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hi ly altered 4o quartz' sericite avd ad 1a*ia.,yz“he

. l‘ower; a*t of tbis °low 1s a ?1ne ?low-banded glaaéy trachyta. G

]

”be 131n bod“ o’ *he tradhyte c~ntains the 01 Jest und b¢

fa- the most ivnvrtnnt grdnn of mineral vein A uhe glasay

;-"

tracnyta annea?s practically bur*en.

Stressés suhsequent to tbe traonjtic o ru ion’

nraﬁucea ha*izontal f“ulting near the "one o’ tran81uion

botaecn *kc main boéy‘oP rpc%yto and iua glassy 10wer‘;,

N

pﬂ' ¢on and lon? ere a glas 3T tr%chv-axas ¥itic int*u31an

dn e

vorv fnll o”.lnclusions toak nlace. f, 3 ubsequent movcmenu -

Ty

reopn ﬁ .ni% 1in& of wepkness an& a srcond trﬂchv-aWas itic';{'

intrusion cams in -~ thc est nu<rhyoli*e shcct.,” \t a sub—“.

sequcnu epocﬂ came an.evuptisn o; an eaite (1 icmay anaeuiue}

-Lflatg'ly 190 as n inuruwlve

1argely-as 23 anf 1ce ?Iow
gheet along She. olﬂ zonc of, euknes¢, 17 tJrICplly below
the Test Ird rhyollzc'sneep; aﬁ vgstill later enoch thera

yas n series of rkfalitic.ani alagiitie gurface ”1ows anﬁ

intrusions, of whieh e mogt irportans In the nine ﬂorkings'

;. e o - =T “ ~” -~ ) N o 2
ig a zress intrusive mass enllied the .onopan rhrolite.
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trach"te..

: ?hyolita 1ntrusion.‘ Ahey"are nuartz Vpinq contalniﬁglfﬂi
-occasicral leaa zincvana copper sulﬂides.fﬂ~’ .‘
.- _ “'All hese veins ?arme& at brWIOw &enths ana the
dif?ercnt tvﬂes renreqen+ vnrlous stageq oE temﬂevature.
 The Siréi «e*io& veins renreqent the n)*ral sha*low-seated
tyne, ahd Eollowed ,he trachy e eruntion"' uhe *econ 'cviod¢~
T veirs reﬁ;esent en abnorrally in ;ence qhart1J~sustsinpa ‘
tenveratu*e, yollowin the trqchy-alqskiuic inuru iom; the
lSeconc seriod D veins a airectly subseqpent brlefly- tainéd~ff
stage éf'uemneraunre mo*e no*mal to shallon ‘depths; the‘ |
”‘ird “eriod.a rclativelj hirh hnt brief1y~sustninoa
terﬂevq*u*e followzna the qlas 1tic (”onopa “hJolite) in-

trus1on.  ifo vein&formation foTlowe he @naeaiuc eruptian. L

The 1 is,orv o? fauluinw is 1on: and conp’ ex-?

i?portantimovements have'taxen'place at every Buage of the

geologice niﬁta y.  These movenents accompaniecd and were &uev~

4o the volen ﬂ“c paroAysmq~ ‘and were 8o intense thob locally -

the rocks sre ground almost to o vovder.
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" HISTORY OF GEOLOGICAINVESTIGATION AT TONOPAE '

COECLU IOFS IH 1902

; pr*ncipaT veins weve fonna as andeS1tic-ﬁ" nand fonnd*that

e

this rock waa frequently covere@ by anothér an6391uer'latcr_:’
than the prinoinal ore—deﬁosiuion and thercfore bar*en of
ore and forming a "09p-rock" to the ore-bearing veins. _7Théﬁﬂ
f -uat on which enclosed the veins he called the "earliér
andesite"?{Althongh his rece** inven+ignticn kows the rock

to be really a trachyte) the ounear TOCu ‘the "I auer EBGGSiuQ"

°t111 Vounge* than the “Bate" Mndesite" he thﬁE e va*ict”'

of volcanic rocxs 1&*ge1v extrusive szrface Pormat ons in-
clnding tuffs, exnlosive hreccias' ané flovs hvt also yartly"
'intruéivé{ ;sﬁhe_younve; rodys were chieflv r% olitic in

ébmﬁosition. _ One of the mosu consnicuous of these thvlltic'-"i

*oc s wae a r»ck with & lassy roanamaqu,' wsually n%c%ed

full of angular‘incﬁusions of similar glasqy rnjollue 80

that the whole haa usua11" be strncture of & breccia._

This roc¥ occurred cu1ef17 as sur*wce Plows i, the distrlct aouth f>
of %he Town of Tononah. to the north of the tovm, however, it |

wag found to outerop abuﬁdantly inLtnc'guise of an intrusive




.along in the upwelling still fluid portion of tna same lﬁva

B

' was considor&tle) ne found a series of waterlaid uuﬂfs

W

and tbeae 1nciaen s r@nepted 8, nnxber of tires nroéuced
the necvliar and charanteriqtic stv cture of the finully ﬂ;

Bolidif1ad rock ss we find it.

leo 1°ter than the ores “and voughl cantempor neons

with the Tonopah Ahyolite-nacite eruntians o relnued
intrusions (the svmn of uhe reriod of acuivw.*iy of this 1e.va.
formed in & laﬂe of fast extcnt. rater than those tuffs

he found a nﬁwber oL volcvnic necks ﬂormed o? .1stinct'but )

1osely relatea lavng of r “311tio comﬁcsztzon mc*gin uoward.fj7

daaitic comnoeltion.gfj . |
- In sum it anpeared uhat th; n*o&xctive veins xﬂd

forne& pfter the e*uption of the “earllcr ande81te (Wnicn

Cowas 33& atilT is believed to te in 1a*ge meagure . at 1easu a

surface_flow) nd boPove the dvent of the numo-ouq otner

voleonic and‘volc nic—detrital cnuioned. Thae ole volc»nlc

histo:y including the form tion of tbe orc-depogits a8 found

v

to telong to the Tertiary, probably Kiocene—ﬁlioccne.

i Bi ey, DL o R




a.grennish glassy *oc? h Fhly altered und essentially
'"“iaphﬂnitic hut avidenuly of rhyollte rature. : “his rocks :

finclusiona, apparent1" of 1tered rhvolltlc glass¢of much
',ﬂ tne same nature as the mat so thet une halb roek

*'apnaars to ve nn auuoclastic glnsay r%yo‘lte, ' "ba most

imno*tnnt veins aeemed to Te cut off by this rhyolite wLence
it was: conchéed thst the rhyolite was en intrusive encet

yognger thanAthe'"earller andesit e" Pnd ube pr ncipal ore-

deposition; and thisg view, & ter reccnu exhaust*ve invesul-,‘

gation‘-is at11l heldsf cince this rock was closely qimilar
to the outcrovp ng inurnsive -on0pah rhvolxte ~-dncite in the

vicinity, 1t was corro“ated with tnis formetion. f ”his

'correlatisn has'now teen ae?xniue3y annﬁanea as’ qubseauent

,exuonsive &eveloprant vork hrg nroved unatb his vndergmund

rhyoli e is of dzstinctly grenter 9g9 than. tho ”ononan

r?yolitn ~dacite (Or xonopah rh"ollte ns it maz te crlled,

with more simplicityend as mich aceursoy) end novhere in

the mrourveyed and mapped distriet outerops at the surfnce.~"

~mg i% constitntes o now formation, unexposed at the time

of the original investigntion. It is comronly referred %o

S




71§£é£'ﬁﬁa#%fb A§63?4ﬁn#€ahyblité

zllate veins'st[ 1 nolds,uand vill be referred uO more

 ~;part1eu1ar1y later
Iﬂthan *ha veinsv_f
7;o£ low grade or bavren qua*ty aﬁd’thc nav-pre, Jhere it uoes'”

4 ?oceur, ia apotty and usually of 1ow grade.v
'3; alss showed that severel qhefts nad pasch tbrou?h tne
the general ccmnosition of the "eanier andegite” above the

;shfeu,,ane hiéh*y altorcd b hot water ac»1on. ‘Mo &eve;onmcnt

work whatever had %eon Ocnc in *his Yomex PnﬁGQ1uB ody, but

’}It was olserve&*b7~the Writer in be summer of 1903

N m“”“.
Cu g

o e

R

h @es'hr’iptioa*eé tﬁ'e;‘é#

i

Thev are 195° deflui.e ana persistenu

f*he'first'teriod; contsin grent quantiﬁies"

. ,g. .

,4,. .
Iy

“fhe &evelopmentq observed in the aumrer of 1903

heet of West dnd rhyalioe into andes te, haV1ng apna«cntly

1t was esnecially remﬂr ed thnt the alueratlon of ohiﬁ rock
wa g en*i*eLy o¢ tre sort sometimoa designatcd ag "nronylitlc --l;{
.e., to calexte cnIOVite and pyrito so that uhe rock |

tOOv'On a characterwst1c darx—green color- while the "earlier'

andesit e" above th t.ﬁndf“h"ollte nbeet Was mainly

alucred to quartz, sericite and qd ia. VldePCCS of this

opylitic alteration in this oria*nal "earlier andesita” mass
this lower

BT
were, however, abundent in many nlaces, S0 that

¥?

endesite wes correlated with the "earlier encesite", although
it wap pointed out that. this "ealeitic phase of the earlier

andesite" wes not ss-ocirted with the ares.’t

- e e ew e e em e

* npof,Taver T0. 48, U.7.G.F. D 92.
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,gnfverticalfﬁrill—aole,dovnward f*om tbe bo om o”

i,

he"_‘v . .

”hls correlation and‘ﬁw

\;interpretation hava been,confirmed bJ the wri ar a reoent i,?

L, e

55exhaustiv

2 ™ 1’ Bratl

e e S
o inye 3tbig ation. © In th miunah thension sna€t Qﬁ

p“r ;,robahly xha ‘sane. unaerground ryhali+ic hady was

;ObServed and as it sti‘l aprears, correctl" correlated.fA;l'

This deep-eeated?sheet bccrme ?dbsequcntl”'locally knawn QS»"M

i
PN

PR
N

the "lower rh:;olite"

3 °rosress of cveIOﬂmcnﬁ uork and.”oéiﬂicauions.ff'

,f Jeolog cal Views

.’X

”he extensive underground aevolonmanu 3? +he svccee&-ffﬁ
~inm venrs emphaS1zeo tbn distinction Tctdeen tbe o o*‘ande- jf
‘sice’ Yody, or uh"“calcltic nnaqa of thc earllcr fnuesite” -
end vhe uPUer or~oglsinal Wearlier andesmte m&qs. he irst-k :
nzmod rocl whcse ﬁesignat10n became usually 1ocally ety
ahbreviatcd ‘40 "calcitic andesite" was found to havo & con-“;3ﬁg
1derab1e 1atera4 etuen 'witn the gene aT ?o*m of a sncet |

vnﬂerlying tne Vest »nd,rhyolite sraet ard cverl*'mU the

deeper Tonopa. ~kh y 1ive (usna’l callc& 100"11ﬂ tze "1owev

o e

'? ’ ‘ "*lite") ﬁﬂsu,'WhicL was %130 fonnd to have co “iérﬁble’

‘IJ

lateral. exucnt Thi green ﬂo’or cue to the type of alterPUion-’ ]j“




| beoame increa 1n817‘30parcnt. There’ore thera was“an in-

’fthls increas‘ng aoubt was ahared by tne writer..

’Theso doubta took mo*e daflnite ;crm in tbe m ﬁg; f h

‘,-‘»?‘)'

vrlter $n tha surmer of 1908 vhen ne returned to'"onopah for~an”

‘ljexam1nation of uhe Test ”nd and “acxamara mines.'f‘ At that
Etime he etermined the facu that *hc "West =nd : nyolite" -
sheet could,not be correlatea with the‘"monovah rhyollte“ but
vwes distinc Ty older. 17“ne 0f tbe surong argnnenus for tne ‘

intrusi#e nature of ae Wesu “nd rryolite sheet wa s tkcvc?ore

| witbdrawn end = reviewal 6f the whole argnrnnu 1ecame

necessard, for if he'rayol te thet were nct inu*us*ve the“f;}"

'main argument for tnc co*relaunon of ¥ e unde*lv ng “caTciuic,
- andesite” with he overiflng orlginal "”arlinr nnéesite" was
3155 withdr&ﬁn. N Lhe L.OW rorc clear N exhibi ed ( on aocount
 new developmént :orr) uni?o*m nointq of distinction

-bouveen the t.o andesitie shect Wero indeed alstinct and ,'

v

irdevendent rock-‘ormstlons.z

In this new 1i&n a very pocsible explanation

éppearéd to be that the éi? erent forrations werc mercly &

3

was regarded by the writer with some favor, s1lthough it by

rories 2f regular:y succesz,ve surfrce 2lous. This explanation -

....
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¥
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7;kimnor nt veins in the “earlier an6031te“ wera out off by'd

i

In Decerber 1909 }*he thasie hat tne di”’erent

-roc? 1’o:c'rﬂan.icms a+ ”9no~wh re*e a series of sucoessivc Sﬁrfacev

e
E)

_.;flows vAS ?rou?h* out in a publlcauion L" Nre de AL EHTQBSB. B
fgeologiat for uhe ononah ulning Com nanaw ‘ VVA* e

ks a strong point in anor o" +he view ven ibn

M

vw"“ made o? tle di covery in the ”i?wnv ine "na in uh
upnermoet portion o” the "1owe* rhvolite" of '%i e aense: 7‘51
,ﬁbandeu rocks havxng the °pnea~9nce of soratified fu”fa
plue*nsting with *he coarcer ‘breceila suc% 88 is wo*n conmon
in thi° Pa*nation.' rorther Speclmen were 2ovnd in cores

obtn ned b' dpep dril’inu ”hicw conld be 993117 interpreued

on acoomnt o.»+heir definitely Te ndeu cnhracucr as Burﬂti ied.l<a f}

icroscop*c examinaoions mede by Ir. T. S. ’arsen 0f the

ntﬂally fvagmental chnracte*'fx

Carneg io Instfi ute ghowed en esse

ana.th ed to their ﬂesiqnation as well- -

of these rocks,

bedded tu??s;r jThesc consi&era inns made ho uhGSlS that

tre voeka of the dl tri ct were & seriea o’ guccessive

surfrce farmations, occurring in their normal orier, with the °

sldest at the tottonm and the yoﬁngeet on top, & plausible R
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(.“

invest gation to

'original7report pub‘ishe ty uhe ueolagical

Ainvestigate the imnort of data subaeqncntly

ijdevelonment wcrx in *he camn.: Accordlnglv +he write* has;w'f_

‘;ayent a nuvber of montha in close detﬂ1le& unaergrpnnd "
"studies anu manping, ‘and hasg qlveady invesulgated in aetail

the nines of tbe *onqpah ”inin Companj, +he non+ana mon ah

W s+ bty e W A
P hs N Bl ety e
. o et

'the sel,nnt,mqn;~the"idway, all adjecent and Lo*w1ng "é‘é‘f

group a unit. The res sults of this avduous worn nave bcen T

2inp1ly to 1x da‘éi’iiﬁitely end beyond foubt most of the
Feological rel 1bns,f Ag is 50 often‘+he cese, 1t is the
une?nected which heg finally proved to be the true qolution.‘ , ﬁ;; i}
The “esvlier anﬁesite" still remalins Ee'ol&eat o? hae TOGLB o

tut turns. out to be a trve trachyte insteqa of an. ancesite

b}

and will %ence;orth hz called the Mizpan -rachyte.;} 'n its o

lover Pﬂrtion iu nasseo b7 tran31t10r into a dense bange&,A Lt e

YuCae

glassy basal nhuso callcd in, this roport the vla%s”'Trac

This "Blassy Trﬂcnyue" was at 1east severnl nnrd*ed.QC et tﬂ*cn, but

whewe the exact base was, OT on whot olre* fornation this

flow reated, is not knowa/ ~he Feat Fnd rhjol;ge has been




'7f_i*rcgn1arity..} The "Caleitk:andesite" is & &1stinot1y
'Akthe uest_dnd Rb"oli e, an& qometitas un?’ erlying tnis rocz

Qidirec y, qometimcs senarated f*cm“thla 1~':>c»' by a varlahle

f1fthiakness of the glassy tracay*e

":tO'beve Senuiallj 8 Serace flow. ffahe "lowe* rhyolite™ is :

determined %o he an intrusive sheet mainlv inqerted

'along the zone Xeuwoen the " ulasey tr chyte ", an& the

|

"Liz ah mrachyte" proper altbough sbow*ng consi&erﬁble

‘in rusive sbeet o“ conside ably i*regulari 57, Jounger thénfﬁ

";it" peers to be of U
 esae tially the aame age and connosition ag the “1ater L
‘an&esite“w 1~ oorrelated "iuh it and is probatly aireot17~ =

connected witn the nain leter andesi*e mBSn, WPlcu asnears

-Tshoﬁn tpvbe "3unger uhan tbe "1ater anuesiue “is co*related o
- with +he "Tonoval rhyalite E:Y:! was 6one by the writer 3t “he

fnti“e of his original ir'oatigatian and iq'vounrer than the

\

"calcitic anuesi " ghe t wnich.i vwderlies ent is 1ocw11y -

¥novm t9 intmude. 1s “lower whyollte" is eviden+1* the

f1latly: dOquBra-pi obinr cztension o? the greuw ma:s of

intr usive “tononah rpvolito" ose& on’ +be ﬂuvface ha a‘

rile or qo o thc ovtﬂ of tre main nro&ﬂc11g rwnes. }-"he

tricknesq of t%is -ononah rb"ollue is annown ag i“ hesg -

never bcen bottamed “in tbo "iqaﬁ mine a. vertical ublPLneQS

af over 1 G, foot has been dcmonﬂtra -ed by drilling.

mThus we have the ”el;-s*buu”nui ed and cxtreorinery

condition of n series of Four suecenrive nheed 5-1ike forvatlons

of dis%inct craracheristics, of which the oléent liles at‘the

£ st the Tobtuam, and the Whdle arder o

surlace, and the younges




| J_inversion 'atriking as-i“ is, ia not so regxl

- exh;bitea oﬁ be %orders o? t 11 ﬁeveloped area.

“and p*eceded the aﬂvenu of the West “nd rhvo11+e. Thig group
camy*iees fh@se ricn veins wini h hav wade %onapah foamous.

”he seﬂnna group foTIOvea the ivtruwlon of “the mnst'?n&‘

'Lroqyently 1azge voin° nsu911y 1ow vrﬂde or La cn anﬁ

| 1ocally ﬂro£t$nbla.ww ”bo th*rd groun Eollovad The intrnsion

L ..,“
re

‘
l.

3ncention much mora”

mplex unat the area apnearsfto the

is. g “eveTOpment WOIF

eawxea outqme o" this ﬂmitac’ area' woula dmbfless «now &

areat iregularity of r019t10ﬁ~ an& -indeed, “this 18 nlre adyv”*V

* S

The velna havo Punall “beer diviaed in%o uhféc'grbubs,
aOCO*diny to their nge which gronﬁs correa,ond cq"anui‘ lyi'“‘
vith thoee riginally rnae bv the vrite f:-bc fOr”°u10n of

the first gvoup followed the auvent a¢ the VirnQr“”r chyte

S

rn"OWife an& preceded the aﬁvenu 5% the late* "naes‘te

{‘rcluéung in this term the "calcitlo andesito” o It incluaes

P 4

of the "TonOﬂan rhyol tes" and e mnr*ses rarn' cssen»*ally

verren veins._ﬁe"er prof teble. L i RN RN
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<4 rEm ﬁIZPAH:TRACHYTE '

Chemical comn091tion.g
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faoot level, contairs lar e iﬁciuded loc&n af t%ﬂ ”blmsuy
/trnéhyte“  Th henomena of intrusion oi the "TonOﬂah r Jali‘e”

into the "”liB*J tracqyte" in the 1dw4y and in tle Belmont

have Glle“dj veen nobed. : lt is thus demonatruhou e“tirely
from czznar"ulve 1ﬂuru i” ntious tnnt the ”Llassy trnenjte“'
i3 older than gny_of'the‘ ctrer re oognizad Tocks' save the

"dizpanh tracnyte? beneath which ih ¢1o%, and this ev1dance




- circumstance t&a cculd qqrdlj have been 1og1callj raasoned

‘.(‘-m‘ M

out, and musthave resnlted from tue th31cal nutura of the

rocka; , In syite of its intenss shattering and tnorough

“ai;ycificatlon, ““equwlled uy nJ of tne otner format‘ona,
‘Jdéfiﬁiﬁa, mell bou ded velns nre crarwcte qllJ lacxing,

and.ro pa ore haswbeen found, to the zviuer's knowledge.

Cn reflection. ‘the reaaon for t‘ ; rcumatance _

WM

seﬂns apnarent. } ALl tne pherouena of tne studJ of mlneral

vaina, of.t e snaLWy seated Lertiary clasa ehica we are

"discuséin, comaine to indicate tnat thpv fere formed from

salutlong carryinﬂ relmA1VelJ sma*l provortions of the

metals. ”here tke chmnnels alon“ Uleh these aoluuions

circuhied tnrowg thc rigld rccxa ¢cren teu nh@sicnl con»
QlthﬁuWhiCﬂ favorea ﬂrocinita ion of metzla. there 1n ore-:
ody was»fo ed, emci nuss*ng Uallon em solutxon contr*butlng.i

its wmite, till theAnet result.remched mens ureadb nrovortions.‘

Yas eartny na rizls wriln ”‘ich ﬁp olutﬂons vere chorged '

were carvied O“W&Id nast tqo locua of neLa&-denosin*on, to

be dercsited as uarien veins. or as Tuﬁl ents {(chiefly

EeRA

e nhmzd?:‘(‘» =




'ﬁmaterfals in soluribn. esneciallj 31lica and to a less extent “f
fyotash, passed in abundance. produ01né an lm“ense amount of  '“
‘iba ren—hignly siliclfiea andealte.§ L ;ne phys¢cal comoination f

fof the definite ve*n-cnanuerl (fracture or flJSu;O zone) and

'7“etals in t:e solutlon, tzll a rich ore oody wa.s formed,x
';thle tae re31dual silica nenetrated mnd si‘lcifled the: -

,sourrounding rock

'came solutions, no svch forclble phy51co-chemic al separation

R

the'mineralizing solutions-acted'asfa;screen. thorugh:which

but thnugh wnich tne earthy

the metals cnuld not nass.

PP

-~

el

tne proous but little fmssured wall rock therexore brought ;1'

oout in tne former a nrosressive accunulaulon of the scanty ’

In the case of rock thrbouWhly'shattered'and‘

flusured. and offerl £1:4 an lm.ense amount of onenlngs to the'

éf the dizs olved constltuents would be ormght mbout’>and uhB
teﬂdency would oe ;or the séﬁnty metals and uhe wreatly ‘excess .
5111cg:to ren n torether up to tne noznu pf prec1pitutlon,
with the res ult ﬁui the *re01v1tatted quartz contains mo

little metels that it canrot be classed as an ore, eope01allj

- e e ws e e W ---~—»---—---—-—c--..vn——-.o-.‘
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”h_s wa.s nnrarentlj the case Jiuh the ”g&asag trachjta

This corsideration is also pzobably at tnc root_of tne

explunation th asfa_broad and.generai rule. thu richness

1d*3trictfia ant ta varyﬂnmnrsely'aa'thn

Aqx

of the ore in the“

"

widtb of the vein. ;*t mayfalso expla.in why inf many small

: ,-

:.«4, :

fissure veins there is often a layar of “early soli%;sulfides

('

oz even of’mstal (in.tho case of gold) alonv tbe wﬁlis_ while

- ».w

the center ia occunied by’the usual metallfiercus quartz.ﬂl
ln the case of’tha ~laaqytracthep not only did its

~Plaas-~ like brrttlenoss wreVert the for*atlon of definite.

roatricted valn vha“”le“ and or;ng bout a com lete*:
snatteri“g of t“e Tock befo e tae aavent of the solutlons

cz forme taa "icb vezns oi the first veri od, but the

sha tering was reweated by EQCHAO; tae nugbprous auccessiVe

Al

stresees. and\tnﬂ roc“ vresented tqe B2 e conditxona éa nt
first to the poorer circulmtion solut ons of the second J
ner*od, and to tae “ractieallj varren solutions of tne tﬂlrd
pertod o¢ vein armu»ioz " The result is a roc» to wnich

an e*ormous qu. antitj af s*lica has been added. and doubtlesa"

in iA” auyregwte a raat uenl of tna ”re01ousm@tuls,yet

nowhore do the latter anpear to hmve ‘been concentrated o

(R R

su c*entLJ to fnrm ore~deﬂosit3.

Lhy

Thickeness

Vary-little recogniznble cf the gl&daj tra )te iss

left in the .danah and the lontana minas, cave in saall plocks.

L RS A % ek g 2 AR b oy S




iror a lonb time zﬂl‘ng hns a wide spread d*étrlouuion in

’-the undergrcuha orxinga, hav*né bnen studied bj tne writer"

-#uriabla tnlcaneas lon« thﬂ upner or tne lo céﬁtact.*dr‘"

‘in uhe &ontana.luelmcwt. Aiz q (Tononan mining Canany).,“‘

the Yes: 2nd rhjoliue, “n& frequently owﬁurs ag a,zonefof“f"

-AA breccia nhose exact nature and relat onawere

. .__

Midvey and Mac“amara mines. - Tt is closalj a5 001ateé-thh.ﬁ,‘

both cc“tgcta. of tﬂis‘rocz.,; Iu alsc occurs ecxally

©in tna tontana and the “eimbnt, as indenendent masaes of can-

szderable alze. tqoucn : Wﬂjﬁ cl ose to Lh 830 End rhyolite.

*ne 765 1000 lwe‘ of the ﬁonta“a haa developed a large masa  §; "“

af this urevcia.

ihis ropk 13 fu‘l af iorei&n analar *nc*u51ons,

wihich are {1 equently e aaundmnt as to. obacura tne ground-

mo.ss. .Jn maﬂj efner iaces the roundwaos cnn be saen to

be a g:e nigh Sldﬂo, nv*dentiy rngolitic or. trnchytic.

Tne mosh uuununnt ix luded rock is tn “"la aJ trmcnyté“'

wailew often Torms 80 11rge 2 ﬁu¢t of tqc AN ss ti&t it is doubt- 

ful whether the result sohould be clms:flad ag glnsay trachyte_
ith intenzse intrugion of bprecein or bréccin with an in-

ardinnte rmount of trachyte inclusionsa. “here in contact

. !\k"ime? -0




e ads anad P Tes e o 2

f’of tna antnna.dn~

‘oreqc*a ure ;ou“d;-

gaows in'severalpplaces ol

.coat eta into tae mzznan t

&

l;as ,n the 500 ”oot l@val A

’t’n 700

1ntrnsive con#%acts of the

,xn tne

the~f0rmar a*ds cut dixes

cuntact bet& asn. the two ro

mcntann breccia cccura‘as

est Fnd rhyc te aﬂd tx

on the 515 faeti avel Aontann.

gfhé;re:ulzfak APy

k) n(" S ’ ..
thz Jontana breccia fregue

of the T&st nd rhyelite, ye!

zither, and large mossesl ¢

-

. . - ~ " > -
1 other Leling adjacent.

o

intrusive rhenowena, dadic

_ In tne »elmont mine \100 foa

@& hwrrow bnad lV1n5 uet'aoﬂ uﬂe

3t lcval) .is rcck

eunndut and dwc1 i e iatrusive
raunyt In 2 nhuoer'a; nlace
13paa he SIV'znd 705 oot levels
foot chel Lelmo .t, cleavycut
’Lsh »nd L*Jﬁ te lnta’ %s, muntanq -
caae cf tﬂe “ontana.705‘ioot levelfw:
*nto the L”“‘cr.“Lnis onarn

cka i oftan 1ound nven wnere tne

:..“

Nizrnn trwcn te‘ as.far o n*le
ﬁr*amd 3ect¢on¢ now tnat xhila

nﬁly_uccur3~nn ona ar ct uoraer“v

1 either rock may be fodnd witnaut.

£,

cnis, tobat%@* Wltd the me1t4ona”

ate that the hnnu”ra areccia’we

s

S b




'ox ‘the: ﬂést nd nnyollue 1raelf a breccia s*milar to that

“devcribed. and 1nta 143 tae uast Mnd ﬂJOl&L“.3GeA9.

A Jahriv of tme montnn& reccia ta taa est nnd rhyclxte,

it iq regnrded aa prsbaule that oqtn are-renre entativaa of

 '435‘and 536 £ost levels) whnre tnere nas forwed on the Jrgin-:$;-

. 0

.1,

transitxonax, ﬁaﬁlng i“ a csntact *henomenon.' ”hougn uthA;” '

.vn,-e%;o’_ur cc*a is vel ivved to be excent’onal.-‘t iﬁdicaues>]'

th¢ cloae,rese blwnce and simvlar‘ty ol cam*osition of

wihlch is also ora tiua;¢1 a Lassf rock, and *n v¢ew o¢?the

ClcaPlj succeed"rb per‘ods of 1ntrueio“~of t‘e twa roc'

vthn Peate! agn“ reservulr. - The firat ntrusio“, beznb onlimpda f}

oz alreagy stayed,ﬂuo ”c4ear~tha traiIA. ;*rlvnd p&c ed

ks

with ineciusions, and 50 zorms a cnaracter*stia igneeoua :

“breccia {Wentana ureccia), zhe later ;aterial exvelled irom

whe gmune :ﬁurce,}upwevcr. A'”zved W1t1 cogvnrmtlvely few

inclusions (West Ind Fhyolite).

Iherea : ié“ever,:some few cases, (aa in the midway




rkao;an, togetner witz adularva mﬂd “Jrite., Tn9 ghvte in-;f:

e rﬂcteristlcs.» ;f

P

ttus*ons have oeen kaoliniaeu til; they nave no oxrig inal

\

ﬁ&éiéti've TR
The age af tnia roa& ia unclusively shown cy 1ts.
contact phenomena wﬁica de“onstrnha that an roca ia

intra 3¢ve inuo the 5lasnj’trachyte and the izﬁan trachyte‘"

On tae 765 zaut,level uonuana a nast ortnaaox in,rualve con

~tact of ueat mnd hynllte into “iZﬁaJ trmanﬁe Waa raced for

over 2bovfeéﬁ;”’ rAjOllte bccsmes 1nfenaely flo,o nded}
faf fr ron 6 1nc$ea to a fbot at tne contac anu eonts 13

oA angula; nclu31ons of tﬂe urmcay 2o _'Thlg sauébiﬁéi
trusive fhyolite'cbﬁt 1ot 4 3Q cro~;es =} Vﬁln (Je¢on 1nh td.
the first pesiod’) inthe tr~~q;te, ‘and cuts it ofy cleanly.

in the lelmont mine oz the 900 and 1000 foot levels, the same




’elaewharewu

' s&eet oi threuelj variable thic nass, wnicu has followed
”Etne natnwoffthe ontaﬁa oreccia“, mnd o c~v ies. approtm ely

_tne uone oet"ean.tae Li"vah tracnjt and th ;hsaj tracngte.‘f“° s

-”annau*on naa bcen suomerved bJ the midva ~and e te. ( alcitic
'wndes* e“) *rtrusiuh.”sa hatthis xrdes;te naa. came3into

lairect contact wita tha west»;nd‘rnyoliue. uIn-thniBebmontnf

%anownfcr the.

Occurrence"”

7?The &est And rnyolite uccura rincinally as

¥

“:;re uently. aa in much of tae yazran uun@, bfia laat named

mwn@-the maﬂn rhyolite neet riaes toward the aaat;}ﬁrad-’

uallj u* into the nizrac trhquta, leuv1rg the txanaition

‘uetween the zizpmn trwcayta and tne l&SuJ trachyue d*reatly

oose~VHo ; and in the eaebar*'rxt of tu minﬂ ﬁne r Jalite :

oPNears to Be snlit into severnl Jﬂeﬂtu; iut“us‘ve inta tne

(

h't
g‘
(34
Lz 3
o
e
o
Sy
(14
fys)
&

'-1'“315 c‘ﬂnge of position *s wlsa v*aible S
4n some po nts at tac eqst extresity of the hiaﬁ ah . wox&in

adgaeenn to tﬁe 3@lmont mine, as at ©e enst prd of the

5CC food leval,whore Lizpan trachyte wao noted ben ntn th

est Tnd rhyol ite sheet (SQGtion FOC)

i ‘M"‘"

AR 5k s R B LAy o 2 Yo i SO B

i




,xon ana. vbe*e'ar 1*tru iveAucme ar naseeut pipe nasieatan : “* ? )

¥

itas- wwy ;arvup ;rto tnL ”*zpaa‘traﬂthe. uae tniazne;s of
rnya‘ite aaona*s tu 3) eet. In the Se;mono.,aaevex,_‘°

¢
v

to 100 feot a;y,uru.to"he»tae_average,thickness._ e

AR
3]

indications arertherefors ‘tiat the intrusion came from the

“Y

—

[»)

rthmwest,

Lot ne
5 .

~ helation to veins,

1ch ‘the Mizpan vein is the chief

wever oldervthan tha ve;ns of .

tna- sgond %eriaﬂ wrﬁch can51st of aound%n* uvt aaua,1 lcw-'
l .

grzde or barren quarta._ﬁ'uccall" cops*deraole ote. naﬂ unen N

extrecied from tnese-atc ve:ns, but on the un le tne
forueton do ndisti ncti diSCOLIagzng one for miniﬁg,

. .

orerations, andiz so cohsidercd in the district.
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- ..,.-——“ -mw‘-.m'v i ok

by soluticns

"fin chemical camnositionvvit.if'w

;jwﬁtrachyt“
”Vialaskitic characteristics maik also'the analyses of th West:_L.

 j {f”nd rhyolite samnies furtheat dawn in the scalo of ailiceous

l content, 4he lowest (nos. 29 and 32 in the accomnmﬂflng table

';(p ll) ). being marked,by h. ;h silica. (72 - 73m).and notaah

'Vsoda.l on accoun of tne high alteratlon, of even tae lsast
'alterad of these wlassy rocks, and the alﬂilarity of
 comnoait1on arﬂ natura of alteration to alterad farm o* the
.minaA trachyte. there 13 a nossiuilitj that tne Hest End

_ fonma bn was a&so originally a trachytic magma. lnternal

zorthocl&se almost exclusively) biotite. and occasional quarta,,5

<,_*_v,.4‘.._,.

The Qeat‘ nd rhyulite has'been intenae altered

gh 1n silica.and,potash. as in tne case of

ost highlat | altered Lizpa.h

" und corresphnd to an alaakitic magma.‘ These same

B

(4 3 - 4 9’) low ircn and mwbnesia. and very low llme and

'evidence is extremelj acqnt,. as nhenocrjats are tiny and

rare. f "he conaist. whera found of feldspax (probably

A

™he presence of . thia accaalonal quartz alone prQVents the'”“

as summtion tnat tn.s rock‘was or*gzﬂallj nractcnllj identxcal 75:“' 
with the Wlzpah trqchyte in comhcsition, and le da to tha | ;i
final wsquwﬂuion that the ragma had a curponition ¢ntermedﬁwte;
hetreen tracnvte a"d alsskite‘ aﬁﬁ'so was verj cloaelj *elﬁted‘

to the iizpah trmchyte magma.hbut'Was more siliceous,,'f



\ ’rha expulsion Arow the deener realons of this

":?tracthc-alaskite magma\f

it will ba cnserved, was agaiﬁ

.-.J.;(x«, ,4~

ores*of tae ascond

'1-\.1)

andesite®

%

- o ]' A large surface area is cevered wzth an qndeszte' 1jff;t5f::
_wqicn is bar en of “rcfita)le valns. nrd waicn ovarlies as .

| a later "cap rock" the mizpah ;racthe. tﬂBVMOHtﬂqﬂ breccin. 
tne ?est End rhyolite. and the veins of oota tae i’rst and .
.gec0dd yeriods.. The greater part oi this Qidway andeaite 19.‘;
evidently a flow, uhich was psure& over a very uneven uurxace :
of eroaion of the older rocka. k The interval betveen the in»
truaion of the 3est nd rhyolite and tna midwaj andesAte;

eruntion was considerable--ucnoubh, proba)lf. to pllow the

veins of Botnh the firat and seCQQd pervoda to be lmid bare

-to the surface.,,V‘

Alteration

The ﬁi&way andesite is intenaelj altered in the
v;clnitj of tne chief ore-nroducing area (esn ally in thé"

vicinity of tﬁe 'ontana~~&un0mah dine) although in areas

rnore remote it is q'it9 fresh, Its manner of ~lteration




”?f;-of tne m.znah tra.chyte mthe ather hand ha.s. aa stated;

wit& a&ulamia and other

Rf bean chieflj’to quartz and sericita,

:’aecondary mirerala, and tns altered,rocx is ujnically nard,
liﬂqt colored, and siliceaus .  .As atated 1n tae original

re prt, tae alteration of the idway andesxte 13 e”idenzlj

the worx of ‘not’ aacpnding wa»ers,:and the alteration is

indeed tne fjgxcal "propylitic" alteratwon 80 often g
qaracteristic of the nrdesitic nall rocks oz Ter 1arj
-bonanza ve;ns 1iL° the vnins oi *ononan, but at ononah tnis'
"marked propjlitic alteration took place lon" nfter t ne for~ f;
maticn af the princ,nal vemns, and waa qnaucbﬁmanied by g

any qave scattered. and practicallj uarren velns (veins of

_'1

the Thi:d Periodna-to be dascr*oed lnthr). -

"Cniéitic”AndESite“ Sheet

The 1ntrus;ve sne t of ”calc*tlc andesite" Whicq 13
found in devtn in sone of fﬂa rznc*nal mines zs alwajs'
highly altersd. - Thne princlnal SC”D“darJ nroducta are calcite

and chlorite.-the focrmer proauced caiefly at the e ense




'7lyinv maa of dldﬂay'(Latcr) andesite.

 -ofamﬂrox1 ate,g the sama ube as tais main oody of "1azer

"cwlcxtlc Andeszta“ is iﬁtricatelj intruuive 4nta thet“glasz
"ktrqcnyta" on several *evels of th ne diuway m*re. and’it;als&

,'in.one ylace includes 2 large u;ock of tae Aiznnh racqyte.iEE

{,Cn tae ?65 foot lwel of tne hontana. nenr tha anaft. tnis g

sRme andésite sheet 9nclosas 1arge nl&cks nou cnly'oi the

of the long no th crosscut of tha Aontana 765 fcet levél..-_7

and at many pluces on tne surcha, ﬁt 18 "~alicitia awdesite?

It is therefore,

undeaita“

R
4

5;Contaet ﬂhenomena.suﬂort this conclus-on.

he

lessy trzchyte, out cf t%e montan& breccia. ; ‘he LorOﬁah

rﬂy¢llte 1ntrudes tne tj“ical “later andes;te“ near»the gnd

o

is also Lauruded by dikelets of Tono*a hyolvte ("lower

rnyollte“) on the 706 root lnv of the “ed 1nme”-'7'*"

The usual tesuurc of t;s "enleitic andesite" sheet

£

b ia s e iy
B ok




'  often has a fa«nt orccciated structnre, prohaulj due “to

gﬁ autuoreaciatlon during flowage, a nhenomanon wh.ch is alao %';;'

vsandesite“

;,fcroascut of tne 63 foot 1ave1 hidway is Pﬂjsic llv a'ﬁ;”L

;‘of "later andesite" « rinally analysis aaows tnat Gh,miC&Llj

w‘the;"calcitic anu s*te" and tae tynical "1ater andeslte“ are i:ﬁ

ve 500 Teet or more. The: twe soutneast tae 1nt"u3=onrises,

18 f‘ner tAA“ tnat of the tjpicul later andes*te, and it

'.;P f .:":

e,

”ealcitio andesite“

f.;'the,., textur of the

tynicax-”calcitzc ande 1ta" thongn a:*art of tqe main mA3s

indi st nguishable. n thﬂ 705 foot level (West) cf the
ﬁontana. the tw' bod;es have uoen.deve¢vned 50 that tney
vroach one arotxer w*thln a faw hundred ;eet,'witn urenm

as if txey actuallj wou;d bﬁ faund to unite.

Tne th*ckness of the "calcitic andesite" 1ntrusion

is evidentlj breutest 1n the worthwestern rart of the pro-’~iuf:‘

ducing area. as iddlcated by the uevelopme*w in tne Lacmama*a

and 1ononah mxtension mines._ Ita loref llwit hag not been

determ;ned 1n.tnis reg ion, out tne tat,lthi ciness naj wel;_“

mith o rnbged contuct am'i%st tne “gl s“y trac Jte”. and
thins'rnpidly, disarnearlng oefore'reh “_ng the elmont mine.u
At the dontann shaft the thickness is only aboutv40 feet.'and

s probanly juuﬂ anst of tw¢s live thnt the sheset

e

it

e oy 70
e -




R A

,1:terminates.

lito have been datarh.ned‘by:
:'the xﬂtruaionvof tﬁe Montana »reccia 1nd the ?est nd
" “hjolite----the brittlenass of the "glassj 1 acnyte*"
n‘*sndered t an - esnoczally easj zone o"lnurnsio; 13 tha de-  m

-tailed studj of the contacts in tne hidwaj mine tcstiiies.‘7

 trachjte. oT "1od3 porpnry“

L 1iat (includwng both relatively fresﬁ and alterod samnles)

but tne

i

X
R

e -
b .
: B

MDHOD Or Dm'r::: '1sm‘m A?wan'L‘:l .A"D mcrmcm‘ﬂcu,w

By rexerrwnb to the nrecadi table of analyues, 1t

:;wixl be seen that ufa;eful caemica+ analjsia will usual

serve ta distinb 1Shthe idwag ardesite from tne Ainah '.';i;’

"T o tracnjta vppears 1ﬂvar1aalJ morﬁA'iliceons than

tne Eidwaj andesite*'tue former hav*n6 4 ranﬁe. inataa—m%ave

of from,64.50» tot73.)0a, and tne latter (pnclud*n&_ cth'
resh and altered swzﬁles.) f“am ~3 to 61.00. ; hP terdency

of alterwtiow of tbn tra cqyte is t i crensa the uillCﬁ, tnat

of the andesite aﬂ%eara t3 be to<ﬁc“ezse ite




lbr theltrachyte.

fer*ous ard £er ic

EThe combined 1ime,'uu°naaia.

.:;f;oxides far*ous froﬁgzlzl7 to 10 05 for the anuesite,?bgnd
u”;from 7.86 to l 66”’for tne trwctha.-- “he comblnedlxme,_ff
,prmaunesia. iron oxide. aﬂd oda. mlnus the amount df notasA
,}for each snmpla, g%ve an. excess of lime, maéﬂes‘s, i*on and
;jaoda, for ne andeszte% o: 00.33 ta 7. 3?’1 ard of +2.64 to vi;
~4.373 LOf tqe trﬂcqfte of "LOd@ PO phaTy™ 'UAqu extremﬂ hnah ;. iZg;ii
'Lexdess firura 1ven aone for the andueite 18_*0r an- e£~}i IO

'-trcmslj‘altered saqﬂe*-'

Omittﬂng t:i extra e snrpée, it ﬂnf'be stateﬂ *n
"eneial te g tnat the andesite anows a silica rzngd of |
'_61.65 toﬁf_.é 55 or lesa, and the tracﬂJte (ﬂLode nor*hry“)7sfj.

xrom 66 17 to 73 30” or more, that tne ex cesa of lime.

maunesia. iron (otide) and soda overzotash.various from.f"f"
5, 357 . |
,*13£? to 414, 3§ﬂ or more for the andesite‘ and.,rom + 64

9

to -4.3 % o less for tae trac jte.n” A comnlete and.careful

'araljs~a tuere:ore saould cﬂaale thp azstinction of tna\twu
TOC&S in re1rlj nll casea,hb"fﬁié.~.uha anslyszs is uccuraté,
he results are of course %o&fhleés;' ”He saxples tahen oy

the writer during ile prasent exzuminetion were taken‘ln‘tne

smre manner as are ore samples. Fif t”nnovnd 51mnles vere




‘?quartered. ‘ Theqfinal
?éet to aoout 1/4 incn ,

L

oraken down~in*tne ﬂine 

matter sorted outt*and the 4nw1e~aro en””ownvand successivelg~

R

to be suver or 1n nract*cal
ana;ysing han& samples. ,x; w,.t"

s
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fdotribution and Are

 The iﬁt:usive Tononah rhjoﬁth-dacité.'br~Tbn6ﬁéh .w
:fh&ﬂlitém.as it wii? nlled. is descrlaed in tne wrlter's' ‘
publiahed report@ ao oucupjzn? an ex stensive area to" the rortn
of the nroduc;n, part af t%e dlstrict. Lhe enabhern o
mary 3in of tne exnoeure of tnx:rock 13 vnuricatelj in+ sive K
into the Midw andnsitu (vl rter andosiue"), 1nd 1ts northare ;

extent has not oeen deterw¢n9a.

in this'origi;ml renoxrt the Tenorall rhyolite was

desgeribed &5:.3 g o 51 say ground-mass often, showing flowe

& Irof. Porer Moo, 42, U,S.0.5. np. 41 - 43,

ool




,Surucuur aﬂd frequctlv ahwv&ng aatucrecci t*on.‘ "%ngular*”

by

f“&nAEﬂuﬁ of brag n glasa included in a ce.eht of slmzlar

51355, and otner phenomera. ind cate uhat the ;ava‘moved

Twalle attffenzng* gf The amaii noryhjritic crystals were ,J:

vﬁﬂde*ermined as crt&oclase and andesite—olimoclass feldsparé.“

-uruszona but as ﬁ'mbraus thin surface flowa 9lternating with,

"pumiceoua tuffs.'» wang of tHeaQ ¢ayera wera rngarded as

vA\

_prooaolj' rage%e tal, ne rasult of gno TETS of oshn aadﬂlava

"fr%gmenta dur-nb exnlosiv« e*xntions* It WAS. bel*e"ed tnat

a . ne unlgo lj ﬁntrusivw Tonorah . rhjolita in t»w now tthn

area repre eﬂted the in Tusive nortions pf the sana lava . N
waiﬂh cccur“ed as f;ovsrand,iragmental 1ayers in t“e sogtnérhiwf:A:‘i”

areas. In . coth a;eas the rock in questlon wﬁs}pré&edi&f§§ﬁngei if;ﬂ;{

than t&e Hidwnj (T° ter) ande‘lte. -In the soutner araa

¥

he eds of t"‘s rouk overlié a surfwce forwation of L
hyol*tic (rﬁyol*tic—uao;t*c, tuffs. I&OWB. and numice beds,:v Er
which are tnpwse¢ves Ounger tuwn tae "ﬂidwby ardeslte":f}»'
and_gerq 'olled the ”“ructiOﬂ ureccia" | ‘

.”’e bul&’o¢ these snrfmce Thyol ioe-d9cihe lavasv
in the outhnrn ﬂart of *“c aren were eruﬁteu Juat pre~mus

to the forna»*o” o; agreat 1w“e vasin, in which wcre~depos;ted‘ TR

whitc’characteristic tuffsg (vSievert tufis"). This lake

@ Teritary distems were found in thesze tuffs by the writer;
and recently Tertiary ghsteoronods have ween f*wnu. wut as

y thave ot been studied.

o I Ay i i e e




'"*gfsiliceous rnyo*ite'(Oddie rhjollta) to a dacltzv rnyoaite

QBrouéner aaci e). . Tneae VOIeric necks aare lsa determinedf

aa jOMube* taan tne *ono POl rhyolita-dadxe, ooth tne aurface

forfatlon in tqc soutna*ﬂ nalf of Lne area maﬂaed, and the"

;nuruaivs ma»ses in the nortrern “alf of *he mres ;; he

pr*rcianl'aﬂd most cousricuous ¢ault1ag of tu& ra cn wms
o v

doWﬁ o have followac the‘-ntrusia of *haaa nncks. i”The e

fau¢t1ng was ca‘eflj init ated uj“t e inurus*on of the naz ive_,"‘f

dacite necks (t.e rny0¢ite nechu vare nrooaolJ ﬂot so bulkj}

\Tter tais 1ntruﬁian and suuse"upnt erunt*on there Wwa a

»col;apse aﬁd o sinking" tae vcnts. As une sti*l liquid

lava sanklt drapged dovnwmr& tae adaacent olocua o tne in-'w
truded rOhh' accantuating t e faxlgs and cau,¢nb tuﬁ d&“CTlh”d
paenomena of down fauluin" 1n the v‘d nibj oP the dmc te“+

The‘faultinaﬁuffecteu 1’n 3! strid "Wﬂj tﬂe'ui“h“rt t&ffs,

and the thfzce flows mnd fragaent l onds of Lon”“al tholite-~ 

dael Le in uaa outnarn naru 0¢ t“e &rpa manned.

@ Trof aner JU. 42, U.S.G.S. no.e 44, 4G,
o " 1 p' 4_'?.

»»»»»
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It.is nowever a c*rcamstance now dvelt unon b} the
wrxter for the first time tnat tha large agea of intrusive
.Tcnopaa rhyolite~dacite'(mmop_h rhyolzte) in the northern
) Ebart of the‘area : :

»1B*ahown, as mapped, unaffected by.this

J:ﬁﬂa.circumat“nca. »oegctner with.otner considera-

:tions,‘rcw leads uheywriter to beliavc thax this intrusive

tk*hodg was" not sté&ctlj contemno aneous with tne su*face

q,

fflowz' that whiln tha lavaa are r obanly n cal. and,bo*h

“inelong tc Ae samo e;tended na:iad c; eruntlon. aucceadina

;;.,gtue "”raction orecciz" and nrucediné taa lﬂu*h?’ﬁn of thﬂ
Lvolcqnic necks (Od | 1Jol¢tﬁ 1nd Brcu:he* dqciue ‘that
the relj intrusive ﬁaoaas in the‘norths”n hﬂ?? of/tna aréal‘

 'balong5tc tae ver; end of tzia ﬂomxod cf cxupt on, 3*9 ﬂatar
than ___tim ‘giaaazt tuf s. and are vory 11 tle older than tho

ihtrUsibn.o; the Jolcqnlc nacks.

Relétidns of Toanah tholit‘ and Oddie F y,lite

‘;h4g view i i marmonj with uhp close "zgmatic
.~elations of tﬁa i trusivp Tonsﬂwu rhayol t in the ncrtderﬁ
half of the area. 9“d taa adjacent ahd later Oddia “ﬁyoliue
in ihe 535S mréd.jf_The laﬁtar, at uodn» Arar,t, fcr e qmnle,
is distinctij iﬁtr@sive;into_ﬁhe fop Lm0 wq u@.rnyolzte
with few inc;uéiéﬁs in;fuaive into. a mnre)glnssy fhyoliie

full of angular fraguents; yet certaln wearby amzll intrusive

5 e 00 AN s T 2 A R o e R TNk Vi SN R 0O il G 5 e PO o] S el A LR A S o P A g o S i S i by el S, VLB e E T e
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areaa are 8o exactlj 1ntermed 1tebetuee“ the two‘in_’“

<_character tnat in tne orisinal.manping ;t was an open

queation.‘o whicq rock the; 1onldAbe referred.. auch waa

regar ~ws an inte&ral part<of t

;1wr1ter*haa lataly"comettc

graatrfanonah rnyallhe intrns;on ':Thc impo*t of %hé diffarence
13, anwever, not treat. an Will”beysqown.‘ The recant |
exam¢nation of tne ~elmont mine, mcrpver,v shows that the ﬁf{’ﬂug
main.maas of xono*a;.rhjolife (“Lower rnjolihe“) Y"Irz.i.cﬂ cani?'
be trnsed as 1 cQﬂt*nuous sheﬂt undercrourd tn:ough all ‘the
wovkinaa of the d*str*ct (J@lmonu, i éﬁaﬁ thahsion, antaaa..
cnopah Aining; Mlﬁraj, and Tonnﬂah tension.mines} wnich

e no#mally a bracc&a s0 full of large and small fragmen.s  ;"T

tn%t its an*emrﬁqce irequsntlj suggcsts anrong¢ a tu

;(Nenninb thevebj a aurface fragaeﬂnql rocx) nasaaa rrauuwllj
into larze nnsscs of cleaner rnyolite, rdhtively free from
-nclnsions, Wnioﬁ c4r~ot hea d*btlngulsne from the Oddle
rhyol;tn. Tnls is uﬂst snown on the llOO la*el of the

Helmont, .

Cozrals tlon of "powar rh;caltc" ultn ”aﬂaﬂ.“ hﬁ o;ite

Thi .deen Shodt n’f' r‘nyc“iite wé,' 91“ bre ’tim‘é';of ne
‘it r‘svfifst'c, mian t*an (on wniﬂx nis publiahédvreport
A3 bnsed}'developéd oniy in‘a rill nheole in tne votton cf. 
the ¥izwoh shoft, and in the ?izpnhifxtensioﬁ shaft; and was

=

“por 1ts 1ithology correlated with the intrusive sheat of




0)1"
?}Tononaa rhjalite and tte crasu—out shows thal tne deep

uneet c* thc min wur’i%gs risea-to.the ortu; uttiﬁ* ta*sugh

Wniga racs it'is fouﬂ& i this cro'~~uut ta uo c;earl"

'~_inbrusive), and pscen 1to zeet . the uuriace outrronw' J?afta

in trusiva contaat of tno rnjol ue intc tl M,ﬁﬁ&j ande ite

;dius south, ta mee» thc contact ‘a8 traversed wn the urdss»cut.
*onoxaz njol*te mnd tne “lowe* rIJo+1to" ¢ound in the mines

‘28 yet undetermined proporiions whose uppér»cnntact,;tpqugh

R e el
K

w-.' at e,

been damsﬁstrated iw *he ﬁizv

ERL w&‘{' . %

7Zoﬁé~vo"th,crnsm~uu of the MOﬂtana lso.

,'intrusi7a'mass~o;:

the»athar=£or:aw10ms_ iLcl"ding tka’“idwnv zn“csito (1nto

PR

Nk at the surfwce Juat southA f t 1is tcro“ 8t ow *ha* *no

-

Ehere a;pear ; +hﬁn, na- doubt tnau tha nutc*onvmrp ,33 of

is one and uie.same-hadye-aa intrua;vc nagg of 4mmense and

its oviersy, ‘so tiat iIn g horizon l'distmgce of half = mile, .

roughly spenking, it *zin a ucrth of a thousand feets .

C*ix*ﬁ and Tnorpobaristies of vYIower vhyolite¥ -

nere this rock in develorned in the Tonopah lining




udj ¢aaves nc duuat iﬂ thepund ﬂ* he wrwter a8 to the

»“bo#a marhiored. rhvol*ta orencla.jj

:; vztn a gias”y r*ound—a 283 3107 :ng grnll ﬁ} ryats o* quarta;é.
avd relat*vely fresn Ieldqpar, and often au.i nense um.oun*
of wnpular *nc’uawons, nrinc~ﬂa1lj cf the "ﬂ“c gl&ﬁsj

Y'rhyo_ita, iduntical in texture with tho roandumasa , or

- qli htlv mo;e or slchhlj les crys tnl*ZBd' *owetqe ﬁ1§4 ¢“7

_f uenx in cluaz sns o* ndesﬂnlc roek, of ai; sizes up to-

inmanaa blOCﬂa nanJ 1ent in d iom euer. Some of £neoe iflw 00

c3u91ons.ave cicarl; o’ “Lidw- undesite“,_while gone are

ﬁrwhnblj #ﬂiznn“ t"acayta“ herw are nlso TaTe inglusionsg
of nhale. aﬂd of nrauqv*y'llmaatﬁno. - The small waenocTysts

of the graund il s,surcti '3 snow rerfect crystal outlinen,
0t udumllv t?ew q*va ueew broxem he grovnd4ﬁasb~is
tynieally P%ﬁntlf'crjntocrjstnllvnc, noetines fﬂ’ﬂtly

spherulitic; ~ in most cnzes faint wavy flovw-lines can be dis~

ey B e
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1¥fg1ter auing p&rtialistiffeninv and ﬁo
iQCOngealad portians were renaatudly s: ed hnd oorne o“ as

‘~71rclusvons 1n t&e-a*i‘l fluld r-la.s "qucn X ltsplg st*ff
\v*tn 1ts many*angul r and roundgd (uorroded inuiuslans.
'much.the appearance on nrelimlnary examlnat on of a frag nual
'rock--that is to say, of a detrltal tuff formea ut the_j '

frnyollte is nucr more varvable. ‘T ne tyﬂlcal ruyollte breccia

‘up to many feet in diazeter. of dcn . white rock”;':"

30 that‘the*

’ela 1on,;

e

enough-to disrurt ln .“ny cases eveﬂ ltu own 3“"11 pnano-v

‘O

crysts. Where t 1s autoorecc1vtvon is intense, the v'ocdxc, .

and its Iar ely snattered and resorbed pﬂenocrjgts, has

T
+

surf&ce.’”? L ff"’  ;2£5;

At and near the upper contact. tne character of the

of tﬂe lower po;tions 1s algo kere rcgcat but tnls is

mingled with or alter ateg w;ta ;ragments and large masses,sfg_ 

resemullng? ‘€Cne-cninn, qf.:UOMQtiJe ‘as in the TOhoﬁah.

Lxtension 1050 foot level éross-cuﬁ,'this rock is: dellcately

banded, witl the curving lines characteristic of»ulassy

sk : :



lines mra Strﬂi h»er wnd Jubgest ﬁiﬁucut ui 5.c:u.‘.t‘.'lr 2 well-l

the ﬁcrﬂ un4¢o*m uyMﬂ#movb dﬂscr*med. and

O

Cglassy rhyol

'-elsewkere, asf

.

.bro 8? by t "1"&3&—&&38.?v hﬁese WMi«E‘Ll“J“" *ﬁjclita»;

laa loca_lj alt .?tc zt: 9nd nas }hv trc“sitian,inta
fine'nnyo¢i \Q orntcia,m ‘hnﬁinv to ﬁd traﬁ il‘ﬂlvintc'

% sc lmye“s Havvﬂ»f"

V

Lhe usual chnractérist;cs<af ba&bb} 5rounﬁ4mnsu.,uroxcw R

\

Cphencerysta, wodurdant angular 1"clus*a add tvﬂv al”

quartz:phenacryatS;“_ﬁvaded By tne carrodin; glaaay'groun&-

CEBO3s; uuh elze%were tuza cleau WWite 1ﬁ3 rnJoliLv oucura

in eco 1adar"'1 mabhea;;t gare*u¢ Btjﬁ of all.c’aarveﬁf-

cases of tﬁ;s,wni e ua;ded ;oc“? in the uorer pow tion of the

"lower Thyoli te"‘ﬂ;;-incl‘ dlm t-mt on the 750, ::izpm, nave led

“the writer ta the chrmelu siar tunu nll are of tho naturs -

2aevibed, A‘sact;eﬁhof*s;m,lar Tock frow the‘?CO Fed Tlume

L )

appenrTs unier the microscone tp\be ““uut)t?d‘" ok flov-bu&ded

L)

(=0

A
L

-

in grite ol the transitions anove roted betwean the

Y P T RSN . . ; w el 4
denss wralte blass; rhyalite and the lﬂs'J rhyolit

}4.
3

B 2
e
[8)
o
&

-

e

G lispeeclally veferred tc and daseribed. by Hr. J. A. uurg@ss,
oo o prebavle tulf (Teoromic eoli Nf, T3l.IV, iu.a, p.bu7)




Tvcns*or, largc éiéus oi uhe wn;te orvpale greeb deliuatelv;i: ;._
” Mot
’.Aloﬁ-uwnded thOl"te, vitn a -1as4litj conmaran_e to that e |
of,§+ale_pr finq tﬂi;. altarnhtMVWLtn Larme: mnsaeq ci _ :
rhyéiiée Brcceia of v@rying‘ca ré neaa, Al d i aelx hat unli
tu£¢ in benerﬁi apre i ance-' qu tue conu cta of the Lrecc;a
into the pundad rLIOthC re evi dant3y ;pcvu31ve, anduféfn - | 'f &§%’

.anghiar'iragmenthof\ﬁag latter: wf conaliora)le é h§§éu
been ta?en uﬁ“bj the foéﬁer'and are foudu eﬂoeaued ;ﬁfi%.;
qes& obsarvatlons have led tne ﬂri»er to ﬁhe s
ceneiugion tnauyﬁhé w;i€e vanded rog <3 as a uno;n *anresent h
Lie first~chiiie¢;ﬁﬁﬁef'féust of hne glqss; LOﬂwﬂﬂﬂ nyo+1te”7;‘!fﬁff_f

intrusian, chilled before tne uecinninb-ofmthe,prccassqbf

&
=
a

tivrecciaks cﬁ,;whic?anﬂ05reJ«ed s¢owi later msjthe deenerj
‘portiens of the g asﬁ;ﬁintruéidﬁjcu;lled adn at LJP snma
time moved onward spasmodically wibh abtendnat intense

- spmved v evb e neaes | exires b s aad Lty % e o
u?;ﬂiun' dynwede stresses, shetiering the firgt Torned

clenn urper crust, involwing tho fragrents nand blosiksg in tha

3lowly wowelling tide, mnd uunuUev g and grinding the

e R o L .
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ey P g

p"@lassw traﬂnjte" iﬂ

}Biva'asfla:ge‘dikes, in

ne Yed Tlume dikelets
e iztrusive into.the

gAY megma A the. Cdu.‘ﬁ Thyo e‘,- 'nd to

reiation to this nt'usian as haa tae mn

the”ﬁast»ﬁn&_ﬁhyalitc--represetii« an an

m—m iwi r’*.:am. ;o:u.'

3y trachyte. tn ta=

tha uuﬂj, and is

the lelm uiz mto

1 relations 3b0*9 dvscr,uﬂﬁ tﬂe

 .onaraa rhv Lite 18 bel ieved,ta réﬁreseﬁt :utwcmllv ﬁne

hzz.vem ol t:xe s:me

ntara ore' a’to

Tl ier un”eLlinn

wnich Lroke-open-the dae -seaued va1t, and opene d.them for

&*tar tion andfﬁelaticn'tb wal -t

i Toﬂwdl

T S S DR T VI B [ TR S SR NP | o~
vere Tollowad. vy tae Third FeALGU-OL rel

nrgduced usually a:nll out VCCG“'O"MJLr

J
vaing, with omall nnounis of

wluelass, The ntterdant nented solutiong nlteved the

’)TT ui 2 '1 o <

neformation, which
rery 'ln phwelss quartz,

and comwerceially




1

1of hhe.hter 9naesite inamany locnli‘i

re ona*ble ior tae mo efp oneurcaaf“nronjlitic" altarahion_g'

?here the ;ovanaa rnJa ite foims intrigats

i’ﬁ'ot;wr_ T c”s, it ms ozh 3N c&ah; glasay phn
inclusions. Vhlcg is SuUPDO 59& Qj thc-;:itar’ﬁa
hahml"&luSS" mntr ‘ < with the xﬂciﬁdeﬁ 1rag;3nts_?é
by f;‘t*‘u*o:wﬁa'nuao £ﬁe intrusi5nth“d'to‘nénetrétv tr*oubh

t-nv *lsuu*es. . In some cases a firs

k.

l%es, and a inter intrusion of the
nated in the same'li'e‘(as ol thie iidway ‘o levél)/as_if

the ‘aici nal sditex i

5 M
&
H
©
b
1
S
o€
5
e
o
[1r
)
[
e
t
. e,

'ftar .ﬂe firast in-

trusion and hcfora the second,.

Shemical éo*ﬂos‘t* n

§o

Chenic ll wOul ﬁ“ .~on wax qyoliue nht”the 2ddie

riyroilte are relm,i?olyfrilicedus_rocks;4~eépetial}y;ﬁLe 7

lotter, and ”ﬂﬂ"ezeAu an hlastiti'“magma,f ?he"anélysis of g
the Tonomanl Thyolite. is ofton affected b émnli incltéi:na :
of sddway Anddsilbe. o T e :

J ; .
A o ARG
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“?RIVJ or ”””'EiRSI TIRIND

< Me~princinal la:ge:and :ic%Hyeims,

”made“ tne nzng camn 0‘ Tanc aa, ars. canzined to:the

3 -

";i“pah tr cn%te#, ate olda nanAthe antana Jreccza,and'

« and,all tqe ot cr xncwn roeka
lt.-.j »-.ﬁ ’ " * R ’
Agof fheﬂdistr*c».“fg&aese el ns have 3n easu o easttnort“east

+

'strixe and a nartaerlj uin. ut vzrxous anL@a.'{, a ore ig
J*icnllj a ‘ine 3*nnular quart* abQQOUtI”OblCBablG >'

:'quant ics ef au -*dea, ve~« poor 1n tna haser metals aﬁd;?gfh

'Vconta-red tbp silvef'ﬁlner“ 1 (aﬁd &0 1d; diéseminatéd;

The.weins hnve tno form of linked veins, hrunchingfana'

g “eunitiﬂg, and the ve1n7char‘»la secu 4o have oeen.inhem @ly BRI

shnbt arad zonns Tl *vt&an o;envfiasures ,so tnat cruat

k)
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therefore that uh& c eucceeded the B'f,

mha""'ic_ type 8ppears

rhyolite. They have freauently'a south aip. 3 LT rked
hy a fraquent banded or crustified strncture. by banda °f<;i,;wn
blacm'sulfide. and by a pinkiah manganese~bearing gangue £111T“
material whion is probably a.mized.carbonate of various ,;~
earthy bases. Tha primary sulfides compriae atepnanite and e
polvbasita. as is the case in tho veins of the ¢irst ?eriod. i;:?
The sulfiaes of the beser metala are etill inconspicuous, N
but enaleonyrite. salena, and alen&e are more rrequently

- met with. | These veins &re *requently hichrgrade, an& are
reaponsible far'practically'all the ore formed sinca the
intTusion of the West “na rhyolite.. Veinleta of this tyne  fj
- have intrudea the falee (Seeond Derioa c) axtansion of the
Vulley View vein ahove raferred to, and have creaued some

"etoping ore” out of this nart of the veln. | nast-west fis~*:

surns carryin? orea of tbia period have also penetrated the larga g
practically barren uacdamara vein (Second Period A) in the)fh : S
veat Snd mine, and have creatad a pay-ore Shoot. The ors 1n  '

the Jac igmara mine also apnears to be due to & deposition o

of ores of this D period alonv fissure—zones in the barren A i
quartz. T“e origin of tho 0 w=ore in tne ed Elume vein

ernd the Mizpsh-Pault vein ig prodably similar, and due largely
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f%:by *he D aeposition.

_jf}silvei*Valuee appaar to
gfpthe "Eirst zerioa.:f

fperiod of ore-depositimn,
A f”compared with tna~“1rat Perioﬁ has locally furnished oon~
';a,siaerahle paybora.-

:_Deriod.alterea the Wall—rocka, indluﬁinb the Test “n& rhyolite.? ;

»intenaely, principally to quar*z, gericite. Laolin, a&nlaria
.‘and pyrite, with some chlcrite and calcite. ] E

;7times very 1arge. Thev ‘occur both in’ the' 1dway andasite

The best examples of alean veins of’u

st -

be about the;aame‘as:in tkhe ores of-

Thia "Seconleerio&.D’jstage represents tha gecond

ana"altnongh insignifioant“as

’} ”he waters whzch fo*med the veina of the Second

VEIJS O"1 Tﬁu T“IRD ?mHIOD

"he veins cf tne Second Period do not occur in the

Hid"ay andesite nor the Tonopah.rhynlite~ nnr are these_later U

rocks affected by the ailiceous type of dlteratlon Which'
'ccmpanied tae veins of both tne First and oeoond Periods. S
<he- veina of the rhird 0eriod are usnally smallfi

some~'ff

ard in the Tonopah rﬁyoli*e——possibly in the o&aie rhyolite. ’“1'f fTE
30 far as oosarved. they are ansociated with tne intrusive IR
contact of the Tomopsah rhyolite, and their formation seems

to nave followod tne in»rusion of this roe&._'
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‘on the 900-foot levelﬂuizpah in the uppermost portion o’  .“”N
"tha.Tonopah rhyolite ("upper rhyolite") sheet and,aontaiﬁs'

' 1 01no 5.82% lead 5.98% A similar and very lixely ﬁhe aane )

iﬁ}flarge flaz vein waa cut in the upner'portion of the Silver f{ ﬁ
ki]fTop,dzill—hole, here lJing in the idway andas1te (“caleitic
- andesite") somewhat aver a hnnared feet above the flat

- xonopah rngclite {"lower rhyolite") oontact.-

fat a dep$h of 934 feet 1n thoe uppormcst portion of the

"Tonopah rhyolite (lowar rhyolite)* within 12 foet of the .
. contact, = Thia vein shnwed a utcle pyrite end galena, fmu;

ftne highast o saveral assaya ahowea cnlj 0.08 ounces gola

- Thisg 1arge vein of the Thir& ?nriod hear or close to the

.aﬁlarge amount ot colorless fusually tiﬁﬁéiﬁcent quartz,'f[

b’\‘ v}‘

In‘the Dessrt Queen ahaft of the Belmont a aimilar o

an& very 1ikely the seme la 1TEe flat qnart vein was oneounterea

and 2.12 ouncea ailver'with traoes of arsanic and copper._

n@ner TonOrdh rhyolite contaot may be canveniently designated

-~

* Prof, raper Pb. 42, UeSaGe3, p. 193. The enclosin0 rock of ,
this vein was determined at the time of this published report .
as Oddie rhyolite; it i1s now fomumd to be part of the nein o
mass of Tonopeh rayolite ("lower ri yolite") and to represent
a8 phase practicsally indistinbaishnble Irom the 0ddie rhyolite
(cee discussion on p. 41-42 this revort.)




H

, ff;& dspth oz ezo feet beIOW'Hhieh.the ahare”is in.xonopah
;grhyoliteé

_;fprnhably‘all 1ntrusiva). either at the contact or within ?
”ja.few feet of it and usnally in tha Tonopah rnynlita, larga

liqnartz veins acour, containing a notably large amount of
»jin~gold and.ailver.n.,’

‘T,oilver Toy drill-hola (vhidh is very likely the same as tne
TTDeaert vein) was evidently formed along a powarful ”lat |
’faalt following vary rcughly the upper cantacu oL tna Tonopah _
' rmyolite. and probably formeﬂ directly after its intrnsion* }‘7

‘deposition of the Hacﬁam»ra vein (becond Period A) followed

were probably aua to 1a$aral strains wnxoh accompanied these

| neerly horizontal 1ntrusions, and 1asteﬁ even after~ﬁhe local

B

1to the bottam (ahout 1000'faet at tﬁe_présent'
| On all threa of‘theaa Tonopah rhyalite*conxaots

pyrita, but practically barren. snowing only very 1ow assaya

iimne veinnsbown in the miznah QOO—foot leval ana the E

s N E DR

Just as the great flat fault which served as locus for

&irectly ‘the intrnsion of ‘tho est Znd rhyolite. Both.fqulta e

sclidification of tha int“usives.'i‘
Along the margin of the outcrapping intrieately

intrusive TonoPan rhyolita mass, thera is much alteration of

* prof, Paper No. 42, p. 193.




_ :hthn.contaot conaist nsnally offeleér'transluoentJquarté,
'I'with fraqnent caloite. They are inyariably practically l;*

B bmen.
hole shuwea in placea & decided’ amethystine color; and a
more o* less proneunced sli~h+ rose or metnyst 4 nge aeems

‘ to be oftan charaatexﬁstia of veins of this "birﬁ Eeriod.

f Tonopah rhyolite, or in,the cl&er rneks, or cementing

.'(to enlorite, calcite, pyrite, atc.) heing most naraed near

' waters attendant upon or following tha Third Derio& o& vein—v‘

'formation.

The quartx describe& abcve in the bilve; Top drill-.

ather tney are enccuntered in the ﬁidway anaeaita or ﬁ;

reopenings of veins o; the ‘sariier periods,

The "propylitic" altaration.of the didwag'anaesite

the onopah rhyolite intrusiona is prcbabl" due to ﬁne

COHDITIOJS O~1 TR P“?IODS O? V“IK—DBPOSITIOH

ALl thn evi&ence uends to aaow that the vone occupied
by the present velns was prooably never very deeply buried

ard hence thet 211 the veins described . were formed at -




f?lowar, on accaunz cf ihtervening ércsion. and becaase no
  5known surfaoe aecumulafion intervenad- but a3 the central
f_fpe.nt of aeposition cf the veina of £hs Jeccnd ?eriod isx
” 73 Low. hundred feet 1ower then that of those o2 the ?irst
 wEer1oa the dep‘h at the tine of aepositiOn was. pnrhaps
1f*0ngh1y the same for tha twn%-eriods.A Between tna time o;
: the aepoaition of ths Vains of the Seeond ner:lod and thcaa
_<of thé ”Pir& ”erio& there were. vezy.bons der*ble ~urfaca |
”accumulations of volcanic rocka (“raction~braceia, the T i
g sur*aca Porms of rhgolite—dacite. probably the Siebert tuf;a)
but there»was also great erusion¢'l &s the oentral loeus of ;
ﬁenosition o1° tna pr*ncin 1 knovn veina of the Tbird ﬁeriud
is typically a few hnndrod faot lover tnan those of ﬁhe, S
Second Period thsse Third ?eriod veins nay hava been\fbrme&;'VA'f

3

at slightly greater depth~ thar the irst two nariod

bt it is probable that 2000 fec+ is &8 f,ir guess—estimate.ha“f _fw§{;f
- 7ith this preliminkry consi&eration it is intereating Jfgf”

'to eonsider the origin of the various metallic uepositions

which succeeded one another in this diatrict, and now occupy
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practically the sama "one. overlapping one. upon the _cther. .
fﬁIn a publiﬂhed paper a feW'years ago. the writar'i
advanoed tha.theory that the principal ore—depositsiwere

differentiatién products

“ 'ignenus"'magmas. ana. thét v»gtha

kR

l.vein groups 1nto five was made. anﬁ are atatea in the order

| inwwhica nnder the simpleat circums+ances they ara aeposited;
"'.'Al;;fmm tha bo+tom wo, beginning fziﬁh those fomea unda* tae ' |
pignest temoaratm'es ma ending with those doposited at low
v.uenneratnres, near~the surfuee" 1, the pegmatite zone,,oon~~
'_taining tin, mol:;bdezmm. mﬁsten, ’etc., witn cnaxacuerisuic'-"
'*angne minerala* 2, the Zree 7old—auri¢erons pyrita zano.
» v1th coaree qnartz gangue, By the cupriferous pyrite one-
4, the galenapblande zone‘“ 5, the zome of silver and also - s
much gol&, asaociated with antimgpy, bismuth, arsenic,-ﬁ_;: 77f~

';Hta11urium and aelenium &eharacterized by tellurid s and

e1enides of silver, gol&-uellurides, argentifsrous tetra~ ;.,.

hedrite end’ tennantite, polybasite, etaphanite, and arganti
_ 6 the zore o10 earthv uez, barren of vqluable»matals.;
It ﬁas pointed Out 1n tkis nublisheﬂ paper tnat on

azeount of cnanges of temperatare in a ceruain.rock zone, o

* 4 Theory of Ors-Desosition, Econonmie GeolOfy Vol. IL.

BO. 3. DBC. 1”07, ppn 781 had 79b.




_%fae &ne to a.gra&ually rising tempera*ure (instea& of fullinv)
‘{&ﬁ*iné'ore-&eposi*ion. &ua to *ho atténdant gra&ual n@wara
:.progress of an igneous int*usion.u‘ “The consideration was
-also branghx outlin this paper tnat rolatively long-snstainéﬂ
‘v,ﬁemperatures éf’tha critiéal noint for pracinitation of a.

f?o* an important representaticn of. this group; while on tne )
",contrary,},ritieal temperatnraa.uhat wore rani&ly passed
;'resulta& in" slight or unrecogni“able rapresentation of tna

i_]_metallic depositions.belonging-to-dif erent grouns mighﬁi o
3 {suceessiva1y ba deposited.within tha same zone, or evan

_‘sucqessively occupy a aingle perio&ically reopenea vein_.?f’fﬁ

ertain minsralrgraup wera~necesaary for the accumulazion

‘00?:35ponﬁing mineral—group nrecinitution,vwithin.a certatn

rocxhvone~ an& tne aependence of the relative trans*toriness t‘

“of thess temperaturas upbn.the Qu“nti*y end behav1or:of ;‘g*

inﬁ*uaive igneaua *OCLS was pointed ouba
nt Tononaﬁ he veins of tbe irst ner‘lod are. typically

70RO 0 5 as aoove &af,ned*' s are algo the veins of the

e

* Tconomic Geology, sune 1909, Vol., IV, pp. 301 - 320. -




_,:i“ Second. Periocl D. 5 This vein group is tha ncmal one for the

R ,Tahallow depth Tartiary age, and. associatad "ine-ta*'turad

trnchyta; ‘ahe Saccnd. Parioa. D waa subsequent ﬁc tha cntana

_‘bmceia‘ ies‘t: “ﬂn& rhyulite 1n+msicm, 'b uh was precedsd snb- .
- «s#;c;z;;xftof this intmsion, by distinctl:r &iffemnt vain—
p%enon-am——Second ‘Deric& A. B. d C whose fcrme.tian prombly
. v-enresents eonsiderable time. " omitbing for the present tl.e
A and G vains, wﬁ»ich conté.in ver;, vlittle meualln.c minerals
not so clearly signi"icant, the ecand Perio&. B veina contain,
in pmportion 1:0 their Iimitaa quantitative amount abundant ;
minerala of Mgsten. a metal highl:f oh.;a:aeteristm o». the
zone m:. ‘l aa dei’inad. above, ana a0 ”ar as ‘movm to the
- rrviter. not nomally cccurtring m any other zone.; This seens ‘
to ‘indicate en enomous thongh only hrie”ly—sustainea ’cem- '
perature fallowing the lonta na ‘ﬁra cia—-.;est' Znd rh :,'olite |

intrusions, and preceding the more vo:-mal temne:cature of

_ *omation a:f:‘. the To. § zone.




 ~g4temparatnze sd-rapi&_as no* tc laave any record in vein—

:1de§oéitian.;

“ffhétwe;n in*rnsions, the conditions as reaaoned ont and in~ .
‘;ferrea can be shown only rouch,y'in the accomnanying aiagram, |
4in. which.the red line is a temberature cur?e and tha blue fﬁ[§1
 :11nes representAsulfiae precipitations. |

dis*rict 1s atill abnormally n*oh,v“s pointea out by the ,-v
"writar in his-pnblishad report* wﬁerc it was suggested that
,neighboring Lot watars,vnot yet tanped‘might be the SOurca v

"

The un&ergrounﬂ temperature of the rodks of the ,7

of the haatmyk Lately waters hawiﬁb a temperatnre up to 196 -;”
108° have been enconnterea in tne daen drill—hole at uhe;ﬂ }

bot*om of tna Jiznan enaft.

e

- P;‘Of. P::per Yo. 42; UQSOGQSO Ps 65,
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‘5§tion to be a complex one. After tha eruptian of" tha Wﬁizgah;
i1trachyta.ﬂ with 1t$ ”glassy tradhyta" basal phaae, ths vain'

/i ohanne1s wera formed by'tha devalopment of a serias of S

' °eaat~west typioally north-&ipping fracture zanes which
mey hem been aceompanied by Blight faulting. |

" of the eastdwest fracturel, a series of lesa nronounca&

north»eaat transvorse-fractures wera formed. : Theae transverse~

. transverse ones have acted ag eross-walls* to tnose ea:liest _ﬂ

L

and that

\ .

rhe hia oiy'of faulting is revaaleﬁ b, thia examina—

ﬂearly ox guite at the same time aa “the development

&

frantures were present bafbre the initial veln depositian.'ff*

which followed the esst«west fracture channels, for ths i‘

voins; ana ag such are of the utmost econcmic imno*tance.

See page 50 this report,




Y‘shutrAhanae thara was little or nq ore—dencsi*ion alcng tha
: f trnnsveme fmctuma in s;pite af_wt’ne e‘:caadingly important

»-the Valley vmw cross-—wall in ‘ahe 'Silver ”1‘013 mino o:t.’ one ‘;

channel thus *armed tha iiegt Ind rhyolite wag intruaed.

continuation of the flat Lauluemovement aﬁtex thq “est Snd

’ B '




o f:‘-i"ihyalite intmsion produced\ the poweﬂul hor:lzontal fanl'b
__7fjj_~?fhich .tOQk'PJ-&?G ”part“ al»ong the upper contac oi the

aulta o:\'.’ the dizpah_mine.

At he_same period some lit‘la'i

-?f;~movamant took plaoa along., the ea.rlier northaast (trsnsverse)"?
":Eractn:rea, such &5 the Valley Vie’ M“anlt end, furthor east, o
a.more. mportmf: i‘ractm-e oi' this aystem ’beg..n to assme the S

: ']_;.propcrtions of an mportan‘b famit ‘(Stone Cabin fault), S
oy ;atriking northerly, am’i &i'op ng e.t e.‘ mcuerate ann-Ia ta tha o o

! '“"y"‘f,f:east. " The. importemt Belmont fanlt developecl at the se::ze L e
.’f".time. AL ths same ti.._e tbe veins oi’ the I‘irs‘b ’o“iod were :: ‘h |
. aﬁ’eoted by dii’farential famt—movamants, pavallal to tha o
f.;_wa:lls, az:xd cme wall of the vein waa tmically dropped |
relative to t‘a_e othar, so that at the contaet of tha .nivpah
8 trachy!;e voins witn the West ot rhyonta aelow, the rhyolite o
f_.;ras .freq_nen‘.;ly alia. up e.lcng the extendea; i’ault ;" uo fom .
. for a limited verbica}. distzmoe one of the m.lls 'ﬁ" t e vein.
‘ All tne openings thus formeé. were cementad b;r tha |
Xh ,,;auartz of the Second Period A f see page 55) Which indeca

regiatars the age of the *anlt—-mowmant s
" Later than thie, mzccessive fault "iovements, proba‘bly N
21l very Blight, produce& the tjpically eaat-west azxd oi‘ten S o

| south-dippino fissures which were sv.ccessively occupied by
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-

remarke&, appeare to hava baen followed by tha aavdlopment

ncrio&~ as 1"or'ez.:z'ur:xp}.e, the pr1acinal movemont along the “

mOre sil cified by Gi’ﬁﬁl&hi?" hot vutars- the younger onaﬁ,}
which are oftan foun& to disyl ce t%e olde* onea, leas and '

lesa so.‘

of a strong horizontal fgalt, lazer camsntea bJ vein»mata*ial
of the Thira ”ariod‘ and many othar faults, including renewea

mQVement along oider faults, eviaently took place at tnis

thna.'. que‘h Iauer ?anlts are ofton mar&ad by considerable

s*lieification, but the quartu,yeven.whera abun&ant *is

e barren.
bin.ana Belmont fault-zcnes evidently balong te this

"Desert Queen ault" in the 1znah mine, which *&ult 19
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'11_6f>the latast rhyolitic—dacitic IENQS. largely in thé‘form.f:
of ”olcanic pipes or necks~ and thau the fanltzng‘was due :
to the collapse ana sagging of th”;cruav around taa volcania
‘inecgﬁ, which sagved.aftar
-w{}Thié is’in accora with.tha presant investigationi wﬁich ahows e
f;iﬁhat this movement originuted after uhe intrusion oiﬁtne g
 }Tintru5ive monOpah rhyulita, whish is now shawn to be;iﬁtzmately
lljcannected with tha Oddie rﬁ&a’ita, and to have immadia»eld
'.-""precedeﬁ. tha infsrusion of’ tha oaa.ie rhyolite groper.@ -‘;f':--.‘

'at tnis maat recant s ago of movement &nd ia illustrgte&
B by tha Siscert fault, which was 3arly aascribe& by the writer_

on the-?OO-foot_level 3 nah. = It ‘hes recenuly oeen found,

. In ths writer’s ariwinal pnblished report it'waa =
. uhat this conepicunus”faulting-followe& the intrusien .

o,
K

}their inﬁrasion.and eolidificatian.fﬁ

g

rhe ex*ansiva horizon*al faulting was alsc repeated

Prof. ADaper 0. 42, U.S.G.o. up. 47, 68 80.-
qee p. 41 t%is reror+
Ofv &per 0. 42. UcJuJadl P 110.'

%ﬂﬁ'*
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‘ attend.ed, by Menae cméhiiig m& grinding. and. ﬁétan szmw

a v:ida zone'of ‘movement._ ‘,sz'placasv, thia mcvement aeems

to sprsad. i‘asal_*" out instea& of confining i‘.:se’! f ‘!:o narrow

.w ey ’: ATy

mnes, and ta have resultad in f-*e fine 'breccia*ion a.nd evan o

in anulaf:ion of a zone a*"twn mzmy met m v:idth., Such

| ~ mavemcnt a.n& faul -prassuro ,‘ that 1t assu.mea all “119

- anpearance m. eartain varietias o:‘:.’ snrfe.oa- ome&. &etrital

t’ne S‘bone Cabin am‘i Burro *Paults ( Eonopah Jining memany)
and oacasione& much perplmd.ty 111 tho earl,,r pa:rt of the '
recent emmination. - Vora tha"#e aynanoclas‘biﬂ rocLs have
developed at tha expense cf +hc ..Ii nah '!;,.nc‘z.,ta :ma 1ccall;r,
probablj, of tha ‘Ti&wa;;- andes* oB- ‘_},.V"he extromaly 'brittle

‘ "mlasay traahyta" has lent itself “espacially 1:0 i:ais kind.

of granulation ancl pressure—layering. 23 wes asneoially

this case also dmoclastic ~"::m*:sx having gonewhet the

o brecciatarl an& gramulatea roc*- is o f4en layares& oy zhe ;.aalt-?

tnffa. B : Snch oocu:rrenoes have been i’ound adjacenb to (or in)

observed in ’cha }aentana-ronon ah smd elsewhere, producins in




‘v.i%l‘;z";ﬁ\dx‘u,‘uq o

appaaiance o atratified.tuffs.
observed in Sone of the Tonopah

A

I3

N\

Bpecimeng 8tudied Prowm the Tonopah-zxtension, in waien
the microsoope showg thg fine‘interlaeing nearly na

lineg of’presanra—maveman& which
marked'by lines o¥ sericite.

‘e

73
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0753 05 IARS

flThe weostern part of this level is 1n the Midway
andesit;- the eastern 1n Hizpah trachyte. The 3urro fault- |
contact ard the Hontana famli-conteact, bound_ng tie trechyte
on the we‘f/and north, come together in a bewildering comnlex
of small *aults. uaar.the southesst corner of the propexty
the Uldway andesite contaet is 140 Paet sbove tho lovel, vwhille

150 fest fnrther'north'it in SG oot up, the 4if Parence TOPTO~

'3enting the angle of daip of tho Montane fawlt.

‘f

565-FC0T LEVIL:

' The HocDonsld {Zrougher) vein, vinlck comes lnost
up to the 265-foot level, was drifted on, on the 365-foot level,
the vein oxtending into the lontans o3 indicated on the nep,

The position of the lMontans fault is slso indicated, with later
andesito to the north.

Ic the esstern part of the property, several of fhe.
minocr south-dinping veins of the lortane pagss into tho Hi& ey,
arnt have been drifted on snd worked to o }limited exztent; they
are by no means So important 2o In the llontenz, and appesar to
dis out entirely orn the west. |

There is very litile pround left for develoyment on

thic or ths level above.

1 e e



435-700T LIV3L:

On the 435-foot level thelﬁacDonald vein, and the
Zontana fault are hoth ghownm, The omsll, usually south-dipping
_véina in the eestorn part of the mine are also shown: they ere
0f 11ttle importance. The vest Exd rhyolite comos in om this
1qval.,with a flat famlt separating 1% fromvthg izpah trachyte -
above. This fanlt 15 taken t0 be the Sicbert Pawlt, Beyond
this, to the northwest, lizpah trechyte comes in ogain, md in
it, near fhe rhyollte contaet, frogments of a vein. From near
tnis point o long north cross-cubt appears to be ontirely in
Iizpah trachyte, | | ," _
| This crosé-aut should be'conxingad t111 the uldway
anéesite is renched. 4

hY

470~230T LAVAL:

This intermediste level shows the l'acDoneld voin,
affocted by rumerons slight feunlts. The Hontang femlt is elso

Shﬂ‘.’m .

£85-700T LEVIL:

- This emall level 1s catirely in ¥izpsh trachyte,

noar the sheft,

530~Q0% TLOVAL:

The llaelonald vein doos not come dowm 4o this lavol,
- tedng cut off by the Vest Gnd rhyolite,

fne laried Yault of the znel workinge, whieh,

< g



with en cast-of-north trend, drosses the ilizpah vein less than
200 feet north of the Hldway line, is rot recognizable in the
1dway, This feult, ss showm in the ilzpah, is older than
both the Siebert fault =nd the Lidway endesito: and as in tnig
part of the Lidway the Siebert foult and the upper contaoct of
the ldway ("esloltie™) andesite intrusion come together, the
3uried FPault 19 obliterated by the dislocation of the one and
the invasion of the other.. '

On the 530-Ieve1 is shown en impoitant fanlt,
gtriking northeast, 1like the Buried Ennlt but dipping 2latly
to the southeast.  This feult, which the writer has oslled the
Uidmey femlt, extonds into the ¥ izpeh 600-foot level worirings,
w@ere it is narkzed by muck quertz of the;Second Eeribd. shqwing
it t5 be an ocnelent fault. In the Hldwey elso this fanlt does

‘not: d;aplaQQ‘the ilontana famlt, showing it to be older than this

feult; end, since the lontane Ponlt is probebly mainly = normal
contbact of the 6verlying iiidway endesite, with subsequgnt 8lipping .
clonz the contact, it follows that the Mdway faudlt 1s prodbabl:
older then the :Hdway andesite flow, The Midway Lault, as
cnhown on this level, has e Strong left hande& offset. It euts
0ff and provably terminates the Red Plume vein of the Mizpeh
8C0-foot level, mo thst only the extreme east and of it anters
the Hidwoy ground, between the 530 end 630-Poot levels.

~ Relatively littls Zzpah trachyte is shown on
this level, which 13 mainly ir the Yest ond rhyolite. A 1little
lnsay trachyte oceurs, #rnd in 2 numbor of places intrusive id-

A~

wey endesite ("ealeltic” andesite) wihieh intrudes the oldier rocks,




Jonbans Poult.

The lontana fault, with the Aidwa, andasi te to
the north, im shown also on this level. ‘

The west drift on this level should be driven
further to look for Mizpah trachybe; if found, the drift
thula'be contirued on nearly to the limits of the property,

if 3 izpah trachyte still continues, when a lonu north oross-cut

: sbould be driven.

630-007 LIVEL:

This level is mednly below the ?est End rhyolite - |
nheet mainly in the Glassy trzchyte formstion, with the intru— |
sive lidway andesite mess nesr the sheft, The lontana famlt 1s
shawn aﬁ the end of the long north eross-cut, with illdway
andesite to tbe north, Purther southeast, fanlts which anpear

to helong to ﬁqe lontana faulb-zone drop down the West snd

rhyolite to the north agninst the Glussy trachyte to the south,
and a parellel one, further north, brings down the lizpanh trachyte
to the level. A very 1ittle izmpeh trachyte is also shovm R

neer the ond of the mein cross~cut, under the Montans fault., 7/

A dike of Tonopsn rhyolite ("Lower rhyolite") in N
the Glasgy tfachyte sppears orn this level,

Further exploration on this level should be.
2or the present confined to 2 single drift, starting about

3012 I, 2300 Zast, ‘end runninr ebout:- U 65 est, parallel to the

This lovel is moinly in the intrusive Hldwoy sndesite




maés, with consideiable Glassy trachyte, and gsome Tonopeh
rhyolite, an offshoot from the main mass below. 4 foirly
strong east—northeast fault, marked by much barren quartz of the
Third Period, is shown; this same fault is recoznizable on

the levels ghove. This is e normal fault, with a moderate
downthrow on tha nortkh, and may he called the llidway-Deep.
”anlt. | .

Ho further ezploration ia advisahle -on this

level at present‘

1000-¥00T LUVEL:

&n ineline sterts on the Lidway-Deep~Fault vein

on fne BSO-foot'level~andigocs dovm to the north’more ateeply

than does the wvein, onding at the bottom in the intrusive

Midway sndesite ("esloitic andesite”) of the footwall. A% the

bottom @ cross-cut to the north is driven, crossing the uidwey-
Deep Panlt inmto the Tonopsh rhyolite. Continued further north,
the erosg-out passes through inténsely silicified Tonopah
rhyolite for 250 feet, then crosses a fzult end enters Vest &nd
rryolite. | A

o further wor: on this lovel is advissbloe at

preasnt,

10502007 LoVSL TOHORAE pBXTRLSION:

The 1050-foot level Tonopeh Zxtension hes o long
croag-cut throush 11aw~w ground, Trhis shows Tonopah rhyolite,

with Vest ‘nd rhyolite Ffurther norith and at the north end, the

sy
%




uniS &irection.

'}gyURR & Gng(Iﬁd;)a,;

Tonopsh, Nev.," OCot. 31, 1910.






