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2002 SCEC Annual Report

Our project started 1 May 20021, and we have conducted a portion of the fieldwork and sampling.
A significant amount of field work will be conducted in January – March 2003, as much of the
San Bernardino Mountains have had restricted access due to fire danger.    To date, we have
examined faults in the western San Bernardino Mountains, where slip along the San Andreas fault
was preceded and is accompanied by contractional deformation that results in the development of
the eastern Transverse Ranges (Meisling and Weldon, 1989; Spotila et al., 1998).  This uplift
exhumes a variety of left-lateral, reverse, and oblique-faults that were active from the Miocene to
the present.  These faults cut weathered Cretaceous-Jurassic quartz monzonites, Mesozoic
granitic gneisses (Bortugno and Spittler, 1998; Meisling, 1984; Weldon, 1984) which provide a
relatively simple geochemical protolith in which the faults formed.

The faults we examine in the San Bernardino Mountains cut a deeply weathered Miocene
erosional surface (Oberlander, 1972; Meisling, 1984; Spotila and Sieh, 2000) and Mio-Pliocene
Crowder Formation (Miesling, 1984; Weldon, 1986).  These key relationships help us place
constraints on the amount of slip on the faults and the depths at which they formed.   The faults
formed at 1- 6 km depth, and thus, some of the fault-related rocks were formed by slip due to
small and intermediate earthquakes near the top of the seismogenic zone of southern California;
other parts of the faults we study are the result of rupture which nucleated at greater depths and
passed through the rocks we study.  With careful analysis, we can make inferences about the
processes of slip nucleation and propagation in faults in crystalline rocks of southern California.

Field work in the area has examined approximately fifteen exposures in the Silverwood
Lake area, San Bernardino County, California have been located that exhibit extensive slip and
associated damage due to small displacement faulting.  Shear fabric, gouge, slickenlines, and
brecciation defines fault zones, which range from centimeters to meters in thickness. These
exposures would provide excellent locations to perform the detailed transect method (see Chester
et al., 1993; Schulz and Evans, 1998, 2000) to collect field data and samples for structural
petrology analysis and geochemical studies.  These faults span a range of displacements from cm
to 100’s meters, and provide abundant opportunities to examine fault-related rocks, and fault
processes.

In the following we provide a brief overview of fault zones examined or identified to
date.  The western San Bernardinos offer an amazing array of exposures of oblique slip faults,
and we survey some of the exposures that we will analyze in detail as part of this wok.

                                                
1 Start date was not 1 Feb 2002, as PI was on sabbatical, and death of PI’s father in spring of 2002
prevented an earlier start date.

Fig. 1.  Thin gouge zone.  This
location has a well-exposed 1-2 meter
thick shear zone in San Bernardino
Mountain crystalline basement
containing thin zone of gold colored,
crenulated mica/clay gouge (Figure 1).
Orientation of fault is 142/57 NE.
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Figure 4: Well-
exposed gouge
zone/fault core
only 4 cm wide
in granite.

Figure 5.  View to the east of a normal fault that places
Tertiary Crowder Fm. next to granitic gneisses.

Figure 2: Branching network of
fractures, veins, and/or thin shear zones
characterized by white powdered
material in weathered granite oriented
generally at 065/66-83 SE.  These zones
stand out as white ultracataclasite/
powdery bands.

Figure 3: Narrow fault with cm’s slip in gneiss host rock.  Note
pencil for scale.
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Figure 6: Very narrow (2-4 cm) slip surface within
highly damaged crystalline rock.  Note contrast in
appearance (fabric and color) between opposite sides
of the fault. A high density of fractures and slip
surfaces characterizes the entire outcrop.  This area
also contains what appears to be a major reverse
fault oriented at 135/75 N that places older
crystalline basement (in hangingwall) above the
Tertiary Crowder Formation.  This is a good location
to potentially obtain a minimum displacement by
using the offset of the Crowder Formation.

We have also examined fault-related rocks and fault
structure of the Clamshell-Sawpit fault, which lies in
the hanging wall of the Sierra Madre thrust (Figure
8).  This fault is not well exposed save for canyon
exposures in Monrovia City park.  However, this
fault is inferred to have slipped in 1991 (Haukkson,

1994) and the zone can be mapped (Dibblee, 1998; our work) over some distance.  Our map-scale
and structural analyses work suggests that the fault network has had a complex history.
Microstructures and kinematic indicators suggest the northern fault, the Clamshell fault, was a
right-lateral fault, perhaps an ancient trace of the right-lateral faults of the San Andreas system.
This interpretation was suggested by P. Ehlig (written comm., 1993).  Inversion of small fault
data indicate that the Sawpit fault merges with the Clamshell fault as a reverse fault, perhaps as
an oblique tear fault in the hanging wall of the Sierra Madre fault.  Finally, right-lateral slip along
the southern strand of the fault suggests that there may be a linkage across the Sierra Madre thrust
and the Raymond Holllywood fault system (Haukkson and Jones, 1991).  Further three-
dimensional structural modeling will reveal the geometrical relationships between these faults,
and modeling with 3DMove™ will allow us to examine the kinematics of the fault network.  We
suggest that this network may be and exhumed analog to some of the structures in the subsurface
of the Los Angeles basin, and serve as excellent examples to complex rupture processes (Dreger
and Helmberger, 1991).

Figure 7.  Broad zone of faulting exposed in
gneissic protolith that represent a damaged zone
with no focused slip surface.
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Fault-zone rocks from the Clamshell consist of epidote-chlorite-quartz foliated zones that
are overprinted by narrow slip surfaces (Figure  9).   Plastic deformation of the quartz is
overprinted by brittle deformation (Figure 9 d-f) and slip localization appears to have occurred by
both brittle and ductile mechanisms.   Geochronology and examination of the uplift history of the
San Gabriel Mountains (Blythe et al., 2000) indicate that these rocks formed at temperatures >
110°, which is equivalent to a depth of 4-6 km, using geothermal gradients of 20-25°/km
(Lachenbruch et al., 1985).  The rocks represent the deepest level faults we know of in the region,
and clearly demonstrate reactivation of an older, deeper fault zone.

The survey of localities and preliminary results documents the presence of numerous exhumed
faults that are of direct interest to the questions of source processes; mapping shows that fault
network relationships and connectivity can be examined.  We will complete the work as outlined
in the 2002 work plan, and incorporate these localities and structures into the 2003 effort,
including the “seismological field seminar” outlined in the 2003 proposal.
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