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ABSTRACT

Stratigraphic units in the Tecopa basin, located in
southeastern California, provide a framework for
interpreting Quaternary climatic change and tectonism
along the present Amargosa River. During the late Pliocene
and early Pleistocene. a climate that was appreciably
wetter than today’s sustained a moderately deep lake in
the Tecopa basin. Deposits associated with Lake Tecopa
consist of lacustrine mudstone, conglomerate, volcanic ash,
and shoreline accumulations of tufa. Age control within the
lake deposits is provided by air-fall tephra that are
correlated with two ash falls from the Yellowstone caldera,
the Lava Creek (0.62 Ma) and Huckleberry Ridge (2.02
Ma) Tuffs, and one from the Long Valley caldera, the
Bishop Tuff (0.73 Ma). Paleomagnetic determinations from
deposits in the Tecopa basin are consistent with the ages
of the ashes. Extrapolations of ages using average
sedimentation rates suggest that the beds of Lake Tecopa,
which accurnulated to a minimum thickness of 72 m, are
0.5 to 3 m.y. old. In the central part of the basin, volcanic
glass has been replaced by authigenic silicate minerals that
formed in porewater of extremely high salinity and
alkalinity. Therefore, Lake Tecopa occupied a closed basin
during the latter part, if not all, of its 2.5-million-year
history.

Sometime after 0.5 m.y. ago, the lake developed an
outlet across Tertiary fanglomerates of the China Ranch

Beds leading to the development of a deep canyon at the

south end of the basin and establishing a hydrologic link
between the northerm Amargosa basins and Death Valley.
After a period of rapid erosion, the remaining lake beds
were covered by alluvial fans that coalesced to form a
pediment in the central part of the basin. Remnants of
these fans are capped by desert soil horizons composed of:

. (1) a clay-rich B-Horizon, (2) a thin bed of vesicular tan silt

(A-horizon), and (3) densely packed pavement with well-
developed desert vamish. The B-horizon of one such fan
yielded an age of 160,000 % 18,000 years by the uranium-
trend method. The Tecopa basin bears no evidence of
Lahontan-age lake deposits. Holocene deposits consist of
unconsolidated sand and gravel in the Amargosa River bed
and its deeply incised tributaries, a small playa near
Tecopa, alluvial fans without pavements, and small sand
dunes. The pavement-capped fan remnants and the
Holocene deposits are not faulted or tilted significantly,
although basins to the west, such as Death Valley, were
tectonically active during the Quaternary. Subsidence of
the western basins strongly influenced late Quatemary
rates of deposition and erosion in the Tecopa basin.

9303110384 930305
PDR . WASTE ~0a00
PDR

INTRODUCTION
SCOPE OF THE INVESTIGATION

The objectives of this study were to establish the
distribution, age, and structure of Quatermary deposits in
the Tecopa basin. This information provides a basis for
interpreting past episodes of fauiting and climatic change in
the Amargosa River drainage system. The Tecopa basin is
ideal for studies of Quaternary history because erosion has
clearly exposed the stratigraphy, and the deposits of
Pleistocene Lake Tecopa have proven to be datable.
Volcanic ash beds within the lake deposits have been
chemically correlated with isotopically dated wvolcanic
sources in the Yellowstone (Wyoming) and Long Valley
(California) calderas (Izett, 1981; Sama-Wojcicki and
others, 1984). In addition, the continuous sedimentary
record of the lake beds provides an opportunity for
paleomagnetic correlations. With age control offered by the
volcanic ashes, magnetozones in the lake deposits can be
correlated with the geomagnetic polarity time scale
(Mankinen and Dalrympie, 1979).

Proterozoic and Cambrian sedimentary rocks and
Tertiary volcanic rocks of the region were given only a
cursory examination as far as establishing source terranes
for the Quaternary alluvium. No efforts were made to
describe stratigraphy, faults, or other structures in the
bedrock of the ranges. Information on the bedrock geology
of the Tecopa area is found in reports by Hazzard (1937).
Mason (1948), Noble and Wright (1954), and Troxel and
Wright (1976).

In constructing the geologic map, contacts between
Quaternary units that have developed distinctive
geomorphologies were marked on aerial photographs
(scale 1:47,200) and then transferred to the topographic
base (scale 1:48,000) with a stereographic plotter. These
units were checked and described during fieldwork in the
winter of 1981. The lake deposits and outcrops of the
thicker volcanic ashes were mapped in the field on aerial
photographs and contacts were then plotted on the
topographic base. Several stratigraphic sections were
measured in the lake beds.

Paleomagnetic investigations of the lake deposits,
made primarily in 1971-74, and supplemented in 1978,
involved the collection of oriented sediment cubes.
Sampling was limited to steep-walled outcrops to obtain
relatively unweathered material. The samples were given a
standard treatment in alternating magnetic fields to remove
unstable magnetic components and to reveal the original
depositional remanent magnetization (McElhinny, 1973).
Magnetozones were established from several equivalent
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stratigraphic sections that were closely correlated by
volcanic ash beds.
PHYSIOGRAPHY

The Tecopa basin is in the southeastern part of Inyo
County, California, about 30 km east of the south end of
Death Valley. In this report “Tecopa basin™ refers to the
part of the Amargosa River drainage that lies chiefly
between the towns of Shoshone and Tecopa and includes
the southeast end of Greenwater Valley and the southermn
half of Chicago Valley (fig. 1).

The Tecopa basin can be considered a southem
extension of the Amargosa Desert, which generally lies
between Eagle Mountain on the south (25 km north of
Shoshone) and the Bullfrog Hills on the north (120 km
northwest of Shoshone). The areal extent of the Tecopa
basin is approximately 500 km?® The region is
characterized by arid sparsely vegetated valleys and bare
rugged mountain ranges. A dominant feature of the
Tecopa area is the Amargosa River, which is dry except
during infrecuent thunderstorms or near permanent
springs at Shoshone and Tecopa. North of Shoshone as far
as Eagle Mountain, the river bed follows a nearly linear
channel, which has cut approximately 25 m into the
surrounding alluvial piedmont. South of Shoshone, the
river bed broadens into a braided plain surrounded by
badlands of low rounded hills, mesas, and deeply dissected
alluvial fans. A small playa forms the floor of the
depression near Tecopa. South of Tecopa, the river
descends through a narrow canyon, of which steep walls
re locally more than 100 m high. The basin is flanked by
sanded brightly colored rocks of the Resting Spring Range

l\/bn the east and the Dublin Hills on the west (fig. 1). The

Sperry Hills, which are bisected by the canyon of the
Amargosa River, make up the southern margin of the
Tecopa basin. Mean annual precipitation ranges from 7 cm
in the valleys (~460 m elevation) to 15 cm in the higher
parts of the Resting Spring Range (~1,000 m elevation)
{Winograd and Thordarson, 1975).
PREVIOUS WORK

Sheppard and Gude (1968} reviewed the early
geologic studies of the Tecopa area, most of which
concerned exploration for nitrates, borates, and pumicite.
General geology of the Tecopa basin is summarized by
Mason (1948) and Noble and Wright (1954). Detailed
geologic maps, at 1:24,000 scale, were published for the
southeast quarter of the Tecopa quadrangie (Wright, 1974)
and the northeast quarter of the Shoshone quadrangle
(Chesterman, 1973). Tertiary volcanic rocks in the Dublin
Hills were studied by Haefner (1976). In general, emphasis
of previous work was on the bedrock geology, so the
Quatemary deposits received only cursory examinations.

Pleistocene Lake Tecopa, which was named and
described in a brief article by Blackwelder (1936), has
been the subject of several geochemical and mineralogical
studies. Sheppard and Gude (1968) described the
stratigraphy and approximate distribution of the lake beds
in a study that focused on the formation of authigenic
silicate minerals, particularly zeolites, within volcanic ashes
f the basin. Starkey and Blackmon (1979) investigated

_the distribution and origin of clay minerals in the lacustrine

deposits.

STRATIGRAPHY
ARCHEAN. PROTEROZOIC. AND CAMBRIAN ROCKS
The oldest rocks within the study area are granitic
gneiss at the southwest end of the Nopah Range and in the
Ibex Hills. The gneiss contains metadiorite dikes to which
Chesterman {1973) assigned an Archean age. Exposed in
the rugged banded cliffs of the eastern Dublin Hills and the
Resting Spring Range is a nearly complete succession of

uppermost Proterozoic to Middle Cambran marine
sedimentary rocks. The sequence consists of the,
ascending, Noonday Dolomite (Proterozoic). dJohnnie

Formation {Proterozoic), Stirling Quartzite (Proterozoic).

Wood Canyon Formation (Proterozoic and Lower

Cambrian), Zabriskie Quartzite (Lower Cambrian), Carrara

Formation (Lower and Middle Cambrian), and the

Bonanza King Formation (Middle and Upper Cambrian)
TERTIARY VOLCANIC ROCKS

Volcanic flows and tuffs, predominantly of rhyolitic
composition, are exposed in the western Dublin Hills and
the Resting Spring Range. Haefner (1976) applied the
name “Shoshone Volcanics™ to the pyroclastic rocks of the’
Dublin Hills. The Shoshone Volcanics, which consist of
pumice lapilli tuff and welded tuff, are part of a large
Tertiary volcanic terrane exposed throughout the
Greenwater Range and the Black Mountains. The welded
units are crystali poor in the Dublin Hills, but elsewhere
they contain abundant phenocrysts of plagioclase.
hornblende, and biotite. The unwelded units consist of
blocks of andesite and rhyolite, rare clasts of dolomite and
quartzite, and a devitrified pumice lapilli matrix. Haefner
(1976) considered the Shoshone Volcanics equivalent to
part of the “older volcanics” that underlie the Greenwater
Voicanics of the Funeral Peak quadrangle (Drewes, 1963).
Potassium-argon ages, principally from biotite, range from
6.32 to 8.02 Ma for the “older volcanics” and range from
5.32 to 5.47 Ma for the Greenwater Volcanics (Fleck,
1970). Voicanic flows at the northwest end of the Dublin
Hills have yielded K-Ar ages of 7.9 Ma (plagioclase) and
8.7 Ma (glass) according to E. W. Hildreth and R. E. Drake
(oral commun., November, 1982). '

Pyroclastic rocks of Tertiary age are exposed along the
east flank of the Resting Spring Range and make up the
prominent butte that is 4 km northeast of Shoshone. An
excellent example of these pyroclastic rocks is exposed in
the road cut where California Highway 178 crosses the
Resting Spring Range (Troxel and Heydari, 1982). The cut
exposes devitrified pumice tuff, welded tuff, and vesicular
vitrophyre, dated by K-Ar methods at 9.5 Ma (R. E. Drake,
oral commun., November, 1982). Although the distribution
of volcanic rocks of the Resting Spring Range is shown on
geologic maps by Mason (1948) and Noble and Wright
(1954), detailed descriptions, isotopic ages, or the relation
of these volcanic rocks to similar units farther west have
not been published.

TERTIARY BASALT

Isolated remnants of basalt are exposed 1 km north of
Shoshone and in the vicinity of the southem Dublin Hills.
The basalt forms black rounded hills strewn with blocks as
much as several meters in diameter. The olivine-rich basalt
is fine grained, moderately porphyritic, and highly
vesicular. Just north of Shoshone the basalt overlies buff-
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FIGURE 1.—Maijor geographic features of the Amargosa region. Dotted line indicates
boundary of Tecopa basin.
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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 concering 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. [n 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 guadrangle. A basait flow

"in the type section of the. Funeral Formation near Ryan

yielded a whole-rock K-Ar age of 4.03+x0.12 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 fangiomerate 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 cf 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 fauiting.

Lenses of white pumice fill ancient channels within the
fangiomerate. 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 ¢m
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 mudstcnes.
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 southem 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 underiie 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 uplift 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 southem 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 Quatemary alluvium (Qay), and Holocene alluvium (Qa,).

Lacustrine mudstone

A cumulative thickness of 72 m of mudstone,
claystone. and volcanic ash is exposed (fig. 2b), aithough
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 britle 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
montmorilionite, (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 CaCOj 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 northemn 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
foliows an areal zonation with fresh glass at the outer
perimeter, giving way to zeolite (phillipsite, clinoptiolite,
and erionite) in the intermediate zone, and finally
potassium feldspar and searlesite at the center of the basin.
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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 em 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
{SWVs 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 manties
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 southem
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 voicanic 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 overiying 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 48 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 Valiey,
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 substantiai
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 dolomite,
quartzite, basalt, and silicic volcanic rocks. Pebble and
cobblie 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 demonsirated, 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 CaCO;, 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 fangiomerate 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) aithough
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 CaCOs with
stacked flattened pores or fenestrae. A few mounds have
knobby surfaces of concentric travertine layers, aithough
most of the mounds are capped by jagged solution-pitted
blocks of tufa rubble.

The tufa forms two parailel 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 CaCO; when carbonate-rich runoff or spring water
entered the alkaline lake (Sheppard and Gude. 1968). No
evidence of spring vents or carbonateilled 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 voicanic 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). lzett and others (1970) correlated the
middle Tecopa ash bed, Tuf B, with the Bishop Tuff 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 {Dairymple and others, 1965;
Mankinen and Dalrymple, 1979). The correlation is

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

Ash beds of Lake Tecopa; nomenclature Other correlative air-fall ashes (Preferred Source of air-fall
of Sheppard and Gude (1968) and name in parentheses) ash
this report .
Tuff A Pearlette-like ash, Type O (lzett and Lava Creek B ash of the Lava Creek
others, 1970, 1972; Izett, 1981; Sama- Tuff (of the Yellowstone Group),
Woijcicki and others, 1984) Wyoming; age 0.62 Ma by K-Ar dating
method (Christiansen and Blank, 1972;
lzett and Wilcox, 1982)
(Ash of the Lava Creek Tuff)
Tuff B Bishop ash (lzett and others, 1970; Bishop Tuff, Long Valley caldera,
Sarna-Woicicki and others, 1984) California; age 0.73 Ma by K-Ar dating
* method (Dalrymple and others, 1965;
Mankinen and Dalrymple, 1979)
(Ash of the Bishop Tuff) .
Tuff C Pearlette-like ash, Type B (lzett, 1981; Huckleberry Ridge Tuff (of the

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

Yellowstone Group). Wyoming
(Christiansen and Blank, 1972); age
202 =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
comrelation 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
criginally 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 (Lzett, 1981: Christiansen and
Blank, 1972; lzett and Wilcox, 1982). The original
correlation, founded on petrographic  similarities,
stratigraphy, and major element chemistry, is turther
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). i

Sarna-Woijcicki 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 Huckieberry Ridge Tuff of the
Yellowstone Group {Naeser and others, 1973). The age of
the Huckieberry Ridge Tutff 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. Sama-Woijcicki, oral commun,,
September, 1981).

Paleomagnetic Stratigraphy—Paleomagnetic work in
the Lake Tecopa beds is consistent with the chronology
that is established from the volcanic ashes. The
paleomagnetic correlationi 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 voicanic 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 (0.97-0.90 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 depositon were
approximately 0.06 m/1,000 yr between tuffs A and B and
0.015 /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 slighly younger than the early-iate Pleistocene
boundary {Brunhes-Matuyama transition).

Paleontology—Sheppard and Gude (1968) described
Jocalities 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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diatoms (42 species and varieties) from the upper lake
beds. Three of the diatom species indicated a middie 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
Museumn 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
yielded 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 Qap) 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 c¢m) 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. [n 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 cobbies, 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; although atop the tufa benches,
the pavement consists of flat. CaCOs plates. Color of the
pavement surface ranges from dark red brown to black.
depending on the degree of vamish 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. Cameiops (camel)

cf. Titanotylopus (large camel)
cf. Hemiauchenia

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

Mastodontidae (mastodon)
Equidae, small species

cf. Titanotylopus

cf. Hemiauchenia

Antllocapridae, large species (antelope)

4. Locality LACM 7104 and:

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

cf. Camelops

cf. Titanotylopus
cf. Hemiauchenia

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

Phoenicopteridae {flamingo)
Mastodontidae

Equidae, small species
Equidae, large species

cf. Camelops

¢f. Titanotylopus

of. 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 caviies 1-3 mm in
diameter. Origin of this silt bed has been explained as the
product of desert soil-forming processes, or altermnatively, 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 CaCO,
{stage I 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 Quatemnary 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 vamnish 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 prior 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 ailuvial 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 filted
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 preciude 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 cumrent 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 barmier 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 titing 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 pluviai 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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U S GEOLOGICAL SURVEY

LATE TERTIARY AND QUATERNARY GEOLOGY OF THE TECOPA BASIN,
SOUTHEASTERN CALIFORNIA

By

TO ACCOMPANY MApP 1. =28

John W. Hillhouse

ABSTRACT

Stratgraphic units in the Tecopa basin. located in
southeastern Califorma, prowde a framework for
mrerpreting Quaternary climabc change and tectorusm
along the present Amargosa River Dunng the late Pliocene
and early Pleistocene. a chimate that was appreciably
wetter than today's sustained a moderately deep lake in
the Tecopa basin. Deposits associated with Lake Tecopa
consist of lacustrine mudstone, congiomerate, volcanic ash,
and shoreline accumulations of tfa. Age contro! within the
lake deposits is provided by air-fall tephra that are
correlated with two ash falls from the Yellowstone caldera,
the Lava Creek {0.62 Ma) and Huckleberry Ridge (2.02
Ma) Tuffs, and one from the Long Vailey caldera. the
Bishop Tuif {0.73 Ma). Paleomagnetic determinations from
deposits in the Tecopa basin are consistent with the ages
of the ashes. Extrapolations of ages using average
sedimentation rates suggest that the beds of Lake Tecopa,
which accumulated to a minimum thickness of 72 m, are
0.5 to 3 m.y old In the cenmal part of the Lasin, volcanic
glass has been replaced by authigenic silicate minerals that
formed in porewater of extremely high salinity and
alkalinity. Therefore. Lake Tecopa accupied a closed basin
during the latter part, if not all, of its 2 5-million-year
history.

Sometime after 0.5 m.y. ago, the lake developed an
outlet across Tertiary fanglomerates of the China Ranch
Beds leading to the development of a deep canyon at the.
south end of the basin and establishing a hydrologic link
between the northern Amargosa basins and Death Valley.
After a period of rapid erosion. the remaining lake beds
were covered by alluvial fans that coalesced to form a
pediment in the central part of the basin. Remnants of
these fans are capped by desert soil horizons composed of:
{1} & clay-rich B-Horizon, {2} a thin bed of vesicular tan silt
{A-horizon). and (3} densely packed pavement with well-
developed desert vamish. The B-horizon of one such fan
vielded an age of 160,000 = 18,000 years by the uranium-
trend method. The Tecopa basin bears no evidence of
Lahontan-age lake deposits. Holocene deposits consist of
unconsolidated sand and gravel in the Amargosa River bed
and its deeply incised Iributanes, a small playa near
Tecopa. alluvial fans without pavements, and small sand
dunes. The pavement-capped fan remnants and the
Holocene deposits are not faulted or tited significanty.
although basins to the west. such as Death Valley, were
tectonically active during the Quatemary. Subsidence of
the westem basins strongly influenced late Quatemary
rates of deposition and erosion in the Tecopa basin
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INTRODUCTION
SCOPE OF THE INVESTIGATION

The objectives of this study were to establish the
distributon. age, and structure of Quatemary deposits n
the Tecopa basin. This information prowides a basis for
interpreting past episodes of faulting and climatic change in
the Amargosa River drainage system. The Tecopa basin s
ideal for studies of Quaternary histery because erosion has
clearly exposed the stratigraphy, and the deposits of
Pleistocene Lake Tecopa have proven to be damble
Volcanic ash beds within the lake deposits have been
chemically correlated with isotopically dated wvolcanc
scurces in the Yellowstone {Wyomung) and Long Valkey
{California) calderas (lzett. 1981: Sama-Woxccki and
others, 1984} I addition. the continucus sedimentary
record of the lake beds provides an opportumty for
paleomagnetic comelations. With age control offered by the
volcanic ashes, magnetozones in the lake deposits can be
correlated with the geomagnetic polarity tme scaie
{Mankinen and Dalrympie, 1979).

Proterozoic and Cambrian sedimentary rocks and
Tertiary volcanic rocls of the region were given only a
cursory examination as far as establishing scurce terranes
for the Quatemary alluvium. No efforts were made w©
describe stratigraphy, faults, or other structures in the
bedrock of the ranges. Information on the bedrock geology
of the Tecopa area is found in reports by Hazzard (1937).
Mason (1948}, Noble and Wright {1954), and Troxel and
Wright {1975).

In constructing the geclogic map, contacts between
Quaternary units that have developed distinctive
geomorphologies were marked on aeral photographs
{scale 1:47.200) and then transferred to the topographic
base (scale 1:48,000) with a sterecgraphic plotter. These
units were checked and deseribed during fieldwork in the
winter of 1981. The lake deposits and outcrops of the
thicker voicanic ashes were mappad in the field on aernal
photographs and contacts were then pictted on the
topographic base. Several siratigraphic sections were
measured in the lake beds.

Paleomagnetic investigations of the lake deposits.
made primarily in 197174, and supplemented in 1978,
involved the collecion of oriented sediment cubes
Sampling was limited to steep-walled outcrops to obtain
relatively unweathered material. The samples were given a
standard treatment in alternating magnetic fields to remove
unstable magnetic components and to reveal the orginal
depositional remanent magnetizadon {McElhinny, 1973)
Magnetozones were established from several equwalent



strangraphic  sections that were closely correlated by
volcanic ash beds
PHYSIOGRAPHY

The Tecopa basin 1s in the soutreastern part of Invo
County, Caiifornta about 30 km east of me south enc ot
Death Valley In thus report Tecopa basin  refers to the
part of the Amargosa River dramnage that les chiefly
between the towns of Shoshone and Tecopa and mncludes
the southeast end of Greenwater Vailey and the southemn
half of Chicago Valley thg 1:

The Tecopa basin car be considered a southem
extension of the Amargosa Desert. which generally lies
between Eagle Mountain on the south {25 km north of
Shoshone! and the Bulllrog Hills on the nonth (120 km
northwest of Shoshone) The areai extent of the Tecopa
basin 15 approximately 500 km’ The regon s
charactenzed by arid sparsely vegetated valleys and bare
rugged mountain ranges. A domnant feawre of the
Tecopa area is the Amargosa River. which 15 dry except
dunng Infr. :ent thunderstorms or near permanent
spnngs at Sr .none and Tecopa. North of Shoshone as far
as Eagle Mountain, the nver bed follows a nearly linear
channel, which has cut approximately 25 m mnto the
surrounding alluvial piedmont. South of Shoshone. the
river bed broadens mnto a braided plain surrounded by
badlands of low rounded hills, mesas, and deeply dissected
alluvial fans. A small playa forms the floor of the
depiession near Tecopa. South of Tecopa, the river
descends through a narrow canyon, of which steep walls
are lccally more than 100 m high. The basin is Ranked by
banded brightly colored rocks of the Resting Spring Range
on the east and the Dublin Hills on the west (fig. 1). The
Sperry Hills, which are bisected by the canyon of the
Amargosa River. make up the southern margin of the
Tecopa basin Mean annual precipitation ranges from 7 cm
in the valleys (~460 m elevaton) to 15 cm in the higher
pants of the Resting Spring Range (~1.000 m elevation)
{Winograd and Thordarson, 1975).

PREVIOUS WORK

Sheppard and Gude {1968) reviewed the early
geologic studies of the Tecopa area, most of which
concemed exploration for nitrates. borates. and pumicite.
General geology of the Tecopa basin is summarized by
Mason (1948} and Noble and Wright (1954). Detailed
gecloqic maps. at 1.24.000 scale. were published for the
southeast quarter of the Tecopa quadrangle (Wright, 1974)
and the northeast quartar of the Shoshone quadrangle
{Chesterman. 1973). Tertary volcanic rocks in the Dublin
Hills were studied by Haefner (1976). In general, emphasis
of previous work was on the bedrock geclogy, so the
Quaternary deposits received only cursory examinations.

Pleistocene Lake Tecopa. which was named and
described in a bnef article by Blackwelder (1936}, has
been the subject of several geochemical and mineralogical
studies. Sheppard and Gude (1968) described the
stratigraphy and approximate distribution of the lake beds
n a study that focused on the formation of authigenic
silicate minerals. particularly zeolites, within volcaric ashes
of the basn Starkey and Blackmon ({1979} investigated
the distnbution and orign of clay rmnerals in the lacusmne
deposits

STRATIGRAPHY
ARCHEAS PROTERL.ZOIC ANU CAMBRIAN ROCKS

The oldest rocks within the study area are granibc
gneiss at the southwest end of tne Nopah Range and :n the
Ibex Hills The gneiss contains metadionte dikes to which
Chesterman (1973) assigned an Archean age Exposed in
the rugged banded cliffs of tne eastern Dubiin Hiils and the
Resting Spnng Range 15 a neardy compiete succession of
uppermost Proterozoic to Mwddie Cambran manne
sedimentary vocks The sequence consists of the
ascending, Noonday Dolomite (Proterozowc:. Johnnie
Formanon (Proterozoiwc). Surling Quartzte Proterozowc:
Wood Canyon Formation (Proterozoic and Lower
Cambnan), Zabnskie Quarwite (Lower Cambran:. Carrara
Formaton {Lower and Middle Cambnani. and the
Bonanza King Formaton (Middie and Upper Cambnan)

TERTIARY VOLCANIC ROCKS

Voicanic flows and tuffs. predominantly of rhyohnc
composiicn, are exposed n the westerm Dubhn Hills and
the Resting Spring Range. Haefrer {1976) apphed the
name “Shoshone Volcanics™ to the pyroclasnc rocks of the
Dublin Hills. The Shoshone Volcamics. whicn consist of
purmice lapilli tuff and welded wH. are part of a large
Tertiaty volcanic terrane exposed throughout the
Greenwater Range and the Black Mountains The welded
units are crystal poor in the Dublin Hills. but elsewhere
they contain abundant phenocrysts of plagoclase.
homblende, and biotite. The unwelded unus consist of
blocks of andesite and rhyolite. rare clasts of dolomite and
quartzite, and a devitrified pumice lapilli mamx Haefner
{1976} considered the Shoshone Volcanics equivalent to
part of the “older volcanics™ that undedie the Greenwater
Volcanics of the Funeral Peak quadrangle (Drewes. 1963)
Potassiurn-argon ages. principally from biotite. range from
6.32 1o 8.02 Ma for the "older volcanics”™ and range from
5.32 to 547 Ma for the Greenwater Volcamcs (Fleck,
1970). Volcanic flows at the northwest end of the Dublin
Hills have vielded K-Ar ages of 7.9 Ma (plagioclase) and
B.7 Ma (glass) according to E. W. Hildreth and R. E. Drake
(oral commun., November, 1582).

Pyroclastic rocks of Terary age are exposed along the
east flank of the Resting Spring Range and make up the
prominent butte that is 4 km northeast of Shoshone. An
excellent example of these pyrociastic rocks is exposed in
the road cut where Califomia Highway 178 crosses the
Resting Spring Range {Troxel and Heydari. 1982). The cut
exposes devifled pumice tuff. welded wif, and vesicuiar
vitrophyre. dated by K-Ar methods at 9.5 Ma (R. £ Drake.
oral commus.., November, 1982). Although the distribution
of volcanic rocks of the Resting Spring Range is shown on
geologic maps by Mason (1948) and Noble and Wnght
{1954), detailed descriptions, isotopic ages, or the relation
of these volcanic rocks to similar units farther west have
not been published.

TERTIARY BASALT

Isclated remnants of basalt are exposed | km north of
Shoshone and in the vicinity of the southem Dublin Hills
The basalt forms black rounded hills strewn with blocks as
much as several meters in diameter The olivine-rich basalt
s fine grained, moderately porphyntic. and highly
vesicular Just north of Shoshone the basalt overiies buff-
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colored ruff that conssts of rounded pumice cobbies
volcamc rock iragments and pumicecus mamx

Chesterman 11977 assigned a Quaterman, age o the
basait and stated that (ne umit overiies detormed lacustnne
deposits of Plenstocene Lake Tecopa However tutfaceous
1ang beds were *ound un top of the eroded basaibc mound
on the east side of the Amargosa Rwer 1 km nomn of
shoshone  Inasmuc as 'me oldest Jeposits of Lawe
Tecopa are jate Pliocere we secnir on " Age of Laxe
Tecopa ;. the basall s presurraniy, 5t Teruan, age [n the
Dublin Hills the basalt and reiated tutf directly overhe
Paieozoic carbonate rocxks. so the mawmum age cf the
volcanic  unit 1s  poorly constramed  Because the
strabgraphic  relattion of the basalt o the Shoshone
Volcamics 13 not  demonstrated and  because basait
eruptions occurred sporadicalhy 'n the Amargosa reqion
throughout the !ate Tertary and Quatemary oniy tentabve
conclusions can be made concerming tne nming of basaltc
volcanism at Shoshone

The basalt may be related 1o volcamsm that produced
part of the Funeral Formagon (Drewes. 1963. Denny and
Drewes. 1965 which includes a large area of basalt flows
in the eastern Greenwater Range In fact. Nobie and
Wnght {1954} descnbed the Shoshone basalt as part of
thewr Funersl Fangiomerate of Pliocene and Plewstocened’)
age {renamed the Funersi Formaton by Drewes. 19631 in
thawt generalized geologic map of the Death Valiey region
It this tentative correlation is correct. then the basalt s
vounger than 54 Ma, which s the sotopically determined
age of the Greenwater Voicanics that underte the Funeral
Formaton in the Funeral Peak quadrangle. A basalt flow
n the type secton of the Funeral Formaoon nesr Ryan
yirided a whole-rack K-Ar age of 4032012 Ma
(McAlhster. 1973)

TERTIARY CRINA RANCH BEDS

Debns  fows. fangiomerate. pumce beds. and
qypuierous mudstone w the Sperry Hills compose the
Choa Ranch Beds. whih are well exposed n the
Amanusa canyon south of Tecopa Mason (1948)
ongwnally applied the name to the light-colored mudstanes
anct yypsiterous beds that crop cut in the vicinity of China
Ranch However. Wright (1974) redefined the unit to
wclude the coarse fangiomerate that mterfingers with the
gupuferous mudstones. The fanglomerate lithology of the
China Ranch Bads 15 prevalent in the Alexander Hills ifig.
1} and w the western pan of the Sperry Hills.

Exposuras of the tanglomerate south of Tecopa Pass,
conet of bodies of monolithologc  conglomerate
mierhedded wath heterogenaous material (Wrght, 1974}
The monohthologe conglomerates, which are present as
lenses as long 300 m. are siump blocks of badrock denved
from the nearby ranges West cf the Amargasa River. the
‘anglomerate s A heterogeneous unit of gness. grante,
and dolormite boulders Quarmite, memsechmenmarny rocks.,
and volcanic rocks are common but less abundant The
subtounded boulders. whh are 1 w0 5 m in diameter are
W2 n a sand and gravel matnx ot smilar lithology In the
chefs ot the Amargosa canyon. where at least 100 m of the
‘angiomenate s expesed. the peor sortng and crude
hodaing of the um! s readchly apparent The urat ongnated
as debns flows and stream deposwts denved from the

ancestrat  Sperry  Hilis

1

which  consisted pnmanh, ot
gra- ¢ arc Archean gneiss The ancent tan Sas
been modihed by extensive fauibng

Lenses of white purnice hll ancient channeis within the
‘angiomerate The lenses as mucn as 3 m thick. consist of
purmce ciasts in a white iapilh mamx The ciasts are weil
rounded and are from 1 to 3 ¢cm n diameter Pumuce
enses are generally no more than a few tens of meters
wide aithough one extensive pumice bed :s exposed in the
northern Amargosa canyon. 3 km south of Tecopa This 5-
= thick bed 1s a complex of pumice pebbles and cobbles
‘nterbedded wath pumice iapih and coarse arkosic
sandstone The clasts are well rounded and present n
laminar graded 'upward fining) beds as mucn as 20 ¢m
thich Pumice cobbles are nich in samdime phenocrysts

The pumice bed 15 traceable southward “om the
fangiomerate mto gypsiferous mudstones Tne crudel,
bedded tan deposit s finer grained to the south and
eventuaily interhingers with buf! and pale pink mudsicnes
which are well bedded and contain abundant gypsum
Total exposed thickness of the mudstone s approxmately
300 m The gypsum beds suggest a shallow lacusmne
emvironment or playa, where evaporation was dommant
The mudstones are exiensively fauited and detormed nto
nght plungng folds

The China Ranch Beds overiie and .ncorporate
material from the Cambnan and older bedrock Tertaryt s
granite from the Speanry Hills, and the Ternary 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 15 indicated where
lake-age gravels filled depressions in the eroded and nited
China Ranch Beds. Noble and Winght {1954) and Wright
{1974) assigned a Pliocene and Pleistocene(?) age 1o the
China Ranch Beds on the basis of strabgraphic relanons
Because the beds unconformably underie lake beds of
earliest Plestocene 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 reqon For
oample, the Funeral Formation consists of coarse fan
deposits vwith large slump blocks. playas. and pumiceous
tuff {Drewes. 1963). as are found in the vicimty of China
Ranch. The presence of huge blocks and megabreccias
witin the fanglomerates suggests that uplift and
accelersted erosion were affecing the highlands
throughout the region. This tectonic activity, which
probably occurred during the Pliocene, was accompanied
tw local volcanc activiny.

QUATERNARY LAKE BEDS CONGLOMERATE. AND TUFA

The deposits of Lake Tecopa (fig. 2a) are divided into
three informal units that are mapped separately 1)
iacustrine wmudstone. (2) conglomerate. and (3) tufa
Deposits of Lake Tecopa occupy the low region between
Shoshone and Tecopa and the southem end of Chicago
Valley The mawamum areal extent of the lake was
approxxmately 250 km’ The southern margin of the lake
was onanaily buttressed by fangiomerate of the China
Ranca Beds now breached by the Amargosa River
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FIGURE 2a —Schemanc geologic cross section of the deposus of Lake Tecopa. lacustne
mudstone unit (Qdmi including tults A. B. and C of Sheppard and Gude {19681,
conglomerate umit {Quc!, and tufa Also shown are basement rocks {TAu) composed of
Archean gneiss. Proterozoi and Paleczoic sedimentary rocks. Tertiary volcanic rocks. as
well as older Quatomary alluvium (Qayi. and Halocene alluvum (Qay}

Lacusmne mudstong

A cumulanve thickness of 72 m of mudstone.
claystone, and vokcanic ash s exposed (fig. 2b). although
the level of erosion has not reached the base of the lake
deposits 1n the central part of the basin. Stratigraphic
section | was measured 15 km northeast of Shoshone,
section 2. 2 km east of Shoshona. and secton 3 was
measured near the southemn end of the Dublin Hills. The
sediments have pastel colors ranging from buff and pink
near the lake margina to gréen and brown in the central
basin Badland topography developed on the lacustine
mudstone unit genarally conssts of low rounded mounds
with knobby surfaces resambling popcom. caused by the
wetting and dnying of expandable clay minerals. Near the
lake margins, the deeply dissected lake beds form vertical
walls. Saveral thick voleanic ash beds form crange or white
remstant ledges in the walls of the arroyos.

The dominant lithology 4 mudstone that consists of
clay, sit. and minor amouns of sand. The mudstone
conains calcite, clay minerals. mineral and rock fragments,
and gypsum fills cracks. Authigenic 2eciites and potassium
feldspar are abso present in the mudstone. Claystone,
which breaks with a betde conchokial fracture, is
interbedded with mudstone and Is most common in the
middie part of the lake beds. The predominant detrital clay
minerals are @, Ithum-ich saponite, and
montmorilionite, (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 channeis of ancient streams
at the inlets. The subangular sand grains consist of quarte.
feldspar. biotte, and silicic volcanic-rock fragmens. The
domwnant ithologies of the pebbles are basait and silicic
volcanc 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

were noted in a few limited areas (see fig. S.
Sheppard and Gude. 1968). The claystone beds tend to

be massive. especially in the central parn of the basin

For the most part. the lake sediments are moderately
indurated, but tend to disaggregate easily during wetting.
However. localized concentrations of caicite 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
penmeter tend to be richer in CaCO, 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 t0 10 cm thick The eroded surface of the
lake beds is fittered with a lag concentration of carbonate

Several vokeanic ash beds, ranging in thickness from 1
cm to & 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 detalled descriptions of the three thick ashes. and
their nomenciature has been followed in referring to the
ashes as tuffs A, B, and C (from younges: 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 fafi 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 smal-scale crossbeds indicative
of reworking by water cuments. Locally, fresh ash ic
cemented by CaCO4 to form resistant ledges.

Except near the northem 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, ghving way to zeolite (phillipsite, clinoptilofite.
and erlonite} in the intermediate zone, and finally
potassium {eldspar and searlesite at the center of the basin
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Altered tff s punky. porous. has a blocky fracture, and
forms yellowash or greenish ledges

Tuff C—The lowermost thick ash. wff C s
strangrapmically 17 m above the deepest exposure of the
lake beds Tuff C1s 10 10 75 em thick and 15 best exposed
along the west side of Califorma Highway 127, where the
altered rwif forms a resistant iedge contaming green
nodules of silicfied clay Distnctive features of the mff are
the highly contorted and well-iarminated upper part and the
deformed base. which 15 generaily warped into a wavelike
surface with amplitudes of 50 ¢m and wavelengths of
several meters. Although the cause of the deformation
remains a matter of debate, the wawvy base 15 probably a
load feature. but the contorted upper part may be due to
turbidity flow. Seismic shaking has been proposed as an
altemanve cause of the deformatnon.

Although the glass shards of wif C are predominanty
altered to potassium feldspar minerals, a small pocket of
fresh ash 15 preserved near the eastern margin of the basin
{SWha sec. 24. T. 21 N.. R 7 E.). Fresh ash is mainly of
platy bubble wall shards and 1~3 percent rock and crystal
fragments. Zircon phenocrysts with glass selvages are
present. The bed is difficult to trace n the rounded hills of
the central basin, because the outcrops have thick mantles
of weathered material.

Tuff B—Tuf B is approximately 18 m strabgraphically
above the base of tuff C. The stratigraphic interval between
the two tuffs. which is predominanty claystone, is poorly
exposed except at the southwest pant 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 ta Chicago Valley. The southem
exposures of tuff B are mosty associated with deep-water
mudstones, whereas elsewhere the twiff is exposed in
shallow fluviatie deposits near the ancient shore. The
deep-water exposures cORain very minor amounts of
locally derived rock fragments. In contrast, on the lower
part of the Greenwater fan. the tuff has a clean vitrgous
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. Gypsurn-filled root casts are
abundant throughout the ash bed in the shallow-water
depositional enviroaments. Near the southem tp 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 anceshal Amargosa and Chicago
Valley mibutaries, tuff B was deposited as a complex of
channel fllings and tuffaceocus 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 05
mm} hawving spindles of elongate tubular bubbles, Volcanic

make up 1 to 10 percent of the ash Resistant ledges of ¢
B at the southwest side of the vasin contain authigenc
zeolites and potassium feldspar as replacernent products of
the glass shards Orange ledges of the altered ash have
abundant spherulitic phillipsite within the zeolite facies In
the potassium feidspar facies. the tuff 1s green or brown

Tuff A—Tuff A, which 15 05 to 4 m thick. 15 exposed
around the penmeter of most of the basin, but was not
recognzed n Chicage Valley The 4-8 m mnterval thar
separates tuff B from the overlying tuff A generally consists
of green brittle claystone Tuff A 15 overlain by about 10—
30 m of lacustnne sandy mudstone and congiomerate. no
ashes were found above this mff The best exposures of
it A are in an abandoned pumicite quarry. 1 km south
of Shoshone. where the 4-m-thick bed consists of siver
gray wtric tuff with many laminar interbeds several
centimeters thick. The wff contains only minor amounts of
locally dertved detritus, aithough there s ample evidence
that the upper part of the bed has been reworied by water
currents. Well-preserved ripple laminanons indicate a
south-southeast current direction. In Greenwater Vailey
wff A is 2 m thick and overlies silistone contaming
abundant root casts. On a nearby isolated outcrop of
Cambrian dolomite, the ash was deposted on taius
suggesting deposition by direct airfall in the Sperry Hills.
the 2.5-m-thick bed was deposited on gravels whnch
interfinger with the lake beds. in general. the substantial
thickness of the tuff provides a continuous exposure.
except near the ancestral Amargusa River channe! where
the ash is mixed with sand and grawel and jorms
discontinucus lenses. The lenses exhibit chaotic m up
structures, crossbeds, and ripple marks.

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

Conglomerate

This unit consists of fangiomerate and pebbly Suviatile
deposits that interfinger with the lacustrine mudstone unit
The unit generally forms cobble-strewn low rounded hills
that develop dendritic outiines in plan view Typecal
exposures of the conglomerate unit are seen in the
piedmont that flanks California Highway 127 north of
Shoshone, whare the unit consists of coalescing alluvial
fans at the foot of the surrounding ranges. The fan
deposits, which are at least 50 m thick. consst of sand.
gravel, and subangular cobbles composed of doiomite.
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 1o 4 cm in diameter. and
sandy channel fillings that were probabiy deposited by an
ancestral river. These fluviatle sediments are interbedded
with tuffs A and B and a 1-m-thick mudstone bed.

Smail remnants of the conglomerate unit are exposed
at the foot of the Dublin Mills, the Sperry Hills. and the
Resting Spring Range. Where a direct assocuation with lake

rock fragments and crystals. mainly biotite and plagiociase. beds cannot be .cmonstrated. the remnants are

-
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distinguished from the younger alluvium by a more
rounded dendnac morphology. greater induranon due to
carbonate cementaton. and generaily steeper deposinonal
siopes near tne range fronts. A shallower slope tends to be
present In the younger allunal deposits because the range
fronts have been wncised more deeply since the
conglomerate unit was deposited. This relaton 15 well
demonstrated n the Dublin Hills where conglomerate fan
remnants stand above younger peciment gravels that have
shaliower siopes. Although clasts within the conglomerate
cary parnal rinds of CaCQOj, thick zones of pedogenic
caliche have not developed

in the Speny Hills, the congiomerate unit 1s a fan
deposit that overlies the eroded surface of the Ch.na
Ranch Beds with a shght angular uncontormity. This
contact 1s best exposed in the uppermost 10 m of the west
wall of the Amargosa canyon Compositionally. the
Quatemary conglomerate unit 1s difficult to distinguish from
the China Ranch fanglomerate because 1t was denved from
the granite and gnewss clasts of the older unit. However,
the morphology and stuctural features of the
conglomerate umt 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 15 much
maore 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 westem foot
of the Restng Spring Range are thick accumulations of
tufa. The tufa commonly consists of dense CaCQ,
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
contamns ftossd ostracodes. thin-walled bone fragments. and

reedlike plant stems Caprock composition vanes from
cemented gravei to nearly pure fine-grained CaCO, with
stacked flattened pores or fenestrae. A few mounds have
iknobby surfaces of concentne traverune layers. although
most of the mounds are capped by jagged soluton-pitted
blocks of tufa rubbie

The tufa forms two parallel discontnuous benches
that are about 100 m apart laterally. several meters apart
vertically. and which apparendy (ollow the eastem
shoreline of the ancient Lake Tecopa Features of the
shoreline such as beach gravels an: sands are locally
preserved in tufa. although the more wpical mounds
appear to have grown as wedges within mudstone beds
near the stratigraphic levels of tuffs A and B The rufa
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 nufa probably formed by the precipitation
of CaCO; when carbonate-rich runoff or spnng water
entered the alkaline lake (Sheppard and Gude. 1368} No
evidence of spnng vents or carbonate-filled cracks was
found in the lake beds near the mounds Therefore. the
alinement of tufa mounds 18 probably related to the ancient
shoreline rather than more recent actwty of spnings along
a fault zone.

Age of Lake Tecopa

Tephrachronology—Correlations of the Tecopa ash
beds with Isotopically dated voicanic sources are listed in
table 1. using K-Ar ages that were calkulated from the
current decay constants and “Ar™Ar abundance (Steiger
and Jager, 1977} lzett and others (1970) correlated the
middle Tecopa ash bed, Tuff B, with the Bishop Tuff in the
Long Valley caldera of easten Califorma Tuff B. also
calied the Bishop ash bed, is part of the tephra that was
eected from Long Valley when the Bishop Tuff was
erupted, 0.73 my. ago (Dakrymple and others, 1965:
Mankinen and Dairymple, 1979). The comelation 1

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

Ash beds of Lake Tecopa. nomenclature Other correlative air-tall ashes (Preferred Source of ar-fall
of Sheppard and Gude (1968) and name in parentheses) ash
this report
Tuft A Peariette-ike ash, Type O (lzett and Lava Creek B ash of the Lava Creek
others, 1970. 1972 lzere, 1981 Sama- Tuff {of the Yelloustone Group).
Waosecki and others. 1984} age 0.62 Ma by K-Ar dating
method (Chrisiansen and Blank. 1972
Lzett and Wicox, 1982}
tAsh of the Lava Creek Tuff)
Tutt B Bishop ash (lzett and others. 1970 Bishop Tuff. Long Valey caldem.
Sarna-Woicicki and others. 1984) _ California; age 0.73 Ma by K-Ar dating
method {Dainmple and others, 1965:
Mankinen and Dakympie. 1979)
{Ash of the Bishop Tuff)
Tuff C Peariette-like ash, Type B {lzett, 1981; Hucideberry Ridge Tuff (of the

Fismon-track age. 1 6 Ma (C £ Maeyer,
M J Woodward. and A M DSama-
Wocxcia, oral commun . Sept. | 1)

Sarna-Wosacks and others. 1984); age
19=01 Ma by hemon-track dating
{Naeser and others. 1373}

Yellowstone Group). Wyoming
{Christiansen and Blank, 1972). age
2.02 =0 08 Ma by K-Ar dating method
{Reynoids, 1977, Love and
Christiaraen. 1980}

{Ash of the Huckieberry Ridge Tuf)




founded on muneralogic similariies, shard morphology.
microprobe analyses of maior elements spectrographic
analysis of 11 tace elements in the glass shards, and
paleomagnetsm Further substangaion of the correlabon
was provided by Sama-Wojcicks and others (1984} in therr
study of tephra in the Western States. The method
employs neutron-achvanon  analysis 10 defermine
abundances of 20 munor and trace elements in voicanc
glass These abundances are combined wath results of
microprobe analysis for major elements in making regional
correlation of air-fall tephra An excellent match of
elemental abundances was derermined for tuff B and basal
purmice lapilli of the Bishop Tuff

The chemismes of tulfs A and C match the elemental
abundances of the family of tephra thai erupted from the
Yellowstone caidera. 1,050 km northeast of the Tecopa
basin. These widespread air-fall deposits, which were
crginally named the Peariente ashes for exposures found in
the Midwest, are now known to be the air-fall equivalents
of welded rutfs 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 (lzett, 1981. Christiansen and
Blank. 1972; lzert and Wicox, 1982). The onginal
correlation, founded on petrographic  similarities,
stratigraphy, and major clement chemistry. is turther
substantated by neutron.activation analysis of trace and
minor elements (Sarma-Woycicki and others, 1984). The
name “ash of the Lava Creek Tuff” which relates tuff A to
the source area. i3 now preferred over the original name.
“Pearlette-ike ash, type O, that was assigned by Lzett and
others (1970).

Sama-Wojcicki and others {1984) and lzen (1981)
tentatively correlate the lower Tacopa ash, wff 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 Hucldeberry Ridge Tulf of the
Yellowstone Group (Nagser 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
Christansen, 1980). Fission-track dating of the type-B
Paariette ash of Meade County, Kansas, vieided an age of
1.920.1 Ma (Nagser and othars, 1973). However.
preliminary analysis of resh tuff C from the Lake Tecopa
beds gives a Rssion-tack age of 1.6 Ma {C. E Meyer. M.
J. Woodward, and A M Sama-Woycicki, oral commun_,
September, 1981).

Palenmagnatic Stratigraphy—Paleomagnetic work in
the Lake Tecopa beds is consistent with the chronology
that is esmablished from the wvolkanic ashes The
paleomagnetic comrelation method involves esmablishing the
pattern of magnetazones, defined by the magnatic polarity
of ocriented specimens, for comparison with the
gecmagnetic polanty time scale {Maniinen and Dairymple.
1979). Oriented specimens were collected from four
stratigraphic sections, which collectively represent the lake
beds from the base up to mff A Three orented speamens,
collected within a lateral distance of 50 cm, were colected
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

honzon at stratigraphic wntervals of 15 cm (fig. 31 The
polante of each honzon was interpreted according to the
method of Hillhouse and others (1977}, and a generalued
magnetostracgraphy. which combines data from ail
columns, was constructed (fig. 4).

The interval from tuff A down to tuiff B (ash of the
Bishop Tuff) 1s consistently of normal polanty As shown in
figure 3. a polanty transition 1s found approximately 50 cm
below tuff B Hillhouse and Cox. 1976} This transiton.
which was confirned by spot sampling at five localibes
around the basin, 15 undoubtedly the transiion from "he
Matuyama Reversed Chron 1o the Brunhes Normal Chron.
the transiion has an estimated age of 0 73 Ma (Mankinen
and Dalrymple, 1979) The position of this ransibon just
below the ash of the Bishop Tulf s consistent with the
paleomagnetsm of dated volcamie umits in Long Valley and
the Western States.

As shown in figure 4. two nommally polanzed
magnetozones below tuff B are tentatvely correlated wath
the Jaramillo (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 secoon, tutf
C 15 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 dabng
(2.02 Ma) of the Huckleberry Ridge Tulf. which is the
presumed source of tuff C. The fission track age (1 6 Mai
determined from Tuff C is not consistent with this
interpretation of the magnetic stratigraphy. Corelations are
made with considerable uncertainty in the iower part of the
Tecopa lake beds for two reasons: (1) despite cleaning
freatments, postdepositional remagnetization of narmal
polarity persists throughout the lower horizons at Lake
Tecopa, and {2) in the polarity ime scale, the placement
and duration of normal polarity subchrons have not been
fully resolved for the lower part of the Matuyama.

Depositional rotes—On the basis of tme lines
provided by the ash beds. rates of deposition were
approximately 0.06 mv1.000 yr between tuffs A and B and
0.015 nv1,000 yr between wiffs B and C. By extrapolating
these rates o cover the beds of the lacustrine mudstone
unit that are above wff A and below tuff C, a cumulative
age of 3.0-0.5 Ma was cbtained for the lake beds. These
tmits 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 Plocene and early
Pleistocene in age. The Plocene-Pletstocene boundary
(beginning of the Olduvai Normal Subchron) is a few
meters above mff C. The younger age limit of the lake
beds is sighly younger than the early-late Pleistocene
boundary (Beunhes-Matuyama transition).

Paleontology—Sheppard and Gude {1968) described
localittes of fossils found prior to 1966 in the deposits of
Lake Tecopa. The upper parnt of the beds contans 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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diatorns 142 species and vaneuest from the upper iake
beds Three of the diatom spectes ndicated a miccie to
iate Pleistocene age. and the ostracodes did not contradict
a Pleistocene age

Since 1971 several coilectons of venebrate ‘ossils
have been tasen fom the wanity of Tecopa itable 2
These collecoons are held by the Los Angeles County
Museurn of Natural Histony, O P Whistler wntten
commun . 1983) Because tne Tecopa ‘auna has not been
stucdhed sn detail. the denthcatons are presmuinary  Shghty
below the levei of wff C tlocalises $-6. table 2) the larger
vertebrate fauna s dominated by camels. including one
taxa that 15 new at the genenc level The same area has
yielded abundant micromammal fossils. which are housed
in the Earth Sciences Department collectons at the
University of Califorma. Riverside Aithough the collecnons
are not formally descnbed, they inciude a number of
microtine rodents related to pack rats that are recognuzed
as valuable biostrabgraphic indicators {Repenming. 19380,
May and Repenming, 1982} Ewvidence of Mammuthus
tiocaliny 1 table 2} from the upper part ¢ the secton s
consistent with a late Plaistacene age

QUATERNARY OLDER ALLUVIUM

Older alluvum (unit Qap) 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 acuve washes and are
no longer recewving sediment A good example i1s the
abandoned fan in Greenwater Valley

Thickness of the older alluvium ranges from a thin
Jgravelh, weneer 30 tmi :in the cenmal basin o thicK
wedges (100 m) of bouldery conglomerare at the range
fronts Clast. consist of subanguiar dolomize quartzite. and
sihicic volcamc rocks from the surrounding ranges. and tu'a
and zeoitic tuff from the lake beds The gravell. deposits
are crudely interbedded with sand. are poorty ndurated
and lack substannal deposits of pedogemc caiiche In the
central basin, the oider ailuvium was deposited as a true
pediment on the eroded surface of tne lake beds. the
erod~ . surface having several meters of rehe!

The morphology of the older alluvium s planar in the
central basin. and gives way 1¢ gently concave siopes that
nse about 100 m trom the basin floor 1o the range fronts
The uni forms coaiescing. conical fans wath steep siopes at
the foot of the bedrock ranges The oider alluvium s
wypically deeply dissected by the modem washes. so that
the umt forms fingerhke mesas near the margir of the laxe
beds.

A distinguishing feature ol the oider alluvium s its
surface of desert pavement and advanced development of
sotl. The desert pavement consists of planar surfaces of
densely packed pebbles and cobbles, predomunandy 2-5
cm in diameter. Scattered larger cobbles and boulders as
much as 1 m in diameter comironly prorude above the
close-packed surface. Clasts were denved from the
underlying fan deposits. aithough atop the tufa benches.
the pavement consists of flat CaCO, plates Color of the
pavement surface ranges from dark red brown to black.
depending on the degree of wvarmush development

TABLE 2.—Vertebrate fosxil collections
[Locanons are shown on map Lt compied by D P Whisder, Los Angeles County Museum of Natural History
{LACMI)

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

Mammuthus imammoth)
Equidae, smail species (homse)
ct. Hemguchenia (Bama)

2 Locatity LACM 1210({sec 7.7 20N . R 7E)

Equidae, large species

ct. Camelops (camaet)

cf Tanotylopus (large camel)
cf. Herniguchenia

3  Loxcality LACM 3772, 6805 (Approxsmate locaton sec 33and 4. T 21N . R 7E)

Mastodontidae (mastodon)
Equidae, small spacies

of. Teanotylopus

¢f. Hemicuchania

. large specwes (antelope}

Artlocapedee.
4 Localtty LACM 7104 and:

5 Locality LACM 7106 (sac. 27. 7 21N . R 7E)

cf Camelops
¢ Thanotylopus
¢f Hemiauchenia

6 Locality LACM 7108. 7109. 7111. 7112, 7113. 7132 {sec 23.T 2IN. R 7E)

Phoenxcopteridae {Barmingo)
Mastodontdae

Equidae. small species
Equidae. large species

cf Camelops

¢{ Taanoniopus

cf Hermaucherwa

Molabwnae. new genus and specas icamel)




Quartate and dolomite clasts acquire httle or no vamish,
while volcanic clasts have the darxest accumuianons Tne
planar surfacz 1s broken by occasionai nsers as much as 10
cm high

Directi, beneath the armor of pebbles is a fayer almost
entrely composed of brown silt (A-horzon). 10-30 cm
thick., which contains sphencal cavites 1-3 mm 1n
diameter Ongin of shis siit bed has been explained as the
product of desert soi-torming processes. or aitematvely, as
a widespread loess deposit. For example. Denny (1965
atmbuted the siit to 2 mechanicai weathenng process
driven by wetbng and drying. which causes larger rock
fragments 1o be lifted to the surface Hoover and others
{19811 favored an aeolian ongin for the silt. manly
because the sit has a uniform composinon despite the
Wrhology of underlying matenal.

The vesicular silt 15 generally underlain by a buff or
reddish-brown pebbly B-honzon. The layer, which rarely
exceeds 50 c¢cm in thickness. 1s enriched n clay, iron oxide.
and caicium carbonate. Pebbles near the base of this zone
commonly have a thin {1-3 mrm) undercoating of CaCO3
istage | of Gile and others. 1966, but the soil lacks dense
CaCO, horzons. Although the pavement and soil honzons
are commonly developed on the older alluvium, they
jocaliy cap remnants of the Quatemary 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 Quatemary conglomerate, because the soil
forms only a thin veneer

in an effort to date the Quaternary older allluvium,
sampies for the uranium-trend method (Rosholt. 1978)
were collected from a gravel pit 2.5 km east of Shoshone.
Samples taken frorn the B-horizon of the soil yielded an
age of 160.000=18.000 yr B P (J. N. Rosholt. oml
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 rriuch as 15 m) into the older
fan deposits. Near the ranges, the washes contan a
mixture of sand. subangular cobbles, and boulders of
dolormite, quartzite. and basalt whercas, the Amargosa
River bed predominantly consists of sand and subrounded
cobbles. Pavements and vamish are poorly developsd and
sols are absent in the recentdy 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
siit and clay which form a small playa. When dry, the playa
suriace develops a white efflorescence of halite and
gypsum (Starkey and Blackmon., 1979). The only
Holocene aeclian deposits of the basin are a few dunes
and southwest-rending streaks of sand near Tecopa Hot
Springs

The recent features suggest a regime n which erosion
has dominated ovér deposition within the Tecopa basin.
Deeply incised washes are camying coarse debns from the

ranges beyond the older alluwal fans Downcumng has
been rapid in Amargosa canyon as indicated by Hoiocene
terraces now standing 3—4 m above the actve stream bed
Major areas of recent depositon are the Amargosa River
bed. the playa. and areas of sheetwash on the older fan
deposits. These places of deposibon appear to be
temporary storage areas for matenal that will eventually be
swept through Amargosa canyon by floodwarers

LATE TERTIARY AND QUATERNARY
STRUCTURAL FEATURES

A major episode of faulting and folding occurred after
deposiion of the China Ranch Beds and prior to
depositon of the beds of Lake Tecopa. High-angle fauits
with vertical offsets as much as 100 m are common in the
China Ranch fanglomerates in Amargosa canyon. These
faults do not cut the Quatemary conglomerate unit or the
Lake Tecopa beds The China Ranch Beds are extensively
folded as well as being faulted. aithough folding 15 more
prominent in the lacustrine mudstone unit than in the
fanglomerate. The ptesence of megabreccia and huge shde
blocks within the China Ranch fangiomerates suggests that
deformation was contemporaneous or followed soon after
depositon of the beds. This tme interval. probabiy
occumng during the Pliocene, was also marked by volcamic
activity which supplied pumice 0 the nearby drainages

Only minor faulting occurred in the Tecopa basin after
the major Pliocene episode. High-angle [auits having
vertical displacements of as much a< 3 m were recognuzed
in a few areas of the Lake Tecopa beds, most commonly
in the low hills northeast of Tecopa Hot Spnngs
Deformation, probably due to differential compaction of
the lake beds, is localized and minor. For example. a smail
dome with dips as much as 8° is exposed beside California
Highway 127, 3 km south of Sheoshone. Disturbed beds
that contain tuff B are exposed at the southwaest end of
Greenwater Valley, but these features were probably
caused by slumping of channe! walls during early erosion
of the Tecopa beds. Careful examination of aeral
photographs and feld checks failed to detect any faults
within the Holocene or older Quatemnary alluvial depaosits
Although the linear course of the Amargosa River suggests
that it [ollows 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 depasition of the Lake Tecopa
beds.

The base of tuff B provides a datum for detecting
large-scale 4it due to regional deformation or f{aulting
within the basin. Although elevaton of the uff ranges from
430 10 540 m above sea level, almost all of the variation
is attributable to a gente 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
trom 495 m at Shoshone to 468 m at the northem tp of
the Sperty Hills, The difference in elevaton allows a
maximum south and downward it of 0.1° The maximumr
ailowable tlt in the east-west direction is 0 2° downward to
the west Therefore. the region has not been rie
appreciably since about 500.000 years ago



CONCLUSIONS

About three millon 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 upiifted by fauling to form a dam for Lake
Tecopa At this nme, climatc conditdons favored the
formanon of a moderately deep lake rather than a playa.
as ndicated by genchemical studies and depositional
features of the lake beds :Sheppard and Gude, 1968,
Starkey and Blackmon, 1979) The presence of saline
minerals, magadiite, and centain zeolite rmnerals indicate
that Lake Tecopa. at least n its later stages, was highly
alkaline and saline due to evaporation. Therefcre. the lake
did not have a permanent outlet during its long history.

The exsstence of Lake Tecopa for over 2 million years
raises the queshon of whether the Amargosa region was
considerably less and dunng the early Pleistocene as
compared 1o today One way to examine this question is
to determme whether current amounts of spring discharge
and runoff wouid support a lake 1n the Tecopa basin if an
outlet did not ewst. The ratio of drainage basin area to the
area of Lake Tecopa 1s approximately 42.1 (Snyder and
others, 1964). Observations from Nevada indicate that
potential annual evaporation exceeds precipitaton by a
factor of roughly 5 to 25 tmes (Winograd and Thordarson.
1975) The factor may exceed this range n the Tecopa
basin, because the average ¢levation (360 m) is relatively
low. lf we assume that for the entire drainage area less
than 10 percent of the total precipitation would reach the
lake as runoff, then an evaporatornvprecipitation factor of
4 2 or greater would preclude mantenance of a lake in the
Tecopa basin. Additonal 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}, couid bnng roughly 3 in. {8 cm) of water to the lake
yearly, and offset only 5 percent of the potential annual
evaporaton. Therefore, the current water supply is
nadequate to balance evaporation and thereby sustain a
perenmal 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
3.0-05 my 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 cverflow. The general lack of
tectomc activity during this peried rules out breaching due
to tiing or fauling The lake drained rapidly as the
Amargosa canyon developed. ¢reating a link between the
upper Amargosa basins and Death Vailey. Following the
creanon of this ink, subsidence of Death Valley due to
{aulong could affect rates of erosion in the Tecopa basin

More than about 160,000 years agc, 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
deposibon remains unexplained, a climatic change is
favored, because the alluviation appears to have occurred
throughout the Amargosa reqon 80.000-430.000 years

ago (Hoover and others. 1981)

As the supply of matenal to the aluwvial fans waned.
and as stream channels deepened. parts of the lans were
abandoned as sites of deposiion, 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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