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ABSTRACT

Investigations of the tectonic evolution of the Basin 
and Range Province in the last decade have resulted in an 
increase in the amount of detailed geologic mapping in the 
southern Nevada region. To better comprehend the geology 
in this part of the Basin and Range Province, the 
depositional and structural history of the southern part of 
the Delamar Mountains was studied. New mapping and related 
stratigraphie investigations have resulted in facies 
description of Paleozoic stratigraphie units and resolution 
of the structural history. In addition, the stratigraphy 
and structure of the southern part of the Delamar Mountains 
were compared to those of adjacent mountain ranges and the 
regional geologic framework of southern Nevada.

The Paleozoic rocks exposed in the southern Delamar 
Mountains range from early-late Cambrian to Permian. These 
strata, predominantly carbonate and subordinate clastic 
rocks, were deposited midway between the eastern and 
western margins of the Cordilleran miogeocline in the 
southern Basin and Range Province. Lithologies, 
sedimentary structures, faunas, and microfacies of these 
rocks indicate that they were deposited in open marine 
subtidal to intertidal and supratidal environments.
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About 450 m of Tertiary volcanic rocks overlie the 
Paleozoics on an angular unconformity. These volcanic 
rocks are subdivided into older and younger groups. The 
older late Oligocene to middle Miocene ash-flow tuffs were 
deposited from regional ash flows erupted from the Central 
Nevada caldera complex and the Caliente caldera complex.
The younger Miocene ash-flow tuffs were deposited by ash 
flows erupted from the nearby Kane Springs Wash caldera, 
located in the central Delamar Mountains. Basalt lava 
flows were derived from local vents related to the 
Pahranagat shear system, the Kane Springs Wash caldera, and 
possibly other local vents.

During most of Paleozoic time, the study area was 
tectonically quiescent, and nearly continuous shallow 
marine deposition took place on the platform of a passive 
continental margin of western North America. The first 
major episode of tectonism in the study area occurred in 
Cretaceous time during the Sevier Orogeny. The Sevier 
orogenic belt is comprised of large-scale thrust faults and 
folds formed progressively from west to east across 
southern Nevada. The major structure in the southern 
Delamar Mountains is the Delamar thrust fault, of assumed 
Sevier age, which placed a ramp of Cambrian to Devonian
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hanging wall rocks above an overturned footwall syncline in 
Mississippian, Pennsylvanian and Permian rocks.

A system of west-dipping, low-angle faults is exposed 
in Devonian rocks on the west flank of the southern Delamar 
Mountains. Detailed mapping indicates some of these faults 
appear to be truncated by late Oligocene ash-flow tuffs 
deposited on a regional prevolcanic erosion surface. The 
degree of prevolcanic erosion necessary suggests that 
faulting may be older than 27 Ma, and it is proposed that 
faulting either is contemporaneous with Mesozoic thrusting, 
or shortly followed it. These faults are believed to have 
formed by gravitational collapse off the steeply west- 
dipping west flank of the Delamar allochthon, following 
ramping of the Sevier-age Delmar thrust fault.

Following thrusting and an erosional period of about 
35 to 50 million years, extensional tectonics and volcanism 
dominated during the Neogene in this part of southern 
Nevada. Regional extension occurred mostly during the 
Miocene in the Delamar Mountains. The major Cenozoic 
structures in the southern Delamar Mountains include high- 
angle normal, oblique-slip, and strike-slip faults. The 
southern Delamar Mountains block is structurally bounded 
north by the left-lateral, northeast-trending Pahranagat 
shear system, and to the south by the left-lateral Kane

v



T-4480

Springs Wash fault. During Cenozoic extension, these fault 
systems laterally offset the southern Delamar Mountains and 
adjacent ranges relative to one another.
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INTRODUCTION

The southern Delamar Mountains are located in southern 
Nevada approximately 110 kilometers north of Las Vegas and 
40 kilometers south of the town of Alamo. The mountains 
are bordered on the south and east by Kane Springs Valley, 
on the west by Coyote Spring Valley, and to the north by 
the Pahranagat shear system (fig. 1). Plate 5 shows the 
southern Delamar Mountains relative to other geographic 
features in the southern Nevada region. The study area 
extends over three 7.5-minute quadrangles including Delamar 
3 NW (plate 1A) , Delamar 3 SW (plate 2A), and Delamar 3 SE 
(plate 3A) . Although the Delamar 3 SE quadrangle includes 
mapping by the author of a part of the Meadow Valley 
Mountains, mapping for this study emphasizes the Paleozoic 
rocks in the southern Delamar Mountains.

The fundamental purpose of this research was to 
investigate the stratigraphy and structure of the Paleozoic 
rocks in the southern Delamar Mountains based on detailed 
mapping (1:24,000 scale). Very little detailed 
stratigraphie and structural work has been reported for 
this part of southern Nevada, and previous mapping in the 
Delamar Mountains is limited to Lincoln County geologic
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maps (Ekren and others, 1977; Pampeyan and others, 198 8; 
Tschanz and Pampeyan, 1970).

There is a need for more geologic data from this part 
of the Basin and Range Province because it remains a 
geologically poorly understood area due to its complex 
stratigraphie and tectonic history. Detailed multipurpose 
geologic mapping in southern Nevada is accentuated by 
increased interest on economic development including 
mineral, petroleum, and groundwater exploration, and urban 
environmental geology resulting from population expansion 
in the southern Nevada and southwestern Utah region.

Research Objectives
The objectives of this study were to (1) prepare a 

geologic map (1:24,000 scale) of the Paleozoic rocks in the 
southern Delamar Mountains; (2) determine the Paleozoic 
stratigraphie framework in the southern Delamar Mountains ; 
(3) determine the tectonic history of the rocks of the 
southern Delamar Mountains ; and 4) relate the stratigraphy 
and structure of the southern Delamar Mountains to the 
geologic framework of southern Nevada. This research was 
carried out in cooperation with the U.S. Geological Survey
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Basin and Range to Colorado Plateau Transition (BARCO)
Study Unit.

Methods
Geologic mapping (1:24,000 scale) of the Paleozoic 

rocks in the southern Delamar Mountains formed the basis 
for the thesis research. Geologic features such as 
stratigraphie contacts, structures (faults, folds, 
anticlines, synclines), and attitudes of planar and linear 
features, and zones of alteration were mapped. All formal 
stratigraphie units were mapped, and in addition, key 
marker beds traceable on aerial photographs were mapped. 
Fault traces and geometries occurring in the Paleozoic 
rocks were compared with those affecting Tertiary rocks and 
Quaternary deposits to distinguish pre-Cenozoic from 
Cenozoic structures.

Aerial photographs (color, 1:31,250 scale. Bureau of 
Land Management) served as field base maps. Field map data 
were transferred to stable-base, 1:24,000-scale 7.5-minute 
U.S. Geological Survey mylar greenline copies of 
topographic quadrangle maps using the Kern PG-2 
stereoplotter.
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Stratigraphie sections of the Paleozoic rocks in the 
southern Delamar Mountains were measured with a Jacobs 
staff at well exposed locations least affected by 
structural complexities (Appendix A). Measured-section 
rock-unit descriptions were based on the carbonate rock 
classification of Folk (1961), and colors of bedrock units 
were recorded in parentheses based on the rock color chart 
(Rock-Color Chart Committee, 1951). Samples were collected 
for hand specimen and thin section examination. 
Approximately thirty thin sections were examined. Fossils 
were identified with the assistance of the Branch of 
Paleontology and Stratigraphy (USGS). Paleoenvironmental 
interpretations of Paleozoic facies in the southern Delamar 
Mountains were based on lithology, sedimentary structures, 
fossils, and microfacies determined from thin section 
examination correlated with standard microfacies for 
carbonate rocks of Wilson (1975).

Stratigraphie sections of the Delamar Mountains were 
then correlated with existing published sections for 
adjacent ranges including the Pahranagat Range, Meadow 
Valley Mountains, and Arrow Canyon Range (plate 5), to 
recognize stratigraphie thickness variations, lateral 
facies changes, and pinchouts; a regional stratigraphie
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correlation   chart,   plate   4,   shows   these   stratigraphie  

r e l a t i o n s .
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GEOLOGIC SETTING

About 4.2 km of Paleozoic rocks ranging in age from 
Late Cambrian to lower Permian are exposed in the southern 
Delamar Mountains (fig. 2). These Paleozoic rocks were 
deposited along a passive continental margin as part of the 
Cordilleran miogeocline, a wedge of latest Precambrian 
siliciclastic rocks and Paleozoic carbonate rocks that 
thicken from east to west across the Basin and Range 
Province (Stewart and Poole, 1974). Initial development of 
the miogeocline is believed to be the result of a rifting 
event during Late Precambrian time.

The Paleozoic rocks are overlain by as much as 450 m 
of gently dipping Tertiary volcanic rocks on an angular 
unconformity (fig. 3). These volcanic rocks are subdivided 
into older and younger groups. The older ash-flow sheets 
were erupted from several calderas in central and eastern 
Nevada, and range in age from 27 Ma to 18.6 Ma. The 
younger group of rocks include the Kane Wash Tuff, erupted 
from the Kane Springs Wash caldera in the central Delamar 
Mountains about 14.5 Ma (Scott and others, in press), and 
two other units, the Delamar Lake and Sunflower Mountain 
Tuffs that erupted from undetermined sources and were dated 
at 15.6 Ma and 14.7 Ma, respectively, by Novak (1984).
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Figure 2. Stratigraphie column of the Paleozoic and 
Tertiary rocks in the southern Delamar 
Mountains.
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The Paleozoic rocks in the study area and much of 
southeastern Nevada were deformed by tectonic events 
associated with the Sevier orogeny during Cretaceous time 
(Armstrong, 1968; Fleck, 1970). The Sevier orogenic belt 
trends northeast from southeastern California through 
southern Nevada (fig. 1). Large-scale thrust faults and 
folds, characteristic structures of the Sevier orogenic 
belt, occur in the study area (fig. 9). The Paleozoic 
rocks formed an allochthon that ramped eastward on the 
Sevier-age Delamar thrust fault, the major structure in the 
southern Delamar Mountains (fig. 9). The relative age of 
thrusts and folds of the Sevier orogenic belt in the 
Delamar Mountains is not clear, however, mid-Cretaceous 
thrusting is reported 60 km south of the study area in the 
Muddy Mountains (Bohannon, 1983).

Following Mesozoic compression and an erosional period 
of about 35 to 50 million years, extensional tectonics and 
volcanism dominated southern Nevada. The onset of 
extension in the study area remains poorly understood, but 
early phases of extension in the southern Basin and Range 
Province are believed to have begun in latest Eocene or 
Oligocene time (Wernicke and others, 1987). Major regional 
extensional structures are mostly Miocene and younger in 
the Delamar Mountains (Scott, 1990), and to the south, in
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northern   Clark   County   ( Bohannon,   1984;   Guth,   1981;   Guth   and  

others,   1988;   Wernicke   and   others,   1985,   1988) .
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PALEOZOIC STRATIGRAPHY OF THE SOUTHERN DELAMAR MOUNTAINS

Cambrian System

Highland Peak Formation
The Highland Peak Formation was named by Westgate and 

Knopf (1932). In the southern Delamar Mountains the 
formation consists of lower limestone and upper dolomite 
informal members— the base of the formation is not exposed.

The thickness of the formation in the study area 
cannot be determined and onl'y about 459 m of the upper part 
of the formation is exposed. Reso (1963) reported 490 m of 
the formation to crop out in the Pahranagat Range, where 
the lower part of the formation is not exposed. About 590 
to 7 00 m of the upper part of the formation is exposed in 
the Meadow Valley Mountains (Pampeyan, 1989). The Highland 
Peak formation is not exposed in the Arrow Canyon Range.
The formation thickens northward from the study area; it is 
approximately 1,370 m thick at the type area in the Pioche 
district.

The lower limestone and upper dolomite members in the 
southern Delamar Mountains directly correlate with Reso's
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(1963) middle limestone and upper dolomite members in the 
Pahranagat Range, suggesting that depositional facies of 
the upper part of the formation in the two ranges are 
equivalent. The Highland Peak Formation in the southern 
Delamar Mountains correlates with the upper part of the 
Highland Peak and the lower part of the Mendha Limestone in 
the Pioche District. Fossils belonging to the 
Crepicephalus zone have been found in the lower part of the 
Mendha limestone suggesting an early Late Cambrian age 
(Westgate and Knopf, 1932). The age of the formation in 
the study area is also assumed to be early Late Cambrian 
although the Highland Peak subcrop may be as old as late 
Middle Cambrian. The Highland Peak Formation is also 
equivalent to most of the Bonanza King Formation in the 
Sheep Range, and other ranges in southeastern and 
southcentral Nevada.

The lower limestone member consists of distinctive 
mottled limestone and interbedded light-gray dolomite. The 
mottling is light olive gray and moderate brown, and is 
dolomitic. The upper dolomite member consists of 
alternating layers of light- and dark-gray dolomite that 
has a "banded" appearance. The formation is 
unfossiliferous in the study area except for stromatolite
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Figure 4. Photograph of laterally-linked stromatolites in 
the lower limestone member of the Highland Peak 
Formation. Location of photograph in section 
34, T. 10 S., R. 63 E.
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zones in the lower limestone member of the formation (fig. 
4). These stromatolites are close spaced lateral-linked 
hemispheroids, based on the classification of Logan and 
others (1963).

A paleoenvironmental model for the Highland Peak 
Formation has been proposed by Kepper (1972) for part of 
eastern Nevada during the late Middle and early Late 
Cambrian. Kepper suggested that a shoal with intertidal to 
supratidal depositional environments was located in a 
north-trending belt extending through eastern Nevada during 
deposition of the Highland Peak Formation, based on 
interpretations of lithostratigraphic facies observed in 
the Pioche District. The shoal separated a shallow lagoon 
to the east from a deeper open shelf to the west. Kepper 
(1972) noted stromatolite biostromes in the upper part of 
the Highland Peak Formation in the Pioche District.

In the study area, the presence of stromatolites in 
the lower limestone member indicates minimal wave action in 
protected intertidal areas (Logan and others, 1963). The 
presence of light-gray laminated dolomite, and the lack of 
stromatolites and other fossils in the upper dolomite 
member and upper part of the lower limestone member, might 
have represented changing hydrologie conditions, such as 
concentration of high magnesium brines and subsequent



T-4480 16

primary dolomite precipitation, and periodic shifts to a 
dominantly harsh, supratidal environment. Pervasive 
dolomitization in the upper member may have been primary. 
However, many of the thin sections I examined were 
recrystallized masking evidence of primary dolomitization. 
Thin section examination shows that the interbedded, 
laminated, light-gray dolomites in the upper part of lower 
member are dolomitic pelletai wackestones to grainstones, 
correlative with Wilson’s standard microfacies 8 (Wilson, 
1975), a lagoon or tidal flat within a restricted platform 
environment. Trough-crossbedded intraclastic dolomite with 
subangular rip-up clasts present in the upper dolomite 
member probably represented a tidal flat environment where 
pieces of tidal flat were ripped up and redeposited in 
tidal channels by storm waves or spring tides.

From review of sedimentological data, rocks of the 
Highland Peak Formation in the study area probably 
represented deposition in intertidal, and supratidal 
environments, similar to the depositional environments of 
the shoal proposed by Kepper. The Highland Peak Formation 
is conformable with the overlying Dunderberg Shale.
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Dunderberg Shale
The Dunderberg Shale was originally defined by Hague 

(1892) as the Hamburg Shale, and was later named the 
Dunderberg by Walcott (1908). The Dunderberg Shale 
consists of calcareous siltstone, silty limestone, and 
shale. Trilobite fragments are abundant throughout the 
formation. The formation is 76 m thick in the study area, 
approximately 100 m thick in the Pahranagat Range (Reso, 
1963), and is estimated to be as great as 60 m thick in the 
Meadow Valley Mountains (Pampeyan, 1989); the formation is 
not exposed in the Arrow Canyon Range. The Dunderberg is 
equivalent to the Dunderberg Shale member of the Nopah 
Formation in the Groom Range, and probably to part of the 
Mendha formation in the Pioche District.

Reso (1963) related the trilobite and brachiopod 
assemblage of the Dunderberg Shale in the Pahranagat Range 
to the Dunderbergia and Elvinia zones of the standard 
Cambrian fossil succession of Lochman-Balk and Wilson 
(1958); these zones are uppermost Dresbachian to early 
Franconian (early to middle Upper Cambrian). Because the 
Dunderberg is correlative in the study area and Pahranagat 
Range, the age of the formation in the study area is also 
assumed to be late early to middle Upper Cambrian.
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Thin section examination of representative rocks of 
the formation show that the dominant lithology includes 
hematitic, silty bioclastic grainstone, to calcareous 
siltstone; these lithologies correlate with Wilson’s 
standard microfacies 12 (bioclastic grainstones), 
characteristic of a shoal environment. The high 
siliciclastic content and the abundance of trilobite 
fragments implies a close proximity to land and reworking 
by waves in a high-energy, shoal depositional environment.

The upper part of the formation is bioturbated, and 
contains interbeds of calcareous shale, and limestone, and 
small (3-5-mm), black, linguloid brachiopods are abundant. 
This facies might have represented a change to a subtidal 
zone below normal wavebase, or a protected area such as 
bay.

The Dunderberg Shale is conformable with the overlying 
Desert Valley Formation.

Desert Valley Formation
The Desert Valley Formation was named by Reso (1963) 

from studies in the Pahranagat Range. In the southern 
Delamar Mountains, it consists primarily of dolomite and 
subordinate limestone, and is about 564 m thick. The
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formation is 670 m thick in the Pahranagat Range (Reso, 
1963). The formation is equivalent to the Nopah Formation 
in the Meadow Valley Mountains, where Pampeyan (1989) 
estimated a thickness of 365 m, and in the Arrow Canyon 
Range where about 360 m of the unit is exposed (Page,
1992); the base is not exposed at either of these 
locations. Fossils are not abundant in the study area, but 
because of the formation's stratigraphie position between 
the Ordovician Pogonip Group and the underlying Dunderberg 
Shale, it is assumed that the Desert Valley Formation is 
Late Cambrian in age.

Heckel and Reso (1960, unpub. data) recognized six 
informal members of the Desert Valley Formation in the 
southern Delamar Mountains that consist of in ascending 
order; the lower dark dolomite, white band, upper dark 
dolomite, variegated limy, light dolomite, and orange 
dolomite. I included the orange dolomite member in the 
overlying Pogonip Group for mapping purposes because the 
member's lower contact was more discernable than the upper 
contact on aerial photographs. A photograph of the 5 lower 
informal members is shown in figure 5. Several features of 
the Desert Valley Formation are indicative of its 
depositional setting. The lower dark dolomite, white band, 
and upper dark dolomite members show evidence of
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subtidal, intertidal, and supratidal depositional 
environments. The lower dark dolomite characteristically 
contains abundant sheet cracks filled with recrystallized 
dolomite. Wilson (1975) attributed these features to 
deposition in a supratidal environment, possibly a result 
of a shrinkage process due to drying out or de-watering of 
sediments. Fenestral fabric is present in all three lower 
members also indicating deposition in a supratidal 
environment. Domal stromatolites as great as 45 cm in 
diameter were observed in the lower dark dolomite member, 
indicating protected intertidal zones. Brachiopods and 
oncoids are present in the lower and upper dark dolomite 
members suggesting deposition in a shallow subtidal quiet 
water environment.

The variegated limy member represents relatively high 
energy shoal to tidal flat environments. Trough 
crossbedding is abundant throughout the member, and 
channels are filled with angular, intraclasts and mixed 
trilobite and brachiopod debris, suggestive of a tidal flat 
environment. Burrows, tracks, and trails are abundant 
throughout the member. The upper part consists of trough 
crossbedded oolitic limestone, indicative of deposition 
along a shoal margin.
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The light dolomite consists predominantly of medium 
crystalline, thin-bedded cherty dolomite. There are zones 
of crossbedded argillaceous dolomite with angular 
intraclasts in the channels, and zones of stromatolites. 
Fenestral fabric is common in the upper member. These 
characteristics represent alternating intertidal, tidal 
flat and supratidal depositional environments.

In summary, lithologies and sedimentary structures in 
the Desert Valley Formation suggest deposition in subtidal, 
tidal flat, and supratidal environments. The contact 
between the Desert Valley Formation and the overlying 
Pogonip Group is conformable and gradational.

Ordovician System

Pogonip Group
The Pogonip Group, originally defined by Clarence King 

(1878), is generally restricted in the Great Basin to 
include all Ordovican rocks below the Eureka Quartzite.
The Pogonip Group is about 575 m thick in the study area, 
870 m thick in the Pahranagat Range (Reso, 1963), 460 m 
thick in the Meadow Valley Mountains (Pampeyan, 1989), and 
from 400 to about 450 m thick in the Arrow Canyon Range
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(Page, 1992) . The easternmost exposure of the Pogonip is 
in the Mormon Mountains where it is about 240 m thick 
(Tschanz and Pampeyan, 1970).

Byers and others (1961) subdivided the Pogonip Group 
into the lower Goodwin Limestone, Ninemile Formation, and 
upper Antelope Valley Limestone in central Nevada. Reso 
(1963) subdivided the group into three informal formations 
in the Pahranagat Range.

The Pogonip is subdivided into three unnamed informal 
members in the study area and include the lower, middle, 
and upper limestones ; contacts between these members were 
difficult to recognize on aerial photographs, and 
therefore, were not mapped. The lower limestone member is 
probably equivalent to Reso’s lower limestone formation, 
and to part of the Goodwin Limestone. The middle limestone 
member correlates with Reso's middle limestone formation, 
and the Ninemile Formation and possibly the uppermost part 
of the Goodwin Limestone. The lower part of the upper 
limestone and middle limestone members contain fauna of the 
Receptaculites zone which are Chazyan, or early Middle 
Ordovician. The upper limestone member is approximately 
equivalent to Reso's upper limestone formation in the 
Pahranagat Range, and to the Antelope Valley Limestone in 
central and southern Nevada.
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The major lithology in the Pogonip Group in the 
southern Delamar Mountains is limestone, however, 
subordinate beds of dolomite, siltstone, sandstone, and 
shale are present. Discontinuous layers and nodules of 
dark-brown weathering chert are abundant. Beds in the 
Pogonip commonly consist of alternating 2-10-cm-thick 
layers of fossiliferous intraclastic and micritic 
limestone. In general, these rocks are very fossiliferous; 
trilobites and brachiopods are abundant in the lower 
limestone member, Receptaculites (fig. 6) is common in the 
middle limestone and lower part of the upper limestone 
members, and Maclurites, Palliseria, Orthoceras, Hormatoma, 
Lichenaria, and sponges are found in the upper limestone 
member. Pelmatozoan columnals are common throughout.

The Pogonip Group displays numerous features 
indicative of shallow marine depositional environments.
The upper part of the lower limestone member consists of 
thin beds of micritic and intraclastic limestone. Thin 
sections from this sequence show the rock is predominantly 
a fossiliferous intraclastic packstone to grainstone 
containing abundant trilobite, echinoderm, brachiopod, and 
gastropod fragments. These rocks can be correlated with 
Wilson’s standard microfacies 24 (Wilson, 1975), indicative 
of tidal flat deposition. The large amount of fossil
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fragments were probably transported from a subtidal 
environment through tidal channels. The lower limestone 
member also contains abundant shale interbeds, 
discontinuous layers and nodules of chert, oncoids, and 
ripple marks on some bedding planes. These structures and 
lithologies, along with the presence of trilobites and 
brachiopods, imply a shallow, subtidal environment with 
moderate wave action.

Rocks in the middle limestone member are bioturbated 
and also contain abundant, very thin layers of intraclastic 
limestone alternating with layers containing trilobite and 
brachiopod fragments. These features indicate a tidal flat 
environment. Micritic limestone with birdseye structures 
also are present in the middle limestone member; birdseye 
structures are a signature for a supratidal environment 
(Shinn, 1968). Minor crossbedded-sandstone and siltstone 
interbeds represented tidal channels, and interbeds of 
shale probably represented tidal channel overbank deposits. 
Pelmatozoan columnals and Receptaculites are common 
throughout the middle limestone member suggesting 
deposition in an subtidal, open marine environment.

Lithologies and sedimentary structures in the upper 
limestone member also indicate alternating tidal flat, 
supratidal, and subtidal environments. The upper limestone
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Figure 6. Photograph of Receptaculites in upper limestone 
member of Pogonip Group. Pencil (for scale) 
points to Receptaculites in map view on bedding- 
plane. Orange-colored oncoids also present in 
rock matrix. Location of photograph in section 
20, T. 10 S., R. 63 E.
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member consists predominantly of fining-upward cycles of 
intrasparite consisting of fossil debris and intraclasts, 
and of micritic limestone with birdseye structures. The 
rock is generally bioturbated, and contains abundant 
oncoids and shale partings. The shale partings probably 
represent overbank deposits from tidal channels. The 
presence of open marine fauna such as echinoderms, 
Receptaculites, sponges, and brachiopods suggests periods 
of subtidal shallow water shelf environments.

All three informal members of the Pogonip Group 
represent alternating subtidal open marine, tidal flat, and 
supratidal depositional environments. Paleoenvironmental 
interpretations proposed for the southern Delamar Mountains 
are consistent with Ross's description of sedimentation in 
Lower and Middle Ordovician time where he states "various 
types of carbonate sedimentation suggest that conditions 
changed intermittently from supratidal to shallow subtidal 
over most of the modern Basin and Ranges" (Ross, 1979).

An unconformity between the Pogonip Group and the 
overlying Eureka Quartzite is reported in southern Nevada 
by Langenheim and others (1962), Nolan and others (1956), 
and Reso (1963); however, in the study area, the contact 
appears gradational.
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Eureka Quartzite
The Eureka Quartzite was named by Hague (1892). It 

consists of white quartzite and friable sandstone, and 
serves as an excellent marker unit between darker dolomites 
of the overlying Ely Springs Dolomite and the underlying 
Pogonip Group in most of eastern Nevada. The Eureka is 
approximately 38 m thick compared to thicknesses of 140 m 
in the Pahranagat Range, 40 to 50 m in the Arrow Canyon 
Range (Page, 1992), and only 3 to 5 m in the southern 
Meadow Valley Mountains (Pampeyan, 1989). No fossils were 
found in the Eureka except for sparse trace fossils 
(burrows and trails), and it is assumed to be Middle 
Ordovician because of it's stratigraphie position between 
the Upper Ordovician Ely Springs Dolomite and Lower and 
Middle Ordovician Pogonip Group.

Ketner (1968) suggested that the Eureka is a shallow- 
water marine deposit because of the presence in places of 
dolomite and limestone lenses containing marine fossils 
(Gilluly and Masursky, 1965; and Ross, 1964), the fact that 
marine rocks overlie and underlie the formation, and the 
presence of worm borings and organic cellophane in places. 
Sedimentary structures in the study area, such as sets of 
sweeping, tabular planar crossbeds, and the absence of 
interbedded marine dolomite seems more indicative of an
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eolian, beach environment. The Eureka is conformable with 
the overlying Ely Springs Dolomite.

Ely Springs Dolomite
The Ely Springs Dolomite was first described by 

Westgate and Knopf (1932) in the Pioche District. The 
formation is equivalent to the Fish Haven Dolomite in 
northern Utah. It is 135 m thick in the study area, 120 to 
150 m thick in the Pahranagat Range (Reso, 1963), 122 to 
140 m thick in the Meadow Valley Mountains (Pampeyan,
1989), and about 120 m thick in the Arrow Canyon Range 
(Page, 1992). The formation is presumed to be Late or 
Middle and Late Ordovician in age, however, dalmanellid and 
sowerbyellid brachiopods found in the Timpahute Range might 
be Silurian (Tschanz and Pampeyan, 1970).

In the study area, the Ely Springs Dolomite consists 
of lower and upper informal members. The lower member is 
correlative with lower and middle members of Reso (1963) in 
the Pahranagat Range, and the upper member is correlative 
with Reso’s upper member. The lower member is 111 m thick, 
and is composed of dark gray dolomite that contains corals 
including Bighornia corals, and other solitary and tabulate 
corals. Brachiopods and echinoderms are also abundant.
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Lithologies and fauna indicate deposition in an open 
marine, carbonate shelf environment. Vertical facies 
changes from siliciclastic deposition of the underlying 
Eureka Quartzite to an open marine environment of the lower 
member of the Ely Springs suggests a phase of marine 
transgression.

The upper member is 24 m thick, and is a distinctive 
light-olive-gray argillaceous dolomite. No corals were 
found in this member, and thin sections show that the rock 
is a dolomitized mudstone to wackestone. Rocks of the 
upper member can be correlated with Wilson's standard 
microfacies 19, indicative of protected areas such as a 
restricted shelf lagoon or bay. Since the rock is more 
argillaceous compared to the lower parts, the upper member 
might represent a more restrictive back bank lagoon or bay 
facies formed during a phase of marine regression.

Reso (1963) reported that the lower and middle members 
of the Ely Springs Dolomite in the Pahranagat Range 
represented a marine transgressive stage, and the upper 
member a marine regressive stage of a sedimentary cycle. 
These conclusions are consistent with the sedimentological 
data from the southern Delamar Mountains.
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The contact between the Ely Springs and overlying 
Laketown Dolomite is sharp, and represents a regional 
unconformity.

Silurian Laketown Dolomite 
The Laketown Dolomite was named by Richardson (1913) 

for work in the Bear River Range on the Utah-Idaho border. 
The Laketown consists of three distinctive members in much 
of eastern Nevada; a lower, dark, fossiliferous dolomite, a 
middle light dolomite, and a cherty upper dark dolomite.
All members are present in the southern Delamar Mountains. 
The Laketown Dolomite is the only Silurian unit mapped in 
Lincoln County (Tschanz and Pampeyan, 1970).

The Laketown is about 291 m thick in the southern 
Delamar Mountains, 224 to 285 m thick in the Pahranagat 
Range, 70 to 150 m thick in the Meadow Valley Mountains 
(Pampeyan, 1989), and 67 to 100 m thick in the Arrow Canyon 
Range (Langenheim, and others, 1962). The three members in 
the study area are correlative to the three members of Reso 
(1963) in the Pahranagat Range and to the lower part of the 
Lone Mountain Formation and the Roberts Mountain Formation 
in central Nevada (Winterer and Murphy, 1960).
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The age of the Laketown is thought to be Middle and 
Late Silurian. Fossils from the formation in the study 
area include solitary cup and cylindrical corals,
Halysites, Favosites, pentamerid brachiopods, and 
echinoderms. This fauna has been assigned to the Niagran 
Series of the American Standard (Swartz and others, 1942; 
Berry and Boucot, 1970), and are Middle Silurian. Waite 
(1956) has found Late Silurian brachiopods and corals in 
the upper member of the formation in the Pahranagat Range. 
Faunas present in the Laketown can be related to Boucots's 
(1975) benthic assemblage number 3, implying a probable 
water depth of between 6 and 60 m. Sediments of the 
Laketown were probably deposited in a back reef platform 
environment of the Lone Mountain Formation organic buildup, 
the western lateral facies partial equivalent of the 
Laketown (Berry, 1977). Thin sections of the three members 
of the Laketown were examined, however, all sections were 
so recrystallized with late-stage diagenetic dolomite that 
microfacies could not be determined.

The top of the Laketown has been beveled in places by 
an episode of pre-Devonian erosion. This unconformity has 
been reported by Nolan (1935) in the Gold Hill District of 
west-central Utah, Osmond (1954) in eastern Nevada, and 
Langenheim and others (1962) in northern Clark, and
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southern Lincoln Counties. Osmond (1962) reports that the 
magnitude of the unconformity increases in the area of the 
Las Vegas hinge line where "east and southeast of the hinge 
line, successively younger Devonian beds overlie 
successively older pre-Devonian rocks".

Devonian System

Sevy Dolomite
The Sevy Dolomite was named by Nolan (1935). The Sevy 

Dolomite has great lateral extent from western Utah to 
central Nevada, and as far south as southeastern California 
(Osmond, 1957).

The formation was subdivided into three members by 
Osmond (1962), and include a lower dolomite member, a 
cherty argillaceous member, and an upper sandy member; all 
three of these members are exposed in the study area, 
however, I included the upper sandy member in the overlying 
Simonson Dolomite based on evidence of a regional 
unconformity at the base of that member. The lower 
dolomite is light gray, laminated, homogeneous, dense, and 
fractures concoidally. Quartzite interbeds are common in 
the upper half of this member. The cherty argillaceous
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member consists of yellow-weathering argillaceous dolomite, 
interbedded siltstone, and abundant discontinuous chert 
layers and nodules.

The Sevy is 235 m thick in the southern Delamar 
Mountains, 408 to 480 m thick in the Pahranagat Range 
(Reso, 1963), and 83 m thick in the Meadow Valley Mountains 
(Pampeyan, 1989). Langenheim and others (1962) reported 
the Sevy to be absent in the Arrow Canyon Range, however, 
recent mapping by Page (1992) indicated the unit may be 
present.

The Sevy is probably Early Devonian in age, although 
the lowermost part may be Late Silurian, and the sandy 
member may be Middle Devonian as discussed below. Johnson 
(1962) identified Late Silurian fossils about 27 m above 
the base of the Sevy in the Pahranagat Range. Early 
Devonian fossils were found in the lower member of the Sevy 
in the Pahranagat Range by Reso and Croneis (1959).

There is a lack of fossils in the Sevy over most of 
its outcrop, and sedimentary structures such as small scale 
trough cross bedding and planar bedding-parallel 
laminations are present. The absence of fossils, 
preservation of laminations, and the light color of the 
rock suggest that the Sevy was deposited in a highly 
saline, possibly supratidal to tidal flat environment.
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Osmond (1962) reported the Sevy represents a tidal flat 
depositional environment at or near sea level. At the time 
of Sevy deposition, Osmond (1954) believed that surface 
waters had high concentrations of magnesium from erosion of 
nearby dolomitic rocks, and from evaporative processes 
related to a restricted environment, and therefore, 
dolomitization probably occurred before lithification.

The presence of interbedded quartzite in the upper 
half of the lower dolomite member suggests cycles of 
possible marine regression, or perhaps a response to 
tectonic pulses in the cratonic source area to the east. 
These interbedded quartzites probably represented small 
streams that traversed the tidal flat and transported 
terrigenous material derived from the craton to the east 
(Osmond, 1954).

The cherty argillaceous member probably represented a 
period of marine transgression where the tidal flat was 
inundated with sea water. Marine fossils were found in 
this member by Carlisle and others (1957) at several 
locations in southern Nevada.

Lithologically, the upper sandy member appears to be 
part of a major shoaling upward sequence within the Sevy 
based on a pattern of an upward increase in number and 
thickness of interbedded quartzites in the formation.
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However, some workers (Nolan, 1935; Reso, 1963; Johnson, 
1962) included the upper sandy member in the overlying 
Simonson Dolomite. Johnson (1962) identified a regional 
unconformity at the base of the upper sandy member unit 
supported by faunal evidence that implies the unit is 
Middle Devonian in age, and should be included within the 
overlying Simonson Dolomite. Based on this evidence, I 
included the upper sandy member within the Simonson 
Dolomite.

Simonson Dolomite
The Simonson Dolomite was named by Nolan (1935). 

Members of the Simonson Dolomite in the southern Delamar 
Mountains can be correlated to the four-member subdivision 
recognized by Osmond (1954) in much of eastern Nevada.
These members are in ascending order : 1) the tan coarse- 
crystalline member; 2) the lower alternating member; 3) the 
brown cliff-forming member; and 4) the upper alternating 
member. The Simonson is predominantly dolomite, with 
interbedded quartzite and sandstone present in the lowest 
member.

The Simonson is 247 m thick in the southern Delamar 
Mountains, 320 to 373 m thick in the Pahranagat Range
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(Reso, 1963), and from 100 to 170 m thick in the Meadow 
Valley Mountains (Pampeyan, 1989). The Simonson is 
equivalent to the Piute Formation in the Arrow Canyon Range 
(Langenheim and others, 1962). The Simonson Dolomite is 
Middle Devonian in age; Merriam identified Middle Devonian 
fossils collected from the formation by Osmond (1954).

The basal tan coarse-crystalline member is primarily a 
coarsely crystalline dolomite that also contains numerous 
interbeds of trough-crossbedded and ripple-laminated 
dolomitic quartzite and sandstone. Sparse fossils are 
present but poorly preserved, and are believed to be 
stromatoporoids. A 15 m thick quartzite, equivalent with 
the upper sandy member of the Sevy Dolomite of Osmond 
(1962), marks the base of the member.

No fossils were found in the lower alternating member, 
and sedimentary structures characteristic of a supratidal 
environment are present including mud cracks, and fenestral 
fabric. Channeled, intraclastic dolomite is also present 
in the member, and probably represent a tidal flat 
depositional environment. Johnson and others (1989) 
reported this member as a widespread peritidal depositional 
environment.

The brown cliff member consists of biostromes that 
include Amphipora, Thamnopora, smooth-shelied brachiopods,
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and stromatoporoids. Rocks of this member were probably 
deposited in a shallow marine inner shelf environment along 
low relief bank biostromes. Deposition of this member most 
likely occurred during a marine transgression following the 
predominantly supratidal and tidal flat environment of the 
underlying lower alternating member. This transgression 
possibly correlates with a major eustatic sea level rise in 
eastern Nevada during the Middle Devonian recognized on the 
basis of conodont biostratigraphy established by Sandberg 
and others (1982).

The upper alternating member consists of alternating 
light-gray to dark gray dolomite probably deposited in an 
shallow water, open marine, inner shelf environment, and 
most likely took place during a continuation of marine 
transgression that is evident in the underlying brown cliff 
member. Stromatoporoids are abundant suggesting that water 
circulation was suitable for the growth of these organisms. 
Thin sections of samples from the Simonson were examined 
but were too recrystallized for microfacies correlations. 
The Simonson Dolomite is conformable with the overlying 
Guilmette Formation.
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Guilmette Formation
The Guilmette Formation was named by Nolan (1935). It 

consists of limestone, dolomite, and subordinate quartzite. 
Low relief stromatoporoid biostromes are abundant in the 
middle part of the formation. About 417 m of the Guilmette 
Formation crops out in the southern Delamar Mountains; the 
top is not exposed. The Guilmette Formation is Middle and 
Upper Devonian in age, and is equivalent to the Devils Gate 
Limestone in central Nevada (Tschanz and Pampeyan, 1970). 
The formation is from 672 to 734 m thick in the Pahranagat 
Range (Peso, 1963), and 412 m thick in the Meadow Valley 
Mountains (Pampeyan, 1989). The Guilmette is equivalent to 
the Moapa and Arrow Canyon formations in the Arrow Canyon 
Range that have a cumulative thickness of 42 6 m (Langenheim 
and others, 1962).

Three informal members have been recognized in the 
study area, a lower limestone, middle stromatoporoid 
biostromal dolomite, and an upper limestone containing 
interbedded dolomite and quartzite. The lower limestone is 
approximately equivalent to Peso's lower member in the 
Pahranagat Range, and the middle and upper members are 
equivalent to Peso's upper member. The base of the 
Guilmette was mapped at the base of the "yellow bed", a 
zone of yellowish-weathering argillaceous dolomite
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distributed over much of southeastern Nevada (Tschanz and 
Pampeyan, 1970). This contact is about 25 m above the 
Stringocephalus zone in the underlying Simonson Dolomite.

In general, the lighter rocks of the lower member 
(especially the yellow-gray-weathering units) are laminated 
dolomites, and are interpreted as supratidal to tidal flat 
environments; the rocks are argillaceous, and commonly 
contain micritic intraclasts and birdseye structures.
These beds alternate with medium- to light-gray micrites 
that are for the most part non-laminated, contain 
stromatoporoids and Amphipora, and are more characteristic 
of a subtidal environment. Thus, the lower member of the 
Guilmette represents cycles of subtidal, tidal flat, and 
supratidal deposition.

The middle member of the Guilmette consists of dark 
gray dolomite with abundant stromatoporoid and Amphipora 
biostromes and patch reefs. Facies of the middle member 
are similar to the Schwelm reef facies discussed by Krebs 
(1974) for the Devonian in central Europe. He suggested 
these facies in Europe formed on low relief banks within 
the subtidal environment of an extensive inner shelf. In 
the study area. The biostromes consist of massive, domal, 
bulbous, and digitate stromatoporoids in growth position. 
Many of the beds contain stromatoporoid fragments
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interpreted as debris washed off of the bank biostromes 
during storms. In many places stromatoporoids in growth 
position were observed above fragmented stromatoporoids, 
suggesting that fragmented beds served as a substrate for 
biostromal development. Some biostromes consist of mixed 
stromatoporoids and Amphipora, and a few biostromes are 
exclusively composed of Amphipora. The matrix of the rock 
within the Amphipora biostromes commonly consists of an 
organic, darker gray, finer grained dolomitized micrite 
than the stromatoporoid biostromes. This facies is thought 
to be characteristic of a more muddy, restricted shelf 
environment, protected from turbulent wave action.

Within the middle member is a distinctive dolomite 
breccia that was recognized throughout the southern Delamar 
Mountains. The unit has a thickness of approximately 4 to 
5 m, and is typically graded. The clasts within this 
breccia unit have an average size from 0.5-to 5 cm, but 
clasts as large as 1 m in diameter were noted near the base 
of the unit. A crude clast imbrication can be observed 
within the unit, and in some locations, the unit shows 
graded bedding. I have correlated this unit with a 
distinctive breccia deposit exposed in the Pahranagat, 
Golden Gate, Timpahute, and Worthington Ranges. Warme and 
others (1991) named the breccia deposit the "Alamo Event",



T-4480 42

and interpreted it as a cataclysmic breccia that may 
represent physical evidence for proposed Late Devonian 
extraterrestrial impact.

The upper member of the Guilmette is predominantly 
characterized by limestone that contains gastropods, 
corals, brachiopods, Amphipora and stromatoporoids. These 
limestones are interbedded with 1-m-thick quartzite beds 
that mark the probable beginning of a marine regression 
that can be correlated to a major eustatic sea level fall 
in eastern Nevada, recognized by Sandberg and others (1982) 
based on conodont biostratigraphy. Thin section 
examination shows that some of the micrites in the upper 
part of the member are peloidal wackestones and packstones 
containing brachiopod and Amphipora fragments. These 
micrites also contain minor amounts of anhydrite and 
gypsum, minerals that commonly occur in tidal flat 
depositional environments (Shinn, 1983). Rocks in the 
upper member consist of many shoaling upward cycles 
composed of darker colored massive and bioturbated micrites 
at the base, overlain by lighter colored laminated to 
intraclastic dolomites. These shoaling upward cycles are 
common throughout the Guilmette Formation, but are 
especially well preserved in the upper member. The 
micrites at the base of the cycles represented subtidal
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environments, and lighter dolomites at the top of the 
cycles represented deposition in a tidal flat to supratidal 
environment. Shoaling upward sequences are common in 
carbonate platform settings and have been noted in both 
modern and ancient shelf environments (Enos, 1983; James, 
1977; Wilson, 1975).

Mississippian System 
Mississippian formations exposed in the southern 

Delamar Mountains include the Joana Limestone, Chainman 
Shale, and Indian Springs Formation. Although the Upper 
Devonian-Lower Mississippian Pilot Shale is not exposed in 
the study area, the unit certainly is present in the 
subsurface under the Delamar thrust plate because it is 
exposed in adjacent areas at the stratigraphie level above 
the Guilmette Formation and below the Joana Limestone. The 
Pilot Shale is present in the north central part of the 
Meadow Valley Mountains where Pampeyan (1989) estimated a 
thickness of 215 m, and in the Pahranagat Range where Reso 
estimated a thickness from 53 to 140 m.
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Joana Limestone
The Joana Limestone was named by Spencer (1917).

About 60 to 70 m of an estimated 300 m of the formation are 
exposed in a horse block in the footwall of the Delamar 
thrust fault. The rocks in the horse block include the 
uppermost part of the Joana because a sharp contact with 
the overlying Chainman Shale is exposed. Reso (1963) 
estimated the Joana to be about 300 m thick in the 
Pahranagat Range, and Pampeyan (1989) estimated equivalent 
rocks in the Meadow Valley Mountains to be from 308 to 457 
m thick. The Joana is most likely equivalent to the Dawn 
Limestone and lowermost part of the Anchor Limestone of the 
Monte Cristo Group in the Arrow Canyon Range (Langenheim 
and others, 1962). The age of the Joana is probably Lower 
Mississippian. Webster (oral commun., 1990) has found 
Osagian conodonts in equivalent rocks in the Pahranagat 
Range and in the Kane Springs Wash Valley on the northwest 
side of the Meadow Valley Mountains.

The Joana Limestone consists of cliff-forming, 
regularly bedded micrite with some discontinuous layers and 
nodules of dark-brown-weathering chert. Lithostrotionella, 
Syringopora, solitary rugose corals, gastropods, and 
pelmatozoan stems are found throughout the formation 
indicating that these rocks were deposited in a open marine
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platform setting. Poole and Sandberg (1977) proposed that 
the unit is part of a carbonate bank that extended from 
east to west across the North American cratonic platform 
during the early Mississippian.

Chainman Shale
The Chainman shale was originally defined by Spencer 

(1917). As with the Joana Limestone, the Chainman Shale is 
exposed in a horse block in the footwall of the Delamar 
thrust fault. The approximate thickness of this formation 
is indeterminable due to faulting. Duley (1957) estimated 
the Chainman Shale to be about 285 m thick northeast of the 
study area in the Meadow Valley Mountains. The Chainman 
Shale is equivalent to the White Pine Group in the 
Pahranagat Range which is 243 m thick (Reso, 1963). The
Chainman Shale is believed to pinch out in the Meadow 
Valley Mountains and is absent in the Arrow Canyon Range.

Duley (1957) recognized two members of the formation, 
a lower siltstone and upper shale. The lower siltstone 
member consists of red siltstones with subordinate 
interbedded bioclastic limestone. The siltstone lacks 
sedimentary structures, and pelmatozoan stems are abundant 
in the interbedded limestones. Samples analyzed by G.D.
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Webster from the interbedded limestones in the southern 
Delamar Mountains (Delamar 3 SE quadrangle) yielded early 
Chestarian conodonts (Webster, oral commun., 1990). The 
siltstone member in the southern Delamar Mountains may be 
lithologically correlative with part of the Needles 
Siltstone Member of the Chainman Shale of Sadlick (1965), 
however, an early Chestarian age in the southern Delamar 
Mountain sequence does not agree with a Merimecian age for 
the Needles Siltstone Member in eastern Nevada and western 
Utah (Poole and Sandberg, 1991). Sadlick (1965) discussed 
the possibility of an early Chestarian basal siltstone of 
the Chainman shale in eastern Nevada, but correlation with 
other units of this age in other parts of the Basin and 
Range province could not be made.

These siltstones and interbedded limestones have been 
interpreted to be distal turbidite flysch sequences shed 
from the Antler highlands to the west of the study area, 
deposited into the eastern edge of a foredeep trough that 
formed as a result of tectonic events associated with the 
Antler Orogeny (Poole and Sandberg, 1977) .

The shale member consists primarily of olive-gray, 
micaceous, carbonaceous shale. This member probably 
represents muds derived from the craton that spread across 
the Joana Limestone carbonate bank that intertongued with



T-4480 47

distal flysch elastics of the lower siltstone member, as 
the Antler orogenic flysch trough filled up (Poole and 
Sandberg, 1977). In addition to being highly faulted, most 
of this member is very poorly exposed, and the upper 
contact with the overlying Indian Springs Formation is also 
poorly exposed.

The Chainman Shale probably pinches out in the Meadow 
Valley Mountains because the formation is exposed neither 
in the southernmost part of the Meadow Valley Mountains nor 
the northern Arrow Canyon Range. Stevens and others (1991) 
reported pinching out of the Chainman Shale in the Meadow 
Valley Mountains in their discussion of a major 
Mississippian carbonate-siliciclastic facies boundary in 
the southern Basin and Range. The facies boundary is 
between siliciclastics of the Chainman Shale, exposed in 
the northern part of the Mountains, and limestones of the 
Monte Cristo Group and the Battleship Wash Formation, in 
the southern part of the Mountains.

Indian Springs Formation
The Indian Springs Formation was originally named by 

Longwell and Dunbar (1936) to represent the base of the 
Bird Spring Formation. The formation is equivalent to
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member "BSb" of the Bird Spring Formation in the Arrow 
Canyon Range (Langenheim and others, 1962). Webster and 
Lane (1967) observed the Indian Springs to be a laterally 
persistent mappable unit throughout southeastern Nevada and 
raised it to formational rank. The unit was mapped as 
defined by Webster and Lane (1967). The age of the Indian 
Springs Formation is Late Mississippian.

The Indian Springs Formation is 58 m thick in the 
southern Delamar Mountains. Webster (1969) reported a 
thickness of the Indian Springs Formation ranging from 60 
to 75 m in the Meadow Valley Mountains, and from 60 to 64 m 
in the Arrow Canyon Range. The Indian Springs Formation is 
equivalent to the Scotty Wash Formation of Reso (1963) in 
the Pahranagat Range where the unit is estimated at 50 to 
80 m thick.

Lithologies of the Indian Springs Formation include 
dark-yellowish-orange weathering bioclastic limestones with 
Rhipodomella nevadensis, productid, and spiriferid 
brachiopods, bryozoans, echinoderms, and solitary rugose 
corals. Networks of anastomosing 2.5cm diameter burrows 
are abundant at the base of several beds. These burrows 
were also noted in the formation in the Arrow Canyon Range 
(Page, 1992). Intervals of dark-red and black shale occur 
throughout the formation, but are more dominant near the
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base, and siltstones and sandstones are present, but mainly 
in the upper part of the formation. Nearly identical 
lithologies are present in the Indian Springs Formation at 
the Arrow Canyon Range, 30 km to the south, suggesting 
facies of the Indian Springs Formation are geographically 
widespread supporting Webster and Lane's decision in 
raising the unit to formational rank.

Thin section examination of the bioclastic limestones 
in the unit correlate with Wilson's standard carbonate 
microfacies 11 (Wilson, 1975) which include bioclastic 
grainstones, characteristic of deposition in a shallow, 
high energy near shore environment subject to constant wave 
action. The presence of thin, highly oxidized zones that 
commonly cap the tops of the limestone beds may be 
preserved soil horizons indicating subaerial exposure. The 
Indian Springs Formation is conformable with the overlying 
Bird Spring Formation.

Mississippian, Pennsylvanian, and 
Permian Bird Spring Formation 

The Bird Spring Formation was first described by 
Hewett (1931). The formation is equivalent to the Calville 
Limestone of Longwell and others (1965) from studies in the
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Muddy Mountains. The northern Nevada equivalent is the Ely 
Limestone of Spencer (1917).

A continuous section of the Bird Spring Formation is 
not exposed in the southern Delamar Mountains, however, the 
formation is estimated to be about 1,060 m thick. Two 
informal members, lower and upper, of the Bird Spring 
Formation were mapped. The top of the formation is not 
exposed and Tertiary rocks rest on an angular unconformity 
above. About 233 m of the formation are exposed in the 
Pahranagat Range (Reso, 1963), and an estimate of about 
1,310 m is reported by Pampeyan (1989) in the Meadow Valley 
Mountains, but he suggests the formation may locally be as 
great as 1,650 m thick. I estimated the thickness of the 
formation to be about 1,54 0 m in the Arrow Canyon Range 
(Page, 1992). The top of the formation is not exposed in 
any of these mountain ranges.

The age of the Bird Spring Formation is Upper 
Mississippian, Pennsylvanian and Lower Permian. 
Approximately the basal 14 m of the Bird Spring Formation 
in southern Nevada is reported to be Late Mississippian in 
age, based on the presence of brachiopod, conodont, and 
foraminifer fossils (Brenckle, 1973; Lane and others, 1985; 
Webster, 1969). The lower member is mostly Pennsylvanian, 
and the uppermost part of the member is lower Permian.
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Morrowan conodonts were identified in the lower part of the 
member, and Wolfcampian conodonts have been identified from 
the uppermost part of the lower member (Wardlaw, written 
commun., 1990). The upper member is entirely Lower 
Permian; Wolfcampian conodonts have been identified from 
the very top of the member (Webster, oral commun., 1990) ,
the youngest Paleozoic rocks exposed in the southern
Delamar Mountains.

Lithologically, the Bird Spring is heterogeneous due 
to the presence of numerous depositional shallow marine 
transgressive-regressive cycles that characterize the 
formation. Heath and others (1967) carried out detailed 
pétrographie studies on 563 m of the lower part of the
formation in the Arrow Canyon Range and identified 7 8 total
transgressional and regressional depositional cycles.

Formation lithologies include mainly limestone, 
including subordinate shale, sandstone, siltstone, and 
minor dolomite. The formation is generally very cherty, 
and highly fossiliferous. The lower member consists 
primarily of gray, light-brown, and purplish limestone with 
common discontinuous layers and nodules of dark-brown- 
weathering chert. Some intervals include more than 50 
percent chert. The limestone is interbedded with pale-red 
to grayish-orange shale, light-brown sandstone and



T-4480 52

siltstone, and several beds of light-gray dolomite are 
found throughout the member, but are more common near the 
top. A wide variety of fossils occur in the lower member 
of the formation. Corals are most abundant and include 
solitary rugose varieties, and many types of colonial 
corals such as Syringopora, Chaetetes, Beaumontia, and 
aulophyllid corals. Many types of brachiopods are 
abundant, as well as echinoderms, bryozoans, fusulinids, 
and planispiral and high-spired gastropods. Fossils, 
lithologies, and sedimentary structures in the lower member 
of the Bird Spring Formation indicate deposition in near 
shore to intermediate carbonate shelf depositional 
environments.

The upper member consists of two parts ; a basal part 
of red siltstone and silty limestone containing interbedded 
lenses of dark-gray micritic limestone, and an upper part 
of cherty, laminated, micritic limestone. Distinctive 
limestone concretions from 0.5 to 4 cm in diameter are 
present at the base of the member. Many of the concretions 
contain fish bone fragments at their core. The lower 
contact of the upper member marks a sequence boundary 
within the Wolfcampian series separating underlying near 
shore shelf limestones from overlying deeper water micritic 
limestones and interbedded mudstones and siltstones. It is
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unknown whether this sequence boundary is eustatically or 
tectonically controlled. The overall unit is generally 
unfossiliferous although sponge spicules and radiolarians 
were identified in thin section, and Paleoniscoid fish 
teeth and shark dermal plates were identified by Wardlaw 
(written commun., 1990). Most of the thin sections 
examined from the upper member were spiculite wackestones 
and mudstones, correlative with Wilson’s standard 
microfacies 1 , indicative of a carbonate slope or basin 
depositional environment. The rhythmically bedded, or 
turbidite-like bedding in the micritic limestones 
characteristic of the upper member also suggest deposition 
in a carbonate slope to basin environment. Page (1993) has 
identified submarine debris flows from upper member 
equivalent rocks in the southern Arrow Canyon Range. The 
upper member serves as a regional marker unit within the 
Bird Spring in the southern Nevada region (Page, 1993).
The carbonate slope and basinal facies of the upper member 
is widely distributed, and has been identified in the 
Meadow Valley Mountains, Arrow Canyon Range, Las Vegas 
Range, and Spring Mountains (plate 5).
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Uppermost Paleozoic and Mesozoic Rocks 
Although uppermost Paleozoic (Late Permian) and 

Mesozoic rocks are not exposed in the southern Delamar 
Mountains, these rocks are assumed to have been deposited 
there, and have subsequently been eroded.

Approximately 2.4 km of Late Permian and Triassic 
rocks are exposed in the Meadow Valley Wash area on the 
east side of the Meadow Valley Mountains, only 15 km east 
of the study area (Pampeyan, in press). These rocks are 
also present in the Mormon and Muddy Mountains (Tschanz and 
Pampeyan, 1970; Bohannon, 1983). Because of proximity to 
the study area, the thickness of these rocks in Meadow 
Valley Wash was used as an estimate in the restoration of 
the Delamar ramp anticline to post-thrust, pre-erosion 
geometry (fig. 8 ).

In general, these uppermost Permian and Triassic rocks 
are probably part of the continental Paleozoic and Mesozoic 
platform-cover assemblages discussed by Dickinson (1992). 
These rocks were deposited over older Paleozoic 
miogeoclinal rocks in the cordillera as discontinuous 
blankets of terrestrial and shallow marine sediments.
Their regional distribution is shown in figure 7.

Erosion of uppermost Paleozoic and Mesozoic sediments 
in the southern Delamar Mountains took place during Late
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Cretaceous to Oligocene time when highlands of the Sevier 
orogenic belt were stripped and sediments were deposited 
into the extensive Rocky Mountain foreland basin along the 
Sevier orogenic front.
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Western United States (Modified from Dickinson, 
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CENOZOIC STRATIGRAPHY OF THE SOUTHERN DELAMAR MOUNTAINS

The Cenozoic rocks in the southern Delamar Mountains 
consist predominantly of late Oligocene to Miocene volcanic 
ash-flow tuffs and mafic lava flows. The volcanic 
stratigraphy in the southern Delamar Mountains is based 
primarily on mapping by R.B. Scott (Page and others, 1990; 
Scott and others, 1990, and Swadley and others, 1990). The 
volcanic rocks in the southern Delamar Mountains are 
separated into two groups based on composition and age.
The older rocks are calc-alkalic rocks erupted from several 
volcanic sources in eastern Nevada and possibly western 
Utah, that range in age from 27.9 to 18.6 Ma, and include 
from oldest to youngest; the Monotony Tuff, the Baldhills 
Tuff Member of the Isom Formation, the Shingle Pass Tuff, 
the Leach Canyon Tuff, the Bauers Tuff Member of the Condor 
Canyon Formation, Pahranagat Formation, the Harmony Hills 
Tuff, and the Hiko Tuff.

The younger group of rocks record a significant change 
in chemical composition from calc-alkalic to highly 
metaluminous and mildly peralkaline rhyolitic ash-flow 
tuffs and mafic lava flows (Scott and others, in press). 
These units range in age from 16 Ma to 14.5 Ma and include 
from oldest to youngest; the Delamar Lake Tuff, the
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Sunflower Mountain Tuff, and the Kane Wash Tuff as defined 
by Scott and others (in press). Some younger basalt flows 
are present in the west-central and central part of the 
Delamar 3 NW quadrangle (plate 1A) ; whole-rock K-Ar dates 
of 14.5 and 15.1 Ma have been reported by H.H. Mehnert 
(written commun., 1993).

Conglomerate 
A unit consisting of prevolcanic conglomerate, 

sandstone, siltstone, shale, and limestone is locally 
exposed in the southern Delamar Mountains. This is the 
oldest unit deposited on the angular unconformity above the 
Paleozoic rocks in the study area. It consists of a 
conglomerate of Paleozoic clasts and subordinate interbeds 
of sandstone, siltstone, shale, and limestone. The 
sandstone, siltstone, and shale beds are generally 
calcareous and have a reddish, ferruginous stain. The unit 
ranges from 0 to 75 m thick. Tschanz and Pampeyan (1970) 
suggested these prevolcanic rocks may be as old as 
Cretaceous.
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Monotony Tuff 
The Monotony Tuff was defined by Ekren and others 

(1971) who noted its widespread occurrence in eastern 
Nevada. In the southern Delamar Mountains the unit occurs 
at the base of the Tertiary volcanic section and is a 
nonwelded to partially welded, very light gray to pinkish- 
gray, dacitic ash-flow tuff. Composition of this and 
succeeding volcanic units are recorded in the description 
of map units in appendix B . The unit is exposed in the 
west central part of the Delamar 3 SW quadrangle where it 
is about 18 m thick (Page and others, 1990), and in the 
south central part of the Delamar 3 NW quadrangle where it 
is as great as 60 m thick (Scott and others, 1990). A K-Ar 
date for biotite separated from the tuff is 28.5+1.0 Ma 
(Scott and others, in press). Best and others (1989) 
reported an ^^Ar/^^Ar age of 27.3 Ma. The Monotony Tuff 
was deposited from ash flows erupted from the Central 
Nevada Caldera complex (Best and others, 1993; Scott and 
others, in press).

Baldhills Tuff Member of the Isom Formation 
The Isom Formation was originally defined by Mackin 

(1960) and redefined by Anderson and Rowley (1975). The
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Baldhills Tuff Member is defined as the middle member of 
the formation, and is characteristically a trachytic ash- 
flow tuff that is about 20 m thick in the southern Delamar 
Mountains. A K-Ar date for plagioclase of the member 
collected from the southern Delamar Mountains is 25.9+0.8 
Ma (Scott and others, in press).

Shingle Pass Tuff 
The Shingle Pass Tuff is another widespread ash-flow 

tuff that was originally termed the "Shingle Pass 
Ignimbrite" by Cook (1965). The probable source for the 
ash flows that emplaced the tuff unit is in the Quinn 
Canyon Range (plate 5) in western Lincoln and northeastern 
Nye Counties (Best and others, 1992; Best and others, 1993; 
Sargent and Roggensack, 1984; Scott and others, in press). 
The unit in the study area does not have the pétrographie 
or paleomagnetic characteristics of either the upper member 
or lower member of the Shingle Pass Tuff; Scott, and others 
(in press) have concluded that it may be an intermediate 
member of the tuff. The rhyolitic intermediate member is a 
simple cooling unit that grades upward from a pinkish-gray 
nonwelded to partially welded tuff at the base, through a 
locally developed dark-gray to brownish-gray vitrophyre, to
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a grayish-orange-pink to very pale pink moderately to 
partially welded devitrified tuff. The unit ranges from 5 
to about 20 m thick in the study area and its age is 
probably within the limits of the upper and lower cooling 
units of the Shingle Pass Tuff, between about 26.0 to 26.7 
Ma, respectively (Best and others, 1989).

Leach Canyon Formation 
The Leach Canyon Formation, another widespread ash- 

flow tuff in eastern Nevada, was originally named by Mackin 
(1960). The source of the ash flows that formed the Leach 
Canyon tuff may be the Caliente caldera complex (Scott and 
others, in press). The formation consists of rhyolitic 
ash-flow tuff that grades upward from pinkish-gray 
nonwelded to partially welded tuff at the base through 
grayish-orange-pink moderately welded tuff and local 
grayish-black vitrophyre, to grayish-pink partially welded 
tuff. The unit ranges from 35 m thick in the Delamar 3 SE 
quadrangle, to as great as 130 m thick in the Delamar 3 NW 
quadrangle. The average K-Ar date of the formation is 24.7 
Ma (Armstrong, 1970) but recent ^Ar/^Ar dating suggests 
its age is closer to 23.8 Ma (Best and others, 1993).
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Lacustrine limestone 
This unit is exposed throughout the study area 

stratigraphically between the Leach Canyon formation and 
Bauers Tuff Member of the Condor Canyon formation where it 
ranges from 0.1 to 7 m thick. It is a medium crystalline 
light gray to pinkish gray lacustrine limestone that 
contains disrupted algal plates. In the Delamar 3 NW 
quadrangle (plate 1A) , a similar lacustrine limestone is 
also present at a lower stratigraphie interval between the 
basal Cenozoic conglomerate and the Monotony Tuff.

Bauers Tuff Member of the Condor Canyon Formation 
Mackin (1960) first named the Bauers Tuff and Cook 

(1965) later named the underlying Swett Tuff and the Bauers 
Tuff as members of the Condor Canyon Formation. Both 
members of the formation are densely welded biotite 
rhyolites that do not contain quartz phenocrysts (Scott and 
others, in press). The Bauers Tuff Member is a simple 
cooling unit that grades upward from a grayish-pink 
nonwelded base, through a brownish-gray moderately welded 
vitrophyre, to a light-brownish-gray to pale-red densely 
welded devitrified zone. The unit ranges from 5 to 25 m 
thick in the southern Delamar Mountains. A ^°Ar/-^Ar date
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of 22.78 Ma agrees with an average K-Ar age of 22.7 Ma for 
the Bauers tuff (Scott and others, in press). The source 
for the ash flows that formed the Bauers Tuff Member area 
is within the Caliente caldera complex (Rowley and others, 
1988).

Pahranagat Formation 
This rhyolitic ash-flow tuff was originally called the 

Pahranagat Lakes Tuff by Williams (1967), but was later 
redefined as the Pahranagat Formation by Scott and others 
(in press). The Pahranagat Formation consists of one 
simple cooling unit that grades upward from a nonwelded 
base, through a partially welded middle, to a nonwelded 
top. It ranges from 6 to 35 m thick in the southern 
Delamar Mountains, and the average age of the unit is 22.6 
Ma based on ^Ar/^Ar bating (Best and others, 1989) .

Harmony Hills Tuff 
The Harmony Hills Tuff was originally defined as the 

uppermost member of the Quichapa Formation by Mackin 
(1960), and later raised to formational rank as part of the 
Quichapa Group by Cook (1965) and Williams (1967). The 
rock is a massive, phenocryst-rich, andesitic ash-flow tuff
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that has a crudely developed foliation; it is one of the 
most crystal-rich (50 percent phenocrysts) ash-flow tuffs 
in the Great Basin (Scott and others, in press). The 
source area for the unit is controversial. Blank (1959) 
suggested the source to be in the Bull Valley Mountains 
area of western Utah, and Rowley and others (1979) and 
Ekren and others (1977) suggest that the source is the 
Caliente area. The Harmony Hills Tuff is between 35 and 
135 m thick in the southern Delamar Mountains. The average 
K-Ar age for the formation is 21.0 Ma (Scott and others, in 
press).

Hiko Tuff
The Hiko Tuff was named by Dolgoff (1963) from 

exposures in the Hiko Range. It is distinctive in outcrop, 
forming knobby, jointed exposures. This rhyolitic ash-flow 
tuff is relatively crystal-rich, containing 30-4 0 percent 
phenocrysts; pumice fiamme as great as 6 cm in diameter 
form 15 percent of the rock. Ekren and others (1977) first 
identified the tuff and Rowley and Siders (1988) later 
confirmed and named a source area for the tuff as the 
Delamar caldera, the western lobe of the Caliente caldera 
complex. The tuff ranges from 8 to 75 m thick in the
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southern Delamar Mountains, and has an age of 18.6 Ma 
(Taylor and others, 1989).

Delamar Lake Tuff and Sunflower Mountain Tuff
The Delamar Lake Tuff and overlying Sunflower Mountain 

Tuff were originally included within the Kane Wash Tuff 
(Noble, 1968; Novak, 1984), however, Scott and others (in 
press) redefined these units based on Novak's observations 
that distribution of these units is incompatible with the 
Kane Springs Wash caldera, and chemical composition of 
these units are also distinct from units erupted from the 
caldera.

The Delamar Lake Tuff consists of a metaluminous 
rhyolitic ash-flow tuff. The source of the unit is 
undetermined, however, Scott and others (in press) suggest 
a possible source located northwest of the Kane Springs 
Wash caldera where the unit is thickest. The Delamar Lake 
Tuff is from 20 to 60 m thick in the study area. Novak 
(1984) dated the rock at 15.6 Ma (K-Ar method) but 
consistent laboratory differences in dates suggest that a 
better estimate of the age may be nearer to 16 Ma (Scott, 
written commun., 1993).
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The Sunflower Mountain Tuff is also a metaluminous 
rhyolitic ash-flow tuff that was divided into two mappable 
informal members, a lower nonwelded to partially welded 
tuff, and an upper partially to densely welded tuff (Scott 
and others, in press). The unit ranges from 60 to 170 m 
thick in the southern Delamar Mountains, and its source 
area is postulated to be southwest of the Kane Springs Wash 
caldera (Scott and others, in press). A K-Ar date of 14.7 
Ma was reported for this unit by Novak (1984) but 
consistent laboratory differences in dates suggest that a 
better estimate of the age may be closer to 15.1 Ma (Scott, 
written commun., 1993).

Kane Wash Tuff 
The newly defined Kane Wash Tuff consists of the lower 

Grapevine Spring Member and upper Gregerson Basin Member 
(Scott and others, in press). The ash flows that formed 
these tuffs were erupted from the Kane Springs Wash caldera 
located in the central part of the Delamar Mountains (fig.
1). The Grapevine Spring Member is equivalent to Novaks’s 
Vi member of the Kane Wash tuff, and the Gregerson Basin to 
Novaks's V2 and V3 (Novak, 1984).
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The Grapevine Spring Member is a metaluminous 
rhyolitic to trachytic ash-flow tuff that ranges from 20 to 
75 m thick in the southern Delamar Mountains. The unit 
grades upward through 4 zones including lower, middle, and 
upper rhyolitic zones, and a trachytic cap. The ^Ar/^Ar 
dates for the member is 14.67+0.22 Ma (Scott and others, in 
press).

The Gregerson Basin member is a mildly peralkaline 
comenditic rhyolite to trachytic ash-flow tuff that 
consists of two separate cooling units. Each cooling unit 
has a lower peralkaline rhyolite basal part overlain by a 
upper trachytic cap. The member is from 20 to 85 m thick. 
The lower unit has been dated at 14.55+0.14 Ma and the 
upper cooling unit has been dated at 14.39+0.28 Ma using 
4°Ar/39Ar methods (Scott and others, in press).

Quaternary Deposits 
Quaternary stratigraphy in the southern Delamar 

Mountains is based on mapping by WC Swadley (Page and 
others, 1990; Scott and others, 1990; and Swadley and 
others, 1990). The Quaternary deposits include alluvial 
fan units that range in age from Pliocene (?) to Late 
Holocene. Quaternary units also include colluvium.
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terrace, sheet sand, sand dune, fluvial sand, and silt 
deposits. Detailed descriptions and ages of these units 
are found in Appendix B and are shown on plates 1A, 2A, and 
3A.

STRUCTURE OF THE SOUTHERN DELAMAR MOUNTAINS

The structural history of the southern Delamar 
Mountains can be described in three major episodes, pre- 
Mesozoic development of the Paleozoic Cordilleran 
miogeocline, Mesozoic (Cretaceous) compression and possibly 
coeval extensional gravitational response to overthickened 
crust during the Sevier orogeny, and Cenozoic (Miocene and 
younger) extension. These episodes are illustrated in a 
set of east-west profiles (fig. 8 ) that extend across the 
southern Delamar Mountains from the the Meadow Valley 
Mountains to the Sheep Range, and correspond to cross 
section B-B', plate 3A, and A-A1 , plate 2A.

Pre-Mesozoic Structure 
The pre-Mesozoic plate tectonic setting for the rocks 

in the study area includes continental separation, and 
subsequent development of the Cordilleran miogeocline from
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late Precambrian to Triassic time along the western side of 
the present North American craton. From Devonian through 
Late Cretaceous time, compressional deformation related to 
a convergent plate margin characterized the western U.S. 
Major compressional episodes included the Late Devonian to 
Lower Mississippian Antler orogeny, Permo-Triassic Sonoma 
orogeny, and the Cretaceous Sevier orogeny (discussed in 
following section). The Paleozoic rocks of the study area 
were little affected by the Paleozoic orogens, and in 
general, carbonate platform deposition was nearly 
continuous across the southern Delamar Mountains through 
the Paleozoic.

The Cordilleran miogeocline is a westward thickening 
wedge of terrigenous clastic and overlying carbonate rocks 
deposited along the passive continental margin of western 
North America from late Precambrian to Devonian time 
(Stewart, 1972). Discussion of this feature is essential 
because it provides the plate tectonic setting for the 
Paleozoic rocks deposited in the southern Delamar 
Mountains. Strata of the miogeocline rest unconformably on 
crystalline rocks ranging in age from 2,500 to about 1,410 
Ma, and on supracrustal sedimentary and volcanic rocks that 
are between 1,450 and 900 or 800 Ma (Poole and others, 
1992). Supracrustal rocks nearest the study area include
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the Crystal Spring Formation and Beck Spring Dolomite 
exposed approximately 200 km to the southwest in the Death 
Valley area of southeast California. The late Precambrian 
and lower Cambrian rocks that represent initial deposits of 
the miogeocline are divided into a diamictite and volcanic 
sequence and overlying terrigenous detrital sequence 
(Stewart and Suczek, 1977). This diamictite and volcanic 
sequence is reported to represent initial rifting at the 
western north American continental margin (Poole and 
others, 1992). The age of the diamictite and volcanic 
sequence is poorly constrained. Armstrong (1982) dated 
rocks at 77 0 Ma based on Rb-Sr isochron methods in 
northwest Canada that are presumed to be correlative with 
the diamicite and volcanic sequence in the western U.S. 
Other dates of the sequence are 650 to 570 Ma based on 
paleontological data from planktonic algae collected from 
interbeds of the diamictite in Utah (Knoll and others,
1981). The nearest exposure of basal diamictite to the 
study area is in the Kingston Peak Formation, in the Death 
Valley area (Hewett, 1956; Wright and others, 1976).

Rocks of the diamictite and volcanic sequence were 
probably deposited into rift-valley basins prior to major 
continental separation (Poole and others, 1992); the age of 
this initial rifting is most likely younger than 730 Ma
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based on dates of the diamictite and volcanic sequence 
mentioned above. The major stage of late Precambrian 
rifting remains controversial, however, it is presumed to 
have begun before deposition of the terrigenous detrital 
sequence (Poole and others, 1992). The most recent date 
reported for the major stage of rifting is about 600 Ma 
based on subsidence rate analyses of the miogeoclinal 
sediments (Armin and Mayer, 1983; Bond and Kominz, 1984; 
Stewart and Suczek, 1977) .

Following rifting, rocks of the terrigenous detrital 
sequence, derived mainly from the craton, were deposited 
along the newly developed passive continental margin until 
middle Cambrian time when a major shift from a 
siliciclastic to a carbonate facies occurred across the 
miogeocline. The Paleozoic rocks in the study area are 
part of this carbonate facies. Depositional patterns of 
the carbonate Paleozoic rocks of the miogeocline are very 
similar to those of the underlying terrigenous detrital 
rocks suggesting that for the most part, sedimentation of 
the miogeocline functioned as a stable part of the North 
American craton during most of the Paleozoic (Burchfiel, 
Cowan, and Davis, 1992) .

During latest Devonian and Early Mississippian time, 
deformation related to the Antler orogeny affected the



T-4480 73

continental margin of western North America. The Antler 
orogenic belt extends from southern Idaho into central and 
southwestern Nevada. During the Antler orogeny, eastward- 
directed thrusts emplaced continental slope and rise 
sedimentary rocks over a sequence of miogeoclinal shelf 
rocks, creating highlands that served as a source for 
foredeep sedimentation to the east (Poole, 1974). The 
foredeep may have formed as a result of loading of the 
Antler allochthon onto the continental margin and 
subsequent flexural downwarp of the continental 
lithosphere. Several kilometers of Mississippian and 
Pennsylvanian clastic rocks were deposited into the 
foredeep (Speed and Sleep, 1982). Compressional features 
of the Antler orogeny formed from subduction and complex 
interaction between island arc, and continental and oceanic 
lithosphere including collision, and/or accretion, and 
localized extension. Paleozoic rocks in the study area 
were little influenced by the Antler orogeny. The only 
affect of the orogeny on the study area includes deposition 
of the upper Mississippian Chainman Shale interpreted as 
distal turbidite flysch deposits derived from the Antler 
allochthon in central Nevada (Poole and Sandberg, 1977).

The Permo-Triassic Sonoma orogeny was also 
characterized by compressional tectonics related to a
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convergent plate boundary, and as the Antler orogeny, 
continental slope and rise deposits were thrust eastward 
onto the continental shelf. Compressional features of the 
Sonoma orogeny are exposed in central and southwestern 
Nevada and southeastern California, west of the Antler 
orogenic belt. The structural style and lithologies of the 
Sonoma orogeny are similar to the Antler orogeny suggesting 
a similar plate tectonic setting (Burchfiel and Davis,
1972). As with the Antler orogeny, rocks in the study area 
were little affected by the Sonoma orogeny although the 
orogen probably in part tectonically controlled the western 
margin of the Bird Spring basin in southern Nevada 
(Bissell, 1974). An estimated 1,060 m of strata of the 
Bird Spring Formation are exposed in the southern Delamar 
Mountains that were deposited in the eastern part of that 
basin.

Mesozoic Structure 
During Mesozoic time, a convergent plate boundary 

continued to characterize the western North American 
continental margin. Eastward subduction of oceanic crust 
beneath the continental margin gave rise to the development 
a magmatic arc on that margin, known as the Sierra
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batholith. Further east, in the forearc basin of the 
Sierra magmatic arc, thin skinned contractional features 
formed, including thrust faults of the Sevier orogeny, that 
emplaced Proterozoic, Paleozoic, and Mesozoic strata 
eastward onto the platform of the North American craton.
The relationship between subduction and arc magmatism at 
the continental margin, and thrusting in the forearc basin 
remains unclear, but more popular hypotheses suggest that 
increased coupling between the leading edge of the 
continent and east-subducting oceanic crust beneath the 
continent was the driving force for Mesozoic intraplate 
shortening (Burchfiel, Cowan, and Davis, 1992).

The Delamar Thrust Fault
The major structure in the southern Delamar Mountains 

is the northeast-trending Delamar thrust fault (fig. 9; 
plate 3A) that is assumed to have formed in Cretaceous time 
during the Sevier orogeny. Other Sevier-age thrusts are 
present throughout southern Nevada in the Sevier orogenic 
belt and have been described in the literature (Armstrong, 
1968; Fleck, 1971). Burchfiel, Cowan, and Davis (1992) 
described thrust faults of the Sevier orogenic belt "as 
having thin-skinned geometries, eastward directional
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transport relative to underlying rocks, and becoming 
progressively younger from west to east". Estimates of 
shortening across the Sevier thrust belt in southern Nevada 
range from 12 to 18 km (Armstrong, 1968) and from 5 to 10 
km (Fleck, 1970).

The time of initial thrusting in the Sevier orogenic 
belt is not clear, however, recent work indicates that 
major phases of thrusting did not begin until late Early 
Cretaceous time (Heller and others, 1986). In the Muddy 
Mountains, about 60 km southeast of the study area (plate 
5), Bohannon (1983) reported the minimum age of Sevier 
thrusting occurred during late Albian and Cenomanian (?) 
time based on the presence of thick foreland Upper 
Cretaceous clastic units that record synchronous 
deformation and erosion.

The Delamar thrust fault was originally described by 
Tschanz and Pampeyan (1970) as part of the Delamar Mountain 
thrust and fold belt. Although not exposed on the surface, 
evidence for the fault includes juxtaposition of Cambrian 
rocks and a tight east-vergent overturned syncline in the 
Bird Spring Formation (fig. 10) in the west central part of 
the Delamar 3 SE quadrangle (plate 3A). The axis of the 
overturned fold trends northeastward, subparallel to the 
trend of the Delamar thrust. Overturned folds in the Bird
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Figure 9. Generalized geologic map of the southern 
Delamar Mountains.
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EXPLANATION FOR FIGURE 9

QTa Quaternary and Tertiary alluvium 

Tertiary volcanic rocks 
PIP [I Permian and Pennsylvanian rocks
iPjDj Pennsylvanian to Devonian rocks

Devonian rocks
Devonian to Cambrian rocks, undivided 
Silurian rocks 
Ordovician rocks 
Cambrian rocks

Contact

High-angle normal fault -Dashed where approximately located; dotted where concealed; 
bar and ball on downthrown side

Normal fault superposed on prexisting thrust fault -Dotted where concealed; sawteeth 
on upper plate of thrust bar and ball on downthrown side of normal fault

Low-angle normal fault—Dotted where concealed; hachures on upper plate of fault

Oblique-slip normal fault —Arrows show relative direction of lateral offset; ball and bar on 
downthrown side

Anticline

— ft—  Overturned syncline 

I I I Caldera edge—Dotted where concealed; hachures on caldera interior

—L— Inclined

—P- Overturned

PWL fault Prominant west-dipping low-angle fault 

RL-1 Ramping low-angle normal fault
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Figure 10. Photograph of overturned footwall syncline in 
Mississippian to Permian Bird Spring 
Formation; view is to the southwest, section 
19, T. 10 S., R. 64 E.
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Spring formation are common in the footwalls of other 
Sevier-age thrusts in southern Nevada, such as the Gass 
Peak thrust on the east flank of the Las Vegas and northern 
Sheep ranges, the Dry Lake thrust in the Dry Lake Range, 
and the Wheeler Pass thrust in the Spring Mountains 
(plate 5).

Cross section A-A', plate 3B, shows overturned 
footwall rocks including the upper member of the Bird 
Spring Formation exposed on the surface. To the south 
along cross section B-B' (plate 3B), rocks of the lower 
member of the Bird Spring Formation, and some Mississippian 
and Devonian rocks are exposed on the surface indicating 
the thrust must lose throw southward. Cambrian hanging 
wall rocks are not exposed at the surface along A-A1 
because Paleozoic and overlying Tertiary volcanic rocks are 
downdropped along a west-dipping normal fault that has 
followed the Delamar thrust. (discussed in greater detail 
on page 113). The Permian footwall rocks along section A- 
A' are the northernmost exposure of Paleozoic rocks along 
the trace of the Delamar thrust. East of the thrust, the 
folded Paleozoic strata are downdropped into a Tertiary 
graben in Kane Springs Valley bounded on the northwest by 
the Willow Spring fault, and on the southeast by Kane 
Springs Wash fault (plate 3B).



T-4480 81

Cross section B-B', plate 3B, shows imbricate tectonic 
wedges of Devonian to Mississippian rocks that form a horse 
block in the footwall of the thrust. As along A-A', folded 
Upper Paleozoic footwall strata east of the thrust are 
downdropped into the Tertiary Kane Springs Wash graben.

Cross section B-B', plate 2B, about 3.5 km southeast 
of cross section B-B', plate 3B, shows Cambrian rocks of 
the Highland Peak Formation in the hanging wall juxtaposed 
with upright and gently folded Devonian rocks of the upper 
part of the Guilmette Formation in the footwall of the 
thrust. Because Cambrian rocks juxtapose older footwall 
rocks than to the north, it is interpreted that the Delamar 
thrust fault continues to lose throw to the south and 
probably dies out not far south of this location.

Correlation of Regional Thrust Faults
In southern Nevada, east-directed thrust faults formed 

during the Sevier Orogeny have been offset by Cenozoic 
Basin-and-Range strike-slip faults. These thrust faults 
are good structural markers in determining the magnitude of 
Cenozoic extension between differentially extended domains 
(Wernicke and others, 1988). In the Spring Mountains, the 
Wheeler Pass and the Keystone regional thrusts have been
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offset along the proposed right-lateral Las Vegas Valley 
shear zone, and are correlative with the Gass Peak and 
Muddy Mountain thrusts, respectively, to the north of the 
shear zone (plate 5).

Discontinuous thrust faults are present both south and 
north of the Las Vegas Valley shear zone, within the 
Keystone and Muddy Mountain thrust plates. The Dry Lake 
thrust is a discontinuous fault exposed in the Dry Lake 
Range, and in the northern Arrow Canyon Range, 8 0 and 50 
km, respectively, south of the southern Delamar Mountains 
(plate 5). In the Dry Lake Range, the thrust places rocks 
of the Ordovician Group in the hanging wall above 
overturned Mississippian to Permian rocks of the Bird 
Spring Formation in the footwall. The fault is again 
exposed in the Arrow Canyon Range where it places Upper 
Cambrian Nopah Formation above overturned footwall rocks of 
the Ordovician Pogonip Group (Langenheim and Webster, 1979; 
Page, 1992). When projected northward from the Arrow 
Canyon Range, the Dry Lake thrust is on strike with the 
Delamar thrust, in fact, Langenheim and Webster (1979) 
suggested that the Dry Lake thrust might correlate with the 
Delamar thrust. Detailed mapping (Page, 1992; Page and 
Dixon, 1992), however, indicates that the Dry Lake thrust 
dies out into an anticlinal fold in the northern part of
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the Arrow Canyon Range suggesting the two are separate 
thrusts.

The Delamar thrust fault has also been correlated with 
the Gass Peak thrust (Tschanz and Pampeyan, 1970), that 
projects northward along the east side of the northern 
Sheep Range (plate 5). Both thrusts place Upper Cambrian 
rocks in the hanging wall above Permian to Pennsylvanian 
rocks in the footwall, however the trace of the Gass Peak 
thrust extends north and west of the Delamar thrust 
indicating that the Delamar thrust is not the northern 
continuation of the Gass Peak thrust. It is possible that 
the Delamar thrust is a splay of the Gass Peak; however, no 
surface evidence exists that suggests this interpretation, 
and dissimilar facies in Paleozoic rocks of the southern 
Delamar Mountains and Sheep Range suggest that the two are 
separate faults (Page and Scott, 1990).

Several thrust faults have been mapped in the Meadow 
Valley Mountains by Pampeyan (1989); however, none of these 
faults can be correlated with the Delamar thrust fault.

The Delamar thrust fault is interpreted as a 
discontinuous thrust present between the more continuous 
Gass Peak thrust in the Sheep Range, and the Muddy Mountain 
thrust in the Muddy Mountains.
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Low-angle Normal faults
Numerous low-angle normal faults attenuate strata in 

the Sevier orogenic belt. Many of these low-angle normal 
faults are interpreted as middle Tertiary structures formed 
as a result of regional crustal extension. Examples near 
the thesis area include the Mormon Peak and Tule Springs 
detachments in the Mormon Mountains of southern Nevada 
(Axen and others, 1990; Wernicke and others, 1985), and the 
Highland Peak Detachment in the Pioche District (Axen,
1986; Axen and others, 1988; Axen and others, 1993) (plate 
5). Axen and others (1993) reported the presence of the 
Stampede fault, a low-angle normal fault in the Pioche 
District (plate 5), that is proposed to be Oligocene in 
age. This fault system supports evidence for a broad pre- 
30 Ma, prevolcanic extensional belt in eastern Nevada (Axen 
and others, 1993).

In contrast, other low-angle normal faults in the 
hinterland of the Sevier orogenic belt attenuate strata and 
were described as Late Cretaceous to early Tertiary 
structures associated with gravitational response to 
overthickened crust. Examples include the Drum Mountains 
in west central Utah and the southwestern Deep Creek Range, 
western Utah and eastern Nevada (Nutt and Thorman, 1992 ; 
Nutt and others, 1992), and in the Raft-River and Black
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Pine Mountains in northeastern Utah and southern Idaho 
(Wells and others, 1990).

A system of low-angle normal faults occurs in the 
Paleozoic rocks on the west flank of the southern Delamar 
Mountains (Page and Scott, 1991; Page, in press). Faults 
in the system include a prominent west-dipping, low-angle 
fault (PWL fault, fig. 9), and ramping low-angle faults 
(location RL-1, fig. 9). The low-angle, ramping properties 
of the faults in the system in the southern Delamar 
Mountains are geometrically similar to minor thrust faults. 
During detailed mapping, I recognized that one of the 
fundamental rules of thrust geometry is violated 
(Dahlstrom, 197 0)--detailed stratigraphie and structural 
studies show that most low-angle faults attenuate rather 
than thicken the stratigraphie section; in most cases, they 
place younger rocks over older rocks compared to older over 
younger as generally shown by thrust faults. Therefore, 
these faults are proposed to be low-angle extensional 
normal faults rather than low-angle compressional thrust 
faults.

The PWL fault and ramping low-angle faults are viewed 
as one integrated fault system. Although the PWL and 
ramping faults occur at different scales, observed 
similarities between them suggest that these faults are
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coeval, and have a common genesis. These similarities 
include 1) restriction of these structures to one specific 
geographic area within the mountain range, 2) restriction 
to Devonian rocks, 3) consistent low-angle, westward dip, 
and 4) offset by the Coyote Spring fault.

Prominent West-dipping Low-angle Normal Fault. Along 
the west flank of the southern Delamar Mountains where the 
PWL fault is exposed (fig. 9; plate 2A), the Guilmette 
Formation and uppermost member of the Simonson Dolomite in 
the hanging wall overlie the Sevy Dolomite in the footwall, 
eliminating about 200 m of the stratigraphie section.

Canyons that dissect the western range front expose 
the PWL fault plane along 1.5 kilometers from its north to 
south boundaries. The fault plane steepens at its 
boundaries, and flattens between boundaries making a scoop 
or shovel-shaped fault. Along the southern fault boundary, 
the fault plane dips about 55o-60°. Although exposures are 
limited along the northern boundary, the fault plane 
appears to dip south at approximately 50° to 60°. In the 
deepest canyon on the southern interior of the fault block, 
the fault plane is exposed where it dips southwest at 
approximately 15° (figs. 11 and 12), and slickenlines on 
the fault plane trend N. 67° W., and plunge 12° NW (Page
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and others, 1990). About 1 m of fault gouge is exposed 
along the fault plane, and abundant small-scale, high-angle 
west-dipping normal faults sole into the master fault plane 
(fig. 11).

I interpret the eastern projection of the PWL fault to 
be covered by tuff of the Leach Canyon Formation (dated at 
23.8 Ma, Best and others, 1993), and probably by the 
Shingle Pass Tuff (26.7 Ma; Best and others, 1989) and by 
the Monotony Tuff (27.3 Ma; Best and others, 1989) as well, 
because these units are exposed north and south of the PWL 
fault, and conformably underlie the Leach Canyon Formation 
(fig. 13) (Page and others, 1990). This interpretation 
requires that the fault formed prior to deposition of these 
late Oligocene, early Miocene volcanic rocks, and can be 
assigned a minimum age of about 27 Ma (late Oligocene); 
however, field evidence is somewhat equivocal because 
landslide deposits largely conceal a poorly exposed 
Paleozoic-Cenozoic contact at this locality.
Discontinuous, high-angle, normal faults are present in the 
volcanic rocks near the eastern edge of the PWL fault (Page 
and others, 1990), but these high-angle normal faults do 
not appear to be associated with the PWL fault.

The PWL fault cuts up stratigraphie section in the 
direction of transport because the strata dip westward at
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Figure 12. Photograph at same location as figure 11, but 
view is west looking down PWL fault plane. 
Coyote Spring Valley in background, hammer on 
lower right for scale.
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about 30° whereas the fault only dips at 15° westward. 
Although this geometry seems atypical for normal faults, it 
can be explained by normal faulting of the west-dipping 
panel of rocks previously deformed in the Mesozoic. The 
volcanic rocks which overlie both the Paleozoic rocks and 
the eastern extension of the PWL fault, dip about 10° 
eastward indicating that the west side of the mountain 
range has been slightly tilted at least since late 
Oligocene time. Therefore, the original tilt of the 
Paleozoic rocks probably was about 10° greater during 
faulting, or about 40° westward, making the original dip of 
the PWL fault about 25° westward.

Several west-vergent folds are present in the upper 
plate of the PWL fault, some with amplitudes as great as 20 
m and wavelengths of about 30 m (fig. 15). These folds are 
interpreted as local ductile shear structures that probably 
formed in response to drag as upper layers in hanging wall 
rocks were transported westward over lower plate rocks. 
Examples of local contractional structures associated with 
attenuated regimes have been documented in other areas of 
the Basin and Range (Bartley and Wernicke, 1984; Campagna 
and Aydin, 1991; Hodges and others, 1984; Wernicke and 
others, 1985).
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5 meters

Figure 15. Photograph of shear fold in upper plate of PWL 
fault; view to the northwest, section 7, T. 10 
S . , R . 63 E .
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Ramping Low-angle Faults. Exposed just south of PWL 
fault are complex fault networks described as ramping low- 
angle faults (Page and Scott, 1991). An example of these 
fault networks was studied in outcrop (fig. 9, RL-1) in 
order to better understand their geometry and genesis. 
Photographs and sketches of RL-1 are shown in figure 16.

Exposures of RL-1 (fig. 16) show two major 
discordances--both of which are interpreted as faults. The 
two faults occur at different stratigraphie levels, and 
separate the rocks into lower, middle, and upper panels. 
Rocks in the middle panel dip about 15° to the west. The 
fault which separates lower from middle panels dips about 
30° westward, and is bedding-plane parallel to the lower 
panel. A discordance of about 15° is recorded between 
lower and middle panels. It is not known whether the lower 
panel rocks are bounded by a buried fault, however, as 
regional dips from this part of the mountain range average 
about 30° westward, there is no requirement for a buried 
fault. Rocks along either side of the lower fault are 
highly brecciated, altered, and preferentially dolomitized. 
The upper fault at RL-1 occurs at a higher stratigraphie 
level, and separates the middle and upper panels. The 
upper fault shows a footwall ramp that dips approximately
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Figure 16. Photograph and sketch of ramping low-angle 
faults at location RL-1; view is north, 
section 24, T. 10 S., R. 62 E.
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50° westward. The ramp truncates bedding sharply in the 
footwall and abruptly flattens to the west, becoming a 
west-dipping bedding-plane fault. Along the ramp, strata 
in the upper panel dip approximately 50° westward, while in 
the middle panel they dip about 15° westward, recording a 
discordance of about 35°.

Some of the bedding discordances in these Devonian 
rocks may also be Devonian structures related to the 
cataclysmic breccia deposit known as the "Alamo Event". I 
believe that the Devonian structures may be present in the 
study area, but are complexly overprinted by Mesozoic or 
early Cenozoic ramping low-angle normal faults, based on 
the presence of brittle deformation along many of the 
bedding discordances.

Discussion of Low-angle Normal Faults. The minimum 
age of the low-angle normal fault system present in the 
southern Delamar Mountains is believed to be pre-27 Ma 
(late Oligocene) based on the age of the oldest volcanic 
strata that overlie the PWL fault. Although the maximum 
age is poorly constrained, faulting is proposed to be 
either Cretaceous or early Cenozoic based on restoration of 
the PWL fault to post-fault, pre-erosion geometry (fig.
14); that geometry shows vertical offset of about 1.7 km.
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This offset represents the minimum amount of erosion of 
Paleozoic and Mesozoic rocks off the upthrown block of the 
fault necessary to form the topography onto which the 
volcanic rocks were deposited. The volcanic rocks above 
the PWL fault show no thickness variation across the fault 
indicating post-fault emplacement. The length of time 
required for this erosion is probably on the order of tens 
of millions of years, suggesting that faulting was more 
likely to have occurred either during or shortly following 
Sevier thrusting rather than during middle Tertiary 
prevolcanic extension reported north of the Delamar 
Mountains in Lincoln and Nye Counties (Axen, 1986; Axen and 
others, 1993; Taylor and others, 1989).

These extensional structures in the southern Delamar 
Mountains are interpreted to have formed as a result of 
gravitational collapse in response to relief produced by 
overthickening of the crust during Sevier thrusting. The 
concept of gravitational collapse along orogenic belts has 
been reviewed by many workers. Coney (1987) and Wernicke 
and others (1987) have proposed that thickening of the 
crust in the Sevier orogenic belt was the ultimate driving 
force of regional Tertiary crustal extension in the Basin 
and Range Province. Dewey (1988) reported that orogenic 
belts with topographic relief of 3 km or greater have the
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gravitational potential to collapse and spread laterally 
due to a decrease in boundary forces controlled by 
inhomogeneities within thickened continental crust. The 
decrease in boundary forces is also dependent on thermal 
constraints within the continental lithosphere. Sonder and 
others (1987) also discussed the concept of thickened crust 
as being gravitationally unstable leading to spreading 
under its own weight. They conclude that the time interval 
between compression and the onset of extension depends on 
rates of thermal relaxation in the crust; the higher the 
thermal regime, the shorter time interval between 
compression and the response of gravitational spreading or 
collapse. Burchfiel Zhiliang, Hodges, Yuping, and Royden 
(1992), Burchfiel and Royden (1985), and Chen and others
(1990) have documented modern and recent gravitational 
collapse in the Himalayan orogenic belt that is believed to 
be contemporaneous with present-day compression. In these 
examples, again, basic requirements for gravitational 
collapse were met; crustal thickening, topographic relief 
(represented by the elevated Tibetan plateau), and a high 
thermal regime. Other examples of gravitational collapse 
in collisional plate tectonic settings include the 
Caledonides in northern Norway (Cashman, 1990), and the 
eastern Alps (Ratschbacher and others, 1989). An example
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of gravitational collapse in the hinterland of the Sevier 
orogenic belt includes the Raft River and Black Pine 
Mountains in northwestern Utah and southern Idaho (Wells 
and others, 1990).

These examples support the conclusion that 
gravitational collapse related to regional crustal 
extension is contemporaneous with or follows crustal 
thickening. However, no evidence exists that suggests the 
low-angle normal faults in the southern Delamar Mountains 
are related to regional crustal extension. Although the 
mechanics of both regional and localized gravitational 
collapse are probably similar, an alternative explanation 
independent of a regional extensional process for these 
upper crustal attenuation faults must be postulated. I 
propose that gravitational instabilities along incompetent 
bedding planes on the preexisting, 40°-dipping thrust ramp, 
elevated about 5 km above rocks immediately to the west at 
the time of Sevier thrusting (fig. 8) would create a 
sufficient force to induce local gravity-sliding westward 
off that ramp. Height of the ramp anticline above areas to 
the west prior to erosion and at the time of thrust 
emplacement was estimated based on restoration of the 
Delamar ramp anticline to Cretaceous, post-thrust geometry, 
as shown in the middle diagram of figure 8.
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Two levels of low angle-normal faults were mapped by 
Swadley and others (1990) in the Meadow Valley Mountains 
portion of the Delamar 3 SE quadrangle (plate 3A; fig. 9). 
The upper level fault placed rocks of the brown cliff 
member of the Simonson Dolomite in the hanging wall on the 
middle to upper part of the Sevy Dolomite in the footwall. 
The fault followed the 15 m thick quartzite at the base of 
the Simonson Dolomite, as a fault plane, converted the 
quartzite to fault gouge, and attenuated the middle and 
lower parts of the Simonson, and upper part of the Sevy. 
This fault is restricted to a structural block in the 
northeast part of the quadrangle. The lower level fault 
occurs near the Ordovician Ely Springs Dolomite, Eureka 
Quartzite, and Pogonip Group contact. This fault generally 
followed the Eureka Quartzite and attenuated strata of the 
Pogonip, Ely Springs, and Eureka. At many locations, the 
Eureka Quartzite is absent, or is only several meters 
thick. This fault is present in the same structural block 
mentioned above, but is exposed throughout the Delamar 3 SE 
quadrangle in the Meadow Valley Mountains near the Pogonip- 
Eureka-Ely Springs contact. Although upper plate 
Ordovician strata are locally altered to jasperoid and are 
highly faulted, overlying Tertiary volcanic strata are 
neither altered or highly faulted. This suggests that low-
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angle faulting predates Tertiary volcanism and major 
regional extension in the Meadow Valley Mountains. Perhaps 
these fault systems formed as gravity-siides similar to the 
low-angle faults in southern Delamar Mountains during 
Cretaceous or early Cenozoic time, or they may be related 
to some other regional pre-volcanic episode of extension 
such as the prevolcanic, Oligocene regional extension of 
the Stampede detachment system in the Pioche District (Axen 
and others, 1993).

Kellogg (1992) reported evidence for Late Cretaceous 
or early Cenozoic gravity-sliding in the Deep Creek 
Mountains of southeastern Idaho. He interpreted the Deep 
Creek fault as a west-dipping, west-directed, low-angle 
fault formed by localized gravity sliding off topographic 
relief developed by ramping of a Sevier-age thrust, much 
like the case in the Delamar Mountains. Vandervoort and 
Schmitt (1990) discussed evidence for normal-faulting- 
related localized gravitational collapse of Late Cretaceous 
to early Tertiary age in the form of Upper Cretaceous 
scarp-front alluvial facies in the Sevier hinterland; this 
high-level crustal deformation may also be similar to the 
southern Delamar Mountain case.
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Cenozoic Structure
Following the Sevier orogeny and an erosional period 

of about 35 to 50 million years, extensional tectonics 
dominated southern Nevada. The onset of extension in this 
area remains poorly understood, but early phases of 
extension in the Basin and Range Province are believed to 
have begun in latest Eocene or Oligocene time (Wernicke and 
others, 1987). Major regional extension occurred mostly 
during the Miocene in the Delamar Mountains (Scott, 1990), 
and to the south, in northern Clark County (Bohannon, 1984; 
Guth, 1981; Guth and others, 198 8; Wernicke and others, 
1985, 1988). However, examples of prevolcanic, Oligocene 
regional extension has been reported from areas north of 
the Delamar Mountains in Lincoln and northeastern Nye 
Counties (Axen, 1986; Axen and others, 1988; Axen and 
others, 1993; Jayko, 1990; Lewis, 1987; Taylor and others,
1989).

Cenozoic extensional structures overprint Mesozoic 
structures in the study area and include high-angle normal, 
oblique-slip, and strike-slip faults. Rocks in the 
southern Delamar Mountains appear to be only mildly 
extended by high-angle normal faults, surrounded by highly 
extended regions to the north across the Pahranagat shear 
system (Hudson and others, 1991; Scott, 1990), to the
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southeast in the Mormon Mountains (Axen and others, 1991; 
Wernicke and others, 1985, 1988), and to the southwest in 
the Sheep Range (Guth, 1981; Guth and others, 1988). The 
southern Delamar Mountains are considered "stable terrane" 
in the context of regional extensional tectonics (Wernicke 
and others, 1985). Although detachment faults are not 
exposed in the southern Delamar Mountains, these structures 
are proposed to underlie the mountains at depth (Scott,
1990). In Scott's interpretation, large stable island-like 
blocks, such as the southern Delamar Mountains are 
envisioned to be adrift, riding passively above a 
detachment system at depth that connects adjacent extended 
areas. The presence of Miocene and younger structures 
within the block such as gravity-siides, high-angle normal 
faults bounding strike-slip faults, and grabens floored by 
steeply-dipping middle Miocene strata, demonstrate local 
denudation and internal breakup of the stable block 
reflecting differential movement of the block on the 
underlying detachment system.

Pahranagat Shear System
The Pahranagat shear system is a zone of steeply 

northwest-dipping faults that show components of dip-slip.
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sinistral oblique-slip, and sinistral strike-slip offset 
(Tschanz and Pampeyan, 1970; Ekren and others, 1977; R.B. 
Scott, written commun., 1993). Only a portion of the shear 
system is present in the northwest corner of the Delamar 3 
NW quadrangle (plate 1A) including parts of the northeast- 
striking Maynard Lake fault, and northern segment of the 
Coyote Spring fault (fig. 9).

Liggett and Ehrenspeck (1974) interpreted the shear 
system as a fault zone that accommodates differentially 
extending domains, a model also used to explain the Las 
Vegas Valley shear zone, which separates highly extended 
blocks in the Sheep Range, north of the shear zone, from 
less extended blocks in the Spring Mountains, south of the 
shear zone (Guth, 1981).

Tschanz and Pampeyan (197 0) estimated approximately 9 
to 16 km of left-lateral displacement on the shear zone 
based on offset of Tertiary volcanic rocks that were later 
identified as the Hiko Tuff (Noble and McKee, 1972). The 
maximum age of major deformation of the Pahranagat shear 
system is unknown, however, Tschanz and Pampeyan (1970) 
postulated that it might have originally been active as a 
right-lateral tear fault during thrusting. The Las Vegas 
Valley shear zone in Clark County (plate 5) has also been 
interpreted as a Sevier-age tear fault by Royse (1983).
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Modern fault scarps and fissures in alluvial deposits 
within the Pahranagat shear system suggest a modern age for 
the minimum age of deformation (Swadley and Scott, 1988; 
Jayko, in press), and current seismicity on faults within 
the shear system suggest that it is presently active 
(Rogers and others, 1987).

Areas north and northwest of the Pahranagat shear 
system were highly affected by Cenozoic extensional 
faulting in contrast to areas south of the shear system in 
the southern Delamar Mountains. Paleomagnetic studies 
focused on the Lower Miocene Hiko Tuff by Hudson and others 
(1991) show that rocks north and northwest of the shear 
system have been rotated about a vertical axis in a 
counterclockwise direction about 20°. The same rocks south 
of the shear system in the southern Delamar Mountains show 
no evidence of vertical axis rotation. Hudson and others
(1991) reported this counterclockwise rotation and the 
sinistral faults within the shear system may represent 
strain features of a broad transfer zone that transmitted 
strain from a major breakaway fault on the west side of the 
northern Delamar Mountains in a southwest direction.

Similarly, other workers (Jayko, 1990; Wernicke and 
others, 1984) interpreted the Pahranagat shear system as a 
transfer fault that accommodates extension and connects
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detachment faults at depth between the Dry Lake and Delamar 
Valleys, north of the southern Delamar Mountains, with 
detachment faults underlying the Desert Valley on the west 
side of the Sheep Range (plate 5). In this interpretation, 
the shear system represents a right step in an inferred 
regional detachment system that formed the Dry Lake- 
Delamar, and Desert Valleys.

Coyote Spring Fault. The Coyote Spring fault consists 
of two segments, a western segment that dips west, and a 
northern segment that dips northwest. The northern segment 
trends northeasterly, parallel to other strands of the 
Pahranagat shear system (fig. 9; plate 1A). The northern 
segment is interpreted as a sinistral oblique-slip fault 
that represents the southernmost strand of the Pahranagat 
shear system, however, where the fault strike bends about 
60°, the fault becomes the western segment which is 
interpreted as a minor breakaway with predominant dip-slip 
offset on the west side of the southern Delamar Mountain 
block (Scott and others, 1990). Stratigraphie offset on 
the western fault segment is estimated to be about 300 m by 
Tschanz and Pampeyan (1970), and I estimate at least 650 m 
based on exposures of Tertiary volcanic rocks (Kane Wash 
Tuff) on the downthrown block of Coyote Spring Fault in the
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Delamar 3 NW quadrangle (plate LA). Age of the Coyote 
Spring fault is not well established. Although modern 
movement of the Pahranagat shear system has been documented 
in areas north of the study area, the youngest units cut by 
the fault locally in the Delamar 3 NW quadrangle (plate 1A) 
are Tertiary alluvial sediments of probable Pliocene to 
Miocene age, but the earliest time of movement cannot be 
determined.

Just south of the northern segment of the Coyote 
Spring fault in the Delamar 3 NW quadrangle (plate 1A) , 
several small oblique-slip faults are present in the 
Cambrian Desert Valley Formation. These faults trend 
northeast and have the same sense of movement as the larger 
faults in the shear system, and are therefore most likely 
structurally related to the Pahranagat shear system.

Maynard Lake Fault. The northernmost strand of the 
Pahranagat shear system within the study area is the 
Maynard Lake fault, also a sinistral oblique-slip fault 
that dips northwest. In the northern part of the Delamar 3 
NW quadrangle (plate 1A) , the youngest unit cut by the 
fault is the Delamar Lake Tuff (15.6 Ma), suggesting that 
faulting is post 15.6 Ma. The fault projects northeast 
along the northwestern edge of the Delamar Mountains, and
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becomes the range front fault system bounding the northern 
Delamar Mountains on the east side of Delamar Valley (plate 
5) .

Further south, the Maynard Lake fault forms the 
structural boundary of the northern Sheep Range. The fault 
is probably similar to the Coyote Spring fault because it 
has a northern oblique-slip segment that may bend southward 
to become a high-angle normal fault that forms a minor 
breakaway on the west side of the northern Sheep Range as 
interpreted by Wernicke and others (1984).

Kane Springs Wash Fault
The Kane Springs Wash fault was originally defined as 

a normal fault (Tschanz and Pamp eyan, 1970), but Ekren and 
others (1977) later described it as a left-lateral, strike- 
slip or oblique-slip fault, and they estimated at least 8 
km of lateral offset. Their evidence for left-slip 
includes the occurrence of horizontal slickensides in 
volcanic rocks at the north end of Kane Springs Wash, and a 
proposed offset of the Paleozoic rocks on the north and 
south sides of Kane Springs Wash.

The Kane Springs Wash fault has been described by 
Harding and others (in press) as a northwest-dipping
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sinistral oblique-slip fault that forms the east bounding 
fault of the Kane Springs Wash Graben and the range front 
fault that bounds the west flank of the Meadow Valley 
Mountains (plate 3A, fig. 9). They measure 4-7 km 
sinistral offset on the fault based on offset of the Kane 
Springs Wash caldera across Kane Springs Valley (fig. 1).
In their interpretation, the western part of the caldera is 
exposed in the Delamar Mountains, and the eastern part in 
the Meadow Valley Mountains. This indicates that the 
southern Delamar Mountain block was transported southwest 
relative to the Meadow Valley Mountains along the Kane 
Springs Wash fault during Cenozoic extension. Progressive 
tilting of volcanic strata in the Meadow Valley Mountains 
both south of and within the Kane Springs Wash caldera 
indicate that this area was being affected by progressive 
extension as early as about 16 Ma (Harding and others, in 
press). Yet no progressive tilting has been observed west 
of the Kane Springs Wash fault in the Delamar Mountains. 
This suggests that the Kane Springs Wash fault formed the 
western limit of that tilting and therefore, was active as 
early as 16 Ma.

The southern termination of the Kane Springs Wash 
fault is unknown, and if the fault extends in a southwest 
trend, it would have to die out in Coyote Spring Valley
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because it does not intersect the Gass Peak thrust on the 
east flank of the Sheep Range. Pampeyan (in press) 
suggested a more probable interpretation that the fault may 
swing to the south, transferring movement to a breakaway 
range front fault bounding the west flank of the Meadow 
Valley Mountains. This pattern is similar to the Coyote 
Spring and Maynard Lake Faults where oblique-slip faults 
are presumed to transfer throw southward into major 
west-dipping range front faults that may connect with 
regional detachment faults at depth.

Willow Spring Fault
The Willow Spring fault is a major high-angle normal 

fault that defines the southeast border of the southern 
Delamar Mountains, and west-bounding fault of the Kane 
Springs Wash graben (plate 3A, fig. 9). Only a 1 km long 
segment of the fault is exposed in the Delamar 3 SW 
quadrangle where Permian-Pennsylvanian rocks of the Bird 
Spring Formation juxtapose Tertiary volcanic rocks. 
Attitudes of the fault plane show that the fault is a high- 
angle normal fault that displays kinematic indications of 
predominant dip-slip displacement; the fault trends 
northeast, and dips about 80° to the southeast. Large
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gravity-slide blocks composed of Tertiary volcanic rocks 
have moved southeast from the Delamar Mountains over the 
Willow Spring fault into Kane Springs Valley concealing the 
fault along most of its trace. These Tertiary gravity- 
slide blocks have been discussed by Scott (1990), and are 
induced by underlying extensional structures that removed 
lateral support and therefore are presumed to be "calling 
cards" for presence of a major detachment system beneath 
the study area.

The youngest rocks cut by the Willow Spring fault 
include the Harmony Hills Tuff (21 Ma; Scott and others, in 
press); the earliest time of movement on the fault is 
unknown.

Graben of Acacia Wash
A major reentrant, here informally named Acacia wash, 

is coincident with the axial trace of the ancestral Delamar 
ramp anticline in the east central part of the Delamar 3 SW 
quadrangle (plate 2A) . As shown in cross sections A-A', 
plate 2B, this reentrant is a geomorphic expression of a 
graben structure that formed at the crest of the ramp 
anticline. The major faults bounding the graben strike 
north-northeast, have minor displacement ranging from 40 to
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60 m, and offset rocks as young as the Gregerson Basin 
member of the Kane Wash Tuff (14.5 Ma) indicating a mid 
Miocene or slightly younger age. The graben extends about 
0.5 km into the Delamar 3 NW quadrangle where only Tertiary 
volcanic rocks are exposed and faulted. In the Delamar 3 
SW quadrangle (plate 2A) , the Paleozoic rocks within the 
graben are highly faulted and the graben structure is not 
well defined. The east margin of the graben is represented 
by a series of en echelon faults rather than one major 
bounding fault. The west bounding fault is concealed by 
Quaternary deposits along its trace.

Sheedlo (1984) presented a model that relates Tertiary 
basin development in southwest Montana directly to Laramide 
thrusting. In his model, extensional fractures, or zones 
of weakness, develop in the crests of ramp anticlines 
during thrusting that later become sites of Tertiary 
extensional faulting producing valleys that trend parallel 
with the axial trace of the ramp anticline. Although not a 
fully developed basin, the Acacia wash graben may have 
formed in a similar manner over the crest of the Sevier-age 
Delamar ramp anticline.
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Normal Fault Movement on the Delamar Thrust fault
Evidence suggests that a west-dipping normal fault 

followed and utilized^the Delamar thrust fault as a zone of 
weakness, and caused a reversal of movement on the thrust 
during Cenozoic extension (Page, 1990). At several 
locations along the thrust. Tertiary volcanic rocks are 
downdropped against upper Paleozoic rocks. Cross section 
A-A’, plate 3B, shows Tertiary volcanic rocks on the 
hanging wall block against Upper Paleozoic rocks of the 
Bird Spring Formation in the footwall block of the Delamar 
thrust. This normal fault has about 350 to 400 m vertical 
offset, and involves rocks as young as the Grapevine Spring 
Member of the Kane Wash Tuff (14.1 Ma), and therefore is 
Middle Miocene or younger. This fault combines with a 
graben north of Paleozoic exposures along the thrust (fig.
9). The graben continues about 12 km northward, skirting 
the western side of the Kane Springs Wash caldera.

Miscellaneous High-angle Normal Faults
Numerous other high-angle normal faults are present 

throughout the map area. The most continuous faults within 
the southern Delamar Mountains generally trend north, or 
just east of north. Many of these faults are in the
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Tertiary volcanic rocks in the central and eastern part of 
the Delamar 3 NW quadrangle (plate 1A), and continue into 
the Delamar 3 SW quadrangle (plate 2A).

A set of north-trending faults is present in the 
Paleozoic rocks along the west flank of the mountain range, 
mostly in the Delamar 3 NW quadrangle (plate 1A). These 
faults are proximal to the Coyote Spring fault, and are 
interpreted as part of the Coyote Spring fault zone.

A set of northeast-trending generally northwest- 
dipping faults are exposed in the Paleozoic and Tertiary 
rocks also along the western mountain front. These faults 
trend between N 50 E. to N 80 E.. Most of them connect 
with a continuous north-trending fault that is subparallel 
with the Coyote Spring range front fault in the north- 
central part of the Delamar 3 SW and south-central part of 
the Delamar 3 NW quadrangles, and with the Coyote Spring 
fault. These faults are probably younger than their 
bounding faults, locally breaking up the block.

Quaternary Faults
In the Delamar 3 SE quadrangle (plate 3A) , a set of 

northeast-trending, northwest-dipping Quaternary faults are 
present in the central portion of the quadrangle in Kane
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Springs Valley. These faults offset older middle 
Pleistocene deposits of the alluvium of Willow Spring, but 
do not offset younger middle Pleistocene deposits of the 
alluvium of Jumbo Wash, indicating faulting also occurred 
during middle Pleistocene time. These faults are shown to 
combine with the Kane Springs Wash fault (plate 3A) , and 
are thereby interpreted as a splay of that fault. Where 
this fault system bifurcates from one to several faults, a 
40-m-high horst of Quaternary and Tertiary alluvium of 
early Pleistocene and Pliocene age is bound on the east by 
a high-angle reverse fault.
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SUMMARY

The following summary points from the study are made :
1) Approximately 4.2 km of Paleozoic rocks are exposed 

in the southern Delamar Mountains ranging in age from the 
early Late Cambrian Highland Peak Formation to Lower 
Permian age sediments of the Bird Spring Formation. These 
rocks were deposited as part of the carbonate facies of the 
Cordilleran Miogeocline, and represent deposition in 
alternating subtidal open marine to intertidal and 
supratidal environments. The only known deep water unit in 
the Paleozoic sequence is the upper member of the Bird 
Spring Formation. I interpreted this unit as a lower 
carbonate slope environment between the Lower Permian 
eastern shelf margin and interior sea based on deep water 
lithofacies, microfacies, and sedimentary structures.

2) Although uppermost Paleozoic and Mesozoic rocks are 
absent in the southern Delamar Mountains, these rocks are 
believed to have been deposited there, and were eroded 
during Late Cretaceous and early Cenozoic time.

3) The Paleozoic rocks are overlain unconformably by 
about 450 m of Cenozoic volcanic rocks. The volcanic rocks 
can be subdivided into older and younger groups based on 
age and chemical composition. The older group of volcanic
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rocks are calc-alkalic dacites and rhyolites that range in 
age from about 27.3 to 18.6 Ma. These rocks were erupted 
from the Central Nevada caldera complex and the Caliente 
caldera complex in eastern Nevada. The younger rocks are 
metaluminous to peralkaline rhyolites that range in age 
from 15.8 to 14.5 Ma. These rocks include the Delamar Lake 
Tuff and Sunflower Mountain Tuff, deposited from ash flows 
erupted from unknown sources near the study area, and the 
Kane Wash Tuff, deposited from ash flows erupted from the 
Kane Springs Wash caldera in the central Delamar Mountains 
and northern Meadow Valley Mountains.

4) The structural history of the southern Delamar 
Mountains is described in 3 major episodes; pre-Mesozoic 
development of the Paleozoic Cordilleran Miogeocline, 
Cretaceous compression, and Cenozoic extension.

5) The first major episode of tectonism in the study 
area occurred during the Sevier Orogeny in Cretaceous time. 
The Delamar thrust fault, of assumed Sevier-age, is the 
major structure in the southern Delamar Mountains. In the 
southern part of the study area, rocks of the Highland Peak 
Formation in the hanging wall were placed over gently 
folded upright rocks of the Middle and Upper Devonian 
Guilmette Formation in the footwall. In the central part 
of the study area, the thrust placed Upper Cambrian
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Highland Peak Formation in the hanging wall over a tight 
overturned footwall syncline composed mostly of the Upper 
Mississippian Indian Springs Formation, and lower member of 
the Permian to Mississippian Bird Spring Formation. Lower 
Permian rocks of the upper member of the Bird Spring 
Formation are exposed in the footwall along the 
northernmost trace of the thrust. These are the youngest 
Paleozoic rocks present in the study area. This structural 
pattern indicates that the thrust loses throw south of the 
southern Delamar Mountains, and gains throw northward along 
its trace. The Delamar thrust cannot be correlated with 
any other thrust faults in adjacent mountain ranges, and is 
interpreted as a discontinuous thrust that is present 
between the more continuous Gass Peak thrust in the Sheep 
Range, and Muddy-Mountain thrust in the Muddy Mountains.

6) A system of west-dipping, low-angle normal faults 
is present in Devonian rocks on the west flank of the 
southern Delamar Mountains. The most prominent fault of 
that system placed Middle and Upper Devonian Guilmette 
Formation and the uppermost part of the Simonson Dolomite 
in the hanging wall above Lower Devonian Sevy Dolomite in 
the footwall, eliminating about 200 m of strata. The age 
of the fault system is poorly constrained, but evidence 
from geologic mapping suggests the minimum age is greater
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than the age of 27-Ma (late Oligocene) volcanic rocks. The 
maximum age cannot be determined, however the fault system 
is postulated to be as old as Cretaceous or early Tertiary. 
The low-angle fault system is interpreted to have formed 
from processes of brittle, gravitational collapse off the 
steeply west-dipping, west flank of the Delamar allochthon, 
following ramping of the Sevier-age Delamar thrust fault. 
This deformation is viewed as a relatively localized 
mechanism of gravity-sliding in contrast to more regional 
crustal extension.

7) Cenozoic extensional structures overprint Mesozoic 
compressional structures in the study area and include 
high-angle normal, oblique-slip, and strike-slip faults. 
Most of these structures formed during a major regional 
episode of crustal extension during Miocene time.

8) The Pahranagat shear system is a zone of northeast- 
trending faults that show components of both dip-slip and 
sinistral oblique-slip offset. The shear system has been 
interpreted as a right step in an inferred regional 
detachment system that formed the Dry Lake, Delamar, and 
Desert Valleys. Two strands of the shear system are 
exposed in the northwest part of the study area and include 
the Coyote Spring fault, and the Maynard Lake Fault. The 
maximum age of faulting in the shear system is unknown, but
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it has been suggested that the shear system may have been 
active as a tear fault during the Sevier thrusting.
Current seismicity on some faults in the shear system 
indicate the system is presently active.

The Coyote Spring fault is the southernmost strand of 
the Pahranagat Shear system. The fault consists of two 
segments, a northern segment that dips northwest, and a 
western segment that dips west. The northern segment is 
interpreted as a sinistral oblique-slip normal fault that 
bends southward to become the western segment, which is 
interpreted as a minor breakaway with predominant dip-slip 
offset on the west side of the southern Delamar Mountains. 
The youngest rocks cut by the fault are Pliocene to Miocene 
in age, but a maximum age of faulting cannot be determined.

The Maynard Lake fault is the broadest and most 
continuous strand of the Pahranagat shear system. In the 
study area, the Maynard Lake fault is a sinistral oblique- 
slip fault that dips northwest. The youngest rocks cut by 
the fault in the study area include the Delamar Lake Tuff, 
indicating that faulting is post 15.6 Ma. The fault 
projects northeast along the northwestern edge of the 
Delamar Mountains, and becomes the range front fault system 
bounding the northern Delamar Mountains on the east side of 
Delamar Valley. The fault is similar to the Coyote Spring
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fault because it is has a northern sinistral oblique-slip 
segment that may bend southward to become a minor 
breakaway, high-angle normal fault on the west side of the 
Sheep Range.

9) The Kane Springs Wash fault is a northwest-dipping 
sinistral oblique-slip fault with an estimated 4 to 7 km 
offset, based on separation of the Kane Springs Wash 
caldera. It bounds the northwest flank of the Meadow 
Valley Mountains and forms the south bounding fault of the 
Kane Springs Wash graben. Offset of the Kane Springs Wash 
caldera indicates that the southern Delamar Mountain block 
was transported in a southwest direction relative to the 
Meadow Valley Mountain block along the Kane Springs Wash 
Fault during Cenozoic extension. Mapping shows the fault 
was active as early as 16 Ma based on progressive tilting 
of volcanic strata both south of and within the Kane 
Springs Wash caldera. It has been suggested that the fault 
may bend south and transfer displacement to a range front 
fault on the west side of the Meadow Valley Mountains, 
similar to the Maynard Lake and Coyote Spring faults.

10) The Willow Spring fault bounds the southeast side 
of the southern Delamar Mountains and forms the northwest 
bounding fault of the Kane Springs Wash graben. The fault 
is a high-angle normal fault concealed along most of its
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trace by volcanic gravity-slide blocks. The youngest rocks 
cut by the fault include the Harmony Hills Tuff (21 Ma).

11) The graben of Acacia wash is located in the 
southern part of the study area and parallels the axial 
trace of the ancestral Delamar ramp anticline. It is 
likely that the graben formed initially at a zone of 
weakness at the crest of the ramp anticline during or 
shortly following Cretaceous compression, and then was 
enhanced by high-angle normal faulting during Cenozoic 
extension. The youngest rocks cut by faults of the graben 
include the Kane Wash Tuff (14.5 Ma).

12) Evidence suggests that a west-dipping normal fault 
followed the Delamar thrust fault and utilized the thrust 
fault plane as a zone of weakness, and caused reverse 
movement on the thrust during Cenozoic extension. At 
several locations along the trace of the thrust, Tertiary 
volcanic rocks have been downdropped against Upper 
Paleozoic rocks in the footwall of the thrust. This normal 
fault involves rocks as young as the Kane Wash Tuff, and 
its minimum age is post 14.5 Ma.

13) Quaternary faults of middle Pleistocene age are 
exposed in the Kane Springs Valley area. Some of these 
faults are interpreted as splays of the Kane Springs Wash 
fault that display a 40-m-high horst block of early
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Pleistocene and Pliocene alluvium bounded by a high-angle 
reverse fault.

14) The greatest contribution of this study is 
completion of the most detailed and recent geologic mapping 
in this part of southern Nevada. This mapping provides a 
greater knowledge of this portion of the geologically 
complex Basin and Range Province, and meets the objectives 
of several current U.S. Geological Survey regional mapping 
projects. Students, professors, and scientists should not 
lose sight of the fact that geologic mapping is the 
foundation on which all geologic studies are based--the 
future of geology depends on it.
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APPENDIX A
MEASURED PALEOZOIC SECTIONS, SOUTHERN DELAMAR MOUNTAINS,

LINCOLN COUNTY, NEVADA

(Measured by William R. Page, November, 1989) 
SECTION 1
Bird Spring Formation, Indian Springs Formation, Chainman 
Shale, and Joana Limestone. East side of southern Delamar 
Mountains near Kane Springs Valley, T. 12 S., R. 64 E ., 6 
km south and 0 .5-to-l.5-km east from northwest corner of 
Delamar 3 SE quadrangle. Section is overturned in the 
footwall of the Delamar Thrust Fault.

Unit # ............................................ (meters)

Bird Spring Formation (incomplete, top not exposed;
section measured from base to axis of overturned 
syncline).

Note : Upper member of formation is exposed in isolated 
structural block 4 km to the northeast in north central 
Delamar 3 SE quadrangle but was not measured. Section 
below is mainly Pennsylvanian and includes rocks of the 
lower member of the formation.
34. Biomicrite, medium light gray (N6 ) fresh, weathers

medium gray (N5), many calcite-filled veins, abundant
chert nodules, moderate brown to dark brown 
weathering; solitary corals, crinoids .......... 0.9

33. Dolomitic micrite, olive gray (5 Y 4/1) fresh,
weathers very light gray (N8 ), finely laminated, 
abundant chert .................................  0.6

32. Same as unit 34 .................................  0.9
31. Same as unit 33, only medium gray (N5) fresh,

weathers white (N9)   0.6
30. Same as unit 2 ..................................  1.5
29. Same as unit 24 .................................  6.1
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Unit # ............................................ (meters)

28. Biomicrite, medium gray (N5) to olive gray (5 Y 4/1)
fresh, weathers medium light gray (N6 ), 60% 
discontinuous layers of dark brown to moderate brown 
(5 YR 3/4) weathering chert; crinoids .........  1.5

27. Same as unit 28 only less chert, beds are 0.6 to
1 .2 -m-thick; colonial corals, crinoids .........  6.1

covered .............................................  4.6
26. Biomicrite, medium gray (N5) fresh, weathers medium

light gray (N6 ), abundant chert; brachiopods, 
colonial and solitary corals (corals in biostromes), 
crinoids; brachiopod specimen RP-90-54 ......... 2.7

25. Micrite, medium gray (N5) fresh, weathers very light
gray (N8 ), slightly silty, laminated (laminae from 
0.6 to 1.2-cm-), very cherty; chert is medium (N5) 
to medium dark gray (N4) fresh, weathers moderate 

brown (5 YR 4/4); crinoids .....................  1.5
24. Biosparite to biomicrite, medium light gray (N6 )

fresh, weathers light gray (N7), chert common; 
crinoids, brachiopods, corals .............  7.6

covered .............................................  1.5
23. Micrite to biomicrite, arenaceous, medium light

gray (N6 ) fresh, weathers light gray (N7), beds
1 .2 -m-thick, some chert nodules ; occasional 
solitary corals ................................  3.1

22. Same as unit 21 .................................  7.6
21. Biomicrite to biosparite, medium gray (N5) fresh,

weathers medium light gray (N6 ), abundant chert; 
brachiopods, corals, crinoids ..................  3.1

20. Biosparite, medium light gray (N6 ) fresh, weathers
light olive gray (5 Y 6/1), planar bedding-parallel
laminations, slightly arenaceous, some chert; 
crinoids .......................................  3.1
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Unit # ............................................. (meters )

19. Biomicrite, medium gray (N5) fresh, weathers medium 
light gray (N6 ), some dark brown stained laminated 
arenaceous layers, common chert; brachiopods and 
crinoids .......................................  6.1

covered .............................................  3.1
18. Biosparite and biomicrite, medium light gray (N6 )

fresh, weathers medium gray (N5) to light olive gray 
(5 Y 6/1), beds from 0.6 to 1.2-m-thick, planar 
bedding-parallel laminations, abundant chert; 
brachiopods and crinoids ......................... 7.6

17. Micrite to biomicrite, medium gray (N5) fresh,
weathers medium light gray (N6 ), moderate brown (5 YR 
4/4) to dusky yellowish brown (10 YR 2/2) weathering 
chert is more common than micrite; chert layers are 
laminated and fractured and as great as 0 .6-m-thick; 
chert gives beds dark brown appearance; brachiopods 
abundant .......................................  30.5

16. Biosparite to biomicrite, medium gray (N5) fresh, 
weathers medium light gray (N6 ), beds from 0.3 to 
0 .6-m-thick, planar bedding-parallel laminations, 
cherty; common 15-cm-thick solitary coral biostromes, 
sample RP-90-55, photograph ...................... 9.1

15. Mostly biosparite with zones of biomicrite, medium 
gray (N5) fresh, weathers medium light gray (N6 ), 
beds 0.3 to 0.6-m-thick, chert layers and nodules 
common, large brachiopods up to 5-cm-in-diameter; some
0.6 to 1.2-m-thick interbeds of pale-red (5 R 6/2) to 
grayish-red (5 R 4/2) and light-gray (N7) weathering 
shaly biomicrite; crinoid, brachiopod, and coral 
fragments abundant in shaly biomicrite .........  16.8

14. Biomicrite, olive-gray (5 Y 4/1) to medium gray (N5) 
fresh, weathers very light gray (N8 ) to grayish red 
(10 R 4/2); brachiopods abundant, some corals ... 3.1
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Unit # ............................................ (meters)

13. Biosparite, medium gray (N5) fresh, weathers medium
light gray (N6 ), trough crossbedded, common chert 
layers, common moderate to dusky yellowish brown 
trough crossbedded micrite beds up to 0 .3-m-thick; 
brachiopods, crinoids, and corals--fossil fragments 
commonly occur as lag in trough crossbedded 
channels .......................................  6.7

12. Biomicrite, olive gray (5 Y 4/1) fresh, weathers
yellowish gray (5 Y 8/1) to pale yellowish orange (10
YR 8/6 ) to light gray (N7); abundant whole 
brachiopods, small colonial corals, crinoids; sample 
RP-90-56 .......................................  4.6

11. Biomicrite to biosparite, medium gray (N5) fresh,
weathers medium light gray (N7), chert common; 
brachiopods abundant .................  3.1

10. Biomicrite, medium dark gray (N4) fresh, weathers
grayish red (5 R 4/2) to light gray (N7); abundant 
brachiopods and crinoids .......................  1.5

covered .............................................  6.1

9. Biomicrite to biosparite, medium gray (N5)
fresh, weathers medium light gray (N6 ), beds from
0.3 to 0.6-m-thick, common chert; whole brachiopods 
abundant .......................................  7.6

8 . Biosparite, medium gray (N5) to medium light gray
(N6 ) fresh, weathers grayish red (5 R 4/2) to
grayish orange (10 YR 7/4), beds average 0.3-m-thick; 
crinoids and brachiopods abundant ..............  3.1

7. Biomicrite to biosparite, medium gray (N5) fresh,
weathers medium light gray (N6 ), thick bedded, some 
planar bedding-parallel laminations, abundant dark 
brown weathering chert .........................  13.7

covered .............................................  4.6
6. Same as unit 5, only fossils are rare, beds are

thinner (0.1 to 0.3-m-thick) and chert is abundant 
  6.1
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Unit # ............................................ (meters)

covered .............................................  3.1
5. Biosparite, medium light gray (N6 ), beds from 0.3 to

0 .6-m-thick, common zones of biomicrite; fragmented 
brachiopods and corals .........................  15.2

4. Biomicrite to biosparite, medium gray (N5) fresh,
weathers medium light gray (N6 ), beds from 0.3 to 0.6- 
m-thick, abundant dark-brown-weathering chert; 
crinoids, brachiopods ..........................  16.5

3. Quartzite, pale red (5 R 6/2) fresh, weathers
moderate brown (5 YR 4/4), light brown (5 YR 5/6) , 
to dusky yellowish brown (10 YR 2/2), fine grained, 
well rounded, moderately well sorted, calcareous, 
beds from 0.3 to 0.6-m-thick, planar bedding-parallel 
laminations, some trough crossbeds .............  0.9

2. Biosparite, medium gray (N5) fresh, weathers grayish
red (10 R 4/2) to various shades of gray, laminated;
brachiopods ....................................  12.8

1. Biosparite, medium gray (N5) fresh, weathers medium
light gray (N6 ), beds from 0.3 to 0.6-m-thick, 
abundant dark-brown-weathering chert; brachiopods 
abundant .......................................  6.1

Total incomplete Bird Spring Formation ................ 241.0

Indian Springs Formation (conformable with overlying 
Bird Spring Formation):

10. Biosparite, medium gray (N5) fresh, weathers dark
yellowish orange (10 YR 6/6 ), light brown (5 YR 5/6) , 
moderate reddish brown (10 R 4/6), slightly 
arenaceous, coarsely crystalline, beds average 0 .3-m- 
thick; rock is commonly a dark-reddish brown (10 R 
3/4) zone caps the tops of beds— these might be 
preserved thin soil horizons?; crinoid stems, whole 
brachiopods, brachiopods most common; pale (10 YR 8/6 ) 
to dark yellow orange (10 YR 6/6 ) spar-filled 
fractures ......................................  1.2
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Unit # ............................................. (meters )

covered .............................................  1.8

9. Same as unit 10 except beds show some signs of faint
small scale trough crossbedding; also up to 0 .6-cm-in- 
diameter limonite nodules common on tops of beds 3.1

covered .............................................  1.8

8 . Same as unit 10 only there are some 2.5 to
1 0-cm-thick beds of siltstone (grayish-red fresh, 
weathered to a lighter shade of this color); much of 
the unit is siltstone; very small scale trough cross 
bedding (ripple laminated); siltstone is gradational 
with the limestone; brachiopods; limonite nodules up 
to 1-cm-in-diameter ............................  1.8

covered .............................................  4.6
7. Same as unit 8 only less siltstone .............  1.2
6 . Siltite, grayish-red (5 R 4/2) fresh, weathers

grayish brown (5 YR 3/2); ripple lamination— base 
of beds are hummocky ...........................  2.1

covered .............................................  1.8

5. Same as unit 8 only beds range from 0.1 to 0.3-m-
thick. Thinner beds are trough cross bedded.
Still have mixed siltstone. Beds are capped by 
reddish iron-oxide zone (possible soil horizons?) 0.9

covered .............................................  1.5
4. same as unit 5 only occurrence of solitary corals,

and bryozoans; sample RP-90-8 .................  1.2
covered .............................................  2.4
3. same as unit 5 only abundant burrows on base of

bed— photograph ................................  3.1
covered .............................................  7.0
2. same as unit 5 .................................. 0.6
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Unit # ............................................ (meters)

covered .............................................  5.5
1. same as unit 4 only trough cross bedded.........  0.3
covered (base of slope in valley) ...................  16.1
Total Indian Springs Formation .....................  58.0
Note: Indian Springs Formation may be in fault
contact with underlying Chainman Shale; weathers
to ledgy slope.
Chainman Shale (incomplete):

Upper Shale member:
covered (micaceous shale in float) ..................  146.7
20. Shale, dark-yellowish-brown (10 YR 4/2) to olive-gray 

(5 Y 4/1) fresh, weathers dusky yellow (5 Y 6/4), 
micaceous, fissile; sample RP-90-11 ............  7.6

Total incomplete upper shale member .................. 151.3
Note : Upper shale member in fault contact with
lower siltstone member.

Lower Siltstone member (incomplete):
19. Siltstone, grayish-red-purple (5 RR 4/2), weathers 

moderate yellowish brown (10 YR 5/4), laminated to 
fissile ........................................  0.9

18. Micrite, arenaceous, dark-gray-fresh (N3), weathers 
medium gray to light olive gray (5 Y 6/1), beds from 
10 to 2 0 -cm-thick, wavy laminations; discontinuous 
layers of moderate brown weathering micrite .... 0.6

17. Same as unit 19 ................................  12.2
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Unit

16.

15.
14.

13.
12.

11.

10.
9.
8 .
7.
6. 
5.

4.
3.

# ............................................. (meters)

Micrite to very finely crystalline sparite, 
arenaceous, medium-gray (N5) to dark-gray (N3) fresh, 
weathers dark yellowish orange (10 YR 6/6 ) to moderate 
yellowish brown (10 YR 5/4) to dusky yellowish brown 
(10 YR 2/2)--last color tends to be more dark gray 
fresh and occurs as crude bands through the rock; 
from 10 to 30-cm-thick; some faint cross bedding; 
sample RP-90-12 ................................
same as unit 19 ................................
Micrite to very finely crystalline sparite, 
arenaceous, dark-gray (N3) fresh, weathers medium 
gray (N4), beds about 0.3-m-thick; this unit is 
cyclic; small 1 " thick ripple laminations ......
Same as unit 19 ................................
Biosparite, prominent ledge, trough cross bedded,
0.1 to 0.9-m-thick; crinoids; sample RP-90-13
Micrite to finely crystalline sparite, arenaceous, 
dark-gray (N3) fresh, weathers medium dark gray (N4); 
beds from 0.3 to 0.6-m-thick; planar bedding-parallel
laminations ....................................  1.2

Same as unit 19 ................................  5.5
Same as unit 16 ................................  1.5
Same as unit 19 ................................  3.1
Same as unit 16 ................................  4.6
Same as unit 19 ................................  2.4
Same as unit 16 only more planar bedding-parallel
laminations ....................................  0.6

Same as unit 19 ................................  1.8
Same as unit 16 ................................  0.6

beds
0.9
3.1

dark
7.9
2.1

beds
1.8

2 . Same as unit 19 1.2
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Unit # ............................................ (meters)

1. Chert, dark gray to black, laminated; small phosphatic 
shell fragments along laminae; Sample RP-90-16 .. 0.9

Total incomplete lower siltstone member ............... 53.0
Note : Contact with the overlying Joana Limestone is sharp; 
member weathers to ledgy slope.
Total incomplete Chainman Shale ...................  204.3
Joana Limestone (incomplete):
2. Biosparite, medium-dark-gray (N4) fresh, weathers

light olive gray (5 Y 6/1) to light gray (N7),
sometimes mottled to weathering colors ; thick bedded 
in upper part, thin bedded in lower part (beds 15-cm- 
thick) ; stringers and discontinuous nodules of dusky 
yellowish brown weathering chert occur in upper part 
of unit. Crinoids and solitary rugose corals 
abundant ; some crude planar bedding-parallel 
laminations ; sample RP-90-14 ...................  12.2

1. Most biomicrite, some biosparite, dark gray (N3) to
olive black (5 Y 2/1) fresh, weathers light olive gray
(5 Y 6/1) to light gray (N7), beds become thinner and 
regularly bedded toward top of unit (bed average about 
15-cm-thick). Some elongated (0.3-m-long) 
discontinuous nodules of dusky yellowish brown 
weathering chert; gastropods, brachiopods, solitary 
corals (rugose type), Syringopora mounds, 
Lithostrotionella. Sample RP-90-15 collected at 37 m 
above base of unit .............................  51.8

Total incomplete Joana Limestone ....................  64.0
Note: In fault contact with underlying Guilmette
Formation; forms cliff. Joana Limestone is exposed as part 
of a horse block in the footwall of the Delamar thrust 
fault.
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Unit # ............................................. (meters

SECTION 2
Guilmette Formation to Highland Peak Formation; east-west 

traverse through central part of Delamar 3 SW 
quadrangle, T. 10 S., R. 63 W.

Guilmette Formation (incomplete, top not exposed):
Upper limestone member:

50. same as unit 46 only more micrite than
biomicrite .....................................  45.7

49. Quartzite, pale yellowish brown (10 YR 6/2) fresh, 
weathers dusky yellowish brown (10 YR 2/2), fine to 
medium grained, subangular to subrounded, moderately 
well sorted; sample RP-90-38 ...................  2.7

48. Micrite, medium dark gray (N4) fresh, weathers medium 
gray (N5) to light olive gray (5 Y 6/1), beds average 
about 0 . 3-m-thick ................................ 3.4

47. Quartzite, same as unit 41 .....................  1.5
46. Biomicrite and micrite, medium dark gray (N4) fresh, 

weathers medium gray (N5) to light olive gray (5 Y 
6/1 ); thick beds are commonly separated by zones of 
thin bedded micrite and occasional quartzite; also in 
upper part, common O.6-m-thick beds of fine to coarse 
crystalline recrystallized yellowish gray (5 Y 8/1) to
grayish yellow (5 Y 8/4) weathering dolomite .... 57.9

45. Quartzite, same as unit 41 ...................... 0.6
44. Interbedded micrite and quartzite similar to

lithologies below ...................   0.6

43. Alternating 0.6-m-thick beds of biomicrite
(stromatoporoids, Amphipora, gastropods) and biogenic 
dolomite, finely to medium crystalline .........  11.0

42. Biogenic dolomite (Amphipora biostrome), dark gray
(N3); abundant recrystallized coarse dolomite 
stringers and blebs ............................  1.5
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41. First thick quartzite bed; quartzite, dolomitic,
medium gray (N5) fresh, weathers moderate brown (5 YR 
4/4) to dusky yellowish brown (10 YR 2/2); fine to 
medium grained; 15-cm-thick sets of trough crossbeds ; 
in upper 0.6 m grades into laminated sandy, aphanic 
dolomite .......................................  3.4

40. Same as unit 38, only more sandy, and more
stromatoporoids ................................  13.7

39. Micrite, medium dark gray (N4) fresh, weathers light
olive gray (5 Y 6/1), aphanic, 10 to 30-cm-thick beds 
...............................................  4.6

38. Dolomite to biogenic dolomite (Amphipora and
stromatoporoids), medium dark gray (N4) fresh, 
weathers light olive gray (5 Y 6/1), aphanic to finely 
crystalline, 0.3 to 1.5-m-thick beds ; sample RP-90-37 
...............................................  19.8

37. Micrite, medium dark gray (N4) fresh, weathers medium
gray (N5) to light olive gray (5 Y 6/1), beds from 0.1 
to 0 .6-m-thick, planar bedding-parallel laminations in 
thinner beds ; common thin quartzite and dolomite like 
beds below .....................................  50.3

36. Same as unit 19 ................................. 0.6
35. Quartzite, medium gray (N5) fresh, weathers moderate

brown (5 YR 4/4) to dusky yellowish brown (10 YR 2/2), 
fine to medium grained; trough crossbedded, more 
poorly sorted than lower quartzites; some subangular 
to subrounded micrite fragments ................  0.3

34. 3 shoaling-upward cycles ; at base of each, darker gray
massive micrite, upper part is 0.2 to 0 .3-m-thick beds 
of light gray (N7) weathering laminated micrite to 
dolomite; sometimes there is a thin quartzite capping 
the top of these cycles; occasional stromatoporoid 
fragments ; 15-cm-thick bed of angular micritic 
intraclasts and mixed stromatoporoid fragments at top 
of unit ........................................  7.0

33. Same as unit 19 only beds average 0.3-m-thick ... 4.9
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32. Same as unit 29 only trough crossbedded (quartzite) 0.3
31. Biosparite to biomicrite, alternating shades of light 

gray and dark gray, cliff former; two 0 .9-m-thick 
stromatoporoid biostromes; thinner bedded and finer 
grained near top (becomes more of a biomicrite near 
top of unit); basal half thick bedded, upper half 
thin bedded; thinner beds have planar bedding-parallel 
laminations; gastropods, brachiopods ............  10.7

30. Micrite and biomicrite, medium dark gray (N4) fresh, 
weathers medium gray (N5), beds from 0.6 to
1 .5-m-thick; gastropods, brachiopods, and 
stromatoporoids ................................  14.9

29. Quartzite, medium gray (N5) fresh, weathers moderate
brown (5 YR 4/4) to dusky yellowish brown (10 YR 2/2), 
medium grained, well sorted, well rounded; planar 
bedding-parallel and wavy laminations ...........  0.3

28. Micrite, medium dark gray (N4) fresh, weathers medium 
gray (N5) to light gray (N7), beds average 0.3-m-thick 
  0.6

27. Same as unit 24, only abundant cup corals (photograph)

24. Stromatoporoid biomicrite, weathers to medium dark 
gray (N4), thick bedded, common brachiopods, 
stromatoporoids weather moderate brown (5 YR 3/4) 
...............................................  3.0

23. Micrite, medium dark gray (N4) fresh, weathers medium 
gray (N5) to light olive gray (5 Y 6/1), aphanic, 
thick bedded, however, there are zones that are 
laminated .......................................  13.7

0.9
26. Same as unit 19 only Amphipora 0.9
25. Same as unit 19 4.6
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22. Stromatoporoid biolithe, medium dark gray (N4),
stromatoporoids weather moderate brown (5 YR 4/4) to 
dusky yellowish brown (10 YR 2/2); finely crystalline, 
beds from 0.3 to 1.5-m-thick; few 0.3-m-thick beds of 
laminated medium gray (N5) weathering very finely 
crystalline dolomite near top; Amphipora, few small 
solitary cup corals in upper part of unit ......  1 0 . 6

21. Dolomite, yellowish gray (5 Y 8/1) to medium gray (N5)
fresh, weathers light olive gray (5 Y 6/1) to medium 
light gray (N6 ), finely to coarsely crystalline, beds 
range from 5 to 20-cm-thick............... 1.2

20. Biomicrite, medium dark gray (N4) fresh, weathers
medium gray (N5), 0.3 to 1.3-m-thick beds, faint cross 
bedding, becomes thin bedded near top (2.5 to 10-cm- 
thick); stromatoporoids, brachiopods, Amphipora . 7.0

19. Dolomite, arenaceous, medium dark gray (N4) fresh, 
weathers medium gray (N5), finely crystalline, beds 
average 15 cm in thickness, distinctive planar 
bedding-parallel laminations ...................  1.5

18. Dolomite, pale yellowish brown (10 YR 6/2) fresh, 
weathers yellowish gray (5 Y 8/1) (totally 
recrystallized), vuggy, porous; sample RP-90-33 . 0.6

Total incomplete upper limestone member .............. 300.0

Middle biostromal dolomite member:
17. Stromatoporoid biolithe to stromatoporoid dolomite;

Amphipora ......................................  0.9
16. Dolomite, dark gray (N3) fresh, weathers medium dark

gray (N4), finely crystalline, planar bedding-parallel 
laminations with a few 2.5 to 5-cm-thick beds of 
intraclastic dolomite; occasional recrystallized 
brachiopods and stromatoporoids ................  1.5
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15. Biogenic dolomite, medium dark gray (N4) fresh,
weathers medium gray (N5), finely crystalline, beds 
from 0 . 6 to 0 .9-m-thick, faint planar bedding-parallel 
laminations ; Amphipora, brachiopods; most fossils 
recrystallized with coarse white dolomite .....  8.2

14. same as unit 13 ................................. 1.8
13. Dolomite, medium dark gray (N4) to dark gray (N3)

fresh, weathers medium gray (N5), finely crystalline, 
beds from 0.3 to 0.9-m-thick, planar bedding-parallel 
laminations ; strong organic odor when broken; vuggy. 
Upper 1.8 m is dolomitic stromatoporoid biolithe; some 
stromatoporoids are limy, most are recrystallized with 
white to yellowish gray weathering dolomite; Amphipora 
common throughout ..............................  1 0 . 6

12. Finely crystalline intraclastic dolomite, medium dark
gray to dark gray (N3), clasts are dark gray, range 
from 0.5 to 5.0-mm in diameter, subrounded to 
subangular; clasts show faint imbrication; beds from 
0.6 to 0.9-m-thick. This unit identified as the 
"Alamo Breccia" ................................  4.9

Offset along strike to the southwest about 2 km
11. Dolomitic stromatoporoid biostrome, dark gray (N3)

fresh, weathers olive gray (5 Y 4/1), fine to medium 
crystalline, beds are up to 2 .5-m-thick, planar 
bedding-parallel laminations; stromatoporoids are 
bulbous and domal (up to 0 .3-m-in-diameter); 
stromatoporoids very commonly replaced with yellowish 
gray (5 Y 8/1) coarsely crystalline dolomite .... 18.0

Total Middle biostromal dolomite member.............. 46.0
Lower limestone member

10. Same as unit 4, only 1.5m below top is zone of
laminated biomicrite ...........................  12.5



T-4480 169

Unit # ............................................. (meters )

9. Fossiliferous intramicrite to micrite, medium dark
gray (N4) fresh, weathers light olive gray (5 Y 6/1) 
to light gray (N7) to medium dark gray (N4), aphanic, 
beds commonly 1 to 7-cm-thick, mottled to shades of 
gray, bioturbated, common thin beds of intraclasts and 
mixed fossil hash. Birdseye structures common in 
micrite. This unit is cyclic, with beds thickening 
upward .........................................  9.1

8 . Dolomite, medium gray (N5) fresh, weathers light gray
(N7) to yellowish gray (5 Y 8/1), aphanic, slightly
silty, small limonite specks disseminated through 
rock. Planar bedding-parallel laminations weathering 
to shades of light gray and yellowish gray .....  1.5

7. Dolomite, medium dark gray (N4) fresh, weathers to
alternating shades of light and dark gray, some
mottling, finely crystalline, faint wavy laminations; 
bioturbated--disrupted and contorted bedding.
Amphipora ......................................  1.5

6 . Stromatoporoid biomicrite, same as unit 4; beds from
0.3 to l. 3-m-thick .............................  2.1

5. Dolomite, medium gray (N5) fresh, weathers medium
light gray (N6 ) to light gray (N7), fine to medium 
crystalline, grains very euhedral. Planar bedding- 
parallel laminations ; vugs filled with coarsely 
crystalline dolomite; slightly silty, fetid ....  0.9

4. Stromatoporoid biomicrite and micrite, medium dark
gray (N4) to dark gray (N3) fresh, weathers light gray 
(N7) to medium dark gray (N4), discontinuous wavy 
laminations; mottled to shades of gray. Beds range 
from 0.2 to 1 .8-m-thick; very strong organic odor when 
broken; stromatoporoids mostly bulbous and some 
columnar, weather to dark brown on surface and range 
from 0.6 to 15-cm-in-diameter. Some intervals are 
stromatoporoid barren ...........................  14.6
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3. Dolomite, medium gray (N5) fresh, weathers yellowish 
gray (5 Y 8/1) to light and darker shades of gray, 
lower 4.5 m is predominantly yellow weathering, planar 
bedding-parallel laminations throughout, laminations 
are alternating shades of yellows and grays. Beds 
range from 0.3 to l.3-m-thick, thickening upward, and 
grains coarsen upward from aphanic to medium 
crystalline; birdseye structures; some mottling 
(weathering colors); strong organic odor when broken; 
weathers to step-like ledges. Upper part has vugs 
filled with coarsely recrystallized dolomite .... 14.3

2. Micrite, dark gray (N3) fresh, weathers medium gray 
(N5) to light olive gray (5 Y 6/1), dense, strong 
organic odor when broken, mottled to weathering 
colors, intense bioturbation, beds thicken upward, 
upper 0.5 m is stromatoporoid biomicrite; 75-80% 
stromatoporoid, 15-20% micrite .................  2.1

1. Dolomite, light olive gray (5 Y 5/2), light olive
brown (5 Y 5/6), to medium gray (N5) fresh, weathers 
grayish yellow (5 Y 8/4) and yellowish gray (5 Y 7/2), 
aphanic, beds from 0.3 to 0.9-m-thick, planar bedding- 
parallel laminations that are alternating shades of 
yellow and gray; occasional small disseminated 
limonite specks, possible birdseye structures ; upper
0.8 m is intensely bioturbated; sample RP-90-1; 
weathers to ledgy slope ........................  12.5

Total lower limestone member .........................  71.0
Total incomplete Guilmette Formation ................. 417.0

Simonson Dolomite : 
Upper alternating member :

34. Dolomite, medium gray (N5) fresh, weathers to
alternating shades of light gray (N7) to medium dark 
gray (N4), silty, aphanic to medium crystalline, 
commonly mottled to light and dark shades of gray, 
beds 0.2 to 0.5-m-thick; weathers to ledgy slope 14.3
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33. Dolomite, medium dark gray (N4) fresh, weathers to
alternating shades of light and dark gray, silty, 
finely crystalline, beds 0 .6 to 1 .5-m-thick, planar 
bedding-parallel laminations ;, 0.3 to 0.6 m zone of 
aphanic dolomite with dark brown colored fossil hash 
(stromatoporoids) at the top of unit; weathers to 
cliff ..........................................  7.6

32. Dolomite, medium dark gray (N4) fresh, weathers dark
gray (N3), silty, medium to finely crystalline, strong 
organic odor when broken, beds average 35 to 45-cm- 
thick, planar bedding-parallel laminations; abundant 
recrystallized stromatoporoids; weathers to cliff 0.9

31. Dolomite, medium gray (N5) fresh, weathers medium
light gray (N6 ), silty, finely crystalline to aphanic, 
beds average 25-cm-thick, faint planar bedding- 
parallel laminations ; weathers to ledgy slope ... 2.1

Total upper alternating member .......................  25.0
Brown cliff member :

30. Biogenic dolomite, medium dark gray (N4) fresh,
weathers olive black (5 Y 2/1), fine to medium 
crystalline, beds from 0.3 to 1.5-m-thick; fossils 
most commonly in 0.6 to 1 .6-m-thick biostromes and 
include smooth-shelied brachiopods, Thamnopora, 
Amphipora, and stromatoporoids. 3 m below top of unit 
is Stringocephalus zone. Unit weathers to massive 
dark gray colored cliff ........................  15.2

29. Dolomite, medium light gray (N6 ) fresh, weathers light
olive gray (5 Y 6/1), medium crystalline, sugary, 
planar bedding-parallel laminations; Thamnopora . 4.6

28. Dolomite, medium light gray (N6 ) fresh, weathers light
olive gray (5 Y 6/1), and yellowish gray (5 Y 8/1), 
medium crystalline, sugary, vuggy; weathers to less 
resistant rounded ledges .......................  16.8
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25.

24 .

23.

Dolomite, medium gray (N5) fresh, weathers light olive 
gray (5 Y 6/1), medium crystalline, beds from 0.3 to
0.6-m-thick; abundant dark gray (N3), dusky yellowish 
brown weathering (10 YR 2/2) chert in discontinuous

Lower alternating member:
Dolomite, medium gray (N5) fresh, weathers grayish 
yellow (5 Y 8/4), finely crystalline to aphanic, 
darker gray colored angular intraclasts from unit 
below in channels, some layering and clast 
imbrication; clasts up to 15-cm-long ...........  6.1
Dolomite, medium light gray (N6 ) fresh, weathers light 
olive gray (5 Y 6/1), medium crystalline, wavy 
laminations, thick bedded, bioturbated; channel at 
base of unit containing intraclasts from lower unit; 
discontinuous stringers of coarsely recrystallized 
white dolomite; abundant zones of discontinuous layers 
and lenses of moderate brown (5 YR 4/4) to dusky 
yellowish brown (10 YR 2/2) stained aphanic dolomite 
up to 0.6-m-thick ( "brown beds" of Osmond) ..... 15.2
Alternating between 1) dolomite, medium gray (N5) 
fresh, weathers light olive gray (5 Y 6/1), finely 
crystalline, beds average 2 0-cm-thick, some planar 
bedding-parallel laminations, and 2 ) dolomite, medium 
gray (N5) fresh, weathers medium light gray (N6 ), very 
light gray (N8 ), and light olive gray (5 Y 6/1) , 
aphanic, beds average 20 to 25-cm-thick, planar 
bedding-parallel and wavy laminations; some 
bioturbation; mud cracks in 0.3-m-thick bed about 3 m 
from top of unit ...............................  18.3
Dolomite, medium gray (N5) fresh, weathers medium 
light gray (N6 ) to light olive gray (5 Y 6/1), aphanic 
to finely crystalline, beds from 0.3 to 0.6-m-thick, 
planar bedding-parallel laminations ; weathers to 
resistant ledge .................................. 2.1

beds up to 0 .5-m-thick 4.6
Total Brown Cliff member 41.0

covered 6.1
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22. Dolomite, medium gray (N5) fresh, weathers medium
light gray (N6 ) to light olive gray (5 Y 6/1), medium 
crystalline, beds average 20 to 25-cm-thick, 
fossiliferous; fossils poorly preserved and 
recrystallized; stromatoporoids, corals, brachiopods
...............................................  15.2

21. Same as unit 17 .................................  0.3
2 0 . Same as unit 16 .................................  0.6

19. Same as unit 17 .................................  0.6
18. Same as unit 16 .................................  4.6
17. Dolomite, dark gray (N3) fresh, weathers olive black 

(5 Y 2/1), finely crystalline, 0.3-m-thick beds, 
distinctive planar bedding-parallel laminations . 6.7

16. Alternating medium light gray (N6 ) fresh and medium 
gray (N5) fresh 0.3-m-thick beds of dolomite, very 
distinctive planar bedding-parallel laminations ; 
medium-light-gray dolomite weathers to medium gray 
(N5) and tends to be fine to medium crystalline, and 
sugary; medium-gray dolomite weathers to very light
gray (N8 ) , and is aphanic ......................  10.7

15. Dolomite, medium gray (N5) fresh, weathers very light 
gray (N8 ), common vugs lined with white recrystallized 
dolomite .......................................  0.9

14. Dolomite, medium dark gray (N4) fresh, weathers medium 
light gray (N6 ) to medium gray (N5), aphanic, few 
recrystallized stromatoporoids, beds 0.3 to 0.6-m- 
thick, some planar bedding-parallel laminations . 9.1

13. Dolomite, alternating between very light gray (N8 ) and 
medium light gray (N6 ), distinct planar bedding-
parallel laminations; very light gray laminated layers 
are aphanic and light olive gray (5 Y 6/1) fresh; 
medium light gray laminated layers are medium gray 
(N5) fresh, and finely crystalline .............  6.1

Total lower alternating member 103.0
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Tan coarse crystalline member :
12. Zone of mixed lithilogies--medium to coarse grained

sugary dolomite, and aphanic dolomite; mottled; medium 
light gray (N6 ) fresh, weathers light gray (N7) to 
medium gray (N5), vuggy, thick bedded, wavy 
laminations ....................................  18.3

offset along strike 300 m to southeast
11. Same as unit 7, quartzite beds die out towards top 24.4
10. Mostly quartzite like units below, with 5 to 7-cm-

thick interbeds of coarse dolomite, and 15-cm-thick 
sets of trough crossbeds ; also planar bedding-parallel 
laminations ....................................  1.5

9. Same as unit 7 .................................. 3.1
8 . Quartzite and sandstone; Same as quartzite in unit 3,

only more dolomite cement, slightly calcareous, beds 
from 7 cm to 0.6-m-thick, thinning upward, mostly 
planar bedding-parallel laminations, some trough 
crossbeds in 15 to 20-cm-thick sets ; basal 0.6 m bed 
is quartzite, rest is friable calcareous sandstone 
that weathers to rounded ledges ................  2.1

7. Dolomite, light gray (N7) fresh, weathers light olive
gray (5 Y 6/1), moderate brown (5 YR 4/4), and dusky 
yellowish brown (10 YR 2/2), medium to coarsely 
crystalline, sugary, arenaceous, abundant 15-cm-thick 
quartzite beds, medium grained quartzite grains, vugs 
lined with coarse recrystallized white dolomite, wavy 
laminations, might be bioturbated, beds 0.3 to 0.9-m- 
thick; some type of dark brown stained organic 
structures, some are tubular-shaped, might be 
stromatoporoids? ...............................  3.1

6 . Same as unit 2 .................................. 4.0
5. Same as unit 3; in places, sand emplaced upward into

mud above due to compaction of muds ............  0.3
4. Same as unit 2 1.5
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3. Quartzite, dolomitic, and aphanic arenaceous dolomite, 
these lithologies are locally gradational; quartzite 
is medium light gray (N6 ) to light olive gray (5 Y 
6/1) fresh, weathers moderate brown (5 YR 4/4) to 
dusky yellowish brown (10 YR 2/2), fine to medium 
grained, moderately sorted, moderately well rounded, 
silica cement ; dolomite is medium gray (N5) fresh, 
weathers very light gray (N8 ), medium to coarse 
grained, sugary. Some small ripple crossbeds (5-cm- 
thick) in quartzite, otherwise planar bedding-parallel 
laminations. Beds from 1.2 to 15-cm-thick....  1.2

2. Dolomite, medium light gray (N6 ) fresh, weathers
yellowish gray (5 Y 8/1), very light gray (N8 ), and 
light olive gray (5 Y 6/1), aphanic, mottled to 
weathering colors, beds average 0 .3-m-thick, planar 
bedding-parallel laminations ...................  3.4

1. Quartzite, dolomitic, medium gray (N5) fresh, dusky 
yellowish brown (10 YR 2/2) to moderate yellowish 
brown (10 YR 5/4) weathered, fine grained, sugary, 
subangular to subrounded, moderately sorted, thin to 
thick bedded, trough crossbedded (crossbeds average
0.2-m-thick) ...................................  14.7

Total tan coarse crystalline member 
Total Simonson Dolomite ..........

78
247
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Sevy Dolomite: 
Cherty argillaceous member:

21. Dolomite, olive gray (5 Y 4/1) fresh, weathers
moderate yellowish brown (10 YR 5/4), aphanic, silty, 
laminated to thin bedded, planar bedding-parallel 
laminations, conchoidal fracturing, common 
discontinuous layers and nodules of olive gray (5 Y 
4/1) smokey chert and interbeds of very thin wavy 
laminated olive gray (5 Y 4/1) dolomitic siltstone 
that weathers to moderate yellowish brown (10 YR 5/4)
and dusky red (5 R 3/4)   17.0

Total Cherty argillaceous member.....................  17.0
Lower dolomite member:

20. Same as unit 6, beds I1 thick ...................  6.4
19. Same as unit 7 ..................................  11.3
18. Dolomite, dark gray (N3) fresh, weathers medium gray 

(N5), aphanic, brachiopods; weathers to rounded 
ledges .........................................  4.6

17. Same as unit 7 ..................................  4.6
16. Dolomite, arenaceous, medium dark gray (N4) fresh,

weathers moderate brown (5 YR 4/4) to dusky yellowish 
brown (10 YR 2/2), finely crystalline to aphanic 0.6

15. Same as unit 6 ..................................  42.7
14. Same as unit 8 ..................................  0.6
13. Same as unit 7 ..................................  1.5
12. Same as unit 8 ..................................  0.6
11. Same as unit 7 ..................................  0.6
10. Same as unit 8 ..................................  0.3
9. Same as unit 7 ..................................  4.6
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8 . Quartzite, dolomitic, medium gray (N5) fresh, weathers
dusky yellowish brown (10 YR 2/2) to moderate brown (5
YR 4/4), fine grained, well rounded, moderately 
sorted, trough crossbedded .....................  0.9

7. Same as unit 1 only arenaceous ..................  6.7
6 . Interbedded dolomitic quartzite (like unit 2) and

dolomite (like unit 1 ), trough crossbedded ..... 0.6

5. Same as unit 1 ................................ 3.1
4. Same as unit 2 ................................ 1.2
3. Dolomite, arenaceous, medium light gray (N6 ) fresh,

weathers light gray (N7), light olive gray (5 Y 6/1), 
and yellowish gray (5 Y 8/1), aphanic to finely 
crystalline ; corals and brachiopods ............  7.9

2. Quartzite, dolomitic, light olive gray (5 Y 6/1) to
medium gray (N5) fresh, weathers moderate brown (5 YR 
4/4) to dusky yellowish brown (10 YR 2/2), fine 
grained, moderately well rounded, moderately well 
sorted, slightly calcareous, trough crossbedded . 0.3

1. Dolomite, medium light gray (N6 ) fresh, weathers light
gray (N7) to light olive gray (5 Y 6/1), to yellowish
gray (5 Y 8/1), aphanic, mottled to weathering colors,
conchoidal fracturing, stylolites, laminated to thick 
bedded, abundant planar bedding-parallel 
laminations ....................................  118.9

Total lower dolomite member ........................... 218.0
Total Sevy Dolomite ................................... 235.0

Laketown Dolomite :
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Upper dark dolomite member:
9. Dolomite, dark gray (N3) fresh, weathers medium dark

gray (N4) to light olive gray (5 Y 6/1), aphanic to
very finely crystalline, thin bedded, poorly developed 
wavy laminations, abundant discontinuous layers and 
nodules of chert, grayish black (N2) fresh, weathers 
dark yellowish orange (10 YR 6/6 ), grayish brown (5 YR 
3/2) and moderate brown (5 YR 4/4); Favosites ... 30.0

Total upper dark member..............................  30.0
Middle light member:

8 . Dolomite, light gray (N7) to very light gray (N8 )
fresh, weathers yellowish gray (5 Y 8/1) to light gray 
(N8 ), finely crystalline, sugary, very vuggy, corals 
common, crinoids, brachiopods, common zones of aphanic 
dolomite near top of unit (this member resembles lower 
part of Sevy Dolomite); some discontinuous layers and 
nodules of moderate brown weathering chert; weathers 
to form massive cliffs .......................... 115.8

Total middle light member ............................. 116.0
Lower dark dolomite member :

7. Dolomite, medium dark gray (N4) fresh, weathers very
light gray (N8 ) to light gray (N7), aphanic, beds 0.3 
to 0 .6-m-thick, planar bedding-parallel laminations 
and trough crossbeds; Favosites, corals, becomes 
finely, crystalline near top of unit ............  62.8

6 . Dolomite, medium gray (N5) fresh, weathers light olive
gray (5 Y 6/1) to medium dark gray (N4), finely to 
medium crystalline, very fossiliferous; corals, 
Favosites, crinoids, brachiopods. Fetid, abundant 
moderate brown weathering chert (gives lower member 
reddish brown appearance from a distance) ......  36.6

5. Dolomite, medium gray (N5) fresh, weathers medium
light gray (N6 ) to light olive gray (5 Y 6/1), finely 
to medium crystalline, thick bedded, planar bedding- 
parallel laminations, trough crossbeds, corals 
brachiopods, and crinoids. Sample RP-90-47 .... 21.3
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4. Dolomite, medium gray (N5) fresh, weathers light olive 
gray (5 Y 6/1), finely crystalline, beds are finely 
laminated and trough crossbedded with some planar 
bedding-parallel laminations; beds average 0 .5-m- 
thick; no fossils; similar to upper member of Ely 
Springs Dolomite ...............................  16.8

3. Resistant ledge, similar to unit 1 .............  5.5
2. Dolomite like upper member of Ely Springs Dolomite 0.3
1. Dolomite, medium dark gray (N4) fresh, weathers medium 

gray (N5), finely to medium crystalline, vugs lined 
with coarse recrystallized dolomite; Halysites .. 1.8

Total lower dark member ..............................  145.1
Total Laketown Dolomite ................................291.0
Ely Springs Dolomite: 

Upper member:
10. Dolomite, medium gray (N5) fresh, weathers light olive

gray (5 Y 6/1) to medium olive gray (5 Y 5/1), very 
finely crystalline to aphanic, planar bedding-parallel 
laminations ; brachiopods, crinoid stems; weathers to 
distinctive less resistant light colored slope between 
basal member of the Laketown Dolomite, and darker 
lower dolomite member of Ely Springs Dolomite ... 24.4

Total upper member.................................... 24.0
Lower member:

9. Same as unit 6 .................................. 1.5
8 . Dolomite, medium gray (N5) fresh, weathers light olive

gray (5 Y 6/1), very fossiliferous; brachiopods, 
crinoids, and corals ; weathers to massive cliff . 18.3

7. Dolomite, medium dark gray (N4), finely crystalline,
discontinuous layers and nodules of grayish brown (5 
YR 3/2) weathering chert, less resistant ledgy slope 
...............................................  27.4
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Unit # .............................................. (meters)

6 . Same as unit 5, abundant vugs lined with coarse
crystalline white dolomite......................  9.1

5. Dolomite, medium gray (N5) fresh, weathers medium dark
gray (N4), finely crystalline, vugs lined with coarse 
crystalline white dolomite, thick bedded, faint planar 
bedding-parallel laminations; crinoids, Bighornia 
corals .........................................  25.9

4. Dolomite, medium light gray (N6 ) fresh, weathers light 
olive gray (5 Y 6/1), finely to medium crystalline, 
sugary, trough crossbeds .......................  1.2

3. Dolomite, medium dark gray (N4) fresh, weathers olive
gray (5 Y 4/1), very finely crystalline, slightly
arenaceous, tabular planar crossbeds, beds 15 to 30- 
cm-thick; nodules of chert common, dark gray (N3) 
fresh, weathers moderate brown (5 YR 4/4); abundant 
crinoids; weathers as more resistant cliff ....  18.3

2. Crinoidal dolomite, medium dark gray (N4) fresh,
weathers medium light gray (N6 ), slightly arenaceous,
medium crystalline, beds 0.3 to 0.6-m-thick; faint 
planar bedding-parallel laminations; brachiopods 3.1

1. Dolomite, slightly arenaceous, medium gray (N5) fresh, 
weathers grayish red purple (5 RP 4/2), finely 
crystalline, beds 5 to 15-cm-thick; crinoids, small 
brachiopods; weathers to less resistant slope ... 6.1

Total lower member .................................... 111.0
Total Ely Springs Dolomite ...........................  135.0
Note : attitude at base of Ely Springs Dolomite;
N 10 E, 37 NW

Eureka Quartzite:
15. Quartzite, white (N9) fresh, weathers moderate brown

(5 YR 4/4), dusky yellowish brown (10 YR 2/2), fine to 
medium grained, tabular planar crossbedding, beds 0.3 
to 0 .6-m-thick; forms resistant ledge ..........  1.2
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Unit # ............................................. (meters)

14. 5 to 15-cm-thick beds of friable sandstone, white
(N9) fresh, weathers dusky yellowish brown (10 YR 
2/2), moderate brown (5 YR 4/4), fine to medium 
grained, trough crossbedded, some stringers of 
white quartzite ...............................  2.7

13. Quartzite, white fresh (N9), weathers to moderate
brown (5 YR 4/4), dusky yellowish brown (10 YR 2/2), 
and light brown (5 YR 5/6), sugary, vitreous, fine to 
medium grained, large sweeping tabular planar 
crossbeds; some 0 .3-m-thick interbeds of friable 
sandstone; some of these beds are very thinly 
laminated to papery at top of unit; trough crossbedded 
at top of unit .................................  3.1

12. Sandstone, locally grading laterally into more
resistant quartzite, same colors as unit 8 , fine to 
medium grained, beds about 0 .3-m-thick, tabular planar 
crossbedding, sandstone less resistant, quartzite more 
resistant ...................................   . . . 4.0

11. Quartzite and sandstone, same colors as unit 8 , fine
to medium grained, trough and tabular planar 
crossbedding, beds average 2 0-cm-thick; forms 
resistant ledge ................................  1.2

10. Quartzite resistant ledges interbedded with 0.3-m-
thick less resistant friable sandstone bed, same
colors as unit 8 , fine to medium grained, tabular 
planar crossbedding ............................  4.9

9. Sandstone, friable, same colors as unit 8 , fine
grained, tabular planar crossbedding, weathers to less 
resistant rounded ledges .......................  1.5

8 . Quartzite, and less abundant friable sandstone, white
(N9) fresh, weathers dusky yellowish brown (10 YR 
2/2), light brown (5 YR 5/6), moderate brown (5 YR 
4/4), fine to medium grained, beds up to 0.3-m-thick, 
tabular planar crossbedding; weathers to more 
resistant cliff ................................  3.1
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Unit # ............................................. (meters )

7. Alternation between quartzite and sandstone, same
colors as units below; beds average 0 .1-m-thick, 
trough crossbedding, weathers to less resistant 
ledges .........................................  3.7

Fault Plane; N 15 E , 77 SE
6 . Sandstone, friable, white (N9) fresh, weathers dusky

yellowish brown (10 YR 2/2), very pale orange (10 YR 
8/2 ), fine to medium grained, well sorted, well 
rounded, very porous, beds 0.1 to 0 .6-m-thick, trough 
crossbedding; limonite stained in places; some beds 
are laminated; weathers to resistant rounded ledges 1.5

5. Quartzite, same colors as units below, fine to medium
grained, grades laterally into friable sandstone, 
trough crossbed sets about 1 0-cm-thick, beds average 
about 10-cm-thick. Friable sandstone is mostly fine 
grained, well rounded and well sorted; resistant ledge 
  0.6

4. Quartzite, white (N9) fresh, same weathering colors as
units below, fine to medium grained, and white friable 
sandstone (bimodal, mostly fine grained, some medium 
grained), well rounded, moderately well sorted; small 
scale trough crossbeds ; sandstone forms less resistant 
rounded ledges between more resistant quartzite 
ledges ; weathers to less resistant slope ......  2.4

3. Quartzite, white (N9) fresh, weathers dusky yellowish
brown (10 YR 2/2), moderate yellowish brown (10 YR 
5/4), moderate brown (5 YR 4/4), and light brown (5 YR 
5/6), fine to medium grained, thin bedded; small scale 
trough cross beds 15 to 20-cm-thick; some trails and 
trace fossils on bedding planes ; weathers to more 
resistant ledges ...............................  1.8

2. Quartzite, white (N9) fresh, weathers moderate
yellowish brown (10 YR 5/4), moderate reddish brown 
(10 R 4/6), and dark yellowish brown (10 YR 2/2), and 
light brown (5 YR 5/6), fine to medium grained, beds 1 
to 2 .5-cm-thick now, weathers to less resistant rubbly 
slope ..........................................  1.5
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Unit # ............................................. (meters)

1. Quartzite, white (N9) fresh, weathers dark yellowish
orange (10 YR 6/6 ), moderate reddish brown (10 R 4/6), 
moderate brown (5 YR 4/4), dusky yellowish brown (10 
YR 2/2), and light brown (5 YR 5/6), fine grained, 
well sorted, moderately well rounded, vitreous, poor 
porosity, beds range from 7 to 30-cm-thick; relatively 
low-angle tabular planar crossbedding; weathers to 
resistant cliff ................................  4.6

Total Eureka Quartzite ...............................  38.0
Note : attitude at base of Eureka Quartzite:
N 10 W, 23 SW.

Pogonip Group:
Upper limestone member:

50. Quartzite, dolomitic, grayish orange (10 YR 7/4), 
fine to medium grained, poorly sorted, subrounded, 
dirty in places (lots of darker grains) ........  0.9

49. Dolomite, basal part; medium dark gray (N4) fresh, 
weathers grayish red purple (5 RP 4/2), pale red 
purple (5 RP 6/2), light brown (5 YR 5/6), and pale 
yellowish brown (10 YR 6/2), slightly silty, aphanic 
to finely crystalline, intense bioturbation, abundant 
pale red shale partings; Upper part, dolomite, sandy, 
medium gray (N5) fresh, weathers light olive gray 
(5 Y 6/1) to moderate yellowish brown (10 YR 5/4); 
beds from 0.15 to 1.0-m-thick, thicker at top; 5-cm- 
thick bed of fossil hash at base of unit (brachiopods, 
trilobites), sample DM-4; Sample DM-5 comes from the
top of the unit ................................  3.1

48. Dolomite, dark gray (N3) fresh, weathers pale red 
(5 R 6/2), grayish orange pink (5 YR 7/2), aphanic, 
abundant pale red shale partings at base of unit, 
beds thicken upward, knobby weathering .........  3.1

47. Dolomite, medium dark gray (N4) fresh, weathers
medium gray (N5), light olive gray (5 Y 6/1), grayish 
orange (10 YR 7/4), mottled to weathering colors, beds 
15 to 30-cm-thick; Lichenaria; sample DM-3 ..... 2.1
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Unit # ............................................. (meters)

46. Dolomite, medium dark gray (N4), fossil fragments
at base; Lichenaria ............................  0.9

45. Dolomite, grayish orange (10 YR 7/4), planar bedding-
parallel laminations ...........................  0.6

44. Dolomite— sample DM-2, medium dark gray (N4) fresh,
weathers medium gray (N5), and light brown (5 YR 5/6), 
finely crystalline; fossil fragments ...........  0.9

43. Same as unit 41 ................................. 3.1
42. Dolomite, medium gray (N5) fresh, weathers moderate

yellowish brown (10 YR 5/4), beds 15 to 30-cm-thick, 
planar bedding-parallel laminations ............  3.1

41. Dolomite, alternating light and dark gray, 2.5 to 5-
cm-thick beds, occasional brachiopods ..........  1 2.2

40. Dolomite, medium gray (N5) fresh, weathers medium
light gray (N6 ), light olive gray (5 Y 6/1), thick 
bedded, few oncoid and brachiopod fragments on 
bedding planes .................................  0.5

39. Bioturbated micrite, medium gray (N5) to medium
dark gray (N4) ; no biomicrite ..................  0.9

38. Same as unit 36, only less biomicrite; Maclurites
  1.8

37. Intensely bioturbated micrite and sparite,
medium gray (N5) to medium dark gray (N4), red 
shaly partings, knobby weathering, mostly micrite, 
beds average 5 to 10-cm-thick ..................  1.5

covered .............................................  18.3

36. Intensely bioturbated thin beds of micrite to
biomicrite, medium gray (N5) to medium dark gray 
(N4), abundant pale red (5 Y 6/2) shaly partings ; 
rare sparite ...................................  2.1

covered 1.2
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Unit # ............................................. (meters)

35. Alternation of sparite, biosparite and micrite,
medium gray (N5) to medium dark gray (N4), less 
common biosparite ..............................  1.5

34. Thin alternations of biosparite and micrite, medium
gray (N5) to medium dark gray (N4), abundant shaly 
partings, beds average 0 .3-m-thick .............  0.6

33. 2 cycles here, biosparite fining upward to thinner
bedded micrite at top, medium gray (N5) to medium
dark gray (N4) ; Maclurites .....................  1.8

covered .............................................  1 2.2

32. Ledges of biosparite, biomicrite, and micrite,
medium gray (N5) to medium dark gray (N4); 4 
cycles of fining upward sequences ; biosparite 
at base, light gray micrite at top .............  6.1

31. Birdseye micrite, medium gray (N5) to medium dark
gray (N4), weathers grayish orange (10 YR 7/4); beds 
average 5-cm-thick .............................  0.6

30. 2.5 to 10-cm-thick beds of biosparite, medium gray
(N5) to medium dark gray (N4), intensely 
bioturbated ..................................... 0.5

29. Ledge of intensely bioturbated micrite and
biosparite, medium gray (N5) to medium dark gray 
(N4), weathers grayish orange (10 YR 7/4); more 
micrite than biosparite ........................  0.3

covered .............................................  0.6

28. 5 to 15-cm-thick beds of alternating birdseye micrite
and intraclastic biosparite, medium gray (N5) to 
medium dark gray (N4), weathers grayish orange 
(10 YR 7/4); biosparite beds increase upward in 
unit; beds thicken upward in unit; pale red 
5 R 6/2) shaly partings common .................  0.9

covered 4.9



Unit # (meters)

27. Micrite, medium gray (N5) to medium dark gray (N4), 
weathers grayish orange (10 YR 7/4), beds 2.5 to 
5-cm-thick, mottled with hummocky bedding planes ; 
abundant burrows and trails ; sponges ; 5-cm-thick 
beds of sparite at top and base of unit with fossil
fragments and micritic intraclasts .............  0.6

covered .............................................  0.9
26. Micrite, medium gray (N5) to medium dark gray (N4), 

weathers grayish orange (10 YR 7/4), beds 2.5 to 20- 
cm-thick, pale red (5 R 6/2) shaly partings ... 0.6

25. Two beds about 0.3-m-thick, yellowish gray (5 Y 8/1)
weathering micrite to biomicrite ..............  1.1

24. Alternations of birdseye micrite and biosparite, 
beds 5 to 15-cm-thick; common pale red (5 R 6/2) 
shaly partings ; biosparite has abundant micritic 
intraclasts ; intensely bioturbated; grayish orange 
mottling; less biosparite near top of unit ;
gastropods abundant ............................  2.1

23. Micrite, medium gray (N5) to medium dark gray (N4), 
oncoids forming around visible shell fragments; 
this bed is more massive and darker colored than 
units below ....................................  0.3

22. Same as unit 18, only no shale partings ......... 3.1
21. Same as unit 17, only 5-cm-thick biosparite bed

at top of unit with abundant oncoids ........... 0.9
20. Knobby weathering micrite, medium gray (N5) to

medium dark gray (N4) fresh, weathers grayish orange 
(10 YR 7/4), mottled and hummocky on bedding planes ;
few fossils; intensely bioturbated .............. 0.6

19. Same as unit 17 .................................  1.7
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Unit # ............................................ (meters)

18. Alternations of biosparite and micrite, medium
gray (N5) to medium dark gray (N4) fresh, weathers 
grayish orange (10 YR 7/4), thin bedded, discontinuous 
to continuous wavy laminations, abundant micritic 
intraclasts birdseye structures in micrite, abundant 
brachiopods, clams on tops of biosparite beds planes ; 
Orthoceras found at base of unit; mottled orange, 
occasional pale red weathering paper thin shaly 
limestone and shale; average bed thickness is about
0.6 m ..........................................  1.5

covered.............................................  62.3
offset to the north in the Delamar 3 NW quadrangle
17. Biosparite to biomicrite, medium gray (N5) to medium 

dark gray (N4) fresh, weathers grayish orange (10 YR 
7/4), weathers darker gray than overlying and 
underlying units; mottled to shades of gray and 
grayish orange; some fossiliferous intrasparite; 
abundant Receptaculites and grayish orange weathering 
oncoids, straight-shelled cephalopod fragments, and 
gastropods; weathers to massive cliff ............  61.0

Total upper limestone member..........................  220.0

Middle limestone member:
16. Mixed intraclastic biomicrite and biosparite, medium 

dark gray (N4) fresh, weathers light olive gray (5 Y 
6/1), light gray (N7), and dusky brown (5 YR 2/2), 
mostly thick bedded, thinly laminated beds separating 
thick beds ; abundant sponges and Receptaculites; 
weathers to step-like cliff ....................  62.5
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Unit # ............................................. (meters )

15. Fossiliferous intrasparite, and intraclastic
biosparite, medium dark gray (N4) fresh, weathers 
light olive gray (5 Y 6/1), light gray (N7), grayish 
orange (10 YR 7/4), and dusky brown (5 YR 2/2), 
intense bioturbation, mottled to weathering colors, 
beds 15-cm-thick maximum; trilobites, and crinoids 
(many fragmented); also interbedded grayish red 
(5 R 4/2) siltstone that weathers pale reddish brown 
(10 R 5/4), and pale red (5 R 6/2) weathering shale; 
weathers to slope ..............................  18.3

14. Intraclastic biosparite, and less common fossiliferous 
intrasparite; medium dark gray (N4) fresh, weathers 
light olive gray (5 Y 6/1), light gray (N7) and dusky 
brown (5 YR 2/2); beds from 5 to 15-cm-thick; abundant 
fossils including Receptaculites; abundant trace 
fossils on tops of bedding planes (trails, burrows); 
sample RP-90-46; weathers to ledgy cliff......  61.0

Total middle limestone member........................  142.0
Lower limestone member:

13. Biosparite to biomicrite, medium gray (N5) fresh,
weathers to dusky brown (5 YR 2/2) and grayish orange 
(10 YR 7/4), aphanic to finely crystalline, 0.6-m- 
thick beds ; intensely mottled and bioturbated zones ; 
abundant chert; brachiopods, trilobites, and 
crinoids; some fossiliferous intrasparite .....  56.4

12. Dolomite, arenaceous, medium gray (N5) fresh, weathers 
light gray (N7) to light olive gray (5 Y 6/1), fine to 
medium crystalline, sugary, beds 0.3 to 0.6-m-thick, 
wavy laminations ; some crinoids; weathers to ledgy 
slope ..........................................  6.7

11. Sparite to biosparite, medium gray (N5) fresh,
weathers light olive gray (5 Y 6/1), medium light gray 
(N6 ), and grayish orange (10 YR 7/4), arenaceous, fine 
to coarse crystalline, thick bedded, wavy laminations, 
chert common, mottled to weathering colors, 
bioturbated, trough crossbeds 7 m above base; oncoids, 
brachiopods, and crinoids; forms resistant cliff 17.7
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Unit # ............................................. (meters)

10. Intrasparite and intramicrite, medium gray (N5) fresh,
weathers light gray (N7) to yellowish gray (5 Y 8/1) 
to grayish orange (10 YR 7/4), medium crystalline to 
aphanic, mottled to weathering colors, wavy 
laminations; oncoids; some dolomite; discontinuous to 
continuous brown and orange weathering chert stringers 
common in upper 3 m of unit; forms recessive 
cliff ..........................................  30.2

9. Intramicrite to intrasparite, medium gray (N5) fresh, 
weathers light gray (N7) to grayish orange (10 YR 
7/4); some dolomite beds ; abundant 0.6-m-thick 
interbeds of medium dark gray (N4) and grayish orange 
(10 YR 7/4) micrite mixed with pale yellow brown (10 
YR 6/2) weathering shale (recessive); ripple marks
on tops of beds at 22 m above base of unit......  51.8

8 . Fossiliferous intramicrite to intrasparite to
intraclastic biosparite to biomicrite, medium 
gray (N5) fresh, weathers light gray (N7) to grayish 
orange (10 YR 7/4), beds from 10 to 30-cm-thick 
with intensely grayish orange wavy laminations ; 
bioturbated and mottled to weathering colors. 
Interbedded with 10 to 20-cm-thick beds of pale red 
(fresh; 5 R 6/2) weathering pale yellowish brown 
(10 YR 6/2) calcareous shale. Micrite is very thinly 
laminated to laminated and is flaggy; chert nodules 
are abundant ; trilobite, brachiopod, and gastropod 
fragments ......................................  18.3

7. Same as unit 4 .................................. 10.4
6 . Micrite to fossiliferous intramicrite to biomicrite,

medium gray (N5) fresh, weathers light gray (N7) to 
grayish orange (10 YR 7/4); beds average from 1.2 to
2 .5-cm-thick, mottled to weathering colors and 
intensely bioturbated; beds contain brachiopod, 
trilobite, crinoid, and gastropod fragments, and 
some intraclasts ; micrite has birdseye structures.
Forms ledgy slope; sample RP-90-45 .............. 9.1

5. Same as unit 3 3.7
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Unit # ............................................. (meters )

4. Upper part similar to upper light member of Desert 
Valley Formation; dolomite, medium gray (N5) fresh, 
weathers light olive gray (5 Y 6/1), medium grained, 
sugary, abundant chert; lower part trough 
crossbedded; base of this unit scours underlying 
unit, yellowish argillaceous rip-up clasts from 
underlying unit in channels ; forms cliff.......  1.5

3. Same as unit 1, only beds thin and grains fine
upward; mostly aphanic, finely crystalline at 
base, basal beds 0 .3-m-thick, upper beds range from
0 . 6 to 7.5-cm-thick; bioturbated, continuous to 
discontinuous wavy laminations, forms slope .... 2.4

2. Dolomite, medium light gray (N6 ) fresh, weathers
light olive gray (5 Y 6/1), vugs lined with coarse 
recrystallized dolomite, some wavy laminations ; 
weathers to cliff ..............................  0.9

1. Dolomite, olive gray (5 Y 4/1) fresh, weathers
yellowish gray (5 Y 8/1) to light gray (N7), 
arenaceous, mottled to weathering colors, beds from 10 
to 30-cm-thick, some planar bedding-parallel 
laminations, some wavy laminations, bioturbated, 
limonite specks and nodules ; small brachiopods; 
weathers to slope ..............................  3.4

Total lower limestone member.......................... 213.0
Total Pogonip G r o u p ................................... 575.0
Note : attitude at base of Pogonip Group; N 5° E , 30° NW
Desert Valley Formation :

Light dolomite member:
18. Dolomite, medium gray (N5) fresh, weathers light

olive gray (5 Y 6/1), medium crystalline, sugary, 
thin bedded (beds 0 .3-m-thick), planar bedding- 
parallel laminations, small scale trough crossbeds 
and thin zones of finely crystalline intraclastic 
dolomite; very abundant continuous to discontinuous 
layers and nodules of dusky-yellowish-brown to 
moderate-brown weathering chert; zone of very pale 
orange (10 YR 8/2) to grayish orange (10 YR 7/4) 
weathering aphanic dolomite near top of unit .... 134.1
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17. Dolomite to trough-crossbedded intraclastic dolomite, 
olive gray fresh, weathers light olive gray (5 Y 6/1)
to dusky yellow (5 Y 6/4), aphanic, thin to thick 
bedded, wavy laminations, mottled to weathering 
colors, abundant subangular elongate argillaceous 
rip-up clasts in channels, bioturbated .........  13.7

16. Dolomite, medium gray (N5) fresh, weathers light 
olive gray (5 Y 6/1), medium crystalline, sugary, 
thick bedded, wavy laminations, small scale trough 
crossbeds, common zones of stromatolites .......  35.1

15. Dolomite, medium gray (N5) fresh, weathers light 
olive gray (5 Y 6/1), medium crystalline, thin 
bedded (2.5 to 5-cm-thick), wavy laminations, small 
scale trough crossbeds, abundant chert, vugs lined 
with recrystallized dolomite; oncoids ..........  3.4

14. Same as unit 13, only darker gray colored; weathers to 
massive cliff ..................................  7.6

13. Dolomite, medium gray (N5) fresh, weathers medium
light gray (N6 ), medium crystalline, thick to thin
bedded, planar bedding-parallel laminations, mottled 
to shades of gray, abundant stringers and nodules of 
dark-brown to moderate-brown weathering chert, 
common vugs lined with recrystallized dolomite .. 1 2.2

12. Dolomite, medium light gray (N6 ) fresh, weathers
light olive gray (5 Y 6/1), medium crystalline (some
coarse crystalline), sugary, 0.3 to 0.6-m-thick beds,
planar bedding-parallel laminations, common vugs 
filled with white recrystallized dolomite .......  56.4

Total light dolomite member ..........................  263.0

Variegated Limy member:
11. Mixed oosparite, intrasparite, and biosparite, 

arenaceous, dark yellowish orange (10 YR 6/6 ),
2.5-cm-thick beds, small scale trough crossbeds . 4.3

10. Oosparite, dark yellowish orange (10 YR 6/6 ), small
scale trough crossbeds .........................  0.9
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9. Oosparite to oolitic intrasparite to fossiliferous
intrasparite to intraclastic biosparite, medium dark 
gray (N4) fresh, weathers dark yellowish orange 
(10 YR 6/6 ), grayish orange (10 YR 7/4), 10-cm-thick 
sets of trough crossbeds, planar bedding-parallel 
laminations at base of unit; sample RP-90-43 .... 1.5

8 . Micrite to biomicrite to intramicrite, arenaceous, 
medium gray (N5) to grayish red (10 R 4/2) fresh, 
weathers light brown (5 YR 5/6) to moderate orange 
pink (10 R 7/4), beds 0.6 to 1.2-m-thick, planar 
bedding-parallel laminations, continuous to 
discontinuous stringers and nodules of moderate- 
brown to dusky-brown weathering chert ..........  3.1

7. Micrite to biomicrite (trilobite and brachiopod
fragments), medium dark gray (N4) fresh, weathers 
medium light gray (N6 ) and dark yellowish orange 
(10 YR 6/6 ) and yellowish gray (5 Y 8/1), thick 
bedded at base, becoming thin bedded to laminated 
in upper part (flaggy weathering); intensely 
bioturbated; continuous stringers of dusky yellowish 
brown weathering chert near base of unit .......  2.7

6 . Intrasparite, arenaceous, medium gray (N5) fresh,
weathers medium light gray (N6 ), and dark yellowish 
orange (10 YR 6/6 ), finely to medium crystalline, 
beds average 2 .5-cm-thick; wavy laminations, small 
scale trough crossbeds, discontinuous layers and 
nodules of dusky-yellowish-brown weathering chert; 
mottled to weathering colors, bioturbated, abundant 
burrows and trails (similar to Thalassionoides?); 
thinner bedded near top of unit (2.5 to 5-cm-thick 
beds )   1.8

covered .............................................  1.5
5. Intramicrite, medium dark gray (N4) fresh, weathers 

medium gray (N5), intraclasts are elongate, angular 
to subrounded, some up to 2.5-cm long, intensely 
bioturbated; upper 10 cm is light olive gray 
(5 Y 6/1) weathered, trough crossbedded micrite to 
intramicrite ...................................  0.3
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Unit # ............................................ (meters)

4. Micrite, medium light gray (N6 ) fresh, weathers
light gray (N7) to dark yellowish orange (10 YR 6/6 ) , 
beds range up to 0 .6-m-thick; discontinuous stringers 
and nodules of dusky-brown, moderate-brown, and dark- 
yellowish-orange weathering chert. 2.5 to 5-cm-thick
beds of intramicrite, planar bedding-parallel 
laminations, mottled to weathering colors, 
bioturbated ....................................  0.9

Total Variegated limy member ..........................  17.0
Upper dark dolomite member:

3. Dolomite, medium dark gray (N4) fresh, weathers
dark gray (N3) to medium light gray (N5), medium 
crystalline, small recrystallized dolomite in linear 
vugs, planar bedding-parallel laminations, mottled to 
weathering colors, many massive beds ; 12 m above base 
of unit are brachiopods and oncoids. Occasional 
moderate brown (5 YR 4/4) weathering chert 
nodules ........................................  106.7

Total upper dark dolomite member....................... 107.0

White Band member:
2. Dolomite, light gray (N7) fresh, weathers yellowish 

gray (5 Y 8/1) to very light gray (N8 ), medium 
crystalline, sugary, thick bedded, massive, vugs 
filled with recrystallized dolomite ............  21.3

Total white band member..............................  21.0
Note : attitude at base of White Band member;
N 20o E, 28o NW
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Unit # ............................................ (meters)

Lower Dark Dolomite member:
1. Dolomite, medium gray (N5) fresh, weathers light

olive gray (5 Y 6/1), medium crystalline to aphanic, 
beds 0.9 to 1.2-m-thick, planar bedding-parallel 
laminations, mottled to shades of gray, abundant 
discontinuous subparallel stingers of white 
recrystallized dolomite (sheet cracks?); common 
discontinuous layers and nodules of moderate-brown 
(5 YR 3/4) weathering chert; vugs filled with coarse 
recrystallized dolomite; lower one half of unit 
weathers light olive gray (5 Y 6/1), upper one half 
weathers medium dark gray (N4). In Delamar 3 NW 
there are common zones of large domal stromatolites 
up to 45-cm-in-diameter (photograph); abundant 
oncoids, common brachiopods ....................  155.5

Total lower dark dolomite member...................... 156.0
Total Desert Valley Formation ........................  564.0
Note : attitude at base of Desert Valley Formation ;
N 15° W, 14° SW

Dunderberg Shale :

5. Biomicrite, medium gray (N5) fresh, weathers medium 
light gray (N6 ) to moderate brown (5 YR 3/4), beds 
laminated to very finely laminated, a 0 .6-m-thick 
bed caps unit; mottled and bioturbated, many trace 
fossils (trails?); some minor fossiliferous 
intramicrite, intensely bioturbated (knobby 
weathering and recessive); abundant shale interbeds ; 
shale is light brown (5 YR 6/4) to pale yellowish 
brown (10 YR 6/2); black Linguloid brachiopods 
abundant .......................................  7.6

covered .............................................  4.3
4. Biosparite, same colors as units below, 2.5 to

1 0-cm-thick beds ; wavy laminations; some oncoids 1.8

covered .............................................  19.8
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Unit # ............................................. (meters )

3. Biosparite to fossiliferous intrasparite, same colors 
as unit 1 and 2 , faint trough cross bedding, planar 
bedding-parallel laminations ...................  1.5

2. Biosparite to fossiliferous intrasparite, medium
gray (N5) fresh, weathers dusky brown (5 YR 2/2) to 
moderate brown (5 YR 4/4), to dark yellowish brown 
(10 YR 4/2), finely to coarsely crystalline, beds 
average 7.5 to 10-cm-thick; flaggy, darker brown 
weathering layers are more resistant than lighter 
colored layers ; some continuous to discontinuous wavy 
laminations, tops of beds are hummocky in places.
Also present are interbeds and laminations of 
moderate-brown (5 YR 3/4) to dusky-brown (5 YR 2/2) 
weathering siltstone to very fine grained sandstone, 
medium gray (N5), pale brown (5 YR 5/2), and grayish 
red (5 R 4/2); very silty near top of unit ...... 38.1

1. Biosparite, medium light gray (N6 ) fresh, weathers 
moderate yellowish brown (10 YR 5/4), medium to 
coarsely crystalline, beds average 0 .3-m-thick, 
faint trough crossbedding, beds get thinner (2.5 to 
1 0-cm-thick) and grains finer toward top of unit; 
abundant trilobite fragments,; weathers to resistant 
ledge; sample RP-90-42 .........................  3.1

Total Dunderberg Shale ................................. 76.0

Highland Peak Formation : 
Upper dolomite member:

23. Same as unit 22, only no trace fossils .........  56.4
covered (down-to-east normal fault in large wash) .... 82.3
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Unit # ............................................. (meters )

22. Dolomite alternating between 1) medium light gray 
(N6 ) fresh, weathers light olive gray (5 Y 6/1) to 
very light gray (N8 ), and 2) medium gray (N5) fresh, 
weathers medium dark gray (N4); fine to medium 
crystalline, vuggy, sugary, beds from 0.3 to 1.5-m- 
thick; trace fossils (horseshoe-shaped burrows of 
some sort; photograph of trace fossils) ........  35.1

21. Dolomite, medium-light-gray (N6 ) fresh, weathers 
light gray (N7) to light olive gray (5 Y 6/1), 
aphanic, planar bedding-parallel laminations, beds
0 .3-m-thick; interbedded with dolomite, medium-light- 
gray (N6 ) fresh, weathers light olive gray (5 Y 6/1), 
contains small scale trough crossbeds with subangular 
rip-up clasts; mottled to shades of light and dark 
gray, beds are from 0.5 to 0.9-m-thick; unit weathers 
to a slope; few beds of coarsely crystalline dolomite
near top; upper 6 m is coarsely crystalline, white 
(N9) dolomite, weathers yellowish gray (5Y 8/1), 
planar bedding-parallel laminations ............  39.3

20. Same as unit 17 ................................  12.2
covered .............................................  22.9
19. Same as unit 17, however, near top of unit,

discontinuous stringers of coarsely recrystallized 
white (N9) dolomite ............................  27.4

18. Same as unit 14; stylolites ..................... 0.9
17. Dolomite, medium dark gray (N4) fresh, weathers

medium gray (N5), mottled to shades of gray; beds 
average 0 .3-m-thick; planar bedding-parallel 
laminations ....................................  16.8

16. Same as unit 14 ................................. 0.9
15. Dolomite, medium gray (N5) fresh, weathers light

gray (N7) to light olive gray (5 Y 6/1); very finely 
laminated, mottled to weathering colors ........  1.5
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Unit # ........................................... . (meters)

14. Dolomite, light gray (N7) fresh, weathers very light
gray (N8 ) to white (N9); beds average 0.3-m-thick; 
planar bedding-parallel laminations, some wavy 
laminations; mottled to weathering colors ....... 5.5

Total upper dolomite member........................... 301.0

Lower limestone member:
13. Same as unit 8 only more dolomite (occurs as light 

gray interbeds near top of member); sample of 
dolomite interbeds RP-90-41; interbeds become 
thicker and more numerous near top of unit (up to
1.5-m-thick) ...................................  32.3

12. Micrite, medium dark gray fresh (N4), weathers
pale yellowish orange (10 YR 8/6 ) to dark yellowish 
orange (10 YR 6/6 ), very thin bedded, flaggy, 
planar bedding-parallel laminations alternating in 
color between grays and yellows; less resistant than
units below....................................  4.6

11. Micrite, medium dark gray fresh (N4), weathers medium 
gray (N5) to light olive gray (5 Y 6/1), thick bedded, 
light olive gray zones tend to be dolomitized; 
weathers to cliff ..............................  2.1

10. Dolomite, medium gray (N5) to light olive gray (5 Y 
6/1) fresh, weathers light gray (N7); aphanic, beds 
average 0 .3-m-thick, planar bedding-parallel 
laminations ....................................  3.7

9. Micrite, light olive gray (5 Y 6/1) to medium gray 
(N5) fresh, weathers light gray (N6 ) to light olive 
gray (5 Y 6/1), beds average 10 to 15-cm-thick, planar 
bedding-parallel laminations, mottled to weathering 
colors ; weathers to less resistant ledgy slopes; 
occasional dusky yellowish brown (10 YR 2/2) 
weathering chert nodules .......................  10.7
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Unit # ............................................. (meters)

8 . Micrite (some sparite), dark gray fresh (N3),
weathers light olive gray (5 Y 6/1), light gray 
(N7), and medium dark gray (N4); beds from 0.5 to 
1-m-thick; planar bedding-parallel laminations. 
Interbedded with 0.3 to 0.6-m-thick beds of light- 
gray (N7) to white (N9) weathering, aphanic, finely 
laminated dolomitic micrite ....................  9.1

7. Sparite, medium dark gray (N4) fresh, light gray (N7) 
to medium gray (N5) weathered, finely crystalline, 
mottled to weathering colors ; beds from 0.3 to 0.6-m- 
thick with 1 .2 -cm-thick planar bedding-parallel 
laminations. Interbedded with less resistant light- 
gray (N7) to white (N9) dolomite; dolomite interbeds 
are finely laminated, elongated chert nodules are 
common; sparse stromatolitic zones .............  45.7

6 . Biogenic dolomite, medium light gray (N6 ) to very 
light gray (N8 ), aphanic to finely crystalline, 
mottled, large masses of semi-rounded, dark- 
brown weathering chert; many small stromatolites on 
tops of beds ; beds 0.3 to 0.6-m-thick with planar
bedding-parallel laminations. Sample RP-90-40 .. 3.1

5. Dolomite, medium dark gray (N4) fresh, weathers medium 
gray (N5) to light olive gray (5 Y 6/1), finely 
crystalline, beds from 15 to 20-cm-thick; some planar
bedding-parallel laminations. Sample RP-90-39 .. 8.2

4. Same as unit 2 ..................................  6.1
3. Micrite to stromatolitic biomicrite, dolomitic, light

gray fresh (N7), white (N9) weathered, aphanic; beds
average about 0 .3-m-thick, planar bedding-parallel 
laminations; upper 1.3 m is biomicrite .........  2.7

2. Same as unit 1, except no stromatolites; some
interbeds of light gray (N7) weathering finely 
crystalline, sandy, dolomitic, limestone .......  16.8
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Unit # ............................................. (meters)

1. Micrite to stromatolitic biomicrite, medium dark
gray (N4) fresh, weathers medium light gray (N6) to 
light olive gray (5 Y 6/1), mottled to weathering 
colors; beds average 25 to 35-cm-thick, internal 
planar bedding-parallel laminations in weathering 
colors (layering usually 1.2-cm-thick but sometimes 
laminated to thinly laminated); abundant domal 
stromatolites (photograph); domal and spheroidal 
stromatolites are silicified weathering to shades of 
moderate brown and dark yellowish orange, and grayish 
brown ..........................................  12.8

Total lower limestone member..........................  158.0
Total incomplete Highland Peak Formation ............... 459.0
Note : Below unit #1 (Highland Peak Formation) is about 60 m 
of dark gray weathering limestone with orange to light 
brown punky soil ; limestone is mottled medium gray and dark 
gray, aphanic, beds from 0.3 to 1.2-m-thick; this unit is 
too faulted to measure. Conformable with overlying 
Dunderberg Shale ; base not exposed.
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DESCRIPTION OF MAP UNITS

[Ages of surficial units have not been determined by absolute dating techniques; ages are estimates based 
on field observations of degree of soil development and local surface dissection. The stage of carbonate 
development reported for a soil is a visual estimate using standards defined by Gile and others (1966). 
Colors of surficial and bedrock units are from the Rock-Color Chart (Rock-Color Chart Committee, 
1951). Descriptions of volcanic units are based largely upon megascopic identification and estimates of 
phenocryst abundances, except where noted by reference]

Qal Alluvium (late Holocene)—Grayish-orange to pale-yellowish-brown gravel, sandy
gravel, and sand; unconsolidated, poorly to moderately sorted, and poorly 
bedded. Gravel is angular to subrounded clasts of limestone, dolomite, ash-flow 
tuff, lava, and sandstone. Unit forms channel deposits along modem washes 
and small inset fans at the mouths of valleys cut in bedrock. Surface of unit is 
irregular, and bar-and-swale topography is common. Boulders as much as 2 m 
across are locally common on the surface of fans. No soil was observed. Unit 
ranges from 0 to thicker than 3 m

Qae Alluvium (early Holocene and late Pleistocene)—Grayish-orange to pale-yellowish-
brown gravel, sandy gravel, and sand; poorly to well sorted, moderately bedded 
to poorly bedded, weakly consolidated to unconsolidated. Gravel consists of 
angular to subrounded clasts of limestone, dolomite, ash-flow tuff, lava, and 
sandstone generally less than 2 m across. Unit forms steep inset fans near 
bedrock ridges and small terrace remnants along larger washes. Surface 
accumulations of boulders 1 - 2  m across are common near the heads of fans. 
Deposits stand 1 to 3 m above modem washes. Surfaces of deposits are 
generally smooth except where bar-and-swale topography is common on upper 
part of most fans. A weakly developed stone pavement is locally present; a 
small proportion of surface clasts have weakly developed rock varnish. Soil 
development in the unit consists of a thin sandy vesicular A horizon, a thin B 
horizon that is the same color as the parent material, and a 0.5-m-thick C 
horizon with stage I carbonate development. Thickness ranges from 0 to greater 
than 4 m
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Qc Colluvium (Holocene and Pleistocene)—Unconsolidated to moderately consolidated 
debris consisting chiefly of talus; angular pebble- to boulder-sized clasts, with 
minor amounts of silt and sand. Colors are inherited from bedrock source.
Unit is generally nonbedded and locally cemented by secondary carbonate; 
occurs along base of steep slopes developed on Tertiary volcanic rocks. 
Thickness unknown

Qaw Alluvium of Willow Spring (middle Pleistocene)—Named for exposures near 
Willow Spring in the Delamar 3 SE quadrangle adjacent to the southeast 
(Swadley and others, 1990). Pale-yellowish-brown to moderate-orange-pink 
gravel, sandy gravel, and sand; weakly to moderately consolidated, poorly to 
moderately bedded, and poorly to moderately sorted. Gravel consists of angular 
to subrounded clasts of limestone, dolomite, ash-flow tuff, lava, and sandstone, 
commonly less than 2 m in diameter. Unit forms fans inset into unit QTa. Near 
the mountain front some fans are littered with abundant boulders 1-3 m across of 
ash-flow tuff that are probably debris-flow deposits. Surfaces of deposits 
generally are smooth except for bouldery areas; a tightly packed stone pavement 
is common; surface clasts have a dull to shiny dark-brown rock varnish.
Deposits stand 2 to 5 m above active washes. Soil typically consists of a 4- to 
6 -cm-thick clay, sand, and silt vesicular A horizon, a cambic argillic B horizon 
that is slightly enriched with clay and is rarely preserved, and a 1 -m-thick 
carbonate-enriched horizon that commonly has Stage m  carbonate development 
in the upper half. Unit ranges from 0 to thicker than 5 m

QTa Alluvium (early Pleistocene and Pliocene?)—Grayish-brown to moderate-orange- 
pink gravel and sandy gravel; poorly sorted, moderately consolidated, and 
poorly bedded. Gravel consists of angular to subrounded clasts of limestone, 
dolomite, ash-flow tuff, lava, and sandstone commonly less than 2  m across.
Unit forms large fans flanking bedrock ridges and small inset fans in older 
alluvial deposits. Surfaces of fans are dissected and have rounded interfluvial 
divides. Well exposed only in cutbank exposures along active washes; typical 
exposure has rubble-covered slopes littered with 1 - 2  m boulders and abundant 
chips of pedogenic carbonate. A tightly packed stone pavement is common on 
gently sloping surfaces; pavement conforms to shapes of eroded surfaces.
Surface clasts of igneous origin typically have a dark-brown to black shiny rock 
varnish. Soil commonly has a 4- to 6 -cm-thick clay, silt, and sand vesicular A 
horizon overlying a 1- to 2-m-thick K horizon that has stage HI to IV carbonate 
development in the upper part. Carbonate horizon commonly conforms to shape 
of eroded surface along interfluvial divides. Unit is 0 to more than 20 m thick
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Ta Alluvium (Pliocene and Miocene)—Yellowish-gray to pale-yellowish-brown gravel
with a silt and sand matrix; poorly sorted to unsorted, poorly bedded, well 
consolidated; weakly to strongly cemented with secondary carbonate. Gravel 
consists of angular to rounded clasts of limestone, dolomite, ash-flow tuff, lava, 
and sandstone. Clasts as much as 2 m across are common; includes scattered 
clasts as much as 6  m across. Unit forms deeply dissected fans along mountain 
front; locally conformably overlies volcanic rocks. Well exposed only in 
cutbank exposures along active washes. Typical exposure has steep, rubble- 
covered slopes littered with abundant boulders; interfluvial divides are generally 
sharp. Stone pavement occurs only locally; surface clasts of igneous origin 
commonly have a thick, black, shiny rock varnish. Unit is distinguished from 
unit QTa by deeper dissection, sharp interfluvial divides, and heavier coating of 
rock varnish. Thickness of unit range from 0 to more than 80 m

QTs Landslide debris and gravity-slide block complex (Pleistocene? to late
Miocene?)—Complex mixture of chaotic debris and coherent blocks that consists 
of volcanic units as old as Monotony Tuff (Tm). Debris is unconsolidated to 
moderately consolidated. Generally unit grades downward from larger and 
more choherent blocks at the top, through faulted and rotated blocks, to 
subrounded chaotic debris at the base; although the top of the unit locally 
contains relatively undisturbed blocks with stratal attitudes that are nearly 
consistent with those in areas surrounding unit QTs, blocks are commonly 
bounded laterally by more chaotic parts of the unit. Slide debris is cemented 
locally by secondary carbonate. Slide unit commonly occurs near the base of 
steep slopes on the flanks of the high parts of the range. Thicknesses are as 
great as 120 m. (Where parent rock units in slide complex are mappable, they 
are shown with parent rock symbols and the symbol QTs is not used; where 
individual rock units are unmappable, the slide unit is designated by the symbol 
QTs. In both cases slide unit is shown on the map with stippled pattern.)

Tbu Basalt flow (Miocene)—Medium-dark-gray plagioclase-olivine-phyric basalt flows
containing megacrysts of plagioclase commonly greater than 1 cm in diameter; 
as many as three separate flows exposed in the west central part of the 
quadrangle. Locally contains as much as 30 percent vesicles. Forms cap rock 
of volcanic rocks in central part of quadrangle. K-Ar age is 12.7 Ma (Novak, 
1984). Thicknesses range between 0  and 30 m

Tbd Basalt dike (Miocene)—Medium-dark-gray plagioclase-olivine-phyric basalt dike
containing megacrysts of plagioclase commonly greater than 1 cm in diameter; 
feeder dike for basalt flows (Tbu) along the central-east edge of the quadrangle 
and just south of the westernmost point of the plateau formed by the Delamar 
Mountains
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K a n e  W a s h   T u f f   ( M io c e ne ) —Pe ral k ali n e   to   meta lum ino us   ash-flow   t u f f  sequence.  
Re de fin ed   by   Scott   and   ot he rs   (1993)   to   con sis t   o f  two   members
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Tkb Gregerson Basin Member—Mildly peralkaline rhyolite (comendite) to trachyte 
(Novak, 1984; Novak and Mahood, 1986; and unpublished data) ash-flow tuff 
consisting of at least two nearly identical cooling units. Defined by Scott and 
others (1993) (also see Scott and others, in press) to be equivalent to members 
V2  and V3  of the Kane Wash Tuff of Novak (1984). The cooling units are not 
mapped separately because lithologie similarities make them indistinguishable 
and the cooling breaks are not traceable at all localities. Variations in degree of 
welding indicate that the lower cooling unit is a compound cooling unit. Where 
cooling breaks are traceable, they are shown as dashed contacts within the 
Gregerson Basin Member. Each cooling unit generally contains trachytic caps 
above upper, middle, and basal comenditic zones. Trachytic caps are partly 
vitric, partially welded, and pale brown; they commonly contain abundant 
cognate inclusions of scoriaceous trachyte that are noticeably darker than their 
matrices. Trachytic cap rock contains about 30 percent phenocrysts that consist 
of only a trace of quartz, almost exclusively of sanidine, and only a few percent 
hedenbergite, fayalite, acmite, opaque phases, and apatite. Trachytic caps range 
from 1 to more than 10 m thick and are commonly absent. The upper zones are 
devitrified, moderately to densely welded, and yellowish gray to light brownish 
gray in most places. Upper zones contain less than 10 percent highly flattened 
pumice fragments and have 0 - 2 0  percent lithophysal cavities that contain 
abundant vapor-phase crystals of amethyst and blocky mafic minerals (riebeckite 
and unidentified opaque phases). Upper zones contain about 20 percent 
phenocrysts that consist of 45 percent quartz, 53 percent sanidine, and 0.4 
percent partly altered hedenbergite, 0.7 percent partly altered fayalite, 0. 9 
percent ilmenite, and accessory zircon and perrierite or chevkinite ( 1  thin 
section, 440 phenociyst point counts). Upper zones range from 1 to about 30 m 
thick. The middle zones are partly devitrified, densely welded, commonly 
mottled pale blue, medium bluish gray, grayish green or pale yellowish brown 
where devitrified, and black where vi trophy res are locally developed. 
Vitrophyric middle zones contain about 10 percent phenocrysts that consist of 
about 30 percent quartz, 65 percent sanidine, and 5 percent partly altered 
hedenbergite, 2  percent partly altered fayalite, 1 percent ilmenite, and accessoiy 
zircon and perrierite or chevkinite. Partings parallel to the plane of compaction 
follow boundaries between layers of tuff a few cm thick that have phenocrysts 
abundances that range from 5 and 25 percent. Middle zones are generally 1-5 m 
thick. Basal zones are most commonly nonwelded to partially welded, are 
moderate orange pink to pale yellowish orange, contain less than 5 percent 
phenocrysts, and are 1-2 m thick. The K-Ar sanidine date for the lower cooling 
unit of the Gregerson Basin Member is 14.1 ±0.4 Ma (Novak, 1984), and the 
^A r/S^A r sanidine dates for the upper and lower cooling units of the 
Gregerson Basin Member are 14.39±0.28 and 14.55 ±0.14 Ma, respectively 
(L.W. Snee, written commun., U.S. Geological Survey, 1991). The cooling 
units form cliffs, and the cooling break between them have little or no 
geomorphic expression. The combined Gregerson Basin Member unit is locally 
absent in the west part of the quadrangle and is about 85 m thick in the east part
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Tkg Grapevine Spring Member—Metaluminous rhyolite to trachytic ash-flow tuff
(Novak, 1984; and unpublished data), consisting of one compound cooling unit. 
Defined by Scott and others (1993) (also see Scott others, in press) to be 
equivalent to member Vj of Kane Wash Tuff of Novak (1984). Unit grades 
downward through four zones that locally include a poorly developed trachytic 
cap above upper, middle, and lower rhyolitic zones. The cap rock contains 
sparse dark scoriaceous trachytic cognate inclusions in a matrix that is slightly 
darker brown than lower zones. Cap rock contains about 25 percent phenocrysts 
that consist of a trace of quartz, about 80 percent sanidine, and about 2 0  percent 
opaque phases, some of which probably are altered fayalite. Cap rock is 
generally less than a few meters thick. The upper zone is devitrified, 
moderately to densely welded, and yellowish gray to light brownish gray.
Upper zone weathers to form a smooth-textured surface; this texture seems to be 
related to a relatively low abundance of phenocrysts (less than 1 0  percent). 
Upper zone contains few recognizable pumice fragments and contains no 
lithophysal cavities. Upper zone contains as much as 10 percent phenocrysts 
that consist of about 15 percent quartz, 80 percent sanidine, and 5 percent 
hedenbergite, fayalite, titano-magnetite, and ilmenite. Upper zone contains 
traces of lithic fragments and ranges from 0 to 5 m thick. The middle zone is 
devitrified, densely welded, and yellowish gray to light brownish gray and 
brownish gray. Middle zone weathers to form a rough-textured hackly surface; 
this texture seems to be related to a relatively high abundance of phenocrysts 
(about 20 percent). Middle zone contains few recognizable pumice fragments 
and 0 - 1 0  percent lithophysal cavities that have minor vapor-phase crystals of 
quartz and sparse garnet. The middle zone contains 17-25 (21) percent 
phenocrysts that consist of 18.5-26.5 (23) percent quartz, 78-70 (74) percent 
sanidine, 3.0-0.9 (2) percent partly altered hedenbergite, 0.6-1.2 (1) percent 
partly altered fayalite, 0.2-1.2 (0.7) percent titano-magnetite and ilmenite, and 
accessory zircon, sphene, and perrierite or chevkinite (2 sections, 493 and 340 
phenocryst point counts per thin section). A significant quantity of xenocrystic 
altered biotite and hornblende occurs, commonly attached to fragments of 
foreign groundmass. Middle zone contains about 0.8-1.4 (1) percent lithic 
fragments of volcanic rocks and is about 20-25 m thick. Lower zone grades 
downward from mottled grayish-brown, brownish-gray, and moderate-brown, 
party devitrified, densely welded, locally lithophysal tuff to pale-brown to dark- 
yellowish-brown nonwelded tuff. Sparse vitrophyres are characterized by 
grayish-orange-pink devitrification centers in a black vitric matrix. Highly 
lenticular local lithophysae are 2-4 cm in diameter in the plane of foliation. 
Phenociyst abundances generally decrease downward and range between 5 and 
15 percent phenocrysts in the lower zone. Lower zone ranges from 0  to 1 m 
thick. Unit forms cliffs and the cooling break between Grapevine Spring (Tkg) 
and Gregerson Basin (Tkb) Members forms a slight notch in cliffs. K-Ar 
sanidine dates for the Grapevine Spring Member are 14.0±0.4 and 14.2±0.4 
Ma (Novak, 1984), and a ^ A r /^ A r  sanidine date is 14.67±0.22 Ma (L.W. 
Snee, written commun., U.S. Geological Survey, 1991). Thickness of the 
Grapevine Spring unit ranges from about 15 m along the west part of the 
quadrangle to about 60 m in the east
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Tsmu

Tsml

Sunflower Mountain Tuff (Miocene)—Metaluminous rhyolite (Novak, 1984, and 
unpublished data) ash-flow tuff, consisting of a compound cooling unit that 
contains an upper more welded zone and a lower less welded zone. Rocks 
forming this unit were originally included in the Kane Wash Formation by Cook 
(1965); defined by Scott and others, (1993) (also see Scott and others, in press) 
to be equivalent to member W of the Kane Wash Tuff of Novak (1984). The K- 
Ar sanidine date for unit is 14.7 ±0.4 Ma (Novak, 1984). The combined 
thickness of the two zones ranges between about 170 m in the north part of the 
quadrangle to 60 m in the southwest part

Upper zone—Welded tuff, grading downward from partially welded, through 
moderately welded, to moderately to densely welded. Upper zone is devitrified, 
has a pale-red matrix, and contains moderate-orange to veiy pale orange altered 
blotches. Contains as much as 20 percent pumice flamme as large as 15 cm in 
diameter in the plane of foliation and has indistinct lithophysae. Upper zone 
contains 11 percent phenocrysts that consist of 53 percent quartz, 43 percent 
sanidine, 2.7 percent partly altered hedenbergite, 0.5 percent partly altered 
fayalite, and 0.4 percent acmite, and a trace of opaque phases and zircon (1 
section, 220 phenocryst point counts). Acmite, hedenbergite, zircon and opaque 
phases form glomerocrysts. Xenocrystic biotite is present. Lithic fragments of 
volcanic rocks form as much as 30 percent of the rock, but are sparse in other 
parts of the zone. Map unit forms bold cliffs; a small notch or bench in the cliff 
above the map unit marks the base of the Grapevine Spring Member (Tkg) of 
the Kane Wash Tuff in most areas. The thickness of the upper zone ranges from 
about 85 m in the north part to about 30 m in the southeast part of the 
quadrangle

Lower zone—Welded tuff, grading downward from partially welded tuff, 
through a slightly more moderately welded tuff, to a nonwelded tuff. The lower 
zone is devitrified and very pale orange to grayish orange. Pumice fragments 
form about 20 percent of the rock and range between 0.25 and 2 cm in diameter. 
Lower zone contains 6  percent phenocrysts that consist of 38 percent quartz, 54 
percent sanidine, 8  percent opaques that probably include altered hedenbergite 
and fayalite, and a trace of acmite ( 1  section, 2 0 0  phenocryst point counts). 
Volcanic lithic fragments are commonly as large as 1 cm in diameter and form 
about 1 0  percent of the rock; these rocks contain common plagioclase, biotite, 
and hornblende that also occur as xenocrysts in the tuff matrix. Lower zone 
forms distinct slopes. Map unit is as thick as 85 m in the north part of the 
quadrangle but thins to about 35 m along the southwest part of the quadrangle
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Td Delamar Lake Tuff (Miocene)—Metaluminous rhyolite (R.B. Scott, unpublished
data) ash-flow tuff, consisting of two simple cooling units. Rocks forming this 
unit were originally included in the Kane Wash Formation of Cook (1965); 
defined by Scott and others (1993) (also see Scott and others, in press) to be 
equivalent to member O of the Kane Wash Tuff of Novak (1984). The upper 
cooling unit is devitrified, nonwelded to moderately welded, and grayish pink to 
pale red. Pumice fragments as large as 4 cm in diameter in the plane of foliation 
form as much as 25 percent of the tuff. About 10 percent of the rock consists of 
phenocrysts that consist of about 50 percent quartz, 45 percent sanidine, and 5 
percent fayalite and other mafic minerals. The tuff contains about 2 percent 
volcanic lithic fragments. The lower cooling unit is devitrified, nonwelded to 
moderately welded, and grayish orange pink to pale red to light brownish gray. 
Pumice fiamme as large as 6  cm in diameter in the plane of the foliation form as 
much as 30 percent of the tuff. The rock contains 8  percent phenocrysts that 
consist of 47.5 percent quartz, 41.5 percent sanidine, and 11 percent opaques 
that include altered fayalite and other mafic minerals (Novak, 1984). The tuff 
contains less than 3 percent volcanic lithic fragments. Both cooling units form 
slopes in their less welded zones and low cliffs where the degree of welding is 
greater. K-Ar sanidine date of the unit is 15.6+0.4 Ma (Novak, 1984). The 
Delamar Lake unit is about 60 m thick in the north part of the quadrangle except 
where it is absent over a thick accumulation of basalt flows (Tb) in the 
northwest part of the quadrangle; the map unit pinches out in the south

Tb Basalt flow (Miocene)—Brownish-black to olive-black aphyric basalt lava flow. The 
basalt is locally vesicular near the top and is as great as 250 m thick in the 
northwest part of the quadrangle but is absent elsewhere
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Th Hiko Tuff (Miocene)—Rhyolitic ash-flow tuff consisting of one cooling unit grading
downward from a devitrified zone, through a locally developed vitrophyre, to a 
nonwelded base. The devitrified zone is eutaxitic, moderately welded, and 
mottled very light gray to light gray; pumice fiamme are lighter in color than 
the matrix. Pumice fiamme as large as 6  cm in diameter in the plane of foliation 
forms 15 percent of the rock, and lithophysae are commonly 4 cm in diameter 
parallel to foliation. Rock contains 35 percent phenocrysts that consist of 20 
percent very pale purple quartz, 15 percent sanidine, 50 percent plagioclase, 10 
percent biotite, and less than 5 percent hornblende, traces of pyroxene, several 
percent Fe-Ti oxides, and accessory sphene, apatite, and zircon. Scott and 
others (1988) found a greater abundance of mafic phenocrysts toward the top of 
the unit in the Delamar Lake quadrangle, as did R E. Anderson in southwestern 
Utah (written commun., 1992), suggesting that the unit was erupted from a 
compositionally zoned magma chamber. The tuff contains less than 2 percent 
lithic fragments consisting largely of argillite. The vitrophyre is partly glassy, 
eutaxitic, moderately to densely welded, and mottled medium gray to grayish 
black; pumice fiamme are darker than the matrix. The basal zone is vitric, 
nonwelded to partially welded, and very light gray; pumice clasts are white.
The Hiko Tuff forms crumbly but rugged cliffs and weathers to distinctive 
rounded knobby exfoliated surfaces in the devitrified zone; these knobs range 
between 1 and 4 m wide and 1 and 3 m high. A ^ A r /^ A r  sanidine date for 
the Hiko Tuff is 18.5 ±0.4 Ma according to Taylor and others (1989), but they 
suggest a better estimate of the age may be 18.6 Ma on the basis of additional 
data. The tuff is at least 75 m thick in the north part of the quadrangle and as 
thin as 2 0  m in the south part
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Thh Harmony Hills Tuff (Miocene)—Andesitic ash-flow tuff consisting of one cooling 
unit grading downward from a partially welded upper zone, through a densely 
welded central zone, to a nonwelded basal zone. The map unit is phenocryst- 
rich, devitrified, and massive with crudely developed foliation. The moderately 
to densely welded zones of the tuff range between pale red where more 
weathered and light olive gray to pinkish gray where fresher. Pumice fragments 
are sparse. The rock contains 42-49 (47) percent phenocrysts consisting of 2-5 
(4) percent quartz, 0-8 (3) percent sanidine, 64-72 (6 8 ) percent plagioclase, Î3- 
15 (14) percent biotite, 4.5-7.5 (6 ) percent hornblende, 0-2.5 (1.5) percent 
clinopyroxene, a trace of opaque phases, and accessory apatite and rare sphene 
(3 sections, 847, 920, and 980 phenocrysts point counts per section). Lithic 
fragments form 2-6 (3.5) percent of the rock. The unit forms cliffs, the lower 
parts of which are commonly covered with colluvial debris derived from the 
Hiko Tuff (Th) and the Harmony Hills Tuff. A small bench underlain by light- 
colored nonwelded to partially welded tuff above the Harmony Hills Tuff marks 
the base of the Hiko Tuff. Five K-Ar ages by Armstrong (1970) and one by 
Noble and McKee (1972) average 21.6 Ma for the map unit; however, isotopic 
ages of 22.5-22 Ma for plutons and an ash-flow tuff that postdate the Harmony 
Hills Tuff in the Iron Springs District may provide a better age constraint 
(Rowley and others, 1989). Although the Harmony Hills Tuff, Bauers Tuff 
Member of the Condor Canyon Formation (Tcb), and the Leach Canyon 
Formation (Tic) were included in the Quichapa Group (Cook, 1957; Williams, 
1967; Anderson and Rowley, 1975), the group name will not be used here 
because the sources for the Harmony Hills Tuff and the Leach Canyon 
Formation have not been determined. The Harmony Hills Tuff ranges from 
about 85 m thick in the central part of the quadrangle to about 60 m thick in the 
south part

Tpa Pahranagat Formation (Miocene)—Rhyolitic ash-flow tuff consisting of one simple 
cooling unit grading downward from nonwelded, through partially welded, to 
nonwelded. Best and others (1989) called these rocks the Pahranagat Lakes Tuff 
in the first published account of their age, correlation, and description; Williams 
(1967) had previously recognized this ash-flow tuff. Subsequently, Scott and 
others (in press) have revised the name for these rocks to the Pahranagat 
Formation. Unit forms gentle slopes commonly covered by talus from the 
Harmony Hills Tuff (Thh). The ^ A r /^ A r  sanidine date of the tuff is 
22.65 ±0.02 Ma (Deino and Best, 1988). The tuff of Pahranagat Lakes is as 
thick as 6  m in the south part of the quadrangle but pinches out to the north

Condor Canyon Formation (Miocene)—Regionally the formation consists of two 
members, the Swett Tuff Member and the Bauers Tuff Member but in this 
quadrangle only the Bauers Tuff Member is present
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Tcb Bauers Tuff Member—Rhyolitic ash-flow tuff consisting of one simple cooling unit 
grading downward from a light-brownish-gray to pale-red, moderately to 
densely welded devitrified zone through a brownish-gray, moderately welded 
vitrophyre, to a grayish-pink, partially to nonwelded basal zone. Pumice 
fiamme are generally less than 0.5 cm diameter in the plane of foliation and 
make up less than 5 percent of the rock. Phenocrysts form 16-17 (17) percent of 
rock and include perhaps a trace of quartz, 33-45 (39) percent sanidine, 45-59 
(52) percent plagioclase, 5-7 (6 ) percent biotite, a trace of clinopyroxene, 2-3 
(2.5) percent opaque phases, and accessoiy apatite and zircon (2 sections, 325 
and 342 phenocryst point counts). Volcanic lithic fragments are generally less 
than 1 cm in diameter and form 0.5-1.5 percent of the rock. Unit forms a 
resistant ledge. The ^ A r /^ A r  sanidine date of 22.78+0.03 Ma for the tuff 
(Best and others, 1989) is in good agreement with its average K-Ar age of 22.7 
Ma (Scott and others, in press). The Bauers Tuff Member is locally absent over 
a Miocene topographic high in the central west part of the quadrangle but is 
about 10-15 m thick elsewhere

Tlsu Limestone, upper (lower Miocene or upper Oligocene)—Lacustrine limestone
containing disrupted algal plates. Limestone is very light gray to pinkish gray, 
medium grained, and recrystallized. Beds range from 0.1 to 1.5 m thick. 
Limestone occurs locally in south part of quadrangle and is as thick as 6  m

T1 Leach Canyon Formation (Miocene)-Rhyolitic ash-flow tuff consisting of one
compound cooling unit grading downward from grayish-pink partially welded 
tuff, through grayish-orange-pink moderately welded devitrified tuff and locally 
developed grayish-black vitrophyre, to pinkish-gray nonwelded to partially 
welded tuff at the base. Pumice fragments are less than 0.5 cm in diameter and 
form less than 5 percent of the rock. Rock contains 12-23 (16) percent 
phenocrysts that consist of 17-29 (22) percent quartz, 25-41 (34) percent 
sanidine, 30-36 (34) percent plagioclase, 6 - 8  (7) percent biotite, a trace of 
hornblende, a trace of clinopyrxoene, 1.5-2.5 (2) percent opaque phases, and 
accessory sphene, zircon, apatite, and perrierite or chevkinite (3 sections, 329, 
428, and 468 phenocryst point counts per section). Volcanic lithic fragments 
form 1-3 (2) percent of the rock. Unit forms gentle, undulating slopes and 
poorly developed cliffs. Average age from a widely scattered suite of K-Ar 
dates for the unit is about 24.6 Ma, but a better age may be provided by the 
average of 23.8 Ma based on a coexisting sanidine and biotite pair (Armstrong, 
1970). The validity of Armstrong's K-Ar dates is supported by a new 
^ A r /^ A r  sanidine date of 23.8 Ma (Best and others, 1993). The Leach 
Canyon Formation is about 25 m thick in the north central part of the 
quadrangle, thickens to 130 m in the south central part, and thins again to 80 m 
in the south part of the quadrangle
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Tsp Shingle Pass Tuff (Oligocene)—Rhyolitic ash-flow tuff consisting of a simple
cooling unit grading downward from a grayish-orange-pink to veiy pale pink 
moderately to partially welded devitrified tuff, through a locally developed 
dark-gray to brownish-gray vitrophyre, to a pinkish-gray nonwelded to partially 
welded base. This unit does not have the pétrographie or paleomagnetic 
characteristics of either the upper member or the lower member of the Shingle 
Pass Tuff; Scott and others (in press) have concluded that it may be an 
intermediate member of the tuff. Distinctive grayish-yellow to moderate- 
greenish-yellow partings formed by altered layers ( 1  mm thick) are common in 
the vitrophyre. Pumice fiamme are as large as 3 cm in diameter in the plane of 
foliation and form about 15 percent of the rock. The rock contains 6-9 (8 ) 
percent phenocrysts consisting of 0-7 (3.5) percent quartz, 38-52 (45) percent 
sanidine, 30-44 (37) percent partly altered plagioclase, 0.5-12 (6 ) percent partly 
altered biotite, and 1 0 - 6  percent opaque phases ( 2  sections, 2 0 2  and 216 
phenociyst point counts per section). Alteration of plagioclase and biotite 
suggests that higher values for those phases of the two sections are more correct. 
Lithic fragments are as large as 3.5 cm in diameter and form 0-3 (1.5) percent 
of the rock. Unit forms gentle slopes except for ledge where vitrophyre is 
present. Although the map unit is normally magnetized similarly to that of the 
lower cooling unit of the Shingle Pass Tuff at its type section, the phenociyst 
mineralogy of the map unit is most similar to that of the upper cooling unit of 
the Shingle Pass Tuff (Scott and others, in press); we follow the conclusion of 
Scott and others and refer to the map unit as an intermediate Shingle Pass 
cooling unit until a more definitive correlation is established. The age of the 
map unit is probably within the limits of the upper and lower cooling units of 
the Shingle Pass Tuff, between about 26.0 and 26.7 Ma, respectively (Best and 
others, 1989). Map unit is about 4 m thick in the southern part of the 
quadrangle and is absent elsewhere

Isom Formation (Oligocene) —Regionally the Isom Formation consists of three
formal members and possibly a fourth informal member; these are, in ascending 
order, the Blue Meadows Tuff Member, the Baldhills Tuff Member, an 
informally named tuff member of Hamlight Canyon, the Hole-in-the-Wall Tuff 
Member (Mackin, 1960; Anderson and Rowley, 1975; Scott and others (in 
press). Only the Baldhills Tuff Member is present in this quadrangle
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Tib Baldhills Tuff Member—Traychitic ash-flow tuff, consisting of a simple cooling
unit grading downward from a moderate-orange-pink, moderately welded 
devitrified tuff, through a nearly ubiquitous, veiy dark red, brownish-black to 
grayish-red vitrophyre, to a pinkish-gray, nonwelded to partially welded tuff in 
the basal part. Pumice fiamme as large as 4 cm in diameter in the plane of 
foliation form about 5 percent of the rock. The rock contains 9 (9) percent 
phenocrysts that consist of 2-4 (3) percent quartz, 1-1.5 percent sanidine, 68-77 
(73) percent plagioclase, 0-1 (0.5) percent biotite, 9-17 (13) percent 
clinopyroxene, and 8-10 (9) percent opaque phases (2 sections, 200 and 202 
phenociyst point counts per section). Grains of quartz, sanidine, and biotite are 
suspected to be xenolithic by comparison with other units of the Isom Formation 
(Scott and others, in press). Lithic fragments as large as 2 cm in diameter form 
0.1-0 . 8  (0.4) percent of the rock. Flattened lithophysal cavities as great as 6  cm 
in diameter form about 10 percent of the rock. Flow lineations are common 
where member is draped over buried topography. The K-Ar plagioclase date of 
25.9+0.8 Ma (H.H. Mehnert, written commun, U.S. Geological Survey, 1990) 
for this unit is compatible with the age constraints for the Baldhills Tuff 
Member and the normal polarity and shallow inclination of the magnetization 
direction for this unit is similar to that of the Baldhills Tuff Member, as cited by 
Scott and others (in press). Unit forms a sharp cliffy ledge above the gentle 
slopes of the Monotony Tuff (Tm). The map unit is 5-6 m thick in the south 
part of the quadrangle, but pinches out in the north half

Tm Monotony Tuff (Oligocene)—Dacite ash-flow tuff consisting of a simple cooling
unit. Tuff is nonwelded to partially welded and veiy light gray to pinkish gray. 
Layers of bedded ash-fall tuff overlie ash-flow tuff. Pumice fragments are 
sparse in unit. Rock contains 11-16 (14) percent phenociysts that consist of 5-7 
(6 ) percent quartz, 9 (9) percent sanidine, 60-63 (61) percent plagioclase, 14-21 
(17) percent biotite, a trace of altered hornblende and calcite-replaced 
clinopyroxene, 6 - 8  (7) percent opaque phases, and accessory zircon, apatite, and 
allanite (2 sections, 218 and 327 phenocryst point counts per section). Lithic 
fragments form less than 0.5 percent of the rock. Unit forms gentle slopes. A 
K-Ar biotite date of 28.5 + 1.0 Ma (H.H. Mehnert, written commun., U.S. 
Geological Survey, 1990) falls within the range of errors of most other dates for 
the Monotony Tuff (Scott and others, in press), but the most precise date may 
be the ^ A r /^ A r  sanidine date of 27.3 +0.03 Ma (Best and others, 1989). 
Monotony Tuff is as great as 60 m thick in the south central part of the 
quadrangle, but is absent elsewhere

Tls Limestone (early Tertiary ?)—Veiy light-gray, medium-grained, reciystallized
lacustrine limestone. Beds vaiy between 0.1 and 2.0 m thick. Limestone is 3-7 
m thick in the south part of the quadrangle but is absent in the north part
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Tc Conglomerate (middle Oligocène to Eocene ?)—Conglomerate derived from 
Paleozoic limestone, dolomite, sandstone, quartzite, and chert; includes 
subordinate beds of limestone. Pale-red color of the conglomerates is imparted 
by the calcareous, slightly ferruginous cement. Oldest unit deposited on the 
angular unconformity above Paleozoic rocks. Conglomerate is locally present in 
the south central part of the quadrangle where it is as thick as 7 m

Dse Sevy Dolomite (Lower Devonian)—Unit correlates with lower dolomite informal
member found in Delamar 3 SW quadrangle (Page and others, 1990).
Dolomite, medium light gray (fresh), light gray and light olive gray 
(weathered), and in some localities mottled to light and dark shades of gray 
(weathered). Dolomite is mostly aphanic, homogenous, dense, and thin to 
massive bedded with planar bedding-parallel laminations. Rock breaks 
conchoidally. Common interbeds of quartzite present in upper part; quartzite is 
light olive gray to medium gray (fresh), and moderate brown to dusky yellowish 
brown (weathered), dolomitic, fine grained, well rounded, and moderately well 
sorted. Beds range from 0.1 to 1 m thick and exhibit trough crossbedding. 
Forms ledgy cliffs, about 175 m of unit is present in map area; top not exposed

SI Laketown Dolomite (Upper and Middle Silurian)—Dolomite, consisting of upper
dark-gray, middle light-gray, and lower dark-gray informal members. Upper 
dark-gray member is dolomite, dark gray (fresh), and medium dark gray to light 
olive gray (weathered), finely crystalline to slightly aphanic, and includes highly 
abundant discontinuous layers and nodules of grayish black (fresh) and 
moderate-brown and moderate brown to dark yellowish orange and grayish 
brown (weathered) chert. Member contains Favosites, unidentified silicified 
corals, pelmatozoan stems, and brachiopods. Upper dark-gray member forms 
cliffs and is about 30 m thick. Middle light-gray member is dolomite, light- 
gray to very—light-gray (fresh), and yellowish-gray (weathered), finely 
crystalline, sugary, and vuggy with some zones of aphanic dolomite near the 
top. Favosites, Halysites, unidentified corals, and brachiopods are present. 
Middle light-gray member is about 116 m thick. Lower dark-gray member is 
dolomite, medium gray to medium dark gray (fresh), and light olive gray 
(weathered), finely to medium crystalline, and thin to massive bedded with 
planar bedding-parallel laminations. The lower dark-gray member is more 
fossilierous than the upper members; it contains Favosites, Halysites, 
unidenified solitary corals, pelmatozoan stems, and brachiopods. Basal 10 
meters is medium-dark-gray, vuggy dolomite which forms massive cliffs.
Lower dark-gray member forms cliffs and is about 145 m thick. Combined 
thickness of Laketown Dolomite is about 291 m
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Oes Ely Springs Dolomite (Upper Ordovician)—Upper 25 m is light-olive-gray to
medium-olive-gray weathering aphanic dolomite that contains sparse brachiopod 
and pelmatozoan fragments. Majority of formation is dolomite, medium dark 
gray (fresh), and olive gray, light olive gray, and medium light gray 
(weathered), finely crystalline, thin to thick bedded, with planar bedding- 
parallel laminations. Contains common zones of discontinuous stringers and 
nodules of dark-brown (weathered) chert, and vugs and streaks both lined with 
coarse recrystallized white dolomite. Fossils include Bighomia corals and other 
unidentified corals, pelmatozoan stems, and brachiopods. Basal 6  m of 
formation consists of grayish-red-purple weathering, slightly arenaceous 
dolomite. Ely Springs Dolomite forms massive cliffs, has a dark gray to black 
color and craggy appearance from a distance, and is about 135 m thick

Oe Eureka Quartzite (Middle Ordiviciait)—Quartzite and friable sandstone, white
(fresh), moderate brown, moderate reddish brown, dark yellowish orange, and 
dusky yellowish brown (weathered), fine to medium grained, subrounded, and 
moderately well sorted; upper part is thin to massive bedded and lower part is 
very thin to thin bedded. Abundant 0.1- to 0.2-m-thick sets of tabular-planar 
crossbeds and less common small-scale trough crossbeds occur. Trace fossils 
occur locally on tops of beds. Forms cliffs and is 38 m thick
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Op Pogonip Group (Lower and Middle Ordovician)—Limestone and subordinate
dolomite, shale, siltstone, and sandstone. Three informal members recognized 
but not mapped; these consist of an upper limestone, a middle limestone, a 
lower limestone. Uppermost 30 m of upper limestone member is dolomite, 
medium dark gray (fresh), and light olive gray, pale red, light brown, and pale 
yellowish brown (weathered), finely crystalline, and thin to thick bedded. 
Limestone in upper member is medium gray to medium dark gray (fresh), and 
grayish orange (weathered), mottled light olive gray to yellowish gray, mostly 
aphanic, laminated to thin bedded, and bioturbated. Most beds consist of 5-15- 
mm-thick alternating layers of micritic and fossiliferons intraclastic limestone. 
Abundant pale-red shale and shaley limestone partings. Fossils include 
brachiopods, Lichenaria, Maculurites, Orthoceras, corals, trilobites, 
pelmatozoan stems, and oncoids; Receptaculites and sponges are common near 
base. Upper limestone part forms cliffs and is 220 m thick. Middle limestone 
part is generally more recessive than upper and lower limestone members, and 
consists of limestone, medium dark gray (fresh), and light olive gray, dusky 
brown, and grayish orange (weathered), aphanic to coarsely crystalline, 
characteristically very thin bedded, and intensely bioturbated. Beds consist of 
2 -1 0 -mm-thick alternating layers of micritic and fossiliferous intraclastic 
limestone. Abundant grayish-red siltstone and pale-red partings exist. Fossil 
burrows and trails on bedding planes, abundant Receptaculites, trilobites, 
brachiopods and pelmatozoan stems are common to abundant. Middle limestone 
part forms slopes and is about 142 m thick. Lower limestone part consists of 
limestone, subordinate dolomite, shale, siltstone, and abundant nodules and 
discontinuous layers of dusky-yellowish-brown (weathered) chert. Limestone is 
medium gray to medium dark gray (fresh) and light gray to grayish orange 
(weathered), mottled to shades grayish orange and yellowish gray, aphanic to 
coarsely crystalline, and thin bedded. Beds consist of 2-15-mm-thick alternating 
layers of micritic and fossiliferous intraclastic limestone. Shaly limestone and 
fissile shale partings are common and as thick as 1 m; shaly limestone is 
medium dark gray (fresh) and pale yellowish brown (weathered). Ripple marks 
occur on some bedding planes. Basal part of lower limestone member consists 
of dolomite beds that are olive gray (fresh), yellowish gray (weathered), 
aphanic, thin bedded, arenaceous, mottled and bioturbated. Fossils in lower 
member include brachiopods, trilobites, pelmatozoan stems, gastropods, and 
oncoids. Lower member forms ledgy cliffs and is 213 m thick. Pogonip Group 
is about 575 m thick
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■Cdv Desert Valley Formation (Upper Cambrian)—Dolomite, divided into six informal 
members by Heckel and Reso based on a measured section in this quadrangle 
(P.H. Heckel, written commun., 1987). In descending order these members are 
the orange dolomite, light dolomite, variegated limy, upper dark dolomite, 
white band, and lower dark dolomite members. The orange dolomite member 
was included within the Pogonip Group for mapping purposes. Light dolomite 
member includes dolomite, medium gray (fresh), light olive gray (weathered), 
medium ciystalline, sugary, thin to thick bedded and has planar bedding-parallel 
to wavy laminations, and small-scale trough crossbeds. Abundant discontinuous 
layers, stringers, and nodules of bluish-gray to medium-gray (fresh) and 
moderate brown to dusky yellowish brown chert (weathered) occur. Vugs lined 
with coarsely recrystallized white dolomite are common. About 125 m above 
base is a 15-m-thick zone of dusky-yellow (weathered), aphanic, intraclastic 
dolomite, which is trough crossbedded, mottled, and cherty. Intraclasts are 
micritic and angular. Member contains sparse stromatolitic zones, forms 
massive cliffs, and is about 263 m thick. Variegated limy member includes 
limestone, medium gray to medium dark gray (fresh), and dark yellowish 
orange (weathered), and mostly aphanic. Beds contains wavy and planar 
bedding-parallel laminations and are highly mottled and bioturbated. Beds of 
fossiliferous intraclastic limestone are 1-3 cm thick and abundant; intraclasts are 
micritic, subangular, and as much as 3 cm long. Oolitic, trough-crossbedded 
limestone is veiy abundant in upper part. Discontinuous stringers and nodules 
of moderate-brown to dark-brown (weathered) chert are abundant throughout the 
member. Trilobite fragments, brachiopods, oncoids, and trace fossils are 
common. Member weathers to a less resistant, ledgy slope and is about 17 m 
thick. Upper dark dolomite member includes dolomite, medium dark gray 
(fresh), medium light gray (weathered), medium crystalline, and thin to thick 
bedded with bedding-parallel laminations, and mottled to light and dark shades 
of gray. Streaks of coarsely recrystallized white dolomite are abundant, 
moderate-brown to dusky-yellowish-brown (weathered) chert nodules occur 
locally, and oncoids and brachiopods are sparse. Member forms ledgy cliffs and 
is about 107 m thick. White band member is dolomite, light gray, medium 
ciystalline, sugaiy, thick bedded, contains common vugs and streaks lined with 
coarsely reciystallized white dolomite. Member forms massive cliffs and is 
about 2 1  m thick. Lower dark dolomite member is dolomite, medium gray 
(fresh), light olive gray (weathered), aphanic to medium ciystalline, laminated 
to thick bedded with planar bedding-parallel and wavy laminations, and sparse 
trough crossbeds; mottled to shades of light and dark gray,. Discontinuous 
stringers and nodules of dark-brown-weathering chert and streaks and vugs lined 
with coarse recrystallized white dolomite are common. Abundant oncoids, less 
common stromatolites, brachiopods, and pelmatozoan stems. Member forms 
massive cliffs and is about 156 m thick The total thickness of the Desert Valley 
Formation is about 564 m
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Cd Dunderberg Shale (Upper Cambrian)—Limestone and subordinate interbedded
shale and siltstone. Limestone is medium gray (fresh), and moderate brown, 
moderate yellowish brown and dark yellowish brown (weathered). In the upper 
part of the unit, limestone is aphanic, mottled, and bioturbated; contains 
interbeds of light-brown, calcareous, fissile shale and black, linguloid 
brachiopods. In the lower part of the unit, limestone is medium to coarse 
crystalline, very thin bedded, and characteristically flaggy; locally it contains 
abundant interbeds of very thin bedded to laminated pale-red to medium-gray 
siltstone. Trilobite fragments are abundant throughout. Formation forms slopes 
and is 76 m thick

-€h Highland Peak Formation (Middle and Upper Cambrian)—Correlates with upper
informal dolomite member in the Delamar 3 SW quadrangle (Page and others, 
1990). Alternating layers of medium gray and light olive gray weathering 
dolomite that appears banded from a distance. Dolomite is mostly medium 
crystalline and sugary, but becomes aphanic toward the base. Beds range from 
0.1-1.0 m thick, and contain parallel bedding-parallel laminations. Stylolites 
are abundant. The Highland Peak Formation forms cliffs, and is about 200 m 
thick; its base is not exposed
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Contact

High-angle normal fault—Showing dip (barbed arrow) and trend and plunge of
lineation (diamond-shaped arrow). Dashed where approximately located; dotted 
where concealed. Bar and ball on downthrown side

Strike- or oblique-slip fault—Arrows show relative direction of lateral offset. 
Dashed where approximately located; dotted where concealed

Low-angle normal fault—Below landslide and gravity-slide complex. Sawteeth on 
upper plate. Dashed where approximately located; dotted where concealed. 
Stippled pattern on upper plate

111 I LL

I
Fault scarp—Hachures on downthrown side where scarp is partially covered by 

younger surficial unit

Dome

Strike and dip of sedimentary beds and of compaction foliation of ash-flow tuffs

Inclined

®  Horizontal

cfi Vertical
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DESCRIPTION OF MAP UNITS

[Ages of surficial units have not been determined by absolute dating techniques; ages are estimates based 
on field observations of degree of soil development and local surface dissection. The stage of carbonate 
development reported for soils is a visual estimate using standards defined by Gile and others (1966). 
Where a veneer of a younger unit masks but does not completely conceal the underlying unit, a 
fractional symbol is used (Qes/Qaw). Surficial and bedrock unit colors are from the Rock-Color Chart 
(Rock-Color Chart Committee, 1951). Descriptions of volcanic units are based largely upon 
megascopic identification and estimates of phenocryst abundances, except where noted by reference]

Qal Alluvium (late Holocene)—Pale-yellowish-brown to grayish-orange sand, gravelly 
sand, and gravel; unconsolidated to weakly consolidated, poorly sorted, and 
poorly bedded. Gravel is angular to well-rounded clasts of ash-flow tuff, lava, 
limestone, dolomite, and sandstone. Clasts are mostly cobble and pebble size; 
in the large wash that drains the east-central part of the quadrangle, rounded 
boulders 1-1.5 m in diameter are common. Unit forms channel and flood-plain 
deposits of active washes. Along Pahranagat and Kane Springs Washes, 
deposits are largely sand; in smaller washes, gravelly sand and gravel are more 
abundant. In the southern part of Pahranagat Wash, deposits locally include 
beds of silt. Surface of unit is commonly smooth in large washes and bar-and- 
swale topography common in smaller washes and in most active channels. No 
soil observed. Unit ranges from 0 to thicker than 3 m

Eolian deposits

Qed Sand dunes (Holocene)—Pale-yellowish-brown sand; moderately to well well sorted, 
unconsolidated, nonbedded; chiefly medium sand and minor silt that form small 
vegetation-stabilized dunes near the southwest comer of the quadrangle. No soil 
observed. Unit ranges from 0 to 8  m thick

Qes Sand sheets (Holocene)—Pale-yellowish-brown sand, unconsolidated, moderately
well sorted, nonbedded. Chiefly medium sand containing sparse cobbles and 
pebbles and minor amounts of silt. Chiefly wind-transported sand derived from 
channels of Pahranagat and Kane Springs Washes and containing gravel 
reworked from underlying alluvium by flooding and bioturbation. Unit forms 
discontinuous thin deposits on terraces and fans adjacent to Pahranagat and Kane 
Springs Washes. Surface smooth to hummocky. No soil observed. Unit ranges 
from 0 to 3 m thick
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Qae Alluvium (early Holocene and late Pleistocene)—Yellowish-brown to grayish- 
orange sand, gravelly sand, and gravel; poorly to well sorted, moderately 
bedded to poorly bedded, weakly consolidated to unconsolidated. Gravel 
consists of angular to rounded clasts of ash-flow tuff, lava, limestone, dolomite, 
and sandstone. Unit forms steep bouldery fans in the northwest quarter of the 
quadrangle, sand and gravel inset fans and terrace deposits along small washes, 
sand and gravelly sand terrace deposits along small washes, as well as along 
Pahranagat and Kane Springs Washes. Deposits commonly stand 1-2 m above 
active washes. Surface of deposits are smooth on terraces and low-gradient inset 
fans; near heads of larger fans, bar-and-swale topography and patches and trains 
of 1- to 2-m-diameter boulders are common. A weakly developed stone 
pavement is locally present; a few surface clasts have poorly developed rock 
varnish. Soil development in the unit consists of a thin sandy vesicular A 
horizon, a thin B horizon with no observed color changes, and a 0.5-m-thick C 
horizon with stage I carbonate development. Unit ranges from 0 to greater than 
4 m thick

Qc Colluvium (Holocene and Pleistocene)—Unconsolidated to moderately consolidated
debris consisting chiefly of talus; angular pebble- to boulder-sized clasts, and 
minor amounts of silt and sand. Colors are inherited from bedrock source.
Unit is generally nonbedded and locally cemented by secondary carbonate 
minerals; occurs along base of steep slopes developed on Tertiaiy volcanic 
rocks. No soil observed. Thickness unknown

QTu Surficial deposits, undivided (Holocene to Pliocene?)—Includes alluvium (Qal),
sheet sand deposits (Qs), colluvium (Qc), alluvium (Qae), alluvium of Jumbo 
Wash (Qaj), alluvium of Willow Springs (Qaw), alluvium (QTa), and sandstone 
(Tss). Shown in cross section only
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Qms Marsh and spring deposits (Holocene and Pleistocene)—Interbedded silt,
mudstone, limestone, sand, and calcareous sand. Silt, pale-yellowish-orange, 
poorly bedded, unconsolidated to weakly consolidated, calcareous; locally 
includes scattered to abundant irregular calcareous concreations. Mudstone, 
pale-greenish-yellow to pale-olive, calcareous, moderately well compacted; no 
bedding observed; locally contains irregular calcareous concretions. Limestone, 
veiy light gray to yellowish-gray, hard; occurs in irregular beds 0.3 to 1.3 m 
thick that weather to a very rough surface; forms resistant ledges. Sand, 
yellowish-orange, moderately bedded, unconsolidated, mostly fine; includes a 
few beds of medium-dark-gray carbonaceous sand. Calcareous sand, white to 
veiy light gray, unconsolidated, non bedded; consists chiefly of sand- and silt
sized particles of calcite and contains minor amounts of detrital sand and silt; 
includes common to abundant irregular calcareous nodules that litter weathered 
surfaces. Map unit is exposed only near the southwest comer of the quadrangle 
where it weathers to form a series of gently sloping terrace-like surfaces that 
step down toward Pahranagat Wash. Each surface has formed on a resistant 
limestone ledge. Unit deposited in an area of ground-water discharge where 
alluvial silt and sand were probably trapped by a dense grownth of vegetation in 
wet meadows and ponds. The beds of calcareous sand probably precipitated 
from carbonate-rich spring water. Exposures south of the quadrangle suggest 
spring discharge occured along north-northeast-trending faults. Minor springs 
and seeps are present in the area to the south. Maximum exposed thickness 
about 25 m

Qaj Alluvium of Jumbo Wash (middle Pleistocene)—Named for deposits along and near 
Jumbo Wash in the Gregerson Basin quadrangle, 20 km to the northeast (Scott 
and others, 1990). Pale-yellowish-brown to grayish-orange gravel and gravelly 
sand; weakly consolidated, poorly to moderately sorted, and poorly to 
moderately bedded. Gravel is angular to subrounded clasts of limestone, 
dolomite, sandstone, ash-flow tuff, and lava commonly less than 0.5 m in 
diameter. Unit forms small inset fans and fan remnants. Surfaces of fan 
deposits are smooth and have a loosely packed stone pavement; a dull brown 
rock varnish occurs on some surface clasts. Soil consists of a 2- to 4-cm-thick 
silty sand vesicular A horizon, a weak cambic B horizon, and a 0.5-m-thick C 
horizon that typically has stage II carbonate development in the upper part.
Unit commonly stands 2 to 4 m above active washes. Unit distinguished from 
alluvium of Willow Spring (Qaw) chiefly on lower topographic position and 
weaker soil development. Unit thickness ranges from 0 to more than 4 m
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Qt3 Terrace deposits (middle Pleistocene)—Pale-yellowish-brown to yellowish-orange 
gravel, gravelly sand and sand; weakly consolidated, moderately sorted, and 
moderately bedded. Gravel is subrounded to well-rounded clasts of limestone, 
dolomite, sandstone, ash-flow tuff, and lava commonly less than 0.5 m in 
diameter. Unit forms small terrace remnants along Pahranagat and Kane 
Springs Washes. Surfaces typically have a tightly packed stone pavement; some 
surface clasts have a dull brown rock varnish. Soil typically has a 2- to 4-cm- 
thick silty sand vesicular A horizon, a weak cambic B horizon, and a 0.5-m- 
thick C horizon that has stage II carbonate development in the upper part. Unit 
correlates with the alluvium of Jumbo Wash. Thickness ranges from 0 to more 
than 4 m

Qaw Alluvium of Willow Spring (middle Pleistocene)—Named for deposits near Willow 
Spring in the Delamar 3 SE quadrangle adjacent to the east (Swadley and others, 
1990). Pale-yellowish-brown to moderate-orange-pink gravel and gravelly 
sand; weakly to moderately consolidated, poorly sorted to moderately sorted, 
and poorly to moderately bedded. Gravel consists of angular to subrounded 
clasts of limestone, dolomite, ash-flow tuff, lava, and sandstone, commonly less 
than 2  m in diameter. Near the heads of steep fans in the northwest quarter of 
the quadrangle, boulder trains containing 2- to 3-m-diameter boulders are 
common. Unit forms gravel and gravelly sand fans and inset fans flanking most 
bedrock ridges. Surfaces of deposits generally are smooth, a tightly packed 
stone pavement is typical; surface clasts have a dull to shiny dark-brown rock 
varnish. Depositional fan surfaces are largely intact; where fans are dissected, 
dissection is by sharp, v-shaped washes. Unit typically stands 2 to 6  m above 
active washes. At one exposure, unit includes at the base a discontinuous white, 
fine-grained, vitric ash bed 1.1m thick. Soil typically consists of 2- to 4-cm- 
thick clay, sand, and silt vesicular A horizon, a light-brown to dark-yellowish- 
orange B horizon, and 1-m-thick K horizon with stage ID carbonate 
development. At many exposures the B horizon is not preserved. Unit ranges 
from 0  to thicker than 1 0  m

Qt2 Terrace deposits (middle Pleistocene)—Pale-yellowish-brown sandy gravel and 
gravelly sand; weakly to moderately consolidated, poorly to well sorted ,and 
moderately bedded. Gravel consists of subrounded to well-rounded clasts of 
limestone, dolomite, ash-flow tuff, lava, and sandstone. Unit forms terrace 
remnants along the valleys of Pahranagat and Kane Springs Washes. Surfaces of 
deposits generally are smooth and have a tightly packed stone pavement; surface 
clasts commonly have a dull to shiny dark-brown rock varnish. Soil consists of 
a sandy vesicular A horizon and a 1-m-thick K horizon that has stage HI 
carbonate development. No B horizon was observed. Unit typically stands 3-5 
m above active washes. A thin discontinuous layer of loose eolian sand is 
common on the terrace surface. Unit correlates with the alluvium of Willow 
Spring (Qaw). Thickness ranges from 0 to 5 m
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Qae Alluvium of Coyote Spring Valley (middle Pleistocene)—Named for deposits in 
Coyote Spring Valley in the southern part of the quadrangle. Pale-yellowish- 
brown to moderate-orange-pink gravel and gravelly sand; weakly to moderately 
consolidated, poorly to moderately sorted, and poorly to moderately bedded. 
Gravel consists of angular to subrounded clasts of limestone, dolomite, ash-flow 
tuff, lava, and sandstone commonly less than 1.5 m in diameter. Unit forms 
two large fans in the southern part of the quadrangle. Along the southeast edge 
of the fan that occupies most of Coyote Spring Valley, unit locally overlies an 
eroded surface cut on unit QTa; Qae and QTa were not mapped separately in 
this area because of poor exposures. Where well exposed, the Qac-QTa contact 
is marked by 1-2 m of bouldery lag gravel of reworked QTa. In the large fan 
west of Pahranagat Wash, unit Qae in part overlies a pediment surface cut on 
unit Qst. Surfaces of Qae are smooth and have some rounding at eroded edges; 
depositional surface of fans is largely intact but minor, shallow washes have 
developed within areas of unit Qae. A tightly packed stone pavement is typical; 
surface clasts have a dull to shiny dark-brown rock varnish. Unit typically 
stands 6-15 m above active washes. Soil typically consists of a 5- to 6 -cm-thick 
clay, silt, and sand vesicular A horizon overlying a 1- to 1.5-m-thick K horizon 
that has stage HI carbonate development. No B horizon was observed. Unit 
distinguished from unit Qaw by higher topographic position and increased 
amount of dissection. Thickness ranges from 0 to more than 20 m

Qtl Terrace deposits (middle Pleistocene)—Pale-yellowish-brown gravel and gravelly 
sand; poorly to moderately consolidated, moderately sorted, and moderately 
bedded. Gravel consists of subrounded to well-rounded clasts of limestone, 
dolomite, ash-flow tuff, lava, and sandstone commonly less than 0 . 6  m in 
diameter. Unit forms terrace remnants along the valleys of Pahranagat and Kane 
Springs Washes. Surfaces generally are smooth and have a tightly packed stone 
pavement; surface clasts commonly have a dull to shiny dark-brown rock 
varnish. Soil typically consists of a sandy vesicular A horizon overlying a 1-m- 
thick K horizon with stage IH carbonate development. No B horizon was 
observed. Unit commonly stands 12-16 m above active washes and about 3 m 
above deposits of unit Qt2. A layer of loose windblown sand generally less than 
1 m thick is common on the terrace surfaces. Unit correlates with alluvium of 
Coyote Spring Valley. Deposits range from 0 to 20 m thick
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Qst Silt deposits (Pleistocene)—Silt and fine sand with minor interbeds of sand, gravelly 
sand, mudstone, and ash. Interbedded silt and fine sand, pale-yellowish-orange, 
thin- to medium-bedded, moderately to well sorted, unconsolidated to weakly 
consolidated, calcareous; some beds contain gypsum and exhibit a white stain 
and small selenite crystals on weathered surface. Sand and gravelly sand, 
chiefly fine to medium, pale-yellowish-orange to yellowish-orange, thin- to 
medium-bedded, locally crossbedded, calcareous. Clasts in gravelly sand are 
angular to subrounded granules and small pebbles of volcanic rocks. Locally, 
exposures of unit that are overlain by carbonate-rich alluvial fan gravels are 
weakly to moderately cemented by calcite. Mudstone, pale-greenish-yellow, 
calcareous, moderately consolidated, nonbedded; locally contains abundant 0.5- 
to 1.5-cm planispiral gastropods. At two localities map unit includes a 30- to 
40-cm-thick fine-grained white vitric ash. Exposures of map unit near U.S. 
Highway 93 (NW 1/4 sec. 13, R. 62 E., T. 10 S.) include laminated calcareous 
veins and cylindrical spring vents. The veins are vertical, 3-10cm wide, have a 
total length of about 50 m, and have a northerly trend. Unit is locally overlain 
by a series of terrace deposits of cobble-boulder gravel deposited by Pahranagat 
Wash; deposits along the sides of Pahranagat Wash are overlain by local alluvial 
fans (units Qaw and Qae). The highest overlying terrace deposit stands 20 m 
above the modem channel of Pahranagat Wash and are correlated with unit Qae 
(middle Pleistocene). The Ethology of the unit, the presence of calcite veins and 
spring vents, and a moluscan fauna reported by Mifflin and Quade (1988) 
suggest deposition of the unit occurred in an area of ground-water discharge 
where fine-grained fluvial sediments were trapped by dense vegetation in the 
valley of Pahranagat Wash. The stratigraphie and age relations between this 
deposit and unit Qms are uncertain. Maximum exposed thickness about 20 m

QTa Alluvium (early Pleistocene and Pliocene?)—Grayish-brown to moderate-orange- 
pink gravel and sandy gravel; poorly sorted, moderately consolidated, and 
poorly bedded. Gravel consists of angular to subrounded clasts of limestone, 
dolomite, ash-flow tuff, lava, and sandstone commonly less than 2  m in 
diameter. Unit forms fan remnants adjacent to bedrock ridges. Surfaces of fans 
are dissected and have rounded interfluvial divides. Typical exposure has 
rubble-covered slopes littered with 1 - to 2 -m-diameter boulders and abundant 
pedogenic carbonate chips and small plates. A tightly packed stone pavement is 
common on gently sloping surfaces; pavement conforms to eroded surfaces. 
Some clasts typically have a dark-brown to black shiny rock varnish. Soil 
commonly has a 4- to 6 -cm-thick clay, silt, and sand vesicular A horizon 
overlying a 1- to 2-m-thick K horizon that has stage HI to IV carbonate 
development in the upper part. Exposures in the east part of the quadrangle 
show a series of buried paleosols in unit. Unit is 0 to more than 20 m thick
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Tfs Fluvial sand (early Pliocene?)—Moderate-reddish-orange sand, gravelly sand, and 
minor gravel; well consolidated, poorly to well sorted, moderately bedded.
Sand is chiefly coarse and contains scattered pebbles and lenses of pebbles and a 
few cobbles. Gravel is subangular to rounded, is poorly sorted, and largely 
consists of pebbles and cobbles and some boulders as much as 0.5 m in 
diameter; has sandy matrix. Unit is moderately cemented by carbonate 
minerals, and stringers of carbonate are common along bedding planes and 
fractures. Unit well exposed in a few cutbanks along Kane Springs Wash.
Many slopes are commonly covered by unmapped colluvium from overlying 
Quaternary alluvium. Large area of unit Tfs east of Kane Springs Wash is 
poorly exposed and forms rounded ridges covered with coarse colluvial gravel; 
pedogenic carbonate chips are common in the surface layer. Unit immediately 
overlies Muddy Creek Formation (early? Pliocene and late Miocene) south of 
the quadrangle and may represent aggradation during stream gradient 
adjustments within the Muddy Creek depositional basin following breaching by 
Colorado River drainage (D.L. Schmidt, U.S. Geological Survey, oral 
commun., 1989). Unit is 0 to more than 50 m thick

QTs Blocks and debris of gravity-slide complex (Pleistocene? to late Miocene)—
Mixture of coherent blocks and chaotic debris including landslide material; unit 
generally consists of blocks and debris of Tertiaiy and Paleozoic rocks. Debris 
is unconsolidated to moderately consolidated. Most parent rocks of blocks and 
debris are Tertiary volcanic rocks but in several places they are Paleozoic rocks. 
Generally unit grades downward from larger and more coherent blocks at the 
top through faulted and rotated blocks, to subrounded chaotic debris at the base; 
although the top of the unit locally contains relatively undisturbed blocks with 
stratal attitudes that are nearly consistent with those in areas surrounding unit 
QTs, blocks are commonly bounded laterally by more chaotic parts of the unit. 
Slide debris are commonly cemented by secondary carbonate. Slide unit 
commonly occurs near the base of steep slopes on the flanks of the high parts of 
the range. Thicknesses are as great as 90 m. (Where parent rock units in slide 
complex are mappable, they are identified with parent rock symbols and the 
symbol QTs is not used; where parent rock units are not mappable, the unit is 
designated by the symbol QTs. In both cases slide unit is shown on the map 
with stippled pattern.)

Kane Wash Tuff (Miocene)—Peralkaline to metaluminous ash-flow tuff sequence. 
Redefined by Scott and others (1993) to consist of two members
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Tkb Gregerson Basin Member—Mildly peralkaline rhyolite (comendite) to trachyte
(Novak, 1984; Novak and Mahood, 1986; and unpublished data) ash-flow tuff 
consisting of at least two nearly identical cooling units. Defined by Scott and 
others (1993) (also see Scott and others, in press) to be equivalent to members 
V2  and V3  of the Kane Wash Tuff of Novak (1984). The cooling units are not 
mapped separately because lithologie similarities make them indistinguishable 
and the cooling breaks are not traceable at all localities. Variations in degree of 
welding indicate that the lower cooling unit is a compound cooling unit. Where 
cooling breaks are traceable, they are shown as dashed contacts within the 
Gregerson Basin Member. Each cooling unit generally contains trachytic caps 
above upper, middle, and basal comenditic zones. Trachytic caps are partly 
vitric, partially welded, and pale brown; they commonly contain abundant 
cognate inclusions of scoriaceous trachyte that are noticeably darker than their 
matrices. Trachytic cap rock contains about 30 percent phenocrysts that consist 
of only a trace of quartz, almost exclusively of sanidine, and only a few percent 
hedenbergite, fayalite, acmite, opaque phases, and apatite. Trachytic caps range 
from 1 to more than 10 m thick and are commonly absent. The upper zones are 
devitrified, moderately to densely welded, and yellowish gray to light brownish 
gray in most places. Upper zones contain less than 10 percent highly flattened 
pumice fragments and have 0 - 2 0  percent lithophysal cavities that contain 
abundant vapor-phase crystals of amethyst and blocky mafic minerals (riebeckite 
and unidentified opaque phases). Upper zones contain about 20 percent 
phenocrysts that consist of 45 percent quartz, 53 percent sanidine, and 0.4 
percent partly altered hedenbergite, 0.7 percent partly altered fayalite, 0. 9 
percent ilmenite, and accessory zircon and perrierite or chevkinite ( 1  thin 
section, 440 phenocryst point counts). Upper zones range from 1 to about 30 m 
thick. The middle zones are partly devitrified, densely welded, commonly 
mottled pale blue, medium bluish gray, grayish green or pale yellowish brown 
where devitrified, and black where vitrophyres are locally developed. 
Vitrophyric middle zones contain about 10 percent phenocrysts that consist of 
about 30 percent quartz, 65 percent sanidine, and 5 percent partly altered 
hedenbergite, 2  percent partly altered fayalite, 1 percent ilmenite, and accessory 
zircon and perrierite or chevkinite. Partings parallel to the plane of compaction 
follow boundaries between layers of tuff a few cm thick that have phenocrysts 
abundances that range from 5 and 25 percent. Middle zones are generally 1-5 m 
thick. Basal zones are most commonly nonwelded to partially welded, are 
moderate orange pink to pale yellowish orange, contain less than 5 percent 
phenocrysts, and are 1-2 m thick. The K-Ar sanidine date for the lower cooling 
unit of the Gregerson Basin Member is 14.1 ±0.4 Ma (Novak, 1984), and the 
^ A r /^ A r  sanidine dates for the upper and lower cooling units of the 
Gregerson Basin Member are 14.39 ±0.28 and 14.55 ±0.14 Ma, respectively 
(L.W. Snee, written commun., U.S. Geological Survey, 1991). The cooling 
units form cliffs, and the cooling break between them have little or no 
geomorphic expression. The Gregerson Basin unit thins from about 40 m thick 
in the northeast part of the quadrangle to about 35 m thick in the north-central 
part
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Tkg Grapevine Spring Member—Metaluminous rhyolite to trachytic ash-flow tuff
(Novak, 1984; and unpublished data), consisting of one compound cooling unit. 
Defined by Scott and others (1993) (also see Scott others, in press) to be 
equivalent to member V j of Kane Wash Tuff of Novak (1984). Unit grades 
downward through four zones that locally include a poorly developed trachytic 
cap above upper, middle, and lower rhyolitic zones. The cap rock contains 
sparse dark scoriaceous trachytic cognate inclusions in a matrix that is slightly 
darker brown than lower zones. Cap rock contains about 25 percent phenocrysts 
that consist of a trace of quartz, about 80 percent sanidine, and about 2 0  percent 
opaque phases, some of which probably are altered fayalite. Cap rock is 
generally less than a few meters thick. The upper zone is devitrified, 
moderately to densely welded, and yellowish gray to light brownish gray.
Upper zone weathers to form a smooth-textured surface; this texture seems to be 
related to a relatively low abundance of phenocrysts (less than 1 0  percent). 
Upper zone contains few recognizable pumice fragments and contains no 
lithophysal cavities. Upper zone contains as much as 10 percent phenocrysts 
that consist of about 15 percent quartz, 80 percent sanidine, and 5 percent 
hedenbergite, fayalite, titano-magnetite, and ilmenite. Upper zone contains 
traces of lithic fragments and ranges from 0 to 5 m thick. The middle zone is 
devitrified, densely welded, and yellowish gray to light brownish gray and 
brownish gray. Middle zone weathers to form a rough-textured hackly surface; 
this texture seems to be related to a relatively high abundance of phenocrysts 
(about 20 percent). Middle zone contains few recognizable pumice fragments 
and 0 - 1 0  percent lithophysal cavities that have minor vapor-phase crystals of 
quartz and sparse garnet. The middle zone contains 17-25 (21) percent 
phenocrysts that consist of 18.5-26.5 (23) percent quartz, 78-70 (74) percent 
sanidine, 3.0-0.9 (2) percent partly altered hedenbergite, 0.6-1.2 (1) percent 
partly altered fayalite, 0.2-1.2 (0.7) percent titano-magnetite and ilmenite, and 
accessory zircon, sphene, and perrierite or chevkinite (2 sections, 493 and 340 
phenocryst point counts per thin section). A significant quantity of xenocrystic 
altered biotite and hornblende occurs, commonly attached to fragments of 
foreign groundmass. Middle zone contains about 0.8-1.4 (1) percent lithic 
fragments of volcanic rocks and is about 20-25 m thick. Lower zone grades 
downward from mottled grayish-brown, brownish-gray, and moderate-brown, 
party devitrified, densely welded, locally lithophysal tuff to pale-brown to dark- 
yellowish-brown nonwelded tuff. Sparse vitrophyres are characterized by 
grayish-orange-pink devitrification centers in a black vitric matrix. Highly 
lenticular local lithophysae are 2-4 cm in diameter in the plane of foliation. 
Phenocryst abundances generally decrease downward and range between 5 and 
15 percent phenocrysts in the lower zone. Lower zone ranges from 0 to 1 m 
thick. Unit forms cliffs and the cooling break between Grapevine Spring (Tkg) 
and Gregerson Basin (Tkb) Members forms a slight notch in cliffs. K-Ar 
sanidine dates for the Grapevine Spring Member are 14.0±0.4 and 14.2±0.4 
Ma (Novak, 1984), and a ^ A r /^ A r  sanidine date is 14.67±0.22 Ma (L.W. 
Snee, written commun., U.S. Geological Survey, 1991). Thickness of 
Grapevine Spring unit ranges from about 75 m along the east border of the 
quadrangle to about 5 m in the north-central part
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Tsmu

Tsml

Sunflower Mountain Tuff (Miocene)—Metaluminous rhyolite (Novak, 1984, and 
unpublished data) ash-flow tuff, consisting of a compound cooling unit that 
contains an upper more welded zone and a lower less welded zone. Rocks 
forming this unit were originally included in the Kane Wash Formation by Cook 
(1965); defined by Scott and others, (1993) (also see Scott and others, in press) 
to be equivalent to member W of the Kane Wash Tuff of Novak (1984). The K- 
Ar sanidine date for unit is 14.7±0.4 Ma (Novak, 1984). The combined 
thickness of the two zone varies between about 140 m in the northeast comer of 
the quadrangle and 70 m in the north-central part

Upper zone—Welded tuff, grading downward from partially welded, through 
moderately welded, to moderately to densely welded. Upper zone is devitrified, 
has a pale-red matrix, and contains moderate-orange to very pale orange altered 
blotches. Contains as much as 20 percent pumice fiamme as large as 15 cm in 
diameter in the plane of foliation and has indistinct lithophysae. Upper zone 
contains 11 percent phenocrysts that consist of 53 percent quartz, 43 percent 
sanidine, 2.7 percent partly altered hedenbergite, 0.5 percent partly altered 
fayalite, and 0.4 percent acmite, and a trace of opaque phases and zircon (1 
section, 220 phenocryst point counts). Acmite, hedenbergite, zircon and opaque 
phases form glomerocrysts. Xenocrystic biotite is present. Lithic fragments of 
volcanic rocks form as much as 30 percent of the rock, but are sparse in other 
parts of the zone. Map unit forms bold cliffs; a small notch or bench in the cliff 
above the map unit marks the base of the Grapevine Spring Member (Tkg) of 
the Kane Wash Tuff in most areas. The zone ranges in thickness from about 10 
m in the northeast to about 50 m in the north-central part of the quadrangle

Lower zone—Welded tuff, grading downward from partially welded tuff, 
through a slightly more moderately welded tuff, to a nonwelded tuff. The lower 
zone is devitrified and veiy pale orange to grayish orange. Pumice fragments 
form about 20 percent of the rock and range between 0.25 and 2 cm in diameter. 
Lower zone contains 6  percent phenocrysts that consist of 38 percent quartz, 54 
percent sanidine, 8  percent opaques that probably include altered hedenbergite 
and fayalite, and a trace of acmite ( 1  section, 2 0 0  phenocryst point counts). 
Volcanic lithic fragments are commonly as large as 1 cm in diameter and form 
about 1 0  percent of the rock; these rocks contain common plagioclase, biotite, 
and hornblende that also occur as xenocrysts in the tuff matrix. Lower zone 
forms distinct slopes. Map unit is as thick as 120 m in the northeast part of the 
quadrangle but thins to about 15 m along the north-central part
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Td Delamar Lake Tuff (Miocene)--Metaluminous rhyolite (R.B. Scott, unpublished 
data) ash-flow tuff, consisting of two simple cooling units. Rocks forming this 
unit were originally included in the Kane Wash Formation of Cook (1965); 
defined by Scott and others (1993) (also see Scott and others, in press) to be 
equivalent to member O of the Kane Wash Tuff of Novak (1984). The upper 
cooling unit is devitrified, nonwelded to moderately welded, and grayish pink to 
pale red. Pumice fragments as large as 4 cm in diameter in the plane of foliation 
form as much as 25 percent of the tuff. About 10 percent of the rock consists of 
phenocrysts that consist of about 50 percent quartz, 45 percent sanidine, and 5 
percent fayalite and other mafic minerals. The tuff contains about 2 percent 
volcanic lithic fragments. The lower cooling unit is devitrified, nonwelded to 
moderately welded, and grayish orange pink to pale red to light brownish gray. 
Pumice fiamme as large as 6  cm in diameter in the plane of the foliation form as 
much as 30 percent of the tuff. The rock contains 8  percent phenociysts that 
consist of 47.5 percent quartz, 41.5 percent sanidine, and 11 percent opaques 
that include altered fayalite and other mafic minerals (Novak, 1984). The tuff 
contains less than 3 percent volcanic lithic fragments. Both cooling units form 
slopes in their less welded zones and low cliffs where the degree of welding is 
greater. K-Ar sanidine date of the unit is 15.6 ±0.4 Ma (Novak, 1984). Map 
unit is about 2 0  m thick in the northeast part of the quadrangle but pinches out 
toward the south and west

Th Hiko Tuff (Miocene)—Rhyolitic ash-flow tuff consisting of one cooling unit grading
downward from a devitrified zone, through a locally developed vi trophy re, to a 
nonwelded base. The devitrified zone is eutaxitic, moderately welded, and 
mottled very light gray to light gray; pumice fiamme are lighter in color than 
the matrix. Pumice fiamme as large as 6  cm in diameter in the plane of foliation 
forms 15 percent of the rock, and lithophysae are commonly 4 cm in diameter 
parallel to foliation. Rock contains 35 percent phenocrysts that consist of 20 
percent very pale purple quartz, 15 percent sanidine, 50 percent plagioclase, 10 
percent biotite, and less than 5 percent hornblende, traces of pyroxene, several 
percent Fe-Ti oxides, and accessory sphene, apatite, and zircon. Scott and 
others (1988) found a greater abundance of mafic phenocrysts toward the top of 
the unit in the Delamar Lake quadrangle, as did R E. Anderson in southwestern 
Utah (written commun., 1992), suggesting that the unit was erupted from a 
compositionally zoned magma chamber. The tuff contains less than 2 percent 
lithic fragments consisting largely of argillite. The vitrophyre is partly glassy, 
eutaxitic, moderately to densely welded, and mottled medium gray to grayish 
black; pumice fiamme are darker than the matrix. The basal zone is vitric, 
nonwelded to partially welded, and very light gray; pumice clasts are white.
The Hiko Tuff forms crumbly but rugged cliffs and weathers to distinctive 
rounded knobby exfoliated surfaces in the devitrified zone; these knobs range 
between 1 and 4 m wide and 1 and 3 m high. A ^ A r /^ A r  sanidine date for 
the Hiko Tuff is 18.5 ±0.4 Ma according to Taylor and others (1989), but they 
suggest a better estimate of the age may be 18.6 Ma on the basis of additional 
data. The tuff ranges from 8  to 60 m thick in the northeast part of the 
quadrangle and from 10 to 25 m thick in the north-central part
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Thh Harmony Hills Tuff (Miocene)—Andesitic ash-flow tuff consisting of one cooling
unit grading downward from a partially welded upper zone, through a densely 
welded central zone, to a nonwelded basal zone. The map unit is phenociyst- 
rich, devitrified, and massive with crudely developed foliation. The moderately 
to densely welded zones of the tuff range between pale red where more 
weathered and light olive gray to pinkish gray where fresher. Pumice fragments 
are sparse. The rock contains 42-49 (47) percent phenocrysts consisting of 2-5 
(4) percent quartz, 0-8 (3) percent sanidine, 64-72 (6 8 ) percent plagioclase, 13- 
15 (14) percent biotite, 4.5-7.5 (6 ) percent hornblende, 0-2.5 (1.5) percent 
clinopyroxene, a trace of opaque phases, and accessory apatite and rare sphene 
(3 sections, 847, 920, and 980 phenociysts point counts per section). Lithic 
fragments form 2-6 (3.5) percent of the rock. The unit forms cliffs, the lower 
parts of which are commonly covered with colluvial debris derived from the 
Hiko Tuff (Th) and the Harmony Hills Tuff. A small bench underlain by light- 
colored nonwelded to partially welded tuff above the Harmony Hills Tuff marks 
the base of the Hiko Tuff. Five K-Ar ages by Armstrong (1970) and one by 
Noble and McKee (1972) average 21.6 Ma for the map unit; however, isotopic 
ages of 22.5-22 Ma for plutons and an ash-flow tuff that postdate the Harmony 
Hills Tuff in the Iron Springs District may provide a better age constraint 
(Rowley and others, 1989). Although the Harmony Hills Tuff, Bauers Tuff 
Member of the Condor Canyon Formation (Tcb), and the Leach Canyon 
Formation (Tic) were included in the Quichapa Group (Cook, 1957; Williams, 
1967; Anderson and Rowley, 1975), the group name will not be used here 
because the sources for the Harmony Hills Tuff and the Leach Canyon 
Formation have not been determined. The Harmony Hills Tuff ranges from 
about 60 m to 125 m thick in the northeast part of the quadrangle and from 
about 50 m to 85 m in the north-central part

Tpa Pahranagat Formation (Miocene)—Rhyolitic ash-flow tuff consisting of one simple
cooling unit grading downward from non welded, through partially welded, to 
nonwelded. Best and others (1989) called these rocks the Pahranagat Lakes Tuff 
in the first published account of their age, correlation, and description; Williams 
(1967) had previously recognized this ash-flow tuff. Subsequently, Scott and 
others (in press) have revised the name for these rocks to the Pahranagat 
Formation. Unit forms gentle slopes commonly covered by talus from the 
Harmony Hills Tuff (Thh). The ^ A r /^ A r  sanidine date of the tuff is
22.65 ±0.02 Ma (Deino and Best, 1988). The map unit is as thick as 35 m in 
the northeast part of the quadrangle but pinches out over local Miocene 
topographic highs

Condor Canyon Formation (Miocene)—Regionally the formation consists of two 
members, the Swett Tuff Member and the Bauers Tuff Member but in this 
quadrangle only the Bauers Tuff Member is present
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Tcb Bauers Tuff Member—Rhyolitic ash-flow tuff consisting of one simple cooling unit
grading downward from a light-brownish-gray to pale-red, moderately to 
densely welded devitrified zone through a brownish-gray, moderately welded 
vitrophyre, to a grayish-pink, partially to nonwelded basal zone. Pumice 
fiamme are generally less than 0.5 cm diameter in the plane of foliation and 
make up less than 5 percent of the rock. Phenociysts form 16-17 (17) percent of 
rock and include perhaps a trace of quartz, 33-45 (39) percent sanidine, 45-59 
(52) percent plagioclase, 5-7 (6 ) percent biotite, a trace of clinopyroxene, 2-3 
(2.5) percent opaque phases, and accessoiy apatite and zircon (2 sections, 325 
and 342 phenocryst point counts). Volcanic lithic fragments are generally less 
than 1 cm in diameter and form 0.5-1.5 percent of the rock. Unit forms a 
resistant ledge. The ^ A r /^ A r  sanidine date of 22.78 ±0.03 Ma for the tuff 
(Best and others, 1989) is in good agreement with its average K-Ar age of 22.7 
Ma (Scott and others, in press). The Bauers Tuff Member is locally absent over 
Miocene topographic highs and is a thick as 25 m in topographic lows in the 
east-central part of the quadrangle

Tls Limestone (lower Miocene or upper Oligocene)—Lacustrine limestone containing
disrupted algal plates. Limestone is veiy light gray to pinkish gray, medium 
grained, and recrystallized. Beds range from 0.1 to 2.5 m thick. Limestone 
occurs locally in northeast part of quadrangle where it is as thick as 7 m

T1 Leach Canyon Formation (Miocene)-Rhyolitic ash-flow tuff consisting of one
compound cooling unit grading downward from grayish-pink partially welded 
tuff, through grayish-orange-pink moderately welded devitrified tuff and locally 
developed grayish-black vitrophyre, to pinkish-gray nonwelded to partially 
welded tuff at the base. Pumice fragments are less than 0.5 cm in diameter and 
form less than 5 percent of the rock. Rock contains 12-23 (16) percent 
phenocrysts that consist of 17-29 (22) percent quartz, 25-41 (34) percent 
sanidine, 30-36 (34) percent plagioclase, 6 - 8  (7) percent biotite, a trace of 
hornblende, a trace of clinopyrxoene, 1.5-2.5 (2) percent opaque phases, and 
accessoiy sphene, zircon, apatite, and perrierite or chevkinite (3 sections, 329, 
428, and 468 phenocryst point counts per section). Volcanic lithic fragments 
form 1-3 (2) percent of the rock. Unit forms gentle, undulating slopes and 
poorly developed cliffs. Average age from a widely scattered suite of K-Ar 
dates for the unit is about 24.6 Ma, but a better age may be provided by the 
average of 23.8 Ma based on a coexisting sanidine and biotite pair (Armstrong, 
1970). The validity of Armstrong's K-Ar dates is supported by a new 
^A r/^^A r sanidine date of 23.8 Ma (Best and others, 1993). Map unit pinches 
out over local Oligocene topographic highs and is as thick as 50 m in 
topographic lows

Isom Formation (Oligocene)—Regionally the Isom Formation consists of three
formal members and possibly a fourth informal member; these are, in ascending 
order, the Blue Meadows Tuff Member, the Baldhills Tuff Member, an 
informally named tuff member of Hamlight Canyon, the Hole-in-the-Wall Tuff 
Member (Mackin, 1960; Anderson and Rowley, 1975; Scott and others (in 
press). Only the Baldhills Tuff Member is present in this quadrangle
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Tib Baldhills Tuff Member—Traychitic ash-flow tuff, consisting of a simple cooling 
unit grading downward from a moderate-orange-pink, moderately welded 
devitrified tuff, through a nearly ubiquitous, veiy dark red, brownish-black to 
grayish-red vitrophyre, to a pinkish-gray, nonwelded to partially welded tuff in 
the basal part. Pumice fiamme as large as 4 cm in diameter in the plane of 
foliation form about 5 percent of the rock. The rock contains 9 (9) percent 
phenocrysts that consist of 2-4 (3) percent quartz, 1-1.5 percent sanidine, 68-77 
(73) percent plagioclase, 0-1 (0.5) percent biotite, 9-17 (13) percent 
clinopyroxene, and 8-10 (9) percent opaque phases (2 sections, 200 and 202 
phenocryst point counts per section). Grains of quartz, sanidine, and biotite are 
suspected to be xenolithic by comparison with other units of the Isom Formation 
(Scott and others, in press). Lithic fragments as large as 2 cm in diameter form 
0.1-0 . 8  (0.4) percent of the rock. Flattened lithophysal cavities as great as 6  cm 
in diameter form about 10 percent of the rock. Flow lineations are common 
where member is draped over buried topography. The K-Ar plagioclase date of 
25.9±0.8 Ma (H.H. Mehnert, written commun, U.S. Geological Survey, 1990) 
for this unit is compatible with the age constraints for the Baldhills Tuff 
Member and the normal polarity and shallow inclination of the magnetization 
direction for this unit is similar to that of the Baldhills Tuff Member, as cited by 
Scott and others (in press). Unit forms a sharp cliffy ledge above the gentle 
slopes of the Monotony Tuff (Tm). Map unit pinches out over local Oligocene 
topographic highs and is as thick as 45 m in topographic lows

Tm Monotony Tuff (Oligocene)—Dacite ash-flow tuff consisting of a simple cooling
unit. Tuff is nonwelded to partially welded and veiy light gray to pinkish gray. 
Layers of bedded ash-fall tuff overlie ash-flow tuff. Pumice fragments are 
sparse in unit. Rock contains 11-16 (14) percent phenociysts that consist of 5-7 
(6 ) percent quartz, 9 (9) percent sanidine, 60-63 (61) percent plagioclase, 14-21 
(17) percent biotite, a trace of altered hornblende and calcite-replaced 
clinopyroxene, 6 - 8  (7) percent opaque phases, and accessoiy zircon, apatite, and 
allanite (2 sections, 218 and 327 phenocryst point counts per section). Lithic 
fragments form less than 0.5 percent of the rock. Unit forms gentle slopes. A 
K-Ar biotite date of 28.5±1.0 Ma (H.H. Mehnert, written commun., U.S. 
Geological Survey, 1990) falls within the range of errors of most other dates for 
the Monotony Tuff (Scott and others, in press), but the most precise date may 
be the ^ A r /^ A r  sanidine date of 27.3 ±0.03 Ma (Best and others, 1989).Map 
unit is absent over most of the quadrangle but is preserved at two localities in 
the west-central part where it is as thick as 18 m

Tc Conglomerate (middle Oligocene to Eocene?)—Conglomerate, derived from
Paleozoic limestone, dolomite, sandstone, quartzite, and chert, and subordinate 
limestone. Pale-red color of the conglomerate is imparted by the calcareous, 
slightly ferruginous cement. Oldest unit deposited on the angular unconformity 
above Paleozoic rocks. Conglomerate is locally present in Tertiaiy topographic 
lows where it is as thick as 75 m
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Dg Guilmette Formation (Upper and Middle Devonian)—Limestone, dolomite, and 
interbedded quartzite. The Guilmette Formation can be divided into three 
informal members, an upper limestone, a middle dolomite, and a lower dolomite 
and limestone. Upper limestone member is predominantly limestone and 
subordinate dolomite and quartzite. Limestone is medium dark gray (fresh), and 
medium gray to light olive gray (weathered), mostly aphanic to finely 
ciystalline, and thin bedded; unit contains several 0.5-1.0-m-thick 
stromatoporoid bistromes. Dolomite is medium dark gray to pale yellowish 
brown (fresh), and light olive gray to yellowish gray (weathered), arenaceous, 
aphanic to finely ciystalline, and thin bedded; planar bedding-parallel 
laminations. Some 1-m-thick beds of yellowish-gray, vuggy coarse 
reciystallized dolomite are present. Quartzite is dolomitic, medium gray 
(fresh), and light brown, moderate brown, and dusky yellowish brown 
(weathered), fine to medium grained, subrounded, and moderately well sorted. 
About 7 quartzite beds are present that range from 0.1 to 1.0 m thick and are 
generally trough crossbedded. Stromatoporoids, Amphipora, gastropods, 
brachiopods, and solitary corals are present in upper limestone member. Middle 
dolomite member is characteristically a stromatoporoidal biostromal dolomite. 
Dolomite is dark gray to medium dark gray (fresh), and medium gray to olive 
gray (weathered), finely crystalline and thin to massive bedded; has planar 
bedding-parallel laminations. Several zones of finely crystalline intraclastic- 
dolomite occur in the middle dolomite member; clasts are dark gray in contrast 
to a lighter gray matrix, range from 0.5-3.0 cm, and are subangular. 
Stromatoporoids are commonly reciystallized to coarse, yellowish-gray 
dolomite; Amphipora and brachiopods also common. Lower dolomite and 
limestone member consists of alternating beds of dolomite and limestone known 
as the "yellow bed" (Tschanz and Pampeyan, 1970), which marks the base of 
the Guilmette formation in southeastern Nevada. Dolomite is medium gray 
(fresh), and yellowish gray (weathered), argillaceous, fetid, aphanic, and thin 
bedded; some beds contain planar bedding-parallel laminations while others 
show convoluted bedding and bioturbation. Yellowish gray dolomite contains 
disseminated specks of limonite and birdseye structures. Limestone is medium 
dark gray to dark gray (fresh), and light olive gray, and medium gray to light 
gray (weathered), mostly aphanic, laminated to massive bedded, and fetid. 
Stromatoporoids are common in limestone beds. Guilmette Formation forms 
step-like ledgy cliffs and is approximately 417 m thick; top of formation not 
exposed. Total thickness of Guilmette in map area is estimated to be at least 
500 m
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Dsi Simonson Dolomite (Middle Devonian)—Dolomite, consisting of four informal
members, upper alternating, brown cliff-forming, lower alternating, and basal 
tan coarse members of Osmond (1954). The upper alternating member consists 
of dolomite, medium gray to medium dark gray (fresh), and medium light gray 
(weathered), aphanic to medium crystalline, thin to massive bedded, and has 
planar bedding-parallel laminations and sparse recrystallized stromatoporoids; 
commonly mottled to light and dark shades of gray. Upper alternating member 
forms ledgy cliff and is about 25 m thick. The brown cliff member forms 
massive cliffs of olive-black biostromal dolomite. Biostromal dolomite is 
medium dark gray (fresh), and olive black (weathered), finely to medium 
crystalline, and contains Thanmopora, Amphipora, stromatoporoids, and 
brachiopods. Stringocephalus brachiopods are present 3 m below top of 
member. Member also composed of medium light gray (fresh) and light olive 
gray (weathered), medium ciystalline, vuggy dolomite with some discontinuous 
beds of dusky yellowish brown chert; member is 41 m thick. Lower alternating 
member consists of alternating dark- and light-gray dolomite which weathers 
olive black to light olive gray, respectively. Light-gray dolomite is aphanic to 
finely ciystalline and contains mud-cracks; dark-gray dolomite is finely 
ciystalline. Both are thin bedded and have planar bedding-parallel laminations. 
Sparse reciystallized stromatoporoids, unidentified corals, and brachiopoods are 
present. Forms ledgy slopes and 103 m thick. Basal tan coarse member 
consists of arenaceous dolomite and interbedded dolomitic quartzite; these 
lithologies are locally gradational. Dolomite is medium light gray (fresh) and 
mottled light olive gray and yellowish gray (weathered), medium to coarsely 
crystalline, sugary, vuggy, and thin bedded with both wavy and bedding-parallel 
laminations. Dolomitic quartzite is medium gray (fresh) and moderate brown, 
light brown, and dusky yellowish brown (weathered), fine to medium grained, 
subrounded, and moderately sorted and thin bedded with bedding-parallel 
laminations and small-scale trough crossbeds. A 15-m-thick interval of this 
quartzite marks the base of the member, and is equivalent to the upper sandy 
member of the underlying Sevy Dolomite of Osmond (1962). Basal tan coarse 
member forms massive cliffs and about 76 m thick. Simonson Dolomite is abou 
247 m thick

Sevy Dolomite (Lower Devonian)—Consists of two members (Osmond, 1962); in 
descending order they include the cherty argillaceous member and dolomite 
member. Sevy Dolomite is about 235 m thick

Dseu Upper member—The cherty argillaceous member is olive-gray (fresh), and
moderate-yellowish-brown (weathered) dolomite that is aphanic, silty, very thin 
to thin bedded with planar bedding parallel laminations and conchoidal 
fracturing; also includes common discontinuous beds and nodules of olive-gray 
to light-gray smoky chert and local interbeds of very thin, wavy laminated, 
olive-gray (fresh) and moderate-yellowish-brown to dusky-red (weathered) 
dolomitic siltstone; forms ledgy slope and total thickness of member is 17 m
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Dsel Dolomite member—Dolomite, medium light gray (fresh), and light gray and light
olive gray (weathered), mostly aphanic, homogenous, dense, and thin to 
massive bedded with conchoidal fracturing and bedding-parallel laminations. 
Common interbeds of quartzite in upper part of lower member are light olive 
gray to medium gray (fresh), and moderate brown to dusky yellowish brown 
(weathered), dolomitic, fine grained, well rounded, and moderately well sorted. 
Beds range from 0.1 to 1 m thick and exhibit trough crossbedding. Forms ledgy 
cliff and is about 218 m thick

Laketown Dolomite (Upper and Middle Silurian)—Dolomite, divided into an 
upper dark-gray member, a middle light-gray member, and a lower dark-gray 
member. Laketown Dolomite is about 291 m thick

Slu Upper dark-gray member—Dolomite, dark gray (fresh), and medium dark gray
to light olive gray (weathered), finely ciystalline to slightly aphanic, and has 
highly abundant discontinuous layers and nodules of grayish black (fresh) and 
moderate-brown to dark-yellowish-orange and grayish-brown (weathered) chert. 
Upper member contains Favosites, unidentified silicified corals, pelmatozoan 
stems, and brachiopods. Upper dark-gray member forms cliffs and is about 30 
m thick

Sim Middle light-gray member—Dolomite, light gray to very light gray (fresh), and
yellowish gray (weathered), finely crystalline, sugaiy, and vuggy; some zones 
of aphanic dolomite occur near top, and occassional discontinuous layers and , 
nodules of dark brown weathering chert. Favosites, Halysites, unidentified 
corals, pelmatozoan stems, and brachiopods are present. Forms cliffs and is 
about 116 m thick

Sll Lower dark-gray dolomite—Dolomite, medium gray to medium dark gray
(fresh), and light olive gray (weathered), fetid, finely to medium ciystalline, 
thin to massive bedded, and contains planar bedding-parallel laminations and 
trough crossbeds. Common beds of moderate brown weathering chert. Lower 
member is more fossilierous than the upper and middle members; contains 
Favosites, Halysites, unidenifiable solitaiy corals, pelmatozoan stems, and 
brachiopods. Basal 10 m is medium-dark-gray, vuggy dolomite that forms 
massive cliffs. Forms cliffs and is about 145 m thick
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Oes Ely Springs Dolomite (Upper Ordovician)—Upper 24 m is distinctive light-olive-
gray to medium-olive-gray weathering aphanic dolomite that contains sparse 
brachiopod and pelmatozoan stem fragments. Majority of formation is 
dolomite, medium dark gray (fresh), olive gray, light olive gray and medium 
light gray (weathered), finely crystalline, thin to thick bedded, and planar 
bedding-parallel laminations. Common zones of discontinuous stringers and 
nodules of dark-brown-weathering chert and vugs and streaks lined with coarse 
recrystallized white dolomite. Fossils include Bighomia corals and other 
unidentified silicified corals, brachiopods, and pelmatozoan stems. Basal 6  m of 
formation consists of grayish red purple weathering, slightly arenaceous 
dolomite. Forms massive cliffs, has a dark gray to black color and craggy- 
texture from a distance, and is about 135 m thick

Oe Eureka Quartzite (Middle Ordi viciait)—Quartzite and friable sandstone, white
(fresh), moderate brown, moderate reddish brown, dark yellowish orange, and 
dusky yellowish brown (weathered), fine to medium grained, subrounded, and 
moderately well sorted; upper part is thin to massive bedded and lower part is 
very thin to thin bedded. Abundant 0.1- to 0.2-m-thick sets of tabular-planar 
crossbeds and less common small-scale trough crossbeds occur. Trace fossils 
occur locally on tops of beds. Forms cliffs and is 38 m thick
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Op Pogonip Group (Lower and Middle Ordovician)—Limestone and subordinate
dolomite, shale, siltstone, and sandstone. Three informal members recognized 
but not mapped; these consist of an upper limestone, a middle limestone, a 
lower limestone. Uppermost 30 m of upper limestone member is dolomite, 
medium dark gray (fresh), and light olive gray, pale red, light brown, and pale 
yellowish brown (weathered), finely crystalline, and thin to thick bedded. 
Limestone in upper member is medium gray to medium dark gray (fresh), and 
grayish orange (weathered), mottled light olive gray to yellowish gray, mostly 
aphanic, laminated to thin bedded, and bioturbated. Most beds consist of 5-15- 
mm-thick alternating layers of micritic and fossiliferous intraclastic limestone. 
Abundant pale-red shale and shaley limestone partings. Fossils include 
brachiopods, Lichenaria, Maculurites, Orthoceras, corals, trilobites, 
pelmatozoan stems, and oncoids; Receptaculites and sponges are common near 
base. Upper limestone part forms cliffs and is 220 m thick. Middle limestone 
part is generally more recessive than upper and lower limestone members, and 
consists of limestone, medium dark gray (fresh), and light olive gray, dusky 
brown, and grayish orange (weathered), aphanic to coarsely crystalline, 
characteristically very thin bedded, and intensely bioturbated. Beds consist of 
2 - 1 0 -mm-thick alternating layers of micritic and fossiliferous intraclastic 
limestone. Abundant grayish-red siltstone and pale-red partings exist. Fossil 
burrows and trails on bedding planes, abundant Receptaculites, trilobites, 
brachiopods and pelmatozoan stems are common to abundant. Middle limestone 
part forms slopes and is about 142 m thick. Lower limestone part consists of 
limestone, subordinate dolomite, shale, siltstone, and abundant nodules and 
discontinuous layers of dusky-yellowish-brown (weathered) chert. Limestone is 
medium gray to medium dark gray (fresh) and light gray to grayish orange 
(weathered), mottled to shades grayish orange and yellowish gray, aphanic to 
coarsely crystalline, and thin bedded. Beds consist of 2-15-mm-thick alternating 
layers of micritic and fossiliferous intraclastic limestone. Shaly limestone and 
fissile shale partings are common and as thick as 1 m; shaly limestone is 
medium dark gray (fresh) and pale yellowish brown (weathered). Ripple marks 
occur on some bedding planes. Basal part of lower limestone member consists 
of dolomite beds that are olive gray (fresh), yellowish gray (weathered), 
aphanic, thin bedded, arenaceous, mottled and bioturbated. Fossils in lower 
member include brachiopods, trilobites, pelmatozoan stems, gastropods, and 
oncoids. Lower member forms ledgy cliffs and is 213 m thick. Pogonip Group 
is about 575 m thick

Desert Valley Formation (Upper Cambrian)—Dolomite, divided into six 
informal members by Heckel and Reso based on a measured section in this 
quadrangle (P H. Heckel, written commun., 1987). In descending order these 
members are the orange dolomite, light dolomite, variegated limy, upper dark 
dolomite, white band, and lower dark dolomite members. The orange dolomite 
member was included within the Pogonip Group for mapping purposes. The 
Desert Valley Formation forms massive cliffs and is about 564 m thick
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•€dv5 Light dolomite member—Dolomite, medium gray (fresh), light olive gray
(weathered), medium crystalline, sugary, thin to thick bedded and has planar 
bedding-parallel to wavy laminations, and small-scale trough crossbeds. 
Abundant discontinuous layers, stringers, and nodules of bluish-gray to 
medium-gray (fresh) and moderate brown to dusky yellowish brown chert 
(weathered) occur. Vugs lined with coarsely recrystallized white dolomite are 
common. About 125 m above base is a 15-m-thick zone of dusky-yellow 
(weathered), aphanic, intraclastic dolomite, which is trough crossbedded, 
mottled, and cherty. Intraclasts are micritic and angular. Member contains 
sparse stromatolitic zones, forms massive cliffs, and is about 263 m thick

Cdv4 Variegated limy member—Limestone, medium gray to medium dark gray (fresh), 
and dark yellowish orange (weathered), and mostly aphanic. Beds contains 
wavy and planar bedding-parallel laminations and are highly mottled and 
bioturbated. Beds of fossiliferous intraclastic limestone are 1-3 cm thick and 
abundant; intraclasts are micritic, subangular, and as much as 3 cm long.
Oolitic, trough-crossbedded limestone is very abundant in upper part. 
Discontinuous stringers and nodules of moderate-brown to dark-brown 
(weathered) chert are abundant throughout the member. Trilobite fragments, 
brachiopods, oncoids, and trace fossils are common. Member weathers to a less 
resistant, ledgy slope and is about 17 m thick

Cdv3 Upper dark dolomite member—Dolomite, medium dark gray (fresh), medium 
light gray (weathered), medium crystalline, and thin to thick bedded with 
bedding-parallel laminations, and mottled to light and dark shades of gray. 
Streaks of coarsely recrystallized white dolomite are abundant, moderate-brown 
to dusky-yellowish-brown (weathered) chert nodules occur locally, and oncoids 
and brachiopods are sparse. Member forms ledgy cliffs and is about 107 m 
thick

€dv 2  White band m enber—Dolomite, light gray, medium ciystalline, sugaiy, thick
bedded, contains common vugs and streaks lined with coarsely recrystallized 
white dolomite. Member forms massive cliffs and is about 21 m thick

Cdvl Lower dark dolomite m enber—Dolomite, medium gray (fresh), light olive gray 
(weathered), aphanic to medium crystalline, laminated to thick bedded with 
planar bedding-parallel and wavy laminations, and sparse trough crossbeds; 
mottled to shades of light and dark gray,. Discontinuous stringers and nodules 
of dark-brown-weathering chert and streaks and vugs lined with coarse 
reciystallized white dolomite are common. Abundant oncoids, less common 
stromatolites, brachiopods, and pelmatozoan stems. Member forms massive 
cliffs and is about 156 m thick
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•Gd Dunderberg Shale (Upper Cambrian)—Limestone and subordinate interbedded
shale and siltstone. Limestone is medium gray (fresh), and moderate brown, 
moderate yellowish brown and dark yellowish brown (weathered). In the upper 
part of the unit, limestone is aphanic, mottled, and bioturbated; contains 
interbeds of light-brown, calcareous, fissile shale and black, linguloid 
brachiopods. In the lower part of the unit, limestone is medium to coarse 
crystalline, very thin bedded, and characteristically flaggy; locally it contains 
abundant interbeds of very thin bedded to laminated pale-red to medium-gray 
siltstone. Trilobite fragments are abundant throughout. Formation forms slopes 
and is 76 m thick

Highland Peak Formation (Upper and Middle Cambrian)—Dolomite and
limestone, divided into upper and lower informal members. The Highland Peak 
Formation forms cliffs and is approximately 460 m thick; base is not exposed

-Chu Upper member—Dolomite, characterized by alternating medium-gray- and light-
olive-gray (weathered) layers that appear "banded" from a distance. Dolomite is 
mostly medium ciystalline, but becomes aphanic toward the base. Beds range 
from 0 . 1 - 1 . 0  m thick, contain planar bedding-parallel laminations, and are 
mottled to light and dark shades of gray. Stylolites are abundant. Member 
forms massive cliffs and is about 300 m thick

Chi Lower m onber—Limestone and subordinate dolomite. Limestone is medium dark
gray (fresh), and light olive gray (weathered), partially mottled with "leopard- 
spotted" or "tiger-striped" patterns. Mottled parts of rock are dolomitized and 
are light olive gray, light brown, pale yellowish orange, and dark yellowish 
orange (weathered). Limestone is aphanic to finely ciystalline, and beds 
average 0 . 2  m in thickness with some laminated and thick bedded; commonly 
interbedded with less resistant 0 .2 -1 .0 -m-thick beds of light-gray- to white- 
weathering aphanic and very finely laminated dolomite. Discontinuous 
stringers, layers, and nodules of dusky-yellowish-brown-weathering chert are 
common throughout. Stromatolites are abundant in lower part. Member forms 
step-like ledges and is about 160 m thick



Contact—Direction and amount of dip shown by bar

High-angle normal fault—Showing amount of dip (barbed arrow) and trend and 
plunge of lineation (diamond-shaped arrow). Dashed where approximately 
located; dotted where concealed. Bar and ball on downthrown side

Normal fault superimposed on preexisting thrust fault—Bar and ball on
downthrown side of normal fault; sawteeth on upper plate of thrust. Dotted 
where concealed

Low-angle normal fault beneath upper plate—Hachures on upper plate. Dashed 
where approximatly located; dotted where concealed

Low-angle normal fault beneath gravity-slide complex—Sawteeth and stippled on 
upper plate. Dashed where approximately located; dotted where concealed

Fault scarp—Hachures on downthrown side where scarp is partially covered by
younger surficial unit. Triangle and number indicate height of scarpe in meters

Anticline—Dashed where approximately located; dotted where concealed

Strike and dip of sedimentary bed and of compaction foliation of ash-flow tuff

Inclined
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DESCRIPTION OF MAP UNITS

[Ages of surficial units have not been determined by absolute dating techniques; ages are estimates based 
on field observations of degree of soil development and local surface dissection. The stage of carbonate 
morphology reported for soils is a visual estimate using standards defined by Gile and others (1966). 
Colors of surficial and bedrock units are from the Rock-Color Chart (Rock-Color Chart Committee, 
1951). Identification of ash-flow tuff units is based on the volume percent of phenociysts as determined 
by modal analyses of thin sections. Where more than one thin section was counted for one unit, ranges 
and averages (in parentheses) of modal abundances of phases are given. Isotopic dates are reported with 
two sigma errors. Volcanic unit rock names are based on the chemical classification of Le Maitre 
(1989) and for peralkaline rhyolites on that of Macdonald (1974); unpublished chemical data are used 
except where source is referenced]

Qal Alluvium (late Holocene)—Grayish-orange to pale-yellowish-brown sand, gravelly 
sand, and gravel; unconsolidated to weakly consolidated, locally compacted, 
moderately well sorted to poorly sorted, massive to poorly bedded. Gravel 
consists of angular to subrounded clasts of ash-flow tuff, lava, limestone, 
dolomite, and sandstone. Unit forms large low-gradient modem fans, channel 
deposits of active washes, and small steep fans at the mouths of valleys cut into 
bedrock. West of Kane Springs Wash in the north half of the quadrangle and in 
the bottom of Kane Springs Wash, the unit consists chiefly of sand and gravelly 
sand; in the south half of the quadrangle west of the wash and along the flanks of 
the Meadow Valley Mountains, unit is chiefly gravel and gravelly sand and 
includes boulders commonly less than 1 m in diameter. Soil is limited to a 1-cm- 
thick sandy vesicular A horizon on some fans in areas characterized by minor 
deposition and erosion. Surface of unit is smooth on large fans and very 
irregular in washes and small steep fans. Exposed thickness of 0 to more than 3 
m is limited by depth of erosional dissection

Qs Sheet sand deposits (Holocene)—Pale-yellowish-brown sand; unconsolidated,
moderately well sorted, and nonbedded. Chiefly medium sand containing sparse 
pebbles and cobbles and minor amounts of silt. Unit consists largely of wind- 
transported sand derived from the channel of Kane Springs Wash and contains 
gravel reworked from underlying alluvium. Unit forms irregular deposits 
covering areas of unit Qae and terraces of the alluvium of Willow Spring (Qaw) 
along Kane Springs Wash. Surface smooth to slightly hummocky. No soil 
development observed. Thickness 0 to more than 3 m
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Qc Colluvium (Holocene and Pleistocene)—Unconsolidated to moderately consolidated 
talus or slope debris consisting chiefly of angular pebble- to boulder-sized clasts 
and minor amounts of silt and sand. Colors are inherited from bedrock source. 
Unit is generally nonbedded and locally cemented by secondary carbonate; found 
mainly along base of steep slopes. Local thicknesses are as great as 10 m

Qu Surficial deposits, undivided (Quaternary)—Includes alluvium (Qal), colluvium 
(Qc), alluvium (Qae), alluvium of Jumbo Wash (Qaj), and alluvium of Willow 
Springs (Qaw). Shown in cross section only

QTu Surficial deposits, undivided (Holocene to Pliocene?)—Includes alluvium (Qal), 
sheet sand deposits (Qs), colluvium (Qc), alluvium (Qae), alluvium of Jumbo 
Wash (Qaj), alluvium of Willow Springs (Qaw), alluvium (QTa), and sandstone 
(Tss). Shown in cross section only

Qae Alluvium (early Holocene and late Pleistocene)—Grayish-orange to yellowish-brown 
gravel, gravelly sand, and sand; unconsolidated to weakly consolidated, poorly 
to well sorted, and moderately well bedded. Gravel consists of angular to 
subrounded clasts of ash-flow tuff, lava, limestone, dolomite, and sandstone 
commonly less than 1 m in diameter. Unit forms steep gravel and gravelly sand 
fans and fan remnants along west side of the Meadow Valley Mountains, low- 
gradient sand and gravelly sand fans along the flanks of the Delamar Mountains, 
and sand and gravelly sand terrace deposits along Kane Springs Wash. Near the 
heads of some fans, unit includes patches and trains of boulders 1 - 2  m in 
diameter that are probably debris-flow deposits. Depositional surface of unit 
stands 1-2 m above active washes. Soil development on unit consists of a thin 
sandy vesicular A horizon, a B horizon that is the same color as the parent 
material, and a 0.5-m-thick C horizon with stage I carbonate. Surface of deposit 
is smooth on terraces and on parts of low fans; bar-and-swale topography is 
locally preserved near heads of larger fans. Weakly developed stone pavement 
locally present; a few surface clasts have weakly developed rock varnish.
Exposed thickness of 0 to more than 4 m is limited by depth of erosional 
dissection
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QTs Blocks and debris of gravity-slide complex (early Holocene? to late Miocene)—
Mixture of coherent blocks and chaotic debris including landslide material; unit 
generally consists of blocks and debris of Tertiary rocks. Debris is 
unconsolidated to well consolidated. Generally unit grades downward from 
larger and more coherent blocks near the top, through faulted and rotated blocks, 
to subrounded chaotic debris near the base; although the top of the unit locally 
contains relatively undisturbed blocks with strata! attitudes that are nearly 
consistent with those of areas surrounding unit QTs, attitudes of strata in 
volcanic blocks are more highly variable toward the base of unit. The more 
coherent parts of the unit commonly grade laterally into more chaotic parts. 
Chaotic parts are commonly cemented by secondary carbonate. Unit occurs near 
the base of steep slopes and on the flanks of high parts of the ranges particularly 
in localities where surrounding strata dip gently down slope. Thickness is as 
great as 120 m. (Where individual bedrock units in gravity slide complex are 
mappable, bedrock units are identified with unit symbols and the symbol "QTs" 
is not used; where indivdual rock units are not mappable, the unit is designated 
by the symbol "QTs")

Qaj Alluvium of Jumbo Wash (middle Pleistocene)—Unit named for deposits along and
near Jumbo Wash about 14 km to the north in the Gregerson Basin quadrangle 
(Scott and others, 1990a). Pale-yellowish-brown to grayish-orange gravel and 
gravelly sand; weakly consolidated, moderately well sorted to poorly sorted, and 
poorly to moderately well bedded. Gravel consists of angular to rounded clasts 
of ash-flow tuff, lava, limestone, dolomite, and sandstone commonly less than 
0.5 m in diameter. Unit forms minor fluvial terrace remnants and small inset 
fans mostly along larger washes. Soil consists of a 2- to 4-cm-thick silty sandy 
vesicular A horizon, a weak cambic B horizon, and a 0.5-m-thick C horizon that 
typically has stage II carbonate development in the upper part. Unit commonly 
stands 2-4 m above active washes. Surfaces of deposits are smooth with a 
loosely packed stone pavement; a dull-brown rock varnish occurs on some 
surface clasts. Thickness 0 to more than 5 m
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Qaw Alluvium of Willow Spring (middle Pleistocene)—Unit named for deposits near
Willow Spring in the northwest part of the quadrangle. Pale-yellowish-brown to 
moderate-orange-pink gravel, gravelly sand, and sand; weakly to moderately well 
consolidated, moderately well sorted to poorly sorted, and poorly to moderately 
well bedded. Gravel consists of angular to rounded clasts of limestone, 
dolomite, ash-flow tuff, lava, and sandstone, commonly less than 1 m in 
diameter; near the heads of large fans, fan surfaces are locally littered with 
patches of 1- to 2-m-diameter boulders deposited by debris flows. Unit forms 
gravelly sand and sand terrace remnants along Kane Springs Wash, sandy gravel 
fan remnants along the east flank of the Delamar Mountains, and gravel fans 
along the Meadow Valley Mountains. Fans of this unit commonly are inset into 
fans of Pliocene(?) and early Pleistocene alluvium (QTa). Soil typically has a 4- 
to 6 -cm-thick clayey, sandy, and silty vesicular A horizon, a cambic to slightly 
clayey B horizon that is preserved in a few places, and a 1- to 1.5-m-thick 
carbonate horizon that is commonly stage II to HI in the upper half. Along 
most of the west flank of the Meadow Valley Mountains, fans consist chiefly of 
limestone and dolomite clasts, and there the carbonate horizon is as much as 2  m 
thick; the upper part weathers to form slabs of strongly cemented limestone and 
dolomite gravel 30-60 cm thick. Surfaces of deposits generally are smooth, and 
a tightly packed stone pavement is typical; surface clasts have a dull to shiny 
dark-brown rock varnish. Depositional surface of fans largely intact; where fans 
are dissected, dissection is chiefly by sharp v-shaped washes. Unit typically 
stands 2-6 m above active washes and is as thick as 5 m

QTa Alluvium (early Pleistocene and Pliocene?)—Grayish-brown to moderate-orange- 
pink gravel and sandy gravel; moderately well consolidated, poorly sorted, 
poorly bedded, and weakly to well cemented with secondary carbonate. Gravel 
consists of angular to subrounded clasts of limestone, dolomite, ash-flow tuff, 
lava, and sandstone commonly less than 2 m in diameter. Unit forms large, 
gravel fans along the west side of the Meadow Valley Mountains and at the south 
end of the Delamar Mountains. Surfaces of fans are dissected and have rounded 
interfluvial divides. Well exposed only in cut banks along active washes; typical 
exposure has rubble-covered slopes littered with 1 - to 2 -m-diameter boulders and 
abundant pedogenic carbonate chips. Soil developed on unit commonly has a 4- 
to 6 -cm-thick clayey, silty, and sandy vesicular A horizon overlying a 1- to 2-m- 
thick K horizon that has stage HI and IV carbonate development in the upper 
part. Fans along the Meadow Valley Mountains, where the alluvial gravel 
consists largely of limestone and dolomite clasts, have carbonate-enriched soil 
horizons more than 2 m thick, the upper half of which is stage IV carbonate. 
These carbonate horizons weather to large blocks of well cemented carbonate 
gravel. Steep erosional slopes on the fan 7.2 km northwest of the southeast 
comer of the quadrangle locally expose a sequence of four buried paleosols, 
indicating that unit QTa spans several periods of deposition separated by stable 
soil-forming periods. Surface soil commonly conforms to eroded surface. A 
tightly packed stone pavement is common on gently sloping surfaces; pavement 
conforms to eroded surfaces; surface clasts of siliceous rocks typically have a 
dark-brown to black shiny rock varnish. Unit is 0 to more than 75 m thick
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Tss Sandstone (Pliocene and latest Miocene)—Grayish-brown and pale-yellowish-brown 
volcanic sandstone; moderately to well consolidated, moderately sorted, 
moderately well bedded, massively to thinly bedded, and locally cemented. Unit 
contains subangular to angular pebbles to boulders of Hiko Tuff (Th) and 
Harmony Hills Tuff (Thh) as large as 1 m in diameter. Although unit probably 
formed fans in early precursor of the Kane Springs Valley, present steep dips 
reflect tectonic disturbance. The unit is exposed only in two steep v-shaped 
washes on the northwest flank of the Meadow Valley Mountains under alluvium 
(units Qaw and QTa) that has been dissected; the map unit is the youngest unit 
tilted at the same attitude as the underlying Miocene ash-flow tuffs. A 3-m-thick 
light-gray vitric ash is present within the sandstone in the northern of the two 
exposures. On the basis of correlation of this ash with tephra of similar major- 
element chemical composition erupted from the Yellowstone-Snake River Plain 
area, a preliminaiy estimate of the age of this ash is between 4.3 and 5.4 Ma 
(Andrei Sama-Wojcicki, written commun., 1992). Only a thickness of about 7 
m is exposed in the washes, but as much as 90 m of the unit probably exist 
beneath the cover of alluvium

Kane Wash Tuff (Miocene)—Peralkaline to metaluminous ash-flow tuff sequence. 
Redefined by Scott and others (1993) to consist only of two members that were 
derived from the Kane Springs Wash caldera 5.5 km north of this quadrangle
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Tkb G rie rso n  Basin M onber—Mildly peralkaline rhyolite (comendite) to trachyte 
(Novak, 1984; Novak and Mahood, 1986; and unpublished data) ash-flow tuff 
consisting of at least two nearly identical cooling units. Defined by Scott and 
others (1993) (also see Scott and others, in press) to be equivalent to members 
V2  and V3  of the Kane Wash Tuff of Novak (1984). The cooling units are not 
mapped separately because lithologie similarities make them indistinguishable 
and the cooling breaks are not traceable at all localities. Variations in degree of 
welding indicate that the lower cooling unit is a compound cooling unit. Where 
cooling breaks are traceable, they are shown as dashed contacts within the 
Gregerson Basin Member. Each cooling unit generally contains trachytic caps 
above upper, middle, and basal comenditic zones. Trachytic caps are partly 
vitric, partially welded, and pale brown; they commonly contain abundant 
cognate inclusions of scoriaceous trachyte that are noticeably darker than their 
matrices. Trachytic cap rock contains about 30 percent phenociysts that consist 
of only a trace of quartz, almost exclusively of sanidine, and only a few percent 
hedenbergite, fay alite, acmite, opaque phases, and apatite. Trachytic caps range 
from 1 to more than 10 m thick and are commonly absent. The upper zones are 
devitrified, moderately to densely welded, and yellowish gray to light brownish 
gray in most places. Upper zones contain less than 10 percent highly flattened 
pumice fragments and have 0 - 2 0  percent lithophysal cavities that contain 
abundant vapor-phase crystals of amethyst and blocky mafic minerals (riebeckite 
and unidentified opaque phases). Upper zones contain about 20 percent 
phenociysts that consist of 45 percent quartz, 53 percent sanidine, and 0.4 
percent partly altered hedenbergite, 0.7 percent partly altered fayalite, 0. 9 
percent ilmenite, and accessory zircon and perrierite or chevkinite ( 1  thin section, 
440 phenocryst point counts). Upper zones range from 1 to about 30 m thick. 
The middle zones are partly devitrified, densely welded, commonly mottled pale 
blue, medium bluish gray, grayish green or pale yellowish brown where 
devitrified, and black where vitrophyres are locally developed. Vitrophyric 
middle zones contain about 10 percent phenociysts that consist of about 30 
percent quartz, 65 percent sanidine, and 5 percent partly altered hedenbergite, 2 
percent partly altered fayalite, 1 percent ilmenite, and accessory zircon and 
perrierite or chevkinite. Partings parallel to the plane of compaction follow 
boundaries between layers of tuff a few cm thick that have phenociysts 
abundances that range from 5 and 25 percent. Middle zones are generally 1-5 m 
thick. Basal zones are most commonly nonwelded to partially welded, are 
moderate orange pink to pale yellowish orange, contain less than 5 percent 
phenociysts, and are 1-2 m thick. The K-Ar sanidine date for the lower cooling 
unit of the Gregerson Basin Member is 14.1 ±0.4 Ma (Novak, 1984), and the 
^A r/^^A r sanidine dates for the upper and lower cooling units of the Gregerson 
Basin Member are 14.39±0.28 and 14.55+0.14 Ma, respectively (L.W. Snee, 
written commun., U.S. Geological Survey, 1991). The cooling units form cliffs, 
and the cooling break between them have little or no geomorphic expression.
The Gregerson Basin Member thins from about 40 m in the northwest part of the 
quadrangle to about 2 0  m in the southeast part
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Tkg Grapevine Spring Member—Metaluminous rhyolite to trachytic ash-flow tuff
(Novak, 1984; and unpublished data), consisting of one compound cooling unit. 
Defined by Scott and others (1993) (also see Scott others, in press) to be 
equivalent to member Vj of Kane Wash Tuff of Novak (1984). Unit grades 
downward through four zones that locally include a poorly developed trachytic 
cap above upper, middle, and lower rhyolitic zones. The cap rock contains 
sparse dark scoriaceous trachytic cognate inclusions in a matrix that is slightly 
darker brown than lower zones. Cap rock contains about 25 percent phenociysts 
that consist of a trace of quartz, about 80 percent sanidine, and about 2 0  percent 
opaque phases, some of which probably are altered fayalite. Cap rock is 
generally less than a few meters thick. The upper zone is devitrified, moderately 
to densely welded, and yellowish gray to light brownish gray. Upper zone 
weathers to form a smooth-textured surface; this texture seems to be related to a 
relatively low abundance of phenociysts (less than 10 percent). Upper zone 
contains few recognizable pumice fragments and contains no lithophysal cavities. 
Upper zone contains as much as 10 percent phenociysts that consist of about 15 
percent quartz, 80 percent sanidine, and 5 percent hedenbergite, fayalite, titano- 
magnetite, and ilmenite. Upper zone contains traces of lithic fragments and 
ranges from 0 to 5 m thick. The middle zone is devitrified, densely welded, and 
yellowish gray to light brownish gray and brownish gray. Middle zone weathers 
to form a rough-textured hackly surface; this texture seems to be related to a 
relatively high abundance of phenociysts (about 20 percent). Middle zone 
contains few recognizable pumice fragments and 0 - 1 0  percent lithophysal cavities 
that have minor vapor-phase crystals of quartz and sparse garnet. The middle 
zone contains 17-25 (21) percent phenociysts that consist of 18.5-26.5 (23) 
percent quartz, 78-70 (74) percent sanidine, 3.0-0.9 (2) percent partly altered 
hedenbergite, 0.6-1.2 (1) percent partly altered fayalite, 0.2-1.2 (0.7) percent 
titano-magnetite and ilmenite, and accessory zircon, sphene, and perrierite or 
chevkinite (2 sections, 493 and 340 phenociyst point counts per thin section). A 
significant quantity of xenociystic altered biotite and hornblende occurs, 
commonly attached to fragments of foreign groundmass. Middle zone contains 
about 0.8-1.4 (1) percent lithic fragments of volcanic rocks and is about 20-25 m 
thick. Lower zone grades downward from mottled grayish-brown, brownish- 
gray, and moderate-brown, party devitrified, densely welded, locally lithophysal 
tuff to pale-brown to dark-yellowish-brown nonwelded tuff. Sparse vitrophyres 
are characterized by grayish-orange-pink devitrification centers in a black vitric 
matrix. Highly lenticular local lithophysae are 2-4 cm in diameter in the plane of 
foliation. Phenociyst abundances generally decrease downward and range 
between 5 and 15 percent phenociysts in the lower zone. Lower zone ranges 
from 0 to 1 m thick. Unit forms cliffs and the cooling break between Grapevine 
Spring (Tkg) and Gregerson Basin (Tkb) Members forms a slight notch in cliffs. 
K-Ar sanidine dates for the Grapevine Spring Member are 14.0 ±0.4 and 
14.2±0.4 Ma (Novak, 1984), and a ^ A r /^ A r  sanidine date is 14.67±0.22 Ma 
(L.W. Snee, written commun., U.S. Geological Survey, 1991). The Grapevine 
Spring Member is about 20-25 m thick
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Sunflower Mountain Tuff (Miocene)—Metaluminous rhyolite (Novak, 1984, and 
unpublished data) ash-flow tuff, consisting of a compound cooling unit that 
contains an upper more welded zone and a lower less welded zone. Rocks 
forming this unit were originally included in the Kane Wash Formation by Cook 
(1965); defined by Scott and others, (1993) (also see Scott and others, in press) 
to be equivalent to member W of the Kane Wash Tuff of Novak (1984). The K- 
Ar sanidine date for unit is 14.7 ±0.4 Ma (Novak, 1984). The combined 
thickness of the two zones ranges between about 75 m along the west border of 
the quadrangle and 140 m in the southeast part of the quadrangle

Tsmu Upper zone—Welded tuff, grading downward from partially welded, through
moderately welded, to moderately to densely welded. Upper zone is devitrified, 
has a pale-red matrix, and contains moderate-orange to very pale orange altered 
blotches. Contains as much as 20 percent pumice flamme as large as 15 cm in 
diameter in the plane of foliation and has indistinct lithophysae. Upper zone 
contains 11 percent phenocrysts that consist of 53 percent quartz, 43 percent 
sanidine, 2.7 percent partly altered hedenbergite, 0.5 percent partly altered 
fayalite, and 0.4 percent acmite, and a trace of opaque phases and zircon (1 
section, 220 phenocryst point counts). Acmite, hedenbergite, zircon and opaque 
phases form glomerociysts. Xenociystic biotite is present. Lithic fragments of 
volcanic rocks form as much as 30 percent of the rock, but are sparse in other 
parts of the zone. Map unit forms bold cliffs; a small notch or bench in the cliff 
above the map unit marks the base of the Grapevine Spring Member (Tkg) of the 
Kane Wash Tuff in most areas. Thickness of the upper zone is about 15-25 m

Tsml Lower zone—Welded tuff, grading downward from partially welded tuff, through a
slightly more moderately welded tuff, to a nonwelded tuff. The lower zone is 
devitrified and very pale orange to grayish orange. Pumice fragments form about 
20 percent of the rock and range between 0.25 and 2 cm in diameter. Lower 
zone contains 6  percent phenociysts that consist of 38 percent quartz, 54 percent 
sanidine, 8  percent opaques that probably include altered hedenbergite and 
fayalite, and a trace of acmite (1 section, 200 phenociyst point counts). Volcanic 
lithic fragments are commonly as large as 1 cm in diameter and form about 1 0  

percent of the rock; these rocks contain common plagioclase, biotite, and 
hornblende that also occur as xenocrysts in the tuff matrix. Lower zone forms 
distinct slopes. Map unit is as thick as 120 m in the northwest and southeast 
parts of the quadrangle but thins to about 25 m thick along the west border of the 
quadrangle

Ts Tuffaceous sandstone (Miocene)—Sandstone consisting of tuffaceous grains largely
derived from ash-flow tuffs. Unit is pale yellowish gray, pale red, and moderate 
red, thin bedded to medium bedded, moderately sorted, and moderately well 
cemented. Trough crossbeds are common. Unit is locally as thick as 90 m in the 
central Meadow Valley Mountains but is absent elsewhere in the quadrangle
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Td Delamar Lake Tuff (Miocene)—Metaluminous rhyolite (R.B. Scott, unpublished
data) ash-flow tuff, consisting of two simple cooling units. Rocks forming this 
unit were originally included in the Kane Wash Formation of Cook (1965); 
defined by Scott and others (1993) (also see Scott and others, in press) to be 
equivalent to member O of the Kane Wash Tuff of Novak (1984). The upper 
cooling unit is devitrified, nonwelded to moderately welded, and grayish pink to 
pale red. Pumice fragments as large as 4 cm in diameter in the plane of foliation 
form as much as 25 percent of the tuff. About 10 percent of the rock consists of 
phenocrysts that consist of about 50 percent quartz, 45 percent sanidine, and 5 
percent fayalite and other mafic minerals. The tuff contains about 2 percent 
volcanic lithic fragments. The lower cooling unit is devitrified, nonwelded to 
moderately welded, and grayish orange pink to pale red to light brownish gray. 
Pumice fiamme as large as 6  cm in diameter in the plane of the foliation form as 
much as 30 percent of the tuff. The rock contains 8  percent phenocrysts that 
consist of 47.5 percent quartz, 41.5 percent sanidine, and 11 percent opaques that 
include altered fayalite and other mafic minerals (Novak, 1984). The tuff 
contains less than 3 percent volcanic lithic fragments. Both cooling units form 
slopes in their less welded zones and low cliffs where the degree of welding is 
greater. K-Ar sanidine date of the unit is 15.6+0.4 Ma (Novak, 1984). 
Thickness of map unit is about 20 m in the northwest part of the quadrangle and 
pinches out along the west border in the Delamar Mountains; along the east 
border of the quadrangle in the Meadow Valley Mountains thickness ranges 
between 25 and 100 m
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Th Hiko Tuff (Miocene)—Rhyolitic ash-flow tuff consisting of one cooling unit grading
downward from a devitrified zone, through a locally developed vitrophyre, to a 
nonwelded base. The devitrified zone is eutaxitic, moderately welded, and 
mottled very light gray to light gray; pumice flamme are lighter in color than the 
matrix. Pumice fiamme as large as 6  cm in diameter in the plane of foliation 
forms 15 percent of the rock, and lithophysae are commonly 4 cm in diameter 
parallel to foliation. Rock contains 35 percent phenociysts that consist of 20 
percent veiy pale purple quartz, 15 percent sanidine, 50 percent plagioclase, 10 
percent biotite, and less than 5 percent hornblende, traces of pyroxene, several 
percent Fe-Ti oxides, and accessoiy sphene, apatite, and zircon. Scott and others 
(1988) found a greater abundance of mafic phenociysts toward the top of the unit 
in the Delamar Lake quadrangle, as did R E. Anderson in southwestern Utah 
(written commun., 1992), suggesting that the unit was erupted from a 
compositionally zoned magma chamber. The tuff contains less than 2 percent 
lithic fragments consisting largely of argillite. The vitrophyre is partly glassy, 
eutaxitic, moderately to densely welded, and mottled medium gray to grayish 
black; pumice fiamme are darker than the matrix. The basal zone is vitric, 
nonwelded to partially welded, and very light gray; pumice clasts are white. The 
Hiko Tuff forms crumbly but rugged cliffs and weathers to distinctive rounded 
knobby exfoliated surfaces in the devitrified zone; these knobs range between 1 

and 4 m wide and 1 and 3 m high. A ^ A r /^ A r  sanidine date for the Hiko Tuff 
is 18.5 ±0.4 Ma according to Taylor and others (1989), but they suggest a better 
estimate of the age may be 18.6 Ma on the basis of additional data. The tuff 
ranges from about 30 m to about 60 m thick in both the Delamar Mountains and 
the Meadow Valley Mountains
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Thh Harmony Hills Tuff (Miocene)—Andesitic ash-flow tuff consisting of one cooling
unit grading downward from a partially welded upper zone, through a densely 
welded central zone, to a nonwelded basal zone. The map unit is phenocryst- 
rich, devitrified, and massive with crudely developed foliation. The moderately 
to densely welded zones of the tuff range between pale red where more weathered 
and light olive gray to pinkish gray where fresher. Pumice fragments are sparse. 
The rock contains 42-49 (47) percent phenociysts consisting of 2-5 (4) percent 
quartz, 0-8 (3) percent sanidine, 64-72 (6 8 ) percent plagioclase, 13-15 (14) 
percent biotite, 4.5-7.5 (6 ) percent hornblende, 0-2.5 (1.5) percent 
clinopyroxene, a trace of opaque phases, and accessoiy apatite and rare sphene (3 
sections, 847, 920, and 980 phenocrysts point counts per section). Lithic 
fragments form 2-6 (3.5) percent of the rock. The unit forms cliffs, the lower 
parts of which are commonly covered with colluvial debris derived from the 
Hiko Tuff (Th) and the Harmony Hills Tuff. A small bench underlain by light- 
colored nonwelded to partially welded tuff above the Harmony Hills Tuff marks 
the base of the Hiko Tuff. Five K-Ar ages by Armstrong (1970) and one by 
Noble and McKee (1972) average 21.6 Ma for the map unit; however, isotopic 
ages of 22.5-22 Ma for plutons and an ash-flow tuff that postdate the Harmony 
Hills Tuff in the Iron Springs District may provide a better age constraint 
(Rowley and others, 1989). Although the Harmony Hills Tuff, Bauers Tuff 
Member of the Condor Canyon Formation (Tcb), and the Leach Canyon 
Formation (Tic) were included in the Quichapa Group (Cook, 1957; Williams, 
1967; Anderson and Rowley, 1975), the group name will not be used here 
because the sources for the Harmony Hills Tuff and the Leach Canyon Formation 
have not been determined. In the Delamar Mountains, the Harmony Hills Tuff 
ranges between about 35 and 135 m thick, and in the Meadow Valley Mountains 
it is about 1 2 0  m thick

Tpa Pahranagat Formation (Miocene)—Rhyolitic ash-flow tuff consisting of one simple 
cooling unit grading downward from nonwelded, through partially welded, to 
nonwelded. Best and others (1989) called these rocks the Pahranagat Lakes Tuff 
in the first published account of their age, correlation, and description; Williams 
(1967) had previously recognized this ash-flow tuff. Subsequently, Scott and 
others (in press) have revised the name for these rocks to the Pahranagat 
Formation. Unit forms gentle slopes commonly covered by talus from the 
Harmony Hills Tuff (Thh). The ^ A r /^ A r  sanidine date of the tuff is
22.65 ±0.02 Ma (Deino and Best, 1988). In the Delamar Mountains in the 
northwest part of the quadrangle, the map unit is as thick as 35 m but thins to 
less than 10 m to the south and pinches out to the east; it is absent in the Meadow 
Valley Mountains

Condor Canyon Formation (Miocene)—Regionally the formation consists of two 
members, the Swett Tuff Member and the Bauers Tuff Member but in this 
quadrangle only the Bauers Tuff Member is present
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Tcb Bauers Tuff M enber—Rhyolitic ash-flow tuff consisting of one simple cooling
unit grading downward from a light-brownish-gray to pale-red, moderately to 
densely welded devitrified zone through a brownish-gray, moderately welded 
vitrophyre, to a grayish-pink, partially to nonwelded basal zone. Pumice fiamme 
are generally less than 0.5 cm diameter in the plane of foliation and make up less 
than 5 percent of the rock. Phenocrysts form 16-17 (17) percent of rock and 
include perhaps a trace of quartz, 33-45 (39) percent sanidine, 45-59 (52) percent 
plagioclase, 5-7 (6 ) percent biotite, a trace of clinopyroxene, 2-3 (2.5) percent 
opaque phases, and accessoiy apatite and zircon (2 sections, 325 and 342 
phenocryst point counts). Volcanic lithic fragments are generally less than 1 cm 
in diameter and form 0.5-1.5 percent of the rock. Unit forms a resistant ledge. 
The ^A r/^^A r sanidine date of 22.78 ±0.03 Ma for the tuff (Best and others, 
1989) is in good agreement with its average K-Ar age of 22.7 Ma (Scott and 
others, in press). Map unit ranges from 5 to 12 m thick in the Delamar 
Mountains and from 3 to 10 m in the Meadow Valley Mountains

Tls Limestone (lower Miocene or upper Oligocene)-Lacustrine limestone containing
disrupted algal plates. Limestone is very light gray to pinkish gray, medium 
grained, and reciystallized. Beds range from 0.1 to 1 m thick. Limestone occurs 
locally in southeast part of quadrangle and is as thick as 2.5 m

T1 Leach Canyon Formation (Miocene)—Rhyolitic ash-flow tuff consisting of one
compound cooling unit grading downward from grayish-pink partially welded 
tuff, through grayish-orange-pink moderately welded devitrified tuff and locally 
developed grayish-black vitrophyre, to pinkish-gray nonwelded to partially 
welded tuff at the base. Pumice fragments are less than 0.5 cm in diameter and 
form less than 5 percent of the rock. Rock contains 12-23 (16) percent 
phenocrysts that consist of 17-29 (22) percent quartz, 25-41 (34) percent 
sanidine, 30-36 (34) percent plagioclase, 6 - 8  (7) percent biotite, a trace of 
hornblende, a trace of clinopyrxoene, 1.5-2.5 (2) percent opaque phases, and 
accessory sphene, zircon, apatite, and perrierite or chevkinite (3 sections, 329, 
428, and 468 phenocryst point counts per section). Volcanic lithic fragments 
form 1-3 (2) percent of the rock. Unit forms gentle, undulating slopes and 
poorly developed cliffs. Average age from a widely scattered suite of K-Ar dates 
for the unit is about 24.6 Ma, but a better age may be provided by the average of 
23.8 Ma based on a coexisting sanidine and biotite pair (Armstrong, 1970). The 
validity of Armstrong's K-Ar dates is supported by a new ^ A r /^ A r  sanidine 
date of 23.8 Ma (Best and others, 1993). Unit ranges from 35 to 75 m thick in 
the Delamar Mountains and from 0 to 120 m thick in the Meadow Valley 
Mountains
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Tsp Shingle Pass Tuff (Oligocene)—Rhyolitic ash-flow tuff consisting of a simple cooling 
unit grading downward from a grayish-orange-pink to very pale pink moderately 
to partially welded devitrified tuff, through a locally developed dark-gray to 
brownish-gray vitrophyre, to a pinkish-gray nonwelded to partially welded base. 
This unit does not have the pétrographie or paleomagnetic characteristics of 
either the upper member or the lower member of the Shingle Pass Tuff; Scott and 
others (in press) have concluded that it may be an intermediate member of the 
tuff. Distinctive grayish-yellow to moderate-greenish-yellow partings formed by 
altered layers (1 mm thick) are common in the vitrophyre. Pumice fiamme are as 
large as 3 cm in diameter in the plane of foliation and form about 15 percent of 
the rock. The rock contains 6-9 (8 ) percent phenocrysts consisting of 0-7 (3.5) 
percent quartz, 38-52 (45) percent sanidine, 30-44 (37) percent partly altered 
plagioclase, 0.5-12 (6 ) percent partly altered biotite, and 10-6 percent opaque 
phases (2 sections, 202 and 216 phenociyst point counts per section). Alteration 
of plagioclase and biotite suggests that higher values for those phases of the two 
sections are more correct. Lithic fragments are as large as 3.5 cm in diameter 
and form 0-3 (1.5) percent of the rock. Unit forms gentle slopes except for ledge 
where vitrophyre is present. Although the map unit is normally magnetized 
similarly to that of the lower cooling unit of the Shingle Pass Tuff at its type 
section, the phenocryst mineralogy of the map unit is most similar to that of the 
upper cooling unit of the Shingle Pass Tuff (Scott and others, in press); we 
follow the conclusion of Scott and others and refer to the map unit as an 
intermediate Shingle Pass cooling unit until a more definitive correlation is 
established. The age of the map unit is probably within the limits of the upper 
and lower cooling units of the Shingle Pass Tuff, between about 26.0 and 26.7 
Ma, respectively (Best and others, 1989). Map unit ranges from 5 to about 20 m 
thick in the Delamar Mountains and is absent in the Meadow Valley Mountains

Isom Formation (Oligocene)—Regionally the Isom Formation consists of three
formal members and possibly a fourth informal member; these are, in ascending 
order, the Blue Meadows Tuff Member, the Baldhills Tuff Member, an 
informally named tuff member of Hamlight Canyon, the Hole-in-the-Wall Tuff 
Member (Mackin, 1960; Anderson and Rowley, 1975; Scott and others (in 
press). Only the Baldhills Tuff Member is present in this quadrangle
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Tib Baldhills Tuff Member—Traychitic ash-flow tuff, consisting of a simple cooling
unit grading downward from a moderate-orange-pink, moderately welded 
devitrified tuff, through a nearly ubiquitous, very dark red, brownish-black to 
grayish-red vitrophyre, to a pinkish-gray, nonwelded to partially welded tuff in 
the basal part. Pumice fiamme as large as 4 cm in diameter in the plane of 
foliation form about 5 percent of the rock. The rock contains 9 (9) percent 
phenocrysts that consist of 2-4 (3) percent quartz, 1-1.5 percent sanidine, 68-77 
(73) percent plagioclase, 0-1 (0.5) percent biotite, 9-17 (13) percent 
clinopyroxene, and 8-10 (9) percent opaque phases (2 sections, 200 and 202 
phenocryst point counts per section). Grains of quartz, sanidine, and biotite are 
suspected to be xenolithic by comparison with other units of the Isom Formation 
(Scott and others, in press). Lithic fragments as large as 2 cm in diameter form 
0.1-0.8 (0.4) percent of the rock. Flattened lithophysal cavities as great as 6  cm 
in diameter form about 10 percent of the rock. Flow lineations are common 
where member is draped over buried topography. The K-Ar plagioclase date of 
25.9+0.8 Ma (H.H. Mehnert, written commun, U.S. Geological Survey, 1990) 
for this unit is compatible with the age constraints for the Baldhills Tuff Member 
and the normal polarity and shallow inclination of the magnetization direction for 
this unit is similar to that of the Baldhills Tuff Member, as cited by Scott and 
others (in press). Unit forms a sharp cliffy ledge above the gentle slopes of the 
Monotony Tuff (Tm). The map unit is as thick as 20 m in the Delamar 
Mountains but only is exposed 800 m west and 2,300 m north of the southeast 
comer of the quadrangle in the Meadow Valley Mountains where it is about 12 m 
thick

Ted Carbonate dike (Oligocene or younger)—Pale-gray dike containing crystals of
quartz, sanidine, plagioclase, and biotite in a matrix of calcite and glass shards. 
The rock contains 48 percent calcite matrix, 12 percent glass shards, and 40 
percent silicate and oxide minerals. The silicate and oxide minerals consist of 11 
percent quartz, 9 percent sanidine, 55 percent plagioclase, 20 percent biotite, 4 
percent hornblende, 1 percent opaque oxides, and accessory apatite and zircon ( 1  

section, 402 silicate and oxide mineral point counts). The mode of emplacement 
of silicate minerals, glass shards, and carbonate matrix is uncertain, but the 
freshness of silicate and oxide minerals, the similarity between the modes of the 
silicate minerals in the map unit to those of the Monotony Tuff, and the 
unflattened triangular shapes of glass shards suggest emplacement as a clastic 
dike derived from the nonwelded part of the Monotony Tuff. Calcite crystals are 
as much as 1 cm in diameter and envelope several silicate minerals and glass 
shards, suggesting that the original clastic dike matrix was partially replaced by 
calcite. Dike is only 2 cm thick and can be traced a minimum of 8  m along strike 
before colluvial debris bury the dike. Dike postdates the Monotony Tuff that 
hosts the dike but no minimum age constraints exist. Located 2300 m east of the 
west border and 1750 m south of the north border of quadrangle
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Tm Monotony Tuff (Oligocene)—Dacite ash-flow tuff consisting of a simple cooling
unit. Tuff is nonwelded to partially welded and very light gray to pinkish gray. 
Layers of bedded ash-fall tuff overlie ash-flow tuff. Pumice fragments are sparse 
in unit. Rock contains 11-16 (14) percent phenocrysts that consist of 5-7 (6) 
percent quartz, 9 (9) percent sanidine, 60-63 (61) percent plagioclase, 14-21 (17) 
percent biotite, a trace of altered hornblende and calcite-replaced clinopyroxene, 
6-8 (7) percent opaque phases, and accessory zircon, apatite, and allanite (2 
sections, 218 and 327 phenocryst point counts per section). Lithic fragments 
form less than 0.5 percent of the rock. Unit forms gentle slopes. A K-Ar biotite 
date of 28.5±1.0 Ma (H.H. Mehnert, written commun., U.S. Geological 
Survey, 1990) falls within the range of errors of most other dates for the 
Monotony Tuff (Scott and others, in press), but the most precise date may be the 
^A r/^^A r sanidine date of 27.3 ±0.03 Ma (Best and others, 1989). Map unit is 
as thick as 50 m in the Delamar Mountain in the northwest part of the quadrangle 
and pinches out to the south; it is absent in the Meadow Valley Mountains

Tc Conglomerate (middle Oligocene to Eocene?)—Conglomerate and subordinate
sandstone, shale, and limestone. Pale-red color of the conglomerate is imparted 
by ferruginous calcareous cement of the matrix. Clasts in conglomerate were 
derived from Paleozoic limestone, dolomite, sandstone, quartzite, and chert and 
range in size from pebbles to boulders as great as 1 m in diameter. Sandstone 
has a calcareous cement and is very pale orange to pale red, thin to medium 
bedded, and in part crossbedded. Shale and limestone are reddish from 
ferruginous stain. Unit occurs above angular unconformity on Paleozoic rocks; 
although Tschanz and Pampeyan (1970) considered these rocks to be as old as 
Cretaceous, the presence of lacustrine limestones in the sequence suggests that a 
distruption of drainage was more probable during early stages of Tertiary 
extension rather than during late stages of Cretaceous compression. Thickness 
ranges from 0 where unit pinches out against paleo-topography to as great as 150 
m in both the Delamar and Meadow Valley Mountains

Bird Spring Formation (Early Permian, Pennsylvanian, and Late Mississippian)- 
-Formation exposed in the the northwestern part of quadrangle in the southern 
Delamar Mountains; consists of two informal members
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Pbu Upper m onber (Early Permian)—Interbedded limestone, siltstone, and shale 
charactertized by downward increases in shale. Divisable into 3 parts. Upper 
part is 12 m thick and consists of crinoidal limestone, medium-dark-gray (fresh) 
and medium-gray to light-olive-gray (weathered), finely to coarsely crystalline, 
thin bedded; brachiopods and bryozoans common. The middle part of the 
member is 86 m thick and consists of laminated limestone that is olive gray 
(fresh) and light brown, grayish yellow, and very pale orange (weathered), 
aphanic, and regularly bedded with abundant planar, bedding-parallel 
laminations. Grayish-orange, pale-red, and light-brown shale and siltsone 
partings are common, chert is abundant and occurs as continuous to 
discontinuous layers and isolated nodules. The lower part of the member is 12 m 
thick and consists of slightly calcareous, laminated to fissile pale-red and grayish- 
orange siltstone, silty limestone, and subordinate shale containing discontinuous 
to continuous limestone lenses that average 0.5 m thick. Distinctive concretions 
as much as 5 cm in diameter occur only near the base of the lower part of the 
member. Middle and lower parts are unfossiliferous although B.R. Wardlaw 
(written commun., 1990) identified shark dermal plate fragments and 
Paleoniscoid fish scales; sponge spicules and radiolarians were identified in thin 
section. Wolfcampian conodonts were identified throughout the member (B.R. 
Wardlaw, written commun, 1990). Member can be traced as far south as the 
Spring Mountains in Clark County (Page, 1993). Upper member forms ledgy 
slopes and is about 110 m thick

PMbl Lower member (Early Permian to Late Mississippian)—Medium-gray, light- 
brown, and pale-red-purple limestone. Limestone is cyclic, aphanic to finely 
ciystalline, arenaceous, and bioclastic; unit has common discontinuous beds and 
nodules of chert. Beds range in thickness from 0.2-2 m. Rock has abundant 
beds of pale-red and grayish-orange cherty and shaley limestone and shale that 
weather as recessive layers between resistant limestone beds. Less common are 
interbeds of light-gray silty dolomite, light-brown sandstone, and siltstone; 
dolomite occurs mostly near top of the member. Locally highly fossiliferous 
(Syringapora, Beaumontia, corals, pelmatazoan stems, brachiopods, bryozoans, 
fusulinids, and gastropods). The basal 15 m of the member contains fossils of 
the Rhipidomella nevadensis assemblage zone and is reported to be Late 
Mississippian (Webster, 1969). Member forms ledgey slopes and benches and 
although a continuous section is not exposed; thickness of member is estimated to 
be about 950 m
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Mis Indian Springs Formation (Late Mississippian)—Limestone, shale, sandstone, and 
siltstone. Elevated to formational rank by Webster and Lane (1967); they 
restricted the Indian Springs Formation to the basal 52 m of the Bird Spring 
Formation of Longwell and Dunbar (1936) at Indian Springs, Nev. However, a 
type section in that area was never specified or located; hereby, the section 
located at lat. 114°46,43" N., long. 36044'18" W. in the Arrow Canyon Range 
is designated as the principal reference section for the Indian Springs Formation. 
Limestone is medium gray (fresh) and dark yellowish orange to light brown 
(weathered), bioclastic, arenaceous, medium to coarsely ciystalline, and thin 
bedded. Upper 2-4 cm of individual beds are commonly capped by iron-oxide- 
rich zones containing abundant limonite nodules as much as 1 cm in diameter. 
Limestone contains thin interbeds of ripple laminated grayish-red siltstone.
Poorly exposed intervals of laminated dusky-red, grayish-red-purple, and 
grayish-black shale are common in lower part of formation. Fossils, in order of 
abundance, are Rhipodomella nevadensis, productid, and spiriferid brachiopods, 
bryozoans, solitary rugose corals, and pelmatazoan stems. Burrow networks as 
great as 2.5 cm in diameter subparallel to bedding are present on the basal 
surface of beds in the lower part of the formation. Unit exposed only in the 
west-central part of the quadrangle in the southern Delamar Mountains. Forms 
ledgy slopes; lower contact with Chainman Shale not exposed, but unit is 
estimated to be 60 m thick

Me Chainman Shale (Late Mississippian)—Upper shale and lower siltstone members of 
Duley (1957) recognized but not mapped as separate members of the formation in 
this report. Unit exposed in the west central part of the quadrangle in the 
southern Delamar Mountains. Upper shale member consists of micaceous, dark- 
yellowish-brown, olive-gray, and blackish-red shale. Abundant fossil plant 
fragments in blackish-red shale. Upper shale member is poorly exposed and 
erodes to form valleys. Although thickness is distorted by faulting in 
quadrangle, Duley (1957) estimated the upper shale member to be about 215 m 
thick to the northeast in the Meadow Valley Mountains in the Vigo NW 
quadrangle. Upper shale member is in fault contact with lower siltstone member. 
Lower siltstone member is mostly a laminated to thinly laminated grayish-red- 
purple (fresh) and moderate-yellowish-brown (weathered) siltstone, which 
contains subordinate interbedded medium-gray to light-olive-gray, arenaceous, 
finely to coarsely crystalline, and thin-bedded crinoidal limestone; planar, 
bedding-parallel laminations are common. Lower siltstone member erodes to a 
ledgy slope. Thickness is distorted by faulting in this quadrangle, and Duley 
(1957) estimated the lower siltstone member to be about 70 m thick to the 
northeast in the Meadow Valley Mountains in the Vigo NW quadrangle. Total 
thickness of the Chainman Shale is estimated to be about 285 m in this 
quadrangle
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Mj Joana Limestone (Early Mississippian)—Medium-dark-gray (fresh) and light-olive-
gray (weathered) aphanic limestone, regularly bedded; average bed thickness 
about 0.1 m. Unit contains several zones of dark-brown-weathering elongate 
chert nodules in the upper part of the formation, and solitary rugose corals, 
Syringapora, Lithostrotionella, pelmatozoan stems, brachiopods, and gastropods 
throughout the formation. Unit occurs as fault slice in overturned part of 
footwall of Delamar thrust fault in the west-central part of the quadrangle.
Lower contact with the Guilmette Formation (Dg) is absent; however, upper 
sharp contact with overlying Chainman Shale is present. Forms blocky cliffs, 
and only the upper 60 m of the estimated total thickness of 300 m of Joana 
Limestone (Pampeyan, 1989, 1993) are exposed in this quadrangle

MDp Pilot Shale (Early Mississippian and Late Devonian)—Thin-bedded, silty limestone, 
siltstone, sandstone, and chert including comparatively little shale (Tschanz and 
Pampeyan, 1970). Unit shown in cross section only. Unit is about 95 m thick in 
the East Pahranagat Range about 40 km northwest of the quadrangle and 30 m 
thick in the Meadow Valley Mountains about 28 km south of the quadrangle. 
Thickness is estimated to be about 200 m thick (thickness and lithology estimates 
from descriptions of Pampeyan, 1989, 1993)
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Dg Guilmette Formation (Late and Middle Devonian)—Limestone, dolomite, and 
minor interbedded quartzite. The three parts of the Guilmette Formation 
recognized in this quadrangle are, from top to bottom, the upper limestone, 
middle dolomite, and lower dolomite and limestone. Upper limestone part is 
predominantly limestone with subordinate dolomite and quartzite. Limestone is 
medium gray (fresh), light olive gray (weathered), aphanic to finely crystalline, 
and thin bedded. Dolomite in upper limestone part is medium dark gray, 
arenaceous, aphanic to finely ciystalline, and thin bedded with planar, bedding- 
parallel laminations; some 1-m-thick beds of yellowish-gray, vuggy coarse 
reciystallized dolomite are present. Quartzite is dolomitic, medium gray (fresh) 
and light brown, moderate brown, and dusky yellowish brown (weathered) and 
fine to medium grained; grains are subrounded, and well sorted. Quartzite 
interbeds range from 0.1 to 1.0 m thick and are generally trough crossbedded. 
Upper limestone part contains several 0.5- to 1.0-m-thick stromatoporoid 
biostromes, Amphipora, brachiopods, gastropods, and corals. Middle dolomite 
part is characteristically a medium-dark-gray stromatoporoidal biostromal 
dolomite. Dolomite is finely ciystalline, thin to massive bedded, and has planar, 
bedding-parallel laminatations. Stromatoporoids are commonly reciystallized to 
coarse yellowish-gray dolomite; Amphipora and brachiopods are also common. 
Lower dolomite and limestone part consists of alternating beds of dolomite and 
limestone known as the "yellow bed" (Tschanz and Pampeyan, 1970), which 
marks the base of the Guilmette Formation in southeastern Nevada. Dolomite is 
medium gray (fresh) and yellowish gray (weathered), argillaceous, fetid, 
aphanic, and thin bedded. Some beds contain planar, bedding-parallel 
laminations whereas others show convolute bedding and bioturbation. Limestone 
is medium dark gray to dark gray (fresh) and light olive gray and medium gray to 
light gray (weathered), mostly aphanic, laminated to massive bedded, and fetid. 
Stromatoporoids are common in limestone beds. Guilmette Formation forms 
step-like ledgy cliffs. Continuous section of formation not exposed; thickness of 
the formation is estimated at 500 m in the southern Delamar Mountains (Page 
and others, 1990) and is estimated at 412 m in the Meadow Valley Mountains 
(Pampeyan, 1989, 1993)
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Dsi Simonson Dolomite (Middle Devonian)—Consists of four informal members: (1) the 
upper alternating, (2) brown cliff-forming, (3) lower alternating, and (4) basal 
tan coarse-crystalline members (Osmond, 1954). The upper alternating member 
consists of dolomite that weathers to alternating light and dark gray; the dolomite 
is aphanic to medium crystalline, is thin to massive bedded, has planar, bedding- 
parallel laminations, and has sparse stromatoporoids. The brown cliff-forming 
member forms massive cliffs of olive-black-weathering, highly fossiliferous, 
finely crystalline dolomite. Several biostromes 0.3-0.6 m thick that include 
Thamnopora, Amphipora, stromatoporoids, and brachiopods are present 3 m 
below the top of the member. The lower alternating member forms ledgy slopes 
and consists of alternating dark- and light-gray dolomite that weathers olive 
black and light olive gray, respectively. Light-gray dolomite is aphanic to finely 
crystalline; dark-gray dolomite is finely crystalline. Both rocks are thin bedded 
and have distinctive planar, bedding-parallel laminations. The basal tan coarse- 
crystalline member consists of arenaceous dolomite and interbedded dolomitic 
quartzite that are locally gradational. Dolomite is medium light gray (fresh) and 
mottled light olive gray and yellowish gray (weathered); dolomite is medium to 
coarsely crystalline, sugary, vuggy, and thin bedded and has both wavy and 
planar, bedding-parallel laminations. Dolomitic quartzite is medium dark gray to 
olive gray (fresh), moderate brown, light brown, and dusky yellowish brown 
(weathered), thin to thick bedded, and trough crossbedded; trough cross beds 
average 0.2 m thick. Quartzite is fine to medium grained; grains are subrounded 
and moderately sorted. A 13-m-thick interval of this quartzite marks the base of 
the member, and is equivalent to the upper sandy member of the underlying Sevy 
Dolomite of Osmond (1962). Basal tan coarse-crystalline member forms massive 
cliffs. Formation is moderately to intensely deformed and is about 193 m thick

Dse Sevy Dolomite (Early Devonian)—Consists of two members (Osmond, 1962); in 
descending order they include the cherty argillaceous member and the dolomite 
members. The cherty argillaceous member is 15 m thick and consists of olive- 
gray (fresh) and moderate-yellowish-brown (weathered) dolomite. The dolomite 
is aphanic, silty, and veiy thin to thin bedded and has planar, bedding-parallel 
laminations and conchoidal fracturing; also dolomite includes common 
discontinuous beds and nodules of olive-gray to light-gray smoky chert and local 
interbeds of very thin, wavy laminated, olive-gray (fresh) and moderate- 
yellowish-brown and dusky-red (weathered) dolomitic siltstone. The dolomite 
member is medium light gray (fresh) and light gray and light olive gray 
(weathered) and in some localities is mottled light gray and dark gray. Dolomite 
is mostly aphanic, homogeneous, dense, and thin to massive bedded and has 
planar, bedding-parallel laminations and conchoidal fracturing. Interbeds of 
quartzite are common in upper part of dolomite member; quartzite is dolomitic, 
medium dark gray (fresh) and moderate brown to dusky yellowish brown 
(weathered), and fine grained; quartzite has well rounded and moderately well 
sorted grains. Beds range from 0.1 to 1 m thick and exhibit trough 
crossbedding. The cherty argillaceous and dolomite members form ledgy cliffs; 
the dolomite member forms a ledgy slope. The Sevy Dolomite is exposed in the 
Meadow Valley Mountains and is about 137 m thick
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SI
Laketown Dolomite (Late and Middle Silurian)—Consists of an upper dark-gray 

part, a middle light-gray part, and lower dark-gray part. The upper dark-gray 
part includes medium-dark-gray, finely crystalline to slightly aphanic dolomite 
and abundant discontinuous layers and nodules of moderate-brown to dusky- 
yellowish-brown chert. Upper part contains Favosites, silicified solitary corals, 
pelmatozoan stems, and brachiopods. The middle light-gray part includes light- 
gray to yellowish-gray dolomite that is finely crystalline, sugary, and vuggy; 
some zones of aphanic dolomite occur near the top of the middle light-gray part. 
Favosites, Halysites, solitary corals, and brachiopods are present. The lower 
dark-gray part is medium-gray to medium-dark-gray, finely to medium 
crystalline, thin- to massive-bedded dolomite with planar, bedding-parallel 
laminations. The lower dark-gray part is more fossilierous than the upper dark- 
gray and middle light-gray parts; it contains Favosites, Halysites, solitary corals, 
pelmatozoan stems, and brachiopods. Basal 10 m of the formation is medium- 
dark-gray, vuggy dolomite that forms massive cliffs. Laketown Dolomite forms 
cliffs and is exposed only in the Meadow Valley Mountains where it is about 260 
m thick

Oes Ely Springs Dolomite (Late Ordovician)—Unit consists of an upper light-olive-gray- 
weathering dolomite member and a lower medium-dark-gray-weathering 
dolomite member. Dolomite of the upper member is medium gray (fresh), 
weathers a distinctive light olive gray between adjacent darker colored dolomites, 
is aphanic, and contains planar, parallel-bedding laminations. Upper member 
contains sparse brachiopod and pelmatozoan stem fragments; member forms a 
slope and is 24 m thick. Dolomite of the lower member is medium dark gray, 
finely crystalline, thin to thick bedded, and contains planar, parallel-bedding 
laminations. Zones of dusky-yellowish-brown-weathering chert, vugs, and 
streaks lined with coarse recyrstallized white dolomite are common, especially 
near the middle of the formation. Lower part of the formation is slightly 
arenaceous. Contains pelmatozoan stems, brachiopods, and large horn corals. 
Lower member forms massive cliffs, has a dark color and craggy appearance 
from a distance, and is about 120 m thick; exposed only in the Meadow Valley 
Mountains. Thickness of Ely Springs Dolomite in this quadrangle is estimated to 
be about 144 m

Oe Eureka Quartzite (Middle Ordovician)—Quartzite and friable sandstone, white 
(fresh) and moderate brown, moderate reddish brown, dark yellowish orange, 
and dusky yellowish brown (weathered). Quartzite and sandstone are fine to 
medium grained; grains are subrounded and moderately well to well sorted. 
Upper part of the formation is thin to massive bedded; lower part is veiy thin to 
thin bedded and contains abundant 0.1- to 0.2-m-thick sets of tabular planar 
crossbeds and less common small-scale trough crossbeds. Trace fossils (burrows 
and trails) occur on the tops of some beds. Formation forms cliffs. Unit is 
exposed only in the Meadow Valley Mountains where it is generally less than 20 
m thick; at most localities it has been thinned or removed tectonically along low- 
angle normal faults
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Op Pogonip Group undivided (Middle and Early Ordovician)—Fossiliferous limestone 
and subordinate dolomite, shale, siltstone, and sandstone. Exposed in the 
Meadow Valley Mountains. A distinctive 2-m-thick dolomitic sandstone occurs 
below the top of the group. The group consists mainly of medium- to light-gray, 
light-brown, and yellowish-brown limestone that is aphanic to medium 
crystalline, thin to thick bedded, and commonly bioturbated. Shale and siltstone 
partings are common. A 13-m-thick zone of olive-gray argillaceous dolomite 
occurs above the base of the group. In most areas the Pogonip Group is not 
divided into mappable units because bedding has been disrupted by internal 
deformation indicated by highly variable bedding attitudes and numerous faults. 
Pampeyan (1989, 1993) broke the Pogonip Group into an upper slope-forming, a 
middle cliff-forming, and a lower slope-forming unit in the southern Meadow 
Valley Mountains, but this subdivision is not recognized in this quadrangle. 
Pogonip Group generally forms massive cliffs and is at least 575 m thick in this 
quadrangle. In the southeast part of the quadrangle where deformation is 
minimal, the group has been divided into four separate limestones

Opug Upper gray limestone—Silty dolomite and fossilierous limestone. Unit is capped 
by a 2-m-thick dolomitic quartzose sandstone that is grayish orange (fresh) and 
moderate yellowish brown (weathered), and very fine grained; grains are well 
rounded and moderately well sorted. Below the sandstone, alternating light- and 
dark-gray to yellowish-gray (weathered) dolomite and minor siltstone, and shale 
partings form a 20- to 30-m-thick interval. Dolomite is silty, aphanic to finely 
crystalline, laminated to thin bedded, mottled, and bioturbated. Below the 
dolomite, unit consists predominately of medium- to light- gray limestone that is 
aphanic to coarsely crystalline, thin to thick bedded, wavy laminated, and 
commonly mottled and bioturbated. Contains abundant 5- to 15-cm-thick beds of 
fossiliferous, intraclastic, micritic limestone. Receptaculites, Hormotoma, 
Maclurites, corals, sponges, biyozoans, brachiopods, gastropods, oncoids, and 
pelmatozoan stems occur. Unit is about 270 m thick

Opy Yellow limestone—Unit is light brown, pale reddish-brown, yellow brown,
medium to light gray, and grayish yellow (weathered), aphanic to medium 
crystalline, thin to thick bedded, wavy laminated, and commonly mottled and 
bioturbated. Contains abundant 5- to 10-cm-thick beds of fossiliferous, 
intraclastic, micritic limestone. Corals, sponges, biyozoans, brachiopods, 
trilobites, oncoids, pelmatozoan stems occur. Yellowish limestone is about 90 m 
thick

Oplg Lower gray limestone—Unit is light to medium gray, coarsely to aphanic
crystalline, wavy laminated to thick bedded, commonly mottled, and bioturbated. 
Limestone contains abundant 5- to 15-cm-thick beds of fossiliferous, intraclastic, 
micritic limestone; clasts are mostly subangular. Brachiopods, trilobites, 
oncoids, and pelmatozoan stems occur. Unit is about 100 m thick
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Opp Pink limestone—Unit is grayish orange pink, moderate orange pink, and grayish
orange, aphanic to coarsely crystalline, thin to thick bedded, wavy laminated, 
commonly mottled, and bioturbated. Moderate-pink to moderate-orange-pink 
shale and siltstone partings are common. Contains abundant 5- to 20-cm-thick 
beds of fossiliferous, intraclastic, micritic limestone. Pelmatozoan stems, 
trilobites, and brachiopods occur. Thickness of unit is greater than 115 m; base 
not exposed due to faulting
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•Gdv Desert Valley Formation (Late Cambrian)—Formation was defined by Reso (1963) 
in the Pahranagat Range about 50 km northwest of this quadrangle and correlates 
with the Nopah Formation as used by Pampeyan (1989, 1993). Desert Valley 
Formation of Reso (1963) is used here as the name for these rocks because the 
rocks in this quadrangle are lithologically more similar to the Desert Valley 
Formation of Reso (1963) than to the Nopah Formation. In a measured section 
in the adjacent Delamar 3 SW quadrangle, P.H. Heckel and Anthony Reso 
divided the rocks between the Pogonip Group (Op) and Dunderberg Shale (Cd) 
into six informal members, in descending order: (1) the orange dolomite, (2) 
light dolomite, (3) variegated limy, (4) upper dark dolomite, (5) white band, and 
(6) lower dark dolomite (P.H. Heckel, written commun., 1987); this reference 
section begins 6.5 km north and 4.2 km west of the southeast comer of the 
Delamar 3 SW quadrangle and extends 0.2 km westward upslope. However, in 
this quadrangle, the rocks forming the orange dolomite member were included as 
part of the overlying Pogonip Group; the rocks of the remaining five informal 
members were recognized as forming the Desert Valley Formation, but were not 
mapped separately. The light dolomite member, the uppermost member of the 
Desert Valley Formation in this map area, is medium dark gray (fresh) and light- 
olive-gray (weathered), medium crystalline, sugaiy, thin to thick bedded, with 
common discontinuous layers, stringers, and nodules of bluish-gray, smoky chert 
that weathers moderate brown to dusky yellowish brown. Vugs lined with 
coarsely recrystallized white dolomite are common. The variegated limy member 
is a fossiliferous dark-yellowish-orange to light-olive-gray limestone. Limestone 
is mostly aphanic, contains wavy and planar, bedding-parallel laminations and is 
mottled and bioturbated. Member contains abundant 1- to 3-cm-thick beds of 
fossiliferous intraclasitic limestone. Clasts are elongated, subangular, and as 
great as 3 cm long. Oolitic, trough-crossbedded limestone is abundant in upper 
part of the variegated limy member and discontinuous stringers and nodules of 
moderate-brown- to dark-brown-weathering chert are abundant throughout the 
member. Trilobite fragments, brachiopods, oncoids, and trace fossils are 
common. This member weathers to a recessive ledgy slope. The base of the 
variegated limy member was mapped with a dashed line in Meadow Valley 
Mountains. The upper dark dolomite member is medium-dark-gray, finely to 
medium crystalline dolomite that is thin to thick bedded with planar, bedding- 
parallel laminations. This member locally contains abundant streaks of coarsely 
recrystallized white dolomite, moderate-brown to dusky-yellowish-brown 
(weathered) chert nodules, and several layers of oncoids and brachiopods. The 
white band member consists of light-gray, medium crystalline, sugary, thin- to 
thick-bedded dolomite containing common vugs and streaks lined with coarsely 
recrystallized white dolomite. The lower dark dolomite member consists of 
medium-gray to light-olive-gray, commonly mottled, finely to medium- 
crystalline, laminated to thick-bedded dolomite with planar, bedding-parallel and 
wavy laminations and sparse trough crossbedds. Discontinuous stringers and 
nodules of dark-brown (weathered) chert and streaks and vugs lined with coarsely 
recrystallized white dolomite are common. Stromatolitic zones are sparse.
Desert Valley Formation is exposed in Meadow Valley Mountains where it forms 
massive cliffs and is about 490 m thick



Dunderberg Shale (Late Cambrian)—Limestone and subordinate interbedded shale 
and siltstone. Limestone is silty, medium dark gray to olive gray (fresh) and 
moderate brown to dusky yellowish brown (weathered) and contains abundant 
trilobite fragments. In the upper part of formation, limestone is aphanic, 
mottled, bioturbated, and interbedded with light-brown, calcareous, fissile shale; 
small, black, linguloid brachiopods are common. In the lower part of the 
formation, limestone is medium to coarsely crystalline, very thin bedded, flaggy, 
and interbeded with very thin bedded to laminated pale-red to medium-gray 
siltstone. Formation forms slopes and is about 70 m thick where exposed in the 
Meadow Valley Mountains

Highland Peak Formation (Late and Middle Cambrian)-Alternating layers of 
dark-gray to medium-dark-gray limestone and medium-dark-gray to light-olive- 
gray dolomite. Limestone is mostly aphanic and contains "leopard-spotted" or 
"tiger-striped" light-olive-gray and light-brown dolomitic mottling. Dolomite is 
finely crystalline to slightly aphanic, vuggy, and thin to thick bedded; stylolites 
are abundant. Unit forms resistant cliffs and has a "banded" appearance from a 
distance. Only about 200 m of the upper part of the entire formation is exposed 
in map area; base not exposed, but entire formation is estimated to be about 
1,000 m thick over its complete exposure area

Contact

High-angle normal or reverse fault—Showing dip (barbed arrow) and trend and 
? plunge of lineation (diamond-shaped arrow). Dashed where approximately 

located; dotted where concealed. Bar and ball on downthrown side. Queried 
where uncertain. Arrows show relative direction of offset in map and cross 
sections; in cross sections, sinistral offset on the Kane Springs Wash fault is 
indicated by S

Vertical fault

Thrust fault—Sawteeth on upper plate of thrust block. Dashed where approximately 
located; dotted where concealed



Normal fault reactivated on prexisting thrust fault—Bar and ball on downthrown 
side of normal fault; sawteeth on upper plate of thrust. Dashed where 
approximately located; dotted where concealed. Sawteeth queried where absence 
of Paleozoic exposures do not confirm presence of thrust

Low-angle normal fault at base of coherent and chaotic gravity slides—Sawteeth 
on upper plate. Dashed where approximately located; dotted where concealed. 
Queried where location uncertain

Low-angle normal fault—Hachures on upper plate; dashed where approximately 
located; dotted where concealed

Fault scarp—Hachures on downthrown side where scarp is partially covered by a 
surficial unit younger than the fault

Height of eroded fault scarp—in meters; triangle on upthrown side of scarp

Anticline—Direction of plunge shown by arrow on axial trace. Dashed where 
approximately located; dotted where concealed

Syncline—Direction of plunge shown by arrow on axial trace. Dashed where 
approximately located; dotted where concealed

Overturned syncline—Dotted where concealed
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