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Upper Cambrian through Middle Devonian carbonate and
clastic sequences of the northern part of the Fish Creek Range
represent shallow-shelf sedimentation in the Cordilleran
miogeosyncline.

The lower and middle Paleozoic section exposed

in the northern Fish Creek Range fits well within regional

facies patterns and paleogeographic reconstructions.
The Upper Cambrian Dunderberg Shale was deposited in a
muddy outer shelf embayment which extended eastward into the
Eureka area.

The embayment was eliminated as seas regressed in

late Dresbachian time and marine carbonate sedimentation (represented by the Catlin Member of the Windfall Formation) was
established.

The argillaceous Bullwhacker Member of the

Windfall was deposited in deeper shelf waters as the sea
transgressed briefly during Trempeleauian time.
Shallow-shelf carbonates of the Lower Ordovician Goodwin
Limestone are succeeded by Ninemile Formation strata representing deposition in a muddy embayment, similar to the Late
Cambrian embayment in the Eureka area.

Regression followed, and

a shallow-water Girvanella-rich carbonate bank prograded

westward during Whiterockian (early Middle Ordovician) time,
represented by the lower part of the Antelope Valley Limestone.
Mudstone and wackestone of the upper part of the Antelope Valley
Limestone was deposited in quieter, deeper, or more protected
environments shoreward of the bank margin.

Basal sands of the Eureka Quartzite prograded westward
across the carbonate shelf during the Middle Ordovician.

Carbonate sedimentation persisted in some areas in silty
embayments, and is represented by the Copenhagen Formation.
Transgression began during Eureka deposition, and shelf-lagoon
carbonates of the Hanson Creek Formation were deposited as
transgression continued during Late Ordovician and earliest
Silurian time.

The lower part of the Silurian-Lower Devonian Lone Mountain
Dolomite in the Fish Creek Range is transitional to outer
platform carbonate-bank deposits at the type section to the
northwest, and to restricted, inner-platform deposits of the
partly correlative Laketown Dolomite to the east.

Rhythmically

alternating, shallow subtidal and restricted peritidal deposits
form the upper part of the Lone Mountain in the study area, and
reflect progradation of peritidal environments as the earliest
Devonian sea regressed.

Younger Devonian rocks in the Fish Creek Range lie within a
north-trending transitional belt in which shallow, eastern lithofacies (predominantly dolomite) and deeper-water, limestone
lithofacies intertongue.

Peritidal deposits of the Beacon Peak

Dolomite prograded westward during the mid-Early Devonian.

Subtidal, fossiliferous limestone of the Bartine Member of the
McColley Canyon Formation was deposited as transgression began
during Emsian time (oronberoi to inversus conodont Zones). Lime
mudstone, wackestone, and packstone of the Coils Creek Member of
the McColley Canyon Formation was deposited in quieter, slightly

deeper, shelf waters during late Emsian time (inversus Zone).
Regression followed during latest Emsian time (serotinus
Zone).

Dolomite and crinoidal dolomite of the Sadler Ranch

Formation (latest Emsian to Eifelian) was deposited in shallow
waters of the outer shelf.

The overlying Coarse Crystalline

Member of the Oxyoke Canyon Sandstone is a regressive sequence of
quartzose dolomite and dolomite-cemented sandstone deposited on
the inner platform, where beach and intertidal environments were
separated by a low-relief coastline.

Thick-bedded, peritidal dolomite of the lower part of the
Sentinel Mountain-Bay State interval represents progradation of
peritidal facies across the shallow platform during early Middle
Devonian time.

The upper part of the Sentinel Mountain-Bay State

interval was deposited in more circulated, shallow-marine
carbonate-bank environments.

The lower part of the Devils Gate Limestone in the study area
reflects deposition in shallow, agitated shelf waters and quieter,
deeper, shelf lagoons and embayments.

Inundation of the carbonate

platform followed and is reflected by a shift to deeper water
facies during Frasnian (early Late Devonian) time.

The Fish Creek Range was affected by Sevier hinterland deformation during the Late Mesozoic; N to N15E-trending folds reflect

overall east-west compression.

Upper Cretaceous granitic rocks

were emplaced at depth beneath the southwest side of the study
area, where conodont alteration indices from Paleozoic collections
indicate paleotemperatures of 500-600 C.

Two-mica granitic dikes,

exposed at McCulloughs Butte, intrude Ordovician rocks.
Thermal effects may have promoted initial gravity sliding
of the Silurian-Devonian section off of the Ordovician section
at the Hanson Creek level (Upper Ordovician-Lower Silurian).
Low-angle normal faulting within this stratigraphic level
pervasive in the northern part of the Fish Creek Range.

is
It

is

interpreted that faulting at the Hanson Creek level was
initiated at about the same time that the Upper Cretaceous
intrusion was emplaced.

Movement along the faults may have

continued or been renewed during Oligocene extension.
Low-angle normal faulting at the Silurian and Lower

Devonian levels post-dates faulting at the Upper Ordovician
level.

It

is interpreted that these faults developed during

Oligocene uplift and extension.

Volcanism and shallow intrusive activity affected the
northern Fish Creek Range during earliest Oligocene time, and is
represented by the Ratto Springs Rhyodacite.

High-angle normal

faults typical of basin-and-range extension are common throughout the area and represent the most recent phase of deformation.
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STRATIGRAPHY AND STRUCTURE OF PART OF THE
NORTHERN FISH CREEK RANGE, EUREKA COUNTY, NEVADA

INTRODUCTION

Purpose

The primary objective of this project was to gain an
understanding of the stratigraphy and tectonics of the northern
part of the Fish Creek Range in Eureka County, Nevada.
study focuses on:

1)

The

the stratigraphic relationships of

Cambrian, Ordovician, Silurian, and Devonian carbonate and
clastic sequences exposed in the northern part of the Fish Creek
Range, and 2) the nature of faulting which disrupts the normal
stratigraphic sequence in the range.

The project involved

mapping the geology of the area at a scale of 1:15,840 (p1. 1).
Examination of the Paleozoic stratigraphy in the northern
part of the Fish Creek Range was undertaken to determine if the
section is autochthonous with respect to surrounding areas.

This was accomplished by relating the Fish Creek section to
regional facies patterns and paleogeographic reconstructions.

The stratigraphic sequence in the mapped area is described in
this study with emphasis on the lithology, stratigraphic
relations, and depositional environment of each sedimentary unit
exposed.

Regional correlations and paleogeographic interpreta-

tions are also made.

Biostratigraphic work (using conodonts and

brachiopods) was especially important for age determinations and
correlations of Ordovician and Lower Devonian rocks.

2

The structure of the northern Fish Creek Range was
investigated to determine its relation to regional tectonic
patterns.

The Fish Creek Range lies near the leading edge of

the Late Devonian-Mississippian Antler orogenic belt and within
the hinterland of the late Jurassic-Cretaceous Sevier orogenic
belt.

Of particular interest is a fault which separates

Ordovician and Silurian-Devonian sequences in the Fish Creek
Range;

it has been interpreted as an eastward-directed thrust by

Roberts and others (1967, their p1. 3).

The relative movement,

stratigraphic level(s), and timing of faulting within the study
area is investigated in this project.

Faulting in the northern

Fish Creek Range is then related to regional tectonism.

Project Location

The Fish Creek Range is a north-trending range in central

Nevada, located in the southeastern part of Eureka County and
the northern edge of Nye County (fig. 1).

The study area is

centered 11 km (7 mi) southwest of Eureka, in the northern part
of the range (fig. 2).
square mi),

The area, approximately 57 square km (22

is located in part of the U.S.G.S. Bellevue Peak

(1956) 15-minute topographic quadrangle and along the western

edge of the Pinto Summit (1953) 15-minute topographic quadrangle
(fig. 2).
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Index map of the Eureka area, showing study area.
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Regional Geologic History.

The Cordilleran miogeocline was established on the western
margin of the North American craton by the end of Proterozoic
time.

The present-day Great Basin was in a tectonically

stable, continental margin setting throughout the early
Paleozoic.

North-trending facies belts represent different

depositional regimes within and adjacent to the miogeocline.
These include an eastern carbonate assemblage, a western
siliceous and volcanic assemblage, and a transitional
assemblage (Roberts and others, 1958).

Thick sequences of

shallow-shelf, eastern assemblage carbonates accumulated in
while the miogeocline was subsiding (Dietz and Holden, 1966;
Armin and Mayer, 1983).
Late in the Devonian, the tectonic quiescence of the

continental margin was interrupted by the onset of the Antler
orogeny.

During Late Devonian and earliest Mississippian time,

deep-water oceanic deposits were moved eastward onto the
continental shelf along the Roberts Mountains thrust (fig. 3),
resulting in the juxtaposition of allochthonous oceanic

deposits and autochthonous shelf carbonates in central Nevada
(Merriam and Anderson, 1942).

Allochthon emplacement was

probably related to the approach of an offshore arc system from
the west and development of a subduction complex (Dickinson and
others, 1983; Miller and others, 1984).

The allochthon was

fully emplaced in early Mississippian time.

The weight of the

6

obducted sediments caused donbowing of the outer shelf
followed by isostatic uplift (Johnson and Pendergast, 1981).

Basaltic volcanism and high-angle faulting marked the
beginning of post-Antler extension in the Late Mississippian.
Block faulting of the continental margin resulted in relatively
rapid lowering of the Roberts Mountains allochthon (Antler
highland), which was being covered with marine sediments 25
m.y. after emplacement (Silberling and Roberts, 1962;
Dickinson, 1977, p. 148; Miller and others, 1984, p. 1070).
During the Early Triassic Sonoma orogeny, oceanic

sediments were thrust eastward onto the continental margin
along the Golconda thrust.

The Golconda allochthon was

emplaced above the eroded Antler highland and overlapping
sequences (fig. 3).

The Sonoma orogeny, like the Antler

Progeny, was related to the arrival of a magmatic arc from the
west.

Both orogenies probably involved west-dipping subduction

complexes at or near the continental margin (Speed, 1979;

Miller and others, 1984; Johnson and Pendergast, 1981; and
other workers).

The Golconda allochthon was probably emplaced by early or
middle Triassic time (Speed, 1979).

It is overlain by the

Koipato sequence in north-central Nevada, composed of andesitic

and rhyolitic lavas and pyroclastics which were erupted and
deposited during a period of extension (Silberling and Roberts,
1962; Schweichert, 1976; Speed, 1979).
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Beginning in the Middle Jurassic, the eastern Great Basin
was affected by deformation related to the Sevier orogeny, and
the site of sediment accumulation shifted eastward onto the
Colorado Plateau (Armstrong, 1968).

Sevier deformation invol-

ved large-scale eastward overthrusting in a north-northeasttrending belt in western Utah and southern Nevada (fig. 3).

Mesozoic thrusts are well-documented within the Sevier belt and
also in western Nevada.

Speed (1983, 1986) and Heck and others

(1986) recognize a third Mesozoic fold and thrust zone, the
"Eureka belt".

As they define it, the Eureka belt includes

compressional structures in Eureka County and parts of Elko and
White Pine Counties that are at least partly early Cretaceous
in age.

The Eureka belt is separated by the western

(Winnemucca) belt and the Sevier belt by tectonic °enclaves" of

relatively minor Mesozoic deformation (Speed, 1986; Heck and
others, 1986).

Sevier-related deformation in most of

east-central Nevada, as part of the Sevier hinterland, is
generally characterized by broad folding at shallow levels, and
metamorphism and plutonism at deeper structural levels (Miller
and others, 1983; Gans and Miller, 1983; Miller and others,
1988; Miller and others, 1989).

Most of the Sevier deformation

ended before latest Cretaceous time, but some compressional
tectonism lingered into the Early Tertiary (Armstrong, 1968, p.
449; Stewart and others, 1980, p. 105; 1983, p. 25-27).

A general lack of Lower Tertiary rocks in the Great Basin
indicates that the region was undergoing uplift and erosion

9

during that time (Stewart, 1980, p. 105).

Beginning in the

late Eocene or early Oligocene, igneous activity was widespread
in the Great Basin.

In east-central Nevada, some volcanic

activity was synchronous with the first development of
low-angle faults approximately 34-36 Ma. (Gans, 1982).

Low-angle normal faults may account for very large amounts of
extension (50-2007.)

in some areas in Nevada (Proffett, 1977;

Zoback and others, 1981; Gans, 1982).

Many faults probably

developed first as high-angle faults that were later rotated to
low angles with continued movement (Proffett, 1977;
1982).

Gans,

Some low-angle faults in metamorphic core complexes,

such as the Snake Range decollement in east-central Nevada,

developed first as gently-dipping transition zones between
brittley-extended supracrustal rocks and underlying rocks
affected by ductile extension (Miller and others, 1983).

Most

of the low-angle extensional faults in the region are early
mid-Oligocene to middle Miocene in age (Gans, 1982; Stewart,
1983; Miller and others, 1983).

North- to northeast-trending high-angle normal faults
developed throughout Nevada generally after middle Miocene
time, creating basin and range topography.

The amount of

regional extension attributed to basin-range faulting is
approximately 15-30% (Zoback, 1979; Zoback and others, 1981;
Stewart, 1983).

WNW-ESE to E-W extension continues to present

throughout most of the Basin and Range province.

10

Previous Work

Reconnaissance work in the Fish Creek Range began with
reports by Hague (1883, 1892) on the geology of the Eureka
mining district (fig. 2) and surrounding areas.

The Fish Creek

Range is shown at a scale of 1:250,000 on the geologic map of
Eureka County compiled by Roberts and others (1967).

The

geology of the range shown on the Eureka County map is based on
the earlier work of Hague, and on it only four map units are
represented:

Ordovician Pogonip Group, Ordovician Eureka

Quartzite, Silurian Lone Mountain Dolomite, and undifferentiated Devonian.

No other complete geologic maps of the

Bellevue Peak quadrangle have been published to date.

Geologic

maps of the adjacent Pinto Summit and Eureka quadrangles were
published by Nolan, Merriam, and Blake (1974) and Nolan,

Merriam, and Brew (1974) of the U.S. Geological Survey.

Barton

(1986) mapped the McCulloughs Butte area (fig. 2) and studied a
fluorite-rich skarn exposed there.

Part of the northern Fish

Creek Range directly south of the study area was mapped by
Cowell (M.S. thesis, 1986).

Long (M.S. thesis, 1973) mapped an

area in the central part of the range.

Hose (1984) mapped the

southern Fish Creek Range.

Terminology

Carbonate units are described using the classification of
Dunham (1962).

Crystalline carbonates are described using the

11

terminology of Folk (1962):

aphanocrystalline (<0.004 mm),

very finely crystalline (0.004-0.016 mm), finely crystalline
(0.016-0.025 mm), medium crystalline (0.025-0.062 mm), coarsely
crystalline (0.062-1.0 mm), and very coarsely crystalline
(1.0-4.0 mm).

The sandstone classification of Dott (1964)

used for description of clastic units.

is

Argillaceous rocks are

described using the terminology of Pettijohn (1954).

Lamination and bedding characteristics are described according
to Ingram (1954):

thinly laminated (<0.3 cm), thickly

laminated (0.3-1.0 cm), very thinly bedded (1-3 cm), thinly
bedded (3-10 cm), medium bedded (10-30 cm), thickly bedded
(30-100 cm), and very thickly bedded ( >1 m).
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STRATIGRAPHY

Introduction

Rock units exposed in the northern part of the Fish Creek
Range include:

1) Upper Cambrian through Middle Devonian

carbonate and clastic units, 2) Cretaceous granitoid
intrusives, 3) Oligocene rhyolitic flows and associated

sedimentary rocks, and 4) Upper Tertiary-Quaternary
unconsolidated sediments.

A summary stratigraphic section for Paleozoic exposures in
the study area is shown in figure 4.

Lower and middle

Paleozoic sequences exposed in the Fish Creek Range are part of
the eastern carbonate assemblage described by Roberts and
others 11958).

These rocks generally represent shallow-shelf

deposition on the subsiding continental margin.

The

formational nomenclature defined for the Eureka area by Nolan
(1956)

is used for Cambrian through Silurian rock units;

Devonian formational nomenclature is described on p. 55-56.
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Dunderberq Shale

General Statement

The Upper Cambrian Dunderberg Shale is the oldest
stratigraphic unit recognized in the northern part of the Fish
Creek Range.

Hague (1883) originally defined the Hamburg Shale

for exposures in the Eureka mining district.

The unit was

renamed the Dunderberg Shale by Walcott (1908),

to avoid

confusion with another formation, the Hamburg Dolomite.

Nolan and others (1956) designated a type section in
Windfall Canyon in the Eureka district, where the lower part
of the formation is faulted out.

Palmer (1960b) suggests that

the total thickness of the Dunderberg in the Eureka area is
about 180 meters (590 ft), comparable to an unfaulted exposure
in the Cherry Creek Range northeast of Eureka.

The Dunderberg Shale is recognized in many areas
throughout east-central Nevada.

The formation ranges from

about 85 to 180 meters (280 to 590 ft) in thickness in most
areas, but is reported to be more than 500 meters (1640 ft)

in

the Hot Creek Range, Nye County (Cook, 1965).

Within the study area, exposure of the Dunderberg Shale is
limited to a few outcrops on the west side of Ratto Canyon (pl.
1).

A total of about 70 meters (230 ft) of silty shale and

limestone has been assigned to the formation.
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Lithology

The Dunderberg Shale consists of recessive-weathering,
very thin- and thin-bedded silty shale and limestone with
intercalated shale.

Shale and intervals of limestone with

shale make up approximately equal thicknesses of the type
section described by Nolan and others (1956).

The shales are tan to brown in color, and appear in most
places as weathered plates, chips, and flakes on the ground
surface.

The shales contain as much as 30-40% silt.

Limestone beds form relatively resistant outcrops within
the Dunderberg, and range in thickness from 2 to 15 cm (1 to 6
in).

Intercalated shale beds are approximately 0.5 to 4 cm

(0.2 to 1.5 in) thick, and are lithologically similar to shales
in other parts of the formation.

The more resistant rocks are

medium gray, finely crystalline lime mudstone that is
argillaceous and silty in places.
to brown in color.
common.

Weathered surfaces are tan

Wavy laminations 1

to 5 mm thick are

In thin section, the laminations appear as

alternating, gradational layers of silt, clay, micrite, and
microspar.

Contacts

The lower contact of the Dunderberg Shale with the Hamburg
Dolomite is not exposed within the study area.

At the type

section in the Eureka district, the Dunderberg is in fault
contact with the underlying Hamburg Dolomite (Nolan and others,

16

1956).

The upper contact of the Dunderberg Shale with the

Windfall Formation in the study area lies in a covered interval
between the uppermost exposure of recessive shale and the
lowest exposure of thin- and medium-bedded cherty limestone.
At the type section the contact is abrupt and conformable
(Nolan and others, 1956).

Age and Correlation
Limestone beds within the Dunderberg Shale contain
brachiopods and a large trilobite fauna.

Trilobites from the

formation have been described by Hall and Whitfield (1877),
Walcott (1884), and Palmer (1960a).

No fossils were found in

the formation within the study area.

Walcott (in Hague, 1892) determined a Late Cambrian age
for fossil collections from the Dunderberg Shale.

The

trilobite fauna of the formation in the Eureka area ranges from
the Aphelaspis to lower Elvinia Zones, indicating a late
Dresbachian to early Franconian age (Palmer, 1960a, 1971).

Depositional Environment

The Dunderberg Shale was probably deposited in fairly deep
waters of the outer shelf.

Low-energy conditions are indicated

by the presence of thin laminations and fine-grained
lithologies throughout the formation.

Fossils recovered from

the formation in the nearby Eureka District are generally
unabraded (Nolan and others, 1956).

Normal salinity and
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oxygenation of shelf waters is interpreted on the basis of the
normal marine fauna of the Dunderberg.

Deposition probably

took place at depths below storm wave base to near the
oxygenation level,

in the range of about 50 to 300 meters (165

to 1000 ft) (Wilson, 1975).

Palmer (1960c) recognized three Upper Cambrian
lithofacies in the eastern Great Basin that were deposited in

belts roughly parallel to the lower Paleozoic continental
margin.

The lithofacies include an inner detrital belt,

middle, clean carbonate belt, and an outer detrital belt.

a

The

Dunderberg Shale represents outer detrital belt sedimentation
seaward

of the carbonate platform.

Palmer (1971) describes

outer detrital belt sedimentation in a broad embayment which
spread over areas of previous carbonate sedimentation in
east-central Nevada at the beginning of Dunderberg time.

outer detrital belt sediments were probably derived

The

from the

craton and bypassed the relatively narrow carbonate platform to
be deposited on the outer shelf (Lochman-Balk, 1970).

A

westward shift of the facies belts during late Dresbachian time
marked a regression which continued until the beginning of the
Franconian (Palmer, 1960c).
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Windfall Formation

General Statement

The name Windfall Formation was first applied by Nolan and
others (1956) to Upper Cambrian rocks originally included in
the Pogonip Formation of Hague (1883) and the Goodwin Formation
of Walcott (1923).

A type section was designated in Windfall

Canyon in the Eureka mining district, where Nolan and others
(1956) divided the formation into two members.

The lower 76

meters (250 ft) of the section were assigned to the Catlin
Member, which is overlain by the 122 meter (400 ft) thick
Bullwhacker Member.

The Windfall Formation is recognized throughout much of
east-central Nevada.

Its thickness in Eureka and White Pine

Counties is generally in the range of 100 to 250 meters (330 to
820 ft), but thicker sections are reported in Nye County and
other areas (Barnes and Byers, 1961; Quinlivan and Rodgers,
1974).

The Windfall

is exposed in a few places along the eastern

edge of the study area, on the west side of Ratto Canyon (p1.
1).

It

is estimated that a total of approximately 180 to 190

meters <590 to 600 ft) of Windfall

is present in the area.

Lithology

The type Catlin Member consists of massive limestone and
thin-bedded, silty and sandy, chert-bearing limestone.
type Bullwhacker consists of very thin- and thin-bedded,

The
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argillaceous, silty, and sandy limestone.

Although parts of

both members were recognized within the study area, exposures
are too limited to allow their differentiation.

Thick-bedded, massive limestone of the Catlin Member forms
relatively resistant outcrops between the recessive-weathering
Dunderberg Shale and Bullwhacker Member.

The resistant beds

are medium gray, finely crystalline lime mudstones that weather
to light gray or light olive gray.

Very thin- and thin-bedded

limestone within the Catlin is silty and weathers to a tan
color.

Thin-bedded limestones contain dark gray to black

chert, which occurs in places as distinctive, wavy layers a few
millimeters thick.

In thin section, laminations within the

chert are visible.

Siliceous sponge spicules (probably

Hexactinellida) were recovered from the Catlin Member in the
study area, indicating a probable biogenic origin for some of
the chert.

Chert is present only in the lower half of the

Catlin Member in the Eureka district (Nolan and others, 1956),
but is reported only in the upper part of the member

in the

northern Antelope Range (Merriam, 1963).

Part of the Bullwhacker Member is exposed on the northeast
side of Lookout Mountain (pl. 1).

The member is composed of a

fairly uniform sequence of very thin- and thin-bedded
argillaceous, silty, and sandy limestone.

It is light to

medium gray, finely crystalline lime mudstone which weathers to
pink or yellowish tan.

In most places, the limestone is

exposed only as platy pieces of float.
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Contacts

The contact between the Windfall Formation and the
underlying Dunderberg Shale is not exposed within the study
area, but appears conformable in the Eureka district (Nolan and
others, 1956).

The Windfall

is overlain by a Tertiary

rhyodacite and/or Quaternary gravel in the study area, so that
the nature of its upper contact with the Ordovician Goodwin
Limestone is not known.

At the type section at Eureka, the

Bullwhacker Member is conformable with the underlying Catlin
Member and the overlying Pogonip Group (Nolan and others,
1956).

Age and Correlation

No macrofossils were found in the Windfall Formation
within the study area.

Indeterminate conodonts were recovered

from part of the Bullwhacker Member near Lookout Mountain.

The

fauna described by Palmer and Cooper (in Nolan and others,
1956) includes trilobites and brachiopods of late Late Cambrian
age.

Palmer (1971) determined that trilobites from the type

Catlin Member range in age from early Franconian to
Trempeleauian.

He considers the type Bullwhacker to be

Trempeleauian in age, based on its trilobite and brachiopod
faunas.

The base of the formation as it has been defined in

areas to the east is older than at Eureka (Palmer, 1971; Moores
and others, 1968).

The upper part of the formation in the

21

northern Antelope Range is probably younger than at Eureka
(Merriam, 1963; Roberts and others, 1967).

Depositional Environment

The Windfall Formation was probably deposited at
sublittoral depths on the open shelf.

Deposition in a

low-energy environment is indicated by the micritic textures of
its limestones.

The presence of probable Hexactinellida

spicules in the formation further indicates a quiet, and
possibly deep, depositional environment.

Shelf waters were

sufficiently clear and circulated to support a normal marine
fauna and carbonate production; however, the shelf received
significant amounts of terrigenous input during Windfall
deposition.

The Catlin Member of the Windfall Formation probably
represents deposition in the middle carbonate belt of Palmer
(1960c), bordered to the west by deeper-water, outer detrital

belt sedimentation and to the east by more shallow, restricted
areas of inner detrital belt sedimentation.

The outer detrital

belt embayment which covered the Eureka area during deposition
of the Dunderberg Shale was eliminated at

the beginning of

Windfall time (early Franconian) because of a brief regression
(Palmer, 1971).

Brady and Rowell (1976) interpret a low-

relief, open shelf setting for widespread deposition of
subtidal carbonates during early Franconian time.
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A general eastward transgression of the sea followed the
regressive event <Lochman-Balk, 1970; Stewart and Suczek,
1977).

It

is interpreted that the argillaceous Bullwhacker

Member in the Eureka area represents transitional middle
carbonate/outer detrital belt deposition as the transgression
continued during Trempeleauian time.

A marine regression

followed, and reached a maximum near the end of the Cambrian.
A record of Late Cambrian regressions and transgressions

in

both miogeoclinal and cratonic sequences shows that the events

were widespread and were probably caused by eustatic changes in
sea level (Lochman-Balk, 1970, 1971).
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Pogonip Group

As it was first defined by King (1878), the Pogonip
Limestone included all strata between the Lower Cambrian
Prospect Mountain Quartzite and the Middle Ordovician Eureka
Quartzite.

The formation was redefined by Hague (1883), raised

to group status by Merriam and Anderson (1942), and then

further restricted by Hintze (1949) and Easton and others
(1953) to exclude Cambrian rocks.

At the type locality in the

Eureka district, Nolan and others (1956) used lithologic
criteria to determine the lower contact of the Pogonip Group;
lowermost beds there contain a Late Cambrian fauna.

The Pogonip Group is a thick sequence of limestone with
lesser amounts of shale recognized throughout central and
eastern Nevada and western Utah.

In the Eureka area, the

Pogonip Group is reported to be represented by the Goodwin
Limestone, the Ninemile Formation, and the Antelope Valley
Limestone (Nolan and others, 1956).

These units are recognized

in the northern part of the Fish Creek Range (pl. 1).

However,

the Goodwin Limestone and the Ninemile Formation are not
differentiated in this study, due to their lithologic
similarities, gradational common contact, and limited exposure.
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Goodwin Limestone - Ninemile Formation

Contacts and Lithology
The type Goodwin Limestone is a 275-335 meter (900-1100
ft) thick sequence of massive, thick-bedded limestone which
lies between the shaly, thin-bedded limestone of the underlying

Windfall Formation and overlying Ninemile Formation.

Its

contacts with the Windfall and the Ninemile are both
gradational.

The Goodwin contains shaly intervals which

increase in abundance upsection into the Ninemile Formation.

The type Ninemile is composed of 165 meters (540 ft) of shale
and shaly limestone with minor amounts of massive limestone.
Its upper contact with the Antelope Valley Limestone is
gradational

in the Eureka area (Nolan and others, 1956).

Within the study area, the Goodwin Limestone and Ninemile
Formation are partly exposed on the northeast flank of White
Mountain (p1. 1).
known.

Their total thickness in that area is not

Limestone of the Goodwin (?) is exposed only as blocks

of float on the lower slope.

The blocks are blue-gray to

light-gray, fine- to medium-crystalline lime mudstone which
weathers to tan or gray.

Shale and shaly limestone of the Ninemile Formation is
better exposed, and crops out in several places along
drainages.

Shaly units are made up of both calcareous and

non-calcareous siltstone and mudstone which is tan to green on
fresh surface and weather to a distinctive tan or reddish
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brown.

Carbonate nodules 0.25-1.0 cm in diameter are abundant

in some exposures.

Many of the nodules resemble sedimentary

boudinage structures described by McCrossan (1958).

These

structures form by differential compaction of soft sediments
during shallow burial.
Limestone of the Ninernile Formation is generally very

thin- to thin-bedded with irregular shaly partings, although
beds up to 30 cm (12 in)

in thickness are also present.

The

rocks are light to medium gray, finely crystalline lime
mudstone and wackestone which weather to a light tan or reddish
color.

Thin sections of the limestone show an abundance of
micrite with significant neomorphic alteration.

Microspar and

pseudospar, which form 20-40% of the carbonate matrix, probably
formed by coalescive, aggrading neomorphism (see Folk, 1965;
Bathurst, 1975).

Ferrugenous impurities (2-3%) are

concentrated at intercrystalline boundaries.
Brachiopod, trilobite, and crinoid fragments are visible
in thin section.
columnals.

Syntaxial overgrowths are present on crinoid

A few brachiopod fragments show preserved

impunctate shell structure, and others are completely replaced
by sparry calcite.
oriented.

Fossil fragments are angular and randomly

Micritic and silty intraclasts up to 0.8 cm in

length are present in some samples, and were probably formed by
bioturbation.

Spar-filled microfractures are abundant.

hand sample, crude alignment of the fractures is visible.

In
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Age and Correlation
Diagnostic fossils were not found in exposures of the
Goodwin

Limestone

Ninernile Formation at White Mountain,

although both formations contain well-preserved trilobites and
brachiopods elsewhere.

At Eureka, the Goodwin Limestone is

early to middle Canadian (Early Ordovician) in age, and the
Ninemile Formation is late Canadian (late Early Ordovician
(Nolan and others, 1956).

In other areas, including the

Antelope Range, Hot Creek Range, and Toquima Range, the
Ninernile is considered to be latest Canadian to early

Whiterockian (Ross, 1970, 1977).

The presence of basal

Whiterockian conodonts in the overlying Antelope Valley
Limestone at White Mountain (see Appendix)

indicates that the

Ninemile Formation is pre-Whiterockian within the study area.
The Goodwin Limestone is correlative with the House
Limestone and Fillmore Formation of western Utah and eastern

Nevada, and the Parker Springs Formation and lowermost Shingle
Limestone of east-central Nevada.

Correlatives of the Ninemile

Formation include the Juab and Wah Wah Limestones of western
Utah and eastern Nevada, and part of the Shingle Limestone of
east-central Nevada.
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Depositional Environment
Carbonates and shales of the Goodwin Limestone - Ninemile
Formation were deposited in a quiet marine shelf environment.
Low-energy conditions are indicated by the abundance of micrite
and fine terrigenous detritus and the presence of large,
unabraded fossil fragments.

Shelf waters were oxygenated and

of normal salinity to support a normal marine brachiopod and
trilobite fauna.

Water depths may have varied from just below

normal wave base to near the oxygenation level,

in the range of

30 to a few hundred meters (100 to 1000 ft).

The Goodwin Limestones represents extensive shallow shelf
deposition.

Ross (1977) suggests that the thick carbonate

sequence formed either by westward progradation of shallowwater carbonates over slope deposits, or by broad subsidence of
the shelf.

The shaly Ninemile Formation was deposited in a deeperwater embayment which extended eastward through the Antelope
Range and Eureka area (Ross, 1977).

The Ninemile embayment was

probably similar in extent and depth to the Late Cambrian outer
detrital belt embayment of Palmer (1960c), that existed in
Eureka area during Dunderberg Shale deposition.

the

The

diachronous contact between the Ninemile Formation and the
Antelope Valley Limestone might represent the gradual,

non-uniform encroachment of limestone deposition into the muddy
embayment near the end of Early Ordovician time (Ross, 1977).
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Irregular interstratification of Lower Ordovician

carbonates and shales in central Nevada probably reflects a
fluctuating supply of terrigenous material to the shelf from
cratonic sources, and/or localized shifting of shallow-shelf
and deeper, outer-shelf facies.

Antelope Valley Limestone

General Statement

The Lower and Middle Ordovician Antelope Valley Limestone
was defined by Merriam (1963) for exposures on the west flank
of the Antelope Range.

The type section there consists of more

than 335 meters (1100 ft) of medium- and thick-bedded
limestone.

The formation is exposed in areas in Eureka,

Lander, White Pine, and Nye Counties.

In many areas the

formation has an unconformable upper contact, therefore, its
thickness is variable.

At least 275 meters (900 ft) are

present in the north-central part of the Fish Creek Range near
Bellevue Peak (Cowell, 1986; Long, 1973).

Within the study area, the Antelope Valley Limestone is
well-exposed at White Mountain and in the area west of Lookout
Mountain.

Smaller outcrops are present at McCulloughs Butte

and Lamoreaux Canyon (pl. 1).

Structural complications make

thickness determinations difficult;

it

is estimated that the

formation is at least 300-320 meters (980-1050 ft) thick in the
northern Fish Creek Range.
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Lithology
Thick-bedded to massive wackestone, packstone, and
grainstone makes up most of the exposures of the Antelope

Valley Limestone in the study area.

Thinner-bedded mudstone

and wackestone is present in the upper part of the formation.
Interbedded wackestone, packstone, and grainstone units
are gradational with each other.

They are generally thick-

bedded to very thick-bedded and form resistant outcrops, but
thinner beds are also present.

The wackestone, packstone, and

grainstone is blue-gray on fresh surface and weathers to
medium gray.

Matrix is made up of very fine to medium

crystalline spar cement and neomorphic spar.
Crinoid fragments are common in all of the wackestone,
packstone, and grainstone samples studied.

Brachiopods,

gastropods (including Maclurites?), ostracode, and pelecypod
fragments are also present.

Fossil fragments are randomly

oriented and many are slightly abraded.
sparry calcite.

Most are replaced by

Many crinoid fragments have syntaxial

overgrowths.

Subrounded wackestone and packstone intraclasts and
lithoclasts compose 20% of the grains in some samples.
clasts are replaced by neomorphic spar.

Most

Other inorganic

constituents include 5-18% micritic peloids (0.1-0.6 mm in
diameter) of unknown origin, and 3 -4Y silt-sized, subrounded
quartz grains.
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In the lower and middle parts of the Antelope Valley

Limestone in the study area, well-preserved Receptaculites is
common.

Sub-spherical algal oncolites are common low in the

section, and form as much as 25% of the skeletal grains in some
samples.

In thin section, the oncolites show irregular,

semi-concentric lamination.

Fossil fragments and small,

subrounded lithoclasts form the nuclei of most of the
oncolites.

It

is likely that the oncolites were formed by

Girvanella, which has been identified within the formation in
several other areas (Merriam, 1963; Ross, 1977; Valusek, 1984).

Very thin- to thin-bedded mudstone and wackestone is
common in uppermost exposures of the Antelope Valley Limestone
in the study area.

It forms recessive-weathering intervals

within the more resistant and massive wackestone, packstone,
and grainstone.
6 in).

Bed thicknesses range from 1

to 15 cm (0.4 to

The rocks are medium gray to light blue gray on fresh

surface and weather to a dull tan or pinkish tan color.

They

are aphanocrystalline to finely crystalline, and are made up of
partially neomorphosed micrite and microspar.

Randomly

oriented crinoid plates and brachiopod fragments are common.
Gastropod pieces are also present.

The mudstone and wackestone

contains 4-8% silt-sized monocrystalline quartz.

Rocks of the Antelope Valley Limestone are moderately
fractured in most exposures.

Calcite veins and stylolites are

very common in thick-bedded, massive exposures of the
formation.
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Contacts

As described on p. 24, the lower contact of the Antelope
Valley Limestone is not exposed within the study area, but
appears conformable in the Eureka district (Nolan and others,
1956).

At most exposures in the study area, the upper contact

of the formation with the overlying Eureka Quartzite is marked
by a sharp change from dark gray, finely-crystalline lime
mudstone or wackestone to white-gray medium-grained quartzite.
Nolan and others (1956, p. 25) and Merriam (1963, p. 30) report
an unconformity between the Antelope Valley and the Eureka
Quartzite in exposures near the study area.

The abrupt

lithologic change across the contact in the study area suggests
it

is unconformable as well.

At the type section in the Antelope Range, the Antelope
Valley Limestone is conformably overlain by the Copenhagen
Formation, which underlies the Eureka Quartzite (Merriam, 1963,
p. 25-26).

The Copenhagen Formation crops out at one locality

in the southern part of the study area, however, its contact

with the underlying Antelope Valley Limestone is not exposed.

Age and Correlation

Merriam (1963, p. 25) assigned a Whiterockian (early
Middle Ordovician) age to the type Antelope Valley Limestone.
Conodonts collected from the lower part of the formation in the
study area include species of Drepanodus and Tripodus which are
considered to be earliest Whiterockian in age (R.L. Ethington,
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written communication, 1985; see Appendix).

Conodonts

collected at the top of the formation at two localities
indicate a middle Whiterockian age.

Based on its conodont

fauna, the Antelope Valley Limestone is earliest

Whiterockian in the study area.

to middle

The formation is slightly

younger in some areas to the west, including the Hot Creek
Range and Toquima Range, where an early-middle to latest
Whiterockian age is indicated (Ross, 1977, p. 21).
Parts of the Antelope Valley Limestone are correlative
with the Wah Wah Limestone of western Utah and eastern Nevada,
and the upper Shingle Limestone, the Kanosh Shale, and Lehman
Formation of east-central Nevada and western Utah.

Depositional Environment

The Antelope Valley Limestone in the northern Fish Creek
Range represents deposition in a frequently agitated,
shallow-shelf environment.

Higher energy conditions are

indicated by the presence of grain-supported, lithoclastic and
bioclastic textures.

The presence of (Girvanella?) oncolites,

which are very common in the lower part of the formation, also
indicates deposition in clear, shallow, agitated waters.

Their

irregular, semi-concentric laminae were probably formed in
shallow waters affected by intermittent agitation (Ginsburg,
1960; Logan and others, 1964).

A low intertidal or other

shallow-water depositional environment is interpreted for the
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lower and middle parts of the formation in the northern Fish
Creek Range.

Wackestone and mudstone of the upper part of the formation
represents deposition in slightly quieter waters.

The

gradational, interbedded relations of textural rock types
indicate that energy conditions changed frequently during
Antelope Valley Limestone deposition.

Generally, lower energy

conditions probably prevailed in the study area during
deposition of the upper part of the formation.
Ross (1977, p. 30) describes a shallow-water,

Girvanella-rich carbonate bank which prograded westward across
central Nevada during Whiterockian time.

Rocks of the lower

and middle Antelope Limestone in the study area may have been
deposited as part of such a mud bank.

The presence of

Girvanella lower in the formation than in areas to the west
(Merriam, 1963; Stewart and Palmer, 1967) is consistent with
westward progradation of the bank.

The upper part of the

formation in the northern Fish Creek Range was probably
deposited in slightly quieter, deeper, or more protected areas
of the bank, or possibly in a subtidal, lagoonal area shoreward
of the main bank axis.
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Copenhagen Formation

General Description

The Middle Ordovician Copenhagen Formation was formally
defined by Merriam (1963) for a sequence of fossiliferous
limestone, siltstone, and sandstone which lies between the
Antelope Valley Limestone and Eureka Quartzite in the Antelope
Valley area.

It is approximately 107 meters (350 ft) thick at

the type section at Martins Ridge in the Monitor Range
(Merriam, 1963).

Outside of the Antelope-Monitor Range area

the formation is generally not well developed, and in several
areas it

is represented only by a calcareous interval within

the lower Eureka Quartzite (Kirk, 1933; Merriam, 1963; Ross and
Shaw, 1972).

The Copenhagen is absent in the Eureka district

(Nolan and others, 1956), but has been recognized in the Fish
Creek Range in the area northwest of Bellevue Peak (Cowell,
1986).

Within the study area, beds of Copenhagen age crop out at
only one location, south of VABM 8491 (pl. 1).

Exposure there

is very limited, and the thickness of the formation in the area
is not known.

At McCulloughs Butte, altered limestone of

undetermined age underlies the Eureka Quartzite.

Although it

is possible that these beds also belong to the Copenhagen, they

have been assigned herein to the more extensive Antelope Valley
Limestone.

Exposure of the Copenhagen Formation in the study area
consists of fewer than 7 meters (23 ft) of very thin- and
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thin-bedded calcareous siltstone and silty and shaly lime
mudstones.

Calcite is very fine- to finely crystalline.

The

rocks are light to medium gray on fresh surface and weather to
a light gray, tan, or light pinkish tan color.
faintly laminated.

Many are

No macrofossils were found within the unit.

Fractures are very common, and most are filled with coarse
sparry calcite.

Contacts
The upper and lower contacts of
are not exposed in the study area.

the Copenhagen Formation

In the Antelope Valley

area, the formation appears conformable with the underlying

Antelope Valley Limestone and the overlying Eureka Quartzite
(Merriam, 1963, p. 27).

The Eureka Quartzite overlies the

Antelope Valley Limestone with apparent disconformity, as
described on p. 31.

If the Copenhagen Formation in the

northern Fish Creek Range can be considered a facies equivalent
of the lower Eureka Quartzite, it seems likely that its lower
contact with the Antelope Valley Limestone would also be
unconformable.

Its upper contact was not observed.

Age

Conodonts collected from the unit near VABM 8491 include
elements of Bryantodina which are late Whiterockian to Chazyan
(Middle Ordovician) in age.

This age range falls within the

lower Copenhagen Formation, or within the lower Eureka
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Quartzite where the Copenhagen is not present (R.L. Ethington,
written communication, 1986).

Eureka Quartzite

General Statement
The Middle Ordovician Eureka Quartzite was named and
defined by Hague (1883, 1892) for exposures in the Eureka
district.

Kirk (1933) designated a type section at Lone

Mountain, where the formation is approximately 107 meters (350
ft) thick.

The Eureka is well-developed throughout east-central
Nevada, western Utah, and parts of southeastern California.
Its average thickness in central Nevada is about 95 to 125

meters (310 to 410 ft), ranging from 45 meters (150 ft)
Antelope Valley area to 170 meters (560 ft)
Mountains (Merriam, 1963).

in the

in the Roberts

It is extensively exposed in areas

southwest of the town of Eureka, including the central and
northern Fish Creek Range and the Mahogany Hills.

The Eureka Quartzite makes up almost one-third of the
surface exposures in the study area (pl. 1).

Extensive

brecciation of the unit in the northern Fish Creek Range
precludes an accurate thickness determination, but it

is

estimated that 100 to 120 meters (330 to 395 ft) are present.

37

Lithology

The Eureka Quartzite is a resistant unit which forms
blocky outcrops and small cliffs between more recessive

carbonates in the northern Fish Creek Range.

is highly

It

fractured and brecciated in most exposures, and blocks and
boulders of quartzite cover slopes throughout much of the
area.

Where bedding is intact, the unit is medium- to

thick-bedded.

Kirk (1933) recognized two divisions within the type
Eureka Quartzite, and a third, thin unit at

its top which he

assigned to the overlying Hanson Creek Formation.

The lower

unit is composed of brownish-colored quartzite with common
crossbedding, and the upper unit is a light-colored, vitreous,
well-indurated quartzite.

Webb (1958) revised the divisions of

Kirk and informally designated a lower discolored member, a
white quartzite member, and an upper gray quartzite member.

The Eureka Quartzite in the study area is composed of two
distinguishable units, including a lower, dark-colored quartz

arenite, and an upper, white to gray vitreous quartz arenite.
Exposures in the area are too disrupted to allow determination
of the thicknesses and specific relations of the two units.
The lower quartz arenite varies in color from dull brown,
rust, or gray, to vitreous purple or dark gray.

Hematite

staining is very common, and weathered surfaces are rust,
orange, or tan

in color.

lower quartz arenite.

Low-angle crossbeds are common in the
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Overlying white to gray, vitreous quartz arenite makes up
most of the exposures of the Eureka Quartzite in the study
area.

The light-colored quartz arenite weathers to pale gray,

yellow, or light pink.

The arenite is made up of about 99% quartz in the form of
fine- to medium-grained detrital monocrystalline
authigenic quartz overgrowth cement.

quartz and

Quartz grains are

moderate- to well-sorted and show a crude bimodal size
distribution in the 150-450 p range.

Grains are generally

well-rounded, and smaller grains show slightly higher
sphericity than larger grains.

Detrital quartz grains are

cemented by optically continuous quartz overgrowths.

Original

grain boundaries are distinct, and only one generation of
overgrowth development is evident.

Most of the detrital quartz

is monocrystalline and unstrained.

Iron oxides (1%) are

concentrated at intergranular boundaries.

One sample shows the effects of advanced pressure
solution.

At least 65% of the grains in the sample have

sutured grain boundaries, and the grains are crudely aligned
parallel to long axes.
strained.

Approximately 25% of the grains are

There is less than 10% cement, in the form of quartz

overgrowths, and essentially no intergranular pore space.
Chert-filled fractures are common.
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Contacts

The Eureka Quartzite disconformably overlies the Antelope
Valley Limestone in the study area, as discussed on p. 35.

The

nature of its lower contact with the Copenhagen Formation
(where present) is not known.

The contact between the Eureka and the overlying Hanson
Creek Formation appears conformable and gradational
study area.

It

in the

is marked by a change from light gray-white

quartz arenite to dark gray dolomitic sandstone which grades
upward into dark gray to black dolomitic limestone.

Although

there is an abrupt change in color, the dolomitic sandstone
above the contact is transitional between the underlying quartz
arenite and overlying dolomitic limestone, so that the contact
appears gradational.

An alternative possiblility is that the

dolomitic sand represents Eureka quartz sand which had been
eroded and redeposited.

meter (3.3 ft) thick.

The sandy interval

is less than

1

Basal sands within the Hanson Creek have

been recognized in several areas, including the Roberts
Mountains, Lone Mountain, and northern County (Kirk, 1933;
Merriam, 1940; Kleinhampl and Ziony, 1985).
Hague (1892) described an unconformity at the upper

contact of the Eureka, apparently at locations within the study
area.

He noted that "above the Eureka Quartzite comes a body

of limestone without any transition beds, the change in
deposits being unusually abrupt'.

However, Nolan and others

(1956) suggest that evidence for an unconformity at the
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location desribed by Hague might be lacking due to structural
complications.

They report (p. 30-31) regional evidence for an

unconformity at the top of the Eureka.

Langenheim and Larson

(1973) show the contact as conformable throughout most of the
region.

A gradational contact between the Eureka and the

Hanson Creek and its equivalents has been reported in areas in

White Pine and Nye Counties (Hose and Blake, 1976; Potter,
1976).

Age and Correlation
An absence of fossils in the Eureka Quartzite makes it
necessary to determine its age by stratigraphic position.

The

youngest exposed beds overlain by the Eureka in the study area
are late Whiterockian to Chazyan (Middle Ordovician).
Conodonts recovered from the overlying Hanson Creek Formation
are Shermanian or younger (R.L. Ethington, written
communication, 1985; see Appendix).

A late Middle to middle

Late Ordovician age is therefore indicated for the Eureka in
the study area.

The lower type Eureka Quartzite is correlative with the
calcareous Copenhagen Formation in Antelope Valley and

surrounding areas, as discussed on p. 35-36.

Genetically-

related correlatives of the Eureka include the Swan Peak
Quartzite of northern Utah and southeastern Idaho, and the
Kinnikinic Quartzite of central Idaho.
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Depositional Environment

The texturally mature sands of the Eureka Quartzite were
deposited in high-energy conditions, probably in a shallow

marine, near-shore environment.

There is some evidence for

subaerial deposition, including frosted detrital grains
(Ketner, 1966), possible dune-type crossbeds (Gilluly and
Masursky, 1965), and possible bimodal grain size distribution
described in this report.

However, the evidence for marine

deposition is more compelling overall, and includes the

presence of interbedded carbonates bearing shallow normal
marine fossils, common gradational relations with underlying
and overlying marine carbonate rocks, and the presence of worm
borings (Ketner, 1968, 1966; Webb, 1956, 1958; Gilluly and
Masursky, 1965; Duncan, 1956; Ross, 1964; Merriam, 1963).

seems likely that some subaerial deposition occurred

It

in

beach-bar environments associated with predominantly shallow
marine, near-shore deposition.

A quartzose sedimentary source for the sands is
indicated by the supermature composition of the Eureka.

Sands

were probably derived from one or more uplifted cratonic areas
tp the east and/or north.

A thorough discussion of possible

provenance areas for the Eureka and correlative miogeoclinal
quartzites is given by Ketner (1968).

Basal sands of the Eureka prograded westward across areas
of former carbonate sedimentation (Webb, 1956).

Carbonate

deposition persisted within a muddy and silty embayment in
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parts of central Nevada, and is represented by the upper Middle
Ordovician Copenhagen Formation in Antelope Valley and
surrounding areas (Merriam and Anderson, 1942; Merriam, 1963;
Ross, 1977).

Calcareous rocks of Copenhagen age found within

the study area are not laterally continuous, and were probably

deposited as a limy lens or tongue while sands were beginning
to cover the area.

Webb (1956, 1958) has shown that regressive sands of the
lower Eureka are overlain by transgressive sands of the middle
to upper parts of the formation.

An important result is that

the onset of a major transgression is represented within the
Eureka, rather than at the lower boundary of overlying
carbonates.

As the transgression continued, carbonates of the

Hanson Creek Formation were deposited, in many places
conformably, over the Eureka Quartzite.
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Hanson Creek Formation

General Statement

The Hanson Creek Formation was defined by Merriam (1940,
p. 10-11) for a limestone and dolomite sequence originally
included in the lower "Lone Mountain Limestone" of Hague (1892,
p. 5 ?).

The formation is approximately 170 meters (560 ft)

thick at the type section at Pete Hanson Creek in the Roberts
Mountains (Merriam, 1940).

It

is recognized throughout Eureka

County and in parts of northern Nye County, western White Pine
County, and Elko County.

The thickness of the Hanson Creek

Formation ranges from approximately 95 to 245 meters (310 to
800 ft)

in the region.

Within the study area, outcrops of the Hanson Creek
overlie the Eureka Quartzite along the top of the ridge east of
Lamoreaux Canyon.

Highly deformed, incomplete exposures are

present within a fault zone in Reese and Berry Canyon (p1.

1).

No complete exposures of the Hanson Creek were found in the
northern part of the Fish Creek Range.

Estimated maximum

thickness of the formation in the mapped area is 47 meters (154
ft).

Lithology

The Hanson Creek Formation is a sequence of limestone and
dolomite that weathers recessively and deforms readily between
the resistant Eureka Quartzite and Lone Mountain Dolomite.
is thoroughly brecciated and poorly exposed in the Reese and

It
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Berry Canyon area, where most of the formation has been removed
by faulting.

Relatively undeformed exposures are present on

the ridge east of Lamoreaux Canyon.
The lowest 1 meter (3.3 ft) of the Hanson Creek Formation
is made up of poorly bedded, very dark gray dolomitic quartz

sandstone which grades upward into a dark gray to black
dolomite mudstone (see p. 38).

Thin-bedded to massive

grayish-black dolomitic mudstone makes up most of the lower
part of the formation in the study area.
medium gray to dark gray.

The rocks weather

Calcite- filled fractures are very

common.

The middle part of the Hanson Creek consists mainly of
very dark gray lime mudstone and wackestone with some
interbedded dolomite.

The rocks weather to medium gray and are

thin- to thick-bedded.

Lime mudstone and wackestone is

composed of calcite microspar with as much as 20% patchy,
finely crystalline dolomite.

Randomly-oriented, unabraded

crinoid and brachiopod fragments are common in places, and many
are partly replaced by clear calcite spar.
chert is present in places.

Dark gray, nodular

Calcite-filled fractures are

common in all exposures.

The uppermost part of the formation is not exposed in the
study area.

Ross, Nolan, and Harris (1978) designated the

Combs Canyon Member for a sequence of dark dolomite in the
upper Hanson Creek.

Mullens and Poole (1972) report a quartz

sand-bearing zone near the top of the formation.

Lithologic
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variability of the Hanson Creek throughout Eureka County has
been shown by Dunham (1977).

Contacts
The contact between the Hanson Creek Formation and the
underlying Eureka Quartzite appears conformable and gradational
in the study area, as described on p. 38.

The Hanson Creek is in fault contact with the overlying
Lone Mountain Dolomite in the northern part of the Fish Creek
Range.

Most of the formation has been cut out by faulting, and

a depositional upper contact is not preserved.

A tectonic

contact between the Hanson Creek Formation and the Lone

Mountain Dolomite throughout the Bellevue Peak quadrangle (fig.
2) has been noted by Ross, Nolan, and Harris (1979, p. C2).
Regionally, an unconformity separates the Hanson Creek

Formation from the overlying Roberts Mountains Formation west
of the Fish Creek Range (Murphy and others, 1979) and its
eastern facies equivalent, the Lone Mountain Dolomite (Johnson
and Murphy, 1984).

Age and Correlation
Conodonts collected from the Hanson Creek Formation

in the

study area include species which range through most of the
Upper Ordovician (R.L. Ethington, 1985, written communication;
see Appendix).

Mullens and Poole (1972) and Ross, Nolan, and

Harris (1979) report a Late Ordovician to early Silurian age
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for the Hanson Creek Formation

in Eureka County.

Correlative

units in east-central and southern Nevada and western Utah
include the Ely Springs Dolomite and Fish Haven Dolomite.

Depositional Environment

The Hanson Creek Formation in the northern part of the
Fish Creek Range represents deposition
waters.

in fairly quiet shelf

Low-energy conditions are indicated by the

predominance of micritic textures throughout exposures in the
study area.

The generally unfossiliferous nature of the

formation in the study area indicates that water circulation
may have been restricted during Hanson Creek deposition.
present, fossil fragments appear unabraded.

Where

Dunham (1977, p.

157) suggests a quiet, shelf lagoon environment for parts of
the Hanson Creek in Eureka County, and this interpretation is
supported by the writer's observations in the northern Fish
Creek Range.

In his reconstruction of Hanson Creek depositional
environments, Dunham (1977, p. 158, fig. 2) shows a fairly

extensive shelf lagoon bordered by high-energy shoals
oceanward, and by tidal flats shoreward.

Johnson and Murphy

(1984, p. 1350) suggest that the Hanson Creek represents

deposition in a silted outer-shelf basin, based on the
existence of a major basin sill (the Toiyabe Ridge) which was
present near the oceanward margin of the outer shelf in early
Silurian time (Matti and McKee, 1977, p. 181).

Hurst, Sheehan,
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and Pandolfi (1985, p. 187) describe early to mid-Late

Llandovery (early Silurian) sedimentation on a homoclinal
carbonate ramp in central Nevada.

The upper part of the Hanson Creek Formation, which is not
preserved in the study area,

is an overall upward-shallowing

sequence in sections studied throughout Eureka County (Dunham,
1977; Murphy and others, 1979; Schalla, 1978).

The Hanson

Creek depositional cycle of Murphy and others (1979, p. 21) was
followed by extensive emergence of the shelf

in central Nevada

during late Llandovery time.

Lone Mountain Dolomite

General Statement

As it was originally defined by Hague (1883, p. 262-263),
the Lone Mountain Limestone included all of the carbonate units
lying between the Middle Ordovician Eureka Quartzite and the

Lower to Middle Devonian Nevada Limestone of previous usage.
Merriam (1940, p. 10-14) redefined the Lone Mountain Dolomite
to include only the dolomite sequence lying between the

Silurian Roberts Mountains Formation and the Nevada Group.

The

formation is approximately 493 meters (1570 ft) thick at the
type section at Lone Mountain (Merriam, 1940).

The Lone Mountain Dolomite is recognized throughout most
of east-central Eureka County, the western edge of White Pine
County, and parts of Nye County.

The formation thins in the
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western part of Eureka County, where it is replaced by coeval
limestone units.

Within the study area, the Lone Mountain Dolomite is
well
exposed in the Jones Canyon area, Reese and Berry Canyon, and
the area east of Atrypa Peak (p1. 1).

Where it could not be

readily differentiated from the overlying Beacon Peak Dolomite,
the two formations were mapped together as Silurian-Devonian
dolomites, undivided.

The estimated maximum thickness of the

Lone Mountain Dolomite in
meters (2100 ft).

the northern Fish Creek Range is 640

This is exclusive of the Beacon Peak.

LithologY

The Lone Mountain Dolomite is a sequence of massive to
thick-bedded dolomite that forms blocky, resistant, ledgy
exposures in the study area.

Exposures in Reese and Berry

Canyon and Grays Canyon are highly fractured and brecciated due
to faulting.

Two lithologic units are recognized within the Lone
Mountain Dolomite in the northern Fish Creek Range.

In many

areas the lower part of the formation has been cut out by
faulting.

Where preserved, the lower 300 meters (980 ft) of

the Lone Mountain is characterized by light to medium gray,

massive dolomite which weathers light gray to light yellowish
gray.

Bedding is fair to poor.

Dolomite is medium to coarsely

crystalline and commonly sucrosic.

Crystals range from 0.4 to

1.3 mm, showing possible bimodal size distribution.

Dolomite
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is generally clear, subhedral

to euhedral, with planar crystal

boundaries and rare enfacial junctions.
Porosity ranges from 5 to 7%,

in the form of inter-

crystalline porosity (4-5%) and vuggy porosity (1-2%).

Vuggy

porosity probably resulted from solution enlargement
originating at intercrystal pore spaces.
iron oxides) are concentrated at

Rare impurities (<1%

intercrystalline boundaries.

Exposures of the lower Lone Mountain Dolomite in the study
area are generally unfossiliferous.

Scattered, poorly

preserved crinoid columnals are present in exposures at the
east end of Jones Canyon.
In general, original depositional

textures appear to have

been obliterated by dolomitization throughout most of the lower

part of the formation in the study area.

A secondary origin

for the dolomite is indicated by the sucrosic textures, common
euhedral habit, rare enfacial triple junctions (Bathurst, 1975)
and the lack of preserved sedimentary and organic structures
and fabrics.

The upper 300-480 meters (980-1575 ft) of the Lone
Mountain in the northern Fish Creek Range is characterized by
rhythmically alternating, interbedded brown and gray dolomite.

Bedding is generally good, and alternating brown and gray beds
form step-like exposures.
thick-bedded.

The dolomite is medium- to

Outcrop appearance is very similar to the

Devonian Sentinel Mountain and Simonson Dolomites in central
and east-central Nevada.
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Gray dolomite in the upper Lone Mountain is generally
similar to dolomite in the lower part of the formation.

It is

medium to coarsely crystalline, subhedral to euhedral, and
appears slightly cloudy in thin section.

junctions are fairly common.

Enfacial crystal

Crystal boundaries are

approximately 75% planar, and 25% curved.
5 to 8%,

Porosity ranges from

in the form of intercrystalline voids.

1-2% iron

oxides are present at intercrystalline boundaries.

The light

to medium gray dolomite is unfossiliferous.
Interbedded brown dolomite is medium gray on fresh surface
and has a slight to moderate fetid odor upon fracture.
Dolomite is fine- to medium-coarse-crystalline
cloudy in thin section.

and appears

Irregular laminations are present in

many of the brown-weathering beds.

The laminations are

parallel to bedding, and most are 0.3-1.0 mm in thickness.

In

thin section, the laminations appear as repeating, thin layers
of alternating crystal sizes.

Medium crystalline subhedral

dolomite is abruptly overlain by 0.1-0.2 mm thick layer of
finely crystalline, anhedral dolomite, which grades upward
into fine- and medium-crystalline subhedral dolomite.

The

irregular laminations may represent algal mat structures.

Original fenestral porosity may have been infilled with
micrite, which was later dolomitized.

Many of the brown-weathering beds contain rounded,
irregular blebs of very light gray, coarsely crystalline
dolomite.

The rounded structures range in diameter from 0.9 mm
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to 1.0 cm, averaging 0.5 cm.

In hand sample the boundary

between finely crystalline brown dolomite matrix and light gray
coarsely crystalline blebs appears distinct.

In thin section,

the structures appear as clusters of coarse, clear, euhedral
dolomite crystals set in a matrix of finely crystalline,
cloudy, subhedral dolomite.

The structures may represent

original fenestral porosity, later infilled with dolomite.

The

centers of many of the structures are partly dissolved,
creating up to 6% rnoldic porosity in places.

Porosity in the laminated brown-weathering dolomite beds
is generally less than 3%.

Iron oxides (3-4%) are present at

crystal boundaries and in stylolite seams parallel to
laminations.

Calcite-filled fractures are present in places

and are offset by stylolites.

Generally, the upper Lone Mountain is only sparsely
fossiliferous in the study area.

Recrystallized shell

fragments are visible as ghosts in thin section, but
preservation is too poor to allow their identification.
Some of the dolomite within the upper Lone Mountain
probably represents early dolomitization of sediments.
Anhedral to subhedral crystal habit, well-preserved algal
laminations, and a sparcity of fossils are indicative of an
early origin for the dolomite.

'Primary" dolomite within the

Lone Mountain has been reported by Nichols and Silberling
(1977) and was also suggested by Long (1973, p. 42-44).
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Contacts

The Lone Mountain Dolomite

is

in fault contact with the

underlying Hanson Creek Formation in the study area, as
discussed on p. 44.

The contact between the Lone Mountain and the overlying

Beacon Peak Dolomite is probably unconformable in the study
area.

It

is marked by an abrupt change from light-medium gray,

medium to coarsely crystalline dolomite to very light gray to
white-weathering, finely crystalline quartzose dolomite.

At

the measured section east of Atrypa Peak, the contact is

covered and is marked by a change in float over a 1 meter (3.3
ft) interval.

In the area northeast of Jones Canyon, the

contact is marked by a fairly abrupt change in float also.

An

unconformable contact between the Lone Mountain Dolomite and
the Beacon Peak Dolomite has been reported by several workers
(Nolan and others, 1956, p. 38; Merriam,

1963, Johnson and

Murphy, 1984, figs. 2, 3).

Age and Correlation
Collections from the Lone Mountain Dolomite in the study
area did not yield age-diagnostic fossils, however, a Silurian
age is generally indicated by stratigraphic position.

Silurian

conodonts were recovered from the Lone Mountain in the Fish
Creek Range south of the study area by Cowell (1986, p. 32).
It

is reported the formation ranges into the Devonian elsewhere

in Eureka County (Nolan and others, 1956; Johnson and others,
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1973; Murphy in Colman, 1979).

Conodonts collected less than

1.5 meters (5 ft) above the top of the Lone Mountain in the
study area (sample JB-86) fall within the Lower Devonian
sulcatus to kindlei Zones (G. Klapper, written communication, 1985; see Appendix).

This indicates that the Lone

Mountain may range into the Lower Devonian in the study area.
The Lone Mountain is partly correlative with the Roberts
Mountains Formation recognized west of Eureka in west-central
Eureka County.

Correlative rocks east of the Diamond Mountains

are in the Laketown Dolomite and in the lower part of the Sevy
Dolomite, loosely defined, in eastern Nevada.

Depositional Environment
A general lack of preserved depositional

textures in the

lower Lone Mountain Dolomite makes interpretation of its
depositional environment difficult.

Winterer and Murphy (1960)

interpret the Lone Mountain in the Roberts Mountains as a reef
complex, most of whose original features have been obliterated
by dolomitization.

Sheehan (1980, p. 19) indicates a carbonate

bank, shelf-margin environment for the Lone Mountain.
Exposures in the Fish Creek Range may be transitional between
the Lone Mountain and the lithologically similar Laketown
Dolomite to the east.

Matti and McKee (1977, p. 202) and

Sheehan (1980, p. 19) regard the Laketown as a predominantly
subtidal, inner platform deposit.

The lower Lone Mountain in

the study area may represent deposition in a platform or outer
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platform environment, transitional between outer platform
carbonate banks to the west ( oceanward), and subtidal inner
platform environments to the east (shoreward).

The upper Lone Mountain Dolomite in the study area
represents inner platform peritidal (Folk, 1973,
shallow subtidal sedimentation.

p. 703) and

A peritidal environment is

indicated by the presence of algal laminations, fenestral
structures, and a sparse biota.

The interpreted "early"

dolomite within the upper part of the formation probably formed
in restricted, peritidal conditions.

Interbedded secondary dolomite within the upper Lone
Mountain may represent subtidal deposits whose original
textures have been obscured by dolornitization.

Rhythmic

alternation of the two lithologies throughout the upper part of
the formation indicates frequently changing, shallow subtidal
and peritidal conditions.

This interpretation is in general

agreement with those of Matti and McKee (1977), Colman (1979,

p. 70-71), Long (1973, p. 42-44), Sheehan (1980), and Johnson
and Murphy (1984).

The Lone Mountain Dolomite in the study area shows an
overall upward shallowing from outer platform carbonate bank
and subtidal environments to inner platform, shallow subtidal
and peritidal environments.

Hurst, Sheehan, and Pandolfi

(1985, p. 187) suggest that a rimmed shelf developed during
latest Llandovery time and persisted throughout most of the
Silurian.

The shelf was characterized by oceanward

progradation of peritidal facies.
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Devonian Stratinraphy and Correlation

The development of Devonian stratigraphic
nomenclature in
central Nevada has been summarized by Kendall and others
(1983), Murphy and Gronberg (1970), and other workers and
will
not be reviewed here.

Devonian stratigraphic units recognized

in the northern Fish Creek Range include:

Beacon Peak Dolomite

(Nolan and others, 1956), McColley Canyon Formation (Carlisle
and others, 1957; Johnson, 1962; Murphy and Gronberg, 1970),
Sadler Ranch Formation (Kendall, 1975; Kendall and others,
1983), Oxyoke Canyon Sandstone, Sentinel Mountain Dolomite, and
Bay State Dolomite (Nolan and others, 1956) and the Devils Gate
Limestone (Merriam, 1940).

See also figure 4.

Following the suggestion of Johnson and Murphy (1984),
"Nevada Group" usage is not considered valid because the term
encompassed several rock units of diverse origin and stood in
place of more meaningful

names for individual units.

As

described by Kendall and others (1983), the Nevada was 'a
collection of distinctive rock units deposited during a
particular interval of time in a variety of depositional
environments, not only those that coexisted along depositional
strike but also environments that coexisted across depositional
strike."

Kendall and others (1983, p. 2200)

recognize three

Devonian lithofacies belts in central Nevada:

1) a western

belt, predominantly limestone and including slope-deposited and
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basinal rocks (the Denay Limestone) in the Middle Devonian;
2) an eastern belt, predominantly dolomite of shallow-water
origin; and 3) a transitional belt in which

they intertongue.

The Fish Creek Range lies within the transitional lithofacies
belt, just west of eastern facies Devonian exposed in the
southern Diamond Mountains.

Figure 5 shows the Devonian

succession in the study area, and regional correlations.

One section of Lower and Middle Devonian rocks was
measured on the ridge that extends east-southeast from Atrypa
Peak (figure 7, plates

1

and 3).

Figure 8 shows the Atrypa

Peak section (generalized) in comparison with measured sections
of generally equivalent strata in the Mahogany Hills and
southern Diamond Mountains studied by Kendall and others
(1983).

The succession at Atrypa Peak shows the intertonguing

relations of shallow, eastern lithofacies with deeper, western
lithofacies.

The transitional character of the Atrypa Peak

section is further demonstrated by excellent development of the
Sadler Ranch Formation, which is the only Lower Devonian unit
that is considered a strictly transitional lithofacies (Kendall
and others, 1983, p. 2200).
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Figure 5.

Devonian correlation chart for central and eastern
Nevada.
Section locations are shown in figure 6.
F.I. refers to Faunal Intervals (Johnson, 1977;
Johnson and others, 1980).
Conodont zonation is
from Johnson and others, 1985.
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northern Fish Creek Range. View is to north.
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Beacon Peak Dolomite

General Statement

The term Beacon Peak Dolomite is used only in the eastern
half of Eureka County and the westernmost edge of White Pine
County.
Dolomite.

Elsewhere, the same rocks are assigned to the Sevy
The Beacon Peak type section designated by Nolan and

others (1956,

p. 42) is in the Pinto Summit quadrangle of the

southern Diamond Mountains, approximately 16 km (10 mi)
northeast of the study area.

The type Beacon Peak consists of

143 meters (470 ft) of medium-bedded, light gray to

white-weathering dolomite with thin quartz sandstone interbeds.
In the northern Fish Creek Range, the Beacon Peak is

exposed in the Jones Canyon area, Reese and Berry Canyon, the
area east of Atrypa Peak, and the north end of Grays Canyon
(pl. 1).

The thickness of the formation measured at the Atrypa

Peak section (pl. 3)

is 114 meters (374 ft).

Lithology

The Beacon Peak Dolomite is made up of very light gray to
whitish gray, finely crystalline dolomite mudstone which forms
blocky to gently sloping exposures in the study area.

It lies

above the more resistant, ledge-forming Lone Mountain Dolomite
and below the recessive, slope-forming Bartine Member of the
McColley Canyon Formation.

The lowermost 102 meters (336 ft) of the Beacon Peak is
composed of thin- to medium-bedded, very light olive gray
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dolomite which weathers to whitish gray.
good.

Bedding is fair to

Thin (1.0-4.0 mm) laminations are common.

Texturally,

the dolomite varies from quartzose mudstone to peloidal
packstone and grainstone.
unfossiliferous.

This part of the Beacon Peak is

Thin sections show an average composition of

33% peloids, 17% detrital quartz grains, 47% dolomite cement,
and 2% iron oxides.

Cement is composed of cloudy, anhedral dolomite which
ranges from aphanocrystalline to finely crystalline.

The

finely crystalline and poorly-ordered nature of the dolomite
indicates that it represents early dolomitization.

Early

dolomitization was also suggested by Kendall (1975, p. 21) and
for the correlative Sevy Dolomite by Osmond (1962).
Peloids range in abundance from 25% to. 40% in thin
sections studied.

They range in diameter from 0.1 to 0.8 mm,

and are elongate to subovoid.

The peloids are randomly

oriented, and are composed of aphanocrystalline, cloudy
dolomite which- is brown in plane light.

A lack of recognizable

internal structures makes it difficult to determine the origin
of peloids in the Beacon Peak.

The size variation of peloids

observed in thin section indicates that both fecal pellets and
intraclasts are present (Beales, 1965, p. 49).

This tentative

interpretation is consistent with those of Long (1973, p.
48-49), Schalla (1978, p. 31), and Cowell (1986, p. 34).
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Quartzose beds are present throughout exposures of the
Beacon Peak in the study area.

Quartz contents range from less

than 2% to 25% in thin sections studied.

Quartz is fine-

grained, well-sorted, subrounded, monocrystalline, and
unstrained.

Embayed grain boundaries are common, and represent

partial dissolution of silica and replacement by dolomite
microcrystalline cement.

In outcrop, quartz is visible as

scattered grains or concentrated in fine parallel laminations.

At the Atrypa Peak measured section, quartz is generally most
abundant in the lowermost 30 meters (98 ft) of the formation,
although it is present throughout the section.

Fenestrae are common in all samples studied.

Most are

partly or wholly infilled with medium to coarsely crystalline
euhedral dolomite.

Total porosity is less than 2%, mostly in

the form of fenestrae and vugs.

Iron oxides (2-5%) are concentrated around quartz grains
and peloids, or in discontinuous seams.

Both silica- and

dolomite-filled fractures are common in the Beacon Peak.

In

the Reese and Berry Canyon area, exposures are pervasively
fractured.

At the measured section east of Atrypa Peak (figs. 7,8 and
pl. 3), a 5.5 meter (18 ft) thick sequence of fossiliferous
dolomite and dolomitic limestone is present in the upper part
of the Beacon Peak (fig. 9).
interval

The base of the fossiliferous

is marked by an abrupt change from very light gray,

unfossiliferous dolomite mudstone to medium gray, crinoid-
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Figure 9.

Photograph of Bartine tongue in upper Beacon Peak
Dolomite, Atrypa Peak measured section.
See also
plate 3.
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brachiopod wackestone and packstone.

The Brachyspirifer

pinyonoides fauna is present (Johnson, written communication,
1988).

Wackestone and packstone beds are dolomitic at the base

of the sequence but grade upward into slightly dolomitic
limestone.
layers.

Beds are medium- to thick-bedded with common silty

The top of the fossiliferous sequence is marked by an

abrupt change to very light gray, unfossiliferous dolomite

mudstone (typical Beacon Peak) which forms the uppermost 6
meters (20 ft) of the formation.

The fossiliferous beds within

the upper Beacon Peak are similar lithologically and faunally
to the overlying

Bartine Member of the McColley Canyon

Formation.

Contacts

The lower contact of the Beacon Peak Dolomite with the
Lone Mountain Dolomite appears unconformable in the study area,
as discussed on p. 52.

The contact between the Beacon Peak and the overlying
Bartine Member of the McColley Canyon Formation appears
conformable.

In exposures east of Atrypa Peak,

thin-bedded

dolomite and lime wackestone and packstone typical of the
Bartine Member is present within the uppermost 11.5 meters (38
ft) of the Beacon Peak.

The contact was picked above the

uppermost bed of very light gray, unfossiliferous dolomite.

The contact is marked by an abrupt change to thin-bedded,
recessive, medium olive gray dolomitic packstone which grades
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upward into limestone 3 meters (10 ft) above the

contact.

In

the Jones Canyon area, the Bartine-like sequence is not

present, and the contact is marked by an abrupt change from
very light gray, unfossiliferous dolomite to medium olive gray,
silty lime brachiopod wackestone and packstone.

Age and Correlation
Conodonts collected approximately 1.5 meters (5 ft) above
the base of the Beacon Peak Dolomite in the study area (sample
JB-86) indicate an Early Devonian age (sulcatus to kindlei
Zones) (G. Klapper, written communication, 1985; see Appendix).
Collections from the Bartine tongue in the upper part of the

Beacon Peak (Atrypa Peak section, collections JB-AP-336, JB-AP350) yielded conodonts indicative of the oronberoi Zone (G.
Klapper, written communication, 1989).

The presence of the

Brachyspirifer pinyonoides brachiopod fauna (FA. 11-13) within
the Bartine tongue also indicates that the tongue is at least
as young as oronberoi Zone (Johnson, written communication,
1988).

The Beacon Peak in the northern Fish Creek Range is

thus constrained to the Early Devonian sulcatus to bronberoi
Zones.

The Beacon Peak is equivalent to the Sevy Dolomite in
east-central Nevada and western Utah.

Exposures of the Beacon

Peak in the Fish Creek Range are equivalent to the Sevy lower
tongue of Kendall (1975, p. 31).

The formation is correlated
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with the Kobeh Member of the McColley Canyon Formation in areas
west of the Sulphur Spring Range.

See also figure 5.

Depositional Environment

A peritidal depositional environment is indicated by the
presence of fenestrae, peloids, parallel laminations, and the
lack of megafossils in the Beacon Peak in the study area.

The

irregular orientation of fenestrae observed in thin section is
indicative of middle to upper intertidal environments (James,
1984, p. 219).

Evidence for variable energy conditions

includes the presence of probable intraclasts, fecal pellets,
and detrital quartz sand within typical low-energy mudstone.
The interpreted early dolomitization of the unit further
supports a peritidal environment for the Beacon Peak in the
study area.

The presence of detrital quartz in the formation indicates
proximity to a land source.

The fine-grained sand may have

been partly wind-transported.

The 5.5 meter (18 ft) thick sequence of silty crinoidbrachiopod wackestone and packstone in the upper Beacon Peak
near Atrypa Peak was deposited in a subtidal environment.

The

fossiliferous sequence is not present in exposures elsewhere in
the study area.

The limited areal extent of the subtidal

sequence indicates deposition in a lagoon or small embayment
within the peritidal environment.
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Kendall (1975, p. 47) describes westward progradation of
the Sevy/Beacon Peak tidal flat during Emsian (late Early
Devonian) time.

In the northern Fish Creek Range, shallow

marine seas transgressed over the Beacon Peak peritidal
environment by latest Pragian to early Emsian (dehiscens
Zone?) time.

Complex interfingering of subtidal and peritidal

facies in the region indicates a very low relief coastline
between the Bartine sea and the Sevy/Beacon Peak

tidal flat

(Kendall, 1975, p. 49).

McColley Canyon Formation

General Statement

The McColley Canyon Formation (Johnson, 1962)
recognized within Eureka County.

is

The type section in the

Sulphur Spring Range consists of 128 meters (420 ft) of
interbedded dolomitic limestone and calcareous dolomite
(Carlisle and others, 1957, p. 2181).

Murphy and Gronberg

(1970) divided the formation into three members.

In ascending

order, they are the Kobeh, Bartine, and Coils Creek.
In the northern Fish Creek Range, the McColley Canyon
Formation is exposed in the area north of Reese and Berry
Canyon, southeast of Atrypa Peak, and in the Grays Canyon area
(pl. 1).

Its total thickness measured near Atrypa Peak is 133

meters (436 ft).

The formation is represented by the Bartine

Member and Coils Creek Member in the study area.

The Kobeh

Member in the Mahogany Hills (figs. 2,3) is a facies of the
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Beacon Peak Dolomite in the northern part of the Fish Creek
Range.

In areas where the Bartine and Coils Creek Members

could not be readily differentiated, the two units were mapped
together as McColley Canyon Formation undivided.

Bartine Member

The Bartine Member is a sequence of very thin- to mediumbedded lime mudstone, wackestone, and packstone, which is
dolomitic at its base.

Its measured thickness southeast of

Atrypa Peak is 78 meters (256 ft).

The unit weathers very

recessively and forms platy float and sloping exposures in the
study area.

The rocks are medium to medium-dark gray on fresh surface
and weather to light-medium gray.

Silty units within the

Bartine weather to a distinctive pale yellowish or pinkish gray
color.

Exposure is fair to poor.

Bedding is generally good.

Lowermost beds are dolomitic, and grade upward into lime
mudstone, wackestone, and packstone 3 meters (10 ft) above the
contact.

Cement is composed of micrite and microspar, with

minor porphyroid pseudospar.

Mudstone units are laminated in

places, but are commonly bioturbated.
Allochems include peloids, monocrystalline quartz grains,
and abundant fossil fragments.

Peloids (1-67.) are composed of

cloudy micrite and microspar with no discernible internal
structures.

They range from 0.1 mm to 2.4 mm in diameter and

are subspherical to elongate in shape.

The smaller, rounded
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peloids are probably fecal pellets, and the larger, irregular
peloids are probably intraclasts.

Quartz grains (1-8%) range in size from coarse silt to
fine sand.

The quartz is monocrystalline and unstrained.

Grains are subangular to subrounded, with common embayed grain
boundaries.

Fossil fragments present include brachiopods, crinoids,
tabulate and rugose corals, bryozoans, tentaculitids,
pelecypods, and trilobites.
are commonly well preserved.

Brachiopods are most abundant, and
The Brachyspirifer pinyonoides

fauna is present (Johnson, personal communication, 1986).

Some

brachiopod fragments are partly replaced with chalcedony, and
others show very good preservation of pseudopunctate and
impunctate shell structures.

Many of the pelecypod fragments

are partly replaced by chalcedony.

Tabulate corals are very

well preserved, and form biostromal beds within the Bartine in
exposures north of Reese and Berry Canyon.
especially common.

Favosites sp.

is

Fossil fragments within the Bartine

generally show slight to moderate abrasion.

They are randomly

oriented in places, but also occur in layers 0.25-1.0 cm thick,
as concentrations of fossil hash.

In places, well-preserved,

disarticulated brachiopod valves are aligned parallel to
bedding, with mixed convex-up/down orientation.
Yellow- to tan-weathering silty layers are common
throughout the Bartine Member in the study area.

Silty layers
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are wavy and range in thickness from 0.2 to 0.75 cm.

The

layers weather recessively compared to enclosing carbonates.
Tan-weathering, dark gray chert nodules and layers are
present in the Bartine in a few exposures.

Chert layers (0.5

to 1.75 cm thick) form thin, resistant intervals

in the unit.

Average porosity in the Bartine is less than 2%, in the
form of vugs and open fractures.

Most fractures are wholly

infilled with quartz cement or calcite spar.

At least two

generations of fractures is evident.

Coils Creek Member

The Coils Creek Member is composed of medium to dark gray,
very fine- to finely crystalline lime mudstone, wackestone, and
packstone.

Matrix is composed of micrite, microspar, and minor

porphyroid pseudospar.

The unit is similar to the underlying

Bartine, but is slightly more resistant and well-bedded.

Float

is blocky compared to the typical Bartine platy float.
Exposure is fair to good.

The measured thickness of the Coils

Creek Member near Atrypa Peak is 55 meters (180 ft).
Coarse silt- to very fine sand- sized quartz (1-3%) is
present, but less common than in the Bartine.
of unknown origin are also present.

Peloids (1-47)

Silty layers are slightly

less common than in the underlying Bartine.

Layers of dark

gray chert are common in the Coils Creek.
Packstone textures are less common than in the Bartine
Member.

Laminated mudstone and wackestone makes up more than

85% of the exposures of the Coils Creek in the study area.
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Fossil fragments are generally similar to those
found in the
Bartine.

Rugose corals are more common and tabulate corals
are

less common.

Porosity (1-2%) and fracturing is similar to that
found in
the Bartine.

Contacts

The contact between the Bartine Member of the McColley
Canyon Formation and the underlying Beacon Peak Dolomite
appears conformable in the study area, as described on p. 66.

The contact between the Bartine Member and the overlying
Coils Creek Member is gradational
area.

and conformable in the study

At the Atrypa Peak section (pl. 3) the contact was

approximately placed at a gradual change upsection from silty,

platy, recessive-weathering limestone to slightly more
resistant, well-bedded limestone.

The upper contact of the Coils Creek Member with the
Sadler Ranch Formation appears gradational and conformable.

At

the Atrypa Peak section the contact is marked by an abrupt
color change from medium-dark gray to brownish-gray lime

mudstone, which grades upward into dolomite 0.5 to 1.5 meters
(1.6 to 5.0 ft) above the contact.

Age and Correlation
Based on its conodont and brachiopod faunas and stratigraphic position, the McColley Canyon Formation in the study area

74

is constrained to the Early Devonian gronberoi to serotinus
Zones.

Conodonts recovered from the Bartine Member indicate a

possible dehiscens to inversus Zone age range.
Bartine lies above the oronberoi

However, the

Zone Bartine Tongue in the

upper part of the Beacon Peak at Atrypa Peak, as described on
p. 67.

The Brachyspirifer pinyonoides brachiopod fauna is

well-represented in the Bartine in the study area, and is
indicative of Faunal Intervals 11-13 (Johnson, personal
communication, 1986).

Faunal Intervals 11-13 of Johnson,

Klapper, and Trojan (1980) correspond to the oronberoi and
inversus conodont Zones.

The Bartine Member can therefore be

constrained to oronberoi to inversus conodont Zones, indicative
of an Emsian (lower Zlichovian to middle Dalejan) age.

The

Coils Creek Member could range from inversus Zone to serotinus
Zone (late Emsian, or middle to late Dalejan age)
area.

in the study

These age ranges are in agreement with those determined

by other workers in the region, including Cowell (1986, p. 40),
Schalla (1978, p. 42), Kendall and others (1983, fig. 5), and
Johnson and Murphy (1984, fig. 2).
The upper part of the Bartine Member in the study area is
probably correlative with the lower Coils Creek Member in areas
to the west (Kendall, 1975, fig. 17; Johnson and Murphy, 1984,
fig. 2).

The McColley Canyon Formation is partly correlative

with the Sevy Dolomite in areas to the east.

See also fig. 5.
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Depositional Environment

The McColley Canyon Formation in the northern Fish Creek
Range was deposited below wave base in an open-marine shelf
environment.

Normal salinity and oxygenation of shelf waters

is indicated by the presence of stenohaline fossil forms
throughout the formation.

Exposures in the study area

generally fall within the standard facies belt 2 category of
Wilson (1975, p. 355-356).

The Bartine Member was probably deposited in fairly
shallow shelf waters affected by frequent wave agitation.
Layers of concentrated fossil debris may have been transported
by storm waves which intermittently affected the sediment.

The

presence of tabulate coral biostromes within the Bartine is
also indicative of frequently agitated, shallow marine
conditions.

However, the predominance of micritic, and

commonly bioturbated, textures throughout the unit indicates
that quiet water, or fairweather conditions between storms,

generally prevailed during Bartine deposition in the study
area.

The Coils Creek Member generally represents quiet water or
fairweather deposition, less affected by wave and current
agitation than the underlying Bartine Member.

The predominance

of mudstone and wackestone textures in the unit indicates a
quiet water or fairweather environment.

The change in dominant

coral types from tabulate in the Bartine to rugose in the Coils
Creek also suggests a transition to generally quieter
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conditions during Coils Creek deposition.

The Coils Creek in

the study area was probably deposited in a deeper-water
environment than the underlying Bartine.

Transgressive conditions during inversus conodont Zone
time (corresponding to late Bartine or early Coils Creek in the
study area) is reported by Johnson and Murphy (1984, p. 1353).

The inversus Zone deepening event is represented by Bartine
Tongue over Beacon Peak Dolomite in the Sulphur Spring Range,
and Bartine intertonguing with the upper Beacon Peak at Oxyoke
Canyon (Kendall and others, 1983, p. 2206; see also fig. 5).

Sadler Ranch Formation

General Statement

The Sadler Ranch Formation is developed within a narrow
north-south belt in east-central Eureka County.

The formation

is 124 meters (408 ft) thick at the type section in the Sulphur
Spring Range designated by Kendall (1975, p. 83).
subdivided the Sadler Ranch into three units:

Kendall

a lower

dolomite, a middle crinoidal dolomite, and an upper dolomite.

A thorough discussion of the lithology and stratigraphic
relations of the formation in Eureka County is given by Kendall
and others (1983, p. 2200-2207).
In the northern Fish Creek Range, exposures of the Sadler
Ranch Formation are present south and west of Jones Canyon,
southeast of Atrypa Peak, and in the Grays Canyon area (p1. 1).
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Its measured thickness near Atrypa Peak is 131 meters (430 ft)
(pl. 3).

Lithology

The Sadler Ranch Formation in the study area is generally
composed of light brownish gray- to brown-weathering dolomite.
The unit is more resistant than the underlying McColley Canyon
Formation, but less resistant than the overlying Oxyoke Canyon
Sandstone.

Exposure is fair to good.

The lower dolomite,

middle crinoidal dolomite, and upper dolomite units of Kendall
(1975, p. 83) and Kendall and others (1983, p. 2201) are
recognized within the study area.

The lower dolomite of the Sadler Ranch Formation consists
of medium- to thick-bedded dolomite mudstone and wackestone.

Interbedded lime mudstone is present in the lowermost 4.5
meters (15 ft).

The measured thickness of the unit near Atrypa

Peak is 19 meters (62 ft) (p1. 3).

Dolomite is very fine- to finely crystalline, dark gray to
brown-black on fresh surface, and weathers to a brownish gray
or chocolate brown color.
present in places.
good.

Faint parallel laminations are

Bedding is good, and exposure is fair to

Matrix is composed of cloudy dolomite microspar and

pseudospar.

Scattered, silicified brachiopod fragments are

present near the top of the unit.

Crinoid fragments (single-

ossicle) are common in the uppermost 2 meters (6 ft) of the
unit, and are replaced by sparry dolomite.
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The middle crinoidal unit of the Sadler Ranch Formation is
made up of medium- to thick-bedded crinoidal dolomite packstone.
Interbedded wackestone is present in places.

The unit is 63.5

meters (208 ft) thick near Atrypa Peak (pl. 3).

Its base was

picked at the lowest packstone bed which contained common
two-holed crinoid ossicles.

At least some of the two-holed

cirral ossicles are derived from Gasterocoma? bicaula (Johnson
and Lane, 1969).

Although single ossicle forms are present

throughout the middle crinoidal unit, two-holed forms become
dominant approximately 6 meters (20 ft) above its base.

The middle unit is generally medium- to thick-bedded, but
becomes thicker bedded up section.
good, and exposure is fair.

Bedding is fair to very

The rocks weather to light brown,

gray, or chocolate brown, and are dark gray to very dark gray
on fresh surface.
are

Alternating dark- and light-weathering beds

present near the top of the unit.

are present in a few beds.

Faint, wavy laminations

Carbonate matrix is composed of

cloudy microspar and pseudospar which is similar to that
underlying and overlying units.

in the

Unabraded crinoid fragments

range in size from 0.3 to 3.5 mm, and are replaced with
dolomite spar.

The upper dolomite of the Sadler Ranch is lithologicallY
very similar to the lower dolomite.

Its measured thickness

near Atrypa Peak is 49 meters (160 ft) (p1. 3).

Its base is

marked by an abrupt decrease in crinoid debris over a 3 meter
(10 ft) interval.

The unit is composed of dolomite mudstone

and wackestone with a few thin interbeds of crinoid packstone.
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Rocks weather to light brownish gray to medium brown.

The

upper dolomite unit is slightly thicker bedded than the
underlying units.
good.

Bedding is good, and exposure is fair to

Matrix is composed of cloudy dolomite microspar and

pseudospar, similar to the underlying units.

Average porosity in the Sadler Ranch Formation ranges from
less than 2% in the lower and upper dolomites, to 6-7% in the
middle crinoidal member.
are most common.

Intercrystalline and vuggy porosity

Fractures are present in places, but are not

common in most exposures in the study area.

Ferrugenous

impurities are concentrated in thin, discontinuous seams.

Contacts

The contact between the Sadler Ranch Formation and the
underlying Coils Creek Member of the McColley Canyon Formation
is gradational

in the study area, as discussed on p. 73.

The upper contact of the Sadler Ranch with the Oxyoke
Canyon Sandstone is marked by a gradual upward transition from
brown-weathering, medium gray finely crystalline dolomite to
lighter gray, fine- to medium crystalline dolomite with
scattered quartz grains.

Near Atrypa Peak, the contact is

gradational over 7 meters (23 ft).

The contact also appears

gradational at exposures near summit 8667.

Age and Correlation
Collections from the Sadler Ranch Formation in the study
area did not yield age-diagnostic conodonts.

Collections from
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the formation south of the study area in the Fish Creek Range
indicate a serotinus to patulus Zone (late Emsian to early

Eifelian) age range (Cowell, 1986, p. 43; Johnson and Cowell,
1987, p. 85).

The presence of two-holed crinoid ossicles of

Gasterocoma? bicaula further indicates a late Emsian to early
Eifelian age (Johnson and Lane, 1969, p. 70).

The Sadler Ranch Formation in the northern Fish Creek
Range is correlated with the lower Oxyoke Canyon Sandstone at
Oxyoke Canyon (southern Diamond Mountains), east of the study
area (Kendall and others, 1983, p. 2204, their fig. 5; Johnson
and Murphy, 1984, p. 1352, their fig. 2).

The lower Sadler

Ranch is partly correlative with the Coils Creek Member of the
McColley Canyon Formation in areas west of the study area
(Johnson and Murphy, 1984, p. 1352, their fig. 2).

See also

figure 5.

Depositional Environment

The Sadler Ranch Formation was probably deposited in
shallow waters of the outer shelf, affected by variable energy
conditions.

Low-energy conditions (below storm wave base) are

indicated by the finely crystalline textures and fine parallel
laminations present.

Abundant crinoid debris in the middle

crinoidal unit probably reflects slightly higher energy storm
wave conditions.

The generally unabraded nature of the crinoid

debris suggests minor transport from a crinoidal bank.
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Kendall (1975, p. 83, see also his figs. 27, 31) states
that "the Sadler Ranch Formation forms a belt parallel to the

regional depositional strike between open marine limestone
(Coils Creek) to the west and shallow-water restricted
dolomites to the east ( Oxyoke Canyon Formation and Sevy sand)."

Kendall and others (1983, p. 2203) suggest that the dark muds
of the Coils Creek Member and the Sadler Ranch Formation
reflect ponding of a silted outer shelf basin as sea level fell
during serotinus Zone time.

Serotinus Zone regression is

marked by a westward shift of the dolomite front in the central
Nevada (Johnson and Murphy, 1984, p. 1353, and their fig. 3).
Transgression followed by patulus Zone time, which probably
lies within the middle crinoidal unit of the Sadler Ranch
(Kendall and others, 1983, p. 2207; Johnson and Murphy, 1984,
p. 1353).

Oxyoke Canyon Sandstone

General Statement

The Oxyoke Canyon Sandstone is recognized in the eastern
half of Eureka County, southwestern Elko County, and along the
western edge of White Pine County.

The type section at Oxyoke

Canyon is composed of 122 meters (400 ft) of thick-bedded
sandstone and dolomite (Nolan and others, 1956, p. 43).
Kendall (1975, p. 112) divided the formation into a lower,
Ouartzose Member and an upper, Coarse Crystalline Member.
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In the northern Fish Creek Range, the Oxyoke Canyon Sandstone is exposed near Atrypa Peak, summit 8667, and in the
Grays Canyon area (p1. 1).

Its measured thickness near Atrypa

Peak is 129 meters (424 ft) (p1. 3).

Exposures of the Oxyoke

in the Fish Creek Range generally represent the upper, Coarse
Crystalline Member as defined by Kendall (1975).

Lithology

The Oxyoke Canyon Sandstone is composed of interbedded
dolomite, quartzose dolomite, and dolomitic sandstone which
form relatively resistant, ledgy exposures in the study area.
The formation is generally medium-bedded to massive, and
bedding is fair to poor.

The Oxyoke Canyon Sandstone section near Atrypa Peak can
be divided into three units, including:

1) a lower dolomite

and quartzose dolomite with interbedded dolomitic sandstone, 2)
a middle dolomitic quartz sandstone and arenite and 3) an upper
dolomite and quartzose dolomite.

The lower unit is 65 meters (212 ft) thick and is composed
mainly of very finely crystalline to medium crystalline
dolomite and quartz-bearing dolomite.

Interbedded dolomitic

quartz sandstone is common within a 8-10 meter (26-33 ft)
interval

in the lower half of the unit.

Dolomite and quartzose

dolomite beds weather to light gray, light yellowish gray, or
very light brownish gray.

In thin section, the dolomite

appears slightly cloudy, generally subhedral, and is made up of
microspar with lesser amounts of pseudospar.

The dolomite
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appears bioturbated in places.
(2-4%) are locally present.

Sand-sized, micritic peloids

Quartz is present as scattered

monocrystalline grains in very finely crystalline dolomite, or
concentrated in thin, sand laminations that form resistant
strands on weathered dolomite surfaces.

Sandstone beds within

the lower Oxyoke Canyon are composed of fine- to medium-

grained, well-rounded quartz grains (50-75%) within a very
finely crystalline dolomite cement (25-50%).

They weather

resistantly relative to surrounding dolomite units and are
light grayish tan, yellowish gray, or rust on weathered
surfaces.

Low-angle crossbedding is present in some beds.

The middle unit of the Oxyoke Canyon near Atrypa Peak is
42 meters (138 ft) thick and is composed mainly of dolomitic
quartz sandstone with lesser amounts of dolomite-cemented
quartz arenite.

Interbedded quartzose dolomite makes up less

than 20% of the middle unit.

Dolomitic sandstone and arenite

units weather to a light buff or yellowish gray color and are
medium- to thick-bedded.

Low-angle crossbeds are common and

weather to a rust or orange color.

Sandstone and arenite units

are composed of 50-90% quartz in a very fine- to mediumcrystalline dolomite cement.

Quartz is well rounded, well

sorted, and is fine- to medium-grained.

Most grains show at

least one generation of quartz overgrowth, which gives rounded
grains an angular appearance.

Tangential and planar grain

contacts are most common, although concavo-convex contacts are
also present.

Grain boundaries are commonly embayed, due to
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partial replacement by dolomite cement.

Cement is composed of

a fairly clear mosaic of medium and coarsely crystalline,
subhedral, subequant, dolomite spar.

Inclusions within the

dolomite give the crystals a dusty appearance.

The dolomite

cement has growth fabric characteristics indicative of a mixed
neomorphic and precipitative (void-filling) origin.

The upper unit of the Oxyoke Canyon is made up of 22
meters (74 ft) of dolomite and quartzose dolomite similar to
that found in the lower unit.

Rocks are medium- to thick-

bedded and weather to a light olive gray or light yellowish
Dolomite is fine- to medium-crystalline and is light to

gray.

medium olive gray on fresh surface.
(5-35%)

Monocrystalline quartz

is present as scattered grains or

in thin parallel

laminations.

Porosity in the Oxyoke Canyon Sandstone ranges from less.

than 1% to 5%, mainly in the form of vugs and intercrystalline
pores.

Fractures are common in most exposures, and are com-

monly filled with quartz cement.

Ferrugenous clay impurities

(1-4%) are present as scattered grains or concentrated along
quartzose laminae.

Contacts

The contact between the Oxyoke Canyon Sandstone and the
underlying Sadler Ranch Formation is gradational
area, as described on p. 79.

in the study
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The upper contact of the Oxyoke Canyon and the overlying
Sentinel Mountain Dolomite appears gradational
area.

in the study

Near Atrypa Peak the contact lies within a 2.5 meter (8

ft) thick covered interval between uppermost beds of light to
medium olive gray, finely crystalline dolomite of the upper
Oxyoke to more resistant, bench-like exposures of light to
medium gray, medium to coarsely sucrosic dolomite of the lower
Sentinel Mountain.

The contact is most evident as a gradual

change in topographic expression between the Oxyoke and the
Sentinel Mountain.

Near summit 8667, the contact appears

gradational over approximately 4 meters (13 ft).

Age and Correlation
Collections from the Oxyoke Canyon Sandstone in the study
area did not yield age-diagnostic fossils.

Cowell (1986, p.

47) collected conodonts from the formation south of the study
area in the Fish Creek Range that are restricted to the
costatus Zone, indicative of an early Eifelian (early Middle
Devonian) age.

The Oxyoke Canyon Sandstone in the study area is
considered to be partly correlative with the Sadler Ranch
Formation and the deeper water Denay Limestone to the west.

The °Coarse Crystalline Member" (Kendall, 1975) of the Oxyoke
is correlated with the lower Coarse Crystalline Member of the
Simonson Formation to the east of the study area (Osmond, 1962;
Kendall, 1975, p. 160-162; Johnson and Sandberg, 1977, their
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figs. 5, 6; Schalla, 1978, p. 49, 55; and other workers).

See

also figure 5.

Depositional Environment

The Oxyoke Canyon Sandstone represents shallow-water
deposition in an inner platform, peritidal environment.
Dolomite and quartzose dolomite units were probably deposited
in a tidal flat environment, as indicated by the finely

crystalline textures, peloids, probable burrows, and fine
parallel laminations.

Dolomitic quartz sandstone and arenite

units represent higher-energy deposition, evidenced by the
well-rounded, well-sorted, grain-supported textures and common
cross-bedding.

These rocks may have been deposited in a

high-energy, wave-dominated beach or other shoal-water bar
environment.

The Oxyoke Canyon Sandstone in the study area represents
an overall shallowing upward from the underlying subtidal
Sadler Ranch.

Kendall 11975, p. 126) describes deposition of

the lower Oxyoke Canyon Sandstone in Eureka County in a
high-energy beach zone between the subtidal lower Sadler Ranch
lime muds to the west and the intertidal to supratidal Sevy to
the east.

The upper Oxyoke generally represents more

restricted, peritidal conditions.

The lithologic variability

of the Oxyoke Canyon in the northern Fish Creek Range indicates
a very low relief coastline, with frequently changing beach and
intertidal conditions.
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Sentinel Mountain Dolomite

gaz State Dolomite

General Statement

The Sentinel Mountain and Bay State Dolomites are
recognized in the eastern half of Eureka County, southwestern
Elko County, northern Nye County, and westernmost White Pine
County.

The two formations are lithologically very similar and

were defined as separate units based on the presence of an
intervening unit, the Woodpecker Limestone, at the type
sections in the southern Diamond Mountains (Nolan and others,
1956, p. 44-46).

The type Sentinel Mountain Dolomite in the

Oxyoke Canyon area is made up of 181 meters (595 ft) of
alternating dark and light, thick-bedded dolomite.

The

overlying Bay State Dolomite is composed of 188-198 meters
(618-650 ft) of massive dark and light dolomite at the type
section on Newark Mountain.

In the northern Fish Creek Range the Woodpecker Limestone
is not developed; consequently the Sentinel Mountain Dolomite
and Bay State Dolomite are treated herein as a single unit.

Exposures are present in the vicinity of summit 8667 and Atrypa
Peak, and in the Grays Canyon area (pl. 1).

Structural

complications in the study area make thickness determinations
difficult, but

it

is estimated that at least 300 meters (984

ft) of Sentinel Mountain - Bay State are present in the area.
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Lithology

The Sentinel Mountain - Bay State is composed of generally
thick-bedded and massive, dark and light gray dolomite which
forms resistant exposures in the study area.
The lowermost 43 meters (142 ft) of the unit is made up of
light and medium gray, medium- to coarse-crystalline dolomite
which forms bench-like exposures above less resistant dolomite
of the upper Oxyoke Canyon Sandstone.

The lower dolomite unit

of the Sentinel Mountain is not quartzose in the study area.
Uppermost beds within the unit are light brownish-gray and
commonly mottled.

Well-bedded, alternating dark and light dolomite overlies
the lower dolomite and makes up most of the Sentinel Mountain
Bay State exposures in the study area.

-

The alternating unit is

very well-exposed at Atrypa Peak and along the ridge to the
west (pl. 1).

The lower (Sentinel Mountain) part of the

alternating unit is made up of very well-bedded, step-like
exposures of alternating brown and gray dolomite.
medium- to thick-bedded.

The unit is

Alternating brown and gray intervals

range in thickness from 2.0 cm (1

in) to 2.5 meters (8 4t), and

are present within beds, and as single beds or groups of beds.

Contacts between brown and gray intervals are gradational to
abrupt.

In many places, brown dolomite grades upward into gray

dolomite, which is in sharp contact with overlying brown
dolomite.

Mottling and laminations are both very common,

especially within the brown dolomite beds.

Mottling is most
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commonly present as irregular wisps of light gray dolomite

within darker beds, and appears diagenetic.

Laminations are

wavy to horizontal and range in thickness from 0.2 to 1.0 cm.
The laminations may represent relict algal mats, with light

sediment-rich laminae alternating with dark, organic laminae.
Intraclastic layers and beds are present in places.

Dolomite

within the alternating unit ranges from finely crystalline to
coarsely crystalline.

The darker dolomite is generally more

finely crystalline than the light gray dolomite.

Brown-weathering dolomite is medium to very dark gray on fresh
surface and emits a fetid odor upon fracture.

Light gray

weathering units are light or medium olive gray on fresh
surface.

In thin section, both cloudy and clear dolomite crystals
are present.

Cloudy dolomite is generally subhedral and appears

to be most common in finely crystalline, darker units.

Crystal

boundaries are most commonly curved, and enfacial triple
junctions are rare.

Coarsely crystalline units are composed of

clear, subhedral to euhedral dolomite.

Both planar and curved

crystal boundaries are present, and partial dissolution at
crystal contacts is visible in places.
junctions are present but not common.

Enfacial triple

Overall, the finely

crystalline dolomite probably formed as an early replacement.

The coarsely crystalline units probably represent mixed
replacement and precipitated (void-filling) dolomite, formed by
more than one generation of recrystallization.
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Rhythmically alternating, light and dark step-like
dolomites of the Sentinel Mountain grade upward into the
slightly more resistant, massive exposures of the Bay State
Dolomite.

The Bay State is composed of irregularly interbedded

dark and light dolomite.

The unit ranges from thin-bedded to

massive, and forms prominent ledges in places.
Dolomite within the Bay State is generally similar to that
found in the underlying Sentinel Mountain.

Light to medium

olive gray dolomite forms most of the unit, with lesser amounts
of dark to very dark gray dolomite.

Brown-weathering beds are

less common than in the Sentinel Mountain.

Rocks are composed

of fine- to coarse-crystalline, cloudy and clear dolomite.
Sedimentary structures are rarely preserved in
State.

places.

the Bay

Wavy laminations of probable algal origin are common in
Some of the laminae appear to have formed by infilling

of original fenestrae with coarse dolomite spar.

Siliceous

laminations are also common, and form irregular, resistant
strands on the rock surface.

Although the Sentinel Mountain

Bay State is not

generally fossiliferous in the study area, fossils are common
within some intervals.

The middle to upper part of the section

contains abundant "spaghetti algae" (small dendroid stromatoporoids, probably Amphipora sp.) and bulbous stromatoporoids
associated with algally laminated beds.

Poorly preserved

brachiopod fragments, commonly concentrated in bedding-parallel
layers, are present in places.

Mottled beds containing fossil
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debris are commonly in sharp contact with well-laminated,
unfossiliferous beds.

Large, poorly preserved, probable

Strinoocephalus sp. (or Geranocephalus truncatus of Johnson,
Boucot, and Gronberg, 1968) brachiopods are present within the
upper part of the Sentinel Mountain
area.

Bay State in the study

The coral Cladopora is also locally common within the

upper part of the Sentinel Mountain

Bay State.

Porosity in the Sentinel Mountain
3 to 11% in samples studied.

Bay State ranges from

Intercrystalline porosity is most

common in the coarsely crystalline units, and vugs are present
throughout.

Sucrosic dolomite is common in the unit near

fractures and faults.

Iron oxides (2-3%) and unidentified

opaque flecks (1-2%) are concentrated along crystal boundaries
and within intercrystalline pore spaces.

Dolomite- and silica-

filled veinlets and fractures are common in samples studied.

Contacts

The lower contact of the Sentinel Mountain Dolomite with
the Oxyoke Canyon Sandstone is gradational within the study
area, as described on p. 84-85.

The Bay State Dolomite is in probable fault contact with
the overlying Devils Gate Limestone near summit 8667 (pl. 1).
On the east side of summit 8667, the fault zone is marked by a

recessive interval between steeply dipping, resistant beds of
brownish-gray dolomite of the Bay State and more gently
dipping, very dark gray, lime mudstone beds of the Devils Gate.
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Elsewhere in the Eureka area, the contact is gradational
(Drake, 1978; Cowell, 1986; Nolan and others, 1956).

Age and Correlation
Collections from the Sentinel Mountain - Bay State in the
study area did not yield conodonts.

Nolan and others (1935,

1956) assigned a Middle Devonian age to the Sentinel Mountain
Bay State (and correlative Simonson) interval, based on its
brachiopod fauna.

Johnson (1962, p. 168) also determined

a

Middle Devonian age for equivalent units west of the Fish Creek
Range.

A Middle Devonian age for the Sentinel Mountain

Bay

State in the study area is generally indicated by the presence
of probable Strinoocephalus sp. (Nolan and others, 1935, 1956)
and by stratigraphic position.
Correlatives of the Sentinel Mountain

Bay State include

the Simonson Dolomite and lower Guilmette Formation of eastern
Nevada and western Utah, and the Denay Limestone of central
Nevada.

See also figure 5.

Depositional Environment

The lower part of the Sentinel Mountain - Bay State
interval

in the study area was probably deposited in a shallow,

restricted, peritidal environment.

The presence of algal

laminations indicates shallow subtidal, intertidal or
supratidal conditions, and intraclastic layers reflect periodic
drying of the sediments and rip-up by wave or current action.
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Energy conditions were probably variable.

The laterally

extensive, alternating dark and light dolomite sequence was
probably deposited on a broad, shallow platform.

The peritidal

dolo-mites prograded westward across the platform during
Eifelian and earliest Givetian time (Johnson and Murphy, p.
1353, their figs. 2, 3).
The presence of strornatoporoid buildups and brachiopod

debris in the upper part of the Sentinel Mountain

Bay State

interval indicates a general return to more circulated, waveagitated, normal marine conditions.

Amohioora stromatoporoids

probably flourished in fairly quiet, more restricted and
protected areas.

Associated bulbous forms grew in better

circulated, and probably higher areas (Krebs, 1974).

Inter-

bedded unfossiliferous, laminated units and debris-rich units
reflect variable energy conditions.

The upper part of the

Sentinel Mountain - Bay State in the study area probably
represents shallow-shelf, carbonate bank sedimentation.

Johnson and Sandberg (1977, p. 137) describe the development of biohermal buildups on the shallow inner shelf during
early Middle Devonian time.

Buildups on the shelf led to the

development of restricted, lagoonal environments to the east.

The Woodpecker basin formed east of the study area during an
abrupt rise in sea level

in latest Eifelian time.

Regressive

conditions followed, and are documented in sequences east and
west of the Bay State facies (Johnson and Murphy, 1984,
1354).

p.
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Devils Gate Limestone

General Statement

The Devils Gate Limestone, first defined by Merriam (1940,
p. 16),

is a sequence of thick-bedded, cliff-forming limestone

recognized in the eastern half of Eureka County, westernmost

White Pine County, northern Nye County, and southwestern Elko
County.

The formation is an estimated 630 meters (2065 ft)

thick at the combined Devils Gate - Modoc Peak section, and
thins to the east (Merriam, 1940).

Sandberg and Poole (1977,

p. 155) subdivided the type Devils Gate Limestone into two
members.

The lower member consists of mudstone, wackestone,

and biostromal and biohermal limestone of shallow-water origin.

The upper member is made up of recessive-weathering, deeperwater shalt' lime mudstone and laminated mudstone.

Within the study area, the Devils Gate Limestone crops out
only at summit 8667 (pl. 1).

An estimated 195 meters (640 ft)

of the formation is present in that area.

It is in probable

fault contact with the underlying Bay State Dolomite, as
described on p. 91.

Its upper contact is erosional.

Lithology

Exposures of the Devils Gate in the study area belong to
the lower member designated by Sandberg and Poole (1977).

The

section at summit 8667 is composed predominantly of beds of
lime mudstone and wackestone with interbedded stromatoporoid
wackestone and boundstone units.

The lower part of the section
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is generally recessive with a few cliffs, well-bedded outcrops.

The upper part of the section is made up fairly resistant,
well-bedded exposures.

The Devils Gate in the study area is generally thin- to
thick-bedded, and fine parallel laminations are common in
mudstone units.

Rocks are medium to very dark gray on fresh

surface and weather to light medium gray or bluish gray.

Most

of the mudstone is aphanocrystalline to very finely
crystalline, composed of micrite and microspar.

Micritic

peloids (2-4X) are present and average 0.7 mm in diameter.

The

peloids are dark, thoroughly micritized, and partly rounded,
and are probably intraclastic.
sized quartz grains.

One sample contained I% silt-

Rounding and sphericity is unknown due to

partial dissolution of grain boundaries during diagenesis.
Fossil fragments in mudstone and wackestone units include

ostracod and brachiopod shells that are partly or wholly
replaced by medium to coarse calcite spar.

Amphipora sp.

wackestone and packstone beds are present throughout exposures
of the Devils Gate at summit 8667.

The small (average 1.0-4.0

mm in diameter) dendroid stromatoporoids appear to be randomly
oriented and are commonly concentrated in layers 10 cm to 0.5
meter thick.

Stromatoporoid boundstone units are commonly found in
association with the Amphipora wackestone and packstone units.

The stromatoporoids are generally bulbous in form and are in
apparent growth position.

Wavy laminations produced by
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encrusting sheets were noted in one area.

Dark, micritic

limestone is associated with the Amohipora and bulbous
stromatoporoids.

Bulbous stromatoporoids are abundant near the

top of the unit at summit 8667.

The uppermost 1.5 meters (5

ft) of the unit is thoroughly dolomitized, and resembles the
algally laminated brownish-gray dolomites of the Sentinel
Mountain

Bay State.

Porosity in the Devils Gate is generally less than 11.,
the form of intercrystalline pore spaces and fractures.

in

Iron

oxides (2-3%) are scattered throughout the micrite-microspar
matrix.

Fractures are common, and are filled with coarse

sparry calcite.

Age and Correlation
Collections from the Devils Gate Limestone in
area did not yield conodonts.

the study

Conodonts recovered from the

formation south of the study area in the Fish Creek Range
yielded a possible Frasnian (early Late Devonian) age (Cowell,
1986, p. 56). The Devils Gate generally ranges from the middle
or late Givetian (late Middle Devonian) to Frasnian (Late
Devonian) in central Nevada (Johnson and Sandberg, 1977; Drake,
1978), but is as young as Lower Famennian at the type section
(Sandberg and Poole, 1977).

The lower and middle parts of the Devils Gate Limestone
are generally correlative with the Guilmette Formation of
eastern Nevada and western Utah and the Denay Limestone of
central Nevada.

The upper part of the Devils Gate is partly
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correlative with the lower Pilot Shale in east-central Nevada.
Depositional Environment

Sandberg and Poole (1977) describe two distinct lithofacies within the Devils Gate Limestone at its type section.
The lower member represents deposition in very shallow to
moderately deep water shelf environments, and is overlain by
deeper-water slope deposits of the upper member.
Murphy and Dunham (1977) studied several facies within the
Devils Gate in the southern Roberts Mountains.

They suggest

(p. 201) that the stromatoporoid proliferation in the lower
Devils Gate indicates the persistence of favorable temperature,

circulation, oxygenation, salinity, and a scarcity of clay and
silt in the depositional environment.

Bulbous forms probably

formed in well-circulated areas, and the Amphipora sp. formed
in quieter, more protected areas, such as shelf lagoons (Krebs,
1974).

Shelly debris in wackestone and packstone units was

probably washed in from a fairly high-energy, wave-dominated
bank or shoal nearby.

Laminated mudstone was deposited under

quieter, and probably deeper-water, conditions.

Overall,

exposures of the lower Devils Gate in the study area represent
deposition in shallow, agitated shelf waters and quieter,
deeper, shelf lagoons and embayments.

A shift to deeper-water facies in the upper Devil Gate
reflects widespread inundation of the carbonate platform caused

by Frasnian onlap (Johnson, Kiapper, and Sandberg, 1985).

The
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deepening is not recorded in the partial section of Devils Gate

exposed in the study area.

Granite Porphyry

A two-mica granite porphyry intrudes the Ordovician
section in the southwest corner of the study area (pl. 1).

Exposure of the granite is limited to a set of northeasttrending dikes on the south flank of McCulloughs Butte.

The

dikes intrude the Lower-Middle Ordovician Antelope Valley

Limestone in that area, and generally are 2-4 meters (6-12 ft)
in width.

The granitic dikes are composed of a white to gray, finegrained to microcrystalline groundmass made up of potassium
feldspar, plagioclase, and quartz.

Phenocrysts include

subhedral biotite and muscovite (generally less than 2 mm in
length) and anhedral quartz and potassium feldspar.
The two-mica granite in the Fish Creek Range is Late
Cretaceous in age (Barton, 1986a,b).

It

is exposed only at

McCulloughs Butte, and its extent at depth is unknown.

Barton

(1986b, p. 324-326) studied a fluorine-rich skarn associated
with the intrusion at McCulloughs Butte.

He delineated five

major alteration associations related to the intrusives, and
traced their extent across VABM 8491.

For a detailed

description of alteration zones associated with the granite
porphyry, the reader is referred to Barton (1986a,b).

For the

purpose of this report, alteration in the vicinity of granite
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exposures at McCulloughs Butte includes the development of
trernolite in the Eureka Quartzite and recrystallization of the

Antelope Valley Limestone.

Alteration also includes localized

dolomitization of the Antelope Valley Limestone at McCulloughs
Butte and along the northwest flank of VABM 8491.

Quartz veins

and muscovite veins are exposed in several mining excavations
within 0.8 km (0.5 mi) north, west, and west-southwest of VABM
8491.

Barton (1986b) also describes garnet veins and

plagioclase veins which cut the (Ordovician) carbonate section
in the vicinity of McCulloughs Butte and VABM 8491.

The presence of an intrusive body at depth is supported by
high CAI (Conodont Alteration Index) values for collections in
the southwest side of the study area.

Collections JB-7 and

J8-9 (VABM 8491 area, see plate 1 for locations) had CAI values

of 8 and 6+ respectively, indicating paleotemperatures in the
500-600°C range (R.L. Ethington, written communication, 1986).
CAI values for collections elsewhere in the study area
generally ranged from 1.5 to 4.5 (see Appendix).

Ratto Springs Rhyodacite

The Ratto Springs Rhyodacite was named by Nolan, Merriam,
and Blake (1974, p. 6) for exposures near Ratto Spring, along
the eastern edge of the study area (pl. 1).

The unit is

present within a north-trending belt which extends from Ratto
Canyon north to New York Canyon in the Eureka District.

These

rocks were originally mapped by Hague (1892) as part of a horn-
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blende andesite unit.

K-Ar age determinations for the Ratto

Springs Rhyodacite by McKee and others (1971, p. 36-37) range
from 36.2 to 39.0 Ma (recalculated using current IUGS decay
constant), indicating a late Eocene to early Oligocene age.
Within the study area, the Ratto Springs Rhyodacite is
exposed along the west side of Ratto Canyon, where it
unconformably overlies the Upper Cambrian Dunderberg Shale and
Windfall Formation.

Exposure is generally poor, and the

thickness of the unit is unknown.
Exposures in the study area consist of porphyritic
rhyodacite flows and shallow intrusives.

Groundrnass ranges

from aphanitic and locally flow-banded to finely crystalline.
Phenocrysts (20-35%) include plagioclase (andesine and
labradorite), hornblende, biotite, and quartz, with possible
minor potassium feldspar.

Tuffaceous units are also present in

places, but their stratigraphic relations are unclear.

The

rocks are very light gray to white on fresh surface, and
weather to green, pink, or purple.

Nolan, Merriam, and Blake

(1974, p. 6) also noted a dark gray to black vitrophyre unit
near Ratto Spring.

Tertiary and Quaternary Sediments

Tertiary and Quaternary surficial deposits in the study
area are undifferentiated (plate 1).

Unconsolidated deposits

include alluvial silts and associated sediments, poorly-sorted

colluvial gravels and talus, and locally well-developed soils.
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STRUCTURE

Major Structural Features

Major structures within the northern part of the Fish
Creek Range are shown in figure 10 (generalized), and on the
geologic map, plate 1.

Geologic cross-sections drawn for the

mapped area are included as plate 2.

The sections are based on

surface mapping and certain stratigraphic relationships; they
are not rigorously balanced, due to unknown depths to
detachment levels.

Structural features recognized in the northern part of the
Fish Creek Range include low-angle normal (denudational)
faults, high-angle normal faults, a high-angle rotational
fault, a tear fault, and folds.

These structures are described

below.

Low-angle Normal (Denudational) Faults
Throughout the northern Fish Creek Range, low-angle normal
faults have acted to remove or strip away younger sedimentary
sequences from older, previously underlying sequences.

These

denudational faults lie at several stratigraphic levels in the
study area, within the Upper Ordovician, the Silurian, and the
Lower Devonian.

The most pervasive of the denudational faults lies within
the Upper Ordovician, separating the Silurian-Devonian section
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Figure 10.

Generalized map of study area, showing major structural features.
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from the Ordovician section throughout the study area.

The

fault places the Lone Mountain Dolomite above the Eureka
Quartzite and, where preserved, above the lower part of the
Hanson Creek Formation.

This fault is shown as an

Ordovician-over-Silurian/Devonian thrust fault on the county

map compiled by Roberts and others (1967, p1. 1).
this level

Faulting at

in the Reese and Berry Canyon area appears to be

generally near-bedding in orientation, and is most similar to
the "attenuation" faulting described by Hintze (1978, p. 11)
and other workers.

Other denudational faults in the study area

do not appear to be near-bedding in orientation, and more
closely resemble "glide faults" as described by Hintze (1978,
p. 21-22).

Denudational faulting at the Ordovician/Silurian

level can be traced through Reese and Berry Canyon and partly
around the Silurian-Devonian exposures south of White Mountain,
and west of the Grays Canyon and Lookout Mountain areas (fig.
6, p1. 1, and sections A-A', C-C', and D-D' of pl. 2).
The near-bedding, "attenuation"-style denudational fault

relationships are most clearly seen in Reese and Berry Canyon
(figs. 10, 11).

Movement along this denudational fault has

removed most of the Upper Ordovician
Creek Formation in the area.

Lower Silurian Hanson

The Hanson Creek is a carbonate

sequence that weathers recessively and deforms readily between
the more resistant, massive Eureka Quartzite and Lone Mountain
Dolomite (see p. 43).

It acted as a relatively incompetent

Figure 11.

Photograph of Reese and Berry Canyon, showing
trace of low-angle denudational fault that
separates Ordovician and Silurian-Devonian
sequences. View is to the east.
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layer that the Silurian-Devonian sequences detached from and
slid over (see discussion p. 122).

Where it has not been

completely removed by faulting, the Hanson Creek is highly
fractured and brecciated.
The Reese and Berry Canyon denudational fault dips

generally to the northeast and trends through the canyon,
between exposures of Ordovician Eureka Quartzite to the
southwest and Silurian Lone Mountain Dolomite to the northeast
(pl. 1).

The sinuous trace of the fault through Reese and

Berry Canyon is considered indicative of

its low dip.

Isolated, highly deformed outcrops of the Upper Ordovician lower Silurian Hanson Creek Formation are scattered along the
north side of the canyon.

Maximum stratigraphic offset along

the fault in this area is approximately 520 meters (1700 ft).

The low-angle denudational fault is cut off by a northwestdipping high-angle normal fault at the southeast end of Reese
and Berry Canyon.

Rocks of the footwall block of the Reese and Berry Canyon
denudational fault appear moderately deformed.

Ordovician

strata exposed in mining cuts on the southwest side of the
fault are highly variable in orientation and are tightly folded
in places.

Some folding may have been caused by drag on the

denudational fault as overlying strata slid off of the
Ordovician section.

Most of the Ordovician exposures on the

southwest side of the fault are highly sheared, with abundant
vertical fractures.

Vertical fractures are also common in
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Silurian and Devonian exposures (hanging-wall block) on the

northeast side of the Reese and Berry Canyon denudational
fault.

Denudational faulting within the Upper Ordovician is also
recognized on the east side of the study area, west of the
Grays Canyon and Lookout Mountain areas (fig. 10, p1. 1, p1. 2,
section D-D').

An east-dipping, low-angle fault separates

Middle Ordovician Eureka Quartzite and the Silurian Lone
Mountain Dolomite near Grays Peak, with estimated stratigraphic
offset of at least 175 meters (575 ft).

North of Grays Peak,

an east-dipping high-angle fault separates the Eureka Quartzite
and the Middle Devonian Sentinel Mountain - Bay State
Dolomites, and the denudational fault lies at depth within the
Upper Ordovician.

A low-angle normal fault within the Silurian is recognized
in the vicinity of Grays Peak (fig. 6, pl. 1, and section D -D'
of pl. 2).

The northeast-dipping fault trends southeast across

the side of Grays Peak, merging to the south and at depth with
the denudational fault within the Upper Ordovician (described
above).

The fault separates the middle or upper part of the

Silurian - Lower Devonian Lone Mountain Dolomite and the Middle
Devonian Sentinel Mountain
end.

Bay State Dolomites at its north

The fault cuts down-section to the south, where it places

the Lone Mountain in contact with the Lower-Middle Devonian
Sadler Ranch Formation.

Estimated stratigraphic offset on the

fault varies from about 700 meters (2300 ft) on its north end
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to 400 meters (1315 ft) on its south end.

Devonian exposures

within the hanging-wall block dip toward the fault plane,
forming a broad roll-over (reverse drag) anticline.

These

features typically develop as the hanging-wall block bends to
conform to the curved fault surface (Suppe, 1985, p. 275).

A possible low-angle normal fault within the Lower
Devonian section is recognized in the area north of the
intersection of Reese and Berry and Lamoreaux Canyons (fig. 10,
pl. 1).

The fault trends southeast, sub-parallel to the Reese

and Berry Canyon denudational fault described above.

It dips

to the northeast, possibly at a low angle, and cuts upsection
to the southeast.

It places the Lower Devonian McColley Canyon

Formation and upper Beacon Peak Dolomite in contact with Lower
and Middle Devonian units.

Maximum stratigraphic offset on the

fault is approximately 380 meters (1246 ft), with separation
decreasing to the southeast.

The interpreted denudational

fault within the Lower Devonian is cut off by high-angle normal
faults to the northwest and southeast.
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High-angle Normal Faults
High-angle normal faults are the most common structural
features in the northern part of the Fish Creek Range.

Many of

the high-angle normal faults in the study area are marked by

major drainages or canyons (pl. 1).
A major northwest-dipping normal fault in Spring Valley
forms the northern boundary of exposures in the study area.
Spring Valley, which lies between the Fish Creek Range and the

Mountain Boy Range to the north and west (fig. 2),
interpreted as a half-graben.

is

The range-bounding fault is part

of the "Spring Valley fault zone" described by Hague (1892, p.
14-15) and Nolan (1962, p. 25-26).

The fault trace is marked

by an abrupt break in slope between Ordovician exposures at

White Mountain and Tertiary and Quaternary unconsolidated
sediments in Spring Valley.

The fault trends approximately N

75 E along the base of White Mountain and has a very linear
trace indicative of a steep dip.

The fault trace is unclear to

the west of Jones Canyon, where the valley is less distinct

physiographically and displacement on the fault is probably
diminished.

North and northeast of the study area, the fault

continues northward along the western base of Prospect Ridge.

Estimated offset on the fault along the north side of the study
area is at least 500 meters (1640 ft), based on the

stratigraphic separation between exposures in the study area
and the southernmost Mountain Boy Range.
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The east side of the study area is cut by at least three
sub-parallel high-angle normal faults (fig. 6, pl. 1, and pl.
2, sections B-B' and 0-0')

The physiographic linearity of the

Lookout Mountain - Pinnacle Peak structural block resulted from
the north-trending high-angle faults that form its boundaries.

A west-dipping normal fault along the west side of the block
has uplifted the Ordovician exposures of Lookout Mountain and
Pinnacle Peak relative to Middle Devonian exposures to the
west.

Reverse drag on the fault provides a possible explana-

tion for development or enhancement of the north-trending
anticlinal trend within Grays Canyon.

Another west-dipping

fault of lesser displacement separates the Ordovician exposures
of the Lookout Mountain

Pinnacle Peak block from the Upper

Cambrian section to the east.

It

is interpreted that this

eastern fault merges with the west-dipping western fault at

depth in the vicinity of Lookout Mountain and Pinnacle Peak,
and at the surface just north of Lookout Mountain.

Jasperoid

development on the north flank of Lookout Mountain marks the

approximate area where the faults are interpreted to merge (pl.
1).

Within the northern part of Grays Canyon, a third

north-trending high-angle normal fault is present.

The fault

underlies Tertiary and Quaternary unconsolidated sediments, and
separates Silurian and Lower Devonian sequences to the west,
and Middle Devonian sequences to the east.

The fault shows

relatively minor displacement and appears to die out to the
south in Grays Canyon.

The east-dipping fault is antithetic to
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the two west-dipping faults that form the boundaries of the
Lookout Mountain

Pinnacle Peak structural block.

Elsewhere in the study area, high-angle normal faults are
common.

Silurian and Devonian sequences between Jones Canyon

and Reese and Berry Canyon are cut by a series of northeasttrending step faults of relatively minor displacement.

South

of Atrypa Peak, a well-exposed high-angle normal fault

separates the Eureka Quartzite and the lower Lone Mountain
Dolomite (fig. 10), indicating minimum stratigraphic offset of
160 meters (525 ft).

The fault dips steeply to the northwest,

and cuts off the Reese and Berry Canyon denudational fault (see
p1. 2, section B-13').

Numerous normal faults within the Ordovician section
place the Eureka Quartzite into juxtaposition with the
overlying Hanson Creek Formation or the underlying Pogonip
Group.

High-angle normal faults of minor displacement are

exposed in several mining excavations on the southwest side of
the study area.

Rotational Fault

Northeast of Reese and Berry Canyon, an east-southeasttrending fault zone lies within Silurian and Lower Devonian
sequences.

The fault zone is marked by pervasive brecciation,

and appears as a distinct lineation on aerial photographs.
faulting relationships are obscured by poor exposure and the
lithologic similarities between the displaced units.

The
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Along its southeast end, the fault dips (at an apparent
high angle) to the northeast and shows a normal sense of
separation, placing the Lower Devonian McColley Canyon
Formation, Bartine Member, in contact with the Lower-Middle
Devonian Sadler Ranch Formation.

Stratigraphic offset on this

segment of the fault is approximately 55 meters (180 ft).

The

fault is cut off by a southeast-dipping high-angle normal fault
to the southeast.

Along its middle segment, the north-dipping fault shows
normal displacement.

It places the Lower Devonian Beacon Peak

Dolomite in contact with the Silurian to Lower Devonian Lone
Mountain Dolomite, indicating minimal stratigraphic separation.
Another southeast-dipping high-angle normal fault joins the
rotational fault within this middle segment.
Near its northwestern end the fault zone appears to show
an opposite sense of separation.

This western segment of the

fault lies mainly within the Lone Mountain Dolomite.

In one

area, the fault separates the Lone Mountain to the north, from
uppermost Lone Mountain and lowermost Beacon Peak Dolomite to
the south.

Assuming the fault plane maintains a generally

northward dip along its length, minor reverse slip movement is
indicated along its northwest end.

The Reese and Berry mine is

located at the northwest end of the rotational fault zone.

Alteration and mineralization of the carbonate section in this
area was enhanced by increased permeability associated with
fracturing within the fault zone.
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Tear Fault

An interpreted tear fault is present north of Reese and
Berry mine (pl. 1, figure 10).

The fault trends east-northeast

and has an apparent right-lateral sense of displacement, based

on outcrop patterns of Lower Devonian units mapped in the area.
The Beacon Peak Dolomite and Bartine Member of the McColley
Canyon Formation show less than 200 meters (650 ft) of offset
across the fault.

The fault has a linear trace indicative of a

steep dip, and follows a small drainage between east-westtrending spurs.

The northeast-trending tear fault lies entirely within the
hanging wall of the Reese and Berry low-angle denudational
fault.

Ordovician exposures of the footwall (south of the

Reese and Berry fault) do not show related deformation.

According to Compton (1985, p. 264), the presence of an
underlying (unexposed) low-angle fault is suggested by
subparallel high-angle strike-slip faults that divide the
allochthon into segments and trend parallel to the direction
which it was displaced.

in

The presence and orientation of the

tear fault north of Reese and Berry mine therefore supports the

presence of a low-angle, northeast-dipping fault in Reese and
Berry Canyon, as described on p. 103-106.

Folds

Exposures in the study area are slightly to moderately
folded in places.

Small-scale folding within the Ordovician
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section appears to be associated with low-angle extensional
faulting in the study area, as discussed on p. 107.

These

folds are highly variable in orientation and are commonly
proximal to fault zones.

On a larger scale, broad folding within Cambrian,
Ordovician, Silurian, and Devonian sequences is recognized.

All but one of the folds in the study area have trends ranging
from N to N 15 E.

The consistent orientation of fold axes in

the area reflects overall east-west compression.
Upper Cambrian sequences are folded into a broad syncline
east of the Lookout Mountain - Pinnacle Peak structural block
(pl. 1, and pl. 2, sections B-B' and D-D').

The fold axis

trends generally to the north and is located east of the
eastern border of the study area.

Exposures and bedding in the

area are too poor to allow a reliable determination of plunge.

The folded Upper Cambrian section is unconformably overlapped
in places by the Tertiary Ratto Springs Ryodacite, which is not
folded.

Broad folds are common within Ordovician exposures in the
study area.

Emplacement of the granitic intrusion at depth may

have caused doming of the overlying strata within the southwest
part of the study area (pl. 2, sections C-C' and D-D').

North-

and northeast-trending compressive folds are present in the
Ordovician throughout the study area.

The compressive folds

appear to have developed independently of the intrusions, but
the relationship is not clear.
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North-trending folds are also present in Silurian and
Devonian sequences in the study area.

Devonian exposures in

Grays Canyon are folded into a north-trending anticline which
is broken by several north-trending high-angle faults.

Folding

in this area appears to have been enhanced by reverse drag on

both low-angle and high-angle faults (see p. 107, 109, and pl.
2, sections B-B' and D-D'.

The Silurian-Devonian section south and west of Atrypa
Peak is folded into a broad syncline which trends approximately
N 45 W.

The northwest-dipping sequence is part of the hanging

wall block of the Reese and Berry Canyon denudational fault.
The syncline is the only major northwest-trending fold
recognized within the study area, although others have been

mapped to the south in the Fish Creek Range (Cowell, 1986, p.
65) and in the Mahogany Hills (Schalla, 1978, p. 97).

Regional Considerations

Antler Tectonism
The Fish Creek Range lies along the eastern edge of the
Antler orogenic belt (fig. 3).
Late Devonian

Allochthonous sequences of the

Early Mississippian Roberts Mountains thrust

are not present in the study area, but have been mapped in the
Diamond Mountains, approximately 25-30 kilometers (15-19 mi) to
the northeast (Larson and Rival 1963), and in the northern

Mahogany Hills (Devils Gate) area, 16 kilometers (10 mi) to the
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northwest (Drake, 1978, p. 81-82).

Allochthonous Devonian

blocks have also been recognized within Mississippian sequences
in the southern part of the Fish Creek Range (Sans, 1986).

It

is likely that the Roberts Mountains allochthon once covered
parts of the northern Fish Creek Range as well.

The study area

may have been generally affected by east-west compression
associated with the Antler orogeny.

Merriam (1963, p. 7) and

Schalla (1978, p. 97) suggest that the Dry Lake Arch, located
in Spring Valley approximately 4-5 kilometers (3 mi) northwest

of the study area, could have formed from Antler-related eastwest compression.

Most of central Nevada was affected by

post orogenic extension during the late Paleozoic.

Sonoma Tectonism
The Sonoma orogenic belt lies west of, and sub-parallel
to, the Antler belt (fig. 3).

The Sonoma orogeny affected

west-central Nevada, and is characterized by the Late Permian Early Triassic Golconda thrust.

The orogeny involved overall

N-NW to S-SE compression in the region.

There is no direct

evidence for Sonoma-related tectonism as far east as the Fish
Creek Range.

Sevier-related Tectonism
The Fish Creek Range lies within the hinterland of the
late Mesozoic Sevier orogenic belt (fig. 3).

Deformation in

the Sevier hinterland is generally characterized by broad
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folding at shallow levels, and metamorphism and plutonism at
deeper structural levels (Miller and others, 1983; Gans
and
Miller, 1983; Miller and others, 1989).

Sevier-age thrust

faults have also been recognized in east-central Nevada
(Speed,
1983, 1986; Heck and others,

1986; see also page 8).

Folds of probable Mesozoic age are well-documented in the
vicinity of the Fish Creek Range.

An excellent example is

present in the central and northern Diamond Mountains,
approximately 45-55 kilometers (30-36 mi) north-northeast of
the study area.

Well-exposed Mississippian through Cretaceous

rocks are folded into a syncline whose axis trends northward
along or near the crest of the range.

Deformation must have

occurred after deposition of the Lower Cretaceous Newark Canyon
Formation, which is the youngest unit involved in the folding.

The fold is offset by many high-angle normal faults (of
probable Miocene age) along its length.
East of the study area,

in the Pinto Summit quadrangle,

Nolan, Merriam, and Blake (1974, p. 8-11) mapped a series of
antiforms and synforms of Cretaceous age or older.

According

to Nolan, Merriam, and Blake (p. 11), °outcrops of the Newark
Canyon Formation are to a large extent localized within the
synforms and the lithology of the unit indicates that it was
deposited in depressions that received their debris from the

adjoining antiforme.
To the west of the study area in the Mahogany Hills,
Schalla (1978, p. 96-98) mapped several north- and northwest-
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trending folds which are displaced by high-angle normal faults
of probable Tertiary age.

Paleozoic strata are involved in the

folds, and the age of deformation is unresolved.

Late Mesozoic intrusive rocks are present within a
generally east-west-trending belt in east-central Nevada (Hose
and Blake, 1976, p. 23-24).

A Middle Cretaceous quartz diorite

is present in the Eureka mining district, and is probably
extensive at depth (Nolan, 1962, p. 13; Nolan, Merriam, and
Blake, 1974, p. 5).

Other dated Mesozoic intrusives in the

region include a Middle Cretaceous intrusive dacite in the
Pancake Range, western White Pine County (Nolan and others,
1974, p. 5), and an Upper Jurassic to Lower Cretaceous

granodiorite in the Cortez Mountains, northern Eureka County
(Muffler, 1964; Gilluly and Masursky, 1965).

Low-angle normal faulting within the Sevier hinterland has
been well-documented, but its origin is not clear.

Armstrong

(1972, p. 1729) believes that the structures are Tertiary in
age and are directly related to basin-and-range faulting.

Gans

(1982) and Miller and others (1983) report a middle Tertiary
age for low-angle normal faults in eastern Nevada.

Other

workers interpret the structures as Mesozoic, and have proposed
several different models to explain their relationship to
Sevier compressional tectonism to the east (see also
Whitebread, 1968; Burchfiel and Davis, 1972; Hose and Danes,
1973, Hintze, 1978).

Hose and Danes (1973) suggest that the

Younger-on-older, near-bedding faults were produced by
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differential uplift and gravity sliding in the hinterland
during late Mesozoic and early Cenozoic time, and that the
deformation was genetically related to and contemporaneous with
older-on-younger Sevier thrusting to the east.

describes Sevier near-bedding

Hintze (1978)

"attenuation" low-angle normal

faults in association with younger "glide" low-angle normal
faults in western Utah.

Tertiary Tectonism
The history of volcanic activity in central Nevada has
been summarized by McKee and others (1971, p. 21-22).

They

describe widespread volcanism in the region beginning about 36

Ma, possibly synchronous with the development of low-angle
normal faults in the region, as suggested by Gans (1982).

Andesitic and dacitic flows were predominant from 36-34 Ma
(McKee and others, 1971).

Shallow intrusives and flows in the

Eureka area were emplaced on a landscape of considerable
topographic relief relative to surrounding areas.

Rhyolite ash

flows affected central Nevada from about 34 to 20 Ma.

This was

followed by a hiatus in volcanic activity which lasted from 19
to 17 Ma.

A second phase of volcanism began 16 Ma, and is
characterized by basaltic extrusions related to basin-andrange extension (McKee and others, 1971).

The Basin and Range

physiography of the region is a result of extensive high-angle
normal faulting which generally began after middle Miocene
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time, and which continues to present.

Some high-angle normal

faults in the Eureka mining district are probably pre-Eocene in
age (Nolan (1962, p. 28-29).

Pervasive extensional faulting is

superimposed on older extensional and compressional features
throughout the region.

Summary: Structural Development
of the Northern Fish Creek Range

The following is an interpretive description of the
structural development of the northern Fish Creek Range, taking
into consideration both field relationships observed within the
study area and regional structural trends.

The stratigraphy of

the study area, as described in this report, fits well within

regional paleogeographic reconstructions and expected facies
relations.

Structural interpretations are therefore based on

the assumption that the Paleozoic section exposed in the

northern Fish Creek Range is generally autochthonous relative
to the surrounding ranges.

During the Late Cretaceous, a granitic intrusive mass was
emplaced beneath the present-day Fish Creek Range.
of the main mass reached into the Ordovician section

Offshoots
in the

southwestern part of the study area in the vicinity of

McCulloughs Butte and summit 8491, as discussed on page 99.
Conodont alteration indices of Ordovician collections in the
southwest part of the study area (samples JB-7, JB-9) indicate
paleotemperatures in the range of 500-600`C (R.L. Ethington,
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1985, written communication, see Appendix).

These CAI

determinations are considerably higher than
those of conodonts

collected elsewhere in the study area.

CAI data included in

this report and in that of Cowell (1986, Appendix
I, pl. 1)
indicate that paleotemperatures were lowest along the eastern
edge of the northern part of the range.
Emplacement of the intrusion at depth may have caused

doming of the overlying Paleozoic (and lower to middle
Mesozoic?) strata.

North- and northwest-trending folds in the

study area probably developed during the Late Cretaceous as
well, as part of differential uplift and plutonism in the
Sevier hinterland.

A less likely possibility is that the folds

reflect older, Antler-related east-west compression.

However,

Sevier-age deformation within the study area is established by
the presence of Upper Cretaceous intrusives, whereas the
presence of Antler-related deformation in the northern Fish
Creek Range is not clear (see p. 114-115).
Uplifts within the study area during the Late Cretaceous

may have initiated gravity sliding of the Silurian-Devonian
section off of the Ordovician section within the interval of
the Hanson Creek Formation.

Detachment may have been enhanced

by increased fluid pressures at the Hanson Creek/ Lone Mountain
interface caused by heating of the Lower Paleozoic section

during emplacement of the granite porphyry at depth.

High

fluid pressures would reduce the frictional resistance at the
fault surface, so that the critical angle for gravity sliding

would be reduced (see also Pierce, 1973; Voight, 1974).
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Cretaceous low-angle denudational faulting in the study

area is consistent with the interpretations of Hose and Danes
(1973), Hintze (1978), and other workers who have described
Late Mesozoic low-angle (near-bedding, or 'attenuation") normal

faulting as part of Sevier-hinterland deformation.

However,

the lower age limit of low-angle normal faults at the Hanson
Creek level

in the study area is only poorly constrained by the

Miocene (or younger) high-angle normal faults which offset
them.

It

is therefore possible that this low-angle faulting

occurred during the Oligocene, as described in eastern Nevada
by Gans (1982), Miller and others (1983), and other workers.
The northeast-trending, right-lateral tear fault north of

Reese and Berry mine probably developed as the SilurianDevonian section detached from and slid off of the Ordovician
section.

The orientation of the tear fault indicates that the

Silurian-Devonian section moved down-dip to the northeast along
the Reese and Berry Canyon low-angle denudational fault.
Low-angle normal faulting at higher stratigraphic levels
(Silurian and Lower Devonian) post-dates faulting at the Hanson
Creek level.

These low-angle normal faults are generally not

oriented parallel to bedding.

North of Grays Peak, a low-angle

normal fault between the Silurian and Middle Devonian appears
to merge with the older fault.

Directly south of the study

area, low-angle normal faults between the Silurian and Devonian
displace lower Oligocene volcanics, and are cross-cut by
slightly younger lower Oligocene granitic dikes, so that the
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age of faulting is restricted to the early Oligocene (Cowell,
1986, p. 76).
It

is interpreted that the near-bedding, attenuation-

style faulting in Reese and Berry Canyon was initiated at about
the same time that the Upper Cretaceous granite porphyry
intruded the southwestern part of the study area.

Movement

along this fault may have continued or been renewed during the
Oligocene.

Other (glide-style) low-angle normal faults in the

study area developed during early Oligocene uplift and
extension of the study area.

In some areas, drag on the normal

faults caused folding, or enhanced pre-existing folds.

Volcanism and associated shallow intrusive activity also began
to affect the northern part of the Fish Creek Range during
early Oligocene time.

High-angle normal faults represent the most recent phase
of deformation in the study area.

These faults displace

Oligocene volcanics elsewhere in the Eureka area (Nolan and
others, 1974, p. 11-12), and are typical of basin-and-range
extension (generally 16 Ma or younger).

A somewhat prolonged

episode of extension is indicated by the inconsistent
orientations and

cross-cutting relationships of high-angle

faults in the study area.

Movement along larger east-

northeast- and north-trending normal faults uplifted and tilted
the northern part of the Fish Creek Range relative to Spring

Valley to the northwest, Diamond Valley to the north, and Fish
Creek Valley to the southeast.
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CONCLUSIONS

1)

The lower and middle Paleozoic stratigraphic sequence

in the northern part of the Fish Creek Range fits well within

regional facies patterns and paleogeographic reconstructions.
The section appears to be autochthonous relative to surrounding
areas, although it has been moved along faults within the
range.
2)

The Lower and Middle Devonian section in the study

area lies along the eastern edge of the Devonian transitional
lithofacies belt as described by Kendall and others (1983).

It

is characterized by intertonguing of normal marine, subtidal
facies (mainly limestone) of the western belt with restricted,
inner platform facies (mainly dolomite) of the eastern belt.

The measured section near Atrypa Peak is the easternmost
transitional lithofacies section described thus far.
3)

Allochthonous western assemblage (Roberts and others,

1958) rocks are not present within the mapped area, and other
evidence for Antler-related deformation was not found.

This

does not rule out the possibility that the Roberts Mountains
allochthon once covered parts of the area, however.
4)

The northern part of the Fish Creek Range was affected

by plutonism and compression as part of Sevier hinterland
deformation during Cretaceous, and possibly late Jurassic,
time.

Upper Cretaceous muscovite-bearing dikes intruded the

McCulloughs Butte area.

Paleotemperatures in the southwest
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side of the study area were on the order of 500-600 C, based on
CA1 data from lower Paleozoic collections.

Compressional

folding is only constrained to pre-Oligocene within the study
area.
5)

The Ordovician section in the northern part of the

Fish Creek Range does not appear to be in thrust contact with
the Silurian-Devonian section, as shown on the Eureka County

geologic map compiled by Roberts and others (1967).

The

Ordovician and Silurian-Devonian sequences are generally
separated by low-angle and high-angle normal faults.

Low-angle

denudational faulting within the interval of the Upper
Ordovician Hanson Creek Formation may have been promoted by
Late Cretaceous thermal effects.
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APPENDIX

Fossil Collections

Fossil localities for JB- collections are plotted on plate I.
JB-PIP- collections are shown on plate 3.
Identification and age determinations as follows:
Conodonts (Ordovician and Silurian):
R.L. Ethington, University of Missouri - Columbia.
Conodonts (Devonian):
G. Klapper, University of Iowa.
Brachiopods:
J.G. Johnson, Oregon State University.

Collection:
JB-7
Rock Unit:
Copenhagen Formation
Location:
.6 km (.4 mi) south-southwest of VABM 8491
Conodonta:
Bryantodina sp. (P element only)
Drepanoistodus sp. (nongeniculate elements only)
Panderodus sp.
CAI:
approximately 8
Age: This could be a rather late Ordovician fauna, but the
elements of Bryantodina are very similar to some from
the uppermost part of the Watson Ranch Quartizite in
western Utah.
If that is the case, these conodonts
represent a late Whiterockian - Chazyan age.

Collection: JB-9
Rock Unit:
Hanson Creek Formation
Location:
.6 km (.4 mi) west of VABM 8491
Conodonta:
Columbodina occidentalis Sweet
? Oulodus sp.
Panderodus sp.
CAI: 6+
Age:
Conodonts include one species (C. Occidentalis)
that is restricted to upper Edenian and lower Maysvillian
rocks.

Collection:
JB-13
Rock Unit: Antelope Valley Limestone
Location:
east side of Lamoreaux Canyon, 1.4 km (.9 mi)
east-southeast of VABM 8491
Brachiopoda:
indeterminate fragments
Echinoderrnata:
indeterminate crinoid fragments
Mollusca:
indeterminate gastropod fragments
Conodonta:
Drepanoistodus anqulensis (Harris)
Oistodus multicorrudatus Harris
Multioistodus compressus Harris
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Age:

Histiodella sinuosa (Graves and Ellison)
CAI: 4.5
Middle Whiterockian

Collection: JB-14
Rock Unit: Antelope Valley Limestone
Location:
west side of Lamoreaux Canyon, about .8 km (.5 mi)
east of VABM 8491
Conodonta:
Erraticodon balticus Dzik
Drepanoistodus angulensis (Harris)
Scandodus sinuosus Mound
CAI:

Age:

5+

Whiterockian, probably not greatly different than
J8-13.

Collection: JB-15
Rock Unit:
Hanson Creek Formation
Location:
north end of Lamoreaux Canyon, 1.2 km (.75 mi)
east-northeast of VABM 8491.
Conodonta: Amorphognathus
Aphilognathus
A. superbus
CAI:
2.5
Age:
In the range from Champlainian (Shermanian) through
lower Maysvillian.

Collection:
JB-16
Rock Unit: McColley Canyon Formation
Location:
Reese and Berry mine
Conodonta:
Icriodus sp.
CAI:
possibly 4 (badly etched)
Age:
In the range from the Lower Devonian sulcatus Zone to
the serotinus Zone.

Collection:
J8-18
Rock Unit: McColley Canyon Formation, Bartine Member
Location:
1.4 km (.9 mi) east of Spring Valley BM 7336
Coelenterata: Favosites sp.
Conodonta:
Icriodus nevadensis Johnson and Klapper
Panderodus sp.
Belodella sp.
CAI:
approximately 4
Age: Lower Devonian, in the range from just below the base
of the dehiscens Zone to within the inversus Zone.

Collection: JB-86
Rock Unit: Beacon Peak Dolomite
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Location: .5 km (.3 mi) east-southeast of Reese and Berry mine
Conodonta:
Icriodus claudiae Klapper
CAI:
approximately 4
Age:
Lower Devonian, possibly sulcatus to kindlei Zones.
Collection:
JB-99
Rock Unit: McColley Canyon Formation
Location: north side of Reese and Berry Canyon, 1.6 km
(1 mi) east of Spring Valley BM 7336
Coelenterata:
Favosites sp.

Collection: JB-112
Rock Unit: McColley Canyon Formation
Location:
north side of Reese and Berry canyon, 1.6 km
(1 mi) east-southeast of Spring Valley BM 7336
Conodonta:
Icriodus trojani Johnson and Klapper
I. sp.

Pandorinellina sp.
Panderodus sp.
Belodella sp.
CAI:

Age:

4

Lower Devonian, dehiscens to serotinus Zones.

Collection: JB -127
Rock Unit: McColley Canyon Formation, Bartine Member
Location:
top of spur, 1.6 km (1 mi) west of Atrypa Peak
Brachiopoda: Brachyspirifer pinyonoides common
Aqe: Zlichovian to Dalejan
(I 11-13).

Collection:
JB-150
Rock Unit: McColley Canyon Formation, Bartine Member
Location:
east side of Jones Canyon, .8 km (.5 mi) south of
Spring Valley BM 7709
Brachiopoda:
indeterminate fragments
Echinodermata:
indeterminate crinoid fragments
Conodonta:
Pandorinellina exiqua exiqua (Philip)
I. sp. indet.
Panderodus sp.
Belodella sp.
CAI:
approximately 3
Age:
Lower Devonian, cironbercli to serotinus Zones.

Collection:
JB-164
Rock Unit: Hanson Creek Formation
Location:
1
km (.6 mi) south-southwest of Spring Valley
Summit
Conodonta: Panderodus sp.
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CAI:

Age:

<3

Post-Whiterockian; Ordovician or possibly Silurian.

Collection:
JB -189
Rock Unit: Antelope Valley Limestone
Location:
north side of White Mountain, 1 km (.6 mi) south
of Spring Valley Summit
Chlorophyta:
Receptaculites
Echinodermata:
indeterminate crinoid fragments
Conodonta:
Coleodus sp. Barnes and Poplawski
Drepanoistodus sp.
Histiodella altifrons Harris (advanced form)
Multioistodus auritus (Harris and Harris)
Oistodus multicorrugatus Harris
Pteracontiodus aff. P. cryptodens (Mound)
Age: Early Whiterockian.
This probably represents the
lower part of the Anomalorthis Zone in the way that
it has been used by Ross.

Collection:
JB-200
Rock Unit: Antelope Valley Limestone
Location:
White Mtn.
Brachiopoda:
indeterminate fragments
Chlorophyta:
Receptaculites sp.
Cyanophyta: Girvanella ? sp.
Echinodermata:
indeterminate crinoid fragments
Mollusca: Maclurites ?
Conodonta: Drepanodus aff. D. arcuatus Pander
Multiostodus auritus (Harris and Harris)
Oistodus multicorrugatus Harris
Protopanderodus sp.
Tripodus laevis Bradshaw
CAI:

Age:

<5

Considerable overlap in species exists with the fauna
of JB-189, although on balance this sample probably comes
from rocks that are slightly older. In particular, the
species of Drepanodus and of Tripodus suggest that
this sample lies close to the base of the Whiterockian.
This must come from either the Orthidiella Zone sensu
Ross or the very basal part of the overlying Anomalorthis
Zone.

Collection: JB-206
Rock Unit: Antelope Valley Limestone
Location:
White Mtn.
Chlorophyta:
Receptaculites sp.
Cyanophyta: Girvanella ? sp.
Mollusca:
indeterminate gastropod I
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Collection:
J8-267
Rock Unit: Windfall Formation
Location:
northeast side of Lookout Mtn.
Conodonta:
indeterminate cones
CAI:

1.5

Collection: JB-349
Rock Unit:
Sadler Ranch Formation
Location:
1 km (.6 mi) northwest of Pinnacle Peak
Echinodermata: Gasterocoma? bicaula Johnson and Lane
Age:
Ernsian to Eifelian

Collection: J8-369 FL (float)
Rock Unit: McColley Canyon Formation, Bartine Member
Location:
1.4 km (.9 mi) west-northwest of Pinnacle Peak
Brachiopoda: Brachyspirifer pinyonoides common
Schizophoria sp. 1
Mollusca: Nowakia sp. 1
Age:
Upper Zlichovian to lower Dalejan (I 12-13).

Collection: JB-395
Rock Unit:
Hanson Creek Formation
Location:
1.6 km (1 mi) south-southeast of Atrypa Peak
Conodonta:
Oulodus sp. (Sb element only)
Panderodus feulneri (Glenister)
Phragmodus aff. P. undatus Branson and
Mehl (S element)
Pseudobelodina kirki (Stone and Furnish)
CAI:
approximately 4
Age: The fauna includes species that range through much of
the Upper Ordovician.

Collection: JB-410
Rock Unit: McColley Canyon Formation
Location:
on ridge, .8 km (.5 mi) south of Atrypa Peak
Conodonta: Polyonathus laticostatus Klapper and Johnson
P. inversus Klapper and Johnson
Pandorinellina exigua exiqua ?
I. sp.

Age:

indet.

Panderodus sp.
CAI:
approximately 2
Lower Devonian, inversus Zone.

Collection: JB-AP-336
Rock Unit: base of dolomitic "Bartine" tongue, upper Beacon
Peak Dolomite
Location: Atrypa Peak measured section, at 336'
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Brachiopoda:

Atrypa sp.
indet. spiriferid sp.
Conodonta:
Pandorinellina exiqua exiqua_
Icriodus sp. indet.
Panderodus sp.
Belodella sp.
Eat:
Pandorinellina exiqua exiqua has its lowest
lowest occurrence in the qronberqi Zone of the
Lower Devonian.

Collection: JB-AP-350
Rock Unit:
uppermost limestone beds of "Bartine" tongue,
upper Beacon Peak Dolomite
Location:
Atrypa Peak measured section, at 350'
Brachiopoda: Atrypa nevadana (in float)
Brachyspirifer pinyonoides (in float)
Conodonta:
Pandorinellina exiclua. exiqua
Icriodus nevadensis
Icriodus trojani
Icriodus sp. indet.
Polyqnathus sp. indet.
(one indet. juvenile
specimen, too small to determine with
confidence, but it is either a representative of P. dehiscens or P.
cironberqi)

Age:

Belodella sp.
Panderodus sp.
F.I. 11-13
gronberqi Zone (indicated by the overlap of
Polyqnathus and Pandorinellina exiqua exiqua).

Collection: JB-AP-450
Rock Unit: McColley Canyon Formation, Bartine Member
Location: Atrypa Peak measured section, at 450'
Trilobita: Dalmanites meeki
Brachiopoda: Atrypa nevadana
Age:
F.I. 10-14

Collection:
JB-AP -588
Rock Unit:
McColley Canyon Formation, Bartine Member
Location: Atrypa Peak measured section, at 588'
Brachiopoda:
Schizophoria nevadensis (in float)
Brachyspirifer pinyonoides (in float)
Age: F.I. 12-13

