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ABSTRACT

This 1:24,000-scale geologic map of the southern part
of the White Cloud Point 7.5-minute quadrangle is located
along the northwest tip of the northern Snake Range
metamorphic core complex and the northeastern part of
Spring Valley. The northern Snake Range metamorphic core
complex exposes a low-angle normal slip detachment fault,
the northern Snake Range décollement (NSRD), that
juxtaposes an upper plate of unmetamorphosed Middle
Cambrian to Permian miogeoclinal rocks cut by normal
faults and a lower plate dominated by metamorphosed and
ductilely thinned and stretched Neoproterozoic to Middle
Cambrian metaclastic and marble rocks intruded by
Mesozoic and Cenozoic plutons and dikes.

In the map area, the lower plate to the NSRD is
composed of Early to Middle Cambrian metaclastic and
marble rocks and crosscutting late Eocene rhyolite porphyry
dikes. The late Eocene—late Oligocene ductile thinning and
stretching deformation fabrics, characteristic of most of the
lower plate exposed across the northern Snake Range (Lee
et al., 2017), die out in the map area. On the western flank
of the range, Lower Cambrian metaclastic rocks expose an
older penetrative deformational fabric, defined by a foliation
that dips more steeply west compared to bedding. The
intersection of these two planes defines a NNW-trending
intersection lineation. Quartz grains in the quartzites exhibit
a stretching lineation along the intersection lineation,
defining an intersection-stretching lineation (Lee, 1990). To
the east, Middle Cambrian marbles define an isoclinal
recumbent syncline. The upper plate to the NSRD is
composed of normal faulted Middle to Upper Cambrian,
Mississippian, Pennsylvanian, and Permian miogeoclinal
rocks intruded by a late Eocene dacite. Exposed across the
western and northern parts of the map area are older alluvial
deposits of Quaternary age and lacustrine, sand, and gravel

deposits equivalent(?) in age to Lake Bonneville.
Quaternary normal faults cut the older alluvial deposits.

DESCRIPTION OF MAP UNITS

Unit descriptions are largely from Lee et al., 1999a,
1999b, and 1999c.

Stratified Rocks

Qal Alluvium (Quaternary) Generally unconsolidated
sand and gravel deposited within modern drainage.

Qt Talus (Quaternary) Locally derived, generally
monolithic, unconsolidated, matrix-free, angular and poorly
sorted, boulder- and smaller-sized rock debris.

Qla Lacustrine and alluvial deposits, undivided
(Quaternary) Lacustrine and alluvium (sand and gravel)
deposits reworked by waves and currents of a lake
equivalent(?) in age to Lake Bonneville. Also includes pre-
lake alluvial fans etched by wave action.

Qol Older alluvium (Quaternary) Flat-lying or gently
dipping consolidated to unconsolidated alluvial-fan, sand
and gravel deposits that form pediment surfaces, rest in
sharp angular discordance on older rocks, and are incised by
present-day drainages. Clast types and morphology of these
deposits reflect derivation from the present-day drainage
systems developed in flanking mountain ranges.

Rocks in the Upper Plate of the Northern Snake
Range Décollement

Pa Arcturus Formation (Permian) The Arcturus
Formation is predominantly tan to white, slope-forming,
fine-grained quartzose sandstone with occasional brown-
gray, ledge-forming, fossiliferous, medium- to coarse-
grained, thin-bedded to massive limestone. The sandstone
varies from moderately to well sorted, poorly cemented




quartzose sandstone, to poorly sorted, calcite-cemented
sandstone and a silica-cemented orthoquartzite. The fraction
of limestone increases upsection and contains diagnostic
mollusks and hexagonal colonial corals. Black chert nodules
are common. Reported thickness is ~760—1000 m (Playford,
1961; Dechert, 1967).

Pe Ely Limestone (Pennsylvanian) The Ely Limestone
is tan-gray to brown-gray, ledge- to cliff-forming, bioclastic
to fossiliferous, medium- to coarse-grained limestone that
can be massive, thickly bedded (~1 m) or well bedded (14
cm), with bedding defined by silty partings. Some of the
lower sections contain up to 50% well-bedded, generally
black, but also white and red, chert stringers and nodules.
Chert also occurs in large irregular-shaped patches with no
apparent relationship with bedding. Silty limestone, silt
interbeds, and sandstone lenses increase in abundance
upsection. Sandstone lenses are composed of fine-grained
quartzose sand and are discontinuous laterally on the order
of meters to tens of meters. These lenses only form a small
proportion (~15%) of the limestone and silty limestone
section. Fossils within the Ely Limestone include large, well
preserved brachiopods, crinoids, bryozoa, rugosan cup
corals, and pelycepods. Reported thickness is ~570-825 m
(Fritz, 1960; Playford, 1961; Dechert, 1967; Drewes, 1967).

Mc Chainman Shale (Mississippian) The Chainman
Shale is a dark-brown to black, slope-forming shale
containing thin beds (0.5-1.5 cm thick) of tan limestone and
limestone concretions around fossil shells. Outcrop is
scarce, and the shale is identified by the distinctive
chocolate-brown to black soil that forms as the shale
weathers. Within the Chainman Shale, four lithologies can
be distinguished: a) the dominant lithology consists of rust-
brown to black, platy (0.5-1.5 cm thick), calcareous shale;
b) occasional sandstone lenses of well-sorted, fine- to
medium-grained, light-gray sandstone; c) a thinly bedded
(0.5-1.0 cm), platy sandstone that locally contains
carbonaceous plant debris; and d) moderately abundant,
dark-gray to black, fine-grained nonfossiliferous limestone
beds. Reported thickness is ~305-610 m (Fritz, 1960;
Playford, 1961; Nelson, 1966; Dechert, 1967; Drewes,
1967).

€n Notch Peak Formation (Upper Cambrian) In the
upper plate, the Notch Peak Formation is medium-gray, fine-
to medium-grained, cliff- to ledge-forming, bedded
(typically 1-6 cm, and as much as 30 cm thick) cherty
limestone. Typically the limestone contains 1- to 2-cm-
thick, rust- to brown-colored chert nodules in beds 2—4 cm
apart, but variations include sporadic chert nodules in
massive limestone and massive to thinly bedded limestone
without chert. Bedding, defined by silty interlayers, can be
irregular to well developed. Locally, the lowest 5 m of the
Notch Peak Formation consist of buff, fine- to medium-
grained limestone, designated the Barton Canyon member of
Young (1960). Medium- to dark-brown, ledge-forming,
medium-grained, chert- poor dolomitic intervals are
common in the middle part of the unit. The upper part of the
Notch Peak Formation contains several variations in

lithology. These include intervals of silty, chert-poor, well-
bedded (1-3 cm thick) limestone, dark-gray limestone beds
with mauve mottling 2—4 cm thick, and tan, buff and gray
blocky limestone beds containing well preserved trilobite
genal spines and pygidia. Within more massive intervals are
lenses and beds of dark-gray, bioclastic limestone. The
uppermost section is light-gray, massive to poorly bedded,
chert-poor, cliff-forming, fossiliferous limestone. Fossils
include commonly observed brachiopods, gastropods,
trilobites, crinoids and stromatolites, as well as rare
echinoids. Undeformed thickness of ~715 m in the upper
plate of the northern Snake Range (Gans et al. 1999) and
~490-550 m in the southern Snake Range (Whitebread,
1969).

€m Limestone, undivided (Middle Cambrian) In the
upper plate, the Middle Cambrian limestone is thick,
medium- to light-gray, massive to thickly bedded and cliff-
forming. In the northern Snake Range, this unit lacks a
depositional base due to truncation by the NSRD. The
uppermost part of the Middle Cambrian limestone typically
forms prominent white cliffs beneath the Dunderberg Shale.
It is cliff-forming, light-gray, thickly bedded (1-2 m thick),
nearly micritic limestone. Below this upper part is dark-
brown-gray, slope- to ledge- forming, thinly bedded (2—4 cm
thick), sparsely fossiliferous (trilobites and phosphatic
brachiopods), bioturbated (burrows) limestone with yellow
silty intervals and partings overlain by slope-forming, well-
bedded, light- to medium-gray dolomites. This section
contains an approximately 1- to 3-m-thick distinctive
interval of 0.2- to 0.7-m-thick beds of yellow-tan, ledge-
forming, massive, silty limestone beds. Below is medium-
gray, cliff-forming, massive, evenly banded, recrystallized
micrite limestone. The laterally continuous banding
(approximately 1 m thick) is formed by the dark resistant
silty/dolomitic laminations. The underlying section forms
light-gray, thick bedded (2—4 m thick), nearly vertical cliffs
of recrystallized micrite limestone. This section shows
internal variation that includes beds containing thin zones (<
1 m thick) of laterally continuous, dark-brown resistant
silty/dolomitic laminae (spaced 5-10 m apart); other beds
contain evenly distributed, filamentous silty/dolomitic
stringers (1 mm by 1 mm by 10-60 mm); and others contain
sporadic silty/cherty nodules. The basal section consists of
medium-gray to yellow-buff, -cliff-forming, massive,
fenestral, recrystallized, micritic limestone with irregular
zones (0.5—1.5 m thick) containing resistant dark-brownish-
gray silty/dolomitic laminations. This section contains two
darker gray, massive units with well-bedded dark brown
silty intervals. This section includes several tens of meters
of dark-gray, massive limestone containing fenestra,
occasional cross-bedding and oolitic intervals, sparse
Girvanella, and increasing amounts of silty/dolomitic
laminae (about 1 cm thick and 1-3 cm apart) upsection. This
sequence likely corresponds to the Middle Cambrian
Eldorado limestone, Monte Neva Formation, and Raiff
Limestone, with a cumulative thickness of ~1365-1660 m
(Young, 1960; Dechert, 1967; Fritz, 1960).



Rocks in the Lower Plate of the Northern Snake
Range Décollement

In the lower plate, the Middle Cambrian carbonates
consist of three formations: the Raiff Limestone, the Monte
Neva Formation, and the Eldorado limestone.

€n Notch Peak Formation (Upper Cambrian) In the
lower plate, the Notch Peak Formation is light- to dark-gray
and white-banded, ledge- to cliff-forming, cherty, well
foliated marble. The base of this unit typically consists of a
distinctive 1.5- to 6-meter-thick, generally coarse-grained,
pure white marble that corresponds to the Barton Canyon
member of Young (1960) in unmetamorphosed sections.
Above this member is platy to non-platy, fine-grained
marble containing laterally discontinuous beige and light-
gray to brown and rust-colored chert stringers and nodules
that have been thinned and stretched parallel to the foliation.
The uppermost part of the unit is light-gray to light-yellow,
coarse-grained, non-chert-bearing, slightly micaceous-
bearing marble. This unit contains a well-developed,
shallow-dipping mylonitic foliation, defined by color
banding. Undeformed thickness of ~715 m in the upper plate
of the northern Snake Range (Gans et al. 1999) and ~490—
550 m in the southern Snake Range (Whitebread, 1969).

€d Dunderberg Shale (Upper Cambrian) In this
quadrangle, the Dunderberg Shale is exposed only in the
lower plate. It is a light- to dark-brown, slope-forming,
thinly laminated to platy calc-schist/calc-silicate rock. Small
(<2 mm across) white mica/phlogopite flakes are commonly
found on parting surfaces. The middle part of the unit is a
calc-schist containing large (up to 0.5 cm across) brown
magnesium-rich biotite porphyroblasts (Lee, 1990) and
includes the mineral assemblage clinozoisite + muscovite +
quartz + plagioclase + calcite £+ sphene. The uppermost part
of the unit is fine-grained, finely laminated, yellow-tan and
gray marble with brown chert stringers and nodules that
grades into the overlying Notch Peak Formation.
Undeformed thickness of ~145-220 m (Fritz, 1960; Young,
1960; Dechert, 1967).

€r Raiff Limestone (Middle Cambrian) The Raiff
Limestone is predominantly dark-gray and light-gray,
coarse-grained, platy, slope- and ledge-forming, well-
foliated marble alternating with white to light-gray, massive,
coarse-grained dolomite. The dolomite is quite distinctive in
that it is not foliated. The middle portion of the unit contains
a thin interval of gray to light-brown, biotite porphyroblast
(up to 0.5 cm across) bearing calc-schist/calc-silicate. The
unit is typically capped by white to light-gray, massive to
laminated pure marble. Undeformed thickness of ~720-850
m (Young, 1960; Dechert, 1967).

€mn Monte Neva Formation (Middle Cambrian)
The Monte Neva Formation is a medium-to dark-brown,
slope-forming, medium- to coarse-grained, platy calcareous
schist. The base is typically characterized by an
approximately 2.5 m thick, laterally discontinuous dark-
brown, fine-grained muscovite and biotite graphitic

phyllite/schist. The predominant calcareous schist contains
a variable mineral assemblage of large brown magnesium-
rich biotite books (up to 0.5 cm across), smaller tabular
clinozoisite porphyroblasts on parting surfaces as well as
quartz + calcite £ plagioclase + tremolite £ sphene. The unit
is typically capped by a thin platy, less silty section that
contains light- to medium-gray limestone interlayered with
light-brown calcareous schist layers that contain small (<2
mm across) muscovite/phlogopite grains. Measured
undeformed thickness of ~170 m in the type section in the
northern Egan Range (Young, 1960), and ~200 m in the
northern Schell Creek Range (Dechert, 1967).

€e FEldorado limestone (Middle Cambrian) The
Eldorado limestone is predominantly white- and blue-
striped, slope- to ledge-forming, fine- to coarse-grained,
massive to finely foliated pure marble. The base of the unit
is characterized by dirty-white to light-tan silty marble
interlayered with thin (1-5 cm) white mica-bearing schist
layers and calcareous-schists. This basal silty section grades
upwards into the predominant pure blue- and white-striped
marble. The upper third of the unit contains meter-scale,
irregular-shaped blocks of coarse-grained, white to light-
gray to blue, massive dolomite. This unit has nearly the same
characteristics as the Raiff Limestone; the most
distinguishing feature of the Eldorado limestone is that it
contains fewer dolomite intervals. Foliation is defined by
silty layers in the basal section and by alternating blue and
white (mm- to cm-scale) bands in the marble. Minor
constituent minerals in the marble are biotite, phlogopite,
sphene, and tremolite. Reported thickness of ~470—-610 m
(Young, 1960; Fritz, 1960; Dechert, 1967).

€pi Pioche Shale (Lower Cambrian) The Pioche
Shale is a slope-forming unit that can be subdivided into
three subunits. The basal unit is a medium-grained biotite +
muscovite + quartz schist that grades upwards into subunit
2, a fine-grained biotite + muscovite + chlorite phyllite.
Subunit 3 may contain thin interlayers of gray to gray-blue
marble, which is gradational with the overlying Eldorado
limestone, or it may contain 5- to 15-cm-thick layers of fine-
to medium-grained calc-silicate rock containing amphibole
+ diopside + epidote + calcite + quartz + plagioclase. The
amphibole is commonly coarse grained (up to 5 cm in
length), forming radiating grains on parting surfaces.
Reported thickness of ~75-180 m for undeformed Pioche
Shale (Fritz, 1960; Young, 1960; Dechert, 1967; Drewes,
1958, 1967; Whitebread, 1969).

€pm Prospect Mountain Quartzite (Lower Cambrian)
The Prospect Mountain Quartzite is rust-brown to tan, cliff-
to talus-forming quartzite. The quartzite contains minor
amounts of muscovite (both dispersed and on micaceous
partings), feldspar, opaque minerals and occasional thin (<2
cm) pebble-bearing horizons. Contact with the overlying
Pioche Shale is gradational as the quartzite becomes
increasingly schistose at the top, with thin (1-5 cm thick),
medium- to coarse-grained, garnet-bearing, muscovite +
biotite + chlorite + quartz schistose layers becoming more
common. The foliation, which dips more steeply west



compared to bedding (Lee, 1990) is defined by micaceous
minerals and flattened quartz grains, and the intersection-
stretching lineation is defined by weakly elongate quartz
grains. Regional thickness of ~1220 m (Fritz, 1960;
Whitebread, 1969; Rodgers, 1987).

Intrusive Rocks

Td Dacite intrusion (Tertiary) The Tertiary dacite
intrusion is a purplish-gray, lavender or reddish-brown
subvolcanic intrusion or dome. Dark vitrophyre is locally
preserved at the margins of the intrusion or dome. The dacite
typically contains 35-40% phenocrysts, including 2-25%
plagioclase, 6—8% hornblende, 2.5-3.5% biotite, 0.5-2%
quartz, 1% Fe-Ti oxides and 0.2-3% pyroxene (Gans et al.,
1989). The exposure of dacite is interpreted as part of an
areally extensive subvolcanic intrusion that extends
northward to the southern flank of the Kern Mountains,
where it has been dated at 35.0 = 0.5 Ma (K-Ar on biotite)
(Gans et al., 1989).

Trpd Rhyolite porphyry dikes (Tertiary) Rhyolite
porphyry dikes are comprised of phenocrysts of quartz +
plagioclase + muscovite £ minor biotite in a fine-grained
groundmass of quartz and plagioclase. The dikes exposed in
the southeast part of the White Cloud Point quadrangle are
the northern continuation of a swarm of north-northeast-
trending rhyolite porphyry dikes exposed to the south in the
Third Butte East quadrangle (Lee et al., 1999a). In the south-
central part of the White Cloud Point quadrangle are smaller
exposures of these dikes. A dike from this swarm in the
Third Butte East quadrangle yielded a zircon 2*¥U-2Pb age
of 37.806 = 0.026 Ma (Lee et al., 2017) and muscovite
YAr/Ar age of 37.2 = 0.4 Ma (Lee and Sutter, 1991; age
recalculated in Lee et al., 2017 using a revised age for
standard MMhb from Renne et al., 1998).
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