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zones in mantle wedges may be attributable to ”super-
plastic” flow under low stresses within the ultra-fine-
grained dehydration products in dehydration-induced
fault zones. Abers, G. A. Earth Planet. Sci. Lett.,
176, 323-330 (2000). Fujie, G. et al., Geophys. Res.
Lett., 29, 7 (2002). Brocher, T. M. et al., Geology, 31,
267-270 (2003).
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Omphacite is a major component mineral in sub-
ducted oceanic crust at depth. It often develops strong
lattice preferred orientation and dominates the flow
properties and seismic anisotropy in eclogite. Inves-
tigation on the rheology of omphacite is important for
a better understanding of geodynamic problems associ-
ated with eclogite in subduction zones. The high tem-
perature deformation behavior of polycrystalline om-
phacite (DiggJdgs) is being studied at temperatures
of 1300-1500 K, a confining pressure of 3 GPa, and
strain rates of 1074/5 to 1075/5. ‘We obtained a
power-law creep for the high temperature deformation
of omphacite with n=3.1, Q=289 KJ/mol, and a preex-
ponential factor of 10~ 1-2MPa~"s~ 1. These results
show that the creep strength of omphacite falls be-
tween its two end members of solid solution (diopside
and jadeite), which supports the previous arguments
that sodic pyroxene could be significantly weaker than
other pyroxenes (enstatite and diopside). A steady in-
crease of flow strength is also observed after adding gar-
net. Eclogite reconstituted from powders of 50% gar-
net (Prygj AlmjgGrogy), 40% omphacite (DiggJdygn),
10% quartz shows strength about 3 times that of poly-
crystalline omphacite. These data are consistent with
observations of extensive deformation of omphacite in
eclogite at low peak metamorphism temperatures dur-
ing deep subduction and exhumation. These prelimi-
nary results also suggest that strain will concentrate
into omphacite-rich domains within the subducting
zones.
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A hallmark observation from friction experiments
on rocks is that the coefficient of friction increases lin-
early with the log of time of quasi-stationary contact.
This increase in friction, or state in the rate- and state-
variable friction laws, is usually attributed to an in-
crease in real area of contact between rough surfaces
caused by deformation of highly stressed contacts. This
behavior is typically explored in slide-hold-slide (SHS)
friction experiments at ambient temperature. Despite
the importance of the evolution of the state variable for
determining conditions for which earthquakes may nu-
cleate, contact-scale deformation mechanisms in rocks
remain unknown. In an effort to identify these deforma-
tion mechanisms, nanoindentation creep experiments
were conducted on single crystals of quartz, olivine and
calcite at room temperature and constant loads of 50
to 250 mN. The amount of creep in a typical nanoin-
dentation creep test is indicated by the increase in in-
dentation area with time, determined from the mea-
sured displacement of indenter into the specimen and
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the well-characterized geometry of the indenter tip. A
major limitation of such tests, that displacements are
difficult to discern from thermal noise, was eliminated
by employing continuous stiffness techniques. A 45-Hz
oscillation in displacement of 2 nm amplitude was im-
posed on a diamond Berkovich indenter held at oth-
erwise constant load for times comparable to those in
SHS tests, up to 5x10% s. By analyzing the resulting
specimen response with a frequency-specific analyzer,
a nearly continuous measure of the contact stiffness,
proportional to contact area, was obtained. Thus, con-
tact area is determined over times too short for signifi-
cant thermal drift. Changes in area with time from in-
dentation tests were compared with those inferred from
complementary SHS tests on quartz, olivine and calcite
rocks conducted in a high pressure rotary-shear appara-
tus. The contact area between indenter and specimen
increased linearly with log time for each mineral, in
qualitative agreement with the linear increase in area
with log time inferred from SHS tests. However, the
rate of fractional area increase from nanoindentation
tests is much larger than inferred from SHS tests, by
factors of 2, 5, and 10 for quartz, olivine, and calcite,
respectively. This discrepancy may indicate that con-
tact stresses in the two tests are the same, but that
area formed during the hold in SHS tests is partially
destroyed during reloading after the holds, as demon-
strated for acrylic plastic and glass (Dieterich and Kilgore,
1994). Alternatively, the difference may indicate that
contact stresses in rock friction experiments are signif-
icantly less than determined from indentation tests.
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Nature and Origin of Cataclastic Bands
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Cataclastic bands are a common structure in well-
cemented quartz arenites deformed at low temperatures
(<250°C). These structures have been interpreted to
originate by cataclasis with or without recrystalliza-
tion. However, recent studies of samples from the Tus-
carora and Oriskany sandstones from the Appalachian
Valley and Ridge province suggest dilation was more
important than shear in the formation of these bands.
The cataclastic bands consist of sharply to diffusely-
bounded tabular bodies ranging in thickness from 50
pm to a few cm filled with quartz having a uniform
5 um grain size. In some cases, wall-parallel displace-
ment can be demonstrated, but in others, the displace-
ment is purely dilational. Two-phase, aqueous fluid in-
clusions in vuggy cores found in some bands yield ho-
mogenization temperatures of 140-170°C. FTIR data
from traverses across cataclastic bands show a marked
decrease in water content within the bands compared
to nearby wall rock grains, and also suggest the pres-
ence of submicroscopic sheet silicates (mica or clays).
In cathodoluminescence the bands are uniformly dark
in contrast to brighter luminescing wall rock grains in-
dicating either complete reconstitution of original wall
rock or introduction of new phases. Rather than cata-
clasis, the fine grained texture in the bands is believed
to result from rapid crystal growth in a dilating frac-
ture with variable, but small amounts of shear. Despite
the fine grained texture, the presence of sheet silicates
suggests that these bands may have acted as a fluid
conduit, not a permeability barrier.
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That lithospheric plates diverge across relatively
narrow zones has been accepted since the late nine-
teen sixties. Thus, in surprise many that several ba-
sic features of continental rifts and oceanic spreading
centers were first observed in the last few years. Sev-
eral of these new findings concern the distribution of
molten or frozen magma along segments of present or

past divergence. One view that the observations re-
inforce is that tectonic processes often cannot be un-
derstood without accounting for magmatism. This talk
highlights the impact of new observations on how we
think about the processes of faulting and magmatism
from the plate tectonic scale to the scale of individual
faults and magma chambers.
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The San Andreas Fault System (SAFS) in cen-
tral and northern California is a family of sub-parallel
strike-slip faults that accommodate the transform mo-
tion between the Pacific and the North America plates.
We present here a fully coupled numerical thermo-
mechanical model of the SAFS as it evolved over the
past 20 Myr following the northward migration of the
Mendocino triple junction. The strike-slip displace-
ments and fault perpendicular compression (over the
last 5 Myr) are implemented as side boundary condi-
tions in the upper 20 km of the 100 km deep model box,
other parts of the side boundaries and bottom bound-
ary being free for material flow. The model employs re-
alistic visco-elasto-plastic rheology and allows for spon-
taneous generation of faults. The modeling replicates
the evolution of multiple strike-slip faults, the overall
eastern migration of the San Andreas fault itself from
the western edge of the Coast Ranges near Cape Men-
docino to the eastern edge in central California, the
variation of heat flow in the Coast ranges along and
across the SAFS as well as high angle (60-80°) between
the direction of the maximum horizontal stress and the
The mod-
eling shows that the key conditions for such behavior
are the cooling (and strengthening) of the lithosphere
following passage of the triple junction which causes
ductile deformation at depth to migrate eastward with
time and the drop of frictional strength at high strain
in the upper crust which results in a small number of
major transform faults to develop, rather than a broad
distribution of such faults. Our modeling suggests that
the major faults in the SAFS in Central and Northern
California must have been weak during most of the 20

local fault orientation in the upper crust.

Myr period over which it evolved.
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The present tectonic of Iran results from the north-
south convergence between the undeformed shield areas
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