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geographically-restricted southeastern portion of Nam-
che Barwa or other remote sites on Earth, a critical first
step in forming topographic descriptions that can de-
termine where and how the landscape is responding to
underlying geodynamic processes. Globally, unprece-
dented opportunities for remote studies of topography
will arise as more 90-m SRTM and data of similar res-
olution are released, and it is timely to further charac-
terize their uses and limits.

URL: http://ees.lehigh.edu
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The Allaqi-Heiani Suture is a WNW-ESE trending
deformation zone defined by a S-verging fold and thrust
belt and is dominated by volcano-sedimentary rocks,
dismembered ophiolites, and syn- and post-tectonic
granitoids. The Advanced Space-borne Thermal Emis-
sion and Reflection Radiometer (ASTER) data covering
this area is processed by performing the Optimum In-
dex Factor (OIF) analysis for the purpose of selecting
the optimum Red-Green-Blue (RGB) color cpombina-
tions. ASTER data have fourteen bands; 3 in Visi-
ble and near infrared (VNIR) with 15 m spatial res-
olution; 6 Short wave infrared (SWIR) with 30 m spa-
tial resolution, and 5 in the Thermal infrared (TIR)
with 90 m spatial resolution. Therefore, the selected
RGB color combinations from ASTER data are some-
times have poor spatial resolution. The Enhanced
Thematic Mapper Plus (ETM+) panchromatic band
with 15 m spatial resolution covering the same area is
used to enhance the spatial resolution of ASTER im-
ages. The ETM+ panchromatic bands and the multi-
speectral RGB color combinations from ASTER data
are fused together to incorporate the higher spatial
resolution of the ETM+ panchromatic band (high fre-
quency information) and the better spectral charac-
teristics (low frequency) of the ASTER bands. Two-
and multi-band wavelet transformations are performed
for three newly generated ETM+ panchromatic bands
based on three histograms that corresponds to those
of the three ASTER bands used in the fusion. Three
approximation, low frequency images and numerous ex-
act, high frequency images are obtained each time from
the ETM+ panchromatic bands. The low frequency
information in the ASTER bands (better spectral in-
formation) and the high frequency information in the
ETM+ panchromatic band (better spatial resolution)
are fused together. Hence, the 3 approximation (low
frequency) images obtained from the two-band wavelet
or multi-band wavelet for the ETM+ panchromatic
band are replaced by the three selected ASTER bands,
respectively. Three new bands are generated by per-
forming the inversed wavelet transformation for the ap-
proximation images from ASTER bands and the cor-
responding detailed bands from the ETM+ band are
used to generate new RGB color combination images.
The results from the two-band wavelet and multi-band
wavelet are compared with each other and also with
other fusion techniques such as RGB-Hue-Saturation-
Intensity (HSI-RGB and Color Normalization Transfor-
mation (CNT). Wavelet-based fusion proved to be ad-
vantageous in retaining better spectral characteristics
of multi-spectral ASTER data and incorporating the
better spatial resolution of the panchromatic ETM+
data. geological features which were not obvious in ei-
ther images or images produced by RGB-HSI-RGB and
CNT fusion techniques were revealed more clearly in
images generated by wavelet-based fusion.
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Geodetic and Seismic Constraints on
some Seismogenic Zone Processes in
Costa Rica
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E. Norabuena (UM/RSMAS), S. Schwartz and H.
DeShon (UCSC) L. Dorman (SIO), E. Flueh (GEO-
MAR), P. Lundgren (JPL), A. Newman, F. Pollitz
(USGS), M. Protti (OVSICORI). We report results
from joint seismic (on-land PASCAL and offshore OBS)
and geodetic (GPS) observations in Costa Rica de-
signed to elucidate seismogenic zone processes related
to subduction of the Cocos plate beneath the western
edge of the Caribbean plate. For the Nicoya penin-
sula, where our seismic deployment was longer, the seis-
mic data are used to constrain the geometry of the
plate interface for purposes of modeling the geodetic
data. Seismogenic zone events here show significant up-
dip variability, corresponding to changes in subducted
oceanic crust origin and heat flow. Inversion of the
GPS data here suggests a patchy distribution of locked
zones, with two relatively small, elliptically shaped
locked zones elongated parallel to the trench (centered
on 14 and 38 km depth) within a larger region of low
locking (or possibly freely slipping), as well as north-
east motion of a coastal “sliver block” at 8 plus/minus
3 mm/yr associated with oblique convergence. In con-
trast, for the Osa peninsula, there is no evidence of
trench-parallel motion (convergence here is orthogonal)
and the entire plate interface to a depth of about 50 km
appears to be fully locked. In addition, the southwest-
dipping block boundary on the Caribbean coast sepa-
rating the Panama block and Caribbean plate also ap-
pears to be fully locked and accumulating strain, with
shortening rates of about 1-2 cm/yr. The large zone
of locked slip on the main plate interface beneath the
Osa Peninsula, as well as the associated “back-arc” de-
formation, is presumably related to subduction of the
shallow Cocos Ridge and consequent high compressive
stress in the direction of plate convergence. Over geo-
logic time, this may promote crustal shortening in the
region, and uplift of the Cordillera Talamanca in south-
ern Costa Rica.
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We investigate state of plate coupling at the sub-
duction zone beneath Nicoya Peninsula, northwestern
Costa Rica, from 1.5-years of trans-peninsula GPS
campaign measurement. Inter-plate coupling zone be-
neath Nicoya Peninsula is recognized as a clear seismic
gap named ”Nicoya seismic gap”. In this area, Co-
cos plate is subducting beneath the Caribbean plate
from the Mid American Trench with large convergence
rate about 90mm/yr, and because of this, large earth-
quakes have occurred in 1853, 1900, and 1950 at this
segment, and two large earthquakes occurred around
Nicoya peninsula (MW 7.0 in 1990 to the SE and the
1992 MW 7.6 off Nicaragua to the NW). In the Nicoya
seismic gap, a strong coupling of the two plates is man-
ifested by low background seismicity, the sharp edge of

aftershock zone of the 1990 and 1992 earthquakes, and
the northeastward movement of the Nicoya peninsula
recorded with GPS observations.
We started a new GPS survey program in Nicoya penin-
sula in 2001 to obtain new knowledge about the seismic
coupling and the potential earthquake. 7 new bench-
marks for GPS campaign observation were installed
completing a 10-sites transect across Nicoya peninsula.
We have done 3 times of GPS campaign observation on
this array.
Crustal deformation on inter-seismic period above
Nicoya seismic gap is estimated from 1.5 years of GPS
observations. Obtained velocity field suggests that the
forarc sliver motion along the pacific coast of Nicoya
peninsula produces 8.5mm/yr of northwestward motion
parallel to the Mid American Trench.
We performed an inversion analysis to infer inter-plate
coupling at Nicoya seismic gap. The result of the inver-
sion shows that upper and lower limits of coupling zone
are corresponding with ones of seismogenic zone, which
was investigated by Newman et al. (2002) with seis-
mological methods. Accumulated strain in the Nicoya
seismic gap is able to bring earthquake whose moment
magnitude is larger than 7.5.
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Geodetic measurements from Guerrero, southern
Mexico, show evidence for at least four large transient
slip events in 1995, 1998, 2002 and 2003. Inverse mod-
eling of the data suggests that the steady-state slip
on the plate-boundary thrust includes partial frictional
coupling at depths greater than 25 km, producing a slip
deficit which is partially or completely relieved during
aseismic slip events, and strong frictional coupling on
the shallow thrust which is not relieved aseismically.
Slip events have been observed down-dip of the seismo-
genic zone at several other subduction zones including
New Zealand, Japan, Alaska and Cascadia. In many
cases, these are interpreted as repeating events that
activate a similar area on the thrust at regular inter-
vals. In Guerrero, however, the behavior is more com-
plex: Quiescent intervals range from one to four years,
and moment release in these four events varies by up to
an order of magnitude. Spatial distributions also vary
substantially between events. Perhaps the most consis-
tent feature of the events is the timescale: Significant
anomalous slip lasted about three to four months dur-
ing all three events observed by continuous GPS. The
events are also characterized by widespread activation
of slip. The current network of continuous GPS sites
covers an area of about 480 km strike-parallel by 270
km strike-perpendicular, but in all events there remains
the possibility that slip extended well beyond the in-
strumental coverage. In this presentation, we will ex-
amine the potential role of these slip events as agents
for stress transfer, and assess the possibility that they
are initiated by stress changes during seismic events of
magnitude 6 and higher on or near the thrust.
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Aseismic subduction of very young lithosphere may
occur if the downgoing plate is too young and hot to
support stick-slip cycles of interplate elastic strain ac-
cumulation and rupture. However, we have found a se-
ries of discrete episodic uplift events of 1-2 m each in
the Western Solomons forearc where ∼1-2 Ma Woodlark
Basin lithosphere is subducting at rates on the order
of 80-100 mm/yr. These uplift events produce average
forearc Holocene uplift rates ranging up to 5-8 mm/yr
on southern Rendova and Tetepare Islands about 25
km from the plate boundary in a forearc area lack-
ing historical evidence for large forearc thrust events.
The best evidence of paleouplifts is in central eastern
Rendova where the Holocene uplift rate is ∼3 mm/yr.
Here we find morphologically pristine emerged corals
at ∼2 m elevation that give a cluster of radiocarbon
ages (783±38, 799±28, 800±34 yr BP) (calib. age: 279
- 463 yr BP) that match a local solution notch at ∼2
m elevation. Additional distinct notches occur imme-
diately above at ∼3.5 and 5 m elevation. Corals at
∼3.3 m give ages of 1286±43 yr BP(calib. age: 663
-787 yr BP) and at ∼ 4.75 m the age is 1436±39 yr BP
(calib. age: 762 - 932 yr BP). Additional notches cut
the lower 10 m of emerged Holocene reef that rises to 20
m maximum elevation in this area. Thus, late Holocene
uplift appears to occur by discrete events on the order
of 1-2 m that affect a large area of the outer forearc.
Maximum uplift rates located in a zone only ∼25 km
from the convergent plate boundary are best explained
by subducting rugged seafloor topography causing full
or at least partial locking of the interplate thrust zone
from near the sea floor to ∼10-20 km depth on the in-
terplate thrust zone. A recurrence interval of several
hundred years between ruptures on a locked thrust zone
could explain why seismicity in this area is depressed.
However, if the interplate thrust zone is aseismic, then
perhaps these uplift events are generated by episodic
non-seismic interplate slip. Another possibility is that
locking at the shallow end of the interplate thrust zone
is sufficient to delay slip at greater depths so that it
occurs episodically rather than continuously.
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Paleoseismological data along the Pacific coast of
eastern Hokkaido indicate that unusual earthquakes
have repeated at about 500 year interval with the most
recent event in the 17th century. Along the Kuril
trench, interplate earthquakes with rupture length of
100-200 km occurred in 1952 (Mw 8.1) and 1973 (Mw
7.8), as well as 1843 (M 8.0) and 1894 (M 7.9), which
have been considered characteristics of this subduc-
tion zone. We review paleoseismological data, examine
coastal deformation and tsunami inundation from fault
models, and propose a model of earthquake recurrence
in the Kuril subduction zone. Pleistocene marine ter-
races on the Pacific coast show slight net uplift, at an
average of 0.1-0.4 mm/yr in the past several hundred
thousand years, whereas tide-gauge data show gradual
subsidence of 8-9 mm/yr since 1900. Infrequent unusual
event (Armageddon) has been inferred (Ikeda, 1996) to
resolve this conflict. Holocene stratigraphic and mi-
crofossil studies have indicated sea-level changes in the
last 3 ka (e.g., Sawai, 2001). Each event is marked by
an abrupt upward change from brackish bay deposits to
freshwater peat. The youngest change has been dated
in the 17th century with an estimated uplift amount
of 0.5-1m (Atwater et al., 2003). Such evidence has
been found along the 100 km long coast and recurred up
to seven times in the last 2.5 ka (Kelsey et al., 2002).
Extensive tsunami deposits indicate large prehistoric
tsunamis (Nanayama et al., 2003). At Kiritappu, for
instance, sand sheets extend 3 km inland, much further
than historic tsunamis. Ten sheets of tsunami deposits
indicate recurrence of such unusual tsunami with an av-
erage recurrence interval of about 500 years. The most
recent event occurred in the 17th century. Historic
documents in Honshu rules out unusual tsunamis that
would cause damage along the Sanriku coast. Tsunami
damage from the 1611 and 1677 earthquakes, both
along the Japan trench, have been documented along
the Sanriku coast. We modeled and examined three
types of earthquakes: Armageddon, interplate events,
and tsunami earthquakes. The fault extends down to 85
km depth in the Armageddon model, and would cause
the coastal uplift. Interplate earthquake fault, down
to 50 km depth, would cause slight subsidence of coast.
The ocean bottom deformation from the tsunami earth-
quakes is limited near the trench axis. We also var-

ied fault length along the trench axis as 200 km (sin-
gle segment) and 300 km (multi-segment). Tsunami
numerical modeling from these fault models calculates
coastal tsunami heights for the Hokkaido and Hon-
shu coasts and inundation for selected sites where the
tsunami deposits were mapped. Only multi-segment
fault can explain the tsunami deposits and lack of doc-
umented damage on Sanriku coast. The coastal uplift
seems to be caused by postseismic deformation along
the deeper extent of such infrequent multi-segment in-
terplate earthquakes. To explain the observed uplift,
however, postseismic slip larger than the coseismic slip
in seismogenic zone is needed.
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The seismogenic feature along subducting plate
boundaries is largely controlled by the thermal struc-
ture, as well as material difference and hydrological pa-
rameters. By April, 2003, the NanTroSEIZE (Nankai
Trough Seismigenic Zone Experiment) working group
submitted a CDP (Complex Drilling Project) proposal
to IODP, consisting of an umbrella proposal and two
proposals. The foremost goal of this CDP proposal is
to understand the state and behaviour of seismigenic
fault zone. The Nankai accretionary complex is one
of the well-known field of accretionary-dominant tec-
tonics; many heat flow data exist, either measured us-
ing probes or estimated from gas hydrate BSR depths.
Heat flow profile across the Nankai forearc region was
obtained off Muroto, and was shown that; 1) heat flow
is almost twice as high On the trough axis as that pre-
dicted from the age of Shikoku Basin, 2) heat flow grad-
ually decreases landward on the forearc slope, and 3)
there are local high heat flow anomalies near the toe
of accretionary complex, probably related to the cold
seep activities. Gradual decrease in heat flow can be
explained be a conductive cooling of the overlying ac-
certionary prism, and a thermal regime of the subduct-
ing plate plays a significant role on the overall ther-
mal structure of the accretionary prism. The forearc
structure off Kumano;, where we submitted the drilling
proposal, is basically similar to that off Muroto. Re-
cent intensive heat flow measurements revealed a heat
flow profile off Kumano. On the trough floor heat flow
mostly uniform around 100 mW/m2. This is basically
consistent with theoretical estimates, if corrected for
a sedimentation effect. Heat flow on the forearc slope
decreases gradually landward, which can be explained
similarly to Muroto. The conductive regime beneath
the slope would be supported by the fact that heat
flow obtained by the probes is consistent with those
estimated from BSR. In the Kumano Basin heat flow is
60-80 mW/m2, with some anomalies on the mud volca-
noes. We found, however, that there is significant vari-
ation in the bottom water temperatures down to 3000
m water depth. This raises a serious problem when we
measure and interpret heat flow in the shallow part of
forearc slope, where we expect active faulting causing
a surface offset and associated cold seep activities.
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We study the rupture behavior of large earthquakes
on a 3-D shallow subduction fault governed by a rate
and state friction law, and loaded by imposed slip at
rate Vpl far downdip along the thrust interface. Fric-
tion properties are temperature, and hence depth, de-
pendent, so that sliding is stable (a − b > 0) at depths
below about 30 km. To perturb the system into a

nonuniform slip mode, if such a solution exists, we in-
troduce small along-strike variations in either the con-
stitutive parameters a and (a − b), or the effective
normal stress, or the initial conditions. Our results
do show complex, nonuniform slip behavior over the
thousands of simulation years. Large events of multi-
ple magnitudes occur at various along-strike locations,
with different recurrence intervals, like those of natu-
ral interplate earthquakes. In the model, a large event
usually nucleates in a less well locked gap region (slip-
ping at order of 0.1 to 1 times the plate convergence
rate Vpl) between more firmly locked regions (slipping

at 10−4 to 10−2 Vpl) which coincide with the rup-
ture zones of previous large events. It then propa-
gates in both the dip and strike directions. Along-strike
propagation slows down as the rupture front encounters
neighboring locked zones, whose sizes and locking ex-
tents affect further propagation. Different propagation
speeds at two fronts results in an asymmetric coseismic
slip distribution, as is consistent with the slip inver-
sion results of some large subduction earthquakes [e.g.,
Chlieh et al., 2003]. Current grid resolution is dictated
by limitations of available computers and algorithms,
and forces us to use constitutive length scales that are
much larger than realistic lab values; that causes nucle-
ation sizes to be in the several kilometers (rather than
several meters) range. Thus there is a tentativeness
to present conclusions. But with current resolution,
we observe that the heterogeneous slip at seismogenic
depths (i.e., where a − b < 0 ) is sometimes accom-
panied by events that have clearly aseismic slip rates
(102 to 103 Vpl), and seem to migrate in the strike
direction at depths slightly downdip from the seismo-
genic zone. Sometimes they reach a gap like described
above in the shallow locking region and rupture the
updip seismogenic zone. The frequency-size distribu-
tion of simulated large events on the thrust interface
shows an increase in slope around Mw = 7.5, like
has been found for actual earthquakes [Pacheco and
Sykes, 1992]. We are also investigating the relation
of hydrolytic reactions to the hydrologic state of the
thrust interface, and their possible relation to observed
non-volcanic tremors and aseismic transients downdip
of the seismogenic zone [Obara, 2002; Dragert et al.,
2001], by coupling the fluid motion induced pore pres-
sure changes into the system.
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We explore the interaction between thrust events on

the subduction interface and strike-slip faults within
the forearc using 3-D models of static coulomb stress
change. Strike-slip faults in the forearc often present
significant seismic hazard because of their proximity to
population centers. Static stress change models show a
relationship between slip vector azimuth and the loca-
tions of induced stress on strike slip faults in the fore-
arc. Stress is enhanced on faults that are located closer
to the trench and is reduced on faults farther inland
for increasing slip obliquity, which is defined as the an-
gle between the actual slip vector of a subduction zone
and the vector normal to the overall trend of the sub-
duction trench. Significant contribution to the stress
change on strike slip faults in the forearc comes from
“unclamping” of the fault (reduction in normal stress)
due to thrust motion on the subduction interface. We
use these models to explain the contrasting deforma-
tion pattern between two adjacent segments of oblique
subduction of the North American (NOAM) plate un-
der the northern Caribbean. The abnormally-thick
crust of the Bahamas subducts under the Hispaniola
trench, whereas normal oceanic crust subducts under
the Puerto Rico trench to the east. GPS measurements
indicate that oblique convergence under Hispaniola is
partitioned between dip-slip reverse motion on the sub-
duction interface and left-lateral strike-slip on known
faults in the forearc at a distance of 60 km or more
from the trench. Slip of large earthquakes under His-
paniola is dominantly dip-slip reverse motion. In con-
trast, GPS measurements in the Puerto Rico segment
indicate that oblique convergence is not partitioned.
The velocity vector of Puerto Rico relative to NOAM
is similar (within error) to that of the Caribbean plate
relative to NOAM, and there is no internal deformation
within Puerto Rico itself. Focal mechanisms of moder-
ate earthquakes in the past 25 years show a slip di-
rection which is subparallel to the highly oblique plate
motion vector. The major left-lateral strike-slip fault
in this segment is located at a distance of 10-15 km
from the trench, cuts through the accretionary prism,
and extends to the subduction interface at a depth of
only 5 km. The fault curves inland as it approaches the
Hispaniola segment, but does not connect with strike-
slip faults on Hispaniola. The jump from a strike-slip
fault near the trench in the Puerto Rico segment to
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an inland fault in Hispaniola is explained by differ-
ent stress distributions in the forearc of the two seg-
ments due to the change from oblique slip on the sub-
duction interface in Puerto Rico to dip slip in His-
paniola. The observations and modeling suggest that
seismic hazard to Puerto Rico from oblique subduction
and from subduction-induced forearc strike-slip earth-
quakes is much smaller than previously assumed, but
hazard to Hispaniola remains high.
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The debate surrounding Earth evolution accompa-
nied by a largely molten magma is increasingly re-
liant on the results of models for physico-chemical pro-
cesses in such a scenario. To date, the primary em-
phasis in the physical characterisation of molten peri-
dotite has been the determination of a PVT equation
of state with contributions from shock-wave and buoy-
ancy studies. Determinations or other melt properties
are largely lacking. The viscosity, in particular, has
received too little attention. Here, the Newtonian vis-
cosity of molten peridotite has been determined exper-
imentally at superliquidus and supercooled conditions.
The high temperature determinations were obtained us-
ing a concentric cylinder technique employing constant
high-speed deformation. The low temperature deter-
minations have been obtained from the analysis of the
glass transition in scanning calorimetric traces and con-
version via published shift factors into viscosity data.
These latter measurements were made possible by the
experimental synthesis of peridotite glass using a splat-
quenching device. Taken together the superliquidus
and supercooled data provide the first quantitative de-
scription of the viscosity of molten peridotite. The
temperature-dependence of the viscosity of molten peri-
dotite is extremely non-Arrhenian. As a result, molten
peridotite, despite having an extremely low viscosity
near its liquidus temperature, exhibits a very high glass
transition temperature. The extrapolation of viscos-
ity in terms of temperature is of central importance
to the application of these data to nature. The vis-
cosity data presented here cover over 12 log units of
viscosity and 800K. As a result, this data set provides
a robust basis for the extrapolation of melt viscosity to
the even higher temperatures expected to exist where
molten peridotite is or was present in the mantle. Fur-
ther influences on the viscosity of peridotite, such as
volatiles and pressure, are expected to play a relatively
minor role. Extrapolated values of these peridotite vis-
cosity data are compared with those estimated for non-
silicate liquids at pressure-temperature conditions for
a molten mantle in the Earth.
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Recent studies in our laboratory have shown that
water and stress have important effects on deforma-
tion microstructures of olivine including lattice pre-
ferred orientation and recrystallized grain-size (Jung
and Karato, 2001a,b). These findings provide us with
different interpretations of the geodynamic significance

of seismic anisotropy, particularly in subduction zones.
However, these initial studies were limited to a narrow
temperature range (∼1500-1600K). Theoretical consid-
erations suggest that in addition to water content and
stress, temperature is likely to modify these microstruc-
tures. Temperatures in some parts of subduction zone
upper mantle are likely significantly lower than ∼1500
K. Consequently, it is crucial to extend these previous
studies to lower temperatures and compare these re-
sults with microstructures of naturally deformed peri-
dotites from collision zones which were likely deformed
at low temperature conditions. We conduct deforma-
tion experiments in simple shear at lower-temperature
(to 1273 K). An olivine single crystal was sandwiched
between alumina pistons cut at 45o from the compres-
sion direction, and surrounded by a mixture of talc
and brucite that acts as a water source. Shear strain
was measured by the rotation of a strain marker, and
the microstructures of olivine samples were investigated
by a scanning electron microscope with an electron
backscatter diffraction (EBSD) technique. Even at a
temperature as low as ∼1273 K, samples were totally
recrystallized at small strain (∼0.8). The recrystal-
lized olivine grains show a fabric which is different from
any of the known fabrics. We tentatively interpret this
as caused by the combination of inherited fabric and
deformation- (+ recrystalllization-) induced fabric in-
volving the activity of the b=[001]. The details of fab-
rics and its variation with temperature, stress and wa-
ter content will be reported together with a comparison
with the fabrics in naturally deformed peridotites un-
der low temperature (and “wet” ?) conditions.
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Because seismic anisotropy in the upper mantle
is commonly a result of lattice preferred orientations
(LPOs) of minerals as a result of mantle flow, seis-
mic anisotropy is used to probe fabrics and therefore
flow directions in the mantle. Jung and Karato, (2001)
have shown that the fabrics developed in experimen-
tally deformed olivine are dependent on H2O fugacity
and stress, suggesting that olivine fabric in the upper
mantle can provide a means of probing H2O content
and stress. Olivine fabrics, known as B-type and C-
type, occur in olivine deformed under high H2O fugac-
ity and high stress. In order to extrapolate these ex-
perimental deformation fabrics to the mantle, one must
understand how H2O changes the mechanisms of plas-
tic deformation in olivine. Experimentally deformed
olivine samples with C-type and B-type fabrics have
been examined by TEM to determine dislocation mi-
crostructures, core structures and active slip systems.
In the C-type sample, we examined a relatively large
olivine grain with its b axis normal to the TEM foil and
the a and b axes approximately 45◦ from the slip di-
rection. Tilt boundaries along (100) and (001), consist-
ing of edge dislocations with b = [100] and b = [001],
respectively, indicate that the dominant slip systems
are (001)[100] and (100)[001]. HRTEM imaging of the
b = [100] and b = [001] edge dislocations along [010]
shows no dissociation for b = [100], whereas the b =
[001] dislocations are dissociated into 1/2[-101] and 1/2
[101] partial dislocations separated by 3 nm along the
(-101) plane. The C-type fabric, which occurs in wet
olivine deformed at low stress, results from the domi-
nation of the (100)[001] slip system over the (010)[100]
slip system that produces the A-type fabric. Based
on the abundance of b = [001] edge dislocations, we
infer that the presence of hydrogen in olivine reduces
Peierls stresses for glide of b = [001] screw dislocations
in (100). The more complicated microstructures in the
B-type sample will be presented at the meeting.
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There have been many studies that have described

the relative timing of deformation and metamorphism
in natural rocks, but there are few studies that have
analysed the interrelationship of the processes that
produce simultaneous deformation and chemical reac-
tions. We studied the physical and microstructural re-
lationships between the processes of deformation and
chemical reaction by performing simple shear defor-
mation experiments on plagioclase-olivine aggregates.
Our study shows that deformation and reaction pro-
cesses are strongly related by a mutual positive feed-
back, and point out possible mechanisms for shear lo-
calization in the upper mantle lithosphere during sub-
duction and extension. Shear deformation experiments
were carried out on dry plagioclase-olivine mixtures (4-
10 µm grain sizes, ±50-50 vol.% olivine-plagioclase ra-
tio) in a Griggs apparatus under a constant applied
shear strain rate of ∼5*10−5s−1 at 900◦C and 1.0-
1.6 GPa confining pressures. We have studied the
plagioclase-olivine deformation in presence and absence
of reaction by choosing plagioclase to be of labradorite
(An60) and anorthite (An92) composition. At 1.0-1.6
GPa confining pressures, the anorthite-olivine samples
react to spinel-pyroxene bearing assemblages, whereas
the labradorite-olivine samples do not. Labradorite and
anorthite are expected to have fairly similar deforma-
tion behaviour. Effect of reaction on deformation:
In the absence of reaction, labradorite-olivine mix-
tures are so strong at the chosen experimental condi-
tions that they hardly deform plastically. In contrast,
anorthite-olivine mixtures deformed at the same tem-
perature and strain rate react during deformation, pro-
ducing a stress maximum (∼375 MPa) followed by a
significant stress decrease. Regardless of the chosen
confining pressure, reacting samples commonly weaken
towards a shear stress of ∼275 MPa. The plagioclase-
olivine reaction strongly reduces the grain size of the
samples (down to 0.1 µm), and causes a transition from
grain size insensitive (dislocation) creep of plagioclase
and olivine to diffusion accommodated grain boundary
sliding of the reaction products, even though the newly
formed minerals (e.g. pyroxene, spinel) are mechani-
cally stronger than the original minerals. Effect of defor-
mation on reaction:
The plagioclase-olivine reaction progress is greatly en-
hanced by differential stress and/or crystal plastic
strain. At 1.5 GPa, hydrostatic experiments of 168
hours show less than 30% reaction progress, whereas in
the deformation experiments (∼58 hours) the reaction
goes to completion.
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Recent seismic data suggest that a low velocity layer

up to ∼ 7 km thick exists at the top of the subduct-
ing slab in many subduction zones (Abers, 2000). Both
P and S-wave velocities are consistently 5-7 % lower
than the surroundings. There are also observations of
a distinct low seismicity zone in the Japan Trench (Fu-
jie et al., 2002) and even an aseismic zone in central
Oregon (Brocher et al., 2003). We have investigated
a possible cause of these observations by deforming a
natural serpentinite at the pressures of 1.0 - 3.4 GPa
and the temperatures of 923 - 1023 K. We conducted
triaxial deformation experiments at a constant strain
rate using a Griggs-type apparatus. Oxygen fugacity
was buffered by Ni/NiO. We find that under condi-
tions where serpentine is dehydrating during deforma-
tion, Mode-I cracks are commonly observed in serpen-
tine as well as in relict olivine. A similar phenomenon
(Mode-I cracks) may occur at the top of the subducting
slab due to the deformation of a hydrated mantle wedge
above a dehydrating subducting slab. We propose that
such aligned Mode-I cracks, which fill with water as
they open, may result in the low seismic velocity in
subduction zones (i.e. Alaska, the Aleutians, Kuriles,
Honshu, the Marianas, and Nicaragua). We also find
that deformation of the serpentinite under a differen-
tial stress display faults and localized shear zones, de-
lineated by ultra fine-grained solid reaction products,
formed as byproducts of antigorite dehydration. We ob-
serve this phenomenon under all conditions tested. A
distinct low seismicity zone in the Japan Trench region,
aseismicity beneath central Oregon, and other aseismic


