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Cambrian Stratigraphy of the Wendover Area, 
Utah and Nevada

By Linda B. McCollum 1 and David M. Miller 

Abstract

A Cambrian stratal sequence, approximately 4,000 me 
ters thick, is exposed in the Toano Range, Pilot Range, Goshute 
Mountains, and Silver Island Mountains along the northern 
Utah/Nevada state line. This sequence is divided into 19 for 
mations, 10 of which are newly proposed herein. Newly de 
scribed formations are the Lower and Middle Cambrian Killian 
Springs Formation; the Middle Cambrian Toano Limestone, 
Clifside Limestone, Morgan Pass Formation, and Decoy Lime 
stone; the Middle and Upper Cambrian Shafter Formation; 
and the Upper Cambrian Oasis Formation, Lion Spring Lime 
stone, Ola Sandstone, and Goshute Limestone. In addition, 
the Late Proterozoic and Lower Cambrian Prospect Mountain 
Quartzite; the Middle Cambrian Trippe Limestone; the Upper 
Cambrian Lamb Dolomite, Big Horse Limestone, Candland 
Formation, Johns Wash Limestone, Corset Spring Shale, and 
Dunderberg Shale; and the Upper Cambrian and Lower Or- 
dovician Notch Peak Formation are present in the Wendover 
region.

The new nomenclature reflects substantial lithologic dif 
ferences, particularly in the Middle to Upper Cambrian strata, 
of the Wendover region compared with other stratigraphic 
sections in the Great Basin. Complex facies patterns within 
the Middle to Upper Cambrian sequence, and subsequent 
structural telescoping of strata by the Pilot Peak detachment 
fault, require a dual and partially equivalent formational no 
menclature. In addition, the Dunderberg Shale in the Toano 
Range and Goshute Mountains is temporally equivalent to the 
Candland Formation, Johns Wash Limestone, and Corset Spring 
Shale in the Pilot Range and Silver Island Mountains.

A wide range of depositional environments is recorded 
by the Cambrian sequence in the Wendover region. Braided 
alluvial-plain to shallow-marine clastic strata of the Prospect 
Mountain Quartzite are conformably overlain by prodelta and 
basinal, mixed clastic strata of the Killian Springs Formation. 
The overlying Toano Limestone was deposited on a north 
west-facing, distally steepened carbonate ramp. The Clifside 
Limestone represents an algally dominated carbonate plat 
form that prograded northwestward.

A mixed clastic and carbonate environment developed 
across the carbonate platform during deposition of the Mor-

Manuscript approved for publication, June 18, 1990. 
'Geology Department, Eastern Washington Univ., Cheney, 

WA 99004

gan Pass Formation. The cessation of clastic input resulted in 
deposition of the Decoy Limestone, followed by a widespread 
marine transgression, which resulted in drowning of the outer 
platform. Cosmopolitan agnostoid trilobites in thin-bedded 
limestone and calcareous siltstone of the Shafter Formation 
indicate an open-marine environment outboard of the car 
bonate-platform deposits of the Lamb Dolomite. The carbon 
ate platform again prograded completely across the region, 
and mixed limestone, dolomite, and sandstone accumulated. 
The Big Horse Limestone to the north, the Oasis Formation to 
the west, and the Lion Spring Limestone, Ola Sandstone, and 
Goshute Limestone to the south reflect these changes.

The Candland Formation and Dunderberg Shale record 
the last major regional transgression of the Cambrian and the 
return of open-marine conditions. A carbonate platform be 
came reestablished with the deposition of the Johns Wash 
Limestone and the overlying Corset Spring Shale. That car 
bonate platform continued throughout the region with depo 
sition of the Notch Peak Formation.

INTRODUCTION

Cambrian rocks are exposed in more than a dozen 
mountain ranges in the northern Great Basin (fig. 1). Near 
the town of Wendover, astride the Utah/Nevada border, 
Cambrian strata crop out over much of the Toano Range 
both north and south of Silver Zone Pass, at the junction of 
the Toano Range and the Goshute Mountains, in the south 
ern and central Pilot Range, and in the central and northern 
Silver Island Mountains (fig. 2). Although a complete, con 
tinuous Cambrian section is not preserved at any one locality, 
a composite section of strata has an aggregate thickness of 
approximately 4,000 m. A complete, although structurally 
thinned, section was recently discovered by Phyllis Camilleri 
(unpub. mapping, 1990) in the Pequop Mountains 15 km 
west of the Toano Range.

Cambrian sections exposed in the Wendover region 
differ in several respects from the Cambrian sections origi 
nally established to the south by Walcott (1908a, b) in the 
House Range, including subsequent nomenclature changes 
(Hintze and Robison, 1975; Hintze and Palmer, 1976), and 
by Nolan (1935) in the Deep Creek Mountains (fig. 1). The 
stepped appearance in eroded profile of alternating carbon 
ate cliffs and mixed clastic and carbonate slope-forming
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units that is so typical of Middle Cambrian strata in those 
classic sections is absent in much of the Wendover region. 
Instead, sequences here are composed of slope-forming 
clastic and carbonate rocks. Only near plutons do the rocks 
form a more resistant topography, where they are highly 
recrystallized and metamorphosed. The sections of Upper 
Cambrian strata in the Wendover region form the more 
typical cliff-slope couplets and are recognizable within the 
context of established formations in the central Great Ba 
sin. However, as noted by Hintze and Palmer (1976, p. G4), 
regionally the lower half of the Upper Cambrian sequence 
is lithologically highly variable, is fossiliferous, and has 
been assigned a varied nomenclature.

In this paper we describe the Cambrian sections ex 
posed in the Wendover area, name 10 formations, interpret 
depositional environments, and place these environments 
within a regional context This report is an outgrowth of a

regional study of the Cambrian outer-shelf environments in 
the Great Basin by McCollum and of recent detailed geo 
logic mapping within the Pilot Range, northern Toano Range, 
and Silver Island Mountains by Miller and his associates.

Structural Setting

The Wendover region lies within a prominent east 
ward sigmoidal bend of Paleozoic facies and structural 
trends. This feature has been interpreted variously as (1) an 
irregularity on the Paleozoic continental margin (Stevens, 
1981; Hurst and others, 1985), (2) the result of right-lateral 
displacement of as much as 65 km during the Jurassic to 
Early Cretaceous along the hypothetical Wells fault (Thor- 
man, 1968, 1970; Thorman and Ketner, 1979), and (3) the 
result of cumulative Mesozoic oroflexural bending of as
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Figure 2. Simplified geologic map of Wendover region, northeastern Nevada and northwestern Utah. Modified from 
Miller (1984) and Day and others (1987). See figure 1 for location.
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much as 120 km across the northern Great Basin (Stewart 
and Poole, 1974).

The most prominent structure in the study area is 
the Pilot Peak detachment, a major low-angle normal fault 
exposed in the Pilot Range (fig. 2). This fault separates a 
metamorphosed Late Proterozoic to Middle Cambrian se 
quence below from a slightly metamorphosed to unmeta- 
morphosed Upper Cambrian to Lower Permian sequence 
above (Miller, 1983, 1984; Snoke and Miller, 1988). A 
similar detachment fault is present in the northern Toano 
Range, where it separates a lower plate, Late Proterozoic to 
Ordovician metamorphosed sequence from an unmetamor- 
phosed Upper Cambrian to Permian sequence (Click, 1987). 
At Tetzlaff Peak in the central Silver Island Mountains, a 
high- to low-angle fault separates a metamorphosed Cam 
brian section from relatively unmetamorphosed Ordovician 
and younger rocks (Schaeffer, 1960; D.M. Miller, 1988, 
unpubl. mapping).

Locally, all of the Cambrian facies vary over rela 
tively short distances within and between ranges, probably 
as a result of rapidly shifting conditions of deposition at the 
seaward edge of a carbonate platform. It remains unclear to 
what extent telescoping by major Mesozoic structures and 
Tertiary extension have affected the original distribution of 
facies. Lower to Middle Cambrian facies of the metamor 
phosed sequence in the Wendover area differ markedly from 
the nearest temporally equivalent section just 60 km to the 
south, located near Gold Hill in the Deep Creek Mountains, 
Utah (McCollum and McCollum, 1984). Ultimately, an in 
tegration of Paleozoic facies patterns with Mesozoic and 
younger structures must be used to determine the most likely 
original paleogeographic configuration.
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OVERVIEW OF THE STRATIGRAPHIC 
NOMENCLATURE

The Paleozoic stratigraphy in the Wendover region 
was originally established as an outgrowth of geologic 
mapping by Anderson (1957, 1960) and Schaeffer (1960) 
in the Silver Island Mountains, by O'Neill (1968) in the 
Pilot Range, and by Pilger (1972) in the Toano Range. 
Strata in the Silver Island Mountains were included in a 
regional correlation of Upper Cambrian stratigraphy by 
Bentley (1958), and the faunas were studied by Robison 
(1960). Formational nomenclature for the Cambrian Sys 
tem used in these studies was largely adopted from that 
established to the south in the House Range by Walcott 
(1908a, b) and in the Deep Creek Mountains by Nolan 
(1935). However, these Cambrian correlations (fig. 3) were 
hampered by the remoteness from established sections, 
complex facies changes, poorly preserved and misidentified 
faunas, structural dislocations, plutonic disruptions, and low- 
grade metamorphism.

Anderson (1957,1960) divided a highly faulted and 
incomplete Cambrian section at Crater Island in the north 
ern Silver Island Mountains into six previously established 
formations and two undifferentiated or questionably assigned 
units. A more complete Cambrian section, exposed between 
Tetzlaff Peak and Jenkins Peak within the central Silver 
Island Mountains, was divided by Schaeffer (1960) into 13 
previously established formations. Schaeffer's upper Middle 
Cambrian section was revised as Upper Cambrian by Robi 
son and Palmer (1968), based on faunal reidentifications 
and additional collections. Palmer (1971, p. 50) later called 
for a complete reevaluation of the Cambrian stratigraphy 
near Wendover, and recent geologic mapping in the sur 
rounding mountain ranges has confirmed this need (Miller 
and Lush, 1981; D.M. Miller and others, 1982; Glick, 1987).

A partial Cambrian section was identified by O'Neill 
(1968) in the highly faulted southern Pilot Range (fig. 2). 
O'Neill recognized that the Prospect Mountain Quartzite 
underlies Pilot Peak and assigned overlying black to purple 
phyllite to the Pioche Shale. He divided succeeding Cam 
brian silty limestones into four informal units and three 
previously designated formations: the Upper Cambrian 
Dunderberg Shale, Johns Wash "Formation," and Notch Peak 
Formation.

Cambrian rocks are extensively exposed within the 
northern half of the Toano Range. In the Silver Zone Pass 
area, Pilger (1972) mapped the Prospect Mountain Quartz-

4 Cambrian Stratigraphy of the Wendover Area, Utah and Nevada



ite and assigned the overlying dark, argillaceous sedimen 
tary rocks to the Pioche Shale. He divided the Cambrian 
carbonate section into informal units A and B, overlain by 
the Upper Cambrian Notch Peak Formation. To the north,

Coats (1987) showed undifferentiated Cambrian rocks within 
much of the Toano Range. Glick (1987) adopted the Cam 
brian nomenclature proposed by McCollum and McCollum 
(1984) for the metamorphosed Cambrian section in the

Toano Range near 
Silver Zone Pass

Pilot Range Central Silver 
Island Mountains

Goshute Mountains 
near Morgan Pass

o -1

Figure
shown

Silly shale

3. Columnar sections of Cambrian units in Wendover area. Thickness and lithology are portrayed; ages of units 
for Toano Range section only.
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northern Toano Range, and she introduced the Orr Forma 
tion into the Toano Range for part of the unmetamorphosed, 
Middle and Upper Cambrian section.

The southern Toano Range and northern Goshute 
Mountains were recently mapped by Day and others (1987) 
in conjunction with studies of proposed wilderness areas 
(Ketner and others, 1987). The Middle and Upper Cam 
brian section below the Notch Peak Formation exposed at 
Morgan Pass at the junction of the two ranges was desig 
nated as informal units A through H, in descending order 
(Day and others, 1987). Taylor and others (1986), Taylor 
(1987), and Drumheller (1990) reported on the depositional 
environment and faunal content in part of that section below 
the Notch Peak Formation.

The formational scheme devised in this paper re 
flects complex facies changes within and between moun 
tain ranges in the Wendover region. Cambrian sequences 
exposed in the Great Basin reflect a wide range of facies 
variation, and over 100 formational designations exist 
(Palmer, 1971). Historically, this nomenclature has grown 
as a result of the individual needs of local geologic map 
ping projects, with rather limited appreciation of regional 
facies similarities and differences. A special attempt is made 
in this paper to establish a formational nomenclature that 
accommodates both the local mapping needs, often affected 
by substantial facies variations, and the recognition of re 
gionally extensive units that can be adopted locally.

The Cambrian section exposed in the Wendover re 
gion is estimated to be nearly 4,000 m thick, although no 
complete section extending from the base of the Prospect 
Mountain Quartzite to the top of the Notch Peak Formation 
is exposed at any single locality. The most complete Cam 
brian section is exposed near Silver Zone Pass in the Toano 
Range. Less complete Cambrian sections are present near 
Morgan Pass at the junction of the southern Toano Range 
and the northern Goshute Mountains, in the central Pilot 
Range, and in the central and northern Silver Island Moun 
tains (fig. 2).

The Cambrian sequence exposed in these ranges is 
divided into 19 formations, 10 of which are new and are 
formally named and defined in this report. The new forma 
tions are the Killian Springs Formation, Toano Limestone, 
Clifside Limestone, Morgan Pass Formation, Decoy Lime 
stone, Shafter Formation, Oasis Formation, Lion Spring 
Limestone, Ola Sandstone, and Goshute Limestone. Estab 
lished formations that have either previously been used or 
are herein geographically extended into the Wendover re 
gion are the Prospect Mountain Quartzite, Trippe Lime 
stone, Lamb Dolomite, Big Horse Limestone, Candland 
Formation, Johns Wash Limestone, Corset Spring Shale, 
Dunderberg Shale, and Notch Peak Formation (fig. 3).

Much of the Cambrian nomenclature previously used 
for the Wendover region was either inappropriate or inad 
equate, in many cases consisting of informal unit designa 
tions. We present previous formal unit designations and

propose changes in the Silver Island Mountains (fig. 4) and 
also present regional correlations (fig. 5). The distribution 
in the Wendover region of the Cambrian units used in this 
report is depicted in figure 6. Further comments regarding 
nomenclature, age, and regional correlations can be found 
under the discussion of each formation below.

PROSPECT MOUNTAIN QUARTZITE

The cliff-forming Late Proterozoic and Lower Cam 
brian Prospect Mountain Quartzite has been recognized 
throughout the central Great Basin. The Prospect Mountain, 
originally named by Hague (1883), was redefined by Nolan 
and others (1956) for exposures near Eureka, Nevada, where 
the lower half of the formation is either covered or structur 
ally removed. A complete reference section of the Prospect 
Mountain Quartzite was described by Misch and Hazzard 
(1962) in the Snake Range and later modified by Hose and 
Blake (1976).

Quartz arenite is the dominant lithology of the Pros 
pect Mountain Quartzite, followed by subarkose, argillite to 
siltite, and quartzite-pebble conglomerate. The white to light- 
gray quartz arenite is generally fine to medium grained and 
crossbedded. Quartzite-pebble conglomerate is present as 
channel lags and in tabular sheets. Subarkose is common in 
several intervals, with microcline being the predominant 
feldspar.

A complete section of the Prospect Mountain 
Quartzite, approximately 955 m thick, is exposed on Pilot 
Peak (Miller, 1983). The uppermost 430 m of the Prospect 
Mountain Quartzite are exposed near Tetzlaff Peak in the 
central Silver Island Mountains (Schaeffer, 1960). A faulted 
section, approximately 350 m thick, is present in the Toano 
Range north of Silver Zone Pass (Glick, 1987).

KILLIAN SPRINGS FORMATION (NEW)

The Killian Springs Formation is exposed on the 
flanks of Pilot Peak in the central Pilot Range (fig. 7), near 
Silver Zone Pass in the Toano Range (fig. 8), and on the 
north flank of Tetzlaff Peak in the Silver Island Mountains 
(fig. 9). It consists of strata previously assigned to the Pi- 
oche Shale by Schaeffer (1960) in the Silver Island Moun 
tains, by O'Neill (1968) in the Pilot Range, and by Pilger 
(1972) in the Toano Range, and strata assigned to the Pioche 
Formation of Hintze and Robison (1975) by Miller and 
Lush (1981) in the Pilot Range. The Killian Springs Forma 
tion is here named for a 300-m-thick sequence of interbed- 
ded clastic and minor carbonate rocks exposed between 
Killian Springs and Cottonwood Springs on the west side 
of the Pilot Range in sec. 21, T. 5 N., R. 19 W., Patterson 
Pass 7/2-minute quadrangle, Box Elder County, Utah (fig. 
7); these rocks are designated as the type section of the

6 Cambrian Stratigraphy of the Wendover Area, Utah and Nevada
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placed between Bolaspidella and Cedaria zones (Lochman-Balk 
and Wilson, 1958; Robison, 1964). However, Daily and Jago 
(1975) noted that in reference to the standard of northwestern 
Europe, much of Cedaria zone of North America is Middle,
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rather than Late, Cambrian in age. More recently, Robison 
(1984) has set Middle-Upper Cambrian boundary in western 
North America at top of Lejopyge laevigata zone, and thus in 
cludes much of Cedaria zone in Middle Cambrian. Pending

formal subdivision of Cambrian System, boundary is shown 
as questionable in this report. Strata between the Chokecherry 
Dolomite and Ola Sandstone were formerly assigned to the 
Hicks Formation (abandoned) of Nolan (1935).
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unit. The formational name is derived from Killian Springs, 
a natural spring located in the Patterson Pass TVa-minute 
quadrangle. This easily mappable unit, which was informally 
called the "phyllite of Killian Springs" by Miller (1983, p. 
203), forms dark-colored, broad benches between the un 
derlying Prospect Mountain Quartzite and overlying Toano 
Limestone.

The type section of the Killian Springs Formation in 
the Pilot Range is a fairly uniform sequence of very dark, 
impure, fine-grained clastic rocks that conformably overlie 
the Prospect Mountain Quartzite. The clastic rocks contain 
progressively increasing calcareous interstitial material to 
ward the top of the section. The dominant lithology is gray 
ish-black phyllite and phyllitic siltstone. Graphitic arenite 
and subgraywacke locally are interbedded with siltstone near 
the base of the formation, and argillaceous lime mudstone 
and calcareous phyllite are relatively common in the upper 
one-third of the formation. Impressions of siliceous sponge 
spicules and articulated sponges are sporadically distributed 
in the phyllite and argillaceous lime mudstone within the 
upper half of the formation. The soil that forms on the 
Killian Springs is generally carbon rich and dark compared 
with adjacent formations, making the unit easily distin 
guishable on aerial photographs.

Fault-bounded phyllite units 20 to 60 m thick present 
south of the type section of the Killian Springs Formation 
within the Pilot Range (rocks that are here assigned to the 
Killian Springs Formation) were originally assigned to the 
Pioche Shale by O'Neill (1968) and to the Pioche Forma 
tion of Hintze and Robison (1975) by Miller and Lush 
(1981), but later they were designated by Miller (1984) as 
the phyllite of Killian Springs. Amphibolite-facies equiva 
lents in a fault slice east of Pilot Peak consist of a distinc 
tive black graphitic schist resting on the Prospect Mountain 
Quartzite, which was correlated with the lower grade phyl 
lite by Miller and Lush (1981) and assigned to the phyllite 
of Killian Springs by Miller (1983, 1984). Structurally 
overlying this schist is a thick unit of brown schistose marble, 
with local interbeds of metamorphosed calcareous quartz 
sandstone. Distinctive units in this section consist of black 
graphitic marble and pelitic schist. The schistose marble 
unit appears to be a facies variation of the upper, calcareous 
part of the type section of the Killian Springs Formation; it 
is overlain by marble assigned in this report to the Toano 
Limestone.

Strata originally assigned by Pilger (1972) to the 
Pioche Shale in the Toano Range were reassigned by Mc- 
Collum and McCollum (1984) to the phyllite of Killian

 ^ Figure 6. Distribution of Cambrian stratigraphic units in 
Wendover area, northeastern Nevada and northwestern Utah. 
Unit labeled Big Horse Limestone in the northern Toano Range 
is Lamb Dolomite and Big Horse Limestone, undivided (see 
text). See figure 1 for location.

Springs of Miller (1983). Click (1987) also adopted the 
phyllite of Killian Springs for her detailed geologic map 
ping in the northern Toano Range. The lithology and strati- 
graphic thickness of the Killian Springs Formation in the 
Toano Range are very similar to that of the type section of 
the unit in the Pilot Range.

On the north flank of Tetzlaff Peak in the central 
Silver Island Mountains, strata formerly mapped by Schaef- 
fer (1960) as the (uppermost part of the) Prospect Mountain 
Quartzite, Pioche Shale, and Busby Quartzite are here as 
signed to the Killian Springs Formation. At this location, 
facies changes from those at the type section of the unit, 35 
km to the northwest, are evident, and approximately the 
upper one-third of the formation is not exposed locally. 
Three lithologically distinguishable, informally designated 
units comprise the Killian Springs here; they are, in ascend 
ing order, (1) a cliff-forming, 4-m-thick unit composed of 
interbedded quartzofeldspathic sandstone and dark phyllitic 
siltstone that weather into a stepped cliff profile; (2) a 90- 
m-thick, slope-forming unit composed of dark phyllitic silt- 
stone and lime mudstone; and (3) a ridge-forming unit of 
friable, cavernous-weathering calcareous quartz sandstone 
with only its lowermost 35 m exposed. This upper unit may 
in part be correlative with the brown schistose marble unit 
of the Killian Springs occurring east of Pilot Peak.

Age. The age of the Killian Springs is not well 
constrained. The formation overlies the Prospect Mountain 
Quartzite, which regionally contains a late Early Cambrian 
fauna near its top in Nevada (Stewart, 1976). Sponge spic 
ules from the upper half of the Killian Springs Formation 
are suggestive of Middle Cambrian Diagonella and Proto- 
spongia forms, according to J. Keith Rigby (written com- 
mun., 1983). Thus, the Killian Springs Formation is here 
provisionally regarded as Early and Middle Cambrian in 
age.

Regional Correlations. To the east and west of the 
Wendover region, the geographic distribution of dark, impure 
rocks has been masked either by the high degree of meta- 
morphism and deformation or by inappropriate formational 
designations. Willden and Kistler (1979) used the name 
"Pioche Formation" for a 170-m-thick sequence of graphitic 
phyllite, hornfels, and marbleized limestone above the Pros 
pect Mountain Quartzite at Rattlesnake Mountain in the 
central Ruby Mountains, Nevada (fig. 1). Black graphitic 
schist is present above prominent quartzite beds in the highly 
metamorphosed Cambrian section in the northern Ruby 
Mountains and adjacent East Humboldt Range in northern 
Nevada (Snoke and Lush, 1984), in the Pequop Mountains, 
and possibly also in the Albion Mountains of southern Idaho 
(Miller, 1983).

The metamorphic complex in the northern Ruby 
Mountains and adjacent East Humboldt Range contains a 
sillimanite zone (amphibolite-facies) Late Proterozoic to 
middle Paleozoic sequence. Howard (1971, p. 263) and 
Snoke (1980, p. 293) noted that a prominent graphitic calc-

Killian Springs Formation (New) 11
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silicate facies overlies the metamorphosed Prospect Moun 
tain Quartzite throughout much of the area. Based on the 
stratigraphic position and graphitic component of these rocks, 
they appear to be a high-grade metamorphic equivalent of 
the Killian Springs Formation.

In the Albion Mountains of southern Idaho, black, 
graphitic phyllite and black staurolite-garnet schist are 
present structurally below the overturned Harrison Summit 
Quartzite of Armstrong (1968). Miller (1983) tentatively 
correlated the Harrison Summit Quartzite with the Prospect 
Mountain Quartzite and the black phyllite and schist facies 
strata with the herein-named Killian Springs Formation 
[equivalent to the phyllite of Killian Springs of Miller 
(1983)]. However, metamorphism and structural complexi 
ties including bedding-plane faults, which may have struc 
turally interleaved Mississippian with Cambrian(?) phyllite 
and schist units (Miller, 1983), preclude a confident forma- 
tional assignment for these rocks at this time.

A partial lithologic and temporal equivalent of the 
Killian Springs Formation is the Edgemont Formation of 
Decker (1962) in the Bull Run Mountains, 200 km west of 
the Pilot Range (fig. 1). The Edgemont is a highly folded 
and pervasively cleaved sequence of light-olive-gray to 
brownish-gray phyllitic mudstone and thinly interbedded 
quartz arenite in its basal part and minor silty lime mud- 
stone beds in its uppermost 50 m (Clark, 1984). The 
Edgemont conformably overlies the Prospect Mountain 
Quartzite and is itself overlain by a thick-bedded, fenestral 
dolomite interval originally included in the Porter Peak 
Limestone of Decker (1962). Clark (1984, p. 49) estimated 
the maximum thickness of the Edgemont as approximately 
365 m but was unable to determine an internal stratigraphy 
for the unit owing to structural complications and poor ex 
posures.

The uppermost 70 m of the Edgemont Formation in 
the Bull Run Mountains (fig. 1) contains a late Early Cam 
brian Bonnia-Olenellus Assemblage-zone fauna (Ehman, 
1985). A.R. Palmer (written commun., 1981) has identified 
Olenellus cf. 0. puertoblancoensis (Lochman), Olenellus cf. 
0. howelli ? (Meek), and Zacanthopsis sp. from a collection 
made by McCollum from the type section of the Edgemont 
in 1981. Palmer later identified Olenellus nevadensis 
(Walcott), Olenellus cf. 0. gilberti Meek, and Bonnia sp. 
from an additional collection several kilometers to the south 
reported by Clark (1984). Palmer concluded that all of these 
faunas are characteristic of uppermost Lower Cambrian strata 
within the Great Basin.

The Killian Springs Formation is distinguished from 
the Edgemont Formation by its greater lithologic heteroge 
neity, including graphitic phyllites, and by a higher propor 
tion of coarse clastic rocks. The Killian Springs is overlain 
by thin-bedded and laminated, silty lime mudstone, whereas 
the Edgemont Formation is overlain by thick-bedded to 
massive, fenestral dolomite. The Edgemont contains a fairly 
diverse Early Cambrian benthic fauna, whereas the Killian

Springs is barren except for a few horizons containing likely 
Middle Cambrian sponge spicules.

Three hundred kilometers to the east in the Bannock 
Range near Pocatello, Idaho, the lower part of the Gibson 
Jack Formation (Crittenden and others, 1971) has some 
striking lithologic and faunal similarities with the Killian 
Springs Formation exposed at Tetzlaff Peak. Laminated, 
carbon-rich, black shale and argillaceous siltstone contain 
ing numerous spicules of Protospongia dominate the lower 
most 100 m of the Gibson Jack Formation. Above this is a 
friable, calcareous quartz sandstone approximately 35 m 
thick, which is overlain by at least 300 m of siliceous shale. 
These mappable subunits were labeled members A, B, and 
C, respectively, by Trimble (1976, p. 27-28). Members A 
and B possibly represent an eastern tongue of the Killian 
Springs Formation, whereas the siliceous shale of member 
C is lithologically similar to facies found within the Ophir 
Shale and the Pioche Shale in the eastern and central Great 
Basin, respectively.

The Lower and Middle Cambrian Pioche Shale, 
which lies upon the Prospect Mountain Quartzite through 
out the central Great Basin, is stratigraphically correlative 
with the Killian Springs Formation but is easily distinguished 
from the Killian Springs lithologically. The Pioche consists 
primarily of light-green to tan, siliceous and fissile shale; 
interbedded quartz arenite; and oolitic or algal, light-gray 
limestone commonly composed of trilobite hash. Litholo- 
gies attributed to the Pioche Shale are not exposed north of 
the Cherry Creek, Schell Creek, and Snake Ranges (fig. 1), 
and there are no exposed transitional facies near the 
Wendover area.

TOANO LIMESTONE (NEW)

The Toano Limestone is here named for an 850-m- 
thick, slope-forming interval of silty lime mudstone and 
calcareous siltstone exposed about 4 km north of Silver 
Zone Pass in sec. 4, T. 35 N., R. 68 E., Silver Zone Pass 7/2- 
minute quadrangle, on the west side of the Toano Range, 
Elko County, Nevada (fig. 8); these rocks are designated as 
the type section of the unit. The formational name is derived 
from the Toano Range, where the only complete section of 
this formation is known. The Toano is equivalent to unit A 
of Pilger (1972) and the limestone of Toano of McCollum 
and McCollum (1984). The contacts of the Toano Lime 
stone are gradational, and the formation occupies a strati- 
graphic position intermediate between the clastic rocks of 
the Killian Springs Formation below and the lighter colored, 
less silty carbonate rocks of the Clifside Limestone above.

The predominant lithology is a uniform-appearing, 
thin- to medium-bedded, silty limestone. The bedding is 
parallel except where disrupted by soft-sediment deforma 
tion. The color contrast between the grayish-orange silty 
layers, which weather to relief, and the medium-dark-gray

Toano Limestone (New) 13
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lime mudstone presents the greatest variation within this 
formation.

The silty, laminated rocks of the Toano Limestone 
exhibit a large assortment of primary sedimentary features, 
owing in part to the lack of bioturbation. Although more 
than half of the formation is laminated, chaotic bedding and 
sedimentary folds due to slumping are common in the middle 
part of the unit (fig. 10). Imbricated clasts, truncation sur 
faces, and trough cross-stratification are also present (fig. 11).

In addition to its type section in the Toano Range, a 
complete section is present in the Pequop Mountains and

 ^ Figure 8. Geologic map of Toano Range north of Silver 
Zone Pass, Nevada, showing locations of type sections of the 
Toano Limestone and Clifside Limestone and reference section 
of the Killian Springs Formation. See figure 2 for location of 
map. Base from U.S. Geological Survey, 1:24,000-scale Silver 
Zone Pass 7>2-minute quadrangle, 1982, Nevada. Contour 
interval 40 ft. Geology generalized from Click (1987).

incomplete sections of the Toano Limestone are exposed in 
the Pilot Range (fig. 7) and central Silver Island Mountains 
(fig. 9). Approximately the lower one-third of the Toano 
Limestone is exposed above the type section of the Killian 
Springs Formation in the core of a large syncline in the 
central Pilot Range (D.M. Miller and others, 1982; Miller, 
1983). Several kilometers to the south in the Pilot Range, 
O'Neill (1968) mapped strata in Miners Canyon that we 
herein assign to the Toano Limestone. A light-colored 
schistose marble mapped by Miller and Lush (1981) east of 
Pilot Peak overlies metamorphosed strata of the Killian 
Springs Formation and is probably correlative with the Toano 
Limestone. The upper half of the Toano Limestone is the 
only unit exposed north of Tetzlaff Peak in the Silver Island 
Mountains, which Schaeffer (1960) tentatively mapped as a 
unit he called "Millard, Burrows?, and Burnt Canyon? 
Limestones, undifferentiated."

Age. The Toano Limestone contains sparse and 
coarsely silicified, open-shelf, cosmopolitan Middle Cam 
brian fossils at its type section. The youngest fauna, taken 
from the uppermost 10 m of the type section, contains a
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species of Bolaspidella, identified by A.R. Palmer (written 
commun., 1983) and assigned to the late Middle Cambrian 
Bolaspidella Assemblage-zone of Robison (1976, p. 102). 
R.A. Robison (written commun., 1982) identified numerous 
specimens of Ptychagnostus atavus (Tullberg) from 650 m 
above the base of the formation, both in the type section 
and in the Silver Island Mountains. He also collected 
Tonkinella and several questionable specimens of Ptychag 
nostus between 80 m and 90 m below the P. atavus fauna in 
the central Silver Island Mountains, indicating the presence 
of the Ptychagnostus gibbus Interval-zone of Robison 
(1984). A possible specimen of the trilobite Elrathia sp. 
identified by A.R. Palmer (written commun., 1983) was 
collected from a fault block of Toano Limestone on the 
east side of the Pilot Range. In addition, poorly preserved 
agnostoid and ptychopariid trilobites have been collected

300 m above the base of the type section of the Toano 
Limestone, and these could be as old as the early Middle 
Cambrian Peronopsis bonnerensis Assemblage-zone of 
Robison (1976, p. 103). The lower one-third of the Toano 
Limestone in the Toano Range appears to be barren. Based 
on the faunal evidence and the presumed Middle Cambrian 
age of the upper part of the underlying Killian Springs For 
mation, the Toano Limestone is considered to be Middle 
Cambrian in age.

Regional Correlations. At present, the Toano 
Limestone is recognized outside of the Wendover area only 
in the Pequop Mountains. In the Tennessee Mountains (fig. 
1), 160 km to the northwest, the Tennessee Mountain For 
mation of Bushnell (1967) overlies an unnamed phyllitic 
siltstone unit above the Prospect Mountain Quartzite. Al 
though lithologically similar to the Toano Limestone, the

Figure 10. Soft-sediment slumps in the Toano 
Limestone. A, Chaotically arranged clasts; quarter 
shown for scale. 6, Sharp upper contact of slump 
with overlying laminated lime mudstone; lens cap 
5.3 cm wide shown for scale. C, Drag fold at base 
of a slump; quarter shown for scale.
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Tennessee Mountain Formation may include rocks as young 
as Ordovician. In the Bull Run Mountains, a unit composed 
of thick-bedded to massive fenestral dolomite approximately 
1,160 m thick (Clark, 1984) occupies the stratigraphic posi 
tion of the Toano Limestone above the Edgemont Forma 
tion of Decker (1962). The Aura Formation of Decker (1962) 
and the Van Duzer Limestone of Decker (1962), which 
overlie the dolomite, are lithologically similar to the Toano 
but are Late Cambrian and Early Ordovician in their overall 
age, according to Ehman (1985). At Rattlesnake Peak in the 
central Ruby Mountains, Willden and Kistler (1979) recog 
nized an unnamed, dark-gray silty limestone unit lithologi 
cally similar to the Toano Limestone above their Pioche 
Formation.

Cambrian and Ordovician carbonate rocks exposed 
in the folded, high-grade metamorphic complex of the 
northern Ruby Mountains and adjacent East Humboldt Range 
are difficult to subdivide into units correlative with less 
metamorphosed sections. However, the thin-bedded nature 
of the calc-silicate rocks and marble overlying the graphitic 
schist of the metamorphosed Killian Springs(?) Formation 
in this area is consistent with a protolith of organic silty 
lime mudstone typical of the Toano Limestone.

CLIFSIDE LIMESTONE (NEW)

The Clifside Limestone is here named for an ap 
proximately 650-m-thick sequence of alternating gray lime 
stone and brown silty limestone exposed on the crest and 
east slope of the Toano Range in sec. 3 and 4, T. 35 N., R. 
68 E., Silver Zone Pass 754-minute quadrangle, Nevada, 
about 2 km north of Clifside railroad siding in the Silver 
Zone Pass (1971) 7/4-minute quadrangle; these rocks are 
designated as the type section of the unit (fig. 8). It consists 
of most of unit B of Pilger (1972), the limestone of Clifside 
of McCollum and McCollum (1984), and units A, B, and C 
of the limestone of Clifside of Click (1987). The Clifside 
Limestone is exposed only within the Toano Range, Pe- 
quop Mountains, and northern Goshute Mountains. The 
stratigraphic interval that would be occupied by the Clifside 
Limestone is apparently not exposed in the Pilot Range or 
Silver Island Mountains.

The lower contact of the medium- to light-gray Clif 
side Limestone is placed at a prominent color and textural 
change above the darker gray, more laminated silty carbon 
ate rocks of the Toano Limestone. The upper contact of the 
type section of the Clifside is a fault contact with the over 
lying Clifside Limestone and Morgan Pass Formation (fig. 
8). However, a sharp depositional contact separates the 
Clifside from the overlying slope-forming, silty limestone 
and calcareous siltstone of the Morgan Pass Formation south 
of Silver Zone Pass and in the Morgan Pass section of the 
northern Goshute Mountains.

Click (1987) divided her limestone of Clifside into 
five informal units, units A through E. Her units D and E 
are structurally separated from the remainder of the Clifside 
unit, and their strata are tentatively assigned herein vari 
ously to the Morgan Pass, Shatter, and Oasis Formations. 
Units A, B, and C of the limestone of Clifside of Glick 
(1987) represent a convenient tripartite division locally 
within the type section of the Clifside Limestone and are 
here recognized as the lower limestone, silty limestone and 
shale, and upper limestone members, respectively, of the 
Clifside Limestone.

The lower limestone member (equivalent to Click's 
unit A) is characterized by alternating bands of light-gray 
oolitic limestone and light- to moderate-brown silty lime 
stone. The repetitious occurrence of light-gray oolitic grain- 
stone interbedded with medium-gray wackestone (zebra- 
striped pattern), alternating with layers of moderate-brown

B
Figure 11. Soft-sediment features of the Toano Limestone. A, 
Imbricated clasts near top of a slump. Note deformation of 
base of clast on left. 6, Deformed trough cross-stratification.
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siltstone with medium-gray wackestone interbeds (tiger- 
striped pattern), is the most distinguishing lithologic char 
acteristic of this member. The member is 265 m thick in the 
type section of the Clifside Limestone.

The silty limestone and shale member (equivalent to 
Click's unit B) is composed of basal black shale and oolitic 
and algal limestone, overlain by yellowish-orange silty 
limestone. The lower one-third of this member weathers 
recessively and forms a prominent saddle across ridges that 
developed on the dip slope of the type section of the Clif 
side Limestone. This member ranges in thickness from 155 
to 175 m in the Clifside section north of Silver Zone Pass, 
to 205 m just south of the pass.

The upper limestone member [equivalent to Click's 
unit C in the northern Toano Range and unit H of Day and 
others (1987) in the southern Toano and northern Goshute 
Mountains] is a medium-dark-gray limestone with thin, 
laminated to undulose silty layers. Fenestral fabric is pres 
ent in the lower one-third of the Clifside type section, and 
cryptalgalaminites and oncolites are common throughout 
the member south of Silver Zone Pass. An incomplete sec 
tion of 210 m is exposed in the type section of the Clifside 
Limestone but thins to only 100 m in a dolomitic section 
south of Silver Zone Pass.

The Clifside Limestone is locally dolomitized, ex 
tensively recrystallized, and bleached to a cream color near 
the Silver Zone Pass pluton, Tremolite and aligned white 
mica, accompanied by the loss of primary sedimentary fea 
tures, are characteristic of the Clifside there. The upper 
limestone member of the Clifside forms the lowest expo 
sures of the Cambrian section in Morgan Canyon.

Age. The only fossils recovered from the Clifside 
Limestone are a few marjumid trilobites and numerous in 
articulate linguloid brachiopods found within its silty lime 
stone and shale member. However, Bolaspidella is present in 
the uppermost beds of the underlying Toano Limestone and 
also in the basal part of the overlying Morgan Pass Forma 
tion. Thus, the Clifside is entirely within the Bolaspidella 
Assemblage-zone in the upper Middle Cambrian. There 
fore, the Clifside Limestone is considered to be Middle 
Cambrian in age.

Regional Correlations. The Clifside Limestone 
appears to be partially age equivalent to the interbedded 
shale and silty limestone of the Marjum Formation in the 
west-central House Range; to the silty to pure limestone in 
the middle part of the Raiff Limestone of Young (1960) in 
the Cherry Creek, northern Egan, and northern Schell Creek 
Ranges; and to the thin- to medium-bedded limestone of 
the Pierson Cove Formation and the lower part of the over 
lying Trippe Limestone in the Deep Creek Mountains and 
Fish Springs Range, all far south of the Wendover region. 
To the west, the Clifside may be partially age equivalent to 
the hemipelagic carbonate rocks and interbedded phyllitic 
shales of the Tennessee Mountain Formation of Bushnell 
(1967) in the Tennessee Mountains and to the Aura Forma

tion of Decker (1962), as described by Ehman (1985), in 
the Bull Run Mountains. The Rattlesnake Peak section of 
Willden and Kistler (1979) in the central Ruby Mountains 
contains an unnamed limestone unit that is approximately 
age equivalent (latest Middle Cambrian) to the (combined) 
Clifside Limestone and overlying Morgan Pass Formation. 
Whether or not these unit names can eventually be applied 
to these strata in the Ruby Mountains will have to await 
further investigation.

MORGAN PASS FORMATION (NEW)

The Morgan Pass Formation is here named for a 
225-m-thick sequence of slope-forming shale and silty 
limestone exposed 1 km west of Morgan Pass in sec. 21, T. 
32 N., R. 68 E., Morgan Pass 7/2-minute quadrangle, at the 
northern terminus of the Goshute Mountains (figs. 12,13). 
It consists of all the strata designated as units F and G by 
Day and others (1987). The formational name is derived 
from Morgan Pass. The basal contact of the unit is sharp 
and is placed at the base of the lowest shale or silty lime 
stone above the massive, ridge-forming Clifside Limestone, 
whereas its upper contact is gradational and is placed at the 
top of the slope below the cliff-forming Decoy Limestone. 
The Morgan Pass Formation is present south of Silver Zone 
Pass in the central Toano Range (fig. 14) and in the Pequop 
Mountains but is not exposed to the east in the Pilot Range 
or Silver Island Mountains.

The Morgan Pass Formation is largely covered, ex 
cept for two prominent limestone ledges between 40 and 65 
m above its base. Small grayish-orange to yellowish-brown 
chips of calcareous siltstone, silty limestone, and shale float 
cover the steep slopes. Thin, parallel-bedded, grayish-orange 
calcareous siltstone, alternating with medium-dark-gray 
limestone, is present in limited and widely scattered expo 
sures throughout the formation. The uppermost 19 m of the 
formation is well exposed in its type section, where oolitic 
grainstones, rip-up clasts, and stromatolitic layers (fig. 15) 
are present within the calcareous siltstone and limestone 
sequence.

South of Silver Zone Pass, oolitic and oncolitic 
limestone beds become more common throughout the Mor 
gan Pass Formation as the silt content decreases. The for 
mation also thins substantially to 125 m there.

Age. Faunas within the Morgan Pass Formation 
are restricted to the upper half of the Middle Cambrian. A 
Middle Cambrian Bolaspidella Assemblage-zone fauna is 
present in the basal beds of the Morgan Pass Formation in 
the central Toano Range and in both of the prominent ledgy 
limestone layers between 40 and 65 m above the base of 
the unit's type section. An Eldoradia Assemblage-zone 
fauna is present in the uppermost 20 m in the type section. 
Thus, the age of the Morgan Pass Formation is considered 
to be Middle Cambrian.
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Regional Correlations. The Morgan Pass Forma 
tion, although lithologically quite different, appears to be 
correlative with the Fish Springs Member of the Trippe 
Limestone, exposed in several mountain ranges in west- 
central Utah. The Trippe Limestone was named by Nolan 
(1935) for exposures in the Deep Creek Mountains in Utah, 
just to the south of the study area, and consists of a thin- 
bedded limestone and dolomite sequence approximately 230 
m thick. Hintze (1974) and Hintze and Robison (1975) re 
ported an Eldoradia Assemblage-zone fauna from the up 
per half of the Trippe Limestone regionally.

DECOY LIMESTONE (NEW)

The Decoy Limestone is here named for a 60-m- 
thick, massive, light-gray limestone exposed 1 km west of 
Morgan Pass in sec. 21, T. 32 N., R. 68 E., Morgan Pass

7/2-minute quadrangle, at the northern terminus of the Gos- 
hute Mountains (figs. 12, 13); these rocks are also desig 
nated as the type section of the unit. The Decoy is equiva 
lent to unit E of Day and others (1987). The formational 
name is derived from Decoy, a site along the Northern 
Nevada Railroad, 17 km to the west [see Decoy 7%-minute 
(1971) quadrangle].

The Decoy Limestone is a very distinctive unit that 
generally forms a bold gray band of limestone, commonly 
recrystallized, between darker, well-bedded slope-forming 
formations. The lower contact of the Decoy Limestone is 
placed at the top of the thin-bedded calcareous siltstone and 
interbedded dark-gray limestone of the Morgan Pass For 
mation. The upper contact is placed at the top of the highest 
massive limestone below the recessive, thin-bedded Shafter 
Formation.

The Decoy Limestone is also present south of Silver 
Zone Pass in the central Toano Range (fig. 14) and in the
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Figure 12. Geologic map of the Morgan Pass area, northern 
Goshute Mountains and southern Toano Range, Nevada, 
showing locations of type sections of the Morgan Pass Forma 
tion, Decoy Limestone, Shafter Formation, Goshute Limestone, 
Ola Sandstone, and Lion Spring Limestone, and reference
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Figure 13. Morgan Pass section, Goshute Mountains. Ridge on left contains type and 
reference sections for several formations. In sequence upward from base, Morgan Pass 
Formation underlies tree-covered slope, Decoy Limestone is lowest prominent white band 
of cliffs, Shafter Formation underlies next slope, Lion Spring Limestone is knob-forming 
limestone unit near skyline, and Ola Sandstone lies just below white, massive, upper cliffs 
of the Goshute Limestone. Dunderberg Shale underlies uppermost grassy slope on hill at 
right side of photograph, above cliffs of Goshute Limestone.

Pequop Mountains. The Decoy is highly recrystallized and 
dolomitic, but retains a thickness of 60 m, except where 
locally removed by faulting. The Decoy Limestone is not 
exposed in the Pilot Range or Silver Island Mountains to 
the east.

Age. No faunas have been recovered from the De 
coy Limestone in the study area. This may be due in part to 
extensive recrystallization and the massive texture of the unit. 
However, the Decoy Limestone is bracketed by late Middle 
Cambrian faunas in adjacent formations. Thus, the age of 
the Decoy Limestone is considered to be Middle Cambrian.

Regional Correlations. The Decoy Limestone 
comprises the northern exposures of a prominent and wide 
spread limestone facies in eastern Nevada. Regionally, the 
light- to medium-gray limestone forms a prominent ridge or 
small cliff between slope-forming, shalier facies. Its 
relatively pure carbonate strata range in thickness from 5 to 
75 m regionally and are overlain by shaley strata containing 
trilobites of the Lejopyge laevigata Interval-zone of Robison 
(1984).

The Decoy Limestone is correlative with the (middle) 
limestone member of the Lincoln Peak Formation mapped 
by Drewes (1967) in the northern Schell Creek Range. The 
regional distribution of this limestone unit was depicted by 
Palmer (1971, p. 67), and it is present in the type section of 
the Lincoln Peak in the Snake Range (A.R. Palmer, written

commun., 1989), in the Lincoln Peak Formation at the junc 
tion of the White Pine Mountains and Grant Range to the 
south (R.A. Robison, written commun., 1984), within the 
upper Marjum Formation in the House Range, and within 
an unnamed limestone unit of Willden and Kistler (1979, p. 
229-230). The Decoy is also correlative with (basal) mem 
ber A of the Emigrant Springs Limestone of Kellogg (1963) 
in the southern Schell Creek Range.

SHAFTER FORMATION (NEW)

The Shafter Formation is here named for a 200-m- 
thick, thin-bedded, dark-gray silty limestone exposed 1 km 
west of Morgan Pass in sec. 21, T. 32 N., R. 68 E., Morgan

Figure 14. Geologic map of Toano Range south of^- 
Silver Zone Pass, Nevada, showing location of type section of 
the Oasis Formation and reference sections of the Clifside 
Limestone, Morgan Pass Formation, Decoy Limestone, Shafter 
Formation, Dunderberg Shale, and Notch Peak Formation. 
See figure 2 for location of map. Base from U.S. Geological 
Survey, 1 :24,000-scale Silver Zone Pass 7>2-minute quad 
rangle, 1982, and West Morris Basin 71/2-minute quadrangle, 
1971, Nevada. Contour interval 40 ft. Generalized geology 
from unpublished mapping by D.M. Miller.
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Pass 714-minute quadrangle, at the northern terminus of the 
Goshute Mountains (fig. 12); these rocks are also desig 
nated as the type section of the unit. The Shatter is equiva 
lent to unit D of Day and others (1987). The formational 
name is derived from Shafter, a site along the Union Pacific 
Railroad, 25 km to the northwest [see Shafter 7/2-minute 
(1971) quadrangle]. The Shafter Formation is also present 
south of Silver Zone Pass in the Toano Range (fig. 14) and 
in the Pequop Mountains, but the unit is not exposed in the 
Pilot Range or Silver Island Mountains.

The lower half of the Shafter Formation forms a 
prominent recessive and largely covered interval. The thin- 
to medium-bedded, dark-gray, aphanitic limestone erodes 
readily along parallel silty laminations, forming blocky 
limestone talus on south-facing slopes. A much deeper soil 
development is present in the higher elevations on north- 
facing slopes, including the type section, which supports 
dense stands of conifers and other vegetation.

The upper half of the Shafter Formation is com 
posed of medium-gray limestone and grayish-orange silty 
limestone to calcareous siltstone. In appearance, this lithol- 
ogy closely resembles that of the Morgan Pass Formation, 
but the Shafter can be distinguished from the Morgan Pass 
by the former's more undulose bedding and more irregular 
weathering pattern. The upper half of the Shafter forms 
steeper slopes and is better exposed than the lower half 
of the unit. In the Morgan Pass area, the upper contact 
of the Shafter Formation is relatively sharp and is placed 
at the boundary separating the formation's thin, inter-

bedded limestones and calcareous siltstones below from the 
massive, cliff-forming beds of the Lion Spring Limestone 
above.

Age. The lower half of the Shafter Formation con 
tains polymeroid trilobites and inarticulate brachiopods of 
the upper Bolaspidella and Cedaria Assemblage-zones. 
Baltagnostus and Clavagnostus, elements of the uppermost 
Middle Cambrian Lejopyge laevigata Interval-zone of Ro- 
bison (1984), are also present in the Shafter Formation. 
Robison (1984, p. 8) reassigned much of the North Ameri 
can Cedaria Assemblage-zone to the Middle Cambrian. 
Thus, the Shafter Formation is mostly, if not entirely, Middle 
Cambrian in age.

Regional Correlations. The Lamb Dolomite, named 
by Nolan (1935) for exposures in the Deep Creek Mountains 
of Utah, is a partial temporal equivalent of the Shafter For 
mation. The Lamb Dolomite is a widespread unit, present 
not only in the study area, but also in several mountain 
ranges to the south. Throughout its geographic extent, the 
Lamb Dolomite consists of massive, light-gray, oolitic and 
oncolitic dolomite, which contrasts sharply with the thin- 
bedded limestones and calcareous siltstones of the Shafter 
Formation.

The approximately 400-m-thick Weeks Limestone, 
exposed only in the west-central House Range (Hintze and 
Robison, 1975), is lithologically similar to and temporally 
equivalent with the Shafter Formation. The lower half of 
both formations is composed of thin, parallel-bedded, mi- 
critic limestone. However, the upper Weeks contains bio-

Figure 15. Stromatolitic limestone interval near the base of Morgan Pass Formation in 
Morgan Pass, northern Goshute Mountains.
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clastic and oolitic limestones, which are not present in the 
Shafter. The Weeks Limestone was deposited in a localized 
depocenter within the House Range embayment (Rees, 
1986), which may account for it being twice the thickness 
of the Shafter. In addition, the Shafter and Weeks are sepa 
rated geographically from one another by the largely tem 
porally equivalent Lamb Dolomite, exposed in the interven 
ing mountain ranges, such as the Fish Springs Range, Deep 
Creek Mountains, and Silver Island Mountains.

In eastern Nevada, the lower part of the "upper shale 
member" (see Drewes, 1967, p. 12) of the Lincoln Peak 
Formation is correlative with the Shafter Formation. In the 
southern Schell Creek Range, the lower half of member B 
of the Emigrant Springs Limestone of Kellogg (1963) also 
appears to correlate with the Shafter. The "unnamed horn- 
fels formation" of Willden and Kistler (1979) in the central 
Ruby Mountains is roughly correlative with the Shafter, 
although an exact correlation is hampered by lack of faunal 
control in this and other Cambrian sections to the west of 
the Wendover region.

LION SPRING LIMESTONE (NEW)

The Lion Spring Limestone is here named for an 
85-m-thick limestone to silty limestone sequence that forms 
the basal unit of a tripartite cliff-forming section exposed 1 
km west of Morgan Pass in sec. 21, T. 32 N., R. 68 E., 
Morgan Pass 71/2-minute quadrangle, at the junction of the 
Toano Range and Goshute Mountains (figs. 12,13); these 
rocks are designated as the type section of the unit. The 
formation is equivalent to unit C of Day and others (1987), 
a mappable unit exposed over several square kilometers 
and believed to underlie a much greater area. The Lion 
Spring Limestone is a cliff former that has not been ob 
served elsewhere in the northern Great Basin. The forma- 
tional name is derived from Lion Spring, located approxi 
mately 6 km south of the type section in the Lion Spring 
71/2-minute quadrangle in the northern Goshute Mountains. 
The basal contact of the formation is relatively sharp and is 
placed at the base of a relatively pure cliff-forming lime 
stone interval above the calcareous siltstones and silty lime 
stones of the underlying Shafter Formation. The upper con 
tact is somewhat gradational and is placed at the base of a 
distinct color and lithologic change of the overlying yellow 
ish-orange to brick-red Ola Sandstone.

Texturally, the Lion Spring Limestone is generally 
massive and forms a bold, light- to medium-gray cliff. The 
medium- to thick-bedded carbonate unit contains some thin 
silty interbeds, silty mottles, and fenestral fabric. Oncolitic 
and oolitic interbeds are also present.

Age. Trilobite hash from the middle part of the 
Lion Spring Limestone contains a Crepicephalus Assem 
blage-zone fauna. The underlying Shafter Formation con 
tains a Cedaria Assemblage-zone fauna in its upper beds,

and thus the Lion Spring Limestone is considered to be 
early Late Cambrian in age.

OLA SANDSTONE (NEW)

The Ola Sandstone is here named for a 60-m-thick 
sequence of ridge- to cliff-forming quartz sandstone, cal 
careous siltstone, and silty limestone exposed 1 km west of 
Morgan Pass in sec. 21, T. 32 N., R. 68 E., Morgan Pass 
7A-minute quadrangle; these rocks are designated as the 
type section of the unit. The Ola is equivalent to unit B of 
Day and others (1987) exposed in the Goshute Mountains 
(figs. 12,13). The formational name is derived from Ola, a 
site along the Western Pacific Railroad, 15 km to the north 
east [see Ola 71/2-minute (1972) quadrangle]. In the Deep 
Creek Mountains, the uppermost 50 m of the Lamb Dolo 
mite, which consists of a very distinctive sandstone lithol- 
ogy, is here reassigned to the Ola Sandstone.

The Ola Sandstone consists of reddish-orange 
medium-bedded sandstone, calcareous siltstone, and silty to 
oolitic limestone that is sandwiched between two massive 
cliff-forming carbonate units. It represents an important but 
rather limited lithofacies in which coarse- to fine-grained 
quartz sand and silt were deposited. Its yellowish-orange to 
brick-red color and quartz sand make it one of the 
most distinctive Upper Cambrian formations in the Great 
Basin.

Age. Tricrepicephalus is abundant in trilobite 
packstone near the top of the type section for the Ola Sand 
stone in the Morgan Pass section in the Goshute Mountains. 
In the Deep Creek Mountains, Bick (1966, p. 35) reported a 
Crepicephalus Assemblage-zone fauna from the uppermost 
part of the Lamb Dolomite, which is reassigned to the Ola 
Sandstone in this report. In the northern Goshute Moun 
tains, the underlying Lion Spring Limestone and the over 
lying Goshute Limestone both contain Crepicephalus As 
semblage-zone faunas. Thus, the Ola Sandstone is consid 
ered to be entirely Late Cambrian in age.

GOSHUTE LIMESTONE (NEW)

The Goshute Limestone is here named for a 65-m- 
thick, cliff-forming, light- to medium-gray limestone se 
quence exposed 1 km west of Morgan Pass in sec. 21, T. 32 
N., R. 68 E., Morgan Pass 7/2-minute quadrangle; these rocks 
are designated as the type section of the unit (figs. 12, 13). 
The formational name is derived from the Goshute Moun 
tains, where the unit is exposed. The Goshute is equivalent 
to unit A of Day and others (1987); its thickness is as great 
as 200 m.

Texturally, the Goshute Limestone is medium-bed 
ded to massive, and it forms inaccessible cliffs throughout 
much of its outcrop area. Its relatively pure limestone is
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recrystallized, giving a uniform light- to medium-gray color. 
Thin silty layers, silty mottles, and several oncolitic beds 
are present. Basal and upper contacts of the formation are 
relatively sharp. The lower contact is placed at the top of 
the calcareous siltstone in the underlying Ola Sandstone; 
the upper contact is placed at the base of the overlying 
recessive, thin-bedded Dunderberg Shale in the northern 
Goshute Mountains and at the base of the Candland Forma 
tion in the Deep Creek Mountains.

Age. A Crepicephalus Assemblage-zone fauna is 
present 10 m below the top of the Goshute Limestone. 
Therefore, the Goshute Limestone is considered to be en 
tirely early Late Cambrian in age.

Regional Correlations for the Lion Spring Limestone, 
Ola Sandstone, and Goshute Limestone. The Lion Spring 
Limestone, Ola Sandstone, and Goshute Limestone are 
temporally equivalent to the Oasis Formation and the Big 
Horse Limestone in the study area. They are also tempo 
rally equivalent to the upper part of the Raiff Limestone of 
Young (1960) in the Cherry Creek, northern Egan, and 
northern Schell Creek Ranges in eastern Nevada. In the 
Deep Creek Mountains of western Utah, the upper part of 
the Lamb Dolomite (as stratigraphically restricted in this 
report) is the age equivalent of the Lion Spring Limestone 
mapped elsewhere. The Ola Sandstone is present in the 
Deep Creek Mountains and Dugway Range above the Lamb 
Dolomite (emended). In the Deep Creek Mountains, the 
Goshute Limestone is equivalent to an unnamed dolomite 
in the lower part of the herein-abandoned Hicks Formation.

OASIS FORMATION (NEW)

The Oasis Formation is here named for a 145-m- 
thick sequence of light-gray recrystallized limestone, blu 
ish-gray dolomite, and calcareous siltstone exposed in the 
central Toano Range. The type section is located southeast 
of Silver Zone Pass in sec. 33, T. 35 N., R. 68 E., West 
Morris Basin 7/2-minute quadrangle (fig. 14). The forma- 
tional name is derived from a small village on Interstate 80 
[see Cobre T/^-minute (1967) quadrangle], approximately 30 
km to the northwest of the type section. Although the Oa 
sis Formation has a limited outcrop area, it is a very dis 
tinctive unit because of its uniform light-gray color, coarsely 
crystalline texture, and slope-forming outcrop pattern. The 
Oasis Formation crops out in the Pequop Mountians and 
Wood Hills but is not described elsewhere in Utah and 
Nevada.

The basal and upper contacts of the formation are 
relatively sharp and are placed at the top of the calcareous 
siltstone in the underlying Shatter Formation and the base 
of the overlying recessive, thin-bedded Dunderberg Shale, 
respectively. Much of the Oasis Formation is composed of 
mottled lime mudstone, trilobite packstone, oolitic grain- 
stone, cryptalgalaminites, and fenestral lime mudstone. A 
10-m-thick, light-brown calcareous siltstone is present 60 
m below the top, and thin, light-gray dolomitic silty layers 
are common throughout.

Age. Early Late Cambrian faunas assigned to the 
upper Cedaria or lower Crepicephalus Assemblage-zones are

Figure 16. Upper Cambrian section, central Silver Island Mountains, Utah, near Jenkins Peak. 
Prominent white band is the Johns Wash Limestone.

24 Cambrian Stratigraphy of the Wendover Area, Utah and Nevada



present between 7 and 10 m above the base of the Oasis 
Formation at its type section in the Toano Range. The basal 
beds of the overlying Dunderberg Shale contains a Dican- 
thopyge Assemblage-zone fauna. Thus, the Oasis Forma 
tion is considered to be early Late Cambrian in age.

Regional Correlations. The Oasis Formation is 
temporally equivalent to the Big Horse Limestone Member 
and lower beds (pre-Aphelaspis Assemblage-zone) of the 
Candland Shale Member of the Orr Formation in west-cen 
tral Utah. To the north in the Deep Creek Mountains, the 
Oasis is equivalent to the upper part of the Lamb Dolomite 
(restricted), the overlying Ola Sandstone, and the unnamed 
dolomite that was previously included as the base of the 
herein-abandoned Hicks Formation. In eastern Nevada, the 
middle part of the "upper shale member" (see Drewes, 1967, 
p. 12) of the Lincoln Peak Formation contains a 
Crepicephalus Assemblage-zone fauna (Drewes and Palmer, 
1957). The lack of faunal control and formational descrip 
tions precludes any regional correlations west of the 
Wendover region.

DUNDERBERG SHALE

The Dunderberg Shale, named by Walcott (1908b) 
in the Eureka district, Nevada, and revised there by Nolan 
and others (1956), crops out widely in east-central Nevada. 
As indicated in fig. 5, the Dunderberg Shale includes five 
faunal zones, ranging from the upper Aphelaspis Assem 
blage-zone into the Elvinia Assemblage-zone (Palmer, 1960, 
1965). The Dunderberg ranges in thickness from 81 m in its 
type section to 190 m in the Cherry Creek Range (Palmer, 
1965).

The Dunderberg Shale is present south of Silver Zone 
Pass in the Toano Range, in the Pequop Mountains, in the 
Wood Hills, and in the Morgan Pass section in the northern 
Goshute Mountains (figs. 12-14). Regionally, it is about 
150 m thick and has thin-bedded, dark-gray to black shale 
and argillaceous limestone in its lower half and pale-olive 
to tan shale and medium-bedded crinoidal limestone in its 
upper half. Faunas collected during this study and identi 
fied by A.R. Palmer (written commun., 1984, 1986, 1987)
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from the Dunderberg Shale in the Silver Zone Pass and 
Morgan Pass sections represent the Dicanthopyge to Elvinia 
Assemblage-zones.

The Dunderberg Shale in the Toano Range south of 
Silver Zone Pass (fig. 14) is temporally equivalent to the 
(combined) Candland Formation, Johns Wash Limestone, 
and Corset Spring Shale in the Silver Island Mountains, the 
southern Pilot Range, and the northern Toano Range. This 
represents the most striking facies change between the Up 
per Cambrian sections exposed below and above the Pilot 
Peak detachment. Absent in the lower-plate section is the 
prominent "white band" lithology (equivalent to recrystal- 
lized white limestone) mentioned by Schaeffer (1960, p. 
32) in the central Silver Island Mountains (fig. 16), which 
was later called the Johns Wash Limestone by Robison and 
Palmer (1968). The thin Corset Spring Shale probably cor 
relates with the much thicker olive to tan shale and silty 
crinoidal limestone unit present in the uppermost part of the 
Dunderberg Shale in the Toano Range, which is exposed 
south of Silver Zone Pass.

UPPER-PLATE CAMBRIAN SECTION

A separate Middle and Upper Cambrian stratigraphic 
nomenclature, primarily developed outside of the Wendover 
region, is applied to a largely carbonate section exposed 
above the Pilot Peak detachment. Miller (1983, p. 199), in 
his discussion of the Pilot Range, was the first to note dis 
similarities between the unmetamorphosed Upper Cambri 
an section exposed immediately above the Pilot Peak de 
tachment and the metamorphosed section below it. Similar 
structure and facies are present in the Silver Island Moun 
tains and at the northern end of the Toano Range.

The stratigraphic sequence of Middle and Upper 
Cambrian rocks above the Pilot Peak detachment is fairly 
similar to temporally equivalent sequences in west-central 
Utah and adjacent Nevada. Some previously established 
nomenclature has already been applied in the Wendover 
region, such as the Johns Wash Limestone, Corset Spring 
Shale, and Notch Peak Formation (see Whitebread, 1969). 
Recent geologic mapping by Click (1987) in the northern 
Toano Range and by D.M. Miller (unpub. data) in the Pilot 
Range and Silver Island Mountains has shown that the 
Trippe, Lamb, Big Horse, and Candland units are also 
present regionally. A brief description of each of these pre 
viously established units within the Wendover region is 
given here to facilitate comparison with both the lower- 
plate rocks of the Wendover region and similar facies out 
side the study region.

Click (1987) used the Orr Formation in her discus 
sion of Upper Cambrian upper-plate rocks in the northern 
Toano Range. The Orr Formation was divided into five 
formal members by Hintze and Palmer (1976); the lower 
four of these members appear to be readily mappable at a

scale of 1:24,000 in the Wendover region. The Orr Forma 
tion is raised to group status, with the Big Horse Limestone 
and Candland Shale Members (of the Orr Formation) raised 
to formational rank. The overlying Johns Wash Limestone 
and Corset Spring Shale already are of formational rank in 
east-central Nevada (see Drewes and Palmer, 1957). Strata 
correlative with the Sneakover Limestone Member, the up 
permost member of the Orr Formation in Utah, were assigned 
to the Notch Peak Formation by Whitebread (1969) in Ne 
vada. That usage is followed here.

TRIPPE LIMESTONE

The Trippe Limestone was named by Nolan (1935) 
for a 230-m-thick section of medium-gray silty limestone 
and light-gray to white, laminated dolomite in the Deep 
Creek Mountains, Utah. Hintze and Robison (1975) recog 
nized the Trippe Limestone as a widespread unit in east- 
central Utah. In addition, they divided the type section of 
the Trippe into an informal lower limestone member and an 
upper Fish Springs Member.

Miller (1990) has identified the Trippe Limestone in 
the northern Silver Island Mountains at Crater Island, where 
it is the lowest exposed Cambrian unit. Only about 150 m 
of the upper Trippe Limestone is exposed below the Lamb 
Dolomite, and this sequence consists of medium-dark-gray 
limestone and silty limestone. The Trippe Limestone is ex 
tended northward into the Silver Island Mountains based on 
stratigraphic position and on such lithologic similarities to the 
Fish Springs Member of the Trippe at its type section as silty, 
oolitic, and oncolitic limestone, and intraformational 
conglomerate. The Trippe in the Silver Island Mountains 
differs from the Trippe at the type section by lacking shale 
and light-colored, laminated dolomite (cryptalgalaminite), 
except locally as clasts in silty limestone within its upper 
part.

Age. No fossils were found in the Trippe Lime 
stone at Crater Island, possibly owing to the extensive re- 
crystallization of the Cambrian section, which is adjacent to 
a Jurassic intrusion (Miller and others, 1990). Hintze (1974) 
and Hintze and Robison (1975) reported a late Middle 
Cambrian Eldoradia fauna from the Fish Springs Member 
of the Trippe Limestone elsewhere.

LAMB DOLOMITE (EMENDED)

The Lamb Dolomite was named by Nolan (1935) 
for a 320-m-thick sequence of light-gray dolomite, much 
of which is highly recrystallized, in the Deep Creek Moun 
tains, Utah. Nolan (1935, p. 13) informally subdivided the 
type section of the Lamb into three distinct lithologies: a 
lower, 150-m-thick, crossbedded, oolitic and oncolitic 
dolomite; a middle, 120-m-thick, mottled and highly re-
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crystallized dolomite; and an upper, 50-m-thick, thin-bed 
ded dolomite with yellowish-orange to red sandstone, silt- 
stone, and shale. We herein restrict the type section of the 
Lamb Dolomite to include only the purer dolomitic rocks 
of the two lower facies of Nolan (1935) and reassign the 
upper 50 m of sandy dolomite to the Ola Sandstone of this 
report.

The Lamb Dolomite is present in several mountain 
ranges southeast of the type area (Hintze and Robison, 1975) 
and also in the Wendover area. Miller (1990) assigned ap 
proximately 75 m of light-gray to white, crystalline dolo 
mite and dolomitic limestone of the unit between the under 
lying Trippe Limestone and the overlying Big Horse Lime 
stone to the Lamb Dolomite in the northern Silver Island 
Mountains at Crater Island. In the Jenkins Peak section at 
Silver Island (fig. 17) in the Silver Island Mountains, 
Schaeffer (1960, p. 23-24) mapped a 108-m-thick dolomite 
interval as the Dome(?) Formation; these rocks are herein 
assigned to the Lamb Dolomite.

Age. The Lamb Dolomite is largely unfossiliferous, 
and its age is constrained by faunas in the underlying and 
overlying formations. A late Middle Cambrian Eldoradia 
Assemblage-zone fauna is present near the top of the un 
derlying Trippe Limestone in central Utah, and the overly 
ing Big Horse Limestone Member of the Orr Formation in 
western Utah contains trilobites of the Cedaria Assemblage- 
zone. Bick (1966, p. 35) reported Crepicephalus Assem 
blage-zone trilobites from the upper beds of the Lamb Do 
lomite in the type area in the Deep Creek Mountains, in 
strata that are now assigned to the Ola Sandstone. Robison 
and Palmer (1968) also collected a species of Crepicephalus 
from rocks herein assigned to the Lamb Dolomite in the 
central Silver Island Mountains. The upper contact of the 
Lamb Dolomite is therefore diachronous and becomes 
younger in a northward direction.

The base of the Cedaria Assemblage-zone has tradi 
tionally been used as the base of the Upper Cambrian in 
North America (Lochman-Balk and Wilson, 1958; Robi 
son, 1964), which would place the Lamb Dolomite in the 
Upper Cambrian. However, recently Robison (1984), fol 
lowing a suggestion by Daily and Jago (1975), included 
much of the Cedaria zone within the Middle Cambrian. By 
this revision the Lamb Dolomite could include Middle 
Cambrian beds; we at present adopt this age reassignment 
of the Cedaria zone and consider the Lamb to be Middle 
and Late Cambrian in age.

BIG HORSE LIMESTONE

The Big Horse Limestone Member of the Orr For 
mation was named by Hintze and Palmer (1976) for a lime 
stone and dolomite sequence ranging from 135 to 270 m in 
thickness in the House Range of west-central Utah. They 
reported that it generally forms bold cliffs of limestone,

silty limestone, and dolomite. Such features as oolites, on- 
colites, and stromatolites are present in the Big Horse 
Limestone Member.

The unit is here raised to formational rank within 
the Wendover region as the Big Horse Limestone. In the 
northern Silver Island Mountains, Miller (1990) has mapped 
a much faulted section of the Big Horse Limestone at Cra 
ter Island, where the unit is approximately 180 m thick. A 
175-m-thick sequence of light- to medium-gray limestone 
and minor dolomite in the Jenkins Peak section at Silver 
Island in the Silver Island Mountains (fig. 17), which 
Schaeffer (1960, p. 25-27) mapped as the Condor Forma 
tion and restricted Swasey Limestone, is here reassigned to 
the Big Horse Limestone. In Miners Canyon on the south 
east flank of Pilot Peak in the Pilot Range, much faulted, 
light-gray dolomite and recrystallized limestone below the 
Candland Formation and above the Pilot Peak detachment 
are here reassigned to the Big Horse Limestone. In the 
northern Toano Range, Click (1987) mapped a 270-m-thick 
dolomite and limestone unit below the Candland Shale 
Member (of the Orr Formation) as the Big Horse Lime 
stone Member (of the Orr Formation). These rocks are here 
reassigned to the Lamb Dolomite and Big Horse Lime 
stone, undifferentiated.

Age. Robison and Palmer (1968) reported a Crep 
icephalus Assemblage-zone fauna from about 45 m above 
the base of an undifferentiated lower Upper Cambrian unit 
in the Jenkins Peak section in the central Silver Island 
Mountains, which is here assigned to the Big Horse Lime 
stone. Additional fossils were not found in the unit during 
this study. Hintze and Palmer (1976) noted that, regionally, 
faunas from the Big Horse Limestone Member of the Orr 
Formation range from the upper part of the Cedaria to near 
the top of the Crepicephalus Assemblage-zones of the Up 
per Cambrian. Thus, the Big Horse Limestone is considered 
to be Late Cambrian in age.

CANDLAND FORMATION

The Candland Shale Member of the Orr Formation 
was named by Hintze and Palmer (1976) for a shale and 
silty limestone sequence approximately 125 m thick in the 
House Range of west-central Utah. They noted that the 
unusually fossiliferous Candland Shale Member is an easily 
mappable unit that forms broad benches and slopes between 
the underlying cliff-forming Big Horse Limestone and 
overlying Johns Wash Limestone Members (of the Orr For 
mation).

The unit is here raised to formational rank in the 
Wendover region as the Candland Formation. In the Jen- 
kins Peak section at Silver Island in the Silver Island Moun 
tains (fig. 17), the Candland Formation consists of 85 m of 
strata that were mapped as the Wheeler Shale by Schaeffer 
(1960, p. 27-29) and later referred to as the Dunderberg
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Shale by Robison and Palmer (1968). Miller (1990) has 
mapped an approximately 60-m-thick section of the 
Candland Formation at Crater Island in the northern Silver 
Island Mountains. In the southern Pilot Range, it consists of 
strata previously assigned to the Dunderberg Shale by 
O'Neill (1968) and Miller (1984) above the Pilot Peak de 
tachment. In the northern Toano Range, strata mapped as 
the Candland Shale Member of the Orr Formation by Click 
(1987) are here assigned to the Candland Formation.

The lower contact of the Candland Formation is 
placed at the base of the thin- to medium-bedded, recessive 
silty limestone above the cliff-forming Big Horse Lime 
stone. The upper contact is gradational and is placed at the 
top of the thin- to medium-bedded silty limestone below 
the massive, recrystallized and locally dolomitic, cliff- 
forming Johns Wash Limestone. The Candland Formation 
thins westward from 85 m in the Jenkins Peak section of 
the Silver Island Mountains to approximately 60 m in the 
northern Toano Range. Thickness measurements in the Pi 
lot Range were precluded by faulting.

An irregular or undulose weathering, thin- to me 
dium-bedded, medium-gray limestone unit, locally contain 
ing numerous inarticulate brachiopods, is present in the basal 
few meters of the Candland Formation. Slope-forming, 
laminated to thinly bedded black shale, which weathers light 
olive gray to grayish orange pink, and nodular to thin-bed 
ded argillaceous limestone compose the remainder of the 
formation. Black shale is the main lithology in the lower 
half of the formation, and in the upper half it is subequal 
with argillaceous limestone.

Age. Robison and Palmer (1968) reported trilobites 
of the lower Dicanthopyge Assemblage-zone from strata in 
the central Silver Island Mountains, which they called the 
Dunderberg Shale and are here reassigned to the Candland 
Formation. An Aphelaspis Assemblage-zone fauna was re 
covered during this study from the basal beds of the Cand 
land Formation in the same section. Additional fossils col 
lected in the Pilot Range south of Pilot Peak represent the 
Dicanthopyge to Dunderbergia Assemblage-zones (A. R. 
Palmer, written commun., 1983). Regionally, the Candland 
Shale Member of the Orr Formation ranges from the upper 
most Crepicephalus Assemblage-zone to the middle of the 
Dunderbergia Assemblage-zone (Hintze and Palmer, 1976). 
Thus, the Candland Formation is considered to be entirely 
Late Cambrian in age.

JOHNS WASH LIMESTONE

The Johns Wash Limestone was named by Drewes 
and Palmer (1957) for a 76-m-thick, cliff-forming, light- to 
dark-gray, recrystallized oolitic limestone interval exposed 
in the Snake Range in eastern Nevada. Robison and Palmer 
(1968) identified the Johns Wash Limestone in the Wen- 
dover region by applying the name to a prominent 80-m-

thick, cliff-forming unit of medium-gray limestone that is 
overlain by light-gray to white, recrystallized limestone and 
dolomite in the Jenkins Peak section at Silver Island in the 
Silver Island Mountains (figs. 16, 17); we agree with that 
extension and further extend it to Crater Island (Miller, 
1990). A similar limestone and dolomite unit was assigned 
to the Johns Wash Limestone by O'Neill (1968) and Miller 
(1984) in the southern Pilot Range and was mapped as the 
Johns Wash Limestone Member of the Orr Formation by 
Click (1987) in the northern Toano Range. That unit is here 
assigned to the Johns Wash Limestone.

Age. Drewes and Palmer (1957) reported a Late 
Cambrian Elvinia Assemblage-zone fauna from the upper 
beds of the type section of the Johns Wash Limestone in 
eastern Nevada. The Johns Wash Limestone in the Wen- 
dover region appears to be unfossiliferous, possibly owing 
to recrystallization and dolomitization. However, the Johns 
Wash Limestone is considered to be Late Cambrian in age 
because it lies between well-dated Upper Cambrian units 
locally and regionally.

CORSET SPRING SHALE

The Corset Spring Shale was named by Drewes and 
Palmer (1957) for a 20-m-thick unit of olive-gray shale and 
interbedded medium-gray, crystalline limestone in the Snake 
Range of eastern Nevada. Robison and Palmer (1968) des 
ignated a 16-m-thick, recessive weathering, silty limestone 
and shale unit in the Jenkins Peak section at Silver Island in 
the central Silver Island Mountains as the Corset Spring 
Shale (fig. 17); we here agree with that assignment. Miller 
(1990) has mapped the Corset Spring Shale at Crater Island 
in the northern Silver Island Mountains. A unit of yellow 
ish-green shale and silty limestone in the northern Toano 
Range was mapped as the Corset Spring Shale Member of 
the Orr Formation by Click (1987); these rocks are here 
assigned to the Corset Spring Shale.

Age. Drewes and Palmer (1957) reported trilobites 
of the Late Cambrian Elvinia Assemblage-zone fauna from 
the type section of the Corset Spring Shale in the Snake 
Range. Robison and Palmer (1968) also reported an Elvinia 
fauna from the Corset Spring Shale at Silver Island in the 
Silver Island Mountains. An Elvinia fauna is also present in 
green shales of the uppermost Dunderberg Shale south of 
Silver Zone Pass in the Toano Range. Thus, the Corset 
Spring Shale is considered to be Late Cambrian in age.

NOTCH PEAK FORMATION

The Notch Peak Formation was named by Walcott 
(1908b) for exposures in the House Range; it has been re 
defined and subdivided into three formal members by Hintze 
and others (1988). The Notch Peak, which is one of the
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most widespread units in the central Great Basin, caps all 
of the Cambrian sequences in the Wendover region. How 
ever, lithology and outcrops of the formation vary locally.

Schaeffer (1960) was the first to identify the Notch 
Peak Formation in the Jenkins Peak section at Silver Island 
in the central Silver Island Mountains, and Miller (1990) 
has mapped the formation at Crater Island to the north. 
O'Neill (1968) and Miller (1984) mapped the Notch Peak 
Formation near Miners Canyon in the Pilot Range. Pilger 
(1972) and Click (1987) also mapped the formation in the 
northern Toano Range. We here agree with these assign 
ments in each of these areas. It is also present in the north 
ern Goshute Mountains (Day and others, 1987). In all of 
these areas, the Notch Peak forms steep, massive cliffs con 
sisting of both limestone and dolomite. Just south of Silver 
Zone Pass in the Toano Range (fig. 14), the Notch Peak is 
siltier and forms steep slopes and ridges above the 
Dunderberg Shale. It also is less stromatolitic than in sur 
rounding sections.

Age. Robison and Palmer (1968) reported a fauna 
from the basal part of the Notch Peak Formation in the 
Jenkins Peak section at Silver Island in the central Silver 
Island Mountains that represents the Taenicephalus Assem 
blage-zone of the Upper Cambrian. Schaeffer (1960) reported 
fossils assignable to the overlying Saratogia and Saukia 
Assemblage-zones from the middle part of the Notch Peak 
Formation in the same area. Late Cambrian euconodonts 
collected from the Notch Peak in the Toano Range just 
south of Silver Zone Pass were questionably assigned to 
Proconodontus and given a color alteration index of 6 by J. 
M. Repetski (written commun., 1984). Miller (1969), J.F. 
Miller and others (1982), and Hintze and others (1988) noted 
that the Cambrian-Ordovician boundary is near the top of 
the Notch Peak near its type locality in the southern House 
Range. Therefore, the Notch Peak Formation is considered 
to be Late Cambrian and Early Ordovician in age.

DEPOSITIONAL ENVIRONMENTS

Perhaps the greatest diversity of Cambrian deposi- 
tional environments in the Great Basin is present in the 
Wendover region. Although a detailed sedimentological 
study of these rocks by McCollum (1987; McCollum and 
others, 1988) is still ongoing, a summary of the deposi- 
tional environments is given here to facilitate an under 
standing of the facies distributions and formational desig 
nations applied in this report. It is still unclear as to what 
extent Mesozoic and younger structure modified the origi 
nal geographic distribution.

The lithofacies patterns and environmental interpre 
tation of the Cambrian sequence in the Wendover region 
are consistent with a paleogeographic setting in an outer shelf 
on a passive margin. Late Proterozoic rifting and cratonal 
emergence produced an immense braid-plain to shallow-

marine clastic wedge along the Cordilleran margin (Stewart, 
1976), which persisted until a carbonate platform developed 
and gradually moved cratonward during the Cambrian. The 
heterogeneity of facies developed within the Cambrian of 
the Great Basin reflects the diversity of depositional envi 
ronments present on a passive margin at low latitudes.

The Late Proterozoic McCoy Creek Group and the 
overlying Late Proterozoic and Early Cambrian Prospect 
Mountain Quartzite span the time interval during which 
continental rifting gave way to development of a passive 
continental margin in the northern Great Basin. The Pros 
pect Mountain Quartzite in the Wendover area is composed 
entirely of siliciclastic sedimentary rocks characterized by 
planar and shallow trough crossbeds and horizontal stratifi 
cation. Distinct channels of quartzite-pebble conglomerate, 
in places accompanied by thin, dark argillite at their margins, 
are interpreted as representing braided-stream and overbank 
deposits. Bimodal low-angle crossbedding, indicative of a 
shallow marine or estuarine environment, is present region 
ally in the upper part of the Prospect Mountain Quartzite 
(Schneck and McCollum, 1985; Schneck, 1986). Thus, facies 
development within the Prospect Mountain Quartzite in the 
Wendover area is consistent with the regionally extensive 
braid-plain to shallow-marine paleoenvironmental interpre 
tation.

In the central Great Basin, a transitional facies of 
mixed siliciclastics and carbonates, assignable to the Lower 
and Middle Cambrian Pioche Formation, exists between the 
quartz arenites of the Prospect Mountain Quartzite and the 
overlying carbonate platform. The Pioche Formation is gen 
erally fossiliferous and was deposited under shallow-ma 
rine conditions. A shallow subtidal Cruziana ichnofauna is 
present along bedding surfaces in the clastic facies, whereas 
algal structures are present in the bioclastic carbonates. In 
addition, a fairly abundant and diverse benthic shelly fauna, 
ranging from ti&Bonnia-Olenellus to Albertella Assemblage 
zones, has been reported from the Pioche Formation re 
gionally (Hintze and Robison, 1975, fig. 3).

Deep-water deposits of the Killian Springs Forma 
tion overlie the Prospect Mountain Quartzite in the Wen 
dover area. These deposits consist of dark-gray to black, 
laminated, graphitic siltstone; impure limestone; quartz- 
granule conglomerate; and minor silty limestone that con 
tains only siliceous sponge spicules. The dark, virtually un- 
fossiliferous facies of the Killian Springs Formation are in 
sharp contrast to the lighter colored, more fossiliferous rocks 
of the Pioche Formation, as exposed from the Deep Creek 
Mountains southward.

The onset of deep-water deposition appears to be 
due to rapid subsidence, resulting from downfaulting along 
the outer shelf in the northern Great Basin. The area where 
this structural downwarping occurred is not exposed, but the 
presence of a coarser, more proximal facies in the Killian 
Springs Formation at Tetzlaff Peak, north of Wendover, 
suggests that the flexure exists along the southeast margin
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of the study area. Once established, this deep outer-shelf 
environment persisted from late in the Early Cambrian to 
well into the Middle Cambrian, a duration of at least 15 m.y.

Although it is difficult to gauge depth, sediments 
within the Killian Springs Formation and the Toano Lime 
stone appear to have been deposited in an anoxic environ 
ment below storm-wave base. There is no indication of 
biotic or abiotic reworking of the sediment. The absence of 
tempestites and both shelly and ichnofossils from these 
laminated sediments suggests depths greater than storm- 
wave base.

A shallow-water carbonate platform developed 
southeast of the Wendover area during the early Middle 
Cambrian Albertella Assemblage-zone. Terrigenous elastics 
that bypassed the platform, combined with carbonate muds 
generated from it, settled out as laminated, hemipelagic 
sediments of the Toano Limestone. Graded bedding is ap 
parent in some of the silty limestone and may be the result 
of distal turbidity currents.

Although much of the Toano Limestone is lami 
nated, trough crossbedding is present at two horizons low 
in the type section. Soft-sediment deformation is found 
throughout the Toano but is most common in the middle 
one-third of the formation. Semicoherent to incoherent flows 
as thick as 1.5 m are common (McCollum and McCollum, 
1984). The direction of transport, based on axes of soft- 
sediment folds, was to the northwest.

The Toano Limestone was deposited under unre 
stricted open-marine conditions, as evidenced by a medial 
Middle Cambrian cosmopolitan, pelagic, agnostoid and 
polymeroid trilobite fauna. The absence of a benthic fauna 
may be attributed to substrate instability and high fluidity 
within the sediments. Although carbonate muds of the Toano 
Limestone must have been generated from a nearby carbon 
ate platform, the lack of redeposited oolites or algal debris, 
coupled with the slope needed to generate debris flows, 
suggests deposition in the lower part of a northwest-facing, 
distally steepened carbonate ramp (McCollum and 
McCollum, 1984).

The Clifside Limestone records a shallowing-upward 
sequence in response to an oceanward progradation of the 
carbonate platform across the Wendover area. Storm-gener 
ated oolitic grain flows, some of which include algal mat 
rip-up clasts, flowed downslope and are interbedded with 
the hemipelagic ramp sediments of the lower limestone 
member of the Clifside.

The first appearance in the Wendover area of a shal 
low subtidal to peritidal environment occurs near the middle 
of the Clifside Limestone, deposited during the middle 
Bolaspidella Biochron. A relatively thin, laminated dark 
shale, overlain by rip-up clasts, at the base of the (middle) 
silty limestone and shale member of the Clifside may have 
been deposited as a flood sheet. A shoaling-upward se 
quence developed above this, beginning with bioturbated 
lime muds and crossbedded oolitic sands, overlain by inter-

tidal domal stromatolites and supratidal fenestral lime muds 
and dolomitic algal mats. The sequence is overlain by a 
silty, laminated limestone virtually devoid of benthic forms 
except linguloid brachiopods, which can tolerate conditions 
found in a restricted intrabasin or lagoonal environment. 
The upper limestone member of the Clifside represents a 
gradual shallowing, as a sequence of shallow subtidal, bio 
turbated, silty lime muds, and supratidal fenestral lime muds, 
covered by dolomitic algal mats, prograded across the la 
goonal deposits.

The Morgan Pass Formation and Trippe Limestone 
in the Wendover area are largely time equivalent but differ 
sedimentologically. Strata of the Morgan Pass Formation 
are mainly terrigenous silts and muds, whereas the Trippe 
Limestone is almost exclusively burrowed and algal car 
bonate. Despite the differences in lithology, both forma 
tions apparently were deposited under shallow-water condi 
tions adjacent to one another in the study area.

The influx of terrigenous mud and silt of the Mor 
gan Pass Formation smothered the outer part of the carbon 
ate platform. Shallow-water conditions persisted, however, 
despite the decrease in carbonate production caused by the 
dampening effect of this clastic blanket Except for the 
presence of inarticulate brachiopods on some bedding sur 
faces, the muds are devoid of benthic fauna, suggesting a 
restrictive environment. The rhythmic nature of the thin- to 
medium-bedded calcareous siltstones and the presence of 
low-amplitude hummocky layering suggest flood deposits 
that were tidally reworked.

Occasionally storm tracks cut across the outer 
platform, breaching the oolitic shoal barrier and spreading 
coarse carbonate debris (rip-up clasts) and oolitic shoal sands 
across the normally placid muddy lagoonal environment. 
These storms probably improved marine circulation in the 
lagoons and certainly provided a firmer substrate, allowing 
formation of microbial bioherms. Some of the columnar 
stromatolites and thrombolites grew to 1 m in height before 
being smothered by the next substantial influx of terrige 
nous mud.

The Trippe Limestone was deposited in the area of 
the carbonate platform not blanketed by terrigenous elastics 
of the Morgan Pass Formation but under similar environ 
mental conditions. Lime muds continued to accumulate in a 
shallow subtidal environment where storms periodically 
covered these burrowed muds with rip-up clasts and rede- 
posited oolitic sands. Microbial mats commonly colonized 
the surface of these redeposited sediments, although bioher- 
mal builders are absent. Fenestral fabric also developed in 
the lime muds under peritidal conditions.

The Decoy Limestone preserves a deepening-upward 
or retrogressive carbonate sequence. The basal deposits of 
the Decoy record the cratonward migration of the oolitic 
and oncolitic shoal environment. This is succeeded by bur 
rowed peloidal lime muds deposited under deepening 
subtidal conditions.
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Increasing water depth brought about the first 
drowning of the carbonate platform since its establishment 
in the Wendover area. This transgression brought open- 
marine conditions across the outer edge of the carbonate 
platform during the Lejopyge laevigata Biochron. These 
deeper water deposits and those formed during the subse 
quent shallowing event are recorded within the strata of the 
Shatter Formation.

Strata in the lower half of the Shafter Formation 
were deposited as laminated calcareous mud and silt. Unre 
stricted marine conditions must have been present to account 
for the cosmopolitan, pelagic agnostoids. However, the ab 
sence of a benthic fauna and of tempestite beds, in a low- 
latitude region obviously affected by storms, suggests that 
the sediments may have been deposited under anoxic condi 
tions below storm-wave base. In the upper half of the Shafter 
Formation, terrigenous silts increased and the bedding be 
came distinctly hummocky as a result of wave action. 
Shallowing into the zone of wave mixing may also account 
for the addition of endemic, benthic, polymeroid trilobites 
to the cosmopolitan agnostoid fauna.

A continuous sequence of shallow subtidal to periti- 
dal carbonates of the Lamb Dolomite were being deposited 
inboard of the transgression that brought about the outer- 
shelf drowning recorded in the Shafter Formation. Shallow 
subtidal, burrowed lime muds; migrating oolitic and on- 
colitic shoals; and peritidal, fenestral lime muds and dolo- 
mitic algal mats dominated the carbonate platform. The lack 
of terrigenous silt may have contributed to the extensive 
synsedimentary dolomitization.

The carbonate platform again prograded completely 
across the Wendover area during the early Late Cambrian. 
Facies patterns began to have a more regional extent, and 
several formational designations from the central Great Ba 
sin can be applied to the Wendover area. Some of the Late 
Cambrian paleoenvironments present within the Wendover 
area have also been studied in detail to the south in west- 
central Utah (see Robison and Rowell, 1976; Taylor, 1989).

Shallow subtidal to peritidal conditions existed in 
the Wendover area during the Crepicephalus Biochron. Ini 
tial deposits consist of shallow subtidal, burrowed lime muds 
and peritidal fenestral muds and algal mats, overlain by 
oolitic shoal deposits in the Lion Spring Limestone, the 
lower half of the Oasis Formation, and the uppermost Lamb 
Dolomite. Carbonate production was then locally interrupted 
by an influx of terrigenous elastics across the southern part 
of the Wendover area.

The Ola Sandstone represents a tidally influenced, 
mixed clastic and carbonate environment. Broad channels 
and sheets of quartz sand and silt, interbedded with oolitic 
sands, formed along the outer-platform margin from the 
northern Goshute Mountains southward to the Deep Creek 
Mountains and eastward to the Dugway Range. Several 
channeled quartz-sand beds in the lower strata of the Big 
Horse Limestone in the Silver Island Mountains may repre

sent the northern extent of this coarse terrigenous influx. A 
prominent interval of calcareous siltstone in the middle of 
the Oasis Formation may also represent distal elastics that 
were locally impounded behind an oolitic shoal barrier along 
the outer shelf.

With the cessation of clastic input, a retrogressive 
carbonate sequence was deposited across the area. Oolitic 
shoals migrated cratonward and were replaced by subtidal, 
burrowed lime muds of the Goshute Limestone, the upper 
Oasis Formation, and most of the Big Horse Limestone. 
These muds are overlain by laminated lime muds and shales 
in what was the last and most widespread of the Cambrian 
marine transgressions in the Great Basin.

Platform drowning across the Wendover area had 
been accomplished by the beginning of the Dicanthopyge 
Biochron. This terrigenous event is recorded in strata of the 
Dunderberg Shale and Candland Formation. These forma 
tions are composed largely of laminated elastics and inter- 
bedded carbonate debris flows and tempestites.

Paleoenvironmental conditions were initially similar 
for both the Dunderberg Shale and Candland Formation, 
although the drowned environment represented by the latter 
was of shorter duration and in a more cratonward position. 
Barren, black, laminated muds, deposited under anoxic con 
ditions, are interbedded with thin bioclastic limestones. These 
carbonates are sometimes graded and contain shell lags of 
disarticulated polymeroid trilobites, and they probably rep 
resent both debris flows and tempestites.

The carbonate platform (Johns Wash Limestone) 
prograded across the open-shelf sediments of the Candland 
Formation during the middle Dunderbergia Biochron. The 
Johns Wash preserves a shallowing-upward sequence of 
bioturbated lime mud, overlain by oolitic shoal deposits. 
Cratonally derived mud and silt of the Corset Spring Shale 
covered the carbonate platform during the Elvinia Biochron.

This newly established shallow carbonate platform 
did not extend completely across the Wendover area. Deeper 
water, open-shelf conditions continued into the Elvinia Bio 
chron in the Dunderberg Shale. By the end of the Elvinia 
Biochron, the prograding carbonate platform (Notch Peak 
Formation) had completely covered the Wendover area, and 
shallow subtidal to peritidal deposits continued into the Early 
Ordovician.
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MEASURED SECTIONS

All sections were measured by McCollum with a 
1.5-m Jacob staff. The carbonate classification by Dunham 
(1962) was used. The degree of bioturbation was based on 
the ichnofabric index of Droser and Bottjer (1986). Fossil 
identifications were made by A.R. Palmer, R.A. Robison, 
and A.J. Rowell.

Section 1
Type section of the Killian Springs Fonnation and partial reference section 
of the Toano Limestone, Pilot Range. Section located in NW VJ NW 1/ sec. 
21 and S Vi SE V* sec. 16, T. 5 N., R. 19 W., along a northeast-trending 
ridge starting at 6,500 ft and ending at 7,700 ft, Patterson Pass 7/2-minute 
quadrangle, Nevada-Utah (fig. 7). Measured in June 1984.

Toano Limestone (Middle Cambrian) (incomplete): Meters 
3. Lime mudstone, dark-gray (N3) to medium-light- 

gray (N6); dark-yellowish-orange (10 YR 6/6) 
to light-brown (5 YR 5/6) silty laminations; 
measurement terminated in synclinal axis ...... 260

Incomplete thickness of Toano
Limestone .......................................... 260

Gradational contact.
Killian Springs Formation (Lower and Middle Cam 

brian): Meters 
2. Siltstone, phyllitic, grayish black (N2); and me 

dium-gray (N5), platy lime mudstone, con 
taining sponge spicules................................... 175

1. Siltstone, fine-grained sandstone, and phyllite, 
grayish-black (N2) to medium-gray (N5), 
hackly to fissile; dark-yellowish-orange (10 
YR 6/6) to light-brown (5 YR 5/6) iron 
staining common; moderately to highly 
cleaved locally................................................ 125

Total thickness of Killian Springs
Formation........................................... 300

Sharp conformable contact.
Prospect Mountain Quartzite (Late Proterozoic and
Lower Cambrian) (not measured)

Section 2
Type section of the Toano Limestone and reference section of the Killian 
Springs Formation, Toano Range. Section measured across the northern 
half of sec. 4, T. 35 N., R. 68 E., on a prominent east-trending ridge at 
6,600-ft contour and ending at Hill 7129, Silver Zone Pass 7Vi-minute 
quadrangle, Nevada (fig. 8). Measured in July 1983.

Clifside Limestone (Middle Cambrian) (not measured) 
Conformable contact.

Toano Limestone (Middle Cambrian): Meters
8. Silty lime mudstone, medium-gray (N5) to dark- 

gray (N3), with very pale orange (10 YR 8/2) 
to grayish-brown (5 YR 3/2) silty laminated 
beds. Occasional megaslumps, including one 
in which several lithified, imbricated, silty lime 
mudstone clasts align at a 60° angle with a 
southeastward dip, indicate movement to the 
northwest; silicified agnostoids, including 
Ptychagnostus atavus, 20 m above base, and 
silicified polymeroid trilobites, including 
Bolaspidella, in upper 30 m............................ 225

7. Silty lime mudstone, medium-dark-gray (N4), 
with light-olive-gray (5 Y 6/1) silty lamina 
tions. Interval is characterized by soft-sediment 
megaslumps as thick as several meters, sepa 
rated by horizontally laminated beds. Mega 
slumps range from semicoherent to incoher 
ent, some with prominent Z-folds................... 315

6. Silty lime mudstone, medium-gray (N5) to dark- 
gray (N3), with very pale orange (10 YR 8/2) 
to grayish-brown (5 YR 3/2) silty laminated 
beds; occasional megaslumps and black phyl 
litic siltstone beds; poorly preserved Middle 
Cambrian silicified ptychopariids and agnos 
toids 10 m below top....................................... 140

5. Silty lime mudstone, medium-dark-gray (N4), 
with light-olive-gray (5 Y 6/1) silty lamina 
tions. Interval is characterized by soft-sediment 
megaslumps, as thick as several meters, sepa 
rated by horizontally laminated beds.
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Toano Limestone (Middle Cambrian): Continued Meters 
Megaslumps range from semicoherent to inco 
herent, some with prominent Z-folds.............. 50

4. Silty lime mudstone to calcareous siltstone, me 
dium-gray (N5) to dark-gray (N3); silt laminae 
grayish brown (5 YR 3/2) to very pale orange 
(10 YR 8/2); annealed microfaults and minor 
soft-sediment deformation present throughout; 
bidirectional trough cross-stratification to the 
northwest and southeast; minor rotational 
slumps present................................................ 110

3. Argillaceous lime mudstone, dark-gray (N3) to 
black (Nl), with thin phyllitic shale interbeds. 
Finely disseminated white mica gives a reflec 
tive sheen; distinct soil color change at the 
formational contact from medium gray (N5) 
below to pale brown (5 YR 5/2) above; 
forms slopes.................................................... 10

Total thickness of Toano Limestone ....... 850

Gradadonal contact.
Killian Springs Formation (Lower and Middle Cam 

brian) (incomplete):
2. Calcareous siltstone to lime mudstone, medium- 

dark-gray (N4) to dark-gray (N3), with occa 
sional thin interbeds of laminated fine-grained 
sandstone; clays altered to white micas, float 
ing, generally not oriented; forms slopes 
and low-lying hills.......................................... 95

1. Siltstone, phyllitic to micaceous, medium-dark- 
gray (N4) to dark-gray (N3), thin to platy, oc 
casionally blocky, microlaminated; thin (15- 
cm) interbeds of fine-grained, dark-gray (N3) 
sandstone and occasional argillaceous lime 
stone beds. Siltstone and fine-grained 
sandstone weather to blocky slopes ................ 155

Incomplete thickness of Killian Springs
Formation ........................................ 250

B ase of section covered.

Section 3
Type section of Clifside Limestone, Toano Range. Section located in SE'/ 
sec. 4 and SW 1A sec. 3, T. 35 N., R. 68 E., Silver Zone Pass TA -minute 
quadrangle, Nevada (fig. 8). Measured in July 1984. The type Clifside 
Limestone contains medium- to thin-bedded lithologic units that have a 
distinctly striped appearance. In the descriptions below, brown, silty beds 
alternating with gray limestone are referred to as "tiger-striped," and light- 
gray, oolitic grainstone beds alternating with gray limestone are referred to 
as "zebra-striped."

Top of section faulted against Clifside Limestone and
Morgan Pass Formation. Meters 

Clifside Limestone (Middle Cambrian) (incomplete): 
Upper limestone member:

14. Lime mudstone to wackestone, medium-gray 
(N5) to medium-dark-gray (N4), laminated to 
undulose, with yellowish-gray (5 Y 7/2) silt; 
fenestral fabric in lower 60 m; massive 
texture............................................................. 210

Incomplete thickness of upper lime-

Upper limestone member.  Continued Meters 
stone member..................................... 210

Silty limestone and shale member:
13. Lime mudstone to packstone, medium-gray 

(N5); interbedded with calcareous siltstone, 
light-brown (5 YR 5/6) to moderate-brown (5 
YR 4/4), undulose to laminar; "tiger-stripe" 
facies............................................................... 20

12. Lime mudstone to wackestone, medium-dark- 
gray (N4) to dark-gray (N3), with prominent 
grayish-orange (10 YR 7/4) silty laminations; 
contains inarticulate linguloid brachiopods and 
marjumid trilobites in upper 6 m .................... 70

11. Lime mudstone to wackestone, medium-light- 
gray (N6) to medium-dark-gray (N4); stro- 
matolitic, diffuse silty laminae, with fenestral 
fabric; oncolitic beds 20 m above base and in 
uppermost meter, oolitic grainstone and flat 
pebble limestone conglomerate (tempestites) 
present............................................................ 75

10. Phyllitic siltstone and shale, black (Nl); 
interbedded with thin to nodular lime mud- 
stone, dark-gray (N3); forms saddles on 
dip-slope ridges............................................... 10

Total thickness of silty limestone and
shale member..................................... 175

Lower limestone member
9. Lime mudstone to grainstone, medium-gray (N5) 

to medium-light-gray (N6); oolite beds at 32- 
36 m, 9-14 m, and 0 5 m; fenestral fabric at 
14-32 m; silty beds at 5-9 m; "zebra-stripe" 
facies............................................................... 38

8. Lime mudstone to packstone, medium-gray (N5); 
interbedded with calcareous siltstone, light- 
brown (5 YR 5/6) to moderate-brown (5 YR 
4/4); fenestral fabric at 15-19 m; "tiger-stripe" 
facies............................................................... 24

7. Lime mudstone to grainstone, medium-gray (N5) 
to medium-light-gray (N6); oolite beds at 43- 
44 m and 0 13 m; fenestral fabric at 13-43 m; 
"zebra-stripe" facies........................................ 44

Section offset 400 m southward along ridge crest. 
Measurement resumed along a prominent eastward spur.

6. Lime mudstone to packstone, medium-gray (N5); 
interbedded with calcareous siltstone, light- 
brown (5 YR 5/6) to moderate-brown (5 YR 
4/4), undulose to laminar; "tiger-stripe" 
facies............................................................... 12

5. Lime mudstone to grainstone, medium-gray (N5) 
to medium-light-gray (N6); thin, dark-yellow 
ish-orange (10 YR 6/6) to grayish-orange (10 
YR 7/4), undulose silty layers. Oolitic 
grainstones in tabular beds or discrete shallow 
troughs that have sharp parallel contacts with 
adjacent laminated layers; stromatolitic layer 
near top; "zebra-stripe" facies......................... 22

4. Wackestone to packstone, medium-gray (N5); 
layers of silt and fine sand, light-brown (5 YR
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Lower limestone member  Continued Meters 
5/6) to moderate-brown (5 YR 4/4), undulose 
to laminar; top 7 m largely covered; at 30 m 
and 31.5 m above base, rip-up clasts (storm 
deposits) 10 and 15 cm thick; "tiger-stripe" 
facies............................................................... 49

3. Lime mudstone to grainstone, medium-gray (N5) 
to medium-light-gray (N6); thin, dark-yellow 
ish-orange (10 YR 6/6), undulose silty layers. 
Oolitic grainstones are tabular and present in 
discrete shallow troughs; at 9 m above base, 
rip-up clasts (storm deposit) 10 cm thick; 
"zebra-stripe" facies........................................ 18

2. Wackestone to packstone, medium-gray (N5); 
layers of silt and fine sand, light-brown (5 
YR 5/6) to moderate-brown (5 YR 4/4), 
undulose to laminar, "tiger-stripe" facies ....... 18

1. Lime mudstone to grainstone, medium-gray (N5) 
to medium-light-gray (N6); thin, dark-yellow 
ish-orange (10 YR 6/6), undulose silty layers. 
Oolitic grainstones are tabular and present in 
discrete shallow troughs; oolite beds at 39.2- 
39.3 m, 37.5-37.56 m, 36.25-36.35 m (planar 
bottom), 35.4-35.6 m, 33.85-33.9 m, 33.5- 
33.65 m (channeled at top), 31.85-32.05 m, 
30.85-31.1 m, 30-30.15 m, 27.4-27.6 m, 12.2- 
12.4 m, 9.2-9.3 m, and 6.4-6.5 m; "zebra- 
stripe" facies................................................... 40

Total thickness of lower limestone
member............................................... 265

Incomplete thickness of Clifside Limestone 650

Gradational contact.
Toano Limestone (not measured)

Section 4
Type section of the Morgan Pass Formation, Decoy Limestone, Shatter 
Formation, Lion Spring Limestone, Ola Sandstone, and Goshute 
Limestone, and partial reference section of the Dunderberg Shale just west 
of Morgan Pass, Goshute Mountains. Section located in S Vi sec. 21, T. 32 
N., R. 68 E., along northern flank of Hill 8018 in Morgan Pass 7K-minute 
quadrangle, Nevada (fig. 12). Measured in July 1985.

Pogonip Group (Lower Ordovician) (incomplete): Meters 
25. Lime mudstone to packstone, medium-dark-gray 

(N4); weathers medium-light-gray (N6); chert 
layers 5 cm thick, some discontinuous chert 
nodules; highly folded and crumpled at base, 
probably owing to Tertiary detachment 
faulting............................................................ 15

Incomplete thickness of Pogonip Group. 15

Faulted contact.
Dunderberg Shale (Upper Cambrian):

24. Largely covered interval; float composed of 
dark-gray (N3), platy limestone and black 
shale; forms slopes; limestone float highly 
fossiliferous; trilobites include Homagnostus, 
Pseudagnostus, Prehousiat, and Tumi- 
cephalus .......................................................... 1QQ

Dunderberg Shale (Upper Cambrian): Continued Meters 
Incomplete thickness of Dunderberg

Shale.................................................. 100

Conformable contact.
Goshute Limestone (Upper Cambrian):

23. Wackestone to packstone, medium-gray (N5); 
some silty mottled (ichnofabric 3) intervals. 
Oncolites and a Crepicephalus Assemblage- 
zone fauna, including Tricrepicephalus, 
Angulotreta cf. A. postapicalis Palmer, 
Kingstonia, and Opisthotreta, present in upper 
10 m; forms the highest gray massive cliff..... 65 

Total thickness of Goshute Limestone.... 65

Conformable contact.
Ola Sandstone (Upper Cambrian):

22. Calcareous siltstone, quartz sandstone, and silty 
limestone, dark-yellowish-orange (10 YR 6/6) 
to light-brown (5 YR 5/6) and grayish-red (10 
R 4/2). Oolitic packstone to grainstone at 57  
57.5 m, 44-^14.5 m, 37-37.5 m, and 33-34.5 
m; trilobite packstone at 56 m contains numer 
ous specimens of Tricrepicephalus; forms 
a prominent reddish-orange cliff..................... 60

Total thickness of Ola Sandstone............ 60

Conformable contact.
Lion Spring Limestone (Upper Cambrian):

21. Wackestone to grainstone, medium-gray (N5), 
oolitic; indistinct silty mottling (ichnofabric 
3 and 4) and thin siltstone beds; weathers 
moderate reddish orange (10 R 6/6) and gray 
ish orange (10 YR 7/4) to dark yellowish 
orange (10 YR 6/6); forms small, cliffy 
ledges.............................................................. 45

20. Silty wackestone to packstone, dark-gray (N3); 
weathers medium dark gray (N4). Silt content 
decreases upwards; fenestral fabric intermixed 
with silty mottles (ichnofabric 3 to 4); onco- 
lites; trilobite hash near top. Upper half forms 
a bluish-gray cliff............................................ 40

Total thickness of Lion Spring Limestone 85

Conformable contact.
Shafter Formation (Middle and Upper Cambrian):

19. Lime mudstone, medium-gray (N5); and calcar 
eous siltstone, grayish-orange (10 YR 7/4) to 
dark-yellowish-orange (10 YR 6/6); thin to 
medium bedded, with horizontal burrows 
(ichnofabric 2) on some bedding planes; forms 
low cliffs. Unit contains a sparse fauna, in 
cluding Clavagnostus and an unidentified 
cedariid trilobite.............................................. 63

18. Covered interval; platy silty limestone
float................................................................. 6

17. Lime mudstone to wackestone, medium-dark- 
gray (N4); becomes more mottled, less lami 
nated upward. Basal 13 m form ledgy cliffs,
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Shafter Formation (Middle and Upper Cambrian): 
Continued Meters 

13 22 m form slopes, and uppermost 8 m 
form ledgy cliffs ............................................. 30

16. Covered interval............................................... 9
15. Lime mudstone to wackestone, medium-dark- 

gray (N4); silty layers grayish orange (10 YR 
7/4); occasional burrows. Cedaria Assemblage- 
zone fauna includes Cedaria prolificat, 
Lonchocephalus sp., Modocia sp., Clavagnos- 
tus sp., Proagnostus bulbiist, Oedorhachis sp., 
Anabolotreta sp., Angulotreta sp., andMicro- 
mitra sp.; intermittent exposures in a recessive 
slope; partially covered. Unit forms small 
ledges.............................................................. 77

14. Lime mudstone to packstone, medium-dark-gray 
(N4); weathers medium gray (N5); medium- 
bedded silty layers, moderate-yellowish-brown 
(10 YR 5/4). Bolaspidella Assemblage-zone 
fauna at 6 m above base includes marjumid 
trilobites and a diverse inarticulate brachiopod 
fauna, including Acrothele, Dictyonina, 
Linnarssonia, Picnotreta, Prototreta, 
linguloids, and several species of acrotretids.. 15 

Total thickness of Shafter Formation...... 200

Conformable contact.
Decoy Limestone (Middle Cambrian):

13. Lime mudstone to packstone, recrystallized, 
medium-gray (N5); weathers medium light 
gray (N6); silt grayish orange (10 YR 7/4); 
distinct, slightly undulatory bedding less than 
3.5 cm thick; horizontal burrows (ichnofabric 
2). Lower 7 m contain abundant oncolites; be 
comes less silty and progressively recrystal 
lized and dolomitized toward the top; forms 
massive gray cliff............................................ 60

Total thickness of Decoy Limestone....... 60

Conformable contact.
Morgan Pass Formation (Middle Cambrian):

12. Calcareous silts tone, silty lime mudstone, and 
wackestone, with interbeds of algal packstone 
and oolitic grainstone, medium-dark-gray (N4) 
to medium-light-gray (N6); rip-up beds 
(tempestites); clasts at high angle to bedding 
in basal 0.5 m; highly bioturbated (ichnofabric 
3 to 4) silty wackestone at 0.5-1 m; rip-up bed 
(tempestite), flat-lying algal clasts at 1-1.25 
m; oolitic grainstone at 1.25-1.6 m; molded 
(ichnofabric 3) and semicoherent laminae with 
stromatolites, 25 cm diameter, near the top at 
1.6-2.5 m; oolitic grainstone infilling between 
stromatolites; surface relief on stromatolite 
heads as much as 10 cm; light-brown (5 YR 
5/6) siltstone with thin to discontinuous, light- 
olive-gray (5 Y 6/1) silty lime mudstone at 
2.5-16 m; bedding thickness generally 3 cm or 
less; thin (10-cm-thick) beds of rip-up clasts 
at 5.5 m and 6 m; oolitic grainstone at 12-13

Morgan Pass Formation (Middle Cambrian): 
Continued Meters 

m; layers of domal stromatolites, 25 cm diam 
eter, which overlie several beds of rip-up clasts 
at 16-19 m. Fauna includes Eldoradia and 
Lingulella; small horizontal burrows 
(ichnofabric 2) on some bedding planes 
throughout unit............................................... 19

11. Covered interval; silty and platy limestone
float; occasional small discontinuous outcrops 30

10. Silty lime mudstone, medium-dark-gray (N4); 
weathers light gray (N7); thicker bedded and 
less silty than unit 7; horizontal burrows (ichno 
fabric 2) present.............................................. 27

9. Covered interval; silty lime chips and platy lime 
stone in float................................................... 20

8. Silty lime mudstone, medium-dark-gray (N4), 
which weathers light gray (N7); grayish-orange 
(10 YR 7/4) calcareous siltstone; and pale-olive 
(10 Y 6/2) shale; thinly bedded, with parallel 
laminations. Carbonate interbeds are 3 cm or 
less in thickness; rip-up clasts (tempestites), 
10 cm thick, at 2 m, 9 m, and 18 m above 
base; siliceous shale 26 30 m above base....... 35

7. Covered interval; silty limestone, calcareous silt- 
stone, and shale float; slope surface hummocky, 
appears to be a recent rotational slide ............. 30

6. Silty lime mudstone, medium-dark-gray (N4); 
weathers light gray (N7); mottled (ichnofabric 
3) to thinly bedded.......................................... 6.5

5. Calcareous siltstone, oolitic grainstone, and trilo- 
bite packstone of the Bolaspidella Assem 
blage-zone; largely covered............................ 9

4. Calcareous siltstone and shale, grayish-orange 
(10 YR 7/4) to dark-yellowish-orange (10 YR 
6/6); and oncolitic wackestone to oolitic grain- 
stone, medium-dark-gray (N4) to medium- 
light-gray (N6); basal meter calcareous siltstone 
and shale, overlain by 0.5 m of oolitic grain- 
stone, followed by 1 m of silty mottled lime 
stone. Above this is 1.5 m of oncolitic pack- 
stone, topped by a 25-cm-thick domal 
stromatolite bed in which the heads weather 
in relief............................................................ 4.25

3. Silty lime mudstone to oolitic grainstone, medi 
um-light-gray (N6) to medium-dark-gray (N4). 
Silty layers and mottles are dark yellowish or 
ange (10 YR 6/6). Basal 0.5 m is wackestone 
to packstone with silty mottles (ichnofabric 3 
to 4), overlain by 1 m of oolitic grainstone and 
0.5 m of oncolitic wackestone to packstone. 
Above this is a 1-m-thick unit of domal stro 
matolites, with individuals as wide as 0.5 m, 
and silty limestone between individual heads. 
A meter of oncolitic limestone overlies the 
stromatolites and is overlain by a 25-cm-thick 
domal stromatolite layer in which the heads 
weather in relief. Unit forms a prominent 
ridge................................................................ 4.25

2. Shale, calcareous siltstone, and silty lime mud-
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Morgan Pass Formation (Middle Cambrian): 
Continued Meters 

stone; silt beds pale yellowish orange (10 YR 
8/6); weather moderate reddish brown (10 R 
4/6) to dark yellowish orange (10 YR 6/6); at 
9 m above base, outcrop of oncolitic packstone, 
medium-dark-gray (N4) to medium-gray (N5); 
small silty lime chips, 1 cm average, in float; 
mostly covered................................................ 40

Total thickness of Morgan Pass Formation 225

Conformable contact.
Clifside Limestone (Middle Cambrian) (incomplete):

I. Lime mudstone to packstone, silty, medium-dark- 
gray (N4); weathers to light gray (N7); light- 
gray (N7) silty mottles (ichnofabric 4 and 5); 
fenestral fabric, yellowish-gray (5 Y 8/1), thin 
silty layers; bedding medium to indistinct and 
massive; bed of oncolites at 16 m and oolitic 
sandstone, 0.5 m thick, 21 m below top of 
unit; silty laminae and fenestral fabric present 
in upper 8 m.................................................... 60

Incomplete thickness of Clifside Limestone 60

Section 5
Reference section of the Dunderberg Shale and partial section of the 
Notch Peak Formation, northern Goshute Mountains. Section located 
along the crest of the mountain range in E % sec. 32, T. 32 N., R. 68 E., 
Lion Spring VVz-minute quadrangle, Nevada (fig. 12). Measured in August 
1989.

Notch Peak Formation (Upper Cambrian and Lower
Ordovician) (incomplete): Meters 
16. Lime mudstone, medium-gray (N5), with minor 

dusky yellow (5 Y 6/4) silty mottles 
(ichnofabric 3); bedding 40 cm thick or less; 
top of major vertical cliff................................ 150

15. Lime mudstone to packstone, medium-gray 
(N5), with dusky yellow (5 Y 6/4) silty mottles 
(ichnofabric 3); platy and thin bedded, 5-10 
cm thick in most of section; bedding planes 
are separated by silty layers; contains sparse 
trilobites and inarticulate brachiopods; basal 
meter contains Taenicephalusl', Billingsella! 
sp., Angulotretdl sp. (Taenicephalus 
Assemblage-zone)........................................... 90

14. Covered interval ............................................... 11
13. Lime mudstone, medium-gray (N5), with dusky 

yellow (5 Y 6/4) silty mottles (ichnofabric 
3); bedded, 5-8 cm thick................................. 2

12. Covered interval............................................... 24
II. Lime mudstone to packstone, light-gray (N7), 

completely recrystallized; silty mottles moder 
ate red (5 R 5/4) and dusky yellow (5 Y 6/4) 
(ichnofabric 2); mottled layers 0.5-2 cm apart; 
beds 70 cm thick, separated by 20 cm of medi 
um-dark-gray (N4) thin-bedded lime mudstone, 
some of which is recrystallized into calcite 
(white-band appearance); cliff-former............ 21

10. Covered interval ............................................... 27

Notch Peak Formation (Upper Cambrian and Lower
Ordovician) (incomplete): Continued Meters 
9. Lime mudstone to packstone, medium-gray (N5), 

with dark-yellowish-orange (10 YR 6/6) and 
yellowish-gray (5 Y 8/1) silty mottles 
(ichnofabric 3); bedding 15-30 cm thick; 
forms a low cliff.............................................. 6

Incomplete thickness of Notch Peak
Formation........................................... 331

Conformable contact.
Dunderberg Shale (Upper Cambrian):

8. Shale, light-olive-gray (5 Y 6/1); fissile, siliceous, 
with a few 10-cm-thick limestone layers; forms 
slopes, mostly covered.................................... 15

7. Wackestone to packstone, medium-gray (N5) to 
light-gray (N7); interbedded with calcareous 
siltstone, yellowish-gray (5 Y 8/1); forms small 
cliffs on ridge crest......................................... 18

6. Silty limestone, medium-gray (N5); and thinly 
interbedded calcareous siltstone, dark-yellow 
ish-orange (10 YR 6/6)................................... 6

5. Lime mudstone to packstone, medium-gray (N5); 
thin- to medium-bedded, nodular; dark-yel 
lowish-orange (5 YR 6/6) silty mottles 
(ichnofabric 3); trilobite packstone hi basal 
meter contains Irvingella angustilimbata 
Kobayashi, Housia cf. H. varro (Walcott), 
Sigmocheilus flabellifer (Hall and Whitfield), 
Homagnostus tumidosus (Hall and Whitfield), 
Pseudagnostus sp., and Kinbladia sp. (lower 
Ehirtia Assemblage-zone).............................. 6

4. Shale, light-olive-gray (5 Y 6/1) to dark-gray 
(N3); fissile, siliceous; interbedded with medi 
um-gray (N5) lime mudstone beds as thick as 
1 m; yellowish-gray (5 Y 8/1) silty mottles 
(ichnofabric 2) present in limestone beds ....... 27

3. Lime mudstone, medium-gray (N5), with grayish- 
orange (10 YR 7/4) silty mottles (ichnofabric 
2); bedding 10-20 cm thick; shale float near 
top; poorly exposed; slope former .................. 35

2. Silty limestone, medium-dark-gray (N4); silts 
moderate yellowish brown (10 YR 5/4) and 
dark yellowish orange (10 YR 6/6); beds 
undulose to nodular; siltstone; thin bedded; 
bedding 1-6 cm thick; trilobites include 
Dunderbergia rdtida (Hall and Whitfield), 
Aphelotoxon punctata Palmer, Homagnostus 
tumidosus (Hall and Whitfield), and Pseudag 
nostus sp. (Dunderbergia Assemblage-zone); 
forms small cliffs and benches along ridge 
crest................................................................. 30

1. Covered interval; float composed of medium- 
dark-gray (N4) platy silty limestone and dark- 
gray (N3) to black (Nl) shale; silty beds mod 
erate yellowish brown (10 YR 5/4) and dark 
yellowish orange (10 YR 6/6); trilobite pack- 
stone in basal meter contains Prehousia indenta 
Palmer and Pseudagnostus sp. (Prehousia As 
semblage-zone); collection 12 m above base
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Dunderberg Shale (Upper Cambrian):  Continued Meters 
contains Dicanthopyge quadrata Palmer, 
Olenaspella regularis Palmer, Listroat sp., 
Pseudagnostus sp., undetermined small olenid, 
Angulotreta sp. (Dicanthopyge Assemblage- 
zone)............................................................... 38

Total thickness of Dunderberg Shale ...... 175

Conformable contact.
Goshute Limestone (Upper Cambrian) (not measured)

Section 6
Type section of the Oasis Formation and reference sections of the Morgan 
Pass Formation, Decoy Limestone, Shafter Formation, and Dunderberg 
Shale, Toano Range. Section located in NW'/ sec. 33, T. 35 N., R. 68 E., 
on ridge between Silver Zone Basin and "Proctor" Peak (7,602 ft), West 
Morris Basin 7%-minute quadrangle, Nevada (fig. 14). Measured in June 
1985.

Notch Peak Formation (Upper Cambrian and Lower 
Ordovician) (not measured)

Conformable contact. Meters 
Dunderberg Shale (Upper Cambrian):

22. Lime mudstone to wackestone, medium-gray 
(N5), platy to nodular, thin bedded, with almost 
50 percent silt in a variety of colors, including 
pale red (5 R 6/2), light brown (5 YR 6/4), 
and yellowish gray (5 Y 8/1); inarticulate 
brachiopods common on some bedding planes; 
Housia, Homagnostus, Pseudagnostus, and 
Elvinial in nodular carbonate ......................... 24

21. Shale, pale-olive (10 Y 6/2), fissile, siliceous, 
with rare trilobites including Housia; mostly 
covered; forms slopes ..................................... 20

20. Wackestone to packstone, medium-gray (N5) 
to light-gray (N7); interbedded with dusky 
yellow (5 Y 6/4) siltstone; crinoid columnals 
common, recrystallized................................... 10

19. Shale and siltstone, greenish-gray (5 G 6/1); 
weathers pale olive (10 Y 6/2); finely lamin 
ated to medium bedded................................... 15

18. Lime mudstone to wackestone, medium-gray 
(N5), thin-bedded to nodular, grayish-orange 
(10 YR 7/4) silty mottles (ichnofabric 3); pale- 
brown (5 YR 5/2) to light-olive-gray (5 Y 
5/2) shaly interbeds......................................... 10

17. Shale, dark-gray (N3) to black (Ml); weathers 
light gray (N7); interbedded with medium-dark- 
gray (N4) lime mudstone beds as thick as 
1 m; partly covered......................................... 35

16. Lime mudstone to wackestone, medium-gray 
(N5), with grayish-orange (10 YR 7/4) silty 
laminae; trilobite hash on bedding surfaces, 
including Dunderbergia sp ............................. 12

15. Shale, dark-gray (N3) to black (Nl); weathers 
light gray (N7); interbedded with medium-dark- 
gray (N4) lime mudstone ................................ 15

14. Wackestone to grainstone, medium-dark-gray 
(N4); weathers brownish gray (5 YR 4/1); in-

Dunderberg Shale (Upper Cambrian): Continued Meters 
distinct, undulose bedding surfaces occasion 
ally covered with inarticulate brachiopods ..... £ 

Total thickness of Dunderberg Shale ...... 150

Conformable contact.
Oasis Formation (Upper Cambrian):

13. Lime mudstone to wackestone, medium-light- 
gray (N6); and light-gray (N7) dolomite, with 
yellowish-gray (5 Y 8/1) silty mottles 
(ichnofabric 2 and 3); partially recrystallized; 
weathers blocky and forms a moderate cliff... 60

12. Calcareous siltstone to silty wackestone, light- 
brown (5 YR 5/5) to moderate-brown (5 YR 
4/4); beds 1-10 cm thick; weathers platy and 
forms slope ..................................................... 10

11. Wackestone to grainstone, medium-light-gray 
(N6); and light-gray (N7) dolomite; fenestral 
and cryptalgalaminite facies; minor silty 
mottles (ichnofabric 4 and 5) and oolitic 
grainstone, partially recrystallized.................. 65

10. Packstone, light-gray (N7), bioclastic with light- 
brown (5 YR 5/6) silty partings; fauna of the 
upper Cedaria or lower Crepicephalus As 
semblage-zones, including Meteoraspis cf. 
M. metra ......................................................... 3

9. Wackestone to grainstone, medium-light-gray 
(N6) to light-gray (N7); fenestral, stromatolitic, 
and cryptalgalaminite facies. Minor silty 
mottles (ichnofabric 4 and 5) and oolitic 
grainstone, partially recrystallized.................. 7

Total thickness of Oasis Formation......... 145

Conformable contact.
Shafter Formation (Middle and Upper Cambrian):

8. Lime mudstone to wackestone, medium-dark-gray 
(N4); moderate-yellowish-brown (10 YR 5/4) 
silty layers decreasing upward; poorly 
exposed........................................................... 13

7. Lime mudstone, dark-gray (N4); and grayish- 
orange (10 YR 7/4), thin-to medium-bedded 
calcareous siltstone; bedding undulose to 
laminated; horizontal traces (ichnofabric 2) in 
thicker bedded unit at 19 m above base.......... 57

6. Covered interval; platy silty limestone float....... 20
5. Lime mudstone to wackestone, medium-dark-gray 

(N4), with grayish-orange (10 YR 7/4) to dark- 
yellowish-orange (10 YR 6/6) silty laminae; 
weathers platy; trilobites and brachiopods 
common on some bedding surfaces, including 
Bolaspidellal, Cedarial, Baltagnostus, and 
Acmarhachis?; partly covered; forms slopes .. 50

4. Lime mudstone to wackestone, medium-dark-gray 
(N4) to medium-gray (N5); moderate-brown 
(5 YR 4/4) silty laminae with discrete mottles 
(ichnofabric 2); forms low, fairly continuous 
outcrop............................................................ 10

Total thickness of Shafter Formation...... 150

Conformable contact.
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Decoy Limestone (Middle Cambrian): Meters 
3. Dolomite and dolomitic limestone, medium-gray 

(N5) to very light gray (N8); very pale orange 
(10 YR 8/2) silty layers; forms a prominent 
light-gray cliff between slope-forming units... 60 

Total thickness of Decoy Formation....... 60

Conformable contact.
Morgan Pass Formation (Middle Cambrian):

2. Wackestone to grainstone, medium-dark-gray 
(N4) to medium-light-gray (N6), with grayish- 
orange (10 YR 7/4) silty layers and mottles 
(ichnofabric 2 and 3); greenish-gray (5 GY 
6/1) to pale-olive (10 Y 6/2), fissile shale 
interbeds; flat-pebble conglomerates and oolitic 
layers containing oncolites and stromatolites 
present; largely covered; forms slopes............ 120

1. Lime mudstone to wackestone, medium-dark-gray 
(N4) to medium-light-gray (N6), with promi 
nent grayish-orange (10 YR 7/4) silty partings. 
Weathering along silty partings 1-10 cm in 
thickness; Bolaspidella cf. B. wellsvillensis 
(Bolaspidella Assemblage-zone) .................... 5

Total thickness of Morgan Pass
Formation........................................... 125

Conformable contact.
Clifside Limestone (not measured):

Packstone to oolitic grainstone, medium-gray (N5) 
to medium-light-gray (N6), with thin, light- 
gray (N7) silty partings and mottles (ichno 
fabric 2 and 3); fenestral lime mudstone to 
wackestone, medium-dark-gray (N4) to 
medium-gray (N5), with beds of oncolites and 
cryptalgalaminites; massive texture; forms 
ridges.

Section 7
Reference section for the middle and upper parts of the Clifside 
Limestone, Toano Range. Section located in NW Vt sec. 28, T. 35 N., R. 
68 E., Silver Zone Pass 714-minute quadrangle, Nevada (fig. 14). 
Measured in June 1988.

Morgan Pass Formation (Middle Cambrian) (not 
measured)

Conformable contact. Meters 
Clifside Limestone (Middle Cambrian): 
Upper limestone member:

7. Dolomite, white (N9) to very light gray (N8); 
highly altered, primary sedimentary features 
obliterated; upper 20 m less altered; undulose 
silty lime mudstone alternating with very light 
gray (N8) cryptalgalaminites; upper member 
less altered to the south and composed entirely 
of alternating medium-gray (N5) lime mud- 
stone, silty lime mudstone, and cryptal 
galaminites...................................................... 100

Total thickness of upper limestone
member.............................................. 100

Silty limestone and shale member: Meters
6. Lime mudstone to wackestone, medium-light- 

gray (N6) to light-gray (N7); thin grayish- 
orange (10 YR 7/4), silty undulose layers 
alternating with silty mottled (ichnofabric 2) 
Umestone......................................................... 25

5. Lime mudstone to wackestone, medium-light- 
gray (N6) to light-gray (N7), with grayish-or 
ange (10 YR 7/4) silty layers as thick as 5 cm. 
Bedding is generally parallel to laminated, al 
though nodular lime mudstone is present within 
the thicker silty beds. Unit weathers platy and 
rubbly; contains numerous inarticulate 
linguloid brachiopods and a few silicified 
marjumid trilobites. Unit has numerous calcite- 
filled fractures and a prominent calcite bed 
about 21 m above the base, although no faulting 
or offset is apparent........................................ 30

4. Lime mudstone to wackestone, medium-light- 
gray (N6) to light-gray (N7), with grayish-or 
ange (10 YR 7/4) thin silty layers and 
mottles (ichnofabric 2).................................... 40

3. Dolomite, white (N9) to very light gray (N8); 
highly altered and bleached. Primary sedimen 
tary features are largely obliterated; highly 
fractured throughout....................................... 35

2. Lime mudstone to oolitic grainstone, medium- 
light-gray (N6) to light-gray (N7), with grayish- 
orange (10 YR 7/4) to dark-yellowish-orange 
(10 YR 6/6) silty layers; parallel bedded to 
undulose, thin to medium bedded. At 9-9.5 m, 
silt locally weathers light red (5 R 6/6) to 
moderate red (5 R 5/4); at 22-35 m, silty lime 
stone becomes thinner bedded and platier, with 
small horizontal burrows on bedding surfaces; 
at 34-34.5 m, light-gray (N7) to medium-light- 
gray (N6) oolitic grainstone overlain by 
oncolitic wackestone to packstone; at 45 m, 
25-cm-thick oolitic grainstone; at 46.5-47.5 m, 
oolitic grainstone; at 56-57 m, silt becomes 
mottled (ichnofabric 3). Above 57 m, thin 
silty layers become light gray (N7)................. 70

1. Calcareous siltstone, silty limestone, and shale, 
light brown (5 YR 5/6), micaceous sheen; 
forms rubbly slopes; poorly exposed .............. 5

Total thickness of silty Umestone and
shale member..................................... 205

Lower limestone member (not measured):
Lime mudstone to oolitic grainstone, medium-gray 

(N5) to medium-light-gray (N6); light-gray 
(N7), undulose, dolomitic, and silty laminae. 
Yellowish-gray (5 Y 8/1) dolomitic cryptalga 
laminites, fenestral lime mudstone, oncolitic 
packstone, and oolitic grainstone beds are 
present. Clifside is recrystallized, and pure 
limestones are hydrothermally altered to 
coarsely crystalline dolomite owing to prox 
imity of Silver Zone Pass pluton.
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Section 8
Reference section of the Notch Peak Formation, Toano Range. Section 
located in NW % sec. 33, T. 34 N., R. 68 E.,West Morris Basin TVi-minute 
quadrangle, Nevada (fig. 14). Measured in June 1986.

Pogonip Group (Lower Ordovician) (not measured)

Conformable contact. Meters 
Notch Peak Formation (Upper Cambrian and Lower

Ordovician):
5. Lime mudstone to wackestone, medium-gray (N5) 

to medium-dark-gray (N4); laminated, grayish- 
orange (10 YR 7/4) silty partings and black 
(Nl) nodular chert; medium bedded, with some 
recrystallized very light gray (N8) dolomitic 
layers. A 20-cm-thick bed containing soft- 
sediment folding, with an east-west axis, crops 
out 5 m above the base. Vertical silty burrows 
(ichnofabric 3) are present 3.5-4 m above the 
base; forms ridges........................................... 20

4. Limestone, light-gray (N7), recrystallized, con 
taining black (Nl) nodular chert in upper 5 m. 
Occasional 1-m-high thrombolites are present; 
forms rubbly slope; largely covered................ 45

3. lime mudstone to wackestone, medium-gray (N5) 
to medium-dark-gray (N4), with thin, diffuse, 
grayish-orange (10 YR 7/4) silty laminae. 
Upper 3 m contain black (Nl) nodular chert as 
thick as 5 cm. Yellowish-gray (5 Y 8/1), 
mottled silty layers and burrows, 1 cm in di 
ameter (ichnofabric 2), present near middle; 
largely cliff forming........................................ 50

2. Lime mudstone to wackestone, medium-gray (N5) 
to medium-dark-gray (N4); largely recrystal 
lized, dolomitic, prominent silty layers present; 
layers of black (Nl) nodular chert throughout; 
forms slopes, with extensive covered intervals. 
Locally faulted................................................ 250

1. Lime mudstone to wackestone, medium-gray (N5) 
to medium-dark-gray (N4); grayish-orange (10 
YR 7/4) silty laminae; locally mottled, with 
horizontal burrows (ichnofabric 2); occasional 
beds of medium-dark-gray (N4) to black (Nl) 
nodular chert as thick as 3 cm. Several light- 
gray (N7) recrystallized beds as thick as 25 
cm give this unit a faintly banded 
appearance...................................................... 85

Total thickness of Notch Peak Formation 450

Conformable contact. 
Dunderberg Shale (not measured)

Section 9
Incomplete reference section of Toano Limestone and Killian Springs 
Formation, central Silver Island Mountains. Section located in SW 1A NE 
Vi sec. 9, and SW'/« SE V* sec. 4, T. 1 N., R. 18 W., Tetdaff Peak TA- 
minute quadrangle, Utah (fig. 9). Measured in July 1983.

Clifside Limestone (Middle Cambrian)(not measured) 
Conformable contact.

Toano Limestone (Middle Cambrian) (incomplete): Meters 
18. Lime mudstone, medium-gray (N5) to dark-gray 

(N3), silty, laminated. Silicified agnostoids, 
including Ptychagnostus atavus, present 80 m 
below top. Silicified trilobites, including 
Ptychagnostus, Toniunella, and Zacanthoides, 
present 80 m above base ................................. 253

17. Covered interval ............................................... 7
16. Lime mudstone, medium-gray (N5) to dark-gray

(N3), laminated............................................... 13
15. Covered interval............................................... 5
14. Lime mudstone, medium-gray (N5) to dark-gray 

(N3), with finely laminated, dark-yellowish- 
orange (10 YR 6/6), calcareous phyllitic 
siltstone........................................................... 37

13. Covered interval............................................... 11
12. Lime mudstone, medium-gray (N5) to dark- 

gray (N3), laminated....................................... 4
11. Covered interval............................................... 31
10. Phyllitic siltstone, calcareous; and laminated to 

thin-bedded lime mudstone; dark gray (N3); 
weathers medium light gray (N6), with dark- 
yellowish-orange (10 YR 6/6) iron staining; 
pyrite throughout............................................ 14

Incomplete thickness of Toano Lime 
stone ................................................... 375

A prominent alluvial strike valley separates the upper siliciclastic 
f acies of the Killian Springs Formation from the Toano Lime 
stone, making accurate thickness measurements impossible. 
Approximately 450 m of the Toano Limestone covered.

Killian Springs Formation (Lower and Middle Cam 
brian) (incomplete): 

Light-brown quartz sandstone unit:
9. Quartz sandstone, calcareous, very light gray (N8) 

to light-gray (N7), with light-brown (5 YR 
5/6) to grayish-brown (5 YR 3/2) iron staining 
and Liesegang banding. Calcareous sandstone 
has rudimentary bedding averaging 10-15 cm 
thick and is characterized by a uniform grain 
size and lack of primary bedding features; 
cavernous weathering; small pyrite cubes 
present, becoming abundant near sillier layers. 
Top is faulted against the Prospect Mountain 
Quartzite, which is riddled by numerous milky 
white quartz veins...........................................

Incomplete thickness of light-4jrown 
quartz sandstone unit..........................

35 

.3S

Phyllitic siltstone and argillaceous limestone unit:
8. Graphitic siltstone and phyllite, medium-dark- 

gray (N5), finely laminated. Contact with over 
lying sandstone is sharp; interbeds of very pale 
orange (10 YR 8/2) to light-brown (5 YR 5/6) 
sandstone in the lowermost 8 m; occasional 
sponge spicules throughout; cubic pyrite as wide 
as 2 cm throughout; locally covered; best ex 
posed on small ridge along southern border 
of section 4 ..................................................... 11
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Phyllitic siltstone and argillaceous limestone unit: 
Continued Meters 
7. Argillaceous limestone, medium-gray (N5) to 

dark-gray (N3); and finely laminated siltstone 
and silty mudstone; black (Nl) to dark-gray 
(N3) phyllitic siltstone interbeds; sponge spi- 
cules present in uppermost 5 m; only intermit 
tently exposed in channel washes on talus 
slopes.............................................................. 20

6. Covered interval ................................................. 17
5. Siltstone and silty mudstone, dark-gray (N3) 

to light-gray (N7), noncalcareous and fissile 
to calcareous and nonfissile, grading into 
thin-bedded lime mudstone at top; pyrite 
throughout....................................................... 15

4. Covered interval................................................. 12
3. Siltstone, phyllitic, medium-dark-gray (N4), 

noncalcareous fissile to calcareous and nonfis 
sile; occasional sponge spicules and rare, round 
granules of phosphate present; thin (10-30 cm), 
dark-gray (N3) granule sandstone interbeds; has 
a metalliferous sheen, probably due to mica 
and pyrite........................................................ 15

Total thickness of phyllitic siltstone and
argillaceous limestone unit................. 90

Quartzofeldspathic granule sandstone and phyllitic
siltstone unit:
2. Quartz sandstone, yellowish-gray (5 Y 8/1) with 

dusky brown (5 YR 2/2) staining, moderately 
to poorly sorted, medium- to coarse-grained, 
locally conglomeratic, weakly parallel-lami 
nated; massive weathering; forms layers 5 7 
m thick; sharp tabular to channeled contact at 
base; ledge former. Grayish-black (N2), light- 
gray (N7) to white (N9) weathering phyllitic 
shale and siltstone form intervals 1.5-9 m thick 
between sandstone layers; sooty appearance 
on weathered surfaces; recessive; mostly 
covered........................................................... 34

1. Phyllitic shale and siltstone, grayish-black (N2); 
weathers light gray (N7) to white (N9); highly 
stained, moderate red (5 R 4/6) to blackish red 
(5 R 2/2); sooty appearance on weathered 
surfaces; beds 7-60 cm thick; discontinuous 
beds of quartz-granule conglomerate, 5-10 cm 
thick, with load casts at base; small pyrite 
cubes throughout; recessive weathering.......... 6

Total thickness of quartzofeldspathic
sandstone and phyllitic siltstone unit.. 40 

Incomplete thickness of Killian Springs
Formation........................................... 165

Sharp conformable contact. 
Prospect Mountain Quartzite (not measured): 
Quartzite, white (N9) to very light gray (N8), with a 

dusky yellowish-brown (10 YR 2/2) appearance due 
to iron staining; medium- to coarse-grained, con 
glomeratic channel deposits present; medium to

Prospect Mountain Quartzite (not measured): 
Continued Meters 

thick crossbeds present in tabular sets; occasional 
thin silty beds containing ubiquitous pyrite cubes; 
forms prominent cliffs.

Section 10
Reference section of the Big Horse Limestone, Candland Formation, 
Johns Wash Limestone, Corset Spring Shale, and Notch Peak Formation, 
central Silver Island Mountains. Section located in NW VJ unsurveyed sec. 
29, SW Y* unsurveyed sec. 20, ME 1A unsurveyed sec. 19, T. 2 N., R. 17 
W., Graham Peak TVi-minute quadrangle, Utah (fig. 17). Measured in May 
1986.

Garden City Formation (Lower Qrdovician) (not 
measured)

Conformable contact. Meters 
Notch Peak Formation (Upper Cambrian and Lower 

Ordovician):
11. Limestone, medium-dark-gray (N4) to dark-gray 

(N3), and medium-gray (N5) to medium-blu 
ish-gray (5 B 5/1) dolomite, with dark-yellow 
ish-brown (10 YR 4/2) to brownish-black (5 
YR 2/1) chert nodules common in lower half; 
indistinctly bedded, possibly owing to biotur- 
bation and lack of silt; a 15-cm-thick, light- 
bluish-gray (5 B 7/1) quartz sandstone bed, 
weathering moderate brown (5 YR 4/4), pres 
ent 60 m above base; stromatolitic and oolitic 
beds near middle; forms inaccessible vertical 
cliffs; thickness estimated.............................. 400

10. Lime mudstone to wackestone, medium-gray 
(N5), with moderate-brown (5 YR 4/4) silty 
mottles (ichnofabric 2 and 3); occasional chert 
nodules near top of unit; abundant inarticulate 
brachiopods on some bedding planes; has an 
alternating light- and dark-gray banded ap 
pearance owing to white (N9) to very light 
gray (N8) marker layers present at 66.5-68 m, 
62.5-65.5 m, 48^8.5 m, 40-40.5 m, 36.5-37 
m, 18-18.3 m, 16.5-17 m, 14.5-15 m, and 
0.6-1 m above base; forms ledges and cliffs .. 75 

9. Lime mudstone to wackestone, medium-dark-gray 
(N4), with moderate-brown (5 YR 4/4) to light- 
brown (5 YR 6/4), undulose silty beds about 2 
cm thick (ichnofabric 3); inarticulate brachio 
pods on some silty surfaces. Robison and 
Palmer (1968) reported a Taenicephalus As 
semblage-zone fauna (5984-CO); forms 
ledges.............................................................. 25

Estimated thickness of Notch Peak For 
mation ................................................ 500

Conformable contact.
Corset Spring Shale (Upper Cambrian):

8. Limestone, recrystallized, pinkish-gray (5 YR 
8/1), stylolitic; alternating layers, 0.3-0.5 m 
thick, of pale-brown (5 YR 5/2) to moderate- 
brown (5 YR 4/4) wackestone and dusky brown
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Corset Spring Shale (Upper Cambrian): Continued Meters 
(5 YR 2/2) siltstone, 15-25 cm thick; occasional 
medium-dark-gray (N4), less recrystallized 
limestone beds; calcareous, moderate-brown (5 
YR 4/4) shale and siltstone, and thin-bedded 
(10 cm), light-olive-gray (5 Y 6/1) silty lime 
stone in basal meter. Robison and Palmer 
(1968) reported an Elvinia Assemblage-zone 
fauna (5985-CO); forms prominent ledges ..... 16 

Total thickness of Corset Spring Shale ... 16

Conformable contact.
Johns Wash Limestone (Upper Cambrian):

7. Dolomite and limestone, coarsely recrystallized, 
light-gray (N7) to yellowish-gray (5 Y 8/1). 
Uppermost 8 m are medium-gray (N5) to 
pinkish-gray (5 YR 8/1) limestone, somewhat 
less altered; cliff-forming white band at 25- 
57 m. Slope-forming, very light gray (N8) to 
white (N9) dolomitic limestone, with occa 
sional pockets of dark-gray (N3) limestone at 
10-25 m above the base; moderate-brown (5 
YR 4/4) siltstone concentrated in stylolites; 
light-bluish-gray (5 B 7/1) dolomite in lower 
most 10 m; forms cliffs................................... 65

6. Silty lime mudstone to wackestone, medium-dark- 
gray (N4), with moderate-brown (5 YR 4/4) to 
dark-yellowish-brown (10 YR 4/2) siltstone 
containing discrete mottles (ichnof abric 2 and 
3) in beds about 5 cm apart. Upper half con 
tains several oncolite and thin limestone rip- 
up beds; forms ledges in lower half and 
cliffs in upper half........................................... 15

Total thickness of Johns Wash Limestone 80

Conformable contact.
Candland Formation (Upper Cambrian):

5. Shale, black (Nl); weathers light olive gray (5 Y 
6/1) and grayish orange pink (10 R 8/2); lami 
nated; contains nodular limestone; thin 
interbeds of medium-dark-gray (N4) argil 
laceous limestone throughout; forms slopes ... 82

Candland Formation (Upper Cambrian): Continued Meters 
4. Wackestone to packstone, medium-dark-gray 

(N4); and wispy light-brown (5 YR 5/6) to 
moderate-yellowish-brown (5 YR 5/4) silt- 
stone; lowest beds covered with inarticulate 
brachiopods. Robison and Palmer (1968) re 
ported a Dicanthopyge Assemblage-zone fauna 
(5986-CO); forms slopes ................................ 3

Total thickness of Candland Formation.. 85

Conformable contact.
Big Horse Limestone (Upper Cambrian):

3. Lime mudstone to wackestone, medium-dark-gray 
(N4) to medium-gray (N5), generally recrys 
tallized and dolomitic above 60 m; recrystal 
lized beds light gray (N7) to bluish-white (5 B 
9/1); silty mottles (ichnofabric 3 and 4) and 
domal stromatolites common in basal 30 m; 
moderate-red (5 R 4/6) quartz sandstone beds 
35 m above base. Robison and Palmer (1968) 
reported a Crepicephalus Assemblage-zone 
fauna (5987-CO); forms upper two-thirds of 
a light-gray cliff.............................................. 175

Total thickness of Big Horse Limestone. 175

Conformable contact.
Lamb Dolomite (Upper Cambrian):

2. Dolomite, recrystallized; uppermost 50 m pinkish- 
gray (5 YR 8/1); lowermost 60 m medium gray 
(N5) to medium bluish gray (5 B 5/1); discrete 
silty mottling (ichnofabric 2) and faint low- 
angle crossbedding; forms lower one-third of 
a light-gray cliff.............................................. 110

1. Wackestone to packstone, medium-dark-gray 
(N4), fresh; weathers medium light gray (N6); 
mottled dark-yellowish-orange (10 YR 6/6) to 
light-brown (5 YR 5/6) dolomitic silt 
(ichnofabric 4 and 5). Robison and Palmer 
(1968) reported a Cedaria or Crepicephalus 
Assemblage-zone fauna (5988-CO); base of 
section in alluvium.......................................... 20

Incomplete thickness of Lamb Dolomite 130

Measured Sections 43





SELECTED SERIES OF U.S. GEOLOGICAL SURVEY PUBLICATIONS

Periodicals

Earthquakes & Volcanoes (issued bimonthly). 
Preliminary Determination of Epicenters (issued monthly).

Technical Books and Reports

Professional Papers are mainly comprehensive scientific reports of 
wide and lasting interest and importance to professional scientists and en 
gineers. Included are reports on the results of resource studies and of 
topographic, hydrologic, and geologic investigations. They also include 
collections of related papers addressing different aspects of a single scien 
tific topic.

Bulletins contain significant data and interpretations that are of last 
ing scientific interest but are generally more limited in scope or 
geographic coverage than Professional Papers. They include the results 
of resource studies and of geologic and topographic investigations; as well 
as collections of short papers related to a specific topic.

Water-Supply Papers are comprehensive reports that present sig 
nificant interpretive results of hydrologic investigations of wide interest 
to professional geologists, hydrologists, and engineers. The series covers 
investigations in all phases of hydrology, including hydrogeology, 
availability of water, quality of water, and use of water.

Circulars present administrative information or important scientific 
information of wide popular interest in a format designed for distribution 
at no cost to the public. Information is usually of short-term interest.

Water-Resources Investigations Reports are papers of an interpre 
tive nature made available to the public outside the formal USGS publi 
cations series. Copies are reproduced on request unlike formal USGS 
publications, and they are also available for public inspection at 
depositories indicated in USGS catalogs.

Open-File Reports include unpublished manuscript reports, maps, 
and other material that are made available for public consultation at 
depositories. They are a nonpermanent form of publication that may be 
cited in other publications as sources of information.

Maps

Geologic Quadrangle Maps are multicolor geologic maps on 
topographic bases in 7 1/2- or 15-minute quadrangle formats (scales main 
ly 1:24,000 or 1:62,500) showing bedrock, surficial, or engineering geol 
ogy. Maps generally include brief texts; some maps include structure 
and columnar sections only.

Geophysical Investigations Maps are on topographic or planimetric 
bases at various scales; they show results of surveys using geophysical 
techniques, such as gravity, magnetic, seismic, or radioactivity, which 
reflect subsurface structures that are of economic or geologic significance. 
Many maps include correlations with the geology.

Miscellaneous Investigations Series Maps are on planimetric or 
topographic bases of regular and irregular areas at various scales; they 
present a wide variety of format and subject matter. The series also in 
cludes 7 1/2-minute quadrangle photo geologic maps on planimetric bases 
which show geology as interpreted from aerial photographs. Series also 
includes maps of Mars and the Moon.

Coal Investigations Maps are geologic maps on topographic or 
planimetric bases at various scales showing bedrock or surficial geol 
ogy, stratigraphy, and structural relations in certain coal-resource areas.

OH and Gas Investigations Charts show stratigraphic information 
for certain oil and gas fields and other areas having petroleum potential.

Miscellaneous Field Studies Maps are multicolor or black-and- 
white maps on topographic or planimetric bases on quadrangle or ir 
regular areas at various scales. Pre-1971 maps show bedrock geology 
in relation to specific mining or mineral-deposit problems; post-1971 
maps are primarily black-and-white maps on various subjects such as 
environmental studies or wilderness mineral investigations.

Hydrologic Investigations Atlases are multicolored or black-and- 
white maps on topographic or planimetric bases presenting a wide range 
of geohydrologic data of both regular and irregular areas; principal scale 
is 1:24,000 and regional studies are at 1:250,000 scale or smaller.

Catalogs

Permanent catalogs, as well as some others, giving comprehen 
sive listings of U.S. Geological Survey publications are available under 
the conditions indicated below from the U.S. Geological Survey, Books 
and Open-File Reports Section, Federal Center, Box 25425, Denver, 
CO 80225. (See latest Price and Availability List)

"Publications of the Geological Survey, 1879-1961" may be pur 
chased by mail and over the counter in paperback book form and as a 
set of microfiche.

"Publications of the Geological Survey, 1962-1970" may be pur 
chased by mail and over the counter in paperback book form and as a 
set of microfiche.

"Publications of the U.S. Geological Survey, 1971-1981" may be 
purchased by mail and over the counter in paperback book form (two 
volumes, publications listing and index) and as a set of microfiche.

Supplements for 1982,1983,1984,1985,1986, and for subsequent 
years since the last permanent catalog may be purchased by mail and 
over the counter in paperback book form.

State catalogs, "List of U.S. Geological Survey Geologic and 
Water-Supply Reports and Maps For (State)," may be purchased by mail 
and over the counter in paperback booklet form only.

"Price and Availability List of US. Geological Survey Publica 
tions," issued annually, is available free of charge in paperback book 
let form only.

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

Note. Prices of Government publications listed in older catalogs, 
announcements, and publications may be incorrect. Therefore, the 
prices charged may differ from the prices in catalogs, announcements, 
and publications.




