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Ordovician through Upper Devonian limestone,

dolomite and clastic units of the Mountain Boy Range

were deposited in a shallow shelf environment of a

passive continental margin.

Shelf sediments were disrupted in the middle

Paleozoic by the Antler orogeny, which resulted in the

thrusting of oceanic sedimentary units over carbonate

units in central Nevada. Roberts Mountain-thrust-

emplaced units are present north of the study area at

Devils Gate.

During Middle and Late Mesozoic time the Sevier

orogeny caused eastward overthrusting in central

Nevada. The study area, located in the hinterland of

the Sevier fold-and-thrust belt, underwent compressive

deformation.

Numerous north-south-trending thrust faults are

present directly east of the Mountain Boy Range, at

Prospect Ridge. Folds trending generally north-south
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developed in response to east-west compressive forces,

and are found in the in surrounding areas.

Emplacement of a late Cretaceous granite intrusive

mass south of the study area at McCulloughs Butte

resulted in metamorphism of Ordovician units.

Extension in an E-W direction was underway in the

northern Fish Creek Range, south of the study area,

prior to 33 Ma. "Pre-Basin and Range" extension was

underway in north-central Nevada at least by 35 Ma in a

least principal stress field oriented SW-NE (Zoback and

others, 1981) or E-W (Seedorff, 1991).

During the middle-Miocene a northwest-southeast

trending structure, called the "northern Nevada rift"

developed. The structure trends across approximately

280 kilometers of north-central Nevada and extends to

about 39 degrees north latitude, the approximate

location of the study area. Recent work by Seedorff

(1991) indicates that the rift faults, related igneous

activity, and faulting are related to rifting.

The orientation of the least principal stress

field changed to NW-SE at approximately 10 Ma,

according to Zoback and others (1981). Data compiled by

Seedorff (1991) indicate that the orientation of least

principal stress was E-W during the Tertiary. Westward

transport of units in the Mountain Boy Range, indicated

by over 1000 meters (>3000 feet) of left-lateral



movement on a tear fault in the northern Mountain Boy

Range, indicates probable E-W oriented extension.

Diorite sills cut by normal faulting in the northern

Mountain Boy Range may be related to a late Cretaceous

quartz diorite plug 3 kilometers east of the study

area, indicating post-Cretaceous faulting. However, an

exact age date for the sills is not available.

Normal faulting in the southern Mountain Boy Range

may be related to faulting in the Spring Valley fault

zone. Greater displacement on the east end of an east-

west striking normal fault north of Spanish Mountain

indicates it may have moved as the Spring Valley fault

zone moved.

Topographic expression indicates that the Spring

Valley fault zone was formed, possibly in Quaternary

time, as late stage extension continued in an E-W

oriented least principal stress field. The formation of

this fault zone resulted in the downdrop of the

Mountain Boy Range, and the separation of it from the

Fish Creek Range and Prospect Ridge.
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STRUCTURE AND STRATIGRAPHY OF THE MOUNTAIN BOY RANGE

EUREKA COUNTY, NEVADA

INTRODUCTION

Purpose

The major objective of this project was to study

and understand the stratigraphy and structure of the

Mountain Boy Range, Eureka County, Nevada, and to

compare the tectonic features of this area to those at

nearby locations to the north, east, south, and west.

The study involved mapping the Ordovician to Devonian

succession. Mapping of the Mountain Boy Range was

completed with emphasis on faulting regimes. Low-angle

and high-angle normal faults were mapped and

interpreted, and their ages and direction of movement

were ascertained as accurately as possible. Emphasis

was placed on the Mesozoic and late Cenozoic episodes

of faulting in the area. Once this was determined, the

results were compared to tectonic features in nearby

areas.
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Project Location

The study is centered 5 miles southeast of Devils

Gate and west of Eureka, Nevada in the Mountain Boy

Range (Figs. 1, 2, 3).

The area covers approximately 20 square miles and

is located in the U.S.G.S. 7.5-minute Devon Peak and

Spring Valley Summit topographic quadrangles. The

physiography of the region is characterized by block-

faulted mountain ranges trending north-south as is

typical of the Basin and Range Province (Stewart,

1980). Elevations in the study area range from about

6300 feet in Spring Valley to the east, to 8050 feet on

Spanish Mountain to the south. Access to the area was

provided by unimproved roads in Spring Valley Canyon.

Transportation was by automobile, where possible, and

by mountain bike in more inaccessible areas.

Geologic Setting

Western North America has had a complex tectonic

history dating back to late Precambrian time when

initial continental rifting and separation began

(Stewart, 1972). The Cordilleran geosyncline was well

defined by latest Precambrian time, and dominated the
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tectonic setting of the region during Paleozoic time.

Present day eastern and central Nevada was then

situated on the western margin of North America

(Stewart, 1980). Deposition in central Nevada was

characteristic of a shelf margin, with shallow-water

carbonates; deeper water, slope and oceanic deposition

occurred farther west. Shallow-water carbonate belts

trend north-south, subparallel to the Cordilleran

geosyncline.

During middle Paleozoic time the geosyncline was

affected by the Antler orogeny, resulting in the

thrusting of oceanic sedimentary rocks over carbonate

rocks of the continental shelf in central Nevada

(Stewart, 1980). During late Permian and early Triassic

time, oceanic siliceous and volcanic rocks were

emplaced over shallow-water Paleozoic strata during the

Sonoma orogeny. During middle and late Mesozoic time,

the Sevier orogeny caused eastward overthrusting in

southern Nevada and central Utah (Fig. 4). Major

thrusting and folding occurred in western Nevada during

Jurassic time (Speed, 1986).

The present-day topography of central Nevada began

to form during middle and late Cenozoic time with the

initiation of extensional block faulting. Basalt and

rhyolite were erupted and continental sediments were

trapped in fault basins. The Mountain Boy Range is



, 7

Figure 4. Map illustrating location of Antler orogenic

belt, Sevier orogenic belt, and the foreland and

hinterland of the Sevier orogenic belt. From Armstrong

(1972).



8

located within the central section of the Basin and

Range Province, in the Sevier hinterland.

Crustal shortening during late Mesozoic time

resulted in broad folding and small-displacement thrust

faulting in central Nevada. Tertiary extensional

faulting has since disrupted the original geometry and

continuity of these structural features (Miller and

Gans, 1989). Tilts of faulted ranges in central Nevada

average 15 to 20 degrees and indicate extension of 20

to 30 percent for the entire region (Stewart, 1980),

although extension may be much greater locally. This

tilting is caused by high-angle normal faults that

bound modern ranges. A second type of normal fault has

a low angle and has been interpreted two ways: (1)

those which produce extension by rotation of layers and

faults (Proffett, 1977; Miller and others, 1983) and

(2) those which initiated at a low angle and produced

extension without rotation (Wernicke and Burchfiel,

1982). Work done by Proffett (1977) and by Miller and

others (1983), indicates that in some areas high-angle

normal faults have rotated to low-angle faults by more

than one generation of faulting and concurrent

rotation.
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Previous Work

Early work in Eureka County began with Hague

(1883, 1892) on the geology of the Eureka mining

district, the western boundary of which is adjacent to

the study area. Paleontology of the region was done by

Walcott (1884). Nolan, Merriam, and Williams (1956)

reported on the stratigraphy of the Eureka area (Fig.

3). Mapping of nearby regions has been done in the

Roberts Mountains (Merriam, 1940; Murphy et al., 1978),

Lone Mountain and Table Mountain (Gronberg, 1967;

Kendall and others, 1983), and Antelope Valley

(Merriam, 1963). Stratigraphic studies of the Mahogany

Hills, directly to the west of the study area, have

been done by Schalla (1978), Schalla and Benedetto

(1991), and Drake (1978). Stratigraphic study of the

northern Fish Creek Range directly to the south of the

study area, was done by Bird (1989). To the east, the

geology of the Pinto Summit quadrangle has been mapped

by Nolan and others (1974).

Nolan (1962, several maps) mapped the geology of

the Eureka mining district.

Antler orogenic tectonics in nearby areas have

been studied by Johnson and Pendergast (1981, 1983).

Biostratigraphic studies have been done by Johnson and

others (1968), Johnson (1970, 1977) and Kendall and
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others (1983). Conodont identifications and

correlations have been done by Klapper (1968, 1977).

Johnson and Murphy (1984) summarized Siluro-Devonian

history of the Western Shelf.

Both normal faults and thrust faults have been

mapped in the Eureka mining district by Nolan (1962),

and in the northern Mahogany Hills, directly west of

the study area, by Drake (1978). Drake (1978) also

reported numerous small faults of unknown displacement

in the northern extremity of the Mountain Boy Range.

Schalla (1978) reported a sequence of at least three

periods of high-angle normal faulting in the southern

Mahogany Hills, southwest of the study area. Low-angle

normal faults lying within Ordovician, Silurian, and

Devonian strata were described by Bird (1989) in the

northern Fish Creek Range. Bird (1989) noted high-angle

normal faults as the most common structural feature in

the area, with many of the faults marked by major

drainages or canyons. Nolan (1968) also described

thrust faults associated with gently folded anticlines.

Thrust faults in the Eureka district cut rocks of

Permian age, indicating a post-Paleozoic origin. Nolan

(1968) also noted displacements of thrust faults by

high-angle normal faults, indicating that high-angle

normal faulting occurred after thrust faulting. Thrust

faulting in east-central Nevada is related to the
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Sevier orogeny according to Speed (1983), with normal

faulting being largely Tertiary in age.

Procedures

Field mapping in the Mountain Boy Range was begun

in September/October of 1991, and completed on a

return trip to Nevada in September, 1992. Stratigraphic

sections in all areas of the Range were studied to

determine faulting styles and stratigraphic

relationships. Structural mapping of the area consisted

of geologic mapping at a scale of 1:16,000 on

topographic maps, with correlation and comparison to

nearby areas. Stratigraphic sections were described and

cross sections constructed to determine the type and

extent of faulting. Rock and fossil collections were

made in Devonian units, where necessary. Funding for

field work was provided by an N.S.F. grant to Dr. J.G.

Johnson, and by grants from Marathon Oil Company,

Chevron Oil Company, and Mobil Oil Corporation.
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STRATIGRAPHY

Units exposed in the Mountain Boy Range include:

1) upper Ordovician through Middle Devonian shelf

carbonates and quartz sandstone units, (Fig. 5),

2) (Tertiary) rhyolite intrusives, and (3) Upper

Tertiary-Quaternary unconsolidated sediments.

A summary of the stratigraphic sequence for the

exposures in the study area follows:

Antelope Valley Limestone

General Statement

The Antelope Valley Limestone is well exposed in

the southern Mountain Boy Range, southwest of Spanish

Mountain, near Spring Valley Summit. An accurate

thickness is difficult to obtain because of faulting;

however, Bird (1989) estimated a thickness of 980-1050

feet for the Antelope Valley Limestone in the Northern

Fish Creek Range, directly to the south of the study

area.

The Antelope Valley Limestone has been described

in detail by Bird (1989). Thick-bedded massive

wackestone, packstone, and grainstone makes up most of

the exposures of the Antelope Valley Limestone in this

area. Thinner-bedded mudstone and wackestone is present



14

in the upper part of the formation exposed in the

Mountain Boy Range. The formation is moderately

fractured in most exposures; calcite veins and

stylolites are common in parts of the formation.

Contacts

The lower contact of the Antelope Valley Limestone

is not exposed in the study area. The upper contact of

the formation with the overlying Eureka Quartzite is

characterized by an abrupt change from dark grey lime-

mudstone to white medium-grained quartzite. Although a

marked angular discordance is not present, the contact

between Antelope Valley Limestone and the Eureka

Quartzite may be disconformable. An unconformity

between the Antelope Valley and the Eureka Quartzite

has been reported near the study area by Nolan and

others (1956, p. 25) and Merriam (1963, p. 300). Ross

(1977) reported that the top 180 feet of the Antelope

Valley Limestone were missing at Lone Mountain.

However, Ross (1977) also indicated that this was a

localized unconformity. He postulated that the shelf

had been uplifted after deposition of the Antelope

Valley Limestone, after which the sands of the Eureka

Quartzite were deposited and that a widespread

unconformity between the Antelope Valley Limestone and

the Eureka Quartzite does not exist.
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in the Mountain Boy Range.
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Age

Based on conodont faunas, the Antelope Valley

Limestone is early Middle Ordovician in age (Harris and

others, 1979).

Depositional Environment

The presence of grain-supported lithoclastic and

bioclastic textures indicates that the Antelope Valley

Limestone in the Mountain Boy Range represents

deposition in an agitated, shallow-shelf environment.

See Bird (1989) for a more detailed description and

analysis.

Eureka Quartzite

General Statement

The Eureka Quartzite is well exposed in east-

central Nevada, western Utah and southeastern

California. The Eureka Quartzite averages 300-400 feet

thick in central Nevada (Merriam, 1963) and is well

exposed southwest of Eureka, in the northern Fish Creek

Range, the Mahogany Hills, and the Mountain Boy Range.

The Eureka Quartzite accounts for approximately one-

fourth of the surface exposures in the study area.
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Faulting of the Eureka Quartzite makes accurate

thickness determination difficult, but it is estimated

at between 330-395 feet.

Lithology

The Eureka Quartzite is a very resistant, cliff-

forming unit which lies between less resistant

carbonate formations in the Mountain Boy Range. The

unit is highly fractured and broadly folded in the

study area. The Eureka Quartzite is composed of two

members. The lower member is a dark quartz arenite; the

upper is a white to gray, vitreous quartz arenite,

according to Bird (1989). Hematite staining is common,

and weathered surfaces are commonly rust, pink, or tan

in color. Cross-bedding is common in the lower unit.

The Eureka Quartzite is about 99% quartz, composed of

fine-to-medium grained detrital monocrystalline quartz

and authigenic quartz overgrowth cement. Quartz grains

are moderately to well sorted and generally well

rounded (Bird, 1989).

Contacts

The lower contact of the Eureka Quartzite with the

Antelope Valley Limestone may be locally disconformable

as discussed previously. The upper contact between the
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Eureka and the Hanson Creek Formation is conformable in

the study area. At the contact, light grey-white quartz

arenite grades into dark grey dolomitic sandstone,

which grades upward into dark grey dolomitic limestone.

The dolomitic sandstone above the contact is

approximately 1 meter (3.28 feet) thick, and is

transitional between the lower arenite and the

overlying limestone, making the contact appear

gradational. The contact was placed at the base of the

dolomitic limestone.

Age and Correlation

An age determination for the Eureka Quartzite in

the study area must be made by stratigraphic position

because of an absence of fossils. The oldest beds

overlain by the Eureka in the study area are Middle

Ordovician in age. Conodonts taken from the overlying

Hanson Creek Formation are Shermanian or younger

(Ethington, 1985). A middle Late Ordovician age is

therefore indicated for the Eureka Quartzite.

Depositional Environment

The sands of the Eureka Quartzite were deposited

in high-energy conditions, likely in a near-shore

shallow-marine environment (Bird, 1989).
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Hanson Creek Formation

General Statement

The Hanson Creek Formation is recognized

throughout Eureka county (Dunham, 1977). Within the

study area, the Hanson Creek overlies the Eureka

Quartzite in outcrops along the ridge formed by Spanish

Mountain and in fault contact with the Eureka in the

valley immediately north of Spanish Mountain. There are

no complete exposures in the study area.

Exposures of the Hanson Creek Formation in the

Mountain Boy Range were studied by Ross and others

(1979). Fossils collections from the unit were made 4

kilometers due east of Dry Lake well on the north side

of a dry wash which runs westward into Dry Lake playa

(P1. 4), and from an isolated outcrop 1 kilometer

southwest of Spanish Mountain (P1. 1).

Incomplete exposures of the Hanson Creek Formation

in the Mountain Boy Range prevent an accurate

measurement of the thickness of this unit. However,

Bird (1989) estimated the thickness of the formation in

the northern Fish Creek Range to be 154 feet.
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Lithology

The Hanson Creek Formation is composed of

limestone and dolomite that weather recessively,

forming blocky outcrops. The Hanson Creek acts as a

deformable layer between the more resistant Eureka

Quartzite and Lone Mountain Dolomite. The unit is

moderately brecciated and contains a myriad of calcite-

filled cracks throughout the study area. Very dark grey

to black dolomitic mudstone makes up most of the Hanson

Creek Formation. The uppermost beds of this formation

are exposed north of Spanish Mountain where a quartz-

sand-bearing zone is present in the top 1.5-2 feet of

the formation.

Contacts

The lower contact of the Hanson Creek with the

Eureka Quartzite is conformable in the study area.

The upper contact, with the Lone Mountain

Dolomite, is a fault contact in the Mountain Boy Range.

An unconformity separates the Hanson Creek and the

overlying Roberts Mountains Formation west of the Fish

Creek Range (Murphy and others, 1979) and its eastern

equivalent, the Lone Mountain Dolomite (Johnson and

Murphy, 1984).
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Age

Mullens and Poole (1972) reported a Late

Ordovician to Early Silurian age for the formation in

Eureka County.

Depositional Environment

Micritic textures throughout the Hanson Creek

Formation indicate deposition in a quiet-water, marine

shelf environment. A paucity of fossils throughout the

formation indicates water circulation may have been

restricted during deposition (Bird, 1989).

The upper Hanson Creek Formation appears to be an

upward-shallowing sequence in Eureka County (Dunham,

1977; Schalla, 1978; Murphy and others, 1979;). This

interpretation is supported by the writer's observation

of a quartz-sand-bearing zone in the upper 1.5-2 feet

of the formation.

Lone Mountain Dolomite

General Statement

Merriam (1940, p. 10-14) revised and restricted

the Lone Mountain Dolomite at the type section at Lone

Mountain. It is recognized throughout most of east-

central Eureka County and in White Pine County and Nye
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county. The Lone Mountain disappears to the west of the

study area in Eureka County, by facies relationship

with the Roberts Mountains Formation (Winterer and

Murphy, 1960; Johnson and Murphy, 1984). In the study

area, the Lone Mountain is well exposed in a large

section which extends from Spanish Mountain northeast

to Brush Peak and northwest to Swiss Mountain.

Exposures of the Lone Mountain Dolomite compose

approximately one-fourth of the exposures in the study

area. The exact thickness of the Lone Mountain in the

Mountain Boy Range is difficult to determine due to

faulting; however, Bird (1980) estimated the thickness

of the formation at 2100 feet in the Northern Fish

Creek Range.

Lithology

The Lone Mountain is composed of massive to thick-

bedded dolomite which forms resistant exposures in the

study area. Exposures north of Spanish Mountain and

near Swiss Mountain are very fractured due to faulting.

The lower half (980 feet) of the formation is

composed of light grey, massive, sparsely fossiliferous

dolomite. Widely scattered and poorly preserved crinoid

stems were found in the lower Lone Mountain Dolomite

south of the Mountain Boy Mine. The upper portion (980-
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2000 feet) of the formation is composed of rhythmically

alternating, interbedded brown and grey dolomite. It is

somewhat similar in appearance to the Middle Devonian

Simonson Dolomite exposed in the northern part of the

study area.

Contacts

The Lone Mountain Dolomite is in fault contact

with the underlying Hanson Creek Formation, as

previously discussed.

The upper contact of the Lone Mountain Dolomite

with the Beacon Peak Dolomite appears to be

unconformable in the study area (Johnson and Sandberg,

1977; Johnson, Sandberg, and Poole, 1989, p. 167). It

is characterized by an abrupt change from light-medium

grey coarse dolomite to very light grey to white fine-

grained quartzose dolomite over a distance of

approximately 1 meter (3.28) (Bird, 1989). The contact

was placed as at the base of the fine-grained quartzose

dolomite.

Age

The stratigraphic position and conodont faunas of

the Lone Mountain Dolomite indicates a Silurian-Early

Devonian (Lochkovian) age for the formation (Johnson
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and Murphy, 1984). Corals and brachiopods collected by

Merriam (1973), southwest of the study area near Wood

Cone Peak, indicate a Silurian age for part of the Lone

Mountain Dolomite.

Depositional Environment

A paucity of preserved depositional features makes

interpretation of the original depositional environment

difficult.

The lower section of the formation may have been

deposited in a shallow marine platform environment.

According to Sheehan (1980), Lone Mountain Dolomite was

deposited in a carbonate bank, shelf margin

environment. The Lone Mountain Dolomite in central

Nevada displays an overall upward-shallowing sequence,

perhaps leading to subareal exposure as evidenced by

the unconformable nature of the upper contact with the

Beacon Peak Dolomite. Additionally, Johnson and Murphy

(1984) recognized and intra-Lone Mountain unconformity,

indicating that sea level fluctuation was occurring

during deposition of the Lone Mountain Dolomite.

Another possibility is that deposition of the

upper Lone Mountain Dolomite was influenced by remnant

topography of the shelf platform prior to transgression

and deposition of the overlying Beacon Peak Dolomite



25

(Schalla and Benedetto, 1991). Deposition on

topographically elevated areas may have resulted in

subareal exposure of the uppermost Lone Mountain

Dolomite locally.

Beacon Peak Dolomite

General Statement

The Beacon Peak Dolomite is exposed in eastern

Eureka County and western White Pine County. In the

study area, the Beacon Peak is well exposed in the

Modoc Peak and Brush Peak areas. Thickness in the

northern Fish Creek Range is 374 feet (Bird, 1989).

Lithology

The Beacon Peak consists of very light grey

dolomite mudstone interbedded with thin quartz

sandstone units. It is positioned above the more

resistant Lone Mountain Dolomite and below the less

resistant Bartine Member of the McColley Canyon

Formation. The lower (336 feet) part of the formation

consists of thin- to medium-bedded, whitish grey

dolomite. It varies texturally from quartzose mudstone

to peloidal packstone and grainstone and is

unfossiliferous (Bird, 1989). Peloids compose 25-40% of
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the formation in thin section studies done by Bird

(1989). Beales (1965) interpreted the size variations

of peloids to indicate that peliods consist of both

fecal pellets and interclasts. Quartzose beds are

common in the Beacon Peak in the northern Fish Creek

Range and the study area. Quartz grains are fine-

grained, well sorted, subrounded, monocrystalline, and

unstrained. The uppermost (18 feet) part of the

formation consists of fossiliferous dolomite

interbedded with light grey, unfossiliferous dolomite

mudstone.

Contacts

The lower contact of the Beacon Peak with the Lone

Mountain Dolomite appears to be unconformable, as

previously discussed. The upper contact with the

overlying Bartine Member of the McColley Canyon

Formation appears to be conformable, in the study area.

However, Schalla (1978) reported a 15-centimeter-thick

zone of reddish-brown dolomite overlying the Beacon

Peak Formation at Combs Peak, to the west of the study

area. This zone contains thin argillaceous partings,

calcite veins, and is locally conglomeratic. Schalla

and Benedetto (1991) postulated that the Beacon Peak

tidal flat had an outer rim upon which a paleosol
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developed locally, prior to transgression and

deposition of the Bartine Member of the McColley Canyon

Formation.

Age

Conodonts collected 9 meters below the upper

contact of the Beacon Peak at Combs Peak, west of the

study area, indicate an Early Devonian age (Schalla,

1978) for the formation.

Depositional Environment

The presence of laminations and peloids in the

formation indicates deposition in a peritidal

environment. Variable energy conditions are indicated

by the presence of intraclasts, fecal pellets and

quartz sand deposited in low-energy mudstone (Bird,

1989). Schalla and Benedetto (1991) postulated that

Beacon Peak deposition began in a paleotopographic low

behind the Lone Mountain shelf edge topographic high

and that as sea level continued to rise, the barrier

was flooded and higher energy conditions began.
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McColley Canyon Formation

General Statement

The McColley Canyon Formation is recognized in

Eureka County and was given formation status by Johnson

(1962). Gronberg (1967) divided the formation into

three members: the Kobeh, Bartine, and Coils Creek

(Murphy and Gronberg, 1970).

The McColley Canyon Formation is exposed in the

Mountain Boy Range in the Modoc Peak and Brush Peak

areas. The Kobeh Member is not well developed in the

northern Fish Creek Range (Bird, 1989) or in the study

area. The Kobeh is present in the Mahogany Hills, and

is interpreted to be the deeper-water equivalent of the

Beacon Peak Dolomite (Schalla and Benedetto, 1991). The

Beacon Peak was deposited contemporaneously in a more

shoreward location in the Mountain Boy Range. Total

thickness of the formation is estimated at 436 feet.

Bartine Member

The Bartine Member is composed of medium-bedded

lime mudstone, wackestone, and packstone which weathers

recessively above the more resistant Beacon Peak

Dolomite. The member weathers to a distinctive

yellowish grey that is generally readily identifiable
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in the field. Numerous allochems, including peloids,

quartz grains, and fossil fragments are reported by

Bird (1989). Schalla (1978) described the Bartine at

Brush Peak as a dolomitic packstone containing broken

and abraded brachiopod fragments.

Coils Creek Member

The upper (180 feet) part of the McColley Canyon

Formation is composed of the Coils Creek Member. It

consists of medium to dark grey, medium-bedded

limestone, and varies texturally from laminated

mudstone to bioclastic packstone (Schalla, 1978).

Contacts

Both the lower contact with the Beacon Peak

Dolomite and the upper contact with the Sadler Ranch

Formation appear to be gradational and conformable in

the study area. The lower contact is characterized by a

transition from medium to thickly bedded silty dolomite

to thin bedded dolomite and lime packstone over a

distance of 10 meters (33 feet). The contact was placed

above the uppermost bed of medium grey, unfossiliferous

dolomite.



30

Age

Brachiopod and conodont studies from the Sulphur

Spring Range and Modoc Peak indicate an age range of

late Emsian through early Eifelian (Kendall, 1975, p.

105; Kendall et al., 1983).

Depositional Environment

The basal Bartine member consists of an

argillaceous micrite and was deposited in generally

quiet conditions. The upper 100 feet of the Bartine

Member is composed of pelmicrite. Ripple marks and

scour-and-fill structures indicate deposition in more

agitated waters (Niebuhr, 1977). Mudstone and wackstone

textures of the Coils Creek Member indicate deposition

in generally quieter conditions. This change in

depositional settings indicates a transgressive or

deepening event in late Bartine deposition (Johnson and

Murphy, 1984, p. 1353).

Sadler Ranch Formation

General Statement

The Sadler Ranch Formation is exposed in east and

central Eureka County. The formation was designated by

Kendall (1975, p. 83) and the type section is in the
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Sulphur Spring Range. The Sadler Ranch is exposed in

the Mountain Boy Range at Modoc Peak and Brush Peak.

Thickness of the formation is estimated at 430 feet.

Lithology

The Sadler Ranch is composed primarily of light

grey-to dark grey-weathering dolomite. The unit lies

above the less resistant Coils Creek Member of the

McColley Canyon Formation and below the more resistant

Oxyoke Canyon Sandstone.

Dolomite is generally finely crystalline. Parallel

laminations are present in places (Bird, 1989), and

bedding is good. Brachiopod and crinoid fragments are

present in the upper part of the formation.

See Bird (1989) and Schalla (1978) for a detailed

description of the Sadler Ranch Formation in the

northern Fish Creek Range and southern Mahagonay Hills,

respectively.

Contacts

The contact of the Sadler Ranch Formation with the

underlying McColley Canyon Formation is gradational in

the study area. Dark gray medium limestone of the

McColley Canyon Formation grade upward into the light
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gray dolomite of the Sadler Ranch Formation over a

distance of approximately 3 meters (10 feet).

The upper contact with the Oxyoke Canyon Sandstone

is characterized by a gradational transition between

medium gray finely crystalline dolomite and lighter

gray medium crystalline dolomite with scattered quartz

grains (Bird, 1989). The contact is gradational in the

study area over a distance of approximately 5 meters

(17 feet). The contact was placed as at the base of the

medium gray sand-bearing dolomite.

Age

Conodont collections from Modoc Peak and from the

Fish Creek Range indicate a late Emsian to early

Eifelian age range (Kendall and others, 1983, p. 2204:

Cowell, 1986, p. 43; Johnson and Cowell, 1987, p. 85).

Depositional Environment

The Sadler Ranch Formation was deposited in quiet

waters of the outer shelf. The presence of laminations

and the fine grained nature of the dolomite indicate

quiet conditions. Fossil debris, mainly crinoid

ossicles, found in the middle of the formation may have

been deposited during higher energy, storm wave,

conditions according to Bird (1989).
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Oxyoke Canyon Sandstone

General Statement

The Oxyoke Canyon Sandstone is exposed in central

Nevada in Eureka, Elko, and White Pine Counties. The

type section at Oxyoke Canyon is 400 feet thick and

consists of thick-bedded sandstone and dolomite (Nolan

and others, 1956, p. 43). The Oxyoke Canyon Sandstone

is exposed at Modoc Peak and Brush Peak in the Mountain

Boy Range.

Lithology

The Oxyoke Canyon Sandstone consists of upper and

lower dolomites and quartzose dolomites, and a middle

dolomitic quartz arenite. The formation is generally

thick-bedded with poor bedding. The middle, dolomitic

quartz arenite is a resistant, blocky unit which is

readily identifiable in the study area. For a detailed

description of the Oxyoke Canyon Sandstone at nearby

localities, see Schalla (1978) and Bird (1989).

Contacts

The lower contact of the Oxyoke Canyon Sandstone

with the McColley Canyon Formation is gradational, as

previously discussed. The upper contact with the
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Simonson Dolomite also appears to be gradational in the

study area. Light gray, finely crystalline dolomite of

the upper Oxyoke grade into gray, medium dolomite of

the lower Simonson over a distance of 3 meters (10

feet). The contact was placed as accurately as possible

within the 3 meter zone, at the base of the medium

dolomite.

Age

Conodonts collected by Cowell (1986, p. 47) in the

Fish Creek Range indicate an early Eifelian (Middle

Devonian) age.

Depositional Environment

The presence of well-rounded quartz grains and

numerous cross-laminations indicates deposition in a

high-energy environment. The middle quartz arenite unit

represents a beach-bar type deposit, while the upper

and lower dolomitic units represent deposition in a

tidal-flat environment.
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Simonson Dolomite

General Statement

The Simonson Dolomite was defined by Nolan (1930,

p. 427; 1935, p. 19) for the type section at Simonson

Canyon in western Utah, and the formation has been

widely recognized in eastern Nevada by Osmond (1954).

The Simonson is exposed in the study area at Modoc

Peak and north of Brush Peak. Drake (1978) reported a

thickness of 1840 feet at Modoc Ridge.

Lithology

In the study area, the Simonson consists of

alternating light grey and dark grey dolomites.

Laminations are common throughout the formation (Drake,

1978) and bedding is generally medium to thick. The

Simonson is less resistant to weathering than the

overlying Devils Gate Limestone and the underlying

Oxyoke Canyon Sandstone. Recrystallized fossil remains

are common in the Simonson Formation at Modoc Peak

(Drake, 1978). The lower Simonson is composed of

wackestone, packstone, and mudstone with recrystallized

brachiopods occurring at intervals (Drake, 1978).

The upper 150 feet of the formation consists of

mudstone, packstone, wackestone, and dolomite.
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Age

A Middle Devonian age was assigned to the Simonson

Dolomite based on fossils collected by Nolan (1935) at

Simonson Canyon. Work done in central Nevada (Nolan and

others, 1956; Johnson, Boucot, and Gronberg, 1968)

supports this age assignment.

Contacts

The contact with the underlying Oxyoke Canyon

Formation is conformable in the study area, as

previuosly discussed. The contact with the overlying

Devils Gate Limestone is also appears to be conformable

at Modoc Peak (Drake, 1978) and in the Mahogany Hills

(Schalla, 1978). Drake (1978) discribed the upper

contact with the Devils Gate Limestone as being

gradational over a distance of approximately 10-20

meters (30-65 feet). The contact was placed at a

location where domal stromatoporoids exhibit growth in

place.

Depositional Environment

The Simonson Formation was deposited on a broad,

relatively flat marine shelf which extended from

western Utah to Lone Mountain in central Nevada

(Osmond, 1954). Minor cross-laminations and parallel
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laminations reported by Drake (1978) indicate that

current action was involved in deposition of the

Simonson Formation, at least at times. See Drake (1978)

for a more detailed description of the Simonson

Dolomite locally.

Devils Gate Limestone

General Statement

The Devils Gate Limestone was originally defined

by Merriam (1940). The Devils Gate was later redefined

by Nolan, Merriam, and Williams (1956) when they

separated it from the underlying Simonson Dolomite. The

type section is located at Devils Gate Pass, three

miles north of the study area, on U.S. Highway 50.

Lithology

The Devils Gate Limestone has been divided into

three units, each characterized by different rock types

(Sandberg and Poole, 1977). The lower 530 feet of the

formation consists of stromatoporoid boundstones

exhibiting domal and, to a lesser extent, sheet

structures. Boundstone beds are dark grey and contain

thin shale interbeds (Drake, 1978). Intraclastic

packstones and wackestones are also common in the lower
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unit. The middle Devils Gate lithology is characterized

by a paucity of stromatoporoids and is composed

entirely of limestone. Mudstone composes the bulk of

the unit, and brachiopods are common (Drake, 1978).

The Upper Devils Gate as defined by Sandberg and

Poole (1977) is 360 feet thick at Devils Gate Pass. The

upper member is dominantly lime mudstone. Wackestone

containing crinoid and brachiopod debris is common in

the upper section of the member. Minor amounts of

chert, in the form of thin beds, is also present in

this unit.

Age

Fossils collected from the Devils Gate Limestone

indicate an early Frasnian to early Famennian (Upper

Devonian) age for the formation (Sandberg and Poole,

1977; Johnson and Murphy, 1984).

Contacts

The lower contact of the Devils Gate Limestone

with the Simonson Dolomite appears transitional and

gradational (Nolan, Merriam, and Williams, 1956).

The upper contact with the overlying Pilot Shale

is characterized by a gradational change from from
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shaly limestone to sandy, quartz-rich platy limestone

over short (1 meter, 3 feet) interval (Drake, 1978).

Depositional Environment

The lithology of the Devils Gate Limestone

displays deposition in a gradually deepening

environment (Sandberg and Poole, 1977; Murphy and

Dunham, 1977). The transition from stromatoporoid

boundstones to brachiopod-bearing mudstones to chert-

bearing lime mudstones indicates a deepening

transition. The deepening was widespread and occurred

over most of the western shelf of the North American

continent during the Taghanic onlap described by

Johnson (1970). For a more detailed description and

analysis of the Devils Gate Limestone locally, see

Drake (1978).

Quaternary Alluvium

Quaternary alluvium is concentrated in canyons and

valleys in the Mountain Boy Range. Spring Valley is

filled with fine-grained alluvial material, as well as

dolomite and quartzite cobbles and boulders from

surrounding mountain ranges.

Canyons contained thin deposits of fine-grained
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alluvium, as well as sub-angular boulders. Sub-rounded

cobbles and small boulders may indicate periodic flash

flooding in the Mountain Boy Range.

Stevens Basin contains fine-grained alluvium

received from surrounding areas, as well as probable

older lacustrine deposits. Alluvium in Stevens Basin

and Spring Valley obscures structural relationships and

faulting in these areas.

Igneous Rocks

Hague (1892) and Merriam (1963) reported several

exposures of volcanic rocks in the Eureka area.

According to Nolan (1962) and Armstrong (1970),

volcanic rocks in the Eureka area average 35 million

years in age. Nolan (1962) described exposures of

rhyolite and rhyolite welded tuff in the northern Dry

Lake Basin, directly to the west of the study area.

Exposures of intrusive rocks in the Mountain Boy

Range are located in the northeast part of the study

area (P1. 1). Tabular intrusive diorite bodies composed

primarily of plagioclase feldspar (50+%), amphibole

(20%), alkali feldspar (<20%), and quartz (10%), and

have been mapped as Tertiary intrusive units by Drake

(1978). Two sills northeast of Modoc Peak strike to the
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northwest, in a subparallel manner (Pl. 1). Outcrops

are exposed at Big Reilley Canyon and continue

southeasterly where they are obscured by alluvium in

Little Reilley Canyon, and terminate in a canyon which

separates Brush Peak and Modoc Peak. These intrusive

bodies are displaced by a normal fault which strikes

through Big Reilley Canyon. These sills are not

radiometrically dated, but are constrained by

stratigraphy to be post-Devonian and pre-latest

Cenozoic. As previously noted, the sills are in

proximity to a Cretaceous (102 ± 3 Ma) quartz diorite

plug at Ruby Hill (Nolan, 1962) 3 kilometers (2.5

miles) northeast of Robinson Canyon (P1. 1), and may be

related to it. An isolated outcrop to the southeast of

Brush Peak may be related to these intrusive bodies.

This outcrop consists of silicified breccia which

contains dolomite clasts and lies approximately along

the strike of the intrusive rocks, if they are

extrapolated. The relationship between the diorite

intrusive bodies and breccia outcrop is not known.

Intrusive rocks of Late Jurassic age occur a few

kilometers north of the study area at Whistler Mountain

(Armstrong, 1963). The relationship between these

intrusive rocks and the diorite sills in the northern

Mountain Boy Range are not known. The close proximity
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of these sills to intrusive units of Cretaceous and

Late Jurassic age makes it possible that the sills are

related to Mesozoic intrusive rocks, and are not

Tertiary in age, as previously mapped by Drake (1978).

A granite intrusive mass at Wood Cone Peak (Fig.

3), 4 kilometers southwest of Castle Mountain in the

northern Fish Creek Range (P1. 4), has been dated at

34.1 + 1.5 Ma (Marvin and Cole, 1978).

A two-mica granite at McCulloughs Butte in the

northern Fish Creek Range is Late Cretaceous in age

(Bird, 1989). Conodont Alteration Index (CAI) values of

8 and 6+ have been obtained from conodonts near

McCulloughs Butte. This coincides with

paleotemperatures in the 500-600 C range. CAI values

for collections in the northernmost Fish Creek Range

are in the 1.5 northernmost Fish Creek Range indicating

that the Mountain Boy Range may have been distal to the

thermal effects of the McCulloughs Butte intrusive

mass.
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STRUCTURE

Introduction

Major structural features of the Mountain Boy

Range include: east-west-striking normal faults, north-

south-striking high-angle normal faults, a tear fault,

and a broad syncline. These features are shown on the

geologic map (P1. 1), and on geologic cross-sections A-

A', and B-B' on Plate 2, and cross-sections C-C', and

D-D' on Plate 3. Geologic cross-sections were

constructed using data from surface field mapping and

stratigraphic relationships.

Folds

Evidence of folding in the study area is found

principally in the southern Mountain Boy Range, where

the previously mentioned synclinal structure is

evidence of large-scale folding. The syncline trends

N75W and is an asymmetric, open fold which plunges to

the northwest. Small-scale folding in the study area is

shown on cross-section B-B'. Additionally, undetected

small-scale folding and/or faulting may effect the

syncline itself. Estimates of unit thicknesses of the
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Eureka Quartzite and the Hanson Creek Formation based

on dip data are too thick. Difficulties in obtaining

accurate dip data in the Eureka Quartzite is the

probable cause of the thickness errors. Cross-sections

A-A' and B-B' (P1. 2) are shown with postulated small-

scale folding of these and underlying units. The

attitudes of bedding, contacts, and unit thicknesses in

the Spanish Mountain area are discrepant, and the

structure of this area is not well known. Cross-

sections A-A', B-B', and D-D' are illustrative only,

and may be greatly in error near Spanish Mountain.

Units underlying Spring Valley may have been down-

dragged during faulting, as shown in Cross-section D-

D'.

North-south-trending folds have been reported by

Ross and others (1979) to the southwest of the study

area at Wood Cone Peak. Drake (1978) described the Dry

Lake arch, a large north-south anticlinal structure

which dominates the structure of the northern Mahogany

Hills and the northern Mountain Boy Range. Schalla

(1978) reported northwest-trending and north-south-

trending folds in the southern Mahogany Hills area.

Bird (1989) mapped northwest-trending and north-south-

trending folds in the northern Fish Creek Range (P1.

4) .

0
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Normal Faults

In several areas of the Mountain Boy Range, normal

faulting has brought younger strata in the hanging wall

of faults into juxtaposition with older strata in the

footwall, resulting in the omission of stratigraphic

section in some places. These faults lie in the Upper

Ordovician, the Silurian, and the Lower Devonian.

Normal faulting plays a significant role in the

extension and deformation of the Mountain Boy Range.

Recent fault modeling by Forsyth (1992) suggests

that low-angle faults are preferred for large extension

along individual faults. Greater movement is allowed on

low-angle faults because as slip proceeds in response

to extension, bending stresses increase due to

increased lithostatic load as additional sediment is

deposited above the fault, and these increased stresses

tend to oppose further slip. Low-angle faults may allow

a greater degree of movement as bending stresses build.

The southern Mountain Boy Range, north of Spanish

Mountain (P1. 1), has undergone extension on a high-

angle normal fault which may shallow at depth, but is

not illustrated in that manner (cross-sections A-A', B-

B', Pl. 2).
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This normal fault lies in the Upper Ordovician,

where it separates Ordovician and Silurian units. The

fault dips steeply to the north and strikes through a

canyon directly north of Spanish Mountain (P1. 1).

Displacement diminishes to the west. Displacement on

the east end of the fault is approximately 150 meters

(500 feet), and on the west end of the fault less than

40 meters (<150 feet). The fault also strikes north-

south through Spring Valley (P1. 1). The north-south-

striking strand of this fault was mapped by Nolan

(1962), who interpreted it to end beneath the alluvium

in Spring Valley. The fault is here interpreted to

merge with the east-west-striking fault. Greater

displacement on the eastern end of the east-west strand

indicates that it probably moved with the Spring Valley

fault zone. Movement on the fault has cut out most of

the Hanson Creek Formation locally; however, a small

section (50-100 feet) of the formation is exposed on

the north side of the canyon, where it appears

moderately fractured (Ross and others, 1978). Jill M.

Bird visited the area in 1992 and reported that the

exposures of Hanson Creek on the hanging wall of the

fault are discontinuous.

The Hanson Creek may act as an easily deformable

layer between the more resistant Eureka Quartzite and
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Lone Mountain Dolomite, therefore these slivers of

Hanson Creek may be slices within the fault zone.

Exposures on the south side of the canyon are composed

of highly fractured rocks of the Antelope Valley

Limestone and Eureka Quartzite. Vertical fracturing of

the Eureka Quartzite is very common in this area, and

was possibly caused by fault-induced drag.

A second normal fault affects the northern

Mountain Boy Range in the vicinity of Modoc Peak (Pl.

1). The fault strikes north-south through Big Reilley

Canyon and has been interpreted to place the Lower

Devonian Beacon Peak Dolomite and Lone Mountain

Dolomite in the footwall in contact with the Upper

Devonian Devils Gate Limestone in the hanging wall (P1.

3, cross-section C-C'). Drake (1978) described the

fault as a high-angle normal fault, but structural

relationships appear to be more complex. The fault

strikes north-south through Big Reilley Canyon, then

turns east-west and strikes toward Dry Lake.

Vertical displacement on this fault is approximately

1000 meters (3200-3300 feet), based on stratigraphic

offset.

The west-striking fault is a steeply dipping tear

fault (cross-section A-A'), which results in a westerly

transport of units (pl. 1, pl. 4). Left-lateral
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displacement to the west is estimated at greater than

1000 meters (>3300 feet). These divergently striking

faults are interpreted to possibly merge at depth.

Normal faults are also common in the northern Fish

Creek Range (Bird, 1989), the southern Mahogany Hills

(Schalla, 1978), and in the northern Mahogany Hills

Drake, 1978).

The major high-angle fault affecting the Mountain

Boy Range is the Spring Valley zone, described by Bird

(1989) and by Nolan (1962). The Spring Valley fault

zone is a northwest-dipping normal fault zone that

forms the eastern and southern boundaries of the

Mountain Boy Range (pl. 4). The fault zone strikes

approximately N15E along the eastern base of Prospect

Ridge, then turns west and strikes approximately N75E

along the base of White Mountain. Farther to the west,

the fault trace becomes obscured, and west of Jones

Canyon fault offset is probably diminished. Based on

stratigraphic separation between units in the Mountain

Boy Range and northern Fish Creek Range, offset on the

fault is estimated by Bird (1989) at 500 meters (1640

feet). Nolan (1962) described the "Spring Valley fault

zone" as consisting of a series of high-angle, west-

dipping faults bounding the western side of Prospect

Ridge. Nolan (1962) mapped the zone as three separate
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faults. Thick deposits of Tertiary-Quaternary alluvium

in Spring Valley obscure detailed structural

relationships, and make identification of these

individual faults difficult. Nolan (1962) also

described thrust faults in the Prospect Ridge area,

that place older units in the hanging wall in fault

contact with younger units in the footwall. A fault

mapped as a thrust by Nolan (1962) is here interpreted

to be a west-dipping high-angle normal fault that

separates Cambrian and Ordovician rock units (Pl. 2,

P1. 4, Cross-section D -D'). This conclusion is based

primarily on the fact that the fault trace is deflected

slightly westward when crossing westward-trending

drainages. This fault is interpreted here to be a west-

dipping normal fault, which results in younger units in

the hanging wall juxtaposed against older units in the

footwall, as shown in geologic cross-section D- D'(Pl.

3). This faulting style would be more likely to occur

in an extensional tectonic setting, as in the Cenozoic.

The Spring Valley fault zone has been interpreted

by Nolan (1962) to be a high-angle range-bounding fault

zone which separates and forms the boundary between the

Mountain Boy Range and the northern Fish Creek

Range/Prospect Ridge. The high degree of topographic

expression between Prospect Mountain, the northern Fish
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Creek Range, and the Mountain Boy Range is evidence

that this is a Quaternary fault zone.

High-angle faults of lesser displacement affect

the southern Mountain Boy Range, as shown in geologic

cross-section D -D'. In the southwest Mountain Boy

Range, a north-south-striking, west-dipping, high-angle

normal fault places the Hanson Creek Formation in

contact with the Eureka Quartzite. Offset is estimated

at 30 meters (100 feet), based on stratigraphic

separation. A second east-dipping, high-angle normal

fault, one-half kilometer to the west of Spanish

Mountain, also strikes north-south and results in

offset of the Eureka Quartzite. This fault places the

Eureka Quartzite in contact with the Antelope Valley

Limestone a few hundred feet to the east of Spring

Valley Summit. Based on stratigraphic separation,

offset is estimated at 30-45 meters (100-150 feet).

Both faults cut across a broad synclinal structure, the

axis of which trends approximately N75W, indicating

that the syncline formed prior to faulting. The

syncline itself may be folded or additionally faulted,

as previously discussed. The next two easternmost

faults shown in cross-section D -D' are part of the

previously mentioned Spring Valley fault zone, which,

although similar in structure to the two faults just
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described, has resulted in greater than 1600 meters

(>5000 feet) of stratigraphic offset in this area.

Minor high-angle normal faults occur in the Mountain

Boy Range to the north and northwest of Spanish

Mountain, where Ordovician strata are affected, as

shown on the geologic map (P1. 1).
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REGIONAL STRUCTURE

Introduction

Two major, and distinctly different types of

deformation have affected the Mountain Boy Range and

surrounding areas. The first episode of deformation

involved east-west compressional forces, the second,

and later episode, involved extensional forces. Precise

dating of these two episodes is difficult. The Antler

orogeny in the mid-Paleozoic, and the Sevier orogeny in

the Mesozoic caused east-west compression in the Great

Basin. An extensional tectonic regime has characterized

the region during the Tertiary and Quaternary

(Armstrong, 1972). Folds are therefore assumed to be

pre-Tertiary in age, and normal faults assumed to be

Tertiary or Quaternary in age. Regionally, north-south-

trending and folds and anticlines indicative of an E-W

compressive regime are found in all areas adjacent to

the Mountain Boy Range. Folding in the Mountain Boy

Range trends NW-SE and is not consistent with an E-W

compressional regime. High-angle and low-angle normal

faults characteristic of an extensional regime are

common, and they displace folds, indicating a younger

age.
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Structure of Prospect Ridge

The Prospect Mountain area (P1. 4), to the east of

the Mountain Boy Range, has been mapped by Nolan

(1962). Rock units in the Prospect Mountain area

generally consist of Cambrian and Ordovician units.

Bedding planes are highly variable in orientation and

in some places overturned, indicating intense

deformation. Units adjacent to the Mountain Boy Range

dip generally to the east (P1. 2, P1. 4). Prospect

Ridge is bounded on the west by th Sprig Valley fault

"zone" that separates Prospect Ridge from the Mountain

Boy Range. This fault system also marks the approximate

western boundary of the Eureka Mining District.

Numerous normal faults of lesser displacement also cut

units east of the fault zone. Igneous rocks of Late

Cretaceous to late Tertiary or Quaternary are scattered

throughout the western Prospect Ridge area. A Late

Cretaceous quartz diorite plug is exposed south of Ruby

Hill, 3 kilometers northeast of Brush Peak, and may be

part of a larger concealed intrusive body (Nolan,

1962). Extrusive and intrusive hornblende andesites of

possible middle Eocene age occur in the southern part

of eastern Prospect Ridge Nolan (1962). Rhyolites and

rhyolite tuffs of Oligocene age and Miocene age, and
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pyroxene andesites and basalts of late Tertiary or

Quaternary age are also found in the Prospect Ridge

area.

Economic Geology

Eureka Mining District

Ore was discovered in the Eureka mining district,

east of the study area, in 1864. Oxidized gold-silver-

lead ores were found in irregular replacement deposits

in Cambrian carbonate units. These ore bodies were

among the first to be mined extensively in the Western

United States. The origin of these ore bodies is

uncertain. Ore bodies in some areas of Prospect Ridge

are not in the vicinity of intrusive masses, but the

entire area may be underlain by a larger intrusion.

Nearly all of the ore is found in dolomite or

limestone, possibly because they are easily replaced.

Most of the ores have been found in dolomite, probably

because it is more brittle and therefore more

extensively fractured. According to Nolan (1962) the

numerous faults in the district have acted as conduits

though which ore solutions traveled, and as fissures in

which they were deposited. He proposed that ore

deposition is tied to the emplacement of Cretaceous

intrusive masses.
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Mountain Boy Range

Abundant ore deposits have not been found in the

Mountain Boy Range, although numerous prospect pits

exist in the area (P1. 1). The defunct Mountain Boy

Mine, observed by the author in the field area, was

apparently a small-scale operation. Known deposits in

the Mountain Boy Range consist mainly of base metals

(Scott Jenkins, personal communication, 1993).

The more intensive deformation in the Prospect

Ridge area may account for the greater abundance of

mineral discoveries in that area. Higher density of

fracturing and faulting may have given ore-bearing

fluids greater permeability. Dolomites in the Mountain

Boy Range are extensively fractured, particularly near

faults, but extensive high-angle normal faulting is

absent. A detailed petrographic and geochemical

evaluation of the Mountain Boy Range would be required

to determine mineral potential in the Mountain Boy

Range.

Structure of the Northern Fish Creek Range

The northern part of the Fish Creek Range lies

directly to the south of the study area (P1. 4), and

has been mapped by Bird (1989) and Cowell (1986). The
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Mountain Boy Range is separated from the Fish Creek

Range by Spring Valley. Rock units in the Fish Creek

Range consist of Ordovician, Silurian, and Devonian

units, all of which are found in the Mountain Boy

Range, with the exception of the Ordovician Goodwin

Limestone. Numerous north-south and east-west trending

high-angle normal faults cut Ordovician, Silurian, and

Devonian units, resulting in younger units in the

hanging wall juxtaposed against older units in the

footwall. This style of faulting is similar to that

observed in the Mountain Boy Range, with some

exceptions. The amount of displacement on high-angle

normal faults in the Fish Creek Range is on average

greater than in the study area, based on observed

stratigraphic separation. Additionally, fault density

is greater in the Fish Creek Range, and fault traces

are more variable in orientation.

Low-angle faults are a major structural component

of the Fish Creek Range. Bird (1989) described a low-

angle fault that separates the Eureka Quartzite and

Lone Mountain Dolomite in Reese and Berry Canyon. This

fault is inferred to be "cut off" by a high-angle

normal fault which strikes northeasterly. The area in

which these two faults intersect is covered by

unconsolidated Quaternary sediments, and structural
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relationships are obscured. This structure may be one

fault that strikes northeasterly at a high angle, then

becomes low-angle and turns northwesterly through Reese

and Berry Canyon. A normal fault similar to that in

Reese and Berry Canyon separates the Eureka Quartzite

and Lone Mountain Dolomite to the south near Gray's

Peak (P1. 4). and strikes southwest (Cowell, 1986). The

fault trace is highly sinuous and dip is to the

southeast. This style of faulting is in contrast to

normal faulting in the northernmost Fish Creek Range

and in the Mountain Boy Range, where faults dip to the

northeast and northwest respectively. To the south of

Gray's Peak, high-angle normal faults displace Silurian

and Devonian rocks and trend generally north-south.

Normal faults in the northern Fish Creek Range

which cut the Hanson Creek Formation at the surface

have been interpreted by Bird (1989) to be bedding

plane faults, faults which initiate at the Hanson Creek

horizon and continue at that level into the subsurface.

Based on surface mapping data, this does not appear to

be the case in the Mountain Boy Range. The normal fault

north of Spanish Mountain cuts the Hanson Creek

Formation at a high angle and cuts other units in the

subsurface (cross-sections A-A',B-B'). The differences
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in faulting styles in these two areas may be due to a

actual difference in structure or a difference in

interpretation.

A major feature of the area is a Cretaceous

intrusive mass which underlies the northern Fish Creek

Range and is exposed at McCulloughs Butte. Conodont

alteration indices from conodonts collected by Bird

(1989) indicate that pluton-related temperatures were

lowest in the vicinity of the eastern edge of the

northern part of the Fish Creek Range. This is probably

the northern boundary of the emplaced mass, and may

indicate that rock units in the southern Mountain Boy

Range were distal to thermal effects, although they

were still effected. Emplacement of Cretaceous granitic

intrusions and the development of folds is regarded as

being approximately contemporaneous (Nolan, 1962)

Structure of the Mahogany Hills and Stevens Basin

The Mahogany Hills, to the west of the study area,

have been mapped by Drake (1978) and Schalla (1978).

The succession includes Ordovician, Silurian, and

Devonian units that are progressively younger to the

north. The Mahogany Hills are separated from the

Mountain Boy Range by a major physiographic feature,
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the Stevens Basin (Pl. 4). Abundant alluvium in the

basin obscures structural relationships; however, the

basin may be a structural feature. The disparity in age

of rock units on either side of the basin argues for

possible faulting in this area. The steep scarp on the

east side of the Mahogany Hills (Pl. 4) may be a normal

fault.

The basin is a physiographic feature which may

have formed relatively recently when climatic

conditions were wetter and colder. Greater

accumulations of snowfall in the recent past may have

resulted in significant runoff, periodically filling

Stevens Basin during periods of melting (Ken Bevis,

personal communication).

Drill-hole data from Stevens Basin indicates that

the alluvium is also underlain by approximately 800

feet of probable Vinini Formation (Scott Jenkins,

personal communication, 1993). The Vinini is composed

of deep-water, fine-grained sediments of Ordovician

age. The relation of possible faulting in the Stevens

Basin, and the presence of Vinini Formation rocks is

not precisely known. It is possible that the Vinini

was originally positioned by thrusting atop

Mississippian sediments, and that the Vinini has been
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downdropped by normal faulting in the Stevens Basin,

and preserved from erosion.

There is no evidence that the Spanish Mountain

normal fault which affects the Mountain Boy Range

continues to the west across Stevens Basin. The Swiss

Mountain fault matches the strike of a normal fault

mapped by Schalla (1978) which effects the Mahogany

Hills (P1. 4). This fault is buried under Stevens Basin

and probably decreases in displacement to the west.

The southern Mahogany Hills area is separated from

the northern Fish Creek Range by Spring Valley (P1. 4).

The valley separates Ordovician units on the east from

Devonian units on the west. East-northeasterly-striking

normal faults are the major structural features of the

Mahogany Hills in this area (Schalla, 1978).

Here, structural relationships are again obscured

by alluvium in Spring Valley. However, this section of

the valley may be a continuation of the Spring Valley

fault system, the Stevens Basin fault system, or a

merging of the two. Normal faults in the southern

Mahogany Hills do not appear to coincide with normal

faults in the northern Fish Creek Range. Schalla

(1978) observed cataclastic breccias in the southern

Mahogany Hills. Armstrong (1972) observed cataclastic

breccias and younger-over-older faulting in eastern
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Nevada, and interpreted them to be the result of

extension during Tertiary time. However, the

relationships of breccias to low angle faulting in this

area is not clear.
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REGIONAL CONSIDERATIONS

The Mountain Boy Range and surrounding areas have

been affected by both compressive and extensional

forces. During the late Paleozoic and Mesozoic, the

western U.S. was subjected to several compressional

orogenies.

Evidence of the middle Paleozoic Antler orogeny is

found north of the study area at Devils Gate, where

Roberts Mountain thrust-emplaced allochthonous rocks

are found. Allochthonous Ordovician rocks also underlie

alluvium in Stevens Basin, directly to the west of the

study area (Scott Jenkins, personal communication,

1993).

The Sevier orogeny affected the area in the late

Mesozoic, resulting in the development of the Sevier

Mesozoic fold and thrust belt along the entire length

of the Cordillera. The Mountain Boy Range is located in

the Sevier hinterland (Fig. 6).

The Sevier orogeny caused folding due to east-west

compression. Igneous activity, in the form of passively

emplaced granitic batholiths, continued until about 80

Ma, when it ceased, probably due to a change in plate

motions (Coney, 1980). Most of the granite plutons in

central and eastern Nevada are two-mica granites
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Figure 6. Index map of Nevada and Utah showing the

location of the Sevier hinterland and fold and thrust

belt. Light stipple indicates locations of Cretaceous

intrusions. Dark stipple indicates metamorphic rocks.

From Miller and Gans (1989).
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(Miller and Gans, 1989). A two-mica granite is exposed

at McCulloughs Butte (P1. 4), southwest of the study

area (Bird, 1989).

Compression came to an end and extension began at

approximately 35-40 Ma (Seedorff, 1991). A sweep of

calc-alkaline volcanism affected Nevada, progressing

from the northeast to the southwest. Volcanics of

Oligocene age are found in the Prospect Ridge and

northern Fish Creek Range areas (Nolan, 1962; Cowell,

1985). This magmatic episode has been interpreted in

the past to be deformation indicating the beginning of

the arc-splitting stage of back-arc spreading (Zoback

and others, 1981). More recent work by (Seedorff, 1991)

indicates that very little of the Tertiary magmatism is

"arc-related". Data compiled by Seedorff (1991)

indicate that practically all magmatism is

fundamentally related to extension in Nevada. Rhyolitic

intrusive rocks dated between 43-34 Ma are widespread

in north-central Nevada (Fig. 7).

A normal fault which cuts the Hanson Creek

Formation at the surface has been cross-cut by granite

intrusive units at Castle Mountain (Fig. 4) in the

northern Fish Creek Range (Cowell, 1986). These granite

bodies are considered to be offshoots of a granitic
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Figure 7. Generalized distribution of igneous rocks

dated at 43-34 Ma in Nevada and nearby areas. From

Seedorf (1991).
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intrusion at Wood Cone Peak (Fig. 3), 4 kilometers

southwest of Castle Mountain (P1. 4) in the northern

Fish Creek Range. The age of biotite in the granitic

intrusion at Wood Cone Peak was determined to be 34.1 +

1.5 Ma (Marvin and Cole, 1978), and granite intrusions

at Castle Mountain are probably of the same age

(Cowell, 1985). Therefore, extensional faulting in the

northern Fish Creek Range was possibly underway prior

to 33 Ma. Movement on the fault results in downdrop to

the east, indicating movement in an E-W oriented

extensional field.

Additionally, displacement of diorite sills by the

Big Reilley Canyon fault (P1. 1) indicates faulting has

post-dated diorite emplacement. Although no age dates

for the diorite intrusive bodies are available, they

are in proximity to a quartz diorite plug 3 kilometers

to the east. This intrusive body underlies Ruby Hill

and is late Cretaceous (102 ± 2 Ma) in age (Nolan,

1962). A Cretaceous age for the diorite sills would

constrain faulting in the northern Mountain Boy Range

to post-late Cretaceous.

Low-angle faults are the most distinctive

structural feature of the hinterland. Most, but not

all, denudational faults have been shown to be Tertiary

in age (Armstrong, 1972). Normal faulting in the
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Figure 8. Map illustrating the location of the northern

Nevada rift, and postulated southern and western rifts,

based on areomagnetic data. From Blakely and Jachens

(1991).
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Mountain Boy Range does not appear to be low-angle at

the surface, although many low-angle faults have been

mapped in the northern Fish Creek Range, and may be

related to a different structural style than that found

in the Mountain Boy Range.

Extensional tectonism responsible for the modern

Basin and Range province may represent only the last

stage of extension in the area (Proffett, 1977; Zoback

and others, 1981). Earlier extension, sometimes

referred to as "pre-Basin and Range extension",

preceded breakup of the region into blocks resembling

the modern ones was underway locally by at least 35 Ma

(Gans and others, 1983) and extension on faults of

early Oligocene age has been recognized in northern Nye

County, south of the study area (Ekren and others,

1974, 1976).

The least principal stress field was oriented E-W

according to Seedorff (1991) during this early

extension period (Fig. 9), according to data compiled

from central Nevada. This is in contrast to data

collected by Zoback and others (1981) that indicates

that extension was oriented SW-NE based on data from

rocks 15-20 Ma, as in Figure 10. Westward displacement

on the east-west striking tear fault in the northern

Mountain Boy Range supports an E-W extension direction.
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Early extension was accompanied by passive

emplacement of volcanic batholiths and volcanism

(Miller and Gans, 1989).

Geophysical studies indicate that a broad gravity

low exists in the state between latitudes 37N and 40.5N

(Fig. 8). The gravity low coincides with the area of

the thickest middle and late tertiary volcanic rocks

(Stewart, 1980). South of 37N latitude the gravity low

terminates, marking the extent of volcanism, and

leaving the amagmatic zone to the south (Fig. 8).

Compilations of aeromagnetic data show an anomaly

with a north-northwest trend extending approximately

280 kilometers through north-central Nevada (Blakely

and Jachens, 1991, Fig. 7). This anomaly may have

developed in response to back-arc spreading, and has

been interpreted to be a rift, known as the "northern

Nevada rift". Associated with this structure at some

locations are andesitic and basaltic extrusive and

intrusive rocks; similar volcanic rocks may exist along

the entire length of the structure (Stewart and others,

1975). Basaltic rocks in the northern Nevada rift area

have been dated at 15-17 Ma (McKee and Noble, 1986),

locally along the length of the structure (Stewart and

others, 1975), indicating that the rift was active

during Miocene time.
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Figure 10. Index map of Nevada showing northern Nevada

rift (1) and postulated change of least principal

stress direction from SW-NE to NW-SE circa 10 Ma.

C.R.B.= Columbia River Basalts, S.R.P.= Snake River

Plain, N.R.= Nevada Rift. From Zoback and others

(1981).
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Aeromagnetic maps show that the rift continues

southward to about 39 degrees north latitude, the

approximate location of the study area, but may

continue farther to the south-southeast (Fig 7). Most

igneous rocks found in and nearby the study area range

in age from Cretaceous to Oligocene, with some Miocene-

age basalt exposures (Nolan, 1962). Rifting was active

when the least principal stress field was oriented

approximately E-W (Fig. 8), according to Seedorff

(1991). The rift structure has survived subsequent

Basin and Range deformation relatively intact,

indicating that subsequent deformation has not been

major.

Extensional orientation changed to WNW-ESE at

about 10 Ma, according to Zoback and others (1981).

However, movement on faults in the northern and

southern Mountain Boy Range indicates transport to the

west, consistent with an E-W oriented extensional

field.
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CONCLUSIONS

Ordovician, Silurian, and Devonian units in the

Mountain Boy Range were deposited on a stable

continental shelf environment of a passive continental

margin.

The Mountain Boy Range and surrounding areas have

undergone several episodes of tectonic deformation.

The mid-Paleozoic Antler orogenic episode resulted

in thrusting of Ordovician oceanic sedimentary units

over carbonate units north of the study area at Devils

Gate (Drake, 1978). Antler-emplaced Ordovician units of

the Vinini Formation may underlie Stevens Basin. These

units may have been downdropped by normal faulting and

preserved from erosion in the basin.

The late Cretaceous Sevier orogenic episode

resulted in east-west compression of the study area.

Folds caused by E-W compression are found in all areas

adjacent to the Mountain Boy Range (P1. 4). A

northwest-trending fold in the southern Mountain Boy

Range is not consistent with east-west compression, and

some field data from the Spanish Mountain area may be

suspect due to difficulty in obtaining proper

orientations in the Eureka Quartzite.
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Emplacement of a late Cretaceous granite intrusion

at McCulloughs Butte in the northern Fish Creek Range

(Bird, 1989) and emplacement of a Cretaceous diorite

plug at Ruby Hill in the Prospect Ridge area were

approximately contemporaneous with folding (Nolan,

1962).

Extension oriented E-W was probably underway in

the northern Fish Creek Range by at least 33 Ma, based

on the crosscutting of a normal fault in the northern

Fish Creek Range by 34.1 ± 1.5 Ma (Marvin and Cole,

1978) granite intrusions (Cowell, 1986).

The timing of faulting in the Mountain Boy Range

is more problematical. Timing of tear faulting in the

northern Mountain Boy Range can only be shown with

certainty to postdate Devonian strata, postdate diorite

sill emplacement, and predate Qal. There is a

possibility that the diorite sills are genetically

related to a late Cretaceous quartz diorite intrusion

at Ruby Hill to the east of the study area. This would

constrain faulting to post-late Cretaceous.

Normal faulting in the southern Mountain Boy Range

may be related to movement on the Spring Valley fault

zone. As previously mentioned, displacement on the

eastern part of the east-west striking fault north of
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Spanish Mountain increases toward the Spring Valley

fault zone, and may therefore have moved with it.

Evidence from topographic expression indicates

that the Spring Valley fault zone is probably

Quaternary in age and formed during late-stage

extension (Nolan, 1962). Westward downdrop of the

Mountain Boy Range along the Spring Valley fault zone

indicates that extension continued in an E-W oriented

least principal stress field. These data agree with

data compiled by Seedorff (1991) that indicates

extension in an E-W direction affected areas of Nevada

to the west and east of Eureka county in Oligocene time

(Fig. 9).

Aeromagnetic studies by Blakely and Jackens (1991)

indicate a northwest-striking feature composed

primarily of Miocene igneous deposits which crosses

north-central Nevada. This feature, the "northern

Nevada Rift" has been postulated to have formed in

Miocene time due to rifting (Blakely and Jackens 1991).

Extension in north-central Nevada may have been

associated with this rifting event; however, normal

faulting in the northern Fish Creek is probably

Oligocene in age.
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Extension is probably continuing today, although

available earthquake data suggest that north central

Nevada is a generally quiescent tectonic setting.
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