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GEOLOGICAL SURVEY RESEARCH 1970 

SPATIAL RELATION OF MINERAL DEPOSiTS 
TERTIARY VOLCANIC CENTERS IN NEVADA 

By JOHN P. ALBERS and FRANI< J. I(LEINHAMPL. 
Washington, D.C., Menlo Park, Calif . 

. ll;s.'mct.-.\lJOllt '0 llwjor Terti~llT I·':.kanir: cen:2rs hal"e 

·:n :·('~()r.;-nL~ed ill ~~t::':ad~l. Sorne 17 ~l~'e t'icb(-l' cl-:l'raill I.J!' pos­

~~ <1 ~deras l':1ngil~:;" in diauJett-'I' rr(ll11 :-j u) ~;3 rtiilt:-.~ .. \:-::.~(!C'iated 

.'ll :;.) of thr: SO CC'!lt(-i"S nI"0 .. 'pflriali:; related lnin-eral ueposits . 
. e mure imporrant one.'; are in the folloll"iu:; d~,[riC:ts: Bull­

.:; rC;llld. silrer), Dah.l" (fillor."p'1l"J, Go!eIfield I;old. si[l"er), 

:lOP;lh Isill"er), Si!n'r Pe,lk I siln:r). Bo(lie and "\.llrora I gold 
.I,ll rer), COlm;tock (silrer. gold.l. und Opalite (mercury). 
,,1o!yic setti]j~s tYpb11 of deposit., as.oodated Ivitb l"olcanic 
:lre!"" include: 1,1) rim fracture zones of caldE-ra3: (2) areas 
local uplift tlla t lUay retlect the intrusion of an igneous 
If: and Ol) group,; of I"E-ins. breccia pipes, and breccia zones 
:Ir the heart of a I"oleanic center, ,yhicl! may dip inward 
Tard the presumed center. 

A program of geologic mapping of connties in 
,rarb by geologists of the U.S. Geological SUlTey and 
8 :\evacla BUl'en.ll of ':'Iines, unc1en\"ay since tile 1950's, 
3 iul to the recognition of about 80 Tertiary volcanic 
ltel"S fro111 \yhich a large yolume of rhyolitic to ande­
ic m:lterial has been erupt8d (fig. 1). These 80 centers 
~, for the purpose nf this discus.oioll/ regarded uS the 
jor l.Jl1es. Their number does not include the hundreds, 
:'klPS thousands, of small rh}'olitic domes and plugs 
I basaltic ,"ellts. Of the major centers, about IT are 
le,"ed to be c,dcleras ranging in cli,lmerer from :3 to 
mile:,:. Some of the eentcrs hn i"e been described in the 
'ratUl'p by geologists \yorking at rhe Xenuh Test 
e and by other geologists. :\Iosr of the 80 centers, 
:revet\ have not been described in publication. lYe are 
'ebtecl to our colleagues, all members of the Geological 
("rey except where otherwise noted, for locating them 
nany of the counties: R. R. Conts, Elko County; ROll-

chIs pnr~r Is a somewhat revIsed versIon of one presented In Peb" 
'!" HlGS at the nnnuill me~tlng of the AmerIcan InstItute of :\fln!ng 
.neers !n Xc\\" York (Albers and Kle!nhampl, lOtH). Interest at that 
<lnd contlnuing requests for coples of the paper have led to this 

kntlon. 

o 

EXPLANATION 

• o ~ 
Cnmineralized 1fineralized 

Volcanic centers 
Caldera 

o 

FIGURE I.-Tertiary \"o]e;111ic cCllterc'. :\"erac1ll. 

aIel IVillclen, R. G. Y;ltes, and G. I\r. I\~nlker, lInnJoolllt 

Count,,-: Ronald IYillden, Churchill County: IT:Hold 
Donham, of the XenHh BureHIl of ..'lIines, \\~a;:lJ(Il' ~Il\j 

Churcbill Counties; J. G. S[oort'. L.wm, Dong-In:" and 
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C2 STRUCTURAL GEOLOGY 

01'111:,1;)' Coullties: E. n. Pamp(:yan, Liw'oln County: 
D. B. TMlock. Pl'l'~hili.~ ('ounty: E. H. :'I[c1\:ee, .J. H .. 
Stewart. and H. C~ . .\IasUl'sky. Lander County: 11. ,J. 
Hoberts and H. G . .\LtSlll':J,y. Eureb County; 11. O. 
FOlll'llier anrl :'If. C. Bla:.ce. \\'ltite Pine County; ntHl 

H. n. COrlmalJ. ,.:n1;thel'll ~ye (·ounty. In addition, we 
h:W8 o11ta i ne(l in forma t ion on t ;ie Bodie district in sei'­
eral field confel'enc'es 1\ ith C. II'. Che~terman and Clif­
lord Gray. of the Californi:l Di\'ision of :'I[ines, and 
inf()rmation on the> region en"')mpa:"sed by the U.S. 
_\tomic Ener!:!'." Clllllrl'!i~jon tt:.~ting :t'acilities in con­
rere'llce with E. B. Ekn"l'. H. _\. _\nderson, and other 
:.ceolog-i::;ts \\'ol'king' Itt rll\' :'\e\',Fln Test Site. and from 
their puhlications, ne"poll~ibilit~, for the identification 
of m03t of the cemer:" :,howJl in Esmeralda and :'Ilineral 
Counties 1'e",[5 \\'jr:. ~\lbE'l's: that for those shown in 
:lOl'thel'll :'\ye C' ,1 11L;:-' \\·it;l El"::llnmpl. 

_Uthough the l'l")gnition of most of the SO centers 
looks plausible in O'll' prc;;ent qate of reconnaissance, it 
should be stressed t:lat the n::uure of a iew is speculative 
and may be displ'()\'ed in time: no doubt centers not 
known no\\' \yill Iw rC',:·og11izecl. The reader should note 
that most of the centers nre in the central and ,,-estern 
parts of the State: only a ,'er:' fe,'\' are in the eastern 
and southern part~. 

Published maps hy Schilling (1964), of the Nevada 
Bureau of :'IIines, ~ho\\' :)±-± e~tablishecl metal mining 
districts in :'\e\'ac1a. Of tilese, about 75 are in Tertiary 

\'olcanit: ho::'t rock::;: the relll:linin!,:' :'i 
of pl'e-Tertiary age'. Of the S() 111:\ i 
mentioned abol'l', :\;) hal'p sjmtia'll ',' 
po;::its, eltietiy IlWl'clll'y,2,'olrl. :-:il\l'I'.!' 
and possibly manganese. The i.h.".' 
sug~ests a pns::iible g-cllcti,' l'l"!arj", 

useful guil1e to cxplorati(Jll. 
Some of the more imponant d~, 

be spatially related to \'olcanic ('('lil 

(gold, silnr), Daisy (fiWl),SP"l' 

sil\'Cr), Tonopah (siln'L'), ~jl n'l' ]. 
and Amora (gold). Comstoe[.;: i' : 
(merctll'y), and '.\IajuLn Hill I!.::<.l:, 

these are discussed in some Ilrct:\: ~ 

tions of this report, and (lata ", .. 
tabulated in table 1. 

Some typical geologic settings n.' 
\\'ith \'olcnnic centers inc! nele : (1) r;i. 

calderas (Bullfrog, Daisr~ Opnlite: ( 
areas of local uplift that lllaT reliee; 
an igneous body (Tonopah, Gol,Jfiehl 

Bodie and Aurora) : and C3) gTO\l J' 
pipes, and breccia zones near the he . 
center that may clip imyal'cl tomud 

Pen.k :\iaj llba Hill, Bodie). As seen 11 
cation. the deposits in SOllle districts. 0',' 

Golc1fielc1~ appear to han composiL' 

T,\BLE I.-Briel' description and age of mineralization al major mining districts associateel with roh'a;: ,'" 

District Type of deposit Age of mineralization t 
(n:illions of y nar3) 

,'l.urora ___________ ~'·)lcC\nic cente:-. Y e ins _ _ _ _ _ _ _ _ ___ ~ _ _ _ _ _ _ _ _ _ > 12 . .s _ _ _ _ _ _ __ 

Bodie __________ _ 

Bullfrog _________ _ 

Comstock ________ _ 

Goldfield ________ _ 

U!~differemia~ed. 

Intrusion, "ith _____ do ___________________ _ 
uplift !?). 

Caldera ______________ Deposits along rim fracture 

Intrusion, "ith 
uplift?) . 

zones (veins and bona nza 
, ~)f8). , ems _ _ _ _ _ _ _ _ _ ___________ _ 

7.9 (adulilrial- __ 

13 (udularial ___ _ 

_____ do_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ :::: 21 ________ , __ 

Gilbert Ilnd 
Yeln'" :\1-;'( 
1%~). 

:'1. L, ::lUbe:'!',::" 
1%91. 

H. R. Corn\Y:1Ii 
HlG9). 

D. H. \"hite!)! 
10GSI. 

H. Fl. CormY.-· 
19G9). 

:'.fajuba HilL ____ _ 

Caldtra .?) and (or) 
intrmion, "i:h local 
uplift. 

Intrush'e complex 
(heart of volcanic 
center). 

Yeins, some replacement of 
rhyolite and breccia. 

Tcrtiary(?) _____ Trites and Tk 

Opalite __________ _ Caldera ____________ _ Deposits along rim fracture 
zones. 

Silver Peak ____________ do _______________ '-eins ____________________ _ 

<13 __________ _ 

<.5.9 _______ _ 

Tonopah __________ Intf1lsion, with uplifL _____ do ____________________ >17.5, prob-
ably '>22. 

I Primary age control, ('~r:ep~ for ~laju:,)3 Hill. is b3.5~d on K~Ar dating techniques. with the agf' of n::inewliz,1ti0l1. 
ages of YflJcnnic Lest re,ck (:' ;'0('1::5 [;.];-:(,1"7.: t(., :he r.ost s.::d ob:ained ernnl sources I!i-vc-n. 1'112 :\In.juba Hil11!Ze ~s b:151'1t 

:! Age basl:d On uatt's ui.,:~~ir: . .::,l b:: E. D. E~:t:n ',oral comr.:urt., 19f'1,,)) for the Fr3ctiu;1 Tu:: in tbt~ I{~lWich R~1n?(\ 
for the Toyabe QU3.rtl. Lat::·; i.n :~e TOly~be R3.nge. 

200-201). 

G. ,Yo ,,,,,lker 
19G5). 

Robinson, :'lcF 
(19GS, p. ;,," 
Alber" and J. 
rnp\\blisilcd 

(2). 
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SITS RELATED TO CALDERAS 

If)"! dearly related to calderas include 
i' )!..'.'. po,;"ibly Gohli1clc1, Opalite, and 

11ills c·tllclera in the Bullfrog district, 
, :2, table 1L measures 10-13 miles 

"l"ll \\'all awl Kleinhampl, 190·1). The 
: a ic; nnderIain principally by rhyolitic 
;n,lllell ttl irs that form a broad faulted 

,(\l"a1"(l toward the peripheral fault zone 
',l"tl rim, Displacement on the peripheral 

..; vxposell along the southe.ast rim is 
, :lll' northwe;:t or inner side being down­
':e 11 known mineral deposits and most 

Ij("..;ir..; in the Bullfrog area are located 
',Hilt;;: uf tlle caldera. or near the related 

ill't' t htl r extends out\yard from the 
The (,;llclern. Three of the deposits, 

iii'''. n 1'<> on the east rim of the caldera: 
.:-:-::,f)"llOlle (], fig,:!), the ::\Iayflower (2, 

P ioncer \ 3, fig. 2). The fourth, the 
mine C;, fig . .2), is in Paleozoic rocks 

-outhern margin of the subsidence zone 
,gentia1ly out\",ard from the caldera 

.;. In addition to these deposits, a con-

.--'---

/~ S-'<RCOBATUS FLAT 

centration of small deposits, mostly gold and siher, 
occurs along the east rim of the ca Idem, and several 
other gold deposits occur within the caldera along the 
north margin of the area of pre-Tertiary basement rocks 
that have been pushed up into the tuft's and ash flows 
(see Original Bullfrog mine, .5, fig. :2). 

Goldfield 

The Goldfield district, where the CS. Geolog'ical Sur­
Yey currently has a project, is at the site of a "olcanic 
center that may be a resurgent caldera (table 1, fig. 3). 
That a volcanic center exists is indicated by the unique 
pile of ,"oleanic rocks-quartz latites. andesites, and 
dacites-that thin out away from the area and are not 
found else"'here in the region. These rocks are mostly 
early to middle :\Iiocene in age anel are extcnsinly kao­
linized, alunitized, and silicified. The silic·ified and 
alunitized rocks commonly form tabubr ledges that in 
the aggregate make an east\\'ard·elong~\te elliptical pat­
tern seyeral miles in diameter \ £g. :3) and open on the 
east. The pattern reflects a c(.]H:entric fractnre system 
that suggests 'a, colla pse structure. HO\\,l'\'er~ the presence 
of the older Tertiary and pre-Tertiary rocks in the cen­
tral and western parts of the ellipse is not consistent 
,,,ith the idea of collapse and. instead. suggests uplift 
or doming, possibly by a resurgent igneous body at 
depth. Modifications of a resurgent caldera by Basin 
and Range faulting may acconnt for the distribution of 

EXPLtl.NATiON 

Bas&:t;;:;dla tit.e 

R~yo:'te "nd rhyoiitic tuff 

\Ye:dec :uff. rh.-;oJitic 

So:-r:iirr.'2nt&:y, mete.!11orphic. 
a;-,d igneoas n,cks 

Lirr-it of c2:.ier.:;, or subsidence 
A ' ~ :ructurE:-

.\lir.e 

:"!' 
:\iir;2 lO(:2ticl;. mentloned lD text 

a: 
w>­
I-X 

'-0:-0: 
:JZ 
a 

>­
a: 
-0: 

'I­
a: 
w 
I-

FIG1:RE 2.-Bullfrog district, Xemda. 
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Da.~hed and qut'f·iNI where 111-
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FTG1..-RE 3.-Golclfield district, :\"enH1:1. 
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: \ 'I ,,", 'flll' knowll gold allli ~il nl' deposits 
rill' \H':'-tel'll anti norther]] sides of the 

'.1\': !I::- pl']'('ellt of the procluction has 
- _' it'll! ahout tlin'l'-fomth" of a mile long 

',{", TIll' dip of thl' main mineralized 
.. ,'l' i" ahom ;j,jO enst\ynrcl. to\\'<1l'cl the 

':0. 

I' ,ii.c'tl'id (taLle L fig, 4). located along 
. \HL'll Xl'\'acla and Orego]]. "':IS studied 

I, I r, Y:ltl'."~ ,\'ho found foul' !Iuid:silnl' cle­
__ : Le Cordero, to lie ill steep fault zones 

;::l1' area about 20 miles in length, The 
:1l places marked by ill'Y<1l'cl-facing 
feet lligh, III this aren~ Tertiary 1'01-
"Ill'~iti(' to basaltic la\':lS:H the base of 

·"ct hy extensiye ,yelded turfs, are onr­
t'lie tUli'aceous lakebeck The andesite 

::,"- ll1:1Y 1)(' about 14.5 million years old: 
..... ll',l rnfls are about 13 million years old 

. :>. ,', (;1,,,1 comnmn" 1968). 

.J--' 
.,-----,:-! 
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.\IcDermitt 

The kinds of rocks. their distribution, and structnral 
relations snggbt that the lakebeds fill a calderalike col­
lapse feature. Lake sediments commonly fill such de­
pression,,;, as :ol!O'Yll for example by Sl11ith~ Dailey, and 
Ross (H)6L p, DUG, DH'iL at the \~alles Caldera, 
X. ~rex. E\-idence presented by Yates (1D±2~ p. X326-
X328), !JO\wnl', places tlle major collapse after the 
deposition of the lakebeds in the Opalite area. ~rore 
recently, R. G. Yates (oral commun., 1068) states that 
as caldera structures ,,'ere not generaJly recognized in 
the early 1D40's~ he only su"pectecl the presence of some 
kind of n collapsed ,'olc:mic structure, and further that 
the eyidence in the Opnlite area does not conclusiYely 
proye deposition of lacustrine beds prior to faulting. 
In recent years. workers in the area han recognized it 
to be underlain by a calderalike structure. with many of 
the kno\\']] mercury deposits l~-jl1g' along the northern 
segment of the rim fracture ZOlle and the large Corc1ero 
mine near or on the infenec1 southeastern rim, 

Silver Peak 

A yolcanic center .J-(i miles ill diameter forms the 
highest. part of the Sih'er Peak Range in Esmeralda 

EXPLANATION 
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C"11llty It n ble 1, fig. :». This center is marked Ly a 
thick body of trachyandesite that is the younge;:t ':01-

c[I,]ie 11nit except basalt and appears to fill a calc1ern:ih 
(lepl'ession. The ,1ge of the trachyandesite is only .j.r; 

In.,'>'., lllnking this center one of the youngest major ':01-

('anil' centers in Xel'nda. Cutting the eastern part of the 
llUl;:;" of traehyandesite are a group of northeast-:otrik­
ing Yeins bearing si1l'er chiefly as argentite: barite alld 
calcite al'e principal gangue minerals. The ,yestermLost 
\'('i113, including the )loha ,yk and Sanger, dip nor:h­
,\"(?st toward the presumed center of the caldera (rig . .)). 
The mineralogieH 11y similar nins farther southeast clip 
steeply either northwest or southeast and cut a complex 
of 'dlkanic rocks tlmt are older than the trachyande'oite 
and range from andesite to rhyolite in compositio:l. The 
\,(,l'y youthful age of these rocks anel deposits and tL~ir 
(;1<)"e spatial relntion nre highly suggestiye of a generic 
:elatiomhip. 

DEPOSITS RELATED TO INTRUSION AND UPLlFT(?) 

De-posits related at least in part to intrusion \\'it:1 p0S­

sible uplift include those in the districts of Boci:e r,:lcl 
),.Ul'ora. Com",tock, anel possibly Goldfield amI TOL01".h. 

Aurora-Bodie 

Gold- and sih'er-bearing quartz i'eins cutting Terti­
ary propylitized andesitic rocks were the source of ore 

o 

at Bodie, Calif., and at Aurora, Xe.\'. Aurora li(·· 
northeast of Bodie and is sep,(ratecl structUl';i 
it, but both districts are related to a i'olcanic 
that forms an elongate, northeast-trending toP( 
high, :25 miles long, bordering the north rill 
"\lono Lake basin (table 1, fig. G). Several elisc]" 
tiYe centers hai'e been recognizecl within the 
highland complex from which rhyolites, quart. 
dacites, andesitf's, and basalts ha ye been erup 

The Bodie district is more or less cen trall" 
within the highland complex in pl'opylitized ,{: 
fied "olcanic rocks of intermediate composition. 
mined from seYeral systems of nOlih-striking 
clipping I'eins, many of which cut an andesi 
that. underlies the main part of the district k 
~he Bonanza zone. Chesterman, Silberman, 8 

i 1 P69, p. 10-11) indicate that andesite intru< 
emplaced into anc1esitic flo'ws and tuft' brecc 
::.earing solutions, apparently related to a }a[c 

the intrusion, are considered to haye deposi 
metals approximrrtely 7.9 m.y. ago, the age ob 
..\1. L. Silberman on four adularia samples, 
each of hyo Hins in the district. 

.. A.t .lurora, ,-eins with major production n: 
a teel with steeply clipping silicified "reefs" tl. 
r.ortheast within intensely propylitized and loc, 

\ To U.S. 6 
II 
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i.., -1 '''I 
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I~ . . . ., 
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FIGt:I!E :;.-Siln:l' Pecik Rar.;e. E"meraldu County, Se\,. 
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FIG1':RE 6,-Aurora-Bodie area, California-Xevada, 

\ ;t:!desitic flows and breccias, Rhyolitic to andesitic 
':'Ii~j I'I'S are common in the district. Some are clearly 
:n"l'l' than ore mineralization; for others, genetic 

, :1 jfl!!':hips to the ore deposits is ullknown. 

:?mstock 

,\. S[1" Ing argument call be made for a large Tertiary 
t!J ii' center in the Comstock lode district (table 1, 

:. 7 i. Thompson (19513) points out that the c1ist.ribu­
:,l!le! thickness of the ..:'lIra Formation indicates that 
,l':\'<, "ne of the centers from ,yhich it ',ns erupted 
,-i 11:l,'e been in the Comstock district, and that the 
:l:;l'l' Kate Peak Formation ca~ne from ,'ents in the 

Hange and nearby areas. ,Yhitebread and 
'i';,,], [1968, p. 4-5) also mention intrusi"e Kate Peak 
~::c Cm1stock district. :Jloreover, it is temptmg to 

,",'u!ate that the Da \"ic1son Granodiorit€, which is 
'111:,:"1' than the Alta and may be in part contempo­

'::CrJllS ,,-ith the Kate Peak, could mark one. of the prin­
:,tl ,'enters from ,,,hieh one or both of the andestic 

.. :t:: were derived. 
TJle heart of the Comstock lies directly east of the 
"[fLon Granodiorite, and the principal ,-ein system 
':1:! rhe Comstock fault clips eastward nIYay from the 
:;.: Ilt about 45°, Ic1ealh', if lYe subscribe to the classi­

:! hypothesis that ore fil~ids are derived from bodies 

of cooling magma, we might prefer that the dip of the 
Comstock fault be ,vestward toward the granodiorite 
stock. However, the eastward dip is certainly not a fia w 
in the argument of spatial relationship to a large center 
in the Comstock area. X or is it incompatible with the 
concept of a genetic reb tionshi p with the Davidson 
stock, as little is known of the routes and processes in­
'-01 red in the migration of the ore-forming fluids. 

Tonopah 

The Tonopah silver district is on the northwestern 
side of a ,'olcanic center characterized by numerous 
domes, plugs, and flows of rhyolit.e quartz brite, and 
andesite t.hat are of middle :JIiocene age and mostly 
younger than the mineral deposits (table 1, fig. S). 
The :JIizpah Trachyte (andesite) is the host for the ore 
deposit.s and is intruded by the other rock types. Part of 
the same, or a similar, yolcanic center is present at the 
Divide district, several miles south of Tonopah (fig. S). 
Here the mineral deposits are younger than those at 
Tonopah and occur in rocks that overlie or intrude the 
host andesite there. The abundance of the younger small 
intrush'e bodies in an area otherwise umlerlnin by Lull' 
and andesite lava shows that the general Tonopah area 
,,,as the site of considerable volcanic acti"ity in Mio-
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cene time. l~l!\yarcl doming of the Halifax and Tono­
pah falllts, nItem tion anel ore zone:", ar.d zones defined 
by gold-silnl' ratios led :\"ol::tn 119:3.5) to suggest that 
the Tonopah mine area "'as (1')111(>d. p03sibly above 
an igneous intl'u;oion prior to cleposirio:l of the Esmer­
alda 01' Siebert Formations. Ina."nluc:h '}3"en'1'al plugs 
(Odclie Rhyolite, Brougher Dacite) younger than the 
Siebert. are lm()wn in the immediate area, this conclu. 
sion is certainl," reasonable. Quite poo3::)ly~till another 
plug-like 01' stnd:like mass repre::el'.tiLg t:1e intrusi'i'e 
episode is not fa l' beneath the Tonopa:i ~,'orkings, 

The ore del)()"its at Tf)nOpah '[Pi'e,H' to rank about 
\yith those at Golclilelcl as the olcle~t :n ,he districts 
herein describe .. 1 !table 1). _,\.t TOllOp'1h. the ore is pre­
Fraction I3rec"i a 'I'here the Fraction. o':or1:es the Miz­
pah Trachyte llr)st. The age of the ore EilEr be greater 
chan 17,J m.y. it one accepts this as the a!!e of the Fmc­
don Breccia as extrapolated into Ton'Jpnh 11'0111 the 
(Iated correlati'i'e unit about 45 miles to the east in the 
Kawich Range (E. 13. Ekren, oral comuun., 1065). 

In addition, the ::\Iizpah Trachyte ma:: be eoenl with 
thin andesite f1o,,'s that underlie the flpp'o:.::imately 22-
m.y.-olc1 Toyabe Quartz Latite (Kleinha:npl and Ziony, 
HII;7), fl ,yelclcd tuff in the Toiyabe HtIl:::c about 45 
miles north of Tonopah, A lom~r linlit ror the age of 
the ::\Iizpah cannot be set. but the ba~al ::\Iizpah inter-

tongues (Xolan, 19:3,'), p. Ie) \'I'itll ,'olef!n;" -'I 

]un'e affinities \'i'irh, and lllay grossly I, 

rhyolitic rolC1lli,: ~eqnellce that under] i,.'- t; ,,' 

flows in the Toi~'abe Rang-e. 'Illest' [';,:",:i 
rocks are beliencl to be early ::\Iiocent' ;;\C"', 

OTHER DEPOSITS ASSOCIATED WITH vOLeA'. ' 
CENTERS, BRECCIA ZONES, Ai'lD :='lPES 

Deposits belong-in£!' to this geologi" 
::\Iajuba Hill in Pel'3hing COllllty~ COl,,', ' 

tnres fonnel in c1epo~its relatecl to 
01 igneous iml'llsioll and 'lplitt. 3lll'it :lc 

Bodie. Rnt ::\hjnh\ Hill i::: cle:1l'1y ])I" 

dern. nor i,;; it u\n'ion;;l." re bted to 11r, 
::\Injuba Hill i" a (011lplp\: plug: of Ter:' 
rocks, about :).')O() feet in eli"meter. C1','­

seclimelltar~' :'[l'Clre, Itable 1. fig:. n i. 
I'arieties of inrl'llsi'i'e breccia form 
and irregular ma~ses clltting the I'h.": 

latter include :1n earlier and later I'll,\", 
a rhyolito porphyry. The rhyolitic ro, 
intrudecl secliment:1l'Y strat:<. nrc sir 
and tourmalillizecl (Triti'~ :mcl T11m," 
anel tin are the principal ore' minCl',li-, 

paragenetic :::c'lnence is tonrm"linc 
and tin (younc[e~t). [mel nIl ltl'(' : 
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~Iajuba fault, which is the principal fracture in the 
area. 

The mineralization of all the deposits discussed here 
and of others as ,Yell occurred after the rolcanism and 
indeed after the ,-olcanic rocks were soliclfiecl. HOI, long 
afterward is not known. The presently ayailable e,-i­
dence seems to allow the speculation that many, if not 
most, of the ore deposits spatially associated ,yith yol­
canic centers are also genetically related to the centers. 
Whether or not this is a valid inference~ the fact that 
many deposits are located close to knowll ,-olcanic cen­
ters may be a useful concept in exploration. 
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