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FIELD TRIP 11 

ROAD LOG/ TR I P GU IDE: 

STEAMBOAT SPRINGS AND VIRGINIA CiTY 

Donald M. Hudson, Consultant 

r.bdlfled from Hudson (1986), Bonham and Hudson (1981), 

Ashley(1980), and White (1985) 

Mileage 

Cum. Inc. 
1.9 0.2 Grove of Jeffrey pine (pinus Jef-

frey I). 

highly 

These common I y grow 

ac I d I c -- so I I s produced 

in 

by 0.0 0.0 Junction of U.S. 395 and Nevada Route 

431 (10.3 mi. south of Junction of 

1-80 and U.S. 395). Turn west onto 

Rte. 431, Mt. Rose Highway. 

0.4 

0.9 

1.4 

0.4 To the south Is Geothermal Develop-

ment AssocIates' 5 · MW geotherma I 

plant on the HIgh Terrace. 

0.5 To the south I s a I I near va I I ey known 
as Mud Volcano Basin, formed by a 

hydrothermal explosion along a 

northerly striking fault In the basin 

and ejecting altered granodiorite to 

either side. The explosion probably 

occurred prior to Tahoe glaciation 

(Late Pleistocene) (Wh i te and others, 

1964). SS-3 <Table 1) Is altered 

ejecta from the east side of the 

ba s! n. 

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

1.55 0.15 Bear left. 

1.7 0.15 Clay pIt to the south. As descrIbed 

by Schoen and others the 
center of the pit consists of well 

ordered kaolinite with alunite or 

compietely opallzed basaltic ande

s lie. Near the edge of the a I iered 

area, moderately ordered kaolinite 

with alunite occurs. In the transI

tion zone to nearly unaltered basal

tic andesite Is moderately ordered 

kaolinite, alunite and a trllce of 

montmorillonite . Small amounts of 
kaol In were used In ceramics manu-

facture In Reno. 
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oxidation of pyrite and H S. Normal 

sagebrush and other vegeta~lon cannot 

grow In the acidic soils so the pines 

have no competition for moisture. 

2.0 0.1 Tailings from 1930s mercury recovery 

to south. 

2.1 0 . 1 Road to Mud Volcano Basin to north. 

2.2 

S5-9 <Table 1) of pyrItic silicified 

alluvium from top of knol I to south. 

0.1 STOP 1. Park near sharp right turn 

In road. Walk about 300 ft north-

westerly up the slope of Sinter Hili 

to an area of chalcedon l c-slnter 

rubble. 

This was formerly an excellent .outcrop of 

sinter Interpreted by White and others (1964) as 

older than the 2.5 m.y.-old basaltic andesite. 

Cha I cedon I c sInter genera II y requ I res many thou

sands of years as we I I a s tempera tures of near 

125°C for conversion fran opaline sinter . Note 

that 125·C requires bur i al to a depth of about 50 

ft to provIde sufficient pressure for water to 

coex i s t with steam. GravIty-stratified mlcroband

Ing In chalcedony-tilled cavities now dips 30° SE 

whl Ie relict sinter banding dips 42° SEa This 

Indicates an Initial dip of 12° SE when the sinter 

was calcedonlzed and later was tilted 30° south

easterly possibly caused by the In'truslon of a 

rhyolitic dome under Sinter Hili about 1.2 Ma 

(White and others, 1964). Note the black surfaces 

on many of the sInter fragments •. When broken open 

cinnabar 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 this locality . 



R 20 E. 

o 
Map 1. I' I I 

o 2 

Wa I k over crest of hIli to the northwest to a 

"sauna" buIlt over an old geothermal well. steam 

often can be seen ventIng from thIs area. Note 

the potholed ground In the vicinity. Acid leach

Ing beginning In 1982 has dissolved the underlyIng 

chalcedonfc sInter creatIng small collapses and 

lowered the ground surface as much as a foot. 

Return to the vehIcles and contInue 

south on graded road. 

2.4 0.2 To the west are three geothermal 

wells. The only visible one Is 1203 

it deep Nevada Therma I fI3 'II hi ch 
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2. 85 

3 mi. 
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I 
4 5 km 

erupts IntermIttently. One of the 

older wells, no longer evIdent, was 

known as the mercury well because a 

fIlm of metal I Ie mercury condensed on 

metal I Ie objects held In the escaping 
gases. Sample SS-4 <Table) Is of 

leached, kaol InIzed granodIorIte just 

west of Nevada Therma I 113. Note the 

2.5 Ma basaltic andesite higher up on 

the slope to the west. 

Proceed uphll I on grade road. 

0. 45 Turn right up hili. 
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Figure 1. Simplified geologic map of the Steamboat Springs-Virginia City region, Nevada. Geology modified from 

Thompson (1956) and Thompson and White (1964). 
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3.0 0.15 STOP 2. Park on drill pad for Phil-

lips geothermal well Cox 1-1 (about 

3200 ft deep). 

To the west Is the old Silica Pit described by 

Schoen and others (1974) converted to a sump for 

the geotherma I we I I • About 250 f t south of the 

wellhead on the bank Is basaltic andesite com

pletely replaced by crlstoballte opal. Abundant 

sulfur Is obvious In places and has been recently 

exploited for fine specimen crystals. Minor cin

nabar occurs locally. Sample SS-7 (Table 1) comes 

from this vicinity. At the top of the bank to the 

south, the transition from leached to kaollnlzed 

to weakly monimorillonized basaltic andesite Is 

exposed. About 200 ft west of the sulfur quarry, 

leached granodiorite consisting of acid pitted 

original quartz plus opaline and crlstoballte 

residues that retain the original volume of 

feldspars, biotite and hornblende. Follow the 

road west about 350 ft to the sharp bend. Near 

the cen ter of the depress Ion about 100 ft east of 

the bend Is USGS drill hole GS-7. About 130 ft 

south of the bend near the center of the pit are 

exposures of pyritic opal and crlstoballte re

placed granodiorite. A few hydrothermal breccias 

occur In this area. Sample 55-6 (Table 1) Is from 

th I s I oca I I ty. HI g h on the pit lola I I s to the 

south, abundant cinnabar can be found. About 150 

ft to the east, several collapse breccias are 

visible In the pit wall. Extreme sulfuric acid 

leaching probab I y created large voids Into which 

overlying material collapsed. Note some fragments 

are leached basaltic andesite from slightly above 

the rim of the pit and the extreme leaching of the 

granodiorite with highly pitted original quartz. 

Sample SS-5 (Table 1) Is of this material. 

3.15 

3.9 

Return to vehicles. Go out road you 

came In on. 

0.15 Turn left on 

tableland of 

east. 

to graded road. Note 

basaltic andesite to 

0.55 Turn right on to road. TIre na lied 

to tree at Junction. CAUTION: This 

Is a poor road, watch for rocks. 

0.2 Bear left. Note chalcedonlc sinter 

on slope to north. Note also stunted 

Jeffrey pines growIng on the sInter. 

Com pare these to Je f frey pInes grow

Ing on leached or Koollnlzed rOCKS In 

other area s, 
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3.95 0.05 

4.05 O. I 

4.15 0.1 

Bear right (straight). 

Turn r Ight. Steamboat DItch will be 
on your left (east) • 

Turn left. Ford over Steamboat 
Ditch. CAUTION: Use care approach-
Ing the ditch. Qu I te bumpy. 

Turn right after ford. Exposure 

along road Is pyritic partially 

crlstoballte and opal replaced gran
odiorIte (SS-8, Table 1). 

4.2 0.05 EssentIally unaltered basaltIc ande-

site caps the granodIorIte to the 

north. CAUTION: Many holes In the 

road ahead. 

4.6 0.4 STOP 3. Main Terrace. 

Park outside openIng In fence. Cross zone of 

open and closed fissures about 400 ft to the 

northeast to corroded valve and 4 ft vertical pipe 

of GS-4 dr III hole, a core hole dr II led by USGS In 

1949. Water level In fIssures Is usually about 10 

ft deep; most flowing springs are at a lower ele

vatIon to the east and north, either seeping or 

discharging up to several gpm. Notice the porous 

vuggy nature of most of the sinter, formed from 

direct precipitation of SIO as X-ray amorphous 
2 

common opal. The different varieties of sinter 

and their significance are described by White and 

others (1964, p. 830-833) and detaIls of the 

terraces and fissure systems are shown by White 

(1968, plates 1 and 3). 

General: Three pumiceous rhyolite domes to the 

northeast (one has an aggregate quarry In It), 

ages 1.1 and 3.0 m.a. On the east, volcanic rocks 

of the VIrgInIa Range, largely Early MIocene ande-

sites and dacites. To the north, Reno and the 

Truckee Meadows. To the northwest, the low llght

colored ridge Is the HIgh Terrace (power substa

tIon and GDA geothermal project on top) which Is 

stll I thermally actIve but wIth the water level 40 

ft below the surface and discharging subsurface; 

probably no surface discharge In the past approx-

Imately 30,000 years. Farther to the west Is 

Sinter HIli, wIth a few stunted pine trees, under

laIn by chalcedonlc sInter rangIng from about 1.1 

to 3 m.a. To the southwest, we look over 2.5 m.a. 

basaltIc andesIte lava that flowed over a pedIment 

cut on MesozoIc granodiorIte and metamorphIc 

rOCKS. The eroded cInder cone formIng the appar

ent crest (from thIs vIew) of the Steamboat Hills 

j 

·1 
i 
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lacks a crater form and Is 2.5 km from the MaIn 

Terrace . Up to 6000 ft geothermal wei Is have been 

drIlled Just thIs sIde (northeast) of the hIgh 

poInt on the eroded cInder cone. 

Walk about 100 ft northwest of GS-4 to the 

fIssure. ThIs Is sprIng 39. Remanents of sulflde

rIch mud (gray mater la I) are vIs Ib Ie downslope 

(east) of the fIssure whIch was In contInual erup

tIon from late October 1985 to February 1986. 

S-39 <Table 1) Is of thIs materIal. The sulfIdes 

were probably precIpItated at depth and carrIed In 

suspension to the surface. About 50 ft northwest 

are two slde-by-slde holes (sprIng 41s). This 

sprIng erupted at the same time as spring 39 

deposItIng sinter-derIved sand with thIn layers of 

sulfIde-rIch mud along the margIns of the pits. 

$- 41s <Table 1) is the -200 mesh fraction of that 

mater la I. 

lola I k 400 f t nor thea s t to a sma I lsI n ter cone, 

spr Ing 8, at the east IIp of the terrace and Just 

north of the power line. Over many years thIs 

sprIng dIscharged approximately 1 lIter per mIn. 

of water high In Sb <0.4 ppm) and As <3.5 ppm); It 

wa s one of on I y three spr I ngs of the mon I tored 27 

that dIscharged contInuously durIng seven years of 

systematic observation (1945-1952; Wh Ite and 

others, 1964, pl. 4). Stlbnlte needles have 

formed at times on the wa II s and bottom of the 

pool. The red-orange layer of sInter around the 

vent is colored by metastlbnlte (amorphous Sb
2

S
3

) 

deposIted at some unrecorded tIme after the de

tailed studIes ceased. Usually, a transItIon from 

pyrIte to sulfur deposItIon can be seen about one 

foct down stream from from the vert. 

lola I k north about 200 feet to sprIng 10. This 

"geyser" erupts every 10 minutes to 4 hours wIth a 

water level change of up to 2 feet (Helnrlck 

Koenig, oral comm., 1986). Note pyrite-rIch 

opa lIne coatIngs on the wa II s of the vent and 

occasionally sulfur. Upslope about 100 ft to the 
west Is drll Ihole GS-5, which Is 574 ft deep, with 

a maxImum temperature of 172°C, and studied in the 

most detaIl. Abundant quartz-calcIte veins ranged 

up to 7 ft thick and dIpped 45 to 80 o E. Sane 

pyrargyrlte Is vIsIble, wIth Ag generally greater 

than 20 ppm (Slgvaldason and WhIte, 1962; WhIte, 

1985, Table 1), 

Walk about 40 ft northwest of sprIng 10 to 

spr I ng 11. Usua II y, when d I scharg I ng, the north

ern vent Is lined wIth sui fur and the southern 

vent lined with pyrItic opal. A good example of 

strong varIatIon In chemIstry over a very small 
dIstance. Continue north about 75 ft to spring 

42 . ThIs sprIng usually deposIts sinter as a 
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gooey hydrous silIca gel In abundance when flow

Ing. ContInue north about 100 ft to sprIng 12. 

About 25 it to the northwest Is spring 13w, which 

usually has sulfur-rIch and pyritic vents slde

by-side . 

Walk to the northwest about 200 it to the 

hIghest sprIngs that commonly dIscharge from open 

fIssures (10 ft lower than the crest of the MaIn 

Terrace farther to south). Spr Ings 23 (In swa Ie 

to north) and 24, at tImes of very hIgh turbulent 

discharge, deposit black sIliceous muds carrIed In 

suspen s Ion . The mud s are ver y meta I I I ferous 

(S-24, Table 1) and high In boron (WhIte, 1985, 

Table 1). MInute «0 . 1 mm) needles of stlbnlte 

and cubIc to framboldal pyr)te occur In the muds. 

Near Spr Ing 24 and to the south, note that 

IndIvidual fIssures "open" and "close." The open 

parts were formerly Interpreted as "pull-aparts," 

but In p I aces non-match I ng wa I I sand abr upt c I 0-

sures demonstrate that the open parts resulted 

from dIssolutIon and dIsIntegratIon of sInter 

along fractures (WhIte and others, 1964, p. 653-

854). ActIve dIsIntegratIon occurs locally and 

sporatlcally In "closed" parts of flssures; dIg 

down a few Inches In the locse sInter rubble where 

hot vapor Is escapIng. Part of the "closed" fis

sures probably are caused by human actIvIty sInce 

bottles and other human debrIs have been found 6 

ft deep in fIssures fIlled by loose sInter rubble 

(Helnrlck KoenIg, oral comm., 1986). Also, note 

the gradual change horIzontally Into coherent 

horIzontally bedded sInter. CondensIng steam wIth 

Hgo and oxIdIzIng H 5 produces natIve 5, pInk 
dIspersed Hg5 , and s~ongly acid condensates (pH 

down to 1 or less). The acId condensate InItIally 

has no SIO , but Is rapIdly saturated wIth soluble 

opalIne SIb (approx. 300 ppm at 95°C). 

About 2?0 ft southwest of spr I ng 24 I s the 

Rodeo well drilled In 1950. ThIs was the fIrst 

geotherma I we I I spec I fIca I I y exp lor I ng for steam 

to generate electrIcIty. 
Walk south along the fIssures. About 100 ft 

north of the power lIne Is a dug out hole. 55-10 
<Table 1) Is a sample of sInter from this loca

tlon. 

Return to vehicles. Return on road 

you came In on. 

5.1 0.5 Ford over Steamboat DItch. Turn 

rIght up road on west sIde of dItch . 

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 with U. S. 395. Conti n ue 

stra Ight. Now on Nevada Rte. 341, 

Comstock Highway. 

Hydrotherma I I y a I tered rocks of the Ge I ger 

Grade area are as white to pale brown patches on 

the slopes ahead. Because the pastel colors 

contrast with the relatively dark colors of the 

original andesites that have been altered, Thomp

son (1956) termed these rocks "bleached." The 

exposed area of strong I y a I tered rocks In the 

Geiger Grade area Is about 14 km? Alteration 

assemblages present Include: alunite-quartz, 

pyrophyl I Ite-quartz-dlaspore, kaolinite-quartz, 

Illite-quartz, smectite-quartz, metahalloyslte

quartz, with disseminated pyrite abundances up to 

20%. The alteration distribution Is control led by 

numerous fracture zones with roughly N-S and E-W 
orientations. These are commonly manifested by 

bold exposures of alunite-quartz alteration. 

Hydrothermal breccias often occur along the frac

ture zones. Host rocks for the a I teratlon and 

pyr I tl zatlon are the Miocene A Ita Formation and 

flows and numerous Intrusions of the Miocene Kate 

Peak Formation. The alteration Is probably about 

the same age as the Comstock. The Geiger Grade 

alteration probably overlies a burled porphyry 

copper system with a posslbllty of high-level 

massive enarglte-gold deposits as enarglte occurs 

In a few of the prospects In the area. 

8.3 

9.5 

10.7 

0.5 Quarry for lightweight aggregate 

located In a dome of rhyoll te of 

Pleistocene (1.2 Mal age can be seen 

to the northeast about 1.5 mi. away. 

1.2 Begin climb up Geiger Grade. 

1.2 Clay pit on south side of the high

way. Material from pit was used to 

make bricks during the first half of 

the century. Most of the pit Is In 

andesite of the Alta Formation, but 

In the cenTer of the piT Is a por

phyritic biotite dacite dike of the 

lower member of the Kate Peak Forma

tion. All rocks In the pit have 

undergone argll I Ic alteration and al I 

are oxidIzed, except for several pods 
of rei Ict unoxldlzed pyritic rock 

10.8 

10.95 

11.3 

11.5 

12.0 

400 

with illite and mcntmcrillonite 6 to 

10 ft above the floor of the central 

part of the piT. MeTahalloyslte-rlch 

rocks exposed In the eastermost part 

of the pit probably originally 

contained hypogene halloyslte. Clay 

minerals In the rocks In the west 

part of the pit, which are transi

Tional to rocks with propylltlc 

assemblage, are more problematic and 

could be largely or entirely of 

supergene origin. Prominent resls-

tant ledges across the draw approxi

mately 1000 ft to the northeast have 

strong a I un I te-quartz-pyr I te a I tera

tlon. 

0.1 On both sides of the road are excel

lent exposures of ferr !crete, Iron 

oxide-cemented alluvium. 

0.15 Curve In road. Note adlt to east up 

canyon about 300 ft. Dump at the 

portal contains fragments of hydro

thermal breccia with quartz-

kaolinite-pyrite a Iteration and 

traces of enarglte. 

Proceeding up the 

note that In many 

developed on altered 

Geiger Grade, 

places soils 

area s support 

only Jeffrey pine whereas elsewhere 

the vegetation Is mainly pinyon, 
juniper and shrubs. 

0.35 Unaltered volcanic breccia of the 

Ka te Peak Formation In roadcuts on 

curve. This rock Is typical of the 

abundant breccias In the upper member 

of the Kate Peak Formation. Frag

ments and matr Ix are usua II y similar 

composition. 

0.2 ReTurn to mostly altered Alta Forma

tion. 

0.5 Pyroxene andesite of the Alta Forma

tion forms the road to the north side 

of the road. Una I tered andes Ite, In 

part with a glassy matrix, Is In 

contact with partly oxidized pyrItic 

propylltlzed andesite and other 

patches of pyrite-poor to pyrite-free 

propylltlzed andesITe. The lea ST 

a I tered rock Is ons the few fresh 
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12.4 0.4 

12.65 0.15 

exposures In the type area of the 

Alta Formation. Note the prominent 

patches of unaltered Alta on the 

south side of the highway. The lack 

of alteration In these patches Is 

probably due to Impermeability at the 

time of alteration. 

Roadcut on west exposes rocks with 

variably argillic (montmor Ilion lte, 

sepiolite, kaolinite) alteration with 

alunite-quartz ribs. 

Ge I ger Lookout. 

Roadcut to the east exposes matr Ix supported 

hydrothermal breccias that Irregularly cross cut 

the Alta Formation. The alteration Is mainly 

alunite-quartz, often In the breccias, and 

pyrophyillte-quartz mainly In the unbrecclated 

wall rocks. The alunite contains subequel amounts 

of alunite and natroalunlte components. 

To the west at the overlook on the bold outcrop 

I s fragment supported hydrotherma I brecCIa. The 

alteration Is alunite-quartz. On the south end of 

the outcrop Is a narrow fluidized breccia. White 

cement on the west s I de of the outcrop Is super

gene(7) alunite. A good overview of Steamboat 

Springs Is from the overlook. 

13.6 

14.0 

0.95 Note the prominent ledges on the 

hills on both sides of the road. 

These conta I n a I un I te-quartz a I tera

tlon and are usually hydrothermal 

breccias. Note that other alteration 

assemblages are mostly covered with 

talus and colluvium since they are 

much less resistant. 

0.4 Exposed on the first south bend In 

the road west of the horseshoe bend 

are mainly alunite-quartz pyrite 

a I tered rocks of the lower member of 

the Kate Peak Formation. On the 

we stern end of the bend are monimo

rillonlte-quartz altered rocks . 

About on the nose of the bend are 

hydrothermal breccias with some of 

the clasts consisting of pre-Tertiary 

plutoniC and metamorphic rocks. Pre

Tertiary basement crop outs at the 

bottom of the Ge Iger Grade, suggest

Ing at least 1200 ft of vertical 

transport. Around the west end of 
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the bend are exposed rocks with 

pyrophy III te-quartz a I teratlon and 

alunite-quartz alteration with unoxl

dlzed pyrite. 

15.45 1.45 Old Geiger Grade historical marker on 

south side of highway. Note Jeffrey 

pine growth on soil derived from 

a I tered rock on s lope be low. Road 

cut to north Is described by White

bread (1976, fig. 10) consisting of 

propylltlzed Alta Formation with 

zones of III I te-quartz and montmo

rillonite-quartz. 

17.4 

18.2 

1.95 Geiger Summit. This Is the approxi

mate southern limit of strongly al

tered rocks of the Geiger Grade area. 

Propylltlzatlon continues to the 

south Into the Comstock district. 

Outcrops ahead In the dl stance are 

una I tered f lows of the upper member 

of the Kate Peak Formation. Road 

cuts ahead are mostly weakly pyropy

Iltlzed flows of the Alta Formation. 

0.8 H I II sin the d I stance to the east are 

underlain by lavas of the upper 

member of the Kate Peak Formation. 

White outcrops are lacustrine sedi
ments that Inter-finger with the 

uppermost part of the Kate Peak. The 

tableland to The norTh Is underlain 

by the late Miocene Lousetown Basalt. 

18.35 0.15 Curve In the road Is on the northern 

part of the Comstock Fault. Kate 

Peak Is to the east (hanging wall) 

and Alta to the west (footwall). 

19.2 

20. I 

1.0 Aga In, this curve In the road Is on 

The ComSTock FaulT. To The east 

(bu I I dozed area) I s una I tered upper 

member Kate Peak and to the west 

0.9 

( footwa I I ) Is 

epldote- bearing 

Formation. 

calcite and 

propy I I tl zed 

minor 

AI ta 

Road cut exposes propy I I tic a I tera

tlon In the footwa II of the Comstock. 

Rock of this type having the assem

blage epldote-alblte-chlorlte-calclte 

exposed In the Virginia City area Is 

the propyllte of Rlchtofen (1866). 

Most of the road cut Is lahars and 



20.7 

21.0 

flows of the lower member of the Alta 

Formation which here overlies Meso

zoic gabbro about 200 ft below. A 

dike of dacite of the lower member of 

the Ka te Peak cuts the A I ta I n the 
northwestern part of the road c"ut. 

Weak stockwork quartz ve In Ing occurs 

I n the road cut. An exposure of 

strong stockwork veining occurs a few 

hundred feet to the east on the slope 

west of the road sign. V Is ib Ie on 
the ridge to the east past the Utah 

Mine dump Is some of the northernmost 

exposed acidic alteration in the 

hanging wall of the Comstock Fault. 

This is overlain by the unaltered 

upper member of the Kate Peak Forma

tion. 

0.6 Sierra 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 overlying altered Alta. 

The Comstock Fault is uphill to the 

west. Displacement of Kate Peak on 

the fault Is about 1500 feet. 

0.3 Entrance to the Cedar Hili Pit to the 
-"'<: 

west. Pit has the only exposed cal-

cite veining on the surface along the 

Comstock. 

21.05 0.35 Enter Virginia City. 

21.25 0.2 STOP 4. Turn I eft I nto 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'Rlley and McLaughlin In 1859 was Just 
downhill from the Ophir Pit about 1000 fT to the 

southwest. About 1500 it to the north Is the 

Cedar HII I Pit with serlctlc alteration and stock

work veining exposed above the pit. About 5500 ft 

to the SSW Is the Loring Cut. This line of pits 

def I nes the sur face trace of the Comstock Lode. 

Note also the escarpment formed by recent movement 

of the ComSTock FaulT. Surface exposure of the 

Lode I s very poor, mostl y covered by dumps and 

a II uvl um . The lode dips about 35° E. Numerous 

dumps are visible from the various shafts that 

explored The lode aT depTh. To the NW abOUT 3000 

ft Is the Sierra Nevada New Shaft, the northern

most productive mIne. To the SE about 1000 feet 
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(near the swimming pool) Is the Ophir Shaft. 

About 2000 f t to the south are dumps from the 

famous Con. Virginia. 

Continue 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 (fol low sign). 

21.6 0.2 STOP 5. Cemetery parking lot. 

Boulders around the parking lot Include good 
examples of stockwork veining from the Ophir pit. 

Note numerous generations of veining, a few of 
which have adularia (whiter that quartz on margins 

of veins). Also blocks of the upper member of the 

Kate Peak Formation quarried for use as founda

tions for buildings and headframes. 

Walk through the maIn gate of the Masonic 

Cemetery to the top of the hi II behind the grave 

of Col. Storey (namesake of county) about 1200 ft 

east of parking lot. Good examples of highly 

silicified, weakly alunltlzed hydrothermal brec

cias In the AI ta Formation. These are surrounded 
by pyrophyl I Ita-quartz and kaolinite-quartz alter

ation (poor I y exposed). About 1600 ft be low Is 

anhydrlte-quartz-Iliite-pyrite alteration exposed 

In a crosscut. The alteration exposed on the 

surface grades Into the anhydrite-bearing assem

blage a few hundred feet beneath the surface. 

This outcrop probably originally lay about 300 to 

500 ft below the paleosurface at the time of 

hydrothermal activity. 

Wa I k northwest through the hole In the fence 

and down The steep slope to the road. The pros

pect pit along the way exposes kaolinite-quartz 

alteration. East along the road Is the Union 

Shaft dump. Much quartz vein material near the 

shaft conta Ins ga lena, spha ler ITe, pyr Ita and 
cha Icopyrlte. Bordering Sevenmlle Canyon, about 

2000 it NE, are bold exposures of alunite-quartz 

a I teratlon. Farther a long that trend of bol d 

outcrop (near the Scorpion dump visible near the 

top of the ridge) Is a porous silicified zone with 

minor disordered kaolinite which may be weathered 

exposures of the anhydrite-bearing assemblage. 

Fol low the road west to a large Jeffrey pine south 

of the road. 

Just east of the Jeffrey pine Is a hard ledge 3 
to 4 ft wIde of alunite-quartz alteration bordered 

by a 1 T02 ft zone of pyrophyl I I Te-quartz altera

tion. This Is bordered by kaolInite-quartz alter-

I 
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atlon to west of the tree and east to the gully In 

the s lope. Zoned farther out Is! I II te-quartz 

with minor montmorIllonite. The host rock Is the 

Alta FormatIon. The zonIng of alteratIon exposed 

here Is rather typIcal of the hIgh-level altera

tIon In the dIstrict. ThIs agaIn passes downward 

to anhydrlte-quartz-Ililte-pyrlte wIthIn a few 

hundred feet. 

Return to the parkIng lot. Good example of 

propylltlc alteratIon wIth epIdote and trace 

calcIte exposed along the road. 

Fol low road north out of parkIng lot. 

21.8 0.2 Turn rIght onto Carson street. 

21.82 0.02 Turn left onto D Street. 

21.9 

22.0 

22.2 

22.3 

22.55 

22.6 

0.08 Cross Slxmlle Canyon Road then bear 

left onto E Street (dIrt road). 

0.1 vn depot to rIght. Dump of Con. 

0.2 

0.1 

0.15 

0.05 

VIrgInIa Shaft to east and C & C 
Shaft farther to east. Con. VIrgInIa 

Bonanza orebody lIes between the 

shafts. Orebody about 1100 ft north 

to south, tops out about 1000 ft 

below the surface. Between 1872 and 

1881 yIelded 27,800,000 oz. Ag and 

1,400,000 oz. Au from 800,000 tons of 

ore. The orebody lIes In the hanging 

wa 11 of the Comstock Fa u I t and d I s

p I aced downward some 1500 ft to the 

east relatIve to the orebodles along 

the ma I n lode by pos tm I nera I move

ment. 

Turn left onto Taylor Street, turn 

rIght behInd st. Mary's In the Moun-

taIns Church onto F street. 

WashIngton Street. Go straIght. 

Cross V&T tracks. Savage MIne dump 

to east. 

New Savage MIne porta I to east behInd 

meta I buildIng. 

22.65 0.05 Hale and Norcross dump to east. 

CombInatIon Shaft farther to east. 

Deepest shaft In district at over 

3200 ft. 

22.75 0.1 Chollar MIne to east. OrIgInal adlt 

open to tourIsts. 

22.9 0.15 Turn left onto Rte. 341, Occldenta I 

Grade. 

23.25 0.35 Cross brIdge over V&T tracks. About 

200 ft north of hIghway On road east 

of tracks Is an excellent example of 

fragment-supported hydrothermal brec~ 

cIa wIth alunite-quartz alteration. 

Note extensIve area of alteratIon to 

ea stand south. Most bo I d outcrops 

are alunite-quartz and some have 

hydrothermal breccIas. 

23.5 

24.1 

24.9 

0.25 Note road cuts In propylltlzed Alta. 

Assemblage contaIns epidote west of 
the highway and abundant calcIte wIth 

lIttle of no epidote east of the 

highway. 

0.6 South of curve a long road to Forman 

Shaft are southernmost exposures of 

alunIte-quartz alteration In hangIng 

wal I of Comstock Lode. 

RIdges to north and south capped 

by Knickerbocker AndesIte. 

0.8 STOP 6. Occidental Lode. 

Walk up hili to northwest. Note quartz after 

calcIte Infloat near base of hili. ContInue 

uphill along lode. Note massIve calcIte, often 

cementIng propylltlzed Alta, crosscutting quartz 

and calcIte veIns, and banded calcIte. SlIcken

sIded sufaces result from postmlneral movement of 

fault. Footwall (west) has good exposures of 

epidote-bearing propylltlc alteration wIth little 

or no calcite replacement. Note lack of pyrite In 
veIns. Ab"out 300 to 400 it down dip, calcite 

passes Into quartz-adularia veIning wIth several 

percent pyrIte. Continue up past open stopes. " 

Note there Is nO apparent IndIcation of ore versus 

waste. At about 6000 ft elevatIon, the lode 

passes rapIdly vertIcally to a reddIsh sIlIcified 

porous limonitic rock with stockwork quartz veins. 

Th I sIs probab I y supegene leached anhydr I te

quar tz-I I I I te a I teratl on. A few ocurrences of 

calcite are exposed up the hIli, but this marks 

change In lode minera logy. I f one were to con

ti nue over the top of the h il I back to about 6000 
1T elevation, the lode changes back to mostly 

calcite . The silicified, stockworked rock con-
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talns anomalous Au and Ag values. 

Walk east from the lode over the hll I. You are 

now on the hanging wall of the Occidental Lode and 

on one of the few exposures of f lows of the lower 

member of the Kate Peak Formation. Rock! s pro

pylltlzed with variably epidote and calcite. 

Reddish upper member of the Kate Peak on the 

ridges to the east. From the top of the hili about 

2000 ft to the southeast Is a light-colored, tree

covered knol I just be low the contact of the upper 

Kate Peak. On this knoll Is crlstobalite-opal kao

linite alteration very similar to that In the 

Silica pit at Steamboat Springs. This alteration 

probably formed above the paleowatertable at the 

time of hydrothermal activity In the district. 

Continue downhill across the road to about 1000 

ft east of the lode. 

Sma I I bo I d outcrop Is exce I I ent exposure of 

quartz-diaspore alteration. Several faults I Ie 

between this exposure and the Occidental Lode, so 

that this was formed about 500 ft higher than 

where you I ef t the lode. Wa I k south across road 

to outcrop. 
Near the road Is II lite-quartz alteration. Top 

of outcrop Is kaol In Ite-quartz a I teratlon. South
side of outcrop Is quartz-diaspore. Note the 

similar lateral zoning to that at the Masonic 

Cemetery. Alunite-quartz ledges are exposed to the 

east and north • . 

Walk back to vehicles. Abundant float· of 

Knickerbocker Andesite along the way. Red jasper 

common In Knickerbocker and underlying propyl Itlz

ed andesiTes. 

25.8 

26.0 

26.25 

26.8 

27.4 

Continue south on Rte. 341. 

0.9 Occ I denta I Lode exposed on ridge to 

west. Mainly ca I cite a sat . stop 6. 

Weakly propyl ITlzed AlTa In road CUT. 

0.2 Lyon County line. 

0.25 Reddish outcrop on curve Is I ahar of 

upper member of Kate Peak Formation. 

0.75 Begin exposures of mudflows and brec

cias of the lower member of the Alta 

Formation. Epidote-bearing propy

Iltlc alteration. 

0.6 SanTiago Canyon Tuff exposed In road 

cuts ahead. Underlies the Alta. 
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27.7 

28.0 

28.15 

28.3 

0.3 Return to Alta Formation Is road 

cuts. 

0.3 Turn right onto Rte. 342. Gold 

Canyon. Gold discovered In 1850 by 

travelers to California aT mouth of 

Gold Canyon at the Carson River. 

West of Junction Is (was) Nevex Gold 

Co.'s proposed open pit on the Silver 

CI ty Lode. 

O. 15 En ter S I I ver City. 

0.15 American Ravine to west. Grosh 

Brother s prospected .. th I s area for 

silver In mld-1850s but died before 

finding mineable ore. Most of Gold 

Canyon p lacered but tota I production 

and paylngs small. 

28.6 0.3 Central Silver City. 

28.85 0.15 Devils Gate • . Good exposures of lower 

member of Alta Formation. Silver 

City Faul t zone to west. Enter 

STorey County. 

29.3 0.45 Lucerne Cut to west. Massive calcite 

exposed between Mesozoic andesite 

(footwa II) and Santiago Canyon Tuff 

(hanging wal I). East fault of Silver 

City Fault zone Just west of highway 

juxtaposing tuff and Alta to east. 

29.6 0.3 Road to left at base of Justice dump 

leads to the Drysda Ie pit about 0.6 

ml south. Exposed In pit Is mas·slve 

calcite and stockwork veining Isa 

footwa II splay of the Silver City 

Fault. Good examples of ···· blocky, 

often highly zoned calCite, lamellar 
calcite, and calcite parTially or 

totally replaced by quartz. 

29.8 0.2 Headframe to east Is Lady Washington 

29.9 

30.0 

Shaft. 

0.1 Overman 2 pit to west on Silver City 

Lode. Footwall (weST) Is lowermem

ber and hang I ng wa I I I s upper member 

of Alta Formation. 

0.1 New York Shaft headframe to east. 



30.5 

30.8 

0.5 MIne car found In Hale and Norcross 
dump dIsplayed on dIrt road to west. 

TwIn Peaks (east) and Crown Point 

RavIne (out of sight to west) are the 

type loca Iities of "propy lIte" of 

Rlchtofen (1866). The assemblage on 

TwIn Peaks consists of albite, chlo

rIte, and minor epidote and calcIte. 

The assemblage In Crown Point Ravine 

Is albIte, chlorite, 

trace montmorIllonIte 

ep I dote, and 

wIth '11 Ide I y 

scattered quartz veInIng. 

0.3 Crown Point Mine to west. The other 

major deep bonanza orebody lIes about 

1000 ft beneath the hIghway. DIscov

ered a year before the Con. VirgInIa, 

production from the orebody was 
slIghtly larger wIth an average grade 

a bIt lower than the Con. VIrgInia. 

31.1 0.3 Turn left onto dirt road. 

31.15 0.05 To the north Is the Gold HIli depot 

of the V&T RaIlroad. Farther norTh 

Is the Con. Imperial pit. Original 

gold discovery In quartz made where 

pit Is now by James Finney (Old 

Vlrglnny) In Jan. 1859 and was known 

asGoldHIII. 

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 

of the west Yellow Jacket orebody. Note the 

stockwork quartz veining, a few of which have 

adularIa. The host rock Is the lower member of 

the Alta Formation. Also note patches of serl

cltlc alteration as Irregular pods distributed 

through the outcrop. The green I sh a! tered rocks 

have the assemblage chlorite and II lite with 

either albite or adularia. Some zones are adu
laria rIch and OThers albIte rIch, but cannOT be 

distinguished In outcrop. This alteration assem

blage resembles propylltlc alteration but rarely 

contains either epidote or calcite and Is typical 
of alteraTIon along the lode, together wIth serl

cltlc alteration. The distribution of alteration 

exposed here Is typ I ca I of the lode and ne I ther 

type of alteratIon can be correlated wIth are. 

Some of the rock In thIs outcrop could be consId

ered low grade ore. 
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CAUTION: Do not enter the Con. Imperial Pit. 

Much has 

unstable. 

worth the 

been bacH II I ed and the wa II s are very 

The poor exposure I n the pit I s not 

risks. About 0.3 ml south, just west of 

the hau lage road, I s dump mater la I from the Con. 

ImperIal Pit. Excellent examples of stockwork 

veIning In unoxldlzed 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 rIght ("WATCH FOR HEAVY EQUIP-

MENT" sign). STOP 8. 

Park south of cable across haulage road. Lor

Ing Obester pit. Walk down haulage road. West 

fault of Comstock Fault zone visIble as scar above 

water tanks. East fault lies between pIt and Rte. 

342. Upper member of Atla and Davidson Diorite 

exposed In pIt along wIth numerous small faulTS. 

Good examples of quartz after lamellar and blocky 

ca I cite exposed on the west end of upper bench. 

Third bench down has exposed back fll led square

sets from the 1860s. Grade of ore adjacenT to 

backfl II Is about 0.1 ozlton Au and about 3 ozlton 
Ag. To the west abOUT 100 fT, the rock Is barely 

anoma lous I n Au and Ago Note the rock looks very 

much The same. Loca II y some of the hIgh I y gougy 

materIal makes higher grade ore. 

Return to Rte. 342. 

32.1 0.1 Turn left (north) onto Rte. 342. 

32.35 0.25 Junction WiTh Rte. 341. 

END OF ROAD LOG 

Continue north on Rte. 341. 

JunctIon wIth U.S. 395, 14.5 mi. 

JunctIon with 1-80, 24.7 mI. 
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STENI30AT SPRINGS GEOTHERMAL MEA 

WASHOE COUNTY. !'EVAnA 

Donald M. Hudson 

Consu I tant 

I NTROOUCT ION 

Steamboat Springs geothermal area lies approxi

mately 16 km south of downtown Reno, Nevada. 
Discharge of thermal waters and gases from an area 

of of about 5 km
2 

over the past 3 m. y. are now 

mostly restricted to the Main Terrace Just west of 

U.S. Highway 395 (Fig. 1 l and the Low Terrace to 

the southest. Of the act I ve geotherma I sy stem s 

studied In the world, Steamboat Springs has the 

longest and one of the most complex geologic his

tories (Fig. 2; White and others, 1964; Silberman 

and others, 1979l. 

The hot spr Ing waters have been used In loca I 

spas and heating since the early 1900s. Several 

attempts were made In the 1950s and 60s to explore 

for geotherma I steam for e lectr lea I power genera

tion. Beginning In 1975, PhIllips Petroleum Co. 

dr II led numerous temperature grad lent holes as 

well as productIon wei Is rangIng from 100 to near

ly 2000 m deep Indicating a reservoir temperature 

of 228 0 C (Phillips Petroleum Co., unpub. data, 

1981 l, with the hIghest temperatures encountered 

about 2.5 km southeast of the Ma In Terrace and 

little surface evidence of hydrothermal aCTIvITY 

dIrectly above. Currently, Geothermal Development 

Associates Is developIng a 5 mw geothermal elec

trIc plant about 1 km northwest of the Main 

Terrace. 

IntermIttent 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 granodllrlte and 

basal+lc andesl+e, and sInter (Bonham, 1969). 

Some silIca, shipped as glass sand, was produced 

from the Silica PIt (FIg. Il, and a small amount 

of kaolin was mined for brick manufacture In Reno 

from the Clay (Fa Ithl pit (Papke, 1969). 

smA T I GRAPHY 

The Steamboat Spr Ings area Is under la In by 

pendanTS of early MesozoIc metavolcanIc and meta

sedImentary rocks In late Mesozoic granodiorite. 

Eros I ona I remnants of the ear I y Miocene AI ta For

mation locally I Ie unconformably over the Mesozoic 

rocks. A few dIkes of early middle MIocene Ka+e 

Peak FormatIon occur In the area. In the vIcinity 
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Figure 1. Generalized geologic map of the Steamboat 
Springs geothermal area, Nevada (redrawn from Schoen 
and others, 1974) showing geochemical sample locations 
for table 1 . 

of Sinter Hili (Fig. I), the basement rocks are 

unconformably overlain by apprOXimately 3 m.y.-old 

sinter which Is overlain by basaltic andesite 

erupted from a vent near the crest of the Steam

boat HII Is which has yielded a K-Ar age of 2.53 + 

0.11 Ma (Silberman and others, 1979). The thermal 

area occurs approximaTely on a northwesterly 

sTriking lIne of four known rhyolite domes. About 

5 km southwest of the Ma I n Terrace I s the largest 

of the domes which yielded a K-Ar age of 1.14 + 

0.04 Ma. One and one-ha I f to 5 km to the north

east of the Main Terrace are three domes yieldIng 

ages of 1.2 to 3.0 Ma (Silberman and others, 
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1979). In the vIcInIty of SInter HI II, uplIft and 

tIlting of the older sinter may be attrIbutable to 
another burled rhyolIte dome (WhIte and others, 

1964). PleIstocene sedIments and Interbedded 

sInter overlie the basaltic andesite In low-lying 

areas (Fig. 2). An outflow apron from a hydro

therma I exp 1051 on brecc I a occur s around Mud Vo 1-

cano Basin (Fig. 1) and Is believed by White and 

others (1964) to be late Pleistocene (pre-Tahoe 

glacIation). Holocene sinter occurs mainly on the 

Main and Lower Terraces just east and west of U.S. 

Route 395. 

STRUCTURE 

The fol lowIng structural descr I ption of the 

Steamboat SprIngs area Is summarized from White 

and others (1964). 

The Steamboat HIlls has been a topograph Ic and 

structura I hIgh dur I ng the I ate Cenozo I c . Ma jor 

structural rei ief was formed prIor to the eruptIon 

of the basaltic andesite. 

Three systems of normal faults are recognized 

In the therma I area. An east-northeast system 

lies parallel to the axis of the Steamboat Hills, 

restricted primarily to the basaltIc andesite and 

older rocks. Down-thrown sides tend to be towards 

the axis of the hills. Maximum post-basaltic 

andesite displacements are about 30 m, but earlier 

movements cou I d be much greater. Northwester I y 

striking faults ·In pine Basin are probably contem

poraneo(js with the east-northeast system. The 

nearly north striking system of faults are the 

most numerous and many are antithetic . Youngest 

movement Is. clearly pre-late Pleistocene (pre-Lake 

Lahontan), but most of the displacements were 

earlier than the basaltic andesite. Total dls

placement on the Steamboat Spr Ings fau I t system 

thaT .provldes The strucTura I control for The Ma In 

and Low Terraces may exceed 300 m to The easT. 

SINTER 

SilIca deposIted from flowIng sprIngs occurs as 

a hydrous silica gel ThaT is commonly finely 

Interlayered with algae. Gases trapped under the 

sill ca ge I I end a Dubb I y appearance to the ge I a

tlnous sinter with the porous texture preseved In 

the younger partially dehydrated opaline sinter . 

Recently deposited sinter consIsts of opal which 

Inverts to beta-crlstoballte with Increasing depth 

and age of the sinter and becomes domlnately 

chalcedony (without opal) In the oldest sinter 

(WhIte and others, 1964). Springs may deposIt 

sinter for a time and at other Times The hOT 

waters may rapidly dissolve the sinter, partlcu-
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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 

Main Terrace are probably created by dissolution 

of sinter along fractures during low water condi

tions by sui furlc acid condensed on the wa II s of 

the fissures (White and others, 1964). Collapse 

of sinter on SInter Hili beginnIng 1982 also may 

have been caused by leaching by sulfuric acid 

above a STeaming water table. 

AlTERATION 

W here the water tab Ie lies we II be low the 

surface, such as In the Silica Pit (Fig. 3), H S 
2 

ox i dIzes to sulfur i c acid by reaction with atmos-

sw NE 
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55-I, older sin ter from .51 
Sinter Hi. ll 

5S-2, youn ger sinter f r om .18 
Sinter Hill 

SS-3, ejecea from hydroehermal .16 
explosion breccia apron 

55-4, leached g ran odiorite .05 
near Nevada Thermal 0) 

55-S, collapse breccia in .06 
le ached g ranodio rite in 
Silica Pi t 

55 -6, pyritic leached .08 
granodiorite in Silica Pit 

S5 - 7, l eached bas a leic 
andesite east of Silica Pit 

.06 

TABLE I. Geochemical analyses from 

As Au Cu Hg Mo 

< 1.0 .22 5.2 662 .0 .8 

< 1. 0 < .05 3.8 53.4 < .5 

99. I <.05 4 . 1 13.4 <'5 

37.0 <. as 20.4 5.9 .9 

1.5 < . 05 20.6 11 . 7 <.5 

< 1.0 <. as 33.9 412.0 <.5 

<1.0 <. 05 1.6 14.8 <'5 

S5 - 8 . pyritic l eached 
granodiorite nea r ford 
over Steamboat Ditch 

.06 !97 . 0 <.05 10 .2 11.6 <.5 

55-9, pyritic silicified 
alluvium 5W of Sinter Hill 

ss- 10, siater near spring 
39 on Main Terrace 

5-24, black mud from 
s pri ng 24 on Main Terrace 2 

5-39, black mud fr om 
spring 39 on Main Tert:ace 2 

.39 847.0 < . 0 5 10.2 11 . 6 <. 5 

1.01 9.7 .18 3.2 4.5 <. 5 

39 .0 1384.0 10.3 572.0 458 . 0 <. 5 

44.6 196.0 5.11 61.7 29.2 <. 5 

5-4 15 , black mud from 27 . 3 81.1 2.46 36. 5 38 . 3 < . 5 
spring 415 on Main Terrace 1 

ISamples collected by D. M. Rudson. May. 1986 excepe for 5-39 and 5-41s 
collected from erupting s prings December, 1985 
Analyze d by rep by Geochemical Services. Inc., Torr ance. California 

2S ulfide-rich -200 mesh fraction 

pherlc oxygen, possibly facilitated by bacteria 

(Ehrlich and Schoen, 1967). The descending acidic 

water leaches the rock leaving opal, anatase and 

residual original quartz. In the first few meters 

below the water table, dilution of the acid re

sults In alunite and crlstoballte replacement of 

the rock. Further dilution results In kaolinite 

and quartz or cr I stoba II te rep I acement for the 

next few meters below the water table (Schoen and 

others, 1974). 
Hydrothermal alTeratIon below The waTer Table 

consists of replacement of wall rock by quartz and 

K-feldspar above about 100 m depth, passing Into 

illite and mixed-layered illite-montmorillonite, 

particularly as selvages around quartz, calc.lte 

and/or pyrite veins, at greater depths . Albite 

and calcite replacement of plagioclase, and ch l o

rite and calcite replacement of mafic minerals, 

occurs below 100 m and becomes the dominant alter

atIon assemblage with Increasing depth (Slgval

dason and WhIte, 1961, 1962; Schoen and WhiTe, 
1965, 1967). 

GEOCHEMISTRY AM) MINERAliZATION 
The Steamboat Springs geothermal system Is 

Steamboat Springs, Nevada (ppm) I 

Pb Sb Sn Tl Zn Cd Ga Pd 5e Te 

5.0 12.9 .6 <.5 5 . 4 <.5 <.5 <.25 <2.0 <. 5 

1. 0 34.6 .6 < . 5 6. I <.5 <.5 <.25 <2.0 <.5 

4.5 50 . 8 3.2 <.5 5.7 <.5 .6 <.25 <2.0 <.5 

11.3 17.3 2.5 <.5 10.1 <'5 2 .4 <.25 <2.0 <. 5 

2.4 1.4 2.8 <.5 6.3 <.5 <.5 <.25 <2.0 <. 5 

8.7 .6 1.6 <.5 4.9 < .5 5.4 <.25 <2.0 < . 5 

2.7 .4 1.3 <'5 5.1 - _ <' 5 < .5 <. 25 <2.0 <' 5 

6.4 2.0 1.7 3.6 7.9 <.5 5.8 <. 25 <2.0 < .5 

3.7 41.0 1.7 1.6 21.2 <. 5 .6 < . 25 <2.0 <.5 

1.2 33 .7 1.0 .6 6.0 .5 < .5 <.25 <2.0 < .5 

69.4 12000.0 209 .0 1107.0 79.0 <.5 6.5 . 33 31.8 <' 5 

10 .9 459.0 2.3 155.0 53.3 < .5 2."1 < .25 <2. 0 <'5 

10.9 129 . 0 2.0 40.0 60.9 < .5 1.0 <.25 <2.0 < . 5 

B i and Pt < .5 ppm for all samples 

noted tor anomalous values of Ag, As, Au, Hg, Sb, 

Tl, and B (Table lj and White, 1981). Based on 

limited 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 sulfide-rich 

material (Table lj White, 1981, Table 2). SIli

ceous sulfide-rich muds deposited on the Main 

Terrace with highly anomalous metal values (SS-24, 

SS-39 and 5S-41s, Table 1) precipitated minerals 

at an unknown depth and were carr led to the sur
face In suspension during a period of high turbu

lence. White (1985) notes a strong tendency tor 

Au, As, Sb, Hg, T1 and B to concentrate in the 

near-surface environment of the active system and 

Ag concentrating In the mlddle ' and deeper parts of 

the explored system. Cinnabar is visible locally 
In all ages of sInter and In acid-leached rocks. 

Cinnabar has not been observed below 15 m depth 

from drillholes (White, 1985). StlbnlTe and 

metastlbnlte occur as needle-like crystals In 

se veral hot-spring pools and was recognized In 

drill core up to 46 m below the surface up to a 

temperature of 146 0 C (Wh i te , 1967). Pyrargyrl+e 

was Identified at 72.5, B3.2, and 107.6 m deep In 
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dr III hole GS-5 on the Ma In Terrace but not recog

nIzed In any other drIllIng (White, 1985). PyrIte 

Is typically cubIc In most observed localitIes but 

tends to be framboldal In erupted siliceous muds 

'on the Main Terrace. In acid-leached rocks formed 

above the water tab Ie, Hg and to a lesser extent 

As and Sb are anomalous IndIcatIng vapor transpor

tabllty. NatIve sulfur Is also COrmlon In the 

acId-leached rocks resultIng from oxIdatIon of 

H S. 
2 THERMAL WATERS 

Hydrogen and oxygen I sotop Ic data Indicate the 

Steamboat Springs geothermal system 15 a meterolc 

water system, although a small amount of magmatIc 

water content could be present. NehrIng (1980) 

determ I ned the source of the water to be from the 

Carson Range to the west wIth lIght delta- D values 

and vIrtually no InteractIon wIth groundwater 

sources In the ImmedIate vIcInIty of Steamboat 

SprIngs. Hot water ascends along deep faults and 

vents to the surface or mIgrates latera II y In 

uncemented alluvIum. Exchat~ wIth wall rocks 
yields up to a 3 per ml I 0 shift. Tritium 

values In thermal dIscharge waters suggest a 

resIdence tIme of much greater than 50 years 

(Nehring, 1980). 

BoIlIng occurs In upper parts of the geothermal 

system. Slgvaldason and WhIte (1961, 1962) note 

water temperatures at the bol ling poInt for two 

dr III holes In Itlatlng about 70 m deep whl Ie waters 

In other drIll holes were somewhat below the boll-

Ing curve. CalculatIons based on delta-D and 

chlorIde data suggest InItIal boilIng temperatures 

for varIous drIllholes range from 210 to 170· C 

(NehrIng, 1980) or up to 200 m for pure water. 

Nearly all sprIngs are saturated 
wIth calcIte (NehrIng, 1980) 

. ca Iclte precipItatIon Is known 

or supersaturated 
and although no 

from the surface 

deposits, severa I dr III holes have ca Iclte veins 

(WhIte and others, 1964), probably precIpItated 

from boiling hydrothermal fluids. 

Seasonal fluctuatIons and seIsmIc actIvIty 

creates wide varIations In dIscharge rates (White 

and others, 1964). IndivIdual sprIngs have been 

actIve for decades while others start and stop 

over periods of weeks or months. Recent prolonged 

ventI ng of a deep geotherma I we II about 2.5 km 

southwest of the MaIn Terrace apparently lowered 

water levels on the MaIn 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 

end of venting, IndIcatIng a relatively rapid 

change In dIscharge conditions within the system 

!D.M. Hudson, persona I data, 1986). 
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GIven the approxImately 3 m.y. hIstory of 

thermal actIvIty, WhIte (1968) estImates 3000 km
2 

of magma would be requIred If geothermal actIvIty 

has contInued at present rates of heat flow by 

conductive loss of heat. WhIte (1985) consIders 

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 rhyolite evident In the vIcinIty would 

not sustaIn contInuous 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. 

CONCLUSION 

The Steamboat Springs geothermal area serves as 

a modern ana log for many hydrotherma lore depos

Its. The shallow boIling system has many of the 

features of epIthermal and hot sprIngs deposIts 

found through out the wor Id. Study and under

standing of this modern metal-depositing system 

can lead to a better understandIng of and explo

ratIon for fossIl hydrothermal systems. 
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SlMlARY OF THE GEOLOGY OF 
THE COMSTOCK DISTRICT. NEVADA 

Oonald M. Hudsorl 
Consul tarlt 

I NTRODlICT I ON 
The Comstock dIstrict lies In the Vlrglrlla City 
,a, about 30 km southeast of Reno. The dlscov

of low-grade placer gold In 1850 was 101 lowed 
dIscovery of lode sIlver and gold In 1859 

i1th, 1943). The malrl period of productIon, 
un 1863 to 1880, combined wIth Interm1 tterlt 
,ductlon by underground and open pit methods to 
~ preserlt has yIelded over 260 million grams of 
d arld 6 billion grams of silver (Bonham, 1969). 

history of the Comstock distrIct Is long. 
Iplex and Interesting. For a complete early 
,tory, the reader Is referred to the excellent 
lmary by Smith (1943). The Important previous 
lloglc studIes were by Becker (1882), Glaner!a 
136) arld Calklrls (1944). The following Is a 
unary ot urlpubllshed geologIc Investigations by 

;elf from 1983 to the present, except where 
jfcated. 

STRATIGRAPHIC /tR) STRUCTURAl SETTING 
The base of the stratigraphic section consIsts 
early Jurassic argillite and limestone of the 

-dnerv I lIe FormatIon over thrusted by Mesozoic 
ta-andeslte, metadlorlte, and metagabbro of the 
wine Sequence. The age of thrusting Is prob
Iy middle Jurassic. These rocks are Intruded by 
te MesozoIc granodiorite and granite. The Meso
Ic rocks are unconformably overlain by silicic 
1-flow tut1s Including (from oldest to youngest) 

~ Mickey Pass Tuff, the Lenihan Canyon Tu11, the 
1e HI II Tuff, the Santiago Canyon Tuff, and an 
lamed tuH, wh Ich range In age from 28 to 20 Ma 
Ingler, 1978). Uncontormably overlying the 
Its and Mesozoic rocks are over 1000 m of andes
Ic flows, flow breccIas, mudflow breccias, and 
;ustrlne sediments of the early Miocene Alta 

-matlon. the main host rock for orebodles In too 
strIct. The above sequence Is Intruded by horn
~nde andesite prophyry dIkes and stocks and 
)cks and dikes of the Davidson Diorite (ranges 
)m diorIte to quartz dIorite to granodiorite to 
jeslte porphyry). The Davidson Diorite has 
~Ided K-Ar and flsson-track ages of about 17 Ma 

L. SIlberman and R. P. Ashley, unpub. data, 
16). Overlying the Alta Formation are andesltlc 
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to dacltlc flows with accompanying dikes and 
stocks 01 the lower member 01 the Kate Peak Forma
tion. Ourlng the latter stages of emplacement 01 

the lower member, normal faulting, mineralization, 
and alteration occurred. Adularia from the Com
stock and OCcidental Lodes have yielded K-Ar ages 
of 12.6 to 13.7 Ma (Bonham, 1969; Whitebread, 
1976). The upper member of the Kate Peak Forma
tIon. which displays the same textures and compo

sition as the lower member. was emplaced on an 
erosional surface developed on the altered rocks. 
The upper member has yIelded K-Ar ages from horn

blende and bIotite ranging from 12.3 to 14.9 Ma 
(Whitebread, 1976). FollowIng a perIod of ero

sional and structural quIescence, the late MIocene 
or Pliocene KnIckerbocker AndesIte covered much ot 
the dIstrict up to 20 m thIck. Renewed normal 
faulting commenced about 2.5 to 3 Me (Birkeland, 
1963). An olIvine basalt. whIch has yielded a 
whole rock K-Ar age of 1.14 Ma (Doe II and others, 
1966), erupted from the east side of McClellan 
Peak and flowed down American RavIne, part of the 
topography developed as a resul t of the recent 

tectonism and upl lit In the area. 

The major structures that predate, or ere syn
chronous with, mineralization are the Comstock, 

Silver CIty and OCcidental 'faults (Fig. 1). Nu
merous 'fractures or smal J faults are occupied by 
silicified ribs, alunite-quartz ledges, hydrother

mal breccias, or veins. These relations, combined 
wIth the presence of gouge cemented by vein mater
Ial and gouge displayIng numerous episodes of 
brecciation and recementatlon, suggest that mlner
a Ilzatlon was contemporaneous with movements of 
the "faults. Olp-sllp displacement on the Comstock 
and SIlver City faults that predated, or was syn
chronous with mIneralization, can be estimated to 
be about 400 m from offsets of the ash-flow tufts 

and I acustr I ne sediments I n the Al ta FormatIon. 
Early movement on the Occidental fault similarly 
can be estimated at about 100 m by offset of 
lacustrine sediments In the Alta Formation. Post
Miocene dIp-slip displacements are estimated from 
of1set of the Knickerbocker Andesite and the upper 
member ot the Kate Peak Formation to be 400 to 500 
m on the Comstock fault zone, about 250 m on the 
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Figure 1. Simplified geologic map of the Comstock district, Storey County, Nevada. 
Based on unpublished mapping by D. M. Hudson, 1983-1985. 
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Silver City fault zone, and up to 200 m on the 

Occidental fault. This recent movement on the 
Comstock and SII ver CI ty fau I t zones occurred 
along pairs of parallel major faults that, with 
few exceptions, bound the earlier minerai Ized 
faults on either sIde with lesser displacement 

faults 
fau Its. 

occurr Ing 
The major 

be"hleen 

bound I ng 
the major 

faults of the 

bounding 

Comstock 
fault zone are about 50 m apart et depth and splay 

apart to nearly 200 m at the surface. The Com

stock, SIlver City, and Occidental faults dip 40 

to 35 degrees to the 
wIth depth, but Ilear 

east and flatten slightly 
the surface the Oomstock 

fault bends to nearly vertical (Fig. 2). These 
taults have been rotated to lower than original 
dips by post-Mlocene westward tiltIng as shown by 
wes"hlard dips of the Knickerbocker Andesite of 10 
to 15 degrees. A number of other post-Miocene 
normal faults, generally of small displacement, 
parallel the Comstock fault zone or have roughly 
east--west strikes (Fig. I), 

STRUCTmAL SETTING oW) MORPHOLOGY Of OREBOOIES 
Most of the known orebodles occur within the 

Comstock or Silver cIty fault zones. A few are
bodies occur In hanging wa I I fractures of the 

Comstock fault zone, such as the famous Con. 
VIrginia bonanza, and a few small orebodles occur 
In the foo"hla II of the Comstock and Silver City 
faultzones as well as In the Occidental fault. 
The vertical extent of orebodles rarely exceeds 
150 m and strike lengths rarely exceed 300 m with 
mining widths up to 45 m (Becker, 18821. Anoma
lous Ag and Au, occasionally ot mIneable grade, 

occur above and below the rna In ore horl zons as 
wei I as along strike, 

Movement on the Comstock fault that postdated 
mineralization displaced the hanging wall ore
bodies, as wei I as portions of orebodles that 

formed In the Comstock 1ault, relatively downward. 
Thus, most 01 the orebodles within the Comstock 

Comstock 
Fault 

__ --------------.~~:---l'~~T~d7;T;O~'>-------"zone 

Td 

Figure 2, Cross section A-A', 

fault zone occur near the surface and several crop 
out, whereas orebodles within the hanging wall are 
situated at deep levels. It Is likely that all 
orebod les on the Comstock Lode formed at about the 
same paleoelevatlon. However, orebodles on the 
Occidental and Sliver City Lodes may have formed 
at higher paleoelevatlons. 

VEIN MINEIW..QGY MIl PARAGENESIS 
For the most part, The Comstock lode Is a 

siockwork zone. VeIn densities vary from a few 
percent to nearly 100 percent ot the rock volume, 
although veIn density appears to have little rela
tion to localization of ore. Individual veins 
commonly are 2 to 30 mm wide and rarely exceed 30 
em. The mineralogy 01 the stockwork zone Is ver

tically zoned from a deep quartz zone to an Inter
mediate quartz + adularia zone to a shallower 
calcite + quartz ~ minor adularia zone (Fig. 3). 
In the transition trom the Intermediate to shal
lower zones, veins contain calcite replaced by 
quartz. The higher-level calcite + quartz :!.
adularia veins are rarely preserved on the Com
stock but crop out extensively on the Occidental 
and Silver City Lodes. The quartz + adularia 
zones contains many veIn types. The volumetric

ally most abundant consist of coarse-grained 
quartz with occasional amethyst. Less common are 

quartz with ~Inor adularia, with adularia occur
rIng In 1Jne-gralned (5 to 5001'_ ) Intergrowths 
with quartz on vein margIns, and coarse-graIned 
quartz filling In the center of the veins. Far 
less abundant vein types Include quartz + lIdularla 
+ pyrite, adularia with lesser quartz, quartz + 
pyrite, and other types, all of which are usually 
tine grained. Veins are otten banded but rarely 
contain more than four stages ot gangue minerai 
deposition. As many as 30 generations of cross

cutting veins occur but have not been studied In 
detail. The ore horizon Is located In the upper 
portion of the quartz + adularia zone and extends 
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Into the calcite + quartz ~ adularia zone. 
Based on a limited number of ore specimens 

obtained from the Mack!ly School 01 Mines Museum 
and from mine dumps, a paragenesis based on re
placement textures Indicated for the ore stageCs) 
Is argentite ~ electrum --> galena ----:> chalcopy
rite + electrum --> sphalerite, with minor pyrite 
deposited throughout. This sequence occurs within 
a single band of ore deposition and In some In
stances Is repeated several times wIthin II single 
vein. It Is unknown durIng which period or 
periods of veining ore depositIon occurred. Asso

ciated gangue minerals are quartz, often adularIa, 
and a few specimens contaIn calcite. Mn-oxldes 
locally are abundant and often contain silver. 
The Mn-oxldes are at least In part hypogene, based 

on Intergrowths with unoxldlzed pyrite, but In the 
oxidized zone they could be in part supergene. 
other ore mlnera I s reported from the Comstock 
Include stephanlte, pyrargyrlte. polybaslte. 

native silver. tetrahedrlte, uytenbogaardlte !lnd 
molybdenite (Becker. 1882; Terrill. 1914: 8!1sttn. 
1922; Glanella, 1936: Barton, 1918). 

WAll-ROCK ALTERATION 
AI teratlon of wall rocks displays consIderable 

varl!ltlon dependent on depth below the paleosur
face and distance 1rom major fractures (Fig. 3). 

In the Inferred deeper portions of the hydrother
mal system associated with the stockwork ore hori

zon (as exposed In the footwall of the Comstock 
Lode at the surface and as Irregular pods In the 

vIcinity 01 orebodles) 15 a sericite + quartz + 

pyrite assemblage commonly grading laterally and 
along strike Into an assemblage ot chlorite + 
Illite + pyrite + albite and/or adularIa. Both 
assemblages are associated with orebodles and 
neither Is neccessarJly Indicative of ore. Iso
lated bodies 01 sirong secondary biotite occur In 

the deeper levels but their relationship with the 
hydrothermal system Is uncertain. Intermedli'lte 
levels, above ore, are characterized by the assem
blage quartz + anhydrite + pyrite + Illite or 
sericite + kaolinIte. This Intermediate level 
assemblage appears to underlie upward-expandlng 

zones of Intense hydrolytic alteration characier
Ized by the presence of alunite and pyrophyilite. 
The core 01 these near-surface altered zones 
formed along faults or large fractures consists of 
quartz + alunite + pyrite ledges In some cases 

zoned outward to pyrophyll Ita + quartz ~ diaspore 
+ pyrite. These core assemblages grade laterally 
to a kaolinite + quartz + pyrite assemblage which 

In turn grades Into an II'Ite + 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 Illite-montmorillonIte assemblage In 
contact with propylltlc rocks. The uppermost 
level alteration assemblage, locally 
under the overlying upper member of the 

preserved 

Kate Peak 
Formation, occurs as a roughly fiat-lying assem
blage of crlstoballte + opal + pyrite + kaolinIte 
+ alunite which probably for~d above-the paleo
water table, similar In occurrence to Steamboat 
Springs described by Schoen and others, (914). 

Therefore, estimated depths shown on FIgure 3 for 
alteration zonation and ore horizon locatIon cun 
be approximated by reconstruction from an Interred 
shallow paleowater table below the paleosur1ace. 

The Comstock distrIct Is often referred to as 

the "type locality" 01 propyllte of Rlchtofen 
(1866). Propylltlzed rocks contain two distin
guIshable assemblages: albite + chlorite + 

epidote + quartz ~ white mica..:. pyrite, and albite 
+ chlorite + calcite ~ white mica::: pyrite. Zeo
lites occur locally (Coats, 1940). The calclte
bearing assemblage overla.ps with the epldote

bearing assemblage but calcite Is present In very 
small quantltes when epidote Is present In the 
rock. There appears to be a tendency for the 
calcite-bearIng propylltlc assemblage to I Ie 
higher In the system and distal irom more Intense 

hydrolytic alteration assemblages. 
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GEOCHEMISTRY 
To date, very little geochemical characteriza

tion oi the Comstock dIstrict has been reported. 
Corwa I t and others (1967) did lImited sampling tor 

Hg and Ag. Whitebread (1916) analyzed 20 samples 
for Ag, Au, As, 81, Cu, Hg, Pb, and Zn. Figure 4 
presents surface geochemical data "lor 100 samples, 
the bul k of which are from the Comstock Lode and 
Its hanging wall. 

Virtually nothing Is known about vertical or 
lateral zoning oi elements within orebodles or 
geochemical haloes around ore. Most of the assay 
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;igure 4. Graphs showing range of geochemical values (length of bar) and average values (crossbar) for various alteration 
ssemblages from the Comstock district. Number in parentheses next to alteration assemblage is number of samples. Lode 
Mers to lode material. 

acords for orebodles were reported In dot lars and 
hOse that reported sIlver and gold separately are 
f lImited spatial extent so even gold-silver 
)nlng Is virtually Impossible to reconsiruct. 

)parentl yother elements were rare I y ana I yzed 
if. Therefore, useful geochemical zoning data 
'11 probably remaIn unknown. 

CONCLUSION 
The Comstock district presents a well-preserved 

'eclous metal hydrothermal system because 0'1 

lsimlneral faultIng and limIted erosIon. The 
tockwork mineralization forms In wide, structur

,Iy controlled ore bodIes wIth hIgh average Au-Ag 
'ades. GeochemIcal signatures, though based on 
fmlted sampl lng, suggest limited exploration 
;8ful ness high In the system but a strong base 
ita I assocIation with ore. Alteration zoning, 
Ith lateral and vertical, and vertIcal veIn mln
'elogy zoning can be useful In broadly definIng 
:ploratlon targets In this and similar systems. 
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