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Quaternary Faulting on the Southern Crater Flat Fault

By Emily M. Taylor
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Abstract

Two trenches, excavated across projections of the
Southern Crater Flat Fault, expose middle Pleistocene to
lower Holocene alluvium and fine-grained eolian deposits
that record at least three surface-rupturing paleoearthquakes.
On the basis of thermoluminescence analyses of fine-grained
alluvial materials and U-series analyses of opaline silica
sampled from the inner rinds of clasts, the most recent faulting
event probably occurred 6-2 ka, the penultimate faulting event
40-10 ka, and an earlier faulting event 250-130 ka. Minimum
recurrence intervals are about 5-90 k.y. The maximum total
vertical-slip rate on the Southern Crater Flat Fault is estimated
at 0.002 mm/yr.

Introduction

The Southern Crater Flat Fault is a down-to-the-west
normal fault that is best exposed in a 2-km-long segment south

of Stagecoach Road (fig. 2), where for some distance it is
traceable as a well-defined scarp forming the bedrock (basalt)-
alluvium contact (see chap. 3; Simonds and others, 1995).
Quaternary faulting relations were studied in two trenches,
CFF-T1 and CFF-T1A (figs. 2, 42), which were excavated in
surficial deposits that intersect the fault trend at sites 0.5 to 1.0
km north of Stagecoach Road. Trench CFF-T1 is located on a
subtle, rounded alluvium-disrupting scarp that forms a distinc-
tive lineament on aerial photographs. Trench CFF-T1A, 100
m to the south, is located on a surface immediately adjacent to
a drainage where the fault is exposed.

Stratigraphic correlations between trenches CFF-T1 (pl.
18) and CFF-T1A (pl. 17) are difficult, even though they are
not far apart and the Quaternary deposits involved in the fault-
ing are of similar age. One reason for the observed differences
is that the aggradation sequence exposed in trench CFF-T1
was affected by a small drainage on the hanging wall. Another
factor may be that not all segments of the Southern Crater Flat
Fault were activated simultaneously during each of the three
faulting events. For example, segments of the fault may have
been triggered by movement on other nearby faults, such as
the Windy Wash Fault that has parallel and (or) similar orien-
tations (see chap. 3, fig. 4). The near-verticality and planarity
of the fault in both exposures and the absence of bifurcating
fractures toward the surface indicate a strike-slip component
of movement, which can also result in stratigraphic variations
along strike and add to the difficulties in correlating faulting
events between the two trenches.

Stratigraphy

Trenches CFF-T1 (pl. 18) and CFF-T1A (pl. 17) expose
Quaternary deposits of largely alluvial gravel, with minor
amounts of fine-grained eolian sand. The development of
distinctive soil horizons, commonly separated by erosional
unconformities and capped by eolian deposits, has created
stratigraphic markers that are extremely useful for paleoseis-
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mic interpretations. Characteristics of the Quaternary litho-
logic units that were differentiated in each of the trenches are
listed in tables 28 and 29.

Five samples of secondary opaline silica inner rinds on
clasts and one sample of a younger soil were collected from
trench CFF-T1A (pl. 17) for U-series and thermolumines-
cence analysis, respectively. Estimated rounded ages of vari-
ous units, listed in table 30, are unit 2B, 9 ka (sample TL-61);
unit 3K, 40-70 ka (sample HD 1959); unit 3Bk, 120-130 ka
(sample HD 1958); and unit 4, 200-350 ka (avg ~250 ka;
samples HD 1957, HD 1961). In terms of the standard Quater-

nary stratigraphic framework for the Yucca Mountain area (fig.

3), these ages indicate that unit 2 correlates most closely with
unit Qa5, unit 3 with unit Qa3, and unit 4 with unit Qa2.
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Paleoseismology

Trenches CFF-T1 (pl. 18) and CFF-T1A (pl. 17)
expose the Southern Crater Flat Fault and provide evidence
for at least three faulting events that may have caused surface
ruptures during the Quaternary. These paleoearthquakes
occurred in the past ~250 k.y., with a total measured offset
of 24 to 65 cm, resulting in a maximum vertical slip rate of
0.002 mm/yr. The most recent faulting event offsets the Av
soil horizon, which could be as young as 3 ka. Fault-plane
striae on Quaternary deposits were not available to estimate
net tectonic slip. The estimated slip for each faulting event is
therefore for vertical slip only and is made by correcting for
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Figure 42. Southern Crater Flat Fault in the Yucca Mountain area, southwestern Nevada (figs. 1, 2), showing distribution of surfi-
cial deposits and locations of trenches CFF-T1 and CFF-T1A (pls. 17, 18; fig. 2). Red line, projection of the Southern Crater Flat Fault;
yellow line, bedrock-alluvium contact. Map units refer to standard sequences of Quaternary surficial deposits at Yucca Mountain

(table 2).
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backtilting on the hanging wall and erosion on the footwall,
where applicable. The estimated vertical slip for each fault-
ing event is generally accurate to within £10 cm.

Trench CFF-T1A (pl.17) provides a less ambiguous
paleoseismic history than trench CFF-T1 (pl. 18). Age control
exists on the deposits in trench CFF-T1A, and the units on
the hanging wall and footwall are correlative. In the following
discussions, trench CFF-T1A is therefore described first, and
comparisons are then made with trench CFF-T1.

Trench CFF-T1A

In trench CFF-T1A (pl. 17), the Southern Crater Flat
Fault is defined by two strands, 1.5 m apart, that bound an
alluvium-filled graben in the intervening zone. Bedrock
(basalt), exposed in the footwall, is in contact with down-
faulted Quaternary deposits in the hanging wall to the west.
The surficial units (1, 2, 3, and so on, pl. 17; table 28) are in
an alternating sequence of alluvium and fine-grained eolian
deposits. Individual units, generally separated by unconfor-
mities, are characterized by weakly cemented fine-grained
materials at the top underlain by carbonate-cemented soil
horizons that cap unconsolidated, matrix-supported gravel
forming the base. Soils in the hanging wall appear to be
less well developed than in the footwall. On the soils in the
footwall, secondary carbonate accumulated in the uppermost
1 m of the deposits, which are relatively stable, with little
aggradation and (or) erosion taking place. In contrast, aggra-
dation of materials along a still-existing drainage channel
that traverses the hanging wall resulted in the accumulation
of thicker deposits on that (west) side of the fault (pl. 17) and
the subsequent distribution of secondary carbonate through
the upper 2 to 3 m of the deposit.

The two fault strands exposed in the trench cut to differ-
ent depositional units or levels in the Quaternary sequence,
and the observed stratigraphic relations provide a basis for
estimating the number and relative timing of faulting events,
as described below.

Event Z

The most recent faulting event recorded in the surficial
deposits exposed in trench CFF-T1A (pl. 17) occurred on the
strand that defines the eastern margin of the graben (pl. 17).
This strand is the only splay that disrupts the surface soil in
unit 1, including the Av soil horizon. Units FZ1-1 and FZ1-
2 contain light-colored, weakly cemented Bk and Av soil-
horizon materials that slumped adjacent to the fault and were
subsequently buried by eolian deposits. Because the fault
extends upward to near the ground surface and the overlying
soils are poorly developed, the faulting event (Z) must have
occurred relatively recently. Av soil horizons at the surface
in the Yucca Mountain area (figs. 1, 2) generally range in age
from 2 to 6 ka, and a thermoluminescence analysis of one
sample (TL-61, table 30) collected in the fine-grained unit 2
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(pl. 17), which was also offset, yielded a maximum estimated
date for event Z of 9%1 ka. Therefore, surface rupture of the
Av soil horizon occurred 9-2 ka (preferred value, 6-2 ka).
About 18 to 20 cm of vertical offset that was measured at the
top of unit 2 is assumed to represent the offset from event Z.

EventY

Event Y occurred along the two splays of the Southern
Crater Flat Fault that bound the graben (pl. 17). The western
strand is marked by a truncated fissure fill that was enlarged
during this faulting event and displaced all units except the
modern soil (units 1, 2). The western splay did not fracture
during event Z. Material appears to have been deposited into
the graben before event Y, and was then rotated during the
faulting event. This surface-rupturing paleoearthquake offset
the moderately well developed K soil horizon (CaCO, stage
II+-IIT morphology) developed on unit 3. The K soil horizon
is preserved on the hanging wall (3K), the graben (FZ3-1),
and the footwall (3K). Secondary carbonate in the 3K soil
horizon (unit 3) was dated (U-series) as 40-70 ka (sample
HD 1959, table 30). Unit 3 contains some black ash, which is
tentatively correlated with the eruption of the nearby Lathrop
Wells volcanic center (fig. 1) at 7716 ka (Heizler and oth-
ers, 1999). Ages of 120-130 ka (sample HD 1958, table 30)
were also estimated from unit 3 at depth (3Bk soil horizon).
Because the 3K soil horizon was formed before being dis-
placed by event Y, this event is assumed to have occurred after
40 ka but before the paleochannel was deposited by approxi-
mately 9 ka (sample TL-61, table 30).

After event Y, a channel (unit 2) was eroded into the 3K
soil horizon developed on unit 3 and removed evidence of the
surface offset produced by the event. The Btwk soil horizon
developed on unit 2 is preserved east of the margin of the
paleochannel, where it was not eroded. These uncertainties
make measurement of the offset difficult, but it is estimated at
5 to 15 cm (preferred value, 10 cm on the western fault splay),
on the basis of projecting the contact between units 2 and 3 on
the footwall westward across the fault zone and measuring the
offset with the same contact on the hanging wall. This offset
was then compared with the offset at the base of the 3K soil
horizon across the fault zone.

Event X

Event X displaced units 4 and 5 and also occurred along
the two graben-bounding fault splays. Fractures on the east-
ern splay are truncated at the top of a buried soil on unit 4.
Material tilted eastward into the 1.5-m-wide graben between
the exposed faults. Unit 4 is rotated and preserved in the base
of the graben. Ages of secondary carbonate and opaline silica
on inner rinds were estimated at 250 ka (average for unit 4;
samples HD 1957, HD 1961, table 30) and 260-350 ka (unit
5; sample HD 1956, table 30), providing minimum ages
for the deposits. Displacement occurred after the carbonate



was in place, thus the U-series analyses provide a maximum
estimated date of 250 ka for event X. Because the fractures
are truncated by unit 3, which has a minimum estimated age
of 120-130 ka (sample HD 1958, table 30), the event is dated
at no earlier than 250 — 130 ka. Subsequently, alluvium (unit
3) appears to have been rapidly deposited, thereby preserv-
ing the nearly vertical, well-cemented small fault scarp. The
offset from this event is estimated at 17 to 32 cm (preferred
value, 20 cm), resulting in an estimated total offset exposed
in trench CFF-T1A (pl. 17) of 24 to 65 cm (preferred value,
48 cm) and a maximum vertical-slip rate of 0.002 mm/yr.

Summary of Depositional and Faulting Events

A series of schematic cross sections showing the
sequential development of the structures exposed on the
north wall of trench CFF-T1A (pl. 17) is shown in figure 43.
The various stages, from oldest to youngest, are summarized
as follows:

1. Alluvium (units 4, 5) accumulated on or adjacent to the
bedrock scarp. Infiltrated silt capped and weakly cemented
the alluvium, and a soil, characterized by a Bk horizon,
developed on the surface. Event X displaced units 4 and 5,
which were rotated into the graben.

2. Alluvium (unit 3) accumulated on the scarp and in the gra-
ben, and a soil (3K horizon) developed on the surface.

3. Event Y displaced the moderately well developed K soil
horizon on top of unit 3. A fault fissure formed on the west-
ern fault strand, and unit 3 was rotated into the graben. The
K soil horizon was preserved in the graben (unit FZ3-1).

4. A channel (unit 2) cut into the K soil horizon on top of unit
3 and eroded the surface offset recorded by event Y. Fine
eolian sand and silt accumulated on the surface and infil-
trated the underlying deposit. Incipient Bk and Bt soil hori-
zons formed, capped by an Av soil horizon at the surface.

5. Event Z offset the modern soil. Av and Bk soil-horizon
materials slumped against the fault and were buried by fine-
grained eolian materials.

Trench CFF-T1

Quaternary deposits exposed in trench CFF-T1 (pl.
18), which are morphologically similar to those exposed in
trench CFF-T1A, appear to record a comparable deposi-
tional history and are assumed to be contemporaneous. The
buried soils are similarly characterized by weakly cemented
fine-grained material above a zone cemented by second-
ary carbonate, and by a deeper zone of unconsolidated
matrix-supported gravel. On the basis of the abundance of
fine-grained materials and the morphology of the secondary
carbonate, each soil is estimated to represent at least 10 k.y.
of surface exposure. The buried soils are capped by erosional
unconformities.

The fault is marked by a single fissure fill, as much as 40
cm wide, that narrows to a single fracture at the surface. No
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additional strands of the fault are present; however, discon-
tinuous fractures were observed. The fault exposed in trench
CFF-T1 (pl. 18) is oriented N. 4°-6° E., unlike the general
trend of the fault strand exposed in trench CFF-T1A that is
oriented N. 15°-28° E.

Event Z

Evidence for event Z includes a single fracture that pen-
etrates the surface. Although the Av soil horizon (pl. 18) is not
clearly offset, the Bk soil horizon, immediately below the Av
soil horizon, is thickened in the fault zone and on the hanging
wall, a relation that is interpreted to indicate a faulting event
with an estimated offset of 5 to 10 cm. Such a small displace-
ment at the surface may have healed rapidly, leaving no Av
soil-horizon material apparently offset or buried. On the basis
of a correlation of soil properties to those exposed in trench
CFF-T1A (pl. 17), the surface rupture is dated at 9-2 ka (pre-
ferred value, 4-3 ka).

EventY

Event Y displaced units 3 through 6 approximately 5 to
10 cm. Unit 3 is capped by a well-developed 3K soil horizon

(scale is schematic)

Figure 43. Schematic diagrams illustrating sequential develop-
ment (stages 1-5) of structures on north wall of trench CFF-T1A
(pl. 17; figs. 2, 42) across the Southern Crater Flat Fault in the
Yucca Mountain area, southwestern Nevada (figs. 1, 2).
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that formed before being displaced by this event. On the
basis of correlating soil development with the dated units
exposed in trench CFF-T1A (pl. 17), event Y is dated at later
than 40 ka.

Event X

Event X displaced units 5 and 6 about 10 to 15 cm. Unit 5
has a minimum estimated age of 263£16 ka (sample HD 1956,
table 30). A total offset of 20 to 40 cm, measured on the top
of unit 5 in the deposits exposed in trench CFF-T1 (pl. 18),
provides a maximum fault-slip rate of 0.002 mm/yr.

Summary

Geologic relations exposed in trenches CFF-T1A and
CFF-T1 indicate that at least three surface-rupturing paleoearth-
quakes occurred on the Southern Crater Flat Fault during middle
Pleistocene to early Holocene time. On the basis of thermolumi-
nescence analyses of fine-grained alluvium and U-series analy-
ses of secondary carbonate and opaline silica sampled from the
inner rinds of clasts, event Z probably occurred 4-3 ka, event Y
40-10 ka, and event X 250-130 ka. Minimum recurrence inter-
vals are about 5 to 90 k.y., and the maximum total vertical-slip
rate is estimated at 0.002 mm/yr.



