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Dynamic initiation of decollement in accretionary prisms
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The decollement of the Nankai accretionary prism is a shallow dipping thrust that cuts through an
unremarkable and homogeneous sedimentary layer. This observation contradicts the intuition that (1)
decollements develop at the favor of weaker sedimentary levels; and that (2) thrusts form at about 30
degrees from horizontal (Andersonian theory of faulting).

There are many examples of accretionary prisms and fold and thrust belts where weak sedimentary levels
act as decollement (e.g. evaporites in the Jura and Zagros, shale in the Alberta foothills). Prediction of the
taper angle using the critical Coulomb wedge theory also suggests that decollements are often weaker
than the rocks composing the bulk of the wedge (e.g. Davis, 1983). On the other hand, it is well
documented that rheological weakening can be a consequence of fracturing, rather than its cause, e.g.
because fractures act as fluid pathways that can change the local lithology and raise the fluid pressure.

In this contribution, we derive an analytical solution for the stress orientation in a compressed region of
homogeneous perfectly plastic material near the surface. We show that for a perfectly plastic rheology the
stress orientation is a function of the push direction, the intensity of the push, the surface topography and
material properties. All those parameters collapse into a dimensionless number.

Since we consider homogeneous material properties, it is less suited to analyze present day accretionary
prism than the critical taper theory. However, it is particularly suited to study the initiation of decollement,
before fault-induced weakening takes place. Our analytical solution (1) is general for any surface
topography described by a function differentiable in x; (2) predicts generally non-planar decollement; and
(3) does not make use of small angle approximation, even for the case of cohesive plasticity.

The analytical solution is tested against a series of static (<<1% shortening) numerical models including
visco-elasto-plastic rheology.
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We construct 3D crustal shear wave velocity models for the Gorda-Juan de Fuca region using ambient
seismic noises. Continuous data from Cascadia Initiative Community Experiment - OBS component were
used. In our wavelet-based multi-scale inversion technique, both the isotropic and anisotropic
components are taken into account. Previous studies of shear-wave splitting (SWS) with SKS and SKKS
using OBSs pointed out that fast directions in this region rotate increasingly towards the absolute plate
motion direction with increasing distance from the mid-ocean ridge. However, our preliminary result of 2D
phase velocities for Rayleigh waves show a trench-parallel fast direction at periods 2 -25 s, i.e., the crustal
and shallow upper mantle anisotropy differs from the results of SWS studies. This disparity between our
result and the plate motion-parallel fast direction from the earlier studies implies that there might be a
two-layer structure with different deformation fabrics in this region. We will integrate our models with the
3D models from body wave tomography and seismic anisotropy from SWS, and discuss their tectonic
implications.
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The Far East geodynamic GNSS network was established in 2009-2010. It covers the southeast of Siberia
and Sakhalin Island and consists of more than 15 continuously operating GPS/GLONASS stations. Its data
along with observations stemming from IGS and other available GNSS networks were used to estimate the
crustal velocity and deformation field of the investigated region before and after March 11, 2011 when
the Great 2011 Tohoku earthquake struck the Pacific coast of northern Honshu, Japan and caused
measurable coseismic displacements through Northeast Asia. The BERNESE 5.2 software was used for
GNSS data processing. The ITRF2008 and ITRF2014 reference frames were adopted for data analysis. The
calculated interseismic GNSS velocities indicate relative internal (between network sites) and external
(with respect to the Eurasian tectonic plate) stability of continental part of the investigated region. The
velocity boundary between Sakhalin Island and continent was discovered which possibly tells on their
relation to different tectonic plates/microplates. The intense postseismic crustal displacements caused by
the Great 2011 Tohoku earthquake have also been observing in the Russian southeast near the triple
junction of Russia, China and North Korea national boundaries. The maximum observed cumulative
postseismic displacements have already exceeded 70-80 mm (the corresponding coseismic shift is equal
to "50 mm). Afterslip or viscoelastic rebound models separately cannot reproduce properly all parts of the
observed GNSS site position time series, however, viscoelastic approximation is working well on the time
interval of 0.5-3 yrs after the mainshock. Two-layers viscoelastic model with Maxwell's viscosity of about 5-
10'® Pa-s adequately fits horizontal components of the observed postseismic displacements but fail to
explain vertical component. The 2013 Okhotsk deep focus earthquake generated measurable coseismic
displacements which were detected by Kamchatka and our GNSS network. The annual velocities of GNSS
sites located in the northern part of Sakhalin Island demonstrate notable change after the mainshock of
the Okhotsk deep earthquake which, probably, could be explained by the existence of notable
postseismic mantle response.

Keywords: crustal displacements and deformations, GNSS observations, secuar and postseismic motion
modeling
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As the frontier of the plateau uplift and extension, the northeastern margin of the Tibetan Plateau (NE
Tibetan Plateau) is an ideal place to study the crustal and upper mantle deformation characteristics and
coupling relationship of the Tibetan Plateau. However, the resolution and reliability of previous studies in
this region are suffered from insufficient observations. In this paper, with an array of 675 dense seismic
stations in the NE Tibetan Plateau, we obtained the crustal anisotropy parameters by using the Pms phase
in receiver functions. The results show that the average splitting time of Pms wave is approximately 0.5 s,
which is mainly caused by the middle and lower crust. In the Tibetan Plateau, the fast polarization
directions of Pms are mainly NW-SE, which are parallel to the directions of SKS and the maximum shear
strain directions. In the outside of the plateau, such as Alxa block and western Ordos block, the fast
polarization directions of Pms are NE-SW, which have large intersection angles with the directions of SKS.
We infer that the deformation of the crust and upper mantle in the Tibetan Plateau is coupled and is
controlled by simple shear deformation with the direction of NW-SE, while the crust-mantle deformation
in the outside of the plateau is decoupled, and the crustal deformation is mainly caused by the differential
movement of the middle and lower crust with the direction of NE-SW. The observations show an
interesting finding that the Alxa block and Ordos block, which are always considered to be the stable
blocks, may be experiencing crustal deformations at this stage.
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Fenwei rift zone located in the east and south of the Ordos block is still active in China mainland, and it is
tectonic boundary separating the Ordos block, Qinling tectonic belt and north China block. Due to the
limited observation technique, the current tectonic movement and deformation of Fenwei rift zone are
still not very clear and the formation mechanism of the Fenwei rift zone has no consensus. GPS data
observed from 2009 to 2014 were collected at 527 campaign—-mode and 32 continuously operating GPS
stations are processed and get a precise and high spatial resolution horizontal velocity field and strain
field. The results reveal that the belt between Shanxi basin and western mountains is under extension with
strain rate of 0.01-0.03 ppm/a. Meanwhile the belt between Shanxi basin and eastern mountains is under
contraction with strain rate of 0.02-0.03 ppm/a. The western boundary faults of Shanxi basin such as
Loyunshan fault, Jiaocheng Fault et al. have 2-3 mm/a of left-lateral slip and 2-3 mm/a of normal-fault
extension. But the eastern boundary faults of the basin such as Taigu fault have 1-2 mm/a of right-lateral
slip and 1-3 mm/a of normal-fault contraction. There is 2.1 mm/a of shortening motion in southwest of
Ordos Block as well as the velocity gradually changes near Lupanshan fault system. It reveals that the fault
system is locked in deeper. Weihe fault system show left-lateral slip of 1.0 mm/a and weak extension
deformation.

The present crustal vertical velocity field image relative to ITRF2008 is obtained by the precise leveling
data from 1970 to 2014 and the vertical velocity of the continuous GPS stations within this region were as
a priori constraints. The image reveal that the Ordos block shows overall uplift rates of 3mm/a and
Liupanshan-longxi block shows uplift rates of 4-5mm/a. Weihe basin shows subsidence rates of 3-5mm/a
relatively Ordos block, while subsidence rates of 2-4mm/a relatively the North Qinling Mountains.
Relatively Ordos block and Zhongtiaoshan , the Linfen - Yuncheng Basin demonstrate a subsidence rates
of 4-5mm/a. Using the block model and dislocation model, the slip rates and locking depths of the major
faults in the Fenwei rift zone were obtained. Our research results provide an important basis for the study
on the interaction mechanism between the Qinhai-Tibet block and north China block and long-term risk
prediction of regional large earthquakes.

In our study, we suggest a flow model by combing the results of FEA, analysis of Crustal movement profiles
with lithospheric mantle deformation from the SKS fast-wave direction. The soft materials beneath the
upper crust of Tibet plateau flow towards NE direction, because of the obstruction from the deep root of
the Ordos block, the west part flow to Yinchuan along the edge channel, and the south part flow towards
the North China across channel under the Fenwei graben.

Keywords: Fenwei gruban, Crustal movement, Block model
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Determination of conjugate fault orientation in a complex oceanic intraplate earthquake is remaining
challenging. Lack of observation network around the fault source region and extremely rare event give the
estimation of fault structures become debatable. On April 2012, Mw 8.6 earthquake struck off the west
coast of northern Sumatra about 300 km west of the Sunda trench. The 2012 Indian Ocean Earthquake,
which is the largest intraplate earthquake in the history of instrumentally recorded events, has been
reported to have a complex conjugate fault ruptured within multiple fault segments. The complex
conjugate fault has been found to be NNE trending left-lateral fracture zones as the main features (Wei et
al. 2013, Satriano et al. 2012) while other found to be WNW trending right-lateral faults structure had
greater slip (Yue et al. 2012, Hill et al. 2015). Here, we propose a joint evaluation based on Global
Navigation Satellite System (GNSS), ocean bottom pressure sensors, and tsunami waveform recorded at
tide gauges by assuming heterogeneous earth structure to resolve the fault orientation. In this study, we
develop three-dimensional heterogeneous earth models including subducting slab, 3-D earth velocity
structure, topography and bathymetry as well as spherical earth using 3-D Finite Element Method (FEM)
to evaluate previous coseismic model. In order to obtain the actual slip distribution within our model, we
adjust slip distribution using slip scaling. We conduct iterative model-observation best fit calculation of
reduced chi-squared until reach minimum misfit. Furthermore, we propose chi-squared misfit based on
slip scaling as another consideration to evaluate the coseismic model.

Keywords: Coseismic, FEM, GNSS, Tsunami
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A M6.6 earthquake occurs at Meinong, Taiwan at 03:57:27 on February 6, 2016 local time (UTC+8). This
earthquake caused severe damage and 117 deaths around several towns of Tainan City. We estimate
coseismic displacements from continuous GPS and InSAR images. We process GPS daily solutions and
calculate coseismic displacements from the differences between average positions for seven days before
the earthquake and average positions for four days after the earthquake. The maximum horizontal
displacement is about 5 cm and maximum vertical displacement is about 9 cm from GPS. We conduct
dislocation models to estimate fault slip and fault geometry and the results show that the main slip area is
at depths of 10-20 km and the orientation of the fault plane is E-W dipping to the north. In addition, we
process ALOS2 images and the results show a region of deformation 10 km west of the hypocenter. The
deformation region shown in InSAR results indicates deformation in mudstone at shallow depths, which is
different from the dislocation model. This shallow deformation pattern is consistent with preseismic
deformation pattern constrained from PS-InSAR and leveling. The shallow deformation might be
controlled by local stress condition in the mudstone area.

Keywords: Coseismic deformation, INSAR, GPS
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The M =6.6 Meinong earthquake on February 6, 2016, which caused 117 deaths and severe damage in
southern Taiwan, is the most destructive seismic event in the recent decade. The epicenter is in Meinong
but major coseismic deformation occurred in Guanmiao and Longgqi, about 10 km to the west of the
epicenter. In addition to the seismogenic fault at “15 depth, there may be a triggered fault at shallower
depth based on an inversion of INSAR and GPS observations. Therefore, it is important to examine if the
postseismic deformation continues being triggered by two faults like the coseismic deformation and if the
location of postseismic deformation is around the coseismic slip area.

We use InSAR and GPS to identify the distributions of postseismic deformation of the Meinong
earthquake, and then infer the location and magnitude of the afterslip, which will be helpful for us to
better understand the characteristics of surface deformation and the active tectonics of the area.

Keywords: Meinong earthquake, postseismic deformation, InSAR, GPS
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Previous studies based on GPS observations have found that the Fengshan fault may be a major active
structure with surface creep in southwestern Taiwan. However there was no historic earthquake along this
fault and no solid geologic evidence to confirm whether the fault exists. Therefore, the geometry and
activity of the Fengshan fault remain unclear. Whether the fault acts like stick-slip or creeping will make
great impacts on the national constructions and public properties. Thus, it is necessary to evaluate the
potential activities of the Fengshan fault.

We use 56 continuous GPS stations and 167 campaign mode GPS stations in the study area for the
horizontal displacements and also 483 leveling points for vertical displacements. In addition, we use
ascending data of the ALOS image with PS-InSAR techniques to analysis the Fengshan fault. We remove
vertical signals from the line-of-sight (LOS) velocities based on leveling data. The fault parallel component
has about 14.3 mm/yr differences across the fault at the northern, 12.6 mm/yr differences across the fault
at the middle segment and 17.4 mm/yr differences across the fault at the southern segment, and the fault
normal component has 3.5 mm/yr, 2.6 mm/yr and 3.6 mm/yr differences extension components across
the each segments.

The Fengshan fault is a left-lateral strike-slip fault in about 15 mm/yr and lengthening of about 3 mm/yr.
This fault is creeping in the middle and southern segments. The northern segment of the fault is probably
locked in about 1.5 km width. The locations of mud volcanos in the Niaosong, Kaoshung and the Wandan,
Pingtung, are consistent with the fault trace of the Fengshan fault well and are proposed as the geological
evidence of this fault.

Keywords: GPS, PSInSAR, Fengshan fault, Velocity profile, Creeping fault, Locked fault
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Crustal deformation of earthquakes that occurred in Italy on 2016
detected by ALOS-2/PALSAR-2
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Recently, the cluster analysis technique has been applied to GNSS velocity data by Simpson et al. (2012)
to reveal tectonic boundaries around the western USA. Assuming a number of clusters, the technique
classifies GNSS velocities into some clusters, which shows similar characteristics. The optimal number of
clusters can be determined by a statistical test (e.g. the gap statistic by Tibshirani et al., 2001). The
advantage of this technique is to extract block-like behavior and to identify tectonic boundaries without
considering geological and/or geographical informations. Loveless and Meade (2010) constructed a
model composed of 20 blocks in Japan (JB1 model). This model in Tohoku area has two block boundaries,
one along the Ou backbone range and the other along the eastern margin of the Japan Sea. The purpose
of this research is to apply this clustering technique to the GNSS velocity field of the Tohoku Area, and
compare with the JB1 model and the known fault system. GNSS data obtained from 298 continuous GNSS
stations operated by the Geospatial Information Authority of Japan and Tohoku University are analyzed
using the precise point positioning strategy of the GIPSY/OASIS-Il software. We obtain the site velocities
by fitting a linear function into coordinate time series from 1 January 2010 to 8 March 2011. We
performed the cluster analysis for the horizontal components of the GNSS velocity field with the k-means
clustering method. First, assuming the number of clusters we label every site with a cluster randomly.
Then, we calculate the centroids of each cluster, and relabel each site with the closest centroid. This
procedure is repeated until no more relabeling occurs. This method, however, has a disadvantage, namely
the result sometimes depends on the initial random labeling. To avoid this problem, we carry out a
thousand of clustering, and calculate the sum of L2 norm of every site pair in each cluster. Then the case
of minimum sum is adopted as the optimal clustering. There is ambiguity in assuming the number of
clusters. We decide the optimal cluster number by the gap statistic, which compares an ensemble mean
of the logarithm of the sum of the L2 norm calculated from a random data, and the logarithm of the L2
norm calculated from the observed data. The gap statistic usually increases with the number of clusters
and become stable around the optimal cluster number. The optimal number is 2 for our data set. The
result demonstrates a cluster boundary, which runs along the Ou backbone range, and roughly coincides
with the boundary of the JB1 model. There are two regions where our clustering result mismatches the
boundary in the JBT model. The reasons may be the ambiguity in the clustering method and/or the
possible failure in estimating the site velocities.
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Spatiotemporal interplate locking and aseismic slip distributions
estimated by tectonic crustal deformation prior to the 2011
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Reexamination of the fault model for transient slow slip event in the
Japan Trench before the 2011 Tohoku-Oki earthquake
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Slow slip events are one of the important phenomena in the plate interface. Ito et al. (2013) investigated
two transient slow slip events that occurred before the 2011 Tohoku-Oki earthquake deduced from the
dense ocean bottom pressure (OBP) gauge data. They adopted differential pressure record between
neighboring two OBPs for the effective removal of the remaining non-tidal oceanic mass variation. Their
approach, however, can only know the relative displacement between two adjacent stations. Thus, it is
difficult to understand the absolute displacement in each OBP station. Based on these background, we
reexamined the SSE fault model using reprocessed OBP data set.

We used 8 OBP stations (TJT1, GJT3, P09, P08, P06, P02, P03, and PO7) which is the almost same data
set with Ito et al. (2013). The ocean tide and by non-tidal oceanic mass variation are removed by the
model. We fitted the drift model (combination of an initial exponential and a linear component) to each of
the observed time series to estimate the drift function of individual sensors. Even though the such
procedure, the residual component still appeared. Thus, we calculated the differential time series of the
OBPs in the eastern part (TJT1, GJT3, PO9, and P08) relative to the averaged time series in the distant
OBP stations (P06, P02, P03, and P0O7). Furthermore, we calculated the displacement field in each OBP
station of eastern part according to the same definition of the time window with Ito et al. (2013).

We obtained the characteristic result between 19 Feb. to 8 March, 2011. TJT1 site, which located in the
most eastern site, showed clear uplift. In contrast, GJT3 site, which is the neighboring site of the TJT1,
shows small subsidence. Based on these data, we reexamined the SSE fault model. Obtained result shows
the possibility of two fault locations. First model located in the very shallow part of the plate interface, the
second model located in the slightly deeper part compared with the first one.

F—U—K: 20—V vy ARy M FHiLhAKEEGE, BEKEE
Keywords: Slow Slip Event, Tohoku-Oki earthquake, Ocean Bottom Pressure Data
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coupling based on MCMC method.
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Detecting aseismic slip within several hours to days is important for understanding a postseismic process
in a plate interface. Conventional kinematic GNSS analysis, however, has disadvantage in such slow
deformation, because it shows the large noise in the low frequency. Cervelli et al. (2002) developed the
new method for such transient crustal deformation. They investigated the aseismic slip history of the fault
in Kilauea volcano, directly from the GNSS carrier phase data. In contrast, there are small number of
previous researches for the coseismic slip estimation based on their method. Thus, we applied their
method (hereafter, PTS (Phase to Slip)) for the estimation of the coseismic slip history for the 2016
Kumamoto earthquake (Mjma 7.3) in this study.

The method of PTS used double-differenced carrier phase data as the observation. The observation
related to the fault slip directly via the Green’ s function. In the PTS, we adopted Kalman filtering
approach for the unknown parameters estimation. We adopted the Green’ s function solution to the
elastic half space problem (Okada, 1992).

We used every 30s carrier phase data in eight GNSS stations (GEONET) in and around the focal area of
the 2016 Kumamoto earthquake. For simplification of the inversion, we assumed the geometry of the
single rectangular fault model estimated by Kawamoto et al. (2016). Then we assumed the white noise
stochastic model with a process noise value 3x10?m s/? for the fault slip parameter.

As a result, we obtained the 3.6m coseismic offset within two minutes after the origin time. Obtained
result, however, shows a slightly smaller than the result of Kawamoto et al. (2016), which reached 4.2m.
Furthermore, our result clearly shows the long-period disturbance reaching approximately 1m. It should
be caused by the difficulty of the strict separation between each unknown parameters such as the
tropospheric delay and the fault slip. To avoid such problem, the adoption of the optimum process noise
value for each unknown parameters is one of the possibilities (e.g. Hirata and Ohta, 2016).

In the presentation, we will describe the more detail characteristics of the PTS not only about coseismic
behavior but also the time dependence of the postseismic one.
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