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Fold-thrust belt-related deformation bands in porous sandstone:
A study on the late Pliocene to early Pleistocene Cholan sandstone
downstream of Chichi weir, central Taiwan
Nguyen Thi Lan Chi' ~ Wen-Jeng Owen Huang?

(1)Graduate Institute of Applied Geology, National Central University ~

(2)Department of Earth Sciences, National Central University

This study is concerned with the description, classification, analysis and
interpretation of Chushiang fault-related deformation bands (DBs) based on field
observation and microscopic observation. DBs are common structural elements that can
be found in the late Pliocene to early Pleistocene Cholan sandstones distributed
downstream of Chichi weir along the Zhuoshui River in the frontal part of the fold-
thrust belt in central Taiwan. One fold train appears in the hanging wall of the east-
dipping Chushiang left-lateral reverse fault and is composed of one tight asymmetric
anticline to the east and the other gentle symmetric syncline to the west with a
wavelength of hundreds of meters. The DBs occur in moderate sorted, fine to coarse
sandstone layers. Most of the DBs is bounded by the two axial surfaces of the anticline
and syncline and fall into three sets with orientations of 035°/45°SE, 135°/53°SW, and
000°/~80° W to 80°E, respectively. In addition, DBs that appear in the area between
fault trace and syncline axial trace are obvious under microscopic but ambiguous on the
outcrop and they evolve into becoming fractures. However, in the eastern limb of the
anticline, the DBs sub-parallel to the bedding plane or close to some minor fault with
orientation parallel to the fault trace. Based on my microscopic observation, these DBs
are disaggregation bands and represent the result of the compaction regime. In contrast,
DBs that appear in between the anticline axis and fault trace are cataclastic DBs. Such
evidences (include DBs occurrences and microstructures) indicate the origin of these
cataclastic DBs highly related to the Chushiang faulting. These preliminary
observations show these DBs commonly appear in this fault or fault-affected zone and
the factors controlling their development include lithology, proximity to the fault, and
position on folds induced by faulting. In short, the DBs can serve as paleo-stress

intensity indicator in this case.

Keywords: Chushiang fault, Cholan Formation, sandstone, deformation band
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New evidence of high-pressure metamorphism in mafic schist from
the Wanjung area, Yuli belt, eastern Taiwan
Enggar Wisnu Cahyaning Ratri! ~ Chin-Ho Tsai' ~ Yu-Wei Zhang' -
Yui Kouketsu? ~ Yoshiyuki lizuka?
(1)Department of Natural Resources and Environmental Studies, National Dong-Hwa University -
(2)Graduate School of Environmental Studies, Nagoya University, Japan ~

(3)Institute of Earth Sciences, Academia Sinica, Taiwan

The Yuli belt is considered as a high-pressure (HP) metamorphic terrane, owing to
the presence of glaucophane and omphacite in some rocks related to serpentinite. In the
Wanjung area, metagabbro, serpentinite, and mafic schist are associated with
metasedimentary schist. HP metamorphism in this area is only represented by
omphacitic rock within serpentinite (Yui and Lo, 1989). In this study, we report a new
finding of relict Na-amphibole in garnet-bearing mafic schist and amphibole-albite
schist. The studied outcrop contains mafic schist with intercalated layers of garnet-
bearing mafic schist (Type 1), amphibole-albite schist (Type 2), and barroisitic
schist (Type 3). The peak mineral assemblages of these rock types are garnet + quartz
+ epidote + rutile + glaucophane (Type 1), glaucophane + garnet + quartz +
epidote (Type 2), and barroisite + garnet + quartz + epidote (Type 3). Centimeter-sized
porphyroclastic garnet in Type 1 shows partially honeycomb texture in which thin
garnet surrounds quartz grains. Honeycomb garnet is rare and commonly reported from
HP/UHP rocks in some orogenic belts (Hawkins et al., 2007). Glaucophane only occurs
as rare inclusions within albite. Amphibole compositional zoning in Type 2 from core
to rim is glaucophane — barroisite — actinolite and in Type 3 is barroisite core to
actinolite rim, suggesting retrograde recrystallization. We applied quartz Raman
barometry (Enami et al., 2007; Kouketsu et al., 2014) and garnet-hornblende
geothermometer (Graham and Powell, 1984) on Type 3, and obtained P-T conditions of
1.4-1.5 GPa and 495-503 °C, which indicate subduction metamorphism. Our finding
suggests that HP metamorphism in the Wanjung area is not limited to omphacitic rock
only.

Keywords: glaucophane, honeycomb garnet, subduction, Yuli belt
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Rock physics parameters estimations of gas-hydrate and free gas
concentrations in Formosa Ridge, offshore SW Taiwan
Dipika Anggun Ardianti' ~ How-Wei Chen!

(DInstitute of Geophysics, National Central University

Rock physics parameters usually can be estimated through well log-based analysis
approaches with various proposed models and empirical equations. We propose a
strategy which treat seismic data as a pseudo-log then combine post- and pre-stack
modeling and inversion efforts for rock physics study. The approach helps to identify
gas hydrate, free gas and its host lithology with fluids existence in Formosa Ridge Off.,
Southwestern Taiwan. We developed four steps workflow. First, we refined velocity
model suggested from conventional NMO stack with semblance analysis. Second, the
synthetic CMP gathers are created by reflectivity and convolutional approach
respectively. If synthetic and real gather are fit in both offset domains, then confirms
the estimated parameters. Third, initial impedance model derived from convolutional
and reflectivity method are used separately in post- and pre-stack procedure. Once we
have the P- S-impedance model and source wavelets extraction from offset-dependent
dataset, then post- and pre-stack inversion were implemented sequentially to extract the
best resolvable models. Pre-stack inversion based on three assumptions (a) linearized
approximation for reflectivity, (b) angle-dependent Fatti’s equation and (c) linear
relationship among P-, S-impedance and density. The inferred basic parameters
including Vp, Vs and density are the key efforts for further rock physics estimations.
The parameters including porosity, bulk-shear modulus, resistivity, and water saturation
for understanding the lithology conditions can be obtained through empirical equations.
The results can assist us to evaluate the interrelationships among the derived parameters
through cross-plots and delineate the potential gas hydrate and free gas concentration
zones. The proposed approach enables us to obtain petro-physical properties with the
hope that additional feasibility evaluation and confirmation from borehole data will be

available in the future.

Keywords: seismic inversion, post-pre-stack, rock physics, gas-hydrate, free gas,

pseudo-logs
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3D coseismic displacement field derived from SAR-based fusion
method
Li-Chieh Lin! ~ Ray Y. Chuang! ~ Chih-Heng Lu?
(1)Department of Geography, National Taiwan University ~ (2)Research Center for Environmental

Changes, Academia Sinica, Taiwan

Coseismic deformation is one of the keys to unveil the motion and mechanism of
a seismogenic fault. A comprehensive 3D coseismic displacement field is also a helpful
tool to identify the off-fault deformation and multi-fault triggering. Not only the
distributed displacement pattern is well captured, but it also offers a good constrain on
the slip vectors. However, it is sometimes difficult to obtain comprehensive 3D
coseismic displacement field with high spatial resolution, coverage and accuracy.
Terrestrial geodesy offers high accuracy measurements but with very limited spatial
resolution. Optical satellite images can provide high spatial resolution and coverage,
yet it is hard to invert the vertical displacement. Since the 90s, DInSAR has shown
strong capability to capture the surface displacement due to different ground driving
forces with high spatial resolution and coverage. Because SAR satellites are mainly
polar orbits with side looking characteristics, surface displacement in the north-south
direction is less constrained. To tackle this issue, several processing algorithms were
developed to obtain the azimuth displacement. Therefore, surface displacements from
at least three directions can be used to invert the true 3D displacement field. In this
study, we take the 2018 Hualien earthquake as an example to test different algorithms
to get enough surface displacements for the inversion of true 3D displacement field. We
invert the 3D displacement field with results from DInSAR and Multiple Aperture
Interferometry (MAI). The result shows that the newly obtained 3D displacement field
has better spatial resolution comparing with result from combining DInSAR and Pixel
Offset Tracking (POT). Since MAI requires less interpolation and have better accuracy
and resolution than POT, it is convinced that MAI should be a significant component

for inverting such 3D displacement map.

Keywords: coseismic deformation, SAR processing algorithms, 3D coseismic

displacement, earthquake



Using PSInSAR technique to observe land subsidence in
Pingtung coastal area
Ping-Chen Chiang' ~ Ray Y. Chuang' + Chih-Heng Lu?
(1)Department of Geography, National Taiwan University ~ (2)Research Center for Environmental

Changes, Academia Sinca, Taiwan

Land subsidence in Pingtung Plain is a severe problem in decades. The modern
geodetic data indicated the velocity of land subsidence in Pingtung can be up 3.58 cm/yr.
To date, ones can use soil strata well, leveling GPS, and SAR to monitoring land
subsidence. Different from other methods, SAR can measure minor changes and slow
deformation over a wide area. In this study, we processed 79 Sentinel-1 ascending
images and 59 Sentinel-1 descending images with the persistent scatters InSAR (PSI)
method to estimate the surface deformation of Pingtung Plain from 2016 to 2018. We
split the whole time into 7 pairs by dry and wet seasons to estimate the seasonal
deformation in this area. In addition, we analyze the spatiotemporal pattern of land

subsidence in the PSInSAR timeseries to characterize subsidence migration.

Keywords: PSInSAR, land subsidence, GPS
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Crustal deformation of the Kendeng Fault branches area from GNSS
and InSAR data and its earthquake potential in Surabaya City,
Indonesia
Raudlah Hawin Ayani! ~ Ira Mutiara Anjasmara? ~ Yunung-Nina Lin®
Reyhan Azeriansyah! ~ Kuo-En Ching!

(1)Department of Geomatics, National Cheng Kung University - (2)Institut Teknologi Sepuluh

Nopember ~ (3)Institute of Earth Sciences, Academia Sinica, Taiwan

The Kendeng fault is one of the active faults in East Java, which has two branches:
the Surabaya fault and the Waru fault. It may pass through Surabaya city, the second-
largest city in Indonesia. Understanding the earthquake potential is very important for
seismic prevention in Surabaya city to evaluate the seismic hazard of the Kendeng fault.
We integrated the data from the Global Navigation Satellite System (GNSS) and
Interferometric Synthetic Aperture Radar (InSAR) for the crustal deformation
monitoring in the study area. One hundred nine ascending images and one hundred
twenty-six descending Sentinel-1A images from November 2014 to July 2020 and the
30-meter resolution SRTM DEM were used to generate the interferograms using
Scientific Computing Environment ISCE software. Furthermore, we constructed the
cumulative displacement time series using the Small Baseline Subset (SBAS) technique.
The outlier detection and root mean square of residual phase estimation was applied to
improve the InSAR time-series accuracy and reliability. The LOS InSAR velocities in
ascending ranges between -14.8 mm/year and 9.5 mm/year, and the descending between
-13 mm/year and 6.8 mm/year. In addition, data from 19 campaign-mode GNSS stations
from 2017 to 2020 are collected and worked for time-series analysis and validate the
LOS InSAR velocities. Horizontal velocities range between -23.18 mm/year and 47.88
mm/year toward to southeast. Most of the Surabaya city's vertical motions are
subsidence ranging between -1.26 mm/year and -112.20 mm/year. These results also

aim to detect the activity of Kendeng faults which can lead to potential earthquakes.

Keywords: earthquake potential, Surabaya fault, Waru fault, SBAS, GNSS
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Horizontal coseismic displacements of the northernmost Chelungpu
fault of the 1999 Chi-Chi earthquake
Yau-Hsuan Tsai' ~ Ray Y. Chuang' ~ Yu-Ting Kuo®
(1)Department of Geography, National Taiwan University ~ (2)Department of Earth and Environmental

Sciences, National Chung-Cheng University

The distribution of surface deformation is important to understand the fault
kinematics and fault geometry at depth. To learn the coseismic ground deformation,
image geodesy can provide observations with good spatial coverage. For example,
displacements derived from comparing pair images is spatially continuous. The 1999
Myw=7.6 Chi-Chi earthquake generated ~100-kilometer surface rupture in central
Taiwan. Previous study has utilized subpixel correlation for SPOT images in the central
segment of the Chelunpu fault. The displacement field of the northern segment, which
has the maximum displacements of fault, has not been well studied. This research uses
subpixel correlation for SPOT satellite images with the pixel resolution of 10 m to
measure horizontal surface displacements along the northern segment of the surface
rupture. The horizontal displacements are determined by merging SPOT offsets and
GPS data. According to the result, we can see a very clear V-shape displacement
boundary in the northern end of the surface rupture, which is parallel to the shape of the
Chisui Shale on the surface. The horizontal coseismic displacements show that the
average displacement is about 3~4 m (up to about 12 m) in E-W, about 4 m (up to about
12 m) in N-S, and both increase toward the fault trace.

Keywords: surface deformation, 921 Earthquake, Chinshui Shale, Tungshih Anticline



Seafloor crustal deformation and semidiurnal internal tides in
northeast Taiwan deduced by GNSS-A measurements
Chi-Hsien Tang' ~ Ya-Ju Hsu? ~ Horng-Yue Chen? - Ryoya Ikuta®
Motoyuki Kido* ~ Hsin Tung? ~ Chin-Shang Ku? ~ Hsuan-Han Su? ~
Hsin-Ming Lee? ~ Yi-Lin Jiang? ~ Yih-Min Wu®
(1)Institute of Earth Sciences, Academia Sinica, Taiwan ~ Department of Geosciences, National Taiwan
University ~ (2)Institute of Earth Sciences, Academia Sinica, Taiwan ~ (3)Faculty of Science, Shizuoka
University ~ (4)International Research Institute of Disaster Science, Tohoku University »

(5)Department of Geosciences, National Taiwan University

The dense land-based GNSS network has revolutionized our understanding of
earthquake faults in Taiwan; however, due to the lack of offshore data, new tools are
needed to address hazards associated with the subduction zone megathrusts and
submarine fault systems. Active deformation at subduction zones mostly lies beneath
the seafloor and relies on seafloor geodetic techniques. The Institute of Earth Sciences,
Academia Sinica, has been developing the Global Navigation Satellite System-
Acoustic ranging (GNSS-A) technique and carrying out field tests offshore northeast
Taiwan since 2007. In this study, we analyzed the GNSS-A data in 2012-2019 collected
at the OILN site, located in the southwestern part of the Okinawa Trough. We optimized
(1) the geometry of the seafloor transponder array, (2) the relative displacements for
each campaign, (3) the configurations of the shipboard transducer, and (4) the time-
variant traveltime delay of the acoustic signal by using a nonlinear inversion. As a result,
we extracted the three-dimensional positioning time series and velocities, which
broadly agree with the clockwise rotation in northeast Taiwan influenced by the backarc
rifting of the Okinawa Trough. Furthermore, the traveltime delay projected to the
vertical direction (nadir total delay, NTD) shows a semidiurnal cycle. This feature is
compatible with the sound speed profiles measured by CTD during the campaigns,
indicating the strong semidiurnal internal tides in the study area. Our analysis shows
that GNSS-A measurements are valuable to not only studying seafloor deformation but

also physical oceanography.

Keywords: GNSS, acoustic ranging, seafloor geodesy, internal waves



Impact of Pleistocene ice sheets on European westerlies
Hsun-Ming Hu' ~ Chuan-Chou Shen!

(1)Department of Geosciences, National Taiwan University

The westerlies and winter cyclones are the most climate system in mid-latitude,
which are essential modulators of the weather and its extremes. However, discrepancies
among various climate models hamper adequate westerly winds forecasting for the next
century, highlighting the need for a more complete understanding of the long-term
dynamics of the westerlies. Here, we present 2*°Th-based speleothem multi-proxy
records from Basura cave, northern Italy. Our record spans from 480 to 235 thousand
years ago (ka), which reveals sensitivity of the westerlies to precessional forcings and
incipient retreats of the Fennoscandian Ice Sheet. Our results show that the westerlies
are controlled primarily by insolation during interglacials. In glacial periods, however,
the variable size of the Fennoscandian Ice Sheet significantly modulated the latitudinal

position, direction and strength of the westerlies.

Keywords: westerlies, ice-sheet
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Tectonic geomorphology analysis in Hsinchu area by using historical
aerial photos and SfM technique
Chin-Yi Lin! ~ Ray Y. Chuang!
(1)Department of Geography, National Taiwan University

Geomorphic features are useful tools to identify active structures in tectonically-
active areas. Because the island of Taiwan is located at an active plate boundary, the
study of tectonic geomorphology is very important for assessing seismic hazards. In
Taiwan, Hsinchu is one major urban area with a large population and a high-
technological industry development area (Hsinchu Science Park), which is at high
seismic because it is located in between the Hsinchu fault and Hsincheng fault. To better
understand the fault geometries and slip rates, the studies of river terraces displaced by
the faults are required. However, the geomorphic features in current high resolution
DEMs may disappear because of rapid industrialization and urbanization. Therefore,
historical photos provide an opportunity for us to clearly see the geomorphic features
before the modification by the wurban development. Compared with aerial
photogrammetry, the Structure from Motion (SfM) technique requires fewer photo
parameters and the DEM generated by historical aerial photos with SfM technique has
higher spatial resolution of about 1 m. Therefore, historical photos with SfM technique
could be more suitable for analyzing tectonic geomorphology. Thus, this study aims to
analyze tectonic geomorphology via high resolution 3D model derived from historical
aerial photos and the SfM technique. The SfM-generated 3D model will be connected
to real coordinate system through Ground Control Points (GCP) established by
reference maps and 5 m DEM. In this research, we map and correlate terraces of
Touchien River and identify suspected fault scarps and estimate the displacement of the
terraces on the same step. Finally, we examine how the SfM-generated DEMs and the

GCP settings perform in this case.

Keywords: mapping geomorphological feature, Structure from Motion, fluvial terrace,

fault scarp



Topographic changes due to erosion of Lichi Badland by using
archival aerial photos and SfM technique
Zi-Xin Lee! ~ Ray Y. Chuang!

(1)Department of Geography, National Taiwan University

In this study, we estimate topographic changes of Lichi Badland by using archival
aerial photos and Structure from Motion (SfM) method. Archival aerial photos, which
were taken since 1940s in Taiwan, provide valuable visual interpretation for surface
analysis and datasets for generating topographic data. However, it may be difficult to
assess all camera parameters for historic aerial photos and the coordinates of ground
control points, making topography reconstruction through traditional photogrammetry
almost impossible. With the development of computer vision-based SfM
photogrammetry in recent years, it becomes possible to reconstruct old topography
without complicated procedures and parameters. In eastern Taiwan, Lichi Badland is
one famous geotourism area with rugged topography under high erosion of the Lichi
Me¢élange. The erosion pattern of the Lichi Mélange is less understood. Therefore, we
aim to generate high resolution 3D model by archival aerial image and SfM technique
of the Lichi Badland. This model will be constrained by ground control points (GCPs)
derived from recent DEM and orthomosaic image. Then, we will examine the accuracy
of the model and test the ability and limitation to detect land cover changes of the Lichi
Badland by using archival aerial photos and Digital Elevation Models of Difference
(DoD) method.

Keywords: Structure from Motion, Digital Elevation Models of Difference, archival

aerial photos, change detection



2 -ar TRERGFE T RLERAES ToREG 2L AR FK

B s B s 3 223 :
(1) &~ Fp sk g %

BT Rof=s Sl A0 d8 2 T a7 Rlera RIS LLRE P L LR
AFY ¥ '& R ELIRAFP IR A EF B RN RTEA LR ORE A
LR AT L B NS AL K [y RERTRE LT
fRREEE T R < R ?m&»’vk@ﬂr%'ri’iiﬂ%::sw?,#,zpzﬁ TR R KT
KRR R VARSI RF LR AL REP m%g o ome R
FERIAR f’»*v?;ﬁvl‘évp\i E T J\E'u? |2 T T sk Ml G e TR
B2 A A T E TS TS ~ Archie’sLaw s S qp¥ 3 ok E 0 T
%ﬁé Van-Genuchten -k & 3L G 3 TR R R > 112 % & frk R 4h 7 KB

oAk R R TR R AR TR B RAT R AT R
008 % 0152 FF » ¥ BIp T -kixd & a e LA ERAES > 2R ZN

®R- 3 ’;}E/F‘Jﬂ\?‘:"‘;iv?‘: oA TE/—%-K"

c.

T
N

e

A da iw:;
x

P R AET LB RIEI R E ~ R ARt ok



Finite-difference time-domain simulation of magnetotelluric data
EL A
(1) &~ By s 8

3 V£ 4 pFi¢ (Finite-Difference Time-Domain » FDTD) & Sk (uE
FERRET S 7 Kane S. Yee sh &3 & &) - AT &3 —‘J—ﬂg_ré Sl A 4
Pipee o - BREFH O E T - AHREGRRE fi%mﬁfﬁ-—*f%

Bl B R R (RTE T ) 4 Ex.rs HE (47 2k e 2F7 3 1 MATLAB
HEREFOIOREE VAL ZREGR AP REEY - Br R PR ERAGT L TR
BAA ETI = ,a_?w? |3 enpE P B ZF AL > sy B i 2 (absorbing boundary
conditions * ABC ) # * Mur's ABC 55z > — afcd] gt s b ™ feid i
BAADERFRI|RMASR « AL HIRT P b B RREZT I EPIE 0 bl
PEANPRCBROAAIFFARIIFTHE S FIHEABTREZF Y DHFEE 5 e
#< (impedance ) ~ 4 T e (apparent resistivity ) % 4p =~ (phase)e ¥ #t » A5 %
FIRLER AP REZTHAEREROLL S7 ¥ 0T RIP A B R
R KR TR R B -

P oo BAET ¢ FTLA

ke

B B TR R



BT ¥ REEGE B ARRFRB LAY

!
(1)F & % BE g

AR TR o2 (Electrical resistivity tomography, ERT ) *t ¢ [F#
A FHRATEIED AT o H ATV R B EFTRE 2020 9 8 3 p
298 4P FRTHEEN A D AEATRER O FEAELR 06 2% v R
ﬁ@&lsazmt%%ﬁ(LUPﬁﬁL2Mﬁ)£—ﬁ£§642%~?ﬁ@
e 1 2 & apls (L3 /F'J‘sﬂ)o B AR RETRRE-FAEE IR
FB R ART i > p B TRk %(Remote Res1st1v1ty Monitoring System, R2ZMS) -
SRR R o E R E T R R R &) T 22 (Damped least
squares inversion ) > & TP FafEY o F P o KRS EHUS T )‘Eﬁf%']\i
B et fd 2E (Archie’s law) > ¥4 3 (ERIMRF 23 B F 2 2 kF LB >
B SR i o TR A AR TR F R A e d % b

- R EPPIAEA  LRIART S 2 TR I RP DA R 0 &
FRA g T b 0 B AR TREEY RS -

PEERZTEFX ZRE ~FE kAR L Rlse L2 Rl

Fo A RBEZ R FRERS T IS HE K L3 PR ITHER
ROk BE B RBE DR 0 ZkER] O TIEFRE > BEIPE S TR
Z oW LIHL2 Bl 2 L3RIz & T3 e Bl -~ ¢ 283 B> 2R #F
NEEFIRT qﬂ#& o I B s g LIHI2 AR L3RR L iFRZ T
ii:’%?,l‘ﬂfﬁ PTHEFZE G B A AR 3 AN FRT IR R e T

ii#@meM7%##

P BEF e R CRFERTEBAERERS



Effect of rainfall infiltration processes on subsurface using time-lapse

electrical resistivity tomography in Liyutan area, Northern Taiwan
Tran Van Huu' ~ Chien-Chih Chen!

(1)Department of Earth Sciences, National Central University

Rainfall infiltration has a substantial effect on the subsurface, especially soil
stability. It can penetrate through the soil layer, and contribute to the water table level
as a whole. In our research, we evaluated the changes of a hillslope under the effect of
rainfall infiltration in the Liyutan area, Northern Taiwan. The rainfall infiltration causes
the changes in resistivity values of the rock. Therefore, we used the time-lapse Electrical
Resistivity Tomography (ERT) method to investigate its effect. Data were collected
from May to August 2019 and included apparent resistivity data from electrical
resistivity tomography measurements, rainfall precipitation, and groundwater level
from 7 wells in the research area. In order to determine rainfall effects, time-lapse
resistivity sections were obtained from apparent resistivity data after applying the
inversion process. Based on the changes in resistivity distribution, the research area can
be divided into 5 subzones. The spatial and temporal effects of rainfall events were
estimated by three types of further analysis. First, we compared the precipitation with
the mean resistivity value of each zone to evaluate the effect of rainfall. Second, the
relationship between groundwater table level and median resistivity value was set.
Finally, normalized water content was established from resistivity data. Results have
proved the effects of rainfall infiltration on the subsurface in the study area. The rainfall
water infiltrated into the subzones after one hour. This causes the changes in median
resistivity in each zone. Rainfall can virtually penetrate to the deeper part of zone D.
The results of the normalized water content show the fluctuations over the investigated

period because of precipitation.

Keywords: rainfall precipitation, electrical resistivity tomography, Taiwan,

groundwater, normalized water content
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New approach in multi-scale adaptive mesh construction of 2D/3D
Taiwan models and traveltime tomography
M. Syahdan Akbar Suryantara! ~ How-Wei Chen!

(1)Department of Earth Sciences, National Central University

Traveltime tomography has been used for years. However, low resolution features
due to structured mesh system usually prohibit its applicability of accommodating
realistic suggestion and potentially large error involved during interpretation stage.
Therefore, to avoid this limitations, unstructured adaptive mesh system is needed. A
new approach for seismic traveltime tomographic inversion or potentially suitable for
other geophysical problems is tested. The goal is to reduce the geophysical uncertainty
when merge different types of data which carry various degree of errors while
incorporate accurate geographic information into the model. Shortest path ray tracing
is implemented for unstructured Delaunay triangulation mesh system. Un-structured
mesh system is designed follow Adaptive Mesh Refinement (AMR) scheme with
intension to preserve multi-scale features of the model including topography,
bathymetry, geological boundary, active fault traces, sensor location and available
information of different velocity models. We show that such an unstructured adaptive
mesh system can preserve detailed features of 2D Earth surface and then extend to 3D
model of Taiwan. The implementation strategy in mesh generation process follow
atomic meshing algorithm. Atomic lattice construction algorithm uses designate control
points, its density distribution and cell size to perform refinement within particular
regions to preserve discontinuous features. Automatic initialization of control points is
based on the nominal distance field that derived from the gradient of a particular
physical feature such as velocity or topography variations. In the region where the
gradient is high, the cell size become smaller than those regions where gradient is low.
Forward seismic ray tracing for such mesh system also shows better coverage and
accuracy. Consequently, incorporate all proposed approaches can produce more reliable

traveltime inversion result at the end.

Keywords: unstructured mesh, adaptive mesh system, atomic meshing, seismic ray

tracing, traveltime inversion
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A two-dimensional analytical model for multispecies transport with
rate-limited sorption
Nguyen Thi Thu Uyen' ~ Jui-Sheng Chen!
(DInstitute of Applied Geology, National Central University

In recent years, most studies using an analytical model for multispecies assume
relationship between dissolve phase and sorbed phase was equilibrium controlled.
However, some previous researches developed one-dimensional model for rate-limited
sorption demonstrated that the rate-limited sorption process can affect the accurate
prediction of contaminant concentration in the subsurface environment. Nevertheless,
a multidimensional model would be more suitable in practice and have more
applications. This study introduces an analytical model for the two-dimension transport
of degradation contaminants under the action of rate-limited sorption. The system of
partial differential equations has been analyzed into linear algebraic equations through
the sequential application of the Laplace transforms, the finite Fourier transform,
generalized integral transform and their inverses. The contaminant concentration of
each species is calculated based on this linear algebraic equation. This study determined
transport of the contaminants with different sorption rates of 0.05 year-1, 0.5 year-1, 5
year-1 and 20 year-1, respectively. The results of the analytical model have been
compared with numerical model, with high similarity proving the accuracy and
reliability of the new model. In addition, the sorption rate affects the range of spread of
the contaminants. With a high sorption rate, the extent of the plume is narrowed and the
concentration level also decreased. Moreover, the lower the sorption rate is, the higher
the concentration predicted for pollutants is expected. The results of the rate-limited
sorption model approach the equilibrium-controlled sorption model when the sorption

rate reaches 20 year-1.

Keywords: analytical model, rate-limited sorption, multispecies transport, advection-

dispersion equation



A geological exploration of the unexpected normal faulting in the
Zhongliao tunnel area, southwestern Taiwan
Kai-Fong Chen! ~ Maryline Le Béon? ~ Yi-Wei Chiou” ~ Yu-Cheng Hsu?
Chang-Chih Chen®
(1)Department of Earth Sciences, National Central University ~ (2)Institute of Applied Geology,

National Central University

According to geodetic data, we learned that there is a significant ground
displacement across the Chishan fault, near the north end of the Highway 3 Zhongliao
tunnel, leading to a serious damage on the tunnel. Footwall uplift and fault-parallel
component reach up to 80 mm/yr and 15 mm/yr, respectively. The current deformation
corresponds to normal faulting with a right-lateral component, which contradicts the
traditional knowledge of the Chishan fault, as an east-dipping thrust that brings the
Miocene Wushan sandstone on the Plio-Pleistocene Gutingkeng mudstone. Because
geodetic data has limited spatial coverage and time span, this study is based on
geological field survey and geomorphologic analysis to look for evidence for long-term
deformation and explore the fault zone characteristics. Several outcrops with brittle
fault mirrors and ductile deformation are found. The principal shear zone reaches up to
50 m in width, with an average attitude N48E/67E. We are also able to interpret
slickenlines and sheared mud with ductile C-S structures as an evidence of right-lateral
normal faulting. The shear zone width and the presence of ductile structures imply that
the unexpected normal faulting is more than a transient deformation: it is a relatively
long-lived phenomenon that resulted in permanent deformation. The fault line is
sometimes associated with anomalies in the topography, such as SE-facing counter-
slope escarpments, that would also be consistent with sustained normal faulting. The
mechanism behind this phenomenon still remains uncertain. Understanding the relation
between this unexpected fault zone and the other active tectonic structures in the region

will be the primary focus of this research in the future.

Keywords: Chishan fault, Zhongliao tunnel, fault zone, structural geology, active

fault, geomorphology
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Morphotectonics of the Houjing Tableland Area, Kaohsiung, Taiwan
Chiming Tung' ~ Yu Wang!

(1)Department of Geosciences, National Taiwan University

In this study, we use topo maps in the 20th and 21th century, post-WW?2 aerial
photos, and digital elevation models in the 21th century to map the active tectonic
features within the Houjing Tableland area before the urban development. Houjing
Tableland is a NE-SW trending tableland in the Kaohsiung area with surface elevations
of'about 18-20 m. The top surface of the tableland is mantled by the Holocene sediments
(Wu, 2000; Wu et al., 2002), and Sun (1964) suggest its northwestern and southeastern
edge is bounded by the Youchang Fault and the Shoushan Fault, respectively. Along the
NW edge of the tableland, our result suggests the Youchang Fault can be separated into
three sections: the Ciaotou section, the Lantian section, and the Youchang section, from
NE to SW. The orientations of the escarpments are ~N60°E to ~N45°E in the Ciaotou
section, ~N25°E to ~N7°E in the Lantian section, and ~N30°E in the Youchang section.
The distribution of these escarpments suggests the left-stepping reverse fault geometry
of the Youchang Fault. Our result of the Shoushan Fault at the southwestern edge of the
tableland suggests the Shoushan fault contains less clear tectonic escarpments than the
Youchang Fault. This indicates vertical activity of the Shoushan Fault is much less than
the Youchang Fault since the formation of the Houjing Tableland. We also find at least
four levels of fluvial terraces along the Houjing River, transecting through the Houjing
Tableland. The distribution of the terrace suggests the persistent and differential land-
level changes across the tableland. By adapting the previous published radiocarbon
dating results, and the regional sea-level change history, together with our mapping
result, we suggest the currently geometry of the Houjing Tableland is primarily
controlled by the vertical throw of the Youchang Fault. The average uplift rate of the
Houjing Tableland is about 3 mm/year in about the last 4 thousand years.

Keywords: Youchang Fault, Shoushan Fault, active fault, tectonic geomorphology



Dynamic modeling of the multi-fault rupture of the 1906 Mw 7.1
Meishan, Taiwan, earthquake: Constraints on frictional behavior and
stress
Chen-Ray Lin' ~ Sebastian von Specht? ~ Kuo-Fong Ma® ~ Yi-Wun Liao*
(1)Department of Earth Sciences, National Central University; Earthquake-Disaster & Risk Evaluation
and Management (E-DREaM) Center, National Central University ~ (2)Earthquake-Disaster & Risk
Evaluation and Management (E-DREaM) Center, National Central University; Institute of Earth
Sciences, Academia Sinica, Taiwan; Helmholtz Centre Potsdam GFZ German Research Centre for
Geosciences, Potsdam, Germany ~ (3)Department of Earth Sciences, National Central University;
Earthquake-Disaster & Risk Evaluation and Management (E-DREaM) Center, National Central
University; Institute of Earth Sciences, Academia Sinica, Taiwan ~ (4)Earthquake-Disaster & Risk
Evaluation and Management (E-DREaM) Center, National Central University; GNS Science, Lower
Hutt, New Zealand

The March 17 1906 Mw 7.1 Meishan earthquake marks one of the most
devastating events in Taiwan. Previous studies regarded the Meishan earthquake as a
right-lateral strike-slip event related to the coseismic surface rupture along the Meishan
fault. Liao et al. (2018) discussed a scenario where rupture on a blind thrust fault
triggered the preexisting weak zone on the Meishan fault. They validated their model
by comparing three Omori seismographs records from Taiwan with synthetic
waveforms. We investigated this multiple segment rupture scenario from a dynamical
modeling perspective for various fault system configurations in the Meishan earthquake
region. Model parameters are constrained within physically reasonable ranges by
incorporating stress mechanics related to the frictional limit, fluid pressure, rheology,
and the Wallace-Bott hypothesis; horizontal stress orientations are taken from the World
Stress Map and stress drop ranges within globally observed values. We considered both
hydrostatic fluid pressure and fluid overpressurization. The static friction coefficient
ranges from us=0.4, (Kidder et al., 2012) and ©s=0.7 (Byerlee’s law). We created pure
brittle and brittle-ductile models based on rock strength curves. The linear slip-
weakening model is run on a 3D finite element mesh in a homogeneous half-space. Our
rupture simulations show reasonable slip distributions for low us (0.4 to 0.5), implying
that Byerlee’s law does not hold in the region. Rupture in the brittle models is limited
within the predefined fault patches while in models with brittle-ductile models, rupture
does not extend beyond the brittle-ductile transition zone. Fluid overpressurization
reduces rock strength resulting in larger slip. The Omori records are comparable to the
synthetic waveforms from various scenarios, indicating that the 1906 Meishan
earthquake can be reasonably explained as a multiple-segment rupture system, but not

from a single segment rupture.



Keywords: 1906 Meishan earthquake, multiple segment rupture, frictional behavior,

physical stress constraints



FAATS Fip s 25067 L AT 2 23 B
Fhep Uy kg !
(DA~ 85 FRY L

PR e A L Ba R £¢“47—’*ﬁﬁw%7’ﬁwpmé
Hpor2 g g %ﬁg?\Tﬁ‘?fﬁamvi‘a%L— Y-S e FEELF Y > LATEE
PRBAFTERP AEY 5 3P0 BEEY e kil B 4

BB L o FIb L MR Rk e A Y MR e A T ehA & T

F2- o R AAT S FORITES G g RN AMMIT 0 7 - AT VAR
BA WA R TEL Y G - BRSOy LHFE R (%J.J.éé),;‘@«i
BEARE G AHA H A R F o L AR R R LT L
Tead B4 FEMG ML LT EHTEHT AR AL
FERL AP mpfﬁd SR N PN R S SIS P
BApgtE & KRR bR PR A SLEHNE T B Y B RS e A TR ARINIF

BT H AT e AT AT TR @;(RTK-GPS)E?%ﬁaﬁm&fi&
Bohg R L MBS E KA R G B AR R L B EF N R B AR e
FEAs a4t BRE2 LH A F AT B G o‘ﬁi%’;}ﬁ‘uﬁ"; ;ﬁ’a’?\iviﬂifi
FAE o B g EA R PE T R P R LR 2% R SR g
4 pEif ) _.aﬂia;fgjfﬂﬁm yREP R IM S 4 gk ,F's,ﬁ,"ﬂ‘t FoxT oA
BB BE o T - 3G FETAPBBRETR AT méﬁ4zﬁﬁwm§

poehpiPige FAELE A RE g RSSO E AT FATEFT AR
%ﬁ%e#%ﬁ?%ﬁ»*iﬁm%%ﬁﬁ%@ﬁ4? 24 3 Ekpg e LA
WBCF S RIS LN AR “rfwfum lﬁlfw—iﬁ!%é’\ d iz B flw
B SR AL §ﬂ@%‘ ﬁuuﬂi SR RIF R F
s A B L ME - 5'15'77#55 B 4230 0 0riae ju e

B RAET D PIREAIE LM PG RT R R 48k



Using groundwater flow and land subsidence simulations to assess
the geological model uncertainty
Nguyen Quoc Cuong' ~ Shih-Jung Wang! ~ Duc Huy Tran'
Yonatan Garkebo Doyoro?
(1)Institute of Applied Geology, National Central University ~ (2)Department of Earth Science,
National Central University; International Graduate Program for Earth System Science between

National Central University and Academia Sinica

Land subsidence is a phenomenon that currently attracted great noticed around the
world, especially in populated and large building areas. Studies and predictions of land
subsidence rate and understanding the factors that cause soil compaction are widely
studied and understood. However, the uncertainty in the geological model, as well as
the parameters, which may affect the groundwater flow and subsidence are less
considered in the literature. The software GMS (Groundwater Modeling System) was
used to operate the groundwater flow and land subsidence simulations to quantify the
geological model uncertainty. A synthetic geological model was constructed as the
original model. Different numbers of borehole data extracted from the original model
and a combination of the data from resistivity tomography and borehole were conducted
to build several new 3D geological models. 3D transient groundwater flow model
(MODFLOW) and subsidence model (SUB) are developed based on the constructed
geological models. The root mean square error (RMSE) and coefficient of
determination (R-Square) using the reconstructed models' results compared to those of
the original model were calculated to assess the geological model uncertainty. The
results showed that using resistivity tomography data with the correction of boreholes
data showed the best result than only using different numbers of borehole data. The
results revealed an acceptable RMSEs (2 mm) and R-square value (approximate 0.9) in
land subsidence simulation. The results also indicated that the prescribed boundary
condition dramatically affects the results of subsidence simulation, as well as the value
of hydraulic conductivity significantly affects the delay behavior in compaction
calculation. Based on these results, geologists can assess the appropriate number of
boreholes and combine the geophysical results to mitigate the geological model and

parameter uncertainties to a specific study area.

Keywords: geological model uncertainty, land subsidence, groundwater flow,

borehole number, geophysical and geological fusion.
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Seismic recognition of small-to-large sized landslide and earthquake
with deep-learning method
Kuo-Pin Chou! + Wei-An Chao?

(1)Department of Civil Engineering, National Yang Ming Chiao Tung University ~ (2)Disaster

Prevention and Water Environment Research Center, National Yang Ming Chiao Tung University

Seismic signals induced can help us to know the information on when, where, and
how landslide event occur. However, how to quickly and effectively distinguish seismic
signals between earthquake and landslide is still a big challenge for real-time
monitoring purpose. Previous study has used convolutional neural network (CNN) to
train the spectrogram features, which related to the distribution pattern of spectral power,
time and frequency, for the discrimination of signals from earthquake and tectonic
tremor. Based on the machine learning processing, the Random Forest classifier was
developed to identify landslide seismic signals. However, aforementioned results are
limited in application because their training dataset do not cover wide ranges of
landslide types. In this study, we first collect the information (occurrence time, location,
size, lithology) of landslide events with a collapse area ranging from 100 m? to 2-
million m?, and then the seismic signals of landslides can be found from the broadband
seismic network. A total number of landslide events used in this study is over than 60.
Since the machine learning method such as the support vector machine and decision
tree cannot well identify the signals corresponding to variable sized landslides, we
further use CNN method to train the landslide recognizer based on the image features.
Here, five parameters, including the signal duration (SD), skewness (SK), kurtosis (KT),
magnitude ratio between local magnitude and duration magnitude (MR), and spectral
amplitude ratio between low-frequency and high-frequency (SRLH), can be extracted
from seismic time series data, are used to construct the image shape (radar image).
Radar image of different event types is 200%200 pixels with gray-color image. Our
proposed landslide recognizer not only identifies the signals generated by earthquakes
and landslides in accuracy but also can distinguish the landslide signals with different

event magnitude and source types.

Keywords: seismic signals, landslide, convolution neural network, radar image
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Evaluating logistic regression and random forest for nowcasting
modeling of earthquake-triggered landslides in Taiwan
Jay Liu' ~ Ray Y. Chuang' -~ Bing-Sheng Wu?
(1)Department of Geography, National Taiwan University ~ (2)Department of Geography, National

Taiwan Normal University

Earthquake-triggered landslides can cause severe hazards, especially for plate
boundary zones like Taiwan where has a lot of earthquakes occur every year. Thus, it is
important to monitor and to predict earthquake-triggered landslides in such areas. In
order to rapidly estimate landslide locations in near real-time, nowcasting is an effective
way to provide possible landslide distributions when an earthquake happened. In this
study, we aim to assess the predictive ability of two models, which were built by logistic
regression and random forest methods. We use landslide data induced by the 1999 Chi-
Chi earthquake as training data, and the Jueili earthquake-triggered landslide as the
validation dataset. First, we compile parameters from the literature and produce these
variable data at the spatial resolution of 40 m. Second, we access different combinations
of parameters in the logistic regression and decide how many trees and how many
variables will be taken in a tree in random forest. Third, we use indicators of model
performance to evaluate the models. We use sensitivity and AUC to evaluate model
performance. According to our result, the sensitivity in training data is 0.93 for logistic
regression and is 0.94 for random forest. For the validation, the sensitivity is 0.83 for
logistic regression and is 0.65 for random forest. The results show that the logistic
regression model has its advantages for the nowcasting, and the random forest approach

may not be as good as logistic regression based on the validation.

Keywords: near real time, seismic-induced, machine learning



Developing the building exposure inventory for seismic risk
assessment in Taipei
Ming-Kai Hsu! ~ Kuo-Fong Ma? ~ Chung-Han Chan'

(1)International Graduate Program for Earth System Science between National Central University and
Academia Sinica, Taiwan; Earthquake-Disaster and Risk Evaluation and Management Center, National
Central University ~ (2)International Graduate Program for Earth System Science between National
Central University, Taiwan; Earthquake-Disaster and Risk Evaluation and Management Center,

National Central University; Institute of Earth Sciences, Academia Sinica, Taiwan

Development of building exposure for seismic risk assessment has been a focus
topic for urban development and future design to understand societal capacity and
strengthen resilience. An exposure database includes building parameters, including
locations, taxonomy, height (number of floor), construction times and usage. These end-
to-end hazard and risk assessment will increase the resilience of society to extreme
earthquake events by identifying the factors critical to society in the earthquake
scenarios or/and seismic assessment in probability. Departing from some exposure
databases with grid-based resolution, we have constructed building-based exposure
database. We first obtained the geometry of each individual building from the National
Land Survey and Mapping Center. Then we acquired corresponding building
parameters (such as address, taxonomy, number of floor, construction times and usage)
according to the government tax data from finance statistics database. Address of each
building was converted to corresponding coordinate through the Taiwan Geospatial One
Stop (TGOS). Based on the geometry and coordinate, parameters from various sources
can be integrated. Such high-resolution database would contribute crucial information
for subsequent risk assessment, such as risk from fault displacement hazard,
implementing specific response spectra based on the height (or number of floor) of each

building.

Keywords: seismic risk, exposure model, building inventory



Probabilistic fault displacement hazard snalysis: Review and case
study in Taiwan
Jia-Cian Gao' ~ Chung-Han Chan? ~ Kuo-Fong Ma® ~ Chyi-Tyi Lee!
(1)Earthquake-Disaster and Risk Evaluation and Management Center, National Central University /
Institute of Applied Geology, National Central University ~ (2)Earthquake-Disaster and Risk
Evaluation and Management Center, National Central University / Department of Earth Sciences,
National Central University ~ (3)Earthquake-Disaster and Risk Evaluation and Management Center,
National Central University / Department of Earth Sciences, National Central University / Institute of

Earth Sciences, Academia Sinica, Taiwan

Coseismic surface displacements associated with large earthquakes could result in
significant damage to structures located on or near a fault. Thus, a probabilistic fault
displacement hazard analysis (PFDHA) has been proposed to estimate expected levels
of slip on a fault due to surface rupture. However, the dataset that contributed to this
analysis is rare due to infrequent events of this kind. An earthquake with My 6.4
occurred in Hualien, Taiwan, on 6 February 2018, which caused surface ruptures
associated with the Milun Fault with a maximum offset of 30 cm, resulting in damage.
Field investigations were immediately carried out with good compilations of the data,
which provided additional important test data for the PFDHA. In addition to validating
the PFDHA, we first implemented the empirical prediction equations for fault
displacement, variability of displacement, and other variables that are the key to
implementing a PFDHA from the available global dataset, and proposed a new fault
displacement prediction equation (FDPE) for the principal fault based on an existing
prediction form. We used the derived prediction equations and their variability to
calculate the fault displacement hazard and handle epistemic uncertainties through a
logic tree formulation. Using the surface rupture data (with free field data and other
possible artifact data in the fields) of the 2018 Hualien earthquake, we validated the
credibility of the FDPE that we selected, and the investigation on the fault displacement
hazard. The comparison shows that 86% of the free field data of the Hualien event is
within one deviation, whereas about 65% for other datasets having artifacts. Our study
shows a possible establishment of a Taiwan fault displacements hazard map, which is
helpful to the government and public for understanding the fault displacement hazard

and the potential hazard level for major facilities.

Keywords: probabilistic fault displacement hazard analysis
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Horizontal deformation caused by groundwater withdrawal in
central Taiwan based on GNSS observation analysis
Reyhan Azeriansyah' ~ Kuo-En Ching' ~ Pei-Ching Tsai?
(1)Department of Geomatics, National Cheng-Kung University -

(2)Green Environmental Engineering Consultant Co., Ltd.

Although the horizontal deformation related to the land subsidence has been
proposed in the USA, only the vertical deformation resulted from the groundwater
pumping was considered in central Taiwan so far and this information is an efficient
coefficient to manage the groundwater withdrawal. However, the discrepancy of
geodetic surface subsidence rate larger than compaction rate from monitoring well
indicates that the compaction at the aquifer deeper than 300 m is possible. To clarify
this enigma, a horizontal deformation pattern may help to resolve the compaction
located at the aquifer deeper than 300 m. In general, central Taiwan moves toward NW
relative to the Eurasian plate due to plate convergence. However, the directions of
horizontal velocities in the land subsidence region are relatively random. Because the
velocities are generally less than 10 mm/yr in this area, this random orientation is
usually proposed as the measurement error. But the study in Los Angeles, USA
indicates that the random orientations of horizontal velocities result from the
groundwater pumping. We, therefore, re-visited the horizontal velocity field in central
Taiwan in this study. The GNSS observations were first used to estimate the horizontal
velocities around the land subsidence region based on the coordinate time-
series analysis. To extract the signals of land subsidence from the raw horizontal motion,
the velocities out of the land subsidence region will be used to evaluate the tectonic-
driven velocities in the land subsidence region by two methods: the spatial interpolation
and tectonic block model. After removing the tectonic-driven velocities, the land
subsidence-related horizontal velocities will be obtained and used to evaluate the layer

depth and its compaction rate using the dislocation model.

Keywords: land subsidence, secular velocity field, tectonic block model, spatial

interpolation, dislocation



Developing low-cost portable scanner with raspberry Pi for surface

grain size distribution of riverbed and its application
Yao-Chen Yang! ~ Wei-An Chao?

(1)Department of Civil Engineering, National Yang Ming Chiao Tung University ~ (2)Disaster

Prevention and Water Environment Research Center, National Yang Ming Chiao Tung University

Grain-size distribution of riverbed is crucial parameter for not only understanding
geomorphic metric of gravel- and boulder-bed river but also studying the river sediment
transport. Most typhoons hit Taiwan during summer, causing the obvious change in
grain size distribution of riverbed. Thus, an efficient way for grain size survey is urgent
needed. The traditional measurement methods, including manual counting and sieving,
are useful but they are limited in spatial survey area of 1-10 m? scale, and are time and
human-consuming. With advancing in feature recognition, the image-based grain sizing
approach can do work rapidly on determining grain size. In this study, we first test the
open-source python-based program, PebbleCountsAuto, which is a fully automated
scheme for the edge detection based on Sobel, Canny and Top-hat processing from
photographs. Then, Raspberry Pi and Pi-camera were used and embedded with the
PebbleCountsAuto program to develop the low-cost portable scanner. We also build a
webserver in Raspberry Pi for displacing result in field. The downstream of Zhenwen
River and Putunpunas River are selected to be the testing sites, and the artificial large-
scale dam break experiment is used as application site. In the case of Yufong Bridge,
the median diameter (Dso) estimated by the scanner and derived from the manual
counting are 42.3 mm and 81.2 mm, respectively. Result determined by the scanner is
the surface grain size instead of the particle size, causing the aforementioned
discrepancy in the value of Dso. In general, low-resolution images can deduce the
computing time but result the underestimated in grain size. Finally, our proposed was
applied to the dam break experiment, which can investigate the spatial distribution of
riverbed eroding and accumulating rapidly. We demonstrated that our scanner can
survey the grain size distribution of riverbed with larger cover areas without time

consuming.

Keywords: grain-size distribution, low-cost portable scanner, dam break experiment
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The effect of groundwater fluctuations on accumulative subsidence of
aquifer layers based on a fluid - mechanical model in Choushui River
alluvial fan.

Nguyen Thi My Tien! ~ Chuen-Fa Ni'

(DInstitute of Applied Geology, National Central University

In Taiwan, the Choushui River alluvial fan is a severe land subsidence area due to
groundwater extraction in the past decades. Unexpectedly, the subsidence area has been
moved from the coastal to the central of Choushui River alluvial fan where the Taiwan
High-Speed Rail constructed can threaten its safety. Previous studies found that the land
subsidence and layer settlement were consistent with the groundwater level variations.
However, the average of groundwater variations changes from stable to increasing over
time while cumulative subsidence continuously increases if we consider observation
wells around Taiwan High-Speed Rail. The dynamics of groundwater fluctuations
might affect the land subsidence on the surface and in the aquifer layers. In this study,
numerical simulations of pumping wells in the shallow and deep aquifer were
conducted to investigate which factor has a superior influence on the subsidence. The
finite-difference model in FLAC3D was used to simulate the fluid-mechanical
interaction when pumping. The predicted layer settlements will be compared to
observed data to verify the numerical model performance. The preliminary results
indicate that shallow aquifer pumping will not only influence shallow aquifer but also
deeper aquifer. The factor affecting the subsidence might be the combination of
seasonal groundwater fluctuations and dynamic loading of Taiwan High-Speed
Rail. Based on the understanding of the local variation process of the land subsidence,
we could carry out an efficient management plan to mitigate subsidence in the Choushui
river Alluvial fan. We will simulate subsidence induced by deep aquifer pumping and
apply dynamic loading to the model to analyze the response of groundwater and aquifer

layers to pumping in near future.

Keywords: Choushui River, groundwater fluctuations, fluid-mechanical interaction,
FLAC3D.
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Tectonics of the Hualien Ridge and offshore extension of
the Milun Fault
Lien-Kai Lin! ~ Shu-Kun Hsu! ~ Ching-Hui Tsai? ~ Yi-Ching Yeh!
Shiou-Ya Wang' ~ ftz2&£ 1~ Biga % 3~ hfamp 2
(1)Department of Earth Sciences, National Central University ~ (2)Center for Environmental Studies,

National Central University ~ (3)Central Geological Survey, MOEA, Taiwan

Located in eastern Taiwan, the Longitudinal Valley is generally considered as the
collisional suture between the Philippine Sea and the Eurasian plates. To the northeast,
the Philippine Sea Plate is generally considered to have subducted beneath the Ryuykyu
Arc. The corner between the eastern Taiwan and the Ryukyu Arc system is the transition
from the plate collision to plate subduction of the Philippine Sea Plate. In consequence,
the tectonics is complicated and the earthquakes are rather frequent. In this study, we
use marine geophysical data to study the submarine Hualien Ridge that is situated in
this plate collision/subduction transition. The Hualien Ridge is the offshore portion of
the inland Milun Tableland; the Milun Tableland is uplifting and is bordered in the west
by the active Milun Fault. Our results show that the Hualien Ridge can be tectonically
divided into the active southern Hualien Ridge and the inactive northern Hualien Ridge.
Several active faults trending ~N30°E exist in the southern Hualien Ridge; some faults
could be linked to the active faults in the Milun Tableland. The structures in the southern
Hualien Ridge and the Milun Tableland display a pop-up structure that is subject to the
oblique compression from the northwestward collision of the Philippine Sea plate.
Moreover, the ~N30°E trending structural faults are the results of the transpressional
fault system. However, the Milun Fault, the western boundary of the fault system,
probably terminates near 24°04’N, where a pronounced bathymetric structure trending
N300° exists. On the other hand, in the northern Hualien Ridge we can only observe
several blind normal faults covered by ~100 m thick sediments. Overall, the distinct
separation of tectonic activity in the Hualien Ridge marks the transition from the
actively plate colliding (convergence) to inactively convergence or partially subduction

of the Philippine Sea Plate relative to the Eurasian Plate.

Keywords: Hualien ridge, collision, subduction, sparker reflection seismic, Milun
Fault
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Seismic source studies of Mindanao earthquakes using
finite fault inversion
Wei-Yu Zhang! ~ Po-Fei Chen!

(1)Department of Earth Sciences, National Central University

The Mindanao island in South Philippines represents a completion stage of
northward propagation of arc-arc collision by the divergent double subduction of the
Molucca Sea plate (Chen et al., 2020). Here, the NE dipping subduction of the Cotabato
Trench to the west, the west dipping of the Philippine Trench to the east, and the left-
lateral strike-slip faults (Cotabato and Philippine) in the island together absorb
the Philippine-Sundaland relative motions. Recently, a few strong (M > 6.0)
earthquakes at least three in Oct. and one in Dec., 2019 - occurred in close proximity to
each other on the Cotabato fault. Intrigued by causative relationships of these
earthquakes, we conduct a finite fault inversion in this study to investigate the slip
distributions as a function of time for aforementioned events. In the inversion schemes,
the overall fault plane is divided into subfaults with which the Green’s functions of
teleseismic body waves (1Hz low-pass filter) to observatory stations calculated. The
optimal slip amplitude, rake angle, initial rupture time, and rise time of each subfault
are then determined by minimizing the discrepancy between those superposed from
each subfault and those from observations. The comparison is made on wavelet
amplitude variations that apply wavelet transform both on synthetics and observations.
The optimization scheme is simulated annealing algorithm that approximates the
global minimum of a given function through a probabilistic technique (Ji et al., 2002).
Having determined the source characteristics of these earthquakes, we will look into

their spatial and temporal relationships and potential tectonic implications.

Keywords: Mindanao, finite fault inversion
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New insight into tectonics of Taiwan Strait from focal mechanisms
and geophysical data
Chieh-Chen Lee! ~ Tai-Lin Tseng! ~ Pei-Ru Jian? ~ Bor-Shouh Huang?

(1)Department of Geosciences, National Taiwan University ~

(2)Institute of Earth Sciences, Academia Sinica, Taiwan

Earthquakes in Taiwan Strait, on a passive margin, are infrequent and sometimes
lack of well constrained focal mechanisms due to station coverage. To better understand
the earthquake generations and crustal structures associated in Taiwan Strait, we
analyzed the focal mechanisms of 21 moderate earthquakes from 1996 to 2018. All the
moment tensor solutions were inverted using refined velocity models and waveforms
of the best available stations. By combining results of previous studies, we compile a
total of 44 well-constrained focal mechanisms in Taiwan Strait and compare them with
magnetic data. There is a sequence of extremely shallow thrusting events in the offshore
Miaoli area of Taiwan that are likely associated with the deformation front formed by
collision. In the offshore region of southwestern Taiwan, both strike-slip and normal
events are present. The latter is related to bending caused by gravity load on the
continental margin. As for Tainan Basin, where the 1994 Mw 6.5 earthquake occurred,
its vicinity remained seismically active in the past two decades. Earthquakes there are
mostly normal faulting with minor strike-slip component with focal depth ranging from
upper to lower crust (majority 15-25 km). The distribution correlates with the belt of
high positive magnetic anomaly (100-250 nT). Previous studies interpreted the source
of high magnetic anomaly to be magma intrusions into lower crust during the final
rifting and early spreading of South China Sea. Therefore, we propose that a
heterogeneity of crust beneath this area caused the concentration of stress and clustering
of earthquake, a scenario analogous to the lower crustal rift-pillow as an explanation
for the New Madrid seismic zone. The focal mechanisms near the Binhai Fault are
variable. The 2018/11/25 MwS5.7 Taiwan Shoal earthquake sequence show high angle
strike-slips and shallow centroid depth of 11-21 km. The inferred fault plane is E-W

striking, also consistent with the previous study.

Keywords: Taiwan Strait, focal mechanisms, moment tensor inversion



Using multi-size unit tsunami method to build the tsunami early

warning system in Ryukyu subduction zone
Yu-Chuan Chou! ~ Po-Fei Chen! ~ Tso-Ren Wu?

(1)Department of Earth Sciences, National Central University ~

(2)Institute of Hydrological and Oceanic Sciences, National Central University

The Ryukyu subduction zone offshore NE Taiwan with its along-strike length
nearly 1000 km is potentially for the occurrence of mega-earthquakes (Mw>9) that will
inflict significant tsunamis hazards in Taiwan. It is thus essential to establish a regional
tsunami early warning system, which heavily relies on tsunami simulations. Among the
three stages - Generation, Propagation, Run-up - of tsunami simulations, the
propagation is the most time consuming stage and we adopt unit tsunami method to
circumvent the real-time calculation of tsunami propagations. In this method, the
seafloor of potential source region is divided into pixels. With each pixel, a one meter
initial wave height was assigned and the propagation to tidal gauge stations was
calculated using COMCOT (Liu et al., 1998) with results (unit tsunamis) stored in
database. In the case of a real earthquake, the tsunamis at tidal stations generated by the
earthquake are synthesized by linear combinations of unit tsunamis pulled out from
database with coefficients equivalent to the average vertical seafloor displacement of
the corresponding pixel caused by the earthquake. It is a trade-off between the number
of pixels and the spatial resolution of seafloor displacements. Here, we employ a multi-
size approach to cope with the broad coverage of the Ryukyu subduction zone. In the
future, we will apply the same approach to establish tsunami warning systems for other

tsunami-prone regions, such as Indonesia.

Keywords: Ryukyu subduction zone, unit tsunami method, tsunami early warning,
COMCOT



Vp and Vs of shallow oceanic crust constrained by body-wave
polarization analysis
Yu-Wen Fang! ~ Ban-Yuan Kuo? - Justin Yen-Ting Ko!

(1)Institute of Oceanography, National Taiwan University ~

(2)Institute of Earth Science, Academia Sinica, Taiwan

Body-wave polarization provides a new and inexpensive way to constrain shallow
oceanic crust structure. This method will be applied to the data from the Marine
Observations of Anisotropy Near Aotearoa (MOANA) experiment to estimate Vp and
Vs of shallow oceanic crust beneath ocean bottom seismometers (OBSs) array installed
off both coasts of the South Island of New Zealand from late January 2009 to early
February 2010. The P-wave polarization angle has no sensitivity to Vp but only to Vs,
while the S-wave polarization angle has sensitivity to both Vp and Vs. In this study,
both local and teleseismic events will be used. We expect to see frequency dependence

of P-wave polarization that is sensitive to Vs at different depths.

Keywords: body wave, shallow oceanic crust, MOANA.
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Ambient noise tomography for northern Okinawa trough OBS array
Ting-Chun Lin' ~ Kai-Xun Chen? ~ Yuancheng Gung' ~ Ban-Yuan Kuo®
Mamoru Nakamura* ~ Shuichi Kodaira* ~ Pei-Ying Patty Lin’ ~
Ching-Ren Lin?

(1)Department of Geosciences, National Taiwan University ~ (2)Department of Geosciences, National
Taiwan University; Institute of Earth Sciences, Academia Sinica, Taiwan ~ (3)Institute of Earth
Sciences, Academia Sinica, Taiwan ~ (4)JAMSTEC - (5)Department of Earth Science, National

Taiwan Normal University

From September 2018 to June 2019, IES, TORI, and JAMSTEC deployed
broadband OBSs in the north Okinawa Trough (NOT) and its neighboring sea.
Continuous vertical component of data from OBS, F-net stations and five temporary
stations are used to extract the empirical Green functions of Rayleigh waves. With the
measured dispersion (3-30 seconds) data from the noise-derived Rayleigh waves, we
then implement a one-step, wavelet-based multi-scale tomographic technique to invert
for 3-D models of both Vs and its azimuthal anisotropy of the upper crust and the
shallow mantle structures. Major features in our preliminary model are generally
consistent with the local multi-channel seismic model, with structure beneath volcanoes
and the OT axis characterized by higher Vs, and fore-arc region characterized by lower
Vs. Our models also show that there are clear variations in the fast polarization
directions of anisotropy across the trench in the shallow depths, and such variations

slowly migrate into a smoother pattern with depth.

Keywords: northern Okinawa trough, NOTOBS, ambient noise tomography, Ryukyu

subduction zone
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Correlation between earthquake b value and Vp/Vs ratio in Japan
Pei-Ying Wu'! ~ Sean Kuanhsiang Chen! ~ Yih-Min Wu?
(1)Department of Geosciences, National Taiwan University ~ (2)Department of Geosciences, National
Taiwan University; Research Center for Future Earth, National Taiwan University; Institute of Earth

Sciences, Academia Sinica, Taiwan

Earthquake b value is primarily controlled by differential stress in the crust. Pore
pressure has also been reported influencing b value locally. In nature, the effect can
only be observed in the subsurface crust by injection wells. It remains unclear whether
it can be observed in the entire crust. We assume pore pressure increases proportionally
with Vp/Vs ratio to examine the correlation between Vp/Vs ratio and b value. We
investigated this correlation in Japan because it is an earthquake-prone country with
dense seismic networks and high-quality earthquake catalogs. We calculated b values
in the Japan inland region above the 30 km depth using the Japan Meteorological
Agency earthquake catalog from 1998 to Feb 2011. We calculated Mc and b value by
maximum curvature method and maximum likelihood method in the grids of 0.1°x
0.1°x10 km with a radius of 30 km from the center of the grids. The b value
determination requires the number of earthquakes with magnitudes greater than Mc
over 150 within the radius. The Vp/Vs ratios are derived from the National Research
Institute for Earth Science and Disaster Resilience. We resampled them to the same
grids as b values by either averaging them into the grids or weighting them through a
triangular function to the grid's center of b values in depths. We analyzed the b value as
a function of the Vp/Vs ratio and binned them within every 0.01 Vp/Vs interval to
calculate the means and medians for linear regressions. Our results show little
correlation between overall b values and Vp/Vs ratios at the whole study area among
different depth ranges. We observed a weak linear negative relation in the binned data
at the 10-20 km depth; however, this relation is not likely observed in others depth
ranges. We separated the study area into different tectonic regimes and found that the
relationship becomes stronger locally. It is consistent with the previous observations

that the effect of pore fluid pressure on b value is localized.

Keywords: earthquake b value, Vp/Vs ratio, pore fluid pressure, Japan



Temporal b-value variation before and after My > 6.0 Taiwan
earthquakes from 2012 to 2019
Po-Yuan Chen! + Sean Kuanhsiang Chen! ~ Yih-Min Wu?

(1)Department of Geosciences, National Taiwan University ~ (2)Department of Geosciences, National

Taiwan University; Institute of Earth Sciences, Academia Sinica, Taiwan

Recent studies show that earthquake b values gradually decrease before large
earthquakes at the epicenters and immediately increase after the earthquakes. Temporal
b-value variations may result from crustal stress changes associated with a large
earthquake. However, the physical process is rarely observed and remains unclear.
Taiwan island is a young orogeny leading to frequent earthquakes with magnitudes
greater than M16.0, which provides an excellent laboratory to examine the physical
process. We calculated b-value variation before and after M1 >6.0 Taiwan earthquakes
at the epicenters from 2012 to 2019. The period is based on the enhanced earthquake
detection capability in Taiwan, which allows the magnitude of completeness (Mc) down
to 1.5 in the inland region. We used a relocated earthquake catalog to precisely estimate
b value and Mc by the maximum likelihood method and maximum curvature method,
respectively. We designed three steps in our research. First, we calculated the b value
and Mc at the epicenters of the M1 >6.0 earthquakes in overall eight years to know the
background seismic activity. Next, we calculated b values and Mc per half year to test
the sensitivity between the radius from epicenters (r) and the number of earthquakes
with magnitudes greater than Mc (n). Finally, we applied the moving window approach
to calculate temporal b-value variations continuously. Our results showed that spatial b
values in Taiwan in overall eight years have an average close to 1.0. The b values are
systematically lower in the epicenters of M1>6.0 earthquakes from 2012 to 2019. We
have determined suitable r and n values for each earthquake. We have observed
decreasing and immediately increasing b values before and after the 2018 ML 6.3
Hualien earthquake, respectively, from the relatively stable Mc. We suggest that
temporal b-value variations in Taiwan by the M1>6.0 localized earthquakes cannot be

observed frequently in our data period.

Keywords: temporal b-value variation, magnitude of completeness, moving window



Station correction of P-Alert network to improve magnitude
estimation for earthquake early warning
Yu-Ting Wu! ~ Yih-Min Wu?
(1)Department of Geosciences, National Taiwan University ~ (2)Department of Geosciences, National
Taiwan University; Research Center for Future Earth, National Taiwan University; Institute of Earth

Sciences, Academia Sinica, Taiwan

Magnitude estimation for earthquake early warning has been shown that it can be
achieved by utilizing the relationship among the first three seconds P-wave amplitude,
hypocentral distance and magnitude. However, the regression models in previous
studies about P-Alert didn't include station correction factors, which may cause non-
negligible effects. Thus, to improve the precision of magnitude estimation, we take
station corrections into consideration when building the regression model. Station
corrections in previous studies are calculated based on empirical interstation difference.
Instead, we treat station corrections as missing data and adopt the iteration regression
method, which is based on the expectation-maximization algorithm, to determine these
unobserved latent variables of the model. By using this method, we are able to approach
the values of both the station corrections and the coefficients of the regression model
after several iterations. Our results show that after utilizing the iteration regression
method, the standard error reduces from 0.273 to 0.257. The station corrections we get

range from -0.392 to 0.364, whose distribution is roughly similar to previous study.

Keywords: station correction, ground motion



Effects of crust and mantle heterogeneity beneath the Tatun Volcano
Group on synthetic seismograms: A full waveform approach
Chih-Yin Chou! ~ Shu-Huei Hung'

(1)Department of Geosciences, National Taiwan University

The existence of a magma chamber beneath the Tatun Volcano Group (TVG) near
the Taipei metropolitan area has recently raised both scientific and public concern but
is still under debate. Previous evidence for or against it mostly relies on the ray-based
analysis and modeling of P and S arrival times from > 100 km deep earthquakes in the
adjacent Ryukyu subduction zone and local earthquake traveltime tomography, thanks
to a dense Formosa array of broadband seismographs deployed uniformly across
northern Taiwan. On the other hand, with the advent and availability of wave-based
numerical methods and high-performance parallel computing, full-waveform modeling
and inversion become feasible which leads to resolve the earth's internal structure with
much sharper and higher resolution. To explore rich "anomalous" waveform signals
resulting from crustal and mantle velocity heterogeneities beneath northern Taiwan, we
employ a spectral-element AxiSEM algorithm to simulate seismic wave propagation
through 2-D heterogeneous earth models for earthquakes with depth >100 km and
Mw>4 occurring in the adjacent subduction zones around Taiwan. The 2-D velocity
structure along the great-circle plane is derived from 3-D local tomographic models for
the Taiwan region and global models of MIT08 and S40RTS for the region outside of
it. The obtained synthetics are benchmarked with those calculated by fully 3-D, but
computationally-expensive SPECFEM3D GLOBE and AxiSEM3D methods. By
comparing the synthetic seismograms with accuracy up to 5 s for 1D laterally
homogeneous and 2D hetergeotneous models with the corresponding observed records
at the Formosa and other permanent broadband stations across Taiwan, we will
investigate the changes of phase arrival times and waveforms related to the imaged low-
velocity bodies beneath the TVG being postulated as the magma reservoir and high-

velocity features from the subducted slab.

Keywords: full waveform modeling, AxiSEM, Tatun Volcano Group, Magma

reservoir
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Magnitude estimation and on-site earthquake early warning using
cumulative absolute velocity in Taiwan
Hao-Yun Huang' ~ Yih-Min Wu?
(1)Department of Geosciences, National Taiwan University ~ (2)Department of Geosciences, National

Taiwan University; Institute of Earth Sciences, Academia Sinica, Taiwan

Real-time magnitude determination is one of the critical issues for earthquake
early warning (EEW). There are two types of EEW systems, on-site and regional. The
on-site EEW system is based on initial P-wave signals to predict ground shakings before
destructive waves. Magnitude determination may have a saturation situation using
initial seismic signals after an earthquake occurrence. Previous studies utilized eventual
cumulative absolute velocity (eCAV) to determine equivalent moment magnitude (Mew)
up to 9.0 without any saturation. The eCAV is a good shaking parameter to describe
total effective shaking. However, to determine eCAV will be too late for EEW
application. To quickly obtain eCAV, 4,754 strong motion records from 64 events with
local magnitude (ML) large than 5.5 in Taiwan are used to establish the relationships
between eCAV and integration of five initial shaking parameters (initial CAV, initial
cumulative absolute displacement, initial cumulative absolute integral displacement, Py,
and 1) for time windows from 1 s to 20 s after P-wave arrival. Our results show that
eCAV can be estimated using the integration of five initial shaking parameters.
Logarithm linear correlation coefficients vary from 0.77 to 0.97 with standard
deviations from 0.25 to 0.10 for time windows from 1 s to 20 s after P-wave arrival.
Results show that the correlation coefficient is around 0.91 with a standard deviation is
around 0.22 at each time window for magnitude determination. Mew almost follows a
1:1 linear relation with moment magnitude (Mw, Global Centroid-Moment-Tensor) up
to 6.8. It is expected that the proposed method can timely estimate Mw for EEW
purposes. Additionally, we find that eCAV is a great indicator to describe the intensity
of earthquakes similar to peak ground velocity.

Keywords: earthquake, real-time seismology, earthquake early warning, cumulative
absolute velocity
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Ambient noise tomography in Southeastern Taiwan
Nguyen Thu Thao' ~ Hao Kuo-Chen'

(1)Department of Earth Sciences, National Central University

Crustal structure in eastern Taiwan is key for understanding the tectonic evolution
and interaction between the Philippine Sea and Eurasian plates from subduction to
collision. In order to explore the crustal structure in this region in detail, 3-D ambient
noise tomography was used with a dense seismic array data set. We deployed 40
temporary seismic stations in southeastern Taiwan in 2019 for about one month. Time
series were cross-correlated to construct Rayleigh wave Green’s functions. For each
station pair, group velocity dispersion curves were picked using a frequency-time
analysis and image transformation technique. Then, we applied the direct inversion of
surface wave dispersion data to estimate the 3D shear-wave velocity model from these

group velocities.

Keywords: Southeastern Taiwan, 3-D ambient noise tomography, group velocity

dispersion curves, shallow structure



Study of absorption attenuation of the crust in Kyushu, Japan from
the coda of ambient noise cross correlation
Hao-Che Wu! ~ Shu-Huei Hung? ~ Yen-Ting Ko!
(1)Institute of Oceanography, National Taiwan University ~

(2)Department of Geosciences, National Taiwan University

Coda of ballistic waves extracted from ambient noise cross correlation function
(NCF) between two stations has been demonstrated to contain multiply-scattered
energy whose rate of decay is inversely proportional to the quality factor Qc, a quantity
used to map the scattering and absorption properties of the crust at frequencies <1 Hz.
Japan characterized by active volcanoes and frequency earthquakes has established a
nationwide high-density seismograph network with continuous seismic recordings for
open access. Kyushu in SW Japan is the most seismically and volcanically intensive
island sitting in the volcanic front above the subducted Philippine Sea Plate along the
Ryukyu trench and Nankai Trough. In 2016, two consecutive earthquakes with
magnitude of 6.2 and 7 hit the Kumamoto region within two days in April, and
following the eruption of Mount Aso volcano in October. To investigate the absorption
attenuation of the crust and possible temporal change impacted by these events, we
construct more than 5000 yearly-stacked NCFs between all the available station pairs
across Kyushu, using short-period and boardband seismograph records from 2015 to
2017. A strong wavepacket arriving faster than fundamental-mode Rayleigh waves is
omnipresent in the NCFs and identified as being generated by a localized stationary
noise source from long-period volcanic tremors in Aso volcano. To obtain robust
estimates of frequency-dependent Qc from the coda applied with a series of narrow
bandpass filters centered at periods of 2 to 10 s, we exclude these large-amplitude
wavepackets and choose the onset time of the coda after the maximum amplitude of the
envelope of Rayleigh waves. Besides, the lapse-time dependence of Qc similar to that
estimated by the earthquake coda is also observed and thus the choice of the optimal

coda window that yields stable Qc values needs to be carefully tested.

Keywords: ambient noise cross correlation, coda, seismic attenuation, quality factor



Retrieving the hidden wave signals from oceanic ambient noise
Tony Tsung-Lin Tsai' ~ Justin Yen-Ting Ko!

(1)Institute of oceanography, National Taiwan University

Ambient noise seismic interferometry involving the cross-correlation of
continuous signals at different receivers has been widely used to retrieve the Green’s
functions between any pair of stations. Although many promising results have been
demonstrated in recent years, there is no study has been devoted to assessing the
possibility for retrieval of ocean waves. The main object of this work is to answer this
question whether the technique can be used to obtain the Green’s function of the ocean
signals. We exploit the ambient noise seismic interferometry to obtain the Green’s
functions of ocean waves propagating from deep-sea pressure gauges to tide gauge
stations deployed in the eastern Taiwan. The preliminary results show that the obtained
Green’s functions do follow the shallow water equation and can be used to estimate the
arrival time of the tsunami propagating from the pressure gauge to the tide stations. The
comparison of the Green’s function between different stacked periods can provide the

potential seasonal variations of the ocean current along any pair of stations.

Keywords: ambient noise, ocean current, seasonal variations



Coseismic velocity reduction and postseismic relaxation of the crust
along the Milun fault from ambient seismic noise interferometry
Yi-Ni Chen! ~ Shu-Huei Hung!

(1)Department of Geosciences, National Taiwan University

Coda wave interferometry (CWI) using diffuse ambient seismic noise has been
widely applied to monitoring subtle changes of the crustal properties perturbed by
tectonic events such as earthquakes, landslides, and volcanism, and seasonal
environmental changes such as precipitation, temperature, and atmospheric pressure. In
this study, we employ the CWI to investigate coseismic and postseismic velocity
variations along the Milun fault, considered as the causative fault of the 2018 Mw 6.4
Hualien mainshock that severely struck the city of Hualien in eastern Taiwan on 6
February 2018. The Python package, MSNoise, is adopted for computing daily-stacked
cross-correlation functions (CCFs) of ambient noise recorded by pairs of short-period,
strong motion, and broadband stations from CWBSN and BATS and measuring relative
time delays (dt/t) and waveform coherence of extracted coda waves between short-term
and long-term average CCFs using the Moving-Window Cross-Spectral Method. To
enhance the stability of measured dt/t and temporal resolution for continuous
monitoring purposes, we apply an adaptive filter based on the S-transform to denoise
the daily CCFs and reduce the minimum stacking days for short-term CCFs in
secondary microseism frequency band (0.1-0.9 Hz) to be less than 10 days. Preliminary
results show sudden increase of dt/t equivalent to coseismic drop in seismic velocity
(dv/v) of the crust, most pronouncedly for the station pairs along the Milun fault, and
followed by postseismic recovery. In addition, quasi-periodic variation of dv/v is
omnipresent, suggesting the seasonal perturbations in the environment probably
originated from rainfall and groundwater level fluctuation are substantially detectable.
We will dissect the physical causes for these environment fluctuations and remove them
from measured dv/v. The remaining dv/v will be further examined for studying the
crustal deformation and response to the Hualien earthquake and faulting healing

processes.

Keywords: ambient noise, coda wave interferometry, Milun fault, coseismic velocity

drop, postseismic relaxation



Ambient noise Full Waveform Inversion along Lanyang River,
Ilan Plain, Taiwan— Synthetic tests and application
Fandy Adji' ~ Fanda Fitrianditha' ~ How-Wei Chen!

(1)Department of Earth Sciences, National Central University

Full Waveform Inversion (FWI) is a high resolution method capable of inferring
detail subsurface structure and velocity variations. FWI emphasis on utilizing the whole
waveform information instead of using first- or reflection arrival time in Travel Time
Inversion (TTI). However, FWI may suffer from the potential non-linear nature of the
seismic data. The FWI community trying to tackle the high non-linearity problem
embedded in FWI through multiscale approach and various objective function
formulation. A multiscale FWI approach is performed on the synthetic dataset based on
the known Taiwan complex geological fold-bend-fault model provided by CPC to test
the capability of the FWI application in central Taiwan area. Synthetic data were
generated from the test model. The multiscale approach invert the data with the
frequency content of 2, 4, 8, 10, 15, 20 Hz. The result shows promising result as the
inverted velocity model are sequentially constructed from smooth-to-detail according
to the designated frequency bands. For real data application, ambient noise dataset from
Ilan 2004 network is analyzed and studied in this project. The initial model is estimated
from the conventional multichannel analysis of surface wave (MASW) inversion. Fifty
inter-station cross-correlation gathers were used to construct a 2D profile from Land
array data. Preliminary inversion shows wedge-shaped sedimentary basin the Ilan plain
thicken from the sea (East) toward mountain (West) direction. To understand its
potential generation mechanism, ambient noise data simulation is performed to
understand noise generation signatures, effect on the cross-correlation results and
compare the synthetic responses with the recorded data. Ambient noise synthetic data
are simulated by random source distribution with the random duration and activation
time. Data preprocessing including body- and surface waves separation through

curvelet transform is necessary before FWI.

Keywords: ambient noise, curvelet, Full Waveform Inversion



Ambient wavefield simulation in ILAN2014 array data
Fanda Fitrianditha' ~ Fandy Adji Fachtony! ~ How-Wei Chen!

(1)Department of Earth Sciences, National Central University

Ambient noise data is generally attributed to primary or secondary microseisms.
The primary microseism is the direct coupling between ocean waves and seafloor. The
secondary microseism is the ocean waves once hits the coast, reflect back to the ocean
and interacts with another incoming ocean waves and and propagate back to the coast.
We simulate the primary and secondary microseisms based on the spectral element
method (SEM). The current simulation aims to understand how the coupled acoustic-
elastic waves responses while interact with sea-land boundary. Mimic the primary and
secondary microseisms along the coastline. Coupled elastic-acoustic waves simulation
with excitations occurred inland, ocean, and coastline are studied and analyzed. The 2D
model is set to 131x81 km with 1001x621 elements. A total of 163 receivers of
ILAN2014 observations are simulated and analyzed through many model setup
including model proposed by Su et al, 2019. Different types of sources were initiated
along the coastline in a sequential and random manner. Simulating ambient wavefield
is challenging for obtaining a reasonable simulation responses within a reasonable
computational time. To simulate one-hour ambient noise data, the computational cost
is high. Therefore, simultaneous excitation of random sources along the coastline were
performed first to obtain the desired 1-hour long records. The simulated data are cross-
correlated and stacked to increase the signal-to-noise ratio (SNR). The result shows that
the clarity of the extracted high SNR green functions increases as the recording time
increases. Simulation also indicate that the body wave arrivals become less visible with
the increasing recording time and eventually enhancing surface wave arrivals. The
simulation results are consistent with the commonly observed ambient noise records.
Such responses are dominated by the wave interferences excited from the Sandiaojiao

in the north and Nanfangao-Fenniaolin in the south of Ilan.

Keywords: ambient wavefield, spectral element method, synthetic simulation
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Ambient seismic wavefield recorded at the seafloor OBS network in
the northern Nankai Trough
Hou-Sheng Cheng! ~ Emmy T.-Y. Chang'! ~ Yuancheng Gung?
Takashi Tonegawa’
(1)Institute of Oceanography, National Taiwan University ~ (2)Department of Geosciences, Nation

Taiwan University ~ (3)Japan Agency for Marine-Earth Science and Technology

The ambient seismic wavefield which is mainly excited by oceanic gravity waves
can be categorized into three spectral bands: the primary (10-20 s) and secondary (5-10
s) microseisms and infragravity waves (IGWs) (>20 s). Excitation of primary
microseisms is converted by nonlinear coupling with local topography between ocean
swell and seismic waves on subtle undulation of continental shelves. Whereas,
secondary microseisms are derived from storms and wave-wave interaction between
ocean gravity waves. The mechanism of IGWs can be explained by the sea-level
oscillation affected by the traction force converting from the regional wind field, and
are influenced by both offshore leakage and the coastally generated free waves to form
the deep-water standing waves. Therefore, the transmitted microseism and IGWs
energy depend on ocean wave state and bathymetry. Moreover, the ambient seismic
noise converted at the near-shore or from the pelagic areas may exhibit different
frequency bands. We provide the spectral analysis of the ambient seismic noise with the
data acquired from the Dense Oceanfloor Network System for Earthquakes and
Tsunamis (DONET) in the northern Nankai trough. We illustrate the variation of
ambient energy with time and space and proceed with the cross-correlation function
and cross-correlation beamforming function to discuss its origins and propagations. The
spectral analysis shows significant secondary microseisms and IGWs with the DONET
data. The secondary microseisms propagated as Scholte waves with velocities of
0.6~0.8 km/s. The peak frequencies of IGWs are in a frequency range of 0.008~0.02
Hz, while they perform a systematical frequency drifting corresponding to the water
depth of stations. Besides identifying the potential conversion environment for the
ambient seismic noise, our study provides information for the spatial and temporal

variation of seafloor noise in the northern Nankai trough.

Keywords: ambient seismic noise, cross-correlation function, cross-correlation

beamforming, ocean bottom seismometers



The seismic moment release before-and-after the September 28™,
2018 Mw 7.5 Palu earthquake, Sulawesi, Indonesia
Yopi Ruben Serhalawan! ~ Po-Fei Chen!

(1)Department of Earth Sciences, National Central University

Sulawesi in the eastern Indonesia is a K-shaped island located within a triple
junction. There are two slabs (Celebes and Sula) with opposite polarity to the north.
The east arm of Sulawesi is categorized as an ophiolitic whereas the southeast arm of
Sulawesi is the part of the Australian plate. The west and southwest parts of Sulawesi
are the part of Eurasian plate. The central part of Sulawesi exposes the left-lateral Palu-
Koro fault and Matano fault with the northwest-southeast direction that associated with
extension during the rollback of Banda embayment (Hall, 2012; Hall and Spakman,
2015). On September 28, 2018, the Mw 7.5 earthquake occurred in the Palu-Koro fault
with significant left-lateral slip component. This earthquake triggered a tsunami and
liquefaction to the city of Palu and the surrounding region with more than 4000
causalities. Before the earthquake, the Palu-Koro fault was considered as a high slip
rate (32-45 mm/yr) with low seismicity (Bellier et al., 2001). However, seismicity in
Sulawesi is active after the Palu earthquake, including swarm activity in Mamasa region
since November 2, 2018 (Supendi et al, 2019), the Mw 6.8 gulf of Tolo earthquake on
April 12, 2019, and the Mw 6.2 Majene-Mamuju earthquake which was preceded by
Mw 5.7. In this study, we aim at quantifying the seismic moment release of Sulawesi
before and after the Palu earthquake. Using data of Global CMT catalog, we divided
Sulawesi into boxes of coherent focal mechanism - Mamasa, gulf of Tolo, Majene-
Mamuju, etc. We calculated the summation of moment tensors for earthquakes within
each box and compare those before and after the Palu earthquake. We expect the results

will reveal the seismic behaviour of Sulawesi affected by the Palu earthquake.

Keywords: Palu earthquake, seismic moment release, Palu-Koro fault



Observations of ScS phase by Formosa Array and its applications
Shu-Yun Xie! ~ Po-Fei Chen!

(1)Department of Earth Sciences, National Central University

We examined data of teleseismic events with depth greater than 100 km and
magnitude greater than 6.0 as recorded by Formosa Array (FMA), a dense broadband
seismic network covering North Taiwan with 140 stations. Among 15 events examined,
we found one event (7.06°S, 146.49°E, 146 km, Morro Bay, Papua New Guinea) that
exhibits prominent signals of ScS phase. While causes of the clear ScS phase are still
under investigation, we calculated the relative arrival time residual (RATR) of ScS for
stations of FMA. RATR is a reflection of receiver-side mantle and crust velocity
heterogeneity since source-side paths for FMA of one teleseismic event are nearly
identical. Resulting pattern of ScS RATR will be examined in the framework of high
resolution 3D P-wave velocity model (Su et al., 2019) in conjunction with results of
tracing rays by FMTOMO (Rawlinson et al., 2006). Study of the ScS RATR pattern
will be expanded to cover whole Taiwan region using data of BATS (Broadband Array
in Taiwan for Seismology). Furthermore, the observation of prominent ScS phase not
only prompts us to look into the S-to-P conversion (ScSp) at the top of subducting
Ryukyu slab for constraint of its geometries. We will also employ a slant-stacking
scheme on data of FMA to enhance signals of ScSa4i0p or ScSesop to infer the upper
mantle thermal structures beneath NE Taiwan.

Keywords: Formosa Array, ScS phase, relative arrival time residual



Seismic attenuation structures beneath the northeastern Japan
Chia-Li Yen' ~ Justin Yen-Ting Ko! ~ Yu-Pin Lin?
(1)Institute of Oceanography, National Taiwan University ~

(2)Institute of Earth Sciences, Academia Sinica, Taiwan

Detailed seismic attenuation mapping can provide critical constraints on the
thermal evolution of the mantle dynamics. In this study, we investigate the seismic
attenuation characteristics beneath northeastern Japan using the regional earthquakes
recorded at 343 stations of three different seismic networks (S-net, Hi-net and F-net).
Recent deployment of the S-net largely improves the structural resolvability near the
trench, in particular at the junction between the Kuril Trench and the Japan Trench.
Since the direction of S-net seismometers depends on the layout of marine cables, we
correct the rotation angles by multiplying matrices calculated from tilt, rotation, and
azimuth before measuring the spectra amplitudes of P and S waves in multiple
frequencies using integrals over wavelet transforms. All measurements are referencing
to the 1-D synthetics to eliminate the effects from the source and geometrical spreading.
We invert the spectra amplitudes for a 1-D frequency-dependent attenuation model. The
inverted station residuals, which account for unresolved lateral variations in attenuation
structure, suggest stronger attenuation in the volcanic area and the collision region of
the Kuril and Japan arcs. On the other hand, for the raypaths passing through the

subducting slab are characterized by low attenuation.

Keywords: seismic attenuation, subduction zone, Kuril trench, Japan trench
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Application of machine learning for efficient classification on tectonic
tremors in Taiwan and Shikoku, Japan
Hao-Yu Chiu! ~ Kate Huihsuan Chen? ~ Kazushige Obara® ~ Jyr-Ching Hu!

(1)Department of Geosciences, National Taiwan University ~ (2)Department of Earth Sciences,

National Taiwan Normal University ~ (3)Earthquake Research Institute, The University of Tokyo

Tectonic tremor is long-lasted and noise-like seismic signals with the dominant
frequency of 2 to 8 Hz. It is generally identified by waveform similarity in envelope
with nearly the same arrival at different stations. Without a display of waveforms from
multiple stations, discriminating tremors from noises is difficult, especially in the area
where the tremors are relatively weak and short such as Taiwan. Is an automatic
detection scheme possible across regions? How much the tremor signals can tell us
about the source properties and regional differences in physical environment that hosts
tremors? This study attempts to explore the signal characteristics of tremors in areas
that are naturally separable and different from each other. We used the trained classifier
for detecting continuous tremors in Taiwan, eastern and western Shikoku for
comparison. Using the tremor waveform from CWBSN in Taiwan identified by Liu et
al. (2019) for training data. The tremor events in the Shikoku region were derived from
the catalog by Annoura et al. (2016). Here we used the waveform data recorded by Hi-
net. To prepare the labeled events composed of the largest number of data, tremors in
the catalogs were segmented into 1200-31000 signals with a length of 60 seconds.
Using the 60-s-labeled data (1296 tremors in Taiwan; 30888 tremors in Shikoku), we
applied k-NN classifier on 29 seismic features to investigate the classification
performance. For tremors in Taiwan and eastern Shikoku, the final classification rate is
up to 90%; 82.1% for western and eastern Shikoku. This suggests a potential of
applying k-NN on tremor detection in different areas. By Fisher's class separability
criterion, the optimal feature that allows us to separate tremor in Taiwan from the one
in eastern Shikoku is energy of the signals filtered in 0.1-1 Hz. The most distinct feature
for tremors in western and eastern Shikoku appears to be energy in the last two-thirds
part of the autocorrelation function.

Keywords: tectonic tremors, Shikoku, features, classification rate, k-NN, Fisher's

class separability criterion
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The age of Ryukyu subducting slab beneath northern Taiwan
inferred from seismic waveform modeling
Yu-Sheng Hung! ~ Justin Yeng-Ting Ko!

(DInstitute of Oceanography, National Taiwan University

The age of Ryukyu subducting slab beneath northern Taiwan inferred from seismic
waveform modeling Maxwell Yu-Sheng Hungl and Justin Yeng-Ting Kol 1 Institute
of Oceanography, National Taiwan University There are two competing scenarios based
on the tectonic evolution of western Gagua ridge, believing Huatung Basin (HB) is a
trapped piece of an Early Cretaceous ocean basin (125Ma) or is formed in the second
spreading era of West Philippine Sea Basin (WPB) (35-50Ma). Therefore the age of the
HB plays a critical role in this issue. Scientists endeavor in different aspects to constrain
the precise age of HB which includes magnetic field simulation, seismology, thermal
modeling and Argon dating. Although there is a general consensus that the birth of HB
should be roughly in the Eocene, large uncertainties do exist among different studies
ranging from 30 Ma to 125 Ma. In this study, we collected the tele-seismic waveforms
with epicenter distance between 30-90 degrees and depth over 100 km recorded by the
Broadband Array in Taiwan (BATS). We measure amplitude fluctuations in P-waves
comparing to the PREM and characterize the multipathing arrivals caused by the
subducting Philippine Sea plate (PSP) from high frequency waveforms. In order to
investigate the detailed morphology of the subducting PSP, we use GPU-accelerated
Finite-difference method to compute large number of the Green’s functions to create a
library of the idealized 2D models. We grid search for five model parameters by
minimizing the differences in traveltimes, amplitudes and waveform shapes between
data and synthetics. The optimal velocity models are converted to thermal structure
based on the theorem of Sleep (1973). With a preliminary glance of the simulation
results, we suggest that the optimal model would have a better constraint on the slab
dynamics and the age of HB. Keywords age, geodynamics, Huatung Basin, morphology,

seismology, subducting slab, thermal modeling

Keywords: age, geodynamics, Huatung Basin, morphology, seismology, subducting
slab, thermal modeling
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Seismically derived ground tilts induced by the 2010 Chilean tsunami
Jui-Chun Freya Chen! ~ Wu-Cheng Chi? ~ Chu-Fang Yang?
(1)Department of Atmospheric Science, National Taiwan University ~

(2)Institute of Earth Sciences, Academia Sinica, Taiwan

We wish to develop new ways to observe tsunami contributes to tsunami research.
Tidal and deep-ocean gauges have been used for coastal and offshore observations.
However, tsunami-induced ground tilts offer a new possibility. The ground tilt signal
induced by 2010 My, 8.8 Chilean earthquake were observed at a tiltmeter network in
Japan. However, tiltmeter stations are usually not as widely installed as broadband
seismometers in other countries. Here, we analyzed broadband seismic records from
Japan’s F-net and found seismically derived ground tilt signals consistent with
previously published tiltmeter dataset. We have also included waveforms from
broadband seismic networks in other countries, such as Taiwan, as well as an ocean-
bottom seismometer, and found similar patterns. In this work, we documented a
consistent time sequence of evolving back-azimuth directions of the tsunami waves at
different stages of tsunami propagation through beamforming-frequency—wavenumber
analysis and particle-motion analysis. Dense broadband seismic networks can provide
a useful complementary dataset, in addition to tiltmeter arrays and other networks, to

study or even monitor tsunami propagation using arrayed methods.

Keywords: tsunami, ground tilt, broadband seismometer
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Shallow rupture pattern of the northernmost Lingding Fault during
the 2018 Hualien earthquake: the perspective on aerial photos
Jian-Ming Chen' ~ Yu Wang! ~ Yu-Ting Kuo? ~ Shao-Yi Huang?
James Hollingsworth?

(1)Department of Geosciences, National Taiwan University ~ (2)Department of Earth and
Environmental Sciences, National Chung-Cheng University ~ (3)Institute of Earth Sciences, Academia

Sinica, Taiwan ~ (4)Université Grenoble Alpes

On 6th February 2018, the Mw 6.4 Hualien earthquake occurred near the Hualien
City, accompanied with ground deformations along the Milun and Lingding Faults.
While post-event field survey provided detailed description and data of the Milun Fault,
there was not too much report about the surface rupture and deformations along the
Lingding Fault since the surface rupture passed through the Hualien River bed. In order
to investigate the shallow rupture behavior of the Lingding Fault during the 2018
earthquake, the pre- and post- earthquake aerial photos are used in this study. We not
only map the plausible coseismic surface rupture on the Hualien River bed by visual
inspection of the images, but also obtained the surface displacements to determine the
spatial pattern and magnitude of offset across the Lingding fault by COSI-Corr. Both
approaches reveal clear result within the Hualien River bed, and suggest the 2018
coseismic rupture along the Lingding Fault is dominated by the left-lateral slip, where
the displacement decreased from north to south, from >1.0m near the Hualien River
mouth to <0.4 m south of the Mugua River. Such pattern agrees well to the GNSS RTK
field survey result. After that, we conduct a series of half-space fault slip model to fit
the sub-pixel correlation data and GNSS RTK survey results. To sum up, the shallow
portion of the northernmost Lingding Fault did rupture during the 2018 Hualien
earthquake, forming a series of left-lateral surface ruptures with limited fault-normal

movement.

Keywords: 2018 Hualien earthquake, Lingding Fault, surface ruptures, aerial photos
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Reinterpreting Yuli belt serpentinites in eastern Taiwan
Dominikus Deka Dewangga! ~ Chin-Ho Tsai' ~ Yoshiyuki lizuka?
Yui Kouketsu® ~ Ilona Talvikki Sakaguchi® ~ Sun-Lin Chung? - Hui-Fen Chen*
(1)Department of Natural Resources and Environmental Studies, National Dong-Hwa University -
(2)Institute of Earth Sciences, Academia Sinica, Taiwan ~ (3)Graduate School of Earth and Planetary

Sciences, Nagoya University, Japan ~ (4)Institute of Earth Sciences, National Taiwan Ocean University

Serpentinites and metaigneous rocks (metabasalt, metagabbro, and
metaplagiogranite) are distributed sporadically in the Yuli belt. These rocks were
previously referred to as fragments of dismembered ophiolites (Liou, 1981). The
surrounding metasedimentary rocks and some metaigneous rocks were subject to high-
pressure (HP) metamorphism. However, the origins and metamorphic conditions of
serpentinites are still unclear. This study focuses on serpentinites in the Fengtien (FT),
Wanjung (WJ), Tsunkuanshan (TS), and Chinshuichi (CSC) areas. The samples consist
of antigorite and magnetite with minor chlorite, olivine, diopside, brucite, talc, and
carbonates. Chromian (Cr) spinel is the only relict igneous phase. The compositions of
Cr-spinel (Cr#, Mg#, and Fe*'#) indicate that the protolith origin of FT and TS
serpentinites is abyssal peridotite, whereas WJ and CSC serpentinites are of forearc
mantle protolith. Textural features and mineral compositions of olivine (Fo 95.98) and
diopside imply a metamorphic origin (cf. Lo et al., 1984). Pseudosection modeling
(Perple X) and the mineral assemblage (atg + mag + chl + ol + di) show that
serpentinites from different origins were metamorphosed under similar peak
metamorphic temperatures (~550 °C). We assume the pressure conditions of
serpentinites according to those of surrounding garnet-bearing metasedimentary rocks
(1.4-1.7 GPa; ~550 °C; Yeh, 2019). Serpentinites and surrounding rocks were
metamorphosed isofacially (~1.5 GPa; ~550 °C) at great depths (~50 km). This P-T
estimation is higher than previously reported (Lan & Liou, 1981). Our results imply

that the Yuli belt serpentinites represent materials from a paleo-subduction interface.

Keywords: protolith, Cr-spinel, abyssal, forearc, metamorphism, subduction.
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Structural evolution and active structures of Dezful embayment in
Zagors foreland basin deduced from balanced cross section and
SAR interferometry
Yu-Ting Tai' ~ Jyr-Ching Hu' ~ Kuang-Yin Lai? - Ping-Jung Hsieh?
(1)Department of Geosciences, National Taiwan University ~

(2)Exploration and Development Research Institute, CPC Corporation

Zagros foreland basin is about 1400 km long, 100-300 km wide, from southeast of
Iran to eastern Turkey. This basin was formed since Miocene due to the oblique
convergence between Arabian and Eurasian plates. The present-day convergent rate of
two plates is about 20-30 mm/yr. The structural development and sedimentary
environments greatly contribute to the formation of petroleum system in Zagros basin.
At least 60 oil and gas fields have been found by the end of 2009. Therefore, realizing
the structural evolution is beneficial to explore petroleum system. Here, we apply Move
2018 to restore the cross section in Dezful embayment to examine the reasonableness
and understand the process of structural evolution. In addition, we project the seismic
data and GPS data to understand the active structures in this region. Moreover, by using
InSAR technique, the surface deformation could be observed appropriately. According
to the result of restoration, major faults develop both in-sequence and out-of-sequence
thrusting, the shortening is approximately 33 km and the long-term shortening rate
would be 1.5 mm/yr parallel to the profile. The most active structure is Mountain Front
Fault which accommodated 9.6 km shortening and led Kamarun Anticline to become
fault-propagation fold. The GPS result projected to the profile shows Zagros foredeep
fault accommodates an insignificant shortening in comparison with whole shortening
rate of ~2 mm/yr across the foreland basin. We project earthquake data to correlate the
seismicity with the active structures, the high seismicity is located near Mountain Front
fault extended to the basement at depth about 20 km. We use multi-temporal InSAR to
monitor the deformation patterns in main structures in foreland basin. The preliminary
result shows the significant gradient of LOS velocity across the Zagros Foredeep fault,

thus we suggest that this structure is active due to the creeping of weak detachment.

Keywords: Dezful embayment, restore cross section, detachment, InNSAR, SBAS



Structural evolution and activity of Kirkuk recess in Zagros orogen
Ting-Yun Lee! ~ Jyr-Ching Hu! ~ Kuang-Yin Lai? ~ Ping-Jung Hsieh?
(1)Department of Geosciences, National Taiwan University ~

(2)Exploration and Development Research Institute, CPC Corporation

Zagros orogen is part of the Alpine-Himalayan orogenic system and is formed as
a result of collision between Arabian Plate and Eurasia Plate with a convergent rate of
about 22 mm/yr. Foreland basin of Zagros orogen is one of the most important
petroleum-rich area in the world. Kirkuk recess in the northwestern part of the Zagros
orogen contains 18% of oil and gas storage of the whole foreland basin. Therefore, a
more complete understanding of structural evolution should be helpful to increase the
accuracy of oil and gas exploration. This study can be divided into two parts, first we
use MOVE 2018 software to restore the balanced cross section in order to investigate
the structural evolution of Kirkuk recess. Initial length of the cross section is about 212
km, and gives shortening around 16.3 km after the restoration, 7 km of them being
accommodated within the Inner High Folded Zone. The result shows that the
deformation propagated from northeast to southwest, which reflects the in-sequence
evolution of the low angle basement-rooted thrusts. Because these thrusts don’t
penetrate the sedimentary cover but connected upward to the basal detachment layer,
shortening caused by uplift were propagated to foreland and finally formed detachment
folds in sedimentary cover. As the result, deformation style in the study area is
characterized by multi-detachment folds detached above a basal detachment level. In
the second part of the study, we use Small Baseline Subset (SBAS) technique to deal
with D-InSAR data, in order to analyze temporal surface deformation across main fault-
related folding within three years. The result shows that hanging wall of Mountain Front
Fault have downward movement one year after the 2017 Mw 7.3 earthquake and this
implies that Mountain Front Fault continued to slip after the mainshock, thus caused
extension on the hanging wall. As the result, we consider Mountain Front Fault is still

active nowadays.

Keywords: balanced cross section, Zagros orogen, Kirkuk recess, InNSAR, Small

Baseline Subset
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Study of anisotropy of magnetic susceptibility across the southern
portion of the Backbone Range, Taiwan
Ya-Chu Tseng' ~ En-Chao Yeh! ~ Ning-Shan Hsu? ~ Yu-Ching Chang!
Jian-Cheng Lee’® ~ Gong-Ruei Ho® ~ Ching-Chou Fu?
(1)Department of Earth Sciences, National Taiwan Normal University ~ (2)Department of Natural
Resources and Environmental Studies, National Dong-Hwa University ~

(3)Institute of Earth Sciences, Academia Sinica, Taiwan

The Mountain building process is a fascinating and intriguing topic for solid earth
research. Taiwan orogen is a classical mountain belt that resulted from on-going arc-
continent collision between the Eurasian Plate and the Philippine Sea Plate. The
Backbone Range of Taiwan is the oldest geological unit, which is formed and exhumed
during subduction and collision. The eastern Backbone Range is commonly composed
of the Tananao metamorphic complex and the slate. The former could further be divided
into Tarako belt and Yuli belt separated by the Shoufeng shear zone due to the huge age
difference between each belt. Although the Tananao metamorphic complex has
undergone several deformation events, the mesoscopic mylonitic schists within the
Shoufeng shear zone shared the same attitude with the wall rocks of each belt. These
observations make difficulty to reconstruct the structural evolution of the Tananao
metamorphic complex and examine the role of Shoufeng shear zone. In order to
evaluate the deformation imposed on Taiwan orogeny, we plan to explore the different
deformation events by investigating the strain pattern across the eastern Backbone
Range. This study plans to shed the lights on illustrating deformation domains with
the regional strain distribution across the eastern Backbone Range. Anisotropy of
Magnetic Susceptibility (AMS) is an efficient tool to analyze the finite strain and
characterize petrofabrics and structures. The experiment will measure the principal
directions and values of magnetic susceptibility ellipsoid, and further evaluate the mean
magnetic susceptibility, the degree of anisotropy, ellipsoid type and strain pattern.
Based on the strain distribution inferred from AMS, the changes of deformation across
the eastern Backbone Range could be inspected, and the aspects of Shoufeng shear zone

can be further characterized.

Keywords: anisotropy of magnetic susceptibility, Backbone Range, Shoufeng shear

zone
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Temporal variation of permutation entropy in seismic noise during
three eruption cycles at Shinmoedake volcano, Japan
Diah Ayu Rahmalia! ~ K. 1. Konstantinou!
(1)National Central University

Permutation entropy (PE) is a simple complexity parameter for time series that is
useful in the presence of observational noise. This study investigated PE variation
during three eruptions in 2011, 2017, and 2018 at Shinmoedake volcano. Shinmoedake
had its first magmatic eruption in January 2011 and after 6 years, a new activity began
in October 2017 and it was followed by another eruption in March 2018. The frequency
range 1-7 Hz was used to infer the temporal change of randomness in time series data.
Permutation entropy calculation considered the embedding dimension (m=5) and
embedding delay (L=2) in a 20 minutes time window length. The results showed that
PE values decreased before each eruption occurred. Decreasing PE values indicated a
reduction of complexity that is associated with magma migration to the shallower depth
and caused attenuation of seismic waves. Besides, PE also exhibited increasing
behavior and suddenly decreased just before the eruption events in 2011, 2017, and
2018. We also analyzed the correlation between tremor depth location and PE values
that depicted a negative correlation in each eruption period. PE values would decrease
when tremor occurred at a shallower depth and PE values would increase when tremor

migrated to larger depths.

Keywords: permutation entropy, Shinmoedake volcano, eruption, Tremor depth

location



Remnant forearc preserved in a paleo-subduction complex?

A new inference from HP metaigneous rocks in eastern Taiwan
Wen-Han Lo! ~ Chin-Ho Tsai' ~ Sun-Lin Chung? -~ Hao-Yang Lee? ~
Qiu-Li Li*

(1)Department of Natural Resources and Environmental Studies, National Dong-Hwa University -
(2)Institute of Earth Sciences, Academia Sinica, Taiwan; Department of Geosciences, National Taiwan
University ~ (3)Institute of Earth Sciences, Academia Sinica, Taiwan ~ (4)State Key Laboratory of
Lithospheric Evolution, Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing,
China

High-pressure (HP) metaigneous rocks are sporadically exposed in the
metasedimentary Yuli belt. Recent studies suggest that the HP rocks were subject to
subduction zone metamorphism at depths of ~ 45 to 55 km (e.g. Keyser et al., 2016).
The metaigneous rocks, including metabasalt, metagabbro, and metaplagiogranite,
together with serpentinite, are interpreted as fragments from dismembered ophiolites
with unknown origin (Liou, 1981; Lin et al, 1984). As the remnant of an ancient oceanic
lithosphere, these fragments provide an invaluable opportunity to investigate tectono-
magmatic-metamorphic evolution of subduction zones. To address this issue, we report
the first SIMS U-Pb zircon dates coupled with whole-rock geochemical constraints
from the metaplagiogranite and metagabbro in the Chinshuichi area of the southern Yuli
belt. Our results show that (1) the SIMS U-Pb zircon analyses of all samples yielded
consistent magmatic ages of ~ 17 Ma, which are coeval with the timing of subduction
initiation of the South China Sea lithosphere (cf. Shao et al., 2015; Lai et al., 2017); and
(2) whole-rock trace element compositions are characterized by negative Nb-Ta and
positive Th anomalies, indicating a supra-subduction zone environment (oceanic
forearc or volcanic arc). On the basis of available data, we argue that these HP
metaigneous rocks represent a remnant from a nascent forearc section during the early

Miocene subduction initiation.

Keywords: subduction initiation, high-pressure metamorphism, U-Pb zircon dating,

forearc, ophiolite
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