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Rupture of the Lavic Lake fault in the October 16, 1999 Hector Mine earthquake
produced an unprecedented opportunity to gain access to the USMC training ground, and
access continues to the present. SCEC geologists collaborated with USGS and CDMG
personnel after the earthquake to map the surface rupture, and out of this effort, we
identified several excellent paleoseismic sites along the Bullion and Mesquite Lake
faults. SCEC funding to the three PI’sin 2000 helped support this collaborative
trenching at four sites along the 1999 rupture and adjacent faults (Figure 1). ThePI’s
were the lead investigators at each of the three sites: (1) the Drainage Divide Sitein the
Bullion Mountains on the central Lavic Lake fault (Lindvall), (2) the Bullion Fan Site on
Bullion fault north of the 1999 rupture (Rockwell), and (3) the Mesquite Lake Site on the
Mesquite Lake fault (Rubin) (Figure 1). The northernmost site, located on the Lavic
Lake playa, was lead by Mike Rymer of the USGS and, therefore, we are not including
those results in this report.

Our proposed pal eoseismic experiment was designed to test two end-member
hypotheses that describes the rupture dynamics and partitioning of slip in the Eastern
Cdlifornia shear zone (ECSZ), temporal clustering of earthquakes or migration of seismic
activity within the ECSZ. Below, we report our preliminary results from our
pal eoseismic investigations at the Drainage Divide and Bullion Fan sites (Lindvall et a,
in press), and the Mesquite Lake site (Madden et a, in press).

Drainage Divide and Bullion Fan Sites

The 1999 M7.1 Hector Mine earthquake produced a maximum slip of 5.2 mon a
~48-km-long surface rupture involving the Lavic Lake fault and a portion of the southern
Bullion fault. The Bullion fault exhibits multiple geomorphic features suggestive of a
recent surface rupturing event, whereas the 1999 surface rupture on the Lavic Lake fault
within the Bullion Mountains is devoid of youthful geomorphic expression suggesting a
long period of quiescence prior to the Hector Mine earthquake. We designed a
pal eoseismic experiment to test these initial geomorphic observations and to better
constrain the timing of past earthquakes on the 1999 surface rupture within the Bullion



Mountains (Drainage Divide Site) and the Bullion fault where no rupture occurred in
1999 (Bullion Fan Site) (Figure 1). At the Drainage Divide Site, the rupture traversed
dissected aluvial aprons whose smooth, stable surfaces exhibited a well-formed,
varnished desert pavement indicative of a Pleistocene age (Figure 2). These surfaces
appear to have been disrupted by only the 1999 event. Trenches at this site revealed
evidence for prior eventsthat are likely on the order of tens of thousands of years old
(Figure 2). Pending cosmogenic dating of the alluvial surface will provide a minimum
age of the pre-Holocene penultimate event. In contrast, trenches across the Bullion fault
at the Bullion Fan Site revealed a latest Holocene (< 2 ka) rupture. Paleoseismic and
geomorphic observations suggest that the Bullion fault slip rate is significantly greater
than the Lavic Lake fault.

Mesquite L ake Site

We report preliminary paleoseismic results from two excavations across the
Mesquite Lake fault, located on the Mesquite Lake playa near Twentynine Palms,
Cdifornia (Figure 1). The surface rupture of the October 1999, M7.1 Hector Mine
earthquake extends to within 15 km of the playa site.

The excavation is located between two sand dunes at the edge of the playa where
the fault splays into two parallel strands. This is an idea site for preserving event-
stratigraphy; rapid eolian sands regularly wash across the fault onto the playa surface,
while lacustrine sediments favor preservation of detrital charcoal and offer an excellent
depositional record. Two fault-perpendicular trenches expose lacustrine, aluvial and
eolian deposits (Figure 3). The lowermost exposed unit consists of locally tilted, well-
bedded to massive, lacustrine strata. The lacustrine strata are overlain by well-bedded,
alluvial sand, overlain by a weakly-bedded, bioturbated lacustrine silt and clay. These
strata are overlain by athin, massive to cross-bedded eolian sand.

Trench wall exposures suggest evidence for a minimum of three prehistoric
events. The thin uppermost eolian sand exposed in the trench wall is not cut by the fault
and provides a minimum age estimate for the most recent event. The penultimate event
occurs near the base of the lacustrine silt and clay and is marked by an abrupt upward
termination of in-filled fissures. The pre-penultimate event is marked by a distinct
deformation horizon in the well-bedded alluvial sands below the lacustrine silt and clay.
Although radiocarbon dates are pending, we interpret the last two prehistoric earthquakes
are Holocene in age. This suggests that the Mesquite Lake fault experiences long
recurrence intervals, similar to other faults of the eastern California shear zone.
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Figure 2. (a) Southward view of rupture across dissected alluvial surfaces at the Drainage Divide site;
(b) log of Trench 1 showing offset soil stratigraphy, faults that ruptured in 1999 (red), and faults that
did not rupture in 1999 (black).



