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STUDIES RELATED TO WILDERNESS 
WILDERNESS AREAS 

In accordance Wlth the proVIsion of the Wilderness Act (Pub
he Law 88-577, September 3, 1964) and the Jomt Conference 
Report on Senate Bill 4, 88th Congress, the U S Geological 
Survey and U S Bureau of Mmes have been conductmg mm
eral surveys of Wllderness and pnmitive areas Studies and 
reports of all pnm1tive areas have been completed Areas offi
cially designated as "Wllderness, Wlld, or canoe" when the Act 
was passed were mcorporated mto the National Wilderness 
Preservation System, and some of them are currently bemg 
studied The Act proVIded that areas under consideration for 
Wllderness designation should be studied for swtabihty for In

corporation mto the Wilderness System The mmeral surveys 
constitute one aspect of the swtabihty studies This report ills
cusses the results of a mmeral survey of some of the land 
m the Charles Sheldon Wilderness Study Area, Humboldt and 
Washoe Counties, Nevada, and Lake and Harney Counties, 
Oregon, that Is bemg considered for Wllderness designation 
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STUDIES RELATED TO WILDERNESS-WILDERNESS AREAS 

MINERAL RESOURCES OF THE CHARLES 
SHELDON WILDERNESS STUDY AREA, 
HUMBOLDT AND WASHOE COUNTIES, 

NEVADA, AND LAKE AND HARNEY 
COUNTIES, OREGON 

By U S GEOLOGICAL SURVEY and U S BUREAU OF MINES 

SUMMARY AND INTRODUCTION 

A mmeral survey of the Charles Sheldon Wilderness Study Area, 
m Humboldt and Washoe Counties, Nev., and Lake and Harney Coun
ties, Ore., was conducted m 1974 and 1975 (figs 1, 2, 3) The mmeral
resource potential was evaluated by geological, geochermcal, and 
geophysical studies by the U.S. Geological Survey, and by the exami
nation of mmes, prospects, and other rmnerahzed locahties by the 
U.S. Bureau of Mines. The mvestigation identified several areas of 
significant rmneral potential within the study area, which mcludes the 
Charles Sheldon Antelope Range and the Sheldon National Antelope 
Refuge (fig. 2). The VIrgin Valley area contains reserves of precious 
opal, small quantities of decorative bwldmg stone, and low-grade ura
mum resources. The investigation mdicates that there are several 
areas of potential for the discovery at depth of mercury and for base 
and complex precious-metal sulfide deposits Withm the study area. 
Reservoir temperatures, estimated from the analysis of thermal 
springs, suggest that the area has low to moderate pot~ntial for geo
thermal resources The potential for 011, gas, or coal Is very low. 

Outcrops Withm the study area consist entirely of volcanic and conti
nental sedimentary rocks of late Tertiary and Quaternary age These 
rocks rest on a bunal basement that probably comprises Permian, 
TnassiC, and Jurassic metavolcamc and sedimentary and Jurassic and 
Cretaceous gramtic rocks The thickness of the upper Tertiary and 
Quaternary rocks IS vanable but Is on the order of 950 to 1,900 ft 
(feet) (300 to 600 m or meters). The Cenozoic umts are flat lytng 
or gently dippmg and show much mterfingermg m local basms 

Volcamc rocks are andesite lava flows, rhyohte ash-flow tuffs, and 
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FIGURE 2.-Map showing areas of potential mineral resources in relation to the proposed 
wilderness boundaries within the Charles Sheldon Wilderness Study Area. 

basalt flows. The andesitic rocks are the oldest and are middle Miocene 
(about 15-16 m.y., or million years, by potassium-argon methods) in 
age. The ash-flow tuffs are slightly younger and are parts of wide
spread tuff sheets recognized elsewhere in northwestern Nevada. 
Basalt flows that cap much of the area are variable in age; some 
are as old as about 9 m.y., and others are as young as about 1-2 
m.y. Tuffaceous sedimentary strata are lenticular units at many hori
zons in the section and are especially thick in ancient valleys such 
as Virgin Valley. 
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FIGURE 3.-Map showing prominent gravity and magnetic anomalies in the Charles 
Sheldon Wilderness Study Area. 

Basin and range faults in the Charles Sheldon Antelope Range and 
the Sheldon National Antelope Refuge are fewer in number, have 
less offset, and have a different trend than in surrounding regions 
of the Great Basin. The general trend of the faults is northwest in 
the Range and Refuge; it is northeast in adjacent regions. There are 
no major mountains of block-fault origin in the study area. 

Geophysical investigations consisted of gravity and aeromagnetic 
surveys (fig. 3}. The gravity map shows a decrease in gravity-anomaly 
level of about 15 mgal (milligals) between the study area and the 
Pine Forest Range to the east, where pre-Tertiary rocks are exposed. 
If the observed difference in gravity level is entirely an effect of an 
estimated 0.2 g/cm3 (grams per cubic centimeter) density contrast be
tween the Tertiary and pre-Tertiary rocks, the study area is underlain 
by about 5, 760 ft (1,800 m) of Tertiary and younger rocks. The 15-mgal 
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change of gravity level mostly occurs Withm a north-trending 6.4 m1 
(10.3-km) zone along the west edge of the Pme Forest Range, mdicat
mg a maJor fault boundary A fault zone also Is indicated by north
west-trendmg gravity contours centered about 9.6 m1 (15 5 km) north
east of the Charles Sheldon Antelope Range headquarters. Fault zones 
or major geologic contacts Similarly are mdicated by the occurrence 
of approximately hnear magnetic contours near the east and northeast 
edges of the study area The rather hnear zones of high gravity or 
magnetic gradients are considered possible sites for future mmeral 
exploratiOn. 

The occurrence of four gravity maXIma m or along the edge of the 
study area suggest the presence of concealed mtrusive centers or up
lifted localities The westernmost gravity anomaly occurs at a struc
turally uplifted locatiOn near the Lone Pme m1nmg distnct at the 
west edge of the study area. Two gravity maxima that occur near 
thermal sprmgs along the east edge of the study area seem too broad 
to be explamed wholly as an effect of local densificatwn of the underly
mg tuffaceous sedimentary rocks by compactiOn and' filhng of pre
existmg pore space with precipitates from mmeral-rich thermal wat
ers. A magnetic maximum nearly comcides With the location of the 
fourth gravity maximum m the southeast corner of the study area 
Two broad magnetic maxima near the northeast and northwest cor
ners of the study area probably reflect concealed extenswns of volcamc 
centers that are exposed to the north of the study area The localities 
of gravity or magnetic maxima are considered possible sites for future 
possible mmeral exploration, If such studies are undertaken 

Three promment closed gravity mmima along the south edge of 
the study area may reveal underlymg calderas, which are masked 
by younger Tertiary rocks The largest possible caldera is about 10 52 
by 15.5 mi (17 by 25 km) in size, and, If the assumed underlymg 
tuffaceous sedimentary rocks are, on the average, 0.2 g/cm3 less dense 
than the surroundmg volcamc rocks, the caldera extends to a depth 
of about 1 7 m1 (2. 7 km) The areas along the edges of the postulated 
calderas are considered sites for possible future mmeral exploratiOn 

Identified by geochemical sampling, anomalous concentratiOns of 
gold, mercury, antimony, arsemc, tungsten, molybdenum, manganese, 
and banum, and anomalous cadmmm zinc ratiOs form dispersion pat
terns that delmeate target areas for possible exploratiOn for concealed 
mmeral deposits The areas of possible potential metallic resources 
Within the study area are shown on figure 2, letters C-M 

The south part of the Sheldon National Antelope Refuge (area C, 
fig. 2) has possible potential for mercury deposits and for concealed 
base and complex precious-metal sulfide deposits. A mercury anomaly 
occurs m a large part of the area In addition, the anomalous concen-
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tratwn of the other elements mentioned above and the anomalous cad
mmm.zmc ratiOs form dispersion patterns that are contiguous with 
normal faults and with some magnetic or gravity highs, or both. 

Additional areas that may contam mercury and concealed base and 
complex precious-metal sulfide deposits are the areas encompassing 
the Subheadquarters (area D, fig. 2) and Pamted Hills mine (area 
E, fig. 2). The geochemical dispersion patterns and therr relationship 
to geological structures, geophysical anomalies, and almement of ther
mal spnngs suggests that the Subheadquarters and Pamted Hills 
mmeralized areas may be jomed at depth and may extend northwest
ward beneath younger volcamc rocks. 

Area F m figure 2 has a possible potential for Similar metallic re
sources. Most of the valley of Hell Creek from Its source to Its junction 
With Vrrgin Creek IS fault controlled. The area near the JUnction of 
Hell Creek and VIrgin Creek Is contiguous With a geophysical ano
maly Anomalous amounts of mercury, arsemc, antimony, molybde
num, banum, gold, and manganese, anomalous cadmmm·zmc ratios, 
as well as several mercury prospects, seem to be associated With the 
faults and the western edge of a geophysical anomaly 

In the southwestern part of the Range, gravity and magnetic 
anomalies of substantial size suggest the possible existence of a caldera 
or buned pluton. The widespread geochemical anomalies m this area 
are similar m size and magnitude to the mineralized McDermitt Cald
era approXImately 82 mi (132 km) to the northwest m the Opalite 
mimng distnct. Whether a caldera or buried pluton IS present m the 
area, the geochemical data suggest that area C shown on figure 2 
has a possible potential for concealed mercury and complex precious
metal sulfide deposits. 

Areas H through M on figure 2 are other localities where anomalous 
concentratiOns of some of the elements discussed, anomalous ratiOs, 
and detectable gold occur m either stream sediments or rocks 

The study area contains two mimng districts. the VIrgm Valley near 
the eastern edge of the Range, and the Lone Pme near the southern 
part of the Refuge. Production from the study area Is estimated to 
have been several million dollars, nearly all production commg from 
the VIrgin Valley distnct. Precious opal accounted for more than 75 
percent of the total Significant deposits are at the Rambow Ridge 
Opal, Royal Peacock, and Virgin Opal (Bonanza) mines m the V rrgin 
Valley district (area A, fig. 2) More than 18,000 tons (16,000 t, or 
metnc tons) of ornamental dimensiOn stone valued at $60/ton ($66/t) 
and about 15 tons (14 t) of fluorescent opabte have also been produced 
from the VIrgin Valley distnct. A small amount of mercury reportedly 
was produced from the Lone Pme distnct. 

One thousand stx hundred fifty-six lode and 98 placer clrums have 
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been located withm the study area. Three hundred nmety-three clrums 
are bemg actively worked. 

PreciOus opal reserves and resources m the VIrgin Valley d1strict 
are estimated to be several rmlhon dollars m the followmg mmes. 
Meyer group, Opal Queen group, Rambow Ridge Opal, Royal Peacock, 
and VIrgin Opal (Bonanza) (area A, fig 2). Resources of ornamental 
dimensiOn stone adJacent to the quarry m the Virgin Valley distnct 
are estimated to be more than 250,000 tons (227,000 t) of poor-quahty 
stone. 

A submarginal uramum resource m tuffaceous sediments (area B, 
fig 2) m the V Irgm Valley district may contrun 15--20 rmlhon tons 
(14 to 18 milhon t) of uramum ore. Uramum may occur m tuffaceous 
sediments beneath younger volcamcs adJacent to the VIrgin Valley 
uramum occurrences (area B, fig. 2) or m tuffaceous sediments as
sociated with hot sprmgs Anomalous concentratiOns of some of the 
elements discussed, anomalous element ratios, and detectable gold are 
associated with the known uramum occurrences 

INTRODUCTION 

LOCATION AND ACCESS 

The Charles Sheldon Wilderness Study Area Is m the VICiruty of 
the JUnction of Cahforma, Oregon, and Nevada m Humboldt and 
Washoe Counties, Nev., and m Lake and Harney Counties, Ore (fig 
1) The study area mcludes the Charles Sheldon Antelope Range and 
Sheldon N atwnal Antelope Refuge, which are apprmomately 82 rm2 

(2, 140 km2
) m size In this report, these areas are referred to as 

the "Range" and the "Refuge" The Range and Refuge have been 
under the dual management of the U.S Bureau of Sport Fishenes 
and Wddhfe, whose headquarters are m Lakeview, Ore, and the US 
Bureau of Land Management, whose headquarters are m Cedarville, 
Cahf 

The study area Is far from any large town VIrgin Valley, locatiOn 
of the Dufurrena Subheadquarters and prmcipal focus of activity m 
the Range, IS 120 rm (192 km) from Wmnemucca, Nev (paved road), 
95 mi (153 km) from Lakeview, Ore (paved road), 88 rm (142 km) 
from Cedarville, Calif. (56 mi or 90 km of gravel road), and 51 mi 
(82 km) from Fields, Ore. (paved road) Demo JunctiOn, with a com
bmed gas station, motel, and restaurant, Is 25 mi (40 km) away (paved 
road). In this report the Dufurrena Subheadquarters IS referred to 
as the Subheadquarters 

Access withm the Range and Refuge IS provided by a network of 
gravel and dirt roads, branchmg from the paved Nevada-Oregon 
Route 140 (fig. 1) Nevada routes 8A and 34A are fair to good gravel 
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roads and are also artenal routes Other good gravel roads lead up 
VIrgin Valley to the Vrrgin Valley Ranch (Wilson ranch), between 
Badger and Blowout Mountams to Fivemile Flat and Sumrmt Lake, 
and from Thousand Creek up Crame Creek valley to Sumrmt Lake 

Other roads m the Range and Refuge are rough and require four
wheel dnve vehicles Access to the tops of Big Spnng, Gooch, and 
Rock Sprmg Tables is poor 

PROPOSED WILDERNESS 

In 1971 certam parts of the Range, Refuge, and adJacent areas 
were first proposed for Wilderness status By 1974, the proposed wil
derness was expanded to mclude eight umts totalmg 533 mi2 (1,380 
km2

) mside the Range and Refuge and 29 mi2 (75 km2
) adJacent to 

It for a total of 562 rm2 (1,455 km2
) (fig 1B). 

WILDLIFE AND VEGETATION 

Wlldhfe m the area IS diversified, but antelope IS the species chiefly 
associated with the Refuge and Range About 1,500 antelope are pre
sent at the peak penod of wmter use. Antelope of an mterstate herd 
move m considerable numbers from Oregon to Winter on the Refuge 
and Range Summer populatiOns are lower and usually total about 
800 ammals Deer use the higher mountruns extensively m summer 
and fall but many move off the Refuge and Range to wmter at lower 
elevatiOns farther east. The Cahforma bighorn sheep, Originally mdi
genous, was extmct m the area by 1930. Sheep were remtroduced 
m 1968, and a small herd IS becormng established m the Hell Creek 
dramage Other native mammals mclude the coyote, bobcat, mountam 
bon, and a host of smaller mammals charactenstic of the region Free
roarmng horses and burros are also present m substantial numbers. 
More than 145 species of birds have been recorded. Birds vary season
ally m numbers and species but are aJ.ways most abundant and diverse 
around sprmgs or other water sources The ponds, reservorrs, and 
mtermittent lakes total about 67,900 acres (27,500 ha) and are favored 
by migrating ducks, geese, swans, and a variety of other waterfowl. 
Peak waterfowl populations may be as large as 20,000. The native 
sage grouse and mtroduced chukar partndge are penodlcally abun
dant. Fishery resources are meager, but Catmp Reservorr supports 
the endangered Lahontan cutthroat trout. It IS reserved exclusively 
for restockmg purposes. A number of amphibians and reptiles have 
been recorded, but like small mammals, no extensive inventory has 
ever been made. 

Sagebrush and some grasses cover most of the valley areas The 
table tops are covered with low sagebrush and some stands of big 
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sagebrush and grass Patches of mountam mahogany clothe some 
slopes at higher elevatiOns, g~vmg way to willow, cottonwood, and 
aspen m some dramages at lower elevatiOns Sprmgs and seeps are 
often associated With small meadows. 

ARCHAEOLOGICAL SITE 

Early man's presence m the area dates to at least 10,000 years 
ago-to the great pluvial lakes of the Pleistocene Epoch Caves such 
as the Last Supper Cave m Hell Creek canyon provide a chronology 
of occupancy. This cave Is the only known archaeological site of maJor 
size still mtact 

CLIMATE 

The Charles Sheldon Wilderness Study Area Is classified by Sthraler 
(1969) as havmg a middle-latitude desert chmate, m an mtenor reg~on 
shut off by mountains from invasions of man time air masses but domi
nated by contmental tropical air masses in summer and contmental 
polar air masses in Winter. This chmate has an annual temperature 
range from less than -4°F (-20°C) m Winter to more than 99°F (37°C) 
m summer. The high altitude produces a druly summer temperature 
change frequently exceeding 50°F (10°C) and an abnormally short 
frost-free period. Precipitation ranges from 5 to 15 m. (13 to 38 em) 
annually, mostly falhng as snow or winter rruns. Dunng the summer 
the relative humidity averages about 20 percent and may fall to 10 
percent. The lower elevations may have an average growing season 
of about 75 days, and higher elevations may have frost in any month 
of the year. 

TOPOGRAPHIC AND GEOLOGIC SETTING 

The Range and Refuge are m the northwestern part of the Great 
Basin section of the Basm and Range province (Fenneman, 1931, p. 
326) Topographically, the Range and Refuge are mostly flat plateaus 
and rounded mountams, locally broken by steep scarps or cut by can
yons High fault scarps adjacent to flat alluvial valleys, a charactenstic 
feature of the Great Basin, are present both on the east (McGee Moun
tain-Craine Creek valley) and west (Round Mountain-Guano Valley 
and Bald Mountain-Long Valley) sides of the area 

Several peaks (Catmp, Bald, Badger, and Fish Creek Mountruns) 
have sumrmt elevatiOns shghtly higher than 6,890 ft (2, 100 m) above 
sea level, total rebef m the area IS slightly more than 2,950 ft (900 
m) 

The Range and Refuge are on the southeast flank of a broad basm 
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filled With sedimentary and volcamc rocks of Tertiary and Quaternary 
age that occupies northwesternmost Nevada, northeastern California, 
and south-central Oregon. Pre-Tertiary rocks adjacent to this basm 
to the southeast mclude Cretaceous gramtic rocks and Permian, Tnas
sic, and Jurassic volcanic and sedimentary rocks. These are found 
m the Pine Forest Range and Pueblo Mountains 6.2-9 3 mi (10-15 
km) east of the Range boundary PaleozOic and MesozOic metamorphic 
and Cretaceous gram tic rocks of the Sierra Nevada Mountains, more 
than 93 mi (150 km) away, bound the southwestern side of the basm. 

This basm IS dominated by northwest-trendmg normal faults The 
structural break between this area and the northeast-trendmg fault
block ranges to the east occurs at the Pme Forest Range and the 
Black Rock Desert to the south. 

PREVIOUS STUDIES 

Reconnaissance mapping in 1971 (unpubhshed) by D. C. Noble cov
ered the Humboldt County part of the Range, and mappmg for a 
thesis by W. G. Wendell (1970) included the Vrrgm Valley and McGee 
Mountam areas. The Washoe County part of the Range and Refuge 
Is included on the county map by Bonham and Papke (1969). 

Several mvestigators have reported the occurrence of valuable mm
erals m or near the Charles Sheldon Wilderness Study Area. 

Ross (1941, p. 23) reported on numerous mercury prospects and 
mines m the vicimty of the JUnctiOn of Cahfornia, Oregon, and Nevada 
The nearest occurrence of cinnabar to the study area Is m the Lone 
Pme distnct approximately 6 4 km southwest of the headquarters of 
the Sheldon National Antelope Refuge (fig 2). The main occurrences 
of mercury are JUSt south of the Refuge, although several small pros
pects are JUSt Within the boundary (Holmes, 1965, p. 269). Sporadic 
exploratiOn smce 1929 has not resulted m productiOn Bonham and 
Papke (1969, p. 70) reported that trace amounts of gold occur With 
cmnabar m the Lone Pme distnct; however, mmeable amounts of gold 
were not found by prospecting 

Wendell (1970, p. 109) mdtcated that cmnabar was found along a 
major fault that Is adJacent to the Pamted Hills mine (fig 2). He 
reported that recent movement along one of the associated faults IS 
mdicated by steam emission, temperatures m a dnll hole within the 
fault zone were 131°F (55°C) at a depth of 200 ft (60.9 m) (Wendell, 
1970, p. 98). 

Staatz and Bauer (1951) reported the discovery of uramferous opal 
m the Virgin Valley distnct (fig 1). This distnct has produced some 
of the best gem opal found in the U mted States, however, no produc
tion of uranium has been reported. 



SUMMARY AND INTRODUCTION 11 

Harold Stager (U S GeologiCal Survey, wntten commun, 1976) re
ported VISitmg the Raven manganese claims (fig. 2) m June 1959 
The deposit consists of beds of cryptomelane mterbedded With volcanic 
ash, silt, fine sand, and diatormte No production has been reported 
from these clrums 

U S Geological Survey and Nevada Bureau of Mmes (1964) men
tioned fire opal, dimension stone, and uramum occurrences m VIrgin 
Valley 

PRESENT INVESTIGATIONS 

A new geologic map of the Range, Refuge, and vicimty was pre
pared for the present mmeral-resource study (pl 1) It mcludes all 
areas mentiOned m the variOus wilderness proposals In much of the 
Humboldt County part, the map Is Identical With the 1971 mappmg 
by D. C. Noble, elsewhere It differs. 

Field mappmg was done by R C Greene m October 1974, and 
May and June 1975, and by R C Greene assisted by K L. Stark 
m July 1975 Uramum deposits were mvestigated by J E Peterson 
m May 1975 

The present geochermcal mvestigatwns were conducted by J B 
Cathrall assisted by D. F. Siems, Steve Taylor, and DWight Rhmer 
durmg the summer of 1975. About 6 weeks were spent m the field 
collecting samples and exarmning areas reported to be rmnerahzed. 
A total of 1,280 rock and stream-sediment samples was collected and 
analyzed in a mobile laboratory in the field by E F. Cooley, G. L 
Crenshaw, and James Hurrell. These results were supplemented by 
additional analyses m the Geological Survey laboratories m Denver, 
Colo. 

Analytical data, type of matenals sampled, and coordmates of sam
ple localities were entered mto the Geological Survey computer data 
storage system RASS (Rock Analysis Storage System) from a field
based computer station operated by R J Smith and M L. Marchitti. 
The analytical data were retneved from the RASS system and were 
analyzed statistically by a vanety of computer programs. These pro
grams consisted of graphical analyses, simple hnear correlatiOn coeffi
cients among logarithms, and cumulative frequency plots. 

Listmg of analytical results for rock, stream-sediment, and water 
samples; calculated minimum thermal-reservoir temperatures, statisti
cal summary of the analytical results for rock and stream-sediment 
samples, and the stream-sediment and rock sample sites are in 
Cathrall and others (1977). 

A gravity survey was carried out by S. L Robbms and K D Hol
den m October 1975. Interpretations of geophysical data were done 
by Donald Plouff 
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No systematic attempt was made by the Geological Survey to sam
ple prospects or clauns for quantitative estimatiOn of rmneral content, 
as these aspects were covered by personnel of the U S. Bureau of 
Mmes under the supervision of E. T. Tuchek, assisted by F. L. 
Johnson and M.D. Conyac (Chap. E of this report). 
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MINERAL RESOURCES OF THE CHARLES SHELDON 
WILDERNESS STUDY AREA, HUMBOLDT AND 

WASHOE COUNTIES, NEVADA, AND LAKE AND 
HARNEY COUNTIES, OREGON 

GEOLOGIC APPRAISAL 

By R C GREEN, US Geological Survey 

INTRODUCTION 

The Charles Sheldon Wilderness Study Area Is underlam entirely 
by volcamc and contmental sedimentary rocks of late Tertiary and 
Quaternary age The rocks are flat lymg or gently dippmg and lap 
m and out agamst each other In most areas the stratigraphic succes
siOn can be easily deciphered The rocks are broken by numerous 
normal faults (pl 1) 

STRATIGRAPHIC NOMENCLATURE 

Both formal and mformal names for rock umts that have already 
appeared m the literature are adopted wherever possible A few local 
umts are left unnamed and several new Informal names are In

troduced 
Canon (also spelled Canyon by some) Rhyolite IS an old name m

troduced by Merriam m 1910 as Canon Rhyolite Idaho Canyon Tuff, 
Summit Lake Tuff, and Soldier Meadow Tuff were proposed by Nobel 
and others m 1970, these tuffs and his mformal tuff of Big Mountam 
and tuff of Trough Moun tam are used here New mformal names m
clude the followmg· rhyolite of Cottonwood Canyon,. andesite of Round 
Mountam, andesite of Bald Mountam, rhyolite of Catmp Mountrun, 
rhyolite of Badger Mountam, rhyolite of Nut Moun tam, basalt of Cat
mp Creek, and basalt of Railroad Pomt 

17 
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STRATIGRAPHY 

INTRODUCTION 

The Miocene rock umts shown on plate 1 are divided mto three 
broad sequences. The lowermost of these umts consists of the andesite 
of Round Mountain and generally correlative older units of rhyolitic 
to basaltic composition, which appear only m Windows (Isolated areas 
surrounded by younger rocks). The rmddle sequence Is the main se
quence of rhyolites and welded tuffs With mtercalated sediments 
(Idaho Canyon Tuff through rhyolite of Nut Mountain). The upper 
sequence consists of basalts which cap the tables on the east and 
the broad areas on the west, plus Immediately underlymg and mter
calated sediments. The upper sequence Is overlain by Quaternary sur
ficial deposits. 

LOWER SEQUENCE 

RHYOLITE OF COTTONWOOD CANYON 

The rhyolite of Cottonwood Canyon occurs on the steep, west-facmg 
scarp separatmg Bald Mountam and the adjacent plateau from Long 
Valley. It may be as much as 1,082 ft (330 m) thick and appears 
to underlie the andesite of Bald Mountam. 

The rhyolite of Cottonwood Canyon contains both rhyolite and 
quartz latite. Exposed low on the scarp and along the road as it enters 
Cottonwood Canyon Is a medium- to hght-gray quartz latite With 
banded to mottled texture and containing trace amounts of plagioclase, 
hornblende, biotite, and magnetite phenocrysts in a groundmass of 
plagiOclase microlites and cryptocrystalline matenal. Light-gray rhyo
lite Is exposed higher on some spurs. It contains sparse phenocrysts 
of quartz, alkali feldspar, plagioclase, biotite, and magnetite m a cryp
tocrystalline groundmass. 

ANDESITE OF ROUND MOUNTAIN 

Andesite of Round Mountain underlies Round Mountam and a few 
square rmles or kilometers to the northwest, mcludmg part of the 
major scarp separatmg the Round Mountam-Antelope Butte area from 
Guano Valley It extends as far north as Oregon Highway 140 where 
It curves west to cross Guano Valley. This umt Is at least 885 ft 
(270 m) thick on the scarp bordermg Guano Valley, and an additional 
460ft (140m) Is present on Round Mountam. 

A dense, umform, medium- to dark-gray, greenish-speckled platy 
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andesite IS the predominant rock on Round Mountain. Greenish speck
les are characteristic. The rock contains 1 to 30 percent micropheno
crysts of plagioclase contaimng trace amounts of clinopyroxene, and, 
locally, trace amounts of orthopyroxene, ohvme, and magnetite, in 
a groundmass of ahned plagioclase microhtes, and clinopyroxene, mag
netite, and glass. 

In addition to the platy andesite, there IS a large amount of vesicu
lar, cindery, andesitic agglomerate or breccia exposed m the scarp 
overlooking Guano Valley, particularly along Oregon Highway 140 
Near the short canyon that JOins Guano Valley at the State Lme, 
tuffaceous sedimentary rocks mterbedded with the andesite are also 
promment Many of the sedimentary layers are baked red where m 
contact With andesite 

ANDESITE OF BALD MOUNTAIN 

Bald Mountain, Bald Mountam Canyon, and a part of the scarp 
bordermg Long Valley directly west of the now abandoned Refuge 
headquarters Is composed of the andesite of Bald Mountain It Is about 
1,082 ft (330 m) thick on the main scarp, and there Is 394 ft (120 
m) more on Bald Mountain. The mmerahzat10n of the Lone Pme dis
trict in Bald Mountam Canyon IS entirely m this umt. 

The most typical rock Is graYish-red to browmsh-gray andesite or 
dacite contammg promment rudely aimed plagioclase phenocrysts that 
form 5 to 10 percent of the rock. Other phenocrysts present m trace 
amounts mclude ohvme, clmopyroxene, orthopyroxene, hornblende, 
biotite, and magnetite. The groundmass Is mostly plagioclase micro
lites and glass, With ohvme, clmopyroxene, and apatite locally recog
mzable. Some of the andesite Is vesicular, and black vitrophyre Is 
present locally. 

The umt also contams mterbedded tuffaceous sedimentary rocks 
These are poorly exposed on Bald Mountam, but crop out m Bald 
Moun tam Canyon and on the scarp adJacent to Long Valley (fig 4) 

DACITE 

This unnamed umt Is exposed m two small areas m the flats Im
mediately southwest of Alkah ReservOir It consists of dense gray 
dacite, mflated gray dacite, and red-cmder agglutmate Some of the 
dacite IS porphyritic and contains a few percent each of quartz and 
plagioclase phenocrysts, trace amounts of clmopyroxene and magnetite 
phenocrysts, and a groundmass of plagioclase and glass with mmor 
clinopyroxene and magnetite 
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FIGURE 4.-Scarp east of Long Valley (near Calcutta Lake) at Refuge boundary. Ex
posed in scarp is andesite of Bald Mountain, and abundant interbedded tuffaceous 
sedimentary rocks, Charles Sheldon Wilderness Study Area. 

PORPHYRITIC BASALT 

Porphyr'tic basalt is exposed at the mouth of Idaho Canyon and 
to the south near the southeast corner of the Range. The porphyritic 
basalt is characterized by large plagioclase phenocrysts and is similar 
to Steens Basalt on Steens Mountain north of Denio and in the Bilk 
Creek and Trout Creek Mountains to the east. 

AGE OF LOWER SEQUENCE 

Andesite of Round Mountain and porphyritic basalt are both over
lain by the Idaho Canyon Tuff and thus are older than it; however, 
stratigraphic control is poor on the andesite of Bald Mountain and 
the unnamed dacite. The andesite of Bald Mountain is geographically 
close to the andesite of Round Mountain and has a similar structural 
setting; it seems most likely that they are nearly contemporaneous. 

A potassium-argon date for the andesite of Bald Mountain, 15.3±0.9 
m.y. (table 1), is the same as the age of the tuff of Craine Creek, 
15. 7±0.5 m.y. (Noble and others, 1970). The tuff of Craine Creek 
locally underlies the Idaho Canyon Tuff, and Noble believed that they 
are closely related. These ages are also in the same range as those 
for the Steens Basalt on Steens Mountain (15.1±0.3 m.y., Gunn and 
Watkins, 1970; 15.3±1.0, Greene and others, 1972; Watkins and Baksi, 
1974; Evernden and others, 1964). Therefore, the stratigraphy and 
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TABLE 1-Potasstum-argon ages on some rock untts tn and near the Charles Sheldon 
Wtlderness Study Area, Humboldt and Washoe Counttes, Nevada, and Lake and 
Harney Counttes, Oregon 

Sample 
1 ocal1 ty Un1t Age (mY 

Basalt of Ha1l road Po1nt 11 2+0 1 
Bas a 1 t of Rail road Po1 nt ll SS+O 2 
Basalt of CatnlJ.I Creek-- 28 8'€1 1 

4 Bdsa lt of Catnl p Creek-- ~9 !:!7.:!:_1.2 
5 Sold1er Meadow Tuff----- 14 7+0 5 
6 Canon Rhyohte, glass--- 113 7:!':1 4 

Canon Rhyol1te, feldspar 116 3+1 .l 
Summ1 t Lake Tuff-------- 315 i+u s 
Summ1 t Lake Tuff-------- 415 6-

9 Tuff of Cra1ne Creek---- 315 7+0 5 
Andeslte of Bald Mounta1n llo 3:!':U 9 10 

1McKee and r1arv1n, 1974 
2E H McKee, written commun1cat1ons, 1977 
3Noble and others, 1Y70 
4Evernden and others, 1904 

) Local1ty Latltude Long1 tude 

State l1ne, lla1l road Po1 nt---- 41 °5~' !>5" ll8°oU' 50" 
South end of Ra1lroad Po1nt--- 41°53' SU" 11!:! 0 !>3' 10" 
H1m of Guano Valley----------- 41 °5!:!' 55" 119° .!9' 20" 

Gooch Table------------------- 41°o2'10" 119°13'30" 
Southeast of ~ol d1 er Meadow--- 41°21' 25" 11!! 0 04' 40" 
Thousand Creek gorge---------- 41°54'UU" 11!:! 0 57' OU" 

Thou sand L reek gorge---------- 41 °!>4' 00" 11!:! 0 !>7 'UO" 
Cra1ne Creek, Summ1 t Lake Road 41°34' 00" 119°01 '1o" 
l:.ast of Long Valley----------- 41°39'00" 119°44' 4!:!" 

Cra1 ne Creek------------------ 41°35'15" 118°5!>' UO" 
North s1de, llal d Moun tal n----- 41 °!>0' 15" 11':1° JS' 50" 

rad10metnc ages suggest that the lower sequence Is only slightly older 
than the lower umts of the rmddle sequence. 

MIDDLE SEQUENCE 

IDAHO CANYON TUFF 

The Idaho Canyon Tuff underlies a small area m the southeast part 
of the Range, which mcludes the type locality (fig. 5) and a much 
larger area m the north-central part. It IS about 394 ft (120 m) thick 
at the type locality (Noble and others, 1970) and probably Is 197--394 
ft (60-120 m) thick to the north, where partial sections are well ex
posed m scarps and canyons such as Catmp Canyon 

The Idaho Canyon Tuff consists mostly of densely welded, devit
nfied tuff Most IS streaky, banded, and medmm gray to light brow
msh gray, and contains very narrow lenticular gas cavities. In certam 
zones the rock IS very mflated, contaimng spherical cavities that are 
locally partially filled to form lithophysae. In the northern area of 
the umt, a threefold sequence-dense-lithophysal-dense-Is charac
teristic. 

The tuff IS sparsely porphyntic, pnncipal phenocrysts are alkab feld
spar (2-5 percent) and quartz (trace to 2 percent) Other phenocrysts 
m trace amounts mclude fayalite, magnetite, and other altered fer
romagnesian mmerals. The groundmass IS cryptocrystallme, and has 
local weak granophync texture and local mdistmct shard forms At 
only one outcrop m the northern part does vitnc tuff have promment 
shard and purmce textures 
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FIGURE 5.-Scarp of Big Mountain from Craine Creek valley, Charles Sheldon 
Wilderness Study Area. Mouth of Idaho Canyon at left. View is to the west. 

SUMMIT LAKE TUFF 

The Summit Lake Tuff is present in a small area near Idaho Canyon 
in the southeast part of the Range. The type locality is along the 
road between Craine Creek valley and Summit Lake (sec. 35, T. 43 
N., R. 26 E.); the unit is about 98ft (30m) thick (Noble and others, 
1970). 

The rock is light brownish gray to pale yellowish brown, is com
monly mottled, and contains abundant phenocrysts and rock frag
ments. The phenocrysts are alkali feldspar and plagioclase (10-15 per
cent total), and there are trace amounts of quartz, clinopyroxene, 
hornblende, biotite, and magnetite. The groundmass is part vitric and 
part devitrified, and shard and pumice textures are prominent. 

RED WELDED TUFF 

A striking reddish-brown, dense welded . tuff crops out along the 
east face of McGee Mountain. It occurs high in the section of sediments 
beneath the Canon Rhyolite. The tuff contains trace amounts of alkali 
feldspar phenocrysts in a cryptocrystalline groundmass that has com
pressed shard texture. 

CANON RHYOLITE OF MERRIAM (1910) 

The Canon Rhyolite is an extensive unit in the east part of the 
Range. It underlies much of McGee Mountain, Big Mountain, and the 
hills both north and south of Gooch Table. The type locality is 
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Thousand Creek Gorge, sees 24 and 34, T. 46 N, R 26 E (Mernam, 
1910). 

The Canon Rhyohte Is a resistant rock that forms many bold chffs, 
as on McGee and Big Mountams, and forms vertical-walled canyons 
such as Thousand Creek Gorge and parts of VIrgin and Sagebrush 
Creek valleys. Lobate pressure ridges, mostly stripped of former sedi
ment cover, show stnkmgly on aerial photographs and from certam 
vantage points m the field. 

The rhyolite IS characteristically streaked and mottled graYish red, 
browmsh gray, and medmm to hght gray Banded, brecciated, 
hthophysal, and various vesicular to cavernous textures are common. 
Much of the rock Is silicified and contains secondary quartz and agate 
Phenocrysts, where present, are mmute and mconspicuous They in
clude trace amounts of quartz, alkah feldspar, fayalite, and magnetite 
The groundmass Is a cryptocrystallme aggregate of alkali feldspar and 
silica mmerals, dominated by radial texture 

Tuffaceous sedimentary rocks and welded tuffs are mterbedded with 
the rhyohte of this umt, particularly on McGee and Big Mountams. 
The welded tuff IS separately mapped and is descnbed below (tuff 
of Big Mountam). The sedimentary rocks are also similar to those 
separately mapped and described below (tuffaceous sedimentary 
rocks, Tst, of pl. 1). 

The Canon Rhyolite Is about 394 ft (120 m) thick at the mouth 
of Thousand Creek Gorge The sectiOn thickens to the south as more 
sedimentary rocks and the tuff of Big Mountam are mterbedded with 
It, reachmg about 984 ft (300 m) on the scarp below the summit of 
McGee Mountam. The rhyolite may be as much as 984 ft (300 m) 
thick on Big Sprmg Butte and 1,049 ft (320m) thick m the hills south 
of Gooch Table 

RHYOLITE DIKE 

A dike of rhyolite Similar to the Canon Rhyohte crops out promi
nently on the northeast end of Big Mountam, crosscuttmg the sedi
mentary rocks underlYing the Canon Rhyolite It was obviously a 
feeder for part of the Canon Rhyolite 

RHYOLITE VITROPHYRE 

Five partly coalescmg domal masses of rhyohte vitrophyre are 
alined at about N. 65° E. m the Sagebrush Creek valley (sec. 24, 
T. 45 N., R. 26 E.). They appear to be spatially related to the Canon 
Rhyolite but have sigmficantly different phenocryst mmeralogy. The 
rather porous rock is medmm hght gray and contams trace amounts 
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of each of the folloWing phenocrysts: alkali feldspar, plagioclase, clino
pyroxene, hornblende, biotite, and magnetite. The groundmass con
sists of about half plagioclase rmcrolites and half glass 

TUFF OF BIG MOUNTAIN 

The tuff of Big Mountam Is present m several areas on McGee and 
Big Mountains On the east-facmg scarp of Big Mountam (fig 5) near 
the mouth of Idaho Canyon, It forms prormnent cliffs cappmg the 
scarp (Noble and others, 1970). It Is about 787 ft (240 m) thick at 
this locality but Is much thmner where mterbedded With the Canon 
Rhyolite. 

The urut consists of partially welded to densely welded tuff. At 
the type locality, the rock IS pmkish gray and porous; on McGee Moun
tain It is denser and banded pale brown and light gray. The tuff con
tams trace amounts to 2 percent each of phenocrysts of alkali feldspar 
and quartz, and trace amounts of clmopyroxene and magnetite The 
groundmass Is cryptocrystallme; comby and radiatmg devitrificatwn 
textures commonly obliterate the shard texture 

RHYOLITE OF CATNIP MOUNTAIN 

The rhyolite of Catrup Mountam underlies a large area centered 
at Catrup Mountam (fig 6) and reappears discontmuously to the south
east, notably m VIrgin Creek Canyon at the mouth of Hell Creek 
(fig 7), and in the hills north of Fivemile Flat It Is about 1,410 
ft ( 430 m) thick on Catrup Moun tam 

Rhyolite of this urut Is characteristically finely banded and medmm 
light to very light gray, and has fine porosity m the lighter bands 
The bandmg Is commonly steeply dippmg or mtncately folded Platy 
and columnar JOmtmg are both common, as are gas cavities of various 
sizes. The rhyolite crops out m the canyons of Catrup Mountam and 
VIrgin Creek (fig 7) and at higher elevatiOns on Catrup Mountam 

The rhyolite Is most commonly aphync, but locally contams trace 
amounts of alkali feldspar and layered mafic-mmeral phenocrysts 

An unusual exposure of the base of this urut occurs m a cliff over
looking Hell Creek about 1 rm (1.6 km) west of VIrgin Creek Here, 
a basal zone of densely welded tuff havmg good shard and pumice 
textures and about 3.9 ft (1.2 m) thick apparently grades up mto 
an Irregular hthophysal zone about 12.7 ft (4 5 m) thick, which m 
turn grades mto normal banded rhyolite 

A distmctive feature of the rhyolite of Catrup Mountam Is the pres
ence of obsidian nodules These are not seen m outcrop, but are scat
tered Irregularly on the surface underlam by the urut The obsidian 
Is black, translucent, and structureless. 
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FIGURE 6----View north from Badger Mountain, Charles Sheldon Wilderness Study Area. 
Foreground underlain by rhyolite of Badger Mountain. In middle distance Badger 
Creek valley underlain by tuffaceous sedimentary rocks with local basalt caps; right 
side is Fish Creek Mountain underlain by rhyolite of Badger Mountain. Far distance 
in center is Catnip Mountain, underlain by rhyolite of Catnip Mountain. Extreme 
distance on left, Hart Mountain. 

FIGURE 7.-0pen canyon of Virgin Creek south of Virgin Valley, near mouth of Hell 
Creek, Charles Sheldon Wilderness Study Area. Main canyon wall is of rhyolite of 
Catnip Mountain; note whitish weathering and well-developed columnar joints. Floor 
of canyon is flat, and has been filled with alluvium to considerable depth; small inner 
canyon is cut in alluvium. View to the south. 
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TUFF OF TROUGH MOUNTAIN 

The tuff of Trough Mountain was mapped in a small area directly 
west of Fivemile Flat. More is present to the southwest (Noble and 
others, 1970). The tuff is dense and strongly welded, light olive gray 
to dark yellowish brown, and characterized by a brecciated texture. 
Phenocrysts include trace amounts of alkali feldspar, quartz, and mag
netite. 

RHYOLITE OF BADGER MOUNTAIN 

The rhyolite of Badger Mountain underlies a large area including 
Badger, Fish Creek, Blowout, and Mahogany Mountains that extends 
eastward to the canyon of Virgin Creek (fig. 8). Although these moun
tains are generally rounded in form, ridge crests and cliff lines provide 
abundant outcrop. 

This unit consists of abundantly porphyritic rhyolite. Colors are var
ied, but are mostly medium to light gray and brownish gray. Flow
banded textures with considerable porosity in the lighter bands are 
characteristic. Most of the rhyolite contains 2-10 percent quartz 
phenocrysts (dark in hand specimen) and 5-20 percent alkali feldspar 

FIGURE 8.-Double canyon of Virgin Creek south of Virgin Valley, Charles Sheldon 
Wilderness Study Area. Photographer was standing on rim of upper part of rhyolite 
of Badger Mountain looking northeast; below him is slope underlain by tuffaceous 
sedimentary rocks and below that is inner canyon cut in lower part of rhyolite of 
Badger Mountain. Across canyon, slope is of tuffaceous sedimentary rocks capped 
by basalt of Rock Spring Table. 
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phenocrysts, with trace amounts of clmopyroxene and magnetite 
phenocrysts The groundmass IS cryptocrystallme With granular or 
radiatmg texture. 

Some of the rhyobte has a vitnc groundmass This rock IS dark 
gray With a greenish or yelloWish mottle, dense, and abundantly por
phyritic Phenocrysts mclude 0-2 percent alkab feldspar, 0--3 percent 
quartz, 5--20 percent plagioclase, and trace amounts of clmopyroxene, 
magnetite, biotite, and hornblende 

The rhyobte of Badger Mountam IS about 984 ft (300 m) thick on 
Badger and Fish Creek Moun tams (fig 6) In the canyon of V Irgm 
Creek (fig 8) It IS spbt mto distmct upper and lower parts A tongue 
of the Soldier Meadow Tuff separates them locally The upper part 
is about 984 ft (300 m) thick, and the lower part IS about 590 ft (180 
m) thick. 

SOLDIER MEADOW TUFF 

The Soldier Meadow Tuff IS present at scattered localities m the 
south part of the Range These are the northernmost occurrences 
of this extensive umt, which has been traced for 37 mi (60 km) to 
the southwest (Noble and others, 1970) Thickness m the area mapped 
IS 98-196 ft (30-60 m) 

The Soldier Meadow Tuff characteristically crops out along cbff lines 
that show Widely spaced vertical joints. The rock is mostly hght to 
very hght browmsh gray, somewhat porous, and abundantly porphy
ntic. Phenocrysts mclude 3-10 percent quartz, 10-20 percent alkali 
feldspar, and traces of magnetite and altered ferromagnesian Irunerals. 
The groundmass IS granular and has weakly preserved shard texture. 
Pumice lumps in various stages of collapse are also characteristic. 

RHYOLITE OF NUT MOUNTAIN 

The rhyobte of Nut Moun tam was mapped m a small area near 
the southwest corner of the Range, both on Nut Mountain and on 
an adJacent ndge. Its extent Is poorly known. It IS a heterogeneous 
umt, consistmg of rhyobte flows and both sparsely and abundantly 
porphyritic welded tuffs. 

The rhyolite flows are bght-gray to bght-browmsh-gray aphync 
rocks which resemble the rhyobte of Catmp Mountain The sparsely 
porphyritic welded tuff IS medmm gray to browmsh gray and contams 
trace amounts of phenocrysts of alkah feldspar, plagioclase, augite, 
and magnetite. The abundantly porphyritic welded tuff Is browmsh 
gray and contams about 15 percent alkab feldspar phenocrysts and 
trace amounts of plagioclase, biotite, and magnetite Shard texture 
IS promment m the welded tuffs 
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TUFFACEOUS SEDIMENTARY ROCKS 

Tuffaceous sedimentary rocks are found at all levels of the middle 
sequence and are mapped where thick enough to show at the scale 
of the map (pl. 1). In the west part of the Range, tuffaceous sedimen
tary rocks are high in the section and are interlayered with the basalt 
of Catnip Creek of the upper sequence. 

The tuffaceous sedimentary rocks are mostly claystones and poorly 
sorted coarser rocks, all weakly consolidated. They range widely in 
color from white through various light grays, brown, and reds. The 
coarser rocks consist mainly of volcanic rock fragements, plagioclase 
grains, pumice lumps, and glass shards in a clay matrix. White pumice 
or shard (ash) beds are locally present. Palagonite tuff is abundant 
in this unit around Post Camp Spring south of Fish Creek Mountain. 
The palagonite tuff is similar to that in the vent areas described below 
except that the bedding is prominent and the tuff is interlayered with 
light-colored tuffaceous sedimentary rocks. 

Tuffaceous sedimentary rocks are well exposed in Virgin Valley (fig. 
9). Sections about 1,082 ft (330 m) thick lie beneath Gooch and Rock 
Spring Tables; however, these are much disturbed by landsliding (pl. 
1). 

Wen dell (1970) divided the sedimentary rocks in Virgin Valley into 
two units, the Virgin Valley Formation (lower) and the Thousand 

FIGURE 9.-Bedded tuffaceous sedimentary rocks, about 0.6 mi (1 km) south of 
Thousand Creek Spring, Charles Sheldon Wilderness Study Area. Badlands topogra
phy here contains many opal claims. Big Spring Table in background; basalt caps 
sedimentary rocks. Two levels separated by normal fault. View to the north. 
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Creek FormatiOn (upper), both named by Merriam (1910) As there 
Is no clear lithologic distmctwn between them, these umts are mapped 
as one m this report 

AGE OF THE MIDDLE SEQUENCE 

Potassmm-argon ages for the Canon Rhyolite, and the Summit Lake 
and Soldier Meadow Tuffs, and the tuff of Crame Creek (table 1) 
mdicate a middle Miocene age for this sequence The Idaho Canyon 
Tuff Is considered to be middle Mwcene also (Noble and others, 1970) 
The rhyolite of Nut Mountam conformably overlies the Soldier 
Meadow Tuff and IS probably only slightly younger 

Considerable fossil material has been recovered from the tuffaceous 
sedimentary rocks m the VIrgin Valley-Thousand Creek area (Wen
dell, 1970). Wendell concluded that the VIrgin Valley FormatiOn IS 
middle and late Mwcene and early Pliocene and that the Thousand 
Creek FormatiOn Is Pliocene (late Clarendoman and early Hemphillian) 
(Wendell, 1970, p 66, Mernam, 1910) More recent usage places the 
Clarendoman and early Hemphilhan m the Miocene (Eusmga, 1975). 

UPPER SEQUENCE 

BASALT OF CATNIP CREEK 

Many square kilometers of both the Range and Refuge are underlam 
by basalt The basalt overlies and laps out around the volcamc and 
sedimentary rocks descnbed previously. The basalt Is thickest m the 
northwest part of the Range and north part of the Refuge (Catmp 
Creek, Rye Creek, and vicimty) and the basalt consists of many thm 
flows At Catmp Creek (sees. 3, 4, 9, and 10, T. 46 N., R. 22 E.) 
the basalt IS at least 98 ft (30 m thick). A more accessible section 
Is at Racetrack Reservoir about 3 5 mi (6 km) to the southeast and 
consists of 24 flows m contmuous vertical exposure m a fault scarp 
about 131ft (40 m) high (fig. 10) 

From the sectiOn at Racetrack ReservOir the basalt thms m all di
rectiOns and IS mterbedded with tuffaceous sedimentary rocks m the 
southwest part of the Range near Badger Creek 

In the east part of the area, the basalt caps Big Sprmg, Gooch, 
and Rock Spnng Tables (figs 8, 9) It IS 9 8--26 ft (3--8 m) thick and 
consists of one or two flows 

The basalt Is dark to medium gray and aphamtic to fine grained. 
It contains 25--60 percent plagioclase, 7--30 percent ohvme, 12--50 per
cent clinopyroxene, 2--12 percent magnetite, and 1-10 percent vmd 
space as opemngs between plagioclase grains (d1ktytaxitic texture). 
A few percent olivine and (or) plagioclase rmcrophenocrysts are locally 
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FIGURE 10.-0utstanding exposure of basalt flows at Racetrack Reservoir, Charles 
Sheldon Wilderness Study Area. Total thickness of section about 130ft (40 m). Flows 
are as much as 9 ft (3 m) thick and pinch and swell noticeably. About 24 flows in 
vertical alinement, average thickness 5 ft (1.5 m). 

present. Despite the wide range in mineral content, the range in Si02 
content for most of these rocks is only 47.9-49.1 percent. 

MAFIC VENT COMPLEXES 

The mafic vent complexes include Bitner Butte and three smaller 
unnamed buttes in the southwest part of the Range. They consist 
mostly of highly vesicular basalt, in part reddish, and both black and 
reddish cinders. Basalt of less vesicularity is locally intermixed. These 
buttes, the palagonite tuff rings (described below) and Mule Mountain, 
a low shield volcano near Bald Mountain Lake, form a northwest
trending chain that marks probable vent localities for the basalt of 
Catnip Creek. 

PALAGONITE TUFF 

Three circular areas underlain by palagonite tuff have been mapped 
separately north and south of Badger Mountain. These are vent areas, 
where basaltic lava was erupted into water, was fragmented and al
tered, then piled up as cones or rings subsequently modified by ero
sion. The resulting tuff has a medium- to light-olive-gray matrix and 
dark-gray scoria fragments. Both fragments and matrix are glass and 
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clays. The tuff is weakly consolidated and friable but nevertheless 
tends to stand topographically above surrounding light-colored tuffa
ceous sedimentary rocks. 

BASALT OF RAILROAD POINT 

Basalt caps Railroad Pomt, an elongate mesa m the northeast part 
of the Range, directly east of Big Sprmg Table. The basalt appears 
to have been an mtercanyon flow, but subsequent erosion of the sur
roundmg sediments have mverted the topography, producmg a long 
capped ndge. 

The basalt, a smgle flow about 16.4 ft (5 m) thick at the tip of 
Rrulroad Pomt, Is dark gray and porous. It contams about 5 percent 
fresh olivine phenocrysts, which grade serially to groundmass olivine. 
The groundmass consists of about 45 percent plagioclase, 10 percent 
obvme, 15 percent clmopyroxene, 5 percent magnetite, and 20 percent 
vmd space The distmctive groundmass clinopyroxene IS dark, bladed, 
and peppered With magnetite. 

AGE OF THE UPPER SEQUENCE 

Two potassium-argon dates on the basalt of Catmp Creek (table 
1) average 9.4 my., an age that agrees well with the early Hemphil
ban age of fossils m conformably underlying strata (Wendell, 1970). 
Potassmm-argon dates on the basalt of Rrulroad Pomt are 1 2±0 1 
m.y. (McKee and Marvin, 1974) and 1.58±0.2 m.y. (E.H. McKee, wnt
ten commun., 1977) (table 1) 

SURFICIAL DEPOSITS 

Surficial deposits m the Range and Refuge mclude alluvium and 
alluvial fans, playa deposits, and landslide deposits of Quaternary age. 
These are mdicated on the map only where thick and continuous 
enough to completely conceal underlying bedrock 

Alluvmm IS unconsolidated sand, gravel, and silt. Alluvial fans are 
similar, but commonly mclude coarser cobbles, slabs, and boulders. 
Playa deposits are fine clay and silt With a small amount of evaponte 
mmerals 

Landslide deposits are locally prominent, particularly on the north 
and south sides of V Irgm Valley. These large masses of tuffaceous 
sedimentary rocks have slid and tilted from their origmal positions 
higher on the edges of Gooch and Rock Sprmg Tables, commonly car
rying With them some of the basalt caprock. Many of the opal occur
rences are in these landslide masses. 

The most spectacular landslide m the area Is that on the south side 
of Blowout Mountain Here a mass of the rhyolite of Badger Mountam 
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has broken loose, apparently catastrophically, and formed a separate 
hill below separated by a moat from the mountam. Vertical JOmts 
m the displaced mass suggest that It has rotated very httle. 

STRUCTURE 

FAULTS 

The geologic structure of the Range and Refuge IS dominated by 
normal faults Near the southeast corner of the study area IS a senes 
of northeast-trendmg faults. These are on stnke with Crame Creek 
valley, and m part are responsible for the maJor displacement between 
Big and McGee Moun tams and that valley. 

Northwest-trendmg faults are predommant over most of the area. 
Areas near Fivemile Flat and on Badger Mountam have dominant 
northwest-trending faults with abundant cross faults, breaking the 
area mto small blocks. To the north, the valley of Hell Creek Is fault 
dominated, most faults trendmg northwest and north and JOmmg 
others of similar trend near the Sage Hen Hills to the north. 

Northwesterly trends are also dominant near the Oregon-Nevada 
state lme m the Sage Hen Hills, parallel to those on Big Spring Table 
to the east and to the maJor fault bounding McGee Mountain on the 
north. 

In the west part of the area, north and south of Bald Mountam, 
northwest-trendmg faults contmue along strike With those on Badger 
Mountam. A crossmg, northeast trend IS also seen and IS probably 
related to adJustments at the end of north-trending Guano Valley. 

The amount of faultmg bears httle apparent relatiOnship to the age 
of the rocks The basalt of Catmp Creek IS locally faulted as much 
as the Idaho Canyon Tuff, the lowest umt m the middle sequence. 
Few faults were mapped (pl 1) m the older andesites of Round Moun
tam and Bald Mountam, but more might be detected by detailed map
pmg. Faults m the basalt of Catmp Creek mdicate that much faulting 
occurred after 9 4 my. B P (before present), lack of faulting on Rrul
road Pomt mdicates httle faulting on northwest trends smce about 
16m y. B P. 

VIRGIN VALLEY BASIN 

A downwarp centered at V rrgm Valley produced a major basm of 
contmental sedimentatiOn m middle and late Miocene time As much 
as 984 ft (300 m) of tuffaceous sedimentary rocks accumulated near 
Its center This basm, as expressed by its sedimentary content, ex
tends as far south as Omon Lake and as far west as Gooch Lake. 
It IS less well defined on the north side, as sedimentary rocks at 
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least a few hundred feet thick contmue under Big Sprmg Table beyond 
the area mapped 

The mam part of the basm IS nearly surrounded by the Canon 
Rhyohte This suggests that eruption of this umt may have contri
buted to the downwarp formmg the basm through smkmg of the land 
over a partially emptied magma chamber This area Is less faulted 
than Its surroundmgs 

DEPTH TO PRE-TERTIARY ROCKS 

In the Pme Forest Range directly east of the valley of Crame Creek 
(eastern hmit of mapped area) the Idaho Canyon Tuff overhes 328-656 
ft (100-200 m) of older basalt and welded tuff, which m turn overhe 
pre-Tertiary plutomc and metamorphic rocks (Smith, 1973) The top 
of the pre-Tertiary rocks dips westward from these basement expo
sures, and no older rocks crop out for 951 ft (290 km) The mtervenmg 
basm IS underlam almost entirely by Miocene, Phocene, and Quater
nary rocks, none as old as Oligocene have been Identified except near 
Its margms 

The andesites of Round Mountain and of Bald Mountain are thick 
umts (as much as 1,500 ft (460 m) where fully exposed), but both 
disappear along stnke Withm a few miles m a north-south direction 
and therefore appear to be local volcanic piles of no great areal extent 

These facts mdiCate that the depth to pre-Tertiary basement under 
the Range and Refuge Is probably not great (cross sectiOns, pl 1). 
A basement havmg an upper surface near 3,937 ft (1,200 m) above 
sea level seems most probable 

CALDERAS 

Geophysical data, discussed m the geophysical section of this report, 
provide permissive evidence for the possible eXIstence of calderas m 
the study area 
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MINERAL RESOURCES OF THE CHARLES SHELDON 
WILDERNESS STUDY AREA, HUMBOLDT AND 

WASHOE COUNTIES, NEVADA, AND LAKE AND 
HARNEY COUNTIES, OREGON 

INTERPRETATION OF AEROMAGNETIC 
AND GRAVITY DATA 

By DONALD PLOUFF, U S Geological Survey 

INTRODUCTION 

The aeromagnetic data, plate 2, is a part of more widespread sur
veys m adJacent areas of Nevada (U.S. Geological Survey, 1972a) and 
Oregon (U.S. Geological Survey, 1972b). Total-mtens1ty magnetic data 
were obtained along east-west lmes flown at a spacing of about 2 
mi (3.2 km) and at a nearly constant barometric elevation of 9,000 
ft (2,743 m) above sea level. The approximate effect of the Earth's 
normal magnetic field has been removed from the observed total-inten
sity data by subtracting a regional gradient of about 6 gammas/km 
m the drrection of magnetic north. 

Gravity data from a total of 269 statiOns were collected by S L 
Robbms and K. D. Holden durmg September and October 1975 as 
part of the geologic assessment of the mmeral-resource potential of 
the study area These data were supplemented by data from the U S 
Department of Defense Gravity Library (wntten commun , 1975) from 
123 previOusly established stations and by data at eight gravity sta
tions m the Crump Geyser area, Ore (Plouff, 1975) The procedures 
used to combme the three sets of data and to calculate values of ter
ram-corrected Bouguer anomahes are described m a report by Plouff, 
Robbms, and Holden (1976). The datum of observed gravity IS that 
of Behrendt and Woollard (1961) Bouguer correctiOns to sea level 
and terram correctiOns to a distance of 103 5 IDl (166 7 km) are based 
on an assumed average rock density of 2 5 g/cm3 The largest errors 
mcorporated m the values of complete Bouguer anomahes contoured 
on the resultant Bouguer anomaly map (pl. 2) are attributed to errors 
approaching 1.5 mgal m the deterffilnatlon of terrain corrections. The 
average error in the deterffilnatwn of terrain corrections probably 

39 
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does not exceed 0.5 mgal and, hence, this source of error would have 
a negligible effect on changing the interpretation of the gravity map. 

References to the geologic map (pl. 1) are made m the folloWing 
discussion of the geophysical data. Locations on the geophysical map 
(pl. 2) are labeled in SIX categones: "C" for possible calderas, "F" 
for possible faults, "G" for gravity anomalies, "H" for hot springs, 
"M" for magnetic anomalies, and "T" for magnetic anomalies that are 
correlated with topography. Interpretation of some labeled geophysi
cal anomalies that occur outside the study area Is made m order to 
facilitate interpretation of anomalies Withm the study area. 

GENERAL FEATURES OF THE MAGNETIC MAP 
(PLATE 2) 

A prominent U -shaped regional magnetic maximum with Its vertex 
near the center of the south edge of the map and extending northwest
ward and northeastward along magnetic ndges toward locations M1 

and M2 dominates the magnetic map (pl. 2). The magnetic ndges are 
separated by a broad mirumum centered near M3 • The southwest edge 
of the U -shaped maximum IS mterrupted by a large magnetic rmmmum 
centered near location C1• The mterpretation of this closed mimmum 
Is discussed m a later section. A prominent, north-south-trending re
giOnal maximum along the east edge of the magnetic map Is outside 
the study area. This major magnetic high is separated from the promi
nent U -shaped maximum in the study area by a broad minimum that 
follows the trend of Craine Creek valley. 

Irregular-shaped local anomalies on the magnetic map generally are 
caused by vanat10ns of magnetization that typify rocks m volcanic 
terrane of the western U mted States. The most conspicuous area of 
relatively high magnetization occurs shghtly north of the Range 
boundary at Hawk Mountain (T 11 pl. 2) Here an 800-gamma magnetic 
maximum appears to be caused by domal masses and related flows 
of rhyodacitic to dacitic rock shown on the geologic map of Walker 
and Repenmng (1965). The near comcidence of the 3,000-gamma mag
netic contour hne With the 1,830-m topographic contour hne and the 
small southward offset of the mnermost magnetic contour from the 
location of the topographic peak suggests that most of the anomaly 
IS caused by the topographic effect of the volcamc rocks exposed at 
the surface The 2,600-gamma outermost closed contour, however, ex
tends southward mto the study area and mdiCates that magnetic rocks 
of this volcamc center extend beneath the Charles Sheldon Antelope 
Range. Therefore, based on the correlation between mineral deposits 
and volcamc centers observed m other areas of Nevada (Albers and 
Klemhampl, 1970), this locatiOn may be a favorable target for mmeral 
exploratiOn. 
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The honzontal size of the double-peaked magnetic maximum in the 
northwest corner of the study area (labeled M1) Is similar to the broad 
maximum near Hawk Mountain, but the amphtude of about 400 gam
mas Is smaller, and the shape of the anomaly is not strongly controlled 
by the topographic expression of volcamc rocks exposed at the ground 
surface The magnetiZation of volcanic rocks exposed at the surface 
beneath the northern magnetic peak evidently Is low, because several 
flight hnes cross a 820-984-ft (250- to 300-m) thick sequence of volcamc 
rocks along the escarpment (T 9 and T 10) at the east edge of Guano 
Valley Without dlscernible deflection of the observed magnetic field. 
A trachyandesite volcamc pile with a vent crops out at Antelope Butte 
(eastward of and between T9 and T10) in a 0.62-mi (1-km) crrcle shown 
on the map of Walker and Repenmng (1965), and similar platy flows 
are exposed m the escarpment to the west. G. W. Walker (oral com
mun., 1978) mapped younger volcamc rocks that lap out against the 
trachyandesite and mterpreted the occurrence of the trachyandesitic 
rock as a less magnetic differentiate of a composite volcanic center 
With underlymg magnetic differentiates. Therefore, the broad magnet
ic maximum centered near M1 (pl. 1) mdicates that rocks associated 
With this volcamc center extend beneath the northwest corner of the 
study area. 

Less promment magnetic maxima that reflect near-surface rocks 
of moderately high magnetizatiOn occur over topographic maxima near 
the east edge of the magnetic map at T 2 and T 3, at Big Moun tam 
(T4), and at Bartlett Peak near the southeast corner of the map (T5) 

The broad mimmum between T 6 and T 7 seems too large to simply 
reflect the effect of lower ground elevations along Crame Creek The 
north-south sequence of broad magnetic miruma also mdicates the oc
currence of a zone of rocks of low magnetizatiOn between the study 
area and a favorable zone of previOus mmeral exploratiOn mdicated 
by a senes of mmes and prospect pits along the east edge of the 
map An mverse correlation between a magnetic mmimum and a to
pographic maXImum near the northeast corner of the map (T 8) may 
mdicate reversed remanent magnetizatiOn of layers Withm Tertiary 
basalt and andesite flows shown on the geologic map of Walker and 
Repennmg (1965) Though the locatiOn IS outside the study area, this 
mterpretatwn demonstrates the possibility that reversely magnetized 
volcamc rocks may underbe isolated magnetic mmima withm the study 
area 

GENERAL FEATURES OF THE GRAVITY MAP 

The Bouguer gravity anomaly map mcludes an rrregular grouping 
of maxima and minima (pl. 2). No pronounced hnear trends are present 
ex<!ept at the east edge of the map outside the study area where 
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a north-south-trending regional maximum, G4-G5, correlates With a 
sumlar magnetic ndge {Tz-T3, pi 2). The maximum, G3, near the 
west edge of the gravity map Is centered over rocks mapped as Ter
tiary andesite of Bald Mountam and the Tertiary rhyohte of Cotton
wood Canyon (pl. 1) These rocks are older and structurally uplifted 
relative to the surrounding rocks The north and east edges of the 
gravity maXImum mside the study area may be favorable sites to 
extend existmg mercury exploration indicated by the occurrence of 
more than a dozen minmg prospects to the south and west that are 
enclosed by the gravity maximum. 

The locations of two closed anomalies on the gravity map seem to 
be correlated with outcrops of specific rock units shown on the geologic 
map Closer examination, however, mdicates that the anomahes re
flect lateral changes Within deeper, underlymg rocks. The Idaho Can
yon Tuff south of the Nevada-Oregon border probably Is no less dense 
on the average than the surrounding geologic units, and, hence, cannot 
account for the observed graVIty minimum at G2• The minus 175-mgal 
contour nearly outhnes the northern part of an outcrop of Quaternary 
basalt near Rock Spring Table Reservorr (pl. 1), but the rock umt 
IS too thm to explrun the amphtude of the anomaly at G1• An underly
mg structure that may cause the anomaly at C1-C2 is discussed later. 

MAGNETIC AND GRAVITY ANOMALIES 
ASSOCIATED WITH FAULTING 

Ore deposits are commonly m and near fault zones, because the 
crushmg movement associated with faultmg tends to provide channels 
for transportatiOn of ore-bearmg solutiOns Fault displacements often 
mxtapose rocks of contrastmg physical properties at the same level 
on opposite sides of faults Where faults are concealed by a cover 
of younger rocks, their locations can be revealed as fairly hnear grav
Ity or magnetic contours Possible fault locatiOns or concealed geologic 
boundaries, and hence areas that might be favorable for mineral explo
ration, were Identified on the magnetic and gravity map (pl. 2) at 
locations labeled "F". 

A steepened gradient between locatiOns F 1 and F 2 on the magnetic 
map closely agrees with the locatiOn of a mapped fault with the 
downthrown side to the east. The magnetic map mdicates the possibil
Ity of a largely concealed cross fault that apparently indicates a shift 
of the main fault to a locatiOn near F 3 rather than along the fault 
near F 4 Though there Is a contrast of magnetization between the 
rocks on each side of the fault, there IS no similar contrast m density, 
because the gravity map does not mdicate a similar north-south trend 
between locatiOns F 1 and F 3 A gravity gradient between locations 
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F 4 and F 5 agrees with the location of a mapped fault. The less dense 
rocks are on the down thrown northeast side of the fault No similar 
contrast m mtensities of magnetization of rocks on the two sides of 
the fault are mdicated between F 4 and F 5 However, the trend of 
a saddle m the magnetic contours between F 8 and F 9 nearly parallels 
the northwest trend of a series of mapped faults to the northeast 
(pl. 1) This zone (F s-F 9 , pl. 2) of relatively low magnetizatiOn sepa
rates the magnetic nose which enclosed the two small maxima to the 
southwest from the major magnetic anomaly centered at Hawk Moun
tam (T 1) to the north. The low magnetization in this magnetic saddle 
may be a result of rock alteration related to the circulation of flwds 
man underlYing, concealed fault zone. 

Though differmg m specific detail, both the gravity and the magnet
Ic maps mdicate similar gradients between F 6 and F 7, with more dense 
and more highly magnetized rocks to the east The width of both 
the gravity and magnetic maxima to the east are about 3 1 mi (5 
km) and the locatiOn of the crestlmes also agree A north-south band 
of Mesozmc rocks (shown by Wilden, 1964, Walker and Repennmg, 
1965, and Smith, 1973), which forms an elongated structural and to
pographic maximum, nearly comcides with the crest, G4-G5 , of the 
magnetic and gravity maxima The decrease m level of the Bouguer 
gravity anomaly between the locatiOn of the Mesozoic rocks and the 
younger rocks to the west m the study area IS at least 15 mgals 
If the observed change m gravity level wholly IS an effect of a west
ward thickemng of the Tertiary sectiOn of rocks and If It Is assumed 
that the •tesozmc and older rocks have an average density of 2 65 
g/cm3 compared to 2 45 g/cm3 for the younger rocks, for example, 
then the combmed thickness of Tertiary rocks beneath the Charles 
Sheldon Wilderness Study Area could exceed 5,900 ft (1,800 m). 

GRAVITY AND MAGNETIC ANOMALIES 
RELATED TO HOT SPRINGS 

All five hot or warm springs in or adjacent to the Charles Sheldon 
Wilderness Study Area occur near gravity maxima (labeled H on pl. 
2). Two localities occur Within closed gravity highs (H1 and H2), one 
occurs along the edge of a closed gravity high (H3), one occurs on 
a gravity nose (H4), and the last occurs on a gravity saddle (H5) be
tween lower gravity values to the northwest and southeast There 
IS no consistent relatiOnship between magnetic anomalies (pl 2) and 
the locatiOn of the hot or warm sprmgs One sprmg occurs withm 
a closed magnetic maximum (H4), one sprmg occurs near a closed 
magnetic mimmum (H3), two sprmgs occur near relative magnetic 
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highs (Hz and H5), and the last sprmg occurs near a relative magnetic 
low (H1) 

The occurrence of five hot spnngs near graVIty maxrma partly Is 
a local densification effect of induration caused by precipitation and 
cementation Withm tuffaceous sedimentary rocks, which elsewhere are 
porous and of lower density. The occurrence of opal deposits and pe
trified wood m VIrgin Valley near H 1 exemphfies the process of indu
ration, which results in a local mcrease of density relative to the sur
roundmg sedimentary rocks. The gravity anomalies, however, appear 
to be too broad m honzontal dimensions to be explruned wholly as 
a result of a local mcrease of density due to induration of sedimentary 
rocks. 

A correlatiOn between gravity maXIma and mtrusive centers has 
been reported near the San Juan Moun tams volcamc field m Colorado 
(Plouff and Paklser, 1972) One may assume that underlymg mtrusive 
centers, as mapped by local gravity maxima, heat water that flows 
mto the hot sprmgs withm the Charles Sheldon study area But no 
mtrusive rocks are exposed at the surface nor Is there dommg near 
any of the hot sprmgs The postulated mtrusive rocks would be 
younger than the youngest age-dated surface Igneous rocks (table 1) 
to have retamed their heat without replemshment from radiOactive 
sources or an underlymg magma chamber Therefore the possible cor
relation between hot sprmgs and mtrusive centers near the study 
area remams speculative 

An alternate explanation for the apparent correlation between grav
Ity maxima and the localizatiOn of hot spnngs might be that the grav
Ity maxima outlme uplifted fault blocks. The concept of correlation 
with fault blocks Is consistent With prevalent explanatiOns for the on
gm of hot sprmgs m northern Nevada that mvolve a cycle of descend
mg meteonc water, heatmg at depth, and rismg to the surface With 
deep circulation via crushed rock along Basm and Range faults (for 
example, Hose and Taylor, 1974). Three of the gravity maXIma (Hz, 
H3 , and H4) are along a fault zone or lmeament suggested by Hose 
and Taylor (1974, p 13). There are no mapped faults (pl 1) that 
specifically correspond to the outlmes of the gravity maxima, however, 
and consequently the possible correlatiOn between fault blocks and 
the localizatiOn of hot sprmgs remams speculative 

The gravity maXImum Hz occurs along the gravity ndge G4-G5 , 

which, as discussed m the last section, probably Is an effect of Mesozo
IC rocks that are structurally elevated and more dense than the sur
rounding Tertiary rocks. The four other gravity maxima that are near 
hot spnngs and the closed gravity maximum G6, near Omon Lake, 
similarly might mdicate the underlymg presence of uplifted pre-Ter-
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tiary rocks or pre-Tertiary rocks that are more dense than the sur
roundmg basement rocks 

As discussed above, the gravity max1ma near hot spnngs could be 
caused by any combmatwn of denslfied sediments, bur1ed mtrus1ve 
rocks or plutons, uphfted fault blocks, and pre-Tertiary basement 
h1ghs These possible anomalous conditions warrant further stud1es 
of locahties H11 H3(F 2), and H5 as potential s1tes for geothermal and 
mmeral deposits m the study area Though no hot sprmgs are shown 
near Omon Lake m the southeast corner of the study area, the adJa
cent gravity and correspondmg magnetic maxima (G6) similarly mdl
cate the locatiOn of an area that warrants further study 

GRAVITY AND MAGNETIC ANOMALIES 
RELATED TO POSSIBLE CALDERAS 

Four closed rmnima on the gravity map (C11 C2, C3, and G2, pl. 
2) are Within or along the border of the study area. Closed gravity 
m1mma m other parts of Nevada commonly are elongated parallel to 
Basm and Range faults and md1cate anomalous thicknesses of alluvmm 
or tuffaceous sediments underlymg Basm and Range valleys The 
gravity m1mma m the study area, however, do not overhe alluvial 
valleys nor do any of the anomahes seem to be correlated w1th mapped 
geologic units (pl 1) 

The most extensive gravity rmmmum, C11 closely conforms m siZe 
and shape to a magnetic mimmum (pl 2) A curved hne, drawn near 
the approximate average position of the center of the steepest gra
dients along the edges of the magnetic and gravity rmmma (pl. 2), 
shows how closely the two types of geophysical anomalies agree m 
shape and size. The eqmvalent ground positions used for the magnetic 
contours were displaced 0.24 m1 (0.4 km) northeastward to adJust for 
the effect of the 66° inchnatwn of the Earth's field at an average 
flight altitude of 0.9 km. The direction of elongation of the 10 5 by 
15 5-rm (17 by 25-km) oval-shaped boundary 1s to the northwest. 

The postulated caldera near C1 1s underlam by a large mass of rock 
that has a lower density and a lower magnetiZation than the surround
mg rocks. A two-dlmenswnal model of the gravity anomaly, usmg 
Bott's (1960) Iterative method along section C-C' (pl. 2), provides 
an estimate of a possible subsurface mass configuration that fits the 
observed gravity anomaly. Assurmng a constant density contrast of 
0.2 g/cm3 gives a better fit along the edges of the model than other 
contrasts. The model derived from the analyses 1s shaped like a saucer 
of low-density rocks that extends from the surface to a depth of 1.6 
rm (2. 7 km). Further refinement of the model usmg three-dimensiOnal 
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methods was not attempted because the derived two-dimensional 
model (pl. 2) IS relatively thm compared to its width, and con
sequently, an msigmficant increase of depth estimates usmg three-di
mensional methods would be obtained. 

Assuming a nominal magnetic susceptibility contrast of 0 002 emu 
(electromagnetic umt) between the mterior and extenor rocks, the 
magnetic effect of the gravity model was calculated. The agreement 
with the observed magnetic anomaly, however, IS Imperfect due to 
the combmation of the mterfenng effect of rocks of higher magnetiza
tion located to the southwest, possible contrasts of the magnetization 
of rocks withm the model, and the approximation of absorbmg the 
effect of three-dimensional anomalies mto a two-dimensiOnal model. 

More than half of the rocks enclosed by the postulated caldera cen
tered at C1 are mapped as tuffaceous sedimentary rocks (pl. 1). Most 
of the remaining rocks are mapped as the rhyolite of Badger Moun tam 
Substantial amounts of Soldier Meadow Tuff and the basalt of Catmp 
Creek are also present The less dense rocks withm the area of the 
gravity model mostly might consist of a thickened sequence of tuffa
ceous sedimentary rocks An assumed average density contrast of 0.2 
g/cm3 between the sedimentary rocks Within the depression and the 
surrounding Tertiary volcamc rocks IS reasonable, although the aver
age density contrast could range from 0.1 to 0.5 g/cm3 depending on 
the degree of mterbeddmg, the compaction of the sediments, and the 
character of the concealed volcamc rock. 

A saucerhke depression filled with tuffaceous sedimentary rocks In

diCates collapse associated with a previously unmapped caldera, which 
formed in response to the explosive release of large volumes of ash
flow tuffs durmg rapid depletiOn of an underlYing local magma 
chamber. Both G. W. Walker (oral commun., 1976) and Norman Mac
Leod (oral commun., 1976) suspected that calderas are present m this 
area of northwest Nevada, to account for the observed distnbution 
of ash-flow tuffs and associated rhyolite At present, however, there 
essentially Is no surface geologic evidence to outlme the boundary 
of the postulated caldera that Is Identified by the geophysical 
anomalies. In retrospect, only a rather hnear topographic low along 
the southwest nm of the caldera and a set of northwest-trendmg faults 
(pl 1) parallel to the direction of elongatiOn of the caldera may be 
related to the earlier formation of a caldera Possibly the occurrence 
of the spectacular landslide on the southwest side of Blowout Mountain 
(Chap. A, this report) indicates a late response triggered by an mcre
ment of gradual basinward tlltmg of the land surface folloWing compac
tion of the underlying tuffaceous sedimentary rocks or secondary 
slump over the caldera wall. 

The 3. 7 by 4.9 rm (6 by 8 km) closed gravity mimmum centered 
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at Rock Sprmg Table ReservOir (C2) also may depict an underlymg 
caldera The shape of the correspondmg magnetic mimmum (pl 2), 
however, Is distorted by the effect of a supenmposed dipole low re
lated to the promment magnetic maximum, G1- T 4-G6 , to the south
east The nearly 15-mgal amplitude of the gravity mimmum indicates 
that the underlyJng rocks of relatively low density are about the same 
total thickness as the low-density rocks beneath Badger Mountam 
Agam, there appears to be no geologic evidence to suggest the pres
ence of an underlymg caldera Most of the surface rocks near C2 con
sist of a thm cap of the basalt of Catmp Creek (pl. 1), which would 
have been deposited after the active cycles associated With the pos
tulated caldera ceased. In retrospect, the occurrences of a faulted 
0 6 mi (1-km) diameter outcrop of rhyohte of Badger Mountrun Withm 
the oval-shaped boundary, tuffaceous sedimentary rock along most 
of the edges, and huge landslides to the north and northeast may 
be related to the formation of a caldera. 

A concealed caldera also may underlie the closed gravity low, C3, 

near Idaho Canyon m the southeast corner of the study area Small 
gravity and magnetic mimma west of the study area between G7 and 
G8, separated from the mam caldera at C1 by maxima that stnke 
northeast through G9 , may mdicate the presence of a fault-controlled 
thick wedge of tuffaceous sedimentary rocks beneath the surficial 
basalts. A magnetic mimmum centered near G1 mdicates the location 
of a possible connection between the mam caldera and the mimma 
near G7 and G8, but there are no gravity stations to substantiate 
this relatiOn The smaller magnetic mimma also could be caused by 
underlymg rocks havmg reversed remanent magnetizatiOn or, possi
bly, may be caused by locally altered rocks that are enclosed by rocks 
with higher magnetiZation 

If calderas underlie the Charles Sheldon Wilderness Study Area, 
faultmg associated with collapse might have provided channels for 
warm ore-bearmg solutions to migrate upward toward the surface 
Furthermore, the apparent low level of magnetizatiOn of rocks withm 
the postulated caldera at C1 suggests destruction of former magnetiza
tion by rock alteration that could be associated with mmerahzatwn 

Calderas are believed to play an Important role m the localization 
of ore deposits (Albers and Klemhampl, 1970, Steven and others, 
1974) The McDermitt caldera, about 62 mi (100 km) northeast of the 
Charles Sheldon Wilderness Study Area, for example, IS the site of 
the largest operatmg mercury mme in North Amenca (Rytuba, 1976, 
McKee, 1976) Five mercury mmes are adJacent to nng-fracture faults 
and a uranium mme and other uramum occurrences are withm rhyolite 
domes related to the McDermitt caldera (Rytuba, 1976) 

The gravity anomaly associated with the McDermitt caldera (Plouff, 
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1976, Rytuba, 1976, fig 3) IS more complex than the symmetncally 
shaped gravity minima m the Wilderness study area. The overall ap
pearance of the anomaly at the McDermitt caldera IS a 18.6 by 24.8 
mi (30 by 40-km) horseshoe-shaped gravity maXImum that opens to 
the north with sup~nmposed gravity minima mside the north, north
east, and south nms that reflect thickened tuffaceous sedimentary 
rocks. Intense, elongated gravity minima that are caused by thick 
alluvial fill m bordenng Basm and Range faulted valleys reduce the 
effect of the gravity minimum. The gravity minimum Is further re
duced because the process associated With resurgent doming probably 
has mtroduced more dense rocks mto the McDermitt caldera and has 
uplifted the area so that previOusly overlJing, less dense rocks have 
been removed by erosiOn. 

The postulated calderas m the Charles Sheldon Wilderness Study 
Area, however, more nearly would resemble the erosiOnal stage of 
the Silent Canyon caldera, Nye County, Nev, for example, which 
"Is almost completely obscured by younger unrelated rocks from other 
nearby centers" (Noble and others, 1968) The shape of that caldera 
was revealed by a combmation of detailed geologic studies, dnll-hole 
data, and a 11 by 15 mi (18 by 24 km), 15-mgal gravity minimum 
(Orkild and others, 1968, fig. 2) 

Geochemical data collected m the Charles Sheldon Wilderness Study 
Area, as reported m the folloWing chapter, generally show high con
centratiOns of mercury roughly m the same locatiOn as the postulated 
calderas. But additiOnal geologic studies are needed to venfy that 
the gravity and magnetic minima outlme concealed calderas, which 
could have high mineral potential Until further studies are made, 
alternative mterpretatiOns to explain the cause of the geophysical 
minima cannot be discounted. For example, the minima also might 
reveal underlJing plutons of lower densities and magnetizatiOns than 
the surroundmg crystallme basement rock. It Is unlikely, however, 
that the plutons could extend upward mto the section of Tertiary 
volcanic rocks, because the average density of the plutons probably 
would exceed that of the surroundmg Tertiary rocks The combmation 
of a mass excess in the Tertiary sectiOn and a mass deficiency withm 
the pre-Tertiary basement, however, would tend to result m a more 
complicated gravity-anomaly pattern than mdicated by the observed 
gravity anomahes 
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MINERAL RESOURCES OF THE CHARLES SHELDON 
WILDERNESS STUDY AREA, HUMBOLDT AND 

WASHOE COUNTIES, NEVADA, AND LAKE AND 
HARNEY COUNTIES, OREGON 

GEOCHEMICAL EVALUATION 
OF THE MINERAL AND 

GEOTHERMAL RESOURCES 

By J B CATHRALL, D F. SIEMS, G L CRENSHAW, and 
E F CooLEY, U S Geological Survey 

INTRODUCTION 

Evaluation of the rruneral-resource potential and geothermal poten
tial of the Charles Sheldon W llderness Study Area IS based on the 
mterpretation of (1) analyses of rock and stream-sediment samples, 
(2) analyses of sprmg-water samples and one algae sample collected 
from a thermal sprmg, (3) geologic mapping, and ( 4) geophysical 
(aeromagnetic and gravity) surveys. This chapter discusses the mter
pretations of geochemical results (Items 1 and 2 above), which were 
evaluated m context With the results from the geological and geophysi
cal studies The results mdicate that the area has low potential for 
the discovery of exposed mmeral deposits, however, the results 
suggest that the area may contrun concealed deposits 

METHODS OF EVALUATION 

Evaluation of the rruneral-resource potential of the Charles Sheldon 
Wilderness Study Area was made on the basis of speculative mforma
tion m view of the problems caused by the blanket cover of volcamc 
rock. The geochemical association of many elements and the structural 
and geophysical features found here can only be mterpreted m the 
hgh~ of their association with each other 

For the geochemical evaluation, a total of 884 stream-sediment sam
ples were collected along the larger streams and near the confluence 
of small tributanes (Cathrall and others, 1977). Stream-sediment sam
ples collected from dry stream channels consisted of several scoops 
of fine sediments The sediments were taken across the width of the 
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mam channel Stream-sediment samples from flowmg streams were 
collected from midchannel, and where this was Impractical, the sedi
ment was collected at the side of the stream channel. The dry weights 
of samples ranged from 5.2 to 8.8 oz (150 to 250 g or grams). 

Samples were placed In metal-free cloth bags or paper envelopes; 
wet samples were air dried, and all samples were prepared by shaking 
through an 80-mesh (0.007 in. or 0.18 mm) stainless-steel sieve. The 
minus-80-mesh fraction was saved for analyses. 

In addition to stream sediments, 396 rock samples collected from 
314 localities were taken and analyzed (Cathrall and others, 1977) 
Rock samples were collected from bedrock, but a few, particularly 
along escarpments, were taken from float (loose rock chips) shed from 
the escarpment. Representative samples of all types and vaneties of 
rocks present m the study area were taken Few, If any, showed 
visible mdications of alteratiOn or mmerabzation, although this type 
of rock was sought. Samples weighed from 0.5 to 1 lb (0.25 to 0.5 
kg), all were crushed m a Jaw crusher to approximately 0.23 in (6 
mm) m dmmeter and spbt through a Jones splitter, half of the spht 
was pulverized to minus 250 mesh for analyses. 

The procedures used in analyzing rock and stream-sediment samples 
were identical. Semiquantitative spectrographic methods were used 
for iron, magnesium, calcium, titamum, manganese, silver, boron, bar
Ium, beryllium, cobalt, chromium, copper, lanthanum, molybdenum, 
mobium, mckel, lead, scandium, tin, strontmm, vanadium, yttnum, 
and zrrcon (Grimes and Marranzino, 1968). Atomic-absorptiOn spec
trophotometry was used to determine cadmium, gold, zinc (Ward and 
others, 1963, 1969), and antimony (Welsch and Chao, 1976). Mercury 
was determined by a flameless atomic-absorption spectrophotometry 
method described by Vaughn and McCarthy (1964). Arsemc was deter
mmed by colorimetry (Ward and others, 1963). Neutron activation, 
delayed neutron countmg, was used for uramum and thorium (Millard, 
1976). 

The analytical results for stream-sediment and rock samples were 
evaluated to determine background and anomalous values m appar
ently unminerabzed rock. Anomalous values may be related to mineral 
deposits. The lower limit of concentration of an element to be consid
ered anomalous Is called the threshold value and was determined by 
plottmg the cumulative frequency of values on loganthmic paper simi
lar to the methods described by Sinclair (1974), Lepeltier (1969), and 
Parslow (1974). The plot defines two populations (groups of values) 
represented by strrught lmes. The mtersection of these hnes defines 
the threshold value. Figure 11, an illustration of the cumulative fre
quency plot for mercury, is mcluded as an example. 

The cumulative frequency plots of those elements and the ratiO of 
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FIGURE 11 -Cumulative frequency plot for mercury for 396 rock samples ( +) and 
884 stream-sedunent samples ( ), Charles Sheldon Wilderness Study Area 

elements that showed defimte threshold values are discussed m the 
followmg section of this report Threshold values, crustal abundance, 
the range of values, the number of values, the percentile distributiOn, 
and the geometric means of these elements and the cadmium zmc ratiO 
are hsted in table 2 The samples contammg highly anomalous values 
of these elements, and anomalous cadmmm zmc ratios, were used to 
construct element-distributiOn maps (figs. 14-22, 25) 

The low-level concentratiOns of those elements hsted on table 3, 
when compared with their crustal abundance, suggests that the area 
has a very low potential for the discovery of exposed mmeral deposits 

CONCEALED POTENTIAL MINERAL RESOURCES 

Several elements, mcludmg gold, mercury, antimony, arsemc, tung
sten, molybdenum, manganese, and barmm, are present m anomalous 
amounts, and the cadmmm zmc ratiO IS anomalous, m the Charles 
Sheldon Wilderness Study Area. These elements and their association 
with one another suggest the possible presence of concealed mmeral 
deposits 

Studies of hydrothermal deposits have shown that groups of ele
ments are present m zones surroundmg the source of mmerahzmg 



TABLE 2 -Threshold values, crustal abundance, range of values, number of values, percenttle dUJtnbutwns, and geometnc means of rock 
and stream-sed'tment samples for selected elements and for the cadm'tum Z'tnc ratw, Charles Sheldon W'tlderness Study Area 

[Values for Hg, Sb, As, W, Mo, Ba, and Mn are expressed m parts per lllllhon Cd Zn values are expressed as a rat1o Lower lmuts of detectton m ppm Hg=O 02, Sb=O 5, As=lO, 
W=50, Mo=5, Ba=20, Mn=O, Cd=O 4, Zn=O 6 N=396 for rocks and 884 for stream sediments Analytlcal methods Mn, Ba, Mo, and W by ellll8810n spectroscopy, Hg by flameless 
atollllc absorption, Sb, Cd, and Zn by atollllc absorption, As by colonmetry Analysts E F Cooley, G L Crenshaw, and D F Stems Leaders(--), tnsuffictent data] 

Element Sample Threshold Mean Range of Number of Selected percent1les Geometr1c 
or type value crustal detectable detectable based on number (n) mean 

element abundance values values of samples 
rat1o 

25th 50th 75th 90th 

Mercury----- Rock------------- 0.2 lo 06 0.02->100 358 0.1 0 2 1.4 11 0.44 
Stream sed1ment-- 15 21- 02->100 884 .04 .05 .11 37 .08 

Ant1mony---- Rock------------- 10 .5-800 234 -- 1 4 22 4 
Stream sed1ment-- 10 25- 5-60 170 -- -- -- 1 1 1.9 

Arsen1c----- Rock------------- 80 10-1400 372 10 21 40 86 24 
Stream sed1ment-- 80 21- 10-200 861 11 21 26 41 19 

Tungsten---- Rock------------- 3<50 i<50-500 21 -- -- -- -- 81 
Stream sed1ment-- 3<50 

22-3 
<50-50 2 -- -- -- -- --

Molybdenum-- Rock------------- 7 5-500 60 -- -- -- 9 16 
Stream sed1ment-- 7 

2430-
5-20 74 -- -- -- -- 8 

Bar1um------ Rock------------- 1,500 20->5000 387 120 410 1,040 1,840 370 
Stream sed1ment-- 1,500 

21,000-
100-2000 884 460 620 770 1,030 620 

Manganese--- Rock------------- 2,000 20->2000 389 150 350 790 1,490 320 
Stream sed1ment-- 2,000 -- 20-5000 884 760 990 1,260 1,640 980 

Cadm1um z1nc Rock------------- .02 
2~002 

002- 007 396 .01 .013 018 021 014 
rat1o. Stream sed1ment-- .02 002-1.91 882 .02 .04 .1 .025 047 

1Green (1959). 
2Goldschmldt (1954). 
3Less than value shown, but l1ne observed by spectrographer. 
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fluids. In the Refuge area, the zonal arrangement of elements formed 
by the anomalous values of banum, mercury, manganese, arsemc, an
timony, tungsten, and molybdenum parallels the metal zonation first 
presented by Emmons (1936). The distnbution of these elements, 
when viewed m relation to a reconstructed vem-system model (table 
4), Is similar to the uppermost arrangement of metals m the model 
As would be expected, no smgle mmerabzed area contruns all of the 
mmeral groups given m the model. Discrepancies-rrregulanties, re
versals, and poorly defined zonmg-between the observed and the 
model vem system may occur These discrepancies may be caused 
by overlappmg of deposits from two or more magmatic centers, by 
retreat or advance of magmatic centers durmg one penod of deposi
tion, by repeated penods of mineralization in a single area, by 
supergene enrichment, and by other causes not fully understood. 

The association of mercury, arsemc, antimony, tungsten, and gold 
has been recognized m many ore deposits m Paleozoic rocks of north
central Nevada (Enckson and others, 1966). These elements are also 
associated with ore deposits m Tertiary volcamc rocks m northern 
and western Nevada. The mineral assemblages at Getchell, Bootstrap, 
Carlm, and Gold Acres, and the gold deposits of the Cortez area m 
north-central Nevada are of this type, as are the Aurora-Bodie, Com
stock, Opalite, Goldfield, and Tonopah deposits in northern and west
ern Nevada This swte of elements IS also typical of the epithermal 
deposits throughout the world. The geologic environment m the 
Charles Sheldon Wilderness Study Area Is Similar to the environment 
commonly associated with epithermal and Tertiary volcamc-center de
posits of gold, silver, mercury, and antimony. 

In the Refuge area, the anomalous concentrations of mercury, anti
mony, arsemc, tungsten, molybdenum, manganese, banum, and gold 
and anomalous cadmiUm:zmc ratios form dispersion patterns that are 
contiguous with many faults and with some magnetic and(or) gravity 
highs (figs. 12, 13, and 25) This assemblage of anomalous concentra
tions of metals may mdicate the presence of concealed mmeral de
posits The associatiOn of high metals with magnetic lows possibly 
reflects the destruction of magnetite by hydrothermal processes; the 
association of high metal values with gravity highs may be related 
to an underlymg structure such as an mtrusive center or may reflect 
a structural high on the pre-Tertiary basement The occurrence of 
anomalously high metals along the fault planes suggests that the faults 
may have acted as the plumbmg system for ascendmg metal-bearmg 
solutions A gravity high IS centered over the exposed Tertiary andesi
tic rocks of Bald Mountam and the exposed Tertiary rhyohte rocks 
of Cottonwood Canyon (pl. 1) These rocks are older and structurally 
uplifted relative to the surroundmg Tertiary basalt. 



TABLE 3 -Stattsttcal summary of the analytwal results for stream-sedtment and rock samples as compared to the crustal abundance for 
the average 1-gneous rock, Charles Sheldon Wtlderness Study Area 

[Values for Fe, Mg, Ca, and T! reported m percent, all other values reported m ppm (parts per nulhon) Lower hrmts of detection for serruquantitative eiDlSSIOn spectrographic 
analyses Fe and Ca=O 05, Mg=O 02, T!=O 002, Mn, Au, B, B1, Cr, Pb, Sn, V, Y, and Zr=lO, Ag=O 5, As and Zn=200, Ba, Cd, La, and Nb=20, Be=l, Co, Cu, Mo, 
N1, and Sc=5, Sb and Sr=lOO, W=50 Upper hrruts of detection for serruquantitative erruss1on spectrographic analyses Ti=l, Mg=lO, Fe and Ca=20, Cd and Au=500, 
Be, B1, La, Sn, and Zr=l,OOO, B, Co, Mo, Nb, and Y=2,000, Mn, Ag, Ba, Cr, Sr, and NI=5,000, As, Sb, W, V, and Zn=lO,OOO, and Cu and Pb=20,000 Lower hrruts 
of detection for all other methods of analysis Au=O 05, Zn=5, Cd=O 4, Sb=l, Hg=O 02, As=IO, W=20 Upper hrrut of detection for Hg=lOO Uncensored population IS 

one m which the element concentrations fall Wlthm the sensitiVIty hrruts of the method used Censored population IS one m which element concentrations are coded With 
N, L, or G N, not detected at hm1t of detection, L, detected but below hm1t of detection, G, greater than upper limit of detection n, total number of samples analyzed 
for the particular element presented ThiS number IS determmed by addmg columns headed N, L, G, and Number of values Leaders (--), no data or Insufficient data 
Analysts E F Cooley, G L Crenshaw, R J Kmght, H L Millard, Jr, and D F S1ems] 

Data based Data based on the uncensored populat1on Percent1le d1str1but1on 1n ppm 
on the based on n samples analyzed 

Element Sample Crustal censored 
type abundance1 ~o~ulat1on Number of Range of Geometr1c Geometnc 25th 50th 75th 90th 

N L G values values mean dev1 at10n 

Sem1quant1tat1ve em1ss1on spectrograph/ 

Fe--- Rock------------ 5 0 6 0 390 002 - 20 1 5 3 9 0 7 2 0 4.1 5 5 
Stream sed1ment- -- 0 0 1 883 5 - 20 4 4 1.5 3.3 4 3 5 3 7.1 

Mg--- Rock------------ 2.9 0 24 0 372 02 - 3 2 3 2 .1 1 4 .8 
Stream sed1ment- -- 0 0 0 884 15 - 2 9 1 5 .7 9 1 1 1 4 

Ca--- Rock------------ 3 6 0 11 0 385 .05 - 10 .3 3.1 1 2 5 1 0 
Stream sed 1 men t- -- 0 0 0 884 .05 - 5 1 0 1 5 8 1 0 1.3 1 9 

T1--- Rock------------ 44 0 1 1 394 .005- 1 15 3. 7 1 2 4 7 
Stream sed1ment- -- 0 0 29 855 1 - 1 5 1 7 4 5 .8 1 1 

Mn--- Rock------------ 1000 3 4 7 382 20 -5,000 319 3 2 147 350 792 1,492 
Stream sed1ment- -- 0 0 0 884 150 -5,000 976 1.6 759 992 1,259 1,639 

Ag--- Rock------------ 0 02 394 0 0 2 1 - 3 
Stream sed1ment- -- 880 1 0 3 7 - 1 
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As--- Rock------------ 5 389 0 0 7 300 -1,000 
Stream sed1ment- -- 884 0 0 0 

B--- Rock------------ 10 1 107 0 288 10 - 150 21 2 -- 13 26 44 
Stream sed1ment- -- 1 7 0 876 10 - 100 25 1.5 20 24 33 44 

Ba--- Rock------------ 430 0 9 2 385 20 -5,000 369 3 5 117 405 1,041 1,840 
Stream sed1ment- -- 0 0 0 884 100 -2,000 622 1.5 463 617 774 1,029 

Be--- Rock------------ 6 2 23 0 371 1 - 50 2.6 2.1 1 5 2 2 3 4 6.5 
Stream sed1ment- -- 4 26 0 854 1 - 7 1. 7 1 4 1. 3 1.9 2.3 2 6 c:') 

tJ:j 

81--- Rock------------ 2 395 0 0 1 10 - -- -- -- -- -- -- 0 
Stream sed1ment- -- 884 0 0 0 -- -- -- -- -- -- -- 0 

::I: 
Co--- Rock------------ 40 79 226 0 91 5 - 100 10 4 2.0 -- -- -- 10 

tJ:j 

a:: Stream sed1ment- -- 1 9 0 874 5 - 70 15.7 1.7 11 18 23 29 1-4 
0 

Cr--- Rock------------ 200 54 244 0 98 10 200 17 1.8 -- -- -- 20 > 
Stream sed 1ment- -- 0 3 0 881 10 - 200 41 1 7 31 44 53 71 t"4 

tJ:j 

Cu--- Rock------------ 70 1 131 0 264 5 - 200 9 1.8 -- 5 1 11 18 < > Stream sed1ment- -- 0 0 0 884 5 - 50 21 1.5 18 23 30 35 t"4 
c::: 

La--- Rock------------ 18.3 3 68 0 325 ~0 - 200 63 1.5 40 51 73 102 > 
Stream sed1ment- -- 3 3 0 878 20 - 200 55 1 4 43 50 62 79 t-3 

1-4 

0 
Mo--- Rock------------ 2 3 300 36 0 60 5 - 500 16 3.3 -- -- -- 9.2 z 

Stream sed1ment- -- 723 87 0 74 5 - 20 8 1.5 

Nb--- Rock------------ 20 7 382 0 7 20 - 50 
Stream sed1ment- -- 24 814 0 46 10 - 50 21 1.6 

N1--- Rock------------ 100 4 292 0 100 5 - 200 9 2 2 -- -- 4 8 
Stream sed 1 ment- -- 0 12 0 892 5 - 100 19 1. 7 14 21 26 37 

Pb--- Rock------------ 16 39 48 0 309 10 - 100 20 1.6 9 19 24 33 
Stream sed 1 ment- -- 1 3 0 880 10 - 70 22 1. 4 20 23 30 37 

Sb--- Rock------------ 1 349 10 0 37 100 -1,000 215 1.9 -- -- -- -- 0) 
Stream sed1ment- -- 880 2 0 2 100 - 200 -- -- -- -- -- -- ..... 



TABLE 3 -StatUJtual summary of the analyhcal results for stream-sedtment and rock samples as compared to the crustal abundance for ~ 
the average 'l{J'neOUS rock, Charles Sheldon Wtlderness Study Arear-Contrnued 

() 
Data based Data based on the uncensored populat1on Percent1le d1stnbut1on 1n ppm ~ on the based on n sample analyzed 

Element Sample Crustal censored ~ 
type abundance1 ~o~ulat1on Number of Range of Geometr1c Geometr1c 25th 50th 75th 90th t"i 

tzj 
N l G values values mean dev1at1on UJ 

UJ 

Sem1quant1tat1Ve em1ss1on spectrography2 = tzj 
t"i 
t::l 
0 

Sc--- Rock------------ 5 44 84 0 268 5 - 100 10 1.9 -- 6 17 23 z 
Stream sed1ment- -- 1 1 0 882 5 - 30 15 1.4 13 17 21 24 

~ 
Sn--- Rock------------ 40 373 7 0 16 10 - 70 14 1.8 -- -- -- -- t"i 

Stream sed1ment- -- 866 15 0 3 10 - 100 -- -- -- -- -- -- t::l 
tzj 

Sr--- Rock------------ 150 39 162 1 194 100 -1,500 232 1.9 249 413 ~ -- -- z 
Stream sed1ment- -- 1 1 0 882 1 -1,000 360 1.5 286 372 467 533 tzj 

UJ 
V---- Rock------------ 150 0 23 0 373 10- 500 38 2.4 19 35 65 111 UJ 

Stream sed1ment- -- 0 0 0 884 20 -1,000 102 1.5 83 101 127 184 ~ c:: 
W---- Rock------------ 1 375 7 0 14 50 - 500 81 1.9 -- -- -- -- t::l 

Stream sed1ment- -- 882 1 0 1 50 - 50 -- -- -- -- -- -- ~ 

> 
Y---- Rock------------ 28.1 3 43 0 350 10 - 300 43 1.9 23 41 56 89 ~ 

Stream sed1ment- -- 0 1 0 883 10 - 200 47 1.5 28 38 48 55 tzj 
_r. 

Zn--- Rock------------ 80 354 21 0 21 200 -1,000 -- -- -- -- -- -- z 
Stream sediment- -- 861 13 0 10 200 - 500 -- -- -- -- -- -- tzj 

< 
Zr--- Rock------------ 220 0 15 9 372 10 -1,000 202 2.4 178 251 342 490 > Stream sed1ment- -- 0 0 5 879 50 -1,000 248 1.5 204 259 330 382 z 

t::l 
0 

Atom1c absorpt1on ~ 
tzj 

Au 3-- Rock------------ 0.001 283 101 0 4 0.06 - 0.84 
Stream sed1ment- -- 152 0 0 0 

zn3 __ Rock------------ 80 0 2 0 394 .6 - 190 13 3.2 7 15 28 57 
Stream sed1ment- -- 0 0 0 884 9.8 - 216 30 1.4 23 30 37 49 



Cd3-- Rock------------ .18 22 147 0 227 .4 - 6.8 1.1 1.9 -- 5 1 2 2.0 
Stream sed1ment- -- 28 273 0 581 4 - 2 .5 1.3 -- 4 .5 .7 

Sb4-- Rock------------ 1 42 120 0 234 1 - 800 4 4.7 -- 1 0 3.6 22 
Stream sed1ment- -- • 309 404 0 170 5 - 60 2 2 7 -- -- -- 1 

Hgs __ Rock------------ 6.06 11 27 8 350 02 - 82 44 7.3 .1 2 1 4 10 
Stream sed1ment- -- 18 21 1 844 .02 - 38 5 08 3 2 .04 05 11 37 

C) 

Color1metry tr.:l 
0 
(') 

As 3-- = Rock------------ 5 0 24 0 372 10 -1.400 24 2 4 10 21 40 86 tr.:l 
Stream sed 1ment- -- 14 9 0 861 10- 200 19 1. 7 11 21 26 41 ts: 

1-1 

w3 __ (') 
Rock------------ 1 192 199 0 5 -- -- -- -- -- -- -- -- > 
Stream sed1ment- -- -- -- -- -- -- -- -- -- -- -- -- -- t"' 

tr.:l 

Neutron act1vat1on7 ~ 
t"' 
~ 

U---- Rock------------ 4 0 0 0 90 0.36- 860 12 4 6 4 8 35 133 ~ 
Stream sed1ment- -- 0 0 0 44 2.6 - 13 5 1 4 3 5 6 7 1-1 

0 

Th--- Rock------------ 11.5 0 0 0 60 3 - 25 17 2 3 10 17 24 56 
z 

Stream sed1ment- -- 0 0 0 42 5 - 32 13 1.4 9 13 17 22 

1Goldschm1dt (1954) !Gr1mes and Marranz1no (1968). ~Vaughn and McCarthy (1964). 7M11lard (1976). 
2ward and others (1963). Welsch and Chao (1976) Green ( 1959) • 

~ 
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TABLE 4 -A reconstructed vetn system, from the surface downward 
[From Emmons, 1936] 

Barren zone Chalcedony, quartz, bar1te, fluonte, etc Some of the ve1ns carry 
a l1ttle mercury, ant1mony, or arsen1c 

Mercury C1nnabar depos1ts, commonly w1th chalcedony, marcas1te, etc Barlte-
fl uorlte ve1ns 

Ant1mony St1bmte depos1ts, often pass1ng downward 1nto galena w1th ant1monates 
Some carry gold. 

4 Gold-S1lver. Bonanza gold depos1ts and gold-s1lver depos1ts. Argnet1te w1th 
arsen1c and ant1mony m1neral s common Tell ur1des and sel en1des at places. 
Relat1vely small amounts of galena, sphaler1te, and chalcopyrlte are present, 
gangue 1ncludes quartz, adular1a, alun1te, w1th calc1te, rhodochros1te, and other 
carbonates. 

Barren. Most nearly cons1 stent barren zone, represents the bottoms of many 
Tert1ary prec1ous-metal ve1ns Quartz, carbonates, etc , w1th small amounts of 
pyr1te, chalcopyr1te, sphaler1te, and galena 

6. S1lver. Argent1te ve1ns, complex s1lver m1nerals w1th ant1mony and arsen1c, 
st1bn1te, some arsenopyr1te, etc , quartz gangue, at places w1th s1der1te 

Lead. Galena ve1ns, generally w1th silver, sphaler1te generally present, 
1ncreas1ng w1th depth, some chal copynte Gangue of quartz w1th carbonates. 

8 Z1nc Sphalente depos1ts, galena and some chalcopynte generally present. 
Gangue 1s quartz and 1n some depos1ts carbonates of calc1um, 1ron, and maganese 

9 Copper Tetrahedr1te, commonly argent1ferous, chalcopynte present Some 
pass downward 1nto chalcopyr1te Enarg1te ve1ns, generally w1th tetrahednte. 

10 Copper. Cha 1 copyr1 te ve1 ns, most w1 th pyr1 te, many w1 th pyrrhot1 te The 
gangue 1 s quartz and at some p 1 aces carbonates and fe 1 dspar Orthoc 1 ase and 
sod1c plag1oclase not rare, but h1gh-calc1um plag1oclase very rare, generally 
carry prec1ous metals Uran1um, probably ma1n horlZon of uran1n1te 

11. Gold Depos1ts w1th pyr1te, commonly arsenopyr1te Quartz, carbonates, and some 
w1 th fe 1 dspar gangue Some w1 th tourma l1ne Te 11 undes not uncommon and at 
places abundant. At p 1 aces zones 10 and 11 are reversed 

12 Arsen1c Arsenopyr1te w1th chalcopyr1te, etc 

13 B1smuth B1smuth1n1te depos1ts. Nat1ve b1smuth, quartz, pyr1te, etc. 

14 Tungsten Ve1ns w1th tungsten m1nerals, arsenopyr1te, pyrrhot1te, pyrite, 
chalcopyr1te Tungsten occurs 1n h1gher zones 1n large amounts, but thls 1s the 
ma1n horlZon 

15 T1n. Cass1ter1te ve1ns w1th quartz, tourmal1ne, topaz, feldspar, etc. 

16 Barren Quartz, feldspar, pyr1te, carbonates, and small amounts of other m1nerals 

Element 

Hg-------
Sb------
As-------
W--------

Ranges or anomalous concentratwns (ppm) tnftgure 12 
[Leaders (-), not detected at lumt of detection] 

Rock samples 

0 2->100 
10-1400 
80--800 

<50-100 

Stream-sediment samples 

0 2->100 
10--60 
80-100 
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FIGURE 12.-Relationship between selected magnetic lows, faults , a gravity high, and 
anomalous concentrations of mercury, antimony, arsenic, and tungsten in rock and 
stream-sediment samples in the Lone Pine district, Charles Sheldon Wilderness Study 
Area. Method of analyes: Hg by flameless atomic absorption; As by colorimetry; 
W by emission spectroscopy; and Sb by atomic absorption. Analysts·: E. F. Cooley, 
G. L. Crenshaw, and D. F. Siems. 
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FtGUAE 13.- Relatfonlbfp between ~eWctOO amroma~JWtic low1, faults, a gravity hlp, 
lftd anomalou.t eonuntratw ot mol)'bdonum, barium, and mangtlnese, and afll>'mii" 
lout admhsm:dnct ratJot ~0.06 in rook and ltrmun~diment samples in the Lone 
Pine dfttmt, Charla Sboldon Wi~ Study Area. Method of analyses: Mo, Ba, 
and :Mn by~ 1ptek~; Cd and Zn by atomic absorption. Analyst: E. 
J', Coolq, (J, L, Crm11h&w, and D. J', Simns. 
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Cadmmm zmc ratios are particularly helpful m the mterpretation 
of centers of hydrothermal metallization Cadmmm, a strong chal
cophile element, follows zmc m sulfide deposits much more closely 
than It does lead and copper, and it IS con tamed chiefly m sphalerite 
Cadmmm IS more sensitive to high temperatures than Is zmc, and 
the two elements apparently fractiOnate near a heat source. Accordmg 
to Goldschmidt (1954, p. 271), sphalerite that forms at high tempera
tures will accept less cadmmm m Its crystal lattice than will sphalerite 
formed at lower temperatures The cadmmm-rich halo m the Refuge 
area probably resulted from elevated temperatures, which caused cad
mmm to move down the temperature gradient (away from the center 
of heat) and fractionate from the zinc (fig. 13). 

The distribution of anomalous values of mercury, antimony, arsemc, 
tungsten, molybdenum, barium, manganese, and gold, and anomalous 
cadmmm·zmc ratios are shown by patterns m figures 12 and 13 and 
symbols m figure 25. In areas where these patterns and symbols are 
superimposed on the maps, the metals outhne a geochemically anomal
ous area; m addition, we can speculate that this area may extend 
beneath younger volcamc rocks. The Tertiary andesitlc rocks, m which 
the mmerahzed area appears to be restricted, are older and are struc
turally uplifted relative to the surroundmg Quaternary basalts (pl. 
1). 

Additional slightly mineralized areas are adJacent to both the 
Prunted Hills mine area and to the Subheadquarters of the Range 
(figs 14-22, 25). The anomalous concentratiOns of mercury, arsemc, 
antimony, tungsten, molybdenum, barmm, and gold, and anomalous 
cadmmm:zmc ratios form dispersion patterns analogous to those 
formed m the Refuge area. The Subheadquarters and the Pamted 
Hills mme areas are geologically and geochemically Similar. Both areas 
have Similar geochemical dispersiOn patterns and rock types, both are 
adJacent to faults, and both contam thermal-spring deposits (pl. 1, 
figs. 2, 14-22, 25). These Similarities suggest that the two mmerabzed 
areas may be one contmuous area The magnetic map suggests a large 
concealed cross fault (F 3, pl. 2). This possible fault may be associated 
with a collapsed structure beneath the younger Canon Rhyohte (pl 

Range of anomalous concentratwns (ppm) and anomalous ratws tn figure 19 

[Leaders (-), no data or msuffiClent data] 

Element 

Mo-----
B a----
Mn------
Cd Zn---

Rock samples 

7-100 
1,500->5,000 
2,000->5,000 

0 5-19 

Stream-sediment samples 

10-15 
1,500-2,000 
2,000-5,000 
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FIGURE 14.-Distribution of anomalous concentrations of mercury in rock samples, 
Charles Sheldon Wilderness Study Area. Analytical method: flameless atomic ab
sorption. Analyst: G. L. Crenshaw. 

1). If it exists, it might have provided channels for the migration 
of mineral solutions. The thickening of the Canon Rholite and the 
decrease of mapped faults southward may have suppressed the surface 
expression of the metal concentrations below the established threshold 
values. Geochemical values lower than the established anomalous val
ues are evident in the Canon Rhyolite in this area. The possible con
cealed fault forms an alinement with thermal springs in the Subhead
quarters, Painted Hills Mine, and Gridley Lake areas. Figure 23 
shows two local gravity highs which correlate with the location of 
the two geochemical anomalies, the alinement of thermal springs, and 
the suggested concealed fault. If these local gravity highs indicate 
buried intrusive centers, one could define the underlying source for 
mineralization or a heat source for the remobilization of elements for 
sulfide-type deposits; however, no intrusive rocks are exposed at the 
surface near the location of the gravity highs. Therefore, the relation 
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FIGURE 15.-Distribution of anomalous concentrations of mercury in stream-sediment 
samples, Charles Sheldon Wilderness Study Area. Analytical method: flameless 
atomic absorption. Analyst: G. L. Crenshaw. 

between the geochemical anomalies and gravity highs remains specula
tive. Faulting in this area may have promoted circulation of meteoric 
waters to deep levels in the crust where rock temperature was high. 
These elevated temperatures could have been associated with shallow 
magma chambers as depicted by these gravity highs. The water could 
have then ascended as hot solutions that were responsible for the 
formation of the anomalous values in this area. North and northwest 
of the Subheadquarters, the mineralized area appears to terminate 
where younger basalts overlie the tuffaceous sedimentary or concealed 
host rocks; this mineralized area may extend northwestward beneath 
the younger basalt of Catnip Creek. 

North of the Subheadquarters, a zone of relatively low magnetism 
is described in Chapter B, between the outer limit of a broad magnetic 
maximum centered over Hawk Mountain and two near-surface mag
netic highs, which may be a result of rock alteration related to the 



70 CHARLES SHELDON WILDERNESS STUDY AREA, NEV. AND ORE. 

LONE 
, PINE 

41 •· oJSTRICT 
45' 

0 

I 
0 

10 
I 

15 20 
I I 

I 
10 

EXPLANATION 

25 KILOMETERS 
I 
I 

15 MILES 

e25 Rock sample locality and concentration in parts per million 

• 40 Stream-sediment sample locality and concentration in parts per million 

Area where rock samples have concentrations that range from 10-1400 ppm 

~ Area where stream-sediment samples have concentrations that range from 

10 - 60 ppm 

• • Boundary of postulated buried caldera 

Fault 

FIGURE 16.-Distribution of anomalous concentrations of antimony in rock and stream
sediment samples, Charles Sheldon Wilderness Study Area. Analytical method: 
atomic absorption. Analyst: D. F. Siems. 

circulation of fluids in an underlying concealed fault zone. This zone 
alines with the northwest-trending faults (mapped as a concealed post
ulated fault, F3, pl. 2), thermal springs, gravity highs, and the two 
geochemically anomalous areas (fig. 23). The small patch of Canon 
Rhyolite which lies within the Subheadquarters mineralized area is 
cut by a northwest-trending fault. Samples collected from this rock 
unit adjacent to the fault contained anomalous values. Further studies 
would be required to evaluate these possibilities. 

In the southwest corner of the Range, geophysical data can be inter
preted as indicating a buried caldera or pluton (pl. 2). Rock samples 
collected by the Geological Survey from within the boundaries of the 
inferred caldera contain anomalous values for mercury, gold, antimo
ny, arsenic, tungsten, molybdenum, barium, manganese, and uranium, 
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FIGURE 17.-Distribution of anomalous concentrations of arsenic in rock and stream-sed
iment samples, Charles Sheldon Wilderness Study Area. Analytical method: col
orimetry. Analyst: G. L. Crenshaw. 

and anomalous cadmium:zinc ratios (figs. 14, 16-22, 25, and 26). The 
Bureau of Mines collected rock samples within this boundary at seven 
sites not sampled by the Geological Survey. Their laboratories re
ported a trace of gold (0.083-0.283 ppm) and silver (more than 2-4 
ppm) at six of seven sites sampled and uranium (more than 10 ppm
more than 50 ppm) at five of seven sites sampled (pl. 1, no. 8, 9, 
36, 37, and 39-41). The distribution and association of the anomalous 
elements and ratios mentioned above and the elements detected by 
the Bureau of Mines laboratories suggest that this area has a potential 
for concealed deposits. The widespread geochemical anomalies are 
similar in size and magnitude to the mineralized McDermitt Caldera 
approximately 82 mi (132 km) to the northeast in the Opalite mining 
district (Rytuba, 1976). If a caldera is present, the set of parallel 
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FIGURE 18.-Distribution of anomalous concentrations of tungsten in rock and stream
sediment samples, Charles Sheldon Wilderness Study Area. Analytical method: 
emission spectroscopy. Analyst: E. F. Cooley. 

northwest-oriented faults, which occur within its boundaries, may 
have been associated with the caldera collapse. The faults then may 
have acted as the pathways for the migration of mineral-bearing solu
tions. The magnetic lows and faults northwest of the postulated cal
dera, interrupted by a gravity and magnetic high having a northeast 
strike, may represent the outer wall of the collapsed caldera (pl. 2). 
In this area, numerous stream-sediment samples are anomalous in 
mercury, and a few anomalous values for other elements were found 
in rock and (or) stream-sediment samples (figs. 15, 16, 17, and 21). 

An alternate interpretation to the existence of the possible caldera 
is the presence of a buried pluton of lower density than the surround
ing basement rock. If this interpretation is correct, one could then 
define an underlying source for ascending mineralizing solutions and 
a heat source for remobilization of precious-metal sulfide-type de
posits. 

The geochemically anomalous values present in rock samples, the 
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FIGURE 19.-Distribution of anomalous concentrations of molybdenum in rock and 
stream-sediment samples, Charles Sheldon Wilderness Study Area. Analytical 
method: emission spectroscopy. Analyst: E. F. Cooley. 

association of these anomalous elements, and the elements detected 
in rock samples collected by the Bureau of Mines suggest that this 
area, whether a caldera or a buried pluton exists, has a potential 
for concealed mineral resources. Further exploration by geochemical, 
geophysical, and geological methods are suggested to determine the 
degree of potential and if there is a spatial and genetic relationship 
to the present geophysical evidence and the geochemically anomalous 
areas. 

Figure 24 shows a northwest-trending chain of mafic vents, palago
nite tuff rings, and a low shield volcano, which appear to aline with 
five volcano vents, to the southeast, described by Korringa (1973). 
This northwest-trending chain appears to lie between magnetic highs 
and to be associated with magnetic lows and the postulated caldera 
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FIGURE 20.-Distribution of anomalous concentrations of barium in rock and stream-sed
iment samples, Charles Sheldon Wilderness Study Area. Analytical method: emission 
spectroscopy. Analyst: E. F. Cooley. 

or buried pluton. A northwest-trending fault system has a similar 
relationship. The association of these features with each other outlines 
a more than 50-mi (80-km)-long northwest-trending lineation. This 
linear feature may represent a major structural zone at depth. If this 
structural feature does exist and if it is a zone of weakness in the 
Earth's crust, then alternate channels for the ascending mineral solu
tions seem plausible. 

Anomalous concentrations of mercury, antimony, arsenic, molybde
num, barium, manganese, and gold, and anomalous ratios of cadmium 
to zinc are found in the Hell Creek drainage basin and in the area 
contiguous with the junction of Hell Creek and Virgin Creek (figs. 
14-17, 19-22, and 25). Most of the valley of Hell Creek from its source 
to its junction with Virgin Creek is fault controlled. The anomalous 
amounts of elements and ratios mentioned above, as well as several 
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FIGURE 21.-Distribution of anomalous concentrations of manganese in rock and stream
sediment samples, Charles Sheldon Wilderness Study Area. Analytical method: emis
sion spectroscopy. Analyst: E. F. Cooley. 

mercury prospects, seem to be associated with the faults. The area 
near the junction of Hell Creek an"tf Virgin Creek is contiguous with 
C2, a geophysical anomaly (pl. 2). 

The Bureau of Mines collected numerous rock samples at eight sam
ple sites not visited by the Geological Survey in the Hell Creek drain
age basin and on the eastern borders of the C2 geophysical-anomaly 
area (pl. 1, no. 13, 28, 31, 32, 33, 34, 35, and 38). Their laboratories 
reported that the silver values in rocks ranged from a trace (more 
than 2-4 ppm) to 16 ppm at five of the eight sites sampled. A trace 
of gold (0. 08-0.2 ppm) was detected at three sites, uranium (1~00 
ppm) at four sites, and manganese (400-100,000 ppm) at one site. 
· The geochemically anomalous values detected in rock and stream
sediment samples, the elements reported in rock sampl~s collected 
by the Bureau of Mines, the association of these elements, and the 
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FIGURE 22.-Distribution of anomalous cadmium:zinc ratios in rock and stream-sedi
ment samples, Charles Sheldon Wilderness Study Area. Threshold ratio, 0.020. 
Analytical method: atomic absorption. Analyst: G. L. Crenshaw and D. F. Siems. 

proximity of the sample sites to the C2 geophysical-anomaly area, 
mercury prospects, and faults suggest that possible potential areas 
for concealed deposits exist in this area. 

The headwater drainage basins of Sagebrush Creek, Thousand 
Creek, and Mud Spring creek are other areas where anomalous con
centrations of some of the elements discussed earlier in the text occur 
in stream sediments and rocks (figs. 14-22, and 25). 

GOLD 

Gold was detected in levels below 0.05 ppm in 101 samples, and 
four samples had concentrations of 0.06, 0.1, 0.14, and 0.84 ppm. Fig
ure 23 shows the rock-sample localities at which gold was detected 
in levels above and below the 0.05 ppm level. The samples containing 
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FIGURE 23.-Relationship of geochemically anomalous areas of the Painted Hills mine 
and Subheadquarters, Charles Sheldon Wilderness Study Area. 

gold correlate well with anomalous levels of mercury, antimony, arse
nic, tungsten, manganese, barium, molybdenum, and the anoma1ous 
cadmium:zinc ratios (figs. 14-22). 

URANIUM 

Studies of the uranium occurrences in the Virgin Valley district 
near the Virgin Valley Ranch show that this area contains a large, 
low-grade uranium resource. These occurrences may exist in tuffa
ceous sediments beneath Gooch Table or Rock Spring Table adjacent 
to the Virgin Valley occurrences or in tuffaceous sediments associated 
with thermal springs. 
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Twenty scmtillat10n counter traverses were made withm the VIrgin 
Valley by J E. Peterson of the Geological Survey m May 1975. No 
anomalous scmtillat10n counter readmgs were obtamed except at the 
locahties where rock samples Yielded high uramum values U ramum 
was analyzed for m 94 rock samples and 45 stream-sediment samples 
A threshold value was arbitrarily chosen as 10 ppm, which Is 2 5 
times the average crustal abundance concentratiOn (Goldschmidt, 
1954, p. 75) Of the 94 rock samples analyzed, the concentratiOns of 
37 rock samples ranged from 10 to 860 ppm as shown below 

Parts per m1ll1on 

860 
500 
300 
200 
150 
100 

70-10 

Number of samples 

1 
1 
3 
4 
4 
7 

17 

Of the 45 stream-sediment samples analyzed, only one sample had 
a value of 13 ppm (fig 26) Only seven of the 38 rock and stream-sedi
ment samples shoWing anomalous values are from outside the uramfer
ous opal areas mvestigated by Staatz and Bauer (1951). The anomalous 
uramum locahties shown m figure 24 are contiguous With the anoma
lous molybdenum locahties (fig. 19) The uramum probably was 
leached from rhyohte tuffs and lavas and concentrated m certain opal 
layers Within the tuffaceous sediments. 

Uranium occurrences are discussed further in this report in Chapter 
D. 

POTENTIAL GEOTHERMAL RESOURCES 

The prmcipal thermal sprmgs and adJacent cold sprmgs of the 
Charles Sheldon study area were sampled for chemical analyses m 
order to deterrmne the potential for geothermal resources (fig. 2) 

Water samples were collected as close as possible to the orifice 
of 11 spnngs If the spnng had several orifices, the discharge from 
the onfice havmg the highest temperature was sampled Water tem
peratures were determmed by usmg a therrmstor-probe thermometer. 
Water samples were collected m 1 056-quart (1-hter) containers that 
had been rmsed several times with water from the sampled sprmg 
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FIGURE 25 -Locahties of rock samples from whtch gold was detected, Charles Sheldon 
Wilderness Study Area Analytical method flameless atomic absorption Analyst 
G L Crenshaw 

All samples were collected on the same day and no fixatmg agents 
were added The water samples were analyzed by the Geological Sur
vey m Salt Lake City, Utah, by methods of Brown, Skougstad, and 
Fishman (1970) Analytical data for water samples are on file at the 
Geological Survey m Reston, Va Table 5 lists the locatiOn, chermcal 
composition, and calculated rmmmum thermal-reservorr temperatures 
of the sprmgs or wells. 

Water chemistry has proved valuable m estimatmg suhsurface tem
peratures, and the various techmques are descnbed by Mahon (1970), 
Fourmer and Rowe (1966), and Fournier and Truesdell (1973). The 
most quantitative temperature mdiCators have been shown to be (1) 
the variation m solubility of quartz as a function of temperature, and 
(2) the temperature dependence of base exchange or partit10nmg of 
alkalies (sodmm and potassmm) between solutiOns and solid phases 
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FIGURE 26 -Distnbution of uramum ~10 ppm m rock and stream-sedlment samples, 
Charles Sheldon Wilderness Study Area Analytical method neutron activation 
Analyst H L Millard, Jr, and R J Kmght 

With a correction apphed for the calcmm content of the water (the 
sodmm-potassmm-calcmm geothermometer). Some ambigwty and un
certamty exist with both methods, and, many particular area, subsur
face mformation may be necessary m order to determine the most 
effective method Fournier, White, and Truesdell (1974) presented a 
set of gmdelmes for determmmg which subsurface-temperature esti
mate may best mdicate the thermal-aqmfier temperature, which IS 

based on the temperature and the discharge of the sprmg 
Where knowledge of subsurface reactiOns and discharge rate was 

lackmg, calculated subsurface temperatures were determined usmg 
both the quartz-solubihty and sodmm-potassium-calcmm geother
mometers. For the quartz-solubility geothermometer (Fournier and 
Rowe, 1966), the empirical equatiOn IS' 
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TABLE 5 -Locatwn, chemtcal composttwn, and calculated mtntmum thermal-reservotr 
temperatures of spnngs tn the Charles Sheldon Wtlderness Study Area, Humboldt 

and Washoe Counttes, Nevada and Lake and Harney Counttes, Oregon 
[Analyses by U S Geological Survey, methods of analyses of Brown, Skougstad, and Ftshman (1970), temperatures 

m degrees Farenheit (F) and Celsius (C) Spnngs are Identified on the followmg 15-mmute topographic quadrang
les A-H, Big Spnng Butte, J-K, Railroad Pomt, and L, Demo] 

M1ll1grams per l1ter 

Cat1ons An1ons 

Spr1ng or well, sample no., 
lat1tude, long1tude 
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TABLE 5.-Location, chemical composition, and calculated' minimum thermal-reservoir 
temperatures of springs in· the €karles Sheldon ·Wilderness Study Area, Humboldt 
and Washoe Counties, Nevada and Lake and Harney Counties, Oregon-Continued 
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T~= 1.30x103 _ 273, 
5 19-log10Csl02 (aq) 

where T(;=temperature m centigrade, 
Cs10 2=concentratwn of silica m rmlhgrams per hter, and 

aq=aqueous 

For calculatiOns of subsurface temperatures from sodmm-potassmm
calcmm concentrations (Fourmer and Truesdell, 1973), the equation 
IS: 

Tc= 1,647 -2.24, 
log10(MNa +/MK+ )+[3log(VMca +2/MNa +) 

where T(;=temperature m centigrade, 
MNa +=molality of sodmm 10n, 
MK+ =molahty of potassmm 10n, 
Mea+ =molahty of calcmm 10n, 

[3=% for water equilibrated above 212°F (100°C), and 
(3=3/4 for water eqwhbrated below 212°F (100°C). 

Test to see If (3=4fa yields a temperature below 212°F (100°C), If It 
does not, use (3=lfa to estimate the eqwlibratwn temperature Molahty 
Is a molal concentration (one mole of solute per 35 27 oz (1,000 g) 
of solvent). 

The results of these calculations for mdividual spnngs are given 
m table 5 The quartz-conductive-coolmg geothermometer shows a 
range of 82°C to 152°C. The sodmm-potassmm-calcmm geothermome
ter shows a range of 78 8°F to 408.2°F (26°C to 209°C) The difference 
between temperatures measured by the two geothermometer methods 
for any one spring ranges from 41 oF to 215 6°F (5°C to 102°C) The 
median of the ranges IS 95°F (35°C). The maximum temperatures cal
culated are 305.6°F (152°C) for the quartz-conductive method and 
408.2°F (209°C) for the sodmm-potassmm-calcmm The subsurface 
temperatures calculated by the quartz-conductive method are low com
pared With subsurface temperatures of geothermal fields presently 
bemg explOited These temperatures are below the mimmum tempera
ture of 356°F (180°C) currently thought necessary to dnve steam-tur
bme generators (Muffler, 1973) All but two of the subsurface temper
atures calculated by the sodmm-potassmm-calcmm geothermometer 
method are lower than the 356°F (180°C). Although the subsurface 
temperatures calculated by both methods are low, except for the two 
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mentwned above, a system has been devised whereby the geothermal 
heat IS used m a heat exchanger to boil a secondary flmd (as a gas) 
to dnve a turbme. This flmd IS then condensed and returns to the 
heat exchanger (Jonsson and others, 1969). A generatmg umt based 
on this heat-exchange principle and usmg mtake water of 177.8°F 
(81 °C) was reported by Faaca (197 4). 

Sprmgs havmg surface temperatures below bmlmg may have either 
mixed water or water which has eqmlibrated at depth with rock only 
slightly hotter than the measured sprmg temperature. Mixed waters 
are a mixture of water hotter than 212°F (100°C) and cold meteoric 
water Thus, the thermal-aqmfier temperature estimated from the 
water compositions may be below the actual true mimmum thermal
reservoir temperature at depth 

Surface data suggest that the area has a low potential for geother
mal resources. All sprmgs m the Charles Sheldon study area had sur
face temperatures below boiling. If the spnngs contam miXed waters, 
the estimated minimum thermal-reservoir temperatures may be low, 
and the area could have a moderate to good potential for geothermal 
resources. Subsurface measurements and dnlling would be required 
to evaluate the former possibility 

As reported m the geophysical section of this report, gravity highs 
occur near five thermal spnngs (fig. 3, sprmgs a, g, I, J, and 1). These 
sprmgs, except one near Gridley Lake, and seven others were sampled 
and their waters were analyzed The seven additional sprmgs (fig. 
3, spnngs b, c, d, e, f, h, and k) are also associated With these and 
other gravity highs. There IS no consistent correlation between mag
netic anomalies and the locatwn of these spnngs. If local gravity highs 
indicate young buried mtrusive centers, one could defme the underly
ing source that heats the water; however, no young mtrusive rocks 
or other mtrusive rocks are exposed at the surface. Therefore, the 
relationship between these springs and gravity highs remains specula
tive. 

The concept for the ongm of hot spnngs m northern Nevada in
volves a cycle of descending meteonc water, heating at depth by the 
high geothermal gradient, then ascending along faults; therefore, 
structure would be a much more Important control of geothermal sys
tems than local heat sources. The area between the maJor fault along 
the McGee Mountam front and the postulated buried fault beneath 
the Canon Rhyohte on McGee Mountain suggests a possible horst or 
doming structure. These faults could be part of the channelways for 
both the ascending minerabzmg solutions discussed earlier and the 
ascendmg thermal waters 

Thermal water is water generally from a spnng whose temperature 
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IS appreciably above the local mean annual temperature. If miXed wa
ters are present, other sprmgs not sampled m the area may not fit 
this general defirution. The location of Bog Hot Well m the alluvial 
fan northeast of the McGee Mountain fault suggests that springs along 
this fault may be of thermal ongm as Is also suggested by the steam 
emission reported from a dnll hole m the vicinity of this fault near 
the Pamted Hills Mme (Wendell, 1970, p. 98). 

The surface data, the estimated mirumum thermal-reservoir tem
peratures that may be low If mixed waters are mvolved, the possibility 
that spnngs not sampled are of thermal origin, and the speculations 
concernmg heat sources for these waters mdicate that the area could 
have a low to moderate potential for geothermal resources. 
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SETTING 

The Charles Sheldon Wilderness study area IS underlain by volcanic 
rocks consistmg of basalt, rhyohte, andesite, and associated ash, tuff, 
and tuffaceous sandstone. Withm the study area are two mimng dis
tncts· the Vrrgm Valley near the eastern edge of the Range and the 
Lone Pme m the southern part of the refuge (fig. 27) 

Significant deposits of precious opal are found at the Rambow Ridge 
Opal, Royal Peacock Opal, and V rrgm Opal (Bonanza) mmes of the 
Virgin Valley distnct. 

Humboldt and Washoe County records list more than 1,656 lode 
and 98 placer clrums withm the study area, 393 are active. The placers 
were all located for precious opal. The earhest known prospectmg 
m the study area took place m the Lone Pme distnct m 1897 Many 
clrums have been relocated, some several times, siX were patented 
in 1929 

Clrums are concentrated m the Lone Pme and V Irgm Valley dis
tncts, but smaller clusters, located mamly for uramum, are present 
throughout the study area 

Nearly all past mineral production m the study area, estimated to 
have been worth several millions of dollars, has been from the Vrrgm 
Valley distnct. Raw ,and finished precious opal accounted for more 
than 75 percent of the total. More than 18,000 tons (16,000 t) of tuffa
ceous sandstone, valued at $60 per ton ($66/t) retail, have been 
shipped to cities as far away as eastern Washmgton for use as bmldmg 
facmgs (Bob Wegman, oral commun., 1976). More than 15 tons (14 
t) of fluorescent opalite, found on the Apnl Fool clrums, was sold 
as hand specimens. 

Although no productiOn has been recorded, low-grade uramum and 
93 
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diatomaceous-earth deposits occur m tuffaceous beds of the VIrgin 
Valley district. Bentomte Is found m several horiZons but Is of low 
quality and has no value. 

The Antelope mercury mine, adjacent t(\ the Refuge m the Lone 
Pme district, reportedly has had only mmor production 

VIRGIN VALLEY DISTRICT 

The V Irgm Valley distnct (fig 27) Is near the east edge of the 
Range The district Is bounded on the north, west, and south by basalt 
tablelands and on the east by a rhyolite ndge. Elevations range from 
4,800 feet (1,460 m) on the valley floor to 6,100 ft (1,860 m) on the 
basalt tables. Nevada State Highway 8A passes through the northern 
part of the distnct, and a road along Sagebrush Creek toward V1rgm 
Valley extends through the southern part 

Most of the area is underlain by honzontal beds of bentonite, ash, 
tuff, tuffaceous siltstone, and sandstone. Rhyolite crops out on the 
north and east sides of the valley, and basalt caps all the surroundmg 
tablelands. All opal and most uramum claims are on the sedimentary 
beds; however, a few uramum claims are on rhyohte. 

The Virgtn Valley distnct produced preciOus opal and building stone 
and has the potential to produce uramum. Mimng activity began m 
the 1870's, when sandstone, quarried from the valley's north end, was 
used as building material on local homesteads Opal was discovered 
m 1905 or 1906; m the followmg years, more than 486 opal claims 
were located. Total production value of precwus opal Is estimated to 
have been several rmllions of dollars, mainly from the VIrgin Opal 
(Bonanza), Rambow Ridge, and Royal Peacock rmnes Smgle precious 
opals, found at each of these rmnes, have been valued at as much 
as, or more than, $250,000 each (Keith Hodson, 1975, and Harry Wil
son, 1976, oral communs.) Opal Is presently mmed at severallocahties 
m the distnct. 

Field mvestigations show that precious opal is associated With a 
bentomtic horiZon that formed as a result of airborne ash and tuff 
fallmg mto Miocene lakes (Merriam, 1910). Common opal is not re
stricted to one horiZon. The bentomte IS hght gray to green and con
tains varying amounts of ash, sand, rhyolite pebbles, and petnfied 
wood. Limonite and manganese stain and fibrous gypsum are found 
on JOint surfaces. The thickness of the bentomtic honzon IS as much 
as 8 ft (2.4 m). The honzon IS divided mto three zones: an upper 
zone contaimng very httle partially petnfied wood, a rmddle zone con
tainmg partially petnfied wood and vmds where wood has rotted 
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away, and a lower zone contrumng well-petnfied wood Most of the 
precious opal fills voids m the rmddle zone These occurrences are 
found m pockets. The pockets are theonzed to mark the locations 
of calm places along the shores of ancient lakes where dnftwood col
lected and was subsequently covered With ash (Hodson and Dake, 
1950). PreciOus opal mmed m Virgin Valley IS usually found as casts 
of bmbs, tWigs, cones, or small logs. 

The best exposure of the opal-beanng horizon IS on the east side 
of V Irgm Creek from Pond No 13 south to a canyon drrectly east 
of Vrrgin Valley Ranch, a distance of nearly 3 rm (5 km). Twenty 
clrums (Royal Peacock Nos. 1 and 2, Kelly No. 1, SkaJwm, Northern 
Light, Peacock Nos. 2-4, Phantom, Pebble, Little Pebble, Angel Nos. 
1 and 2, Red Ball, Yellow Ball, Blue Ball, Starfire, Starbright, Bee
key, and Mucket) are along this exposure. Mining has been concen
trated on the Royal Peacock Nos 1 and 2, Northern Light, Pebble, 
Angel No. 1, Beckey, and Mucket clrums, With most of the precious 
opal cormng from the Northern Light and Royal Peacock clrums. In 
1970 the famous Royal Peacock opal, weighmg 191 carats (1.35 ounces 
or 38.2 g) and reportedly worth $250,000, was found 

Another opal-bearmg area, one which mcludes the VIrgin Opal 
(Bonanza) rmne, Is northwest of Vrrgin Creek and about 4 rm (6 km) 
southwest of Dufurrena Subheadquarters. U nbke the east side of the 
Virgin Creek area where the opal-beanng honzon IS nearly honzontal, 
the area around the VIrgin Opal (Bonanza) rmne shows extensive past 
movement which Is mdicated by slump blocks. A broken opal weighmg 
7.25 lb (3.3 kg) was found at the Vrrgin Opal (Bonanza) rmne by Keith 
Hodson, the present owner. 

The Rambow Ridge mme Is on the east side of VIrgin Valley, ap
proXImately 4 rm (6 km) south of the VIrgin Valley campground Here 
the opal-beanng honzon Is nearly honzontal and averages more than 
4ft (1 2 m) m thickness. Two exceptionally large opals, the Roebling 
and the Hodson, were found at the Rrunbow Ridge rmne in 1917 and 
1952, respectively. 

The district's precious opal is some of the finest in the world, both 
m color and opalescence. In the past, most precious opals were sold 
as collector's items and were not cut into cabochons1

• Their high water 
content, 16 to 23 percent, causes poor stability Within the gem. Ac
cording to H. W. Wilson, a method requmng a year has been found 
to reduce water content to less than 5 percent Without damaging the 
gem. 

A quarry on the Lemac group of clrums m the northern part of 
the distnct has produced dimension stone. Permission for the Bureau 

1 A gem cut m convex form and lughly polished, but not faceted 
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of Mmes to examme the claims was not received The reddish-brown, 
tuffaceous sandstone Is relatively unfractured, sphts easily along bed
dmg planes, and Is as much as 20 ft (6 m) thick (Wendell, 1970) 
Beyond the claims' boundaries, the sandstone umt thms rapidly to 
a thickness of 2 5 ft (0 8 mm) and becomes a poor-quality ornamental 
stone However, resources m an area adjacent to the clrums are esti
mated to be more than 250,000 tons (227,000 t). 

Dimension stone Is also found 2 mi (3 km) southeast of the Lemac 
group. These beds are thmner than those m the VICimty of the Lemac 
group and show local folding. 

Diatomaceous earth occurs m several places m the distnct. Beds 
are as much as 8.0 ft (2.4 m) thick on the April Fool claim group 
and 7.0 ft (2.1 m) thick near the Rrunbow Ridge mine. A sample 
analyzed by Johns-Manville m 1935 showed that the diatoms are of 
wrong types for use as filter aids (Johns-Manville, written commun., 
1975). 

Smce 1950, 720 uramum clrums have been located m the VIrgin 
Valley district They are concentrated m two areas, one, referred to 
as the McKenney Camp uramum claims, is m rhyolite and has no 
value as a uramum resource. The second, the Vrrgm Valley uramum 
clrums, covers an area about 0.25 mi (0.4 km) Wide that extends north 
from the Virgin Valley Ranch for approXImately 1 mi (1.6 km). Studies 
show this to be a large low-grade uramum resource. 

LONE PINE DISTRICT 

The Lone Pme district occupies the southern half of the Refuge 
and extends beyond the southern boundary into Bald Mountrun Can
yon (fig. 27). Elevations range from 6,000 ft (1830 m) on the western 
and eastern study-area boundanes to 7,191 ft (2192 m) at the summit 
of Yellow Peak. State Highway 34A, from Cedarville to Demo, skirts 
the distnct' s north side 

The country rock IS principally andesite and associated tuffs, With 
most of the latter altered to a ben tom tic clay. Gold and silver prospect
mg began m 1897 and contmued through 1909. The distnct has had 
no reported gold or silver production; however, studies mdicate It 
has potential. In 1929 mercury was discovered; soon thereafter, the 
Antelope clrums were located south of the Refuge boundary The An
telope mine produced a small amount of mercury, but assays showed 
the ore Is low grade. A total of 353 clrums were located in the distnct, 
80 of which are south of the study-area boundary. 

In 1954 and 1955 a total of 142 uramum clrums were located, how
ever, little activity followed, and the distnct Is now Idle. 
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MINERAL COMMODITIES 

Opal, bwldmg stone, and uramum are the prmcipal commodities 
m the Charles Sheldon Wilderness Study Area. Except where noted, 
national and world data and other techmcal data for the folloWing 
section are from U.S. Bureau of Mmes (1975, 1978, 1979). 

PRECIOUS OPAL 

Opal constituted approXImately 1 percent of the domestic gemstone 
production m 1970 and less than 2 percent of the total production 
(excludmg diamonds and pearls) m the world (Jahns, 1975) Annual 
domestic gemstone production from 1880 to 1970 constituted from 0.2 
to 1.3 percent of the world's total output m terms of value (Jahns, 
1975). In 1978 domestic gemstone production was estimated to be $9.0 
rmlhon, and apparent consumption, mcludmg diamonds, was estimated 
to be $1,442 milhon. Estimated Imports were $2,141 rmlhon, while 
exports and re-exports were $708 rmllion. U mted States precious-opal 
deposits occur prmcipally m Nevada and to lesser extents m Idaho, 
Oregon, and W ashmgton (Schlegel, 1957) Nearly all Imported pre
cious opal comes from Australia (Zale's Jewelry Co, Spokane, Wash., 
oral commun., 1978). 

Precious opal's greatest utilizations are m the Jewelry mdustry and 
as collector's Items. Common opal and opabzed wood are sometimes 
cut and pohshed for ornaments. Precious-opal Jewelry has become In

creasingly popular, and the demand Is expected to increase Synthetic 
opals are of low quality and of little, If any, commercial Importance 

Opal prices vary greatly, according to the matrix color, and mten
sity and color of opalescence. Pnces increase as matnx color darkens 
and mtensity of opalescence increases. Prices per carat also mcrease 
for larger cabochons. A transparent opal with mtense opalescence may 
be valued from $10 to $35 for a 1-carat cabochon and $30 to $90 per 
carat for a 10-carat cabochon. A very dark opal With mtense opales
cence may be valued from $130 to $4,000 for a 1-carat cabochon and 
$400 to $7,200 per carat for a 10-carat cabochon (Jahns, 1975) 

Although opal Is mmed m several places, the Vrrgm Valley dlstnct's 
most productive rmnes are the Rambow Ridge; Royal Peacock, and 
V Irgm Opal (Bonanza) 

DIMENSION STONE 

Dimension stone's major uses are rough blocks, monuments, bwld
ing stone, curbing, and rubble Estimated domestic production m 1978 
was 1.43 million tons (1.3 million t) valued at $116 million. Of the 
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total, 39 percent was gramte, 31 percent limestone, and 17 percent 
sandstone U mted States demand for dimensiOn stone Is not expected 
to grow through 1985. The estimated average pnce m 1978 was $81.70 
per ton ($86/t). 

Durmg production years, tuffaceous sandstone was quarned from 
the north end of Virgin Valley and reportedly sold for $60 per ton 
($66/t) at the quarry site (Bob Wegman, oral commun., 1976). 

URANIUM 

In 1978 primary United States demand for uramum for nuclear fuels 
was estimated to have been 14,400 tons (13,060 t) U308• An additional 
5,500 tons (4,990 t), from depleted uranium stocks, was consumed 
in nonnuclear uses such as ballast, counterweights, radiation shieldmg, 
alloys, catalysts, glass colorant, and electncal components. Recover
able mine production was 18,500 tons (16,780 t) U30 8 • Imports of 
uramum concentrates and other compounds for consumption totaled 
approximately 6,900 tons (6,260 t) and came pnmanly from Canada. 
United States reserves are estimated to be 690,000 tons (630,000 t) 
of U30 8 at $30.00/lb ($66/kg). In 1977, the average price of U30 8 was 
$18.50/lb ($44/kg). On February 1, 1980, the spot market price was 
about $40. 75/lb ($89.84) 

To meet the requirements of commercial power reactors during the 
next decade, domestic U308 production Is expected to contmue its 
rapid growth. Demand is anticipated to increase at an annual rate 
of 15 percent through 1985. 

The average grade of ore mined by 120 operations in 1975 was 
0.18 percent U 30 8• 

Uranium claims are scattered throughout the Range and Refuge. 
The mrun group is in an area about 1 mi (1.6 km) wide and 2 mi 
(3.2 km) long extendmg north from the Vrrgm Valley Ranch. 

PREVIOUS STUDIES 

Most of the studies in the area were limited m scope. Mernam 
(1910) descnbed the geology of the VIrgin Valley and Thousand Creek 
Formations. Frock (1963) and Wendell (1970) descnbed the stratig
raphy and structure of the Virgin Valley-McGee Mountrun-Thousand 
Creek area. Ross (1941), Bruley and Phoemx (1944), and Holmes (1965) 
discussed mercury potential in the Bald Mountam area, Lone Pme 
district. Staatz and Bauer (1951) conducted a hmited reconnrussance 
of the uramum potential m Virgin Valley. 
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PRESENT STUDIES 

METHODS OF EVALUATION 

Courthouse records and rmneral reports were used to deterrmne 
the historical sigmficance of the mmmg districts, and sites of clrums 
and rmneral deposits. Past and present owners of mmeral properties 
were contacted; historical property data and production records were 
obtruned where available Perrmss10n to examme t~P properties and 
publish data was sought from owners of active clrums Ivlost of the 
owners demed perrmss10n to exarmne their properties The descrip
tions of properties for which perrmss10n was not granted are taken 
from earlier reports and, therefore, are not supported or augmented 
by Bureau of Mmes field exarmnations. 

All rmnes, prospects, and clrums were sought m the field. Where 
perrmtted, the properties were exarmned, and where warranted, they 
were sampled and mapped. 

Resources have been classified according to the followmg defimtions 
adopted by the U.S. Bureau of Mmes and U.S Geological Survey 
(1976). 

Resource.-A concentration of naturally occurrmg sobd, bqwd, or 
gaseous materials m or on the Earth's crust in such form that 
economic extraction of a commodity Is currently or potentially 
feasible. 

Reserve.-That portion of the identified resource from which a us
able mmeral and energy commodity can be econormcally and leg
ally extracted at the time of deterrmnat10n. The term "ore" is 
used for reserves of some mmerals. 

Indicated.-Reserves or resources for which tonnage and grade are 
computed partly from projection for a reasonable distance on 
geologic evidence. The sites available for inspection, measure
ment, and sampling are too Widely or otherwise mappropnately 
spaced to permit the rmneral bodies to be outlmed completely 
or the grade established throughout. 

Inferred.-Reserves or resources for which quantitative estimates 
are based largely on broad knowledge of the geologic character 
of the deposit and for which there are few, if any, samples or 
measurements. The estimates are based on an assumed con
tmwty or repetition, of which there Is geologic evidence; this 
evidence may include companson With deposits of sirmlar type. 
Bodies that are completely concealed may be mcluded If there 
is specific geologic evidence of their presence. Estimates of infer
red reserves or resources should mclude a statement of the spe
cific brmts Within which the mferred material may be. 
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Paramarg~nal.-The portion of Subeconormc Resources that (1) bor
ders on bemg econormcally producible or (2) Is not commercially 
avrulable solely because of legal or political circumstances 

Submargmal.-The portion of Subeconormc Resources which would 
reqmre a substantially higher price (more than 1. 5 times the 
price at the time of determmation) or a maJor cost-reducmg ad
vance m technology 

SAMPLING AND ANALYTICAL METHODS 

Four-hundred and three lode samples ranging from 5 to 10 lb (2 2 
to 4.5 kg) were collected durmg field evaluations. Four types were 
taken: chip, a senes of contmuous rock chips across or along exposure; 
random chip, a collectiOn of rock chips from an exposure, grab, an 
unselected assortment of rock pieces from a rock pile or exposure; 
and select, hand-picked matenal of the highest grade rock avrulable 
Most of the lode samples were fire assayed to determine their gold 
and silver content Samples contaimng VISible metallic rmnerals were 
analyzed by atormc-absorption, color1metnc, or X-ray fluorescence 
methods At least one sample from each rmnerahzed structure on a 
property was analyzed by sermquantitative spectrographic methods. 
If anomalous amounts of econormc elements were detected in a sample 
by spectrography, the sample was further analyzed by more accurate 
means. All were checked for the presence of radiOactive and fluores
cent minerals. 

Clrums located for uranium were checked for radiOactivity With a 
hand-held scmtillat10n counter. Readmgs were recorded m rml
hroentgens per hour. 
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MINES AND PROSPECTS 

Described m alphabetical order are the 41 rmnes, prospects, and 
clrumed areas Within or Immediately adJacent to the study area that 
were exammed. 
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ANTELOPE NOS. 1-18 (Lodestar Nos. 1-60) 

Map reference.-Plate 1, no. 1. 
Locatwn.-Secs. 22, 23, and 24, T. 45 N., R. 21 E., a short distance 

outside the south boundary of Refuge. 
Elevatwn.-5,800 to 6,400 ft (1, 770 to 1,950 m). 
Access.-By Jeep road 6 mi (10 km) southwest from Refuge head

quarters. 
Htstory.-The Antelope claims, located by Curtis Mathews and W. 

S Miller m December 1929, marked the first reported discovery of 
mercury m the Lone Pme minmg distnct. Little exploratory work 
was done until the Colton Log and Lumber Co. took a bond on the 
property m 1939 (Bruley and Phoemx, 1944). Reportedly they recov
ered a small amount of mercury from a 10-pipe retort. During 1955 
and 1956, a batch-type furnace plant was mstalled, and m 1958 de
velopment of alluvial matenal was undertaken (U.S. Bureau of Mmes, 
1965) Little work has smce been done on the property. 

In 1969 the Lodestar Nos. 1-60 were located by Frank Margrave. 
The claims reported be slightly south of the Refuge and probably 
overlap the Antelope group 

Premous productwn.-Reportedly a small amount of mercury has 
been produced (Bailey and Phoemx, 1944). 

Geology of depostt.-The country rock Is north-stnkmg, east-dip
ping andesite flows and associated tuffs and agglomerates. The ande
site Is red to black and fine grruned. The tuffs are light gray and 
contain a few layers of conglomerate. Andesite in the southern part 
of the area Is overlain by a basalt flow 20 to 50 ft (6 to 15 m) thick. 
Mmerabzed rock Is restncted to a series of steeply dippmg, northwest
trending shear zones, and to a lesser extent, alluVIal matenal (Ross, 
1941) Structures reported by Ross (1941) are obscured by colluvmm. 

Development.-One caved, inclined shaft, reported to have been 70 
ft (21m) deep (U.S. Bureau of Mmes, 1965), 113 pits, and 39 trenches 
were observed (fig. 28). Nearly all workings are caved. Most excava
tion was done by bulldozer. 

Sampl'Lng.-In 1940 the Geological Survey cut four samples across 
seams 48, 36, 15, and 10 m. (122, 91, 38, 25 em) thick that assayed 
0 29, 0 07, 0.18, and 0. 70 percent mercury, respectively (Ross, 1941). 

Four samples cut by the Colton Log and Lumber Co. contamed 
0.35, 0 33, 0.075, and 0.075 percent mercury (Ross, 1941). 

During the present field mvestigation, 59 samples from rock m place 
and dumps of workings assayed as much as 0.073 percent mercury, 
averaging 0.005 percent. 

Concluswns.-Sampled matenal was probably diluted by weather
mg and resultant sloughmg of the workings. A random grab sample 
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from the ore bm assayed 0.073 percent mercury Mercury-bearing 
structures do not extend mto the Refuge 

BALD MOUNTAIN CLAIMS 

Map reference.-Plate 1, no. 2. 
Locatwn.-Secs. 5, 6, 7, 8, 9, 10, 15, 16, 17, and 18, T 45 N., 

R 21E. 
Elevatwn.-From 6,000 to 7,191 ft (1,830 to 2,190 m). 
Access.-By Jeep road 2 rm (3 km) south from Refuge headquarters. 
Htstory -Early gold and silver prospectmg, from 1897 through 

1909, led to the location of 109 claims on and adJacent to Bald Moun
tam. In the two years 1911 and 1918, 25 claims were located. In De
cember 1929, the discovery of mercury, south of the Refuge boundary, 
sparked exploration for it m the Refuge Courthouse records show 
that 30 claims were located from 1930 through 1941. Durmg the ura
mum boom years of 1954 and 1955, 140 claims were located. Five 
groups (Nevada Guy Nos. 1-43, Lone Pine Nos. 1-29, Jim Bum Nos. 
1-22, Amar Nos 1-20, and Hades Nos 1-13) on the south side of 
Bald Mountain make up most of the claims. Some groups appear to 
overlap others. No claims have been located smce 1955. 

Geology of depostt.-Country rock Is predommantly andesite and 
associated tuff and ash beds, although rhyolite crops out m the south
west corner of section 8. Most of the gold and silver claims are m 
an area underlain by tuff. The tuff Is mostly vitnc. The textures grade 
from very fine to coarse and sugary; some are welded. Colors are 
cream, light green, yellow, pmk to purple, brown, and red. Much 
of the tuff has altered to bentomtic clay. Most of the uramum claims 
are underlain by fine-gramed, dark andesite. 

Development -Four caved adits, two shafts, five cuts, 36 pits, and 
60 trenches were found m the area (fig. 29) Most of the workings 
are caved. 

Sampltng.-A total of 86 samples were taken Of extremely altered 
volcamc rocks, one grab sample assayed 0.04 oz/ton gold (1 4 g/t), 
three others assayed 0.01 oz/ton gold (0.3 g/t), and still another 3.3 
oz/ton silver (113 g/t) 

A chip sample from a 0.5- to 2-m (1.3- to 5-cm)-thiCk quartz vern 
m hght-purple to brown welded tuff assayed 0.06 percent mercury. 
A 4.4 ft (1.34-m) chip sample taken across a shear zone stnking N. 
55° W. and dippmg 80° S. m a purple welded tuff assayed 0.023 percent 
mercury, and a grab sample of highly altered green and pmk sihcified 
ash assayed 0 02 percent mercury. 

Concluswns.-Assay results of anomalous gold, silver, and mercury 
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suggest low-grade recovery potentials. Geochemical work by the 
Geological Survey mdicates a high potential for deposits of mercury 
and for concealed base and complex precious-metal sulfide deposits. 

BIGHORN GROUP 

Map reference.-Plate 1, no. 13 
Locatwn.-Sec. 2, T. 44 N., R. 24 E 
Elevatwn.-6,000 ft (1830 m) 
Access.-By Jeep road 10 mi (16 km) southwest from Virgm Valley 

Ranch, then by cross-country travel1 mi (1.6 km) east 
Htstory.-The Big Horn, Little Horn, and Mountam Sheep claims 

were located m 1960 by Mr. Vottero 
Geology of depostt.-Weathered rhyohte. 
Development.-N one. 
Samphng.-The area was checked for radioactiVIty with a scmtilla

tion counter. No readings exceeding a background count of 0.02 to 
0.03 mR/hr (milliroentgens per hour) were observed. Four random 
chip rhyohte samples each had less than 0.001 percent U30 8 and a 
trace silver. 

Concluswns -No economic mineral potential. 

BLUE DRAGON NOS. 1-3 

Map reference -Plate 1, no. 35. 
Locatwn.-Sec. 24, T. 44 N., R. 24¥2 E. 
Elevatwn.-5,600 to 5,900 ft (1710 to 1800 m) 
Access.-By Jeep road 16 mi (26 km) southwest from Vrrgm Valley 

Ranch 
Htstory.-The clarms were located for mercury by Vmcent Palmer 

m 1968 
Geology of depostt -The area Is underlain by ash beds that have 

been partially altered to montmorillonite A silicified breccia zone 
crops out over a 600 ft (183-m) square area. The zone has angular 
fragments of cream to pmk ash in a matnx of clear to bght-pmk sihca. 
Mercury minerals are scarce. 

Development.-One shaft, 44 ft (13.4 m) deep, three bulldozer cuts, 
one pit, four trenches, and one caved ad1t or trench. 

Samphng.-Nme samples from rock in place and from workmgs 
dumps assayed a trace of gold and as much as 0.3 oz/ton silver (10 
g/t) and 0.006 percent mercury. 

Concluswns.-Low mineral potential. 

CHARLINE NOS. 1 AND 2 

Map reference.-Plate 1, no. 5. 
Locatwn.-Secs. 14 and 15, T. 46 N, R. 23 E 
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Elevatwn -6,600 ft (2012 m) 
Access -By Nevada State Highway 34A, 6 rm (10 km) west from 

the JUnction With Nevada State Highway 8A, then by cross-country 
travel 1 rm (1 6 km) north 

Htstory -Located by Charhne Brown m 1956 
Geology of depostt -Gray to reddish-brown banded rhyohte 
Development -None. 
Sampltng.-The area was checked for radioactivity With a scmtilla

tlon counter. No readmgs exceedmg the background count of 0.025 
to 0.03 mR/hr were observed Three random chip samples from rhyo
hte outcrops had no anomalous metalhc content. 

Concluswns -No economic mmeral potential. 

CRATER GROUP 

Map reference -Plate 1, no. 36. 
Locatwn -Sees 15, 16, and 22, T 44 N , R 24 E 
Elevatwn.-6,920 to 7,120 ft (2110 to 2170 m) 
Access -By Jeep road 15 rm (24 km) southwest from Vrrgm Valley 

Ranch. 
Htstory.-Thirty-one clrums were staked m 1954 by H. W Wilson 

and others 
Geology of depostt.-Iron oxide-struned hght-gray rhyolite. 
Development -Twenty discovery pits observed 
Sampltng.-Discovery pits were checked for radioactivity With a 

scmtillation counter. Background readmgs of 0 04 to 0 045 mR/hr were 
observed One small area near the summit of Blowout Mountain had 
a readmg of 0.07 mR/hr SIXteen samples of rhyohte and residual 
soil each contained a trace of silver and less than 0.001 percent UgOs. 

Concluswns.-No economic mineral potential. 

ECHO GROUP 

Map reference.-Plate 1, no. 6. 
Locatwn -W¥2 sec 31, T 46 N, R 24 E 
E levatwn -6,100 ft (1860 m). 
Access -By Nevada State Highway 8A, 4 mi (6 4 km) west from 

Junction With Nevada-Oregon State Highway 140. 
Htstory.-Twelve mining claims were located in 1955 by S and S 

Exploration Co. 
Geology of depostt.-The area IS underlain by Tertiary rhyolite and 

Quaternary alluvmm No mmeralized structures were observed. 
Development.-Eight shallow bulldozer cuts m alluvmm. 
Sampltng -All bulldozer cuts and outcrops were checked for 

radioactivity with a scmtillation counter No readmgs exceedmg a 
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background count of 0 03 to 0.035 mR/hr were observed. Four samples 
from bulldozer cuts and siX from rhyohte outcrops assayed a trace 
of silver and less than 0 001 percent U 30 8 each. 

Concluswns.-No economic mineral potential. 

EDDY GROUP 

Owner -C. L. Eddy and others 
Map reference.-Plate 1, no. 23 
Locatwn -Sees 5 and 8, T 45 N , R 26 E 
Elevatwn --5,100 ft (1555 m) 
Access -By VIrgin Valley road 5 mi (8 km) south from JUnction 

With Nevada State Highway 140, then by good dirt road 0 5 rm (0.8 
km) northwest 

Htstory -The group consists of 21 claims: West Gem Hill, Mayday, 
Bluebird, Richard, Patnck, Crazy Indian, Lil Abner, Daisy Mae, No 
2 Opal, Hidden Valley, Lu Lu, Sparkle Plenty, Windfall, Marvelous, 
Lorrie Lee, East Gem Hill, Nancy's Nightmare, Sun Valley, Evening 
Star, Opal Valley, and New Moon. One claim was located m 1948, 
the others In 1969 through 1974. 

Prevwus productwn -Mr. Eddy stated that some precious opal has 
been produced but did not specify the amount 

Geology of depostt -An opal-beanng horizon is m slump blocks of 
bedded volcamc tuffs, ash, and tuffaceous sandstone and siltstone. 
The horiZon Is bentomtic and greemsh, and contams wood fragments 
and pebbles In places It Is 6 ft (1.8 m) thick. Sediments range m 
dip from flat lymg to as much as 30° The opal-beanng horiZon IS 
difficult to trace because It IS slumped and tilted. 

Development.-Approximately 70 pits and bulldozer trenches were 
observed Some trenches are several hundred feet long (fig. 30) 

Samphng -Samphng consisted of digging mto exposed beds and 
observmg the presence or absence of mdicators of preciOus opal. Com
mon opal was observed at numerous places 

Concluswns -The bkehhood of additional precious opal Is high. 

FORTUNE GROUP, URANIUM KING, AND LUCKY JACK 

Map reference -Plate 1, no. 18. 
Locatwn.-Secs. 29, 31, and 32, T. 46 N , R 27 E 
Elevatwn.--4,360 to 4,650 ft (1330 to 1420 m) 
Access.-By Nevada State Highway 140, 23 mi (37 km) west from 

Demo. 
Htstory.-The Fortune group, consistmg of 20 claims, was located 

m 1955 by Charles Baker The Uramum Kmg and Lucky Jack claims 
were located m 1955 by Jack Neal and Roy Cbfton. 
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FIGURE 30 -Eddy group workings, Charles Sheldon Wilderness Study Area 

Geology of depostt -Alluvmm contrunmg abundant rhyolite and 
basalt cobbles overlies tuffaceous sed1ments. Rhyohte crops out on 
the south end of the claim block. 

Development -Approximately 45 bulldozer cuts 
Sampltng -All workings were checked for radioactivity With a scin

tillatiOn counter. No readmg exceedmg a background count of 0.015 
to 0.03 mR/hr was observed Twelve samples from bulldozer cuts had 
no anomalous metalhc content 

Concluswns.-No economic mmeral potential 
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GOLDEN CASH, JACKPOT, BURIED TREASURE, 
AND GOLDEN HORDE 

Map reference.-Plate 1, no 39. 
Locatwn.-Sec 36, T. 44 N, R. 24 E. 
Elevatwn -6,200 ft (1890 m). 
Access -By jeep road 10 rm (16 km) south from Vrrgtn Valley 

Ranch 
H~story.-C. A. Stone and D. J. Alford each located two claims 

m 1954. 
Geology of depos~t -Gray to green rhyohte. 
Development -None 
Sampltng.-The area was checked for radioactivity with a scintilla

tion counter. No readings exceedmg a background count of 0.025 to 
0.035 mR/hr were observed. Four random chip samples of rhyolite 
each contained a trace gold and silver and less than 0.005 percent 
UaOs. 

Concluswns.-N o economic mmeral potential. 

GOODWILL 

Map reference.-Plate 1, no 20. 
Locatwn.-Sec. 2, T. 45 N., R. 26 E. 
Elevatwn.-4,900 ft (1490 m). 
Access.-By dirt road 1 rm (1.6 km) south from Dufurrena Subhead

quarters 
H~story -The claim was located as a "mercury and hydrothermal 

lode" m 1974 by H. W. Wilson. 
Geology of depos~t.-The claim IS underlain by beds of ash, ash 

partially altered to montmonllomte, and tuffaceous sandstone stnkmg 
N. 10° W. and dippmg 1 o to 5° SW. The ash bed contains numerous 
geodes. 

Sampltng.-One sample was taken from the pits and contamed 20 
ppm mercury. 

Concluswns -The claim has no economic potential for mercury. 
The geodes may have some econormc value. The tuffaceous sandstone 
Is relatively unfractured and Its thickness, cleavabihty, and horiZontal 
drmens10ns are such that It may be smtable for dimensiOn stone 

GRUBSTAKE NOS. 1-4 

Map reference.-Plate 1, no. 29. 
Locatwn.-Secs. 22, 26, and 27, T. 45 N., R 25 E., south of Mud 

Spring Canyon, 1 to 2 mi (1 6 to 3 2 km) west ofVrrgtn Valley Ranch. 
Elevatwn -5,250 to 5,630 ft (1600 to 1720 m) 
Access.-By dirt road 1 rm (1.6 km) west from Vrrgtn Valley Ranch 
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Htstory.-The Grubstake group was located in 1955 by Grace Cum
mmgs and Meed Cooley 

Geology of depostt.-Colluvmm overlying gray to reddish rhyohte 
bedrock. 

Development -Sixteen bulldozer cuts in colluvium. Most are shal
low, range from 20 to 350 ft (6 to 107 m) in length, and are along 
the north side of the road a distance of about 1.5 m1 (2 4 km). 

Sampl'Lng.-A11 workings were checked for radiOactivity With a scm
tlllatlon counter. No readings exceedmg a background count of 0.03 
to 0.06 mR/hr were observed. Five grab samples of soli and rock 
from the bulldozer cuts and one chip sample of rhyolite assayed no 
anomalous metalhc content 

Concluswns.-No economic m1neral potential. 

HOPE GROUP 

Map reference.-Plate 1, no. 30. 
Locatwn.-Sec. 21, T. 45 N., R. 25 E 
Elevatwn.-5,900 ft (1798 m) 
Access.-By Jeep road 4 mi (6 km) west from VIrgin Valley Ranch. 
Htstory.-Thirty-five claims were located by E. Plaskett m 1956. 
Geology of depostt -Gray to reddish-brown banded rhyohte and al-

luvmm. 
Development -Thirteen shallow bulldozer cuts m alluvmm along 

the Jeep road. 
Sampl'Lng -Bulldozer cuts and rhyohte outcrops were checked for 

radioactivity with a scmtlllatlon counter. No readings exceeding a 
background count of 0.025 to 0.03 mR/hr were observed. Ten samples 
of alluvmm and rhyolite assayed no anomalous metallic content 

Concluswns.-No economic m1neral potential. 

KIMNOS.l-9 

Map reference.-Plate 1, no. 14. 
Locatwn -Sec. 23, T. 45 N., R. 24 E. 
Elevatwn.-6,020 to 6,040 ft (1830 to 1840 m). 
Access -By Nevada State Highway 8A, 11 m1 (18 km) south from 

iunction with Nevada State Highway 140, then by dirt road 5 mi 
(8 km) east. 

Htstory.-The claims were located m September 1955 by Kenneth 
Arnold. 

Geology of depostt.-Basalt cap rock over rhyohte breccia and tuff. 
Development.-Five shallow bulldozer cuts. 
Sampl'Lng -Bulldozer cuts were checked for radiOactivity with a 

scmtlllatlon counter No readmgs exceeding a background count of 
0 02 to 0.04 mR/hr were observed. Five samples from bulldozer cuts 
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each contained a trace of gold and silver and less than 0.005 percent 
UaOs. 

Conclustons.-No economic mineral potential. 

LADD AND SHEPARDSON'S GROUP 

Map reference.-Plate 1, no. 26. 
Locatwn.-Secs 24 and 25, T. 45 N., R. 26 E 
Elevatwn.-5,000 to 5,500 ft (1520 to 1670 m) 
Access.-By dirt road 5 mi (8 km) south from Dufurrena Subhead

quarters. 
Htstory.-A group of 12 clrums was located m 1956 by Ladd and 

Shepardson. 
Geology of depostt.-Alluvium overlies rhyolite and bght-gray, 

green, and yellow welded tuffs. No mineralized structures were ob
served. 

Development -Three pits, two bulldozer cuts, and three roads or 
cuts totalmg about 2 mi (3 km) m length 

Sampltng.-Five samples taken from rock in place and from dumps 
of bulldozer cuts assayed only a trace of uramum. 

Concluswns.-No economic mineral potential. 

LEl\IAC NOS. 1-5 

Owner.-Tom Conner 
Map reference.-Plate 1, no. 19. 
Locatwn.-Sec. 2, T. 45 N., R. 26 E. 
Elevatwn.-4,850 ft (1478 m). 
Access.-By VIrgin Valley road 1 mi (3 km) south from JUnction 

With State Highway 140 
Htstory.-Stone was first quarned from the deposit m the early 

1870's; It was used in the construction of homesteads m northwestern 
Nevada. Pnor to 1952, Mr. Turner held the clrums (Henry John, oral 
commun., 1976); m 1952, Bob Wegman and his brothers, William and 
Theron, started production at the site. A cable saw capable of cuttmg 
90 tons (82 t) Without being moved, three mud saws for slabbmg, 
and a gmllotine crusher were mstalled. The Wegmans worked the 
quarry for 15 years before abandoning the clrums (Bob Wegman, oral 
commun., 1976). The clrums were relocated in 1970 by Mike Lee and 
were acqwred in 1972 by Tom Connors, the present owner (Henry 
John, oral commun., 1976). 

Premous productwn.-The only recorded production was that of 
the Wegmans. Approximately 50 percent of the stone mined was suita
ble for shippmg. Dunng 15 years of operation, about 18,000 tons 
(16,000 t) were shipped to outlets from as far away as Spokane, Wash., 
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and southern Nevada. At the quarry site stone sold for $60/ton ($66/t) 
(Bob Wegman, oral commun , 1976). 

Geology of depostt.-Permisswn for the Bureau of Mmes to exarmne 
the clrums was not received. Accordmg to Wendell (1970), "One of 
the flaggy volcamc siltstone umts Within the Red Member of the Vrr
gm Valley Formation was commercially quarned for ornamental bwld
mg stone until 1967. The umt IS 15 to 20 ft (5 to 6 m) thick m the 
vicinity of the quarry and thins rapidly m all directions." 

Outside the clrum boundanes, the flaggy siltstone umt ranges from 
1.5 to 3 ft (0 5 to 0.9 m) thick, averaging 2 5 ft (0.8 m) thick, and 
underlies at least 130 acres (53 h) north and northwest of the quarry. 
The umt Is essentially flat lying but locally dips as much as go both 
northwest and southeast. The siltstone beyond the claim boundanes 
IS too thm and broken for use as quality ornamental stone. 

Development.-A quarry that appears to be 200 ft by 400 ft (61 
by 122m). 

Concluswns.-Under favorable econormc conditions, production 
probably could be resumed 

LUCKY FOUR 

Map reference.-Plate 1, no. 17. 
Locatwn.-Sec. 33, T. 47 N., R. 26 E 
Elevatwn.-5,600 ft (1, 710 m) 
Access.-By State Highway 140, 27 rm (43 km) west from Demo, 

then by cross-country travel 4 mi (6 km) northwest. 
Htstory -One 80-acre (32.4-ha) placer claim was located by Claude 

Noble m 1951. 
Geology of depostt -The clrum Is under lam by Quaternary alluvium 

and Tertiary basalt. No rmnerahzed structures were observed. 
Development.-N one. 
Sampltng -One sample assayed a trace of silver and less than 0.005 

percent U 308 
Concluswns.-No economic rmneral potential 

LUCKY HORSHOE GROUP 

Map refererence.-Plate 1, no 38. 
Locatwn.-Sec. 6, T 43 N., R. 25 E., sec. 31, T. 44 N., R. 25 

E ; and sec. 36, T. 44 N., R 24% E. 
Elevation.-6,250 to 6,710 ft (1905 to 2045 m) 
Access.-By Jeep road 8 mi (13 km) south from Vrrgm Valley Ranch. 
Htstory.-Fourteen claims were located m 1955 by P. B. Meyers, 

J. Meyers, W. W. Ware, and G. Kendncks. 
Geology of depostt.-Gray to green rhyolite. 
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Developrnent.-N one. 
Sampltng.-The area was checked for radioactiVIty With a scmtilla

tion counter. No readings exceeding a background count of 0.025 to 
0.030 mR/hr were observed. Ten random chip samples of rhyolite each 
contamed a trace of gold and silver and less than 0.005 percent U808• 

Concluswns.-No economic mineral potential. 

LUCKY JIM NOS. 1-8 AND APEX 

Map reference.-Plate 1, no. 11. 
Locatwn -Sec. 32, T. 45 N., R. 24 E. 
Elevatwn.-6,230 ft (1900 m). 
Access -By Nevada State Highway 8A, 12 mi (19 km) south from 

mnction With Nevada State Highway 140, then by Jeep road 2 mi 
(3 km) east. 
H~story.-The Lucky Jim group was located in 1955 by Ralph Peter-

son and the Apex m 1955 by Gus Pearson. 
Geology of depos~t.-Colluvmm and alluVIum over rhyohte bedrock 
Developrnent.-Four bulldozer pits m alluvium. 
Sampltng.-All bulldozer pits were checked for radioactiVIty with 

a scmtillation counter. No readings exceeding a background count of 
0.015 to 0.03 mR/hr were observed. Four samples of soil from 
bulldozer pits each contained a trace of gold and silver and less than 
0.005 percent U80 8• 

Concluswns.-No economic mineral potential. 

LUCKY STRIKE 

Map reference.-Plate 1, no 33. 
Locatwn:-Sec. 12, T. 44 N., R 24% E. 
Elevatwn -6,300 ft (1920 m). 
Access.-By Nevada State Highway 8A, 12 mi (19 km) south from 

junction with Nevada State Highway 140, then by Jeep road 9 mi 
(14 km) east. 

H~story -Located In 1949 by Mary Lamb and Vmcent Marcom. 
Geology of depos~t.-The claim Is underlain by ash beds. A 16-ft 

(4 9-m)-Wide fault zone trending N. 74° W and intermittently exposed 
for 320ft (97.5 m) contains brecciated ash layers m a siliceous matnx. 

Development.-A trench 25 ft (7.6 m) Wide, 110 ft (33.5 m) long, 
and 12 ft (3. 7 m) deep IS the pnncipal working. Eight other small 
trenches and pits are on the zone. 

Sampltng.-Two chip samples across the zone each contained a 
trace of gold and 0.1 oz/ton (3.4 g/t) of silver. 

Concluswns.-No economic mineral potential. 
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MCKENNEY CAMP URANIUM CLAIMS 

Map reference.-Plate 1, no 15. 
Locatwn.-Secs. 15, 21, 22, 23, 27, and 28, T. 46 N., R. 25 E 
Elevatton -5,100 to 5,500 ft (1550 to 1680 m). 
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Access.-By Nevada State Highway 140, 39 mi (62 km) west of 
Demo. 

Htstory.-The area contains 116 mining claims located from 1955 
through 1969 by various persons. Many are relocations. 

Geology of depostt.-The claims are underlain by alluvium and gray 
to dark-purplish rhyolite. No mineralized structures were observed. 

Development.-Fifteen shallow bulldozer cuts m alluVIum. 
Samphng.-The area was checked for radioactiVIty With a scmtilla

tion counter. No readings exceeding a background count of 0.02 to 
0.04 mR/hr were observed. Thirty-two samples from rock m place 
and bulldozer cuts contained no more than a trace of gold and silver 
and less than 0.005 percent U308 • 

Concluswns.-No economic mineral potential. 

MESA 

Map reference.-Plate 1, no. 31. 
Locatwn -Sec 31, T. 45 N., R. 26 E. 
Elevatwn.--6,200 ft (1890 m). 
Access -By jeep road 2 mi (3 km) southeast from Vrrgin Valley 

Ranch. 
Htstory.-Located in 1953 by MacDonald. 
Geology of depostt.-Flat-lying basalt caps volcaruc sediments. 
Development.-Shallow bulldozer cuts m residual soil overlYing the 

basalt 
Sampltng -One bulldozer cut; grab sample had no anomalous 

metallic content 
Concluswns.-No economic mineral potential. 

MEYER GROUP MINE 

Owners.--.John and VIrgie Meyer. 
Map reference.-Plate 1, no. 24. 
Locatwn.-Sec. 17, T. 45 N., R. 26 E 
Elevatwn.-4,920 to 5,160 ft (1500 to 1570 m) 
Access.-By VIrgin Valley road 4 mi (6 km) south from Dufurrena 

Subheadquarters. 
Htstory.-The group consists of five claims The Becky, Mucket, 

and White Hills claims were located m the summer of 1954, and the 
Moon Walk in July 1969. Former owners of the Black Hope 
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qwtclaimed to the Meyers in 1971. The Meyers leased the Becky and 
Mucket claims to Opals Inc. about 1969 to 1971. 

Productwn.-Owners' mcome from the Becky and Mucket clrums 
durmg 1969 to 1971 was approxnnately $3,500, $1,500 of which was 
from leasmg and $2,000 from opals produced by the lessee. The $2,000 
represents 5 percent of the total opal value. 

The owners themselves nnned $2,000 worth of opal from the Black 
Hope, Wlute Hills, and Moon Walk clrums. 

Total opal value produced from the Meyer group Is estimated to 
be $42,000. 

Geology of depostt.-N early honzontally bedded lacustrine sedi
ments of volcanic tuff, ash, and ashy sandstone and siltstone have 
some layers of gypsum and pieces of wood in various stages of petnfi
cation. Tuff layers exposed to weathenng are altered to montmorillon
ite. Petnfied wood and small fragments of precious opal were found 
m the tuff exposed by the largest bulldozer cut on the Moon Walk 
clrum. The opal-bearing tuff honzon Is 10 ft (3 m) thick in places 
A well-exposed contact between tuff and an overlying bed of ash has 
an apparent dip of 3° N. 

Development.-Thirteen bulldozer cuts and one pit were observed 
(fig. 31). A small wooden storage shed is on the White Hills clrum. 

Sampltng.-Samphng consisted of digging mto the exposed beds 
and observing the presence or absence of mdicators of precious opal. 
Small fragments of precious opal were observed. 

Concluswns.-The Meyer clrums have a precious-opal potential. 
About 30 acres (12 ha), underlrun by the opal-bearing horizon, are 
minable. This area estimate IS based on a stnke length of 6,000 ft 
(1,830 m) and an economic width limit of 200 ft (60 m). Beyond 200 
ft (60 m), the stnppmg ratio would be excessive 

OBSIDIAN GROUP, COLUMBIA AND LOISE 

Map reference.-Plate 1, no. 9. 
Locatwn.-Secs 2 and 11, T. 44 N., R 23 E 
Elevatwn.-6,000 to 6,400 ft (1830 to 1950 m) 
Access.-By Nevada State Highway 8A, 14 nn (22 km) south from 

iunction with Nevada State Highway 140. 
Htstory.-The Obsidian group consists of eight claims located in 

1955 by C. H. Ripattee and H. E. Alloway. The Columbia and Lmse 
claims were located m 1956 by C. J. Hicks. 

Geology of depostt.-Alluvmm overlies gray rhyohte contaimng feld
spar phenocrysts No mineralized structures were observed. 

Development -One shallow bulldozer cut in alluvium 
Sampltng.-The area was checked for radioactivity With a scmtilla

tion counter. No readmgs exceedmg a background count of 0.02 to 
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0.03 mR/hr were observed. Ten samples of alluvium and rhyolite had 
traces of gold and silver and less than 0.005 percent U30 8• 

Conclustons.-No econormc mineral potential. 

OPAL QUEEN GROUP MINE 

Owners -Ed and Lowse Mitchell. 
Map reference.-Plate 1, no. 22. 
Locatwn.-Secs. 7 and 8, T. 45 N, R. 26 E., on the north side 

of V Irgm Valley. 
Elevatwn.-5, 100 ft (1555 m). 
Access -By Vrrgm Valley road 4 mi (6 km) south from Dufurrena 

Subheadquarters, then by dirt road 0.5 rm (0.8 km) north 
Htstory.-The rmne consists of seven claims. The Opal Queen claim, 

located October 30, 1908, may be the earhest rmnerallocation m Vrrgm 
Valley. The Lucky Lou, Miserable Mitch, Bell, Le-Bob, Black Beauty, 
and Beautiful Opal were located by the Mitchells m 1969 and 1970. 

Productwn.-Prec10us opal has been produced from the property 
for many years. The amount Is unknown. 

Geology of depostt.-An opal-bearmg honzon Is m slump blocks of 
bedded volcanic tuff, ash, and tuffaceous sandstone and siltstone. 
Some tuff layers exposed to weathenng are highly altered to 
montmorillonite. The opal-bearing horizon is bentomtic and greemsh, 
and carnes wood fragments and pebbles. The honzon Is as much as 
6 ft (1.8 m) thick. The sedimentary rocks range m dip from flat lying 
to 45° Slumping and rotation of the blocks make the opal-bearing 
honzon difficult to trace. 

Development.-Approximately 50 pits and trenches were observed 
(fig. 32). Most of the work has been done on a slump block, which 
tilts as much as 45°. Actual depth of minmg cannot be measured be
cause of cavmg. However, the opal-bearing horizon has been mmed 
for a distance of 600 ft (180 m). Many old workings have been obhter
ated by more recent bulldozer work. The claimants are presently 
(1976) working on an area 250 ft (76 m) south of the main workings 
m nearly horizontal sediments. 

Sampl'Lng.-Sampling consisted of diggmg mto exposed beds and 
observmg the presence or absence of mdlcators of precious opal. At 
the time of exarmnation, the claimants removed several precious opals. 
One specimen of the black vanety measured about 2 m. by 1 in. by 
1.5 m. (5 em by 2.5 em by 3.8 em) and was valued at several hundred 
dollars. 

Concluswns.-The likelihood of additional precious opal Is high. The 
area presently being mined and developed Is 1 to 2 acres (0.4 to 0.8 
ha). 
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FIGURE 32 -Opal Queen group mme worlongs, Charles Sheldon Wilderness 
Study Area 

PRETTY ROCK GROUP 

Map reference.-Plate 1, no. 41. 
Locat·wn -Sec 28, T. 43 N., R. 23 E. 
Elevatwn.-5,850 ft (1783 m). 
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Access -By Nevada State Highway 8A, 17 mi (27 km) south from 
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junction With Nevada State Highway 140, then by dirt road 11 rru 
(18 km) southeast. 

Htstory.-Four clrums were located m 1955 by B. D. Steward. 
Geology of depostt.-Tuffaceous rock and rhyohte 
Development.-One bulldozer cut. 
Samphng.-The bulldozer cut and outcrops were checked for 

radioactiVIty With a scintillation counter. No readings exceeding a 
background count of 0.015 to 0.02 mR/hr were observed. Two random 
grab samples had traces of gold and silver and less than 0.001 percent 
UsOs 

Concluswns.-No economic mmeral potential. 

PROSPECT 

Map reference.-Plate 1, no. 4. 
Locatwn.-Sec 28, T. 46 N., R 23 E. 
Elevatwn -6,850 ft (2088 m) 
Access.-By Nevada State Highway 34A, 5 rru (8 km) west from 

Junction with Nevada State Highway 8A, then by cross-country travel 
2 mi (3 km) south. 

Geology of depostt.-Gray rhyolite With Iron oXIde surface coatings. 
Development.-Clrum monument. 
Samphng.-The area was checked for radioactiVIty With a scmtilla

tion counter. No readings exceedmg a background of 0.02 to 0.03 mR/ 
hr were observed. One random grab sample had no anomalous metalhc 
content. 

Concluswns.-No econorruc rruneral potential. 

PROSPECT 

Map reference.-Plate 1, no. 8 
Locatwn.-Sec. 3, T. 44 N , R. 23 E. 
E levatwn.-6,300 ft (1920 m). 
Access.-By Nevada State Highway 8A, 15 mi (24 km) south from 

junction with Nevada State Highway 140, then by cross-country travel 
1 rru (1.6 km) west. 

Geology of depostt -Basalt cappmg volcamc sediments. 
Development.-15-ft (4.6-m)-diameter pit. 
Sampltng.-The area was checked for radioactivity With a scmtilla

tion counter. No readings exceedmg a background count of 0.025 to 
0.03 mR/hr were observed. Two chip samples of basalt contained 
traces of gold and silver and less than 0.005 percent UsOs. 

Conclustons.-No economic mmeral potential 
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RAINBOW RIDGE OPAL MINE 

Owner.-Keith Hodson. 
Map reference.-Plate 1, no. 25. 
Locatwn.-Secs. 22 and 23, T. 45 N., R. 26 E. 
Elevatwn.-5,000 ft (1524 m) 
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Access.-By dirt road 5 mi (8 km) south from Dufurrena Subhead
quarters. 

Htstory -The first discovery of precious opal m Vrrgm Valley re
portedly took place m 1905 or 1906 where the Rambow Ridge opal 
mme Is presently located (Hodson and Dake, 1950). The ongmal claims 
were owned by D. Roop, E. McGee, and G. T. Hill (U.S. Geological 
Survey, 1914). 

Opal chips were found on the east side of a small hill m 1908, and 
a tunnel, about 330 ft (100 m) long, was dug (Hodson and Dake, 1950). 
A large open cut IS at the site of the origmal portal 

In 1917, the Roebling opal, weighing 2,665 carats (553 g), was found 
at the Rambow Ridge mine It was purchased by the late Colonel 
Roebling and Is on display in the U.S National Museum m 
Washmgton, D.C At the time of discovery, the opal was valued be
tween $50,000 and $250,000 (U.S. Geological Survey and Nevada Bu
reau of Mmes, 1964). 

In 1929, six claims were patented. the Royal Opal, Rmcon Belle, 
Black Opal Nos. 1, 2, and 3, and Pandora. 

Little work was done at the Rainbow Ridge opal mine from 1920 
until 1949 when Keith Hodson purchased the claims, mstalled electric 
lights m the underground mine, and started several crosscuts and 
a drift. He also excavated two large open cuts. In 1952, while working 
underground, he discovered the Hodson black frre opal weighing 6 5 
lb (2.95 kg), then valued at $50,000 (U.S. Geological Survey and 
Nevada Bureau of Mmes, 1964) 

Dunng the past several years, Mr. Hodson has been working the 
VIrgin Opal claim, which he purchased m 1955, and consequently, 
httle work has been performed at the Rambow Ridge opal mine. 

Productwn.-Two very large, and numerous smaller precious opals 
Geology of depostt -The Rainbow Ridge opal mine is underlain by 

nearly honzontal ash, tuff, and tuffaceous sandstone beds. The opal
bearing horizon averages 4 ft (1.2 m) thick and Is predominantly 
bentonite containing pods of ash, rhyolite pebbles, petrified wood, and 
opal. The amount of petrified wood mcreases downward within the 
opal-bearmg horizon. Precious opal at the Rainbow Ridge opal mine 
occurs as "conk" and as void fillings left where wood has rotted away. 
Conk is formed when opal fills the voids between growth nngs m 
partially petrified wood 
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Development.-Two large cuts and eight smaller pits were observed 
(fig. 33). The largest cut is 320 ft (97 m) long and 250 ft (76 m) wide, 
and exposes a 34-ft (10.4-m) vertical section; the smaller cut is 150 
ft (46 m) long, 230 ft (70 m) wide, and exposes a 22-ft (6. 7-m) vertical 
section. Undergound workings total an estimated 750ft (228m). The 
Hodsons have a home, house trailer, workshop, and rock-display room 
on the property. 

Sampling.-Sampling consisted of digging into exposed beds and 
observing the presence or absence of indicators of precious opal. Frag
ments of precious opal were observed at numerous places. 

Conclusions.-The precious-opal potential is high. More than 20 
acres (8.1 ha) are underlain by the precious-opal-bearing horizon, and 
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FIGURE 33.-Rainbow Ridge opal mine, Charles Sheldon Wilderness Study Area. 
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projections of the stnke and dip suggest substantially more. The 
opalescence of the black fire opals found at Rambow Ridge opal mme 
Is equal to the best m the world; however, the quahty of the opal 
for cut gems is poor Cabochons cut from the opal usually check Wlthm 
five years (Hodson and Dake, 1950) 

RAVEN MANGANESE GROUP 

Map reference.-Plate 1, no 34. 
Locatwn.-Sec 15, T. 44 N., R 25 E 
Elevatwn -5,720 to 5,800 ft (1743 to 1768 m). 
Access.-By Jeep road 4 mi (6 km) south from Vrrgm Valley Ranch. 
Htstory.-Three clrums, the Raven Manganese, Black Bird, and 

Eagle, were located July 8, 1953, by C S DuChemm, D. S 
Symmgton, and A. G. Knab. In June 1959, at the request of the 
owners, H. K Stager of the U.S. Geologtcal Survey exaffilned the 
clrums under the Defense Mmerals Exploration AdiDlnstratwn 
(DMEA) program. 

Geology of depostt.-The clrums are m an area of moderate rehef 
underlam by volcamc flows and tuffs. Most of the volcamc rocks are 
rhyohtlc to andesitlc m composition and are flat lymg or dip a few 
degrees north. 

One sample subiDltted to the U S Geologtcal Survey by Mr Knab 
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was identified as cryptomelane (K(Mn2 + ,Mn4 + )80 16). In 1959, 17 
beds of cryptomelane-rich matenal were exposed by shallow trenches 
and pits. They averaged 6 m. (15 em) In thickness and cropped out 
m an area 300 ft (91 m) long and 100 ft (30 m) Wide. The exposures 
are now obscured by the weathering and sloughing of pits and 
trenches. 

The workings expose three beds of brown to black, earthy to slaty, 
cryptomelane-bearmg material. The beds, conformable With the bed
dmg of the volcanics, range from 3 to 5 in. (8 to 13 em) m th1ckness 
and can be traced for 80 ft (24 m). The upper crytomelane-beanng 
bed Is 12 ft (3 7 m) stratigraphically above the other two. The two 
lower beds are separated by 1ft (0.3 m) of glassy ash. 

Development -Three sloughed, shallow, hand-dug trenches 14 to 
75ft (4 to 23m) long 

Samphng.-Seven samples of the mmeralized layers and adJacent 
rock assayed a trace gold, no more than 0 4 oz/ton (14 g/t) silver, 
and from 0 04 to 10 percent manganese. 

Resource esttmate -H. K Stager (written commun., 1959) esti
mated an aggregate thickness of 8 ft (2 4 m) of mineralized rock m 
about 50 ft (15 m) of sediments. Assummg this aggregate thickness 
Is persistent over the 300 ft (91 m) of stnke length and that It extends 
downdip 100 ft (31 m), there are about 20,000 tons (18,000 t) of 
mmeralized rock containing as much as 10 percent manganese m about 
125,000 tons (113,000 t) of matenal 

Concluswns.-Because the mineralized rock ISm thm beds through
out nonmmeralized material, considerable dilution would occur durmg 
mmmg. This dilutiOn, together With the small tonnage and low grade, 
makes the resource submargmal at best. 

ROYAL PEACOCK MINE 

Owner.-H. W. Wilson. 
Map reference.-Plate 1, no. 27. 
Locatwn -Sees 17, 18, 19, and 30, T. 45 N, R 26 E 
Elevatwn.-4,900 to 5,500 ft (1494 to 1676 m) 
Access -By Vtrgm Valley road 8 mi (13 km) south from JUnction 

With Nevada State Highway 140 
Htstory.-The date of the origmal locatiOn and the name of the 

locator are unknown. Dunng the 1920's and 1930's, Mr. Rhmehart 
and Dan Arachevaleta owned a group of claims where the present 
group Is located Kelly, Skajwm, Royal Peacock Nos 1 and 2, North
ern Light, Peacock Nos. 2--4, Phantom, Little Pebble, Pebble, Angel 
Nos. 1 and 2, Starfire, Red Ball, Yellow Ball, Star Bnght, and Blue 
Ball. F. H. Locheed and Mark Foster relocated the claims m 1937. 
In 1939, F. H. Locheed quitclaimed her mterest to Mark Foster H. 



ECONOMIC APPRAISAL 125 

W. Wilson's father purchased the group m 1942 In 1968, the claim 
group was leased by W. J. Kelley. Mr Kelley formed Opals Inc , 
and With the help of Allan Carlson, discovered a method of stabihzmg 
Virgin Valley opal Opals Inc. last worked the claims m 1973 H. 
W. Wilson bought the company m July 1974 and produced a small 
amount of opal durmg the remamder of the year In 1975, Wilson 
stripped overburden m preparation for productiOn m 1976. 

Productwn -There Is no record of production pnor to 1969, but 
a small amount of opal was mmed and sold locally, accordmg to H 
W Wilson 

Opals Inc produced 800 lb (363 kg) of opal m 1970 and 780 lb (354 
kg) m 1971. Although the total 1972 yield IS unknown, It mcluded 
one rich pocket which sold for more than $90,000 (wholesale price). 
In 1973, 500 lb (227 kg) were reported. The Royal Peacock opal, 
weighmg 191 carats (38.2 g), was found m 1970 and may be worth 
$250,000 The higher quality opals were purchased by Beverly Hills 
Gems. Production through 1972 was from the Royal Peacock Nos 
1 and 2 and thereafter from the Northern Light Apprmamately one 
percent of the mmed opal was classified as preciOus opal, and It 
brought from $250 to $500 per carat wholesale. In 1974 Wilson's total 
productiOn was 40 lb (18 kg), of which shghtly more than 6 lb (2. 7 
kg) were precious opal. There was httle production dunng 1975, but 
It was scheduled to be resumed m 1976 

Geology of depostt -The claims are underlam by ash, tuff, and tuff
aceous sandstone beds, which stnke northwest and dip 2° to 4° NE. 
The opal-beanng honzon is as much as 8 ft (2 m) thick and Is predom
inantly greerush bentorute contairung pods of ash, rhyohte pebbles, 
petnfied wood, and opal. At the Pebble claim, only shght amounts 
of petrified wood are associated with the opal Wilson said the water 
content of mined opal was found to increase westward from the Royal 
Peacock No. 1 to the Northern Light 

Development -Seven large cuts and many smaller pits and trenches 
were observed (figs. 34 and 35). Accordmg to H. W. Wilson, when 
Opals Inc began production, seven adits were on the property. They 
apparently date back to the late teens and early 1920's The largest 
cut on the Royal Peacock Nos 1 and 2 claims IS 930 ft (283 m) long 
and 80ft (24m) Wide, and exposes a 29-ft (8.8-m) vertical sectiOn 

Sampl'tng.-Samphng consisted of digging mto exposed beds and 
observmg the presence or absence of precious-opal indicators. Frag
ments of precious opal were observed at numerous places 

Concluswns.-About 55 acres (22 ha) underlain by the opal-beanng 
honzon are mmable This area estimate IS based on a stnke length 
of 12,000 ft (3,660 m) and an economic Width hm1t of 200 ft (61 m). 
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FIGURE 34 -Royal Peacock mme workmgs, Charles Sheldon Wllderness Study Area 

Beyond 200 ft (61 m), the stnppmg ratio would be excessive. The 
likelihood of additional precious opal Is high. 

SKYLINE GROUP 

Map reference.-Plate 1, no. 7. 
Locatwn.-Secs. 17, 21, 28, and 33, T. 46 N., R. 24 E. 
Elevatwn.-5,800 ft (1768 m). 
Access.-By Nevada State Highway 8A, 2 mi (3 km) southeast from 

junction with Nevada State Highway 140. 
Htstory.-The group consists of nine claims, the Skylme, Nme, 

Sally, Grace, Dorothy, and Maud J. Nos. 1-4, which were located 
m 1941 by Mr. Mustard for manganese. 

Geology of depostt.-The claims are underlain by alluVIum and 
rhyolite that contains vugs, some of which are filled by agate. 

Development.-One pit. 
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Sampltng.-Six samples from rock m place and from the dump of 
the pit showed as much as a trace of gold and silver and 0.4 percent 
manganese 

Concluswns.-No econom1c mineral potential. 

STEAMBOAT GROUP 

Map reference.-Plate 1, no. 32. 
Locatwn.-Secs. 3 and 10, T. 44 N., R. 25 E 
Elevatwn -5,400 ft (1646 m) 
Access.-By dirt road 0.5 mi (0.8 km) from VIrgin Valley Ranch, 

then by cross-country travel! ffil (1.6 km) south. 
Htstory.-Eleven claims were located by H. W. Wilson dunng May 

and June, 1955. 
Geology of depostt.-A prom1nent pomt consists mostly of coarse

gramed, hght-gray, bedded tuff capped With a resistant Igmmbnte. 
The tuff and Igmmbrite stnke northeast and dip 15° SE. At the west 
end of the pomt the tuff is about 60 ft (18 m) thick, however, 800 
ft (244 m) to the east, It Is completely covered by talus. 

Development -None. 
Sampltng.-Tuffaceous and Igmmbnte outcrops were checked for 

radioactivity With a scintillation counter. Background readmgs were 
0.025 to 0.03 mR/hr. Two 6-in. (15-cm)-thick lenses of yellow to cream 
tuff Wlthm the hght-gray tuff had readings of 0.11 to 0.12 mR/hr. 
Six samples of tuffaceous material were taken. Four had a trace of 
U30 8 and two from the yellow to cream-colored lenses assayed 0.032 
and 0 037 percent U 30 8 • 

Concluswns.-lnsufficient uranium-bearing matenal to constitute a 
mineral resource 

SUNI NOS. 1-3 

Map reference.-Plate 1, no. 12. 
Locatwn -Sees. 32 and 33, T. 45 N., R. 24 E. 
E levatwn.-6, 170 to 6,190 ft (1881 to 1887 m). 
Access.-By Nevada State Highway SA, 12 mi (19 km) south from 

1unct10n With State Highway 140, then by dirt road 3 m1 (5 km) east 
Htstory -Located m 1955 by Kenneth Arnold. 
Geology of depostt.-Residual soil and colluvmm over rhyohte bed

rock. 
Development.-Five shallow bulldozer cuts 
Sampltng.-Bulldozer cuts were checked for radioactivity With a 

scintillation counter. No readings exceedmg a background count of 
0.015 to 0.03 mR/hr were observed. Three samples of soil contrumng 
rhyohte and obsidian float were taken from bulldozer cuts. All had 
values of less than 0.005 percent U30 8• 
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Conclusions.-No economic mineral potential. 

SUNNY JIM 

Map reference.-Plate 1, no. 10. 
Location.-Sec. 32, T. 45 N., R. 24 E. 
Elevation.-6,250 ft (1905 m). 
Access.-By Nevada State Highway 8A, 12 mi (19 km) south from 
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FIGURE 35.-Map and sections of major workings, Royal Peacock mine, Charles Sheldon 
Wilderness Study Area. 
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1uncbon with Nevada State Highway 140, then by drrt road 2 mi 
(3.2 km) east. 

Htstory -Located m 1955 by Bob Wees. 
Geology of depostt.-Colluvium and alluvmm over rhyohte bedrock. 
Development.-Shallow bulldozer cuts. 
Sampltng.-Bulldozer cuts were checked for radiOactivity With a 

scintillation counter. No readings exceeding a background count of 
0.02 to 0.04 mR/hr were observed. A sample of soil and rhyohte float 
from a bulldozer cut had less than 0.005 percent U30 8• 

Concluswns.-No economic mmeral potential. 

VIOLA AND NELLIE GROUP 

Map reference.-Plate 1, no. 40. 
Locatwn -Sec. 7, T 43 N , R 24 E 
Elevatwn.-6,625 ft (2019 m). 
Access.-By Nevada State Highway 8A, 17 mi (27 km) south from 

mnct10n With Nevada State Highway 140, then by drrt road 7 mi 
(11 km) south. 

Htstory -The V10la Nos 1-3 and Nellie Nos. 1-3 claims were lo
cated in 1955 by Leo Roessler 

Geology of depostt.-Weathered rhyolite 
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Development -None. 
Sampltng.-The area was checked for radioactivity With a scintilla

tion counter. No readings exceeding a background count of 0.02 to 
0.03 mR/hr were observed. Five random chip samples of rhyohte each 
contained less than 0.005 percent U30 8 • 

Concluswns.-No economic nnneral potential 

VIRGIN DUFF GROUP, PRONGHORN GROUP, 
AND BEVERLY NO. 1 

Map reference -Plate 1, no. 16. 
Locatwn.-Secs. 30 and 31, T. 46 N., R. 26 E , and sees. 25 and 

36, T. 46 N., R. 25 E. 
Elevatwn.-5,000 ft (1524 m). 
Access.-By Nevada State Highway 140, 32 nn (51 Ian) west from 

Demo. 
Htstory.-The groups consist of 17 claims, located m 1955 and 1956 

by Paul Viles, Cliff Poulsen, Harold Gleason, and Dan Thompson. 
Geology of depostt.-The area IS underlam by alluviUm and gray 

to dark-purplish rhyolite. No nnneraliZed structures were observed. 
Development.-Sixteen bulldozer cuts m alluviUm. 
Samphng.-All bulldozer cuts and outcrops were checked for 

radioactiVIty With a scintillation counter. No readings exceeding a 
background count of 0.025 to 0.035 mR/hr were observed. Nine sam
ples from rock m place and from bulldozer cuts assayed no more than 
a trace of silver and less than 0.005 percent U308• 

Conclustons.-No economic nnneral potential. 

VIRGIN OPAL (BONANZA) MINE 

Owner.-Keith Hodson. 
Map reference.-Plate 1, no. 21. 
Locatwn.-Secs. 6 and 7, T. 45 N, R 26 E. 
Elevatwn.-5,200 to 5,600 ft (1585 to 1707 m). 
Access.-By VIrgin Valley road 5 mi (8 km) southwest from Dufur

rena Subheadquarters, then by dirt road 2 mi (3 km) northwest. 
Htstory.-The early history of the clrum, locally referred to as the 

Bonanza, is vague. The onginallocation was probably m 1908 by I van 
Dow, George Mathewson, Alfred Thompson, and otherf!. In 1943, It 
was relocated as the Virgin Opal claim by Mr. Garaventa. Keith Hod
son, the present owner, purchased It m 1955 (U S. Geological Survey 
and Nevada Bureau of Mmes, 1964). 

Productwn.-One broken precious opal weighmg a total of 7.25 lb 
(3.3 kg) was discovered by Mr. Hodson Many smaller precious opals 
have been recovered. 
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Geology of depostt.-The claim is underlain by nearly honzontal ash, 
tuff, and tuffaceous sandstone beds. The opal-beanng honzon averages 
more than 4 ft (1.2 m) thick and consists primarily of light-colored 
bentorute contairung varying amounts of petrified wood, rhyohte peb
bles, ash, and opal Precious opals are usually found m the upper 
half of the horizon. 

Development -Two large cuts, one small cut, one adit, and one 
storage budding were observed (figs. 36, 37, and 38). The larger cut 
Is 405 ft (123 m) long and 50 ft (15 m) wide, and exposes a 53-ft 
(16-m) vertical section. The other large cut is 290 ft (88 m) long and 
100ft (30m) wide, and exposes a 68-ft (21-m) vertical sectiOn 

Sampltng -Sampling consisted of digging mto exposed beds and 
observing the presence or absence of precious-opal mdicators. Frag
ments of precious opal were observed at numerous places. 

Concluswns.-About 4 acres (1.6 ha) underlain by the opal-bearing 
horizon are mmable. This area estimate is based on a strike length 
of 1,800 ft (550 m) and an economic Width hmit of 100 ft (30 m). 
Beyond 100 ft (30 m), the strippmg ratio would be excessive. The 
potential of additional precious opal Is high. 

VIRGIN VALLEY URANIUM CLAIMS 

Owners.-Gus Kreiger, Mitchel V. Ruedy, Jack Crane, and H. W. 
Wilson. 

Map reference.-Plate 1, no 28. 
Locatwn.---Secs. 2, 3, T. 44 N., R. 25 E.; sees. 12, 13, 24, 25, 

and 36, T. 45 N , R. 25 E , sees. 30, 31, T. 45 N., R. 26 E. 
Elevatwn.---5,000 to 6,200 ft (1524 to 1890 m) 
Access.-By VIrgin Valley road 7 mi (11 km) south from Dufurrena 

Subheadquarters. 
Htstory.-Havmg discovered uraruum m1nerals early m the summer 

of 1950, Jack Crane located claims on the east and west sides of Virgin 
Valley (Staatz and Bauer, 1951). Between 1950 and 1954, Crane lo
cated the Fourth of July 1 and 2, Apnl Fool1 and 2, Wee Wee Marie, 
Monday, Tuesday, Wednesday, Thursday, Fnday, Saturday, Tony, 
David B, Afterthought, Dixie 1-5, Supnse, Rosalee, Big Hole, Reno, 
Buckhorn, Sweetwater, Cameron, Hobday, Lucky Four, Barney, Jan
uary, February, March, August, September, October, November, De
cember, Fourth of July, Fangle, Little Virgin, Jackkrufe, Maverick, 
Ace 1--3, Bmg 1 and 2, Pluto, Venus, Saturn, Neptune, and Mars. 
Of these 52 claims, 13 are shown on the Humboldt County surveyor's 
plat, all on the west side of VIrgin Valley. 

On the west and north sides of the Crane group claims, the Lone 
Star Uraruum Co. located 36 m1nmg claims m 1954 and 1955 The 
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FIGURE 36 -V1rgm Opal (Bonanza) mme worlongs, Charles Sheldon Wilderness 
Study Area 

claims are the Jackal, Kismet, Todos, Amigos, Alamo, Big VIrgin. 
Jeep, Little Big Horn, Tatie, Jo Jo, Tadpole, Hepto, Bongo, Moon 
Glow, Sunset, Sunrise, Sunny Jim, Lucky Dog, Spnte, Hillbilly, 
Pacific, Alpha, Beta, Delta, Gamma, Epsilon, Zeta, Eta, Theta, 
Kappa, Omega, Iota, Mu, Gladys M., Faun P., Paiute, and Vad-ore. 

About 5 nu (0.8 km) east of the Virgin Valley ranch and on the 
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FIGURE 37.-Lower cut, Virgin Opal (Bonanza) mine, Charles Sheldon Wilderness 
Study Area. 

east side of Virgin Valley are the April Fool 1, 2, and 3. The original 
locator is unknown. Mark Foster relocated the claims in 1937. In 1942, 
the H. W. Wilson family bought them from Foster; H. W. Wilson 
is now the sole owner. 
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FIGURE 38.-Upper cut, Virgin Opal (Bonanza) mine, Charles Sheldon Wilderness 
Study Area. 

H. W. Wilson has relocated some of the claims north of Virgin 
Valley Ranch previously claimed by Jack Crane as the Angie 1, 2, 
and 3 in 1976. 

H. W. Wilson and Gus Kreiger located 11 claims around the Angie 
group in 1976. The claims are the Barbara, Barbara 1-4, Hal, and 
Hal1-7. 

Gus Kreiger located a block of 132 claims southeast of Virgin Valley 
Ranch in 1976. They were the Mule, Jackass, Donkey, Charlawne, 
Charlotte 1-22, Jane 1-13, East Rim 1-11, 13- 23, 25-35, 37-47, 49-59, 
South Rim 1-20, Mars, Neptune, Saturn, Venus, and Pluto. 

During 1976, Kreiger, Mitchell, Ruedy, Crane, and Wilson made 
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an agreement to promote all therr clrums as a urut to mterested rmrung 
compames. To date, several comparues have expressed an mterest. 

Productwn.-Greemsh-yellow, translucent, fluorescent opalite that 
occurs at the top of a diatomaceous earth bed on the April Fool group 
was sold for 35 centsllb (77 cents/kg) from 1937 to 1942 to rock collec
tors and the Ultraviolet Corp., in San Gabriel, Cahf. After H. W. 
Wilson purchased the group, he also sold opahte to Raytech, Inc., 
in Massach~setts. Between 15 and 20 tons (14 and 18 t) have been 
sold smce 19:rl. 
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TABLE 6 -Sample analyses for Vtrgm Valley uramum clatms, Charles Sheldon 
Wtlderness Study Area 

[Tr, trace, N, not detected,-, not analyzed, <, less than shown Metnc converstons feetxO 3048=meters ounce 
per tonx34 285=grams per metnc ton ] ' 

Sample Type Length Descr1 pt1 on Gold S1 1 ver U308 
No (ft) (oz/ton) (oz/ton) (percent) 

73 Ch1 p--- 0 4 Brown to dark-gray opal1Zed tuff 0 033 
74 -do---- 6 ----------do-------------------- 009 
75 -do---- 1 3 ----------do-------------------- 005 
76 -do---- 7 ----------do-------------------- < 002 
77 -do---- 1 2 Gray opa 11Zed tuff wlth wood < 002 

fragments 
78 -do---- 1 0 ----------do-------------------- N 064 
79 -do---- 4 Red to gray opal 1 zed tuff------- N 033 
80 -do---- 1 0 ----------do-------------------- 0 2 027 
81 -do---- 9 Wh1 te and gray mass1 ve opal1te-- 2 007 
82 -do---- 9 Gray tuff w1 th black N 048 

carbonaceous fragments 
83 -do---- 2 3 ----------do-------------------- N N 021 
84 -do---- 9 ----------do-------------------- Tr N 020 
85 -do---- 2 1 Tan to brown opal1zed tuffs----- N N 036 
86 -do---- 7 01 1 ve-green opa 11 te------------- N N 004 
87 -do---- 1 3 ----------do-------------------- N Tr < 002 
88 -do---- 1 0 Brown opall zed tuff------------- N tr 046 
89 -do---- 1 3 Brown to gray opal1Zed tuff----- N N < 002 

90 Ch1 P--- 1 1 Gray, part1ally opa l1Zed tuff--- N <O 002 
91 -do---- 1 8 Green, mass1ve opal1te and wh1 te Tr 017 

to cream tuff 
92 -do---- 1 9 Brown to green opa 11 te---------- tr 011 
93 -do---- 9 -----------do------------------- N 017 
94 -do---- 9 -----------do------------------- N 012 
95 -do---- 4 0 Brown, opal 1 zed tuff------------ N 013 
96 -do---- 7 Gray opa 11 te-------------------- N < 002 
97 -do---- 1 6 Brown, orange, and gray opal 1 zed N < 002 

tuff 
98 -do---- 2 0 Brown, orange, and gray opa 11 zed < 002 

tuff 
99 -do---- 1 8 Gray, opa 11 zed tuff and gray tuff 030 

100 -do---- 9 Gray, opal i zed tuff-------------- 078 
101 -do---- 2 0 Brown to gray opalized tuff------ 008 
102 -do---- 2 7 Gray, opa l1Zed tuff and whlte 030 

tuff 
103 -do---- 3 3 Yellow to brown opallte and tr 080 

whlte tuff 

Geology of depostt.-A sequence of gently dippmg tuff and ash beds 
at least 300 ft (91 m) thick are capped by basalt and terrace gravel. 
The tuff layers are mostly greenish-gray, friable, and porous, traces 
of fibrous gypsum, and iron and manganese oxides coat fracture sur
faces The ash beds are generally thmner, lighter colored, and finer 
gramed than the tuff. The beds stnke northwest and dip 5o to 10° 
NE. Forty-five discontinuous layers of opahte were observed. Some 
had anomalous amounts of uramum. The layers of opabte occur parallel 
to the bedding of the ash and tuff and range m thickness from 0.1 
to 3.9 ft (0.03 to 1.2 m). The length of the exposed opahte layers 
IS from 8 ft (2.4 m) to more than 1,200 ft (366 m). Many stages of 
silicification were observed. Less silicified beds resemble shale, 
whereas thoroughly silicified beds are massive and translucent The 
opabte has a distinctive conchoidal fracture and Is gray, brown, tan, 
black, white, and pale green Irregular and lensebke layers of 
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TABLE 6 -Sample analyses for Vtrgm Valley uramum clatms, CluLrles Sheldon 
W'tlderness Study Area-Contmued 

Sample Type Length De sen pti on Gold Silver U308 
No ( ft) (oz/ton) (oz/ton) (percent) 

104 Chip--- 0 5 Yellow to brown opal i zed tuff---- 0 027 
105 -do---- 2 6 Yellow to brown-sta1 ned zone in 036 

white tuff 
106 -do---- 5 0 Di atom1 te------------------------
107 -do---- 2 0 Cream to reddish translucent 010 

opal i te 
108 -do---- 2 5 Di atom1 te------------------------
109 -do---- 6 Cream, yellow, and brown 017 

translucent opal1te 
110 -do---- 1 0 Orange, brown, greenish opal i zed 007 

tuff 
120 -do---- 2 2 Light-gray, bedded tuff---------- N 002 
121 Grab--- 8rowni sh tuff-------------------- N < 002 
122 -do---- L1 ght-gray tuff------------------ N < 002 
123 -do---- -----------do-------------------- N < 002 
124 -do---- White to gray tuff--------------- N < 002 
125 -do---- -----------do-------------------- N < 002 
126 -do---- -----------do-------------------- N < 002 

127 Random Light-gray tuff------------------ <0 002 
Ch1 p 

128 Grab--- White to gray tuff--------------- N < 002 
129 -do---- -----------do-------------------- N < 002 
130 -do---- White to gray tuff--------------- N < 002 
131 -do---- -----------do-------------------- N < 002 
132 -do---- Orange to brown opallZed tuff---- N < 002 
133 Chip--- 2 3 Gray tuffaceous s1 ltstone-------- Tr < 002 
134 Grab--- Gray tuff------------------------ N < 002 
135 Chip--- 4 0 Th1 nly bedded wh1 te ash---------- N < 002 
136 Random L1 ght-brown tuff----------------- N < 002 

Chl p 
< 002 137 Grab--- Dark-gray bas a 1 t-----------------

138 -do---- Light-brown tuff and dark-gray < 002 
bas a 1 t 

139 -do---- -----------do-------------------- < 002 
140 -do---- -----------do-------------------- tr < 002 
141 -do---- Brown and gray tuff-------------- tr 002 
307 Ch1 P·-- 1 5 Yellow to 1 1 ght-brown opal1te---- 035 
308 Random Yellow to brown opal 1 zed stump--- 053 

chip 
002 309 ChiP··- 4 0 Gray opa lHed tuff---------------

310 -do---- 1 0 Wh1 te tuff----------------------- 007 

diatomaceous earth, some 7 ft (2.1 m) thick, are exposed for more 
than 2,000 ft (610 m) on the April Fool1, 2, and 3 clrums. 

Developrnent.-One hundred eighty-eight shallow bulldozer cuts and 
trenches were observed (fig. 39). Three bulldozer cuts on a hillside 
below the arrstnp have a combmed length of more than 2,000 ft (610 
m). 

Sampltng.-All workings and opahte beds were checked for radiOac
tivity With a scintillation counter. Background readings ranged from 
0 015 to 0.05 mR!hr. Of the 48 opalite beds checked, 10 had anomalous 
readings m a few places, and the highest was 0.90 mR/hr. SIXty-four 
samples of opalite and tuff contained from less than 0 02 to 0.08 per
cent U30 8• Seventeen samples had 0.02 percent or more U30 8 (table 
6). The highest sample results came from a hillside exposure near 
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the rurstrip. Table 6 also gives analytical results for gold and silver. 
Analyses of the diatomaceous earth indicated good brightness but no 
potential as a filter aid. 

Resource esttrnate.-An area north of Vrrgin Valley Ranch, which 
IS approximately 1 by 0.25 mi (1.6 by 0.4 km) and 50ft (15 m) deep, 
may contrun 15 to 20 milhon tons (14 to 18 million t) of low-grade 
uramum-beanng matenal, constituting a submarginal resource. 

Concluswns.-The uramum mineralization found mdicates potential 
for discovery of additional submarginal resource and possibly discov
ery of an ore-grade uranium deposit. 

WILDROSE 

Map reference.-Plate 1, no. 3. 
Locatwn -Sec. 1, T. 45 N., R. 22 E., 2 mi (3.2 km) east of Swan 

Lake. 
Elevatwn.-5,900 ft (1798 m). 
Access.-By Nevada State Highway 34A 6 mi (10 km) west from 

1unct10n With Nevada State Highway 8A, then by cross-country travel 
1 mi (1.6 km) north. 

Htstory.-Located August 7, 1927, by D. D. McLeod. 
Geology of depostt.-Slightly vesicular basalt. 
Development.-N one. 
Sampltng.-One grab sample assayed a trace of gold and less than 

0.001 percent U308 • 

Conclustons.-No economic mineral potential. 

YELLOW ROCK GROUP 

Map reference -Plate 1, no. 37. 
Locatwn.-Sec. 21, T. 44 N., R. 24 E. 
Elevatwn.---{),190 to 6,225 ft (1887 to 1897 m). 
Access.-By Nevada State Highway 8A 17 mi (27 km) south from 

lUnction With Nevada State Highway 140, then by dirt road 8 mi 
(13 km) east. 

Htstory.-Ten claims were located m 1955 by Yellow Rock Uramum 
Co. 

Geology of depostt -Rhyohte and whitish volcanic tuff contrumng 
cmders. 

Development.-Shallow bulldozer cuts. 
Samphng -All bulldozer cuts were checked for radiOactivity With 

a scintillation counter. No readings exceeding a background count of 
0.02 to 0.025 mR/hr were observed. Six random soil grab samples 
from bulldozer cuts and two random chip samples of rhyolite assayed 
a trace of gold and silver and less than 0.001 percent U308• 

Conclustons.-No econormc mineral potential. 
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