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ABSTRACT

Lake Tahoe, California-Nevada, occupies a
graben near the crest of the Sierra Nevada. The
lake basin was formed by faulting and volcan-
ism about 2 m.y. ago and contains more than
400 m of sediments. Alternating layers of well-
layered sediments and sediments displaying
chaotic internal reflections characterize the
seismic reflection stratigraphy of the central
lake basin.

During Pleistocene glaciations, valley glaciers
dammed Truckee Canyon, the lake's outlet,
raising the lake level. Joklhlaups (floods
through breached ice dams) rapidly lowered
the elevated lake level to the present lake
level. It is postulated that glacial outwash
deltas prograded out along the western, north-
ern, and southern shores of the lake at elevated
lake levels and slumped into the lake basin dur-
ing the periods of rapid lake level lowering.
Evidence for the slumping is seen in the ir-
regular topography at the base of the western
sidewall and chaotically reflecting sediment
layers extending into the central lake basin.
The slump layers are covered and underlain by
Holocene and interglacial well-layered sedi-
ments of turbidite and suspensate rain origin.

Three possible periods of glacial prograda-
tions followed by massive slumping are pro-
posed and are correlated with the Hobart,
Donner Lake, and Tahoe glacfations of the
drainage basin. The more recent Tioga glacia-
tion was less extensive than the other glacia-
tions and resulted in limited slumping.

INTRODUCTION
Lake Tahoe lies near the crest of the Sierra

Nevada along the California-Nevada border
(Fig. 1) at an elevation of 1,897 m. The lake
surface of 500 sq km is surrounded by the
relatively small 800 sq km drainage basin.
Maximum depth of Lake Tahoe (tenth deepest
lake in the world), is listed at 501 m (Hutchin-
son, 1957) but no depths greater than 496 m
(computed from 1,463 m/sec velocity in water)
were recorded during this investigation.
Formation of the Basin

LeConte (1875) first recognized the graben
which forms the lake basin. The boundary
faults of the graben extend northward into the
Truckee basin and Sierra Valley (Lindgren,
1911). Although the boundary faults are proba-
bly active and fault scarps occur in the most
recent sediments in Lake Tahoe, historical
earthquake epicenters are more common in the
Truckee area to the north (Wolfe, 1968).

The nature of partitioning of the large graben
to form the Lake Tahoe basin is controversial.
Lindgren (1911) proposed andesitic eruptions,
Louderback (1911) supported faulting exclu-
sively, and Blackwelder (1933) suggested a
combination of warping and faulting. Birkeland
(1963) has shown the Tahoe basin outlet dam
is a tilted and faulted andesitic mudflow breccia
which is possibly underlain by granite. Birke-
land also supports Blackwelder by showing
that the Tahoe and Truckee basins are sepa-
rated by Pliocene volcanic rocks that predate
the warping and faulting.

Geological Society of America Bulletin, v. 83, p. 1435-1448, 12 figs., May 1972
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Age of the Basin

K-Ar age dates indicate that much of the
uplift and tilting on the Sierra Nevada took
place between 9 and 3 m.y. ago, whereas much
of the collapse of the valleys along the east side
of the Sierra Nevada, including the Lake Tahoe
basin, occurred less than 3 m.y. ago (Bate-
man and Wahrhaftig, 1966). Lousetown For-
mation volcanic rocks which overlie the oldest
known lake deposits near Tahoe City (along
the northwest shore of the lake at the head of
Truckee River) have been dated by Dalrymple
at between 1.2 to 2.3 m.y. (Birkeland, 1963).
Since this time the lake level has been lowered
about 250 m by erosion of the dam.

Rocks in the Basin
Rocks of the Lake Tahoe basin can con-

veniently be divided into four categories:
granitic, metamorphic, volcanic, and sedimen-
tary. Cretaceous granodiorite of the Sierra
Nevada batholith is a very abundant bedrock
in the basin (Fig. 1). Pre-Cretaceous metamor-
phic rocks occur as roof pendants in the granitic
rocks. Most of the volcanic rocks are Pliocene
in age and are located in the northwestern and
southern portion of the basin. Well-preserved
cinder cones in the vicinity of Tahoe City,
however, indicate limited volcanism during
the Holocene.

Glaciations in the Basin
Because of its elevation, Lake Tahoe basin

experienced extensive Pleistocene alpine glacia-
tion along the western side of the basin. The
eastern side of the basin (Carson Range) is in
a rain shadow, and the relatively low precipita-
tion could have prevented Pleistocene glacia-
tion in that area (Burnett, 1968). According
to Birkeland (1964) the glacial stratigraphy of
the area north of Lake Tahoe is:

post-Wisconsin Frog Lake
Wisconsin Tioga

Tahoe
pre-Wisconsin Donner Lake

Hobart
This agrees in sequence with Blackwelder's
(1933) classical Sierran Pleistocene stratigra-
phy. Evidence for the mid-Wisconsin, Tenaya
glaciation of Birman (1964), however, is lack-
ing. The Tenaya glaciation either did not occur
in the Lake Tahoe basin or its deposits cannot
be differentiated from other glacial deposits or
were overwhelmed and incorporated into later
Tioga glacial deposits.

^^ LAKE BEDS
I [ G L A C I A L

VOLCANIC
METAMORPHIC
GRANITIC

Figure 1. Location and geology map of the Lake
Tahoe basin.

Extensive glacial moraine and outwash delta
deposits occur in the southern portion of the
basin and extend offshore in a wide shallow
shelf (Figs. 1 and 2). This portion of the basin
is near the confluence of several Pleistocene
glaciers which deposited these sediments during
three separate periods of glaciations (Burnett,
1971). Streams and waves are currently re-
working some of the glacial deposits, but the
Pleistocene glaciations formed most of the
topography and sediments in the southern
portion of the basin.

Truckee River, Lake Tahoe's outlet, flows
160 km from the northwest shore of the lake
to Pyramid Lake, Nevada. Glaciers, extending
into Truckee River from tributary creeks,
dammed Truckee River during Tahoe and
Donner Lake glaciations, and probably during
the Hobart glaciation as well. This raised the
level of Lake Tahoe about 150 m during the
Donner Lake glaciation (and probably during
the Hobart glaciation) and about 20 m during
the Tahoe glaciation (Birkeland, 1964). The
lake was probably not significantly raised above
its present level during the less extensive
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LAKE TAHOE
BATHYMETRY
CONTOUR INTERVAL 50

Figure 2. Bathymetry map of Lake Tahoe. Data
based on precision depth recorder and air gun survey
and United States Coast and Geodetic Survey lead line
measurements.

Tioga glaciation. Evidence for the elevated
lake levels includes both erosional and deposi-
tional shoreline features and ice-rafted erratics
found at these elevations.

Birkeland (1965, 1968) postulated that lake
level fell from these elevated Pleistocene stands
at catastrophic rates. Evidence of jokulhlaups
(floods through breached ice dams) during
Hobart, Donner Lake, and Tahoe glaciations is
found along the course of the Truckee River
where boulders up to 10 m in diameter and
giant gravel bars rising 12m above the adjacent
terrace surface are located. These flood deposits
are interbedded with the Eetza Formation
(early Wisconsin) and are overlain by an
erosional unconformity and the Seehoo Forma-
tion (late Wisconsin) in the Pleistocene Lake
Lahontan sediments. Since the Truckee River
emptied into Lake Lahontan during the Pleis-
tocene, these relations are evidence that the
catastrophic floods occurred during the Pleisto-
cene (Birkeland, 1965).

AIR GUN LINE
PRECISION DEPTH RECORDER LINE

o1 PISTON CORE LOCATION
Figure 3. Sounding lines on which bathymetry is

based. Piston core locations are also shown.

BATHYMETRY OF LAKE TAHOE

Methods
A bathymetric map of Lake Tahoe (Fig. 2)

was constructed from a precision depth re-
corder survey (Fig. 3) using a Gifft recorder
coupled to an EDO transducer, air gun seismic
reflection profiles, and United States Coast and
Geodetic Survey lead-line data from chart
5001 (1923). Locations were determined by
sextant triangulation. A sound velocity of 1,463
m/sec in water was used for depth computa-
tions.

Geological Control of Lake Tahoe Bathymetry
The steep east and west sides of the basin

have been interpreted as fault scarps (or fault-
line scarps) on the basis of physiography and
other evidence summarized by Burnett (1971).
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Evidence for fault displacement along the
basin sides is not seen in the seismic reflection
profiles although the data are compatible with
a fault origin for the basin. Individual faults
are difficult to trace on land, in part because
of the glacial sediment cover.

The steep basin slopes lead down to a flat
floor below 450 m. The only significant relief
on the lake floor is isolated mounds reaching a
maximum height of 125 m above the floor with
slopes up to 33°. Goldman and Court (1968)
first described these "lake mounts" and sug-
gested a possible extrusive volcanic origin.
Data from this study support a sedimentary
rather than volcanic origin for the mounds.

The relatively flat shallow plain extending
below lake level along the southern shores is
part of the Pleistocene outwash delta (Fig. 1).
A large shallow shelf is also developed off
Truckee River, the lake's outlet. Irregular
topography at the base of this shelf and along
the entire western sidewall is formed by numer-
ous gullies and large mounds. The gullies are
relatively common along all except the eastern
side of the basin. Many of the gullies along the
western side extend from the flat floor of the
basin, up the relatively steep slopes, and into
the mouths of subaerial streams (Fig. 2).

Off the northern shores of the lake, a large
fault scarp is inferred from the steep (45°)
escarpment trending southwest. Faulting is
also indicated by the steep slopes of the sub-
merged ridge extending 4 km into the lake to
the east of the large fault scarp.

SEDIMENTS, STRUCTURE, AND
HISTORY OF LAKE TAHOE

Seismic Reflection Methods

A continuous seismic reflection survey of
Lake Tahoe was conducted with a Bolt Asso-
ciates air gun (PAR model 600) with a 1 cu in.
chamber firing at 1,400 lbs psi. A Bolt model
1011 hydrophone streamer and model PA-7
preamp/filter was used. Navigation was done
by sextant triangulation. A sound velocity of
1,524 m/sec in the sediments was used for
computations of sediment thickness.

Sediments in the Central Lake Basin
Sediments forming the floor of Lake Tahoe

are at least 400 m thick (Fig. 4). Only along
the steep sides of the basin is bedrock apparent
in the seismic profiles. In all other areas of the
lake, the seismic energy, limited by the size of

the air gun chamber and compressor pressure,
did not penetrate the complete sedimentary
sequence.

Since the volcanic rocks that closed the lake
basin have been dated at about 2 m.y. and a
800 sq km drainage basin empties into 500 sq
km of lake, average erosion rates in the Sierra
Nevada drainage basin of Lake Tahoe have
been at least 12 cm/1,000 yrs. This rate in-
cludes both glacial and interglacial periods and
is a minimum erosion rate as the total thickness
of sediment contained in the basin is unknown.

Stratigraphy of the Central
Lake Basin Sediments

Sediments in the central lake basin are char-
acterized by an unusual succession of alternat-
ing units (Fig. 4). Beneath about 40 m of well-
layered surface sediments is a thicker stratum
which displays some parabolic reflecting points
but is characterized by a disordered chaotic
internal structure. The disordered layer pro-
jects through the surface sediments to form
mounds in the central lake basin. Below the
chaotic layer is a thick well-layered stratum
similar to the surface strata (Fig. 4). Along the
eastern sidewall where the sediments pinch out,
several alternating layers of this sequence can
be delineated in the sedimentary sequence
(Fig. 5).

The chaotic layer occurs throughout the
central lake basin and the alternating strata
can be correlated between east-west and north-
south seismic reflection profiles. The north-
south strata shown in Figure 7 correlates with
the strata in several intersecting east-west pro-
files (Figs. 4 and 6) and can be extrapolated to
profiles in the northern portion of the basin.
The extensive distribution of layers in the
alternating strata suggests that the deposition
of these sediments was controlled by conditions
affecting the entire central lake basin.

Sediments Along the Eastern
and Western Sidewalls

Only thin patches of sediments cover the
granitic bedrock along the eastern sidewall
whereas a considerable thickness of sediments
blankets the western sidewall. A thick sequence
of well-layered sediments is apparent in the
shallow shelves offshore from Sugar Pine Point
and Dollar Point. The slope of the embayment
(McKinney Bay) between these two points is
covered with thick sediments displaying a
chaotic internal structure with no horizontal
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LAKE LEVEL |\|

Figure 4. Line drawing prepared from reflection
profiles across the southern portion of the basin. Mul-
tiple echoes have been removed. Note the thickness of

sediments filling the basin and the alternating well-
layered and chaotically reflecting stratigraphy. All
travel times are two way.

A-B

Figure 5. Line drawing of profile across central
portion of the basin. Note the apparent slump block

LAKE
TAHOE

Figure 6. Line drawing. Note the sediments pinch-
ing out against the eastern sidewall and the alternating
well-layered and chaotic layer stratigraphy.

and jumbled topography at the base of the western side-
wall.

reflectors and forming an irregular surface that
appears to be related to the deformed internal
structure (Fig. 6). The chaotic sediments along
the western sidewall appear to thin and extend
into the central lake basin as a chaotic layer.

A large well-layered block at the base of the
western sidewall dips westward and is sur-
rounded by chaotically reflecting sediments
(Fig. 6). The thickness and layering in this
block is similar to the outwash delta sediments
along the south shore. Strong reflectors that
terminate abruptly, reflection similarities to
other sediments, and the apparent backward
rotation suggest that this is an allochthonous
slump block of sediments originally deposited
higher on the sides of the basin.

Sediments in the Southern Outwash Delta
Most of the sediments in the southern por-

tion of the Lake Tahoe basin are mapped as
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glacial deposits (Fig. 1). Seismic profiles across
this area show well-layered sediments contain-
ing two strong (and possibly a third) reflecting
surfaces under the present deltaic surface (Figs.
7 and 8). The occurrence of strong reflecting
surfaces in both seismic profiles suggests that
the surfaces are extensive in area and represent
major sedimentary events in the formation of
the delta. Dipping beds in the buried structures
are similar in orientation to foreset bedding.
Along the base of the delta, the occurrence of
large isolated mounds of well-layered sediments
suggests slumping.

Sediments and Structure in the Northern
Portion of the Basin

Seismic reflection profiles along the northern
portion of the basin show considerable evidence
of tectonic activity. The east face of the sub-
aqueous ridge extending south from Stateline
Point strongly suggests a fault scarp (Fig. 9).
The ridge is seismically opaque, composed of
bedrock overlain on the west side of Stateline
Point by at least 125 m of Quaternary sedi-
ments which dip gently westward into the
shallow basin lying off Agate Bay. The sedi-
ments are incised by several gullies which
bathymetry indicates are not connected with
the subaerial streams draining into this side of
the lake basin. The bedrock ridge at Stateline
Point is not detected in profiles farther than
about 5 km south of the north shore but evi-
dence for possibly related faulting is seen in an
escarpment 14 m high cutting the most recent
sediments off Dollar Point (Fig. 10). The fault
displacement increases with depth in the sedi-
ments indicating that faulting has been con-
tinuous during deposition of the sediments and
is still active.

To the east of the ridge at Stateline Point is
another bedrock ridge jutting out into the lake
(Fig. 9). Sediments are ponded between the
ridge and their source along the eastern side of
the basin.

The geometry of the faults which bound the
sedimentary basins and bedrock ridges is not
apparent in the seismic reflection profiles, nor
can the faults be easily mapped on land
(Burnett, 1971). The orientation of these
faults, however, suggests that they are en eche-
lon faults in the shear zone between the two
graben side faults (Fig. 2). The volcanic activity
which partitioned the northern portion of the
Lake Tahoe basin was possibly localized by the
en echelon fault system (Pakiser, 1960).

Buried Surfaces in the Sediments
In all the large sediment accumulations along

the northern and western shores of the lake,
several buried surfaces can be delineated (Figs.
9 and 10). It is not apparent if these surfaces
correlate with basin-wide sedimentary events
or are local in extent. The surfaces, however,
probably indicate periods of sediment prograda-
tion as they do not appear to cut bedding
planes.

Source of the Sediments
The source of the basin sediments is from the

southern, western, and northern shores, as
indicated in the great masses of sediments at
the base of these sidewalls and the pinching out
of sediment layers across the central lake basin
toward the east (Figs. 4 and 5). Thinning of
sediment with increasing distance from the
source is well documented in sedimentary
basins (Gorsline and Emery, 1959). The
deeper, buried sediments in the southern por-
tion of the basin dip toward the west, possibly
indicating more fault displacement along the
western portion of the graben basin.

The present drainage into Lake Tahoe is
about equally developed in extent along all
sides of its basin. Pleistocene glaciation, how-
ever, occurred only in the western, northern,
and southern portion of the basin and was
absent altogether from the eastern poition.
Large volumes of glacial moraine and outwash
sediments are located along the glaciated sides
of the basin (Fig. 1). The asymmetrical sedi-
ment filling of this basin indicates that the
great volume of sediments in the lake was
deposited during the basin glaciations.

Sediment Texture

Twenty piston core samples up to 6 m in
length were obtained (Fig. 3). The samples
were radiographed and analyzed for grain-size
distribution, organic carbon, nitrogen, and
clay mineralogy.

Samples from the central lake basin are
characteristically fine grained (mean grain size
is fine silt) and moderately sorted. Well-sorted
sand layers and less common graded layers are
more numerous toward the periphery of the
lake basin. Radiographs of the fine-grained
sediments show fine laminations similar in
appearance to lake varves. Due to the very low
suspended sediment content and the absence
of biological activity (ultra-oligotrophic nature)
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(B)
Figure 7. (A) Reflection profile across southern out-

wash delta. (B) Line drawing of 7A. Note the apparent
slump, the internal reflecting surfaces in the outwash
delta, and the central lake basin mound.

in the lake (Goldman and Carter, 1965), the
laminations are probably not annual varves.
These fine-grained sediments with well-sorted
sand layers correlate with the well-layered
surface sediments in the geophysical records of
the central lake basin (Fig. 4).

Only a thin layer (about 1 m) of fine-grained
laminated sediments blankets the mounds in the
central lake basin, indicating either sediment
instability on the steep mound slopes or the
effectiveness of these mounds as a topographic
barrier to sedimentation. Below the thin sur-
face layer on the mounds, extremely unsorted

(clay to cobble sized) and unstructured sedi-
ments of various lithologies prevented deep
piston core penetration. The coarse sediments
correlate with the chaotic layer in the seismic
records which show that the mounds are
formed by chaotic layer sediments (Figs. 7
and 10).

The sediments along the western sidewall in
the irregular bottom topography are coarse and
contain frequent, thick graded layers with clay
clasts. At some of the sediment sampling loca-
tions in this area, piston coring was unsuccessful
and resulted in bent equipment indicating a
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coarse or hard bottom. Along the southern
delta the sediments are also predominately sand
sized but are well sorted.

Sediment Stability
The southern outwash delta sediment slopes

have angles as high as 11°. Slopes of 45° are seen
along some bedrock surfaces (Stateline Point in
Fig. 9) and slopes of 30° and greater are com-
mon along both the eastern and western side-
walls of the basin (Figs. 4, 5, 6, 10, and 12).
Sediments deposited on these slopes are proba-
bly unstable and redistributed downslope by
occasional turbidity currents and slumping.

Figure 8. (A) Reflection profile across southern out-
wash delta. (B) Line drawing of 8A. Note the internal
reflecting surfaces in the outwash delta.

Sedimentation Rates
Radiocarbon dates by the Age Determina-

tion Laboratory of Isotopes, Inc., were ob-
tained on organic material (no carbonate ma-
terial was detected in the sediments) from the
central lake basin sediments (core 10). The
sediment samples contain as many as three
volcanic ash layers (two in core 10) but the ash
layers are difficult to correlate between sam-
ples. Sediment densities indicate that the sedi-
ments are compacted by at least a factor of
three between 50 and 250 cm depth in the
samples, and that compaction must be consid-
ered in interpreting age dates and sedimenta-
tion rates.

A date of 2,060 + 110 B.P. was obtained
from the top 25 cm of basin sediments (Fig.
11). Correlation of sedimentary structures in
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piston and trigger core samples indicate that
the uppermost 30 cm of sediment was lost
during piston coring, possibly accounting for
the age of the uppermost piston core sample.
Ages of the sediments overlying and underlying
the volcanic ash layers indicate dates of about
6,000 and 7,200 B.P. for the volcanic ashes. Al-
though these volcanic ashes are about the same
age as the Mount Mazama ash (Fryxell, 1965),
a rhyolite pebble directly overlies the upper
volcanic ash in one sample from the northern
portion of the basin, suggesting a local source
for the ash among the Quaternary volcanic
rocks along the northern shore (Fig. 1).

Radiocarbon dates from 120 to 150 cm and
450 to 580 cm depth in core 10 are approxi-

mately the same age, indicating that sedimenta-
tion was relatively rapid before about 8,000
B.P. Organic carbon values in the fine-grained
central basin sediments also decrease rapidly
with depth in the samples (Fig. 11). If the
biological productivity of the lake and, there-
fore, the organic carbon production is assumed
to have been relatively constant during deposi-
tion of the sediments, and decay of organic
material was relatively insignificant after burial
in the fine-grained sediments (Bordovskiy,
1965), a greatly increased sedimentation rate
is indicated by the decreasing organic carbon
content of the sediments with age. There are
no apparent changes in sand percentages or
sedimentary structures in the samples which
would indicate changing patterns of sediment
deposition.

Emerald Bay was scoured by Tioga glaciation
and should contain no sediments older than
the end of that glaciation, 10,000 B.P. (Haynes
and others, 1966). One of the two basins in
Emerald Bay contains over 20 m of sediment
(Fig. 12). If the two volcanic ash layers which
occur in the upper 1 m of Emerald Bay basin
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(B)
Figure 9. (A) Reflection profile parallel to northern

side of basin. (B) Line drawing of 9A. Note the internal
reflecting surfaces in the sediments and the tectonic
deformation of this side of the basin.

sediments are correlated with the volcanic ash
layers in the central lake basin sediments, the
ages of volcanic ash layer deposition indicate
that the Emerald Bay basin was filled with sedi-
ments during a period of significantly higher
sedimentation rates before the volcanic ashes
were deposited.

The wide shallow shelf along the southern
portion of the basin (Figs. 7 and 8) is part of the
Pleistocene outwash delta (Fig. 1). The flat
shelf bathymetry and cover of well-sorted sands
suggest that the shelf was wave eroded follow-
ing the Tioga glaciation. Tioga glaciers in the
Lake Tahoe basin were the last to significantly
prograde the southern outwash delta but could
have caused no more than a 3-m rise and fall of
lake level. Fine-grained material winnowed
from the southern outwash delta and from the
deposits of unconsolidated glacial deposits
along the steep slopes and shores of the lake
are possible sources for the rapidly deposited

sediments in the central lake basin during and
immediately following the last major glaciation.

Because sedimentation rates apparently have
not been constant, radiocarbon dates of the
sediments cannot be extrapolated to the deep
seismic reflection surfaces in the seismic pro-
files. The sedimentation rates, however, do
indicate that periods of glaciation were charac-
terized by rapid erosion and deposition in the
basin and that the major sedimentary structures
were deposited during periods of glaciation.

Slumping
Almost no lake sediments are found at the

elevated Pleistocene lake levels (Birkeland,
1964). Outwash streams must have deposited
deltas along the elevated lake levels similar to
the outwash delta deposited during the less
extensive Tioga glaciation along the south
shore of the basin. It is possible that the ele-
vated outwash delta deposits have slumped into
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(B)

Figure 10. (A) Reflection profile across the north-
ern portion of the basin. (B) Line drawing of 10A. Note
the internal reflecting surfaces in the sediments, the

the lake basin and are located in the irregular
masses at the base of the sidewalls and in the
chaotically reflecting seismic layers crossing
the lake basin. The large well-layered slump
block contained in these sediments (Fig. 6) is
very similar to slump blocks identified in the
oceanic environment (Heezen and Drake, 1964;
Menard, 1964). The coarse size of sediments in
the chaotic layer of the central lake basin also
supports a high energy (slump) transport of
these sediments.

Slumping could have been caused by rapid
sediment deposition during the glacial progra-
dations along the elevated lake or triggered by
either earthquakes or the rapid fall of lake level
during or at the end of the glaciations. Slumps
caused by rapid deposition or triggered by
earthquakes would be relatively random in age,
and the individual slumps would be locally

active faulting in the lake bottom sediments, and the
lake basin mounds.

distributed in the areas which they occurred.
The evidence indicates, however, that slumping
occurred in single basin-wide events as seen in
the extensive distribution of the chaotically re-
flecting layers. Well-layered seismic reflecting
sediments do not interfinger or occur within
the slump deposits as might be expected if
numerous locally distributed slumps had oc-
curred and were separated by periods of
turbidite and suspensate rain sedimentation.

Radiocarbon dating of the most recent sedi-
ment indicates low deposition rates for the
well-layered sediments. Buried well-layered
sediments separating the chaotic layers appear
to be at least as thick as the well-layered sedi-
ments on the surface (Figs. 4 and 5), suggesting
that the periods of chaotic layer deposition
were separated by relatively long periods of
time.
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The evidence favors slumping as a result of
rapid lake level fall during a single basin-wide
event such as a jokulhlaup. The rapid fall of
lake level after the ice dams were broken is
well documented along the course of the lake's
outlet (Birkeland, 1964) and slumping is com-
monly observed in unconsolidated sediments
affected by both rising and falling water levels
(Jones and others, 1961). The jokulhlaups,
lake level fluctuations, and slumping could
have occurred either only at the end of each
glaciation or frequently during each glaciation
if the lake level rose sufficiently to float the
ice dams in Truckee Canyon. It is difficult to
distinguish the effects of either possibility.

Ages of Slumping
Stratigraphic ages of the buried surfaces in

the southern delta (Figs. 7 and 8) and other
sedimentary accumulations in the lake basin
(Figs. 9 and 10) can be interpreted from their
locations. The lake is the sediment trap for the
drainage basin and all sedimentary events
should be represented in the strata. If the sedi-
ments in the southern outwash delta were
deposited during glacial periods as indicated
by subaerial mapping, and if the three buried
surfaces are outwash delta surfaces, then the
three periods of outwash delta progradations
can be correlated with the three periods of
extensive glaciations (Hobart, Donner Lake,
and Tahoe) identified by Birkeland (1964) in
this basin. The present less extensive deltaic
surface, which has been wave planed to form a
wide shallow shelf, would correlate with the
youngest and least extensive Tioga glaciation.

The two oldest buried deltaic surfaces dip
below the recorded sedimentary sequence in
the central lake basin indicating that a con-
siderable thickness of sediments in the central
lake basin has not been recorded. The upper
chaotic layer in the central lake basin appears
to overlie the uppermost buried delta surface
(Fig. 7), indicating that the chaotic layer was
deposited after deposition of the outwash delta.
Other chaotic layers, deeper than the seismic
penetration depth in the central lake basin but
seen in the sediments along the eastern sidewall
(Fig. 5), should correlate with older periods of
glaciation.

Correlation Problems
Pleistocene alpine glaciation stratigraphy is

more complex than the Tahoe basin glaciation
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Figure 11. Core 10 from the central lake basin. Both
the decreasing organic carbon content with depth and
the radiocarbon dates indicate high sedimentation rates
following the last Tioga glaciation. Note the volcanic
ash layers.
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Figure 12. Line drawing of reflection profile across
Emerald Bay. Note the postglacial sediment-filled basins.
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stratigraphy identified by Birkeland (1964). It
is possible that glaciations occurred in the
Tahoe basin (for example, the Tenaya glacia-
tion) which cannot be identified in the basin
stratigraphy but are represented in the lake
bottom sediments. Since neither the total thick-
ness nor number of sedimentary surfaces in the
lake bottom sediments have been recorded,
misidentifying recorded sedimentary surfaces
is a possibility in correlating recorded lake
sediment stratigraphy with the basin glaciation
stratigraphy.

POSTULATED SEQUENCE OF
SEDIMENTARY EVENTS

The Lake Tahoe basin was closed by tecton-
ism and volcanism about 2 m.y. ago. During the
Pleistocene, glaciations occurred along the
southern, western, and northern shores of the
lake, and glacial ice dams in Truckee River, the
lake's outlet, caused elevated lake levels. Floods
through breached ice dams rapidly lowered the
lake level after (or possibly several times dur-
ing) each glaciation. Glacial outwash deltas at
elevated lake levels slumped to the base of the
steep sidewalls and out across the lake basin.
These slump deposits are located in the irregu-
lar, chaotic topography at the base of the side-
walls and in chaotically reflecting layers across
the central lake basin. During the interglacials
and Holocene, turbidities and a suspensate
sediment rain deposited well-layered strata.
The central lake basin stratigraphy shows this
alternating sequence of well-layered and cha-
otically layered glacial and interglacial sedi-
ments. The basin-wide slumping occurred dur-
ing the Hobart, Donner Lake, and Tahoe
glaciations. Tioga glaciation resulted in limited
progradation but little lake level fluctuations
and slump redistribution. No evidence is recog-
nized in the sediments for either post-Wiscon-
sin glaciations or more than two pre-Wisconsin
glaciations.
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