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QUATERNARY DEPOSITS

Lake deposits  G rayish w hite , fine -graine d Holoce ne  silts and clays in sm all, close d, 
fault-controlle d basins south of S te am boat Valle y. Probably a fe w  to te ns of m e te rs thick.

Mine waste Dum ps of unconsolidate d m ine  w aste . M ost dum ps date  from  the  19th
ce ntury in the  Virginia City are a. S om e  large  w aste  dum ps in the  G old Hill and

Am e rican Flat are as are  m ore  m ode rn. L ocally include s garbage  dum ps and othe r culturally
disturbe d are as.

Q d

Q s

Q l

Talus  Coarse , angular rock fragm e nts on ste e p slope s de rive d from  adjace nt be drock 
units. M appe d only w he re  it is e xte nsive  or conce als contacts be tw e e n olde r units.Q t

Young alluvium Poorly sorte d Holoce ne  de posits of boulde r- to silt-size d m ate rial
de posite d on alluvial fans and as channe l de posits. Com m only non-indurate d or

poorly indurate d. Include s alluvium  in active  channe ls.

Q ls

Q fc

Q m pb

T bdf

T bd

T od

Q a2

Q a1

Intermediate-age alluvium  Poorly sorte d Ple istoce ne  de posits of boulde r- to silt-size d 
m ate rial de posite d on alluvial fans.

Old alluvium Poorly sorte d m iddle (?) Ple istoce ne  boulde r- to silt-size d m ate rial
de posite d on alluvial fans that are  com m only de e ply disse cte d. Include s strata e xpose d

in the  Ove rm an Pit that consist of m ode rate ly be dde d fan grave ls tilte d w e stw ard as m uch as 25º
tow ard the  Com stock fault. Also include s alluvium  that unde rlie s M cCle llan Pe ak Basalt on
Am e rican Flat. S om e  old alluvium  m ay be  late  T e rtiary in age .

Q a3

Landslide deposits Chaotic m ixture s of sand- to boulde r-size  m ate rial in ste e p te rrain
de posite d by de bris flow s or rock avalanche s. M ostly de rive d from  hydrothe rm ally

alte re d ande site  (T fha) in the  northw e st part of the  quadrangle . Include s de posits ~2 km  north of
M t. Abbie  that are  inte rpre te d to have  form e d by rotational slum p of T fp on T va. Probably
Ple istoce ne ; surface s are  not hum m ocky and de posits have  be e n disse cte d and re m ove d by
active  Holoce ne  stre am s.

Ferricrete Iron oxide -ce m e nte d stre am  channe l conglom e rate  and sandstone  along
the  canyon adjace nt to T oll R oad in the  northw e st part of the  quadrangle . As m uch as

5 m  thick in re m nants along m argins of the  pre se nt stre am . Probably Ple istoce ne  and form e d
by acidic surface  w ate rs de rive d from  w e athe ring of ne arby pyrite -be aring ande site .

LATE MIOCENE AND/OR PLIOCENE DEPOSITS

MIDDLE MIOCENE ANDESITIC TO RHYOLITIC ROCKS

Big boulder debris flow L aharic de bris-flow  de posits typifie d by large  boulde rs. Crops
out e xte nsive ly north of Jum bo. T ypically contains clasts to 3 m  in diam e te r; locally

contains blocks of partly disaggre gate d platy-jointe d ande site  as m uch as 10x100 m . He te rolithic,
but clasts of black to dark gray ve sicular to de nse , fine ly porphyritic pyroxe ne  ande site  w ith ropy,
w ind-polishe d surface s com prise  ~50% of the  unit. Othe r clasts include  hornble nde  ande site  and
rare  Cre tace ous granitic boulde rs. As m uch as 15% of the  clasts are  highly alte re d rock (m ostly
silicifie d or quartz-alunitic), but the se  are  not e ve nly distribute d. S and and m ud m atrix, w hich
typically doe s not crop out, is e xpose d in the  Virginia-W ashoe  R oad; e lse w he re  w e athe re d aw ay,
le aving boulde r-stre w n surface s. As m uch as 30 m  thick. Age  not w e ll constraine d, but is like ly
L ate  M ioce ne  or Plioce ne .

McClellan Peak Basalt (1.17±0.04 M a, Doe ll e t al., 1966) G ray to dark gray, ve sicular
to de nse  olivine  basalt flow s, shallow  m icrove sicular (voids ~0.4 m m ) intrusive  rocks,

and m inor scoria in sm all e xposure s in the  south part of the  quadrangle  on M cCle llan Pe ak and
Am e rican Flat, and in Am e rican R avine . A sam ple  from  a plug south of the  De law are  M ine
contains ~30% phe nocrysts of abundant olivine  from  0.4 to 4.5 m m , augite  to 0.7 m m , m inor
plagioclase  laths to 0.7 m m  and rare ly to 2 m m , sparse  biotite  (≤0.1 m m  diam e te r), and m inor
opaque  grains (T able  1) in an inte rgranular groundm ass of fine  plagioclase , pyroxe ne , and glass.
Apatite  occurs as m icrolite s in glass and as inclusions in plagioclase . L abradorite  form s e longate
laths from  m icrolite s to phe nocryst size . As a w hole , contains ~15% olivine , 10% augite , 55%
plagioclase , 15% black glass, and 5% opaque  m ine rals. Ve sicular flow  rock contains ~15%
olivine  and augite  grading from  m atrix size  to 2 m m  phe nocrysts.

Black dike (8.2±0.3 M a and 8.6±0.3 M a, Vikre  e t al., 1988) Basalt intrude d along the
footw all of the  Com stock fault zone  (Be cke r, 1882). As m uch as 8 m  w ide . Doe s not

crop out, but e ncounte re d in ne arly all unde rground w orkings from  the  S avage  M ine  to the
Cale donia M ine . Appare ntly pinche s out w ithin ~50 m  of the  surface . Base d on a sam ple  from  the
N e w  S avage  M ine , T bd contains ~10% olivine  (ne arly all alte re d to clay), 10% augite , 65%
plagioclase , 5% opaque  m ine rals, and 10% glass (alte re d to clay). Crystal size s are  <1.5 m m .
Plagioclase  form s laths w ith w e ak oscillatory zoning ave raging ~An65.

Occidental dacite (12.91±0.18 M a, T able  4) L ight gray biotite  hornble nde  dacite  w ith
m inor quartz in a sm all are a along the  e aste rn e dge  of the  quadrangle . Form s a ne arly

circular e xposure  > 0.5 km  in diam e te r to the  e ast in the  Flow e ry Pe ak Q uadrangle . Contains
abundant, com m only conjoine d, plagioclase  phe nocrysts to 1.5 cm ; hornble nde  phe nocrysts to 1
cm ; and m inor biotite  as books to 6 m m  (T able  1). M inor quartz as rounde d and e m baye d grains
to 2 m m . M inor opaque  grains and a trace  of tiny, cle ar apatite  prism s pre se nt. M atrix dom inate d
by plagioclase  laths that ave rage  ~50 μm  long and form  pilotaxitic te xture  in a fie ld of granular
potash fe ldspar, hornble nde , and opaque  m icrolite s. One  of the  m ost silicic inte rm e diate  rocks in
the  quadrangle , containing ~64% S iO2.

T ia

T fbi

T fhax

T fba

T fha

Andesite porphyry dikes Ande site  dike s of varie d com position and te xture  w e st of
Jum bo intruding Davidson Diorite (?), ash-flow  tuffs, and M e sozoic rocks. Dike s contain

20-35% plagioclase  phe nocrysts to 3 m m  and as m uch as 25% pyroxe ne  phe nocrysts to 10 m m
or as m uch as 20% hornble nde  phe nocrysts to 7 m m . M atrice s ge ne rally dark and aphanitic but
appe ar to be  crystalline . A hornble nde  ande site  dike  cutting Oligoce ne  ash-flow  tuff ne ar
M cCle llan Pe ak is include d. T his locally m icrove sicular dike  contains ~3% e longate , m agne tite -
rim m e d hornble nde  to 2.3 m m  and e longate  plagioclase  phe nocrysts to 2.5 m m  in a pilotaxitic
groundm ass of fine  plagioclase  laths and m agne tite . Age  of the  dike s not w e ll constraine d. T he y
cut se ricitize d ash-flow  tuffs but do not appe ar to be  se ricitize d the m se lve s. G e ne rally w e akly to
m ode rate ly propylitize d w ith chlorite  and trace  e pidote . Probably not part of the  Virginia City suite
be cause  the y w e re  intrude d along northe aste rly faults that cut ne arby Virginia City suite  rocks.
Assum e d to be  younge r but do not re se m ble  ande site s of the  Flow e ry Pe ak suite .

FLOWERY PEAK MAGMATIC SUITE
Biotite hornblende andesite (14.20±0.43 M a, T able  4) L ight-brow nish-gray
w e athe ring, light gray rock in the  northe ast part of the  quadrangle . Contains ~ 30%

phe nocrysts of stubby ande sine  to 5 m m , e longate  hornble nde  to 2 m m , distinctive  biotite  books
to 5x2 m m , and m inor bottle -gre e n augite  (table  1) in a light gray groundm ass. S om e  rock has
trace s of rounde d pinkish quartz grains and rounde d olivine . U nalte re d in ne arly all outcrops, w ith
m inor clay that could be  e ithe r hypoge ne  or supe rge ne . Variable  flow -banding attitude s and
poorly de ve lope d colum nar jointing sugge st T fba is probably a flow  dom e  that cuts and lie s on
T fha.

Hornblende andesite (14.51±0.12 M a, T able  4) M e dium  to light gray
ande site  in the  north part of the  quadrangle  w ith phe nocrysts of

e longate  hornble nde  to 1 cm  and e quant, se parate  and conjoine d plagioclase  to 4x5 m m .
Pyroxe ne  obse rve d by hand le ns in som e  rock. Pe rvasive  hydrothe rm al alte ration and abse nce  or
ne ar abse nce  of biotite  in T fha se rve  to distinguish it from  T fba. M ost T fha is strongly
hydrothe rm ally alte re d to w hite  or ye llow ish gray rock in w hich te xture s are  com m only de stroye d.
L ocal propylitic to rare ly fre sh re m nants. Both highly alte re d and re lative ly fre sh sam ple s contain
conjoine d and e longate  plagioclase  phe nocrysts, brow n hornble nde  (variably rim m e d w ith
opaque  m ate rial), and in som e  sam ple s m inor pyroxe ne  and trace  biotite  in a pilotaxitic
groundm ass of plagioclase  m icrolite s, opaque s, and de vitrifie d glass (T able  1). S om e  plagioclase
phe nocrysts have  grow th zone s w ith fine  sie ve  te xture  ne ar the  rim s. T race s of strongly e m baye d
quartz found in one  sam ple .Tfhax is locally distinguishe d intrusive  or flow (?) bre ccia in the  unit.
Tfhap is highly alte re d, be dde d pyroclastic(?) rock found at tw o site s in probable  lava se que nce s
(but only e xte nsive  e nough to be  m appe d at one ). T fha ove rlie s T va and unde rlie s or is intrude d
by T fba.

T hi

T bhap

T fhap

Biotite hornblende andesite intrusion (14.82±0.17 M a, T able  4) S trongly flow -
bande d, unalte re d, highly m agne tic (re ve rse  polarity) plug at M t. Abbie . T e xturally and

com positionally sim ilar to the  ande site  of Flow e ry Pe ak, w hich it intrude s. Contains re lative ly
coarse  glom e rophe nocrysts of plagioclase , hornble nde  (rim m e d by opaque  m ate rial) as the
dom inant m afic, m inor biotite  and opaque , and a trace  of clinopyroxe ne  (T able  1).

Biotite hornblende andesite (14.58±0.12 M a, T able  4)  R e ddish brow n w e athe ring,
gre e nish gray rock w ith 15-30% phe nocrysts (T able  1) of e quant to e longate , rare ly

conjoine d plagioclase  to 4 m m , black to iron-oxide -rim m e d hornble nde  m ostly 2-3 m m  long, but
som e  to 9 m m , and e uhe dral biotite  to 5 m m  in a de vitrifie d groundm ass containing plagioclase
m icrolite s. S om e  plagioclase  phe nocrysts have  fine ly sie ve  te xture d grow th zone s ne ar the  rim s.
Com m only propylitize d, alte re d to clay m ine rals, or ble ache d and staine d w ith iron oxide s.
W e akly alte re d to unalte re d re m nants occur locally. Probably re pre se nts flow  dom e s or intrusions
into T fha and T va, although contact re lationships are  com m only uncle ar due  to de struction of
m ine rals and te xture s by hydrothe rm al alte ration. S im ilar to T fba, but probably olde r be cause
T fba se e m s to postdate  alte ration that affe cts T fbha.

T fbha

Andesite of Flowery Peak (14.39±0.20 and 14.89±0.20 M a, T able
4) As m uch as 300 m  of inte rbe dde d ande site  flow s, m inor lahars, and

a fe w  w hitish ash be ds. Base  is com m only de bris flow s w ith Flow e ry Pe ak suite  ande site
boulde rs to 2 m  and som e  clasts of olde r lithologic type s. U nconform ably ove rlie s alte re d Virginia
City suite  ande site s. Flow (?) bre ccia (Tfpx) and lahars (Tfpl) m appe d se parate ly in a probable
flow  dom e  com ple x north of L ong Valle y.
xxxxxU nalte re d T fp is light to m e dium  gray rock w ith 20-50% phe nocrysts. Plagioclase
phe nocrysts are  characte ristically stubby, poorly form e d, e quant, conjoine d grains. Hornble nde ,
the  m ost abundant m afic phe nocryst (T able  1), is m ostly broke n crystals <2 m m , but w e ll-form e d
phe nocrysts re ach 2 cm  in som e  rocks. Hornble nde  com m only include s plagioclase  grains. It is
ge ne rally brow n w ith m agne tite  rim s or com ple te ly re place d by iron oxide , but som e  is corrode d
and partly re place d by biotite  and/or pyroxe ne . Brow n biotite  phe nocrysts, typically <2 m m ,
ge ne rally have  m agne tite  rim s and are  locally corrode d. Augite  and(or) orthopyroxe ne  m ay occur
as stubby crystals <1 m m . Hypse rsthe ne  is the  only pyroxe ne  in som e  hornble nde -rich rocks.
M agne tite  pre se nt as grains to 0.5 m m . Variable  proportions of plagioclase  m icrolite s, biotite
m icrolite s, brow n de vitrifie d glass or black glass m ake  up m atrix. Cle ar size  diffe re nce  be tw e e n
plagioclase  phe nocrysts and groundm ass m icrolite s is typical.

T dap

T hpap

T ri

T dd

T hap

T fp T fpx T fpl

INTRUSIONS OF THE FLOWERY PEAK OR VIRGINIA CITY 
MAGMATIC SUITES

Biotite hornblende andesite dikes and intrusions (14.72±0.14 and 14.53±0.11 M a,
T able  4) M any intrusions of biotite  hornble nde  ande site  porphyry in the  northe rn and

e aste rn parts of the  quadrangle . U nalte re d rock ge ne rally m e dium  gray. M ine ral asse m blage s
variable  and phe nocrysts com prise  25-60% of rock (T able  1). Ande sine  phe nocrysts typically
stubby grains to 1 cm . G re e nish to brow nish gre e n hornble nde , the  m ost abundant m afic,
com m only pre se nt as broke n crystals to 4 m m , som e  w ith m agne tite  rim s. Brow n biotite
phe nocrysts, w hich characte rize  the se  dike s, are  typically <2 m m . M inor augite  and rare
orthopyroxe ne  to 1 m m , typically alte re d. S om e  T bhap contains sparse , round quartz
phe nocrysts to 1 m m . M inor m agne tite , apatite , and zircon are  pre se nt. T he  m atrix consists of
variable  proportions of plagioclase  and biotite  m icrolite s in glass or de vitrifie d glass. Cle ar size
diffe re nce  be tw e e n plagioclase  phe nocrysts and groundm ass m icrolite s is typical.
xxxxxN e ar the  M ahone y M ine  at Jum bo, T bhap include s hornble nde  biotite  ande site  porphyry
dike s w ith abundant subhe dral to e uhe dral gre e n hornble nde  phe nocrysts to 1 cm . Abundant
ande sine  phe nocrysts including som e  conjoine d grains are  pre se nt, but not as com m on as in
T bhap e lse w he re . Phe nocrysts grade  in size  ne arly to m atrix plagioclase  and hornble nde
m icrolite s. M inor m agne tite , biotite , and quartz phe nocrysts pre se nt. On the  e ast flank of Basalt
Hill is an intrusion sim ilar to the  M ahone y M ine  dike s e xce pt that it has no quartz, is not se riate ,
and contains large  xe noliths (or pe ndants) of S antiago Canyon T uff and Virginia City volcanics.
xxxxxT bhap intrude s the  Alta Form ation and the  Davidson Diorite  of the  Virginia City m agm atic
suite . It is com m only m ode rate ly to strongly alte re d and unconform ably ove rlain by T fp. Base d on
re lationships w ith alte re d rock, T bha intrusions m ay have  a range  of age s, and m ay re pre se nt
both the  Virginia City and Flow e ry Pe ak m agm atic suite s.

Hornblende andesite porphyry intrusions (14.53±0.42 M a, T able  4) M any plugs and
dike s of hornble nde  ande site  in the  footw all of the  Com stock L ode , m ostly be tw e e n

M ount Davidson and Orle ans Hill. Intrusive  m argins com m only have  10-20% plagioclase
phe nocrysts to 4 m m , w he re as five  to 15 m  from  contacts e quant plagioclase  phe nocrysts to 5
m m  m ake  up 30-65% of the  rock. Contains ande sine  phe nocrysts w ith w e ak oscillatory zoning,
~25% of w hich have  broad spongy ce llular oute r zone s. G re e n to slightly brow nish, stubby to
fairly e longate , e uhe dral hornble nde  phe nocrysts to 5 m m  (rare ly to 1 cm ) pre se nt, as w e ll as
m inor augite  phe nocrysts <1 m m  and m agne tite  grains <0.5 m m . M atrix is plagioclase  m icrolite s
in 5-15% de vitrifie d brow n glass. Alte re d to propylitic or phyllosilicate  asse m blage s. T hap
intrusions appe ar to cut the  Davidson Diorite . Although the 40Ar/39Ar age  puts T hap in the  Flow e ry
Pe ak suite , som e  T hap intrusions m ay be  part of the  Virginia City suite  on the  basis of
re lationships w ith alte re d rock.

Rhyolite intrusions M assive  to flow -bande d rock of unce rtain age  alte re d to
phyllosilicate  asse m blage s. Include s a sm all plug south of Ce dar R avine  w ith as m uch

as 5% alte re d fe ldspar and 5% quartz phe nocrysts <1 m m  and poorly pre se rve d flow  foliation,
and a dike  w e st of M t. Bullion w ith a fe w  pe rce nt quartz phe nocrysts and som e  disce rnable  flow
banding. Intrusive  rhyolite  in the  S utro T unne l and not e xpose d at the  surface  (Be cke r Colle ction)
contains ~15% alte re d fe ldspar phe nocrysts <2 m m , 0-5% quartz phe nocrysts and ~1% biotite
phe nocrysts <1 m m . M argins of this intrusion have  strong lam e llar to kink-bande d flow  foliation
but the  inte rior appe ars m assive .

Davidson Diorite (15.32±0.12 M a, T able  4) S ube quigranular granitic rock
(T dd) m ost com m on in the  footw all of the  Com stock L ode  in the  ce ntral part of

the  quadrangle . Intrude s Virginia City volcanics and olde r rocks. Virtually all e xposure s
hydrothe rm ally alte re d, but ne arly unalte re d in the  footw all of the  Com stock L ode  in the  N e w
S avage  M ine . Ave rage  grain size  of m ajor m ine rals variable , ge ne rally ~3 m m  but locally to 5
m m . Contains w e akly oscillatory-zone d subhe dral to anhe dral ande sine  (T able  1); a fe w  grains
w ith ce llular oute r zone s. M ajor acce ssory anhe dral to rare ly subhe dral pyroxe ne , ne arly all
com ple te ly alte re d to actinolite . U nalte re d T dd from  the  N e w  S avage  M ine  has e quant augite  >
stubby orthopyroxe ne . L ocally contains trace s to 3% hornble nde . M inor brow n biotite  pre se nt as
anhe dra to 1 m m , but this is ge ne rally chloritize d. Orthoclase  and quartz, in an inte rgranular
m atrix be tw e e n plagioclase  and pyroxe ne  grains, are  typically anhe dral e quant grains <0.5 m m
but som e  re ach 1 m m . S tubby apatite  ubiquitous. T race s of zircon and sphe ne  pre se nt. Original
che m ical characte r uncle ar due  to alte ration; trachytic bulk che m istry (appe ndix 1, fig. 5) m ay
re sult from  sodium  m e tasom atism .
xxxxxAnde site  porphyry phase  (Tdap) borde rs e xposure s of T dd and form s m any dike s in the
footw all of the  Com stock L ode . S om e  T dap form s chille d m argins adjace nt to T dd. E xact contact
locations com m only difficult to de te rm ine  be cause  of alte ration; but propylitize d T dap is distinct
from  surrounding volcanic rocks be cause  it has m ore  and coarse r plagioclase  phe nocrysts.
Phe nocryst conte nt is variable , but ge ne rally T dap has ~35% phe nocrysts that grade  in size  to
the  m atrix. In dike s ne ar W ake fie ld Pe ak, phe nocryst conte nt ~10% ne ar the  contact to rock w ith
~60% 3 m  from  the  contact. M ost phe nocrysts slightly e longate d oscillatory zone d ande sine  to 3
m m . A fe w  are  conjoine d and ~10% have  glass-rich spongy oute r zone s. Acce ssory augite  and
orthopyroxe ne  in grains to 2 m m  are  com m only alte re d to actinolite . T race s of oxybiotite  occur
locally. M agne tite  is a m inor m ine ral. S tubby apatite  is include d in plagioclase . M atrix consists of
highly variable  quantitie s of plagioclase  m icrolite s and de vitrifie d brow n glass.

T ac Andesite of Crown Point Ravine Fine ly porphyritic gray to pale  gre e nish gray
ande site  along Crow n Point R avine . Contains a fe w  pe rce nt e ach of plagioclase  and

hornble nde  phe nocrysts to 3 m m  and quartz in trace  am ounts as grains to 2 m m . S parse  granitic
xe noliths in one  outcrop sugge st that the  quartz is xe nocrystic. S trongly alte re d w ith pyrite  ne ar
the  m outh of Crow n Point R avine . R e se m ble s T ap, but thought to occur as intrusions in T va and
T sa.

VIRGINIA CITY MAGMATIC SUITE
Virginia City intrusions and rhyolites

Hornblende andesite intrusions In tw o sm all plugs that cut rocks of the  Baile y
Canyon se que nce  ne ar the  w e st e dge  of the  quadrangle . Contains a fe w  pe rce nt of

black hornble nde  phe nocrysts rare ly > 5 m m . Plagioclase  phe nocrysts to 5 m m  are  slightly m ore
abundant. G e ne rally pale  gre e nish gray and ve sicular. T he  large r plug contains bands of de nse
black glassy ande site  that alte rnate  w ith partially de vitrifie d and frothy ande site . T hi re se m ble s
frothy flow  rocks in T vbh (be low ) and the  plugs m ay re pre se nt fe e de rs for T vbh flow s.

Hollow hornblende pyroxene andesite porphyry S e ve ral intrusions northe ast of
S ilve r City of dark brow n (w he re  unalte re d) rock w ith abundant distinctive  "hollow "

brow nish gre e n hornble nde  phe nocrysts to 3 cm  long that are  e asily se e n in hand spe cim e n.
T he se  phe nocrysts typically have  a discontinuous m atrix-fille d ce ntral cavity along the  c-axis;
m any have  H-shape d cross se ctions. T he y are  ge ne rally rim m e d to totally re place d by m agne tite
and com m only corrode d along the  m argins, w he re  the y are  re place d by m icroscopic inte rgrow ths
of othe r m ine rals. S tubby ande sine  phe nocrysts to 2 m m , and sparse  augite  e uhe dra to 1 m m
also pre se nt (table  1). Plagioclase  and augite  phe nocrysts grade  in size  to m atrix grains. M ost of
the  m ass of the  intrusions form s a crude  ring dike . Probably com agm atic w ith T va be cause  a fe w
flow s in that unit have  sim ilar, but sm alle r (to 5 m m ), hollow  hornble nde  phe nocrysts.

Pyroxene hornblende andesite porphyry S e ve ral dike s of gray to gre e nish alte re d
pyroxe ne  hornble nde  ande site  porphyry ne ar the  Ove rm an Pit, only one  e xte nsive

e nough to show  on the  m ap. Contains abundant phe nocrysts of plagioclase  to 2 m m , and sparse
augite  and hornble nde  phe nocrysts to 1 m m . Fe lte d m atrix consists of plagioclase  m icrolite s and
alte re d, de vitrifie d glass.

T vsl T vsv

T ara

T hp

T phap

Hornblende andesite porphyry dike A fe w  scatte re d dike s of w e akly propylitize d
porphyry w e st of Jum bo. T ypifie d by abundant (20-40%), com m only sub-paralle l,

sle nde r hornble nde  phe nocrysts to 1 cm  thinly rim m e d by m agne tite . Contains abundant stubby
to e quant plagioclase  phe nocrysts to 1.5 m m . Plagioclase  phe nocrysts ave rage  ~An50, and ~25%
have  ce llular zone s. M inor stubby to rounde d augite  to 0.2 m m  pre se nt. T he re  is a fairly strong
diffe re nce  in size  be tw e e n phe nocrysts and plagioclase  m icrolite s se t in de vitrifie d glass.

Biotite rhyolite(?) tuff At le ast 70 m  of non-w e lde d to poorly w e lde d, pinkish gray
biotite  tuff northe ast of Jum bo. G e ne rally poorly e xpose d. Contains sparse  phe nocrysts

of plagioclase  to 1.5 m m , sanidine  and biotite  to 1 m m , and a trace  of quartz to 0.5 m m .
U ncollapse d to slightly collapse d pum ice  fragm e nts to 20 m m  diam e te r, rare ly to 40 m m , are  2-
20% of the  rock, w ith am ounts varying through the  e xpose d thickne ss of the  unit. L ithic
fragm e nts, rare ly >15 m m  across, of tuff, gabbro, ande site , and siltstone  m ake  up 0-40%
(com m only ~25%) of the  rock. S tratigraphic position unce rtain be cause  the  base  is not e xpose d,
but appe ars to be  a local unit in or above  the  Alta Form ation.

Flow-banded biotite rhyolite Poorly e xpose d, pink to w hite , alte re d rhyolite  w ith
pronounce d lam inar to slightly undulate  flow  banding northw e st of Jum bo. Ove rlie s and

is possibly inte rbe dde d w ith T abt. Contains m inor biotite  plate s to 1 m m  and e quant plagioclase
phe nocrysts to 2 m m  in a m atrix of as m uch as 10% plagioclase  laths (<0.1 m m ) and distinctly
bande d, de vitrifie d, and alte re d glass. Com position uncle ar due  to alte ration and m icrocrystalline
te xture ; m ay be  latite  or rhyolite . Contains m uch le ss than 1% scatte re d, irre gular, gray
cognate (?) m icrogranitic inclusions to 7 cm  that contain ~20% biotite , 5% quartz, 20% orthoclase ,
and 55% plagioclase . Inclusions are  anhe dral-granular w ith ave rage  grain 0.07 m m  across,
e xce pt biotite , w hich is e uhe dral and as m uch as 0.3 m m  across.

T br

T abt

Virginia City volcanics
Steamboat Valley sequence

Volcaniclastic sedimentary rocks of Steamboat Valley Ve ry light-gray to pinkish-
gray and ye llow ish-gray (G S A R ock Color Chart) volcanic conglom e rate , sandstone ,

and tuff in the  northw e st corne r of the  quadrangle . Conglom e rate  contains pe bble - to cobble -
size d clasts of pale  re d to light gray hornble nde  ande site , glassy m e dium  gray pyroxe ne -
hornble nde  ande site , dark gray ande site , and pale  re d glassy biotite -hornble nde -pyroxe ne
ande site . Contains local be ds w ith angular pe bble - to boulde r-size  clasts that w e re  like ly
de posite d by de bris flow s. Include s cross-be dde d, fine - to coarse -graine d, ge ne rally w e ll sorte d,
tufface ous sandstone  w ith angular to rounde d ande site  fragm e nts, glass shards, and grains of
plagioclase , hornble nde , pyroxe ne , and opaque  m ine rals. W hite  to ve ry light gray claye y tuff is a
m inor constitue nt.

T vss

Upper andesites of Steamboat Valley (15.35±0.22 M a, T able  4) M e dium -gray
ande site  flow s, ge ne rally not ve sicular, w ith com m on colum nar and platy jointing,

e xpose d in a re lative ly sm all are a south of S te am boat Valle y. Distinguishe d by the  pre se nce , in
som e  flow s, of olivine  that is partially to w holly re place d by glassy orange  iddingsite . Phe nocrysts
include  ande sine  to 7 m m , augite  to 2 m m , hype rsthe ne  to 1.5 m m , and opaque  grains to 1 m m .
Hornble nde  to 5 m m , olivine  in rounde d anhe dral to sharply e uhe dral grains to 2 m m , and biotite
to 3 m m  m ay be  pre se nt (T able  1). T race  am ounts of stubby gray to brow n apatite  prism s to 0.5
m m  ubiquitous. M atrix ge ne rally pilotaxitic and fine ly granular, w ith plagioclase , pyroxe ne , and
opaque  m icrolite s. S om e  flow s ne arly se riate . Bre ccias, possibly com m on but poorly e xpose d,
include  som e  laharic bre ccias in the  uppe r part of the  unit.

T vsu

Lower andesites of Steamboat Valley Ande sitic de bris flow s and flow s that
ge ne rally contain pyroxe ne  w ith or w ithout m inor hornble nde , but no olivine , in

the  northw e st part of the  quadrangle . Flow s, w hich probably com prise  <10% of the  unit, are
m e dium  to dark gray. S om e  strongly re se m ble  tw o-pyroxe ne  flow s in T va. De bris-flow  bre ccia,
ge ne rally m atrix supporte d, has angular to subrounde d clasts to 2 m  or m ore . Clasts, m ostly tw o-
pyroxe ne  ande site , range  from  dark gray scoria to light gray locally flow -bande d rock. De bris flow
m atrix is light to pinkish gray pulve rize d ande site  and m ay contain som e  shards. Phe nocryst
conte nt of flow s and clasts variable  (T able  1), but ge ne rally include s abundant labradorite  to 7
m m , pyroxe ne  to 2 m m  (m ostly clinopyroxe ne , but m inor orthopyroxe ne  com m on), locally
abundant hornble nde  to 1 cm , and sm all opaque  grains. U nit include s Tvsv, distinctive  m e dium
gray frothy rock (w e athe ring to light brow n or orange -pink) w ith as m uch as 25% irre gular
ve sicle s locally line d by vapor-phase  m ine rals. T vsv form s a flow  to 25 m  thick w ith local crude
colum nar jointing and flow  banding w ith variable  attitude s. It contains abundant labradorite -
bytow nite  phe nocrysts to 4 m m  and sm all clinopyroxe ne , hype rsthe ne , and opaque  grains. M atrix
is pale  brow nish gray de vitrifie d glass w ith plagioclase , opaque , and pyroxe ne  m icrolite s. T vsl is
locally se parate d from  unde rlying T vbh by a thin se ction of w hite  to ve ry pale  orange , sandy to
silty se dim e nts and lapilli tuffs.

Kate Peak Formation
Hornblende and pyroxene andesite flows (15.43±0.26 M a, T able  4) Flow  se que nce
form ing the  uppe r part of the  Virginia City volcanics e ast of the  Occide ntal L ode  ne ar

Kate  Pe ak. Base  not e xpose d. T he  low e r part, m ostly w e st of N e vada R oute  341, is m uch like
rock in the  Alta Form ation and m ainly consists of pyroxe ne  ande site  flow s w ith a fe w  hornble nde
ande site  flow s that m ostly occur low  in the  se ction. U nalte re d T vka is ge ne rally m e dium  gray. It
contains m ostly stubby plagioclase  phe nocrysts, ge ne rally as broke n fragm e nts grow n toge the r in
crystal aggre gate s 2-5 m m  across (locally to 7 m m ) typically in irre gular e quant cluste rs. Augite
and rare  orthopyroxe ne  occur as stubby crystals <1 m m , but m ay be  obscure d by alte ration. In
hornble nde -be aring flow s, abundant brow n hornble nde  com m only occurs as broke n crystals
m ostly <2 m m , som e  w ith m agne tite  rim s or com ple te ly re place d by m agne tite . M agne tite  is a
m inor m ine ral as grains to 0.5 m m . T he  m atrix consists of variable  proportions of plagioclase  and
hornble nde  m icrolite s in brow n de vitrifie d glass or black glass and m ay contain m inor biotite .
Inte rbe ds of lahars, autobre ccias, and biotite -be aring ande site  flow s distinguish T vka from  the
Alta Form ation w e st of the  Occide ntal L ode . Flow s and lahars of dark ande site  north of Kate
Pe ak and e ast of the  quadrangle  have  20-30% fine  plagioclase  phe nocrysts, le sse r e quant
augite , tiny m agne tite , and as m uch as 1% e uhe dral olivine .

T vka

Biotite-hornblende andesite flows A flow  or se que nce  of flow s of biotite -be aring
ande site  porphyry ~70 m  above  autobre ccia (T vkx) e ast of the  Occide ntal S haft.

R e se m ble s intrusions (T bhap) in the  Com stock district. Contains m inor biotite  phe nocrysts to 2
m m , a fe w  pe rce nt hornble nde  to 3 m m , and square  to w e akly caste llate d plagioclase
phe nocrysts to 3 m m .

T ax

Kqm

T vkl

T s

T va

T ap

Ka

Kqd

Kgd

T vkx

T vbfl

T vkb

Autobreccia Bre ccia as m uch as 50 m  thick in T vka in L ong Canyon. Pre dom inantly
com pose d of angular ande site  clasts to 30 cm  that consist of hornble nde  and pyroxe ne

ande site  sim ilar to T vka.

Andesite lahars S e ve ral lahars, m ost <10 m  thick, inte rbe dde d w ith ande site  flow s
in T vka. M ost too thin or poorly e xpose d to show  on the  ge ologic m ap. T ypically

he te rolithic, containing subrounde d clasts <30 cm  and rare ly as m uch as 50 cm  in diam e te r of
se ve ral te xtural or com positional type s of ande site . M atrix consists of gray silt, sand, and m ud.

Bailey Canyon sequence
T vbh Hornblende andesite flows (15.79±0.20 M a, T able  4) Flow s w ith abundant

hornble nde  as m uch as 2 cm  long. R ock w ith sparse  hornble nde  rare . G e ne rally light to
m e dium  gray or pale  brow n to pale  re d. Com m only form s bold outcrops. M ostly highly ve sicular,
w ith as m uch as 15% irre gular voids to 4 m m ; but locally de nse  and dark gray. Flow  bre ccia
locally com m on and ge ne rally le ss re sistant than the  flow  rock. Flow  foliation highly variable  and
com m only orie nte d at high angle s to flow  contacts. Phe nocrysts (T able  1) include  ande sine  as
m ode rate ly e longate  to blocky, m ostly subhe dral grains to 5 m m ; e uhe dral to anhe dral brow n
hornble nde , com m only rim m e d or w holly re place d by iron oxide ; pyroxe ne  phe nocrysts to 3 m m
(dom inantly clinopyroxe ne , but m inor hype rsthe ne  in som e  spe cim e ns); and opaque  grains to 0.5
m m  that com m only occur in cluste rs. M any flow s contain hornble nde  phe nocrysts that have  be e n
strongly e m baye d by the  groundm ass or partially re place d by augite ; how e ve r, in othe r flow s
hornble nde  appe ars to have  be e n stable . M atrix consists of flow -aligne d to fe lty plagioclase  laths
w ith m afic and opaque  m icrolite s in brow n to brow nish gray glass.

Andesite lahars and flows De bris-flow  bre ccias and ge ne rally m inor inte rbe dde d
pyroxe ne  ande site  flow  rock. L ocally, m ay contain m ore  flow  rock than bre ccia (as m uch

as 75% flow s). Bre ccias typically he te rolithic, m atrix- to clast-supporte d, and like ly re pre se nt
lahars. T he y locally form  se que nce s at le ast 70 m  thick, and contain pe bble - to boulde r-size d
ande sitic clasts of variable  color and te xture  that range  from  angular to som e w hat rounde d and
sphe rical. M atrix is ge ne rally pinkish gray, pale  brow nish gray, or light gray sand and m ud. Flow s
typically of dark gray to black pyroxe ne  ande site  sim ilar to that in the  Alta Form ation. Phe nocryst
conte nt 15-35% (T able  1). Plagioclase  phe nocrysts te nd to be  m ore  e quant than lathy and are
ge ne rally isolate d and only rare ly glom e roporphyritic. A fe w  flow s have  no appare nt m afic
phe nocrysts, but m ost have  augite  to 2 m m  and som e  orthopyroxe ne . Orthopyroxe ne  > augite  in
som e  rocks.

Alta Formation
(15.23±0.20 to 15.82±0.13 M a, six age s, T able  4) Include s
hornble nde -augite , augite , or tw o-pyroxe ne  ande site  flow s.

G e ne rally de nse  and dark colore d, w ith w e athe re d black surface s or light to dark brow n or gray
surface  crusts, but com m only hydrothe rm ally alte re d and re lative ly pale  w ithout w e athe re d
crusts. In alte re d rocks, pyribole  m ine rals m ay be  im possible  to te ll apart. Flow  rocks strongly
re se m ble  those  in the  unde rlying S ilve r City ande site s (T sa). In place s S utro T uff (T s) unde rlie s
T va. It m ay be  im possible  to distinguish T va from  T sa in are as w ithout the  S utro T uff or e xte nsive
bre ccias characte ristic of the  unde rlying T sa. T va com m only has roughly planar platy jointing, in
som e  case s paralle l to flow  foliation de fine d by phe nocryst alignm e nt. In othe r case s, jointing
cannot de finitive ly be  linke d to flow  foliation. Platy jointing is ge ne rally abse nt in alte re d rocks.
Although m ostly com pose d of flow s, laharic bre ccias occur northe ast of Orle ans Hill and ne ar
Ophir Hill, and autobre ccias occur ne ar Jum bo and G e ige r S um m it.
xxxxxT va contains variable  am ounts of stubby ande sine -labradorite  phe nocrysts (T able  1) rare ly
>2 m m . Augite  and le ss abundant orthopyroxe ne  phe nocrysts, rare ly >1 m m , com m only in
clum ps. S om e  flow s contain sparse  to abundant brow n hornble nde  phe nocrysts com m only <2
m m , but locally to 7 m m . Hornble nde  ge ne rally rim m e d to w holly re place d by iron oxide .
M agne tite  crystals to 0.5 m m  are  pre se nt. Phe nocrysts ge ne rally grade  in size  to a locally
pilotaxitic m atrix that m ake s up 20-40% of the  rock and consists m ainly of plagioclase  m icrolite s
in ge ne rally de vitrifie d brow n glass. Biotite , norm ally abse nt, occurs in flow s be tw e e n M t. Abbie
and Orle ans Hill, and north of the  S corpion S haft. He re , m e dium  re ddish brow n w e athe ring, dark
brow n flow s, com m only w ith indistinct flow  foliation, contain abundant phe nocrysts rare ly >3 m m .
T he  rock contains typically stubby ande sine , along w ith augite  and orthopyroxe ne . S hre dlike
brow n biotite  m ake s up <1% of the  rock, ge ne rally as grains <1 m m .
xxxxxDistinctive  m assive  hornble nde  ande site  porphyry flow  rock (Tvah) m appe d se parate ly
north of Jum bo m ay com prise  one  flow  or a se rie s of flow s. It is at le ast 150 m  thick, and no top is
e xpose d. E uhe dral black hornble nde  phe nocrysts to 3 cm , w hich com prise  variable  portions of
the  rock, have  be e n partially re place d by m agne tite  and othe r m ine rals. T he  rock contains
abundant plagioclase  crystals to 5 m m  that grade  in size  to the  m atrix. R are  se dim e ntary rock
(Tvas) include s as m uch as 4 m  of ande sitic conglom e rate  and sandstone  on T w in Pe aks. As
m uch as 30 m  of he te rolithic lahar (Tvx) northw e st of Jum bo contains dom inantly a varie ty of
subrounde d clasts of hornble nde  and pyroxe ne  ande site  to 1 m  but ge ne rally <50 cm  in diam e te r.
Clasts com prise  60-90% of the  rock and are  in a sandy to silty m atrix.

T vas T vah T vx

UNITS IN THE VIRGINIA CITY OR SILVER CITY SUITES
Sutro Tuff A locally significant unit of be dde d se dim e ntary rocks and tuff. Contains
w hite  to tan or pale  gre e nish gray fe ldspathic sandstone , ash to lapilli tuff, and

conglom e rate . L ocally include s m udstone , siltstone , and w e lde d tuff in m inor am ounts. R ange s
from  a fe w  m e te rs to ne arly 300 m  thick; how e ve r, the  gre ate st thickne ss, e xpose d in the  south
late ral of the  S utro T unne l (G iane lla, 1936), m ay be  re pe ate d by faulting. In the  S uicide  R ock and
Ce dar Canyon are as T s lie s above  large  am ounts of w e ll-e xpose d he te rolithic de bris-flow  bre ccia
and inte rbe dde d se dim e nts of the  S ilve r City ande site s. N o date s are  available . W e  place  T s
be tw e e n the  S ilve r City and Virginia City m agm atic e pisode s.

Phenocryst-poor andesite M e dium  gray ande site  flow  rock in the  Jum bo are a typifie d
by low  phe nocryst conte nt. Contains sparse  plagioclase  phe nocrysts (T able  1) <3 m m

long, m inor hornble nde  ge ne rally <3 m m  (m ostly re place d by iron oxide ), trace  to m inor opaque s,
and locally trace s of pyroxe ne , biotite , and quartz. T he  m atrix is fe lty to pilotaxitic w ith plagioclase
laths ~5 μm  long in de vitrifie d glass. Flow  foliation is locally prom ine nt and com m only at high
angle s to the  base  of the  unit, w hich is ne arly flat lying. T ap is of unknow n age , but se e m s to lie
be tw e e n T sa and T va in the  Jum bo are a.

Lahar unit As m uch as 30 m  of lahar be ne ath T ap in the  Jum bo are a. He te rolithic w ith
a varie ty of subrounde d clasts of hornble nde  and pyroxe ne  ande site  to 1 m  but m ore

com m only <50 cm  in diam e te r. Clasts com prise  60-90% of the  rock and are  in a sandy to silty
m atrix. S catte re d clasts of distinctive  w hitish, typically aphyric, fe lsic rock to 30 cm  in diam e te r
occur ne ar the  unit base . Blocks of fine  se dim e ntary rock re se m bling rock in T s occur locally
along the  contact w ith the  ove rlying T ap unit, but this rock has not be e n found in outcrop. A thin
w e dge  of sim ilar ande sitic bre ccia w ith sparse  granitic clasts is m appe d as T ax e ast of the  T ap
e xposure .

INTRUSIVE ROCK IN THE VIRGINIA CITY OR SILVER CITY 
MAGMATIC SUITES

American Ravine Andesite S tocks and dike s that cut M e sozoic intrusions, T e rtiary
ash-flow  tuffs, and the  S ilve r City ande site s. Variable  phe nocryst conte nt; rock w ith

m ore  abundant phe nocrysts is ge ne rally in the  inte rior of large r intrusive  m asse s (Calkins, 1945).
G e ne rally light gray and porphyritic, w ith m inor to abundant sle nde r phe nocrysts of hornble nde
(T able  1) to 5 m m  m ostly rim m e d by m agne tite . S parse  plagioclase  phe nocrysts to 2 m m  long.
According to Calkins, T ara contains sparse  augite  phe nocrysts and scatte re d quartz grains; the
latte r are  like ly xe nocrystic. T he  m atrix consists of pilotaxitic plagioclase  m icrolite s, a fe w  pe rce nt
glass, and <2% opaque  m ine rals. In a fe w  m arginal e xposure s w e st of the  Vulcano M ine , T ara is
ne arly de void of phe nocrysts and is w hite . T he re  are  no isotopic age s for T ara.

SILVER CITY MAGMATIC SUITE
Silver City andesites (17.69±0.22 to 18.25±0.36 M a, five  age s,
T able  4)  Fine ly porphyritic ande site  flow s that contain 20-40%

phe nocrysts <3 m m  long. Ande sine  labradorite  phe nocrysts ge ne rally stubby and pre dom inantly
single  crystals but m ay include  a fe w  conjoine d grains. Augite , the  dom inant m afic m ine ral (T able
1), com m only e uhe dral and locally inte rgrow n w ith m agne tite  and hornble nde . Hornble nde , in
som e  flow s as prism s to 4 m m , is com m only partly to w holly re place d by m agne tite . M inor
hype rsthe ne  in hornble nde -poor rock. Com positions range  from  basaltic ande site  to ande site  to
trachyande site  (Figure  5), but m any sam ple s m ay be  partly alkali m e tasom atize d.  W he re
re lative ly unalte re d, a rare  occurre nce  in the  quadrangle , T sa ande site s have  gray to black
de vitrifie d m atrix and ge ne rally light gray to locally re ddish w e athe re d crusts.
xxxxxAutobre ccias and de bris-flow  bre ccias com prise  m ajor am ounts of T sa, particularly in
Crow n Point R avine . T he  autobre ccias contain 20-50% angular, but re lative ly e quant, clasts that
are  ge ne rally 5-40 cm , and rare ly as m uch as 1 m , of de vitrifie d ande site  that is te xturally and
com positionally like  the  m atrix, and sim ilar to that of inte rbe dde d flow s. Autobre ccia clasts are
com m only gray to gre e nish and m atrix ande site  is de vitrifie d and com m only he m atitic. De bris-
flow  bre ccias w e re  like ly lahars, and include  both m atrix- and clast-supporte d bre ccia w ith a
varie ty of ande site  clasts to 40 cm  and rare ly as m uch as 1 m  in diam e te r. Cobble -size d and
large r clasts typically >70% of the  rock. De bris-flow  m atrix is ge ne rally ande sitic sand and silt.
xxxxxTsba is a flow  w ithin T sa. It is dark gre e nish gray to gre e nish gray and som e w hat like  typical
T sa, but contains large  hornble nde  phe nocrysts and m inor alte re d biotite . L abradorite
phe nocrysts to 5 m m  m ode rate ly e longate , w ith large r crystals rounde d. Pale  brow n to olive -
gre e n hornble nde  to 8 m m  w ith opaque  rim s, pyroxe ne  partially re place d by calcite , chloritize d
biotite  to 2 m m , and sm all grains of m agne tite  also occur as phe nocrysts (T able  1). M atrix is fe lty
plagioclase , alte re d pyroxe ne , and opaque  m ine rals, possibly in alte re d glass. Contains som e
rounde d, fine -graine d xe noliths of biotite -pyroxe ne -hornble nde  diorite .
xxxxxTss is w hite  to pale  olive  se dim e ntary rock in T sa. It include s se dim e ntary horizons
inte rbe dde d w ith T sa flow s and bre ccia south of M t. Davidson in the  Bullion R avine -S uicide  R ock
are a. Be tw e e n Bullion R avine  and Crow n Point R avine , as m uch as 17 m  of poorly be dde d
ande sitic conglom e rate  w ith inte rbe dde d re ddish ande sitic sandstone  are  ove rlain and unde rlain
by bre ccias. Be tw e e n S uicide  R ock and Confide nce  R avine , at le ast tw o se dim e ntary units,
including one  w ith as m uch as 15 m  of gray lam inate d tufface ous siltstone , are  ove rlain and
unde rlain by bre ccias and are  locally associate d w ith ash-flow  tuff.

T sa T ssT sba

Hornblende-plagioclase andesite (18.02±0.24 M a, T able  4) R e lative ly phe nocryst-
rich, light gre e nish gray flow  rock m appe d se parate ly at and ne ar the  base  of T sa.

Phe nocrysts include  stubby plagioclase  to 5 m m , black hornble nde  to 1 cm , and tiny opaque
grains (T able  1) in a m atrix of tiny plagioclase  laths, granular fe ldspar, de vitrifie d glass(?), and
opaque  and hornble nde  m icrolite s. N e ar the  Virginia City re se rvoir, include s a re lative ly unalte re d
flow  w ith w e ll-de ve lope d colum nar jointing pe rpe ndicular to its base . M ay be  as m uch as 75 m
thick.

T shp

Hornblende andesite (17.43±0.16 and 18.32±0.32 M a, T able  4) Flow s and possible
dom e s as m uch as 100 m  thick at the  base  of T sa. Distinctive  gre e nish gray to m e dium

gray rock w ith abundant black (olive -gre e n in thin se ction) hornble nde  phe nocrysts to 1 cm  or
m ore  and sparse  stubby labradorite -bytow nite  phe nocrysts to 1 cm . Hornble nde  phe nocrysts
com m only form  radial rose tte s and plagioclase  occurs locally in glom e roporphyritic clots.
Hornble nde  has thin iron oxide  rim s. Plagioclase  partially alte re d to calcite +chlorite . T race  to
m inor opaque  grains to 0.5 m m  pre se nt. T sh has a fine ly pilotaxitic m atrix of plagioclase  laths
w ith alte re d glass(?), inte rse rtal pyroxe ne , and tiny opaque  grains.

T sh

MIOCENE-OLIGOCENE TUFFS AND SEDIMENTS
Unnamed lithic tuff W e akly hydrothe rm ally alte re d M ioce ne  lithic ash-flow  tuff
disconform ably ove rlying S antiago Canyon T uff north of the  Baltim ore  S haft. At le ast 18

m  thick, but low e r and uppe r contacts une xpose d. De nse ly w e lde d, w ith ~5% collapse d pum ice
fragm e nts to 30 m m  long. Phe nocrysts (<10% of rock) are  plagioclase  to 1.5 m m , sanidine  to 1
m m , biotite  to 0.5 m m , and quartz to 0.5 m m  (T able  2). L ithic fragm e nts (15-30% of rock), alm ost
all <4 cm  across, include  com m on siltstone  and tuff fragm e nts and le sse r am ounts of carbonate
rock, ande site , and gabbro. All lithics e xce pt tuffs probably from  M e sozoic units.

T st T sg

T e t

T ut

Santiago Canyon Tuff (23.12±0.05 M a, He nry, in pre p.) L ight gray to pinkish
gray, m ode rate ly to strongly w e lde d, rhyolitic tuff as m uch as 120 m  thick.

Contains 30-40% phe nocrysts of plagioclase ; slightly sm oky or rosy, ve rm icular quartz; and
sanidine . Q uartz and fe ldspar phe nocrysts to 4 m m  across, m ost com m only ~2 m m . M inor biotite
and hornble nde  phe nocrysts ~1.5 m m . Contains rare  but ubiquitous e uhe dral, hone y-colore d
sphe ne  (≤0.5 m m ) ge ne rally re place d by ye llow ish anatase (?) or le ucoxe ne  and difficult to
ide ntify m e gascopically, particularly in alte re d rocks. L ight gray, m ode rate ly to strongly
com pre sse d pum ice  to 2 cm  long com m on. Pum ice  ge ne rally w e ll pre se rve d in alte re d rocks;
gre e n in propylitize d rocks and w hite  in se ricitize d rocks. Pum ice  in low e r T st m ay be  difficult to
re cognize  due  to strong w e lding. S parse  pinkish gray fe lsic lithic fragm e nts (1-1.5 cm ). U nde rlain
in place s by poorly e xpose d grave l,Tsg, ge ne rally a lag containing cobble s and boulde rs of olde r
tuffs.

Eureka Canyon Tuff (24.90±0.06 M a, He nry, in pre p.) L ight-gray, pale  re d, or ve ry pale
orange , poorly to m ode rate ly w e lde d, phe nocryst-poor (3-10%) ash-flow  tuff in

scatte re d e xposure s. U nde rlie s T sg and disconform ably ove rlie s N ine  Hill T uff or olde r rocks. As
m uch as 40 m  thick. Approxim ate ly e qual am ounts of sanidine  and ve rm icular quartz phe nocrysts
(T able  2) to 2 m m . L e sse r am ounts of sm alle r plagioclase  and thin biotite  phe nocrysts. M atrix is
slightly w e lde d glass shards. M inor am ounts of w e akly com pacte d, gray, bande d or axiolitic
pum ice  fragm e nts to 1 cm  com m only obscure d by alte ration. A sm all e xposure  of highly alte re d
phe nocryst-poor tuff w e st of Jum bo is te ntative ly assigne d to T e t.

Nine Hill Tuff (25.32±0.07 M a, He nry, in pre paration) S trongly w e lde d pale
re d-purple  or light gray to m e dium  gray rhyolitic ash-flow  tuff. R e adily

re cognizable  by the  pre se nce  of strongly com pre sse d and stre tche d pum ice  fragm e nts to 15 cm
long w ith aspe ct ratios of 10:1 or m ore . W hite , pum ice -poor, w e akly w e lde d tuff com prise s the
low e r part of T st locally. Contains 5-7% phe nocrysts of sanidine , anorthoclase , and quartz to 1
m m  w ith a trace  of biotite  (table  2). M atrix is strongly w e lde d, de vitrifie d glass shards and pum ice .
M inor am ounts of sm all lithic fragm e nts. L ow e r T st is som e w hat m ore  phe nocryst poor (~3%) and
contains no anorthoclase  (De ino, 1985). Biotite  not com m only found in rocks affe cte d by vapor-
phase  alte ration. As m uch as 5 m  of grave l (Tng) w ith cobble s of M e sozoic rocks and T gm  lie s
be ne ath T nt ~1.5 km  w e st of S ilve r City, and thinne r grave l unde rlie s it e ast of M cCle llan Pe ak.

T nt T ng

Lenihan Canyon Tuff (26.77±0.06 M a, T able  4)  Pale  re d, pale  re d-purple , or
light brow nish gray (pale  gre e nish-gray ne ar top) w e lde d ash-flow  tuff to 120 m

thick. Distinguishe d by abundant foliation-aligne d thin black biotite  plate s. Contains 25-30%
phe nocrysts including abundant plagioclase  ave raging ~0.5 m m  and le sse r am ounts of sanidine
to 4 m m , quartz to 5 m m , and biotite  (T able  2). Q uartz is rounde d, slightly ve rm icular, and locally
sm oky. M inor hornble nde  and a trace  of opaque  grains pre se nt. S parse  flatte ne d pum ice
fragm e nts to 5 m m  long. Hornble nde  and pum ice  rare ly visible  in hand spe cim e n. R are  volcanic
lithic fragm e nts to 5 m m  have  phe nocryst conte nt sim ilar to T lt. M atrix contains sphe rulitically
crystallize d and axiolitic shards.Tlg is a local basal grave l w ith clasts of T gm  and granodiorite  to
1 m .

T lt T lg

Guild Mine Member, Mickey Pass Tuff (27.12±0.10 M a, T able  4, and 27.30±0.07
M a, He nry, in pre p.) W hite , light gre e nish gray or pale  re d-purple  rhyolitic ash-flow  tuff

w ith variable  phe nocryst conte nt (15-40%). Phe nocrysts are  ve rm icular, bipyram idal quartz to 2
m m , cle ar to ye llow ish sanidine  to 3 m m , plagioclase  m ostly ~2 m m , biotite  ≤1 m m , and opaque
grains (T able  2). M atrix is of com m only strongly w e lde d glass shards and com pre sse d pum ice .
M uch of T gm  is re ddish w ith sparse  pum ice  as w hite , 2-3 cm , vapor-phase  alte re d patche s and
cavitie s. In uppe r part, pum ice  incre ase s to 10% (Bingle r, 1978), as do quartz phe nocrysts.
Contains m inor ≤1 cm  to 1x6 cm  lithic fragm e nts of dark m e taigne ous rock and argillite  (Jm  and
J gs?).

T gm

T g

TERTIARY OR MESOZOIC ROCKS
Cretaceous or Tertiary hornblende diorite porphyry L ight gray to gre e nish gray
se riate -te xture d porphyry in tw o sm all m asse s cutting G ardne rville  Form ation in the

footw all of the  Jum bo Canyon fault. Com pose d m ostly of unalte re d or w e akly se ricitize d
plagioclase  to 8 m m  w ith oscillatory zoning and som e  fine ly sie ve d zone s. Has abundant black
hornble nde  (olive  to pale  gre e n in thin se ction) to 6 m m  w ith ragge d borde rs and local e pidote
alte ration. M inor m agne tite , m ostly as fine  grains, and trace s of tiny apatite  prism s pre se nt.
L ocally strongly alte re d and ble ache d w ith abundant disse m inate d pyrite . R e se m ble s T dap but is
coarse r and m ore  like ly a phase  of the  Cre tace ous granitic com ple x to the  w e st.

T Kp

Gravels Channe l-filling grave ls to 10 m  thick w ith unknow n stratigraphic position.
Consist m ainly of unsorte d cobble s to boulde rs, prim arily of gabbro. A large  e xposure

ne ar M cCle llan Pe ak is m ainly lag and include s clasts of T gm , T lt, and rare  T nt, w ith clasts of Jm
and J gs ne ar the  base . S m alle r e xposure s on Hartford Hill ove rlain by T st m ay be  younge r than
som e  tuffs, but m ay pre date  T gm  be cause  no tuff fragm e nts w e re  obse rve d. R ounde d boulde rs
of granitic rocks to 1.5 m  across occur in both e xposure s.

MESOZOIC ROCKS
CRETACEOUS PLUTONIC ROCKS

Biotite-hornblende quartz diorite M e dium -graine d gray subhe dral granular quartz
diorite  e ast of S te am boat Valle y. Ave rage  grain size  ~2 m m . Contains anhe dral to

subhe dral oligoclase -ande sine  to 7 m m ; inte rstitial quartz to 2 m m ; and irre gular, oikocrystic, and
w e akly pe rthitic potassium  fe ldspar to 4 m m . M afics are  anhe dral to subhe dral biotite  books to 3
m m  and pale -gre e n irre gular to subhe dral hornble nde  grains to 5 m m  w ith abundant plagioclase
and biotite  inclusions. Has m inor irre gular opaque  grains to 1.5 m m  and trace s of sm all irre gular
sphe ne  grains and sm all apatite  prism s. W e ak flow (?) foliation is de fine d by plagioclase ,
hornble nde , and biotite  grain alignm e nt.

Granite aplite W hite  to ve ry light gray and pinkish gray, fine - to m e dium -graine d,
anhe dral granular aplite  as dike s and irre gular m asse s cutting Kgd and Kfg in the

southw e st part of the  quadrangle . Probably m ore  pre vale nt than show n in poorly e xpose d are as
of Kgd, but could not be  m appe d se parate ly. Contains sube qual am ounts of alkali fe ldspar,
quartz, and plagioclase . Has sparse  biotite  and m inor opaque  grains. L ocally pe gm atitic, rare ly
w ith black tourm aline .

Granodiorite Ve ry light gray to w hite , com m only poorly e xpose d, subhe dral granular
to locally anhe dral granular, m e dium -graine d granodiorite  in the  southw e st part of the

quadrangle . Consists m ainly of stubby (som e  broke n) subhe dral plagioclase  (0.1-2 m m ), w ith
anhe dral quartz (0.2-2 m m ), alkali fe ldspar (1- 4 m m ), anhe dral brow n biotite  (0.2-2 m m ), and
e longate  subhe dral to anhe dral hornble nde  (0.2-2 m m ) (T able  3). Also contains m inor e uhe dral to
subhe dral sphe ne  (0.1-1 m m ), zircon, apatite  (≤1 m m ), and subhe dral opaque  grains (≤0.1 m m ).
N orth of Jum bo G rade , hornble nde  is appare ntly m ore  abundant, alkali fe ldspar occurs locally as
oikocrysts, and ~2% m yrm e kite  (≤0.1 m m ) m antle s som e  plagioclase . Kgd south of Jum bo G rade
is m ostly inte rpre tative ; outcrops are  rare  and com m only cove re d by de e p grus plus aplite  clasts.
Probably gradational w ith Kqm  and sim ilar in age , 86-88 M a (se e  te xt).

Leuco quartz monzodiorite Ve ry light gray subhe dral granular to porphyritic, m e dium -
graine d plutonic igne ous rock in the  southw e st part of the  quadrangle  w e athe ring to

rounde d, e longate  core stone s (≥1 m  long). M ostly com pose d of plagioclase , but w ith m ajor alkali
fe ldspar and quartz, and m inor hornble nde  and biotite  (T able  3). L arge st hornble nde  crystals are
4x18 m m . L ocally, e uhe dral alkali fe ldspar crystals to 10 m m  contain sm all, aligne d m afic
m ine rals. Contains rare , rounde d, dark gray e nclave s (to 8x15 cm ) of fine  graine d hornble nde
diorite .

Foliated granite L ight gray, porphyritic foliate d granite  in the  southw e st part of the
quadrangle . Contains e quant to e longate  subhe dral plagioclase  to 4.5 m m  and

hornble nde  to 1.5 m m  in fine  (≤0.1 m m ) groundm ass of anhe dral quartz, alkali fe ldspar, and
aligne d, shre dlike  biotite  (T able  3). S phe ne , apatite , and Fe -T i oxide s are  m inor acce ssorie s.
Igne ous foliation de fine d m ainly by biotite , but e longate  hornble nde  and plagioclase  phe nocrysts
also aligne d.

Kgp

Kfg

Granodiorite porphyry Pale  pink granitic rock that intrude s gabbro (Jm ) south of
Basalt Hill. R e fe rre d to as Cre tace ous granodiorite  porphyry (Kgp) by Bingle r (1977) to

the  south in the  N e w  E m pire  Q uadrangle . Contains ~60% plagioclase  phe nocrysts (0.5-3.5 m m
long) as w e akly zone d (~An30) anhe dral laths w ith 2:1-3:1 e longation. S tubby, anhe dral,
com ple te ly actinolize d pyroxe ne  and/or hornble nde  to 1.5 m m  m ake  up ~15% of the  rock. Has
large  size  diffe re nce  be tw e e n phe nocrysts and inte rstitial, subhe dral-granular m atrix of
inte rgrow n 0.1-0.2 m m  grains w ith ~30% quartz and 60% orthoclase . Also contains ~0.5%
m agne tite  to 0.4 m m  and a trace  of stubby apatite .

Undivided granitic rocks Include s m ode rate ly to strongly se ricitize d granitic rock
e xpose d along Am e rican R avine  and not corre late d w ith othe r units e xpose d ne ar the

southw e st e dge  of the  quadrangle . G ranitic rocks know n or inte rpre te d at de pth (se e  cross-
se ctions) are  include d. Am e rican R avine  granitic rock, possibly the  sam e  as subsurface  rock in
the  R ock Island M ine , is quartz m onzonite  w ith e sse ntial oligoclase , m icrocline , and quartz, m inor
biotite , and acce ssory apatite  and sphe ne  (T able  3). Oligoclase , m ostly 1-4 m m , is oscillatory-
norm al zone d. M icrocline  in irre gular grains to 6 m m , ge ne rally w ith num e rous plagioclase
inclusions. Q uartz is in inte rgranular anhe dra ~1 m m  across. Biotite  ge ne rally as thick books to 1
m m  across.

Kg

METAIGNEOUS AND METASEDIMENTARY ROCKS
Mafic metaigneous rock Dark gray and dark gre e nish gray, fine - to m e dium -graine d
(1-2 m m ), phane ritic, e quigranular or porphyritic m e tagabbro or rare ly, m e tabasalt, w ith

color inde x of 50-60%. M e tam orphose d to gre e nschist facie s w ith fine -graine d m afic m ine rals
conve rte d to biotite , chlorite , actinolite , and e pidote . G abbro ge ne rally has pyroxe ne  and
plagioclase  in about e qual am ounts, although locally e ithe r m ay be  as m uch as 60% of the  rock.
E quigranular to som e w hat porphyritic gabbro contains distinctive , stubby, e quant grains (≤1-7
m m ) of a m afic m ine ral, like ly pre dom inantly augite , now  com ple te ly or rare ly partly re place d by
actinolite . L ocally subhe dral pyroxe ne  grains to 7 m m  long are  as m uch as 30% of porphyritic
gabbro. S m alle r, e longate  or e quant plagioclase  grains (2-3 m m ) display fluidal te xture s on
w e athe re d surface s and are  locally saussuritize d or partly conve rte d to w hite  m ica. M atrix is low
in alkali fe ldspar. S om e  fine -graine d, porphyritic gabbro appe ars rhythm ically bande d.
xxxxxL ocally, dike s and irre gular m asse s of gabbro porphyry to 30 m  across (not m appe d
se parate ly) intrude  the  m ain m ass of gabbro. T he se  contain actinolite  afte r subhe dral pyroxe ne
grains as m uch as 60 m m  long w ith roughly e qual am ounts of plagioclase  to 2 m m . Jm  rare ly has
am ygdaloidal, fragm e ntal (w e lde d tuff?), or bre ccia (fragm e nts 1-10 cm ) te xture s, particularly
w e st of M cCle llan Pe ak.
xxxxxG abbro on the  dum p of the  S utro M ine  adit, w hich goe s through the  Com stock fault w e st of
the  U tah S haft, contains ~60% w e akly zone d calcic plagioclase  laths, 30% brow n hornble nde ,
and 10% partly actinolize d augite . Hornble nde  form s irre gular oikocrysts to 50 m m  that host
m any ~3 m m  plagioclase  and augite  crystals.

Jm

Foliated lithic rhyolite porphyry Dike s of foliate d lithic rhyolite  porphyry cutting
G ardne rville  Form ation on the  e ast flank of M cCle llan Pe ak. Jrp contains 10-15%

anhe dral stubby plagioclase  phe nocrysts to 5 m m . R ounde d, com m only highly e m baye d, and
partially re crystallize d quartz phe nocrysts to 4 m m  m ake  up 3-5% of the  rock, anhe dral
orthoclase  phe nocrysts to 1.5 m m  com prise  7-10%, and sle nde r m afic phe nocrysts to 5 m m
m ake  up 5-7%. T he  m afic m ine ral, probably originally biotite , is re place d by fine -graine d shre ddy
brow n biotite  and som e  chlorite . W e ll-rounde d to som e w hat jagge d, com m only e lliptical lithic
fragm e nts of J gs siliciclastic rocks m ostly < 40 m m  m ake  up 2-30% (com m only ~5%) of the
rock. M atrix consists of anhe dral inte rgrow ths of ~55% orthoclase , 30% quartz, and 15% shre ddy
biotite  (probably m e tam orphic in origin). T race s of apatite  and zircon pre se nt. S trong foliation,
m ainly de fine d by re place d biotite (?) flake s, paralle ls e longation of lithic fragm e nts.

Jrp

Preachers Formation A fe w  sm all e xposure s, <10 m  thick,of w hite  qu artzit e  w ith
silica ce m e nt on the  e ast flank of M cCle llan Pe ak. S om e  m e dium -thick lam inations

obse rve d in float sam ple s but not in outcrop.
Jp

Gardnerville Formation S iliciclastic rocks (J^gs) dom inantly thinly lam inate d,
m e dium  gray siltstone  and ve ry fine -graine d fe ldspathic sandstone . T hin

pe bble  conglom e rate  be ds occur locally. At le ast 300 m  thick in the  quadrangle . S iltstone  has 10-
30% argillace ous m atrix, and trace  to se ve ral pe rce nt of calcite  ce m e nt is typical. Disse m inate d
pyrite  cube s to 1 m m  pre se nt in place s. L ocally highly carbonace ous, particularly ne ar the  w e st
borde r of the  quadrangle  (N W ¼  S e c. 28, T 17N , R 20E ) w he re  graphite  w as m ine d. S iltstone  and
fine -graine d sandstone  in a tiny e xposure  e ast of S ilve r City contains rounde d clasts of
inte rm e diate  com position volcanic rocks to 30 m m . S e ve ral inte rbe ds of m arble ize d lim e stone  (J
^gm) to 10 m  thick crop out on the  e ast flank of M cCle llan Pe ak.
xxxxxT he  unit is m e tam orphose d ne ar M e sozoic plutonic rocks. T he  m ost inte nse ly
m e tam orphose d siliciclastic rocks are  hornfe ls or schists w ith as m uch as 40% m e tam orphic
biotite . L ocal cordie rite  se e n in hand sam ple . S e ricite  (fine -graine d aggre gate  of m ica-like
phase s) schist com m on m ore  distantly from  intrusive  rocks, and andalusite  occurs in originally
argillace ous be ds. S potte d cordie rite -biotite  and se ricite -andalusite  schists occur at the  T yle r
M ine . L im e y be ds on the  e ast flank of M cCle llan Pe ak 70-100% re crystallize d to fine -graine d,
slightly schistose  w hite  m arble . N e ar S te am boat Valle y the  unit consists m ostly of pe litic rocks
m e tam orphose d to quartzo-fe ldspathic biotite -se ricite  schist and biotite  spotte d hornfe ls; but it
also include s quartzose  sandstone , thin bands of m arble , and rare  rhyolite -pe bble  conglom e rate ,
pe bbly sandstone , and lapilli tuff(?). Com positional laye ring he re  appe ars to be  subparalle l to
m e tam orphic foliation.

Ĵ gs Ĵ gm

Sand W e ll-sorte d, m e dium - to fine -graine d, quartzose  w ind-blow n sand in the  w e ste rn
part of the  quadrangle . G e ne rally w hite  to tan but locally re ddish w he re  alluvial m ate rial

is inte rcalate d. U nconsolidate d but m ost w e ll stabilize d by ve ge tation, locally including tre e s.
Include s som e  alluvial outw ash and slope  w ash of sand originally de posite d by w ind. Com m only
on the  e ast to northe ast side s of hills, but e xte nds across som e  flat are as. S om e  rock outcrops in
the  vicinity of Q s are  polishe d and groove d; w ind-paralle l groove s indicate  a northe ast sand-
transport dire ction. As m uch as 15 m  thick. Probably Ple istoce ne  but m ay be  Holoce ne  in part.
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Contact  S olid w he re  ce rtain and location accurate ; long-dashe d 
w he re  approxim ate , dash-dotte d w he re  inte rnal, que rie d if ide ntity
or e xiste nce  unce rtain.

?

! ?
Fault  S olid w he re  ce rtain and location accurate ; long-dashe d 
w he re  approxim ate , dotte d w he re  conce ale d, que rie d if ide ntity 
or e xiste nce  unce rtain. Ball m arks dow nthrow n side ; arrow  show s
be aring and plunge .

Vein  S olid w he re  ce rtain and location accurate ; long-dashe d 
w he re  approxim ate , dotte d w he re  conce ale d. Ball m arks 
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