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Upper Devonian to Upper Mississippian Strata
of the Antler Foreland in the Leppy Hills,
Easternmost Northern Nevada

By K.M. Nichols and N.J. Silberling

ABSTRACT

Upper Devonian to Upper Mississippian strata in the
Leppy Hills, easternmost northern Nevada, represent, in
ascending order, rock units whose formal names, albeit
somewhat misleading, are the Guilmette Formation, Pilot
Shale, Joana Limestone, and Needle Siltstone Member of the
Chainman Shale. In the Leppy Hills study area, both the
upper and lower contacts of the Pilot Shale are bedding-sub-
parallel, attenuational faults; other such faults may be
present within the Pilot and also could be present between
the Needle Siltstone Member and higher parts of the
Chainman Shale.

The Pilot Shale in the study area closely resembles the
lower part of the Pilot elsewhere in the eastern Great Basin
and is mostly laminated, secondarily dolomitic siltstone that
includes a distinctive interval of intercalated Bouma-
sequence limestone. Strata of the Pilot Shale can be inter-
preted as storm deposits formed on the ramp of a restricted
intrashelf subsident area.

The Joana Limestone in the Leppy Hills study area is
anomalously thin and probably correlates with only the basal
part of the Joana, as this name is applied, in ranges farther to
the south. In the Leppy Hills the Joana is disconformably
overlain by dolomitic siltstone of the Needle Siltstone Mem-
ber whose character reflects sedimentation during the Delle
phosphatic event.

The relatively weak lithic expression of the onset of the
Delle phosphatic event in the Leppy Hills study area, and the
evidently greater age of the uppermost part of the Joana
Limestone here, as compared with sections in west-central
Utah, is of significance for interpreting the flexural-loading
paleotectonics of the Antler foreland. In the Leppy Hills
study area a distinct disconformity separates the Needle Silt-
stone Member, the base of which corresponds to the advent
of the Delle phosphatic event, from the Joana Limestone.
Mississippian strata in this area may therefore record depo-
sition on the previously hypothesized Antler foreland bulge.
The existence of such a feature has been called upon to

explain the peculiar anoxic nature of strata formed farther to
the east, in the backbulge region of the foreland, under the
influence of the Delle phosphatic event.

INTRODUCTION

The Upper Devonian to Upper Mississippian section
in the Leppy Hills, just north of the town of Wendover on
the Nevada-Utah State line (fig. 1), provides a strategi-
cally located reference point for regional interpretation of
the depositional history of the Antler foreland in the east-
emn Great Basin. Exposures of these rocks are the north-
emmost of the succession that is characteristic of the
Antler foreland for several hundred kilometers to the south
in easternmost Nevada and westernmost Utah. This suc-
cession includes, in ascending order, the Pilot Shale, lime-
stones collectively referred to the Joana Limestone, and
the Needle Siltstone Member forming the basal part of the
Chainman Shale.! Although the Pilot through Needle suc-
cession in the Leppy Hills is incomplete owing to bed-
ding-subparallel, attenuational faulting, as described later,
the contact of the Needle Siltstone Member with the
underlying Joana Limestone is disconformable, preserving
a weak, but incontrovertible record of the onset of the
Delle phosphatic event (Silberling and Nichols, 1990,
1991), the effects of which are best represented at locali-
ties in west-central Utah such as the Lakeside Mountains
(fig. 2) (Sandberg and Gutschick, 1984; Nichols and Sil-
berling, 1990). This disconformable contact provides a
datum that allows the unusually thin Joana Limestone in
the Leppy Hills to be contrasted with the much thicker
sections of Lower Mississippian pre-Delle phosphatic

Note that although the term “shale” is used as part of the regional
name for both the Pilot Shale and the Chainman Shale, this lithic identifica-
tion is not descriptive of the specific parts of these units discussed in this
report.

Gl
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Figure 1. Index map of northeastern Nevada and northwestern Utah showing the location of the Leppy Hills area. Modified from
Schneyer (1984).

event limestone farther to the south and east in Nevada
and Utah. Consequently, the Leppy Hills section has an
important bearing on regional paleogeography and the
applicability of flexural-loading models to explain the
shifting pattern of uplift and subsidence in the late
Paleozoic Antler foreland.

STRATIGRAPHY

Parts of the Pilot Shale, Joana Limestone, and Needle
Siltstone Member and younger members of the Chainman
Shale are fairly well exposed near the head of A-1 Can-
yon in the Leppy Hills. Much of the section was measured
twice on adjacent minor spurs on the west side of the can-
yon in order to place the discontinuous exposures in the
same stratigraphic context. The northern and southern of
these parallel sections are designated respectively sections
A and B; their locations are shown on figure 3, and the
nature of the exposures at section A is shown in figure 4.

PILOT SHALE

The areal distribution of the rocks assigned to the Pilot
Shale in the study area is shown on the map of the Leppy
Hills by Schneyer (1990), who interpreted the contact

between the Pilot and underlying Guilmette Formation in
the headwaters of A—1 Canyon as a bedding-subparallel,
attenuational fault marked by a zone of brecciation and
silicification. Although the amount of missing section is
unknown, the youngest limestone beds of the Guilmette
here are thin-parted, mottled, pelletal-skeletal packstone
containing abundant open-marine bioclasts such as echino-
derm ossicles. These limestones lithically resemble those,
in sections farther to the south in easternmost Nevada and
westernmost Utah, that either constitute a distinctive rock
unit forming the uppermost part of the Guilmette or are
recognized as a separate formation—the West Range Lime-
stone—intervening between the Guilmette and Pilot.
Because of this and because of the nature of the older part
of the Pilot in A—1 Canyon, as described later, the thickness
of omitted strata is probably not great.

The upper contact of the Pilot Shale with the overly-
ing Joana Limestone is also a bedding-subparallel fault, as
shown by the omission of at least a few meters of the
basal part of the Joana along strike between sections A
and B (figs. 5, 6). The amount of the Pilot cut out on this
fault is unknown. The several-meter difference in thick-
ness of the limestone-rich and higher parts of the Pilot
between sections A and B, which are only about 200 m
apart, could be attributed to attenuation on this fault or
others within poorly exposed parts of the Pilot section, or
it could simply reflect the imprecision in section
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Figure 2. Map of eastern Nevada and western Utah showing the
location of the Leppy Hills and other localities referred to in text
(marked by X’s). The eastern limit of the Roberts Mountains al-
lochthon is controlled by its original eastward thrust emplacement
onto the continental margin during Antler orogenesis as well as by
subsequent contractional and extensional tectonism.

measuring. The minimum thickness of the Pilot in upper
A-1 Canyon is about 130 m.

Most of the Pilot Shale in A-1 Canyon is generally
recessive, dolomitic siltstone to very fine grained sandstone
having conspicuously planar lamination and parting (fig.
7). These rocks are black on fresh surfaces and mostly
weather grayish orange to yellowish orange, less commonly
very pale orange or pale red. In less fissile parts of the
section, the matrix of subhedral secondary dolomite crys-
tals in places supports detrital quartz grains, and at least
some laminae are silty dolostone (fig. 8). The laminated
siltstone is variably calcitic owing either to incomplete
replacement by dolomite of original lime-mud matrix or to
dedolomitization. More fissile parts of the clastic section
are shaly and have less carbonate cement. In addition to
quartz, trace amounts of white mica and plagioclase are
present among the detrital terrigenous-clastic grains.

The principal lithic variation within the succession of
laminated siltstone is the occurrence of discrete limestone
interbeds through an interval about 30 m thick that is best
exposed in the lower part of section B (fig. 6). These
limestone beds are about 10—40 cm thick, are for the most
part intercalated in the resident dolomitic siltstone
(although some limestone beds are composite), and

display the internal Bouma sequences TpA, AB, ABC, and
ABCE (fig. 9) (Poole, 1974, fig. 7b). The thickest and
most coarse grained limestone beds are among the strati-
graphically highest. In these, the TpA layer forms most of
the bed and is bipartite, consisting of a poorly sorted,
coarsely intraclastic lower part overlain abruptly by dis-
tinctly finer grained, but graded, quartz-sandy limestone
(for example, fig. 10). One such bed contains in its lower
part individual tabular clasts, as long as 18 cm, of various
types of limestone including bioclastic wackestone and
distinctly laminated packstone. These clasts are in a matrix
of smaller intraclasts and sandy limestone containing
coarse quartz grains. The composition of the intraclasts
suggests their origin by the rip-up of related, previously
deposited limestone beds, although the coarse, well-
rounded quartz sand and bioclasts are exotic to the local
Pilot section.

Above the part of the Pilot in A-1 Canyon character-
ized by limestone interbeds is 40-45 m of the Pilot Shale
that, although only partly exposed, is apparently wholly
composed of more or less carbonate-cemented siltstone
resembling the siltstones beneath the limestone. These silt-
stone beds exhibit the same characteristic even lamination
(fig. 11), although some are distinctly more shaly and fis-
sile. About 3 m below the top of the Pilot in section A,
low-angle truncation of the siltstone laminae is suggestive
of hummocky cross stratification (fig. 12).

Neither body fossils nor feeding tracks were observed
in the siltstone of the Pilot Shale in A-1 Canyon, suggest-
ing relatively oxygen deficient conditions during sedimen-
tation. In keeping with this inference, the pervasive
secondary dolomitization of the original carbonate cement
or matrix of the siltstone may have been induced by a
reducing diagenetic environment.

In comparison with other sections of the Pilot Shale
in the eastern Great Basin, the Pilot Shale in the Leppy
Hills probably represents the relatively older part of the
Pilot. Discrete limestone beds having well-defined Bouma-
sequence layers are characteristic of the lower part of the
Pilot in, for example, the Cherry Creek, Confusion, and
Pahranagat Ranges (fig. 2). Conodonts from the T,E layer
of one of these limestone beds in section B in A-1 Can-
yon, about 10 m above the limestone bed illustrated by
figure 9 and located stratigraphically on figure 6, are
reported by R.G. Stamm (U.S. Geological Survey, written
commun., 1991) to be palmatolepids of early Frasnian to
middle Famennian age, thus supporting this lithic
correlation.

Rocks of the Pilot Shale elsewhere in the eastern
Great Basin that are lithically similar to those in the
Leppy Hills are commonly interpreted to be deep-marine,
turbiditic deposits (for example, Sandberg and others,
1989, p. 198), but the implication of sediment transport
and deposition by gravity-driven flows is open to ques-
tion. The general character and stratigraphic context of
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the secondarily dolomitic, fine-grained clastic rocks of
the Pilot Shale do not suggest deposition in a slope or
deep basin environment, and gravity-flow structures such
as slump folds are absent in these deposits. The rare

turbiditelike Bouma-sequence limestone beds in the Pilot
of easternmost Nevada and westernmost Utah are
regarded by us as primarily storm deposits or tempestites.
Although the transport of their finer grained constituents
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beds and dissolution remnants of limestone, and deposi-
tion of other distinctive limestone units indicative of
peculiar water chemistry (Nichols and Silberling, 1990).
The Delle phosphatic event has been attributed by us (Sil-
berling and Nichols, 1991) to restriction of the inner shelf
by the development of a sill in the form of a foreland
bulge in response to tectonic loading of the outboard con-
tinental margin during a late stage of Antler orogenesis.
The Lower and Upper Mississippian rocks of the Leppy
Hills may document deposition on the continentward flank
of this hypothetical foreland bulge and the effects of sub-
tle uplift in the forebulge area contemporaneous with rela-
tive depression of the broad, generally flat region farther
to the east and south. The Gardison Limestone and the
laterally equivalent upper part of the type Joana Limestone
were deposited across this region to the east and south of
the Leppy Hills during the early part of Osagean time but
were onlapped by the Needle Siltstone Member and its lat-
eral equivalents toward the positive area on which the
Needle of the Leppy Hills was deposited. The Joana
Limestone of the Leppy Hills, belonging to an earlier
sequence cycle, originally may have been significantly
thicker prior to being eroded below the sequence cycle
that regionally includes the Gardison, the upper part of the
Joana, and fine-grained clastic rocks of the Delle phos-
phatic event such as the Needle Siltstone Member of the
Chainman Shale.
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tions,” issued annually, is available free of charge in paperback booklet
form only.

Selected copies of a monthly catalog “New Publications of the
U.S. Geological Survey” is available free of charge by mail or may be
obtained over the counter in paperback booklet form only. Those wishing
a free subscription to the monthly catalog “New Publications of the U.S.
Geological Survey” should write to the U.S. Geological Survey, 582 Na-
tional Center, Reston, VA 22092.

Note.—Prices of Government publications Iisted in older catalogs,
announcements, and publications may be incorrect. Therefore, the prices
charged may differ from the prices in catalogs, announcements, and pub-
lications.






