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Seismotectonic characteristics in the Yun-Chia-Nan area, Southwest
Taiwan: Insight from seismic ambient noise

*Chih-Yin Lin'
1. Department of Earth and Environmental Sciences, National Chung Cheng University, Minhsiung, Chiayi, Taiwan

The seismic ambient noise tomography (ANT) has been wildly used in regions lack of earthquake data to
image subsurface seismic velocity as well as its spatial-temporal variations using surface wave type of
Green's function extracted from cross correlation of seismic ambient noise. Due to vigorous collision of
the Eurasian Plate and the Philippine Sea Plate, the deformation front of Taiwan composes complex folds
and fault systems. The Yun-Chia-Nan area is suited in southwest segment of the deformation front, where
includes southern portion of the Western Foothills and the Coastal Plain. The detailed physical properties
for the above mentioned areas are not well known as a result of less seismicity. Thus, we had conducted a
2-year project to deploy a temporary broadband array with 14 stations. The project is not only to monitor
seismic activities in the Yun-Chia-Nan area, but also to derive an average 1-D shear-wave velocity
structure using seismic ambient noise.

By analyzing time domain empirical Green’ s function (TDEGF) from the cross correlation of seismic
ambient noise between station-pairs, we are able to obtain 1-D shear-wave velocity profile. Our results
indicate that between the period of 1-10 s, shear-wave velocity shows prominent low value in the upper
crust. We also compare time variant of shear-wave velocity profiles derived from a station pair
(HNME-RELI) located in the east of the Chukuo fault. Interestingly, we find that, after 10-years, shear-wave
velocity becomes greater as depth is beyond 2 km. This feature might imply crack closing due to intensive
orogenic process in Taiwan.
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Study on property of seismogenic activity for Chianan area
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Previous study has suggested Chianan area as the region with higher probability to generate large
earthquake in next 30 years. In this study, we collect the P and S arrival data (2008/1172015/12)
determined by the Central Weather Bureau (CWB) and two local seismic networks, which were operated
by National Center for Research on Earthquake Engineering (NCREE) and Integration of geodynamic
research in Chiayi area (ITCH) projected by National Chung Cheng University, respectively. Through
applying the 3D relocation analysis and stress inversion, we attempt to further understand the properties
of seismic activity and the implication of the tectonic structures in this area.

Our results show that: (i) The faulting mechanisms do not exactly correspond with the regional tectonic
stress and active faults in this area. The primary strike-slip faulting mechanism might be related to the
preexisting normal fault. (ii) The lowest friction coefficient was obtained in the southwest region to the
Meishan fault with a value of 0.3. This might respond to the complicated fracture system of the Meishan
fault. (iii) The seismic activities in Chianan area most range between 5 to 15 km depth, and the various
friction coefficients (0.370.5) indicate the complex fault structure and heterogeneity in this region. We
hope this integrated seismic data and study result can provide some helpful information for potential
seismic-hazard assessment in Chinan area.

Keywords: Chianan area, Seismic activity, Stress inversion
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Seismotectonics of the Taiwan Shoal Region in the Northeastern South
China Sea: Insights from the Crustal Structure
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1. South China Sea Institute of Oceanology, Chinese Academy of Sciences

An earthquake cluster, which included the great September 16, 1994, earthquake, occurred in the Taiwan
Shoal region on the outer rise of the Manila Trench. Several previous studies had given important
information to better our understanding of the September 16, 1994 earthquake. However, little is known
about the earthquake cluster. To understand the mechanisms that controlled and generated the
earthquake cluster, it is important to investigate the deep crustal structure of the Taiwan Shoal region. We
present a two-dimensional seismic tomographic image of the crustal structure along the OBS2012 profile,
which is based on ocean-bottom seismograph (OBS) data. The structure exhibits a high-velocity anomaly
in the upper crust beneath the Taiwan Shoal, which is flanked by low-velocity anomalies. We studied 765
earthquakes (Richter magnitude M, >1.5) that occurred from 1991 to 2015. An analysis of the earthquake
epicenters, regional faults, and crustal structure allowed us to better understand the nature of the active
tectonics in this region. The results of these analyses indicate that (1) the high-velocity area represents
major asperities where stress is concentrated and corresponds to the location of the earthquake cluster;
(2) the earthquake cluster was influenced by fault interactions. However, the September 1994 earthquake
was independent of these seismic activities and instead was associated with the reactivation of a
pre-existing fault, and (3) an accumulation of compressive stress may trigger future damaging earthquakes
in the Taiwan Shoal region, because the slab pull was resisted by the exposed pre-collision accretionary
prism and the resistive force caused the in-plane compressive-stress accumulation.
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Sedimentary structure of Bohai Bay Basin from teleseismic receiver
functions

*Yan Wu', Lupei Zhu?, Zhifeng Ding'
1. Institute of Geophysics, China Earthquake administraion, 2. Saint Louis University

We calculated P receiver functions from 895 teleseismic events which were recorded by 70 temporary
stations from Sep. 2006 to Sep. 2009. For the stations were located on thick sedimentary structures, it is
difficult to identify the P to S converted phases from the Moho discontinuity. The first few seconds after
the direct P arrival are mainly controlled by the sedimentary structure response which includes the Ps
phase generated by the bottom of the basin and its multiple reverberations in the basin. Based on these
characteristics, we used the Neighborhood Algorithm method to invert the data and try to find the best
basin velocity model that produces the best fit between the theoretical receiver functions and observed
receiver functions in the least-square sense. The results show that there is a series of depressions and
uplifts orienting in the NNE direction in BBB. The sedimentary depth in the Jizhong depression is about
376 km. There are several secondary depressions and uplifts alternating in the NNE or NE direction in the
Jizhong depression. The thickest sedimentary layer is located in the eastern Jizhong depression. The
above shows the characteristics of a half rift valley (rift valley)-half horst (horst) structure. The ratio of the
P velocity to S velocity in the uplifts is larger than the one of the depressions. It may be caused by the lack
of the Paleogene stratum in the uplifts. The proximity of geothermal fields and the high Vp/Vs-ratio
depressions shows a close relationship between the high temperatures of the stratum and the large ratios
of P velocity to S velocity; The average of S velocity of the sedimentary in the uplift is smaller than the one
in the depression, and the thicker sedimentary area always has a higher average S velocity. These
characteristics show a relationship of thick sedimentary and high average S velocity. It may be because
that the thicker sedimentary area has a thicker Paleogene stratum and the S velocity of the Paleogene
stratum is much higher than the ones of the Neogene and Quaternary stratums. The sedimentary structure
provides a base to determine crustal structure beneath the BBB.

Keywords: Neighborhood Algorithm method, Teleseismic receiver function, Seidimentary Structure
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Lithosphere structure of the Yamato Basin from receiver function
analysis
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Large earthquakes have occurred around the Japan Sea, including the 2007 Chuetsu-oki Earthquake. To
estimate the risk of potential earthquakes and tsunami, better understanding of the lithosphere structure
beneath the Japan Sea is an issue of importance. Revealing the lithosphere structure would also help
constrain the formation process of the Japan Sea, which has been considered due to back-arc opening. In
this study, we conducted receiver function analysis using broad-band ocean-bottom seismometers
(BBOBS) installed at the Yamato Basin from 2013 to 2016. The final goal of this study is to detect a
lithosphere-asthenosphere boundary (LAB), which provides fundamental information of the oceanic plate
i.e., thickness of the lithosphere. Teleseismic P waveforms recorded by horizontal sensors at offshore sites
are significantly affected by multiple reflections and conversions within the sediment layer beneath the
seafloor. These multiple phases have potential to overprint signals from the LAB. We, therefore, first
estimated shallow (< 20 km) crustal velocity structure from receiver function waveform inversion. Then we
searched for the depth and contrast of the LAB which can better explain observed waveforms than any
structure models without the LAB. As a result, we acquired good waveform fitting with only the shallow
crustal structure. We also found that the LAB located at 70 km depth can improve the waveform fitting.
Unfortunately, we could not identify LAB-related signals visually due to dominating sediment
reverberations. Statistical approach is left for future studies to confirm whether this improvement in the
waveform fitting truly represents the existence of the LAB or not.
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3D velocity model in the region of Nansei-Shoto
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Introduction

This is a part of the project “Comprehensive evaluation of faults information on offshore Japan” , by the
Ministry of Education, Culture, Sports, Science and Technology (MEXT). The project consists of three
themes, 1) Collecting seismic survey data and building a database of offshore faults, 2) Interpreting
distribution of active faults using seismic data collected, and conducting the seismic re-processing by
leading-edge seismic technology for the seismic data obtained in previous decades, 3) Building the fault
models for a simulation of strong motion and tsunami disaster, based on the interpreted faults.

Our purpose of this study is make a 3D velocity model in the Nansei-Shoto to provide with the support we
needs to interpret faults.

The Nansei-Shoto is one of the islands arcs along the West Pacific continental margins (Philippine Sea
Plate subducts Eurasian Plate) and has typical topographic features as an islands arc, where marginal
seas, volcanic fronts, islands arcs, sedimentary basins and trenches are regularly and zonally aligned
toward the Pacific Ocean.

Methods and data

3D velocity model was constructed by seismic data, well data (ex. T-D curve), and ocean bottom
seismometer(OBS) refraction survey data which were obtained by a various agencies and private
companies. Horizons such as acoustic basment and unconformity were interpreted using reflection
seismic sections. Conrad discontinuity and Mohorovicic discontinuity were interpreted on refraction
surveys and consulted previous study. Layer structure and velocity model were created on these horizons
by calculation using “Decision Space Geoscience” . The bin size of model creation is 1,000m
horizontally (in the case of crust, 500m is applied) and 100m vertically, respectively.

Result
We obtain a result that understands geological structure in Nansei-Shoto. So in this session, we will take a
discussion concerning structural characteristic based on the 3D velocity model.

F—T7— R :IRTEEHE. BEEAS. KIS, LHAHT
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Fault distribution around the Nansei-Shoto
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This is a part of the project “Comprehensive evaluation of faults information on offshore Japan” , by the
Ministry of Education, Culture, Sports, Science and Technology (MEXT). The project consists of three
themes, 1) Collecting seismic survey data and building a database of offshore faults, 2) Interpreting
distribution of offshore faults using seismic data collected, and conducting the seismic re-processing by
leading-edge seismic technology for the seismic data obtained in previous decades, 3) Building the fault
models for a simulation of strong motion and tsunami disaster, based on the interpreted faults. This report
is the outcome, fault distribution around the Nansei-Shoto (Ryukyu Islands), in 4" year since the start of
the project.

Interpretation of fault distribution must be based on features of geography and geological structure from
seismic reflection data. Bathymetric data are one of the important clue to understand offshore fault
distribution. The effective use of high resolution bathymetric data makes progress in the comprehensive
study of the relationship among seafloor topography, subsurface structure and seismicity. In the project,
we have created detailed bathymetric maps around the Nansei-Shoto (e.g. red relief image map) by the
integration of topographic data including high quality bathymetric data with multi-narrow beam echo
sounder, and achieved the interpretation of offshore faults with the bathymetric map, seismic profiles by
front-line seismic processing and earthquake mechanism information from the Japan Meteorological
Agency. As a result, 441 offshore faults were found out around the Nansei-Shoto through the project.
The Ryukyu Islands is a chain of islands that extends about 1,200 km from Kyushu to Taiwan. The Ryukyu
Islands system is located at a convergent plate margin where the Philippine Sea Plate is subducting
beneath the Eurasia Plate along the Ryukyu Trench. In the southwestern Ryukyu arc, the subduction is
oblique to the trench, while in the northeastern Ryukyu arc, it is perpendicular to the trench. The Oblique
subduction causes extensional stress in the back-arc and compressive or extensional stresses in the
fore-arc depending on the sense of arc curvature and the relative motion of the plates.

The study area can be divided into three regions, based on differences in the basic stress pattern and
developing fault type: back-arc, fore-arc, and island arc. In the back-arc basin called as the Okinawa
Trough, there are numerous normal faults with echelon structures, east-northeast to northeast trending,
resulted in the initial rifting and subsequent spreading process. In the southeastern area of the Kyushu
Island, where is a rift zone in the northeastern extension of the Okinawa Trough and is under E-W
compression with strike-slip faulting type, normal faults and lateral strike- slip faults develop concurrently.
For the fore-arc region, on the trench side, reverse faults, that are considered to be spray faults derived
from the plate boundary, exist within accretionary prism or fore-arc basins, meanwhile on the island arc
side, normal faults are formed on the terrace slope in parallel to the island arc. In the island arc region,
normal faults, which cut perpendicular to the axis of the arc like transvers fault, develop such as the
Tokara Gap, the Kerama Gap and the Miyako Saddle, and these structural gaps play structural transmit
zone between the trench and the trough.
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Here we will introduce the fault distribution with several seismic profiles around the Nansei-Shoto.
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Keywords: offshore fault, seismic reflection survey, Ryukyu Arc, Ryukyu Trench, Okinawa Trough
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Downward continuation of multichannel seismic data for full waveform
inversion -Synthetic modeling-
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In order to constrain the physical properties of fine scale crustal structure, it is necessary to integrate
borehole-scale physical property data and regional-scale seismic data. Recently high-resolution reflection
images and detailed seismic velocity structures have become available by using a combination of a
synthetic ocean bottom experiment (SOBE) method [Harding et al., 2007] with pre-stack depth migration
and/or full waveform inversion, in addition to the conventional data processing of multichannel reflection
data [e.g., Arnulf et al., 2012; 2014; Harding et al., 2016]. The SOBE method is based on the downward
continuation [Berryhill 1979], which is a technique to extrapolate the observed wavefield to an arbitrary
surface by applying Kirchhoff’ s integral extrapolation, for the purpose of improving the imaging
condition. However, most previous studies using the SOBE method are limited to data from mid-ocean
ridges, where the seafloor depth is shallow, with few exceptions [Ghosal et al., 2014]. Here we present the
results of synthetic modeling tests to evaluate the effect of the downward continuation to multichannel
seismic data obtained in other tectonic region (e.g., subduction zone). At first, we redatumed both shot
and receiver gathers from synthetic streamer data (up to 12 km offsets) to a depth close to the seafloor,
and confirmed that the refraction phases from shallow part of the crust become first arrivals at near
offsets. As a next step, we plan to a travel time tomography using the first arrivals, and compare the spatial
resolution with that of original data. In this presentation, we will discuss the effect of the downward
continuation and application methods to real seismic data and geometries.
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3-D seismic velocity structure and distribution of reflection intensity
near the main slip area of the Boso Slow Slip Event

A AtE. ek FUB. TEE MS 28 S (LM MERS. T BR. B0, B\ HR
. BB B, mEN

*Akihiro Kono1, Toshinori Sato1, Masanao Shinohara?, Kimihiro Mochizuki?, Tomoaki Yamada?,
Kenji Uehira®, Takashi Shimbo?, Yuya Machida®, Ryota Hino®, Ryosuke Azuma®

1. FERZAZREZMER, 2. RRAZMEMFRA. 3. MARERMHRA. 4. BFMETREREEE. 5 RIELAXEXRER
B RRE

1. Graduate School of Science, Chiba University, 2. Earthquake Research Institute of Tokyo University, 3. NIED, 4.
JAMSTEC, 5. 5Graduate School of Science, Tohoku University

BHEERICIE, KFEETL—N (PAC) . 74YEVEBTL—K (PHS) . AMEIN (HIA) »#LAD
ZERAAMNIBLTWS, PACIZAXREE THIAEPHSO TALARAHA, PHSIZAERE N5 7 THIAD FALHA
AATWS, ZO2DODBETL—MDLAAAHICE > T, BRHRAO—R Y vy TARY N (BHHSSE) A&
DA BRMEZHNARY AHDRELTEY, TNoA2EETI/-OICERBIOMTEEEZMBPZEIZIEETH
%,

BAME, AITHEZAWEZEENBEICEBRINTVWEEDD, KARE LTEHLHNICKR > TWARVEEED
ZUVOHNRRKRTHZ, CORRERET 5720, 2009F7ANS8AICHNIT T, BMEEHICIDDRIIRE A
278 DBEMEST (OBS) A%EI N, T7H VARV EEERENEREI N,

2016510 O BAMEZSIKFZKX(S06-P09; S EFfth) TIX3DDRMR T D 2R T ER EEEIE LS., PHSE
HEE ORI EEEDMICDOVWTRERL. BHRIPSSEREMBIBADICE VW TPHSEAEAN SEVWRILENR S50
ZEHINESHNCR Tz, SEIEEIC, AFEAICRBIN/ZOBSOIT7HYT—F AV, BfHRO—2R
)y TREBEEDOIRTHEREEEBEE 71V EVET L — M EEAORSEREDEHMOH A RD B,

SRTHEREERESIZ. BSNAEAITHVRERET —IHSHIENETIILERE (Sato and Kenett,
2000) & EBITE¥EI N ES S 74— (FAST) (Zelt and Barton, 1998) #RWTKR&S 7=, RIC. L — ME
REAILSDORIEEEBONZ 74 XDER/EEY 7 L. ZOERT—4F ICTraveltime mappingFi% (Fujie
etal. (2006)) %#HEA L CREEDDHEDHEEH &5, HAIRAICRBEIN/OBST—4m 5, PHSEEHM S
DRFFEBRDODNZ 74 XN ESNZELITHY., RERFEEEDHFOHEICHEIT TRITHTH S,

BEE KR OZETICHAY., 2009 F£7 BH 68 BICHT TERB I N EFLBEFREICARLEFERI
TIEZF L7z, MRUTEHEDAAICERFWZLEY, FALZORFOBS DO Z1To7 (&%) FHEXESE
(I8 (%) FHRYIR—IURE) OFFAALOMRUTEEEDOAZICELLISEILB L LETFET, £, K
WIIEHREAICL D THERVCKUBAFTMO-ODEREE] OXIE. BLURME (25287109) O
BiEZITE L,

F—U— R IRTHMEREEEE. BEMEF. 7VEVEBIL—N BRHRO-2Y Yy TIRY
k. Traveltime mapping
Keywords: 3D seismic refraction survey, Ocean Bottom Seismometer (OBS), Philippine Sea plate, Boso
slow slip event, Traveltime mapping
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Three dimensional seismic velocity structure in the Hyuganada region,
western part of Nankai Trough, Southwestern Japan, revealed by an
integration analysis of inland and ocean-bottom seismic observation
data

W AR, SEAGE. WT A% AAR B, B g’ e/ % A1 R\ Mt
Kentaro Kondo', *Hiroshi Shimizu', Yusuke Yamashita?, Hiroshi Yakiwara®, Kodo Umakoshi?,
Takeshi Matsushima', Shuichirou Hirano®, Kazunari Uchida’

1. M RERERIEAAREMBERE NIRRT 5 —. 2. REBRFEHFKFRM. 3. BESEXRFERFRETEMIER
MBSt ENLERA. 4. RBRZRERNFE

1. Institute of Seismology and Volcanology, Kyushu University, 2. Disaster Prevention Research Institute, Kyoto
University, 3. Nansei-Touko Observatory for Earthquakes and Volcanoes, Kagoshima University, 4. Faculty of
Environmental Science, Nagasaki University

TU—MERMBORERT Vo vILPREERBREEZEBBR T SLDICIE. TL— NEOEEDORHEEZHS
NI BUENH D, EF. BEHETII/MEYRLHE BLHE) »2O0-2Y vy TAXRY NORERED
57— MEROEBEDOARHENBELSMIINTWS, AARTR, BERBEFUT S E2HAVENESS
T4 —BICEY ., BEERAT YDA TRTDICES ZENTERVABED IRTEEEEDHEET
W, BEOFHEEZIY MO—ILT2H8E - PHICODVWTHIRZTB2 & ZBET,

FRALAET—YIEELEBRMESNT —YOHEREBICE > TERBREEAT >LARY MAES LU
FUNKRZHREMUBRH R ¥ —CEBRRAEINIZARY N229@E2EHE/2Et675@TH S, 3RTA ~
N— 3 VEHIZIEZhang and Thurber (2003)IC & % double difference tomography %R\, 2D 70O
72 LATRHWEEEICIL,. Joint hypocenter determinationi® (Crosson,1976) IC& > TSN 1.8kt
REBEEAFEALE, £, VPBECHEBICBONHRASFBEEEZNATZ LT, BEOIEXRFICH
LHBRBICLDHEATEBLIIBRELL, B8O NERIECheckerboard Resolution test (CRT; Grand,
1987) %175 Z & THORREE % M L 7=,

MAACBRREEDRZTEEEHIC, ZOLEEBOIY MYy DICHEITREERE - mRT7 Y Y HLOMBEEN A
A—=UEINt, £z, AMNRSABEOLFAAHCTIGT 2EEBISHERNICERETHE I ENREIN, T
L—MERMEDRTY VHlE, T8 (RST7H) TSRS EEHICNI KRB IERNPREONE, Thb
I&. Yamashitaetal.(2012)Ic& > THESINET L — NEBEBRE SEBEAIH D TREMEETETEIN, &5
REBBIIDNVETH S,

F—U— N hEREEEE BHRA#E TL—HMER
Keywords: seismic velocity structure, Hyuganada, interplate

©2017. Japan Geoscience Union. All Right Reserved. - SSS16-P10 -



SSS16-P11 JpGU-AGU Joint Meeting 2017

Seismic wave attenuation and local depth of seismogenic layer in the
crust beneath Kyushu, Japan
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Attenuation of seismic wave energy is caused by two factors: scattering and intrinsic absorption. The
former is the scattering of seismic wave energy due to random heterogeneities in seismic wave velocity
and the density of the medium, while the latter is the conversion from seismic wave energy to heat energy
by internal friction due to anelasticity of the medium. Quantifying scattering and intrinsic attenuation is
important to understanding the structure of the lithosphere in terms of seismotectonic features. In this
study, we separately estimate scattering and intrinsic attenuation by applying the multiple lapse time
window analysis (MLTWA) technique [Hoshiba et al., 1991].

In all the studied area, intrinsic attenuation dominates over scattering attenuation at low frequencies (1-2
Hz), whereas scattering attenuation predominates at higher frequencies (> 2 Hz). The results show strong
spatial variations in scattering and intrinsic attenuation that depend mainly on the tectonic setting. Areas
with strong scattering and intrinsic attenuation geographically correlate with the locations of the
volcanoes and active faults.

We compare the relationships between scattering attenuation and intrinsic attenuation quantitatively in
the typical tectonic settings, volcanoes and active faults. Areas with relatively strong scattering
attenuation correspond to the volcanoes, while area with relatively strong intrinsic attenuation
correspond to the active faults. We also compare the scattering attenuation and intrinsic attenuation with
local cut off depth of inland earthquakes, D90 defined as the depth, above which 90% of the earthquakes
occur [Matsumoto et al., 2016]. Areas with relatively strong scattering attenuation correspond to shallow
seismogenic layers. The areas geographically correlate with volcanoes.
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Tomographic imaging of the 2016 Kumamoto earthquake area
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0.2°f[Efg, 2AMKRDICH L CO4 ERETEREL, FSARIEHEMNS 1, 10, 25, 40, 60, 80, 100, 120, 140,
160, 180, 200 km (74 VEVEBRASZ TRICIIEE 4 % OFEEEEAS5Z, ZOLEHM S 5,15, 30 km) ICE
BLA FRALAMESRASRIFI0 AT, BRT—YIESEF—mtEBRAY OV RURIEKRZETHRARMO N
ERFT—Y%FERALE.

NESTS T4 —DERILIE, UINFREOFIENBIHO Y MUY Ty VIC BEABEEREREEEIERS
N N 714 VEVBRASTORKICE>TELEZY Y MLOteiE/E L7-$8E 5 R L TW3 (e.g., Abe
etal., 2013). £7=, Z O#HEIC I trench-parallel 5EIC Fast Velocity Direction (FVD) =+ D PEDHIEH
MEAERSIN. FIHEBOI Y MLy JICBVWTHBEZERBEEERENM A -V VTSN,
trench-normal A[EIC FVD 2D PROANMEBAMIEERIN. CTHIER S TDRKEERDOTY MLER
FRICEBEDERBDHLNS (e.g., Zhao et al., 2011; Wang and Zhao, 2013). BIFF — R #ES (25A S ¥l T,
RAMEORE ARSI LEMRICHI2SREEEHRBICMAET 5D, TOTOTFERMFE KR LT~ MLIC
IHMEEE & & Poisson LOREERNROLND. INSOFBERMS, 714 VEVEBRAZTOKE<TY ML
DIy IILHBERANLEMBRETLERL, FHII-BRAMEBETICSRALLI EICKY, 2016 FEDREAME
EFEFELI-EEZ BN B (Zhao and Liu, 2016).

B35 Bk

Abe, Y., T. Ohkura, K. Hirahara, T. Shibutani (2013) Along-arc variation in water distribution in the
uppermost mantle beneath Kyusyu, Japan, as derived from receiver function analyses. J. Geophys. Res.
118, 3540-3556.

Wang, J., D. Zhao (2013) P-wave tomography for 3-D radial and azimuthal anisotropy of Tohoku and
Kyushu subduction zones. Geophys. J. Int. 193, 1166-1181.

Zhao, D., A. Hasegawa, S. Horiuchi (1992) Tomographic imaging of P and S wave velocity structure
beneath northeastern Japan. J. Geophys. Res. 97, 19909-19928.

Zhao, D., W. Wei, Y. Nishizono, H. Inakura (2011) Low-frequency earthquakes and tomography in
western Japan: Insight into fluid and magmatic activity. J. Asian Earth Sci. 42, 1381-1393.
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Zhao, D., X. Liu (2016) Crack mystery of the damaging Kumamoto earthquakes. Science Bulletin 61,
868-870.

F—O—R: MNEJFT 14— 2016FERME
Keywords: tomography, the 2016 Kumamoto earthquake
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REMBICEITEERDMEFEEBE (2D 3)
Earthquake Distribution and Velocity structure in Nagaoka Region

B FAK', EHEE. TRMA . EAA B BE BB [ EARS. 58 #IT°
*Shutaro Sekine', Yoshihiro Sawada’, Keiji Kasahara', Shunji Sasaki', yoshihiro tazawa', Shintaro
Abe?, Masayuki Yoshimi?

1. hEFHHREMRIRES, 2. EXEXMHESHZm
1. Associatinon for the Development of Earthquake Prediction (ADEP), 2. National Institute of Advanced Science and
Technology (AIST)

FRERMMZIEIVOTAEDFTICMEL, HF, hEECPhEIHELZREL TCE LM TESLS. 2D
HIICIE, 2010FE1TB & WIEFNMBRAMBIRESHTHARE RN (AN-net) 2BELTHY, ZO5F—9%
AWTEEEESE A KRDA[FER - #(2016)]. KXAETIE, AN-netTERIINTE LT —IBLUVBED—T
{EAEBEREOMBEICIMA T, REEFOEFICERAINTVWIERFOBESRUBOT —952HAVE &I
&Y, REMBOFMLAEROGSLUEEBELROD I EICT 3.

15mOEHRTHEBRINTEY, B&DEAN-net OFAIICERRAINTWS. SBHSATIE, EERMES
VSE355-EINASRBEINTEY, 77734V TT—9PBMEBESINTWVWS. AHRICEWVWTIE, 2011FE11ALS
2013 M2 £ TCHOI0MEDHEICH L CHEFHARY 2T 0 ERET—9 & LTMATWS.

Double Difference tomography) (LAB%, tomo-DDik& $ %) 2R\, BTEEIIE, KEAMIC
I&, 37.5N, 138.75E%=/ & LT, N3SEAMICEER L 7=+100km&, ZZICERY +90kmDEE, TH
Y, KEABICIESkmBERD I ) v K%, /RS ABEIE, OkmH 535kmZE TIE2.5kmEfE, ZDOTF
&, 10kmMBRETI100kmE CEBE L. FtHEY T—4% & L TIZAN-net THRAESN7=2010FE1081HH S
2017F1A3TBICKRELEBEDS> B, EROBREATOLBRDOMES KUV1997FLUIE20165FE98 £ TIC
FRKELLMEDS S, M2O0UETEHEASINAZEIEOME, H15010@DMEEB WL, 4, BFEER
ICBITZEHARDORIN74RTH B, ERFOMBEUL, HEEERFE LT, PHK369,8524K, SiK328,375%, #HExf
SRR IEPIE1,364,61948, SiE1,151,624A2FHVWT W5,

AN-net DEERICHEBE L TWAERREMALZI EICKY, REEBOEROBIKEN LAY EHFOHIRD
HENLY LKDENZZ &M bh o7k, BEE, REMBTRELLZBEDAAET—ILTWEED, 5
®iE, SBEEZEKTFCT—952MADIEICLY, YVEEBTOFMAEEREEZRODDIENTEDZEEZDS

na.

SEE

AR TIE, [RFT, BRI, RAMEHEA, RbKE, RBREZOSB S TEHAI N
KERWTHBYEY. £, IBRFT—TEUEEROAIOTICE > TVLWAIRAMEABEWTSY EY. 5BLT
BN LET.

F—O—R: N NEVT T4, BEHEE
Keywords: tomography, velocity structure
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KBEEPREEMIEICA S RIS 5 —RUIbE %2R 2EHRBE
Gravity survey across the northern region of Senboku Graben along
southern area of central Osaka bay

AR IR
*Kunihiro Ryoki'

1. EEMERENREREREE VY —BER - EFREKRREEIERERE
1. Institute of Geoscience and Electric Resource Science, Department of Electric and Electronic Systems, Hyogo
Polytechnic Center

1. LI

AODEFRLAEHBEZ LOAHTTIEEICHSNTVWRWMRIEEMBICK 2EHENBRI I, HEEED
BEEEIET 2 ENEBEDFETH S, FEHRF NI TRRFRILHBICEWT LA ETDENEEZRS
ML TERLRBIZIE. BARR0TT). BAR(2015)4E), HICTEA(2016)TlE, SAMK TOENREICS VT
BRIEDY VI —RUBENMHEESI N, LEEETOR(ERE - 2, 2013)DILEE 2 OAELIHREI N
Teo SEIIHEAR(2016)DBFRDKIZkmMILRIZEEE L ZREAR CENRE LT o EREHRET 2,

2. xR ithis

SEOBHR(ET)IEKRFIRTHXZEERED S BAHEXKEFLEE OEFKEER X TOREHNSKkMTH
%5, 2055, EEAUESIARERED S AR)ITEE TOD2.2kmEIE#21L(1997)D k&1 &t EFE IR F204R
ICIFIE—®9 3,

3. EAE

ENAIE I IELaCoste & RombergtExEAETG-308% R L7z, AIERIGFRAE L TELHMIBEREAREER
BLIUAHGREER - fRLE L. EROAERREZENFHERICERALL, SR@EBRNATELTWVWS
AR ETZDOTMEAXE L CENNESRE Lz, EHHTORIEDN-H, MEHEISEI N TV
(A

4. AIERR

H2ICERAAMICERE Lfree airBE & L U EMiBouguerBEDIER A2 R Y, HEEHIX SO DBROFEIRD S
DR TH D, H2ICIEEM - th(2013)H 7R L 7= 268#0.40 kmfhHiEICAIE S 2 EM T ERE(1). 0.96 kmit
EICRIESERTB (2) & THICHE D JEEM. 1.68 km{hiE ISP P A BN FERFERERE(3) & TNITHD FiE
H. 3.60 km{TEIC PRI BL REAFEREMEYG) DTN EThDOMEBEEAHILE L TWE, INLSDEIFVWThE
SEOARRICEBTRERLTWS,

5. R

EAOMEISHECEZIMBABA2EBOEEZEDHLTRRIEZETEE, ZOMBIIMRTERRINS
SEMBAEBEL S ERAIICTNTWS, THIZEH - QR013)NHEEABIAIKRESATRIEL TEHELLHE
PIalb—2avoERNALEXZRINS,

HICREINBEROI B, AROIBRTT—FF—ENEEMEC R >TWVWBDIEET70mEL EdH 2 EFKEE
DMFHMRICER T 2EDEEZIONE, HICRONZ T4 —EED00HEH 5. MEBQ)IEFESL. B
MIIEREEDNREREIND, T/, EHEEEIXEHIOOMTENSESMIERLTWS, ChIZZEES
BHESHEOABIIARSA> TWBZ EICERTEEZLND,

DEDBEICEDVWTSHIVFIARZRETOLOICE., WEBESSUVLEENFBELETVHELNDH
3, By, EFKEIYEAIZAKRGIEIMICITIMT 2AHFOIVEF— N THY ., FRREKADIIBAY
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DAREHL WX THED, BROMH TS —RUBELTTHNENERIET 27HICIE. ZITORBELES
AEDTARTH S,

MEAXFEFRERFHERFARREFHEDOAADRER (L - BREHR) 20O & T 5MEREFHR
EOERICKENNEICRUBARERZM 7, L THERERLIT.

BE

S - (2013) : IBHFO=RITHFIR - IrEH EDOhAEEMEAD =D DAEER, LETMBICHSITS
BERANRRAEERTR22~24FEHRRBES, YHNFEAMRERR - RHRRZE L HIERFR(2017) : HEX
BRREBE Y —E R, http://sokuseikagis1.gsi.go.jp/index.aspx. BF %A, p. 66 - 163.

TEAR(2011) : MRAHAALE — PR TOBHHBBERT OO DOENAE, THRBFEENRARAEZR
=, vol.19,p.18-19.

TEAR(2015) : HEARESUES S UCHRERAEORREER L BTRTOFARE —HERI L TORE
ENAERF -, BAMBKKENFEL2015FAXEFHE, S-SS31-PO5.

TEA(2016) : LETHTE® 2T 2mA —HARRICA D RV 5 — XU TORBEENRAE, BARMKXER
FEE2016FREFiE, SSS26-PO1.

#11(1997), LETEIE RO RETEHMEIRIRE, TROFEFMEMRATHERESE, TERKMIERER,
105-113.

S - #(2013) : SEMBOEHXE 4 EMRICIBIE S 2O DHMMAE - WREDHRAE, LEMEBICHSIIZE
ROAESRTEN22~24FERRFES, HBRZEAMRBEHER - RBRFEMH KRN, p.5- 65.

F—7— R KIRFEE., LEMES. hTHEE HME BEER AHEES

Keywords: Osaka Plan, Uemachi fault zone, subsurface structure, reverse fault, digital geographic

information, public control point
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Fig. 1 Position of gravity measurement points. A - A": current ] ] ] ]
measurement points, B - B: measurement points by Fig. 2 Profile of gravity anomaly in dense survey East-West
Ryoki (2016). section. Red arrows indicate the points of the extremal

value in the simple Bouguer anomalies. Blue arrows
indicate the points of active fault (after Yoshioka, et
al., 2013).
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RT7R—IVAFERI 2 —F VREE TR IR IMET DO REHEE
Probing shallow region structure of Atotsugawa fault fracture zone
with cosmic-ray muon detector in borehole

L Bt R REE . AR

*Katsuya Yamazaki', Akimichi Taketa', Kentaro Omura?®

1. RERKRZMEMFEA. 2. B KR SR MR
1. Earthquake Research Institute, the University of Tokyo, 2. NIED

ABETIE, AP FR—IVAFERI 1 —FTVBRARBEZAV A TEEBEAEDOFEERAUKBEICOVT
B L. 2016 FICERE L LIRBERETOUE)IMESICH DR T R—ILTOAERR EHZ)IIMED/NS
XA —ZHEEICDVWTERET 2,

BIEDEMR. BEFR. KRATORCPEBEREDNSIA—SF, WEREROBRE., KERREZFATSHLTE
BERERT—9THB, LHL. EDFETINS ZFMICHBOICIZEEEN DEBMICELHARET
DMENDH o, I T, AMRATIHEFBRAICHRIEDSNTWEIFERI 1 —F VY EZRWLBEYMER
FEICES>T, —HhRPODFAUCL > THBZSTCHMTORERBS 2 LHBEICHAET 5FE2RE L.

FHERI 21— FV2AVCEENERFECEIMEEBNOEVWFERI 2 —F VOREEN SRBLEDFE
HBEEANET S, S2a—FVOREERXERT 2MWEOEELUAOHEICIZIFKREET. FHEMHORE W
BRERBHICBEWTEHEZOHEAZITICHELTRETH S, £/, FHREI 2 —FVOYWEEBAIIEEICE
. B TEHMICELIEHAZEBL, IBPNUREDKEZREEN EBRT H2ENAETHS, LH
L., FEBII—FAVIELEEISOARETDHD, TNETIHERNEELY EAICH B A% EDH EIZRHE
BLABEY LHIHANRETEIENTERI S,

CORBERRL. MTOBENEZEEANRET 2D, AR TIIERTS cmD AT R—ILRNICERBE R #E
BRNBUE S NIBRAREZRFE L. XEARENECDLDICRESNIAFRADFEEEZE L. XIEAHRA
DREARIREFNFERICIVIAAICREL. AUABEIESHFRICHMRET S, ZOBANKEZRT R—ILA
ICREL TRSAAICKEZRESEZ I THTRERBELZREL. WMEZ2OCRABEOBREREZ —th=md
5EEEE X — MUICE > TLRSEERICAEY %,

2016 F ICIFIREBRRETOME/NIMEZERT 2R 7 F—LABLTHTI00 mETOREBSAELZE
L., TORRBEDCREHFEDEHFEFBLLWVWARICEREREZIRE L, BIC, AEBERZAVT
BIEDER. ERAEDNRIA—S%HE LT,

F—O—R:FER Ia—FV. I2—FI5714— B, BEI. FTF-IL
Keywords: Cosmic-ray, Muon, Muography, Fault, Atotsugawa, Borehole
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RnERZMRATD R 7 R —IVEET & I NEFT TER S N B PLR D4R
Characteristics of the PL waves observed by the borehole strain and
stress meters of Tono Research Institute of Earthquake Science

SEE, AHE. EH RE

*Osamu Murakami’, Hiroshi Ishii’, Yasuhiro Asai’

1. EFHNREHARIERS RRBERPZHRAN
1. Tono Rearch Institute of Earthquake Science, Association for the Development of Earthquake Prediction

We deployed the network of the borehole strain and stress meters in the Tono region in Japan. We found
that we could observe the long-period ground motion between P and S waves arrivals in the strain and
stress records from some large earthquakes. The dominant periods of these long-period ground motions
range from about 10 seconds to 30 seconds. Because these periods are shorter than the typical periods
of the W phase (100 -1000 seconds order), these long-period ground motions are not W phases.

We also found these long-period ground motions between P and S waves arrivals in the F-net
seismograms. While we clearly found these waves in the radial components, it was difficult to find these
waves in the transverse components. Because of this observation, we consider that the long-period
ground motions between P and S wave arrivals are PL waves.

In order to clarify the causes of the differences of these PL waves, we estimated the dominant periods of
the PL waves observed by the strain and stress meters in our network for many large earthquakes in Japan.
We will present the results obtained from this analysis.

F—T7— R PRESKOBMOREAIMES), PLUR. E5H. WA R7HR—IL

Keywords: long-period ground motion between P and S arrivals, PL waves, strainmeters, stressmeters,
borehole
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ERFFILREE - FAUE 2z 8t) 2 ROWEMERE
Seismic reflection imaging of the Morimoto fault, Kanazawa, central
Japan

NEEETF. AlEh Kk EER . FE R
*Naoko Kato', Tatsuya Ishiyama’', Hiroshi Sato’, Shigeru Toda?

1. RERKREMEHREFN. 2. BERNEEKRZF
1. Earthquake Research Institute,University of Tokyo, 2. Aichi University of Education

XERl2ED BXREHERRAT IOV TV M T, BREAFMEBTOERORSFTHE - BESTH
BITD-DICHBANAAEE2013ENSERELTWVWS. TO—EE LT, 2016FEEICE&REFILRZEICE WL
TEMBCHIZAMBE MY 2WEZREL2ER L. ZAMEBIX, EREFHREOELX - ERREMBSD
FEEICHFRT 5 GEMBIRERS, 19914:Y) . ABFICOVLWTIE, ARROBWABRIEHMEZFRE LHE
BINTESTHEBOMTHRICOVWTODERL VRN, ZDHHMBOERNLRFREBASNCT Z70
IZ, BOMERSTEMERE, PPEAEEBVWEZRIE - BINEAMERESTo7/. JI TR, Thbo
F—Y B LB, SO HEREREICOVWTRET 5.

2016FE10-11BICRESEMERE T —9 2B Lz, BRIEIERTFIHE L SEREETICESH O kmD X
TH?. BRIEFEONA TOYA RE1EEZFEALE. ZIRABERIE1I0MT, 5885F v+ v XILOEERRH
TTF—495WMBLE. ZIRVATALIEFIFT 7541 3—% (GSR-1, GSX-3ch) #HWA. RELAMREE
10m (E0MEEERIR) / 50m (BEEHIR) TR 4 —TERKEENIE8-100Hz (B0MEEERE) / 8-40Hz (KA
HE) ThHhd. 79Ik Y Y T) U IRER2 msec & L, EBiERIF4sE Lz, BITEICL 2 EE#BLEA1E
37251, 1kmEBICEFRERE (20EE) %21To7%. BHKIERIFT, BRBRMEE TIXAEHSkmIZEIC
EoTEHAINA. Bo5NT—9ICEALT, REFMEFREICH L TEERFRESLERICK Y@
To7z. Ftz, EFRELBARREDT —YICHLTNES S 71 @BET o, REVEMERET —4I1C
DVWTIE, IS a—MREDRFAEICLY, SFMALREBEOHMEICEBHT-.

Bon-REMmEIL, FEER1.50 (FX2.0km) ETOERENPRVWRESENEHBT 21 A —IHESN
7=. BAMBIIRENOUMEBEE LTHEICA X—Y v Fani, ZOHBI, EHREDL VWRNEEOEE
ICH700mDEBERMZS5 A TW5. AREATEERBEEZRL, MEFTRAL TIE700mMEE ICRERT %
#5. ERORFEIIIFIFKET, MBOREFANDEREESADLRVED LTINS,

F—T— R REWE. REVEHERE. BNE

Keywords: Morimoto fault, seismic reflection profiling, active fault
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RIEMEREIC & 5 RZ2ZMIAREE TP REBOLE B TEE
Seismic Reflection Survey at West Aizu Basin Fault Zone, Northeast
Japan

AT EMF. FER. L0 M#'. WEEE. AR &E
*SawakoKinoshlta,ShlnobuIto1,Kazquamaguchﬂ,YouheiUchida1,TakeshiISI—HHARA1

1. R AR
1. Geological Survey of Japan, AIST

REEORERMIE, BILHH30km. REHNIIkmOMRWERE LI-EBEEHORERTHY . Rind LU
AIRIC IR ZZMBERINE. KERMFRIFELS DAL TV, KFEZMFEBIFE L. IZIFELARICEVS
R I#35kmA S540kmDFERIERDHIB T, BFEIA VM FHRREEIAV M FEBEEI AV MIOLN
TW5(ERIEMBT — 9 RN—2R), S2EMAICIE., HEBYTHitDEMRE - BRMHEENHLI 9%

L. PGSO EREICIZBERTFiE, S hEEHFRHOEKROMBI 2B L T Y., Bt EEOERIES
ERMPEEMER & SN TVWS(FEBIR2000. LFTM2006), 16 1 1 FEICERZMATRELAEMEIDHE (S
EIE) L. HERRLY., SEEMFRMEBISVTRELZEEZONTWS(E)I1987), KEAMAERK
BIBDEIF I A Y NEEIFEFEES A Y MRILFEIE. REICK2kmEZEREN TS Y. ZORDMEETIZE
BDONSWEITAY MIODN-ERLDBRENMEEINTWS, ZOEBOEIPIE. @AEISHNTL S
EEBIICLZ2BRAFRZELTE Y., HMBHZELISEMLZMBEENBEI N, FBREI AV M EIER
LTWARL, EBEN2000FICERELAFE LS XY MURERICH 1T 2 XBREVEMEREICK > T, #HFE
HIFE CRRINZMBMAE L Y RAICEAEEOEMESENA R ONY ., HhEHF THRRS NIEBIZRERAE
ERLTVWBAEEMA TR INAZEEER 2000), AR TIE, BIFEIA YV MEHFBEEI AV NORBOHEEIC
BVWT, SERMABMBINEDL I BFRICE>TVEDD, 2DDEIT AV RBEDELSICDRNZDH
HREAY 2728, SERFEAMEREEAERL -,

AEIE. BFEIAY M- FEBE I A NEOEEEETIADRRRALD SBIFRT. 2. 3) LTIV, HIERIE
ETHEINTLWI2RERMFERITEOERICER T 2 IFIFRADOERTRA LA, BRICIEAHRE/ N1 T
L — 4 BIREIVIS II(GEOSYM#) & FALN, R4 —TRAIKE20~160Hz, FEREIX7H. REEBITER
3~10E., REREREE2mE Lz, ZiREIE. BERBEHRI10HzDKFE Y 4 7 # >~ (Geospacett ®WGS-32CTA
B)EFERAL. SHEIDEHE L >, BRIRIE2MRERICO6 R A RFICEREL. 48R T DBH L TEEHE IR
L7, BAISEEIZ. ARIHAS3ETENEFN219H, 2608, 968 & Lz, BT —952EBRAA —TRET
HEEBLARORERZEZMALLEZ S, 2AREZEL T, SNHEORWREHABTLNTWSE Z &A%
Motz ART. 2I2BEWVWT, SIEEEO0.4 km/sERE L TNMOBIEERICCMPEA 1T o 7R, 0.3MW{TEIC
REEHIH SN, ZHIZEBEQLO00FE)DAETESNAZI0OOMDEDRNEICHIEL TWE EEZ SN
%3, ZORFEIGIRORATEZAERERZERALIA5N, BMICIHERLTELT, RALHIDEHEED
BETIZIIENTERINDG, SHRISICETAZED. LITHREC. ARLEETTOhWZR—) VY74 &
DB %EITIFETH 5,

F—U— K REDEHMERE. RERAMARNET

Keywords: seismic reflection survey, West Aizu Basin Fault Zone
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7T AmimE iR IC B 1 M TEBEDOMERTSEAA—D VT
Seismic interferometry imaging of subsurface structure in the
southernmost area of Southern Japanese Alps

RAN KE'. ED B8, kA4 53— MR E°, BEB TR EE
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, Yoshinori Kouchi’
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1. Depertment of Earth and Planetary Sciences, Nagoya University, 2. Earthquake and Volcano Research Center,
Graduate School of Environmental Studies, Nagoya University, 3. Teikyo Heisei University, 4. Shizuoka University, 5.
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REMETIE 71 VEVEBETL— M EXEMTICHBEABICEAAATE Y, REIXFIIMOERE &I
HABBDOBRIB TH D, OMBOMTHEEEZIERT 27200, 77T AmEmSHHhi%ICE W CTRERES
TLAIC& 24y AEOMESRANTONZ, FHRTIE. ZOEARFRICHERTSEM A -V VI 5 EH
L7, HERFHEICEINE BRRICB I 2MEAFOEBBREHEINSRFIGEEMBTEHIENTES
(Claerbout, 1968), 71 VEVETL — N & HREREEE A A —TV T 57HIC. KEFERT T TRE L EH
FERMEAERE LTHW:, BDHER. W DO DOBEBEAEHRMED L WRFAEISKEEMEICA X —
INic, INSIESHEEE MEY S 7 1 (Kawasaki, 2015)IC& > THELNASKEEEEDI Y F S A MI &<
WinL7lzo £ FI20 kmiZdHh 5 REHEIF. BEFEM R (Matsu'ura et al., 1991, Hirose et al., 2008, and
Kawasaki, 2015)07 1 YEVET L — M EEERICEW—%ER L7, FEI10kmICH D RE@EICDOWT
&, MEDEZ 3, HBRAOHINEHEBEYOMMEI=y NOBERTHZ EMRLTWS,

F—T7— N HEHTLAGRA MERTSEANA—Y VT, REREMET
Keywords: seismic array observation, Seismic interferometry imaging, reflection depth profile
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Estimation of subserface temperature by geophysical data using
Artificial Neural Network

BT AR BA B, KA RS, RER 8%
*Kotaro Sugano', Toru Mogi?, Toshihiro Uchida®, Tatsuya Kajiwara®
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1. Hokkaido University Graduate School of science,School of Science, 2. Graduate School of Engineering, Hokkaido
University, 3. National Institute of Advanced Industrial Science and Technology, 4. Geothermal Engineering Co., Ltd

Accurate estimation of the underground temperature is essential for the resource evaluation of a
geothermal reservoir. However, the quantity of temperature data measured in boreholes is usually limited
and therefore the estimation of temperature distribution at depth is often difficult. General relationship
between resistivity and temperature has been studied in laboratory experiment by using drilling samples,
but it is not always applicable because there are many factors that affect the resistivity value.

We have tried to indirectly estimate the underground temperature by geological and geophysical data. By
using Artificial Neural Network (ANN) trained by geological and geophysical data, this study aims to
estimate underground temperature by resistivity data obtained from magnetotelluric (MT) sounding. MT
investigation can estimate resistivity of deep underground easily and reasonably. If we can estimate
temperature of deep underground from MT data, for example, we can find a promising geothermal
reservoir and decide the location for development of a geothermal power plant.

We chose the Kakkonda geothermal area, lwate Prefecture, Japan, as a test site of this study. It is because
the area is underlain by a high-enthalpy geothermal system, reaching 500°C at 3700m depth. In addition,
many drillings and geological surveys were carried out before so we can get many data to educate the
ANN.

We educated the ANN by each borehole position, depth and temperature data from well logs, resistivity
data from MT sounding, and micro-earthquake hypocenter distribution that disappeared below the
brittle-ductile boundary. After that, we tested various ANN structures to verify output temperature with
observed temperature in the well-WD-1 up to 2.5 km depth. Then we estimated temperature up to 3.7 km
depth of WD-1 to use the constructed ANN showed good result at testing.

As a result, we obtained good agreement up to about 3.1 km depth by several constructed ANNs.
However, fitness was not good at blow the sealing layer (appeared at around 3.1 km depth), because

resolution of resistivity structure of deeper part is too coarse to emerge changing temperature.
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Crustal seismic anisotropy of Tohoku region, Japan constrained by
ambient noises
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We present 3D crustal models of Vs and Vs azimuthal anisotropy of Tohoku region, Japan. We construct
the models by using short to intermediate periods Rayleigh waves derived from noise interferometry and a
wavelet-based multi-scale inversion technique.

We employ the Welch’ s method to derive the empirical Green’ s functions (EGF) of Rayleigh waves from
one year of continuous records of 123 short-period stations of the dense high-sensitivity seismograph
network (Hi-net), operated by National Research Institute for Earth Science and Disaster Prevention
(NIED). We compute EGFs for about 3500 station pairs with interstation distance less than 300 km. For
each qualified EGF, we measure Rayleigh wave dispersion in the period range from 3 to 16 seconds.

There are few interesting features in the resulting models: 1) The lateral variations of the crustal Vs and Vs
azimuthal anisotropy are closely related to three major factors, surface geology, Quaternary volcano
activity and the plate motion. 2) In the shallow crust (< = 10km), the prominent high velocity anomalies
are observed in the eastern part of the volcano belt, and they can be attributed to the old sedimentary
(Palaeozoic to Mesozoic) and plutonic rocks locating in the northeastern and the southeastern Tohoku,
respectively. In the middle crust, the volcano belt is clearly identified by low velocity anomalies. 3)
Patterns of the Vs azimuthal anisotropy demonstrate a strong depth-dependent variation. The anisotropy
in the shallow crust is characterised by the typical orogeny parallel anisotropy (OPA), with fast polarization
directions (FPD) parallel to the strikes of the mountain ranges, while the pattern of the lower crust
anisotropy correlates fairly with the absolute plate motion. None of the above correlations is observed in
the middle crust (7 9 - 20 km), where the distribution of FPD presents rather chaotic pattern and the
corresponding anisotropy is weak.

Keywords: Tohoku, Hi-net, ambient noise, surface wave tomography
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Azimuthal anisotropy of Rayleigh-wave phase velocity from ambient
noise tomography in south-central Mongolia
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Although far from any subduction zone, it is interesting that the Mongolian Plateau has high and young
(<30 Ma) topography culminating at “4000 m as well as extensive volcanic activity. The seismic
anisotropy could offer constraints on the past and present deformation in the crust and upper mantle.
This study for the first time presents the azimuthal anisotropy of Rayleigh-wave phase velocity at periods
ranging from 8s to 30s using ambient noise tomography in south-central Mongolia (SCM). Continuous
time-series of vertical component between August 2011 and July 2013, recorded by 69 broadband
stations temporarily deployed in SCM, have been cross-correlated to obtain estimated Rayleigh wave
Green’ s functions. Applying the frequency and time analysis technique based on the continuous wavelet
transformation, a total number of 1478 inter-station phase velocity dispersion curves have been
measured. Moreover, Rayleigh wave phase velocity and azimuthal anisotropy maps at periods from 8 s to
30 s have been reconstructed with a grid knots spacing of 50 km. The inversion results reflect the
structure from the shallow crust to upper mantle up to approximately 50 km depth. The S-wave velocity
structure as well as the azimuthal anisotropy has weekly lateral heterogeneity beneath SCM, with
perturbation about 2% to the phase velocity and +1% to the azimuthal anisotropy, respectively. At short
periods (<10s), the phase velocity variations are well correlated with the principal geological units in SCM,
with low-speed anomalies corresponding to the major sedimentary basins or Gobi area and high-speed
anomalies coinciding with the main mountain ranges. At long periods (e.g. 30 s), the phase velocity
distribution is mainly associated with the crustal thickness. The Middle Gobi area always characterized
with low-speed anomalies from 8 s to 30 s is possibly related to Cenozoic volcanism. Overall, the fast
direction as well as the phase velocity distribution in the northern domains of Mongo-Okhotsk Suture
(MOS) is very different from that in the southern domains, indicating the significant differences of
distribution of the phase velocity and the azimuthal anisotropy between two sides of MOS may related to
the closure of Paleo-Mongo-Okhotsk Ocean. In another words, this study may give geophysical evidence
for the location of the front edge of the closure of Paleo-Mongo-Okhotsk Ocean.This work was supported
by NSFC (41574054) and the international cooperation project of the Ministry of Science and Technology
of China (2011DFB20210).

Keywords: Rayleigh wave, phase velocity, azimuthal anisotropy, ambient noise tomography, south-central
Mongolia
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Regional-scale cross-correlation analysis of seismic ambient noise in
the Central Indonesia.
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The central Indonesia has a complex tectonic structure which is characterized by several subduction
zones (e.g., double subduction zones beneath Molucca Sea) and active faults (e.g., Palu Koro, Matano and
Hamilton faults). However, due to the limitation of studies, the information of seismic velocity changes
beneath the desired regions is needed for monitoring those structures. Currently, cross-correlation
functions (CCFs) retrieved from ambient seismic noise are assumed as the representation of the surface
wave green function that can show the response of the Earth. Based on this assumption, the asymmetrical
signal of the ambient noise cross-correlation results and its spectral amplitude are investigated in order to
figure out the propagation direction of surface waves and to understand the dominant frequency
components of the CCF. In the present study, we used the vertical component of continuous and
broadband (20 sps) seismograms recorded at five permanent stations in and around Sulawesi Island
(station codes: BKB, LUWI, SANI, TNTI, and TOLI2). The data period encompasses 1 January to 30 April
2015 (four months). The data were divided into 20 minutes segments with time shift in every 5 minutes to
enhance the signal to noise ratio (SNR). We applied taper, whitening, band-pass filter at the frequency
band of 0.01 Hz - 1 Hz and binalization in each data segment as the preprocessing steps, then selected
the feasible segments and calculated CCF between two contemporaneous segments from two stations.
We further stacked the CCFs for 1 day to obtain day-averaged CCFs and finally stacked the day-averaged
CCFs over 3 months to retrieve stabilized Rayleigh wave signals. Our preliminary results show that the
SNR measurements are enhanced for several pairs after calculating 3-month-averaged CCFs and
represent clear Rayleigh waves. The asymmetric shapes of the CCFs indicate that the Rayleigh waves
propagated towards Sulawesi Island from the surrounding areas. The maximum spectral amplitudes of the
CCFs also exist at frequency of 0.05 Hz - 0.2 Hz which suggest that the dominant energy of the
ambient-noise Rayleigh waves are generated by microseisms.

Keywords: Seismic ambient noise, Rayleigh waves, Central Indonesia
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Indonesia's capital city, Jakarta, is home to a very large (over 10 million), vulnerable population and is
proximate to known active faults, as well as to the subduction of Australian plate, which has a megathrust
at abut 300 km distance, as well as intraslab seismicity extending to directly beneath the city. It is also
located in a basin filled with a thick layer of unconsolidated and poorly consolidated sediment, which
increases the seismic hazard the city is facing. Therefore, the information on the seismic velocity structure
of the basin is crucial for increasing our knowledge of the seismic risk.

We undertook a passive deployment of broadband seismographs throughout the city over a 3-month
interval in 2013-2014, recording ambient seismic noise at over 90 sites for intervals of T month or more.
Here we consider autocorrelations of the vertical component of the continuously recorded seismic
wavefield across this dense network to image the shallow P wave velocity structure of Jakarta, Indonesia.

Unlike the surface wave Green's functions used in ambient noise tomography, the vertical-component
autocorrelograms are dominated by body wave energy that is potentially sensitive to sharp velocity
contrasts, which makes them useful in seismic imaging. Results show autocorrelograms at different
seismic stations with travel time variations that largely reflect changes in sediment thickness across the
basin. We also confirm the validity our interpretation of the observed autocorrelation waveforms by
conducting 2D finite difference full waveform numerical modeling for randomly distributed seismic
sources to retrieve the reflection response through autocorrelation.

Keywords: Seismic Noise, Autocorrelation, Interferometry

©2017. Japan Geoscience Union. All Right Reserved. - SSS16-P24 -



