
The Camp Doug1.a~ 7 L/%-ntjnute qqilatlrang1.e :i.s locr-1 t ed  J u s t  t.o the sou thwes t  
of  tllc. tr)wr.x o f  Mina a t  t h e  east:ern end, of  t h e  I<xce:l.r;ior Mounl:a:i.ns. Tlze quad-, 
rang1.e iznc1,tldes o n e  peak  o v e r  8.500 f e e t  (2590 m) ,  and Thunder Mounta in ,  i n  t h e  
c e n t r a l .  p a r t  o f  t:he a r e a ,  h a s  a maxirn1.1rn e:Levntlon of 7990 (2435 rn). Two mining 
dLs t r : ic  t s ,  Dol.lglas (Carnp 1)oug:l.a~) and S: l lver  Ilyke a r e  p r e s e n t  1-11 Ill-ie qu;adr;-3ngl.e 
Mining i.n The a r e a  was begun in l 8 9 3 ,  and a s i . g t i i g%can t  arnotlnt of  k:ungsten o r e  
was mined a t  S i l v e r  Dyke cluring and a.f t e r  Wor1.d War 1; niir~ir ig at :  S:i.l.ver Dyke 
wi3s c:arri.c?tl on by  Ic;i!;o.ra a s  r:c?cer~tl.y :IS 19'72, 

8 7 llie gc.o:Los<y of the a r e a  h a s  been d e s c r i b e d  by Fc:rguson, Mul.l.er, and C:atl~- 
c a r t  (1954) ,  and Mul.l.elr arid I?c?rgrrr;on (:1.939) . V a n d c r l ~ u r g  (:1.937) , and I-IiI.:l. (1.915) 
d e s c r i b e d  t i l e  geol-ogy arlci m i n e r a l  clepcrsi.ts o f  Camp Dorrgl.as, and Rerr (1936) hat; 
r e p o r t e d  on t h e  turr.gstc?n ~ n i n e r a l i z a t : i o n  a t  Sil.vc!.r I>yke. N j e l s e n  (:l963) mapped 
t w o  smal.l p o r t i o n s  o:E t:he cjuacirang'le dur: ing h i s  s tucly o f  t h e  P i l o t  Mounta ins ,  
1 0  h i  t o  t l ie  e a s t .  Speed (1.977a) h a s  naxled two ,new f o r m a t i o n s  ( t h e  Mina and 
Go1.d liange Format ior i s )  wl1:ic.h h a v e  t y p e  a r e a s  w i t h i n  t h e  q u a d r a n g l e .  'Tlze t3j.b.k:i.o- 
g r a p l ~ y  sect:%ori of t:l~:is r e p o r t  :Lists a d d i t i o n ; ~ l .  a.rt:i.cl.es wliich c o n t a i n  informa- 
t i o n  p e r t i n e n t  t o  t h e  q u a d r a n g l e .  

Geol.og-ic nrapping :for t h i s  snap was done  o n  c o 1 . o ~  a e r i a l  p l l ~ t o g ~ : . a p ~ s  having  
a s c a l e  of approxi .mate ly  1: 24 ,000  avai . l .ab1e f r i t m  I n t r a S e a r c t i ,  Denver,  CO. The 
c o n t a c t s  anti faul.trs were  t r a n s f e r r e d  t:o t h e  tojsogroph%.c b a s e  by i.nsj)ect-ion. wl.tfl 
rkr.c? a i.d of  a n  o p c i  cal.  enl.tzrge:r--r~?dt~ccjr. 

Roc1.c liailles used  i.11 t -h is  r e p o r t  a r e  based on megascop ic  arlrl tIl:i~l-scrctio.l1.011 
rs t : imates  of r o c k  arlcl nri.nernl. c o n t e n t ,  Fo r  apha1r:L.t-ic porp11yr:itic: i gneous  r o c k s ,  
[:he r o c k  names a r e  j3redom:i.narrtly basr?(:l on p i l enoc rys t  minera: logy,  and may va.ry 
solnewha t f r o ~ n  roc:.li. rtarnes baseti on clzem:ica:L a l~ r - l l y sc?~ ,  'I'he17.c)c:ryst coni:enlr.s Irere 
v:isual.l.y e s t i m a t e d  from t h i n  scr?ct::ions amd. s t a tnec l  s l a b s .  Precious;  m e t a l  v a l u e s  
a r e  . r epo r t ed  i n  o z l r o n ;  t h e  co r lve r s ion  f a c t o r  t:o gm/rnetr ic  t o n  (ppm) i s  34 .286 ,  
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T h i s  r e p o r t  is a p r e l i m i n a r y ,  m o r e - d e t a i l e d  v e r s i o n  of t h e  t e x t  t o  NHMG Map 63. 



< '  
and i.s 11:tglll.y ciekormed. 'X'he C:retac:eous C:ol.d Iinnge F 'o r r~ , a t i on ,  a s equence  of  
vo:l.carric and v o % c a n i . c l . a s r i c  r o c k s  i.~; c?xposed i n  t h e  w e s t e r n  ant1 c e n t r a l  por-, 
t i o n s  , o f  the qu :~d ra r~g . l e .  A .few o u t c  rops  o.C Jn ra s s - l . c  'l)nnl.ap? F(2r ina t i .o~  a r e  
p r e s e n t  i r k  t h e  n o r t h w e s t  cornt?x: of  t h e  map S ~ C ? R ,  S(2vera:L M e s ~ ) z ~ . i . c  i . n t r u f i v e  
rocks, :Fnclud:i.ng d i .or  it(?, q u a r t z  monzonil:e, and g r a n i . t e ,  i . n t r u d e  most  of t h e  
ol.cIer urti ts. 

The Tert.ia7uy raclcs 1,:i.e unconf ormab1.y on r,rc:-.-'l'er t 3 . a ~  r o c k s ,  Tlie o l d e s t  
Tc?r t i  a r y  roc:lts a r e  Ec1s:i.c , which have X)c?er.t removcci b:y e r o s i o n  i r k  many a r e a s ,  
I.ea\ri.ng o n l y  r e m n a n t s  t o  c r o p  out: i r r e g u 1 . a r l y  below a yol1rrijcr.r s e q u e n c e  of 
andes i t c?  El.ows ant1 3.al1;1rc;. T h e  yorlurgcst: Tcrt.i.;ir,y r o c k s  i n  tire a r e a  a r e  t ~ ~ f f -  
uceous  r;ed irnc,int;iry I-ocks wh:l(:ll c r o p  out. i.n t l , e  norf:hei:rst- paris o f  t h e  cjnadrangl.e,  

The ( j u a t e r n a r y  al1.uv:ia.l d c p o s i t s  c o ~ i s i s t  of  far1 and ' bas in  d e p o s - i t s  of 
I.oca.1 der:i:vati.on, 1)l.u:; sand  rlrlnes a t  -the east:  edge  o f 3 a . r f i i . l . d  I.':La[: ( a  p l a y a  
l a k e  u c a r  t:iic rrorthwestr c o r n e r  of  t i le  mappecl area). 

'Titis nrap u n i t  :is foux~ci o n l y  :i.il t h e  r ior tf iwest  c o r n e r  o f  t h e  q u a d r a n g l e .  
t ,  
llle ;Irc;a of  o u t c r o p  i n  s.l.ig1-1t:l.y o v e r  3. 1 a n 2  locai:,ed aC: t h e  n o r t h c a s t  c o r n e r  of 
t h e  G;-rr:f-i.eld F l a t  p l a y a ,  and co,rit a i .ns  a -var:irety of v e g c t a t i  ion-~.~stabi~Ij.,ze:(I ( s h r u b  
coppice) t i u n e ~  as wel.:l. a s  d,rciEt sanrl.  'flir. sand  d e p o s i t s  a r e  accu1nu1.o.tin.g on a 
s.I:i.gI~t:Ly :;l.op_ir-ig a l . luv i .a l .  s u r . f a o e ;  ~I . ITIC- '  fo.rrn~. i n c l i ~ d e  harctzan arrc-1 t r a l ~ s v e r s e .  
The s o u r c e  of t h e  saxltl i s ,  probab1.y G a r f i e l d  'F1.a.t arlci rile :+l.l.u.vi.ztl. apron,  t o  tilie 
wes t  (11 the F.l.at.  'J.'h:is wi>u:lil stigjiesl: a n o r t l i e n s t  d i r e c t t o n  of p r e v a i l i n g  wind 
t r a n s p o r t  , 

, , I.wo ss1ral.L o ~ l t c r n p s  of 1.anclsl.ide 111aterii:~l o c c u r  m a r  trl-ie w e s t  edge  of t h e  
quac1i:ongl.e aborrt 1:-1, 5 k m  s o u t h c a s t  of Pepper  Spr.i.ng . These  d c p o s i . t s  l7a .v~ 
forriled i n  an a r e a  of  s t e e p  s l o p e s  and c o n s i s t  o f  b l o c k s  of ha r l l b l ende  a n d e s i - t e  
w i t h  or wi.tllout bloclcs  of  T e r t i a r y  r-l,sl-I-Pl.ow t u f f ,  c:onl:ained -in a r e d d i s l ~ ,  
e a r t h y  matr- ix.  i n  add. i t . i .on,  a O.nndsl.:ide bl.ock. of approxj:~ilnat:ely 0 . 2 5  krn2 a rea  
is p r e s e n t  n e a r  t h e  s o u t h w e s t  c o r n e r  of  t h e  q.iradrang1.c. Th-i.s l:>lock is niacle 111' 

o.f ol .der  g . r ave l  d e p o s i t s  w11ich ]-lave moved a s h o r t  d%s~:arrce downsl.ope o v e r  
':Serti.ary a n d e s i t - e  1 a l . 1 n r . i ~  d e p o s i t s .  'Th.is s:l.ide. may have bee17 f a c : i . l i t a t c d  by 
u p l i f t  and consecluenfi. e.~:o:;:ion of suppor  king b e d r o c k  al.ong a re1a l : ive ly  young 
east--wcJst t-renciirtg f a u l  t l o c a t e d  n e a r b y .  Al-so, a small .  ou tc- rop  of 1.andsl . ide 
materja.1. rier-i.ve.ii f rom a r z  o u t c r o l ,  of Mi.na For~not iorz  i c ;  p r e s e n t  'lu a ca.nyorr ahout :  
I..5 1n1 w e s t  of t h e  moutll o.f ' ~ l i1 .vc . r  1)yk.e Canyon. 

Tl3i.s u n i t  o c c u p i r s  t h e  lower  re .Lfef  a r e a s  a d j a c e n t  t o  s t e e p e r  a . i . l t l~ r i a l  f a n  
cnrnpl.exes. It consl .s t :s  of' poorl .y  sor~.c?cl grilvc+l., :;and sncl t;.l.l.t deposCi:c?~l fro111 
eplit?nicr;ll. s t r e a m s  i.11 t h e  :l ower a reas  of t h e  val.:Leys. It is d:i.st:i.ngui.t;lied on 
aei-ia.1. pilot-og.r:api~s by i t s  u n i f o r m  t e x t u r e  and l i g h t  cc):l.or i.n c :on t r a s t  t o  t i le  
a1 l,~.lv.Lal, f a n  d e p o s i t s .  



ALLUVTAT, PAN DEPOS l TS  

The rnost extens:i.ve u n i t  of  Qua t:e:rniiry d e p o s i  L s  i n  t h e  quacirangle i s  t i le  
corlrxe,  p o o r l y  sor tec l  b(:>ul.der g r a v e l s  and pebb1.y sands I n  al.l.uvi.al. f a n s ,  The 
ma jo r  a r e a s  o . E  l a r g e ,  cclal.c?.sc:i.ng f a n s  ( ' ba j adas )  a r e  in t h e  n o r  tllwest and sozlth- 
e a s t  p a r t s  of t h e  cjuadra.ngle, Some coll.uvi.um i s  .inc.luded i n  t h e  u n i t  i n  a r e a s  
n e k r  bedroclc. o u t c r o ~ p s .  The f a n  t lepos i t~r ;  a . r e  a I ~ e t e r o g e n e o u s  m i x t u r e  of s i l t ,  
slind, alxci gravel. f:'roilz ;I.ocaJ. sou.~:ct?!-,; t l . ~ e i ' r  make-.up v a r i e s  w i t h  t h e  r o c k  t y p e s  
111. t h e  so t r r ce  a r e a s  and t h e  e x t e n t  and g r a d i e n t  of t h e  i n t e r m i t t e n t  s t r e a m s  
suppl.yl.ng t%kc.:m. Par1 d e p o s i t s  a r e  t l~ . i . ckes t  xlr?,;-ir t h e  sou . rce  a r e a s ;  some of tkle 
f a n  s l o p e s  a r e  u p  t o  7' n e a r  t h e  mount:ai.n f r o r t t .  A l s o ,  i t  was no ted  d u r i n g  t h e  
nlappirlg t h a t  the a.lluvci.al. f a n  depor;i.ts ;~cJ:jacc-!~~t. t o  Soda S p r i n g s  V a l l e y  on t h e  
e a s t  vnnrgirr of  t h e  clunc1rangl.e a p p e a r  t o  be  somewl~at  more d i s s e c t e d  by t h e  
p r e s e n t  washes  t h a n  t h o s e  i n  o t h e r  a r e a s ,  T h i s  r e c e n t  downcntt:i.ng i n  t h e  f a n  
depos . i . t s  tr1lel:e may be  relar.e.ii t o  r e c e n t  c l ~ a n g e s  i n  b a s e  I.eve2 d u e  t:o f a u l t i n g .  

Ol.t-ler g r a v t t l  d e p o s i - t s  a r e  p r e s e n t  on1.y a t  t h e  n o r t h  and s o u t h  edges  oE t h e  
Camp 1)oug:l.a~ quaclrangl.es, and c o n s i s t  ma i .111~  of f a n  and pedimeiit d e p o s i t s  of  
p o o r l y  s o r  tecl, boulcfer-  t o  s:Ll. t : -s ize ma-t:eri.al. T h e  o l d e r  g rave l .  depos i . t s  a r c  
cornmonly n o r e  coi~sol:iclat:ed o r  c .a l . . i . che-cmm~ted  t h a n  the! younger alluvial. u n i t s  
ant1 t h e y  may be  more d i . ssecLcd by r e c e n t  washes .  The  s o u r c e  a r e a  f o r  t1.1e rmoarse 
d e t r i t u s  w i t h i n  t he  o:l.di?r g.rsr-vel. d e p o s i t s  i s  not:, i n  some ca .scs ,  readi1.y i,dezl-- 
tif-i.alr:Le. l."hc ol.cler i;r>ivel. d e p o s i t s  i.n the n o r t l l e r n  p a r t  of t i le  c1uadrangl.e were  
probab:ly clepositeti i n  al:l.uvS:al. f ttrts, w h i l e  t h o s e  a:L01.1g tl-te sotr t l l  riiargir~ a r e  
pediment: clepos1.t:~. IJsua.l.l.y, t h e y  con, tain.  a tieterogc?neous rni.xture of mater:ia.l. 
erodiicl from t h e ?  ~r ;~~rrrox~rrd i.ng hi.ghlancls, b u t  t h e  ped%.mc:nt  gravel.^ exposed a l o n g  
t i le  s o u t h  edge  of  t h e  q u a d r a n g l e  consist of o v e r  95% mate r i a l .  from t h e  uzzderlyi.ng 
T e r - t i a r y  andes:i:tr:! l a h a r i i :  deposi t : ; .  The a b s e n c e  of  f.ragr~lenl::s of  Mi.na FormaL:Lon, 
f o r  c?xnmpl.c?, p r o b a b l y  li.id:ic:ltes a s o u r c e  a r e a  f:o t h e  w e s t  oE t h e  o l d e r  g r a v e l  
d e p o s i t s  o r  :l .ater 'al o f - f s e t  by t h e  eas t - -wes t  t r end i .ng  f a u l t  j u s t  t o  t h e  n o r t h ,  

Exposures  o.f this r o c k  trnil: are p r e s e n t  o n l y  i n  the  nortyheast  c o r n e r  of 
t h e  qua'drnngl..e nea.r.- the mouth of Daugl-as Canyon. They c o n s i s t :  of u.p t o  1.00 m 
of I . i g h l : - - ( o r  .vol.c:ar~:ilclast:c roclcs, inc. lud:ing t u f f ,  and t:uffaceous s h a l e ,  
s a r t d s t o ~ l e ,  and c o n g l o m e r a t e .  The  ur-.it: unc.onfo.rmably o v e r l i e s  Mina Forma t ion ,  
anti i n  wesCer?r o r  upl.azri1 a r c a s  of  e x p o s u r e  cc:)~lsl .s ts  mor;tl.y of 1:uffac:eous con- 
gl.omc?r~ilre wllj.cl.1 cont;l..i.r-rs b o u l d e r s ,  c o b b 1 . e ~  arrd p e b b l e s  of s e v e r a l .  nea rby  
T e r t i a r y  vo1cani .c  u n i t s  as w e l l  a s  c h e r t  ( p r o b a b l y  from tile v~-rderl .ying Mi.na 
E'ormafrion) and  pi.nic g:~:.anl.tre, wlli.ci-I was pr(3bab:l.y e roded from o u t c r o p s  7-8 lm t o  
t h e  n a r t h w e s t .  The rounding  and s o r t i r t g  are  poor ,  and t h e  b e d s  a r e  p o o r l y  

. exposed .  The fi.ne-r m a t e r i a l  i.n t l ~ e g e  cong. lomera tes  c o n s i s t s  o f  s a i d ,  si.lt,  and 
l ~ e n  ton:iit::i.c c l a y s  . 

The more e a s t e r  l.y e x p o s u r e s  of tl-lc.- t - t ~ f f a c e o n s  sed:in?eutary n n i t  i.raclude 
hecis of tuff aceons  s a i ~ d s t o n e  w i t 1 1  c a l c a r e o u s  cement,,  b e n t o n i t e  s l i n l e ,  and pebb ly  
c:.o~lgl.oruerate. C o a r s e  ash, p r e s e n t  in some s a n d s t o n e s ,  i s  g1.assy.  C l ~ a r a  oogoni.a 

. -. .- 
( a l g a l  r-emai.rrs) were tc.rztat.ive1.y i d e n t i f i e d  a t  ~ l i e  l o c a 1 : i . t ~ .  



r 9 .I lle t u f i ' a c e o r . ~ ~  st!di.nientar;y rock,  un-i t appe;lrs t.o .i.ncl.ucle boL1-I fl .uva t i l e  
~ncl .  .Lacust:r:!lle r;etlj.miintary eruy l r on r i~en t s ,  'Yl-te bou.l.cirtr co~-ig:lomerilte t o  t h e  w e s t  
coul i l  r e p r e s e n t  a f o r m e r  s t r e a m  cl- iannel ,  w h i l e  the wel.1-bedded &:uE.faceous 
sar -~ t l s tones ,  and s11a l . e~  ~ni:~y have beon d e p o s i , t e d  a t  rh(2 ,margin o f  a 1.oca.l. l:l.ke. 
Marv jn  and o t . h e r s  (1977) r e p o r t  I < - h r  a g e  of .5.7jz0* 2 m.y. : for  b i o t i t e  c o l l . e c t e d  
f TOLD a t u f f aceo r . t s  s a n d s t o n e  exposed  n e a r  t h e  mouth of Dc)ugl.zis Canyon. I-iowever, 
t h e y  s u g g e s t  t h i s  z-ljie may b e  a  max:imum, as c o n t a m i n a t i o n  w i t h  e x t r a n e o u s ,  o l d e r  
b -i o l: :I. t. c! i. 3 a p o s s :i. 12 :i l :i. t: y . t 
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The? r rn i t  h e r e  dcts.Lgna.ted a s  b i o t  i t  c ' - h o r n b l e r ~ d e  andesi.tc1. :i.s t h e  yo r .~nges t  
pax."t of  21 group  of fl .ows, 1;lha.i.s and 'hyyx~byss:il. . i . t l t :rusive rocltr; wl-h-icl~ -is p r e s e n t  
i.n g r e a t e r  thiclcness t o  t h e  w e s t  i n  t h e  Moho Moun ta in  quadrang1.e.  'The s0u rc . e  
was a n  qnclesj.t:-l'c s t ra ta -vol r :ano  wh:i.cl-t i.s proba2)l.y l o c a t e d  i n  t h e  hi .gher  pealcs of 
t he  cc. .ntrnl  Excel.sJ.or Moun ta ins  7 la11 t o  t h e  west:. 

T h e  t> io t f t c -1 lo rn l ) l ende  a n d ~ s j t e  i s  m a i n l y  cxposecl i n  t h e  n o r t h e r n  p a r t  of 
tht7 ( j n a d r a ~ ~ g l ~ ,  and i s  p r cdominen t  1 y cornpoeeci of r l n w  r o c k s ,  a l t ixough some 
l ~ l ~ , ~ x - i e  b r e c c  i a s  o r  simiLcir 1 i t h o  logy a rc  a l s o  i n c  1udc.d. k i iypabyssal  izztuu-- 
s i v c  phase is  a1  s o  I c.c.ognizcd, e s p e c i a l l y  i n  S29,'f(iN,R34E. Tl?c u n i t  unconform- 
a b l y  o v e r l j e s  n g r e a t  v a r i e t y  of  o l d e r  T e r t i a r y  and  Mesozoic  r o c k s ;  i t s  t o p  i s  
a n  e r o s i o n a l .  x~nconf ormlr  y wS Lllin t l ~ e  qu ;~d rangJ  c .  Thr arldesirc? i s  a t  Least  100 m 
t h i c l r  l o t  a l l y ,  l'bc b io t .  i tcze-horuhlende nni ics i t -c~  cons is t - r ;  of niilnc>rous f l o w s  wl l i c l~  
a r c  n o t  r e a d i l y  c1 iPLcren t i a t ed  i n  ~ h c  I ' i ~ b l d ;  i t  is L ~ S I I ~ ~  l l y  e a s i l y  s e p a r a t e d  f rom 
t i n d e r l y i n g  r o c k s ,  e x c e p t  I n  S35,36,1'6N,R34E; where  i t  ove r1  i e s  f lows of  hornblencie 
i l l r des i t~3 .  

The b i o t i t e - h o u t l b l t ~ n d e  a n c l e s i t e  is 1 i g h t -  t o  mediurn-gray, o r ,  l e s s  commonly, 
r edd  is11 hrown o r  d a r k  g r a y .  It co rz td ins  equal i t  wl l i  t e  p l a g i o c l a s e  pheriocryst.;  
a s  w e l l  a s  h o r n b l i ~ n d t . ,  pyr-oxcne, and s p a r s r  b i o t i L e .  I i n r e l y  i t .  e x h i b i t s  doca l 
f l o w  bancling. 

I n  t h i n  s e c t i o n ,  the h i o t t t e - h o r n b l e n d e  a n d e s - i t e  c o n s i s t s  of  5 2 5 %  p l~eno-  
c y s t s ,  mn:ir-il.y plagi.oc:Lane and hornbler icle ,  in a 'p- i . : l .otaxi t i .c  ma t r i x .  Ecluairt 
p l . ag iog l . a se  .p~~elrc?c:rysts a r e  ust1all .y 0.5--5 ruml, commonly e x h i b t t  o s c i . l l . a t o r y  zon-., 
i n g ,  and have  i .nc: lusion-  o r  glass--f j . l . lecl  rims o r  c o r e s ,  1-iornblc?ncle p't~cix-tocryst:s 
( u s u a l l y  o x y b u r n h l e n d e )  a r e  e l o n g a t e ,  i d i o m o r p h i c  c r y s t a l s  t h a t  may b e  up t o  I 
cm in l e n g t h ,  a l t h q u g h  t h e y  a r e  u s ~ l a l L y  1-7 mln i n  l - eag th .  They a r e  p1eochro i .c  
i . r~  var: i .ous s h a d e s  of hrcrwri a n d  have opaque ,  r e c r y s t a l . l % z c d .  bo:rdeus o r  a r e  C O ~ I - -  

p1ot:t:l.y rep:lncctd by I r o n - o x i d e  m:i.neral.s, f:i.nc~:l.y c r y s t a l l . j . n e  py roxene  and  in.- 
d e t e r m i n a t e  opaque  m a t t e r .  Dark brown f l a k e s  of b i o t i t e ,  0.3-2 mm, a r e  s p a r s e ,  
b u t  t11e-i.r u s u a l - l y  s e r v e s  t o  s e p a r a t e  t h i s  a n d e s i t e  map u11-i.t f rom trhe 
o l d e r ,  d a r k e r  co:Loced 'hornb:l.ende ;inclesi.t:c.!, A few g r a f n s  o f  q u a r k z  were  r ecog -  
1i:i.zed i n  two t h i n  s e c  t:i.ons. These  a p p e a r  a s  r o u ~ z d e d ,  x e n o c r y s t s ( ? )  r.iminecl by 
f i n e  c r g s t a 1 . s  of  pyro:xene. 'The grourldniass c o n s i s t s  o.E ~ n i c r o l i t e s  of  most  itf t h e  
p h e n o c r y s t  mj.neril.i.s, i n  a d d i . t i o n  t:o po t a s s i i lm  f e l d s p a r ,  and g l . a s s .  M a g n e t i t e  i s  
A colnmol? a c c e g s o r y  minera l . .  

'i'l~e following i l n a l y s l s  was (lone on K-Ar  a g e  d a t e  satnple (2)-31 (M, L, S l l b r r -  
man, w r i  tt t~ ro rnmunica t ion ,  1 9 1 5 ) ,  c o l  l c c t e d  a t  NW/4 S26,'U6hl,K34Ji. 
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The b io t i t e -harnbLende  antle:;-j.te has been  K-hr d a t e d  ae: 15.73-0. 5 and 1.6. lk 
0 . 7  11i.y. on b i o ~ i t c  and p l a g i o c l a s e ,  rc!spt?ctivizly, from a snrnplc c o l J e c ~ e t l  
a b o u t  1 .5  km s o u t h  of Douglas  Canyon (SiLberman and o t h e r s ,  1975a; G : ~ r s i d e  and 
Silberni , ln,  1 9 7 8 ) .  Tlilr; I6 n.y. ar1des3tcb Ls p a r t  o S  n l a r g e  vol~r~ue of andcs-lt-ic 
vol cnnic  r o c k s  e r u p t e d  frorn numerous c e n t e r s  a long thtt Walker Lane f atr l t zone 
in w e s t e r n  Ncvnda bchtwcen a b o u t  I.? and 1 2  m.y. a g o  (SIl1)crrna~l and o t h e r s ,  1915b) .  

Two nar row rhygl.:i.t:.c: dikes c u t  mi.cc~"orr.ionzo~iit;c-~ 1.- 7 km eas t ;  o f  S i l v e r  Dyke 
C a n y ~ n ,  These d i k e s  ore se.vera.1 I-tundreii meters :Ln Length ,  2-3 rrm wide ,  and 
ver t j .ca l .  Ttre longer ciilte is a . long  a p o r t i o n  of a m a j o r  east-west f a ~ a l . ~ ,  

l 'hc  rhyq li te is y e l l o w i s h  gray ancl c o n t a i n g  f e l d s p a r  phenocryst s ,  1-7 mm 
i ~ a  Iclnglzh, b i o t i t e  p21cr;ncry~ta up  t o  I mm, and ovo id  v e r m i c u l a r ,  embnycd q u a r t z  
pbc r loc rys t s ,  1-3 rnm I n  l e n g t h ,  b i o t i t e  phenocrysts up t o  I m. !n ttr$n scc t f c rn  
t l lc  rtrcli {:ons-j.sLs o f  apl)rc~xJ"mdtcJy 20% phcnocrysi . ;  of c luar tz  ( 1 1 0 % ) ~  pl,~gloc:l;tse 
30%,  po tas s ium i c l d s p a r  (20%), arld b l o t - . i t e  (1%) i n  a f i n e l y  c r y s t a l l i n e  matrix. 

The r lkyol i t  r p o r p h y r y  clilces a r e  present .  o n l y  w i ~ b L x l  t h e  micrornor~zoni te .  If 
LIlc 1 6  J D - y .  age on L h c  n ~ i c r o m o n z o n i t e  i s  c o r r c c t ,  the dikes m u s t  be sumtlwhat 
yotrngcr.. 



'Fwo ma1.l. :n:l.cro~iior~z~~~~.:l.tc .111Crus:Lve nies:;c!s of :L. i .5 lcm2 ou!rcrop a rea  a r e  
exposed  10-2 loll w e s t  o f  rr.hc molich of  S i l v e r  Dyke Ca17yoiz. They - in t~-u t ie  Mi i1 ; i  

Vormat.::l.on and i::lic! I.otircr uni.1:. of t.lle Goltl Range l ' o r ~ n a t i o n ,  ~ l v i t l  a l s o  a p p e a r  t o  
c u t  T e r t i a r y  ash- f .1 .o~  t u f f s .  Age- ;-ind c o n t a c t - r e l . a t i o n s  be tween t h e  micro-.  
mouzon:i.te and 7 e r t i . a r y  hornbl.cl?ncie a n t i e s f t e  a r e  am%.bguous. Ti-~e s o u t h e r n  i.ntr.rtx-- 
s ivc?  1)udy a1.so c u t s  a Mesozoic?  t:.ilrust: fau1.t and i s  emplacetl  2.11 the n o s e  of a 
s y n c i i . n e ,  both .[>:resent: i n  t h e  M t i ~ a i  I:'ormatri:on. 14os l r  o f  t h e  n1i.c~-omonzoni.te i s  
g r e e n i s h  g r a y ,  alti-mug11 b o r d e r  ancl d i k e  po rphyry  p h a s e s  a r e  u: ;ual ly l i g h t  g r a y .  
Tile c o l o r  :i.ildex of t h e  r o c k  i s  10-1.5, ?'he ma ia  mass of  t h e  J r i t r u s i v e  hot l ies  i.s 
po rph~7r i . t i . c  mi.cromonzon:i.te, co~isist::i.l-~g of p l a g i o c l . a s e  and  pyroxen.e p h e n o c r y s t s  
i n  a f ri-ne-graineti p l l a i l e r i t  i c  hy p i c l i on io rph ic -g ran i~ l a r  m a t r i x .  1,ig' i l t-colored 
tir~.rni~leuclc-1,1ag:ic1cI.nsc~ po rphyry  d i k e s  b o t h  c u t  ancl e x t e n d  out: f'1:om t l ie  main 
m.ir:rornonzoni t e  mass .  

I n  t:i-,in. s ec t l i on  the  ru:i.croaioiizon:te con!:i:;ts o f  ;~pp . roximate l .y  50% p:Lag:i.o- 
c l a s e ,  35% po ta s s iun i  f e l d s p a r ,  LO% pyroxene ,  l e s s  t:han 5% q u a r t z ,  and I-% b i o -  
t i t e .  Acce"ssory minera:Ls i n c l . u d e  rnag i l e t i t e  (up  t o  t i%), apat.:iti: ancl zi.rcs,on. 
Phcnucrys t -  i n j .~ re ra l s  i n  t h e  p0rp~1y.t-y p h a s e  a r e  app.zoxi.n~atel.y 25% of  tire r o c k ,  
prec7oniiuant:ly p1.agi.ocl.ase and I ~ o c n h l . e ~ ~ d e  w i t h  s p a r s e  b i o t i . t e .  1 ' lagiocl .ase 
o c c u r s  a s  1-3 mm :I.oni., cullcclral c r y s t a 1 . s  and a s  s r n i 1 . l  er s u b l ~ e d r a l .  c r y s t a l s  
~ 1 s u a 1 l . y  l e s s  t h a n  . 5  mrn .  Potass:ium f e l .dspar  o c c u r s  predom.i.nnntl.y a s  a.utornor- 
phi.c c r y s t a l s  l e s s  t h a n  a b o u t  .it mn i n  l . eng th .  Subhcdra . l  py roxene  c r y s t a 1 . s  
0.4-3.. 2 Iilm i n  d i a m e t e r ,  e x h i b i t  p o i k T l i t i . c  t e x t n r e ,  enc los i r rg  ~ ; n i a l l  c ry s f a1 . s  
of mrtg.:netit:e, plngj.ot:l .ase, pc:>ta.ssi..t.~.m f e 1 . d ~ p a . r ~  a r ~ d  c.luar:hz(?). Son~e pyroxene  
p l . ~ f r t ~ o c r y s t s  a p p e a r  tru he  c.ompI.ete r e p l . a c c ~ r ~ ~ e n t s  of Itornbl.ez~de. I i i o t i t e  p3 .a tes  
are u s u a l l y  0.2-"0.4 rnrn :in d i a ~ n e t e r ,  quar:tz o c c u r s  maii1.l.y a s  snbhedra l .  c rys ta2 .s  
l e s s  t h a n  I. mm, al.thoug11 i.t is  p re sen t ;  -i.n po rphyry  p h a s e s  as embayed and c o r r o d e d  
p l ic~~oc . rys t : s  ].-I.. 5 rrinl i n  d i a m e t e r .  E-Iorrihlende i s  cornmon o n l y  :in t i le  porphyry  
p h n s e s ,  a s  eul-ied.rnl phi?nor,ryst:s u p  t o  :I by 7 znm i n  clilnension. A:l.tc?ratioa 
mineral : ;  :in t h e  n i i c r o ~ u o n z o n i t e  incI.1.1de mi.nor a-rnount:~ of epidoize,  c h l o r i . t e ,  
ca l .c i t :e ,  t r e r n o l i . t e ,  s;~rrss~.i-cri.te, ant1 ;I f:i .berous z e o l i t e  i n  one? s:imlYl.e, 

The mic romonzon i t e  h a s  been  da. ted a t  1.6.2 m.y. by K-Ar 1net:hods (Speed and 
l<i.stl.er, i.ll p res : i ) .  Thi!; d a t e  i.s clc7se t o  tlzose j!rorx~ andes i . t . i c  I .avas .i.n this 
a r e a .  T h i s  a g e  s i .mi. l .arf ty,  c o u p l e d  w i t h  t h e  gene ra l1 .y  si.lni1.a.r - rock c o m p o s i t i o n ,  
I I I R ~ c ! ~  . i t  appear 1.ik.c.L~ t h a t  t h e  inlcromonzoni . te  i s  a hypabyssa l .  i.nt:rul;.i.we r o c k  
re1.arc.d t o  t h e  M.iocct~c a n d e s i t i c ,  vc.):i.cait-i.sm o E  t:i-\is reg-lox~, 

A N D T C S T ~ ~ F ,  I,ATIARI r, niii30s rrs 

A poor1.y s o r t e d  s equence  of 1 a h a r i . c  andes i t5 .c  v o % . c a n i c  b r e c c i n s  1,s exposed  
a t  t :he s ,n l .~ th  ec.lgc? (I.[ t l ~ e  Camp Llougl.;:is qia;idn:angl.c. 'These d e p o s i t s ;  consj.st  ],re-- 
dominnt2i:l.y of 1.I.gl.it g r a y  c I . a s t s  of: porphy.rit-i .c .Elow r o c k  i n  a Fine-grrii~~ed 
mntr.i.x of s i l t , -  alrd sai id--s ized mates:i .al.  'l'l~e c l a r ; t s  n.rf a n g u l a r  t o  r;r.ll.~rcruncletl 
ancl v a r y  i n  s i z e  f rom a f e w  cm t o  o v e r  3. 111 and a v e r a g e  approxi .mate ly  25 cm, 
Crude  b e d d i n g  i s  r e c o g n i z a b l e  i n  sorne p l a c e s ,  ancl a few minor ,  irzterbcdcled e p i -  
c I . a s t i c  vo:Lcain.c sanclstomes and cor rg lomerares  were  n o t e d .  'rhesc: e p i c l . . a s t i c  b e d s  
a r e  a l s o  h.i.gtt i n  n n d c s i t i . c  i n a t e r i . a l ,  a.nd p r o b a b l y  r e p r e s e n t  f l i ~ v i a l  d e p o s i t s .  
N o r c  t h a n  9.5% of: t h e  c l . n s t s  arc .  : l . l gh~-ccs lo red  ancles:itic: f l o w  ~:oclcs, sjm.i.:Lar L o  
t l i o s e  p l -esent  i n  t h e  n o r t h e r n  p a r t  o f  t h e  q u a d r a n g l e  a s  w e l l  a s  f i~ . c t . he r  w e s t  i n  
t h e  Kxcels i .o r  Range and t1t:a.r Nevada 1-lighway 1 0  t o  t h e  s o u t h .  A f e w  cl.astlc; a re  
anclei;it : ic scor-ia a n d  c i n t l e r s ,  i111d a v e r y  sma3.1 number of clat;l:i-; a r e  cher l :  and 
wel.deri t u f f .  



The a n d e s i  t i c  I nhar  i c  t iuposi  t s art: up t o  approx-irnatcl  y 200 m i n  t h i c k n e s s  
w i  tlllrl ~ l l c  cl~l;~cJr,lugIt*, 'I'lle ~.oLu L t11icbknc.s~ of I l ~ c !  i a l l a r i c  tlcbpot;its 1 s  urrknown 
s i ~ ~ c e  t h e i r  ! J ~ S ( P  i s  n o t  ~ x p o s e d  w i t l l l ~ t  t l i ~  map arrLn,  T h e  u n i t  is rtot exposed  
j70 t l l ~  n o r t h  of a  riia+ior cast--we:;L s t r i k e - s l  i p ( ? )  f d u l  t-. 

I n  t h i n  s e c t i o n  t h e  m a j o r  t y p e  of c l a s t  c o n s i s t s  of  p h e n o c r y s t s  of pl .agio-  
cS.;lse, IlornbI.ende, ancl mi.nor py 'roxene ancl b:i .oti . te i n  a. p : i . l o t a x - i t l c ,  par t ia1 . l .y  
g l o s s y  gronndruaas. Acc.c!.ssory m a g n e t i t e ,  a p a t l . t e ,  and z i r c o n  ; i r e  ;il.so p r e s e t l t  . ' 
P h e n o c r y s t s  a r e  g e n e r a l l y  up  t o  2 mm i n  d i a m e t e r .  P o t a s s i . ~ l ~ n  f e l . d s p a r  :is common. 
i n t lie Ina t r  i.x . 

Appro.xi.iiinte:I.y 2 k111 t y  tlhe sou t l i  of t h e  quadrang1.e t11e l;illari.c: d e p o s i t s  
over1.i.c 1nineraI..ol~,.i.c;11ly s:i.rn.i.lar andesiL:e f l o w s  wiii.cl2 have  been  da~:ecl by I<--Ar 
metllocts a t  117.3 arrd 1.7.4 m, y.  on hornbl .ende  and pl.agiocI.i?se r e s p e c t i v e . 1 ~  (Marvin 
and o t h e r s ,  1977)  . W i , t l l j . r ~  t h e  q u a d r a n g l e  arid t o  t h e  soutril, t h e  a . n d e s i t e  la .har: ic  
ciepos.%ts a r e  o f t e n  overlaex1 by Q u a t e r n a r y  o l d e r  grzivel. d e p o s i t s .  Si.mil.ar 
l .nhar: ic  b r e c c - i a s  o f  unknown, hi i t  probab1.y ecjui~val.c:nt:: a g e ,  a r e  a:l.so p r e s e n t  i n  t h e  
fCxc.c-!l.siosr Ra11.g~ about: 9 icrn t o  the w e s t *  

1 NrrliU!; I VII  l J A r l ' l ' r E  ANI) A S S O C L A ' I ' E D  VENT BKICCC LA 

An  el.ong;tte,  h y p n b y s s o l  l a t . i . t e  i n t ru s i : ve  mass (TI.) w i t h  mi.nor a s s o c i a . t e d  
b - r e ~ c - i i i  ( ? ' : l . ~ )  j.5; expc).";~d in 535 and 36,T6N,Ii3412, e;lst of t h e  1~ern;i.ck. Mine,  T11e 
i n t r u s i : v e  c u t s  l a t r i t e  brccc . i . a ,  which i s  i . n t e rp - r e t ed  t o  bc  an  a s t soc i a t ed  v e n t  
b r e c c i a ,  a s  w e l l  a s  ri-ryo:l.tt:l.c welded t:u:ff and hornbl.enrle a n c i e s i t e .  11: i s  un-- 
oonf ormab1.y over1.ai.n by b io t i . t e -ho rub l . ende  a n d e s i t e .  The e l o n g a t e  s h a p e  of  t h e  
1- a t . ~ ' t e  - - -* may be re:l .ated t o  a pos:;;ible s t r u c t u r a l .  weaknc.-sf: whi.ch i.s a c o ~ l t i n u a t : i o n  

of the eas t -wes t  t rendi .ng  f a u l t s  and v e i n s  i.n t I ~ e  Camp I louglas  mi-ning d i s t r i c t  
t o  t h e  w e s t .  

T h e  l a t l t e  r a n g e s  f rom p o l e  brown Lo v e r y  p a l e  o r a n g e ,  and i s  a s s o c i a t e d  
w i t h  a L a r g e r ,  enc los i . ng  a u r e o l e  of a r g % l l i . z a . t : i o n  and si1.i .ci.f  i c a t  -ion. T1-1:i.s 
a l . t e r n t i o n  r i~akes c l i s t t n c t - i o n  of uni .  ts i l i f f  icu1l.t. T h e  .vent  b r e c c i a  i s  rnine.ra:l- 
ogic3l.l .y s i m i l a r ,  t o  t h e  i : n t r u s i v e  p h a s e ,  b u t  c o n s i s t s  ma:Lnl.y of 1.atit .e pumice 
f r agmr+n t s ,  usual.1. y l e s s  t h a n  30 cm i.r-1 ci i a ~ ~ i c r t e r .  F:l.ow band:ir.ig and a.n obvious1.y 
g.la.ssy mat:r:ix a r e  p r e s e n t  o n l y  a t  a few l o c a l . i t i e s ,  m a i n l y  n e a r  t h e  margi.ns of  
t h e  d i k e - L i k e  l a t i t e  i . n t r u s l v e  body. 

< 1 1.hi.n s e c t i o 1 . 1 ~  ct.f t i l e  ] . eas t -a l tc rec i  sainpl-es show t h a t  t h e  1 .a t : i t e  i n t ruc ; l -ve  
c~n!.jisl:s of appr:ox-i.msl;c.'l.y l , 5  l ,ercc-d,~~t  .~)l.af;iocl.nc;c: rurd s p a r s e  Ir-L.ol:.i.tc? ~ I I C I I O C ~ Y ~ ~ S  
%.n n gl.;issy rnnt.rix. Flow 1:extilreu i n  t h e  v o l c a n i c  g l a s s  r a n g e  from ac tua l .  : f lc~w 
h a n d i n g ,  t o  t h e  al-Lgnuic:.nt of phcnoc:rysts ar~c! mLcro l . i t e s .  The g:tass r a n g e s  f rom 
I:ight: brown L:o c l e a r ,  and may a p p e a r  bl.ack. 1.r~ Ilancl specj.men. 211 some sanip:les, 
t h e  rnat:r:i.x i.s dev i . t r : i f i ec l  t o  a f i .ne  mi . s tu re  of c r i t s t o t ) ; l _ f . i t e  and potass:ium fe1.d- 
s p a r ,  which e x h i b i t s  s p h e r u l l  t t c  t : ex ture ,  P l a g i o c l a s e  p h e n o c r y s t s  a r e  on1.y 
rare1.y l a r g e r  t'nan 1. nml; biot.: i . te p l . a t c s  and f l .akc-s  a r e  u s u a l l y  o.mly 0 . 2  lum i l -1 

diamcttrer, a l t h o u g h  some niay b e  as l a r g e  a s  1 - 2  nrm. Some b i o t j . t e  phenocr-ys ts  a r e  
rinlri~mi and var-i:a.bly r e p l a c e d  by i r o n  o:x-i.de m i n e r a l s .  

t-iydrothe.rmal. ul terat : i .bra of t h e  Zatitc: a1i.d I n t S . t e  v e n t  brecc:9o, c o n s i s t s  of 
strrong s-i.l.i.c%fic:l~:i.on arid a rg i l . l . i . z a t i on ;  t h i s  i i l . t e r a t i o r ?  i l . s o  e x t e n d s  in . fo  t h e  
su r round i .ng  I~ornblc?nde  a rndes i t e .  1-11 aditi . t : ion, i r o n - - s t a i n i n g  arid opa l iza t : i .on  a r e  
p r e s e n t  local..Ly, and  I"pke (1.970) d e t  ec:ted montmor i . l lon i t re ,  kaoLini.tc-l, i l l . i . t e ,  
clu;ir.i:z, c r i s i : o b e . ~ . : i . t ~  potassi.uux f e l d s p a r ,  ja . ros: i . te ,  and gy-psi.~m a t  t h e  S o d n v i . l l c  
n1ontmor i l l .on i te  d e p o s i . t s  near t h e  s o u t h e a s t  end of  t h e  l a t - i t e  i n t r u s i v e  body.  



8. 

i J y r i t e ( ? ) ,  o f t e n  c o n v e r t e d  t o  i r o n  o x i d e  m i n e r a l s ,  i s  p r e s e n t  i n  v a r i a b l e  
nutount.n. Tll i s  hydrot11crma.l '31 t e r a t i o r s  2nd nssoci:tt:~ci m i n e r a l  i z a t i o n  ( a t  t h e  
Kernic l i  Mine,  f o r  exaiilpl e )  may bc r e l a L e d  t o  tile minera1.i z a t i o n  a t  C;ixnrup 1)ouglas 
t.o I h e  n o r  t - l lw~s t . 

A f<-Ar age of  lii.9*0,8 m.y. was o b t a l n e d  on plagioclar;t! Tram a g l a s s y  
l a t t t e  samplc  t:ak~x~ n e a r  t h e  n a r t  i ~ w e s t  end o f  t h e  ix l t ru s jvc  body (C;arsIde and 
S i - lbe r~nan ,  1970) * I 

'I 'l~c FXornblendr a n d c s i ~ e  u n i t .  c o x l s i s t s  of  a  sc?quence of f l o w s  (Ta) and a 
f e w  minor  di lces dud smal l ,  i r r e g u l a r  i n t r u s i v e  L o d i e s  ( T a i ) .  It- i s  exposed 
t h r o u g h o u t  mucli of, t h e  qrladrarigle anrl nornia l l  y u n d e r ?  ies  b i o t i t e - h o r n b l  ende  
ancicsi te .  ant1 o v e r  L-ies o l d e r  T e r t i a r y  aslr-f low t u f f . ;  o r  pre- 'Tert i a r y  r o c k s .  Z t  
i p  o v c r  300 m t h t c l c  i n  s e j r e r a l  p l a c e s ,  and i s  u s u a l l y  l i g h t  g r a y ,  1 i g h t  b rowni sh  
gl a y ,  rncdjum d;irk gr , iy,  o r  d a r k  g ree~ t . J sh  g r a y ,  o f t e n  weat11c1-ing Lo p a l e  brown. 
I t  is  n o t  n o t l c c n b l y  f l o w  handed,  a l t h o u g h  i t  o f t e n  e x h t b i t s  p l a t y  j o i n t i n g ,  
Iieealise it .  cons  Ists of numerous f l o w s ,  J t J s somc.wh,l~ v a r i a b l e ,  and may be diE-- 
L i c r l l t  t o  clisti11gui:iii  irorn o t l l c r  a l t thes i tc  u n i t s  i n  t h e  q u a d r a n g l e .  I n  mosL 
a r e a s  it is  d i S f  c r r u t  i a t e d  from t h e  younger  b i o t  i re -hornbl  cnde a n d e s  i t e  by i t s  
d a r k e r  c o i o r ,  a c  L c u i a r  h o r n b l  cndo p 'nenoc rys t s ,  a b s e ~ ~ c r  03 b i o t i t e ,  and lowei- 
pc3s'ccntagc ant1 srnadlcr  s i z e  uF phenocryc; ts ,  e s p c c i a l  l y  p l a g i o c l  a s e ,  I n  t h e  e a s t  
c c w t r a l  p a r t  of. I h e  q u a d r a ~ n g l e  c e r t a i r l  p a r t s  of t h e  u i l i t  irtay r e s e m b l e  r o c k s  
i nc  ludcd in  t h e  b i o i  i t e - h o r n b l  ende  a n d e s i t e .  

:Trr t h i n  s e c t i . o n ,  the  hornbl-ende a n d e s i t e  I s  o f t e n  q u i t e  f ine-gra i . r ied ,  
Phexlocrysts  of hor ,nblende ,  pyroxene ,  and p l a g i o c l a s e  usua1l.y make up  l e s s  t h a n  
1.5 percent :  ~ f  t h e  r o c k t  The matr-i.x $s  f i n e l y  c r y s t a l . l i . n e ,  w i t h  pi lo taxi ti.^ 
f l .u id ; l l  o r ,  . less  c o m m c ~ n l ~ ,  f e : l t ed  L e x t u r e ,  and c o n s i s t s  of smal.l. pl.agl.ocl..ase 
l a t h s ,  m a g n e t i t e  g r a i n s ,  and v a r i a b l e  amounts  of s m a 3 . l  pyroxene  erys ta1 .s .  Pheno- 
c l ;ys t i .c  ho-rnblencle, t.zsual1.y basa i r j -c .  klornblentic, of t e n  o c c u r s  o i l y  as " g t ~ o s t s "  
~f f:lnel.y c r y s t a l l . . i n e  i ron-oxicle mi11eral.s a17tl py roxene ,  The 1lorn'bl.encXe pheno- 
c r y s t s  n r e  a . c i c u l a r  c rys t a1 . s  f rom 0 .5  t o  3 rnm S.ong, rare3.y t h e y  r e a c h  I crn i n  
l e n g t h ,  l ' lagi.ocli3se : s  of .t;i..it. n o t  prescrlt as p h e n o c r y s t s ,  b u t  when p r e s e n t  i s  
~ l s u a 1 . i ~  ' l e s s  tinan 2 . 5  mm :in UengtR. Sub.tiedra1. t o  e o h e d r a l  pyroxene  phenoc rys  ts 
a r e  i .~snal . l .y  p r e s e n t ,  ; ~ l . t l ~ o u g h  i.17 'v;jry-l.ng alnounts ,  and a r e  r.lsual:l.y :l.er;s that1 I. mm 
i n  d i a m e t e r .  T h e  amount,  o:E potrassi.~nn f e l d s p a r  .i.rt t l te  mat~:.i.x i s  a l s o  somewhat 
var2 ; ib le .  Accesso ry  111agr.reti.te and s p a r s e  3 p a . t : i . t ~  were recogni .zed  . R.are xeno- 
c : rys t ic  qua;rt:z g r a i n s  up  to  seve ra l .  mi.ll.:i.meters i n  cl:f.ameter were  obse rved  in a  
f r w  basal. f:'l.ows :i.n t h e  wc?stern pa:r t  of  t h e  qraadrangl.e, arld s p a r s e  o:l.ivi.ne aLso 
oc:curs i.11 a Sew o:E t h e  1.ower'most f l o w s  of t h e  u n i t .  P r o p y l . i t i z a t i o n  of  t h e  
i ,~ornbl .ende axrcicsi.t:e i s  coitmmora i n  f lows  exposetl t o  t h e  wes t  of t h e  Sl.1.ver Dyke 
Ii'nt.rl:lr; maf i.c: n~ l ,nera : l s  ;arc? par t ia l .1 .y  aL t e r e d  t o  c h l  o r i  te,  e p i d o t e ,  and cal.cil:e and 
plagl[.ocla:ie i s  ' s l i g h t l y  alte.rec1 t o  f i n e  s e r i c i t e .  I n  tile e a s t e r n  p a r t  of  t h e  
q u a d r a n g l e  t he  u n i t ,  i s  s t r o n g l y  a r g i l l . i z e d  and s.i l i c i f  3-ed i n  arn a l . t e r a t i o n  a u r e o l e  
surrountli.12.g azn : i n t rus i . ve ,  l a t i t e ,  Al.teratioxz m i n e r a l s  r e c o g n i z e d  inc l . ude  mont-- 
montmorl l loxl i . te ,  k a o l , i n i  t e ,  i l l . i . te,  q u a r t z ,  j a r o s i t e ,  and gypsum (Papke ,  1970)  . 

Some of  the  I-loczllsl.ertde an .dcs i tc .  fl .ows a r e  at: ].east 1.9 111.y. o l d ,  a.s t h e y  a r c  
i n t r u d e d  b y  1 - a t i t e  of  ti-1i.s a g e  e a s t  of t h e  1Zerni.ck Mine. Because of t i l e  . v a r i e t y  
of  f l o w s  i .nc luded in ttiis u n i t ,  so111e p o r t i o n s  may be younger .  I n  t h e  n o r t h e a s t  
c r n c r . r  of t h e  cjuadranglr-t t h e  u n i t  o v e r l . i e v  t h e  B e l l e v i l l e  ' C ' ~ u f f  t .ha t  hat; a I<-Ar 
a g e  of 22 m,y. T h u s ,    no st ilr' n o t  a l I .  of t h e  h o r n b l e n d e  arrt2esit:e u11:i.t -is betwet?n 
1 9  and 2 %  nz. y ,  o1.d. 



0.l.i.vinc b a s a l t  :i.s prtrsent: n e a r  t:hc? n o r t h  edge of' t i le  q u a c i r a ~ ~ g l e ,  occupy-- 
i n g  a tota.1. a r e a  of i1.c.s~ tliarz 2 i<rn2.  It: :l.rles below t h e  'Ter t i ; l ry  a n t l e s i t e  
nr- i i ts  anti ov(: t r l . ies  p r e - 7 ' e r t i a r y  Mi.n;x and Dunl.ap Z;ormat:ions. Tlic-. oliv1i.n.e 
basa1 . t  i s  metiium d a r k  g r a y  t o  L I U O W Z I I . ~ ~  gxay;  it is; u s u a l l y  :Less than 1-00 un 
t h i . ck .  T11e basal cont .ac t  : i s  sornewlzat: i r r e g 1 . l l . a ~ ~  p r o b a b l y  dric t o  depos i t : i on  
i r r  1.0w i l r C R Y  on a :;~~rfnc:e o.f rc:l.i:~t:ivel.y 1ligl1 , r e l : i . e f .  A t  Borne 'I . .oca%-it. les 
ho!?iib.leiide a.nciesit:e nriry be  a b s c ~ > t  above  t h e  ol l .vinc? b a s a l t ,  al.l.ow.i.ng bf.ot:i.te,.- . " 
hornbl.c:rrdc n1.1des:i.t:~: t o  d2rcict:l.y c)ve,r:l.-ie t h e  ol:I.v:i.ne bns:ll.t;. l'he ; ibsence  of  
t h e  h o r r ~ b l e r i d e  a n d e i s t e  i.s more l i k e l y  d u e  t o  n o n - d e p o s i t i o n  i r 1  a n  a rea .  of h i g h  
rc?:i . ief,  rati-1c.1: tl.ln1-1 p~:t?.-hiotire--.l1o1:nble11de a .nc i e s l t e  e r o s i o n .  The ol.iv:i.ne 
basa1.i:: -is of t e n  v e s i c u l a r ,  and c o n s i s t s  i n  p a r t  o f  s c o r i a  ancl b l .ocks  as well as 
m a s s i v c  f l o w  ror:lt, Sma:l.l ol.iv.i.rrc? p'1xenot:rystrs ( c o n v e r t e d  t o  i .ddS.ngs l .~e)  a r c  
ofter j .  v . i s ik>le  :i.n hanci s p c c i m e ~ t .  

Ti1 t h i n  s e c t  i on ,  t i l e  1srsstll.t. conLair is  or11 y o l . i v r l~ t e  a s  p l i e n o c r y s t s ,  :in a  
ves: i .culak,  p:i.lot:axi.t.i.c, f i n e - g r a i n e d  m a t r i x  of  c:.al.cic pl-ag-i.ocl.ase, pyroxe.ne, 
arid magnetite, The  c~:I.ivi.ne phenocrys. t : i  a r e  0.4-I..% inln in rl:J.rimeter, trnrl a r e  
x.inuncc1 anci I : ~ ~ ~ L I . C C ? ( : ~  1)y iddi1ngs.it.e a11c-2 a l . t e r e d  t:o sc3-.rperlti.ne, SmaJ.:L, anhet1.ra.l. 
grn ills of  b%ot..i te a re  n:l.so presc?nt:, possib1.y a s  an a l t e r a t i o n  p-roduct. of o t l l e r  
mnfi.c:. mineral.:;. Seconda ry  c.alci.tci occi.lrs 3.ocal.ly i n  ves-ic,.l.cs, 

T i ~ e  o l i v f . n e  b a s a l t  is i lnda ted ,  b u t  i t  %s pro'i~ab.Ly t h e  l ower  p a r t  of t h e  
ovc?rlyj.ng 1ler t : iary a.nrles:i.te s e q u e n c e .  I t  Ss o:l.dttr thatz 11.9 111.y.~ b u t  a l.ower 
a g e  I-imit c a n n o t  be p:l.aced w i t h  c e r t a : i n t y .  The rt?'l.nti.onsh:Lp of t h e  o l i v i n e  
basa1.t: t o  t h e  'asb-it low t u f  Es exposc!d -in cjuadra.i?g:i.e i s  n o t  lcnown. A I.ess- 
.I.ii<e:ly $nterr>1:etnt:i.irr7 i s  t1.1at ::he ol ivine-1tasa:Lt  :is rel .a tecl  t o  b a s a l t s  si.mi.1-ar 
L.o r-lic: 24 iii, y . E:l.ow ttxposecl ne;ir Cnndn1.;-tri.n, 2.5 krri. t:o t:he :;outki (Marv 1.11 o.ntl 
o t h e r s ,  1977) , where  basn1.t Pl.ows a r e  i.ntc:erlayered w i  lrll r h y o l  i . t - jc  ash-f ?.ow 
t l l f f " : < *  

h v e r y  snral.1 our .crop of  corzgloinernte o c c u r s  i.n ?$\dl4 S2!j,T6N,R34E, about: 
1,s kxrtn-i sout1-1 o f  13ougl .a~  Carryon. I'.r i.s n .ea r ly  su r rounded  by 'Pertni.an Minzr 
I"ormation,  b u t  r :ontai l ls  p e b b l e s  of 'Tert::i.;iry('?) a t i d e s i t e  anti t h u s  i s  i r ~ t e r p r c t e d  
t o  be  T ' c r t i a r y .  I t  consis t- :s  mainly o f  sub-rounded p e b b l e s  of  i l o rnb lende  arzde- 
s t t c  c.:Xlert, ant1 1s usua1.l.y poor1.y exposed . W:i.thin t h i s  oi~t ; .crop,  a few v e r y  
smaI.:L a r e a s  o f  t i le  'J,'e.rt i a r y  hor i lb lende  antlcs;;i..t:e ( ? )  u n i t  and a f l o w  banded r'iayo- 
l i t c  (not:, see11 ~?-2lsc!wItr?re i n  t:hc? qr.~aclrar~g:l.c:) arc? a l s o  yresc.?r.tf: b u t  wcrcr? rmt mtlp- 
peii s e p a r a t e . l y .  l iecai isc of t h e  p r e s e n c e  of  p e b b l e s  of  c h e r t ,  probab1.y d e r i v e d  
fl-om t.:l-ie J.ii.na For.m;lt:.ion ancl 1rorzrbl.enclc a r l d e s l t e ,  the  conglo:)nierate a p p e a r s  t o  b e  
a Local. nccumul;iti.on oil or n e a r  [:he b a s e  of. t h e  ' T e r t i a r y  s e c t i o n  i n  t h e  a r e a .  
'The s i n g . 1 ~  oul:crop i s  t;eparat:cd f rom t h e  Mixla Forrnnt ion on bot l l  t h e  n o r t h  anti 
[-.he s o u t h  by low-;rng:l.e, c i l c i t e - f  i l l e d  f  a . u l t s ,  These  f a u l t s  also c u t  T e r t i - a r y  
a n d e s  i.t e and ba.c;al.t:. and l f i na  Form;it:i.oo i n  t h e  i.mrnedi.a t e  vic: j -nf . ty ,  and a r e  proba.- 
b l y  detac:Iinienl: f ; iu l . t s  o f  s ~ n a l l .  cSisplacement:. 

'l'liii-7 1.111.it c o n s i s t s  o f  welded  r t iyodac-i . te  ash..-fl.ow t u f f  ('I'th) and a thin 
u s ~ d e r l y . i n g  gravc.1 ( ' l ' tbg) .  I t  w a s  named f o r  a .pprox%mntely 200 rn of a sh - f low 
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phcr . locrys ts ,  10--30% ptirn.Lce, ant1 1.ess t h a n  5% :i . i thkc f r a ~ ; t n e ~ l t s  -in a m a t r i x  of 
g l . a s s  sl~;ircls anci dust:. The pllei~ocr.yst:s a r e  otter1 brol ien zirld angul .a r ,  and con- 
~ 3 i . s ~  of n p p r o x i m : ~ t e l  y 40% qrlar t z ,  20% p lag ioc1 . t -~se ,  25% potass:i.~im f e:l.dspnr, and 
.15% b l . o t i . t e ,  Gene ra l  J.y t h e  phc:nocrysts a r e  1.c~:; t h a s ~  2 rmn 1.n d i ; lmctcr; b . i o t i t e  
p l . a t e s  a r e  :;ornewhat. a.l.:lgned a l o n g  t i le  compaction. f:'ol.i.ation alnh (1.uartx pheno- 
c r y s t s  a r e  of  t e n  somewha t  .I .arger tillan o t h e r  mi.rxer:al.s;, ovol.d , and s:l.f.ghtly coy- 
rocied. A v e r y  few hornb1,endc p h e n o c r y s t s  were  s e e n  i n  one  t h i n  s ec t . i on .  Pumice 
1.9 p o o r l y  "r.? m0derat':e:l.y cornpactcx!, and ~ls~ . . ln l . ly  nmal.icr t han  .? mrll, iil.ti.iough r a r e l y  
I cm o r  l a r g e r .  S h a r d s  a r e  moc1er;itel.y compressecl and are  usrial..by g l a s s y .  The 
n~ntr-.tx is  j;l.:rssy t o  s : l . : lgl~t ly clev:f.trif:l.cd and splieri.ll.it:ic. 'L:i.tlllc llragxnent;.; a r e  
u s u a l l y  l e s s  t h a n  I cm i.n d i m e n s i o n ,  al.thoug11 c o n s i d e r a b l y  l a r g e r  f r a g m e n t s  a r e  
p-l:e:;ent lot:;-~l.l.y, such  a s  a t  a. suna:Ll o u t c r o p  of prohab1.e unwe:lded Meta:I.Iic Ci.ty 
T u f f  exposed  s o u t h e a s t  of Garf:ieLd F l a t .  

A sa1izpl.e of t h e  Mi? t a l l i c  C i t y  ?iuf f f r o ~ n  e x p o s u r e s  i n  Sl .4  ,TGN, Zi34E gave  K-A.r 
ages; of 2 4 ,  2*0..7 and 24 .851 .0  m. y ,  on b-ioti . t :e a n d  pl .>igj .ocl . i~se r e s p e c t i v e l . y  
(f;ars.i.de and Si lbermarz,  1979)  Marvri.11 and o t :hers  (L1.97 7 ,  samp:Le USGS-L2380B) 
r e p o r t  a siinll.ar a g e  .from t:he t y p e  sec.tri.on. Ilowever, Gil.'be:t:t and o t h e r s  (1.968) 
cfie.$;cr.ilrc? I<-Ar a g e s  a s  young a6 i l 1 ) ~ ) ~ ~ ) ~ ' i . l l 9 t ~ ? 1 . y  22 m.y.  f o r  t h i s  utl1.t a t  a loca :L i ty  
20 1cn1 s o r ~ t l l w e s t  of Can .de l a r i a  (Mar-vin and o t h e r s ,  1.978). Based on t h e  a v a i l a b l e  
evl.ciericre, arl a g e  of  24-.2.5 111. y ,  seems t.11e rnost .I % k c l y .  %'he Metal l .  i c  C i t y  Tuff  
co r r e l . a l r e s  w i t h  rnnp u n i t  Tv12 of: I'agtt ('1959) a t  Cnnclelar.ia (Speed anci Cogbll.i., 
1.97 91)) . 

A s e q u e n c e  of  3 oslt-:flow t u f  r r n i t s  is :Locn:i.l.y p r e s e r v e d  at; e ros ion .a l ,  
remnsnl:s be3 o w  1-1orrrl:)l.end e andes : i  t e  i n  t i le  11:Lglier p a r t  of t h e  I7,xceis:i.o.r Mountai .ns  
t o  t h e  sotlt:l~ and west of  rXik~~iilder M o ~ i n t a i n ,  7I"he uppertnost  unrii: is  a v e r y  pa1.c 
p t~rp l . . e  r11yol.it:c i:ry:itiL t u f f  contri:Ln,i.ng w h f t e ,  compacted pumice ( T c t ) .  I t  i s  
tlsual.1.y l e s s  t h a n  3 0  rn thci.c:k, hr.1 ~tvlder ly i r ig  g rave l .  u .r i i t  ( ' r c t g )  i s  p r e s e n t  a t  
one  l o c a l . l . t y .  Ttze c r y s t a l ,  t u l Y  genc?:cal ly o v e r l i e s  rhyodac i . t c  t u f f ,  b u t  ma.y 
d i . r r ? c t l y  o v e r l i e  p r e - ' T e r t i a r y  r o c k s ,  s u g g e s t i n g  l o c a l  e r o s i o n  of t h e  urrderly%ng 
t u f f s .  ?lilt+ g r a - y e l ,  where  p r e s e n t ,  1.3 u p  t o  1 0  In tk~:i.ck In l o c a l  c1lanrrel.s i n  p re -  
T e r t . j a r y  roc l i s ,  a l ~ d  cout:a:iris c o b b l e s  and h o u l d e r s  of t h e  o_l.der,  urxder1 y:ing rl-ryo- 
:l.iti? tu f t  a s  wel.1. as  s e v e r a l .  pre-Ter[:i .a,ry rock. t y p e s .  The p r e s e n c e  of t h e  rhyo-  
1:i.t; t u f f  c o b b l e s  p r o v i d e s  ;ldd:i. t i .onal ev i .dence  f o r  t h e  e ros : ion  of p a r t  of t h e  
underl.y:i.ng ttiff:; b e f o r e  tl-it? c r y s t ; ~ : l  t u f f  was d e p o s i t e d . .  f3oul..ders -i.n t h i s  g r a v e l  
art? corllnionly 1.5-30 cm i n  il.iameteaa, b u t  may be a s  l .n rge  as 3 . , 5  m, 

I ' i~c inocrys ts  cornpose a b o u r  20--304 pt-lenocrysi::; of t:he cryr;t;rl t u f f  and cosisi.st: 
of a b o u t  40% q u a r r z ,  35% p o t a s s i i ~ ~ n  f:ef.dspar, 20% p i a g i o c l a s e  and 5% b i . o t i t e  i n  n 
1.argc?l.y tlev:i.tr.i.;~i.cd m;ltr:ix. W11.l.t-cl? moderate1.y compacted pumice makes u p  1.0-20 cm 
I.oc:-il..ly n e a r  t h e  base  of  t h e  c u f f ,  S p a r s e  l . i th%c f r a g m e n t s  u p  t o  .L cm i n  d i a -  
met.:cr may be  p r e s e n t .  Subbeclral., equa .n t  t o  ovo.i.tl clixartz pl:~enocryslss a r e  .vermicu- 
l a r ,  s l i g l i t l y  pi.nlt:ish, arlcl us r~a . l . ly  1-3 mrli o r  r a r e l y  u p  t o  4 mm i n  diameter. 
Fel .dspar  p h e n ( t c r y s t s ,  I.--2, nm l o n g ,  a . re  commonly b r o k e n  ancl ha.vc5 been  s I i g h t 1 . y  
s e r i c i t i z e d .  B l o t i t e  f l a k e s ,  approxi .mate l .y  2 mm i n  d i z m e t e r ,  a r e  u e a r l y  a lways  
a l . t e r e d  t o  :iron-oxi.dc? n,nd cl.ay rni.z~ern.Ls. 

'The a g e  of t.he i . r y s t a l  t u f f  i s  npproxirnntel.g 27 rn, y ,  baseti  on a I<-An a g e  
( 2 7  , :lll. 'i m .  y . ) 011 b . io t . i . t e  f rom a s:mpl e col.l.ec t e d  on Moho Mourit.air-1 i n  t:.he s o u t h -  
we:;e p a r t  of t h e  (:amp Do~!gl.as cjuadrnngl-e (Marvin arxcl o t l - ~ e r s ,  1.977, samp.1.e 11--3462) . 
r ,  lhe cryst:a.l. t u f f  ~:esembll?s  t h e  Weed t I e i g i ~ t s  Mernl3e.r o f  t h e  M-i.ckey P a s s  T u f f ,  nnmctil 



i n  rile Y e r i n g t o n  a r e a  (P ro f  T l t t  'i11cl P r o f f  i t t ,  1976)  and prescant  in t-he T,uning 
NW 7 1 /2-min11t c q u ~ i t i r n i r ~ ;  l r , ;~pproxi l~ l i l  t-c 1 y  30 km t o t h e  nor  t lr (Klcren ;11lrl Uyr$rs ,  
1978) .  A l s o ,  i t  i s  o i  npprox lma te l  y t h e  same a g e  (I 'rof f l  t t  anti T'rof r i t  t ,  1976) .  

llwo v e r y  srnalJ. out:crojrs of ;rrxtlesite o c c u r  1 )e ' l . o~  t:llc; c r y s t a l  t u f f  :i.n t h e  
w e s t e r n  p a r t  of t h e  q ~ ~ ; ~ d r a n g l e .  The :finiiesit.c l i e s  urrconf arn1nbl.y below t h e  
c.:rystal t u f f  a n d ,  a t  o n e  l o c a l . i t y ,  above  t h e  r h y o l i t e  t u f f ,  s t r a t i g r a p h l . c a l 1 . y  
e q u i v a l e n t  t o  t h e  rhyorlnci  t e  tu f f ,  wlri.c.11 i s  a b s e n t ,  'The ander;i , te i s  u p  t o  
25 m rh.icl.c, 

K T )  t l ~ i i ~  h(a~:t ic>n,  t e h ~ v ~ 1 c 1 ( ~ r  a n d ~ s i t c  c o n s i s t  r; of p h c n o c r y s l s  o f  b;l$;;il t L C  
h o r n b l  cnrlc ,  py roxene ,  pJ , i g i o c l a s c ,  arrd accessory m a g n e t i t e  l ~ a v i n g  a p i  lotclx-  
i t i c  t e x t u r e  In  a  f i r ~ e l y  c r y ~ t a l l i n e  groundmass o f  p l a g i o c l a s e ,  nl k a l i  F e l d s p a r ,  
py roxene ,  and m a g n e t i t e .  The c u l ~ c d r a l  b a s a l t i c  hornblc?nde  p l l enoc rys t s  a r e  1-3 
nlm, ron~morily ~ o n r d ,  and a r e  rirn~iled o r  c .omple te ly  r e p l a c e d  by f ine -g r , l i ned  i r o n  
o x i d e  m i n e r a l s  and py roxene .  Py roxene  p h e n o c r y s t s  a r e  1-1 .5  min i n  d i a m e t e r ,  
wiii i e  p l a g i o c j a s e  lath:;  arc. s m ' l  l l  cxr, 0 .2-8 mm i i ,  length, 

'I'he o l d c r  a r i r i e s i t e  is  a t  l e a s t  as o l d  as 27 m . y . ,  a s  it trncler1ies tlre 
c r y s t a l  t u i f .  I t  a p p e u r u  t o  be  n e a r l y  c.quiva1cnl i n  a g e  t o  the  r h y o d a c i t e  
t u f f ,  w h i c h  was n o t  ;zgr d ,~ i .ed .  

A t l ~ i n  (5-10 nr) r1ryodat:i.t-e ash- i l t rw t u f f  i s  p r e s e n t  i n  t h e  e a s t e r n  p,art 
0-1 L'tie cjiiaclr,ingl il he1 o w  t h e  c r y s t a l  t u f f  and  .ibove xhyol  itc t u f S  ( d e s c r i b e d  
be low) .  I t  i s  commonly ;i d i s t i u c t j v ~  pa l< .  r e d  p u r p l v ,  and c o n t a i r ~ s  a p p r o x i -  
rn ;~ t c ly  10% smaJ 1, w h i t e  p l  d g i o c l ; l s e  p t ie r~ocrys t r ; ,  r a r e  b l o t  i r e  and pyroxc>r-te?, 
a n d  5-20% s t r o n g l  y c c>i~zpacteci pumice* i n  a t h o r o u g h l y  r c c l r y s t a  11 i z c d  1naLri.x con-- 
t a in i r i t ;  ~ t l o d e r a t e l y  t o  s t r o i ~ g l y  deformed,  r e c r y s t a l l i z e d  s h a r d s .  S p a r s e  l l t h i c  
Lragincnl s (1 cht;(-; r h a n  5 xum) oT o l d e r  v o l c a u l c  roc:lcs a r e  a l s o  pr  iasc>nt :and. a r e  
morc a b ~ ~ n d a l ~ t  ric.ar t l lc  hdse  o f  t l i c  unll. ill a Sew area:; .  P1:lgi oc Lase phclno-- 
c rys t . ;  a r e  u s u a l l y  0 . 5 - 1  - 5  mm i n  l e n g t h ,  and pumice l a p i l l i  a r e  s t r u n g i y  com- 
p r t b s ~ d  d i s k s  up  t o  2 4  lnxn by 5-1 cm, 

T h e  -rhyudac: i te  t u f f  i s  common:l y  hyd ro the rma l  1.y al.terec1, P1ag ioc l . a se  arid 
ot-her  m:ineral.s a r e  a? . tc rc t l  t o  s e r i c i  t e  and. mi.z-ror ca:l.cri.te, and pumice i s  o f t e n  
coinpl.ete1.y rep : laced  by f i r l e ly  c rys t a l l . - i . ne  s i l i c a .  Iron-ox:i.cic ln i r ie ra l s  occupy,  
i n  p a r t ,  the si.tei; o f  f o r m e r  mafi.c minern:i.s, 

The .rhyoda.ci t:e t u f f  a p p e a r s  t o  be  s t r a t i . g r a p h - l c : ~ l l  y equ.i.va.1 e n t  tie t h e  
o l d e r  a n c l e s i t e ,  de sc r ibec l  a b o v e ,  arid is ol .der  t h a n  tile o v e r l y i n g  27 m.y. o1.d 
c r y s L a l  t u f f .  

The lowermost  T e r t i a r y  u n i t  exposed  i n  the w e s t e r n  pa r t  of t h e  q u a d r a n g l e  
i.s s w h i t e  t o  v e r y  I.:ight: g r a y  o r  p.i.niciah gra .y ,  n l . . t e r ed ,  r l l y o l - i t c  as11-fl.ow t u f f  
(l 'rt),  1.0 !u t o  apprc,x.imatel.y 1..50 rn t l i i c k .  T h e  uni.L a l s o  :%r:~cl.udes a  few expo- 
:sures  of an  unrierl.yi.xig g rave l .  ( T r t g )  up t o  1.0 m t h i - c k  which  c o n s i s t s  of rounded  



t o  a n g u l a r  p e b b l e s  arid c o b b l e s  of  p r e - T e r t i a r y  r o c k s ,  i . nc lud ing  Gold Range 
Pormati.on and q u a r t z  monzanit:.e par phyry . The rhyo2. i  t e  tnf.F l i e s  w i t h  an.gu1.a.r 
unconforrn i ty  on  s e v e r a l  pre--Tert . i  a r y  u n i t s ,  a ~ r d  i s  g e n e r a l  1.y o v e r l a i n  by rbyo-  
d a c i t e  t u f f  . Micromonzoni te  i n t r u d e s  t h e  rhyo.1-l te t u f f  2 icm wes t  of  S i l v e r  
Dyke C:a.nyon. I n  p lac .cs ,  t h e  basa l .  cont:act a p p e a r s  t o  have  bee11 an i r r e g u l a r  
ero..;iona:l. s u r f a c e .  The r h y o l . i t e  tr1f.f nrld o . v e r l y i n g  t:.uffs c r o p  out. spo~:*r-lilical.Ly 
b e n e a t h  hornbl-ende a n d e s i t e  f l o w s .  I n  s e v e r a l  a r e a s ,  the? younger c r y s t a l  t u f f  
1,:l.e.s di.rect2.y on pre- ' l 'er t ia:ry basenlexrt, i n d i c a t r i n g  t h e  pro1:)ab:l.e I.oca.1. c.ros$.on.al ' 
removal  of t h e  r h y o l i t e  t u f f ,  

I n  tihi.11 s e c t i o n  t h e  r11yol:Lte t u f f  i.s nori~1al.l.y c lu i t e  al. . t :eted, L t  a p p e a r s  
t o  i l i l ~ e  ori.gl.nal..Ly c o l ~ s i t ; t e d  of i~pproxim;lteS.y :l.li-.%.OX pl.ienocry:;ts i n  a tho~:oughl.y 
a l . t e r e d  and recrys ta l . l - i . zed  m a t r i x ;  t:lze few g h o s t s  of  fo rmer  g l a s s  s h a r d s  n o t e d  
slhcrw o n l y  s l i g h t  d e f o r m a t i o n .  P l ~ e n o c r y s . t s  c o n s i s t  of approxi.mate.ly 40% q u a r t z ,  
55X p l . a g i o c l a s e  and p o t a s s i ~ n n  f e l d s p a r  and 1-42 b i . 0 t i . t ~ .  T h e  q u a r t z  pherrocrys ts  
a r e  conmonly sl . i .ght1y vermicu1.ar  and embayed, 0.5-2 rnrn i n  d i a m e t e r ,  and a r e  ovo id  
o r  broken u r~d  a n g u l a r .  :Fe.l.dspars a r e  a p p r o x i r n a t d y  t h e  same s i z e  :IS q u a r t z ,  a.nd 
a r e  usual1.y c o m p l e t e l y  r e p l a c e d  by a l te ra t : i .on  m.inera1.s. Pumi-c:e ( u p  t o  s e v e r a l .  
cm) i.s moderate1.y con1pric:tred. L i t h i c  f r a g m e n t s ,  of  t e n  f rom t l ie  Gold Range Porm- 
a t . i o n ,  a r e  n o r m a l l y  s p a r s e  and srtiall. ( < I  c m ) ,  b u t  a r e  relat:ivel.y aburiclant n e a r  
t h e  base  of t h e  t u f f  i.12 a few a r e i j s .  The rhyo:Li te  tru.ff may be tl:i.ffi.cu:l.t t o  clis- 
t i n g u i s h  f rom tl-ie younge r  crysta.1. t u f f ;  however,  t h e  fo rmer  usi1a:tl.y i s  more 
nl . terct1,  h a s  l e s s  bi .ot : i . te  and q u a r t z ,  and conta:i .ns q u a r t z  p l ~ e n o c r y s t s  t h a t  a r e  
s m a l l e r  and more a n g u l a r .  

P e r v a s i v e  n l . t re ra t i .on  p r e s e n t  i n  t h e  uni t :  cons:i.st:s of t h e  c:or'~vera:iorr o f  
fel .clspar ,  purnice, an.d riiz~cli of t h e  mat:rix t o  a i i i l x tu re  o f  q u a r t z ,  kaolin. : i . te ,  
py rop i ly l l l l t e ,  c a l c i t e ,  arxd s e r i c i t e .  R i o t i t c ?  is ofterx e r - l t i r c ly  a l . te rer l  t o  
se r i c : i . t e  p 1 . u ~  :l.ron.-,ox;icle. minern:l.s.  Some .roclcs, when ana1.yzecl by 1r;-ra.y d:i-ffl?ac- 
t i o n ,  a r e  found t o  c o i l s i s t  a:lmost: ent:i.:rel.y c-rf quartz, kaol . . ini t :e ,  and pyropliyl.1.it:e 
o r  q u a r t z  arid %M mica  ( K e i t h  PapIce, p e r s o n a l  cornmunica. t i o n ,  1 9 7 6 ) .  I r o n  o x i d e  
pscludc~morphs of pyr:i.t:e a r e  al.so presc!nt: i n  some szunp3.e~. 

The rhyol . i . t e  t u f f  i s  probab1.y t h e  03-dest  T e r t i a r y  uni t :  i n  t h e  cjeradrangle, 
S i . l . i c i f i cc l  p y r o c : l a s t i c  and t u f f a c e o i . ~ ~  sedirnenta.ry r o c k s ,  d e s c r i b e d  be:l.ow, may b e  
c o r r e l a t i v e  wi.tl.1 t h e  lowermost  p a r t  of  t h e  t u f f .  I t  r e s e m b l e s  parr ts  of t t i e  
Mi.clcey P a s s  Tuff  ( t h e  Gui1.d Nine  Member?) p r e s e n t  s e v e r a l .  t e n s  of lrcilometers t o  
t h e  n o r t h ,  b u t  i s  t-oo a:l.t.e.red f o r  any c e r t a i n  c o r r e l a t i o n .  

S IL1 C 11'1 I+:l> PURO(:LAST I C ANI) TUFFACEOUS SEI)TMENrrAlCY TiOl:li,8 

Ou tc rops  of  s t r o n g i y  s i l i c i f i e d  r o c k s  i.n t h e  e a s t - c e n t r a l  p a r t  of  t h e  quad- 
ra.ng1.e wl-lich occupy sl . ight1.y more t h a n  1, krn2 have been  i n c l u d e d  :in a  s i n g l e  map 
u n i t ,  a l t h o u g h  tiley a r e  o f t e n  too  a l t e r e i l  t o  permi.t icle~.xtS.fi.c;+ti.on of  r o c k  t y p e .  
r ,l lrtey cons:i.st of p r o b a b l e  pyroc:l.ast:i.c artd t t i f f a c e o n s  sedl.ment;iry roclcs wh:Lch now 
c o n s i s t  of o v e r  95% c:r:yptocrysta:l . l irie s i l i c r i .  I1-i inost s:lnip:Les, :it i . ~  :i.rnpossibl.e 
t o  r ecogn i - ze  ally o r i g i n a l  m i n e r a l  o r  roclc cons t i . tuent : s  o r  :;edimenta.ry f e a t u r e s .  
However, i n  a  few o u t c r o p s ,  s : i . l i c i f i e d  v o l c a n i c l a s t i c  c o n g l o m e r a t e s ,  s a n d s t o n e s ,  
and f e l s i . c ( ? )  l a p i l . : l i  c u f f s  can  b e  t c n t a t i v e ^ l . y  :iclent:l.fi.ed. The pt.?bbl.cz:-; a p p e a r  i.m 
some c a s e s  t o '  be n n d e s i t e ( ? )  arid d a r k  c h e r t ,  :311d " g h o s t s "  of simi.l.au: pe'bb:l.es c a n  
b e  s e e n  e l s e w h e r e  i n  t l ie  u n i t  a s  d a r k  hl.ebs i n  a p i n k i s h - g r a y  mass o f  v e r y  harcl, 
j - rox~) t~s- to-dc?~>se  si.:L:ica. 11.1. :~clcl;I.ti..on t o  cryptoc:rystaS..:I.:i.ne s.l.I.Lr:a, a smr1.1.:1 amount 
of  por:.assium f e l d s p a r  j a r o s i t e  11eruati.tc were  recogn%.zecl.  



The c x n c t  s t r ; l t i g r a p l ~ i c  p o s i t i o n  of t1ti.s un-i.t of s i .1 . i~-i . f i .ed r o c k s  i.s n o t  
knowri w i  tlr certa:i.mt:y. 'l'lie unit:  is proi1nb3.y l . e s s  t-.i:lan It0 m ti.] i .ck,  and a p p e a r s  
t o  1 i .e  on 'Tert:ial:y !-1trrnb'l.entle andesi.t:r? ati well .  a s  I'erruian Minit I?or~nati.or.i, 
Ilowcver, s e v e r a l .  s inal . lcr  o u t c r o p  a r e a s  of t h e  si.1.-iciffeci u n i t  wl-r.i.cli over: l : le  
a n d e s : i t e  a p p e a r  t o  b e  s l i d e  bl .ocks.  I n  a d d i t i o n ,  t h e  L a r g e s t  m a s s  of  t h e  
si3,:i.c-if:ic?d u n i t ,  when .vi.ewc?d from a ciist:ance, rese1ub.Le.s a, g n n t  $1-ide I.rl..ock, 
and ].ow-angl.c? gouge  z o n e s  a r e  p r e s e n t  :rlong t h e  basa:L c o n t a c t s  1.11 a few p l a c e s  
n e a r  t h e  soiit:ll edge o f  outc : rop .  Ttie on1.y possi.ble5 c o r r e 3 . a t i v e  u n i t  i n  the  Camp ' 

1)oilgl.as cluadran2;l.e i s  a  tl.ij.11 1~11-1.t o f  p o o r l y  welded f:ui!fs and t u f ' f i ~ c e o u s  secli- 
n~er,r ti1r.y L : O C ~ H  wll.~c11 i . ~  !):r:cs(:nt: 11 1: t.110 ~ ~ , S J C  (:I f ~ 1 1 0  l owes t: Ilctr t,:.i.~rry rif;11-FLow t-u fE 
a b o u t  2 ksri n o r t h w e s t  of  t h e  nlontr.11 01: Si.Lver Dyke Canyon. 

I t  i s  proposecl t h a t  t h e  silic.::i.f ieil  p y r o c . 1 a ~ t . i ~  and t u f  Eat:eon:; seciirrienrilry 
roc:.llt awe par t :  of a larrge $1-itle bl.oc;lc or bl.oc..lcs whicl i  have? moved eas1:ward from 
tlit? 'I'i?usader Mounta:i.u F3.rc.a o v e r  ? io r i~b le r rde  andes:i . te and Mina Porn~at i .on .  W'hen 
th:i.s movernent t o o k  placct. i s  n o t  known. The un.i t 4,s p r o b a b l y  c o r r e i . a t i . v e  w i t h  
t l - ] i n ,  d . i scont i .nnoi i s  pyroc.1.astj .c and sed imen ta . ry  r o c k s  tl-iat a r e  mappecl w i t h  t h e  
l.ower p a r t  o f  the r:iiyoli-te t u f f  u n i . t  d e s c r i b e d  a b o v e .  

Niznlcrous sn1al.l.- t:o rric:diuru-si.zed di .kes anct . i . - r regular  intr i ls- i .ve b o d i e s  of? 
r j i iar tz-eye g r n n 1 . t ~ :  pnrpi lyry intrzl t ie  t i l e  M:i.~z;i arid I ower Go:l.tl l<a~-igc? i?orrn:a ti.crns anci 
t l i o r i t e  i.n the: s o u t l i w c s t e r n  p a r t  of trl-le (.:amp Doug la s  clnadran.l;l.e. 'Ilhe I . i ~ r g e s t  o f  
t h e s e  i n t ru s . i : ve  b o d i e s  -i.s 11o w:idt:r t h a n  300 nr, ;il.thc)~ig;h t h e y  t~itry b e  1") t o  2 k m i n  
.lengtl.i. 'The q t t a r t z - eye  g r a n i t e  po rphyry  i s  I - i g l l t - c o l o r e d ,  gc?nera:l.:l y  I i .gh& g r a y  
t o  p inkis 'n  g r a y ,  a n d  common1 y  c o n t r a s t : s  sharp11.y wi. t h  t h e  g e n e r a  L1.y dark,-col. .ored 
r"-ocks wil.ici~ :it :intx.utIc?s, Tile pocpl lyr )~  i r ;  unconiormab:ly ovcr.1;lii.n by ' I ' i ? r t l a ry  
weldc?d t:uEfs and andc+si.te I.avas. It i s  n o t  fo : l . i n t ed ,  b u t  does exhl ' .b i t  marglxlal. 
grai.1-1-s.iize c h a n g e s  i n  b o t h  p h e n o c r y s t s  and groundmass ,  One i .n t rus i .ve  body which  
i.rrt:ruclcs di .c~ri t : .e  : jus t  t:o the s o u t h  of ICh~ir~der Muunt;xi.n. i s  alrl-it.i.c a t  i t s  rn8.rgi.n~ 
arrcl ne r i r l y  p11arierit.i.i: pori:)lilyri.t::i..c :in i t s  i n t e r i o r .  Some samples  of t2li.s rl.nt:ru- 
s i - v e  a r e  a l . su  sorriewhat i .ron--stai.ni:d, possib1.y d u e  t o  sma;ll 1-xinotints of o x i d i z e d  

~ ' 

PY r.i t c ? .  

I n  t.hi.11 s e c t i o n  t h e  cjuartz--eye g r a n i t e  porplly-rry c o n s i . s t s  o f  p1tenoc:rycks of 
c ~ u a r t . ~ ,  p1i.;lg:f.o~la~e, pc.)tassium :Eelcispar and s p a r s e  b i . 0 t i t . e  ;Ln a f i n e - g r a i n e d  
g , rcou . rdma of c juar tz  ilnd fel .dsp; lr ,  The plzenocr 'yst ;  norma1.l.y cor?r;t.itu.te -1.0,-20% 
of t h e  ror:k, anti r-iizay exi~:i.b:it j;:Lc>~~~eropr~rphyri.~:yr.:i.c t.extr.ire. 'rile opprox. imatc phelro-- 
c r y s t  p c r c e n  c a g e s  are: quil-r tz ,  40%; p o t a s s i t m  f e l c i s p a r ,  35%; pl.agioc:l.a.se, 25%; 
b : i . o t i t e  usu;xl..l.y l e s s  t h a n  l.%, 'I'hc? g r o u n d n ~ a s s  - is  sonrewhat v a r i a b l e  i.n g r a i n  
s i z e ,  but: usual . l .y  c o r i s i s t s  of approximatc?l .y (1. 01--0. 02 mm grni.r.15; of ciuar t z ,  
p o t a s s i u m  1el.d s p a r ,  ant1 p.l.a.giocla..;e iilaving a xenomorplt-ic g r a n u l a r  o r ,  r a r e l y ,  
rnicrograp1li.c t e x t u r e .  D i s t i n c t ,  o'voic! q u a r t z  p h c n o c r y s t : ~ ,  I.--5 mm i n  di-a1net-e.r 
a , r e  :;oiriewllnt corroilc(2 ai~cl vc:..rrnic.:u:l.ar~ 1Scluu.nt potass:i.rrm %el.t!sp;.~r phcrioc.rysts  a.lrc 
m % c ~ r o ~ ) e r t l ~ i t : i c  nncl tns.ual.ly 3-.6 lilm :in :-;:i.ze, aLti-lorzgh t h e y  can b e  r.lp t o  1. cm. 
1'1-agiocl.;ise i.s :L.5--2 nrm i n  d i a m e t e r ,  anti s p a r s e  bi.ot%t:e f l a k e s  a .re  ustzn1.S.y 1.--1..5 
mnn, iZ f e w  f ;lzi.nt "g11os t:.st' of l~ornl~l.c:ntie (now E i.nc?-gra-i.nd c'h:X.or:i.ti. and l)i.oti. t e )  , 
0,8--1.. 5 nun :in ~1i.alnt:te.r~ were  s e e n  i.n one  t h i n  sect: i on .  Most of  t h e  a l t e r a t i o r i  of 
t h e  q u a r t z - e y e  po rphyry  c c j n s i s t s  o.f t h e  p a r t i a l .  a l S t e r a t i o n  of  f e l . d s p n r s ,  and 
somei:i.mths 1 T ) i o t i . t .  t o  s e r l c l t e .  



r , 1.he q u a r t z - e y e  gra11:i.t.e porpl lyry :i.s a~)pt:oxi.~nntr;l..y 90 rn. y ,  o:lcl , l ~ a s e t l  on  a 
b i o t i t e  K--hr a g e  ( 8 9 - 5 k 2 . 7  m.y .) ; more d a t a  on LC-At- cletermi.i~at:.iorrs of  t11:is and 
o t l l e r  ruc1c.s 1.11 t h e  clnadri.~ni;l.e a re  p re s t t n t ed  in C ; ~ r s i d c .  and Si.lhernra11 (1.978). 
7'1.ie geoS.ogic and I<-Ar a g e  r e l . a t i o n s  s u g g e s t  t h a t  t h i s  q u a r t z - - e y e  grani.t:e po rphyry  
1.s re1at:eti r:o t h e  b - i i o t i t c  clu;art:r, cnonzon.i.t:e a n d ,  protjabl.y, t h e  c:iun.rtz monzon i t e  
p o r p h y r y ,  

Two s m a l l  o u t c r o p s  of  q u a r t z  m o n z o n i t e  p o r p h y r y  a r e  p r e s e n t  a d j a c e n t  t o  a 
mass of b i o t i t e  q u a r t z  monzon i t e  .i.n t:he sont'i.r.wc?st p a r t  o f  1:he q u a d r a n g l e .  The 
q u a r t z  moi~zoni . te  po rphyry  i . x ~ t r u d e s  bot:11 t l re  Mina and  Gold Range Formati .ons,  and 
:i.s .l.ocnl.l.y over1.a.i.n by T e r t i a r y  v o 1 . c a n . i ~  r o c k s .  C o n t a c t  re1 .a t ior rs  of t h e  clu.artz 
monzori i tc  po rphyry  w i t h  t h e  b i o t i t e  q u a r t z  m o n z o u i t e  a r e  n o t  we1.L exposed ,  b u ~  
t i le  po rphyry  i s  grn11abl.y r e l a t e d  t:o t h e  ma in  bi.ot:i.lre q u a r t z  mon.zc)riite mass ,  
eithc..:r a:; a b o r d e r  p h a s e  o r  a s e p a r a t e  conlagrrrat:ic i n t r u s i v e  body. 

The q u a r t z  m o ~ l z o n i t e  p o r p h y r y  co11ta i .n~  ].a-rge, w h i t e  p . l a g i o c l a s c ,  pl-ieno- 
c r y s t s  i.11 a medi.unz ciarlz g r a y  t o  g r a y i s h  b l a c k ,  fine-gr;ii.necl mn.tri .x. 'tlowever, 
wllc?re hyc l ro t l le rmal ly  a l t e r e d ,  t h e  po rphyry  i s  pa le  g reen i s l a  y e  1.10~. 'The p l ag io - -  
c i a s e  phenoc l -ys t s  a r e  u p  t o  4 cm i n  d i . ame te r ,  a l . t hough  most  a r e  0.5-1. cm, and 
a r t  eqarant t o  somewhat r e c t a n g u 1 . a ~  i n  outl. i .ne. B i o t i t e ,  hornbl -ende ,  a n d  q u a r t z  
phencacrysts  a r e  usua. l . ly  sron:l.l.er t h a n  1-2 nun 1i.n t l l nme te r .  A few 2-3 rnm long  
potas,.;.i~l'rn f e l d s p a r  p b ~ e n o c r y s t s  were  n o t e d ,  a:l.thotlp,lr ]nost  potass-i.um f e ld spa : r  i s  
p r e s e n t  i n  t h e  ma t r  l.x, 

I:n a l t e r e d  q u a r t z  monzon i t c  po.rphyry p l a g i o c l . a s c  and r n a t r i x  rninera3.s a r e  
cc;nvt?rteil t o  a f i r r c  mosa%.c of q ~ k c l ~ t z  and ser11'.c:it:e; 'b iot : i t :e  ant1 h o r ~ ~ b l e n c l e  a.re 
a l t e r e d  t o  h y d r o b i o t i t : e ( ? )  o r  a r e  rc:pl.aced 1)y s p e c u l a r  11ernatri.te i r l t e rgrown w i t h  
magnct:it:e and  h a y i n g  1:e:T-i. i n  the, r a t i . 0  o f  4:l (I,. C .  Wsu, w r i t t e n  comm~~i~-icai:.f.on, 
1 9 7 8 ) .  I ) i s s u n i n a t e i l  p y r i t e  i s  prer;ent  I . o c a l l y  i n  I.:ight-t:ol.oreci r u c k  c o n t a i n i n g  
s t r o n g  qua r t z - se r i . n i . t e  a l . t e r u t i o n ;  whe re  oxid:i .zed, t h e  :rock s ~ l r f ; l c e s  may c o n t a i r ~ .  
i r o r ~  o x i d e  o r  s u l f a t e  mTneca l s ,  117 areas where  t h e  a:l.tered q u a r t z  n~onzor l i t e  
po rphyry  i.s in ~ 9 1 1 t i 3 ~ t  w i t h  v e r y  l i g h t  g r a y  c h e r t s  of t h e  Mina F o r m a t ~ i o n ,  t h e  
two un : i t s  a r e  of ter r  ~ l i f f t c u l t  t o  di . .s t : i .nguish 1~ o u t c r o p .  

The a g e  of t h e  cji.1a.rt.z monzon i t e  p o r p h y r y  f.:; nc.)t known, e x c e p t  tha.1: i.t l u  
younger  tharl  ti-re Gold Range F o r m a t i o n  wl.~li.ch i t  i - n t r u d e s  and o1.de.r t h a n  t h e  
rl'ert i a r y  f e l - s i c  a sh - f low ~ n f f  s o v e r l y i n g  i t .  :If t h e  assmne!d c l o s e  r e l a t i o n s ' n l p  
t o  t h e  b i o t i t e  q u a r t z  rnonzoni tc  i s  c o r r e c t ,  t h e  q u a r t z  m o n z o n i t e  po rphyry  i s  
approx.ixnate1.y 90 nl-y.  tr3.d. 

'llwo I-argcj a r e a s  (1.-3 lun2 e a c h )  of  b i o t : i t e  q u a r t z  m o n z o n i t e  c r o p  o u t  i n  t h e  
:;c.,tithwc+st por t :  o f  the. cluadraxrg1.e. L n  a d d i . t i o n ,  a smnl.1 p o r t : i o n  o f  a n o t h e r  pLtlton 
i s  p r e s e n t  n e a r  t h e  actutheast:  c :orner  nf  t h e  quatl-r:arigl.e, and two smal.1. o l r t c r o ~ r s  
were  mapped a d j a c e n t  t o  ol-ie of trfxe l a r g e r  yl.ut:ons. The b i . o t i t e  q u a r t z  monic,on.:i.te 
i.nt~:ucle$i ,rock,.; a t  t h e  133,;:ick i )y l c i ? ( ' ? ) ,  M i l z a ,  ol.ltl Go1.d RCI I I~CSI  Y~I~ : ITI ; I~ :~ .o~s  ;t~ld i..8 

nonconform;xbLy o v e r l a i n  by T e r t i - a r y  and Q ~ l a t e r n a r y  u n i t s  ., C o n t a c t s  of t h e  
tprar.tz monzr2ni.t~: w.it11 the li.nt'rt1dcr1 roclcs a r e  u:;rlally slro~:p, and  b e c a u s e  t h e  p r e -  
T e r t i a r y  roclcs a r e  u s i ~ a 1 i . y  q u l t e  i iark-colorer1 , t l ie  . i r ~ t r u s i . v e  c o r i t a c t  i s  usua1l.y 
eas i1 .y  d i : ~  tin.~;u:'shcl.d orr aer ia: l .  plhotog,ra.phs, 



The b i o t i t e  cli.lartz n1onzonit::e 1s l i g h t  g r a y  t o  g r a y i s h  pink. ,  med.um-grained 
(2-5 mm) , e c l u i g r a ~ ~ u l  iir , R I Z ~  ha:% n t y p i c a l  g r a n i t r i . ~  ( h y p i d f s m o r p h i c - g r a n u l a r )  
t e x t u r e . .  I t .  i.s no t f i r ' o l . i a t ed ,  b u t  o f t e n  exhi t1 : i . t~  t w o  r l i .s t i .nct .  s e t s  of steep1.y 
d i p p i n g  .-jo:ints wliiclz a r e  a t  npp'roximat:ely r i g h t  a n g l e s  t o  e a c h  o t h e r .  

Ln t;i1ir1,--sect:$ori k1le roclc :Is s e e n  t o  c o n s i s t  of p c ~ t a s s i u m  f e l d s p a r ,  p l a g f o -  
c l - a s e ,  q u a r t z ,  and b i o t i . t e  w i t h  a c c e s s o r y  a .pn t i . t e ,  z i r c o n ,  and somet-i.mes, pyrl.t:e. 
Iftrrnblentle o c c u r s  in samples  f r o m  a plut .on present: J u s t  t o  t l l e  sout l iwes t  of t h e  ' 
q u a d r a n g l e ,  which i s  exposed  a[l t h e  ex t r eme  s o u t h e r n  edge  o f  t h e  mapped a r e a .  
l'lng-i.oclast5 i s  o f t e n  osci : l . l .a tory zoned ,  usual1.y s ~ r b h e d r a l . ,  and may c o n t a i n  nrrmer-, 
o u s  i nc lus : i . o t~s  arid be rjomewhat s e r i c i t i z e d .  P o t a s s i ~ ~ l n  f e l d s p a r  g r a i n s  a r e  usr~aJ. . ly  
su l ) l l ed ra l  t o  a n h e d r a l ,  a n d  sornewkiat s m a l l e r  t h a n  t h o s e  of  p l a g i o c l a s e .  ( J u a r t z  
i.s a n h e d r a l ;  h i . o t i . t e  i s  co~~~mon: iy  p a r t i a l l y  c t~ l .or i t : i . zed ,  The  potassi .um f e l d s p a r  
.i.s gerzeral . ly  40-60% o f  the t o t a l  f e l d s p a r  p r e s e n t ,  and  i s  o f t e n  p i n k .  

K-Ar ages were  tlete:nizi.n(xl on pl .agiocl .ase;  pot,?ssi.um f e l d s p a r  antl. l - ) i o t i . t e  
f rom ri santple co.Ll.et:ted fro111 ti.)(? l a r g e  p l r l t on  a t  t h e  moun ta fn  f r o n t  i n  t h e  sout1-r.- 
e a s t  p a r t  of t h e  c1uarlrangl.e /Garsi.de and Si l l )ermarl ,  1978)  . T h e s e  a g e s  a r e  

-C 3- 70.3-2 .1 ,  78 ,5- -2 .4 ,  and  92.8-2.8 at. y . ,  r e s p e c t i v e l y .  The b i o t i t e  de t e rmi r r a . t i on  
i s  p r o b a b l y  t h e  most  r e l i  a ' b l e ,  al. thougtl :it, t o o ,  s h o u l d  be cons-id e r ed  a mi.nirnurn 
;ige. J:t Is v e r y  close? i.11 a g e  t o  a 0 2 . 4  m ,y ,  det:c?rmi~~at:b.a>~x on i3 c~nar t -z  rnorrzonite 
po rphyry  i.n the? Moho Mt:, qu i ld rang ic  t o  t h e  w e s t  of t i re  Camp Doug:l.as quadrang1.e 
(I'lnrvin arid Co:l..e, 1 .978) ,  and somewhat: c.,J.der t h a n  K-Ar a g e s  on  b i - o t i t e  (84.1. rn.y.) 
and h o r n b l e n d e  78 .8  m.y,,) frora ,a p lu ton ,  exposed  a t .  M a r i e t t a  Summit, 2 . 5  km s o u t b -  
we.st of t h e  SW c o r n e r  of t h e  Camp Dougla,s q u a d r a n g l e .  

,, I . t~e  b i o t i t e  clual-tz monzon:I.t:e i n  t h e  Camp I l oug la s  cluadra.~zgl.c? i.s p a r t  of a 
number of l a r g e  g r a n f t i c  b o d i e s  i n  t h i s  p a r t  o f  w e s t e r n  Nevada.  These  pl .utons 
art? gelzera1.ly cons.iclc?red t o  b e  p a r t  o f  the S i e r r a  Nevada bathol .%th-i .c  complex 
(Ross ,  . l 9 6 l ) ,  p o s s i b l y  n e a r  -i t-s e a s t e r n  marg in  (Speed and K i s  hl.er, i.n p r e s s )  . 

h ~ ' - l . i ~ t o n  o.f t i o r n l ) l , e r ~ d e ~ - b i o t i t e  d i o r : i t e  i s  exposec:l .in Si.3.-ver Dyke C;xnyon. 
The main o u t c r o p  i s  near1.y two s q u a r e  k i l o m e t e r s ,  w i t h  v i r t u a l l y  a.Ll tlze e x p o s u r e s  
l o c a t e d  o n  t h e  sout l-~wcst .  :side of  t h e  S i l v e r  Dylce F a u l t .  Tlae d i o r i t e  h a s  int:ruded 
t1-ir? .lower and  m.iddl e  unit!;  o.f t h e  Gold Range F'ornration, and h a s  bc!cn i n t r u d e d  by 
q ~ ~ ; ' r t z - e y e  p n x p t ~ y r y .  Excep t  .for a s m a l l  d i k e  o r  si.3.S. at: the so~.~tii end of t h e  
~ ~ l u t o n ,  I t  a p p e a r s  t o  be n sIng1.e mass ,  now somr!wt.~at o f f s e t  by I:lze S:lS.ver TJyke 
F n u l t  . 

The di .or : i  t e  i.s ( ?a rk  g r a y  t o  d a r k  p,re.eni.sh g r a y ,  g e n e s a l l y  mediu~n g r a i n e d ,  
sornc?wii:l t: cnarr4el.y _j oin~:c:rl  , and q u  Ltt? ~~n:I . : form i r i  a p p e a r a u c e ,  I t .  11ai; a c o l o r  
'Intiex o f  a b o u t  25 ,  and :In t h i n  s e c t i o r t  c o n s i s t s  preclonr.i.nat~t-ly of pl.agi.oclap;e, 
a b o u t  An50 (65x1, horr1t)lende (2.5%) , ;111d b i . o t i . t e  (5%) . A t;maLI aruclunt of  li.r~te~:-- 
s t i t i a l  q u a r t z  and p o t a s s i u m  f e l d s p a r  a r e  p r e s e n t ,  a lor tg w i t h  a c c e s s o r y  magn.e- 
t i . t c ! ,  a p a t i t e . ,  and r a r e  z i r c o n  .. Tile p l a g i o c l . a s e  is prcidominnntly subhedra l . ,  n.nd 
i.s >:eneral1.y c o a r s e r  gra:ineii  t h a n  t h e  o t h e r  mi.nera1.s; c r y s t a l s  a r e  soxrrewtlat Lat'tl- 
shapecl , g e n e r a l l y  1.-3 mm :i.n l e n g t h ,  and po lysy r i t he t  ica1.I.y tw inned .  The amourlts of 
1~iornbl.endt-l and b4.oti  t e  a r e  va r i ab1 . e  among sa inples ;  c r y s t a l s  a r e  genera2l .y sub-.. 
h e d r a l  t o  anhed rn l .  alnd u s u a l l y  l e s s  tEmn 2 ~urrl i11 di .arneter .  M a g n e t t t e ,  us.cral.ly 
less t.i-laz1 0.08 inrli i.n diame[:.r?:r, i s  a colnrnorl a c c e s s o r y  m i n e r a l .  
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III t h e  t h i n  s e c t i c ~ n s  exam:i.xned, aS.tc.rati.on rn.i.nera1.s a r e  a:i.wnys p r e s e n t ,  
hiit  i n  v~1r ia .b l .e  alilour-rt'r;, I-':l.agioc:l.at;ee i s  al.cc:rc-.d t o  :-;cxic.it:e and sa t . l ssur%te ,  
b i o t i t e  is a l t e r e d  t o  c h l o r i t e ,  a n d  ho rnb lende  i s  a l t e r e d  t o  a c t i n o l i t e ? ,  
c?pidote. and ca l cS . t e .  :TLI addi t -Lon,  hydrot l~er rna l .  : r l . t : e ra t ion  lias a f fec t led  t h e  
d i o r i t r e  n e a r  t h e  S i . l v e r  1)ylce Ve-i.n; t h i s  m a i n l y   consist:^ o:f qua r t z -adu l . a r i a  
a.l.t:erati.on arid, ~ iccor t i i .ng  t o  Kerr (:L936), kao:l.:i.n:l.zat.lo11. 

.Ker r  (1936) r e p o r t s  cht?m:i.c:al a n a l y s e s  of u n a l t e r e d  d i o r i t - c ,  as: 

P e r c e n t  

................ M2Q 0.21 

H20 ( a t  10.5" C . ) . , ,  0.04 

P205 ............... 0 .38  

CO2.. . . . . . . . . . . . a * .  0 . 0 9  . 
SO3 . . . . . . . . . . . . . . . .  Trace 

SUM 9 9 , 8 0  

K.-Ar a g e s  on tile tli.ori:c Lnclude  d a t e s  of 91 .. ~ ~ 4 . 6  m. y .  ( h u r n b l e n d e  con-. 
c e n t r a t e ) >  96.8*2.9 m.y. (biotite) and 10lf4 1n.y. ( b i o t f t e ) .  More d a t a  on 
t h e s e  a g e  cleterminmt i . o m  i s  r e p o r t e d  i n  G a r s i d e  and Sj..l.berlnan ( 1 9 7 8 ) .  The 
b i .o t i . t e  a g e s  (97-101 m,y.) a r e  be1.ieved t o  more c l . o s e l y  r e p r e s e n t  t h e  t r u e  a g e ,  
;IS t:hc 1lornb:l.ende c o n c e n t r a t e  was cont..nmi,nat:ed wi.t.11 b i o t f " c  eand ~ ~ l a g n e t : , i t e ,  



'Tlle Gold Iiange Format  :;..on was o r  -ig:i.na:l.ly named by N-i.eLsei1 (1.963) f o r  expo- 
sur r rs  i n  t h e  cent1rrr.L i<xce l . s ior  Mountai.ns a f e w  lcnl n o r t h  of t,hc: mi.n:i.ng carrzp of 
Mar i.et t a  , al. tliough L-.he na.me was ne-ver f onnaxlized . 'J'his t y p e  a r e a  was a p p r o x i -  
rruate1.y 8 lm w e s t  of t h e  edge  of  t h e  Carnl:, Doug la s  (2rradrangl.e. N i e l s e n  a l s o  map-- 
peci t h e  Cold Range 3 'ormat: i~n i n  t h e  v i c l r r i t y  o f  Carrip I:lougl.as. The forrnat:i.on 
n:uno i.s der:iivad froni I:he Go1.d Xar~gc? Mining  D i s t r - t . c t ,  w11.ic'rr h a s  o f t e n  been  con- * 

s i d e r e d  t o  I n c l u d c  t h e  minirig a r c a s  a t  Camp 1)oug:l.a~ (The IIougLas 01: S:i.fver S t a r  
M:i.n-ini; T)is l : r ic . t ) ,  Si.lvev ljylte, Mn.ci.ett:a, Lrlie Moho Mine, armcl v a r i o i . 1 ~  ol:her p r o s -  
p e c t s  i.11 t11i.s p a r t  o f  t h e  E x c e l s i o r  Mor.tnt:ains. Speed  (1977a)  h a s  d i s c u s s e d  t h e  
h i . s t ouy  o f  t l ~ e  i i i formnl  u s a g e  oli t h e  Goy1.d l<ar.lge Formatdon and formal- ly r e d e f i . n e d  
t h e  l'ormar::i.oi~, u s i n g  Niel.:ionTs or ig : ina l .  name but. exc l~ lc l i .ng  solne r o c k s  t:.h;~.l: wc re  
i.tic.t.uded i.11 t h e  o r ig i . na l .  de2i.r~-i. t . ion, 

?.'he? G(3l.d liarige F o r m a t i o n  i s  e:ipo:;ed i n  t i l e :  west--trentr;~:l. part: of tihe quad-- 
rnng:Le. TI-inrrcler Mounta in  and Camp J>oi.~gl.as a r c  wi.t:hin an  a r e a  o f  e x p o s u r e  where  
a 1 -2  l n l - t h i ck  c.onti.nuous secti .011 is  presenl r .  T h e  form:iti.on h a s  been  di.v-i.ded 
i n t o  t h r e e  i n fo rma l .  map u n i t s  i.n t h e  quadrang2.e; a 1.ower vo8.canic:Lastic u n i t ,  :I 

nridc1:l.e vc.)lc;~nlI.c 1.1ni.t: 21nd a11 uppe r  collgl.omerrll:c and :s:indstun(:: u n i t .  The vo:l.can:l-- 
c.last:: ic anc.1 f . low :ror:lcs - i n d i c a t e  the p r e s e n c e  o f  ;I complex 'vo1.i:an-i.c p i . l e  i n  the 
earl y Mesozoic .  

'l'he lower  u n i t  o f  t h e  Gold Iiange Pormatiorr c o n s i s t s  of sed.r ' .me~-~tary b r e c c i a s ,  
and vol .can: i .c l .ast ic  sanc ls%ones ,  si  l t s t o n . e s ,  a n d  conl;l .omerates, Redding i.11 t h e  
r.~r.~it: ---:Inget; fro111 good t o  p o o r ,   nil i r r  !some oul:crop o r e a s ,  1.10 tlcf-:i.n.l.te bedding  
f e a t t i r e s  can be  d i s t%ngu i . s l i ed .  Many of t h e  r o c k s  of  t h e  l ower  member a r e  g ray -  
weat:lie;ring, d e n s e ,  b:l.ack, U:i,ue-jira.i.ned r0ck .s  wl-lich -1.n thin--rscci::i~on c o n s f s t  o f  a 
f 4ne mass of p;tr t3.y r .ecrys ta1 . l  i zed q u a r t z ,  pl .agi .ocl .ase,  sa r t id . inc?  ant1 b j . o t i . t c  
(now c h l o r i t e ) ,  These  r o c k s  a p p e a r  t o  b e  reworked  o r  water--1.aid t u f f s ,  I n t e r -  
becidecl r o c k s  a r e  prirnari:l .y poor.Ly s o r t e d  e p i c : l . a s t i c  .volcanic- . -  R I I ~  chert-pebb1.e 
m ~ ~ c i s t o n e s ,  s a n d s t o n e s ,  cc>ngl.omc?rates a n d  brecc.I .as .  The cher l-. fraj;rnents arc  
corrinion.1 y g ray -  o r  rrdrl- is l~-col .o~:~?d I , i111ci niay I-rave Z~eet-r derli.ved from c h e r t  beds  i n  
the Mi.na Fo.rxnati.ox1. Volcani .c   fragment:^ i n  tilt? congl.orneratcs ;Ire usr.~a:l.:l.y f i.ne1.y- 
c r y s t n l l . i n e  f e1s i .c  t o  .i.ritermecf i a t e  roctcs of f l o w  o r  ash- f  low o r i g i n .  Some u n i t s  
:in tl-it:. I.owt?r p a r t  of tile Go.:l.d li.a.nge Foriilati.on a r e  p r o b a h l y  of  ash-flow o r i g i n ,  
and a p p e a r  t o  be mosl:ly : L i t h i e  and .vitri.c: t u f f s ;  a f t e r  aI.terat.7-on and r e c r y s t a . l -  
I . i .cat icin,  t h e y  a r e  d - i f i i c u l t  t o  d is t%.ngu: i sh  f rom epli.cl.asti.c and rewol:ked. pyre-- 
c1ast:-i.c dc:l~o,si.ls:. Thc? :lower part: o f  thc? C;o.l.tl fiarige ForrxlrrtLon h a s  be(2rr ext:ens:Lvely 
a f f e c t e d  by therrii;?.l. ~ne tamorphism i n  t h e  n o r t h w e s t e r n  p a r t  of t h e  quztdrangle.  
Ciiots and  i r r t : g l . ~ l a r  p a t c h e s  o f  g a r n e t  and e p i d o t e  a .re  t i l e  r t l o r j t  o b v i o u s  effec:t::s, 
al.t.'rioui:h t:he r,oclis a r e  a l s o  more rc?cryr:tal.:l.-ize(-i ;and conta:i.n more s c ? r C c i t e  I n  t h i s  
a r e a .  I"Ist of t h e  r-ocks are  a l - t e r e i l  t o  h o r n f e l s ,  The a r e a  of s t r o n g  g a r n e t -  
ep idotc?  a i . t : e ra t i .o l~  i s  sl-row~~ b y  a puLi-..ern i.n t h e  Go2.d li.,.uxge Forrrrati.on osr the  
g e o l o g i c  rilap. 

Tile mi.cid.le u n i t  o E  Lhe .I:'orlnat:l.on, i.:.; well .  exposed  4.n a syiic1.i.ua.l n o s e  t :ha t  f.s 
ceiztel-ed on Thunciel- Moun ta in .  It i.s o f t e n  more mass-ive and nrore ol: a cl : j_ff-  
fo rmer  t h a n  t h e  uppt?r and 1.owc.r u n i t s ,  and c o n s i s t > ;  predomi.r1antLy of g r a y i s h  
purpl.c? t o  l i g h t  bl.uis11 g r a y  wt?:lcied t u f f s  and a Yc?w o b v i o u s  Elow rocks. 'The 
cornpos-it.ion of t h e  .yo.l(:arric mi.cidle m e ~ ~ ~ b ~ r  is pl-edomi.nantl.y q u a r t z  l a c i t i c  t o  
: r l iyodac j . t i c .  i2essex: a1noun.t-.s of rhyol . i . t e  arid andes . i . t e  fl-ows a r e  a l s o  p r e s e n t ,  
ant1 t i i irl  s e d i 1 n e n t a . r ~  i n t e r l - ) eds  o f  vol .canic las t : i .c  s a n d s t o n e  a r e  p r e s e n t  I.oc:aLly. A 
small out .c rop  in ~ 2 i 5 , 1 ' 6 ~ , 1 i 3 3 ~  h a s  ;11.so been  ~entatri .ve:i .y incl .uded i n  t h e  m i d d l c  
urii t ,  a s  i:t a p p e a r s  t o  be  s o ~ ~ ~ e w h a t  sirni.:l.ar t o  t r l i e  r~ziddlu u n i t  o r  ' i ' h ~ ~ n d e r  Moi~nta i n .  



T h e r e ,  p l a g i o c l a s e  p h e n o c r y s t s  u p  t o  2 . 5  by 5 cm o c c u r  l o c a l l y  i n  Era1 s i c  f l o w ( ? )  
o r  hypnhyssa l  i n t  rus1vck(?) r o c k s .  

Al.thougl, t h e  rock.!; o f  t h e  *\I-l.dc1:l.c. volcan1.c ririi t have  bcsen :;omt~.wliut rncta- 
morlihosed, c e r t a i n  rext :ural .  f e a t u r e s  a r e  oft:en vi.sib1.e i n  o u t c r o p  o r  t h i n  section. 
Pil .otaxi . t i .c  t e x t u r e s  a r e  v i s i . b l e  i n  a n d e a i t e s ,  and compact ion  Eoli.ati .on and s h a r d  
and pt~mi-ce outrlri.nes c a n  ,sometinies be  s e e n  i n  c l u a r t : ~  I .a t i . t e  wel-ded i:uffs,  These  
t u f f s  ccmlmc>nl.y have  l a r g e ,  (2-4 mm) p h e n o c r y s t s  of cjuartz  a.ric1 fe l . r f spar ,  The 
o r i , g i r r a l  maf i c  m i n e r a l s  have  u s u a l l y  been  a l t e r e d  t o  e p i d o t e ,  ch:Lori.te, o r  o t h e r  
1uetamorpl1i.c m:i:neral.s. F'l.ow bc~ntl:l.ng c a n  he s e e n  i n  some rhyol. i t  i.c u n i t s  n e a r  t h e  
t o p  of  t h e  v o l c a n i c  u n i t ,  al.tlrougl1 t h e  ma jo r i . t y  o f  t h e  f e l s i c  vol .canic  r o c k s  
a r e  p r o b a b l y  we:Lcletf tttir'fs. The midd:l.e u n i t  i.s 5C10-.700 m t i t i c k .  

'The iippc"r u n i t  of' t h e  Gold Kangr Format i o n  1s p r e s e n t  i n  t h e  c juadrangle  o n l y  
(111 Lhe r o p  of  T l ~ n n d e r  Mcrunf-ail1 a ~ l d  i n  t h e  v j c i n i t  y o r  Camp Douglas .  I t  i.~; ti w e l l -  
bccitled sdqtlcnce of  dark-colorecl  c o n g l o m e r a t e s ,  pebb ly - - sands tones ,  and s i l t s  t o n e s .  
Tlae pcb'c>Lrxs ,Ire p re$om?nnn t ly  g r a y ,  1jg11t g-cef.n, hrow~r  o r  b l a c k  cherL wi t11  l e s s e r  
arnouLxLs o f  v o l c a n i c  s o c k  f . ragments ,  w h i l e  sancl, g r a i n s  a r e  o f t e n  c h e r t  and q u a r t z .  
P l a g i o c l ~ s e  is  a conuilon minor  s a n d - s i z e  c o n s t i t r r e n t ,  and r l e t r i t - a 1  b i o r i t e  can  
somc.t. in1i.s be I - ~ c o g n i z c d .  'The t o n g  1 omernt e pebbl  c s  a v e r a g e  Z mnr-3. c.m $n ciiamet er 
(wi I. 11 some xrp i o 9 crn) (2nd a r r  ~;uh-nni;ular  t o  s~l l , rour ldrd .  S i l  ic;x i s  t h e  c-emerlting 
a g e n t  f o r  most- of t h e  r s ~ ~ n d s t o n c s  and ccnng1ornerait.s. A f e w  scour - . and - - f i l l  s t r u c -  
t u r e s  were  s e e n ,  b u t  t h e y  a r e  r a r e .  No f o s s i l s  were  no ted  i n  t h e  u n i t ,  a l t h o u g h  
a sample  of  s j l i c i f i e d  wood i n  f l o a t  a t  one  l o c a l i t y  probahl  y came from t h e  upper 
p a r t  of  he Gold Range Forma t ion .  Only 100-200 m o l  t h e  u p p e r  z i r i i t  of t h e  forma-- 
t - ion i s  p r e s e n t  on Tl~uxldcr Mountain, and no  ove r1  yirrg u n i t  R a r e  present-  i n  Lhe 
qucidrangl,e. 

The lower  and t r r - i c l r l l e  u n i t s  of  t h e  Gold lial-lge Formati.on i n  t h e  v i c i n i t y  a r e  
0 v e r l a i . n  with a n g u l a r  unconf  ormi-ty by T e r t i a r y  a n d e s i t e  f l o w s .  The r e l a t i o n s h i p  
o.f t h e  Go:l.rl Kange t o  t..lic Dunlap ( ? )  Forma t i o n  exposed  t o  t h e  nor  t k r  .I.s unlcnc,>wi.~, a:; 
t h e  I n t e r v e n i n g  a r e a  i s  cove red  by T e r t i a r y  a ~ ~ d e s i t e .  The base of  t h e  f o r m a t i o n  
i s  a t h r u s t  f a u l t  in. S j l v e r  Dyke Canyon; however,  a n  a p p a r e n t l y  unconformable  
c o n t a c t  wi.tici t l ~ e  nnclerl.yi.rrj; ~ i t ~ a  Fonnat ior i  :i.s p r e s e n t  a b o u t  3 icncnl t o  l21e wes t  of th.e  
canyotl.  The geo1.og:i.c r e l a t i o n s  t h e r e  a.re riot comple.te1.y cl.ea.r, however,  and t:he 
c o n t a c t  c o u l d  be  fau'1.t .  

The Co1.d Iiange c:.ontairzs subnerli.a.l unitis, sucl-i a s  ash.-:f 1.ow t u f  f s ,  and t h e  
sed l .mentary  bet-I:.: tlo rrot a p p e a r  t o  be mari.nc?, It: would seem t h a t  a t  L e a s t  most of 
t!ie format i .nn  i n  t h e  Camp I)orrgl.as Quadrang1.e was depos:ieed subaer i .a l . l .y .  

Whi.11 Speild (3.977a) ret lef : ined t h e  (;old Range I;'orrrrat.i.orr, he t e n t a t i v e 1 . y  a s s i g n e d  
a ' i ' r i a s s i .~  t o  Lower Jurass:i .c a g e  t o  i ~ ,  b a s e d  SIS p a r t  oil . f o s s i l .  e v i d e n c e  from r o c k s  
w h i c h  fie be:i.i.eved were  cor re l .a i : ive  :in tlhe P L l o t  N o u n t a i n s .  I-lowever, a.n Iib-Sr a g e  

-t d a t e  9.f 3 . 0 3 ~ 5 , 7  m,y,  was l a t e r  ol)ta:i.nr!d f rom vo1cani .c  r o c k s  o f  t l ~ e  Co.Ld Range 
Fqrnla t i o n  on l'k~unde-r Mounta -in i n  Clie Camp Doug1a.s Quadrangle  and t l ~ a  t i s  b e l i e v e d  
t o  be  t h e  a g e  of  e x t r u s i o n  (Speed and R i s t l e r , .  i n  p r e s s ) .  According  t o  R.  W, 
Kist ler  and R .  C .  Speed (ora l .  coinmunica.tion, 1.978) a 6-poin t  whol-e rc~ck Rb-Sr 
i s o c h r o n  y:i.el.ded t h e  above  age  d a t e  from 6 sa-mpl.cls coll.ect:ed, a t  two Loca:li..ties on 
l'l-iunder Monntain. .  T h e ~ e  loca : l - i . t i e s  a r e :  NW/4 S E / 4  SW/4 S33 ,T6N311.34E and t lnsurveyed 
(pro:ji.ctecl, f rom t h e  n o r t h  and e a s t ) ,  NT3/4 NW/4 NE/4. and NW/4 NT?,/ft. N w / ~  !i3,T5N9XJ4E. 
'Ti-111s i t  a p p e a r s  t:hn t ;II: ] .east  p;art of t:he Gold Range  Forniat ion i s  rn. i t l -Cre~aceous 
( / \ l . l > i ; - i m ,  van  I - i in te ,  1976)  , i n  age alt-1-tct~~gh olcler r o c k s  m:LghI: be p r e s e n t  :in t h e  
fo rma t - ion ,  s e p a r a  t c d  .from t h e  d;~i:ed secL:iori by unrecogn. ized  f a u l t s  01: unconformi . t%es .  
?'he o n l y  known potenti.a.2. c o r r e 1 ~ t . i - v e s  a t  t h e  p r e s e n t  t ime a r t .  v o l . c a n i c  r o c k s  .found 
i n  t l l c ?  centra.1. S i e r r a  Nevada i n  Cal.i ,Enrnl.a, 



The l)un3.;ip Format.iun was named by Mnl.1 e r  a n d  F'c?~rguson (1936) f o r  e x p o s u r e s  
ill I lua lap  Carlyon -in t:tte 1-)-l.lot Mounta%ns a b o u t  1 0  km e a s t  of t h e  Camp Douglas  
qusdrarrgl .e .  Ln w e s t  centra:l. Nevilcla, t h e  Dun.Lap Forma t ion  i.s I-1i.gtl1.y v a r i a b l e  i n  
l i.tllol.c)gy be  tween i-1.11c.1 wl tl.l:irr, 11iount:a.l.n , r anges  (Koss , 11 961., p .  26)  , and c o n s i s t s  
of ciuar t.x sandstc7tl(-?:r;, c~heri:-pel~!)l.(l: congl .ornera tes ,  ; rn t l e s i  t e  b r e c c  1-as and f l o w s ,  
a n d e s i t i c  - v o l . e a n i c l a s t i c  se<li~irnentary r o c k s ,  s i l . t s t o n e s ,  and mi-nor l i m e s t o n e s .  
~ n n y  o f  t h e  clast:l.c: 1.1nits a r e  promi.nentl..y colorctd r e d  by i r o n  oxi.de minera1.s.  
TI-le r o c k s  a r e  bel . i .eved t o  have  bees1 cleposiked i.n a l l u v i . a l  f a n s  whicll-1 ex t ended  
. in t i )  t h e  tnixritle env i ronmen t  ( S t a n t  cay, 11.971) . T t  h a s  heen s.;lzi?;fi,c.stecl (S t an l - ey ,  
1 9 7 1 )  t h a t  t l l c :  Dun.~..l.ap intc?rtonguc..:i; w:l.tl-1 t h e  underly:i .ng SunrrS.i;e l'or:rnat:i.oi~., w1:lict-1 

J.s ~n;tlril.y m:i~::ine I.:i.xnestosles ai.id rnutl:;~rc)~zes. 'I'11c ;~gc? of  tl~r:! i ) u i ~ l ; ~ p  IJorinal:ri.on. Is  
Lower J u r a s s l c  (Pl.ierisbac'ii.ian and Lower T o a r c i a u ) ,  ba sed  on  p e l e c y p o d s  and 
nnrinoni.tes found w i . t h i n  i t .  

Rocks t :entat i .vcly i~.se;igned t o  t h e  1)un:Lap ( ? )  Formn t f o n  i n  t.lle Camp I longlas  
( Jundrang le  c r o p  ot i t  or11.y i.n t h e  nortllwe:it p a r t  of-' t h e  a r e a ,  i.n S1.7 a.ncl 20,TSN, 
K3liE, The oilt.crops h e r e  arc: smn1.l - i l - i l i e rs  siurrouniieti by T e r t i a r y .  andrsi.t:e and 
o l d  Qr la te rnary  g r a v e l .  'rirc! r:oclts i:onr;i:;t o.f cht?1-t- and a11desite--~,c-?1->b1.,e cong.Lorn- 
cr;lte, c p i . c l a s t i c  vo.Lc;inic sands tonc~?  and pebb1i.y s l . : i . t s tones ,  fei.ci;;pat:Ilic sand-- 
..;{:one, anct m:i.rlor f o s s i . l i f i ? r o u s  l : imes tone .  Witli the excep t i . on  of t h e  I imestone. ,  
w1li.cl1 3:; ye:L.l.ow:i.sil g r a y ,  thi? prc?clom:Lnanl: c o l o r  o f  t h e  T C > C ~ , L ~  :is moclc.riite red t.:o 
gr;ly.i..;ll r e d  o r  gra'y:is;;b red purp l .e ,  No def in i . t : e  f l o w  r o c k s  wc?r:e notecl,  a l t h o u g h  
smal.1. amounts  mn:y be  p r e s e n t .  P e b b l e s  ancl c o b b 1 . c ~  of  i n t e rmec l i ahe  v o l c a n i c  
roclcs o r  c h e r t  rimy prr.ic1om:ina.t~ :i.n a par:ti.cul.ar u1~i.t:. Santlst:one i t ~ t : e r b e t l s  u s u a l l y  
a r e  fc : l t l spa th : ic  anti c o r r t a i n  some c h e r t  or ~~~~~~~~~~~e ~ ~ e b h l . c ~ , s .  l3r:cltli.nt: and  s o r t i n g  
an-<? t1siiitl.1.y p o o r ,  a n d  t h e  pc?bb.l.es a r e  o f t e n  sub--angu:lar ,  Epic1i1.sti.t:: ax1desiti .c 
s ; ~ n d s  tonc!s a r e  usuill . ly t i i r l ;  t:inc L ive ,  a s  t h e  pll.ap;i.oc:l.asc? g r n i  rls appea-r  a s  cll.sl:.t-n.ct: 
w11.ite ::ra:i.ns .i.n n r t ? d d i s h  rnatu':Lx, 

'Tl~e ii.mestottc? b e d s  conta lx i  a :I.arge amourlt of p o o r l y  p.ceservc:?d f o s s i l  h a s h ,  
i.nc.lirtlirrg possi.bl.e bracl-ilopod .i'rap,ments. L:i.rnestone pehblc?  congl.ornera.t:c.r; are 
exposet1 j u s t  n o r t l i  of t h e  qz.latlrarlg1.e b o r d e r ,  and l e n s e s  of: I.irnest-.rrnc_.. a r e  p r e s e n t  
a few lcan t o  t h e  n o r t h  of t:he q u a d r a n g l e ,  i n  a more e x t e n s i v e  o u t c r o p  a r e a  of 
1)nnl r ip(?)  . S t a n l e y  ( 1971., f i g s ,  , 2 ,  5) i.ncl.uded tht-se r o c k s  :in t h e  Dun1.ap Fo.rma- 
r.i.011, b ~ l t  the assigxlnret.it of tlrc?.rrl t o  Irllal: fornliltior? i.s quer:i.etl h e r e ,  beca.usc?: nit' 
t:llc.ir- p o o r l y  u n d e r s  toot1 age and s t r a t i g r a p ' i ~ i c  re1.a t i o n s  t o  tile i)u,nl.ap(?) . Mul.ler 
3rd Pe rguson  (1.939) r e p o r t  an 1'a.rl.y J u r a s s L c  (13:Liensbachiail) pe:l.ec;ypod, -" Pl. icato"-  
s t y l u s  .& rc?par%us  .;..-. L and tin Eaf l .y  iJura:;s.i.c (1,owc.r Toal:cia.n) ammo~~-i tc: ,  ~ ? a g p ~ ~ . c _ g ~ ~ ~ . g p , .  
from C.i.1~: I )unl .ap(?)  Fur~nat i .or l  -i.m an u n s p e c i f i e d  a r e a  o.f Garfie1.d I-Ii13.s t o  tlre n o r t h  
o t  t l ie  qr.atlrangl.e, 'I'bese z o n e s  wou.ld f:111. i n  t h e  1.76-183 n1.y. r a n g e ,  acc.ordi.ng 
t o  a r e c e n t  .rcvi:;.f.oi~ oT t h e  Jurassi .c :  ti.rne s c a l e  (van l l - inte ,  1.976). 

'The Mi.na Forniat:i.orl was n;lrnecl by Speecl (1.977a) , who des igna t ec l  .lower Doirglas 
Canyorr i.n t h e  n0rt . l - least  c o r n e r  of  tri.~c+ Camp Dougl-as ($ladrang1 e as  t l rc  t y p e  a r e a .  
The bas42 o.E t h e  format:ion -is nowhere  e x p o s e d ,  and a p r o b a b l e  angul .ar  unconir 'ormity 
wit .11 tlic o v e r l y  i.ng Go1.d Range Forrnati.on i s  r e p o r  t-ed by Speed .  Where s t r a t j : -  
i:raplri.c t o p s  can  be  tleter:.m:i.l~ed f r o ~ i i  g r a d e d  bedd:i.r~g, t l lc  :~zi . i -ni~hi~,  d:i.p, ancl t h e  



st::rat:igrapllic up d%rect.:i .on of  i.nci:i.vi.dual beds  may v a r y  grea t1 .y  1)et.wcren o u t c r o p s  
a f e w  [:ens t o  hunclrc~ds of nlet:c-rs a p a r t ,  Isc?cl..lna:l. Sol.il:i.ng a n d / o r  t:hrust: ftrul.t::l.ng 
mus t  b e  p r e s e n t  i n  t h e s e  r o c k s ,  anti t h c t r e % o r e ,  no t r u e  s t r ; i t i g rnp t i i . c  t h i c k n e s s  
can be cletcl..~rml.rrecl. Speed (L977rl) s u g g e s t s  t : i ~ a t  t h e  .format.i.on i.s 1 lcrri o r  Inore 
tlklick. 

Zn add:i t ioi i  t o  t h e  e x p o s u r e s  i.11 t h e  t y p e  a r e a ,  t h e  Mina Fo rma t ion  c r o p s  
o u t  o v e r  a p p r o x i m a t e l y  1.5 kin2 of t h e  s o u t h w e s t e r n  p a r t  o:f t h e  quadrang.i.e, In " 

t h i s  a r e a ,  i n  t h e  vic::inity of Si.1ve.r Dylte Canyon, t h e  Mina Formati-on has; been. 
t h r u s t  o v e r  p a r t  o f  t h e  Gol.d Range Forma.t ion.  Approx ima te ly  3 Iari t o  t h e  sout1.t- 
wcs t of Lhc?  t h r u s  t f a u l t  :L.n Si.Lver D y k e  Canyon, a.1-r n.ppa1:entl.y t rnconformable 
contact :  be tween t h e  N ina  and Gold Range Pormatiorrs  i.s ttxposed. A t t . i t u d e s  i n  t h e  
Gold Range  t h e r e  i nd . i , c a t e  t h a t  t h e  co,nt:ac t may b e  overtn~:ni. .d o r  v c r  tl .cal. ,  

The M:i.ria Formati.c?n c o n s i s t s  o f  i n t e r b e d d e d ,  nlass-i.ve- t o  wel l -bedded  f e l d s -  
patl1i.c gr~lywaclces ,  clle:rt and s i l t s t o r z e s .  IThe graywa.c.kes o f t e n  show f e a t u r e s  
i , n d i c a $ i v e  of  depos i t : i .on  .from t u r b i c l i e y  c u r r e n t s ,  Normal graclded bedd ing  ts  
q u j . t e  Conjm(>n, and. i . 6  of t e n  u s e f u l .  f o r  de t e rm. in ing  t h e  a t r a - t i . g r aph i . c  up c l l r e c t f ~ o n ;  
i n  i~clci : i t io~z,  poo r  ~ o r t j . r > g ,  1 i t h i . c  e1.ast.s c)f maf- ic  v o l c a n l c  roclcs and f e l d s p a t h i . ~  
mudst.one, pl-ane J.anii.na t i o n ,  and convo lu  l:e lami.nnt i o n  a r e  p r e s e n t .  A number of 
tl-le dark c.o:Lared, more  mass:i.ve u n i t s  r e s e m b l e  maf i . c  i g n e o u s  r o c k s ,  from whjch 
t h e y  were  no d o u b t  d e r i v e d .  The i g n e o u s  r o c k  f r a g m e n t s  a r e  u s u a l . l y  a n d e s i t e s  
and d a c i t e s ,  s:i.mj.l.ar. irr co*npo:;-i'tiox~ t o  t h e  f e 1 d s p a t h : i c  graywat:kt?s j.11 which t h e y  
a r e  inc luc ied .  Sand grain:;. are  ccr~~~misnly I n  t h e  medium t o  c o a r s e  sand  s i z e  r a n g e ,  
al.thougl-k s i . n g l e  t u r h T d l t t ;  u r r i t s  rnay g r a d e  upward i n t o  f e ldnpa th5 . c  s i l . t s t o n e s .  
r 3 I h e  ~:raywackes cornn)orrl.y c o r ~ s i s t :  of a p p r o x i m a t e l y  o11e-third s i . l t - - s i z e ,  rec. l tysta1-  
I - ized  mntrix; t h e  s a n d - s i z e  p o r t  -ion conta:f.ns p3.agi.ocl.ase3 i?orx~blende ,  pyroxene ,  
q u a r t z  arltl I . i , t h i c  f r a g m e n t s ,  :I.n o r d e r  of dec.:.reas:l.ng a2~undan<::c?, I ' l .agioc:l .nse may 
make u p  ovcx 60% o f  t h e  r o c k ,  I -~ornbie l lde  and minor  p?rroxenc! aplaroxir~ratel.y 1 0 % ,  
and q u ; . ~ r t z  a t ~ d  -rock ft:agnlexlts 3.-3%, arid the remai .nder  a fJ"r.ie r n a t r i x ,  which may 
c o n s i s t  i n  p a r t  o f  s i l t - s i z e  p l a g i o c l a s e .  I n d i v i d u a l  t u r b i d - i t e  b e d s  r a n g e  from 
ai)~)roxirnal:c?ly 1 em t c ?  se.verol,  rnetelrs i.n tlr:ic:.la7c~s, 

S i l  [ - s t o n e  u n i - t s  arci g r a y  t o  o l  i v e  and rec1d.j six-brown roclis wtlich c o n s i s t  of  
i r i t - e ~  bedded f ~ l d s p a t l t i c  ant1 qun r t zos r?  ~ l u i  ts ,  some OF which  sl-low f c ? a t u r e s  l n d l c a t -  
i n g  deposition by t u r b i d i t y  cu r r rn . t - s .  Many of  t i le  s i l t s t o r i e s  a r e  s i l i c i f i e d ,  and  
, jrr. ixiterbcticicd w i t h  more m a s s i v e l y  bedded ,  g r a y  t o  rrrldiskr-I~rown c l ~ e r t s ,  h 
t h i c k  s c q u p n c c  of c h e r t s  w i t l )  minor  i n t e r b e d d e d  t u r b i d i t i e s  i s  p r e s e n t  a b o u t  1 k ~ n  
s o i l t t ~  of  Doug la s  Canyon, Dark  s j l i c l f  icd s l l t t ; t . ones  a i ~ d  c - h e r t s  arc a1 s o  preserrr  
i n  S i l v e r  Dyke Canyon. The ma:;:;ive and graded Celc l spa th i c  ~ r n y w a c k e s  arc b e s t  
exposed  . j u s t  norLh of i)t)-iiglns Canyon ancl i n  tlnc southwer5t p a r t  of t h c  q u a d r a n g l e .  

Speed (1977i-1) s u g g e s t s  that: t i le  probab3.e d e p o s i t i . o r t a l  s f t e  wsis p rox ima l  t o  
t h e  sol.lrce ox t h e  s e d i m e n t  and was pro11a.bl.y a  s u b s e a  f a n .  The vol .canic  composf- 
t i o n  of tlic g raywackes  and .irzc.l.uded c 1 . a s t s  rf.ncii.cate:; a v o l . c a n i c  so i t r ce  wllich 
was appnren t : l y  an a n d e s , i t i c .  isl.anc1 a - r c .  The vol.c.anic roc l t s  of t h i s  Is;.la.nd alrea 
may bc? re]7;rc?.";e,r~lted by. t:kic? appare11t:Ly c o n t e m p o r ~ ~ n e o u s  'ISlack Ilyke Formatic>xr 
described below.  

'The a i e  of a f  least  p a r t  o f  t h e  Mlna Format io i l  i r ;  Perni ian on t h e  b a s i s  of 
I<-Ar d;~fr..ii.~~,: nricl .f:'(?ss-il c?vi.dc?~lce ( S p e ~ d ,  1.977a.).  li(-Ar ages of c1etr:it;l.l. horl:r.'bLerrde 
1)e.l.irvecl t o  b e  essentia.l .1.y ecju i .va l .en t ,  i11 a g e  , t o  t h e  e n c l o s i n g  t n - r b i d i t e s  i r t d i . ca t e  
a ~nin:i.mum a g e  o f  2.55 m.y. ;  a l . s o ,  p o o ~ : ~ . y  p r e s e r v e d  Eusu:L:i.-i~ids f rom n e a r  t h e  Flo1-10 
Mime at.  t11e s o u t h w e s t  c o r n e r  of  t h e  q u a d r a . n g l ~  211-e :sul;gestf.ve of  Sc.f iw;~erirra  sr), , ,. 
an  ear2.y Permian  . fo r~n  (Speed ,  1.977a), 



The Ul.aclc. Dylcc I;'ornxat;ion w a - :  named by Speetl (1977n) ,  who desi.gna.ted t h e  
type a r e a  ;IS ill.aclz l)y k e  M(3unt.a.i n, app-roxi.rnat:c.:l y 8 k ~ n  t o  t h e  no r  t:h of t .he Camp 
i foug1.a~ Qriar1rangl.e. I . t  c o ~ l s i s t s  t h e r e  of mafi.c vo l . can ic  b r e c c i a  t o g e t h e r  w i t h  
m:ir.~or inr .erva1.s  of rc2.l.itt:e.d v o l c a n o g e n i c  sed:i.mentary r o c k s ,  l a v a  f l.ows, riricl 
rnaf ic  i n t r u s i v e  roc l t s .  I t  :is a l - so  p r e s e n t  ri.11 t h e  cent:ra:L Excel . s ior  Moun1rai.n~ 
:just n o r t h  of P l a r i e t  La, a b o u t  5 l t~n  wes t  of the C a m p  l)ou~;,l..;tr; 0Jailr;lngl.e (Spc?ecl, ' 
1 9 7 7 a ) .  I 

I n  t l lc Camp 1)ouglas (>uaclrnrig l e ,  on1 y one  sma 1 l o u t c r o p  ' irca of a p p r o x i m a t e l y  
0.25 km2 i r z  t h e  soiit l lwest c o r n e r  of  the map a r e a  h a s  been  t e n t a t i v e l y  a s s i g n e d  t o  
t h e  Black  Uyicc I 'ormstion. The exposr i res  oF B l a c k  Dyke(?)  l'orin,>tiou ext:end o n l y  a 
s l lor t  cii:,Lanc'e t o  t i le  v o ~ t t h  ol" t h c  q ~ i < ~ d r a n g l e  b o u r r d ~ r y  bcal'ore b e i n g  c u t  oCf by 
biotite q u a r t z  monzon i t e ,  Both  t l lc  13lack I lyke(?)  and  he q u a r t z  morlzonite a r e  
o v e r  La111 ill t t ic  v i c i n j  t y ,  by l ' c r t i a r y  a n d e s i t e  Laharic* depos  i t s  and Qua te rna ry  
o l d e r  g r a v e l s .  S i m i l a r  r o c k s ,  ini:luded i n  t h e  B l a c k  Dyke Format ion  by Speed 
( 1  917a) n e a r  Mari e t t < ~ ,  a r e  on1 y 6 krn t o  t h e  c a s t  ol: t h i s  cxposu re  i n  t h e  C:nmp 
l )on~ ; l a s  Quadrang1 c .  

Sa1npl.u~ of S3l.ack. I)yk.e(?) P o r m i ~ t i o n  from t h e  Camp Dong:las Quadrang1.e sl-low 
t l m t  t h e  ui7:i.t c o n s i s t s  of  m a f i c  vo1.cani.c r o c k s  and mi-nor ep ic l . a s t r i c  graywnclces 
d e r i v e d  froin i:hem, 'The maf %c v o l c a n i c  r o c k s  a . re  esst?nt:i.al l y  a n c l e s i t e  f l o w ( ? )  
b.rc:!cci.au cons l i s tdng of d a r k  g r a y  t o  clarkc greert i .sh g r a y  roclcs cornposed ma-inl.y o f  
pyroxene, hori~bletxd c ,  and pl.agi.oc.l.ase phcr1ocryst:s i n  a clnrlc, Kine-grained 1nat:rl.x 
o f  ch1.ord.te and pl.ag.i.ocl;tse, Accessory  magnet i . te  .is common, making most band 
smup:l.ets not%c>eahI.y m;lgnct:i.c. The c:ol.orr i ndex  nE t:lzc? vol .canic  roclzs :i.s n s ~ z n l L y  
30 t o  4 0 ,  and t h e i r  tc:xture r a n g e s  :from aphana t i . c  t o  p o r p h y r i t i c  p l i a n e r i t i c .  
Son?? brccci.r-i fragments coni;ain pl.agi.oc1.ase and hornblende! p h e n o c r y s t s  t ip  t o  2 cm, 
alt:lxnugh a p h e n o c r y s t  s i z e  of  .3--4 mm i s  more cornmon. Fragments  of c\[xartz-i)eari.ng 
d o c l . t e  a r e  rare ,  l t ~ ~ t  p r e s e n t ,  ?.'lie i n ~ e r b e d d e c i  graywai:ke u n t t s  arc cjui. t c l  s:i.m-ilar 
t o  many gsraywackc:s J I I  t-he M i n a  Ponnn.tioil ,  T h e y  c.:ons.ie.it of  sand..-r+:l.zccl jirtlj.ns of  
p l ; ig ioc l .nse ,  py roxene ,  and h o r n b l e n d e  i n  a si .1. t -s ized matr : ix ;  sonic beds  show 
graded bedd ing  and pl .ane l ami .na t ion ,  fea t :ures  which  were  prolhab1.y produced d u r i n g  
t:urbJdi.ty-currt?111: depos i t : i .on .  IIettrc.rminationr; of t h e  s tratli.gl-api-iic u p  d i r e c t  i o n  
a p p e a r  t o  v a r y  g r e a t l y  w-i.th5.n shor t :  d i s t a n c e s ,  s i - m i l a r  t o  v a r i a t i o n s  found i n  the 
Mina Format:.i.on. 1lhi.s s t ~ r u c t u r a l  c o m p l e x i t y  i n  t h e  M.i.na arid Black  Dyke Format:Lons 
i s  probab.1.y r e l r i t e d  t o  t e c t 0 n i . c  t r a n s p o r t  i n  t h e  1.at.e I-'al.eozoic o r  ear1.y Mesozoic 
( S p e r d ,  l.Y77a., 1977 b )  . 

Speed (1.977a.) s u g g e s t s  t:'ilatr t h e  s o u r c e  of  t h e  vo l . can ic  r o c k s  and c l . a s t s  i n  
the R1.ac.k 13yk.e Forrnati.on was ax) a11desiti .c vol.cano o r  vol.c:ani.c: comp:lex a s s o c - i a t e d  
w:i t l - i  a v o l c a n i c  a r c  i n  a n i a r ine  ertv-ironment. ?he :i.nterbeddeci t r~ rb id : i . t e s  i n d i c a t e  
t h a t  a t  I.ear;t part .  o f  t .he forrnat:ion was cleposi.tcc1 below wa.ve b a s e ,  rll.t:hough not 
n e c e s s a r i l y  a t  g r e a t  d e p t h .  

'i'l~e B lack  Dylce Fornia t ion  lias been  a g e  d a t e d  (Speed and Armst rong,  1971) by 
p o t a s s i u m - a r g o  lriethocls a s  Permian  bot i l  at t h e  t y p e  a r e a  (252*3 m.y., 253f3 m.y.) 
ant1 .in t h e  c e n t r a l .  TZ,xcc?lsio:r Mourrtai.ns 5 k ~ n  w e s t  o f  t h e  Camp l)ot.igl.as Qnatlrntlgle 
(253*3 a1.y. , 2 1 8 ~ 3  m. y .) . The concordance  of t h r e e  of  t h e  f o u r  d a t e s  i n d i c a t e s  
:I pn:ohable rlz:i.nK.mum a g e  o f  253 m . y ,  .fo:r the format::i.on, w1z:icir i s  essen.t:ial.l .y 
equEival.eilt t o  tl-le a g e  o f  t l i e  Mina Fo-rinatioz~. 
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The Camp Doug3.a~ (>uadr:l*ngle .Li.es at: I:he no r t l . t ens t e rn  end of tlze E x c e l s i o r  
Moun t:;i:i.ns, an e a s t -  t o  southca:;tr--trc!nd:itlg r a n g e  wllo?;c. form i s  c.ontrol . led by  
h i g h - a n g l e  f a u 2 . t ~  of  s.imil.ar t r e n d .  The Excc?.'ls.ior Mounta ins ,  with a d j a c e n t  
r a n g e s  t:o t h e  no r t i t  atid sou t l ? ,  compr i se  a strucLrl.ral.1.y onom;~l.ous zone o f  ea.st-- 
t o  s o u t h t a t - t r i g  f a u l t s  wli-ich i s  surrountlerl by t h e  more typi .ca l  n o r t h -  to 
~.ior~lhwc.st-trend:tnl: f a n l - t s  co~nrnon t:c) t i le  RasI.n and Hartge :In ex t reme w e s t e r n  
Nevada, T h i s  a r e a  h a s  bee11 cal.l.ed t h e  Mono Basin-E:xcelsior Mounta ins  s t r u c t u r a l .  
zone (G.i.Lbert and Reyno lds ,  1973 ;  Shaw,  1965)- 

Tllo quadrang3.e :I.ies j u s c  t o  t11e wes t  of a rnn;jor t:ectc)nic zonc ,  t h e  Walker 
l.,arri-? (1,ocke anct tkrers ,  :1.940) , w l i  ic:l:i Lc; 'be%:I.crvcrl L o  l ~ a v e  a combinc:d r-i.ght 
l .a te:ral .  displ .acernent  o f  20-40 k~n a.I.t)xig s e v e r a l  no-r t : l~west- trend-ing En1.1.l.t: s t r anc i s  
(Nic:l.son, 196.5; Harclyman and o t h e r s ,  1.975), 

P r e - T e r t i a r y  f o l d s  and f a u l t s  i n  t h e  l a t e  Palcaozoic and Mesozoic r o c k s  of  
t h i s  p ~ l r t  O F  Nevada r e p r c s e n t  s e v e r a l  p e r i o d s  u s  d e f o r m a t i o n .  Because t h e  a g e  
of  t l ~ e  r o c k s  a f f c c - t e d  is  n o t  a lways  w e l l  Icnown, r e g i o t l a l  [ n t e r p r e t a t i o n s  of tile 
p r e - T r r t i a r y  s t r u c t u r a l  h i s t o r y  a r e  d i f E i c u l t  t o  make. More d e t a i l e d  mapping js 
needed I r r  t h i s  part.  o f  t h e  S t & t e  t o  i : l e a r l y  d t>f i ize  t h e  p r e - - T e r t i a r y  t e c t o n i s m  
oE the r e g i o n .  Kecent  i n t e r p r e t a t i o n s  (Speed,  1977b;  Rogers  and o t h e r s ,  1974) 
of ~ 1 1 e  st ~uc . t .ura l  h i s t o r y  01 t i l t?  rclgion i iave en~phar;izcd p l a t e - t e c t o n i c  moclc:1 s 7 ,  
e s p c c l a l l y  (-he c l o s l i ~ g  of bc~l>K.ncl-the.-arc b a s i n s ,  to e x p l a i n  f o l d s  and t h r u s t  
f n u l  ts i n  l a l e  Pa l  eozoic3 ancl M ~ s u a o i c  r a c l t s .  

FOT,I)S AN11 THRUST YAII1,TS 

T h e  ~ l d e s t  clcforruat lon i.n t t te  ql . iadrangle I s  apparent: ly rec.orded on1.y i n  t h e  
M i t r a  anti Black Dyke(? )  Ir'orsnnt.i.ons* I n  t h e s e  r o c k s ,  t h e  s t r a t i - g r a p h i c  up d i r e c -  
t 2 o n  pft :en clzariges r n t i i c a l l y  from o u t c r o p  Lo ouLcropp  even  i n  essentia3. l .y  homo- 
c l i n a l :  s e q y e n c c s ;  sf t a n ,  most of t i le  becis a r e  ove r t t z rned ,  ?%:is deformati .on i s  
a p p a r e n t l y  dlrc t o  e i t . l re r  E.socl.-l.nal. f al.dl.ng or  rnul.t.i.pl.e t ' t ~ r u s t  f aul.ti .ng. The 
Child Range F o r m a ~ i o n  :is n o t  si111i.1a:rl.y def  ormecl , i n d i c a t i n g  t h a t  t:his d e f  oranat ion 
i.s pre-Cold lianlr,~?, and i s  p r o b a b l y  T r i . a s s i c  v r  I?e.rrninn 3.n a g e ,  The Ml r~a  Formati.on 
i s .  L)el.ieved t o  be  nl..lnchtl-linzovs, and wa:; s t r o n g l y  fo.l.ded and jrrobahly t h r u s t  Lo 
.firs present s1.t.e b e f o r e  the c1eposi.tiou o.E t h e  Gol.tl Range Fonnat:i.on (Speed,  . l 977a ) ,  

A yourrger p e r i o d  of defo~:matictn L s  reprer;ented by seve ra l .  f o l d s  and a t t l r u s t  
Pau.1.t . involyi i lg trlie G(.)l.d Range 1;'ormat:ion. A n  ;int:ri.forrn and adJace1:lt:. synform ex- 
posed n e a r  t h e  monk11 011 SF."I.ver I3ylte Canyon a r e  i n  t h e  upper  p l a t e  of  a t h r u s t  
fnu2.r. t h 3 t  ttas emp3.aced Mlria Fo rma t ton  o v e r  t h e  Gold Range Forma t ton .  The a x e s  
o f  r.hi:sc , f o l d s  a r e  genera.1l .y north-+t:rend-i.ng, a r e  s.l . i . .gl~tl.y o.verturnet l  t o  t h e  w e s t ,  
and p:l.ringe n1:)out 4.5 d e g r e e s  t o  tlie soutl.1, An u p r i g h t  syncl-ir-tc? i s  p r e s e n t  i11 t h e  
Gol.cl f2ange I?ormat%oii (>I:] 'fhnnder Noiln.tain, Beds orr t h e  LI.im'bi; of t h i s  sync]- ine  
llayc? c l i p s  011 1 . ~ 1 3  to 9 0 ° ,  ar-1r1 t h e  a x i s  t r e n d s  nort11c:rl.y and pl.unges Lo t h e  nor t l?  
a t  approx:imntely 40' .  T h i s  a x i a l  t r e n d  i s  e s s e n t i a l 1 . y  paral:Lel.  t o  t h e  Eol.ds i n  
t l ie  uppee  pl.at:e QE t:lie t h r u s t  l.n S i :kve r  Dy1c.e Canyon, and t h e  t r e n d  may be r e l . a t e r l  
t o  t h e  d:i.rac.tIon of mot.ion ox.) t l t r ?  t h r u s t .  Tlie amourit a.E dtspl .acement d u e  t o  t h e  
t-hralst fa1i1.t i.s not.  Itnown, T h i s  t .hrus t  faul . t : lng i s  younger tlzan t h e  lower  part: 
of t:he Go1l.d iittuge F'o.rtn;l t-Lon, and i.f t11:i.s 3-owcr p a r t  f.s m-icl-Crc?.t;aceo~r~~ ::IS t h e  
volcanic :  u n i t  i s ,  t;l~t?n tlze cieforn~at- ion -is younger  t h a n  :zpproxirn;~tel.y 100 m .  y .  



S e v e r a l  l.ow--r%ng.le Paul  ts c ~ a t  T e r t i . a r y  a n d e s i t e  u n i t s  nild Perm.i.an Mina 
l?orrnnlri.on nboi l t  1. 5 ltnl sou l r i~  of 1)ougl ar; Canyori. A n~i.rlor c;~st:-west-.trendel i xlg 
syriform i n  t h e  Mina Iporroatlon i s  present :  jtist t o  t h e  n o r t h  of t:he a r ea  of 
. f a d  ts ,  and m.f.gl-tt be somehow rcl.21 t e d  , These  i'aul ts g e n e r a 1 . l ~  para1.l.el. t h e  
Te r t i a ry -Mine  Formati.om contact: ,  arc. .f i ll .ed w i t h  L i g h t  t o  medium g.rmay, coarse1.y 
c rys t i i l .1 . ine  cs.l.t:ite and  brecc,:ialretl wa'l.:!. rock ,  b u t  a r e  o t l ~ e r w i s e  nn~n. tnera l - lzed .  
The c a l c i t e  vei.rrs al.ong t:h(? f a r . 11 . t~  n r e  up t o  5 ITI w:l.dc, ancl t i le  d i p  of t h e  .f:lnLts 
.i.s i;e~-IeraLl.y 25'--35" (r.;lre:l.y .ci00-70Q) t:o tl-ie sou t h .  A geocheuni c n l  sa.mp1.e of tile 
c a l c i t e  gave nu anomo.lotls bas<+ of  p r e c i o u s  metal .  va l .ues .  Tile low-angle  f a t z 1 . t ~  
of re11 p r e s e r v e  smal.1. n r e n s  of ol .der  T e r t i . a r y  roclcs t~ncler u p p e r - - p l a t e  Mina Forma-, 
t i o n .  1 7 0 ~  c:xnmp.l e ,  a smal l .  ou tcrc:)p o f  'I'cr tiary cong1.orne.r:at:c (Tcg) , unk.nowl-r 
e l s e w h e r e  i.n t h e  q u a d r a n g l e ,  i s  s e p a r a t e d  from t h e  Mi.na Forma t ion  on b o t h  [-.he 
11ortl.l and s o n t h ,  by c a l c i t e - - f i l l . e d ,  l.ow--ang:l..c. fau . l t - s .  'Uhe mrc.l~ani.sm of formati.orr 
of t h e s e  f u a l t s  i.8 110t: k1low11, IIUC .il: ap j ) ea r s  t h a L  cii.spl.ac.emerrt:t i.s n o t  l a r g e .  Tile 
: large,  open s p a c e s  wil-icti a r e  F i .%le l  by B.at.er cal..c.i.tc pr0ba.hl.y i.nd:i.cate a r e l a t i v e -  
l y  s h a 1 l . o ~  t lepth du r i . ng  t h e  . f au l t . i ng .  S i n c e  r o c l t s  as  young a s  1.6 nr. y. a r e  c u t  by 
t h e s e  fq i r l - t s ,  t h e  age of f a u l . t i n g  must  be somewhat yct t~nger  t h a n  t h a t ,  i-Iardynan. 
and  o t h e r s  (1975)  have desc:~:i.bed l ow-,anlr,:l.e iletncitilrent f a u l t s  i n  ' r e r  t l a r y  r o c k s  of 
t:lle c l i . l i i s  and  Gabl)~; Va:l.ley I langes 30 k<~tl t o  i:lle nort1.1. T11ey br..lieve t h a t  t h e  
tnt?cI?an.ism p roduc i t -~g  t i ~ e s r  f a 1 t l . t ~  i.s i.ntimate1.y assctcialred with the s t r i k e - : ; l i p  
.fau:i.ti.ng a1.ong I:llc Wal.lier I.,ane. 11 sYirni:Lar re la t - i .o r rs i~ . ip  m.ig1-I.t nl.so e x i s t  l i r ~  [:he 
Camp 1)ougl a s  cj~iadrailg3.e. 

A ti1 i n  nn.i.t of s-il; i .cTf :$.or1 py roc:l..ast:.l.c a i ~ d  t n f  f a c e o u s  s e d i m e n t a r y  r o c k s  
exposc-.cl i.11 t h e  ef is t - te iztra:L p a r t  o f  t h e  cjuadrang1.e a.ppnrent1.y sli .cl  eastwa.rc1 f rom 
;i t r i ghe r  c i e v n t i o n ,  . I n  t he  'l'hunder Mountain,  a r e a ,  t o  i . . ts prc?sent:. p o s i t i . o n  c,ver:l.y- 
:ing Pcerrrl-ian M i . 1 7 ~  F'ortnilt:ion. and 'Jlcrl.:i.a.r:y horrrhl.el~clrt. ande8j.t-c.. Tt1i.s u n i t  Is 
h i g h l y  a l t e r e d ,  b u t  nnay be  c t > r r e l . a t i v e  w:i.th t h e  o i d e r  ash-El.ow t r i f f s  exposerl In 
t h e  c]uatlrnngl.  e. T h e  al;,t: of t h e  proposed  $1-i.ding i s  not: known, 1)r.i 1: m i r s t  be ~ ~ o n n g e r  
t h a n  t1.1e llornblencle nnclc?s?..te (aboxt t 2 ( 3 ( ? )  m .  y .  ) and  ol .der  t : i~an  t1i.gl-1-t2ngl.e f au l t s  
wii:i.clr c u t  ti-re bl.oc1i. 'The amount of  movenrex~t i s  pro1)ab.l.y 2.-2 km, '1;l.ie l a r g e s t  , 

o u t c r o p  o E t h e  s i1. i~:- i .Eied py roc . l . a s t i c  and t u f  f a c e o u s  sec i - i~nentary  rock!;, when viewed 
from n d i s t a n c e ,  h n s  a jtimbil-ed s u r f a c e  a p p e a r a n c e  remri.niscent of' I.a.nclsl.:ide Erlocks, 
11-1 ;~ddition, Ipw-on&;l.t? go11ge zones  (dcrt:achmeut: .faul.l:s a r e  pr ,esent :  a t  tribe basall. 
contract: a l o n g  t h e  sout:h edge  of e x p o s u r e .  Seve ra l .  s m a l l e r  l)l.ocks i n  t h % s  a r e a  
h a v e  a rnorc o b v i o u s  s l i d e  o r i . g i n ,  and cnu1.d have  s e p a r a t e d  .from t h e  ma-in s l i d e  mass 
a s  i , t  came t o  r e s t .  

A s  ment:.ioned prc~v:i.ousl.y, t:he Camp 1)ouglas ()untlraug:l.e is i.n a n  a r e a  o f  e a s t - -  
wes t  t:rrncliitg, high-ax1g:l.e . fau1.fs .  'I 'his t r e n d  : is  atlolnalotls w i k h  r e s p e c t  t o  
13ort:herly-trend?-ng li,as-i.n-and-Range f a u 1 . t ~ ;  of t,he surrourr(1ing r cg i . on .  Many o f  
t h e  I~ijib--.arr~:l.c f a u l t s  i.11 t 'he quatl-rang1.e s trr i .ke e a s t - w e s t ,  aJ.L-'ilough a f e w  str:i .ke 
n o r t h  and n o r t h w e s t .  S t r i k e - s l i p  o r  oI)l.i.qne sl:ip movement h a s  beci-i s i rgges ted  
f o r  n number o f  t h e s e  east:-west f auLt:; (Gj..l_bert and Reynolds ,  :LC173; Ekren and 
o t l i e r s ,  1.976; Slinw, 1965; Speed and Cogb.i:l l ,  1979a), anti Lef t - , l a . te rnL nlovementr 
was r~;-l.r)ol;ted OII. 3.13 e i l ~ t - ~ e ~ t  1934 eclrtl~tquakc? fiiu1.t: n o r t h  o.f !3Lar.ie.t:tn, 1.0 1c-m wc=k 
of t l i e  q u a d r a n g l e  (C;f:1.1.agii~li.l al~(.l C:-i.ani1 L a ,  1935)  . 'The major .  i.r-il;h,-,-angle f au l t s  
i n  the qu;ldrangl.e a r e  d e s c r j b e d  bclow in sequeric:c-. f r o n ~  no r t l l  t o  sot~ th .  



I11 t h e  v i c i n i t . y  o f  1Sougl.a~ Carryoi~, s e v e r a l  east.-west:: f a t a 1 . t ~  c u t  r o c k s  a s  
young a s  t i le  Tt1f.E of i3eil.eviL:Lc ( 2 2  r n .  y . )  . Speed and Cogbi.11. (1979a)  r e p o r t  
1.eft:-,-ob:l.:i..clue s:l.ip, a s  i.ndi.catec1 by f a u l t .  s t r i a e ,  on  one of  t h e s e  f a u l t s .  %'hey 
s t a t e  t h a t .  t h e  s t - r i . k e - s l i p  comporlc?nt i s  approxi .mate ly  t w i c e  the clip s l i p .  

A ~~umlse r  of g e n e r a l . 1 ~  e a s t e r l . y - t r e n d i n g  f a u l t s  a r e  a l s o  p r e s e n t  i n  t h e  
vj , .c ini . ty of  Camp i )oug la s ;  a q u a r t z - a d ~ r l a r i a ,  v e i n  al.c.~ng one  of t l i e s e  f a u l t s  was 
dntect a t  abozit 1.5 m.y. (S:i.Lbcl*msn ar-td o t h e r s ,  1 . 9 . 5 7 ~ ) .  A l s o ,  a :I.inear l . a t l t e  
d i k e  and associatc:d a l . t e t r a t i o n  zone which i s  s u b - p a r a l . l e l  t o  t h e  main  Camp 
Doug1 .a~  v e i n  -i.s present :  s e v e r a l  k : l "Lr~~neters  e a s t  of Camp I)oxxgl.as. 'Tile f a u 1 . t ~  
and v e i n s  of t h e  Camp l)ougl.as minri.ng a r e a  gene.ral.ly have  d i p s  of  50"-70°,  e i t - h e r  
n o r t l ~  o r  s o u t h ;  v e i r t s  h a v i n g  d i p s  of  35"-40" were  obse rved  n e a r  t h e  G r a s s l  Mine 
i n  tt-le w e s t e r n  p a r t  of t h e  Camp Doui!,l.as Ui.s!rri.ct; obliclue-s1:i.p i s  in.d:i.cated hy 
J.ow rnlce a r ig l e s  of s l j . c . l e . s i d e  on z;ame o.E tltestt E~iu:l.t s t . i r faces .  A l s o ,  t h e r e  i f 3  

a n  a p p a r e n t  l.ef t s e p a r a t i o n  of a t  l e a s t  0 .7  knl a l o n g  tile main Camp Douglas  f a u l t ,  
and Speecl and C o g b i l l  (1.979a) r e p o r t  t h a t  s t r i a e  o n  t h e  f a u l t  s u r f a c e  i n d : l c a t e  
I.e:Ct--oblique s l i p ,  wi th ,  s t r i k e  movement of  2-5 t i m e s  di.p s l . i l i ,  Flowever, some. 
f ; i u l t s ,  such  as t h e  one  e a s t ,  of t h e  Bounce Mine, h a v e  s l . i ck . ens ides  which r a k e  
approox%mate:i,y 7fi0NW, i . i ~ d i c a t i n g  t l i a t  there ,  a t  l.(?a~;t, t h e  l a s t  movement was 
predo~n. ina i~t . Iy  d i p - s l i p .  

The Si.l.ver Dyke Ve in  fol l .ows a m a j o r  M6O0W f a u l t  which i s  o v e r  6 km long .  
T h i s  f a u l t  i s  hig11-angle, and ( l i p s  bo th  t o  tlhe nort:i~ctrist and s o u t h w e s t  a.l,.ong i t s  
Lc?ng t h .  I t  : i s  somewhat s i lzuous,  and s p l a y s  i . l ~ t o  seve.ra:L more o b s c u r e  Eaul. t s  
a t  i t s  sol.it11ern end.  Adul.ar:i.a Er:o~n t h e  .ve:i~a h a s  been d a t e d  a t  a.pf-)rc)ximatel.y 
17  m.y. (Morton and o t h e r s ,  1 9 7 7 ) .  An a p p a r e n t  l e f t  s e p a r a t i o n  of  a b o u t  1 km i s  
inii.i,cated by d i s p l a c e m e n t  of: t h e  dior:it:.e...-Gold Range Forrnatri.on c o n t a c t .  Sma l l e r  
l e f t  separatr%.ons ; i re  i n d i c a t e d  bly o t l ~ c t r  o f f  s e t  f e a t u r e s .  'The f a u l t  s e p a r a t e s  
i n t o  two o r  more  s t r a n c i s  i n  a f e w  p l a c e s ,  arid t h e  v e i n  material f 1 . l l l .ng  t h e  f a u l t  
zone? i.s IIJI t o  60 111 w ide  l o c l . l . y .  Evf-dence off r e l a t i v e  Inovemen.t, as e s t i m a t e d  
from sl.icki?nz.;i.des, i s  somewhat conf l . i c t .  i ng  . The s l i c k e n s i d e s  obse rved  i.n, a n e a r  
v e r t i c a l .  p o r t i - o n  of  t h e  s o u t h e r n  end of  t-l-~e Sri lver  Dyke F a u l t  on a n  eas tward -  
t r e n d i n g  s p l a y ,  i n d i c a t e  l e f t  o b l i q u e  s l i p  i n  p a r t ,  hav ing  r a k e  ang le s  of  20'-35" 
E.-SIS, and 65 OW. I-iowever, s l i c k e r a s i d e s  in t h e  m:idrlle 'and 'r~ortlherxl p a r t  of the 
f au l . t  r a k e  n e a r  9 Q 0 ,  i n d i c a t i n g  d i p . - - s l i p  movement. The amotlnt of  v e r t i c a l  
d isp lacenier l t  h e r e  i s  n o t  knowrr. 

A inumber a f  mzxjor, h-i.gir--angl..c f au:l..ts c u t  'I'er t i n r y  hornblent ie  a i z d e s i t e  and 
o l d e r  roclcs .In t h e  w e s t e r n  p a r t  of  t h e  quadrang2.e. Al.t21ough. tl1e:i.r s t r i k e s  v a r y ,  
the I.onger f a u l t s  general.1.y t r e n d  e a s t - w e s t .  A t  I - e a s t  one  fau1. t  i n  t h i s  a r e a  
a p p e a r s  t o  cut: Tt?rt:i.a-t:y i ~ ~ l r - f l ~ ~ w  t u f f s ,  b u t  does riot disp:l.ace horrr~bl.ende a n d e s i t e  
which o v e r l % e s  3.t:. i'rc?sumabl.y t l l e r e f o r e ,  some .Eaultd.ng is  older: t h a n  t h e  horn-, 
b l r n d e  andesli tie, S o  obvl .ous f e n t u r e s  ri.nclica t j n g  I - lo r i zon ta l  o f f  set  were  observeci.  
However, a m n j  o r  eas t - -wes t  f au1.t ( a t  i3pprclxima.t:e:j.Y 38'1.8 ' ) l i es  al.ong a l i n e  o f  
c1i.sl:upt:ed st . ream d ra i r rnge ,  photo  :i.:inc?;imemts, and f a u l t s  (L. Gars-icie, unpubS..~.c;hed 
mapping)  extend3.ng 1.0 icrii w e s t  of  t h e  q u a d r a n g l e  t o  a f a u l t  n e a r  t h e  Endowment 
M-i.i~cr i.12 t h e  Mard:etti:i Mi.rling 1 ) i s t ' r : l c t  whl.cl.1 had 1e:ft-obi-iquc s l . i p  d u r i n g  a. 1..934 

, , 

e;irtllqrrake (Cal..l.aghan anrl G i a n e l l a ,  3.935)- 

A s a j o r  ea s t -wes t  f . lo l t  i s  a l s o  p r e s e n t  n e a r  t h e  s o u t h  b o r d e r  of t h c ~  qi~nd- 
r . lnglc,  wirorr i t  c u t s  Q u a t e r n a r y  ~ 2 1  Luvi;il Fan d e p o s i t s .  

T h i s  Paul t i s  a par  t o f  a 1naj01 f a u l t  L O I I ~  which  forms ~ h r  bounii.xry o f  t i le  E x c e i s i o r  Ho i ln t a ins ,  a11d i s  
p r o b a b l y  e s s e n t i a l l y  c o n t i n i ~ o u s  w i t h  a n o r t h e a s t - t r e n d i n g  f a u l t  a l o n g  t h e  n o r t i ]  
s i d e  of liunfuon V a l l e y ,  25 I a n  t o  Liie s o i ~ t - h w e s t .  Spred and C o g b i l l  ( l979-i)  r e p o r t  



t h a t  measuremerzts o f  s t : . r iae on a bed rock  s c a r p  of t h i s  F a u l t  i n d i c a . t e  i t  is  
obl.icjui?--sl:i.p, wit:h Clle s t r i .kc-1-s l ip  component npproxi.matel.y 3 times the. d i p -  
s l i p . .  Based on t h i s  measurement:, and a n  es t : lmated  s o u t h e r l y  th row of ove,r 
300 ru i n  t h e  p a s t  1.5 m, y . ,  t hey  e s t i .ma te  l .eEt- lr t teral .  o f f s e t  of: a. k i l o m e t e r  
o r  more.  

I lydrothc~rmal  a l t e r a t i o n  and  m i n e r a l  cleposj ts and o c c u r r e n c e s  are clui t e  
widespread i n  t h e  q u a d r a n g l e ,  rang- ing  i n  age from Mesozoic t o  T e r t i a r y ,  The 
c l e p o ~  i t s  have  bee11 derlcr  ibed by ,I trumber of ; ~ u t h o r s ,  anti t h e  f o l l o w i n g  d l  s cus -  
siori  comlsines t l l a t  pub1 i shed  l n f  ornlatiorx w i t h  u n p ~ i h  1 2 slied d a t a  ancl il'iforrnnt.ion 
collected rlun.-Lrlg t h i s  ~ ; tuc ly .  A c'r)rcipietc: s t u d y  of r h c  o re  d c p o s l t s  of t h c  quad- 
r a n g l e  w a s  n o t  a t t e m p t e d  d u r i n g  t h e  q u a d r a n g l e  mapping.  

Mines and p r o p s e c t s  :i.n t h e  a r e a  are  normal.ly i n c l u d e d  w i t h i n  t h e  Golci 
Range Mining Di . s t r i . cc ,  whic.h i s  txsual.3.y c o ~ l s i d e r e d  t o  : inc lude  t h e  Ca.mp Douglas 
2nd S i l v e r  Dyke nlrning areas.  'Tile. Go1.d Kange M:LnLng D:istrit::i: h a s  beer1 i.acl.uded 
i n  t h e  S:i.l.ver S t a r  T)ist:ri.ct:, which  rlizzy inc l .ude  the mi.nes i n  ttie . v i c i n i t y  of 
i t  P r o d u c t i o n  ;Si.gures . fo r  these-! d i s t r i . c t s  are t s f t r e n  i n t e r m i n g l e d .  
Ml'.neral izt?d v e i n s ,  a r e a s  o.E hydrothermal.  a l . t e i a t i . o n  and s i l . i c a  t i . on  a.re  genera l . -  
i z e d  on  t h e  map anri desc r : i bed  more f u l . l y  below, general."l.y from n o r t h  t o  s o u t h .  

A numbpr o l  s m a l l  p r o s p e c t s  are p r e s e n t  i n  t h e  Mfna Forma t ion  i n  t h e  v i c i n i t y  
o l  Douglas  C,tnyon. 'l'he woi-kings JI c rrsual J y  p i t s  o r  s11ox.t : i d i t s ,  and t h c y  gene r -  
a l l y  e x p l o r e  nar row (30-60 cm) ,  m i l k y  q u a r t z  v e i n s ,  a l t h o u g h  s e v e r a l  b a r i t e  v e i n s  
a r e  a l b o  p r e s e n l  ( ' r a f u r i ,  1973,  p .  39-40; Archbo ld ,  1966,  I ) ,  J 8 ) .  The q u a r t z  
v e i n s  a r e  g ~ x r e r a l l y  e a s t -  and n o r  t h e a s t - t r e n d i n g ,  and a few s e l e c t  sampl e s  c o n t a i n  
u p  t o  1 0  o ~ / t  on hg m d  s e v e r a l  thousand p a r t s  p e r  b J l 1 i o n  Bg, The b a r i t e  v e i n s  
cont  a i n  w h i t e  b a r i t e  wi tl1 i l ~ c l i ~ d e d  w a l l r o c k  f r a g m r n l . ~ ,  usua  J ly a v e r a g e  &hour 30 cnl 
i r k  w i d l h ,  and a r e  l e s s  t h a n  1 0 0  rn l o n g .  Also  s t i b n i t e  i s  p r o s e n t  i n  a q u a r t z  v e i n  
at t he  Antimony Blossom p r o s p e c t  i n  S l4 ,TGN, t i34E ,  a p p r o x i m a t e l y  300 m n o r t h  of t l z e  
q ~ ~ a d r a n g l e  boundary  (I,awrence, 1 9 6 3 ) .  

EAST OE' CAJIFIEI,I) FIAT 

A f c w  s m a l l  proc ;pec ts  a r c  present :  just. east .  of  G a r f f e l d  F l a t  and. s o u t h  of 
 he main c o u n t y  ro,id. These  p r o s p e c t  p i t s  a r e  a l o n g  a f ew 12-15 cm q u a r t z  v e i n s  
which c o r l t a i n  r i~ inor  i r o n -  onrf r:opper-oxide mlnc rd7s .  The vein,.; art2 C o u x ~ c l  o n l y  
i n  t l ~ c  Dunlap('!) Fu ra~a tLo~z ,  and may be  o l d e r  t h a n  t h e  o v e r l y i n g  T e r t i a r y  horn-- 
b l c u d c  a n d e s i r e ,  i t ld ic .a t i l ig  a d i f i e r e n t -  p e r i o d  of mjnckral l z a t  ion from t h a t  a t  
Camp Doug las  and S i l v e r  Dyke. 

Ve ins  c a r r y i n g  go ld  and s i l - v e x  were  t l i scovere t i  i n  1893,  and mining ac. t i 'vi ty 
cerlterc-ld on  t h e  Camp 11ougl.as a r e a  between 1893 and I 9 0 3  (Vancle.rburg, 1 9 3 7 ) ,  and 
contl.niled t h r o u g l ~  t h e  L930 's .  Pr:oduction i s  be l . i eved  tzo h e  aboub-. $ 2  m i . l l i o n ,  
1nain.l.y in g o l d  (Ferguson and o t h e r s ,  1.954). The work ings  c o n s i s t  o f  Il.umerous 
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Tungs ten  was d i . scovered  i n  1916 a l o n g  t h e  S i l v e r  Dyke Vein on clai .ms 
ori.g.inal1.y loc.ated for t;i.l.ver (Vanderburg , 1937) . Several. tllour;ar~tl feel :  of 
work ings  on s e v c r a l .  l e v e l s  a r e  p r e s e n t ,  which a r e  ma:in:Ly acces s : ib%e  frolrt a d i t s .  
I n  S i l v e r  Dyke Canyon min ing  w a s  c o n t i n u e d  t o  d e p t h s  of  o v e r  150 m, A few 
work ings  a r e  a l s o  present a t  Taln.gst.cn Dyke, n e a r  t h e  n o r  trh end of t h e  vei l? .  
I?rocI\~ct:-jox~ of tung:;terl %s cs1:irnatetl t:o be about: 50 ,000  un:J.ts (450,1)00 kg)  of  
!do3. Tlie t o t a l  v a l u e  o f  p r o d r ~ c t i o r r ,  m,aj.nly t u n g s t e n ,  i s  approxi -mate ly  $1 .5  
m i l l i o n  (Mull.er and o t h e r s ,  1.954) , ~ n o s t l y  be£  o r e  1.938. The o r e  mi.ned r e p o r t e d l y  
averrigeci :?bout I.% WO3, w:ith loc . a l  v a l u e s  up  t o  s e v e r a l  p e r c e n t .  

The S .L lve r  1)yke v e i n  t rencls  N60°W, and i s  a.bout: 6 km lorrg. I t  i.s steep1.y 
i.ncl.ined ( '70"-90°), and c o n t a i n s  f i n e - g r a i n e d ,  w h i t e  q u a r t z  wit l t  comb and cock- 
a d e  s t r u c t u r e  n e a r  t h e  s u r f a c e ,  becoming more rrlassive a t  d e p t h .  P l a t y  o r  Lamel- 
l a r  q u a r t z  i.3 p r e s e n t ,  appa.rent l .y  a s  a  clc?a.vage-plane r e p l a c e m e n t  of c a l c i . t e ,  

F 7 sim:i . lar  t o  tll;rt no ted  a t  Camp I1ougl .a~.  Lhe v e i n  i s  a t  ] .east  60 m wide In some 
a r e a s ,  b u t  i s  g e n e r a l l y  5--10 Ian, P ropyLi t i c .  a l te rn t : f . t>n  is  p r e s e n t  i n  1iornbIende 
a n d e s i t e  for. a c o n s i d e r a b l e  d i s t a n c e  w e s t  of t h e  ve-i.n, whi.ch c u t s  t h e  Gold Range 
Porma t ion ,  d : ior : i te ,  and  T e r t i a r y  vol.can:ic r o c k s ,  and  rnay have  had l e f t - o b l . i q u e  
s.'l.i.p a l o n g  trlie zone.  

The v e i n  materio:L c o n s i s t s  o f  - inc lus ion-Ei l . led ,  q u a r t z ,  f i n e l y  c rys t a . l l . : i ne  
atiul.ori.a,  schc.el.:i te ( s o m e  corztaini.ng insl.ybdenrim) , and, aecordl . . r~g t o  S i g u r d s o n  
( l 9 7 4 b ) ,  aS.b:Lte, p y r i t e ,  ckzal .copyri te  and t h e  Art-A.g te l . l . .u r ides  hess l . t :e  and 
p e t z i . t e .  F r e e  go.3.d -I.s a l s o  r e p o r t e d  (Mn1.1er and o t l z e r s ,  1.954). ' i i r e c i o ~ l s  ~ r i e t a l  
v a l u e s  3.~1 a f e w  o r e  s l i o o t s  a r e  up t o  1 0 0  oz / t .on  Ag and I o z / t o n  Au; a  rough  a v e r -  
a g e  of so1~1e unprib:l.ished va:l.ues I n d  i . c a t e s  a n  Ag :Au ra.t . io of a b o u t  200: 1.. Supe rgene  
ox i.cfat i o n ,  yr:l:od~xci.ng .i.ron- ;iricl rna~.lganese-.or,ide m i n e r a l s ,  >;ypsurn, a~nd ka.ol in: t tc?,  
I.1a.s ex tended 110 d e p t h s  of a.L I..east. 130  m a l o n g  c e r t a i n  zones .  Flui-d incS.usl.on 
h o ~ n o g e n i z a t i o n  s t u d 5 . e ~  (Sigurcison,  %974a,  b)  i n d i c a t e  t h e  c r y s t a I l . i . z a t i o n  temper-  
a t u r e  of  t i le  ma.in p h a s e  o f  t u n g s t e n  m:inc?raK:izatior~ a t  S i l v e r  Dyke was sJ.ightl.y 
over :I0Ot 'C.  Adu1.ar:i.a f rom q u a r t z  ve : in  m a t e r i a l  i n  t.he S i l v e r  Dyke Mine a r e a  g a v e  
a i(-,Al: a g e  of 1.7.3f0.2 m.  y . ,  a b o u t  2 m . y .  o l d e r  t h a n  t h e  Camp Doug1.a~ v e i n  a g e  
(Gars.i.de arid Si lherxnan,  1978;  Morton and o t h e r s ,  1 9 7 7 ) .  Kerr (1.936, p.  4 .7)  sug- 
g e s  ts that: some of the S i l v e r  Dylite v e i . n s  nray b e  o l d e r  thari t .he hornbl-ende a .ndes i , t e ,  
al.t:hot.~gl-i some cl.ear1.y c u t  i t .  

Severa l .  s h o r t  n o r t h e a s t - t r e n t l i n g  v c i n s  a b o u t  1. lm ~ ~ o r t h e a s t  of  t h e  S i l v e r  
Dyke Mine c o n t a i n  sporarlic manganese-., copper- ,  and i r o n - o x i d e  rninera2.s i n  d e n s e ,  
v f t r c o u s  cluarhz. T1.1e rcl.atj.or1si1i.p of  t11e.s~ ve . ins  t-o t h e  Carnp 1)ougl.as o r  Si1l.ve.r 
Dyke ve:ln sys t ems  i.s unk.nown. 

in  a d d i t i o n ,  < ,evcra l  narxow v ~ i n s  colz ta in  ing  q u a r t z ,  p i n k  p o t a s s i t m  f e l d s p a r ,  
p y r i t e ,  c h a l c o p y x i  t e ,  b o r u i t c ,  and m o l y b d e n i t c  c u t  t h e  d i o r d t e  w e s t  of t h e  S i l v e r  
Dylic v e i n  i n  t h e  Lower ad  i t  of  t h e  S i l v c r  Dyke Mine arid a l o n g  a n o r t h w e s t - t r c i l d l n g  
canyon which intersects S i l v c r  nyke  Canyon a b o u t  250 zn u p s t r e a m  of t h e  o l d  mlP1 
and h o u s i n g  a r e a .  Q u i t e  na r row q u a r t z - e y c  g r a n i t e  po rphyry  d i k e s  a l s o  c u t  t h e  
d i o r  i r c i n  t11 i s  a r e a ,  a r e  n l i n e r a l o g i c a l  1 y soln~what- s i m i l a r  t o  t h e  quar tz-porass iuru~ 
f c l d s p a ~  v e i ~ i l e t s ,  and become more  numerous n e a r  3 l a r g e r  po rphyry  mass.  T h i s  
porphyry  Inass, 0.5 lari nor thwest -  of the  S i l v e r  Dyke Mine, shou ld  be  f u r t h e r  j n v e s t i -  
gat ed f u r  t i le  p o s s i b l e  p r e s e n c e  of more e x t e n s i v e  molybdenum m i n e r a l  i z a t - i o n .  P i n k  
pot.~s:;ium f e l d s p a r  From oilc of  t:l~iv,e v e J n l e L s  prcr;enL i n  tile lower adl t .  of  t h e  
S i 1vt.r Dyke Mine gave  ~1 I<--Ar age of 7.5.9*21 In. y. ( G ~ r s i d e  and S i lbe rman ,  1978;  
MorLon arid o t h e r s ,  1 9 7 7 ) -  T h i s  age  shotrld p r o b a b i y  b e  c o n s i d e r e d  a minimum, and 



v 1 1-1 y Ind t c h : ~ t . c ~ ~ r  : r n  o l d e r  pel- Lot1 of 1x1 l l l~*ral  f z11 L l o l r ,  p o r ; ~  l I )  l y u,ysor : l :~  tetl w l Llx 
t h r  ciz~artz-ejw g r a n i t e  po rphyry .  MoLy1)iienum i n  s t h e e l - i t e  p r e s e n t  in tEse younger 
veins; at Sl1vt .r  Dyke may Is;~vc bcerl r c n ~ o l t i l l z ~ d  i'rom t h o s e  o l r le r  v e i n s .  

The T e r t i a r y  nsli-.El.ow t u f f s  e~rpcrsed i.n t h e  s o u t h e a s t ,  p a r t  o-E tfxc quadra .ngle  
a r e  o f t e n  q u i t e  a l . t e r e d  t o  an advanced a r g i l l - i c  asscmbl.age of q u a r t z ,  k a . o l i n i t e ,  " 
and pyropE1ylli  t e  o r  q u a r t z  a.nd a 2 M  mica. T h i s  a l t e r a t i o t ~  :is p redominan t ly  i n  
t h e  r h y o l i t e  t u f f ,  t h e  l.owr?:;t o.f t t ~ c  T'ert:i.ary 1 1 n i . t ~ .  I t :  doe:: tlot a p p e a r  t o  
a f f e c t  t h e  o v e r l y i n g  b~ornb:l.ende nnde:; i te ,  s u g g e s t . i n g  t h a t  t h e  a l . t e r a t i o n  i s  0.i.de.r 
thnri t h a t  u n i t  . 

A f e w  niinor q u a r t z  ve.:i.ns c u t  t i le  M-irla Format-Lon n e a r  t h e  i n t r u s i v e  c o n t a c t  
w i t h  t h e  b i o t i t e  q u a r t z  moizzoni.te pl.ut:on wh:i.cIl 3.s exposed a t  t h e  mountair>. f r o n t  
:1 km southweti t  of the mouth of S:i.l:ver 1)yke Canyon, 'These v e i n s  usual . iy c o n s i s t  
of clense, v i t r e o u s  q u a r t z ,  variab1.e nmount:~ of serl .ci . t :e ,  ar:d g a l e n a ,  p y r i t e ,  
cha l .copyr : i te ,  and s p e c u l a r  h e m a t i t e  a s  well .  a s  thc- i . r  oxicl-i.zed equr iva . len ts ,  
S i l . v e r  .i.s r e p o r t e d  i.n some a s s a y s ,  

T h e  1\2oho Mine c o n s i . s t s  of a b o u t  1000 m o f  underground worki.ngs a l o n g  a  
N30°-450E a l t e r e d  zone and rluartz--vet;l  sys t e~ : i  abonc  1200 m l o n g ,  and i s  %ocat:c+d 
a l lnos t  r?n t . i re ly  outside t h e  quadr;lngl.e, t o  trhe west. of  t h e  i;outhwe,st c o r n e r  of 
t h e  map a r e a .  'Che. ch$.ei' valuc.s a r e  f r e e  go:l.d w i t h  some: si.l.ver and a l s o  l e a d  :i.n 
tlie f orrii of ccrrusi. . te (Varrc'ierburg, 1937, p. 40-42; Ross, 1961,  Table h . L ) ,  
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