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EROSION IN THE RESERVOIR

By H. R. GOTJLD, U.S. Geological Survey
Although Lake Mead is predominantly a site for
aggradational processes, there are also many evidences
of the effects of erosion. Some of these effects are conspicuous to the casual observer, and some have a bearing on the storage capacity of the reservoir, or upon
the quality of the stored water. The effects of erosion
are abundantly reflected by small-scale sliding and
slumping of steep-sided headlands, cutting of terraces,
and solution of gypsum and other salines in the basin
areas of the lake. Some erosion has resulted from the
scour of Detrital Wash near its entrance into Lake
Mead (p. 71, 171). The submarine channel in the
delta deposits (p. 164) may also be evidence of erosion
by turbidity currents.
Slumping along the lake border occurs both above
and below the water surface, but in only a few places
has it been sufficient to produce any notable change in
the configuration of the lake (p. 70). Most of the
material moved by landslides and wave action is redistributed within the reservoir itself. However, in a few
localities, weakly cemented or highly jointed materials,
standing many tens of feet above the water surface,
have slumped into the lake, and this has resulted in a
slight reduction in reservoir capacity. On the other
hand, a large percentage of the salines dissolved from
the reservoir floor are carried out of the lake in solution, resulting in a slight increase in storage capacity.
These changes were too small, however, to be measured
quantitatively in the 1948 survey.
LANDSLIDES

Small-scale landslides may be seen along the shore
in practically all parts of the lake, but the largest and
most prominent slides are in Virgin Canyon and the
southeast part of Gregg Basin near Hualpai Wash.
The most striking of these (pi. 27) is in the highly
jointed gneiss and schist of Precambrian age (pi. 1)
which forms the north wall of Virgin Canyon near
its mouth. According to E. T. Schenk of the U.S.
Bureau of Mines Experimental Station in Boulder
City, Nev., this large mass of rock began its movement
during the early stages of reservoir filling. Sliding
evidently took place along joints filled with argilla-

ceous materials that became wet as the reservoir filled.
Since the high-water mark (denoted by the white
precipitate on the canyon wall) is not displaced, it is
apparent that all movement ceased before July 1941.
The slides in the southeastern part of Gregg Basin
occur in the Hualpai limestone and its associated siltstone and clay beds of possible Pliocene age (pi. 1).
As in the Virgin Canyon slide, movement probably
took place along wetted clay-filled joints as the lake
level rose. The greatest amount of sliding in this region occurred after 1941, as shown by the considerable
displacement of the high-water mark on the reservoir
wall.
According to Sharpe's classification (1938), the landslides in Virgin Canyon and Gregg Basin are of the
slump variety. The largest of the Gregg Basin slumps
(pi. 28) is typical of others in the region. Movement
has taken place on a spoon-shaped surface concave
toward the slip, and the slumped material has moved
as a unit with a pronounced backward rotation. At
the apex (pi. 28^4.) the movement is chiefly vertical,
but at the sides there is a marked horizontal component. In a few of the slumps, movement has taken
place on a series of closely spaced parallel surfaces,
thus giving them a terraced or steplike appearance.
There is little evidence of sliding and slumping of
the reservoir floor below the average lake level (about
1,170 feet altitude). Closely spaced profiles of the
bottom topography reveal only three slumps of any
considerable size, all in Boulder Basin (p. 70). From
inspection of the geologic map of Lake Mead (pi. 1),
it is clear that these slides occurred in the poorly consolidated Chemehuevi formation of Pleistocene age.
The largest one extends from the shoreline on the north
side of Boulder Basin to the submerged Colorado River
channel between miles 341.0 and 343.5. Sand and coarse
silt contributed by this slumping were detected at a
depth of about 40 feet in the bottomset beds of the
Colorado delta (p. 171), thus indicating that the slide
occurred early in the history of the reservoir.
A smaller subaqueous slide occurred between miles
351.5 and 352.0, where material from the Chemehuevi
formation has slumped into the channel area south of
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A. NORTHWARD VIEW
Note the clayey character of the material on the slip plane. The down slumped block on the left has been rotated backwards as shown by the
steep dip of the bedding and the inclination of the vegetation.

B. SOUTHWARD VIEW
The displacement of the 1941 high-water mark, denoted by a line of driftwood above the wave-cut terrace area, shows that most of the movement
has taken place since 1941.

PROMINENT LANDSLIDE ON THE EAST SIDE OF GREGG BASIN, NEAR THE MOUTH OF HUALPAI WASH
Photographs by Bureau of Reclamation.

PLATE 28
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SOLUTION AND TERRACING OF GYPSUM REEFS NEAR THE MOUTH OF DETRITAL WASH
Photograph by Bureau of Reclamation.

B.

SOLUTION CAVITIES IN SILTSTONE AND GYPSUM OF THE MUDDY CREEK FORMATION IN LAS VEGAS BAY
Photograph by Bureau of Reclamation.

PLATE 29
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Sentinel Island. In a few other places, notably between the east side of Virgin Basin and the mouth of
Virgin Canyon, sand and coarse silt slumped from the
adjacent reservoir walls were detected in cores from the
bottomset beds of the Colorado delta. The slumps in
these areas were too small, however, to be revealed
by underwater soundings.
In addition to the landslides caused by wetting, a
number of small slides have resulted from wave undercutting and caving. These slides may be seen in many
areas of the lake. They are best developed near the
head of Las Vegas Bay, along the east side of Overton
Arm, and between Virgin Canyon and the east side
of Virgin Basin. In these areas undercutting and caving have been confined to weakly cemented elastics of
the Muddy Creek formation of probable Miocene age,
(p.15).
At the head of Las Vegas Bay, excavation of weak
silt and clay strata has allowed large blocks of the overlying breccia to give way. Similarly, in Overton Arm
and near the mouth of Temple Bar Wash prominent
headlands of poorly consolidated elastics of the Muddy
Creek formation have been sharply truncated by wave
action and caving. The level of undercutting suggests
that most of the slumping in these areas occurred during the high lake stages of 1941 and 1942.
WAVE-CUT TERRACES

In most areas of the lake the shore is only moderately
sloped and is not subject to serious caving or slumping.
Erosion in these areas is confined to the cutting of terraces in the easily eroded basin formations. Wave-cut
terraces occur at practically all altitudes between 1,150
and 1,220 feet, the approximate range in lake level
from 1941 to 1948, but they are best preserved at altitudes above 1,200 feet, which are seldom reached by the
water surface. At lower altitudes, the terraces are obscured owing to modification by frequent changes in
lake stage. The terraces range in width from a few
inches to several feet, depending on the type of rock,
the altitude and configuration of the shore, and the
relation of the shore to the prevailing wind direction.
Wave action has also been effective in truncating the
tops of small islands and shoals in Las Vegas Bay.
These prominences, composed of weakly cemented cobbles, have been cut as much as 30 feet below their
original levels, as shown by comparison of the 1948
topography with the pre-Lake Mead topography. In
other areas where islands and shoals are composed of
more durable materials, no such leveling was observed.
In general the effects of wave action, though conspicuous, are insignificant insofar as reservoir storage is concerned, as pointed out by Ames (p. 7).

SOLUTION

Erosion of the reservoir floor by solution is of particular interest owing to the considerable quantities of
gypsum and other saline materials exposed in the broad
basins of the lake. Most of the gypsum occurs in the
Muddy Creek formation (p. 15) which makes up a
large part of the reservoir floor in Virgin Basin, Overton Arm, and the northern part of Boulder Basin (pi.
1). Longwell (1936) reported the occurrence of gypsum and anhydrite beds with a total exposed thickness
of 400 to 500 feet in the southern part of Virgin Basin,
and layers of pure gypsum about 25 feet thick in Las
Vegas Bay. Gypsiferous clay and silt beds of the
Muddy Creek formation are also prominent in these
areas. The other soluble salts of the Muddy Creek
formation are not nearly as extensive as the gypsum,
according to Longwell; rock salt and other saline materials occur only locally in Virgin Basin and Overton
Arm.
The soluble outcrops have been covered by the lake
in most places, but in a few localities they are exposed
along the shore or in near-shore reefs and low-lying
islands. The most extensive of these are in the southern part of Virgin Basin, where the shore and offshore
islands are made up almost entirely of thick beds of
gypsum and anhydrite. From inspection of these beds
(pi. 29) and other gypsum outcrops, it is clear that
solution is locally effective in eroding the reservoir
boundary. Solution appears to be confined, however,
to the surface layers of the soluble material, and it
has not yet produced any appreciable change in configuration of the lake either along the shore or below
the water surface.
Howard's data on chemical changes of the Colorado
River water as it passes through Lake Mead, (p. 121124) show that about 20 million tons of material was
dissolved from the reservoir bed and banks from 1935
to 1948. This material consisted of about 12.2 million
tons of sulfate, 5.1 million tons of calcium, and 2.7 million tons of sodium, potassium, and chloride, all of
which remained in solution except 3.6 million tons of
calcium, which combined with 5.6 million tons of carbonate and was precipitated from the lake. This has
resulted in a corresponding loss of carbonate from the
Colorado River water as it passed through Lake Mead
from 1935 to 1948. Likewise, there was a loss of about
1.0 million tons of silica during the same interval owing
to its precipitation in the lake.
In summary, Howard's data show that from 1935 to
1948 about 20 million tons of soluble material was dissolved from the reservoir bed and banks and that about
10 million tons of dissolved solids was precipitated
from the lake. These changes caused a net gain of

213

EROSION IN THE RESERVOIR

about 10 million tons of dissolved solids in the Colorado
River water as it passed through Lake Mead; hence the
average salinity of the water discharged at Hoover
Dam and the average salinity of the water stored in
the lake are higher than the average salinity of the
inflow. Solution of soluble materials from the reservoir boundary has resulted in a higher concentration
of calcium, sulf ate, potassium, sodium, and chloride in
the lake water and outflow than in the inflow. On the
other hand, precipitation from the lake has produced a
lower concentration of carbonate and silica in the lake
and outflow than in the inflow.
The solution of gypsum and anhydrite has been much
greater than the solution of rock salt (halite, sylvite,
etc.) represented by the minor amounts of sodium, potassium, and chloride. Gypsum and anhydrite have
contributed about 87 percent of the dissolved solids,
whereas rock salt has contributed only 13 percent. Rock
salt is much more soluble than gypsum and anhydrite,
and its smaller contribution to the dissolved solids probably results from its limited exposures. According to
the Bureau of Reclamation (1950), the total exposed
area of salt outcrops on the reservoir floor prior to inundation was only 22 acres. Subsequent covering of
some of these outcrops by sediment that accumulated
from 1935 to 1948 has reduced their areal dimensions
still more.
Assuming an everage density of 2.5 for gypsum and
anhydrite and an average density of 2.1 for rock salt,
we can obtain reasonable estimates of the volumes of
these constituents dissolved from the reservoir boundary, and also estimates of their average rates of solution. According to these estimates, the total volume of
gypsum and anhydrite taken into solution from 1935
to 1948 is 5,200 acre-feet, and the volume of rock salt
dissolved during the same interval is 900 acre-feet,
making a total of 6,100 acre-feet. The average annual
rate of solution is, therefore, 370 acre-feet for gypsum
and anhydrite and 65 acre-feet for rock salt. If the
total volume of dissolved material were confined to an
area of 1 square mile, it would form a layer about 9.5
feet thick.
Earlier estimates by the Bureau of Reclamation
(1950) included a prediction that a maximum of 330
acre-feet of rock salt would be dissolved from the reservoir during its first year of operation (1935) and
that the annual rate of solution in subsequent years
would be reduced to about half that value. On the
other hand, the predictions indicated that gypsum
496918 O—60———15

would undergo no appreciable solution. The estimates
based on chemical changes in the lake water show, however, that the solution of rock salt has been far less
than was predicted by the Bureau of Reclamation, and
that solution of gypsum and anhydrite has been of
considerably greater significance.
Unlike the material eroded by landslides and wave
action, most of the salines taken into solution are
permanently removed from the reservoir in the water
discharged at the dam.
EROSION OF THE DELTA SURFACE

There is no evidence of erosive forces acting upon the
lowest part of the delta; a feature brought out by the
hydrographic survey in 1948 was the remarkable
smoothness and regularity of the surface formed by
the bottomset beds (pi. 6). On the other hand, the
topset beds forming the uppermost part of the delta ar<*
periodically subject to erosion (p. 158).
There remains that part of the delta in the vicinity
of the delta front, which is approximately the locus
of maximum deposition. A channel in this area (pi. 24)
has been described briefly (p. 164), but it deserves further consideration here because, with further study, it
may constitute evidence of erosion by turbidity currents.
This channel, as shown by the 1948 hydrographic
survey, is clearly defined from mile 277.8 to mile 280;
it is generally 300 to 1,000 feet wide and has a maximum
depth of about 25 feet below the average delta front
at mile 278.6.
Nothing is known of the history of this channel
except that it was there in 1948. It is not known
whether some such channel developed early in the
history of delta deposition, and if so, whether it has
shifted from side to side as the delta grew. Nor is it
known whether it maintains approximately the same
form at all times, or is filled during periods of peak
sediment deposition, or is scoured more deeply under
certain conditions of inflow.
REFERENCES CITED
Longwell, C. R., 1936, Geology of the Boulder Reservoir floor,
Arizona-Nevada: Geol. Soc. America Bull., v. 47, p. 14291432.
Sharpe, C. F. S., 1938, Landslides and related phenomenon—
a study of mass movements of soil and rock: New York,
Columbia Univ. Press, 136 p.
U.S. Bur. Reclamation, 1950, Geological investigations, in
Boulder Canyon project final reports, pt. 3, Bull. 1: Washington, 231 p.

