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UNDERGROUND GEOLOGY OF THE TONOPAH
MINING DISTRICT, NEVADA

By T. B. NOLAN

INTRODUCTION
One of the projects undertaken as a part of the cooperative
- - - ; work done by the Nevada State Bureau of Mines and the United
¢ States Geological Survey during the biennium 1929-30 was a
geologic resurvey of the Tonopah distriet, in Nye and Esme-
ralda Counties. In the summer of 1929 the mine workings in
the western part of the district were examined, and during the
following winter a preliminary report based upon the work was
prepared.! The remaining mine workings to the east were
studied in 1930. It was originally planned that the results of
this second season’s work would be incorporated in the final
report on the district to be published by the Geological Survey.
Unforesc:>: delays in the preparation of that report, however,
have madc it desirable to prepare the present report in order
that the information obtained may become available to those
‘ interested in the district. Photostatic copies of the assembled
mine maps of the district upon which the geologic information ;
is plotted have been placed on file in the Geological Survey
offices at San Francisco and Salt Lake City and at the office of i
‘ the Nevada State Bureau of Mines in Reno.

v The preliminary report on the western part of the district is

By no longer available for distribution, the edition having become

* . exhausted some time ago. A considerable part of the informa-

: tion in that report has therefore been embodied in this text.

o In addition certain general conclusions regarding the ore bodies

1 -of the district have been summarized here in advance of their

. P . preséntation in the final report.

- : ” ’ "~ # . The writer dosires again to express his appreciation of the

_ {* many courtesies shown him by the mine operators of the dis-

* trict and his indebtedness Yo them for information regarding

- inaccessible workings. Ian Campbell continued as assistant in
1930 and freely made available " ¢ results of his microscopic g =

e study upon the rock specimens collccted.2 H. G. TFergr.n and

-t

~ wNolan, T. B, The underground geology of the western part of the Tonopah
mining distriet, Nevada: Univ, Nevada Bull, vol. 24, No. 4, 1930,

sCampbell, lun, The petrography of Tonopah, Nev. (unpublished thesis for
- the degree of I'h.D,, Harvard University).
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G. F. Lbughlin provided many helpful suggestions and criti-
cisms during their visits to Tonopah.

PREVIOUS GEOLOGIC WORK

"The first detailed report on the geology of the Tonopah district,
based on field work in 1902-3 for the Geological Survey, was
made by J. E. Sprrr.2s He revisited the district several times
between 1908 and 1915 and published two additional papers, in
which some of his-earlier cenclusions were amplified or revised.?
The following extract from the second of these papers summa-
rizes his final concéption of the geology:

At Tonopah the oldest rock is a trachyte flow highly altered to
quartz. sericite, and adualaria.  The lower part of this flow is a fine
How-handed glassy irachyte. The main body of the trachyte (Mizpah
trachyte) contains the oldest and by far the most important group of
mineral veins: the glassy trachyte appears practically barren.

Stresses snbsequent to the trachyte extrnsion produced horizontal
fissuring near the zone of fransition between the main body of trachyte
and s glassy lower portion: and along here an andesite (Sandgrass
andesife) intrusion penetrated. After renewed fissuring along the
same zone, a glassy frachy-alaskitie infrusion (Montana breceia), very
full of inclusions, tonk place, usuatly following along immediately
above the andesite.  Subsequent movement reopened this line of weak-
ness, and a second trachy-alaskitic mtmxmn came in—the West Eud
rhivolite sheet-—which penetrated along ‘a fissure usually Iying imme-
(lml(l) above the Montana breecia. At a subsequent epoch ecame an
eruption of andesite (Midway andesite) as a surface flow; at a still
later epoel there was a series of rhiyolitie and alaskitic surface flows

and intrusions, of which the most important in the mine workings is a-

areat intrusive mass called the “Tonopah rhyolite.”

The prineipal veins were formed after the trachyte eruption and
before the Sandgrass andesite - Montana breeeia -West End rhyolite
intrusions. They are quartz veins carrying silver and gold. A sec-
ond set of veins was formed alter the West End rhyolite mfmsmn amd
before the Midway andesite eruption. This sccond set is divided™into
four suceessive groups—A, large typically barren quartz veins; B,
tungsten-bearing veins; G, mixed quartz and adularia veins, typically
barren; D, produgtive veins like those of the first set following the
trachyte, A third set of veins was formed after the Tonopah rhyolite
intrusion.  They are quartz veins earrying occasional lead, zine, and
copper xulplml( 8.

Al thesc™veins formed at shallow depths, and the different types
are held to represent various stages of temperature. The first-period
veins represent the normal shallow-seated type and followed the tra-
chyto -'rnphon the sceond - p(-nod B \ems I)I'Obu F‘uneplesent an

A& pure, I B (1(-010;:\ 0{ the " ()11()1\.111 mmm dlstuct )ﬂ?\ U. S eol
Survey, Professional aper 42, 1905,

*Spurr, J. B, Rvpmt on the geotogy of the property of the Montana-’l‘unopah
Mining Co., 'l‘mwlnh vev,, published Ly the company. 1 :9; Ore depnsition at
Tonepah, Nev.: Econ. (;eulog.\', vol. 10, pp. 713-769, 1915,

v,

vf-fn.

b

e

. abnormally intensc shortly sustained temperature,

A
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following the
trachy-alaskitic intrusion; the second-period D veins a subscquent
briefly sustained stage of temperature more normal to shallow depths;
the third-period a relatively high but briefly sustained temperature
{ollowing the alaskitice (Tonopah rhyolite) intrusion. No vein forma-
tion followed the andesite eruptlon

The history of faulting is long and ecomplex; important movements
have taken place at every stage of the geologic history. These move-
ments accompanied and were due to the volecanic disturbances.

Somewhat earlier Burgess* reached a radically different con-
clusion from that formed by Spurr as to the nature of the several
formations disclosed by the mining operations. He considered
that the different formations originated as surface flows or
accumulations of .volcanic material, thus questioning Spurr's
conclusion that many of these rock masses are intrusive. Bur-
gess also noted that many of the productive veins continue down-
ward from the Mizpah trachyte into the West End rhyolite, a::d
he implied, although he did not so state, that the mineralization
in the two formations is contemporaneous.

The district has also been briefly discussed by Locke,” who in
general agreed with Burgess that the formations are present in
their proper stratigraphic sequence. Locke also questioned the
validity of Spurr’s statement that the mineralization occurred
in several epochs and noted that “There is no mineralogical
distinction whatever to be made between many veins which,
according to the hypothesis [Spurr’s] should belong to different
periods.” 6

The origin of the ore deposits was discussed in 1918 by Bastin
and Laney.” These authors did not concern themselves with
either the stratigraphic sequence or the gcologic structure of
the district. With regard to the ores, however, they noted that
“Mineralogic differences between veins of supposed different ages
are commonly no greater than may be observed in different parts
of one continuous vein. * * * TUpon the sole basis of the
mineral composition and texture of.the primary ore there would
be little reason for the impartial geologic observer to regard
the principal productive vems as of more than one age.”$

The results of the geologlc work pmor to 1929 may perhap: be

‘Rurgess, LA, The zeology of the producing part of the Tonopal mining
district: Feon. (‘coln;:\ vol. 4, pp. 681-712, 1909,

“Locke, Angustus, The geology of the Tonopah mining distrlet:  Am. Inst,
Min. Eng. Trans,, vol. 43, pp. 1571645, 1912,

‘Idem p. 164,

lastin, B. S, and Laney, ¥. B., The genesis of the ores at 'l‘nnnp.lh Nevadda:

U. 8. Geol. Survey Prof. Paper 104, 1918,

‘ldem, p. 9.

s
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briefly summarized as follows: The district is underlain by a
series of voleanie rocks, which are considered by Spurr te be in
arge part intrusive sills and by Burgess and Locke to be entirely
of surficial accumulation. All these observers imply that these
formations are relatively flat-lying and that differences in alti-
tude of an individual bed are solely the result of faulting, the
cause of which is attributed by Spurr to voleanic activity and by
Burgess to irregularities 1n*the original distribution of the for-
mations. Spurr postulates several different periods of ore for-’
mation, a view which is directly challenged by Locke, indirectly
questioned by Burgess, and not supported by the work of Bastin
and Laney. Spurr,:Burgess, and Locke all appear to agree that
the “Midway andesite” is later than the period of ore formation
and acts as a capping to the ore.

In the preliminary report published in 1930, the writer, on
the basis of the miuch more extensive exposures then available,
presented  several new interpretations of the geology. The
sequence of roek tormations was found te differ from that pro-
posed by Spurr or by Burgess and Locke.  The oldest formation
wis named the “Tonopah formation™ and was interpreted as a
series of interbedded rhyolitic flows, tuffs, breccias, and well-
laminated silts,  Dark lavas, ide ntiml with the rocks mapped
by Spurr as the Sandgrass andesite, were found at two or more
horizens inmterlayered with the Tonopah formation. The Mizpah
trachyte was fouril to overlie the Tonopah formation, probably
conformably, the contact between them in most places being
occupied by an intrusive sill of West End rhyolite. An intrusive
pluglike mass that was considered to be earlier than the West
Find rhyolite but younger than the other formations was mapped

as the Exiension breccia. Two post-ore divisions were also rec*

ognized — the Fraction breccia, or basal member of the Esme-|

ralda formation, and rhyolite dikes similar to the Oddie rhyolite"
The post-ore “Midway andesite” "

or Brougher dacite of Spurr. :
of the older authors could not be distinguished.in any of the
accexsible mine workings.

In place of the flat-lying series of formations of the earliv:
reports, it %as found that the rock units had been considerably
titted t. fm m a westward-dipping monocline. The dominant
structural feature appeared to be a compound fault, which was
named the “Tonopah fault” and whose appearance in ecross
section was deseribed as that of a recumbent crf scent, convex
up\\‘ud A throw of about 1 500 feet was aser 1bed to the fault.

\nl i, ’l'. s O], (it.

o

% 3.
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It was also found that almost all the known ore bodies of the

district had been localized either in the compound fault itself
or in branches from it, and that there was no evidence in favor
of more.than one epoch of silver mineralization. It was also
suggested that both wall-rock alteration and the geothermal gra-
dient may have influenced ore deposition.
- Ian Campbell in 1931 prepared a doctoral thesis on the petrog-
raphy of the rocks collected by the writer and himself during
1929 and 1930. This thesis has been used in the preparation of
the present paper.

SUMMARY OF THE TERTIARY GEOLOGIC HISTORY OF THE
TONOPAH DISTRICT

The examination of the mine workings in the eastern half of
the district yielded information that gives a much more complete
picture of the geologic history of the district, so far as it bears
upon the formation and distribution of the ore bodies, than was
possible in 1930, when the carlier report was prepared. As no
pre-Tertiary rocks are exposed within the districet, this account
of the geologic higtory is confined to the Tertiary stage of geo-
logic time.

The rock formations th(xt enclose the ore bodies are all believed
to have been derived from an igneous center west of the mining
district, probably not more than a few miles away. The oldest
of these formations, the Tonopah formation, is an interbedded
series of rhyolitic flows, volcanic breccias and tuffs, and water-
laid sediments made up of voleanic debris. In the eastern part
of the district the very coarse volcanic breceias found to the west
are lacking, indicating a greater distance from the center of
volecanic activity. During the period in which this formation
was accumulating, dark andesitic lavas were erupted on at
least two occasions, and these flows constitute the Sandgrass
andesite.
> After the accumulation of the Tonopah formation, another
series of andesitic flows, long known as the “Mizpah trachyte,”
was erupted. In several places underground ihe basal flows of
the Mizpah trachyte intetfinger with the uppermost beds of the
Tonopah formation. There is also at least one bed of volcanic
breccia withi . the Mizpah trachyte some distance zbove the base
~of the formation. .

The eruption of the andesitic lavas was followed by an epoch
of minor intrusive activity. The earlier of the two intrusives
recognized, the Extension breccia, was found only in the western
half of the district. It was intruded as a tabular mass along the



10 L_’nde-rground Geology of Tonopah Mining District

contact of the Tonopah formtion and the Mizpah trachyte and
extended eastward only as far as the ground of the Tonopah
Mining Co. The other intrusive mass, the West End rhyolite,
also follows the contact between the Tonopah formation and the
Mizpah trachyte, but is distinctly more sill-like than the Exten-
sion breccia. Like the breccia, it pinches out eastward and is
absent in a number of places in the Belmont and Halifax mines.

The original nearly horigontal attitude of these formations
has been greatly disturbed by widespread faulting. The earli-
est movement is thought to have occurred along a group of
north-south faults of low easterly dip, which are found in the
Halifax and Mizpah - Extension mines. This group has been
named the “Halifax fault zone.” Because of the rather steep
westerly dips in the foolwall of the fault zone, the rocks west
of the zone are believed to have been uplifted during this period.
The total amount of uplift is unknown but appears to have been
several thousand feet.

Either contemporancous with or slightly later than this early
activity alongr the Malifax faull zone, the remarkable compound
Tonopah fault and its subsidiary branches came into existence.
The three major fractures composing, the fault all have similar
characleristics.  Both in plan and in section they have curved
traces, being convex eastward in plan and convex upward in
section,  The axes of curvature on all three fall along the same
cast-west line and plunge castward at a low angle. The throw
along each of the three branches appears to be between 500 and
1,600 feel, and the formations on ihe hanging wall have been
relatively dropped. A natural assumption would be to regard
the curvature along these fractures as the result of folding, but
this is disproved by the absence of compar:ble deformation.in
the wall rocks. The fault is believed to have been formed as a
result of forces similar to or perhaps even identical with those

that caused the mevement along the Halifax fault zone, but the-

uplifted footwall segment was of much less horizontal extent.
A possible cause of the uplift along both faults lies in the intru-
sion of a Iirge bedy of igneous rock, the introduction of the
main mass of which would initi.‘e 1-ovement along the Halifax
zone, aud the advance of a small protubemnce or gapola from
that mass would result in the uplift represented by he Tonopah
fault. DMany east-west faulls of small throw extend from the
crests of the three major branches of the Tonopah fault. Most
of them dip to the north, but several dip to the south. These

’
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small faults are thought to have formed at about the same time
as the major fractures.

The uplift represented by the Halifax and Tonopah faults is
believed to have been succeeded by a period of settling or col-
lapse. This readjustment took place along at least three sets
of faults. Two of these, one striking northwest and the other
northeast, appear to have been essentially contemporaneous.
The northwesterly faults, represented by the Mizpah, Monarch-
Pittsburg, and other faults, commonly have the larger throws
and are more persistent, but some of the northeasterly faults,
such as the Belmont, Tesuro, and Silver Top faults, have been
traced underground for considerable distances. In the Montana-
Tonopah and North Star mines, there is a notable and rather
complex association of faults belonging to these two groups
which is believed to be the result of a progressively greater
northward uplift along the Ifalifax fault zone. The third
group of faults, which strike north and dip west, are largely
restricted to the western half of the district.

Tt is probable that the mineralization in the distriet was in
a broad sense contemporaneous with the faulting.  The earliest
stare consisted in a wholesale albitization of the andesitic rocks
particularly, and in most of the district this alteration was so
intense that the andesites were originally believed to have been
erupted as albitic rocks. Relatively unaltered blocks of the
Mizpah trachyte, however, were found in the Halifax mine and
show rather clearly that the albitization was a phase of the
alteration. A second stage was less extensive and consisted in
the introduction of a quartz-adularia-sericite mineral assem-
blage. In the ground ..{ the Tonopah Mining Co. in the cen-
tral part of the district, this stage reached a maximum and
may well have been directly above the cupola that has been
wgge%ed as the cause of the local uplift aleng the Tonopah
fault. Away from this central area, a chlorite-carboiate altes -
tion is widespread, especially in the andesitic rocks.

All the faults, including the Tonopah and Halifax groups,
are locally followed by quartz veins of considerable size but
in many places of negligible silver or gold content. These
quartz bodies have replaced the shattered walls of the faults.

“They are on the whole earlier than the introduction of the ore

tninerals. The ore shoots also follow the fauils but are far
less extensive in their distribution. Their limitation to faults
or parts of faults with nearly east-west strike (the Tenopah
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fault and its branches and some of the northwest faults) sug-
cests that these fractures were open to the passage of ore solu-
tions as a result of tensional forces which acted concurrently
with the settling that followed the uplift.

Several features of the ore deposits appear to fit in well
with the conception that the local uplift along the Tonopah
fault resulted from the intrusion of an immediately suhjacent
igneous cupola. The central location of the rocks affected by
the onartz-adularia - sericife alteration has already been noted.
A second feature is the apparent restriction of the ore shoots
to a zone 600 to 1,000 feet in vertical thickness, which reaches
its highest altitude in the vicinity of the zone of intense altera-
tion and is at progressively lower altitudes away from it. This
ore zone is believed to represent the temperature interval within
which the silver minerals could be deposited in commercial con-
centration, and the symmetry of its upper and lower boundaries
with the arca of most intense alteration is considered signifi-
cant. A further suggestion of a centrally underlving heat source
i< the regular decrease of the vold-silver
apical region of the productive zone.

Erosion must have attacked the elevated block that contains
the ore deposits soon after the faulting was started, and rock
fragments from the older formations composing the block are
abundant in the Fraction breceeia, which unconformably overlies
theore bodies and their enclosing rocks.  The breceia is the basal
member of the Esmeralda fuiimation, of upper Miocene age, and
is overlain by the upper member, composed of lake beds, in which
volecanic material is dominant, and by later rhyolitic lavas and
breccias. The veins on Mizpah Hill were probably exposed. by
crosion for a short time during the deposition of the lower part
of the Esmeralda formation but were soon ‘covered by the beds
of the upper part._
Halifax fault zone, tilting the LEsmeralda beds to the west,
though at lower angles than the formations ':-neath. These
beds were in turn beveled by erosion: and a group ef rhyolite
flows, knowh loeally as the “Oddie rhyolite” and “Brougher
dacite,” covered them. Dikes of this rhyolite are found at
several places underground, and one of the laxges,g. is within
the Halifax fault zone. Recent erosion has cut }hrough the
rhyolite and the underlying Esmeralda beds to! expose the
silver-bearing veins a second time.

raiio outward from the

Then followed renewed faulting, along the.

-
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ROCK FORMATIONS

Of the seven formations recognized during the field work in
1929 and 1930, two are younger than the ore bodies; the
remaining five form the wa all rocks of the ore bodies. The
followmg list, in which the youngest rocks are at the top, sum-
marizes their relations:

Post-ore rhiyolite: Dikes and lenticular masses intrusive into
all the other formations.

Fraction breccia member of Esmeralda formation: A vol-
canic breccia that unconformably overlies the ore bodies and
their wall rocks.

West End rhyolite: Sills, as much as 600 feet thick, intrusive
into all the older formations.

Extension breceia: Tabular intrusive mass.
the western half of the district.

Mizpah trachyte: A series of surface flows, with minor vol-
canic hreceias, at least 2,000 feet thick originally. but much of
this thickness removed by erosion locally.

Sanderass andesite:  Dark Lavas, interlayered with the Tono-
pah formation.

Tonopah formation:  Interbedded voleanie tufls, brecciax, und
flows, which are conformably overlain by the Mizpah trachyte.
More than 1.000 feet thick.

Tonopah formation — The name “Tonopah formation™
proposed 1 in the report on the western half of the district for
the rocks originally deseribed by Burgess!'! as the “Lower
rhyolite.” Spurr!? considered the formation to be the intru-
sive equivalent of extrusive rocks now exposed on the surface
and used the names “Tonopah rhyolite” and “Tonopah rhyolite-
dacite.” These surface rocks, however, appear to be much
younger than the Tonopah formation and are believed to bo: in
part at least, contemporaneous with the lismeralda formation.
The Tonopah formation includes rocks that have been mapped

~inusly as “Glassy trachyte” and “Montana breccia.” but it
dOC‘\ not include ail the exposures that have bcen ‘so assigned
by Spurr, Burgess, and others.

The most significant affd extensive exposures of the formation
are found in the \\ostern hd]f of the dlstrlct notably in the

Found only in

«r

Was

“\u] wn, T. B., op. ¢it, p. l()

The geology of the producing p?nt i the Tonopsh ining

district: Econ. Geology, vol. 4, p. 687, 1909, L
z8purr, J. B, Geology of the Tonopnh mining distriet, Nevada : .l . R (_,s-nl.

Survey Prof. Paper 42, p. 41, 1905; Ore deposition at Tonepnh, Nevos Feon,

Geology., vol. 10, p. 745, 1915
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westerly workings on the 1,200-foot, 1,540-foot, and 1,880-foot
levels of the Tonopah Extension mine. The rocks are also
exposed, however, in the deeper workings of all the easterly
mines, though in these extensive faulting and considerable
alteration tend to mask the character and relations of the for-
mation. The 1,000-foot and 1,100-foot levels from the Desert
Queen shaft, the 700-foot level of the Silver Top, the 1,300-{w..;
level of the Belmont, and the 1,155-foot intermediate of the
Mizpah Extension mine all provide fairly' good exposures of
the beds.

The most strikinfg feature of the formation is that it is com-
posed of an interbedded sequence of volcanic breccias, massive
tuffs of varying grain size, porphyritic flows, banded flows, and
water -laid deposits of several kinds, including well - laminated
silts that clozely resemble beds in the Esmeralda formation.

The rocks deseribed by Burgess 1% as bedded pyroclastic mate-
rial belong in this formation. and the exposures in the Tonopah
Extension workings add abundant proof of the nonintrusive
character of the great bulk of these rocks. Bedding planes
are apparent in many places, and numerous specimens show..an
obvious gradation from coarse-grained material at the bottom
of @ bed to fine-grained material at JLthe top. On one bedding
surface well-developed ripple marks were noted. ~In addition,
the fact that these rocks are interbedded with amygdaloidal
flows of Sandgrass andesite renders it certain that the great
bulk of the formation is a surface accumulation.

Strongly flow - banded rhyolites interbedded with the other

Underground Geology of Tonopah Mining District 15

The tuffs consist typically of small angular fragments of quartz,
orthoclase (both adularia and sanidine), albite, and, very rarely, micro-
cline and microcline - microperthite, in a fine - grained groundmass.
Quartz is much the most abundant of the larger fragments. Ferro-
inagnesian minerals very likely were present, but the frequent oceur-
rence of small flakes and shreds of chlorite is now the only indication
of their former presence. Zircon and colorless apatite oceur spar-
ingly. A faint kaolinization is rather widespread, oceurring over
both the groundmass and the feldspars.

The groundmass is exceedingly fine grained, and although now mu.h
silicified and in part also serieitized and kaolinized, it still suggests
its original ash structure. In many specimens the pecwliar and dis-
tinctive cusplike and trilobate struetures (“Bogenstructur”) typical
of rhyolitic tuffs can « i1l be recognized in outline, although the origi-
nally glassy shards are now entirely devitrified or silicified. These
are not usnally apparent at first sight under the microscope, and often
it is only with plane light and with the field slightly ont of foeus that
the structures become recognizable. They stand out by virtue of the
fact that i the general reerystallization coarser grains of quartz cor
sericite, as the case may be) have replaced the shards, while the dofri-
tal paste which filled the interstices has produced a finererained soe-
ondary material.  The contacts herelore show the aatline of the
former structures.

The breecias exhibit a more hoternceneons aoerecation o material,
In addition to the constituents foumd in the fits, o varrety of roek
fragments is Tound.  These are gonerally vather severele altered by
kaolinization, sericitization, and ehloritization . <o that the orieinagl
character i1s often in doubt.  They seem to have been derived Trom
rhyolitie and andesitic rocks, for the most part not ~definitely cor.
relatable with any known in the district. In part. of course, the
fragments are clearly from lower bheds of the Tonopah formation
itself.

Rk members of the formation are widespread. This rhyolite has B,

iﬁ?’” ) been distinguished by some of the geologists who have visited ’ !

2ot the district as “Glassy trachyte.” It was impossible, howeyer, :
to map this rock separately because of its intimate interbedd.{ng |
in many places with tuff and breccia. Contortion of the flow

handihe is locally marked.

Concerning the flow-banded rhyolites known locally as “Glassy
" trachyte,” he writes:15

T'luidal texture is quite commonly seen. I’henoerysts are not eom-
mon. Crystals of albite are found occasionally, They generally show
a warying degree of sericitic and kaolinic alteration. More rarely
cloritic pseudomorphs after biotite(?) are found. The matrix is

- . . . . : it . .
~-In the eastern®mines the volcanic breccias contain thuch ;1. calways nmeh altered. The glassy bands are formed of sm-.nndn'ry
smaller fragments, and the rocks on the whole are much more 4 quartz; while the white opaque material proves to be quartz with

. . e . : large amounts of kaolin and sericite. Pyrite is very cornmonly dis-
unifor 3 . s differ i jev i = : ang st : FIILC I8 Ver} .
m in texture and composition. This difference is believed t seminated {hroughout the rock. In its distribution it secios to show

to indicate & increased distance from the voleanic center from
which the material was erupted. ;
Campbell has studied the rocks under the microscgse and has

described the microscopic features of the tuffs ang,‘breccias as
follows: 14 B

little preference as regards the “nore or the less quartzose layers.

The hottom of the formation has not yet been exposed by the
‘mining operations. In most places the upper limit of the forma-
tion is marked by the intrusive West End rhyolite, which sepa-
rates it from the Mizpah trachyte. At a few localities in the
southeastern j:art of the district, notably on the 1,100-foot level
" rIdem, p. 44, - o

"Burgess, I, A, op. cit., pp. 687-489,
"Campbell, Tan, op. eit., pp. 34-35,

G



= phmendiesf et e AW
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of the Rescue-Eula mine, the intrusive rock is absent and the
nermal contact between the Tonopah formation and the Mizpah
trachyte is exposed. Here, as on the 1,330 - foot level of the
Midway mine, the two formations appear to interfinger with
each other, beds of tuff or breccia alternating with relatively
thin layers of typical Mizpah trachyte. A lenticular mass of
volcanic breccia resembling beds in the Tonopah formation is
also found within the Migpah trachyte several hundred feet
above its base thloughout the Belmont mine.

The total thickness of the formation exposed in the mine
workings of the eastern half of the w.:friet is considerably less
than the 1,000 feet*found to the west.

In the previous report it was considered that the formation
wis of pre-Miocene but probably Tertiary age.’ No additional
direet evidenee was obfained in the castern half of the district.
Hoxeems probable, however, that the age difference hetween the
Tonopah and Esmeralda formations may not he as oreat as the
pronounced angular unconformity bhetween them led the writer
to suppose at first. The two formations are strikingly similar
in many phases of their Hthology, implyinge that their source and
conditions of deposition may have been much the same.  The
dizcordance in dip between the heds gppears to be due to move-
ment along the Talifax fanlt zone, and such evidence as is
available suggests that there was only a relatively short lapse
of time between the faulting of the ore-bearing rocks and the
deposition of the Fsmeralda for -ation, Thus, the uplifted pre-
Esmeralda beds must have been subject to erosion as soon as
the faulling was completed, and as the basal Fraction breccia
contfaing large boulders of these rocks, there is a strong proba-
hility that deposition of the Esmeralda formation started sgon
after the uplift. If this assumption is correet, the Tonopah
formation may be of middle Miocene or early upper Miocene age.

Sandgrass andesite — The rocks belonging in the Sandgrass
andesite were originally considered by Spurr to be an altered
phase of the Mizpah trachyte and were known lecally as the
“caleitic phase of the earlier andesite.” This correlation was
soon abandoned and the name was locally shortened to “caleite
andesite.” 77 This abbreviated term was accepted by Spurr in
1910, although he considered that the rocks rep@esented an
intrusive ])hd\(‘ of the “Mldway andeqlte 718 Fipelly, in 1915,

UNolun, T Bl op. eitl, po 18,
“Rarrgess, JAL op. it n. 6O,
Rpareod Fooveport to Montana-Tonopalt Co., pp. 2122, 1910,
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Spurr proposed the name “Sandgrass andesite,” 1? at the same
time recognizing the lack of relationship of these rocks with any
of the other formations, and this name has persisted since that
time.

The formation is found in many of the mines in the district,
but the most extensive and least altered exposures are in the
western mines. The 960-foot level of the West End, the 1,540-
foot and 1,880-foot levels of the Tonopah Extension, and the
1,000-foot and 1,140-foot levels of the Sand Grass provide the
hest information as to its character and relations. In the eastern
mines the 1,250 -foot level of the North Star and the 765 -foot
level of the Montana provide minor exposures, and others may
be present on the 1,400- and 1,500-foot levels of the Belmont,
but neither of these was accessible in 1929 or 1930.

On the basis of the work done in the western mines=? the
writer considered that the Sandgrass formation represented a
series of voleanic flows interbedded with the Tonopah forma-
tion. Two and possibly three separate hodies, having a fotal
thickness of about 500 feet, separated from one another by tafl
or breccia, were recognized in the Tonopah Extension mine. On
the 960-foot level of the West End mine the formation contains
flows of different composition and texture, including dense
basalts, breceias, and strikingly amygdaloidal andesites. In the
relatively few exposures that could be examined in the eastern
mines the rocks are rather badly altered and have yielded essen-
tially no additional information regarding the relations or char-
acter of the formation, although the North Star occurrences are
best explained as being interbedded with the adjacent rocks of
the Tonopah formation. The comparative scarcity of exposures,
however, suggests that the andesite is thinner in this direction.
No. occurrences similar to those in the Sand Grass mine, where
the uniformity of the formation prompted the suggestion=» that
the rocks at that place might be intrusive, were found, and it

seems probable that the uniformity there observed is due to the .

fact that the workings that cut the formation are nearly parallel
to the general =trike and #hus expose only a single flow.

The boundaries of the formation in the Red Plume, Midway,
Montana, and North Star mines are locally irregular, but in these
localities crushing and rather intense alteration has tended tr
Tnask the true relatxom It seems most probable that all th(* o

*Spurr, J. 1., Lum G('uln"\. vol. 10, p. 9 1915,
*Nolan, T. B., op. cit., pp. 14-15.
> {dew, p. 14,
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occurrences are the result of minor warping or folding on inter-
fingering contacts between the Sandgrass andesite and the Tono-
pah formation, with whieh it is interbedded. i

The formation is dominantly grayv-green to dark green. The
bulk of the unaltered rock is porphyritic, the dull feldspar
phenoerysts being three or four millimeters in maximum diam-
eler. Much of this material in hand specimens resembles
chloritized portions of the Mizpah trachjte. Breccia horizons
in the formation are difficult to distinguish except by a study of
thin scctions, as the rock*fragments are almost exclusively of
the porphyritic type and the ¢ ioritized matrix is similar mega-
scopieally to the altered groundmass of the lavas. The amygda-
loidal phases and the black, sparingly porphyritic basalts may
hoth he veadily recognized in the less altered exposures of the
fornadion, such as those on the lower levels of the West End
[ERREE AN

Camuhells notes upon the microscopic features of the forma-

Provg {‘n”(‘.\\ N

Peothe s edadoidal Fretes of the fornation altered feldspars appear
o erenmdimass of chilorites The feldspar phenocerysts are of small to
v i size and, thoneh mosthy altered to caleite, appear 1o have been
alhive aricinally, Ferronwenesian phenoerysts were evidently rather
The amyedules show concentrie filing by chlorite, caleite. and

Pyrite is Tound as swarms of small cubes but is only rarely
preesent in the amyedules, '

The basaltie rock consists of about 30 pereent of small tabulav fresh
ervslads of caleie andesine in a typical basaltie texture. The ground-
mass mderial is made up of exeeedingly small lathlike feldspars, the”
interstices hetween which arve filled with a fine-grained aggregate of
ehlorite and caleite. Magnetite in small subliedral grains is abundant,
bt apatite is velatively rave. Pyrite and zircon are absent.

Speeimens from the vieinity of the Sand Grass shaft show a seriate
porphyritic texture of altered feldspav phenocrysts-in a rather fine-
erained, altered groumdmass. The feldspars are almost completely
ulteved to epidote, zoisite, sericite, chlorite, and caleite, but a few
reitmzts indicate that their composition is that of albite. Other
phenoerysts arve also abundant, and their outlines suggest that they
were oriinally hernblende and very probably biotite. These are now
""W!'?"!;'!.\‘ altered to elonwate prismatie forms ountlined with a heavy
“ Tz ™ herder of Blaek iron oxides, the inner portion of which con-
st of B L®ite and quartz, with Iocally a little carbonate or sericite.
i rreutdniss seems to have suffered less alteration than the pheno-
erysts Outlines of small Tathlike fo tabular feldspars in subparallel
areareeement ean be distinguished.  These seem to be“Slbite chiefly,
Hx'u!:rh there may he a little orthoelase and quartz.  \ong them ean
be found all the alteration produets mentioned aboveé, with chlorite
indd ealeite the most abundant, Apatite Is fairly common throuehout
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the rock, and all of it is the ordinary colorless variety. Zircon was
net noted. Pyrite oceurs sparingly in rather irregular aggregates.

As may be seen from these descriptions, most of the formation
is albite-rich, and the term “keratophyre” might well be applied
to these rocks, although the name “Sandgrass andesite” is
retained here because of its long use in the district. In the
earlier report the albite was considered to be an original con-
stituent, but the field work in 1930 in the eastern part of -the
district indicated that the albite in the Mizpah trachyte, which
is in many respects similar to the Sandgrass andesite, is rather
certainly the result of alteration (page 21), and it seems prob-
able that the same thing is true of the albite in this formation.
Locally the Sandgrass andesite has also undergone a quartz-
sericite-adularia alteration, like that observed much more widely
in the Mizpah trachyte.

Mizpah trachytc— The rock of andesitic appearance fir:
described by Spurr=! under the name ‘“‘earlier andesite,” as
originally defined included also the Sandgrass andesite, and
therefore in 1915 he renamed the formation the “Mizpah tra-
chyte.” 22 This name is retained in the present report because
of its long usage in the distriet. although the present survey
has shown that the rock in almost all exposures is an albitized
andesite or keratophyre, and not a trachyte. On the lower lev-
els of the Tonopah Extension mine the local name “Vietor andes.
ite” has been used by some geologists for the formation.

In most of the mines in both the eastern and western parts
of the district there are exposures of rocks that have Dbeen
mapped by Spurr, Burgess, and others as “later andesite” 2?
or “Midway andesite” 24 and described by the¢m as lying uncon-
formably above the Mizpah trachyte and forming a “cap rock”
to the veins. In the report on the western part of the district 25
it ‘was stated that the vocks in many places assigned to the
“Midway andesite” cannot be separated from the Mizpah tra-
chyte by reason of any original differences in composition or

‘texture, nor was this rock anywhere seen to cap any of the

veins. In many exposures of the supposed “Midway andesite”
extensive chloritization had considerably changed their appear-
ance, but within such altered masses less altered facies were

“Npurr, J. B, op. cit. (Prof. Paper 423, p. 31,

5 FNpurr, . E, op. cit. (BEeon. Geology. vol. 10), p. 720,

=Rpurr, J. 1., op. cit. (Prof. Paper 42), p. 33 Purgess, J. A, op. ¢it, p. 707
#*Spurr, J. K. op. eit. (Eean. Geology, vol, 10y, p. 715,
*Nolan, T, B., op. cit., p. 16.
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found to be of the same keratophyric nature as the unques-
tionable Mizpah trachyte. All the numerous exposures of
supposcd “Midway andesite” examined in the eastern mines in
1930 led to a similar conclusion.

Two places may be cited where veins were apparently con-
sidered to be terminated upward by the overlap of a younger
andesite. These are the 270-foot level of the Tonopah Exten-
sion mine and the 800-foot level of the Belmont. ~ At the former
locality a stoped -vein belanging to the- Egyptian group of the
Extension and West End mines may be followed up from the
320-foot intermediate level. The stope from below has broken
through at two places on the 270-foot level. In both these places
the hanging wall of the vein is seen to extend to the floor of
the Tevel, but above this point it steepens and frayvs out. In the
more westerly of the two stopes a cave in the roof of the drift
provides clear evidence of the upward dyvine out of the vein
frocture. The wall rock on the Tevel is considerably erushed and
but o thin =ection from o less altered phase. gradational
peto the altered materiall is idenstical with the unquestioned Miz-
pah trachyte helow, Similavly, on the R00-foot level of the Bel-
mont, the upward extension of the Belmont vein clearly passes
inte o zone of byanchiug veins, only portions of which are
ore-hearing, though here the dip fiaftens rather than steepens.
Athough the rock on the walls of the nonproductive western
extension of this hranching zone isx shown on the mine maps

s “Midway andesite,” no definite contact is marked between it
and the Mizpah trachyte in the walls of the productive por-
tions, and no change in Hithology can be recognized on the level;
indeed, subscquent to the mapping, a productive branch vein was
found within the supposed barren “Midway andesite.” .

All the exposures of supposed “Midway andesite” that Were
accessible at the time of this survey have similarly yielded
convincing evidence that the rock is identical with tho Mizpah
trachyte, either by their field relations to rocks that aie admit-
tedly Mizpah trachyte or by petrographic eriteria, as mnoted
below. Averill,2% however, has recorded an occurrence of an
andesitic ruf.:k overiying the Mizpah trachyis which he considers
to represent the unconformabic overlap of the “Midway andes-
ite””  This exposure was not seen by the writer, lgut it may
well be that at shallow dcpths in cortam partq of “the dlstrlct

’\unll (' T e

shered,

lnullplh "(ulo"\ Ing‘ :md \Im Inur vol. 3“%0 D. »"’ 1‘\"0

N4

Underground Geology of Tonopah Mining 1)~ ‘ 21

there is an overlying flow, related to the post-Esmeralda andes-
ites or latites of the Divide district,2* although it is most
improbable that this rock is of any great extent or of any
economic importance within the productive part of the Tonopah
district.,

The Mizpah trachyte is widely distributed throughout the
district and makes up the bulk of the exposures in all the
mines. Because of the supposed restriction of the ore-bearing
veins to this formation, its limits have controlled exploration to
a considerable extent, and much energy and ingenuity have
been expended in the fruitless task of separating the formation
from rocks believed to be younger.

The formation differs widely in appearance from place to
place, but these variations are due in large part to alteration
or deformation. By far the most common lithologic variety is
a g¢rayish - green porphyry. The phenocrysts of feldspar are
almost invariably dulled by alteration, are somewhat variable
in size and abundance, and are sct in a dense matrix locally
flecked with chlorite. Pyritization ix common. Two other vari-
ctiex of rock are found Jocally in the formation. One of these
ix a flow-banded rock, which is sparingly porphyritic; it is
present to a minor extent in a number of the mines. The other
is a fragmental rock, commonly a breecia but locally tufTaceous,
which is generally well bedded. 1{ too is found in many of the
mines, and in the Belmont a bed of this material is sufliciently
extensive to be separately mapped. Some of these clastic rocks
are closely similar to beds in the Tonopah formation.

Each of these three varieties of rock has been subjected to at
least three kinds of alteration. The most widespread has been
an albitization of the feldspars, which has been so nenrly com-
plete throughout all but the extreme eastern end of the district
that in the earlier report on the western half of Tonopah the
aJbite was considered to be an original constituent of the rocks.
This was the earliest alteration of the formation, as the alhite
has been replaced by minerals of the other types. The neéxt
most widespread alteration was chloritization, which has affected
the formation to varyingt degrees everywhere except in the cen-
tral area near the claims of the Tonopal: Mining Co. It was
most intense near faults, and the resulting dark green sheared

. _rock shows almost no resemblance to the ariginal porphyry. The

ZRKnopf, Adolph, The Dl\'l(le silver district, Nev.: l__w Geol, Survey Bull.

715, pp. 155-148, 1921,
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chlorite is generally accompanied by carbonate minerals and
pyrite. - The third varicty of alteration was best developed in
the contral area and consisted in the introduction of quarts,
sevicite, and adularia.  Locally replacement of the older min-
erals by these three minerals has been essentially complete, and
the resultant hard, bleached rock is in striking contrast to both
the chloritized and the albitized phases of the formation.

Campbell’s notes on the microscopic features of the formation
follow. They apply to the albitized rock that has undergone
relatively slight later altergtion: .

In thin seetion the Mizpah trachyte shows rather numerous and
prominent albite phénoerysts, set in a fine-grained, somewhat ortho-
phyrie groundmass eomposed prinei; <y of albite and orthoclase. A
Httle quartz in the croundmass may be promary, but it is diffieult to
distineuwish from seeondary quartz. In the interstices of the feldspars
irr the eronndmass are seatfered small <hreds of ehlorite and serieite.
Fevramapenesian pheneerysts are very rare. Biotite may be inferred
brone its predomorphis, whicl ave conerativ either sevicite or chlorite.
NAoataes el ol swhich s plecelirate, s relatively abundant, and zir-
sotcpather seants Muacnetite o dthneniie may have been sparinely
present. but it <ol it is now entire!y altered to ratile.

Mbitesas noted ahove s the eliet feldspar. Tts averace composi-
tion i~ b Ao The plienocrysts ave tabudar and usnally show the
typieal polysynthetic twinnine, exeept where this has been obscured
by alteration. Neither pericline nor earlsbad twinning is partieularly
common. Zonal erowths are abuost unkhown, AT these phenoervsts
are altered to o creater or fesser extent. Serieitization of the albite
phenoerysts was the most widespread tvpe of alteration.  Loeally,
adularization oceurred. and there has also been replacement by quartz.
mlv'xtv, and chlorite. Any two or even three alteration produets may
be .fnlllld on a single erystal. - Alteration of the groundmass is more
(hf’h‘vull fo oshmuto.\\"nh accuracy. It seems to have proceeded more
r:{pull_\' than thit of the phenoerysts, but u.l(mg the same general lines
except that much-altered speeimens are found in whieh the pheno-
('1"_\'..\1& }!u.\'c gone entirely to Hf‘l‘i(‘if(‘: !mt fh‘(* eroundmass has become a
‘nmss n! mfergrown quartz and sericite. vith quartz the more abund-
ant., ]ux:on I speeimens that appear to be but little altered it is eom-
mon to find veinlets and nests of quartz or quartz and adularia.

Similar features have been found during thelstudy of thin.

sections of specimens frem rocks mapped previously as “Mid-
way andesite.””  Albite phenocrysts are found in these rocks,
as a ‘JISP('? quartz - adularia veinlets; in addition .pleochroic
apalite cerystals, identical with those in the unquestioned Miz-
pah trachyte. are present. Koschmannz® has simil{;rly found
that no distinction can be made between ihe heavy mineral
concentrates from the “Midway andesite” and Mizﬁa}; trachyte.

SRoschianm, AT wnpmtiished fiesis. Cniversiy of Wieronsin, 950,
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A thickness of at least 2,000 fcet of the Mizpah trachyte is
indicated by the relatively unfaulted hanging-wall exposures in
the Sand Grass and Tonopah Extension mines. The top of the
formation is not known, except where it is unconformably over-
lain by the Fraction breccia. The Mizpah trachyte conformably
overlies 'the Tonopah formation and must therefore be slightly
younger, -

E:tension breccia—The name “Extension breccia” has been
used locally for an intrusive mass of breccia which occurs only
in the northwestern part of the district and whose relations are
best exposed in the Tonopah Extension mine. It is probable
that in some of the geologic mapping by mine geologists this
formation has been included either with the Tonopah formation
or with the *“Montana brececia.” No additional information
regarding it was obtained in the eastern mines, and the follow-
ing description is taken from the earlier report:=%

O the Jower Jevels of the Tonopalt Extension nrine the breeeta
is found in the fooiwall of the Muarray and Merger veinse The expa
<ure contintes up to the 600-foot levell but the area of breceia present

on cach level steadily deereases upward, because ol the faet that the
dip of the breceia mass is somewhar steeper than that of the vein,
The Extension breeeia is also fouwnd on the hanging wall of the com
hined Murray and Merger veins in the Tower levels of the Sand Graes
and Merger mines but is by no means adequately authined  there
beeause of the relative searcity of mine workings.

The intrusive nature of the mass is elearly shown i only a few
places, such as the 1,880-foot, 1.760-foot, 1,680-foot, and 150-foot levels
of the Tonopah Extension and the 1,000-foot level of the Sand Grass,
the relations in other loealities being more or less masked by alteration
near the veins. The intrusion appears to have been localized alony an
eavlier fault, striking nearly east and dipping north, within the Tono-
pah formation. On the 1,140-foot level of the Sand Grass, for example,
east of the main body of the intrusive, a narrow dike of the breesin is
found in this fault zone, which here separates breceias and tuus of
the Tonopah formation from Sandgrass< andesite.  Still farther east on
the 1,050-fuot level from the Extension No. 1 shaft, however, the for-
mation is absent from the fanlt zone. The actual eomtaet of 1he intru-

-sion is in many places difficult to locate exactly. Rock typieal of the

breecia passes gradually through a variety in which fragments of the
invaded rock predominate, then to one in which they are exelusively
present, and finally to shaltered wall roek cemented by thin veinlets
of the Extension breeeia matrix.

The greater part of the intrusion is remarkably homecenecus in
appearance, consisting of fragments of virious rock 10 - set in a

“characteristically reddish matrix containing rounded dark phenoer sty

of quartz. The rock fragments ineluded are largely of the Toucpah
formation and less abundantly of the Sandgrass andesite and Mizpah
H’“Nol:u;,"T:-B., op. -cit., pp. 17-19. S T
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trachyte.  Not uncommoenly small fragments of black shale are also
found. Locally it is diffcult to distinguish the formation from the
breecias of the Tonopah formation. for in the vielnity of veins altera-
tion has masked its relations and obliterated its distinetive characters.

Alr. Camphell's observations on the thin seetions of this formation
are ..~ follows:

“Under the microscope most of the inelusions are banded rocks, tra-
chytic rocks, eutaxitie-textured roecks, and tuffaceous rocks and can be
recognized as belonging to the Tonopah formation., The matrix is not
usually easy to separate from the rest of the rock. It seems to consist
almost entirely of finc-grained quartz, mugh of which is probably sec-
ondary.  Large quartz gralns are embedded 'in this matrix and are
nmueh corroded and desorbed. T hroughout the matrix there is distrib-
uted a faint reddish-brown dust. nndoubtedly an iron oxide, which
must account for the red color ohsevrved in hand specimen,

“The Bxtension hreecia shows 1lhe same kinds of alteration. with
sericitization and silicification prodominating, that the othier forma.
tions have, )

The maxinonon strike hnoth of (he Lixtension breceia mass wis
observed on the 10 Yot Loyl of 1l Tonopah Extension mine, where
meunted oo neaely TA000 foer T he maximon thickness (at rieht
avecbos o the strike deneth s is ot known hecause of the interruptions
fee s by Tanbting, bat it s probably in. the neichbhorhood of
PO Frag,

The formation is liter than {he Mizpah trachyte, for it inelndes
Fragments of that rock, hut it s older than the West End rhyvolite,
which intrudes it, 1t was prebably formed in the same zeneral period
of veleanic activity as the Tonopah formation and jt« associated flows,

West Idnd rhyolite — At the time of Spurr’s earlier report
the West End vhyolite had been exposed in only a few shafts_
and was considered to be a part of what is called in this report
the “Tonopah formation.” More extensive exposures, however,
proved it to be a distinet rock, and it became known as the
“Upper rhyolite,”
name, although he appears to have included with it rocks that
are now assigned to the Tonopah formation. The formation
was redefined in 1915 by Spurr®! “nd named the West End
rhyolite. N N o .

Burgess describes the mass as being a series of flows, in
contrast to Spurr’s contention that it is an intrusive sill - like
body, but 4he newer mine workings have exposed abundant
evidenee showing that Spurr's view is correct. Buryress’ inter-
pretation seems to have heen ue to the fact that he included
rocks now known to belong to the Tonopah formatfdn. .

The formation is best exposed in the western®workings of

N —— S L

° V‘-urg«?*. J. A, op. cit,, p. 602
"Spurr, J. B, op. cit. (Ecou, Gealogy, vol. 10), p. 737,
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the Tonopah Extension mine, where the main body oceurs ax
a westward -dipping mass separating the Tonopah formation
and the Mizpah trachyte. It thing notably to the northeast.
east, and southeast, and at several places in these directions
the mine workings show it to be absent—for example, on the
1,330-foot level of the Midway, the 1,300-foot level of the Bol-
mont, the 1,200-foot level of the Halifax, the 1,100-foot level of
the Buckeye, and the 500-foot level of the Gold Hill. There are
in addition thinner and less continuous sills of the formation at
other horizons. Many of these are within the Mizpah trachyte,
as on the 800-foot level of the West End and on several of the
Belmont levels; others are within the Tonopah formation, as in
the deeper western workings of the Tonopah Extension.

The intrusive nature of the formation is shown by several
features. The most convineing is the fact that it cuts through
the Extension hreccia. which is itself intrusive, Al several
places there are small apophyses into the Mizpah trachyte, and
in some localities inelusions of that rock are found in the main
body of the rhyvolite, which lics stratigraphically beneath the Miz-
pah trachyte. In addition, the rhyalite shows a narrow chilled
apper border wherever later alteration has not heen so intense
as to conceal it.

Except where intensely altered, the formation is readily rec-
ognized by reason of the characteristic dense greenish matrix,
in which are set abundant angular fragments of white chalky
rock. The included fragments vary greatly in number
and size. In the western part of the district they normally
make up about a third of the rock and are commonly a quarter
of an inch or more in diameter, some of them as much as an
inch. Although the Tonopah formation, especially the tuffacecous
members, has evidently supplied the bulk of the “ragments, minor
contributions have been made by all the oldur rocks, and those
from the Extension breccia are the least abundant. To the east
the fragments are generally much smaller, being commonly less
than a quarter of an inch in diameter, and are, locally at least,
less abundant. At the tontacts of the formation, Lesides the
chilled border, there are in some of the western mines co.rse
breccias witli inclusions a foot or more in dirigeter.  Similar
coarse breccias were noted on the 400-foot level »f the Mae-

*Namara mine as bands within the formation. Wherever these
variations in the number and size of inclusions are found
together, there is no sharp contact between the two phases,
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but rather a gradual blending over a distance of seYe:ral feet.
A faint flow banding was observed at Se\7el'e}1 localities, both
rear the borders of the intrusion and within it.

Campbell gives the following nutes on the microscopic features

of the formation: .
s thin seetion the roek is seen to be a very fine-grained b&t gmel;i
wily halverystalline rhyolite. S}‘aell‘se phenoerysts of (Fiar’fz},la] 1te,) and
orthnelise are found in a matrix of feldspar (probably orthoclase) and
auartz (el of which may*be .'s.ccond:.u'y)*. . . dist
The white inclusions so prominent 1n hand specrlmen‘s:. are '1s in-
vriiobable with diffienlty under the microscope. _Fhe Glassy tra-
clvte’ and nssocint&d raeks appear to h.ave furnished the rpatenal
for the jnelusions, baear - tevtures seen in a fe\‘v of the sections are
e by sbmilar to those ehocaceteristie of parts of the Tonopah forma-

o e onian of the roek was ehieflye sericitization, with an indeter-

R Cnnt oot Sibieificaion. Pereite is widespread and abundant

proaten, ek omany of thie pyrite cubes arve bordered by

woriette. Oty Veinlets in the rock are of widespread

» ared i nany of these adulara is a rather abundant acees-
Seriate oeenrs i sueh veinlets more ravely.

Tre mavimum thickness of the formation is exposed in the
N End Extenston and Tonopah 76 workings, where the main
catrn-ion is at least 600 feet thick., From this place eastward
Love isoaorather regular deerease to 2ero. The West End rhyvo-
Dreomteades all the formations previously described but is, like
theom, unconformably overlain by the Fraction breceia.

. ay e .3 , .02
Frection breeeio—This rock was first deseribed by Spurrs? _

i the “Fraction dacite breceia.” It was renamed the “Frac-
tion rhyolite breceia” by Knopf,?® as a result of his work in the
Divide district, south of Tonopah. The simplified name “Frac-
tien brecein” was propesed in 1950,°¢ because at Tonopa‘r’l’the
Lrvnd portion of the member contains locally very large amolnts
of andesiticnppearing debris, with the result that there has at
tires been considerahle confusion as to the proper correlation
of the beds, They have, for example, been consiccred to rep-
roeert the “Midway andesite”; indeed, all examples of “Mid-
s smdesite™ eappings of veins that were seen by the writer
proved to ba this hasal portion of the Fraction breeda.
Noadditional information about the hreceia was obtained in
the eactern mines and the following paragraphs are'guoted from
the carlier report:ss
B T L A L e A
Knopf, Adolph, op, elt,, pp. 150 154,

UNolan, TU B op. elty, po21,
“fdem, pp 2t 22

5
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The formation is exposed in the workings of the Jim Dutler, Mae-
Namara, West End, West End Extension, Monarch - Pittsburg, and
Tonopah 76 mines as a generally southward-dipping mass that uncon-
formably overlies the older formations and the veins. In detail the
lower contact of the beds is very irregular, showing that the surface
upon which they were deposited had moderate relief. In many places
the major faults that affect the veins appear to have exerted a control
upon this old surface, for the breccia extends deeper where such
faults formerly reached the surface. In addition, relatively slight
renewed movement along many of the faults has resulted in shearing
of the breccia.

The formation as exposed underground is almost everywhere a
massive rock withont any indication of bedding, although in a few
places. interlaminated fine-grained material may be observed. Near
its contaet with the older rocks it is generally sheared, presumahly
as a resull of the later eartll movements that imposed upon the for-
mation its general southward dip.  The basal heds are commonly
made up almost exclusively of rock Iragments that arce andesitic in
appearance, although most of them are undoubtedly keratophyres
devived from the Mizpah trachyte. The proportion of wmatrix in this
variety is in many plices relatively sinall, and for the most part the
matrix has the sane dark color as the fragments. icher up in tie
formation the roek is lichter colored and has a Tower ratio of frae
ments to matrix. O this portion My, Campbell writes:

“The matrix is light colored, exceedimgly fine-orained, and wmnler
the microscope appears holocrystalline 1o Lo ceervstalline,  Fluidal
texture has been observed. The aggreeate index is Tower than eanada
halsam and higher than gamma of sanidine. Phenoerysts of quartz
and sanidine are abundant, and there are a few of albite and biotite,
The sanidine is generally mueh altered to ealeite, {he athite somewhat
altered to sericite, the hiotite also to sericite. There has been some
stlicification throughout the rock and heavy kaolinization tocally, Pyrite,
partly altered to limonite, occurs sparingly.”

Only a small part of the formation is exposid in the undergronnd
workings so far examined, and the determination of the total thickness
must wait until the surface exposures have been adequately studisd,

.The Fraction breccia is considered by TFerguson®® Lo be the
ba=al member of the Esmeralda (“Siebert”) formadion and is
g=xiened 1o the upper Miocene.

Post-ore rhyol tr—Dikelike masses of rhyolite are the youngest -

rocks found in the mine workings. ‘I'hey are exposed in several
places, but only three of-the bodies are large ennugh to warrant
specific mention.  One of these is a thin dike which occurs on

the 1,680-foot, 1.760-foot, w1 1,880-foot levels of the Tonopah

Extension mine near the Cash Boy shaft. ]t definitely cuts ncross

* the veins in at least one place and is unafTected by the » nerali-

zation, being therefore post-ore. A much larger dike is exposed

T Fergnson. 1L G., Geology and ore deposits of the Z\iux_{l_{:\ri-l:n”x;
L. 8. Geol. Survey Bull, 7_:;3, pp. 4243, 1024,

«]itr_ ri(‘.t', \ :\— :
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on the 800-foot level of the West End and West End Extension
mines. where it cuts the Fraction breceia as well as the olc‘ler
rocks. 1t does not come into contact with any of the ore-bearing
veins, so far as known.

The third and largest body is a bulbous dike that has been
cut by the workings of the Belmont, Halifax, Mizpah Extension,
and Rescue-Eula mines.
mont vein on the east and_the Halifax vein on t}}e west and is
clearly later than the ore deposition. It has been intruded along
the Halifax fault zone, and like ihat zone has a northerly trend
and a low dip to the east. This dike appears to represent the
feeding channel frorh which was erupted the rhyolite that forms
the top of Mount Oddie.

In all these occurrences the rock is a light-colored, rather fine-
errained roek with abundant quartz phenocrysts. On the 700-.1'00t
and 900-foot levels of the Belmont there are abundant inclusions
of the older wall rocks. and in places the rock resembles the
raction breeein, but thin sections of the matrix from these
plices. as well as the continuity in depth with the normal rock,
<how that this is a near-surface phase of the intrusion.

Campbell’s notes on the thin sections are as follows:

i thin secetion the quartz phienoerysts stand out prominently. They
are cenerally rounded but ocally are embayed as a result of resorp-
fion, are sl.ig'llt])‘ fractured, and are rather [ree from inelusions.
Phenocerysts of sanidine are common, and in one specimen these show
partial alteration to caleite. More ravely :I”)‘i‘(“ oceurs.  An neea-
sional small flake of biotite, now altered to sericite, was noted. The
eroundmass has been muceh silicified, as is well shown in one specimen
where the secondary silicification has produced “enlargements” of
nus ‘7 pheneerysts, similar to the well-known quartz en]m'g:ox_nent's
that ceeur {ypieally in quartzites, If we discount this alteration it

seems likely that this groundmass was heloerystalline and (umpfm ol

of quartz and orthoclase. There has been in pres a slight sericitiza-
tion, and loeally small patehes of ealeite ocenr. Some pyrite was also
noted,

In part, at least, these rhyolites are identical with the Oddie

rhyolite as defined by Spurr,®7 but some of them may be similar
to his Brougher dacite.?s The surface rocks were ngt carefully
studied, bul’there appears to be little difference between them.

FAULTING
The older reports on the Tonopah district have df)scx 'ibed the
several formations as being essentially honzontaf;*" and have

"mer 3. 15, op. eit. (Prof. Paper 42), p. 49,

*Idem. p. 44,

FBurgess, J. A, op. cit., fig. 87, p. 705, Locke, Augustus, op. cit., pp. 157,
159, Spurr, J. 1‘,,(np cit. (Beon. Geelogy, vol. 10), p. 713,

This dike locally terminates the Bel-.

o~
. o

+ all of them.
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implied that the bulk of the major faulting was later than the
deposition of ore.*® In the report on the western part of the
district4? evidence was presented to show that neither of these
conclusions is valid, as the formations were found to be con-
siderably tilted, and that their apparently horizontal attitude in
the older central part of the district is the result of extensxve

- premineral faulting.

The two block diagrams (plates 1 and 2, in pocket) show the
principal structural features of the district and their relations
to one another. Plate 1 was prepared for the earlier report
and covers the westera part of the district; plate 2, which is
based on the exposures in the eastern mines, differs from plate 1
in that the region which it portrays has been split into three
units, in order that more of the workings may be shown. In
this plate the block is viewed from the northeast instead of from
the northwest, as in plate 1.

The tilting of the rocks ix shown chietly by flow banding of
the lavas and bedding planes of the sediments, and these corre-
spond in attitude to unfaulted contacts projected from level 1o
level in the mine workings.  The dips are dominantly toward the
west throughout the distriet, and in the extreme western part
where there has been relatively little faulting, the westward dip
Is fairly uniform and averages about 45 . In the central and
eastern parts, however, there is less uniformity. although the
net result is a westward dip of approximately the same amount.
In this more intensely faulted area individual dips either may
be much steeper than 45°, as at many places in the Belmont
mine, or much less than 45°, as in some workings from the
Mizpah and Silver Top shaft. On the T00-foot and 800-foot
levels of the Red Plume and the 700-foot level of the Mizpah
there are low northerly and c:sterly dips. These caused the
sugfrestlon in the earlier report*? that there might be an anti-
clmal fold in the rocks in this vicinity, but the additional work
in the castern mines showed that this conclusion was wreng, and
the easterly dips observed at these places are now considered
to be due to the proximity of several major faults.

The movement along the faults must have been larsre]v
accomplished before the deposition of the ore, for essentiall

LA

unshattered quartz has been deposited in places along almost 5; *

In some of these occurrences such quartz is con-
tinuous with the quartz of the ore-bearing veins, and in several

“spurr, J. E., op. cit. (Econ. Geology, vol. 10), .. 766-769. Burgess, J. A..
op. ¢it.. pp. 769711, ,
“Nolan, T. B., op. cit,, p. 23.

“Idem, pp. 23-24.
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places ore has been stoped from shoots that follow_ the ffults, as
on the Merton fault or vein in the Toropah E‘xtensmn, W e§t End
Fixtension, and Tonopah 76 mines, the Rainbow fau.lt. in the
MaeNamara mine, the Mizpah fault in the Tox'wpah Mining ax?d
Pelmont properties, and branches of the H.ahfax fault zone in
(‘ho Halifax mine. There has been postmineral movement in
several places, as shown both by the presence of quartz pebbles

in “ault gouge and by the faulting of younger formations, such »

ns the Fraction breccia and* post-ore rpyplit’fes; but this move-
ment appears to have been relatively shghi':. . .

The faults found underground may be dwl.ded into three gen-
eral groups, based upon their strikes and dips. The fault§ in
vach of the three groups are believed to have a common origin
wied 1o represent phases of a single epoch of earth mO\'emellt.

ue proup constitutes a fault zone of northerly strike and
cober fow east dip, which is restricted to the eastern part of
o di-irtet. It has been ealled the “Halifax fault zone,” from
v IHdirex mine, in which it is well exposged. A second group

Sandtss which is probably younger than the greafer part of
oo vsovetnent along the Ilalifax zone, ineludes three major
odre bnown eollectively as the “Tonopah fault.,” and sub-
vy faults that branch from them and have an easterly
corihe and either northerly or southerly dip. The Tonopah
fault s compound and is unique in the distriet in that its com-
penent faults have curved traces in both plan and section, being
comen castward in plan and convex upward in transverse sec-
tion.  All three of these component faults have axes of curva-
ture that fall along the same east-west line and that plunge
eastwird at a Jow angle. Most of the ore bodies that have been
mined in the distriet are localized along the Tonopah fault and

it« brunches. The third group includes faults with northeast”

pnd northwest strikes and also some faults with north strike and
tr=t dip. The group as a whole is thought to be roughly con-

fmporancous and to be younger than tl. iwo other groups of ‘

frenlts,

Hotifar funlt zone—The Halifax fault zone is exposed in the
Hadifix, Mizpah Extension, Pelmont, and Buckeye mjnes and
consists of adinked grouy of slightly curving faults with a gen-
teal northerly strike as an eastward dip that averages about
50 or A0, Many of the workings in which the fault zone is
cxpoesed were not aceessible in 1930; a considerable part of it,
however, may be seen on the 1,100-foot level of the fﬁalifax and
the 1,155-foot level of the Mizpah Extension.

i e
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The fault zone has been of considerable economic interest, in
that a member of it has terminated the Belmont vein eastward
on the upper levels of the Belmont mine, and other members
have cut the Halifax vein into several segments, only two of
which are known to be ore-bearing. The difficulty of picking
up the faulted vein segments is materially increased by the fact
that post-ore rhyolite has been intruded along the fault zone, and

-some of the dikes are =overal hundred feet wide. In places there

has been some mineralization along individual faults in the zone,
and in a few of these places, such as the north end of the 1,100-
foot level of the Halifax mine, small stopes have been opened.
None of these workings appear to have been profitable.

The total amount of premineral movement along the Halifax
fault zone is unknown but was probably more than 2,600 fect,
to judge from the reported presence of Mizpah trachyte in the
hanging wall of the most easterly branch on the 1,700-fool level
of the Halifax mine. The throws of individual faults within
the zone appear to vary greatly, but the accessible workings are
too few to determine them accurately, especially in view of theiy
branching habits. There has clearly also been some postmineral
movement along the zone, as is shown by the tilting of the
Fraction breccia and by the crushing of the rhyolite dikes. This
movement is believed to have been somewhat less than 1,500 feet.

Tonopah fault and branches—The second group of faults
includes a very large proportion of the fractures along which
ore shoots have been found. The compound Tonopah faull is
economically the most important one in the group, partly because
of the ore bodies found along it but mainly because it has con-
trolled the localization of the numerous ore-bearing minor frac-

“tures that branch from it.

The two lower segments of the Tonopah fault, cach of which
has' the appearance in cross section of a recumbent «rescent.,
convex -:pward, are exposed only in the western hali of the

district. Figure 1 shows the extent to which these branches
have been exposed by the mine workings—for considerably more

than 1,400 feet vertically gn the north limb and for nearly 700
feet vertically on the south limb. Ore bodies along different
parts of the fault have received different names, some of which
are shown in the figure.

» The northern juction of the lower branch with the uppey
branch is well cxposed on the 500-foot level of the Tonopah
Extension mine. This locality is not shown on plate 1, which



o}
8]

Underground Geology of Tonopak Mining District ' Undere-ound Geology of Tonopah Mining District 33
does, however. show the junction of the branches in cross sec-
tion between the 600-foot and 660-foot levels of the Tonopah
Extension. about 500 feet southwest of the Sand Grass shaft.
The upper branch is apparently unmineralized at this point.
The comparable junction to the south has not been found by
mine workings, but the dips of the two branches indicates that
it very probably exists. The crests of these two “anticlinal”
branches both plunge to the east at low angles, ranging from
5° to 20°. The rather inadequate exposures of the crest of
the lower branch suggests that it plunges at a lower angle than
the upper.

. The Stone Cabin fault, ekposed in several workings in the
vicinity of the Desert Queen shaft, is believed to be a third and
higher branch of the Tonopah fault. It has a much greater
radius of curvature in plan than the two lower faults :nd
plunges more steeply to the east (about 30 ): to the north i
becomes nearly parallel with the branching Mizpah fault and
cannot be confidently traced.

No ore shoots have been found along the Stone Cabin Tault
and consequently it has not been extensively explored.  Tts
curvature, its alinement with ihe two lower branches. and {he
similarity of its relations have led 1o its assivament to this
second group of faults, although the mine workings do not
expose a junction with the other two branches.

The curved trace of the Tonopah fault suggests at once that
it is simply a folded fault that originally had a uniform dip.

. This view is not tenable, however, because there is no similar
¥, folding in the formations adjacent to the fault—in fact, the
strike of the wall rocks is rather uniformly at right angles to
the axis of the crest of the fault
: ' ‘ The only mechanically probable direction of movement along
. the three branches of the fault appears to be a relative drop
to the east, down the axis of the crest of the fault. As meas-
ured in this direction the contact of the Mizpah trachyte and
' . the West End rhyolite has been shifted about 500 feet down the
<. T nose of the lower or Ohio vein branch, about 1,500 feet down -
the nose of the middle oy MacNamara-West End vei:: branch,
and about 1,000 feet down the nose of the upper or Stone Cabin
branch—a total movement of about 3,000 fcet. All these figures

! are approximate only, because of the nu: rous other .. iis that
i ! I T T T T — ~affect this contact in the region where the measuremerts must
) S 8 3 3 g 8 8§ °r : be made. On the lower levels of the Tonopah Isxtension mine,
! H 1
S ¥ o Qe Y © al o ’ in the western part of the district, this same contact is =hifted
- ' R |
: A f
) ' g :
N it
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horizontally about 1,500 fcet by the north limb of the fault and
it~ eplits (which here represent the union of the two lower
branches of the fanly), and this figure suggests that the move-
ment was a few hundred feet less at this point.

The subsidiary related faults are most abundant in the central
and eastern parts of the district at relatively shallow depths.
The only large one found at depth occurs on the lower levels
of the Tonopah Extension and Sand Grass mines. It is min-
eralized and is locally known as the “Mer_ or vein.” Ifs line of
junction with the main fawt plunges steeply to the east, and
the two diverge from each other westward., West of the point
of junction the displacement along the main fault decreases by
ahout one-half, the remainder being along the branch. No com-
varable branch or split has yet been found on the south limb
in the West Fond mine,

ot oof the branch faults have a relatively small throw—a
o teandred feet or less—and an east-west strike. They are

Soehietly above the erests of the middle and upper hranches
cooche Tonopah fault in the Tonopah Mining, Belmont, Jim
oo Montana, and Midway mines. They differ from the
Merrer o vern branch in that their lines of intersection with the
doask Ll where known, are nearly horizontal and their diver-
cenee s inoa vertical rather than a lateral horvizontal direction.
Proadi these faults that Tave been adequately explored the amount
ofdiplicement deereases rapidly upward and. in some at least,
woestward as well. The upward dyving out is commonly accom-
panied by the development of one or more branches and in
iy of the veins by a steepening in dip. The Belmont vein
appears ‘o be exceptional, as its dip decreases upward.

Two greneral typ. © of these subsidiary faults may be distin-
iished, One stecply dis neoset includes the Mizpah vein aned
its probable extension to the west as the Red slume-Extension
~ovthoveing the Belmont, Lillie Belle; and other veins in the
Pebimont mine; th MaeDonald and other veins in the Montana
nitvie, all with steep northerly dips, toge " »r with the Fraction
ol come other veins in Jim Dutler groand near the Desert
Ceteen shaft, with steep southerly dips.  The second set, with
'f‘;"""' fow (30 10 100) novth dips, is represented by the Valley
\;" wovein,and the Shaft and Favorite veins in the Belmont
mikie. amld possibly by the Rescue vein in the Rescue-Fula mine.
.l he Valley View and Favorite veins both appear to pa:ss upward
into steeply dipping veins Jike those of the first set. These small
branch faults are much more numerous immediately norti: of

¥

P

,that the vertical movement along this faultsmust amount :
1,000 feet. The Monarch-Pittsburg fault, like the pave.  fault
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the crests of the Tonopah fault segments, and their close genetic
relationship with that fault is therefore not beyond debate, espe-
cially as there is some evidence that at least part of the move-
ment along them was later than that along the Tonopah fault.
They are, however, cut and offset by all the members of the
third group of faults, and it is believed that genetically they
are best placed in this second set.

Other - faults — Of the three varieties of faults in the third
group, those with northwest strike and a northeast dip that is
commonly about 40° have had the greatest effect upon subse-
quent mining operations in that they have offset the fracturecs
that were later to become ore-bearing. Three of these faults
have been developed for considerable distances underground.
The most westerly one is exposed in the Tonopah Extension.
West End Extension, and Tonopah 76 mines. It is loeally
mincralized, and the ore shoot in Extension eround has been
called the “Merton vein.”™  The horizental shift of {he contoet
hetween West End vhyvolite and Mizpah trachyie along this
fault amounts to about 1,000 feet, and as the contaet in this
recion dips about 45, the vertical movement - long the fault
vas probably the same. On the Extension 1.510 - foot level.
southwest of the McKane shaft, the fault is made up of two
major branches, which in places must he 200 feet apart.  To
the west, however, they appear to join. The workings on the
800-Toot level of the West End Extension and Tonopah 76 do
not show a similar branching, unless the two masses of quarty
found in the workings south of the main erosscut represent
the western junction of the branches.

The second fault has been named the “Monarch - Pittshurg
fault,” 4% owing to its occurrence in the mine of that name,
where it is apparently mineralized. It is also exposcd on the
800 - foot and 960 -foot levels of the West End nine, where
it- cuts off the Ohio vein fissure, and on the lower levels of
the Tonopah Ixtension, where it offsets the fissure followed by
the Murray vein. The fault is essentially continuous helween the
exposures in the Extension and those in the Monarch-Pitt:? e,
but it is cut and displated by two large faults in the region
between the Monarch-Pittsburg and West Tnd mines.  The off-
set of the Murray vein in the Tonopah Extension mine indiv‘:ztm
sohieptt

to the west, is compound-—two major branches, which u:. - both
TeNuolan, T. 1L op. .cit‘, p o8,
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te the southeast and to the northwest, being observed in the more
westerly” workings.  In the Tonopah Extension mine this fault
i~ known as the “Denver fault.” .

The Mizpah fault s the thivd and best known f the north.
wesferly fanltse It has been explored at many places in the
Midway, Mouatana, North Star, Tonopah Minine, Belmont, and
Rexcue - Bula mines, where it cuts off the main ore-bearing

- veins. Loco Uy, eastward-striking portions of the fault contain

ore shoots that have been stoped and are called parts of the
Mizpah fault vein: The fault is actually a fault zone, as in
most places there are two or more parallel fractures along which
the fanlt movement has occurred. The number of branches
Appears to incrcasesboth to the northwest and to the south-
cast. s dithieult to determine with any accuracy the total
theevadenge the Mizpah fault zone partly beeause of its
©oere habit bot chiefly hecanse of  the numerous other
ottt vicintty, In the North Sfir and Montana
e enamples the northesy ot don of Stone Cabin
pete with it o the Belmont oine (e northeasterly Bel-
Srnboas accomplicating factors and in the Rescue-Eula its
o terhv extension s close to the equally branehed Halifay
cnes From the position of the Jower boundary of the
Aosab teachyte on cach side of the zone, however, and with
Pevamee for the effeets of other fanlts. it appears that the total
o cent along the Mizpah fault must have been about 1,000

teetoor essentially the sume as along the other two faults of this
Ly pe,

o

The northeasterly faults of the group are somewhat more
ahundant but appear to have smaller throws than the north-
westerly faulls. Some o them show notable curvature along
Poe strike, the northeasterly trend swinging into a north-south -
trevd The dip is to the southeast or east at about 60°, Indl
viaal faults of this strike show diffcrent relations to both the
rerthwesterly faults and the northerly faults with west diy, lead-
e to the conclusionthat al three types are rourhly contempora-

e )
Vi o

) he .\":m(l' (h'.;xss fault is the far(hest northwest of the larger
::mh:: of thistkind and is woll expozed only on the 600-fdot level
of the Sand Graes mine, where i cuts the shaft, and on the 669-
foot level of the Ixtension mine, Other exposures of faults that
are helieved tg he extensions of the Sand Grass fault %;:5 reporicd
on the T70-foot and L050-foot levels from the Extertsion No. 1
shadt, the 1,000.500t level of the Ohio, the 600-foot level of the
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Monarch - Pittsburg, and the 200 -foot level of the West End
Extension - Tonopah 76. To the east the Tonopah fault is
dropped more than 150 feet vertically by the Sand Grass fault.
but on the 660-foot level of the Extension this displacement is
distributed along several branches.

The Rainbow fault, named in the Extension mine, is best
exposed about midway between the Extension No. 1 and Sand
Grass shafts on the 600-foot levels. In most of these exposures
the strike is nearly north, but southward toward the 600-foot
level of the MacNamara mine the fault splits and the main
branch assumes a northeasterly strike. The wotrkings in the
Ohio vein, particularly on the 555-foot level, show that this
southeasterly branch is cut and offset by the Extension fault
of the third group. The vertical movement along the fault is
about 150 feet on the lower levels of the mines.  On the upper
fevels the throw decreases and s divided hetween  several
branches: the movenent along the main southhwesterly hranel
was about 50 feet,

The MaeNamara fault is found throughout the mine of hat
tesoes where it displaces the upper hraneh of {he Tonopaly faul,
and iz probably continuous westward with s imilir fault that
cuts the lower branch on the S00-fool Jevel of the West knd,
Eastward it is found in the 500-foot, and 600-foot levels of the
Red Pline hut appears to die outin the Midway and Montana
mines.  The vertical displacement along the fault is more than
200 feet in the western part of the Ohio 800-foot level, but is Jess
than 50 feet on the 500-foot level of the Red Plume. To the
west the MacNamara fault cuts and offsets the Rainbow,
Monarch-Pittshurg, and Extension faults.

The Edwards fault was named and is best exposed in the
West End mine, where its several branches are rouv;-hly parallel
to the southern limb of the portion of the Tonopah fault known
as the “West End vein.” It is similar in many respeets to the
MacNamara fault, which it parallels. Along the plunging crest
of the Tonopah fault on the 600-foot level of the Red Plume and
Mizpah mines the dip of the Edwards fault flatters notahly,
being about 10-. "’

The two Taults of this type in the Belmont mine hoth show g
change in strike from northeast to north-south. The more west-

_erly is the Favorite fault. The strike oft this fault appears to

“curve from nearly north-south to northeast - southwest when
traced to the south, but its extent and exact relations are
son. what obscu-e because it is near the Mizpah and Stone

oo
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Cabin faults.  Both of these faults are dropped as much as
foee feet in some places by the Favorite fault, but in others
it cannot be recognized as distinet, and it is belicved to follow
the Stone Cabin tault, at least locally.

The Belmont fault may be recognized in many places in the
Delmont and Rescue-Eula mines. To the south its strike is

nearly due north, but northward this curves to about N. 40° E.,

and the most northeasterly gxposures, where the fault branches,
show strikes of N. 60° E. The movement along the fault was
sbout 600 feet, and there is some evidence from the correlation
of thicknesses of the West End rhyolite on both sides that
Larizbntal movement to the east has been about equal to the
~tienl movement.  Mine workings on several levels of the
Poimont near the west end of the Belmont vein show that
Lo brant anmd Mizpah fanlts interseet cach other with little
v cteets although the movement alone both of them has
considerables This relation imulies that the two faults
cove cesentially contemporancous.

Vivony the minor faults of northen - ¢ly strike the Silver
Fer it e the Ponopah Mining Co. ground and the Tesuro

<t in the Belmont have been most extensively developed. The
teecement wlonge both of them has beett 50 feel or less, but both
fese heen traced Taterally for more than 1,000 feet:

Northeasterly and northwesterly striking faults of small throw
arc annzually common in parts of the Montana and North Star
mines,  The relations of the faults of one type to those of the
other are complex and here also seem to be best explained by
the contemporancity of the two kinds of faults.

Faults with north-south strike and west dip are also included.
in the third group of faults. They arve found chiefly in the west-
frnomines, but a few with only minor displacement along them
are exvased to the enst, The most thoroughly explored fault of

Pi- tar o s the Fxtension fault, which has been exposed through- -

it the vertical range of the Tonopah Extension workings and
toeieo funnd in parts of the MaeNarara and West End mine..
”"z the Jower” vels of the Extension mine the vertical movement
"uf':':f ‘thv Gt amounted {o ;' out 125 feet, but on the upper
“res i appears to have heen somewhat less, in payt at least
e of the development upward of several brare hes.
_ Fhe most westerly of these faults is the 76 fault, e¥posed both
Ln the Fxtension and in the West End Extension a‘nd Tonopah
6 mines, where it offsets the Merton vein. The vertical throw

¥
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is xomewhat less than 100 feet. Another, which may be called
the “McKane fault,” is found near the McKane shaft, where it
offsets the Monarch - Pittsburg fault. The vertical movement
along it-is about 150 feet just above the 1,540-foot level but
appears to decrease rapidly upward, amounting to about 50
feet in the Monarch-Pittsburg workings. These levels wore
not accessible, and it is not clear whether this decrease in
throw is the result of branching upward, as in the Extension
fault.

The fault to the east behaves somewhat differently. This
fault, which is unnamed, is about halfway between the McKane
and Extension faults and is exposed in the workings from the
Extension No. 2 shaft and the Extension incline. The maximum
displacement along the fault in this vicinity appears to have
been close to the 1,260-foot level, where the Murray vein has
been dropped on the hanging-wall side about 100 feet vertically.
Below this level the faull puasses into a Hexure, as is shown by
the curving hanging wall of the Murrayv vein on the 1.540-foot
level.  Above the 1.260-foot level tie throw deereases. and on
the 850-foot level it is compuratively insignificant. This fault
appears to be represented to the south by a fault of similar
strike and dip that is exposed in two plices on the 800-foot level
from the Ohio shaft. Here, however, the throw is considerabiy
greater, as the offsetting of the Monarch-’ittshurg fault by it
indicates a vertical drop of at least 200 feet.

The Buried fault, exposed in the western workings from the
Mizpah and Silver Top shafts, is the most easterly of the larger
faults of this type. It cuts the nose of the middle branch of

* the Tonopah fault and drops it to the west slightly more than

100 feet. The workings from the Wandering i;oy shaft indi-
cate that it fruys out southward and upward, and, as it could
not be recognized in the Midwusy mine, it 1+ust also die out
nérthward. ,
The faulls of this .-irike and dip are hoth offset by and
themselves offset the northeasterly and northwesterly faults.
Fanlts of all three groszs are locally mineralized and ave
therefore carlier than the ore depesition. '
Origin of the fawlting — The observed characteristics and

-relations of the three groups of faults have led to the follow-

ing theory concerning their origin:
After the accumulation of the voleanic flows, sills and pyro-
clastic rocks that constitute the pre-Esmeralda formations, the
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present site of Tonopah was uplifted. The cause of the‘uplift
s not definitely known, but several features suggest that it mayv
have been due to the introduction of a body of igneous rock.
The earliest uplift took place along the Halifax fault zone, the
rocks in the footwall of the zone being pushed upward, and tilted
to their present westward dip. Certain details of the trend of
the upper boundary of the Tonopah form:tion suggest that this
early uplift was progressively greater to the north.

A less extensive uplift was accomplished by the development
of the compound Tonopah fault, during which the rocks i the
footwalls of the thr¢ge major branches were forced upward rela-
tive to those in the hanging walls. The localized uplift thus
effected may have been due 10 a small protuberance or cupola
from the hypothetical iencous mass mentioned above. Concom-
itant with the formation of the major fractures, several minor
Mictires developed above the eresis of the curved Tonopah fanlt
serapents possibly asoaresult of stretebing in ihe hanging-wall
Flocks due to the inerease in the volume of rock in the uplifted
Ffoorwwall hloek.

The period of uplift, represented by the Halifax and Tonopah
Fanlt eroups, was suceceded by one of settlinge or eollapse. The
Faultx of the third group were fermed at this time. and the
movements along them retiect the readjustments attendant upon
the settling. Their relations {o one another sugwest that the
three {ypes of faults in the groun were essentially contempora-
neous, and their distribution conforms to what might be expected
from a progressively greater settling to the east and northeast.
It i also probable, from the relations of some of these faults
to certiin of the minor fractures related to the Tonopah fault,
that the readjustment may also have utilized these older frac--
tures as well. -

ORE BODIES
The ~ineralogy of the Tonopah ores has been studied by

Falde Surgess,'™ and Bastin and Laney,*t and the textures

erd character of the silver-rich ore bodies have heen deseribd
By Spurrd? and by Bastin and Laney.ts

o - .

SN A M The minernt of Tenopah, Nev.:  California niv., Depf.
ety Bal) ) vt 7 pp. 120, 1910,

Charees DN The halogen <alts of silver and assaciated minevals at Tono-
pihe Ner 0 Lenn, Geolowy, vol, 6, pp. 12291, 1911,

“Pro-ting, LS nd Laney, 10 B, The genests of the ores at Tonopah, Nev.:
PN Geol, e, Paper 104, 1918, p

Spurrs L EL op eit (Prof Paper 42y, pp. 82296, 115-207.

“Pastin, LS Cand fLaney, KB op. cit,
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The ore bodies are replacement veins that follow faults or
minor fractures and commonly are without well-defined walls.
According to Bastin and Laney,*" “orc-cemented breccias, true
crustification, comb structure, and other features characteristic
of the filling of open spaces are rare or developed only on: a
small scale. Banding somewhat resembling true crustification,
which is locally conspicuous, is possibly to be explained by dif-
fusion during replacement.”

The size of the ore shoots and the grade of the ore mined have
both varied within rather wide limits. As most of the veins
have only assay walls, the price of silver and the methods and
cost of mining and milling at the time of extraction have been
determining factors as to what could be profitably mined. The
Mizpah vein has been stoped for 1,500 feet along its strike on
some levels, and stope widths of 40 feet were reached on sev-
cral veins.  On the other hand. trial stopes on some of {he
outlving veings are very small. The average grade of ore mined
has on the whole deerecased as the dist rict has grown older.
Up to 1904 the average value per ton was more than £100, but
it dropped to $20 by 1911 and ranged around $15 for many years
thercafter. A further drop to $10 occurred in 1930, 1In some
mines considerable quantities of %6 or 7 ore has been mined.,
The total production, from 1901 through 1934, has been slightly
less than $150,000,000.

Electrum (probably selenium - bearing), argentite, polybasite,
arsenical pyrargyrite, and other silver and base-metal sulphides
are found in the hypogene ore, with quartz, a fine-grained pink-
ish carbonate, and barite, together with altered wall rock, as the
gangue. The greater part of the quartz appears to have been
introduced earlier than the silver minerals; the carbonate, how-
ever, is believed to be essentially contemporaneous with them.

Cerargyrite, iodyrite, and embolite are reported by Burgess
tohave been abundant in the veins of the Tonopah Mining Co.,
and Bastin and Larc. 59 report some local supergen: . :lphide
enrichment, which, however, they consider “to have been quan-
titatively much less important than the hypogene mineraliza-
tion.”

The discussion on the fellowing pages has been directed to the
factors that are believed iv have controlled ihe localization of
the ore bodies, as the search for new ore bodics is the most

£ ;'rjrm. pp. 9-10,
“hasting B. 8, and Taney, I, B, op. cit., p. 10,
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pressing problem now confronting the district. In the earlier
report®1- it was sugeested that the ore bodies were restricted
to those portions of the Tonopah fault and its branches and to
faults of cast-west <irike that were open at the time the silver-
rich solutions were circulating and had wall rocks that would
facililate precipitation and accumulation of the silver minerals.

It wis also suggested that depth might have some bearing on .

the localization of the ore bodies, but- this factor was not con-
sidered- adequately proved.

The additional field work, in the eastern part of the district
has required some 1‘;\'ision of these conclusions. The Tonopah
fault and its branches are still regarded as having controlled the
Incation of individual ore shoots and in most places as having
provided the channels along which the mineralizing solutions
traveled, bat it is now heliceved that locally at least other major
aultel specitically the Belmont. Mizpah, Monaech-Titshure, and
Merton faults. also were effective in determining the course of
e oveshecrtne valutienss The vequiroment that the fractures
Beonen st the time of mineralotion i <till eemsidered to have
Becn eeoxsary Tor ore deposition, The intluence of the wall rock
en i deeoation of ore shools 1 also believed to have been
sieniticant, but its relative importance was probably somewhat
exagererated in the report of 1930, The prineipal change in the
conclusions bearing upon the distribution of ore is the inereased
importance attributed fo the depth factor, because the known
ore hodies at Tonopah now appear to have been limited to a
relatively thin zone or shell, which reaches its highest altitude
in the central part of the district. The upper and lower bound-
aviex of this shell, although locally irregular, transgress both
faults and formation boundarics. Because of their symmetrical
relations to a zone of intense altevation that coincides with the
hirh point of the shell, it is thought that the boundaries may
represent izsotherms, or lines of equal temperature, which existed
al the time of mineralization, and that the shell represents the

temperature intcraal within which ore “:position could take:

place. :

The extentyof this shell or productive 7ome is shown in plate 3,
which has béen prepared from maps of the individual mines in
the district.  The upper and lower boundarics of the zone are
indicated by contour lines, which are probably onlf approxi-
mately accurate but nevertheless show clearly the elongated

. S N

UNolan, T Bl op. citl pp. 32-34
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dome - shaped productive zone. The block of ground thus
enclosed has yielded all of the ore mined in the district except
very minor quantities from such mines as the California-
Tonopah and Buckeye.

The east-west elongation of the zone and the coincidence of
its median line with the crests of the three major branches of
the Tonopah fault suggest strongly that this fault played a very
important part in localizing the ore. Individual ore shoots in
the western half of the district are largely restricted to portions
of the two lower branches of the fault, and in the eastern half
of the district to the subsidiary east-west fractures that are
considered to be genetically related to it. There is, of course,
no direct connection in time between the ore and the Tonopah
fault, because there are many younger faults that are also min-
eralized. It would seem rather that when the silver mineraliza-
tion occurred, the compressive forces resulting from the settling
that produced the third group of faulls (page 10) were still in
existence, and that the cast-west Tonopah fault and its <ubsidi-
ary fractures were parallel to the direction of these Torces and
were therefore capable of heing open to the passage of mineral-
izing solutions.  Younger faults with a parallel strike migrht
also receive ore solutions. but those whose strike was more
nearly normal to the direction of the compressive forees would
remain closed.

Although the younger faults are only locally ore-bearing, some
of the larger ones also appear in several places to have played
an important part in guiding the passage of ‘he ore solutions.
Thus the Merton fault, in addition to itself being ore-bearing,
seems probably to have been the source of the ore in the Ber-
muda and parallel veins of the Tonc: +h Extension mine. The

intersections of the Monarch-Pittsburg fault with the Tonopah '

fault coincide with large ore bodies, such as the D:nver and
Murray ore shoots in the Toncpah Extension mine and the

large ore hody on the Ohio vein in the West End mine. The .
hanging - wall regions of the Mizpah fault and the Belmont &
fault are both marked by an unusual concentration of cra

shoots, which decrease iii*value and become u. o
from the faults. The influence of these faults in localizing ore
shoots is believed + have consisted in part in furnishing a
ghannel for the ore solutions to follow, eventually depositing
their contained silver, as with the Merton fault and portions
of the Mizpah fault; and in part in deflecting or intercepting

~ile awayl
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the solutions from the main channelways and guiding them
into new channels without, however, being themselves mineral-
ized.  The Belmont., Monarch - Pittsburg, and portions of the
Mizpah fault appear to be examples of the latter class. The
Halifax fault zone also appears to have been especially effec-
tive as a barrier in preventing the passage of ore solutions
ea..ward, to judge {rom the relative scarcity of known ore
bodies in its hanging wall.

The Tonopah fault and,its branches and the younger faults,
however, are ore-bearing »nly in relatively small parts of their
known extent. The productive portions of these faults and frac-
tures are included within the zone whose boundaries are indi-
cated by the contours shown in plate 3. The block of ground
thus oullined is a relatively svmmetrical domed shell, whose sur-
faces cut acroxs the mineralized faults and the contacts between
the =cveral Formations,

Deviations from the yeealar trends of the contours oceur in
cerered plhees, T ost striking of these is the pronounced
terrace oxtending westa: od Prom the West Fnd mine to the
West Fond Extension o oo aliitude of about 5200 feet, causing
a notable thinning of the productive zone. This feature appears
fo he dae wholly to post-ore croxion, as the vounger Fraction
brecein ig found at this altitade tiroutrhout much of this region,
A different type of deviation from the smooth curves results
from the intersection of the productive zone with the large
faulls of the third group. Thus the northeasterly bulge in
the contours on the top of the zone in the Belmont mine coin-
cides with the presence of the Belmont fault, and the north-
westerly trend of the contours near the boundary between the
Belmont and the Tonopah Mining Co.s ground reflects the

“presénce of the Mizpah fault. The westward - dipping Buried

fault west of the Mizpah and Silver Top shafts apparently
caused the terrace in this recion; and it is possible that the
Monarch - Pittsburg fault has causcd the crowding of the con-
tours observed in the vicinity of the Cash Boy shaft in the
Tonopah Extension mine.

The lack ~f relationship between the surfaces of $he produc-
tive zone and either the known extent of the major fractrres
or the fo- xutmn contaels scems to show that some factor other
than thesc tvs features must have played an importint part in
the loc'thzatmn of the ore shoots. As %urrgested" above, this
factor, which has controlled the depth of ore depoqxtlon may
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have been the temperature limits within which the silver min-
erals were deposited in commercial quantitie and the upper
and lower surfaces of the productive zone are thought to rep-
resent roughly the isothermal lines for the two limiling tem-
peratures.

Two features of the geology appear to offer support to this

belief. One of these is the spatial distribution of the quartz-

sericite-adularia and chlorite-carbonate types of alteration, and
the other is the variation in the silver-gold ratio from place to
place.

The quartz-sericite-adularia alteration was most intense in a
relatively small area in the ground of the Tonopah Mining Co.,
coinciding almost exactly with the highest contours on the upper
surface of the productive zone. Beyond this central area. the
chlorite-carbonate alteration was the dominant type.

Similarly the ratio of silver to gold varies with respeet 1o
this central zone. Plate 3 shows this ratio for all the mines thi
have produced more than 100,000 ounces of silver.  These show
a range from about 85 parts of silver by weight to 1 part cold
in the central area to more than 100 parts boith to the east and
the west, reaching a maximum of 111.5 parts in the ore from the
Esmeralda County portion of the Tonopah Extension mine. The
correspondence between the ratios and the contours would he
even closer if corrections were applied to two of the ratios shown
in plate 3. That for the Tonopah Mining Co. (90.1) is unques-
tionably too high to represent the hypogene ore, for it includes
the oxidized ore mined at the surface. This ore has bheen rela-
tively enriched in silver, as is shown by the ratio of 151.2
obtained from lessees’ ore, containing over 2,000,000 ounces of
silver, mined in the early days. The ratio of 78.1 for tiie North
Star mine, on the other hand, appears to be considerably too low,
Lessees have mined nearly half of the ore produced by thix mine
anpd apparently have selectively extracted ore rich in gold: for
thie two years 1915-14, during which more than half of the total
silver output was mined through operations on a moderately
large scale, the ore had a silver-gold ratio of 33.3, which fits
very nicely between the iMontana ratio of 92.5 and the Belmont
ratio of 95.3.

In addition to ke influence of the Tonsmah fault and other

~east-west branches and of the temperature Jactor in lucalizing

the ore bodies, it would appear that local conditions were also
effective. The most important of these is believed to have been
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the neeessity of the fractures being open to the passage of ore
solutions. There seems to be fair evidence that the silver min-
eralization was in large part independent of and later than the
introduction of the bulk of the quartz in the veins, and that the
quartz mineralization in places effectively sealed the fractures
against the passage of the silver-rich solutions. Thus, parts of
the Tonopah fault within the productive zone contain large

masses of quartz whose silver content is too low to be mina-

ble, and in other places, particularly in the hanging - wall
branches of the Tonopah f#ult, there are veins containing ore
of rather high grade in which quartz is relatively secarce.
renewed movemen? along the fractures following an earlier
quarlz mineralization is thought to have been essential for the
foruation of an ore body.

in the earlier report *2 the character of the wall rock was
emphasized as an important factor in localizing the ore. the
more brittle rocks beiny considered especially faverable for
are depoxition. Tt was vecornized, however, that an individual
Formetion, =uch as the Mizpah trachyte. might be either favor-
able or unfavorable, depending upon the type of alteration it
had undergone.  This feature is thus in part a retlection of the
temperature factor, as there is o rough corra-pondence between
the distribution of (vpes of alteration and the outlines of the
productive zone, Tt would appear, hiwever, from the work in
the castern half of the district that the tyvpe of wlteration, and
consequently the physical chavacter of the rock. has had less
influence in determining the location of ore shoots than the
factors that have already been discussed.

The formation of the ore bLodies mny be briefly summarized
as follows: After the uplift and settling that resulted in the
severa) groups of faults described on pages 28-40, hot miner:’-
izing solutions that had their source beneath the central part
of the district, presumably coming from a body of cooling igne-
ous rock, caused the widespread albitization obscrved throvizh-

out the district ang, in so dcitg, established a thermal gradient:

in which the ‘-otherms were convex upward, reaching their
highest points in the same coentral area. At a later stage other
types of altfration cccurred, charvacterized by quartzy» adularia,
and zericite especially in the central area, and by chlorite and
carbonate in the outer regions, and these were possiply accom-
panied by a widespread introduction of quartz. Q’L’fartz depo-
sition, however, was largely eonfined to faults afﬁi fractures,

“Nolan, T. B., op. cit., pp. 23 -34.
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especially those with an east-west trend. The silver-rich min-
eralization followed and appears to have been still more lim-
ited, some of ithe fractures that had earlier been filled with
quartz apparently having been sealed to the later ore solutions.
The silver mineralization, even more than the quartz introduc-
tion, appears to have been controlled by the major fractures,
utilizing those with east-west trend as channels of ertry and
being dammed. or deflected by these with a ~orth-south strike.
Furthermore, deposition of the silver was limited to a relatively
narrow zone that is thought to correspond with isothermal sur-
faces affected by an igneous mass below. Only the veins in
the highest central part of this zone were exposed to erosion,
and these appear to have been relatively enriched in silver.

SUGGESTIONS FOR PROSPECTING

The recent increase in the price of silver has considerably
revived mining activity in the Tonopah district, which has been
expressed so far in an inercaxe in the nunber of lessees work-
ine in several of the mines. A prolonged maintenunce of the
existing price, if mining costs do not show a parallel rise, or
further increases in the price. may be expected to result in
renewed prospecting operations by the mining companies them-
selves. It is hoped that the following notes may be useful hoth
for the lessee type of operation, in which dead work must be
kept at a minimum, and for the more elaborate prospecting cam-
paigns that require company operations.

It is probably true that past exploration through both mine
workings and drill holes hos been sufficiently extensive over
much of the district, especially the central part, to indicate
that no large new veins will be found. Possibly, however, seg-
ments of known veins will be found to contain profitable ore
shoots. Several such segments appear to have been unexplored
and might be ;rospected at relatively small expense. One such
ségment is believed to occur on the 600 - foot level from the
Fxtension No. 1 shaft, where the Red Plume or Exiension
North vein has been unexplored on the hanging - wall or east
side of the Rainbow fault, the drift having to-n driven on a
hanging - wall branch of the vein. Similarly o the 400 - foot
level from the Mizpah shaft there appears to be a lack of cor-
respondence between branci:es of the Mizpah vein on the two

isides of an eastward-dipping fault 200 fret cast of the shaft,

suggesting tiat there may be un-vplored segments of veins in
this region. It is thought that ¢isse study of the mine maps

will bring out similar possibilities. 1t is, of course, pnssimcw
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that such segments of veins, if found. 1. be barren, but the
relatively low cost of exploration of this type would seem to
make it a worthwhile gamble for lescees. Such exploration
naturally should be contined to the productive zone and might
well be limited to the vicinity of the major fractures that have
obviously guided the ore solutions.

The success of the Tonopah Mining Co. in economically extract-
ing the silver and gold from the low-grade material that was
drawn from the caved arem along the Mizpah vein above the
200-foot level would seem to justify a thorough sampling of
the walls ‘of other parts  * this vein, in order to determine if
a large body of low-grade ore could = developed that would be
amenable to cheap large-seale mining and local milling. Although
other veins in the mines of the West End, Belmont, and Tonopah
Mining Co. properties have wall rocks that contain numerous
smadl silversheaving veinlets, the recion adjacent {o {he Mizpah
Vi, aippears toooffer the hoest chanees of suceess in the mininge
s ey of very Jow erade g,

Prospectine desivned 00 diseover hitherto unknown Veins or
ere ot o pobably require considerably proater expendi-
rres o dime wed o moneys The writer belicves that sneh ore
Bodies can be fourd only in those parts of the productive zone
that have been cither unesplored or, but li'le explored.  For
al practieal purpores this means working at greater depths in
the costern or western parts of the district, with consequent
bigh costs due to the necessity of pumping quantities of hot
water,  Such prospeciing also faces the probability that min-
eralization was less intense in these outlying regions—in other
wore' . that less silver was deposited per unit volume of ground
than il'] the central region. Exploration within the zone north
or soulth of the developed area appears to be much less likély
to be successful, because there appear to be relatively few favor-

able fractures in these regions in which ore might hav? been

-

deposited. ‘

The easicrn extension of the productive zone is probal:i - luss
favorable for prospecting than the western, ' eause the Halifax
fault zone dips at a steeper angle than the productivezone, and
the work iif*the Halifax and other castern : ines leads to the
cenclusion that it was only locally possible for the ore .olutions
to penctrate this zone. The western extension of the productive
zone offers more favorable possibilities. Thus the squth limb of
the Touopah fault in the footwall of the Monarch-Pi tsburg fault
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has never been found, owing to the presence of the post - ore
Fraction breccia in this region. The north limb of the fault
carries the major ore bodies in the western workings of the
Tonopah. Extension mine, and the region in which this fault

falls within the extension of the productive zone would seem

worthy of careful prospecting, should the price of silver be
maintained at a figure that would warrant the probably hich
costs of exploration and »ining. The country immediately in
the hanging wall of the Merton and similar large northwest-
erly faults within the productive zone would also warrant
exploration under these circumstances, as veins similar to the
Bermuda vein might be expected to occur there. In connection
with exploratior in the western part of the district, it is pos-
sible that the unsatisfactory results on the 1,880-foot level of
the Tonopah Extension mine were due to the fact that the Den-
ver und Merton veins, where they were cut, are probhably very
cloze to the Jower Himit of the productive zone:; the trend of
the conteurs on plate 3 sugeests that at this altitude ore shoots
might be found farther west alonge the fwo veins.

A mach more speculative possibility is the exploration of the
region for a few miles north of Tonopah.  The origin of the
faults and the ore bodies as outlined in the precesing pages is
thought to be connected with a localized uplift in the footwall
of the Jlalifax fault zone. It scems logical to assume that in
other places along the Halifax zone there may have been simi-
lar local uplifts, which may also have been mineralized. Unfor-
tunately the region to the north, which for several reasons is
believed to be the more favorable, is largely covered by vounger
rocks, so that direct surface examination for signs of local uplift
or mineralization is not possible, and the large area involved
»ould make the cost of adequate subsurface exploration, either
by drilling or by shaft sinking, much too great. It is possible
tha! detailed instrumental mapping of the few scattered out-
crops of the pre-lismeralda formations might give some sug-

gestions as to favorable regions, which in turn could be explored

by drilling,
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