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LATE CENOZOIC EVOLUTION OF THE
UPPER AMARGOSA RIVER DRAINAGE SYSTEM,
SOUTHWESTERN GREAT BASIN, NEVADA AND CALIFORNIA

By N. King Huber
ABSTRACT

A major part of the upper Amargosa River drainage system is centered on
Timber Mountain, a high central area within a volcanic caldera northeast of
Beatty, Nevada, on the west margin of the Nevada Test Site. The basic
drainage pattern in this area was established soon after caldera collapse and
resurgent dome formation about 11 million years ago. The gross drainage
pattern has changed 1little since then, although subsequent volcanic activity
has temporarily blocked drainage channels. As there have been no significant
changes in subbasin geometry, general tectonic stability of the region during
this time is implied.

A major change in alluvial regimen occurred with the end of major
alluvial-fan construction within the drainage system and the beginning of fan-
head erosion that formed incised washes. The size and shape of incised
channels differ, but they show a similar relation to the geomorphic parameters
of their respective drainage basins--including such diverse-appearing washes
as the deep Fortymile Wash and the wide, shallow wash on the Amargosa River
downstream from Beatty. If the subbasin drainages have not changed appre-
ciably during the Quaternary, then the forcing mechanism for the change in
alluvial regimen is most likely either climatic or tectonic. Because this
change appears to have occurred at about the same time throughout the upper
Amargosa River drainage system, a climatic cause is preferred; its nature and
timing are still speculative, but probably was increasing aridity that reached
a threshold in the middle Pleistocene.

This analysis also concludes that a postulated Pleistocene drainage
capture by the Fortymile Canyon drainage system did not occur and that a large
Pliocene lake in the Amargosa Desert, the postulated "Lake Amargosa," is
equivocal.

INTRODUCTION

The Amargosa River drains part of the southwestern part of the Great
Basin section of the Basin and Range physiographic province. The Amargosa
River originates near Pahute Mesa in southern Nye County, Nevada, and flows
southward for about 90 km before making a U-turn westward and northward into
Death Valley, California. The study area is the upper Amargosa and its many
tributaries that drain generally southward into the Amargosa Desert (fig.

1). A recent summary of the general physiographic, geologic, and tectonic
setting of the Basin and Range province provides a broad context for the
present study (Dohrenwend, 1987).

This study analyzes the late Cenozoic evolution of the upper Amargosa
drainage system as one element of a larger effort done in cooperation with the
U.S. Department of Energy, Nevada Nuclear Waste Storage Investigations Project
(Interagency Agreement DE-AIO8-T8ET44802), to elucidate effects of regional
late Cenozoic tectonic history on a potential radioactive waste repository at
Yucca Mountain (fig. 1). Field examination was precluded, and so this report
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Topopah Wash, at the north margin of Jackass Flats (fig. 5), is fed by a
drainage area only a tenth that of Fortymile Wash and with a stream gradient
more than twice as great. The cross-section area of the fan incision at this
location (fig. 5, site C) on Topopah Wash is 40 percent of that at Fortymile
Wash and twice that at Rock Valley Wash. Moreover, the ratio of cross-section
area to drainage-basin area is about 6 times that of either Fortymile or Rock
Valley Wash (table 2).

Topopah Wash continues south across Jackass Flats for almost 10 km and
then passes through a gap between bedrock exposures (fig. 5). Below this gap,
the wash again is incised into alluvial fan deposits. The drainage area of
Topopah Wash above this channel incision is four times as large as that of the
"upper" Topopah Wash and the gradient has decreased to one about the same as
that for channel incision at Rock Valley Wash and Fortymile Wash (table 2).
The ratio of channel cross-section to drainage-basin area is small, similar to
those for the two other wash incisions, which suggests that this ratio may be
related to channel gradient.

An alluvial fan near the far northwest corner of the Amargosa Desert is
incised by a wash exiting through a narrow gap from a small drainage basin on
the east slopes of the Grapevine Mountains containing McDonald Spring (fig.
5). An estimate of the geometry of this incision is less precise than others
in table 2 because only a 15-minute, 40-ft-contour-interval map is available
for this area. Nevertheless, an estimate has been included in the table and
used for further analysis. Also included in table 2, are data for two other
incised fans located to the east just outside of the upper Amargosa River
drainage system: Gap Wash, draining to Yucca Flat, and Barren Wash, draining
to Frenchman Flat (fig. 5).

1

Analysis of the data regarding alluvial-fan incision (table 2) is fraught
with uncertainties, both as to the quality of the data and as to the differing
character of each geographic example. The data, derived from topographic
maps, involve considerable interpolation and lack the precision of on-site
surveys. The sites selected have in common only incision into alluvial-fan
deposits where runoff from a catchment area is focused through a narrow gap
onto the fan head. The sites differ greatly in size of catchment area,
channel gradient at the site, and topographic nature of the basin upstream
from the gap. All sites but one have extensive alluvial-fan or valley
deposits just upstream from the focusing gap; the exception is Fortymile Wash
located at the mouth of a 20-km-long canyon with only a shallow bed of active
alluvium. The Amargosa River south of Amargosa Narrows, near the town of
Beatty, exits into an alluviated valley rather than onto a true fan and will
be considered separately although data for it is included in table 2 and
figures 6-8.

Despite limitations of the data, which are too few for statistiecally
signifcant analysis, study of the fan-incision data from the upper Amargosa
drainage system and vicinity 1s informative. Fortymile Wash has by far the
largest cross-section area of fan incision and also by far the largest
drainage basin. A plot of cross-section area vs. drainage area, however, does
not show a clear relationship for the sites examined (fig. 6). An arbitrary
line has been drawn through four of the data points. Of the three data points
clearly anomalous to this line, the two points below the line represent two of
the sites with the lowest channel gradients and the one above the line the
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site with the highest gradient (table 2). This suggests that channel gradient
might have some significant influence on the degree of channel incision. Note
that although not included in this analysis of incised fans the data point for
the Amargosa River site, which has a lower gradient than any of the fans,
falls farthest off the line. ’

Other factors being equal, fan (or channel) gradient is an inverse
function of drainage-basin area (Schumm, 1977, p. 247-8). A plot of gradient
vs. drainage area for the sites listed (fig. 7) shows only a general tendency
toward this relationship, with the same three sites noted in figure 6
anomalous to the plotted line. This 'anomaly' can be explained by a secondary
factor in the gradient-basin area relationship: the greater the ruggedness or
average slope of the drainage basin, the greater is the gradient of the fan
(Schumm, 1977, p. 248). The two sites with anomalously low gradients (below
the line in fig. 7) are Rock Valley Wash and the lower Topopah Wash, which
drain the least-rugged topography and have the lowest average upstream
gradients of the sites listed. The other anomalous gradient (above the line
in fig. 7) is at upper Topopah Wash, which drains the area with the highest
local relief and the highest average upstream gradient.

To investigate the relationship among the three parameters--cross-section
area of channel incision, drainage-basin area, and channel gradient--another
graph (fig. 8) plots channel gradient against the ratio of cross-section area
to drainage-basin area (a dimensionless number, area/area). On this plot the
three sites that appear anomalous on figures 6 and 7 fall into line. This
indicates that once channel-gradient differences are considered, all of the
listed sites are shown as being incised under the influence of comparable
conditions, and that the large cross-section area of Fortymile Wash is chiefly
due to its large drainage-basin area and is not 'anomalous' with respect to
other wash incisions in the upper Amargosa drainage system and vicinity.
Furthermore, the overall similarity of effects at these diverse sites, sites
that also differ in azimuth of drainage direction, suggests that the
trangition from alluvial-fan construction to fan incision more likely resulted
from a major climatic change rather than from tectonic disturbance.

John Dohrenwend (oral commun., 1987) points out that the relation shown
in figure 8 might be explained by the fact that fan or channel gradient is
largely determined by debris size and discharge (Hooke and Rohrer, 1979), and
that peak discharge is very strongly related to drainage area and channel
cross-section. He further suggested that if the relation in figure 8 could be
verified with a statistically significant data set and the ratio of channel
cross-section area to drainage-basin area somehow related to discharge, it
might provide an indirect method of estimating peak discharge where such
information is not available. Such correlation would probably be difficult
because of the very infrequent and variable discharge inherent in the arid-
region alluvial-fan environment.

AMARGOSA RIVER SOUTH OF BEATTY

Downstream from the town of Beatty (fig. 2), the Amargosa River passes
through the Amargosa Narrows gap. Upstream from this gap is a drainage basin
of 1234 kmz, the largest listed in table 2, that includes the subbasins of
Thirsty Canyon, Beatty Wash, and some smaller areas (fig. 5). The gap itself
is underlain by resistant rocks of the Wood Canyon Formation (Stewart, 1970)
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that forms a bedrock ledge that forms the local base level for the drainage
basin upstream.

Downstream from the Amargosa Narrows, the Amargosa River flows into the
Amargosa Desert, through a broad alluvial valley flanked on the east by
steeper alluvial-fan deposits along Bare Mountain and on the west by a gentler
broad apron of fan deposits shed from the Bullfrog Hills, the Grapevine
Mountains, and the Funeral Mountains. The stream incised wash below the
Narrows differs from those associated with the incised fans described above in
that it is shallow relative to its width (table 2). I attribute this chiefly
to the low gradient of the channel, half of that at Fortymile Wash. The low-
gradient stream tends to meander more than a steeper one and develop a highly
braided channel rather than a narrowly confined one. Even with its large
drainage basin the channel gradient here is low compared to others in the
region (table 2, fig. 7). This difference is probably due to the low mean
slope of the Amargosa drainage basinj; the mean gradient of a 20-km reach of
the river in Oasis Valley upstream from Beatty is only 10 m/km.

The present cross-section area of the fmargosa wash below the Narrows is
low for the size of the drainage basin (fig. 6), but not greatly so when the
channel gradient is considered (fig. 8). Unlike Fortymile Wash, whose
incised-channel position has changed little since its inception, the active
Amargosa channel is only one of many channels that have been active in the
past and whose composite cross-section areas are much greater than that for
the active wash alone. One largely abandoned wash is now fed only by meager
runoff from Bare Mountain.

Additional evidence for lateral channel migration or channel branching is
presented by the so-called Beatty scarp, 10 km long and truncating alluvial-
fan deposits along the east side of the Amargosa drainage south of Amargosa
Narrows. It has long been interpreted as a Quaternary fault (Cornwall and
Kleinhampl, 1961; 1964; Cornwall, 1972; Carr, 1984), but recently has been
reinterpreted as an erosional feature formed by lateral migration of the
Mmargosa River (Swadley and others, in press). A trench excavated adjacent to
the scarp exposed fluvial gravel, sand, and silt typical of braided-stream
deposits and lacked any evidence of fault displacement. A radiocarbon age of
about 10,000 years on carbonized wood in the deposit suggests that the scarp
was undercut in late Pleistocene or early Holocene time (Swadley and others,
in press).

In summary, the gross differences in the size and geometry of wash
incisions on the Amargosa River downstream from Beatty and at Fortymile Wash
are consistent with the size and geometry of their drainage basins. Neither
wash is anomalous with respect to the overall evolution of the upper Amargosa
drainage systemj; each similarly responding to the geomorphic parameters
involved. The similar responses by the several washes suggests that the
change from alluvial-fan construction to fan incision reflects a drainagewide
change in the upper Amargosa River system caused by some common factor.
Regional tectonic processes, such as subtle tilt, would be unlikely to produce
such a change given the diverse orientations of the drainages involved. A
change in climatic conditions seems more likely, although the existence,
nature, and timing of such an event is still speculative.
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Remants of low terraces at several localities within Fortymile Wash are
identifiable on aerial photographs. These terraces, 5 to 10 m above the
modern wash, are described as fill terraces by Taylor (1986), the result of a
period of aggradation in the wash. On the basis of soil development, she
correlates these terrace deposits with gravel deposits that have uranium-trend
age determinations of 145,000 and 160,000 years (U.S. Geological Survey, 1984,
table 2). If the correlation is correct, and these ages are in the correct
range, then Fortymile Wash must have had nearly its present depth by about
150,000 years ago. Having cut down through these terrace deposits to
reestablish an earlier base level (Taylor, 1986, fig. 3), Fortymile Wash
apparently reached a state of near equilibrium with little aggradation or
degradation at present.

The Tecopa basin about 85 km south of Amargosa Valley (formerly known as
Lathrop Wells) (fig. 1) is situated on the Amargosa River drainage and can be
considered a southern extension of the Amargosa Desert. 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 (Hillhouse,
1987). The lake had no outlet until sometime after 0.5 m.y. ago, when the
south margin of the basin was breached and the lake drained. The current
water supply to the basin is inadequate to balance evaporation and sustain a
perennial lake even if it had remained without an outlet (Hillhouse, 1987).

Studies of water-table decline during the Quaternary at Ash Meadows in
the Amargosa Desert about 35 km south of the mouth of Fortymile Canyon
summarize evidence for increasing aridity in the southern Great Basin during
the Pleistocene (Winograd and Szabo, in press; Winograd and others, 1985).
They attribute much of this decline to Pleistocene uplift of the Sierra Nevada
and Transverse Ranges, the major orographic barriers bounding the southern
Great Basin. Such uplift would contribute to progressive depletion of
moisture from inland-bound Pacific storms during the Pleistocene epoch,
independent of any world-wide climate cycles. It is possible that during such
a decline, a threshold would have been reached wherein major alluvial-fan
construction in the Amargosa Desert would have ceased. This would not be
incompatible with such cessation having taken place sometime after one-half
million years ago.

Addendum: Warren and others (1988) have presented new K-Ar age data that
indicate that some of the rocks here included in the rhyolite of Fortymile
Canyon (fig. 3) should be grouped with the Paintbrush Tuff as predating the
collapse of the Timber Mountain caldera. Such rocks include those south of
Pah Canyon for which ages of 13.5 to 11.3 m.y. were obtained. However, ages
of 10.6 and 10.7 m.y. were obtained for rhyolite of Fortymile Canyon within
Fortymile Canyon north of Pah Canyon; these rocks apparently postdate caldera
collapse and the conclusions reached in this study are not negated by the new
data (Warren, R.G., McDowell, F.W., Byers, F.M., Jr., Broxton, D.E., Carr,
W.J., and Orkild, P.P., 1988, Episodic leaks from Timber Mountain caldera:
New evidence from rhyolite lavas of Fortymile Canyon, SW Nevada volcanic
field: Geological Society of America Abstracts with Programs, v. 20, no. 3,
p. 241).
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