











colored tuff that consists of rounded pumice cobbles,
volcanic rock fragments, and pumiceous matrix.

Chesterman (1973) assigned a Quaternary age to the
basalt and stated that the unit overlies deformed lacustrine
deposits of Pleistocene Lake Tecopa. However, tuffaceous
lake beds were found on top of the eroded basaltic mound
on the east side of the Amargosa River, 1 km north of
Shoshone. Inasmuch as the oldest deposits of - Lake
Tecopa are late Pliocene (see section on “Age of Lake
Tecopa”), the basalt is presumably of Tertiary age. In the
Dublin Hills, the basalt and related tuff directly overlie
Paleozoic carbonate rocks, so the maximum age of the
volcanic unit is poorly constrained. Because the
stratigraphic relation of the basalt to the Shoshone
Volcanics is not demonstrated and because basalt
eruptions occurred sporadically in the Amargosa region
throughout the late Tertiary and Quaternary, only tentative
conclusions can be made concerning the timing of basaltic
volcanism at Shoshone.

The basalt may be related to volcanism that produced
part of the Funeral Formation (Drewes, 1963; Denny and
Drewes, 1965), which includes a large area of basalt flows
in the eastern Greenwater Range. In fact, Noble and
Wright (1954) described the Shoshone basalt as part of
their Funeral Fanglomerate of Pliocene and Pleistocene(?)
age (renamed the Funeral Formation by Drewes, 1963) in
their generalized geologic map of the Death Valley region.
If this tentative correlation is correct, then the basalt is
younger than 5.4 Ma, which is the isotopically determined
age of the Greenwater Volcanics that underlie the Funeral
Formation in the Funeral Peak quadrangle. A basalt flow
in the type section of the Funeral Formation near Ryan
yieldled a whole-rock K-Ar age of 4.03+0.12 Ma
(McAllister, 1973).

TERTIARY CHINA RANCH BEDS

Debris flows, fanglomerate, pumice beds, and
gypsiferous mudstone in the Sperry Hills compose the
China Ranch Beds, which are well exposed in the
Amargosa canyon south of Tecopa. Mason (1948)
originally applied the name to the light-colored mudstones
and gypsiferous beds that crop out in the vicinity of China
Ranch. However, Wright (1974) redefined the unit to
include the coarse fanglomerate that interfingers with the
gypsiferous mudstones. The fanglometate lithology of the
China Ranch Beds is prevalent in the Alexander Hills (fig.
1) and in the western part of the Sperry Hills.

Exposures of the fanglomerate south of Tecopa Pass,
consist of bodies of monolithologic conglomerate
interbedded with heterogeneous material (Wright, 1974).
The monolithologic conglomerates, which are present as
lenses as long 300 m, are slump blocks of bedrock derived
from the nearby ranges. West of the Amargosa River, the
fanglomerate is a heterogeneous unit of gneiss, granite,
and dolomite boulders. Quartzite, metasedimentary rocks,
and volcanic rocks are common but less abundant. The

subrounded boulders, which are 1 to 5 m in diameter, are .

set in a sand and gravel matrix of similar lithology. In the
cliffs of the Amargosa canyon, where at least 100 m of the
fanglomerate is exposed, the poor sorting and crude
bedding of the unit is readily apparent. The unit originated
as debris flows and stream deposits derived from the

ancestral Sperry Hills, which consisted primarily of
Tertiary(?) granite and Archean gneiss. The ancient fan has
been modified by extensive faulting.

Lenses of white pumice fill ancient channels within the
fanglomerate. The lenses, as much as 5 m thick, consist of
pumice clasts in a white lapilli matrix. The clasts are well
rounded and are from 1 to 5 cm in diameter. Pumice
lenses are generally no more than a few tens of meters
wide, although one extensive pumice bed is exposed in the
northern Amargosa canyon, 3 km south of Tecopa. This 5-
m-thick bed is a complex of pumice pebbles and cobbles
interbedded with pumice lapilli and coarse arkosic
sandstone. The clasts are well rounded and present in
laminar graded (upward fining) beds as much as 20 cm
thick. Pumice cobbles are rich in sanidine phenocrysts.

The pumice bed is traceable southward from the
fanglomerate into gypsiferous mudstones. The crudely
bedded fan deposit is finer grained to the south and
eventually interfingers with buff and pale-pink mudstones,
which are well bedded and contain abundant gypsum.
Total exposed thickness of the mudstone is approximately
400 m. The gypsum beds suggest a shallow lacustrine
environment or playa, where evaporation was dominant.
The mudstones are extensively faulted and deformed into
tight plunging folds.

The China Ranch Beds overlie and incorporate
material from the Cambrian and older bedrock, Tertiary(?)
granite from the Sperry Hills, and the Tertiary volcanic
rocks. The beds underlie the deposits of Lake Tecopa and
form the southermn margin of the lake basin. In a few
places, a slight angular unconformity is indicated where
lake-age gravels filled depressions in the eroded and tilted
China Ranch Beds. Noble and Wright (1954) and Wright
(1974) assigned a Pliocene and Pleistocene(?) age to the
China Ranch Beds on the basis of stratigraphic relations.
Because the beds unconformably underlie lake beds of
earliest Pleistocene age, the China Ranch Beds are
considered to be wholly Tertiary.

In many ways, the China Ranch Beds are similar to.
the Funeral Formation of the Death Valley region. For
example, the Funeral Formation consists of coarse fan
deposits with large slump blocks, playas, and pumiceous
tuff (Drewes, 1963), as are found in the vicinity of China
Ranch. The presence of huge blocks and megabreccias
within the fanglomerates suggests that wuplift and
accelerated erosion were affecting the highlands
throughout the region. This tectonic activity, which
probably occurred during the Pliocene, was accompanied
by local volcanic activity.

QUATERNARY LAKE BEDS, CONGLOMERATE, AND TUFA

The deposits of Lake Tecopa (fig. 2a) are divided into
three informal units that are mapped separately: (1)
lacustrine mudstone, (2) conglomerate, and (3) tufa.
Deposits of Lake Tecopa occupy the low region between
Shoshone and Tecopa and the southern end of Chicago
Valley. The maximum areal extent of the lake was
approximately 250 km?. The southern margin of the lake
was originally buttressed by fanglomerate of the China
Ranch Beds, now breached by the Amargosa River.



FIGURE 2a.—Schematic geologic cross section of the deposits of Lake Tecopa: lacustrine
mudstone unit (Qtlm) including tuffs A, B, and C of Sheppard and Gude (1968),
conglomerate unit (Qtc), and tufa. Also shown are basement rocks (TAu) composed of
Archean gneiss, Proterozoic and Paleozoic sedimentary rocks, Tertiary volcanic rocks, as
well as older Quaternary alluvium (Qag), and Holocene alluvium (Qa,).

Lacustrine mudstone

A cumulative thickness of 72 m of mudstone,
claystone, and volcanic ash is exposed (fig. 2b), although
the level of erosion has not reached the base of the lake
deposits in the central part of the basin. Stratigraphic
section 1 was measured 1.5 km northeast of Shoshone,
section 2, 2 km east of Shoshone, and section 3 was
measured near the southern end of the Dublin Hills. The
sediments have pastel colors ranging from buff and pink
near the lake margins to green and brown in the central
basin. Badland topography developed on the lacustrine
mudstone unit generally consists of low rounded mounds
with knobby surfaces resembling popcorn, caused by the
wetting and drying of expandable clay minerals. Near the
lake margins, the deeply dissected lake beds form vertical
walls. Several thick volcanic ash beds form orange or white
resistant ledges in the walls of the arroyos.

The dominant lithology is mudstone that consists of
clay, silt, and minor amounts of sand. The mudstone
contains calcite, clay minerals, mineral and rock fragments,
and gypsum fills cracks. Authigenic zeolites and potassium
feldspar are also present in the mudstone. Claystone,
which breaks with a brittle conchoidal fracture, is
interbedded with mudstone and is most common in the
middle part of the lake beds. The predominant detrital clay
minerals are illite, lithium-rich saponite, and
montmorillonite, (Starkey and Blackmon, 1979). Grain
sizes of the sedimentary rocks become coarser toward the
main inlet north of Shoshone and toward the tributaries of
Greenwater and Chicago Valleys. Lenses of sandstone and
subrounded pebbles mark the channels of ancient streams
at the inlets. The subangular sand grains consist of quartz,
~ feldspar, biotite, and silicic volcanic-rock fragments. The
dominant lithologies of the pebbles are basalt and silicic
volcanic rocks.

The mudstones are generally well bedded and nearly
flat lying, although the beds dip approximately 1° toward
the center of the basin. Minor warps, slumps, and
depressions were noted in a few limited areas (see fig. 5,
Sheppard and Gude, 1968). The claystone beds tend to

be massive, especially in the central part of the basin.

For the most part, the lake sediments are moderately
indurated, but tend to disaggregate easily during wetting.
However, localized concentrations of calcite produce
resistant ledges and beds especially near Shoshone, where
spring water and the Amargosa River entered the lake, and
also near the Greenwater fan. Sediments along the lake
perimeter tend to be richer in CaCOj3 than the sediments
of the central basin. Sandstone beds, commonly cemented
by carbonate, form nodules and flagstones as much as 50
cm wide and 5 to 10 cm thick. The eroded surface of the
lake beds is littered with a lag concentration of carbonate
flagstones.

Several volcanic ash beds, ranging in thickness from 1
cm to 4 m, are present in the lake deposits. Of the 12
ashes that are recognized, three form thick beds that are
mappable throughout the basin; whereas, the thinner
ashes are discontinuous. Sheppard and Gude (1968)
provided detailed descriptions of the three thick ashes, and
their nomenclature has been followed in referring to the
ashes as tuffs A, B, and C (from youngest to oldest).

In general, the fresh ashes are white or pale gray and
extremely friable. They are composed of rhyolitic vitreous
shards and minor amounts of crystal and rock fragments.
The basal contacts of the ashes are sharp, suggesting direct
air fall into the basin, and the upper contacts are
gradational with the overlying mudstones. In many places,
the upper parts of the thick ashes have multiple fine beds,
ripple marks, grading, and small-scale crossbeds indicative
of reworking by water currents. Locally, fresh ash is
cemented by CaCOj to form resistant ledges.

Except near the northern lake margin, where fresh ash
predominates, the glass shards are generally altered to
zeolites, potassium feldspar, and searlesite. As described by
Sheppard and Gude (1968), the authigenesis of the tuffs
follows an areal zonation with fresh glass at the outer
perimeter, giving way to zeolite (phillipsite, clinoptilolite,
and erionite) in the intermediate zone, and finally
potassium feldspar and searlesite at the center of the basin.



SECTION
1

METERS
35 —

SECTION
SECTION METERS 3
METERS 2

Tuff A
I D =
Tuff B
EXPLANATION Tuff C
Claystone
-
Mudstone Nodules
A
Sandstone Rootcasts
o
Conglomerate Paleosol
Tuff

o -

FIGURE 2b.—Measured stratigraphic sections in the lacustrine mudstone unit. Locations: Section 1, SEV4 sec. 19 and
SW¥s sec. 20, T. 22 N., R. 7 E.; Section 2, SEV4 sec. 29 and NEY4 sec. 32, T. 22 N,, R. 7 E.; Section 3,
NWVasec. 19, T. 21 N, R. 7E. 6



Altered tuff is punky, porous, has a blocky fracture, and
forms yellowish or greenish ledges.

Tuff C—The lowermost thick ash, tuff C, is
stratigraphically 17 m above the deepest exposure of the
lake beds. Tuff C is 10 to 75 cm thick and is best exposed
along the west side of California Highway 127, where the
altered tuff forms a resistant ledge containing green
nodules of silicified clay. Distinctive features of the tuff are
the highly contorted and well-laminated upper part and the
deformed base, which is generally warped into a wavelike
surface with amplitudes of 50 cm and wavelengths of
several meters. Although the cause of the deformation
remains a matter of debate, the wavy base is probably a
load feature, but the contorted upper part may be due to
turbidity flow. Seismic shaking has been proposed as an
alternative cause of the deformation.

Although the glass shards of tuff C are predominantly
altered to potassium feldspar minerals, a small pocket of
fresh ash is preserved near the eastern margin of the basin
(SWV4 sec. 24, T. 21 N,, R. 7 E.). Fresh ash is mainly of
platy bubble wall shards and 1-5 percent rock and crystal
fragments. Zircon phenocrysts with glass selvages are
present. The bed is difficult to trace in the rounded hills of
the central basin, because the outcrops have thick mantles
of weathered material.

Tuff B—Tuff B is approximately 18 m stratigraphically
above the base of tuff C. The stratigraphic interval between
the two tuffs, which is predominantly claystone, is poorly
exposed except at the southwest part of the lake basin.
Tuff B is thick (0.3 to 3.5 m) and can be traced almost
continuously from the Sperry Hills, along California
Highway 127 to Shoshone, then along the west flank of
the Resting Spring Range to Chicago Valley. The southern
exposures of tuff B are mostly associated with deep-water
mudstones, whereas elsewhere the tuff is exposed in
shallow fluviatile deposits near the ancient shore. The
deep-water exposures contain very minor amounts of
locally derived rock fragments. In contrast, on the lower
part of the Greenwater fan, the tuff has a clean vitreous
base beneath layers containing an abundance of local
carbonate and volcanic detritus. The thicker accumulations
of the ash tend to be massive except near the base where
fine laminations are common. Gypsum-filled root casts are
abundant throughout the ash bed in the shallow-water
depositional environments. Near the southern tip of the
Resting Spring Range, tuff B was deposited by direct air
fall onto alluvium, as suggested by the presence of
abundant fossilized plant stems in the base of the ash. In
the channels of the ancestral Amargosa and Chicago
Valley tributaries, tuff B was deposited as a complex of
channel fillings and tuffaceous sandy beds. Just northeast
of Shoshone on the east side of the Amargosa River, the
ash is interbedded with mudstone that was deposited on
Tertiary basalt.

The freshest examples of tuff B are near Shoshone
and along the Resting Spring Range, where the ash stands
out as a white band between underlying pink mudstone
and overlying green claystone. Fresh ash is mainly
composed of distinctive pumice shards (as much as 0.5
mm) having spindles of elongate tubular bubbles. Volcanic
rock fragments and crystals, mainly biotite and plagioclase,

make up 1 to 10 percent of the ash. Resistant ledges of tuff
B at the southwest side of the basin contain authigenic
zeolites and potassium feldspar as replacement products of
the glass shards. Orange ledges of the altered ash have
abundant spherulitic phillipsite within the zeolite facies. In
the potassium feldspar facies, the tuff is green or brown.

Tuff A—Tuff A, which is 0.5 to 4 m thick, is exposed
around the perimeter of most of the basin, but was not
recognized in Chicago Valley. The 4-8 m interval that
separates tuff B from the overlying tuff A generally consists
of green brittle claystone. Tuff A is overlain by about 10—
30 m of lacustrine sandy mudstone and conglomerate; no
ashes were found above this tuff. The best exposures of
tuff A are in an abandoned pumicite quarry, 1 km south
of Shoshone, where the 4-m-thick bed consists of silver
gray vitric tuff with many laminar interbeds several
centimeters thick. The tuff contains only minor amounts of
locally derived detritus, although there is ample evidence
that the upper part of the bed has been reworked by water
currents. Well-preserved ripple laminations indicate a
south-southeast current direction. In Greenwater Valley,
tuff A is 2 m thick and overlies siltstone containing
abundant root casts. On a nearby isolated outcrop of
Cambrian dolomite, the ash was deposited on talus,
suggesting deposition by direct airfall. In the Sperry Hills,
the 2.5-m-thick bed was deposited on gravels which
interfinger with the lake beds. In general, the substantial
thickness of the tuff provides a continuous exposure,
except near the ancestral Amargosa River channel where
the ash is mixed with sand and gravel and forms
discontinuous lenses. The lenses exhibit chaotic rip up
structures, crossbeds, and ripple marks.

Where fresh, tuff A is predominantly composed of
platy glass shards approximately 0.1 mm in diameter. Rock
and crystal fragments typically comprise less than 1 percent
of the ash. Where the tuff forms resistant ledges, it displays
alteration features similar to those of altered tuff B.

Conglomerate

This unit consists of fanglomerate and pebbly fluviatile
deposits that interfinger with the lacustrine mudstone unit.
The unit generally forms cobble-strewn low rounded hills
that develop dendritic outlines in plan view. Typical
exposures of the conglomerate unit are seen in the gravelly
piedmont that flanks California Highway 127 north of
Shoshone, where the unit consists of coalescing alluvial
fans at the foot of the surrounding ranges. The fan
deposits, which are at least 50 m thick, consist of sand,
gravel, and subangular cobbles composed of dolomiite,
quartzite, basalt, and silicic volcanic rocks. Pebble and
cobble sizes increase from 1 to 8 cm near the center of the
valley to 20 cm at the foot of the bedrock ranges. Near the
present channel of the Amargosa River, the conglomerate
consists of rounded pebbles, 1 to 4 cm in diameter, and
sandy channel fillings that were probably deposited by an
ancestral river. These fluviatile sediments are interbedded
with tuffs A and B and a 1-m-thick mudstone bed.

Small remnants of the conglomerate unit are exposed -
at the foot of the Dublin Hills, the Sperry Hills, and the
Resting Spring Range. Where a direct association with lake
beds cannot be demonstrated, the remnants are



distinguished from the younger alluvium by a more
rounded dendritic morphology, greater induration due to
carbonate cementation, and generally steeper depositional
slopes near the range fronts. A shallower slope tends to be
present in the younger alluvial deposits because the range
fronts have been incised more deeply since the
conglomerate unit was deposited. This relation is well
demonstrated in the Dublin Hills where conglomerate fan
remnants stand above younger pediment gravels that have
shallower slopes. Although clasts within the conglomerate
carry partial rinds of CaCQOj, thick zones of pedogenic
caliche have not developed.

In the Sperry Hills, the conglomerate unit is a fan
deposit that overlies the eroded surface of the China
Ranch Beds with a slight angular unconformity. This
contact is best exposed in the uppermost 10 m of the west
wall of the Amargosa canyon. Compositionally, the
Quaternary conglomerate unit is difficult to distinguish from
the China Ranch fanglomerate because it was derived from
the granite and gneiss clasts of the older unit. However,
the morphology and structural features of the
conglomerate unit are distinctive: (1) Younger fan deposits
consistently slope toward the lake basin; whereas the
China Ranch fanglomerate has generally steeper, more
variable dips; (2) the younger unit has smaller clast sizes
and large boulders (>1 m) are rare; (3) faulting is much
more extensive in the China Ranch Beds; and (4) although
the Quaternary conglomerate unit is interbedded with tuff
A south of Tecopa, it does not contain the pumice cobble
lenses that characterize the China Ranch Beds.

Tufa

The white flat-topped mounds along the western foot
of the Resting Spring Range are thick accumulations of
tufa. The tufa commonly consists of dense CaCOj
caprock, 2 to 4 m thick, over a layer of powdery white
CaCO;. The powdery base, which commonly grades
downward into the lacustrine mudstone unit, generally
contains fossil ostracodes, thin-walled bone fragments, and

reedlike plant stems. Caprock composition varies from
cemented gravel to nearly pure fine-grained CaCQO5; with
stacked flattened pores or fenestrae. A few mounds have
knobby surfaces of concentric travertine layers, although
most of the mounds are capped by jagged solution-pitted
blocks of tufa rubble.

The tufa forms two parallel discontinuous benches
that are about 100 m apart laterally, several meters apart
vertically, and which apparently follow the eastern
shoreline of the ancient Lake Tecopa. Features of the
shoreline such as beach gravels and sands are locally
preserved in tufa, although the more typical mounds
appear to have grown as wedges within mudstone beds
near the stratigraphic levels of tuffs A and B. The tufa
mounds apparently formed while Lake Tecopa existed,
because all mounds are associated with lake beds and tufa
rubble forms clasts within alluvial deposits that postdate the
lacustrine mudstone and  conglomerate  units.
Accumulations of tufa probably formed by the precipitation
of CaCO3 when carbonate-rich runoff or spring water
entered the alkaline lake (Sheppard and Gude, 1968). No
evidence of spring vents or carbonate-filled cracks was
found in the lake beds near the mounds. Therefore, the
alinement of tufa mounds is probably related to the ancient
shoreline rather than more recent activity of springs along
a fault zone.

Age of Lake Tecopa

Tephrachronology—Correlations of the Tecopa ash
beds with isotopically dated volcanic sources are listed in
table 1, using K-Ar ages that were calculated from the
current decay constants and “Ar/®Ar abundance (Steiger
and Jager, 1977). Izett and others (1970) correlated the
middle Tecopa ash bed, Tuff B, with the Bishop Tulff in the
Long Valley caldera of eastern California. Tuff B, also
called the Bishop ash bed, is part of the tephra that was
ejected from Long Valley when the Bishop Tuff was
erupted, 0.73 m.y. ago (Dalrymple and others, 1965;
Mankinen and Dalrymple, 1979). The correlation is

TABLE 1.—Correlation and dating of Lake Tecopa ash beds

Ash beds of Lake Tecopa; nomenclature
of Sheppard and Gude (1968) and
this report

Other correlative air-fall ashes (Preferred'
name in parentheses) ash

Source of air-fall

Tuff A

Tuff B

Tuff C

Fission-track age, 1.6 Ma (C. E. Meyer,
M. J. Woodward, and A. M. Sarna-
Wojcicki, oral commun., Sept., 1981)

Pearlette-like ash, Type O (lzett and
others, 1970, 1972; Izett, 1981; Sarna-
Wojcicki and others, 1984)

(Ash of the Lava Creek Tuff)
Bishop ash (Izett and others, 1970;
Sarna-Wojcicki and others, 1984)
(Ash of the Bishop Tuff)
Pearlette-like ash, Type B (lzett, 1981,
Sarna-Wojcicki and others, 1984); age

1.9+0.1 Ma by fission-track dating
(Naeser and others, 1973)

(Ash of the Huckleberry Ridge Tuff)

Lava Creek B ash of the Lava Creek
Tuff (of the Yellowstone Group),
Wyoming; age 0.62 Ma by K-Ar dating
method (Christiansen and Blank, 1972;
Izett and Wilcox, 1982)

Bishop Tuff, Long Valley caldera,
California; age 0.73 Ma by K-Ar dating
method (Dalrymple and others, 1965;
Mankinen and Dalrymple, 1979)

Huckleberry Ridge Tuff (of the
Yellowstone Group), Wyoming
(Christiansen and Blank, 1972); age
2.02 +0.08 Ma by K-Ar dating method
(Reynolds, 1977; Love and
Christiansen, 1980)
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founded on mineralogic similarities, shard morphology,
microprobe analyses of major elements, spectrographic
analysis of 11 trace elements in the glass shards, and
paleomagnetism. Further substantiation of the correlation
was provided by Sarna-Wojcicki and others (1984) in their
study of tephra in the Western States. The method
employs neutron-activation analysis to determine
abundances of 20 minor and trace elements in volcanic
glass. These abundances are combined with results of
microprobe analysis for major elements in making regional
correlation of air-fall tephra. An excellent match of
elemental abundances was determined for tuff B and basal
pumice lapilli of the Bishop Tuff.

The chemistries of tuffs A and C match the elemental
abundances of the family of tephra. that erupted from the
Yellowstone caldera, 1,050 km northeast of the ‘Tecopa
basin. These widespread air-fall deposits, which were
originally named the Pearlette ashes for exposures found in
the Midwest, are now known to be the air-fall equivalents
of welded tuffs in the Yellowstone caldera (Izett and others,
1970, 1972). Tuff A, the youngest Tecopa ash, correlates
with the Lava Creek B ash of the Lava Creek Tuff, dated
by K-Ar methods at 0.62 Ma (Izett, 1981; Christiansen and
Blank, 1972; lzett and Wilcox, 1982). The original
correlation, founded on petrographic similarities,
stratigraphy, and major element chemistry, is further
substantiated by neutron-activation analysis of trace and
minor elements (Sama-Wojcicki and others, 1984). The
name “ash of the Lava Creek Tuff” which relates tuff A to
the source area, is now preferred over the original name,
‘“Pearlette-like ash, type O”, that was assigned by lzett and
others (1970).

Sarna-Wojcicki and others (1984) and lzett (1981)
tentatively correlate the lower Tecopa ash, tuff C, with the
older Pearlette ash bed of Meade County, Kansas. The ash
bed in Kansas, referred to as “Pearlette-like ash, Type B”,
was correlated with the Huckleberry Ridge Tuff of the
Yellowstone Group (Naeser and others, 1973). The age of
the Huckleberry Ridge Tuff is 2.02 +0.08 Ma, as measured
by the K-Ar method (Reynolds, 1977; Love and
Christiansen, 1980). Fission-track dating of the type-B
Pearlette ash of Meade County, Kansas, yielded an age of
1.9+0.1 Ma (Naeser and others, 1973). However,
preliminary analysis of fresh tuff C from the Lake Tecopa
beds gives a fission-track age of 1.6 Ma (C. E. Meyer, M.
J. Woodward, and A. M. Sarma-Wojcicki, oral commun.,
September, 1981).

Paleomagnetic Stratigraphy—Paleomagnetic work in
the Lake Tecopa beds is consistent with the chronology
that is established from the wvolcanic ashes. The
paleomagnetic correlation method involves establishing the
pattern of magnetozones, defined by the magnetic polarity
of oriented specimens, for comparison with the
geomagnetic polarity time scale (Mankinen and Dalrymple,
1979). Oriented specimens were collected from four
stratigraphic sections, which collectively represent the lake
beds from the base up to tuff A. Three oriented specimens,
collected within a lateral distance of 50 cm, were collected
at stratigraphic horizons about 1 m apart. This sampling
procedure was used at three of the sections. The remaining
‘section was sampled more densely: four specimens per

horizon at stratigraphic intervals of 15 cm (fig. 3). The
polarity of each horizon was interpreted according to the
method of Hillhouse and others (1977}, and a generalized
magnetostratigraphy, which combines data from all
columns, was constructed (fig. 4).

The interval from tuff A down to tuff B (ash of the
Bishop Tuff) is consistently of normal polarity. As shown in
figure 3, a polarity transition is found approximately 50 cm
below tuff B (Hillhouse and Cox, 1976). This transition,
which was confirmed by spot sampling at five localities
around the basin, is undoubtedly the transition from the
Matuyama Reversed Chron to the Brunhes Normal Chron;
the transition has an estimated age of 0.73 Ma (Mankinen
and Dalrymple, 1979). The position of this transition just
below the ash of the Bishop Tuff is consistent with the
paleomagnetism of dated volcanic units in Long Valley and
the Western States.

As shown in figure 4, two normally polarized
magnetozones below tuff B are tentatively correlated with
the dJaramillo (0.97-090 Ma) and Olduvai Normal
Subchrons of the Matuyama Reversed Chron (1.87-1.67
Ma). Finally, at the bottom of the stratigraphic section, tuff
C is within a reversed magnetozone that is consistent with
the older part of the Matuyama Reversed Chron (2.48-
1.87 Ma). This correlation is in agreement with K-Ar dating
(2.02 Ma) of the Huckleberry Ridge Tuff, which is the
presumed source of tuff C. The fission track age (1.6 Ma)
determined from Tuff C is not consistent with this
interpretation of the magnetic stratigraphy. Correlations are
made with considerable uncertainty in the lower part of the
Tecopa lake beds for two reasons: (1) despite cleaning
treatments, postdepositional remagnetization of normal
polarity persists throughout the lower horizons at Lake
Tecopa, and (2) in the polarity time scale, the placement
and duration of normal polarity subchrons have not been
fully resolved for the lower part of the Matuyama.

Depositional rates—On the basis of time lines
provided by the ash beds, rates of deposition were
approximately 0.06 m/1,000 yr between tuffs A and B and
0.015 m/1,000 yr between tuffs B and C. By extrapolating

. these rates to cover the beds of the lacustrine mudstone

unit that are above tuff A and below tuff C, a cumulative
age of 3.0-0.5 Ma was obtained for the lake beds. These
limits should be considered rough estimates because the
rates of deposition vary by a factor of four within the.
section. In addition, the maximum age of the lake is very
uncertain because the base of the deposits is not exposed
in the central basin.

According to the geologic time table of van Eysinga
(1978), the lake beds are late Pliocene and early
Pleistocene in age. The Pliocene-Pleistocene boundary
(beginning of the Olduvai Normal Subchron) is a few
meters above tuff C. The younger age limit of the lake
beds is slightly younger than the early-late Pleistocene
boundary (Brunhes-Matuyama transition).

Paleontology—Sheppard and Gude (1968) described
localities of fossils found prior to 1966 in the deposits of
Lake Tecopa. The upper part of the beds contains rare
horse, camel, mammoth, and muskrat fossils, too
fragmentary for age-diagnostic identification. Sheppard and
Gude also reported several localities of ostracodes and
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FIGURE 3.—Paleomagnetic data used in determining transition from the Matuyama Reversed Chron to the Brunhes Normal Chron (0.73 Ma).
Transition is present 50-75 cm below the ash of the Bishop Tuff. Sample locality is 2 km east of Shoshone.
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diatoms (42 species and varieties) from the upper lake
beds. Three of the diatom species indicated a middle to
late Pleistocene age, and the ostracodes did not contradict
a Pleistocene age.

Since 1971, several collections of vertebrate fossils
have been taken from the vicinity of Tecopa (table 2).
These collections are held by the Los Angeles County
Museum of Natural History (D. P. Whistler, written
commun., 1983). Because the Tecopa fauna has not been
studied in detail, the identifications are preliminary. Slightly
below the level of tuff C (localities 4-6, table 2) the larger
vertebrate fauna is dominated by camels, including one
taxa that is new at the generic level. The same area has
vielded abundant micromammal fossils, which are housed
in the Earth Sciences Department collections at the
University of California, Riverside. Although the collections
are not formally described, they include a number of
microtine rodents related to pack rats that are recognized
as valuable biostratigraphic indicators (Repenning, 1980;
May and Repenning, 1982). Evidence of Mammuthus
(locality 1, table 2) from the upper part of the section is
consistent with a late Pleistocene age.

QUATERNARY OLDER ALLUVIUM

Older alluvium (unit Qa,) consists of remnants of
alluvial fans which now form prominent mesas and raised
areas capped by desert pavement. These remnants
generally stand 1 to 10 m above the active washes and are
no longer receiving sediment. A good example is the
abandoned fan in Greenwater Valley.

Thickness of the older alluvium ranges from a thin
gravelly veneer (30 cm) in the central basin to thick
wedges (100 m) of bouldery conglomerate at the range
fronts. Clasts consist of subangular dolomite, quartzite, and
silicic volcanic rocks from the surrounding ranges, and tufa
and zeolitic tuff from the lake beds. The gravelly deposits
are crudely interbedded with sand, are poorly indurated,
and lack substantial deposits of pedogenic caliche. In the
central basin, the older alluvium was deposited as a true
pediment on the eroded surface of the lake beds, the
eroded surface having several meters of relief.

The morphology of the older alluvium is planar in the
central basin, and gives way to gently concave slopes that
rise about 100 m from the basin floor to the range fronts.
The unit forms coalescing, conical fans with steep slopes at
the foot of the bedrock ranges. The older alluvium is
typically deeply dissected by the modern washes, so that
the unit forms fingerlike mesas near the margin of the lake
beds.

A distinguishing feature of the older alluvium is its
surface of desert pavement and advanced development of
soil. The desert pavement consists of planar surfaces of
densely packed pebbles and cobbles, predominantly 2-5
cm in diameter. Scattered larger cobbles and boulders as
much as 1 m in diameter commonly protrude above the
close-packed surface. Clasts were derived from the
underlying fan deposits; aithough atop the tufa benches,
the pavement consists of flat CaCOs3 plates. Color of the
pavement surface ranges from dark red brown to black,
depending on the degree of wvarnish development.

TABLE 2.—Vertebrate fossil collections
[Locations are shown on map. List compiled by D. P. Whistler, Los Angeles County Museum of Natural History
(LACM)]

1. Locality LACM 1209 (sec. 35, T. 21 N,,R. 6 E.)

Mammuthus (mammoth)
Equidae, small species (horse)
cf. Hemiauchenia (llama)

2. Locality LACM 1210 (sec. 7, T.20N,,R. 7E))

Equidae, large species

cf. Camelops (camel)

cf. Titanotylopus (large camel)
cf. Hemiauchenia

3. Locality LACM 3772, 6805 (Approximate location: sec. 33 and 34, T. 21 N., R. 7E.)

Mastodontidae (mastodon)
Equidae, small species

cf. Titanotylopus

cf. Hemiauchenia

Antilocapridae, large species (antelope)

4. Locality LACM 7104 and:

5. Locality LACM 7106 (sec. 27, T. 21 N.,R. 7E))

cf. Camelops
cf. Titanotylopus
cf. Hemiauchenia

6. Locality LACM 7108, 7109, 7111, 7112, 7113, 7132 (sec. 23, T. 21 N,, R. 7E))

Phoenicopteridae (flamingo)
Mastodontidae

Equidae, small species
Equidae, large species

cf. Camelops

cf. Titanotylopus

cf. Hemiauchenia.

Miolabinae, new genus and species (camel)
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Quartzite and dolomite clasts acquire little or no varnish,
while volcanic clasts have the darkest accumulations. The
planar surface is broken by occasional risers as much as 10
cm high.

Directly beneath the armor of pebbles is a layer almost
entirely composed of brown silt (A-horizon), 10-30 cm
thick, which contains spherical cavites 1-3 mm in
diameter. Origin of this silt bed has been explained as the
product of desert soil-forming processes, or alternatively, as
a widespread loess deposit. For example, Denny (1965}
attributed the silt to a mechanical weathering process
driven by wetting and drying, which causes larger rock
fragments to be lifted to the surface. Hoover and others
(1981) favored an aeolian origin for the silt, mainly
because the silt has a uniform composition despite the
lithology of underlying material.

The vesicular silt is generally underlain by a buff or
reddish-brown pebbly B-horizon. The layer, which rarely
exceeds 50 cm in thickness, is enriched in clay, iron oxide,
and calcium carbonate. Pebbles near the base of this zone
commonly have a thin (1-3 mm) undercoating of CaCO3
(stage | of Gile and others, 1966), but the soil lacks dense
CaCOj; horizons. Although the pavement and soil horizons
are commonly developed on the older alluvium, they
locally cap remnants of the Quaternary conglomerate unit
of lakebed age, especially near the range fronts. Therefore,
the surface of the Quaternary conglomerate can be similar
to the surface of the older alluvium. Such areas have been
mapped as the Quaternary conglomerate, because the soil
forms only a thin veneer.

In an effort to date the Quaternary older allluvium,
samples for the uranium-trend method (Rosholt, 1978)
were collected from a gravel pit 2.5 km east of Shoshone.
Samples taken from the B-horizon of the soil yielded an
age of 160,000+18,000 yr B.P (J.N. Rosholt, oral
commun., October 1981).

: HOLOCENE ALLUVIUM

The younger alluvial deposits (unit Qa;) consist of
unconsolidated sand, silt, and conglomerate in active and
recently abandoned stream channels. The main channel is
the Amargosa River bed which is a braided complex of
washes and gravel bars with microrelief of 0.3-2 m.
Tributary washes that originate on the range fronts are
commonly deeply incised (as much as 15 m) into the older
fan deposits. Near the ranges, the washes contain a
mixture of sand, subangular cobbles, and boulders of
dolomite, quartzite, and basalt; whereas, the Amargosa
River bed predominantly consists of sand and subrounded
cobbles. Pavements and varnish are poorly developed and
soils are absent in the recently abandoned washes, which
are presumed to be of Holocene age. In the central part of
the Lake Tecopa beds, the recent deposits consist of loose
silt and clay which form a small playa. When dry, the playa
surface develops a white efflorescence of halite and
gypsum (Starkey and Blackmon, 1979). The only
Holocene aeolian deposits of the basin are a few dunes
and southwest-trending streaks of sand near Tecopa Hot
Springs.

The recent features suggest a regime in which erosion
has dominated over deposition within the Tecopa basin.
Deeply incised washes are carrying coarse debris from the
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ranges beyond the older alluvial fans. Downcutting has
been rapid in Amargosa canyon as indicated by Holocene
terraces now standing 3—4 m above the active stream bed.
Major areas of recent deposition are the Amargosa River
bed, the playa, and areas of sheetwash on the older fan
deposits. These places of deposition appear to be
temporary storage areas for material that will eventually be
swept through Amargosa canyon by floodwaters.

LATE TERTIARY -AND QUATERNARY
STRUCTURAL FEATURES

A major episode of faulting and folding occurred after
deposition of the China Ranch Beds and pror to
deposition of the beds of Lake Tecopa. High-angle faults
with vertical offsets as much as 100 m are common in the
China Ranch fanglomerates in Amargosa canyon. These
faults do not cut the Quaternary conglomerate unit or the
Lake Tecopa beds. The China Ranch Beds are extensively
folded as well as being faulted, although folding is more
prominent in the lacustrine mudstone unit than in the
fanglomerate. The presence of megabreccia and huge slide
blocks within the China Ranch fanglomerates suggests that
deformation was contemporaneous or followed soon after
deposition of the beds. This time interval, probably
occurring during the Pliocene, was also marked by volcanic
activity which supplied pumice to the nearby drainages.

Only minor faulting occurred in the Tecopa basin after
the major Pliocene episode. High-angle faults having
vertical displacements of as much as 3 m were recognized
in a few areas of the Lake Tecopa beds, most commonly
in the low hills northeast of Tecopa Hot Springs.
Deformation, probably due to differential compaction of
the lake beds, is localized and minor. For example, a small
dome with dips as much as 8° is exposed beside California
Highway 127, 3 km south of Shoshone. Disturbed beds
that contain tuff B are exposed at the southwest end of
Greenwater Valley, but these features were probably
caused by slumping of channel walls during early erosion
of the Tecopa beds. Careful examination of aerial
photographs and field checks failed to detect any faults
within the Holocene or older Quaternary alluvial deposits.
Although the linear course of the Amargosa River suggests -
that it follows a fault, no evidence of such a fault was_
found in the flanking terraces. Apparently, the faults which
caused uplift of the Dublin Hills and Resting Spring Range
ceased activity prior to deposition of the Lake Tecopa
beds.

The base of tuff B provides a datum for detecting
large-scale tilt due to regional deformation or faulting
within the basin. Although elevation of the tuff ranges from
430 to 540 m above sea level, almost all of the variation
is attributable to a gentle dip (1°) of the beds toward the
center of the basin. Compaction and the original lake
bottom topography can account for the gentle basinward
dip. Near the lake margin, the elevation of tuff B ranges
from 495 m at Shoshone to 468 m at the northern tip of
the Sperry Hills. The difference in elevation allows a
maximum south and downward tilt of 0.1°. The maximum
allowable tilt in the east-west direction is 0.2° downward to
the west. Therefore, the region has not been tilted
appreciably since about 500,000 years ago.



CONCLUSIONS

About three million years ago, the Tecopa basin was
an alluviated depression, closed at the south end by thick
fanglomerates of the China Ranch Beds. These beds were
perhaps uplifted by faulting to form a dam for Lake
Tecopa. At this time, climatic conditions favored the
formation of a moderately deep lake rather than a playa,
as indicated by geochemical studies and depositional
features of the lake beds (Sheppard and Gude, 1968;
Starkey and Blackmon, 1979). The presence of saline
minerals, magadiite, and certain zeolite minerals indicate
that Lake Tecopa, at least in its later stages, was highly
alkaline and saline due to evaporation. Therefore, the lake
did not have a permanent outlet during its long history.

The existence of Lake Tecopa for over 2 million years
raises the question of whether the Amargosa region was
considerably less arid during the early Pleistocene as
compared to today. One way to examine this question is
to determine whether current amounts of spring discharge
and runoff would support a lake in the Tecopa basin if an
outlet did not exist. The ratio of drainage basin area to the
area of Lake Tecopa is approximately 42:1 (Snyder and
others, 1964). Observations from Nevada indicate that
potential annual evaporation exceeds precipitation by a
factor of roughly 5 to 25 times (Winograd and Thordarson,
1975). The factor may exceed this range in the Tecopa
basin, because the average elevation (460 m) is relatively
low. If we assume that for the entire drainage area less
than 10 percent of the total precipitation would reach the
lake as runoff, then an evaporation/precipitation factor of
4.2 or greater would preclude maintenance of a lake in the
Tecopa basin. Additional water from springs, such as the
group at Ash Meadows which annually supply about
17,000 acre-ft (22-million m®) (Winograd and Thordarson,
1975), could bring roughly 3 in. (8 cm) of water to the lake
yearly, and offset only 5 percent of the potential annual
evaporation. Therefore, the current water supply is
inadequate to balance evaporation and thereby sustain a
perennial lake in the Tecopa basin.

Considering the inadequacy of current water sources
to sustain a lake in the basin, precipitation or spring
discharge must have been substantially greater, and
evaporation lower, during the existence of Lake Tecopa
3.0-0.5 m.y. ago. Inflow and evaporation maintained a
balance while the basin steadily filled with sediment.
Sometime after deposition of the ash of the Lava Creek
Tuff, 0.6 m.y. ago, the barrier at the south end of the lake
was breached, probably by overflow. The general lack of
tectonic activity during this period rules out breaching due
to tilting or faulting. The lake drained rapidly as the
Amargosa canyon developed, creating a link between the
upper Amargosa basins and Death Valley. Following the
creation of this link, subsidence of Death Valley due to
faulting could affect rates of erosion in the Tecopa basin.

More than about 160,000 years ago, the eroded
surface of the Lake Tecopa beds was partly buried by
alluvial fans which extended from the nearby ranges.
Although the change from an erosional regime to one of
deposition remains unexplained, a climatic change is
favored, because the alluviation appears to have occurred
throughout the Amargosa region 80,000—430,000 years
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ago (Hoover and others, 1981).

As the supply of material to the alluvial fans waned,
and as stream channels deepened, parts of the fans were
abandoned as sites of deposition, and soils and pavements
began to form on surfaces of the fans. The Tecopa basin
bears no evidence of a pluvial lake of Lahontan age,
probably because the basin has not been closed since the
Amargosa River canyon formed. In the Holocene, the rate
of erosion apparently increased, because the deepening of
stream channels dominated the building of new fans.
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