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seen that showed unything more than moderate impregnation of quarty,
with sulphides, :

In southern Verthont the only gold known to have been mined a
anything like a profit is that found in the gravel deposits of Plymouth,
Hager reports the largess nuggots found here to have had values of
814 and §3.  To what extent ¢ en the Plymouth work was profitahle
is doubtful, in view of the inexperienco of those wvho engaged in this
gold washing hetween 1855 and 1861. The origin of this gold in the
allavial deposits ean not b stated. The presence in this vicinity of
steatite and Sorpentine probably reprosenting altered basic igncous
rocks is naturally at once noticed in this connection. T'he possibility
of this derivat' 'n for the gold was suggested by Hager in 1861, and
the statement of a prospector quotgd ““that he did not think he ever
washed a dollar’s worth of gold 5 miles cast or wost of the line of
serpentine and soapstone beds, or $5 worth 1 mile east or west of
them.™ In this part of Vermont abandoned stream channels and other
features due to diversion of streams in the past are so common and
apparent as to be readily noticed by the traveler. These changes in
the old drainage complicate somewhat the task of ¢ racing the alluvial

. gold back to the rock from which it wag derived; but in any search

for gold veins these drainage fentures must be tukon into account.
The essential foature in the question of the oeccurrence of gold in
Vermont is the economic value of the deposits. No better statement
of this can be made for the benefit of the public than that made by I,
Hitcheock,? in 1861: “Wo trust that too much is known on this
subject at the present day to leave any to indulge in extravagant spee-
ulation, or to make investments without reason.” ‘

aOp, eft., p. 848,
bVermont Geol. furv., Final Rept., vol. 1, p. 533,
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FRELIMINARY REPORT ON 'I'\H]'ll ORE DEPOSITS OF TONOPAH,
NEVADA.-

By J. E. Spurs.

LOCATION, CLIMATE, AND POPULATION.

Tonopah is situated in Nye County, Nev., near the Ksmeralda County
fine. It lies south of Belmont, and about 60 miles east of Sodaville,
which is on the Carson and Colorado Railroad. The eamp is reached
hy somidaily stage from the latter point.

“Phe climate is arid, with rare rains and oceasional snows. The
presens water supply is pumped from wells in a water zouo some 4
mileg north of the town. .

At the present writing tho camp has an estimated population of
5000, It has eloctrie lights, waterworks, two newspapers, and has
attracted entoerprising men from all parts of the country.

DISCOVERY AND DEVELOPMENT.

Tonopah was discovered in 1900 by J. L. Butler, who was on a pros-
pecting trip.  He gave his samples to Mr. T. L. Oddie, of Belmont,
who had them assayed forhim. Thesc samples showed values of from
30 to $500 to the ton. My, Butler gave T. L. Oddie, W. Brougher,
and several others interests in the original ecight elaims which he
ocated, now the property of the Tonopah Mining Company. )

In doing the location work 2 tons of ore was sorted out and shipped
to Selby’s Smelting Company. This netted about %600, and from that
time the property has paid for its own development.

In December, 1900, a few leases were lot, and in the spring of 1901
over a hundred more. Before the end of 1901 the lessees are said to
have extracted ore to the valus of about £4,000,000. InJanuary, 1902,
the leases having expired, the Tonopah Mining Company commenced
development work, in which it is still engaged.

aThe v."riter hasg spent about five months in field work at Tonopah and four montrl.m at Wash-
Ington studying material collected at Tonopah. A, satisfactory ﬂmt.l report on the district :-.nl)s
for more detailed offico study, microscopic examination of thin sections, chemical lnlveﬁtimfl.mn.
“te., which will now be carried on, and the completsd report isgued as soon as poﬂs}hle. Since,
however, there is an urgent call by the mining public for some immol}ia?e information concern-
ing the region, the Dircctor has autborized the writer to issue a preliminary roport contalning
At outline of tho results to dato. 8
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Following is a tablo of the weight and ve
taken from smelter 1 sturns; ¢

Weight and value of ore shipped to April 1, 1903,

T . T T
Year, ‘Weight. Gold. Bilver,
e ——— e
. : Pounda, Ounces, Ounces,
T e 5,067, 852 9,780.95 628, 487,y

.............................. 22,886,355 | 27,003, 84 2,408, 948, ¢
8,481,443 4,212.96 399, 180, 4

—— T
81,885,650 | 40, 997,75 3,431, 620,53
—_—

Totay e

Total value, $2,662,401.25.b

There are now on the dump glose to 25,000 tons of ore,
ago value of $50 per ton. “ .

Subsequently ledges were cut in & number of different localitiey,
such as the Montana Tonopah, Mizpah Extension, Californis Tonopuh,
West End, ote. Some of these are low grade, while some show high
values. All are in the development stage,

Besides the Mizpah the only mine in the Tonop:
which has actually made shipments of importa;
writer is aware, is the Montana Tonopah, where ore was discovered
in depth by Prospecting under the later andesite capping after (he
discovery and carlier development of the Mizpah voin. The ship-
ments? of the Montang, Tonopah to and including July 15 of the
bresent year (1903) are as follows:

of an aver.

ah district proper
nee, 80 far as the

Shipments from the Montana Tonopah mine to July 15, 1903,

Shipmont,
e

First shipment, May 5:
. First-classoro.___._____
Second-class ore_ __ ..

Pounds. | Toga valuo,

—

29,128 $8,596.30

e 28, 331 2,472, %
Second shipment, third-clags ore formill test - _ 21,200 749,25
20,019 4,381.81

15, 664 7156

118,842 14,915,82
Shipments have been m
collected.

ade by both companies since these data were

aFor this tabla and the preceding information the writer is indebted to Mr. T, L. Odaie,
&ger, at Tonopah, of the Tonopah Mining Company,

bEstimated by the Writer.

“May, 1903,

dCourtesy of Mr, . E. Knox, president Montana 7"

man-

onopah Mining Company.

s

lue of the ‘ore shipped,
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The values in the ores are entirely gold anfl silvef'. 1’1"11<élpr(11:§:;
jon of gold to silver is usually remarkably uniform, «Ll'l‘( is the s
o 1 Otl the oxidized and the sulphide ores, namely: The gold is to
" 1)'(?1 1or by ;veiollt as 1:90 or 1:100, making the values nbout'two-
”“:. b:t‘{n; ,gold sm?l ﬁ,ve-sevenths silver. In some of t-he excessw.ely
Mi:l:”ures the proportion of gold becomes greater, occasionally making
;p half of the total value.

TOPOGRAPHY.

That the mountain range in which Tonopah is sitnated ‘is of 't\‘mlen&mlz
i g ists of a series of eroded

jwin i ts topography. It consists o of «

origin is shown by i g t o o ppoded
: ted hills. These mesas

ssas and detached or connec I h : s
f“:':;{ularly distributed, with no definite valley systems between, " hez;
ll'(‘ separated by patehes of sloping or rolling country, largely eov c: ¢
ﬂ'r’ 1h ‘“wash,” or débrig worn from the hills. The mesas are th.e e u.x-
‘:x:nts of vol’cmlic flows; the isolated or connected irregular hills are
b} »

enuded voleanie necks. ) .
‘](Klnln excellent topographic map of the country immediately arm‘md
'1'(:[)0[)&11 on the seale of 800 feet to an inch, has been made l?y Mx
w.J Pc;bors of the United States Geological Survey. On t]u‘s it is

" ’ i r-1i s
scen that the general elevation of the slight valley-like depr essllon 1]114
.wh’ich the town of Tonopah lies is about G,OOQ feet above sed cv)e‘ ,
while the top of Butler Mountain, which is the highest mountain near
the town, is 7,160 feet.

GENERAL GEOLOGICAL HISTORY.

‘ N e s I
Pre-Tertiary formations.—In the immediato vieinity of lo'nopah t}m
rocks are all Tevtiary voleanies or sedimentary tuffs belonglln;é !,0. t 1(13
les . 'ty S artly of silt derivec
i i d sed partly of ash and par
voleanic period, and compo \ ; rhpleAcvr oo
i i Eight or nine miles south o ‘amp,
from the erosion of the lavas. g » 1 o camb,
isli likely of Cambriam orSilurian age,
howevor, there islimestone, very ) Biluris ‘
in this gl,"mitie rock is intrusive. Limestones and granites o;:cur alag
. ( inter veen there an
i : L T vah, and at intervals betw
several miles north of Tonopah, 1 v ok phoro an
Belmont. At Belmnont the limestone, into which granite is intrusiv N
is known to be Silurian. . ‘ -
At Tonopah itself oceasional limestone fragments m‘ld more 1:»})1 1;10
dant fragments of a fine, oven-grained pegmatite oceur in the 3y 10 can
bl'e(‘cias.b They are blocks which were hurled out from the vo cmtlo?\s
at Lile time of their eruption. Thus it is shown that at an un}ccl M;l
i 74 "y 0 oh
depth below the present surface the ascending lavas broke threug
rocks of this character. o .
i rock ° e imme-
Early andesite eruption.—The oldest rock outc]l 01.)t1)1ng in t:her me-
i icini ( i hornblende-andesite, or, ra , was
diate vicinity of the camp is a ™ '
such, for no fresh portions have been found and ,tho' rock hfns bgintl;
ullcr::d 80 as to acquire an aspect in general very different from its
“original one.
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Subsequent to the eraption of this rock fractures were formeq j,
it, and these became the channels fop circulating solutions, Drobably
asconding hog waters, closely connected with the voleanism. 7y,
waters were remarkablo for intensity of action. The rocks whic),
they traversed have heen chenjcally transformed, the chief procogy
being siliciﬁcation, 80 that they are now found more or less complete]y
‘altered to quarty and sericite (fine muscovite).  Along fracture zoney
the rock has been replaced almoss ont; rely by quartz carrying silvep
and gold, and these constitute the veing by which Tonopah ig knowy:
Some parts of the hm-nbleude-:mdosito, on_the other hand, shoy
chieﬂz gpleite and chlorite, with Dyrite, as alteration products: by
such phases have not_vet proved to lie immeodiately ad iacent iy

important veins, and, as a rule, do 1ot seem to be indieative of the
T oo

droximity of the begt class o
Later andesite eruption.—There g ovidence that {hese events wep
followed by & considerable periodof erosion, long cnough to bring the
veins to the surface. Then another eruption of andesite oceurred,
This later andesite, which was abundant in amount, differed frop,
the earlier andesite in containing, as dark minerals, Dbyroxene anq
biotite rather than hox'ublendo, and it also differed in some structural
and textural points. Itig Drobable that thig andesite came n P through
the 1101-nb1ende~andesite in places, and also flowed over it, completely

covering it and jtg contained veing,

Riyolite and dacite eruptions.~l"ollowing probably another period
of erosion and voleanic rest, eruption wag vigorously reneweq and
there were outbreaks at many closely adjacent points. The lavas
were rhyolites ang siliceons dacites, closely related . to one another,
Some vents emitted one, some the other rock. This period of volean-
ism was long and 4 number of different lava flows of dacite anq rhyo-
lite alternated or mingled. The eruptions were often explosive, as is
shown by the considerablo quantity of pumiceons and fraginenta]
material in the voleanic breecias of ‘this period,

Lake sediments.-During this voleanic epoch a large fresh-water

" lake formed, of unknown, bug probably great oxtont. In it were

deposited white, finely stratified ash and tuff, and some beds are
entirely made y D of late Tertiary infusorja. In places the sediments
of this luke, oxposed near Tonopah, are several hundred feet thick.
It is probable that this lake was partly filleqd by sediments and then
drained by an uplifs, Near the top of Sichert Mountain (a white tuf
mountain southwest of Mount Brougher) there is what appears to he
& river channel belonging to this post-elevation époch, containing
rounded waterworn pebbles of rocks such as now outerop o the north
and east of Tonopah, and fragments of silicifiod wood, showing the
Presence of vegetation at that time.  "Phiy uplift, may bo aseribed to
voleanism, for it Wis soon followed by rencwed outbursts of lava,
Evuption of basalt and intrusion of lnter dacites qnd rhyolites, —
Above the tufrg on Siebert Mountaiy is a thin sheet of slaggy basaltic

'
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ok, the flrst of the upwellings of the next period of voleanic aetivity.
won afterwards great columns of dacite and rhyolite made their way
;., thesurface. Tho eruptions from these vents must have been chiefly
eiplosive, and the products light and scanty and easily swept away,
for no trace of them has been found in the immediate vieinity of
fonopah. - The voleanic nocks, however, have been laid bare by ero-
Miom, and on account of their superior hardness to the tuffs and brec-
vias, in which they were intruded, now stand up as low detached
mountains.  Brougher Mountain, Butler Mountain, Sicbert Mountain,
suit Golden Mountain arc all dacite neeks of this peried, while a group
of thyolite eminences, consisting of Oddie and Ararat mountains and
Hushton Hill, represent necks of very nearly the same period as the
ducito.

Fuulling of the region.—At about this period occurred an event of
great scientific and ceonomic interest—the faulting. A considerable

_number of important and complicated faults have been found in the

region.  Their age, as denoted by their relations to the different for-
wutions, seems nearly uniform.  All the rocks up to and including
he stratified tuffs have been displaced by the faulting, and on Siebert
Mountain the thin sheet of basaltic rock overlying the, tuff has been
taulted with it. But these faults invariably stop at the contaet of
the dacite necks, which are not affected, and the same is probably,
though less certainly, truc of therhyolite necks above noted. Indeed,
the dacite certainly (and the rhyolite less certainly) has been intruded
as dikes along the faults. -

"The geological map (P I} reveals some important points. Tt shows
that the arves of observed complicated faulting is in gene al coexten-
sive with vogion of late dacite intrusion, This region, which
oceupies the southeastern portion of the distriet, is downsunken in
comparison with the unfaulted ov little-faulted region on the north-
west. Near the dacite necks thé observed faults are rather more
numerous than eclsewhere, and in many instances it may be estab-
lished that the blocks adjacent to the dacite have been downsunken

cfer yihier away. From these intrusive necks the
faults run in & roughly radiating fashion and seem to follow no regu-
lar system of trend.  Detailed study of the contact phenomena of the
ducite shows that the minute faults in the tuffs at these points gener-
ally have their downthrown side next the dacite. Irom these faets
the following conclusions have Leen reached. The faulting was
chiefly injtiat i n_of the massive dacite necks (the
thyolite necks were probably not so bulky). After this intrusion
and subsequent eritption there was a <ollupse and. a sinking at the
various vents. The still liquid lava sank, dragging downward with
it the adjacent blocks of the intruded rock, accentuating the faults,
and causing the described phenomena of downfaulting in the vieinity
of tho dacite. This sinking of voleanic eenters after eruption has
been well established by students of volcanism,

3
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The economic inte
stanco that the veing
thereby. .

Recent erosion.—To complete the geological history, we have to con.
ceive of the considerable period of erosion whiel stripped from the
surface a great thickness of voleanic material, leaving the resistang
voleanie necks standing out ay hills, and laying bare the present syy.
face. Certain blocks of limited extent; had been raised by the fuuly.
ingrabove the level of the rest, and here the surlace of erosion reached
the early andosite and uncovered the rich veins contained in it; ang
it is the discovery of these veins which has made the subject of th
geology of the still covered region of such lively interest to miners,
Sequence of formations and events.—The following, then, is the
sequence of events as decipherodiYor the vicinity of Tonopah:

rest in thiy faulting lies largely in the eire

tng.
in the early andesite have been ¢

ut and displiee

Sequence of formations and evenls in the

vicinity of Tonopah.
Eatly andesite,

¥ 3
Fracturing. ,M V/pm
i ion. (Primary minerals, quartz, valencianite, stephanite, pyrite,
chalcopyrite?) Values good; gold and silver, silver predominant.
Erosion. .

Later andesite,

Probable erosion.

Dacite,

Dacite breceia.

Rhyolite brecciag, flows, and dikes, intermin
stratified pumiceons or tuffaceous fragmental material.

Vein formation. (Primary minerals, quartz, pyrite.) Values relatively low;

gold and silver, gold apt to predominate. ’

Erosion,

Tuffs, with an occasional thin rhyolite flow,

Elevation of tuffs,

Tilting.

Basalt. ,

Chief faulting. (Affects everything preceding.)

Rhyolite (white) intrusion (probably Ararat, Oddie, Rushton hills),

. Primary minerals, quartz, chalcedony., calcite, siderite,
pyrite.) Values low; gold and silver, gold apt to predominate,

Erosion. .

Dacite intrusion (Butler, Brougher, Golden, Siebert mountains),

jon (chalcedony, manganese). Values slight to insignificant.
Mud veins.

Erosion.
Glassy rhyolite flow (slopes of Oddie and Brougher).

gled with slightly stratified or inter-

DESCRIPTION OF THE ROCKS OF THE REGION.

Distribution and vharacteristios
originally a ]1oml)]eu(le-mulesil.e,
and pyroxene. In the immediate v
only, so far as obsorved, on Mizpah Hill

of the early andesite.—This was
containing Drobably some biotite
icinity of Tonopah it outcrops
and Gold ILll, but it hag been

i
H
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war}

der younger rocks in a number of different mines, such
overed el'i}‘ l31]1 the North Star, the Ohio Tonopah, the
Montana Lonopah, ' e O e
- 1l'}fw| lli{l Tonapah, the Wandering Boy, the F :actl;?, ulndI éni(;bit iz
et i a, the Midway, ete. owhere is
‘ost End and MacNamara, ¥, o here o
} “u )1‘)1‘0ximntcly fresh state, but, as before not.ed, l1t hy}s.’al.ttev «d
o u"‘tol caleite and chlorite, and (more commonly in t.l('i v 1c'1mh,_y‘
!)' ) to quartz and sericite. In the former comlltu‘)n‘xtr il? a‘
\NII(I“:‘ y-green or blue color, while in the latter phases it l.sﬂlg 1 (:l
ol in; ’ll)lue and very often nearly white, or assumes, ne'a]l ‘1? ::d
o o ) 31 ", s - rod-
7rjnmd along faults or fractures, a pu.le, yellowish, brownis 1,lo) red
fu; } lor 'Fhis common quartz-sericite type has thetap})lemal ¢ o
e the i 5 1 not at all resem}
i -t anything else, and does
ieolite rather than of anyt! g s o 4l resomble
‘“}l:) '.ilo while the calcite-chlorite phase has more nearly the rightfu
anilesie, !
ighly alter te.
aspect of a highly altered andesi ) ) . taint
Y :: :: diﬂicul% always to distinguish this ear]).r andesml(.s kw;tvht(;e;) Za;lo u}:
n sccount of its many different phases. It, is mosty. tlhe; grtain o
7 dcd with the later andesite on one hand an_dr \.\1 riain types
lf””llnyoliw on the other. The main points of dlﬂfegenee wi
of v
linsdd shovtly. o - andesito—Tho later
m‘l;i.s‘h'ibution and characteristics of the lfttm ‘amie.szt(. ,-t']llel:; oo
desite outcrops over a considerable region in the }1()1 ) o bart
";l LlIe distriet. The upper portions, and in some] ca%cs tt]u,s \t\dr \iid
4 b . b th j ) i
i : in it: Montana Tonopah, Nor s

v following shafts are in it: ) : 0 ‘ Db, A
:'|:\~ﬁ:%oldengAnchor, Little Tonopah, Boston 1"onopa-h, Ithl;]lf' x}; snd
lt‘ vv"n'ies greatly in state of preservation, bcmg'freque;] y ound
m-'ujly fre;h, and again highly decomposed. :nl 1tsf Ii)‘;e;i :(:;1 é) f(el o
it ¢ 'd rock, with large crystals o K y
it is & dark-colored, hard rock, o Dypoxene, e

ioti j he ally been more or less : ,

ar, and biotite. It has usua A 0 ‘ ue
:Lns::condwry minerals calcite, chlorite, serpeutl‘ne, etc. ,1 l-mvl(‘awbeihe
fl.n'meﬂ giving the rock a dark-green col(ir. I'li'eqmi[r]llt; 3;03 ~0f, e

3 ” . ' '

- lor. Near the surface th
altered rock has a deep-blue co the surfy o of the
oxidized iron combines with these col;)x's tg pr O(tl[?:leo :,";3]11);1 :l(tapied o

- ) rock has been roug alte t
ich purple. In some places the rock ha thoroug o
I::l:itlc ('I])IIOI‘U)O and pyrite, with other secondary mxflexals, and agai
rito, ¢ y :
hug beo’:n 8o completely leached u.l% tol btc SOft(;Zdewglels(;neg with great
i ; ases er an :

In theso highly altered phases the late S s with groat
difliculty dis;inguishable from the early andesite, ;md where it
#rained the resemblance may become :'ulmost <xa1wt o bo noted that

For the distinetion of the two rocks in genera i II:] )th‘  noted that
the early andesite is characteristically finer gmm}e ‘ :ummer or
andesite, and that in the former the feldspar QI'ystads izzzn N
rectangular, while in the latter they :tlrc sttozltt]?(xnz:;l x;)()t e the

) le-andesite !
shape. - In some of the hornblend LAt genoray) Ehe

bor 'nblende may be distinguis ,

g dark erystals of altered hornb nd nished, whil
ir: lﬁlc later ayndesito the crystals of biotite ar'e‘usually‘pl:u;ilg“:lsll:te;
“ven in the considerably altered phases. ““21 cha(:;:c“::he.“ i]igh]y
#ndesito has a coarse, mottled appearance, and ev




'??’W«.mmmmmwmxm,

- after having passed through the overlying tuff,

- v
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altered and bleached it has a dult clayey luster, which is rarely se..
in the early andesite. Rocks which are highly siliceous from alter, :
tion are apt to belong to the carly rather than the late andesite.

Distribution and characteristics of the rhyolites.—There have bew,
several different rhyolite flows and intrusions, some before, sy, :
mainly subsequent to the faultings; and the rocks have a variety o |
appearances which defies any deseription in common, The lava .
Oddie, Ryshton, and Ararat hills is a characteristie siliccous whit ;
rhyolite. * The Rescuo shaft is mainly in this rock, and two loy,
tunnnels, the North Star and the G. & 1., have been driven in it iy,
Mount Qddia,

Besides this, however, there 44 a formation of fine-grained gray or
red, largely glassy rhyolite, whieli covers a still larger arca, A larg.
body of it oceupies the northern portions of the distriet, where 4t i
intrusive, with a sinuous contaet, into the later andesite. It continue
from here, along the western edge of tho district, to the vicinity of
the Ohio. Tonopah, and oceupies a considerable part of the Dasiy
inclosed between Butler, Brougher, and Siehert mountains. The fur-
mation here occurs as complicated dikes culting the dacite-brocey :
formation, and as sheets underlying the tutt, or, to a less extent, infer. |
calated in the tuff. In the rest of the distriet it is practically alisent,
It is in general bebween the dacite breecia and the stratified tuf iy
point of age, is older than the faults, and is therofore displaced by
the fault movements. In the northern portion of the distriet a num-
ber of shafts are located on or near the contact of this rhyolite and
the later andesite. Among these may be mentioned the King To-
nopal, Belle of Tonopal, Miriam, Silvertop, Little Tonopah, ste. In
the western portion the Ohio Tonopah and tho New York Tonopal
each encountered a considerable quantity of this rhyolite mixed with
dacite breccia, while the Fraction Extension is entirely in this rock,

&
¢
i

This finer grained gray or red rhyolite hag many different aspoeets.
Fine breeciation, with bright red, gray, and white colors, is frequent;
in other cases it is dense and characterless, Tho bost test of it js the
detection of the small quartz erystals that dot the glassy groundmiss,
which distinguishes the rock satisfactorily from the andesites, Some-
times, however, these quartz crystals may be rarve and small. -~ Near
the contacts of the thyolite (intrusive into the earlier rocks) there
has also frequently becn nltemtion-—siliciﬁcm;ion, the formation of
pyrite, ete.—and then the rock may become almost identical in
appearance with the early andesite which has been similarly altered.
The best method "o distinguishing the rhyolite from andesito in this
ease is the tracing of the connection with the less-altered rhyolite
farther away from the contaet,

Distribution and characteristics of the dacifes.—The bold knob
north of Butler Mountain, known as Heller Butte, is mado up of what
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searded ag probably the oldest dacite cxposefl at the su.rface. It

o "‘» ract, relatively coarse-grained rock, finely brecciated, :}nd
- fm: l‘In‘(-lu,ded fragments of older rocks, notably the later andesm.e.
“vu'rym:'i)lu’)ded &mdbprobnbly overlain by the softer daeite-brec?m
i!»rln‘:n::lilun. The Tonopah City shaft ilftl}l'.pzlssil]g t]}lrough }the ?:LC}LG'
:m'uwill has continued in solid Heller dacite to a total flel;th (;). t(f.w tetl
I'm feet. East of Butler Mountain, on the edge of Slih 13‘1;;1:’
snother strip of this dacite is exposct}, also. surrounded by the da
precein, 16 i8 regarded as probably intrusive. ' B

The dacite-breccia formation, on the chex: hand, 1vs efs;?el; u}t? a ,-0‘1» -
fuee formation, and not intrusiw\: ) It consists of ﬂo“\s of ? lulx \h y
oumiceous and friable daecite, dacitie nu.ul flows, and bf)n}e 1ru(. ot)lf (])
- resd or even stratified fragmental material.  In places ‘xt‘ is v e;_yﬂ \:lcl:_
f+ ix exposed over a large fraction of t}l'e southern p'ox' tion (31‘1 eerhiU
triet, around Butler, Brougher, and Siebert mountm'ns.rl ‘1 o
Tonopah and the New York Tonopah shafts» ;‘msse.d thlvoug?j 1 (,omt im,l -
able thicknesses of this formation, and t_he Bl‘%}ctl()ll )0 1lslen‘,V %
i it. The Fraction Nos, 1 and 2, and Wandering Boy, an.(‘ L\}lle \ S,e
Fud, passed through this formation at the surface and reache
umlerlying formations,
m‘[ll‘ul\hl(l:;({; f;lzzrusi've dacite, which makes up B'utler, Brough(?r, Z\,I{ld
Volden mountaing and the central porti9n of Siebert )IOu{lh}l];,J)ld;
naadly a eharacteristic appearance. It is darker th'fm the 1‘11) (? ’x t(, (1) i
Monng Oddie, has a slight purplish tinge, a}ld contains 1110‘10 011)s ‘1: ]
iof feldspar, quartz, and mica) embedded in ‘ohe) glassy g‘;‘l(?ljn.(t .m(::.ss{;
The Big Tono shaft, at the east foot of Mount Lrou.ghel, strllu 11‘11%&
the outward-pitching contact of this rock and the 1n‘trude( (t‘mm e'-
brecein formation, goes down several hundred f@?t in the fOlIilf‘%l.
The Molly, starting near the dacite conm.cb on Golden )F()ll)]lh»;]n,
pmssed through several hundred feet of this rock, Lhcn‘tl'l‘uiul;g 11 ; :re
inward-pitching contact to a slight thicknes.s of loose n.ulteuu ‘.e ong-
iy to the dacite-breceia formation, and so into the later undeaxt.e.

s %8}

PERIODS AND NATURE OF MINERALIZATION,

Mineralization subsequent to the early andesite intrusion.—~The m‘o?'t
important veins of the Tonopah district, and all those thz'w have bcl(iu
proved to be of hnmediate economie imp(u-tfmce, oceur in the 0{;.1.}’
swlesite, and do not extend into the overlving rocks. ‘ Ile'ne)c]:(, v;' ien
the early andesite is not exposed at the .surfuce, the latc'r 1;’)cﬂ s‘ 01:;:
# capping o the veins, and this capping must bo pa§se( . n;)\:j, "
beforg anything can be learned of the presence or l,.he nvm,n.le of the
“eins beneath. This circumstance shows pretiy plainly that t-'he vein
deprsition took place befors the eruptior.x of the later fmde:xte, a.-nd
i'uml-dint(-,ly after that of tho early andesite (for the p()l:lOd o' erosmfx
between the two andesites scems to have exposed the veins at th.e S.lll-
face, showing that they were formed before this period, or early in it).

Bull, 226—04——7
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Indeed, there is every evidence that the veing were Tormed by ascen,.
ing hot waters suceceding and conneeted with the carly andesite ingypy,
sion, and that these waters had apparently become inactive by th
time of the later andesitos.

The mineralization at this period was oxtraordinarily aclive, as tl,..
profound alteration of the carly andesite testifies.  Among the know,

ol B LNe knowy ¢

veins formed at this period those of the Valley View, Mizpal, i

4\[0111;&41g.l‘()nopah groups are the most important, though certainly

there are others which have not yet been discovered. Theso Voing

carry gold and silver, in tho broportion ot about 1 part of gold 1,

100 of silver, by weight. They.as
d

ree from Laso met:

has beei* detected. In some places there
very little copper, in others none. The gangue is quartz, with fi.
quently a mineral which is g variety of grthocls ar (valen.

~ cianite). The sulphide ores, so far as developed, show primary stejp.
hanite, with probably some polybasite, scant Dyrite, and (:mnpm-atiw-ly
rare chalcopyrite. Secondary sulphides coating the eracks in thes.
ores are ruby silver, argentife, and probably pyrite and chaleopyrite,
The oxidized ores show abundant silver chloride, with oceasional
bromides, cte., and sometines free gold,

Mineralization subsequent to the early rhyolite ndrusion.—Along

the borders of the gray or red glassy rhyolite intrusions, especially in
the northern portion of the district, there hasg been, as before noted,
considerable alteration and mineralization, which munst be attriliute!
to a cause similar o that which produced the veins in the early ande-
site—namely, the action of Lot ascending waters immediately sue-
-ceeding r.ad genetically conneeted with the rhyolite intrusion. This
alteration is in the form of silieification and the formation of pyrite,
and has acted on the rhyolite as much as the intruded rock, Quartz
veins have heen formed, in the majority of cases relatively small.
Theso veing contain precious metals, bus usually very irregularly
distributed. Iligh assays, especially on the surface, may even be
obtained, but it is likely that some of these are the result of the well-
known process of increase of values at the surface during oxidation.
Specimens of the veins have a general resemblance (o those of veins
of tho early andesite, and show pyrite, often finely disseminated in «
quartz gangue. Some of these veins have been found to be of consid-
erable size; therofore it may often be difficult to distinguish them
from the andesitic veins without study of the rock in which they lie.
Chemically they appear o be characterized, so far as yet developed,
by very low average values and by the’ frequent but not regular
preponderance of the gold values ovor those of silver,

Mineralization subsequent to the laler rhyolite intrusion.—It has
been deseribed how the white rhyolite of Oddie, Rushton, and Ararat
hills is probably later than the dense, usually gray rhyolites referved
to above. For example, the top of Araratseems to be a plug or neck

e
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¢ white rhyolite foreced up into 111(,' em'l‘y-r gray 1'hy()l'i(‘e. l‘llls :.;fh-r
e rhyolito shows near its contacts, and.to a Ie:ss eA\‘Lf‘nt. a\ml\ . 1}()1"1
.v,,....‘._. in itself or in the intruded rock, veins which ave «;bt,ll ).(kl‘ “1«)
sses similar to those which pmha_bl}' brought nl)m(n,. [v“l(, v}jlﬁ.:;.,]. -
_'\, mineralizations—nanely, zlseemlmg. hczﬁ\te(l \V{lt\l‘,l‘.ﬁ 1,0 0w 1‘11?' u,l
‘s;;s intrusion, genctieally connected with it, and, like t.he‘puil\‘lm‘lff
cwilar processes, dying out after the lapse of .‘s(‘)me. MIX.I.(,.\ : I‘L\L
weiits, which ave in places very large. are ()f’ calcite, Sl(l.elltl, m' (,1‘-
o terous calcite, ehaleedony, ete.  They contain some pyrite ;.m‘m? some-
sunes give low values in the precious metals, gold ‘prepondexA-Lln'g. -
Mineralization phenomena may also be observed in some })lu?cfs.n‘c.u
the contaet of the Oddie Mountain rhyolite, \\'1]01.‘(} t‘lm;re 1\ Slh.cf'[,“’“.‘
tion and the formation of pyrite, with quartz veins of various sizes,
;.»uwtimos containing calcite. These veins are geneml‘ly smzfll, but
way be large.  Galena and chaleopyrite have bge}l exceptionally fou‘nd
I e They carry low values in gold and silver, the gold Dbeing
redominate.
."'A’!I,i‘:):x.!;f(:l(tlﬁgclttion subsequent fo the ducile '1'nf,ru‘s-1’ons.fI-'ill:tll)', the
rontaets of the large dacite necks (Butler, Golden, m'u.i. other moun-
tains) are accompanied in many places l}y the rt‘lepusltd.ml of (.lvm.li‘;‘-.
duny, manganese, ete., in cracks and ereviees. }]l(!:ﬂ(} are not ulsu.l' N
im veing, or whon so are small and irregul.ar. (Jox)sl(let-nmc Vf\A l.lf‘&.]llt
the precions metals have been claimed in some cases, l.mt. it ‘15 t 10
writer’s experience that the content of theso mcwl.s: is 1ns1qnlf.u;dni..
Résumé.—To sum up, no fewer than four_pctrmds of h.ot«sn;.m;;
action, nceompanied Ly more or less vein formation a.nd nunf;l::lhz.al-
tion, have heen nobed al Tonopah. Euc'-h of ?heie periods wa:s (',olltlfcf-‘
quent upon a lava intrusion, and the mineralization was LI}e T fsu b o
# process which is known to accompany and follo.w \'olcnu.lc ‘01 up)t,lf>‘u
at the present day. In general, the values found in the veins <:f1t xlcs:}
different periods inerease with increasing age.  Also, the gencl‘.b p 1(,.-
nomena indicate that the younger veins were formed nearer the sur-
face than the older ones. Although ascending hot wntm's. a.r(? not
known to deposit more than traces of metals at the surface, it is ?up-
posed that an hinportant precipitation takes plac‘e atb someldeplh'; $0 in
the ease of Tonopah it may be that the later .pel'l()ds of mine 'allzut'lon
have produced some rich ores, but that (,-1-0510'11 has not yeF had tim-i
n expose the level at which they lie, \\'herreas in the case of the 01(.(35.
period this has been accomplished. At Gold an.mt;unfubout 1 111'1.105
suulh of Tonopah, veins belonging to the rhvolitic p?rmd and h;uf'u.lg
the same characteristics as Ssome of these veins at T'onopah contain
onsiderable values in gold and silver, while at Tonopah no such
values have heen discovered in this class of veins. ' ot
At Tonopah, therefore, the earliest and most 'xmpm'mnt. c]nss? 0
veins can be found only in the carlier andesite. The rhyolite veins,
o the other hand, may occur in the rhyolites, as in any of the older
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rocks; indeed, they must also ocoeur sometimes in the early andesi,
itsolf. The mere fact of a vein lying in the early andesite, therefon.
is not always evidence that it belongs to the carly andesite periwi
In some such cases it may be extremely difficult, if not impossible, 1,
tell to which period it belongs. i .
The later \’{ndesite is in many cases thoroughly decomposed an
altered, and there has Deen extensive formation of pyrite, calei
ete., in it, cspecially in the regions where the richest veins have i,
found. The nature of this alteration is such as to indicate copiou.
pereolating waters as the agents, And to suggest that the waters nu
have been heated. It is quite pnssihg'.
that some of the small sulphide-bearin:
veins, which are frequently found in th
later andesite, may have been formw!
contemporaneously with this alteration
These veins are nonpersistent, and th
values contained are small. Physically
they resemble the rhyolitic veing, and i
they have been noted chiefly in the gen-
eral vicinity of rhyolite, which is intru.
sive into the later andesite, they hav
been classed with the undoubtedly rthyo
litie veins. It is possible, however, that
a moderate mineralization, similar iu
quantity to that which suceceeded the
rhyolite eruptions, followed that of U
later andesite.

VEIN GROUPS OF THE EARLY ANDES-

ITE MINERALIZATION.
cone The only productive veins thus far dix
R FEET covered in the Tonopah district proper

F10.2.~Horizontal plan of portion of are those of tho em'ly andesite P(”'i”"'
Mizpuh vein, asdovolopod on tho 250- On account of the later voleanic rocks
;ﬁ:gﬁg;zm"m mino, cast of the o]y gover the oarly andesite in mox!

of tho- district, hese productive veims
outerop only in a very small area, outside of which little is known a~
yet. 1t is probable, however, as indicated by the great amount of
alteration in the early andesite, that the vein formation has been
extensive, and that the veins at present known are only a small por-

“tion of those that will eventually be developed.

"Phe voins already discovered all belong to the type of ¢ Jjnked
yeins.” Their physical characteristic is that they branch and reunite
in both a horizontal and a vertical divection (fig. 2). 'There is gem
orally in cach group a main or masbter vein from which the smaller
veins branch. "These smaller veins againmay subdivide and so finally
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. Tho main vein and its branches may together be termed a
PETL AN

)

Lot wrOnp. ) ) -
B ].: pm\mb\y of the early andesite period have been discove

Y e

i i ‘hor st discoveries
ious mines outgide of Mizpah 11ill, where the first dl.scm; 1l1
+ » v N o
o wle,  Among these later developments may be mentmm;; 1€
o Y J ¢4 I Hhio Tono-
“{ |;|iw ponopah, the MaeNamara, the West End, the Ohio ke
v forhl

w, and other workings, Bub it 1s only the veins on Mizpah 11l
NN ALL ~

North Star Shaft &

Montana Tonopak Shaft .

ot nopah Fxtension Shaft

nopah Mining Company
L] Tonopt Maln Shaft

a West End ghatt

yalley View
" o Silver Top Shatt
,é « Stone Cabin 8haft
—_—
Valley View
Veln Group
‘chtlon No.1 Bhalt

8 praction No.g Stnft Ve

e

u Gold Hilt Shatt

s wandering Boy Shaft

8 Fractlon No.§ Bhatt

! aTonopah City Shatt eehe
{ 300 200 100 6 300 (] 900 FELT

California
Tonopuh
o _Shaf

¥1a, 8.~-Map showing outeropping veins at Tonopah.

“hat have been sufficiently developed to give Mforma’oi'on coxrlec.rm‘n;i
the vein system.  On Mizpah il there may be rocognmc'L’l n't“p‘lr x:st,‘n)-
“ror muin groups of veing—the Valley View group, the Mizpah @ : 1.,t
vl the Montana Tonopah groub. These are all strong and distine
iz ).

he Mizpah group lies in the center, between the .ot.hcr two, sm‘(‘l ;;a%
the first discovored. The truuk vein of the group is called the © Mz
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pah’” vein, and crosses Mizpah Hill ju an cast-west divection, showiy,
& strong outerop,  This outerop is.cat off Loth to the cast and tq g,
west by heavy faults, so that it is adjoined on the east by the rhyoty,
of Oddie Mountain and on the west by the Iater andesite.  From, yj,
Mizpah vein g suceession of branches depaut, running chiefly i
southwestern direction from the castern end of the outerop, and (e
sueeessive branch diverges more than its predecessor from the strik,
of the mdin vein, so that the whole group is like a seetion of the
spokes of a wheel, the spokes uniting some distance east of the g
shaft. The chief of these branches are known as the Burro Ny,
No. 2, No. 3, ete. They are stydngest near the main vein, and thi.,.
which diverge most from the strike of the latter are weaker than thos.
which are more nearly parallel to it* The intersections of the branche
with the main vein and with one another usually piteh to the enst ar
a4 moderate angle. These casterly pitching interssetions are signiti.
cant, since they have the same goneral ¢ urse as certain shoots of
especially rich ore in the same vein, and correspond also in directio,
to some post-mineral 1 acturing and faulting.  The main vein has iy
general a steep northerly dip, which is locally overturned so as to dip
steeply to the soutl. :

The Valloy View mine shows a group of veins of the same genery
type as the Mizpah, but with minor differences. The main Valley
View vein as oxposed in the workings has, like the Mizpah vein,
a northerly dip, but is very much flatter. It iy very large, and ihe
rich ore in it is unequally distributed, occurring in shoots or bunches,
As the large vein approaches the surface it splits into several some-
‘what smaller veins, which assame g nearly, or quite, vertical posi-
tion. This vein group is in general very nearly parallel to the Miz
pah group; the linked charactor, forking and reuniting, is quite as
well marked as in the Mizpah group; and-there is some radiation in
the strike of the veins, although not so much as in the former caso,
The Valley View veing arc affected by post-mineral faulting, like the
Mizpah vein,

The Montana Tonopah group shows a strong main vein running
east and west and Qi pping north at g moderate angle. A number of
lesser veins have been cut in the workings, and nlt;hough'devolopmmu1
at the time of the writer’s examination was comparatively sligh, it is
probable that most of these veins will eventually unite with one
another or with the trunk vein.  The indications are that the branches
lie mostly on the north side of the trunk vein and diverge in trend
from it, opening out to the east, ‘Fhese branches as a rile dip more
steeply than the main vein, and will, therefore, also tend to unite
with it vertically.  The Montana Tonopah veins are, like the others,
displaced by considerable post-mineral f; aulting,

In all these voins the union of two branches to form one is generally
attended by corresponding enrichment, and, conversely, the place
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small branch vein leaves the main one is generally uullm\ ¢! .
Spes b SN 2. S ! ' ! ! i
o 'fu-n to a much greater degree than the size of the branc 1.\c
e m to warrant. Thé recognition of this fact hy the l\ll’:l;‘,ls
3 NOeU . | gh1tol : Ll , . '
w“{ ) IMm the use of the highly descriptive term ‘“ vein robbers,” for
eS| \ v R
Jhea sl branches. ) ) " y
o the above it will be scen that the chief developed ]lonol.).lh
e ’ " ac at there is a
}m have a decided east-west .trend. F romlthe ]L}(.fb th ‘lt; t :)f C‘l[i‘
- ’ in = e of the chief veins of Cali-
i - h trend in sowe o
s medsninant north-sout L ol et of Ll
,vr-d‘n ind the western part of Nevada, east-west veins lmvell imnnr
e ‘ judice in T h, many miners being
i rejudiee in Tonopah, man; i g
twked upon with some p i . : e
‘M'IR" (| {o doubt the value of the veins on account of the]n s? kf s
o) y ey were simply the offshoot of a
{ i ] g : ere simply 2
Y 'ming the theory that they w ¥ :
ol others forming ) S X ove o be vastly
v south v ould prove
i red north-south vein which would i )
sreat undiscovered 1 A . i
. 3 n an entirely diff
; but the Tonopah field is i
richer than these; | : o o CiTerent
i if ¢ d this objection se
{ ly, from California, an i .
i :.70010\,;!10&1 ’ where the geological condi-
i i veight. In Idaho, where g o i
writer to have little weight. » logleal -
o are perhaps more like those of Nevada than thev are in Cal
HonN g | ) ! - l ot
i Y f the veins is east and west.
e vt mem:lo\'est and northeast and even north and south,
Minor veing run northwest st o o outh,
: -west v are the chief ones, a
oK L observed the east-west veing are
but so far as yet observe S A > o el anos, and
it seems likely that the mineralization will be extensive in ar
west belt rather than in a north-south one.

OCCURRENCE OF ORES IN THE VEINS.

Physical character.~The veins of the Tonopah dlslu:t ;111:*1“;‘:}1,11;:
strong, steaight, and well defined, vet 11}9\' are llOt'ﬁEbl]ll X mt-]e 010;0
have at first sight all the appearance of fissure veins, mF (1) role oo
examination shows that they have tween formed :'L}m“ﬁ en 1;:])nve
replacement of the andesite in which thev occur. ) lzn-n\ ;;\e‘n}l m]c.s(ite
vriginated along zones of espeeially strong fr:wtl?rmg]n)n 4 1e f()\ud%im;
formed Quring a perfod of movement suhsequm}b to tu ’;‘O‘H% ug‘“‘my
of this rock, These zones of maximum f racturing, \\111%.1 dleu (;ci,icf
10 6 feel wide, but may be much wider OF NArFOWer, he;:(u]n‘e‘ ;]wad f
vhannels of eireulation for the mim.:mhzmg waters. 15 ~';d‘h1-‘hm th)e
heen stated, in deseribing the alteration of the oa.r]).’ mfll‘nflictio,n@ _m_d
andesito pear the veins has been silicified to a very great ex ], .Jl‘de_
the veing themselves seem 1o be the final st:tlgo (X :11:,(,1‘:2;??;5;3 ;lvr:u]y
site heing mostly or entirely altered to quar 2, i o tailed st ‘
of the v(;.:ins gives abundant proof of this origin, f;)r allA ;l\a%(:(:l H:g
development can be scen in different portions, nl "11‘{ ](.;.t;.. o
vein_consists simply of a zone of more or less altenei 'U:(. ,:.li(.,i,ﬂm_
"s.ﬂentm]‘lv different, except perhaps for a somew]z:}t.gle:»m.x sl Sy
¢ which forms the walls. This zone is cut by

tion, from_the andesit, ' -
i <trik i alls, and the
parallel fractures having the same strike and dip as the walls, and

o s fractures of the same
wally themselves are nothing more than stronger fractures of tll)“ o‘mc%
kind. 1In the next stage, where part of this fracture zono nee
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> bt;;nﬂ()t((; q;l.u tz, the main wall fractures have been the mo f
» 80 that sometimes & hanging-w; Lap.
ging-wall streak of quarts
A 30 tha : d / quarts and 4 ¢,
: :ll :'twak aro fo-und with only altered andesite l)et\\'eerld( o
; metimes, also, either the hanging-wall or the foot-w.
e wanti Kb, st ! .
foe“:: ]mtu.lgl. Neoxt, streaks of anartz parallel with tho wally
: (.,’ or the quartz may form a network in the andesite I
brocess may be traced 1o the stage wher ¢ the
replacedghy quartz, for

fig, 4

all stregk I

lllil_\ b

Thus «

) ¢ the whole of the andexs.

ming a solid vein several feot, in widtl ' Ay ‘
S Vi

- Veln 216 5 foot

PR ¢

Fig. 4

7

—Detailed vortical section of ono of minor Valley View voins at surface.
rule, however, ther

of the vein,
As exception \
within t‘]?fep:yl((.)i?ls 3;3:; “;‘3 found streaks of quartz, usually small,
sin, *h show erustification and
thus bear evid : ¢ and comb structure, and
£ ence of having been fi i iti ,
bhu ormed in cavit T Vi
ties, however, o of i whies. Theso cavi
3 er, were of irregular shar X b fi
g shape and were not fissures, properly

speaking, but spaces is i
g aces of dissolution, and
wore the eff. iner-
alizing waters themselves, T o effect of the miner
'l‘l . ‘ o 3
e ]:}30]:*[1 gc.sf,' example of acrustified vein iy found in certain partsof
itana Tonopah w orkings, whero the cavities were sometimes ¢

© 18 more or less decomposed andesite forming par:

or 3 feet in diameter and save rise to well-banded ores

5
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Montana Tonopah the chief vein shows in places a breceia-

i
anl subsequent cementation.” Both the original material and
treqiient coment are of, quartz and rich black silver orves, and
.t have been deposited under about the same conditions, The

X

e s that the strain which originally produced the fracture
N o hephooR during their cementation by the circulating mineral-
. walers, and that in this case this strain résulted in the local
,:wrmg of the cement and the subsequent healing by similar

o arerisls,
”A[-,»u,mry ores.—At the time of the writer’s first investigation of

sopahy, in the autumn of 1902, only the oxidized ores of the upper
L viv of the Mizpah were available for examination. From a micro-
wopie study of these he found that the original metallic mineral was
vt present in minute grains. It was black in color, and he supposed
.« tn be u rich silver sulphide. Subsequent to this investigation the
—uuary sulphide ores were found in the Montana Tonopah mine, and
i« porroctuess of the forecast above mentioned was shown. In the
ontana ‘Tonopah tho ores arve quartz veins earrying in places very
e smounts of the rich black antimonial sulphide of silver, steph-
wute, 'This stophanite is undoubtedly primary. Besides the quartz,
s pange mineral, there is another having a milky appearance,
it otherwise looking much like the quartz. This is a variety of
sethoelase (valeneianite).  Some of the stephanite may contain some
apper, making it a kind of polybasite. Chalceopyrite is very com-
menly present and is probably, in part at least, primary, although
this is 1ot certain. :

~eondary sulphides.—Throughout the Tonopah district argentite
anid ruby silver occur in greater or less abundance; sometimes adding
romsiderably to the value of ores, but they do not occur in such quan-
ttiws us the stephanite oves or the oxidized products. Wherever
tonnd the argentite and the ruby silver are unquestionably seccondary,
having formed from the alteration of the stephanite. They oceur
alimyg eracks in the primary sulphide ore and are oceasionally found in
he oxidized or semioxidized ore. The chaleopyrite above mentioned,
w observed in the Montana Tonopah ore, seems to occur chiefly as
small streaks cutting the original stephanite ore, giving it the appear-
anew of being secondary to the latter. In somo eases it occurs along
erarks and is undoubtedly secondary. It is very likely that some at
st of this mineral has been formed from the copper contained in
the cupriferous silver suiphide. Some pyrite is also undoubtedly
«weondary, Pyrite, however, is relatively rare in these ores—much
more 3o than in the country rock.

Ositlized ores.—In the Mizpah vein the oxidized zone extends nearly
down to the 700-foot level. Observation shows, however, that the
finit of oxidation is extremely irregular. For example, the oxidation
“uends much deeper along the vein than some distance away from it
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in the country vock, Ay 400 feet from the surface the Valley Vi,

veins show oxidized ore, - while 100 feet, higher the country rock awy,

from the veings is unoxidized. In the Stone Cabin shaft the chany;.

' from the oxidized to the unoxidized andesite came Just below the v,

{ : foot level, but at 400 feet the ore is partly oxidized. The reason fa,

this appears to be that the quartz veins, on account of their Dritti.

. ness, have been more readily fractured by strains than has the s0fte

country rock, and so the veins afford channels for oxidizing watep,

coming frdm the surface, Strong fractures, such asg those in th.

vieinity of faults, have the same effect as the open fractures in veins

and carry down the oxidizing influeneces to g depth of several huadred

feet. Where the rocks are protacted above by relatively impervion,

formations the oxidation may b comparatively slight. Thus, in the

Silvertop workings (near the Stone«Cabin) the later andesite is unoxi.

dized at & depth of 120 fect, Here it is protected at the surface by u
deposit of fine-grained, stratified tuir,

In the oxidized zone of the veins the salphides are mostly entirely
altered or can be made out only with a microscope, yeb in many cases
the alteration is not complete and the purple color of the richer quarty
is'as a rle due to these finely disseminated sulphides. Most of {he
sulphides, however, are altered Yo silver chloride, with some bromides
and jodides, and to iron oxide.  Nearly all of the ore in the Mizpah
vein, down to the lowest depths oxplored, is oxidized, while the ores
of the Montana Tonopah are only slightly and exceptionally oxidized,
. In the latter case theveins and the inclosing early andesito have been

protected from the atinosphere by soveral hundred feet of decompose,
soft, later andesite, whereas in the former ease the veins outerop at
R - the surface and oxidizing waters sink readj] y into them,

’ In the process of oxidation and alteration of the metallic minerals
there hag Drobably been some transfer of material. Little is known
of the primary or unoxidized veins, but some portions seem almost
entirely barren and some very rich. Tt will probably be found that
theso rich portions form definite shoots or masses of ore in the rela-
tively barren veins, In the oxidized ores the values are by no means
uniform, but seem rather better distributed than in the deeper regions.
The indications arve that during oxidation some of the values have
been distributed from the richer portions through the more barren
Portions, producing a larger supply of fair quality ore. If is also
likely that during this process there has been some concentration of
values, so that the oxidized ores as & whole may be found to be some-
what richer than the sulphide ores. It iy possible, for example, that
thoso portions of the veins whieh have hoen eroded furnished during
the process of erosion a small share of their Precious motals to the
' underlying portions of tho vein, these underlying portions now hav-

ing becomo the present oxidized zone.
It also seems brobable that in places some relatively slight trans-
fer and redeposition of the precious metals has taken place along

H
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riginal veins: ave dis-
lanes, which are later thin the original veins and hay s
e 'l"his action, however, is only exceptionally the (-(\sc(i
crgeed them, s action, . « ' : N,
i vhole is insignificant. The main ore shoots ot: the o : !
ot h ]\i' Vlb mino are regarded as primary, since evidence
. thn le wi iginal ones and have
e that these coineide with the original ones ¢
2 hese coincide g
«x been found tha ho ori 1o 1 have
fie¥ oxidized nearly in place; therefore it is nnp1ollnihl)eltlgncen_
i~ f ‘1 of material during oxidation, bringing about loca
rransfor g 1 bringl
sration or impoverishment, las ‘beex} very areat, b vein the richor
i .U shoofs.—In the oxidized portion of the Mizpah ve e riche
e e ‘ y < whi iteh east on the vein.
§ i road s which pitch cas
jo in v Iy defined, broad shoots, v ! n.
ares lio in roughl) v ot it o
’ 3 ¥ ne another anc
ree of these shoots, parallel to o et
e o, b ize In t} cidized ores of the
) e unoxidize
/e Dbeen recognized. In o1
ore butween, have 1 } » un ed ores of the
i i istence of simils
ana T there is evidence of the ex
Montana Tonopah ) oo of soilar shoows
' b ration work has not been ¢
or bunches, but enough exploration rort
the writer to deseribe them more closely.

APPLICATION OF GEOLOGICAL PRINCIPLES.

o -eing which has
From the short description of the occurrence (;f_ t:w \t eins w ltu:’:leo ; )
. it is of irst s ighest imports >
i it i that it is of the first and hig
e and dtormis i he position of the early
istingui 'mine, o far as possible, the pos
Jdistinguigh and determine, s d o posion of the carly
ito. As 3 ted, this early andesito is 3
andesite.  As has been noted, L o I [kely to be con
i cr andesite and with some forms E »d ar
founded with the later an Byolits which eimins
ilici ite, especially that gray, zlassy rhyolite
wilicified rhyolite, especial gra) o e b ocouples
i req in b orthern corner of the district. As ¢
# considerable area in the n e e o Is seen
i tho actual area where the carly b
on the accompanying map, " £ the district it is
i vy limi nd in other portions of the dis
oulerops is very limited, a [ e distrier 10 s
» rock r is cul through and displac N
covered by later rocks or is | ¢h and : e,
Theso later cappings may consist of the I)l()tlt(e-].uflld(;ﬂltg,f ﬂ;et:l:fll} Jfo()r
oli itos rie breceias, or the stratified t
rhyolites and dacites, the volear ! ¢ o
A i ! tw s ¥ hese, superimposed
i ay t of two or more of these,
mation; or they may consis ! Siose, Suborimpased
e, I ter rocks which are intrusive r:
ane on the other. Those la h e e er aan
i ‘s (i ing some of the siliceous rhyo! y 8
in the form of flows (including s o1 volites,
of the dacites, and probably even some of the later andesites) c(;n no;,
bo expected ]’lowever, to give way to the early andesite in depL' 1 tll;g
b ; i Cer O ¢ 1) §
shaft sunk in a diko or voleanice neck is very apt to continue in
same rock indefinitely downward (s;‘e ﬁg.lo). st ,m(; the énaluded
1 iff ‘ock ich cap the early andes ) i)
Of the different rocks which cap 3 ! !
i is ar most favor
i ;  andesite, is regarded as the 1
veing, tho oldest, the later an . » © st favor
ing; i light of present knowledge, 3
able for prospeeting; and, in the lig eser g, belts
i i st ¢ Mizpah Hill is probably especially
this rock lying east and west of 1 $ probal Y
favorable. On the other hand, although the veins indicate a geners
Last-w ( i : 1 DOy e
vuterops on Mizpah 11jll oceupy the center of rh: ll)i?e;.lllfﬁi\}gg‘ S,at
b mineralizati It may eventually e :
show the greatest mincralization. 3 e el
i ( {hi lies north or south of the 7
the strongest portion of this belt ’ oty
‘hi < e whole width of the belt co
known at present, which would make the wh
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siderable. "¢ whole later
yet eautious DProspecting,
intruded by the rhyolite ought,
beeting, for such Places are
site iy undisturbe,
ferred by many minin
smaller and poorer
the region of faults
the oredoar

OGY, 1903, fp, .,

andesite

egion iy worthy of s
The loe;

lities where the later atdesiy,
as a rule, to be avoided in thj
not 8o favorable a8 those whero the yy,.
Such places, however, are likely to 1
£ men, since they are apt to show some of
veins of the latey rhyolitic mine ralization,
should be avoided, for these faults have
ing veins, and if veins are found near
times almogt impossih]e, to follow,
are often decomposed ang the decompos

) N

P
!
.‘\},’?tfl
affeer,.
them thoy are i

cult, and some
fault zoneg

ed materia) My

T 27 e 7%
£ vl
Hypothetlenl  Hypotheticat Eariy andeslio. Later wndestto Daolte breoeia Jroccated  Lekobels  Baglls * Ly seite Early anioilte vl
deepteatod doepocated oatlier thyolivg sud shyollte {lesser velus bot.r,
Fralte Huiestons fotrualons  I0g €0 uther foridy
F16.5.~Ideal cross

ROV Bepriscaiol )
section of Tonopuh rocks, (This section does not Yepresont any particulnr
place, and is simply intended to Hlustrate the goological conditions, as described in the toxt.
have the appearanee of what i known ag “vein matter.”  Trom thiy
material real or fietitious assays may be obtained, and such a locality
Inay appear to the miner as more hopeful than less altered rock which
does not look like g vein and does not show any assays. Some of the

Principal faults are shown on the accompanying map, but certainly
not all of them have been detected, and underground developments
will probably reveal many more,

Concerning the dacites and
voleanic neeks ana the dikes
Peeting operations,
and hills in the v
Golden, ete., a

rhyolites of the later intrusions, the
should, as a rule, be avoided by pros-
The greater parts of the principal low mountains
icinity, such ag Butler, Breugher, Siebert, most of
re regarded ag offering very little hope for prospecting,
and even near the rhyolite hills, like Rushton, Oddie, and Ararat,
there has been 5 displacement of the veins, for the hills are essen-
tially intrusive, The writer ig aware that the proximity of the yieh
veins of Mizpah Hill to Oddie Mountain has caused thig mountain to he

‘
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SN iekita e e

. 109
ORE DEPOSITS OF TONOPAH, NEVADA.

Ny reins are in this posi-
s ith great favor, but the fAct that the veins AL;L b Nu,(l\,. o
' ' i X e T k4
SN u‘ection with the mountain; they am” un Juther
’ o i of it, certainly he
L e “())untuin than by virtde of it, and it “mii:;(, 11“{ iy huve
o ”mlmntm- for mining -operations if the rhyo
o eaneh be S
o rimed. .
he mountain fo: o hvolite are
o “";l tdueite breecias and some of the bl(;ui;ateldlﬁ; olito are
o ‘ ; sunk through by shaft
W oml . nay be sun Lt e
) o of flows, and 1 ; : hafts Lo lowe
o fmtlll( ch as the later andesite or the eaflx andef e: Juehof
e 1, breeciated rhyolite, however, is intrusiy ("dl ( ,m“,(m
. rined C. » ° e ! .‘ :
By e O-k’ also is not a good place to sink, except i ‘;e thon.
o foration, | rays sedimentary and cq s
. i 'S always se
 foring sourse, is alwa) : aub
e 1“""““‘;": o ’(uliﬂyil,w formation, which may be any one of
-each the under. fis
sennyth to reac.
o, ite is st favorable of the
o o then, the later andesite is the mo§t]fa.\ﬁémtlumﬁc(]
! v » i O b « 3
ln‘mm u'Ili’S' tli(; pumiceous dacite breccia ‘\m, lx 1]: erstrasified,
B 1;_)(; eo,us rocks is next, while the brecciated » hy ¢ should
' ae - . . rusive.
R, “”L‘lcl very cautiously to see whether it is 11)Llll%11; oho tul
wted v & . N B wwe the ge vt
A ecd to discover the underlying rock whe ve Lnd rh‘%nm
e lH;)rcnot; make this plain, while intrusive d(iu,llc a
recaljong o $ I
~ ‘k4 should be approached very eautiously i
HEXH

»

+

h B st be understood that hese character ons & Iy o o tho
ons app nly t
b these characterizat
¥ L must b t (&

-

‘ » the Tonopah distriet proper. On
camedite viciuitydo , Vllfi)z(;)gjll(l]’ f(z)xlmtgemuf rt\he fmmp the name' 'J,‘O“Im}?:ﬂ‘:
wrount of tho su(:l 0211 it; limits, and has been applied to mme? ]h\ll;l(,.,'l
e 'N[,mma fm L;('))tg-rilets ‘sometimes 50 or 60 miles away. Hm\f}l,‘(;l“u_
: “‘!milgi‘::;:)ll)o;ils" diét:-icts which have not b()";o“i':d\ t(]‘]:;l:;a\"l\«t/untiuin
A 1N a 5 s | ifferent. 1 the G A !
iwhy the geo](jgicall 00;;:}:‘1;11101;5’151111125‘2:;;;1 of TOIIOp:l]‘I,' the \:eiil‘s lﬁ
Jwtrl(d,.f()r ehﬂi]lgll;ﬂf;’ z:nd evidently belong to the rhyolitie pl(x ﬁ)( 5

?;, rhy”:lxt;?:r;nne cases considerable values in g(;lld m(l,(:::)l‘): c'au bo
they carr, g ite awayv from the o TODS §

Lo bosition Ofl'tli(i)tggrglruél"!1(111?2;‘[1;;1?1‘1' :itent, for in de““ng.‘,vithnil)
fretold to Onlyra 'mﬂows and dikes like that in Tonop:l_h ﬂ‘e_%‘(;_ 1?1 in
mmple:f of VOlyCd-mc their distribution and by which Lhe.u‘ 11051';;)101-0.
ruly which gov emlsit can always be defined withv cerl,m.n-t)‘ - e
o unkown 10(3&‘ ’ry‘;hould be done cautiously and the d'xatnn 5 o
fore, Lho 1)rospbtctln:,h.o known region as a center; thus httl(? b)lr 1.0'1
be developod fl()ll(lir of the geological detail Will‘ be g:un.e(. o
! Kreator kn()Wl]e éif of cm-tn?ntv of results in this \\'oxfi, n ":i' o)f
*’l""”l".l:" :rinﬁtf pi;bably bé more eccmomical,} both 01; i\liltl]‘;‘ :ll:afts'.
cases if; .V . i1l rather thar 1aLLs.
:""";cb"71t() Lleifpsl;)):](zil‘l‘;u(l)fﬂudi::'l(l)l-o:::'l t(llli'lelé'comparuneut shaft in an

ertain 1¢ 8 ., Y.
anrovog portion of the disu‘]mf is often un.\;’.]s:' of finding the veins

" 1 desite once located, the ques lo - ore within tho
I 1I1::;’n§aglﬂlmz\tfber that the question of 1"111(11115;l p(,a‘ih:f];;néraliviug

B 4 . ; s to show that the g
veins, The geological evidence goes
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wters which produced the carly andesite veins were unusually geq;
and a large amount of vein for ! doge
ue, H oty vy ) i
:,lf (letlon, th(,tuf,(ne, that the veins thus far found are only a fryeq;
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okt DEPOSITS OF SILVER PEAK QUADRANGLE, NEVADA.

By J. E. Sprie.

INTRODUCTION.

Inseription.—The Silver Peak quadrangle is mostly in southwestern
Yovada, adjacent to the California boundary; one corner of it lies in
tafifornia,  There are no railway or telegraph stations within the
rlrungle; the nearest is at Candelaria. about 40 miles (o the north
uf the old mining camp of Silver Peak.

The arcn includes the Silver Peak Rawuze and the valley which lies
emt of it, together with some portions of wutlying mountains, such as
the Palmetto Mountains in the southern portionof the quadrangle and
fame Mountain in the northeast portion.

The climate, vegetation, water supply. and other conditions are
thuse typical of the Great Basin region. i which the quadrangle lies.
There is no permanent standing or runnicyg water of any importance,
and for wator supply the occasional springs have to be depended on.
The valleys and lower mountain slopes are covered by sagebrush only,
whilo on the upper slopes are nut pine (pifion) and other small trees
or shrubs,

There are at present only a few hundred people within the quad-
tangle, and the oceupations of all of these arc connected with the
nining industry.  Although there is no very great amount of actual
tining going on, some prospeeting is being done. The region has
Wen considerably mineralized. It is constantly attracting outside
attention, and it is very possible that it may become the seat of a
profituble mining industry if the conditions and costof production can
be 50 adjusted that a balance can be reckoned upon in favor of the
mine operator,

GEOLOGY.

The general geology of the region has been examined for the Survey
by Mr. IL. W. Turner, whose report has not yet been published.  His
¥ork shows that the chief rocks are Paleozoic limestones, granitic
rocks of pre-Tertiary age (granites, diorites, ete.), with abundant Ter-
tiary sediments, and Tertiary lavas, such as rhyolites, andesites, and
bsalts.  As 33 the case in all this desert regrion, the Pleistocene wash
’ 1




