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General Report 

SYNOPSIS OF FINAL GENERAL RESULTS. 

At 'r onop a h tb e ·olc1cst r oc k is a t rachyte fiow highl y a ltered to 
quartz, serici te, and acl ul a ria . Th e lower part of th is fiow is a fin e fiow
b a ncl ed g lassy trachy t e. 'rhe ma in boc1y of t he tra c hyte co nta in s tbe 
oldes t and by fa r t be most im po rta nt group of min era l v e in s ; Lh e g lassy 
t rac hy te appears practically ban en. 

Stresses subsequent t o t he t rachyt ic extrus ion prndu ced horizonta l 
fa ul t ing near the zone of transition betwee n t he main body of t rachy te 
a nd its glassy lower portion ; a nd a. long here a glassy trachy-a las kitic 
in trusio n, very f ull of in clu s ions, took place. S ubsequent move ment 
I·eopened this line of weakness, a nc1 a second t rachy-a.laskit ie in t rnsion 
ca me in- th e ·w es t Encl rby oli t e sheet. At a subsequent epoch ca.me a u 
en 1ption of a. nc1es ite (Midway a ncl esite), la rge ly as a sm face flow, but 
la rgely also as a n in t ru s ive sheet a loug t he o ld zon e of wea kn ess, but 
typica ll y below th e ·vv est E nc1 rh yolit e sheet ; at a still la te r epoch th ere 
was a series of rh yolitic and al askit ic surface flows a. nc1 i n t ru sion s, of 
which the most important in t he min e workings is a g reat i nt rn s ive mass 
ca ll ed t he 'l'on opah rhyolite. 

'l' he prin cipal Yein s were for meLl aft er t he trachy t e ernption and 
befo re the Mon tana Breccia- 'vVes t End R hyo li t e intrusion s. Th ey are 
qua rt z 1·e in s cany in g silver a nrl go ld. A second ~ e t of vein s was fo rm ed 
aft er t he West End H,by olite intrn sion and before tb e Midway a nd esit e 
erupt.ion. This seco nd set is d iv ided in to four successive groups-A, la rge 
ty p ica ll y barrep quartz v eins ; B , t ungst en -bear in g ve ins; C, mi xed quartz 
and ad ul a ria veins, ty pical ly ba n en ; D, small productive ,-ein s like t hose 
of t he first se t , f oll owing th e t rachyte . A t hird se t of vein s was :formed 
after th e 'ronopa h Hbyolite intrnsion. Th ey a rc qua rtz vein s conta in ing 
occas ional leac1 , z in c a nd copper sulphicl es. 

A ll of t hese v eins fo rm ed a t s ha ll ow dept hs, a nd the diffe rent ty pes 
r epresent various st ages of temp erature. Th e First P eriod ve in s represent 
t he no rmal sha ll ow-seated t y pe, a nd f oll owed t he trachy t e eruption; th e 
Second P eriod B vein s re presen t a n a bnormall y intense shortl y-sust a in ed 
t emperature, fo ll ow in g t he trachy-al askit ic intrn s ion ; t he Seco nd P er iod 
D vein s a d irect ly subsequ ent briefly -sustained stage of t e mperat ure 
more normal to s ha ll ow depths; t he 'l' hircl P eriod a re latively hi gh b ut 
briefly -sustain ed t emperature, fo ll owin g t he al askitic ( Tonopah I0 hy ol it e ) 
intrusion . No vein -for mation fo ll owed the and esite ernption. 

Th e hi story of f a ulting i s long a ncl complex; important mo,·emen ts 
have tak en pla ce a t e very stage of the geolog ic hi story. 'l' hese move
ments accompan ied ancl were cl ue to t he Yolca n ic pa1·oxysms; a nd were so 
inten se that locally t ho rock s a.r e ground almost t o a powd er. 
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HISTORY OF GEOLOGIC INVESTIGATION AT TONOPAH. 

Conclusions in 1902. 

Wh en t he writer ma de hi s fi r st stu dy of t he min es of To nopa h, in t he 
summer of 1902, he ident ifi ed the hig bly altered and varia ble-appearing 
rock i n ·which t he principal ve ins were fo und as a nclesitic · a ud found t ha t 
t his rock was frequent ly covered by a noth er a ndes ite,' later t han t he 
principal ore-deposit ion, and therefore b arren of ore a nd formin g a 
'' cap-rock ' ' to the ore-bearing veins. T be forma t ion which enclosed 
t ho veins be called t he '' earlier andcs ite'' (although his recent investi ga
t ion s hows t he rock to be really a trnchy te ) ; t he y oun ger ro ck th e 
" la te a ndesi t c. " Still y ounger t han t he " la t er andesit e" he fo un d a 
variety of v olcan ic rocks, la rgely extru sive surf ace fo rma tion s inclu d ing 
t uffs, explosi ve b reccias , and flows, but a lso pa rt ly in t rn s ive. T hese 
younger rock s were chiefly r by olitic in co mposi tion. On e of t he most 
con spicuous of t hese rhyolitic i·ock s was a rock wi t h a g lassy ground 
mass, usuall y pack ed f ull of aD gula r incl usion s of 'sim il a r glassy 
rb yoli te, so t hat t he w hole bad usuall y t he st ruct ure of a b reccia . This 
r ock occuned chiefly a s surface flows in th e d ist rict so ut h of the to wn of 
To nopa h ; to th e no r t h of t he tow n, however, i t was fou nd to out c rop 
a bundantly in t he guise of an intrusive rock, younger t ba n t he later 
auclesitc. To t his rock t he nam e Tonopa h rhyoli te -clac ite was g ive n ; 
i t appeared to be pla inly an a utoclastic volcan ic breccia. T he o ri g in 
see med to b e clue to periods of qu iescence a nd of par t ia l conge lat ions 
i n a volcanic vent , alternating w it h per iods of upward propul sion of 
the viscous lava, so t ha t t he har den ed glassy exterior cru sts were sha t 
tered and ca rried along in t he upwelling still fluid por tion of t"he sarne 
lava; a11d t hese i nciden ts repeat ed a uumber of t imes produced t he 
peculi a1· and cha racte ri stic structure of t he fi nally solidified rock as we 
find it . 

Also later t ha n t he ores, and roughly contemporaneous wit h t he 
Tonop ah r by olite-daci te eruption s and related intrusions (the spa n of 
the period of activity of t his la va was considerable), be foun d a sen es 
of wa terla id t u ffs form eel in a la k e of vast ext ent. L a ter than these 
t uffs , he found a numb er of volcanic necks, fo rmed of disti nct bu t c losely 
Tela ted lavas of rhyoli tic composition merg ing t oward clacitic composit ion . 

In sum, it appea red t ha t t he produ ct ive ve ins ha d formed af te r t he 
erupti on of t he "earlier an desite" (which was a nd is still b elieved to 
b e in large measure at least a surface flow) and b efo re t he a dvent of t he 
numerous other volca nic an c1 vol cauic-detrita l mention ed . T he w hole 
volcanic hist ory , in clu d ing the formation of t he ore-deposit s, was fo un d 
to b elong to t he Tertiary , probab ly Mio cen e-P liocene. 

N ew Information Obtained in 1903. 

Ret urning to 'l'onopah in t he sum mer of 1903 fo r a brief examin a tion 
of recen t developments b efo re t he publi cation of his report , t he w ritei' 
foun d t hat a number of shafts ha cl, after passing clown t hro ugh t he 
earlier andesit e, encountered, at a depth of a fe w hundred fe et , a dense 
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greenis ll gl assy l'Ock , hi g hl y altered, a n c1essen tia ll y ap ha nitic, bu t evi
dently of 1·hy oliti c na ture. This Toc k i s chan1ct c ri zed by num CTou s 
a 11 g ular light-colored or white in clusion s, ap par e11 t ly of a.ltered rh yolitic 
g lass of much th e same n a ture as t he matrix, so that th e who le rock 
appears to b e a n au toclastic g lassy rhyolite. 'I'h c most im portant veins 
seemed t o b e cut off b y t his rhyolite, whence i t was concluded t ha t th e 
i·hyolite was an in t ru si ve sheet, younger than th e ''earli e r a ndesite'' 
and t he prin cipa l ore-deposi t ion ; a nd t his v iew, af ter recent exha ustive 
in vest igat ion, is st ill held. S in ce t his rock was closely s i rnil a r to th e 
outc rop ping iu t rn s ive '.L'onopa h rh yolite-daci te in t he Yi cinity, it was 
co rrelated wit h t his fo rm ation . This con elation has n ow b een defini tely 
abandoned, as subsequ ent extensive d e,·elopm en t work h as proved t ha t 
t his und ergrou nd Th yolitc i s of d istin ctl y greater age th a n tb e 
Tonopah d 1yolite-dac ite (or Tonopah rhyoli t e, as J.t may b e call ed 
with more s impli city a nd as mu ch accuracy) a nd nowh ere in t he 
sur veyed a 1' tl mappecl d ist ri ct outcrops at th e stnfa.ce. Thus it con
~ ti t u tcs a n ew form ation, un cxposec1 a t t he ti.me of t he orig in a l i nvestiga 
t ion. lt is co mmonl y refen ed to in 'l'onopah a s t he " Upp er rh yolite,' ' 
bu t will be here rn ore con vc nie11t ly designated as t he " \\7 es t E ncl 
r hyolite . '' · 

It was ob scn ·cd by t he writer, in the summ er of ] 903, t hat thei·c was 
evide nce of a second pe ri od of ve in -formation, late r t han th e \Vest E ncl 
1·hyolite. Th e descr ipt ion of t hese later vein s stiJI holds, a nd w ill be 
refe rred to more pa rt i cula rly later. T hey are less defini te and persistent 
t ha n t he ve ins of t he fi rst period, co ntain grnat qua nt it i es of low grade 
or ba rren qu artz, and t he pay-or e, w here i t docs occu r, i s spotty a nd 
usua lly of low gra de. 

Tb e cle ,·clopm ents obser ved in th e summ er of J903 a lso s howed th a t 
several shaf ts had passotl t hroug h the sheet of 'West E ncl r hyolitc into 
a ndes ite, hav in g ap parn ntly th e gPnera l compositi on of t he "ear.lier 
an clositc" a bove t he s heet , and hig hly altered by hot- water action. No 
developm ent work w hat ever h ad b ee n clon e in t he low er a nelesite body, 
bu t i t was especia lly 1·,ema rk ed t hat t he alteration of thi s rnck was 
ent ire ly of t he sor t so rn et irn cs des ig nated as ' ' propyli t ic ''-i. e., to ca·lcite, 
chl orite a.ncl py r ite, so t hat t he rock took on a eliaractc 1·istic dark-green 
color; w hil e t he "earli er a odes itc" above t he 'West En cl r hyoli te sheet 
was mainly a.lterecl t o qua rtz, scrici te, a nd a duJ ari a. Evid ences of t his 
p ropy li t ic a l t e rnt ion in t hi s or ig in al ''earlier an cles itc '' mass were, how
eYer , abundan t in ma ny places, so tha t t his lower a. nclcs itc was co rrelated 
w it h the ''earli er ancl csi te,'' al t hough it was poin ted out t hat t his 
'' calcitic phase of t he earlier a nclesitc '' was no t associated wi th the 
ores:• 

At t he tirne of th is second exa minat ion in 1903 a ve rt ical drill-hole 
down wa rd from th e botto m of t he Mizpa h shaft had encountered a ro ck 
w hi c h the writer ide nt ifi ed a s r hyoli te, and correla ted it w it h t he '' Tono
pa h rby olite," an d on t hi s b as .i s in terpreted i t as a ban cn fo rmati on, in 
which no pay -ore woul d be fo un d. This conelation a nd interpreta t ion 
have b een confi rm ed by t he w ri te r 's r ecent exhausti ve in vestigat ion. In 
t he Mizpa h Exte nsion shaft part of probabl y th e sa me un derground 
rlqolitic body wa s obser ved, and, as i t still appea rs, correctly conela t ecl. 
'.L' his d ee p-seat ed s heet b cca. 1ne subsequen t ly locally kn own as th e " L ower 
rhyolite. '' 

• P rofessional Pa.per No. 42, U. S . G. S ., p. 32. 
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Progress of Development Work and Modifications of Geological Views. 

'l'h c extensiv e undergrotmcl de ve lopm ent of th e succeeding years 
emphas:i zec1 t be distin ct ion b etweeen t be lower a nd esi te body, or t he 
'' calci t ic phase of the earlier anclesite,'' a nd t he upper or or ig inal 
''earli er anclesi te '' mass. '.L' he fi rst-n a med rock , w hose designa t ion be
ca me usually locall y abbrevia t ed t o "calcit ic anclesite,'' was fo tmd to 
ha ,-e a con s iderabl e latera l extent, w it h t he ge nera l f orm of a sheet 
un derl yin g t he ·w est Encl rb yolitc sheet, and overly ing th e rl eeper 
Tonopa h r hyol ite (usuall y call ed locall y t he " lower rhyolitc ") mass,. 
which wa · a lso f ound to ha ve considerab le la t eral exten t. Th e g reen 
color du e to t he type of a lteration of t he "calcit i c anc1esite" was fo unil 
t o be qui te uni fo rm, and the scarci ty of s il icifi cation or v ein s in thi s roc k 
beca me in creasingly ap paren t. Therefo1·e th er e was an in crea sing te nde ncy 
on t he par t of t he local '.L'onopah geolog ists, w ho w ere watc hin g th e 
de velopm ent, to question th e correlation of th e '' calci t ic an des itc'' w it h 
th e ''earli er a t1dcs:it e, ' ' and this i11 crea.sin g doubt was sha red by t he 
w r it er. 

'.L' hcse do ub ts took more d efinit e fo rm in th e mind of t he write1· in 
t ho summ er of 1908, w hen he ret urn ed to 'l'on opa h for a n examinat ion 
of t he W est E nd and MacNa mara min es. At tb at t ime be dete rm i11 ec1 
t he fact t hat t he " \¥ est E nd rh yoli tc" s heet coul d no t be conela.tecl 
wi t h t he " Tono pab rhyolite" bu t was d ist in ctly olde r. On e of t he st rong 
a rgu men ts fo r t he in t ru sive u a turc of t he 'Nest E ncl rhyoli te sheet was 
t herefoTe wi t hdra wn , and a r enewa l of t he wh ole a rg ument beca me n eces
sa ry, fo r if t he rhyo li te sheet were n ot in t rus ive, t he ma in a rg um en t fo r 
t he con elation of t he un derlyin g '' calc it ic ailll es ite'' w it h t he overlyin g 
orig in al ''earl ier an clesi te' was al so w ith d raw n. Th e no w more clearly 
ex hibited (on acco unt of n ew develop ment wo rk ) uni fo rm points of di s
tin ction bet ween th e two and csitic l'O ck s l ed fin all y to th e co nclu sion 
t hat t he two andcsitic sheet s were ind eed disti nct an d in depend ent roc k
fo nn at ions. 

Tn t h.i s new li g ht , a very poss ibl e expla nat ion appeared t o b e t hat 
t he lliffere ~ t fo rm ations ·were merely a se ries of r egul a rly success i.vc sur
face flows. 'l' hi s expla na tion was r egarded by t he writer wi t h som e favo r, 
a lth oug h i t by no means expl a ined t he peculi a r rela t ion s of t he rock s to 
t he min eral ve:in s, as i t still appeared t hat t he most im portant ve in s i n 
th e ''earl.ier an des ite'' were cut off by t he W est End rh yoli tc sheet ; a n l 
t hat t he la rge b ut relati vely low gracle ve in s of t he seco nd period, fo und 
in t he 1\1 est E ncl r hyoli te, clicl n ot penetrate t he '' calcit ic a nclcsite'' and , 
appare ntly, had not b een f oun d in t he Tono pa. h rhyolite b eneat h. 

Jn Dece mber, 1909, th e th esis t hat th e d iffer en t rock fo rmations a t 
'.L' ono pa h were a series of success ive surface flows ·was brou ght out rn a 
publ icat ion by Mr. J . A. Burgess, geo log ist fo r th e '.L' onopa h M inin g 
Company . 

As a stro ng point ·in fa vor of t his view mention was made of t he 
d iscove ry, in t he Mizpah mine and in the upperm ost portion of th e " lower 
r hyoJi te , " of white dense banded r ocks hav ing t he appearan ce of strat i
fied t uffs, altern atin g with t he coarse r b recc ia such as i s more co mmon 
in t hi s fo rm at ion. :l!~urther specirn ens were f ound in cores obtain ed by 
cleep chill ing whi ch could b e eas il y i nterpreted, on accoun t of their 
c1 efini tel.v banded cha racte r, as st ratifi ed . M icroscopic examinat ions ma c1 e 
by M r. ]~. S. L a rsen of t he Carn egie Insti tu te show ecl an essentia ll y frag
mental characte r of t hese Tock s, a nd t hi s led to t heir designa tion as well -
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bedded tuffs. 'l'h ese con s id erations made t he thesis t hat t he rnck s of t he 
district were a series o.f successive surface fonnation s, occutTing in t heir 
normal order, with th e oldest at t he bottom and t he yo un gest on top, a 
pla usible one, which t he present writer had no difficulty in b elievin g 
might prove to be conect. 

Outline of Results of Recent Study, 

In the early part o.f 1910 a rra nge ments we re made wi t h t he w r iter 
by t he principal minin g compa nies of 'l'onopah fo r a t horough geological 
jnvestigation, to suppl ement his original repor t publis hed by the Geo logical 
S urvey, and to in vestigate the i mport of data subsequent ly exposed by 
de velopment, with its bearin g upon t he .future method o.f development 
work in t he camp. Accord in g ly t he writer has spen t a 1n1mber of mont hs 
i n close detail ed undergroun d studies and ma ppin g, and has al ready inves
tigated in det a il t he mines o.f t he Tonopah Mining Co mp any, t he Montana 
Tonopah, the Belm ont, and t he Midway, all adjacent a nd fo rmin g as a 
group a unit. · 'l'h e r esul ts of thi s a rduous work have b een finall y to fix 
de fini tely and beyond doubt most of t he geologi cal rela t ions. As is so 
often the case, it is t he un expect ed w hich has finall y proved to be t he 
t ru e solu tion . Th e ''earlie r a ndesite'' still re ma ins the oldest of t he 
rock s, bu t t urns out to be a t rue trachyte instead of a n andesite and 
will henceforth b e call ed t he Mizpa h Trachyte. In its lower portion i t 
passes by trans it ion into a dense banded g lassy basal p1iase, cali ecl in 
t his report t be Glassy Trac iJ yte. This "glassy trachyte" was at least 
severa l hundred .feet t hick, but w here t be exact base was, or on wbat olde r 
fo rmation th is flow rested, is not kn own. The West Encl rhyo lite h as 
b een determin ed to b e a n intrnsive s heet, mainl y in serted a long t he· zone 
b etween the ''G lassy t rachy te,'' a nd t he ''Mizpah trachyte'' proper , 
although showin g considerable irregul a rity. Th e '' calci t ic a nclesite'' is a 
distinctly intrus ive sheet o.f consid erable irregula1·ity, yo un ger t han the 
W est End rhyolite, a nd sometim es underl ying th is rock, d irect ly, so metimes 
separat ed from tbis rock by a va ria ble thi ckn ess o.f t he ''glassy trac byte. '' 
It appears to b e o.f essen tially the same age a nd co mposit ion as t he 
'' later anclesite,'' i s correlated with i t, a nd is probably d irectly con
nected with the main late r a ndes ite mass, whi ch appears to be essentia lly 
a surface flo w. Th e '' lower rhyoli te'' is shown to b e yo un ger t ha n t he 
" later andesite," i s correlated wi t h the "'l'o nopa h rhyoli te, " as was 
clo ne by t he write r at t he time of his original i n,·est igat ion , and is 
youn ger th an th e "caleitic a ndes ite" sheet, whi ch it underlies and is 
locall y known to i ntrncl e. '!' hi s " lower rb yolite " is evident ly t he flatly 
downward-p itc hing extension of t he great mass of in trnsive '' Tonopah 
rhy olite'' exposed on t he surface half a mile or so to th e nor th of t he 
ma in produ cing min es . 'l' he t hickn ess of thi s Tonopah rh yolite is unknown, 
as it has n ever b een bottomed; in th e Mizpah min e a vertical thickness 
of over 1900 fee t h as been demonstrated by drilling. 

Thus we have t he well-substantia ted and extraordin a ry condition of 
a series of fo ur success ive s heet-like formations of distin ct charac teristics, 
of which the oldest lies at the surface, and the yo ungest at the botto m, 
and the whole order of superposit ion is the reverse of t be ord er of age. 
'!'his in version , striking as it is, is not so regular as an ele mentary view of 
t he si t uation indicat es; the impression o.f g reat regula ri ty arises from t he 
limited fi eld of development undergronnd, which has a major horizontal 
ax is hardly more than a mile in length, and from t he fact t hat th e geologi-
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cal conditions ~n this developed a rea, a re so co mplex that the a rea appears 
to the conception much more important in si ze than it actually is. De
velopment work carried outside o.f this limited area would doubtless show 
a great irregularity o.f relation; and, indeed, this is already exhibited on 
th e borders o.f the developed area. 

. The vein~ have finally b een divided into three groups according to 
theu age, which g roups correspond essentially with those originally ma de 
by the writer. 'l'he formation o.f t he first g roup followed the advent of 
the Mizpah trachyte and preceded the' advent o.f the W est End rhyolite. 
This group comprises those rich veins which have ma de Tonopah famous. 
The second group followed the intrusion of the West Encl i·hyolite, a nd 
preceded the advent of the later andesite (including in this term the 
" calcitic andesite ") . It in cludes frequently large veins, u su ally low 
grade or barren, and locally profitable. The third group followed t he 
intrusion of the '' Tonopah rhyolite'' an d comprises rare, essentially 
b arren veins, never profitable. 
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TABLE OF ANALYSIS FOR TONOPAH ROCKS. 
IN ORD ER OF ASCE NDING SILICA CONTENTS 

S102 Al20 3 Fe203 FeO Cao MgO Na20 K20 Total Fe20,Fe0 

Cao MgO 
- - - - ----- - -- --- ---------- -- --- ·----

I 43. 00 16 .49 2 .86 6.31 5 69 6.19 0 .12 0 .84 81.50 21.05 
2 51.64 15 58 0 .16 0.58 6.25 2.79 0 .27 2. 46 89.73 9.78 
3 53.57 6 .67 . .. 2.75 5.63 68.62 . . 
4 53.84 18. 92 2.37 3.24 6.04 3.25 1.02 1.72 90 .40 14. 90 
5 53. 94 . . . . . . 7. 32 . 3.89 2.09 67. 24 . 
6 54.10 19.41 3 50 2.86 4 .81 2.94 2.68 4.66 94.96 14 .11 
7 55.60 16. 70 2 .23 3 51 4.27 2 60 4 08 3. 17 92.16 12 . 61 
8 56.26 16 .18 5 .• 56 1.17 5. 07 2.78 3.23 3.43 93 .68 14 .58 
9 56.40 20 .12 *O .09 5.87 3 55 1.99 4.87 2.56 95 45 11. 50 

10 56.70 17 .01 2.58 1.19 5.27 2 .17 2 33 3.04 90.29 11 .21 
II 56. 72 . 5.58 2.72 3.94 68. 96. 
12 56 .89 18.25 3 201 2 15 4.03 2 93 2.00 3.05 92 50 12 . 31 
13 57 04 16 55 2.27 3 00 3. 08 2 .14 2.62 3.15 89.85 10.49 
14 57.51 16 .55 3.20 2.02 6 06 2.30 2 76 2 .81 93.21 13.58 
15 60.53 17. 89 4 141 0 .77 3 13 1. 63 2.05 4.06 94.1 4 9.67 
16 61.23 16. 45 5 .17 0.29 2.79 1 .83 2.53 2.61 92.90 10 .08 
17 61 65 18.64 2 96 2.61 0.29 2 73 2.74 3.98 95 .60 8 59 
18 66.15 . . . 3. 17 . . . . 2.38 5. 48 77 .18 . 
19 66 77 18 .01 1. 94 1 1.01 0 .59 l. 33 2.99 5. 22 97.86 4 .87 
20 67 .18 18. 50 3.86 0.58 0 40 0 . 79 1. 82 5.38 98 51 5.63 
21 68. 68 . 3. 06 0 21 5. 17 77 .12 . 
22 68.86 16 . 33 2 21 0 38 1. 30 0.68 1. 76 5.00 96. 52 4 57 
23 69. 13 16. 51 1. 50 0 82 0 36 0 .51 2.80 4.74 96.37 3 .19 
24 71.1 4 15 .24 1. 77 0 26 0 .09 0 16 0.24 6 .31 95 .21 2 .28 
25 71. 71 14. 00 1.06 0.51 2 .25 0. 43 3.21 4 41 97.58 4.25 
26 71 .79 15 24 2.00 0.10 Trace 0.08 1. 21 5.51 95.93 2 18 
27 72 27 16.38 1. 96 0 .19 Trace 0 49 0 .22 3 .71 95 .22 2.64 
28 72.31 13 . 79 1.54 0 .26 108 0. 56 2.56 4.66 96.76 3.44 
29 72.50 0. 89 0 .25 4.90 78 54 
30 72 .98 14 .66 1.01 0 16 0 .18 0.33 0.00 6.03 95.35 1. 65 
31 73 .00 ·.· . . . 1. 55 ... 3.50 4.71 82.76 .. . . 
32 73.20 14. 59 . 1. 92 0. 47 1.24 0 .12 4.32 95 86 3.63 
33 73.50 14.13 1 .51 0 .26 0 12 0. 21 0 .24 5 .11 95. 08 2.10 
34 75 .17 15 .83 *O. 17 0 90 0 .46 0.39 2 .08 3. 18 98.18 2.92 
35 75 .44 13. 77 0 80 0 .05 Trace Trace 0 27 6.39 96.72 0 .85 
. 36 7.5 . 45 0.78 . . 1 12 5.74 83.09 .. 
37 75.56 .. . : : :I : : 1.16 . 4.20 4.50 85. 42 .. 
38 75 .66 ... . . 0 47. 1. 70 4.94 82. 77 . 
39 76.2.5 12 .84 

.: ::1 .. . : ~: 
0 .16 0 .56 0 .12 3.20 94 .00 1. 57 

40 76. 57 . . . . . . 0.96 5.81 83 .34 
41 77 .02 13 . 81 Trace 0 . 15 0 .31 5 .12 97 . 47 1. 21 
42 77. 30 13 .79 0 .87 0 .14 0 .10 0 05 0 .22 4 .22 96.69 1.16 
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No . NAME LOCATION 

Midway Andc, ite. . Montana Tonopah Shaft .. . 
North Star Shaft 350 ft. from 

Collar ... 
700 Red Pl umc .. .. 

300 Mizpah ... 
Basalt.. . Sirbert Mountain (not typical 

lla,alt) .. 
Midway Ancles ite .. 900 Mizpah . .. 

ID 
II 
12 
13 

14 

15 
16 
17 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

Mizpah Trachyte. 

Tonopah Breccia 
Mi zpah Trachyte. 

Brougher Dacite. 
Glassy 'l'rachyte .. 

28 Tonopah Brcccia. 

29 West End Rhyoli te 
30 Mizpah Trachyte . . 

31 Brougher Dacite . . 
32 West End Rhyolite 
33 Mizpah Trachyte .. 
34 Tonopah Breccia. 
35 Glassy Trachyte ... 

36 

37 
38 
39 
40 
41 
42 

Brougher Dacite . . 
Oddie Jthyolite .. 
~lizpah Trachyte. 
Oddie Rhyolite. 
West End Rhyolite 

Mizpah Shaft 670 ft. from 
Collar .. . 

Halifax Shaft 275 ft. from 
Collar . . 

700 Mizpah 100 ft. East of 
Brougher Shaft ... 

515MontanaN 101 50 E J0200 
500 Red Flume S2700 W3370. 
500 M.izpah . 
765 Montana North End of 

Korth Crosscut 
Mizpah Exten sion Shaft 24b ft . 

from Collar. 
400 Red Flume 
515 Montana J\ 10270 E8600. 
765 Montana at Station N9912 

E9588 .. 
600 Mizpah. 
400 Stone Cabin . 
615 Montana N10260 E8965. 
300 Mizpah .. 
1500 Mizpah . 
500 Mizpah. 
Near Mizpah Rill .. 

~ Brougher Mountain .. 
1100 Belmont 82.580 \V865 .. 
765 Montana N98SO J'9555 . 
2700 ft . North of Kin g Tono-

pah Shaft . 
600 Mizpah East End of Level 
Lease 86 Mizpah Min e 180 it . 

Level 
Butler Mountain .. . 
600 Mizpah D611 .. . 
Mizpah Hi ll .. 
1200 Mizpah at Station . . 
Belmont Mine Breast of X-Cut 

S from D. S. Shaft . . 
700 Red Plume 60 it . S from 

Shaft 
Golden Mountain . . 
Belmont Shaft .. 
Wall of Mizpah Vein . . 
G. & H. Tunnel Mt . Oddie . 
600 :\lizpah at Station .. 
600 Red Flume X-Cut 603 N 

of D609. 

ANALYZED BY Collection No. 

George Steiger, U.S.G.S. 219 U.S.G.S. 

Dr. W. F. H illebrand, U.S.U.8. 331 
Boot h Garrett & Blair, P \1 ila., 

Pa.. 233 T. M.Co. 
224 

Dr. E. T. Ailcn, U.S.G.S . . . 
Booth Garrett & Blair .. 

George Steiger. 

D1. W. F. Hillebrand .. 
Prof. G. J. Young, U11iY. of 

168 U.S.G.S. 
235 T.M.Co . 

408 U.S.G.S. 

349 

Nev., Reno, Nev 435 Old T.M .Co. 
Booth, Garrett & Blai r. . 41 M 

George Steiger . 
Booth, Barrett & Blair . .. 

George Steiger . . 

Boot h, Garrett. & Blair .. 

George Steiger. 
Booth , Garrett & Blair. . 

George Steiger. 
Dr. E. T . Allen ... . 
Prof. G. J. Youn g. 
George Steiger. 
Prof. G. J. Yo11ng. 

Booth, Barrett & Blair ... 

Dr. E. T. Allen. 

George Steiger . 
Dr. E. T. Allen. 
Booth, Garrett & Blair ... 

230 T.M.Co. 
225 

147 M 

225 U.S.G.S . 
223 T.M.Co. 

51 M 

118 M 
229 T.M.Co. 
231 
107 M 
237 T.M.Co. 
228 
238 
53 U.S.G .S. 
359 
87 B 

117 M 

661 U.S.G.S. 
227 T.M.Co . 

194 U.S.G.8 . 

368 
72 Old T.M.Co. 
390 U.S.G.S. 
91 Old T.M.Co 

23G T.M.Co. 

232 

388 U.S.G.S. 
376 
143 
337 
234 T.M.Co. 

226 
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THE MIZPAH TRACHYTE. 

Chemical Composit ion. 

At the time of the original examination the '' c'.llcitic andesit~'' under
lying the West End rhyolite sheet was includ~d with t~e format~on ab?".e 
this sheet as the '' calcitic phase of the earlier andes1te.'' This calc1tic 
a ndesite has now b een r eferred to the '' Later andesite,'' together with 
certain oth er masses of andesitic rock originally not separable from the 
ore-bearing formation. 'L'his rej.e~ tion leav.es us. free. to consider .fro~ a 
new viewpoint the rocks remammg certarnly 111 this oldest fo1mat10n 
originally cha ract erized as ''earlier andesite. '' These rocks, especia lly 
when altered a re often distinguishable with difficulty or not at all from 
the "Later a'nclesite" and have a typical anclesitic appearance; but large 
masses of the formation have a greenish glassy or semi-glassy. grouncl
mass, a light color, and a faint flow, banding strnngly suggestive of a 
more siliceous type of rock. . 

As a ll of this rock has b een altered (by the waters accompanymg 
min eralization) and much of it intensely; and as the result of this 
alteration has 'been a progressive increase of silica and potash, with 
diminution of other constituents, these more siliceous appearing types 
have b een hitherto regarded as entirely clue to this alteration. 

Of the various specimens of ''Earlier anclesite'' recently l!-nalyzed 
(and selected for their freshness) the followin~ four '."ere, after attendant 
microscopic exa mina tion, selected as comparatively httle altered rock s : 

18 

Si02 . ...... · . · · · · · · · · · · · 66.15 
AI203 .. . . . . . ... . . . . ... . . 
Fe203 } .... FeO 

... . . . .. . . . . 
CaO .... 
MgO . .. . ... . . .. ... ... . .. 
Na20 .. . .. . .. . . ... .. . .. · 
K20 . . . .. .. .. · · · · · · · · · · · 

No. 18 600 Level Mizpah Mine. 
19 400 " Stone Cabin. 

3 .17 

2.38 
5.48 

19 

66.77 
18.01 

1. 94 
1.01 
0.59 
1.33 
2 .99 
5 .22 

20 615 Montana N 10260 E 8965. 
23 500 " Mizpah Mine. 

20 23 

67 .18 69 .13 
18.50 16. 51 
3.86 1. 50 
0.58 0.82 
0.40 0 .36 
0 .79 0.51 
1.82 2 .80 
5 .38 4.74 

These rocks show under the microscope a glassy to microlitic ground
mass with scattering crystals of orthoclase and striated feldspar, partly 
altei·~c1 to quartz sericite and occasionally calcite; and sparse crystals of 
biotite, uniformly present and always bleached, w~th t.he development of 
pyrite anc1 sometimes chlorite. The ground-mass is slightly attacked by 
silicifi~ation, and shows nests and irr.egular vein.s. of .fine quartz. .r.t 
seems evident however that the chemical compos1t10n is not much dif
ferent from the origina'l one. The chemical analyses of these rocks are 
quite uniform, and the three complete analyses may be averaged as 
follows: 

Si02. 
Al203 . . 
Fe20~ . . 
F eO . .. . 
Cao .. .. 
MgO .. . 
Na20. 
K20 ... 
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67.69 
17 . 67 

2.43 
0 80 
0 .45 
0 .88 
2.54 
5.11 

97 .57 

'L'hese analyses represent a rock with the soda-lime feldspa rs almost 
wanting, as in typical rhyolites and trachytes; and with the alkali feld
spar predominantly potassic-i. e., orthoclase. The silica percentage is 
somewhat hi gh in proportion to the alkalies, an d is about between the 
rhyolites and t he trachytes, suggesting that the rock is a rhyolite-trac hyte. 
Since, however, primary free quartz is practically never detected, either 
in th e hand specimen or under the microscope, in this rock, and as even 
the least altered specimens show under the microscope a litt le silification, 
(the r esult of the min era lizing waters), it is probable that the excess 
silica in the analyses is mainly clue to this second ary action; and that 
the rock was probably or iginally a t ypical orthoclase rock- trachyte; and 
with this conclusion t he appearance and composition of the rock accord. 

Further alteration of the rock i s attended by increase of silica and 
by a slight increase in potash, so that the rock assumes the chemical com
position of rhyolite varying much in silica content; but these more 
siliceous rncks show both under the microscope and to the naked eye 
the proof of their silicifica tion. 

The ''Earlier anclesite,'' having, then, been subdivided into an ande
sitic a nd a trachytic rock, the origin al term may b e dropped, and the 
principal ore-bearing formation referred to as the ''Mizpa h trachyte. '' 
'L'his leaves t he " Later" andesite the sole remaining truly andesitic 
formation; so th at this term may also be dropped, and the rock may be 
con veniently called the ''Midway andesite. '' 

Significance of New Classification. 

The fact of th e scarcity of true trachytes, especia lly on this con
tinent, makes t he above determination of the original nature of the 
" Lode porphyry" of unu sual interest; especially in connection with the 
relation of ore deposits to i solated volcanic outbursts of a lkaline magmas 
in different points in Colorado, at Cripple Creek, Silver Cliff and Rosita, 
and at Idaho Springs,' where there is no connection with regional lines 
of weakness, and wh ere th e veins are often limited in distribution and 
cluster around volcani c centers. Some of the a nalyses of rock s repre
senting phases of this Colorado a lkaline magma, indeed, b ear so me resem
blance to the composition of the Mizpah trachyte. t 

'l'he rel a ti on of ore-deposi tion to the siliceous-alkaline (alaskitic) 
extreme phases of magma different iation has been repeatedly pointed 
out by the writer. By separation of the qu artz (excess sil ica) from an 
alaskitic magma, trachyte would r esult . Th e eruption of this la rge 
potash-feldspar-rock flow, fo llowed closely by the ad vent of la rge volumes 

* J . E. Spurr, Prof. P aper No. 63, p, 25, 122. 132. 
t J. E . Spurr, Prof. Paper No. 63, p. 134. 
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of attenuated and aqueo us magm a -resid ue high in silica and potash* 
(from w hich the precious-metal deposits were p1·ecipitated) may well 
indicate some deep-seat ed fin a l act of d iffe rent ia t ion p1·ev ious to the 
trachy te ernption, by whi ch act th e metal-bearing residu es were :finally 
magmati call y concentra t ed. 

Mineral Composition. 

The :Mizpa h Trachy.te s hows frequ en tly flow-strnctures , especially 
toward t he base, wh er e it bas a conspicuous and characterist ic gra~· ish
green gla ssy g round-mass in wbi ch are co ntain ed th e not vcrv abun dant 
feldspa r ph enocrysts a nd the re lat ive ly s pa rse pheno crysts of t he fe rro
magnesian minerals. Elsew here it often de,·elops a b ette1· crystal! ization 
with in crease in th e proport ion of the phenocrysts and decrease of the 
ground-mass. Biotite frequ ent ly b ecom es more consp icuous in such cases, 
and the appearance of th e ro ck b eco mes quite diffe rent from that of the 
semi-glassy phases jus t described, and b eco mes difficult to distinguish 
from th e Midway and es ite. In certa in localities, as in t he Red Plume 
property of t he 'L'o11opah Mi11ing Co mpany, fiow-brecc ia b ands of this 
andesite occm· in the norm al so lid rock. Wh ether t his indi cates that 
t he M izpah trachyte consists of a nu mber of success ive fio ws is un certain; 
there is at least no defini te ev id ence to prove this, and to disprove the 
possibili ty that the b reccias may not be flow-breccia layers in a single very 
t hick flow. It is th is vie w· t hat t he writer in clines to, in defau lt of 
definite evidence to the co ntrary, ancl after a n unsuccessful effort to 
se pa rate t he M izpah trachyte in to dist in ct members. 

Altera tion. 

'rhe Mizpah 'l'rachytc is the en closing rock of the prin cipal productive 
veins, and is usuall y 111u ch altered. The most conspic-uou s l·esults of this 
alteration are quartz, and sericite, ·with frequent aclu laria with in some 
pl aces py rite a ncl sid crite. 'J'h e alteration to ab und ant r bl orite and 
calcite does no t seem to b e au important on e, as it was supposed to be 
at t he ti me of the publication of the original rnport, for th e lower s heet 
of anclesi te origin ally supposed to belong to the earlie r ancles itc (t he 
'' calc it ic ancl esite' ') is now shown to b elong to t he late r ancles ite. 
iVh atever sporadic alterat ion of t il e ''Mizpah Trach.v tc '' to ch lo rite a nd 
calcite exists, see ms to be wit hout s ignifi can ce a s regards th e orc-d epos i
tion. It is usually noted wh ere the rock has bee n c rnshed by movements 
subsequ ent to th e ve in format ion, which movem ents have opened the rock 
to probably th e same propy li t iz in g solut ion s as those whi ch llave so 
profound ly a ltered to chl orite and calcite t he later audes itc (M idway 
anclesite) of the ,·ic inity of the produ ctive district. 

Thickness. 

The Mizpah 'l'rachyte has a maximum thic kn ess of about 700 f eet on 
Mizp ah hill , where it outcrops ; it does not attain this thickn ess in any 
of the developed portions of th e district where it is covered by '' cap
rock,'' as th e variou s later rock s are cal lecl. Th e original thickness 

• .J. E. Spurr , Prof. Paper No. 42, p. 227. Thi s was a lso the conclusion 
arrived a t concerning the con1position o f the n1etal -bearing solutions fron1 
which the gold -ores of Ida ho Springs were deposited; and the the solutions 
which deposited the Cripple Creel< ores probably had a sim ilar composition. 
(See Prof. P aper No. 63, U. S. G. S., p. 127, 155.) 
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must have b een considerably greater; and the upper part has been 
stripped off by erosion. 

Age, 

The Mizpah Trachyte passes by tran sition into the ''Glassy trachyte'' 
b elow, show ing· t hat the g lassy t rachyte was a lower or possibly even 
basal p hase of t his great mass, which is thus shown to have t he characte r 
of a surface flow. .These t wo rock s, cons id ered jointly, r epresent t he 
?lde~t known form atwn of th e camp. Various satisfactory a nd con vin c
rng rn~rns1ve co nt~cts of the 'Nest End rhyolite into the Mizpah trachyte 
were found, especiall y on the fift h level Montana a n c1 the 800 900 a ncl 
1000 le ,·el s of the Belmont. Strikin g intrnsive contacts of t he u'nc1e r lyin" 
sheet of late r or J\'[iclway andesite (' 'calcitic anclesite' ') into the ''a l ass~ 
trachy te'' a re found in t he M idway min e, anc1 th e main mass ol'Jate'r 
(l\~idway) anclesitc normally overl ies th e "Mizpah tra.chy te " anc1 its 
vem s . ns a banen cap-rnck. Th e Tonopa h rhyolite forms a cons picuous 
chke rn the Mizpa h trachy t e on · t he 900-foot level of th e Belmont, forms 
c11k es 1n th e " g lassy trachy te" in th e Midway, aud is a lso intrnsive into 
t.he '_'glassy . trach,.yte'.' in th e ~-elm ont; anel is in a number of places 
found to be 111 t rn s1ve rnto the Midway (" later " ) anc1esite. 

THE GLASSY TRACHYTE. 

Definition. 

'l' hi s format ion was very litt le developed at the t ime of t he ori g in al 
investigat ion. Underlying t he norm al "earli er andesite" as it does, it 
does no t outcrop. ·what few patches were origin al ly no ted were regarded 
as. phases of the rhyolitic intrus ives. 'rhe present in vest igation has shown 
:v1thou t a ny . doubt that the rock passes upward by a gradual transition 
rnto th e typical ''Mizpah 'rracby t e, ' ' by a gradual development of the 
crysta ll i za tion. This is best observed on severa l levels of th e Be lmont 
~nin e, paTti cularly the 800, 900 and 1000-foot levels, but i s also observable 
rn m1cl n ear th e Reel Plume property of t he Tonopa h Mining Co mpan y, 
p arti cul a r ly near t he shaft on t he 700-foot level; and a lso in the Montana. 
In r:iost pl aces, however , t he ''glassy trachyte'' i s separated from the 
"Mi zpa h trachyte" proper by the in t n1 s i.ve West Encl rhyoli te sheet, 
which has b een inserted principally a long the zon e of transit ion between 
the two rocks. 

Age and Physical Peculiarities. 

. Th e ''glass)~ tracby te'' was from t he beg innin g evidently a very 
bn~tl e rock , winch b ehaved un der th e enormous and repeat ed st rains 
~h1ch. developed m t he rocks on a ccount of t he complex hi story of 
111trn s1on, a lm ost exactly like a block of ordina ry glass. Hence doubt
~ ess, th e breaking away of tb e tough er "Mizpah trachyte" abo~e from 
its glassy J;>ase,. alon~ a flat fault-zon e which was followed by th e W est 
Encl rb yolite rntrus1ve sheet. On th is acco unt, also, t he ''glassy 
tra"hyte'' has b een cl emolish ecl by late r intrusion. No ro ck shows suc h 
comP.lcx in trusive contacts as does th e "glassy trach y te" wh ere in con
~act ':i t h y ounger intrusives. In th e M idway are found a number of 
rntru s1 vc contac ts of the lower "Midway anclesite" sheet (" calcitic 
anclesite' ' ) into the glassy trac hyte. In tl!e same mine th e Tonopah 
rhyolite (" lo wer rhyolite") has sent a small regular verti cal dike and 
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a nmnber of small er clikelets up into the over lyin g ''glassy trachyte.'' 
The internal stmcture of the ' 'glassy trachy t e '' shows that it has b een 
t horoughly searched by silicifying waters. It is intricately traversed b y 
veinlet s of chert an cl quartz probably belonging to all the stages of vein 
formation, so that its original compositi on is for th e most part entirely 
obscured. 

On a ccount, again, of the hardn ess a n cl brittleness of the ''glassy 
trachyte '' it forms numerous angular and characterstic in clu sions in t he 
younger intrusives, so that its r elative age is open to no quest ion of 
doubt . The "Montana breccia" is an intrusive glassy rock, w hich will 
presently be describ ed as havin g immediately prececlecl the W est Encl 
rbyolite intrusion, ancl indeed representing th e initial paroxysm of in
tmsion of the same or a similar magma. This Montana breccia int rusion, 
which hacl to ''break the trail'' for the succeeding intrusions, is fu ll of 
angular inclusions of the rocks which is met a n cl clemolishecl in its path; 
ancl most abundant among these in clusions are those of the ' 'glassy 
trachyte,'' vary in g in size from fin e gr.ains to blocks several f ee t in 
diameter. This may be observed in many places, but to the best advant age, 
perhaps, on the 765-foot level of the Montana. Angular inclusions of the 
"glassy t rachyte" in the West Encl rhyolite, alt hough by no means 
abundant, are well-known, ancl definitely establish the relative age of 
th ese two rocks. As already stated, the lower "Midway aridesite" 
(' ' calcitic anclesit e' ' ) sheet is intricately intrusive into the ''glassy 
trachyte" in the Midway, ancl the same Midway anclesite sheet, at the 
Montana shaft on th e 765-foot level, contains large incluclecl blocks of 
th e ''glassy trachyte. '' The phenom e1ia of intrusion of the '' Tonopah 
rhyolite '' into the ''glassy trachy te'' in the Midway ancl in the Belmont 
have already b een noted. It is thu s demonstrated en t irely from cem
parative intrusive r elations that the " glassy trachyte" is older t han any 
of th e other recognized rocks save the "Mizpah trachyte" beneath 
which it lies; aml t his evidence harmonizes with the observed transition 
between the two rocks. 

Silicification and Barrenness of Formation. 

It is a matter of observation, based upon considerable de velopment 
work unclergronncl, that the '.'glassy trachyte'' is not an ore-bearing 
formation-not even to the extent that the certa inly later W est Encl 
i·hyolite is. This is a circumstance t hat could hardly have been logically 
reasoned out, and must have resulted from the physical nature of the 
rocks. In spite of its intense shatt ering and thorough silicification, 
unequaled b y any of the other formations, definite, well-bounclecl veins 
are characteristically Jacking, ancl no pay-ore has b een found, to the 
writer 's knowl edge. 

On reflec tion, t he reason for this circumstance seems apparen t. All 
the phenomena of th e study of mineral veins, of the shallow-seated 
Tertiary class which we are discussing, combine to indicate th a t they 
wern formed from solu tions carrying relatively small propor t ions of the 
metals. Where the channels along which these solutions circulated 
through the rigid rocks created p hysical conditions which favored pre
cipitation of metals, there an ore-body was formed, each passing gallon 
of solution contributing its mite till the net result reached measurable 
propor t ion s. The earthy materials with which the solutions were charged 
were carried onward past the locus of metal-deposition, to b e deposited 

t 
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as barren veins, or as r eplacements (chiefly silicification) of th e wall
rock. In the original discussion by t he writer of the origin of the veins 
in th e Mizpah trachyte at Tonop a b, it was pointed out that the metals 
were all precipitated from t he solutions in the circulation channels offered 
by definit e fracture-and-fissure zones; t ha t t he wall-rock s of t hese zones 
by their reactions with the mineralizing solutions acted as a screen, 
through which th e metals could not pass, but t hrnug h which the earthy 
materials in solution, especially silica and to a less extent potash, passed 
in abundance, producing an immense a mount of b arren highly silicifiecl 
anclesite. * Th e physical combination of the definite vein-chann el (frac
true or fi ssure-zone) and the porous but little-fisstuecl wall-rock t herefore 
brought about in t he form er a progressive accumula tion . of t he s~anty 
metals in the solu tion, t ill a rich ore-bocly was formed, wlnle the residual 
si lica penetrated and silicified t he surroundin g rock. . 

In t he case of a rock t hornughly shattered a ncl fissured, and offering 
an immense amount of openings to t he same solut ions, no suc h fo rcible 
physico-chemical separation of the clissolvecl const it uents would be 
bl'Ou g ht abo ut; an cl t he t end ency would be for th e scanty metals an cl the 
greatly excess sil ica to remain together up to the point of precipitation, 
with t he rnsult that the prec ipita t ed quartz contains so litt le metals that 
it cann ot b e classed as an ore, especially if with i t i s in cluclecl a great 
quantity of shattered rock. 'fhi s was a pparen t ly th e case with t he 
' 'glassy trachyte.'' This consideration is a lso probably at t he root of 
the explanation why, as a broad a ncl general rule, the richness of t he orn 
in any district is apt to vary inve~ely as t he width of the vein . It may 
also explain why in many small fi ssure vein s there is often a layer of 
nearly solid sulphides or even of metal (in t he case of golcl) along the 
wall s, while the center is occupied by the usual metallifero us quartz. 

In t he case of the glassy trachyte, not only clicl its glass-like brittle
ness prevent t he format ion of definite, r est ri cted vein-channels ancl bring 
about a complete shatterin g of the rock before the ad vent of the solu
tion s· whi ch formed the rich veins of the first period, but the shattering 
was r epeated by each of th e num ero us successive stresses, ancl the rock 
presented the same conditions as at fi rst to the poorer circulating solu
tions of the second period, a ncl to the practically barren solut ions of 
the t hird period of vein-fo rmation. The rnsult is a rock to which a n 
enormous quantity of silica has been acldecl, ancl doubtless in the aggre
gate a great deal of th e prec ious metals, yet nowh ere clo the la tter appear 
to have been concentratec1 sufficiently to form ore-deposits. 

Thickness. 
Very little r ecognizable of t he glassy trachyte is left in t he Mizpah 

ancl the Mon tana mines, save in small b_locks. In the Desert Queen shaft 
of t he Belmont min e, however , it has a thickness of about 300 feet, an cl 
in the Midway at least 250 feet is indicated. 

THE MONTANA BRECCIA. 

Description. 

A breccia, whose exact nature ancl r elations were f or a long t ime 
puzzling, has a wiclespreacl d istribu tion in the nnclergrouncl workings, 
having b een studied by the writer in the Montana, Belmont, Mizpah 

* Prof. Paper N o. 42, pp. 226, 234, 237. 
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('I'onopah M inin g Company ) , M idway, and MacNa ma ra min es. It is 
closely a sso ciated wi t h t he \ Vest Encl rhyoli te, and frequ ently occurs as 
a zon e of va l'iable t hickn ess a long t he uppe r Ol' t he lowe r conta ct , or 
bot h con tac ts, of t his rock. It also occurs especially in t he Monta na 
ancl t he Belmont , a s independent masses of con sidei·able s ize, t hough 
always close to t he W est E nd rhyolite. Th e 765-foot level of th e Mon
tana h as d eveloped a la rge mass of thi s bl'eccia . 

'I'hi s rock is full of fo re ign a ngul a r in c lusions, whi ch a re frequent ly 
so abun dant as to obscure t he gro und-mass. I n many ot hel' places t he 
groun d-mass can b e seen t o be a greenish glass, evid ent ly rhyoli t ic or 
trac hy tic. Th e most abundan t included rock i s t he '' gl assy t rac by t e,' ' 
which often fo l'ms so lai·ge a par t of t he mass t hat i t is cloubtfol wh et her 
the result sh oulcl b e classified a s glassy t rac hy te w it h i ntense in t rus ion 
of breccia or b reccia w ith a n in ord in a t e a mount of t rachyt e in clu s ions. 
Where, in contact w ith the t y pical M izpa h trac hy~e, a bun dant in clusions 
of t hi s rnck are a iso frequent ly obsen ·ed, so that rn so me cases th e t ra n
sit ion b etween b recc ia a nd trachyte appea rs a gra dual one. 'I'h ere are a lso 
inclusions of a l a rge variety of rhyolit ic a nd anclesit ic rocks strange to 
th e loca l.i t ·, and apparently derived from t he depth s, and even occa
sionall y of shale (Montana 'l'onopah mine), d erived p robably from deep
seatecl P aleozoic rock s bel ow. 

Relative Age. 

I n th e Belm on t min e (1000-foot level ) t his rock shows in several 
pl aces c lean-c ut a nd decis ive in t rn s ive con tac ts in to t he Mizp ah t rachy t e. 
In a number of pl aces, as on t he 500-foot le vel Mizpah, th e 515 a nd 765-
fo ot l e vels of t he Monta na, and t he 900-foot l evel Belmo nt, clean-cut 
in t ru s ive con t acts of t be W est En d 1·hyoli t e in to th e Man tana breccia a re 
foun d; in t he case of the Monta na 765 -foo t level t he fo rm er sends out 
dikes in to t he latter. This s ha r p con tact between t he two rocks is often 
foun cl e ven .wh ere t he Mon t a na b reccia occ urs as a na rrnw b a nd ly.ing 
between t he \Vest E nfl I"h yolite an d th e Mi?.p a h trachy t e, as fo r example 
on t he 515-foot l evel Mon t ana. 

Tb e resu l t of mappin g a nd sect ioning show t hat whil e the Mo ntana 
breccia frequ en t ly occurs on one or both bol'cle rs of t he W est E nd rhyolite, 
y et i t may b e entirely wa nt in g on eith er , and l a rge masses of ei t he r rock 
may b e found w ithou t the ot her b ein g ad jacent. Th is, togPt her with the 
mentioned intrn sive p henomena , indica te t hat t he Montana breccia was 
the fir st of th e int rnsi ves w hi ch fol.lowed t he extrnsion of t he Mizpah 
trachyte; t hat it thru st i tself h orizontally as a s ill a lon g t he sheet ed 
zon e b etwee n t he M izpah trachyt e and t he g lassy t ra chy t e; t hat later a 
resum ption of th e old stress split t he M onta na b recc ia sheet parall el to 
the intru sion, bu t irregul a rl y ; a nd t ha t along thi s openin g th e more 
abundant W est En cl rhyoli te was int ruded. 

Relation to West End Rhyolite. 

Th ere a re, however , so me f ew cases (as in the Midway 435 and 530-
fo ot levels) w here t here h as for med on t he margin of t he W est E ncl 
rhyolit e itself a brecc ia simil a r to t hat described, and in to t his t he West 
Encl rh yoli:te seems t r ansition al, making it a contact p henomen on. 
Though thi s variety of breccia is b elieved t o b e exception al, it indicat es 
the c lose resembl ance and simila ri ty of composit ion of t he matrix of 
the Monta na breccia to th e W est E ncl rhyolite, whi ch is a lso pra ct ically 
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a gla ssy rock ; a nd in v iew of t he closely succeed in g periods of in t rusion 
of t he t wo rocl; s, i t is regarded as probabl e t ha t bot h arn representat i,·es 
of t he sa me magma r eservoir. 'I'h e fi rst i'n t l'u sion, b eing obli ged, as 
a lready sta ted, to '' clear t he t l'a ii,'' a ni ved pa ck ed wit h in c lu s ions, a n cl 
so forn1 s a cha ra cteri st ic ign eous brecc ia (Montana br eccia ) ; t he la ter 
ma t e.l'.i al expell ed from t he same source, howe ver , a rri ved with co m
paratively few .in clu sions (W est E nd rhy oli te ). 

THE WEST END RHYOLITE. 

Description. 

Th e W est E nd i·hy olitc is a n uuu sually uni fo r m a nd c ha ra<Jteristic 
rock , of a pecul iar g reen col ol', a nd containin g in clusions of som e rock 
now a lte red to a whi te powd ery sta te. It is massive, wi t h in conspicuous 
flow-banding, and i s hi g hly altered. Th e rock is essent ia lly a de vitrifi ed 
g lass. P heno crysts are rare a ncl small , an d inclu de f eldspar a nc1 bi otite, 
both hig hly altered, a nd quar tz. Th e alteration has p rod uced abum1au t 
quar t z, ser icite a nd k aolin , · toget her w it h adula ri a a nd py ri te. T he 
w h ite in clusion s have b een lrnolinizecl t ill t hey have no or ig in al charac
t eristics. 

RELATIVE AGE 

Th e age of t his rock is con clu sively shown by its contact p henomen a, 
which demonstrate t hat t he i·o ck i s in t rnsi ve in to th e glas ·y t rachyte 
and t he Mizpa h trnchy te. On t he 765 -foot Jovel Mon tana a most ort hodox 
in t ru si ve con tact of W est E nd rhy oli te i n to Mizpa h t rac hy t e was traced 
fo r over 200 f eet. Th e rhyolit e becom es in t ensely flow-band ed fo r from 
6 inc hes to a foot at t he con ta ct , au cl contain s small a ngn'lar inclu sions 
of th e t rac hyte. Thi s sa me in t rn sive rhyolit e con t act also crosses a 
ve in (belonging to t he first p eri od) :in th e trac hyto, an d cuts i t off 
cleanly . I n th e Belmont mine on t he 900 a nd 1000-foot levels, t he same 
defini te in t rn si ve p henomena of t he \ Vest En cl rh yol itc in to t he M izpah 
trachyt e were noted . Tb e intni s.i on of t ho West End rh yo l.i t e i nto t he 
' 'Glassy trachyte' ' is, a s abo ve noted, well s hown on t he Belmont 800-
fo ot level, and also frequent ly elsew here. Th e intrus ive p hen om ena of 
the \ Vest E nd rhyoli to in to t he Mo nta na breccia wore reviewed in 
d iscussin g thi s later rock . 

OCCURRENCE 

Th e W est E nd rh yo li te occurs prin cipall y a s a sin gle sheet of ex
tremely variabl e thi ckn ess, whi ch has fo ll owed t he path of t be Mon
tan a breccia, a nd occupies approximately the zon e between t he 1\i[izpah 
trachy te and t he g lassy t ra chy te. F requ ent ly, as in mu ch of t he M izpa h 
m ine, tbi s last-n a med fo rmation has b een subm erged by th o M idway 
anclesi t e ('' ca lcit ic an cl esi te' ' ) in t rn sion, so t ha t this an clesite has come 
in t o cl i1·ec t co ntact w it h t he ·west E ncl rhyolit e. In t he Belmon t mi ne, 
t he main r hyoli t e shee t rises, t owa rd t he east, g radu ally up into th e 
Mizpa h tra chy tc, l eavin g th e tra nsit ion bet ween th e Mizpa h trachyte 
and t he glassy tra chy t e direct ly observable ; an d in t he eastern pa l' t of 
th e min e t he rh yolite a ppea rs to split in to several sheets, in trus ive in to 
th e Mi zpa h tra chyte. This change of posit ion is a lso v isibl e in some 
points at th e eas t ex t r emity of the Mizpa h worki.ngs, adjacen t to th e 
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Belmont mine, as at the east end of the 500-foot l evel, where Mizpah 
trachyte was noted beneath the W est End rhyolite sheet (Section E-E). 

THICKNESS 
The greatest thickness of West End rhyolite is shown in the Mac

Namara shaft, where it is upwards of 450 feet thick. 'l'o the east this 
sheet thins rapidly till it becomes very thin or perhaps prnches out 
locally entirely; but it is found again further to the east at about the 
same horizon, with an extremely variable thickness. It is probable that 
in O"eneral the thickness tends to diminish toward t he east, though 
locaily, as in one point in the Montana, where an intrnsive dome or 
nascent pipe has eaten its way far up into the Mizpah trachyte, the 
thickness of rhyolite amounts to 350 feet. In the Belmont, however, 
50 to 100 feet appears to be the average thickness. The indications are 
therefore that the intrnsion came from the northwest . 

RELATION TO VEINS 
'l'he \Ves t End rhyolite cuts off the important veins of the first period, 

of which the Mizpah vein is th e chief representative. It is, however, 
older than the veins of the second period, which consist of abundant but 
usually low-grade or barren quartz. Locally considerable ore h_as ~een 
extracted from these later veins; but on the whole the formation IS a 
distinctly discouragin g on e for mining operations, and is so considered 
in the district. 

CHEMICAL COMPOSITION AND CLASSIFICATION 
'rb e West End rhyolite has been intensely altered b y solutions high 

in silica anc1 potash as in the case of the Mizpah trachyte. The few 
analyses given in th~ accompanying table, therefore, show a considerable 
range of silica content. 'l'he most siliceous ones are entirely similar in 
chemical composition with the most highl y altered Mi~~ah trachyte, and 
correspond to au alaskitic magma. 'l'hese same alaslntic charactenstics 
mark also the analyses of the West Encl rhyolite samples further down 
in the scale of siliceous content, the lowest (Nos. 29 and 32 in th e accom
panying table, p . 11), b eing maI·ked by high ~ilica 72-73 per ce_nt) and 
potash ( 4.3-4.9 p er cent) low iron and magnesia, and very low lnne and 
soda. On account of the high alteration of even the least altered of th~se 
glassy rocks, and the similarity of composition ~ud natur:e. o_f alterat10n 
to altered forms of the Mizpah trachyte, th ere IS a possibihty that the 
West End formation was a lso originally a trachytic magma. Internal 
evidence is extr emely scanty, as pheuocrysts arn tiny and rare. . They 
consist where found of feldspar (probably orthoclase almost exclusively) 
biotite' and occasio~al quartz. The presence of this occasional quartz 
a lone prevents the assumption that t~is rock w_a~ originally practically 
identical with the Mizpah trachyte m composit10n; and leads to the 
final assumption that the magma had a composition intermediate bet.ween 
trachyte and aslaskite ; and so was very closely related to the Mizpah 
trachyte magma, but was more siliceous. 

The expulsion from the deeper regions of this trachyte-alaskite 
magma, it will be observed, was again followed by the expulsion of 
la1·ge volumes of solutions high in silica and potash, and indeed altogether 
simi lar to the solution which followed the expul sion of the Mizpah 
trachyte; and from these solutions t he veins and ores of the Second 
Period were formed. 

-21-

THE MIDWAY ANDESITE 

''Later Andesite'' 

A large surface area is covered with an andesite which is barren 
of profitable veins, and which overlies as a later ''cap-rock''' the Mizpah 
trachyte, the Montana breccia, the West End rhyolite, and the veins 
of both the first and second periods. Th e greater part of this Midway 
andesite is evidently a flow, which was poured over a very uneven surface 
of erosion of the older rocks. The interval between the intrusion of 
the West End rhyolite and the Midway andesite eruption was con 
siderable-enough, probably , to allow the veins of both the first and 
second periods to be laid bare to the surface. 

ALTERATION 

'l'h e Midway andesite is intensely altered in the vicinity of the 
chief ore-producing area ( especially in the vicinity of the Montaua
Tonopah mine), although in areas more remote it is quite fresh. Its 
manner of alteration is, however, quite sharply contrasted with that of 
the Mizpah trachyte which it overlies, a fact that was fully discussed 
in the original report . 'l'he alteration of the Midway auc1esite has been 
chiefly to calcite, chlorite, serpentine, quartz, siderite, pyrite, and other 
secondary min erals, with typically little or no silicification; hen ce the 
rock has assumed (where unoxidized) a characteristic dark, greenish 
color, and a relatively soft consistell cy. The alteration of the Mizpah 
trachyte on the other hand, has, as stated, b een chiefly to quartz and 
sericite, with adularia and other secondary minerals; and the altered 
ro ck is typically hard, light-colored, and siliceous. As stated in the 
original report, the alteration of the Midway andesite is evidently the 
work of hot ascending waters, and the alteration is indeed the typical 
"propylitic" alteration so often characteristic of the andesitic wall 
rocks of Tertiary bonanza veins like the veins of 'l'onopah; but a t 
Touopah this marked propylitic alteratioll took place Jong after the 
formation of th e p1·i11cipal veins, and was unaccompanied by any save 
scattered, and practically ban-en veillS (Veins of the Third period-to 
be described later). 

''Calcitic Andesite ' ' Sheet 

The intrusive sheet of " calcitic am1esite" which is found in depth 
in some of the principal min es is a lways highly altered. The principal 
secondary products are calcite and chlorite, t he former produced chiefly 
at the expellse of the feldspars , the latter from t he ferromagnesiau 
minerals. Pyrite and siderite are common. This rock does not usually 
show any trace of the intense silicification which has affected the adjacent 
Mizpah trachyte, glassy trachyt e, and West End rhyolite, even when it 
comes into contact with these rocks; nor do the veins of these forma
tions (belonging to the first and second periods of vein-formation) pass 
into the '' calcitic anclesite.'' Evidently, therefore, this anclesite is 
younger not only than the above mentioned rocks but than the silicifica
tion which succeeded their advent; and older than the propylitic altera
tion which has affected the overlying main mass of Midway ("later") 
audesite. It is, therefore, of approximately the same age as this main 
body of " later andesite." 
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Contact phenom ena su pport this con clu sion. Th e '' calcitic aneles ite '' 
is intr.icately intrusive into t he ''glassy trachyte'' on several levels of 
th o Midway min e and it a lso in oDe place in clu des a large block of th e 
M tzpa h trac hyte. On t ho 7G5-foot level of th e Montana, 11ear t he shaft, 
th 1s sa me andes ite s heet on c loses la rge blocks not only of t he g lassy 
trac hy te, bu t of t he Montana breccia . Th e 'ronopah rh yo lite intrndes 
t he typical '' later andesi te,, 11 ear t he encl of t he long north cross-cut. of 
t he :Montana 765-foot Jovel, and at ma ny places on t he surface · the 
"calcitic a nclesito" is also intruded bv cli kelets of Tonopah r h;·olite 
('' lower rhyolite' ') on the 700-foot level of the Reel P lum e. 

'l'h e usual textm e of t ho '' calcit ic a nclesi to" s heet is fi ner than 
t hat of the typical later andes ite, a nd i t often has a fain t brecc iated 
st r~1 ctu~·e, prob.ably cl ue to autobre~c iation duriug flowage, a phenomenon 
wlu cll 1s a lso freq uently obser ved m th e ma in mass of " later ancles ite. " 
Th e textu re of both b od i_es is, however, variable, varying from very 
d ense to fairl y coarse; and at t ho s haft on t he 765-foot Jovel Montana 
t he texture of t he '' calciti c and esite'' sheet b ecomes coarser like that 
of th e typical ''later a ncl os ite. '' Con versely, t he rock at the ~nd of th e 
~~n g 1w_rth cross-cut of t he 630-foot Jovel Midway .is phys ically a typical 

calc1tic a ndos1te " though a part of t he main mass of " later a 11llesite." 
Finall y, anal ys is show · that chemically t he '' calcit ic andes ite'' and t he 
typical '' late r a ndesite'' a rc i ntl ist in gu ishablo. On th e 765-foot level 
(west) of th e Montana t he two bodi es have been developed so t hat t hey 
approac h on e anot her w it hin a few hundred feet, 'Yi t h trends as {f 
th ey a ctually wo ul d be fo un d to unite. 

Th e t hickn ess of t he "calcit ic ancles ite" intrus ion is e vidently 
greatest in th e nort hwestern part of t he produc in g area, as intlicatecl 
by t he d evelop ments in th e :NiacNamara and Tonopa h Exten sion min es. 
It~ lower limi t has not b een determin ed in thi s reg ion, but the total 
t h1ckness may well be 500 feet or more. To the so ut heast t he intrusion 
rises with a ragged contact against t he "glassy trachyte" and thins 
rapid ly, d isappearing b efore rea ching t he Belmont min e. 

1
A t the Mon

tana shaft. th ~ thi clrn ess is on ly abo:1t 40 feet, and it is probably just 
east of t ins lm e that the s heet t ermrn at es; but the t hi ckn ess in creases 
rapiclly to the west. 

Correlation of "Later Andesite " and " Calcitic Andesite" 

The fin al conclusion reached, therefore, is that th e '' calcitic aucle
s ite" is an in t ru sive sheet s imilar in age a n cl co mposit ion t o t he " later 
anclesite, '' an cl is probably id entical with it-the ma in mass being a 
surface flow, a nd t his an intrusive sheet. T he locus of intrusion of thi s 
sheet seems to have been determin ed by the same f actor as influ enced 
t he in t rusion of th e Montana breccia and th e West E ncl r hvolite-the 
brittl eness of tho '' glassy trachyte,'' w hich rendered i t an " especially 
easy zone of intrusion, as the cletail ecl stucl y of th e contac ts in the 
Midway min e testifies. 

METHOD OF DISTINGUISHING ANDESITE AND TRACHYTE 
CHEMICALLY 

By r eferring to the precedin g table of a nalyses, it will b e seen 
t hat a careful chemical analys is will usually serve t o distinguish the 
Midway andesite from the M izpah trachyte or ''lode porphyry.'' 

The trachyte appears invariably more sili ceous t han the Midway 

t 
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anclesite; th o fo rmer having a range, in the above list ( includin g both 
r elat ively fres h and altered sa mpl es) of from 6±.50 per cent to 73.50 per 
cent, and t he latte r ( including bot h fr es h and alter ed sampl es) fro m 
43.0 per ce nt to 61.6 per cent. 'l' he t ende ncy of alteration of t he t rac hyte 
is to in crnase t he silica; t hat of t ho a nclesite appears to b e to decrease it. 

Tb c tenden cy of t he combined ferrous a nd ferr ic oxide in t he andcs ite 
is to const itu te 5 per cent or over; in t ho t rac hyte these constit uents 
are usu a l(y a round 2 or 3 per ce nt . 

'l'h o comb ined l.im e and magnesia varies above from 11.88 per cent 
to 3.0 per cent fo r the andesite, a ucl fro m 1.92 per cont to 0.33 per cent 
for t ho. trnc byte . 

'l'h e co mbin ed lime, magn es ia, fe rrous and fe rri c ox ides var ies from 
21.17 to 10.0 per eent, for tile a ncles ite; and from 7. 86 to 1.66 per cent 
for t he t1·ac hyte. 'rhe comb in ed lime, mag nes ia, irnn oxide , a nd soda, 
minu s t he a mount of potash for eac h sa mple, give an excess of lim e, 
mag 1~es i a, iron and soda, for th e a ncl cs ites of 20.33 to 7. 35 per cent; aml 
of plu s 2.64 t o minus 4.37 per cent for th e t rac hyte or '' L ode porphy ry . '' 
Th e extreme hi gh excess figure given above fo r t he andos ite is fo r an 
extremely altered sampl e. 

Om itting t his extreme sample, it may b e stated in general terms t hat 
the andesite s hows a silica ra nge of 61.65 to 51.G+ per cent or less; antl 
the trac hyte ("Lode porphyry") from 66 .15 to 73.50 per cent or more; 
that t he excess of limo, magn es ia. iron (ox ide) and soda over potash 
vari es from plus 7.35 to plus 14.38 per cont or more for t he a ndesite; 
a nd fro m plu s 2.6± to m inu s +.37 per cent or l ess fo r t he trac hyto. A 
co mpl ete and carefu l ana lysis, therefore, should enable t he di stin c t ion 
of th e two rocks in nearly a ll cases. U nless t he a nalys is is a ccurate, 
th e r esul ts are of cou rse wort hl ess. Th e sa rn ples taken by t he writer 
durin g t he prnseu t examination were tak en in t he same manner as are 
ore sample . F ifty-po un d sampl es wore brok en clown in t he min e, s mall 
vein s and other unusual matter sorted out, and tbe samp le broken clown 
and successively quartered. The fina l breaking was in a crusher w it h 
j aws set to about lJi inch, afte r which t he final sampl e was quartered out, 
th e fin es being s ifted out and r ejected from t he sampl e. It was fo und 
t hat g rin ding to p ulp with steel impl ements introclu cecl a good d eal of 
metalli c iron into t he pul p, an amoun t shown by comparative a nalyses to 
adulto1·ate the rock to a n important degree; b ut the above met hod 
obviated t his cliffi.culty, t he steel flakes b eing pract ically entirely in the 
r ejected fin es. 

Thi s method of sampling for rock analysis is b eli eved to b e superi or 
in practical accuracy to t he usual method of analyzing hand samples. 

THE TONOPAH RHYOLITE 

Distribution and Age 

The intrnsive Tonopah rhyolite -clacite, or 'l'ono pah rhyolite, as it 
will b e call ed, is described in th e writ e1-'s pub lished report * as occupy in g 
an extensive a rea to the north of t he procluci ng part of the distri ct. The 
south ern ma rg in of the exposure of this rock is intricately intrusive 
into the Midway anclesite ('' later andesite' '); an cl its nort hern extent 
h as not b een determined. 

In this ori g in al repo rt the Tonopah rh yolite was described as havin g a 

• Professional Paper No. 42, U. S. G . S., pp. 41 - 43. 
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glassy grnund-mass, often showing flow strncture, and frequ ently showing 
autobrecciation. ''Angular fragm ents of broken glass, in clud ed in a 
cement of similar glass, and other phenomena, indicate that th e lava 
moved while stiffening.'' The small porphyritic crystals were deter
mined as orthoclase a nd andesin e-oligo clase feldspars, quartz and biotite. 

Lava of similar appearance and composition was described as cover
ing much of the surface in the southern part of the area mapped, and as 
occurring not only as intrusions but ·a s numerou s thin surface flows 
alternating with pumiceous tuffs. Many of these layers were I"egarded 
as probably fragmental, the result of showers of ash and lava fragments 
durin g explosive eruptions. It was b elieved that the uniformly intrusive 
Tonopah rhyolite iu the nol'th ern area represented the intrusive portions 
of the same lava which occurred as flows aucl fragmental layers in the 
south ern area. In bo t h ai·eas th e rock iu question was provedly younger 
than the Midway ("later ") andesite. In t he south ern arna the b eds 
of this rock overlie a surface forma tion of rhyolitic (rhyolitic-clacitic) 
tuffs, :!lows, and pumice b eds, whi ch a r e themselves y ounger than the 
''Midway anclesite '' and wer e called the ' ' Fraction b1·eccia. ' ' 

'l'he bulk of these surface rhyolite-dacite lavas i11 the southern part 
of the area were ernpted just previous to the formation of a g reat lak e 
b asin , in which were deposited white characteristic tuffs * (''Siebert 
tuffs") . 'l'his lake was considered identical with the Miocene Pah-Ute 
lak e of King. It was, howeve1·, pointed out tha t the p eri od of erup t ion 
of t h e Tonopah rhyolite- clacite was a lengt hy 011e, ma rked by recurring 
spasmodic erup t ions; and that thin shee ts of this rock were in tercalated 
with the lower part of the S ieb er t t uffs. Th e Sieb er t lak e b eds were 
det ermin ed as old er than t he intrusion of the volcani c n eck s which form 
the pI'esent hill s around 'l'on opah, which con sist of individu ally distinct 
but closely related I"h yolitic lavas, v arying from siliceous rhyoli te (Ocldie 
rhyolite) to a dacitic rhy olite (Brougher dacite). These volcanic necks 
were also det ermin ed as younger than the Tonopah rhyolite- clacite-both 
the smfa ce forniations in the southem half of t he area ma pped, and 
th e intrusive . masses in th e northern half of the area .t The prin cipal 
and most co11 spicuou s faultin g of the I"egion was shown to have fo llowed 
the intrnsion of these n eck s. ''The faulting was chiefly initiated by the 
intrusion of the massive dacite n ecks (the rhy olite n eck s were probably 
not so bulky) . After t his intrusion and subsequent ernption there was a 
coll apse and a sinking at the vents. As th e s till liquid lava sank it 
dragged downwa rd the adjacent bl ock s of the intrncl ed r ock, accentuating 
the faults and caus ing the described phenomena of down fault ing in the 
v icinity of t he dacite. " :!: '!'bis fault ing affecte c1 in a striking way the 
Siebert tuffs, aucl the surface flows and fragrnental b eds of 'l'onopah 
rh y oli te-dacite in the southern part of th e a rea mapped. 

It is, however, a circumstan ce now dwelt upon by the write r for the 
first time that the la rge a rea of intrusive Tonopah rbyolite-clacite (Tono
pah I"hyolite), in th e north ern part of th e area, is shown, as mapped, 
unaffec t ed by this faulting, in striki11g contrast to th e faulted condition 
of the surface flows of the same lava in the southern pa rt of the a1·ea.§ 

* Tertia ry diatoms were found in these tuffs by the wri ter ; and recently 
Tertiary gasteropods have been found , but as yet have not been s tudied. 

t Prof. P aper No. 42, U. S. G. S .. pp. 44, 49. 
Prof. Paper No 42, U. S. G. S., p. 47. 

§ Prof. P aper No. 42, Pl. XL 

' J 

1 
J 

-25-

'l'his circumstan ce, toget her with other consid erations, now leads the 
writer to b eli eve that this intrusive body was not strictly contemporaneo us 
with the surface flows; that while the lavas are probably identical, and 
both b elong to the same extended period of eruption, succeeding the 
''Fraction breccia'' and preceding th e intrnsion of the· volcanic n ecks 
(Oddie rhyolite and Brougher dacite), t hat t he purely intrusive masses 
in the northern ha lf of th e area belong to th e very encl of this period of 
ernptfo11, are later than the Siebert tuffs, and a re v ery little older than 
the intrusion of t he volcanic n eck s. 

Rela t ions of Tonopah Rhy olit e and Oddie Rhyolite. 

This v iew is in harmony with th e close magmatic r elations of the 
intrusi ve Tonopah rhy olite in the northern half of the area and the 
a djacent a nd later Oddie rhyolite in t he same area. 'l'h e latter, ' at Mount 
Ararat, for example, is distinctly intrusive into the form er-a white 
rhyoli te with few in clu sions intrnsi ve into a more glassy rhyoli te 
full of angul ar fragments; yet cel' tain 11 earby small intrusive a reas a re 
so ex:;ictl:y: intermediate betwee.n th e two. in character that in t he original 
mapprn g it was an open question to which rock they should be referred. 
Such was t he case with the a rea ly in g just northwest of the Ararat 
mountain plug, an d mapped as Oddie rhyolite; and which th e writer has 
lately come to regard as a n integral part of t he g reat Tonopah rhyol ite 
intrusion. The import of the differ ence is, however, not great, as will 
b e shown. 'l'h e recent examination of t he Belmont mine, moreover, shows 
that th e main mass of 'l'onopah rhyoli te (" lower rhy olite "), which can 
b e traced a s a continuous sheet underground t hrough a ll the workings of 
the di strict (Belmont, Mizpah Extension, Moutana, Tonopa h Mining, 
Midway , and 'l'onopa h Extension min es), which is normall y a breccia 
so full of large and small fragmen ts t hat its appearance frequently 
suggests stro11gl y a tuff (meaning t hereby a surface fragmental rock), 
passes gradually into la rge masses of cleau er rhy olite, r elatively free 
from inclusions, which cannot b e distin gui shed from the Oddie rhyolite. 
This is b es t shown on the 1100 level of the Belmont. 

Correlation of " Lower Rhyolite" With Tonopah Rhyolite. 

'!'his deep sheet of rhy olite was a t th e time of the writer 's fir st 
examin ation (on which his published r eport was based) developed only 
in a drill-hole in th e bottom of th e Mizpah shaf t , and in the Mizpah 
E xten sion shaft ; and was from i ts lith ology correlated with th e intrusive 
sheet · of 'l'onopah rhyolite corning up t hrou gh the· Midway anclesite, and 
forming an extensive outcrop half a mil e or so north of the Mizpah shaft . 
Subsequent development has shown that this d eep-seat ed rhyolite has the 
wide distribu t ion above mention ed; aucl th at i ts thickn ess i s enormous 
and as yet undetermin ed, a vertical t hickn ess of a t least 2000 feet having 
a lready b een demonstrated in th e Mizpah shaft and drill -hole. The long 
north cross-cut of th e Montana al so nm s out from th e provedly pro
ductive a rea to a point under the margin of th e outcrop of the main 
intrusive mass of Tonopah rhyolite ; and t his cross-cut shows that the 
deep sheet of the mine workings rises to th e north, cutting through the 
other formations, including the Midway andesite (into which rock it is 
found in thi s cross-cut to be cleaTly intrusive), and ascends to meet the 
surface outcrop. Shafts sunk at th e surface just south of th is outcrop 
show that the intrusive contact of th e rhyolite into the Midway andesite 
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dips sout h, to meet the contact as traversed in the cross-cut . Th ere 
appea rs, then, no do ub t that th e outcropping mass of 'ronopah rh yohte 
and the " lower rhyoli te" fo und in the min es is one a nd th e sa me b ody
a n in t rn s ivc mass of imrn ense and as yet uncletennined pro po1'ti ons, whose 
upp er con t act, though extre me ly irregular in detail, in general. di ps so uth 
from its outc rop, so that in a ho1·i zo ntal di stance of hal f a mil e, roughly 
spea kin g, it gai ns a depth of a t hou sand feet . 

Origin and Characteristics of " Lower Rhyolite." 

Where t his rock is developed in the Tonopah M in ing Co mpan y's 
grouncl, b ot h in t he workin gs a nd deep d rill -boles, study shows t hat a 
stri p along t he contact, irregul a r and \'ary ing in t hickness up to, say 200 
feet , has dist in ct characte ri st ics from the main mass b e neat h. This 
ma in mass, of which a minimum t hi ckn ess of 1000 feet a . developed in 
th e Sil ve r Top dril l-hole, and of 1800 feet in t he Mizpa h drill -hol e, and 
whi ch has b een a lso extensi vely deve loped by lateral dr illin g, is a massive 
uniform r hy olite breccia -w it h usuall y no trace of b andin g, with uni fo rm 
characterist ics from t op to bottom. Close macroscopic and so me micro
scopic study leaves 110 doub t in t he mind of the wr it er as t o th e nature 
of t hi s rock, quite apart fro111 t he fi eld rela tions ab ove men ti on e l. It is 
an autocla.stic rh yolite breccia, with a glassy gronncl-mass showin g small 
phen ocrysts of quartz and relat ively fresh feldspar, and ofte n an i111111 ense 
a moun t of angul a r in elu s ions, pr incipally of t he same glassy rh yolite, 
identical in texture with th e g rou nd-m ass, or slight ly more or less 
cryst a lli zed , toget her w it h freq nent in clusions of anclesit ic rock, of all 
sizes up to immense block s many feet in di a meter . So 111 c of t hese 
in clu s ions a re cl ea rl y of ''Midway a ndes ite,'' whil e some arc probably 
''Mi zpa h trachyte. '' Th ere a re a lso rare in clu sion s of shale and of 
probable l i111estone. Tb e s mal l phenocrysts of th e gronnd-rnass so me
times show perfect crystal outlin es, but usually th ey have b een br~lrnn. 
Th e ground-mass is typically fai nt ly cry pto cryst a llin e, so metimes farntly 
sphernlitic ; in most cases faint wavy flow-lin es can be dist in guished in it, 
which curve around th e ph enor rysts and in cluded fragments. This 
ground -m ass intricatPly intrndes t he qu a rtz phenocrysts in t he fam ili a r 
t y pical mann er of a glassy matrix eating into and res01·bi~1 g quar tz phe?o
crysts; a nd t lwse t ypical invaded qu ar tzes were f ound in evc l'y section 
examined. Thi s shows that the matrix is uniformly a devitrified glass, 
a nd not a '' detrital paste. '' All phenomena indicat e cleai·ly a chilly 
and v iscous rhyoli te g lass intrusion , f orced u pward slowly a nd spas- . 
modically, with alternatin g partial st iffenin g and congelat ion, so th.at 
the congealed portions wer e repeatedly shattered and born e on as m
clu s ions in th e still fluid glass, which was itself st iff eno~1gh to d is ru.pt 
in many cases even its own small phenocrysts. Wh ere tins a utobreccrn
tion is intense, the rock , with its many angul ar and r ounded (corroded) 
inclu sions, ancl its largely shattered and resorbecl ph enocrysts , has 
much the appearance on preliminary examination of a frag111ental rock
that is to say, of a cletrital tuff formed at tbe surface. 

At and near the upp er contact the cha rac t er of th e r hyolite is much 
more variable. The ty pi cal r hyolite breccia of the lower portions is 
al so h ere present, but thi s is mingled with or altern ates with fragments 
a ncl large masses, up to many f eet in diameter , of a dense white rock 
resembling broken ston e-chin a. So111etirnes, as in the Tonopah Extension 
1050-foot level cross-cut, this rock is delicately banded, with the cmving 
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lin es ch:1J'acteri st ic of glassy rhy ol.ite; elsewh ere , as on the 700* and 900 
Mizpah , the lin es a re straighter and suggest w ithout difficu lty a wcll
b andecl tuff. St udy of t he g reat a moun t of core from t he Sihe r •rop 
dri ll- hol e s how that most a t least of th i, rock is a flo w-banded glassy 
i·h ,vo lit e, s howin g so metim es f aint bu t frequent ly beautifu l ancl delicate 
flow stru cture, a nd containing usuall y very sparse but somet im es ab un
dant ort hoclase crysta ls, and occasional quartz crystals, usua lly unbroken 
by t he g round-mass. Th ese white glassy rhyoli te layers local ly a ltel'llate 
with and pass by tran sition into fine rh:vol it c breccia. b elonging to and 
trans it ional in to t he more uniform type a bove cl cscribecl, a nd t hese 
laye rs have the usual cha racteri sti cs of g lassy g round- mass, broken phcno
crysts, abun d an t a ngul a r in clusions, and typi ca l qu artz p henoCrYsts 
in vacl ccl by th e co rrodin g glassy g roun d- mass; but elsew here this clean, 
white, glassy rh yolite occurs in con siderable masses . Careful stud y of 
all observ ed cases of this white banded rock in th e upper portion of the 
"lower rh yoli.te," includin g t hat on t he 700 M izpa h, have led t he \Vl'iter 
to the con clu s ion t hat a ll are of t he naturn d esc ribed. A section of 
similar rock from th e 700 Reel Plum e appears und er the mi croscope to b e 
uncl oubtcC!ly a flow-banclecl g lassy rh yoli te. 

In SJJite of the tra nsitions above noted between th e dense wh ite, 
glassy rh yo lite and the g lassy rbyoli te brecc ia, it is a matter of observa
t ion that t he rhyolite breccia as a whol e is later t ha n the white-banded 
rh yoli te. Many of the small angular in clu s ions of t he breccia, es pecially 
in t he 11 pper portion, are of white, glassy flow-banded rhy olite, evid ently 
b elonging to t he fo rm ation described, and in many cases in the up per
most porti on of t he " lower 1·byolite" fo rm ation, the minor intricate 
intrns i ve re lations of the breccia into t he white rock may b e clearly 
observed. Jn t he nor th cross-cut of t he 1050-foot level of t he 'ronopah 
Extens ion large slabs of the whi te or pale-green , delicately flow-banded 
rh yoli tc, w.ith a fi ssili ty com parable t o that of shale 01· fine tuff, alternate 
wit h la rger masses of rh yolite b reccia of varying coarseness, a nd itself 
not unli.k e tuff in general appearan ce; but the contacts of the b recc ia 
into th e bancled rhy olite are evidently :in trns ivc, and a ngular fragments 
of tb e latte r of con siderable s ize have b ee n taken up by the former a nd 
are found embellcled in i t . 

Th ese obsen ·ations have led th e writer to the conclusion that th e 
white-ban fo cl rocks as a whol e r epresent the first-chilled upper crn st of 
t he glassy Tonopah rhyolite intrnsion , cbill ecl before the beginning of 
th e process of a utobrecciation, whi ch progressed slowly la t er a s the 
deeper portions of the glassy intrns ion chill ed and at the same time 
moved onward spasmodically with at te ndant intense grinding dy na mic 
stresses, shattering the first formed clean u pper cru st, involviu g t he 
frag ments a nd block s in t he slowly upwellin g tide, and shattering ancl 
grinding t he earli er-chill ed glassy autoclastic breccias a nd successively 
invol vin g th em in later surgings. 

As r egards its contacts with oth er rocks, the typical "lower 
rhyolitc" breccia (Tonopah i·hyolite) is found distin ct ly and intri cately 
intrusi ve in to t he "later" (Midway) andes ite, with a dense flow-b and ed 
marginal phase, near the encl of the long north c1·oss-cut c.n the 765 level 
Montana; it forms a definite v erti cal dike a foot wid e, with smaller 
dikelets, into the "glassy trachy te" in the Midway; and is definitely 
intrusfre as large dikes, in the Belmont, into both the Mizpah trac hyt e 

• Especia ll y r e fe rred to and desc ribed by Mr. J. A. Burgess as a proba ble 
tuff (Economic Geology, Vol. IV., No. 8, p . 687) . 
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ancl the glassy tracbyte. Ou the 700-foot level of the R eel Plume clikelets 
of the Tonopab rbyolite breccia are intrusive into the Midway anclesite 
('' calcitic anclesite'' sheet). · 

Ou a ccount of th e rela tions above described the Tonopab rbyolite 
is beli eved to r epresent practically th e same magma as th e Oclclie rhyolite, 
and to have much the same relation to this iutrusion as bas the Monta na 
breccia to th e W est Encl rhyolite-representing an earlier upwelling 
which broke open the cl eep·seat ecl vents and opened them for th e la t er 
cleaner intrusion. 

Alteration and R elation to Vein-Format ion. 

The Touopah rbyolite-Oddie rh yolite intrusions were followed by the 
third period of veiu-fornrn tion, whi ch produced usually small but occa 
sionally very la rge qua rtz veins, with small a mounts of the met als, and 
commer cially valu eless. The at tenda nt heated solutions altered the 
rhyolites con sidcmbly and are believed t o have b een respon sible for the 
more pronoun ced '' propylitic' ' alteration of the later audesite in many 
localiti es, es pecially near th e Tonopah rhyolite contact . Chlorite, epi clote, 
py rite, magn etite and probably siderite (' ' leucoxene ' ' ) a re founcl as 
altera tion products of t he occasional f erromagnesiau min erals in the 
"lower rhyolite"; a nd th e ort hoclase is partly altered to qua1tz aucl 
sericite. 

Glassy Dikelets. 

Where the Tonopah rhyolite fo1·ms intricate dikelets in other r ocks 
it has often a dark, glassy phase free from in clusions, which is suppose(l 
by the writer to represent th e usual glassy matrix with th e in cluded 
fragm ents rej ect ed by filtration b ecause th e intrusion ha d to penetra te 
through t in y fi ssures. In some cases a first in t rusion of thi s da rk gla ss, 
an cl a la t er in t rusion of th e typical breccia was no ted in the same dike 
(as on the Midway 630 level ), as if th e original adit-fissme ha.cl widen ed 
after the first intrusion and before the second. 

Chemical Composition. 

Chemically both t he Tonopah rh yolite and the Odc1ie rhyolite are 
relatively sili ceou s rncks- cspecially th e latter, and r epresent an alaskitic 
ma.gma. The a11 alysis of th e 'fonopah rhyolite is often affected by small 
inclusion s of Mi dway anc1esite. 

MINERAL VEINS. 

Veins of the First P eriod. 

'l.'h e prin cipal large an cl rich v ein s, which ha ve "made " the mmrng 
camp of Tonopa h, a re confined to the '' Mizpah trachy te,' ' are older 
than th e Montana breccia and W est End rhyolite intrusions, and all 
the oth er known rocks of the distri ct . 'l'h ese veins have au east to east
northeast strike auc1 a northerly dip, a t various angles. The ore is 
typically a fin e granular qu artz without noticeable quantities of sulphides, 
very poor in the baser metals and containing the silver minerals (ancl 
gold) di sseminated. The veins have the fornf of ''Jinked veins, ' ' branch
ing and r euniting, and th e vein-chann els seem to have been intensely 
shatter ed zon es ra th er th an open fiss ures, so that crustification is not 
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• characteristic, and th e vein s appear to have origin a t ed ma inl y by replace
ment of the crus hed a ncl sh ee ted anclesi te iu the chann el-zon e. On this 
account the phenomenon of ''cross-walls' ' or fracture-fissures tra nsverse 
to the main vein-zone, and determining the limits of ore-deposition, are 
especially important."' 

'fhe primary metallic min erals are sil ver sulphides, principally poly
b asite, ste phanite and argeni te, with occasional py rite (Jess abundant 
in th e vein s than iu the wall ro ck ) , chalcopyrite, galena, a n cl bl euclc. 
Silver Selenicle al so occurs. Silver chlorides, bromides, a ucl ioclicles·! occur, 
mainly a t least a s seconcla r:}' minerals. Gold occurs in t he proportion to 
silver of about 1:100 b y we.ight, and is occasion ally seen iu th e f ree state, 
which may be in part primary . 

The principal vein s of this type a rc the Mizpa h, the Valley View, 
the MacDonald-Brougher , the Tonopah-Extension, an cl the B elmont, which 
last may be an extension of the Mizpa h veins. 'l'h ese vein s are usually 
large an cl a re nearly all ore of various grades ; t he average grade is 
usually high. 'l.'hey correspoucl to the bes t type of the 'fertiary bon anza 
vein s of t he P acific petrom etallographic province ;:!: and ha ve yielclccl 
several millions of profit . Th ese veins ha ve been a ffected by t he various 
successive rock-strains la t er in origin than their d eposition, and largely 
later than the intrusion of th e various la t er rock s ; these strains have at 
various pei·iocls cau sed f aulting of th e veins on both a large aucl small 
scal e both t ransverse to th e veins and aloug t he ve ins. 'l'he latter 
form' of movement brought about a slipping of one wall on the other 
and ofte1~ effec ted a reopening of the vein-fissure, whi ch opening was 
subsequen t ly cemented by vein matel'ial b elongin g to one or several of 
the later stages of vein-formation. It may be stated as a definite rule, 
therefo re that th ese vein s clo not pen etrate tbe W est End rbyolite or 
any of the other later rocks ; and in ma ny cases th e veins a re abruptly 
cut off a t tbe rhy ol ite, som etimes wi t h definite intrusive p henomena, as 
is .th e case with th e MacDonald vein on th e 615 an cl 765-foot levels of the 
Montana. In some cases, however, a t the lower portion of th e original 
vein th e W est Encl rhyolite forms on e wall, which evidently a rises from 
faulting along the vein after its being cut off by t he rhyolite. This is 
often characteri stic of the Mizpah vein, for example ; but where the 
rhyolite comes in on both sides, the vein almost invariably becomes vei·y 
small or low gra de and barren, or cuts out entirely . 'fhe frequent 
exten

1

sion of the impoverished vein a little distan ce into t he rhyolite 
appears to be clu e to th e ve in-ma teri al of the la t er periods,. ':"hich h_as 
cemented th e post -rhyolite openings, not only along the Ol'lgrnal vem, 
but also along the extension of the new fissure clownwal'Cl into the 
younger rock. 

Occasional blocks of probable Mizpah trachy te and (more fr equently ) 
glassy trachyte, included in the W est End rhyolite near its margin, 
conta in quartz veinl et s which do not extend into the rhyolite, and so 
belong to th e first period. Several of these cases occur in the Mizpah 
mine (600-foot level, 600 intermediate, etc.). 

Th e tra chy ti c wall-rocks of th e vein of th e first period a1·e highly 
altered, principally to quartz and sericite. 

* Prof. Pa.per No. 42, U. S. G. S .. p. 85, 119. 
t Iodyrite discovered by J. A. Burgess. 
~ Prof. P a.per No. 42, U. S. G S. , p. 278. 
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VEINS OF THE SECOND PERIOD. 
'l'h e ve in s of th e second period a re younger than th e vVest End 

rhy olite and olc1er t ha n t he Midway anc1es it e. Th ey comprise a group 
of definit e sequen ce, w hoso members have di stin ct characteristi cs. The 
volume of quar tz of vein s of t hi s p e riod is g reat, a s w as pointed out in t he 
original r epor t *; ind eed, in the aggregate it is p robably much greater 
than t hat of the qu a rtz of th e ve in s of tho first period; but th e com
mercial value of th o form er is insignificant as compared with t hat of 
the latte r. 

Second P eriod '' A '' Veins. 

The most conspicuous veins of t his second period are large veins 
of a rather charac t eri sti c frosty lu stered quartz, with a predomin ant 
nort heast t r end, and a predominant fiat di.p, u sually to t h e sou t heas t. 
'l'bese fol lowed and occupied faults whi ch were subsequent t o t he West 
End rhy oli te intrnsion (since t hey fault t his rock ) and which faul t 
th e prin cipal v eins of t he F irst period. Th e later quartz which fills 
th ese veins is t ypica lly barren , or at b es t very low gra de. In other 
words, these la rge vein s of the Second (post-'West Encl rhyol.ite ) P eriod 
fault the veins of t h e First (pre-'vVest E ncl r hy olite) P eriod. Such l a t er 
vein s occupy the Alpha, B eta and ot her fault- zones in th e Mizpah-Sil ver 
Top min e. 

Probably belonging to n early or quite the same age is the great 
MacNamara ve in , w hich is fl at, rolJing, and gent ly east-and-n ort h cl ipping 
an d whic h evidentl y fo l lows a flat fault-zon e of some importan ce, ly ing 
usua lly between t he Mi zpa h trachyte and th e underl y in g W est Encl 
rb yol.i te, but in part cu tting out t he West Encl rhy olite entirely, and 
ly in g b et ween th e l\1: izpah trac by t e and t he ''Glassy trac hy t e ' ' b e low. 
'l' his la rge vein i.s usua lly low-gra de or barren. Th e Heel Plume vein 
probably b t>lon gs to this same group. 

At t he time of t h is post- rhy oli te faulting, th e ini t ia l move ment a long 
th e Ston e Cabin and M izpa h faults a lso took pl ace, a nd th e fissmes thus 
fo rmed w ere occ u pied by · usually large low-grade or b a rren quartz veins 
(Stone Ca bin -J<'ault ...- ei n a nd M izpah-Fault vein) . Th e Mizpab -J;~ault 

ve in i s developed in t he Mizpah, and to a Jess extent in the M on tana 
and Belm ont mines. T hese vein s arn associated wi th frequent barite, 
an d ofte n carry scatterocl cupri fe rous pyrite. 'l'h e silver sulphides w hich 
carry t he occas iona l valu es have a ve ry spotty d ist ribut ion. As a rule 
these ve in s a re la rge, inegul a r, and lack definition a nd pers istence. 
Tb ey are evid ently main ly th e result of r epl acement of broad cru s hed 
and shee t ed zones of rock. Quartz belonging to this peri od a lso has 
cemented reopen in gs in ve in s of t he First Period, an d forms narrow 
b arren extensions of t hese vein s in to the \Vest Encl rhyolite below t heir 
ac tu al t ermination s. 

Second P eriod " B " V eins. 

'l'h e ores of wolfram (tungsten), hiibn erit e and sc heelite, have b een 
discovered in th e Mizpah mine by Mr J. A. Burgess. They occur in 
both th e Mizpah and Vall ey View vein s, especia lly wh ere on e w all is 
fo rm ed by t he \Ves t E n cl rh yolite. Several localities a fford criteria 
sbowing th a t t hi s ore is closely associated with but di stin ctl y later 
than t he quartz desc ribed abo ve as Second Period A. On t he 600-foot 

* Prof. Pa.per N o . 42, U . S . G . S ., p . 96, 97. 
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level Mizpah, n ear th e Beta fa ult, the hiibn erite with its associa ted 
qu a r tz cu ts cl eanly a v e in of t he Seco nd P erio d A quart z, wh ich is itself 
a banen prolongation of th e Mizpah (F irst P eriod) v ein at t hi s point. 
Between t he 500 and 60 0 levels M izpa h (Ha iso 610) wh ere t he Beta 
fault cuts off an d offsets the M izpah ve in, a false ext ension (post West 
Encl rhy olite ) of t he v ein on t he other side of t he fault consists of t he 
barren Second Period A quartz with later wolfram-bearin g quartz. 

'l'his t ungsten occurs in man y places an d t hough no t in comm ercia l 
qu a ntity, is by no means a rar ity. Its matrix is a peculia r honey -combed 
qua rtz whoso cavities frequ ently contain gypsum. The fo rm of so me 
of th ese cavities suggests t ha t they have b een formed by t he 
dissolution of original calcite. 'l'he hiibnerite also occurs filling smal l 
fi ssures in old er quartz. Barite, which is quite charact eristic of th e 
Second P eriod A vein s, also occurs sometimes in the qu artz associated 
with t he hiibn erite. 

On th e 400 -foot l evel of the Mizpah a small no r t heast veinlet of this 
peculia r qu a r tz carryin g hiibn ei· ite cuts across an east-west veinl et 
probably belonging t o t he F irst P eriod. 

P erh aps t he best occurrence of this mineral was found b y the 
writer in the Midway min e, in a rai se ab ove t he 265-foot level. Here 
th ere is a r egula r 8-i nch v ein of quartz apparently b elonging to tbe 
Second P er iod A t ype, in which is abunda nt hiibn e rite , embedded in the 
quart z as an essentiall y con temporan eo us though in part sl ig ht ly sub se
quen t m ineral , an d closely assoc ia ted and intergrown wit h a min era l 
r esembling k aolinized a c1ularia. This is an east-w es t, steeply south -clipping 
vein in Mizpah trachy te. 

Second Per iod '' C'' V eins. 

Aft er the Vall ey Vi ew Vein (First Period ) h ad b een offset b y the 
A lpha fault (which w as la t er cemented by Secon d P er iod A qu a rtz), 
rnsumption of stresses produced th e extens ion of on e stump of t he Val ley 
View v ein past th e fault , in lin e with the old vein. In this n ew exten
sion th e quartz is different from that in the main vein , b eing more 
clearly crystalline and vitxeous, and mark ed b y an abundan ce of adularia . 
This v ein , in distin ction from t he or iginal Vall ey Vi ew v ein, has chara~ 
t er s in dicating t ha t it was la rgely depos ited in a n open fissure. It is 
th e same ty pe as th e Fraction vein, which is an eas t-west st1·iking, 
south-dipping· vein and which w as low grade or barren exce pt in spots, or 
wh ere subsequ ent 's iJ ver sulphides had b een deposited a long crevices in 
th e original quartz.* 

V eins and v einl ets of this t y po of mixed crystalline quartz and 
adul a ria a re common, both in th e Mizpah t rachyt e and in th e W est E nd 
rhyolite . Th ey are t y pically lo w grade m barren. They seem to repre
sent th e chief period of adularia formation, which was th erefore di s
tin ctly subsequent to the main period of ore-c1eposHion (First P eriod). 
Qu antitat ively, t hese vein s are n ot of th e first importa nce. 

Th e exact age r elations of t h e Second P eriod B vein s to those of 
the Second P erio r1 C are not det ermined, but bot h a re d istinct ly la t er 
than th e Second P eriod A, and the rela tio11 s of th e Second P eriod A and 
B quartz a r e very close, suggesting that the B immediately followed th e 
A, and th erefore t hat th e C succeeded th e B . Th e C type appears p rob 
ably distinctl y older tha n th e D t ype, to b e described. 

• Prof. Paper No. 42 , p. 140, 146. 
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Second P eriod '' D '' Veins. 

These are east-west veins filling fissure of usually small size in the 
earlier andesite or the ·west End rhyolite. 'l'hey have fi:equently a south 
dip. 'fhey are marked by a frequent ban.cled or crustified st~ucture, by 
bands of black sulphides, and by a pmkish mangane~e-beanng gangue 
material which is probably a mixed carbonate of various earthy bases. 
The primary sulphides comprise stephantic and polybasite, as is the case 
in the veins of the First Period. The sulphides of the baser metals are 
still inconspicuous but chalcopyrite, galena, and blende are more fre
quently met with. 'These veins are freque~1tly high-~rade~ and ~re respon
sible for practically all the -ore formed smce the mtrus10n of the West 
Encl rhyolite. Veinlets of this type have ii;itrucled the .false (Second 
Period C) extension of the Valley View v~m above refenecl to, and 
have created some "stoping ore" out of this part of the vem. East
west fissures carrying ores of this period have also penetrated the large 
practically banen JVIacNamara vein (Second Period ~) in the West End 
mine, and have created a pay-ore shoot. The ore m .the Ma.cNamara 
mine also appears to be clue to a deposition of or.es of. this D penod. along 
fissure-zones in the barren A quartz. The ongm of the pay-ore m the 
Red Plume vein and the Mizpah-Fault vein is probably similar, ~nd clue 

· largely to a r eopening of the original A q;rnrtz, and. local en~·ichm~nt 
by the D deposition. 'l'he best examples of cle~n vems o.f this pen_od 
are found in the Montana and extend to a certam extent mto the Mid
way, where a number of small but fairly. hig~-gracle v_eins, gener~lly 
south-clippincr occur in the vVest Encl rhyohte. fhe relative propoi·tions 
of gold and ";ilver values appear to be about the same as in the ores of 
the First Period. 

This ''Second Period D'' stage represents the second period of ore
cleposition, and although insignificant as compared with the First Period 
has locally furnished considerable pay-ore. 

The waters which formed the veins of the Second Period altered 
the wall -rocks, including the West Encl rhyolite, intensely, principally 
to quartz, sericite, kaolin, aclularia and pyrite, with some chlorite and 
calcite. 

VEINS OF THE THIRD PERIOD. 

The veins of the Second Period clo not occur in the Midway anclesite 
nor the Tonopah rhyolite; nor are these later rocks affected by the 
siliceous type of alteration which accompanied the veins of both the 
First and Second periods. 

The veins of the Third Period are usually smalt, sometimes very 
large. They occur both in the Midway andesite and in the Tonopah 
rhyolite-possibly in the Odclie rhyolite . So far as observed, they are 
associated with the intrusive contact of the 'fonopah rhyolite, and their 
formation seems to have followed the intrusion of this rock. 

One of the most striking veins of this class occurs on the 900-foot 
level Mizpah, in the uppermost portion of the Tonopah rhyolite ("upper 
rhyolite' ') sheet, and contains a large amount of colorless, usually trans
lucent quartz, with occasionally sulphides in considerable amount. The 
is a nearly fiat vein, approximately parallel to the near-by contact. The 
content in precious metals is trifling, an cl the sul phicles consist of galena, 
blencle, pyrite, and chalcopyrite. An assay of a picked s~mple of 
sulphide-bearing quartz, taken by the writer, gave gold, trace; silver, 2.30 
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ozs.; copper, 0.98 per cent; zinc, 5.82 per cent; lead, 5.98 per cent. A 
similar and very likely the same large fiat vein was cut in th() upper 
portion of the Silver Top drill-hole, here lying in the, Midway andesite 
('' calcitic andesite '') som ewhat over a hundred feet above the fiat 
Tonopah rhyolite (''lower rhyolite' ') contact. ' 

In the Desert Queen shaft of the Belmont a similar and very U.kely 
the same large fiat quartz vein was encountered at a depth of 934 feet, 

, in the uppermost portion of the Tonopah rhyolite (" lower rhyolite ") * 
within 12 feet of the contact. This vein showed a little pyrite and 
gal~a, but the highest of several assays showed only 0.08 ounces gold 
ana 2.12 ounces silver with traces of arsenic and copper. This large 
vein of the Third Period near or close to the upper Tonopah rhyolite 
contact may be conveniently designated the Desert vein. 

In the Mizpah Extension shaft, according to the writer's original pub
lished report, t the Tonopah rhyolite (" lower rhyolite ") comes in at a 
depth of 430 feet, and continues to a depth of 505 feet, where andesite 
comes in to a depth of 620 feet, below which the shaft is in Tonopah 
rhyolite to the bottom (about 1000 feet at the present writing) . On all 
three of these Tonopah rhyolite contacts (probably all intrusive), either 
at the contact or within a few feet of it and usually in the Tonopah 
rhyolite, large quartz veins occur, containing a notably large amounf of 
pyrite, but practically barren, showing only very low assays in gold and 
silver. 

The vein shown in the Mizpah 900 -foot level and the Silver Top 
drill-hole (which is v ery likely the same as the Desert vein) was 
evidently formed along a powerful fiat fault following very roughly 
the upper contact of the Tonopah rhyolite, and probably formed directly 
after its intrusion; just as the great fiat fault which served as locus for 
deposition of the MacNamara vein (Second Period A) followed directly 
the intrusion of the West End rhyolite. Both faults were probably due 
to lateral strains which accompanied these nearly horizontal intrusions, 
and lasted even after the local solidification of the intrusives. 

Along the margin of the outcropping intricately intrusive Tonopah 
rhyolite mass, there is much a lteration of the intruded Midway ("later") 
andesite, which is highly pyritizecl and contains many quartz stringers 
carrying considerable pyrite, and locally showing assays in gold and 
silver, the gold values usually being predominant. 

Except near the margin of the Tonopah rhyolite intrusion there has 
been very little vein-formation either in the Tonopah rhyolite or the 
Midway ("later") anclesite. Occasional small veins in the Midway 
anclesite, away from the contact, consist usually of clear, translucent 
quartz, with frequent calcite. They are invariably practically barren. 

The quartz described above in the Silver Top drill-hole showe~ in 
places a cleciclecl amethystine color; an cl a more or l~ss. pronou~ced sh,g~t 
rose or amethyst tinge seems to be often charactenstic of verns of this 
Third Period whether they are encountered in the Midway anclesite 
or Tonopah /hyolite, or in the older rocks, or cementing reopenings of 
veins of the earlier periods. 

* Prof. Paper No. 42, U. S. G. S., p. 193. The enclosing rock of this vein 
was determined at the time of this published report as Oddie rhyolite; it is 
now found to be part of the main mass of Tonopah rhyolite ("lower rhyolite") 
and to represent a phase practically indistinguishable from the Oddie rhyolite . 
(See discussion on p. 41-42, this report.) 

t Prof. Paper 42, p. 195. 
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Th e '' propylitic'' a lteration of t he Midway andesite (to chl orite, 
calcite pyrite etc.) bein g most ma rked n ear the Tonopah rh yolite in
tru siods, is pr~babl y cl ue to t he waters attendant upon or fo ll owin g the 
'!'bird Period of vein-fo rmation. 

CONDITIONS OF THREE PERIODS OF VEIN-DEPOSITION 
All t he evid ence te11ds to show that the zon e occupied by the pr esent 

vei ns was probably n ever v ery dee ply buried, and hence that all the 
veins described were formed at relatively shall ow clept bs. W hil e con
s iderable of the th ickn ess of t he origm a l Mizpah trac hyte flow has 
doubtless b een removecl by e ros ion, yet it is probab le that at t he time 
of formation of the veins of tbe First P eriod t here was no fo rmation 
overlying t he trachyte, and hence t hat the depth at w hi ch t hese veins 
were formed can be easil y estimated ju hundreds of f eet, without having 
r ecourse to the t housands. A t t he time of tbe formation of t he veins 
of t he Second P eri od, t be surface shoul d have b een still lower , on account 
of intervening eros ion , and b ecause no known surface accumulation 
inter ven ed; but as th e ce ntrnl poi nt of cleposition of t he veins of t he 
Second P eriod is a few hundred fee t lower th an t hat of t hose of th e 
First PeTiod th e depth at t ho t ime of cleposit ion w as perh aps ro ughly 
t he sa me fo{· tn e two Poriocls. Between t he t ime of t he cleposition of 
t he ve in s of t he Secon cl Per iod, and t hose of t he Third Period, t here 
were very consid erab le suTfaco accum ulation s of Yol canic rock s (Fraction
brecc ia , t he smface fo rms of rhyolite-dacite, probably the S ieb e1·t t uffs); 
b ut t here was a lso g reat eros ion . A.s t he central locus of d epos it ion of 
the prin cip al known vein s of t he T hird P eriod is t ypicall y a few hundred 
feet lower t han t hose of t ho Second period, t hese T hird P eriod veins 
may ham b een fo rmed at slig htly g reater depths t han th e first two 
periocls; but it is prob ab le t hat 2000 feet is a fa ir guess-es tim ate. 

'With tbis preliminary consid eration it is interestin g to consider 
t be ori gin of the various metallic deposition s w hich succeeded one 
another in th is dist rict, and now occupy practically the same zone, ov er
la pping one upon t he ot he r. 

In a publisbecl paper ''· a fe w years ago, t he wri ter ad vancocl th e 
theory th at tho pr inci pa l ore-deposits w ere differenti at ion p roducts of 
igneous magmas, a.ncl t hat th e di ffe rent metal-groups mi g ht be ancl were 
depos ited at different temperat ures from solu t ic;ms havin g a s in gle source. 
S in ce th e terrestria l t emperature normally increases w it h depth, the 
cli ffo ren t metal groups are j n t he sim plest co mb in ation of c ircumstan ces 
cleposi ted .in suecessfr e vertical zo nes, one b elow th e ot her. A pre
limin a ry clivision of t he ve in g roups into fi ve was made, a nd a re stated 
in the orcl or in w hich, und er t he simplest cir cum st a nces, t hey a re depos ited , 
fro m t he b ottom up, b egin ni ng w it h t hose formed un cler th e highest 
tempeTatnres and endin g with those cleposi tecl at low t emperatures, n ear 
t he surface : 1, th e pegmatite zo ne, co ntaining t in , molybdenu m, tun gsten, 
etc., wit h characterist ic ga ngue minerals; 2, t he free gold-auriferous 
pyrite zone, w it h coa rse qu artz gangue ; 3, the cupri fc rou s pyrite zon e ; 
4, t he galcna-blencle zone; 5, t he zone of silver a nd a lso mu ch gold, 
assoc iated with an ti mo11y, b ismu t h, a r senic, t elluTium an d selenium, 
cha racter ized b? t elluriclos a ncl selenicl es of si l ver , gold te llnricl es, a rgen
tiferous tetrahecl ri te and tonnantite, polybasite, stepha ni to, and a rgen
ti te; 6, th e zone of earthy gangues, b arren of valuable m etals. 

• A T heorv of Ore-Deposition. Economic Geology, Vol. II., No. 8, Dec. , 
1907, pp. 781-795. 
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It was pointed out in this publi shed paper that on account of 
cha nges of te n1 pe:rature in a cer tain rock zo ne, metallic . deposit io1_1 s 
b elon g in g to Llifforo nt gro ups mig ht successi vely b e deposited w1t hm 
th e same zo ne, or even successively occ upy a s in g le period icall y reopened 
vein -fi ssure t he simplest case b ein g clue to a grachrnl fall of tempera
ture due t~ t he downward prngress of _coo ling of an ig neous mass; rn 
w hic h case a ny of t he above-defi ned gro ups of metals mig ht he follo wc~l 
by one of t he late r-m entioned g roups. In a late r paper on Oro-Deposi
t ion at Aspe n, Colorado/ i t was fo und t hat ce rta in Yein:g roups corre
spondin g to t he above d ivisions succeeded one another, bu t rn the reve rse 
of t ho norm a l o rde r named· and t h is was intc rpi·etoLl as du e to a grnd
ual ly ris in g te mperature (i;1stead of falling! duri ng ore-~l e po s i_t i o n , ,d ue 
to tho atte ndant gradual upwa rd ]irogress of an igneous m trn s1on. rh e 
cons ideration was a lso brou g ht out in t hi s paper t hat r elative ly lon 15-
susta in od temperatures at the crit ical point fo r precipi tation of_ a cer ta in 
mineral-group w ern necessary fo r t be accumu la tion of . an important 
r eprese ntat ion of t his g roup; w hil e on t l1 ~ co ntrary, cn tical te mpera
tures t hat were mpicl ly passed resulted 111 s li ght o_r . un~·ecogm~ab_l e 
represe ntat ion of the corresponding min eral -~·ro u p pTec_1p1tat1ons? w7t lun 
a cer tai n rock-zone · ancl t he clepenclonce of t ho re la tive transi tonn ess 
of t11oso te mperaturds upon the quan tity a nd b ehavior of intrusive igneo us 
roc ks was pointed ou t . . . . _ 

At Tonopah t he veins of the FuRt P en ocl are typ icall y_ zon e N7; ::i, 
as above de fin ed; as a re a lso t he vem s of t ho Seconcl Po~·1 ocl D. Il11 s 
vein gro up is t he normal one fo r t he sh a l low depth , 'l'e r t iary ago, a nd 
assoc iatocl fin e-te xturocl or g lassy volcani c rocks; and t he two c lasses 
of ve in s, thm·ofo re, represent r ecnrren ces of t ho most _ no rm al _ stage,, of 
vein -de posi tion, separated, by a sharply 111 to rrn n1n g pen o~1 of tune_. Ihe 
First P e ri od was, however , long susta ined , and resultecl in ex~eption al l y 
large and im portan t YOi ns; t he Second Por~od D was sustarneLl for a 
much s lto rtor t im e w it h con osponclm g ly less impo1-tant resul ts . 

T ho F irst Pe:.iocl seems to have fo ll ow ed with no in te r venin g vein
phenorn ena, the empt ion of the Mizpah_ tr::tc hy t e; t he Second Poriocl D 
was subsequent to the Montana brecc1a -vVest End rh yol 1t e intrusion, 
b ut was precocl ocl, subsequent to this in t rus ion , by clistinctly di fferent 
vei11 -p he n,0 rn ona-Seconcl Period , A, B ancl C, whose fo rm at ion probably 
represents cons i.cl orablo tim e. Omitting fo r t he pre en t t he A a nd C 
vei ns w hich conta in verv little met a llic min erals (althou g h t hese are 11ot 
wan ting) a nd wh ich are' therefore no~ so clearl y_ sig ~1 ific ant, t he ~oc~11cl 
P eriod B ve ins contai n in proport10n t o the u· 11m1 tecl quant1_tatt vo 
a moun t , abun dant min ei:als of t un gst en, a i:·1etal high ly characteri_st ic 
of t he zone No. 1 as defin ed above; and , so far as k nown to the wnter, 
no t no rm all y occ~uring in a ny other zone. 'l'his seems t~ inclicatc an 
en orm ous t houg h onl y briefly-sust a in ecl te mperature _foll owrn g t he Mon
t ana brocc ia-ViTes t E ncl rhyolite intru sion s, and proceclrng t he more normal 
t emperature of fo rmat ion of t he No. 5 zone. 

T he vein s of t he T hiTcl P eri ocl, w hich fo ll owecl the in trusion of t he 
Tonopa h r hyo li te contain very li ttle sulphides, t hou gh lo call y t hese ~re 
bun checl a nd a re al most massive. Th ey con s ist of galena, bl ende, pynte, 
a n cl cha lcopyr it e ; and r epresent t herefo re t he characte ri st ic asso_c iat ion 
of tho lower pa r t of zon e N o. 4, as clefin o_cl by th e wnter. 1:h1s may 
a lso be take n t o inu icate a n abn orm ally hi gh, t hough onl y b n efly sus
tained t emp erature, fo ll owing the Tonopah r hyolite int rusion . 

• Economic Geology, June, 1909, Vol. IV. , pp. 301-320. 
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The succession of apparently distinct vein groups is t hen : 5 - 1 - 5 - 4. 
The intervening groups are not represented, which may be t aken to 
indicate changes of t emperature so rapid as not to leave any record 
in vein-deposition . 

As we lack definit e knowledge of t he crit ical t emperatures of these 
zones, an d the r elative lapse of time between intrusions, the condit ions as 
r easoned out and inferred can be shown only roughly ·in the accompanying 
diagram, in which th e li ght line is a temperature curve and the heavy 
lines r epresent sulphide precipitations. 
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'l'h e underground t emperature of the rocks of the district is still 

abnormally hig h, as pointed out by th e writer in his published report,* 
where it was suggested that neighboring bot waters, not yet tapped 
might be the source of the heat. Lately waters having a t emperature 
up to 106-108 degrees Fahr. have b een encountered in the deep drill-hole 
at the bottom of the Mizpah shaft. 

Summarizing the history of eruption and vein-formation, it may 
be stated that a trachytic eruption (Mizpah trachyte) was fo llowed by 

• Prof. P aper N o. 42, U. S . G. S., p. 65. 
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a trachy-alaskitic eruption (M~ntana breccia and We~t End !hyolite), 
and this by an alaskitic eruption ( Ton~pah and .Oddie rhyol~tes) and 
that each eruption was followed by a pen oc1 of active quartz-vem forma
tion ; and that between the trachy-alaskit ic and the a~askitic periods a 
typical andesite (Midway andesite) was. erupte~, which wr;s followed 
by no period of vein-formation . The vem-fornun g magmatic r esidues, 
therefore, seem to have been closely associated with these extreme 
alkali-siliceous magmas. 

FAULTS 
The history of faulting is revealed by t his examination to b e a 

complex one. After the eruption of tl;e ''Mizpa h t rach:i;te,'' with its 
''glassy trachyte'' basal phase, the vem c_h annels were .formed by the 
development of a series of east-west,_ t ypicall,v north-d~ppmg fracture 
zon es which m'ay have been accompam ed by slight faultrng. 

Nearly or quite at the same time as the development of the east
west fractures a series of less-pronounced north-east transverse-fractures 
were formed. ' These transverse-fractures wei·e present b efore the initial 
vein deposition, which followed the east-west fracture-ch~nnels;_ for the 
transverse ones have acted as cross-walls* to t hese earliest vem s; and 
as such are of the u tmost economic importance, since the quartz and 
ore not only of t en changes abruptly on r eachin g a cross-wall, bu~ some
t imes ceases entirely. Sometimes these cross-planes ha:ve no displace
ment of t he vein; again, they a re marked by. fr;ultmg of varymg 
usually slight degree. The effect ~s cross-w~lls _is rndependent of the 
degree of displacement, and the slight faultrng is probably largely of 
subsequent ori gin, belonging to one of the lat er s~ages of. n~ovemen.t . At. 
the time of the firs t (and most important) vem-deposit10n (vems of 
the First Period) t he direction of pressure in the r ocks was evidently 
such (east-and-west) that the east-west ~hannels wer e left open, t he 
northerly striking transverse fissures were Jammed shut; h~nce ~here was 
little or no ore-deposit ion along the transverse fractures, rn spite of the 
exceedingly important role which they playec1. . . 

The most important of these transverse fractures 1s the Valley View 
cross-wall in the Silver Top mine of the Tonopah Mining Company. 

Subsequent to the first vein-deposition , it is probaOie that the first 
of the important long series of i;.early ~orizontal f<iult-mov~ments tpo~ 
place, producing a considerable differential movement follow~ng ai:iproxi
mately the upper limit of the ' 'Glassy Tracbyte. '' Alon.g this honzontal 
zone of disruption and movement the Montana Breccia was probably 
intruded. Subsequently this movement was ren ewed, splitting the Mon
tana Breccia intrusion , and along the channel thus formed the West E nd 
Rhyolite was intruded. A continuation of the flat fault-mo"."ement after 
the West End Rhyolite intrusion produced the powerful horizontal fault 
which took place in part along the upper contact of the West E~d 
rhyolite, and which was r;ft~rwards filled by the MacNamara v:em. 
Other stronO' flat or flatly-dipprng faults were formed at the same time, 
some of which faulted the veins of the First P ei·iod (as the Mizpah and 
Valley View veins); and these are exemplifie~ by the ~lpha and Beta 
faults of the Mizpah mine. At the same period, some httle movement 
took place along the earlier northeast (transvers~) fractures, such as 
the Valley View fault, and, further east, a more important fracture of 

• See page 49, this report. 
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thi s syst em. be?"an to as~u.111e the proportions of an important fa ult 
(S~on e Cabrn fault) , stn krng northerly, and dipping at a moderate 
a.11 ;,le to t he east. The 1111p o rtan~ Belmont fa ult developed at t he same 
t 1111e: .. At t he same tun e the vern s of t he First P eriod were affect ed 
b~ cl1fferentrnl fault·mov eme11ts, parall e l t o the wall s, aud one wall 
of t he vein was typ ically dropped relati ve t o the other so that at the 
co n t~ct of the Mi zpa h trachyte. vein s w it h the W est E11d rh yolite below, 
th e Ih,Yoli te was freq uently s li d up along the extended faul t so as to 
form for a l imited vertical distan ce one of t he walls of t he ve in . 

All the. open ings tuus fo r111 ed were cemented by t he qua r tz of the 
Second Period A (see p. 52), w hi ch indeed r egisters th e age of this 
f a ult·movemen t. 

. . Late~· th an this, succes ive fault mornments, probably all ve ry 
s~1 & ht , p1oduced th e typi cally east·west and often sout b·dipping fi ssures 
"h1ch were successively occupied by th e vein s of the Second Period B 
C and D. Th ese move 111 e nts reopened some of the old east·west vein'. 
chann els, and cut across the nor t h and north eas t veins (of t he Second 
Per iod A) transverse ly ; but though n ot unim po rtan t in th eir results as 
affo rdrn g chann els for ve in.fo rmat ion, they were unimportant from a 
dynamic sta n dpoint. 

T hese movements took place before the advent of eit her t he Midway 
audesi te or tbe 'l'ouopah d 1yol ite. 

The stu~ly of t he i\I izpah a nd Stone Cabin faults espec ia ll y shows 
the progres.sl\"e g rowt h of fa ul t in g from t be period men tioned down to 
a comparatively rece nt one. 'l' he older faults belon gin g to t hese broad 
zones of mo vement are more silic ified by circul ating hot waters · the 
yo unger ones, which a re often foun d to displace the older ones J es~ an d 
less so. ' 

'l' he in t rusfon of t he Tonopah rby olite, as above remark ed, :ippears 
to have b een fol lowed by t ho develop ment of a strong horizontal fault 
later ce.meDte.d by ve in·rn aterial of th e 'l'hird P eriod ; and ma.nv ot he;. 
faults, 111 ch1 cl11:g re newed .movement a.long .ol cl er faults, ev.iclently to ok 
P.lac~. at Uus tun e. Such later fau lts a re often marked by consid erable 
s1lic1fica ti o11 ,. but t ho quartz, eve n wu erc abundant, .i s quite barre n. 

So ;n e of the fa\1l t·move 111 ents of the Mizpah, Ston e Cabin and Bel· 
rn ont. fault·zon es evid ent ly b elong to this period; as, for exa mple, t he 
p1:111 c1pa,1. mo~' e ment a long th e "Deser t Queen fault " in t he Mizpah 
n.nn e, •~111ch fault 1s an aux il iary of t he lVIizpah fault , a nd wb ich is co n· 
t mu ed rn to the l\foutana a s the " 106 Fault. " 

.· Fi~1al ly a. number of ,v ery strong and striking faults a re eDtirely 
uns1l1c1fiecl , and are ma rk ed by soft gouge; hence a re later than t he 
la~est stage of si lic ifi cation. Such is the p rin cipal movement a lona the 
Mizpah fault, and a large s hare of the mo vement a long the St on e Cbabin 
Belm ont, and other olde r fau lts. At this stacre f aults like th o Montan~ 
fau ~ t and tb e Enno fault ori g inated; and alt~get her th e r:eriod was one 
of rn tonse movemen t. 

In t ho wri te.r 's orig inal publ ished report, it was s hown t ha t t his 
c.01~.s~1c ;1~us fa.ultrng fo ll owe.cl the .i~tru s ion of th e la t est rhyolitic·dacitic 
Ja , as, la1gely rn t he fo rm of volca.mc pip es or n ecks; and t hat t be fau lt· 
mg was chie to th e col lapse and saggin g of th e cru st a round t he vo lcanic 
necks, wl~1ch sagged aft er their in t ru sion and solid ification .* This is in 
accord with the prese nt in vestigati on, which shows that thi s move ment 

• Prof. P ape r No. 42, U. S. G. S., pp. 47, 68, 80. 
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originated after the intrusion of the intrusive 'l'onopah rhyolite, which 
is now shown to be intima t ely conn ected w.ith t he Ocldie rhyolite, and 
to have immediately preceded th e intrusion of the Oddie rhyolite proper.' 

'l'h e extensive hori zontal fau lting was a lso r epeated at this most 
r ecent stage of movemen t, and is illu st rated by the S iebert fault, w l1 ich 
was ear ly prescribed b y the writer on t he 700·foot level Mizpah.t It has 
recent ly b een fo und, just north of here, as an important fla t fault on 
the 765.foot level of t he Montana , where the mo ve ment is shown to 
have been to t he nor t h on the under s id e. From these po ints it can 
b e traced, w it b more or less certainty or probab ility, over a la rge area, 
often following a nd forming t he lower b ounda ry of the West En cl 
rhyoli te sheet . 

Rock Grinding. 

Th e fa ults of this last peri od especially are often a t tended by intense 
crushin g and grindin g, and often show a wid e zone of move ment. In 
pl aces, t h is mo vement see ms to spread itself out , instead of confining 
itself to na rrow zones, and to have resulted in the fine brecciation a nd 
even jn gra nulation of a zone oft en ma ny f ee t in wid t h. Such brecc iated 
a nd gran ulated rock is often layered by th e fault ·movement and fa ult · 
pressure, so t hat it assu mes a ll the appeara nce of cer tain varieties of 
surfa.ce·formed detrital tuffs. S uch occurrences have been found adjace nt 
to (o r in) t he Stone Cab in a nd Burro fa ults (Tonopab M inin g Co mpa ny) 
and occasion ed mu ch perpl exity in th e ear.l y part of th e recent exam in a· 
tion. Here t hese dy11 amocla~tic rocks have deve loped at t he expense of 
tbe M izpah trachyte and loca lly, probably, of t he Midway andes ite . Th e 
extremely br.i tt le "glassy tracuyte" has lent itself especia ll y to this 
kind of gran u lation an cl pressure· layerin g, as was especia ll y observed 
in th e Montana-'l'onopah and elsewhere, producin g in this case a lso 
dynamoclastic rock s hav ing somewhat t he appearance of str atified tuffs. 
A s imil a r pro cess has beeD obser ved in some of the Tonopah rh yolite, 
especiall y in specim en s studi ed from th e To11opa h E xtension , in whi ch 
th e mi croscope shows the fin e interlac.in g nearly parallel lin es of pressure· 
movement w hich has g ra nu la t ed t he rock, marked by lin es of seri ci te. 

• See p. 41 , th is report. 
·1 Prof. Paper No. 42, U. S . G. S., p 116. 
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NOTES ON MAPS. 

390-Foot Level: 

This map shows t he block of l\fizpa h trachy te bounded on t he north 
and east s ides respect i vely b y the Mon ta na a nd M izpah faults, beyond 
bot h of which Midway anc1 esite corhes in. T he "106 " fa ul t , w hich is 
id entified w it h th e "Desert Queen " fa ul t of the Mizpah min e, a nd is 
thus shown to have a conside rable displ ace ment (offset to t he southeast 
on th e northeast si cle-" right-handed " fault ) of at least a hun dred and 
fifty fe et , a L1cl v ery likely con siderably more. Accor ding to this, t he 
seri es of ve ins west of t he fa ul t arc probab.l y t hrown laterally nearly or 
qui te i11to M izpa h g l'ouncl , wh ere t hey will have a very l imited extent on 
a ccount of th e g l'eatly shortened distan ce b etween t he 106 fault and t bc 
M izpah fa ult. 'l' he downward compon ent of moye mcnt (down in t he 
11 ort hea st side) is also very g reat . 

J<~ra.gm ents of t he Mizpa h fault-vein , cut out b y the more recent 
pol'tion of th e Mizpah fault , a re shown. 

~' h e Ma.cD011alcl vein, con sid erabl y broken by sli ps a.uxil ia ry to t he 
Montana fault, and cut out b y t hi s fanl t on t be wes t, is shown. On th e 
cast th e v ein is cut off by the M izpah fan.It. 

'l'he top of an intrusive plu g of vVcst E ncl rhyolite is shown on t hi s 
lc ,·cJ. Th e eas t side of t his rh,volitc is eut off a nd c1 1'oppec1 clown by th e 
" 106 " faul t , bringin g in Mizpah tracby te on this s icl e. 

462-Foot Level : 

On this ]e ve.I a rc shown t he M izpah, t he Mo ntana, and tlrn 106 f a ults. 
The junct ion of t he :\'t:ontan a a nd t he 106 :faults is s hown. Th e form er 
is certa inl ,1· in gcn c l' al t he mo l'e r ecen t , anc1 proba b ly cuts off t he lattc1'. 

Th e MacDonald ve in is well show n, con siderab ly cu t into by t he 
parall el i\fo nta na. fault , as on t he level above. A patch of t he M izpa h 
f a.ult vein i s shown a .l ong tb e M izpah fault , b ut is of l itt le co nsequence. 

Th e g roup of bran chin g aD c1 uniting lesse r veins sout h of th e .i\fon t ana. 
ve in are shown on th is as on th e JeyeJ a bo,·e. Sorn e of th ese veins arc 
e vident ly of t he Second P eriod D (Second P e l'i od of Ore-De position ) 
a nd jncl eecl offer t he most impor t an t (eco nomicall y) examples of ve i n~ 
of t bis age in t be Llistri c t. Th ey have fo rm ed s in ce th o vVest l~ n c1 rh yoli te 
in tru sion , and ore occurs in th e m wit h r hyol it e in b ot b wa l.l s. Ot he r 
members of t he g roup a ppea r to belong to th e .Fi l'st P eri od (general 
report, p. +9) . l'b ey occur in t he Mizpah tra ehy tc, but a. re cut off b )' 
the rhyoli tc. The in t rnsi vc rhy oli t e plu g has a considerab ly la r " er 
horizonta l sec t ion on t h is l evel t har1 on t ha t above. b 

515-Foot Level : 

On t he 515-foot le vel t he Mo nt a na fault and t he Mizpa h fa ult a re 
b ot h ;ve il s how n, w it h lVIidway and es it e bc,,·oncl t hein , a.cl:jo in ing t he 
M izpah t ra chyte block to t he north and northeast. 'l' he 106 fault is a lso 
shown , lim it in g on t he 11ort hea st t he I.Ves t Encl rhyoli t e plug, which here 
has a con sid erably in creased c rnss-sec t ion over t he le vel abo ve. 

'J' bc MacDonald v e in is s how n we ll , a nd is for a space cut into a n Ll 
pe rh aps wiped out b y a swing of t he Tuiontana fault , and is much confused 
by lesser f a ults, a tte11c1ant upo11 th e Montana . 
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Th e vein -group lying south of the Montana is a lso shown on this le vel, 
with ore in t he rb yo lite as well as t he trachyte, indicating that such veins 
b elong to t he Second P eriod. 

On this level, as on tbe levels above, th ere appears to b e small 
chan ces fo r future development work on any la rge scale. On this level 
a narrow band of a g lassy brecc ia occurs in one locality, between the W est 
Encl rh yolite and tbe Mizpah trachyte. It shows in clusions of vario us 
rhyolitic and ancl esi t ic rocks, ma inl y of types strange t o th e developed 
portions of tbe Tonopa h min es, in a glassy gro un d-mass, often showing 
faint flow-strn cture. 'l'h e veins of t he Second Period cut throug h this 
breccia a1Hl offset it, as they do t he W est Encl rhyolite; and th e West 
Encl rhyolite adjoin s i t with a clean, sharp contact. ~'his breccia has been 
called the Montana Breccia; i t i s not shown high er up in t he min e, but 
increases in volum e rapidl y in tbe lower levels. 

562-Foot Level: 
Tb e 562-foot le vel (intennecl iate) shows the 106 fault, fragments of 

th e MacDonald vein (much broken a ncl p artly effaced by the 106 fa ult ) 
and illustrates well the more sout herl y veins of the Second Period in tbe 
rhyoli te. 

On this level is a lso shown a northeast-trending, south east-dipping 
norm al fau lt, which is probably t he S il ver 'l'op faul t of the Mi.zpa h min e. 
With tbe nort h-clipp ing Yeius of the 'l'. M. Co. 's min e t his faul t has a 
right-hanclecl offset ; here with a so ut h-cl ipping ve in of the Second Per iod 
(in the rh yolite) it has a left-hanclecl offset, both of whi ch effects can 
b e explained by a s impl e norm al fault ing, nearly with the dip of the 
fault. Consicl ering the sligh t displacement of this faul t, it is extr ao r
dinar ily pernistent. 'l'h e Silver 'l'op ancl the 106 faults appear to cross 
each other on this l evel ; but t here i s some complication here not c lea rly 
uncl erstoocl . 

'l'he contact of the W est Encl rhyolite aucl t he Mizpah t rac hy te 
shr inks away from the 106 fault on thi s level, showing that it is largely 
ind e pend ent of t he fault , and suggestin g that t he position of th e 106 
fau lt in t hi s min e may have b ee n pa rtly cleterminecl by th e original 
~intrns i ve) Thyoli te contact . 

One of t he south v eins shown on t his level, a ncl called the X vein , 
passes into t he Midway, w here it dies out on the south. All of th e veins 
of th is Second P eriod D ty pe (see general re port, p. 56) lack pers istence; 
a nd in th e Montan a they have contributed more ore than in any other 
min e; altho ugh in th e MacNamara and vVest Encl enrichments of Second 
P eriod A quartz by Second P eriod D ore have contributed considerable 
ore. 

615-Foot Level : 
On t he 615-foot level th e W est End rhy olite has expanded so t ha t it 

covers th e most of the level. The Montan a breccia appears as bands b etween 
t he W est Encl rhyolite and the Mizpa h trachyte in two portions of the 
]P,vel ; besides fragments of lavas, a fragment of black shale several inches 
in diam eter is included in it in one pl ace. The Mizpah, 106, and Silver 
Top faults are shown. 'l'h e Sil ve r Top shows its simpl e normal faulting, 
offsettin g to t he right a north-dipping rhyolite-trachyte contact. The 
r elations of th e 106 fau lt a re obscu re, as on t he level above. 

Th e MacDonald ve in is well shown on this level; and north of it, the 
A. B. K. vein , which is of mu ch less importance. 
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At the north e nd of the ma in cross-cut from t he shaft t here appea rs 
to be a steep-clippi ng, inegular contact of Mizpah trachyte and Midway 
anclcsite, und er th e Mizpah f a ult . This is in te rpreted as an in t rnsiv e 
contact. 

765-Foot Level: 
On this level t he West End rh yo lite shows in two large patches, but 

covers considerably less a rea t ha n on the 615-foot leve l, s howing that the 
765-foot l evel is in genera l be low t he intrusive rhyolite sheet. On the 
other hand, the Montan a breccia, scanty on t he levels above, increases on 
th is l evel so that it covers most of the level. 'l'his format ion h as about 
the same r elati ve age in r egard to th e various vein-periods as does the 
West Encl rhyolite. The Mon tana breccia is intru clecl, in the ma in north 
cross-cut, by dikes of West Encl rhy oli te; and the b reccia is itself yo unger 
t han t he glassy trac hyte, of which it in clud es many fragm ents up t o t he 
size of huge block s:- The West Encl rhy olite on this level shows excell ent 
intrn sive contact s into the Mizpah trac hyte, and these intrusive contac ts, 
in th e northwestern ·part of the min e, cut off sharply a vein of the First 
P eriod, which may be a fragm ent of th e MacDonald vein . 

Further east , t he downward ext ension of what is probably th e Mac
Donald vein occurs in t he W est Encl rhyoli te as a vein of the Second 
Period. To the east, on leav ing th e rhyoli te, t his vein passes in to probable 
Midway ancles ite, 'where th e valu es are abruptly cut off, the vein beco ming 
very s mall and weak and showin g only scattering assays. This vein in 
t he a nclesite ·is regarded as a vein of th e 'l' hird Period. Accoi:.cling to 
t hi s, th e original MacDonald vein, high-grade ancl i mportant, was formed 
at th e Fil'st P eriod in the Mizpa h trachyte, a nd was cut off by th e West 
Encl rhyoli te. Later renewed movement a long the vein -fissure extend ed 
the fi ssure in to t he W est E ncl rhyolite, and thi s new fissure was cementetl 
by quartz of t he Second Period- usually low-grade, but conta inin g some 
pay-ore. 'l'his Second Period vein was cut off by the Midway a nclesite 
intru sion. Subsequ ently there was renewed movement along th e vein
fi ssure, which was t hu s extended info the Midway a nclesite ; ancl this last 
fi ssure was cemented by scanty quartz of th e Third P eriod, of no ecouonuc 
valu e. 

In the main cross-cut thi s l\!Iidway anclesite shows an intrusive 
co ntact into th e Montana breccia. At t he co.ntact for a n in ch or so the 
anclesite is bl ack , dense and aph an itic ; furth er away it is fin e-grained 
crystalline, in creasin g in coai·seness as the clistaii ce from th e contact is 
in c1·easecl. 'l'h e contact of th e Montan a breccia and the anclesite is quite 
irregul a r. 

Around the shaft, on this level, is shown the intrusive sheet of Mid
way anclesite whi ch extends t hrough the Mizpah, Midway, West Encl, 
MacNamara, and Tonopah Extension mines (" calcitic anclesite "). '!'his 
sheet clips b elow the level to th e north, and probably connects with the 
sou t h-dipping contac t of the Midway anclesite further north , as shown 
in section A. This same intrusive sheet ('' ca.lei.ti c anclesite' ') is shown 
in the western part of th e le vel, wh ere the co11tact swings around to the 
nort h, and comes within a few hunclrecl feet of joining the ma in body of 
Mid way anclesite. 

Th e most northwestern drift on this level follows for a long llistance 
a nearly hori zontal fault, which has M idway anclesite above and Montana 
breccia b elow, an d which finall y clips clown to the northwest b elow the 
floor of th e drift. Further southeast this fault passes up into th e roof 
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and cuts off the veins ·whi ch it encounters. This is cv iL1e n t ly t he Siebert 
fault, encountered first, a nd nam ed by the writer so rn e eig ht years ago, 
on t he 700 -foot level of the Mizpa h, where it separates t he W est Encl 
rlt y olite above from t he Midway ("calcitic") ancles ite b elow. T his is a 
fault youn ger than t he Micl way andesite. 

Tbc g lassy trachy t e a ppears on this level, t hough i t does not show on 
t he levels above. Around t ho shaft fragments of i t, n p to t he si ze of 
la rge blocks, a re in clud ed in t he Montana brecc ia a nd the in t rus ive Mid
way anclesite (whi ch also bore in clud es blocks of t he brecc ia); and in 
ot her parts of t he level it is in cluded, often in very la rge a moun ts, in t be 
:Monta na breccia . In t he ma in north cross-cut t he M idway a ndes ite con
tinues to a point abo ut HOO feet north of t he s haft, wh ore a pa tch of 
West Enc1 i·hyolite, bouncl ocl by fa.ni ts, is encou ntered. 'l'he M izpah fa.ni t, 
which occurs abo ut 770 feet from t he shaft, has M idway a ncl esite 0 11 both 
s ides. 

Abont 120 feet llOrth of t h e patch of W est E ncl r hyolite above re
fen ccl to a l a rger patch of t h e same rock occm s, with a band of Mo ntana 
breccia between it a nd t he Midway a ndes ite. On t he i1 ort h, t he 'West E 11d 
rhyolitc is in co ntact with Tonopah rhyolite, ·whi ch co nt in ues w it hou t in
t erruption fo r about 1100 feet, at which point a ba11cl of Midway a ndesite 
100 feet ac ross is intersected. Beyond t he anclesi te t he Ton opab rhyolite 
cont inn es so me 1±0 feet fu r t her, to t he b reast of th e cross-cut. 

'l'his mass of 'l'onopah rhyolite is probably t he same as outcrops at 
t he su rface nearly over th e end of the cross-cut, and w hi ch is encountered 
in depth in the M izpah, 'l'o nopah Extension and Belm on t wo rkin gs. 

Th e southern con tact of t he M idway andesi te band shows t hat t he 
'l'onopah riiyol i te i s i11 trn ·ivc into t he andesite. Th e latte r is dense and 
flow-ba11decl along th e exact co ntact and sends many irregul ar to ngues 
into the a.11desite. 'l' he north ern contact shows some slip pin g, but is 
probab ly nearly a norm al in t ni sive contac t. 

On t his level it i s r eco mm ended to put i11 a cross-cut from t he main 
nort h cross-cut , at abo ut N 11 400, E 9400, w ith co urse a trif1e 110l'th of 
eas t , to explore the fo rniat ions at this point. 

NOTES ON SECTIONS. 

Section A: 
Thi s im porta nt scc tio11 goes throu g h the Mo ntana s haf t an cl a long 

t he long north cross-cut . 'l'h c .limitation of th e bl oc k of prodnct ive ground 
on all fo ur sjdes is here well shown . Above, t he block is cut off by th e 
M izpa h fa ult a nd th e M idway arn~es i te; b elow, by the Sieber t fault a nd 
the Midway a nd es ite and 'l'onopah rhyolite in t rns ions, th e latte r b eing 
by far th e most important; to the nort h, by th e Midway a ncles ite in
trusion; and to t he so ut h, by t he property lin e. 

A dr ill -hole 791 feet in le11 gt h, an d inclin ed to th e south, goes clown 
from th e main cross-cut, a s shown in the section. At a dept h of about 
135 feet t he hole passed from M idway a.nclesite in to W est ErJcl rh yolite; 
b elow t his, a.bout 20 feet of probably Mizpah trac hyte w:1s enco nn terec1 ; 
a nd b elow th is, so me 15 feet of West E nd rh yoli te a ga in. Below this, 
Midway a nd esite con t inu ed to a c1epth of abou t 31 feet, w hen th ere 
was glassy t rac hy t e to ab out 460 feet; t hen Midway a ndcsite to abou t 
490, a nd from there on to t he bottom 'l'onopah rh yoli te . 

This section s hows t hat t he upper surface of 'l'onopah rhyolite clips 
cl own considerably a.t t hi s poin t, but rises again to the north, so as to 
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form a. marked troug h, w hi ch is, however, a tro ugh of intrusion and not 
of fo ldin g. 

It is r ecomm ended that a w in 7\e be sunk to tbe patch of probable 
Mizpah trachyte develop ed in th e chill -hole, a.nc1 t hat this for mation b e 
then explored by cross-cutting, in tlr e ex pectation t hat it may widen . 

Section B: 

Section B shows especially well t he section of t he in t ru sive cone
shaped 'West E nd rh y oli te plug, with i ts steep intrusive con tacts on both 
s ides; it shows the close r elat ion of t he 106 fault to i ts 11ort h boundary, 
but yet indicates t he concln sion t hat t his bounda ry existed in nearly t he 
prese11 t fo rm previous t.o the fanlting. 

'l'h e :Montana fault-contact is a lso well shown . B elow t he ma in mas~ 
of W est E ncl rhyolite comes the ma. in mass of Montana brecci a., a nd 
b eneath t his the int rusive Midway ('' calcitic ' ') a.ndes ite sheet , w bich 
is very th in at t he sh a.ft (Section A), near which point it probably 
wedges out entirely, but has t hick e1ied greatly ~o th e south, as shown here. 

Section C: 

Sect ion C shows th e Montana and 106 faults, and especially t he 
Siebe rt fault, which is probably here correctly dep icted, whereas i ts exact 
positi on in Sectio11s A and B is i1 ot ce1tai n. As shown, t his fault pro
duces a benc h, at the nor t h encl of tb e sect ion, indicating a movcrn ent 
to t bc nor t h on t he under side. In t he M idway an d Reel Plume min es, 
howe ,,e r, a possible movement to tbe south , on t he under sicle of thi s 
fa ult is indi.catecl. F rom this i t is snggcstcd that t he main movem ent 
may have been more in a.n east-west di rection , and in thi s case t he total 
displace ment must have b een great. One of t he sections throug h the 

"l'onopa.h M inin g Company's property ( ection C) indicates a movement 
to t he west 011 t he under s ide of t he fa ult , which movement may pos
sibly have a n:r ounted to as much as 1500 feet. 

'J' hc fact that the bulk of t he Montana brecci.a underlies the bul k of 
t lr e ·w est E ncl rhy oli te is illustrated in this section; and al so th e fact 
t lr at the t hi ckn ess of th e un derlying intrusive sheet of Midway 
(' 'calcitic' ') anclesitc is still g reat er than in Section B. 

Hespectfoll y sub mi tted, 
SPURR & COX (Inc.). 

By .T. K SPUHR 
'l'onopa h, Nev., Oct . 3J , 1910. 
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