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GEOLOGIC SETTING OF LAKE MEAD
By C. R. LONGWELL, Yale University

LOCATION AND TOPOGRAPHY

The Colorado River emerges abruptly at the Grand
Wash Cliffs in northwestern Arizona from the deep
canyon it has cut into the tabular blocks of the Colorado Plateaus, and continues on a tortuous but
generally westward course for nearly 50 miles (straightline distance) into the Basin and Range province (fig.
2). There it turns sharply southward and enters Black
Canyon, where Hoover Dam now impounds the water
to form Lake Mead. The lake occupies the 80-mile
stretch of the river valley between the dam and the
mouth of the Grand Canyon. Initially it reached
nearly 40 miles farther eastward, between the canyon walls; but sediments brought in by the stream
have displaced the lake water within that narrow space.
West of the Grand Wash Cliffs, several arms of the
lake reach to varying distances up tributary valleys.
The longest branch, in the Virgin River valley, extends
more than 30 miles north from the main body of the
reservoir.
From the mouth of Grand Canyon the Grand Wash
Cliffs, rising like steep giant stairs to heights 5,000 or
more feet above their base, extend far northward and
southeastward, marking the abrupt western edge of
the Colorado Plateaus. Between the cliffs and Hoover
Dam the major topographic features are mountain
ridges that trend generally north, and intervening wide
basins whose floors have low relief. From east to west
these major units are the Grand Wash trough, which
includes Gregg Basin, Iceberg Canyon, Grand Bay,
and Pierce Basin of Lake Mead; the Virgin Mountains,
traversed by Virgin Canyon of Lake Mead; the VirginDetrital trough, which includes Virgin Basin and
Overtoil Arm of Lake Mead; the Black Mountains,
traversed by Boulder Canyon of Lake Mead; and
the Callville Basin, in which is located Boulder Basin
of Lake Mead (pi. 1). The Colorado River has cut
deep canyons through the resistant mountain ridges,
whereas in the adjacent basins the river valley is comparatively wide and low walled. Accordingly, the
main body of Lake Mead consists of alternating narrow
and wider segments.

The Grand Wash Cliffs form the highest and steepest topography adjacent to the lake. To the west, high
points of the Virgin Mountains rise more than 3,000
feet above the lake, but the river valley is cut through
low parts of the range, where it forms canyons only a
few hundred feet deep. The head of Boulder Canyon,
at the east front of the Black Mountains, has abrupt
walls that reach 1,500 feet above the lake, but farther
west the slopes adjoining this canyon have more
moderate relief. Black Canyon has abrupt walls
that reached nearly 900 feet above the river, but
less than half of that height is seen from the surface of
the lake. In the wide interment basins the slopes
toward the lake are in general no more than 300 feet
per mile.
Besides the Colorado River, two perennial streams—
the Virgin River and Muddy Creek—flow into Lake
Mead. All other tributary valleys are normally dry and
furnish runoff only at times of exceptional storms.
STRATIGRAPHY

Bedrock in the area near the lake is highly varied in
kind and in mode of origin (pi. 1). Rock materials of
the highlands are in general older and more resistant
than those flooring the basins. In fact, a considerable
part of the material exposed in the basins consists of
detritus that was eroded from the highlands and is still
either unconsolidated or only moderately lithified. In
general these younger deposits are inconspicuous, for
either they are covered by the lake water or they underlie slopes and low hills bordering much of the lake shore.
However, because of their close association with the
lake, these weak deposits are more important to the
present study than the older and generally more resistant rock units, which form most of the conspicuous
cliffs and ridges in the area.
PBECAMBBIAN BOCKS

The oldest bedrock consists of banded and micaceous
metamorphic rocks (gneisses and schists), injected and
locally engulfed by granite and related igneous rock.
In large part both the metamorphic and the granitic
rocks are of Precambrian age; at many localities they
11
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FIGURE 2.—Major physiographic features of the Lake Mead region.

lie beneath Cambrian strata with depositional contact.
The complex Precambrian basement was well exposed
in the lower part of the Grand Canyon before the reservoir was filled (Longwell, 1936), and it appears at the
base of the Grand Wash Cliffs several miles south of the
lake. In the southern block of the Virgin Mountains
the old crystalline rocks are exposed continuously over
a wide area. Along the eastern side of this block, west
and northwest of Iceberg Canyon, the crystalline rocks
pass beneath steeply tilted Cambrian beds. Since the
basal sandstone and conglomerate of Cambrian age con-

tain fragments derived from the underlying crystalline
rocks, these rocks must have been formed and laid bare
by erosion before the Cambrian seas spread over the
region.
In the Black Mountains, Cambrian strata have not
been found in normal contact with the older crystalline
rocks, although on the south side of Boulder Canyon a
large block containing Cambrian beds has been faulted
down against granite and gneiss. South and east of
the lake, the high part of the range consists chiefly of
gneiss, schist, and granitic rocks that can be considered
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with confidence to be Precambrian in age, for they have
all characteristics of the basement complex in the Virgin Mountains and the Grand Wash Cliffs. Cambrian
and younger strata that must have covered the metamorphic and granitic rocks of the Black Mountains have
been removed by erosion, except in the downfaulted
block near Boulder Canyon. The Precambrian complex has been intruded by masses of younger igneous
rock, but the intrusives have not been differentiated on
plate 1. In addition to granitic rocks, bodies of gray
monzonite, locally brown or reddish from alteration,
are exposed over large areas south of Lake Mead, and
on the western flank of the Black Mountains between
Boulder and Black Canyons. These intrusive bodies
are not older than Cretaceous and may be as young as
early Cenozoic.
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PALEOZOIC AND MESOZOIC BOCKS

North of the Colorado River, essentially the full
thickness of Paleozoic strata, more than 5,000 feet, is
exposed in the Grand Wash Cliffs. These strata consist chiefly of marine limestone and dolomite. The basal
unit, which lies unconformably on Precambrian metamorphic and igneous rocks, consists of crossbedded
coarse-grained sandstone 200 to 300 feet thick. Above
this unit is a persistent section, several hundred feet
thick, of greenish shale intermixed with sandy beds and
grading upward into mottled and gray limestone. Marine fossils found in this section date the basal part as
Early Cambrian, the upper shales and a considerable
thickness of overlying limestone as Middle Cambrian,
and higher limestone as Late Cambrian. Fossils at
still higher levels in the towering cliffs identify rocks
of Devonian and Carboniferous age. The Carboniferous rocks, which include strata of resistant sandstone
as well as limestone, cap the lower Grand Wash Cliff at
an altitude more than 3,000 feet above the lake.
Red sandstone and shale in the lower part of the Permian system are comparatively weak; they have been
eroded back from the summit of the lower cliff, forming
a platform 2 miles or more in width. The wide bench
extends to the upper Grand Wash Cliff, which is capped
by the Kaibab limestone (fig. 3). The red beds of Permian age are nonmarine, at least in part, for they contain fossils of land plants. The sand, silt, and clay that
make up the red beds probably were deposited on flood
plains and in wide deltas bordering the Permian sea.
The later advance far inland is revealed by the Kaibab
limestone, which carries a profusion of fossil marine
shells.
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The stratified formations exposed in the Grand Wash
Cliffs correspond closely to the rock units that form the
walls of the Grand Canyon at El Tovar and Bright
Angel Creek (Noble, 1922),, 150 miles farther east.
However, there is gradual thickening westward in the
Plateaus, and at the Grand Wash Cliffs the total Paleozoic section is about 1,500 feet thicker than at the classical localities farther east. Rocks of Paleozoic age
underlie some areas west of the Grand Wash Cliffs
also, but they are everywhere steeply inclined, in contrast to the nearly horizontal attitude in the walls of
the Grand Canyon.
Farther north in the Grand Wash trough, and also
on both sides of Overton Arm of Lake Mead, rocks of
Mesozoic age are exposed over considerable areas. The
best of these exposures is in the Valley of Fire, several
miles southwest of Muddy Creek. Triassic and Jurassic
strata, made up largely of shale and sandstone, are
strongly colored, like the corresponding units on the
Plateaus. The Moenkopi formation, of Early and Middle(?) Triassic age, consists of several hundred feet
of thin-bedded limestone, shale, sandstone, and gypsum,
overlain by a like thickness of brownish and reddish
shale and sandstone. At the base of the Upper Triassic
section are conglomerate and coarse sandstone, in which
are many fossil tree trunks. This unit, typical of the
Shinarump member of the Chinle formation, grades
upward into the varicolored shales and sandstones of
the Chinle formation, the upper part of which includes
thick beds of gypsum. Above lies the Aztec sandstone
of Jurassic (?) age, which normally is brick red, although locally chemical action has changed or even
removed the color. The Aztec, 2,500 or more feet thick,
is strikingly similar to the Navajo sandstone of Zion
National Park, in southwestern Utah.
Strata of Cretaceous age are exposed over an
area of several square miles about 5 miles southwest of
Muddy Creek. These beds, which consist of sandstone,
conglomerate, and shale, with some volcanic ash, are
more than 3,500 feet thick. A conglomerate at the base
contains cobbles and boulders derived from several
older formations, evidence that deformation had
brought a thick section of pre-Cretaceous rocks up into
the zone of erosion (Longwell, 1949). Although strata
definitely dated as Cretaceous have not been reported
from any other locality near Lake Mead, a thick section
north of Las Vegas Wash and only a few miles northwest of Callville Basin is probably of Cretaceous age.
The beds at that locality consist of conglomerate, reddish-brown sandstone and siltstone, and fresh-water
limestone. A conglomerate at the base contains cobbles and boulders of all earlier units, down to and including the Precambrian.

1948-49

CBETACEOUS(P) AND EABLY CENOZOIC(P) BOCKS
OVERTON FANGLOMEIRATE

Adjacent to the Virgin and Muddy Mountains and
extending into the hilly area northwest of Callville
Basin, a thick section of deposits ranging in character
from coarse conglomerate to limestone rests discordantly on Cretaceous and older deposits. In the northern part of the Muddy Mountains, the basal portion of
the younger section consists of coarse debris that was
laid down in alluvial fans on the flank of a rising
mountain ridge. It is known as the Overton fanglomerate of Cretaceous (?) or Tertiary (?) age. The deposit, locally more than 2,000 feet thick, contains many
individual blocks of limestone 20 or more feet in diameter, and exceptional masses hundreds of feet long.
A high ridge southwest of Muddy Creek, cut through
by several small tributary streams, affords excellent exposures of the formation in its entire thickness. The persistent coarse-ness of the debris making
up the deposit, from base to top, indicates that high
relief was maintained through the period of accumulation. Considerable thicknesses of gray volcanic ash
are evidence of volcanic activity.
HORSE SPRING FORMATION

Above the Overtoil fanglomerate are beds of fine
sand and silt, grading upward into a thick section of
thin-bedded limestone and soft white dolomite that are
interbedded locally with gypsum, magnesite, borate
minerals, and other materials, some of them unusual
in sedimentary sequences. This assemblage is known
as the Horse Spring formation of possible Tertiary
age. The limestone layers contain many nodules and
lenses of silica, some of which are opalescent. Beds of
white volcanic ash and flows of dark lava occur at several horizons in the section. Much of the limestone has
the open porosity characteristic of travertine, with algallike patterns of concentric laminae. Many features
of the section, including its content of chemical precipitates such as borate minerals, strongly indicate deposition in lake waters. Rather abrupt lateral changes
in the character of deposits suggest a chain of lakes
with shifting boundaries. Although the formation has
been severely deformed and locally removed by erosion,
large outcrops distributed from the east flank of the
Virgin Mountains south west ward to the vicinity of Las
Vegas Wash indicate that the deposits initially covered
a wide area. The thickest exposed sections are on the
flanks of the Muddy Mountains, in a belt north and
west of Bitter Spring Valley (pi. 1A). Steeply tilted
limestone of the formation contains the large borate
deposits at the West End mine, several miles north of
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Lake Mead in Callville Basin. Smaller deposits of
borates have been found north of Bitter Spring Valley.
MIDDLE AND LATE CENOZOIC ROCKS
MUDDY CREEK: FORMATION

The most extensive of the sedimentary beds that
floor the wide interment basins are grouped in the
Muddy Creek formation, of probable Pliocene age.
These deposits consist chiefly of sand, silt, and clay
that are only moderately consolidated. Near ridges of
older bedrock these fine-grained sediments grade into
and are interlayered with coarse rubble that was deposited in alluvial fans on the lower parts of steep
slopes. Except in these marginal zones, the sediments
are in thin, regular layers that suggest deposition in
shallow lake water. Included are layers of gypsum that
constitute a large thickness, particularly in the wide
area east of Boulder Canyon. Beds of nearly pure
rock salt were exposed along Virgin Valley until they
were covered by the water of Lake Mead. A thick deposit of glauberite, included between layers of clay,
was prospected west of the Virgin River, about 5 miles
south of Muddy Creek.
The Muddy Creek formation records a long and
varied history. Flows of basaltic lava and also beds
of volcanic ash are included, locally in great thickness,
particularly around the north end of the Black Mountains. At a number of localities in Callville Basin,
older beds in the formation were steeply tilted and
then beveled by erosion; they now lie below younger
beds with sharp angular discordance. On the west side
of the basin, two such angular interruptions within the
formation are as pronounced a's the break between the
Muddy Creek and older deposits. Evidently there
were strong crustal movements both before and during
the time of deposition. The climate during that time
was generally arid, as indicated by the abundant gypsum, salt, and other saline materials in the Muddy
Creek formation.
Low-grade deposits of manganese oxide occur in the
Muddy Creek formation, at several localities northeast
of Boulder Canyon and in the southwestern part of
Callville Basin. The most promising of the deposits
now known was exploited during and after World
War II in the Three Kids district, south of Las Vegas
Wash. There the ore occurs in definite beds in the
lower part of the Muddy Creek formation; the oxide
appears to have been laid down as a sedimentary deposit in a shallow lake (Hunt and others, 1942; McKelvey and others, 1949).
The deposits of the Muddy Creek formation are so
varied that no local section would represent the formation as a whole. Before the Lake Mead basin was
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flooded, gypsum and anhydrite beds hundreds of feet
thick were exposed in a lowland area of 50-60 square
miles, centered near the mouth of the Virgin River.
Although gravels mantled much of the surface, the
thick saline deposits are probably continuous under an
even larger area of the reservoir floor in Virgin Basin.
Abundant gypsum was exposed also in the Virgin
Valley, now occupied by Overton Arm of Lake Mead,
and several domes with cores of rock salt near the
Virgin River channel suggest large bodies of that
mineral at some depth beneath the valley floor. Thus
saline beds of large but undetermined thickness are an
important element in the lowest known part of the
Muddy Creek formation. Higher clastic deposits are
widespread in the interment basins, with maximum
thickness in excess of 1,000 feet. Gypsum either in pure
layers or admixed with clay occurs at many horizons
in this part of the section also.
Other deposits in basins adjoining the lake are in
part contemporaneous with the Muddy Creek formation, but the relation is not everywhere clear. West of
Virgin Canyon, and also extending eastward into the
Grand Wash trough, thick accumulations of coarse fan
debris, now firmly cemented, were derived chiefly from
the Precambrian and Paleozoic bedrock of the Virgin
Mountains, and in smaller amounts from the Grand
Wash Cliffs. Some of this coarse material moved out
from the southern Virgin Mountain block in landslide masses, which locally plowed into soft gypseous
sediments that were accumulating on the adj acent basin
floors. Coarse fan material containing very large
blocks of granite and gneiss was moved eastward from
the Virgin Mountains almost to the base of the Grand
Wash Cliffs. This coarse rubble grades upward into
fine gravel, silt, and clay, which north of Lake Mead
is gypseous.
HUALPAI FORMATION

A freshwater limestone, locally hundreds of feet
thick, rests upon the clastic deposits of the Muddy
Creek formation and older rocks. This limestone has
been described as the Hualpai limestone of Pliocene (?)
age (Longwell, 1936, pp. 1429-1440). As stated in
this original description, the Hualpai limestone is the
highest unit of the (Tertiary) basin deposits, and is in
thin and rather regular beds, many of which have the
porous structure characteristic of travertine. The
formation is distributed over an irregular area, measuring 25 miles from east to west and a comparable
distance from north to south. The Hualpai limestone,
in contrast to the complex assemblage of deposits that
preceded its deposition, is a homogeneous formation
over a wide area. Near the base it contains scattered
pebbles and sand, and locally it includes thin beds of
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shale and siltstone; but in the main the formation consists of limestone, nearly aphanitic and with considerable porosity, in beds that are thin and remarkably
regular. The original maximum thickness cannot now
be estimated with any assurance, but certainly it exceeded 1,000 feet. The original horizontal extent must
have been much greater than the area delimited by
present outcrops.
The Hualpai limestone caps many flat-topped buttes
that are prominent in the eastern part of the Lake
Mead area; examples are The Temple and Napoleons
Tomb, which rise abruptly on opposite margins of the
lake west of Virgin Canyon. The thick type section of
the limestone is exposed south of Virgin Canyon, along
Hualpai Wash; and good outcrops appear in bluffs
along the road that leads from U.S. Highway 466 to
Pierce Ferry. Near this road, from the lake southward, are excellent exposures of the coarse fan debris,
the higher siltstone and clay, and the capping limestone. All these deposits are in nearly horizontal beds,
which on the east side of the basin overlap the edges of
Paleozoic strata in the lower Grand Wash Cliff and
on the west are deposited against and partially conceal
Tassai Ridge, which is made of Paleozoic strata tilted
steeply eastward in a downfaulted block (fig. 3). This
block was entirely buried beneath the younger deposits
before the Colorado River and its tributaries removed
large quantities of the weak basin deposits as they cut
their valleys to present levels. The weakness of the
material is demonstrated by extensive slumping from
the steep walls of The Temple during the few years
that the waters of Lake Mead have been in contact
with the lower half of this high butte, which is made
chiefly of cemented coarse rubble capped by Hualpai
limestone (pi. 25).
The limestone has rather thin, irregular beds containing concentric forms that suggest algal growth while
the limy deposit was forming. These forms weather
out as nearly spherical balls, from l/2 t° 3 or more
inches in diameter. Although some of the limestone is
compact, much of it is full of small cavities that are
locally coated with black manganese oxide. It has
the appearance of gray to reddish-brown travertine.
The character and distribution of the deposit strongly
suggest that it was formed in a lake that had considerable width from north to south and extended westward from the Grand Wash Cliffs probably to the
Black Mountains.
CHEMEHTJEVI FORMATION

Since the Colorado River valley was first cut approximately to its present form, sediments have been
deposited that record important events in the regional

history. The most extensive of these deposits, known
as the Chemehuevi formation of Pleistocene age, consists of clay, silt, and gravel that once filled the valley
to a height several hundred and perhaps a thousand
feet above the river bed at the site of Hoover Dam.
Remnants of the formation are distributed along the
valley below the dam (Lee, 1908, pi. 3B), and many
others were visible between the dam and the Grand
Canyon until most of them were covered by the waters
of Lake Mead. The highest of these, east of a looping
bend in the valley south of Iceberg Canyon, is more
than 200 feet above the high level of the lake.
In its lower part the Chemehuevi formation consists chiefly of banded clay, which must have been deposited in a deep lake; near Hoover Dam and farther
downstream, these clays are several hundred feet thick.
Above them the deposit consists chiefly of sand, with
river gravel near the top. Farther upstream, near Iceberg Canyon and in the Grand Wash trough, sand
makes up the greater part of the thickness; clay in the
lower part is thin. Presumably the narrow part of the
lake in the Grand Canyon was soon filled with river
sediments, and the front of the delta continued to advance down the lake. At a distance from this front
only the fine sediments, carried in suspension or by
turbidity currents, were laid down. Eventually the lake
was filled with these fine sediments, and the river deposited its gravels widely at the higher level. Later
the stream cut down to the bottom of its old valley,
and the weak sediments of the Chemehuevi were removed except for remnants in the more protected
places. Many remnants of gravel-covered terraces
record stages in the history of downcutting.
In the vicinity of Hoover Dam there is clear evidence that the river flowed at a level higher than the
rim of Black Canyon. Along the east flank of the
prominent hill known as Sugarloaf, on the Arizona
side southeast of the dam, a large bar made of gravel
that is typical of the Colorado River reaches an altitude well above 1,500 feet, or fully 900 feet above the
low-water stage of the river at the damsite. The pebbles and cobbles are derived from many types of rock,
some of which are not known to crop out nearer than
50 miles upstream from the bar; all are rounded and
smoothed in the fashion characteristic of coarse debris
rolled on the bottom of a large and powerful stream;
and all, even those composed of weak limestone, show
negligible effects of weathering. About half a mile
northeast of the Sugarloaf bar and only a little lower
in altitude, large potholes have been worn to a depth
of several feet into resistant volcanic rock by the action of a swift stream carrying coarse gravel along its
bottom. Such gravel, like that in the channel of the
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modern Colorado River, partly fills the potholes and
forms bars nearby.
The potholes and gravel deposits in their locations
above the rim of the canyon indicate that the canyon
was filled, and that on the high surface of the fill the
river wandered from its old course, to which it became
readjusted with renewed downcutting. Presumably
the fill consisted of the Chemehuevi formation, even
though none of this weak material now remains on
the steep slopes near Hoover Dam. In protected areas
farther south along Black Canyon, remnants of river
gravel and also clay and sand of the Chemehuevi occur
far above the river. Large remnants of the Chemehuevi
extend far back from the river on both sides of Pyramid Canyon, near the new Davis Dam, 60 miles downstream from Hoover Dam. Clay from the Chemehuevi
formation was used in large quantities in the construction of this earth-fill dam.
Many remnants of the Chemehuevi lie along the
Virgin and Muddy Valleys. Possibly of contemporaneous origin are light-colored clays that are widespread in the low ground around Las Vegas. The
Chemehuevi formation, particularly the basal banded
clay and overlying sand, records a deltaic deposition
that appears to be strikingly parallel to that which is
occurring in Lake Mead since the completion of Hoover
Dam.
The cause of ponding of the Colorado River to make
the great Chemehuevi Lake has not been determined.
It occurred during the Pleistocene epoch, or Great Ice
Age, when all of western United States had a more
pluvial climate than at present. Perhaps the large
quantities of coarse gravels in the upper part of the
Chemehuevi were transported by a much larger and
more powerful stream than the present Colorado River,
which apparently carries nothing coarser than sand
into the deltaic fill near the mouth of the Grand
Canyon.
VOLCANIC BOCKS AND BELATED INTEUSIVE BODIES

No igneous rocks of Paleozoic age are known in the
region. None have been identified in the formations
of Triassic or Jurassic age, though possibly some of
the clays of Triassic age contain altered volcanic ash,
as is true of the clay of the Chinle formation in parts
of the Colorado Plateaus (Alien, 1930). The Cretaceous rocks southwest of Muddy Valley contain' considerable volcanic ash that is little altered, as well
as clays that have the characteristic properties of
bentonite. These Cretaceous formations show, by recurring conglomerates made up of fragments from
many older formations, that strong crustal disturbance
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was in progress during their deposition. Volcanic activity would logically accompany such disturbance.
Both the Overtoil fanglomerate of Cretaceous (?)
and Tertiary (?) age and the Horse Spring formation
of Tertiary (?) age include beds of volcanic ash. These
formations (on pi. IB mapped with the Tertiary volcanic rocks) record continued crustal movements.
North of Las Vegas Wash there are extensive flows of
basaltic lava in Cretaceous (?) beds below the Horse
Spring formation. These are the oldest lavas that have
a known relation to sedimentary formations; however,
some of the undated volcanic rocks in the Black Canyon area may well be older.
The northern part of the Black Mountains is made
chiefly of volcanic rocks cut by dikes and other intrusive bodies. Near the Virgin River valley many
of the lavas are interbedded with the Muddy Creek
formation of Pliocene age; but much of the igneous
complex is older than the Muddy Creek. The walls
of Boulder Canyon reveal a thick sequence of lavas,
strongly tilted, and intruded by sills and dikes. In
large part this assemblage has been altered chemically,
probably by circulating hot vapors and solutions connected with the igneous action. Large masses of the
rock have been reduced to soft claylike material, which
is highly colored. Similar alteration has affected the
igneous rocks near the head of Black Canyon; the
west and south flanks of Fortification Hill are spectacular from the resulting coloration.
The walls of Black Canyon near Hoover Dam display a great thickness of lavas and related volcanic
rocks, steeply inclined to the northeast. From the
vicinity of Callville Basin southward for hundreds of
miles, volcanic and other igneous rocks underlie large
areas in a wide belt reaching far east and west of the
Colorado River. In fact, the course of the river westward from the Grand Wash trough marks a general
boundary between regions that differ strikingly in
character of bedrock. North of this boundary are
great thicknesses of sedimentary formations, in which
marine limestones are abundant. In the wide belt to
the south these formations are almost entirely lacking; in their place above the Precambrian basement
are thick sections of volcanic materials, with local accumulations of gravel and other waterlaid sediments.
In the vicinity of Black Canyon the igneous rocks are
of many kinds. A large area around Boulder City is
underlain by quartz monzonite, a granular rock that resembles granite but contains less quartz. This large
mass was formed at considerable depth below the surface, where slow cooling of the molten rock permitted
growth of large mineral grains. Similar bodies are exposed on the west flank of the Black Mountains. North
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of Boulder City, and also east of Hoover Dam, the inclusion of large
block of limestone of Paleozoic age
in
o
O
igneous bodies proves that sedimentary formations, now
widespread farther north, extended also across the
Black Canyon area when the igneous masses were
intruded. Because erosion to great depth was required
to lay bare the coarse-grained igneous rock, presumably
there was large uplift of the area from Callville Basin
southward during or after emplacement of the igneous
masses. Erosion after the uplift carried away the
sedimentary formations, leaving only isolated remnants.
Volcanism may have been active while uplift and
erosion were in progress. The volcanic rocks now preserved represent eruptions in a late stage of the erosional history, for these rocks rest on intrusive bodies in
the Hoover Dam area and on Precambrian basement a
few miles farther south. Lavas, breccias, tuffs, and
glasses make up the volcanic section. The lavas range
in composition from dark basalt, through brownish andesite and other intermediate types, to light-colored
rhyolite. Fragmental materials, from coarse breccia to
fine-grained tuff, record explosive activity. Obsidian,
perlite, and other forms of glass are abundant at many
localities. There was vigorous erosion during the volcanism, and deposition of gravel in local valleys or
basins. Such gravels, firmly cemented and with volcanic
rocks both below and above, are exposed in steep cliffs
along the highway east of the dam. Cuts along the
highway give excellent exposures of the varied lavas
and related rocks—dark basalt and andesite, brown and
reddish latite, tuff ranging in color from almost white
to green, and glass that varies from shades of gray to
black. In total thickness the volcanic rocks measure
thousands of feet.
The history of volcanism was long and complex.
Thick sections were tilted, eroded, and buried by later
accumulations. In the area from the dam southward, at
least four distinct generations of volcanic rocks are recognized. Centers of eruption are marked by plugs,
dikes, and irregular intrusive bodies cutting the older
units. Although none of these rocks along the river
have been definitely dated, they are in large part older
than the Muddy Creek formation and therefore probably were erupted before middle Cenozoic time. The
oldest may be contemporaneous with the ash deposits in
Cretaceous rocks of the Muddy Mountains. Lavas of
the Muddy Creek and younger formations are chiefly
dark basalts; a good example is the thick section of flows
capping Fortification Hill, near Hoover Dam. Extensive sheets of basaltic lava are included in nearly imconsolidated gravels southeast of Lake Mead, and some
beds of volcanic ash occur in the Chemehuevi formation
of Pleistocene age.
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STRUCTURE OF THE BEDROCK

In contrast with the nearly horizontal attitude and
the continuity of strata over large areas of the Colorado Plateaus, the older formations west of the Grand
Wash Cliffs are in many places broken, steeply tilted,
and folded. The most complicated deformation is
found in the Muddy Mountains, where wide plates of
limestone of Paleozoic age have been thrust many miles
over younger formations, crumpling, shattering, and
locally overturning the beds. Although the deformation occurred before the Horse Spring formation was
laid down, later disturbances folded and tilted this
formation also. These crustal movements occurred in
the Cretaceous period and perhaps continued into early
Cenozoic time, as part of a regional upheaval that
affected a wide belt west of the Colorado Plateaus and
extended northward into the Northern Rocky Mountains.
Following this early deformation there were repeated
movements on steep fractures, on some of which the
total displacement is measured in thousands of feet.
Volcanic eruptions occurred in this period of unrest,
and sections of the volcanic rocks were broken and
tilted. In the east flank of the Virgin Mountains, some
of the formations are repeated as a result of movement
along faults of large displacement. Along the west
side of Iceberg Canyon, limestone beds of Carboniferous age are inclined about 70 degrees eastward; directly east of this canyon are much older beds with
similar inclination (pi. 2). The beds on the west were
dropped nearly 5,000 feet along a fault inclined at a
low angle toward the west. A similar fault 2 miles
farther east is responsible for another repetition of
formations. From the relation of these tilted blocks
to the strata exposed in the Grand Wash Cliffs, the
greatest fault in the group is considered to be hidden
by younger sedimentary material that floors the basin
directly west of the cliffs. This great fracture, along
which the Kaibab limestone was dropped thousands of
feet below its position in the upper cliff, is known as
the Grand Wash fault (fig. 3).
The main block of the Black Mountains either was
lifted along major faults or remained high while
blocks on both sides were depressed (fig. 3). The
southern Virgin Mountains block was rotated about
its long axis; the east side subsided thousands of feet,
and the west side was lifted in almost equal measure.
Much of the faulting occurred before the Muddy Creek
formation and related basin sediments were deposited;
but there was additional movement during that deposition and later. The higher masses have been subjected to erosion, and the resulting rock debris has
been washed into the basins. This interplay of block
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STEEPLY DIPPING STRATA OF CARBONIFEROUS AGE ALONG GRAND BAY, LAKE MEAD
Similar strata form the west wall of Iceberg Canyon, in background.

Airphoto by Bureau of Reclamation.
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movement, erosion, and sedimentation during much of
Cenozoic time has produced the characteristic features
of the Basin and Range province. Some of these features are exceptionally well revealed in the Lake Mead
area, because the Colorado Eiver and its tributaries
have removed from the basins much of the concealing
sedimentary fill.
Movement on some large faults in southern Nevada
is still in progress, as is indicated by broken alluvial
slopes at the bases of steep range fronts. Differential
vertical movements in the vicinity of Lake Mead, revealed by precise leveling since 1935, may in part
reflect the added load of water and sediment in the
lake basin. However, these movements may have been
in progress before the Hoover Dam was built, and the
added weight may or may not have had an appreciable
modifying effect.
SUMMARY OF GEOLOGIC HISTORY

During all of the Paleozoic and much of the Mesozoic
era of geologic history, a lapse of time reckoned to
be about 400 million years, the Lake Mead area was
part of a wide region that subsided slowly. During
much of this time the region was the floor of a wide
sea. Sedimentary deposits accumulated, but continued
subsidence kept the region either below or slightly
above sea level. By Early Cretaceous time the sedimentary section, made up of limestone, shale, and sandstone, was many thousands of feet thick ; all these thick
formations were essentially horizontal over a vast area.
Mountain-making forces then came into play, buckling
and telescoping the strata in a wide belt. Coarse debris eroded from growing mountain ridges formed
thick alluvial deposits, and sediments of finer grain accumulated in lakes. Volcanic activity began, and
through a long time it added complexity to the bedrock geology. Contemporaneously there was uplift
and depression of crustal blocks on great fractures.
Debris washed from the high blocks was deposited
in the basins, and eventually the mountain ridges were
almost buried in their own debris.
The date of establishment of the Colorado River as
a through-flowing stream is not yet known (Longwell,
1946). It is able to flow through the wide desert re-
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gion because its upper reaches receive abundant water
from high mountains and plateaus. The Rocky Mountain region attained its present height by successive
major uplifts, the latest of which occurred in late
Cenozoic time (Atwood and Mather, 1932). Probably this elevation of the region brought on a more
pluvial climate, and the Colorado River developed as
a channel to carry the surplus water toward the southwest. The Grand Canyon was cut as the river lowered its channel across the rising plateaus (Dutton,
1882). In the Basin and Range region to the west the
river became incised across hard-rock ridges such as
the Black Mountains, while erosion removed much of
the weaker basin fill on either side to make the lowlands of Callville Basin and the Virgin-Detrital
trough. Thus Boulder Canyon and similar deep, narrow segments of the river valley have maintained their
form because of resistant bedrock in their walls,
whereas the valley has grown wide and low walled in
the interment basins that were filled with weak
sediments.
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