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I ntegr ated Resear ch Project

Reexamination of the Seismogenic Processesin and Tectonic Evolution of
Taiwan Subduction-Collision Zone from Ocean-Bottom Seismometer Data
Title of Subproject:

Seismological Sructure of the Southwestern Ryukyu Subduction Zone and Its
Mantle Wedge
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ABSTRACT

Seismological structure of mantle wedge can be mainly deemed as the viscous variation
along the subduction zone, which may be affected by local heating, partia melting, and
dehydration mechanisms, etc. In this study, we aim at establishing an experiment for the mantle
wedge tomography study at the southwestern Ryukyu subduction zone, for gaining a better
comprehension about seismogenic process and melt migration at that area. In order to catch up on
in situ seismic signal from subducting slab or Moho, four 1ES Broad-Band OBS (BBOBS) will
be deployed around the same area. An effective way to estimate a more detailed structure of the
subducted dlab is the use of reflected or converted waves at the top or bottom of the subducted
dlab. This method can deal with a genera velocity model in which complex velocity
discontinuities and the velocity changes in three dimensions. As it used to exhibit a large
background noise within the OBS records, P-wave and S- wave arrivals may be co-used in our
calculation for a more robust resolution. Other distinct arrival phases will be adopted for
identifying the upper and lower boundary of subducting slab. The consequent analyses for signal
source identification will be aso carried out in this project by our own manpower or via the
international cooperation. Actually, the BBOBS array is planed to be recovered in August and
September. It’'s anticipated to have lots of seismic recordings after this experiment.

Key words: mantle wedge, Ryukyu subduction system, BBOBS, tomography.
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I. Project Description

The dynamics of flow within the mantle wedge is considered as the consequence of
interaction between subducting slab and overriding plate. Physical property corresponding to the
whole dynamic/kinematic framework can be mainly deemed as the viscous variation along the
subduction zone, which may be affected by local heating, partial melting, and dehydration
mechanisms, etc, and influence earthquake generation. In this study, we aim at establishing an
experiment for the mantle wedge tomography study at the southwestern Ryukyu subduction zone,
for gaining a better comprehension about seismogenic process and melt migration at that area. As
this corresponds with the dlab structure of the most frequent seismicity area in Taiwan's
convergence, our study will provide an important clue for dissecting kinematic interaction of
plates at East Taiwan.

Up-to-date the Ryukyu subduction zone has been subject of tomographic imaging efforts
(Lin et al., 2005), the mantle wedge associated with the subduction zone has never been
illuminated to the same details because no receivers are located directly above it. In order to catch
up on in situ seismic signal from subducting slab or Moho, four |ES Broad-Band OBS (BBOBS)
will be deployed around the same area (Fig.1). According to the relocated hypocenters of large
earthquakes at Taiwan (Chou, et al., 2005), the subducted slab is achieved 60~80 km in depth at
the western Okinawa Trough, and about 100 km for the location of the BBOBSL1 (Fig. 1).

An effective way to estimate a more detailed structure of the subducted dab is the use of
reflected or converted waves at the top or bottom of the subducted slab. Generally, P- and S, and
their converted phases occurred at the subducted plate boundaries can be easier identified within
OBS seismograms. Other seismic phases, for instant, ScSp, ScS, might be mingled with the high
background noise of OBS machine.

In this study, we take advantage of the tomography method constructed by Zhao et al (1992;
1994) to estimate the seismic velocity variation in tomographic inversions. This method can deal
with a general velocity model in which complex velocity discontinuities and the velocity changes
in three dimensions. As it used to exhibit a large background noise within the OBS records,
P-wave and S- wave arrivals may be co-used in our calculation for a more robust resolution.
Other distinct arrival phases will be adopted for identifying the upper and lower boundary of
subducting slab.

In the first year we have deployed 4 BBOBS array at the concerned area. It's planned to
receive data in August and September. In view of lots important earthquakes taken place in the
last one year, we anticipate to be able to gain many interesting records then. All the experience
gained in the first year will help to accommodate further deployment in the near future. It is sure
that the international cooperation with TAIGER project will enhance largely our study. In
addition to procuring the scientific purpose described as above by means of ocean-bottom
seismology, execution of this project also renders opportunities of examination of the current
OBS development policy.



I1. Methodologies— Tomography Inversion Model

In this study, we take advantage of the original method of Zhao et al., (1992; 1994) for
tomographic inversion. And because of the limit of frequency band with OBS machine, we only
pick up the local events which can be well recorded their waveform at OBS stations. The medium
under study is divided into layers by the discontinuities. Three- dimensiona grid nodes are
arranged in every layer. Velocities at grid nodes are taken to be unknown parameters. The
velocity at any point in the model is calculated by linearly interpretation the velocities at the eight
grid nodes surrounding that point. Local earthquakes are relocated in the inversion process. The
nonlinear tomographic problem is solved by iteratively conducting linear inversions until a
convergent solution is found.

The observed travel time T from the jth event at the ith station can be written as
obs
ij
b a oT
T(i)jS = Tcii )IJA‘?"J + ( 57 )ijAAj + ( —)u

+(5

Ahj + ATy + =

SV AV: + Ej (1)
where 'I‘ff" is calculated travel time; ;, Aj, hj, Ty are latitude, longitude, focal depth, and
origin time of the jth event; Vi is velocity at the kth grid node; A denotes perturbation of a
parameter; and E;; are higher order terms of perturbations and error in the observation. We write
the travel timeresidua as

t = T; &T1; « 2

Ray paths of seismic waves for the local and regional earthquake are entirely located in the
modeling space. We used the efficient 3-D ray tracing technique of Zhao et al. (1992) to trace
rays between hypocentegds and receivers and calculate theoretical travel timesT  and travel time
residuals i ij

The iteration inversion techniques have been used to solve directly the observed travel time
residual. This method has been used by several researchers and is confirmed to be a very efficient
algorithm to solve tomography problem.

[11. Result

Because al of the four BBOBS are still set in water, we have so far no seismic data for real
analysis. However, data process flow has been established (Fig. 2). We can product significant
analyses as soon as successfully charging OBS data.
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Figure 1. Spatial deployment of 4 BBOBS in eats Taiwan, September 2006.
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Minutes of Attending 2007 SSA Assembly

Convention Title: Seismological Society of America, 2007 General Assembly
Date: 2007. 04. 11~ 2007. 04. 15

Venue: Waikoloa, Big Island, Hawaii, US

Attendant: Emmy Tsui-Yu CHANG

Participant Topic:

Seismotectonic Characterization of Northernmost M anila Subduction: OBS observation
Offshore SW Taiwan

General ideas after 2007 SSA:

The 2007 SSA Assembly held at Hawaii, Big Island. Venue of conference was in the Waikoloa
Villaresort, aluxury and comfortable place for meeting and leisure. I’'m so pleased to be able
to attend this conference, to meet many excellent seismologists there. Point of this meeting is
to advance volcanic seismology. It's indeed, mass of mafic lava covers a great surface of Big
Island, which is no doubt related with avigorous volcanic activity. Use of OBS
(Ocean-Bottom-Seismometer) is more and more appreciated in this domain. Some of newly
publications about vol canic seismograms set their experimental fields around Hawaii hotspot
chain (for instance, the PLUME project, etc). My study is based on OBS experiment at
southwest Taiwan. Before the deployment pf OBS, it’s difficult to have alocal observation of
mediate-to-small earthquakes at offshore Taiwan. However, the active seismicity around
Taiwan is mainly generated in the suduction mechanism at trenches. My study denotes a
considerable seismic activity in the southwestern subduction zone. The seismicity forms a
easternward dipping plane. Thisis probably being an important structure for the south
convergent system of Taiwan.

During the conference time, I’ ve fully discussed my approaches with other seismol ogists, who
carry out their studies on another seismogenies. We exchanged ideas in varied experiencesin
seismology. Ultimately, it showed aglobal similarity for seismological study, even taking
experiments in different sites, we can achieve a great accordance for the generation of
subduction earthquake.

Important Programs

New Developments in Semi-automatic and Fully-automatic toolsin Seismic Data Analysis
Data Mining and Simulation for Earthquake Analysis, Forecasting and Prediction

Volcano Seismoacoustics. Synchronizing Sound and Vibration

Towards an Integrated Understanding of Earthquake Interactions

Very Near-field Earthquake Source Observations




[ABSTRACT]
The Manila trench is well-known as the convergent boundary where the South China

Sea plate subducting easternward beneath the Philippine archipelago. As the oblique
subduction/collision of plates taken place around the Taiwan area, the topographic feature of
the Manila trench lose its topographic identification when approaching northernward to
Taiwan. Systematic study for the seismic source parameters along the Manila trench is an
important clue to resolve the issue of the complicated plate interaction in the vicinity of
northern Manila trench. However, seismographic instrumentation is largely limited by inland
territory, and we therefore used to have a scarcity for the earthquake exploration in the
marine area. Recently, thanks to the successful development of Ocean Bottom Selsmometer
(abbr. OBS) and its facility in detecting earthquake, we can have a better resolution for the
marine seismicity. This study is constructed by two OBS arrays deployed at the northern
extreme of the Manila trench respectively in the years of 2005 and 2006. Loca seismic
signas have been well logged by the used short-period OBS machines. Hundreds
earthquakes including micro-events are successfully compiled from these seismograms, and
focal mechanisms can be determined by means of near-field waveform simulations for some
of the large earthquakes. The preliminary study with these seismic data shows a clear
subducting mechanism toward northeast beneath the Taiwan island, and the near-field focal
mechanical solutions reveal an apparent convergent force acting in this area in NW-SE
direction. A clustering algorithm is applied to the relocated earthquakes in order to obtain
tighter earthquake clouds and thus better-defined seismogenic zone. The seismic velocity

structure of the relevant region is refined with the OBS records in this study.



