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The purpose of this study was to test two hypotheses. The first

Abstract approved:

hypothesis interprets allochthonous rocks in the Willow Creek area of the
Pinyon Range as lying on flat, superficial thrusts that truncate the
underlying folded Mississippian rocks of the Antler flysch sequence.

The second hypothesis interprets the allochthonous rocks as being folded
within the Mississippian sequence as if they had arrived as part of

the Antler allochthon after flysch sedimentation had begqun and were
overlapped as sedimentation contintied. Evidence presented here

supports the second hypothesis.

During Early and Middle Devonian time, deposition in the central
Pinyon Range occurred in a miogeoclinal shallow-shelf environment
characterized by carbonates of the Nevada Group.

Onset of the Antler orogeny in Late Devonian time was marked by
uplift and erosion or nondeposition in the study area. A west-dipping
subduction zone formed to the west in oceanic crust, developing an
accretionary wedge which became the Roberts Mountains allochthon.

The allochthon was obducted onto the continent as incipient subduction
of continental crust occurred.

Downbending of the edge of the continent led to the formation of

a foreland trough at the leading edge of the allochthon. Telescoping



within the allochthon caused it to rise and shed siliciclastic sediments
into the trough forming the submarine fan deposits of the Dale Canyon
Formation. The allochthon was then emplaced over the Dale Canyon
Formation and was subsequently overlapped by deltaic sediments of the
Diamond Peak Formation.

The Roberts Mountains allochthon in the Willow Creek area consists
of the Devonian Woodruff Formation forming its base, the Ordovician
Vinini Formation at the top, with a small slice of the Siluro-Devonian
Roberts Mountains Formation lying in between. Emplacement of the
allochthon is dated as during or before typicus Zone time of the early
Osagean on the basis of conodont collections from the overlapping

Diamond Peak Formation.
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GEOLOGY OF THE WILLOW CREEK AREA,
ELKO COUNTY, NEVADA

INTRODUCTION

Purpose

This study involved detailed mapping and structural interpretation
of early and middle Paleozoic sedimentary rock formations at the toe
of the Roberts Mountains thrust fault in the Willow Creek area of
the Pinyon Range, north-central Nevada.

Smith and Ketner (1977, 1978), in their study of the Pinyon Range,
interpreted allochthonous rocks of the Vinini and Woodruff Formations
at Willow Creek as lying on flat, superficial thrusts that truncate
the underlying folded Mississippian rocks of the Antler flysch
sequence. However, Johnson and Pendergast (198l) interpret the
Vinini and Woodruff as being folded within the Mississippian sequence
as if they had arrived as part of the Antler allochthon after flysch
sedimentation had begun and were overlapped as sedimentation continued.
The main objective of this study was to test these two hypotheses.

This was done by studying contacts between the allochthon and the
surrounding Mississippian clastics and by comparing the internal
structure of the allochthon to that of the autochthonous rocks.

In conjunction with this objective, the sedimentary units were
subdivided where lithologies suggested distinct depositional facies.
Also, some of the units were renamed where appropriate in light of

more recent data.



Location and Accessibility

The Willow Creek area of the Pinyon Range is located in the
eastern part of the Pine Valley quadrangle about 22 miles south of
the town of Carlin, in Elko County. The area mapped encompasses
about 25 square miles along the upper reaches of Willow Creek.
Access is provided by an unimproved dirt road which extends about

3 miles up Willow Creek, eastward from Newvada Route 278.

Previous Work

The earliest work on the geology of the Pinyon Range was done by
Hague (1877) during the 40th Parallel survey. Emmons (1910, p. 88-95)
reported on the geology of the Pinyon Range as part of a survey of
the mining districts of northeastern Nevada. Carlisle et al. (1957)
documented the Devonian stratigraphy of the region and Granger et al.
(1957) provided the first geologic map of the area as part of a
reconnaissance survey of Elko County. More recent work has been done
by Smith and Ketner (1975, 1976, 1977, 1978), of the U. S. Geological
Survey, who published a detailed description of the stratigraphy of
the Carlin-Pinyon Range area as well as a discussion of the tectonic
history and a geologic map (1:62,500) of the region.

When the Roberts Mountains thrust was first proposed (Kirk,
1933) and mapped (Merriam and Anderson, 1942) a Mesozoic age was
suggested. Later, evidence was presented by Kay (1952) and Dott
(1955) which suggested that the thrust was mid-Paleozoic in age, and
with the work of Roberts et al. (1958) came acceptance that the

thrust was a direct result of the mid-Paleozoic Antler orogeny.
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Figure 1.

showing counties and
area of Figure 2.
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Figure 2.

Index map of northeast Nevada. Solid black
areas are Ordovician to Devonian rocks of

the Roberts Mountains allochthon and stippled
areas are Mississippian rocks of the flysch-
molasse complex. Sawtooth line marks toe of
allochthon. After Johnson and Pendergast
(1981).
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Figure 3. Summary stratigraphic section for the study area.



In an important paper, Smith and Ketner (1968) used stratigraphic
relationships in the northern Pinyon Range to suggest an Early
Mississippian age for the emplacement of the Roberts Mountains
allochthon. This was the first solid evidence of an overlapping
relationship. Recently, however, Ketner and Smith (1982) reinterpreted
these relationships and suggested that allochthonous rocks in the
Pinyon Range may not have been emplaced until sometime in the Mesozoic.
Johnson and Pendergast (1981) identified a number of areas
where reinterpretation of the structure shows evidence of a
Paleozoic emplacement. One of these is in the area mapped
in this study. Smith and Ketner (1977, 1978) described the
allochthonous rocks at Willow Creek as a flat sheet (klippe) lying on
top of, and truncating, large-scale Mesozoic or Pennsylvanian folds in
the Mississippian clastics of the Chainman Shale and Diamond Peak
Formation. Johnson and Pendergast's (1981) reinterpretation suggests
that the allochthon structurally overlies the clastic rocks mapped as
Chainman Formation by Smith and Ketner (1978) and is depositionally
overlain by clastics of the Diamond Peak Formation. Thus, the
allochthon was interpreted to extend westward beneath the Diamond
Peak rocks and to be folded in the same way. As it is generally
accepted that rocks of the Diamond Peak Formation are in place here,
this interpretation provides an overlapping relationship which dates

emplacement as Early Mississippian (Osagean).



Methods and Terminology

Field work was carried out during the summer of 1981 with
follow-up work during the springs of 1982 and 1983. Mapping was done
at a scale of 1:15,840 using enlarged 15 minute quadrangles. Aerial
photographs were used as an aid in determining structures. Samples
were collected for lithologic and paleontological analysis. Fifty-
seven thin sections were analyzed, and point counts were carried out
on twenty-nine slides from the Mississippian clastic sequence.
Thirteen samples were processed in formic acid for conodonts. Claudia
Regier picked the conodonts from many of the residues. Dr. Gilbert
Klapper of the University of Iowa identified and assigned ages to the
conodont collections. Graptolite specimens were identified and dated
by William B. N. Berry of the University of California at Berkeley.

The classification of Folk (1980) was used for siliciclastic
rocks. Classification of carbonate rocks follows that of Folk (1962).
Stratification and splitting properties are described using the

terminology of McKee and Weir (1953).



GEOLOGIC SETTING

During the early to middle Paleozoic, the western margin of
North America was dominated by the Cordilleran geosyncline. The geo-
syncline may have had its genesis during late Precambrian time, when,
as Stewart (1972) and Stewart and Suczek (1977) have noted, there was
a distinct change in the tectonic setting and sedimentation patterns
along the continental margin. These authors suggest that this change
was caused by the rifting away of a piece of continental crust. Sears
and Price (1978) suggest that the rifted crust may be the Siberian plat-
form in northeast Asia.

Two models have been presented for the depo-tectonic setting of
the Cordilleran geosyncline. In the first model, the continent was
bordered on the west by a marginal basin and island arc system (Churkin,
1974; Burchfiel and Davis, 1972, 1975; Dickinson, 1977; Speed and Sleep,
1982). Although this model provides a conventional explanation for
sedimentary and tectonic events during the Paleozoic there is little
evidence in Nevada of arc-derived volcanics or sediments. In the second
model, deposition occurred along a tectonically stable margin (Stewart
and Poole, 1974). This model is based on the similarity between western
Paleozoic deposits and Mesozoic and Cenozoic deposits of the Atlantic
margin of North America. Both have wide lateral extent and great litho-
logic uniformity. This model does allow for the development of a sub-
duction zone and marginal sea during Devonian time prior to the Antler
orogeny.

The sediments of the Cordilleran geosyncline have been charac-
terized as having been deposited in three distinct lithofacies belts:

(1) The eastern shallow-shelf assemblage, consisting of



limestone, dolomite, and quartz arenite (miogeosynclinal deposits) ;
(2) the transitional assemblage, including limestone, clastics, and
chert; and (3) the western deep-basinal assemblage composed mainly

of shale, chert, and siliceous mudstone (eugeosynclinal deposits)
(Roberts et al., 1958; Smith and Ketner, 1968; Stewart and Poole,
1974). This scheme has proved convenient over the years, but now
that more is known of Paleozoic paleogeography these three categories
become too simplistic. Therefore, in this report, an attempt will

be made to assign formations to specific depositional settings

such as continental shelf, slope, or outer-shelf basin.

Deposition in the Cordilleran geosyncline continued until Late
Devonian time when tectonic forces of the Antler orogeny compressed
and uplifted the eugeosynclinal rocks (Roberts, 1951, 1964; Johnson
and Pendergast, 198l1). Siliceous rocks of the ocean basin and outer
shelf were thrust relatively eastward over carbonate rocks of the
continental shelf along the Roberts Mountains thrust, forming the
Antler highland (Merriam and Anderson, 1942; Roberts et al., 1958;
smith and Ketner, 1968). A downwarping of the shelf occurred during
late stages of emplacement and progressed eastward as the allochthon
rode over the edge of the continent (Poole, 1974; Speed and Sleep, 19€2).
Early detritus from the Antler highland was shed into this flysch
trough and accumulated as submarine fans. Some of these deposits
were overridden by the allochthon during final stages of emplacement
(Johnson and Pendergast, 1981; this report). The toe of the alloch-

thon was buried by additional flysch deposits when movement on the



10
thrust ended in mid-Early Mississippian (Osagean) time, as shown
herein. Accumulation of clastic sediments eroded from the Antler
post-orogenic highland continued into the early Pennsylvanian (Poole,
1974; Smith and Ketner, 1975; Johnson and Pendergast, 1981).

These events were followed by uplift and folding in the late
Paleozoic and in the Mesozoic (Smith and Ketner, 1977). Large-scale
folds in the Mississippian rocks at Willow Creek are attributed to
tectonic activity of middle Mesozoic age by Smith and Ketner (1977) .
Basin and Range style block faulting affected the area during the
Tertiary Period. Intrusive and volcanic activity accompanied Tertiary
faulting and caused silicification and other alteration effects in

the Paleozoic rocks of the area.
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VININI FORMATION

General Statement

The Vinini Formation was named by Merriam and Anderson (1942)
for exposures along the Vinini Creek in the Roberts Mountains. It
is considered to have been deposited in a basinal oceanic environment
and has been assigned to the western assemblage of Roberts et al.
(1958). 1In the study area it is part of the Roberts Mountains
allochthon along with the Devonian Woodruff Formation and the Siluro-
Devonian Roberts Mountains Formation. It lies in thrust contact over
the Woodruff Formation and the Roberts Mountains Formation and is
unconformably overlain by clastic rocks of the Mississippian Diamond

Peak Formation.

In the type area, the Vinini Formation is dated as Early to
Middle Ordovician on the basis of graptolites (Merriam and Anderson,
1942). Graptolite collections taken by Smith and Ketner (1975)
show the Vinini in the Willow Creek area to range in age from Lower

to Upper Ordovician although some zones have not been recognized.

Lithology

Merriam and Anderson (1942) described two units in the Vinini
Formation at the type area. Their lower unit consists of dark gray
bedded quartzites, arenaceous limestones or calcareous sandstones,

and finely laminated siltstones with volcanic flows and tuffs present
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locally in upper sections. The upper unit is made up of bedded
cherts and black organic shales.

In the Willow Creek area, the Vinini most closely resembles
Merriam and Anderson's upper unit. It consists of beds of chert
and siliceous mudstone 2 to 10 cm thick, separated by thin layers of
organic shale. The chert is generally black and weathers gray or
tan, but in some places it exhibits brown banding and is somewhat
translucent. Fine laminations are present in some beds and thin
sections show abundant radiolarian molds filled with microcrystal-
line quartz (Figure 6 ). In some places the chert is impure and is
best described as siliceous mudstone. The shale is black and flakey
and, in some places, very carbonaceous. Shale makes up a minor
portion of the formation, but weathers out easily and its chips make
up much of the soil surrounding exposures.

There is also a lens of conglomerate in the northern part of
the area made up of angular, pebble- to granule-size chert fragments
in a cherty matrix. Gilluly and Masursky (1965) described similar
beds in the Cortez Range and suggested a local source due to the
angularity of the fragments and their lithologic similarity to the
enclosing beds.

No thickness measurements of the Vinini Formation were possible

due to the disrupted and disordered nature of the structure.

Structure

The internal structure of the Vinini is complex. Graptolite

collections taken by Smith and Ketner (1975) show no orderly



Figure 6.

Photomicrograph of bedded chert. Note
radiolarian molds and carbonaceous laminae.
Vinini Formation. Ordovician. Plane light.
NEX SWi Section 36, T.29N., R.52E.

15
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stratigraphic succession, suggesting multiple thrust slices jumbled
together. The rocks are cut by numerous closely spaced joints and
small-scale open folds are common. Some tighter folds and isoclinal
folds are present locally, but overall, bedding attitudes roughly
parallel those of the surrounding formations.

At least part of the western contact of the Vinini with the
Diamond Peak Formation is a normal fault. It appears that the
Diamond Peak Formation has been faulted down with respect to the
Vinini Formation. Attempts to expose the contact along Willow
Creek uncovered fault gouge, and rocks along the contact to the
north exhibit brecciation, alteration, and silicification suggesting
that a conduit for hydrothermal fluids was created by faulting. The
fault may not extend any farther north than the southern or middle
part of section 13 (T29N, R52E) where the above indications disappear.
A depositional contact exists on the northern contact of the Woodruff
Formation and this should also be the case for the northern contact of
the Vinini.

A small strip of the Vinini Formation is exposed just to the
west of the main exposure. Abrupt vertical contacts along Willow
Creek suggest that it is bounded by normal faults. It could logically
have been faulted up from the extension of the Vinini below the

Diamond Peak Formation (see Plate 2).

Depositional Environment

Although Ketner (1975) has suggested that Ordovician bedded

cherts and shales need not have been deposited in deep water, most
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authors agree that the Vinini was deposited in a deep-water oceanic
environment. The bathyal Nereites trace fossil assemblage has been
recognized in the Vinini Formation in the Roberts Mountains by
Chamberlain (in Stanley et al., 1977). Churkin (1974) has suggested
that Ordovician bedded cherts were deposited below the calcium
compensation depth due to concentrations of siliceous microfossils
and chitinophosphatic graptolites and the lack of calcareous micro-
fossils. The calcium compensation depth is at about 13,000 feet
(4000 meters) in modern seas, but there is no evidence that such
depths were typical of the Paleczoic. Bottom conditions may also
have been anoxic as evidenced by the lack of bioturbation in the

bedded cherts.
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ROBERTS MOUNTAINS FORMATION

General Statement

The Roberts Mountains Formation was named by Merriam (1940) for
exposures on the west side of Roberts Creek Mountain where it is the
western, deep water equivalent of the Lone Mountain Dolomite. It
consists primarily of laminated, graptolite-bearing limestones and
dolomites and was probably deposited in an outer shelf basin.

In the study area, the Roberts Mountains Formation occurs in a
small exposure along the northern bank of Willow Creek. Its
lithology includes a sequence of interbedded calcareous shale and
black chert and a sequence of dolomitic marl and silty dolomite.
Both sequences are thinly bedded. This exposure is here included in
the allochthon as lying in a small thrust slice between the Vinini

and Woodruff Formations.

Graptolite collections taken by smith and Ketner (1975) from
the dolomitic marl and silty dolomite sequence were identified as

belonging to the Monograptus uniformis Zone of earliest Devonian

(Lochkovian) age. Graptolites taken by this writer from the calcareous
shale were identified by W. B. N. Berry (written communication, 1982)

as Monograptus birchensis Berry and Murphy. This species ranges in

age from latest Silurian (Ludlovian) to Lochkovian. The age range

of the Roberts Mountains Formation in the type locality is from the
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Llandovery (Early Silurian) to early Lochkovian (Johnson et al.,

1973).

Lithology

Smith and Ketner (1975, p. 32) described the Roberts Mountains
Formation along Willow Creek as "very dark brown to black shaly and
platy carbonaceous laminated silty dolomite and dolomitic marl, which
weather dark gray to black." They estimated the thickness to be
between 200 and 500 feet (61 and 152 m).

Also, noted by this writer, is a sequence of platy calcareous
and carbonaceous shale with lesser amounts of interbedded black
chert (Figure 7 ). The calcareous shale is dark-gray weathering,
medium to light gray and light brown and occurs in beds 2 to 10 cm
thick. Weathered surfaces commonly show fine laminations which resulted
from concentrations of organic matter or oxidizing pyrite crystals
within the rock. The beds break easily into platy fragments 2 to 15
cm across which litter the slopes. Graptolites are numerous in places.
The black chert occurs as beds 4 to 15 cm thick which alternate
sporadically with the calcareous siltstone. The chert beds are
more numerous towards the bottom of the sequence. The thickness
of this sequence is estimated to be at least 200 feet (61 m). Cover
and the possibility of structural complications prevented precise

measurements.



Figure 7.

Platy calcareous and carbonaceous shale.
Note limonite stains after pyrite. Roberts
Mountains Formation. Latest Silurian or
earliest Devonian. SW} NE} section 36,
T.29N., R.52E.

20
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Structure

Smith and Ketner (1975) stated that they believed this exposure
of the Roberts Mountains Formation was allochthonous, but that it
might not be a part of the upper plate of the Roberts Mountains thrust.
On their 1978 map they showed it as two small thrust sheets lying
on top of the main thrust plate. Perhaps they thought it arrived at
a later time. Ketner later said (personal communication, 1980) that
these rocks might be in place here. In this report, however, the
Roberts Mountains Formation exposed along Willow Creek is mapped as
lying in a single thrust slice between the Woodruff Formation and
the Vinini Formation, therefore arriving as part of the thrust
package. Bedding attitudes in the Roberts Mountains Formation are
highly variable but, in general, they conform to attitudes in the
surrounding allochthonous rocks. There seems to be a higher than
locally-normal degree of folding in the Woodruff and Vinini rocks
surrounding the Roberts Mountains Formation which might be accounted
for by the emplacement of this anomalous sliver.

The internal structure of the thrust slice is not known in detail
because of the restricted extent of the exposure; however, it appears
that the dolomitic marl described by Smith and Ketner (1975) overlies
the calcareous shale described here. The contact between the two
sequences is not visible, but it could be depositional since the
dolomitic marl shows a slightly younger-age graptolite assemblage

than does the calcareous shale.
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Depositional Environment and Regional Significance

Smith and Ketner (1975) assigned the Roberts Mountains Formation
to the transitional assemblage due to its combination of carbonates
usually associated with shallow water environments and its deeper-
water dark, shaly, graptolitic rocks. Winterer and Murphy (1960)
have shown that the Lone Mountain Dolomite grades westward into the
Roberts Mountains Formation in the Roberts Mountains. They suggested
that the Lone Mountain Dolomite represents a reef complex and that
the Roberts Mountains Formation represents the associated reef-flank,
off-reef, and basin facies. This arrangement explained the abrupt
transition from shallow-water to deep-water facies in the rocks.

Matti and McKee (1977) suggested that the Roberts Mountains
Formation was deposited in an outer-shelf basin with restricted
circulation and anoxic bottom conditions as evidenced by the
presence of abundant carbonaceous material and lack of bioturbation.
They suggested water depths of 100-250 m for this basin. Mullens
(1980) argqued for water depths of not more than 100 m because of
evidence of scattered reefs within the basin and at its western
edge, especially during the Late Silurian and Early Devonian (Mullens,
1980, p. 38). Johnson and Murphy (1984) cite physical evidence such
as debris flows and graded beds in suggesting a slope-and-basin
"deep" water environment for the Roberts Mountains Formation.
According to their model, the basin was formed in late Llandoverian
time by normal faulting along the shelf edge (Johnson and Potter,

1975 ; Johnson and Murphy, 1984, p. 1350). This faulting may have
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been the result of reactivation of normal faults created during
Precambrian rifting (Stewart, 1972).

Other allochthonous exposures of the Roberts Mountains Formation
include one about three miles south of Willow Creek in the Pinyon
Range. It has a lithology and age similar to the Willow Creek
exposure and is also a small thrust slice between the Woodruff and
Vinini Formations (Visconti, 1982).

Most other exposures are autochthonous, however, Murphy
et al. (