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•  The goal of this work is to understand the role of clays in determining whether slip
will be seismic or aseismic within subduction zone megathrusts.

•  Gouge materials studied include pure Ca-smectite, samples of natural gouge
material collected from the San Gabriel, CA fault zone and ODP leg 190, a suite
of smectite-quartz mixtures, and a natural illite shale (grain size ranging from 2-
500 mm).

•  We studied frictional strength and its second-order variations as a function of slip
velocity and normal stress in the double-direct shear geometry to shear strains of
~7-30 at room humidity and temperature. Slip velocities were varied from 0.1-200
mm/s and normal stress ranged from 5-150 MPa.

•  The coefficient of friction (m) ranges from 0.42-0.68 for the illite shale over a
range of normal stresses from 5-150 MPa and sliding velocities from 0.1–200 mm
/s, illite shale exhibits only velocity-strengthening behavior, opposite to the widely
expected, potentially unstable velocity-weakening behavior of illite.

•  Smectite sheared under identical conditions exhibits low friction (m = 0.15-0.32)
and a transition from velocity weakening at low normal stress to velocity
strengthening at higher normal stress (>40 MPa).

•  Our data, specifically the velocity-strengthening behavior of illite shale under a
wide range of conditions, do not support the hypothesis that the smectite-illite
transition is responsible for the seismic-aseismic transition in subduction zones.

•  We suggest that other depth- and temperature- dependent processes, such as
cementation, consolidation, and slip localization with increased shearing, may
play an important role in changing the frictional properties of subduction zone
faults, and that these processes, in addition to clay mineralogy, should be the
focus of future investigation.

•  Our work needs to be extended to a broader range of conditions applicable to the
hypocentral region of subduction zone earthquakes.
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Figure 1: Double-direct shear geometry used for investigation of the frictional properties
of subduction zone materials. Photomicrograph of sample deformed to a shear strain of
6 at a normal stress of 15 MPa, taken in cross-polarized light. Sense of shear is shown
by the arrows. B and R denote interpreted boundary and Riedel shears, respectively.
Note the strong alignment of clay grains (shown as bright areas) and the crack (opened
during epoxy impregnation) that has formed along the structure interpreted as an R1

Riedel shear band. Panel at lower right shows coefficient of friction versus shear
displacement for a 3-mm thick layer of smectite gouge. This experiment included an
unloading-reloading cycle at 4 mm displacement. Note the pronounced peak strength
and weakening in the first few mm of displacement associated with progressive
alignment of clay grains.
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