  
Wahmonie i s  n o t  c o n f i n e d  t o  one s t r a t i g r a p h i c  u n i t  a s  it i s  i n  t h e  
Yucca Mountain A d d i t i o n .  

Hydro the rma l ly  a l t e r e d  rock  u n i t s  inc lude  a n d e s i t e s ,  d a c i t e s ,  
l a t i t e s ,  and t u f f s  o f  Wahmonie F l a t s .  Granod io r i t e ,  a n d e s i t e ,  and 
r h y o l i t e  i n t r u d e  t h e  t u f f s  and  f l o w  r o c k s .  



Figure  25.  Q r i e n t a t i o n  o f  normalized cumula t ive  f a u l t  l e n g t h  
f r e q u e n c y  f o r  f a u l t s  longer  t h a n  0 . 3  km, as measured on 
t h e  g e o l o g i c  map by Ekren and Sa rgen t  (1965) i n  t h e  
Wahmonie min ing  d i s t r i c t .  The t o t a l  f a u l t  l e n g t h  
measured i n  k i l o m e t e r s  i s  i n d i c a t e d  by "1"; "cvw i s  t h e  
c i r c u l a r  v a r i a n c e  which can va ry  between 0 a n d  1. 
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Figure 2 6 .  Lineaments drawn on t h e  enhanced Landsat TM 
f i l t e r e d  image of t h e  Wahmonie mining d i s t r i c t .  The 
a l t e r e d  a r ea  has been ou t l i ned  i n  r e d .  This lineament 
image i s  a t  a smal ler  s c a l e  and lower r e s o l u t i o n  than 
t hose  f o r  o ther  a r e a s .  Lineaments have not  been checked 
i n  t h e  f i e l d  t o  e s t a b l i s h  t h e  presence o r  absence of 
f a u l t i n g .  



Figure 2 7 .  Lineaments shown in Figure 26 are indicated with 
arrows on this Landsat TM image of the Wahmonie mining 
district which has been enhanced for northwest 
lineaments. The altered area has been outlined in red. 
This lineament image is at a smaller scale and lower 
resolution than those for other areas. Lineaments have - 
not been checked in the field to establish the presence 
or absence of faulting. 
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Figure  2 8 .  Landsat  TM c o l o r  r a t i o  composite o f  t h e  Wahmonie 
min ing  d i s t r i c t .  Red on t h e  image i n d i c a t e s  a r e a s  wi th  
a r g i l l i c  a l t e r a t i o n ,  g r e e n  i n d i c a t e s  a r e a s  w i t h  i r o n  
o x i d e  a l t e r a t i o n ,  and y e l l o w  a r e a s  on t h e  image have 
been  a f f e c t e d  by bo th  c l a y  and i r o n  o x i d e  a l t e r a t i o n .  



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

C a l i c o  H i l l s  were measured on t h e  1:24,000 g e o l o g i c  maps o f  t h e  
Topopah S p r i n g  a n d  J a c k a s s  F l a t s  quad rang le s  ( O r k i l d  and  OfConnor, 
1970;  McKay a n d  Wil l iams ,  1964) . The f a u l t - f r e q u e n c y  maximum on 
t h e  r o s e  d iagram o c c u r s  between ~ 2 0 ' ~  and ~ 3 0 ' ~ .  La rge  numbers o f  
f a u l t s  o c c u r s  w i t h i n  20' on b o t h  sides of  t h i s  maximum and a  
s e c o n d a r y  maximum i s  l o c a t e d  a t  between ~ 3 0 ' ~  and  ~ 4 0 ' ~ .  The 
c i r c u l a r  v a r i a n c e  i s  0 . 7 7 .  The wide d i s t r i b u t i o n  o f  f a u l t s  o f  a l l  
o r i e n t a t i o n s  i s  a p p a r e n t  on F i g u r e  29 .  

The g r e a t e s t  cumula t ive  f a u l t  l e n g t h  i s  o r i e n t e d  between 
n o r t h - s o u t h  a n d  NIOOW ( F i g u r e  3 0 ) .  T h i s  i s  20' e a s t  o f  t h e  f a u l t  
f r e q u e n c y  maximum. A s econda ry  maximum i s  l o c a t e d  between ~ 4 0 ' ~  
a n d  N50°E. The c i r c u l a r  v a r i a n c e  i s  0 .80  and t h e r e  i s  a  wide 
r a n g e  of  f a u l t  d i r e c t i o n s  a s  t h e r e  w a s  i n  F igu re  29 .  

SPOT imagery  was used  t o  enhance l ineament  p a t t e r n s  i n  t h e  
C a l i c o  H i l l s  a rea .  The l i n e a m e n t s  drawn on t h e  f i l t e r e d  SPOT 
images were p r i m a r i l y  n o r t h e a s t  l i neamen t s ,  which c o i n c i d e d  w i t h  
mapped f a u l t s  a l o n g  p a r t  o f  t h e i r  l e n g t h  (F igu res  3 1  and  3 2 ) .  The 
l i n e a m e n t s  i n  t h e  C a l i c o  H i l l s  a r e a  have no t  been f i e l d  checked t o  
c o n f i r m  t h e  p r e s e n c e  o r  absence  of f a u l t s .  

A l t e r a t i o n  
The C a l i c o  H i l l s ,  which li,e e a s t  o f  Yucca Mountain,  a r e  t h e  

c l o s e s t  exposed a r e a  of widespread  hydrothermal  a l t e r a t i o n  t o  t h e  
Yucca Mountain A d d i t i o n .  A l t e r e d  r o c k s  inc lude  t h e  Topopah S p r i n g  
Member of  what McKay and Wil l iams  (1964) mapped a s  t h e  PFapi  
Canyon Format ion  a n d  o f  what O r k i l d  and  O'Connor (1970)  mapped as 
t h e  P a i n t b r u s h  T u f f ,  as w e l l  as o l d e r  r h y o l i t e  f l ows ,  t u f f a c e o u s  
b e d s ,  and i n t r u s i o n s  o f  t h e  C a l i c o  H i l l s .  The a r e a  o f  a l t e r e d  
t u f f s  p a r t i a l l y  s u r r o u n d s  Carbon i f e rous  Eleana Format ion  and  
Devonian l i m e s t o n e  and  d o l o m i t e  i n t r u d e d  by r h y o l i t e .  

The Landsa t  TM c o l o r  r a t i o  composi te  o f  t h e  C a l i c o  H i l l s  a r e a  
( F i g u r e  33) shows a s e m i c i r c l e  o f  a l t e r a t i o n  around t h e  e a s t ,  
wes t ,  and s o u t h  marg ins  o f  t h e  P a l e o z o i c  exposures .  A r g i l l i c  
a l t e r a t i o n  ( r e d ) ,  i s  i n t e r s p e r s e d  w i t h  a r g i l l i c  a n d  i r o n  o x i d e  
a l t e r a t i o n  ( y e l l o w ) ;  some pa t chy  i r o n  oxide  a l t e r a t i o n  ( g r e e n )  i s  
l o c a t e d  p r i m a r i l y  e a s t  and  west o f  t h e  Pa leozoic  r o c k s .  A s  i n  t h e  
Wahmonie mining d i s t r i c t ,  and  i n  c o n t r a s t  t o  t h e  Yucca Mountain 
A d d i t i o n ,  t h e  a l t e r a t i o n  i s  n o t  c o n f i n e d  t o  bedded t u f f  o r  t o  a 
s i n g l e  g e o l o g i c  u n i t .  

F a u l t s  and Lineaments  
G E X A f s  Mother  Lode g o l d  d e p o s i t  i s  l o c a t e d  b e n e a t h  l e s s  t h a n  

1 m o f  a l l u v i u m  a t  t h e  n o r t h  end of  Bare  Mountain. The h o s t  r o c k s  
are a n  unnamed T e r t i a r y  t u f f  and  a  sed imentary  u n i t  o f  
q u e s t i o n a b l e  a g e .  



Figure  2 9 .  Normalized f a u l t  o r i e n t a t i o n  f requency f o r  fau3ts 
l o n g e r  t h a n  0 . 3  km, a s  measured on t h e  geo log ic  map b y  
O r k i l d  and O'Connor ( 1 9 7 0 )  and McKay and Williams ( 1 9 6 4 )  
i n  t h e  C a l i c o  H i l l s .  The t o t a l  number o f  f a u l t s  
measured i s  i n d i c a t e d  by "n"; "cvW i s  t h e  c i r c u l a r  
v a r i a n c e  which can vary between 0 and 1. 



Figure  3 0 .  O r i e n t a t i o n  of  normalized cumula t ive  f a u l t  l e n g t h  
f r e q u e n c y  f o r  f a u l t s  l onge r  than  0 . 3  km, a s  measured on 
g e o l o g i c  map by O r k i l d  and OtConnor (1970) and  McKay and 
Wi l l i ams  (1964) i n  t h e  Ca l i co  H i l l s .  The t o t a l  f a u l t  
l e n g t h  measured i n  k i lomete r s  i s  i n d i c a t e d  by "I"; "cv" 
i s  t h e  c i r c u l a r  v a r i a n c e  which can vary  between 0 and 1. 
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Figure 31. Lineaments drawn on an enhanced SPOT panchromatic 

image of the Calico Hills. Lineaments have not been 
checked in the field to establish the presence or 
absence of faulting. 
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Figure 32. Lineaments shown in Figure 31 are indicated with 
arrows on this SPOT panchromatic image of the Calico 
Hills which has been enhanced for northeast lineaments. 
This image covers the same area as Figure 31. 
Lineaments have not been checked in the field to 
establish the presence or absence of faulting. 



Eigure 33.  Landsat TM co lo r  r a t i o  composite of t h e  Calico4 
H i l l s .  Red on t h e  image i n d i c a t e s  a r e a s  with a r g i l l i c  
a l t e r a t i o n ,  green i nd i ca t e s  a reas  with i r o n  oxide 
a l t e r a t i o n ,  and yellow a rea s  on t he  image have been 
a f f e c t e d  by both c l ay  and i ron  oxide a l t e r a t i o n .  The 
a r e a  covered by t h e  SPOT lineament images i s  ou t l i ned  i n  
r e d .  
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The most d e t a i l e d  pub l i shed  map of t h e  a r e a  i s  a t  a  s c a l e  of 
1:62,500 (Cornwall and Kleinhampl, 1 9 6 1 ) .  Mapped f a u l t s  i n  t h e  
v i c i n i t y  of t h e  d e p o s i t  a r e  e i t h e r  confined t o  P a l e o z o i c  rocks o r  
a r e  concen t ra ted  west and n o r t h  of t h e  d e p o s i t .  Because few 
f a u l t s  were mapped i n  t h e  v i c i n i t y  of t h e  Mother Lode d e p o s i t ,  no 
a n a l y s i s  of f a u l t  o r i e n t a t i o n s  was performed. 

On t h e  SPOT image enhanced f o r  l ineaments,  t h e  most prominent 
l ineament  ex tends  n o r t h e a s t  a c r o s s  t h e  image ( F i g u r e s  34 and 3 5 ) .  
This  l ineament c o i n c i d e s ,  i n  p a r t ,  with a  4-km-long f a u l t  mapped 
by Cornwall and Kleinhampl (1961) i n  vo lcan ic  rocks  nor thwest  of 
t h e  Mother Lode d e p o s i t .  The Mother Lode d e p o s i t  a r e a  has not  
been f i e l d  checked t o  e s t a b l i s h  i f  t h e r e  i s  a  c o r r e l a t i o n  between 
t h e  l ineaments  shown on F i g u r e s  34 and 35 and g e o l o g i c  s t r u c t u r e .  

A l t e r a t i o n  
Hydrothermal a l t e r a t i o n  i s  not  evident  on t h e  Landsat  TM 

c o l o r  r a t i o  composi te  i n  t h e  v i c i n i t y  of t h e  Mother Lode d e p o s i t  
(F igure  3 6 ) .  T h i s  i s  expected  s i n c e  t h e  depos i t  i s  covered by 
a l luvium.  However, a  b r i g h t  s p o t  appears  j u s t  west o f  t h e  
d e p o s i t ,  s u g g e s t i n g  t h e  p resence  of a l t e r e d  t u f f .  Cornwall and 
Kleinhampl (1 961) have mapped a  nor theas t - t r end ing  d i k e  i n  t h e  
Pa leozo ic  rocks ,  which i f  extended i n t o  the  al luvium, would pass  
through o r  n e a r  t h e  Mother Lode d e p o s i t .  

Minera l ized  samples c o l l e c t e d  from a  t r e n c h  i n  t h e  d e p o s i t  
c o n t a i n  q u a r t z ,  o p a l ,  i l l i t e ,  and montmori l loni te .  Unmineralized 
a l t e r e d  t u f f  samples from a  h i l l  j u s t  west of  t h e  d e p o s i t  con ta in  
a l u n i t e ,  k a o l i n i t e ,  and m o n t m o r ~ l l o n i t e  (Appendix 4 )  . 
Ehv01 i t e  Area, B u r o a  ~i~~ ,-ict 

, 0 

F a u l t s  and Lineaments 
F a u l t  o r i e n t a t i o n s  and l e n g t h s  were measured on t h e  1:48,000 

map o f  t h e  B u l l f r o g  quadrangle  produced by Cornwall and Kleinhampl 
( 1 9 6 4 ) .  Rose diagrams of  b o t h  f a u l t  frequency and cumulat ive 
f a u l t  l eng th  showed a  maxima a t  ~ 1 0 ' ~  t o  ~ 2 0 ' ~  and a  l a r g e  angular  
d i s t r i b u t i o n  w i t h  c i r c u l a r  v a r i a n c e s  of  0.79 and 0.76,  
r e s p e c t i v e l y  ( F i g u r e s  37 and 3 8 ) .  

Prominent l ineaments  on a  f i l t e r e d  SPOT image of  t h e  Rhyoli te  
a r e a  a r e  o r i e n t e d  p r i m a r i l y  n o r t h e a s t  and northwest  ( F i g u r e s  39 
and 4 0 ) .  The B u l l f r o g  detachment f a u l t ,  an eas t -west - t rending 
f e a f u r e  c i t e d  by Jorgensen e t  a l .  (1989) and p rev ious  workers,  
ex tends  a c r o s s  t h e  bottom o f  t h e  image beneath t h e  a l luv ium.  It 
does not  appear  a s  a  l ineament  on t h e  SPOT imagery. The 
l ineaments  i n  t h e  Rhyol i t e  a r e a  have not  been checked i n  t h e  f i e l d  
f o r  c o r r e l a t i o n  w i t h  g e o l o g i c  s t r u c t u r e .  

A l t e r a t i o n  
According t o  Jorgensen e t  a l .  (1989),  m i n e r a l i z a t i o n  i n  t h e  

B u l l f r o g  d i s t r i c t  i s  conf ined  t o  a  3-km-wide zone a l o n g  and nor th  
o f  t h e  B u l l f r o g  detachment f a u l t .  This  minera l ized  zone i s  
inc luded  i n  t h e  lower h a l f  of  t h e  Landsat TM a l t e r a t i o n  image i n  
F i g u r e  4 1 .  M i n e r a l i z a t i o n  i n  t h e  d i s t r i c t  occurs  i n  f a u l t - v e i n s ,  
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Figure 34. Lineaments drawn on the enhanced SPOT panchromatic 
image in the vicinity of the Mother Lode deposit. 
Lineamezts have not been checked in the field to 
establish the presence or absence of faulting, 



Figure  35.  Lineaments  shown i n  F i g u r e  3 4  a r e  i n d i c a t e d  w i t h  
a r rows  on t h i s  SPOT panchromatic  image of  t h e  Mother 
Lode d e p o s i t  enhanced f o r  no r thwes t  l i n e a m e n t s .  
L ineaments  have n o t  been checked i n  t h e  f i e l d  t o  
e s t a b l i s h  t h e  p r e s e n c e  o r  absence  of f a u l t i n g .  



Figure 3 6 .  Landsat TM color  r a t i o  composite i n  t h e  area  of 
t h e  Mother Lode depos i t .  Red on the  image ind i ca t e s  
a r e a s  with a r g i l l i c  a l t e r a t i o n ,  green i n d i c a t e s  a r ea s  
wi th  i r o n  oxide a l t e r a t i o n ,  and yellow a r e a s  on t he  
imaqe have been a f f e c t e d  by both c l ay  and i r o n  oxide 
a l t e r a t i o n .  The area  covered b y  t h e  SPOT lineament 
images i s  ou t l ined  i n  r ed .  



Figure 3 7 .  Normalized f a u l t  or ien ta t ion  frequency fo r  f a u l t s  
longer  than 0 . 3  km, as  measured on the geologic map by 
Cornwall and Kleinhampl ( 1 9 6 4 )  i n  the Bullfrog mining 
d i s t r i c t .  The t o t a l  number of f a u l t s  measured i s  
ind ica ted  by "n"; "cv" i s  the c i r cu la r  variance which 
can vary between 0 and 1. 



F i g u r e  3 8 .  O r i e n t a t i o n  of  normal ized  cumula t ive  f a u l t  l e n g t h  
f r e q u e n c y  f o r  f a u l t s  l onge r  t han  0 . 3  km, as measured on 
t h e  g e o l o g i c  map by Cornwall  and Kleinhampl ( 1 9 6 4 )  i n  
t h e  B u l l f r o g  mining d i s t r i c t .  The t o t a l  f a u l t  l e n g t h  
measured i n  k i l o m e t e r s  i s  i n d i c a t e d  by "1"; "cv" i s  t h e  
c i r c u l a r  v a r i a n c e  which can va ry  between 0 a n d  1. 



Figure  3 9 .  Lineaments  drawn on t h e  enhanced SPOT panchromhtic 
image o f  t h e  B u l l f r o g  mining d i s t r i c t .  Lineaments have 
n o t  been  checked i n  t h e  f i e l d  t o  e s t a b l i s h  t h e  presence  
o r  a b s e n c e  of  f a u l t i n g .  
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F i g u r e  4 0 .  * ~ i n e a m e n t s  shown i n  F i g u r e  3 9  a r e  i n d i c a t e d  with  
a r rows  on t h i s  SPOT panchromat ic  image o f  t h e  B u l l f r o g  
min ing  d i s t r i c t  enhanced f o r  no r the i i s t  l i n e a m e n t s .  This  
image c o v e r s  t h e  same a r e a  a s  F i g u r e  3 9 .  Lineaments 
have n o t  been checked  i n  t h e  f i e l d  t o  e s t a b l i s h  t h e  
p r e s e n c e  o r  absence  o f  f a u l t i n g .  



b 

Figure 4 1 .  t andsa t  TM co lor  r a t i o  composite of t h e  ~ u l l f r o ~  
mining d i s t r i c t .  Red on t h e  image i n d i c a t e s  a reas  with 
a r g i l l i c  a l t e r a t i o n ,  green i nd i ca t e s  a r ea s  with i ron  
oxide a l t e r a t i o n ,  and yellow a rea s  on t h e  image have 
been a f c e c t e d  by both c lay and i ron  oxide a l t e r a t i o n .  
The a r e a  covered by the  SPOT lineament images i s  
o u t l i n e d  i n  r ed .  



v e i n l e t s ,  and stockworks (Jorgensen e t  a l . ,  1989) . Shallow 4 

i n t r u s i v e s  have been mapped i n  the ' a rea  by Ransome e t  a l .  (1910) 
and Cornwall and Kleinhampl ( 1 9 6 1 )  . 

On the  Landsat TM a l t e r a t i o n  image (Figure 4 1 ) ,  a r g i l l i c  and 
i r o n  oxide a l t e r a t i o n  do not appear widespread i n  t he  Rhyol i te  
a r e a ,  al though t h e  rocks a r e  l igh t -co lored  and bleached (Figure 
3 9 ) .  The a l t e r a t i o n  zone and minera l iza t ion  a t  Bond Gold I n c . ' s  
Bul l f rog  mine was below t h e  alluvium and d i d  not crop out  
ex t ens ive ly  a t  t h e  su r f ace .  Although a r g i l l i c  a l t e r a t i o n  i s  
a s soc i a t ed  with precious-metal minera l iza t ion  i n  t h e  Rhyoli te  
d i s t r i c t ,  s i l i c i f i c a t i o n  and po t a s s i c  a l t e r a t i o n ,  which a r e  not  
de t ec t ab l e  by t h e  remote sensing techniques used during t h i s  
i nves t i ga t i on ,  a r e  probably more important (Jorgensen e t  a1.,1989; 
and Jackson, 1 9 8 8 ) .  

SUMMARY OF REMOTE SENSING ANALYSIS 

Rose diagrams and c i r c u l a r  var iance ca l cu l a t i ons  f o r  f a u l t  
o r i e n t a t i o n  and cumulative f a u l t  l eng th  i n  t h e  Yucca Mountain 
Addition showed s i g n i f i c a n t  d i f f e r ences  from those f o r  surrounding 
precious-metal  d i s t r i c t s .  Fau l t s  i n  t h e  Yucca Mountain Addition 
a r e  t i g h t l y  grouped around a  near north-south o r i e n t a t i o n  and t h e  
c i r c u l a r  va r i ance  i s  low (between 0.18 and 0 . 3 4 ) .  This i n d i c a t e s  
t h a t  many of t h e  f a u l t s  exposed a t  t h e  surface  i n  t h e  Yucca 
Mountain Addit ion a r e  subpa ra l l e l  and, the re fore ,  f a u l t  
i n t e r s e c t i o n s  a r e  l e s s  l i k e l y  than i n  a reas  with g r e a t e r  c i r c u l a r  
var iance .  F a u l t  i n t e r s e c t i o n s  r e l a t e  t o  s t r u c t u r a l  p repara t ion ,  
o r  t h e  lack o r  it, f o r  minera l iza t ion .  

In t h e  surrounding precious-metal d i s t r i c t s ,  c i r c u l a r  
var iance of f a u l t  o r i e n t a t i o n s  ranged between 0.61 and 0.80. This 
i s  much g r e a t e r  var iance  t h a t  i n  t h e  Yucca Mountain Addition, and 
suggests  g r e a t e r  oppor tuni ty  f o r  t h e  ex i s tence  of f a u l t  
i n t e r s e c t i o n s  and  s t r u c t u r a l  p repara t ion  favorable f o r  
mine ra l i za t i on .  

The l ineament images, which were prepared from f i l t e r e d  
d i g i t a l  SPOT and Landsat TM imagery, showed extensions of 
p rev ious ly  mapped f a u l t s  and ind ica ted  add i t iona l  lineament t r ends  
t h a t  may have s t r u c t u r a l  s i gn i f i cance .  S t ruc tu ra l  s i gn i f i cance  of 
l ineaments,  however, needs t o  be e s t ab l i shed  from sur face  f i e l d  
checking o r  d r i l l  ho l e  d a t a .  

~ l t e r a t i o n  images prepared from Landsat TM s a t e l l i t e  d a t a  
showed rock a l t e r a t i o n  p a t t e r n s  i n  t h e  Yucca Mountain Addition and 
i n  t h e  nearby mining d i s t r i c t s  and mineral ized a r ea s .  I n  t h e  
Yucca Mountain Addit ion,  a l t e r a t i o n  i s  confined t o  two bedded t u f f  
u n i t s .  In  t h e  mining d i s t r i c t s ,  a l t e r a t i o n  crosses many 
l i t h o l o g i c  u n i t s .  



.APPRAISAL OF MINERAL RESOURCES 

BASE-METALS RESOURCES 

The v o l c a n i c  rock s e c t i o n  t h a t  u n d e r l i e s  Yucca Mountain i s  
unfavorable  f o r  t h e  development of base-metals r e s o u r c e s .  Our 
s u r f a c e  geochemical  sampling of f a u l t s  and f r a c t u r e  zones does,  
however, show weak c o r r e l a t i o n s  between s e v e r a l  base-metal 
e lements  and w e  c o u l d  be sampling a  very  d i s t a l  geochemical h a l o  
around a  c o n c e n t r a t i o n  of base  meta l s  i n  t h e  deep s u b s u r f a c e .  The 
c l o s e s t  d e p o s i t s  o f  base meta ls ,  a t  Bare Mountain about  15 km t o  
t h e  west, and a t  Mine Mountain about  40 km t o  t h e  n o r t h e a s t ,  a r e  
found i n  P a l e o z o i c  carbonate  rocks .  I f  t h e s e  rocks  a r e  p r e s e n t  a t  
d e p t h  beneath  T e r t i a r y  v o l c a n i c  rocks a t  Yucca Mountain, they  a r e  
probably  a t  d e p t h s  i n  excess  of 1,500 m .  Base meta l  d e p o s i t s  of 
t h e  types  e x p e c t e d  t o  be p r e s e n t  i n  Pa leozo ic  ca rbona te  rocks 
i n c l u d e  p o l y m e t a l l i c  replacement d e p o s i t s  o r ,  i f  i n t r u s i v e  rocks  
a r e  a l s o  p r e s e n t ,  tungs ten ,  copper,  and lead-z inc  ska rn  d e p o s i t s  
(Cox and o t h e r s ,  1989; Cox and S inger ,  1986) . Under p r e s e n t  
economic c o n d i t i o n s ,  t h e s e  types  of d e p o s i t s ,  i f  p r e s e n t  a t  depths 
around t h e  minimum e s t i m a t e  of 1,500 m, would not  be  mineable 
u s i n g  s t a n d a r d ,  accep ted  mining technology.  Base-metals p o t e n t i a l  
w i t h i n  t h e  Yucca Mountain Addit ion i s  r a t e d  very low. 

The t y p e s  o f  v o l c a n i c  rocks under ly ing t h e  Yucca Mountain 
Addi t ion  a r e  f a v o r a b l e  f o r  mercury d e p o s i t s .  However, our  
sampling i n d i c a t e s  t h a t  m e r c u r y t i s  not  p resen t  i n  t h e  a r e a  a t  
l e v e l s  above t h e  d e t e c t i o n  l e v e l  of our  a n a l y t i c a l  p rocedures .  

PRECIOUS-METALS RESOURCES 

The absence  o f  subsurface  t r a c e  element geochemical d a t a  
a p p l i c a b l e  t o  p rec ious -meta l s  e x p l o r a t i o n  renders  unequivocal  
d e t e r m i n a t i o n s  of minera l  p o t e n t i a l  wi th in  t h e  Yucca Mountain 
Addi t ion  i m p o s s i b l e .  However, we b e l i e v e  t h a t  t h e  geochemical, 
l i t h o l o g i c ,  and  minera log ic  d a t a  c o l l e c t e d  from t h e  s u r f a c e  of  t h e  
Yucca Mountain Addi t ion ,  i n  con junc t ion  with remote s e n s i n g  d a t a ,  
p r e c l u d e  t h e  p r e s e n c e  of s u r f a c e  o r  shal low d e p o s i t s  of p rec ious  
m e t a l s  mineable under  c u r r e n t  economic cond i t ions ,  and u t i l i z i n g  
pre:ently a v a i l a b l e  technology.  

The h i g h e s t  g o l d  con ten t  of samples c o l l e c t e d  d u r i n g  t h i s  
s t u d y  i s  0.023 ppm, o r  0.0007 t r o y  ounces p e r  s h o r t  t o n  ($0.28 pe r  
s h o r t  t o n  a t  $400 p e r  o u n c e ) .  S i l v e r  con ten t s  a r e  s i m i l a r l y  low, 
w i t h  t h e  h i g h e s t  v a l u e  a t  about 0.5 ppm (about 0.015 t r o y  ounces 
p e r  s h o r t  t o n ,  o r  $0.15 p e r  s h o r t  t o n  a t  $10 p e r  o u n c e ) .  

Gold and s i l v e r  d e p o s i t s  t h a t  a r e  c u r r e n t l y  producing,  have 
been e x p l o i t e d  i n  t h e  p a s t ,  o r  have e s t a b l i s h e d  f u t u r e  p o t e n t i a l  
do occur i n  r o c k s  c o r r e l a t i v e  wi th  Yucca Mountain a r e a  u n i t s  t o  
t h e  west, nor thwes t ,  and e a s t  of t h e  Yucca Mountain Addit ion 
w i t h i n  a  35 km r a d i u s .  However, samples of s i l i c a - c a r b o n a t e  ve ins  
and b r e c c i a s  c o l l e c t e d  from i n  o r  around t h e s e  d e p o s i t s  have 
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carbonate ve in s  o r  b recc ias  c o l l e c t e d  from t h e  Yucca Mountain 
Addition. I n  a d d i t i o n ,  rock samples from within o r  near  t he  
precious-metal depos i t s  y ie lded  gold, s i l v e r ,  and pa th f inde r  
element va lues  a t  much higher over -a l l  l e v e l s  than samples from 
t h e  Yucca Mountain Addition. 

INDUSTRIAL MINERALS AND MATERIALS 

There a r e  no i d e n t i f i e d  i n d u s t r i a l  minerals and ma te r i a l s  
resources  w i th in  t h e  Yucca Mountain Addition ( t h i s  inc ludes  
s a l a b l e ,  s t a k a b l e ,  and l ea sab l e  s o l i d  o r  f l u i d  m i n e r a l s ) .  Within 
t h e  r e s t r i c t e d  a r e a  of t h e  proposed withdrawal, t h e r e  a r e  only two 
general  geo log i c  environments with p o s s i b i l i t i e s  f o r  t h e  
occurrence of i n d u s t r i a l  minerals  and mate r ia l s .  

Gravel-covered pediments have p o t e n t i a l  f o r  sand and gravel  
depos i t s .  Most sand and g rave l  produced i n  Nevada goes t o  t h e  
highway c o n s t r u c t i o n  indus t ry  f o r  por t l and  and bituminous concrete 
aggregate,  base ,  o r  f i l l  ma te r i a l ,  and t o  t h e  bu i ld ing  indus t ry  
f o r  cons t ruc t i on  aggregate .  A s  i n  t h e  pas t ,  sand and grave l  
opera t ions  i n  Nevada w i l l  continue t o  be developed a s  c l o s e  t o  
consuming a r e a s  as poss ib l e .  Because of t h e i r  low u n i t  value,  
sand and g r a v e l  depos i t s  w i l l  not permit much t r a n s p o r t a t i o n  of 
any kind.  Sand and gravel  depos i t s ,  while poss ibly  p resen t  within 
t h e  Yucca Mountain Addition, do not have any unique value  over 
s i m i l a r  m a t e r i a l  occurr ing i n  o the r  a r ea s  i n  southern Nevada and 
t h e i r  p o t e n t i a l  f o r  development i s  r a t e d  very low. 

Rhyo l i t i c  vo lcan ic  flows and t u f f s  a r e  p o t e n t i a l  hos t s  f o r  a  
number of i n d u s t r i a l  minerais  inc lud ing  zeo l i t e s ,  montmori l loni t ic  
c l ays ,  p e r l i t e ,  and pumice. Deposits of p e r l i t e  o r  l ightweight  
aggregate a r e  u n l i k e l y  because s p e c i f i c a l l y  favorable  rock types 
have not been i d e n t i f i e d .  Because of t h e  remoteness of t h e  a rea  
from populat ion cen t e r s ,  only  high-value commodities would have 
much p r o b a b i l i t y  o f  economic product ion.  This would, i n  e f f e c t ,  
l i m i t  p o s s i b l e  commodities t o  z e o l i t e s  and montmoril lonite.  Both 
of t h e s e  high-value ma te r i a l s  a r e  commercially produced i n  Nevada. 
Within t h e  a r e a  proposed f o r  withdrawal, however, both  
montmor i l lon i t i c  c l a y s  and z e o l i t e s  a r e  present  only  i n  minor 
amounts a s  a l t e r a t i o n  and secondary minerals  a t  t h e  su r f ace  o r  
nea,r t h e  s u r f a c e .  D r i l l  ho le  da t a  i nd i ca t e  t h a t  z e o l i t e s  of 
unknown q u a l i t y  occur about 600 m below the  c r e s t  of Yucca 
Mountain i n  t h e  Yucca Mountain Addition, and smect i t e  c l a y  occurs 
i n  s i g n i f i c a n t  amounts below 1,100 m .  Because t h e  t o t a l  r e l i e f  
wi thin  t h e  Yucca Mountain Addition i s  l e s s  than 400 m, it i s  
h igh ly  u n l i k e l y  t h a t  e i t h e r  of t he se  mate r ia l s  i s  economically 
e x p l o i t a b l e .  
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Qi  1 and Gas Resources 
Nevada's petroleum p o t e n t i a l  can be p red ic ted  i n  a  very 

genera l  fash ion  on t h e  b a s i s  of known production, shows of o i l  and 
gas,  and proximity  t o  a r e a s  of p o t e n t i a l  source and r e se rvo i r  
rocks .  Areas of medium t o  high p o t e n t i a l  a r e  l oca t ed  i n  t he  
e a s t e r n  p a r t  o f  t h e  s t a t e ,  where most source rocks a r e  found, and 
where t he se  rocks  have not  been heated beyond t h e  petroleum 
generat ion "window" t o  temperatures a t  which hydrocarbons have 
been des t royed.  Although t h e  Yucca Mountain Addition i s  i n  an 
a r e a  t h a t  has p rospec t ive  p o t e n t i a l  f o r  o i l  and gas  (Smith and 
Gere, 1960), it l i e s  wi thin  a r e a s  considered t o  have low o i l  and 
gas p o t e n t i a l  according t o  t h e  most thorough reg iona l  s t ud i e s  
a v a i l a b l e  (Sandberg, 1983; and Garside e t  a l . ,  1988) .  Therefore, 
t h e  Yucca Mountain Addition i s  considered t o  have low p o t e n t i a l  
f o r  o i l  and gas resources .  

Miss i s s ip ian  sha l e s ,  which a r e  thought t o  be t h e  source rocks 
f o r  most of t h e  producing o i l f i e l d s  i n  Nevada (Poole and Claypool, 
1984) ,  a r e  exposed 10 km west and 10 km o r  more no r theas t  of t h e  
Yucca Mountain Addi t ion.  Miss i s s ip ian  rocks about 30 km nor theas t  
of  t h e  Yucca Mountain Addit ion have marginal source rock 
geochemistry (Cente r  f o r  Neotectonic Studies ,  1989) .  These rocks 
y ie lded  conodont c o l o r - a l t e r a t i o n  index ( C A I )  va lues  of  1 .5  t o  2 
(Ha r r i s  e t  a l . ,  1979; and S.  P .  Nitchman, personal  communication, 
1989) ,  which a r e  considered t o  be wi thin  t he  o i l  genera t ion  window 
(Poole and Claypool, 1984) . samples of ~ r d o v i c i a n  t o  
Miss iss ippian rocks  wi thin  15 km of t h e  Yucca Mountain Addition t o  
t h e  e a s t ,  n o r t h e a s t ,  and northwest ,  including borehole samples 
from depths of  1,300 m t o  1,800 m, have yielded C A I  va lues  ranging 
between 3 and 6 (Ha r r i s  e t  a l . ,  1 9 7 9 ;  Carr e t  a l .  ; 1986b, and 
Center  f o r  Neotectonic  S tud ies ,  1989) .  C A I  values g r e a t e r  than 2 
i n d i c a t e  temperatures  above t h e  oi l -generat ion window, and values 
of 3 o r  h igher  i n d i c a t e  temperatures above the  l i m i t  of o i l  
p rese rva t ion  (Poole  and Claypool, 1984) . c itch man (personal  
communication, 1989) ,  be l i eves  t h a t  Mississippian source  rocks on 
Bare Mountain y i e l d  high C A I  values  due t o  a  hea t ing  episode 
r e l a t e d  t o  ove r th rus t i ng ,  and specu la tes  t h a t  mature ~ i s s i s s i p p i a n  
source  rocks comprise p a r t  of  a  parautochthonous upper Paleozoic 
sequence beneath  t h e  vo lcan ic  s ec t i on  i n  t h e  Yucca Mountain a r e a .  
Chamberlain (1989) be l i eves  t h a t  such rocks may have had the  same 
depos i t i ona l  and thermal h i s t o r i e s  a s  Mississippian rocks i n  t h e  
product ive  Ra i l road  Valley and Pine Valley o i l f i e l d s  about 150 km 
t o  t h e  no r theas t  o f  t h e  Yucca Mountain Addition. 

The geo log ic  h i s t o r y  of t h e  Yucca ~ o u n t a i n  ~ d d i t i o n  i s  
l a r g e l y  unfavorable  f o r  t h e  p reserva t ion  of l a rge  hydrocarbon 
accumulations t h a t  may have been generated from Pa leozo ic  source 
rocks during t h e  Mesozoic (as pos tu l a t ed  by Chamberlain).  
Extensive Miocene ca lde ra s  wi th in  5  km of t h e  Yucca Mountain 
Addition were probably  r e l a t e d  t o  l a r g e  magma chambers t h a t  would 
have c rea ted  subsur face  temperatures high enough t o  have destroyed 
any l a rge  o i l  accumulations t h a t  may have ex i s ted  i n  t h e  a r e a .  



This i s  suppor ted by t h e  C A I  da t a  f o r  ~ a l e o z o i c  rocks  sur roundhg  
t h e  Yucca Mountain Addition which i nd i ca t e s  t h a t  t hey  were 
sub jec ted  t o  temperatures  between 140'C (Carr e t  a l . ,  1986b) and 
more than 300'C (Epste in  e t  a l . ,  1977) . 

In t h e  absence of deep d r i l l  da t a  beneath Yucca Mountain t o  
t e s t  specu la t i ons  regarding t h e  presence of pos s ib l e  source rocks, 
es t imates  of hydrocarbon p o t e n t i a l  i n  t h e  Yucca Mountain Addition 
must be based on su r f ace  and shallow d r i l l  d a t a .  Available da t a  
i n d i c a t e  hydrocarbon f a v o r a b i l i t y  i s  low, but  not n i l .  - 

Geothermal resources  i n  Nevada a r e  widespread and varied;  t he  
s t a t e  has about 900 repor ted thermal spr ings  and wel l s  (Garside 
and S c h i l l i n g ,  1979) .  The higher-temperature resources  a r e  
concentra ted i n  nor thern  Nevada, but  many a r ea s  of  t h e  s t a t e  have 
p o t e n t i a l  f o r  low- t o  moderate-temperature resources .  Data from 
thermal sp r ings ,  water wel ls ,  and geothermal exp lora t ion  wells 
l i s t e d  i n  Gars ide  and S c h i l l i n g  ( 1 9 7 9 ) ,  and Trex le r  and others  
(1983) have been used t o  de f ine  a r ea s  of t he  s t a t e  t h a t  have 
p o t e n t i a l  f o r  geothermal resources .  

Warm s p r i n g s  i n  Oasis Valley about 20  k m  west of t he  Yucca 
Mountain Addit ion have su r f ace  water temperatures a s  high as  43'C 
(Garside and S c h i l l i n g ,  1 9 7 9 ) ,  and t h e  Yucca Mountain Addition i s  
wi th in  an a r e a  def ined  a s  p rospec t ive ly  valuable f o r  geothermal 
resources  (Godwin e t  a l . ,  1967) . However, based on temperatures 
measured i n  d r i l l  holes ,  thermal water (water with temperatures 
above those  expected f o r  a normal temperature g rad i en t  a t  the  
depth  sampled) i s  not p resen t  i n  t h e  Yucca Mountain Addition. 
Temperatures measured i n  d r i l l  ho les  below t h e  s t a t i c  water l e v e l  
i n  t h e  Yucca Mountain Addition range up t o  54.C a t  a  depth of 
1,200 m (Sass e t  a l . ,  1988) . 

Geothermal exp lo ra t i on  based on temperature g rad i en t s  i n  
shallow d r i l l  ho l e s  i s  o f t e n  considered s u f f i c i e n t  t o  ind ica te  t he  
presence of a geothermal a r ea ,  with g rad ien t s  over most 
economically a t t r a c t i v e  a r e a s  i n  excess of 7 ' C  pe r  100 m (Combs 
and Muffler,  1973) .  Temperature p r o f i l e s  from d r i l l  holes i n  t h e  
Yucca Mountain a r e a  range up t o  6 ' C  p e r  1 0 0  m, and average about 
3 ' C  (Sass e t  a l . ,  1988) .  The average conductive hea t  flow i n  t h e  
Yucca Mountain a r e a  i s  anomalously low with r e spec t  t o  the  
r eg iona l  hea t  flow, probably due t o  groundwater flow beneath t h e  
depth of exp lo ra t i on  (Sass e t  a l . ,  1988) . 

Based on t h e  above in fo r~na t ion ,  t h e  Yucca Mountain Addition 
does not appear t o  have p o t e n t i a l  f o r  t h e  discovery of geothermal 
resources .  

Low-grade uranium depos i t s  occurr ing i n  vo lcan ic  rocks a r e  
a s soc i a t ed  wi th  r h y o l i t e  i n t r u s i o n s  o r  occur i n  t h e  r i n g  f r a c t u r e  
zone o r  moat a r e a s  of ca lde ra s .  Such fea tures  a r e  not  known t o  
occur i n  t h e  Yucca Mountain Addit ion.  Radioactive rock was not 
found dur ing r ad iome t r i c  a n a l y s i s  of d r i l l  holes,  and f r ac tu re  
f i l l i n g s  i n  d r i l l  ho le  USW G-3 conta in  very low uranium contents  



(up t o  35 ppm) i n  comparison t o  o re  from economic uranium depo$ i t s  
which c o n t a i n s  s e v e r a l  hundred ppm o r  more uranium. The 
p o t e n t i a l  f o r  s u r f a c e  o r  shal low economic uranium d e p o s i t s  i s  low 
i n  t h e  Yucca Mountain Addi t ion .  

SUMMARY OF MINERAL POTENTIAL 

There a r e  no i d e n t i f i e d  mineral  r e sources  w i t h i n  t h e  Yucca 
Mountain Addi t ion .  The p o t e n t i a l  f o r  minera l  d e p o s i t s  f o r  which 
rock types  u n d e r l y i n g  t h e  a r e a  a r e  f avorab le  i s  r a t e d  very low. 

The s t r u c t u r a l  p r e p a r a t i o n  of t h e  Yucca Mountain Addition f o r  
m i n e r a l i z a t i o n ,  when compared with t h a t  f o r  nearby mining 
d i s t r i c t s ,  was r a t e d  a s  low from an a n a l y s i s  of t h e  o r i e n t a t i o n s  
of f a u l t s  exposed a t  t h e  s u r f a c e .  I n  t h e  Yucca Mountain Addit ion,  
a l t e r a t i o n  i s  c o n f i n e d  t o  two t h i n  g l a s s y  bedded t u f f s ,  whereas i n  
t h e  mining d i s t r i c t s  it c r o s s e s  formation boundar ies .  Shallow 
i n t r u s i v e  rocks  and p r e - T e r t i a r y  rocks a r e  exposed i n  t h e  mining 
d i s t r i c t s ,  b u t  n o t  i n  t h e  Yucca Mountain Addi t ion .  

Base meta l  d e p o s i t s  t h a t  could be p r e s e n t  i n  t h e  deep 
subsur face  ( a t  d e p t h s  of  1 ,500  meters or  more) would n o t  be 
mineable us ing  s t a n d a r d ,  accepted  mining technology.  Surface  
exposures have v e r y  low mercury con ten t s ,  i n d i c a t i n g  t h a t  economic 
d e p o s i t s  of t h i s  element ,  which*are found i n  v o l c a n i c  rocks, a r e  
n o t  p r e s e n t .  

Although t h e  southwestern Nevada vo lcan ic  f i e l d  does h o s t  
economic nea r - su r face  d isseminated  g o l d - s i l v e r  d e p o s i t s ,  our work 
i n d i c a t e s  t h a t  such  d e p o s i t s  a r e  not p r e s e n t  wi th in  t h e  Yucca 
Mountain Addi t ion .  P o t e n t i a l  f o r  precious-metal  d e p o s i t s  mineable 
under  c u r r e n t  economic cond i t ions ,  us ing  p r e s e n t l y  a v a i l a b l e  
technology,  i s  v e r y  low. 

P o t e n t i a l  f o r  economic d e p o s i t s  of i n d u s t r i a l  minera ls  i s  
a l s o  very low. Economic d e p o s i t s  of z e o l i t e s  o r  c l a y  a r e  
cons ide red  u n l i k e l y ,  a l though both have been encountered  by 
d r i l l i n g .  Sand and  g r a v e l  d e p o s i t s  p r e s e n t  wi th in  t h e  Yucca 
Mountain Addi t ion  have no unique value .  

Based on p r e s e n t l y  a v a i l a b l e  da ta ,  t h e  Yucca Mountain 
Addi t ion  has low p o t e n t i a l  f o r  energy resources  i n c l u d i n g  o i l  and 
g a s ,  geothermal power, and uranium. 

Determinat ions  of p o t e n t i a l  f o r  deeply b u r i e d  minera l  
d e p o s i t s  under t h e  Yucca Mountain Addition which cou ld  be mineable 
under  f u t u r e  economic c o n d i t i o n s ,  o r  us ing  new techno log ies ,  a r e  
no t  wi th in  t h e  scope  of  t h i s  i n v e s t i g a t i o n .  
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APPENDIX A. SAMPLE DESCRIPTIONS FROM FIELD NOTES, 
YUCCA MOUNTAZN ADDITION 

AND SURROUNDING MINING DISTRICTS 





YMSC-16 

YMSC-17 

YMSC-18 

YMSC-19 

YMSC-20 

YMSC-21 

YMSC-22 

YMSC-22 S 

YMSC-23 

YMSC-24 

YMSC-25 

YMSC-26 

YMSC-27 

YMSC-28 

YMSC-29 

YMSC-30 

L 

May 20. 1989 

May 20, 1989 

May 20, 1989 

May 20. 1989 

May 21, 1989 

May 21. 1989 

May 21, 1989 

May 21. 1989 

May 21, 1989 

May 21, 1989 

May 21, 1989 

May 22, 1989 

May 22. 1989 

May 22. 1B89 

May 22, 1989 

May 22. 1989 

Unaltered glassy welded air-fall(?) tuff beneath orange luff. 

Sample from a locally dominant fracture in Tiva Cyn ash flow. N low,  veil. No visible 
alleratlon. 

Zone of red-brown ash flow, locally bx with white opaline silica. Zone is approx. 5 m 
wide and trends N 20E. 

Red-brn., grey, and white siliceous breccia. Some clear chalcedony(?), and local granular 
white silica matrix. Most is silic. red-brn. biot. ash flow. Silic. rock is in irreg. area 
about 15 m diam. and is in 20 m wlde zone with abund. white silica. 
Orange tuff cut by bx. zones 8 carbonate veins (calcile). Chip spl. from area 5 m in 
diameter. 

Red brown ash flow with white silica along fractures, some clear opallchalced 
botryoidal crusts. Host rock resembles that at YMSC-19. Silica on fractures appears to 
occur in NW zone about 50 crn. wide. 
3-cm-wide vn., N 55 W, 75 SW, cutting grey lithic welded Xuff. Vein is composed of It. 
pinkish brown & white friable airfall luff. 

5 1 0  cm wide Irregular silica zone. N 30 E, with some white silica on fractures cut by 
YMSC 22 vn. 

Unaltered grey columnar ash flow from Iracl. zone, N 40 W 70 SW. 

1. 

White to v It. brown silicalcalcrete vns B encrustations, irregular. Cut grey Ilthic-rich 
ash flow. 

Fault(?) bx. 25 cm wlde, pinkish grey ash flow in white carbonate malrix. Fault at!. Is 
N-S, 80 W. 

Red-brown ash flow with botryoidal chalcedony encrustations. Zone lying between It. red 
brown ash !low and dark greenish brown vitrophyre. Grab spl. loose rock. 

Red-brown to dark grey B white silicited bx 30-50 cm. thick on E side of N-S, 72 W fault. 

Glassy welded airfall or ashflow, grey with veins 8 veinlets of carbonate - some with 
bright green mineral. West side of fault at YMSC-27. 

35 m x 15 m area of silicified grey breccia in cc on top of resistant unit, abund. caliche 
to NW. 

Float of bx., white opaline silica matrix. some It. brown opaline clasts. 

June 25, 1989 - Resampled as 22A. Relocated, marked. 

June 25. 1989 - Resampled as 22SA. Relocated. marked. 

Relocated approx loo' to NE, resampled as YMSC-24A. 
Marked. 

June 25, 1989 - Location O.K. Resampled as YMSc-25~. 
Marked. 

Resampled as YMSC-28A. Maked. 

* 

Loose chunk of silic rock spld. as YMSC-BOA, marked. No 
analysis (May not be orig. location) Location moved approx 
250 ' W of original spot on map. 



SAMPLE NO 
YMSC-31 

YMSC-310 

YMSG32 

YMSC-33 

YMSC-34 

YMSC-35 

YMSC-36 

YMSC-37 

YMSC-38 

YMSC-39 

YMSC-40 

YMSC-41 

YMSG42 

YMSC-43 

YMSC-44 

YMSC-45 

YMSC-46 

DATE TAKEN 
May 22. 1989 

Jun 25. 1989 

May 22, 1989 

May 22, 1989 

May 22, 1989 

May 22, 1989 

May 22. 1989 

May 23. 1989 

May 23, 1989 

May 23, 1989 

May 23, 1989 

-- 
May 23. 1989 

May 23, 1989 

May 23. 1989 

May 23. 1989 

May 24. 1989 

May 24, 1989 

DEscf32eUoN 
Fault N-S, 65 W, purple agglomerate with scoria clasts (footwall) B It reddish brown 
lapilli tuff (hanging wall). Spl. 01 resistant tootwall tuff (silic?) & gougy hematitic 
hanging wall. Chip spl. represents more than 30 cm. thickness. 
Red hematitic air fall. 

Small area 10 m diameter with grey silicified bx loose on surface. Grab of loose 
material. 

Small area 5 m diameter wlth silicified float. 

Vertical caliche veln. N end scraped area. 

Grey silic. ash llow clast in caliche from middle of E side scaped area. 

Btown silicic calcrete cutting red-brown ash flow, middle of E side scraped area jusl S 
of YMSC-35. 

5-6 m thlck white silica-calcrete breccia vn. N 25 E. vert. 

Irregular N-S calcrete bx. vein cutting grey lithophysal ash flow. Vn. up to 7 cm thick. 

Breccia zone more than 1.5 m wide. NS - NNE, vertical to steep W. Cuts B. purplish grey 
ash flow. .. 
Breccia with purplish grey ash flow in grey calcrete cement. Occurs on E side of N-S 
notch along Ghost Dance Fault. 

t v e l n .  

get attitude, but looks near vertical. 

Top of Yucca Mtn. in road cut. Abund. v. It. brown lo white carbonale fracture fillings. 
Sample contalns some white opaline silica. Cuts grey devit. ash flow. 

I-cm-thick silicified fracture cuttlng grey ash flow. Found on loose blocks on relatively 
flat surfaces. 

Veins of v. It. brown to white carbonate cutting grey ash flow tuff at low to high angles. 
Some silica with ct. 

Pearly white carbonate cutting grey ash flow below resistant layer. Attitude of ct. vn. 
uncertain. 

Several samples collected from base of Tiva Cyn. mbr., unalt. spls: 0 m = near top orange 
welded air fall(?); +1 m = base grey vit.; +6 m = In blacwgrey vit.; +9 m = base of devit. 
unit; -8 m = fine It. grey airfall from bt; -30 m = blk. vit.. 

R W K  s 
June 25. 1989 - Relocated and resampled as YMSC-JIA. 
marked. 

June 23, 1989 - Resampled as YMSC-34A: 1-2 cm thick N 5 
W, vert. or v. steep calcrete/opaline silica vn. Cuts 
red-brown glassy ash flow In trench. Marked. 

Resampled as YMSC-36A. Marked. 

Resampled as YMSC-42A. 

Resampled as YMSC-45A. marked. - 
Composite sample YMSC-46A analyzed. 

' 



YMSC-50 

YMSG50CS 

YMSG50CS 
2 

YMSC-51 

YMSC-52 

YMSC-53 

YMSC-54 

YMSC-55 

YMSC-56 

YMSG57 

YMSC-58 

YMSC-59 

May 24, 1989 

May 24. 1989 

May 24, 1989 

May 24, 1989 

May 24. 1989 

May 24, 1989 

May 25, 1989 

May 25, 1989 

May 25, 1989 

May 25, 1989 

May 25, 1989 

May 25. 1989 

Breccia zone, N-S, 55 W. Footwall is 25 cm red brown silic. bx. 

Mixed ct. & silica veining from 40 cm zone overlying YMSC-50s. 

Bx of grey ash flow clasts in ct. 8 sit. matrix. Overlies YM.SC-50CS. 

Grab spl. of silica & ct. bx. along fauil. N 5 W. 65W. Zone is at least 1.5 m thick. 

Vein(?) of bright red silicified bedded tuff in approx. N-S zone of purplish red indurated 
and altered tuff. 

\ 

Grab of silic. shear zone, N 40 E, 55 NW. Zone contains some black vitrophyre clasts. 

Grab of silicified fault bx. wirh It. purplish grey ash flow clasts. Fault approx. N 10 E, 
75 W. Hanging wall = bedded luff. 

Grab approx 20 m down gully from YMSC-54: fault bx. with ct. matrix, clasts = orange 
tulf. Fault approx. N 15 W, vt. 

Grab o l  bx. with ct. matrix & ash flow clasts along fault, N-S, 75 W. 

Grab of bx. with ct. matrix & ash flow clasls along fault. N 85 E, 85 N. 

Grab of unaltered grey lithosphysal tuff. 

Chip spl. across 30 cm+ wide breccia along fault, N 25 E, 70 W. Bx. contains ash flow 
clasts in silica & ct. matrix. 

June 24, 1989 - Resampled as YMSC-SOSA. Location O.K., 
marked. 

June 24. 1989 - Resampled as YMSC-50CSA. Marked. 

June 24, 1989 - Resampled as YMSC-SOCSAZ. 

Resampled as YMSC-52A. Marked. 

- 



SAMPI E NO 
YMSC-60 

YMSC-61 

YMSC-62 

YMSC-63 

YMSC-64 

Yh4SC-65 

YMSC-66 

YMSC-67 

'YMSC-68 

YMSC-69 

YMSC-70 

YMSC-71 

YMSC-72 

YMSG73 

YMSC-74 

YMSC-75 

YMSG76 

DATE TAKEN 
May 25, 1989 

May 25, 1989 

May 25, 1989 

May 25, 1989 

May 25, 1989 

May 25, 1989 

May 25, 1989 

May 25, 1989 

May 25. 1989 

May 25, 1989 

May 25, 1989 

May 25, 1989 

Jun 1. 1989 

Jun 1. 1989 

Jun 1, 1989 

Jun 1, 1989 

Jun 1, 1989 

DEXf%PI&H 
Wide bx. zone: dk. grey ash flow clasts in white lo h. brown ct. + silica matrix. Breccia 
zone approx. 40 m. wide - very nicely exposed in gulley. To W of bx. in gulley is 
langlomerate with abund. caliche. 
65-cm-thick bx. B vn. zone - shear planes with vt. slickensides. Att. of zone = N 25 E, 75 
w. 

Grab from silic. bx., att. approx. N 10 W, ved. Zone is at least 1 m wide. 

Grab from silic. + ct. bx., N 15 E, 80 W, at least 3 m wide. 

Unaltered It. pinklsh grey ash flow tuff. 

Grey to purplish grey silicified bx. in 3-m-wide zone. Possible all. - N 10 W, 60 W. 

Grey to purplish grey sllicilied bx., p s s .  some ct. matrix, In 1 m+ wide zone. N-S, steep 
W. 

Chip across 25 cm-45 cm wide dike or vein. Grey opaline. silica culling brown airfall. N 
47 E, vert. 

Grab of airfall tuff dike, white. glassy pumice in 15 cm wide d~ke. N 42 E, 85 SE. Cuts 
same airfall as YMSC-67 & is aboul 2 m NW 01 it. Part of bedded lull unit. 

Calcite + silica cemented bx., N 5 W, vt., gravel to W with abund. caliche. 

' _ 
Grab from silic. bx. zone N 10-15 W, 60-70 W. Zone approx. 1.2 m thick. 

Calcrete bx. with some sillc. clasts along N 15 E. 60-80 W bx zone In bedded tuff. Grab 
spl. lrom 3 m thick bx. 

Float from N 25 E - trending zone silic. ash flow, grey color. minor ct. 

Float of silic. ash flow B some calcrete veining. 

Silica B calcrete bx. in purplish grey ash flow with large dark grey spherulitic fiamme. 

Silica and calcrete bx. zone approx. 3 m wide, N 15-20 E. Grab spl. 

Silica B calcrete bx. in N 20 E(?) zone. Poorly exposed. 

~~~s 

Resampled as YMSC-66A. Locarion 0 K. Pan of a N-S to 
- 

NNE wide silica - cr. bx. zone. Spl. lrom bottom of smali 
wash. Marked. 

Resampled as YMSC-69A. Location approx. Marked. 

C 



YMSC-81 

YMSC-82 

YMSC-83 

YMSG84 

YMSC-85 

YMSC-86 

YMSC-87 

YMSG88 

YMSC-89 

YMSCSO 

YMSC-91 

YMSC-92 

YMSC-93 

Jun 1, 1989 

Jun 1, 1989 

Jun 1, 1989 

Jun 1. 1989 

Jun 23, 1989 

Jun 23. 1989 

-- 

Silic. lault bx. along zone separating purplish grey ash llow from pink bedded tuff. Alt. 
approx. N-S, 45 E. Silic. bx. at leas1 60 cm. thick. 

Red brown silic. bx. block in bedded tuff - possible fault sliver. 

Red brown silic. bx. float, possible fault through saddle. 

Float from shear zone(?). 

Calcrete layer parallel to bedding in bedded tuff. Pink fine grained tuff with white 
calcite. Thin (1-2 rnm.) silica veins in calcrete. Overlain a underlain by orange lapilli 
tulf. coarse. most pumice frags 0.5 to 1 cm. diameter or more. 
Fault gouge and bx. in 5-cm-wide fracture in ash flow in hanging wall of fault separating 
ash flow from bedded tuff. Fracture N 65 W, 75 SW. 

-- 
Jun 24, 1989 

Jun 24, 1989 

Jun 24, 1989 

Jun 24, 1989 

Jun 24. 1989 

Jun 24, 1989 

Jun 25. 1989 

I-2-cm-thick grey opal vein, irregular. approximately N 50 W. a1 contact between black 
& red brown vitrophyre (footwall) and coarse grey lapilli luff (hanging wall). Located 
about 3 m S of YMSC-2. 
White calcrete 8 silica veins in purple alr fall. Veins In N 10 W, 80 NE zone. Marked. 

Coarse silic. bx. zone 30 cm. thk., N 15 W, 65 SW. Cuts purple ash flow. Located about 50 
m N 10 W of YMSC-88 

Silic. bx. along fault, N 20 W, 80 W. About 40 rn S 30 E of YMDD-36. 

Grab spl. of bx. with ct. matrix - It. purplish grey color. Not v. hard. Wide zone approx. 
NNW. Steep indiv. shears N 20 W, 85 E; N 30 W, 60 E; N 10 W. 80 W. 

Brown siiic. air fall spld. 5 m N 45 W of YMSC-52. This rock type Is in a zone parallel to 
red silic. material of YMSC 52. 

Lt. purplish grey ash flow(?) or welded air fall. vitric. country rock for YMSC 22 veins. 
Located about 2 m W of YMSC-22s. 

Fault - with coarse breccia N. 15 W. 65 S.W. approximaely ' 
30 cm. thick silic with in purple ash llow tufl. Breccia 
appears S 102. Sample located approx. 150' N. 10 W. 01 

C 



YMPG-7 

YMPGB 

YMPG-9 

YMPG-10 

4 

YMPG-11 

YMPG-12 

May 20, 1989 

May 20, 1989 

May 20, 1989 

May 21, 1989 

May 21, 1989 

May 21, 1989 

lust above orange vitrophyre and bedded tull (see remarks) 
Purple breccia with silica & opal cement. Breccia In subcrop appears to juxtapose bedded 
ash and vitrophyre. Approx. N 20 W strike of lault. 

Purple breccia with silica cement along fault in wash 20 m south of YMPG-7. Fault 
between ash fall and purple welded ash flow, N 12 W, 90. This is on trend with YMPG-7 
(see remarks). 
Opal breccia 30 rn south of YMPG-8 - prob. same fault zone. Exposed in wash. 

Sub-crop of breccia with siiica and calcrete cement, opal common. Host rock It. gray 
qtz.. plag, biot. rhyolite. 

Subcrop of coarse grey breccia with silica cement. Host rock It. gray platy clinkstone 
unit. 

Dk. grey breccia. Fault not exposed - appears to slightly drop east side down - bdd tull 
agalnst vitrophyre. Breccia found in float a1 contac!. Shear planes in bdd tuff, N 10 W, 
48 W. 

Several faults with same trend and breccia zone 4-5 m. 
wide. Both silica and calcrete cement. Very coarse 
breccia, up to 35 cm. frags. 

C 



SqMPLEa - 
YMPG-13 

YMPG-14 

YMPG-15 

YMPG-16 

YMPG-17 

YMPG-18 

YMPG-19 

YMPG-20 

YMPG-21 

YMPG-22 

YMPG-23 

YMPG-24 

YMDD-1 

YMDD-2 

YMDD-3 

YEADD4 

YMDD-5 

TAKEN 
May 21, 1989 

May 21, 1989 

May 21, 1989 

May 21, 1989 

May 21, 1989 

May 21, 1989 

May 21, 1989 

May 21, 1989 

May 21, 1989 

May 21, 1989 

May 21, 1989 

Jun 23, 1989 

May 22, 1989 

May 22, 1989 

May 22. 1989 

May 23. 1989 

May 23, 1989 

DESCRIPTION 
Calcrete Qreccia with opal in small fault in vitrophyre just above bedded tuff. Fault N 8 
E, 45 W. 

Gouge and bx. from fault, down to east, cuts red ash unit and vitrophyre here - forms 
small gulch with calcrete breccia common in vitrophyre. Fault trends N 45 W. 

Fault breccia, poorly exposed calcrete In vitrophyre. 

Small fault with calcrete-cemented breccia of platy purple & gray ash-flow tuff. 

Calcrete and opal-cemented bx. In It. gray vuggy ash flow. 

Fine fault brecda and gouge, 30 cm - 5 cm wide, N 5 E, 65 W, within columnar unit. 

Calcrele within platy and vuggy purple tuff along 1-2 cm wide fault zone. 

Silica-cemented breccia in purple vuggy tuff with fialtened pumice. 

Calcrete-cemented breccia in purple plaly clinkstone unit. 

Silica-cemented bx. in purple platy clinkstone unit. 

-.. 
Purple silica-cemented bx. 

In scraped area top of Yucca Mtn. Silica-calcrete vein in purple vltric tuff. Vein 
material white to It. brown, banded. E - W, vertical. 

Grab sample of silicic coating on joint in lithophysal tulf. Surrounding rock is 
lithophysal tuff showing little silicification. No veins. 

Botryoidal chalcedony(?) in bedded tuff. Grab sample from float of silica and host rock. 
No veins. 

Calcrete with sparse reddish opaque XIS. {hematite?). Grab sample of float. Surrounding 
rock is tuff. No veins. 

Float chips of silicified calcrete. Forms crusts, minor breccia, vug Illling. Forms no 
veins and is generally sparse. Country rock is gray devitrified tult. 

Grab sample float. Breccia with partly silicified calcrete matrix. Host Is gray 
devitrified tuff. Calcrete locally forms outer crust. 

June 23. 1989 - Relocate on map and respl as YMPG-18A. 
Marked. 

June 23, 1989 - Resampled. Location good. Marked. 

June 25. 1989. Resampled as YMDD-3A. Marked. 

- 

June 25, 1989. Resampled as YMDD-5A. Marked. 



YMDD-7 

YMDD-8 

YMDD-9 

YMDD-10 

YMDD-11 

YMDD-12 

YMDD-13 

YMDD-14 

YMDD-15 

YMDD-16 

YMDD-17 

YMDD-18 

YMDD-19 

YMDD90A 

YMDD20B 

YMDDZI 

May 23, 1989 

May 23, 1989 

May 24, 1989 

- 

May 24, 1989 

May 24, 1989 

May 24, 1989 

May 24. 1989 

May 24, 1989 

May 24. 1989 

Fault breccia with matrix and green mineral in fractures. 

Chlps of faull(?) breccia with matrlx. Little outcrop - mostly talus. Small show In fault 
zone at top of ridge. Host rock is gray devtrified tuff. 

Breccia with partly silicified calcrete matrix. Host rock is gray. somewhat vuggy, 
devitrified tuff. Grab sample float. 

-- -- -- - 
Grab sample from o u t c r k  
devitrified tuff. Outcrop exposure about 5 m wide in draw. 

Chips from outcrop. Fault not seen. Breccia wirh white calcrete matrix. Host rock Is 
gray, divitrified tuff with abundant lithophysae. 

Chips from outcrop. No fault or breccia. White calcrete €i silica veins or jolnt fillings. 
Host rock Is vuggy devitrilied pumiceous tulf. 

Grab samples of float. Thin coating on some rocks. Breccia exposed has no matrix. Host 
rock gray divitrilied tulf with some vugs. Actual fault is covered. 

Grab sample of outcrop. Discontinous calcrete coating on surface . Host rock is reddish 
brown siliceous devitrified tuff. 

- 

Outcrops lor 20-30 m. Host rock is both reddish brown and black siliceous devitrified 

-- 
May 24, 1989 

May 24, 1889 

May 24, 1989 

May 24, 1989 

May 24. 1989 

May 24, 1989 

May 24, 1989 

Grab sample from outcrop. Silicified breccia. Host rock is It. brown partly silicilied 
devitrified tull. Fault not obvious. 

Grab samples of float. Pmly sillclfled limy while matrix of breccia. Host rock is It. 
brown, partly silicified, devitrified tulf. No veins. 

Grab sample from outcrop. Breccia with partly silicified, limy white matrix. Host rock 
is gray, siliceous, devitrified tuff. Fault not obvious. No veins. 

Grab sample from outcrop. Breccia with minor partly silicified. limy, white matrix. Host 
rock Is gray. partly devitrified tuff. No obvious faults. No veins. 

Breccia with partly silicified, limy white matrix, grab sample from east side o l  fault 
between brown silicified tuff (east side), and grey, partly silicified tuff, (west side). 
Scarp N 8 E. 53 W. 
Chip sample of breccia from west side of YMDD2OA fault. 

Locally silicified calcrete. 

June 24, 1989. Resampled as YMDD-17A. Light colored bx., 
N 35 W. 60 SW. Marked. 

* 

June 24, 1989. Resampled as YMDD21A. Marked in road. 



ncenain size. 

n vitrophyre at base ol bedded tuff. Marked 

YMDD-25 

YMDD-26 

YMDD-27 

May 25, 1989 

May 25. 1989 

May 25, 1989 

Siliceous white coaling on surface of siiicilied brown devitriliod lull. North wall of 
lault. Liltle brecciation, no veins. Grab sample from outcrop. 

Grab sample of brown vuggy, silicified, devitrified luff in fault zone. Mildly breccialed. 
Minor siiicilied fracture fillings. No surface coatings. 

White limy coating on fracture surfaces in partly silicified gray devitrilied lull. No 
veins. Minor brecciation. Near fault which is covered. Grab sample. 

Resampled as YMDD-25A. Location may nor be same, but 
close. Silicified bx at fault contact btw. Topopah Spr. tuff 
on N and bedded tuft on S. 
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N 

YMDD-53 

YMDD-54 

YMDD-55A 

YMDD-550 

YMDD-55C 

YMDD-56 

YMDD-57 

YMDD-58 

YMDD-59 

YMDD-60 

YMJT-1 

YMJT-2 

YMJT-3 

YMJT-4 

BH-1 

BH-2 

Jun 11, 1989 

Jun 11, 1989 

Jun 11, 1989 

Jun 11, 1989 

Jun 11. 1989 

Jun 11, 1989 

Jun 11, 1989 

Jun 11, 1989 

Jun 11, 1989 

Jun 11, 1989 

Jun 27, 1980 

Jun 27, 1989 

Jun 27, 1989 

Jun 27, 1989 

Jun 8. 1989 

Jun 8, 1989 

Grab sample from partly silicified calcrete breccia and vein zone. Clasts are partly 
silicilied, gray devitrified tuff. Major vein attitude N 7 E. 71 W. 

Grab sample of caprock: light pinkish gray, lithlc, devitrilied, pumiceous tuff. 

Grab sample from east side of fault trending approximately N 7 E - same as caprock of 
YMDD54. Little brecciation. 

Grab sample from west side o l  YMDD-55A fault. Light pinkish gray devitrilied lithified 
tuff. 

Partly silicified calcrete breccia. Grab sample. Fault not exposed, calcrete chips very 
common along its mapped lrace and on ridgetop to north. 

Grab sample of calcrete breccia - partly silicitied. Clasts of brownish gray, partly 
s~l~cified, devitrilied tulf. This is a conlinuation o l  zone sample YMDD-53 collected 
from. 
Grab sample. Partly silicified calcrete breccia and veins. .Hain vein attitude N 4 E, 76 W 
Clasts par~ly silicified, dovirrified, brownish gray tuff. 

Grab sample from small outcrop of calcrele breccia, partly silicified. Clasts are partly 
silicified light purplish gray, devitrilied luff. Main vein N 34 W, 87 E. 

Silicified(?) calcrete breccia grab sample. Clasts are gray, devitrified tuff, partly 
silicilied. 

'- . 
Along unexposed fault. Minor local brecciation. Fractures N 18 W. 83 E. Grab sample of 
light tan, devitrilied, pumiceous lu l l  with silicilied rind. 

Grey opalized ash flow with bronze mlca. Possible Mn oxide. About 40 m N 50 W of 
YMPG-23. 

40-cm-wide silic. fault bx. zone, grey, N 35 E, 70 W. 

Aboui 4 m S 35 W of YMJT-2. Calcrote veining in grey silic. fault bx. similar to JT-2. 

2-3 cm rhick white opaline silica vn. along face 01 silic. lault bx., N 20 E, 70 W. Part of 
wider zone (approx. 3 m) of grey to brown silic. bx. 

Cornwall's ash flow unit #4 - bleached and limonitic. 

Silic. zone. chalcedonic with some coarse qtz., in N 70 E, 55 N shear system. Country 
rock shattered, esp. below zone. 

Location marked. 

- 



BH-4 

BH-5 

BH-6 

BH-7 

BH-8 

BH-9 

BH-10 

BH-11 

BH-12 

BH-13 

BH-13A 

BH-14 

BH-15 

BH-18 

BH-16 

BH-19 

Jun 8, 1989 

Jun 8, 1989 

Jun 8, 1989 

Jun 8, 1989 

Jun 8, 1989 

Jun 8, 1989 

Jun 8, 1989 

Jun 8, 1989 

Jun 8, 1989 

Jun 8, 1989 

Jun 28, 1989 

Jun 8, 1989 

Jun 8, 1989 

Jun 9. 1989 

Jun 8, 1989 

Jun 9. 1989 

Vein system in adit. N 20 E, 20-25 W. Abundant sub-parallel qtz. veins with some drusy 
cavities. Veins in shallow zone approximately 2 m thk. 

About 2 rn above base of Cornwall's ash flow #4 

Drusy quartz vn., near top of hill. 

Silicified bx. zone, N 40 W, 45 SW, 10-25 crn thk. 

N 15 W, 45 W zone of qtz. and Mn oxide veins. 

Tramps Mine. 75 rn N 35 W from portal. Vn. N 30 W, 65 W, 6-10 cm thick. 

Tramps Mine. 85 m N 35 W from portal. Shear zone with sjlica N 40 W, 35 W. 

Tramps Mine. Vein at inclined stope 22 m N 75 E of Y in adit. Loose rock from ore chute. 

Breccia vein across from chute at incline, N 35 W, 75 W, 30 cm thick. Assoc. with 
sub-parallel veins in 2 m thk. zone. . 
2 crn white chalcedony vein in altered tuff. N 15 E, 55 W. Tuff in this roadcut olc is 
bleached and contains ye!low to brown limonite. Approx. 30 11. to NW is another vein, 
N-S. 35 W. Other orientations of qtz vns also present. 
Coarse qtz. vn. from same olc which yielded BH-13. 

1-2 crn bx. vein, irregular, predates qtz. veining. Same o/c as BH-13. 

Propylitic alteration, including blue-grey chloride. in volcanic(?) rock cut by qtz.-ct. 
veins. Original Bullfrog Mine (OEM). 

Alered rhyolile with abundant low angle qtz. veins approx. N 10 W, 32 W. OEM. 

Hematite-rich rock with abund. qtz. vns. OBM. 

Calcite vein from small pit (loose). OEM. 

- 



S M P L E  
BH-17 

BH-20 

BH-21 

BH-21-8 

BH-22 

BH-23 

BH-24 

BH-25 

BH-26 

BH-27 

BH-28 

BH-29 

BH-29B 

BH-29V 

BH-30 

BH-31 

BH-32 

$ 

w m m  
Jun 8. 1989 

Jun 9. 1989 

Jun 9, 1989 

Jun 9, 1989 

Jun 9, 1989 

Jun 9, 1989 

Jun 9, 1989 

Jun 9, 1989 

Jon 9. 1989 

Jun 9, 1989 

Jun 9. 1989 

Jun 9. 1989 

Jun 9, 1989 

Jun 9, 1989 

Jun 9, 1989 

Jun 10. 1989 

Jun 10, 1989 

DESCRIPTION 
Loose chunk of qtz.-adularia-ct. vein material cutting altered volcanic rock. OBM. 

Qtz.-copper oxide vn. material with visible Au. Loose in small pit at OBM. 

Unbleached grey brown rhyolite ash flow (Ransome's r8) with sparse veins. S end Ladd 
Mtn. 

Bleached sample of same rock as BH-21. 

0.5 cm thick qtz.-limonite vein on W side Ladd Mln. near S end. Associated rhyolite is 
brown, silicified. 

0.5 un. thick qtz.-Mn oxide vn. on E side Ladd Mtn. near S end. 

Silic. bx. in pink tuff. Ladd Mtn. 

Pink tuff. Ladd Mtn. 

Chip spl. across 6 rn wide qtz.ct. vn. in short cross cut 60 rn above Tramps Mine haulage 
tunnel and overlooking Tiger Mine waste pile. 

Bleached ash flow or welded air fall. Tramps Mine area. 

1 

S~licified ash flow adjacent to vein. Tramps Mine area. 

Nelson vn., punky dark brown material (oxidized ct. 7). Tramps haulage adit. 

Altered country rock slivers in Neison vein. 

Spl. of qiz vn. (Nelson vn.). 

Ransome's r l ,  XI-rich, purple, banded. Locally chloritic. Bullfrog Mtn. 

Qtz veins in r l ,  loose rock near top hill. Bullfrog Mtn. 

Pinkish or purplish grey airfall with abundant lithic frags. Bullfrog Mtn. 

REMARKS 

- 
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GEXA-1 

GEXA-2 

GEXA-3 

GEXA-4 

GEXA-5 

GEXAB 

GEXA-7 

GEXA-8 

GEXA-9 

GEXA-10 

GEXA-11 

GEXA-11A 

GEXA-12 

I 
GEXA-13 

GEXA-14 

GEXA-15 

Jun 6, 1989 

Jun 6, 1989 

Jun 6, 1989 

Jun 6, 1989 

Jun 6. 1989 

Jun 6, 1989 

Jun 6, 1989 

Jun 6. 1989 

Jun 6. 1989 

Jun 6, 1989 

Jun 6, 1989 

Jun 6, 1989 

Jun 6. 1989 

Jun 6, 1989 

Jun 6. 1989 

Jun 6, 1989 

Dark grey silicified siltstone, grab. Mother Lode Prospect (ML) trench. 

Sandstone(?) with interbedded siltstone. ML trench. 

AIlered rhyoiite with qtz. phenos. ML trench. 

Same as GEXA-3, but limonllic. ML trench. 

Fault zone material, contains Mn oxide and opal. ML trench. 

Sandstone(?), contains layers and clasls of siltstone. ML trench. 

Lt. grey altered sandslone(?) or air-fall tuff(?). ML trenctl, 

Mn oxide - rich pocket in white bleached rhyol~tic rock with minor limonite. ML trench. 

Irregular drusy qtz. vn. or bx. titling with late Mn ox. at contact between sillslone and 
sandstone. ML trench. 

1. 

Nodule of silic. calcareous siltstone from same localion as GEXA-9. 

White nonwelded pumiceous air-fall luff. Hill W of ML trench. 

Same as GEXA-11. but unique yellow color. 

Altered qtz. latite from dump. Hill S of ML trench. 

Irregular clay vein spl. from adit. Attitude variable. Thickness up to 3 m. Country rock 
is limestone. Hill S of ML trench. 

Caliche above altered sandstone. ML trench, 35 m along E arm from center. S side arm. 
1 m below origlnal surface. 

Caliche above altered rhyolite. ML trench 12 m along W arm on S side. 60 cm below 
original surlace. 

GEXA-12A is similar rock from lower dump. 

w 



GEXA-17 

GEXA-18 

GEXA-19 

GEXA-20 

GEXA-21 

GEXA-22 

GEXA-23 

GEXA-24 

GEXA-25 

GEXA-26 

GEXA-27 

GEXA-28 

GEXA-29 

GEXA-30 

GEXA-31 

GEXA-32 

Jun 6, 1989 

Jun 6, 1989 

Jun 6, 1989 

Jun 6, 1989 

Jun 6, 1989 

Jun 6. 1989 

Jun 6, 1989 

Jun 28, 1989 

Jun 28, 1989 

Jun 28. 1989 

Jun 29. 1989 

Jun 29, 1989 

Jun 29. 1989 

Jun 29. 1989 

Jun 29. 1989 

Jun 29. 1989 

Altered tuff with no limonite. ML trench. 

Bedded tuft with purple oxidized layers, E-W, 40 N. Hill W of ML trench. 

Limonitic siltstone from dump of adit approx. 15 m to SE. SW 01 ML trench. 

Unaltered sandstone. SE of ML trench. 

Silicified cgl. or bx. Hill NW of ML trench. 

Limonitic silic. bx. - both GEXA 21 B 22 are silic. bx. or cgl. which overlies grey lo  white 
airfall tuff. Near GEXA-21 

Limonitic opalized airfall tuff from hill NW of ML trench. ,This hill is opalized, whereas 
area mntaining GEXA 21 & 22 is chalcedonic. 

Ah rhyolite from ML trench, S wall, near W end of W arm. 

Zone of silic. gravel or bx. just W of small trench. Zone trends NW. On hill SW of ML 
trench. ._ 
Opalized airfall. Hill SW of ML trench. 

Surface caliche from drill road 1200 m SW of ML trench. 

Brecciafed limestone with ct. - silica veinlets. Hill SW of ML trench. 

Breccialed limestone with ct.- silica velnlets. Near GEXA 28 

Silicified limestone along major N 60 E, 60 N faull. Near GEXA 29. 

Calcrete vein from silica in excavated notch. Along same fault as GEXA 30. Hill SW of 
ML trench. 

Silica from notch. Same location as GEXA-31. 

C 



GEXA-34 

FC-1 

GB-1 

GB-2 

GB-3 

GB-4 

GB-5 

W-1 

W-2 

W-3 

W-4 

W-5 

W-6 

W-7 

W-8 

W-9 

Jun 29. 1989 

Jun 29, 1989 

Jun 9, 1959 

Jun 9, 1959 

Jun 9, 1989 

Jun 9, 1989 

Jun 9. 1989 

Jun 26, 1989 

Jun 27, 1?89 

Jun 27, 1989 

Jun 27, 1989 

Jun 27. 1959 

Jun 27, 1989 

Jun 27, 1989 

Jun 27. 1989 

Jun 27, 1989 

Gossan in Paleozoic rock from dump. Hill SW of ML trench. 

Grab 01 limonitic bx. from outcrop along road in Fluorite Cyn. About 2 mi. SW of ML 
trench. 

Gold Bar Mine. Country rock with minor veining. Loose from muck pile. 

Altered country rock. Gold Bar Mine. Loose from muck pile. 

Breccia of bleached rhyolite in drusy qtz.-ct. matrix. Gold Bar Mine. Loose from muck 
pile. 

Basalt with line-grained qtz. veins. Gold Bar Mine. Loose from muck pile. 

Basaft with ct. veins. Gold Bar Mine. Loose from muck pi!% 

Altered volcanic rock approx. 320 m ENE of Wingfield shaft. (Shaft is at end of loop 
road). 

Limonitic altered volcanic rock approx. 250 m NE of Wingfield shaft. 

. . 
Grab of 1-m-wide siiic. zone approx. 220 m NE of Wingfield shalt, abund. limonite. 

Grab of qtz. vein In silic. volc. approx. 200 m NE of Winglieid shaft. 

Grab of qtz. vein approx. 25 m NE of Wingfield shaft. Vein is white fine-grained qtz. 
approx. 30 cm wide. trending N 25 E. 

Altered volcanic rock approx. 30 m WNW of Wingfield shaft. abund. limonite on fractures. 

Sulfide-rich breccia vn. from dump NW of Wingfield shaft. 

Altered rock approx. 100 m NW of Wingfield shaft. 

Grab of qtz. vein zone approx. 200 m NW of Wingfield shaft. trend N 25 E. 





YMSFIG 

YMSF17 

WSF1-1 

WSF1-2 

GXSFl 

GXSm 

GXSF3 

GXSF4 

GXSF5 

GXSFfi 

G X W  

GXSF8 

GXSF9 

GXSFIO 

GXSFll 

TRSFI 

Jun 27. 1989 

Jun 27, 1989 

Jun 26. 1989 

Jun 26. 1989 

Jun 28, 1989 

Jun 28, 1989 

Jun 28, 1989 

Jun 28, 1989 

Jun 28, 1989 

Jun 25, 1989 

Jun 28. 1989 

Jun 28. 1989 

Jun 28, 1989 

Jun 28, 1989 

Jun 28. 1989 

Jun 28. 1959 

glass; pbt unit of Paintbrush Tuff. 

Medium tan to orangish-tan bedded tuff composed mostly of pumice; pbt unit of 
Paintbrush Tuff; stratigraphically above YMSF15. 

White calcium carbonate deposit In tuff from trench cutting Solitario Canyon fault. 

- - - ~ ~ .  
White to light tan tuff or shallow intrusive rock from vicinily of middle Wahmonie shah 
at end of road NW of tank; feldspar phenocrysts: red brown glass fragrnenls; intensely 
altered. 
Light tan to dark orangish-brown volcanh rock from same location as WSF1-1; quartz and 
feldspar phenocrysts; intensely altered. 

Light gray to light tan iron oxide-stained tuff from Mother Lode Irench wall; sparse 
quartz phenocrysts; argillically altered. 

Dark brown to medium orange to medium tan iron oxide-stained volcaniclastic rock from 
Mother Lode trench; highly altered. 

Dark brown to medium orangish-tan volcaniclastic rock from Mother Lode trench; altered. 

White to medium tan luff from Mother Lode trench; quarrz phenocrysts; highly altered. 

White vitric lull from small hill SW of Mother Lode trench; quartz and alkali feldspar 
phenocrysts; hlghly altered. 

Medium reddish-brown vitric tuff from same hill as GXSF5; quartz and alkali feldspar 
phenocrysts; altered pumice fragments. 

Light yellow vilric tuff lrom same hill as GXSF5 and 6; quartz and alkali feldspar 
phenocrysts and pumice fragments: tragments ot black volcanic glass; pumice fragments 
highly altered. 
White to lighr tan vitric (?) tuff from same hill as GXSF5, 6, and 7 with v. large pumice 
fragments; small quartz and alkali feldspar phenocrysts; altered. 

Colluvium lrom same hill as GXSF5, 6. 7. and 5: fragments of tuff in which phenocrysts 
and some of pumice .fragments have been leached out; one tulf lragment exhibits 
slickensides. 
Light to dark gray breccia capping knob west of Mother Lode trench; breccia has angular 
clasts and is composed of a sedimentary unit which has been silicified. 

Dark brown to black argillite from vicinity of GXSFIO. 

White tuff from vlcinity of Tramps mine. Rhyolile area; alkali feldspar phenocrysts, 
iirhic fragments, pyrite; silicified. 

L 





APPENDIX B. CHEMICAL ANALYSES, IN PPM, OF SaMPLES 
FROM THE YUCCA MOUNTAIN ADDITION 
AND SURROUNDING MINING DISTRICTS 



SAMPLE NO. Ag As ' A u  

YMSC 1 
YMSC2 
YMSC at 
YMSC3 
YMSC4 
YMSC 5At 
YMSC 5Bt 
YMSC5C 
WSCH 
YMSC 6 

YMSC7 
YMSC 7At 
YMSC 8 
YMSC 9 
YMSC 10 
YMSC 11 
YMSC 12 
YMSC 1% 
YMSC 13 
YMSC 14 

I 
YMSC 14At 
YMSC 14B 
YMSC 14C 
YMSC 14C' 
YMSC 15 
YMSC 16 
YMSC 17 
YMSC 18 
YMSC 19 
YMSC 20 
YMSC 21 

YMSC 22 
YMSC 2% 
YMSC n s  
YMSC 22SM 
YMSC 23 
YMSC 24 
YMSC 24At 
YMSC 25 
Y MSC 25At 
YMSC 26 

reanalysis of original sample 
t analysis of resampled material 



SAMPLE NO. Ag As 

YMSC 27 
YMSC 28 
YMSC 28At 
YMSC 29 
YMSC 30 
YMSC 31 
YMSC 31At 
YMSC 318 
YMSC 32 
YMSC 33 

YMSC 34 
YMsC 34Ai 
YMSC 35 
YMSC 36 
YMSC 36At 
YMSC 37 
YMSC 38 
YMSC 39 
YMSC 40 

YMSC 42 
YMSC 42At 
YMSC 43 
YMSC 44 
YMSC 45 
YMsC 45At 
YMSC 46.4 
YMSC 47 
YMSC 48 
YMSC 48C 

YMSC 49 
YMSC 49C 
YMSC W S  
YMSC 50SAt 
YMSCSOCS 
VMSCsocsAt 
YMSC 50CS2 
YMSC50CS2At 
YMSC 51 
YMSC 52 

t analysis of resampled material 

Cd 

co.100 
0.343 
0.159 

<0.100 
<o. 100 
0.133 
0.099 
0.105 

<o. 100 
<0.100 

0.120 
0.105 

<0.101 
0.102 

<o. 100 
0.146 
0.147 

<0.100 
0.111 

<o. 100 

<0.101 
0.122 
0.146 

<0.100 
0.143 

<0.100 
0.1 55 

co. 100 
co.1oo 
<o. 100 

so. 100 
<o. 100 
<0.101 
<0.100 
<0.101 
0.102 

<0.100 
<0.099 
~0.100 
<0.100 



SAMPLE NO. Ag As 

YMSC 52At 
YMSC 53 
YMSC 54 
YMSC 55 
YMSC 56 
YMSC 57 
YMSC 58 
YMSC 59 
YMSC 60 
YMSC 61 

YMSC 62 
YMSC 63 
YMSC 64 
YMSC 65 
YMSC 66 
YMSC 66' 
YMSC 66At 
YMSC 66A' 
YMSC 67 

M YMSC68 
I 

YMSC69 
YMSC 69' 
YMSC 69At 
YMSC 70 
YMSC 71 
YMSC 72 
YMSC 73 
YMSC 74 
YMSC 75 
YMSC 76 

YMSC n 
YMSC 78 
YMSC 79 
YMSC 80 
YMSC 81 
YMSC 81' 
YMSC 82 
YMSC 83 
YMSC 84 
YMSC 85 

reanalysis of orfginal sample 
t analysis of resampled material 



SAMPLE NO. Ag As 

YMSC 85' 
YMSC 85' 
YMSC 86 
YMSC 87 
YMSC 88 
YMSC 89 
YMSC 90 
YMSC 91 
YMSC 92 
YMSC 93 
YMSC 94 

YMSC 95 
YMSC 96 
YMSC 96' 
YMSC 97 
YMPG 1 
YMPG 2 
YMPG 3 
YMPG 3A 
YMPG 4 
YMPG 5 

YMPG 6 
YMPG 7 
YMPG 7' 
YMPG 8 
YMPGS 
YMPG 10 
YMPG 11 
YMPG 12 
YMPG 13 
YMPG 14 

YMPG 15 
YMPG 16 
YMPG 17 
YMPG I8 
YMPG lEAt  
YMPG 19 
YMPG 19At 
YMPG 20 
YMPG 21 
YMPG 22 

reanalysis of original sample 
t analysis of resampled material 
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SAMPLE NO. Ag As 

YMDD 31 
YMDD 32 
YMDD 34 
YMDD 35 
YMDD 36 
YMDD 36A 
YMDD 37 
YMDD 38 
YMDD 38' 
YMDD 38A 

YMDD 39 
YMDD 40 
YMDD 41 
YMDD 42 
YMDD 43 
YMDD 43' 
YMDD 44 
YMDD 45 
YMDD 45At 

t33 YMDD 46 
I 

YMDD 47 
YMDD 48 
YMDD 49 
YMDD 50 
YMDD 51 A 
YMDD 51 B 
YMDD 52 
YMDD 53 
YMDD 54 
YMDD 55 A 

YMDD 55 B 
YMDD 55 C 
YMDD 56 
YMDD 56' 
YMDD 57 
YMDD 58 
YMDD 59 
YMDD 60 
YMJT 1 
YMJT 2 

reanalysis of orlginal sample 
t analysis of resampled malerial 
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0 0 0 0 
V V V V  
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0 0 0 0 0  
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SAMPLE NO. 

GEXA1 & GWA2 
GEXA3 
GWA4 
GEXA5 
GWA6 
GWA7 
GEXA8 
GEXA9 
GEXA 10 

GEXA 11 
GEXA IIA 
GEXA 1lA " 
GEXA 12 
GEXA 12A 
GEXA 13 
GEXA 14 
G€XA 15 
GEXA 16 
GEXA 17 

" reanalysis of hand sample 



. ..& 

SAMPLE NO. Afl As AU 

G W A  21 
G W A  22 
G W A  23 
G W A  24 
G W A  25 
GEXA 26 
G W A  27 
G E M  28 
G W A  29 
GWA 30 

GEX4 31 0.096 5.00 0.271 
G W A  33 ~0.015 53.70 0.054 
G W A  34 0.312 2225.00 3.070 

" reanalysis of hand sample 



APPEXDIX C .  MINERlSLOGIC R E S U L T S  FROM 
X-RAY D I F F R A C T I O N ,  YUCCA MOUNTAIN A D D I T I O N  

AND SURROUNDING M I N I N G  D I S T R I C T S  



4 

YUCCA MOUNTAIN ADDITION - * 
YMSC 2 KF, 0-CT, B 

YMSC 5C Ca 

YMSC 5B Ca, T, 0 

YMSC 14 Ca, VG 

YMSC 14C VG, KF, Cr 

YMSC 22 (clasts) VG, M, Ca? 

YMSC 22 (matrix) VG, KF, PF, B, M 

YMSC 22s (grey opal) 0-CT, KF, Q?, Cl? 

YMSC 22s (white opal) T, 0-CT, Q? 

YMSC 28 Ca 

YMSC 29 (bx. matrix) Ca, 0-CT?, T, KF 

YMSC 30 Ca, 0-CT, Q 

YMSC 31A Cr, KF, PF 

YMSC 31B (clasts) VG, Ca, KF, Q 

YMSC 31B (matrix) VG, KF? ,  M 

YMSC 34 Ca, Cr 

YMSC 36 Ca 

YMSC 42 Ca, T, 0 

YMSC 45 Ca, T? 

YMSC 51 (clasts) KF, Cr, H 

YMSC 51 (matrix) Ca 

YMSC 51B KF, Cr 

YMSC 52 0, Cr, KF 

* A = alunite, B = biotite, Ca = calcite, C1 = clinoptilolite, 

Cr = cristobalite, H = hematite, I = illite, I-M = interstratified 

illite-montmorillonite, J = jarosite, KF = potash feldspar, M-I = 

montmorillonite-illite, M = montmorillonite, 0 = opal, 0-CT = opal- 

CT, PF = plagioclase feldspar, Q = quartz, T = tridymite, and VG = 

volcanic glass. 



YUCCA MOUNTAIN ADDITION (CONT. ) 4 

sixuk-& e r a l s  ia.&&uz. Order of ~b-* 

YMSC 6 6  (bx .  m a t r i x )  0-CT, KF, Q, C a  

YMSC 85 VG, K F ,  C a  

YMSC 87 0-CT,  KF 

YMSC 88 C a ,  C r ,  KF, M 

YMSC 9 1  KF, C r  

YMSC 9 2  C r ,  KF 

YMSC 9 7  0-CT,  T 

YMDD 3 C a ,  0-CT 

YMDD 5 C a ,  0-CT 

YMDD 2 1  C a  

YMDD 2 3 B  C a ,  C r ,  T 

YMDD 3 6  C a ,  C r ,  T 

YMDD 3 6 A  0-CT,  T,  KF 

YMPG 18 C r ,  KF, T, M 

YMPG 1 9  C a ,  T: 

YMSF1 C a ,  0, VG, M 

YMSF2 VG, M 

YMSF3 VG, M 

YMSF4 VG, M 

YMSFS VG, M 

YMSF7 C a ,  KF, C r  

YMSF8 C a ,  0, VG 

YMSF9 C a  

Y M S F l l  KF, C r ,  I 

YMSF12 VG, M 

YMSF13 VG, M 

YMSF14 VG, M, KF 

YMSF15 VG, M, KF 

YMSF16 VG, M 

YMSF17 C a  



u 
GEXA 3 

GEXA 7 

GEXA 1 1 A  

GEXA 2 3  

G X S F 1  

G X S F 2  

G X S F 3  

G X S F 4  

G X S F S  

G X S F 6  

G X S F 7  

G X S F 8  

G X S F 9  

G X S F l O  

G X S F 1 1  

4 
WAHMONIE M I N I N G  D I S T R I C T  

* 
Q, P F ,  KF', I, M  

Q r  P F ,  KF, 1 

MOTHER LODE D E P O S I T  AREA 

S i n  A o ~ r o x .  Order  of a-* 

C a ,  Q, I 

Q, T? ,  I, I-M 

Q, K F )  J, I -M 

C a ,  A, VG 

O R I G I N A L  BULLFROG MINE 

als ln A D ~ r o x .  Order  of Abundance* 
Q 
Q, P F ,  I, K  



RHYOLITE AREA d 

* 
Q, 

Q, KE', PF, M? 

Q, KF 
Q, W, Ca 

Q, KF 

Q, KF 

Q, M-I 

* A = alunite, B = biotite, Ca = calcite, C1 = clinoptilolite, 
Cr = cristobalite, H = hematite, I = illite, I-M = interstratified 
illite-montmorillonite, J = jarosite, KE = potash feldspar, M-I = 
montmorillonite-illite, M = montmorillonite, 0 = opal, 0-CT = opal- 
CT, PF = plagioclase feldspar, Q = quartz, T = tridyrnite, and VG = 
volcanic glass. 


