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P u r ~ o s e  and Stops --- "-."-". ---a --" 

i n  Nevada; compares t h e s e  o c c u r r e n c e s  t o  one  a n o t h e r  rind t o  ot :her  deposi.t::; 

o f  t:he w o r l d ;  d t \ocr i 'bes  tl-1ei.r geograph:i.c c i is  tzr-i.bi.1 t l o n  anct r e l a t : i on  t o  otlier 

geol .ogic  f c a t u r e s ;  a.nc3 givc?s gi.j.:irles f o r  e x p l o r a t i o n .  P t  a l . so  p r o v i d c s  

background in . format i r>n 0x1 t h e  h i - s t o r y  , useis, min ing ,  concentrnt : iorr ,  

procc?ssin.g, market:lnp, p - r e s e n t  p ro r luc t ion  and cons  tlrr ip t i o n ,  

and r e s o u r  lo.Lybd.enurn i n  t h e  S t a t e  a.nd y o r i d .  
I , ,  :I Lj ., 1 . , . ! : , i- P B ~  c j k j r ! ,  i ,. %$,,':: ,, 

1,)r:ings t o g e t h e r  t h e  ext:ensi.ve , . 

i n  Nevada. Much u~lpubli.,.-,lied inl'or.mat:iotz i n  i n c l u d e d  t h a t  would riot. Ltc 

rcladj l y a v a i l  'r1-f.l e oLllcrwist!. Lt i k; i n t en r l ed  t o  b e  n slimifi,i ry , and no JtLcrnpt 

was made t o  i n c l i ~ c i e  a l l  r l ic  ;bvai labLe in fo r ina t ion .  S o u r c c s  ol" more d c t a i l c d  

d a t a  a r e  c i t e d  i n  the  t e x t ,  

I t  i s  hoped tlial. t h ~  i n f o r m a t i o n  t i e re in  w i l l  p r o v i d e  a S o n n d a t i o i ~  Ccrm 

more d e t a i l e d  s t u c l i e s  t h a t  w i l l  l e a d  to elle c t i scovery  o t m i n a b l e  molybderiurn 

c l epos i t s  , as well. a s  d e p o s i - t s  of  associ a t c d  m i n e r a l  comrriodj t ies .  P e ~ i  l 1 

a p p r e c i a t e  r e c e i v i t r g  informa.t ion a b o u t  csttle-i- ruol ybclenum occtirrenccs i n 

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

d e s c r  i h e d ,  

Me th o cl s o :f l:n.ve r; tA"gt : ,&?~ -----.- -- 

The geol.ogy o f  ~rrolybdenum has been  one. of t h e  writer 's spec i .31  . i n t c r e s L s  

f o r  some years (Sclr : i l . l ing,  1'956, 1962, 1 9 6 4 ,  1.965). Thi.s s t u d y  i s  t h e  

outgrowt1-i of  a l i t e r a t u r e  s e a r c h  wliiclx leat i  t o  t i le  p r e p a r a t i o n  of an i n v e n t o r y  

of  molybdenunl o c c u r r e n c e s  i n  Nevada ( S c h i . l . l i i ~ g ,  lL962a) ancl a  map showing t h e i r  

f-* l o c a t i o n  ( S c l i ~ i l l i u g ,  l9G2b) . F o r  t h i s  p r o j e c t ,  a l l  occul.rt; l iccs tll:lt cot11 d b c  



l o c a t e d  were examined, izicLrrding a rtumber t h a t  are n o t  i n  t h e  inventory .  
I p i i  

>*,,* 1 /<>I  8 ( , t a +  d rJt .c~tec ?& o l ~ * f t * t - l  L L > l \ ? < J l ~ L %  6 / , 8 # , 0  

Data from t h e  f i e l d  examinat ions ,  as we 1 a:; p u b l t s t ~ e d  and unpi lb l i s l t cd  
)t 

"Y 
i.nfornzation .fro111 a v a r i e t y  o f  sourcc!s, were suflimarized f o r  each occux:rence. 

I n d i v i d u a l  punch c a r d s  were the11 p repared ,  malz.:i.ng i t  p o s s i b l e  t o  r e a d i l y  

compare t h e  occtlrrexlces t o  each ot1ic.r and t o  o t h e r  geol-ogic f e a t u r e s  i.11 a 

v a r i e t y  o f  ways. Punch c a r d s ,  based i n  many cilscbs on personal. exarni.nati.c-)r~s 

h a d  p r e v i o u s l y  been  made f o r  mast  of the major,  and many of tlzc mixlor, 
I 

mol ybdcn~lln deposi  rs  throughout t h e  wox-l (1;  t h e s e  ea rris, w e r e  coanp,irc>tl t o  t kl(9!ie? 

of Nevada occurrences, 

Prev ious  Work --..-- ""-- 

Numerous publ i .ca t ions  mention n~olybdcnz~m occrlru-ences i.n Nevada o r  

d e s c r i b e  t h e  geologi  c set{-irzg i n  wl l i  ch they o c c u r ,  These? o r e  c i t - ed  nr 
$ 1 "  3 , j 

appropriate place:; j x l  t h e  t e x t  and l i s t e d  urrder Ref:cre~~~;gr;, Man.)' c o n t a i n  

more d e t a i l e t l  i r~ lo r rn~a t io r l  than i s  given i n  t.11Fs r e p o r t ,  The w a d e r  a l s o  fs 

r e f e r r e d  t o  t h e  general .  r e f e r e n c e s  : Nevada Rurearl o f  lvlines , 196.5 ; Gianell.3 a 

anci P.r-i.nce, 1945; Lincol-xi, 1.92'3;and Webb and Wil.son, 1.962, 
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ECONOMICS 
---* 

The word n~olybdenu~n. i s  d e r i v e d  from tfic Creek word I.M.M~~~L~, mcaninf: 

I . ead l ike .  Th is  term p l u s  the l a t e r  modifi-cat  i o n s  such a s  n m ; ~ ~ b & ~ ~ ,  msjj4~-- 

d i t i s  ~ l o l y b d o s  was applieci  t o  a.11 s o f t ,  Leadl. ike ma^i:eri.als, includir lg  the 

m i n e r a l s  now lcnowr~ a s  g a l e n a ,  g r a p h i t e ,  s t i b n i t e ,  and molybdeni te .  Still 

' l a t e r ,  t h e  word ~noly'bdi~ena was used t o  mean o n l y  g r a p h i t e  ancl mol.ybden:ite, 

Today, molybdenuir~ (and molybdeni te)  o:l'ten i s  cal . led simply &:x. 

I n  1 7 7 8 ,  Ra, r l  Scheel.e, t h e  Swedish chemist  . for wltonr scltecl . i . te  w a s  

named, i d e n t i f i e d  mol-ybdenlte as a c1:istinct minerill. (Scheele ,  1 7 7 8 ) .  Four 

y e a r s  l a t e r ,  i n  1.782, ,J. J. fIjelnl i s o l a t e d  the  metal. 2 t s e l . f .  Tlxe I<.~~aben 

mine i n  soutlaern Norway prohab!.y prodltccd s m a l l  amounts a f  molyhdclli t-c a t ;  

e a r l y  a:; the l a t e  1.8t-h o r  e a r l y  19th cenLury. Mo Lybdenrmm was then beitrg 

used i n  c e r t a i n  chcialicals and dyc>s. 

t%s4 I n  1894, Schne ider  and Company of France used molybdenum as an a l l o y  
.?a;r 

i n  making steel armor p l a t e .  The f i r s t  comrnerci.rnl 1 ~ s e  v f  niolybdtnum a s  an  

a21.oy was J n  1898, when t h e  Sanderson S t e e i  Company of  the  I J n l t c d  S t a t c s  

began producing s e l f - h a r d e n i n g  rnolybdenrm~~~ t o o l  s t e e l .  Although t h i s  use 

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

molybdenum t o o l  s teel  due t o  improper hea t  t r e a t i r l g  discouragetl  Furirhcr 

development: o f  molybdenum as an  a l  lcly Lng e l  ement . 
Molybdenum produc t ion  remained small. and s p o r a d i c  un t i l .  World War I 

( £ 8  ) Molybdenite was riiirned i n  the  I.naben a r e a  of Norway and from 

s e v e r a l  a r e a s  i n  hust ra1i .a .  Wulfeni.te was produced i n  A,rizona arid New 

Mexico. T n  1913, t h e  Kvina mine i n  Norway began us ing  a f L o t a t i o n  method 

t o  recover  n ~ o l y b d e n i t e ,  making i t  pcrssib1.e t o  e x p l o i t  lower g rade  arlil more 

comp1.e~ o r e s .  

---- -----."--------p,------- --,--p..F "--. 

Figure? --. World p roduc t ion  o f  mol.ybclenum by c o u n t r i e s  (Russian and Chinese 





P r . e r t i . e s  and Uses .-_ .-".i--ll -I- .-*- 

Molybdenum 2s a l u s t r o t i s  g ray  nteta:l.. havring a i ~ i g h e - ~ .  m e l t i n g  poirlt 

(473(?"1!') t h a n  a l l  the?: e l ements  except carbon,  x-henlum, tungsLcn ,  anci t a n  ti1l.urn. 

'It i s  somewhat h e a v i e r  than  i r o n ,  and sl.li.ght1.y s o f t e r  t h a n  s t e e l .  Cffe~n:icnll.y, 

it h a s  va1enc .c~  of  2 ,  3,  4 ,  5,  and 6 i n  s t t i b  le  cornpo~rnds, Molyljdc~t-\un~ r-loes 

n o t  occur  f r e e  i n  n a t u r e ,  It has  good the rmal  c o n d u c t 2 v i t y  (abou t  half that 

of copper)  , a h i g h  modul.us of  eIas t%ei .Cy,  and Qsre of ~ l l e  :l.owest c o e f f i c i e n t s  

of  expansion oE a 1 1  t h e  pure  m e t a l s ,  (Nor thco tc ,  1956)' 

W h i l e  molybdemnm f i n d s  numerous appl.i.cati.ons (Schne ide r  , 1.963, PIcLnnis, 

195'7, a s  well.  as v a r i o u s  yubl.ic.:atiuns o f  t he  Climax Mol.ybdenum Co. ) ,  by far: 

i t s  1-s rges t  u s e  i s  an a l l o y i n g  e lement  i r i  upgradirrg i r o n ,  r;tec.l., and t:cr a 

l e s s e r  e x t e r t  nonfe r rous  s~. tpera l l .oys .  l:t :i.s one o f  t i l e  most vers;at::ile 

al..koyi.ng e lements  and i s  ext:ensiveS.y used t o  i n c r e a s e  streng; th , harclnc*sr;, 

ancl wear mil c o r r o s i o n  re:sisl :ance,  pa r t i cu la r3 .y  a t  clevatrrcl tempi?a.,atures. 

It f s  a s t r o n g  carl~.i.de.-fou:1~12-1ng e lement ,  and much o f  :its a1.loyin.g , e f f e c t  1.s 

rlmpartecf. t f ~ r o u g h  tlze forlnatiorr of carlr:lcles. Nore t h a n  e:i.gtlLy-five pe rcen t  

of t h e  mol.ybdenunt consu~ned :i.n r e c e n t  y e a r s  has  been used i - t z  a l3.o-y~.  

Y 
C o n t e n t i o n a l  e d g i n e c r i o g  s Ceels ,  used in b r i d g e s ,  bu i  l d  ings,  rznd such 

dive . rse  i t e m s  a s  submarines ,  p ress t l r e  v e s s  e:l.s, and power ciio 

c o n r a i n  0 .2  t o  0 .3  percenC mol-ybdenuin combined w i t h  chrorni~im ~ m d  n i c l i e l .  

S t e e l s  have r e c e n t l y  beet? developed whjck g i v e  minimum y i e l d  s r r e n g t l ~ s  trp 
/ j 

t o  300,000 pounds p e r  s q u a r e  i n c h ,  Suela u l t r a h i g h  s t r e n g t h  stcels a r e  u sed  

i n  a i rp l -anes  , m i s s i l e s ,  and o t h e r  a p p l - i c a t i o n s  where maxirnu~n s t r e n g t h / w e i g ! ~ t  

r a t t o  i s  needed: t h e  11zost wide3.y used nl-loy c o n t a i n s  5 percent molybdcnurn, 

1 8  p e r c e n t  niclcel, and 9 perc:ent c o b a l t .  

7'11e addiLLon of molybdertrm i s  in most cases t h e  b e s e  means of  i r ~ c r i i a s i n g  

hot-s  t ren&.t I t ,  n o t  on ly  I n  s r e c l  and i r o n  b u t  i n  the n o n f e r r o u s  s u p c r a l l o y x ,  

Practj .c:~ll .y a l l  t h e  s t e e l s  uscicl r r t  l ernperatures up  t o  1000°F. , as &n po\xcr 

p l a n t s  arid pet:role~.lm ref5.nctt-ies, cox1tn.i.n 0 .5  t:o 1. 5 p e r c e n t  mv:Lyl-,denrm wn; 



And a1.loy.s have been cleveloped f o r  use  at: 1:emperatlxres ,,xp t o  2000°F. ; thc?sc 

s u p e r a l l o y s  ccin.taizl up to 1.0 p e r c e n t  molybdenum, and may h:lve a base  o f  i r o n ,  

n i . cke l ,  o r  c o b a l t .  Chro~niurn co1nm01~ly :is adcied t o  hi.gh--ternperatnre a2:l.oy:: 

t o  c o n f e r  oxidat iorr  r ~ ! s i s t a n c e .  

The additri..on of  1 t o  5 p e r c e n t  rnolybdenuir~ t o  s t a i n l e s s  s t e e l s  i s  

e s s e n t i a l  i f  s u c h  a tee1.s  are t o  w i t h s t a n d  t:he corrosive? e f f e c t s  of:' Inany 

i n d u s t r i a l .  proc:esses. Hickel.-base a l l o y s  con tafining up t o  30 p e r c e n t  

molybdenum are b e i n g  used  w h e r e  t h e  a1.loy must r e s i s t  c o r r o s i v r ~  by hydro- 

c h l o r i c  a c i d  and o t h e r  chlo-c.i.de compouncls. ?Ihe u s e  of suc.1.1 al.l.oys i s  

inc reas i i zg  rap:idl.y a s  more fa11:ricators develop t h e  know--11o.w t o  produce t h e  

.iresr;el.s, h e a t  exchangers ,  and o t h e r  equi-pment needed by t h e  chcmi c a i  

i n d u s  . t ry  . 
Molybdenum-base a l l .oys  , where nrolyhdenrrm i s  t h e  maj o r  cons . t i  tuent. , 

have marly promis ing appl.i.c:;~t:ions, p a r t i c u l . a r l . y  f o r  metal.-.working  tool.^. 

@#$ 
4k& An al - loy of rnolybden~.un w i t h  30 p e r c e n t  tungs ten  now used i n  t h e  ae rospace  

i n d u s t r y  h a s  a  h i g h e r  mel-ting p o i n t  than t u n g s t e n ,  

MoLybctenun~ metal. has a s11taI.l ( 5  p e r c e n t )  b u t  rap.iclly .increasir-rg u s e  

j..n t h e  e l e c t r o n i c ,  n i i s s i l e ,  and n u c l e a r  energy i n d u s t r i e s .  I t s  use  Ilas 

been r e s  t r i c . t e d  i n  the  p a s t  by 'nLgh p r o d u c t i o n  atlcl f  abz::icati.on c o s t s ,  a n d  

the  d j . f f i cu l . ty  n f  p r e v e n t i n g  e x c e s s i v e  o x i d a t i o n ,  p a r t i c u l a r l y  a t  h igh  

t empera tu res  I n  t h e  e l e c t r o n i c  i n d u s  tr:i.c?s, x~olybdenum meta l  i s  u s e d  i n  

e l e c  trctnic tube s u p p o r t s ,  ca thodes ,  g lass-nre ta l  j o i n t s ,  and ceramic-ri~etal  

s e a l s ,  i n  e l e c t r i c a l  c o n t a c t s ,  and i n  thermocouples ,  where a h i g h  m e l t i n g  

poi-nt ,  s t r e n g t h  a . t  hi. gh t e m p e r a t u r e s ,  ].ow vapor  p r e s s u r e . ,  low e L e c t r o n i c  

e m i s s i v i t y ,  o r  l o w  therma:]. expclnsiorr 1.9 needed.  The m e t a l  h a s  found wide 

use  i n  n o z z l e s ,  i e a d t n g  edges  of  c o n t r o l  s u r f a c e s ,  r e - e n t r y  cones ,  h e a t -  

rad:iat:inn s h i e l d s ,  pun1ps, a.nd o t h e r  mj.ssi.le p a r t s  thai:  a r e  exposed t o  11i.gh 

temperature:;. Molybdenurr~ a1 s o  h a s  I:,cex? f a b r i c a t e d  i n t o  h e a t  exchange.rs ,  

pipi .ng,  and s t r u c t u r a l  p a r t s  f o r  n u c l e a r  reactors b e c a u s e  of  t h e   metal.!^ 



a b i l i t y  t o  absorb ktte.rrna:l.-neutron radr ia t ion and t o  writilstand 11:igh tcnipcraturc!:;. 

Sprayed mol.ybden~~~n c o a t i n g s  on i r o n ,  s t e e l . ,  al..cm.n~inurn, and ocher  meta l s  a r e  

b e i n g  used t o  d e c r e a s e  frj.ct:i.crn axrd wear -..-- for examp1.e on pi.$ t:on r i n g s  f o r  

au tomobi les .  . 
Molybdenum compouz~ds a t s o  have a v a r i e t y  of app.Licatiol?s, Corrosion-  

i n h i b i t i v e  pigments (sodium, eal.c:i.um, and z:i..nc molybriatrcrs) have an advantage 

o v e r  t r a d i t i o n a l  inhj.b-i.tors such  as r e d  lead., zj,.nc chromate, and i r o n  ox ide  

i n  b e i n g  b o t h  noat--toxic and w h i t e ,  and a r e  f i l ld ing  i.ncrt%asing use i n  food- 

h a n d l i n g  equipment and w a t e r  t a n k s .  Mol ybtlerru~n-containing c n t a l  ysr:: S I I ( * F )  

a s  bismuth phosphomolybdate a r e  most c f f e c C i v e  d e n i t r o g e r ~ i z c r s  and 

d e s u l f u r i z e r s ,  and because  of t h e i r  long  l i f e  and h igh  s e l e c t i v i t y  arc 

wide ly  used i n  the petrol_eunx re f l .n ing  and o r g a n i c  chemi.cal ir-r .d\istr ies.  

Pure  mol.ybclenum :;uJ f l d e  1.s <I v e r s a t i l e  l u b r i c a n t  t h a t  can n o t  c ~ n l  y reduce 

f r i c t i . o n  b u t  reduce wear even l~.ll.der e l e v a t e d  t empera tu res  and sustain 

fim 
\+ 9 h i g h  l o a d s ;  molysulfi.de can be  ~rserl a l o n e  o r  as an  a d d i t i v e  i n  o t h e r  t y y c s  

o f  l u b r i c a n t s .  @[:her app1i.cat-ion.s a r e  a s  a popula r  orange pignient ( l e a d  

molybdate-c:hromnte) c a l l e d  lnoly orange,  a s  m i c r o n u t r  i c n t s  (socliu~u nlo1 y h d a t e  

o r  molybdic ox ide)  i a  f e r t i l i z e r s ,  and a s  vari-ous c h e n ~ i c a l  r e a g e n t s .  

The methods useti t o  mine molybclcnurn ore ciepend l a r g e l y  on t h e  type o f  

c lcposi t ,  Near ly  a l l  t h e  moLybc1enum p r e s e n t l y  be ing  produced comes l rosn 

low-grade, disscminat:cd c leposi ts .  'Ylzese cltlposi t s  a r e  u n i v e r s a l  ly lnined by 

high-vol ume , mass-min ing  metIlods -.-- by o p e n - p i t t i n g  if t h e  amount of 

b a r r e n  overburden i.s n o t  t o o  g r e a t  o r  by  block-caving ~mclcrgrocrxzd, 

.i 
Kennecot t Copper ~ o r p n r a ~ i n n ' s  Tr ipp-  end-- VPP~TP'PWLS minesrl R~autXi ( n e a r  Ely)  , 

Nevada, a r e  benched open-pi ts  w i  tfi  tt-uck-skip haul  age.  

More s e l e c t i v e ,  smaller s c a l e  methods a r e  used i n  e x p l o i t i n g  the  v e i n  

and ox id ized  lencl-zinc d e p o s i t s .  Opezl, rooru :xrzd p i l l a r  s t o p i n g  was used a t  
e .  

the Shenandoah mine, n e a r  Goodsprings,  Nevada. 



In near1.y a l l  i n s t a u c e s ,  tile c r u d e  o r c  m i l s t  1112 concent-s;ited b e f o ~ e e  :i.t 

can b e  s o l d  o r  t u r n e d  i n t o  useful .  product!!;. The met:hcrd o f  b e n e f i c i a t : i o u  

depends l a r g e l y  on which molybdcn~mn~ rnincirnls ~ i n d ,  t o  ,I Lc+sscr exterr t ;  o t h c ~  

o r e  n1inera:ls an.cl gangue a.re p r e s e n t ,  

Mol$?denitc. Molybdenite is  u n i v e r s a l l - y  t lpgradcd  by ZLotat ion (McIrlnis, ---- 

p, 26-36) , When t h e  n~ol-ybdeni-tc: :i-s a by-proclrrct o f  c o p p e r  ruining, n 

molybdenum-copper !:'Iota t i o n  c o n c e n t r a t e  comnlonl y is f i r s t  produced a n d  t h e  

molybdeni te  then separa tecl  from tire coppcr  by s e l c r t i v r  f l o t a t i o n  ( i iernl  und , 

1961)  . A t  t h e  B i g  P i n e  mine i n  C a l i f  orn  i a, much o f  t h e  molybdenun~ i s  

r ecovered  by €10 t a t  i o n  ; however , sornc; mol.ybderau~n (mos e l y  as moiybdi a n  

rscheel-lte ancl powt3ll-j LC) is  p r e s e n t  i n  t h e  scheel L t c :  ( t u n g s t e n )  colrcc1nt Yi1t .c .  

l f  ' 
and i s  recovered  by clligestitlg t h e  c o n c e n t r a t e  i n  an a l i c a l j n ~  so lu t io rx  aritl 

I 

p r e c i p i t a t i n g  t h e  molybdenum a s  a s u l f i d e .  A t  a f e w  mines ,  by-products a re  

bei.ng produccd from rnolybden-i.te o r e .  A t  Cl.imax, Colorado,  p y r i t e ,  hue111aer-i.t.e 

( tungs ten)  ,monazi t e ,  and c a s s i  t e r i t e  ( t  ln),' a r e  r ecovered  l colt1 tllc t ixi l  r; by 

g r a v i t y  scparalzion usisrg Iiunipbrey s p i r a l s ,  t a b l e s ,  and ntagneti c  s e p a r a t o r s  ; 

a t  t h e  La Cortte mine, Canatla, bismutIl is recovered  -f.rorn niolybdenite E:l.otation 

c o n c e n t r a t e s  by a c i d  leacI?ing.  Rhenium is  recovtrrcd f roni mol-ybden i t e  

c o n c e n t r a t e s  d u r i n g  t h e  r o a s t l n g  p r o c e s s  used t o  produce molyhdic o x i d e .  

Wul fen i t e .  No w u l f e n i t e  p r e s e n t l y  i s  b e i n g  produced.  When w u l f e n i t u  --- 

o r e s  were  b e i n g  mined,  t hey  were b e n e f i c i a t e d  by g r a v i t y  o r  f l o t a t i o n  metliods. 

Oxides. Many d e p o s i t s  c o n t a i n  secondary  molybdenum m i n e r a l s  b u t  ur-rt i 1 .--- 

r e c e n t l y  t h e s e  {&be8 had n o t  been r e c u v e r r d  

s o  was cornnleted a t  t h e  Clininx mine, Colorad 

~4 * pro due^^ s e v e r a l  mil Ii on pounds o f  molyb 

tactifngs from t h e  rnol ybdeni  t e  recovery-p l2n t  , t h o s e  t h a t  c o n t a i n  s i g n  i f  ican t 

WW& &&Z 
amounts of  o x i d e  molybdenum, s a  t r e a t e d .  A s  most o f  t h e  oxicic v a l u e s  

d o @  
i n  t h e  v e r y - f i n e  p a r t i c l e s ,  t h i s  m a t e r i a l .  s e p a r a t e d  from t h e  con.rse.1: 



t a i l i n g s  --- 'we* 
5,700 tolls p e r  day 12S t a l l l n g s  ,* retlrrcect t c t  1 , 6 5 0  tun:; oS 

3s "f <) ' i f  

c o n c e n t r a t e .  The ox ide  rnolybdcr~rrm .#&w ( I ~ s ~ o I v I : ~  From t h i s  colicenl.rilt(i W L L I ~ ~  

s u l f u r i c  aci.d i.11 rubber--lincd vessel . s  Ete1.d a-t 3 . 4 0 ° ~ ,  'IIEle leach l5.cluo-r: and 

~ 6 r  C 
pulp  p laced  ir.1 a g i t a t i o n  t anks  wil: 'h g r a n u l a r  a c t : i v a t e d  cl1arcoa:l. * 'l'he 

c h a r c o a l  absorbs  p r a c t i c a l l y  al.1 thc  moiybdenunl, b u t  littf e e l s e .  The 

w= 
1-oaded c h a r c o a l  $& s e p a r a t e d  f u o r ~  t h e  w:iste s l u r r y  by s c r e e n s .  Mo LybtZprtum 

W@& 
J& s t r ippec l  from Che c i tareoal  Iry rlissolvilni; i n  arz amrnonin soLt~t:ion, rrntX tlrc 

charcoa l  r e t u r n e d  t o  t h e  a b s o r p t i o n  c i r c n i t  anti q n f d  aga in .  The molybdenurxi- 

b e a r i n g  ammonia s o l u t i o n  $& evciporated t o  

w= 
which heatecl t o  1015°F. i n  n rot:lry ki 

( h a x  J o u r n a l ,  v o l e  4 ,  no. 4,  1966) . 

Proc:es~-. >an4 w111cL in& --- 
The p l a n t s  t h a t  conver t  t h e  raw m a r e r i a l s  t o  u almost  always 

r e c e i v e  t h e  111o3.ybdenum a s  mol.ybc1enl.te c o n c e n t r a t e s  fronz ii1il.l.s a t  t h e  rnl.rles. 

The concentr;~tlt?s c o n t a i n  50 t o  95 p e r c e n t  rnolybder~it:e, bulc 95 p e r c e n t  is  

cons idered  a  s t a n d a r d  g rade  f o r  p r t c e  quotations. I n d u s t r y  s p e c i f i c a t i o n s  

f o r  t h e  c o n c e n t r a t e s  v a r y ;  N a t i o n a l  S t o c k p i l e  s p e c i f i c a t i o n s  r e q u i r e  move 

than  90 p e r c e n t  mo1ybdcnit.e ant1 l e s s  ttran 0 *  45  p e r c c n t  copper ,  l e s s  than 

0.15 p e r c e n t  l.ead, l e s s  than  0.04 p e r c e n t  phosphorus,  and l e s s  thau  0 .15 

p e r c e n t  cornbined t i n  and a r s e n i c .  Other buycrs  w i l l  accept: 

containing up t-o twice  as  much coyper and l ead .  The present:  

72 
p r i c e  f o r  concentraLes  c o n t a i n i n g  90 percen t  lnolybdenite is $I .@ a pound 

of con ta ined  molybdenum p l u s  t h e  c o s t  of t h e  c o n t a i n e r  ( f i g  . -) . 

Figure  -. P r i c e  o f  molybdeni te  c o n c e n t r a t e s  (1920-1927 p r i c e s  a r e  averages  
of wide ly  v a r y i n g  p r i c e s ) ,  

V i r t u a l l y  a l l  t h e  rnolybdenite (MoS2) c o n c e n t r a t e s  are r o a s t e d  t o  molybdlc 

oxide  (MOO ) ,  wlz:icii i n  t u r n  i s  tile s t a r t i n g  rtlateriaL i n  producing most  o t h e r  3 



~nolybdenum p r o d u c t s  . T e c h n i c a l  g rade  ( r o a s  tecl c o n c e n t r a t e )  mulybtli r: ox i cle 
a ~ r q  O931 

i n  bags  p r e s e n t l y  ( W) s ~ l l s  f o r  $I.$( il poiind of  cont:iincd 

molyb denurn, 

For use  l n  a i f o y s ,  tire molybdjc o x i d e  i s  made i n t o  br iquet tzcs  or" 

o r  n lolybde~~r~m s i l  i c i d e .  The  rrolybdic o x i d e  a l s o  i s  reduced t o  mol ybdcnurn 

$4 @@ 
m e t a l  powder ($&"* n pormd), which is  cor?solidatt?d i n t o  useable i'c>rm!i by  

press ls rg  and s i n t e r i n g  t h e  powder, o r  i n c r e a s i n g l y ,  by vacuum mel t is ig ,  P u r e  

molybdic ox-idc. i s  rilaclc Iron1 t h e  tcc l rnical  g rade  o x i d e  by srrblimal.ion; tlais 

pure  m a t e r i a l .  i s  suit:ab:l.e for: chemi.cal and c a t a l y t i - c  use:;. Sc l l r~e ide r  

(1963,  p .  57-66] descr-i.bes t h e  convers ion  nietlrotl:~ used i n  Azncricarx p l . an t s .  

Present Produc t i  on and @onsu~nptic>n -----.-- ---- 

The United S t a t e s  consuriles 50 p e r c e n r  05 tfte moljrbJenum used i n  t h e  

worlci; E~;rropearz c o u n t r i e s ,  t h e  U.S. S .R. ,  anti .lapa11 coxsurtle much of  the r e s t ,  
+@* p 3 r 9 3 ~  

By world  p r o d u c t i o n  of molybdenum had r i s e n  t o  
f i@ 

rn-i 11 ion pourids . 
, 

The Un? t e d  State!? l)roduccs 65 p e r c e n t  of t h i s  t o t a l ,  o t l ~ e r  F r e e  Wol-1 d n a t i o n s  

20 p e r c e n t ,  and the Communfst bl.oc 3.5 percent (fig, -) . I 

The C1.i.max m:l.ne i n  Co:l.oraiio p r e s e n t l y  s u p p l i e s  40 p e r c e n t  o f  t h e  wor1 .d '~  

and 60 p e r c e n t  of tl1.e Ur.lited S t a t e s q  p r o d u c t i o n ,  About 20 p e r c e n t  of wor1.d 

p r o d u c t i o n  ccrrries .from o t h e r  porphyry-molybdent~~n deposi .ks,  p r i n c i p a l . l y  

Questra, New Mexico, Ilrail, Col.orado, and Endako and Boss Mount:ain i n  Brit:is'i~ 

Columbia, Canaria, Most o f  t h e  remaini.ug world o u t p u t  i t ' ;  r e c o v e r e d  as a 

by--product from porphyry-copper mines i n  t h e  1Jni.tcd S;t:a-kes (A].-izoaa, lita.11, 

New Mexico, and Nc:va.cla), t h e  U. S .  S.  R. , Chi..Le, Pe ru ,  and Canada. S . l . ~ n i f . i e a n t  

bu6: r e l . a t lvc? ly  s m a l l  arnotrnt:a o f  molybdenum a l s o  a r e  r e c o v e r e d  from ve in  

d e p o s i t s  i n  Ca.nada, J ap~ tn ,  and Norway, and as a coproduc t  from tunast-ern 

mznes i n  California and t h e  IJ. S .  S .  R. 
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F i g ~ r a  ___, $403 yMenu~1. oupply ~ n d  d m x r d  In %he f r a g  wsrU (aft  me 
Kanamacott Coppm Coa4q *, A r e p r s . ~  on operatj.ons, 1968 ) , 



Neva.da p r e s e n t l y  ranks  s i x t h  alnong tlie s t a t e s  ( a f t e r  Col.oraclo, A r i z o n a ,  

TJtah, New Mexico, and Ca1iforni .a)  i n  mol.ybdenuin product-ion.  A l l  tlte S t a t e  ' :; 
J ) 7 * 1 p C g  j i  &>):$."".. C J " ~ J  OJ.., d b  

c u r r e n t  p r o d u c t i o n  i.i; f rotn open-pi. t copper: mines a t  RutIh n e a r  E1l.y. '~i;c? T-!aI.l 
9 

d e p o s i t  n e a r  Toriopah w i - l l  add s u b s t a n t i a l l y  t o  t h e  S t a t e ' s  o u t  ptrt wh%n ir 

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

F u t u r e  Outlook a Resources  ---- 

Because o.f i t s  v e r s a t i . l i t y  and abundance, t h e r e  i s  no doubt t h a t  t h e  

demand f o r  mol-ybdenum w i l l  c a n t  brtrri2 t o  i n c r e a s e  r a p i d 1  y  f o r  marly year:;. 

United S t a t e s '  needs w i l l  c o n t i n u e  t o  r i s e ,  b u t  consumption i n  Europe, t h e  

II- S .  S .  R., artd Japan w i l . 1  i n c r e a s e  a t  a  p ropor t iona te1 .y  b i g g e r  r a t e ;  The 

m e t a l ' s  consumpti.on i.n al l .oy st(2el.s wi-2.1 remain i t s  major  u s e  hecatlse o f  a 

nlarlced i n c r e a s e  i n  denland f o r  t h e s e  s t e e l s ,  p a r t i c u l a r l y  abroad.  O t h e r  t i s ~ s  

of mo.Lybtlenum a r e  expec ted  t o  consume i n c r e a s i n g ,  and p r o p o r t i o n a t e l y  

g r e a t e r ,  amounts o f  t h e  m e t a l .  ?'he p roducers ,  e s p e c  La'Llp An~er lcan Nctal 
iP <ur 
%$ 

Climax, can b e  expec ted  t o  s t i m u l a t e  demand by c o n t i n u e d  a g g r e s s i v e  r c s c ~ a r c h ,  

The many new mines opened i n  t h e  l a s t  few y e a r s  have ctistlgetl t h e  

p i c t u r e  from one of  s h o r t a g e s  t o  one of  adequa te  s u p p l i - e s ,  and could  rcstilf.  

i n  an  o v e r  supp ly  o v e r  t h e  n e a r  term. Th i s  h a s  I.ed some companies t o  ctmrtoil 

e x p l o r a t i o n .  Iiowcver, t11e c o n t i n i ~ e d  r a p i d  i n c r e a s e  in  consump t i  on w j  l l soon 
PJ~ ,~LL~  4 

aga in  o u t s t r i p  protl t lct ion u n l e s s  a  zlumber of new mines  a rc  found.  
A 

The Uni ted  Sta tes  f o r  some t ime w i l l  remain t h e  l a r g e s t  p roducer  and 

supp l - i e r  i n  t h e  w o r l d .  Tile Communist b l o c ,  especia l1 .y  Rtxssia, is rap i d l y  

expanding expl.oraticrn arid develol?nlent e f f o r t s  and,  witl-lin t h e  n e x t  decade ,  

could  conce ivab ly  r i v a l  the  United S t a t e s  a s  a s o u r c e .  Canada, C.I.ril.e, and 

Peru  w i 1 . 3  have i n c r e a s i n g  p r o d u c t i o n  and c o n t i n u e  t o  be  impor tan t  s u p p l i e r s .  

And molybdenum d e p o s i t s  w i 3 1  be Found e l sewhere  i n  t h e  wor ld ,  P T I ~  o t h e r  

n a t i o n s  could  becomc i m p o r t a n t  p roducers .  
- 



'The Clirnax mine w i l l  cctneintie t o  dornir~ate w a r i t l  p r o d r ~ c t i o n  and rcl;elrvcs, 

&Pa 
b u t  t o  a decreasf .ng e x t e n t ;  proven r e s e r v e s  coi lservat ivel -y  e s  t:imat:ed at:: 

455 rn:i.l.l.:ion t o n s  of o r e  conto:irring inclrc than  2 b1*.:1.1i.on po~trrcis of  mc:)l.ybdenl.rni 

(1962 Annual Repor t , American Met a l  C:limax, I n c .  ) . Other  porphyry- " 

rrnolybderal~m deposi ts ;  have s u h s r a n t i a l  r e s e r v e s  and w i l  i be rnnjor p r o d u c e r s ;  
dgnd~s- ~ W J W  

t h e s e  i n c l u d e  t h e  ~ r ; i d ' @  ' Colorado,  t h e  Cj~iesta mine dtpoc; i l ,  New Mcxicn, 

t h e  Hal 1 p r o p e r t y ,  Nevacia, and tllc l?ndnlco and o t h e r  mines in  B r i t i s h  C:ol111nl) i a .  

By-product r ecovery  of moiybdenuin from porphyry-copper o r e s  w i l l  c o n t i n u e  

t o  i n c r e a s e  and remain t h e  second most important s o u r c e  of  met-n1. A nurnbc r 

of  mines a r e  i n r r - e a s i n g  o r e  produc. tiost; o tlit!rs a r c  improving molybdenuni 

r ecovery  u n i t s ;  and a number of o t h e r  depos:i.ts a . re  b e i n g  r e a d i e d  f o r  

p roduc t ion .  Reserves  o f  rrrol.ybdenu111 i n  t h i s  t y p e  o f  d e p o s i t  a r e  h ~ t g e ,  T t  

shou ld  be remembered t h a t  t h c  r a t e  of y r o d u c t i o n  irom tllis t y p e  d e p o s i t  is 

c l o s e  l y  t i e d  t o  t h e  demand f o r  copper .  

Coproduct and by-product r ecovery  of ntolybdenun from t u n g s t e n  o r e  w i l l  
f 

p ~ w b a b l y  re11iai.n a rc1at:ivel.y srrtall h u t  s.igmi i c a n t  s o u r c e  of t h e  metal. Ail k 
inaportant  p a r t  of  f u t u r e  Russ i an  proditct  ion p robab ly  w i l l  be from t h i s  l ypi. 

o f  d e p o s i t ,  Large  amounts of molybdenum co11l.d b e  recovered  as  a by-product 

from many of tlfc Lu~zgsten d e p o s i t s  o f  t h e  w e s t e r n  Unitett S t a t e s ;   he 

p o s s i b i l i t y  o f  e x p l o i t i n g  t h e s e  potc3nt ia l ly  i m p o r t a n t  resc-.rves has n o t  bcclxl 

g iven t h e  a t t e n t i o n  it d e s e r v e s .  

Veins and oxir l ized lead--z inc  deposi - ts  are n o t  expected t o  h e  i rupor tant  

f u t u r e  s o u r c e s  of  ~nol.ybdetltrm, 

An i n t e n s i v e  worldwide s e a r c h  is under  way f o r  new pctrphyry-copper and 

porphyry-molybdenum d e p o s i t s .  The Russi-ans a l s o  a r e  act-i-vcly explor ing  and 

deve lop ing  molybdenum-bear ing tungs  t.cn cfeposi t s ,  h u t  thZs type  of o c c u r r e n c e  

i s  b e i n g  n e g l e c t e d  i n  o t h e r  c o u n t r i e s .  Mass-mining p l u s  r ecovery  of  molyb- 

denum (as mol.ybdenite, p o w e l l i t e ,  ant1 molybtlian schets3 i t e )  , copper ,  b ls11111t.h~ 



and o t h e r  by-products could  l e a d  t o  t h e  p r o f ?  t a b l e  f i ~ i n i ~ l g  of t:ungs te1-i-conl-act 

q d e p o s i t s  i n  t h e  wes te rn  Unjted S t a t c s  a s  w e l l  a s  el-sewhere i n  t h e  wor ld ,  

07e 
Subs tan t i . a l  tonnages  of low-grade t u n g s t e n  ,a@ remaining a t  many of t h e  

@ CrohdclreCl joJo 
d e p o s i t s  t h a t  a r e  cons idered  t o  be mined o u t .  T h s  evJluiition took p l a c e  

4 
A 

many y e a r s  ago i n  t h e  rni.ning of copper ,  b u t  ol-~ly recent1.y i n  t h e  mi.ning of  

gold .  And t h e r e  is  no reason  t o  suppose t h a t  t h i s  concept  can n o t  be 

extended t o  t u n g s t e n ,  

Other  ways w i l l  be  found t o  i n c r e a s e  molybdenum o u t p u t .  There are many 

p o t e n t i a l  s o u r c e s  of ~~~olybdemrm~,  it~cl.ud:i.ng bedded riraniui~l d e p o s i t s  ancl 

m:,l.ybdenum-bearing s h a l e s .  Secondary rnol.ybdenu~n r r ~ i n e r a l . ~ ,  which currc!ntl.y 

a r e  be ing  wasted w i l l  i - n c r e a s i n g l y  b e  recove.rec-l. And 

irilproved f l o t a t i o n  met.:llods aind new tcchn. iques  stlc1:i a s  1,eaehing will .  bi: used 

t o  recover  molybdmurn now :l.ost d u r i n g  benefic: iat i .on.  

Nevada p r e s e n t l y  is  on ly  a smal.1 producer  of ruolybdern~rrn; rnol.ybclenit:e 

j s  only  recoverecl from one of t h e  f o u r  porptiyry-copper deposi ts  px-csrn t l  y 

be ing  mi.ned i n  t h e  S t a t e ,  t h e  o t h e r  t h r e e  c o n t a i n  too  Li.tt1.e molybder-iite 

t o  ~nalce recovery p r o f i t a b l e .  The S t a t e  w i l l  become a s u b s t a n t i a l  producer 

A? a 
when t h e  H a l l  p o r p h y l - y - m o b d e  mine -is opened. The p o s s i b i l i t y  of f incling 

4 
o t h e r  minable  rnolybdenuln d e p o s i t s  i n  t h e  S t a t e  is  good; many cornpanit>:; 

p r e s e n t l y  a r e  s e a r c h i n g  f o r  d e p o s i t s  of t h e  porphyry type .  The S t n t c ' s  

p o t e n t i a l  cou ld  be i n c r e a s e d  s l ~ b s t a n t i a l l y  i f  a s e r i o u s  e f f o r t  were made t o  

e x p l o i t  t h e  c o n t a c t - t u n g s t e n  d e p o s i t s  mentioned above. 



CEOLOGY OF MOLYBDENUM -.-- -.-.--.--- 

Mineralopv --- A 

m i n e r a l  and present1.y is the 0nl.y I n ~ p o r t a n t  s o u r c e  of t h e  nletal.. One 

hundred and seven of t h e  137 molybdenr~m o c c u r r e n c e s  Jn Nevada c o n t a i n  

molyhdeni te .  I t  c l o s e l y  ~ e s e m b l e s  g r a p h i t e  i n  c o l o r  ( l e a d - g r a y ) ,  

s o f t n e s s ,  and f la.ky s t r u c t ~ r r e .  It  o c c u r s  wiclely tllrougf.lont t k c  w o r l d ,  

t h e  w e s t e r n  Unl ted  S t a t r s ,  and Nevad<~,  u s u a l l y  as s o f v ,  lead-gray t a b u l a r  

I ~ e x a g o n a l  p l a t e s  and f l a k e s .  Motybdeni te  i s  a pr imary ni lncl-al ;  i t  i c ,  

found as an a c c e s s o r y  m i n e r a l  i.n g r a n i t i c  r o c k s ,  i n  p e g m a t i t e s  and a p l i t e r ; ,  

I n  qtlarts, v e i n s ,  i n  porphyry-copper d e p o s i t s ,  i n  q u a r t z  stoclrworks and 

d i s s e m i n a t i o n s  ronta-ining n u  copper ,  i n  contact -metasomnt ic  tu r igs i  en  

te %p d e p o s i t s ,  and i n  Send-zinc replacement  b o d i e s .  \*> * 
\ 

W u l f e n i t e  (PbMoOl+) . Wul f c n l  t c is t h e  second most nhrinrlrtnt: in01 ybdcn~lrn --- ..--------- 
ml.nera1.. Before  Worr.1.d War I ,  wul . fen l te  was t he  most .import:ant s o u ~ : ~ ~ ?  of 

mol.ybden~.m, b u t  p r e s e n t l y  li tt1.e w u l f e n i  t c ?  i s  b e i n g  mir-ied. The mi.ne.ra?. 

is common i n  t h e  soutlawevtcrn Uni ted  S t n t i ? ~  and elsewhc?rc:? S.n t i l e  w0rl.d 

T a b l e  -_--. ClxemicaL sncl P h y s i c a l  P r o p e r t i e s  of  M Q ~  ybcler-i~rrn Minera l s .  

13u.t: :it: rIs much less  widespread e:Xr:.kn rnol.ybdcxiite. l.'l.i:irr;y--f%.\rc of  tllc 1 3 7  

rnolybdenrlrn o c c u r r e n c e s  i n  Ne.vada con t a in  wul fen . i t e .  It: usual-ly occurs  a s  

o range  o r  ye l low tal3ular  c r y s t a l s  i n  t h e  oxidizecl  pa r t i ;  of  lea .&-zinc  

repl.cic.emen t 1)od:l.e~ t n  :l.j.~ncu t o n e ,  

PowelLi te  (Ca(Mo, W) ( I 4 )  . 1:kowell.i te, ~ Z ~ ~ ~ I O U Z S , ~ ' L  r a r e ,  i.s a more cotimtorr ----.-. 

rr~olybdenum mine.ra.1. than I s  genera1.l.y supposed.  I t  has rzcvex' been econorni.t:al 1.y 





up t o  10 p e r c e n t  t u n g s t e n .  I t  u s u a l l y  o c c u r s  as powdery w h i t e  repl.ace- 

men.ts o f  mol.ybden:Lte i.n tungsten. ,-cort tact  d e p o s i t s  an.d p robab ly  a l s o  i.s 

p rese r i t  a s  a p r i n ~ a r y  m i n e r a l  i n  s a n e  of  t h e s e  same c.lcpos:its, Powel 3 . i  t c . 2  

i s  c o n s i d e r e d  t o  be  rare i n  o t h e r  t y p e s  of  d e p o s i t s ,  probably  at: l . @ a s t  i.n 

i i&  
p a r t  because  of i.ts i .ncc~nspicuo~.ls  zppear;mce wh:kch l e a d s  i.t t o  bc e;%sil .y 

over looked ,  PoweLli te  f l u o r e s c e s  golden y e l l o w ;  t h i s  i s  t h e  most wide ly  

used metl~ocl of  iden t i f i ca . t j . on .  IJi~.forti.m.late:[.y, mol.ybd.i.an sc11eeIi.te a l s o  

f l u o r e s c e s  ye:l.low. As a rcsul.t:, -in many i n s t a n c e s ,  powel l . i t e  h a s  come 

t o  mean any m i n e r a l  i n  t h e  powel1:ite-scheel.-ite s e r i e s  t h a t  fluoresc:c:s 

yel.low, "Bowe3.liteW hn.s been r e p o r t e d  from 24  loca l . i t . i . e s  i n  Nctvada. 

The occur rence  at: lC)Lvide., Esmeralda County, i s  un tas~r~ t l  i n  c o n t a i n i n g  

well-fomtcd c rys ta : l s  o f  p o w e l l i t e ,  

Ferrlmo1ybdi. te (Fe2 (Moo4) +8I-i20) . Ferrcl.mo:Lyl)dlitc i s  conunon 3.n ----- .--- "- 

molybdeni te-bear ing d e p o s i t s .  It h a s  been o n l y  a mrir~or s o u r c e  o f  tnol yb-- 

denuni. Fersimol.ybclite g e n e r a l l y  i.s impure and mixed 07. a s soc i t t t ed  w i t h  

l i m o n i t e .  It  :is an o x i d a t i o n  proclr~ct of  mo1.ybdenit.e and u s u a l l y  o c c u r s  

a s  f i n e ,  sul fur- -yel low n e e d l e s  o r  e a r t h y  a g g r e g a t e s  a t  o r  w i t h i n  a few 

f e e t  o f  t h e  molybdeni te  from which I t  was d e r i v e d .  I:t i.s t h e  "limcrni.tel' 

of t h e  tnolybdenun~ m i n e r a l s  and f r e q u e n t l y  i s  mistdlcert f o r  3-imonite o r  

jaros j . . te ,  I t  h a s  been no ted  i.n o n l y  a few Nevada d e p o s i t s ,  b u t  undoubteclly 

i s  p r e s e n t  i n  most o:E t h e  o t h e r  occurre l lces  co r l t a in ing  molybden i t e ,  

f l . semanni te  --- (PIo3O8"nlT20). 11-semannite i s  a d a r k  t o  p a l e  b l u e  t1oubl.e 

ox ide  of mol.ybden~m. I ts composi t ion i s  u n c e r t a i n  arid what h a s  been 

c a l l e d  i l s e m a n ~ ~ i -  t e  may a c t u a l l y  be  s e v e r a l .  d i s  tint t mi.nerals ,  Mos t 

nrineralog:i.sts have a p p l i e d  t h e  term -il.sernannite t o  any molybden~un coinpo~.u~ci 

o r  m i x t u r e  t h a t  is  water-so1ub:l.e and b l u e  i.n s o l u t i o n .  It: reportcdl.:y. i.53 

formed by tlie o x i d a t i o n  of  molybden i t e ,  j o r d i s i .  t e ,  o r  wulf e n i t e ,  Because 

i t  i s  hi .ghly  s o l u b l e  i n  w a t e r ,  it gcr re ra l ly  i s  found on ly  :in a r i d  r e g i o n s .  



Tlsemanni te  i s  f a i r l y  common i n  t h e  urani~un d e p o s j  ts o f  t h e  Col or,zdo 

P l a t e a u .  A t  t h e  Kerr-McCec m i l l  a t  Ambrosia Lake,  New Mexico L h e  molyb- 

denum i n  t h e  uranium o r e  i s  recovered by being p r e c i p i t a t e d  f rom t h e  

'leaching f l u i d  a s  a~~~n~oniurn  phosphomolybdate. T t  i s  p r e s e n t  i n  6 of t h e  

237 molybdenum occurrencc5s i n  Nevada; i n  3 of t h e s e  ocrurrcraccr; t h e  

i lsemannrite i s  a s o o c i a t e ~ d  w i t h  molybdeni tc  i l l  t h e  o t l i e r  3 occur-rences no \ \ 

o t h e r  molybdenum mineral:: were noted.  

J o r d i s i  t e  (MoS2). JOJ-d i s i t c . ,  a powdery b l  aclc amorpt~oi~s  ~ O X T I I  of  ------ 

inolybclenum s u l f i c l c ,  i s  a r a r e  m i n e r a l ,  b u t  i r .  i s  more abtmrrdnnt t h m  was 

r e a l i z e d .  l T x l t  j 1 r e c e i ~ t l y  i t h a s  never  Itczen u t  i l  i z c d  a s  an o r c  o f  

mol.ybdenun~. During hhe l e a c h i n g  procc:ss used t o  r e c o v e r  uraniuin, t.hc 

j o r d i s i t e  a l s o  goes i n t o  s o l u t i o n ,  and at: t h e  ICerr-McGee mi1.P a t  Aulbrosin 

Lake, New Mex:ico, t h e  mol.ybdenilim Is t :h tn  rt:covered a s  ci~nn~on:~ritrr pho~; l t l .~oe-  

rnol.ybdate. Jo rd i - s i t e .  i s  common S.n t h e  uranium d e p o s i t s  o f  New lifexico anti 

Wyomi.ng ; i t  has  n o t  been r e p o r  t e d  i n  Nevada, Blaclc powdery mol.ybdennm- 

r i c h  m a t e r i a l  at Di.vide, Esmeralcla County, may h e  j o r d i s i t e  but: .i.s S O  

impure t h a t  i t  cbuLd n o t  be i d e n t i f l e d  p o s i t i v e l y ,  

Othei- molyI3denu~n m i n e r a l s .  There a r e  a number of molybdenum minera ls  ---... 

w'inich a r e  r a r e  and have n o t  been u t i l i z e d  as molybdextum~ o r e .  None is  

known t o  o c c u r  i n  , These r a r e  m i n e r a l s  i n c l u d e  cl-ri l l a g i t e  

b e l o n e s i t e  [magnesium inolybdate] , p a t e r a i t e  [ c o b a l t  mol.ybdate] , p++Pe~+i&+e 

hb&:*p~r:bbdfi-te:I , eosit:e [ l e a d  mol.ybtlate-vanadate] and achremat i t e  

E l e a d  chi-o l-ricle-arsenatlc-.vanadate 1 

Mo>bdian m i n e r a l s ,  Other  m i n e r a l s  c o n t a i n  s i g n i f i c a n t  amounts o f  -- ------- 

rnolybden~.m~, S c h e e l i t e  to~mrionly c o n t a i n s  up t o  s e v e r a l  p e r c e n t  mol.yl?clenun 

i n  p l a c e  o f  p u r r  o f  t h e  t u n g s t e n ,  and a complete s e r i e s  may e x i s t  between 



s c t i e e l i  t e  (more tungs  t c n  than  mol jrbcieniim) and powel 1 l te (more mo Lyl,cjcia~lm 

"can t u n g s t e n ) .  The percen tage  o f  mol.ybden~m i n  s c l i e e l i t e  can be rea.di.3-y 

determined by t h e  c o l o r  i.t f l u o r e s c e s  ; schee l i .  t e  c o n t a i n i n g  no moly bdcn~ixir 

f l t l o r e s c e s  b lue-whi te ,  w i t h  tile t o l o r  changing t o  p a l e  yc l low as t h e  

moiybdenu~n crr;iltent i.nc;reases (Greexlwood , 1943) . A1 t ' h o ~ ~ g h  molybdian sc'iiee 1 i t c .  

h a s  n o t  been tlt:i.l:i-zed excep t  on a. small. s c a l e  as  an o r e  of rnolyhdcnr~iia, 

i t  i s  a potentfa l1 .y  impor tan t  s o u r c e  of t h e  m e t a l ,  Yell.ow-,i!l.uoresc'ini: 

s e h e e l - l t e  has been r e p o r t e d  f r m  7 of  t h e  4 1  s c h e e l . i t e  l..ocal.-ities i n  Nevada; 

what has  been i . d e . ~ ~ t i f i . e d  as "powc?ll.i-tc?" ::ill Inany ca,c;es a l s o  rnay be mol.yhcliar~ 

s cheel  1 t e .  

The 1.imonite and j a r o s i t c  i n  d e p o s i t s  c o n t a i n i n g  n:olyl)denutn u i ; un l l y  

c o n t a i n  appreciab1.e amounts of t h e  metal.,  Nol.yKderrum h a s  been. procl~~cleri 

f r o m  t h i s  s o u r c e  on ly  a t  .tl?e GI-imax l~linr?, Col.orado. 

Manganese-oxid@ m i n e r a l s  commonly c a r r y  apprc:clai) l e arnounrs o f  v a r i o u s  

m e t a l s  inclucling molybdenum? No rriolyhdenum h a s  been recove red Erorvl t h i s  

source .  There  -Ls a t  l e a s t  one occur rence  i n  Nevada, and  i t  i s  quite 

I 3Vb J i k e l y  t h a t  molybdmm mangmrrse ox ldes  a r c  p r e s e n t  e l s e w l ~ c r c  i n  tile : i t  <st@. 
a 

There  a r e  rto rltenium m i n e r a l s ,  and al.tho~rgh t r a c e  amounts of t h i s  rare 
A 4 

metal  a r e  found i n  Inany m i n e r a l s ,  i t  i s  par t - ' ic . i~Iar ly  abundant i n  molybdcni te, 

which contl-2:i.n~ up t o  0, 3 p e r c e n t .  Essent:ial.I.y, al.1, t h e  rhenium now be ing  

prod.uced is; recoverecl Eronl f l u e  gas  and d u s t  resul.tir.lg from the r o a s t i n g  of 

molybdeni te  c o n c e n t r a t e s  from porphyry-copper d e p o s i f . ~ ,  0111 y a few thorlsand 

pounds of rheni~rm are consumed annua l ly  i n  t h c  Ilxlited S t a t e s ,  but it is 

e s t i m a t e d  t h a t  some 20 t o n s  of the metal. could  b e  recov~:rc-rc:l from mol.ybdenite 

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



The rhenium i n  molyhdcni tc  i:i o f  i n t e r e s t  not oll ly :is t h e  s o l c  ina- 

p o r t a n t  s o u r c e  of t h e  m e t a l  b u t  a l s o  because  t h e  amutolt of rhenium i n  

molybdeni te  from d i f f e r e n t  types  o f  d e p o s i t s  var-ic.;s s y s t e ~ n a t i c a l l . y .  
1 

Mo:l.ybileni.t.es from porphyry-copper depos:f.ts a r e  r2leu:i.uriz-,r.i.ch; thost! from 

porphyry-mol.ybdenum tleposi t s  , copper -ba r ren  q u a r t z  v r i r ~ s  , and t1u1gsi:cl.n- 

corrtacf: {skarn)  d e p o s i t s  a r e  rhen i  urn-poor. T h i s  s y s  temak i c  vartatio1-i was 

f i r s t  r e p o r t e d  hy Zhirov ant1 Xvanova (1959) and h a s  s ince  bee11 c.ocii.irmecl 

by o t h e r s ,  

h more e x t e n s i v e  s ~ u c l y  on over 200 

samples  f ronl 40 di.f f e r e n t  d e p o s 2 . t ~  throughortt t h e  w o r l d ,  showed t h a t  t i l e  

~rlaenium c o n t c n t  o f  ma l y b d e n i t c  i n  90 samples from IG d i f f e r ~ r x - t  porphyry-- 

copper  dt?pos ( cs roxtalnrr;l 200- 3000 (i.r~enn 6td>~,ppm Rc , eornp,lru>ti t o  70- 1 i 0  
'i - s i, 

(mean 47) ppm Re i n  30 sampl-es from 6 nocp?syr$qk~Yhdenum and quxrrz--vein  
( J:- r \ '% *\-,, 

d e p o s i t s .  240iybdenites from g r c i s c n ,  B@m$ticp (e. g .  Lecorne ,  Canada),  
, i " h.,, 

and c o n t a c t - t u n g s t e n  ( c  g. Pine  Crcck ,  ~ a l ;  Eprn)~) dcposi&8\,sirow tile b a ~ s ~  

* V  I": 1,. ,') 
r:mge of  rlierlium c o n t e n t  a s  t h e  porphyruj--molybd>~~tmi Irrfio+$t,m;,,~a~id quar t r ,  

\ L;;,*' 

veins; t h e  Imost  ( c .  1 ppm) va1tit-s were from m o l y b d ~ h ~ ~ t e . .  r c 3 l n t r d  L O  J he 

s y c n i t i c  intr-crsfvcs {Renfrew, Cam3d.a) . V a r i a t i o n s  w i t h i n  t h e  Bi.ngllam 

porphyry-copper c lepas i t  a r e  e o n a l ,  the mean rind range of rherzirlrn i n  mol.yb-- 

d e n l t e  dec:reas:i.ng i.nwarc1 and w i t h  d e p t h  i n  the I .n t rus ive - -minera l  compLex, 

I n  t h e  pc~rphyry-molybderiunt o r e b o d i e s  a t  Ques t a  arid B. C .  Molybdenum, 

s u c c e s s i v e l y  younger mo3.ybde~13.r.e~ i.n the m u l t i s t a g e  pa r i tgene t i c  sequence 

a r e  p rogress ive l .y  en.r iched i n  rlze~llum. The dat-a from t h i s  s t u d y  imp1.y t h a t  

t empera tu re  of forxnation a f f e c t s  t h e  amount: o f  rhenium :in t h e  mol-ybdenite: 

"higherl \ l :emperatures of earl . .y--separated f . bu id s  ( i n  c l o s e  p rox imi ty  t o ,  

and d e r i v e d  f ram, s t r o n g l y  differentic#ed f e l s i c  magma) t h a t  form porphyry- 

molybdenum and con tac t -e~zngs  ten d e p o s i t s  i n h i b i t s  c o n c e n t r a t i o n  of rlicniuin 



i n  rnolybderti t e ;  t h e  lower  t m p e r a t u r e s  n t t r i b t t t e d  t o  porphyry-copper  

d e p o s i t s  f a v o r s  t h e  c o n c e n t r a t i o n  o f  r l~en iu rn ,  Ffolybclerxite 1~olytypi:;nr 

a n d / o r  c o n c e n t r a t i o n  of rhen:lum :in ore-f1u:i.d copper--brax:i.ng compl.exes 
0 

[nay al.so b e  Il.rrtportarrt f a c t o r s .  

Rfienium has beer1 e x t r a c t e d  by  t h e  Kenneco t t  Copper C o r p o r a t i o n  from 

m o l y b d e n i t e  c o n c e n t r a t e s  produced az i t s  porphyry-copper  open-pi t  mines 

in ,  t h e  w e s t e r n  Uni.tec1 S t a t e s ,  i.ncl.uding E l y    rob ins ox^ di .str i .cr:) ,  Nev;-ida. 

Molybden i t e  (1.6 sarnp1.e~) fro111 t i le  E1.y porphyry-copper  clepns:i.t:s cox~ta:ixleti 

1420 t o  2950 ppm rhenium ( G i 1 . e ~  and Sch:i:L.l.ing, 1 9 7 2 )  making 4.t  t h e  

r h e n i u ~ o  - r i c h e s t  mvLybdenite  r e p o r t e d .  Molybden i t e  from t h e  Geechcbi ,  

#BV& 
Tcmpiute ,  and L i ~ l l c a  c o n t a c t " d e p o s i t s  i n  Nevada coraLained 2 6 - 3 4 ,  4 4 ,  ant1 

38 ppm rhenium r e s p e c t i - v s l y  (GISes and S c h i l l  i n g ,  1972)  . 
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Mol.ybdenun\ deposi . t s  can b e  c:l.assi.fieil :in, numerous way:; --.-- by ai-iner;a:l.ogy , 

a s s o c . i a t e d  mt+tal.s, w a l l  rock ,  s i z e ,  shape ,  g r a d e ,  m i n a h i l l t y  , e t c ,  The f o 2 . I ~ ~ ~ ~ ~ -  

i n g  grouping t a k e s  i n t o  accoun t  all. t h e s e  f a c t o r s ,  p r o v i d i n g  c a t e g o r i e s  t h a t  

a r e  b o t h  economical iy  and g e o l o g i c a l l y  s i g n i f i c a n t ,  

I'orphyry-Cop2er D % p s  L t s  -"... -" - ----- 

One o f  t h e  two imy)ori;si~ll: s o u r c e s  of  molybderrun~ i s  Llle ~or-phyry-copyt.i- 

d e p o s i t s  of t h e  Unitet i  St,atc?s, Canada, Chile:, Peru ,  and tile I T ,  S .  S .Re 'rhcse 

d e p o s i t : ~  preseta t ly  sr.xpply somc!wIl:it l.ess than  ha1.f t h e  tocs.1 wor:Lti ontpr~t-  8s 

a by-product of copper mining.  The Bingham Canyon (Utah)  mine, the l a rges t  

copper  mine i n  the w o r l d ,  has produced 8 rrnillion tons o f  copper  aricl h a l f  ;I 

bi3 . l ion pounds of molyhden i t c  (Cook, 1961) .  Other  porphyry-copper irlincs t h ~ t  

have prodi~cet l  molyhclcnz~~n a r e  tlre 13ctlll.chcrn mint:, XJri ti::h Colurnbin, C;~rtnitn; 

t h e  Ba.gda.d, Esperanza,  Miami, Mineral. P a r k ,  Miss ion ,  Morenci., $311 Manuel., 

S i e r r i t a ,  and Sil. 'ver Bell mines ,  Ar izona ;  San ta  Ri ta ,  New Mexico; Gananea, 

Mexico; Toquepala,  Pe ru ;  Bra,den, Ch~.l.quicama.ta, E l  Sal-vador,  and J?ortrerFi.Sos, 

Chile; and t h e  Agarak, Kod h a r m ,  an.d. Kounrad mines ,  th.e U .  S. S ,B. These 
C J  

mines 11:i;e mass.-.m.i.nimlg methods, open , -p i t t ing  o r  bloclc-.ca.ving. 

The Kcx~necotL Copper Corp. m i n e s  I n  the Robinson mining d i s t r - i c t  n e a r  

E ly ,  U h i t e  P i n e  County, a r e  t h e  only Nevada mines o f  t h i s  type  t h a t  ilavr 

produced molybdenum, S u r p r i s i n g l y ,  rnolyhcienite i s  r a r e  i n  t h e  o t h e r  Wcvada 

porphyry-copper tnines --- Yerington (Weed Weigh t s ) ,  Copper B a s i n ,  and Coppar 

Canyon --- s o  no  molybdcni te  h a s  been recovered ,  The depofii t-s i n  t h c  G i l b e r t  

a17.d C r o w  Spri.ng mining d % s t r j . c t s ,  Esmera.lda County; the Mol..ly and E l d e r  Creelc 

d e p o s i t s ,  Ilu~nboldt County; t h e  Copper Canyorl d e p o s i t ,  I ,ander County; t h e  

McCoy p r o s p e c t ,  Lyon County; t h e  Copper Mourttai-n, New Boston,  i'il-ot , and 

L,yl.ancler cleposits  , and t h e  depo:;it i n  t h e  Sa.nta  Fe m%n.i.ng d i s  t r i c . t  , Mineral  

County; the d e p o s i t  i.n t h e  Spanish  Bc3.t mining d i s t r i c t ,  Nye Counfy;  and the 



Oddie Trinne:L and Monte Cr-ist~o d e p o s i t s ,  Whfte P:i.ne County, nl.1 are occur-- 

r ences  o f  tl1l.s t y p e  (PI.. I .) ,  

I n  t h e s e  d e p o s i t s ,  cha1copyr.i t e  and o t h e r  p r imary  copper  m i n e r a l s ,  p y r i t e ,  

ancl, in most i n s t a n c e s ,  ~nolybder l i te  o r c u r  a s  cl isseminntcd g r a i n s  ,and5in i;cc,ck-- 

works o f  c r i s s c r o s s i n g  q ~ a a r t z  i r e i n l e t s  u s u a l l y  i n  hydroi-hermally a l t e r e d ,  
I 

acid-to-Lmterrncdiate i n t r u s i  ve b o d  icis '3nd tile int m-udcxl coun t ry  rock ,  T h e  

d e p o s i t s  are s t r u c t t l r a i l y  r a t h e r  than s t ra t . i  grapl2icail y coni- r o l l e d ,  the d e g r c o  

of f r a c t u r i n g  btal'ng t-f~e inrport ant l a c t o r .  O x i d a t i o n  genera l  l y  h a s  t akcn  p l  a r e  

a t  t h e  s u r f a c e ,  and much of t h e  copper  has  m i g r a t e d  t o  a zone o f  en r ichment ,  

w h i l e  t h e  molybdenunt u s u a l l y  h a s  rema-irred. :in pl.a.ce a f t e r  be ing  corrvrirted t c . )  

an ox ide .  The c leposi ts  present . ly  beink; e x p l o t t e d  c o n t a i n  from 0 . 4  t o  2,0 

p e r c e n t  copper and O , I  t o  I.erss than  0 - 0 1  p e r c e n t  mol.ybdcnum. Much has  been 

w r i t t e n  aboue t h e  geology of. porphyry-copper  d e p o s i t s ,  and t h e i r  e x p l o r a t i o n ;  

t h e  reader is  r e f e r r e d  t o  Parsons  (1933 and 1957) , J e r o ~ ~ l c  (1963) ,  T i t l e y  6 

@ l i icks  (1966) ,  1,owell & G u i l b e r t  (1970) ,  and Rose (1970) .  

P-m-Mol~bdenum ---- 
em----- "--, D e p o s i t s  -..---- 

Th.e p o r p l l y r y - n o l y b d e n ~ ~ ~ ~  d e p o s i t s  dl.f Eer f ronl t h e  porphyry-.,copper d e p o s i t s  

p r i n c i p a l l y  i n  c o n l n i n i n g  1 i t ~ l . e  o r  no copper  and from t h e  quar tL  v e i n s  i n  

c o n s i s t i n g  of  s t ~ ~ k w o r k s  and d i s s e m i n a t i o n s  r a t h e r  than  da ' s t inc  t , t h r i ~ u g h -  

going v e i n s ,  

One mine o f  t h i s  t y p e ,  t h e  Climax i n  Colorado ,  h a s  produced more t-ixarz 

a bi . l l . ioa  pounds of  ma lybden i t e ,  more t h a n  kal:E t h e  t o t a l .  wor ld  o u t p u t  of 

molybdenum (Wai'lact? e t  a l .  , 196O), 'The Clirnax n i n e ,  which is t h e  I -arges t  

tmdergrouind rnit~e in t he  United S ta t .es  with a dai:Ey p r o d u c t i o n  of 45,000 tons 

o f  o r e ,  p r e s e n t l y  e x p l o i t s  o r e  c o n t a i n i n g  0 .4  p e r c e n t  molybdeni te .  T h e  Urad- 

Ilerr derson m i n ~  conq?lc:x, Co Lor,;do, t h e  Ques ta mine,  New ffexico,  and the E I - I ~ ~ ~ O  

mixe in B r ~ t i ~ t t  Colun~bia ,  Canada, a1  L art o f  t h i s  type .  Toge the r ,  t h i s  group 

i s  the main s o u r c e  o f  molybdenui~~, alLlaough r i v a l l e d  by  tile porphyry-copper 
* .  

d e p o s i t s .  Twelve o f  t h e  135 m@ybdenux;i o c c u r r e n c e s  i n  Nevada a r e  o f .  t h i s  



t y p e  ( s e e  p l a t e  I )  ; a t  l e a s t  one o f  t h e s e ,  the. t l r t l l .  p r o p e r t y ,  i s  ciestirled 

t o  become a l a r g e ,  open-pi t  mine, 

The porphyry-mo9.ybdenun1 del?iosFts c o n t a i n  mcsl.yl>dexxiie i.11 q u a r t z  stocltmcctr1i.-. 

v e i n l e t s  (commonly wi:th p y r i . t e ) ,  and /o r  a s  paint-thi.11 f i l m s  a l o n g  f .ra~:turc. i ; ,  

and /o r  a s  d i s s e m i n a t e d  Elalces in t h e  wallrocic. Base-meta3.. s t l l f i d e  mi.r~crnLs 

care r a r e ,  L ike  t h e  porphyry-cc~pper cleposi-trs, t h e  porphyry-mo~:y~~kykclt~nurn d e p o s i t s  

a r e  s t r u c t u r a l l y  ra ther  t h a n  s t ra t igrapl1: ica1. I~y c o n t r o l l e d ,  and are i n  hycircr-- 

t h e r m a l l y  a l t e r e d ,  acid--to-i.11 termcdi.ate i.nt rusi.ve bocIies and t h c  i n  trudr.ti 

coun t ry  rock ,  Lu c o n t r a s t  t o  t h e  copper m i n e r a l s ,  when ~ n o l y b d e n i t e  i.s oxidized 

i t  u s u a l l y  rernai.n.i; i n  pl.a.ce t h u s  there i s  no e n r i c h e d  zcrire i n  most porphyry- 

molybdenum o r e  b o d i e s  and t h e  grade o f  t h e  o x i d i z e d  o r e  i n  a g e n e r a l  way is  

t h e  same a s  the pr imary (unox id ized)  o r e .  (Molybd@n~~.m can b e  Leached f som 

t h e  uppermost 2.aye.r~ of  s o i l  by t h e  i . n t e n s e r  weatheri.rxg p r o c e s s e s  t h a t  e x i s t  

a t  t h e  s u r f a c e ,  t h u s  one shou:l.d not: assr.ime that  sunqactl snrrrple:; wi'i-1. a lways 

i n d i c a t e  t h e  gracle of  t11e mrol.ybdc?lzum mixreralizatj .on i ~ m e d i n t e l y  bel-ow,) 

h l t h o u g l ~  fh.enre a r e  many si .rrai larl t i .es bet-.ween porphyry-copper and yorphyry- 

molybdenum d e p o s i t s ,  i.n d e t a i . 1  they  d i  Efer  marlced3.y. 1J11fortunatel.y n o  d e t a i l . e d  

in-depth  s tud j -es  have been p u b l i s h e d  on the  e txaracter is t : i .cs  of porphyry- 

molybdenum d e p o s i t s  ; t h e  r e a d e r  must f e r r e t  otzt ancl syn t l l e s i ze  t l .~ii i  .i.nf orma-- 

t i o n  mainly from t h e  numerous d e s c r i p t i o n s  of  i n d i v i  dual  d e p o s i t s  t h a t  abound 

i n  the  l i t e r a t u r e .  The f o l l o w i n g  p ~ i b l i c a t i o n s  a r e  e s p e c i i ; l l y  u s e f u l :  Lowell 

& G u i l b e r t  , I9 70 ( g e n e r a l )  ; Wall a c e  and o t h e r s ,  7_960/ ;tnd 1968 ( C  b imax) ; 
J 

Maa:Kcnzie, 19  70 (Urad-Henderson) ; Bu.own, 1969 (Eizdaku, B . C .  Moly, Bosr; Mtu, , 

B r i t i s h  Columbia) 

One i n t e r e s t i n g  f e a t u r e  i-s t h e  m u l t i p l e - s t a g e  i n t r u s i o n  and mu1t:i- 

s t a g e s  (and m u l t i - s h e l l e d )  m i n e r a t i z a t k o n  c h a r a c t e r i s t i c  of many porphyry- 

molybdenum d e p o s i t s  such  a s  Climax (Wall-ace and o t h e r s ,  1960) and 'IJrad- 

Henderson (MacX<enzie, 19 70) . Tlze nrinera:li.zati.oi~ a t  o t h e r  porphyry;molybde~~.utu. 



deposits such  aqbuesrla a:!.so i s  mu1 ti-s t a g e s  ; whether 
r' 

have mr.~lt.i..pl.e s11el.l.s o.E mj.ricl:alizati.on, mftcn i.s o b s c  

i s  deep ly  erod.ecl, o r  converse ly  lnecause deep d r i . l . l i n g  i s  l,acki.ng. 

Not on ly  d i d  t h c  ernpl_acrmerrt- o f  t h e  i n t r u s i v e  rocks  a s s o c i n t r d  w ~ t h  

was a qtli rte a c t i v e  p r o c e s s  ---- r i n g  d i k e s ,  r a d i a l  d i k e s ,  and b r e c c i a  pipes 

a r e  colnmon a s s o c i a t e d  f e a t u r e s .  13reccia pi.pes a r e  espcc'i.al1.y d i a g n o s t i c  

Ec-at~rrcs oE mult  i p l e - s  t age  mo lyb derrum--porphyry t l c p o s i t s  . ( U n t i ~ r  tfre tern1 

b r e c c i a  p i p e  L ani incl .uding i n t r u s i v e  b recc i . a s ,  vn1cani.c neclcs) ~.llugi-;, 

r u b b l e  p i .pes ,  d ia t remes  , ix~.trus:i.ve col.urnu~s, e t c .  ) , B r e c c i a  p i p e s  a r e  

a s s o c i a t e d  wit21 mos t  possibl .y a l l ,  porphyry- type  d e p o s i t s  ; t h e  ilrad- 
,Yt'& 

on d e p 0 s i . t ~  a r e  a c la .ss i .ca1 example of  the close a s s o c i a . t i o n  o f  a 

b r e c c i a ,  p i p e  wlt'h mol.ybdenutn mi.ni?ral:l.zat-J.o11 (MacKenz:i.e, 1.970), A i ~ y  maj;i.ilil 

i n  t h e  e a r ~ h ' s  upper c r u s t  can produce a b r e c c i a  ~k-ipc ;as t h e  consequence? of 

~zo:ma.l c,ool.ing and crys ta .1  l.i .zat:ion. Residual. f l u i d s  and volat: i . les wil.1. tend 

t o  concen'crate in the U I > ~ ( ? T  high  spol-s of  t h e  magpa body a s  i t  b e g i n s  t o  

c o o l .  'fhe roof  rock:; above such a  cupo la  w i . l l  c o l l a p s e  aritl be 1:agnlentod ;I:; 

t h e  magma. cont:i.nu.er; t o  cryst.a:l.lize azacl s h r i . n k ,  all.ow:ing a coluti~n of :intrus4.vi? 

b r e c c i a  t o  work i t s  way upward from Lhe cupo la ,  o r  gas i n  t h e  cupo la  w i l l  

" e a t "  i t s  way upward by a p rocess  o f  f luidrl .zat ion i n  which rock f r a g n ~ e n t s  

comloxlly have been  displacccl  b o t h  up and (Sown i n  b r c c c f a  pipes;. The i i ~ t r u s i . o n  

o i  igneous  m a t e r i a l  may p recede ,  accontpany, o r  f o l l o w  t h e  p r o c e s s  a f  f l u i d  - 

:i .zation; t h e  :hnt:ri.~l;:i-ve rock u s u a l l y  h a s  bee11 c a l l e d  "quart:z porpl lyry ,"  " f ~ ? l . c j : i . " ~ ~ , "  

"r11yol.i t e  ," o r  "ap:k% t e ,  " Sevci-al. s u r g e s  of p i p e  format ion u s u a l l y  t a k e  p l a c e ,  

and succeed ing  p i p e s  o f t e n  follow tkre p a t h  of I e a s t  r e s i s t a n c e  a n d  almost  o r  

complel:e:ly d e s t r o y  t i le  e a r l i e r  p i p e s  and  any 11li11e:ri3:l.i.~a.t i o n .  Not al.1 p i p e s  
i 

, T & ) .  < d - ;  4 * ,  2 py17Lfi,L?f -" 3 , f ! ,"  L.9. c / / > /  

have v e n t e d  t o  t h e  s u r f a c e  as volcanos,'s-csnre have l e a k e d  t o  t h e  s u r f a c e  al-any: 
/I  

/7jJ#z * \  

f-raft-ures o r  a s  r u b b l e  d ikcs  , wia i lc: o t i ae r~ ;  appear L O  have bee11 dcc?mpletely 



Figurc? --. Diagrarnm;iti.c nlodeJ o f  r-1 brecc ia .  pi.pe 's Eormaf :!.on. 
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e v e n t s  i n  t h e  igneous  c y c l e ,  (Bryner ,  1..516:1; Emmons , 1938;  E y r i c h ,  LO7 3.; 

J o h n s t o n  SI 1 , o ~ e : i . l ~  1.961.; Locke, 1926;  P e r r y ,  1961; Iieynol.ds, 1 9 5 4 ) .  

Each i n t r u s i v e  s u r g e  conlnonly i s  accompan:led by mirrera.lizatioe7, which 

u s u a l l y  occurs  a s  a Las t  s t a g e  of each p u l s e ,  b u t  a l s o  may accompany o r  

even p recede  tlze fornla t ion of  a p i p e ,  o r  b e  convpleeely a b s e n t .  

Each s h e l l  of molybdenum m i n e r o i i r e t . i o n  usual - ly  i s  draped o v e r  tire t o p  

of t h e  cupo la  and i n  t h e  r o o t s  of  t h e  h r e c c i . : ~  p i p e ,  a l t h o u g h  va-rying con- 

d i t i o n s  of deposi.t:Lon can resu2.t i n ,  t h e  she1.l  being ( l i s p l a c e d  upward L n t o  

tlae p i p e  o r  lowerccl i n t o  t h e  undc?rl.ying porphyry body. 

The a1t :era t i .m i s  siun:ilar :in porphyry-.copper and  porphyry,-nno:l.ybdenum 

t t h e r e  are c c r t a i r r  cli.titinct d i f f e r e n c e s ,  I n  a g e n e r a l  way 

@$ n i s  rnos.t commou:Ly cl.osely-syacl.al1.y a s s o c i a t e d  w%.t l~  copper 

~n in .e ra l . . i za t ion ,  and t h u s ,  u s ~ x a l l y  i..s more p e r v a s i v e  and i n t e n s e  i n  the 

c o p p e r - r i c h c r  p o r t i o n s  o f  the porphyry-copper d e p o s i t s  and c o n s i d e r a b l y  r a r e r  

i n  t he  porphyry-molybry-molybenum depos.i.tr; as welI. as i.n t h e  pyrite--mol.ybden.i.te- 

r i c h e r ,  copper-poorer p o r t  i o n s  of  t h e  POT-phyry-copper d e p o s i t s .  I n  coratras t , 

t h e  porphyry-molybdenum d e p o s i t s  g e n e r a l l y  a r e  c h a r a c t e r i s e d  by i n t e n s e  s i l i c a  

f l o o d i n g  a n d / o r  t h e  p r e s e n c e  o f  numerous, c r i s s - c r o s s i n g  q u a r t z  v e i n l e t s ;  

K - f e l s p a t b i z a t i o n  a l s o  usua1l.y i.s more corninon, a l t h o u g h  apparentJ..y Less diag- 

nestle. S i l i c a  f l o o d i n g ,  q u a r t z  vei.nl.ets, and K-fel.spat11izatiorzo a l s o  usua1l.y 

a r e  rliore common i n  tht: mol.ybtlei~urn-"richer p o r t i o n s  o E porphyry-copper dcpos i t s ,  

S e r k c i l e  Js conmun i r i  bo th  ;~~;,c;oc f a t J  ons .  The above s l ~ o u l  d be  cor~s idc re t I  on1 y 

a s  a g r o s s  ges~eral . izat i .orr;  indi .v l .dual  tleposi.ts sho1xl.d n o t  Ire expec ted  t.o cl.ijsel.y 

f i t  t h i s  model. 

m i n e r n l . i z a t i o n  u s u a l l y  -is prt .sc>rr t  abovcr. each sl.lei'l, o f  molybden i t e  r 



A she.ll.  o f  p y r i t e  n s u a l l y  occurs between t h e  ttu:1i;st:en and  mt~l.ybclcnu~n :;l~cll:; 

and o v e r l a p s  downward wi.ti-1 t h e  mo r a l i z a t i o n .  F l u o r i t e  a l s o  i~; 

comnlon, b o t h  I n  t h e  v e i n l e t s  and dessirnbna'ied through t h e  deposit, any 

accornpa.ny:lng b r e c c i a  p i p e ,  a.nd t o  a 1 ,esser  e x t e n t  i n  t h o  coun t ry  rocit. T i n ,  

b e r y l l - i u ~ n ,  l e a d ,  and z i n c  a l s o  of ten .  are p r e s e n t  i n  anomal.ously large arnc:~u~-its. 

'I'he t r a c e  elenrents,  l i k e  t h e  a l t e r a t i o n ,  usual-ly o c c u r  a.s s h e l l s  c o n c e n t r i c  

t o  each she l l .  of rnolybdenrr~n mi.neral., The o r d e r  o f  zoning i s  n u t  always t h e  

same, however t h e  1-eatl-zinc s h e l l  i s  n e a r l y  always outward and upward from 

t h e  c lose - in  t u n g s t e n  xhel.l., 

G r a n i t i c  i n t r u s i v e s  of  ;ir.iy age  can b e  expec ted  t o  have a s s o c i . a t 4  puorphyry- 

molytrdcnum d e p o s i t s  --- no  a c i d  t o  i n t e r m e d i a t e  i n t r u s i v e s  shou ld  be  ignored  

i n  kht3 s e a r c h  f o r  dc?.posl.ts of  this type ,  s o l e l y  b e c a u s e  they a r e  of  t he  

f f  wrongf' age. I-iowever, ma.gmas from cer2rai.n re.gions (and a l s o  sometimes o f  a 

p a r t i c u l a r  age)  a p p e a r  t o  have been atore molybdenrmm-riclt ( o r  copper-rlcl t)  

t h a n  average  --- i f  t h i s  i s  indeed  t r u e ,  i n t r u s i v e s  o f  a g iven age  i r i  a  givevr 

Vi&b$ 
a r e a  could  on t h e  a v e r a g e  b e  expec ted  t o  c o n t a i n  .wk and /o r  l a r g e r  depusi . t s ,  

I n  a  generenE way, u p . l i f t  and  subsequent  e r o s i o n  w i l l  11a.tic. e roded ol.der isltrrt-- 

s i v e  'bodies s o  deeply  t h a t  any assoc:iated porphyry-mol.ybdenum d e p o s i t s  wi.l.1. 

have  been  d e s t r o y e d ;  intennczc-l:i.;~e:e age  i n t r u s i v e  w i l l  have  t h e i r  a s s o c i a t e d  

d e p o s l t s  p a r t i a l l y  e roded ;  w h i l e  young i n t r u s i v e s  w i l l  s t i l l  remain deeply  

bur ied  --- t h u s ,  i.E upl. if  t a n d  e r o s i o n  h a s  been somewhat urriforrvi o v e r  a given. 

a r e a ,  i n t r t t s i v e s  of  a g ive=  age  (on t h e  average)  may have more economic: 

p o t e n t i a l  a s  t a r g e t s  f o r  e x p l o r a t i o n  tfim those  of  any 0the.r  age .  Both f a c t o r s  

(mol.yhdenum-richer s o u r c e  r o c k s ,  a n c l  optimum e r o s i o n )  expl.ain, why Miocene 

i n t r u s i v e s  i n  Colorado and New Mexico, are p a r t i c u l a r l y  f a v o r a b l e  t a r g e t s  

((3-irnax, U-rad-T-Zenclersc~n and Questa  a1.L a r e  a s s o c i a t e d  w i t h  M:iocene i n t r u s i v e s )  . 
I n  Nevada, Cretaceous  i.ntrtrsi.ves on, the, ave rage  seem t o  have been eroded ut~.ti.:li. 

t h e  a s s o c i a t e d  molybclenuin m i i ~ e r a t i z n t i o n  i s  exposed ,  whil-e t h e  molybdenum 



mineral.izatli.on w i t h  younger 2 n t r u s i v e s  (and t i le  irr t r u s i v e s  thc.i:lselves) rt:~ua.i.n 

b u r i e d  and t l ze i r  locat iorz  on ly  surnti.sed i n d i r e c t l y ,  

Most: o r e  deposj  ts  found i n  t h e  p a s t  a c t t i a l l y  'nave t ~ ~ i d  ~ ~ ~ i r l e r a l  i za t lo r r  

exposed a t  t h e  s u r f a c e ,  I n  r e c e n t  y e a r s ,  more and more i ;ha l low dc .poBi t ;  Xldvr; 

been l o c a t e d  under t h e i r  s u r f a c e  a l t e r a t i o n  and geochemical  h a l o e s ,  o r  by 

t h e i r  geophys ica l  c h a r a c ~ c ? r i s  t i c s .  Many g e o l o g i . s t s  have s a i d  trttat f u t u r e  

e x p l o r a t i o n  mtisis be  d i r e c t e d  towariis 1oc; l t ing  covereti  depcis j t s  - " -  t h  os  e 

d e p o s i t s  t h a t  a r c  h idden  under younger  r o c k s ,  and have no su r f ace  e x p r e s s  ion.  

My p l e a  i s  t o  n o t  ig13ore an i n t e r m e d i a t e  c l a s s  o f  d e p o s i t  t h a t  a r e  

buriecl  b u t  s t i l l  have a n  ; i n d i r e c t  surf'cice  express&^^ ---" -- - - -. ------- tillat Eel.sit: i c  brect2i.a 

p i p e s ,  r h y o l i t e  domes, r l1yoli t i .c  v o 1 c a n . J ~  c e n t e r s ,  .r%.rrg d i k e s ,  e p i t h e r m a l  

o r e  d .epos i t s  , e t  c. , s h o u l d  b e  consi .dered a s  possih1.c; g u i d e s  t o  o r e  depos i . t s  

at: deep y e t  m i n ~ o b l e  d e p t h s ,  'X'his i s  p a r t i c . u l n r l y  t r ~ ~ e  F O X  porphyry- 

molybderium d e p o s i t s  ---- t h e  i l i scovery of t h e  huge flenderson orebody b e a r s  

f%!j wLtness t o  t h i s  p o r e t ~ t r i a l ,  
% *  

u a r t z  Veins Q .--- . -*- 

Molybdrni te  commonly o c c u r s  i n  d i . s t - inct ,  th roughgoing  q u a r t z  v e i n s  wi th  

o r  witlzorrt o t h e r  s u l f i d e  m i n e r a l s ,  P y r i t e  and c h a i c o p y r i t c  u s u a l l y  are a s s o c i -  

a t e d  w i t h  tlxe molybdeni.te, and many v e i n s  a l s o  c o n t a i n  f :Luori.te, g a l e n a ,  ancl/or 

spha: l .er i te .  l i l  ~sja t u n g s t e n  ( s c h e e l i l l e  a n d  wol f ra rn i t e )  , ti.n ( c a s s i t e r i t e ) ,  
P 

and molybdeni te  occrr:r t o g e t h e r  i n  qixctvtz v e i n s ;  t h i . s  a s s o c i a t i o n  i s  r a r e r  

b o d i e s  a r e  a ssoc- ia tcd  w i t h  t h e  molybden i t e -bea r ing  q u a r t z  v e i n s .  The v e i n s  

show no p r e f e r e n c e  a s  t o  type  of  w a l l  rock h u t  a r e  con t ; ro l l ed  by t h e  a v a i l -  

a b i l i t y  o f  opezi s p a c e ,  The w a l l  rock  n e x t  t:o many of  the veilis i s  hydro the rmal ly  

h~ , 
a  it  r r e d ,  'T'his type  d e p o s i t  d i f f e r s  from ~ I z e  porphyry depoc;it s s t ~ l y  I n  h a v  in8  

t h e  x n i n e r a l i z ~ t i o n  coneealtrated i n  a f e w  through-going s t r u c t n r t 2 s .  



7'11e l a r g e s t  mine of t h i s  t-ype, t h e  Q u c ~ ;  t a  mol ybdentrrn u ~ i n e ,  'i'aou Courrty , 

Mew Ilex-i.co, produced more tljan 20  mill..i.on pounds of mol.ybdenite Frorii ciuaxt..z 

v e i n s  t h a t  c o ~ z t a i n e d  l t o  more t h n ~  20 p e r c e n t  MoS2 bu t  no o t h e r  v a l u e s  

( S c h i l  Ling,  19 56) . iil thoug l~  many o t h e r  niii~es th roughout  t h e  world  I-invc.: pro-. 

cl~~ced molybden-i.t:e from q:iartz verirrs, t h i s  t y p e  o f  d e p o s i t  is no l o n g e r  a 

major s o u r c e  o f  moiybdenum. S e l e c t i v e  underground methods arc. used t o  nrS.ilirl 

Chese d e p o s i t s ,  .4 

Some 4 4  o f  t h e  1.35 mol-yhdenum occur rences  

t h e y  a r e  n o t  concent- ra ted  i n  one a r e a  b u t  a r e  

~ ~ 1 s t  (35)  o i  t t l e se  occur rcncas  rolisist o f  oii ly  a ~ e w  

a l l  a r e  s m a l l .  Only t h e  Southam ~nixle i s  r e p o r t e d  t o  have 

The powell i t r - f e r r j m o  l y b d i t e  occur rence  a t  D i v i d e ,  soii th 

corzsidered t o  1,c an o x i d i z e d  exsmpte of  t h i s  type  d e p o s i t ,  a s  a r e  two 

pi; 
l o c a l i t i e s  where i l s e m a n n i t e  ts t he  on ly  molybdenum m i n e r a l  p r e s e n t ,  * 3 e 

6 

Coiltact-Trrr~e_sten D e p o s i t s  ---- - ---- .--, _lls__-__.- 
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4 
Molybdenite and p o w e l l i t e  comncinly o c c u r  i n  t u n a s  t e n  (,, c h e e l i t e )  - 6; e t  

1 a 
at b e a r j n g  contact -metazomat ic  d e p o s i t s  ( t a c t i r e s  o r  ska r i i s )  developed i n  l i m e -  . 

a;$ t , b  

r i c h  rocks  a d j a c e n t  t o  g r a n i t i c  i n t r u s i v e  b o d i e s .  And t h e  s c h e e i i r e  in soii i~ $ ? 
t 

*@b 
of  t h e s e  d c p o s i t s  c o n ~ t a i n s  up t o  s e v e r a l  p e r c e n t  ~loJ.ybdenum In 11 I ace  of  p a r t  14 * 

a t  - 
o f  the t u n g s t e n .  The  m d y b d e n i t c  8cncraIl.y i s  d t ~ s e r n i n a t e d  +-lrroz~gl-t tilt &am k. ("- 

fi 

as s c a t t e r e d  I:'l.akes o r  i.m q u a r t z  vei.nl.ets. Although tlte d e p o s i t i o n  of  t h e  
#B *& 4 

s c h e e l i t c  and s k a r n  i t ;  mail11.y s t r a t  ilx,raplii c:;llly c o n t r o l l e d ,  t l ie  clcpositioiz e: 2 3  $ t i  h 

t h e  molybdenj te  is  s t ructurql .Ly c o n t r o l l - e d  by f r a c t u r e s  and f a u l t s  and i s  
a U ,  GW~ &;a d L J D ~ ~ ~ . , & T  gmg ac& n 9 p3e@-fy7 C+Q-W~~~$T 8J&/s&pp 4~-~i~d~ 

superimposed on t h c  r u n g s t e n  mil leraLizat i  on and s k a r n .  "Pyrite, ctlatcopy r i t e ,  
h 

s p h a l e r i t e ,  and h i smuthmi te  cs~nmonly are a s s o c i a t e d  w:ith t h e  mol:ybden:i.te, 

I n  most i rxs t a n  ees , the  n~olybdenuln m i n e r a l s  a r e  p r e s e n t  i n  such  snial l  

amounts t h a t  they  can be  recovered  on ly  a s  by-produc t s ,  The P:i.nc Greek m:i.ne, 

C a l i f o r n i a  (Bateman, l956),Tyrny-Auz mine,  t h e  U.S.S.R.,  and Azeguar d e p o s i t s  
+ .  



A l g e r i a ,  have been t h e  on ly  irnportn~zt prodrlcers o f  t h i s  t y p e .  Both st-.l.ecti.ve 

and mass-.m:i.ning rrrethods have been tised t o  e x p l o i t  t"hese r?leposj.ts, A s  has  

been p o i n t e d  o u t  e l sewhere  i n  t h i s  r e p o r r  , t h e  poss ib i . l : i ty  of e x p l o i t i n g  

t h i s  t y p e  cleposit  f o r  1mol.ybden1.m (as a  byproduct:) has 11ot been given t ihe  

a t t e n t i o n  i t  d e s e r v e s ,  

Thirty-n:ine o f  Lrhe 1.35 molybden.um o c c u r r e n c e s  i n  Nevncln a r e  n f thi .s  

t y p e  ( p l ,  1 )  , Mo:Lyl-,ifenunl-bearing turzgsten-corztact d e p o s i t s  a-re n o t  c o n c e n t r a t e d  

i n  one a r e a  b u t  a r e  s c a . t t e r e d  o v e r  t h e  same reg ion  i:n which the o t h e r  mol.yb- 

denurn an.d t u n g s t e n  d e p o s i t s  occur  (p l . ,  1 ) .  Seventeen of t i le  cfeposi ts  cor1tai.n 

rnolybdeni.te, and powel l i . t e  and /o r  mol.grbdiax~ s c h e e l i t e ;  tweLve c o n t a i n  only  

molybtlerrite; ten c o n t a i n  on1.y powel.l.i.t:e. ancl/or mol.ybdian s c h e e l i t e ,  Only t he  

G e t c h e l l  d i n e ,  Huinhol.dt County, h a s  produced rnolybdenu,~~. 

Qxldizecl  1,ea.d.-Zinc Depos i ts  -.,. *-,"...--,- ---"."-."--,"-- .---+." 

W u l f e n i t e  i s  p r e s e n t  i n  t h e  o x i d i z e d  p a r t s  of  s o w  l e a d - z i n c  v e i n s  and 
&jpt qy;$ 

replacemexlt boc1:ies. 'i?hese dcposLts  unua1.l.y arc i n  li.mt:stoncs ,an.(] arc: s t r a t i - -  

graphic .a l ly  conr:roll.ed and strzacttmral.3.y 1ocal . ized.  Before b7orLd War % ,  t h i s  

was t h e  most rimportant s o u r c e  of  mcplybdertum, b u t  a t  p r e s e n t ,  l i t  t1.c o r  no  

ms:l.yhtlc?num i s  recoverc?ii Iaroxn t h i s  t y p e  of  d e p o s i t .  Prot luc t ion  of w ~ , ~ l E c n i t c ? .  

from any mine b a s  beer? r e l . a t i v e l y  srxal.1. ; t h e  Mamnio th  mime, Arizona,  which laas 

been by f a r  t h e  l a r g e s t  of t h i s  t y p e ,  h a s  produced l e s s  than  a m i l l i o n  pounds 

of molybdenum ( P e t e r s o n ,  7.938). , Tltcse d e p o s i t s  g e n e r a l l y  have been mined by 

s e l e c t i v e  ~i~zr lerground metl:~ods. 

The cores o f  -e-iiese d e p o s i t s  are co~xp3 .e~ .  PyrLte ,  cl- lalcopyri . te ,  b a r i t e ,  

and va~xadi.um mfnc:ra.l.s a r e  p r e s e n t  i n  many of  t h e  cleposiks. SuXf:i.de (p r i~ i i a ry )  , 

carbonace ( s e c o n d a r y ) ,  o x i d e  (sc?con~iary) , and mixed o r e s  o f  l e a d ,  z i n c ,  copper ,  

gol.cI, and s:Fl.ver have been mineti t o g e t h e r  o r  :i.n v a r i o u s  combinat ions .  I l s ~ l a l l y ,  

t h e  w u l f e n i t e  h a s  been recovered  as a  by-product o r  coproduc l .  



The wulfenitc? (PbMoOl,) i s  he.l.ri.e.ved t o  have formed e i t h e r  ( I )  by t h e  

i n t e r a c t i o n  of o x i d i z e d  leatl  ( g a l e n a )  d e p o s i t s  and mo:lybdc?ntlm-.bear.ing 

therrnal  w a t e r s  t h a t  d e r i v e d  t h e  nolybdenrim i'ro~x w a l l  rocks  o r  hydrothermal. 

s o u r c e s  OF ( 2 )  by t h e  i n t e r a c t i . o u  o f  t h e  oxitlat:ion pror iucts  o f  galerza w i t h  

t h o s e  o f  mol-ybder-ilte o r  molybclenumn-beari~tg m i n e r a l s .  The f i r s t  theory  wa.s 

proposed b e m u s e  o f  tile a p p a r e n t  r a r l . t y  of nrolybdeni.te and o t h e r  rnol.ybden~.~m- 

b e a r i n g  minera1.s :i.n d e p o s i t s  c o n t a i n i n g  wul . f en i t e ,  However, molybdcn i t e  i.:; 

p r e s e n t  i.n many more l ead- -z inc  d e p o s i t s  tl.lan was once real.S.zc,d. I t s  zitl:;enee 

i n  o t h e r  d e p o s i t s  probab:l..y %.s clue t o  the compl.et:es~ess w i t h  which molybc.ieni.ti:, 

Like s p h a l e r i t e ,  i s  des  kroyed b y  o x i d a t i o s ~ .  p r o c e s s e s .  Many lead-.zi.nc 

d e p o s i t s  .in which wul . f en i t e  i s  .fovnd e i t h e r  a r e  e u t i . r e l y  i n  o r  have n o t  been 

expll-ored be?Low t h e  zone 01: oxi.datiorr ,  and they c o ~ ~ t a l i . ~ ?  ncs sp1tsler: i te  o r  

mo%ybdenite,  t:hongf~. some of  t h e  g a l e n a  rerria-i.ns unoxidi.zed, A t  s1.x ouf; o f  t h e  

28 w!iIfenite occur rences  i n  Nevada, aioi.ybden-Ltc: i s  Zcrzowrl t o  o c c u r  .i.n t h e  ixn- 

o x i d i z e d  p a r t s  of the same depos:i.t. Work by Newl?nuse (3 .934)  h a s  s'krown l:hat 

p y r i t e ,  spha l . e r l . t e ,  and g a l e n a  Frtrrn l e a d - z i n c  d e p o s i t s  corrxnonl.y corxtai.n 

rnolybdeuru~n (and vanaditml), provi.rling a n o t h e r  p o t e n t i a l  s o u r c e .  I t  t h e r e f o r e  

seems li1cel.y t h a t  wu: l feni te  (and i t s  conlpa.nj.orz vanatl imit@) i s  formed ent i re1 .y  

by the  uxi..datiorr o f  the  l ead-z inc  d e p o s i t  i n  which i t  o c c u r s .  

Twenty-eight of  t h e  135 mo1.ybdenum occur rences  i n  Nevada a r e  of  t h e  

o x i d i z e d  l e a d - z i n c  t y p e  ( P I .  2 ) .  Wul fen i t e  h a s  been produced from t h e  

Shenartdoah mine i r 1  t h e  Goadsprings d i s t r i . c t ,  GLarlc Coun.ty.. 

P ' l t i t e s  arrd A ~ l i t e s  - - - - -  ---- 

Molybdenite i s  p r e s e n t  i n  some a y l i t e  d i k e s  and p e g m a t i t e  b o d i e s  a s  

d i s semina ted  fLakes and pods ,  Althougtx some?. have h e e n  mined, t1z-i.s type  of 

d e p o s i t  h a s  n e v e r  been a major  s o u r c e  of  molybdeinlm, None of  t h e  i~~olybdenum 

occur rences  i n  Ne-vada a r e  c o n s i d e r e d  t o  h e  of t h i s  t y p e ,  Many a p l . i t e s ,  

pegrna t i t e s ,  and q u a r t z  v e i n s  are :i.n o r  n e a r  l a r g e  granitic:.  b o d i e s  and 



and a p p a r e n t l y  a r e  cntl-,stagc> d i f f " e r c ~ n t i : t t e s  Prom the  hocl ies .  'rite p ~ g ~ i l a t - L t c s  

P#& and a p l i t c s  ~ r s u a l  ly  a r c  goueeical3,y r e l a e t l d  t o  l l rc  q u a r t z  v e i n s  and i r l  sorr~r. 

c a s e s  can  b e  s e e n  t o  gracic Lat:err.;lly i n t o  t h e  veins. 

Bedded Uran i tm  D e ~ > s i t s  
--.-a ---- -- --- 

J o r d r i s i t e  and iisemnnn:i.te o c c u r  :in r11a.ny o f  t h e  u ran ium depos i t s  o f  t h e  

Co lo rado  P l a t e a u .  Both in.minc~~.ol-s arc? widespl-ead a n d  re3 a t i v e  Ly abinldani .ill 

many o f  t h e  d e p o s i t s  o f  the G r a n t s  uranium b e l t  ( S o c i e t y  o f  Economic 

G e o l o g i s t s ,  1963) .  

T h i s  t y p e  d i . f f e r s  mar1iredl.y f ronr t h e  otller t y p e s  o f  molybdc?num dcpctsi t:; 

chat h a v e  b e e n  descr i .bed .  The oilller t y p e s  of  d e p o s i t s  a r e  c1.osel.y relr-itecl 

t o  one a n o t h e r ,  b e l o n g  t o  o v e r l a p p i n g  c a t e g o r i e s  t h a t  are  i n t e r g ~ a d a t i o n a l , ~  

and a r e  s i m p l y  v a r i a t i o n . 8  of c l a s s  o f  d e p o s i t .  They d i f f e r  from t h e  

t~rsrnium deposLss  i n  b e i n g  a s s o c i a t e d  s p a t - i a l l y  nncl g c n e t j c a l l y  wieh  a c i d - t o -  

i n t e r m e d i a t e  i n t r u s i v e s ;  i-n eolrf-ailzing molybden i t e  c a t h e r  t h a n  j o r d i s l t e ;  
t ? Q  
<b i n  c o n t a i n i n g  s i g n i f f c a n t  amounts of  c o p p e r ,  Lead,  z i n c ,  and t u n g s t e n  b u t  no 

uranium;  and i n  bt:Lr~y: vc i 11s and i ~ ~ e l l ; u l  LIT b o d i e s  r:xt.hcr t h a n  bedclecl t leposi  t c .  

The o r i g f n  o f  thcsc: uranium d e p o s i t s  r e m a h s  u n c e r t a i n .  

At tlze Kerr--McGee m i l l ,  Arnbrosla Lalte, N e w  pllexico, molybdenum is  re -  

c o v e r e d  f rom bedded u r a n i  ua~  o r e s  frortl t h e  h m l ~ r o s i a  Lake,  and  Wyonling l i g n i t e _ ,  

o r e s ,  i.n t h e  form of  ammo~~iurn phosphomoiybdate.  ~~-@=&T&++X-&%CE&+ 

USE+* 

Anan~olously-- ' lri& molyl~clei~um v o l r ~ e s  Ilavi? beet? r e p o r t e d  f'rom samples  

t a k e n  from t h e  lal te-bed nra.nium clepo~~%lt;; n e a r  'ronopah ( L a r r y  G a r s i d e ,  p e r s o n a l  

communica t ion) ;  I.iti-.:ie i s  1.nown al3out i t s  poss i .b l .e  o c c u r r e i ~ c e  i.rr o t h e r  Nevada 

uranium d e p o s i t s ,  

B lack  S h a l e s  --- --- 

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

B lack  s h a l e s  a r e  p r e s e n t  i n  Nevada, b u t  no  d a t a  i s  a v a i l a b l e  otz the,i,r 



mol.ybdenum c o n t e n t .  Molybclenum reportcc1l.y i s  prc!sent -in tl-ie ~ . i b e l l . i n ;  

vanadium. d e p o s i t ,  s o u t l ~ e r n  Eurelca Country, 'C11i.s p o t e r i t i a l  

deserves more s t u d y  i n  Nevada, 

Z"in=s .em-- e-Oxide D e x 3  i t s  ---.- -.- -- 
Many manganese-oxide d e p o s i t s  c o n t a i n  s i g n i f i c a n t  amounts o f  l e a d  and 

z inc .  M i l l i o n s  of pounds of  I..ead and, z i n c  were rccoverccl  as a by-p:roduct o f  

manganese-oxide niinirlg a t  the l 'hrrc  Kids mincx, n e a r  Las  Vcgas, Nevada, 

Con::iderable t u n g s t e n  h a s  beer?. r ecovered  from a b l a n k e t  of manganei;e-oxides 

a t  Golconda, Idevada, and tungstlen i s  lcnowr~ t o  o c c u r  i n  t h e  manga.nc?se-oxide 

d e p o s i t s  a t  SodavSl l e ,  Nevada. Molybdenum and other m e t a l s  are known t o  bc  

p r e s e n t  i n  t h e  Socor ro ,  New Mexdco, maixganese d e p o s i t s  ( p e r s o n a l  coun~~~~lnicair.iur~, 

Max Wil.l.ard) , and at:: the G:i.bel..lin:i. m;znganese mine, Eul-reka Coun,ty, Nev;.zda, 

wl-iere s a ~ ~ p l e s  o f  manganese oxi rfe c o n t a i n  more than  t/10% Mo, Obvious ly t h i s  

pu t e n t  i a l  s o u r c e  of  mol.ybdenru~i a 190 deserves more s t u d y  , 
p-3 
%&# 
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The molybdenum depos l ts  and mineral  l o c a l i t i e s  i n  Nevada, groupcd \V 
$ 
4, 

geographfc,al.ly, are d e s c r i b e d  i n  this s e c t i o n .  The covcra  e  i s  n o t  e x i ~ a u s t i t r  
! I - + :  I v g,d rL4e.c ,%c.ra A$ r,iCd J r r r n t i . d  ws,: ui 

b u t  sunnlarizes ~ u r  p r e s e n t  knowledge of each o c c u r r e n c e .  P l a t e  l shows t h e  
4 

Locat ion of t h e  v>xr$ ous o c c u r r e n c e s ,  

CIIURCEISL,L COUNTY 

Tl l r  Ch~xLk Mountnir~ ~ ~ l i n i n g  d i s t r i c t  is ont Chalk Mountain ( T ,  1 7  N. , 

K, 34 E,), an i s o l a t e d ,  conspicuously-whi te  h i l l  i n  t h e  n o r t h e a s t  c o r n e r  

of Fail-view Val ley  near  the s o t i t l ~  end  ox t h e  Clan Alpine Range.? W d 3 d . e  
0 \ 

l & e c  CJ. I h , ;  man6 
r~r>dcrg t  ntrnd workings exier~di-w& t o  n clcpt h of 500 f e e t  werc~t t~a . ske-~>?~--eh~~-eas t  n n )I 

3,,~? a r e  L ~ A ,  
s i ope of -- ~ ~ h ~ - - f i l ~ l . l - ~ t a i a  -ewtsri-X*m&nd tag-& I e a d ~ s i 3 , v ~ x -  -OF@- @ m m A  t h e  ~ n c l  LII v e i n  6 y s r evn 

i 1 1  tiye c i i  s t  r l c t :  (Sctxl.;idcr, 1947) . Snrallcr prospects on the west  s l o p e  of 

t ixe ra~o~antain e x p l o r e  c o n t a c t  d e p o s i t s ,  

(1 rrcny-wl.~ite, ,. , n~c!df~m~-- t o  t11ick-bc:clded dolonni.iric, Mesozoic (? )  Il.meseonr: 

crops o u t  0vi.r much O F  tXi~ sout t iern  two--th-Irrls of Clinlk Mountain. The 

Figure  -- . C:enc?raii.zed g e o l o g i c  map of the Chalk Mor~rttairk ~nini.ng d : i s t r . i c t .  

--,- - -..-, "*" .----- ".-" ---.-,.-.----.- -----,-.- ------- --,- ."--.. ---.- -.- -.-- ""--"* 

I.:il?lestone h a s  been fol.ded i n t o  an a n t i c l i . n e  a l o r ~ g  tile 1ongi tud i .na l  (north- 

s o u t h )  axis of t h e  mountain.  The n o r t h  t h i r d  of t h e  motrntain i.s coverer? 

with r h y o l i t e  and some a n d e s i t e  T e r t i a r y  v o l c a n i c  rocks; a n d e s i t e  a l s o  

crops otit a t  f7he ~ o ~ t h e r n ~ n o s t :  end of t h e  ~rioun"iain. 

A s t o c k  of medium-grai-ned p o r p i l y r i t i c  b iot i te- I tornble l Ide  g r a n o d i o r i t e  

Li r t r r~deb l i t c  l i m e s t u n e ,  and i s  exposed on t h e  wes t  s l o p e  of t h e  mountain,  

D i k e s  of gray d i o r i t e  and w h i t e  a p l i t e  c u t  bo th  t h e  g r a n o d i o r i t e  and 

s 

I:i.ntestont?, nrrd appear  t o  be l a t e  s t a g e  d i f f e r e n t i a t e s  from t h e  g r a n o d i o r i t e  



Fron the 2860% t o  E921, the d i s t r d c t  sporathcally 

odrzced s21a1k axmainrs of high-grade Lead-silver ore ,  In 1921, more exeensive 

o s i t s  were found, Several. hul~dred thousand do l la r8  worth a f  lead-si lver ore 

as prodaced from 1925 through 1927, m a i n l y  from the  nine o f  t he  Chalk Mountain 
- 

r-Leild Mines Coe &..L & -  Pxrb i L p @  m'uxi3n*a 



Ma:jor nor th - t rend ing  f a u l t  zones occur  a l o n g  t h e  e a s t  and  west pdgcs  of 

t h e  mountain;  eas t -west  cross-f  au l . t s  a r e  p r e s e n t  a1)out a m:i.:l.e soutl l  o  E t h e  

n o r t h  end,  and a t  t h e  soutl l  end of t h e  mountain,  Movemcnt o c r u r r e d  ;~loxlp, 

both  nor th-south  f a u l t  zones d u r i n g  t h e  earthrluclkes of Deccn~ber 16 ,  " t r j ! r ,  

the  mountain b e i n g  upZif tell re1  a t i v e  t u  the  sur rounding  a r e a ,  T21c iiol o m i t t .  

J imestone has  bcyn extqns-4.v~l y s h a t t e r e d  and rn;lrn~ari zetl, 

rkf 0 J&~C~?E~:-~C:$.-~&~:~!S 8 *& l i m e s t o n e  i n  c o n t a c t  w i t h  t h e  g r a n n d i o r i t a  has been contact- 
4 '  

metasornatized,  .fornl:i.ng a  slcarrt zone up t o  several. I-lirnclred f e e t  w.icls.. Tlre 

s k a r n  c o n t a l n s  n v a r i e t y  01 c o n t a c t  mi-nernls.  Kp-ido!:e i s  common and 

widespread,  and l o c a l l y  Eorrns l a r g e  b o d i e s .  Bodies c o n s i s t i n g  of magneti  t c  , 

h e m a t i t e ,  c h l o r i t e ,  and some p y r . i t e  ancl cl-ial.copyrite al .so are conrmc)~~. 

S c h e e l i t e  and powg-QLj&,g al.so a r e  p r e s e n t  l o c a l l y  i n  t h e  slcar-n . ,\,, 7 )  
l ead-  ~,\ctev j k k r v z s  , '1 _ ^ <---* ---_ - --- 1, Ayeins and replacement  boclics of l e a d - s i l v e r  m i n e r a l i z a t i o n  occur  ,i"so?rg *1 

6,' f au l - t s  , f r a c t u r e s  , and bedding pl.anes i n  and a d j  acenL t o  t h e  11orl.h-soul:l~ J 
1 

,@<a 
L 

a s s o c i a t e d  w i t 1 1  the  o t h e r  Eaul ts . A The o r e  c1epos.i.t~ art- mos t ly  o,:idizucl and 

c o n s i s t  of l-irnestune f ragments ,  quarcc,  c a l c i t e ,  garner; ,  ep.i.dote ,, cernr;si.t:u., 
1 n 

l p r  ij/*rykt d t ~ r f i o t - * r  

a n g l e s i t e ,  w u l f c n i t e  baleria, c e r a r g y r i t e ,  p l u m b o j n r o s i t e ,  ool%per c a r b o n a t e s ,  
---' 4 

" l imoni te" ,  and vanadini t -e .  Thc unoxidfzed portion.; of t h e  i lepos l  l s  con&-aiu 

g a l e n a ,  p y r i t e ,  ~ o l y b c l e n i t c ,  and cha l . copyr i t e ,  



Nevada Wonder Mine ----- .--.- ----.. 

The Nevada Wonder (Wonder) mine i s  .In Sec .  4 ( ? )  and  9 ( ? )  , T. :I. 8 N . , 
It. 35 E . ,  %/2-m:lle n o r t h  of t h e  g h o s t  town of Wonder on the w e s t  sl-ope o f  

the  C lan  Alpinc: Moutzta.i.ns about s i x  mi:les north--northc?nst  of  Chalk ~ 6 u n t a i n  

( s e e  Army Map Sel-vice,  M i L l e t t  ~opograpl-dc  quadrang le  map), Thc v e i n s  of 

t h e  Wancier d i s t r i c t  were t l i scovered i n  J906 ,  Alt-ho~igh t h e r e  were n n u t ~ ~ b e r  

p roducer .  From 19lJ. t o  191.9 whe~z ti-re m-krre c l o s e d ,  i t  produced o v e r  3f)O,T)00 

t o n s  of o r e  averag ing  1 8  ounces of s i l v e r  and 0 .25  ounces of golci p e r  tori. 

There  a r e  o v e r  66,000 Feet  of. workings ex tend ing  t o  a derrtll of more rhan  

2,000 f e e t  and  l z o r i z o n t a i l y  f o r  3,400 f e e t  ( S c h r a d e r ,  294 i )  

The v e i n  systeixl of t h e  Nevada Woncfe~: rn:i.ne 'has a l.:i.neal e x t e n t  of: 
.I 

Cor\ra,trir i.4" 1 ek 
1 1 / 4  m i l e s ,  anct,, paral1e.l. vei.11~ st-rri.lti~:ig N. 25" W. and cll.ppj.ng 75" NE. 

There  a r e  o v e r  40 o t h e r ,  l e s s - p r o d u c t i v e  v e i n s  i n  t h e  district. Nearly a l l  

a r e  roughly  p a r a l l e l ,  t r e n d  nor t l twes t ,  and d i p  s t e e p l y .  They a r e  aloiig 

f r a c t u r e s  and f a u l t s  irr the 2pC)OO-foot-thickl "Wonder" r h y o l i t e ,  and t o  a 
-------- ------- -------" ---pp---- 

F i g u r e  , Gclnernlized g c o l o g i c  map o f  t h e  Wonder mining d i s t r i c t ,  

----- .------ - -*---- ---- --A- ----me-- 

minor e x t e n t  i n  o t h e r ,  u n d e r l y i n g  T e r t i a r y  v o l c a n i c  r o c k s .  

The v e i n s  a r c  t y p i c a l l y  epitl1errn:il. i n  c h a r a c t e r .  They va ry  from l e s s  

than  a f o o t  t o  o v e r  10 fee t  i.n tkiiclcness, and cons:i.st prl.nci.pa1J.y 01: q u a r t z ,  

and l e s s e r  a d u l a r i a ,  gouge,  and w a l l r o c k  f ragments .  Fluori t :e  i s  l o c a l l y  

abundant ,  Pn p l a c e s ,  t h e  v e i n s  are P a j r l y  w e l l  banded,  Tile golci anci s i l v e r  

va lues  a r e  ch i e  E l  y i n  tl?c: q u a r t z - a d u l a r i a  v i ~ i n  mate r i  a 1  , 1) t r t  a3 s o  a r e  present 

i n  t h e  gouge and w a l l  rock.  

P y r i t e ,  c l ~ a l c o p y r i t e ,  a r g e n t i t e ,  nrxd minor galena.  a n d  s p h : ~ l e r i t c  occur  

i n  t h e  unoxidizcd u o r t j  ons of t h e  v e i n ;  tlre go ld  v a l u e s  a r e  s ;soci .a te t l  w i t h  - 

t he  a r g e n t i t e ,  The VC$.IIS have been deepl.17 o x i d i z e d ,  ox-idalri-on i n - t h e  Nevada 

Wonder mine e x t e n d i n g  q u i t e  uniformly t o  a  dep th  of  J,300 f e e t .  Cup-per,  Lead, 



and z inc  rnine-sa1.s are a lmost  comp?.etely absent- i n  t h e  oxiciized zone,  The 

s i l v e r  O C C I . I ~ S  a s  c c r a r g y r i t c ,  s t e p l i a n i t e ,  cmbolitc?, i.odobirorntf.e, and 

iodyr i t re ;  t h e  g o l d  i s  p r e s e n t  u s  n a t i v e  golt l ,  j . $ g & ~ ~ ~ ~ . ~ ~ .  occrrrred frorri thct 

300- t o  1 ,300-foot  l e v e l  ir-i t h e  Extension o r e  s h o o t  wh-ictr i s  i.n t:he 6xj.dizt.d 

port:ion of the v e i n ,  A L i t t l e  ~ l ~ & ~ i ~ ~  a:i.so Is present  i.n the vei.ns 

(Schrader ,  1-947) ; tile w r l t c r  was ahlc t o  f t n d  crnly one specimeri --- a f e w  

f l a k e 9  in yr l a r t z ,  



S c o t t  Pros- - -- 

S c l ~ r a d e r  ( 1 9 4 7 ,  p .  330) ritentiorrs t h a t  ~nolyl?clc~qx-~~ occurs  wit1.1 g o l d -  

b e a r i n g  mineral . izatio11 a t  the S c o t t  prospect wllictl i s  4 m i l e s  n o r t h  of  t h e  

Byer Ranch a t  G r a n i t e  IJo:i-nt- oxr  t h e  eastern, f o o t  o f  eh(2 Gl.an Al.prir-~e ~ ( ; ~ . i n t a . i n s  

(Sec,  2 1  ?, 7'. 2.1. N., R, 38 E.) ( s e e  Anlly Map S e r v i c c ~ ,  M i l l e t t ,  tc)pog.rnpil%c 

quadrang le  map), Some go1.d oare h a s  beern mined,  The mir re ra l i za t ion  .is al.ong 

/i 
a c o a t a c t  of  a " g r a n i t e i s  body w i t b  s h a l e  o f  the T r i a s s i c  ( ? )  Star  peakn  

i o - m a t i o n .  'l'his occurrence could not b e  l o c a t c d  i n  t h c  Eielti, 

6" 



Sand - - S p r i n g s  Range 

Sctleel i t e  and minor E w c l l j  r_e - o c c u r  i n  small b o d i e s  o f  s k a r n  i n  

i ' 

l i .mes tone  in contact .  w i t h  the l a r g e  crr-staceoirs g ranoc l io r i f e  - q u a r t z  -3 '..._ 

motrzon-ite p l u t o n  , exposed i n  th .e  Sand S p r i n g s  Range The c o n t a c t  "t:urggstt?u 

clcposita are: a long  the no r t h  anti southwest: borders of t h e  p l t l t o n ,  

Tungs ten  prodtxtiora.  has  been smal.l., t h e  o r e  nearl.y al.1 be ing  ].ow g,raile, 

(Nevada Bureau o f  Mi.nes, 1 9 6 4 ,  p .  3 4 )  . 



Midn igh t  Mine --------.- --. 

."4 r%. 
4 

R. ,g.e' E. ,  on the cast  s l o p e  of Slate Mounta in ,  Schee l i t e  and Y>o.**e! l i t r "  ---- 

occur i n  t h r e e ,  r;mal.l., w: ide l .y-sepera te  Lenses  of  tactite i n  cal.careous 

s c h i s t  n e a r  dikes and si .11~ of g.rani.te and a p l . l t e .  A srnal.1. amount of  

tunes  ten, o r e  2.13s b e e n  procluced fx:om several. small open  c u t s .  



v\ i G \)!'\I [> ks.[ 
GOODSPRINGS @,h.ldH+GB, C1,ARK COUNTY 

The Goodspr ings  (Yellow P i n e ,  Potos-i)  mi.ning d i s t r i c t  h a s  produced a 

g r e a t  v a . r i e t y  o f  m e  ta1.s i nc l . ud ing  mol-ybdentirn. T l~c?  nume rotis rni.ner; i.n t t l c i  

* 
d i s t r i c t ,  many o f  w h i c l ~  have  ex(rcnsl.ve wor.k.i.ngs, a re  sc .a t tcs rcd  t'laro~rgliout thc. 

s o u t h e r n  t h i r d  of t h e  S p r i n g  Mor.tntai ns i n  T s .  23, 24 ,  ant1 211 S . ,  Rs. 57 , m t i  

58 E.  ( s e e  U, S.  Ceoi.ot;ical. Su rvey ,  Goodspr ings  1: 62 ,500  t o p n g r a p t ~ i c  map) i n  

s o u t h w e s t e r n  C l a r k  County. 

H i s t o ~ c .  The d e p o s i t s  i n  tlae d i v r r i c t  were  f i r s t w o r k e d  _in 1 8 5 6 ,  wilt-n 

some l e a d  o r e  was mined and omcleed ,  Litt lc  work was doxle u n t i l  1831, Frcxn 

1 8 9 1  t o  1944,  p r o d u c t i o n  was a l m o s t  c o n r i n u o u s .  S i n c e  3.944, thc?re h a s  been  

, o n l y  minor  p r o d u c t i o n .  Over a h a l f  mil.liorz t o n s  o f  o r e  wort11 more t h a n  25 

l n i l l i o n  d o l l a r s  h a v e  been mined.  

Many t y p e s  o f  o r e  have  been  niizled incLucling: ( I )  z i n e ;  ( 2 )  1 e a d - z i n c ;  

( 3 )  l e a d ;  (4) coppr5r;  (5)  s i l i c e o u s  g01.d-s i l v e r ;  ( G )  molylitlen~mi; ( 7 )  v a ~ ~ a d i r ~ r n ;  

(8) n i c k e l - c o b a l  t ; (9)  gold-  p lar inum-pal  laclium; and (.lo) uranium.  The  1 cad  

z i n c - l e a d ,  and z i n c  o r e s  c o n t a i n e d  i l r lpor tan t  s i l v e r  v a l ~ x e s .  'fhe n i c k e l - c o b a l t .  

o r e  a c t u a l l y  i s  a variant . .  uf  the copper--()] c! t y p e ;  t h e  vanrtdi urn o r e  i s  a v,lri:inl 

o f  the  lead-zi-nc o r e .  Large  amounts 01 z i n c ,  l e a d ,  s i l v ~ r ,  c o p p e r ,  ;md g o l d  

( i n  o r d e r  o f  d e s c e n d i n g  valrre)  were produceit;  o n l y  sn~tall amounts o f  the o t l t r s  

m e t a l s  were  r e c o v e r e d .  

Genl-s,y", 'riic geo logy  of  t h e  J : i s t r i c l ; .  Elas been, c lcscr ibed  :.I? d e t a i l .  by ---. 

FIewi t t (1.9 31) arid Al.bri t . tot-4 and o c h e r s  (:1954) . 
/ 

A 13 ,000- foo t  secjuencc? o f  sedimenfratry rocks c r o p s  amt i n  t:hc t i i s t r i c t .  

'ille l o w e r  l l a l f  of  t h e  sequence  i s  J?al .eozoic I- imestone and c2ol.omi.t:e; t h e  1.1ppc.r 

h a l f  i s  1a rge l .y  sh:l.le, s a n d s t o n e ,  and ccrrlgllomerate o f  Pe rmian ,  ' l ' r f a s s i . c  and 

J u r a s s i . ~  ( ? )  a g e s ,  Tert:?i;l.ry vof.can.ic rocks  and Q u a t e r n a r y  sedimet-lts I.oc;~l.l.y 

c o v e r  t h e  o l d e r  rock.$. Dikes  and s i l ls  of " g r a n i t e  po rphyryu  a r e  common i n  t h e  

a<\$tral  p a r t  of  t i r e  d i s t r i c t .  ( J u a r t z  i s  ulrsenr i n  Inany o f  t h e s e  j i k e s  axid iiills, 

e .  

and. t h e s e  shou3.d be c l a s s e d  as s y e n i . t e  p o r p h y ~ y .  



The d i s  t l r icr  has  a. conlplcx s tructu-l:al. p a t  t e r n  wliich :i.ncl.udc!s f o l d s  , 

, t l i rrxsts,  t e a r s ,  and r i f t s .  The roclts were f i r s t  f o l d e d  t o  va-rying degrees 

depending on t h e i r  massiveness .  T h r ~ ~ s t i n g  began  toward t h e  encl of thct p e r i o d  

of f o l d i n g .  Four major and many minor t h r u s t  faults o c c u r  i n  t h e  d - i . % t r : i . c ,  

and genera1J.y d i p  west .  The " g r a n i t e  porphyry" wa.s i.ntrucied n e a r  t h e  end  o f  

the epoch of t h r u s t i n g ,  A-Eter t h e  t h r u s t i n g ,  a few normal faul.ts were forinetl 

arid l a t e r  r t~:ineralizcd.  L a t e r  o t h e r  normal Eau%.ts were formed whicl: a r e  younger 

than t h e  o r e  d e p o s i t s  b u t  ol.der t h a n  t h e  middle  ' T e r t i a r y  volcala ics .  Conspicuous 

breccia zones r ~ l a r l ~  Ll~e r r a c c s  of t l ~ c  major f d u l t s ,  I t  is in te*res t in i<  tc-i no te  

c h a t  t h e  o f f s e t  01 one Iligll-,tngle f a u l t  by a n o t h e r  i s  cxtrenlcly r a r e  i r r  t h e  

d i s t r i c t ,  and that: c u r v a t u r e s  a long rnany of t h e s e  f a u l t s  a r e  unusual ly  g r e a t ,  

b o t h  i n  d i p  and along t h e  s t r i k e *  

T 2 c e d - % ~ ~ c C , ~ l ~ - ~ - ~ ~ & ~ ~ .  'I'he l e a d - z i x ~ c  o r c  bodic?s o r e  dolorrlitc and limesrorlc 

replacements  wh i ch ,  c+xrcpt. i o r  r a r e  c x c ~ r ) t i ~ ) n s ,  a r e  i n  t he '700.-foot- thi clc 

e 
[& 2 Miss i s s i p p i a n  Mont.c> C r i  s t o  I,imcslone. Ia~e?ro  trli~r. hedding -E s LLat , t h e  bod ies  

comrnonly a r e  t a h u l a r  and para1 l e l  tile bedding.  Where t.11~. b e d d i n g  is inc l  Llred, 

tile. Lodies  a r e  i r r e g u l a r  p i p e s  ithat i n  a few r a s e s  f o l l o w  f r a c t u r e s ,  but marc 

comnlonLy p a r a l l e l  o r  c u t  t l ic~ becldirrg at- s;l ight ang l r s  y e t  a r c  n o t  p ~ r n l  l t . 7  t o  

one axiothcr. 

The lead--z inc  mines not on1 y a r e  conf ined t o  a narl-ow s t  r a t  lg rap l i i c  zone, 

b u t  a r e  most ly  3ocated wherr, f a r l l t s  ( b r e c c i a  zones) and l r a c t r i r e s  c u t  t h e  

f a v o r a h l e  zorzc. Because of i t s  rnassive n a t u r e  tile Mo~rtc Crristo I , i*nt~stonc h;ls 

been more i n t e n s e l y  breccjarecl  t h a n  o t h e r  u n i t s ,  and t h u s  p rov ides  t h e  most 

Lavorabl e s i t e  f o r  o r e  deposi  Lioxi. Ilowevcr , t h e r e  a r e  many more consp icuor~s  

high-angle  f a u l t s  i n  t h e  d i s t r i c t  t h a t  a r e  b a r r e n  t h a n  t l i c re  a r e  f a u l t s  t h a t  

a r e  a s s o c i a t e d  wi th  o r e .  Fur thermore,  w i t h i n  a f a u l t  zone t h c  "master" fc iul  t s  

which have tile g rea t  e s t  d i  a p  lacement and e x t e n t ,  conmnmn l y  ,Ire b a r r e n ,  whereat; 

s u b s  i d i a r y  s h e a r s  a long tlte same f a u l t  zone a r c  millera l i x e d  .. 



The primary m i n e r a l s  were 1nainl.y q u a r t z ,  ga l -ena ,  nnil s l ) h a l c r i t e .  Ker-2t:I.y 

a l l .  ~ h e  sphalckri te has  b e e n  oxitl-i.xcd t o  la:~clroz%nci.te, cal.nii~r'.ni!, ancl :some 

sm:ithsoni.te. Pocls of galerua remain i n  tine o r e  h u t  commonly has  been a l t e r e d  

t o  c e r i i s s i t e  mcl  l e s s e r  a n g l c s i t . e ,  CE~alcopyr i te  o r i g i n a l l y  was y r e s b t :  :in a  

few d e p o s i t s ,  b u t  has been I .argely a1tcirc.d t o  mala.ch:ite, ch.rysc.)col.'ls, anti 

azuri . t .e .  The st:conda.ry va.nndiurrr rnineral.s , cuprodeso l .o iz i . t e ,  des c.l.o:i.zi.tc, ant3 

va.nadin:lte are. un.comnmon but w:i.desp-read. Nt.lrncroua o t l ~ e r  111-i.nc:ral.s ocnrir l ri 

s rnal le  r amounts . 
Oxi d a t i o n  ex tends  below tl,c deepes t  worki rigs, Galena remnants comnonl v 

a r e  s c a t t e r e d  through ox id ized  l ead- -z inc  ore i .ndicat i .ng t h a t  l i l r t l -e  nil.grati.on 

took p l a c e  dur ing  o x i d a t i o n .  

Molybdenum O c c ~ ~ l r r e ~ ~ c e s ,  Wu1.f erli.te has been obscrvcd jl:r the :ihenanclo;rin, - .-" --. ----.--- "--. ---*-.----.-- - 

M i l f o r d ,  Hoos ie r ,  Mobi:l.e, Ilerrnosa, I'il.gra111, l iu t : l~ ,  SmitXleonite, Wha i.e, and 

----- -.-.-.-------- --.------ ----.--..-.---- -------.--.-----------.. 

F i g u r e  Genera l i zed  geo:Logic map o f  the Goodsprings inini~ng d i s C r i c t  
showing mines and wulf e n i t e  occur ccnces , 

---.-.". ---.-- -------- ".-...,-- ---- ---.--.-- ---.-----.- ^ .--._---.- " .--. 

o t h e r  rn:i.ncs i n  the d.is t r i c t  . A l l  t:he occ:urr<?rIcc.s , crxct?pt t..l-iat: of  t..l~c i"li.l.I:i~rd 

mine, a r e  c l u s t e r e d  i n  t h e  c e n t r a l .  p a r t  of t h e  d i s t r i c t ,  The wul.Eenitc 

geriera3.7y occurs  a s  sqtinre t a b u l a r ,  o r m g c  t o  wax-brown c r y s t a l s  1 i n  ing 

drusy c a v i t i e s  J n  smalL i r r c g u 1 . a ~  c o n c e n t r a t i o n s  assoc ia tec i  w i t h  Ica t i -z inc  

o r e .  L i l t e  t h e  vanada tes ,  w i t h  whic11 : i t  i s  tonlmonl.y a s s o c i a t e d ,  t h e  wu.lfenj.lre 

i s  one of the  1 ate:: t minera_ls t o  b e  formell, 

Shcnandoah Mil~c --."*-- -- - --- 

Altt~ougtn wulf-eni ttr. has been  round Art n ~ l u m b c r  oT: niine:; i n  t h e  c l ls t r tc t ,  

only a t  t h e  Shen;mdoah have e f f o r t s  been made t o  mine tlic wulfeni t c .  Tl-ze 

Shenandoah mine is in t h e  n o r t h - c e n t r a l  p a r t  of Sec.  35, T. 24 S . ,  R. 57 E . ,  

n e a r  t h e  c r e s t  of a s t e e p - s i d e d  r i d g e  on t h e  west  edge of t h e  Spr ing Mountains;  

S 
t h e  Sht?nandoah mill. i s  2 m i l e s  t o  t h e  )donthwest, a long  t h e  Saxrtly--C:oodsprirrg::; 

road a t  a point: onc n ~ l l c  e a s t  of Sandy, . ~ 



Tile mine is devel.opeil liy s e v e r a l  adi.t:s and lat:c.raI, woricimgs t o t a l i n g  

2 ,500 fee.t:. &I n.eria3. gravi.ty-ope~:at:dr?ci tramway 1 , 6 5 0  rcet  l o ~ z g  connec ted  

t h e  mine w i t h  l o a d i n g  bi-ns on t h e  4.3.oor o f  t h e  g u l c h .  The mine r:qulipmt+nt and 

tramway h a v e  b e e n  d.ismant:Letl. I n  c o n t r a s t ,  t h e  m i l l  i s  i n t a c t ,  and 8 t i l . l  

c o n t a i n s  rn~~cll o f  t h e  equipment u sed  t o  c o n c e n t r a t e  t h e  molybdcnu~n o r e .  

The p r o p e r t y  was f i r s t  l t r cn t ed  i n  1833,  Fo r  rnnny y e a r s  J.end-zinc o r e  

was mined i n t e r m i t t e n t l y  on a s m a l l  s c a l e .  f n  1.935 and 1.936, the Ca:i.:iffc>rnin 

Molybdcnuni Corp . , a  s u b s i d i a r y  of  C.i.i.max Molybdenum Corp . , t ook  an o p t i o n  c;n 

t h e  niine and mS11, Some cdevelopmen.tt: worlr w a s  done ,  and t h e  c r u d e  cjre tha t  

resul.tec1 was s c r e e n e d ,  a n d  t h e  wulZtzni.te i n  t h e  f i n e s  c o n c e n t r a t e d  by 

f l . o t a t i o n  a t  t:he Shenandoal~  mi.l.1 whic2.i I-1a.d b e e n  r e b u i l t  t o  harld1.e t h e  

rnol.ybdenr.llr~ o r e .  : F i f t y  t o n s  o.f o r e  cou3.d b e  t r e a t e d  p e r  d a y ,  Concent-cat:cs 

c o n t a i n i n g  an e s t i m a t e d  40,000 pounds of:' mol.ybdenum we~:c. p roduced .  l i e w i t t  

(1.936, p. 89) s t a t e s  t h a t ,  r e p o r t e d l y ,  the f i n e s  r e p r e s e n t e d  abor.lt: 40 p e r c e n t  

ppj gf;$ 
of t h e  crude  o r e ,  :rnd that I t o n  0.f c o l l c e n t r a t e s  co~lt;31t1:i.ng 20 j>erc~nt .  

rnolybdenuni was p-i:odl.rced from each  20 t o n s  o f  .f-i.nes. Vanderhurg (1937 ,  p ,  48) 

a.clds t h a t :  " Judg ing  from t i l e  t a i l i n g s  p i l e  at: t h e  1ni.l.1, a13cju1: 5,000 t o n s  of  

wul.fenite ore. w e r e ?  t . r ea t e i l  . . ." The opt:i..on was droppcd i n  Novt2mber 1.9311. 

The wul:.~-~~f~t~ o c c u r r e d  w i t h  c e r u s s i t e  , g a l e n a ,  s m i . t h s o n i t e ,  and h y d r o -  

z i n c i t e  i n  I .enses  i n  a b r e c c i a  zone crosscut t l i rxg  massive, c h e r t y ,  ciol.omiti.zei1 

Konte  C r l s t o  Limestolze s t r i k i n g  N, LiOo W. and di.ppin.g 20' SW. The wul.fe11i te 

o r e  was mined From an area 1.30 f e e t  :l.omg, 1.0 t o  30 f e e t  h i g h ,  aa~ii l.60 f e e t  

wi .  t-te . 
S ~ n i t h s o n i  t e  Mine ---- ---, ---- 

W11lfeni.te h a s  been obse rved  a t  t h e  S n t i t h s o n i t e  mine which is  some 1 ,000  ------- 

f e e t  east-nortr tzeast  of t h e  Shenandoalz mine i n  t h e  SW c o r n e r  o f  See.. 25 and 

t h e  SE co rnex  o f  Set* 26, T. 24 S . ,  R, 57 E .  T h i s  mine c o n s i s t s  o f  a 55-foot: 

s h a f t ,  210 feet of d r i f t s ,  and 2 s t o p e s  Ercrm w 1 . 1 - i c h o ~ n c  l e a d ,  zinc, ;xnd 

coppe r  have  b e e n  mined.  The o r e  was galena,  c e r u s s i . t e ,  ca:Lam.i.nc:, and .some 



E 
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chrysocol l .a . ,  ~nal : icl- i i te ,  onci, a u r i . c h a l c i . t e  o c c u r r e d  i r l  t h e  brccc ia t :e t l  13ul.li.on 
*; 8 

r>ol.orni.te 3iember of  t h e  Monte Cr i . s to  I,%xnestone. 
4 

Mobi le  M%ne --- --.- 

C o n s i d e r a b l e  yw&fen-i& was f o ~ t n d  i n  t h e  Mobi Pc mine which i n  s a k e  1 ,000 

f e e t  e a s t - , s o u t h e a s t  of  t h e  Shenandoab mine and -500 f e e t  s o u t h  o f  F l r e  

'4' S m l t h s o n i t e  mine.  W u l f e n i t e  o c c p r r e d  i n  two p1.ace.s as f l a t  , waxcy -.yci. l.riw 

c r y s t a l s ,  many o f  wl~iclx are e n t i r e l y  co.vered by  s m a l l  p e r f e c t  c r ) r s t a l . s  of 

cal.amine. Sorile z i n c ,  l e a d ,  and col2per was mined fvorri a brecc l .a tec l  zone a l .or~g 

a bet3din.g-pl.arle f a u l t  i n  t h e  Anchor Linrestone @ember o f  t h e  Monte Cr i . s to  
##',,- 

Linrestonc.  The o r e  c o n s i s t e d  ma in ly  of:' h y d r o z i n c i t e ,  I.esser gal.cna and i t s  

o x i d a t i o n  p r o d u c t s ,  cralaniine, and s c a t t e r e d  c u j ) r o d e s c l o i z i t e .  

Whale Nine  ---- P 

The y h a l e  mine i s  Zn t h e  NW l / 4  01' S e c ,  I ,  T .  25 S . ,  It. 57  E . ,  abou t  
G 

1 I /%  m - i l e s  sou theas t -  of  the  Shcnnndoah,  S m i t h s o n i t e ,  and E"robi?c! mines ,  A 

P 
kyi 3 number o f  s h a l l o w  s h a f t s ,  s l i o r t  n d i - t s ,  ant1 s h o r t  c l r i f t s  were  madc:  w h i l e  

m in ing  r-ixrd exp l -o r ing  f o r  z i n c  and I-sad.  In t h e  e a s t e r n  group of  wc?rli;.i.ngs, 

snza1.l. veirrs  cont ,ainl ,ng ci.lprodet;clo:i.zirc!, and  2.ocal.l.y a 1 i . t L l e  gaLcna ,  cnl.aminc, 

and wi1lfe11it:e, are s p o r a d i c a 1 , l y  d i s t r i b u t c c i  i.n d o l o m i t i z e d  I.i.niesf::oxle. 

P i l g r i m  Mine - 

The P i l g r i m  m i 1 1 e  i s  in t h e  sout11cent:raS p a r t  of Sec .  8, 'I.', 24  S . ,  1%. 58 i':. 

on r h e  e a s t e r n  f l a n k  o f  t h e  Spr ing  Mounta ins .  The w o r l c i ~ ~ g s  c o n s i s t  of a n  

i n c l i n e d  s h a f t  w i t t i  s e v e r a l  s t o p c s  and t h r e e  1 e v e l  s I-otal  i n g  several hundred  

f e e t  made w h i l e  min ing  l e a d - z i n c  o r e .  Ch i rus s i t e ,  g a l e n a ,  h y t i r o z i n c i t e ,  

ca l amine ,  w ~ L f ~ i t ~ e s  ;mci pyromorph i t e  o c c u r  s p o r a d i c a l  l y  along: i u rc>gul:\r 

f o l d s  i n  t h e  bedding  p l a n e s  o f  dol-omi t i z e d  th in-bedded limes t o n e  o f  t h e  B i r d  

S p r i n g  member of the Monte Cx:ist:o 1,imestorre. 'The i r t -egula l :  Eold:ing and 
L" 

j o i n t i n g  a p p a r e n t l y  was c,aused by t l t e  Potcrs i  t h r u s t  f a u l t  wl\-icI~ ~.mderli.es the. 

mine a r e a .  



R.~.lth -.-- Mine 

The. Ruth n1l.n~ i s  i n  NE :1/4 S e c b  29, 7 ' .  2 4  S . ,  R. 58 E., a h o u t  2 n1il.e:; 

s o u t h  of the P:il.gri.m mine. Thc Yel.low Pi~xr; mine,  t.he : l .argest  I.ead--zinc 

p r o d ~ ~ c e r  i n  t he  d i s t r i c : t ,  i s  I. m i l e  t o  t h e  nor t t lwes t .  1111 a d i t  w.l.t:h Qevera l  

hunclred f e e t .  of workings ,  n ..l.nrge s t o p e ,  and 2 s h a f t s  corrnec:t:ing w i t 1 1  t h e  

adi . t  1-eveL, were made w h i l e  m.i.ning l.eatl o r e .  Smal l  t a b u l a r  c r y s t a l s  of 

wul . f en i t e  occur  i.n open f rac t .u rcs  i n  tlolomi.r:ized l.imesi:one i.n t h e  d r i f t s  .--.---- 

o f f  tlte a d i t ,  near  ;i. I n r g e  o r e  s h o o t  cons5stl.ng of pods of gale~~;~ up t o  2 

feet: t h i c k  i n  a b r e c c i a  zone wli%c:h para l le3 .s  t h e  bedd ing .  01ri.dized I.ead and 

copper  mineral.:; a1 s o  arc? pretjcnt 1 o c a l  l y . The w a l l r o c k  i s  l iliics tone  o f  f :h~ 

B i r d  Spr ings  Mcnil~er O F  t h e  Monte C r i s t o  Format-ion. 

Eiovsier Mi~zc ---...,.--- --me- 

Tl lc  I loos ie r  M j 1 1 ~  i s  i n  thc. wcsl-cent4i-al p a r t  01 Sec.  4 ,  T. % $  S, , 

R e  58 E.  Tlierc a r e  t h r c c  n d i t s  anti s e v e r a l  s t o p e s  rnade wl?ile mSning Lead 

P- +tikm4 and z i n c ,  W u l f e n i t ~  ltas been observed w i t h  g a l e n a ,  c e r u s s i t e ,  and hydro- 

z i n c i t e  a long  a b r e c c i a  zone i n  d o l s m i t i z e d  l i m e s t o n e  about  ?00 f e e t  above 

t h e  b a s e  of t h e  Pen~lsyl .vanian Bird S p r i n g s  Formation,  The d e p o s i t  is  t I ~ u s  

I-righer i n  t h e  s t r a t i g r a p h i c  sequence than  any o t h e r  d e p o s i t  i n  t h e  c! is t~- ic t  

Hermos a Mine 

The He~mosa mine is i n  NW corncr  Sec. 4 ,  'l'. 25 S . ,  K. 58 E . ,  3,OCil) f e e t  

11ort11 of t h e  Hoos i e r  mine. Some l e a d  o r e  h a s  been nti11c.d. C e r u s s i t c ,  

w u l f e n i t e ,  ga-lena,  and pyromorphit-c occur  i n  a b r e c c i a  zone trendirt): nor+  h -...----." 

t o  n o r t h e a s t  and d ipp ing  w e s t  i n  do lomi t i zed  Bi rd  S p r i n g s  Limestone.  

Mi l fo rd  Mrixic! --.- --- 

Z%e Mli.l.fors1 mine i s  i n  t h e  NW 1 / 4  Sec.  5 ,  T. 26 S . ,  R. 513 I?. at: t h e  

ext reme souchwestreriz edge nf  t h e  Goodspring d i s t r i c t  , The mine workings 

c o n s i s t  of a 380.-foot i n c l i n c d  s h a f t  w i t h  f o u r  l e v e l s  and f i v e  s t o p e s ,  arzd 

s e v e r a l  a d i t s ,  rnacIe vbJ l e  mining l e a d - z i n c  o r e .  'The f i v e  ore bodi-es a r c  i n  



breccia .  zones n.l.orrg t h e  e o n t a c t  betwec:r~ the 1:ul l ion 1)oI.omite and Anci~or 

TLimestone Members of the Monte Cr i . s to  Fo~mlation.  I n  add:i.tion t o  the gn:l.ei.r;-~ 

and 1ea.d and z:i.nc o x i d a t i o n  rniileraLa t h a t  are cornmon e.Lsew1:icre ~ I I  t h e  

d i s t r i c t  , s p h a l e r i t c .  wars found on t:he 200-level. K u l f e n i ~ ~ ,  -i.s Local.fy 

abundant.  



CRESCENT P.n N T N C  DISTRJ GT , Cl,hKIZ COIJNTY 

L c  ,r J 
l'he Crescent  mining d i s t r i c t  i s  i n  'rs. 28 a n d  29 S, , I:. 61 E, , ewrr of 

Searchl . ight  a long t h e  C a l i f o r n i  a-Nevada l i n e  (see. U. S. Geologi.ca1. Survey 
Q 

Crescen t  Peak 1 :62,500 tc7pogriiphj.c quadrangle  nap)  . ConsideiArtbl e turqilo i s c  

h a s  been rnlnr~d from t h e  Crescent Peak a r e a ;  o t h e r  m i n e r a l  prodrsction has  

been s m a l l .  P reca~nbr ian  g r a n i t e  and ot l ic i  metamorphic r o c k s ,  veneered by 

Q u a t e r n a r y  pcdjmcnt g r a v e l s  , arc e x p c ~ e d  t l lrougfiot~t  t h e  d i s t r i c t  , A 

T e r t i a r y  (? )  o r  Mesozoic ( ? I  grarri te s t  0 ~ 1 ~  a p p a r e n t l y  i n t r u d e s  t h e  Pr('cainl>rian 

rocks a t  Crescent  Peak. 

Crescent  Peak .--"-- .-- 

C r e s c e n t  Peak 1.s i n  Sees ,  2 6 ,  2 7 ,  3 4 ,  and 311, T .  28 S . ,  R. 61. E .  The 

Peak i s  t h e  highest ,  p o i n t  i n  the  d i s t r i c t ,  wj t11 an e l e v a t i o n  of  5 ,999  feet, 

Consi d e r a b l e  t u r q u o i s e  h a s  been produecd i n t e r m i - t t e n t l y  f roni sha l low work ings  

c7 on t h e  s o u t h  s l o p e  of Crescent  Peak since p r e h i s t o r i c  t i n c s ;  t h e r e  has  been 

l i t t l e  a c t i v i t y  i n  r e c e n t  y e a r s .  1nEeres t  now i.s c e n t e r e d  on t h e  p o s s i b i l i t y  

of l o c a t i n g  a porphyry-type d e p o s i t  i n  t h e  al.tc>red are;l i n  w l l i c l i  t h e  turqz~ciise 

Is found,  I n  1 9 5 4 ,  t3ear Greelc Mi i i ing  Comprmy d r i  Llerl t h r e e  h o l e s  i n  t-hc 

hea r t  of t h e  a l t e r e d  zone. U~rr-ing t h r  w i n t e r  of 1962-1963 t:hc Elorriestnlic 

Mining Company cxpl o red  t h e  same area w i t h  tliree 1 ,000--foot diamontl-dri l i  

c4 
h o l e s  (a  f o u r t h  1.,000-foot ho1.e was clrill .cd i n  t h e  smal.?.er a l . t e red  area t o  

t h e  s o u t h e a s t ) ,  

S t rong  f r a c t u r i n g  and i n t e n s e  a l t e r a t i o n  is  p r e s e n t  over  an a r e a  of 

t h r e e - , q u a r t e r s  of a s q u a r e  m i l e  on Cresc.e.nt Peak,  and i n  a rnr~cti. r;nraller a r e a  

8. 
a ha l f  mil-e t o  the s o u t h e g s t  (F igure  > 

-. ..- -------" ---.--.---- ,-------.----.-.- ---,..-.*---- ...... ----- 

F'i gure Generalized geologic.  map caf the Cresccl-it Peak  a r e a  

showing h o l e s  d r i l l e d  by l iear Creck and FIomcstake 

Mining Co~npanies . 
" .  --- . . - l I I _ - - _ - ~ ~ ~ - I - l l l l l  - ---̂ _..----- ---- 
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'Freali Precambrian g r a n i t e  surrounds t h e  sl-i-crrd a rea :  r file a l t rcb l -c t !  

yourrgc r 

t h e  o b s c u r i n g  e f  f c c i  s o l  tlic 

a l t e r a t i o n .  T w t  p.;"r 

,- . " &lo* 
Y &n-gneissoid  b i o t i t e  q u a r t z  monroni te  (?)&is  fo~ ind  i n  d r i l l - c o r e  

froln t h e  Homestake e>cp:lorati.on lial.c?s, a.nd appears  t o  f on11 an  rir.regular: body 

havlng an i n t e r f i n g e r i n g  corntact w i t h  t h e  Precar.,bri:m 

g r a n i t e  (P.  R ,  Miller, p e r s o n a l  conln~unicat:ion), 

Much of t h e  Precambrian gran i t e  i.s rnedit~m-- t o  f l n e - g r a  inecl, encisso i d ,  

and c o n s i s t s  mn-f.nly of c1ua.rt.z and K--Eel.dspar, minor: amor.m"i s o f  sodi-c 

pLagiociase  and muscovi te ,  and l o c a l l y  abundoait b j  o t i t e ,  I,c.nses of pegmati re  

c o n s i s t i n g  of: feldspar, mica,  and /or  qut l r t :~ ,  and Large v e l n s  and I c r ~ s c s  of 

4; 
= * 

qlnartz,  occur throughout  t11e Preeambr iaal g r a n i t e ,  and appea r  t o  be l a t  e-stage 

d i f f e r e n t i a t e s  o f  t h e  g r a n i t e .  Xenoliths of h o r n t e l s ,  s c h i s t ,  and mie taquar tz i l c ,  

up l o  f i v e  hundred i e e t  across ,  nLso 'Ire ccrnin~on i n  t h e  g r a ~ r i t c .  

d l k e s  I n t r u d e  t h e  grazai te ,  anti have beet1 e f f e c t e d  I-ty t h e  al ter:xti .on.  

4 gr11C!tures " 

'The a l t e r e d  a r e a  is s t r o n g l y  f a o i t r ~ d  and f r a r t o r - e d .  Shcccing i s  iom;!;on 

throrrgl-lout t h e  a l t e r e d  rock bu t  i.:i r a r e  e l s e w l l e r e  t h r e e  o r  mo.re s e t s  of 

s h e e t i n g  usual.1.y a r e  p r e s e n t  i n  any giveiz s p o t .  Many of  the  s u r f a c e s  show 

smal l  movements. The major  f a u l t s  i n  t h e  al t :ered ~C,P I IC  and s i ~ r r o u n d i n g  rock 

mosfi%y a r e  t r r i en ted  e : i t R c r  N, 70' E .  w i t h  stc:c?p d:i,ps t o  t h e  n o r t h  and sout l l ,  

N. 70' W. w i t h  d i p s  mos t ly  50-70" n o r t h ,  or  N. 45"  W, w i t h  d i p s  of 50-60' 



Al. t e ?- ,-l,LAcz, , 

The  a l t e r a t i o n  o c c u r s  a s  t:wo zones : ( I )  n.n :i.nner core of a r g i  l1.iz:ti-1;. c.,n 

and coarse  s e r i c i t i z a t i o n  about 1,500 f e e t  a c r o s s ;  and ( 2 )  an  o u t e r  zone of 

s i l i c i f i c a t i o n ,  K-fel d s p a t h i  z a t i o n ,  and f  jne-grained serli c i t t z a e i o n  wl;i <-11 i :; 

1,000 t o  2,000 f e e t  wide (F igure  ) 72. is  not  c l e a r  whether t t ~ c :  a l t c ~ r , i t i n n  

now p r e s e n t  i s  due mos t ly  t o  hypogene p r o c e s s e s ,  ou. 1-0 # w e a t  extent  t o  
a' * *' \\ 

a, f u r t h e r  a l t e r a t i o n  by t h e  a c i d i c  supergene s o l u r i o n s ' f o r r & d  dur ing  i-hc. <: . :, 
o x i d a t i o n  of t h e  s u l f i d e  m i  n e r a i i z a t i n n .  Z 

Z , , 
"% 

* >  
h, 

'+ 

I n  t h e  c o r e  t h e  f e l d s p a r s  have been almost compl&cr l$2 ,1 '&i~ince" ,~~ c l a y  
\,, 0 a,  , " " *'+\ " \* mineral:: anct/or c o a r s e  s e r i c i l e ,  gl"ving t h e  rock an ea r th j f  hkdc)@rf l ~ i ) % ~ ,  \ 

\ , (i") ,p ,'Ji 
A r g i l l i z a t i o n  and s e r i c j t i z a t i o n  occur  t o g e t h e r ,  b u t  just :is >bg:xbpnlp'bni. o r  

k, /" 
'$." 

.the o t h e r  predaritfnates o r  i.s fot.ind a l o n e ,  

Tn ehcl outer. zone t h c  felcls~rars 11rivc 1)i.c.n p a r t i a l l y  r ep lace t i  a r~d  t i ~ c  

&& 
q u a r t z  g r a i n s  corrocled by fi.ne-grained q u a r t z ,  ser ' i  c i t e ,  nncl I<-fel t lnpar,  f "  

b 
givirlg Ll?e rock a ll"gl-~Cer c o l o r .  'The I<-.feldsp: t I ~ i z a t  ior is d i s t  -i b u ~ r i i  mo i3 

%&V~L.:(;~ 4.r be& &.4ureJ r, w J 
irregu1nr.l.y and i s  ICSS con1 on than  Lhe o t h e r  a l t e r a t i o n .  Quar tz  Clooclir-~g 

4 
h a s  permeated much of t h e  rock i n  t h e  oxlter zone,  corrod5.ng t h e  fe l .dspar  

c r y s t a l s  wi thol l t  a l t e r i n g  the n n c o r r o d t ~ d  p a r t  of  t h e  c r y s t a l s ,  In a g e n e r a l  

way £1-ooding is  Less common along t h e  o u t e r  ancl i n n e r  margins of t h e  zone,  

Tile f h ~ d e d  rock is  " f r e ~ h c n e d ' ~ ,  and made more r e s i s t a n t  t o  e r o s l o r ~ ;  the 

crescent-shaped r i t lgc -c res t  of Crescent  Realc i s  t h e  topograpll ic e x p r e s s i o n  

of t k c  band of most i n t e n s e  s i l j c l f i c a t i o n ,  

On t h e  n o r t h  and e a s t  s i d e s  of t h e  Peak,  t h e r e  i s  n h a l o  of  weak a l r t r n ~ i n n  

ex tend ing  outward over  500 f e e t  f ram tlie rtl t e r c d  a r e a ,  I icrc ,  a l t c r a t  ion occurs  

a long  more widely-spaced I r a c t u r e s ,  b u t  seldo111 ex tends  marc?  t h a n  an  inch  i n  

t h e  w a l l  rock.  



M i  ner31 i z a t  is-gb 

The m i n e r a l i z a t i o n  w i t h i n  t h e  a l t e r e d  srs3n 7:s ( I T  t h e  "porphyry" t y p c .  

Quar tz  v e i n l e t s  form a  stoclcwortc thrvughcrub r h e  ;il t e r e d  area, ant1 ex tend  t o  

a dep th  of a t  l e a s t  1,000 f e e t .  A t  t l le  s u r f n c c  tile qu,lr tz v e i l i i e t s  ncpt"nr 

t o  be  cons:iderably inore abundant i n  t:l~e argil.l .i .zed core  t h a n  i n  "c~t? o u t e r  

zone (N, L. Arcitbold, persorzal comnurr.-i.catiox.1) , b u t  irk ~loxnc:stnke ',s exp lo  r-a!;. i o n  

h o l e s  stoclcwork ve:inl.ets were a s  c(>n~~lion i n  t : h ~  two Ixoles t;lrat pmct ra tc , :  tlw 

i .nner margi.n of  t h e  o u t e r  zone,  a.s i.rx t h e  b o l e  clr i l- led i.11 the  cer:l:er of t ixr? 

a r g i l l i z e d  c o r e .  

Below t h e  zone of o x i d a t i o n ,  p y r i t e ,  s p a r s e  c h a l c o p y r i t e ,  and loca . l ly  

alsundant b o r n i t e  g r a i n s  a r e  d i s se rn in~ l tod  i r r e g u l a r l y  tllrough t i le wail roclc,  

M o l ~ b d e n l t e  o c c u r s  a long  t h e  edges  of t h e  q u a r t z  v e i n l e t s ,  and i s  l o c a l l y  -- -- 
i \ 

abundant:.llydrob4c)f:ite (? )  and e p i d o t e  a r e  l o c n l l y  abundi~nt. i n  a 

v e i n s .  The Iiomczstalie dri.l.1 h o l e  i n  t h e  arg:i.ll.l.zcd core of the: altered itrea 

encountered l i t t l r  c h a l c o p y r i t e ,  b o r n i t c ,  o r  mol y h d c n i t e ,  and only  modcxraic 

amounts of p y r i t e ,  s u g g e s t i n g  t h a t  t h e  a r g i l  l i z e d  c o r e  i s  "barren"  ( d r i l l -  

c o r e  from t h i s  h o l e  averaged 0 -008 perccnt  C O ~ $ P C ? C ,  0 ,008  p e r c e n t  niolybdcntirn, 

and 0.002 ounces o t  s i l v e r  i ~ n d  a t r n c c  of g o l d  p e r  t o n ,  bclow t h e  yonc of 

o x i d a t i o n )  . 111 c o n t r a s t  th(,: 1:io~iiestakci h o l e s  .j.n t h e  -inner rnarg1i.n of tlle 

o u t e r  zone encoltntered 5 t o  10 f o o t  i . n t e r v a l s  of O , I  p e r c c n t  molybdenum, nritl 

have a h i g h e r  average copper gracle, as wel.:l.. a s  more abun.dant: pyrite, sugges t ing  

t h a t  t h e  s i i i c i f l e d  o u t e r  zone may be  more h igh ly  mefial.li.zec1 (dri3.1-cotri? f ron 

t h e s e  h o l e s  averaged 0.020 p e r c e n t  copper ,  0.01.3 p e r c e n t  molybdentm, and 

t r a c e s  of s i l v e r  and g o l d ,  bel.ow t h e  zone oC o x i d a t i o n . )  Below t h e  zone  of 

o x i d a t i o n ,  two of t h e  t h r e e  h o l e s  showed no s i g n i f i c a n t  changes i n  meta l  

val..ues w i t h  dep th ;  t h e  easternmost h o l e  however silowecl ;In apparen t  decrease  

in bot'h copper  ar-ict molybdeninm w i t h  d e p t h .  



O x i d a t i o n .  @ -7- 
v Oxidat ion extends  t o  n tleptll of about 200 f e e t ,  tlowevcr trnox.i.di.zed 

s u l f i d e  mineral  s a r e  conlnlon bcl-ow 50 f e e t  . Turquoi-sc is s c a t t e r e c l  througil 

t h e  a l t e r e d  a r e a ,  b u t  is mainly i n  tl-tc a r g i l l i z e d  c o r e  (N, 1,- Archbold,  

personal.. con~munieati.orr). Copper-oxide stni13s ;].re r a r e ,  b u t  ":l:f.moni.teH :is 

widespread and abundant, 2,iving t h e  alr-erecl a r e a  n ye1 low-browrr c o l o r .  J 
C h a l c o p y r i t e  boxworks a r e  relatively rare o v e r  the S I X T ~  ace  o f  t h e  "bar renf '  

-----,---* --.--,-* ",- -"---."-------,-,.---""-----.- "-- .---- *--..,----- - 

Figure  . V a r i a t i o n s  i n  copper arrd 1no3.ybdenun; g r a d e  w i t h  dep th  

i n  t h e  Crescen t  Peak al . tered.  a r e a ,  

a r g i l l i z e d  co.re,  b u t  common in t h e  i n n e r  t h i r d  of t h e  o u t e r  zone of  al.tc:rat.i.on, 

supportl 'ng t h e  t h e s i s  t h a t  tl-tc. o u t c r  zone is  morc. h i g h l y  nxlcatal l izec l .  A f c w  

S lakes  of f r e s h  rnolybticnite t ) , j v ~  been observeti i n  tlrc s u r f a c e  croppjngs/i  

CN. L ,  Archbold,  pcruo~~rrL con~~nunicatLorl). ~J;?X&~UQ-~.Y~~~~~~% anc1 n ~ n l ~ ~ ~ ~ , ~  

c- 

t& -? -.----- " l imoni te"  amdou~btetlly a r e  p r e s e n t ,  b u t  a r e  d i f f i c u l t  t o  v i s u a l l y  i d e n t i f y  

b e c ~ i u s e  of t h e i r  s i n l i l a r i  t y  t c ~  o tIier irota oxicles . Limonite-cemented gl-nvel s 

" \ 
cocttairiing up t o  0 , 0 5  percent copper ,  but: 110 (? )  molybdc~nuin, a r c  round a l o r ~ g  

.. 

washes "downstreamY' from t h e  a l t e r e d  ~ i r e a ,  and a p p a r e n t l y  were  for-mclcl hy t.hc 

leaching of t h e  i ro i i  s u l f i d e s  i n  t h e  a l t e r e d  zones ,  l a t e r a l  t r a n s p o r t a t i o n  

b y  s u r f a c e  w a t e r s ,  and redeposi.t-i.on i n  s t r e a ~ t l  g r a v e l s .  

There i s  no s ign iF lc .an t  change i n  molybdenum g r a d e  i n  p a s s i n g  from t h e  

o x i d i z e d  zone i n t o  p r o t o r c ,  a t  P ~ a s  t i n  t h e  Homestake dl-i  i l -hol  e s  ( F i g u r e  >.  
T h i s  absence of a  molybdenum-a?~arfchei! zone,  a s  well. a s  a l eached  zone,  i s  

t y p i c a l  of naay mol.ybtlentw d e p o s i t s ,  a l though i n  t h i s  c a s e  i t :  may be  due t o  

t h e  incompleteness  o i  o x i d a t i o n .  I n  many c a s e s  t h e  molybcteliite has been 

o x i d i z e d  i.n s i . t u ,  'but 1.c'ic:al.l.y t h e  oxi.daticrn p roduc t s  have been t rauspcx ted  

s h o r t  d i s t a n c e s  clownward, re:;ul.ti.ng i.n l.eac,l-red m a t e r i a l ,  and t h u s  lower 

xnoLyBdenum v a l u e s ,  a t  t h e  i .~n~~ictdlate s u r f a c e -  



In  c o n t r a s t ,  copper valrres a r e  s i g n : l f i c a n t l y  h i g h e r  i.n t h e  uppe r  50 t o  

100 f e e t  of t h e  oxidl.zed zone,  There  I s  no 1ea.che.d zone below t h i s  "enr.EcheclU 

aorte (F igure  ) A s  h a s  bcesr lioCnt:,~?d out: above,  ox:idat:i.on has  l ~ e c ~ n  

incomple te  and abundant p y r i t e  remains.  Uncler a r i d  c o n d i t  ions  drc.omp6., i t -  ion 

is  g r e a t l y  i n h i b i t e d  by t h c  s c a r c j t y  of a c i d ,  and t h e  l a c k  of wa te r  a l s o  m a k e s  

i t  d i f f i c u l t  t o  move t h e  s p a r s e  decornyosj t iorr prodtrc ts  formcci more t ' t ~ ~ ? r x  s t ~ o r t  

d i s t a n c e s .  Apparent ly  t h e  e n r i c h e d  zonr i s  t h e  r e su l t .  o f  copper  from t h e  

upper ,  now-eroded p a r t  of rt~(:! d e p o s i t  b e i n g  " f f j ed"  a s  t u r q u o i s e ;  even 

incomple te  l e a c h i n g  o v e r  a  few t e n s  of f c e t  woltld b r  s u f f i c i e n t  t o  accoun t  

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

Conclus ions .  4% --- C 
A d d i t i o n a l  d r i 1 J  1ng is ncecled, "outward" From t h e  p r e ~ e n  t I101 cs , b ~ f - ~ r e  

p o s s i b i  l i t i c s  can be  p roper  Ly e v a l  u a t c d .  Inx porphyry-"type c lepnsi ts  , inolyb(1~11i t e 

r:oinmonly is  a s s o c i a t e d  w i t h  s i i  i c i - f i c a t i o o  and K- foldspnlli{i z u t i o o ;  01x1 y tile C$ 
i n n e r n o s t  margin of t h e  zone c o n t a i n i n g  t h c s e  t y p e s  of a l t e r a t i o n  a t  Crescent 

Peak havct been  cxplorecl by dri1.l irrg , The d r i l l i ~ l g  s u g g e s t s  t h a t  niolybdeizarn 

v a l u e s  i n c r e a s e  outward;  t h i s  i s  a romnolr pat:texn i n  marly porphry-.Lype 

d e p o s i t s .  

The molybdentlm g r a d e  a t  t h e  s u r f a c e  of  t h e  o u t e r  zone i s  t o o  law t o  b e  

mfncahle ,  ant3 t h i s  h a s  been used as a n  argument aga ins t .  f u x t l i e r  e x p l o r a t i o n .  

It is t r u e  t h a t  t h e  molybdenum g r a d e  i n  t h e  o x i d i z e d  zontl of a d e p o s i t  cornn~or.tly 

is t h e  sainc a s  t h a t  of  l;li{?- pr imary minera l  i x,iLion be1 ow, I ) t i t  i1.r many c a s e s  

l e a c h i n g  and migratiorz h a s  t a k e n  p l a c e  a t  the. immedia te  s u r f a c e ,  ant1 an 

impoverished zone ort1.y a  Xew feer  deep is prescxxt. 

Cumberland - 
The Cumberl.and (Or" I;ino) mine is  1 3 / 4  miles e a s t  ol: tfrc skfre 05: tltc 

g h o s t  town of  Crescen t  i n  SW 1 / 4  Sec ,  22 and NW 114 Sec.  2 7 ,  'T."TZtQ,N., K. 64 K G  



( s e e  U .  S. Geo log ica l  Su rvey ,  Crcscr.rlt Peak t :62,500 t n l ~ o g r : i p h l c  rualr), 'Yhe 

mjne i s  developed by a. 137-foot ,  i n c l i n e d  (30 ' )  s h a f t  and ;~bot i t  350 fc\clt o f  

s u b s i d i a r y  workings ,  hl3oizr: $1,000 worth o f  go1 d o r e  repi, r ter l ly  has  bcaen 

produced (Vanderhurg , 193 7 ,  p ,  24). 

Narrot? q u a r t z  v e i n s  cornt n in jng  go1 d  and s u b s i d i a r y  s i l v e r ,  Ec.a$ ancl 

copper va lues  cu t  Precambrian g n e i s s  i n  a pediment ex tend ing  wes t  from 

Crescent  Peak, The o r e  is h i g h l y  o x i d i z e d  ~ n d  contains consic lcrahte  

c a l c i t e .  Specimens of o r e  Froin t h e  dump showed v a ~ ~ a d i n i t e  and w ~ l  f e n i t e .  

ll&cg Mine 

T h e  Budget mine is 2 m i l e s  s o u t h  of Crcscer~lr Peak in  Sec.  2 ,  T .  29 S ,  , 

R, 61 E. (see U. S, GeoLogical Survey,  Crescent Peak I :Q2 ,500  topograph ic  

map) .  T h e  ~rline c o n s i s t s  of s e v e r a l  n d i t s  and s h a l l o w  sh,-~I-ts t o t a l l i n g  

about 600 f ~ c ? t .  at- w o r k i n g s ,  A13ou~ 700 t:on!r; o f  or-e containing 1 1 /1?  orinccs 

g o l d ,  2 ounces s i l v e r ,  and 3 1 / 2  p e r c e n t  Lead was sh ipped  i n  t h e  1 9 3 0 ~ ~  

T l ~ c  o re  i s  I n  81 qtiartz v e i n  s t r i k i n g  N. 25 E. an3 d-ipping 35'-50* i r ;  

Precanlbriain grar t i t e  fl;r.~ciss, '%'[re v e i n  1s a f e w  incher; t o  2 f e e t  w i c l e ,  a n d  

averages  8 i n c l ~ e s  . Tlxe .vein m a t e r i a l  1.s oxidi.zec?! and c o n s i s t s  mr-2:i.nl y of 
,'. --- 

cluar t z  , "l.i.morritel', axid man.ganese ox ides .  WgLfenite and v a n a d i n i t e  ( 7 )  occur- 
'..- 

i n  t h e  v e i n  E i l l . ing .  (Vanderburg,  1937, p .  2.0) , 



SI?ARCI-IT,TGi-TT MTNTNG DISTRICT, CLARK COUNTY 

i 1 i h e  Searchl . i .ght  mining, d i s t r i c t :  i t s  i n  a. g roup  of h i l : i s  on t h e  e a s t  

s i d e  of P i n t c  Val.1ct.y i n  t h e  s o u t h e r n  ] ) a r t  oiF C l a r k  Count:y. Most of the: 
0 

mines  and p r o s p e c t s  a r e  in S e c s ,  2 2 ,  2 7 ,  and 34,  T .  28 S,  , IC, 63 E . ,  and 

Secs .  2 and 3 ,  T. 29 S. ,  R .  63  E .  ( s e e  U .  S ,  GeoLogicat  Survey,  

Searchl . i .ght  1. : 62,500 topograptl i  c quadrangle map) . T h c  town of S c ; ~ r c h l  i.p,Er t 

i s  i . r ~  t h e  s o u t h o r ~ n  p a r t  of t h e  d%st:r i .ct ,  :Ct i.t; acscessil1.9.c. fro111 Niptort ,  

Ca l . i . fo rn ia ,  2 1  ~ll.i.l.es t o  t h e  w e s t  on t h e  Union Pac3.f i .c  RaiLroaci,  v i a  S t a t e  

Ili-ghway 6 8 ,  ant1 :from L a s  Vegas,  55 mli:lt?i; t:o t h e  ncprt:h, V:~.LI paved U *  S ,  

Highway 95.  The d i s t r i c t ,  d i s c o v e r e d  j n  1897 ,  has produced o v e r  $4,500,000 

wor th  o f  gol.d, s l l . v e r ,  copper ,  and l e a d .  The p r i n c i p a l  val.r.*e i n  go ld  

e x c e p t  i n  a v e r y  few v e i n s ,  

G e o l x .  Cal laghnn (LIf39) ddescri.becrl t h e  geology of Zrhe d i s t : r : i c t ,  and -- 
t h e  indi .vldual .  tnfnes a.nd p r o s p e c t s  :in some c ie t a i . l ,  the  follow:i.ng 

descr. i p t  ion  b ~ i n g  p r i n c i p ; i l  ly i rorrl 113 s r r p o r t -  . 
Precanlbr:iar~ g r a n i t e  g n e i s s  :i.s over1a:i.n by e a r l y  l.'ert:j.ary (? )  andesi.t-i.c 

:fI.ows and b r e c c i a s  ( f i g .  ) .  These r o c k s  were in t rud tx i  by ande:si.tc 

prophyry.  A l a r g e  mass o f  ear1.y T e r t i a r y  ( ? )  q u a r t z  monzon-ite :i.r?truded i-iotll 

t h e  a n d e s i t c  porphyry and e a r l i e r  rocl<s.  After a p e r i o d  o f  c r o s i o n ,  a 

second series oE v o l c a ~ ~ i c  rocks  were e x t r u d e d  d u r l n g  t h e  l a t e  T e r t i a r y  ( ? ) ,  

The c o n t a c t  of the qu;irtz monzonite bocly :is v e r y  i r r c g u 0 - a r ,  numerous 
-------------"---,-.---.-.-------.-.-----------" ------,-.-----.- -- 

F i g u r e  . GeneraEized geo1og:lc map o f  t h e  Sea?rc.hl.ight mi.n:i.ng d i s t r i . c t .  
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d i k e s  and s i l l s  p r o j e c t i n g  :into t h e  i.ntrudet: r o c k s .  The marg%ns of t h e  body 

a r e  p o r p h y r i t i c ,  t h e  s i z e  and p r o p o r t i o n s  of  t h e  pf-renocrysts v a r y i n g  

i r r e g u 3 . a r . t ~ .  The q u a r t z  rnonzonite c o n s i s t s  of q u a r t z ,  o r thoc l . a se ,  oli.gocl.;tue, 

imdes ine ,  b i o t i t e ,  a u g i t e ,  m a g n e t i t e ,  a p a t i t e ,  alld z i r c o n .  'The rrugite has  



be& a l t e r e d  t o  l iornblende.  Ch i o r i t e  rep3 ac:es t h e  f c r r o m a g n ~ s i a n  miner,ils, 

The o r t h o c l a s e  and plngioc._lasc a r e  prescxnl: in  apprcxirnate ly  equa l  amountc;, 

The q u a r t z  is i n t e r s t i L i a l  t o  thcl f e l d s p a r  and g r a p h i c a l l y  intea-grown w i e h  

t h e  o r t h o c l a s e .  B i o t i t e  1s more abundant than  t h e  a u g i t e .  

A s t u d y  ( S h r i v a s t a v a  and I ' rocror ,  1962 )  of t l l c  t r a c e  eleliienr d i s t - r l b u f  i on  

i n  t h e  q u a r t z  monzonite stoc:k shows t h a t  Mo (10-20 ppm) and V (250-1,0017 ppin) 

o c c u r  a lmost  e n t i r e l y  i n  the m a g n e t i t e ;  tha t  N i  , Co, Mn, and T i  a r e  

e s s e n t i a l l y  conf ined  t o  t h e  maf ic  rn jnera ls  and m a g n e t i t e ;  t h a t  Cu h a s  i t 9  

g r e a t e s t  concent r a t i o n  (20-70 ppm) i n  a u g i t e  , horlzbl erzde , and c h l o r i t e ,  and 

a l s o  occurs i n  apprc:ciable amounts (5-25 ppm) i n  t h e  m a g n e t i t e ,  biot .  i t c ,  

q u a r t z ,  and f e l d s p a r s ;  and t h a t  PI:, i s  rrlost aburidant (up t o  155 ppm) i n  t h e  

mafic m i n e r a l s  ( i n c l u d i n g  m a g n e t i t e ) ,  bur. a1 s o  i s  f a i r l y  r i c h  (38 ppm 

average)  i n  t h e  k c l d s p a r s .  

TI-re v e i n s  a r e  d i s t r i b i r t e d  i n  tin cn eche lon  p a t t e r n  around t h e  westc.rrl, 

6-1 
$%$ 

n o r t h e r n ,  and sou t l i~e rn  margins of t h e  q u a r t 7  mnnnonite body,  A few small 

veins occur  a long   he c a s t  slclc of tI3c-l b o d y ,  Nost of  t h e  v e i n s  and 1n;iny o f  

t h e  apophyscs of t11c c[u;irtz rnonxunitc body f i l  l f r a c t u r e s  s t r i l ~ i r i g  west arntE 

d i p p i n g  i..o the  s o u t h ;  a iew ve ins  f i l l  t rdcL tlrer; s t r i l t i n g  no r th  anci dipp-ing 

t o  t h e  wes t .  Thr f r a c t u r e s  a r e  o r  tlne gash type  witlr maximum d i s p l a c e n ~ c n t  

i n  t h e  c e n t e r  and d e c r e a s i n g  movcmcnt I-oward t h e  ends and w i t h  d e p t h .  

During regrionai  movements f o l l o w i n g  the c o n s o l i d a t i o n  of t h e  q u a r t z  monzoniirt., 

t h e  body a p p a r e n t l y  a c t c d  a s  a t o m p ~ % t c n t  mass, s o  t h a t  f r a c t u r e s  f o m c d  In 

n r e g u l a r  p a t t e r n  i n  t h e  l e s s  compc~retzt .rc\cks around i t s  marg ins .  Movcmcnl s 

n l  orlg t b c  l r a c t z i r r s  a f t e r  the forinat i o n  of t h e  v e  ins  hrle; b r e c e l  a t e d  t 11e v c  ln 

n i a t c r i a l  and adjacent- wa3 1 rock.  

Thc 1argc:;e vc?ins arc3 i n  t l ~ c  e a r l y  T c r l  i a r y  ( 1 )  \ ro lcanic  roclts  ant1 

a n d c s i t e  porphyry,  are up  t o  150 i"cct w i d e ,  arid I-lave been p r o d u c t i v e  o v e r  

some l/OfiO f e e t  a l o n g  t h e i r  s t r i k e  ~ L C I  tltil)ed t o  a maximurn d e p t h  of "30 f e e t .  
/ 



The v e i n s  c o n s i s t  of brecciatecf coun t ry  rock cemented by porous arld .vuggy 

qua . r t z .  Latczr movement 11as brecc-iated t h e  qua- r t z ,  Sorne cclclularia a n d  

c a l c i t e  a l s o  occ.ur i n  t h e  v e i n s ,  Except :In a few li.mitecl arr!as,  t h e  vci.ni; 

a r e  almost:. complete1.y oxidj-zed , !:;econclary I.eatl, c o p p e r ,  and i t o n  s i l . f ~ a t e t i ,  

s u l f a t e s ,  and ca rbona tes  f i . l l i n g  f r a c t u r e s  and c a v i t i e s  i ,n the v e i n s .  The  

pr imary s u l f i d e  mirierals g a l e n a ,  s p h a l e r i t e ,  and c h a l c o p y r i t e  occur  1ocall .y 

i n  t h e  q u a r t z ,  Ceruss:i.tc. and h e m i m o r p ~ ~ i t e  are t h e  most abundant :  seconrlauy 

m i n e r a l s .  A. g r e a t  v a r i e t y  of o t h e r  oxidat i .on proclucts a r e  p r e s e n t ,  

i n c l u d i n g  chrysocof . la ,  cbal .coci te ,  cuprr i te ,  hematcite, malach: i te ,  bsochan t i . t e ,  

I i n a r i t e ,  L e a d h i l l i t e ,  w u l f e t ~ i t g - ,  v a n a d i n i t e ,  and m o t t r a m i t e .  

The coun t ry  rock j-n which t h e  v e f n s  occur  have been al.tr:erecl by emanations 

from t h e  q u a r t z  monzonite,  by t11e vein-forming s o l u t i o n s ,  and by supergcl.\e 

sol.rrt i o n s  dur5n.g t h e  weather.i.t~g of t h e  primary mineral.-izati.on, Epi.dotc?, 

q u a r t z ,  and magne t i t e  were formed i-r, t h e  .vol.cani.c roclcs around t h e  pc:riplker.y 

&$$Q 
+&,i of t h e  q u a r t z  morxzonite body, but: b e a r  no rc l .a t%on t o  t h e  veins. 

Wal.1.-rock a l t e r a t i o n  i n  t h e  s o l ~ t l r e r n  p a r t  of t h e  c l i s t r l . c t  i .~; s l - i g l t t ;  

i n  t l ~ e  n o r t h e r n  p a r t  of t h e  d i s t r i c t  t h e  v o l c a n i c  rocks  and andes i . t e  porphyry 

have been a l t e r e d  t o  a f i n e  g r a i n e d  aggrega te  of a d u l a r i a  and  q u a r t z  

ccsntaining remnants of primary mi.nern:Ls. 

The l a t e r  supergene a l . tera . t ion has charlged t h e  fe l .dspars  in t h e  w a l l  

rock  t o  bezi.dellite-cype c l a y s .  The a d u l a r i z e d  and s l l i c i f i . e d  rock i n  t h e  

n o r t h e r n  par t ,  of t h e  d i s t r i c t  have not  been a f f e c t e d  t o  any e x t e n t  by t h e  

supe.rgene s o l u t i o n s .  The w a l l  rock along t h e  n o r t l ~ e r n  v e i n s  is  s t a i n e d  

brown and ye l low,  t h e  s t a i n i n g  b e i n g  p a l e  g reen  o r  g ray  i n  t h e  southerr). p a r t  

o f  t h e  d i s t r i c t .  

The veil1 1n:inerals and wal-1-rock a l t e ra r s ion  b o t h  vary, from n o r t h  t o  

s o u t h  i n  Lhe d i s t r i c t .  / T ~ P  z o n a l  d j s t r i b u t  ion of t h e  wal l - rock a i t e r a i i o n  

i s rnen r ioned  $dba~ The arnourlt of pr imary coppez ?-ul P i d e s  



i n  t h e  v e i n s  a p p a r c ? ~ ~ t  1 y decrcasctl  nortllwnrd, t.lle n o r t h e r n  ve i  n:; conr,ti iling; 

on ly  minor amounts. The copper con ten t  of t.ltt: q u a r t z  rnclnzonj f . ~  s,toclt 

a p p a r e n t l y  a l s o  o r i g i n a l l y  decreased northward,  however i n  tllc now--,iitrscd 

s t o c k  The r e v e r s e  i s  t r u e  and ttlc c o p p e ~  c t ) n t e n " i n c r c a s ~ s  nortliward" 

(S l t r ivas tava  and P r o c t o r ,  1962), suggcst-ing t h a t  copper  was removeti Irorn 

t h e  stoclc d i t r i ng  t h e  a l t e r a t i o n  t h a t  took p l a c e  as t h e  s t o c k  ~ o o l t d  and 

w a s  r e d e p o s i t e d  i n  what i s  now t h e  v c i n s ,  

Spccul-ar h ~ n x a t i t e  i s  abunclartl i n  t h e  Q ~ a a r t e t t c  n i n e  i n  t h e  southernmost 

paart of t h e  d j s t r i c t  b u t  i n  r a r e  e lsewhere .  C a l c i t e  is much more .ibnrtdaiit 

5n t h e  n o r t h e r n  ve ins  than  i n  the southt:r~l v e i n s .  Tllcse m i n e r a l o g i c a l  

changes appear  t o  b c  g r a d a t i o n a l .  There was c o n s i d e r a b l y  more g o l d  ellan 

s i l v e r  i n  t h e  o r e s  from the  southernlnost  and nor t -he~-n p a r t s  of r h c  di st r i c  I-, 

however, at t h e  1)ziplex mir-rc i l r  t he  south-r-enLral p a r t  o f  t h e  d i s t r i c t  , 

s i l v e r  i s  sl igl-r tJ  y more a b ~ ~ l ~ d a r i t .  Lharl go1 t i .  

@ The zonjng i s  n o t  d i s t r i b u t e d  r a d i a l l y  111 respt lc t  t o  t h e  o u t c r o p  o f  t hc  

q u a r t z  monzo~l i t e .  Ca'LIaghan (1039) he1 ieved t h a t  &tic Quar t  c t t e  v c i n  i n  the 

s o u t h  was d e p o s i t e d  a t  h i g h e r  tcrnperatttrcs t h a n  thi. veit-rs a t  t h e  l 'c7mpc.i i  and 

3 ,  E .  T.  mines it1 t h e  ~ ~ o r t h c r n m o s t  p a r t  of the d i s t r i c t .  T t  i s  i r i L ~ r ~ s t i n g  

t o  n o t e  t h a t  w u l f e n i t c  i s  nrost nbunc1arit i n  t h e  " I ~ i g h e r  t e n ~ p e r a t u ~ ~ "  

Q u a r t e t t e  v e i n ,  occurs  i n  rl?e Duplex mine a s h o r t  d i s t a n c e  t o  t h e  norkil,  

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

O u a r t e t  te  Mine. -!..,--- - 
The Q u a r t e t t e  (Golden T r e a s u r e )  mine i s  mos t ly  i n  Sec.s, 2 and 3 ,  

T. 29 S . ,  R. 63 E., and ri.s the soi.~thernmost mine i n  tl.1~: d i s t r : i r . t .  

Approximate1.y 65 p e r c e n t  of t h e  gol.d, 20 p e r c e n t  of tile s i l v e r ,  6 0  p e r c e n t  

of t h e  copper ,  and 1.5 p e r c e n t  of the l e a d  produc.ec1 J.n the d i s t r i c t  have come 

from t h i s  mine. Nearly all .  t h e  t o t a l  p roduc t ion  of o v e r  $2,800,000 t o o ? i  



p l a c e  from 1902 through 1923,  'I'l~e mine i s  devc.-lopr.cl by e x t e n s i v e  workissi;:~ 

p; t o t a l i n g  over  5 l / 2 .  miles. There a r e  1 3  l c v c l s  wIlich expiorc t h e  v e i n  f o r  

26100 f e e t  a long  r h r  s t r i k f  and f o r  IS1613 Feet.. down ( l i p ,  i c a c l ~ l n g  ;I tiept.11 
/ i 

of 870 f e e t .  A g r e a t  d e a l  of  stopling was clone (see I:al laghan,  1939 ,  Qp~;str?s 

45 and 46 f o r  p l a n  and s e c t i o n  of the mine).  Near ly  t h e  e ra t i r e  mine i s  now 

f 1 ooded  . 
The coun t ry  rock  is vo1.cani.c rocks  al.tc?rcd t o  h o r f t f e l s ,  g n e i s s ,  ani'l 

a n d e s i t e  porpiiyry d l k e s .  The v e i n  i s  3/300 f e e t  long on t h e  s u r f a c e .  i t  
i 

h a s  a g c n e r a l  N .  70a W. s t r i k e ,  cu rv ing  t o  a rrtorc t?ortherJ.y s t r i l c c  a t  i ts 

n o r t h w e s t e r n  c a d ,  and d i p s  40"--72* S . ,  wil- . l -~ d i p s  o f  50" -40 "  th~:oughout most 

i t s  l e n g t h ,  The vc-ln c u t s  t h e  i s-rc"{:u'Lrar 

is o f f s e t  by p o s t - m i n e r a l  f a u l t i n g ,  S p l i t s  a r e  

v e i n l c t i i  and gouge seam:; i n  horh  Lhc hangiirg and 

The va in  orebody,  o r  group of ore. shoc-its , was i n  

@ t h e  v e i n ,  extended from n e a r  t h e  sur racc  t o  a p o i n t  

had  a rnaxiiou~n wid th  of 700 f c s t ,  and pitcht3d ti, t h e  s o u t h .  

t o  50 f e c t  wide were sta>pc%d, t h e  1 argeet  s t o p e s  appzrrent:ly t )v i  ng gt. s p  i i f  s , 

The vejrr p i n c h e s  l a t e r a l  l y and clowntlip. 

The v e i n  c o n s i s t s  of b r e c c i a t e d  coun t ry  rock  cemcntecl. by porous and 

vuggy q u a r t z  which,  i n  t u r n ,  h a s  been b r e c c i a t e d .  The q u a r t z  is w i d e l y  

d i s t r j b u t e d ,  b u t  riever forms 1 arge o r  s o l i d  masses .  Abundant chrysocol  3 a  

and " l imoni te"  and some m a l a c h i t e  s t a i n  tilt-. q u a r t z .  Large  masses of 

c e r u s s i t e  l o c a l l y  are conmlon i n  t h e  ve-ins. Eart l ty c u p r i t e  and r a d i a l  

a g g r e g a t e s  of hemimorphite a r e  p r e s e n t .  Abundane p l a t e s  and xheafs  of 

s p e c u l a r  h e m a ~ i t  e  otcxur i n  t h e  q u a r t z .  A l i t t l e  c h a l r o p y r i t c  and some 

r e s i d u a l  k e r n e l s  of gal cna arcx foilnd in a f 'cw l imifecl  a reas ,  S i i v c r  valrrcc; 

a r e  h i g h e r  where c e r u s s i t e  o r  galena a r e  p r e s e n t .  



Ransome (1.907, p. 71.) s t a t e s  t h a t :  

W ~ l . f e 1 . G ~  t h e  mol-ybdate of I.ead, 211 c.ha.racterist:i .c squar:e, -.""-.--. 
t a b u l a r  orange-co:l o r e d  c r y s t a l s ,  i.s v e r y  connilon rhroug1to.u-r; t lacl  
mine a r d  does n o t  n e c e s s a r i l y  i r l d i c a t e  o r e .  It i s  a p p a r e n t l y  
one of t i le  l a t e r  p roduc t s  of oxic lz~t ion and occurs  i n  B l t t l e  vugs 
and open f i . s s u r e s ,  :impl.anted on t h e  o t h e r  rrrri.nerals, 

ilupagx =c 

Tlic Duplcx (1x1,) mine is  mainly  I n  tl;c wouti~wcst  c o r n e r  oE Sec. 34 ,  T ,  2 8  S., 

It,  63 E., on t h e  t r i l l  s o u t h  of t11c town of S e a r d l l i g h t ,  Ttle mi.nc1 is t h e  scconcl 

l a r g e s t  i n  t h e  d i s t r i c t ,  bo th  i n  p r o d u c t i o n  and e x t e n t  of i h e  workings .  Ttte 

t o t a l  p r o d u c t i o n ,  r c l y r t e c i l y  cxcceded $br>0,000 ,  c h i e f l y  i n  go ld , bu t  w e e l l  

Irnport;ant- va lues  i a i  l e a d ,  and l esscxr valucls f n  s i  Lver and copper ,  'rhc mine 

produced 5 n t e r m i t t . e n t l y  from 1903 t o  1934. Tlze mine is  developed by e x t e n s i v e  

work-ings c?xtending o v e r  l / 'GOO fee t  l a t e r a l l y  and eo a  dcpt1.l o f  o v e r  700 Sect  

( s e e  CaLIaghan, 1939, f i g s .  24 and 25 and p l a t e  43 f o r  s e c t i o n s  and p l a n  of 

nifize) . 
The c o u n t r y  rock  i s  p y r o c l a s t i c  rocks  a l t e r e d  t o  b o r n f e l s  arrd a n t i c s i t e  

porphyry d i k e s .  There  a r e  4 veirrs;  3 of t h e  vel'.ns g e n e r a l l y  s t r i k e  N. 60"-70" i v ' .  

and d i p  45'-75' W .  Thc o t h e r  (ZX.T,) v e i n  s t r i k e s  N, 8" W. and d i p s  1.0"-,25" W. 

The New Years  G:i.ft v e i n ,  tPlc nortliernniosl.. of t h e  f o u r ,  was by f a r  t h e  most 

p r o d u c t i v e .  The o r e  body exl:ended from t h e  su r f r t ce  t o  a deptl-r of 500 Ir't?ct:, h a s  

a maximum 1 a t e r a L  e x t e n t  of Lj200 f e e t  a t  a d e p t h  of 300 f e e t  , p i t c h e s  1.0" E . ,  
t 

and i s  up t o  LO f e e t  wide  w i t h  an average  widtfi of 4 o r  5 Eeet .  The v e i n  

c o n s i s t s  of b r e c c i a t e d  coun t ry  rock cemented by q u a r t z .  Chryscrcolla and some 

malachi.te. stain t h e  qua- r t z .  T,umps an.d l a r g e  masses of c e r u s s i t e  a r e  contmon. 

A few Lumps o f  c o a r s e  galena.  a r e  found 1.oc:al.l.y. Z inc  i,s p r e s e n t  a s  

hemirnorphlte and f i l m s  of mottram:i.re, 

'I't-ie Prae t : ton ,  t h e  next: v e i n  t o  t h e  s o u t h ,  i n t e r s e c t s  t h e  more g e n t l y  

cii.pping New Years Gl..ft v e i n ,  It  has  been s t o p e d  a t  t h e  s u r f a c e  and above t h e  



i n t e r s e c t j . 0 ~ 1 .  'The orebody lias a maximum l a t e r a l  e x t e n t  of  400 feet and 

p i t c h e s  l o a  E.  The v e i n  m a t e r i a l  i s  s i m i l a r  t o  t h a t  of: tl-ie New Years G l . f t  

mine. 

Only a smaCl.1 amount (3.E st:op%ng was done an t h e  Sear(:lil.i.gl-lt vei.n"w11:lc.h 

i s  t h e  next v e i n  strt~irh of: the f r a c t i . o n .  Apparent1i.y no s t o p i n g  was done or7 

t h e  LXE v e i n ,  t h e  southernmost  v e i n  i n  t h e  mine. 

Wlalfeniee o c c u r r e d  sparing1.y i n  the v e i n s  as  tab!- tar orange-yeliow -----.. 

c r y s f a l . ~ .  The average  meta3. c o n t e n t  o f  t h e  o r e  sh:ippccl was 4 - 0  ounces of 

g o l d  and 6 . 9  ounces of s i l -vex  p e r  t o n ,  11,8 percent lead, 2.9 p e r c e n t  

copper ,  and 1 , 6  percer l t  zi.n.c. 'The si.lve.1: c.orltent was h . igher  i n  t h e  o r e  

t h a t  was r i c h e r  i n  l e a d .  



OT11 El3 OCCIJIZRENCIG S, CLARK COUNTY 

C h a r l e s t  on Peak ----- - 
MoIybdenife r e p o r t e d l y  o c c u r s  w i t h  p y r i t e  i n  a q u a r t z  v e i n  n e a r  

Cha.rLeston Peak,  which i s  t:he hj-st lest  p o i n t  i n  t'llct Spri.17.g Mount:iirzs ( o n  

some maps t l ~ c  nori:heri~ ha1 f of the Spr ing Mountai-ns arc 1 ablecl thr! 

C h a r l e s t o n  Mountain:, o r  Char1 csttan Rang@) . Nothing more i s  known ;ibnuE 

t h i s  occur rence ;  it- could n o t  be l o c a t e d  i n  t h e  f i e l d .  There arc. a fcw 

8maLI. b a s e  metal. depc>sits  i n  t:hi.s a r e a ,  and a l i t t l . c ?  l e a d  h a s  been prodtaced. 

Key West Mine ---- .* " - "--. 

The Key West mjne i s  i n  NE 1 / +  S e r .  2 1  and NW 1 / 4  Sec ,  2 2 ,  T, 1 5  S . ,  

R ,  70 E ,  i n  t h e  low r o l l j n g  f o o t l . ~ i l l s  riliong tile nnr thwcs te rn  f i nnlc of t l ~ c  

Virg in  Mountains ( s e e  U. S .  C e o i o g i c a l  Survey V i r g i n  Peak 15-mknutc 

5 
f *  
ko' 

quadrang le )  Copper-ni ckel-cabal t -p la t inum o re  Iras been rnincd from the. 

e x t e n s i v e  ~mdcrground  workings and ,.;ntnlL open-pit  . ChaPcopyri t e ,  p y r i t  P , 

pent3 arxditc, p y r r h o t  i t c  (? )  , polydymite ,  rnirlor n iagnc t i t e ,  and r a r e  

s p k a l e r i t e  occur  I n  quar tz -ca rbona te  ve ins ,  mainly  i n  a Precam1)rian 

h o r z x b l e ~ ~ d j t ~  ( d u n i t c ,  p c ? r i d o t i t c )  d i k c ,  and t o  a l c s s e r  e x t e n t  i n  t h c  

o r i t e  g n e i s s  t h a t  t h e  d ike  i n t r u d e s  (Bea l ,  1965,  p .  6 7 - 7 3 ) "  h L i t t l e  

d i s semina ted  rn-d.-yl&~g-~t~ was n o t e d  in several .  specimerir; of  t h e  Erornblend i t e  

(Lindgren and Davy, 1 9 2 4 ) .  A z u r i t e ,  m a l a c h i t e ,  b r o c h a n t i t e ,  c h a l c a n t h i t e ,  

c h y s o c o l l a ,  c u p r i t e ,  e r y t h r i t e ,  and g a r n i e r i t e  a r e  found i n  the ox id ized  

zone. T h e  m l n e r n l i z a t i o n  i s  cotlf ined c h i e f l y  t o  a  h i g l ~ l y  s h a t t e r e d  area 

c o n t a i n i n g  a maze c t f  f a u l t s  w i t h  va ry ing  o r i e n t a t i o n s .  'The d i k e  i s  

e x t e n s i v e l y  p ropy l . i t l zed ,  s i l i c i f i e d ,  and dolorni t izcd,  



Lucy- Gray Mine -- ---". .-, ---.-- 

The Lucy Gray ~ n i n e  i s  i.n Sec .  :32, 'T. 2 7  , S , ,  K., t i 0  E,, i n  tllc rnour1t:ai.n~ 

,whi~R 
3 miles a e h e a s t  o f  D e s e r t ,  Ca1.Lf0rni.a~ a s i c l ing  on t he  Linion P;~c:i.fi.i: 

1ila:llroad (see IJ, S ,  C,eol.ogical Survey,  Roacli Lake IS-min~.ite r~uadrc2ng:Le). 

Over t h r e e  thclusand f e e t  o f  undergrc9un.d w ~ r i i F r i g ~  were  made whi le  mining 

go l.ci o r e  . 
I'Jutnerous .vuggy q u a r t z  ve:i.nlets form EL :;toclcworiz i n  a p i p e l i k e  shnirtereil 

zone i.n Preeamhri;m, grnn:i.te g n e i s s ,  T h e  ')~.E.pc?" I s  el . l lp t : i .ca l  i.a p l . i ~ r . ~ ,  ti; 

3.!50 by 200 f e e t  a c r o s s ,  w i t h  t:he long a x i s  treri i l ing nox:tl~wor;~. Few of  tl-ie 

rock  f r agments  .:are more t h a n  a f o o t  5x1 d i a m e t e r ;  t h e  bounclary between tkic 

highly-brec.ciat;:ecl an.d undis tu-rbed rock  i s  q u i t e  s h a r p .  Limoni-te-stained 

f r a c t u r e s  cutti.zzg t h e  q u a r t z  veinLet:s and reel< f r agments  corttairned t h e  

gol.ii v a l u e s ,  1.n ttrc Lucky Sllafft (SW 1./4 Sec.  32) ~LLL~~ETL- and v;~rrnricil.i.i-.c. I n i / / l , !  
( ,,' 

c o a t  q u a r t z  ant1 g r a . n i t e  gneiss, Elsewhere i.n t h e  nrinc? rn:lnor. py r i  l : ~ ? ,  

g a l e n a ,  and c h a l c o p y r i t e  o c c u r  w i t h  t h e  q u a r t z  s toc2:work. 

Marron Tunsst Prgspc ic~"  --- --. 

The Murron Tungsten  p r o s p e c t  i s  In Sec.  1 8 ,  '2'. 20 S . ,  R .  71. E,, .i.n t h e  

Cold B u t t e  mining d i s t r i c t .  S c h e e l i t c  and po~&Litce are  found i n  j o i r i t ~  

and f r a c t u r e s  i n  and near g r a n i t i c :  dl-kes t h a t  cul: P r e c i ~ ~ n b r i . a n  r;ctlis.t:, 



MolLbbdenite and powel l . i te ,  occur i.n khe s c h e e l i t e - b e a r i n g  tungsterr ".-- ---- 
d e p o s i t s  al-ong both s i d e s  of t h e  California-Nevada 1i.m s o u t h e a s t  o f  Topaz 

Lake. Most of the tungc;ten d e p o s i t s  are. :in Ca l . i f  0 rn i . a ;  here t h e  mol.yi,der-r i.t:c 

is in q u a r t z  v e i n s  c u t t i n g  t h c  r a c t i t e  co i l t a i~ l i r lg  t h e  sc i lee l i te .  

T a c t i t e  i s  n~uclt l e s s  common i n  Nevada, I t  occurs  i n  lirnestcpnc. and 

ineta.mcsrpls:lc rocks  i n  c o n t a c t  with irre&u:l.ar d i k e - l i k e  masses of q u a r t z  

monzonite.  1,oeal.l.y t h e  t a c t i t e  contlairks smal.1 amounts of s c h e e l i t e .  Small 

amounts of mofyhdenjte undoubtedly a l s o  a re  p r e s e n t ,  probably  i t a  t h e  many 

q u a r t z  v e i n l e t s  t h a t  local3.y c u t  t h e  t a c t i t e .  



Gardnerv i l le  _MA.&-& D i s t r i c t  ----..-."..-"-."- - ------- 

American Metal Cl imax  cncoimtererl mm&&denit:e r n i n c r a l i z a t i o n  i n  

i 1' 
g r a n i t e  i n  d r i l l  hol-e:: dl-i l l  etl n e a r  t h e  contact-t~tngsl-en tleposi ts 1 2  

miles  s o u t h e a s t  o f  Gardnervi l Xe on tllc wcut f l  m k  of tllc Pine EJut 

Ranel?, 4 L I )  1 ,  \\ $ 1 1 j "  )'!.< 8 

"q(>(, . d (  , = I <  * hi , \ : 8  i l  I 



MOUNTAIN CITY M I N I N G  DTS'L'KPCT 1' I ' 

( $ h e  ~l)o i , * i ,ePr~ Ct!-, 
A l a r g e  body of Cretaceous  t*i.2a-4- q u a r t z  inonzonite s t o c k ) o u t c r o p s  . A &~"'"/9- 

i n  t h e  Mountain C i t y  d i s  r i r t  of nor thwes te rn  Elko County ( s e e  F i g .  
A -- 1 .  

F i g ~ ~ ~ r e  . Generaf ized g e o l o g i c  map of t h e  Mount:ain Ci ty - -Cont<~c t  

b e l t  of I n t r u s i v e s  and molybdenum occrIrrences.  

Molybdenire h a s  been. r e p o r t e d  at s e v e r a l  s p o t s  I n  t h e  s o u t h e a s t  margin of' 

t h e  I n t r u s i v e .  

IIuber Ri.13. 
**.--" 

An a d i t  was d r i v e n ,  and bul.l.dozing and d r i l l i n g  were done,  a t  t h e  heitci. 

of  Schl.ag Draw, 2 m i l e s  ea.s'i: o f  Mountaix~ C i t y ,  wk~.i.le explori .ng f o r  molyb- 

(3crium and ccrpper. S e v e r a l  s h o r t  cliarnond d r i l l  h o l e s  were clrilXed dotn~w:~rcl 

fro111 t h e  ac1i.t which is  s e v e r a l  hurndrecl f e e t  long.  -- MoQbdenite -- o c c u r s  w f t l x  

p y r i t e  and minor chal  c o p y r i t e  i n  q u a r t z  v e i n l e t  s f ormfnp, a stockwork err 

a l t e r e d  q u a r t z  monzonite.  Some molybde~r~l.t:e a l s o  is  cl:i~ss;en14.nrrt..ecI rhrougll 

t h e  q u a r t z  monzonite.  The minera . l i za  t i , . o  exposed i s  s p a r s e  and I : l m i t  eel. t o  

a r a t h e r  small  a r e a .  

Golden Ensign Mine ---- - -- 
15 

M o l k d e r t i t e  r e p o r t e d l y  is  p r e s e n t  a t  t h e  Golden Ensign mine 1. 112 - ---- 4 
m i l e s  s o u t h e a s t  of Mountain C i t y ,  Apparent ly  t h e  alolybtlenite was i n  n veil3 

i n  t h e  Moun.tain C i t y  s t o c k  which a lso  c a r r i e d  go ld  and s i l v e r  v a l u e s .  Thi.s 

occur rence  cou ld  n o t  be  l o c a t e d .  



JAIlaI13GE-TENNES SE11 MOLTNTAT N AREA, EP,IZO COUN'rY 

A ntunber of tungste.n conta.c.t clepos.lts occur  on t h e  marg:l.ns o:f t h e  

s r e t a c e o u s  Coffeepot  q u a r t z  rnonzonite s t o c k  in n o r t h  c e n t r a l .  E1k.o County. 
,/ 

' h e  tungs ten-bear ing  t a c t r i t e  o c c u r s  i n  a r g i l l . a c e o u s  1.imestone and l imy 

s h a l e  of  t h e  Pal-eozoic Texux~essee Moutltai-n P"ormatia~z (Btr::;hnel.l, 1.967) al.ong 

t h e  s o u t h  c o n t a c t  of t h e  s t o c k  which i s  e l o n g a t e  east-west. The t a c t i t e  

o c c u r s  a s  dense ,  purp:Lish, s t r ea 'ked  1.enses c o ~ i s l s t i r i g  8nost::l.y oil garnet:, 

b u t  c o n t a i n i n g  cons ide ra l> le  pyroxene,  horxrbl.ende, ca lc i t : e ,  d:i.ops:ide, anci 

q u a r t z ,  and minor c l ? l o r i ~ e ,  a c t i n o l . i t e ,  cpi .dote ,  and pl; lg: iuclase;  scl~cel.ft:c!, 

powell-kte,  molybden i t e ,  cha lcopyr i . t e ,  and p y r i t e  a r e  preserr t  l o c a l l . y ,  

It i s  in te res t . i . ng  t o  n o t e  that: t h e  l r l t r u s i v e  i s  1 , e b k r o c r a t i c  n e a r  t h e  t - a c t i t e  

s u g g e s t i n g  a Loss of i r o n  and r n a g n e s i ~ ~ ~ i i  t o  the t a c t i t e  (BushneL1, 19G7). 

Coon Creek Mine 
P -- 

The Coon Creek (Rowland) mine is l o c a t e d  i n  W 1 1 2  s e e .  6 ,  R. 58 E * ,  

T. 45 M. between Coon Creek and t h e  road  from C h a r l e s t o n  t o  J a r b i d g e .  There 

a r e  two sfkallow s l r a f t s  ancl s e v e r a l  hund red  f e e t  of  open cut-s .  Four tons  o l  

o r e  averag ing  3 * 8 %  W0 a f t e r  s o r t 5 n g  have been produced. 
'3 

Limestones and s h a l e s  have been a l t e r e d  t o  g a r n e t ,  e p i d o t e ,  q u a r t z ,  and 

c a l c i t e  i n  a zone up t o  1.00 feet wide a long t h e  c o n t a c t  of the Coffeepot  

s t o c k .  A number of small  f d u 3 . t ~  c u t  the s t o c k  and sed imenta ry  roclrs caus ing  

a  "chopped--up" p a t t e r n .  :F'i.n.ely dissern-inatcd s c h e e l j - t e  and a s s o c i a t e d  

?no&yhdhdn&"_, ~owe3 .1  pyr-if e ,  and c h a l c o p y r i t e  a r e  s c a t t e r e d  i r r e g u l a r l y  

th rough  t h e  t a c t i t c .  



R a t h o l i  t h  Mine -.- . 

The Bathol:i.th mine i s  i n  s e c s ,  1.3 and 1.4, T, 45 N., .Re 57 E ,  j u s t  

southwest  of Coon Crcelz Sumn1i.t o n  t h e  Charleston-Jarbi.clge road.  Some. 

s c h e e l - i t e  has  been produced from t h e  open p i t s  t h a t  maize up t h e  mine," 

\ h, Mol-fidenite and $_uwel Zite occur  w i t h  s c h e e l i t e  t a c t i t i z e d  l i m e s t o n e  irz -.-" --- ---- f! 

c o n t a c t  w i t h  q u a r t z  manzonite.  It: is n u t  c l e a r  whether  t h e  qu,?r.tz morlzoxlite 

i s  p a r t  of t h e  Coffeepot s t o c k  o r  i3n o u t l i e r  as rn~~et-l of t h e  a r e a  t-o t h o  

nor thwes t  i s  covered by g l a c i a l  d e b r i s .  

Tennessee Mountain ----- -----.--- 

A number oi: tungs ten  p r o s p e c t s  are s c a t t e r e d  nlorlg t - h ~  c o n t a c t  of t h e  

Cof feepo t  s t o c k  i n  s e c u .  5 ,  6 ,  7 ,  8 ,  16 ,  2 7 ,  21, and 2 2 ,  T. 4 5  N., R. 56 E. 

or1 the  wes t  and s o u t h  f Ianks of  Tennessee Mountain. F r t ~ m  north.v\rest t:o 

s o u t b e n s  t tltesc ilzcl ude t h c  Mowhnwk, Apex, Garnet., m d  1 , i  t - t l c  Joc  p r o s p e c t s .  

P roduc t ion  i f  any has  been s m a l l ,  

In te rbedded  l i m e s t o r ~ e s ,  s h a l e s ,  and c j u a r t z i t e s  of t.he Pa leozo ic  

Tennessee Mountain Formation,  s t r i k i n g  n o r t l ~  t o  nor theas t .  and tdipping 4 5 "  NIrJ 

t o  v e r t i c a l ,  a r e  i n  c o n t a c t  with t h e  q u a r t z  nronzonite s t o c k .  S i l l s  arid tlikes 

u p  t i 3  20 f e e t  t h i c k  of t h e  q u a r t z  monztrnktc  extend o u t  $izto t h e  s e d l i ~ ~ i w l o  

A p l i t e  d ikes  c u t  t h e  dikes, s i l l s ,  and sediments  and appear  t o  be l a t e  s t a g e  

/ 
d i f f e r / l e n t i a t e s  f roni t h e  q u a r t z  rnonzonite s t o c k .  

The sediments  have been contact-metil~11orpI1osecl i n  a  zone 50 t o  7 0 0  fee t  

wide a long  t h e  contact. of  t h e  s t o c k ,  up t o  25 fee t  wide a l o n g  i h e  s i l l s  and 

d i k e s  of q u a r t z  rnonzonite, and up t o  5 f e e t  wide a long  soma o f  t h e  a p l i t ~  

1.) a<;& 
d i k e s .  The l in~estolne  and more limy s1ral.e j r &  been alte.1-rd t o  garnet-.ri.cir 

t a r  t l i t e  and t h e  remaining s h a l e  t o  l ~ o r i ~ f  e 1 s. 

S c h e e l i t e  occurs  i.n the t a c t i t e  a long t h e  c o n t a c t s  of  t h e  s t o c k ,  d i k c ? s ,  

and s i l l s ,  bot11 as l a r g e  masses anti. a s  srnn1.l d i s semina ted  g r a i n s  fo rming  bnnils 

t h a t  p a r a l l e l  Iseddirzy; and are  s e p a r a t e d  by l a y e r s  o f  l ~ o r n f c ~ l s  a n d  harr.en . . 



t a c t i t e ,  Nost o f  t h e  sekreelite i s  c o n c e n t r a t e d  airitllin 20 f e e t  of tfte sfock 

and within 5 f e e t  of dl.kes and sil . ls,  and rapid1.y dimirriskics i u  q u a n t i t y  

beyon.d t h e s e  distances, ScheeLite aS.so 1 ,.; presen t  as scatt:i;!recl gr;.a:Ln.c: :in 

q u a r t z  and c a l c i t e  .veinl.et:s t h a t  c u t  t h e  tactite. Loca1.l.y t hese  vhiielets  

a r e  abundant enough t o  f or111 s cockworks . 
Mo1ybde11ite, p y r i t e ,  and minor c h a l c o p y r i t e  a r e  p r e s e n t  i n  t h e  tac*rS.te - -- 

and veinS..ets. The d:ir;trlbtrtiorr of t h e s e  m:i.iieral.s b e a r s  n o  apparc?rit 

r e l a t i o n  t o  t h e  p resence  o r  abse-nee of s c h e e l i r e .  I1.lghe.r ch~zri ave1:nge 

c o n c e n t r a t i o n s  of mol.ybclenite a-re f o n d  on t h e  Mowhawk and Garnet p r o s p e c t s ,  



CON'T'ACT MI N J  NC DIS'UR1 CT , ELK0 COIIN'I'Y 

H 

The Contac t  11lin:ing i i i . s t r i c t  :is arouncl t h e  tow11 of Contact  .i.n n o r ~ h - -  

e a s t e r n  Elko Corllsaty. Most of the mines a n d  p r o s p e c t s ,  dncliltling n l  l t h o  
N 

r e p o r t e d  o c c u r r e n c e s  qf mol.ylrtclirlnuni, a r e  wes t  and southwesk of t h c  towri in 
&J gf 

T, 45 W., R s ,  yi& ~,dr:. The town of C;onzi-act i s  c m  U. S. l i igh~~.ay 93 and 
t' 

the IJniorz P a c i f i c  R a i l r o a d .  

History-. The ~n:i.neral. c1eposi.t~ i n  t h e  d i s t r ~ ~ w e r e  disco.verec2 tnbout -,- 

1870. Approxiinately h a l f  a m i l  l i o n  d o l l a r s  been pm-ociiicciti, 

mostLy iron1 1 9  1 3  tiiroupii 1930. '].lie v a i u e s  

s i l v e r ,  I.ead, and g o l d .  t% / Z. ..- ,' \: 
w i  

\$  , 
9 . i  ' I ,  y - *  8 

" j  / ,  r 

Geology. G a r b m i  f e r o u s  1 i m c s  tone,  quartzite, and  'slia.1 e 'w-c.'irs,e'I-udccf 
- +  , ':J r' 

--< 

by a g r a n o d i o r i t e  sirocic 6 To 7 miles w i d c  n o r t h - s o u t h  and ahorit  Jb m j l e s  

long  eas t -wes t ,  Apophyses ol: t h e  g r r i ~ ~ o d l o r i t e  e x t c n d  o u t  froin tile s ~ t i c k  

-into t h e  surroundl.rrg rock. Aia:;kil:e d.l.kcs c u t  l:he granotllor:i.t:c! ant1 

-.-.".----'.-- --.---.---.-- --.-------------.-.-- 

P i g .  _-__ Ge~zeral . ized geo:l.ogi.c map of t h e  Contac t  mini-ng di:; t r- i .ct  :;i.ir;rw:i.n{; 

m5nes and molybdeni.t:e o c c u r r e n c e s ,  

---.-----"----, ".--p."-."-p--------w--"-- .---... *.-- --,-,-,.------.-. "" --.-.--* ..-. * .--..- 

sedimerztary roci ts ,  anci p robab ly  r e p r e s e n t  a J a t e  phase  of  the  igileous a c t  i\ritzy 

t ha t  I.xrcl.ucled t h e  i .ntrusi .on o f  t:he g r a n o c l i o r i t e .  Ter t - i a ry  (? )  anclesitie d i k e s  

c u t  t h e  a l a s k i t c  d i k e s  and o l d e r  rocks .  T e r t i a r y  v o l c a n i c  and sed imenta ry  

roclts local.l.:i/ cover  t h e  o t h e r  rocks  (Scbrader:, 1912 ancl 1'335). 

Ilhe granocl:i.ori t c ?  i s  specltlccl g r a y ,  h a s  a hyp:i.dI.on~orpl~ic t e x t u r e ,  a n d  

c o n s i s t s  of approx imate ly  55 p e r c e n t  zoried ol . igoclase-andesinc ,  2 0  percent  

i n t e r s t .  i La1 qu,zrtz,  10 perccl r t  p e r t k l i t i c  or t l - loclasc ,  3 5 percent b l o t  i ec  arrcl 

hornb lende ,  and some a p a t i t e  and t t t a n i t e ,  B i o t i t e  P r o m  rhc i n t r n s i v e  w a s  

da ted  a s  152 1n.y. us ing  the  K-AY metho~l;  zj-rcon fro111 t he  sanlc s a n ~ p l c  gdve a 

l ead-a lpha  age of  160 m,y.  (Coa t s ,  Marvin,  and S t e r n ,  1965) .  



The a l . a s k i t e  d i k e s  a r e  p a l e  p i n k  t o  I.l.ght g r a y ,  p o r p h y r i t i c ,  a r e  coturnonly 

l e s s  t h a n  .5 f e e t  wide ,  b u t  up t o  5 mi.les long ,  ancl c o n s i s t  of equal amounts of 

o r t h o c l a s e  and o l  i g o c l a s e ,  l e s s  than  10  p e r c e n t  q u a r t z ,  I ~ s s  t h a n  5 percc3nt 

b i o t i t e  and hornb lende ,  and some t i t a r i i t c ,  a p a t i r c ,  z i r c o n  and magnee i t e ,  

l'he Carbon i fe rous  sed imenta ry  r o c k s  'Irave been drrmi.6 :dong an axrls t r e n d i x ~ g  

due east and hav ing  LZlc g r a n o d i o r i t e  s t o c k  a t  i ts  c e n t e r ,  t h e  doming apparent-1.y 

r e s u l t i n g  from t h e  i .n t rns ion  of t h e  g r a r t o d i o r i t e .  

The a l a s k i t e  d i k e s  h a v e  been i n t r u d e d  a long  a conjugace  f r a c t u r e  system 

w i t h  one s e t  of f r a c t u r e s  str ik: i .ng N. 30'--45' E., and the o t i i e r  s e t  s t r i k i n g  

N ,  45".-60' W .  

The l.i.mestune 5-11 c o n t a c t  with t h e  r , r anod io . r l t e  s toc l i  Elas been sil.i.ciEi.c+tl, 

t h e n  r e p l a c e d  by s k a r n  m i n e r a l s .  A c t i n o l i t e ,  d i o p s i d e ,  w o l l a s  t n n i  t c ,  g a r n e t ,  

a . x i n i t e ,  e p i d o  t e ,  e l l l o r i t e ,  aiid recrys t :a l l . : ized cllsl.cite have been f orrned. 

Tbe s.ili-cut:,e rninera1.s a r e  rnos t1.y I.xl t h e  I.imes t o n e ,  buL I.ocal..ly a1.so have  

r e p l a c e d  the a i l jo in ing  g r a n o d i o r i t e .  Weatherirrg ha:; a1tcirct.l t h c  slcn.l.xl 

m i n e r a l s  t o  clrloropal. and k a o l i n .  

Ore ;eposi.t.s. There  a r c  tl-iree types  o f  d e p o s i t s  in the dist:ri.ct::  (1)  --- 
bodries i n  o r  c l o s e l y  r e l a t e d  t o  t h e  area .s  of  contact-met:amorpi-~osed racl<; ( 2 )  

f i s s u r e  v e i n s  an.d dri.sseminated m i n e r a l i z a t i o n  i n  o r  a s soc i -a ted  w t t h  t h e  

a laski tc ;  d i k e s  ; and ( 3 )  f i s s u r e  v e i n s ,  l o c a l l y  e n l a r g e d  hy .repfacemerzt, t h a t  

a r e  n o t  a s s o c i a t e d  w i t h  t h e  a l a s k i t e  d.i.kes, These t h r e e  t y p e s  of deposit:; 

d i f f e r  mainly  i n  w a l l  rock  and s t r u c t u r a l  d e t a i l ,  

The b o d i e s  a s s o c i a t e d  w i t i l l  t h e  contact-metarr~orphosed rock  a r e  I S  t o  30 

f e e t  t h i c k .  Most of t h e s e  b o d i e s  a r e  r e l a t e d  t o  f rac t tar i .ng ,  and cotm~only cu t  

a c r o s s  beddirig; o t h e r  bodies  show no r e l a t i o n  t o  fuactr.lr:ing, a n d  r c p l u c e  n 

p a r t i c u l a r  bed.  l'he pr imary m i n e r a l s  are q u a r t z ,  c l - ia lcopyr i tu ,  b o m i t e ,  arrd 

1otral.ly sma1.l amounts of n~ony~g~~rj&t~, magr?et i te ,  and s p e c u l a r i t e +  ( > u n r t z  

and c a l c i t e  v c i n l e t s  c u t  the  b o d i e s ,  L t  i s  i n t e r e s t i n g  t o  n o r e  t h a t  p y r i t e  



i s  Irare o r  a b s e n t  ia a l l  trEiree types  of d e p o s i t s  found i n  the d i s t r i c t ,  armd 

t h a t  no t u n g s t e n  m i n e r a l s  have bc4:n r e p o r t e d  i n  t h e  contact-mctan1orplio:;ed 

l imes  t o n e .  

The d e p o s i t s  r e l -a ted  t o  t h e  a l .askl . te  d i k e s  a re  vei i l s  foLl.ow:Fng .flssuu.e:; 

i n  and p a r a l l e l  t o  t h e  d i k e s ,  and d i s s e r n t t ~ a t i o n s  i n  f r a c t u r e d  and alcerecl 

d i k e  rock.  These d e p o s i t s  a r e  ma2nl.y I n  t h e  g r a n o d i o r i t e  and a l a s k i t e  d i k e s  

themselves ,  b u t  a l s o  occur  i.n t h e  l.imes tone + Tile prl.mary m i n e r a l s  are q u a r t z ,  

chalcopyrite, ~~tm1&dde~iite, and s p e c u l a r i t e .  

r 7 .LIie f i s s u r e  v e i n s  t h a t  a r e  n o t  a.ssoci.atec1 w i t h  a.:l.askite (:likes most 

cormonly are i n  u.nmet:a~norphosed I-imes tone ,  b u t  3 1 . ~ 0  arc: i n  t h e  granocl:lo.rii:e 

and contact-metamorphosed 1.I.mcstr~ne. T1:lese v e i n s  a . re  1. t o  10 feet: t l l i ~ l i ; ,  

Although t h e r e  has been sonre wal.1.-rocfc a l t e r a t i o n  an.d deposi.tri.on of ska~rrl 

m i n e r a l s ,  q u a r t z  i s  t h e  most a.bnndant -t:.ntrodrrcr:d m i n e r a l ,  Some nf t h e s e  

v e i n s  a r e  s-knkilar mineral.ogica1l.y t o  t11e ot.her two t y p e s  of d e p o s i t s  .in t h e  

district; o t h e r  .veins,  low i n  copper ,  or:i.ginall.y contai .ned g a l e n a ,  l e s s e r  

s p l i a l e r i t e ,  and poasi 'blJ soole a r g e n t i t e ,  b u t  t ,hese  m i n e r a l s  hnve been l a r g e l y  

d e s  t.royed by o x i d a t i o n .  

Oxida t ion  h a s  t aken  p l a c e  t o  dep ths  of 150 t o  250 f e e t  i n  a l l  t h r e e  rype 

d e p o s i t s .  Chrysocol.l.a, m a l a c t ~ i t e ,  a z u r i t e ,  chal.coc:i.te, c.upri.te., and n a t i v e  

copper  have been formed from ttte pr imary copper r n i n e r a l f ~ a t i o n ~  C e r u s s i t e  

i s  t h e  p r i n c i p a l  oxi.dat:ion p roduc t  o f  the  primary l e a d  n i i n e r a l i z a t i o n ,  

IIemat:i.te and I.inronit:.t: a r e  common, and manganese o x i d e s  a r e  abundant local l -y .  

I n  some c a s e s ,  t h e  o x i d a t i o n  prodl.lcts have nrigrated sonre dist;xncc.., 

Al.ice Mine - -- 
A t  t h e  A l i c e  mine, leaf--l . i lcc ve:i.nl.ets o f  moIybdeni te ,  I'onnIrlg a "ntcsh", 

a r e  i-ntergrown w:ith r r la iacl~i te ,  nzur i . t e ,  and a l i t t l e  c h a l c o p y r i t e ,  b o r n i t e ,  

c h a l c o c i t e ,  and covel"crj.te. These minera3.s E o m  v e r t i c a l  hands and i r r e g u l a r  

s t r i n g e r s  up t o  a f o o t  wide i n  a11 8--foot wide body o f  contact-metamorphosed 

* .  
l imes tone .  



Bonanza Kine 
..+----- - 

I n  an irzcl-ined winze i n  t h e  uppe r  wes t  ~ ~ ~ o r l < i n g s  of tile Bonanza ininc, 

s m a l l .  amounts of ~ld_de-%i;~s. oceair w i ~ h  secondary  copper  m i n e r a l s  anrl some 

copper  s u l f i d e s  i.n c o n t a c t - m e t a r n a r p h o s  :i.%mestotae al.cmg t h e  contact" o f  t h e  

g r a n o d i o r i t e  s t o c k .  An a l . a s k i t e  c4ik.e c u t s  t h e  rn'i~~.e.rai:i.zcci roc.k. 

C w p  e  r a A ~ i d  gcncip .-".. 

in t h e  soutl- ern p a r t  o f  t h e  Copper Sl.lield ( E f f i e  l'ay) g roup ,  some 

mo2ybdenite i.s assocl.at.ed w i t h  c lua.r tz ,  secorltlary colspe.r minerals, b o r n j  t e ,  -.-- ---- 

cha l . copyr i t e ,  and specul-nr  a s  banded  rrrl'.nera.l:izat-i.ou. i.11 an :.il.aslti. tc tli.lie. 

F1.ore1.tc.e G r o ~ ~ p  --- 
I n  t h e  Florence No. 16 cl.aiin, con.side.rable !&l~a2h&rr;3, i s  prc:s~::nt i.n an 

a l a s k i t e  d i k e ,  i n  t h e  rnore 11ernatiti.c port:i.an of  a vefn  c o n s i s t i n g  of 

copper  carbonax:es, o x i d e s ,  a ~ : ~ d  s u l f i d e s ,  a~:ld chrysoc:ol.l.a, i.n gl.a!;sy c juar t :~  

and h e m a t i t e ,  

Helern g, "Smith 'J'znne1 -- 
I n  t h e  Helen B ,  Smith Tunnel,  a l i t t l e  mojyugnAte o c c u r s  w i t h  specks  

of  c l r a l c o c i t e  and some chal.copyrli.te, b o r n i t e ,  and c o v e l . l i t e  i n  g ranoc l io r l t e .  

iiowever, most of t h e  cop1.ic.r rni.nc?ral.izntion exposed by tklc 'i'unnel i.s i.n 

contact-rnetamor~~R.iose:cl l .irnestone, and appti'renl:l.y contalirrs no anc11.yhc'tcn:i.tc-i. 

12" Wilson. Gr0i.p- - .--- 

I n  t h e  Ivy  W4 Lson g roup ,  c h a l c o p y r i t e  and some assoc ia i . ed  rnrna)dc?nltex 

and h o r n l t e  are d-isseminated i r r e g u l a r l y  I-hrough a  400--foot by 6,000-foot 

area i n  conrtact-metaniorphosed 1irne:;tone. T h i s  zone is  L ,  200 Fcef west  of 

t h e  g ranod j .o r i t e  s t o c k ,  and p a r a l l . c . 1 ~  bo th  t h e  bedding 3.n t h e  li. 

t h e  granod:io.l:.itc: con t a c t ,  



Six  hundred  feet .  n o r t h  of the t u n n e l  i n  the " s u l f i d e "  zone, mol.grb&ic?rrit:e - is  

c l i sseminated  i n  a 1-- t o  3 - f o o t ,  garnetrlzed c l t : a r t z i t e ( ? )  i.)ed. 'Tt~c :)ctI:; 01-1 hot11 

s ides  o f  t h e  quartzite bed c o n t a i n  dissemtnatcd ~ I ~ a l c o p y r i t c  ,znd ~ O J T I ~ L C .  

Mammoth Mine &ii" ------- ---- 
A t  the Mstnsnoth mine ,  some moJAdxJenite i s  a s soc i a t ed  with b o r n i t e ,  c,hal.co- 

p y r i . t e ,  coppe r  car ' i~csn~atcs ,  arlcl chrysocol . l .a  J.n contact-metamorp'rlosed I.i.mest:one, 

I? .lhese m i n c r a l s  a r e  Inore airundar~t: along t h e  footwa1.l. whi.cl.-1 is granod:iox::it:t?, 



OTHER OCCUItRENCES , ELK0 COUNTY 

I n d i a n  Creek P r o s p e c t s  ----. ------ -- 

I h e  I n d i a n  Creelt (Morttrcrse, Owyhee) p r o s p e c t s  a r e  I n  t h ~  Stcf 1/4 Stlc, E6, 
* 

T. 45 N . ,  R. 51 E .  The two p r o s p e c t s  a r e  a s h o r t  d i s t a n c e  a p a r t ,  2nd have 

been developed by smal l  p i  ts and bul l.dozt.r c u t s .  Tllc A t ~ i . i ~ ( ) i ~ d ; i  Co, r l ~ f  l l e d  

"1 
a  churn (? )  h o l e  i n  t h e  same a r e a ;  i t s  Locat ion is  n o t  known. 

-". 

Molybdenite,  p y r i t e ,  c h a l c o p y r i t e ,  g a l e n a ,  s p h a l e r i t e ,  and rare 

u - 7  

r ~ f c o l l i t e  occur i n  qt rar tz  v e i n s  r .u t t jng  Pal.eozoic ( ? )  s l i ~ t e .  Tlzrb molyhc l<~r~ i tc~  - 
i s  r a r e  ;it t h e  northorax yrrospcct, b u t  i r ;  much more ;tk)undant than t h e  o t l l e r  

m i n e r a l s  a t  t h e  s o t ~ ~ h e r n  p rospec t .  Yellow 1 inzoni t ic  st sins a r e  tormuon on 

t h e  q u a r t z .  Tile rnolybctenrite -is f i n e - g r a i n e d ,  zmd o c c u r s  I r i  masses up t o  

s e v e r a l  inches across. These masses appear  Lo be  leaclled --- t h a t  i s  tlley 

a r e  spongy o r  porou?,,, ancl have  a very  ~ 1 1 ~ 1 7  "weat:hcrcd" lc rs t r? l -  --- J I O W C V C ' ~ ,  

excep t  f o r  minor s t a i n i r ~ g ,  no r e s i d u a l  o x i d a t i o n  p r o d u c t s  I-emain i n  o r  on 

t h e  molybdeni te .  Bedrock re1 a t i o n s h i p s  a r e  bad3 y obscured by s o i  1 ; the 

q u a r t z  sCr ingess  appear  t o  s t r i k e  e a s t - w e s t ,  and t h e  s i a t c  appears  t o  be  

more a l t e r e d  than  I.n exposures  a2.ong %nd:iau Creek. 

The s l a t e  i s  unconfom~ably  o v e r l a i n  by T e r t i a r y  b a s a l t  f lows.  The 

b a s a l t  seldom i s  more than  a few t e n s  of f e e t  t h i c k ,  and t h e  m:i.neral.ization 

i s  exposed i n  srnal.1 "windows" i.n t h e  b a s i l t .  T o p ~ g r a p ~ i i c a l l y  the  wir~tlows 

are sha l low d@press;i.ons, a  f e w  f e c t  d e e p  and l e s s  t h a n  50 f e e t  a c r o s s ,  i n  u 

f l a t  p l a i n  which has 'been on3.y s l . f g h t l g  cli.ssected by e r o s i o n *  To t h e  

s o u t h e a s t  I n d i a n  Creek h a s  eroded a deeper v a . l l e y  i n t o  t h e  s l a t e .  

Robinet  t e  Pro%>ect ------- 

The Robiraet te (:Pyr;-mlid) p r o s p e c t  i.s f.n t h e  E lk  Mountain mining dj.s tr-hct 

on t h e  west f l a n k  of White 'ISl.ephant B u t t e  (o r  Mountain) i.n Sec. [+, 1:. 46 N. , 

R, 61  E. 
- 



@ 

'1%~ d i s t r i c t  was dieccrvered i n  1890$ Ear ly  i n t e r e s t  was i n  c o p p e r ,  

go ld ,  and s i l v e r .  1,atc-r tl.irrgsten was :found on t:Iie l iob inc t t e  c l a i m s ,  anti a 

t u n g s t e n  m i l l  was b u i l  t a t  t h e  head of O'Nei l Crecllc by Pyraninll tl ' r ~ ~ n g s t e r r ,  

I n c .  , o f  Pakima, Washington. Cons idcrah le  s g laas beer1 clone on t I ~ c  
a t  i o ~ J  I'Z<CC,~+ 3 R - r  ~ - - ? d , d r  # W ~ $ C  b r \ \ . i ~ ~  , ~ p p ~ j ~ * ~ - .  r ( ~ u  ,i\o/\kb~~i*,s,iri': 7 3 3 , ' J +  

cl aims n ,I d r t ~ ~ r i ~ z & ~  / i { ( n G i 2 r e i  /.fa ~ C S  ,.",Y.<*&& 
i-r 

I n  t h e  d i s t r i c t  ( s e e  Fig.  ) a staelc o f  g r a n o c i i o r i t r ,  wI~ leh  i s  

exposed over  a 314- by 1 1J2-mile a r e a ,  i n t r u d e s  and domes P a l e o z o i c  shale, 

lri.mestone, q u a r t z i t e ,  and s l - a t e ,  Copper, g o l d ,  s i l v e r ,  ;?ntlniony, tulzgst:en, 

and mol.ybden.rrm depmh a r e  fourid a1 ong the g r a n o d i o r i  te-scd irnentary con t n c  t , 

most co~nmonly i n  t h e  l imes tone .  

A . t  t h e  Rob:inett:e p r o s p e c t  smal.f. specks  of !~I~IJJJ;~TYxY&~~, psuedomorplis 

of w h i t e  =we ---.----.. l t  i t e  r e p l a c i n g  f l a k e s  of mol y b d e n i t e ,  ancl srliall g r a i n s  of 

s c h e e l i t e  a r e  s p a r s e l y  d i s semina ted  throughout  a  l e n s  of t a c t i t i z c c i  I i r ~ ~ e s t o n e  

a long a N. 50" E m - t r e n d i n g  c o n t a c t  w i t h  the g r a n o d i o r i t c  s t o c k .  A t  rhc 

s o r ~ t h  end of t h e  t a c t i t e  body, i n  t h e  v lc in i f ry  of n 50-root n d i t ,  appreci ; ib lc  

amounts of mo1ybdenite awe founcl i n  2-inch-thick q u a r t z  v e i n s  wtiieh t r e n d  at. 

r i g h t  angl-es t o  t h e  cc.>rxtact, The ve:i.n.s a l s o  c o n t a i n  some p y r i t e ,  chalco-  

py ri" t e ,  and g a r n e t  . 
Tecoma I.II11 Mines ---- 

The L u c i ~ z  rnir~i-ng c l i s t r i c t  i s  m a J  n l y  i n  Utah b u t  tile workings of some 
I 

of  t h e  mines on Tecoma H i l l  ex tend  westward i n t o  Nevada (Sec.  2 4 ,  T. 39 N., 

R. 70 E.) , ?'he d i s t r i c t  has  produced over  $4  m i l l i o n  worth of copper ,  

l e a d ,  s l a v e r ,  and z i n c .  

The Tecoma Hill deposci ts  arc. f i s s u r e  f i l l  i n g s  and replacement b o d i e s  

i n  c a r b o n a t e  beds  of t h e  Devonian Gui lmet te  Formation,  S i l u r i a n  1,aketown 

Dolomite, and Ordovician Pis11 Hnvcn 1101 o r n i  t e  (B lue ,  196C)) . The o r e  occurs  

where e a s t -  and nor theast -dl .pping,  s t e e p l y  sontll- t o  southwest-d:ippi.ng 

f a u l t s  i n t e r s e c t  t h e  r a v o r a b l e  beds ,  Thta I ' a t t e r son  Pass  monzonite-- porphyry 



s t o c k  and a s s o c i a t e d  d i k e  cropout  i n  tlhe a r e a ,  and  r ippear  t o  1x1 g e n e t i c s 1  l y  

a s s o c i a t e d  w i t h  t h e  o r e  d e p o s i t s .  There I-ras been o n l y  sLigtle a l t e r a t i o n  o f  

the  r o c k s  i n  ttie v i c i n i t y  of t h e  minera3. izat ion.  

The o r e  d e p o s i t s  have been i~ fmosr  completrkly c,xidlzed e x c c p t  inert few 

s m a l l  a r e a s  where primary su l f i d e s  s t i l l  remain. W r ~ l  f ' en i t e  o c c u r s  w i t h  ------ 

a n g l c s i t e ,  c e r t ~ s s t t e ,  smithsor-ii t e ,  p l t ~ ~ ~ ~ b o j a r o s - i t e ,  and l i m o n i t e ,  and l o c a l l y  
C 
i 

with  g a l e n a ,  ~p l~ ;~ le r f . t . e ,  a ~ ~ t l  yryritt.3. 'l'ite w u l  CenLte (flaguc? and IZt~~rnons, 1887, 

p. 497)  "frequent1.y forms s o  h i g h  a p e r c e n t a g e  o f  t h e  o r e  as t o  i n t e r f e . r e  

ser.i.0~1s1.y w i t h  i.ts t r e a t m e n t  i n  t h e  o r d b ~ ~ a r y  1-eaci f u r n a c e s  , renclering a  

modi f i ca t io r ,  of  t h e  methods employed very  d e s i r c a b l c .  'I'he c r y s t a l l i z e c i  

w u l f e n i t e  from t h e  Il'ec.om.a m:i.ne o c c u r s  i n  l a r g e  masses ,  t h e  f a c e s  of t h e  

Sndf.v.idual c r y s t a l s  having been  ~ ~ S C T V C L ~  from an incll  t o  1. 1 / 2  incher; i n  

l e n g t h .  They p o s s e s s  a resli.nous %~r:..;tcr, a l.en~on ye l low c o l o r ,  and arc.? 

frequent1.y t ransparen. t  a.nd exceed ing ly  b r i t t l e .  I n  s i z e  and b-ril.l.fanc:y t h e  

f5.nest: specimens Ea-r s u r p a s s  Llle Eawous w u l f e n i t c  c r y s t a l s  of Rleiberg;  . , . . 
Assoc ia ted  w i t h  t h e  w u l f e n i t e ,  adher ing  t o  t h e  broad t abr l l a r  fare:;, rnay 

o c c a s i o n a l l y  be secn well developed c r y s t a l s  of cc r l l s s i  t c  and n n g l c s i  t e  ," 
9Cpl(*< ,.,,-/>L"'-AS 

Wulfen i te  from 'Tecoma" a r e  i n  t h e  American Museurn o f  N a t u r a l  H i s t o r y  
4 

and t h e  C a l i f o r n i a  Bureau of &Pines c o l l . e c t i o n  (PIorton, 1916, p .  89) ;  t h e s e  

were thought  t o  bc f rom the Tecoma mining d i s t r i c t  of Elko County ( S c h i l l i n g ,  

1962a,  p. 13), b u t  probably  a r e  from t h e  m i r l e s  i n  Tecoma 13111. 

S t a r  Mkne 

7'he Scar  tu l lgs ten mine is 2. m i l e s  e a s t  OF I l a r r i s o n  P a s s  on t h e  c a s t  

f l a n k  of t h e  Ruby Mountains. The mine rs developed by an cidir ,  s h a f t ,  and 

d r i f t s ;  t o t a l l i n g  about ,a tlirrusand f e e t ,  and numerous s ~ n a l l  p i t s ,  c u t s ,  axxd 

trenches. Thc mine h a s  produced 9 , 7 3 5  u n i t s  of W 0 3 .  

S c h e e l i t c  and minor powel L i t e  .- occur i n  t:mctite c o n s i s t i n g  mainly  of 

q u a r t z ,  g a r n e t ,  ep.j,dot:e, arid c a l - c i t e .  The t n c t l t e  forr~xs sma1.l irre.gul..ar 

bodies in Pogon:ip X,irrier;tonc a long  t h e  eltatern c o n t a c t  of t h e  Harrison,  Pass  



q u a r t z  nlonzonite s t o c k .  A number of  d i k e s  and s i l l s  e x t e n d  out-ward frortl t h e  

s t o c k  i n t o  t h e  sedimentary  rocks .  The seclimentary r o c k s  have been meta- 

morphosed t o  mnrblc and t lo rnfe l s  .in 2-1 zone ex tend ing  up  t o  l, 500 f e e t  JRl.oru 

t h e  c o n t a c t .  I s o t o p i c  age d a t i n g  Lrndicates t h a t  t h e  irlLrlls i v e s  and trliraerdi - 

l z a t i o n  probably  were einpl aced some 30 t o  SO ~ ~ l i l l i a r r  y e a r s  ago riurhng 

Eocene o r  Oligocene t ime ( S c h i l l i n g ,  1965b, 11. 32-33). 

SEuce Mountain Mining Diseri c t  
-" ----.. ------------------- 

The Spruce Motlrtlain min-ing d i s r r i c t  i s  i n  T,  31 N * ,  R s  63 and 64 I",. , 

about 45 m . i l e s  soutl-r of WcJls. Over $3,000,(100 wor th  of l e a d ,  s i l v e r ,  copper 

have been produced (Granger and o t h e r s ,  1957) .  

WuLfenite- i s  Eouxnd w i t h  lirrroni te, c e r u s s i  te, a n g l e s 1  t e ,  and res id r la l  

g a l e n a .  Local l y ,  . ~ l ~ c .  coppe c m i n e r a l s ,  ma1 nr l l i  t c ,  c l r rysoco l la ,  cha lcopyr i  t e ,  

and s u b o r d i n a t e  q u a n t s t i c s  of b o r n i t e  and cha lcoc i t -e ,  a r e  p r e s e n t  wit112 the  
\ 

Learl m i n e r a l s .  Tile z i n c  rilint>ral.s, s m i t h s o a i t e  arid ca lamine  a l s o  a r e  p r e s e n t  

l o c a l  1.y. The o r e  rfiiner:+.ilr; form oxJ (1 becldcd-~rcpl;ice~ncrat botl ies i n  

Carboniferous  l i rnc~stone and oxidizcct f i s s u r e  v e i n s  i n  t h e  X imevtonc:s , ~ n d  'i r 

4 " 

in te rbedded  sands tones .  A SOO-foot-wide g r a n i t e  porphyry d i k e  extend:; e a s t -  ' , 

$ 

n o r t h e a s t  a c r o s s  f i l~e  d i s t r i c t .  Some of t h e  o r c b o d i e s  a r e  on t h e  c o n t a c t  

between the  d i k e  alxd l i m e s t o n e s .  

Dolly Varden Mining Dl:; t r i c  r -. - ---- . - -- 

The Dolly Vnrden mining d i s t r i c t  i s  i n  Tps, 28 and 29 N . ,  R s .  65 arrcl 

66 E . ,  f i f t e e n  m i l e s  n o r t h e a s t  of  C u r r i e  i n  scsutheastern  Ellco County, The 

d i s t r i c t  11as pruducetl l e s s  t h a n  $l00,00(3 worth of s - i l .ver ,  copper ,  and lend 

(Granges and o t h e r ,  1.957). 

In  t h e  extreme s o u t h e a s t e r n  p a r t  of t h e  d i s t r i c t ,  o x i d i z e d  l e a d - s i l v e r  

replacement  d e p o s i t s  c o n s i s t i n g  of c e r u s s i t e ,  a n g l e s i t e ,  w~ w u l f e n l t e ,  ----- 

and resf d u a l  k e r n a l s  of ga le~- ta  occur  a;ong and a d j a c e n t  t o  nor th- t rer td ing 
(, $;.&4'-, :k~*-'- .  .i7 <<) :a, >&-d .:.G* ,',,, A .'..%.. < l j~J.7~ f ,  :-?A*,) , 

f r a c t u r e s  i n  C;irbon.i.ferous ~ . imes t i ,hes ,  A quar"i 1nlonzon:lte s tock c rops  o u t  
A 



i n  t h e  n o r t h e r n  p a r t  01 the  d i s t r i c t . .  Q u a r t z  v e i n s  c o n t a i n i n g  c1;,17 ropyrie c ,  

p y r l  t e  , and minor I~j_sruuth:i-ni.lre, cut the s t o c k ;  and o x i d i z e d  contact .  dcpos l t s  

c o n s i s t i n g  of c'h.r:ysocol.la, malacf l f te ,  s k a r n  m i n e r a l s ,  and r a r e  kerlnnls  o:E 

resrldual c h a l c o p y r i t e  and cuper i feuot ts  pyrite, o c c u r  i n  t h e  s u r r n u n d h ~ f :  

1.irnestone and s h a l e .  No rnalybdenum nt inernls  have been r e p o r t e d  i n  t h e  

veins o r  c o n t a c t  deposit,c;, nl thougli  molybdenl tc  c o u l d  be e x p e c t e d , ~ 6 e h r a c f ~ ~ ,  

S&m+-ancF- -S-mhrrl.a-- If79 7 ,- 1) . ZOU)": 

The Southam molybdenum mine i s  i n  Sec. 13, T, 26 N., R, 67 E. i n  t h e  
\ 

Ki.ngsley mining d : l s t r i c f ,  Srna:i.:l ;Irz~ounts of: copper ,  t u n g s t e n ,  .l.ead, s i l v e r ,  

and g o ~ ~ j ~ ~ ~ ~  l l~ lve  been prodt~ccci from ~21e mine ( p e r s o n a l  cornmunicntiors, 

D. W. Adai r ) .  

'the rn-lnes of t! lcb  d i s t r i c t  arc a r o ~ ~ n d  t h e  Kings ley  i i t i 2 i ~ ~ z  rnonzct~i t~ S L ~ ( , J C  

i n  gen t ly -d ipp ing ,  3 i t t l e  clist.iarbcil Cambrian l i m e s t o n e s  and s h a l e s .  T l ~ c  

,eTs - roughly-ci rcu l a  n. s t c ~ c y l c  c r o p s  o u t  CIVET an area of: a h ~ ) t i t  one scyua rc mil c , 

Contact  e f fec t s  isjeltade smr. i I1  i r r e g u l a r  t a c t  i t e  b o d i e s  ac~d Inore w-ldespr cat1 

b l e a c h i n g  azid mnrb l i z ; i t i on ,  A s w ~ i r m  of v c r t i c n l  q u a r t z  l a t l  te pocpl?yry 

d i k e s ,  ranging f rom 7. t o  200 f e e t  i n  widti?, and s t r i k i n g  N, 40' E., cu t  

the  stizclc and extend up l o  1,000 S e c t  i n t o  the sed imenta ry  rocks .  Most 

af  t h e  a r e  d e p o s i t s ,  ini:lutli.ni; t h u s e  of t h e  Southam m i - n r ,  a r e  i n  l imes tone  

n e a r  t h e  end of the d i k c s .  

A t  t11c SouLhain rninc?, -- mtr lyjhcienilc, copper ~ n i n e r a l  s ,  s c i ~ e e  Lite, arid 

ga lena  occltr i n  cjuart z ?..re ins ,  str i-kLng r lo r theas t  and d i p p i n g  55' W, , cr~t. marble  

a long  t h e  sot~tllwe:;t edge of t l r r  s t -oFk.  The v e i n s  l o c a l l y  c o n t a i n  u p  t.o 315% 

molybdeni t e  ( S t e i n i n g e r ,  1966)- 



The Cucomungo (Sorensen  and Roper: p r o p e r t i e s ,  A3.m CiuLch d i ? p o s i t ,  Tule 

Canyon depos i . t ,  P o i s o n  S p r l u g  d e p o s i t ,  S l s I ro l~  prc>pet-rty , Chesshe r  p r o p e r t y ,  

Cucamungo clepos i t , A l  uin C rcelr d t y o s i t )  molybcienu~~l d e p o s i  f- is  i i ~  t h e  Magi-udcr 

Mountains I n  t h e  v i c i n i t y  of  Poisolz S p r i n g ,  mai.nly i n  S e c s ,  2 a n d  3,  'Us 7 S . ,  

R, 39 E., s o u t h e r n  Esmera lda  County. The c1eyos:i.t: :is a . cces s i . l .~ l e  from I l , idi i  L:o 

the. n o r t h  vi.a Pi-gcon and. T.,o& S p r l r ~ g s .  

The d e p o s i t  r e p o r t e d l y  was d i s c o v e r e d  i n  1.917 b y  Bols S o r e n s e r ~  who lor:at.c.d 

a number o f  c l a i m s ,  I n  t h e  2920 ' s  and 2 9 3 0 ' ~ ~  Gus Roper located some cl..aims 

an.d d r o v e  an a d i t  (the f i r s t  220 feet r e p o r t e d l y  ran 0 , 1 2  MoS2> the  n e x t  110 

f e e t  0.4% MoS2 t:he n m t :  50 f e e t  was e s s e n t i a l l y  b a r r e n . ) .  I n  1930 ,  tl-ic! 

Roper c l a i m s ,  which were  h e l d  by t h e  Nevack Moly Co, , were s o l d  a t  a s h e r i f f ' s  
$, 

~, I I/ 

; 9.:" s a l e  t o  sati.r;fy a $I., 6 7 8  :jr.tdgernent:, I r ,  1 if39';,.gF~:eeport S u l p h u r  o p t i o n e d  t:he i . .  - . 

Roper and Sorensen  g r o u p s  r ~ f  cl.a.i.ms, exten.ded t h e  Roper a d i t ,  and dri.l.lecf a 

200-foot ,  ImorizontnJ. b o l e  from t h e  acii,t f a c e ;  s i x  o t f ~ e l r  hol..c?s were  dri1.lecl. 

f rom t h e  s u r f a c e  ( f i g ,  ). LI. B, Claessher f S i v k o x ~  Moly Corp . )  a c q u i r e d  t t ie  

Roper c l a i m s ,  and b u i l t  acces:; ~ ~ ; X I S ,  c l r i l l e d  s e v e r a l  h o l e s ,  arid ~ l i d  some 

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

In 1.960, Bea r  Creek Mining C o .  optiorred b o t h  the.  Roper and Sorensen  

p r o p e r t : i e s ,  a.n.d I .ocated some a c l d i t i o n e l  c 1 a i . m ~ .  F o u r t e e n  diamond-dri.1.l h o 3 . e ~  

were  d r i . l l e d ;  one  h o l e  is 1 , 4 3 8  f e e t  deep ,  the o t h e r  I ~ o l e s  a r e  l e s s  t h a n  800 

f e e t  deep  ( f i g .  1 ,  I n  a d d i t i o n  a nuinber o f  shal ' low wagon-dr i l l .  h o l e s  were 

d r i . l l e d .  E x t e n s i v e  r o a d s  h a v e  b e e n  b u i Z t  t o  g i v e  a c c e s s  t o  dri1.L s i t e s ,  

De ta i l . ed  geol .ogic lnapping a l s o  was done ,  T h e i r  op t io i ?  was dropped i n  l96I.,  

Duri.x~g 1967,  t h e  Malybclerrurn Corporat i .on o f  America explorecl  t h e  (1epos.Lt; 
ro -/sea 

t h e y  resampl-ed some of t h e  Bear Creek core and d i d  iidditli.oxra1 s k u ~  d r k l l i . n g  



I 

( f i g ,  -, 1. I n  1969 and 1970,  Gcoc.hemica.1. Surveys ,  Dal las ,  Texas, i n  a j o i n t  

v e n t u r e  w i t h  Pan America11 Su lphur  Co. , ma.dc d e t a i l e d  geochemical  s u r v e y s  of 

t h e  a r e a ,  and d r i  l lccl  t h i r t e e n  holes ( f i g .  ) w e s t  and :;outhwest o f  tile a r e a  .- 
* 

p r e v i o u s l y  d r i l l e d .  

Except  f o r  t h e  Roper a d i t  whicll i s  approxLmateiy 900 f e e t  long  inc lncl ing  

s e v e r a l  s h o r t  l a t e r a l  work ings ,  t h e  on ly  devel.opmenzr has been t h e  e x t e n s i v e  

roads  arxd d r i l l  ho l . e s ,  The Roper a l t i t  e x t e r ~ d s  n o r t h e a s t  from t h e  bottorrn o f  

A1 urn Canyon a t  a po4 XI!.. n s h o r t  d l  st ante I~OWYI:: trearn f. T C ) ~  T301son S p r i n g s  . 
There h a s  becm no produc-t ion crf nrolybderuu~rr o r  o t h e r  mineral.  commoditicai-, , 

The Rocks. P a l e o z o i c  Xime "'aa~1.- s h a l e  have  been i n t r u d e d  by two -- --- 
'--I 

*-* 
I-..- 

s t o c k s  which are p a r t  of rhe  J u  &+;, b n c h ' ; ~ ~ ~ _ ( ~ r l ( t i .  and Nash, 1967) . 
T h e  o l d e r  "Uncle Sam" q u a r t z  rno 

MrKee, 1 9 6 2 ) ,  c rops  o u t  o v e r  n  l a r g e  a r e a s a i ~ t h w c h Q L q $  

yoxnlger, "Cott:or~wood" g r a n i t e  ( ' ru le  g r a n i t e  of  M 

a t ,  and e a s t  o f ,  t h e  d e p o s i t  ( f i g .  I s o t o p i c  a g e  d a t l n g  i n d i c a t e s  Chat -- 

t h e  i n t r t t s i v e s  a r e  b o t h  about 1.50 zn i l l ion  y e a r s  o l d  (Sch:i.S.l.ir~g, 3,965). A t  

t h e  s u r f a c e ,  t h e  two g r a n . i t i c  rocks  a r e  sepn- ra ted  by a narrow,  nort t lwest-  

t r e n d i n g  wedge o f  sedintcntary  rocks  ( f i g ,  --,-), b u t  dr i l l . - -hole  d a t a  j.nclicates 

t h a t  t h e y  a.re 1 x 1  c o n t a c t  a t  dep th .  The seclivnentary roclcs aS.so c rop  o u t  ove r  

l a r g e  a r e a s  n o r t h w e s t  t o  n o r t h e a s t  o f  t he  d e p o s i t  ( A l b e r s  and S t e w a r t ,  1965) .  

F i g u r e  - Gecil o ~ i c  Map o f  t h e  Cuco~nungo d e p o s i t .  

The sed imen ta ry  and i n t r u s i v e  roclcs l o c a l l y  a r c  capped by andes i t i c  b a s a l t  

flows and p y r o c l a s t i c  rocks  ( f i g .  ,_-2. Two basa l t :  pLugs J .ntrude t h e  Cottlon- 

wood g r a n i t e  a t  t h e  depos l - t ,  and appear  t o  h e  f e e d e r s  f o r  t h e  e x t r t ~ s i v e  r o c k s .  

Apl i . te  dilces c u t  t h e  g ran . i . t i c  soclcs. Tlne b o r d e r s  o f  the Cottrox~%rood 

gran3.te s t o c k  have an a p l l  t i  c kcxtllrre g r a d i n g  inward t o  coarse-gra lhccl ,  Local ly  



porphy ri. t i . c ,  rock.  The Uncle Sam porphyry g rades  outward f rorn a mediusn- 

g r a i n e d  rock I-~i:rvi.ng fe3.clspar phenocrysts  over  an i n c h  Znng t o  n f i n e r -  

g r a i n e d ,  irneriuigranular rock.  1.n d e t a i l ,  t h e  t e x t u r a l .  . v a r i a t i o n s ,  i.n b o t h  

i n t r u s i v e  r o c k s ,  i s  q u i t e  compl.ex, and t h e  above descripl":ic)zz i s ;  a t  b e s t  a 

g r o s s  g e n e r a l i z a t i o n ,  

S t r u c t u r e s .  A nor thwes t -Lrend i l~p ,  shear zone occurs  i r r  t t lc  Ccrttonwood -- . .-"- 

g r a n i t e  and wedge of met-nsccXirnct~tary eocitr; a long  t h e  c:or~tact wit11 t h e  Uncle 

Sam porphyry.  The zone i n  1,000 f e e t  wide and a t   leas^ 10 miLes l o n g ,  t h ~ ~  

rocks w i t h i n  t h e  zone hav ing  been broken up t o  a muell g r e a t e r  degree  tlr:;tn t h e  

sulrrortndirtg roclcs. S h e a r k g  a p p a r e n t l y  began b e f o r e  the in l r t l s i  ou o f  Uncle 

Sarn q u a r t z  rnonzonit~e, and he lped  t o  c a ~ l t r o l  i t s  ern~piaccr~x~nt, a t  leas-t  p a r t i - a l l y  

con t ro l - l ed  t h e  emplacement of t h e  l a t e r  Cot t~nwood  g l u t o ~ z ,  a116 conLiaued u n t i l  

a f t e r  a l t e r a t i o n  and m i n e r a l i z a t i o n  Ixad taken p l ace*  The xox~t! p a r o l  leis the 

Cot tonwood grani te-Uncle  Sam porphyry c o n t a c t ,  and t h e  reg1 ona l  s t r u c t u r a l  
pj 
-a pat.tern. Northwese of t h e  i n t c n s i v e l y  d r i l l e d  a r e a ,  t h e  slae~zr zone,  minez..zl- 

i za t io rk ,  and a l t e r a t i o n  i s  Inidden tuatler a blanket:  o f  g r s v e l ;  a l  ttlolrgtr two 

Molycorp h o l e s  were dl- i l ler l  here, o n l y  a s i n g l e  h o l e  d r l E l e d  by  G'eocllemkcal 

Surveys pc!ncLratecl trllis cover .  

M e t a w h i s i n ,  The 1.i.mes t o n e  arzd sha le  have been metamorplzosccl t o  marl) le, -- --" 

h s r n f e l s  , and phy1l.i. t e ,  The i n t e n s i t y  of a l t e r a t i o n  vaxj-es i r regular3 .y .  Some 

of t h e  l i m e s t o n e  bczds have been a l t e r e d  t o  slcarn, Bands of 3kar.n (mainly 

e .p idote  a d  g a r n e t )  a r e  exposed i n  t h e  wedge of me"cseili.rnents 1,etween t:be t w o  

g r a n i t d c  s t o c k s .  S e h e e l i t e  h a s  noE been  nn tcd  i n  the  s k o m  inz the i n i m e d i n t e  

v i c i . n i t y  of t h e  d e p o s i t .  

A l t e r a t i o n .  Hyydrotherma3. al . teratio11 h a s  g r e a t l y  af  Eectecl t h e  met:lsedi- --.---- 

merits and Cottortwood g r a n i t e  i n  t h e  s h e a r  zone. These roclis have betlxz 

s e r l c i t i z e d ,  s i : l . i c i f i e t l ,  and a r g i l l i z e d .  Tlte more i~ztexzsely a l t e r e d  a r e a  i s  

a t  Poison S p r i n g s ,  Here, t h e  mosc i n t e n s e  a l t e r a t i o n ,  which ex tends  f o r  314 



of  a mile a l o n g  t h e  s h e a r  zone,  i s  del.i.xleated by s t e e p ,  rap-Ld1.y-crodi.r.lg, 

t r e e l - e s s ,  y e l 3 . 0 ~  "badlancis .'Quch o f  tlze i n t e n s e  looli, o f  t h e  a l t e r a t i o n  at 

Po i son  Spu:i.ngs appare11t:l.y i s  due t o  w e a t h e r i ~ ~ g  r ~ i t l z e r  tharr t h e  or:i.g:ina.L 
a 

hydrothermal. al . tera. t i .on;  t h i s  i s  ;in a r e a  o f  abundant  p y r i t e ,  artd f i ~ e  h i g h l y  

a c i d  and i r o n - - r i c h  c o n d i t i o n s  d u r i n g  w e a t h e r i n g  produced muctl of t h e  a r g i l -  

l i - z a t i o n  and d i s t i n c t i v e  yellow-s t a i n i n g .  The i n t e n s i t y  o f  a l t e r a t i o n  Lie-- 

c r e a s e s  b o t h  nortlzwestwaard and s o u t h c a s t w a r d  a l o n g  t h e  s h e a r  zone.  

Along tlze margins o f  t h e  s h e a r  zoue,  where t h e  a l t e r a t i o n  is t h e  l e a s t  

i n t e n s e ,  f e l d s p a r s  have  been p a r t l i a l l y  s e r i c i t i z e d  and argll_l.rized, 

Tn t h e  most i n t e n s e l y  a l t e r e d  r o c k ,  t h e  a l t e r a t i o n  is  p e r v a s i v e ,  c l a y  

ser ic i  t e  a n d / o r  q u a r t z  comple te ly  f l o o d i n g  t h e  r o c k ,  Quar tz  "eyes" a r e  t t ie  

o n l y  remnants of  t h e  origri.nal. g r a n i t i c  k e x t u r e  i n  much o f  t h i s  i n t e n s e l y  

a l t e r e d  r o c k ,  The s i l i c i f i c a t i o n  e x t e n d s  outward from numerous q u a r t z  ve in l . c t s  

t h a t  c r i s s c r o s s  t h e  a l t e r e d  a r e a ,  forming a stoclcwork. These  h a r d e r  r i b s  arc. 

@ s e p a r a t e d  by s o f t e r  s e r i c i t  i zed  and a r g i l l i z e d  r u c k .  The d i s t r i b u i i o n  o f  t h e  

vari-outs t y p e s  o f  a l t e r a t i o n  is  Lrreguf.ar ,  and conrmonly o v e r l a p s .  

I n  t h e  less i n t e n s e l y  a l t e r e d  r o c k ,  t:Pie alte.ratj.011 .is n o t  pervas : lve ,  

The r a c k  common1.y i s  lxiglrly s e r i t i t l z e d  and s:t.licif-i.ed a:Lang q u a r t z  v e i n i e t s ,  

b u t  r e l a t i v e l y  u n a l t e r e d  rock  remains away from t h e  v e i n l e r s .  

An i n t e r e s t i n g  t y p e  o f  a l t e r a t i o n ,  termed " n p l i t e , "  i s  widespread  b u t  

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

d i f f e r s  from the o r d i n a r y  s i l i c i f i c a t i o n  i u  t h a t  t h e  q u a r t z  "eyes '?  have been 

d e s t r o y e d ,  t h e  rock  h a v i n g  a f i n e - g r a i n e d ,  even ,  " a p l i t e "  t e x t u r e .  T h i s  

I t  a p l i t e "  u s u a l l y  c o . n s i s t s  o f  f e l d s p a r ,  s e r i . c : i t e ,  and q u a r t z  and forms r e s i s t a n t  

masses ( o f t e n  dike-1. ike) wllich s t a n d  above t h e  s o f t e r  a l t e r e c l  rock. 

Mineral.i .za.tion. M o l . d e n i t e  o c c u r s  i ,n th.e a l t e r e d  Cottonwood gran.itc. 
" -------. -- ..--- -- 

and metased imen t s ,  a l o n g  the s h e a r  zone.  S111al.l f lakes  and r o s e t t e s  o f  rnc3l.yb-- 

d e n i t e  a r e  disseminatred through tlzc a l t e r e d  roclc and a l o n g  t h e  edge3 o f  t i le  



q u a r t z  vei .rxlets+ P y r i t e  ni.so i s  d i s semi .~ la ted  th rough  the a l - t e red  rock (where 

i t  a p p e a r s  t o  r e p l a c e  mafic: m:ineral.s) and i.n t h e  qnartlz vein:;, btrt a.pparent1.y 

h a s  no  re I . a t ion  t o  the d i s  t r i .bnti .on of tile molybden i t e .  'The dissemLa-rated 
* 

mol-ybdenite i s  r a r e  :In c:lr~.y ::dl.terat.i.oxa; wl~erc!  i t .  o c c u r s  111 a getleral . ly nrg.kl1. i~.  

zone i t  i s  int:i.nkate:l.y ussocir3,reii with a s - l l i . c ~ . f i e d  o r  q u a r t z - s e r i c l t e  s u b z o ~ z e  

o r  wf th  a quartz v e i n l e t ,  'l'he idistr ihut-ion i.s q u i t e  i r r e g u l a r  and spoLty. h 

geoclnemical su rvey  3l t h e  d i s t r i b u t i o n  u f  molybden~t~n in s o i l  ( l - ig ,  ) st~tmer! 
p- 

anomalously h i g h  val-ues a long  t h e  s h e a r  zone w i c k  t h e  h i g h e s t  values c e n t e r e d  

on t h e  Cottonwood gr:anite - metasediment- contact: which a l s o  is  tlte c e n t e r  o f  

the s h e a r  zone.  Bnclrgrour?d v a l u e s  average  2 ppan K O ,  values above 10 ppm cart 

b e  c o n s i d e r e d  anomzaLous, and va lues  cxbrsve 50 pprn e s p c c i a  bly s i  g n i f i c a n t  , Ln 

a r e a s  tha . t  conta l ,z~ed more t h a n  50 ppm Ho t h e  bedrock t ended  t o  c o n t a i n  rotlghl..y 

t lze  same arno~mnt of  mol.ybdentmm as th.e soi.1.; csn1.y a narrow zone of ..LO,-50 ppm 

rock  occurs  outward cori~pared t o  t h e  w i d e r ,  di ffr lsed zone  i n  t h e  s o i l .  
fl? 
a d  Copper m i n e r a l s  are ai.most comp lc tc  l y  a b s e n t  i n  the  mof y b d c r ~ ~ m  deposit-, 

copper  rare1.y exceeding severa l .  hundred pa.arl:.s p e r  mi.ll.ion. The copper i r i  t he  

soi.2. forms an eilongate a u r e o l e  around t h e  molybdenum ananu~ly ,  b u t  t:he southwest  

l imb ( c e n t e r e d  on t h e  wedge of  metasediments)  c o n t a i n s  much h i g h e r  values ( f i g .  ) .  

Baclcground pf vai-ues average 20 ppm Cu, no samples showect less; than  5 ppm, 

Tungsten and t i n  repoz-1:edl.y a160 a r e  p r e s e n t  in anorna3.ousI.y-high amounts. %i.nc,  

l i k e  copper ,  i s  p r e s e n t  p e r i p h e r a l  t o  t h e  mol.ybdenum anoms.ly, w i t h  t h e  highest 

c o n c e n t r a t i a r l s  i l l  t h e  met:aaedimeats, and i.n t:he most 1lighl.y al tcrcd are:% 

(a.bove Boi.son Spr:i.ngs). Becairse t h e  background value i s  0 ( b e 3 . 0 ~  de"cect:i.on 
39 '55," 

l i m i t s ) ,  I ppm Zn i s  an.oma.lous, yet. corpeeaztrations of  500 ppm are conlillosl 

w i t h i n  t h e  anoma1.y. 

Secondary ~ r t i n e r a l s  a r e  abundant a t  elre s u r f a c e ,  howe,ver n~al~ybc1enite and 

p y r i t e  a l s o  are qu:i,te comaorr, Li~xiorxite, i r o n  s u l f a t e ,  j a r o s i t e ,  s e l e n i t e ,  and 

u t l t e r  o x l d a t i o x ~  procitrcts are common, 'The w a t e r  f ram Poi.son S p r i n g  %r;d Roper 

. . 



a d i t  c o n t a i n  a p p r e c i a b l e  arnounts o f  mo1,ybdetlum. A s  i.s c.onrnkon i.n many rnolyb,- 

d e n i t e  d e p o s i t s ,  t h e r e  h a s  been re1at:i.vel.y L i t t l e  l e a c h i n g  o r  secondary e n -  

r i c h m e ~ z t ,  and t h e  g rade  o f  t h e  rnolybclenuni ~:cm.ains c o n s t a n t  from the r;urEace 

t o  a dep th  of  a t  l e a s t  800 f e e t ,  Yel.1.0~ f e r r i r n o A b d i t e  -. ----- (*?) :i.s prc'selrt b.ut 

is n o t  r e a d i l y  r e c o g n i z a b l e  becausc  of  f-hc? o t h e r  abunclant ye l low s r c o n d a r y  

/q 2 r 
m i n e r a l s  ; i t  a p p a r e n t l y  -4Ie~t.e n o t  lnJ g ra  t e  any d i s t a n c e .  Dark bJ-t~e ilsem;~xn- -.---- 

n i t e  (?)  js abxandant ou t h e  dump of  t h e  Roper a d i t  and a long  ,a i'atrtlt zone i n  -- 

t h e  most. in te .nse ly  a l t e r e d  p a r t  of t h e  al.te:red a.rea. The m:i.neral . is presenk ly  

b e i n g  formed on tile dump a t  p o i n t s  whe re  w a t e r  from the adi. t  e v a p o r a t e s .  A t  

b o t h  J . o c a l i t i e s ,  t h e  " i l se rnann i t e"  a p p a r e n t l y  has  migrate t i  some d f s t  ar1cc.l b e f o r e  

be:ing d e p o s i t e d ,  The dark b l u e  c o l o r  changes t o  v e r y  p a l e  b l u e  t h e n  pinki.sli 

w h i t e  w i t h  : i .ncreasing humid:ity ou: when w e t .  The mineral. i.s hip,l.t%y s n l u h l c  

and can e x i s t  only  i n  a r i d  c l i m a t e s .  Actual . ly,  i t  p robab ly  occurs  as Cuco-- 

mungo as a whole favni-1-y of  m i n e r a l s  r.:ontain.ing v a r y i n g  anlourlts o f  w a t e r  and 

varyi.ng p r o p o r t  i o ~ s  of  d i f f e r e n t :  -val.ent rnol.yb d e n u ~ ~ s  ; some var l . e  t ies may a l s o  

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

Other  Occurrences  n e a r  Cucomung --. .--- --.-- ---- ---. 

Many s m a l l  shows o f  mol.ybdenite a r c  p r e s e n t  i n  t h e  area as ofLshoots  

of t h e  main Cuco~ntrngo 

McBo&c Prospec t .  The McEoyLc! o r  Copper Canyon p r o s p e c t  J s  s o u t h  of - - -- -- 

t h e  Cucomur~go d e p o s i t  i n  Copper Cntlyon a t  t h e  Ca'l i fornia--Nevada l l n e  i n  

unsurveyed Sec,  L G ,  T .  7 S ,  , R. 39 f?. One hundred f e e t  above t h e  canyon 

f l o o r ,  rn01ybdeni te~ p y r i t e ,  and mi-nor q u a r t z  occur  a l o n g  a f a u l t  a l o n g  t h e  

c o n t a c t  between "Uncle Sam" q u a r t z  mox~zonitc porphyry and rnarb.ie, In t t ie  

canycrn bot tom,  ilsemannzite. ( ? )  and ferriinol~l-)ditr.t.,te s t a i n  a. 4--inch f a u l t  zone ------..-..".- .-.----- - 
i n  the q u a r t z  monzonite. 

P" - 
C u c o m s o  Ctir~yon. On t h e  west  s i d e  of Cucomungo Canyon i n  t h e  SFl 114 ---- - --- -- 



7 S " ,  M. 39 E. n e a r  t h e  Cal.ifori1i.a-Nevada I i n e ,  m o l ~ b d e n i r e -  .-- .----- 

b e a r i n g  qua r t z  ve ins  i n  "Cottor~wc~od" grar:i.te are  exposed i n  a  s m a l l  p i t .  

GOLI>PISZNT M I N I N G  IIISTRTCT, ESIBMLDA COUNTY e 

A l a r g e  body of.' g r a n i t e  i s  exposed i n  tlxe wes te rn  p a r t  of S l c ~ t c  Ridge, 

~n~a1 . l . e r  masses and d i k e s  of  t h e  s ame rock b e i n g  exposed el.sewfic?re. :i.n t h e  

Ridge.  The graall.te Int r r rdes  Cambrian s h a l e ,  Il-mes t o n e ,  arid q u a r t  zd. t e e  The 

sedimentary  rocks  a r e  i n t e n s e l y  mctamorphosecl n e a r  t h e  g r a n i t e  h u t  ottly 

s l i g h t l y  metamorphosed e lsewhere .  h p l i  t e ,  p e g m a t i t e ,  q u a r t z  monzvnlte porphyry,  

arrd d i o r t t e  porphyry d i k ~ . ;  Z r ~ t r u d e  t h e  g r a n i t e ;  r h y o l i t e  f lows l o c a l l y  c a p  

the o t h e r  rocks .  The g r a n i t e  is  cc~nrse -gra ined ,  axad c o n s i s t s  o f  o r t h u c l  rise, 

q u a r t z ,  b i o t i t e ,  and accessory  z i r c o n  and m a g n e t i t e .  



Away f rom t h e  gran.-i.te, t h e  scdirnc?ntary roclcs :Ire gent1.y f o l d e d  a.:l.ong 

n o r t h e a s t - t r e n d i n g  a x e s ,  b u t  n e a r  t h e  stsock clip s teep1.y  away from t:he g r a n i t e  

s t o c k  w i t h  buck l i . ng  and Isocl.ina.1. fol.d:iny, b e i n g  common. Normal. f a u 1 . t ~  c u t  

t h e  g r a n i t e ,  a 

S t a t e l i n e  Mine, -- 

( T h e  S t a t e l i n e  g o l d  mine i.s on t h e  s o o t h  s l o p e  of  t h e  end o f  S3,;it.e Ridge 

i n  S e c .  2 7 ,  T. 7 S., R, 41 E. P r o d u c t i o n  h a s  b e e n  small ,  A 1.0- t o  14.--foot: 

. ve in ,  s t r i k i n g  n o r t h - n o r t h w e s t  and ctippi11.g 60' N, , c u t s  Paleozo:Lc do1 o ~ n i t c  

fo rming  a  r o o f  p e n d a n t  in J i r r a s s i c  (? )  g r a n i t e ,  The veLn c o n s i s t s  m a i n l y  

of vuggy q u a r t z  and l i rnonitck c a r r y i n g  t h e  g o l d  v a l l ~ e s .  A Litct3e wu_lSe~g~e_ 
i s  s c a t t e r e d  E-hraugh Llle v e i n .  

Bull.--Geor~e P r o s l c ? c t .  The BnL1frag-George p r o s p e c t  i.s on t h e  --. .- --.- 

n o r t h  f1.ank of S l a t e  Z<i.i.dge on a domical I-iiLl n e a r  t h e  Lida-Gold Motintaitl 

Road ( T h i s  would p u t  i t  r o ~ l g h l y  2 mil.es so i t t h  of: G o l d p o i r i t , ) .  According  t o  

B a l l  (1907,  p.  3 921,  t h e  p r o s p e c t  i s  d e v c l o i ~ e d  by s e v e r a l  small tlxf s a n d  p i t s .  

T h i s  o c c u r r e n c e  c.ou3.d n o t  be I-ocatecl w i t h  cer t t r ln t :y .  

A t  t h e  p r o s p e c t  (Bal-1, 1907 ,  p, 19%-19!3), a 4- t o  3-Coot wide  q u a r t z  

vei.n, s t r i k i n g  N. 70'". a:n.cl dippi .ng v c r t i c . a l . l y ,  c u t s  t h c  g r a n i t e  and c a n  

b e  t r a c e d  f o r  a b o u t  a q u a r t e r  o f  a vnllcr. 0t:he.r qua r t z ,  v e i n s ,  w l l i c l~  w e a t h e r  

i .n r e l - i e f  and a.re  traceixb1.e f o r  l o n g  d i s t a n c e s ,  arc  exposed  i n  t h e  surrou~ld: i .ng 

S 
11ill.s; some of: tliesc. ve:hns c:on'i:a:i.xl fel.d:;par ancl o t h e n  gracle I n t o  pegmat:l.te 

di .kes.  The vt:i.n wal . l s  a r e  g ra t i a r iona l .  w i t h  t h e  g r a n i t e .  I ,oc.al ly,  t h e  grarxi.te 

a l o n g  t h e  v e i n s  fraci been crush.ed and t h e  f r a g m e n t s  c.ement.ed by quartz, E].se- 

where  t h e  vein quarLz i s  crtlskiecl and receiuented by " l i m o n i t e "  and cha lcedony .  

The f e l - d s p a r  :i.n t h e  granite-I.ong t h e  v e i n s  h;z:i been  a r g 4 . l l i z e d .  

Sma l l  pods  and g r a i n s  of  p y r i t e .  and c h a l c o p y r i t e ,  w i t h  l e s s  gal.e.na and 

r--s 
c l ~ a l c o c i t e  (? )  , are  s c a t t e r e d  trhrougl~ t h e  v e i n s ,  Vugs l i n e d  w i t h  q u a r t z  a r e  

' id - 
conunon. I n  t h e  o x i d i z e d  p o r t i o n s  o f  t h e  . v e i n s ,  ".l.inion%te," mal.aci-lite,  

" * 

c e r u s s i t c ,  and a z u r T t e  f i l l  c r a c k s  artd cavi.t.i.es. F r e e  go1.d i s  pret5ent  ancl 



t h e  main  s o u r c e  o f  v a l . t ~ e s .  111 t h e  main vein., pux-p2.e f l . u o r i . t e  o c c u r s  i n  

c r e v i c e s  i n  t h e  cjna.rt:z and a s  cu'bes up t o  l/4-i.rrch a c r o s s  l i r r i l l g  .v,,lgs, 

M o l ~ b d e n i t e  o c c u r s  sporadica:Ll.y III sn1al.1 t a b l e t s  nrlcl i r r e g u l a r  masses  i.n - --,-- 
and be tween t h e  q u a r t z  " i .ndividual .s"  o f  t h e  main v e i n  a t  t h e  prospecf i .  B r i g h t -  

ye1 . l . o~  n e e d l e s  and t u f t c r i  a g g r e g a t e s  o f  m t 3 J s e  a r e  p r e s e n t  where t h e  

R e d l t i o n  - -.-- Mln.e. liansonie (1.909) m e n t i o n s  t h a t  wuif  e n i t e  o c c u r s  i n  

t h e  v e i n s  a t  t h e  Redeniption rnine "nbot.~t 1 1 / 2  mi.%es dile s o u t h  o f  B o r n s i l . v e r ,  

017. t h e  o t h e r  s i d e  . . . . . o f  S l a t e  R idge , "  (The o l d  t o m  of i - iclrnsi lver  

a p p a r e n t l y  was a b o u t  2 m i l e s  s o u t h  o f  I;oLdpoint.  ) The nllne is deve loped  b y  

s e v e r a  L smaJ I ad i  t n  and  s l l a l l ow winzes .  The w o r k i n g s  a r c  on twc7 p n r a l  Lel 

q u a r t z  v e i n s ,  s t r i k i n g  Pa.. 400  W. and d i p p i n g  n e a r l y  v e r t i c a l l y ,  w'ilic1-1 c u t  

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

c e r # G i  t e ,  and cer a rgy  r i  t e  (? )  . 
P 

On t h e  c r e s t  of  S l a t e  Ridge ,  e a s t  o f  t h e  Keder~ip t ior~  riiine and 3 3./2 m i l e s  

s o u t h - s o u t h e a s t  o f  Go ldpo in t  (on t h e  L i n e  be tween I{, 4 1  1/2 13, and I?. 42  E,), 

w h i t e ,  s o f t  p o w e l l i t e  --- - o c c u r s  s p o r a t i c a L l y  a s  psuedoiilorplls a f t e r  f l  aiies o f  

<-7 
molybden-ife,('!) i.n q u a r t z  v e i n s  c u t t i n g  p h y l l  i te  n e a r  t h e  g r a n i t e  body.  

A g g r e g a t e s  o f  ye3.1ow ~ e r r f . . m o l . ~ ~ ~ ~ ~ - ~ , e _  a l -so  a r e  s c a t t e r e d  ti.krougll t t ie  v e i n s ,  

B lack  H o r s e  Tungs ten  Mine .--.-- .,-,-.-. .---- 

The B l a c k  Horse  ( A l i c e )  t u n g s t e n  mine  i s  i.n S e c ,  25, T. 2 N,, R. 34 E . ,  

a b o u t  1 2  mil .es  w e s t  o f  Coal.d;~l.c arltl n s h o r t  dlist:ance n o r t h  o f  [I.  S -  Iltg11w;-y 6" 

The work ings  c o n s i s t  o f  a  L20-foot: a d i t  and numerous p % t s  and t r e n c h e s  

e x t e n d i n g  f o r  a b o u t  n thousax~cl f e e t  a l o n g  t h e  t a c t i t e  zone .  FL sma l l  amount 

of  t u n g s t e n  h a s  been  pruducbed from t lic '~*lorlzings. 

%n.terbedcleti I.-Imes tone,  horrlf el s, quar t . z : i t e ,  arid metn--volcaxz:j.c r o c k s  a r c  

exposed  i n  t h e  mine a r e a ,  Small  c r y s t a l s  o f  s e h e e l - i t e  are s c a t t e r e d  till-ouglr 
. . 

two n o r t h e a s t - t r e n d i n g  t a c t i t e  zones  which  a p p a r e n t l y  r e p l a c e  l i . n ~ e s t b n  b e d s ,  



A body o f  q u a r t z  monzoni.te i s  exposet l  several. bur~clretl  ferzt: kc:, t h e  n o r t h .  

S c h e e l i t e - q u a r t z  v e i x s  cu.t: t h e  t : a c t i t c  a~~c l  c o u n t r y  roc ice  L,oca:Ll.y sporat:i .c 

f Ealtes of n to iybden i t c  and powell  i t e  o c c u r  w i  t h  t l ie  sel-ierrl t t e .  

Red B i l l  i s  a s m a l l  h:il . l  im1nedi.at:el.y w e s t  of U. S .  liigl-lwrjy 95 i u  Scc .  3 4 ,  

2. , . 3 . It:, :I.s yuit:c d i s t i n c t i . v e  b e i n g  mt1c.11 rc?c.fclcr t:lraz~ t h e  

s u r r o t m d i n g  h.il.Ls. 'L'tlis occuurence  a p p a r e n t l y  i s  t h e  s;xme a s  that: d e s c r i b e d  
AJ 

a s  " n e a r  ~edl.i.c:Jk' 'by S;mfo.rd and S t o n e  ( ; I Y . l . l i ,  p. 120) . I:: a l s o  h:rs bbeel~ Icnotiii-r 

a s  Xioclc Hi.11. a l t h o u g h  ti1i.s name a p ~ 1 . i e s  t o  t h e  enLi . re  di.st:r-.i.ctr, Thc o i l  Py 

clevelopment h a s  been  4 di.arnoncl d r i l l ,  I.1ol.e~: t h r e e  h o l e s  (293, 3 0 6 ,  anti 7135 

f e e t  deep )  d r i l l e d  by American M e t a l  Climax d u r i n g  t h e  w i n t e r  o f  1 9 6 2 - 1 9 4 3  
,r I i.t,<@$& 

i n  t h e  grave:L-covered f l a t  n o r t h e a s t  o f  &If'.+ H i l . 3 .  anci east o f  'IS, S .  Highway 9.5; 
ia p d  

and a knole dr:il . led i n t o - , ~ ; h e  Eiil.1 i t s e l f  by l ienr  Creek  Mini.ng Co, i n  1.966- 

An I.ntr:nsivt:: trf q u a r t z  monzoniCe po rphyry  is  cxposcti i n  Recl Ili.l:!., The 
. .,*,,!)$ <: ,>$ 

c o n t a c t  o f  t h i s  i n r r u s i v e  body wi t t i  t h e  su . r round ing  r o c k s  i s  everywhere  covercd  
4 

by aJ.luviurn, Z'lte i n t r u s i v e  body h a s  war i o u s l  y  been cons ic iered  t o  b e  mushroo~n- 

shaped ,  dortial -In s h a p e ,  o r  dornal but.  hav$.ng i t s  top ci'lspl,aced eastward by 

th r t . l s t - - . f a~z l t i ng .  The two highway r o a d c u t s  in t.he e a s t  f3.anlc o f  t h e  hni1.l 

e x p o s e  a s tockworks  o f  small, i r r e g u l a r  q z r a r t z - p y r i t e  v e j n l e t s  i n  s c ~ r i c i t i ~ c d  

and  s i l . i c i f  l.ed q u a r t z  ~non.zonit:e. k: occtzrs a l o n g  t h e  margins of 

t h e s e  v e i a l e t s .  Srnall.~!r amounts o f  p y r i t e  and r a r e  cha: l .copyri . te  al .so a r e  

0 
p y r i t e  (? )  boxwor1c.s and c o a t  f r a c t u r e s  J..n the zone of  oxi .da . t ion .  Younger, -, 

through--ls,oI.ng, ntsr t i - iwest- tre~zding q u a r t z - f  t?Irlspal:-f:Luorite v e i n s  c1.1t t l ic  

i n t r u s i v e  and sur rouncl ing  r o c k s .  

'She t h r e e  hnjerican ivlet;ll C l  i~nax h o l e s  p e n e t r a t e d  a l l  u v i u ~ n  and phyll i te; 

Fig i l r c  -- . G e o l o g i c  l o g s  o f  t h e  h e r i  c a n  Metal C l  imax d r i l l  holca; 
* ' 

a t ' ~ e d  H i l l  showirrg rciclc t y p e s  and c o p p e r  and rnolybdentrm 



o n l y  i n  h o l e  n o ,  3  w a s  q u a r t z  monzoni te  e n c o u n t e r e d  (see F i e ,  --- 1. NO 

i no lybden i t e  wilts obse rved  i n  trl-le c o r e ;  t h e  phyl.l.il:e. i:ontai.nc?d 4-40 ppcr Mo 

and 80-300 ppm Cu and t h e  q u a r t z  monzoni te  36-200 ppm Mn and 60-J.00 Cu, 

Some dissemizzat:ed p y r i t e  was encourltercrd ant1 i n  1lol.e n o ,  I. a nrrmber 8 E  

q u a r t z  v e i n l e t s  conta i -nkng s p h a l c r i t e ,  s c i ~ c e f  i t e ,  and p y r i t e  wcrc  c t ~ t ,  1'!1t1 

Bea r  Creek  Mining Co, h o l e  was e l ~ t i r e l y  i n  t h e  quartz rnoiizonitc and rc .por t t .d ly  

averaged 100 ppxt. No w i t h  no s i g n i f j  c a n r  c i ~ ~ i n g c  i n  grade wit-11 cIeptll+ 

G i l b e r t  Mining D i s t r i c t  ."-- *" .. 

The. G i l b e r t  mitring d i s t r i c t  i.s i n  th.e v i c i n i t y  o f  ~:ire! g h o s t  town of 

G i l b e r t  which i s  10 miles n o r t h  of U. S .  Highways 6 and 9 5  i n  t h e  M ~ ~ n t e  Cr i s t ~  

R.ange 0 %  n o r t h e r n  Esmeral.cln County.  

I n  t h e  d i s t r i c t  a "wi.nd<iwl' O E  p r e - l l e r t i a r y  r o c k s  less t h a n  a mi.3 .c~ scjrlare 
,I 

i s  s u r r o u n d e d  by o v e r l y i n g  T e r t i a r y  vol .conic  I.-ock, O.rdov-icfan ( I ! )  lirnet.;torue 
*..~. 

and minor  i n t e r b e d d e d  s h a l e  and ~ u f f  i n t r u d e d  by qnart:z rnonzorlite are exposed 

i n  t h e  "window. " The q u a r t z  ~rlorlzoriite i s  nl ask1  t i c ,  c o n s i s t i n g  essc l~t i i i l  ly 

o f  q u a r t z  and f c l d s j - ) , ~ ~ .  

Carr ie .  Mine. 'The C a r r i e  m-Lne is I.n Scc .  26 ,  T .  4 N,, X .  38 E., 2 nr.i.1.e~ --. 

s o u t h e a s t  o.f G i l b e r t ,  T h e  d e p o s i t  has been ttriowri s i n c e  1.890, and tans inter-. 

m i t t e n t 1 . y  produced s l % v e r - l e a d  o r e .  In 1.92.5, t h e  w o r k i n g s  cons:i.steti o f  a 

230-foot:, i n c l i n e d  (50")  s h a f t  w i t h  about- a thousand  f e e t  of  workings  on 

t h r e e  1eve l . s  a n d  consl.ilctr;lbl.e s top l .ng  on t:hc uppe r  I.eveLs p l -us  sonre surf;rcc? 

work. l i e p o r t e d l y ,  l l t t L e  work has been done  s i r i ce  1925. 

Quar tz  v e i n s  o c c u r  in a 3- t o  :LO-.foot: w ide  s h e a r  zone in I - imes tone  n e a r  

tlie q u a r t z  m o n z o r ~ i t e  i n  t rusLve,  Tlrera h a s  beer? nloveiilt>nt a1 ong nlunac?rotts 

surfaces i n  t h e  s h e a r  z o n e ;  i .ndi.vidual.  s t r r f a c e s  arc wavy rc~f;ul.ui.ng i.n a 

b r a i d e d  p a t t e r n .  The v e i n s  a r e  a few Snclies t o  s eve ra l .  feel: I r ?  w i d t h ,  I r o n  

and manganese o x i d e s ,  coppe r  ca rbona  tx, i~11<l  b i n d l ~ e i m i t e  a r e  coinmori i n  the? 

o x i d i z e d  p o r t i o n s  of t h e  v e i n s  (Fc?rgnson, 1 9 2 7 ,  p. 141). The w a l  I rock  i s  
I .  

silicified and mi-neral . ized,  On ?:he I.00-foot l e v e l ,  t11c ve . in s  c o n s i s t  o f  



q u a r t z ,  some p y r i t e ,  g a l e n a ,  and t e t r a h e c l r l t e  nnci a l i t t l e  ch;-llcopyri t e  

and c o v e l l - i t e .  S t i b n i t e  o c c u r s  w i t h  g a l e n a ,  s p h a l e r i  t e ,  pnAdbde~-~i. tg,  and 

s c h e e l i t e  on t h e  210-foot level (Lawrence, 1963,  p .  6 5 ) .  

Eanson --. Vr=ect, ---"- Mof.ybdeait:e r e p o r t e d l y  al.so i s  found i.n t h e  1-1;nson 

p r o s p e c t  whictl a d j o i n s  t h e  C a r ~  ie mine, 

Other  Occur.renccs. The q u a r t z  mo.izzoni.te : i .ntrr .~sive at: Gi:l.bert tias a ---- ----.- -.-.. 

f r e s h ,  uual terecl  c e n t e r ,  b u t  thc margine, of t h e  i n t r u s i v e  i ,; h Lghly n l  terril 
/" 

and c o n t a i n s  widespread --- mol.ybderz:f.te -- .- ' t>eari.ng q u a r t z  ve in l . e t s  ~ h i - c l t  ext:enrd 

o u t  i r i to  thc! surrounrlirlg rot-lcs whiclz a l s o  a r e  a l t e r e d ,  P y r i t e  ancl m i ~ l o r  

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

p r e f e r r e d  o r i e n t a t i o n .  

Lone Mountain --- --P. 

Mol-ybcieniwr?. -.. reported1.y. ( E n g .  

* e x  

found "on Lone Moun~aLn$, i n  Ilsutc.r;, Ida Courrty , abou t  14  niil c s  From To~~c>pnlt 
1 * * . Moiybdeni te  fs Eound i n  NW L / 4  S e c .  13, T, 2 N., K. 40 R. i n  <I low 

h , i l l  e a s t  of Lone Mountain ---- S - t  i s  lnor: known whe ther  11b-l~ i s  t h e  same 

o c c u r r e n c e  a s  t h a t  rnelltiorled i n  t h e  i ingineer ing and Mining .Journal .  The 

m o l t b d e n i t e  and p y r i t e  arc disstrn:i.n;ltecl i n  n q u a r t z  porphyry d:ike and J.n ---. ---"--"-. 

q u a r t z  .vei.nlet:s eut t i . .ng  t h e  di.ke (N. L. Archbol.d, persorzcil conununication). 

The d i k e  i s  about. 10 f e e t  w i d e ,  i s  llcarPy v e r t i c a l  , t r e n d s  e a s  t-west . ,  r ~ t l t l  

c u t s  rne,t.avc,lca.~iic r o c k s .  S e v c r a l  st~rxft:., c!.xp:l.ore t h e  m i n e r a l i z a t i o n .  

Toniyah Div ide  Mine .---. -.,-- .--- .-.-" 

The to no pat^, Dlv:'~d.e m:i.u.e is  5 mil.es su~lt lx of Tonopah :in Sec:,  2 7 ,  T. 2 N., 

R .  42  R .  i n  t h e  Div jde  mining d j s t r k c t .  The mine i s  developed by a 580-foot  

s h a f t  w i t h  workings on 5 Leveii s. Several .  mi l : l . i . o~~  c l o l l a r s  worth of si.I.ver 

and some go ld  were  produced,  



Crow Sprj-ngs, ...,. "."--- 
Ap. Ye) 

Crow S p r i n g s  is  25: ai~:l.:i.ne m i l e s  n o r t h w e s t  of  Tonopah, at: t h e  n o r t h c a s t  

end o f  t h e  Monte Cr:i.sto Range, i.n S E / 4  T. 5 14. , R. 39 E, Here, d i kes  and 

b o d i e s  of  q u a r t z  monzoni te  i n t r u d e  t h e  T r i a s s i c  E x c e l s i o r  Format ion  (mou t l y  

q u a r t z i t e  %.n t h i s  a r e a )  ; t h e s e  roclcs are covered  by ' T e r t i a r y  v o l c a r ~ i c  roc.i.o? 

(rnostly r l lyo l j  t i e  and q u a r t z  l a t i t e  f lows and p y r o c l a s t i c : ; )  that- Irave bccn 

t i l t e d  r r m t i l  t h e y  s t r i k e  nor thwest .  and d i p  3 0 - 6 0 ' ~ ~ ;  l o c a l l y  Izl~e voican. ic  

rocks  have 'been removed by erosicrn.. 'The q u a r t z  mnnzoni te  I.s cc-,rnposed of 

l a r g e  p h e n o c r y s t s  o f  o r t h o c l a s e  i n  a v e r y  c o a r s e  m a t r i x  of  q u a r t z ,  o r t i ~ o c l . a s o ,  

p l a g l . o c l a s e ,  and hornbl.encte; masses tmd dike.?; o:E l a t e - p h a s e  ;zpJ.ite c u t  t:he 

main-s tage  i n t r u s i v e  rock .  Prc?minera.l f a u l t s  most con1n1orrl.y t r e n d  N .  45 W ,  

and a r e  v e r t i c a l ,  o r  I.ess comn~only N. 60 E.  w i t h  drips o f  60-70' NW, o r  inore 

r a r e l y  N-S w i t h  n e a r  v e r t . i c o l  d.ips. S e v e r a l  ahcarc i l  and b recc%at t?d  a r e a s  

c.ut t h e  i n t r u s i v e  b o d i e s  ; minera.~.izat-i.orzt and i n t e n s e  alteral:i.oal have be<>.n 

p1 
-a& ------- ---- ---- ---- --- --- - - 

F i g u r e  --. Geologic  map of t h e  Crow S p r i n g s  p l u t o u ,  

l o c a l i . z e $  i n  t h e s e  a r e a s ,  and is  n:Lrirost e n t i r e l y  i n  b:.ile q u a r t z  morrzonl.t-e. 

The Copper Queen b r ' e c c i a t e d  zone e o ~ ~ t a i r r s  a  stoclc work o f  q u a r t z  v e i n s  

a long  s h e a r s  t h a t  have  t h e  same gene ra l  o r i e n t a t i o n s  a s  t h e  prerni11era.1 f a u l - t s ;  

t h e  a d j a c e n t  r o c k  i.s s i l j - c i f i e c l  t o  " j aaperol.d."; ox ida t i . on  h a s  proriuced 

c h a l c o p y r i t e  boxworks and s t a i n s  o f  "Limoni te ,"  mmala.chite, a.nd a z u r i t e ,  

The S t a r  b r e c c i a t e d  zor.~e :i.s c 'harac ter i .zed  'by a r g i 1 . l . i ~  a l t e r a t i o n  a l o n g  s h e a r s  

that: stri:.li:.e Pa, 60" E. arzct d:I.p 60"--70' NW. "J:hi.s a l . t e r a t i o n  is rnore perv:ls.i.vct. 

than th.e j a s p e r o i d  a. l tcrat i .oxl  in t h e  o t h e r  a r e a ;  t u r q u o i s e ,  l i .moni te ,  and 

chaXcopyr i t e  box work,^ a r e  p r e s e n t .  

S u r f a c e  samp3.e~ from s e v e r a l ,  a r e a s ,  t h e  1 .arges t  be:i.ng t h e  Copper Queen 

zone,  cont  a:in anomal.ously-11i.gIl (more t h a n  300 ppm) copper .  MoLybdenurta 

anornal-%es (more t . h n  30 ppm) a r e  b r o a d e r  arld less d i s t i n c t ;  t hey  cover  b o t h  

. . 
b r e c c i a t e d  z o n e s ,  as w e l l  a s  e x t e n s i v e  a r e a s  w i t k t  l : i t t L e  a l t e r a t i o n  o r  

ev idence  o f  m i n e r a l i z a t i o n *  



llri:l.%i.ng by Flomesta'ke r:evealeci porphyry--copper t y p e  mlnera l i za t . ion  under 

the  oxicli.zed capp ing ,  C;l:~alcopyri.te is the main o r e  mi.ner;al., --."". nxol.ybdeni.te -.,,-.*.--..---..- i.a 

present  I.SI srnalJ.er m o u n t s ,  



11x1 t h e  Div:i.cle d i s t r l i . ~  t ,  s i l v e r - b e a r i n g  v e i - n s  , mas t:l y  t.rc!nc!Cng n o r t h  and 
6':: 

d i p p i n g  ver t i . ca : l l .y ,  f  ol.low shear  zoilcs :in Frac t i .un  Khyol. i t c  lirc>cc i.a Membc-r 
it 

o f  t h e  Miocene Siebert :  Fo r r i~a t ion  (Knopf, 1.921.; lionham, j .  Bodies  o f  

Oddie =yo1  l t e  and Div ide  h d e s i  t e  intraiclc. t h e  F r a c t i o n  B r e c c i a ;  1'1 i o h n e  (1) 

l a t i t e  fl.ows cap  t h e s e  rock  u n 5 t s .  N~.inleroils f a u l t s  c u t  tlic? r h y o l . i t e  b r t t cc f  a .  

The f a u l t s  form arr e x t r e m e l y  compl.e:i pr- l t tern,  :in t:iiis respec:L be:i.r.ii; n so~~t:liiw;>rd 

e x t e n s i o n  o f  t f i ~  [ n u  Lt-in8 a t  T n r ~ c ~ p a h .  

The p r imary  7~e:i.n m a . t e r i a l  i s  l e a n l y  m.iner:-rll.zc-?d f  ragmerits of  !:he riiyol. i. t r  

I-rreccia con tn in . ing  a s m a l l  amount o:E fi.rre, d i s s e m i n a t e d  p y r i t e  ant1 nii.nor t:.tr.i.n 

v e i n l e t s  of vugg:y q u a r t z ,  'The r a r i t y  of  q u a r t z  arid si..l:i.cifI.cati.orl c o n t r a s t s  

w i t h  t h e  abundance  of: i n t r o d u c e d  s i l i c a  i n  t h e  Tonopalr c i i s t - r i c t ,  S ~ ~ i > c r g c n r  

e n r i c k ~ m e n t  h a s  r e s u l . t e d  i n  the d:>wzaward c o n c e n t r a t i o n  o f  s : l l .ver  a s  " s c t c ~ t y "  

a r g e n t i t e ,  which  s r n b s e q ~ ~ e n t l y  h a s  been a l m o s t  e n t i r ~ l y  c o r ~ v e r t c d  t:o c e r a r g y r i t e .  

The c e r a r g y r i t e  o c c u r s  a s  masses  a l o n g  : i . r regl~. lar  seams o f  s e r i c i t e .  

Molybdenum rni.ner:al.r; occ t i r  i l z  one  a r e a  of  t h e  Totlopah Div;i.de mine ,  brit 

h.ave n o t  been  repc:>rte$ e l s e w h e r e  i.n the mine o r  d i s t r i . c t : .  A consi-derab1.e 

urnount of  kl r igk~t  yc3l.low molybdi . te  . .. is p r e s e n t  as aggregate: ;  o f  m i n u t e  nectll.c:s 

on t h e  1.65-foot: ].eve1 a t  t h e  p o i n t  wilere t he  t l i .scovery crossc t i t :  cu?:s ~ r h e  111a.i.n 

l o d e .  The m o l - y b d i t ~  cli:saypears w i t h  dept l l ,  and a t  t h e  c o r r e s p o n d i n g  posi t .  i 0x1 

on t h e  next ,  l ower  level .  t h e r e  i s  abundant  p o w e l l i t e .  The p o w c l l i t e  i s  t lnusual  

Fn b e i n g  p r e s e n t  as d i s t i n c t  c r y s t a l s  -- crys ta1 .s  o f  p o w e l l i t e  have o n l y  been 

r e p o r t e w  from two o r  t h r e e  o t h e r  i o c a i i - t i e s  i n  t h e  w o r l d .  I'ough (1937) 

st:ates t h a t  t h o s e  a t  t h e  Toaopah D i v i d e  mine:  

o c c u r  i.n c r u s  t:s , :l.in.ing; sma.l.1 vug!; . . . . . and forrn continunuc; 
l a y e r s  o f  f i r m l y  I .n tcrgrown c r y s t a l s .  The corriponent c r y s t a l s  
a r e  s m a l l ,  a v e r a g i n g  a h o u t  1.5 mm. i n  breadt1.1, a l t l l o u g h  . . . . . 
t h e  l a r g e s t  a r e  a s  much a s  5 I ~ . I T L .  a c r o s s .  They d i f f e r  great:l.y 
i n  h a b i t  and c:olor, [They a r e ]  deep  t1-ansparent  brrwx1 t o  
mi lky  brown [ a s  w e l l  a s ,  1 p a l e  yellow-brown and a l m o s t  com- 
p l e t e l y  t r a n s p a r e n t  . . . . . Some a r e  pyrai~ziclal., w l l i l e  o t l ~ e r s  
a r e  t:hin.'ly t:abul.ar, rcsewbl . ing  w u l . f e n i t e  c r y s t a l s  o E t h t s  
h a b i t .  

Pough d e s c r i b e s  and i l l - u s t r a t e s  t I i e iv  v a r i e d  Zzabir i n  sorne cletrai l .  . . 



G o l d f i e l d  Mini% D i s t r i c t  - - " ---.--- 

Columbia. I lorton (1.916, p. 8 7 )  s r a t e s  t h a t  m o l G t i e n i t e  I.s found: .------- -. 

A t  Colurnb-ka . . . . . w i t 1 1  powell.i_te, s c h e e l i t c  and  k a o l i n .  

Coltrmbia is just n o r t h  of the town of G o l d f i e l d  i n  Secs .  35 a~rcl  36 ,  T ,  2 S ,  , 

R, 42 E.  The occur rence  was n o t  l o c a t e d ,  

Si lver  --.- --.- P i c k  -.--- S h a f t ,  M~;7Jd~aite was noted ( S c n r l . ~ ,  1.948, p l a t e  11) :i.n 

a . l .aski te  encountered :in t h e  bottom of the 1.300-foot S i l v e r  P i c k  s h a f t  -i.n 

the  SE 1 /4  Sec, 35, T, 2 S , ,  R. 42 E ,  A l a s k i t e  a l s o  was encountered i n  t h e  

i 

e a s t  end of t h e  1100-foot l e v e l .  The a l a s k i t e  i n t r u d e s  Cambrian ( ? )  s h a l e ;  

130th a r e  o v e r l a i n  uncnuformhy hy the? T e r r i a r y  v o l c a n i c  rocks  of t h e  d i s t r i c t .  

A l a s k i t e  i s  exposeci on tile e a s t  f a c e  of  the dump a t  tltc s h a l t  c o l l a r ;  

ms lybden i te  occurs  a s  i s o l a t e d  f l a l i e s  and r o s e t t e s  d i s semina ted  sparse1.y -.--.*.- 

throug!:~. t h e  a l a s k i t e ,  anid p y r i t e  al.so is p r e s e n t  as g.rr:~:i.ns i n  t h i n  rluarl:z 

v e i r i l e t s  c u t  king the aLnk;ltite. 

McNamara Mine -.-.-~- "--- 

The McNarilara. 1c;id-si lver ~ n i n e  i s  on t!.ie n o r t h  :;%.ope of Palmet to  Iloun.ta-in 

\ 

i n  t h e  SW 114 01: ulzsurveyed Sec.  6 ,  T, 5 ! j e ,  Re 40 E n  'the worltirwgs cc.tnc;.ist 

of a s h a f t ,  t h r e e  acli.ts, d r i f  ts al.ong t h e  veirx, and severayl smrt1.l. stope:;, 

t o  ~ a . S l . i r ~ g  l e s s  than  a thousarid f e e t .  Prodxsctrion h a s  been sma1.l.. 

The d e p o s i t  c o n s i s t s  of s m a l l ,  i r r e g u l a r ,  oxidl .zed o rebodies  :i.n thin--  

bedded, i.rnpt1r.e t ' a l eozo ic  l ln ies tones  a long a N. 60' 14. .- s t r i l c i n g ,  s t e e p l y -  

norti- least-dipping di.ke of a la~ ; l< .%te .  A Large bocly of q u a r t z  tnonzonite crops  

o u t  700 f e e t  t o  t h e  s o ~ ~ t h .  T h e  orelrrsd:hes conta.i.rt abrlndant: l i m o n i t e ,  bar:Lte, 

q u a r t z ,  c e r u s s i t - e ,  l .oca.l . ly aburxclnnt r e s i d u a l  bunches of gal .ena,  and m:lnor 

s t  a i n s  of m a l a c h i t e ,  Caiena also is d i s semi~xa tcd  through the  b r e c c i a t c d  f 
XJulfen i t e  form c r u s t s  on t h e  g a l e n a .  /---- --- 



Sylvarr ia  MIine - --- P 

The S y l v a n i a  Lead-si . l .ver  mine i .s  ixr t h e  w e s t - c e n t r a l  p a s t  o.F Sc:c, 23, 

2'. 6 S. ,  R, 38 E, T h e  mine i s  devel.crpeci by sevcra.1. s h a f t s  and a d i . t s  witi-t 

s e v e r a l .  t.housarrd f e e t  of worki.ngs. Replacement b o d i e s  and q u a r t z  Veins  

o c c u r  i n  l i m c s t c ~ n e  near  3 ~ ~ . ~ r t h w e s t - t r e n d i . ~ l g ,  nort:l~-dfipping c o n t a c t  o f  

'0ncl.e Sam (? )  q u a r t z  n.~or~zorzit.e, The l i . tnestone appear; ;  t o  b e  p r e s e n t  a s  

a I.argc ro(3.f pendan t  o f  t h e  I n y o  bat:hol:Lth; i t ,  i n  g e n e r a l ,  s t . r i . k e s  

?I. 55' W, and clips 65' CJE, and  local.1.y i s  c o n c o r d a n t  w i t h  t i le  : Ir?trusiwe 

body. 'The o r e  b o d i e s  a p p e a r  t o  b e  ~na l .n ly  i n  two b e d s  t h a t  are more 

do lond . t i c  t h a n  t h e  res t .  The o r e  b o d i e s  are t a b u l a r ,  50 t o  200 feet l o n g ,  

and 3 t o  20 f e e t  t h i c l c  ( t h e i r  down.-dip dimensiorss  are n o t  e l . e a r ) ,  The 

p r imary  o r e  c o n s i s t s  p r i . n c i p a l l y  o f  a . rgen t : i f e rous  g a l e n a ,  sarne sphal .e r i t :e  

(whic1.r i n c r e a s e s  w i t h  d e p t h ) ,  and p y r i t e .  To a deptlh o f  1.00 f e e t ,  i.rr 

t h e  zone  o f  ox ida t : i on  a n g l e s i t e ,  c c r r u s l i t e ,  s i l v e r  c h l o r i d e ,  s m i t h s o n i . t e ,  

and cal.amine are present, - M*.nl.te, -- o c c u r s  i n  q u a r t z  v e i n s  and is  

abundant  l o c a l l y ,  and a l s o  probab1.y is  p r e s e n t  i n  t h e  o r e  b o d i e s .  

S c h e e l i t e  o c c u r s  i.n t h e  s l c a r t ~  a l o n g  t h e  c o n t a c t  and  i n  some of t h e  quil.rt:r, 

veiars. Wu.lfen:ite i s  p r e s e n t  in t h e  o x i d i z e d  o r e .  ------.. 



Mineral. M l . 1  Nin : i .~s  Jll.st~:ic;t; - .-..--..-- p- - ~ 

'Dle Mineral. Hi . : l l  mining cli.stri.ct i s  on t h e  w e s t  f l a n l c  of t:be Stl lph~ar 
* 

S 
Spr ing+ (Pinyon) l.tangn, n i a i r l l y  i n  Sec. 1.0, T* 26 N . ,  R* 52 E.  , east-cer-itrrrl 

,Eureka County, The d i s t r . i c t  was Cliscovered i n  1868, Over $2,500,000 wort:h 

of o r e  has  been prodtlced. bTini.ng was con t inuous  f-aroril 1.868 t o  1897,  much o f  

t h e  p roduc t ion  be ing  i n  t h e  e:arl.y 1 8 7 0 ' s -  There was sorurt. ; ~ d d i t i o n a l .  pro- 

d u c t i o n  from 3.912 t o  :t.gl9, Vr~lues  were m o s t l y  i n  s-il:ver w i t h  some go:l.ci, 

copper ,  l e a d ,  and z i n c ,  The workings a r e  n o t  e x t e n s i v e ,  r e p o r t e d l y  t o t a l -  

l i n g  some 3,000 f e e t ,  They i.ncl.ude p r i n c i p a l l y  open c u t s ,  nti:i.ts , :mci sh:ll.l.ow 

s topes .  

Emn~ons (1910, p ,  9 4 )  dcscribecl  t h e  geology;  Vanderburg (1.938, p ,  -51) 

adds I.nf ortnat:ion abo~.l t  the  I-l:i.s imry ofi the t l i s  t r r i c t  and  rne t n l . 1 ~ - r g i c d .  t re;lt:mi?nt 

o f  t h e  o r e .  

I n  t h e  S~t lph t j r  Spr ings  Ziange, P a l e o z o i c  1-imestone r e s t s  on s h a l e  which 

i n  turn  over l . i e s  Devonian q,uarb:z:ktze, These rocks  a r e  folcled i n t o  a syncl.l.riai. 

whose a x i s  1-i.e~ e a s t  of t h e  o re  r l epos t t s .  The o r e  c1epnc;l.t~ a r e  i n  g r a y ,  

c . rys ta l . l ine ,  dolomi.ti.c l i .mestone clippirrg 45" -75"  E.  Three narrow di.k.es, 

str:i.king e a s t  arid clippi-ng s t e e p l y  s o u t h ,  c u t  t h e  S.imestone, The dike:; a r e  

higl1l.y a l . t g r e d ,  t11e l e a s t - a l t e r e d  r0c.k be ing  composed of clusirtz, s e r i c i . t e ,  

ca.l.ci.te, arncl l i m o n i t e .  

The o r e  forms i r r e g u l a r  rep1a.cemen.t i n  a b r e c c i a  zone c u t t i n g  

t h e  bedding of t h e  I.imestorte, Tl-te b r e c c i a  zone t r e n d s  n o r t h ,  ancl i s  1/4 m i 1 . e  

long and severa l .  hunclred feet: wi.de. The o r e  b o d i e s  are i n  t h e  more intense!y 

s h a t t e r e d  p a r t s  of tlte Eone. They cornnlonly a r e  1.0 t o  40 feet:  wide,  extend 

from t h e  s u r f a c e  t o  a dep th  of 120 f e e t ,  and commonly p l i ~ n g c  45 "  E. The 

~xnder ly ing  s h a l e  i s  c u t  by smal.1 b a r r e n  c~nnrt::~ v e i n s ,  
> 



The m i r t e r a l i z a t i o n  occurs  bo th  a s  repl.acements and hrecc.f.a-fil.3.ine,~-fi.~l.l.:i-ng, a ; ~ d  

concsists  of q u a r t z ,  s i l . i . c i f i e d  rock f ragarents ,  c a l c . i t e ,  b a r i t e ,  s i  l.ver: 

chl.ori.de, argent : i . te ,  t e t r ahc .d r i . t e ,  gnl.ena, copper  c a r b o n a t e s ,  sphal .er . i . te ,  

pyromorphi te ,  c e r u e s i . t c ,  p o l y h a s i t e ,  s t e f  f n n i t e ,  s i l v e r  bromide,  py r.i.te, and 

i r o n  and manganese o x i d e s .  E i s s l -e r  (1898) ment ions  t h a t  mo1.ybcien.it.c - . - oci:tir:s 

i n  t h e  o r e ,  

The wall.  rock. around t h e  o r e  b o d i e s  ha:; heen h ig l l ly  s i l i c i f i e d .  Numero~.as 

f a u l t s ,  s t r i k i n g  ea.s!: and d ipp ing  about. 60" N . ,  c u t  bo th  the  o r e  m%ncral.i .xnt~:ic.~n 

and s i l i c i f i c a t i o n ,  

Eureka M i n i n ~ .  D i s t r i c t  .-.-. -.-,--- 

The Eureka mining d i . s t r i c t  i s  i n  t:he n o r t h  p a r t  of t h e  F i s h  C-reek ftanjie, 

s o u t h ~ a e s t  o.E Eurelca, i n  Ts. 1.8 a~ad. 1.9 N. , Rs. 53 and 54 2:. , s o u t h e r n  I;:urel<;l 

County. The di.str:ict: was d.iscovered i n  1864. Ln e v e r y  yea r  frorn 1873. 

through 1885 o v e r  a. ~rti.l.lion do3.3.ars worth  o f  o r e  was prodzlced, more t f~ar l  

5 m i l l i o n  d o l l a r s  worth  be ing  mined i n  t h e  peak y e a r  1878. T o t a l  p-roclncticn 

h a s  been more than $100,000,000; val.ues were niainly l e a d ,  s l . l v c r ,  and gold  

w i t h  some copper am,cl minor.z:i.nc, There  ;:.ire rltuuerous mines and ext:ensi.ve 

warkings  i n  t h e  d i s  t l r i c  t .  

Paleozo-ic ].injestone, s h a l e ,  q u a r t z i t e ,  and conglomerate  c r o p  o u t  2x1 the  

a r e a .  h quar tz ,  cl:l.oritc? plug of Cretaceous  age  .is exposed i n  the d i s t r i . c t  

and i s  b e l i e v e d  t o  b e  p a r t  of a l a r g e r  conceal-ed i n t r u s i v e  body,  The? rocks  

a r e  iiztense1.y .Eol.ded, and c u t  by t h r u s t  and high-angle  f a u l t s ,  (Wol.an, 1.962). 

The o r e  d e p o s i t s  a r e  replacement  chimneys, i r r e g u l . n r  b o d i e s ,  v e i n s ,  

cavern  l i n i n g s ,  and 'bedded d e p o s i t s  a s s o c i a t e d  w i t h  f i s s u r e s  in t h e  t imes tone  

and dolorni.te.. Oxicint:i.ozr, ex tends  t o  a d e p t h  of  1 , 2 C I O  f e e t .  Caverns occur  

a long  t h e  f i s s u r e s ,  l a r g e  caves  be ing  founci above the pr- i .nd .pal  o r e  boclies, 

Wherever t h e  l imestozle and d o l o ~ n i t e  is  minc:ralizc(l i t  i s  rrushecl ,  frric:tured, 

and f a u l t e d .  The o r e  below t h e  zone o f  o x i d a t i o n  c o n s i s t s  ma in ly  of g a l e n a ,  
* .  



p y r i t e ,  arsetropyr:ir::e, and spha1.erit.e. The o x i d i z e d  owe corts-i.sts p r i -nc ipa l  ky 

of  g a l e n a ,  cerus.c; i te ,  ar~gles: l te ,  nrimet.itc, ancl wul.fenltc:, The l e a d  ~ u i n e r t i i s  ---- "" 

contaixl  more s i l v e r  t h a n  golct; t h e  i r o n  m i n e r a l s  ritore g c l t i  by v a l u e  than 

s i1ve.r .  

W u l f e n i t e  i s  relatj.ve1.y nbundanir erncl wj-desprend :in the o x i d i z e d  o r e s  o f  -"--- ----..--- 

t h e  Eureka d i s  t l r i c t  . Many v e r y  Eilze specirriens have  b e e ~ ~  found. i?nc~ngll 

wu:l.fenite was p r e s e n t  t o  b e  of  poss: lble conmerc ia l  irnpo.r:tarrce acord" l rg  to  

I lor ton (1916, p. 8 9 ) .  Giane1I.a (1941,  p*"*5,?) m c n t f  ons t h a t  moiybdi-nite -- 

ot::curs irx t f ~ e  o r e ,  I t  i s  p r e s e n t  and i n  v e r y  smal.3. 

arno uln t s . 
Molybdenuni a l s o  i s  p r e s e n t  :in 
-.d .I.---- 

r e s u l t i n g  from t h e  s m e l t i n g  of t h e  c;;~%L.oI./s. i\ composite 
-'-% 

a s s a y  o f  t h e  sl-ags produced drrr4ng 1878 by rile RLchmond f t ~ r n r t c e s  si~nt+~:; O,%ri 

p e r c e n t  molybdenum. The spe i - s s  (mai.aly Fe As2 S(>r~n(?d d u r i n g  s m e l  t i n g ,  axkt1 

c o n t a i n i n g  i m p o r t a n t  values whicll were d:i:fE-Lcu1.l: t o  r e c o v e r )  px:oduced by the 

Ric:haioad f u r n a c e s  (:luring t he  same y e m  con ta ined  2 .3I  p e r c e n t  rnolyl>dem~ml, 

Vanderbr~rg (1918) c o n s i d e r s  that  t h e s e  v a l  ucls p robab ly  nr -c  represent-ntivtx of 

t h e  o v e r  one m i l l i o n  tons  o f  s l a g  and some one ixurzclred thousand Lons of 

s p e i s s  which once. was p r e s e n t  i.n t:he v i c i n i t y  o f  Eurelca. Much of  these 

wa.ste p r o d u c t s  have beerr reworlced, used f o r  road rnt?tal, c? t e .  

Antel.ope Mine -------- -,.-- 

'Lyle Antelope (F i s l l  Creek Wel.l.s, E a t h e r )  m-i..ne i s  i.n the Fish C-reek m.ini.ng 

d i s t r i c t  n e a r  t h e  W C ? C ; ~  edge of  the  F'isl.1 Creelc R.arrge .in Sets, 1 7  and 38, 

T .  1 7  N., R. 51 E, The d e p o s i t  was d i s c o v e r e d  i n  18'70, and a few tons  of 

sh%pping o r e  was produced d u r i n g  t h e  next f e w  y e a r s .  In 1.928, Jur lge Edgar 

E a t h c r ,  Robcr t  K @  1 Ly, a n d  Ed 1)r.l aney,  OF Eurc\k,t, tliscovc._recl molybtleni t e a t  

tlre mine. I n  1930, the d e p o s i t  rc.ceived a g r e a t  clear of ptibl.i.ci-ty . n  Ne"vac1:r 

newspapers.  Some developntent worlc was done b u t  no orfa was sl-lipped, 



'fhe workings i n c l u d e  a 350-foot a d i t ,  iIi 240-f o o t  rai.sc2, 2nd a narm!,er 

o f  s h a l l o w  s h , a f t s ,  i n c l i n e s ,  and other workings t o t a l t n g  a b o u t  1.,000 f e e t  

(Vanderburg, 1938, p.  4 9 ) .  Much, i.f n o t  n i l . ,  of t h e s e  workings apparen.t:Ly 

were made i t z  t h e  1800%. Sornc s t  ripping ,znd t r e n c h i n g  was dozle zf  t e s s  tile 

~ n o l y b d e n i t e  d i s c o v e r y ,  

Sklaly l.imestonc, 8ippSn.g s teep3.y and t rendi l lg  n o r t h ,  i s  I n t r u d e d  0x1 

the n o r t h  by g ran f t e  porpl-ryxy. The. Ij.rnestoru.e :ks contact-met;unorpllo:;ed al.ong 

t h e  g r a n i t e  c o n t a c t ,  T11i.s ska rn  zone i s  tnp f o  s e v e r a l  hundreci f e e t  wide. 

P y r r h o t i t e ,  s p h a l e r j . t e ,  and molybdcni te  .. . occur  i r r  the s l tarn .  The pyrrinoti-t-e 

r e p o r t e d l y  c o n t a i n s  n ickel .  

l "wo f i s s u r e  v e i ~ z s ,  ranging from I t o  5  f e e t  i n  w i d t h ,  c u t  t h e  l imestone. ,  

The v e i n  m a t e r i a l  i s  mosti  y oxid ized  and c o n t a i n s  s i l v e r ,  l e a d ,  and z i n c ,  

I n  the  Tower workings,  burrcht..; of  p y r i t e ,  ga l  e r ~ a ,  and s p h n l e r i t  e are foritld 

I n  t l ~ e  v e i n s .  No molybtlenitc was n o t e d  i n  the  v e i n s .  

The G i b e l - l i n i  (Black Lroil) manganese mine, i s  :in t h e  south-centra l .  p o r t  

o f  Sec. 3.5, T. 16 N., R. 52 E . ,  on .the e a s t  flank of  t h e  Fish  Creels Range. 

The ~rrine :Ls devel.oped by open c u t s ,  a 176--foot aclit ,  a  305-foot .  incl.i.xzed 

s h a f t ,  and over  1,200 f e e t  o f  d r i  Cts m c l  c r o s s c u t s  made w h i l e  ~ ~ i i n l l ~ g  mciizganese. 

The U. S, 13ureau of Mines d r i l l e d  s e v e r a l  e x p l o r a t o r y  h o l e s  in 1946 (Rinvon, 1 9 4 8 ) .  

S e v e r a l  p i p e - l i k e  bod ies  of  pxi lomelane,  p y r o l u s i t t ,  wad,  cmd qua r t z  

Oc 
occur  i n  l i.inest.one. A t  tlie mine, nor thwest-  Lrending f atilt  wi t l i /  r i g i l t -  

rr 

l a t e r a l  movemen"cxttends a c r o s s  t h e  F i s h  Creek Range. The o r e  c o n t a i n s  

appreci.ab1.e z inc  and n i c k e l ,  and a l i t t l e  c o b a l t ,  copper ,  vanadturn, and 

m o l . d e n u m .  A n  a s s a y  oE"representat:i.vel '  o r e  by t h e  U. S .  Rureau of M:ines - -.-.- 

(Binyon, 194%) gavc: 18.5% Mn, 3.7% Ha, 3 , 2 %  Zn, 3.0% Fe, 2 .3% CaO, 1 . 7 %  Nf, 

0.88% V205, 0.3% Co, O,L2% Cu, O . L l %  No, and 41.6% Insol. .  A sample of 

".rich" o r e  assnyecl by t h e  Nevada Mining Ar1n1yt:ical 1,abora.tory ran .  43" Hn,  

'4, e .  

1.2X Ba, 5% Zn, 2% I7c, 2% Ni, iq9%)J'i0:3p 0,2% Co, 0 . 2 2  CIA, and 0.1.2 Mtr .  



The "spongy" n a t u r e  of t h r  o r e ,  the s h a p e  of  the o r e b o d i e s ,  t h e  r a p i d  

d e c r e a s e  i n  s i z e  of  t h e  d e p o s i t  w i t h  dep th ,  ,lnd t h c  c x o t i c  metals i n  f h c  

o r e ,  s t r o n g l y  s u g g e s t  r h a t  t hc  deposit: i s  the e roded  r o o t s  of  a hot-sprir tg,  

s i m i l a r  t o  t h e  tusrgs ten-r ich  h a t s p r i n g s  a t  Golconda 2nd S o d a v i  l l e ,  Navacla, 

Bedded d e p o s i t s  c o n t a i n i n g  v311atIium, z i n c ,  sncl ntnlybdetlum (and p o s s i b l y  

t h e  o t h e r  e x o t i c  rnet:tnl.s) occur no r th  and s~3ut.k~ o f  t h e  m;angmescr. depusj-f 

( s e e  be low) ,  and i t  is  assumeci t h a t  a scend ing  h o t  waters remobil.ir?;ed tile 

m e t a l s  i-n frllese b u d s  and redepositc:d ~:hea~ r a t  and  n e a r  tht? s u r f a c e .  

Gibel  l i n i  Vanadium D e ~ o s i  t ---- - -- ------ - -- -. --- 

North and s o u t h  n f  t h e  Gibe1 l i n i  nlanganese mine ,  varladium and l e s s o r  

amo un tt: 1 )  E z i n  c , ELLX~)A_C"_~?!~~~-, u i ctiel , and b  ;I Y. i r I n  D E V < > [ Z ~ ~ I T L  ISI:ICIC 
/ , 21 3 i , ~ v r O  B ~ i l i ,  < i t  , ,* c 2 I 

s h a l e s  of t h e  wester11 fc.cies, , The G i b e i l  i n i  ex tend  f o r  o v e r  a m i l e  
3t 

t o  t h e  nort:h of  t h e  mangs.l:lese mT.ne; the Risoni. c'i.aims a r e  to  t:tic? south--  

!'"/!~ 
s o u t h e a s t  ..Gsee Nye Countyy. Vlzlues occur: i n  a zone  t lazt t  :i.s a t  I t :as t  '10 

m:il.es long  and loca.1,:l.y i s  a:; much a s  1./2-mi1.e wi.c:ie. A t  t h e  Gibcl-Lini  

p roper ' ty  t h e  s h a l e  s t r i k e s  N. 1.5" E. and clips 15' W .  

A nu~nber of companj-es have c:xpl.ol-ed t h e  d e p o s i t s ,  I n  1.96'7, A r l a x  

Minera l s  d r i l l e d  20,000 F c e t  o f  200-foot l loles on t h e  G i b e l t i n i  p r o p e r t y ;  

113,000,OOC) t o n s  o f  o r e  corrtrainirzp, 0 , 3 %  V2Q5 r e p o r t e d l y  were Eountl. 
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OSGQOD MOUNTAINS , HUMf301JDT C0 0XTU 

A l a r g e  body of g r a n o d i o r i t e  is exposeci i n  t h e  n o r t h e r n  p a r t  of the  

Qsgood Mountains. The granocli or i rc?  i n t r u d e s  l i m e s  t o n e  and in te rbedded  sli;~ le  

of t h e  Cambrian PrebLe Por~mation.  Corrtact t u n g s t e n  d e p o s i t s  occur  i n  rt-ie 

Limestomes arou~zd the margins o.E t h e  g ranor l io r ice ;  gc)lcl d e p o s i t s  occur a long 

t h e  Get:cheLL f a u l t  t ' t lat 'bounds t h e  e a s t e r n  edge of t h e  rnouxltains (Hot>: 

----" -." - - 

Figure  Genera l i zed  g e o l o g i c  map of t h e  n o r t h e r n  Osgood Moirntains,, 

sllowi-ng t h e  I - ~ c a t i o n  of  t h e  var i .ous  mines.  

-"--"...- - ..--.-..---.--. "" "- 

and WiLlden, 1964) ,  More than 500,000 u n i t s  of WO have been produced, 3 

Four tons  o f  molybdcr~urn were procliiced from t h e  Tonopnh 111ine i n  1958 (scr 

below).  P e t a r  (1.932, p ,  21) menti.ons t h a t  :in 1.917 "a 1:i-2:tl.e Eland-.pi.cXcecl 

molybdeni te was mined rlear Osgood Mountain . . . from a contact -metamorpl~ic  

cleposd:t. " 

The fo l lowing  mine d e s c r i p t i o n s  b r i e f l y  summarize the more cleta:il.ecl 

in fo rmat ion  i n  Xlotz nncl W i l l d e u  (d964) , and adcis add I t .  hora; l l  c1cr;tlls ahout  

C e t c h e l l  Mine ----.- ----- 

The G e t e b e l l  ~ n i n e  i s  nxainly i n  Sec.  3 3 ,  T. 39 N., R. 42 E *  a t  ttlc 

n o r t h e a s t  edge o f  t h e  Osgood Range. '1%~ worlcings consis t :  of severa'L ~ p i ~ n  

pi  ts an3 e x t e n s i v e  underground workj.ngs. Over 600,000 ounces o E  g o l d  have 

been produced, mainly from the open p i t s .  The Getcflel l  e p i t h e r m a l  gold  

deposit :  c o n s i s t s  o f  go ld  a s s o c i a t e d  w i t h  t h e  a r s e n i c  s ~ l f i c l & ~ r e a l . g a r  and 

o r p l r n e ~ ~ t ~ i n  f ract rured rocks  a long tfte h lgh-angle  Getchel l .  f a u l t  zone (Joral.em;m, 

1.951) . 1,oeally t h e  gol.tl-arscntc m i n e r a l i z a t i o n  1s supc?r:imposed on t h e  cnntat:t 

tuti.gs t e n  d e p o s i t  descri.hccl below a s  tf lc? .  Tonopah nii-ne. 



ufdl..!:ka;e :is :found i .n  associ.ati.om w:i.th r ec t lga r ,  orpirnent:, marcas i t :c ,  

and sti .bn:ite I.n and nea.r g r a n o d i o r i t e  di-kes and s i l 1 . s  t h a t  have  perletratecf 

t h e  s i l i c e o u s  g o l d  o r e ,  Rotz autri Wil lden (1964 ,  p.  92 )  s u g g e s t  t l ~ a t  tilcrc: 

may have been a long gap  berrweelz f I ~ e  deposi.t:ion of  t h e  t u n g s t e n  and io1.d 

--- t h e  tu.ngster1, be ing  d e p o s i t e d  i n  ].at-e Cre taceous  t l r r~e  3 r d  the g r ~ l d  i.n t:hc 

l a t e  T e r t t a r y .  Th i s  assumpt ion is  based tna-i..sr.ly on t h e  lead-a l .ph~r  age o f  slie 

g r a n o d i o r i t e  i n t r n s i v e  and t h e  si.mi1.ari. t y  of the g o l d  ini.neral i .zat j .on t o  a 

widespread c p i s o d c  of  n~ i r re ra l i za t io rz  of l a t e  T e r t i a r y  age i n  Ne~rntla. I f  

t h e  above I s  t r u e ,  i t  is n o t  c l ea r  c l~l r lng which o f  t h e  two p e r i o d s  I-hc 

molybdeni tc  was d e p o s i t e d  --- t h e  a s s o c i a t  ion w i t h  g r a n o d l o r i t e  d i k e s  

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

-i the two per io t la  a c t u a l l y  a r e  p a r t s  of orlc r _ _ o a t i n i ~ o u s  sequence of m i r ~ e r a l  i;:,itJori 

#&;;a --- s c h e e l  i t e ,  mol y b d e n i t e  and nrseni-c minerals, and a r s e n i c  minc.ral s 
4 

/ \ --- aecompani ed by  i n t  c2rm i t ~ t e n t  far11 t lng .  

Tlsemanni te  i t ;  l t r c a l l y  common i n  t h e  ~ 3 1 1 1 ~  general .  a r e a s  where t h e  --...-- "-- 

mo3.ybdenite o c c u r s  b u t  i s  n o t  fountl inc i rna te iy  a s s o c i a t e d  w i t h  t h e  molybdeni.te. 

The darlc. b l u e  i . l semanni te  Eonns p a i n t  tlai,n c o a t i n g s  a long w a t e r  c o u r s e s  in 

t h e  s h a t t e r e d  rock ,  

Tonopnh MLrre .---- .-.---- 

The Tonopall rnirzc is i n  t h e  SW 1/4 s e c .  33, T. 39 N., R. 42 E . ,  nrict co~xld 

be  consi .dered p a r t  o:E t h e  C e t c h e i l  mine. The mine i s  devel.oped by s e v e r a l  

open p i t s  600 t o  1 ,200  Feet  wes t  of t h e  open-pit: worltings o f  t h e  G e t c b e l l  

mine,  and underground worki.ngs a c c e s s i b l e  from an a d i t  on t h e  west: w a l l  of 

t h e  South Ex tens ion  p i t .  Open-plt mining bcgan i n  1950; undelgroltnd o p e r a t i o n s  

began i n  1953. Over 6,900 u n i t s  o f  W 0 3  have been produced.  



I n  1.958, 19,058 po~.lrzcls of n~ol .ybdcni te  roncesit.rates c o n t a i n i n g  4 5 , 4 %  Mo 

were produced and s o l d  by Cetchel l .  Mine, Lnc, ( p e r s o n a l  co~n~nun:i.cation, W i-1, 

Hrisie) .  These a p p a r e n t l y  were f l o t a t i o l ;  c o n c e n t r a t e s  From o r e  mined i r z  the  

~mder:gronhd work.ixlgs of t h e  Tonopa11 m:i.ne, 

Scheel.:i.te occurs  a,:$ mnal.1. g r a i n s  i ~ z  p)rraxenc?.-.garnet: t ; ~ c t i t e  i n  'I.irncbstorie 

of t h e  Cambrian Preb2.e  Formation a long  t h e  N .  50" W. - - s t r i k i n g  conilact o f  tile 

Osgoo(4 g r a n o d i o r i t e  stcrr:k (F-lotz and Will.clen, p ,  108) . P y r i t e ,  ctia:lc:)pyr i LC:, 

and mol~bdeni . t t?  - occur  i n  q u a r  Kz v e i n s  c u t t i n g  t h e  t n c t i t e  anti s c b e e l i . t e  , 

and r-ls d%sserninated g r a i n s  a.ntl f l a k e s  111 t h e  t a c t : i t e  adjacent:  to t h e  vci.rrs. 

I,ocall.y t h e  t a c t : i t c  and grainntliorit.c> are imprep,ni.rtecS witl?, g rey  qu:\r tz.  

Chase Prospec t  -"-"-- -u - - - 
A t  t h e  Chase pronpc,ct, betwc2en the Tonop;~l-r and Ri Iey  Extcnsi or* m i n e s  in  

NW 1 / 4  Sec.  4 ,  T. 38 N., K, 4 2  K . ,  scizeeli  te and g o w e l l i  -- ----- -- t e  occur  i n 3 p i t  in 

&% 
s h e a r e d  a r g i l l i  t e  a long t h e  Getcbetf  f a u l t .  

iJ&* 

P ' l e -  and R i l  E x t e n s i o n M i n e s  . A L L :  -_----I 3 ----------. 

The R i l e y  (ZieiLly, 12ernan) mine i n  t h e  nortIreri1 p a r t  of Sei:, 9 ,  1'. 311 N. , 

R. 42 E. and t h e  Rf,.l.ey Extension mine :In the s o u t h e r n  p a r t  of Sec.  4, T, 38 N., 

I?.. 42  F:. a r e  i n  the same d e p o s i t  but were m-ined s e p a r a t e l y  bci:ausc? of d i f f e r -  

i n g  ownership.  The mines a re  devcl-oped by botlz open p i t  and uudorground 

workl.ngs. Over L70,000 u n i t s  c r f  WO hawe been produced. 3 - 

S c h e e l i t e  o c c u r s  a s  siiiaL1. g r a i n s  i n  t a c t i t e  b o d i e s  i n  I.-i.mestone o f  the? 

P r e b i e  Fornlation al.nng t h e  con.t.act w:i..trli. t l z e  g r a n o t l l o r i t e  stock. (Elotz and 

Wil lden,  3.964, p ,  1.06), P y r i t e  and cha l . coyyr i t e  a r e  l o c a l . i y  a.bur~clant. as 

i n d i v i d u a l  gra:i.ns aaxd bunc l~es  S.n t h e  t a c t i t e .  S p h a l e r i t e  and Lessor  gal.erza 

a l s o  a r e  f a i r l y  coinmon b u t  l ess  p l e n t i t t t l  t h a n  tllc p y r i t e  and chalcopyrite 

MoPybdenite also :is s c a t t e r e d  spora t i . ca l . ly  through t h e  t a c t i t e .  B:ismuthmite 



a l s o  i s  p r e s e n t  Zoc.a.l.ly , Gcneral1.y t:l?c s1rl.f itle m:111.eral.s a re concen t  rateti 

i r n  p l a c e s  where  g l a s s y  g r a y  q u a r t z  i s  ahund.ant ,  T h i s  I.at:.e q u a r t z  r ep l . aces  

t h e  t a c t i t e  and also is coumton i n  t h e  granoi: l ior i . te  1.11 c o n t a c t  w i t h  ti%: 

t a c  t i t e .  

G r a n i t e  Creck  Mine 

Zlnc G r a n i t e  Crt?ek nxine: i s  i n  t h e  SW 1 / 4  S e e .  2 9 ,  'r. 38 N, , R. 42 E. , ant1 

was deve loped  by e x t e n s i v e  ui iderground w o r k i n g s .  Over 1.50,000 u n i t s  of W O g  

h a v e  b e e n  produced.  

S c h e e l i t e ,  and s p c ~ r n t i c  p y r i t e ,  c h a l - c o p y r i t e ,  and !~1~,,1~~~%~:~_1.:,$-$-~ o c c u r  t n  

t a . c t i t e  i n  n o r t h e a s t - s t r i k i n g ,  s a u t h e a s t - d i p p i n g  l i m e s t o n e s  of  t h e  Fx.eb1.e 

Forma t ion  a l o n g  t he  c o n t a c t  w i t h  the  g r a n o d i o r i t e  s t o c k  (Schi.l..Ling, l.i362), 



OTlIEEl OCCIIRPENCES , NUMBOL13T COUNTY 

W a r m  S p r i n g s  Pl%.gL~g F>-str.Lc< 

The Warm S p r i n g s  min ing  d i . s t r i c t  i s  ora t h e  w e s t  f:i.ank of  tlie Pint: Forest:  

Range, 9 t o  .1.2 mli.les s o u t h - s o u t h w e s t  o f  Deni.0. I n  t h e  t l i . s t r i c t  a  body o f  

." "7 
g n e i s s i c :  g r a n o d i o r i t e  j .ntruder; Mesozoic (? )  metasedi.merlta.ry rcrcks. Col,cl.- 

L".,.,. 

silver-bea.r:Lng q u a r t z  ve in . s  o c c u r  i n  t h e  granodlor : i . . t e ,  ; ~ t ~ c i  c o n t a c t - - t u n g s t e n  

d e p o s i t s  a r e  f o u ~ ~ d  a l o n g  its norther12 marg3.n. 

Defeose  Tungs ten  filirre. 'Plle Defense  Cungsten mine  is  a t  Co1.d Spr-i-ng on  - --. --- 

t h e  w e s t e r n  s l o p e  o f  t h e  Pi-rre F o r e s t  liange, .L/2-mi3.e sol~tlh-soutileast:  of  t h e  

s o u t h e a s t  cornc:r o f  T. 46 I i l . ,  13. 2 8  '11, %'he mine i s  de.vel.oy,ed by seve . r a l  

c u t s  and p i t s ,  and ;L 310.,-foot a d i t  w i t h  an  EIO-foot r a i s e  and 1.1.0 f e e t  o f  

d r i f t s .  About 1.,400 t o n s  o f  o r e  a.veragi.ng I , O %  WO, have. been  mined.  -3 

Granodiori-t:e i n t r u c l e s  i .n te rber lded  b i o t i t e  s c h i s t  , horilf el s , a n d  msrb1.r.. 

Numerous a p l i t e  d i k e s  c u t  the g r a n o d i o r i t e  and m e t a s e d i m e n t s .  S c h e e l i t e  and 

rnlinor ----- molybden i t e  a r e  s c a t t e r e d  ttlrougtr s n l a l l  b o d i e s  o f  q u a r t z - r i  ch t a c i : i t c  

where  marb le  i s  i n  c o n t a c t  w i t h  t h e  g ranod io r i t c? . ,  and  i n  nor theas t - t rendi rey ,  

q u a r t z  v e i n s  t h a t  bound t h e  t a c t i t e  b o d i e s ,  

V icksburg  G a i ~ y ? ~ .  MolyL~denite ,  was n o t e d  rill a 2- t o  3-1-in cil q u a r t z  ve:i.n 

i.n Vicksburg  Canyon a b o u t  1 / 2  m i l e  n o r t h e a s t .  o f  "Llc Ashdown m i n e ,  The v e i n s  

exposed  i n  Vicksburg  Canyon are p a r t  o f  t i le  same s y s t e m  o f  v e i n s  exposer1 a t  

t h e  Ashdown mine ( d e s c r i b e d  be low) .  

hslldown Mine. 'bke Asl~dowiz mine i s  12 a i r l - i n e  miles s o u t h - . s o ~ r t h \ ~ c s  t o f  ---- - - 

Denlo on t h e  w e s t  e d g e  of  t h e  P i n e  Forest- Range. 'I'he mine  i s  clcveloped by a 

number o f  a d l t s ;  underground work ings  t o t a l  a b o u t  2 m i l - e s .  P rod r i c t ion  Flus 

been, l e s s  t1zai1 1 / 2  mi l . l i on  do:l :Lars, m o s t l y  :E.n go:l.cl . 
Narrow, gen t ly -d ipp in .g  "pegmat i . t ic"  qc.lartz v e i n s  c u t  t h e  g n e i s s i . ~  

g r a n o d i o r i t c .  The ve i -ns  gcrnera1.l.y scr:i.ke n o r t h w e s t  b u t  a r e  q u i t e  :;i.nuous; 



a t  the s u r f a c e  t h e  v e i n s  d i p  20 t o  40 degrees  t o  t h e  w e s t  bur  s i c e p c n  

innrkedly w i t h  dep th .  Local l  y K-Pt.1 d s p a r  nnrl b i  o t i  L C  arc. found i n  rhe  viicf~c; :, 

p y r i t e ,  cha:i.copyrite, and rnolybdeni.te -.- ---- a l s o  a r e  p r e s e n t  :i.n smal.1 amounts. 

A. c o ~ n p o s i t e  sample of t e n  channel. sampl..es t aken  a c r o s s  the  v e i n s  cxposed i1.r 

t he  underground workings r a n  0 . 3  oz.  Au, 0 .3  oz.  Ag, 0.005% Cu, and 

0.002% Mo; t h e  veiris  sampled v a r i e d  from 2 t o  10 f e e t  i n  w i d t h ,  Molybdenurri 

v a l u e s  arc higlker i n  t h e  Vickburg Canyoct p o r t i o n  o f  & h e  v e i n s ,  

Sou the rn  P ine  Porc.st  Range ---.-- ---..". - .-.-- -.-" 

Tile geo1ot:y ok the s o u t h e r n  part,  of tlre P i n e  F o r e s r  Range I s  s i m i l a r  

t o  t h a t  o f  thc n o r t h e r n  p a r t  of  t h e  liarage. Mtlch of  t h e  Range i s  g r a n o t j i o r i t e  @? 
*k - L >  

t h a t  i n t r u d e s  Met.;ozoic\ ( I ? )  ~ n ~ t a s e d i r n e n t a r y  r o c k s .  Quar tz  v e i n s  cur t h e  

i n t r t l s i v e  and s c d i m t n t s ,  and c o n t a c t  d e p o s i t s  a r e  folrnd in t h e  sed iments  

arotlrrd t h e  i n t r u s l v c ,  

B a r t l e t t  Creek,  Two t rencher;  on t h e  sou thwes t  flank o f  Rartlett Peak 
--*------ --- 

I? '/ 
i n  t h e  Nbl , I / 4  4SW L / 4  Scc.  34, T. 42  N . ,  R. 2 7  E. cxposcs  s c h e c l i t c ,  nutyb- 

den i t ,*  and pwI?'gI-,S,itg ( ? )  i.n s m a l l  b o d i e s  of  epidotc?-r ich  t a c t i t e  a t  t h e  .,*-----.. 
.- \ 

c o n t a c t  bet-wcen Mesozoic,(?) mct:~1.;edln1enrs and g r a x ~ o d i o r i t e .  The t x e i t c  
7 f' 

r e p l a e c s  l i ~ ~ r y  beds in n s ~ q u e n c e ~ s c h i s t .  Some t u n g s t e n  o r e  has  bccn 

produced.  The l n i r ~ e  tlas been v a r i o u s l y  c a l l e d  t h e  I , incoln ,  Greenhorn,  and 

Golden S c h e e l i t e .  

D e s e r t  View P r o s p e c t .  ?Tie Deser t  View (Leonard Greek) p rospecc  --- -- --- 

r e p o r c x d l y  is  i n  S e c ,  10, T. 42 N., R .  28 E . ,  a t  an e l e v a t i o n  of  6,900 f e e t  

on t h e  wes t  s l o p e  of a n o r t h e a s t - t r e n d i n g  ridy:e. 3 t i s  developed by 

open-cut . . . 



Quar tz  v e i n s ,  s t r i k i n g  nort-lleast and d i p p j n g  r; t c e p l  y  no r t l i  , cut 

p o r p h y r i t i c  granodi-ori  t e .  The v e i n s  a r e  20 t o  115 f c c t  l ong ,  nntl r~in i :h  

and s w e l l  from s e v e r a l  inches  t o  10 f e e t  in  wictth. Pyr i  re, c11~l lcopyx. i  L F J ,  

and z _ i ~ J ~ b d e n i t e  o c c u r  in ttre wider  pares  of t h e  v e i n .  MaiacEii t c., a z d r i t c ,  

and -- fe r r imolybe t i t e  a r e  p r e s e n t  a t  ttle s u r f  ace .  Tt~ta molybdeni t c  is sc,itt GI-cd -- 

through t h e  v c i n s  as bunches and i n d i v i d u a l  c r y s t a l s  up t o  l / 4  incl~es arroc;s  

(Rirkemo, Anderson, and Creasey , 1965) , 

Pass Creclz, "powqlLJteu i r cpor ted ly  occurs i n  a q u a r t z  vcitr i n  LILIL! -- --- 

i ~ o r t h - c e a t t r a l  part.. of Scc ,  34, 1'. 44 N., Ii. 30 E .  ?'l?is occurrcrxtc r r spor t -~ i l ly  

i s  riortll of  t h e  road a long  Pas.; Creek, b u t  could n o t  be loca t i~c t  d u r i n g  ~ h l " s  

s t u d y .  The vein i s  i n  Mesozoic sed imenta ry  rocks  near a l a r g e  body o f  

grar lodior i  t c .  T t  is  q u i t e  pus:+ iible t l l c i t  the minera l  a(:tt~cll Ly i Y n i o l  y b d i a n  

s c h e e l i t e  r a t h e r  t h a n  puwel l i t e .  

(9% J u y i t e r  pro spec^ - -- 
L 

The J u p i t e r  (BLoody Run) pr i r sp rc t  i s  n o r t h w e s t  of 8<&,dy Riin P r i k  oil 

t h e  w e s t e r n  f l a n k  of  t h e  sou,tl-lern Samta Rosa Range (Bloody Run Iii:Lls) in 

Sec.  Il, T .  38 E,, K. 37 11. The p r o s p e c t  i s  dcvelopec$ h y  a 30.-foot inclined 

s h a f t ,  two s h o r t  adLts  to ta . l . l ing  abou t  120 f e e t ,  and s e v e r a l  open  c u t s .  

Small. arnounts of sc i l ee l i . t e  and ~ A ~ J - d e n i t e  a-re p r e s e n t  i n  a q u a r t z  vei.n 

in granod:iori . te .  The v e i n  i.s about a thousand feet .  l o n g ,  n few i n c h e s  t o  

8 f e e t  wide ,  t ren .ds  n o r t h - s o u t h ,  ancl i.s x~e:irly vertical. Loca1.S.y q u a r t z  

s t r i n g e r s  paral lel .  t h e  main v e i n ,  IZerr (1.946, p .  1 7 )  ment ions  that :  t h e  

s c h e e l i t e  and ~ n o l y h d e n i t e  " a r e  a s s o c i a t e d  cl.ii.ef1.y w i t h  s e r i c i t l . z e d  o r  

muscovi te-bear ing zones i n  the  q u a r t z . ' "  

Winneznucca Mining U i s r  r i c t  --- -- ----- 

J3orton ( 191 6 ,  11, 87) r r r~ l~ t io r l s  Llxtlt !ng4 ybdcrtit.e occurs  oil Winnerrrt~cco 

Mountain "wlt l - r  q u a r t z ,  cha lcopyr i  t e ,  and gypsum. " 't'his occurrence- coulcl n o t  

b e  l o c a t e d ,  . . 



Mi3.1 . l~  I ' xosyec t  ..--- 2 --,- 

The Molly (Nevada C1.J.max M.fnera1) prospect:  is  a t  the. south end crf 

Edna Moui~tain i n  t h e  Sli: I / i r  SE 1/4 S e c ,  1.4, '7. 34 N, , R. 40 1$, 'I 'itc p rospec t  

Figure Geol.ogic: map and s e c t i o n  o f  t h e  Molly p r o s p e c t ,  

T h h  parn1.Lel s t r i n g e r s  of cluarlzz f o l l o w  sheet:-ing p l a n e s  i n  qrzartz  

morrzonite o:Long a c o n t a c t  w i t h  meta-gznclesite of  the I 'ennsylvauian ( ? )  
.. . 

!)'I 
I'umpernicltel Fo5fiatlon. Il'hc st1.eeki.tl.g g i v e s  t h e  q u a r t z  monzon%te a bedtied 

appearance, The s l - lee t in8  p:lan~.s are 3 to 4 f e e t  a p a r t ,  s t r i k e  northeast: ,  

and dip 20" HI$. 'rizc v e i n l e t s  are  3 l:o 4 feel: a p a r t ,  I 1/2 i n c h e s  t h i c k ,  

and do ~ ) i ) t  extend i n t o  t h e  a n d c s i t e ,  S t r e a k s  of m o 2 ( - 1 c n i t e ,  c r u s t s  o f  

pow,?Qig,s, and gra:lt:is of c i i a l c o p y r i t e ,  p y r i t e ,  anct schee . l . i te ,  a r e  s c a t t e r e t l  

..k%f 4.., 
t h rough  the v e i n 1 . c ~ ~ .  Saunpl.es of ve ln  material  .ran 0 ') 5 . 2 %  MoS2, 032.6% WC) ' -A -  - , 3' 

A spec imen of  aiol.ybclexli t e  f rom t l ~ e  "Golconcla tltstri ... c i:" i n  t h e  Mackny 

Schoo l  o f  Mines Musec.i111 a p p e a r s  t o  b e  f roni t h i s  occur rence .  



BATTtE MOUNTAIN PSINCE , IIUMHOLDl' ARD LANDER COlTNTl ES 

'l'l~e U a t t l  e Moui~t-ain flange i s  i11 s o n t l ~ e a s t e r n i i l o s t  Iliiatl'no i d  t County and 

 no^-thern L a r ~ d e r  County, aorLhwest  t o  sou thwes t  of t h e  town o f  R a t t l e  I lo l in tdn .  
i r ' 8 '  3 

t 

About- $13 nri l l ion,was produced p r i o r  t o  19G0, main Ly from high-grcade keirrs 

and b o d i e s  i n  Goppcr Canyon. VaLues were  m o s t l y  c o p p e r ,  goad,  s j  l v e r ,  l e a d ,  

and z i n c ,  Af t e r  1941 1 , D11vaL Corp.  tlcvel oped and 1 y I s m f i a i ~ ~ g  open-pi t. 

porphyry-copper-type d e p o s i t s  a t  Copper Canyon 

The a r e a  is u n d e r l a i n  by i ' a i eozo ic  and and  v o l c a n i c  

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

F i g u r e  - --- . Q;eneraLized g e o l o g i c  nrdp 

Xoc~xtions of  the v a r i o u s  m o l y b d e ~ ~ u ~ n  o e c ~ r r f h ~ e d .  '' 
", * 

CV' 

r o c k s  which have  been i n t c n n i t t c n t l y  f o l d e d  ,lnd fa ix l t ed  by r e c u r r i n g  orogeny 

t h a t  tias contiizued un t - i l  t h e  prcsc.rzt+ Crarzdt-ic r o c k s  wcrc i n t r t ~ d e d ,  n ~ ~ ~ i r r l y  

d u r i n g  mid (? )  -Ter t i a r y  tjnte. Con tac t  me.tamorphism rtncl bycirotl-termdl a 1 t c r a t i o n  

Is wiciespreaci i n  t h e  roc.ks surrcundixlg t h e  :l..argetr i n t r u s i v e  b o d i e s .  (Rolserts 

and Arno ld ,  1965) ,  

The p r i n c i p a l  t y p e s  of  dcpcwi t s  i n  the  a r e a  a r c :  ( 1 )  porphyry-cop;~cr  

d e p o s i t s ;  ( 2 )  copper-gold vei.ns and repl-acenzent b o d i e s ;  ( 3 )  Lead-z:i.nc-s.i.lver 

v e i n s  and replaeemezit b o d i e s  ; gol. t i -si l-ver v e i n s  ; and antimony vei.11~. The 

o r e  d e p o s i t s  a r e  a r r a n g e d  z o n a l l y  around t h c  l a r g e r  i i l t r r ~ s i v e s ,  Cop l~er ,  

s i l v e r ,  and go ld  predominate  in t h e  inner  zone;  l e a d - z j - ~ t c - s i l v e r  i n  t h e  

middle zone; and antimony in t h e  out.-er zone (Rober t s  and Arnold,  1965,  and 

S a y e r s ,  K ,  W . ,  T i p p e t t ,  M e  C., and F i e l d s ,  E .  l j . ,  1960) .  
J? *,, t, , u 1 3 

14oLybdenitg; -- w ---.." i s  p r e s e n t  i n  and around a l l .  t h e  g r a n i t i c  pl.utorzs, f o r  ininany 

b road  geoche t i~ i sa I  h a l o e s .  'Yhe mo 1 y b d e n t t e  i s  most abundant  ill t h e  marei ns 

o f  t h e  i n t r u s i v e s  and i n  t h e  a d , f a c e n t  rock.s* Expl .ora t ion  t a r g e t s  I~ave  been 

found and dri1:l.ed a t  each o f  the. p lu toni ; .  



C o w e r  Canyon Undergrountl Mine .---. - -1__.-- ". 

The Copper Canyon mine is  i.n Set, 2 7 ,  T. 31 N,, R .  4 4  E . ,  a long t h e  

e a s t  s i d e  o f  Copper Canyon :in t h e  sout:hern p a r t  of  the natt1.e Mountain ilanp, e .  

The mi-ne c o n s i s t s  of  two shaf t -s  and worki.ngs on s i x  p r i n c i p a l .  1.evel.s ,a t h e  

d e e p e s t  l e v e l  be ing  700 f e e t ,  and numerous opencurls and p i t s .  The mine hrrr; 

produced 48 t l lo t~sand ounces crf g o l d ,  863  thotisand ounces  of s: i . lver,  over  XO 

f>j;,4'.<:,\ 

~ u i l . . l i o n  pounds of copper ,  6 m i l l i o n  pounds of  l e a d ,  a:~:ld 3 pour~ds o f  z:i.,nc; 
/' 

ope.r:i~tri.on ceased  i n  1959.  Duwal. Corporat iom's  open--pit: copper III:~TIC? is 

LmmediateLy n o r t h e a s t  of  the  s h a f t s ,  and mi.ncis low--gracle. DO-rt.i.ons of  t:he same 

o r e  d e p o s i t  a s  t h e  underground wor1c:Lngs. 'She workings  a r e  p r . inc ipa l . ly  -i.n t h e  

Pennsglvaniarx Bat t l le  Forlnatiori which i n  Lrhe m:i.ne a r e a  col?sisLrs of a lower 

conglomerate ,  middle  h o r n f e l s ,  and an upper dense  u n i t  of  q u a r t z i t e  and 

conglomerate. The  fo rmat ion  d i p s  s t e e p l y  westward on t h c  upper  1 e v e l s ,  b u t  

i s  v e r t i c a l  o r  over l l r rn rd  on t h c  l o w ~ r  l e v ~ l s .  A I)ocly o r  quartz nronzon-ite 

c r o p s  o u t  n o r t h  of t h e  mine and numerous cllkes o f  q ~ t a r t z  n n o ~ z z o n i t ~  arc? 

exposed i n  tlte mine. Tl~t? o r e  b o d i e s  occur  between two p a r a l l e l  fc~rrl t : ; ,  s t r f k f r l g  

nomrth and d i p p i n g  65' W . ,  some 800 f e e t  a p a r t .  Anothel- f a u l t  o c c u r s  between 

and roughly  para1 Lels t h e  two b o r d e r i n g  l a u l t s .  Sevcra3 o t h e r  high-an81 ti 

f a u l t s  w i t h  random o r i e n t a t i o n s  ex tend  between t h e  bcbrdcring i d ~ . r l t s .  Oxidized,  

en r ic l l ed ,  and pr imary o r e  h a s  been mined. The o r e  o c c u r s  i n  copper-gold arnd 

Lead-z inc - s i lve r  rep:J..acernerit bod ies .  

The copper-gold replacemcnt  bodies  range up t o  400 f e e t  long  and  bO f e e t  

t h i c k ,  and occur red  i.11 t h e  Lower c h l . o r i t i c  conglomerate  of  t h e  B a t t l e  *; 
Pormati.on. The impper c o n t e n t  dec reased  from 1 ~ 4 %  or1 t h e  upper 1evel .s  t o  

Less than  :I../%% on tile lower  I.evel..s ; t h e  go1.d c o n t e n t  ave.raged 1.f 10 ounce pe r  
p61 

ton  and showed p~ change w:t t h  dep th .  Tfre o r e  c o n t a i n e d  pyr i .  t e ,  c h a l c o p y r i t e ,  

a : r senopyr i t e ,  p y r s h o t i t e ,  and l e s s o r  g a l e n a ,  s p h a % e r i t e ,  inil.l.ybcleni.te, and 

s c h e e l j  t e ,  i n  n gangne o f  q u a r t z ,  c a l c i t e ,  s i d e r i t e ,  cal-cirm and nlagnesium 

s i l . i c a t e s ,  and bar i . . t e .  The jy-oJil~~-~bdJ~g~ occurs  mnln3.y a s  smal.2. flake:; j.11 



narrow q u a r t z  v e i n s  and a s  f r a c t u r e  c o a t i n g s  ( ' t p a i ~ l t " )  . Its  cl is t r  i hu t  i o n  

i s  e r r a t i c ,  btit 3 1. a p p a r e n t l y  wa:, most nbtmdant on t h e  -500-foor i c v e l ;  no 

a t t e m p t  was made t o  recover  i t  d u r i n g  ndni ng . The molybdeni t e  -qtra-r- t z  vt. ins  

were  d e p o s i t e d  b e f o r e  t h e  o t h e r  s.c.xl f i d e s  , * 

Oxidized copper  o r e  o c c t ~ r r e d  n e a r  t h e  s u r t a c e  and cons is t e d  of malachj  te, 

a z u r i t e ,  ch rysoco l  l a ,  abundant " l imoni te" ,  and l o c a l l y  h i g h  go  1 d v a l u e s  , 

Enriched o r e  w a s  mainly a long  fmul t zones ,  and conwistet l  mainly oS chal  cctr't r ,  

c&3'3te, and r o v e l l i t e ;  enr ichment  r a r e l y  extended below t h e  301)-foot l e v e l .  

The one l ead- . z inc - s i lve r  orebocly was on tlze 700-foot Level i n  The niiddle 

1-ro14nEe ls u n i t ,  and averaged 2 .5% l e a d ,  1 .5% zir-rc, and 3.0 ounces of s i l v e r  

p e r  tol l ,  The body was mainly  g a l e n a ,  s p h a l e r i t e ,  p y r r h o t i t e ,  p y r i t e ,  and 

minor c h a l c o p y r i t e .  No molyhdeni te  w a s  n o t e d  i n  t h i s  orebody, bu t  -- w u l f < ~ n i t g  --- 

i s  p r e s e n t  I n  t h e  ox ldixerf,  po r t i t rns  ~ T I '  ol:lrc!r I c a d - z i n c - - s i l v e r  11otl-l c s  S n  ~ l i h '  

Copper C,n~yon a r c a ,  

&- 
*& 9 Coppe -- Canyon --.- --- PorpJly - -A-w ry-Coizer -- Dcp)i; - ---- i L- 

Tbc  Copper Callyon porphyry-cuppcjr. deposit-  I s  i n  tllc SW L / 4  ~ P C .  2 2  nncl 

t h e  W 1 / 4  Sec .  2 7 ,  1'. 31 N., K.. 43  E: . ,  a long  t11e' r i d g e  j u s t  nort11 and 

n o r t h e a s t  of  thc oZr1 Copper Canyon mlne, 'I'lris deposit presezl t ly  i s  b e i n g  

rnined a s  an O ~ ~ I I - p i t ;  i n  1966 o r e  r e s e r v e s  were  eskfrna.tecl as 13,875,000 t o n s  

of s u l f i d e  o r e  a v e r a g i n g  0 , 8 %  copper ,  0.47 ourices o f  s i l v e r  p e r  t o n ,  and 

0 ,025 ocnces  of g o l d  p e r  t o n ,  and 25,403,000 Lons of Learhable secondary o r e  

averag ing  0.3% copper .  No molybdenum is  b e i n g  produced.  

The o r e  d e p o s i t  (based on a s s a y  b o u n d r i e s )  i s  1,000-3,000 fcet wide ,  

5,000 f c e t  l o n g ,  and 25-200 f e e t  t h i c k ;  overburden ranges  from 0-200 f e e t  

i n  t h i c k n e s s ,  The primary m i m ~ e r a l i z a t i o ~ r  c o n s i s t s  mainly  of p y r i t e ,  chalco-  

p y r i t e ,  m r c a s i . t e ,  and p y r r h o e i t e  which o c c u r  a s  f r a c t u r e - f i l l i n $  widrll o r  7 
w i t h o u t  q u a r t z ,  and as s ~ i l a l l  d i s semina ted  g r a i n s .  'Yhe minera:Lizatlan :is 

,."-\ 
c o n c e n t r a t e d  i n  tlae %asal\1.50.-f oot.,. 'konplomerate of  t h e  Bat trle F'or~itnt:kon where i .  k... .. ,,.' 

the sul.fl.des p a r t i a l l y  o r  compl.eteSy r e p l a c e  t h e  ca:lcareous m a t r i x  of  t h i s  



uxs5.t; h.ypogene m i n e r a l i z a t i o n  al.so occurs  i n  rhe  c l a s t i - c  ror-lrs o f  the 

I-larmony and Purnpeu~sickel Formations,  and i n  t h e  e a s  t e r n  p a r t  o f  tihe q u a r t z  

monzonite s t o c k  which i n t r u d e s  tile s e d f z ~ ~ c ~ n t a r y  r o c k s .  Minor ~linorlnts of 

a r s e n o p y r i t e ,  &bden i te ,  ------- s p l ~ a l e r i t e  ztnc? ga lena  o c c u r  i n  a l l  the roc* 

uni ts, u s u a l l y  i n  q u a r t z  v e i n l e t s  . Oxitlacion, leacl l ing , and e n r i  chment- 

have taken p l a c e ,  and extends t o  a  cleptll of rriore t h a n  S O 0  f e e t  a long f ractures  

and f a u l t s  ( S a y e r s ,  T i p p e t t ,  and F i e l d s ,  19G8), 

Buckirkgha~x~ Area -- - -- 

Molybcienite and pyr?  t e  occur i n  a f a u l t  zone a t  t h e  Miss Nevada nlir~c --- ------ 

(Rober t :~  and Arnold,  1965, p .  23) w%lich i s  i n  a  canyorr I1al.f a m i l e  nol:t:hwcst 

of Duckjngham Camp (SW 114 Sec. 3 0 ,  T .  32 N . ,  R. 64 E )  i n  tllc wes te rn  p a r t  

of Copper Bas in .  The worlclngs a r e  caved, and n o t h i n g  f u r t h e r  cou:ld b e  

1 earned about t h i s  occur rence ,  
-4 I:,. ' s i  - I\L. t 

'To t h e  fiouti~east: of t h e  ruini~ , 4clu:~ r..tz nrou:f,,arl l t-e int rucler; k l x e  Cznmh~.ian 

Harmony Formation. ~," Nolybdeni te  occurs  spouadica:~.~.y a long t h e  cnnt i ic t  o f  tr1.1e ''I., 

i n t r u s i v e  body, anci has  extbited coz-rc;iderabl e  i n t e r e s t .  Se)vcrn"L compani c.s \ 

liave d r i l l e d  h e r e  ---- most r e t w i t  ly the IJnion P a c i f i c  Rai 1 road which began 

t \ 
t 

d r f l l i n g  i n  1967. T r r a t i c  molybdeni te  v a l u e s  have been encountered a long  

t h e  c o n t a c t ,  bo th  i n  t h e  i n t r u s i v e  and i n  the intrudeci rocks .  The rnolybdenitc 
% 

o c c u r s  a s  p a i n t  a long  f r a c t u r e s  and i r t  quart-z v e i n l c t s  char form a sroi-ltworic, ' b '  

Abundant p y r i t e  is p r e s e n t  i n  t h e  v e i n l e t s  and as disseminated g r a i n s  and * \ 

masses i n  t h e  wal l r o c k .  Deeper d r i  l t i r i g  r e p o r t e d l y  h a s  encountered h i  gl-ier- 
4 < 

% \I 

grade  i n t e r v a l s  of a lolybdeni te-bear ing rock ,  ..-< 

E l d e r  Creek Area --- - --"- 
MoLybdenite and cllzll c o p y r i t e  were encouz~tt lred i n  a tl i arnond drill lsolc. 

i n  a  bedrock " o u t l i e r "  (1ocai"ed on the l i n e  between Sec. 36,  7' .  33 N., R. 43 E .  

and Sec. 1, T. 3% N,, lZ. 4 3  E . )  on the.  gravel-.coverecl p~edi.ment ex tend ing  

o u t  from t h e  n o r t h e a s t  f l a n k  of t h e  B a t t l e  Mountain Range. The h o l e  f a  i n  



granod2.17rite; mi .aera l . iza t ion r e p o r t e d l y  w a s  of che " ~ , o r y h y r y - c o p ~ c ~ r - t ~ y ~ c ~ ' ~  

.Illst t o  t h e  $oul:h, l.n t h e  range :Crone:, sinrl.:Lar g r a n o d i o r i t e  in t r t ldes  

Penns lyvan ian  sandstrones, a rkoses ,  slral.es, and t h i n  I.imestones o f  t h e  

1larmon.y Formatl.an, 1.%e sed:i.nlentary rocks  around the 1.11 t r u s i v e s  have b e e n  

metamorphosed t o  i torrrfeis  and metac luar tz i t e .  Geochemical s t u d t e s  i n d i c a t e  

t h a t  anoma2ousiy-high copper and mol.ybdenum val.ncs a r e  p r e s e n t  i n  t h e  

bedrock,  forming a h a l o  c e n t e r e d  on t h e  i n t r u s i v e  o u t c r o p s ,  A g r a v i t y  h i g h  

a l s o  i s  c e n t e r e d  on t h e  i n t r u s i v e s  and ex tends  nor theast :  on to  t h e  

pediment ( E n ~ i n ,  196 7) . 
Cons iderab le  d r i l l i n g  has been clone i:n t h i s  area i n  a s e a r c h  f o r  

porphyry-type d e p o s i t s .  Ahurxckazlt cl isseminated p y r i t e  Ilas been, encountc?red, 

b u t  on1.y s p o r a t i c  clr laleopyrite and mol.ybdenite.  The mnlybdeni te  usual.ly 

o c c u r s  a l o n e  o r  w i t h  p y r i t e  i n  q u a r t z  v e i n 3 e t s .  

Trenton Canyon --.--.....--- - ----.- 

A g r a n o d i o r i t e  s t o c k  a t  t h e  head of Trenton Canyon, i n  S e c s ,  24 and 25,  

T. 32 N,, R ,  4% EI., i .ntrudes a r g i l l i t e ,  c h e r t ,  and ,$% t11e Penns'yl.vanS.an(1) 

p n m ~ ~ e r n i c k e l .  Formation,  I t  i s  e l -ongate  northwes t - sou theas  t , ancl i s  approxirnatel>r 

two rni.1.e~ Long. AnomousPy h:igh amounts o f  rnolybdenu~n occur  alon.8 t h e  c o n t a c t ,  

b o t h  i n  the i r ~ t r u s i v e  and c o u n t r y ,  Utah Constructri.on & Mining Co. h a s  been 

dr i . l l i .ng t h i s  a r e a  s i n c e  1.9tiG i n  a s e a r c h  f o r  porphyry-naolybdel~unl type  

d e p o s i t s .  The mol.ybdenite mineralizal:l.on 1.s sirnil-ar  t o  t h a t  found elsew21ex:e 

i n  t h e  B a t t l e  Mountain Range. 



A d i s t i n c t  minera.:i. be1.t: e,ct.cnds f rcrm t h e  Ratt.1.c Mountain iriinirlg t i i . s t~- ic tz  

sou theas tward  through the  Lewis, H i l l t o p ,  Bu:l.l.iort, C o r t e z ,  Antelope,  l\.lt:. Hope, 
* 

and Eureka d i s - t r i c t s .  The v a r i o u s  districts occur  i n  domal u p l i f t s  and are 

a s s o c i a t e d  w l  t h  g r a n i t i c  i n t r u a i v c  rocIc<s .;, The molybdenum occurrerrces i n  t h e  

R a t t l e  Mountain "c~nd" coE tlze b e l t  has  "I)een clescribed i n  t t i c ?  proceeding s e c t  -fort; 

t h e  o t h e r  Lander County occur rences  w l l  l be clescribetl here .  

L e w i s  Mining D i s t r i c t  ---- - - 

A specimen o f  molybderlite -- from ""near L,ewis"  (Horton,  1.916, p, 87) was 

i n  .the C a l i f o r n i a  13urea.u of Mines Musernm. l. 'his o c c u r r e n c e  cou:l.cl n o t  be 

l o c a t e d  d u r i n g  t h i s  s t u d y ,  b u t  probably  is ;  in,  tlre T, 30 N., Ro 45 E ,  

I n d i a n  Creek --.-- 

Molglt-bileuitv, ~cye l j  i t e  schthe 1 l t e )  and q u a r t z  occur  i n  h o r n f e l s  Ilcar ps - - -  " 

\- 

L i ~ c ?  Gray Eagle  mine, i n  Scc. 13 ,  T. %Y N., H. 46 E .  ( S c h i l l i n g ,  l062,  p .  24). 

This  occur rence  was n o t  l o c a t e d  d u r i n g  ~ l r i s  s t t r d y .  

V i o l e t  S h a f t  ----- ---.. 

The V i o l e t  shaf t :  i s  "a.bout I m i l e  sotlth.r;.sest of Ten.abo," i n  Set, 16 (?I , 

T. 28 N . ,  R.  4 7  E.  There i s  a caved a d i l  i n  a d d i t i o n  t o  the 208-foot s h a f t .  

IF  I r i  t h e  jo i -nt ing of t i le  cormtry rocks  [aili.c.c.ous shale  and cher t ]  there arc?. 

some small seams of rnolybdeni.te, .- G r a n i t e  c rops  o u t  nearby."  (Emmons, 

R i p  Chief -A -'-- 

'The Big  Chief p r o s p e c t  i s  i n  Sec,  36,  T .  28 N., X. 46 E . ,  a nrilc s o u t h w e s t  

( 7 f  Goldncres ;  t h l s  occur rence  is  soerthwest oC t h e  main s t r a n d  of t-hc B a t t l e  

Molmtalza--Eureka rni.t-iera1 be1.t.  Svli~e prospectring was done i n  t i le 1930 ' s  f o r  

copper ,  lea .d ,  and z i n c ;  t h e  I1resenc.e of s c h e e l i . t e  was f .Lrst  no tcd  i x - r  t h e  
. 
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d i p s  30" S, ; i t  is devel-oped by a 50-foot i n c l i n e .  Fla1te.s of rnolybdenite 

up t o  t h r e e - f o u r t h s  o f  an i n c h  a c r o s s  a r e  s c a t t e r e d  througll t:he wiiite c-jiaart:~, 

conmonly a s s o c i a t e d  wli.th crear11-.white s e r i . c i  t.e(?) and sma1.l amourtts of 

chalcopyrite which i s  l a r g e l y  a l t e r e d  t o  " l j m o n i t e "  ancl copper car.bort%tc:r;, 

Li.nka and Conqizes t Ttings t en  Mines 
~ ---- -- -- -. 

The T.;itllca ( G a r n e t i t e )  and Conquest (I'eer) t u n g s t e n  mi-nes a r e  i n  t h e  

w e s t - c e n t r a l  p a r t  of T. 17 N . ,  R, 46 E., at:: Sperrcer Ilot Sprfngs  n e a r  t l ~ e  

n o r t h  erid of B i g  Srnoltcey Val ley .  (The I,-i.nka rnirne h a s  varl.orrsly been c.onsi.dered 

t o  incl.ude a l l  t h e  wowkl".ngs, o r  o12l.y the sou t l~wes  t e r n  workings.  ) '].'he min.c?s 

a r e  developed by an open-p i t ,  a 210-foot v e r t i c a l  s h a f t  wl th  some 1,000 f e e t  

of workings on t h e  150-foat  l e v e l ,  and a 130-foot s h a f t  i n c l i n e d  45' s o u t h  

which Is l o c a t e d  1,500 f e e t  n o r t h e a s t  of che main workings.  The s t o p e s  i n  

most ca.ses have developed i n t o  g l o r y  h o l e s ,  

Pro111 1943 through. 1951, 2 , 6 7 4  tons  of o r e  averagfng  0 . 7 2 %  WO was 
3 

produced, Cons iderab le  developalcnt was done I11 1.954 arid 1955, and a .fl.ot:"ati.on 

111ilP was b u i l t ,  and began 1tii1l:i.n~: t u n g s t e n  o r e  ' l a t e  i n  1955. The i n i t i a l  

p roduc t ion  r a t e  was 300 t o n s  a day; mf.ning ceased i n  19.57. 

A body of q u a r t z  monzonlte I n t r u d e s  t l t i i x -  bedcled 1 Jmes tones  and ho l -n f r l s ,  

The s inuous  c o n t a c t  t r e n d s  nor th -nor t l i eas t  ~ 5 t h  t h e  ix i t rus ive  body b e i n g  on 
e.7 a',J 

t h e  e a s t  s i d e ,  A 20- t o  30-Foot .betfdof t h e  1 imcstont: a long t h e  c o n t a c t  Il:to 

been contact--metamorphosed t o  ga rne t -quar tz -ep i  dote-c;iIc?.te t a c t  i t e .  The 

t a . c t l t e  1.oca.lly wi.dcnzs t o  up t o  1.00 f e e t w w h e e  d i k e s  of the %ntrus i .ve  rock 

o r  s m a l l  f a u l t s  cxterid o u t  i n t o  t h e  1.imestone. F fne ly  disseminated s c h c e l i t e  

is s c a t t e r e d  through t h e  t a o t i t e .  F lakes  of and g r a i n s  o f  

pyr i - t e  a l s o  are d i s s e m i n a t e d  through t h e  t ac t - i  te, and a r e  q u i t e  abundant: 

l o c a l l y .  Powel l i  t e  o c c u r s  a s  psuedomorphs rep]-acing t h e  mulybdeni te .  

%he p o s s i b i l  i t y  of mining t h i s  c l ~ p o u i t  3s a low-grade open-PI t c ) ~ ~ K ~ I ~ ~ o J ~  

-. - - recover ing  t h e  molybclenii e a s  a by-procluct ---- ,alzo~~lcl n o t  be  ovel-lookeci, 



TEM I'IUTE M T N l N G  U1S1TRICT, I,INCOJ.,N COIJN'TY 
I i i i i  i 

The Tern Pi ra te  ('L'empiul-c) rrxirri~~f: d i s t r i c t  i s  s*n the  Timprxhute Rairgc~ i n  

w e s t - c e n t r a l  L i n c o l n  County, 'rhe trxl,gsten d e p o s i t s  a r e  a t  t h e  n o r t h  end of 

t h e  Range i n  S e c s .  25 and 26 ,  T. 3 S . ,  Ra 56 E , ,  S e c s .  30 and 31 ,  T. 3 S , ,  

U$4 R, 5) 11:. , and Sec ,  1, '1'. 4 S , ,  It, 56 E .  

Elis to= and P r o d u c t i o n  ------ --- 

S i l v e r  h a s  bec1-1 m i n e d  i r r t e r r n i t t e n t l y  i n  t h e  d i s t r i c t  s i n c e  1868. 

S c h e e l i t e  w a s  d i s c o v e r e d  i n  1'316. In 1935 itnd L937, Wesley Koyan anri the 

? h i r i o t  brot :hers ,  l o c a t e d  t h e  c l a i m s  e l la t  became the L i n c o l n  mine,  A sm;il1 

m j l l  was b r ~ i l t  a t  B lack  Itock, 1 5  m i l e s  w e s t  o f  t h e  d e p o s j t o p  and a b o u t  2 5 0  

t o n s  of  t tangs tsn  o r e  was t r e a t e d .  

In. 1938, t h e  L i n c o l n  mine was l e a s e d  t;o the F e g l e s  C o n s t r u c t i o n  C o , ,  who 

13u:I.lt a 40 tort mil..l.; mi.nir.~g o p e r a  tiolxs began i n  :1.940 ; the c a p a c i t y  o f  t:hti: 

mil l .  was i n c r e a s e d  ru 75 t o l s  i n  1941.  From 191+0 t h r o u g h  :L947, 434 t o r ~ s  of  

W03 was r e c o v e r e d  froni 131.,872 t o n s  of  o r e .  'Nearly a l l  t h e  o r e  was procl~iceci 

from t h e  Linco1.n mine ,  on ly  a small. arnotanl: coming from t h e  S c o f i e l d  rn1.n~ of  

the Nor th  Ten1 P i u t e  Mining and Developntent Co. wilfch a d j o j n s  t h e  T,incoln 

m i n e  t h e  s o u t h .  

The A t o l i a  Mining Co. a c q u i r e d  t h e  p r o p e r t y  i n  1945,  and a f t e r  rehabi t-i- 

t a t i n g  the mine  ancl m i l l ,  began p r o d u c t i o n  .in 1 9 4 7 .  I n  the e a r l y  L950's  t h e  

Wal.1 Chang Mining Gorp. acrlt.~irecl the p r o p e r t y ,  expanded the rnil.l:lng cnpaci . ty 

t:o 1 , 0 0 0  t o n s  p e r  d a y ,  and a c t i v c l y  worked t h e  p r o p e r t y  unt- l l  t h e  f a l l  oF 

1956.  Ttie t o t a l  p r o d u c t i o n  is n o t  lcnoin~, btrt  i s  s u b s t a n t i a l ,  and p r o b a b l y  

r a n k s  second  i n  t h e  S t a t e ,  S i n c e  1968 t l r e  l ln ion  C a r b i d e  Corp. h a s  been 

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

I 

The L i n c o l n  mine  i s  deve loped  by a  s u r f a c e  pat, 3 a d i t s ,  an i n c l i n e d  

s h a f t ,  and work ings  crn 5 I . e v e l s ,  t h a t  extevld t o  a d e p t h  of  600 f e e t ,  and a r e  

conriected by a numbc:r o f  ra. izc?s,  w j n z e s ,  ancl s t o p e s .  There  a r e  o v e r  10,000 



f e e t  of t~or.izont:aJ. worii:Lngs and  o v e r  2,000 f e e t  o f  v e . r t l c n l  and i . i ~ c l i . i ~ e d  

worki.ngs. The I.owest:. a d i t  i s  2 ,700  f e e t  I.ong and c o n n e c t s  w i t h  t h e  600--foot  

l e v e l .  The wor1cia.g~ of t:he Scofi.el.d mi.ne, t o  t h e  solrf;h, cons is t :  o f  sha:llctw 

s u r f a c e  workings  ar td  an a d i t  from wl-1lt.c.h t h e r e  h a s  heen  some s t o - p i n g ,  (13inyon, 

tiolmes, and Johnson,  1950, t o n t a  i n s  maps of t h e  w o r k i t ~ g s , )  'rhe two m t n t s  a r e  

intercorinecti ;d.  

Geologic  Se tti.n.2 

The Timpahute Range c o n s i s t s  mai.n.ly of  P::~leoznic l.i.me:; tone?;, dol.on~i t e s  , 

s h a l e s ,  and s;!xlrls t o n e s ,  t h a t  st:ri.'ke n o r t h  and d i p  s t e e p l y  t o  the  e a s t  (Wyant 

a n d  Lemon ,  1951) .  Two q u a r t z  moazoni.te stocics i n t r u d e  t h e  s e d i m e n t s  at: 

approximate1.y t h e  c o n t a c t  between t h e  Devoni.an and Carbonl.ferous r o c k s .  

_ .l___l_.-__-_^- - .--_ ...- "-.-__ ,- ""..- --_._.---..-- _I.-l_-..l-_X._--.l..-..--._-- _--I_I_ 

F i g u r e  .- . Geolog ic  Hap o f  the  Tern P i u t e  mining d i s t r i c t  ( a f t e r  Wyant 

and Lernmon , 195 1) . 

I s o t o p i c  a e determi. t~l- t t ions i . t~di .cahe t:hc?t t h e  intrtrs:L-ves a r e  abou t  9(3 m.y. o l d  
Mrre+.p 

(i;r i T i e  i r i s  d r i a  tiway r t h e  i n t r ~ i s i o u  :tt: ar~g:[c:~ 
%se 

-we-- 

ranging from 40" t o  85' (Ruseck,  1.96 ?) .  7'1ic3 i n t r u s i v e  b o d i e s  l o c a l l y  a r c  

cotlcordarlt w i t h  the secli~nentt ; ,  Near the s t:ocks, numerous d r r e g u l a  rly-.oricr.i t ed  

f a u l t s  o f f s e t  t h e  sed imen ta ry  r o c k s  a few f e e t ,  

Con tac t  Metamorphism - - -- --.--- 

Around tllc st-cscks t h e  ca lca reor t s  s h a l e  h a s  been alL~.r .ed t o  h u r n f e l  s ,  2nd 

t h e  s a n d s t o n e  t o  q u a r t z i t e ,  The Lirniestorle has  been i r s e g u l  al- Ly bleaclred ancl 

l o c a l l y  recrystal . l . i .zed up t:o 700 f e e t  flrorn t h c  grari i- te  c o n t a c t .  Along t h e  

c o n t a c t ,  t h e  Lintcstone h a s  been  changed t o  s k a r n .  The c o n t a c t  between s k a r n  

and l i m e s t o n e  i s  s h a r p ,  tile g r a d a t i o n a l  zone b e i n g  Less than  5 ern t h i c k .  

Along t h e  west s i d e  of  t h e  sou t l l e rn  s ~ o c l c ,  where b o t h  mines  a r e  : loca ted ,  

p a r t  of  t h e  l imi?stone I s  a 1  t e re t l  t o   hi cEt bands of s k a r n  p a r a l l e l i t ~ g  beddfnf: ,  

Here a c o n t  lnuoun band o f  skal -n ,  1 5  t o  110 f e e t  t h i c k  and some 6,000 f e e t  lomg, 



o c c u r s  d i r e c t l y  a g a i n s t  t h e  q u a r r z  monzoni t c  , A f a i r i y  con& ixluozls belt of  

p l a t y  h o r ~ x f e l . ~ ,  25 t o  1.3.0 f e e t  t h i c k  a d j o i n s  t h e  :i.nner k a c t i t e  band;  lenses 

o f  ska-rr~ occur  i n  h o r n f e l s ,  I , a rge ,  I.es:r;-conti.w~t~ouii~ ma.sses of t a c t i t e  a r e  

exposed west of t h e  h o r n f e i s  F e l . t ,  extendying n p  t o  450 f e e t  f rom t h e  Eontact, 

Xn c o n t r a s t ,  a l though  limesconte i s  i r t  c c n t a e r  around  ouch o f  t h e  norl:hcrn 

s t o c k ,  on ly  a few small skarlz l enses  arci exposed,  

The skam c o n s i s t s  mairvl y o f  g r o u s u l n r j  tea-andradi te  g~zrnet  a ~ l d  ~:Lino-. 

pyroxene (Brrsek, 7 967)  , b u t  alsci coi t t  aiazn considerah 3e q u a r t z ,  nc t . inol  E t e ,  nud 

c a l c i t e ,  as %,el l  an a h o s t  

A t  t h e  Lincoln  mine, 

t h e  q u a r t z  moxlzoni t e  c o n t a c t ,  and i s  

s k a r n  c o n t a i n i n g  l i t t l e  o r  no s u l f i  d c  m i n e r a l s  

dense ,  hard rock c o n s i s t i n g  main1 y of p y r i t e ,  

p e r c e n t  marrnati te ( i ron- r i c l l  sgha lc r i  t-el , r a r e  

*@-# 
6 - z g  s k a r n  miz~c!rals, Sulfide-ri.c:lz s k a m  33.so is  present: a t  t h e  S c o f i e l d  m i n e  

TIR. 

(Buseck, 1967) .  The s u l f i d e - p o o r  slcar~z c o n s i s t s  of an irzmer pyroxene-garmel 

zone and an o u t e r  c a l c i t e - f l i ~ o r i t c - c h l o r i t e  zone. This ,  in t u r n ,  i s  succcccied 
/&,*JI . /J' I !*I*<* J 

by l i m e s t o n e  c o n t a i n i n g  some h o r n f e l s ,  and an outernlost  d i o p s i d e  g a r n e t  skarn .  
4 

Wl. t l . i i r1  this zone eith.c?r the d i o p s i d e  o r  g a r n e t  1na.y predominate ,  

Ivirl.nesalizat i o n  --------.-,.- 

Twz~s ten .  Much o f  t h e  slcarn around t h e  sou then1  s t o c k  c o n t a i n s  sehee l l i t e  -- -,-- 

b u t  on ly  i n .  a f e w  l i m i t e d  a r e a s  has t h e  g rade  been hi.g'r.r enough t o  make mineable 

s h o o t s  ( b y  t h e  mining methods u sed  Ln t h e  p a s t ) ;  s e v e r a l  o r e  s h o o t s  have been 

mined atz the 1,incol.n and Scofi .eld mines. T h e  l e n s e s  of sk.artl around &Ere n o r t h e r n  

s t o c k  a r e  t o o  narrow (7.-2 ft,) and d i s c o n t i n u o u s ,  and c o n t a i n  too  1.Ltt-la? schec- 

Lite, t o  b e  econonsicaily s i g n i . f i c a n t ,  S c h e e l i t e  m i n e r a l i . z a t l o n  i n  t h e  s k a r n  

west o f  the main s k a r n  bands i s  very  e r r a t i c .  

The sc:Ileeli,te i.s p r e s e n t  a s  small.,  whi.te t o  b u f f  gra:i.ns, fl.uoresc-ing p n i e  

blue-wElitc? t o  pale ye3 l o w .  Z t i:; more wLdesp rcncl than thc: a u l f  iiie MIIWCLII.~, 



and is  l e a s t  abundant i n  tile sulf: icle-rich s k a r n .  The i ro ta l  amount. o f  schee-  

l i t e  p r e s e n t  i s  r e l a t i v e l y  uniform t o  at: I.e;ast a dep th  of 1.,30(3 : feet .  Some 

of  t h e  r i c h e s t  t u n g s t e n  o r e  b o d i e s  occ.ur a s  cnarscl cryst:iSs of s c h e e l . i t e  3.n 

masses o f  calcite-fluorite~-spha:l-c~l:ijte i n  marble  remnants i n  t h e  calc i te- . .  

f l u o r i t e - c h l o r i t e  s k a r n ,  Most o f  t h e  p roduc t ion  has  been from one such 

ca1cit:e-f luor i te-spha1er : i te  ntass , tPie Moody o r e  shoo h: of t h e  T.,i-ncoLn mirack, 

The Ploody o r e  shoo t  i s  200 f e e t  l o n g  a long  i t s  s t r i k e ,  i s  5 t o  20 f e e t  t h i c k ,  

and i s  known t o  ex tend  a t  Leas t  680 f e e t  down i t s  r a k e  which i s  62' NE. The 

s h o o t  probribly a.verages 1 p e r c e n t  W03, and 3 t o  4 p e r c e n t  z i n c .  

Pine-grained s c h e e l i t e  a l s o  i s  comlon i n  t h e  d iops ide-garne t  s k a r n ;  t h i s  

i s  known a s  t h e  Grubstake o r e  zone.  

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

t h e  s k a r n  minera3.s had been formed but: b e f o r e  t h e  d e p o s i t i o n  o f  most of: t h e  

s u l . f i d e s .  Only p y r i t e ,  and possi .bly mol.ybclcniKe ancl s p h a l e r l . t e ,  show parti..al. 

contentporar~eitry w i t h  t h e  s c h c e l i t e .  Tk!e schtt.eli.te shows no par t i ( :u la r  

s p a c i a l .  a s soc i . a t ion  w i t h  th.e s u l . f i d e  m i n e r a l s ;  though Inat mutual ly  exc:Lusi.ve 

i n  t h e i r  d i s t r i b u t i o n ,  t h e r e  i s  a. d e f i n i t e  tendency in t h i s  d i r e c t i o n .  The 

molybclis.ia schee l . i t e  ( t h a t  wtlick f l .uoresces  p a l e  ye l low)  gerrcra1:l.y occurs  

where rnolybder~i.tc? is  a b s e n t ,  molybden.~~~~z-£rec! scl.l-.teelite (blue--fl t lorescj_ng) 

general3.y is  found where ntolybdenite occurs  w i t h  t h e  s c h e e l i t e .  

Molybdenum N i n e r a l s  --- ---" ----- 
M l b d e n i t e  i s  widespread and I -ocal ly  abundant a l o n g  t h e  0utc.r  c o n t a c t  - -.-- 

o f  t h e  s k a m  i n  t h e  diopside-, .garnet  s k a m *  It a l s o  i s  p r e s e n t  ko  a ~ ~ o r e  I.i.mited 

e x t e n t  a l o n g  t h e  sk ,am-quar tz  monzonite c o n t a c t ,  and t o  a lesscilr extent:  l.n 

the r e s t  of t h e  slcarn ancl ill t h e  i n t r u s i v e  body, The molyhdeni.te occurs  a s  

i.r;ol.ated f l a k e s  and 8rnal.l bunches di.sserxina"i.ed through the rock o r  i n  quartis 

v e i n l e t s .  It does n o t  shfrw any par t%cul . a r  s p a c i a l  assoc:lat-l.on wi th  o t h e r  

minera1.s arid specimerlo c o l ~ t a i n i n g  rnolybclenite most ccunmnonliy do n o t  '.c:ontain 



s c h e e l i t e  o r  s u l f i t l e  mlnera1.s. Husec:k (1967 )  ment ions  t h a t  " c r y s t a l s  [of  

molybdeni te]  have t h e i r  f o l i a  o r i e n t e d  p a r a l l e l  t o  t h e  c o n t a c t  and are twinned 

p e r p e n d i c u l a r  t o  t'i1ei.r l e n g t h , "  The mai.n dtimp a t  t h e  L inco ln  rrs:ine c o n t a i n s  

consi -derable  molybdenf t e ,  ma.ny p i e c e s  oli ska.rn con taini.rr g o v e r  5"/,~ilo ,' The 

dump a l s o  c o n t a j  ns c o n s i d e r a b l e  p y r i t e ,  p y r r h o t i t e ,  and b Lack high-i ron 

s p h c - ~ l e r i t c .  

"Powel l i t c"  has  been r e p o r t e d  i n  the t u n g s t e n  o r e ,  'out i t  i s  n o t c l e a r  -- -" 

whether t h i s  was powelLi te  o r  mnlybdinn (grellow-f Luorescing) s c t a c a l i t e ,  

Xbwell.ite does occur  i n  a q ~ l a r t z  lensc?. 111 the s k a r n  a s  p:;~~eclomoa-plls r e p l a c i n g  

molybdeni te .  

S u l f i d e  ant3 Associated M i n e ~ a l s ,  Pgritc? 4 s t h e  most ,lb tndant and wi cle- 
w- - ------- --*-"-- 

s p r e a d  s i l l f i d e  i n  Lhe skani,  h u t  i s  nzost abundant i n  t h e  s u l f i d e - r i c h  skam 

zone; i t  usrr,ally occurs  a s  d i s c r e t e  g r a i n s  o r  s m a l l  bur.ichcs, Pyr rho l - i t e  i s  

corninon, b u t  l e s s  wis t~sprea r l  than t h e  p y r i t e ;  i t  o c c u r s  as granzrlal- b o d i e s  

(%$ 
and s m a l l  graB& a s s o c i a t e d  w i t h  c t ra lcopyr i t e  and s p h a l e r i t e ,  and i s  most 

abundant ir2 t h e  sliarn n e a r e s t  t h e  ctrntact  (su il f Ldt.:.-rich f ; ka~-n  zone) Splialcr- 

3 t e  a l s o  is r e l a t i v c l y  abundant;  i t  $8 the b l a c k ,  i roiz-rich va r i e ty  and most 

commonly occurs  a s s o c i a t e d  w i t h  fluori.tck as v c i n l e  t s  and i n d i v i d ~ i n l  g ra ins  in 

t h e  o u t e r  p a r t  o f  t h e  s k a r n  (calcite?-flrear.ite-ckilorite skarxi zonc?) . E i t h e r  

c h a l c o p y r i t e  o r  p y r r h o t i t e  u s u a l l y  a r e  p r e s e n t  as i n c l u s i o n s  i n  the s p h a l e r i t e ,  

c , h a l c o p y r i t e  b e i n g  more common near t h e  i n t r u s i v e  and p y r r h o t i f e  away f r o n ~  

t h e  % n t r u s i v e .  C h a l c o p y r i t e  i s  wid-esparead b u t  r a r e ;  :f. t occurs  a s  srttall. v e i r r l e t s  

and ind iv idua l .  gra:Lns 13stlalLy a s s o c i a t e d  w i t h  o t h e r  s u l f i d e  m i n e r a l s .  The 

bismuth m i n e r a l s ,  b i s m u t h i . r ~ i t e ,  g a l e n o b i s m u t i t e ,  c o s a l i t e ,  and nat . ive  bisrntxth, 

and ga lena ,  occ;u:r w i t h  t h e  syi.ralcz..ri.te i n  cal.cite-fl.taoride-cl- rite slcarn. 

Magne t i t e  i s  p r e s e n t  w i t h  th.e i rar r  su l - f ides  :i.n t h e  s k a . n ~  n e a r e s t  t h e  i n t r u s L v e .  

Fl..uorit,e is l o c a l l y  abundant;  i t  11earl.y al.ways .is c l o s e l y  a s s o c i a t e d  w i t h  t:e:i.te 

s p h a l . c r i t c  (Brrseck, 1.96 7) . e 



Oxidat  ion  ---.- 

The su l . f ide - - r i ch  s l am is  oxiclizecf t o  a  L i m o ~ l i t e  gossnv t o  a dc?peh of 

20 o r  '30 f e e t ,  The a d j o i n i n g  skar'n i s  oxi.cllzecl t o  a much g r e a t c r  d e p t h ,  

~ Y P S U H I  and n langanos ide r i t e  l i n i n g  c a \ r i t i e s ,  Solut l ion c a v i t i e s  up co 5 feel: 

a c r o s s  a r e  p r e s e n t  a l o n e  m a r b l e - t c a c t i t e  c o n t a c t s ,  and a p p a r e n t l y  were fornred 

by  s u r f a c e  w a t e r  s e e p i n g  clown a long  the permeable  c o n t a c t .  

Conclus ions  

ThFs d e p o s i t  appears  t o  have. comaider,ab.le p o t e n t i a l  .for t u n g s t e n  mining 

p a r t i c u l a ~ . l y  i f  i c s s  s e l e c t i v e  rizining rrlethods and h igher - sccavery  milling 

tecl ln iques  a r c  rxsed than t h o s e  used  i n  tElc past:. And i f  t i le  low-grade 

m a t e r i a l  a l s o  i s  mined, and nkL p o s s i b l e  by-products  ( f l u o r i t e ,  s p h a l c r i t e ,  

copperp  molybdenum, b h s n i l ~ t h ,  ?) consj  del.ed. Consideratioar shrzuld a l so  b e  

@$ t o  t m g s t e s t  o r e s  wkten economies i n  mining xrright make lower-grade mntt?rial 
-' 

profi.tab1.e t o  work, 
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Patterson Mining District ..--. ---- " .----.-- 

"On the su1rrni:it: of s:lle [SclieJ.-L Creek] range at Swa.rt:z Canyon," which 
e 

5s 3 miles north of Patterson Pass :in 'F, 9 N , ,  1%- 65 E., a few "scal.c:sU 

of _l_.l._l__-_ mol.ybdenite occur in a "ratl~er strong" joint st:r:ilclng e a s t  and ct.i.ppi.rtg 

st~ucture. (Hill., 191.6, p .  124). 

This occurrence could not be locntcd, 

Manhattan Gap ---.. ---- 

LZ small highly-a1 rered quartz monzonite stock, west oS the road t l ~ r o u g h  
ffl? 
'S 

Manhattan (Stampede) Gap in S 9  114 Sec. 9, T. 1 N., R. 66). , i s  cur by 

6 ) 

nro1_s~I-)denJ te-beal-itig cjsnartz v e i n  he area 11:~s been t l r i l l e c l  by Ucar Creelc -. 

Mining Co. and the Hurnb 1 c Oil Co. 

At the Tottex-i propsect, ~ ~ o w e  1 lit-5 reportedly occurs as sm:12 1 pods r r l  ~ ~ r i g  

beddinkg p l n n e s  in 1i.mestone. 'llhe prospect i3pparentljr is loci-ltc?d near  the 

intersection of 7's. 8 and 8 1 J 2  S.,  Jb 68 and  69 E., but cuuld  not Ilc 

located dur-j.ng t h i s  study. 



D e v i l s  Gate -.--. 

"Mo*dg!!J~c: occcr.lrs i.n ;i srna:l.l. v e i n  . . . . n e a r  Dev-i.:Ls Gnte"((G~nt~el.l:i ,  

1936, p. 92) i n  Sec. 8 ,  T, 16 N., R e  2 1  E. 

America1.1 -. Ravine w- 

M c a b d e n i t e  a . l so  occurs  i.n q u a r t z  vei.11~5 i.n Ame:r.r'.c:sr~ Rav:irle, soulr.klenr;t .- 

of De-v-i.1.s Crate (personal.  c:orrrmurricnt:i.on, I.,arry Hea:l.). 

Old S o l d i e r  Mine - - 

Wulfeni-te repor.ted1.y o c c u r s  1i.n r;eve,ral. vei-ns w3.tt.i t u n g s t e n  anti g a l e n a ( ? )  --.- 

a t  t h e  Old S o l d i e r  mirre on ChurcI-riI.1 B u t t e  i n .  T o  1.7 N., I?., 2 4  E .  (Schi:l.l.-i.ng, 

19623. The mine c,onsj sts of a  /tOQ.-foot a d i t  mld eons-i tlei-abl c  d r i f t i n g  inadc 

w h i l e  rn-lning g o l d  and s i l v e r .  ?'he w u l f e n f t e  occur rence  cotlld n o t  be l o c a t e d  

dt .~r lng th i . s  s t u d y .  

Benway Min.in3- D i s t r i c t  
"" --- "-"--.---.-- 

Tlie Bellway rnl.ning d i . s t . r i c t  i s  i n  Sec.  1.2,  T. 14 N, , R, 28 E.  a t  t i le  s o u t h  

end of a r i d g e  extend-ing S O I J ~ I ~ ~ J ~ S L  from t h e  Deser t  Mountains,  10 m i l e s  nort-h 

of Shurz and 1 m i l e  wes t  o l  U. S, Highway 95. L i t t l e  is known of  the l l i s t o r y ;  

p r o d u c t i o n ,  :i.F any,  was small.. The v a l u e s  a r e  :in copper, sil.vt.r,  ancl gol.d, 

The workings a r e  ve ry  l i m i t e d  i n  e x t e n t .  

S c h r a d e r ,  1 9 4 7 ,  b r i e f l y  d c s c r i h c d  t h e  geology of t h c  c i i s t r i  c-t. J~nrnc;sic--- 

T r i a s s i c  l i m e s t o n e ,   hale, and s a n d s t o n e  have b e e n  in t rur led by Mesozoic (? )  

q u a r t z  mo.iizonite having k7ranod.i-orite and d l o r i - t e  phases .  Apl:i.te d i k t i s  crrt 

the  % t ~ t r u s i . v e  and sedl.mentauy roclcs, rirtd al)parentTy a r e  a J.atse p h a s e  d i f f e r - .  

e n t i a t e  of t h e  q u a r t z  monzonite.  A l l .  t h e  01.de.r rocks  a r e  c u t  by T e r t i a r y  

d i k e s  and partially coverecl by T e r t i a r y  v o l c a n i c  roclcs . 
Ten or more v e i n s ,  s t r i k i n g  N .  75' E. and d ipp ing  ster3p'Ly s o u t h ,  a r e  

most1.y i n  t h e  q u a r t z  rnonzonit:e anti I f ~ ~ i e s t o n e ,  and a.re a s s o c i a t e d  wi.th [:fie 

l imes tone-quar tz  mnnzonite contac~i:, The v e i n s  a r e  up t o  20 f e e t  wide and  up 

t o  a mile l o n g ,  They c o n s i s r  most-ly o f  currshed and a1 t e r e d  rock ,  ql~a:t:.z, and  



gouge,  w i t h  a r g e n t - i t c ,  cfialcopy c i  t e ,  and p y r j  t e .  C c r n r g y r i t e ,  malach-i tc., 

Itematit c ,  "J %monS te ,"  nnci m:%rtgnm.lesc oxides a r e  p r e s e n t  i n  t he  o x i d i z e d  

p o r t i o n s  of  t h e  w i n . ,  r e p o r t e d l v  CSchr~r 'cer,  --__i-) occltrs  .in 

t h e  v e i n s ,  a 

Y e r i n ~ t o n  :Kinin17 D i s  t . r i c t  ----.-- " ---.-. b. 

Sanford and Stone C1_914,, p. 1.2.0) men"i.on t1.ln1: w i a f ; s  OCCIEI" "in 

p e g m a t i t e  . , . , i.n 'Ic..r:i.ngton cli.str:ir:~ir ," Thi.s r2ccurrenc.e rou1.d n o t  h e  

l o c a t e d .  

1.t i s  i n t e r e s t i r i g  t o  n o t e  i n  t h i s  connec t ion  L l ~ a t  thcs  Yerington (Weed 

c o n t r a s t  t o  most porp1i)rry-c,oppcs d e p o s i t s  s l ~ i c ' t l  c o n t a i n  wi.dert;pread rnol.vb-, 

denli te.  Also  :In cosztra.st t o  most: porphyry-copper depos - i t :~  t h e  o re  conr:a.ins 

no a p p r e c i a b l e  g o l d  o r  s i l v e r  v a l u e s ,  and  q u a r t z  v c i a ~ l i > t s  a r c  r r a l n t  ivr.ly 

r a r e  (Wilson, 1963) .  

T l ~ c  McCoy (Flyboy) p r o s p e c t  1 s  in  t h e  NE 1 / 4  S r c *  1 9 ,  T .  11 N., R, 26 C ,  

It, is developed by a -170-Soot. :itlit- rilnde i n  a seal ch  f o r  copper  ore.  51 cons 

of copper  o r e  couta i r r ing  some urtnniunr re jmrtecl ly  wac: s h i p p e d  rin 19661. 

S e v e r a l  pers:bat:ent f r a c t r ~ r c a  anci s m i ~ l . L  s h e a r  z o r ~ e s  ri.n f-yes11 quarlsz: 

monzoni te  conta i r l  s ta i rxs  of  secondary  copper m i n e r a l s ,  anti a  smal l  amount of 

the secondary  uranliurn minera l -s ,  t o b e m i t e ,  a u t u n i t e ,  and p h o s p h u r a n y l i t e f ? )  . 
TIic mi.nera3.i.zation i s  c o t ~ c e n t r a t e d  i n  tttr? qizart:: monzoixi te a d j a c e n t  t o  a p l i t e  

dilces,  13lebs of cha.l.copyl:i.te and f l akes  o f  IIII~?;&JJJ,~.~+.& are r l i sseminated 

sparse.1.y :in t h e  q t i a r t z  monzoni te ,  

COW~OTJ- T u ~ s  ten M:I.n.e "--.--- ---. " 

%91e Cowboy t u n g s t e n  rni.ne i.s i n  Sec. 22, 're 9 N. , R. 2.5 E .  c)n the west  

f:l.ank o f  t h e  P i n e  Grove 1i.il:l.s. The mirre c o n s : i s t s  o f  an a t l i t  w i t h  several 

hundred feet of workings, t r e n c h e s ,  and p i t s  nracle w h i l e  expl.ori.-rrg for and  
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;'Rand and Bovard mines  i r t  t h ~  n o r t h  end of  thcl (:nbbs Val l e y  Rangr ,Ire 
f 

a l o n g  a  n o r t h w e s t - t r e n d i n g  f a u l t z o n e ,  which i s  one of tlie s t r : inds  of t i le  

Walker  Lane f au1.t zone ,  T h e  pasrt.f.cul.r-lr I:ni~lt: s t r a n d  t h a t  goes  t h r  ough the 

t w a  mines  1s o b s c u r r e d  to t h e  n o r t h w e s t  by covcrr, however  g c o p t l y s i c a i  

s t l rveyn ancl l a t e r  d r i l l i n g  11;iw' l o c ~ n t c d  a st r i n g  o T  o r e  d e p o s i  t c ;  that: n t-cl 

a l o n g  t h e  same t r e n d  (Lawrence ancl W%l.son, 1966,  and I,iiwrence a1lc1 lieclmond , 

1967)  . Sevt?ra:L o f  t h e  depos%t:s i n  t h i s  be:l.t c.os1ta-i.n molyhden~mi mSi~cra'l.:;, and 

a r e  desc:ribed below. 

C a l i c o  - I i i l l s  -- I l e ~ i t s  -- )s 

The C a l i c o  t i i .4ls  d e p o s i t s  arc. s i x  r-ni:Lcs xlortl-i of Scha tn  i.n tlie n o r t l i e r n  4 

p a r t  o f  t h e  Wali:er R i v e r  I n d i a n  R e s e r v a t i o n ,  casl: o f  l J ,  S .  I l ig i - iway 95 in  . il I, 

l J  ; ,$\I 
$* ', 

t h e  SW 114, T. 1 4  N., R. 29 E. and NW 1/4, T. 15 N., R. 29 E .  ‘‘a 
/ ' I  \ I  

The a r e a  'i.s c o v e r e d  by T e r t i a r y  f:uPlfs t h a t  ;ire i.ntrudec1 l ~ j r  ande:;Jte 

p l u g s ,  d i k e s ,  and si .L%s.  Geophys ica l  s u r v e y s  o u t l i n e d  ri-iagneti c. arid ind~.zced \P 
,,,,".., \ !J \ 

r o J a r i z a t f o n  zxiom;ll i es ~il-lci~r thi .?  c o y e r ,  and srhseque.nl: d r l ,  i].i.rlg l . , o c a ~ : ~ c ~  &'' 
/ - , P J\.. ., j : t : .  .~-,;, i . /A,& ,+J/J..#P>~,, *, n,,,,, , ,g 0 . .  2 J i - r  1. LJ' 

e x t e n s i v e  mJnemra3.-izlzt4.on.nera.iztl. 'Uhc d r i l l i n g  c u t  :Limes t o n e ,  d o l o m i t e ,  ca.1cartzot.1~ 
h 

sl-la1.e , s a n d s t o n e ,  and  s-i.:Ltst:one o f  the 'l,iri?inp, Forrnat i o n  be low t h e  vo1.cani.c 

c o v e r .  These  roclcs a r e  intruclecl b y  onr?. o r  more i n t r u s i v e  b o d i e s  :canginp i n  

c o m p o s i t i o n  from q u a r t z  cli o r i t e  t o  q u a r t z  mortzonite .  A c o n t a c v  , s k a r n  zone 

on the s o u t h  :€ lank o f  tl-lese i n t r ~ . l s i v e s  r:anta:i.ns ex ter t s i .ve  arrd :tbundant re-- 

pl.acemezlt b o d i e s  of  magne t : l t e ,  pyrrhot-it(:: ,  p y r i t e ,  and c l ~ a l c o p y r i t : e  ('?) r-liat 

a p p e a r s  t o  havet been  deposi.t:cd con tempo~raneous ly  w i t h  t h e  g a r n e t ,  c p l  d o t e ,  

a c t : i n o i i t e ,  c a l c i l : c ,  and  o t h e r  s k a r n  m j n c r n l s ,  L a t e r  v e i n j e t s  of m a g n e t i t e ,  

p y r r l l o t i t e ,  and p y r i t e  c u t  t h e  s k a r n  and m a s s i v e  m i n e r a l i z a t i o n ,  § t i  11 1 a t ~ r ,  

l a t e - p h a s e  q u a r t z  v e i n l e t s ,  con ta in l . ng  p y r i t e ,  c l l a l . c o p y r l t e ,  nx.nly~d~4d~$~.f, 

gal-ena , and s p h a l e r i  t e  , c u t  t h e  e a r l - i e r  m i n e r a l  i z a t i o n  , skam , and i n t r u s i v e  

b o d t ~ s .  The coppe r  m l n c r n l i z a t i o n  a p p e a r s  tcs he must  abrindnr~t  p e r i p h r r a l  t-o 

the m a g n e t i t e  b o d i e s  (I ,awre~>cc and Redmcrnd, 1967) . 



Name '[Jnlmown 

A t  a  s m a l l  p r o s p e c t  2 m i l e s  s n u t i - ~ , o f  t h e  SE r o r n c r  of ' i ' .  1'3 N., R. 30 I?,d 
,\ 

s c h e e l i . t e  and a  1 . i t t l e  ---. molybdeni -. --.--,.-. t e  occur  I.n ga rne t - r i . ch  s k a m  i n  I.:imest:one 

a d j a c e n t  r o  a body of g r a n o d i o r i  t e  (? )  , 

C o ~ ! ,  Z ~ L I  t i~ in , ,  s,r?e* -- 

rn .ihe Copper Mountain mine i s  i n  S r c *  2 ,  T. 11 N., K, 3 1  E ,  and Sec.  3 5 ,  

'r. 12 N, , R, 31. E ,  on a s13u.r extc..ndl.ng nor theas t :  froin t h e  Gahhs Val1 .e~  liange, 

5 miles northwes z: of t h e  Ranti mine. 

'thr m i n e r a l  d e p o s t t s  a t  the  Copper ? f o u n t a i n  mine were disvo-vcrrd i n  1906, 

Repor ted ly ,  (Sch r r t dn r ,  194 7)  over <I mil i i o n  do1 Tars of copper-gold--.;i l v e r  oz-c 
d 

h a s  been prodweed, most1.y hefcrre 1920, Tl- ere a r e  o v e r  6,000 f e e t  of workings 

i n  t h e  m i ~ i e .  Tlre workings were cievelopcd chi-ough 3 s h a f t s  and s e v e r a l  a d i t s ,  

and occur  i n  a n  a r e a  '3,000 f c c k t  Lort);, 1 ,000 f e e t  wi cle, and 310 f e e t  deep.  

I n  t h e  mine area,  Mesozoic i i ~ n c s t o n e  h a s  been l ~ l t r u t f c d  hy i r r e g u l a r  @$ 
cLL 

masses anrl d i k e s  o F q u a r r z  nlo~lzozli t r  porphyry .  Grar~od i orf t c  d i Ices Lnt ruder1 

t h e  l imes  Cone, bttl: a p p a r e n t l y  a r e  o l d e r  than  t h e  quclrt:z monzoni t @ ;  apii t c  

dilccs e1.1t: both t h e  I-i.~n.el-,%one and qua-r tz  monzonlte.  The granodi.ori . te p.rohub3.y 

i.s an e a r l y  s t a g e  t i r i f f e r e n t i a t e  arid t h e  a p l i t e  a l a t e  s t a g e  d i . f fe ren t r in te  

t r f  t h e  same magma frorn wt~lch. t h e  quamrt.2 morrzon:!.te was dcrfved. T e r t i a r y  rhyo:l:i.t:c, 

l a t i t e ,  and a n d e s j t e  exd:rusive rocks  p a r t i a l l y  cover  the o t h e r  roclts. 

'J'hc 1l.mestone 3.n c o n t a c t  wi th  the. q l inr tz  rnonzonihc? porphyry h a s  been 

garn .e t j zed ,  g a r n e t i . f e r o u s  zones a l s o  ex tend  o u t  from t h e  c o n t a c t  i n t o  t h e  

L:i.mef;tone. Other  s k a r n  m i n e r a l s  inc:i.udImg epidot:e and ac"c.nol.i.te a r e  present 

i.n s m a l l e r  amounts. The. g a r n e t  I.s nxainly g . r o s s n l a r i t e  w i t h  l e s s e r  a n d r a r t i t e ( ? ) .  

I r r e g u l a r  b o d i e s  of copper o r e  con ta i r r ing n ~ i n o r  g o l d  ant1 s:i.lver val. ues 

o c c u r  i n  t h e  q u a r t z  monzoriite porphyry,  g a r n e t i z e i t  I.irnestonc, and uiial . tered 

l i-mestone,  most corrmonly on o r  a s s o c i a t e d  w i t h  t h e  q u a r t z  monzonite con tac . t ,  

bu t  a l s o  In  t h e  clui3.rfz rnonzonite some d i s t a n c e  from t h e  c o n t a c t .  The quar tz  

monzonite i n  w1t:Lch t h e  copper mlneral.iz;~lr-l.m occurs j.s interase2y hydrotherrual.ly 

a l t e r e d ,  



'The pr imary  -in-ine.raliza.tion c o n s i s t s  ch- ief ly  o f  c h a l . c o p y r i t e ,  c u p r i f c r o u s  

p y r i t e  , and c h a l - c o c i t e ,  I n  t h e  q u a r t z  morrzonite, t h e  s u l  f i  de ~ri.nc?raB.s most: 

cornmon1.y o c c u r  as dissemit-nated grai-11s anil s t r e a k s ,  forming a porphyry-- type  

d e p o s i t ,  Tn t h e  l ime.otone,  t h e  sul .Eides con1rnornl.y a l s o  occur: a s  l n r g e * m ; ~ s s e s  * 

Quartz and c a l . c i t e  v e i . n l e t s  a-re cornruon throtrgi~ort t  t h e  minera l i .zed  a r e a s -  

The oxi.dS.zed zrrir~eral.i.zat:.~.on cons-i .s ts  of  ch;~l.cal:)y.r:i.t:r.!, cfla%coc::ri.te, c i ~ r y s o -  

col l .a ,  malachite, c u p r i t e ,  covc?l1.3.t:e, iien.iati.te, " l r imc- tn : l . t e f r>  ant1 gypsum. 

Massj..ve b o d i e s  of c l za lcoc i t e  and (:1ial.copyrit:t? a r e  conIli-ion a t  a depth  of  60 t o  

LOO f e e t  and p robab ly  r e p r e s e n t  a zone o:f enriellment,. .  ( S c l ~ r a d e r  , 1947) . 
Mol jbdcn ice  ----- i s  p r e s e n t  i n  t h e  m:irleral.%zed a r e a s  bo th  i n  t h e  garnc?t:i.zcri 

iri.mestone and i n  tlhe hydrot'rle.rrnal:l.y-~.1~~.I:t?red q u a r t z  monzoi~.l te .  Thc2 ma>I.ybdcn:ite 

i s  e s p e c i a l l y  abundant  on t'he 300-foot 1.e.vel. of  t h e  mi-nc, b e i n g  "so thiclt1.y 

d i s s e m i n a t e d  i n  t h e  I tydrothermal ly  a 1  t e r e d  q u a r t z  mcsnzon-i t c ?  a s  t o  produce  a 

sa1.t-peppc?r pat:cerr..t , , . . and i t  alrnost comp1etel.y c o a t s  slicI~.ens:i.cled s u r f a c e s  

$&j -+ . . . ." (Sc.hrader,  1947) .  The ntolyhrienite i s  a s s o c i a t e c l  wit11 chalcopyri . t le  and 

c h a l . c o c l t e ,  and b u t  by 1.at:er cpiar:tz veli.ms, R e p o r t e d l y ,  31: l . c a s t  aomc of w h t ~ t  

11as bce-rr ident : i f i_ed as inolybdc?ai.te i.s ;.rctua?.l.y g r a p h : l t e  ( p e r s o n a l  corrim.ilit:Lca~:~ion, 

E. F ,  Lawrence) ,  bowever mol.ybilctnite does  o c c u r  i r a  s eve - ra l  o f  tihe d t ~ n l p s .  

Rand Mine 
-"-- ----. 

The Rand (Nevada Rand) mine i s  n e a r  t h . e  1-lorth e17.d o f  the  Gabhs Val.Ze\ly 

R.ange, on t h e  west  s:i.ape o f  t:hc Range i n  Seca 229(?) or D O ( ? ) ,  'T. :I].. N,, R. 3% LS,, 

1 7  r o a d - i n i 1 . e ~  e a s t  o f  Nolan which is on :r branch  l i n e  of  rile Sou the rn  P a c i f i c  

Rail-way . 
The Rand mine was distzovelred in 1908. Pfosf o f  the produet.iorr was from 

1919 t a  1925. Est:tma.tes o f  t o t a l  p r o d u c t i o n  v a r y  g r e a t l y ,  but c e r t a i n l y  have 

n o t  beer; more than, s e v e r a l  11ul:idrecl t l ~ ~ o u s a n d  d o l l a r s .  The v a l u e s  w e r e  go1.d 

and s i l v e r .  $he mine h a s  abozrt 5,000 f e e t  o f  workings  oil (5 I . eve l s ,  e x t e n d i n g  

t o  a dept1.1 o f  450 f e e t  and 1.nteral . ly a l o n g  the vel.n for. abou t  400 f e e t .  



The c o u n t r y  rock  a t  t h e  mine i.s g r a y ,  t u f  f a c e l o u s ,  11ornt)l.cincte nrldesitc? , 

corrtainizzg f rngments of rhyol.:i.te and Jura--Tri.assi.c ( 7 )  s l a t e ,  A fa~r1tei.l  ancl 

b r e c c t a t e d  zone,  str:l.k.i.ng nor t l~west :  and d i p p i n g  vert::i .c:~ll.y, c u t s  the  ant1csit.c 

a t  t h e  mine. The zone Is 20 t o  200 feet wide and  about  5 mi.:les Zortg, /Ti-. i s :  

t h e  same zone a s  t h a t  exposed i n  thcz. 13ovarii rnine t o  t h o  s o r r t h e a s t .  

G o l d - s i l v e r  vc2i.n~ o c c u r ,  a s  f l a t t i s l i  ].ens-l.ilce masses , t .~p t o  '10 f e e t  in 

w i d t h  and 100 f e e t  :in e x t e n t ,  in t h e  n t ~ ~ x ~ e r o u s ,  smal.l., i r r ~ g r ~ l a r  f a u l t s  and 

f r a c t u r e s  making up tihe f a u l t e d  and breccia tec l  zone ,  In g e n e r a l ,  t h e  v e i n s  

paral.l .el.  t h e  t r e n d  of t h e  zone,  b u t  are irre.gtil.ar3.y di: ; t r i .huted w1thi.n t h e  

zone,  'Ilhe w a l l s  of  tile velntl;, t h e  o're s h o o t s ,  anct t h e  zorrc 3.tscl.f a rc  

i r r e g u l a r ,  Gouge i s  common, c?spec:i:.al.l.y a long  the  w a l l s .  0x:i.dation r.xt.ends 

hc3.tr\,7 t h e  d e e p e s t  work:in.gs i n  t h e  mine. The veins c o n s i s t  of  s l.S.3 c i  f:l.ecl 

rock .fragments and q u a r t z  containinzg tlcmati t e ,  f r e e  gol.d, e l e c t r i m ,  c e r a r g y r i t e ,  

a r g e n t i t e ,  arid a l i f : t l . e  t e t r a f l e d r i t e ,  c a l a v e r i  L C ( ? )  , manganese ox? de, p y r i t e ,  

c h a l c o p y r i t e ,  ~ ~ t a l a c f t i t e ,  ch rysoco l . l a ,  teraorl . te ,  a r g e n t i f e r o u a  c e r u s s i  t e ,  

p y r a r g y r t t e ,  und po%y'bas i te ,  ~_u~~~~LI.~~~ o c c u r s  i n  t h e  vei.ia:; a s  di.ssemin:rted, 

w h i t e  o r  y e l l o w i s h ,  pl.aty crysra:l.s.  The 11.igi.1 l.r:ad co lz te l~ t  o f  t h e  o r e  apparent:ly 

i.8 main ly  due rro t i le  p resence  o f  t h e  wul . feni te .  Se len i~rm a l s o  i s  pl-tlsent 

(Schrader  , 1.94 7)  . 
The a n d e s 2 . t ~  i n  the FauJ.tc?ii and s h e e t e d  zone i s  s i l S c i f i e r i ,  propyl'iti.zc?cl, 

and a lun le i . zed .  Thfs a l t t r a t i o r - t  i s  coli~n~o-m:ly more i n t e n s e  and aburtdant- n e a r  

v e i n s  and o r e b o d i e s  . Fl.ne:l.y disserrti.iiated pyri .  t e  and c h l o r i t e ,  epi-dote , 3 

c a l c : i t e ,  q u a r t z ,  chalcedony,  and alun:i.te were formed. The mi .ne ra l s ,  and t h u s  

t h e  t y p e s  of a l t e r a t i o n ,  a r e  d i s t  r i l3uted e r r a t i c a l l y ,  

Bovard Mine ---.--- 

The Bovard mine i.s near  t h e  n o r t h  end of t h e  Crahbs V a l l e y  Range, on t11e 

e a s t  sl.ope of  t h e  Range, I n  Sec .  33, T', 11. N, , R. 32 E . ,  1 1 / 2  mi.les eas t - -  

southeast:  o f  t h e  Itand mlene. J)evel.opaent work h a s  beexi done i n t e r m j t r t e t n ~ l . ~ ~  

s i r i ce  1.908, b u t  no o r e  h a s  been produced, . . 



A t  the mine, a series o f  T e r t  j a r y  volcar~i i :  r o c k s  o v e r l i f -  Jrzwas.;-ic.- 

'rrs*ass;ic 3imestonc.  l'he v o l c a n i c  series -is about  2,000 le t  t t h i c k ,  and 

c o r ~ s i s t s ,  i n  descendivlg o r d e r ,  mainly o t  andesi  t c ,  r hyo l  l-ie, .n,cl d a c i t c ,  

wit11 t.lle rhyc) Lire  b e i n g  t h c  most  widespreaci! and abundan t .  The .l.cra ass Pc- 

Triass-lc l imc?tone 123'3 19t~tsn lau1tpc1 drtd fo ldc~d  i l l t o  an a r l l i c l j n c ~ t h a t  p l u n p c s  

n u r t h e a s t ,  A f a u l t c d  cind b r e c e i a t e d  zone,  s t r i k i n g  n n r t h i ~ ~ ~ ~ s t ,  c u t s  t h ~  

v o l c a n i c  s e r i e s  and l imes tone .  This zone c * x l e n d s  f o r  ahou t  5 nl i les  t o  chc 

n o r t h w ~ s t ,  and i s  the same zone that- c o n t a i n s  t h e  ve-lns a t  t h e  linncl miqe. 

'fie zone appear  to " f e a t h e r  o u t "  II, Ll-te l in les tone a t  t l ie  sou thcas te lm edge 

of  the Bovard p r o p e r t y ,  (Schroder ,  1 9 4 7 ) .  

There  axe two, piwal l el , t l~co~agl rgo  ing vejns a t  t h < \  Ilovnr tl mi nc , a<* 

w e l l .  as sc\veu.al s l l o r t e r  veixlr:, m d   split!^;. Tllc v e i n s  a r e  i n  the? ncrrthwt3st- 

trezading f a u l t c d  and brccc lat ed zone,  and  c o n s i s t  main ly  o f  b r e c c i  at-ed qu'kstz 

and s i l i c i f i e d  rock  f ragments  s t n i n ~ d  and e n c r u s t e d  by i r o n  and manp;ax~ese 

[F\ 
'.., o x l d e s ,  arid a  l i t t l e  pyrite, c h a l c o p y r i  t ~ ,  and Free g o l d .  

Sctlrocfer ( 2 9 4 7 )  s t a r e s  tilat, t h e  v e i n s  " l o c a l l y  a r e  H P R ~ I I ~ F , ~ ~  strf\ ; iked 

b l u l s h  wit-h rnolybdeni te c;ta i n s ,  as 0x1 tile Fii tiden Trl~; isurc  gl-ounri"', and Clint 

" i n  the EJldcicrr Trenuurc No, 4 s11~1fi . .  and t h e  120%-foot tumlc l  t o  the  northwcls k , 

t h e  q u a r t z  . . . . :i.s 8t:a:ined darli iskl.  and i.s f r e e l y  p a r a l l . e l  marked wi th  streak:-; 



MINA-1,UNTNI; CI,US'I'I?TI, MI:WEI:Al, COTIN'I'Y 

A nrl~nber of inolyhdenurn occur rences  are c1.usteretl i r i  t h e  sout l -~easterr r  

p a r t  of Mi.iaeral County in. t h e  vj .cini .1:~ o f  T,wning and Mina. Unc1ouht:cdly a 

c a r e f u l  s t u d y  of t f . 1 2 ~  a r e a  worrlrl t u r n  up marry Illore o c c n r r e n e c s ,  This 

c l u s t e r .  i s  c e n t e r e d  along t h e  Wal.ker Lane fau1.t zone ,  and 111ost o f  t h e  

d e p o s i t s  a r e  a s s o c i a t e d  wlth g r a n i t i c  i n t r u s i v e  r o c k s .  

S u l j ~ h i d e  -- cl, I?_~_u?j!_e~x;- 

There a r e  a number of m i n e  workings i n  Set* 1.0, Ti. 7 N, , T i .  33 E .  , t o  

w11i.cl-1 .va.r.ious names, Sul.ph%iie, Ilawson Powe.l.l.i.te(?), e t c ,  , llavc been given. 

Here,  r e p o r t e d l y ,  c luar tz ,  p y r i t e ,  chal.copy r i t e ,  p _ i ~ ~ 1 . l i t ~ g - ~  artil scl~cl?e3.'i t:e 

occur  a long  f a u l t s  and bedding p lanes  which g e n e r a l l y  ps . ra l l .e l  s gr:xnod-iorit:c,? 

c o n t a c t .  The p o w e l l i t e  nrld s c l ~ e e l i t e  a r e  most a.bur.~clant a long t h e  wal1.s of  

tile q u a r t z  v e i n s  and i n  t h e  acijacent skarn .  'L'l-ie p y r i t e  and cll:rlcopyrj t e  

most commonly i s  dissezninatecl f n  t h e  i n t r u s i v e  and v o l c a n i c  r o c k s ,  

gi 
New Boston Area -- --"- 

'l'o t h e  ~ ; i t -  e ? F the ?,,I: ] ?h ide  C?)  prospect.  (above) i n  t h e  hW 114 of 

T, 7 N. , R ,  34 E. , t h e r e  a r e  a ntrnlber of copper and t u n g s t e n  (schcel  Ctt) 
/ 

d e p o s i t s  I n  I Irnestones o f  t h o T r i a n s i  c l,lunjnp, Format ion,  N~ur~erous E r n n i t  i c  
/ 

clikes, sl.:I..ls, arr6.l sma.l..l b o d l e s  :i.ntruclc the  4:l.mest.one and :i.nt:e,rhedtled rrrgi.1.- 

t/(: 
l i t e s .  Q u a r t z  stoclcworks c$t t h e  i n t r t m i v e s ,  arld t o  a l e s s e r  extel-lt t h e  

/ 

Figure  -. (:ez~t:ral.-l zed gtlol optic  nnap o f  thc? New Boston art_?;i ( m o i l i f  icti  

from Niel-son and Bear Creelc Mining Co. maps) 

..---,.--..--.-----*.-- -- ---.----..--." ..-.+. --.-.... - ---..----." ----. 

sedime11tary r o d s  and skcarn. Chnl.copyrite and secondary c o p p e r  rnine'ra1.s o c c u r  

i n  t h e  s tockwork v e i n l e t s  and d i s se~nina t - td  i n  t h e  i n t r u s i v e s .  Scheeli t.65 2 s 

disseminat-ed i n  &-Ire ska rn  along t h e  i n t r u s i v e  c o n t a c t s ,  bu t  a l s o  occurs  t o  a 

l i m i t e d  e x t e n t  i n  t h e  .veins .  ~ _ o & L ~ ~ - $ . g ~ ~ ; ~ ~  i s  prese .n t  maix1l.y a long c'ra.clcs i t )  

the l.imestone a s  "pair t t s '  wi.tholmt: q u a r t z  o r  o t h e r  s u l . f i d e  mineral.s;moLybden.i.fe 

a l s o  i s  present: i n  t h e  veins arrd d i s semina ted  i n  t l ~ c - .  s k n r n ,  



Contac t - tungs ten  d e p o s i t s  arc. rtiore common i.n t h e  western  p a r t  of  ti1li.s 

a r e a ,  and a r e  r a r e  i n  t h e  e a s t e r n  p a r t .  The ~uiolybdenite-"pai.ni:"-2.n--3.inics tone 

o c c u r r e n c e s  a r e  niafnly f n  the e a s t e r n  p a r t  of  the a r e s ,  b u t  (lo over]-ap t:he 

a r e a s  of  abundant trmgs ten  nr l .nera l iza t ion.  Bear Creelc Misling dri.i:i.ecla a 

__l---l_.....----.l.-- _-l----.-.~,~~...---..__IX__-_... 

F i g u r e  -. Log of Bear Careelc Minirrg Co. Drill 1-iolc NB-2. 

_ _ _ _ _ _ ~ l l ~ _ . - . - - l _ _ _ - - - - - - - - - - . -  "-"-..ll--l-"...l-__.l.-- _ --^_. 

640-foot: h o l e  i n  t:hc 'NW/4, NE/4, N W / ~  Sec.  15, 'k', 7 N., lt,  34 Ti:,, encounLeu:ing 

copper  and molybtlenn~n rninel-ai i z n  t l  on. 

Santla Fe Minino L?---:-:L: D i s t r i c t  --.- 

The S a n t a  Fe mining cl:i.strict, n o r t h e a s t  of Luning,  cont::xins 1:ungsten and  

copper  d e p o s i t s  s inxl lnr  t o  l h o s c  of t h e  New Boston are;> (above) ,  a c r o s s  t he  

vaI.1-ey t o  the sou thwes t .  Not on ly  a r c  t h e  d e p o s i t s  s i m i l a r  but the gc?ologlc 

environment --- i;a~alL g r a n i t i c  int.ruslvc:+ i n  l i m e s t o n e  and a r g i l l i  tc.s - -- 

l o  s l n  r  - Molybcleni~e -- ---- --- - is  prcLs;ent wit.11 l he copper arzd t u n g s t e n ,  b u r  

@i a whcther  molybdeni te  a l s o  occurs  t o  any e x t e n t  a s  " p a i n t "  i n  t h e  l i~ncstorze  i s  

n o t  known. 

The d e p o s i t s  of  t h e  Snnta  Fe d i s t r : i . c t  and (111ose o f  t h e  1\iew 13oston a rea ,  

a r e  s e p a r a t e d  by t h e  northttest-tre11~14.ng Walker L . % Q x I ~  fau l t -zone  wl~Cc11 111 t h i s  

a r e a  is thought  (N-ielserk, 1.965) t o  have a, t o t a l .  r i g h  t - l a t e r a l . ,  s t r i . k e - s l i p  

d i sp lacement  of 12 rriiles. 'fhus t h e  d e p o s i t s  of t h e  New Boston 311d Sanfa  Fc 

a r e a s  may be o f  fset portloxls of t h e  same eas t -wes t  b e l t  of mint?rali  z a t  i o n ,  

~ g ~ ~ l a s  P r o s ~ ) e ~ ~  
r i  

A t  t h e  Douglns p r o s p e c t ,  s o u t h  of S i r n h ,  i n  T, 8 N . ,  R. 37 E., mncbdenite --.--- 

r e p o r t e d l y  o c c u r s  i n  a q u a r t z  v e i n .  Th is  o c c u r r e n c e  could n o t  be  l o c a t e d .  

S i l v e r  Qkc Mines --- ----- 

The S i l v e r  Dyke mines a r e  along Sf- lver  Dyke Canyon i n  t h e  e a s t e r n  end o f  

t h e  E x c e l s i o r  Mountains i n  Sec.  X I ( ? ) ,  T. 5 N., R. 34 E . ,  5 m i l e s  sout:hwest of  . . 

Sodavil1.e. The m-S.rae i.s a.c:cessj.ble by a 6--mile d i r t  road  extending-.west  from 



T?le tungs teu  d e p o s i t s  were discovered i n  1915.  Ry $ 9 1 7  mining h a d  

v i r t u a l l y  ceased ,  over  $3  ,OOO,OOO worth of s c h c ~ l  i tltl i .nnciAntrat rs h;lving 

been produced making tire a r e a  one of t h e  rnvre importcirnt t. ungstcn prori~~c- .cr ;s  

i n  Nevada. F ro~n  e a s t  t o  west  a long t h e  producejvcx rirt2a of the S i  l v ~ r * i i y k c - .  

v e i n  sys tem,  t h e  workings a r e :  the Xe~me mine, Wagner- m i n e ,  Atlcins  sizaf t i ,  

S i l v e r  tunilel_, and Goodale mine, The l\Toblc mine i s  along 2 branch  ve in  ( sec  

$ 3  ) I n  1929, nSr e r  rhe  m i n e s  were ,iccliliretl by t!le Nc?vad; t - - l lnssnc i~ i~s~ t  f!; 

Co., a crosscut- -adi  r: was d r l v e n  500 feet .  N. 26" E. t o  t h c  S i l v e r  Dyke v e i n ,  

and a d r i f t  extended sornc [4,000 f e e t  a long the v e i n  connc~c t ing  the Good:~lc, 

Wagner, and Beane mines.  

R e r r  (1936 and 1946) clescrjbed t l ~ c  g e o l o g y  a n d  irlirres i r r  some d e t a i l ,  

i n c l u d i n g  geo log i c  m a p s  and s e c t 3  ons o f  t h e  worlcings and  s~rrf a c r .  'I'r Lass i c ( ? )  

a n d e s i t e  f lows ,  r u f f s ,  and brccci; l :$, arrd i ~ r t ~ r b e t l t l c t l  hox.1zft.1 F; and e ; l ; l  t c ,  

have heen intrude..ri by d i o r i t  c.  Crar~or l i  o r i r c  and "a l b l  t Lzr>dH d i k e s  ivltr~xtlcd 

p3 
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tfia o l d e r  r o c k s ,  and a p p a r e n t l y  arc. crld phase Knt r u s  ions i 3  om t h e  snmc parer) t 

magma as t h e  d i o r i t e .  T e r t i a r y  andes i t c  and  r h y o l i t e  Flows and t u f f  cap l l l p  

olcipr rocks  e a s t  ant1 wcsr of t l ~ e  t u n g s t r n  d e p o s i t s .  'The granophyre  d i k e s  ixl 

t h e  a r e a  a p p a r e n t l v  rrrr r e l n t e d  L O  t h e  T e r t i a r y  v o l c a n i c  act. l v i t y ,  

F ig .  -. - Geologic  Map of t l ~ e  S i l v e r  'ilylte Tungsten Mines. 

'l'he d i o r i t c  body c rops  o u t  over  an i r r c ~ g u l a r  e l l i p t i c a l  a r e a  1 1 /:1 mi1~: ;  

Long (eas t -wes t )  by f m i l e  w i d e  (north-sotlrh).  Much of  t h e  body ha:: been 

invaded by a l b i t e  and q u a r t z .  L t  a l s o  h a s  been e x t e n s i v e l y  k: ic t l in i t ized,  

t h e  k a o l i n  o c c u r r i n g  i n  funnel--shaped b o d i e s  w i t h  g r a d a t  iona  I (-on t a c r s ,  TI713 

g r a n o d i o r i t e  d l k e s ,  a  Few i n c h e s  t o  s e v e r a l  f e e t  widc,  i n t r u d e  j o i n t s  i n  t h e  

d i o r i t e .  

The d i o r i t e  i s  j o i n t e d  i n  a  r e g ~ r l a r  p a t t e r n .  Near t h e  S i l v e r  llyke v e i n  

sys tem t h e  j o i n t s  a r c  ~ t c a r l y  v e r t i c a l  and pa ra l l e l  tile v e i n .  Soilthw,trd thc  



: j o i n t s  d i p  inereas i .ngl  y l e s s  s  teepl-y t o  tllc s o u t h ,  ' T h e  ,:jo.int: pat. t e r n  ~ ~ n t l  

t h e  i n t r u s i o n  o f  t he  S a t e  phase g r a n o d i o r i t e  d i k e s  along t h e  j o i n t s  s u g g e s t  

t h a t  che  j o i n t s  were fon-inetl i n  the mt$rgi~?s  of t h e  doir~ed top  at^ the cfi-csrite 

body d u r i n g  o r  s h o r t l y  a f t e r  i t s  emplnccmenc. a f i 

The Sl.l.ver Dyke v e i n  systeni  is in, an ea~ i t -wes t - t rend i .ng  f a i ~ l t  ( sheared  

and brecci i i tecf)  zone 6 rnl.3.e~ long and up t o  600  fee^ wide.  A n~uiiber of  sn1al.l 

f a u l t s  most of wl~iclz s t r i k e  e a s t  t,o n o r t h e a s t ,  o f f s e t  t:he v e i n  system s h o r t  

d4.s tanc.e~.  The T r i a s s l i c ( ? )  meta-vol.canie s e r i e s  :in c o n t a c t  wit11 t h e  S i l v e r  

chl .or i . te ,  tounnal. l . t~e,  c?pi.dote, pyr i t i c?  and m a g n e t i t e ,  and  c u t  by ve:inlt:ts of 

c/tmrt z and a l b i t e .  

The vt?in sys tem cons i s t s  of s e v e r a l ,  p a r a l l e l ,  s t eep ly-d ipp ing  t o  

v e r t i c a l  f r a c t u r e  f i l . l i n g s  forming a con t i~ : tuo t~s  zone extenriiug ovc?~ 6 m i .  Ie:; 

e a s t  -we9 t i n  t h e  d$kjJite and Tr inss . i  c and T e r t i  a r y  v o l c a n i c  roc-lts. 'I'he vciin 

;q -".-------------- ---" ----- ------ - -- - --- - ------ - -- -" -- 
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F$g, -. I1iagratrtmatf.c S e c t i o n  o f  trhe S i l v e r  Dylce Vein System, 

sys tem has s e v e r a l  u n i t s  trhnt am-&? retriarlcablg p c r s i s t e e z t .  CLusciy spacc.d, 

rough3.y pa ra - i l ea  v e i n l e t s  o f  q u a r t z  in t h e  d i o r i t e  form t h e  footwill21 of  thc  

v e i n  s y s t e m ;  tlre vei . .n le ts  making up t h i s  "'ribban" zone c,ontai.n some r;c.attered 

g r a i n s  of scFnec:3.i.t:c3. 

Above t h e  r ibbon  zone i s  tile "rcplacemen.tU zone which 2.8 up t o  5 feet: 

t h i c k  and c o n s i s t s  o f  b r e c c i a t e d  d i o r i t e ,  less crmmonl_y vo lca r t i c  rock ,  

f ragments  reccmented and p a r t i a l l y  r c p l a c e d  by  q u a r t z  coutnini r lg  a l b i r e .  

S4ucli of t h e  s c l ~ e e l l t c ~  i n  t h p  v e i n  systt?in i c i  i n  this zone,  Where t h e  b r r~r -c ia  

fragments a r e  t h e  more s i l i c e o u s  v o l c ~ ~ n i c  r o c k s ,  the zone i s  barren.  

Th.e hanglng w a l l  a.bctve t h e  reylaceincnt zone is f i n e l y  brc?c:c.l'.al:ed, un- 

recernenteci, b ~ r r e n  q ~ ~ a r t z .  Wi-dely-spaced q u a r t z  v e i n l e t s  are corimon i.n t h e  

hanging w a l l  vo:l.canic .roclet; and d:i.ori. tee 



The s c h e ~ l i t c  is concellt:ra.tecl i n  tl-re p o r t i o n  of t h e  v e i n  c;yst.em Liiat 

i s  f n  c o n t a c t  w i t h  t h e  d:i.ori te  bocly . Klthough t h e  tungs ten -be i~r i .ng  so.l.ui-ions 

must  have  p e n e t r a t e d  t h e  v o l c a n i c  series, v e r y  l i t t l e  s c h e e l i t c  w a s  deposi  tecl 

i:n t h e s e  r o c k s .  Kerr (l9fi6) po i -n t~ ;  o u t  t h a t  t h e  d-lori.tc._ i s  t h e  most: E;ilcareous 

:rock i n  t h e  v i c i n i t y  o f  t f ie  t u n g s t e n  d e p o s i t s ,  and a p p a r e n t l y  furn-i-shed tfic. 

ca:lc..iu.m which corri1)i:ned w i t h  t h e  t u n g s t l c  a c i d  t o  prodtxce the sche.t:lii.tc, r<:i.711!3 

of  s c h e e l i t e  arouazd p a r t i a l l - y  repl .aced cl.iorli.te f r agments  s u p p o r t  th: is  t h e o r y .  

The s c 1 : ~ e e l i t e  f l u o r e s c e s  pale ycl.l.ow, due t o  the p r e s e n c e  of .--"A mtrl.vhdenurr~ wl1ic'r-i 

ave raged  abou t  1/2 percent: i n  the c o n c e n t r a t e s .  N o  mol.ybderrlt:e o r  powc?t:l.ike 

has been r e p o r t e d .  

P ine  Trce  P r o s p e c t  -------- 

The P i n e  T r e e  prospect i s  i n  Sec. 1 8 ,  'r. 6 N., R .  36 E . ,  I n  a cauyon 

e x t e n d i n g  s o u t h e a s t  from Dunlap Canyon, on t b e  w e s t  f l a n k  o f  t h e  P i l o t  Morlntrains. 

F ig .  -- Geologic Map of t h e  P i n e  Tree Workings, 

Gunme t a f  -Ga.met Area 
---,--.< -- .--. --,- 

Several. cont.act-tungsten dcsposits  occu~:  in the N w / ~  T. 6 N., K. 3'7 F:, 

on t h e  e a s t  f :Lank of' t:hc? I":i.l.ot Plo~"xrlta:ins, A t  t h e  Garnet: (V.i.c:tory) mirrr.? , 

scheel.Fte-bearin@ g a r n e t  t a c t i t e  up t o  1.4 f e e t  th:icZc r e p l a c e s  l.i.mestone 

a d j a c e n t  t o  s e v e r a l  dd.lces and si1.l.s of g r a n o d i o r i t e .  TEie m i l w  i s  deve%oped 

by an open-pit:, mzd i n c l i n e d  s h a f t  i n  tile p - i t  bottoin, rtl-rrl s e v e r a l  o t h e r  sma:l.l. 



I 
P y r i t e ,  c h a l c o p y r i t e ,  and -- m o e e n i t e  -- occur  J& cluartz a1 ong 

f r a c t u r e s  and f a u l t s  i n  and a d j a c e n t  t o  a t h r u s t  f a u l t ,  Tlne coppe r  r?li~~rr,.il-- 

i z a t i o n ,  which i n c l u d e s  secondary xninera is, a s  w e 1  L a s  c l ~ a l c o p y r i  t e ,  Ls mainly  

i n  t h e  thrust and  o v e r l y i n g ,  b r e c c i a t e d  Limthst.one, doloml t e ,  cjuartz i t c?, and 

a r g i l l i t e  o f  t h e  T r l a s s i c  J,~inCt.ig Form;ation, b u t  a l s o  o c c u r s  t o  o inore L i n , L t e d  

e x t e n t  adjacent :  t o  tlle t h r u s t  i n  u r ~ d e r l y i n g  co~nglonrerarefi of  t h e  Jurasi; i s  

DtlnLap Pormatiol-, .  Tlne rnolybdenjte occurs  s c a t t e r e d  s p o r a t - i c a l l y  th roughou t  

t h e  a r e a  o f  copper  m i n e r a l i z a t i o n ,  probably  ' ~ v c r a g i n g  severa l .  hurlclrc?dtlls of a 

p e r c e n t ;  i t  a p p a r e n t l y  i s  most abundant i n  t h e  o u t e r ,  n o r t h e r n  f r i n g e s  o f  t h e  

copper  body where i e a v e r a g e s  s e v e r a l  t e n t h s  of  a  p e r c e n t .  A l < ~ s k i t e  ( a p l   it^^) 

h a s  invaded  t h e  tirolcerl up r o c k s ,  contact-mctdsomat i z i n g  t i le  L i m e s  torre 'ln d  

d o l o m i t e  t o  g a r n e t - r i c h  s k a r n  and  b.he a r g i l l i . t e  t o  hornfe:ks. The ala.ski .  t e  i n  

t u r n  i s  broken by l a t e r  movements on t h e  t h r u s t  and h a s  been m i n e r a l i z e d .  

P a r a g e n e t i c  r e l a t i o n s h i p s  s u g g e s t  t h a t  t h e  m i n e r a l i z a t i o n ,  metasomatism, and 

i n t r u s i o n  of tire a p l i t e  a r e  contentporaneous, and p r o b a b l y  relatsed t o  an  



p i t s .  Some mol-ybdeni --- t e  - I:; prcsc3nl: a s  i s o l a t e d  fl.akes associ.atc.d wi.tFl pyr:i.tc 

and scl-)eel- i te .  Yel-Low--flr~orescing schcel . : i te  o r  Q-owc;j::l..ite(?) i s  present:  w i t h  

tlie b lue -whi te  f l u o r e s c i n g  s c h e e l . i t e ,  Ross (1961, T a b l e  6, 5 rnenticlns tha t  

1 1  py.rl.te and s p h a l e r i t e  a l s o  [ a r e ]  found [ h e r e ]  ." 

A t  t h e  GuxlrnetaL (1,inclsey) mine, l e s s  than  a m i l e  soul:hwc2sk o f  t h e  Garne t  

mirrt:, s c h e e l i t e - b e a r i n g  t a c t  i t e  repl t tces  l i m e s t o n e  acljacen 6 t o  a body o f  

Kcrr ( 1 ' 3 4 6 ,  p. 175) ment ions  t h a t  "nea r  Grallarn Spr ings"  (which is  .in tlris 

same a r e a )  s c h e e l  i r e ,  and  somra a r g e n t i  f e r o u s  galena w i t h  a s s o e i  a Led wnlf en  i t e  , - 

occur  I n  q u a r t z  v e i n s  o r  p i p e s  i n  t a c t i t e  l a y e r s  i n  l i m e s t o n e  t h a t  have been 

J n r r u d e d  by g r a n o c l i o r i t e  and gz -anod io r i t e  porphyry,  S c h e e l i t e  a l s o  i s  dis- -  

sen i ina t rd  through t h e  t a c t i t e .  'Tixis o c c u r r e n c e  cou1.d not  be l o c a t e d  b u t  seems 

t o  b e s t  f i t  t h e  Garrlet ntinc, a1  tilough p o s s i b l y  i t  i s  a t  o r  n e a r  t l ~ e  (:unmetcjl 

The P i l . o t  cl:i:i.lns a re  :in tttc l i l d / l r  T. 6 N., K. 37 I?. , 3 mil.c?s s o u t h  of' t:he 

Gunmeteal. rnlnc on tl?c sotlrhwcs t f 1cl11li of a s p u r  of t h e  P i  l o t  Moamta$ns, f n  

tl~m's a r e a  a s g i l l i t e s  and i i ~ t e r b e d d c d  p y r o c l a s t i c  u n i t s  o f  k l ie  T r i a s s i c  

E x c e l s i o r  Formation h a s  been ine rudcd  by q u a r t z  monzoni te  which o c c u r s  as 

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

p r e s e n t  under the  a r e a .  To t h e  sou thwes t  t h e  o l d e r  vocks are covered hy  

.....-------.-.--"------" --..--- "- - ---- -- " - 

Fig.  ---. C,eol.ogic Map o f  t h e  I'iLotr Cla ims,  

T c r t f a r y  v o l c a n i c  roclts. Both t h e  q u a r t z  xronzonite,  and t h e  E x c e l s i o r  

Formation n e a r  t h e  i . n t r u s  J v e s  , a r e  nl.terec1 and m i n e r a l i z e d .  "I,irntoni t e ,  '' 

c h r y s o c o l l a ,  mal.aclnri.te, a z u r i t e ,  and t u r q u o i s e  c o a t  f r n c . t u r e s ,  The q u a r t z  

monzonite 1,ocalS.y is stro1zg.i.y al:tc:recl t c ?  c l a y  and s e r i . c i t e ,  Gcoclremical. s u r -  

veys  o u t l i n e d  severa:l.. l a r g e  a r c a s  thatr. con ta fned  more than ,500 ppm.-c.opper, 



I n  r e c e n t  y c ~ t r s ,  t h i s  a r ea  has befn d r f l l e d  by lI~cLra Minirzg Go, anti 

o t h c r s .  Reporterl ly porphyry-copper nlinesa l i z a t i o n  was clrcount csrc-1 bclow t hnl 

o x i d i z e d  and l eached  su r f ace  c ropp ings ,  however L h t -  grcldc was too low t o  

make mining p r o f i t a b l e .  Chal c o p y r i t e ,  pyrri t e ,  and some mnolybdcni tq  were - ---- 

noted  i n  core.  



I OTXIFX OCCTTRRENGES , M-LNEIUL COUNTY 

%'he Broken. Mill. mine l i e s  between t h e  Fairview ant1 P ~ l ~ i l d , i . ~ ( ?  Ranges i.n 

Sec.  26(?), T. 1 4  N., R. 35 E,  l.n the  ilirtoken t i i .3 . l  di .st :r i . t t ,  i n  t1l.e nor theast :  

c o r n e r  of: Mineral  Cot~nlry. The ntinc w a s  cll'scovcred i n  1905, Mr;s t :  o f  tllr 

procli~ctiorl was f ronr 1"33 3 0  1920, a n d  t o t a l  l e c c i  l e s s  than $200,0110 w i t E l  

The m i r l e r a l i z a t i o ~ l  a t  t h e  Broken Hill. m.i.rze i s  i n  andes i . t e  t:tni.f and 

b r e c c i a ,  which are 31: l e a s t  350 f e e t  tli:i.ck, Artdesi.t:e arid basa1.t ctik.es and  

i r r e g u 1 a Y b o d : i . c ~  in . t rnde  tllc v o l c a n i c  roclcs. The v o l c a n i c  rock.s n e a r  tklc 

m d e s i t e  di'k.es have been ext:crisive:I..y fiydr:otl?e.m~al.I.y a i t c r e c l ,  A. l a r g e  mass 

of  g r a r t i t i c  rocks  c m p s  o u t  2 miles sou t l i eas t  o f  t h e  mine, 

A t  l.ei:ls t 5 silhvc.r-lead v e i n s  cu t  t h e  nnd<?si  t c  t u f f  brec:c'i.;t. Three 

r , v e i n s  st3r:jke N, 30' W. a n d  di.gi s t ~ e p 1 . y  e;.xt: o r  w e s t ,  Zhe o.i-.her, "c.:ross"vcirrs 

s t r i k e  e a s  t , o r  a r e  :i.ntermed:Lnl-c het:wl?e~i the two main t r e n d s ,  '-i*he v e i n s  are 

up t o  9 feet w i d e ,  up t o  2,000 f e e t  l o n g ,  and ex tend  t o  a dep th  o f  a t  l e a s t  

350 :feet, YUhe v e i n s  are ox:idized t o  a i le l ) t i~  o f  about: 1150 f e e t ,  anrl corrslst: 

of  gypsum, c e r a r g y r i t c ? ,  cerussi.frtr, nr.~gl.c~s:l.tc?, "'li.mon:Lte," pl..rurrhojnrosite9 

and j a r o s j - t e  . Primary ::ul.f .I.dc:s --.- a r g e n t i f e r o u s  g a l e n a ,  some p y r i t e ,  

c h a l c o p y r i t e ,  and s p h a l e r i t e ,  and rare n.~-cp~1;51&-de,~,~~tg --- beg in  t:o appear  i n  

a p p r e c i a b l e  amo~~xits at: a  depth  of 120 f e e t ,  and i n c r e a s e  i r r  atucpunt downward 

3,s t h e  oxi.c3es decre;lse, I3j.sn1u.tl.r and cobalt :  repcrrtedl.:); occ:t~r -in t h e  pri.mary 

o r e ,  Prous  t i t e  and p y r a r g y r i t e  o c c u r  i n  b o t h  zones .  

Nevada. Scheel.it:e Mi.ne ---.-----"-- - 
Tlhe Nevada Schee1.l te (Leortarcl mirre) i s  i r n  Sec.  1, T, I? N., X ,  32 E+ at 

(:he s~)uf:h end of t h e  S;mcl Spr ings  Range, It i s  devel.opc!cl by extt?nsl.vc? uxrteu- 

ground workings nrade w h i l e  min:irsg t:ungs t e n  o re .  A ho-e-11b:Eepde-l.):f.ot:iti? grano- 

d f o r i t e  s t o c k ,  i s o t o p i c a l l y  ciated a s  85 m. y, o l d  (Sc l l ib l ing ,  L965), and 



rlzsrnerous s m a l l  d i k e s  and si!.ls intrr tr le s t e e p l y - d i p p i n g  I?ecis o f  ' T r i i - ~ s ~ i c ( ? )  
i 

Excel-s ior  (?) Formati.om. nit? Ex(:eJs:I.c)r(?) Formnt:i.on c o ~ ~ s i . s  ts  of ma.l:avolcani.c 

anti meta-sedimcr~tnry  rocks  conta in ing  on i n t e r b e d d e d  50O-.Soot 1 ixnrs toric 

menher. T e r t i a r y  vol.can.i.c r o c k s  f o c a l l y  i n t r ~ l d e  a n d  o v e r l i e  the o t h e r  rocks .  

T a c t i t e  bodic:; averagirlg l e s s  than I S  f e e t ,  b u t  loc .n l ly  ~ t p  50 f e c t  

th-ick, o c c u r  i n  the li.mes tone a long  the granod ior r i t e  c o n t a c t ,  Ho::n-f'el.s ]-,as 

been formed. where t :uffaceous beds  a r e  i n  c o n t a c t  with t h e  s t o c k ,  1,oc;zl.ly 

s m a l l  f iningers of t i a c t i t e  extend out.'inrard f rorn t h e  s toclc al .ong becid:irzg p1.anc.s 

and di.kes. The t a c t i t e  coxts is ts  o f  g a r n e t ,  e p i d o t e ,  q n a r h z ,  ~ i~ l . c ! . t e ,  c i i ops ide ,  

arrd wol.l.astonit:e; schce1. i te  and p y r i t e  are loca1l.y abundant .  CI-inl.coyy.ri.tc.! 

and r~olyi>&g~~i&e_ are s p o r a t i  c a l l y  p r r s e n t  through the  t a c t i t c .  The sc l2ee l i t c  

i s  mslybdian,  c o n t a i n i n g  an average  of 0.5% Mo. Mine run o r e  averages  l e s s  

t h a n  0 .6% Cu- No powel.lit:e has  been reportc?tl, (Geeha17 and Trengove,  1.950). 

1 artder L'rosyc?ct 
--.A ---------- _ -_ . _ 

pa$ The! Lay lander  p r o s p e c t  i s  about  ;L m i l c  n o r t h w e s t  of  the Nr~vada Schccl-itc! ** 3 

Mine. Here,  a s t o c k  o f  g r m ~ o d i o r i  t c  c o n t a i n s  / porpilyry-~eolybilenam-type 

a s tockwax:lc In a l . tcre?d ,grar~odior . l . te ,  7'he mj.neriz:l.i zat:fon is not. on t h e  celliract 

of t h e  s t o c k ,  b u t  f s  scatt:ered r a t h e r  s p o r a t i c a l l y  i n  areas away from t h e  

cor r t ac t ,  T e r t i a r y  vo1ca.nic r0ck.s loc:;rll.y cover  the int:rus:I.ve ancl a?i.nernli.:ci19:io11. 

131:.illitzg by Freepor t  i.n 196'7 apparent1.y enco~,antereil  considerabl.e "too-low-gracle" 

m i n e r a l i z a t i o n .  

C o ry C a n y - g ~  ---- --- 

Vandeuburg (1937h, p.  4 6 )  s t a t e s  t h a t  ',>n'ccording t o  D. Xi. Dor~ne l ly  of 

Hawthorne, mol.ybclc?r~,-I..te i s  p r e s e n t  I.n Croy Canyon, In  fn~:naer ye2ir.s the depos:Lt 

wna prosper.:ted by s e v e r a l  open--cuts ,  Mol.ybdeni.te o c c u r s  ori ground i n c l ~ ~ d e d  

l n  t h e  Naval &:~cnm~.tirsn Depot a t  1Jawtllornc," ']'his o c c u r r e n c e  i s  m t h e  NJ% 

T. 7 N,, Il, 29 E , ,  on t h e  c:nst fl.anlc of  thc! CJass~.dc Range. Severnl.~.:-;ru@I.I. p1.t:~. 

have been dug :Into the m.inern1i.zatior-i. 



Alum Canyoril -- 

/ ~ ] - o n ~  Alum Canyon i n  t h e  Wassuk Mange s o u t h  of Luclcy Boy P a s s ,  s p o r a d i c  

occur rences  of  porphyry-type minera l f . zn t ion  (rnoly1,denite and p y r i t e  .ir~ q u a r t z  

stoclcwork v e i n l e t s )  a r e  found i n  t h e  margins  of g ranod io r i t c :  b o d i e s  ;md i n  

t h e  i n t ruded  rocks ,  u s u a l l y  a s s o c i a t e d  w:i.th a .reas of  hi.glzly-a:Ltered r-ocit 

t h a t  forni yellow--brown badl.auds. The e x t e n t  o f  t h e  m-inerial.:iznti.o~~ i s  1-lot 

N 
known, A t  t h e  Lemr p r o s p e c t ,  s o u t h  o f  A l . 1 m  Canyon [PU'E/4 SE/4 Sec.  31. T. 7 N., 

K. 30 E. I t h e r e  a r e ,  in  o r  near  t h e  c o n t a c t  zone,  b o d i e s  of- su l f i c l e  ori.9 w i t h  

s i l v e r ,  g o l d ,  - molybdeni te  - - - - - , gal en:t, p y r i t e  , and ctlalcopy r i t e  "(Ness and I , a r scn ,  

1924,  p .  280). T h i s  t leposi t  i s  a s s o c j a t c d  wi th  one  o f  the s e v e r a l  corzt-act-~ 

tltngs ten d c p o c ; i ~ s  t h a t  o c c u r  i n  t h i s  p a r t  ol t h e  Wnsuuk Range. Roof penrlants 

**+ 

of Exce1sio;- Limestone i n  t h e  g r ; m o d i o r i t e  h a  9j pee& , g a r t i a l l y  c o n t a c t -  
i;;,'..tL -- * n 

ii /" . -L*>\-* 

nietasomatlzed t o  tat-tite . ficheel i t e  5 s d l  .;.;erninLa,ted t11 rcl'ugb 'tEn<tact i L C ,  
W # ,  Q *  %. y .Si,,p / i > -*eb 

ni:d a i s o  o c c u r s  i o  v e i n s  t h a t  ci i t  t i le  t a c t l t ~ . *  2 6 ~ 3 ~  (f963, ~ l b A ' 6 . b )  
-% 

&''" lQ#y!l" J / 
-**, , n ~ c n t i o n s  t h a t  s p h a l e r i  te a l s o  i s  p r e s e n t .  - a, :tc> \, 1 \. 

" 
"*rbb 1 

Aurora Min ing  D I G  t r L v 1  - -- --- - 

"Ax~omalous ly  h i g h  v a l u e s  of nlolybtienunl (rq) t o  2 pc lmccn t )  Ilnvc h r p n  

foumd Ixl q u a r t z  v e i n s  arld 1.i.moni.te-c,oated :Erac:tures :in a small. a r e a  i n  t l ie  

n o r t h  p a r t  of t h e  [Aurctra] d i s t r i c t  . . . . It may b e  r e l a t e d  t o  a Mesozoic('?) 

granite  l y i n g  henea th  t h c  b a s a l  ande.;-ltc of  Aurura ,  wliicli 1:; approximate ly  

1,000 l e s t  t h i c k "  (U, S. Geological  Survey,  1969,  p .  1 9 ) .  

P i n e  Crow-Def ender  P r o s p e c t s  

There  a r e  a. ntlnlber of  smal.1 cont:act:-ttrugste11 c1epos-i.t~ i n  the S W / ~  Sec.  9 

and  N E / 4  Sec. 1 7 ,  'T, 4 N., R, 3% E, Here,  ~nolyl~dfciin -~d'@gIAi-k;.x~ occurs  Cn t a c t i t e  

I n  Iirntls t o n e  i n  c o n t a c t  w i t h  g r a n o d l o r i  t e  (Ferguson , Mull -e r  , arid C a t h c i ~ r t  , 

1954) . 



Mi-neral - J a c . o t  --.- prospccl:  

At: t h e  l.linera1 Jackpot  p r o s p e c t  i.n Sec ,  20, T. 4 M. , R. 3% E, , oak the  

e a s t  f l a n k  of Bass Moim"cain a t  a.n e l e v a t i o n  of 7,000 f e e t  t h e r e  a r e  two srnaPl 

prospect  pits expos ing  q u a r t z  ve ins .  There are a  number o f  t h e s e  narrow 

( s i x  i n c h e s  o r  l e s s  wide) v e i n s  s t r i l c i n g  N. 80' FJ, and d i p p i n g  v e r t i c a l l y  i r t  

rile g r n n o d l o r i t e  i ~ ~ t r u s ; i v e ;  a f e w  smai l "c ross"  veiizs t r end  a t  r i g h t  a n g l e s  

t o  t h e  o t h e r  v e i n s .  S p o r a d i c  uranlt ln~ mirreral.s, p y r i t e ,  limonite, magnet ire:, 

,nio~y~{'~-L~~, tourmal.:ine, irncl I.c.p:i. d o l i t r ;  (? )  are p re sen t  .in the .vi.?ins, 

Ker r  (1946, . 1-76) s t a t e s  t h a t  " 3 m i l e s  n o r t h c a s  t of Queens [ i n  S e c .  11 , P 
T. 1 N. , R, 32 E ,  1 . . . q u a r t z i t e ,  h o r n f e l s  and marble a r e  i n t r u d e d  by - . . q u a r t z  

4 
d : l s r i t e  and grani te  porphyry .  S c h e e l i t e  o c c u r s  F a  sediments n e a r  the c o n t a c t  

wi- th  d i o r i t e .  l lne ore -hear ing  t n c t l t e  i s  rrlatle up o f  g a r n e t ,  epic lote ,  c a l c i t ~ ,  

f d o c s a s e ,  q u a r t z ,  Eluorj  t e ,  mc~Iyi~cXcnJ~.  and sc1leeli t .e .  " 
tfg3 

-% 



TOQUlMA l<ANGE, NYE COUNTY 

"( ' ! , *>> , , ;~<~ l  ' 
There  a r e  s e v e r a l  mol.ybdenm1 occur rences  arous~ci t h e  rnarg2.i~~ of the I.arge /2 

g r a n i t i c  i .n t rus i .ve  body :in t h e  sotrtficrn part: o f  t h e  Toquirna Rzmge, 1snt:oyr.c 

age d a t i n g  in.d:icakes t h a t  t h e  i n t r u s i v e  i s  about  80 n1.y. o l d  (Schi'L3.:ing, 

i n  p r e s s ) .  

Round I"lou.ntain Mirring . ------. Uisrr- ic t  "- 

Gi.anel.la ( L 9 4 l ,  p. 52 )  ment ions  t h a t  wl;JSenit$- occurs  i n  t h e  Round 

Mountain mining d i s t r i c t .  Nothi.ng more :f.s Itncnm about  this ncczurrenee, 

Outlaw Mine - .-- 

Dana (19 32, p. 448) s t a t e s  t h e  "bc1.1j arrii i~ite . . . occurs  w i t h  cl~alc:opyr.i.t:.r?, 

p y r i t e ,  covel:Li te, m~.~scovj. te,  poI.ybrle~~ite-, and f l u o l - i t e ,  I n  cj i lar tz  a t  the 

0 u t l . a ~  baine, 1 2  m i l e s  nor t i i  of Manhattan, Nye Co., Nevada. " T h i s  o c c u r r e n c e  . . 

cou3.d n o t  b e  I.oeatred; the l o c a t i o n  given wot~l.cl pl.ace t h e  mine a t  o r  n e a r  Round 

Mountain. 

SEaish B e l t  Ml.nin& D:ks t r l . c t  - --- -.- ------. 

7.%e Spanish B e l t  (Bareel.ona) mi.nring d i s t r i c t  i s  8 rn:ilhs nor thwes t  o f  

BeXmont, i n  t h e  S W / 4  of T .  10 N . ,  R. 45 E . ,  and bN/4  of T.  9 N . ,  R. 4 5  E, 

Molybdenite h a s  been notet2 :;catte~.er"lporatic:all y o v e r  a l a r g e  a r e a .  The  

occur rences  a r e  a long  t h e  contact rSof  t h e  l a r g e ,  compos-!te, g r a n i t i c  i n t r u s i v e  
I 

C & <  "'-'i:? 

body exposed i n  t h i s  p a r t  o l  t h e  Tocjufrna Range. A @mdL.-badg of porphyritic 

"ltzte-stage" q u a r t z  ~ n o n z o n i t e  i s  asuoc  l a r e d  w j  t h  t h e  m i n e r a l i z a t i o n .  T h e  

Fig, . Geolog ic  Map of t h c  S p a n i s h  B e l t  mFning d i s t r i c t : .  

g r a n i t i c  rocks  i n t r u d e  shal .es,  a r g i  l l i t  es, s a n d s t o n e s ,  a.nd l imes  t a n e s  o f  

t h e  Ordovician Pa lmet to  FormatJon. 



P e r k i n s  -- P r o s y e c t ,  -- -- The P(?rkin:$ p r o s ~ ) e c t  LS a s m a l l  open-cut at: t h e  west  

edge of  the workings  o-f t h e  Barcc:inna :nine, Massive t o  finely-disserninatt?c3. 

molybden l t e ,  py r i .  t e ,  pyrrhot:: i.t:e, ;rnd I-essor cl-~:il.cnpy r i t e  oclcurc; al;~~~ric.tnnt:l.y 

i n  h o r n f e l s  near tkne main g r a n i t e  i i l t rus i lve ,  and sotith.tv.est o f  t h e  s m a l l  hotly 

\! 
o f  p o r p l ~ y r i t i c  q,nast;.; monzorr:i.tc. tl.lair. a p p e a r s  t o  b e  a  "l.nte--stagex" n.ff:i;t~ot of 

the anain i n t r u s i v e  Isody. Tso top ic  a g e  d a t i n g  i n d i c a t e s  t h a t  t h e  two lixrtrtisivc 

rocks  were ernpl-aced a t  a b o u t  t h e  same time 
ot7l 

s ) .  At a-hc 

.p rospec t ,  t h e  rock  con.t:airrs up .t:o 5% Mo, a r d  t h e  sulfide m i n e r a l s  mnlce r.ip sornc 

50% o f  the rock .  

Barce lona  ---- Mine, The Ba.rcel.ona. mine worltirzgs cons:isf  o f  a n  u p p e r  2,il.OO.-foot 

at l i . t ,  a :T.ower 1 ,500- foo t  n d i t ,  extc.rxsj.ve d r i f t s  and s t o p e s  c.on~?ectecl t o  tlke 

s i l r fa .ce  by severrr:l. rai.ses ancl s h a f t s  ($-:he s h a f t s  h a v i n g  been d r i v e n  dotmwarcl 

on t h e  v e i n  bcf ore t h e  ad1 ts were driven), Both a d i t s  are caved,  Over n 

h a l f  a  m i l l i o n  do1 l a r s  wo~ ' t h  O F  r:il\rer orc  has heen produced f rorrr t h e  mine, 

&% --- -----* I-" I__X__---- ---- _ _ ^  L( I_L_. _--- -I.-I --" --- - _II_ _ ----- 
* a +*- 

F i g ,  - , Map o f  t h c  Barcelona  m i n e .  

munt1.y from I875 t o  185iO and 1.920 tklrougb 1.922. P r o d u c t i o n  was .from t'iir 2.-, 4*'b /'.)- , ' 

tzor the ; l s tM.- t rendi . r .~~,  45"-south-ct.Lpping San Pedro  (TXrrrrsl:) f:lr;r;~.~re ,tiei.n whic:h 

cu t~s  t h e  l i m e s t o n e ,  a r g i l l  i t c ? ,  and g r a n l t e .  The vein cont~zii-is banded q u a r t z ,  
i I !  i 1 

-7 * a * ,  p j j ,  ) t i ? (  ) I t '/ ,/ //< ') 

c i n n a b a r ,  s i l v e r  niLrierals, and a  l i t ~ l e  p y r i t e ,  ga iena ,  s p ' l i a l c r i ~ e ,  and 
R 

c h a l c o p y r i t e .  TZlc uppcr  a d i t  c u t s  the v e i n  abou"cl,lOO I-eet from t h e  por t  :il, 

A t  a d i s t a n c e  01 1 ,250  f e e t  froui hhc p o r t a l  t a c t i t e  was enconr?lrerecl i n  l i r n e -  
C a 

j b  s t o n e  a l o n g  $gr-an i te eonL?ci: wil icll h e r e  para1 l e  lr, the San Pedro v e i n .  'rl-tis 

w a s  call.et1 t h e  Barc.eLona "ve in .  " The ttracti.te c o n s i s t s  1nainl.y o f  g a r n e t  ; m!?lyb<i,gg:eJf:;, 

ctnd more r a r e l y  c h a l c o p y r i t e  and p y r i  t c ,  a r e  i t2  s sen~ ina tec i  thrn11gl-i t h c  t a c t i  t e  

sernina. ted th rough  qua . r t z  moaznrli.t:r! po rphyry ;  o l d  maps seem It:o irtdicatr-1 t h a t  a  

d-l.ke-like prong o f  t h e  ' f l a t e - s t a g e "  porphyr: i t : ic  q t l a r t z  monzoni te  w;ls c.ut in 



beds wE$.ea, (~bnd f a: i~ aaaostted t h a t  ella mslgbdcini $0.-bearing q u a r t z  ntm?zar 

cm t h a  dan~ta~ came. fvorrl t,kia rnarfiins o f  $.hi@ " " d t & b : . t P  
q< 

F;@rr-"MeGea D r t J  1 I t t ~ l e o ,  Fn 1066, thrs Kcarsm--McCea Crsrp, dr% 2lad 3 --------..---- -- " - - -- 
d i ~ m o n J - d r i 9 1  holes  i n  L l i lw  Ixrea; one at tllc F"sr'k4nn p roapec t  and  t h e  oeh r r  

1) 

wgp a h s r t  C f i f ~ t a ~ ~ c ~ ~  to t h e  eant  (see Pfg. *- - 'fheee holes  alap%ars t h e  
> -"." ~ ~ - - m " - . * ~ * - A -  - - ---..-,s- " .--.-- -- *-.- --".- - ---.---" -.-. --"- -" - .- * -- ---- - -" -.."*" -- 

I"\ 

Y - -  "Sarikatl rsnca i n  molybderum~ and coppetkt 8rac4ia w% t h  tlept-11 bn the  < 

Kcorr--PteGee d r i l l  holes ,  
I__"- _-- I-__--._ - -_* _--I__ -___ ..,̂ -. _I _I.Y_^ " ---- -- --- -- "- -------.--- " P 1 * 

5 
contact o f  the "Xate-etagag"guar$a msaxzginrl tc, 'fie holes enea-runrnfered snsulacrous 

q u a r t z  ~ tockwork  v ~ " $ n J t ~ , t ~ .  Eloat o f  t h n  velnletra contnfpacad p i g J ~ ~ ~ ~ . e ~ ~ l ~ ~ ~ ,  many 

8 1 ~ 0  e ~ n t a i r ~ e d  p y r i t e  and f%m%e.srite, end more x n r e l y  elnal cc)i~yrf t e ? .  Savr?r.aI 

mxad @ 1.3 t t% .c% &oIeogsyrbte, a l s o  were a:alconrxztcred, The? name ml.nernl8 fotantf , * 
i 

i n  the vefnlats m a  also d4.sse~1inated ~lnroti~lr t h e  rock a d j ~ e e n t  to  t h e  v 

"g?m sno3ybdeulsuaa 4mcX c u y p ~ r  vnlsres s ra  h%gPnenl*. at: t h e  contatct, but tlre mbraernl..- 

ieatioxa awtendrc~ a t  least ~aevere~l kt~%~ldrct! feet  into t h e  ultlartz noneonfte  and ! , * J  

\I '4 4. 9 *  

eSza c o u w t q  rock. The corntry rock d s  @;!-kale, argillite, ~andsto~snsa, nnd , \ %,:I - 
Ifmerptono, axid tl~a?ir snr?t~awirorphlc t?qu%valents ctslnte, selrfnt, q u a r t z i t e ,  and k c  

Wnaren Pronpccf - ,  The Warren o r  P&R prospec t  f n  112 m i l e  n o r t h e a s t  of  -- .- * ---- "" --- "-" 
the  Barcelona m h n e  ancX tlae perk in^ prcnsyyect, f n  F;W/ I+  Sec,  32, 7'. 360 N ,  , 11, 45  E, 

BSere a shor t  a d i t  e x ~ j l o r e s  a ~ k a m  zone Rra ltineakone vllorng t h e  nortY~e:a~lt-- 

crrz~siets c11ie.Qly of garne t  and epiclot:e, and c s n t a i n e  f le l tee  o f  gs)jgr@~i>l$-~ 

g r a i n s  of p y r i t e ,  ~e:hieelite, and p ~ ~ $ - ~ S . ~ t ~ ,  and r a r e  f.5.lms of f $ - ~ r J & ~ j y M ~ J ~  

i n  ~ W P % E  vainlatn and oa die~em$nwtione. 



13e lmont Ml.nin3 D i s  tri .c.t -.-- - -- -. - 

'Ilile Belinont ~nrining d i s t r i . c t  i s  on t h e  e a s t  f:L.ank of t h e  Toqui.ma Range, 

ea-s t  o f  t h e  town of  Belmont, The d i s t r i c t  was d i scove~:ed  in 1.865, iLLi:c;ii.ng 

pias done main1.y from 1866 t o  1.89:l. and 1920 t o  1.91rl.. Ove.1359,OOO t o n s a o f  o r e  

worth  o v e r  $3,800,000 have been produced, tlle va:Lues be ing  main1.y s i l v e r ,  

Q u a r t z  v e i n s  and l e n s e s  occur  i n  slate and limestonze a t  a n d  n e a r  a 

s t o c k  of g.ranl.te. The in t rudecl  roclcs ?.ocall.y have been al.t-erec$ t o  ~lrica 

s c h i s t  and j a s p e r o i d .  Pyri.ke, sghal.eri:te, and. o t h e r  s u l . f i S e  mi?~er.als a r e  

dissemina"id dthrougti t h e  q u a r t z  v e i n s  a s  bunc:hes aricl g r a i n s .  Tlie primary 

s i l v e r  mi.neral r e p o r t e d l y  was s t e t e f e l d i  t e  --.- a r a r e  a r g e n t i f e r o u s  

antimony-copper-zinc su l f i .de  ---- b u t  nray have: been a mixt-ure o f  several 

m i n e r a l s .  However, much o f  t h e  v e i n s  a r e  ox id izer t ,  and t h e  s i l v e r  valucs  

a r e  p r e s e n t  mainly a s  s i l v e r  chlur-idc. 1, incoln (1923, p. 160) s t a t e d  t h a t :  

"At  t h e  Relmarlt Big Four Mine, a q u a r t z  v e i n  i n  g r a n i t e  i s  s a i d  t o  c a r r y  

t"'. 

2 p e r  ,-- cent- molybdc_nj.f e_ b e s i d e s  s i l v e r  and copper v a l u e s  " IIorton (1916, 

p ,  89) mentioned t h a t  a specimen o f  from t h e  Eldorado mine is  i n  

t h e  Brush Col lectLon a t  Yalc U n i v e r s i t y .  

Manhat t a n  Mininj; D i s  t r i c t  -- ---- --- 

Fergusun (19.24, p. 96) nlentiorts t h a t  "molybdenite was found a t  one 

p l a c e ,  s p a r i n g l y  dcvcloped i n  s i L i  c a t e d  1 imestane.  '' T h i  s occur rence  c o r ~ l d  

n o t  b e  l o c a t e d .  



I-lhL,E., PROPERTY, NYE COUTU"l.'Y 

The. Nal.l p r o p e r t y  is in the  Sari A~atorle (1,:iberi:y) m i r i i n g  d: i .s tr ict  on 

t h e  w e s t  f l a n k  o f  t h e  San Antonio Mourztains i n  S e c ,  5 ,  T, 5 N., K. 4% E., 

one m i l e  n o r t h  of  t h e  1,i.bert.y mine imd 22 roacl-il?i.les north of  Tonopahq 

%he d e p o s i t s  o f  t h e  c i i s h r i c t  r e p o r t e d l y  w e r e  d i s c o v e r e d  i.rx 1863. Snlall 

amorints of s i l . v e r ,  goLd, marrga:ncse, l.ead, and c0ppe.r have beer1 produced 

s y n r a t i c a l 2 y .  

The H a l l .  p r o p e r t y  was f i r s t  p~:ospected :for s i l v e r ;  an  inc:L:i.ned s h a f t  

was surrk and the. f-i.-urst (110-foot)  l e v e l  d r i v e n .  P ron~  1935 t o  1.938, t h e  U ,  S.  

Vanadium Corp. d i d  some 3,500 fee t  of expl .ora tory  work deeperii.ng t h e  s h a f t  

t o  310 f e e t ,  and clrcs.ve a 1. ,250-foot d r i f t  w i t h  c r o s s c u t s  on t h e  280-foot level . , .  

I n  1940, t h e  F r e e p o r t  SuS.phur Co. sampled t h e  workings .  The U, S .  Bureau 

of Mines c1i.d a d t l i t i o n a l  sanlpl.i.ng j.n 1942 and 19/s3.. L a t e r  :in 3.943, $:he Metals  

Reserve  Co, sank. two s h a f t s ,  drove s h o r t  c r o s s c u t s  from t h e  s h a f  Ls, and  

d r i l l e d  two dia~x~ond-dri3.l. h o 1 . c ~ .  Az~derson (1945) s tatecf tha t  t h e  U. S ,  Bureau 

o f  Mines e s t i m a t e d  r e s e r v e s  a t  I., 300,000 tons o f  o r e  coxrttt-i.n.ing 0 . 3  t o  0 , 3 7  

p e r c e n t  Nos2, The worki.ngs laow t ~o ta f .  over 4,400 f e e t ,  n7.1 t h e  worl< s i n c e  

19  35 'being clorie w h i l e  e x p l o r i n g  f o r  molybdenum ( s e e  Andersoa~, 1.945 f o r  pl.ans 

of  t h e  work ings ) .  

I n  1956,  t h e  Anac.onda Co. lea.secl and o p t i o n e d  t h e  p r o p e r t y  :from Cla rence  

PI. FIal l ,  W. @. Rigg, and Lee Eland; sl.nce then t h e  company h a s  under taken an 

e x t e n s i v e  exp1.oratory d r i l l i n g  program i n  a s e a r c h  f o r  a l a r g e  low-grade 

d e p o s i t .  Tn 1966, R.li.ctaard S . New:l.in, Anaconda's v.i.cr: p r e s : c e t - n g i ~ r ~ : i n g  

announced t h a t  e x p l o r a t i o n  had r e v e a l e d  a 3-ow-grade orehody 4,000 f e e t  ' i n  

diarnet:er w i t h  a known dep th  o f  2,000 f e e t ,  that :  cou1.d b e  mined by open-pi t  

nxthods a t  a p r o b a b l . ~  r a t e  of  10,000 t o  12,000 t o n s  p e r  day. Newl3.n aS.so 

r e p o r t e d  t h a t  t h c  2,500 a c r e  p r o p e r t y  11ad been purchased f o r  $500,000, t h a t  

l l0 ,1 .40 f ee t  o f  co re  dr i l . l " ing had been done a . t  a c o s t  o f  $:l . ,674,00@, a.nd 

tlaa t g e o l o g i c  ancl metallurgic;+.L s t u d i e s  and a s s a y i n g  had c o s t  $GG3,0cD 



Thc Anaconda Company i s  p r e s r n t i y  condnci:lrtg R f'cn:,il.,il l t y  

s t u d y  on a rnimling p r o p e r t y  fifteen m i l e s  ~ l o o t h  o f  ?'ondp:jh, 

Nevada,  The or-rbody i s  near  t h e  o l d  tQ;3ll  MPlic w21ielz g l v c s  

r i s e  t o  the  narrrc of t h e  lIal1 P r o J p c t ,  

'I'hc orebody I s  a s x ~ l f i  tPr d c p o s i t ,  the t;l~-h;ct ~ncr 3'8 I,clmg 

r 7 c o p p e r  and t h e  mai-n copper  rn i  nerali J s c h a l c o c l  te. l l lo era? 

rese rves ;  a l t h o u g h  n o t  c o m p l c t c d ,  i n d i c a t e  q u a n t i t i e s  i n  

e x c e s s  of ~1 .0 ,000 ,000  t ons wi t h  a grade  rnnp,e  of 0 - 4  t o 0 .  ","i,Cu. 

'She h o s t  roc\ l . i  i s a vol  carla" c t l c b r i s  rnnt.r:rial. i l l t  r tlcfvcl b y  r?; 

s t o c k  which w a s  rcsponsibf c for the  r n i n ~ r a i i z n t i  on, 'The 

cj1.1artz rnonzonite pol-pllyr y  stock nJ t-c.rcd t lie vol  c , i x ~ j  c sc.ili- 

rnr3nt:s for a clistaxlcc:: of up  t o  3000 f c ~ t  f r - o m  tile i r ~ e r ~ r r ; i v e .  

S f  x ( I T I ~ ,  q u a r t %  Y Q > ~ ~ I ~ T ' I ~ ;  itncl d i  sser~iin:it e d  p y i - i t  e r r i i r r r ~ r , ~ l  i ..,;it i o n  

a r e  char~icte~..l:ste-ic: 01 t h i s  aItr;bx-h'pd zone3, In t h e  st oclc, t n o l y - -  

b d c ~ n i  t e  i s a s s o e  i a t e d  with intcllnsc q u a r t z  vc:in-ix?>; n lon) ;  t . 1 - 1 ~  

rnargi r~:; of t-X)e porp l ty ry  . The mol ybdenurn was ttle f i t  st t :lr.gc% 

1 1  m e t a l  a t  t - h i s  proper  t y ,  bx~t d o c s  not- q u i  t e  make ore ' '  at ttli s 

time. I t  . c ~ ; ~ s  good gc3ologi c n l  explornt - i lon  th ;~ t -  t l i  scovr~r-cci  t-Ire 

coppcr  h s l  o ax-sutlcf t-he s t o c k  t:hat developed t he  zone crf  rni~lc.ral. 

i z a t i o n  w h i c h  may cvent [ r a l l y  prove to bc an crrc?botiy, 

Mi ne planning has  been d i f  f i c ~ ~ . ?  t because t:fae osr3 Icscr\rcbs 

and  m c t n l l i ~ r - g i c a l  I-esul t s  ctr-e n o t  y c t  f i r m .  1 t i s  , ~ n t i c i k ~ a t c d  



t ha t  mjn-fng w i l l  p r o g r e s s  a t  a r a t e  from 5-3OFZ S'fP63 of  or^. w i t h  

a ]_:I s t r i p p i n g  r a t i o ,  y l c l c l i n g  a m i l a c  l i f e :  of inorc t h a n  15 yc;irs ,  

The mining method would be open p i t .  - d 

Me taPlurgica1 t e s t i n g  has p roven  t hak  ehis i n j  $ 1 ~  ~ - ~ Z i . z a t I "  0n C:;?IIV 

cconornical.l_y bc berrc$ic:ic.atgzd by f l a t  at : ion,  b u t  clo~r; resporld 

t o  a s u l f u r l c  a c i d  le, . tch, i.loreover, il: appears tlhat t h e  o n l y  

virabl-@ Icaeia rrrccllod i s  a Irclap or* tlu~rrp type . 'I330 rlinu" n p a l  clnic. tibr-s 

arc esponsibj e f o r  tit c t a tirag tXle u s e  of l x f ' a p m -  clump 1 cat l l i  ( r g .  

TI-re f i r s t  i s  a c i d  consumption and t-he second  ?Is r c c i i v e r y  rate, 

Any t o t a l  s~lbrnergenee treatnlerlt y i e l d s  ve ry  l ~ i g h  ,2c::i.d cora- 

sx~rnption - 10 eo 20  Tbs. per Itz. Cn. A t  t % ~ e  p r u s c n t  C P S ~  of 

rn] s ~ n l l u r i c  a c i d ,  i t  hccoinc.s t?vi.clent t l l n t  t_Z~c ccnnornics ; ir-e 11n- 

Le 
"$L 

f a v o r n F ~ l c  f o r  a vat l e a c h ,  A x  s t a t e d  b e f o r e ,  t he  1ninr~r;31i nn1z-i on f s  

su3 P i  d c  n n r l ,  ~:ctrlsccluer~cl~y tXlc cherni-cnl. a n d  h i  01 o g i c n l  xeac  t i ens 

ta.ke yea rs .  I-Iere again, the heap:; or durrlps izre better bc.c.;iu:;e 

~ I - I C Y  are s t a t i - o n a r y  and c a n  be treaCec3 a v e r  a 1-ong p e r i o d  o f  

t i m e .  13e are a l s o  an t ic ipa8: ing  a s i d e  berrefit: by  h e a p  ctr 

dump l e a c f i i n g  and th3.t- is g e n e r a t i o n  of sul.fux9.c a c i d .  

Y ota w i l . 1  n o t i c e  I, Ilave used tlke tesins l leap o r  tiusnl, when 

r e f e r r i n g  t o  the  l e a c h  met.-.hod, 'i'hrungtlotrt tr!.ie i . ~ ~ d u s t : r y  each  

o p e r a t i o n  has a uniclue connotat i .orz of the wortls h e a p  o r  tltlnrp 

when descri.bix-ag the  p i l e  of rocks t h e y  are t : ~ - e a t i n g ,  KaS:her 

[:Iran stamcfardi.ze the I" r . ld~rs t ry ,  I will. 8 i . v ~ .  Y O I . ~  ciur t~l(ianf.l~g.c;' 



of t h e  w o r d s  89: L I S ~  Hall p r o j e c t .  A dump j.,,j any pile aver 

100,000 tons ,  b u i l t  by c o n s t a n t  dumping o f  t~:ucks h a u l i n g  

avo id  compact Eon and  scgx c g a t  ton. The mater ia l  would bc 

c r u s h e d  and s t a c k e d  t o  a l . 1 0 ~ ~  maxi-inum anr l> ien t  :i%.r i raduc t  i o n ,  

The si.ze of t h e  heap wotald be depez-rcfent on a v a F l , a b l e  room 

b u t  notl~ixag over 60 f e e t  Y~.igh, W e  a r e  s t i l l  hnvc:sr:X.f:at<ng 

b o t h  ial~thods al@houi;h we w o u l d  v e r y  much P i k e  to else I l eaps . ,  

A p t s s s i b l e  r c c o v c r y  system is a l i q u i d  i o n  exchange 

w i t h  e1ec tx"owlnning .  To %:hose of you f a n a i  1 i a r  w i  th n ~, - ix - -  

c l c ? e ~ - r o w i n n i n g  proec?:;s, w e  are e o n s i d c  r ing  a s y s t e m  s 1 ~ n i l n r  

t o  Bagdad Coppe r  Corpora t ion  and ~ a n c h ~ r ' s  B l u e b i r d  Minc ,  

F o r  those of you n o t  C n i ~ t i . l i a r  w i t f i  t h i s  process, p e r t l a p s  a 

b r i e f  e x p l a n a t i o n  wou ld  be b e n e f i c i a l .  Tht' l i q ~ r i d  i on cx- 

change process  a o f  t e n  Y ~ ~ C I L " C ? ~  to as sol .wel~t  extrraetiaal ,  

was deve loped  by G e n e r a l  Mills a n d  i s  a chcrn icn l  p r o t r s s  

d c p c r l d e n t  on an 0rganj.c reap,ew-rt c-a1 l e d  F , I X ,  'Thc r.caj;crlt-, 

normal  Xy I , IX-G4N,  w l ~ a ~ r ~  mixed with a. keros i-nc d i l l rcn t 1q-i 3 I 

l o a d  C O P ~ P I -  I-TOIII l e a c h  l i q u o r s ,  T h i s  loncii-alg a c t i  on i s  

~ r 7 f  l e d  tlbe ex t . rnc t ion  stage . Tlac prc2gnant: f r i ~ c h  solut - i  owls 

eni.chr the esctracticm s t a g e  whcrc; t h e  copper i s  'Loaded on thca 

organic, or we might say exLrnc:ted irorrn thc? arplecrus fc~cld s o l -  

u t i o n ,  and the  barren  acjucous I - a x f i n a t e  i s  r e a d y  t:o be re- 
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The l o a d e d  o r g a r r i . ~  i .s then tsransferred t o  the second 

phase' c a l l e d  t h e  stripping s t a g e ,  Here the l o a d e d  organ-nic 
* 

comes i n  c o n t a c t  w i t h  a s t r o n g  sulfuric a c i d  s o l u t i o n  wh ich  

s u p p l i e s  numerous hytlrogerli i n n s ,  The Icxidec-4 o r g a n i c  rnol.ccul.e 

:in thi.s envi.rornrnenf gives u p  i t s  copper i o n s  a n d  cakes J..n 

tlydrogerr ions. As t h e  c t r p p e r  ions are rc:leasc.d, &:llcy ;lire 

t a k e n  into sol~.~tf.on and del.ivc:red t:o the tank h o u s e  fox: 

electr~wi.nr~ir~g. T11e s f:arippc?d organic:  i s  t h e n  r e c y c l e d  bnclc 

to t h e  extraction s t a g e  to be l o a d e d  a g a i n .  

This process has several good c h a r a c t e r i s t i c s  a s  f a r  a s  

o u r  property i s  c o n c e r n ~ h d ,  bi-rst, tllcre i s  c l c a n  tail water 

( r a f f i n a t e )  to be wccyc2.ed t o  t h e  leach 11c.a.p~.  'Yhis a%lowo 

p l e x  addj-ti.01za.2. I r o n  c o ~ n p o u n d s ,  Second,  t h ~  1)rsces;; a1 L O W S  

v i ~ - t u a l . k y  no psl1.1.1lion. fi:vex-ylhing is c'Pran '111td L - ~ ~ C Y C ~ C C ~ ,  

A l so ,  t h e  entire? opcra t iurn  requires less c a p i t a l  oilt-1ay than 

other available p r o c e s s e s ,  

This outlines generally w l ~ a t  Anaconda f s  investigating at: 

the Hall P r o j ~ c t ,  We arc in the p r o c e s s  of t e s t i n g  r e a c t i o n s ,  

f: inaLising d a t a ,  and coiiapleting the f ina l .  Ccasibi1j.t.y r e p o r t ,  

have u n t i l  n l  I pilot: p l a n t  t e s t -  work is cornp lc tcd ,  

' ~ k ~ a n k  yon, 



I ' reviaus Work, Kirkemo, hridcrsorr , and Crensey (1956) tien c r  ibed the 

ge.ology of t h e  deposri.1:. MicIle13. (1945) discu:;ses t h e  ox-idati.on o f  t h e  d e p o s i t ,  

War Min.erals  Repor t  1.96 g i v e s  t h e  - r e su l t s  of t h e  1J. S .  I'rurenu of Ni.nes sarupl-i.ng, 

as w e l l  a s  ot laer  sampl.:i.ng. ?'he fol.l.crw-ing d e s c r i p t i . o n  .i.s parti.;.ll.ly ba.cseci on 

t h e s e  p u b l i c a t i o n s  ., 

The - Ttockz;. A r o u g l ~ l y  c i r c t l l a r  s toclc of q u a r t z  rnonzi~ni to ,  abozrt 3,000 

f e e t  i n  d.i ame te r ,  h a s  i n t r ~ t d c d  Ordovic ian  ('!) m i  r a  s c h i s  t anci s c t r i  c i t i  c 

q u a r t z i t e ,  and i s  o v e r l a i n  by T e r t i a r y  voi.cankc roclcs which a r e  preciom.inrntcl.y 

t u f f s .  A n d e s i t e  d i k e s  c u ~  t h e  s c h i s t ,  m i n e r a l i z a t i o n ,  rind i . n t r ~ i s i v e .  

A t  t h e  undergror~nd work.ings t h e  s c h i s t  i.s w e l l .  f o l - i a t e d  w:i.th rilusccivi t:c 

t h e  dornl.nent mica., arld biol:-l..te i.n l . e s s e r  amounts; t h e  :Fo%iatrioti gene-r,i~l.ly 

s t r i k e s  nor thwes t  arid d i p s  s t e e p l y  nortllc?a.s i.. and soutl.lwest. I',:l.sewlieri? tire.. 

s c t l i s t  i -nc ludes  f i n e - g r a i n e d  ca lcareurrs  rock,  h a r d  sl.ate, and q u a r . t z i . t i c  

s c h i s t .  

'fie q u a r t z  monzonitc i s  v a r i a b l e  i.il t e x t u r e ,  r a n g i n g  from fine-g.ra.ined 

t o  porphyrrd t i c .  'Ullc posphyr i  t-i c v a r i e t y  cons isl-s o f  or1 l1r7cL1sc and /o r  qua i  6 z 

p h e n o c r y s t s  :in a rnec24.tnn-grained gr.oundnlass of ortl.roc:lase and cluar tz ,  some 

pl.agi.ocl.ase, and r a r e  muscovi te  a n d / o r  b i o t i t e ,  P,i.oti.te appears  t o  have 

------ -----.----.-.- "-- 

F i g ,  -.- . Geologlic Map of t h e  't-ia1.l srioly'bdenam deyos3.t.  

-,,--..--.-" -------,--*---.---" ----.------.-..---.-------.------.--.. -.-.. 

been  much more abundant ;  i t  r?+n!ins rel.ativt2l.y more abundant  i.n t h e  alinercili.zczd 

a r e a s .  Pyr - i t e  coln~nonly r e p l a c e s  tlre b i o t i t e .  The q u a r t z  rnonzonkte h a s  been 

cal.:l.ed al.ask.i.tc, a.pparel:l.t2y due t o  tire p r e s e n t  r a r i t y  o f  t:l~e b i o t i t e .  

In a general. way, tt1.e I .n . l . r~~si .ve  body a p p a r e n t l y  r e sembles  a c y l i n d e r  

whose a x j s  d i p s  g e n t l y  e a s t ,  Tl lc  I I T ~ ~ P X . ~ ~ ( I U T J C ~  ~ l o r l t i n g s  o n  t h e  suutl l  f l ank  o f  

t h e  i n t r u s i v e  r e v e a l  t h a t  t h e  r o n t a c t  i s  i r r e g u l a r  horh  i n  p l m  anti s c c t i n n ,  

h u t  has a g e n e r a l  d i p  o f  80" NE ( t h a t  is, t h e  c o n t a c t  t i ips towcrrd, i n s t c a d  

o f  away from, ttle s t o c k ) .  



S t r u c t r ~ r e s .  Numc!rous Eau3. t~  and f r a c t u r e s  o c c u r  i.n t h e  mnrg:I.ns of" [:he -----.- 

a l a r s k i t e  s t o c k  and i n  t h e  rocks  a long  t:he c o n t a c t ,  formi.ng a "lln:Loi' arouncl t h o  

c e n t e r  o f  t h e  s t o c k ,  Quar tz  veins and  massc:; f i l l  inany o f  !:he f a u l t s  ni ld 

: f r a c t u r e s .  O the r  f a n l - t s  sl:ispl.ace tl-~e ve:i.ns , q u a r t z  irzoa:izoni te contnc  tq, and 

a n d e s i t e  d i k e s  rshort d i s  tal.~.ilel;, Tliese f a u l t s  I?nve Z)o  th f 1 at and s t.cep d ips ,  

Anderson and Cox (1.935) s t a t e  t h a t  f lk t l . le re  :is no evj .dence  COT^ trary t o  t h e  

s uppos:i.tl.on t'hat a:l.:i of t h e  f a u l t s  a r e  so111.ewhat contcmpol:nne.oi. " 

S: i l . ic : i . f ica t ion .  - - Exterrsi.ve q u a r t z  f loodFng,  numerous quark:z v e i n s  at-icl 

masses ,  and fault gouge o c c u r  aro~mci  t h e  marg.ins o f  the s t o c k  b o t h  i n  t h e  

q u a r t z  monzonl tc  and i n t r u d e d  r a c k s ,  fc~rrning a "l-ialo," Mosi-t a f  the. - v e i n s  are 

I. t o  4 i n c h e s  wide ,  The "contracts" o f  t h e  q u a r t z  11al.o a r e  graciati.onal.,  qri;irtz 

v e i n s  b e l n g  scatt:cx:ed sporadica1.l.y ontsiric! t i le  1ral.0, L o c a l l y  t:llc;.? q u a r t z  

monzonite c o n t a i n s  o v e r  50 percentl  o f  t11e ve ins ,  (The areas mapped as part 

o f  t h e  h a l o ,  in  g e n e r a l ,  apprnactled a t  l e a s t  30 p e r c e n t  q u a ~ . l z , )  T h e  o r i e r l t a -  

$$3 t i o n  of  t h e  v e i n s  varies g r e a t l y ;  i n  sonze a r e a s  the o r i c i ~ t ; x t i o n  i r ;  c-orilg)leccIy 
% 

.random, .in atller areas tltc rnltjor-i.ty o f  the: ve in s  Irnvc? otie p e r s  f s t t : i ~ t  ; t t  t-.,i tucie 

w i t h  the remai-nder h a v i n g  random s t r i l i e s  ancl c$:ipse P e r s i s t e n t  a t t i t u d e s  ;.ire 

more colixnon i.n, the. e a s t e r n  r-t i3rt  of  tllle s t o c k .  Numerous small. xnast:;es o f  q u a r t z  

accomymy t h e  veins,  and a r e  Isar t  i c - t ~ l a r l y  abundant  i n  the> nor t l t e rn  p3-i-t o f  t h c  

s t o c k ;  i n  t:l-iis area ehc  f e l t l s p a r  i s  l a l r g ~ l  y a l t e r c c i  t o  k a o l i n  ancl sc r  i c i  te o r  

r e p l a c e d  by q u a r t z .  

The q z ~ a r t z  v e i n s  i n  tht? s c l l i s t  n~os"rommnon1y p a r ; \ l l c L  f o l  iaCfon,  'i'l-~c v e i i l s  

I n  the volcanic roc'lt~; an(:? more .randorr~ly c ~ r i e n t e d  and distributed urorc e r r ; t t " i cn l l .y ,  

\I, \8 t l a \ l  < 

some -ynlclme rocks  i n  t-oatact: w i t h  tlle s t o c k  being e s s e n t - i a l l y  Free of veins. 

There a r e  se-vera:l Large masses of  q u a r t z  i n  tile al.rasli.i.te ant1 s c h i . s t .  

'These masses c o n t a i n  or1l.y minor rernna,t:s nf t h e  c o u n t r y  rock ,  Itilve g r a d a t i o n a l  

b o u n d a r i e s ,  and appa.rent1.y have  been forined by replacement-., 



M i n e r a l i z a t i o n .  - ----- -- F'yri t c ,  molybd tn l  t c ,  nnil ;I 1 i t i l e  cl~,l l  c o p y r i  t i x  occtir  

i n  t h e  q u a r t z  veins and ~)~)( is  L h r o i ~ g l ~ o u t  I h e  ha10 C) t q~ iz t r tx  f l o o d i n g .  ' l ' t l ~ 3  

cmdergrour~d worl i ings explci  r t l  :I c c ~ n c ~ l ~ l t r a t  ion o f  v e i r l s  i n  L IIC s ~ h i s  t. <111(i LO 

a Lif i l i ted ex ten t -  t h e  q u a r t z  ruonzon i te ,  a l o n g  the so r i th s i r i e  o f  the i - n r  t a rns ivc .  

'This "body" i s  r i c h e r  in ntolybderri te  f h a n  tftc rest oi- t h e  l ra lo ;  it is essen- 

t i a l l y  t a L ~ ~ L a r ,  50 i o 7 5  lee1 wiclc., ancl 1,500 Scet  l ong  ( n o r t  liwrst--::oi~i h \ , ~ ~ s ~ )  , 

and r o u g h l y  p a r a l l e l s  t h c  contac t -  artcl t l ie  s c h i s  t o c l l  y, 

The m o l y b d c ~ ~ i t e  occ-ilr:; rctoc;~ cormunnly a s  s t na l l  f l a k c s  or:tl buncIics i n  r 'llc. 

q u a r t z  v e i n s ,  less co~cmonly  as t h i n  c o a t i n g s  ( "pa in t" )  on f r a c t u r e  and rauj  r 

s u r f a c e s ,  and more r a r e l y  a l o n g  t h e  marg ins  c?& h u g e - E i l l e d  r a u l  t s .  Cn t h c  
/" c La 

- ' # #  , 1 
qi iarcz  veins, ihc moly b d c n i l r  i s  largclT@$)&tl$ ,tbe\nimilrg i n s ,  i r ,  tort r -as t  t c) 

<; ' <  "> *\, 
t h e  p y r i t e  b?hic.?ix .is d i s t r i b u t e d  

l o c a l l y  h a s  srnranred mo tybdcni  t c n1011g f a u l  

O x i d a t i o n .  0xiii;rt i o n  e x t e n d s  t o  n d e p t h  f e e t ,  l o c a l l y  -------- 

e x t e n d i n g  much cleepe r a 1 o n ~  c r a c k s ,  Usud 1 l y  oxi  clnt ion zone 

J'n sharp.  Y e i J  owiqh -L>rown i" i rnonite" f i 3  4s 

M a l a c h i t e  and a z n r l t e  a r e  p r e s e n t  b u t  rare. Some --.----" f e r r i . m o l y b d l t e  i s  int inatc: l .y  

~ n i x e d  w i t h  t h e  I.i.morrite, Thc :cibuncliznt "l.:imonit:e" I.1n.s o b s c u r e d  t h e  co lo r  anct 

o t h e r  character:i .stl .c:s usi~al1.y found 111 mol.ybcieni.t::i.c gossaxls. - Powe:1.3:it:e -i.s 

e r r a t i c a l l y  d i s t r i b u t e d  througf-r t he  rnl".neral.-i.zed a rea  a s  psuedunlorphs aft:er 

molybde-ni te .  An e a r t h y  b l u e  nwlybdenrant mlzleral ( ~ I i ~ ~ r g a ~ n i t e ? )  h a s  been ncr Ired 

a t  a few s p o t s .  

I n  [:he oxid:L.i.,ed zone 30 t o  4.0 percent: o f  the mol.ybdenum i.s i n  the  form o f  

s u l f i d e ,  i n  c o n t r a s t  t o  the over 85 pr:x.cent su l . f i .de  c o n t e n t  o:f t he  su:l.rx':iclcz 

zone. T h e  percentage of  riiolybdenrm shows no  s i g n f  f i c a n t  change froin nnr zorie 

t o  t h e  o t h e r ,  i n d i c a t i n g  tha t .  the. metal di.3 n o t  m i g r a t e  rea3i l .y .  Some 

r e s i d u a l  p y r i t e  a.Lso ren1aj.n~ ill t h e  o x i d i z c d  zone. There  is n o  e n r i c h m e n t  



O'TRER O t:Cllfll<ENCDS , NY IT COUNTY 

Vic to ry  Tun..sten Mirre ..---.--- --.- .- "..." 

?%e Victory t u n g s t e n  rui.rie, on t.he west  edge 05: the I.,ocl.I. !li  l.ls, r1nrt:lr 
jl" K'\ f:-, 

of  Cabbs i n  Sac.  2 2 ,  T. 13 N:, A Produ.ction h a s  been inainlp froill a con tncc  depos:i t  

i n .  l i m e s t o n e  3d.jacen.t t o  g r a n o d i . o r i t c ,  North and w e s t  o:f t h e  111a:ln worlti.rii!, , 

scheel. i t :e,  f l . u o r i t e ,  and minor cluartrz a r e  di.ssem.inated ai.ong cr:lclzs i n  crl isi~ed 

and f e l d s p a  khized granodiorylte --- what mig'klt: be ca:ll.ed a t ~ i n g s t c n - p o r j ~ 1 : y r y  

d e p o s i t ,  A s tockkwork o f  q icrr tz  velrrl c t s  c t ~ t  tile sc:.heei.ltt~-C:i.rxor-1 t:c ciepos.it- 

(Humphrey and Wyatt ,  1958) , 

PoweJ.l.i.te r e p o r t e d l y  occn.lrs in sma4:l amoulztrs in b a t h  depo:;l.ts ( a s  always 

when anafyse:; of t l a e  "powe.tlite" are n o t  a-vai.1a.b 1.e , and t h e  idelzt: i f . i .ca t ion 

j.s based  (.,a l t s  yel.low fluoresc:ence; t h i s  a c t u a l l y  anay be  ~nol.ybdenian 

J3 1 C a p  i t :in xk~~!&;Jstiz -yAbl:g. 

The E i  Gapi tan  (Anson:i.a) ttl~?.gsten mine i s  i n  Sec,  26 ,  T. 7 2 N, , R .  36 I < ,  

0x1 tlze s o u t h  edge o f  t h e  L o d i  t-lil.ls, i n  3. roof pencl,?nt(?) o f  dolomit.i c I.:ime-- 

:s towre i n  grauoditr:ri.te. Scheel.:i.te occn~:s as c 1.osel.y spaced pnra:l. ].el. I.ave.rs up 

t o  I. i n c h  thick. i.n e l o n g a t e  1.enses of garr re t -epidote  t:act-Ltre i n  I.imestonc 

adjo .cent  t o  t h e  granodFor:i.te, !<m;rl.I. amoun.Ls o f  p y r i t e  zrcid NI,JJ~~~~Y&LL~; <:Ire. 

dissemi-nated e r r a t i c a 1 . l ~  th.rough t h e  tact.l..te. 

D o w ~ v i l l e  --.- Mine 

The 1)owneyvl.l.l.e 1ain.e i s  i.n the, Gabl~s  n~i .~i ing d i . s t r ic t  on t i l e  west s l .ope  

of t h e  'ilaraiii.se ltange i n  Scc. 1.1 , %', 11-2 N. , K. 36 R ,  i n  t h e  nor thwes t  co-rnerr 

o f  Nye Coulity, 2 , 8  r n i l c ! s  tzo~:~il--nortlac.n3C of  Gi~bbs.  

Near ly  al,:L the productiori  of t:he mj...iie was :from 1.87.5 t o  1887 when 2,357 

toris of o r e  w u r t l l  over  $80,000 was ~ni.x~.c?d~ Val.ues were maln2.y ].cad w i t h  some 

s i l v e r  and z inc .  S i n c e  then., t h e  on ly  prcrdueti.on has  collie f r o i n  t h e  s l a g  a n d  

o x i d i z e d  o r e  dumps whicla have bclen sfri.ppcd LO v a r i o u s  stnel t e r s e  Mining 11as 



been r c s t r l l c t e t l  t o  an a r e a  o f  500 by I,OOO Ccct. Tlrere arc ntii-iicrons sliailokr 

shaf ~s a.nd " g r a s s  r o o t P '  s t o p e s .  'Che inain sh:*ft i.s 380 feet: deep.  A s111ai.l. 

s m e l t e r  was operatecl  01% the? p r o p e r t y .  

The a r e  o c c u r s  i n  pipe,-Like a r e a s  of c r o s s  f r a c t u r i r l g  in ~ e s o z o i ? :  

l i m e s t o n e .  These o r e  I~odlles co~nrt~onl y a r e  2 t o  6 f e e t  w f d e  ancl In a t  Leas t  

one c a s e  ex tend  from n e a r  t h e  s t i r f a c e  t o  a  dep th  o f  ai l e a s t  180 f e e t ,  

I $ .  , Most o f  t he  o r e  i.s crxidi.zed, and c o r i s i s t s  of porous .1imort:ite" gossan 

cotxt:;iining ceru.ss:ib:c and .... w.ul.fcn-ite.  ". P y r i t e ,  p y r r h o t i . t e ,  s p i ~ n l . e r i t e ,  ant1 

g a l e n a  a r e  p r e s e n t  :in t h e  d e e p e s t  work%.ngs where the  o r e  i s  ~~~oxidized, 'The 

pyri:te c o n t a i n s  s e v e r a l  3.00 p a r t s  p e r  ml.ll_ion Mo. 

l ' ~ o ~ , e e t .  

At t h e  Su1per:ior p r o s p e c t  i n  Wtil.1. Canyon :in t%re Toiyabe  liango i1.i T. 10 N,, 

R. 42  E . ,  t h r e e  sha l low sk1aft.s and a 1.50-foot adit: expl.ore a vc.irr i n  I.i~~lc?st:onc: 

which r:ontains gouge, c?la: lcocite,  c h a l c o p y r i t e ,  b a r i t e ,  and a I.2.e-t1.e ~<,lykdg~j&-: ;~ 

Toncrpal~ --. ---.- ---- Mining D i . s  t r % c  t 

Burgess (1.91.1, p.  20) mentions t h a t  j x p _ l f c n i J ~ ~  o c c u r s  spnriug3.y (as -ve ry  

t h i n ,  co l .o r l e s s  t o  ,very pale-yel3.ow, b a s a l  p l a t e s  w i t h  cii.an~t?tral pyra~r~icfs 

012 tl:ie edges )  i n ,  some of  t h e  veiris  j.n pt3rou.s q u a r t z  masses associ .a ted  w i t h  

i o d y r i . t e ,  b a r i t e ,  and gypsmn, C r y s t a l s  o f  . iodgri . te  corr11i1on'l.y a r e  p e r c l ~ r % d  on $..,., i 
p l a t e s  of w u l f e n i t e .  &."'---.--. --. ,.-- , js: 
Oak .SS>ng ---- Mining - .~ D i s t r i c t  --- 

'Ihe Oak S p r i n g  mining di.s t r i c t  .is I n  t h e  v i c i n l  t y  of Oak~ S p r i n g  on t h e  

s o u t h e a s t  f l a n k  of  e'tte R c l t e d  Range near t h e  sout-h end o f  ehe range i n  T, 8 S . ,  

R. 53 E., I t 5  m i l e s  n o r t h w e s t  of Las Vegns. The d i s t r i c t  .is Jn  t h e  Atomic 

Energy Commission'n Nevada Prov ing  Ground, and t h u s  i s  n o t  open f o r  cxamlna t io r~  

o r  e x p l o i t a t i o n .  Some work w a s  done i n  t h e  d i s t r i c t  a s  ear'1.y a s  1905. The 

e a r l y  a c t i v i t y  was f o r  golcl, s i l v e r ,  copper ,  and " t u r q u o i ~ r ~ ~ ' ;  p r o d u c t i o n  was 

s m a l l .  The turxgsteln dcpos  i ts  a p p a r e n t l y  were d i s c o v e r e d  i n  1937 ,a - Somi. 

$6,000 worth  of Lur~gsLcn concen t ra tc>s  wcre  sh ipped  i n  1940 ,  a .  



M.o r e x  Mi.nin& B2.s t rjj c  t 

Mol&deni.te i s  p re sen t  i n  cluartz vc:in.c; cuet:ing we:l.deif r h y o l i t c ?  

t u f f  a t  Morey Peak. The ve ins  a l s o  conta:i.rt pyx::!. t e ,  p y r r l i o t i t e  , chalco-. 

p y r i t e ,  c o v e l l i t e ,  and tourmaline,  The minera l s  probably a l s o  are  

presen t  i n  t he se  vein.8, as  they a r e  Itnomm i:o occur  i.ii o t h e r  ncs.rhy 

quarts: ve:inr;. The occurrence i.s i n  a ca lde ra  eilv:l:r:o~mrr~ent in whic11 a 

jumble of f a u l t  b loeks  ha.ve been i.ntrudecl by g r a n i . t i c  rocks .  



Two and a ha3.f m i l e s  s o u t h  of  Ciak S p r i n g s ,  1.imestone and dolomi.tc. of  tltc 

C)rclovician Pogonip Group i.s i n t r u d e d  hy t h e  CI.tnrax eon-rpsrs-i.t:c. stock of  g rrino- 

dior i .  t e  and porphyrf  t i c  q u a r t z  1nonzorri.t:e. The c:or.ltact betweerr t:.hc ol .dcr 

g r a n o d i o r i t e  and .the y(2unge.r q u a r t z  moneortite i s  s h a r p ,  Numerous :ipIDi.te nrzd 

p e g m a t i t e  dilces and s i1 l . s  c u t  t h e  intri~sfi-we and sur.rouzrdl.ng rock;;. T e r t i a r y  

t u f f s  p a r t l y  cover  t h e  o t h e r  rocks  (Houser and  Pool.(?, 1 4 3 6 0 ) ,  

Certa:i.n l imes  tone. beds n e a r ,  b u t  i ~ s u a l l y  n o t  on ,  t h e  con t ac t  wittr tire 

s t o c k  have been a . l t c r e d  t o  garnet-epidoi:r.--quartz t a c r i t t e .  ii 3.2 t t L e  scher : i i t e  

and p y r i t e ,  and rare.1.y mc?nc&y)-d~~~i.te, a r e  r.fissc:rnin;ated through t-he tact: : l te,  

</; 
Only a t  t h e  Cl.i.max (?'emr?,ky) mine on t h e  norh-heast:. edge o f  t l ~ c  st:ock, ;lnd < a t  

t h e  Garlzety t e  'E,odc? rn:i.ne on t h e  s o u t l ~ w e s  t s i t e  o r  t h e  tt-11: s t  O C ~ ,  IS t 1 . 1 ~  

s c h e e l i - t e  s u f f i c i e n t l y  abundant t o  b e  o r e ,  

A nunxber o f  q u a r t z  v e i n s  E:i:E.I f r a c t u r c . ~  ;mcl "slip:;" i n  ti-le stoi-k nnxri 

c a r b o n a t e  rocks .  P y r i  t e ,  and  I . e s s e r  ca:lcrl.te, ciralccipyri.tc, ga i .ena ,  ainci 

s p h a l e r i t e ,  a s  w e l l  a s  t h e i r  ox idak ion  proclucts a r e  p r e s e n t  i n  the v e i n s .  

Schee l i . t e  i s  p r e s e n t  i n  t h e  v e i n s  as  enl-iedral c r y s t a l s ;  a t  the Crysta ' l  ~ r ~ i r l e  

i n  t h e  li-mestonc on t h e  southwest: s i d e  o f  t h e  s t o c k ,  sevcra ' l  hundred t o n s  of 

t u n g s t e n  o r e  have been mined from s e v e r a l  I-ligh-grade s h o o t s  in the veir-I:$. 

I n  some of  t h e  v e i n s  -. rnoQbybclenite ... is  pre . sen t  w i t h  t h e  sc11ee.l.i-kc?. Tire 

mo3.ybdenit.r: i s  l a r g e l y  a l t e r e d  t o  22~~~4Jt~~. 'The powel.:Lite S.s d r ~ I l  g:ray, a n d  

o c c u r s  i n  p l a t y  masses (up t o  s e v e r a l  c e n t i m e t e r s  a c r o s s ,  and com.~non:hy berrt 

and t w i s t e d  i n  d i f f e r e n t  d i . r e c t i o n s )  t h a t  a r e  psuedornorpl~ic a f t e r  molybden:it:n, 

The amount o f  una1.tere.d molybden-Lte v a r i e s  from a c o n s i d e r a b l e  q u a n t i t y  t o  

none a t  a3.1. A n  a n a l y s i s  oE t h i s  powel l . i te  gave o11:Ly a t r a c e  of WO (Scha l . I e r ,  3 

19 :l.l) . 
Tn. 1962,, a s  p a r t  o f  t h e  "tiard1~a.t" p r o j e c t ,  t h e  Atomi.c Energy Conllrri.ssic;n, 

sunlc  a 780-foot s h a f t ,  w i t h  a  400-foot crossc.u.t a t  i t s  bottom, i.n t h e  q u a r t z  

n tonzor~i te ,  Three  prominent  j o i n t  s e t s  a r e  common throughout  t h e  s t o c k ,  and 

are par t i c : t~ la r ly  we:i . l  exposed :Lrr t h e  c r o s s c u t :  (1 )  3 alorthwcst-trel:trtd.izg, 



near3.y v e r t i c a l  sel:; (2)  a nor th -nor t l~eas t - t . r end%ng,  nea1.y vem:t.i.eal set; 

and (3) a n o r t : h c a s t ,  20~-35°NlC-tl:ipl~ri.r~~; set-. :l:n the c.ros.";r.ut -__..__i+_-_ rrrct.%ybde.i~-i.te 

o c c u r s  disserviinated a s  f l . akes ,  :aggregates ,  and E i . l m s  ("pa:intU) a long  ~ l i e  

j o i n t s ,  i n ,  qu .or tz  veinl.c?ts arlci pegmatite dikelets a l o n g  the Jo:i.lilts, ant.! i.rx 

the wal l rocl r  adjacent: t o  t h e  fissr"zre .vei.~zs, Pyrite grains o c c u r  a l o n e  and 

wit11 the  nlolybcleni te, Cl~a lcopyr i .  ee 2:; extr.r°ernely r a r e .  





.A body o f  g r a n o d i o r i t c %  uncler I i  cs  t t ~ r  a r e a ,  c rop in6  out- main1 y nor riz ;iiitl 

e a s t o f  t h e  t u n g s t e n  d e p o s i t s ,  b u t  a l s o  i s  exposecl t o  a  inore l i m i l ~ t l  e x t c n r  

e l sewhere .  Dikes and s m a l l  ma.sses o:f granocl:i.orite, anct enci~-~: trage a p l  rite ancl 

----- -.-- "----- -.-- - ----. ~ - 

F i g  , Geologic. Map of t h e  Nevada-Massachusetts tungs ten  d e p o s i t s .  

pegmat i t e ,  cxeend o u t  from the  s t o c k ,  Mix~irlg o p e r a t i o n s  have ::llot~n Lhat the 

shape  of  t.ke s t o c k  i s  i r r e g u l a r ,  and t h a t  t h e  sed tmenta ry  covc:r i.s rnrrch t h i c k e r  

t h a n  t h e  ou tc rop  p a t t e r n  wozrid sugges  t . Tlle g r a n i t e  cout,zcst comnlul~l y c i  i p s  

s t e e p l y  i n  t h e  v i c i n i ~ y  o f  t h e  t lmgs ten  d e p o s i t s .  I s o t o p i c  age d a t i n g  i i l t l i r ~ t ~ s  
l \ l f f  ]!t 1 1 ;1 

t h a t  t h e  g r a n o d i o r i t e  i s  about 91) ni.y, o l d  ( ~ c f a i l l i n ~ ,  r'n p r e s s ) ,  
n 

S t r u c t r r r e s .  T h e  pos t-depos-itiona:L Stank thrust :  Farn1.t , which c u t s  d i  i . i j ~ 0 ~ 7 i i  l..I.ji 

n o r t h w e s t  a c r o s s  t h e  so~.~t l i  p a r t  o f  t h e  a r e a ,  i s  t h e  most prtirn:i..-nemt str.~i.cturn:I 

F e a t i ~ r e ,  Other  crnal ler  f a u l t s  c u t  ancl o f f s e t  t h e  r o c k s ,  Many o t  Ltlese were 

forrnecl dur ing  t-he i n t r u s i o n  of t h e  granocli o r i  t c ,  b c f o r ~  t h e  dcpos i  t ion o f  t l i p  

t u n g s t e n .  Most of t h e  o t h e r  f a u l t s  have been formed hy r e g i o n a l  tlc.form,ltic:n 

aft.ca-. t h e  t rx~~gstezt  had heen tlepoo i t c d .  

Contac t  Metanior$h4.sm, . A long t h e  granodior l . tc .  c o n t a c t ,  t h e  .pkryll.i.tes have 

been contact-metamor~3hos~t1 t o  olive-.-green t o  l i g h t  g r a y ,  i~a rc l ,  h o r n f e l s  , 

c o r x l s  t i n e  of a f l  nc--grained mosai c o f  q u a r t z  :znd a c t  fnol  l rcl o r  1 c)c:i? l y  

h i o  t i t e ,  w i t h  rninor c o r d i e r j . t e ,  a p a t i t e ,  z i r c o n ,  r l l t i l e g  and p y r i t e ,  Rl.nc.1~ 

bands i n  t h e  h o r n f e l s  c o n s i s t  of hornblende c r y s t a l s  i n  q u a r t z ,  

7"ne l imes tone  beds a r e  a l t e r e c i  t o  t a c t i t e  consist:ing o f  g a r n e t  (anciracitte 
I 

'9::t+ , 4s " 
m.d grosscal.arrite), q u a r t z ,  c a l c i t e ,  and ep.iclote, v a r y i n g  amounts of' iclocrnse,  

A 

ac t inoS . i t e ,  t r e t n o l i t e ,  and w o l l . a s t o n i t e ,  Late  q u a r t z  -ve ins  f tll tens-i.oe.i 

f r a c t u r e s  i n  t h e  t a c t i t e  and a d j o i n i n g  hol-nfc ls ,  

Trln&sten Ml.nc?ra.l.izat-I.orr. Scl2eeL:i.te o c c u r s  a s  w h i t e ,  nnhetlral t o  su'ahedrn:!. -- -.. "-."- 

ditsseminated i n  v a r y t n g  amounts thror lgl~ t h e  t a c t i t e .  I ,ocal ly  i t  i s  abunrlarrt 

eelongl-1 t o  form 11:igl.i--grade o r e  b o d i e s .  The xnost p r o d u c t i v e  a r e a  h a s  1alic:tl west  



of t h e  granoclior:i.te s t o c k  where se.veraS., north-.tret~ii.intr, ,  I.-- t o  8--foolr bc?ds; 

---I-- "----_.."..-I.-----.- ----.-.. -..-.---- ---- - __._--.-.-.-~-.--~------~..-..-.lI.I_-_I._I_ ..-"I-I _I_.X-.. 

F i g  . --- . Geol.ogic cross-sect ior .~ .  tlrraugh Stank iT-i.l.l., 

_"_..___~I"----.--.-------"*-------- ..-..--." -.---.,,..-.....--- " -A,--.- - -.-- .--*-?..-,-.*.--..-.-,..,--" -- ... " 

o f  l.i.mestone, s e p a r a t e d  by up -t:o 200 f e e t  o f  hornfe:Ls, form t h e  Stank2CIumbol.dt- 

bel t : ,  A second Less-produrt:ive zone c0nsi.s t i a g  o f  two, 3- t o  5.-foot :limestone 

beds  30 t o  50 f e e t  a p a r t ,  o c c u r s  east of t h e  Stank-H~rrnbol.dt:. b e l - t ,  and i s  krltrwn 

a s  t h e  Suttort  b e l t .  Kcrr (1.946, p ,  187) s t t t t e s  t h a t :  " l ,c~c; l l ly ,  over a Fc>w 

f e e t ,  t h e  a r e  d is t r ibul : - ian  . . . is clften ex t remely  e r r a t i c .  Uherc? straL-clm i.s 
i 

::i./ 

n o t  cornp1ete:ly r ep lace ! '  f,tac:ti-zed] t h e  o r e  may have acc.mul.atecl d o n g  the 

foot.wal.1. , . . w h i l e  el.:;ewhere ore may occur  along t h e  hanging wnl. l . ,  Evert . . . 
ilr t h e  v i c l . n i t y  o f  high-agracie s c h e e l i t e  c leposi t ion,  b l o c k s  of  unrepl.acecl 

l i m e s t o n e  as mis.ch as 20 f e e t  a c r o s s  a r e  found." I t  :is noc cl .ear  how ma-~c.h 

s c l n e e l i t e  a c t u a l l y  is  p r e s e n t  i n  t h e  h o r n f e l s ,  Some sc:heeli t e  a1 :so i s  p r e s e n t  

j x a  q u a r t z  v e i n s  wt r j  ch f i l l  1-ens i o n  fracl:urc.s l l z  t h e  t a c t i  k c  nncl extenci up t o 

m 
6% ,iJ + + s e v e r a l  hundred Feet  o u t  i n t o  t h e  surrr>uncling h o r i l f e l s ,  Most of the  s c h e c l i t e  

i n  t h e  t a c t i  t e  and v e i n s  f l u o r e s c e s  h l {aisl-1-white; ~ e l ~ l o w - f l  u o r e s r  in8 sc i \ cc l  l t  a 

has heen r e p o r t e d  in a few s m a l l  areos, 

S u l f i d e  Minera l  i z a t  ion.  Sn~aLl cubes o f  p y r i t e  a r e  d i s scmina tcd  through ------ ------- 

q u a r t z  and t h e  o t h e r  contact-filetarnosphi c min~r : t l s  making ttp t h e  t n c t i t t  ; 

p y r i t e  also i.s p r e s e n t  in t h e  I . a t e - s t age ,  q u a r t z  v e i n s ,  Traces  o f  p y r r h o t i t e ,  

c h a l c o p y r i t e ,  s t i b n i - t c ,  ancl bisnzuthi-rzi t e ( ? )  a r e  p r e s e n t ,  ma in1-y i n  tlie v e i n s .  

Molybdeni te  ---- i s  inore abundant than  t h e  o t h e r  s u l f i d e s ;  i t  o c c u r s  disseminatci 'r 

i n  t h e  t a c t i t e ,  ancZ rri.l.one o r  with.  o t h e r  !;uLficle. m i n e r a l . ~  axad/or q u a r t z  f i l . l . i ng  

f r a c t u r e s  i n  the gsmcl:, epicfotc?, and sc ' l i ee l i t e ,  K e r r  (1.934, 11, 30) st:at-.cs 

t h a t  "'znolybdenite i s  found. i n  a smal l  c o n c e n t r a t i o n  a few f e e t  1on.g ar~cl aborrt: 

s i x  Inches i n  widtIt o c c u r r i n g  on t h e  300 l e v e l  on t h e  Stank i~rint: - jus t  n o r t h  

o f  t h e  s h a f  r . . . [and j is  w i  dc1 y d i s t r i b u t e d  i n  srnal l amounts i n  t h e  1 ower 



l e v e l s  o f  b o t h  the Stank mtl the I3umboldt  or? bot l ies . ' '  On t h c  300 l e v e l  i n  

t h e  Stanlc mine ,  t h e  nio1y.bden.it.e i s  associ -a  ttld w i t h  v e r y  darlc bi:.own. ;indradli.te j ? )  

g a r n e t  which i.s uncolnrrlirn e l s e w h e r e  i n  tl-ce depos:i. t: . 
I r o n  F'orse -- P r o s p e c t  ---- 

The Pron Forge  (Forge )  prospect :  i s  i n  the SW 1/4 Sec .  2, 'I:. 33  N , ,  

R.  34 r?. An :iclit anct s e v e r a l  p i t s  were  naade w l ~ i l e  c x v l q r i n g  lox- t r m g s t  e n ,  

i-Iere n sri~al,l. a r ea  05 granoc l io r i . t e  1,s ~!xposc.cl ;3 

--.-..------"-----.--.-----.----.-------..- 

Fig ,  GeoLogic Map o f  t h e  I r o n  Forge  

t o  t h e  Nevada-Mast;ac.hust3.ti:s tie 

*v 
(exposed)  e d g e  o f  the. g r a n o d i o r i  t c ;  t l le  (:ont:act-rmetasomatized rock  i s  fin I:lle 

same :limestone beds  t h a t  cor1tai.n sc:heeI.i.tca. a t  t h e  Nevada,-T"lasscichtrrjetts mine.  

t\lo_l_ybden.i.te . i s  pr.c?sent, w i t h  p y r i t e  and  r a r e  c h a . l c o p y r i t e ,  a s  small.  d:isserni..t-cat:ecl 

:ir'J.:~.kes 3.11 t h e  tact it:^, arvtX :i.rr q u a r t z  v e i n s  c u t t i - n g  tile t a c t . i t e .  C o a a l i t e  (a  

l ead -b i smuth  su l . fo sa l . t )  i .s p r e s e n t  I.oca.l.:l.y .in t h e  quartrz v e i n s  ( p e r s o n a l  

The topography i n  tl.1:i.s a r e a  s u g g e s t s  t h a t  t h e r e  i t - ,  IIC) f r o n t a l .  f a u l t  a l o n g  

tlte edge of t h e  Eugene Range, and that  a pecliment s u r f a c e  ruay b e  present:  a t  

s h a l l o w  depfrhs unde r  t h e  v a l . l e y . - f i l l   gravel.^., Thus t h e r e  i:; a  po: ; s ih l l . i ty  

t h a t  much. more e x t e n s i v e  mincra t-i_z,ation e x i s t s  i lnder  t h e  g r a v e l  c o v e r ,  

F i f t y - S i x  Mine - -. ---- 

2?1e 'f'J.ft:y-Six (-56) r n i r ~ e  i s  a t  the s o u t h  end of  ~ t i e  I<~tgc?nc Motantai.ns i n  

Sec .  2 7 ,  T, 33 N , ,  R ,  33 E. on t h e  s h a r e  o f  t h e  Rye P a t c h  R e s e r v o i r  jtlst n o r t h  

of t h e  Zmlay-Majuba. H i l l  r o a d ,  6 m i l e s  v e s t  o f  Lrnlay. Yi'lze F i . f t y - S i x  mine was 

l o c a t e d  i n  l 8 6 1 ,  Soale c o p p e r  ore was stiippec-l i n  1917 ,  The mine i s  dcvcloped 

by a s h a f t  arid shal l-ow worl t ings (now c a v e d ) .  "Iiigh-grade" mo3ybdexlit;e 

r e p o r t e d l y  (Keno Evening G a z e t t e ,  ijecernber 20, 7943 and J n n r ~ a r y  5 ,  2 9 4 4 )  was 

d i s c o v e r e d  f-n 1943 by Harvey Mudd a n d  a s s o c j a t e s ,  o f  Los Angc lc s ,  wt~j - la  

d r i l l i n g  a "deep" h o l e ,  TIlc p r e s e n c e  o f  molyhdcxli te  app : l r e r~ t ly  11as no t  been 



mentioned except in newspaper accor~rlts * TI-re workings are in a g r a n o d i o r i  e r 

f* i n t - r u s i v e  body; granod-iorite 011 tile dranp ris s t a i n c d  by mal ;~ehi  t c ,  ant1 

contains a 2:i.ttl.e pyrite tE1a.t: I lns bt.cr~. a2.mos.l: exlt:ix-ely ox.l.di.zc~c1 t.o ' ' l . imoni te , ' '  

R e p o r t e d l y ,  :n$glybden LuCg was not: ncrtecl j1.r L l ie wo rkl  n[:i;, b u t  on1 y i t 1  t-li& d r - i l  1 

ho l e .  



The Rose Creek mine is on t h e  xlo,rthern end o f  the East IIirniboldt: Range 

i.n Set. 6, T. 3 4  'N, , R. 37 E. , j u s t  so~at:t~ o f  the  21uniboldt-Persl-li.ng C o ~ ~ n t y  

lLne.  'The rnirie was f i . r s t  Located f o r  c:.oppt:r:. and gol.ci, hc>wever no exp:I..orat:~ry 

work. was dcme i ln t i l .  1.936 b ~ t ~ c n  turzgstc.11 was  discove.rec1, S h a 1 l . o ~  t r e n c h e s  

expl.ore the o u t c r o p  o f  kl-le t u r ~ g s t e n - 2 ~ e a r i  t a c t i . t e  :Layer f o r  over 500 f e e t  

al.ong i ts  s t r i k e .  The un.derg.rotarrd workirngs in . c lude  a 400-f o o t  adit-cir i .  F I:, 

an i ~ ~ c l i n e d  winze which Eollows t h e  o r e  downdip, 3 r a i s e s ,  and ;I c r o s s c u t ,  

T r i a s s i c  ciolomi.te, liinest:one, argi l . l . i . te ,  axid q u a r t z l t l c  a r e  irztruded 11y 

bod-ies o f  g r a n i t e ,  granodi.orii':e, a11d d i o r i . t e ,  and dilces ofi d i o r i t r ?  porp'i-lyry, 

lampropilyre, arrd &.abase ( s e e  R o b e r t s B  1.943, p l a t e  4., f o r  a gecilogic rriap of 

t h e  mine a r e a ) .  Small pegmcttitc! and a p l i t e  d i k e s  Ei1 .L  f r a c t u r e s  :Ln ?he 

- I n t r u s i v e  b o d l e s .  The 1,ampropttyrc and d iahase  d i k e s  cu t  zmrl di:;pl;k.cc rfie 

t i ~ ~ ~ g s t e r r . - - b e a r i n g  tc.ict:itc+, T h e  1.anipropl.ryre ciilces corxtaili r::ome s c h c e l i t c ,  

s u g g e s t i n g  t h a t  they  we-re empl.acctd while. tr.lngsi:en was s t i l l  b e i n g  c1eposl.ted. 

Ln c o n t r a s t ,  t h e  d i a h a s e  dilces a p p a r e n t l y  were i n t r u d e d  a f t e r  t he  t u n g s t e n  

r f i e t a l l i z a t i o n  s t o p p e d ,  

r 7 ].he r o c k s  %.TI tlie .vic.i.~z:i.t:y of t h e  11aj.ue. a r e  complex3.y Colclcd and S'nulted, 

A t h r u s t  f a u l t  c u t s  t h e  r o c k s ,  arzd tl-tere a r c  nuinerous rlaririal f a u l t s ,  a number 

of  which o f f s e t  t he  thrus t l  fsu1.t.. The morrnal f a u l t s  can be cli.v:icSed E.nto t w o  

groups:  (I) an o l d e r  system g e n e r a l l y  s t r f k i n g  n o r t h  t o  n o r t h e a s t ;  and ( 2 )  
(9 

a yotlnger systenl  g e n e r a l l y  sirri.k-ing norl:hwesf-. I\ ~i~ l . : i . - . t~cve lc>~)~!d  system of 

j o i n t s ,  s tr ikirwg N. L O U - 2 0 "  W. i ~ n d  d l p p i n g  steep1.y sout i twest ,  occur i n  ~ l l e  

g r a n i t e  bodies  east  and 8~1utkle;'1st of tlie i?ti.ne. 

The r o c k s  a d j a c e n t  t o  t h e  g r a n i t i c  ltodLes Itave been contact-me ta~norphosr?d, 

'The i n t r u d e d  rocks  coinu~only e r e  fe ldspathi .zer :  f o r  a few f e e t  outwa~:cl From tile 

b o d i e s ;  recrys t n l l i z a t i o n  h a s  t aken  p l a c e  up t a  a ni i le  from t h e  o u t c r o p s  o f  



Ma.] uha  lJj 11s -- -- - -- - - 

A t  Majuba  ["L ill, 20 nr1lc.s west of M i  1 L C i t y ,  l a 1  t h e  l ' r i n  i ty Range, 

km mol&denltc! o c c u r s  i n  a "lower" adit prc!c;errtly (1970) bcling driven t o  -- -- - 
* 

exp lo re  t h e  downward ext:ension o f  t h e  c o p p e r - t i n  bearing veins  (pe r sona l  

contmunication, D, L. Evans). T h i s  d e p o s i t  has  been d e s c r i b e d  $37 Sm1tl.t 

and Gianel la  ( 1 9 4 2 )  . 



t h e  bod ies .  The 1imest:orle and qu:lrirz:it.c-t [lave not: heen a f fec tec l  grc.at1.y; I)of:l: 

have become coarse r -g ra ined ,  h u t  t h e r e  Itas been l i t  t1.e change i n  tlhrei r m i n e r i i  

composi t ion.  The a r g i l l i t e  wi3.s a l t e r e d  t o  hornfe3.s o v e r  ;in e x t e n s i v e  arc?a, 

The cal.careous a rg i l . l : l . t e  beds for .  llrtndrc.;ds o f  Feel: away from t h e  oont:plc:t w e r e  

changed c,ompletel.y t o  t a c t i t e  c o n s i s t i n g  of  abrindatlt d i o y ~ s i d e ,  a c t i n o l j l t e ,  

f e l d s p a r ,  and q u a r t z ,  and minor a p a t i t e  ancl :;plmene. ' fhe  re la t - i .ve  amounts and  

di.s t r l b u t i o n  of t h e  lrrinera ls  v a r i e s  j.rr.c:gula.rl.y, 

' f i e  tungsten-bear:lnp, t n c t i t e  "bed" a t  t h e  mine i s  I . I ~  t o  4 f e e t  thi.cl.c 

( a v e r a g i n g  abou t  2 f e e t ) ,  s L r i k e s  generzruy east, and dip:; 30°-.45" N. 111 

d e t a i l . ,  t h e  tact:i- t e  tllirrs and tllicltcrrs , and has  Inany m i n o r  f l e x u r e s  , t:l\c 

t a c t l i t e  parcal.leling t h e  bedding of t h e  e n c l o s i n g  a r g i . l l % t e ,  S e v e r a l  lnrnprophyre 

axrd dli.abasc d i k e s  and nosmal. f a u l t s  c u t  and o f f s e t  t h e  t a c t i t - e  nncS g r a n i t e  

s h o r t  d i s t a n c e s  ( s e e  R.oberts, ,194.3, pl.at:e 3 f o r  geo1ogi.c [nap o f  tclle m i n e  

work ings ) ,  

The t a c t i t e  .in t h e  worlci.r.lgr; averages  I,!i p e r c e n t  W 0 3 .  The schc?r.lite 

occurs  a s  g r a i n s  ttp t o  112 i n c h  long ,  most comrrtonly di.;sc~minntc>cl tlrrough thc; 

t n c t i  t e ,  but  locally c l f s t r i h ~ r t  ed a l o ~ k g  cracks o r  in  srrlnll q u a r t  z \ r c i n l e t ~ ; ,  

There  a r c  two v a r i e t j  e s  o f  s c h e e l i  t c :  one var ie l -y  f luoresce$ ;  h l  uish-wh i t c  

and c o n t a i n s  about  0 .05 p e r c e n t  ~~?oS.yl~cl~?~~?~; t h e  o t t l ~c~ :  f:luorer;ces l i g l r t  yc?l..low 

and c o n t a i n s  about  1.8 percen  l: molybdentn~~. -- - Some cry:; ta1.s of sc:heel.t.te consinf 

of one o r  t h e  o t h e r  v a r i e t y ,  b u t  most corninonly both  a r e  --E.rregn?.arly i n t e r g r i i \ ~ r i  

j,., t h e  same c r y s t a l ,  Some gra ins  have a c o r e  of one va1i.e.t-y enc:Losecl i.n a 

s h e l l  o f  t h e  o t h e r ;  the  yc l '1 .o~- f luo . resc : i~~g  v a r i e t y  inore commonly .forrri~: t;lie 

c o r e s .  I'yri t e  anti chal.cop:yri t e ,  and irrore rn.r:ely s p h a l e r - i t e ,  nrse1opyr-l t e ,  

and ruol_ybdenite occur  rill snrall. q u a r t z  veins and d i s s e m i n a t i o n s  throughout the 

t a c t i . t e  and a d j a c e n t  rock,  The t u n g s t e n  o r e  reported3.y contai .ns as mr~ch a s  

1.3 p e r c e n t  copper and O " 3 . 4  ounces o f  go3.d p e r  ton.  



Stornry- . _._- Day l ' u n p  _-_.___ ten  MFne 

:['be Stonny Day mi-rre :is on t h e  west  s i d e  of  t:lie S e l c r l i t e  Range, 16 m - j . I e s  

sorath o f  Ger lach ,  and 2 1/2 mil.es e a s t  of S t a t e  I-li.i.,l~way 34.. %'he n:i.ne wcts 

d i s c o v e r e d  Lit 1941,  Over 18,000 t o n s  of o r e  a v e r a g i n g  0.75% WO have .been 
3 

mined. The mine i s  cleveloped by ndi ts, c l r i f t s ,  a n d  opes3 c l l rs ,  

A body of  granodi.ori . te  on the west f l rink of  tlle range kntrucli-:s I.-inies torre ; 

t h e  c o n t a c t  s t  rilces north-.:;outt-1 and d i p s  50"--70" W, paaa,i 1 1 tt l-ing bc.tltiing. 

I3odi.e~ of tac.h:i.te up l:o 1 6  f e e t  thr*.clc ncctlr i n  t h e  mai-he1.i zed l imc~stonc~. o:l ong  

t h e  c o n t a c t ;  t h e  t a c h i  t e  c o n s i s  t s  main ly  o f  g a r n e t ,  ep-iciote, pyroxene,  and 

r¶ua.r tz,  Scl-reeli te  i s  d i s semina ted  t l ~ r o u g l ~  some of  tlrc tactri-l:c, and t r o  a 

L e s s e r  e x t e n . t  i.a h o r n f e l s  which a l s o  i s  p r e s e n t  a:lorxg t h e  c o n t a c t .  The 

known o r e b o d i e s  occur  a l o n g  o n l y  a 750-foot s t r e t c h  of the  c o n t a c t  which 
, / J?" + , I d > +  ,?I 1 1  , # " { 3 * " ,  \ / 

< 
e x t e n d s 4 t o  a dep th  of a t  Leas t  4 2 5  f e e t ,  P y r i t e ,  p y r r h o t i t e ,  ?1_01ybdggi_t__e~, 

and c t l aacopyr i t e  a l s o  are d i s5ernin;tfed ~.brouj:h t h e  t a c t i  t c ,  b u t  I N J  r c  cortinionly 

I t  o c c u r  G\IJ t h  scheh?l . i te  and q u a r t z  :in ens t -west  c:rossn s h e a r s  t l i n t  c u t  tlio 
,*' 

L,r,,>C',. . /  

f:nt r u s i v e ,  t n c t i t e ,  and n1arbl.e; t h e s e  sknrns  a r e  up t o  1..0 .feet: wit.lt7. 

Ve r u.on. P r osp-geg, 
" - 

The Ve:mon prospec"c.s  i n  Set, 2 ,  T ,  29 N., lie 28 I ? . ,  i n  t h e  ~ . O W ,  r^o.lling 

foo.tl.iil1.s al-ong t t ie  e a s t  f l a n k  of t h e  Seven  'l'rouglls Moun t a i u s .  Tl;e p r o s p e c t  

i s  developer1 by a p r o s p e c t  p i t  and a 60-=-Eoot i r i c l i n e d  sltaf t .  Q u a r t z ,  schce4ilt., 

l i m o n i t e ,  arid .- mo*bden:i.te --. --- form srnal.1 Lens i.n ;m e a s  t-wes t - t r e n d i n g  , 75" 

west -dipping shear zone i n  1-irnestonc-?, near a " g r a n i ~ e "  bncly (Atomic Euc?..rgy 

Comriisslon J?rf?l.imi.nar:y lic>ctrnna'i.ss;i~~cc? I k p o r t  N-SL-240:) .  0t"Ilc:r sch(:<:.J.itt?-- 

bearing q u a r t z  vei.ns cut t he  "gr;~ixiitc: '' 

Empire Mine  ----. -. 

Schrader  (1.9:15, p ,  340) mentlcrns .tllat ; n ~ l y t ~ c l e ~ ? i t e  o c c u r s  a t  t h e  Empire 

mine i n  Lir~lericlc Canyon %.n the Roches te r  mir-ri.ng d i s t r i c t ,  Notlhing rviorc i s  

known a'bout t h l s  o c c u r r e n c e .  



Long L e a s e  T~arigs t e n  M:i.ne -- --- --. -- 

The Long Lease (Long) m-ine is i n  Sec .  33, T o  26 N., R .  32 E. on t:iie. 

w e s t  f l a n k  o f  slhe West Hcrmbol.clt Range. Sc t r face  and  uncliergro~~nd w0.x-Icings were 

made w h i l e  nrirlirlg s c l zee l - i t e  i n  i - a c t i t e  i n  T r i a s s i c  1.i.mestone al.ong a eor.~taci-.  

w i t h  c o a r s e - g r a i n e d  q u a r t z  monzoniize, (31.1 rhc? lower  1.eve:L o f  tkie s o i l t ! ~  a t i i  t 

I t  f i n e l y  d i s s e m i n a t e d  u~an.ini . t :e  a n d  al.l.an.i.t:.c, arc associ;it:ed with pyr i t : e  anct 

m o l ~ b t f e n i - t e  i n  srna1l.l. zones  of  si.licifj.c:at-ic-r~~'?in PcFxe I..iuic:%i:or.\c artti .i.r?t;c?r.bcr'iclcil -- 

s ' i -~ale (Davis ,  :1.954), 

Nig1zting;il.e N L ~ ~ . I I ~  l3.i.s t r i c t  - 

The Nightingc-l le  min ing  d i s t r i c t -  i s  on t:lie east ff.ai?k o f  t h e  Nigl-1tingal.c: 

.\ .r:. 
Mountains f n  Set. 25, T. 25 N, , R .  24 R, , i n  t i i e , , , t i f o ~ ~ t I r w ~ ~ s t  c o r n e r  o f  I"cr.r;t~:ixij; 

County.  Ttle t u n g s t e n  d e p o s i t s  i n  the dis tr:i..ct were  d i s c o v e r e d  i n  1917  

Shipments  o f  t imgs  ten  o r e  h a v e  been  made o f  f--and-on s i n c e  t i~e r r .  

Trl.assic.( '?) shaLc ancl i n t e r b e d d e d  limc?stone, wr:r-ili:ing N.  0 "  W. and 

dippi .ng 75" E.  to 7 5 O  W, , have been  in t rudec f  by a seoc l t  of g r n n o d i . o r i t e .  'I'he 

gran0diorit .e-scd.lrncr~tary rock con tac t .  is n e a r l y  ~rert-it:r-I]. ,  i s  r1ui.t~: :irr:eg.c.l'liir 

i n  d e t a i l ,  and corn~norrly c u t s  the b e d s  o f  s e d i m e n t a r y  rocks a t  a small a n g l e .  

ilikes and sma1.L boclie:; o f  q u a r t z  m0nzon:i.t.e and q u a r t z  d-i.oritc2 i n t r u d e  b o t h  

t h e  sedj.ment.a.ry rocks and granoc1ior:it.e. 1 ; i . r t i a ry  basa l t :  fl.ows and i:tiffrtc.h--011s 

b e d s  o v e r l i e  t h e  o l d e r  r o c k s ,  The grs .nodior j . te  stocfil e x t e n d s  1.5 rni..l.es tcs the 

n o r t h ,  forni ing t h e  n o r t h e r n  part: n:f t h e  I\l:i.gta"iimgale No1.1rl t a ' ins ,  (Sn~j-tll  and Gtr  i.l.d, 

194.2). 

A well . -developed s y s t e u ~  o f  j o i r ~ t : ;  occur  i.n t h e  sedi.mi:ntary r o c k s ,  the 

t h r e e  most  pr'omirzent s e t s  o f  j o f r ~ t s  I.,c!.%ng pa-raL.lel. t o  t : t~c :  b e d d i n g ,  nc~rmal to 

beddi.ng and  para l . l . e l  to  l i n e a t i . i t n ,  and normal  t o  b o t h  Tledrting a~ad l . - inent ion ,  

Pos  t - o r e  faznlt;i.ng h a s  causeci d i s p l a e e n ~ e n t s  of a few f ect: , but tlo f a . u l t s  hav.i.ng 

l a r g e  d isp l .acernents  are ltz~own i n  t I ~ c  d l . s t r . i c c ,  

The s e d i m e n t a r y  r o c k s  i.n c .ontnct  wi.tl.1 t h e  g ranod i .o r i t c .  s toi :k h a v e  beer1 



The hornfe1.s and s c h i s t ,  whi.Le most common n e a r  the  granodi.ori t12 otztclrop, 

a l s o  occt1.r a t  sorne d i s t a n c e  from :it, The .L:in~ei-;torie :is n1.tered t o  d;x-rli 

green-brown tac t l i - te ,  coas i s t i r zg  of ab~mdast t  tlur-lttz, p : lent i . fu l  epi.clote a n d  

g a r n e t  (pyrope-alrrandi. te) ,  much ca l t : i . t e  arid pyroxene,  vary:i.~zg arno~mts*of  

s c h e e l . i t e ,  some t remol i . t e ,  minor p y r i t e ,  p y r r h o t l . t e ,  TITIJ~~_F~~~~CI~~-;L~-, cllal.copyr:l.t:e, 

and arsen.opyri.t:e, and microscopi.c g r a i n s  ( 7 2  t i t a ~ l i t e  a n d  a p a t i t e .  The 

p e r c e n t a g e s  o f  t h e  d i f f e r e n t  1ni.nera3.s vary g r e a t l y .  Otztward from tl lc  grano-,- 

d i . o - r i t e  c o n t a c t  tFre . t a c t i t e  g rades  I.nt:o l i g h t e r - - c o l o r e d ,  pale g reen  s:i.l.icnt~:cl 

rock. cuns- is t ing n~a:h.n'iy of  t r c n ~ o l - i t e ,  cl iopside,  ea.S.clte, and qli:l.r'kz, Sorrie i2f 

t h e  s k a r n  and s u l f i d e  mimerals  a l s o  a r e  p r e s e n t  i n  t h e  g ranod io r l t l e  n e x t  t o  

t h e  t a c t i t e .  

Although much o f  t h e  t t rc t i  r c  i.1 b a r r e n ,  s c h e e l i t e  is JocaXly ab~rr~dar rk  

enough t o  foxm small o r e  bo<li es .  'rhc bocties a r e  i r r e g u l a r ,  bo th  I n  shape  

and d i s e r i b u t i o n  w i t h i n  t h e  t n c t i t c ,  T r a c r s  of  s c h c e l i t e  a l s o  a r c  p r c s c n r  

kq i n  t h e  g r a n o d i n r i t e .  

A t  t h e  C a r f i e l t i  Force  t u n g s t e n  mine i n  1\TW/4 Sec.  31, R, 25 II., T. 25 N., 

a t  t h e  sou th  end of t h e  d i s t r i c t ,  specks  o f  s c h e e l i t e  ant1 molybdenr tc  a r c  i n  

S/Z 11 
M. 1 ~ s u a 1  t a c t i t - c  prc!;cnt 0x7 t h c  tiump ;it n s h a l l o w  shaf t -  1,000 f c r t  ~ ? o r l l l w t ' s t  n 
o f  t h e  ma:in a d i t .  The tact : i t re corri;ists rnain1l.y of  d a r k  g reen  pyroxene atzd 

l e s s e r  g a r n e t ,  

G i a n e l l a  (1 .943)  ment ions  tha t  powel . l i t e  -.- .. .- .. . . i s  preserzt  In the dis l : . r%et ,  



STOKETI COIJN'I'Y 

C oms t o  ck Lo 61e -- 

Wulfeni.te w a s  I.ocall.y n b u n d a n ~  i n  t:hc o x i d i z e d  u p p e r  f e w  h ~ m c i r e d  fee%: -. 

of  the  Cornstock Lode, For cletai.l.ed descr:i.p%ions o f  this famous siLvek.-gold 
"- 

f i s s u e f - v e i n  d e p o s i t  t h e  reader i s  r e e r r e d  to  St-oddard (1.950, p .  55-70) who 
.",* 

l ists a21. the ir i iportant  p a p e r s  wrl.tt:en rthotit: .its geol .ogy an t i  al.so disc-ussi?:; 

the e .volut ion o f  geol..ogic .tfrinki.ng w i t h  t i m e ,  



Guazzomi Mi.ne ---- 

'fie Gua.nomi (Fot;t:erPs Camp) mii~e i s  i n  the SW 1 / 4  See. 2 4 ,  T.  23 N., 

K.. 22  E .  , on t h e  sou thwes t  s i d e  of Pyramid Lake. 'I'hc mlirrc. worlii.r.igs C ~ ~ J I B ~ S ~  

o f  a 900--foot s h a f t  ant1 a 4 0 0 - f o o ~  a d i t  w i t h  400-feet of d r i f t s ;  a l l  t.he 

workings  a r e  caved.  

Ab~~ndan'i- p y r i t e  ancl I. .essor ~igJ~+c<hc~+~~, occur  3.n t1ighly.-altrerecii cjunrt :~ 

monzorzite porphyry. Both m.i.ncrrz:l-..; a r e  p r e s e n t  a s  c.li.ssc~m.i.n;-rt~.ons an~.rl :in 

cli..aart;rc, .ve lnl .e ts  ; mol.ybden:i.tc:, al.so -i.s prc:senic a s  f i11iis ("pairs t:") a long  

f r a c t u r e s .  Ar~ali.yses s u g g e s t  t h a t  t h e  p y r i t e  i s  criSri f e r o u s ,  0xiclati.on 
r 

extc.nds t o  o d e p t h  o f  l e s s  r-ha12 10 f e e t .  Tlte o u t c r o p  of mlnc~r ; i l iz t~t i  rock a t  

t h e  mtne covers nl-tly a few hundred s q u a r e  y a r d s  and ks s u t - r a u n d ~ d  by 

Plcl-istocene bcacll d e p o s i t s  ( s e e  I lor iha~~~,  1970,  p .  96 ;x~ril f i g .  3 0 ) ,  

%'o [:he so~.~t'hwest: of  t h e  mine,  q u a r t z  monzonitc? or.rtcrops o v e r  8r.l a r e 3  

o f  more than  a s q u a r e  mi.le, The q u a r t z  mor1zon:ite i n t r u d e s  lower  Miocene 

r h y o l i t e  welded t u f f s  and i s  c)ver.lain by Mio-Pl.ioccne b a s a l t s  and ancies i tes .  

'rile :i.nteri.or o f  t h e  s t o c k  i s  medium-grained, i t s  margins; a g;ic:>a:phyry. 

Al.ternl:i.on v a r i e s  from propyl.itl .:snt-ion of t i le  ccnt t?r  o f  t h e  :;t:ock, t o  i.nlreezse 

quartz f l o o d i ~ l g ,  ~ e r : i c i t i z a t i . ( > n ,  ancl p y r i t i z a t i o n  I n  i t s  ntargiris, Tlrc? 

q u a r t z  f l o o d i n g  has both  s i l . i c i f i e d  the roclt and f i l l . e d  f r a c t u r e s  wi t .h  ilrinrt:., 

veinlets  (Donham, 19  7 0 )  , 

Molybden.:i.te was n o t e d  a t  a f e w  s p o t s  i.n t h e  l a r g e  o u t c r o p  of q u a r t z  

monzonire,  b t ~ t  no d r j  l l i n g  has been clench t o  dc terlliinc t h e  arnount o f  molyl .~dcnite 

p r e s e n t  below the oxidizect ,md Lcacl~cd surfac\e zone. More w o r k  I s  lrcecled t o  

de te rmine  whe the r  o r  rrot a  tineab able porphyry - type deposi r :  Is p r c s c n t  i n  ~ l i i s  

f a v o r a b l e  environment . 

Tile IIIZI-Johnson p r o s p e r t  It; i n  Scc. 27,  T. 22 N, , It. 19 , at  t h c  s o u t h  

o c c u r  on cluartrz stringers forming I -  t o  2-foot-wide zones i n  schist- ,  Tttc zone 



t r e n d s  n o r t h  and dips genntly west:,  and can be  t r a c e d  f o r  s e v e r a l  hundred 

f e e t  ( S c I ~ i l l i . n g ,  1962 ,  p. 39) .  The sch:i.st - is  mnetamorphctsed Mesozo i .~  dacilti-c 

vo l . can ic  rock  f'ormi.ng a sma1.l roof  pendant  i.n a granitic. intrtar-;i.ve (Bonl~am, 

i rzhe FlefscI t  h y d r o e l c c f - r i c  p l a n t  i n  !.he mouth o f  t h e  ' r r i t r ,krc  C , I I I Y ~ I I ,  F'iI111s 

I 

6 o f  gi.i..bdenifIg coaf- f r a c t u r e s  :in a%.tereci granocii.ori.t:e. 

t Steamboat S p r i r g ~  
-" ----- -- &-- 

3 At St:ea.tn 'Boat S.prings b l u e ,  m o l y b d e r - 1  sta:i.rrs (d.l.semnnn:itc?) coat: 
,> 

wa1S.r; o f  the "tupper s-i3.ic:a1' p i t  in t h e  c e n t e r  of S e c ,  32, 'T. '18 N., R .  20 E. 
'1 

The g"l 11s i n  basalt: tlaar has bct.1) :-sLrnos.t- complet.ely a1  l cr-etl ti) r ju ' l r t z  hv  

h o t  5prri .n~ a c  ti .vllry. 
:-.-..- 

___.I 

Tt~e Ely (Robinson, R u t h )  m:i.n:ing district i s  rrkninly i.n T. 1-61 R., K I  6 2  E , ,  

-i.n the Eagam Range w e s t  of l?l_y. 'The d i s t r i c r  was orgarlizcd as the Roliinsoir 

I l i s t r i c t  i n  1868. E a r l y  mining was f o r  go ld  rrnil s i l v e r ,  T h e r e  al.si:, has  been 

copper  t f e p o s i t s  began I n  1907.  The coppel: dcp)os.i.ts are  ncw nr:l.ned by oj ) i in-1~i t  

methods.  I n  t h e  p a s t ,  block-cavi.ng and ruore r;el.c?ctri.ve ~rndergro~n~rl il~cthodi; 

were cmlso used.  Kennccott  Copper Gorp, o w u r  and  o p e r s t t > s  t h e  mine:;, ;tnd n 

m i l l  and s m e l t e r  a t  M c G i T ? ,  Over 6if ,000,000 tor-ts o f  o r c  averag ing  1 , 1 0  

percent copper  has been mirred froin which o v e r  4 b i l l  ion potrnds of  coppcr ,over  

2 million or.tnees o f  g o l d ,  8 m i l l i o n  ounces o f  s i l v e r ,  n l - ~ d  o v e r  5 m i l l i o n  

d o l - l a r s  wo~:.t:l:l off rnol.ybdc:nu~n have been .r:ecovered, t h e  t o t a l  va l  tle cxce.e(llng 

a bi l . l . ion dol:Lars, Tl-~is d i s t r i . r t :  h3.s been  the on1.y i n ~ p o r t a n t  p r o d u c e r  of 

a~olybden~un i n  Nevada; molybdenurrr recovery began in .19/t3.. 0url.y a few, very  

sxnall. sh ipments  have beerr made f roxi~ o  thcx  rareas, 



Penvine Kountain -.--_ - ---- ---. 

F / i i k f ~  o f  : ~ i ~ l y h i i ~ n i f ~ i  a r e  p r e s e n t  In vriggy q u a r t z  on ii dtunp o f  n caved 

a d i c  i n  t h e  S W i 4  S K I 4  S6.c. 36, 'C. 2 0  N., 1%. 18  13. on file : ; ~ ) ~ t t i i  f l : t ~ ~ l ,  c ) f  

&&3 Penvine M ~ u i l C i i i i ~ .  Tile ad i  t is in a i i r red  and icon-s ta incd  sctanlorpll ic rock:< 
b 

near a graxzit i c  intrusive bociy, 



(For  a more deta. iJ .ed c i c s c s i p t i o n  o f  r:hc:! 11- is tory  arztl geof ogy o f  thct  

po rphyry -coppe r  de,pcts:i.ts, as w e l l .  as a I.i.st: o f  acld-itiona:l r e f e r e n c e s ,  s e e  

t h e  e x c e l l e n t  p a p e r  by Rauer a n d  o t h e r s ,  1966 . )  

The Rocks. I n  t h e  d i s t r i c t ,  a s e q u e n c e  o f  g e z x r a l % y  n o r t h - s t r i l d n g ,  

wes t - - d i p p i n g  P a l e o z o i c  I - imes tone ,  dolomi. te ,  sha:Le, and s a n d s  t o n e  have beerr 

i . n t r u d e d  by morazonitx. 'l.'l~esc r o c k s  have  Lieen i n t r u d e d  ancl coverei l  by 

Eocene-Ol.igocene rhyol:i . te,  

I ,  I.he mor rzo~~ i t e .  bod:i.es a r e  cor.tct?xrtratctl a:long an east:-"west zone r;<:)nrc? 

ei.gl-zt m i l e s  l.otzg, The rnor~zoui re  i s  brl- ievecl  t o  have been I.iltrildeci dur ing  n 

siag1.c epoch ,  nl.ti?ougl-i some b o d i e s  have  been formed by m u l t i p l e  ? n t r u s i v e s ,  

I s o t o p i c  age da.ti.ng i.nrl:l.cates t h a t :  i .~~t:rusl ' .on took pl.ace abo~t t :  120 m ,  y. ago 

(Scl t i i l%.ing,  1965,  a-ild SclliL:L-ing, i n  p r e s s ) ,  The a l t e r a t i o n  and m i n e r a l i z a t i o n  

a r e  co.ntemporaneuuss t\ri.th t h e  In. t rusior ' r  0 4 :  t h e  morzzonitre. The hc-,dic?s a re  di.lter;, 

s i l . Z s ,  and "ct-lonc~ll. t h s  , " and conmron1.y have  v e r y  -i.rre.gul.ar sl1api.s , anti rt.imi.r\ i sh  

i n  s i z e  w i  tt-i deptlz. Such ' b o d i e s  i n  t h e  mi.neral.izec1 zone i.n o u t c r o p  vary from 

200 t o  3,000 EeeL a , c ros s ,  and h a v e  r o o t s  e x t e n d i n g  a t  least 1,600 f e e t  deep .  

Mostl o f  clze 111onzc)nite i s  p o r p k i y r i t ~ i c  t o  sorne d e g r e e ,  t h e  p r i r r c ipa l .  textu-ral .  

vnriacli.or:~ b e i n g  :i.1:1 tl.le gro1,mclmas:; which r a n g e s  f r o m  rn.ic~:ocs-ys tal:l . inc. I:(> 

& r a n i . t l c ,  Tlte :intrus:ivt?t; r ange  from q u a r t z  mi!nzonl.tc t:ii ruorrzonftc. I17 compr.)s l t i.crtr ,  

P 
and are  corupos,ded p r i n c i p a l l y  of  orf:'iloclase, andes i . ne  ( t ' lD50A~~50) , a ~ ~ d  lhornbl.enric., 

va ry ing  arnounts o f  q u a r t z ,  and minor  apati. tc ,  m a g n e - t i t c ,  sphenie, and z i r c o n .  

S t r t ~ c t u r e s .  'The rrlost nota1~:i.e s t r u c t u r a l  fee t1.1r:e 4s tile &:ost--we$ t 

a1.ignxnen.t o f  t h e  monzon:i.te i,odi.i:s, ;12.te.rat:i.on, and ~nlrlcra:l.-i.z;*fiion. '111x1' 

d l ' . s t s i c t  is oil a ma jo r  e a s t - w e s t  l i .neament t r a v e r s f n g  e a s t e r n  Nevada arri1 wesrevn 

IJtafi, which i.s be:l.ie.ved t o  'be n dccp--scateci, basement  f a r r l t  t h a t  foxnls a zone? 

o f  weakness a l o n g  wh:ic:h i g n e o u s  a .e t iw: l ty  h a s  talccin p l a c e ,  T h e r e  a r e  rlimerous 

p re -  and  p o s t - - o r e ,  high--.angle f a u l t s ,  w i  t l 1  a prec iominnte l  y no r th - - . t r end  ; sorne 

o f  t h e  pse-o-re f au1 . t :~  1ocal l .y  p.rovi.cle s t r u c t u r a : l  co-rztr-01.6 f o r  t h e  gri.ntiral.%zati.on. 

P r e - o r e  t h r u s t  .Eau.Lt:s a l s o  a r e  p r e s e n t  mt3. :Local.l.y h a v e  ; tc ted  a s  baryism-s t o  

:izztrw~s-s'or~ arntl rn-f.ncra'l..lzaticrn. 



Contac t  Meta~~torphi.sm. The sedimentary  rocks  i n  c o n t a c t  wi ttlj ;il.tc?l-ed 
--"-- , 

monzonite have been strong1.y metamorphosed, Tlte I.itnestt-rnr. a t  t h e  c o n t a c t  

i.s : ~ l . t e r e d  t o  dense  t a c t l t e  composecl of g a r n e t ,  c h 1 . 0 r i t . e ~  magnet:ite, 

s p e c ~ ~ l a r i t e ,  p y r i  kc, an cE cl.ralcopyr:ltc?, The t n c t i . t c  gr:atSes outward irfi:o 

garrret-cl iopslde-idncrase-epidote roc:hc, which i.n t l t r n  g r a d e s  i .n to  bleael-led 

anc l  r e c r y s t a l l i z e . d  3.imestone c o n t a i n i n g  t r e m o l i t e .  The sha4.e :is riretamorphoseti 

t o  hornfe2.s.  Si1.i c i . f i .ca t ion of  t h e  1j.iill);~to~le and sandst .one h a s  p roduced  dc:rl:;c: 

masses o f  jasper0i .d  n e a r  ser i .c i t i .ze i1  inonzoniite. Contact-metamopr~)iiisni i .s  

weak wlseve t h e  sediments  a r e  i n  coJ.ri:act wi t .11  ulrkaS.terect mor,zt?nite. 

h l t e r a . t i o n .  A l t e r a t i o n  i n  t h e  n~onzoni te  can be div..ided i n t o  t h r e e  types  :: -"------ 

( I )  q u a r t z - s e r i c i t e ;  ( 2 )  b%otite-arg::i.l.l--i-ic; and (3) p r o p y l i t i c .  ? b e  T'i.rsl: two 

t y p e s  a r e  assoc:La.ted w i t h  o r e  (anti wi:ll. be  d i s c u s s e d  f u r t h e r  under t h e  

p-o-rphvy:~p~~e,x ,de~gs-&i"c;" s e c t i o n )  ; the propy4.it:i.c a l t e r a t i o n  i a  tlot., 

PorpQry-Coppzz - ... - J leposj . t s ,  The y~orphy ry-copper  d e p o s i t s  o f  t h e  d:Es t:rJ.ct 

o c c u r  a l o n g  t h e  same e a s  t-tdes t zone al-sng w11 i c h  t h e  i ~ i o ~ i z o n i t e  i n t r u s i v e  bod ies ,  

t lydrothermal  a l t e r a t i o n ,  and c o n t a c t  znetamorphism a r e  c o n c e n t r a t e d .  This zone 

is r e a d i l y  recognized by bleacl-led l imes  t u n e ,  j asperoi .d,  leaclieci monzonite,  

and I.irnoni.tic sta:i-ni.l~g. 

The o r e  i s  mainly ixr a l t e r e c l ,  porp lbyr i t i c  mox~zoxuitc? and t o  a l e s s e r  

ex tent: i n  ad j acnenz: sedirnenta.ry r o c k s ,  seldom extentli.ng outward mo-re than  300 

f e e t .  The rclcks i n  t h e  o r e  cleposits  a r e  minu te ly  broken by 5 -n te r sec t ing  

f r a c t  u r e s  hav ing  no dominerlt t r e n d ,  

P y r i t e  i s  pervasive,  tl-,rongl-lout t h e  a l - t e r c d  ariorlzonite a s  ii:isserni.nnheci 

8 r r - x i . n ~ ~  v e i n l - e t s  a long f r a c t u r e s  , and b l e b s  i n  q u a r t z  v e t n l e t s  , Gl-,alcopyr.i.te 

occtnrs as di.ssemi~ratc?rl g r a i n s  ant-i on ly  s p a r i n g l y  a s  blelis  I.n q u a r t z  ve.i .nlets ,  

'file c laa lcopyr i t e  g e n e r a . 1 1 ~  :i.s more :"l~ul~dant. where the a1l:era.t.i-on i s  of: the 

argbl1i .c  type ,  SmalZ aruounts of  molybdenrite and b o r n % t e  a l s o  a r e  p r e s e n t  i t 1  

t h e  o r e ,  The q u a r t z  v e i n s  a r e  more abundant i n  a r e a s  o f  s e r i c i t i c _ a l t e r a t i o n .  



I:n g e n e r a l  t h e  o r e  i s  hrigl~c?r g rade  i.n tile monzor.ii.tc tllar.1 -in t h e  sedtmcnt:rl-y 

rocks .  Smal l  amounts of go ld  and s i l v e l  cjccrlr i n  t h e  o r e .  

The qoly1>denitt? j s p r e s e n t  a s  d i s semina ted  f lnkc.s, f ilrns j"p;iint") orlg 

f r a c t u r e s ,  and i n  q u a r t z  v e i n l e t s .  XI: is more abunclian't whiv-c tElc a1 &-@rat icin 

is o f  t h e  s e r i c i t : l c  type ,  12le copper o r e  u s u a l l y  contaFns 0.03.-,0,0fi.% MoS 
2" 

Tlhe s e r i c i t i c  a l - t e ra t io ra  over1. i .e~ t h e  a r g i 3 l . i ~  al..terat"r.on, t 1 i t . i ~  mol.ybden.it-e 

i s  more abundant i n  t h e  upper ,  and t o  a c e r t a i n  e x t e n t  tlie o u t e r ,  p a r t s  of 

t h e  o r e  bod ies .  

r, ) I  The molybdeni te ,  l i k e  t h e  s e r i c i t i c  a l t e r a t i o n ,  i s  he1ieve.d t o  have been 
$ 

Conued d u r i n g  t he  l a t e r  s t a g e s  of  m i n e r a l i z a t i o n ,  , f  Tlie or.<. bod i e s  have bccrl 

o x i d i z e d  and t h e  s u l f i d e  m i n e r a l s  removed by l e a c h i n g  t o  a depth o f  100 t o  

over  400 f e e t  below t h e  s u r f a r e .  A zone o f  s t p e r g e n e  enricl~meelt  gerxc~uolly 

occ.urs below t h e  zone o f  o x i d i z a . t i o n ;  h e r e  c:hr?:l.coc-S_te replacer+ p y r i t e  arltl 

c h a l c o p y r i t e  as c o a t i n g s  on irltc! suJ f i d e  grairrs .  C h a l c o r i t e  e!rnric1ime~it is 
@*f@ 

* more cornlnon where the a l t e r a t  ion is of t h e  scri  c1t.c type .  Erlri cl~rnent is 

usttal.ly weak o r  abse.ri rs i n  t h e  sedimentary  rocks ,  

Re@-acernent- I l=osits .  Small replacc?rnent cleprrsits a.re scatrte.retl in the  

I,li.mestone a long  t h e  margins of t h e  porphyry--copper d e p o s i t s .  'Their Locati.on 

i s  c o n t r o l l e d  b y  hedtlri~zg pl.ax1e.s. Copper, I.eacl, z-inc, s i . l v e r ,  gol.d, and 

manganese have been pa:oduced f rorn t h e s e  d e p o s i t s ,  %ai r l .y -coarse  - wulE~:n.i.te 

was rroted i n  a t  l e a s t  one of t h e  l e a d  d e p o s i t s  p e r i p h e r a l  t o  t h e  porpl~yry-  

copper  d e p o s i t s  (Car l  hug t i n ,  p e r s o n a l  conuuur-ri c a t  i o n )  . 



O'I'IIER OCCURIIENCI?S , WIITTF: PINE COIIN'TY 

Bald Mountain Mining- D i . s t r i c t  
--,--- . ---.- 

The Bald M0untai.n mining r i i s t : r i c t  i s  i n  T, 24  N . ,  I?, 57  E . ,  a t  t h e  

s o u t h  end o f  t h e  Ruby R.ange. A l a r g e  i . n t r u s i v e  o f  c l z~ar tz  monzonj te c?ops 

o u t  i n  Water Canyort . 'She q u a r t z  monzon:ite i n t r u d e s  0rdnvici .an  f.imc~s t o n e ,  

q u a r t z i t e ,  arid s h a l e .  Much of  t h e  i n t r u s i v e  is  una l . t e red ,  h u t  .ZocaLly 1.r- 

i s  i n t e n s e l y  a:l.~ered t o  scr:i.c.:ite ant1 c l a y .  Masses of :jaspc.roidnl. q u a r t z  

I.ocal.ly cement b r e c c i a t e d  arreas i n  t h e  i . i i t rus ive  and sed imenta ry  -rocks. 

Q u a r t z  v e i n s  c o n t a i n i n g  p y r i t e  a n d  s t i b n i t e  c u t  t h e  Snt.rusivc and 

sed imenta ry  rocks  n e a r  t h e  . n t r u s i . v e .  Oxidi-zed replacement: hoclieo cc\nsl.st- 

ing: o f  "l . imonite," pyrol.usit:e, and secondary copper  m.iiieral.s occur  -i.n cl-ic 

l . imestone n e a r  t h e  q u a r t z  rnonzoaite, Most o f  t h e  vei .ns a~ltl bod.j.ei"; are along 

f r a c t u r e s  o r  h recc i -a ted  zones that: e i t h e r  s t r i k e  N. 20" C .  and di.p v e r t : i c a l l y  

o r  s t r i k e  N, 60' W .  and d i p  s t e e p l y  t o  t h e  s o u t h .  Scheel:i.t:e occurs  i.n :;ka.rn 

al.ong t h e  sctuthwest c o t t t t ~ c t  o f  tire i rz t rus ive .  

Gold ------ King ., -".ma-..-.,- Crottl.?_, Molybdertite a. .-em- - i s  p r e s e n t  3.11 p y r i t e - h e a r i n g  q t ~ n r t : z  v e i n s  

c u t t i n g :  q u a r t z  monzonite. 'The v e h s  a r e  exposeci i n  p r o s p e c t  p i t s  a few 

hu.ndred f e e t  r ~ o r t t i  of  t h e  road up t h e  nort1-i f o r k  of Water Canyon, and nort ' r iwest  

of t h e  p o i n t  where t h e  soutl twest  c o n t a c t  of t h e  g ran i l t e  c r o s s e s  ttle road ( a t  

l a s t  M i n  "Water Canyon" on t h e  U. S. Geol. Survey C o l d  Crc~ek Ranch 1.5' 

topograph ic  quadrang le  map.). 

Ocidie Tunnel. 'I%@ OdclJ..c? Turli~el.  i s  on t h e  Rlue Bell. group o f  c l n i ~ n s  i n  

t h e  W / 4  Sec.  2 2 ,  T, 2ii. N., I?.. 57 Ti., a few Ilu.ndred feet:  n o r t h  o f  .the road 

a long  t h e  soutl-1 f o r k  o f  Water Canyon.. P y r i t e  and mol.ybden:i.tc are disc-;emLi.nak:c?d 

I n  t2 q u a r t z  ~ t o n z o ~ i i  t c ~ .  porphyry clilce and t h c  q u a r t z  momzolzi r e  smock tirllich t h c  

d i k e  j n t r u d e s .  In t h i s  a r e a  t h c  q u a r t z  ~ i ~ o n z o n i t c  s t o c k  i s  s e r i c i  t- lzcd,  and 

c o n t a i n s  q u a r t z  vc i n l e t s .  The altcrat i on i s  rnos t Irrtcnnc a long ancl 1 x 1  ~ thc: d ike .  



McMurray Pros j i ec t  
-.am"--- - - - 

At t h e  McMurray p r o s p e c t  i n  N W / ~  Scsc. 36,  2'. 2lr N, , K, 62 R, , 2 rn i1 .e~  

w e s t  of t h e  town of Cherry Creek,  "an opern c u t  e x p o s e s  a zone of c r u s h e d ,  

i r o n - s t a i - n e d ,  s i l i c i f i e d  q u a r t z i t e  15 f e e t  wi.tle, which s t r i k e s  Id, 3'" , * I? ,  a n d  

di..ps 70' W. Some narrow q u a r t z  s t r i n g e r s  c u t  the zone,  and  a long  them tl-re 

q u a r t z i t e  corltairls mi.nute specks  of  p y r i t e  and . . . small. ia:? 11.f.sI-i-gr;ry met:;lLl.-ic 

s c a 1 . e ~  ... [ o f ]  molybdeni te"  (I-I i l l ,  1.916, p. [ t l ,  1.67). 

Morrte Cris t o  

The Monte Crks to  area i s  i.n t h e  west -c .ent ra l  p a r t  o f  S e c .  21., T* It6 N, , 

R. 57 K ,  on the wes t  edge of  t h e  Wl1it.e Pine Range, A number  of  co~up~~nir:. .s 

--.- ~xiost reccn t4-y iJrnoul:~t, tiomcs talcc, Silc?l.:L Canndian,  ancl a T'h.ill..i.ps.-.W. 11. 

Grace j o i n t  v e n t u r e  ---- have clri I l e d  porphyr y-copper-type m i n e r a l i z a t i o n  I n  

and adjacent t o  t h e  s l e c r e d  Monte C r i s t o  q u a r t z  m o n ~ o n i t - c  s t o c k .  Pyr i t - e  nni3 

clzal.eopyr:i.te ucc~.aw: as d.~;8~?rninat:.i o m  and in vc?.ins with o.r w i ~ h o r x t  q r l a r t z .  

Mo.tybde~?%te i s  p r e s e n t  i n  q i ra r t z  v e h s  w i t h  o r  withorat t h e  o t h e r  s ~ < I . f i d e  - 

m i n e r a l s ,  a.s f i l n s  al.orzg f r a c t  u r e s ,  arrd as c l i s s e m i n a ~ e d  f 1.alces. Keported1.y 

1nuci.1 ( 7 f  t h e  ~n:l.lrc r a l i z a t i r s n  2.6 ;I 1: dep tlls of  o v e r  a tl.tousllnil feet :  . 
H anri 1. t on - 

SniaLl arnotmts o f  wul.fen:i t:e occur  i n  die lead-zi.nc-si1:j.e depos i . t s  wes t  

o f  the. main, s:Ll.ver d e p o s i t s  of  t h e  Hamilton (White P i n e )  mining d i s t r i c t  

(Schil l r i .ng,  1.962, p. 4 2 )  ~EJf~ich i s  i n  t h e  White P i n e  Range about  35 m i l e s  wes t  

o f  Ely.  Humphrey (3.960, 1).  94-309) d e s c r i b e s  r h e s e  d e p o s i t s ,  b u t  does no! 

mention t h e  presence 01:' wtll.f:er~ite. 

Ward ;h/[iri& D i s  t r l c  t -"- ---- "-- 

The Ward mining d i s t r i c t  is on t h e  c2ast s l o p e  of the Rgan Range, I 6  

mi.3.e~ s o u t h  o . E  Ely.  Several. m i l l i o n  dol.:Lar:.: wor th  o f  si : l .ver,  :Lead, a71d copper 

have beear PI-educed, Deep d r i l l l i n g  i n  3.967 and 1960,  I n  t h e  area of  thp  01 d 

mines,  Located s e v e r a l  m d l l i o n  tons  of new o r e  a t  clcpths o f  800 t o  1,000 f e e t ,  



These deeper  cicpositn ~ ? r e s c ~ n t f  y atrp be ing  dci\ielopetl j o i n t l y  by Pixi 11 ips 

Pe t r o l e m  and S i l v e r  King g i z ~ e s .  

The o r e  o c c u r s  a s  replacement bod ies  i.11 t h e  Per1nsy:L.vani.m Ely i,:i.mes torle 

(which was developed by t h e  o1.d mines) and ashe Missri.st;:i.pprEan Jonna rnld 

13evonian G l . l i l m e t t c ?  I,i.mestone..s(which c o n t a i n  t h e  b o d l e s  d:iscoverecS by  the 

r e c e n t  clri:l.l:iniz;) a long  t h e  c o n t a c t  w i t h  severa l .  east--trexld:i.ng cj,~arC,z mc>nzonj.te. 

< .  porphyry  cl-I.kes. The o r e  c o n s i s t s  m a i n l y  of q u a r t z ,  pyr4.t(aY s:r ... lve r , " -bear i l~g  

t h e  deeper  c l e p o s i t : ~ ,  171.;~kes of i ~ ~ ~ , X ~ y ~ ~ e n . ~ i ~ ~ ~  are l o c a l l y  ab~mdnn'c: :in q u a r t z  

ve.i.ns and as ctisseminat:i.ons LPZ the d i k e s ,  and t o  a rilore I . im.ited e x t e n t  t:he 

Minerva Mining -- "." D i . s  .---..--" f:r:ict 

Tungsten o r e  has been ~ ~ t i n e d  from extensi .ve  ur~dergrotmd and s u r f a c e  workiilgs 

a t  t h e  S c l ~ e e l i t e  C:h-ief, Sil-ver Bell., O-ri.oLe, E v e r i t ,  Lone Btick, Canary Yel.%ow, 

Z i g z a g ,  H i l l t o p ,  and  Ton.y m i . n e s  i n  Sc?c:s. 1 6 ,  2:L, anti 2 8 ,  T. 1% N,, K ,  68  E , ,  

i n  t h e  Mlrzerva rriln'llng d i s t r i c t  on the  west fl-anlc o f  the  southexxl p a r t  o:f t h e  

Snake Range. 

S c l t ~ c i - i t e ,  and traces of t e t rnhedr i  tc, galcxl;l, s Llvcr haloi r i ,  pow"eai-tjg, 

and cuprodesclo: is i . te  occ:ur as s h o o t s  i n  east:-str lki .ng,  nor th -d ipp ing  q u a r t z  

vei.ns up t o  30 f e e t  wide . tha t  cut Can~bri-an :i.i.nlestone. A 1.;-rge 8ranil: ie 

i n t r u s i v e  C .~CPPS  o u t  t o  t h e  nor t l l  a r ~ d  east ,  h u t  i s  n o t  expused in t:lze v i c l . n i t y  

of t h e  tungs ten .  c1eposi . t~ (I,cmmon, 1944) .  
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