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DESCRIPTION OF MAP UNITS

Qal Alluvium (Holocene)—Silt and sand in active streams and

washes

Eolian sand (Holocene)—Unconsolidated, very pale
brown (10YR 8/3), fine-grained, wind-blown sand and
silt forming small dunes less than 1.5 m in height. Most
dunes stabilized by vegetation

Playa deposits (Holocene)—Carbonate mud, oolitic sand,
gypsum, and halite in active playas and sabkhas

Younger alluvial fan deposits (Holocene and
Pleistocene)—Unconsolidated stream and fan deposits
of gravel, sand, and silt

Colluvium and talus (Holocene and Pleistocene)—
Unconsolidated talus and colluvium of sand and gravel

Lacustrine gravel (Holocene and Pleistocene)—
Subrounded to rounded, dark blue-gray (5G 4/1)
cobbles and pebbles, and pink-gray (7.5YR 7/2) sand
deposited in beach-bar complexes at several stands of
Lake Bonneville. Locally gravels cemented with white
(I0YR 8/1) fibrous calcite. Prominent beach-bar
complexes in southwestern part of map area

Lacustrine and alluvial deposits, undivided (Holocene
and Pleistocene)—Unconsolidated, soft, white (10YR 8/
1) calcareous clay, lacustrine silt, and sparse tongues of
gravel forming thin veneers over older alluvium and
pediment surfaces

Older alluvial fan deposits (Holocene and
Pleistocene)—Poorly consolidated gravel, sand, and silt
alluvial deposits forming raised terraces. Locally cut by
Holocene stream channels and wave benches of Lake
Bonneville

Andesite porphyry (Pliocene? or Miocene?)—Light
olive-gray (5Y 6/2) to greenish-gray (5BG 5/1) andesite
porphyry showing poorly developed flow foliation.
Contains 1- to 2-mm-long phenocrysts of hornblende
and plagioclase. Forms series of flows as much as 3 m
thick that conformably overlie unit Ts in northwest part
of map area

Qafz

Sedimentary rocks (Pliocene? or Miocene?)—Partially
lithified lake deposits consisting of, in decreasing
abundances: (1) white (2.5YR 8/0) tuffaceous siltstone;
(2) pale-yellow (2.5YR 7/4) tuffaceous sandstone; (3)
very dark gray (2.5 YR 3/0) limestone; and (4) pale-
brown (10YR 6/3), pebbly, tuffaceous sandstone.
Tuffaceous deposits locally contain opaline cement.
Contact with underlying unit Trpu not exposed.
Thickness about 150 m

Upper rhyolite porphyry (Miocene?)—Dusky-red (7.5YR
3/2) to light reddish-brown (5YR 6.3) rhyolite lava flows
as much as 150 m thick showing well-developed flow
foliation. Weathers into platy beds 1-6 cm thick.
Contains phenocrysts of clear sanidine and tridymite 5
to 10 mm long. In southwest part of map area
conformably overlies unit Trpl. Elsewhere separated
from underlying Pequop Formation by angular
unconformity of 5° to 15°

Lower rhyolite porphyry (Miocene)—Red (2.5YR 4/6),
gray (7.5R 5/0), brown (7.5YR 5/4), and black (10YR 2/
1) rhyolite volcanic flows as much as 125 m thick
showing poorly developed flow foliation. Weathers into
rubbly, spheroidal masses. Contains phenocrysts of
tridymite and sanidine 5 to 10 mm long. Basal part in
southwest part of map area locally contains pebbly ash-
flow tuff (10 m thick) that grades upward into rhyolite
porphyry.  Separated from underlying Pequop
Formation by angular unconformity of 5° to 15°
Radiometrically dated as 11.9 +0.4 Ma by K-Ar method
on sanidine (Armstrong, 1970; revised by Miller, 1984)

Granodiorite (Oligocene?)—Coarse-grained, pinkish-
gray (5YR 7/2), hornblende-biotite granodiorite.
Commonly contains schlieren and irregularly shaped
zones of fine-grained, dark-gray (2.5YR 4/0) diorite.
Present only in one hill in northern part of map area.
Oligocene age is assigned on basis of correlation with
lithologically similar 30.1+0.5 Ma granite present in
Pilot Range 20 km to north (biotite K-Ar age obtained by
Hoggatt and Miller, 1981)

Diabase (Tertiary?)—Weathered dikes (0.5-2 m wide)
and sills (24 m wide) that form loose, brown (10YR 5/
3) soil. Generally highly altered fine-grained,
hornblende-plagioclase and pyroxene-plagioclase mafic
rocks. Present in four locations in south-central part of
map area

Silicified breccia (Tertiary?)—Resistant, yellowish-brown
(10YR 5/7) brecciated jasperoid, silicified sandstone and
limestone, altered carbonate rocks and siliceous fracture
and vug fillings. Principally occurs as discontinuous,
pod-shaped bodies along low-angle fault that separates
Pilot Shale from Guilmette Formation on east side of
A-1 Canyon

Pequop Formation of Bissell (1964) (Permian)—Thin to
medium-bedded, dark bluish-gray (5B 4/1) silty
bioclastic limestone (60 percent); medium-bedded,
slope-forming, yellow (10YR 7/6) subarkose sandstone
(25 percent); thin-bedded, light-gray (7.5YR 6/0)
dolomite (13 percent); and thick-bedded limestone
containing chert pebbles (2 percent). Fusulinids
(commonly recrystallized), crinoid columnals, and blebs
(20-35 mm diameter) of white calcite (evaporite
replacement) are diagnostic. Unit typically forms very
pale brown (10YR 7/3) slopes. Gradational base of unit
is placed within 3-m-thick zone characterized by
appearance of few red (5R 5/6) silty beds (locally
absent). Unit locally silicified in northwestern part of
map area. Thickness more than 600 m

Ferguson Mountain and Strathearn Formations,
undivided (Permian and Pennsylvanian?)—In southern
part of map area, consists of, in ascending order: (1)
basalt chert- and carbonate-pebble conglomerate (1-10
m thick) that thins to north; (2) resistant, cliff-forming,
dark blue-gray (5B 4/1) bioclastic limestone (30-45 m
thick); and (3) light-gray (7.5YR 7/0), slope-forming,
platy dolomite and limestone (40-55 m thick). Bissell
(1962) called units 1 and 2 Strathearn Formation, and
unit 3 the Ferguson Mountain Formation. Total
thickness 70 m. In northern part of map area, unit
consists of cycles (each 1-15 m thick) comprised ideally
of: (1) crossbedded lenticular, sand and chert- and
carbonate-pebble conglomerate (0.5—1 m thick) at base;
(2) pink (5YR 7/4) to very pale brown (10YR 7/4)
massive, dolomite- and silica-cemented quartz
sandstone; (3) massive, dark blue-gray (5B 4/1)
limestone; and (4) light-gray (7/5YR 7/0), thin-bedded,
platy limestone and dolomite. Unit is considered mostly
Permian on the basis of fusulinid control. At present,
there is no direct paleontologic data to show whether
conglomerate and interbedded limestones in basal part
of unit are Pennsylvanian or Permian age. Thickness
about 70 m. Unit separated from Ely Group by angular
unconformity of as much as 5°
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- Ely Group of Bissell (1964) (Pennsylvanian)—Basal 350

m consists of resistant, ridge-forming, dark blue-gray (5B
4/1) limestone that contains brachiopods, bryozoans,
gastropods, and pelecypods. Laterally continuous bands
of very dark brown (10YR 2/2) chert 2—6 cm thick are
diagnostic. Upper 150 m consists of interbedded pink
(5YR 7/3) to gray (5YR 5/1), platy, argillaceous
limestone containing abundant quartz sand and silt.
Forms distinct 20- to 25-m-thick brown (10YR 5/3) and
white (10YR 8/2) striped cliffs. Nodules and stringers of
diagenetic chert commonly along bedding planes.
Hodgkinson (1961) called the upper 150 m the Hogan
Formation. Base of Hogan Formation denoted by
dashed line labeled “h” in eastern part of map area.
Total thickness of Ely Group 500 m

Chairman Shale and Diamond Peak Formation,
undivided (Mississippian)—Interbedded chert-pebble
conglomerate, carbonate- and chert-pebble con-
glomerate (with a carbonate matrix), siliceous quartzite,
silty bioclastic limestone, crinoidal limestone, and olive
(5Y 4/4) to dark olive-gray (5Y 3/2) shale with sparse
gypsum (note that the overall carbonate content (40
percent) of unit in Leppy Hills is greater than that in
adjacent ranges). Separated from Ely Group by a low-
angle fault. Thickness about 150 m (unit tectonically
thinned)

Joana Limestone (Mississippian)—Very dark gray
(7.5YR 3/0) to black (5YR 2/0), resistant, ridge-forming
bioclastic limestone. Strongly fractured and jointed.
Joints and fractures filled with white calcite. Thickness 6
m

Pilot Shale (Mississippian and Devonian)—Pale-red
(2.5YR 6/2) to dark-gray (2.5YR 4/0), slope-forming
calcareous shale and siltstone. A few chert-granule
conglomerate beds present on east side of A-1 Canyon.
Thickness about 125 m

Guilmette Formation (Devonian)—Light-gray (7.5YR 6/
0) to dark-gray (7.5YR 3/0), thick-bedded to massive,
bioclastic to micritic limestone. Corals, brachiopods,
gastropods, and stromatoperiods abundant. Faults and
stylolites common. Strongly fractured and jointed.
Contains numerous white calcite-breccia masses along
faults oriented subparallel to bedding. These breccia
masses are inferred to result form listric normal faults of
Tertiary age. Unit separated locally from Pilot Shale by
a silicified breccia zone. Thickness about 600 m (unit
tectonically thinned)

Simonson Dolomite (Devonian)—Alternating units of
light-gray (7.5YR 6/0) to dark-gray (7.5YR 4/0)
calcareous dolomite. Fine laminations parallel to
bedding are diagnostic. Thickness more than 125 m
(base not exposed)
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STRUCTURE OF THE LEPPY HILLS AREA

The Leppy Hills area consists of tilted, fault-bounded blocks of
Cenozoic volcanic and sedimentary rocks and underlying Paleozoic
sedimentary rocks. Most of these rocks dip 10° to 60° west. Although
the detailed pattern of faulting is complex, in general, the range is a
north- to northwest-trending horst. The east flank of the horst is
defined by faults that dip about 30° to 45° east, the west flank by faults
that dip about 60° to 90° west. Folds are scarce and have amplitudes
of generally less than 50 m with interlimb angles greater than 90°.
These folds are interpreted as minor adjustments to major extensional
faulting. The amount of extension calculated by restoring movement
along faults of the simplest cross section is at least 70 percent.

Strain was inhomogeneous during extension in this range. The
limestone beds deformed in a brittle manner by faulting. In contrast,
shaly beds show little evidence of faulting and are interpreted to have
deformed in a ductile manner. In limestone beds, calcite-filled
extension fractures increase in abundance near faults and are oriented
subparallel to major fault zones. About 2 to 3 percent by volume of
the Paleozoic rock is veined with calcite and (or) brecciated. Lc;cally
the volume approaches 25 percent. ;

Some normal faults curve from a high angle to subparallel
bedding. They have a spoon-shaped or listic geometry and are
concave upward. Along high-curvature sections of listric faults, space
problems were accommodated by: (1) formation of voids locally filled
with brecciated fragments and calcite (2) cataclastic flowage of
limestone or ductile flowage of shale into the spaces or (3) antithetic
faulting or “rollover” of the hanging wall.

Several faults are presently nearly vertical, whereas others are
presently nearly horizontal. Vertical and horizontal fault attitudes are
interpreted to have resulted from rotation along younger listric normal
faults. Movement along listric normal faults locally caused “tectonic
thinning” of the stratigraphic section and in some cases caused the
complete omission of stratigraphic units. For example, at three
localities, the upper part of the Chainman Shale and Diamond Peak
Formation, undivided, is in subhorizontal fault contact with the
Guilmette Formation, indicating that at least 200 m of section
(encompassing the normally intervening Pilot Shale and Joana
Limestone) has been cut out over a lateral distance of 1 km.

The 600-m-thick Guilmette Formation contains lenticular pods of
breccia along faults oriented subparallel to bedding. These faults have
a distinctive concave upward spoon-shaped geometry. The breccia
fragments are commonly covered with concentric bands of fibrous
calcite that indicates a cavity filling. The pods of breccia are thought
to have developed during extensional faulting by collapse of the
wallrock into cavities along irregular fault surfaces. Where present, the
Pilot Shale is separated from the underlying Guilmette by a silicified
breccia zone. This silicified breccia, like the calcite breccia in the
Guilmette, is inferred to have resulted from movement along listric
normal faults (see Schneyer, 1984). ’

Within the area mapped, volcanic rocks dated as middle Miocene
in age (11.9+0.4 Ma by K-Ar on sanidine, Armstrong, 1970; revised
by Miller, 1984) are separated from the underlying Permian limestone
by an angular unconformity of 5° to 15°. This small angular
discordance suggests that the Paleozoic sedimentary rocks dipped
gently and that the Leppy Hills area had low topographic relief at the
time the volcanic rocks were extruded. Thus, the majority, if not all,
of the extension faulting and attendant rotation of beds in the map
area took place in the late Miocene or later. Faulting ended by
Pleistocene time, for Quaternary deposits overlap the faults.

As the Mississippian and older units in the map area are thinned
by faulting, paleogeographic reconstructions based upon variations in
formation thickness are uncertain. No direct evidence for thrust
faulting of Paleozoic or Mesozoic age was found in the Leppy Hills.
Rather, all the observed field geometries can be explained by east to
northeast-trending late Miocene and (or) Pliocene extension. Thus, the
strata exposed in the Leppy Hills were probably passively rafted
eastward throughout the Mesozoic in the upper plate of more deeply
seated Mesozoic-age thrusts that have been documented in the region.
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