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FIELD TRIP 11

ROAD LOG/TRIP GUIDE:
STEAMBOAT SPRINGS AND YIRGINIA CiTY

Donald M. Hudson, Consultant

Modlfied from Hudson (1986), Bonham and Hudson (1981),
Ashley(1980), and White (1985)

Junction of U.S. 395 and Nevada Route
431 (10.3 ml. south of Junctlon of
|-80 and U.S. 395). Turn west onto
Rte. 431, Mt. Rose Highway.

To the south Is Geothermal Develop-
ment Assoclates' 5 MW geothermal
plant on the High Terrace.

To the south Is a |lnear valley known
as Mud VYolcano Basln, formed by a
hydrothermal explosion along a
northerly striking fault In the basin
and ejJecting altered granodiorite to
elther side. The exploslon probably
occurred prlor to Tahoe glaclation
(Late Plelstocene) (White and others,
1964), SS-3 (Table 1) Is altered
eJecta from the east slde of the
bas!in.

TURN LEFT (south) on to graded dirt
road at bend In hlghway.

Bear left.

Clay plt+ to the south. As descrlbed
by Schoen and others (1974}, the
center of the plt consists of well-
ordered kaclinite with alunite or
completely opallzed basaltic ande-

slte. Near the edge of the altered
area, moderately ordered kaollnite
wlth alunite occurs. In the transi-

tion zone to nearly unaltered basal-
tlc andesite 1s moderately ordered
kaollnlte, alunlt+e and a trace of
monimorillonite. Small amounts of
kaolln were used In ceramlcs manu-

facture In Reno.

395

1.9
freyl). These commonly grow in
highly aclidic —solls produced by
oxldatlon of pyrite and H_S. Normal
sagebrush and other vegefa%lon cannot
grow In the acidlic solls so the plines
have no competition for molsture.

2.0 0.1 Talllngs from 1930s mercury recovery

to south.

Road to Mud Volcano Basin to north.
$S-9 (Table 1) of pyritic silicifled
alluvium from top of knoll to south.

2.1 0.1

STOP 1. Park near sharp right turn
In road. Walk about 300 ft north-
westerly up the slope of Sinter HIII
to an area of chalcedonic-sinter
rubble.

2.2 0.1

This was formerly an excellent outcrop of
sinter Interpreted by White and others (1964) as
older than the 2.5 m.y.-old basaltfic andeslte.
Chalcedonic sinter generally requlres many thou—
sands of years as well as temperatures of near
125°C for converslon from opallne sinter. Note
that 125°C requlres burlal to a depth of about 50
f+ to provide sufficlent pressure for water to
coexlst wlth steam. Gravity-stratified microband-
Ing In chalcedony-fllled cavitlies now dips 30° SE
while rellct sinter banding dips 42° SE. This
Indicates an inltlal dip of 12° SE when the sinter
was calcedonlized and later was tllted 30° south-
easterly possibly caused by the In'trusion of a
rhyolltic dome under Sinter HIIl about 1.2 Ma
(Whlte and others, 1964). MNote the black surfaces
on many of the sinter fragments. - When broken open
clnnabar Is revealed disseminated In the sinter.
The black color develops on exposure to sunlight,
for reasons not well understood. Sample SS-1
(Table 1) comes from thls locality.

0.2 Grove of Jeffrey pline (plnus Jef-
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Walk over crest of hill to the northwest to a erupts Infermitfentiy. One of the
"sauna" bullt over an old geothermal well. Steam older wells, no longer evident, was
often can be seen venting from this area. Note known as the mercury well because 2
the potholed ground In the vicinity., Acld leach- film of metallic mercury condensed on
Ing beginning In 1982 has dissolved the underlying metallic objects held In the escaping
chalcedonlc sinter creating small collapses and gases. Sample SS-4 (Table) Is of
lowered the ground surface as much as a foot. leached, kaollnized granodlorite Just
Return to the vehicles and contlinue west of Nevada Thermal #3. Note the
south on graded road. 2.5 Ma basaltlic andesite higher up on
the slope to the west.
2.4 0.2 To +the west are +three geothermal Proceed uphill on grade road.
wells. The only visible one [Is 1203
ft deep Nevada Thermal #3 whlch 2.85 0.45 Turn rlght up hill.
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Figure 1. Simplified geoclogic map of the Steamboat Springs—Virginia City region, Nevada. Geology modified from
Thompson (1956) and Thompson and White (1364).



Park on drill pad for Phil-
well Cox I|-1 (about

3.0 0.15 STOP 2.
| ips geothermal

3200 ft deep).

To the west Is the old Slllica Pit described by
Schoen and others (1974) converted to a sump for
the geothermal well. About 250 f+ south of the
wellhead on the bank Is basaltlc andeslte com-
pletely replaced by cristoballte opal. Abundant
sulfur Is obvlious In places and has been recently
explolted for flne speclmen crystals. Mlnor cln-
nabar occurs locally. Sample SS-7 (Table 1) comes
from this vicinlty. At the top of the bank to the
south, the translitlon from l|eached to kaollInlzed
to weakly montmorlllonized basaltic andesite Is
exposed. About 200 1t west of the sulfur quarry,
leached granodlorite conslsting of acld pltted
origlnal quartz plus opallne and cristoballte
resldues that retaln +the orliginal volume of
feldspars, blotite and hornblende. Follow the
road west about 350 ft to the sharp bend. Near
the center of the depression about 100 f+ east of
the bend s USGS drill hole GS-7. About 130 f+
south of the bend near the center of the plt are
exposures of pyritic opal and cristobalite re-
placed granodlorite. A few hydrothermal brecclas
occur In thls area. Sample SS-6 (Table 1) Is from
this locallty. High on the plit walls to the
south, abundant clnnabar can be found. About 150
f+ to +the east, several collapse brecclas are
visible In the plt wall. Extreme sulfurlc acld
leaching probably created large volds Into which
overlylng material collapsed. MNote some fragments
are leached basaltic andeslite from slightly above
the rim of the pit and the exireme leaching of the
granodiorite with highly pitted original quartz.
Sample SS-5 (Table 1) Is of this materlal.

Return to vehlicles. Go out road you
came In on.

3.15 0.15 Turn left on to graded road. Note
tableland of basaltic andesite +o
east.

3.7 0.55 Turn right on to road. Tlre nalled
to tree at Junctlon. CAUTION: Thls
Is a poor road, watch for rocks.

3.9 0.2 Bear left. Note chalcedonlc sinter

on slope to north. Note also stunted
Jeffrey plnes growing on the sinter.
Compare these to lJeffrey plnes grow-
Ing on leached or kaollnized rocks in

other areas.
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3.95 0.05 Bear right (stralght).

4.05 0.1 Turn right. Steamboat Dlitch wil| pe
on your left (east).

4,15 0.1 Turn left. Ford over Steamboat
Difch. CAUTION: Use care approach-
Ing the ditch. Qulte bumpy,

Turn right after ford. Exposure
along road Is pyritic partially
cristoballte and opal replaced gran-
odlorite (55-8, Table 1).

4.2 0.05 Essentlally unaltered basaltic ande-
slte caps the granodiorite to +the
north. CAUTION: Many holes In +the
road ahead.

4.6 0.4 STOP 3. Maln Terrace.

Park outslide opening In fence. Cross zone of
open and closed flssures about 400 ft+ to the
nor theast to corroded valve and 4 1+ vertical plpe
of GS-4 drillhole, a core hole drilled by USGS In
1949, In flssures 1s usually about 10
ft deep; mosT flowing springs are at a lower ele-
vation to the east and north, elther seeping or
dlscharging up to several gpm. MNotlce the porous
vuggy nature of most of the sinter,
direct preclpltation of SI0_ as X-ray amorphous
common opal. The different varletles of sinter
and thelr significance are described by White and
others (1964, p. B30-B33) and detalls of the
terraces and flssure systems are shown by White
(1968, plates 1 and 3).

General: Three pumiceous rhyollte domes fo the
northeast (one has an aggregate quarry 11,
ages 1.1 and 3.0 m.a. On the east, volcanic rocks
of the Virginla Range, largely Early Miocene ande-
sites and dacites. To the north, Reno and the
Truckee Meadows. To the northwest, the low |lght-
colored ridge Is the High Terrace (power substa-
tlon and GDA geothermal project on top) which Is
still thermally active but with the water level 40
ft below the surface and dlscharging subsurface;

probably no surface discharge In the past approx-
Imately 30,000 vyears. Farther to the west Is
Sinter HIIl, with a few stunted plne trees, under-
laln by chalcedonic sinter ranging from about 1.1
to 3 m.a. To the southwest, we look over 2.5 m.a.
basaltlc andesite lava that flowed over a pediment
Mesozolc metamorphlic
rocks. The eroded cinder cone forming the appar-—
ent crest (from this view) of the Steamboat HIIls

Water level

formed from

In

cut on granodlorite and
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lacks a crater form and Is 2.5 km from the Main
Up to 6000 ft+ geothermal wells have been
(nor theast) of +the hligh

Terrace.
drilled Just this side
pelnt on the eroded clnder cone.

Walk about 100 ft northwest of GS-4 to the
flssure. This Is spring 39. Remanents of sulflde-
rich mud (gray materlal) are visible downslope
(east) of the flssure which was In continual erup-
tlon from l|ate October 1985 +to February 1986.
S-39 (Table 1) Is of this materlal. The sulfldes
were probably precipltated at depth and carrled In
suspension to the surface. About 50 ft northwest
are two slde-by-side holes (spring 41s). This
spring erupted at the same Time as spring 39
depositing sinter—derived sand with Thin layers of
sulflde-rich mud along the margins of the pits.
S-41s (Table 1) Is the -200 mesh fraction of that
materlal.

Walk 400 f+ northeast to a small sinter cone,
spring 8, at the east |ip of the terrace and just
north of the power Over many years this
spring dlscharged approximately 1 |lter per min.
of water high In Sb (0.4 ppm) and As (3.5 ppm); It
was one of only three springs of the monitored 27
that dlscharged contlinuously durlng seven years of
systematic observation (1945-1952; White and
others, 1964, pl. 4). Stibnlte needles have
formed at times on the walls and bottom of the
pocl. The red-orange layer of sinter around the
vent |s colored by metastibnite (amorphous Sb,S_)
deposited at some unrecorded time after the dée-
talled studlies ceased. Usually, a fransition from
pyrite to sulfur deposition can be seen about one
foot down stream from from the venpt.

Wa lk north about 200 feet to spring 10. This
"geyser" erupts every 10 mlnutes to 4 hours with a
water level change of up to 2 feet (Helnrlick
Koenlg, oral comm., 1986). Note pyrite-rich
opal Ine coatings on the walls of the vent and
occaslonally sulfur. Upslope about 100 ft+ to the
west Is drillhole G5-5, which 1s 574 f+ deep, with
a maximum temperature of 172°C, and studied In the
most detall. Abundant quartz-calcite velns ranged
up to 7 ft+ +thlck and dipped 45 1o 80°E. Some
Is visible, with Ag generally greater
1962; White,

llne.

pyrargyrlte
than 20 ppm (Sigvaldason and White,
1985, Table 1).

Walk about 40 {1 northwest of spring 10 to
spring 11. Usually, when discharging, the north-
ern vent Is lined with sulfur and the southern
vent |lined with pyritic opal. A good example of
strong varlatlon In chemlstry over a very small
distance. Continue north about 75 f+ +o spring

42. Thls spring usually deposits sinfer as a
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gooey hydrous slllica gel In abundance when flow—
ing. Continue north about 100 f+ to spring 12.
About 25 ft+ to the northwest Is spring 13w, which
usually has sulfur-rich and pyrltic vents slde—
by-slde.

Walk to the northwest about 200 ft to the
highest springs that commonly discharge from open
flssures (10 ft lower than the crest of the Main
Terrace farther to south). Springs 23 (In swale
to north) and 24, at fimes of very hligh turbulent
dlscharge, deposit black sl|lceous muds carrled In

suspension. The muds are very metalllferous
(5-24, Table 1) and high In boron (White, 1985,
Table 1). Minute (<0.1 mm) needles of stlbnite

and cublc fo framboidal pyrite occur In the muds.
Near Spring 24 and to the south, note +that
Indlvidual flssures Mopen”™ and "close." The open
parts were formerly Interpreted as "pull-aparts,”
but In places non-matching walls and abrupt clo-
demonstrate that the open parts resulted
and disintegration of sinter
1964, p. B53-

sures
from dlssolution
along fractures (White and others,
B54). Actlve dlsintegration occurs locally and
sporatically In "closed" parts of flssures; dlig
down a few Inches In the loose sinter rubble where
hot vapor Is escaping. Part of the "closed" fls—
sures probably are caused by human activity since
bottles and other human debrls have been found 6
ft deep In flssures fllled by loose sinter rubble
(Heinrick Koenlg, 1986). Also, note
the gradual change horlzontally into coherent
horlzontally bedded sinter. Condensing steam wlith
Hg® and oxIdizing H_S produces native S, pink
dispersed HgS, and s%rongly acid condensates (pH
down fo 1 or less). The acld condensate Inltlally
has no S10_, but Is rapldly saturated with soluble
opallne SIE (approx. 300 ppm at 95°C).

About ng f+ southwest of spring 24 Is the
Rodeo well drilled In 1950. Thls was the first
geothermal well speciflcally exploring for steam
to generate eleciricity.

Walk south along the flssures.
north of the powerline Is a dug out hole.

oral comm.,

About 100 ft
55-10

(Table 1) 1s a sample of sinter from this loca-
tion.
Return to vehlcles. Return on road
you came In on.
5.1 0.5 Ford over Steamboat ODIltch. Turn
right up road on west side of dltch.
5.2 0.1 Turn left.



5.55 0.35 Turn right on to graded road,

6.35 1.8 Turn right on to Nevada Rte. 431.
7.8 1.45 Junction wlth U.S. 395. Continue
straight. Now on Nevada Rte. 341,
Comstock Hlighway.
Hydrothermally altered rocks of +the Gelger

Grade area are as whlte to pale brown patches on
the slopes ahead. Because the pastel colors
contrast with the relatlively dark colors of the
andeslites that have been altered, Thomp-
termed these rocks "bleached." The
strongly altered rocks In the

Is about 14 km ., Alteration
Include: %Iunl+e-quar+z,
pyrophyl | Ite—quartz-diaspore, kaol Inlte—quartz,
i1l 1te-quartz, smectlte—-quartz, metahalloyslite-
quartz, with disseminated pyrlte abundances up fo
20%. The alteration distributlion Is controlled by
numerous fracture zones with roughly N-S and E-W
orientations. These are commonly manifested by
bold exposures of alunlite-quartz alteration.
Hydrothermal brecclas often occur along the frac-
Host rocks for the alteraticn and
Formation and

origlinal
son (1956)
exposed
Geliger Grade area
assemblages present

area of

ture zones.
pyritization are the Mlocene Alta
flows and numerous Intruslons of the Mlocene Kate
Peak Formation. The alteration Is probably about
the same age as the Comstock. The Geliger Grade
alteration probably overlies a burled porphyry
copper system with a possiblity of high-level
massive enargite-gold deposlits as enargite occurs
In a few of the prospects In the area.

8.3 0.5 Quarry for |lghtwelght aggregate
located In a dome of rhyollte of
Plelstocene (1.2 Ma) age can be seen
to the northeast about 1.5 mi. away.

9.5 1.2 Begln climb up Gelger Grade.

10.7 1.2 Clay plt on south side of the high-

way. Materlal from pl+ was used to
make bricks during the first half of
the century. Most of the plit Is In
andeslte of the Alta Formation, but
In the center of the plt Is a por-
phyrltic blotite dacite dike of the
lower member of the Kate Peak Forma-
tlon. All rocks In the pif have
undergone arglllic alteration and all
are oxidlzed, except for several pods

of rellct unoxidized pyrltic rock

400

10.8 0.1
10.95 0.15
11.3  0.35
11.5 0.2
12.0 0.5

with illite and montmorillonite 6 +o
10 ft above the floor of the centra)
part of the pit. Metahalloysite-rich
rocks exposed In the eastermost par+
of the pIt probably originally
contalned hypogene halloysite. Clay

minerals In the rocks In the west
part of the plt, which are transi-
tlonal to rocks with propylitic

assemblage, are more problematic and
could be largely or entirely of
supergene origin. Promlnent resis-
tant ledges across the draw approxi-
mately 1000 f+ to the northeast have
strong alunite-quartz-pyrite altera-
tion.

On both slides of the road are excel-
lent exposures ferricrete, 1iron
oxlde-cemented al luvium.

of

Curve In road. Note adlt to east up
canyon about 300 f+. Dump at the
portal contains fragments of hydro-
thermal breccia wlth quartz-
kaol Inlte-pyrite alteration and
traces of enarglte.

Proceeding up +the Gelger Grade,
note that In many places solils
developed on altered areas support
only lJeffrey plne whereas elsewhere
the vegetation Is malnly plnyon,
Juniper and shrubs.

Unaltered volcanie breccla of the
Kate Peak Formation In roadcuts on
curve. This rock Is typlcal of the
abundant brecclas In the upper member
of the Kate Peak Formation. Frag-
ments and matrix are usually simllar
composition.

Return to mostly altered Alta Forma-
tion.

Pyroxene andesite of the Alta Forma-—
t+lon forms the road to the north side
of the road. Unaltered andesite, In
part with a glassy matrix, Is In
contact with partly oxidized pyritic
propyl Itized andeslte and other
patches of pyrlte-poor to pyrlte-free
propylitized andeslite. The
Is one the few fresh

least

altered rock
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exposures In the type area of the
Alta Formation. Note the promlnent
patches of wunaltered Alta on the
south slde of the highway. The lack
of alteratlon In these patches Is
probably due fto Impermeablllty at the
time of alteration.
12.4 0.4 Roadcut on west exposes rocks wlth
varlably argllilic (montmorillonite,
seplolite, kaollnlte) alteratlon wlth
alunlte-quartz ribs.

12,65 0.15 Gelger Lookout.

Roadcut to the east exposes maitrix supported

hydrothermal brecclas that Irregularly cross cut
the Alta Formatlon. The alteration Is malnly
alunite-quartz, often In the ©brecclias, and
pyrophyl|lte-quartz malnly 1In the unbrecclated

wall rocks. The alunlite contalins subequel amounts
of alunite and natroalunlte components.

To the west at the overlook on the bold outcrop
Is fragment supported hydrothermal breccla. The
alteration Is alunite-quartz. On the south end of
the outcrop is a narrow fluldized breccla. White
cement on the west slde of the outcrop Is super-
gene(?) alunite. A good overvlew of Steamboat
Springs Is from the overlook.

the
road.

0.95 Note +the prominent ledges
hills on both sides of the
These contaln alunite-quartz altera-
Tlon usually hydrothermal
brecclas. Note that other alferation
assemblages are mostly covered wlth
talus and colluvium since they are
much less resistant.

13.6 on

and are

in

14.0 Exposed on the flrst south bend

the road west of the horseshce bend
are malnly alunlte-quartz pyrite
al tered rocks of the lower member of
the Kate Peak Formation. On the
western end of the bend are monimo—
rillonlte-quartz altered rocks.
About on the nose of the bend are
hydrothermal breccias wlth some of
the clasts conslsting of pre-Tertlary
plufonic and metamorphic rocks. Pre-
Tertlary basement crop outs at the
bottom of the Geiger Grade, suggest—
ing at least 1200 ft of vertical

tfransport. Around the west end of
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15.45 1.45
17.4 1.95
18.2 0.8
18.35 0.15
19.2 1.0
20.1 0.9

the bend exposed rocks wl+th
pyrophyl | Ite~quar+z altferation and
alunite-quartz alteration with unoxi-
dized pyrite.

are

Qld Gelger Grade historlical marker on
south slde of highway. Note Jeffrey
pine growth on derlved from
altered rock on slope below. Road
cut to north Is described by White-

sofll

bread (1976, flg. 10) consisting of
propylitized Alta Formation wlth
zones of I1lllte—-quartz and monimo-

rillonlte-quartz.

Gelger Summit., This Is the approxi-
mate southern |Imlit of strongly al-
tered rocks of the Gelger Grade area.
PropylItizatlon continues +fo the
south Into +the Comstock district.
Qutecrops ahead In the dlstance are
unaltered flows of the upper member
of the Kate Peak Formation. Road
cuts ahead are mostly weakly pyropy-
litized flows of the Alta Formation.

Hills In the distance to the east are
underlaln by lavas of the upper
member of +the Kate Peak Formation.

White outcrops are lacusirine sedl-
ments that Infer-finger with the

uppermost part of the Kate Peak. The
tableland to the north Is underlaln
by the late Mliocene Lousetown Basal+t.

Curve In the road is on the northern
part of the Comstock Fault. Kate
Peak Is to the east (hangling wall)
and Alta to the west (footwalll.

Agaln, this curve In the road Is on
the Comstock Fault. To the east

(bul ldozed area) 1Is unaltered upper
member Kate Peak and to the west
(footwall) Is calclite
epldote— bearing propylltized Alta
Formation.

and mlnor

Road cut exposes propylltic altera-
tlon In the footwall of the Comstock.
Rock of thls +ype having the assem—
blage eplidote-alblite-chlorite-calclte
exposed In the Virglnla Clty area Is
the propylite of RlIchtofen (1866).

Most of the road cut Is lahars and



flows of the lower member of the Alta
Formation whlich here overllies Meso-
zolc gabbro about 200 ft below. A
dike of daclte of the lower member of
the Kate Peak cuts the Alta In the
northwestern part of the road cut.
Weak stockwork quartz velnlng occurs
in the road cut. An exposure of
sirong stockwork velnlng occurs a few
hundred feet to the east on the slope
west of the road sign. Visible on
the rlidge to the east past the Utah
Mine dump Is some of the northernmost
exposed acldic alteration In the
hanging wall of the Comstock Faul+t.
This 1s overlaln by the unaltered
upper member of the Kate Peak Forma-
tien.
20.7 0.6 Slerra Nevada Shaft dump to east of
highway. In the road cut to the west
Is the contact of the upper member of
the Kate Peak overlylng altered Alta.
The Comstock Fault Is uphlll +fo the
west. Dlisplacement of Kate Peak on
the fault Is about 1500 feet.

En'rr‘gnce to the Cedar HIIl PIt to the
west. PIt has the only exposed cal-
clte velning on the surface along the
Comstock.

21.05 0.35 Enter Virginla City.

21.25 0.2 STOP 4. Turn left Into rest area,
north end of C Street (Rte. 341).

From here much of the north and middle parts of
the district are visible. The discovery of silver
made by O'RIley and MclLaughlin In 1859 was just
downhl!ll from the Ophir PIt about 1000 ft fo the
southwest. About 1500 ft+ to the north Is the
Cedar HII| PIt with serictic alteration and stock-
work velnlng exposed above the plt. About 5500 f+
to the SSW Is the Loring Cut. This line of pits
deflnes the surface frace of the Comstock Lode.
Note also the escarpment formed by recent movement
of the Comstock Faul+t. Surface exposure of the
Lode Is very poor, mostly covered by dumps and
alluvlum. The lode dlps about 35° E. Numerous
dumps are vislble from the varlous shafts that
explored the lode at depth. To the NW about 3000
f+ Is the Slerra Nevada New Shaft, the northern-

most productive mine. To the SE about 1000 feet
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(near the swimming pool) Is the Ophlr Shaft.
About 2000 ft+ to the south are dumps from the
famous Con. Virginla.

Contlnue south of Rte. 341.

21,35 0.1 Turn left onto Carson Street (follow
arrow to cemetery).
21.4 0.05 Bear left to cemetery (follow slgn).

21.6 0.2 STOP 5. Cemetery parking lot.

Boulders around the parking lot Include good
examp les of stockwork veinlng from the Ophir pit.
Note numerous generations of velning, a few of
which have adularia (whiter that quartz on margins
of velns). Also blocks of the upper member of the
Kate Peak Formation quarried for use as founda-—
tlons for bulldings and headframes.

Walk through the maln gate of the Masonlic
Cemetery 1o the top of the hill behind the grave
of Col. Storey (namesake of county) about 1200 f+
east of parking lot. Good examples of highly
sllicifled, weakly alunltized hydrothermal brec-
clas In the Altfa Formation. These are surrounded
by pyrophyl |l ite—quartz and kaclinlte—quartz alter-
atlon (poorly exposed). About 1600 ft+ below Is
anhydrlte—quartz—-11|Ite—-pyri+te alteration exposed
In a crosscut. The alteration exposed on the
surface grades Info the anhydrlte-bearing assem-—
blage a few hundred feet beneath the surface.
Thls outcrop probably origlinally lay about 300 to
500 ft below the paleosurface at the time of
hydrothermal activity. )

Walk northwest through the hole In the fence

and down the steep slope to the road. The pros-—
pect pit along the way exposes kaollnlte-quartz
alteration. East along the road Is the Unlon
Shaft dump. Much quartz veln material near the
shaft contalns galena, sphalerite, pyrite and
chalcopyrite. Bordering Sevenmlle Canyon, about

2000 ft NE, are bold exposures of alunlte-quartz
alteration. Farther along that trend of bold
outcrop (near the Scorplon dump visible near the
top of the rlidge) Is a porous siliclfled zone with
minor disordered kacllnlte which may be weathered
exposures of +the anhydrite-bearing assemblage.
Follow the road west to a large Jeffrey plne south
of the road.

Just east of the Jeffrey plne Is a hard ledge 3
to 4 f+ wide of alunlte~quartz alteration bordered
by a 1 to 2 ft+ zone of pyrophyllite-quartz altera-

tlon. Thls Is bordered by kaollInlte-quartz alter-
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atlon to west of the tree and east to the gully In
the slope. Zoned farther out Is 1lllte-quartz
with minor monimorillonite. The host rock is the
Alta Formation. The zonlng of alteration exposed
here Is rather typlcal of the hlgh-level altfera-
tlon In the dlsirlct. Thls agaln passes downward
to anhydrite—quartz-1llite-pyrite within a few
hundred feet.

Return to the parklng lot. Good example of
propylitic alteration wlith epldote and trace
calclte exposed along the road.

Follow road north out of parking lot.
21.8 0.2 Turn rlght onto Carson Street.
21.82 0.02 Turn left onto D Street.

21.9 0.08 Cross Sixmlle Canyon Road then bear
left onto E Street (dirt road).

22.0 0.1 V&T depot to right. Dump of Con.
Virginla Shaft to east and C & C
Shaft farther to east. Con. Virginia
Bonanza orebody |les between the
shafts. Orebody about 1100 ft north
+o south, tops out about 1000 ft
below the surface. Between 1872 and
1881 ylelded 27,800,000 oz. Ag and
1,400,000 oz. Au from 800,000 tons of
ore. The orebody lies In the hangling

wall of the Comstock Fault and dis-.

placed downward some 1500 ft+ to the
east relative to the orebodles along
the maln lode by positmineral move-
ment.

22.2 0.2 Turn left onto Taylor Street, +turn
right behind St. Mary's In the Moun-
talns Church onto F Street.

22.3 0.1 Washington Street. Go stralght.

22.95 0.15 Cross VY&T tracks. Savage Mine dump
to east.

22.6 0.05 New Savage Mine portal to east behlnd
metal building.

22.65 0.05 Hale and Norcross dump tTo east.
Combination Shaft farther to east.
Deepest shaft In district at over

3200 ft.

22.75 0.1 Chollar Mine fo east. Orliginal adl+
open to tourists.

22.9 0.15 Turn left onto Rte. 341, Occldental
Grade.

23.25 0.35 Cross bridge over V&T tracks. About
200 ft north of highway on road east
of 1racks Is an excellent example of
fragment-supported hydrothermal brec—
cla wlth alunite—-quartz alteration.
Note extensive area of alferation to
east and south. Most bold outcrops
are alunite-quartz and some have
hydrothermal breccias.

23.5 0.25 Note rocad cuts In propyll+tized Alta.
Assemblage contalns eplidote west of
the highway and abundant calclite with
Iittle of no epldote east of the
highway.

24.1 0.6 South of curve along road to Forman
Shaft are southernmost exposures of
alunlte-quartz alteration In hanging
wall of Comstock Lode.

Rldges to north and south capped
by Knickerbocker Andesltfe.

24.9 0.8 STOP 6. Occldental Lode.

Walk up hill fo northwest. Note quartz after
calclte Infloat near base of hlll. Contlnue
uphlll along lode. Note massive calcite, often
cementing propylitized Alta, crosscuiting quartz
and calcite velns, and banded calcite. Slicken—
slded sufaces result from posimineral movement of
fault. Footwall (west) has good exposures of

epldote-bearing propylitic alteration with |Ittle
or no calclite replacement. Note lack of pyrite In
velns. About 300 to 400 it down dlp, calclte

passes Into quartz-adularla velning wlith several
percent pyrite. Continue up past open stopes.
Note there Is no apparent Indication of ore versus
waste. AT about 6000 f+ elevation, the lode
passes rapldly vertically to a reddish silicifled
porous |imonltic rock with stockwork quartz velins.
This 1Is probably supegene leached anhydrite-

quartz-Iillite alteration. A few ocurrences of
calclte are exposed up the hill, but this marks
change Iin lode mineralogy. |1¥ one were to con-

tinue over the top of the hill back to about 6000
f+ elevation, the lode changes back to mos+tly

calclte. The sllliclfled, stockworked rock con-
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talns anomalous Au and Ag values.

" Walk east from the lode over the hill. You are
now on the hanging wall of the Occlidental Lode and
on one of the few exposures of flows of the lower
member of the Kate Peak Formation. Rock Is pro-
pylitized with varlably epldote and calclte.
Reddish upper member of the Kate Peak on the
ridges to the east. From the top of the hlll about
2000 f+ to the southeast is a |lght-colored, tree-
covered knoll just below the contact of the upper
Kate Peak. On this knoll Is cristobalite-opal kao-
Iinite alteration very simlilar to that in the
Sillca plt at Steamboat Springs. This alteratlon
probably formed above the paleowatertable at the
tIme of hydrothermal activity In the disirict.

Continue downhlll across the road to about 1000
ft+ east of the lode.

Small bold outcrop Is excellent exposure of
quartz—dlaspore alteration. Several faults lle
between this exposure and the Occldental Lode, so
that +hls was formed about 500 ft higher +than
where you left the lode. Walk south across road

to outcrop.

Near the road Is 1llite—quartz alteration. Top
of outcrop Is kaolInlte-quartz alteration. South-
slde of outcrop Is quartz-dlaspore. Note the

similar lateral zoning to that at the Masonlic
Cemetery. Alunlte—quartz ledges are exposed to the
east and north.

Walk back to vehlicles. Abundant float of
Knlckerbocker Andesite along the way. Red Jasper
common In Knickerbocker and underlying propylitiz-
ed andesites.

Continue south on Rte. 341.

25.8 0.9 Occldental Lode exposed on ridge to
west. Malnly calclite as at.stop 6.
Weak ly propyllitized Alta In road cut.

26.0 0.2 Lyon County llne.

26.25 0.25 Reddlish outcrop on curve Is lahar of
upper member of Kate Peak Formation.

26.8 0.75 Begln exposures of mudflows and brec—
clas of the lower member of the Alta
Formation. Epldote—bearing propy-
I1+lc alteration.

27.4 0.6 Santlage Canyen Tuff exposed In road

cuts ahead. Underlies the Alta.

27.7

28.0

28.15

28.3

28.6

28.85

29.3

29.6

29.8

29.9

30.0
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0.3

0.3

0.15

0.45

0.3

0.2

0.1

0.1

Return to Alta Formation Is road
cuts.

Turn rlight onto Rte. 342. Gold
Canyon. Gold discovered In 1850 by

travelers 1o Callfornia at mouth of
Gold Canyon at +the Carson River.
West of Junctlon Is (was) Nevex Gold
Co.'s proposed open plt on the Sllver
City Lode.

Enter Silver City.

Amerlcan Ravine tTo west. Grosh
Brothers prospected thls area for
silver In mid-1850s but died before

finding mineable ore. Most of Gold
Canyon placered but total production
and payings small.

Central Sllver City.

Devils Gate. Good exposures of lower
member of Alta Formatlion. Sllver
Clty Fault zone +to west. Enter

Storey County.

Lucerne Cut to west. Massive calclte
exposed between Mesozolc andesite
(footwall) and Santliago Canyon Tuff
(hanging wall). East fault of Sllver
Clty Fault zone Just west of highway
Juxtaposing tuff and Alta to east.

Road 1o left at base of Justice dump
leads to the Drysdale plt about 0.6
mi south. Exposed In plt Is massive
calclte and stockwork velning Is a
footwall splay of the Silver Clty
Faul+t. Good examples of  blocky,
often highly zoned calcite, lamellar
calcite, and calclite partially or
totally replaced by quartz.

Headframe tfo east Is Lady Washington
Shaft.

Overman 2 pit to west on Silver Clty
Lode. Footwall
ber and hanging wall Is upper member
of Alta Formation.

(west) Is lower mem—

New York Shaft headframe to east.




30.5 0.5 MIne car found In Hale and Norcross
dump dlsplayed on dirt road to west.
Twin Peaks (east) and Crown Point
Ravine (out of slght to west) are the
type locallties of Tpropylite" of
Richtofen (1866). The assemblage on
Twin Peaks conslists of alblte, chlo-
rite, and minor epldote and calclte.
The assemblage In Crown Polnt Ravine
Is alblte, chlorite, epldote, and
trace montmorillonite with widely
scattered quartz velnling.

30.8 0.3 Crown Polnt Mine to west. The other
ma jor deep bonanza orebody |les about
1000 f1 beneath the hlighway. DIscov—
ered a year before the Con. VYirglinla,
production from +the orebody was
slightly larger with an average grade
a blt lower than the Con. Virginia.

31.1 0.3 Turn left onto dirt road.

31.15 0.05 To the north Is the Gold HIll depot
of +the Y&T Rallrcad. Farther north
Is the Con. Imperlial pit. Orliginal
gold discovery In quartz made where
plt 1Is now by James Flnney (Old
Virginny) In Jan. 1859 and was known
as Gold HIll.

31.25 0.1 STOP 7. Park near outcrops south of
wooden ore chute on north side of now
filled-In Crown Point Ravine.

These exposures are about 350 ft above the top
ot the west Yellow Jacket orebody. Note the
stockwork quartz velning, a few of which have
adularfa. The host rock Is the lower member of
the Alta Formatlion. Also note patches of serl-
cltic alteratlon as Irregular pods distributed
through the outcrop. The greenish altered rocks
have the assemblage chlorite and Illlte with
elther alblte or adularla. Some zones are adu-
larfa rilch and others alblite rich, but cannot be
distingulished In outcrop. This alteration assem-
blage resembles propylltic alteration but rarely
contalns elther epldote or calclte and 1s typleal
of alteration along the lode, together wlth seri-
cltlc alteration. The distribution of alteration
exposed here Is typlcal of the lode and nelther
type of alteration can be correlated wlth ore.
Some of the rock In thls outcrop could be conslid-
ered low grade ore.

CAUTION: Do not enter the Con. Imperlal PIt.
Much has been backfilled and the walls are very
unstable. The poor exposure [n the plIt Is not
worth the risks. About 0.3 ml south, Just west of
the haulage road, Is dump materlial from the Con.
Imperial PIt. Excel lent examples of stockwork
velning In unoxldized rock with abundant adularia

are present on the dump.
Return to highway.
31.4 0.15 Turn left onto Rte. 342,

31.95 0.55 Turn left opposite Comstock Motel
onto Ophir Grade.

32.0 0.05 Turn rlight ("WATCH FOR HEAVY EQUIP-
MENT" slign). STOP 8.

Park south of cable across haulage road. Lor-
Iing Obester pit. Walk down haulage road., West
fault of Comstock Fault zone vislible as scar above
water tanks. East fault Iles between pl+ and Rte.
342. Upper member of Atla and Davidson Diorite
exposed In plt along wlth numerous small faul+ts.
Good examples of quartz after lamellar and blocky
calclte exposed on the west end of upper bench.
Third bench down has exposed back fllled square-
sets from +the 1860s. Grade of ore adjacent to
backflll Is about 0.1 oz/ton Au and about 3 oz/ton
Ag. To the west about 100 ft+, the rock Is barely
anomalous In Au and Ag. Nofe the rock looks very
much the same. Locally some of the highly gougy
materlal makes hlgher grade ore.

Return to Rte. 342.
321 0.1 Turn left (north) onto Rte. 342.

32,35 0.25 Junctlon with Rte. 341.

END OF ROAD LOG
Continue north on Rte. 341.
Junctlon with U.S. 395, 14.5 mi.
Junctlon with [-80, 24.7 mi.
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N B e SO T L U N

STEAMBOAT SPRINGS GEOTHERMAL AREA
WASHOE COUNTY, MEVADA

Donald M. Hudsen
Consul tant

INTRODUCT ION

Steamboat Springs geothermal area |les approxi-
mately 16 km south of downtown Reno, Nevada.
Discharge of thermal waters and gases from an area
of of about 5 kln2 over the past 3 m.y. are now
mostly restricted to the Maln Terrace Just west of
U.S. Hlighway 395 (Flg. 1) and the Low Terrace to
the southest. Of the active geothermal systems
studled In the world, Steamboat Springs has the
longest and one of the most complex geologlc his-
torles (Flg. 2; White and others, 1964; Sllberman
and others, 1979).

The hot spring waters have been used In local
spas and heating since the early 1900s. Several
attempts were made In the 1950s and 60s 1o explore
for geothermal steam for electrical power genera-—
+ion. Beglinning In 1975, Phillips Petroleum Co.
drilled numerous temperature gradlient heles as
well as production wells ranging from 100 to near-
ly 2000 m deep Indlcating a reservolr temperature
of 228° C (Phillips Petroleum Co., unpub. data,
1981), with the hlghest tfemperatures encountered
about 2.5 km southeast of the Main Terrace and
ITttle surface evidence of hydrothermal activity
directly above. Currently, Geothermal Development
Associates Is developlng a 5 mw geothermal elec-
tric plant about 1 km northwest of the Maln
Terrace.

Interml+tent small-scale mining has occurred In
the area. Probably less than 100 flasks of mer-
cury have been produced from the district from
several small mines In leached granodlirlte and
basal+lc andeslte, and sinter (Bonham, 1969).
Some slllca, shipped as glass sand, was produced
from the Silica PIt+ (Flg. 1), and a small amount
of kaolin was mined for brick manufacture In Reno
from the Clay (Falth) plt+ (Papke, 1969).

STRAT IERAPHY
The Steamboat Springs area Is underlalin by
pendants of early Mesozolc metavolcanic and meta-
sedImentary rocks In late Mesozolc granodlorite.
Eroslonal remnants of the early Mlocene Alta For-
mation locally |le unconformably over the Mesozolc
rocks. A few dlkes of early middle Miccene Ka+te

Peak Formatlon occur In the area. In the vicinity

Reno REsort
=]

in s

¥oleano pgy:

¢
Mud

>
@m Wil

A
TRy
é,é : I

5
N

N

/
i

/

EXPLANATION
cantact
‘L__E‘I”_MD Ft Quatermary E Alluvium fault or fissure
o] S00Ometers maasalri: andesite
B T Mostly met hie and
Cantour interval (0O FL quaternary { F T g .o

4 geochamical somple

Figure 1. Generalized geoclogic map of the Steamboat
Springs geothermal area, Nevada (redrawn from Schoen
and others, 1974) showing geochemical sample locations
for table 1.

of Sinter HIIl (Flg. 1), the basement rocks are
unconformably overlain by approximately 3 m.y.—old
sinfer which 1Is overlalin by basaltlic andeslte
erupted from a vent near the crest of the Steam—
boat HIlls which has ylelded a K-Ar age of 2,53 +
0.11 Ma (Sllberman and others, 1979). The thermal
area occurs approximately on a northwesterly
striking llne of four known rhyollte domes. About
5 km southwest of the Malin Terrace Is the largest
of the domes which ylelded a K-Ar age of 1.14 +
0.04 Ma. One and one-half fo 5 km fo the north—
east of the Maln Terrace are three domes ylelding
ages of 1.2 to 3.0 Ma (Sllberman and others,
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1979). In the vicInity of Sinter HIII, uplift and
+11+ing of the older sinter may be atiributable to
another burled rhyollfe dome (White and others,
1964). Plelstocene sediments and Inferbedded
sinter overlle the basaltic andesite In low-lying
areas (Flg. 2). An outflow apron from a hydre-
thermal exploslon breccla occurs around Mud VYol-
cano Basin (Fig. 1) and Is belleved by White and
others (1964) to be late Plelstocene (pre-Tahoe
glaciation). Holocene sinter occurs mainly on the
Maln and Lower Terraces Just east and west of U.S.

Route 395.

STRUCTURE

The following structural description of the
Steamboat Springs area Is summarlized from White
and others (1964).

The Steamboat Hills has been a topographic and
structural high during the late Cenozolc. Ma jor
structural relief was formed prior to the eruption
of the basaltic andeslite.

Three systems of normal faults are recognized
In the thermal area. An east-northeast system
lles parallel to the axls of the Steamboat HIills,
restricted primarily tfo the basalflc andesite and
older rocks. Down-thrown slides tend to be towards
the axls of the hills. MaxImum post-basaltic
andeslte displacements are about 30 m, but earlier
movements could be much greater. Northwester ly
striking faults Tn pine BasIn are probably contem-
poraneous wlth the east-northeast system. The
nearly north siriking system of faults are the
most numerous and many are antithetic. YoungestT
movement Is clearly pre-late Plelstocene (pre-Lake
Lahontan), but most of +the displacements were
earlier than the basaltic andesite. Total dis-
placement on the Steamboat Springs fault system
that provides the structural control for the Maln
and Low Terraces may exceed 300 m to the east.

SINTER

Slllca deposlited from flowing springs occurs as
a hydrous sllica gel that 1s commonly finely
Interlayered with algae. Gases trapped under the
silica gel lend a bubbly appearance to the gela-
tinous sinter with the porous texture preseved In
the younger partlally dehydrated opaline sinter.
Recently deposited sinter consists of opal which
inverts fo beta-cristobalite with Increasing depth
and age of the sinter and becomes domlinately
chalcedony (wlthout opal) In the oldest sinter
(Whi+e and others, 1964).
sinter for a time and at other times the hot

waters may rapldly dissolve the sinter, particu-
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Figure 2. Composite stratigraphic relations for
Steamboat Springs (redrawn from Silberman and
others, 1979, fig. 3).

larly In erupting springs. Open fissures on the
Maln Terrace are probably created by dissolution
of sinter along fractures during low water condi-
tlons by sulfurlc acid condensed on the walls of
the flssures (White and others, 1964). Collapse
of sinter on Sinter HIll beglinning 1982 also may
have been caused by leaching by sulfuric acid

above a steaming water table.

ALTERATION
Where the water table |les well below the
surface, such as In the Slllica PIt (Flg. 3), H S
oxldlzes to sulfurlc acld by reactlion with atmos-

Sw NE
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- 5100
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-
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| -5000
Quarte Opal --_7_- _______
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mm = -l wWATER LEVEL od
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=T T e 122 - 4900
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lenite
— I Basaltic andesite k
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| i
i Gronodiarite | 4800
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o] 50 100matars

2X Verticol exoggerotion

Figure 3. Geologic cross section of the Silica Pit showing
wall-rock alteration in core from drill hole GS-7 (redrawn

from Schoen and others, 1974, fig. 3).
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Steamboat Springs, Nevada (ppm)i

TABLE |. Geochemical analyses from

Ag As Au Cu Hg Mo Pb Sh Sn Tl in Cd Ga Pd Se Te
$5-1, older sinter from .51 <1.0 w22 5.2 662.0 .8 5.0 12.9 .6 £.5 5.4 <.5 <.5 <.25 £2.0 <.5
Sinter Hill
$5-2, younger sinter from .18 <1.0 <.05 3.8 53.4 <.5 1.0 34.6 .6 <.5 6.1 <.5 %.5 <.25 <2.0 <.5
Sinter Hill
55-3, ejecta from hydrothermal .16 99. 1 <.05 %] 13.4 <.5 4.5 50.8 3.2 25 5.7 <.5 & L 1 <2.0 <.5
explosion breccia apron
55-4, leached granodiorite .05 37.0 <.05 20.4 5.9 .9 1.3 17.3 2.5 <.5 10.1 <5 2.4 €25 £2.0 <5
near Nevada Thermal #3
$5-5, collapse breccia in .06 15 <.05 20.6 1.7 <.5 2.4 .4 2.8 <.5 6.3 €8, #.8 €.25 <€2.0 <.5
leached grancdiorite in
Silica Pit
58-6, pyritic leached .08 <1.0 <.05 33.9 412.0 <.5 8.7 & 1.6 £.5 4.9 <.5 5.4 <.25 €2.0 <.5
granodiorite in Silica Pit
55-7,leached basaltic .06 <l.0 <.05 1.6 4.8 <.5 2.7 4 . <.5 Sal— %5, %5 €25 <€2.0 <5
andesicte easc of Silica Pic
$5-8, pyritic leached .06 197.0 <.05 10.2 11.6 <.5 6.4 2.0 1.7 1.6 7.9 <.S 5.8 <.25 €2.0 Il S
granodiorite near ford
over Steamboat Ditch
$5-9, pyritic silicified 39 847.0 <.05 10.2 11.6 .5 1.7 41.0 { sk 1.6 21.2 <.5 & <.25 <2.0 <.5
alluvium SW of Sinter Hill
$5-10, siater near spring 1.01 9.7 18 3.2 G5 .5 L 33.7 1.0 6 6.0 5 £.5 <€.25 <2.0 <.5
39 on Main Terrace
5-24, black mud from 39.0  1384.0 0.3 572.0 458.0 <.5 69.4  12000.0 209.0 1107.0 79.0 <.5 6.5 .33 31,8 <5
spring 24 on Main Terrace?
5-39, black mud from T 196.0 LEB R 61.7 29.2  <.5 10.9 459.0 2.3 155.0 53.3 4.5 23l £.25 <€2.0 <.5
spring 39 on Main Terrace?
§-41s, black mud Erom 27.3 81.1 2.46 36.5 38.3 <.5 10.9 129.0 2.0 40.0 60.9 <.5 1.0 €.25 <2.0 4.5

spring 4ls on Main Tecrace?

Tsamples collected by D. M. Hudson, May, 1986 except for 5-39 and S-4ls
collecced from erupting springs December, [985

Analyzed by ICP by Geochemical Services, Inc.,
?Sulfide-rich

Torrance, California

=200 mesh fractienm

pheric oxygen, possibly faclllitated by bacterla
(Ehrlich and Schoen, 1967). The descending acldic
water leaches the rock leaving opal, anatase and
residual original quartz. In the flrst few meters
below the water table, dlilutlon of the acid re-
sults In alunite and cristobalite replacement of
the rock. Further dilutlon results In kaolinite
and quartz or cristoballte replacement for the
next few meters below the water table (Schoen and

others, 1974).

Hydrothermal alteration below the water table
conslsts of replacement of wall rock by quartz and
K-feldspar above about 100 m depth, passing Into
Illl+e and mixed-layered 11!|T1te-montmorillonite,
particularly as selvages around quartz, calcite
and/or pyrite velns, at greater depths. Alblte

and calcite replacement of plagloclase, and chlo-
rite and calclite replacement of mafic minerals,
occurs below 100 m and becomes the domlnant alter-
atlon assemblage wlth Increasing depth (Sigval-
dason and White, 1961, 1962; Schoen and White,
1965, 1967).

GEOCHEMISTRY AND MINERALIZATION

The Steamboat Springs geothermal system Is
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Bi and Pt < .5 ppm for all samples

noted for anomalous values of Ag, As, Au, Hg, Sb,
T1, and B (Table 1; and White, 1981). Based on
|Imlted sampling the system tends to be low In Cu,.
Pb, Mo, Zn, Cd, Se and Te (Table 1), but In a few
Instances high Cu, Pb and Zn occur In sulflide-rich
material (Table 1; White, 1981, Table 2). SilI-
ceous sulflde-rich muds deposited on the Main
Terrace with highly anomalous metal values (S5-24,
S5-39 and S5-41s, Table 1) preclplitated minerals

at an unknown depth and were carrled to the sur—
In suspenslion during a perliod of high turbu-

lence. White (1985) notes a sifrong tendency for
Au, As, Sb, Hg, T1 and B to concentrate In the
near-surface environment of the active system and
Ag concentrating In the middle and deeper parts of
the explored system. Cinnabar Is vislible locally
In all ages of sinter and In aclid-leached rocks.
Clinnabar has not been observed below 15 m depth
from drillholes (White, 1985). Stibnlte and
metastibnite occur as needle-llke crystals 1In
several hot-spring pools and was recognlzed In
drill core up to 46 m below the surface up To a
temperature of 146° C (White, 1967). Pyrargyrite

was Identlifled at 72.5, 83.2, and 107.6 m deep In

face



drillhole GS-5 on the Maln Terrace but not recog-
nized In any other drilling (White, 1985). Pyrlte
Is typlcally cublc In most observed localities but
tends to be framboldal In erupted siliceous muds
‘on the Maln Terrace. In acld-leached rocks formed
above the water table, Hg and to a lesser extent
As and Sb are anomalous Indicating vapor transpor-

tablity. Native sulfur 1s also common In the
acld-leached rocks resulting from oxidation of
H So
2

THERMAL WATERS

Hydrogen and oxygen Isotoplic data Indicate the
Steamboat Springs geothermal system ls a meterolc
water system, although a small amount of magmatic
water content could be present. Nehring (1980)
determined the source of the water to be from the
Carson Range to the west with llight delta-D values
and virtually no Interaction with groundwater
In the Immedlate vicinity of Steamboat
Springs. Hot water ascends along deep faults and
vents to the surface or migrates laterally In
unceménted alluvium, Exchalnsqe with wall rocks
ylelds up to a2 3 per mll 0 shift. Tritium
In thermal dlischarge waters suggest a
reslidence time of much greater than 50 years
(Nehring, 1980).

Bolling occurs In upper parts of the geothermal
system. Sigvaldason and White (1961, 1962) note
water temperatures at the bolllng polnt for two
drlllholes Inltlating about 70 m deep while waters
Iin other drillholes were somewhat below the boll-
Ing curve. Calculatlons based on delta-D and
chloride data suggest Initlal bolllng ftemperatures
for varlous drillholes range from 210 to 170° C
(Nehring, 1980) or up to 200 m for pure water.
Nearly all springs are saturated or supersaturated
with calclte (Nehring, 1980) and although neo
‘calcite precipitetion Is known from the surface
deposits, several drillholes have calcite velns
(White and others, 1964), probably preclpltated
from bollling hydrothermal flulds.

Seasonal fluctuations and seismic activity
creates wlde variations In discharge rates (White
and others, 1964). Indlvidual springs have been
actlve for decades while others start and stop
over perlods of weeks or months. Recent prolonged
venting of a deep geothermal well about 2.5 km
southwest of the Maln Terrace apparently lowered
water levels on the Maln Terrace up to one meter
within a few weeks of the start of venting and a
recovery of water levels within three weeks of the

sources

values

venting, Indicating a relatively rapid

In discharge conditions within the system

end of
change
(D.M. Hudson, personal data, 1986).
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Given the approximately 3 m.y. history of

thermal activity, White (1968) estimates 3000 km
of magma would be required If geothermal activity
has continued at present rates of heat flow by
conductive loss of heat. White (1985) conslders
Intermittent activity during at least 10 percent
of the total tIme (0.3 m.y.) to be a reasonable
estimate of geothermal activity. Also, the puny
volume of rhyollte evident In the vicinlty would
not sustaln contlnuous geothermal activity for 3
m.y. unless a huge magma chamber at great depth
were to supply Intermittent pulses of magma to the
near—surface environment.

CONCLUS |ON

The Steamboat Springs geothermal area serves as
a modern analog for many hydrothermal ore depos—
Its. The shallow bolling system has many of the
features of eplthermal and hot springs deposlits
found through out the world. Study and under-
standing of thlis modern metal-depositing system
can l|lead to a better understanding of and explo—
ratlon for fossi| hydrothermal systems.
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SUMMARY OF THE GEQLOBGY OF
THE COMSTOCK DISTRICY, NEVADA

Donatd M. Hudson
Consultant

INTRODUCT ION

The Comstock disfrict ltes In the Virginia Clty
a, about 30 km scutheast of Reno. The discov-
- of low—grade placer gold in 1850 was followed
discovery of lode sllver and gold in 1859
ith, 1943). The main pericd of production,
m 1863 to 1880, combined with Tinfermitient
duction by underground and open pit methods fo
> present has vyielded over 260 million grams of
d and 6 billTon grams of sliver (Bonham, 1969).
: history of the Comstock disirict is long,
plex and Interesting. For a complete early
,fory, +the reader Is referred 1o the excellent
mary by Smith {i943}. The tmportant previous
logTc studies were by Becker {1882), Glanella
36) and Calkins {1944). The followlng is a
wary of unpublished geologle Investigatlions by
elf from 1983 +o the presen¥, except where
Tcated.

STRATIGRAPHIC AND STRUCTURAL. SETTING
The base of the stratigraphic section conslsts
early Jurassic argillife and |imestone of the
~dnerviile Formation overthrusted by Mesozolc
ta—andesite, metadiorife, and metagabbro of the
1vine Sequence, The age of thrusting ¥s prob—
ly middle Jurassic, These rocks are Intruded by
te Mesozoic granodiorfte and granlte. The Meso-
ic rocks are unconformably overlaln by silicic
1-flow fuffs Tncluding (from oldest to youngest)
» Mickey Pass Tuff, the Lenihan Canyon Tuff, the
1@ Hill Tuff, the Santiago Canyon Tuff, and an
amed tuff, which range Tn age from 28 to 20 Ma
'ngler, 1978}. Unconformably overlying the
ffs and Mesozolc rocks are over 1000 m of andes—
fc flows, flow breccias, mudflow breccias, and
sustrlne sediments of the early Miocene Alta
-mation, +the main host rock for orebodies in the
str1ict. The above sequence is Tntruded by horn—
snde andeslte prophyry dikes and stocks and
»cks and dikes of the Davidson Diorite (ranges
m diorite to quartz dlorite to granodiorite to
jeslte porphyry). The Davidson Dlorite has

slded K-~Ar and {isson-track ages of about 17 Ma
L. Silberman and R. P. Ashley, unpub. data,
'6}. Overlyling the Alta Fermatlion are andesltic

to dacitlc {flows with accompanying dikes and
stocks of the lower member of the Kate Peak Forma—
+Ton, Durling the tatder stages of emplacement of
the lower member, normal faufting, minerallzatfon,
and alteration occurred. Adularfa from the Com-
sfock and Cccidental Lodes have ylelded K-Ar ages
of 2.6 to 13.7 Ma (Bonham, 19692; Whitebread,
1976). The upper member of the Kate Peak Forma-—
tlon, which displays the same textures and compo-
sltlen as the lower member, was emplaced on an
eroslonal surface developed on the altered rocks.
The upper member has ylelded K-Ar ages from horn-
btende and biotite ranging from 12.3 1o 14.9 Ma
{Wh1tebread, 1576). following a perlod of ero—
sional and structural quiescence, the late Mlocene
or Pllocene Knickerbocker Andeslte covered much of
the distrlet vp to 20 m thick., Renewed normal
fauiting commenced about 2.5 to 3 Ma (Birkeland,
19631, An olivine basalt, which has yleided a2
whole rock K-Ar age of 1.14 Ma {Doeli and others,
19661, erupted from the east side of McClellan
Peak and flowed down AmerTcan Ravipe, part of the
topography developed as a result ot the recent
tectonlsm and upllft in the area.

The major structures that predate, or are syn-
chronous wlth, minerslization are the Comstock,
STiver City and Occidental faults (Flg. 1). Hu-
merous iractures or smal] fsuits are occupled by
silictfled ribs, alunlte-quartz ledges, hydrother—
mal breccias, or veins. These relatlons, combined
with the presence of gouge cemented by veln mater-—
1al and gouge displaylng numerous eplsodes of
brecciation and recementation, suggest that miner—
alization was contemporanecus wlith movements of
the faults. Dip-slip displacement on the Comstock
and Stiver City faults that predated, or was syn~
chronous with minerallization, can be estimated o
be about 400 m {from offsets of the ash-flow fuffs
and lacusfrine sediments 1n the Alta Formation.
Early movement on the Occidental fault slmllarily
can be estimated at about 100 m by cffset of
lacustrine sediments in +he Aldta Formation. Post-
Miocene dip-sklp displacements are estimated from
offset of the Knickerbocker Andesite and the upper
member of +the Kate Pesk Formation fo be 400 to 500
m on +he Comstock fault zone, about 250 m on the
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Stlver Clty fault zone, and up to 200 m on the
Occldental fault. This recent movement on ‘the
Comstock and Sliver City fault zomes occurred
along pairs of paraltel major fauits that, with
few exceptions, bound the eariler minerallzed
faults on either side with lesser displacement
faults occurring between the major bounding
faul+s., The major bounding faults of the Comstock
fault zone are about 50 m apart at depth and splay
apart to nearly 200 m at the surface. The Com
stock, Sllver Clty, and Occldental faults dip 40
to 35 degrees Yo the east and flatten slightly
with depth, but near +the surface +the Comstock
fault bends to nearly vertical (Fig. 2}). These
faults have boen roteted fo lower than original
dips by post-Mlocene westward 1t11ting as shown by
westward dips of the Knlckerbocker Andesite of 10
to 15 degrees. A number of other post-Miocene
normal faults, generally of small displacement,
parallel t+he Comstock fault zone or have roughly
eastwest sirikes (Fig. 1),

STRUCTIRAL SETTING AND MORPHOLOGY OF OREBODIES

Most of the known orebodles occur within the
Comstock or Sitver Clty fault zomes. A few ore-
bodles occur Inm hanging wall fractures of the
Comstock fault zone, such as +the famous Con.
¥Iirginia bonanza, and a few small orebodles occur
in the footwall of the Comstock and Siiver Clty
feul tzones as well as in the Occidental fault.
The wvertical extent of orebodies rarely exceeds
150 m and sirTke fengths rarely exceed 300 m with
minirg widths up fo 45 m (Becker, 1882). Anoma-
tlous Ag and Au, occaslopaily of mineable grade,
cccur above and below the maln ore horlzons as
well as along sirike.

Movement on the Comstock faul+ thet postdated
mineralTzation displaced the hanglng wall ore—
bodies, as well as portions of orebodles that
tormed In the Comstock fault, relatively downward.

fault zone occur near the surtface and several crop
out, whereas orebodles within the hanging wall are
situated at deep levels. 17 ts llkely that all
orebodies on the Comstock Lode formed at about the
same paleoelevatlon. However, orebodles on the
Occlidental and STiver Clty Lodes may have formed
at higher palecelevations.

YE{N MIKERALOGY AND PARAGENESIS

For +the most part, The Comstock Lode is a
stockwork zone., VYeln denslttles vary from a few
percent to nearly 100 percent of the rock volume,
although veln denslty appears to have 11ttle rela-
tien to locallzatlen of ore. Individusl velns
commoniy are 2 to 30 mm wide and rarely exceed 30
cm. The mineralogy of the stockwork zone is ver-
tlcally zoned from a deep quartz zone fo an Inter-
mediate quartz + adularia zone 1o a shallowsr
calcite + quartz + minor adularla zome (Flg. 3).
In ‘the transition from the intermediate to shal-
towsr zones, veins contaln cakcite replaced by
quartz, The hlgher-level caiclite + gquartz +
adularla velns are rarely preserved on the Com
stock but crop out extensively on the Occldentel
and Silver Clity Lodes. The quartz + adularla
zones contalns many vein types. The volumetric—
alty most abundant consist of coarse-grained
quartz wlth occasional amethyst. Less common are
guartz with minor adularle, wlth adularia occur-
ring tn fine-greined (5 to 5004 } Intergrowths
with guartz on vein margins, and coarse-gralned
quartz filling ln the center of the velns. Fer
less abundant vein types include quartz + adutaria
+ pyrite, adularia with lesser quartz, dquartz +
pyrite, and other types, all of which are usualtly
fine gralned. VYelns are often banded but rarely
contaln more than four stages of gangue mineral
deposition. As many as 30 generations of cross-
cutting velns occur but have not been studled In
detati. The ore horizen s located In the upper

Thus, most of fFhe orebodles wlithin the Comstock portion of the quartz + adularla zone and extends
A Comstock A
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Figure 2. Cross section A-A’,
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Intc the calcite + quartz + adularia zone.

Based on a Iimlted number of ore specimens
obtalned from the Mackay School of Mines Museum
and from mine dumps, a paragenesis based on re-
ptacement textures Indicated for the ore stagels)
Is argentite + electrum —> galena — chalcopy~
rite + electrum —> sphaterite, with minor pyrite
deposT’ied throughout. Thils sequence occurs within
a single band of ore depositlon and In some fPn-
stances Is repeated several tlmes within a single
veln. I+ is unknown durlng whlch perlod or
periods of veining ore deposlitlon occurred, Asso—
¢lated gangue minerals are quartz, oftea aduleria,
and a few speclmens contaln calclte. Mn-oxides
locally are abundant and often contaln sllver.
The Mn-oxldes are at least In part hypogene, based
on Intergrowths with unoxidized pyrite, but In the
oxtdized zone +hey could be im part supergene.
Other ore minerals reported from +the Comstock
Inctude stophanite, pyrargyrite, polybasite,
native sllver, tetrahedrife, uytenbogaardite and
molybdenite (Becker, 1882; Terrill. 1914; Bastin,
1922; Glanella, 1536; Barton, 1978).

HALL-ROCK ALTERATION
Alteratlon of wall rocks displays conslderable
var fatlon dependent on depth below the paleosur-
tace and distance from majer fractures (Fig. 3).
in +he Inferred deeper portlons of the hydrother-
mal sysfem assoclated with the stockwork ore hori-
zon (as exposed In the footwall of the Comstock
tode at the surface and as frregular pods In the
vlcintty of crebedies) 1Is a sericite + quartz +
pyrite assemblage commonly grading laterally and
along strike into an assemblage of chlorlte +
MHitte + pyelte + albite and/or adularla. Bath
assemblages are associated with orebodles and
nelther Is neccessarily tndicative of ore. |Iso-
lated bodies of strong secondary blotite occur In
the deeper levels but their relattonship with the
hydrothermal system Is uncertaln. Intermedlate
levels, above ore, are characterized by the assem-
bEage quartz + anhydrite + pycite + 1llite or
sericite + kaollInlte. This intermediate level
assemb!ageﬁ appears to uhderlie upward-expanding
zones of intense hydrolytle afteration character—
1zed by the presence of alunite and pyrophyllite.
The core of these near-surface altered zones
formed along faults or large fractures conslsts of
quartz + alunlte + pyrite ledges In some cases
zoned outwerd to pyrophyllite + quariz + dlaspore
+ pyrite. These core assemblages graderta'l'eraliy
to a kaolinite + quartz + pyrlte assemblage which

in turn grades Into an 1lilTte + quartz + pyrite +
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Figure 3. Restored diagrammatic west-east cross section |
of the Comstock Lode or one of its branches showing the .
approximate distribution of alteration and mineralization,

mixed—layered il{lte-montmor!lionlte assemblage In .
contact with propyliflc cocks. The uppermost:
fevel alterailion assemblage, locally preserve’d.
under the overiying upper member of the Kate Peak
Fermation, occurs as a roughly flat-IlyIng -as_sem-.;
blage of cristobalite + opal + pyrite + kaollnlte
+ alurite which probably tormed above the _paieo?
water table, simllar In occurrence to Steamboat
Springs described by Schoen and others, {1974),.
Therefere, estimated depths shown on Fligure 3 for
abferatton zonation and ore horlzon locatlon can:
be approximated by reconstruction from an Inferred.
shaliow paleowater table below the paledsurface., B

The Comstock distrlict is often referred o as
the "type locallty® of propylite ot Richtofen -
(1866). Propyiltized rocks contaln two dts4in:
guishable assemblages: albite + chlorl'Te"+"
epidote + quartz + whilte mica + pyrite, and ale-e
+ chlorite + catclte + white mica + pyrlte. Zac-
iTtes occur locally {Coats, 1940).  The ca]c;H-é
bearing assemblage overlaps with the epldote-
bear Ing assemblage but calcite Is present In ver
small quantifes when epidote Is present Tn he
rock. There appears to be & fendency fo;-"ﬂ'-;e
calclte-bearing propylitic assemblage <o l'{"
higher n +the system and dista! from more in'tehs_e
hydrolytic aliteratlon assemblages. C

GEOCHEMISTRY :

To date, very 1iitle geochemical characteriza
tlon of the Comstock dlstriet has been reported
Corwall and others (1967) did 1tmited sampllng fo
Hg and Ag. Whitebread (1976) analyzed 20 sample
for Ag, Au, As, B}, Cu, Hg, Pb, and ZIn. Figure
presents surface geochemical data for 100 sahplé's-
the bulk of which are from the Comstock Lode .an
T+s hanging wall.
Virtually nothing s known about vertleal o
lateral zoning of elements within orebodies &
geochemlcal haloes around ore. Most of the as:
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ers to lode material.

ords for orebedies were reported In dollars and
se that reported sliver and gold separately are
Iimited spatlal extent so even gold-silver
fng s virtually Impossible +to reconsiruct.
arently other etemenis were
i . Therefore, useful geochemical
111 probably remaln unknown,

rarely analyzed
zoning data

CONCLUSION

The Comstock district presents a well-preserved
cious metal hydrothermal system because of
imineral faulting and timited eroslion. The
kwork mineralization forms In wide, structur—
¥y controlled ore bodles with high average Au-Ag
des. Geochemical signatures, though based on
mited sampllng, suggest Iimited exploration
efulness high In +the system but a sitrong base
| assoclation wlth ore. Alteration zoning,
{h laterat anmd vertical, and vertlcal veln min-
@Iogy zonling can be useful in broadly deflning
ploration targets In this and similar systems.
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