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Abstract:

Cretaceous strata in the hinterland of the Sevier thrust belt are sparse. Strata of the early Cretaceous
Newark Canyon Formation in east-central Nevada provide a link between poorly documented
hinterland tectonism and concomitant sedimentation. Facies analyses of these strata in the Diamond
Mountains and the Fish Creek Range indicate the presence of spatially unrelated depositional systems.
At Overland Pass in the central Diamond Mountains, the Newark Canyon Formation is characterized
by deposits of east to southeast flowing, gravel- and sand-bed braided fluvial systems. The age of this
sequence is in question due to lack of fossil data. In the Eureka District in the southern Diamond
Mountains and at Cockalorum Wash in the southern Fish Creek Range, the Newark Canyon Formation
is characterized by deposits of muddy floodplains, freshwater lakes, and east to southeast flowing,
high-energy gravel-and sand-bed braided and meandering fluvial systems. Fossil data indicate the age
of these strata to be Barremian to middle Albian. Similarities in facies assemblages in the Eureka
District and at Cockalorum Wash suggest that these strata are lithostratigraphic equivalents.

Presence of two distinct petrofacies is indicated by sandstone framework modes. The Quartzo-lithic
Petrofacies consists exclusively of Overland Pass sandstone. The Chertarenite Petrofacies consists of
both Eureka District and Cockalorum Wash sandstone. Conglomerate clast compositions indicate that
highland source terrains consisted of Mississippian Antler foreland basin sediments and middle to late
Paleozoic miogeoclinal strata. Presence of Eureka Quartzite cobbles indicates that stratigraphic levels
as old as Ordovician were exposed to erosion during Newark Canyon Formation deposition.

Development of Newark Canyon Formation basins was in response to sediment dispersal and basin
subsidence from the poorly documented late Mesozoic Eureka thrust belt. Deposition of these strata
pre-dates Sevier foreland basin subsidence and sedimentation. Presence of high-energy, east flowing,
fluvial systems and pre-Basin and Range proximity of these strata to the site of the Sevier foreland
basin indicates that they represent a fortuitously preserved, proximal paleodrainage system which was
denuding the hinterland uplands and transporting sediment to the nascent foreland basin.
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ABSTRACT

Cretaceous strata in the hinterland of the Sevier
thrust belt are sparse. Strata of the early Cretaceous
Newark Canyon Formation in east-central Nevada provide a
link between poorly documented hinterland tectonism and
concomitant sedimentation. Facies analyses of these strata
in the Diamond Mountains and the Fish Creek Range indicate
the presence of spatially unrelated depositional systems.
At Overland Pass in the central Diamond Mountains, the
Newark Canyon Formation is characterized by deposits of
east to southeast flowing, gravel- and sand-bed braided
fluvial systems. The age of this sequence is in question
due to lack of fossil data. In the Eureka District in the
southern Diamond Mountains and at Cockalorum Wash in the
southern Fish Creek Range, _the Newark Canyon Formation is
characterized by deposits of muddy floodplains, freshwater
lakes, and east to southeast flowing, high-energy gravel-
and sand-bed braided and meandering fluvial systems. Fossil
data indicate the age of these strata to be. Barremian to
middle Albian. Similarities in facies assemblages in the
Eureka District and at Cockalorum Wash suggest that these
strata are lithostratigraphic equivalents.

Presence of two distinct petrofacies is indicated by
sandstone framework modes. The Quartzo-lithic Petrofacies
consists exclusively of Overland Pass sandstone. The
Chertarenite Petrofacies consists of both Eureka District
and Cockalorum Wash sandstone. Conglomerate clast
compositions indicate that highland source terrains
consisted of Mississippian Antler foreland basin sediments
and middle to late Paleozoic miogeoclinal strata. Presence
of Eureka G@Quartzite cobbles indicates that stratigraphic
levels as old as Ordovician were exposed to erosion during
Newark Canyon Formation deposition.

Development of Newark Canyon Formation basins was in
response to sediment dispersal and basin subsidence from
the poorly documented late Mesozoic Eureka thrust belt.
Deposition of these strata pre-dates Sevier foreland basin
subsidence and sedimentation. Presence of high-energy, east
flowing, fluvial systems and pre-Basin and Range proximity
of these strata to the site of the Sevier foreland basin
indicates that they represent a fortuitously preserved,
proximal paleodrainage system which was denuding the
hinterland uplands and transporting sediment to the nascent
foreland basin.




INTRODUCTION

Cretaceous sedimentary rocks in east-central Nevada
are sparse (Stewart, 1980). Lower Cretaceous strata of the
Newark Capyqn Formation occupy scattered outcrops in east-
central Nevada in a tectonic enclave between the Luning-
Fencemaker thrust system to the west (0Oldow, 1983) and
Sévier thrust system to the‘east-(Armstrohg, 1968) (Figure
1). Exposures of theée stréta occupy an approximately
north-south trendiné belt parallel to the trend of +the
poorly documented late Mesozoic Eureka £hrust belt (Speed,
1983; Heck and ofhers; 4986). This region has been referrgd
to as the hinterland of the Sevier :orogenic belt sy
Armstrong‘,(1968; 1972), whiqh he 'defined as the area

between the laterally' continuous, thin-skinned Sevier

thrust belt to the east and a broad region several hundred

kilometers to"the Qesﬁ composed of plqtons gnd diverse
allochthonous térranes. Armstrong’s concept. of the
hinterland as a broad, gently folded region cut by sparse
low~-angle faults and plutbns has chénged little since his
stuaies (Allmendinger anq others, 1984).

In contrast té'the relative sparcity of Cretaceocus
strata in east-central Nevada, a.thick clastic wedgg of
Cretaceous strata is present fo the east of the Seyier

thrust belt, where thruét loading and sedimentation led to
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development of the assymetrical Sevier foreland basin
(Jordan, 1981). Sedimentologic, stratigraphic, and
provenance studies of Upper Jurassic through Eocene coarse
clastic units preserved iIn the foreland basin provide a
substantial knowledge of the sequence of  tectonic

development within the Sevier thrust belt Wiltschko and

Dorr, 1983).
SIERRA
Figure I. Map of central-western United States Cordillera

showing east edge of late Paleozoic accreted terranes and
late Mesozoic tectonic features in relation to exposures of
Cretaceous Newark Canyon Formation (black). From Stewart
(1980) and Allmendinger and others (1987).
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However, very little is known of the late Mesozoic
sedimentary/tectonic history of the hiﬁterland of the
Seviep orogenic belt. Coney and Harms (1984) suggest that
scarcity of Cretaceous strata in this region indic;tes tha£
it was a vast altiplano-like plateau during this time until
its collapse due to mid- to late-Tertiary metamorphism and
extension, which obscured pre-existing structures
(Armstrong, 1972; Compton and.others, 1977; Allmendinger
and Jordan, 1983). Gans and others é1987)‘suggest that low
conodbnt alteration indicies of‘uppermost Paleozoic upits
in the eastefn Great Basin indicate that thié area was
never buried beneath a significant Mesozoic sedimentary
cover. Jordan and Alonso (1987) suggesf that.analogues"ior
these strata are the late Teftiary to Recent synorogenic
deposits af basins developed in the interior of the Andes
Mountains. |

This investigation examines selected exposures of
strata mapped as Cretaceoué Newark Canyon Forﬁatiﬁn in the
Diamond Mountains and Fish'éreek Range in east-central
Nevada (Figure 2). This study, in'addition‘to continuing
investigations of CretacéOQShearly Tertiary sedimentary
étrata in east-central Nevadé, contributes toward a bet#er
understanding of tge late Mesozoic—eérly Tertiary

sedimentary/tectonic histofy of east-central Nevada.




PINON
RANGE
EUREKA
DISTRICT
-PCS
r T
NEVADA
Tt~ 7/
50km
Figure 2. Index map of east-central Nevada showing the

distribution of strata mapped as Newark Canyon Formation
(black) i1n relation to major ranges. Strata examined 1In
this study iIncludes: Overland Pass (OP) in the central
Diamond Mountains; Hildebrand Canyon (HO, Newark Canyon
(NO, Cherry Spring (CS), and Pinto Creek Spring (PCS) 1iIn
the Eureka District of the southern Diamond Mountains; and
Cockalorum Wash (CW) i1n the southern Fish Creek Range. From
Stewart and Carlson (1978). Eu i1s the town of Eureka.



Purpose of Investigation

The purpose of this investigation is to evaluaée the
sedimentology, provenance, and tectqnic-significance qf_
selected exposures of.Lower Cretaceous strata assigned to
the Newark Canyon Formation. More specifically, questions
addressed are: 1). What depasitionél environments
characterize +the Newark Canyon Formation? 2) What are the.
sediment dispersal patterns? 3) What ié the provenance of
terrigenous clastic units? 4) What is the early Cretaceous
paleogeography of eaét—ceﬁtral Névadaé and 35) What does the
Newark Canyon Formation revéal about the tectonic setting

of its basin(s) of deposition?
Previous Studies

Strata of the Newark Canyon Formation were named and
defined by Nolan and others (1956) basedv on scattered
exposures in ‘thé Euréka Mining District in the southern
Diamond Mouhtains (Figure 2) (Nolan, 1962). Smith and
Ketner (1976) identified Lower and Upper Cretaceous strata
they assign to the Newark.Caﬁyon Fdrmation in the Cofﬁez
and Pinon Ranges near Ca?lin, Nevada. Stewart (1980; Aoted
that strata located along the crest of the central Diaﬁopﬁ
Mountains, originally éssigned to the Permian system by
Lafsen and Riva (1963), have been subsequently reassigned

to the Newark Canyon Formation_ (Larsen, pers. comm., in
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Stewart, 1980).° Lower Cretacecus strata exposed at
Cockalorum Wash in the southerp Fish Creek Range‘have also
been assigned to the Newark Canyon Fdrmation (Hose, 1983).
Fouch and others (1979) noted thét the Newark Canyon
Formation near Eureka, Nevadé,- is the temporal equivalent
of parts of Lower Cretac;ous strata in thé Rocky Mountains
and Alberta, and that exposures in the Pinon Range are the
\temporal " equivalent of the‘ lower pért' of the Late
Cretaceous (Maastrichtian) to Eocene Sheep Pass Formation

in the Egan Range, Nevada. Despite these'correlétions, all

investigations of these strata have been of a
réconnaissance nature .and ‘detailed knovledge of
dépositional systems, sediment,provenaﬁce, and sedimentary

tectonics have been poorly understood.

Methodology

"Field Methods

To assemble the data used in making tﬁe following
interpretations, more than 3 km of stratigraphic section
were measured by Jacob’s staff. Sections were selected on
the premise that each chosen locality should contribute to
an understanding of vertical | and . lateral facies
‘relationships. Additiénélly; the quality of exposures. often
dictated the location of éeétion measurement. Lithafacies
present were classified using the terminology of Miall

- (1977, 1978, 1985). Where. terminology did not exist,
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lithofacies nomenclature was erected to describe observed

lithofacies. During sgection "measurement, paleocurrent
measurements vere made on imbricated cobbles and
crossbedding at representative intervals to evaluate

paleocurrent +trends. _The size of the largest 5 +to 20
gravel-sized clasts was measured at representative
.;ntervals in each section to'éyaluaté>grain size trends.
More than 200 1lithologic sambles weré collected for
petrographic analysis. -Samples were chosen on the basis of
being most rebresentative of-distinctive litﬁoﬁacies and
locations in the Newark‘Caqyon FQrmafion sections. Clast
composition counts of more fhan 14,000 . clasts vere
conducted on‘conglomerate'uﬁits at representative locations
.for pfovenance evalua£iop. Cobbles were counted by drawving
random grids on congiomerate exposures -containing clasfé
larger than gravel-sgized. Mudstone intraclasts were
excluded from ciast‘counts.. Orientation 6: more than 300
clasts and cross beds were measurea on a region-wide basis
to determine overall paleofioﬁ treﬁds. Covered sections
vere selectively +trenched for  lithologic identification.
Fossils vere cqllectéd wvhere present . to add
biostrétigraphic information and to reinforce facies

interpretations.




Laboratory Methods

Cobble imbricaﬁion and crossbed orientétion data were
rotated about structﬁfal strike on aﬁ eqﬁalfarea net 'to
determine palepcu;rent trends. Vector orientation and
magnitude wefe. calcﬁlatedl usihg the methods of Carver
(1977) and Curray (1956).. | | |

A total of 100 thip éections -were prepared from
represeﬁtative lithologic- samﬁlés for study with the
petrographic microscope. Thirty-eight thin sections were
determined to bé suitablé for modal ' analysis. Thé
compositibn of each gpaig-was aetermined for eaéh pqint on
a fixed—grid.spacing that exceeded the mean grain size of
the s=sample untii'at least‘400-grains were identifie&. In

all cases, data Qere tabulated . éxcldsive of carbonate

framework grains. Carbonate grains were excluded because
resedimented carbonates could not be systematically
differentiated from intréclasts (Mack, ;984). Modal grain

size was visually estimated for most samples 1in thin
section. Sandstone framework modal data were treated using
standard statistical techniques . (Dickinson and Suczek,

1579).

Study Area and Strafiqraphic Nomenglature

Rocks mapped as Newark Canyon Formation occupy
scattered outcrops in four different mountain ranges in

east-central Nevada (Figure 2). Effort.was concentrated at
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Overland Pass in the centrai Diamond ﬁountains, in the
Eureka District in the socuthern Diamond Mountains, and at
Cockalorum Wash in the southern Fish Creeg Range. The
restriction of geographic. extent éf the study afea vas
based on: 1) relative proximity of these Newa;k Canyon
Formation exposures‘ to eaéh other, ' 2) reasonable
accessibility of diagnostic sections; and 3) embhasis ?n
detailed facies analfsis; Exposures of ‘Newark Canyon
Formation strata aF locati&ns not covered by » this
inQes£igation are the subﬁect of ongoing investigations
conducﬁed on late Mesozoic-early Tertiary strata in east-
centrai Nevada and will not be covered hére.

The Newark .Canyoﬁ Formation in the central Diamond
Mountains (Figure 2) (Larsen and Riva, 1963) is variable in
thickness and cogsists of a léwer conglomerate that attains
a maximum thickness of 450 m and an upper sequence of
sandstone with conglomeréte- interbeds which attains a
maximum thickness of 7350 mv(Figure 3). These memberé are
refered +to as the Lower COnglomerate and Upper Sandstone,
respectively. One 105 m  thick section of the .  Lower
Conglomerate and one 60 m thick secﬁion of. the Upper
Sandstone were - measured Aear Dveriand Pass. At this
locality, the Newark Canyon Formation rests with angular
unéonformity on a thick éequéﬁcé‘of Eermian strata and is

exposed at the top of the section.
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OVERLAND PASS

EXPOSED AT TOP

UPPER SANDSTONE

wtmm

LOWER CONGLOMERATE

100m—
(thickness variable)

PALEOZOIC STRATA
m m

Figure 3. Generalized, schematic stratigraphic column of
the Newark Canyon Formation at Overland Pass iIn the central
Diamond Mountains showing stratigraphic nomenclature used
in this report. Thicknesses are approximate.
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In . the Euréka District (Figure 2) (Nolan and ‘others,

1956; " 1971; 1974), the Newark Canyon Formation is

lithologically heterogeneous and attains a maximum
thickness of 520 m. Due to the poorly exposed nature of
outcrops, several sections vere measured and a

representative stratigraphic section was determined based
on lecalized correlations between adjacent sections (Figure
4). In this reéion, the Newe;k Canyon Formétien everlies
Ordovician through Permian‘strata above an 'unconformity
that 1is, in most places, angula;. Members';n the Newark

Canyon Formation in the Eureka District are, from the base

up, the Basal Conglomerate/Mudstone, Lower Fine-Grained

Assemblage, Middle Sandstone, Upper Conglomerate, and Upper

Carbonaceous Assemblage.

Fouf separate areas in the Eureka District contain
diagnostic sections of Newark Canyon Formation strata
(Figure 2) and will be referre& to throughout this_repert.
The westernmost area is located 3 km southeast of the town
of Eureka near Cherry Spring and is referred to as the
Cﬁerry Spring seetion. Here the Newark Canyon Formation
rests with angular unconfer;ity upon Mississippian Diamond
éeak Formation and attains a‘maximum thickness of--260 m.
Ten km east of Eureka is the type area 5; the Mewerk Cenyon
Formation where these steata attainla maximum thicknees of

520 m. This area contains the moei comﬁlefe section of
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EUREKA DISTRICT

| A (?)TERTIARY MEGABRECCIA

UPPER CARBONACEOUS
ASSEMBLAGE

L UPPER CONGLOMERATE

3 MIDDLE SANDSTONE

LOWER FINE-GRAINED

ASSEMBLAGE

BASAL CONGLOMERATE/MUDSTONE

PALEOZOIC STRATA

Figure 4. Generalized, schematic stratigraphic column of
the Newark Canyon Formation in the Eureka District In the
southern Diamond Mountains showing stratigraphic
nomenclature used iIn this report. Note the difference 1iIn
vertical scale wused iIn the Overland Pass stratigraphic
column. Thicknesses are approximate.
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Newark Canyon Formation strata-in the Eureka District. Here
the Newvark Canybn Formation rests with angular unconformity
on Pennsylvanian Ely Limestone and Permian Carbon Ridge
Formation and is:overlain.by ,(?fTertiary monolithologic
megabreccia, and 0Oligocene and Midcene volcanic rocké.
Twelve kilomeiers east-southeast of the town of Eureka, the
Newark Canyon Formation rests with angular unconfofmity on
Mississippian Diamond Peék Formation, attains a maximum
thickness of 3290 wm, and' is overlain by Miocene volcanic
‘rocks. This area is referred to as the Pinto Creek Spring
section. Fifteen kilometers north of the‘town'of Eureka is
the largest eéexposure 'bf ﬁhé Newark Canyon Formation;
howvever, this region, referred to as tbe Hiidebrand Canyon
areé,-is.also the most poorly exposed and struc£ﬁrally mosﬁ
complex of the areas stu&ied; He;e, an accuréte
determingfion of actual thicknesses of the section could
not be ascertained. However,. distinctive facies vwere
identified and evaluated whe£e exposures permitted. In this
region, the Newark Canyon formation overlies Mississipian
Chainman Shale and Diaﬁond Peak Formation along a low angle
fault, ‘ and is overlain by (2)Tertiary monolithologic
megabrecciaﬂ

Expééures of Newark Canyon Formation at Cockalorum
Wash in the southern Fish‘Creek Range (Figure 2) . (Hose,
1983) are characterized by a 200 m.thick sequence of, from

the base up, Basal Conglomeraté, Lower Sandstone, Upper
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Sandstone, and Upper Carbonate Assemblage (Figure 5). The
base of the exposed formation is In Tfault contact with
underlying Devonian through Pennsylvanian strata (Hose,
1983). In this region, the Newark Canyon Formation 1is
overlain in angular unconformity by Late Cretaceous

(Maastrichtian > to Eocene Sheep Pass Formation.

COCKALORUM WASH

SHEEP PASS FM.
a2}
TV §
UPPER CARBONATE
ASSEMBLAGE

UPPER SANDSTONE

som— LOWER SANDSTONE

BASAL CONGLOMERATE

PALEOZOIC STRATA

Figure 5. Generalized, schematic stratigraphic column of
the Newark Canyon Formation at Cockalorum Wash in the
Southern Fish Creek Range showing stratigraphic
nomenclature used In this report. Vertical scale 1is the
same as that used iIn the Eureka District stratigraphic
column (Figure 4). Thicknesses are approximate.
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Structural Complications

At all localities examined, the Newark Canyon
Formation is characterized by sfruéfurally complex
outcrops. In most instancés, tectonic disruption could be
accounted for‘in making facies evaluations. However, gt

some locations, structural disruptions were so great as to
hinder facies interpretations. Thé following discussion is
a brief account of the structures present at each of the

locations studied.

Overland Pasgs

At Overland Pass (Figure 2), the entire Newark Canyon
Formation along with unde?lying strata have been fplded
into an easf—verging open syncline. Locally, mesoscopic
tear faults and associated'dispiacement transfér structures
are present. Additionally, the‘Newark Canyon Formatidn.has
been locally offsef by-ﬂigh angle nofmal faults. Some parts
of +the ﬁewark Canyon Formation have been pervaded wiﬁh
solution fractures, although in most cases this did not

hinder lithofacies evaluation.

Eureka District

This region (Figure 2) is characterized by the most
complex structures observed in the three areas studied. At.
most localities (Cherry Spring, Newark Canyon, and Pinto

Creek Spring), the Néwark Canyon section has been folded
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into east-verging open folds. However, in the Hildebrand
Canyon‘ area, the Newark Ca;yon Formation has been highly
deformed and is'allochthonous (Nolan and othefs, 1973). The
contact between Newark Cényon' Formation and underlying
Mississipbian strata is poorly expﬁsed and both units are
highly sheared. The very pﬁo;ly exposed nature and complex
.stfucture of the Newark Capyon Formation iﬁ the Hildebrand
Canyon area preclude as t@orough an evaluation .of these

strata as would be desired.

Cockalorum Wagh

The majority of the Newark Canyon Formgtion section at
Cockalorum Wash (Figure 2) is tilted into an east-dipping
monocline, although it hgs'beén locally folded. In .some
places the Newafk Canyon Formation has been offset by high
angle normal faults. Additioﬁally extremely.poorly exposed
Paleozoic carbonate and dquartzite’ have been’ found to
overlie the Newark Canyon Formation. It cannqt bg
determined with cértainty whethef these Pale&zoic rocks are
the result of thrust emplacement or large-scale landslide

blocks. Their origin remains enigmatic.

Biostratigraphy

With exception of the section at Overland Pass,- the
age of the Newark Canyon Formation is reasonably vell
constrained by fossil data. Figure €& is a correlation chart

showing ages of the Newark Canyon Formation at the thfee
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areas examined (Fouch and others, 1979). Below are

descriptions of fossils collected during this and previous

investigations.
AGE OVERLAND EUREKA COCKALORUM
PERIOD EPOCH AGE
IMal PASS DISTRICT WA SH
100— 27
ALBIAN
NO \ /
110—
FOSSILS
W
, 3 RECOVERED
o APTIAN )(
>
(19}
120— u oC
< < BARREMIAN AGE / \
LU
@ z UNCERTAIN
U < HAD TER IVIAN
5
130— Q
u
O VALANGINIAN
2 LU
z
140— 22

BERRIASIAN

Figure 6. Chart showing ages of the Newark Canyon Formation
examined iIn this investigation. Data from Fouch and others
(1979).
Overland Pass

No vertebrate or iInvertebrate fossils have been found
in the Newark Canyon Formation at Overland Pass. Therefore,
the specific age of the Newark Canyon Formation here
remains iIn question. These strata are assigned to the
Newark Canyon Formation based on vague lithologic
similarities with known Cretaceous Newark Canyon Formation

exposures at other Jlocations (Dott, 1955) and by the
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presence of sponge spicules within chert clasts (Keith
Ketner, pers. comm. , léBS). Based on this, the age of the
Newafk Canyon Formation at Overland Pass can be, at best,

constrained toc be post-Paleozoic.

Eureka District

The Newark Canyon Formatibn in the Eureka District
contains the most abundant flora and fauna of the thrge
areas studied. Fossils present include ggstropdds,
pelecypods, astracodes,-fish, charophytes, angiosperms, and
palynomorphs-(MacNeil, 1939; Dévid, 1941; Nolan and o£hers,
1956; Fouch and others, 1979). Parts of the Ngwark Canfon
Formation in the Eureka District contain abundant petrified
wood; some logs aﬁprqach 75 cm in diametef. Additionally,
cursory prospecting ' has fécovered an unidéntifiable
dinosaur. bone frangnt from N%wark Canyon Formation‘ talus.
On the basis of nonmarine‘mollusk biostratigraphy, MacNeil
(1939) interpreted the Newark'Canyon Formation in the
Eureka District to be temporally eéuivalent to Athe lower
part of the Blairmqre Group in'Albérta,' Canada, wh;ch is

upper Barremian to early Albian.

Cockalorum Wash

Fossils present in the Newark Canyon Formation at
Cockalorum Wash , include ostracodes, charophytes, and
palynomorphs (Fouch and others, 11979). R.H. Tschudy (writ.

comm. , 1979, in Fouch and others, 1979) indicated that the
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palynomorph assemblage recovered from Cockalorum Wash is
Barrémian to early Albian and is tempérally eqﬁivalent to
the Burroc Canyon, .ngar Mountain, and Latoka Formations of
the Rocky Mountains. Additi&nally, data in Fouch and others
(1979) 4indicate temporal equivalence for Cockalorum Wash

and Eureka District strata.
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LITHOFACIES

Lithofacies are identified by simple one- to three-
letter codes (Miall, = 1977, 1978)[- Where lithofac;es
elements are not previously defined, new coding scheﬁes are
erected., Lithofacies in the Ngwark Canyon Formation include
conglomerate (G), sandstone:(S), fine-grained (F), and
carbonate lithofacies. Figure'7 shows lithofacies symbols
and- patterns used in méésﬁfed 'stratigrépﬁic sectipns

presented herein.

Conglomerate Lithofacies(G)

Massive or crudely stratified
conglomerate (Gm) .

Massive or crudely stratified conglomerate (Gm) occurs
as both organized .and ‘disdrganized claét~supported
conglomerate beds. Drganizea cbnglomerates generally have a
bimodal grain-size distribution, with pebble fo boulder -
sized framework clasts and -a medium-grained sand to
granular matrix (Miall, 1977). Crude horizonﬁal
stratification may or may not be apparent. Organized,
clast~-supported, massive conglomerate may have an erosive
base as well aé an upﬁar&sgfining clést size trend. Normal
grading commonly occurs in the matfik. éorting ranges from

poor to moderate,"gnd rounding ranges from angular to-
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Figure 7. Key to lithofacies and symbols used iIn measured

stratigraphic sections presented In this report. Refer
text for descriptions of individual lithofacies.

to
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rounded. Organized Gm beds generally exhibit closed-
framework packing, but units with open*f;amework packing
are also present. Cpntact ciast imbrication (long (a) axis

transverse to flow, intermediate (b) axis imbricate, coded

a(t)b(i)) is common {(Harms and others, 1982). Some units
display channel-shaped geoﬁetry, vhereas others are
tabular.

Disorganized, massive, clgst-supported conglomerate
{Gm) beds are. chafactefized”by a lack of seaimentary
structures and organizéd fabric. They are more onrly
sorted than organized agssive conglomerates and the matrix
consists of poorly sorted sand énd‘pebbles. Both inverse
and normal> grading are preseﬁt’and conglomerates tend to
occur in lenticular ugits. Conﬁact clast (a{t)b(i)) and
long-axis claét imbrication (a(pla(i)) are present (Harms

and others, 1982).

Massive matrix-supported
conglomerate (Gms)

Gms lithofacies is characterized by polymodal gravel
set in a matrix of poorly sorted sand and mud. In addition
to matrix support, Gms lithofécies are characterized by an

unordered fabric with no clast imbrication, grading, or

apparent internal partings (Rust, 1978; Miall, 1978). The

lower portions of some Gms units may be clast supported,
with clasts aligned ﬁarallél td the basal contact. Basal

contacts are typically non-erosive.




Trough crossbedded .
conglomerate (Gt)

These framewo?k-suppopted conglomerates are
characterized by distinct erosional, concave-up, scoop-
shaped bases with coarse channel lags and upwardé—fining
tangential forésets separated sy internal partings. Scour
bases grade upward into smaller scale, finer gfained

crossbedded trough £ill (Miall, 1977). Foresets generally
occur at low angles, commonly leés than 15 degreeé. The
long axes of elliptical scours are parallel to local flow
directioﬁs, and elongate troughs are fiiled wi£h scoop-
shaped beds that plunge in a downdurrent direction
(DeCelles and others, 1983). T;ough créss~stratified
conglomerates occur as broadly lenticular’(on the scale of

several tens of meters) or apﬁarently tabular cosets.

Planar crossbedded
conglomerate (Gp)

The Gp lithofacies is chéracterized'by individual sets
or cosets of tabular crossbeaded conglomerate "that rest
upon essentially planar bases. (Miall; 1977). GCravel
foresets are -commanlYTdefiﬁéa by sandy in£érbeds aﬁd/or
alignment of flat pebbles or cobbles along dipping foreset
surfaces. Erosional-sprfaces,cross—cut.foresefs in thée same
sense, but at. a. lower angle of dip than the foresets

(Collinson, 1970).
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Erosional scour
conglomerate (Ge)

The erosional scour conglomerate lithofacies (Ge -

erected here)'consists of planar to low angle concave-up

symmetric® or somewhat assymmetic erosional surfaces
overlain by thin (commonly  less than 30 cm) layers of
massive pebble conglomerate.: Ge lithofacies are commonly

rich in mudclasts. This lithofacies is considered analogous
to lithofacies Se as defined bthust (1978) for erosional-
based sandstone rich in 1ntraclasts.‘Ge lithofacies tend to

grade upwards into trough crossbedded sandstone.
Sandstoné Lithofacies (5)

Trough crossbedded
sandstone (St)

Trough crossbedded sandstone (St) consists of solitary
concave-up 'scoobs witn. an eposional relationship to
underlying units, or cosets ‘af muﬂually srdss—cutting
trough cross- strata (Miall, 1977). Each trough—shaped set
consists of an elongate eros1onal scour fllled with curved
strata tangential to the underlying erosion su;face. Long
axes of the elliptical scoars are parallel to  local .flow
directions (Harms and o;he;s, 1975). Elongate troughs are
filled with scoon-shaped laminae that plunge in a down-
current direction; Fill of tne troughs can be symmetrid or
zomewhat asymmetric (Harwms and others, 1975). Grain size

ranges from medium to very coarse sand; pebbles may also be
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present. Cosets commonly dispiay general upwards-fining
trends with. coarse sand and occasiohélly pebbly foresets
resticted to lower sets and'mediuh to fine-g;;ined sand to
higher sets.

Planar crossbedded
sandstone (Sp)

Planar crossbedded sandstone (5p) is characterized by
érain size and sorting characteristics similar to those of
lithofacies St. Howéver, planar-tabular c?ossbed sets are
'distinguishedl from trough _séts by: 15 straight or
subsinuous laminae, as Dpposea tq arcuate laminae (Harﬁs
and others ,1975), and 2) presence of flat, or slightly
scoured planar bases and topé (Miéll, 1977). Individual
sets res£ on essentially planar béseé'and-possess tabular
gnorphologies. Reactivation surfaces. wvithin grouped sets
which trunéate underlying foresets are common (Harms and
others, 1975). Individual sgts can persist laterally for
several tens of meters.

Contortion stratified
sandstone (Sc)

Contortion stratified sapdstone lithofacies (Sc -
erected he;e) are cﬁaracterized by chaotic folds of graded
beds and associated stratal disruptions (Coleman, 1969).
Folded laminae consist of gentle to overtﬁrhed isoclihal

small-scale folds. Sandstone beds with highly contortéd
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bedding are found associated with other crossbedded and

stratified sandstone lithofacies.

Horizontally stratified
sandstone (Sh)

Horizontal stratification is defined as tabular sets
of horizontal - to sub-horizontal layers of silt and sand
{Miall, 1977). Parting lineation,méy 59 vell deveioped and
very small scale ripple marks may be presgnt (Harms and
others, 1982). | |

Ripple crosslaminated
sandstone (Sr)

A vafiety of assymetric ripple types characterize Sr
lithofacies. Ripple amplitude is less than 5 cm and grain
size ranges from coarse to very fine sand; howéver, medium'
sand is ﬁost'common (Miall, 1977). Internal stratification
is defined by small scale trodgh sets with trough axes
aligned parallel tol local flow directiéns {Harms and

others, 1975).

Fine-Grained Lithofacies (F)

This lithofacies is characterized by laminated fine-
grained sediment, the grain size of which rareiy exceeds
that of fine sand. Interbedding of fine-grained sand, silt,
and mud on a small scale is'commén. Véfy small-scale ripple
ﬁarks, undulatory bedding, . bioturbatioﬁ, freshwater

mclluécs, and rootlet traces may be present (Miall, 1977).
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Carbonate Lithofacies

A variety of carbonate li£hofacies are present in the
Newark Canyon Formation. Carbonate lithofacies, as dEfined
by Miall (1977, 1978y, are mpst COmmonl§ interpreted in
terms of backswamp pond .and pedogeﬁic environments
associated .with fluvial systemé. However; in the Newark
Canyon Formation, .carbonate lithofacies afe interpreted in
terms - of lacustrine aé well as pond énd pedogenic
environments; Therefope, for carbonates in the Newark
Canyon Formation, the 1lithofacies nomenclature of Miall
(1977, 1978) is abandoned and carbonates are described in
terms of texture and primary stfucture. Additionally; sinpe
a high degree of textural variation is present within
individual carbonate lithofacies,- and carbonates in the
Newark Canyon.Formatioh are.generally poorly exposed, a
lithofacies coding scheme is not used.

Nodular micrite occﬁrs as ‘individual and amalgamated
irregular masses eﬁcésed 'within massive and laminated
mudstone and siltstone (F); Beds of amalgamated 'aicrité
nodules are found only in thg Eureka District. Séndy
micrite also occurs interbedded with finely lamipated silt-
and mudstone (F) énd noduiar "micrite in the Eureka
District. Mérlstone beds .éré characterized by‘ massive
calcarepus claystone that forms irregular interbeds witﬁ
massive micrite at Cockalor&ﬁ'Wash.A nassive.'m;crite  is

found in the Eureka District and at Cockalorum Wash.
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Carbonaceous biomicrite bedé occur in the Eureka Districf
where they are interbedded with massive micrite and graded
micrite. Laterally extensive, organic-rich, laminated
calcareocus mudstone contains calcified : Dstraches,
. gastropods, pelecypods, and fisﬁ femains. Graded silty
micrite beds consist of calcareous, upwards-fining beds on
a millimeter to centimeter sgéle and are restricted to the

Eureka District.
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DEPOSITIONAL SYSTEMS

The nature of depositioenal facies in the Newark Canyon
Formation at the three locationé examined are suggestive of
a variety of fluvial, fluvio-lacustrine, ‘and iacustrine
depositional envirénments. ‘At each of th; three locations
examined, the stratigraphic sections are different with
respect to thicknesses and lithofacies associations. Thué,
they are treated separately in this section. Relationships
betwéen Newark Canyon strata at the different locations

examined are discussed in later sections.
Overland Pass

Lower Conglomerate

Facies Assemblagé. The,Lo;er Conglomerate at Overland
Pass is characterized by a dominance of clast-supported
massive and horizontally sfrétified cénglomerate (Gm},‘with
subordinate trough crossbeddea conglomerate (Gt) and planar
créésbedded conglomerate (Gﬁ); and trough crossbedded
pebbly sandstone (Sf). One’ section'-was measured neaf
Overland Pass where the Léwér‘Conglomerate is relatively
thin (105 wmw) (Figure 8); in ekposures to the " north and
south the Lowér Conglomefaté is considerably thicker'

(greater than 4530 m).
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Figure 8. Measured stratigraphic section of the Overland
Pass Lower Conglomerate. Refer to Figure 7 for key to
lithofacies symbols and to Appendix A for section location.
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Massive and horizontally stratified conglomerate (Gm)
occurs as stacked and foset; superimposéd, organized
pebble to cobble coﬁglomerate bodies up fo 4 .m thiék,
Closed—framewﬁgk packing is mos# cémmon, but .units with
open framewqu are also present;

Planar crossbedded conglomerate (Gp) occurs locally as
tabular bodies édjacent to massive framework conglomerate
(Gm) Dbeds. Planar crossbéddéa ‘conglomerate (Gp) beds
average about 1 m thick and foresets average 30 cm £hick.
As many as 3 stacked sets areAfound althQuéh tabular sets-
are most commonly solifafy. Clast sizes are pebble to small
cobble. Trough crossbedded';ongiomerate (Gt) beds locally
overlie wmassive ‘aﬁd horizontaliy strétified conglomeraté
(Gm) (Figure'B) and afe characterized’ b? solitary, and
rarely, amalgamated troughs averaging 1 m thick.

Trough cfossbeddéd.sandstone (St) interpeds occﬁr as
capping zones for planar or trﬁugh crossbedded conglomerate
(Gp or Gt). Individuall St-beds ﬁp fo 50 cm thick or
amalgamated éoset beds up to 3 m thick are present. Erosive
bases of large scale solitary ;roughs are comhonly rich iﬂ
gravel lag. |

‘Lithofacies are stacked ana cffset to form composite
sheet=z that average about 15 m thick. Composité sheets have
lateral dimensions on the scale of hundfgds'of' metérs. In

turn, these composite sheets are also stacked and offset to
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form a broad multistory amalgam of lithofaoies assemblage

sheets.

Figure 9. Large-scale trough crossbedded conglomerate (Gt)
overlying massive, Tframework-supported cobble conglomerate
(Gn) In Overland Pass Lower Conglomerate. Arrows point to
Gt scour surface.

Considerable thickness variation occurs in the Lower
Conglomerate. The Lower Conglomerate dominates the lower
part of the Newark Canyon Formation section along the crest
of the Diamond Mountains, but thins drastically eastward
from a maximum of 450 m to less than 10 m along the eastern

flank of the range. Thickness variations also occur iIn the

Lower Conglomerate along strike of the Diamond Mountains,
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where the basal beds thicken and thin from a minimum of 60
m. at Overland Pass to a maximum of 450 m in expoéutes S km
to the south. Clast imbrication and_cro%sbed data suggest a
south~southeastward paleoflow direc£ion; this indicates
that thickness variations occur both approximately parallel

and perpendicular to paleoflow direction.

Interpretation.. The Lower Conglomerate is interpreted

as the deposits of a proxzimal, gra?elfbed, braided f;uviai
system. This conglomerate closely resembles the idealize&
Scott Type facies model digﬁiall (1978) and the Facies
Assemblaée GII of the Donjek  River of Rust (1978).

The Lower Conglomérgﬁe is marked by a paucity of
crossbeddéd conglomerate (lithofacies Gp andl Gty,
indicating that slip faciés developed only ogcasionally.
Hein and Walker (1977) suggest that slip faces develop wﬁen

both sediment load and fluid discharge decrease after a

flood event. With waning flow, bars aggrade féster
vertically than laterally. The imbricated massive or
horizontally stratified gravel (lithofacies Gm) vas

deposited as diffuse sheets'(Héin and Walker, 1977) which
aggraded vertically in£o longitudinal bérs‘ (Rust, 1972).
Tabular bodies .of-plaﬁar crossbedded conglomerate (Gp)
adjacent to massive and érudely horizontally ‘stratified
conglomeréte (Gm) are intérpféted as deltdaic growths fram
modified dissecﬁed;bar feﬁnants formed during falling stage

flow (Hein and Walker, 1977).
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Trough crossbedded conglomérate (Gt) beds formed by
in-filling oj channel scours which developed during flood
stage, during subsequent migraﬁion Df. threefaimensional
large gravel rippies (Enyon and Walker, 1974; Bluck, 15974).
Rust (1972) suggests tha£ sandstone lithofacies (8)
associated with +trough crossbedded conglomerate (G£) are
deposited during falling stages wgere the - water is not
flowing rapidly enocugh to transport,gravél, 'but is still
capable of +traction transpogt of coarse sand. Such
conditions are common on the'tops pf bars as wel; as in
channels (Bluck, 1979). Trough crossbedded sandstone gSt),
interbedded Qith crossbedded‘cpnélomerate, is interpreted
as the deposits of migrating subaqueous dunes in open

channel reaches where stream competence was lowered during

low-stage flow.

Upper Sandstone

Facies Assemblage. Beds in the Upper Séndstone are
dominated by trough crossbedded .sandétone (St) with
subordinate planar crossbedded sandstone (Sp),.horizbntally
bedded sandstone (5h), _maséiye or horizontally bedded
cong;omerate (Gm), and miﬁof iaminated siltstone (F). A
measured‘section of the Upper Séndstone is shown in Figure
10. This partial section is considered to be representative
of the Upper Sandsfone, aithoqghlit is considerably'thicker

in exposures to the:narth ahd south of the location of the

measured section.
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Figure 10. Measured stratigraphic section of the Overland
Pass Upper Sandstone. Refer to Figure 7 for key to
lithofacies symbols and to Appendix A for section location.
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Lithofacies sequences in the Upper Sandstone consist
of pebble to cbbblé massive conglomerate (ém) interbedded
with a sequence of crossbedded and siratified éandstone.
Massive conglomerate bodies are laterally discontinuous and
average about 0.75 m thick. Fine;grained, horizontaily
bedded sandstone (Sh) cépping'zones up to 40 cm thick,
occasionally overlies Gﬁ lithofaciésﬂ Medium grained trough
crossbedded sandstoﬁe (5t) ;cosets commonlj overly
conglomerates (Figure 11) and are Broad, lenticular sheets
that attain a maximum thickness’of about 5 ’m.> Trough
crossbedded coéet sheets comm&ﬁly contain intraclasts.
Planar crossbedded sandstone'(Sp) beds are in£erbedded with
trough crossbedded sandstone beds. ' Sp beds are medium
grained, solitary set sheets'averaging 40 cm thick, and
locally grouped set sheets aQeraging about 2 m thick. .Sp
beds tend to grade upwvard into ripple croéslaminated
sandstone (Sr). -Laminated siltstone (F) beds form brpad,
thin sheets (commonly less ‘than 350 cm thick) that are

restricted to upper portions of the Upper Sandstone.
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Figure 11. Trough crossbedded sandstone (St) overlying
thin, massive, pebble conglomerate (Cn) 1In the Overland
Pass Upper Sandstone. Arrows point to St scour surface.

Interpretation. The Upper Sandstone 1is interpreted as
deposits of a distal, sand-dominant, Dbraided fluvial
system. Miall®s (1978) South Saskatchewan Type model and
Rust®"s (1978) Facies Assemblage S 1l serve as useful
generalizations for comparison.

Cant (1978) shows that deposits of the braided South
Saskatchewan River are dominated by an abundance of trough
crossbedded sandstone (S) with subordinate massive
conglomerate (Cm), planar crossbedded sandstone (Sp),
horizontally bedded sandstone (Sh), rippled sandstone (Sr),
and mudstone (F). Cant and Walker (1976) draw similarities
between the South Saskatchewan River and the Devonian

Battery Point Formation iIn Quebec, Canada, in which they
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identify repetitive upwards—finning sequenaes. Gm
lithofacies beds are interpre£éd as the deposits of diffuse
gravel sheets and low amplitude longitudinal bars (Smith,
1970). Horizontally stratified fine;grained sandstone (Sh),
which overlies maséive conglomerate (Gm), is‘interprétéd as
the deposit of trahsitional upper to lower flow regime
conditions as waning high mégﬁitude flow covered diffuse
gravel sheets (Gm). Trough q%éésbedded sandstone (St) is
interpreted to represent lq@er flow regime solitary .or
coalesce& subagueous migrating dunes (Smith, 1970).
Solitary and grouped sets of pianar erossbedded sandstone
(Sp) are interpreted as deposits of sandy foreset accretion

surfaces along the down stream margins of transverse bars,

or sinuous crested transverse bars (liguoid bars) (Harms
and Fahnestock, 1963). Under unidirectiocnal flow,
transverse sandwaves indicate lovwer flow strength

conditions than are required.fop subaqueous dune migration
(Harms and others, 1973). Ripple crosslaminated sandstone
(Sr) indicates deposition by lower flow regime migrating
ripples during waning flow and in shallow channels (Harms
and Fahnestock, 1965; Smith, 1970). Laminated silfstone (F)
deposition occurred by vertical accretion in overbank areas
during waning flow cﬁnditioné'(Miall, 1977). |
Predominance of trough cross-stratification and
relative paucity of planar .cross-stratification in the

Upper Sandstone suggests that minimal volumes of
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transverse;bar and sand-flat deposits were preserved and
that most preserved lithofacies were deposited in-channel.
The rarity of vertical aécretion deposits probably resuited
from the erosive capacity of numerocus concurrently active,

shifting channels.

Eureka District

Basal Conglomerate/Mudstone

Facies Assemblage. ‘Basal beds of the Newark Canyon

Formation in the Eureka District consist of solitary and
locally multistoried conglomerate lenses encased within
massive and iaminated, red- énd grey, siltstone and
mudstone. Thickness of the ﬁasal Conglomerate/Mudstone
varies from 55 m at Cherry Spring to 70 m at Newark Canyon.
Underlying ‘Paleoéoic formations displa? vell deve;oped
weathering profiles up to 1.5 m. thick characterized by
fracturing, brecciation, and leached and precipitated iron
oxides. A measured sectignrof the Basal Coﬁglomerate/
Mudstone from the Newark Canfon aréa,is shown in Figure 12.

Conglomerate lenses are highly variable in thickness
and lateral,dimension. Thicknesses rénge from 40 cm to 2.5

m and minimum lateral’dimenSions fange from S to 15 wm.
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Figure 12. Stratigraphic section of the Eureka District
Basal Conglomerate/Mudstone measured at Newark Canyon,
Refer to Figure 7 for key to lithofacies symbols and to

Appendix A for section location.
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Bases of conglomerate lenses are shallow and concave-up,
with locally abundant scour fu?rows into underlyipg fine-
grained beds. Copgloﬁerate bea margins tend to be steep-
sided and rich in siliceous apd calcareous mudclasts.

Conglomerate lenses consist of subeqﬁal amounts of
disorganized massive pebble to cobble conglomerate (Gm)
(Figure 13) and low—angle. élahar crosébedded pebble
conglomerate (Gp). Clast 4imbrication 'in Gm beds is
characterized by a(pla(i) imbrication. lIndividual massive
conglomeréte beds are usually solitéry,‘althbugh locélly up
to 3 stacked beds are present. Planar crossbedded
conglomerate (Gp) beds are characterized by very éhallow
dipping foresets (commonly less than 10 degrees), and are
found overlying massive conglomerate beds, and océur down
paieoflow from cobble to boulder massive conglomerate (Gm).

Unordered, matrix—suppofted, very poorly sorted
conglomerate (Gms) forms lobate accumulations restricted to
outer margins of qonglomera£9‘;enses. They appear to be
entirely encased within massive, fine-grained rocks (F).
Gms beds rarely excee& 1 m thick and lateral dimensions
rarely exceéd 7 m. Clasts are aﬁgular to rounded and clast
sizes are pebble to‘cobble. Matrix consists of poorly
sorted siliciclastic sand and silﬁ and calcareous sil£ and

mud. Clast imbrication is "absent.
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Figure 13. Disorganized, open-framework, massive, pebble-
cobble conglomerate (Gmn) lenticular bed in the Eureka
District Basal Conglomerate/Mudstone at Newark Canyon. Note
crude iInverse grading.

Conglomerate lenses are typically entirely encased
within fine-grained rocks ™. Unfortunately,
interpretation of Tfine-grained rocks is hindered by poor
exposure. At a few localities, trenches were dug allowing
some general conclusions to be drawn. The fine-grained beds
consist of red and grey, massive and laminated siltstone

and mudstone (F). Zones of bioturbation, rootlet traces,

and pedogenic microfabrics are common.

Interpretation. Crude clast imbrication, low-angle
planar cross-stratification, and channel geometry suggests
that conglomerate channelform bodies were deposited 1In

alluvial channels which occupied a mud-dominant alluvial
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surface. The well préserved channel geometry, lack of
lateral scour or accretion .Surfaces,' and coarse-grained
nature of channel-fill sediment in a mud-dominant system
suggest that channel sedimenfs aggraded vgrtically at a
relatively high rate. Had the rate of aggradation been low,
individual channels would have had time tov scour into
adjacent and underlying'channgl debosits) Additionally, a
lower rate of aggradation would also have promoted the
establishment of point bars,‘ scroll bars, and meander
loops, evidence for which is lacking. Scarcity of latefal—
accretion surfaces (epsilonf cross-stratification), and
decrease in magnitude of sediméntary structures and grain-
size in conglqmerate.beds serve to distinguish thesg bgds
ffom the deposits of meandering rivers (Jackson, 1978).
Dominance of thié sequence by fine-grained sediments with
subordinate conglomerate, and channelforms which are steeb—
sided with %ittle evidence of lateral scouring of adjacept
channelfills serve to distinguish'these beds from deposits
of a braided fluvial éystem (Miall, 1977).

Within chénneiforms, occurrence of disorganized

massive conglomerate {(Gm) and_low—ang19~ planar foresets

" (Gp) indicates that down-current accretion surfaces were

developed (Hein and Walker, = 1977). Gwm lithofacies are
interpreted as vertically aggraded channel lags which
formed the bed surface. Bed surface topography was cfeated

by accumulation of coarse sediment where stream competence
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was diminished to the point of being unable to transport
the largest clasts; .lbw—angle accretion surfaces 'were
developed as fine—grained grével vas transported 6ver and
deposited on the lee-side.'ofl these coarse-gréined
accumulations (Ehyon and Walker, 1974). Localized

accumulation of coarse gravels within channelforms is

suggestive of highly wvariable fluid-flowﬂ conditions.

Presence gf both inverse and normal grading, in addition to
substantial amounts of a(p)a(i) clast imbrication, are

further Suggesﬁive of variable flow competence and sedimenf

load character (Harms and oﬁhers, 1982). That a(p)aki)'

clast imbrication is present suggests that elongate clasts
' did not roll on the bed surface (Harms and o&hers, 1982);
rather, they were trgnsported in a dense dispersion above
the bed until a sufficient decrease in flow " strength
occurred. "According to Rees. (1968),- "a(pla(i) clast
imbricaﬁion is a result of tilting ofﬂthe prigciple clast
axes during collision of the clasts. This type of fabric
suggests that dispe:sive‘ pressure, produced by clast
collisions, wvas probably the ﬁost important supporting
mechanism during transport. Maintenence of such a coarse-
grained dispersion‘ must'havé required conéideréble flow
velocity and sediment load as might be éﬂtained in a flasﬁ

flood (e.g. McKee and others, 1967).
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Lobate accumulations of massive, uncrdered, matrix-
supported conglomerate (Gms) adjacent té. channelforﬁs
suggets that deposition of these.beds occurred rapidly by
sediment concentrated:aqueous flow -which breachéd fluvial
channel banks resultiné .inu the dep&sition of gravel
intermixed with poérly—sorted‘ﬁatrix material. Although Gms
lithofaciés beds are most gémmohly interpreted in terms -of
a debris flow origin (e.g.' Shultz, 1984), these beds lack
characteristics commonly associated with deposits of debris
flow origin such as well—dévelobed inverée grading,
channel-fill forms, and dimbrication of elongate clasts
(Smith, 1986).

The disconnected nature of floodplaip channels and the -
mudstone asssociation indicates that sediment aggraded
rapidly in én area of elevated base level (Allen, 1978).
Smith an& Smith (1980) note that .vertically aggrading,
disconnectea (anastamosing) fluvial systemé fopm in areas
where relatively large amounts of sediment availability and
low gradients result in rabid aggradation of floodplain
alluvium. -In many médern anastamosed systems, bank
stability is maintained by abundant vegetation and organic
material which form a significant p;oportion of:the overall
facies assemblage (Smith; 1976; 1983; Smith and Swmith,
1380). However, unequivocél eyidence for abundant ‘plant
colonization in the basal beds in‘the Eureka District is

lacking. Conversely, Rust (1981) has indicated that

® \




46
anastamosed systems can develop in areas with arid climates
and sparse vegetation. Bank stability is maintained by the
natural céhesivenéés of fine—grained ove;bank material anq
duriérust formation.‘ Mudstone intraclasts are present in
conglomerate channelforms suggesting.early cémentatioﬁ gpd
minimal transport of these clas£s (Smith, 1972). Channel-
bank stability in the Eureka District basél beds is
interpreted to have been ﬁaintained by the natural

cohesiveness of overbank fine sediment.

Lower Fine-Grained Assembiaqe‘

Facies Assemblage. Interbedded massive and laminated
mudstone (F), sgndy ;micritic carbonate, and nodular
micritic carbonate charagterize the middle portion of the
Newark Canyon Formation in the ﬁureka Diétrict. This facies
is thickest at Newark Canyon (220 m). Very poor exposure
prevents as thorough evaluation of these strata as woﬁld.be
desired. Hovever, scattere& exposures and local trenching
of unexposed sections allow sdme conclusions to be drawn.

Masgive and lgminatéd mgdétgne,(F) is the dominant

lithology in the Lower Eine—Grained Assemblage. Pink sandy

micrité~ interbeds up to 0.5 m thick afe localized towards

the base of this sequence and exhipit close association
with conglomefate channelfogms of the underlying Basal
CaﬁglomeratelMudstone. Grey nodular and amalgamated-nodulaf
micrité beds ub:to 1 m thick are interbedded +througliout

this facies.
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Interpretation. The Lower Fine-Grained Assemblage is

interpreted as the deposits of a siliciclastic and
calcareous floodplain infiuenced 5y pedogenic processes.
The assemblage of sandy micrite, nodular and_ amalgamated
nodular wmicrite, and massive siliceous mudstone (F) is
suggestive of paleosols aﬁd shallow lakes and ponds
developed on a floodplgin (Freytet, 1973). Nodular micrite
resembles nodules which occur in. some modern soils near the
: . ~
water table (Brewer, 1964). Carbonate mﬁd, in the presence
of an oscillating water, tabie vas remobilized ana
concentrated with ‘repeated wetting and :drying (Brewvwer,
1964). Petrographical;y, sandy micrites show no textural
trends. Micritic carbonate{ silt- to fine sand-sized
grains, and rare floating siderite rhombs are the sole
constituents. Because of their sﬁall Asize, lateral
impersistance, and ~ close asspdiatiqn with overbank
mudstones and paleogols, _sandy micrites are interpreted as
small léke and pond\deposits._Preéence of siderite suggests
locally reducing coﬂdiﬁioné on é poorly‘drained flood plain
(Blatt and othefs, 1980,. §.602).»Petrographic analysis of
indurated siliceous mudstone from-this assemblage indicates
the presence of altered glass shards (Figure 14). However,
due to the extremeiy poor nature of outcrops, the
distribution of volcanic ash vertically or .laterally is

unknéwn. Additionaliy, it is uncértain whether this ash 'is
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primary air-fall ash or has been reworked by fluvial

processes.

Figure 14. Photomicrograph of indurated mudstone containing
altered volcanic ash in the Lower Fine-Grained Assemblage
in the Eureka District. Arrow points to relict glass
shards. ’

Middle Sandstone

Facies Assemblage. This assemblage consists of upward-
fining lenticular sandstone bodies encased in fiﬁe—graine&
sediments (F). Méasured sections of the Middle Sandstone
are shown in Figures 13 and 16. Within sandstone bodies,
both grain size and magnitude of sedimentary stuctures
decreases upwvards. Upward-fining sandstone bodies average
2.3 m thick. Sandstone bodies overlie scoured bases
consisting of concave-up scoops of crudely stratified,

erosional-based conglomerate (Ge). Basal conglomerates tend
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to be rich in mudstone intraclésts and gpade upward into
trough crossbedde& pebbly sandstone (Sts, contortion
stratified sandstone {Scy, horizontally stratified
sandstone (Sh), and ripple crosslaminated sandstone (Sr).
St lithofacies beds are coset émalgams wvhich avérage 1.5 m
thick with individual trougbisets averaging about 30 cm
thick. Contortion stratified sandstone (Sc) occurs as
isolated lenticles near tops of trough crossbedded
sandstone (St) beds. They attain a maximum: thickness 6f 350
cm and are laterally discoptinuous. Trough crossbeaded
sandstone (St) and contortion stratified sandstone '(Sc)
lenticles are overlain along planar baseé by fine-grained
horizontally stratified sandstone (5Sh). Sh‘ . beds seldom
exceed © 20 cm tﬁickl QOverlying ripple crossleminated
sandstone (5r) beds seldom exceed 40 cm thick, and con;ist
of well sorted, fine—gfained sand.

Upward-£fining chanhelfo:ms are best developed at
Cherry Spring (Figure 15), where up to sevenv séparate
stacked and offseg sandstone bodies are identified (Figure
17). At the Dthep localities in thé Eureka _District,
lenticular sandsﬁone beds afe not well develﬁped and the
Middle Sandstone is dominated by horizohatly stré£ified
sandstone (Sh), and ripple ﬁrosslaminated sandstone (Sr)
with subordinate, poorly—aeveiopéd crossbeddéd sandstone

(Figure 16).
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Figure 15. Measured stratigraphic sections of the Middle
Sandstone at Cherry Spring in the Eureka District. Note
well developed upward-fining sequences. Refer to Figure 7
for key to lithofacies symbols and to Appendix A for
section locations.

Interpretation. Upward-fining beds 1iIn the Middle
Sandstone are interpreted as deposits of a graveliferous
sand-bed meandering Ffluvial system (Jackson, 1978).
Erosional-based conglomerate (Ge) is interpreted as diffuse
gravel lag deposited in channel scours (Bluck, 1971).
Mudclasts originated from bank erosion and destruction of
mud layers deposited during Jlow-stage flow Williams,
1966). Flume experiments by Smith (1972) 1indicate that
mudstone intraclasts withstand little transport and must

originate locally. Crossbedded sandstone overlying basal

conglomerate lags are interpreted as lower point bar
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.deposits (Levey, 1978). The trough-shaped sets were formed
by mig;ating dunes similar to .those found on recent point
bar lower surfaces (Harms énd others, 1963; Levey, 1978).
Contortion stfatified sandstone (Sc) reéresents
syndepositional deformation sf liquified sediments.
Similar stguctures are common in recent fluvial sediments
where they may form in response to rapid fluctuations -in
river stage (Colewman, 1969). Horizontally bedded sandstone
(Sh) and ripple crosslaminated sandstone (Sr) are
interpretéd as deposits of upper point bar surfaces (Bluck;
1971). Horizontally laminated saﬁdstone is produéed‘ in
shallow water on tops of‘:bars where increasing flow
velocities result from lérge volumes of water being forced
into a confined space (Harms and Fahnestock, 186S5; Sﬁith,
1971). Erosion at the bése of hofizontally ‘laminaied
sandstones occurred during flood sﬁage, ‘followed by
deposition of upper flow regime beds at falling stage
KAlleh, 1974). The upward transition from flat bédding,to
ripple crosslamination has been recorded from flood
deposits (McKee and oﬁhers,' 1567) and wés produced 'by
migrating ripple trains formed at lower flow regimes (Harms
and Fahnstock, 1965). Finefgrained se@iments interbedded
with conglomerate;sandstone éhégnelforms represent levee’
deposits whicﬁ accumulated adjacent to fluvial channels
(Sfewart, 1982). The gomplex intertanguing of cénglomérate~

sandstone and siltstone lithqlogies is caused by repeated
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erosion and deposition during the flood cycle (Jackson,

1973).

y NC3

GC1

Figure 16. Measured stratigraphic sections of the Middle
Sandstone at Newark Canyon in the Eureka District. Note the
predominance of  fine-grained lithofacies @), and
interbedded horizontally stratified and ripple
crosslaminated sandstone (Sh and Sr). Refer to Figure 7 for
key to [lithofacies symbols and to Appendix A for section
location.

Channel lag and point bar sequences dominate sandstone
beds 1n the Middle Sandstone at Cherry Spring (Figure
15). At other locations (Newark Canyon, and Pinto Creek
Spring), this assemblage 1s dominated by laminated
sandstone and siltstone (Figure 16). Meanderbelt channel
development was restricted to the southern extent of the

outcrop area (at Cherry Spring); at other locations.
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deposition was by channel levee, crevass splay, and
floodplain mud deposition with subordinate channel
development. In the Newark Canyon area, this facies Iis
dominated by sediments interpreted as floodplain crevass

splay and vertical aggradation deposits (Figure 16).

Figure 17. Stacked, superimposed, upward-fining sandstone
beds in the Middle Sandstone at Cherry Spring in the Eureka
District. Arrows point to base of erosion-based
conglomerate (Ge), scoured iInto underlying sandstone bed.
Note upward decrease iIn grain size and magnitude of
sedimentary structures iIn each sandstone bed. Figure for
scale.
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Upper Conglomerate

'Facies Assemblage. Conglomerate beds interbedded with
massive and laminaﬂed fine sandstone andisiltstone (F) form
the Upper'Conglomerate. The most complete preserved and
expoéed sequence of this assemblage is found. at Newark
Canyon, vwhere these s£rata attain a maximum thickness of 70
m. At Newark Céhyon, uﬁ to six distinct lenticular

conglomerate beds are identified (Figure 18). At other

locations (Cherry Spring, Hiidebfand Canyon, and Pinto.

Creek Spring), the_uppe; portions of this facies and .the
overlying Upper Carﬁoﬂaceous assemblage have been Iremoved
by erosion or afe tectonically‘obscured. A measured section
of the 'Upper ?ongloﬁérate aﬁrNEwark Cényon.is shown in
Figure 19. |

Conglomerate beds are.2 to 8 m thick and range from

about 50 +to 2530 m in minimum horizontal extent. Most
conglomerates are encased in " fine-grained strata (F),
although a few are amalgamated and offset. Conglomerate

beds are characterizeq.by‘léfge;scalé frough croésbedded
pebble to cobble céﬁgiomérat; :(ét), ' with ‘subdrdinate
massiQe and' crudely: iétratifieq pggble ‘to cobble
conglomerate (Gm), troggh cyéssbédded pebbly sandstoné (Sti
and horizonfally bgdaéqﬁsandstone'(Sﬁ)...Q;ganized, maééiQe
conglomerate (Gﬁ)'wedges comménly form the basal bedé iﬁ
conglomerate sheets. dm béds odgﬁr as scbﬁrrbgéed beds that

are 0.75 to 2.5 m thick. Méssive framework conglomerate
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(Gm) beds are either overlain gradationally by horizontally
bedded pebbly sandstone’(Sh), or are overlain along scour
bases by trough crossbedded conglomeréﬁe (Gt). —Trough
crossbedded conglomerate beds are well sorted, with well
developed channel scéur and fill.. Individual scoop-shaped
trough sets range from 1 to 2.3 m thick by 6 to lO-m wide.
Maximum clast sizes locally approach cobble, aithough
trough se@s are usually comprised of well-sorted ﬁebble
conglomerate with minimal‘coarservér finer material. Trough
crossbedded conglomerates are.occasionally rich in muddy or
Ssilty intraclasts.: As many as £hree stacked and lateraliy
offset +trough sets may be found, although sets aré most
commonly solitar& and ten& té éraae upwvards iﬁto trough
crossbedded pebbly sandstone (St). 5t beds occur as

isolated scoop-shaped troughs up to 1l m thick,' or as coset

‘amalgams up to 2 m thick.- Isolated sandstone troughs are

usually rich in iag gravel. Coset amalgams are broad,

shallow, concave~-up based sheets that grade upwards into

horizontally stratified»sandétohe (Sh). Sh beds near .the

top of conglomefate beds.afe thin (uéually less thgn 30 cm)
sheets of pebbly, coérsé—grainéd sandstone with part;ng
lineation. Although poorl& exposed, écattered exposures ana
local trenching indiéaie that fine—grained ‘beds which
encase conglomeréte sheets éppear -té be dominated by
massive. and faintly-laminated fine—grained sandstone and

siltstone (F).
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Figure 18. Sequence of six conglomerate beds in the Upper
Conglomerate at Newark Canyon iIn the Eureka District.
Arrow points to person for scale.

Interpretation. Conglomerate beds iIn the Upper
Conglomerate are interpreted as deposits of high magnitude
flow, gravel-bed, braided fluvial systems. Conglomerate
sheets resemble the idealized Donjek type facies model of
Miall (1978), representative of gravel-bed, braided fluvial
environments intermediate between proximal and distal for
alluvial systems. Deposits of modern gravel-bed, braided
systems are commonly sheet-like and display a high degree
of lateral variability and discontinuity, resulting from
the relative ease with which braided channels shift back
and forth across the alluvial surface (Rust, 1972; Smith,

1974) .
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Figure 19. Stratigraphic section of the Eureka District
Upper Conglomerate measured at Newark Canyon. Refer to
Figure 7 for key to lithofacies symbols and to Appendix A

for section location.
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Conglomerate beds are marked by an abugdance of trough
crossbedded conglomerate (GLy, which ‘usually truncates
adjacent wmassive conglomerate (Gm), suggesting that fluid
flow. mﬁdificatiohs of massive Qravéls acéurred " (Hein and
Walker, 1977). - Diffuse gravel sheets aggraded vertically
into longitudinal bars} as the bars grew in height,-graQel
rolled across the top and évaiathed down the sides and -end
of the bars. With persistant diécharge and sufficient flow
depth, longitudinai bar'disseétion 6ccurréa as vertically

aggrading gravel sheets had time to equilibrate with fluid

discharge (Rust, 1978).  Trough crossbedded conglomerates in
Upper Conglomerafe represent channel cut and fills, formed
during dissection of the bar top and/or ffont, ‘ and

subseqdently filled in by large-scale gravel ripples during
rising stage (Enyon and Walker, 1974). Upward gradation

from trough crossbedded congloﬁe:ate (Gt) to trough

'.crossbedded sandstoh? (St) -and horizontally laminated (Sh)

sandstone indicates that as channel depths decreased, flow

competence was decreased. At this point, wvater was not

flowing rapidly enough to transport a gravel load, but was

,still capable of tractidn_transport of coarse sand and

granules (Smith, 1970).
Presence of - large-scale - conglomerate sheet

channelforms 4in an overall fiﬁe-grained sequence suggests

déposition on an inland interdistributary alluvial plain

simiiar‘ to " that of the Kosi River ih India (Gole and
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Chitaie, '1966). Wheré the Kosi River enters the Gangetic
Plain, it createé an -alluvial plain by dividing into
several fluvial channels spread over a width of up to 20
km. The large catchment basin above the Gangetic plain
provides enormous amounﬁs of water and transported sediment
that, upon entering the Gangeéic plain, the Kosi River is
unaBle to transport and unload in' the main chénnél. The
.result is that, in the.pfocess of building its alluvial
plain, channel developmgnt'is'characterizéd by numerous
channel avulsions (Wéllé and Dorr, 1987). Overbank,flooa
events result in deposition of copiouslaﬁounts-of -overbank
fine-grained sediment adjacent £o braided fluvial chapnels.4
The consequence is that +thick overbapk deposits are
preserved because channels occupy a small portion of the
alluvial surface. Large portions of the floodplain are
frequently inundated during the flood events. These
conditions allow‘for accumulgtion of significant amounts of
overbank material betweén fimes when braidgd fluvial

channels shift across any particular region.

Upper CarbonaceOUS'Assemblage'

Facies Assemblage. The Upper Carbonaceous Assemblagé
coﬁsists of four distinctive lithofacies: 1)‘ grey
‘siliciclastic mudstong }F), 2) massive ﬁicritic carbonate,
3) biomicritic carbonate, énd 4) graded micritic carbénate.
This assembiage is best expoéed at Newark Canyon; at Cherry

Spring and Pinto Creek Spring, this part of the section has
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been removed by erosion. At H;ldébﬁénq Canyon, this facies
was recognized, but structufal démplications énd poor
exposure ﬁrevent - thorough evélhation. The Upper
Carbonaceous Assemblage is poﬁéntially thicker at
Hildebrand Canyon ﬁhan at Newark‘Canyoﬁ, but this remains
uncertain. At Newark: Canybn the Upper Carbonaceous
Assemblage attains a thickness of ;26 m.

Grey massive siliciclastic mudstone (F) similér to
mudstones in underlying facies dominates the lower portion
of and is interbedded throughbut this.éssemblage. Towards
the top of this assemﬁlage,'biomicrite, graded‘micrite;'and
massive micrite interbeds are founa. Micrite beds weather
to a tan color, but fresh surfaces tend to be dark black
and are rich in organic material. 'Biomiﬁrite bedé contain
flora and fauna that chéracterize the Newark Canyon
Formation (MacNiel, 1939; David, 1943; Bradley, 1963; Fouch
and others, 197S). Fossils prgsent ‘include gastropods,
pélecypods, oéfracodes;  charoﬁhytes, and palynomorphs.
Micrite beds contéié'individual grgded laminations that
" range in.thickness.from:lesslfhah 1l mm to greater than 1 cm
and are.composed of sii£ fo @uq—sizedvdetrital ciuartz~ and
feldspar-rich micrite ‘that grade upwvard into more pure
carbonate wmudstone kFigure_ 20). : Ali contacts between
indivi&ual iaminée are sharp and erosional. Many are wavey,
and display convolute bedding,. microflgme structures, and

micro-loadcasts.
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Figure 20. Micrite laminations in the Upper Carbonaceous
Assemblage at Newark Canyon in the Eureka District. Note
slightly wundulatory nature of bedding and truncation of
preceeding layers by successive beds.

Interpretation. The Upper Carbonaceous Assemblage 1is
interpreted as the deposits of a progressively deepening,
temperate, freshwater, lake. Glass and Wilkinson (1980)
describe early Cretaceous lacustrine carbonate sediments in
the Peterson Limestone in western Wyoming and southeastern
Idaho that bear many similarities with carbonaceous
mudstones iIn the Eureka District. Glass and Wilkinson
(1980) i1nterpret graded micrite beds as the deposits of
turbid waters carrying terrigeneous silt and carbonate mud
from shallow lake margin areas towards deeper parts of the
lake basin. Abrupt lateral terminations of rhythemic
sequences and Tfolded Hlaminations were caused by soft-

sediment gravity slumping during deposition of successive

units.
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Biomicrite beds are interbedé;d with graded micrite
beds. Glass and Wilkinson (19é0) note this relationship in
the Peterson Limestone and ‘suggest that ‘biomicrité beds
wvere deposited in shallower water than were'graded micrite
beds. Massive micrite ,bedsvaré interbedded with biomic%ite
beds suggesting that massive Tiériﬁe beds were extensively
biocturbated, thus 6bscufing primary sedihentary texturés.

Cérbonaceous mudstone at the'top of the Newark Canyon
Formation in the Eureka District contains se?eral metérs of
"oil shale" (T.B. Nélan, pers. comm., 1986) that has a
pyrolitic oil yield éf greatéf than 10 gallons per ton (40
liters per tonne) (Fo;ch andﬂoﬁhers, 1979). Bradley (19é3)
indicates that fhe’ source of lipids here is locally
abundanf carbonaceous bacteria, and sgggets that these beds
wvere deposited in an organic—fich, closed basin lacustrine
environment similar in nature to the Green River Formation

(Desborough, 1978).

Cockalorum Wash

~

Basal Conglamerate

Facies Aséemblage. The lower 30 m of the Newark Canyon
Formation ‘at Cockalorum Wash is characterized ‘by massive
and crossbedded conglomerate wiéh lessgr amounts of
crossbedded and stratified sandstone. A measured seciion of
the Basal Conglomerate is shown in Figure 21. At the base

of the Basal Conglomerate, 6rganized, massive and cfgdely

) | :
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stratified cobble to boulder conglomerate (Cn) beds
predominate (Figure 22). As much as 10 m of amalgamated
scour-based framework conglomerate (Gn) beds averaging 2
to 3 m thick are present. Mudstone intraclasts locally make
up to 5% of the clast populations. Locally, where these
lithofacies have not been scoured, Gm beds grade upward
into horizontally bedded pebbly sandstone (Sh). Sh beds

tend to be wedge-shaped and average 50 cm thick.

7\

10 20 30

CWI1-A MRS (cm)
Figure 21. Measured stratigraphic section of the Cockalorum
Wash Basal Conglomerate. Refer to Figure 7 for key to
lithofacies symbols and to Appendix A for section location.
Above the Gm dominated seqguence, the Basal
Conglomerate grades upward into a trough crossbedded

conglomerate (Gt) dominated sequence (Figure 21). Massive

framework conglomerate (Gm), trough crossbedded sandstone
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(St), planar. crossbedded sandstone (Sp), and horiéontally
stratified. sandstone are subordinate lithofacies in'.the
upper portion of the Basal Conglomerate. Gt lithofacies
beds are moderately-sorted pebble to cobble conglomerate of
solitarf, and loeall} grouped, écoop—shaped troughé.
Massive and horizontally statified pebble to ' cobble
donglomerate {Gm) beds in the upéer Basal Conglomerate
occur as wedge-shaped bodies.which average about 0.73 m
thick. Trough crossbedded pebbly sandétone (St) occurs as
broad, shallow, amalgamated cosets which attain a maximum
thickness of 2 m. Coarse-grained, planar crossbedded
sandsione (Sp) occurs in planar based solitary sets
interbedded with +trough crossbedded sandstoﬁe (St) and
massive conglomerate (Gm? (Figure 23). Horizontally

stratified sandstone (Sh) occurs as thin (usually less than
20 cm thick) imﬁersistant beds interbedded wifh othgr

sandstone lithofacies.

Interpretation. The Basal Conglomerate is interpreted
as the deposits of a transiﬁionai. proximal to distal
gravel-bed, braided fluvial sYSteﬁ. The idealized Scott
fype and Donjek Type facies modéls of Miall (1978) and the
Facies Assemblage GII and éIiI of the Donjek "'River of Rust

(1978) serve as useful analogues for comparison.
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Figure 22. Stacked and offset massive cobble to boulder
framework conglomerate (Cm) beds at the base of the
Cockalorum Wash Basal Conglomerate. Note wedge-shaped
bodies of horizontally stratified sandstone Gh)
interbedded with massive conglomerate. Figure for scale.
Presence of large amounts of mudstone intraclasts IiIn
the basal beds suggests that deposition was on
unconsolidated Tfine-grained sediments and that mudclasts
were transported minimal distances (©mith, 1972). Absence
of mudstone iIn the Basal Conglomerate, in contrast with a
preponderance of mudclasts, is problematic; underlying
fine-grained strata are not exposed and may have been
tectonically removed, since the Basal Conglomerate is 1iIn

fault contact with underlying Paleozoic formations (Hose,

1383).
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Figure 23. Massive pebble to cobble conglomerate (Cn)
overlain along a planar base by planar crossbedded
sandstone (Sp) and scoured Into by large-scale trough
crossbedded conglomerate (Gt). From the upper part of the
Cockalorum Wash Basal Conglomerate.

The massive and horizontally stratified conglomerate
(Gn) dominated base iIs characterized by a marked lack of
cross-stratification, indicating that slip faces were not
developed. Deposition 1is iInterpreted to have occurred as
numerous superimposed longitudinal bars accumulated during
falling flow stage as vertically aggraded coarse-grained
bedload (Rust, 1972; Smith, 1974). Subsequent bar growth
took place by addition of finer sediment on top of and
downstream from the bar nucleus during high-magnitude Tflow
events (Hein and Walker, 1977). Cross-stratification iIs not

developed because longitudinal bars were primary bedforms

that had equilibrated with flow conditions (Rust, 1978).
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A streaﬁ*flqw dominated system is igdicated by the
presence-of an upward gradation 'from maésivé,. framework
conglomerate (Gm5 to horizon£élly laminated pebbly
sandstone (Sh), indicating that bar top planar bedflow
occurreq (Bluck, 1979). | | |
The upper 20 m of -the Basal Conglomerate is
interpreted as the deposit of a distal, gravel-bed braided
fluvial systen. Rust (1978) notes that the ‘Facies
Assemblage GIII (Donjek Type facies modél of Miall (i978))

iz characterized by a cyclic nature of lithofacies.
\

Cyclicity in the upper Basal Conglomerate consists of a
basal massive conglomerate (Gm) overlain successively bx
trough crossbedded conglomerate (Gt), trough crossbedded
"sandstone (5t), plaéar crossbedded 'sandétone (Sp), anq
horizogtally. bedded sandstone (Sh). These lithofacies

sequences are repeated at least three times and as many as

five times in the Basal Conglomerate (Figure 21). Massive
conglomerate (Gm) is interpreted as the result ‘of
deposition of in—channel diffuse gravel sheets and

'vertiéally gggraded low émplitude lqngitudinal bars (Heiﬁ

and Walker, 1977). Trough crossbedded‘conglomerate (Gt) is
interpreted as in-channel deposition of migrating gravel
foresets with crescentic slip'faces‘(Rust, 1978). .Overlying
c;ossbedded and laminated sanastone is interpreted as
debosition'of foreset mécrofo;ms in broad, shallow channels

(Harms and others, 19735). Individual cycles . record
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development of major gravell& channel or channel sysfems,
followed by deposition pf foreset macroforms in open
channel reachés, and finally planar bedflow during waning °

flow conditions (Bluck, 1979).

Lower Sandstone

Facies Assemblage. Thirty meters of poorly exposed

sandstone with subordinate framework conglomerate interbeds
lies above the Basal Conglomerate . Scattered outcrops
suggest that this assemblaéé consists of, in order of
abundance, trough crossbeddéd .sand§t0ne (st), massive
pébble conglomerate ‘(Gm), planar crossbedded sandstone
(Sp), horizontally bedded sandstone (Sh), and ripple
:crosslaminated sandstone (Sr); Measured partial sections of
the Lowver éandstone are shown in Figure/Zé. Medium-grained,
trough crossbedded sandstone (St) beds consist of large
scale amalgamated trough cosets wﬁich approach 3 m thick.
Laterally discontinuous Gm beds approach 1 m thick and rest
on concave-up bases. Fine—gréinéd, planar crossbedded
sandstone (Sp)‘ commonly gvér;ies massive pebble
conglomerate (Gm) along planér bases. Planar -crossbedded
sandstone (Sp) beds are characterized by as many as four
grouped sets which attain a maximum thickness of 1.5 m. Sp
beds, in tﬁrn, grade upward into4finé—grained, horiéonfally
bedded sanastone (Sh)y, | and fine—grained ripple

crosslaminated sandstone (Sr).
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Figure 24. Measured stratigraphic sections of the

Cockalorum Wash Lower Sandstone. Refer to Figure 7 for key
to lithofacies symbols and to Appendix A for section
locations.

Interpretation. The Lower Sandstone 1is interpreted as
the deposit of a distal, sand dominant braided fluvial
system. Miall"s (1978) South Saskatchewan Type model serves
as a useful example for comparison with the Cockalorum Wash
Lower Sandstone.

Cant (1978) showed that deposits of the South
Saskatchewan River are dominated by trough crossbedded sand
(S, with subordinate planar crossbedded sand (Sp),
massive gravel (Cm), horizontally stratified sand (Sh), and
ripple crosslaminated sand (Sr), and minor amounts of
overbank fine-grained material (F). Compound bars,

representing transverse bar and sand-flat deposition, are
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characterized by a basal conglomerate channel 1lag (Gm),
with overlying planar crossbedded sand (Sp) succéssively
overlain by horizontally laminated and fipple
crosslamihated sand (Sh and Sr), and fine material -(F)
(Rust, 1978}. Chaﬁnel systéﬁs'are.characterized by basal
_channel lags (Gm) with overlying large-scale | trougﬁ

crossbed sets.

The Lower Sandstone is characterized by alternating
major channels and compound bars as defined by Cant (1378).
Combound barslare represented by Gm-Sp~-Sh-Sr intervals and
channel systems are represented by Gm-St intervals. Channel
systems and compound bars are stacked and laterally offset‘
with respect to each other. Predomihance of trough
crossbedded sandstone (St) indicates that the bréided
fluvial system was dominated by numerocus shifting chanpels
wvhich inhibiféd preservation of transvérse'bar. and sand-

i

flat deposits.

Upper Sandstone

Facies Assemblage. The Upper Sandstone consists of

upward—fining‘_béds which averége 1.5 m thick. Sandstone
beds are encased within laminated siltstone. tF). This
assemblage attains a maximum thickness of 40 m. Measured

sections of the Upper Sandstone are shoﬁh in Figure 25.
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Figure 25. Measured stratigraphic section of the Cockalorum
Wash Upper Sandstone. Refer to Figure 7 for key to
lithofacies symbols and to Appendix A for section location.
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Upward;fining cycles are comprised of broadly 1lenticular
beds, averaging 30 m wide, vhich tend to pinch out
laterally into laminated siltstone (F). Conglomerate-
sandstone cycles are characterized by a basal channelA lag
consisting of concave-up éréscent-shaped, massive, erosion-

based framewvork-supported cdnglomerate (Ge). Ge beds grade

‘'upward into trough crossbedded sandstone (St) which; in

turn, grades upward into ‘contortion stratified (5c¢),
horizontally stratified (Sh), and ripple crosslaminated
sandstone (Sr) (Figure 26). Both grain size and wmagnitude

of sedimentary structures : decrease upward. Trough

crossbedded sandstone (St) coset amalgams attain a maximum

thickness of aboﬁt 1 m, 'Contoftiqn stratified sandstone
occurs as isoléted lenticles, avéraging 30 cm thick, toward
the +top of St beds. ﬁorizontally bedded sandstone (Sh)
rests upon trough crossbedded 'sandstoﬁe (8t) and
contortioq strafified sandston; (Sc) along planar bases.
Overiying ripple crosslaminated sandstone (Sr) beds are
well-sorted, ~fine-grained beds which average.BO cm‘thick.

Most channelform beds are solitary and ehtirely suported by

laminated =iltstone (F), although up to three wupwards-

fining beds are stacked and offset. Laminated siltstone (F)
is locally rich in rootlet traces and plant fragments.
Horizontally straﬁified saﬁdstone (Sh) and ripple
crosslaminated séndstone (Sr) inte;beds locally exceed the

lateral dimensions of .channelform\ bodies and are
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interbedded with laminated siltstone (F) adjacent to

channel!orm beds.

Figure 26. Upward-fining sandstone bed in Cockalorum Wash

Upper Sandstone. From the base up: erosion scour
conglomerate (Ge), trough crossbedded sandstone (Sb),
contortion stratified sandstone (o), horizontally
stratified sandstone (Sh), and ripple crosslaminated

sandstone (Sr).

Interpretation. Upward-fining conglomerate-sandstone
intervals represent deposits of a graveliferous, sand-bed,
meandering Ffluvial environment (Jackson, 1978). Basal
concave-up erosion-based massive conglomerate (Ge) is
interpreted as lag gravel of the channel complex (Bluck,
1971). Overlying trough crossbedded sandstone (St) and
contortion stratified sandstone (Sc) represent lower point-
bar sequences. Horizontally stratified sandstone (Sh) and

ripple crosslaminated sandstone (Sr) are interpreted as
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upper point bar sequences (Levey, 1978). Overlying and
adjacent laminated siltstone and silty mudstone (F) are

overbank vertical accretion deposits (Stewart, 1982). Local

interbeds of horizontally stratified sandstone (5Sh) and
ripple crosslaminated sandstone (Sr) within laminated
siltstone (F) formed as crevass splay deposits (Allen,

1974).

Upper Carbonate Assemblage

Facies Assemblage. Poorly exposed, massive wmicritic

carbonate with marlstone interbeds qharacteri;e‘ this
assemblage. It attains a maximuh-thienesé of 100 m. MaséiQe
micrite appears to dominaté ﬁhis' assemblage; "~ marlstone
forms-iﬂterbeds up to 3 m thick. Poor exposures and iocally
intense Tertiary supergene mineraiization obscure primary

sedimentary features.

Interpretation. The Cockalorum Wash Upper' Carbonate

Assemblage was deposited ‘in a hardwater lacustrine
" environment. Massive micrite vas deposited ;n deeper parts
of the lake, whereas marlstoneA interbeds accumulated
nearer to shore (Picard and ﬁigh, 1981). The interbedded
nature of massive micrite and mar;gtone is suggestive of

a fluctuating lake shoreline.
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PALEOCURRENTS

Paleocurrent analysis of pebble imbrication and
crossbeddéng was undertaken to help delineate sédiment
dispersal patterns and‘highland source locations. A total
of 522 measurements were made. Preference was given to
trough lodg axes and planar,crﬁss strata, although poor
exposures and structural complications ggnerally prevented
as thorough Ian evaluétion of cross strata as would be
desired. Cobble imbrication data were taken.at as many
locations as possible; _The following discussion concerns
sediﬁent dipersal pattérns and péleoflow direcfions at the

three areas examined in this investigation.
Overland Pass

At Overland Pass, the overall paleoflow configuration
is dominantly southeast (Figure 27), with a vector mean of
100.0 degrees and vector magnitude of 59.2. Since only part

of the entire Qverlénd Pass section was examined and

considerable thickness variations exist within these
strata, it is possible that these data are not indicative
of the overall sediment dispersal patterns. These data are

therefore .considered to be representétive of the Overland
Pass section only in the immediate vicinity  of Overland

Pass.
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Figure 27. Summary rose diagrams for paleocurrent
measurements at Overland Pass, the Eureka District, and
Cockalorum Wash. X sub v i1s the vector mean expressed IiIn
degrees and L 1is the length of the resultant vector
expressed as a percentage of readings. Eu is the town of
Eureka.
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Eureka District

The overall configuration of sediment transport
direction in the Eureka District is an east-northeast
paleoflow (Figure 27). The vector mean is 75.8 degrees and
vector magnitude is 38.9. Paleocurrent measurements.,were
made at Cherry Spring, Newark Canyon, and Pinté Creek
Spring. = A stétistically insignificant number of
paleocurrent measureménts weré made in the ‘Hildebrand
Canyon -area; these afe presented in measured sections
discussed .in the previous section. Paleocurrent
measurements in the Hildebrand Canyon area vere hindéred by
structural complications and »extremely poor outcrdps.
Conglomerate beds uin‘the'Basai Conglomerate/Mudstone are
extremely disconnected and strike .in highly variable
directions. Since these beds are apparently deformed into
plunging folds and orientation of the axes of these folds-
is indeterminable, correction for tectonic tilt is
impossible (Ragan,'l97é). Beds ih the Upper Conglomerate in
the Hildebrand Canyon area are vertically dipping and
marker beds above and below thése conglomerates are not
exposed. Additionally, poor outcrops of these beds prevent
the use of sedimgntologib évidence to determine thé tops of
beds. Furthermore, .c;ésﬁs in fﬁese beds are dominateq by
subequant carbonate cobbles giving rise to poorly-developed

cobble imbrication. Therefore, paleocurrent data from the
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Hildebrand Canyon area is excluded from this report. The
following discussion concerns the sediment dispersal
patterns in the Basal Conglomerate/Mudstone and Upper

Conglomerate.

Basal Conglomerate/Mudstone

)

Cobble imbrication in ‘the Basal Conglomerate/Mudstone
is poorly developed; where it is developed it is dominated

by a(pla(i) imbricatibn. This is probably due to grain to

grain interactions vhich’ occurred during sediment
transport, preventing clasts froﬁ vibrating in place or

rolling oﬁ the bed to assume thé'a(t)b(i) orientation more
typical o£ fluvial sediments (Harms and others, 1982).
Cross strata vere found to be Qnsuitable for paleocurrent
analysis due to the very low angle of dip of foresets.
Although there is much scatter in the rose diagrams, the
overall geﬁeral trend in the'Basal‘Cong;ome;ate/ﬁudstope is
an east to northeast sédiment transport direction (Figure
28). At Cherry Sbring‘and Pinto Creek Spring, the vector
means are 100.0 and 88.0 degrees, respectively, and the
vector wmagnitudes are 11.4~ana- 22.6, respecﬁively. The
Cherry Spring rose diagraﬁ (Figure 28)- shows‘ a wegkly
bimodal pattern which results'in a vector wmean that is
about 90 degrees askew‘from-the 15 to 45 degree group which
contains the largest nﬁmber of readings. At Newérk Canyon,

a more strongly unimodal paleocurrent pattern is apparent

from the rose diagram, suggesting a northeast sediment
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Figure 28. Summary rose diagrams for paleocurrent
measurements In the Eureka District Basal Conglomerate/
Mudstone. X sub v Is the vector mean expressed In degrees
and L i1s the length of the resultant vector expressed as a
percentage of readings. Eu is the town of Eureka.
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transport direction (Figure 28). At Newark Canyon the
vector mean is 30.2 degrees and vector _maéniture 25. 0.
Therefore, the sediment tranéport direction in the Basal

Conglomerate/Mudstone is east-northéasi.

Upper Conglomerate

The ovefaliTanfiguration for the Upper Conglomerate
is an eastward sediment transport direction\ (Figure 29).
Cobbleé from maésive conglomerafes have a more unifo?m
clast orientation becauéé the 'nature of depositional
systems dictated that elongate claéts were allowved #q
assume an a{t)b(i) orientéfidn undér the influénce 6f Eluid
flow (Harms and others, 1é82). Additionally, trough lﬁng
axes further substantiate the eastward sediment transport
directions (sée measufed‘sections in the previous section
for trough long'axis orientations). OQOverall, the vector
mean of the Upper Conglomerate is 76.9 and the vector.
magnitude 66.3, revealinéA ah east-northeast sediment

transport direction.

Cockalorum Wasﬁ

Although there is a ceptain amount of scatter in the
rose diagram, pebble imﬁrication and croés strata
orientations indicate_anféast—southeast sediﬁent transport
direétion (Fiéure 27). The vec£or méan is 106. 3 degrees and -

vector magnitude 44.3.




81

PINTO CREEK
SPRING
N:31

Figure 29. Summary rose diagrams for paleocurrent
measurements from the Eureka District Upper Conglomerate. X
sub v Is the vector mean expressed In degrees and L is the

length of the resultant vector expressed as percentage of
readings. Eu is the town of Eureka.
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CORRELATIONS

A wmajor stratigraphic problem in east-central Nevada
concerns the origin and distribution of sedimentary stfaﬁa
mapped as Newark Canyon Formation. The Overiand Pass
-section was originally correlated with the Newark Canyon
Formation in the Eureka District by Dott (1935) on the
basis of +the presence of coarse siliciclatic sediments.
This correlation was continuea by E.R. Larsen after Larsen
and Riva (1963) mapped these strata as Permian and later
'assigned age of ghese strata to,Cretaceous'(Larsen, pers.
comm. , in Stewart, 1980). However, Larsen did not state a
reason for this correlat%qh and biostratigraphic data are
apparently still lacking {J. Stewart, writ. comm., 1987).

Facies analysis in this investigation indicates that the

Newark Canyon Formation at Overland Pass and in the Eureka

District each represent separate and distinct depositional
systems. Despite the lack  -of biostratigraphic data from
O&erland Pass, it'is probable that the depositional systems
represénted at QOverland Paés were not active at the same
time fhaf thase in the Eureka District were active. If,
howvever, these straté do répresent different parts of the
same depositional system, the discordance’ between

depositional styles requires more geographic .seperation

than 4is present between the two outcrop areas (Figure 2).

Al
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This would require post-Newark Canyon Formation structural
dislodat;on to bring these distinct stratigraphic packages
iﬁto thé 'relafive prqximity represented by the ﬁresen£
outcrop | distribution. Evidence for this structural
dislocation is ahsent (Stewert and Carlson, 1978; Stewvert,
1980).

Tbé . Newark Canyon Formation at Cockalorum Wash has
been'aetermiﬁed to be tﬁe temporai equivalent of the Newark
Caﬁyon Formation in.,thé Eureka District based I"dnd
biostratigaphic evidépce of Fouch and others‘ (1979).
HﬁweVer, -e§idénce‘ for lithostratigfaphic correlation has
been' lacking. Although the_Newark Canyon Formaiion at
Cockalorum: Wash is much thinner than in the Eureka
bistrict,_ pfeviously discussea evidence indicates that'the
'iowér pprtibné of the Cockalorum Wash section have been
tectonically obscured. Potéﬁtially, ‘the dekglorum Wash
séction is the lithﬁstratigraphic equivalent of the upper
parts of the Eureka District séction. The Cockalorum Wash
- Basal Conglomeréte may represent the same influx of coarse
léiliciclAStic sediment that is represented by the Upper
Conglomeraté, in the Eyreka, Disfrict.. Additionally, the
lacustrine deposité of tﬁe'Upﬁer Carbonate Aséemblage a£
Cockalbrhm Wash may have accumulated in the same lacustrine
system reﬁresented‘by the Upper.Cafbonaceous Assemblage in-
.the Eureka District. Minor  diffgrences . exist in

depositional styles’ at each of these areas in that sandy
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braided and meandering fluvial systems were developed

féllowing the influx of coarse sediment at Cockalorum Wash,

~ where,. these depositional systems are apparenfly absent in

the Eureka DPistrict. Enough geogréphié separation exists
betwéen these two areas that minor differences in
depositional styles could have existed at each of these

areas while ' they were both part of the same depositional

. basin.
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PETROLOGY

Conglomerate

Composition
Newark Canyon Formation conglomerates are mostly
clast—supportéd, chert pebble to cobble conglomerate,

althdugh  limestone cobble conglomerate is  found in the

Eureka® District. Clast types present at all locations
studied include, in order of decreasing abundancé, grey

chert, black chert, white quartzite, limestone, red chert,

brown chert, sandstone, and green cﬁert. Most grey and

_bléck chert clasts are dense and massive; some appear to be

. laminated. Observation in thin section indicates the
ﬁresence of sponge .spicﬁles and fusulinidé. Red chert
.clasts  are méssi?e in hand specimen. ‘Thin section

observation indicétés that some of these grains have been

stained red by a thin film of hematite that penetrates only

the. outer 1/8 'of-the‘-grain; Other red chert grains,

. however, are entifely pervaded with hematite. . Adjacent

chert clasts have not been stained by hematite,  indicating

that 'staining " of these grains occurred prior to Neﬁafk

Céhyon;Formation deposition. Additionally, presence of only
a ‘thin' hematité rind suggests that this stain is not

primary to -fhe.grain. Green and brown chert grains are
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ﬁéssive in hand sample; observation in thin section
indicates no textural trends. White quartzite clasts are
cgéraéﬁeristicaily gleaming-whité, fine- to mediuh—grained,
.weil—ééfted, quartz cemented, quartzarenites (terminology
of» Folk, 1980). Sandstoﬁe ‘clasts, exclusiQe of white
. duapﬁzite, vary . in coﬁposition from Lithérenite to
léubérkoée and ‘are buff to dark grey in color. Sandstone
.élasté vary‘frdm fine- to coarse-grained and sorting is
yefy poor- to well-sorted. Limestone clasts are massive
grey sparry limestone br dolomite; some are fﬁssiliférous
;'and ‘contain fgsilinids, . ériﬁoids, ana brachicpods.
Addit;onally, some limestone clasts have been silicified.
It is uncertéih whether the silicification 'is pre—Newark
‘Canyon deposition or an effect of post—depﬁsitianal

diagenesis. -

Clast Compsition Modes

Clast pefcentages are plotted on histograms and are

correlated with the corresponding Newark Canyon Formation

exposures. Figure 30 shows - the distribution of clast

lithologies for fhe thfee maﬁof areas covered in this
inveéfigation; and Fighres 31 and 32 show the distribution
of clast‘ lithologies in‘ogtcrops studied in the Eureka
ﬁistri&t. for thé Basal Conglomerate/Mudstone and Uppé:
Conglomerate, respectively. Dfigihal clast count data are

presented in Appendix B..
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Figure 30. Histograms of clast lithology percentages for

Overland Pass, the Eureka District, and Cockalorum Wash. Eu
is the town of Eureka.
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Spohgﬁe séiéule—bearing grey chert dominateé clast
-populétiﬁgsz af all areas (éigbre 30). At Overland Pass,
clasts é?e mostly gfeynﬁhert,' with subordinate ré& chert,
ana' .Whité _"duarfzite; other clast lithologies are
vqlumetricalli? ihsignificant. Clast~suiteé in the*Eureké
' Distrid# Lare highly'Variable.(Figureé 31 énd 32). Clast
suites in the Basal Conglomerate/Mudstbne (Figure 31) are
‘eithe¥ dominated by sbiculé—bearing grey chért {Newark
Canyon and -Cherry Spring)} 6r by limestone  (Hildebrand
: anyon and‘Pihto‘Creek Spring) (Figure 31); other clast

lithologies are present in variable amounts. In the Upper

'Conglohergte,' grey chert clasts dominate at all locations .

}:excep# Hildébrand Canyon, Qhere limestoné is the déminant
.clast #ype (Figure 32}. -Structural complications and poor
' exposures. in  the Hildebrand Canyon area prevent
7c§dfifmation of the conglomerates expﬁsed in this area to

be from the Upper Conglomeréte. With +the exception of

exposures in Hildebrand Canyon, black.chert, quartzite, and -

séﬁdétone are all"p;esent in subequal amounts in the Upper
Conglomerate; other clast types are 'volumetrically

insignificant. At Cockalorum Wash, conglomerates ‘are

. characterized by blendéd clast lithologies withMonly red

and green chert being volumetrically insignificant (Figurne
30). GBrey chert predpminaﬁes; black chert, quartzite, brown

‘chert and sandstone are present in subequal amounts:
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Sandstone

_Textﬁre'

| Newark Canyon Formation sandstones are texturally
‘highly variable. Grain size varies from very fine to very
coarse . sand. Sandstones are most commonly poorly- to
.moderaﬁelyjsorteq. Sand grains are predominantly subangqlar
fo sub?éﬁnded. Quartzose and feldspar grains are subequaﬁt
Iand sedimentary lithic fragments are elongate to:subequant.
Grain cgntécts are primarily ﬁangentigl to long. Textural

~ maturity . varies from immature to submature.

. The diagenetic history of Newark Canyon Formation

sandstones  is complex .and variable as indicated by

different cement types and numerous textural features. No
trends in. the diagenesis of Newark Canyon Formation:
sandstones were observed.. Diagenetic features include, not

1 necessariix:in order of development: 1) .quartz overgrowths,
2) thick qlay finds that also fill pores, 3) formation of
poikilotopic sparite-as a:poré filler, 4) replacement of
- detrital grains by calcite, 5) silicification of carbonate
érains-intﬁ chalcedony or cheff, &) dissélution of detritgl
‘grains'and matrix to éreate secondary porosity, and 7) (?)
heﬁatite/clay .thaﬁ'.stains detrital gréins and cement and

aLSo'cbats and partialiy,fills'secondéry pores.
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Compositiaon

Recognition and classification of grain types follows

) the criteria of Dickinson (1970). Framework grains present
include monocryétélline quartz (Q@m), polycrystalliné'quartz

:(Qp), feldspar (F), and sedimentary lithic fragments (Ls).

Appendix C contains a4 summary of framework grain abun&ances

obtained from point coints.

Since thin sections were neithéer stained nor etched,

differéntiation of gquartz and potassium feldépar was

subject to consequential error. Few of the potassium
feldspar grains vere twinned. Differentiationt of

monocfyétalline quartz and monocrystalline ' potassium

felspar was based on the following: 1) cleavage in feldspar

versus -fracture in quartz, 2) sericitization in. feldspar,

3) ' incipient potassium - féldépar framework - grain
dissolution,: 4y potassium feldspar grains clouded with

altération products arranged in vague grids - or lines

.subparailel- to érystallographic directions, and 3) dptid
signs . of quartz _(uﬁiaxial negative) versus potassiuh
feldspar (biaxial negative). ’'Additionally, thin section

. chips.'were stained for. potassium feldspar; analysis of

these 'chips indicated that minimal amounts of. botassium

feldspar are present.
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Framework Grain Types

Monocrystalline GQuartz (Qm). Monocrystalline quart=z

consists of single grains with straight to slightly
undulose extinction as defined by Folk (1980). These can
contain trains of vacuoles; ‘ﬁicroliteé are rare to ébsent.
Monocrystalline quartz grains commonly have abraded quartz
overgrowths.

Polycrystalline Quartz (Qp). Polycrystalline quartz

types include qhert, chalcedonic chert and composite guartz
grains. Chert grains commonly contain relict sponge
spicules. Composite quart=z gréins cénsiét of polygonized
quartz with straight contacts, elongate, slightly sutured
grains, and coarse, interlocking mosaics of crystals
(Pettijohn and others, 1972). Composite quartz grains are
relatively rare in Newark Canyon Formation sandstones and
usually constitute less than 1% of framework grains.

Feldspar (F). Feldspar types are almost exclusively

monocrystalline Arthoclase fel&spar with trace amounts of
microcline found in Dverlénd Pass and Cockalorum Wash
sandstones and plagioclase in Overland Pass sandstones.
Orthoclase wusually shows cleavage and is commonly élouded
with alteration products. Occasiocnally, orthoclase grains

have abraded orthoclase ovefgrowths.

Sedimentary Lithic Fragments (Ls). Sedimentary rock
fragments in Newark Canyon Formation sandstones consist of

siliceous shale, calcareocus shale, siltstone, and
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calcareous siltstone. Shaley rock fragments commonly have
been deformed or show compaction indentations from adjaéent

grains.

Sandstone Petrofacies

Sandstones from strata mapped as Newark Canyon
Formation examined 4in.this investigation can be diQidedv
into two petrofacies based on separate and distinct fieldé

on sandétone—cpmposition ternary diagrams (Figure 32).

.Table 1 shows the mean detrital grain percentages for

sandstones ffom. the areas stﬁdied. The Quar£;o?lithic
Petrofacies -consists of sublitharentites with subprdinate
high-quartzose litharentites of sandstpneg from Overland
Pass. Sandstones ‘of the> Chertarenite Petrofacies‘ are
exclusively chertarenites and éré represented by sandstones

from the Eureka District and from Cockalorum Wash.

Quartzo-lithic Petrofacies

These sandsfones are charadtefizéd by _ abundant
mpnocrysfayline quart; (Qﬁ=67), leéser total . lithic
fragments'(Lt=27), and subordinate feldspar (F=6) (Figure
34). ‘ Sedihentary lithié fragmenfé %LS;ES consist qf

" indurated argillaceous rock fragments and polycrystalline

quartz (Qp=23) characterized by spicule~-bearing chert.
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O=0OVERLA ND PASS
O=EUREKA DISTRICT
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PETROF® CF QUARTZ 0~ 1thic

________ =OUTL INE OF
CHERTARENIT =
PETROFACIES
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Figure 33. QFL and QmFLt diagrams for sandstones of the
Newark Canyon Formation in the areas examined. Note the
separation of the Quartzo-lithic Petrofacies and the
Chertarenite Petrofacies and that the Quartzo-lithic
Petrofacies consists exclusively of Overland Pass
sandstones and the Chertarenite Petrofacies consists of
sandstones from the Eureka District and Cockalorum Wash.
Provenance fields after Dickinson and others (1983a).

Table 1. Mean framework grain percentages for Newark Canyon
Formation sandstones.

LOCATION N STAT Q Qm Qp F L Lt

Overland Pass 9 Mean 88.2 ©66.6 21.6 6.1 5.4 27.0
Std dev 1.6 2.5 3.3 0.8 1.3 2. a

Eureka District 20 Mean 88.0 45.0 43.1 0.7 11.4 4.2
Std dev 4.5 12.4 10.8 0.5 4.4 12.7

Cockalorum Wash 8 Mean 91.5 52.2 39.1 2.3 7.1 46.6
Std dev 2.9 7.3 6.9 2.5 2.4 7.5

QFL OmFLt
Overland Pass 8, G 6 67, 6, 27
Eureka District 8, I, 11 45, 1, 54

Cockalorum Wash 9. 2. 7 K1. 2. 47
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Monocrystalline quartz is characterized by common abraded
quartz overgrowths. Feldspar types include monocrystalline
orthoclase, plagioclase, and microcline. Orthoclase and
plagioclase are most common and microcline iIs present in

trace amounts.

Figure 34. Photomicrograph of Overland Pass sandstone. Note
predominant monocrystalline quartz (Qm) and subordinate
chert (Qp) and plagioclase feldspar F).
Chertarenite Petrofacies

These rocks are characterized by abundant quartzose
grains (Eureka District Q=BQf Cockalorum Wash (Q=91), of
which monocrystalline quartz and polycrystalline quartz
(spicule-bearing chert) are present iIn subequal amounts
(Eureka District: Qm=45, Qp=43; Cockaloum Wash Qm=53, OQp

=40) (Figures 34 and 35). Feldspar is present iIn minor
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quantities (Eureka District: F=1; Cockalorum Wash: F=2); 1iIn
the Eureka District, feldspar IS exclusively
monocrystalline orthoclase, whereas at Cockalorum Wash,
feldspar 1i1s mostly orthoclase with trace amounts of
microcline. Sedimentary lithic fragments are present in
minor amounts and comprise up to 11 percent of framework
grains present (Eureka District: Ls=Il; Cockalorum Wash:
Ls=7). Total lithic fragments constitute about 50% of the
total framework grains present (Eureka District: Lt=54;

Cockalorum Wash: Lt=47).

Figure 35. Photomicrograph of Eureka District sandstone.
Note subequal amounts of monocrystalline quartz (@n) and
chert (@Qp) and subordinate sedimentary [lithic fragments
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Abundance of sedimentary lithic fragments, relative
paucity of feldspar grains, and subequal amounts of
monocrystalline and polycrystalline quartz 1iIn Eureka
District and Cockalorum Wash sandstones serve to

distinguish them from sandstones of Overland Pass.

Figure 36. Photomicrograph of Cockalorum Wash sandstone.
Note similarity iIn composition to Eureka District sandstone
(Figure 35). Note also the presence of microcline (F).
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PROVENANCE

Conglomerate clast and sandstone framework composition

‘data  suggest that highland source terrains providing eand

and gravel to the Newark Canyon Formation consiéted almost
exclugively of pre-Mesozoic sedimentary rocks. Paleozoic
rocké which were potential contributors of.sediment tol the
Newark Canyon Formation can be divided into five main
sequences (Stewafﬁ, 1980):. The miogeocliné, a‘westward—
thickening prism of upper Precambrian and Paleozoic shelf-
facies clastic and carbonate rocks, iz the easternmost of
these sequences. Sfrucfurally above the miogeocline is the
Roberts Mountains allochthon, which consists of deformed
lower Paleozoic deéﬁ—water‘ rocks thrust eastward aver
‘coeval. shallowv-water rocks in +the Late Devonian-Early
Mississippian (Roberts and othe?s, 1958). A Mississippian-
Pénnsylvanian clastic wedge, derived from erosion of the
Roberts Mountains allochtﬁqn and deposited in the Antler
forelénd basin, ‘constitutes the third of these sequences

{Brew and Gordon, 1971; Poole, 1974). Late Paleozoic

.fluvial and shallov-marine deposits of the Antler "overlap

sequence” (Roberts and others, 1558, deposited
unconformably on the Roberts Mountain allochthon represent

the fourth major sequence. The westernmost sequence

‘consists of deformed upper Paleozoic basinal rocks of the
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Golconda allochthon that rest in thrust contact above
coeval rocks "of the Antler overlap sequence.’ Eastward

thrust emplacement of the Roberts Mountain allochthon and

the. Golconda allochthon during the Antler and ‘Sbnoma

orogenies, regpectively, represents brief episodes of~

 compréssionar: tégtonics in the othervise "passive”
continentél—margin history of Paleozoic western North
America (Speed, i983). The following diécussion will focus
Qf thé provenahce of conglbmergtes and sandstones in- the
Newark Canyon Formation, and the rolé that the
aforémehtioned seduences playe& in subplying sediment to

the Newark Canyon'Formation.

Newark Canyon Formation Conglomerate

Analysi% of potential source lithologies indicate that
late Paleozoic mibgeoclinal shelf sediments %efe the
pfedominaﬁﬁ source for clasts in Newark Cany&n Formation
conglomerates. Specificaliy, grey, black, aﬂd brown
.spicuIe—beéring ‘chert, gnd' fusilinid- and brachiopod-
bearing 1limestone ape indicative of source rocks being of
the poét—Antler~ ofogeny carbonate miogeoclinal province
(StéQérf, 1980;. Howéver, the presence of red and‘gfeen
bhért clasts in Newark Cényon Formation conglomera%es ‘is
significanf. Prgsence of hematite  stain in red ‘chert
clasts, ‘wherel this stain is neiﬁhef primary to thé chert

‘nor a result of' Newark Canyon . Formation diagenesis,
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suggests that red chert clasts have been recycled from.

previous conglomerates and have been influenced ‘by an
earlier episode of diagenesis. Mississippian Diamond Peak
Forﬁatioq conglomerates in the viqinity of .Newark Canyon
Formation exposures contain red cherf (Brew and Goraon,
1971). Addifionally, green chert .clasts are locally
abundanf in Diémond Peak Formation conglomerates. Diamﬁnd

Peak -Formation chert clasts are interpreted to have been

derived from bedded ‘cherts of the Roberts Mountain

allochthon and constitute part of the Antler foreland bésin
deposits (Brew and Gordon; 1971; Poole, 1974). Therefore,
red. and .green chert clasts in Newark ‘Canyon Formation
congldmerateS' are interpre£ed to‘havé‘their source either
in ﬁississippian clastic depo%its of the Antiér foreland

basin or in bedded cherts of the Roberts Mountain

allochthon (Roberts and others, 1958). Assuming that these

clasts have beén recybled from the Antler clastics, this

places a minimum age of source rocks at Mississippian (Late

Mermacian-Chesterian) (Brew and Gordon, 1971). If these

clasts have a primary source‘in Western Assemblage bedded

cherts, this pléces a‘pre*Mississippian age for strata’

.egpqsed inAhighlahd'source'terfaihs.dufing Newark anyon
Férmatidnvdepositiﬁn (Stewart, 1980).

Perhaps=s ﬁorel significént is the presence of white
gquartzite clasts in ﬁewark Canyon Formation gﬁnglbmeratea.

Clasts _6f_this type closely resemble the Ordovician Eureka
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éuartzite from the miogeoclinal.sequence, which is widely
distributed throughout eaétern Nevada (Ketner, 1968);' The
-Eureka GQuartzite is considered to be the ultimate éource
for theée élasts, although it is possible thét these clasts
have been through previous cycles of erosion, transport,
and depo=ition. However, ofher conglomerates in east-
central Nevada have not been shown ‘to confain Eureka
Quartzite clasts (Stewart; 19280). The Mississippian'Diamond
Peak Formation contains q&artzite clasts, but these are
generally buff to dark grey in color (Brew and Gordon,
1971). Assuming thafﬂwhite quartzite clasts are derived
directly from the Eureka anrtzité, this places a ﬁaximum
age of Ordovic;an for sedimen£ary source terrains thét vere

‘contributing coarse détritus to Newark Canyon Formation

sediments.

Sandstone clasts iq Newark Canyon Formation
conglamerates c¢can have any number of sources.’ Potential
sources' include: 1) first cycle sandstones from

Mississippian Diamond Peak Formation (Brew and Gordon,
1371), .2) sandstone clasts récycled from Diamond Peak
Farmation conglomerate (Brew and Gordon, 1971), 3)
sandétones from Western Assémblage "quartzites" of the
Ordovician Valmy'. Forma£ién of the‘ Roberts  Mountain

allochthon (Gilluly and Gates, 1965; Roberts, 1964, Ketner,

1966), and 4) sandstones 1in lower to upper Paleozocic

miogeoclinal strata (Stewart, 1580), and 5) "qqartzites“ as
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old as latest Precambrian to Cambrian (e.g. the Prospect
Mountain Quartzite and equivalents) (S5tewart, 1270). Thus,
source terrains for coarse clastic sediment in the Newark

Canyon Formation can be concluded to range in age from late

Paleozoic to possibly as o©ld as latest Precambrian.

However, Mississippian through Permian strata are

considered to have contributed the bulk of cocarse clastic

',sediment to Newark Canyon Formation conglomerates.

At Overland Pass (Figure 30), althbugh the age of
these. strata is uncertain, ‘the presence of red chert is
sgggestive of reéycled detrital chert. White quartzite
clasts suggest a component of Ordoyician Eureka _Quartzite
in source terrains, although these too may have been
recycled.

Clast suites in the Eureka Distriqt‘(Figure 31 and 32)
are highly variable, due, in part, to the nature of the
depositional systems, and perhaps due, in part, to a supply
of blénded clast lithoiogies from compositionally wvariable
source terrains. In the Basal Conglomerate/Mudstone (Figure
313, the dominance qf limestone at some localities is
perhéps ‘due to the flashy nature of the fluvial systems

which supplied coarse, proximally derived, detritus to the

Eureka = District depositional system. In the Upper
Conglomerate (Figure 32), with the exception of the
Hiidebrand Canyon area, mechanically more stable chert aﬁd

quartzite clasts dominate the clast suites. This is perhaps
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dge to the competent nature cof fluvial systems present
" during deposition of the Upper Conglomerate. This dictated

that mechanically less stable grains such as limestone were

disintigrated during sediment +transport. Dominance of

limestone in the Hildebrand Canyon area is problematic; as
stated previously, it remains uncertain whether these beds
are. from +the Upper Conglomerate: Additionally,  the

paleogeographic position of these beds relative to the rest
of the Eureké'District strata is uncertain;

Clast suités at - Cockalo;um Wash show no anomalous
trends with respect to thoée of other locations (Figure
'303J; Red and gréen chert clasts are volumetricallf
insignificant, probably because the Mississippian Diamond
Peak Formation may not have been providing é significént
aémponeht of detritus to fhe Cackalorum Wash conglémerate.
Presence_oi white quartzite suggests that Ordovician Eureka
Guartzite.claéts, either primary or.recycled, were sppplied

to Cockalorum Wash conglomerate.

Newark Canyon Formation Sandstone

Although +the Overland Pass sandstones and the Eureka
District/Cockalorum Wash sandstones comprise different
petrofacies, all Newark Canyon Forhation sandstones fall

-within the quartzose and  transitional recycled orogen

provenénce fields of Dickinson.and others 119333) (Figure

33). . Thus, - the sublitﬁarenites and litharenites of ‘the
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Newark Canyon Formation require a compositionally mature to
.submature sédimentary provenance. Paleocurrent data
indicate. . that highland source terrains lay to the vest of
the present outcrop area. The following discussion concerns
tﬁe composition and provenanbe of rocks which may have
contributed sand to Newark Canyon Formation sandstones.

During late Precambrian to mid-Devonian time,
" sandstone suites in the Cordilleran region aré of cratonic
.and transitioﬁal origin and occur not only within the
miogeoclinal belt, but were evidently also transported off
tge edge of the continent to be depoéited as. tgrbidites
within the éugeoclinal belt (Dickinson and others, 1983a).
Séhdstones derived from the Antler highlands are uniformly

of the chertrrich, subquartzose lithic type characteristic

of derivation from a recycled orogenic provenance

(Dickiﬁson and others, 1983b). Sandstones within the Antler
overiap 'sequence are similar to those in the Antler
foreland basin succession (Dickinson éﬁd others, 1983b).
‘Sandstones of the Sonoma highland terrain inclgde
cald;ithites as well as both quartzose and lithic
,sandstohés. (Dickinson and others, 1983a). During mid-
Triassic to Late Jurassic . time, an arc—trencﬁ system
'deQeloped 'along the Cordilleran margin of the continent;
sand=ztone sultes of  this age " are dominated by
volcaniclastic frameworks. As=zocliated sultes consist of

framework grains derived from dissected transitional arc




106

terranes, from wuplifted subduction complexes, and from

éthér recycleq orogenic provenances {Dickinson énd 6thers,
1983a). -

| Framework modes of mid-Devonian through mid-Triassic
sandstones weast of the present-day Newark CaAyon Formation
exposﬁres fall predominantly within the recycled orogenic
provenanbe of Dickinson and others (l983a5, aﬁd are - similar
in composition to Newark Canyon Formation sandstones. Since
volcanic 1lithic fragments are absent in Newark Canyon
'Fdrmafioﬁ‘ sandstones, rocks of mid-Triassic through late-
Jurassic age derived from magmatic arc systems alpﬁg the
Cordilleran margin were probably insignificant in providing
detritus to Newafk Cényon Formation depositional ' systems.
Additionaliy; ' absence of véléanic lithic <fragments in
Newark 'Canyon.Formation sandstones ipdicates that volcanic
rocks were not significant sources. of coarse. sediment to
Newark Canyon Fofﬁatioﬁ‘depositional systems. Howebe;, the
pfesence' of-al£ered volcanic ash in the Lower Fine-Grained
Assemblage in the Eureka Di;trict suggests syn-depositional
Yolcéhiém. Sbeed and Kistler (1980) note ‘that siliceous
volcanic f&éks in tge Excelsiér and Pilot Mountains iﬂ
western Nevada yield Rb-Sr isochrons which indicate ages,
fepectively,"of 103, Ma and 142 Ma. Additionally, the
Crétacéousk Baseline: Séndstﬁne in southern‘ ﬁevada has
volcanic ash in it that has a K/Ar age determination of 98

Ma (Fléck, 1970). - Kauffman (1977) notes an abundance of

A
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volcanic ash in early Cretaceous faoreland basin deposits
-énd' suggeéts that the source for this ash may be the
Cdrdilieran maématic arc. These ages are ' roughly
conFemporaneous with a late Barremian to early Albian age
for Newark Canyon Formation in the Eureka District (Fouch
and étgers, 1979). Ash eruptions associated with these or
aother - unrecognized silicic‘ eruptions vere probably
reponsible for providing this sediment to the' Eureka
District depositional system. |

Framework wmodes of Newark Canyon Formation sandstones
at OQe;landA Pass and Cockalorum Wash both contain
plagicclagse and, microcline. Microcline is present in
Cockglorum - Waszh sandstones in trace amounts, but'is more
* abundant in Overland Pass sandstones. Since microcline
tyﬁically indicates a plutonic source rock (Folk, 1980),
this’ pfeSénts a problem as to the source of these grains.
This can be reconciled by either of two possibilities. One
is that 'piutonic rocks of pre-Newark Canyon age were
exposed té erosion Quring Newark Canyon Formation
deposition. The only plutonic rocks of pre-Newark Canyon
Formation age west of the present cutcrop area afe Jurassic

and early Cretacecus plutons asssociated with the

Cordilleran magmatic arc system (Stewart, 1980). " Since

volcanism coeval with intrusion of these plutons was active .

‘partly contémporanecusly with Newark Canyon Formation

aeposition (Speed and Kistler, 1980y, it is unlikely.that
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élutonic rocks of thié age were exposed to erosion during
Newark Canyon Formation dépoéition. A more reasonable
‘- source Df‘microciine in Cockalorum Wash énd Overland Pass
gandstones is from sandstones of late Precambrian through
mid-Devonian age; Miogeoclinal and eugeoclinal sandstones
of thi= age fall into the +transitional continental
.provenancé fieldlof Dickinéon and others (19583a). Latest
Precambrian- miogeoclinal sandstones along the Cordilleran
margiﬁ ‘are .suﬁarkosic and contain microcline (Lobo Iand
ésgorne, 1976). Miogeoclinal sandstones of Middle and Late
Gambriéﬁ age have glightly feldépafhic frameworks of which
micraciine can be an importaﬁt constituent '(Lobq and

Dsbofne; 1976; Suczeck, 1977; Stewart and Sﬁczeck, 1977;

Rowell and others, 1979). Silurian sandstones (e.g. Elder
Saddstone) in western Nevada also contain relatively
abundant microcline (Gilluly: and Gates, 1965). Therefore,

radks_ of latest Precambrian through mid-Devonian age were
- probably the source for wmicrocline in sandstones at
Dverlénd'?ass and Cockalorum Wash. |

Ovefland Pass.sandstones contain the only plagioclase
féldspar grains noted in the Newark Canyon Formation
séndsfones exwamined. Plagioc;ase ‘occurs exclusively' in
Dberlaﬁd Pass sandstone and is one of the criteria used for
compositionally -separating the Overland. Pass from Eureka
‘District/Cockalo;um Wash sandsténes. The source of

plagioclase framework gréins in Overland Pass sandstones
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vas probaﬁly the volcanic prﬁvinces of late Paleozoic age
in central and western Neva&a (Stewart, 1980) or Jurassic
volcaﬁic rock; fognd in east-central Nevada (Smith and

Ketner, 1976).
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PALEOGEOGRAPHY

Sedimentologic and petrographic data from the Newark

Caﬁyon Formation allow refined interpretations of the Early

Cretaceous paleogeography of east-central Nevada. The

dissimiarity of lithofacies assemblages at Overland Pass,
in the Eureka District, and at Cockalorum Wash suggest the
'presence of separate and isolated alluvial basins. Lack of

‘lacustrine deposits at Overland Pass, and differences in

flﬁvial architecture of Oyerland_ Pass and in Eureka
.Diétric£/Cockalorum Wash strata preclude any spatial
connectibn " between these areas. Additionally, distinct
petrofacies for Overland Pass and ' Eureka
District/Cockalorum Wash sandstones indicate different
sediment provenance. Since the age of deposition of the

Overland'Péés Newark Canyon Formation:is still in‘quéstion,
"the temboréi relationéhip between these strata and +the
fNewark‘Canydn formation to the south femains in question.

Since the temporallequivalénce of the Newark Canyon
' qumétioﬂ,in tﬁe'Eufeka.District apd at Cockalorﬁm Wash has
been established (Fouch and others, 1979), two alternatives
exists with‘fespect to stratigraphic relationships between
these two locations. These are: i) the upper portion of the

.Eureké- District = section ~ is the lithostratigraphic
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equivalent of the exposed portion of the Cockalorum Wash
section, and thése two sequences represent Hifferent parts

of 'the same depositional basin, or 2) these two seguences

represent dépositionally and/or structurally isolated
basins ‘that wérg contemporaneous. Evidence for
lithostratigraphic equivélence is that: 1) +the  upper
poftions of the Eurekg “District and Cockalorum Wésh

seqtions represent an influx of coarse, vesterly-derived
siliciclastic sediment followed by development of a
restricted basin 1écustrine depoéitional setting, and 2)
these‘ séndstones and copglomeratés ‘ hévé "the: .same
composition and likely, provénancé. Con&ersel?, the
similarities ig depdsitional'systems could be a rééponse'ﬁo
extrabasinal contr&ls, tﬁe effect of which was the influg

of coarse, vesterly-derived siliciclastic sediment into

isolated topographié' lowé, éach .répresenting‘ séparate
depos=iticnal basiﬁé. In addition, the composit;onal
similarity could be a manifestation of thésé same
extrabasinal controls; résulting in iﬁflux of

compositioﬁally similar sediment from the same or similar
provénances.into separate dépositional baéins. Furthefmore,
differences in the nature bf'lacustrine sediments at these
two areas may indicate devélopment of discrefe basins. The
Eureka District - Upper Carbonéceous- ‘Aésemblage is

characterized:- by graded, carbonaceous wmicritic strata,




1
~which are l;cally very

Cockalorum . Wash Upper Car
interbédded marly claystone

relatively sparse in fossils.
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TECTONIC IMPLICATIONS

The 1late Mésbzoic tgctdnic history of east-central
Nevadé is poorly’understood. In confrast to the Sevier
thrust belt to the east, " the style and timing of late
Mesozoic .teqtonics in the hinterland are 'poorly known
.(Allméhdinéer and others, 1984). A principle probiem with
the.-datiﬁg of tectonic events in the 'hihterlénd is the
sbéfciiy' :of sedimentary roCks“deposited coeval with
ﬁéformation. If the Newark Canyon Formation’ represenfs
.é;iﬁQiél sedimentation in response to sufféce expressiohs
of hintefiand tectonisn, these strata provide é cfitical
.link between poorlf documented deformation and concomitant
aliuviai éediﬁentationﬁ |

~ Nolan aﬁd_otheré (1974) égggested that thrust faulting
in fhe Egreka'District aﬂd éontemporaneous structural block
.forﬁaiién_:resulted> in the localized deposition of ﬂewark
dény9ﬁ .Fofﬁatidn sediments  in  isolated  structural
.depreséions. 'This study has; however; .dqqumented,-lérge_
: scalé':fiuvialj_systéms in‘ the. Newark Canyan Formation
z'ﬁpértigularly ~the- HMiddle Sandstone and the ‘Upper
'Conglomerété in'the_Euréka District‘and lower parts of the
Cockalorum Wash section).which appear ﬁo represent through-
flowing .dfainége systems. Additionally, if the _Qpﬁer

-portions of the Eureka District section and exposed
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Cockélorum Wash section are lithostratigraphic equivalents,
this 'would preclude Noclan’s interprefatiog of theA Newark
,Canyonl Formation‘ as being .restricted to structurally
partitioned.alluvial basins. |

Speed (1983).suggested the presence of a major north-
_soutb .frending belt of defofmatibn vhich passes through
) geﬁtrél Nevada roﬁghly parallél to and partly overlapping
'ﬁhe trend éf Lover Crétaceous strata in east?éentral.Névéda
(ﬁigure_l).'According to him, deformation occdrred at least
partly in the Lowver Cretacebﬁs, and probably before and
after that time. This belt includes contractional
'structureé mapped in ‘the Eureka District by Nolan and
.others (1971; 1974) and inlnorthfcentral Nevada by Smitﬁ
.égd Ketner (1977). Displacements include east vergiﬁg
older~over~younger transport and throws of greater of than
sevefal kilometers. Heck and others (1986) referred to this
bglt of deformafion as the Eureka thrust belt, and state
that thé enclave between the Sevier thrust belt to the east
'énd. Euféka thrust belt to the west is a zoné of 1little
Meso%die‘deformation that is probably a meganappe (see also
Speed, 1983 and Oldow, 1984). This meganappe could have
shared the same decollement as the Luning-Fencemaker thrust
systeh to .the_west andlSevier thruét systém to the east
?Figure 1f (Oldow,‘ 1984), If the Newark Cényon Formation
'-fépreséﬁts syn£ectonic sedimentation in respdnée to'-Euréka

_tﬁrust belt deformation, 'then .clast composition data
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indicate that stratigraphic levels at least as old as
Ordovician vere exposed to erosion as a result of
tectonically uplifted highlaﬁds. Additionally, the presence
of blended clast lithologies in Newafk Canyon Formation
gonglomerates suggests +that highland source terrains
consisted of compositionally diverse sedimentary strata
which may have  been a manifestation of structurally complex
highland source terrains.

Another consequence of the east vergent Eureka thruét
belt is +the temporal significance of the Overland Pass
Newark Canyon Formation. The Overland Pass section is
involved in eastward vergent folding which may be a part of
'~ _the Eureka thfust belt. Small scale structures in the
Overland Pass seﬁtion, sdcﬂA as solution 'cleavage and
brittle fractures, suggest lithification -prior to
deformation. If the Overiand Pass Newark Canyon Formation
is involved in Eureka thrust belt deformation, then these
strata would pre-date development of the Eureka thrust
' ﬁbelt, which may pre-aate deposition of the Newark Can*on
Formation in areas to the south. Conversely, folds in the
Newark. Cényon Formation in £he Eureka District show
apparentlyn eéstward vergence suggesting that eaét-west
compression might have occurred after ﬂewark Canyon
Formation deposition in'the Eureka District. This suggesfs
that the Overland Pass section could have been deformed

.after Eureka District Newark Canyon Formation deposition.
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Another problem is the significance of Newark Canyon

Formation depositian in relation to sedimentation in- the
foreland‘ basin of the Sevier thrust belt. Although . the
~spatial distribution“ of syntectonic sedimentation in the
" Sevier  thrust belt is ‘well understood,  timing of
sedimentation in response to active thrust faulting énd
source of sediment in the foreland basin is contrdversiai.
' Shortening within the Sevier thrust belt .is classically
inferred to have begun in latest Jurassic time and to have
continued through earliest Tertiary time (Armstong and
- Oriel, 1965; Armstong, 1968; Wiltschko and Dorr, 1983);
howvever, the timing of initial déformation has never been
well documented.

Dating of synorogenic clastic sediments along the Utah
sector of the Sevier thrust belt indicates that deformation
and concomitant sedimentation of the earliest synorogenic
clastic sediments (Indianola Group) vas brobably no older
than late Early Cretaceous (Albian) in age (Figure 33)
{Standlee, i982; Lawton,1985)). ‘Additionally, subsidence
curves of Heller and others (1986) indicate that foreland

.basin subsidence due to thruét loading in this region could
ﬁot' have occurred earlier than middle Cretaceous (Aptian-
Cenomaniaﬁ) ﬁime (Figure 35). The age of the Newérk Canyon
Forma£ion.is Barremian.to early'Albian, approximately 135 Ma
‘older thaﬂ foreland basin subsidence and sedimentation

(Figure 33).
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Figure 37. Chart showing the ages of sedimentary and
tectonic events from west (Newark Canyon Formation) to east
(foreland basin subsidence). Note eastward transgression of
sedimentary/tectonic events. Data from Fouch and others
(1979), Schwans (in prep), Standlee (1982), Lawton (1985),
and Heller and others (1986).

The present geographical separation of Newark Canyon
Formation exposures and the earliest Sevier synorogenic
clastic sediments 1iIn central Utah 1is about 380 km.
utilizing a province-wide average of 40% extension for
Basin and Range extension based on equations of Wernicke
and Burchfiel (1982), this yields a pre-Basin and Range
geographic seperation of Newark Canyon Formation exposures
and earliest Sevier synorogenic conglomerates of about 230
km. Admittedly, the amount of geographic seperation between

these two areas could be modified by: 1) early Tertiary

extension involving Cordilleran metamorphic core complexes
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(Cﬁney and Harms,- 1984), and 2) crustal shortening due to
Sevier deformation kRoyse and others, 1975). However, this
approach.‘yields reasonable results representative of Lhe
pattern of crustal conditions at a Cordilleran scale (Coney
and Harms, 1984).

Dn‘ the basis of a geographic separation of 230 km and
the presénce of large-scale, east-flowing, fluvial s?stems
during Newark Canyon Formation deposition, it is suggested
here that Newark Canyon Formation sediments represent
through-flowing paleodrainage systems that were draining
the Sevier hinterland and‘transporting sediment to the
nascent Sevier foreland basin.‘ Indeed; 230 km of fluvial

drainage is not an unreasonable distance for large-scale

river systems to flow through upland terrains and have

‘aggradational reaches along the fluvial system. Schwans

(in prep). also notes the presence of Neocomian to late

Albian fluvial sediments in west-central Utah (Pigeon Creek
Formation}, which are. roughly contemporaneous with Newark

Canyon ‘Formation deposition and also pre-date foreland

_ﬁasin subsidence and sedimentation (Figure 33) (Heller and

others, -1986). Perhaps these sediments represent reaches of
the early Cretaceous paleodrainage which was transporting.
sediment from the hinterland uplands to the nascent Sevier

foreland basin. The Newark Canyon Formation represents a

foftuitdusly preserved proximal portion of this

paleodrainage systen.
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CONCLUSIONS
The HNewark Canyon Formation is characterized by
different lithofacies assemblages and depositional
architecture at each of the areas examined. The Overland

Pass Newark Canyon Formation is spatially unrelated to
Newark Canyon Formation strata in the Eureka District and
at Cockalorum Wash; the temporal relationship between the

Overland Pass section and exposures to the south remains

‘uncertain. Temboral equivalence of the Eureka District and

the Cockalorum Wash sequences has been established (Fouch

-and others, 1979); similarities in lithofacies assemblages

suggest that strata at these two locations are

lithostratigraphic equivalents.

Newark Canyon Formation strata were deposited by a
variety of fluvial, fluvio-lacustrine, and lacustrine
deﬁositiénal systems. Crossbed and cobble orientation data

indicate the presence of east-flowing fluvial systems,

'suggesting that highland source terrains were to the vest.

Clast composition and sandstone framework grain

composition data indicate that highland source terrains

consisted of Paleozoic sedimentary strata. Limestone and

most- chert clasts originated from late Paleozoic
miogeoclinal strata. Red and green chert clasts had their

source either as recycléd clasts from Antler foreland basin
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clastic deposits, or have a primary source in Roberts-
. . S -
Mountains allochthon bedded cherts. White quartzite clasts

‘have their source in the Ordovician Eureka Quartzite.

Sandstone framework modes reveal two separate and

distincf petrofacies. Differehces in composition between
Overland i Pass and Eureké District/Cockalorum Wash
sandstdnés.' suggest that these %aféaé had different
ﬁrovehanées.‘ |

The Newark Canyon Formation was deposited in response

to topégraphic relief and basin susidence créated by poorly

. . .

" documented late Meéozoic tectonism. Clasts of Ordovician

'quartzite indicate that strata és ocld as Ordovician were
'exposéd to‘e;osion.

| Deposition of the ‘Newark Canyon Formation in the
Euréka District and at Cockalorum Waéh pre-dates the timing'
of deposition of the‘earliesﬁ synorogenic conglomerates in
- the Sevier foreland basin and the timing of‘initiaﬁion‘ of
foreland basin subsidencé. Presence of large-scale, -east-
flowing; iluvial systems.in the Newérk-Canyon FormationAahd
tbé .pre—gasin and Rangé‘extension proximity of Newark
Caﬁyon Formation exposures to-the Sevier foreland basin
éugéest thét Néwark Canyon s£rata represent fo;tuitously
preservéd deposits of flu&ial systemé vhich wvere aenuding‘
the hiﬁterland upléﬁas and trénspoffing sediment to £he

nascent Sevier foreland basin.

[¥]
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SECTION LOCATIONS
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Dverlaﬁd Pass

OP1 - NE1/4 SW1/4 S32 T24N R55E; north side of Overland
Pass in northeast trending gully at elevation 7600°.
OP2-A - SW1/4 SE1/4 S5 T23N RSS3E; south side of Overland

Pass on northeast trending spur of Diamond Range..

Eureka District : .

CS1 - Cherry Spring: NE1/4 SE1/4 S25 T19N RSSE; north side
of Highway S50, east gide of pullout opposite Windfall
Canyon. :

CS2-A - Cherry Spring: SW1/4 SW1/4 S24 T19N RS3E; opposite
side of hollow east of top of CS1.

CS2-B - Cherry Spring: NW1/4 SW1/4 TI1SN RS3E; in trees 1/4
mile north of CS2-A. . .

CS3 - Cherry Spring: NE1/4 SW1/4 S24 T1SN RS53E; prominent
conglomerate ledge at top of CsS2-B. ‘

HC1 - Hildebrand Canyon: -NE1/4 SE1/4 S21 T20N RS4E; 1/4
mile east of Palmer Ranch. -

HC2 - Hildebrand Canyon: SE1/4 NW1/4 S22 T20N R54E; narrow
part 'of canyon, vertical section on north side of
road. . "

NC1 - Newark Canyon: SE1/4 SEl1/4 511 T19N R5S4E; 1/4 mile up
prominent gully on north side of road, east from Pt.
78735°". : . .

NC3 - Newark Canyon: SE1/4 NW1/4 S14 TI1SN RS4E; south side
of canyon, northeast facing steep slope at narrow part

. of canyon. _ : '

NC4 - Newark Canyon: NE1/4 NW1/4 S14 T19N RS4E; prominent

conglomerate ledges on north side of canyon.

GCl1° - Green Canyon: NW1/W SE1/4 S14 TI1SN R54E near top of
gully on southvest side of cuesta. :

PCS1 - Pinto Creek Spring: "SW1/4 NW1/4 524 T19N ROS4E;
northeast side of canyon, start at proninent boulder

conglomerate ledge at base of canyon.

PCS2 - Pinto Creek Spring: SE1/4 NW1/4 526 T19N RS4E; south
side of broad slope opposite Mud Springs.

Cockalorum Wash

CWl-A - SE1/4 NW1/4 S33 T15N RS52E; cast side of north
trending gully, prominent boulder conglomerate.

CWi-B - NW1/4 NW1/4 S4 T14N RS4E; east side of . gqully above
large talus block.

CW2-A to CW2-D - E1/2 W1/2 S33 TI15N RS34E; scattered

’ outcrops .along east side of prominent * conglomerate
ridge.

CW3-A - SW1/4 SEi/4 533 T1SN RS2E; prominet east dipping
ledges 1/4 mile east of broad saddle in conglomerate
ridge. ~ '

CW3-B - - SWi1/4 SWil/4 S27 T15N RS32E; south side of
Cockalorum Wash, low saddle west of knob of Sheep Pass
Formation. . '
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APPENDIX B

CLAST COMPOSITION DATA




Table 2. Field clast

LOCATION
OP-BASE
CS-BASE
HC-BASE
NC-BASE
PCS-BASE
CS-UPPER
HC-UPPER
NC-UPPER
PCS-UPPER
CW-BASE

KEY

TOTAL
1198
1049
1018
1858
1107
1191
1036
2026
1188
2441

GY
CHT

GY CHT - grey chert
BK CHT - black chert
RD CHT - red chert

GRN CHT - green chert
BRN CHT - brown chert
SS - sandstone
BUFF QTZTE - buff quartzite
LS - limestone

ZITOO
OOmwo
| I I

Overland Pass,
Cherry Spring,
Hildebrand Canyon,
Newark Canyon,
PCS - Pinto Creek Spring,
CW - Cockalorum Wash,

136
lithology count

BK RD GRN
CHT CHT CHT
51 100 5
111 118 51
45 13 4

247 37 67

73 41 0
212 12 0
47 12 0
400 37 a
246 19 0
551 29 48

data.

BRN

CHT
25
22

33
203

QTZTE
124
105

63
184

184
365
193

central Diamond Mountains

Eureka District

Eureka District

Eureka District

Eureka District
southern Fish Creek Range
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APPENDIX C

SANDSTONE DETRiTAL MODES
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Table 3. Sandstone point count data

SAMPLE
NO.
OP1-8A
OPI -9
OP1-10
OP1-11
OP1-13
OPI-14
OPI-15
OP1-16
OPI-17
GC-BFR9
NC4-3
NC2-4
GC-BFR4
GC-BFR12
NC2-1
NC4-15
NC4-6
GC-BFRII
GC-BFR7
GC-BFRG
GC-BFRI
NC2-10
NC4-12
NC4-2
GCl -4
csi-11
CS2-3
CSI -17
CSI1-13
FCI-G
FCI -7
FC1-12
FCI-13
FC1-17
FCI1-18
FCI-27
FCI1-29
FCI1-30

Q
Qm
Qp
F
L
Lt

total
monocrystalline
polycrystalline
feldspar grains
nonquartzose lithic grains
total

CR.
.

S SO = =hO S=H=HSSO0O03III0OO0I0I=HOOIIII=HI=HI =3 =H=hO

TOTAL

418
404
505
415
407
409
400
415
399
424
416
414
432
425
426
418
437
416
411
401
427
412
430
412
389
435
405
402
403
399
410
402
418
400
448
468
410
335

quartzose

Q
379

363
448
360
351
359
354
358
355
356
354
339
380
368
369
372
373
342
356
343
382
375
345
375
346
403
387
385
385
348
374
376
386
345
426
435
381
308

grains
quartz
quartz

Qm
276
256
315
280
274
274
273
275
283
229
193
137
152
128
243
247
132
233
169
137
178
208
103
205
163
137
221
268
252
211
217
229
260
166
208
197
230
196

<Qm

Qp F
103 24

N

o

(o)
d=ONOWmONANO=WORANWNO A

=

~

(o}

=
WOITONOUIO

112
+ Qp)

lithic grains (Qp + >

Lt
108
125
156
116
102
112
108
105

191
197
275
287
295
179
165
302
182
237
262
245
197
327
206
223
298
182
134
151
178
185
167
153
224
248
265
175
136
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APPENDIX D

MEASURED STRATIGRAPHIC SECTIONS
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Figure 38. Measured stratigraphic section of the Eureka
District Basal Conglomerate/Mudstone at Hildebrand Canyon.
Refer to Figure 7 for key to lithofacies symbols and to
Appendix A for section location.
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Figure 39. Measured stratigraphic section of the Eureka
District Basal Conglomerate/Mudstone at Cherry Spring,
Refer to Figure 7 for key to lithofacies symbols and to

Appendix A for section location.
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Figure 40. Measured stratigraphic section of the Eureka
District Basal Conglomerate/Mudstone at Pinto Creek Spring.
Refer to Figure 7 for key to lithofacies symbols and to

Appendix A for section location.
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Figure 41. Measured stratigraphic sections of the Eureka
District Upper Conglomerate at Pinto Creek Spring,
Hildebrand Canyon, and Cherry Spring. Refer to Figure 7 for

key to [lithofacies symbols and to Appendix A for section
locations.
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Figure 42. Measured stratigraphic section of the Cockalorum
Wash Basal Conglomerate. Refer to Figure 7 for key to
lithofacies symbols and to Appendix A for section Hlocation.
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Figure 43. Measured stratigraphic sections of the

Cockalorum Wash Lower Sandstone. Refer to Figure 7 for key
to lithofacies symbols and to Appendix A for section
locations.
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Figure 44. Measured stratigraphic section of the Cockalorum
Wash Upper Sandstone. Refer to Figure 7 for key to
lithofacies symbols and to Appendix A for section location.
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