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Fluid Behavior during Evolution of Plate Boundary Fault
from Trench to Seismogenic Depths
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Abstract

0 O Fluid behavior during the evolution of the plate boundary faultd pbfl from a trench to seis-
mogenic depths is the central problem when evaluating the relationship between fluids and seis-
micity in subduction zones. Ocean Drilling Program Legs 190 and 196 at the toe region of the
Nankai accretionary margin reveal that fluid-filled dilatant fractures and underconsolidated un-
derthrust sediments lead to an elevated fluid pressure in and below the pbf, respectively. The
pbf with elevated fluid pressure extends down-dip to O 35 km, resulting in the absence of seis-
mic behavior at shallow depths and mechanical decoupling between accreted and underthrust
sediments. Underconsolidated underthrust sediments are primarily caused by rapid tectonic
loading compared to the rate of fluid escape in underthrust sediments and secondarily by a low-
permeability cap due to the compactively deformed pbf. Fluid-filled dilatant fractures represent
the overconsolidate state within the pbf, which is caused by the generation of high fluid pressure
after compactive deformations.

0 O The exhumed plate boundary rocks( i.e., tectonic mélangel] in the Shimanto accretionary
complex indicate that the underthrust sediments became rocks due to dewatering, pressure solu-
tion, and other diagenetic reactions, thus acquiring elastic strength. The pbf in the upper part of
the seismogenic depths was weak due to elevated fluid pressure; this facilitated the downward
step of the pbf and the underplating of underthrust rocks. The pbf under low effective stress was
unlikely to nucleate the instability; however the fluid-related repeated deformations, which prob-
ably reflect the seismic cycle in the subduction zone, could be recorded. The coseismic deforma-
tions were attributed to hydraulic implosion breccias, injection of ultracataclasite, and fluid in-
clusion stretching in the pbf. Implosion breccias suggest rapid depressurization associated with
the passage of the rupture through dilational jog. Other deformations represent shear heating
and fluidization along the narrow ultracataclasite layer, which could enhance the propagation of
instability at the pbfin the upper parts of the seismogenic depths.
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Fig. 1 O ad ODP drilling transect in the Nankai Trough. The Shimanto accretionary complex could represent
a landward analog of the Nankai accretionary complex.[J b0 Geological map of the Mugi Mélange
showing the imbrication of the ocean floor stratigraphy. The location of the map is shown in Fig. 1a.
The studied fault corresponds to the imbricate thrust.O cO Paleotectonic setting of the Mugi Mélange.
The studied faultO solid star(] was formed in association with the downward step of the plate bound-

ary fault.
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Fig. 3 Columnar section of the fault

zone showing the distribution
of fault rocks. Magnetic suscep-
tibilities are also shown. Blue
circles indicate the uncorrected
values of magnetic susceptibil-
ity measured at outcrops. Red
squares indicate the volumetric
magnetic susceptibilities mea-
sured with a magnetometer.
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Fig. 4 O ald Microstructures of the foli-

ated cataclasite] cross-polarized
light The half arrows indicate
the shear sense of the foliated
cataclasite.0 b0 Injection of
ultracataclasite represented by
an arrow, which shows the flow
or mobilization of ultracatacla-
site.0 ¢0 Narrow zonell double
arrowsl] showing the mixing of
ultracataclasite derived from
basaltO light greenO and the
cataclasite derived from mé-
langel black[ The arrow indi-
cates the vein cutting through
ultracataclasite.d dO0 Concen-
tration of veins in the mélange.
The veins are sharply cut by the
ultracataclasite and taper away
from the fault zone.
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Fig. 7 Representative histograms of homogenization temperatures of aqueous fluid inclusions from
the calcite matrix of dilation breccias. Two examples are shown.
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