-

(SRNREE 85 {

O T On

aitroducti

- <+
lCU.c-couo-o--..

leceessane

C og“"nhy............

ﬁava'r iRl
1imate

cttlomont

:Ti (,')

1

\

L )
Vigaerha
g wn;;

cutes of travel

mrrm

4

ek

.
L)
..

T

%ormaticns.............

Gonoral fee uu"'k..u.) .

Pre-Tertiary rocks
I roeks. ..
Voleanic rocks. cuua.

£ 5 - ey
HRWLTIENTS

‘ .IUA." :“: Ve

Fibiel

e
i

alal

GEOLDN

LI A A

PO e v u

101200

k-h Granociorits. ..

=3
"S

ertiary rocl

'J‘ ey 1S 4
1.11:/0.1.,1_ Y]

Alta ances

(=

LJII'-.'.I.I.

.
Al e

9 —
J4LENG

W2DLLE
Anerican Iavine
Davidsen diorit
Dikes and other
nlterat4or: il ;;b-l

2 o l
ek 2 .ur.«.

anicler

ooc

&
)

andesit

1

x&uﬁr lavas riorth of

ousetown (?) andesi
“leistocene volecanic and

cim ] b
wd.:‘u-.----

7+

= -J--mmiﬂ

4 ™~
I
PE
o 3 TR s Y pyany,
& Auoin b, LIC
ﬂ-'-,_,,_; oL

le Tokeel
AJ (Pl 1ok ]

M age = <
i a_.a.. ang

'.Ll L.J..)

1ﬁ

J...v =oll LOBT L

acponi

-k

and o*“"

L )

S a "’“T-W) M
4

—~ T

o 1 5 L‘/f.)\

/ i B U L o ,.,,..,..‘“_‘_,_ v-,
4l i Llig diva il
~ 1 #!
v ) L s e
Ll LWl =

o t

L I R Y
L I I I
T r e e e et s e e e
D I ]
ODEr
R I N Y )
Fees s e s s 00000
®rs st ri s nnee

® e s s e et asn

*e e e cas’s st w
AR A R Y
L A L I T Y

L T N

£aez

L ® e s e s s e s e s 00 e
@=pPyToxene
® % ® s e s a0 vee

co 00

1'1'@.....-..-. .

andesite nonm
e...c--n.-...'.
small bod:
lta andesi
SerLREL v w winieiw

\JD.--.oaonl..iln

fount Grosli,..

t ---o-nooc.l.l
intrusive »r

®es s e s s sc008s

fﬂ-

t$re e s s s vnne
# s s e erracrsanae
*rr s e s s scsnan s
R T Y

. tTeree e n

aroundy, . v e

R T [T
cada L

s s s s s 000
® % s v e
* 8.0 0000

L A

LR B I

® e s v

L )

MICEL LG, s w e

® s o0

"es e v e

s evesoer

e
«1(;.-..!

LACEUE B I Y

LRI ]

Hi._P:.L.Ji.Ji,AE,),.‘

=
N

~1 ~1~3 O™\n

ey

\

OO0 O g

b
¢

k™

. S




e e

105154

21

Structure.........--non--n--nno-.an.-n.---o...-----n---.-.n---o-i-c.l.-uo--.'ol -

Conaral. Toabrramitle o oo s o o M0 G i 0 W 0 e B & e e e lad) beeliin e e PO

Deformotion of Partiary Touko . veness svassnnssspnss ssbnsasydonsassvioPssaes i

1Ry v | SRR SN AR LIRS PR SR SRR L PSR gy P B & X

PEULBIn B s e s annnnsssassnssessssospoaseasaspsssonsosdsnshussndvasnmess Jo ?\
e batl CAnYE il o s ae s oun wek O0kww e s mw sn il e e bRy 38 |

Bilver Clty Taulbu. casasswnsensosnssntnnssissndtonsbsossnnusinne Ik

QEeABenta) TAUTNE « s vivw a5 s o0 5w i s ®wm e e s 0 aleiaTen s 50 6w eiw'e  m el ol

Faults of northeasterly striliCeceecescesrsssessvscsosssssscosase 34

Faults cutting the Kate QSeak andecitic serieSeeveecesecescveeses 35
APSTRACT

The term Comstock Lode district is here applicd to the mapped area, which
includes parts of the Virginia and Flowery Ranges of Nevada.

The oldest rocks of pnu ar;a are mucn altered ubdnmentary strata, pTObmblj
Jurassic or older. .These are overlain a[ TOu&VulCuﬂlC rocks Chleflj of basaltic
composition, and both.the,sedimentary, anl the volcanic rocks have been invaded by
quartz menconite porphyry’ and. pranodierite. These intrusive rocks may be contem-
poraneous vith the great composite batholith of the Sierra Nevada and are certain-.

P

ly pre-Tertiary.. -+ R CEEE . o e e oeern i ,

mon the bre=Tertiary rocks, after a lone interval of erosion and probably
b by . ) - J

- in Eocene time, several hundred fect of rhyolitic lava was poured out. - The

rhyolite is overlain in turn, with apparent conformity, by the Alta_andesite,
nearly 3,000 feet thick! The Alta consisis mainly of pyroxene andesite and horn-

: bLQ.ur—ﬁVTOXOﬂC andesite, in the for' »f lava and pyroclastics, but it includes a

scdirentary member, the, Sutrr containing liiocene fos 5il leaves. DMarked hydro-

theriial. alteration has. affbctud a. 1urp, nart uf the Iormutlon.

¢4

Tntrusivc bodics of several kinds. cub the Alta andesite. what may be the S
oldest of these are dome-like masscs of the Ax; rican Ravine andesite porphyry.” The b
1argL”+*wasc conslszs of the Davidson dioritef from which lMount Davidson was we
carved, ' There are also many dikes, andesitic or dioritic in composition, some of B
which' are later than thu Davidson dlorlte, some contenporancous with it, and seme - g¢
pyr“”"s car¢1cr. NETRL th

thor urcat bodj of and;s:uo the Kate Peak and951tlc series, occurs mainly {f
in tJ, rloqmry Range. The andOSJtes of the Kate Puak are varied in compositior, ap£
but zre mostly cheracterized by .the presence -of biotitc and hornmblende. They are pl}
of upa2er lidocene or Pliocene age, and they nrobably were erupted after the Alta
andesite gﬂg_*ceq tﬂltw und aultnd, 8 1 P e o

..... Y
Dtlll later, but probably PllOCLW"'"“ the inickerbocker and Lousetown (?) U.
“iwusites, ' THese dre chiefly dark pyroxenc andesitcs locally passing into basalts.

. e A T . -
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Iatest among the eruptive rocks is an olivine basalt.

v
large areas of alluvium have been mapped, together with some landslides and
some areas of made ground, vhich includes dumps and tailings.

Tne pre~Tertiary sedimentary and volcanic rocks have been crumpled and

~ sheared; the pre-Tertiary intrusives are wnaffected by snearing, The Tertiary

rhyolite and the Alta andesite have been tilted, mostly to the northwest, and
dislocated by many faults, the most important of which are the Comstock and Sil-
ver City faults, from boti of which large ore bodies have been mined.  The Silver
City fault may be a branch of the ¢ mstock, A Tault similar to these but less
extensively mineralized is the Occidental. There are many other faults having
various directiors, and some of the latest cut the Kate Peak andesitic series,
This series and the latﬁer Pliocene volcanic rocks may have bteen involved in
some of the later movement on the Comstock fault and slightly tilted,

INTROIUCTION

This paper, together with accompanying geologic map, is intended to serve as
an easily portavle guide for tnose who wish to study the geology of the district
in the field, A more detailed report, with special attent €4 to the ore deposits,
will be published later, : A

¥

The geolozy of the Comstoci Lode nas been studied and written about ty geolo~
gists almost from the date of its discovery, but only two of. the many- resulting
publications ceal effectively witn the general geology of the district,. The first

'in Monograph'3 of the U. S. Geological Sprvey, based on stulies made in 1880 and

1881 by G. F. Becker and his assoCiates.H/. The tract that was mapped by these
men coincides in large part with that shown in plate 1, Becker's report has been
of great value; its presentation of the facts is in large part sound, and it dis-
tinguishes most of the geologic formations that are recognized at the present day;
but it reflects in many particulurs the immature state of geology at. the time it
was written, and neither the toporraphiic nor the geologic mapping are up to mod-
ern standards, The outstanding modern report is V. P, Gianella's bulletin on the
geolozy of the Silver City area,2/ This report deals with only a minor part of .
the area descrived by Becker, but it contains descripticns of all the formations
recognized by Becker, and also of other stratigraphic units that were first dis—
tinguished by Gianella, It has the advantage of being based on modern concepts,
and it corrects some of Becker!'s misconceptions, but it is handicapped by being
plottcd on the same inadequate topographic base that Becker used,

2/ 3Becker, G. F., Geolozy of the Comstock Lode and the Washoe district:

\ U. S. 3eol. Survey Mon., 3, 188z,

ot Giénella, Vincent P., Geology of the Silver City district and the south-

e S —

e e e e — . . g e e
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The field work. upon which the present report is based was done chiefly in
A E ps

1935 and 1936, but the district was re-visited for a few weeks in 1939. A topo- Gt
graphic map, on the scale-of 1:24000, of an area considered large enough to il- B
lustrate the geology of the district and to include all mineral-bearing.ground ' e
related to the Comstock Lode was mide bty R. C. Scitz and Lloyd Allen, Jr., in Ciing
1935. Most of the area mapped lics botween the parallels 39°9.13' and 39° 20' N, ;;'
and-the meridians 119° 37! and 119° L2' ., but the outline of the map is some- - e
what irregular, the most marked irresularity teing a projection from the eastern 5
border to include the portal of the Suiro Tunncl. Tae area snown on this map
will be called, in the following pazes, the Comstock lode district. vap
. ' eit
; he mapping of the geologic features that are vicitle on the surface and a vhi
detailed examination of the straight part of the Sutro Tunnel were done mainly Fup
oy F. C. Calkins and T. P. Trayer, The accessible mine workings and the laterals péé
0f the Sutro Tunnel were studied by W. D. Johnston,.Jr., and.V. P. Gianella. Al- baa
though Gianella and Thayer have had no direct part in the authorship of this re~ '
‘port, their contributions to the field work deserve cordial acknowledgment,
3ianella, who had tecome femiliar with the geology of the district as a student Givia
and consultant, gave guidance to the others which was of great value, especially thé
in the early stages of the work. Valusble aid and cooperation were given by many gore
.- mine operators and others, . T
GEOGRAPEY ' ey
Topography R T t:i;
The Comstock Iode district has a moderately rugged topography. Its hichest ek
point, the summit of Mount Iavidson, is 7,853 feet avove sea-level; the lowest,
near the southeast corner of the area) is a little less than L 475 feet. *
- Tne western part of the district lies in what.is now officially designated el
.- the Virginia Range, though it has somctimes been called the Washoe Range, This s
range avuts against the tase of the Carson Fange--a part of the Sierra  Yevada—— ey
at a pass cbout 4 miles northwest of Carson City., The irregular western slope
£ the southern part .of the Virginia Rarge is bounded by Washoe Valley and the
Truckee Meadows. The higher part of tue range within the district has on the Junt
_east a steep north-south sloge at the foot of whick lies Virginia City, at an Bt
average altitude of about 6,200 feet. The foot of the slope roughly coincides, - grea
as will ve seen later, with the trace of the Comstock fault, The top of the e
rance is not marked by a distinct crest but is an undulating plateau, The only O%”E
nemed surmité on the divide in the area mapped are Mount fobie and Ophir Hill, -
Mount McClellan, vhich is about 2 miles south of tne crossing of the Opghir grade Vi;~~
and is not included in the mapped area, is the most prominent mountain in or near 'dowﬁ‘
fhe district trat is on the crest-line of the range, Mount Davidson, which is L
higher than any of these, is nearly a mile east of the'divide, Other high points -——
near the east front of the range are Cedar Hill, Mount Butler, and the crag now ‘
czlled Suicide Fock, which appears to have been formerly kmown as Crown Point. of tr
}  of or
ors:
———




105154

The extreme eastern part of the digtrict is occupied by the ragged southern
end of the Flowery Range. This range has a prominent’ crest extending for nany
miles north and northeast of Flowery Puak, and it is continucd south of Six iile
Creek bv the ridge on which Emma Peak (not shown on the map), Mt, Rose, Mount
Grosh,_ and Kate Peak are the main summits. Meunt Grosh, the highest of these
is more than 1,500 feet lower than Mount Davidson. The Flowery Range ends just
nortn of Darton.

The hilly area wiiich contains all the knovm ore bodies of the district is
regarded as lying Letveen the Flowery and Virzinla HRanges without being part of
either, llany of the nilltops appsar to be remnants of a surface of low relief,
which has an altitude of abkout 5,,U feet at Virginia City and is roughly 5,500
feet in average height southviest of Silvar City. This surface is thought to be a
part of the same surface that forms the ton of the Virginia Range, and to have
been let down by the Comstock fault,

" Two large relatively flat areas lie lower than the Virginia City upland.
Cne 1s American Flab, vest of Silver City. The other, in the southern part of-
the district, is part ol the former valley of Carson River, which now flows in a
gorge southeasu of it,

The district has no perennial streanm except the one that rises in American

‘Flat and flows through fmerican lavine. The west slope of the Virginia Range

drains to the Tryckee River, the deen hollows in the northwest corner of the dis-
‘trict having been carved by tributaries of Steamboat Creek. The rest of the area /

drains to the farson River, chiefly by way of Six !Mile and Gold préeks, the divide /..

between vhich extends from the south end of Virginia City to Mount Grosh.

: Climate and vegetation

The climate of the district is semi-arid, the precipitation coming mainly in
wvinter snows and occasional summer shovers. The sumners are hot and the winters
moderately cold, Conditions for field work are mostly favorable between May 15
and October 15.

The characteristic vegetation consists mainly of low, bushy pinon and.
Juniper trees, interspersed with sage brush, though it includes many other shrubs
and herbs, S all ygllow pines grow in a few areas, all of them underlain by
greatly altered and bleached volcanic rocks, upon which little vegetation except
thege trees will growi, The only considerable tracts bearing yellow pine are north
of Cedar Hill -Canyon and in the rugged ravines northwest of Ophir Hill. These

(=18}

ars the largest areas of bleachud rocks other than those immediately adjacent to

. Virginia City, viere it scems likely that yellow HLHUS once grew but were cut

cown Por tlmbe” dnd fucl soon after the discovery of the Comstock Lode.

.2/ This hitherto nameléss though prominent summit has. been named in memory
of the brothers Allecn and Hosea: Grosh; who.were the first to prove the existence
of ore-bearing veins in the district, See Lord, Eliot, Comstock mining and min=.
ers: U, S. Geol, Survey Mon. 4, pp. 24-31, 1883,

- et . i MY St gy
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Settlements, water. supply, and mine openings

The only settlements in the district are the old mining camps Virginia City,
Gold Hill, and Silver City., Virginia City, by far the largest, is the best pre-
served; visitors can still, with a little exercise of the imagination, visualize
the appearance of its business district and some of its more substantial dwelling
houses as they were when the town was rebuilt after the conflagration of 1875,

* Very little remains of Gold Hill and Silver City,

The water supply of the district comes from Marlette Lake, a reservoir that
lies east of Lake Tahoe and about 8,000 feet above sea level, by way of an in-
verted siphon under Washoe Valley and a flume which is conspicuous along the
eastern-slope of the Virginia Range for about 3 miles south of Mount Davidson.

By far the nost extensive mine opening now accessible in the district is the

Sutro Tunnel, whose course is indicated on the map. This tunnel is kept open in
rder to maintain its franchise. The straight adit is about 20,000 feet long,
and the aggregate length of the north and south laterals is about as much more.
Together, these afford extensive exposures of the underground geology, which,
however, are someihat dJisappointing because the rocks that they penetrate are in
large part severely altered and largely concealed by close timbering and laggzing.
The Hale & Norcross tunnel, the portal of vhich is in the Arizona-Comstock mill,
near the south end of Virginia City, oxtends more than 6,000 feet westward, nearly
in line with the Sutro adit, but unfortunately it is now caved. Specimens col-
lected from this tunnel by the late J. A. Reid%/ were kindly given to the Survey
by the Mackay School of Mines through the agency of Dr. Gianella,

Little is accessible of the scores of miles of old underground mine workings:
at Virginia City. Those open in 1935-1936 included the Central Tunnel, connecuing
with the upper part of the Ophir mine and the Andes shaft, part of the Sierra
Nevada workings, and a few minor tunnels; the Union shaft then gave access to the
Sutro Tunnel level but has since been.closed., A large open cut on the lode was

" being worked by the Arizona-Comstock Corporation., At Gold Hill there are open
cuts at the mouth of Confidence Ravine and south of Crown Point Ravine, and the
Overman shaft gave access to the lode within recent years, Farther down Gold
Canyon a good many mining operations have accessible workings, the largest being <
the Dayton mine. Open cuts in the east slope of Hartford Hill are of geologic
interest because they expose the actual walls of great faukts, The Spring Valley
mine has the most southerly extensive underground workings that are accessible,
The old Daney mine, still farther south, is blocked by caving, but an open cut
near it shows an exposure of a fault that is probably a somthern continuation of
the Silver City fault zone,

4/ Reid, J. A., The structure and genesis of the Comstock Lodesr Calif.
Univ.; Dept. Geol., bull. 4, No, 10, pp. 193-195, 1905, = =~ =
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Routes of travel

Virginia City is connected by well-sraded automobile roads with both Rene and
Carson, 'Tihe shortust route to Rene gous northward for a few miles on the old
Geiger Grade, but departs from it before beginning to descend the west slone, to
follew a brocder road of casicr gradicnt waich was opencd to traffic in 1235. An
automobile bus travels daily to and frow Reno. The most cvenly graded route to

-Cargon ’ollov the old Cceidental. grade, widened and improved in 1936 down Long
Canyen and continucs southward wntil it joins fioute U. S 50 about 1-m11us cast

of its crossing, ncar liound louse, with the Virginia & Truckce Railroad. vher
rain roads arc tnc one down Gold Creck froiy Silver ultj to Dayton; one down Six

Milc Creck, which is the shortest route fron Virginie City to the Sutro Tunnel; the
old Opkir or Jumbo grade, which crosscs the divide of the Virginia Range northwest

~of American Flat; and one that skirts ihe west side of American Flat, to join Route

50 at lound House., The Virginia and Trucliee Hailroad, which was built in 1865 and
served the district until about 1938, has been abanﬂuned and torn up. The Carson

and’ Colorado Railroad, which serveg a (ug;1d011blc pegt of w suer MNevada, joined
the Virginia and Truckee at liound nou~L.{; . YLﬁ-v“igy s e
FORMATIOIS

y General features

The oliest rocks of the district are metamecrprnosed sedimentary strata, which
are overlain by dark metamorphosed lavas that are probably not much ycunger. In-
truded into these rocks is a monzonite exposed in a few small outcrops. A giranc-
diorite of a type ccmmen in the Sierra Nevada also has been intruded into the old
sedimentary and volcanic rocks but is not exveosed on the surface in the area nap-
ped. All these rocks are pre-Tertiary, but their prccise age is uncertain. They
oceur riainly in the southern part of the district, but fragments of granodiorite
and’ associated older rogks may.be secen on the. dunv of the Upgh haft anu that of a
tunnel southwest of '}u Rk, ke T I wad.\?, '.?“M?Q“f/KWU{}4‘?1‘3MAAM£L4

The p;e—Tertmarv rocks are overlein by volcanic flows, thousands of fect in
total thickness, which are mainly Tertiary. The oldest of the lavas are rhyolitic
in character and probably Eocene. The rhyolites are overlain by the Alta andesite,
of NMiocene age, which is the thickest and wost widely distributed unit shown on the
map; it occurs mainly in the Virginia Rance and the low hills to the east. The
hlta andesite includes a stratum of water-laid tuff, called the Sutro member, waich
is distinguishod on the map. The lower part of the Alta andesite, as well as the
rhyolitc and pre-Tertiary rocks, has becen intruded by dome-like masses of vhat is
called the American Ravine andesite porphyry. The Alta andesitc is also cut b
many dikes and has been invaded by an intrusion of diorite, from which the upper
part of llount Vayidson has been carved. Soie of the dikes nay be older than the

diorits: or conicmporaneous with it, but soie are definitely younger. After the

)

‘intrusion of the diorite the rocks were much faulted and were altered by hot so-

lutions, and the deposition of the ores took nlace late in this time of disturbance
and chomical activity. The greatest faults of the district are the Silver City and
Comstock fauwlts, in branching fissurcs of vihich the great ore bodics of the dis-
trict wzre deposited.




105154

Range. Volcanic rocks nearly if not quitc contomporancous with the Kate Peak an- .« coll |
|

. Apparcntly a ftc,r these activities had almost ccascd, another series of vol-
canic cruptions, preveilingly aendesitic, was poured forth. Its products, named by unce
Gianclla -the Katc Pc k randesjtic serics are the dominant rocks of the Flowery . and
desitic scrics occur in the central and southern part of the district; and crup- +that
tions of lavas intermediate in character betwoen typical basalt and typical py- fose
roxene andesite-~the linickerbocker and Iousctown (?) andesites--were probably the the |
latest products of Tertiary volecanic activity. A final eruption, clearly Quater- « rock |

nary, produccd the basalt which forms a conspicuous mesa at the mouth of American
Ravine. A dike injccted along the Comstocl: lede may consist of this same lav.

The princinal formation later than the basalt consists of unconsolidated

stream deposits, which are thick and widesprcad in the southern part of the dis- sedi
trict. A fow landslides and some areas of talus are mapped. Dumps and other made dist
ground wholly concecl the bedrock geology of large arcas, cspecially in and ncar - - Wwith
Virginia City, and they are in part shown on the map, pre-~
: . . haps

Pre-Tertiory rocks the
Amer

Scdimentary rocks

The old sedimentary rocks arc exposed in only one large area, on the east oute

slope of the Virginia Range and southwest of fmericen Flat. Small areas occur iron

| ferther southicast, and others too small to show on thc map may be scen in arcas, - - tain
vrevailingly of old velcanic rocks, con the slopes northwest of American Flat, 1In most
’ places these old sediments ferm the footwall of the Comstock lode, and they have = «Seen
béen seen in the Overman workings. : far ;

i o unal

The wost cbundant materinl in the old sedimentary formation was originally next
dark mud, vhich has become hardened ond netamorphosed in various degrees, so as o biot:
teke on the cheracter of shale, slate, or schist. The most intense alteration is = thor
, probably cdue teo the action of intrusive rocks, but 2ll these sediments, and also comp«

. n”\ﬁHB overlying pre-Tertiary volcanic rocks, are regionally metamorphosed. Some of tion
“the most altered rock, probably affected bv igneous metamorphism, is a mica schist of e
> , With a.knouty appearance due to crystals of andalusite and cordierite. Sands and volee
off gravels formed part of the series, and are row repreésented by micaceous quartzites — texti
o and by conglomerates in which the pebbles are welded, as it were, to their matrix,  Glane
‘ end elongated as a result of the pressure to which the rocks have been subjected. been

»~In some ol these.stretched conglomerates, the pebbles are largely replaced by feld-  consi
\‘,yp r. Some limestone occurs in the formation, most of it, apparently, in its uppe:
N part This rock supplied material for at lea st one lime-kiln, the ruins of which

[

\)f,#"mﬂv be seen on the west side of the road south of American Flat. A large deposit
fof anhydrite, altering to gypsum where it is exposed, occu*SAnorthwest of lound

/ﬂ UF House, outside the mapped area, where it was formerly cuaryled It is the source

“V"p oF the white "gyp51te"~—1mpure gypsum--abundant in the alluvium near lound House.
i;-in) ’ { A,bi/ U‘"‘ . .
w; 4 , | 0 ( ,T(U RO
= £1 A
A4 £t
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As these old strata have not yiclded any identifiable fossils, their age is
uncertain. They resemble rocks of the Mariposa and Calaveras formations (Jurassic
and older) in the Sierra Nevada, Triassic and Lower Jurassic fossils have been

- collected in Eldorado Canyon, about 7 miles southeast of Mound House, from rocks

«that are somewnat similar in composition to those near American Flat,é/ but these

fossiliferous rocks are so little altered that they are thought to be younger than
the strata in question. It thus appears fairly safe to .say that the pre-Tertiary

rocks in the Comstock district are not younger than Jurassic, Fo

Volcanie rocks

The pre-Tertiary volcanic rocks are much more extensively exposed than the
sedimentary rocks, and they occupy several large areas in the southern part of the
district, Some altered volcanic rock that appears to be andesitic is interbedded
with the old sediments, especially west of American Flat, but the main body of
pre-Tertiary volcanic rock consists of metabasalt overlying the sediments, Per-
haps the best, as well as the most accessible, exposures of the metabasalt are in
the area crossed by American Ravine, especially along the nailway southeast of
American Flat, R

In general appearance these old volcanic rocks are remarkably uniform. Their
outcrops are rugged and bouldery and more or less.discolored with red and yellow
iron oxide. On Iresh fracturcs the rocks are very dark and greenish, and they con-
tain a large proportion of sparkling greenish-black amphibole, which is the mineral
most readily identified with the naked eye. Under the microscope, however, it is
seen that their most abundant mineral is albite or oligoclase, which contains a
far higher proportion of soda than the plagioclase that would normally occur in an
unaltered rock in waich dark minerals were so abundant, Amphibole usually comes
next in abundance, and one or more of the minerals quartz, chlorite, secondary
biotite, sericite, and epidote is always present. The rocks have eg}dently been
thoroughly recrystallized, but the only chemical analysis available~ indicateg a
composition like that of a basalt'or a pyroxene andesite., The rocks in the forma-
tion are judged to be volcanic, largely because of their fine texture and a lack
of evidence that they are intrusive. Although the structural characteristics of
volcanic rocks are largely obliterated by thoroughgoing alteration, tuffaceous
textures gre visible in places, and a spotted rock has been identified by
GianellaZ?ras an amygdaloid--a lava that once contained gas bubbles, which have
been filled with wminerals. The filling of a specimen collected for the Survey
consists of albite and epidote. ‘ :

.‘ .'

2/ Gianella, Vincent P., op. cit., p. 37, .

é/. Becker, G. F., op., cit., p. 152, table, "netamorphic diorite",

7/ Gianella, V. P., op. cit., p. 40.
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Tntrusive rocks

Quartz monzonite porphyry.—A cranite-like rock (called granite by Becker)
intrusive into the pre-lertiary scdimentary and volcanic rocks is well exposed in
American Ravine, where its intrusive relation to the old rocks is well shown, and
near the south base of Basalt Hill, It is mostly light gray but is tinged in
places with dull red. Feldspars and quartz are the most abundant minerals, and a
moderate amount of biotite and of prismatic augite and hornblende are visible,

The texture would on casual inspection be taken for granular, but, as can best be

seen uncder the microscope, it is really porphyritic, though the phenocrysts are
crowded together and the groundmass is relatively coarse. The most abundant

. phenocrysts are of oligoclase, but there are some of orthoclase, of augite alter-

ing to pale-green amphibole, and of decp-green hornblende. The groundmass con-
sists of orthoclase and quartz. The orthoclase is less abundant, on the whole,
than the plagioclase but not definitely subordinate; quartz is more abundant than
the ferromagnesian minerals,

Granodiorite,—-A granular rock of a type that is widespread not only in the
Sierra Nevada but in many other western mountain ranges forms a small part of the
dump of the Iital.shaft, where it is clearly shown to be older than an andesitic
porphyry similar to some of the Alta rocks; small fragments of granodiorite are
enclosed in blocks of the andesitic rock,dikelets of which penetrate the gran-—
odiorite., Still stronger evidence that the granodiorite is pre-Tertiary may be
seen on the south slope of Hartford Hill, where boulders of granodiorite occur
in -a coarse .conglomerate underlying the base of the rhyolite,

. The granodiorite differs distinctly from the quartz monzonite porphyry in
several respects; it cantains more biotite and hornblende, less orthoclase, and
no augite, and its texture is granular instead of porphyritic. Plagioclase, with
the average composition of a .calcic andesine, is the most abundant constituent
of the granodiorite; orthoclase and quartz are subordinate though not scarce;

" hornblende and biotite are present in moderate and nearly equal quantity.

Tertiary rocks
Rhyolite

The oldest of the Tertiary volcamic formations is extensively exposed in the
southern and west-central parts of the district, esmecially in the hills around
American Flat and those bordering Spring Valley. Gianella8/ has named it the
Hartford Hill rhyolite from its occurrence in that hill, where both its base and'
its top are exposed, Its thickness there is about.lQ00 feet. -

1. . . -

8/ Gianella, V. P., op. cit., p. 45.
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- widelv, Where orthoclase is dominant, the plagioclase is albite; in some specimens

.an oligoclase, Some of the flows corta’ .ning such feldswpars, together with horn-
.blende, are dacites or quartz latites rathér than thollte in the strict sense.
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The base of the rhyolite, on the south slope of Eartford Hill and at some
other places, is separated from the underlyinz old volcanic rocks by a few feet
of conglomerate, which contains pebbles and boulders of these old volcanics and
of the ouvartz monzonite prophyry and granodiorite already descrited. Tnis con-
glorerate, and the firct that the base of tae rhyolite northwest of Basdlt Eill

_"rbqts partly on the sedimentary pre-Tertiary rocks, irndicate that a-lone period

of erosion preceded the eruption of the rhyclite, i ;

It is all rather light colored, mostly in various tints of pink or dull purple,

less commonly in ereen or white., Nearly all has an irregular platy parting. It

is one of the more resistant rocks and terds to form prominert hills. Its out-

crops are rugged and usually a little stained with orange-colored oxide of iron,

On examining a hand-specimen closely one usually sees many whitish flakes of in- ;
cluded pumlce and abundant Huenocrvs+q of auartz Ibl& yarv form numerous though }

The rhyolite is one of the most readilyv distinguished rocks in: the district, ‘

specimens, A little decomgoved bordhlende occurs in 2 small prooortlon of the
rock in the lower part of tae formation,

Under the microscope, it is scen that the feldsgar of every specimen is
partly orthoclase and partly plagioclase, The proportion between the two varies

where the plagioclase is atundant it is zoned and has the average composition of
The groundmasses all show flow structure and other details of texture that show .14

them to have been- orlglnally glassy, -but all the glass has now been replaced by N4
¢rystalline matter, ,bujgﬁ / ,[f’f/

Although thu great bodv of th“ rbyallte underlies the Alta and931te some i
rhyolite in the vicinity of the Daney mine overlies.andesite,. It seems probabla.(*'i
that the eruptions of andesite tegan before the eruption of rhyolite, from a
different centpr had guite ccased, ;~g_AA/L7‘?

The amount of rbyollte in the district is so great that it probahly came
from several volcanoes. The root of one of them may be represented by a plug of

intrusive rhyolite occurring high on the slope west of American Flat, ~

\.ﬁ‘ o P W o

:J.‘Jl!\_‘k ,,-‘i,v‘.p’_n/b)

Although there is no conclusive evidence of the age of the rhyolite, the. YTETJ
relation of the main body of it to the Alta andesite, which, as will be shown, Is
rairly if not wholly Miocene, and the fact that rhvoll+es known to be Eocene are
abundant in the Sierra'Névada indicate that the rhyolite of the Comstock district
also is mainly if not wholly Eocene.

11




10515k

. : _ “ Alta andesite

General features,

The Alta andesite, named by Gianelln after the Alta shaft, which i8 entirely
in that unit, occupieq about thI the mapped area of the Comstock Lode district,

L +Ite es AMted thickn is about a,7uo feet, and it might be divided under favor- -
gtle conditions into ut east four memters, vwhich are, in descending order, as
follows: * - ‘ - ‘

Prevailins rock " Approximate thickness
{feet)

>

3
Ik
L]

Bornvlende-pyroxene aniesite, mostly lava......ee0....1,000 +

EJJ

Pyroxere an Je51to MOSEIY laVa, we voiuaisiininss s senaen SO0

C. (Sutro memcer) 'Mmter-laid cediments, shaly to
conzlomeratic In PeRbUre . onens envandoisnan Wiy REnnn

D, Ho*nulendenpyroxene andesite, lava and brecci@uieeives,
' _ Because of the complexity of the structure in some places and tAe degree to
which much of the Alte is altered, it has seemed impracticable to do more than
¢ _sepa arate division C in mapping, &nd the boundaries of that division are in part
., ~orly rough approximations, The guestion often arose, also, whether certain parts
~'of the Alta andesite as mapped were extrusive or intrusive, Owing to the stnilar-
mfltj of some of the intrusive to the extrusive rocks and the unsatisfactory charac-
apavter.of the exposures over large areas, it was often impossible to decide whether
~ "a ‘given mass elongated in the same direction as the flows vas itself a flow or an
intrusive sheet; and if it was known to be.a sheet it would often be traceable for
only a few yards vefore it disappeared under surface waste, The conclusion was
reached, after several changes of opinion, that most of the massive rock in the

ing in the ve51culdr lmyers thut dffora the claarestw§v1dence of extrusive origin,
(1.,\,,\_,1_ \u - ad 5 Al " A a‘-"’}-—'-‘{

wer nornglenaehnyroxene arduqlte -

/area mapped as Alta is extrusive; vut if that is so, the flows are remakably lack-

The lowest division’ (D) of the Alta is characterized by hornlende-pyroxene.
andesite, in the form of flows, tuff, and breccias, The typical lavas are medium
dark gray, commonly tinged with green or purple, The most conspicuous phenocrysts
are prisms of hornbolende, ordinarily about 5 millimeters long, but far more numer-,
ous are small phenocrysts of plagioclase, These are mostly about 1 millimeter in
diameter and without marked elongation, so that in the aggregate they remind one
of fish-roe, In thin sections it is foun that the rock contains phenocrysts of
augite, which do not readily catch the eye in the hand specimen, and also pheno-
crysts of ‘hypersthene, which have all been replaced, mainly by a green fibrous

chlorite orserpentine. The phenocryats of plagioclase are labradorite averegirg

about 55 or 60 percent anorthite, The groundmass is ovorymnore devitriflcd. . ¥

12
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. Its character is that of the lava last described except that it is coarser and

‘thick sheet of it may have been injected into the volcanic series., Somewhat

- the structure, For the same reason, the boundaries in many places are no more
‘than rough approximations, ‘
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«A large proportion of this lowest division of the Alta is in the form of
tuff or breccia, which because of its permeability is more ‘altered than most of '
the lava, IMuch of 'this material has a highly characteristic appearance: it con=- |
sists of greenisi-gray angular fragments in a reddish-purple matrix consisting of !
small-grains of minerals and rocks. Rock of this character forms a large,part of |
the Forman dump, Flow-breccia, formed by the breaking of the lava as it flowed,
also is common. '

A rock of very striking appearance occurs in the vicinity of the Overland
mine, on the hill south of it, and on the 5,426-foot hill northeast of Silver City. f

contains very large phenocrysts of hornblende, some of them 2 or 3 centimeters
long. The character of this rock suggests that it is intrusive, and a fairly

similar rock forms a few dikes, but this has a lighter-colored and-coarser ground=-

mass and shows more obviously the character of an intrusive rock.(3 zy;uuffiffrnjbf‘”_
. 0 ] ’ it

e e e $ < ee pR eeen « e 4 n

A very little rhyolite is found in, the Alta andesite in the lower part of J
Crown Point Ravine, [, . .1 4. a7 e becbie (|
| Lt il 25N
Sutro member,--Although the upper limit of the lower hornblende-pyroxene
andesite is somewhat indefinite, it roughly coincides with the base of the Sutro L

member of the Alta andesite (division C). This member, curiously neglected or
misinterpreted by the earlier geologists, was first described by Gianella,g Who
recognized its importance as a horizon-marker that would be useful in working out
structure., He gave it the name of Sutro Tuff member because of its extensive ex-
posures in the Sutro tunnel, This member does not, however, consist wholly of
tuff in the strict sense of the word, but seems more suitably described as sedi-
mEHtary'. (7/"(, ) ) }
Among the best exposures of this unit on the surface are: (1) 4n a strip
extending northeastward from the vicinity of the Overland mine to the slope south
of the main tunnel of the Occidental mine, where it seems to taper out; (2) in
several areas south of Crovn Point Ravine —-- the crag known as Suicide Rock con-
sists of the upper part of the nember, which here is coarse grained; (3) in a
wash-out under the flume north of Crown Point Ravine; and (4) on the eastern end
of the spur south of Confidence Ravine. Bleached sedimentary rock exposed in the
east slope of Cedar Hill is believed to belong to the Sutro, The maximum thick-
ness of the Sutro sediments, attained near Suicide Rock, is estimated to be be- - | |
tween 300 and 500 feet, but it is somewhat uncertain because of the complexity of

' 2/ Gianella, V., P,, op. cit. pp. 55-58

. . .
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The most typical rock of the Sutro member is a regularly banded shale, pre= }
. vailingly of sage-green color, breaking into smooth-faced slabs an inch or so in | —
‘thickness, This grades into coarser material, well shown in Suicide Rock, All of% tey
the unit was clearly laid down in water, the fine-grained material doubtless in a ! bec
lakeé, Some of the faééments in the coarser beds are fairly well rounded. The' con- the
. position of the unit'as a whole is varied and complex; some of it is rhyolitic, gr
some is andesitic, and some contains pcbbles of the pre-Tertiary, sedimentary rocks,
It is difficult to judge what proportion of it is truly tuff--a product of con- | e
temporaneous explosive eruptions--and how much was formed by erosion. ‘ | p;
ol ‘ ; . |
'On the flume south of Crown Point Ravine, there seems to ber a thin layer of zg
lava=-not shown on the map—betwuon two strata of sedimentary rock at the general | - hi
stratigraphic level of the Sutro member. There is, also, at least one unmapped - ho
shaly stratum at a higher stratigraphic level, interbedded with the uppermost ai- O
vision of the Alta andesite. Thic stratum is best exposed at the west brow of the th
hill a mile north of the Foreman shaft. Fragments of whitish hardened shale found B
on the ?1opes east Pf Qold Hill are thoughﬁ to de derived from the same stratum. or
Pyroxene andesite,--The middle part of the Alta andesite (division B) con-
sists mainly of lava, the freshest of which 1s so dark as to resemble hgsalt. MNc
This dark lava, together with some belonging to later formations, was in part ta
mapped by Becker as augite andesite, but it wag later shown by Hague and'Iddingslo‘ A
to be pyroxene andesite, containing hypersthene as well as augite. Good explosures o
of this rock in fairly fresh condition are to be seen in Six Mile Canyon, in Long o
Canyon, and on the ridge south of Crown Point Ravine, M
. - This pyroxene andesite differs from typical basalt in containing abundant g;
phenocrysts of sodic labradorite (about Angg in average composition), most of ! i
which are about 2 millimeters in average diameter. These are recognizable by the ' Fa
L glitter of their cleavage faces, being so transparent that they are not distinct cé
in color from their background. !Much less conspicuous are dark phenocrysts of S
pyroxene. Here and there occurs a phenocryst of hornblende readily distinguished ir
by its bright cleavage faces. llagnetite and apatite are ever present . | oy
accessories, visible in all thin sections. ; ~ § or
_ . - ; b
In thin sections from the freshest specimens of this rock, none of the min- | :
erals appear much altered except the hypersthene, which is partly replaced along |
cracks and margins'by green fibrous secondary minerals.. In most specimens the } s
"hypersthene is wholly replaced. The groundmass, though it probably ance contained | y
glass, is now entirely crystalline. In this alteration of the hypersthene and ‘ B
'deyitrification of the glass, the pyroxene andesite of the. Alta differs from a g
{i; !later lava of similar character (the Knickerbocker andesite), in much of which
¥/ | the hypersthene and. the original glass of the groundmass are entirely unaltered,
4

e = }Q/ Hague, .Arncld, and Iddings, Joseph P., On the development of qrystg;-
e lizatTon in the igneous rocks of Washoe, Nev.: U, S. Geol. Survey Bull. 17, p. 1%
1885,

M
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Most of this hypersthenc andesits is decidedly altered. The most obvious
evidence of alieration is a lightening and grecning of the color. Pc:»rphy:t‘:'L"c,.‘lc,,,«7"‘S
texture is iore conspicuous in the moderately altered rock than in the fresheft,

I? # because tiie white of the plagioclasc phenocrysts and the dull greenish black of Z
° &7 the pyroxenc both stand out in contrast with the light greenish gray of the
¥ groundinass, i
ocks, ;
e Upper hornblende-proxcne andesite.--The middle part of the Alta grades into the !
upper part, the transition being marked Ly an increase in the size of the pheno- ! f
= erysts of feldspar and by increasingly froquent anpcarance of hornblende. Transipels |
oi ticnal reocks illustrating thesc characteristics may be scen in the two conical i
. hills east of the town of Gold iill, A mass of cxceptionally coarse grained Yy,
df hornblende-boaring pyroxenc andesite or andesite porphyry exposed west and southn- ‘hq i
di- west of the Cverman shaft is within the stratigraphic limits of this division, but B
s this mass nay be intrusive. Other exposurcs of tne transitional rocks occur near ‘
— Sutro No. 4 shaft, and in Long Canyon on the emst side of the most prominent out- |
° crop of the Occidental lode, which is on a fault n1t1 downthrow to the ecast.

v is in the northwestern part of the ruairanWIe-—on the ‘ridge conneccting
lounts Butler and Bullion, in the vicinity of Ophir Hill, and in the basin cong
gslo/ taining Juibo Falls--that the youngest laves assigned to the Alta are best seen.

— A characteristic type occurring here is a light-gray rock with glistening black
phcnocrysts of hornblende and moderate-sizod phenocrysts of feldspar, which are
very distinet in character from the small "fish-roc" feldspars of the lower
hornblende-pyroxence andesite, In the Junbo Falls Basin theré are large arcas of
‘ relativoly coarse-grained dull-gray andesite whose texture suggests intrusive

origin, but in at least one place these grade into what scem to be flow breccias,

so that thoy are probably extrusive. Some of the lava of the Alta in the Jumbo

tge Falls Basin is black, and is much like that of the division below except that it f
P contains more hornblende. Like the other andesites of the Alta, the andesites of §
the upper division contain both augite and hypersthenc, or did contain them orig- |
ed “inally; but both mincrals are inconspicuous, and the hypersthene in the spceimens ;
examined microscopically is all replaced. The feldspars arc e¢8dic labradorite or , §
calcic andesine, and the groundmasscs arc devitrificd--a point of distinction '“}?uﬁz '
between the youngest lavas mapped as alta and thosc regarded as younger than Altaefesdu.
» - S
€ The Alta andosite is of Miocene ages A Small collection of leaves from tho .%5i;
4 Sutro member obtained in a cut on the new highway in the lower part of Long Can~ .°
. yon, southwest of the 5,229-foot hill, is judged by Roland W. Brown to be middle f”*“dv
R B e T P W 50 ’hx..p—-u._ i
or'’upper Ifiocene; and, as will be uhONn later, the ovcrly;ng Kate Peak und051t¢c v ]
series is upper h*ocene or lower Pliocene. A N
. The Alta andesite appears to be essentially conformable with the underlying
rhyolite, with which, as already noted, it is regarded as interfingering.
'!\.;
. |
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3. Some intrusive rocks cutting the Alta andesite

& General statement.--Several kinds of intrusive rocl: cut the Alta andesite, but

}
H
i
i

i

| the age relation of these rocku Lo each other and to some of-.the volcanic rocks

later than the Alta is uncertain.

g;K::&\““ The larger bedies of these intrusives consist of two sharply different kinds
< awatof rock, the fmerican Ravine andesite porphyry and the PDavidson diorite. The
**;}gf“'American Ravine andesite porpiyyry cuts the miyolite and almost certainly pene-

2 st gtrates the +0Ner part of the Alta, but is not khown to have risen higher. The
:wh-fjﬁ Davidson diorite cuts across all divisions of the Alta, waich may be regarded as
,}»',;p\resu ptive evidence that it is younser than the American Ravine rock.
i AN A

o \:\ Other intrusive rocks cutting the Alta fomm: dikes and other small intrusive

' Q‘ﬁf’{-,};’fbgdies, including sills. There are doubtless more "11 s than have been mapped,

\Aﬁjfy*ecause of the difficulty of d':LLn,llsmﬂL sills from flows. The age relsulOﬂ

l“t W of meny of the dikes to the Davidson diorite is unﬂortaln. Ls the dikes are
5 r” Elnala“ to the dlorlte in composition as zeﬁl as in their relation to the Alta
k u— b‘andeolu it would seem probable that sone then are contG@poraneoua_mizh__ 2
- i ,.dzor;tn,anm that some of then are c:fsmoota From it. This relation has no% in

J\‘\A,;fany instance been proved, but that fact i
o :/lJ of dikes vith diorite masses bv the talus which aliost everywhere covers the mar-
M W ) eins of the diorite. Some of the dikes were regarded by Thayer as being earlier

A . s . . i .
+% Nthan the diorite. Some, however, are desonstrably later.

S
e rocks.

Anerican Ravine andesite porphyry.--The part of Amcrican Ravine immediately below

Emerican I'iat crosses a dome-like mass of fine-grained igncous rock, called by

meckeer/& Telsitic quartz porphyry, and rcgerded by Gianella, who called it the
— Arurlcan Ravine s@andesite, as the carlicst of the Tert iary lavas. ;;/ ‘This nass,

P 7 &xhowever, is certainly 1ntru31vo into the riwyclite and probably into the lower part!

'L ﬁ»of the Alua andesite. The mass in nmberdn Ravine is in contact only with
i@*jrb rhyolite and pre-Tertiary rockg. Some of the several bodies of similar rock in
(4" Gold Canyon at and below Silver City are ‘n-.contact with Alta andesite.

The best evidence that the American Ravine andesite porphyry was intruded
into the rhyolitc may be obscrved in the southcrnmost area, on Gold Creck, ‘A
tunnel nortiniest of the 5170-foot hill shows a frozen contact between the two
‘rocks. The andesite porphyry has a distinct flow structure near the contacta,
marked by a)jproximate parallclism of the hornblende crystals, and all around the
order of %tic porpnyry these crystals tend to lic parallel to thc contact, This

——

]

oy be due to concealment of the junctions'

i \ v il e T : . .
".b" A few intrusive bodies that cut the Alta are described in connection with ex-
’ . trusive roclks later than the Alta, because of their close relationships with those !

5
t
!
1}
'
{
f

|
E
|

f

11/ DBeeker, G F., op. cit., p. 47,

P
!

¥ et

12/ Gienclla, V. P., op. cit., ppe 44, 50. \/
@ |
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fact is cspecially well shown on the north side of Gold Creek, where the contact
can 'be scen in places to cut across tiic lamination of the rhyolite, though the
riiyolitec has to sore extent beon push d "up by vhe Intrusive magma, which appcars
to have been wnusvally viscous. igh viscosity may account for the lack of dikes
of the andesite porphyry in the rhyolite.

Ir American Ravine the relations around the border of the poréhyry are ob- . |
scurc, but there is indircet evidence that the porphyry is Intrusive. The aomi-
nant rock in fmcrican ravine almost surrounds a body of coarscr porphyry. The
relation of thcse two rocks is nonc teo clear, but carcful scrutiny of contacts
cxposad on tie "shoo-fly", or abandoned T&Ll]@d&—aud north of the tunnel led to a
decision that the coarser facics is tho cldoer. A dike of this coarser porphyry
cuts the rhvolite just north of the creock near the upper cnd of the ravine, and
since the fincr-grained porphyry is still yeoungor it also must be younger than the
rhyolite. Irn road cuts and a few natural ciposurces near tho lower part of Long
Canyon’, the American kavine andesite war‘ﬂJrV is scen in contact with Alta ande-
site, and although the relation is obscured by weathering the American Ravine is
apparently the younger rock: the contact is wavy and apparently "Irozen", anc cuts
across the dip of the Alta., HNear the yton snaft, the American Ravine is over-
lain by the Alta, but the ac tUnl contact is not ﬂynos cd. The fact that the Alta
is here a breccis and thz American naviﬂn is also somewhate brocciated suggest
that the two rocks intcrgrad a, but it rea2lly proves nothing

my

The fincr-graincd rock that forms the sreater part of the American Rav1nn
mass and the whole of the othirs is vory uhﬂtincu in appcarance from hoth the
rhyolite and the Alta andosite. Its color varics from medium to light gray, and
it is characterized by a pceuliar silky lustcr. The only mineral ordinarily
identifiablce with the naked cye is 1ornblon6c, in slcnder prisns that are not Vcrv

“abundant, but in much of the rock the hommbicnde is roplaced by a dull-gray pixtare
of sccond:ry mincrals. Relatiye lv lgr), grains of quartz occur herc and there.

Ir thin scctions of the freoshegt speeimens, prisms of greonish-brown hornblonde
appcar as the only nuncrous pnen C”"buu, but ocecasional phenocrysts. of augive arc
scoen., rhu grains of MAurt”z and some of scdic plasioclase, arc prcbabl;_;n&lu:.

od from the rhyclite. The growndmass conunats mainly of minutc latis
of pl:gio close (*hoirdurjuc), prisms of ausitce, and granules of magnetitc. The
feldspar laths tend to lie nearly parallel, and it is to this fact that the silky

i

luster of the rock is due. No glass is found, and all specimens contain a little

calcite, chlorvite, and epidote. The rock is cut, also, by many véins of quartz.

h]

g.

It is tnnrc¢c ¢ ¢istinectly more altersd than vhe Lo setOWn (7)_323323334_vhich it '
- 2 b3 i R \
P i ‘, i \ Z’ r_,«_(_,v\ i L'.,‘.LCA

T '
;L;“-"AV,I_.L,J.\ —/ ‘."“_.\-’L’\'\

it A
/,’\/C 14_,/

resembles in some resnects]. .
| * | bt g AN

i Ll 1 . . . k 1y
Davidson {iorite.--The top of ifount Davidson is near the middle of the largest Sl

area of a diorite, named by Gianellall/ the Davidson diorite, that has been in-
truded into the Alta andesite. This area is about a mile long from north to south

13/ Gianella, V. P., op. cit, pp. 0/4-6E.
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. and less than half a mile in averape width from east to west. The diorite is ex-
. posed in many smaller areas lying n -G and westward from Mount Davidson.

Its extent is much exagrerated on Beeker's map. | The intrusive relation of the
diorite to the Alta, though not rccorded in orint until 1612, 14/ is clearly shovn

by intricate frozen contacts, by inclusions of andesite in diorite, and by neva-
morphism of yolcanic and sed’ : rocla in the Alta.

diorite is rather light gray, but specimens ioken
underground are wueh darker, the dirference of color bniﬂr all in the feldsnar,
g is “v *nr the most abundant censtituant; irrcgular dark-green clus-

Ssluclase LS5

T PRET ” - -
In surface ouposures th

15 S B Sy

j—e WS
(;51'

to's f ferreramesian minercals, not readily Omgt1n”u10ﬂ00 frem one unother, are
.1c\ly 5;:1nLl thircugh the -uck; and & little guartz end orthcclase are dis-

LRSI

b4 éernible though ;nvonnL_ wous. Under the ideroscope it is found that the plegio-

‘ (=S
nhlf”j§fdlgoc is zonad &nd has the average composition of an undesine. fugite was ori-
QY ginelly second in ab undance, but in all spceinmens it is more or less altered, and
},k” in some it is completely replaced by fibrous amphibcle and other minerals,
ey Biotite liliewise is partly or wielly replaced by chlorite. L few altered grains
f cf hypersthcnc have been found in one of vhe speciiens taken by Reid in the Hale

! and uorcross tvnnel, 4,150 fect frow the sortal. In all the other specinens from
the main mass that have been cxanined microscopically, hypersthenc 1s represcnted
by pSCu¢oA0”ﬂnu consisting mainly of serpentine cr fibrous chlorite. Sowme speci-
nens contain & 1little primary hornblende. Quertz and orthoclase are subordinate

but essenticl constltuent ve; they fill irrcgular spaces between the other minerals.
Both npotrocsranhic study and chemical apalyais indicate that this diorite is rather
closely related to the andgsites of Jau AlL bub COntJlﬂJ a hlbhur proportion of

. - . b
_,]_ 1ca and alkalics. . % | AR TR “ r \ i 4P W (n,../"‘l o &g ,ﬁ»C'LV} »
; A \/((, / i 'A\ € !

The Davidson dicritc is pretty certainly of iilocenc age, being younger thah
}the Alte and zpp vcnt*y older than the Kate Peek andesitic series. - ; |

& cT snbll bodics.--Some of the swall irrcgular bodies cutting the
ta &ndOSlEC arc S0 ovidently facics of the Dovidsen diorite that thoy have becen
4 . _p—-—-—--—-———
repped in the samc color. COnc 0i vhuse, on uhe horth sidc of Ophir Ravine, is
— e
notey orthr for containing hypersthenc. Gne-mlxc, traceable Jor only a shero dis-
_.-—--—-——-.
tance, in the ridge north of Lpanich zavino is so similar potrographically to the

diorite~-Trom Which it differs only in texbturc, being finer-grained and obscurecly

porphyritic-~that it is wmdoubtedly an OLJuﬂOOt froi: the main mass forming hiount

Davidson. )
Dikes whose relation to the Davidson diorite is’uncertain appear to have b

about th: samc range of composition as the Alta andesites themselves. Like the

lavas, thcy contain phenocrysts of andesine or labradorite. They are in general
. more altered than the freshest of the lavas, so that the pyroxenes which all of

them probably contained have been almost vholly replaced. No specimen from a dike|
contains hypersthene, though one contains wami stakable pseudomorphs after hyper-
sthene, associated with fresh augite.. In all others, whatever pyroxene Was

14/ Smith, D, T., Vein systems of the Comstock: Zng. and Min. Jour., vol.
94, po. 895-896, 1912,
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. companied by smaller pseudonmorph

‘lower part of Pullion Ravine.

of the scutheast spur of Mcunt Davidson, . Similar dikes,

That of the lode,
._"""-_-'-"‘—&

-replaced,
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riginally present has been replaced, mainly by chlorites, epidote, and calcite.
Some of these dikes contain fresch hornblende, accompanied by pseudomorphs after
pyroxenes. But in sowe of them even the hornblende is replaced, mainly by chilorite,
the origin of the pceudonorphs bewny indicated only by their form. These are ac-
s presunably derived from pyroxenes.

That some dikes of porphyry.cut the Davidscn diorite is best shown in the

A dike crosses the ravine and the flume, and is
readily traceable northwestward up the steep side of the canyon nearly to the cres
less well exposed but un-
doubtedly later than the® alozvic, extend along the eastern slopes of llount David-
son. In Ophir Ravine an irregular porphyry d;le crosses a small outlier of the.
diorite. The relation HPunuuﬂ the two luCLu is netl ohvicus, but thorough scrutiny
of the contacts led to the ccnclusion that the porphyry is the younger. 2 ‘

It .is ‘the outecrops in Ovhir Ravine that have vielded the freshest specimen
of ‘the post-Davidscn perphyry. This speciien shows conch cuous phenocrysts of
plagioclase (calcic andesine) and of glittering black horntlende in a dark-gray,
very fine~grained groundmass. There are also other small, inconspicuous, dark
phenocryste, which the microscope shows te be pseudomorphs, nresumably after pyro-
xene; these consist nainly of cb_orl*e and epidete, Sparse phenocrysts of quartz
occur in the rock. The dike in Dullion Ravine is much more thoroughly altercd,
The feldspar has been converted tec albite., Even the prominent ferromagnesian -
pnenocrysts, vhwcn, to judge from their form, represent hornblende, have been
wholly P“?luCOu by chlorite, epidote, and other minerals, and the same is true of
smaller ones tnat probably fooresont pyroxenes. Swor%glc crystals of chlorite de- <
rived from biotite occur in specimens frowm this dlke.- B 7'ﬂ1- A !

. ) AA?;Q A O ek

LOLUT gb Lng with the comparatively v

slight alteration of their dioritic wall rocks, is rather surprising, It seems to

indicate that the norrchyry was intruded s aothJ after the solldlf*catlon of the

diorite, and that it was acted upon by emanatlions rising from underlying, perhaps

not yet solicified, perts of the diorite nmarma. These emanations, we may imagine,

had a’'relatively easy passage upward along the walls of the dikes, which they

therefore alicred more thoroughly than the massive diocrite. Intrusion of these.

dikes may have been closely followed hv the formation of nstock

the northern part of which largely follows dikes. 7. A, ~Cse An,
“ O Sl L : C.

Such exirene alteration of the dikes,

A o y:J/Laﬁgnu Al
What xﬁﬂ be one of thesc later dikes is crossed by the Geiger grade near Cedar
Hill Canyon and is cul by another similar dile in the spur to the™north. The rock
exposed on the Geiger grade is as thoroughly altered as the one in Bullion Ravine,
the plagioclase beings altered toﬁgiplte and the ferromagnesian minerals conpletely
Alteration has gone farther in the dike than in the Alta andesite that
it cuts. : ; e,

.
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| k v Tﬂjﬂfh
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\posed near a house in Long Canyon on wha ‘
'Wthe rock is much deccmposed, but fresher raterial was obtained on the ridge east of
g ) Gold Creek, from what is probably the same dike, FHere the prominent phenocrysts
% v ere of andesine and biotite, but the microscope reveals pseudomorphs after smaller
v/ phenocrysts probably of horntlende and pyroxcne, The proximity, of part of this
that it may be contemporaneous with

S A g BT
;v vidike to the Hate Peak andesitic series suggests t ) 2
them's The fact that it is more altered than tne lavas would rot prove that it is

e 4 ooy N y . . . 1 .
~ i ¢ plder! in view of what has.been shown prprarding the alteration of the po§zzi?v1dson
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™  Certain extensive and conspicuous : alterations have taken place in the Alta
andesite and are almost confined to it. These alterations include (1) typical con-
tact metamorphism caused by the Davidson diorite, (2) less pronounced changes of a
sort sometimes called propvliitization, waich are believed also to have been caused
by the infrusion of the diorite, and (3) a more thorourn-going change, due to hy-
drothermal alterati.n followed by weathering, the end-products of which are’

bleached rocks irregularly stained with iron oxide,

Contact metamorphism is test shown in the ridge extending northwest from the
summit of Mount Davidson. C(lose to the contacts it produces rocks that are visibly
crystalline and show little of the texture of the andesitic lavas and tuffs from

ﬂ which thev were derived. Crystals of ragnetite and, more rarely, of garnet are

e

visibtle in places., MNore common are secondary biotite and feldspars of such fine
texture that they are not identifiable except under the microscope. Farther from
the contact the original textures are clearly recognizable, though the sparkle of
disseminated biotite suggests metamorphism, Feplacement of ferro-magnesian min-
crals by biotite, and reduction of the lime content of the feldspars, are charac-

teristic effects at this stage, In the Sutro member, along'Eullion Favine,
ale and tourmaline crystals deposited in joint

s, 3
;‘“r L '\\ ‘
A, Y 105154 |
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'J"J N l; ; ()
.‘ ., Probably late, also, are some dikes in the eastern part of the district, the
. .most prominent of which is known as the Milk Panch dike, because it is well. ex— .
nat was once a dairy farm. At this locality

 chloritic spots are developed in_sh
fissures, clearly as a result of contact metamorphism, At the eastern base of

Mount Davidson, the dump of a caved shaft consists in part of hornfels containing

poikilitic seconddry hypersthene, This rock was presunably derived from some part

of the Alta andesite, :
"‘In‘ .

thofen for what he regarded'as an

The term propylite was coined by von Rich
well exemplified in this district,

independent species of volcanic rock, especially

Becker 15/ showed-that propylite was m

lite" has consequently fallen into disuse, but the adjective derived from it is
still applied to a certain sort of altecration’ that has never been very clearly
defined. As the Comstock district is the type locality for propylitization, the.
term is probably applicable to changes that are well exemplificd on the Ophir grade
and the adjacent flume., The more evident effects of this alteration are the

»

o
Ll
Nom?

<0

ercly altered andesite, and the noun “propy-

;2/ Becker, G. F., op. cit., pp. 81-90. | | (/
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" acquisition of greenish hucs and a thorough cementation of porous rocks, such as

" through it, The bleached lavas, for the most part, still retain a porphyritic

-ore deposits,
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tuffs and breccias, which makes them compact and hard, In detail the changes in
the minerals are complex and irrcgular, but the commoncst alteration products ar
chlorite, epidote, and calcite, The area in which the changes have occurred '
appears to center in the Invidson diorite, and it is believed that the propyliti )
zation in this district is essentially a low-grade izneous me tamorphism, “””Eéz'

A more thorough hydrothermal alteration, resulting in the formation of much :
albite and pyrite, has occurred in some areas, the largest of which are roughly f
delineated on the map., As a result of weathering, the rocks thus altered have 4
been bleached and irregularly stained with limonite, so that they are not always
readily recognized as altered andesite, Taey are in fact called propylite on an
early mep of the district, but the term does not seem to be applied, here, in the

. 'sense that Von Richthofen intended, The effects of the hydrothermal alteration, ;

uncomplicated by weatherinz, are best observed underground, especially in the
Sutro tunnel, Iarge masses of such unweathered rock are pale—~green in color and
are peppered with tiny crystals of pyrite. ™here these rocks are lorg exposed to
the atmosphere, the oxidation of the pyrite produces both sulphuric acid, which
further attacks the rock, and ferric oxide, which becomes irregularly disseminated

texture, but the feldspars are altered to albite and the ferromagnesian minerals
so completely destroyed that pseudomorphs after them are rarely distinguishable,
Although albite is the commonest product of the hydrothermal alteration, replaces
ment by quartz takes place locallv. A specimen taken about 1,000 feet southwest
of the Scorpion shaft is found under the microscope to be at least 90 percent
quartz, The quartz replacing the feldspar phenocrysts is coarser than the rest
and forms pseudomorphs closely similer in outline to the replaced crystals,

The bleached rock forms many prominent, rusty ledges that resemble.some out-
crops of mineral deposits, These have naturally invited the attention of prospec
tors and have been prospected in many places, but without revealing any workable

Kate Peak andesitic series ﬁﬁosé’-’ﬂ"“& Ff@"”’dﬁ’}’ﬁf

The Kate Peak andesitic series makes up most of the Floyé;; Range. It is
magnificently exposed in the steep eastern slope of M. Rose4 and much of its
western toundary lies just above the road in Long Canyon. Other extensive expo-
sures occur north of the western part of the district, and a small isolated area
lies west of the Sierra Nevada shaft,: Rk

The series, as is best seen in the face of Mt. Rose, consists in great part
of ccarse breccia, with some boulders more than 10 feet in diameter, but it com-
prises lava fl6ws and possibly some intrusive sheets that have not been distin-
quished, Several bodies of rock similar in character to some of the flows ard .-
intrusive into the earlier part of the series are considered to be products of the ‘
same general episode of vulcanism as the Kate Peak andesitic series and are mapped

2l
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. in a slightlv different pattern, Two of these intrusive bodies, both in the:

. , . D :
7 Y more doubtfully regarded as another, The third is exposed in the 6229~foot hill

A P S n . Y ol it

salX V. hill supplied, in former days, most of the gray coarsely porphyritic rock -that was
L/ ;;,;Iused for encine-bases at the mine shafts, This mass is regarded as part .of an in-
':\’,_\‘“ ¢ \bulkier mass that forms the top of Nount Grosh consists of rock similar in texture
vn/ v'land general appearance but largely reddish rather than gray, It seems most prob-

o

" 7/ that this extension once connected with' the mass in the 6229-foot hill., Sugarloaf,

o ¢ which is a little esst of the mapped avea, is clearly an intrusive pTog, and pos-
- l“)'i’ ~&ibly the root of a volcano from which some of the later flows of the series were
Hde kN8 2 S i :

L érupted, T , s ‘ o
/’U = 3 .

V4 ) - The rocks that constitute tne lava flows, the intrusive bodies, and the

" Mia much fresher appearance than thosc of the older formations, and they are further

l‘_[“ - w - . . ¢ -
f’ ,A“\:"’(’P they were called trachyte by the pioneer geologists. The series was mapped oy

Q\/“ ¢ |intervals of rest, the Kate Peak andesitic series is remarkably varied in-composi-

Il Ll ~"‘.

; o 105154 |

northeastern.part of the district, are thick dikes,-one of which. is interpreted
. ‘as mushrooming into a sill at tre top, Four lareer masses lie near a northwester-
" ly-trending line in the northern part of the district. One, from which Mount Artic
@' 1 .is carved, is regarded as an intrusive plug, and a second, near the Utah shaft, is

1% miles south-southeast of Virginia City. A quarry on the northeast side of: this
" #{ trusive gheet or Jaccolith, ifs lomer boundary beine the outerop of itg base,  The

. Ahable thet the main body of this mass is an intrusive plug, with a sill-like exten~
»’ ¥ sion to the north whick forms the capping of & small plateau, It is_ even possible

| XA -

vy fragments in the pyroclastic teds of this great volcanic series have in.general
" ¥ distinguished by an abundance of large and consplcuous feldspar phenocrysts, a
4 porous _texture, and a harsh feel, largely because of this last ‘characteristic,

Becker partly as Maugite andesite" and partly as "later horrblende andesite,"
_’Dlovgh obviously.produced by a long series of eruptions unbroken by any long

[ tion and appearance. Some of its rocks are whitish, light gray, or,light red,
others almost black, The minerals that occur as phenocrysts, apart from the plagi-
oclase that dominztes in all, are_hornblende, biotite, augite, hypersthene, olivine
and all the other minerals named, though the quartz grains arc scarce and may te
Ainclusions, IExtremes of variation are fairly well represented by two specimens,
one from fhe 6229~foot hill alrcady mentioned, the other from the 5812~foot
shoulder three-fourths of a mile south of Kate Peak, Thé first is medium light
gray and is crowded with large white phenocrysts of feldspar (calcic andesine),
some nearly half an inch long, It contains many phenocrysts of _hornblende, & -
few of tiotite, and a few inconspicuous ones of augite and quartz. The groundmass
contains much_cristovalite, The silica percentage is 63.49, The other rock is
rather dark gray and andesitic in habit; it contains conspicuous phenocrysts of
labradorite about 5 millimeters in greatest lengti, and smaller ones of augite,
horrblende, hypersthene, and olivine, Much magnetitd and both cristobalite and

;_-Jiridymite are present. The silica percentage is, 5%.51 « . |
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The best indication of the age of the Kate Peak andesitic series is given by

;e.i fossil leaves and diatoms found in lake deposits interbedded with tuffs of the
bster- serles, at and near the diatomite quarries in Long Valley, about 7 miles northeas
AT of Virginia City, K. E. Lohman, who studied the diatoms, and Roland W. Brovm.and
tanis | Ralph W. Chaney, who studied the leaves, all agree in placing the age of these
B beds near the passage {rom Miocene to Pliocene.
. this ;
Lt vas Some volcanic rocks underlying the Knickerbocker andesite at the west hase of
N in- Basalt Hill and i. the 5604-foot hill southeast of it are doubtfully assigned t

The the Kate Peak andesitic series. They overlie rocks that are correlated with the
by ture Alta andesite, and tuey are less alte red than any that are known to be Alta., They
rob- are especially well exposed in railway cuts on the east side of theé 5604-foot hill,
xten~ The material is heterogeneous, The greater part is breccia, in which boulders of
sible pyroxene andesite vith conspi icuous phenocrysts of augite are abundant, A horn- 1
irloaf,| .. blende-pyroxene andesite is exposed at the southeast side of this hill and in the )
pos= west .base of Basalt Hill, in which the most conspicuous nnenocrysts are of horn- j
were blende. This lava bears some reserblance to that characteristic of the lowest ;

division of the Alta, but it contains glass and cris uobalrr,i}ﬂ.._ and is go fresh that
must be Voun. er than thf:"};uﬂ&

S,

ral K The testlﬂony of the fossil leaves and diatoms does not prove in itself that N\
hrther there was a long time ¢ntegval_betvmen the eruption of the latest Alta andesites ‘
a and that of the earliest Kate Peak andesitic rocks, JThe petrogranhic apd st .T"L“C:'
c, tural ‘relationshins, however, indicate a distinct break. The layas of the Kat

v . Peak are on the whole much 1ess altered than those of the \lta, and ‘g_.e,._w{ﬂf*]
i . lavas of widely different strdtlwraohlc -position. In Long Canyon they rest on the
. O bevelled edges of west-dipoing Alta andesite. They are underlain by pvroxene .

long andesite in Long Canyon, and by the later hornblende-pyroxene andesite near the
DOSim northwest corner of the district. On the north side of the Jumbo Falls basin,

: lava of the Eggg_gggg_vath gentle westerly dip overlies lava, probably of the Alta
plagi-| - andesitic series, that dips westward more steeply. South of American Flat, if * the |
1ivine, correlations there made are correct, volcanics of the Kate Peak andesitic series |

e are in contact with division A (aee p. 12) of the ulta in some places and with ’;/g
ns, division B in others, : Lt

ht . The relation of the Kate Peak andesitic series to the faulting is not altgg

g getherlclear. u1un@llau_/ describes a block of vein material in breccia of this

.  series, which he interprets as evidence that this andesite is younger than the

dmass | period of vein formation--younger, apparently, than the Comstock Lode. It is

is clear, on the other hand, from evidence in the Sutro Tunnel and on the south

of slope of Flowery Ridge, that the andesites of the Kate Peak andesitic_series have
e, been displaced by faults of large throw. It may beé remarked that no evidence

nd bearing on this point is afforded by the exposures near the 6229-f oot hill, for

the andesite 'blocks whiich there lie on the trace of the Occidental fault vein
are not in place but form part of a landslide. The Kate Peak is bezlieved, how-
gver Ty to be fauHu,Q down aga*nst the Alta along the canyon west of Ixu. Rose.

’f{" e. /?/‘{"’\ (%4 0":“.»'1—50:'(- Q"t HTE.

# 4, -4
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The Kniclkerbocikzer andesite was
i rence at and near the Inickerbocker
: shaft. Its petrographic charscter,

Kniclkerbocker andesite

o
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v

o rnamed by Gianellal2/ because of its occur-
naft, 1,000 feet northeasd of the Baltimore
hovever, is not so typically shown there as av

S
a
5

cures are on Basalt Hill and on two hills
¢ found alonz the railway on the west side of
oot hill still forther west, and a dike

in of Six Mi eek, in the eastern

some other localities. The best.expo
south and southenst of it. Others ar
American Flat and at the top of the 6,635-f
of Eaickerbocker andesite occurs in the bas
part of the district.

2 ( The Knickerbocizer andesite exposed in Basalt ¥i1l is very similar in general
eppearance to the pyroxene andesitc in tho Alta. The nain difference observable

in the hand specinen is that the Iniclkerbocker looxs fresher; and on close exami-

nation it is found to comtain a thin sprinkling of litile bright-green grains.

On weathered surfaces it has a thin, well-defincd, tuff-colored rind, such as 1is

never seen in the Alta. Microscopic study bears out the impression of general

similarity with minor difierences. The phenocrysts are of plagioclase, auzite,

| and hypersthene. The plagioclase is 1nbPadorite,slightly more calcic than that in

the Alta rock, its average composition being about 4n55 to Angpe The green parti-

olivine and cousist of a nicaceous mineral with

cles noted are pgseudomorvhs afler
active indices. The rock is distinctly

high double refraction and very low refr
fresher thon any in the Alta; the groundmass contains a good deal of glass showing
no trace of deyityificution, and the hyperst is entirely unaltered, ‘The rock
is indeed, so extremely fresh that the replacement of is believed to have
been caused by gases in the magma rether than by weathering. The rock is a little
\nearer to basalt than the pyroxene andesite of the Alta.

,_v_,_./
Specimens from some of the other localities differ
other from this type. In some places the rock contains a few crystals of horn-
: blende. Specimens from the hill southeast of Basalt Jill contain no pseudomorphs
i after olivine. The rock of the area adjacent to the Knickerbocker shaft is very
i like the pyroxene andesite in the Alta; it contains no olivine or pseudomorphs |
: after olivine, the hypersthene in it is all more or less decomposed, and the glass
. is devitrified, The mass would be regarded as part of the Alta endesite were it
|  not that it apparently overlaps the trace of the Silver, City fault, though it
seems to be cut off by the Comstocl fault;”'Ihvthe,éﬁu?”wea%ﬁbf B, M., 5733, on the
i edge of American Flot, the Knickerbociter andesite seems to have been faulted, being
| several hundred feet lower than the capning on, the 6625-foot hill to the west,
‘with which it  presumably was once continuous.” i'Some of the faulting

there is regard
ed as earlier, and scme of it later, than the eruption of the Knickerbocker
andesite. N~

in one direction or the

These relations of the Kniclrerbocker andesite to faults are somewhat similar
to those of the Katc Pealr andesitic series, and the age of the two is prodbably not

1?7/ Gianella, V. P., on. cit., pp. 73-76. :
' ) . ™
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greatly different. f the Tertiary rocks in Basalt Hill and the 5604~foot hill
solatheast of 1t are rightly corrolaten, the Kniclkerbocker is later than the Kate
Peak. In that case its most probable age appears to be Pliocene,

Later lavas north of Mount Grosh

~ e . b . . 2T 3 o
Several areas of volcanic rocl north of liount Grosh, near Sutro No. 2 shoft,

are rep_o~e1ted on the geologic map by the same color as the Knickerbocker ande-
site. Wone of this rock is, indced, precisely ﬂmmllwr to; tynical Knickerbocker
except the dike L,QQ feet porth-northwest of lo._ 2 shafy, which resembles the

rocic of Basalt Zill in every detail, including tnc ﬂrescnce of tiny oright-green
pseudomorphs after olivine. The other rocks are roughly correlated with Knicker-
bocker, for the present, b@cauﬂe they resemble it somewhat in character.and rela-
tions, and because the differences between them seem too little uhderstood to
justify their being represenved, on a preliminary map, in several distinct pat~
terns. - k' C;; “u ft. ’

The largest area, which includes the hill northwest of the shaft is occupied
by andesitic-looking rocks, as dark as the Knickerbocker but more obviously por-
pnyritice All speciments contain augite and either hypersthene or pseudomorphs
after hypersthene. Some contain olivine and some do not; some contain glass and
some do nots Olivine-bearing rock at the eastern base of the mass may be intrusive
‘into the roclt that does not contain olivine.: Both the appearance and relations of
the mass as a whole indicate that it is,/younger than the Alta andesite upon which
it liés,. though it is not altogether fresh, being 1argelj cnaracﬁerized by diffu—
sion bands of bright-red iron oxides i LT AN g o9 <4 ¢ CheAd, [~

Dariz andesite of still younger appearance occurs just west of theﬁg@gﬁt,‘-}
where it has a colwamnar structurc, and in the valley both north and_soutld of the

shaft. This lava appears to be younger than » fauld that brings andesite of the
Kate Peak against Alta ondesite, It is a pyroxene andesite Egntalnlng dresh

aypersthene and a little glass,
aypersthene I -
s e

The knod about 4,000 feet north-northwest of/the,shaft appears to have been
carved from a volcanic plug. The rock of vhich it cofsists resembles some pyroxene
andesite of the Alta, though coarser than most and not so definitely porphyritic.
It contains augite, but the hypersthene which it originally contained is all re-
placed. This mass may represent a feeder for some flows of Alta andesite,

Lousetown (7) andesite

In the southern part of the district there occurs a dark-gray fine-grained
pyroxene andesite which may be of nearly the same age as the Knickerbocker andesite
but is of.distinctly different appearance. Its most interesting exposure is in a
s utte, carved from an intrusive plur, west of the southern part of Grizzly
Hill. Other maasgs, probably extrusive, ogecur gast of Mound.House,.and extensive
flows mantle the southwest slope of the Virginia Range near its southern end.

This lava is provisionally correlated with extensive flows that have been seen
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o north of the district, on and near Lousctgwn Creck, and on both sides of Long (;)
3. Valley, which have been named by Thayer8/ the Lousetown series. Similar lava caps
the Flowery Range near Tallapoosa, about 15 miles northeast of Virginia City. 1In ‘
ong Vallfy and near ”ﬁllahoona this lava clbazﬁj verlies the Kate Peak rocikse.
; W{« 6/‘ .- AT Ma’f o 1,(,\, :’/MMQ_f.LVT ‘
@?5 The tcntativevcorrclmtlon of the lava in the Comstoclc Lode district with that i
Iy . farther north is based mainly on lithologic similarity, which, however, is income |
plete in oine respect: the lavas to tie north all contain olivine, vhereas those
in the district do not. The lava in the butte west of Grizzly Hill is medium to
darlk=gray. The coarsest, which.is intrusive, is distinctly nornhjrltmc ‘with readi=
' ly visible phencerysts of plagioclase (medium luhra¢or;te). hyﬁcr"‘HeuO and augite,
) -and a groundmass of plagioclase, magnetite, cristobolite, -and cryptocrystalline
% ~material. Finer ubralncd lava in this butte and farther south is not definitely
‘ porphyritic. It has a peculiar silky luster, very like that of the American Rayine
andesite porphyry, whici some of it resembles, moreover, in containing "ghosts™" of
hornblende crystals. The body of the rock consistsof laths of plagioclase, prisms
| and grains of augite and hypersthene, and a good deal of magnetite, glass, and
f tristcbalite. The presence of the two last-named constituents, together with the

extremé freshness of the rock, indicate that it is much younger than the American
Ravine andesite porpbyry. ' . '

In their relatlono to other rocks the lavas of the Lousetoun (?) reserble the
Knickerbocker andesite, but these two formations have not been found in contact and
their relative age is not definitely Imown. In texture the rocks of the two forma-

tions are consistently different, and the difference in composition between the
analyzed speciments of the one and of the other, though not-large, is distinct, the

. lavas of the Lousetown (?) being less silicic and otherwise nearer to the basalts.
It is conjectured from their apparent relative degree of erosion that the Lousetowm
(?) is a little younger than the Knickerbocker, perhaps very late Pliocene. The
situation of the plug west of Grizzly Hill, near the intersection of two great

i faults, suggests a connection between the eruption and the ultin W

! s AL o eruplLiol faulting,

Pleistocene volcanic and instruslve rocks

Olivino basalt:

On the north side of American Ravine, near its mouth, there is a small platcau
capped .with columnar basalt, which is underlain by a thin layer of gravels Farther
up the ravire and at the east side of American Flat there are other remnants of
this lava; and there is a relatively large and rugged mass of it high on the slope
west of American Flat., The lava evidently flowed down a valley that had about the

18/. Thayer,.T. P., Petrology of later Tertiary and Quaternary rocks of the
north~central Cascade Mountains in Oregon, witih notes on similar rocks ia Jestern
Noevada: Geol. Soce Amerlca ‘Bull., " vol. 48, pp. 1648-1650 1937. . m ol B4
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the rock can be talen from almost any exposure that are as fresh as if erupted
-yesterday, even the olivine being entirely unaltered. s

by Becker the "later diabase", but it was generally known to the miners as the

- olivine in the lavas of the Xniclkerbocker., All has an average-refractive index

105154

same location as the present American Ravine dbut that has been deepened about 200 ‘

s - N . L}
feet since the eruption of the basalt. The highest outcrop may cover a small vent ;
from which the eruption emanated.

The greater pert of the basalt is very dark iron-gray and has a strikingly
fresh appearance, All of it is somewvhat porous, and the top of the flow is full |
of round bubbles formed by gases cscaping from the lava waen it was liquid. Ia |
rock from the main body of the flow, paenocrysts of greeaish-yellow .olivine are
conspicuous. Other minerals arc not easily distinguished, as a rule, wita the
naked eye, though one or two large crystals of feldspar may be seen in some spiCie i
mens. Under the microscope it is seen that phenocrysts of augite are about as
abundant as those of olivine. The groundmass consists essentially of plagioclase
laths, augite granules, magnetite, and usually a little glass. A little red-browm
bictite has formed later than these minerals, ia small cavities., The larger
plagioclase laths have the average composition of calcic labradorite or sodic by~
townite (about Anpg)e. They have a peculiar type of twin-structure; meny erystals
consist of three or four Carlsbad twins instead of the usual two. Specimens of

"Black dike"
4 dike of dark rock injected into the fissure of the Comstock fault was called

fblack dike.," It cannot now be scen in place, for it is not exposed on the surface

end the workings in which it was exposed are inaccessible; but specimens taken
underground by Becker and others, by John Reid in the Hale & Morcross tunnel 1,070

feet from its portal, and by Gianella from the dump of the Bullion shaft, at the Y

mouth of Bullion Ravine, have been examined and are all evidently of the same rock.

Vaen freshly dbroken, specimens of this rock are of a dark-gray color like ,
that of the basalt, bdut on exposure the surface of the rock assumes brownish hues
the change becoming noticeable within a few weeks or days. Beckerl27 says that a
visidle crange takes place within a few hours, but this probably is the case only
in the hot, humid atmosphere of the mines. Dark gnecks that prove to be pseudo-
morphs after glivine, and less conspicuous phenocrysts of augite and olivine, are
observable in hand specimens, Under the microscope, the feldspar of most sections
is seen to be entirely unaltered., It is closely similar, not only in composition
but in the peculiar character of its twinning, to that in the olivine basalt, The
groundmass coasists of plagioclase, augite, and magretite. o hypersthene nor any
mineral apparently derived from it has been found. The augite, like the feldspar,
is perfectly fresh., The only secondary material present is mainly in_pseudomorphs
having forms characteristic of olivine. In the darker, unweathered part of the
rocz this materiel is deep green and similar to the mineral that has replaced

e B R Y

lower than 1.54; some is apparently isotropic, but some has a fairly high double
refraction and resembles green biotite in polarized light. In the part of the rock

e

19/ Becker, G. F., opn. cit., p. 52.
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er~ loccurs in the Knickerbocker flows, and (3) the absence of hypersthene, Chemical

dilce SOZ and that of the basalt 48.
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showing the brownish discoloration, this mineral has a reddish-brown color and
slightly higher refractive indices but is otherwise similar in _optical properties
to tiie green variety, The change in hue of the rock on exposure is cvidently due
to the oxidation of disseminated particles of this secondary mineral, which is
perhaps hisingerite.

The basalt flow was described before the "black dike" not because the flow
is knovm to be older, but rather for convenience in comparing the rock of the dike
vith the more abundant extrusive basalt. This lava and the Knickerbocker andesite
are the only lavas in the district that “he dike rock much resembles, and compari-
son with both may give some indication ol the age of the dike,

Hapue and Iddings,gg/ who recognized the pseudomorphs after olivine, consid-
erec tie dike rock so like the basalt tiiat they failed to see any petrographic
distinction between the two. Gianella,gl/ on the othor nand, correlates the dike
with the Knickerbocker andesite. In my opinion, the dike rock is intermediate in
character between the two lavas but rasembles the basalt more cliosely than the
andesite. Points of resemblance to the basalt are ﬁg) the composition and pecu-
liar twinning of the feldspar, (2) tihe former oresence of much more olivine than

the aporoximate silica percentage of the Knickerbocker is 57, that of the black

PR

It therefore secems unlikely that the dike was a feeder for the Ilnickerbocker
flows, even though the distribution of the Knickerbocker may be consistent with
such a source. The distribution of the basalt, on the contrary, indicates a
source west of the Comstock fault and independent of the black dike. It is
thousht probable that the blacl dike is a little older than the basalt, and in=-
termediate in age as well as in character between the Knickerbocker and the basalt.
Evidently, however, it was injected after the main movement on the Comstock fault,
for none of the rock in specimens has been sheared. The complete alteration of
the olivine could have been effectea by het solutions rising in th?¢§a§s e while
the Q%&E ye5 b el 1nnq£§§9 gﬁh¥§m%§1%£elz t@eieaft?r. fiaﬁ ’ %g%“*¢'

i 4 Q - L]
J aKt flow sg%ws no evidence of having been faulted, and“the small de-
gree of erosion to which it has been subjected indicates a Pleistocene age. Sim-
ilar basalt occurs in the canyon of the Truckee River below Reno,

Surficial deposits

- Clossification

The Virginia Range was never glaciated, and the district contains no glacial’
deposits. The surficial deposits mapped are mainly stream gravels. Some of the

20/ Hague, Arnold, and Iddings, J. P., op. cit., p. 28.

g&/ Gianella, V. P., op. cit., pp. 75-76. CFJ
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of the Daney mine, is much older thon the Recent deposits. The:most probable ex-
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larger areas of talus and landslide, and some of the areas covered with dumps and
other made ground, also have oecen mapped. On the present preliminary map, how-
ever, made ground, landslide material, and alluvium have not been distinguished
in the vicinity of Virginia City. Made ground predominates on the flat ground in
and near the town, and landslide material on the slopes just west of it.

Stream deposits
o 0 : & " 5 - . ~
Some of the stream deposits of the district are much older than others. The

5 s i s = - . -
very oldest, of which only scattered boulders and pevbles remain, are not repre- ol
sented on the map. One of the hishest arcas in which taese meager remnants lie

is in the head of the ravine just north of Mount Grosh. The mapped stream dejos- ‘f‘!{‘f"’“’i
its are represented by a single color pattern, without distinction of age. Some (g, i

of those obviously older than the Kecent epoch are the terrace-cappings that
occur west and south of Basalt Hill ond on.Gold Creek below Gold Eill. Most of-
the alluvial material on Ausrican Flat may be Pleistocene rather than Recent, for [4fluw,
the present streams have been cut through it in places, and near the schoslhouse
it has been stripved from the zeatly sloping eroded bedrock surface on which 1t
was laid.

By far the largest arca of stream deposits in the district occupies the low-
land near its southern margin, vhich is thought to be part of an 0ld valley of
the Carson River. The great bullk of the gravel underlying this area was presum-
ably deposited by this river when it held its ancient course. The gravel that

- makes up the great terrace just south of Gold Creek on the eastern border of the

district is so well rounded and, as shown by numerous prospect pits, so deen that
it could hardly have been laid dowm altogether by Gold Creek and other small
mountain streams, though boulders of Davidson diorite and other rocks were brought
down the ancient valley of Gold Creel. Gold Creek has cut its chennel far below
the upper surface of this grovel, and erosion has exposed the underlying bed
rocks near the Daney mine and immediately north of Dayton. '

Other considerations indicate that some of this gravel, especially southwest
planation for the gorge southeost of the 490l-foot hill, through which the Carsont* '*
River now flows, is that the old oroad valley was once occupied by a lake,. in #"MH‘/%H
which deposits accumulated to a depth of at least 500 feet. These deposits, no (4-{_91 " |
remnant of which has been found in the Comstock Lode district, mey have been‘gngigd ,/?6’6 ‘
extension of tnose so remarizobly displayed within the State Prison near' Carson ™%
City, where they preserve the footprints of extinct elephants, horses, gient. = -
sloths, and birds. The river, having for some reason swung to the east side of
its valley, incised its channel into the bed rock when thie lake was drained. The .
subsequent removal of the lake bods in the Comstock district was presumably ef- . .-
fected by small streams. The ;ravel reaches the crest of the ridge overlooking
the gorge, and contains boulders of lava that probably came from the hills rising

to the southeast. _ '

Accordin'g to Rxlssell,_?;z_/ Loke Lehantan at its highest étage e_xt_ended. up the

2/ Russell, I. 0.5 Geolog;ical history of Lake Lahontan: U‘. S. Geol. Survey--
Mon. 11, p. 137, 1385. i

29 J



T 10515

"Carson ‘River Valley as far as Dayton, and it thereforé seems pogsible ‘that a:

mall Yody of silt exposed at the cast.edge of the district, half a'mile south of

"Route 50, was deposited in Lalze Lohiontan.

The recent stream deoosits moy for the most part be recognized on the map.by
their relation to the topograpny. One of their few noteworthy features is tre
abundance, in alluvial fans neor lound House, of impure gypsam derived from the

_enhydrite deposit in the hills to the west. This alluvial "gydsite" was mined

and used for plaster in former times,23/ Gold was discovered in the gravels of
Gold Creek as early as 1848 or 1819,2%/ and later on Six Mile Creek, and the
resultant placer mining led, about 10 years later, to the discovery of the Com-
stock Lode. : B :

Talus and landslides

The question whether to map tolus ‘and landslides, and if so how thoroughly,
arises in this as in other mountainous districts. Only some areas of both that
are especially large or that conceal geologic boundaries have been mapped.

Tne only talus mepped is in arcas adjacent to Davidson dioriteé, where talus
is not only abundant and conspicuous but conceals a large part of an intrusive
contact which, to judge from the better exposed parts of it, is very intricate.
It was sometimes wished that even surface waste, or colluvium, could be mapped

on the slopes of the ridge extending westward from Mount Davidson, where isolated

crags of complexly intermingled diorite and andesite stand forth from smooth’
waste-covered slopes. Here only the bedrock that is conjectured to predominate
is shown on the map. : ' : K

Some of the largest areas of talus mantle the slopes of Basélf Hill, but
they are not mapped because they do not interfere with the mapping.of the bedrock
geology. ST S » , S )

~ 'Four areas of landslide have Dbeen maéped. Two of them edjoin the body of

‘coarse endesite on the hill o milé and a half southeast of Virginia City. This

rock is massive and relatively fresh, and some of it hes slidden on the much more
decorposed Alta andesite surrounding or underlying it.. Another-is on the slope
north of American Flat, where ‘there is a tongue-shaped mass, half a mile long, of
loose rubble consisting meinly of pyroxene, andesite of the Alta and intrusive
pyroxene andesite porphyry. - The only other landslide mgpped: is a small one
immediately soutn of the mouth of Americer Ravine. The benchlike top, the hollow
left in: the slope above from whici the material .slid, end .the -jumble of rock
fragments in the slidden mass illustrate the typical features.of a landslide in
small compass. This slide occurred at the intersection of two of the largest
faults in the district.

23/ Gienella, V, P., op. cit., p. 78. - .'

24/ Iord, Eliot, Comstock mining and miners: U, S, Geol ‘Survey Mon. Y4,
. Al 1883 .
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Dumps and other made ground

The dumps of the shafts along the Comstock Lode are of enormous bulk and
considerable extent, and, together with the made ground on which Virginia City is
built, they doubtless conceal important details of the geology in the main fault
zone., It was therefore almost necessary to map them, and, for the sake of con-
sistency, some other comparatively large areas of these materials have also been
mapped, including tie broad sheet of fine tailings in the bed of Gold Creek below
the Dayton mine. Thouzhi these materials were distinguished from alluvium in field

mapping, for the sake of simplicity they are shown on the preliminary map with the
same pattern as alluviuvm.

STRUCTURE

neral Features

What seems worth sajing in this brief text with regard to the geologic
structure relates chiefly to the Tertiary rocks, especially to the rhyolite and
the Alta andesite.

In the pre-Tertiary sedimentary rocks, which are in part well bedded, there
has been extremely intricate crumpling dnd shearing, of a sort that must huve

.taken place under extremely heavy load, Similar deformation has occurred in the

metavolcanics, where, however, it is less evident than in the sedimentary rocks,
because of the rblthvoly massive character of the material, o faults have been
recognized within the areas occupied by these old rocks, although some doubtless
exist; and almost nothing has been done by way of tracing large folds. The dis-

_tribution of the pre-Tertiary rocks in the southwestern part of the district indi-.

cates that they form a broad.dome-like structpre, the. middle of which consists of
the large mass of sedimentary rock uYDOSGd west of Basalt Hill. The overlying
metavolcanic rocks cap this mass at the west, where they forn the crest of the
range, and they {lank it on the north and soutneaSu. The quartz monzonite por-
phyry and the granodiorite are free from any shearing, so that they probably vere
intruded after most of the deformation of the older rocks had been accomplished..

The Quaternary rocks have not been perceptibly deformed, except that there is

some evidence of faulting in the large alluvial area in the aouthern part of the
district.

; Deformation of Tertiary rocks

Tilting
3 The rhvollte and the Alta andesite, belng essentlallv conformable, have
been deformed to virtually the same extent. Almost everywhere they are tilted,
as is indicated on the map by numerous dip-and- ~-strike symbols, In the Sutro
member of the Alta, sharply laminated sedimentary beds afford opportunities for

21
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accurately measuring dip and strike in beds that once were strictly horizontal.
. Se much accuracy cannot of course be claimed for observations made in the lavas,
The propriety of using dip-and-sirike symbols in lavas may indeed be open to ques-
tion, "It is believed, however, that their use is jiistified even though their
accuracy is subject to discount. In a lava flow of large extent, a platy parting
usually develops on cooling that is prevailingly parallel to the top and bottom
of the {low. Locally, of course, especilally along the edge of a flow, the partings
may have any attitude wvhatever; but where, over an area of many hundreds of square
feet, the platy partings have a nearly uniform dip, it seems fair to assume that
s they represent the abliitude of the flow as a whole, and that they give some indi-
' * | cation of the extenu ©vo uiich the flow has bcen tilted. But at best they are sub-
' ject to a correction representing original dip, for lavas must flow downhill, and
at a considerably ste@per gradient than water,

The original dip of tilted lavas can only be estimated and must vary conside
erably. If the tilting was toward the source, the original dip should be added
to the present dip; if the tilting was away from the source, the original dip
should be subtracted. I. the Eocene and Miocene lavas of the Comstock district
came {rom volcanoes farther east, negative corrections should be .2pplied; the
westerly tilting would have been less than the present dip. But even in that
case, 1t .seems clear that the rhyolite and the lavas of the Alta have been con-
siderably tilted since they were poured out -- a conclusion strengthened by the
.fact that the teds in the Sutro member have nearly the same dips as the volcanic
rocks with which they are associated,

§
i
|
|
E
i
|
i The dips in the rhyolite and the Alta aqdooﬁxrare'nainly westward to north-
_ ‘westward, but nortn of American Flat they ;orm Ddrt of a broad north«pn.tﬁnmg
{

(..ntlcllne. ¢ “-_?,_ ﬁﬁ/f’-‘»‘ ’7¢~f-’ v /J,((»L«r e P P Gy 24 mf"- e S
4\(’\ R~ VY S = C R oV I Apprers¥, a’y,,
v The Kate Peak andesite series, in the Wlowerv Range, d*ps;:gggﬂgzd and south—
é eastward, but so gently that its dips may represent the gradient of flow and “not

‘ the effect of tilting, In its other areas, the dips of the Kate Peak rocks are

g not easily measured, but there appear to be no persistent well marked dips such

J as Wwould indicate tnau the formation has been tilted. They have, however, been
faulted. No tilting has been proved in the Knickerbocker and Lousetown (?7)

: andesites, although the Knickerbocker, and perhaps the Lousetown, appears to have.
A been faulted in places.

Faulting.

The structural features that are most conspicudus on the map, and of most

i economic significance, are faults affecting the rhyolite and the Alta andesite.
Cutstanding among thesec are the Comstock and Silver City faults. Use of the two
names implies that these are two distinct faults, which is not quite certain; what

9% will here be called the Silver City fault may be a branch of the Comstock fault.
I am inclined, however, to belicve that the southern part of the Comstock fault
proper passes along the west side of American Flat, and that movememt began on
the Silver City fault a little earlier than it did on what is here ccalled the
Comstock fault. There are several reasons for believing that movement, on these , ™
and probably other faults took place at two or more periods. \

|
i
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_ Comstock fault.--At the south end of Virginia City the Comstock fault,
’ though covered with made ground, has a striking effect on the areal distribution
! of the rocks; it marks tﬁgzgﬁ tcrn limit of the Iavidson diorite, none of which
appears on the surface farther cast. DIrag on thé Iault bas here produced in the

ng.. diorite a sheeting slightly stecper than the eastern.sloge of the mcuntain, The
L= Sutro tunnel crosses the fault near its irmer end, which is not now accessible;
ings and the dip of the fault between the surface and t ie tunnel, vhich is about 1,500
kel feet lower, is apgroximately 45°. It is in this fault, of course, that the famous
w Comstock 10“u was formed. :

-

ub= : Tne best and perhaps the only mode of measuring the.movement on this fault) \}
nd along the line of the.Sutro tunnel was “ero~r*"ed “y 3ianella,22/ This method

consists in ca 1culat1nﬂ the displacement of the Sutro member of the Alta, as ex—
posed in the hansine wall on tzb tunnel level and in the foot-wall on the slope
g= south of Crown-Point Ravine, In this way the total vertical throw on the fault is| /]
‘ estimated to be about 3,450 feet, 4s Gianella, again, has pointed out, a part of '
this movement provably occuﬁrpa after an eros 1on surface of low relief had been
formed that is represented in part bty the undulating plateau west of Mount IDavid-
| son and in part by the bench won which Virginia City was built, The vertical
extent of this later movement, as measured by the displacement of the erosion
surface, would be roughly 1,500 feet. ' ' |

c Nortnxard from Virginia Cltv. the Comotocm fanlt becomes relatlvelv obscuréqu-
E . and its throw probably diminishes somewhat rapldlj. w 5} N Weymin? ]
P KT < = e i
1 Y ST // Lt el Sl B Lt TN ]
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- South of Virginia City the cv1dpncc oF faultine is .oru obvious in somé
‘ places than in others, On the bench southwest of the Overman. shaft, both footwall--""’
& and hanging-wall consist of Alta andesite; but the rock in the foot~wall belongs

to the division below the Sutro member while that in the hanging~wall belongs

th- higher in the formation, .In the Overman workirgs, rhyolite and Alta andesite in.
t the hanging wall are in contact with >r@~1ert1drv seﬁémentary rocks in the foot-
o - wall, Along the northwest side of Amurlcun ij re 1s rather complex fault-

ing with downthrow on the southeast, but it is not certain whether any one of the
i faults exposed is the main Comstock fault, which may be -concealed by the alluvium
i along the border of the flat. South of the flat, the best evidence of faulting . ND
ve | consists in the proximity of Alta andesite on tho ecast to pre-Tertlary sedlmentary !
| rocks on the west about a mile south of the summit of Basalt Hill,

e e e——— T

-In this same vicinity, Xnickerbocker anq051te ome extremely fresh lava {
tentatively assigned to tho Xate Peak, and Louqetown (7) andosite occur immediate-
ly east of the fault, but what tois fact signifies is somewhat uncertain, Knick-

> erbocker andesitc has probably been faulted: west of American Flat, for example,
70 . the typical Knickerbocker exposcd in rallway cuts appears to ve a egmﬁnt of the
ihat flow thnat caps the 6625~foot hill half a mile farther wzst, thrown down on a fault

. * that, althouzh it cannot be the main Comstock fault, Hrobaoly belongs to the Com-
stock fault zone, Near the Knickerbocker shaft, on the other’ hand, a tongue of

25/ Gianella, V. P., op. cit., p. 85.
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likely that the eruption of the Knickerbocker andesite occurred in part during,
fland in part after, the period in which recurrcent movemints along the Comstock
Ifault zone were tmﬁl“" place., The Iousctown (7) andesite may have had a similar
history. The fact that all the mapged arcas of rock lie close to the line of the
Comstock fault suggzestscthat its eruption mav have been connected with the fault-

\hnicserbockbr andesite appears to overlap the Comstock fault, It thus appears

iing; while the fact that a laree area of the rocks occurs on the south end of the

Virginia Bange, west of the fault, would seem.to indicate that it has been af-~
facted by some of the later movement in the Comstock fault zone,

|
,

Yerse fault of moderate westvard dip cuts the Comstock fault; and there is less
clear evidence to the same effect in the Arizona-Comstock open cut farther north,

" Silver Cify'fdult.*—Ihc~Silver City fault joins the Comstock fault about half

' a mile southwest of Jold Eill, It can be accurately located in the gulch, partly

filled with impounded tailings, south of the Overman mine, for the rock on the
southwest side of the zulch consists of treccia typical of the lowest part of the
Alta, while that on the northeast side is hornolende~pyroxene andesite of the
uppermost division. Its junction with the Comstock fault is concealed and may not
be quite accurately located on the map. The relation of the two faults as mapped
suggests a cutting off of the Silver City fault by the Comstock fault, rather than

_.__ Vi

. . a gradual merging of the two; and if- the Silver City fault is indeed the earlier,

its continuation beyond the Comstock fault may be represented by the Bright Sta;
fault, e

PP N

From its Jurction with the Comstock fault vhlch trends on the average a

"-1little north of east, the Silver City fault extends southeastward, It is not

eveerbere easily 1aent1f1ed being associated with many other faults that strike
in various directions, but it provably passes close to the Iayton mine and extends
south&ard past the Daney mine, »

The Silver City fault resembles the northern part of t.e Comstock fault in |
having a moderate dip to the east, which is the side of downthrow, and in being
extﬂn51vely mlrerallzed

Occiderital fault,~—Another. fault rescmbling the Comstock fault in all these
respects~—though the production from it has been far less than that from even the
Silver City fault--is the Cccidental. This fault is best: exposed on the surface
near the Cccidental tunnel in Long Canyon, and it is crossed by the Sutro tunnel.

~Its dip is about 35° E,, ahd it has a downthrow of several hundred feet on the
east; the rock on the west is pyroxene andesite of the middle part of the Alta,
and that on the east is hornblcrdo—kyroxene andesite of the upper part.

Faults of northeasterly strike.—In theé middle part of the district and some-

" what farther south, there are several faults that strike nearly northeast, These

have various dips; some have the downtnrow on the north, some on the south, Neady

1
e

In the open cut west of Gold Hill there is clear evidence that a small re- ) wesT

o

|

|
{
|
i
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all of thosc that intersecct with the Silver City fault displace it. The longest
: . is the Cest fault, which necar the Oest mine brings Alta andesite on the southeast
egairst pre-~Tertiary metavolcanic rocks on the northwest. At the ravine to the
s east the fault becomes otscure, out it is believed to intersect ard displace the
t@ Silver City fault north of the IDayton mine and to continue into Lorg Canyon.

zzly Hill i mtcrstcted by a short("
ault with a le of 37° W, The fault

o be about “QI‘czllCl to tnls one but o
b o e [ O A -/-. l ’7_. 1, “‘.‘_:_‘un gt J'.

A fault alone the southcast beo

' tunnel, where it is seen to be a rc
on the opposite ‘%ldc.. of the hill: &

is normal. ; N o ey

the
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Associated with these northeasterly-strikine faults are fault‘s of other ﬁ‘! /
strikes, and all these together make up a very complex pattern southwest and
_ northeast of the Iayton mine, The vicinity of Suicide Rock, also, is character—~ 9
ha1r | ized by complex faulting. ; ‘

N\
»
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Alorg the qoutrweqf, base of the Flowery Fange there is another fault, also .
‘probadly of small throw, bringing lavas of the Kate Peak on the east agairst Alt
andesite on the west

L

‘ly . Faults cuttinz the Kate me an” esitic series,~~The ravine north of Mount
i Grosh follows, in part, a fault between the Alta andesite on the west, and XKate
{  Peak andesitic series on the east, This fault, which may be called the Mount
ok | Grosh fault, is intersected by the Sutro tunnel at or near the foot of the Sutro
bed i No, 2 shaft, It is nearly vertical but may dip very steeply to the west, in
an | which case it is a steep reverse fault, It is probably not of large throw.
P, |
|
!
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