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Mud volcanism and thermal structure in the western Mediterranean Ridge accretionan

complex (Eastern Mediterranean)
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Submarine mud volcanoes are discovered in most subduction zones of the world, and those developed on accretiona
prisms are considered to document material recycling and fluid migration within the prisms. The Eastern Mediterranean ha
numerous mud volcanoes, most of which develop on contiguous belt within the Mediterranean Ridge (MedRidge) accretionan
complex. However, mud volcano fields in the western MedRidge remain poorly studied, although those in the central and easter
MedRidge have been heavily surveyed during an Ocean Drilling Project or European projects. This study aims at understandin
material recycling and fluid migration within the western MedRidge accretionary complex. In order to achieve this objective
we delineate possible ascent style of the ejecta forming the Medee-Hakuho Mud volcano (MHMV) in the western MedRidge,
by applying the vitrinite reflectance technique to ejecta samples retrieved by ROV NSS (Navigable Sampling System) during
KH-06-4 Leg 6 Cruise.

First, we modeled the 2-D thermal structure in the western MedRidge taking into account frictional heating on the plate
interface for estimation of the source depth of the ejecta from MHMV. The result suggests an effective coefficient of friction of
less than 0.05, and a temperature of about 120¥G1&ong the plate interface at a distance of 180 km from the deformation
front, the location of a seaward toe of the Aegean backstop. Second, we evaluated the source depth of the ejecta from MHM'
using vitrinite reflectance based on the modeled thermal structure. The result suggests that the ejecta matrix showing vitrinit
reflectance (VR) values of about 0.59% was derived at a temperature of ardufydc8¥responding to a depth of approximately
5.5 kmbsf, whereas the clasts (e.g., shales and siltstones) representing VR of "0.6-1.0% were derived from much deeper dept
Most of the (pre-)Aptian clasts were considered to have been jacked up to the depth of 5.5 kmbsf due to underplating at the toe «
a rigid backstop that had developed below MHMV after underthrusting due to plate subduction. At that depth, fluid pressure may
have been dramatically increased due to underplating, and consequently fluid-rich sediments accompanying surrounded cla:
ascended through an existing backthrust.
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A direct method for estimating the rigid body motion of crustal blocks from GPS velocity

data
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The Japanese Islands is composed of many crustal blocks (e.g., Taira, 2001). GPS array data contain information about n
only rigid body motion (translation and rotation) of the crustal blocks but also intrinsic deformation due to fault slip at their
boundaries. For this reason, McCaffrey (2002) proposed an inversion method to simultaneously estimate rigid block motion:
and fault slip rates at block boundaries from GPS velocity data. However, as demonstrated by Noda et al. (2013), rigid body
motion and intrinsic deformation are separable from each other. In fact, rigid body translation and rotation are the constant part
of velocity and rotation fields, respectively, and both of them are independent of intrinsic deformation (strain). This means that
we can estimate rigid block motions and fault slip rates independently of each other from GPS velocity data. In this study, we
propose a direct method for estimating the rigid body translation and rotation of a crustal block from GPS velocity data with
bidirectional polynomial fitting in Chebyshev form, and examine its validity through the analysis of interseismic GPS velocity
data (1996-2000) in southwest Japan.
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Relative plate motion on plate interface considering intra-plate deformation
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Modeling of the high strain zone along the eastern Japan Sea margin.
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Time-dependent crustal deformation associated with the 2004 Chuetsu and the 2007 Cht
Oki earthquakes
Time-dependent crustal deformation associated with the 2004 Chuetsu and the 2007 Cht
Oki earthquakes
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There is an ongoing concentrated deformation along the Japan Sea coast, which has been identified as Niigata Kobe Tectol
Zone (Sagiya et al., 2000). Large historical earthquakes have occurred in this area, and in recent years, Niigata has suffer:
the impact of two important events, known as the 2004 Mid-Niigata Prefecture earthquake (MJ 6.8) and The 2007 Niigata-ker
Chuetsu- Oki earthquake (MJ 6.6), which considerately affected the crustal deformation pattern. For this reason, we review ten
poral variation of crustal deformation pattern in the mid Niigata region based on daily coordinates of 28 GPS sites from the
GEONET network for three time windows: before 2004, 2004-2007 and after 2007 until March 2011, to avoid the post defor-
mation associated with Tohoku-Oki earthquake. We observed a migration of the deformation pattern in the East-West directiol
through the contraction belts for the above time windows. Before 2004, we can recognize a clear shortening of 0.3ppm/yr in the
area between the source regions of 2004 and 2007 quakes. After the 2004 Chuetsu earthquake, this shortening rate decreased
the other hand, an accelerated contraction occurred to the east of this region, around the source region of the 2004 earthquake. .
ter the 2007 earthquake, another contraction zone appeared to the northwest, near the 2007 source region. These time-depen:
behaviors suggest there exists strong interaction between parallel fault segments in this area. It is crucially important to reve:
such interaction to understand crustal deformation and seismogenesis in this region. We construct kinematic deformation mode
to interpret the time-dependent deformation pattern for each time period and to investigate mechanical interaction of coseismi
as well as probably aseismic fault slips.

O 0O 000 : Crustal deformation, Niigata Kobe Tectonic Zone, Kinematic model, Aseismic fault slips, GPS measurement
Keywords: Crustal deformation, Niigata Kobe Tectonic Zone, Kinematic model, Aseismic fault slips, GPS measurement
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Subduction zone categories based on the slab age gradient
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In general, it seems that possible factors which would correlate with the category of subduction zones, are slab thickness (thicl
ness of the elastic core), the negative buoyancy force of sinking slab, surrounding upper mantle flow regime, physical propertie
of the surrounding upper mantle (esp., the viscosity), the presence or absence of stagnated slab at 670km depth, stagnated ¢
volume at 670km, slab stagnating or penetrating at 670km, global-scale dynamic constraint of the subduction zone distributior
absolute plate motion of overriding lithosphere, spherical slab buckling, convergence of the buoyant linear topography, gradier
of slab age, and others.

We, here, present new treatment on the classification of subduction zones, mainly focused on the age gradient of downgoir
oceanic slab. One of the other factors to be incorporated during the classification is the absolute motion of overriding lithosphere
For simplicity, hereafter we assume zero absolute plate motion for the overriding lithosphere.

Numerical studies on the buckling mode of spherical shell on the earth (e.g., Mahadevan et al., 2010) suggest that the mecha
ical buckling wavelength of subduction zone segments is not a continuous but a discrete function of slab age. For example, th
trench-parallel length of the subduction zone segment with the slab age of “135Ma is approximately twice as large as that of th
segment of ”20Ma. Mechanical state of subduction zone segment with the slab age between "20Ma and "135Ma is rather ambig
ous. For the case of the convergent segment with the increasing (or decreasing) slab age, transitional response constrained
spherical buckling would provide additional horizontal stress component being trench-normal compressive (or less-compressive

The slab age gradient might be important for understanding the evolutionary process of lithosphere convergence on the Eart

gogoob:bbodooob,b0oodgo
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Differential geometry of folding and fracturing of crust
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Spatio-temporal renewal model for repeating earthquakes and analysis of slip rate on pla
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