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REPERINCES.

References to publications on the geologm of

Tonopah are referred to by letter, &s follows:

A, The Ors Dapasita of Tonopah, Hevada.
" Bulletin 219, U.8.G.8. 1903 J.B.8purr.

B. Goology of the Tonopah Mining District, Hevada.
Professional Paper 42, U,8.03.8, 1908 J.E.Bpurr.'

R
<

0. The Géolag; of the Produsinpg Part of the monopah
ining Distziot.
hconomic Geology ‘Vol.4, 1909 J.A.Burgesw.
D. Geology of the Montéaa Tonopah’Mina.

Published bJ the Company, 1910 J.F.Bpurr,

F.. The Geology of the Tonopah hinlag Distriot.
TranseheLlolisTe, Vol. 43, 1912 - Augustus Locke.

F. Oeology and Ore Deposits at Tonopsh, Hev,
‘Economic Geology, Vol,10, 1915 J.E.Spurr.

G, fThe Genesis of the Ores at Tonopah, Nev., 1918.

Professional Paper 104, U.S.G.8. E.8.Bastin snd F.B.Laney.
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H.P. HENDERSQN
MINING ENGINEER
522 FIFTH AVENUE
NEW YORK

PART I.

SUMMARY OF PRESENT SITUATIOB.AHD OF GEOLOGICAL CONCLUSIONS

A

With the approdch of the summer of 1923 snd the
éxpifatioa of the Pittman Act you were advised that no more
profit could be expected from Company operatibn of the Belmont
HMine at Lonopah that the mine workings should be leased and
that the mill shonld be shut down. Milling was terminateﬁ
about the first of September, and the idea was considered of
removing the mill from Tonopah to another property. Profit
from Belmont ore dropped in August to $3, 344.

About September lst I made, at your request, a
brief inspection of the mine and as a result, advised you under
date of September 20th, that the evidence was not conclusive
that the mine was substantlally worked out. Oa the other hand
there %eeméd to me to be considerable possibility that new blucks
of ore could be opened up. I therefore suggested to you a dé~
tailaa exgmination of the eituétian. I had‘p;eviously advised
strongly againsf leasing. S | .

Siance September, 1923, modthly profit from Belmoat
‘ore hes compared very favorably with the first part of 1922,
Juriag the first ég;gé‘months of 1924 'such profit emounted to

'fv49 462, or 38 percent more than the g38 5&8. earned from

NS

Belmoat ore duriag the first ihree months of 1923. This is in
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spite of higher sxpense and dedusticas for ore tfeatment on
account of the mill shut down higher development expense per
ton, and much lower price of silver. With thet;;il“fﬁ&giag,
lower grade ore could probably be mined with laxger tonanage |

and substantial ;educ+ion 1n costs.

A very important element in these 1mproved re~
sults vias the opening up by Mr.Robins, of the I.0.U. vein,
mnich appears to be the contlnuatioa of the Rhyolite vein aast
of the Belmont fault. This can not be regarded as a last op-
portunity.' There would appear to be quite abundant opportuni-
ties for oﬁeniug up greater or less amounts of ore, though this
wasg undouhtedly one of the most favorable places.

During the summer and early fall of 1983, ur. Robins '
had no engineering essistance in connectiqn with the oyeration
of the mine. Such & coadition prevents’the keepliag up of data
nééessary;to finding ore. It is very uajust to the mine and
'should not he repeated.

| The poor stage of operations last summer appéars to

haye beea the direot result of a "pifit of’pessimism rether thaa

of actual coudi louns. It had beea acsamed ﬁhat certain rook

. formations wsre eatirely unfavorabla, that the area of past and
present stoping Operations wag entirely exhausted and that 1t
was impossible to project faults and interpret their effects in
a quantitative way as assistance in polnting the way to faulted
continuations. All these ideas are, I believe, in large part,
prroneous. I believe there are good chances of ore in soms of
tbe deeper formations, and that by close study and systematic

map reecords, with close attention to f&ulting; the continued

discovery of ore is possible both in the areas of old stopiag

il iy
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and in faulted contiauations.

The record of anaual earnings from the Belmont Mine
shows.a very oonsistent-series of between one and two milliouv
dollars annually'from 1910‘to 1917 ianclusive, anﬁ.betweea'
$603,000. and $265,000. annually from 1918 to 1923. There have
been produced 1,802,898 toms containing %37 573 771. or $20.89
per ton, from which about plﬁ 000,000. or VB 30 ber ton was
profit and $10,793, 063. have been pald in &ivideu&s. This is
.?he—reeerd of an extremely good mine, ‘the sort of mine that |
éies hard. There is nothiang in the total or the recent produc- -
tiva record, in the results of inspection or in theoreticsal
geologlcal uouslderations that warraats pessimism or the expecn_
tatlon'of iumediate death. The fact that the present average '
grade of oreLhine& is somewhat higﬁer than the aVnrage during

the 1ife of the mine, and that gobd profit is possible even with

the present smell scale operations, the mill shut down, higher
davelopmeut cost per ton, the present economic conditions, and '
the law prioe of silver, shows much vitality. There 1lsa every o t
reason to exgect that a systematic course of treatment will
brlng good tasults. o .

Although no definite statement can be made based
on ore reserves, it would weem entirely reasonable to hope that
£10,000. to $20,000, monthly profit can be continued fof two
years apnd perheps considerably loanger, from 0perations mostly
within the present gencral limits of development work and with
about the preseant monthdy development expense.. An optimistic
- polat of view is réquired for such ex@ectation, as it is based=

oa general iupressions, not on visible ore, but no morse opti-

mism thaa is Justified in the case of a mine that has
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practical;y always, for a long perlod of years, doné better than
was expeoted of.it; With such a mine reasonable~qptimism pays
better ﬁhan.pessimism. |

 There are, however, additional possibilities in
deeper roock formations beyond the present limits of development,
which may readily prove of greater importance in extending the
life of the mine. These should be well tried ouﬁ. I believe
that an expenditure around $12,000, monthly should be authorized
in exﬁloring for aéeper ore, in sddition to the preseat rate
of expenditure which is all in conaection with immediate proba-
pilities. ‘6.& acconat of the extensive faulting which brings

»mnch of the pr0perty on- the bOO level to greater depth from the

' geologxcal standeLnt thua the eastern 1500 workinvs, it would
seen 1nadvisable to slnk the Belmont shaft deeper for the present.
It appears eatirely reasonable to h0pe that funds ror thls work
can be derived from csurrent Oparatlons.

The geological ideas which have been most widely

héldAregaraiug the relations of the ore and the various- rock

formations of "onopah are the result of the work of Mr.J.E.

Spurr) who came to very definite conclusions at an early stage
ia the uevelopment of the district. These conclusions were nétjx
greatly modified ia his later work.
Spurr ragaf&s deposition of pay ore as of two
pericds: The priuncipal large and rich veigs vwhich have'made"
the mining camp of Tonopah are considered of first perlod de-
position, and the importance of the second period of ore depo-
sition iz stated as insignificant cdmnared with the firsi perio@,'
To coatain ore, a rock formation must have been in

place before ore was deposited. The Mizpah trachyte snd




Glassy trachyte are the only rock formétione regarded by Spurr |

‘as oldér than the first period of vein deposition and these

with Montana breccia snd West Bnd”rhyolite are the 6h1y forma-

tions regarded as older‘than the seodn& period o% ore deposition.

- These conclusions have discouraged much explaratida of the

deeper rock formations in most.of the mines of the district.

In the preseat investigation the gredtest emphasis

was placed on the bringing together of a8 much as possible of

ﬁﬁhe‘aggregate experience of the district, rather than in the in-

terpretation of individunal exposures, most of which are open to
more or less’ question and which have been variously interpreted.

For thisg purpose a series of over one hundred level maps, uorfh~'

south and east-west sections of the aistrict and of the Belmont
R -

Mine were. constructe&. "hls method enablea the consideratlon
a8 unita of the vein systems and of the total expoged masses of
rock formations, and the cross,examination of projections and

of hypotheéses from different aspeeté. Some newrccnclusions,

important ig connectioa with the possibi%ity of deeper ores,
have resulted from this work.

The proﬁuctivg veins that have,been regardéd asiof
two periods of aepositidn are indistinguishable iﬁ mineral
coatents and in the gold silver ratio which is characteristic
of Tonopah but not.characteristic elgewhere. I regard. these
veins as belng aeposited'im oune period but over a term of pro-
bably é.few thousand years iumediately foiluwing the intrusion
of West End rhyolite. ThiS'conception is more favorable than
the earlier conception to the presence of ore in the deeper

rocks‘ The Murray vein is an example of a2 deep productive i\_
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vein which coﬁld not be & "first period” wvein but the ore from
vhich 1s ideatical with “first‘period" ore. .
| Mizpah trachyte, Midway andesite and Caloitio ande-
slte have been regarded as distinet formations, but they have
not been distingulshable in a practicable way in maany places.
i regard them aé phagses of one Aﬁaesite fofmafion, which kave
‘beea altered differently; Qhe‘Mizpah type has been altersd by
" solutions closely associated with ‘ore fluids, vhile the other
@ypeé were altered by eoiutloas not 1ntimafely agsociated Wiﬁh
ére.‘ While experience ia the district has shown the typiéal'
Midway and‘ﬁgleitic phases as unfavorable for ore._veins'in other
'disﬁrictshéimilaf'to Tdnopah ha#e andesites of gimilar altération
' as wall rocks and as in the case of the Favorite vein, ore bodies
'~ have been Fformed in Tonopah in'roék‘préviouSly"cléséifiea as
’Midway'andesite. These phases are,cerﬁaidly aot unfavorable
to the saue degree that a later formation is unfavorable. It is
possihle that under chaaged condithns ol aeposition as at
greater depth, ore may have been.depositeu in the Midway and
Caleitic phaaes. |
v Most of the fbrmation heretofore clasifie& ag Glassy
{rachyte, Montana and Extension brecoias, which may probadbly be
correlated, and Wost End rhyoiite appear to be closely associated
‘rhyolitic imtrusioas, 6f which the Wesﬁrﬁnd rhyolite was the
1&testjand wag clogely followed by 6f¢ deposition, starting
. whilé'the Veat Ead rhyolite Was 00 hot for the precious metsls
10 be deposited in 1%, but continuing with the ore fluids ris 1ag
"along somewhat changing courses while the rhyolite cooled to

guch tewperaturs that ore could be deposlted in it. Thus some

veins penetrate West Bud rhyolite, others do nobt. There appears




to be no kaown reason why ore should not extend into Extension
or Montana brecciass, and the Giassy trachyte is favorable in
similar respects except that its ph&sical characte; appesars to
tend to fhe formation of stringersand included fPagments of rock
rather thao . solid veins of clear ors.

Oddie rhyolite and the closely associated Tonopzh
rhyolite, where correctly classified, appear to £e7rocks younger -
than vein deposition and therafbre not capable of coataining
ﬁhe productive veins. There seems, however, slight justifica-
tion for the correlation of the rhy ‘olitic breccia cut.by-tha
| deep drill holes at the Silver Top and Mlzpah shafts with Tonopah
~rhyolite. Hore probably, it is older rock, which sol;difiqd he-
fore‘?eié deposition, therefore capable of containing ore. This
rock is nere pamed Silver T0p>rhy§11te.

in the_ficinity of the West Znd and Mqﬂaé&ra proper-

ties an aaticlinal structure having esst-west axis, formed by a
somewhat‘flat intfﬁsio& of West End Thyolita_isvWQ;lfexposed.
This anticliué extends eagt into the,Tonopah mining property angd,
although conditions are much obscured by faulting,_it appears to
‘continue at least in rudinentary form into the Belmoat property.

- As may be seen on the level map and ssctloas, the priﬁciﬁal véins‘

foilow thls aaticline rathQEWGIOBGIy through the district, on ap-

proximately the gsame course.'lying in the Mizpah trachyte above
it, 1n the Vest Bad rhyoiite and on its contacts. In thg deeper
levels of the Victor miae the Murray vein appearsvto be leaving
the lower contact of the West Zad rhyolite and éassiug into

Extension breccla. Veins have béenmggzgwgpyg§ag§13”@gyeloped

above snd on the north s*da o* the antlelxne thqn abovc aad oa

S N S

its south side, moreover tne former, which eharacteristicqlly

e RIS

]
v
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dip north, are usually larger and richer than the lattei, which
frequently dip south. | |

In the western part of the distriqf where faulting

{,is less ebundant ore shoots have a distinct westerly pitch. In

the Belmont und Bastern Toaopah mining areas abundant easterly

dipping faults givs aa imprass}oa of eagterly piteh, but study
of the uanfaulted margins of ore bodies, as in tp% cage of the

eastern portion oi the Belmont vein shows westerly pitech., It

is belleved that the deep mource of the ore fluids was to the

north and west of the developed veins.

o
-,

" Ia the Murray veinm, ian tke lower levels of the -

- Victor mine, the laurge ore body composed of interlaced veins

snd stringers with unrepluced or partially replaced rock between
hag somewhait a pipe like form ab contrasted with the more near-
ly tzbular form of most of the vainé of Mizpah trachyte. It 1is

believed that this represeats a maln chsanel of the ore fluids,

e e

The distributioa of ore through thes-productive part of the dis-

trict indicates strongly that other channeis must exist further

east. The Murray ore shoot exteands to 2000 feeﬁvdepfh‘without
displacement by any importazat fanlt. The more abundant fault-
ing to the~aast way expl&id ia largé meaéure,'the abseace of
similar discoveries.

Subsequent~tovore deposition there was much faulting_
in the district, notably in the Belmont property and 1ts vicini-
t7. From the eastern part of the Tonopah lining property to
the easteran part of the Belmont property there has been vertical

‘.faulf displacemeat of sbout one thousadd feet, so that the |

Zalmoat vein workings on the 1500 level are no deeper from this
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geological aspect than the 400 or 500 Mizpah workings west
of the'Desert Quoen fault. This total displacement is divid-
‘ed between a numper of important faults, with 200 feet or more
vertical displacement on esch Ffault. | Y |
This faultiog 1s of the greatest importence in ex-
ploration for downwarﬁ continuations of the ore channels. As
.illustrate& by the stope elevation asnd other maps, the Mizpah
vein ia the wastern Belmont area ig almost certalnly the
uQanar& coatinuation of the Belmont vein 1n the central and
‘ eastera areas aluhcugh the latter eatenas much &eeper than
tne former.
L S ,
Mor ore to exist in aay portlon of a rock maus,
the rook must be older than the vv;as, the particular portion
of the rock mass must lle oan a course of the ore flulds and the
physico~chemical conditiona‘must have been right for ore depo-
‘gition. Yhe main apdesite mass, including the Mizpah trachyte,
the Midway sud Caleitic pheses, the Glassy (trachyte) rhyolite,
the Mostana and Exteasion brecoclas, the West End and Silver Top
rhyoiites, are all probably older thaﬁ the veins; while the
Oddlie and Tonoyah rhyolites, 3b00?&lﬂg to restricted claebif1~

cation, appear 10 be younger than the velns. The courseg of

the ore fiuids appear in general tc dip northerly and pitch

westerly, and it is of course probable that the portions of the

knowa veins where ore was most abuadant and richest were most
dilrectly tributary to such coursss. In much of the digtrict

the courses of ore flulcs cluaelg follow the West Eand rhyollte

aatleline more especially its aortn ro limb und extend upward

s o

from i1t iatc the Mizpuh truchue Vikere the velns encounter




‘ f i
. - ®

the rhyolite going down, they some tiues flatten to the north.
There, seems to be no theoretical reason why ore,cburées should
not leave the West End rhyolite and extend downward into the

older rocks below. Quite possibly, pipes rather than tubular

veins may be characteristic of deep portions of ore courses.

The physico-chemical conditions appear to have been right
for ore deposition in most of the typical Mizpsh trachyte
phase which seems to be the result of alterétiéns by solutionsA
;olosely associated with such fluids, %hilé in the Midwéy ande~
“site phase such solutions have not been active either becauss -
away £rom the courses or because chemical activity or pene-
trative power were lost through previous reactions, loss of
pressure, ete. West Ead rhyollte immediately after its in-
trusion is believed to have been 00 hot for ore depoaitlon._
but it cooled to a sufficLentlJ low temperature for ore depou’
sition while ore fluids coatinued to rise along somevhat chang-
ing courses. “hus some veins extend into it with value of ore
.not lmpaired while others terminate or become barren. In the
deeper rocks exploration has hardly touched the courses of ore
fluids. Bo reasoa has been dcmonstrated why ore should not
occur in the older rocks. Typical Calcitic andegite appeara to
lie mostly below the West End rhyolite and not on the conrses
of the ore fluids. e | o
In the Belmont mine, the effects of these #arious

geolégical.conditions may be seen by examination of fhe maps
accoupanyiag this report.
“ 1t appears that in a number of cases, veins that

have been called by diffe-eat names are faulted segments of
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ore velns and may be correlated Thus, the 80 cailed Pavorite
and Shaft veias are almost certainly one vein faulted bj the
Belmoat fault, the displacement having been about 360 feat ver-
tically and about 450 feet horizontally ia northweasterly

| direction, downward on the easterly side, while the Rhyolite

and 1.0.U. veins appear to be the same veln with similar dis-

. placement. The Mizpah and Belmont veins appear to be the same

vein west of the south fault and east of the Mizpsh faults, with
qisplaeemént'bf about 50O feet verticslly and about 1200 feet
Qorizontally. the displacement being divided amoung the Mizpaﬁ,
South and Bé}moat—faults. As may be seen from the maps, there

 appéar8 a'poaeibility that the vein called the Mizpah'vein be-

tween the South and Mizpah faults may be & segment of the ﬁorth
vein. If this is =0, & segment of the MizPah-Balmoat vein lies
tb the south. A cross cut, previoualy recommended is beiug
driven to explore this area. Besides the'chanca of opening up
ore, this work should assist greatly in clarifying the effects
of faultiag ia a complicated area, and should greatly assist in
attaining full knowledge of the structure of the property and
therefora‘help all further exploration ﬁork.

Snch correlations are of the greatest importanoe

in findlng new ore, as special maps csen be constructed on which

the effect of faultlnv is mostly discouanted, thereby making

possible the correlation of all veins which are cut off by fault.

 Absolute sccuracy is not possible in this work but it is not

essentizl for valuable results. The work should be kept up
systematically.
Stope elevations showing on one shest, all mined and

unmined blocks of ore ia all fault segments thak can be correlated

Vv




 posited the relative positions of the major fault blocks be;o

® ' e
- a9 one vein, should be prepared foi the whole length of the
prOperty. Such elevatioas for the Mizpah~Belmont and Pavorite- -
Shaft veins eompiled from the fragmentary reoords available

on separate sheets, are inoluded herewith. Ko &ttempt was

made to bring these up to data. ”hiS'is a funotion of the mine
staff. Doubtleas many areas are shown as unmined which have
been mined, and in some areas shownias unmined, - slabs of ore

~exist in the walls. Such elevations showing‘faults,fohanges of

o formation in the walls, where posqlble and important data in

connection with the value and width of ore Cwill prove o¢ greaﬁ
value in conaection with future explorution, they are also
neceseagy-in'éccouqting for .ore. The Company_and its general
officers derutize to the mine staff, the‘mining of the ore
shoots a8 they exist. It is the duty of the latter to accounat
“for &ll blocks as mined out, possible or probable ore resex;h§ _‘
or tempofarily‘or pefmanéatly uhminable for some recordsed )
reason. : : o o ;;._ &\
In connection with exploration of the deeper por-
‘tions of the ore courses from which the known veins were deu\ :
faulting are of the greatest importance. Thus the course oﬁ, RN
ore fluids which fed the Belmont vein in the vicinity of thgs_ \\:E
Belmont shaft would be predtéd to be something 1ike 1200 feéi' :
further west and the 1000 level in this &icinity is considera~a?
bly deeper from this geological aspect than the 1500 level in
the vicinity of the Belmoat vein. Exploration for deeper ore 1?}
bodies on this ore course should coasist in tracing the coﬁrse

where bost developed from the 800 and 900 levels to the 1000
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lgvel; with due regérd to the effects of other faults, then
exploring on deeper levels, the areas indicated by the northerly
- dip and the probable westerly pltch.

‘ In deep exploration along courses of ore flulds,
the ability of each vein to penetrate and carry ore in Vest
End rhyolite is important. The Mizpah vein has not been fouand
4o strongly penetrate West End:rhyolite or earrf ore in it
in importaat degree. In view of the changes ln ore courses
during the cooling of the rhyolite and ore dep§sition, a vein
may be found to penetraﬁe this fhyolite in some places though
not in oth;rs. The rhyolite veins indicate that the ore fluids
codtinue& iato the-Belmonf property &uring a late stage of de-
_position, as they did in the westera part of the dtstrict; 7and,
aside from faulting, . the ore courses feeding such veins msy be
found more coantinuously ore bearing. _

Ae ore deposition depends on a delicate phyzico-
chemical balapee, ore courses which fed the veins whigh_were most
productive in the tpper workiange may not be most favorable at
depth. = For example, the Murray vein vhick is by far the largest
and most profuctive vein ian the dseper Tonopah Extension workiags
was not of similer actual or relative importance in the upoer
workings.

Systematié>work and records of the sorts mentioaned
under the heading of General Recommendations with mapping regu-~
larly brought up to date.are essential for efficiency not only
in finding ore blocks remaining, faulted continuatiocas and new
ore at depth, dbut for efficiency in an*ng. Wlthout them 1%

is frequ 41y aecessary to resume mining in the same erea several
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times, with duplication of a portion of the mining expense

each tlme. Specific recommendations are given ia Part IV.

‘e

S
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PART II.

CERZRAL GEOLOGY.

IHTRODUCTION.

¢ ?ha auta"opping velas of ”onap&h were discovared
in 19C0 ia 9& ares of about sevaaty~¢lV& aarea of highly al~
tered blaa;had voleanic rock surrounded by;othﬁr volcanio rocks
of an&eéiﬁn:aad rhyolitic nature, ;ncluﬁiﬁg tuffs”and breccias.
- Ho veins were fonnﬁ'to extend 1utb these surrounding rocks.
0f this area, about half‘ooat&iuiag abundaont vein ,
exposures formed part of the grouad soon acquired by tﬂe
~ Tonopah Mining Company, while the remuiniag hal? contulaing
. few vein exposmures, with other ground was acjpuired by comptnies
which were later consoliduted sg the Jim Butler Tonopah mihiag Co.
With the rapid developmeat of ?ioh ore in the Qonbp&h
kKiniag Company's property, surrouanding grouad for msny thousands
'of foet was tﬁken by various compsnies snd many shafta were B
gstarted ia barrean forwation ia the hope of reaching ore at depth.
~ A geolugic;l.investigation of tre dlatrict was nooan
started for the United States Geologlcal Survey by Mr.J.E.Spgrr.
By the time a prelimimary report f2) was issued in 1903, several
shafts had passed through "ocup rock"” into ore bearing formatlon

and ore was exposed at several underground-poluts., In the deeper

workingse of the "onowah hlnxng Cy. ore wus becoming less abundaatly

encountered, At thie time, the bleusched ore-besring Tormation
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wag named by Spurr "earlier andesite", and ﬁhe rather dark
andesite rock that forms large areas o0 the west, north and
eagt of the nain area of outcr0puing velans was named "later
andesito“ ~ The later andesite was interpreted as a lava flow v
later than the earlier smdesite and later also thaa ore deposi-
tion. This interpretation was natural and has beea génerally
held; | y | »

| ' Bafore the eompletion of Spnrr 8 gaologioal laves-
tlgation and the publication of the finsl report (B) in 19035,
Both rhyolite and andesitic rock had been exposed in the lower
workinga-og the Tonopah-Mining Compsny and it had been deter-
miaad that the original veina did not ettend ‘i*ectly at laast.
-into»these rocks, Other veias, aometimes wide but largsly low
gréae;,had been;fonad_in workings of the weab,ﬁnd;’foﬁopah Exw
tension nnd other mines in associatibh with rhyolite.

With the publication of'the final report all the -

_ xocks expoaed oa the aurface and undervround were clasjifiea
The rhyolite expogsed in underground workings vas named Tonopah
Rhyolite Decite and was regarded by Spurr as later than the
Earlier Andesite and intrusive iato it."Thé velns aswociuted
with 1% wafe believed of later deposition than'the original
veins and there was not available to Spurr evidence of much
productive iﬁportancé. The lower éndeaite was believed to be
a phaSevof the‘Earlier Aq&éeite which had been subjected td'
@lffereat alteration and was called briefly "Caleitic Andesite".
About thig time the rock later named by Spurr "West Ead Rhyolite"
wag exposed abundantly ian the workings of most of the mines amnd
wus distinguished by various mine o?erators &e 8 separute formu-

tion from the Tounopsh rhyolite encountered in a few of the deeper
¥

/6
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workings. Ia 1909, & paper wus published by Burgess (C) iater-

pretiag thé wholé sérlea of volcahio tdcka at Togopah as flows
with the oldest récka consequeatly at the bottom, with pro-
gresusively youager rocks upward. . - |

Ia 1910, Spurr nade & new geological 1nvestigatioa
of gome of the impertant mlaes of the dietrlct and thereafter
he wae in inticate touch with Tonopsh for several years. His
new date and conaluaiona were published in 1910, {D) and ia
lglb (¥). ”he results of & study o ”énnpah ores by'Bastin
and Laney includling some more gene:al geologic notes,(G) were:
publishad in 1918,
B  As u result of the 1nvestigationq of which the
'rasnlhs were’ puhlished on 1910 and 1915, Spurr substituted the
aome hiapah ttachyta ior earlier ac&esxte “and Midway Andeaite
for later audusite. His opmnion as to the time relationa of »
these two iormatoona wag rot changed in greater part but the
lowar andeslte sheet of caigitic alteration which previously
- had bean belloved a phasa of the earlier andesite was regarded
as an intrusive phase of the Midway andesite and was called
Sandgrass an&esité. The upne: rhyolite enaountere& uaderground
in most of the mines, intimately associated with velns in the
more westerly of the productive mines, but against which some
of the main veins in the workings of the Tonopah ﬂiuxng Company
aaa elsewhere were fouad to terminate, was named West Fnd rhy-
olite and regurded aa intrusiva, later thaa the Liizpah trachyte
and earlisr thun the Midway or Sandgrass andesite. A rhyolltic
breccia abundﬁmtly exposed in the iontana Tonopuh vorkings was
enat tled Montana breccia and considered s intrusive»eiightly

later than ithe West End rhyolite snd intimately associated

¥ R R
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with it. & glaasy acid formation with characteristic flow
structure frequently eneountered in the lower mine workings
was asmed Glasy.trachyte and regarded as contempordaeous with
and & basal phuse of Mizpah Trachyte. Rhyolitiq iooks, de-
soribed as characterized by auto-brecclation encountered ia
shaft and diamond driii holéa to a thiéknesa up to 1800 féet,
underlying all other rocks in the vicinity of +be Mizpah and
Silver Top 9hafts ware aistingoushed from.West Ena 1°h:,m].j.1:ea”
pame& monopah Rhyolite and regarﬁed as intrusive, later than
‘ﬁidway-andeaite and about contempéraneons with:the rhyolite
of Mount Oﬁdie nidie rhyclite,

‘Spurr {F) regards the veinsas deposited in three
perioaa.,'?he first perioﬁ veins, dezcribed as closely fo.low-
ing fha i1 zpah trachyté aruption and pfécéding'&he West End
Rhyolite intrusion are conaidered‘of by far the graatést ﬁio-
duc tive 1mpnrfanca. The seéond perioa'vgins,_younger than the
West End thOiita and older than the Midway andesite, are de-
scribed a8 having great volumes of guartz, bhut with comneréial
value iansignificant as omparad with velns of twe first period.
The thii& period veins are described as younger that the Tonopah
ihyolite. Ho proﬁuctidn is~attributed to them. Looke (E) ana
‘Bastin sad Lacey (G.p.Q) £ind no mineralgical evidence that the
principal prodnctive veins are of more than oae p@riod.

Ia all of his reporta and panera, Spurr deacribes
the charaoteristic great faulting of the district. The most
ebundant faulting is regarded as following the Brougher Dacite
eruption but pre-zineral faultiang is recbgqized a8 well as fadlt

movements duriag other later periods.

Duriag the later years, thoe rvelantive importance of

S
e
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production from,vgina agsociated with Vest Fnd rhyolite as
cdmpared’with prodnctioa from veins im Hizpah trachyte haé

‘iuoreased, and has coinclded with greater average uepth.

The exteneion of ore diseoveries to the westwafﬁ ia of great
iaterest. Aa cutstanding feature of -recent years is the de-
3‘velopment in the Tonopah nxtenaiou mine, of a practically con-

L‘t.’o.m;u:n:;.s ore body from the upper workings to 2000 faet depth
“with the ore assooiate& for tha lower part of this diataace
,Vith Vesat Ené rhyolita and Exteuaion breccia and with the
ore bcdy of graateat size in ‘the 1owar levels., In the TonOpah
Hinlag and Belmont proyerties, ore has been found through a
vertioal range of not more thaa about 700 feet as measured
from top to battom on &y particular ore shoot or portica of
the vein. The question presents itself whether the much great:
er, more ubunﬁant and more complex faulting in these proPar~
ties, espacially in the- Belmont mine, may not have concealed
dowaward continuations of ore similer to the conditioans de-
veloped to the west. | | Q

It has been the purpose of tbe present investig&tion

to review the geological evidence to determine if earlier coa-

clusions as to the relations among the various geologlcal Por~

mations snd the veins are now Justified and whether there may.
- not be areas, heretofbre oonaiaereﬁ,unfavorable, which under
differant intﬁrpretatioa of Geological evideance are worthy of
9r09peching.
_ In the eariy stages of the developmeat of a mlnxng
district it is icevitable . that important geological conclu-

slous nust be based in part on observations of a few scatler-
ed exposures of smalli slze in mine workiange. Such obsrrvatioas

A
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if conditions are complicated, are subject to & large chance

of error. They mayveaeily be distorted by small faults‘or
small variations of man& kinds from nqrmal; JAs a result of
tweanty thfae years of operations there are now Ea the district
well over one hundred miles of workings which‘penetrata more or

less intimately a volume of'dne billion or more cudbic ysrds of

‘country rocks. Ia this volume seversl millicn .tons of ore

have'beeu fourd and mined by»thé various mine operators ia

sconnections with laovestigations and naps of relations of veins

to faults und various rooks, It is belleved that this situs-
tion permita the segregatlon of & form of evidence supérlor to
that based on observations of emall eAposur@s in which human

limitationa have a mare direct bearlnb.
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- PHEE ANDESITIC HOCKS.

Iacluded ia this group are.the rosk formations
named by Spurr. Mizpsh Trachyte or prgvidusly,ﬁﬁarlier Aﬁde»
site, Midway Andesite or previously. Later An&ésite. and - -
Caloitic or Sandgrass Andesite.

In view of the uacertalaty which haéralways_ex~
isted ia maay oi the mines as tb the proper correlation of

s various areas of an&oaitm rock, sand the in%érpratatiaa of
dcubtiul gxpaSu?es énd also bécéusé'oonaiuaiohs guite &ifférf

.2\

nt frowm those of Spurr have becn reached which have importaat

beariag on relations of other rocks among themselves and to
the veiﬁs,vit nes boen conslidered ndvisable to desoribe the
importaant conditlons with respect to the andesite rooks at
considerable length and 1argeiy through qﬁotationa from Séurr.

| Ia 1905, Spurr (3‘ p.35) oumuarized the i@l&tiuns
of the main wusses of Barlier sndesite (Hizpsh trachyte) and
Later andesite (midway andesite} as follows:

: o "The later aandesite directly overlies the
eanrlier sndesite, and though la many underground work-
ings and probably at e¢very outorop the contaet is &
fault coantaot, caused by movements subsequent to erup-
tioa of the later andesite, yet in several shafts one
andesite has been found apparently lying undisturbed
in its normal position upon the other. Such was the
cuse in the Hidway, the Vest Band, and the Tonopah

" Extension shafts.. In these places the coantact was
marked by a baad of decomposed bracoia, or even olay,
yot there was ano good evidence of faulting. The quarts
veles of ths sarlier andesite extend up to this coatact
ia full streangth and thea abruptly dlsappear. Most
likely the earlier andesite was deeply eroded and the
veins were exposed before the later sadesite wus poured .
out, and posaibly the decomposed elay or breccla. zone
represents the result of suxfuos decovmposlitioa and
disiategration before the later andesite period.”
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Ori inal hlnerul Compoqitxan and Yetrographic Charucter.

.; La +90», Spurr desocribed the mlueral'composi%iou
0f the Eariier and Later~aadaaifea sfter the mioroscopic
8tudy of several hundred specimeas (B,vp.ﬁl % 33). The Earlier
_andesite 18 described as a hornblende-biotite sudesite of
‘wedium composition. Hornblende and biotite were counsidered
zbout aqual ia smouat, sometimey One“preaominaﬁing, sometines

the other, Peldspars were ldentified aus typloally andesine-

‘goligociaaa,‘ﬁhough some raoged Trom orthoclase to labradorite,
ihe basis varieties veing moré sbundsat. The Tater sndesite
48 deactiéﬁﬁ typically oodtéined hibtitérérystals'&dd feldapars
'_ deteruinéd as predominantly between undesine and labrodorite _ "ﬁ
zlthough there are more calcio and mozre soalc Va*1e4ies vary;
ing between oligoclaeﬁ und bytownlte.

The characteristics by which the ﬁarlier end Later
andesites mignt be dlatiaguisheﬁ were sumuarized by spurr ‘in
1906, as follows (B, p.3b):

- "Zhe ear%;. esite and the later andesite
are uanaliy su ffice n apnnaranae to permit ldentifi-
cation in the fleld, @he later andesite ig geanerally
darker; on account of the grester smouut of iron preseat
it has the cparucterisgtic strong coloration meationed
above., The earlier andesite is charucterictically finer
gralaged than the later, sud contains smaller pod less -
gtnadant porphyritic crystals., The porphyritic feld-
gpars Lo the earlier and:-site are usually slim, of

simple form, and clmost rectangnlar, vhile those of the
luter amdesite are apt to be stout and complex as & re-
sult of twinaing. In the later apdesite arystuls of
frsah or bleuched biotite cun usually be seen; in the
earller andesite they occur more rarvely.”

"Similar characteristics serve, 28 a rule, for

the microscopic determiastion. 7he pheaoaryats of fsrro
wagneelan silicates - sugite, biotite, and horablende ~
and thelir pseudomorphs or deQOAPOJitLOn products are
uoually more abundant in the later sadesite., 7The typical
alteration. of the earlier acdesite is to quartz, sericite
and a 1ittle pyrite; that of the later sadesite to
chlorite, ocuurti, culelte, siderite and pyrite., Vhile

the character of the alteration is a valuable help ia

Y
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diagnosis, it is not by say neans a sure test, for
"io some ocases the process of alteration has been
L appureatly alwost exchanged.™ ,

: "On account of tie gimilarity in the original
cumpoglition of the earlier and luter andeuaites it is
froqueatly very &ifficult, either from field or from
microscopic study, to refer a specimen to the proper
sge. Often the ecoanomically important question is de-
cided by traoing the doubtful phase lnto some decided
phaso io the same rock budy.”

Io 1910 and 1915, Spurr did not repeat & detailed
description 0f tuese audesite rooks, but the Tarlier Aandesite

waz changed %o Mizpsh Prachyte snd the Caleitic Andesite former-

1y considered a purt of the ¥arlier Acdesite formation was then

regardoed £%~an intrusive phaaé of the Later or Hidway Andecsite.
Thus & rogk formerly detormiaed &s and&site,-which is & rook
in which 1he feldapars a&e'prﬁﬁémiaently‘plagioalaae, oA xhé"
busisbof microscople atuey of several hundred specimens, was
chénged in mame to trachyte, & rock in which Zeldspars are
prediminantly orthoclase. ?etrographie eviﬁehce,is.not g1ven
of sufficient importance to Justify this change, which.appears
,to,havé been made mostly oa the basis éf‘chemicul composition.
In the years of experience of tne various miae
operators iu QénoPuh the diatinctions auggeatéd by'spurr héva
not been found to apply and no definlte distinctions between

pizpah trachyte {earlicr andesite) and the other andssites can

- be - mpde oa the bapls o.f original charaqtmristléa. Rook of

andesitic nature haviag prohounced fuartz-sericite alteration
and associated ﬁith velus is uaﬁally éalle& "pizpah Trachyte”
and andepite rock having caloite-chlorite vlteration is usually
calliec "Caloitle Andesite”. These conditions will be discusssd
ia & 1ater}$ection devotod to alteration.' The: have no dirent

bearing on w slassification baswed va origiasi characteristics,
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By inspection of surfuce expoaureé of Midway ande-

siteda'very great range in the size and shapse of feldspar

phenocrysie may'be observead, fﬁlly coveriag the range,in thess
.features of rock attributéd to Mizpah trachyte. The ferro-
_maaganegiaq minerals especially biotlte exe fregueatly more

noticeable in exposures of the ﬁidway~than of the Mizpéh phase

but the quartz-sericite alteration of the latter phase has much
V.mora,effioienﬁly dustroyed these miaarale."Thé color of the

two phasey of the result of élteration. wiaroscoplo study gives

vf

‘no -definite evidence. In both phanes moatAfeldspara,fwhere»auf-

‘Ticientiyifresh for determination are plagioclase of medium
composition and a similar ra.ge of size and form. Vo distine-
tiog cnn be made Irom the ferro-nagnesiasn minerals though it.
has been rather & coaveation 1o consider a rock Hiwway ande-
site if it originully contained sbundant biotite and if there
8re no imgo*tant featnrea poliatiug to a coatrary iﬂtﬁLn”ﬁt&*iOQ.
The uarliO* Aau831te (sizpuh trachyte} is accordlog to Spurse,

a hornb;ende~b;otite andeaite with sometlimes biotiue pruuomi~

pating over horablende.

The practical difdiculty enuaaaterru by upurr ia
dlsbinguishing the Hizpah {Farlier Andesite) snd iildway (ther
Andesito) phnse appesrs Irom the guotatlions below.

B, p.185-6. '

”?he earlier and the later andesites are o
closely related that many times they have &lmos’
ldeatical characteristics, and 1t ls dilficull or
imposaible to discrlminate them in the hand specimen or
uader the mloroscope. A specimen token io the (Vest
£ady shaft, ot a Qepih of 116 Leet, was judgau to have
LG ana;aetei~atxus of the later “muuﬂite rather than
of the carller aundes xte. Another speclmen tuken in the
snaft, ut uepbn of 1Yo feet wag supposed $0 reprezent

ihe came roag, ior no sharp civision had veen noted, but
aas Judged after mioroscoplie study, Lo have rather the
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characteristice of the ecsrllier ecadesite. This specluen
was altered by guartz, gericite and pyrite”.

B, p.186-187. . _
After gtudylag the dslicate aquestion as to

whether the rook {Zrom West Band £20 level) ig the earlier
or later sundesite, the writer has satisfled himself that
the sadosite of the south drift ia ihe Wést Bad is i-
deatical with tket shown in the long north drift from
the 400 level of the Fruotloa Ho.2 shaft. The face of
the two Grifts are only sbout £50 feet apart in &
straight line but thers may be aml very ilkely is intfer-
veaiong faultbag. The Writer was sot able to distin-
guleh betweun the general type of andesite ia this unorth
drift of the Fraction aad the typical Fractioa aandesite,
whiolh is oftea relatively dark and chloritic. Iu the
Fraetlion Xov.l workiangs the sadealte countains a large

veln, caryying Lo pluces.at least good values,"

"1t seems to the writer,moreover, that the upn-
daesdte la the Fractioa No,l is identical wlth thsat In
the Wanderiag Boy, which ie more nesarly the Mizpeh Hill
4ype of earlier andepite. 2u following theschain still

farther, the sadesite in the Fraction and thatl ia the

Vacderiog Boy seem to be identical apd ure probsbly -
jn -the same feult block as the Gold Hill zndesite. The
rocit 0of the Cold Hill has certain pecullerities wnich at |
one fime cmused the writer to study for some time the
questioa care:ully &g to whether or not it beloaged to
the earlier or later andesite, thus brianglag up ugaln

the guestion o0f the exact sge which has just been raliaed
with respect toc what is probvadbly the correspoadlag rock

‘1o the West End. 1t was found howev:r, that the pecu-

lisrities whick sugrested the correlation of the Gold

“HEL11 zadegite with the later andesite, namely the fra-

cuently large sized feldspars &nd the presence of
biotite could be paralleled in specimens found in Mizn-
pah E11Y, eves in the workiugs of the ilzpab Hine, and
tgzain 1o the Mostaane Toaopsh, where there was no ques-
tion &g t0 the andesite being other than the sarller
sadegite.” B

"goreover, ia Cold Hill this andesite encloses
velas heving all the characteriutics of the velns fouad
in Mizpsh Hill; such as have wot been found iathe na-
doubted later mndesite. Therefore the evicence declid.
edly favors the conclusion that the Gold Hill rock iw
the eariier andosite., If it ls true, as has beea con-
¢luded, that the velns of the Wnederlang Boy and the
Fruction were origlaslly & part of the Valley View
gystem and that they were displaced by faultiag, the
evidence grovs still strouger. The writeris Torced to
the conclusion that the sodeaite exposed oa ke B0) oot
ievel of the VWest Fnd belonge to the earlier andesite.”
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_"The (lMclNamara) shaft was first sunk to s
depth of 200 feet, from which point drifts were run
+ B0 feet to the north and about 300 feet to the south.
_ The rock ia which the shaft started and which outcrop
~ in the vicinity is undoubted later andesite, such as
covers the whole surface of this fault block. The rock
encouatercd oa the 200 level differs in character very
slightly from that at the surface, except that the
latter has the purpBRish color due to partial oxida-
tion, while the former has a green colot characteris-
tic of andesite, coantalning & large proportioan of
chlorite as a result of subterranean alteration pro-
cesaes, Also the addesite at the surface is decidedly
fresher than that on the 200 level, where it is alwayé
highly altered., There would, however, he hardly suffl
cient reason for dividing the upper and lower andesite
were 1t not that study and comparison make it seem clear
that the rock on the 200 level is praotically identical
ia characteristics with that on the 220 level of ihe
Wes® End, which the writer, for reasoans previously
gilven, 1s obliged to bellieve to be a phase 0f the earlier
andeslte ratrer thun of the later andesite. The lLac-
Hupars rock can be matehed almost cxaotly with specl-
mens of the West End rock.” . ‘

The conditions desoribed above show the fallure
in definite correlation bused on original rock characteris-
tics, und the necaésity~of relying on the ?rasenée.of ore

and the form of alteration which charaeteristically aeoompa~

nies the deposition of veins, in such rock correlation.




Chemical Compositlon.

o The avallable complate analeea 10 1915 of the
andesite phases are tabulated by Spurr (», p.?Sl). A pumber of
averages are given below. , ‘ R

Average Ana¥yses. of Andesites

_ »FGQOE’FB{} TR
5.0 AlpOz Feplz FeO Cad Mg0 Hag0 Eg0 Cal kg0

X

- Avsrage of
Hizpah Trachyte;ljo. S T | . .
2 & 4 excluded 70.31 15.92 1.563 ,0'650’47 0.67 1.38 5.25 3.30

, sversge of

Mizpah &rachyne 3,

Spurr mcﬁt repreaem~ : : : ,
tative of fresh rock

Avevage of . : B L
San&grass andesite 56.94 18,72 2:19 3.71 3.23 2.56 3.59 5,59 11.68 -
apalyses; Ho.l ex- : S
cludea

Average of
Midway spdeslite anal-
_yses; Ho.l & 7 ex- 56,6 17.3 . 2.88 1.94 4.64 2.63 1.93 2.96 1z.00
cluded ' ' - SR

Compariéon of the analyses guoted by Spurr might
lead to the conclusion that there is a rather sharp lloe be-
tween rocks claésed as Migpah Traeh&te and rock classged as
Midway, Culeitic or Sandgrass andesite with respect o silica,
the alkalls and the bases. Sillca, for example, 18 above 657
in all the Mizpah Trachyte asnalyses and below 60% in most of
the Midway and qandgrass andesite analgses. Spurr has adviged

" the uce of rock analyses Ln rock clas%ifieation as an asslstaneu
to exploration work in ine variong miaes, and many partizal rock
analyses have been made for this purpose.’ The results, howevér,
huave been of slight significance, siace all sorts of gradations

and intermediste stages have been found. For example, out of
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199 partial rosk analyses of the anﬁeqites on file in the

Tonopsh Belumont of*ice, 91 vanged between 60 and 6b per ceant

-8illca. Hine partial analyses wers seleocted from this list as

showing results quite different from those listed. The average
aad range of these nine analyses fn silica lime and potash is

showa below:

510, Ca0 %0
Range  BB.0 - 59.6% 0.8 to 2.3% 4. 27 t6 6. 57%
Average 58. 0% 1.485  B.27

e

In these analyses as compared with analyses’ tabulat~.

- ed by SPurﬁ; averuge sillea is 7.5% lower thaa 1n-any analyaea

of Mizpah trachyte and higher tha: all but four out of elghteen
of other andéaite anélﬁses. “he lowaai 11mé‘iélhigher'thaﬂ in

‘aay but one analjsis o* Ml&p&h trachyte and the highest lime is

lower than in all but one of the other andesite aaalevs.
average potash is within 0.1% of the Mizpah trachyte analyses;
and the loweatipoiash is higher thun in all but oné of the
aenalyses of the other andesltes. Analysea'natura;ly roflect the
extent of ai}icification, gericitigation and probably to some
extent ;roPylitic aiteration. They are apparently not of ag-

gistance ia aniatﬁempt at separating the andeanlte rocks into

- an earlier trachyte and a later andesite on the basis of the

original rock_char&cteiistiqs.

In éXplaaation of the differences emong these two
sets of analyses, it appears probable that the analyses guoted
by Spuxr wsre made on rOak samples ﬁelécted_as typical of thw
rock Fformamtions snd of their characteristis aiterations. Since
the andesites ut wn early stage ié the ﬂevélapment of Tonoyah
were Givided lato two formutionsg, one carlier and more oeld, the

,,,,,
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other later and more'basic. examples of unusual phases or

'doubtful conditions could not be regarded a8 typlcal of either

formation. The analyses made by mining companies were on

the other hand, . largely made on samples Irom dqubtful areas
with the objeot of determining whether the rock was a pre-
miveral or poét~mineral formsation. It aéems evident'that anal-

yses for anch pﬁrpoaes would show t00 much dlstinotion between

" the phases in the fikat case, too 1ittle in the secoad.

The fact is that ‘the rock aalled Mizpah trachyte,

{iat is, the rock which forms the wall ro-k of the velas in

extensive undderground aress, is ususlly guite distinoctlive in
appearance &éd probably is in ouch ph&séa usually distinctive
chémiéally’from the ﬁidﬁéy.,Sandgrass’orfaalbiﬁlc aa&asite.’_ 
that ié; the andeéite'rocks which'are typleally not closely
associated with ore. fThere are, however, phases intermediate
in'appearﬁace snd it is believad'thaf thege are usually inter- 
mealate slso in chemical‘oompoéition. It will be considered
later whether these repreéént real, or only appérent, transi-
tional phaces. In thelr preseant alterad eonﬁitioﬁ, with the
respacti#é types'of alteration characteristic of each phase,
the impressioq is maae‘on an observer that the Mizpaﬁ phage fin
usually a more acid rock thea the Kidway apd Caleitioc phases.
Yhis is largely or wholly explain&ble by alteration. In any
event.amount and variety of alteration and eomplexlfy of geo-~
logieal conditions are such that results of an&lysis'g1VQ liftla
evidence on original differencos ia composition that may have
existed between the differeant units that maﬁé up the andesite

rock nussey of Tonopah.
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Alterations.

Alterationa of the rocks of Tonopah may be SUMDAT -

K ]

izea ag od four differeant types all of vhich are well deVelOPed
in the andesite.

% .
1. Calecite-Chlorite (Propylitic) ;ype
2. Quartz-Sericite Type -

. Oxidation

4, Transitional and Intermediate Types.

} Calecite-Chlorite Type. Alterations of the andesites .
to chlorite, caloite,quarts, pyrite and siderite is widespread
in the Tonopah district, much of the andesite not otherwise
altereﬁ showing alteration of this type which is well deseribed

by Spurr. It results from the.actioa of hotvwater,frequently

carrying carbon dioxide, and although andesites altered in this

manner form the wall rocks of ore bodies siullar to thoaevof

Tonopah, the process may result by hot{volcahic or other water

and is not necessarily associated with ore deposition. The

process may result in decresse in silica and pbtasﬁ and increase.
in lime, magnesia and ilron, but little change in composition is
necessary. | .

The Caleitic andesite takes its name from this al-
teration, but those portions of the Midway andesites and Mizpah

- trachyte which have well-marked greenish color have more or less

alteration of this nature. Oxidation superimposed om propylitic

‘slteration produces a pﬁrplish color; but thoée surface expo-

“sures of purplish,aades;teé‘showing,freghjbiotits erystals are

probably nearly free from such alteration.
Quartz-Sericite Type. Alteration of the Mizpah
trachyte phase to quartsz, sericite, adularia; pyrite and siderite

is tybical in proximity to the productive veins, and indeed
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there is little of the roeck which has been definitely élassi-
. fied a8 Mizpeh trachyte which has so 1ittle alteration .that
it can be.regarded as apprOx;mately fresh rock. vIn the prac-
tice of the Tonopah district the alteration is typical of the
name. "he facts tirat this form of alteration is. usually most
complete in 1mmediate proximity to veins and that a large part
of the veia matter coasists of the minerals devsloped in the
andesite by alteration leads definitely'to'ﬁhg‘donciﬁsion'thati
' the waters csusing the alteration were closely éssooiated with
those from which the veina were depositad. It is Quite evi- .
deat that the respective amouats of silicifieation and- sericl~
tLgation_vary from point to pqlnt, as shown by the varying~
contents in sillca and ﬁotash, and the varylng hardness of the
altered rocks. The form of alteration is common dbut not uni-
versal ian the wall rocks of ore bodies similar to those of
Tdnopah;‘ It seenms, however; to be more widespread at Tonopah -
than ia most mineral distrlots of similar type.
Oxldation. In the aresas of outcrOpning Mizp&h
‘trachyte, oxidation has been sctive ususally penetrating this
rack mass to depths of several hundred feet. the deepest oxi~
~dation usually ococurs in the vicinity of veinson acoount‘of
the greater brittleness and near iﬁportant faults,whére thé\

\Y
ro,P is more shattered. ”he'outcroppiug veins are oxiaized :

ia greater or less degree for usually four to seven huudréd 33
feet from the surface. Where the ﬁizpah trachyte phass aqd th&
velns are capped, neither the rock nor the veia matter is }
characteristically ‘oxidized although streaks.and bunches of

oxidized ore and rock are freguenily fouand in assuciation

with faults and fracture zounes even to depths of twelve hundred
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feet or more. _The results of oxlidation ars entiiely normal.,
Sulph{des and ocarbonates have becn & esompoaed yiclding reddish
brown and black oxides of iron and mangaanese, saxicite aod otheg
early minerals have been kaolinized in the acid envirocament
canseﬂ bJ oxidaticn of pyrite and other qulphides.

Bastin and Lagey desoribe (G,p.3l) o caae in the
West End mine of oxidation of the illzpah trachyte phase and of

veln matter from the surface which existed duriag Tertiary time

just prlor to the deposition of the FPrastion duclte bracoia for-
éation. At this polat, fragments of owxidized ore and rock are
mantioned in the oxidized breeccls.

' Uader the Mi&wav andesite cappiag no gensral omi-

dation has been obaserved. Altrough thex are smell sreus of

'partial oxidatiou of both ronk aaa vein mxtfeA in conueatioa with

faulte aad shatiered =ones immedi&tely below this c&pping,

this horizoa does not zaem to have favorsed oxidation to & mors
geaeral extent than other ares showlag faultiag and ﬁhaptaring
in éimilai ﬂewréa; Spure (E.'p;Sl)idemcrib&s ﬁuﬁ comperutively
little oxidation under capping of eitber ildway wndﬁqite or
' raation broceis. o

”ranaition&l and Xntprmedia te Types of ilteration.
The three types of alieratlon demcribed above nay be prﬁsént
in vy proportion. ,In*genaﬁal it is believed that the propy-
lytie type of &Lteratioh affeétaﬁ'a larger proporiion of the
total usadesite rock mass thaa the guartsz pericite {type of

alteration, and, La part, was lmpoued ‘on tre rocks before nl-

“beration of ihe latter type. Rather oxtenpive arcus of rock iun

diflesont perts of the district, Jrom the Belwont to the Tonopah

Y

Txteasion propertliss show partinl alteration of botk typss in
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the pamo éxposures. Ia such cases thé-iaentificatiou of %the rock
- an Hizpab trachyﬁe'or Hidway -and Calaltic andesltes have been
doubtful, asad rOQk‘aualyséa have showa ;ntermeuiata or transi-
tional compogition. Y |

Oxidatioa is *ouxﬁ to be Gapprimposad on aither of
the two uther types 0f alteration and usually aeema to be much
moxre aomplete ln such cases than wpnera the roek 6xnosa& to 0xi=-
da*ion WaS GOMpAY atively uasltered. The surface exposnres of
_aadesitas are greealsh from . propylltic alteration usually
siowiug “igo aoﬁe oxidatioa affedta, light colored with reddish
brown iron Oxide stains as a result of QQarta'aarimita‘altaxa~
tion aad oxiéat;un, or rathor aafk purplish as a resull of
oxidativa &loua._'ﬁany‘emﬁosuréé of %the last %ype,arn.raxhar_
hard rock showing quite fresh shialag faidwnar and blotite
phenocryets. The other types ofultaration characteriotically
daatroyrihe freshness of‘iéldspar and biotieé, Aaﬂegite rook
with freen feldspars aad dbrotites has beeﬁ sersa on the qurfucﬁ
‘in apparently greater real£1VQ abundance than ﬁﬁﬁergrdund where

shinlag phenosryste sare rave, and coasldserable alteration of the

Cother types is qulte genersl.

Alterution of tie prop*litin tha o well developed

oex, ratettiv andes1ta '
in the loweat hod" of Lnﬁaarhc which fakes its name from Lhia

Zorm of alteration, Eroceedinv upward in tre andesi tic roc

vedies this type of ulteration i) wide pread outside of tne

limite of the

writz séricite dlterHPIEﬁD but in the upper

andesites 11 soems less complete and sbandaat than at lower
rorizoang. There is considerable probablility that this slteratioan
1s iue vepult of hot ascendlag water, 2ad 1t is gquite possible

that ihe opoarendly less wnouat oY such alteration ia the
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uppar thaa in the luwar parts of the audeaite rocks is due
to &ecpeased penetrutive power or deox wubﬂu 0hau¢cal efficiency
of such water upward.

The quartu sericite type of alterutiea of the
andesite is not ususl in marked degree beluw ihe bodies of
West Eud rhyolite und Montana brececis, wkere the Calcitlia phase
is typically found. Iua the deeper Belmoat wWork: nga however the
andesite rocks balow the glaeay tra&h te, and, ®BO far 88 kaown
below Viest Lu& rhyollta and ia the 0Qneral horizan where Calcitia
gndesite is usually fouand, ﬁhiié‘of gomewhaet latermediate type,
reaembles tﬁg kizpah more:than the Calgitic phase. lmmaélatpiy

above these rhyolite und breccia m&séaw, tue typioal kivpah

trachyte prhase of guartz gericife ulteration begins.with'quartz

sericlte alteratiod in the rhyolite &s well. At these point slao,
the downward 1lmit of pay ore irn some of the largest veins of
the district is fousd. Coiang upward this type of alteration
ucéamp&nies the veins and is usually most Qomylptm in immedlate
proximity to them. In the uppér ore bearing levels however there
is disti nbt gccrﬁabe of the scumpleteness of thig type of alte;a—
tion, aod rockt away frow the veln becoues fraquently more nesarly
of the Lidway type, while sometimes this oy a doubtful or inter-
mﬁdiata type forms ithe wall rocks bf the velns. ©Suck is the case
in the $00 and 900 levels on the Beluont veiun. |

In mwost cases a short distence higher up, the veing

teruinate vither sharply asgzlast faulte or gr xdaallJ ”fuatner out"

. s S

gometimes by fingering lato several sirliagers. A short distaace
above the upward tesroliostion or the oaln velns, sndesite rock
covsdrme io type to the "Lldwey" phace zod hzs been 20 clasged

WL

throuvghout the distriect. It ig baliﬁved thut toe guartyz- sericite

3 /-_‘!
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type of alteration results from the action of hot ascendiag
water olosely reluted to the solutious r69ponsibla for vein
depbsition, Such conclusion appears inevitable both from the
relation of the zones of alteration to the velnss nnd abseace
of any exaot line of demarcation between altered rock and vein
material. |

It appears probabla therefora thdt the solutions
which cause& the quartz sericite alteratiou rsaohe& the andesitic
rocks now found altered in this maaaner {the Mizpah trachyte
phase) at the horizon marked hy the Yest End rhyolite and pene~
trated the ‘andesitic rock from such level upward in rather inti-
mate association-with tha'channelé of #ein deposition. Beyond
a certaln distance from the rhyolite, quite variable in aiffer-
ent parts of tﬁef&istrict, thefpenetrati?e'powér or efficiedcy
in alteration of‘the aolutioné seems té have décréased, gn&-from“

such levels upward the rocks show less alteratioa of this sort,

Contsots and Faults. ‘

The Belmont Shaft wus suak in 0ddie rhyoiite to
700 feet depth where andesltic rock was euncountered, thence
downward was entirely in sndesite to nearly its bottom. The
sadealte rook olose to the rhyolite contact is difficult of
determination but abové the vicinity of the 80O level it may
be considered of inteﬁmediata‘or tranéiticual phase, and from
the 800 level downward of the Kizpah trachyte phase,

In tue Desert Gueea, North Star and Montana Shafis,
the important Mizpﬁh fﬁult forms the contact betwean‘tbe ¥icpsh
trachyte and Mldway andesite phases.

The conditions st the contucts of the hilzpah




36

L @

tr&chyte (earlier andasiue) and Midway andesite (1&ter an&eaité)

- phases ia the West End, Maclamara, kidway and Lonopah then&ion

Shafts nay be illustrated by the words of Spurr.

L

B, p.l187.

"lhe conclusion that the rock on the 220 faot levelk
{of the West End) is the earlier andesite having been
reached, the question comes up as to the line of demar~
cation batween the earlier .andesite below and the later
andesite above. OSince the Vest Edd fault probably dips
south westward and is normal, the shaft after paasing
through the fault and 1eaving the rhyolite is in the block
lylag north east of the fanlt, which may be c lled the
Midway block. ©his block is characterizea at tre surdace

- averywhere by uadoubted later andesite. It is thea likely

that the contact between the later undesite and the earlier
andesite occurs in the West End shaft somewhere above 196
feet, and from considerations givean, 1t may be anssumed,
temporarily at least, that it lies between 116 and 196
feet. This assumption is rendered somevhat doubtiul by

the faot that no contact was observed, but, on the othsr. -
haad, the rock is thoroughly &ecomposed and much dis-
turhed by faulting, so that the presenee of a ccntact ’
would be obscured.

"At another poiat where\tha writer has 'geen the con-
taot between the overlying later andesite and the underly-
ing earliex andesite, in the same fault block, at the
Ponopah Extension, the contact is by no means strikiag,
and could anot be diatlnguished 1f the rook was much de-
composed of faulted. In the Zonopah Extension, this con-
tact 18 8t a depth of about 1ld4 feet from the surface and
ig nearly flat. OSimilarly in the Midway Nirve, which is
very likely in the same block, the contact between the
overlyiag lster andesite and the uanderlyiag earlier an-
desite could not be definitely located, probadbly on accouant
of the greatdecaposition of the rocks at this plaece. The
earlier andesite ian the Tonopah Extension, moreover, par-
tukes very largely of the chara:teristics of the Praction
andcsite and lan many cases resembled somewhat the later

aadesite, but elsewhere iIs quite typical, and contains
utroag VPiﬂS which show in places high valueﬁ and evi-
dehtly helong to the earlier andesite serles of veins,
80 there csn be no doubt as to its identity.

-

B, p.190.
"gince it thercfore seems uanecessary to distinguish

between the andesite near the curface and that on the

(Haclhamara) 200 foot level, the auestion zs to the line of
contact comes up. According to the conclusions arrived
at, thls must exiet, although it 1s very difficult to
Givtinguish it. From the study of the xock in the shaft
and from gpecluens taken there, the approxzimate boundury
lione haus been placed at & point 125 Ffeet rom the pur face,
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where a change in formation was recognized by the miners
in sinking.  This would also correspond fairly well with
the conclusions in respect to the West End where the con-
tact was placed betweea 116 and 196 feet from the sur-
faoe and with that in the Tonopsh Extension, where it

- has been placed at 184 feet from the suriace.”

B, p.l&l. v : IR " '

"TPhe Tonopah Exteasion shaft starts in the later
andesite and extends down about 183 feet to the contact
of the earlier andesite. Below 1t the esrlier sndesite is
very full of quartz veinlets. This phase of the ecarlier
andeslite resembles in many plases some of the phases of
the later sandesite, &lthough just below the contact re-
ferred to above, it is fairly typical. The cOantact is
probably not due to faultiag, but is normal and ladicates
that the vein in the earlier andeslite outeropped at the
surrace at the time of the later andesite extension”.

-~

s

. “‘"\“.\v‘
Similar conditions are shown at other points. Ia

1915: 8pﬁf& (P, p.744) summarized the contact conditions ss

follows: o - ;
"Dhe contact of the Midway sndesite with the under-
lying rocks is frequeatly a fault contact. Where this ig-
not the gase, as in o rtain portions of the West End and © i
Belmont areas, the actual contaet with the underlying - b
trachyte is in maay places obscure. In the Tonopah %
Bxtension Sandgrass area, however, basal phases of the
Midway sndesite, overlylag the trachyte, are found which:'
are uousually fine grained on account of rapid marginal
cooling and contain inclusions of trachyte, evidently :
pebbles picked up from the sur.ace over which the ande«
site flowed., This shows in the 660 level of the Touopal

- Extenshpn snd the 700 level Sandgrass but best in the
270 level Tonopah BExtension where 1t wags observed by .
Jeoli.?inch, H.W.Stotesbury and the writer. Here along a '\
- flat contact zone several feet thick, the andesite con-
tains rounded snd sud angular (appsreatly water wora)peb-
bles of trachyte, up to several iaches in diameter,

Some of the pebbles contain quartsz striagers, which do

not pasg into the andeaite”.

Y
A
1

ﬁhis exposure is not now accesgsible. There may be some question
17 gueh apparent conditions might not feault Zrom the surface of
& flow not separated by the period of vein deposition from

thoue shove. Mr.John C.Kirchea, manager of the Tonopah Exten-
slon aqd_hiﬂ geolbgical and eaginecring staff heve not made any

note of contact showing plain features of this kind in the por-

tion of the mine near +the Sandgrass claim, Some dlstance to the
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west however, Hr. Volaey Averill has found & contsct at which
West Hod rhyolite, softened and oxidiged, und apparently form- |
inz en old suriace os overlain first by fragmeats of rock
resenbliag Mizpah trachyte with éevaral hundred Yeet of quite
fresh sndesite sbove.

| Throughout the district the regioans of contaot be.

twesn the liizpah and Hidway phases are chaxawteristically T~

marked by faults rather than by the sort of contacts normal

pith two formaticna mepardtea by aa erosion interval. Vhers
faults aye not present there is almost almays a &oubbful or

transitional zone, Slnce these coqtact arecas have been mast

~ frequently resched and the coaditioas best showa in connegtion

ﬁith develépment aﬂa_Stopgﬁg on veiha'thﬂ raiétions at contacts

‘will be considersd later Ln coasection with velns.

The typicul Calcitic phase is usually below Weat Ead
rhyolite wnich separates it from and:sitvs af Eizpah or Midway

phmae‘
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Thickness of Formations.

X The andesitic rocks classified as Midway andeslte,
Mizpeh trachyte and Gslcitic sndesite are found to vary much
in thickness throughodt the district, bﬁt it is' quite notlceadble
that the totul aggregate thickness of andesite rocka is less
varisble than that of the members. There is a distinet tea-
, dency toward'thiokneaa’of,ﬂiaway anaesita wherquizyah trachyte
is thin, and thianess of Hidway andesite where Mizpab trachyte
;is thick. fhe Caleitio phase is evidently variable in thick-
ness; but its total thickness is not well exposed. Thers is much
~doubt as éo.the position of the upper Hidway andesite aoataat'\
‘under 0ddle rhyoiite in the Belmoat urea. Efoalon to the preseat
purface has of course in some Hestions reduced the total thick-
nesg of aadasiﬁie rooks.i houtful and transitionél phasaa also |
introduce difficulties. In the aggregate, however, the more

regular thickaess of total andesite rocks than of the members, is
apparent. ' : , '
- Mo the eaat of the Belmont property, the llzpah

trachyte phase has been mapped in plases as but 100 or 200 feet
thick aad fiat lying.dverlain by 500 or 600 feet of Midway phass,
Ia the Belmont property the Hizpah phase becomes sudaenlyVGOO

or 700 fest thick, in placeg%ﬁgittle or none of the midwéy phage
shove, Alittle further west the Lizpal phase 1s only aboub

200 or 200 feet thic: overlain by £50 feet and perhapa much

nore of rbck closely resembling the lidway phase and hewtofore
clapsified as muoch, In the weastern vart of thé Belmont property,
the eiltunation is wmuch complicated by the Mizpah and other faults,
but very varlsble thickuesges of the two phases are apparent,

Tn the monopah Hining property and ia part of the Jim Butler
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property to the south, the Mlzpah phése is 600 to 800 thick

with no other‘audasite~overlyiug. Inmediately west of the
Burro fault, vhich displaces the Vest Iad rhyolite only esbout
100 to 200 feet vertiqally, the Mizpah phase suddenly thins

to 100 or 200 feet with 400 or B0OO feet of Midway phase above

to the surface. Other similar changes occur further west.

The thickneass of the uaderlylng Caleitic phase_hés rarely beea

demonstrated, _ -

¢
v

This conditlon is very doubtfully explainable by
the extrusion of the Midway phase on a very irregulat erosion
suriace wi%h gubsequeat faulting. It appears much mors readl-

1y and simply explalnable by the alteration of differeat por-

tions of the aggregate sndesit® mass by hot assending solu~

tions of two Aifferent types, vwhich varied in their courses,

penetration and chemical e ficisancy in differeat areas.

The varieble thickaness of these phases may be

seen on the series of sections through the distriet.

2L -
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Relation to Velins,

o The original distiaction betwesn ecarlier sndeslte

8s a pre-minsral formation and later andesite as a post-uinersl
'formation resulted naturally #rom thes faet that vainé were found
not to continue from tle former intc the latter either horizoa-
tally or vertieally, snd no productive velns or important evi-

. deace of vein deposition was. found anywhers in tﬁe latter formua-
tion. |

The conditions fouad where %aiua approach the contast

¢
v

or traaaxtiun of the ﬁi“puh and Kidway phuses le of lntersut.

Going upward in the upger Belmaﬂt workings the unde~
glte roek beaumaa gradually transitional in appesrance but & more
marked change appears on faults with uhuadant oupe above whicb
the rock has been classed an Hldway aaéeaite,»though still aame_
what transitional in appearsnce. About fifty feet Below tr.e 800 L
level the veins start narrowing with neasive mixed cardonutes
. pppearing. The decrease in width wnd increase in proportion of
cafhonataa increéaaa upwhrd. Very little ore extonded up an far
88 the 8O0 level, where the velns are in contect with the fault,
and about 85 feet above ithe level, scoording to kir. L.E.Hobiaa,
the velins feathersd out.

On the 900 Belmont level, the Favorite vein
LET] ﬁiaubvwre& la a ares previously claseified as Hidway andeaslts,
but vhich may be considered s truasitional phase., The velag ut
this level vwas wide aad rich, while upward from this polnt the
vola agarrowed und became lower grads, About 60 feel above the
lovel, the vein ig eald to have pinched out, agulost a rather

Plat luwpsrmeable layer; & cross cut sbove on the 800 level is

in rock cluassified uy kMidway aandseulte, chowicp no siga of
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vzin deposition. |

N %he vein flrst eacountered in the Iontuna %onopah
mine in Hizpah trachyte terminates sharply sgoinst the Mizpah
fault. In the Midwey andeslite bayond the fuult ere stringers
of osloite and quarts but no importuant veln snd a0 ore has been
found.

Ia the Horth Star Mine, on the 950 and 1050 levels

.vaias had been found below and soutnwsst of the'mizpah fauld

: in rook classified as Mizpah trachyte. ™ The rock northesat of

tre fault was classified as Hidway aadﬁs*ta a gomewhat transi-
tionaL phaae. A good velin wase discavarpd luter noriheast of
the fault, irom which much ore was m;@ed. The rock bcybnd the
fault was trereaftor r&g&rded us Mizpeh trachyte.

o in the iidway line, the kidway veln some twantj
years ago was seen to extend upward sguiost a rather flat softr
"aontuct", ubove which the rock had been regarded as‘xiﬁway
aa&ésite. Above the "contact” was & small "epur" of pimilsr
vein material which rapidly phnohed outb.

The Burro fuult striiciag about HB.30 E. and dipping

westerly, orosses the course of the Mizpah valn on the surfacs

about HOO feet west of the Mizpeh shaft. On ite eastern slde
fizpah trachyte exteads tu 6G2 feet depth, below which is Veat
iad rhyoiite sbout 100 feet thick, then caleitio apndeslite.

De its western elde Mizpah sadesite extends to about 400 feet
depph, foilowlng by about 160 feet of Mizpsh trachyte, & thia
leyer of West Bod rhyolite glusay trachyie end then Caloitie
sndesltsa, The vertical dksplucement, eatl. ated frou the VWest

tod rhyolite ig ot over one or two hundred feet. IL the

Yo
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Hidway andesite is later than West EFod rhyolite it must have

‘ilowéq-; into & depressioa of which so called Burro fault

formed one slope. The iizpsh vein, vhioh is a wide riclh vein

for moet of two or three thou:and feet or more eaat of the Burro
fault, nasrrows one or two hundfad fa@t east of the fault and
plaches out before yreaching the fault. Weat of the Burro fanlt
where 1t is in » small thickaess of Mlzpah trachyte, the Mizpah

vein is pmch asrrower and poorar'than to the east,

(4
¥

As shown in a8 section of pdrt of the ﬁast‘zn&,mlne.
from Bastin and Luney, & veln of good ore,the Fraction veln,
leaves tha*&?ia vein of low grade quartz passing upward through
ﬁizpaﬁ traghyte $o the coatact of Midway aandoslte &a& then ex—

téada slong the contact. The explaaution of thie occurrsnos is

~difficult if the Midwsay andesite wers not in plase when :ora

wap deposited.

| Ia the vicinity of the lntersections of velns with
goveral fmportant faults on which wovement le ilaterpreted as
haviag taken pluce both before and after ore depositlon, vein
mstter and sometimes ore oceurs alung the faults for limited
distances from the veins, as in the case of part of the Miszpah
fauld, whers the rock beyond the fault has been clussified us
siissah sndesite. ILater Ffault movement has prevented definlte
interpretation, but a possible explanatlon ls in deposition for
¢ limited distance aloang u less perfect chungel tributary teo a
main ohanael of ore deposition., The lower value way perhaps be
aplaiced by "soreening" sctlon, enabling quartz t0 pass more
readily thoa metallic compounds. In wsuch cuges the fault slips

and gouges now sofd and uasilicified prohubly represent later

movenent.
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Yhe normal conéltions whioch should be sxpected when
veins 1la a pre-mineral Formation are folluwed upward to the

sontaot with a post-mineral formatlion may be considered by oom-

xparisou vith the outcropplag velns on Mizgah Hill 51 these had

been coverad by : ;atar volesais rocks with subseguent faulting.
The velns should coatinue stroagly to ‘the cootact. 'The ooutaat
sronld be deflnite and abundantly exposed through mlalng out ore
to it. DThers gecms no reason that later faults should be oliar-
sctoristioc in the lumediate viclalty of- this coatact; even if
%hwy ghould be, the upper terminus 6f‘ﬁppar fault blocks would
be the conbiot, not a f&ﬁlt ot any other sort thaa one which fol-
lowed‘th& présent surface in ite irreguletlitles. Oxidation of
veia matter, and wall rosks, i¢ the erosloan period wers eonai&7
ei&ble'%ould be éacountara&; 53 18 now characteristic of kiizpah
2111, snd as Bastin and Lauuney deacribe from the surface hefora
deposition of the Frsetloa Breccia in the Test Bad. Cliwetlo
o different '
aad topogrophic coandlitioans, from re-ent conditions in Jevads
izht hove resulted la greater or leas oxidation sad leachiog
thaa 4s the case with the present veln matter and wall rock
near thﬁir surface exposurss. If oxidation had been more lnteunse
yilues might bave beea groatly decreased by leaching but the
resiult of oxidatioa in veln and wall rooks would have been great.
I oxidstion had nat_pena%rataﬁ mubl below the surfuce, there
would be no reason for veins %o.bédéma yodr'y. In any'cveat |
tiera would seem 6o reason fcrva featheriog out of velna with a
gradusl transition, real or appareat, betweon the characteristles

0i the overiying and underlying Lorpaticns.
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Brobable Relations of the Andesitic Rooks.

N The mos® reasonable interpretations of the conditions
reclited above appesrs to lie in gonsideriang the andesitic rooks
as exposed La the wmain developed part of the Toabpahr distriot s
& geologloal uwalt aot separauted by any period of erosion or other
form of geologloal sctivity but compdsed of Zlows of varyiag
thickaeas resulting from normally loterulitent volcanio eruptions,
The slightly &lffering original chemlical, and minaralogiaal char-

vacter of.the recka ay be coasidored u normal rasult of slight
'Vd:iatiana ;a D& gan, temperature, thiokaess of flows and other
nuch condiﬁions* ' |
“he 10W§£ part of the sndesite fovma tion was loter

-iﬁtruaa&'by Wasi Iad rh;alite sad ioatans breccian ia clogs 2859~
ciation, With this 1at”uaion,probnhly 5180 betors it, tomard the
cloge o0f the andeaite arumtions, there waa ccnsiuarable fanltiag
along general places maay of wihich have r@maag@d planes of waak-
noas or of movenent to the present.

| Cioéély follawing the Viest Znd fhyciite intrusioﬂ.
ore fluids arose along paths which closely followed the rhyo-
lifa from or beyond thé deepest limits reached by mining to or
beyoa& +he poiats at which thé rhyolite reached the andesitic A
rocks. Oa reaching the andesitic rocks the ore flulds, in lm-
pariant parts of the district, lef$ the rhyolite and penetrated
upvWard more pteeply through frasture zones in the aadesitle
ro;xs, Ure was deposited in the fLracture zodaa, u@t.ﬁhavavtaﬂ-
letically in opea flasures, replacxng the rov?a between fracn |
tures. The thiager solutions contalning sillea,potash aad other

enrih. sompouads peaetrated the sadeslites Irvom both frustures

und from the rhvolite coatact, rosulting in silicificatlon
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and sericitization of the roek.

. The ore flulds penetrated the fissures and the

alteriag solutions penstrated the rocks through pressure.

¥ith distance from the source, and after the olgpse of time -
the"praawura decrsusad. ﬁiqce both ore deposition awd rock
elteration were from below upward decrease in prﬂsauré would-
result baynn& oertain poiats in & gra&ual pinahiag or
faathering out of veia upwsrd, ai% gra&ual ﬁecrﬂaas ia thw B
qnartz~serioite alteration of *ha rooks upwara and cntwara

~ against as much resistence as earthy minerals
from the velas. Since fluids cannot carry ore minerals urd ey
thg‘conait§9ns of ore aepositiou snd rock witerution, ore

should be axpeote& to decrease in value before the velns ea~

'tirely plooh out. Such gradual pinehiaog out with loss in
valua, with gra&nal ‘deorensed ~alteratlon of wall rovks is

_ the normal result with uniform fr&eturas and unifarm TOCK,

If however. an imperasnable layer, such a8 fault gaug
perhaps & layar of olay on & former f£low sariuce, not aecesaaa’
rily a surface of mLch exoaien, should be eacountered when
pressure was sulficiently 10%, the path of both vein deposi-
tiondaud feck alterstion would be blooked, aad‘aa‘a result
the vein wonld terminate more suddenly with value contiouing
to 1ts termiantlioa, while in the wsll rocks the quartz-sericlte
type of slterution woalc alﬂe erminaﬁe su&ﬁenly. There faults
were sbundant this would be u quite probabla result. Fluids
would penetrote uatil they were stopped by & fault. I¥ thpy g
pesged through dae they might readily be able to penetrate to
the next., ' | o .
he andesltic rocke were also permented, perhaps ia
somewhat iandiveot associutlon with veln deposition, perhups

Loy




na

@ | @

in ssmociatioa only with volounlic asctivity, by hot asceading
waﬁeﬁ sarrylaz soall anounts of céﬁboa &ioxids..sulpﬁur, and
parhapgllima, iron, etc, Thesge solutiéas‘reaulted ig. the
propylytic (chlotite-osleite) type of alteration. fhe mala
deep maps which has been classified as celcitic andesite below
Vest End rhyolite sppeurs to lie below and to the south o0f the
course of aolutiena whivh rmsulted in 0uartz~sa¥iait& alteration.

- It ls belleved ﬁhat this ewplanaticn sunzari ses the
connitiona wbian are found ia the and: aitin rocks, inoluding
Kidway endoecite, Bsadgrass and Caloitio mndea;ta wnd Hizpah
t*avh;te in thsir relatman “HONg +npzselve% snd with the im-
portaagt velos of tke ,istrict, It is eatiralj poauiblv howwvrr
that other éddesite'etuptibus.have oocurred in the 1mmadiata
#1ciuity of Ponopsh, Separutsd by upprecishle geoluglesal inber-

vals from the period desoribed. Indeed, the andesitic Fragments

tound in brecoiss which seem to have come from consldersble

dépth,_point to earlier andesite aruptioua; while pome. observa-
tions of contacts in the western part of the diotrict which
could nat be inspeoted in the present 10V$8$i$&$1059 mav be
later tiaan the period deseribed, ss also may be the oase with
pome particularly fresn roek exposed oa the surface withont
elther propylytic or sericite alisration.

Zvidence regarding the andesites have beon presented
at lenpth begcause the conslupions are radically diflereat from
those of oiher obasrvers and becsuse importaat connlusions e~
gardiag the relative sages of the otherr03ksénd 0% the v$1as
have besn baBed on the supposed wore recani mgﬂ>0f the wdltitiﬂ
aﬁﬁ-ﬂiﬁway sndesite. The other rock Fformations capn be discussed

more briefly.
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) THE RHYOLITIC ROCKS.

The rhyolitic rocks exposed in the Tqaopsh district
have been previoualy alussifled us West Had rhyolite, Hontana

and Extension brecolas, Glassy trachyte, Ponopsh rhyollite,

.. Wraction breccia, 2iebert tuff, Oddie rhyoiite, Heller aaeite,

B*auﬂhe* ducite, and sama small late rhﬁoilto flawa. A new
na&e Silver Top rh;olite is praaanted ha“a for rhyo11te cut

ia the deep Silver Top &nd Mizpsh drill holes.

ST
=\

Yopt Ead Fhyolite.

‘Gest End rhyolite is usually easily recopalzed on
socount of its charssteristic greenish color. Included whitish

frogments are common., It ls composed of devitrified glassy

‘ground muss with small, aaaaty, gquardz phenooryete visible uader

the microscope but usually oot visible with 8 hand lens. The
bent koowa nass of this rock froms o antielinal structure of

east-west axis which is beat exposed in the vielnlty of the

‘Vest Znd and neEJmaru aines. The course of this maass ocan he

best seen in the levsl mups anﬁ nectionslﬂﬁ the Tonopah district

presented herewlth., The sntiolinel struoture 13 beliav»& to

extend eantward into the Tonopah Hiaing property and, in at leagt

yudimentary fom, probably with some splitting, iato the Bel-
mont property., The asssociation of the v?in aystems with

thia}anﬁiclina, nore eap@ci&lly with 148 noétharn’limb is char-

*iatic. Other thiakpr and more nearly equidimentlionsl
masges 61 Lhe ook ure @wﬂosed to the north of the &qticl;re

in ‘khe Belmont, Honbtaos, lidway and Zxtension mives, Some

PR
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of thess lurgs m&aa&s"appear t0 strike noavlﬁ gorth and south.
“he shapw of the bodies of roa& its contouoct yhvnnmina, the

assoaliution with 1t of velus and uhe distribution oi the al~
tesation types ia the andesites all indloate thut this rhyolite
is 1atruamva into the sndssites, ”n& glasay charaoter of the'
rook lg less tyuiaal ot in*ruaxuea, but the other evidanaehia;
sufPlcients. I balieve 1% iu now tulte uslversslly regarded as

intrusive,

Some veoins pan&trate Yest End rhyollte with their

ptrength sed value ualopslred, othera beoone weax snd poor or

éplit te ﬁtridg&r'zpaas qr &rous sf_ailieifie& rork on reaching
it. »wyurr re ara%ﬁ the Vast End rhjolite Qs Y Lntrusive
yd&ager than hi& first peria& velns, Suoh as he apah vein,
and-eld&r'thaa‘hia g@cba& neriod velds. Iurgess, who WaE Very
fawilivue with the abun&aﬁt~miaing of the Lizpah vein at that
time, steted i 1909 that he had "not seca & slagle lastence
of = velo haviag been cut off at ae intrusive aoutactﬁ of Weut
Tdd rvhyolite, Thia waé}alsa my opinion from exyériﬁnce'with
the miniag of tk@ iizpah snd other veias in ihe Toaopab Miniog
sad Belmoat properties up to the end of 1907. fThe ovidence
intlostes thuat all the productive voins are youager that

the Gent End xhyollte, that conditions were not right for the

‘deposition of important volue la 1t at ihe time some velns

were deposited, bub wero right later whea other velus wers
denoslted. As the rook is muinly a devitrified glses, the
very charsoteristic greea color by whiéh the rook is identifled
is an altersation colur, oot &an originsl coler. This la later-
esting Lo view of its eluse association with the different

pliernition phases of the andesiton,
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Hoatuas and “”tanaion Br&aciaa.

o}

These breoslus have received the.two'néﬁea in &if-
-fexe&t parts of the district. 7They oscur nader the sume 0on-
ditlons and there scems no reason why they should not be con-
gldered as une Formation, although ho bodles have been braced
‘from the enmsteran part of the district o the wegtern poaTt.
-The matrix of 1light gresalsh or browalsh glass ls apparently
rhyolitke. The imoluded frugments ars usually very sbuaduat,
rmariable in charaatmw pad are Tr&4uaatly~altere& {0 suob an
extont ’fhwo their deterioratlon ie luposeidle. In some large
nasges, howaver the fragments are mostly glusay traehyta.‘
ﬁragment& aﬁparantlj of Liizpah trachyte and of rnyolite have
a;so been observed. upurr notes iuclasiona cf shale and -
of Sandgrass andealts, Iarine Vicetor Hine near its aontact
with Gala;tic aadesite, Axteusion breccia cuntain& and aurroun&s
larze blocks of the aéﬁeﬁite. Spury notes gen@tratloa of glaasy
traochyte by dikes of the breceia. In the wenters part of the
dinptrist there geem to be two or thres varietles of breocla
cof different appesranos 5ut closely associated. Thers ig ao
avidence of nay impbftaut diffarance'id their Time of iatrusion.
The peaetration of Montsan or Exteasioa brecola by
dikea or tongues of West End rhyolite has beea seen ia many
placesa. Ia the Tonap;h Bztension workliuge, fragments of breoc-
ela were seca incladed ia %eéﬁ End rhyolite. Drecola is fre-
guently fbund on the contacts of Gaat,ﬁm& rhyolite. In muay
wch placaa it is di¥ficunlt to aeciae'wha+her such bresois
‘ou}d be corralated with Kontann h*ecmiu or should be consldered

a contact phaga of the rhyollie,

1t geeme cleay that the lioatans snd Fxtension
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‘glassy trachyte, ig

® | ®
2 andesites and

brecelss are intrusions which penetrate th
general at lemst, alightly before ifne

trusion of VWest End rhyolite, but closely ngrooisted with

the latter wock in time and position. Phe Ixteanion brecoin

contalas ore asar the contuet with Viest Bond rhyolite in the

IV1ctar_Mine.

.

s
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Clucsy {(DTrachyte) ihyoiite.

-

The fﬁck formation kaowa as (lassy tr&chyte ig & __
grayish or oresm colored devitrified gluss with charscteris-
tically no phencorysts vieible either in the hshd specimen or
uader the microscope, but wWith characterigtic flow strmoturs.
The rock us & rule does not seem to be very greatly altered
aside frow devitriflisation. 1

~ The average of three complatu analyses each of
Llussy. trachyte and West Lud rhyolite glvaa by Spurr shows

these rocka to be anbaﬁautially iGentleal in oampasition.

&
\

-

810z 4lzd3z Pez0z Fed Cad kg0 Hapd Ipd

Clessy Traohyte 75,17 15,13 1.59 0.11 ©r. 0,19 0.57 5,20
West Bad Rhyolite 75,87 14.06  0.92 0,72 0.19 0.4 0.BZ 4.55

The oaly reuogaxaable didd p:&acea betwesa these
rooks ars ia solor, the presease of few very zaall p%&neﬂrjsua
ia toe Viseat Zud rhyolite sad the less chafaeteristia flow strus-
ture, though it ls sometices noticeable,la the latter rook,

association of these .
ThaA_, rocks with also the Lontaa& or Xzteasion arwgciag i

g

very noticsable and shows clearly ia the sections through the
district. As previously mentioned, Glassy trachyte forms the
most sbundunt fragments ia the breceia. In places 1t eppears
tnat this whole'fﬁrmaiion naa been converted 10 bhraccla.

ine aharactﬂrxatio aoloy of the Test End rhyolite
ie evidently due to mltesration, sud from iﬁﬂ positicn with

supeot to the intepesly sltered sncdesites may be attripuated to

ihe aulmnzana whiok aumused that alteration, %The alight Aif-~

ferepcen Lo sesaty presenss or pbseace of phenceorysts end la

PP
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ﬁbundauea of flow structure are ensily explainable by slight
differences in time and temperature of intrusioa.

Gomﬁariaon of the course of the luwer surlace of
the Fruotion brecola, probably a pyroclastic rotmatioa, with
the course of the lower surfaoe of the glassy trachyte uhows
no parallelism, suggestiog that the latier rock was not poured
out on the surface. The brittle nature of xhlafroek‘alao T
gests that 1f calcitic andesite were idtru&ad into glussy tra-
pohyte, the former should be found to oontuin abundant fragmvnta
of the lattar. | o o

It geems extremely probable that Glossy (trachyte)
rhyol 1te, Extension and liontuaa braccls und West Fnd rhyolite
all were iantruded frow the same magma'along abﬁut tha éame
gourses within a comparatively short range of time.

Glassy trachyte has beea regarded by Spurr as &
| b&sal_phaée‘of Mizpah trachyte and therefore contemporansous
with it, In Jupport of this idea, atteation was cdll@d to
tranaitional phases, There are & number of objeations to this
clussificstion., ¥ith regard to transitional phases 1t may be
snid thut exposures that appear transitionsl between almost any
pair of the rooks of the district are comuon., This is one of .
the important aifficuities in attaining results. Appuraﬁt
- traasitions between Mi zpah . trachyte and Glaasy traohsta are aot
mors abundantly eacountersd than other apparent transitioas,
| ﬁfu&y of the.general structure of the district does
not poiat to this as an sotual transition as is the cspe with
tha Hizpash sadepite aad ﬁizpah trachyte.

. ﬁor&ovér, in chemlesal composition, the glussy rock

pppears to be a rhyolite, while the kiszpsh ig less soid by
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analysis sad much less aclid In its least altered phases. The
piocesg by which.its bottom'portion would have remainéd glaasy
while 1ts uppe r portion bacéme ﬁorphyritio 1é diffiéult tb
uaderstund, as is alsu why there should be & brigtle partiﬁg
between the two phases which beeqme a favorsble phass for inu
trision of rocks of different sorts which must have éome f?dm
sqmowhat‘&ifrerqnt sources. The assoointion lo time, position
’i and origin af'giaéﬂy traahyie,witﬁ ﬁeét Eﬁd rhyélite snd Exm-
?eusien bresclia seems very simple, more logical, and more

probably correct.

W
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Oddie und Toanopah Rhyolites.

B The rayolite of‘monntIOddie and Rushton E}ll forms
a neck, pltehing eastward from the eastern part of the Belmont
propertyAinto the Hallfax property, as may be peen in the sec-
tioas of the property and the dlstrict. In the present dOndiﬁian
of the mine workiags, exposures of the contact are not sbundant
but a number of geaneral coaglderations as well és the fact of .

extanaiva wining to the contaet in *he Belmont and in the Halifax

ﬁithout any ore indicatioas belng followa& into the rhyolite

suggest strongly that thg‘rh;olito is Xater than deposition of
the proda&%;ve velas. 7This has been the oplaion of Spurr and
othervgeologists, but uddar the iaternrat&ﬁian of the age of
hidwuy an&eaite in t}e report a oonai&a reble part of the
evidance of the pﬁ%t mineral ‘oge of the Qddie : h'olite in remov-
ed. ERhyolite of simllJr 'h4r&mter is exPoaa& in the Desert Queen
worainga but ia a fnult block not in airect ansociation with ors,
aad although its post mineral charaoter waulad Been reaaomabla'
it does nob ap@éaﬁ demonstrated 2s & fact. In the ”onop h Ex-
tons ion wurklags a di.e of simllar rhyolite wan seea to end |
sorogs a veln in & way which fully &emonatratad its later intra-
slot.

7he central rhyolite of louat O&die'and Mount Ararat
sppear to represeat the luve whieh solldified ia the craters

snd volosnic pipss represeanted by these hills and therefore wan,

‘apide from the fow smsll dikes sad thia flows, the rosult of the

last voleanle activity from these sources, Some rather extensive

surface areas of rhyolite and rhyolite breccis to the northeast

of the Relmont area, well ouposed around Ht.Ararat probubly ape

the product of previous eruptions from these volcunoes.
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Spurr calls these rocks Tonopsh rhyolite aud correlates them
with chér exposures to the southwest and with rhyolite expos-
ed in the deeper Degert Queen and Tonopah Hining workings.

fo some of the latter rock I have given the namé of Silver

Top rhyollite.

e

A
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Silwer Top Rhyo‘ite,

, huch 0f the rhyolite vock. mostly breocia cut by
'the deep vertioal u*ill holes from the Mizpah sand qilver Top
shafts ~ the greater puart of a totel thickaess pf rhyolitio
rooks of ut least 1800 feat - vavies quite wi&ely in appearaove
from the rhyolite of At Gddie and Mt.Ararat, the rhyolite in
the deeper Desert Queean worklags and that iu the post-mineral
dike ia the ¢ onup&h Bxtension reforred to above, %hile the

' opportunity for study was liuited to diamond drill cores sod

‘e

mioroscopic slides wade from them without obaervatiOn of the
rock in pﬁh&a, the distinct impreossion was gu iaad that the
rook Woo & differeat formation ‘and probebly older than the
Oddie and Toanopzh rh,/alitas. -

In lookgmg through the pubiiahad éat& there seens
do justifica tion for definite correlation with the Toaopah
rhyolite whioch is aearly'eqﬁivalent in age to Oddle rhyolite.

From gener&l structura& consiaaratians algo. thers
would seem maeh doubt if this deep rhyolibe ig more vecent
thaa the overlyiang rocks. 7The Classy trachyte ls the oldest
rock exposad accordiag to Spurr;',asi&e from this rhynlité,
the Qalcitic alterution phase of the sndesites is oldest ac-

cording to the coaclusions ia this report. Ihis lower rhyo-

lite if younger nust have iatruded to a thickaese of 150D feet
>0£ mora without sppareatly brﬂaﬁimg ,hrcugh to the surface ia
thip ifamediate ares slthough the erosion seenms to have boen
very MOdaraté, aad without leaving zay identified fregments of
the rook muss on which the other rocks origlawlly tested, I
this roeck mass were latrnded ag @ unlt ia thls great thickaesa

14 viould seem tlat crystallisation should be cosrver in Lt

4 ovL
i -
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interior. 1If it 1atrudéd as two or mofa units it mesns that
tvo or more uniis muatbﬁg correlated with the TQnOpah rhydlite;
tkeré were two or more opportuniﬁies,to bieak ﬁhrough to the
surfaeé, ete. In the abseace of strbng evidencp favoring
correl&?ion with the Tonopsh rhyolite, i1t would seem more N
probéble that this deep rhyolite reprusents an cldai rock on
which the exposed andesites were extruded. Such older rhyolites

are indloated by ocossional fragumeats in brecscias which are not

readily explainable otherwise.

v'

IZ the Silver Top rhyolite is an'oi&ar rock it is
capable offcontaining oré where on the course of the ore
ﬁlu;dé:uaﬁaélsuitgbla phyﬂico~éhamieél.cna&it}onﬂ._ 4 parf of
this and other raqk,maaées previously clasuified us Ténﬁpah

rhyolite may be correlutable with Loantans breccius.
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Praction Dacite Breccia and Siebertfuff.

-3

48 these formations were not of direct beariag

io oonaeotloa with the Belmont liine they were not 1uvaatigated
ia coanection with this report. A Tew general rem&rks may,
however, be of interest. OSpurr places the Fraofidn braceia
ia age between the Tonopsh rhyolite snd iidway §ndeaite. Thé“
Toqoyéh Extenaion,geolcgista have not found it possible to“”}
follow Spurr's surfasce mappiag or'distinguiah'betwean 5onoﬁah
axhyolite and Fraction brexcla. The hrsccia is almost certaln-
ly & pyroclastic formatxon depasited on *he surface, and later

than ﬁidwayvan&aaite but, according to the cancluaions of this

~report, this would not necasearilj make it later thaan ore

” deoositicn.

”he &ontaua brecola appears to be the reaults of

very violaau intvu ion, and it is exposed underground in large

“yolume, but ao Surfaca formatioan has besn identified, oz re-

sulting from this intrusion although voloanic setivity misht
be expected ia aénaection with such violent iatrusion. It |
would seem that the Praction breceia mlghf hayg reﬂnltad from
such eruption. If this should prove to be the case it would
be older ‘than the veins.

Bastia and Laney mention the oxidatioa of the
velns and enclosing rocks in the wést Eod mine from an ero-
sion surimce on which the Fraction breccis was deposited,

1 this is correet the Fruoctlon breceia‘ia younger thun the
velas. On the other hand some guestion nay rensin after one
observation. Tifferent ianterpretations are possible ia many

w.».{/”lﬂ Jsr 39‘01’””&'50
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| ©“he Devide ore is in breocia which it would appaar._
nay prbbably be approxiuately correlated with Fraction breccla.
This ore ia, 0f course, not neceasarily of the same agé ag
Topopah ore, but it would not be surprising if ote were founrd of
- about the same age in two such olosely adjaoeut campa. Ho defi-
nite oonoclusion 13 possible from the svidence at hand. fhe point
is of s0me 1ntereat to the distriet though not of direct beariag
ia conneotion with the Belwmout mine. It does not seem to hava
been demonstrated whether the Fraction breccis is rh“olita or of
‘less acid unture. . | | | “
* Ihe Siebert Tuffs are regarded by Spurr as somewhat
youager inan Fractlon bredCié and as haviang beea deposited ia a
luzge .lake occupging a 1arg& ares in Yevada. The relations be-
 tween these two formations are not clear from the dis*rict
mapging bJ the U.S,. Geolegical Qurvay. mhe pregence of a large
.laka extending to this immauiate lccality wonla soem So requira"
a flatter general topography than might be expected in view
of the large amount of ﬁolcanic_activity earlier than deposition
~of Biebert Taffs and the apparemtly much smaller amouat of more
ressnt age. An explanation might 1lie in the depoaitlcn of the
tuffs, not in a larga con 1nu0na lake bnt in ponds formed in

depressed fault blocks.
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Brougher Daclte uad Heller Ducite.

3 As these rocks do not appesr in the Belmont hine
no detailed iavestigution of them was made. O0Of the two
Hellier dacite is regarded by Spurr asthe oider, 4nd Spurr'a
iaterpretation of these rocks as the last rook wﬁich-acli&ifieﬁ
ia the respective volsaale or&teis'and pipéa would seém corrsct.

1t may be noted that & line joining the Brougher

dacite massas ofﬂﬂt Brougher aad Ht.Goldes and a line alung the
long axis of ﬁt.ﬁutlar are about parallel and about parallel
to abd opnoaite the geuar&l course of the. veins and the “ast
End rh;oli a an+iolina throuwn the district. ~Zhig rather sug-
geata that the lavas. of tbeae,ﬁormar volesnoes nay ha&e cone

from the same general sBource at depth as the rhyolite rocks

| which have solidified as Glausy trachyte, Ex%eﬁsicn brececia and

Test End x¥hyolite, and also the ore £luids from which the pro-
ductive vﬁinsjwere déposited,’an& that these molten foéks sad

fluids rose along similar courses.
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VEING AHD OHE.

| "he veins of xonupah are mainlj raglaaemegﬁg of
the wall roeks. tue filling of oPen Spaces baxng*o? minor lam-
portaace. The bulk of the vein mattev ia all but tha richest

spots ia fcrme& by tha gangue of gquaris, mixed carbon&tes of

lime, mangeness, mugnesium and iroa, with unreplaced oY par-

tially replaced wsll roek. The original metallic miaerals

iaclude nolybasite argentite, pyrargyrite. sulphidss and
Bulphantimoaiﬁes o* silver, with nyrits. Bph&l&”lt@ g;lana
aad chalcopyrite. usually not ia abuadance. Ia oxidized ore,
horn silver édﬁ 81lve* io&ide nre fonnd,, Silver and golﬁ are
preaeat in the ratio of ninetj or one huadred ounses of silver
to tha vuace 01 gold. This ratio ig very characteristic of tha';
district and few of the productive stopes throughout the ex-
teat of the districd, so far as cen he learned, have varied -
izuch from it. Siailar mina?ul comnoslition 1s algo chargcteristia.

| According to Bastia and Lanéy, the minersls first
teposited from the primary ore fiuias through replacement of
the rorks, were later repluced to a mode:até‘extent by the aﬁma
seriés of migerals.  This replaceneat was by the primary ors‘
fluids uader somewhat changed physieo~chémicalléanditians.
Secondary 'deposition was aiao imposed on thelore but is not, in
génerél; euééiﬁsradlcf great impartaace in affectiégvits fiaal
vaiue. |

he fifat veing were foun&‘im rock vhich during

recent years, has been called Hizpuh trachyte, t¢nd the largest
part of ﬁh& production and profit of the district has come drom

voling in this rock. %The velns ware Tound aot to exte d iato
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Midway sndesite. Evideace is given, in the sectioa of this

report devoted to ihe aaﬁesites, that these BO'calied forma -
tioué ars alteratxun phases of ore andesite formatioa that
the liizgah phaee is due to rock alteration hy solu*ions as¢.~
socited with the fluids that rosulted ia ore deposition, and
that both vein daposition aad rock alteration weakeaed beyond
aad above certaia horizons through lessened preﬂsure and chem-

fcul eificxency, resalting in termiaation of the veias aud

transition of the Lizpsh phase to the‘Mi&way;aadeqitic ‘phase.,

“he iiidway phase has heretofore been regar&ed as a separate
formation kgter than ore ueposxtion,

" in following dowa in the vaias ia tbe Eizpah tra-

' chyte nhase, weat End - rh3041te ugnally apueara, fzequ%ntly on

- one wall first. The Mizpah vein sad other important veins

have not been Zound to penetrate Vest Znd rhyolite on their
- regular couraea vith ajze and vaiue comparable to. tna* above,

though small and irregular penetratlana of pay ore oecur.

At this horizon thers is fraqnently-a change in course, with

pinchiang, splitting or "frazzliag" into a mass of partially

or irregularly silicified rock with great deorease in value.

Spurr interpreted the coa&”ticns.aq the vein beiag cut off by

y
\
\

|

"4

ag latrusive contact. Accoraing to Burgess and the results

of obpervatioas which have eatered dirtotiy into tnis report,

the coaditions canaot be thus laterpreted. | |
»vqther important veids continue from the kizpan

ti&chyte.phaée on West Eond rhyolite‘contaets or iato the

rhyoilite with their streagth aand value unimpaired. BSuch ig the

cage with tre rhyolite velas in the Belmont mine and many veins

in the western part of the district.
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‘Spurr was thercfore led to the éédélnéionhéﬁat
the productive veins oZ the district were of two perieds of
deposition, oune befors, one after the intrusion of VWest Eng
rhyblite. Zhe obaervations enteriné into this raBorﬁ, on the
other hand, ihdicaté that all productive,#eins,we?éfiater
than the Waest End rhynlite 1atrusion. ‘Moraovar,f the ail#ér
gold rafin and migeral composition,wnieh is very ;haraateris~~
tie af ;onopah hut not charaatariatic elsswhere is very strong
evideaca that all of these ﬂnar&o%eristie velns reault from
one 10t of ore matter which cume tggather at dapth-at one time
uadef’aae s;%.of candiﬁioua. Both silver and goi&‘are iadess
charaaieristic of Hevads but not ia this fixed ratlo zand not
nece: :serily tegethﬁr. For example, value in ﬁévidé ors ig 2l-
most all silver, ia Geldfiwlﬁ ore almost all goid, 1n meny
sipail prosp&eta ia tha gene*&l vieinity vilver agd lesad, etc,

comp031t10nkand other
Any snhﬁtaati&l repatiﬁiea of bhe same ratio, minera;Ach BIA -~
ter;stica at two tiwes wgnla be aa extraordinary aoniazidsnce.
~ - It is concluded that the.prgﬁuctiva veins of the
chéf&@teristic type We e mepasiﬁea_ai oae tima,'cbnsi&ere&_

| geologically, iumedintely after the intrusion of West End

rh;olite. as ﬁentiéna& previously, 1£'is belleved that vela

deposition started immediately after Lfontrusion of the rhyolite

64

- while 1t was still too hot for gold silver minerals to be depos-

ited ia it or on itp coatacts, therefore the metals coatinued

- ip the ore flulde until they had passed from the rhyolite

ianto uOldb» rocks abow® shere deposition of gold-asilver ploersls
began, During & term  of perhaps a sew thousand yeura, the

ore Pluids contlausdi to rige ulong cvumewhat changlng courses
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while the rhyoiite cooled to a tempersture at which ore of the
swne character could be deposited oo ite moantaet ‘aad in it.

The evidence with regard to the deposition of burren welns

20d veias of dlffersat gold'silvér ratio and.miuéral contents’ié
less stroag. Ia the case of veins like the Gbld4Veia ia the
Belmont miae bimilar age l1s perhapa most prohable with other
evideace lacking. DProfitsble ore is somewhat rare at hest,

aad varlations rrom charasteristic ore might be expac*ed more

oyamonly thaa they have beea fouagd. Bur%en velins are more

Com mecn aad trelir dapoa*tioa might be db&ﬁﬁlaveﬁ with soms other
yeriuﬁvof vb;cunin amtivity in the uistrict. Oa the otha* hand,
barrea velas are ;reqnﬁnt,g ceposited at some g@na:al period as
produetive veias, at aa earlier or laté: stage and under conditions
ot high&: or lower tempsrature, | ‘ | |

The Hurray vein in the'?an&nah Eatanaioa'proyerty
e#fda&svfo* a long distance on the coatact formed by Wewt End

rhyo 1ite ahove and 40 the porth, 3xtanaion breccia velow and

to the south. Hoth rocks are repluced. Ia ihe lowsT lavéls'
the ore body is large and of pood grade and ore is mainly in
Lxtension breccla. The vela is of normal type in gola-silver
rativ and mineral coateats. ’It would appesr that Bxteasion
brezeia must be coansidered a favorable formatioa for ore at
&epxﬁ-v

Glaszy trachyte is & formation oider thaa vein
&c§waiticn &nd ore c&n.extéad into it., 1ts britﬁle-character
seens %0 cunge s tendency for veina to spliit into qt ingers oxn
entering 4% enusing ore to be diluted with uarepluced or partly

replaced rocx. Yo

C.o

bly it was not as reedlly replaceable asg

;

Some other roeks, wad poowldbly ulso it was ia pluces too hot,
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on accounat of clmse as sociation with west ﬁnd xhyolite for some

of the veins to penetrate it. In parts o; 1he “istriet the

. eourse of the ore fluids appears-to have passed above the ulass‘

tr&chyta horizon. ' . s
/

'/;5 ‘ Calcitic an&esite ia belisved to be olde* than vein

deéosition but it is an alteration phage whlch has been founa

tp be characteristic&lly not assoeiated with cre aepoaition in

the Tonog&h distrlct baing ian its most char&cteristic develop-

ment below the eourae of ore fluids. &n&esitin rook of similar

élteration forms the wall rocks of véins in other districts

0” similar-type to aonOnah. I% may he-naasible that this sort Df)
*k will prove ore bearinv under dlffereat @onaitxoas from those

1n the area now developed a3 at gr@xter dapth.‘ I‘ may also he.

faund that a more iavo*able form of alteration will extend imto

7Y vene*al masa of aulaitlc anGesite vhere on the ocourse of ore

fluidsa
is older

It is balieved that ilver op rhvollteAuh&a the

u/

“ins ¢nd may prove to be ore bearzng where on the course of

pr@ flunids. &11 gach rock aow kuown 1Sappar9nt1; to the qcuth

©f nnd belcw such cours

The main veins of Toaopsh occur in &n east west zone
from thé Relmoat to the Tonovah Extension s«nd West End mlnes,
nost of the velias atriking ih spproxioately east west direction
along uh? g&uer&l course of the zone, Most'af the velans dip

northerly, & few, mostly uioae the southern border of the zone,

dip southerly.

An zaticiine in the West End rvhyolite previously

deseribed oncurs ia close asgsceiation wiith the zone of velas

de

b

apd thic structure is believed to have beep l.poriini 1n
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coanection with vein deposition. The greatestdep+h reached by

mining is oa the aortheru limit of thia anticline whero a good
orebody has been followad to 2000 feet. The dip of this ore

'shout is north, the pitch wenterly., It i belleped prob&ble

that the north dip and weoterly plich are representative of the
maia courses of ore Lluids ia the digtriet. As the northerly

dip charascteristlo of the velns seem to have caudal conasection

with the northern dlp of the West End rhyolite which forms the

northarn limit of the asnticline, the westward dlp of the ore
bodiea may be couuﬁatud with the wuat ard dip of gorth south
strikiug mae~»a of rhyolite

In the uyper levels ore nharacteridticallj o"ours
above Vest Ead rhyo;ita in dizpah trachyt@. At greater depth
in the westera part of the district ore occurs ia the West Zad
rhyolite und on itse comtacta. ?hare 1s an apparent tanaendy
&8t léaat, for velas and ore to"ocgur on the upyﬁr ?ontaat at
shallower levels and on therlpwer noutaat at deeper levels. 1Ia
tha aéepaat levels oa the Mutraj.vmin tiere seema to bava
tsa. enoy for the orebody to leave the lower contact of the
rhyolite and e:xteac into the Exteasion breccis below. The possi-
bility is sugge stud that the deepsr rock formstlons msy be ia-
ereasingly fuvorable for ore with lacreased depth. Such posai-
bility is oot out of line with the probable geologieal history
of tue &iwtbiét. l

The actual depth to which ore muay exteat cannot be
precieted. The ultiaate course of the ore flulds wac, serording
to the best geologicul theory upplyiang ln euch cages, la the
chumber of magaetic differentiation at probably several miles

depih, ie which the agoociated volenfic rocks ualsc hud thelr
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source, Deposition of ore at any point dvp@n&s on the physico-
ohemioal conditions thut existed at that point at the time
org,fluida arose. If the ore fluids sturted below the Vest Pand
rhyolite, rose through the deeper rocks until th%y Jo;aea it,
followed aloag the rhjélite, and floally left itlpusaing by
fidaures into the higher rocks, as geens possible, it would
seem possible that ore might be deposited in deapér rocks
even along courses which were not ore beariag in the Weut End
thyolite. . |

2 mhere seens somevhat of a ten eney for ore bodles
ut depth to form pipes rathaﬁ thaa tre tabulay vains ohurdc-
teridtic of velias ia Mizpsah trachyte | The amount and charsoc-
ter of exploration work sufficlent for tabular veins might
DPLOvVe inaaéquaia for pipes.

The general_diﬁtribution &a&’relations of the
veins muy be seen on the lével m&pé and sections of the dig-

triet.
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PAULIS.

 The gederal tendency of,faultihg ig downward to
the east in the eastern part of the dlstriot and, dowawurd to
the_westAin the westeran part.‘ Some of the lmportant faults
are shown oa the maps znd sectioans. Ié was uot.conaidered-
Justifiable to take time to work out fault aonditions at a
diatance from the Belmont property.

There seems to have been QuiteAabundant faulting

E

before and at the time of West Zaad rhyolite lautrusion. Intru-

sioa of Glaﬂ 1y trachythe, Extenalon breccia und West End rhyo-

lite m;ght agturally be expacted to result ia f&ultimovements.

Vein deposition took place to a moderate extent in some of

these feults, as the Stone Cobin fault and & part of the tiizpah |
fault. Much more faulting has ocourred slnce veln deposition
in part along the course of the old planes of weakness, in

part on oew plaaes.
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Summary of Geological Theory and Histoxry of District.

' To an locreasiag exteht of recent yoars, geologists
have become of thé opiaon that the different varleties of lgaeous
rocks resulting from volesale sctivity in say region, aad also
the fluids from which most types of ore bodles are. deposited, are
the result of maganetlc differentiation in lurge ckhambers of

molten intrusive roock which have penstrated the arth'a crust

.Lrom the 1ittle known deeper zones, Anaimilation or solution of‘ 

of

the pre-sxistiaog rocks of the orust is believed ta be,greater

or lass i;portance ia conmection with aifs ewuntia*ion.
“the older igneoue rocks of tre carth’es erust which
Qccupy'large portions, ut 1east, of the continental areas, ars

known tu be more siliceous than the averuge of mare r@céaf g~

aQJus'rooxs. Ihe interlor of the ecarth, from its mucb higher

specifle gravity of the whole thaa of the exposed rocks, is
xaowa 0 be more basic. It is believed that the great iatru-
sions from the deeper zones into the orust are more basie rocks,
which on penctration assimilate portiéna of the old igneous crust
sad 0f the older sedisentary rocks, whick are also on the aver-
age siliesous, though variable ia composition. Through this
procsss; different yo?tiona of the magma_beaame of aiffersnt

composition. Oun cooling, there is & tencency for fractioas of

- different asoidity to aebarmte from the other fractioas, 30m%ﬁh3t

28 different furnace produeﬁa gseparate in a pot. In generel,

the wore siliceous f*actions in such dif@ rentlated magma are

through

abcve the leus ElliQPOHE ﬁrac*xoaq, although VJri&tiGQQ may oconr,
apacial ssuses. The gassous elements that enter into the compl-

sitioa of water, carboa dloxi e, ete. have un luportaat purst in
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ore deposits.

4 7

these processes as they tené strongly to keep sillica 8ad sili-
cates ia fluid fornm, and alao furnish & reserve of pressure.
?here is a tendency for such gasss to sccumulate in the region

of the top of the magnetic chamber, with other less abundant

_elements guch as sulphur, chlorine, fluorine, eto., which have

affinity for the metals and are important in coanection with

As a result of tbese processes *ha oI is commonly
believed to exist, in regioas of volcaniﬁ Jctivlty, & large
Qass of molten rock divided iato fractiana of varyleg composi~“ 
t*on»with the more ailiceous fractions gemﬂrally above tra more
basic fraotions. coatainiag gases and uader elastio pr@smure

*enuing to diarupt the vancloaiag Tocks snd to drive’ anJ portion

of the liquid mases that nay encount@r f*ac*uraa into much

'fracturea. Ia short, the conditioas sre such as 40 permit

the iaotrusion and eruption of different norta HE igneous rock

aocarding to what part of the masgunetic chamber is tapped; aad

the cOmpdsition of the rock tapped may vary'from tim to tiﬁe.m'
“he acsumuistion of vein matter is part pf the same process,

angd no sharp line of demarkation cun be drawn betwéen some
particularly silicesnus phanes of dike rddk and quarts ?eiﬂﬂay
The conditions in uppér part of magnetis ~hember favor $hef
conceatration of the mstallic elements o counnectlion with
gllice 2nd gaseouz elements. Since this mizture remalns fluid
2% lower temperaturs than is the oase with the rocks, the
accumalation sesma to be favored ian the later stages whére the
ronks 0Ff the magme have largely zolidified or voleanic activity

Trom that partienlor source iz dying out. The type of ore boldy
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deponds oa the mgtals contalaed, or the distance traveled fLrom
the squrce, oam gradual or rapid change in tempefatureran& pres;
sure, on the composition of the rocks travarsed; on the nourses
of travel, whether otker solutions are cncountemwd, etc. Gold
and silver are more churacteristio or most of Nevada, as in
copper of Arizoqa; and mixed metuls ian Colorado, probably most-
1y bsoause those metals are more sbundsat in‘the*dapths of

thoge leoalﬁfias. '”ha mlne"als of different metals tend to

depositioa at aisf erent te&paraﬁurea. Thus sxlver sulphida

and sulphaniimonides appaar to be depOﬁith at lower tempera-
hure than Ieau snd sine aulphidos, while eoppar sulphidns Gre
deposited at etilg higher tamaeratnra. Gold can 4pyurertly he
denusited 2t various tampa:atu“ﬁs, pOﬂ&ile because the actual
amount far good value is wo swall, &rawa several metals ure
presant, txew tend to be deponited +ugabner wiLh rep id temper-
ature change sad sepnrately with more graﬁual‘vemparatara ohangayﬂ
This ngmary, macessarilj brief and nadmnuate will

rive sone idma of the aanﬁitioa% under wnich *he roeke and ores

of the Tonopuh dlatrict were derived and brought into thelir

existiué positions.

During Paleo®ic time, limestone and shale were'de-
poulted in the regpion whers Tonopsh Is now eltuauted. Theae
rocks were Luﬁwr iatrudcd h gr&nites,

Voloanic acticity started duriay the Tertisry era
and hecamﬁ'widespreaﬁ through Hevada. Io the Tonopah regloan,

there awppesr 10 have been both andesitic und rhyulmtiv erun-

‘tionw, as sugrested by frapguments in breecius, befdre any of fn?

Tormstions now well exposed came Loty pluce. The Silver Top

rryolide, of wy lesgl 180D feet thiﬂnh@'t was erupted., The
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initiation of volwanio activity as outlined above, presupposes
the intruslon o2 tie region by a large mass of igneous rook

et coaaiderablé, probably several miles, dépth. The daiflferent
varieties of rock are probably the result of naguetlic difleren-
tiation accomp&niad or preceded by more or less assimilation of
the pre-existiag rbcka.J It is probuble, in-gaharal.‘that large
'voiumea of rhyolite came to upper horizons through passages
that tapped the uppar‘part'of the m&gnatic'chamﬁar, and 1arge
valumea of andeaite came t roug% paaaugea that tappaa a &eep@r
part. -
| < The maia'undeéita formation of Tonoyaﬁ was then
B built'up@:;ﬁluvu flows to @ thickness of 1500 or 2000 feet,

probably ss a result of normally intermittent erupﬁicns of

the more quiet typa, sidilar to thome Which mey now be obaerv@d,

thongh'the evideace péiata to more abuadsat voleaaic activity~ia"

Reva&& during the ?artiary.eru than ia'nuw ia progress in any

of tha praesent voleanic axe&s of the world. “ |

| The vents f*om vhich the aadeaitie rocka wore erunted
probably thea became oclosed und pressare, which had fouud relief
in the andesltic ermptlons, sccumulated. HKew passages, from an
upper part of the u&bnati@ sh:amber to noviaon Within one or two
.thoua&nd feet of the surface »ppesar to thea have been opeaed,

aloag which the rhyolitic roék whick Lma aner&ii; bein cal;e&

Glassy trachyta was latruded. Thege paaaagas “ppear to have been

aleng 8 east west course and to have tapped tha magoetic chamber

at aepth'tu the north and west of the productive mines, This in- .

“trusion- uppears not %0 have beea of grent explosive violencs.
Lol may perhaps be explaiguble by the pussages tapplag the

manaetic chaaber sowewhat below the aver of guseous accumulation,

D s aAKE
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and the fluild lava beinz powerfully forced into the passages,
but without much adwizture of guses. '

| A little later, but after the Glassy {trachyte)
rhyolite had wmostly or wholly solidified, the mulrix of Exteasion
or Montana breccia wss forced with explogive vioiﬁdee through ap-
proxi.sntely the same passages to spproximately t%e same horizons.

Glassy trachyte was very greatly shattered and cemented to brecais, -

which coatalns alss, varylag amounts of frugments of other rocks.

There were probsbly peveral diiffercant intrusions of this anture

‘88 indleated by silgntly differiag varieties of breesla differing

soiwswhat ia age.  The greater violence of the fxteasloa Hrecsia

intrusives may be atiributed 1o the pacpages tupplog areas of
moze sbuadsat gases or to the iatrusions breaklng through to the

gsurface. Undor the latter alternstive, there should be a surface

pyrael&ati& deposit of equivaleat upe. The Fiaction bréczia is
hare sugqéﬁteﬁ ag this posﬂible.aurf&es eguivalent. The age of
the Fraction bracnia hug been previously intﬁzpr&ted as nore re-
ceat. Althoé;hrggt iaventiguted in coanection with this report,
there nay perhaps be éqme question sy to the correcuness of earlier
concluslions. Thefe appears (o have been Fauvltiag in the older
YoCcks, és wa&lﬁ‘hé agtural, io conneétian with Glausy trachyte and-
Ixnteasion brecoia ictrusioas,

- Soaa aftar;”wheu the brecoios had golidiflied, West .
ad rhyolite was iatruded frow the suie g@nwr#l cource aloag
approxiustely the poue paseages 0 elwnllsr poasltions. IT would
seen thul the Vest Ead rhyolite intruded aloag wome of the then
roceat faulls sad llited Alrfe rent fuult blocks Alffercat amounts

Vith wdditlonsdl foulting. Yhile an lmportant mase of this roek

e cadt vest trend sad moderate tidlokness, ther: are thioker
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.while -3t was stlll hot, ore fluilde wrose from ihe sume ganeral
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less tubular musses 1o the north with apparensly a north south
tread. Thls Latrusioa sesns to huve been loss violeat thsn that
0f the breccluas, perhaps oun sccount of the oxnaustion of asccumm-
lated gus pressure in the pagma, the leck o2 comection with
surface eruptivity and s general dying of voloanism. These
three iantrusives formed the satloline degeribed elsewhere,

Imsediately nfter the West Zud rhyollte iatrusion

?uuraé at depth to the north and west, the vxiiremse volatile and
ailic@ﬁus result of diffe?entiation i the wugnetie chamber,
Theaa»ara fipida folluved part of the sourse of the West Fad
.

the andaaitic rockﬁ sbove. anwibly lower portlons of the coursds

K3

ruyolite, then, ia large ywrt catercd fissur o5 penwtvat ag

of ore flulas erﬁ bulew Lh# rhyoﬁiqﬁ. At first the rhyollite
wQe *00 hot for deposition of rold silvey v#&ue and Qraductivg
velas wers only forumed abuve 1t. Ao explulncs élsevhere, the
ore fluids probably conticused rieing aloag ﬁbm@what changiog
courses For perhups & fow tﬁouu&nd vesrs, while the rhyblité
cooled to or below th&.tamperatura of deposlition of the valnsble
winerals, G?e deposltion thea touk pluce ia the rhyollite.
Bolutions contalnlng sllica and potash peastrated
the andesitioc rock sbove the Vest Ead rhyolite upward from its
cuntact and putwuard rroa the fractures ol ore seposition, causiag
gquartz sericite altoratlon and r&éal&imy ia the sodesltle altera.

tion phose xoowua ap lizpah trachyte. Lit“ distance {rom the

rhyolite, oh@ ore fluiua in the fissures nod the alteriag solutionsa

. lost ‘ o
in ke woedesitic o pvnutratxve power and chemlcesal activity
thyough duorcased pressure, §(Juﬂrﬁt ¢ and previous reuctions

resultioy in gradusl decreuse la veiu doposltioca awud rock alterstion.
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Hore rapld cecrease ocourred,mn places on impervious layers.
The agndesitic rock beyond these 1imits ig kaomn as Lidway
andesite. Othsr solutions pauatrntd.part sf the aadesitic
roek muro causiag propyliticoor asaloite~ochloridesalteration ..
Thia. is typlceslly best dGVﬁlbpﬁd In the Qalcitic”aqdegite be-
1w the West End rhyolite, but part of the oiher phages have
partlal altaratioa of this aort. ' |

7 Later andesitic eruptions. prahably‘oqrurred ia the
”9@103 about Toanopah uad may have vvtﬁndﬁ& Lato the district.

A ‘Extensive faultiag of the dilgtxict oo urred aifter

ore déyowigion. Probably oonsid&“wblv lateyr than ore deposition,
the district was imtruuea b “rhyolite, iq n&ft at least, cisiag
from the cabt, ﬁarly éruptions repulted in eurfuce (eposits
calied ?oqbpahAxhyoll te 'anﬁ the 1&ﬂt luva maﬁidiﬁfeéfia tre
craters and piges of ount Oxf;a s6d Maun+ ﬁ*Lr&ﬁ, i known aa
Oddie rhyolite.

About Lo same tine a rhyolitia roek koowan ad Brougher
dacite was probubly &fupteé and solidified ia the craters and
vonts of it.Dutler, lit.Brougher cod kt.Colten. iz may have
come from the ssgnetlc chuader i il aorth zad west. '

This Lriel sumoaury muob geaepuarily be imperfect inm

meny deteils; it does not pretend to cover the rooks that are

. not of great iaportance in coduectlun with the Belmunt wiae,

egpecislly the more roceatl rocks.




GHEOLOGY OF THE BEIMONT MINE. *

Ia considering the geologlcal featur?s of the
_Belmont Mine, it is importamt to keep cénstaatly in mind
the different depths and relative positions reached in dif-
‘ferent parts of the workiags, from geological aspécts, a8
contzastéa'with actual depths and poéitiona. This difference
is the result of exteasive faultiag.

The more important faults within the limit of
mine workings are the followiag.

| the Stone Cabin fault, as 1t haa been designated,

is a compound fault or composite of inﬁerseoting faults,
dlpping easterly rather flatly, but striking irsegularly, dif-
ferent members at different ‘points strizing both east and west
of north. On the 700 level, this fault occupies a general
north;south-positiou a short distance weat of the western
bouadary of the Belmont property, the nearest point being at
the Desert Queen shaft. On progressively lower levels its
dip carries it further east notil at the 1500 level it may
reach a position only about 126 feet west of the Belmont
shaft. The faunlt or_faﬁlt complex is very slightly exposed
"pelow the 1000 devel and exposures above are not suff;cieat
for analysis of its members 20d it\ effects, whioh may be
expected, on account of its complexity to vary much along its

course. 1%t evidently has, however, & considerable downward
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disblacemént,tO'the east. In part thils faulﬁ‘complex has
been the site of quartz deposition, neafly barren so far as
18 kaown. ;

WhereAthe rocks Wesﬁ of the Stone O;bin faulf have
béen penetrated in the Belmont Mine, glassy tfadhyte hag been
abundantly found with also some Tonopah rhyolite. Oa the 1500
level, however, andesite rock resembling the Mizpah trachyte -
phase more than the Etheruphases though somewhat transitional,.

_fhaslbeen encountered ig position wh;ch, provislonally, appears
to be west of thef@ult,~ No ore has beea found west 6f the
~Stbﬁe Cabid fault in the Belmont}Miaa.rbut aimpst ail.of the -

ore ian the property of the Tonopsh Mining Company was on its
western side. Theravis,~tﬁerefofe; nothing inheiently vofav-
brable in the western side of this fault except as may result
from the character of rocks snd the relative positions with
respect to ore courses brought opposite ore-bearing horizoas
on its eastera side. |

In the eastern Tocopsh Mining workings near the
Mizpah vein, there is displacement of about 300 feet vertically
and zoolfeet'sbuth going east, on about'fhis_line; but addi-
tionsl displacement of pérhaps half this amount occurs a little
further west and these displacements may perhaps Join on the
genérai dowaward course. | | .

The South faﬁlt is fouad to the east of the Stous
Cabin fault, striking about North 30 Vest and‘dippingfabout
50 degrees easterly. This course brings it to Junction with
the Mizpah fault uéward and to thé.ﬁorth on its strike, and

with the Store Cabin dowaward. From several aspects, notably
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'_ thegdisplaoemant‘pf the Sbuth\andﬁOcoide@tal veins; the &ig-n
placement would appearﬂto be about 200 feet vertically, dowa-
. ward'to the east, and about 300 feet horizontally to the gouth-
east on its eastern side. This, however, is vety far from the
A‘diSQIaoemeat of the Mizpah vein according to préVious oorrelé—
tion, but would be about correct If.the block of the vein east
ofAthe south fault mined. as the Mizpah vein vex; in reality a
blodk of the North vein. 'If such is the case ap pqmineQ bl’oc_kh~
;0f the Hizpah' vein should lie further south. A cross ocut to
. explore thls qituation has ‘been recommendea for some months
auﬁ 1 believe hasg recegtly been started., Until the results
of this work are avail&ble anJ egtimate gf the dlsplacement
on the South fault must be considered as tentative. dn the
1000 apd 1100 levsls, the rock exposed west of the South fault
is largely glaassy trachyte, Shlle oa higher levels it is mostly
'Mizpah tiaehyte with West hnd rhyolite. Bast of the fault on
the 1100 level, although the rock is gtill largely Mizpah
trachyte, Manaaa bregcls appears. |
The ﬁizp&hvfault, of north-west atrike'and rather
flat north-easterly dip, is at the surface in the eastern part
'of %he T0nopah Mining pr@perty,"enters-the Belmcnt‘proper£y<
near the Desert Queen shaft & short diatance above the 600 level
- and extends downward %hrough'the workiags crossing~the Belmoant .
ghaft just above the 1400 level. This fault is complex, variable
both in dip and strike and appearg to be composed of ‘a conalder.
able number of smaller faults along which movement occurred
at diftferent times, the planes of later movement faultlag the

earlier planes, thus introducing irregulatities into the
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general course.. Séme faultihg had pfobably'ogqurréd on tﬁis |
| géneral.course béfore vein depositibn and quartz with moderate ,
values was deposited in places on some of the earlier planes.
The later and most of the more prominent planes' are, however,
definitely later than ore. The Mizpsh fault shows a distinct
tendency to spliﬁ into components. Iun the Belmont area thisg
tendency is probably greater to the southeast Qé the viciaity
of the Mizpah and Belmont veins. This may be seen from the
,faultiog of the South vein on the 1000 level. ‘From,somé a8~
pects,‘the South fault may be considered as a split from the
Mispsh fewlt. o
Ali ore in the Ton&pah Miniag proPerty i west of
the Mizpah fault, the roektp +he east being the Midway andesite
phase, which exteands ia the Belmont,prgperty down tq about the
800 level. On accouat 0f the various planes of movement in the
liizpah fault zone, the-splittingian& the intersections of other
faults, the movemsnt on ﬁhe-Mizpah fault zone varies greatly from
place to place. The total vertical displacemeut is probably
700 feet with horizontal component of 1100 feet or more in 2
nearly easterly direction. Part of the total displacement
‘below the 3ﬁuction in the South fault is on the latter. Thus
the Mizpsh &n&‘Balmont veins, which are correlated as one
- vein, are not greatly faulted out of line, although the orig-
inally adjacent parts of the ore shoot have been separated
by long distances both varticaliy and in east-west direction.
The i{izpah fault displacement can be more defianitely ascertain-

ed after the axploratidn recommended in the block between the

South and Mizpah faults.

There is little direct evidence as to the movement
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on the portion of the Mizpan fault io the more northwesterly
worki?gs; Beveral hundred feet vertical displacement appears
probable from some aspects, 1985 from others., This is im-
portant from the ataudpoint_of futura ore discoyeries, and
evidénde should be aceumulatad toward more specific information,

On the Belmont fault disulaoement appears to be
about 300 feet vertioally ana abont 400 feet horivontally in

direction about Horth 70 degrees East. The amount and directiaa

of movement has probably varied somewhat on different parts
‘of the fault. In general the displacement of the block of

ground east of the Belmont and Mizpah faults seemsto have been

governed by.ﬁhe piteh of the trough‘férméd by the intersectlion
of these faults. It is very probable that. the Flaf Favorite and
the Shaft véina are one vein; &also the 955 and Lillie Beila
veins and the Rhyolite and I.0.U. veins ag shown by gpecial maps.
ﬂhe positions of the continuations of other minor veins, asg the
smaller rhyolite veins, would seesm rather definitely predictable
subject to their coatlnuiag reasonable distances.

Still further east velns and'stOpes have terminated
against Qddie rhyolité pitehing eastwar&.' There is coansiderable
rsason to believe that the contact is largely formed by two
faults both dipping eaaterly, but one strlking northeasterly
the other northwesterly, or perhapa by different steps oa these
two coursss. Exploration workings hava not penetrated beyond
thlis contact to any considerable exteab.

These cbnditions can be most readily‘understood

from the meps., As the movement oan fault planes probably

varied in character and was modified by splitting and intersec-

tions, the evidence and deductions’which have been made do
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not apply accurately to the Whole extent of the faﬁlté named
and the preseunce of ma@y migor faults mddify the relatlons 6f
different parts of blocké separatea by one or more of'the |
larger faults. The conditioas are favorable tot more acourate
interpretation through the acoumulation of evidehce yielded by
operations, and is aecessarily more susceptiblé to both expo-
sition and use by mapplag thén'by-verbal dssqrgpfion. . The con-
stant apaumnlation and mapping of uew'evidance is strongly re&- |
ommended. It should prove very valuable. | | | )

| The Belmont Mine may, therefore, be divided into.

‘major iault blocks as follows

West of Stone Cabin Pfault. -

A -
- B - Bast of Stoae Cabin; west of South fault.
C - East of South fatlt; west of mizpah fault.
D - East of Mizpuh fault;, west of Belmocat fault.
E -~ Baat of Mizpah and Belmont faulis; west of Oddie
: -7 contect faults.
P - Baat of 0ddie contact faults.

‘If veluas, igdédus contacts and other features are
considered according to the levels shown ia the following tabu-
lation on each horizontal line for t.e various major fauiﬁ biocks;
much of sffeet of‘igulting will be dlscounued This is fran&ly
& tentative arrangement subject to correction by forther data.
Some agpects of preseant data also point to other levels as
c¢loser the truth than those selected. This 1s a start on a

method that should pfbve valugble.
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Tentative Approximation at Equivalence of Levels
in Major Fault Blocks, Belmont line.

A0 B ¢ 2 £ .
(1) (4) 6 7-8 10
(2) (5) 7 8-9 11
(3) 6 8 9.10 12 Unocertain
(4) 7 9 10-11 13 or
(5) '8 10 11-12 14 Variable
6 9 11 12-13% 15 :
7 10 12 13-14  (16)
8 11 13 14-15 (17) '
9 12 1a 15-16  (18) .
10 13 15  (16-17) (19)
11 14 {16) (17-18) (20)
12 15 {17) (18-19) (21)

A3 (16) (18) (19-20) (22)
14 (17)  (19) (20-21) (23)
15 (18)  (20) (21-22)  (24)

: An accompanyin map shows géo1ogical'mépping ae;‘
cording to this scheme, - startiag with the 600 level in Block
A and extending to the 1500 level in Block.r. The method of
é0anection of the véfioﬁs blocks is ghows by arrows. This map |
illustrates the possibility that the mizpah veia may have been",
displecsd by the South fault to a position south of the present '
0penings ‘in the vicinity.

A series of maps also illustrate the approximate con-

ditioans of probable displacement of the Belmont fault. Ia this
- oage, the coordinate system is disPlaqed on the two sides of
+he fault so as to show no vacant area between the<twq bloscks,
thus, theoretically bringing into conjunction points that "
were together before faulting. There are minor discrepéncies
due to causes'previously mentioned as well as to inexactness
or variation from point to poinf between the actual and assumed
fanlt displacement, but>fhe'fit séems good enough to warrant
belief thet it is a fair approximation to correctness for at

least part of the area.
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Longitudinal séctions of the Miépah~Belm0nt~and
Flat gavoritenﬁhaft veing, also compiled for this report,
show the éffeats of major faukting from a différeqt agpect.
. It is believed that the West End rhyqlite showa
on the 600 level west of the Belmoat property‘id,fault Block A,
on the 900 in fault block B and on thé 1160 in fault block C,
with the glassy trachyte below are oan abat the orest of the
6ontinua£ion of the aaticline previously desoribed as extend-
ing east from the vicinity of the West End mine. Ia the Belmont,
in-addition to being mudh ogt up by faulting, the rhyolite is
split and the anticlinal form is less perfect. The mass of
rhyolite to the north ia the vicinity of the Rhyolite vein
1system is of massxve form and occupies - relatlva positlon to
the anticline simllar to other rhjyoclilte bodies father west.
In a broad way aside from-faulting, the geologlecal relations
in the Belmont area appear to be similaf to those for several
thousan& feet west aluug the productlve extent of the district.
The various vVeins in the mlne in their relationq’
to rock formations and faults can best be seen on the maps and
sections. Their productive importance is illustrated ia the
following table giving tons produced from 1913 to 1923:

Table Showing Tons Mined from Various Veins in Belmont Mine.
March 1st,1913 to June 1lst 1923,

Belmoat Veln : 389,827
Shaft Vein 166,402
Mizpah Fault Vein S A, 726
Mizpsh Fault Vein Branch 4 (Flat) 27,090
Mizpah Pault Vein Braach B 18,009 -
Mizpsh Pault Vein Branch C . ‘ 16,388 |
Mizpah Pault Vein Braanch M : 1,303
Mizpah Pault Vein Steep Branch 7,226
Mizpah Fault Vein H.W.Branch 236
Mizpsh Pault Vein Miscellaneous 123

s e

Total, Mizpah Fanlt Vein System 118,101
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Table (Contd. )

Favorite Vein (Flat, Steep & 1087 Branches) 168,528

+ Lille Belle Veln
Occidental Vein (Includes 11008 vein)
Thanksgiving Vein
Middle Vein (Includes H.W.Brauach)
Westera Vein
North Vein
Mizpah Vein .
South Vein (Inoludes 10004 Vein)
' NeVada Yein
- Shoeatr*ng Vein
;Rasaue Yein
Rhyolite Vein
Bo. 711 Veln
Ho, 729 Vein .
No. 725 Vein
No.1173 Vein

Few Rhyolite Vein -
Total Rhyolite Vein System

Ro.l220 Vein

No., 965 Vein

N0.1083 Vein

H¥0.1320 Vein

Ho. 850 Vein

50.1406 Vein (Gold Vein)
Miscellaneous veilns not segregated

Total -

L}

31,368

44,088
22,831

26,438

53,086

. .87,427

106,780
118,540
| 316

32,194
41,560
177,686

14 588
4,000

929 .

2,187

.W"

20,450

5, 733

2,874

7,978
3,966
357

16,074

1,680,232

TOﬂﬁ. "

Lazge production wags made from the Mizpah Belmont

and other veins before 1913

It gshould be noted thut the folloeino pairs of veins

The lizpsh and Belmont veins..

may bhe correlated with reasonsble approach to certalaty.

The Blat-favorite and Shaft velns,

The Lillie Belle and 953 velins.
The Rhyolite and 1.0.U. veilas.




"oome down to the Mizpah fault betwsea coordinates 250 and 1200

‘Under such correlation it is useless to Look for the ore channel

| which fed the Belmont vein below the Belmoat stopes. The

report that the conditions pecessary for ore sre rocks older

& ® 0

~ Fron inspeotion of the Special Belmont fault maps,a
other correlation of minor velne are apparent, as well as
proba£l° opportunities to open continuation of the minor
rhyolite veins east of the Belmont fault, till more correla~-
tions caa probably be made followiang work recommended, as the
exploréﬁion'aouthliu.the South-Hi zpah fault block.

The pracﬁic&l}efféct of sudh>correlatibns‘may be
seen from the Minah-Belmoﬁt gtope eleva%ioh.k'mhere ig a very

great probability that the Belmont ore shoot, on which stopes

east and gxeach the fault from the lOGO to'nearly the 1500 level,
were before faulting immediately over the di zpah stopes thch
come ap to tha Mizpah P&ult betwsen coordinates zero 2nd 1000

'west-aad-betwesn the vicinity of the 600 aad ‘the 1000 levels.

channel whlch fed both the Belmont and Mizpah stOpGB must be
looked for & th ousand or more feet west.

1% has been stated in a preceding section of this

than ore ﬁepos;tlon positvon alonv the conrses of ore flulds

éﬁ& nhvsioo-chemlcal conditinns at the time of 1ngectlon of

Yy

ore fluids pﬂrmlttlnv deposltion in the partlcular places,
It iz concluded in this report that, in the Belmont
as elaewherﬁ in the district, the rocks probably oldar than ore

denngition include the main mess of andesite rocks lacluding

t&e,Mizpah (trschyte) phase, the idway and Caleitic phases,
the closely assoclated rhyolitiec rocks which are regarded as

stortly precading ore deposition including glassy "trachyte"
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Montana or thensxon breccia and West mnd rhyolite, and the
formstion here called Silver ;oP rhyolite. These -rocks are B
regarde& as potentially ore bearing where on‘courses of ore
fluids. Oddie rhyolite and the sssociated Toaopsh rhyolite
would seen to be probably later than ore depositioﬁ; Attempt
should bé made %o diétinguisﬁ betwéeh the rocks called Silver
Top thyalite and Tonopah rhYoliﬁe.-'TheAforﬁer;haa heretofore
been included in the iatter classification, but it does not
'closely resemble O&die'thOTite. In those rocks especially.
- from whlch eomme*cial ore had %een pro&uced “exploration
should be reatricted to the probable vicinity of ore conrses.  _
Galeitic andesite'islregarded a8 an andesitic i
 alterstion phase probably Aot éctuaily on the céurses of ore
- fluids, from which typicglly it’seems to be separated by West
End'rhyolite and associated rhyolitic rocks, though it has
frequently beeu_fdund in line with the course of ore fluids
“in the upper levels, projected downﬁérd; Possibly,*hoﬁever,
under somewhat differeant conditions of depositionsat greater
depths, it may be found associated with ore. - In the Belmont
mine, very little or no ﬁypicgl‘calcit16 andes1te has been
found. Apparently below the horizqn of West End rhyolite and
glagsy trachyte in the 1400 and 1500 Belmont levels below the
 Mizpah fault, the andesitic roeck in .~ geological posi-
tion where the,ealcitic—phase might be expactedbis more nearly
of the mizpah phase. The alteration appears nearer to that
accoumpanying ore and may be coastrued &s more favorable than
the caleitic phase,
| in the upper workiage, as ia the viclalty of the

Belmont vein arouand the 800 level, the Midway phase or rock
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intermediate aetween the liidway and Mi: p¢h phases ag;ea*s.
i mhls,rock thoug gh on the projaction of the geneval course _’
of ore fluids is believeu to be beyond the limits of effeotive
penetration or act1v1ty of the ore fluids or ah&aring solutiéns
~affllliated with them., Similar ;onditiens,appearfin the vicin-
ity of the uppe:‘parts of the Sduth, Favorite and Rhyolite
velns. These veiqslwhere unfsulted appear o tbrminate gra-
daally moré‘cr less coincidently with the chaaée in altera- “
:tibn of wall rook"frém the more fﬁvor&hieifo the less favoréblé
type. 1t appears theyefore that the phvaica~chemical conditions
gra&ually beooma 1less favorable, an& iinally unfavcrable for
| depositioa. The so~cu;led Mianan vein comes up against the
| Mizpah fault in full strength. The so-called Belmoat vein aa‘
previously noted is its unha:a contlauation.

Going dow nward most of the velas are iound to en-
-couhter‘ﬁest End,rhyolite, though the SO~OallEd Belmoat velin
en&s agélnat the Mizpah fault, the kiap&h veia ag noted belog
its downward ocontinustion. In the case of the Miapah vein,
both ia the Belmoat proPeruy and farther wast, ore *ypieallj
continues while, &8s is coummonly found first, the rhyolite ap |

pears on but oue wall, but profitable ore is not found to ex-

tend any considerable distance into the rhyolite. The vein ap-
pears ususlly to flatten from 1ts well defined course displayed
ahove snd becomes less well defined, splitting into siricgers

- wad "frazzliég"‘into zonas of silicified roock. It im belleved
that these areas Wers on thé'coursesvof ore fluids but that the
temperature was too not for ora deposition. The situation has
buen somewhat complicetad by f&ulting along the velas ia places,

Ia the case of the Shaft veln, value appeared to
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,penetrate the West End rhyqlite ﬁofé ﬁeﬂiqitely at oane point
thaa*at"any point observed in connection with the Mizpah vein.
The Rayolite vein system in general penetrates the West End
rhyolite without characteristic change in étreﬂgth or value of
ore. This ocondition is regarded as resultiang from cooler tem-
paratura'at the time of deposition. There are some indioétions
that more northerly veins may be fouand to peneﬁ;ate the rhyolite
more freguantly than more‘égutherly veiﬁs,

¢ The tendency shown strongly in the western part of

them&iéffygt‘%or:yeins-t;’join tﬁé Weét Eﬁd‘rhydiite'odwzﬁe n&féﬁw'
limb of tﬁa anticline and extend downward in it or on its con-
tacts_for’long distaaces ﬁay also prove to be characteristic:
of the Belmont mine, fhough here, the sntlcline, even aside
~from faulting, appears.to be less perfeqtly developed. The
ilattening dip to thé noith, men%iéned abové, suggests'the con-
Atiauation bf thié tendencj;» o . o
In the weaterﬁ part of the district, westerly piteh

is characteristically displayed. Iua the Belmont mine, the |
ebuandant easterly dipping faulis give the appearance of easter-
ly piteh. %his is merely an appearance due to a cause later
than ore deposition. The Belmont 6ré gshoot quite definitely
pitohes westerly, and this is belleved probably characteris-
tic of the ore shoots in general. It seems probable, there-.
fore, that, in general,—the dqwnward courses of ors fluids

from which the velas in the Belmont mine were derived, should
be looked for to the north oa the dip; perhaps usually a
flatter dip, and along & generslly westerly pitch from the
lower pértioaa of the veins as developed.' In {the search for

such ore courses the effect major faulting is of the greateé§

\
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importance and should be ‘allowed for as muoh as posqule.

" Phe more abunaant faultq in the Belmoat mine which div easter-

ly and displace to the right wonld have the effect of causing
downward coatinuations to lie still farther to the north and
wast. , 7

' It would seem entirely probable that the veins .
that penatrate tha‘Waqt"End rhyolite with good ét?ength and
value gan also panetrate tha Hontana brecola and other older

rocks with coatinue& valne. The tendency for an increasi ‘g

“amount of ‘ore to lis in tne Extension breccia at depth is

uhowa by ﬁhe Murray vein, suggesating that the ore fluids may

have been injested on a course steosper tbﬂa the rhyoline con-

"taet.and §oined the rhyOlite at about the aepth now reached.“

In the case of veins whieh do nob penetrate the rhyolite In

good stresgth and value, the fallure in depositida would seem

more aef'mi'celv' a{ie“%d"'t‘héhigh temperaturs of the receatly

1ntruded rnyolite thaa to an assumnd peueral high temperature
of other “ocks at the same horizon. It would seem theoretical~
ly possible 1n such nasas that ore might be deposited hoth above

and below the rhyolite but not in it. Theve is no de*inlte

-gvidence on thig poin% but it is of interest as & possibility

of deepecr ore in the ore courses that fed the Miszpsh vein. It

canncot be assumed, however, that 1f ore does exist in the deeper

‘rocks in the general Belmont area, it will prohably be founﬂ

most sbundantly ia the courses that have fed the moqt nroouctive
veins above. It would be entirely eaqon&ble to exppct thet
the relative imporiancs of déposition from different ore courses

4

vould vaxy much at differsat horlzous.
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REC OMMENDATIONS .

General Recbm&endations:

.Value in veins and stringers is importaat gedlogio-'

al . evidence and reoorda ofassaysof ore in place and produc-

tion recards of veins should be kept in such form as to be
:eadily cdmpared with other geologloal data. Assays should
be entered on geological maps where they have important bear-

ing, as in isolatediplaces. Continuous véins may be shown

- by color without détailed assays but any sudden change of value

with change of formatlon, fault or otherwise, should be indi-

' cated. Abnormal gdld-siiver ratio and unusually large base

metal contents should be noted.

All acoessible workinzs on veins, including stopes
and development places, of?Whioh there is not any assay record
now available should be systématically gampled and mapped. This
appliés bdth to unmined pillars and blocks of vein matter, and
to uamined portions of the total: width of the vein including
strhngers *hat may exist in the walls of the main vein. Addi~
tional slabs of ore in the walls are likely to have ezmcaped

notice more frequeantly than blocks of full width. In counec-

tiom with this work the ailuting effects of faults, by mixing

waste with ore, should be taken ianto consideration and a few

shifts work should be done where such dilution 1s indicated,
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possible and important.

o e

to expose solid'veih matter. Wheéé workinés terminate againsf
faults', knowledge of what exisﬁs beyond should.alﬁays be obtaiqﬁ
ed. St0pe sections should be made at regular intervals where
: +
Stope elevations should be made for éil of the im- -
portant véina for the length of the property. F?ultyhlocks of
veins that can be-correlated should be inéludéd;dn the same

sheet, even if they havé formerly been dalled by different aames;

Suoh stope elevations should show faults, veln intersections

change of formation and similar important information. "hey

should be made,for -

The Mizpah ~ Belmont vein

The Shaft - Flat. Eavorite vein

The South vein

The Occidsantal vein

The Lillie Bell ~ 953 vein

The Rhyolite - I1.0.U. vein

The other rhyolite veins with their con-
tinuations east of the Belmont fault as they may be
developed and identified. Other minor veina as they
may bhe correlated bayond the Belmont and other faults.

The stope elevations are not now up to date, aad
some places are showa unmined which have been mined., The
Company's operating staff have the ore shoots as they remain
oa the proparty to mine. The staff should account for each

bloek of the oreshoots elither as miaed out, ore regerves or

possible ore, or unminsble for some specific reason which should

be kept conveniently available.

The course of pasﬁ operations should be reviewed
through consideration of development and production repoxrts %o
ascertain if working placeg may not have been4tem§0rarily aban-
doned on asccount of some immediate causes and work no% since

resuned. The work that was golag on just before strikes =nd not
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resumed afterward desérvés'ﬁpééial consideratioa, él§o~£hé
changes in working ﬁlacas beforé aﬁd after miil shutdowns and
st times when new rich o;ebodies were opened after periods when
the desired grade of mill heads had beedi?btaina&ie or obtaina-
ble with Adiffioulty. | |

" In earryiang out future development work, the relative
geological elevation of wﬁrkings in the variouslﬁéjoi fault
ﬁlocks, as &istiagniahed frow the aatué;Aelevatidn,_shoﬁld be
'cgastantly considered. Thus, ﬁdrkings qggt of the Beimoat‘faulff
‘appear to be about 300 fi. éeaper"gsologidaliy than workings east
of‘the faul€;' the eagtera Belmoht'lEOO workings appea: to. be 0o
daeper geologically than_the eagtern Mizpah (T.M.Co.) 500 workiugg.

‘The interesi of Poremen and hosses in new ors shounld

- be encouraged. v _ ‘
| Geologicalé_aséayimg and engineering records should
be kept up_tb date and conVehiently‘available uhtil the mine |
proves by its record that it is coming to its end.

| The mine assay records show ore in a few placés not
being worked aand geatteréd agsays of interegt in.several placesf
Lists of pluces vhere work can be started on ore or.iﬁdicaxions.
when coaveneint in coanection with other OPefatiods, would be a
valuable addition to mine records. Such places woﬁlﬁ be indicat-

ed by symbols on the mine maps. o - : : .-

Special Reeommendatious:

The best way of flnding ore blocks remaining in the
knowan velins is by systematic work of the sort recommended uander

Genersl Recommendations. This applies eSpecially to the larger

snd more extsnsively mined veins. Included herewith are prigts
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of longitudinal elevations of the Mizpah-Belmont and Flat
Favérite- haft veins, compiled from partial elevations at the
mine office. The hlocks shown as unmined should be accouated
for. Some hloeks,are uadoubtedly mined; some qre undoubtedly
remains in blocks Shdwu as mined. Thefe-shouia'be similar ac-
counting for bleocks shown a8 uamined on similar ele;atiohs of

other veins, which should be prepared. Any blodk which eannot
 Pe accounted for should be investigated. Such system&tic work
w111 not only result in effioiency in finding ore, but will save
mining expense by preventing the- necessity of- minzng several
tiaes io ohq area. With the results of such SJstematic work
a#&iléble,‘the_best points for exploration and the amouats of
exploration wbrk ad#issbie at each pointjcau be‘moré accurately
} Vestimétea, enahlidg saving ia dévelopment cést. Such systematio
work would probably point direcﬁiy to faulted contimuations of
some of the minor veins. '

In the case of a mine such as the Belmont it is im-
practicable in most cages to lay out in advauae spaaific courses
and amounts of exploration work which are not subject to change
a8 changing con&itiona are encouutered. . Oa the other hand, when
the exploration of large new areas is undertsken work should be |
planued to reach the areas of the greatest interest-répidly and
conveniently. )

For purposes of general explaration at depth the
1500 Wes% crosseat should be continused westerly from its face
aélabout 2180 south, 250 west. Cross cutting should follow ac-
cording to conditions ehcountered. "hese workings will penetratse

an area that has not been explored for several huadred feet above,

end the workings to the north from the main wes’ cross cut,

ecclichy
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will penetrate the rocks on the probable dowaward course of the

chanael of ore fluids which fed the mizp&h~Belmodt;vain._ Detail-

ed exﬁloration should be indlocated ia the light qfvthe now condif.
tioans exposed'and the conditions aronn&:the‘lowe;'port;ons of

the Mizpah vein on the levels abave aﬁd weét of thé Stone Cabin
fault. Ia this aonaeotion, an area of 100 foat radiua about

2000 south, 400 wsst_on the 1000 level is of 1nte:est. Ia this )
vicinity there are a‘number'of quartz.expdsures= mast bf‘which,
are evidently of low value with their eourses not clearly _ex-
posad, but as a whole lying oan, or aomewhat to the north of the
general downward courae of the Mizpah vein. Sampling and assay~
ing With-a modsrate amount‘ﬂf éxplorato:y work’tb'clarify'the

situation, would seem advisable. The coantinuations of this ares

"~ on the 1100 and 1200 levels could then be explored if 1% proved

desirable. . o 7
\ Tha'poasibiiities in coannection with the downward
cdntinnations of the Rhyolite'veins between the Mizpah and Bel-
mont faults are not well explored below the 1100 level. It would

seem advisable to coatinue the oross cut north of the 1200 level

&t about 630 east.

For general axploration the furtheat north-west
cross cut on either the 1209 or 1300 level should be extended.
The former has the advantage of ﬁeing out further; the latter,
the possible advantages 63 greater depth and of probably being
{acoording to the possibly ircorrect information available to me)
at about the same elevation as the'deepést level of thé'GypSy'
Gueen, with which a future connection for good ventilation

might be practicable under possible circumstances.

A coasiderable mass of Mizpah trachyte occurs on.




; }the Mizpah vein may‘exist to the south.. ‘A cross cut on thaz;

the 1000 and adjacent 1evels, betwevn the South an& Mi&pah faults

which has not been adegquately croas out.; The mive staff have

considered th at the Mlapah vein has been mine& in thls block

_but the effect of the same faults or other veinstis such that

there remaing & possibility that the vein mined was the Horth

'veiu. not the MizPah ve;n, and that a large unminad block o?

?3

1000 leval about parallal thh the South fault startinw at

20 east - 2390 sonth hasg been surongly recommeudea to extend?"

| 200 feet if nathing 19 previoualy enbountered.

The opening of tha I 0.7. vein last December was

the first work to discover %he cantiuuation of the Rhyolita
veins east of the Belmout fault. Work to open the I 0.U. vein
on other levels is well plannegd, prograssing well and is ap-
pxoveﬁ. Orcss onttinﬁ north of the same levels fof soatinua-
tiens of the other rhyolite veins ‘eagt of the Belmoqt fault
ghould be nadertsken at propitions time, The most favorable
jevels would seem to be about 300 ft. aeeper east of the fault
than those shown as favorable by records of production west of
the fault. There mey be good reason for gome delay ia this‘work.

| - %hea the 1.0.U. véiq.is well opened up on several
levels near the Belmont fault; the record of the Rhyolite vein
shopld be serutinizeafto ascertalin if it was mined for‘similar
vertical limits to thdse ghown by assays en the 1.0.U. vein with
regai& to fault displacement. Such investigaticn mey lndicate |
ths possibility of more mineable ore ian the Rhyolite vein afb aomé
particular elevation and will serve as & correation of the
csbimeted displacement on the Belmqat faﬁlt.

; 'yw
\\lw"
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The unexploted area north of the Shait veln and -

- east qf the Belmont fault on the 1500‘1evel,desé?ves exploration.

‘{The 1500 level 1ia the deepest reguiar level on the Shaft vein

! though there are two Lntermediates between the 100 and 1400,

‘connecte& by a raise from & 1400 eross eut, which &oes not ex-

tend sufficlently*far gorth to reach the Shaft veia if its dip
eontinued narmal. Although gome apparently a&verse conditions
were disalosed more exnlonarion on the 1430 level is advisable{ 

On tha 1503 level a oross aut should be driven north-

N

‘easterly from s comveaient point nesr the foot of the raise %o

the Gold vhin to explore for the Gold vein on the 1500 level
and extend to the inah fault in this viciaity. This work has

recently beea started. The. barren quartz north and northwest

of the foot of the raise should be investigated furthar. A

northwest drift on this quartz would qeem a favorable means of

exgloration ‘of the large area of deep vocks to the northwest.

It is regarded as posaible'that guch 8 large guartz veia, large-
ly barrea, may occur oa & mein course of miﬁeralization and may
contain ore in more or less pipe form.

Attempt should be made to extead the limiﬁs of pay
ore in the Gold vein on the 1400 level. The eross cuf to the
gouthwest from the Goid vein should bé exbended 100 feet or more
to explore undernsath the exposure of»the Mizyah fault Veln B
on the 1300 level, where it contalns good ore, and'also to
axplore for the upmard contlnuation ef the barrea quartz veln
at the foot of the raiae on the 1500 level, which is trenaing
jia this direotion. The continuation of the Western vein on

%he 1400 Jevel may be ount from the face 120 £4. northwesterly

trom the Gold vein or by explorimg northwesterly oa the genaral
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"'ceurse of the Gold vein.

o Work up on the Shaft vein from the mzon level is
attractive not only because of‘the ore found to be remainlng,
but because}ora axisfs ia the Lillie Belle vein sbetween the
1300 and 1200 levels. - sy

/ﬁﬁ - The oontinuation of the east drift Belmont vein,
} l%DO level for a distance of 500 ft. aloug the line of the

vein womld be gocd prosuecting and would lead te a veatilation

e SN S

nection of the latter mine with the Mizpah Extension. It would
. seen that Yentilation could thus be leé to the 1500 level.

| The southea&t'crosséut 1506-level was driven
largely 6n acﬂéunt'bf an optien on the Buc&eye proPerty Ey

cantinuation for 1300 foet a connection could be made with

gonnection with the Halifax on about the same level near a coa—:

the Bucxeye Shaft. This would be expensive and I do not regara'

it as ve&y‘attractive.expldration, as I think that this ares
is south of the main course of miaeralization.
”he east drift, 1500 level, should be re-opened be-

yond the cave. Glasqy trachvte to the east is said to contain

a few dollatrs per ton fcr a considerable area, As tnls is the :

" lowest part of the main Belmoat veia, it is importaat.
The following additional notes are offereu for
consideration. Ia some cages the advisabllity and character

of work would depend on resulis elsewhere and in many cases the

amouant of work would depend on results of the first few shif ts.~

900 Level. There would seem & possgibility of ad-

ditional ore above the 90¢ level in the south vein. Y

Y

\
1000 Level. (270 East, 2360 3.) The Belmoat vein

nwere has not bsen followed west to the Mizpah or Belmout fault{
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I+ would seem advisable to coatinue the drift to see if some |

=}
ore may remaia.

1000 Level(280.W., 2355 S.) A buach of dtringers
striking easterly in glassy trachyte at tﬁis pofht‘shows con-
giderable zino with low sulphur values. As this is about oan
line with the Mizpah vein a few shifts drifting may be advisa-
ble. ,

1000 Level (320 W., 2060 5.) Cross cutting north-

westerly about 40'feet~froé this point would expose the G.T.,
M.Q.'cbnta%t'carrying g2 quartz vein ézposeﬁ“elsawheré in the
vieinity a&& carrying some values not far ﬁistant. This may be
the main channel of ore salutions feediug the Miz;ah vein on

‘ 1evels above most of the suuth faults.

1000 Level (400 W., 2000 8.) The zrea of aboub

100 feet radiue around this point contains & number of quartz .
exposures which would seem to justify s moderate smount of
exploratory work with assays of fresh exposures. ‘

1000 Level (450 ®© 430 W., 1560 to 1610 S.) One

4o thrce feet of guartz, considerably split and broken, is ez-
posed ghowing silver minerals. Work on this is adyrisable at &
convenient time.

1000 Level (600 W..'2110 S.) Cross cuttiing westerly

from asbout this poidt would ghow amount of'quértz on the lew and
Stone Cabin Ffaults at about this Jjunction. Five or six feet of

gquartz is now exposed but there is apparently more to the west.

A few feet of work ouly ii there are no eacouraging results would

seem degiruble.

1000 Level (1175 T., 28260 S.) Some feirly good look~

oy



"ing vein natter is exposed in the Belmoat vein at thig point.

It should be investigated.

1000 Tevel (sbout 895 E., 1510 S.) Good looking

stringer should be sampled and followed if assav enoouraging.

1100 Level (About 150 E., 2320 8. ) If work on the
1000 level in the same vieinity, eross cuttlna south. shows

encouraging results, work here would be’ Jdviaable for‘the same.

- reasous.

¢
v

1200 Tevel.(1100 to 1200 E., 1700 8.) Cood values

are shown oa the hllle Belle vein which will be stoped when

‘coavenient.

1200 Level (500 £., 2400 §.) 7The Silver State vein

on this 1svel is on the contact of the il.T. and the North and

‘W.E.R., to the south. Although this vein has not been productive

“in an lmportant way on this levsl or zbove in M.T., the possibil-

ity should be kept in mind that it may be better in W.E.R.
| 1200 Lovel. The area to the north of Lillie Belle

tein deserves exploration according to results above and below,

1200 Level. This level west of and below the Lizpah

fault is but very slightly explored. Further work may well be
desirable aftér other work recommended. There are apparently
large aroas of Mizpah trachyte. In this direction oa this‘levél
abont half the total Belmont property is panetr&fed'by no openiags;

1300 Level (750 E., 2100 £.). Assays on quartz

streaks here and southwest toward face. Exploratory work if
cncoursging resulis of assays.

1200 Level (300-400 T., 1770 Scuth). There is a

zood string of assays on Mizpah Fault Vela B.

o
Vet
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1300 Level. Exploration to north for downward

continuation of rhyolite veins if results on 1200 level ars

encouraging.

1400 Level.(795 B., 2005 S.)}. A quaktz stringer

‘striking east-west about 1 foot wide showing slight minera1i4 .

zation 18 exposed in Mizpash trachyte at this poxnt which is
apout oa line for the Qownward continuation of the Mizpah vein

below the Minah and Belmont faults. On aacouni of this posi~

“tion a wast d=21ft should be run on this strionger with some

cross euttiag further west pefore the plaoe is abandoaed.

1400 Level (1200 E.. 2010 §.). West End rhyolite'

is exposed about &b feet in the foot wall of the Belmont vein

" at this point with steap dontﬁét carrying‘quartz. Io view of

the fsct that velas in M.T. ia the Tonopah yining and other pro-
perties to the west exteud downward in M.T. to W.E.R. and then

end or flatien to the north on a W.E.R. contact, the Belmoab

vein betwsen the 1400 and.1500 levels in this vicinity should be

‘examined to see'if simllar conditions, not exposed in the present

condition of the workings mey exist there.

1400 Level (690 ., 1640 S.). The 2-foot quartz vein
averagihg‘abundant pyrite but not much value should be remembered
ia %Qpnection with other work in the general viciaity oan this
leVeiSabova and below. |

Drifting on'the parrow vein about 370 feet south~
viast of the Belmont shaft on the 1600 level in the glassy
trachyte area is advisable. This work is under way. It shoﬁle
be conbtinued Ffor & moderate time accordiang to results. Yrom

general congziderations, as much work of unprofitable character

I
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is not rega:daa as justified in ‘this direction ag more to the B
| uorth nearer tha probadbls main course of ore fluids but the
1 erratic high assays justify develoPmant in moderation for possi—

. "*“ '
dle immediate results.

COnelusions. R : ;
o : At t?e closa ef 1907 the situatlon in the Balmout
}»‘prOparty was somewhat analagous to the present sxtuation. Ex- '
Yosed ore was 1na&eouate to supply the mill for ahead and con-
tinuations of ore were reatrictea by geclogloal oonditions.
There appaared,,howaver, very good reasons to hope that a
stroﬁg continuation of the vein gsystem might be5f0uud eagt of
and a.bové’ the x;ﬁzpah'. faﬁlt 'biu;, not maéhing to the surface, as
similar cepped continuations of the vein system had beea fouad
in the westérn part of the district. The 1000 easterly cross-
cut -was being driven to resch that pertion of the msin area of
the'preperty east of the Mizpahyfaultlthat was considered in
favorsble poeitidn for the eaétward continuation of the Mizpah
vein, whers north-south cross cuts were to be d}iven in further
search of ore. This work was terminated. Events have showa
that 12 it had been coatinued the maln Belmoat vein would have
been reached mors than & year earlier thaa waéithe case,
Atvpresent, the large ore bodies from which fifteen
million doilars profit have been earned are restricted by
chaaged conditions in coanection with the deeper rock forma-
tions, but of recent years, ore 1n_the westera partvif the
¢digtrict has beea found more abundaatly below the orliginal

ore-bearliag formatlion than in it. The mine that has been mest

SO b
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succesaful in finding such deepér ore has done so by acquiring |

',ooutiguous prOperty.

The chancas of similar eonditions will warrant

'vexploraticn of the TonoPah Belmont ¢ ompany and the acquisition:
"‘of new prouerty or mining rights on favorable terma is desira~

bla in order that operatlons on any ore. bodies found shall noti;”' j

-7‘.

be hampered by the present proparty boundariea., )
| A good mige that has been axtensiveTy worked at

}arge profit dose not usually come to its end éuddenly. In the
later stages of operatlons one of the moat successful Ways ofR_
finding ore within the limits of old ‘mining operations is by |
continued mining. ﬁtoping,OPeratious on ore not good enough %o
fepay”its share of overhead egpenéé frequéatlylleads td‘thev
opening of ore-bodies of good grade. ¥ith cporations of this
nﬁture, it is difficult fo expose a reserve of measurable toa-
nagé and the resulté of oPefations in profitvof idas musat become
variable from month to month. The end of the mine'is not indi-
cated until the ahsence of profit is demoastrated over a period
of moaths. | |

The sesrch for ors in the deéper rocks might logic-
ally have besn carried out earlier when aperatioﬂs;were more
profitable. Current monthly profit is now sufficient to more
than pay the expense of the monthly exploration proposed. Thexe
is reagou Tor strong hopé that fhis condition can be continued,
but it canaot be stated definltely that it will continue.

The Belmont miae must now be regarded 48 8 prospect
which is now self supporting a2nd may be hoped to continue éelf~
5up§orting; vhieh hag a good aumber of chances for increased

profit for longer or shorter limited periods and a tangible
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chance for becoming again a very profitable mine; aand which

is eqﬁipped'for operations on any scale than oaﬁ}bevantinipated.
Under these conditions a program of exglaratian.ié Jjustifiable
2ad attractive. ’Systematic repcords by the minﬁfstaff of the
kinds recommended will assist greatly toward suécessful 8-

sults, and are desirsble from all standpoiats. .

Respectfully submitted,

Ny 7

Mining Bagineer and Gsologlat.

Hew York, Juae 27, 1924.
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