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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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Results of Taiwan active faults monitoring in recent years
Chien-Liang Chen! ~ Jiun-Her Liang® ~ Kuo-En Ching? ~ Wu-Long Chang?® -
Ray Y. Chuang* ~ Jyr-Ching Hu® ~ Yin-Hsuan Chen? -~ Shen-Hsiung Liang?
(1)Central Geological Survey, MOEA, Taiwan ~ (2)Department of Geomatics, National Cheng-Kung
University ~ (3)Department of Earth Sciences, National Central University ~ (4)Department of

Geography, National Taiwan University ~ (5)Department of Geosciences, National Taiwan University

In order to understand the crustal deformation pattern, analyze anomalies for
earthquake precursor and realize the activities of active faults, the Central Geological
Survey, MOEA has established an island-wide active fault observation network of
GNSS, precise leveling, borehole strainmeter, ground-water level and soil gas
geochemical monitoring in Taiwan. We referred the experiences on earthquake
probabilities model and tried to apply it in Taiwan to calculate probabilities for potential
earthquake of active faults.

On the part of integrated monitoring data, we combined several GNSS stations
around active faults into triangles to calculate GNSS strain and analyze the correlation
between GNSS strain and borehole strain. Furthermore, the GNSS, precise leveling and
PS-INSAR data were used to make velocity profiles across 33 active faults in Taiwan.
On the part of earthquake probabilities analysis, this research evaluated the slip rate and
slip deficit rate of active faults by DEFNODE model. The acquired data were provided
to assess fault parameters, and calculated recurrence intervals and occurrence
probabilities of active faults. Only if we continue implementing the survey project, we
can turn the long-term geodetic data into useful information for disaster prevention and
reduction.

Keywords: active faults, crustal deformation pattern, analyze anomalies, DEFNODE
model



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 (InNSAR) 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
Mw=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



Taiwan Geodetic Model-GNSS data processing and observation
results sharing platform
Hsin Tung! ~ Hrong-Yue Chen! - Ya-Ju Hsu! -~ Wen-Tzong Liang! ~
Ruey-Juin Rau!
(1)Institute of Earth Sciences, Academia Sinica, Taiwan

Since the first continuous GNSS station, SO1R, was established in Baisha, Penghu
Island, in 1992, more than 450 continuous GNSS stations operate daily until now. Data
from these stations have been used to produce high-precision, three-component velocity
fields as well as position time series that track time-varying crustal deformation from
small interesting area to entire Island of Taiwan. In order to keep receiving as well as
analyzing these valuable and enormous data, a huge investment of manpower and
material resources is required from fields to laboratories. Since the field conditions are
controlled by the installation institutes, we focus on carefully dealing with the data
collected from all the corporate partners. To achieve the goal of providing a fast service
of data collecting and coordinate positioning for earth sciences research, the Taiwan
Geodetic Model (TGM) platform originated by Institute of Earth Sciences, Academia
Sinica (IESAS) aims to increase the quantity and availability of the data and to deliver
products based on the raw data. High quality computed products such as stations
positions, time series, velocities and strain rate fields provide researchers in Earth
Science with relevant information for finding new data patterns, making new
discoveries and even creating new science.

Keywords: Taiwan Geodetic Model, TGM, GNSS
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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 us=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



Re-estimating strain partitioning between the Timor Trough and the
Wetar Backthrust
Timothy Day! ~ Yunung-Nina Lin? ~ Yu Wang* ~ Yu-Ting Kuo?
Ira Mutiara Anjasmara® ~ Sin-Da Tsai* - Ya-Ju Hsu?
(1)Department of Geosciences, National Taiwan University ~ (2)Institute of Earth Sciences, Academia
Sinica, Taiwan ~ (3)Department of Geomatics Engineering, Institut Teknologi Sepuluh Nopember,

Surabaya, Indonesia ~ (4)Timor Map, Dili, Timor-Leste

The mechanism for strain partitioning between the frontal and the back structure,
as well as the proportion of partitioning, has long been of great interest to the study of
plate tectonic evolution and seismic hazard evaluation. As one of such front-rear
structure pairs, the Timor Trough to the south and the Wetar Fault to the north together
absorb and partition the plate convergence motion between the Australian plate and the
Sunda plate along the southern rim of the Banda Sea. Earlier geodetic modeling with
campaign-mode GPS observations suggests that the majority of plate motion has been
taken up along the Wetar Fault, leaving the Timor Trough relative inactive and free from
generating large subduction zone earthquakes. In this study, we adopt observations from
continuous GPS stations (including one installed by IES in Timor-Leste since 2019)
and InSAR time-series from ESA’s Sentinel-1 satellites to reconstruct the 3D
displacement fields on the Timor Island. With the augmentation of these continuous
observations, we aim to refine the strain partitioning between the frontal and the back
structure in order to assess the seismic hazard in the region.

Keywords: synthetic aperture radar, GPS, strain partitioning, plate motion, back-arc
thrusting



Determination of site effects in damaged area during the 24" August
2016 Chauk Earthquake
Ei Mhone Nathar Myo?! ~ Tun Naing? - Lin Thu Aung® - Kaung Sithu* ~
Thinn Hlaing O0® ~ Khaing Nyein Htay®
(1)Department of Geology, Yangon University ~ (2)Department of Engineering Geology, Yangon
Technological University ~ (3)Earth Observatory of Singapore, Nanyang Technological University ~
(4)Department of Geology, Pathein University ~ (5)Myanmar Earthquake Committee -

(6)Myanmar Geosciences Society

An intraslab earthquake (Mw 6.8) struck central Myanmar on 24" August 2016,
with the epicenter close to the ancient city of Bagan along the Irrawaddy River. This
~84 km deep earthquake caused wide spread damages to buildings and pagodas in the
central Myanmar, including 270 millennium-old Buddhist pagodas in the ancient Bagan.
Post-earthquake investigation suggests most of earthquake-damage buildings are built
on the Holocene alluvium or on the Upper Miocene to Pleistocene Irrawaddy Formation,
which are mainly composed of fluvial deposits and friable sandstone. In order to
understand the site condition nearly these earthquake-damage buildings, this study
analyze the microtremor signals collected from 10 different townships in the central
Myanmar to estimate the shallow shear wave velocity (Vs30) and the local soil
conditions. In total, we deployed microtremor station at 27 sites and log the
microtremor signals for about 20 minutes at each site. We then use Chroun 2007
program to estimate the fundamental frequency and horizontal to vertical spectral ratio
(HVRS) to determine the condition of underlying soil layers. Our results suggest most
of the damaged buildings during the 2016 earthquake are located on the Class C or
Class D soil layers. Our analyses also suggest many of our surveyed sites are
characterized by thick and slow sediment layers. Such soil and sediment conditions
along the Irrawaddy River may play certain roles controlling the spatial distribution of
building damages during the 2016 Chauk earthquake.

Keywords: earthquake damage, microtremor, fundamental frequency, microtremor
HVRs, Vs30, site class.
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Zircon age and petrogenesis of the Telupid ophiolite in northwestern
Sabah
Yu-Hsiang Chien! ~ Kuo-Lung Wang? ~ Sun-Lin Chung? ~ Azman A. Ghani®
Xian-Hua Li* ~ Yoshiyuki lizuka® - Hao-Yang Lee®
(1)Department of Geosciences, National Taiwan University ~ (2)Institute of Earth Sciences, Academia
Sinica, Taiwan; Department of Geosciences, National Taiwan University ~ (3)Department of Geology,
Malaya of University - (4)State Key Laboratory of Lithospheric Evolution, Institute of Geology and
Geophysics, Chinese Academy of Sciences, Beijing, China ~ (5)Institute of Earth Sciences, Academia

Sinica, Taiwan

Sabah ophiolites generally include Banggi Island, Ranau, Telupid, and Darvel Bay
ophiolites which are distributed from northwestern to southeastern Sabah. Previous
studies suggest that Sabah ophiolites bear supra-subduction zone (SSZ) feature and
formed during Late Triassic to Late Cretaceous, but their age and tectonic origin remain
debated. This study presents zircon U-Pb dating and Hf isotope results and bulk-rock
geochemical data of the Telupid ophiolite, to examine their origin for tectonic
implications. The crustal section of the Telupid ophiolite is composed of basaltic
andesites (SiO2 up to 53 wt.%) and gabbros. The zircon U-Pb dating of gabbros
show ages ranging from 47+2 to 42.5+0.3 Ma with positive ¢Hf(T) values from +22 to
+16 for these zircons. Both basaltic andesites and gabbros display depleted light rare
earth elements (LREE), nearly flat high rare earth elements (HREE), and their multi-
element distribution patterns show depletion in high field strength elements (HFSE). In
addition, their bulk-rock Sr-Nd isotopic compositions exhibit eNd(T)= +9.4 ~
+8.8 and &7Sr/%°Sr= 0.703024 ~0.703585. These data  suggest  thatthe  Telupid
ophiolite was a fragment of Eocene oceanic lithosphere generated in Mid-Ocean Ridge
(MOR) setting. Since Eocene MOR-type ophiolite is discovered in Sabah, it indicates
that not all Sabah ophiolites formed in SSZ setting during Mesozoic as previous thought.
Furthermore, the Telupid ophiolite could associate with Eocene Palawan ophiolte (Hall,
2002) which is most likely to be a remnant of Proto South China Sea.

Keywords: Sabah, Eocene ophiolite, MOR-type



Geochemical and age characteristics of the volcanic rocks in West-
Central Java
Andrie Al Kausar! ~ Yu-Ming Lai? ~ Lediyantje Lintjewas® ~ Iwan Setiawan?
Hao-Yang Lee* - Long Xiang Quek?
(1)Department of Earth Sciences, National Taiwan Normal University; Research Center of
Geotechnology, LIPI, Indonesia ~ (2)Department of Earth Sciences, National Taiwan Normal
University ~ (3)Research Center for Geotechnology, Indonesian Institute of Sciences ~

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

Java Island is a part of the Sunda Arc located in the Sundaland southeastern margin.
It was formed by the subduction of the Indo-Australian Plate beneath the Eurasia Plate.
Island arc magmatism begins in the early Cenozoic and continues to erupt until Recent.
The previous dating works of magmatic rocks mainly used K-Ar method, which may
show younger ages due to the low closure temperatures of muscovite and biotite (350-
300 °C). Moreover, the geochemical analyses only focus on particular volcanoes. In
this study, we focus on eastern West Java and Central Java, using zircon U-Pb
geochronology and whole-rock geochemistry to study five volcanic bodies in this area.
A total of 28 volcanic rock samples were collected from West Java (Mt. Sunda, Mt.
Malabar and Mt. Guntur) and Central Java (Mt. Slamet and Mt. Merapi). Geochemistry
of the West-Central Java samples varies from basalt, andesite to dacite. They are
comparable to calc-alkaline to high-k calc-alkaline volcanic rocks. There is no clear
difference between the REE patterns of these samples. Primitive mantle normalized
trace element diagram shows typical subduction signature, enriched in LILE (Rb, Ba,
Th, U, and K) and depleted in HFSE (Nb, Ta, and Ti). Zircon U-Pb dating results show
that volcanic rocks in Mt. Sunda (andesite, 4.05 Ma; dacite, 3.77 Ma), Mt. Malabar
(basaltic andesite, 6.74 Ma; dacite 4.37 Ma) and Mt. Guntur yielded a weighted average
of 0.73 Ma. Both Mt. Slamet and Mt. Merapi samples are mafic and did not yield any
zircon U-Pb age. The mafic volcanic rocks tectonic discrimination ternary diagrams
(TiO2-MnO-P20s5 and Nb-Zr-Y) show that the samples from West-Central Java were
probably formed in an island arc subduction process. Using the formula from the
correlation of Indonesian active volcanic geochemistry with Benioff Zone depth, the
depth of these magmas may have ranged about 131-201 km below the surface.

Keywords: Java Island, Sunda arc, geochemistry, zircon U-Pb geochronology
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Stress magnitude and orientation estimations with logging data in a
deep coal-bearing formation near Shimokita, Japan
Hung-Yu Wu?! ~ Weiren Lin? ~ Yoshinori Sanada®
(1)Department of Resource Engineering, National Cheng-Kung University ~ (2)Graduate School of
Engineering, Kyoto University ~ (3)Japan Agency for Marine-Earth Science and Technology

Borehole C0020A, near the Shimokita Peninsula, Japan is located in a forearc
basin that formed as a result of subduction between the Pacific and North American
plates. This borehole was drilled during the IODP 337 expedition that collected high-
resolution wire-line resistivity logging, caliper data, geophysical properties
measurements, and core samples. Riser drilling operations produced good borehole
conditions to the depth of 2480 mbsf. Based on high-resolution Formation Microlmager
(FMI) images, breakouts and tensile fractures are observed along the borehole wall to
indicate in-situ stress orientations and magnitude. Here we construct a geomechanical
model from the observation of borehole failure and the physical properties measured
from wire-line logging in the coal-bearing formations. This model provides a stress
orientation and magnitude profile with the depth. The bottom hole leak-off test revealed
the magnitude of minimum horizontal principal stress (Snmin) and is consistent with our
model. To satisfy the occurrence of borehole enlargements and tensile fractures, the
orientation of horizontal maximum principal stress is pointed to NE-SW, and stress
magnitude was inferred to be within the normal-faulting stress regime.

Keywords: Shimokita, breakout width, stress state
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New application of inspection technology of materials engineering in
gemology: Coated synthetic moissanite
Tsung-Jen Wu' ~ Sheng-Rong Song! ~ Wen-Shan Chen® ~ Wen Lin?
Chien-Tai Cheng?® ~ Hui-Jun Ji4
(1)Department of Geosciences, National Taiwan University ~ (2)Department of Materials and Mineral
Resources Engineering, National Taipei University of Technology ~ (3)Department of Materials
Science and Engineering, National Taiwan University ~ (4)School of Materials Science and

Engineering, Shanghai University

Synthetic silicon carbide (Moissanite) is a diamond substitute that has some
physical properties similar to natural diamonds, such as the refractive index and specific
gravity. Some colored silicon carbide samples on the microscope will appear the uneven
distribution of color on the surface, and the color is highly concentrated around the edge
in diiodomethane solution. Generally, an interface layer will be added between the
coating layer and the matrix to avoid agglomeration of coating material by surface
energy. Therefore, we can be inferred that they are coated samples. The examination
using the ED-XRF for color and colorless samples that more elements of V, Co, Mn,
Cu were detected in blue silicon carbide (colorless ones were without those four
elements). Inspection by AIS + AES method, since the substrate is silicon carbide, it
can be found that the distribution of oxygen decreases rapidly below the depth of 45-
55 nm from the surface, while the proportion of carbon increases rapidly, and vanadium
also decreases rapidly around the depth of 45-55 nm. It clearly shows that the coated
layer is a silicon dioxide film doped with vanadium with a thickness being about 45-55
nm. High-resolution analyzed results from FIB + AC-TEM + EELS methods are
consistent with AIS + AES methods. EPMA testing result of coated layer contains trace
element: V and Co, which can make up for the problem of undetectable trace elements
in AIS+AES and FIB + AC-TEM + EELS methods.

Keywords: coating, coated, SiC, moissanite
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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-YaWang! ~ ptz2£ 1~ i % 3~ Hrfam 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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Spatiotemporal relationship of background earthquake and
aftershock
Yi-Hsuan Wu?

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

For the seismic risk assessment, background and triggered -earthquakes
/aftershocks are the same important. Background earthquakes are rare but vital
component in the earthquake catalog. Because the occurrence of background
earthquakes refers to the result of tectonic loading, some characteristics of background
earthquakes may be representative of fault physical parameter. Another important
component in the earthquake catalog, also the majority of earthquakes, is triggered
earthquakes/aftershocks that result from increasing stress induced by a main shock. One
known feature of triggered earthquake/aftershocks is that they are usually clustered.
The mechanics of background earthquakes and triggered earthquakes results in different
properties for them in space and time. Giving a correlation distance that is defined as
the shortest distance between earthquakes of same magnitude in 10n (n=-2.0-1.0) times
of the averaged inter-event time, the histogram of the correlation distance can be better
fitted by two combined distribution. The distribution of shorter correlation distance can
be well described by power law and that of longer correlation distance was better
described by lognormal distribution, hereafter the correlation distances were termed
power law correlation distance and lognormal correlation distance accordingly. The
distribution of power law correlation distance and magnitude showed an increasing
trend of power law correlation distance following magnitude within 10 km when the
magnitude is smaller than 4.5 in California region and 4.7 in Taiwan. Similarly, an
increasing trend of lognormal correlation distance correlated with magnitude occurred
within 50 km when the magnitude is smaller than 4.5 and 4.7 in California region and
Taiwan, respectively. The results imply that 4.5 and 4.7 may be the characteristic
magnitude for California region and Taiwan.

Keywords: seismicity, power law, lognormal distribution, bimodal distribution,
characteristic magnitude
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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 otheron 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 Mw5.7 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)JJAMSTEC -~ (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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2-D Spectral-element simulation of subduction zone guided waves
and seismic diffraction around magma chambers: An example from
northern Taiwan

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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Preliminary study on evaluation of distribution of pulse index from
various fault slip model used in stochastic finite-fault simulation
Jyun-Yan Huang! ~ Shu-Hsien Chao! ~ Che-Min Lin?

(1)National Center for Research on Earthquake Engineering, Taiwan

Evaluation of velocity pulse was an important issue in engineering seismology
especially for near source region. The long period velocity pulse has caused serious
building damages in recent large earthquakes in Taiwan such as 2016 Meinong and
2018 Hualien earthquakes. Owing to the urgent need to understand characteristics of
the velocity pulse, several identification or extraction methods were mentioned earlier
including pulse indicator (PI), principle component method (PC), peak ground velocity
(PGV) ratio or energy ratio of extraction pulse and instantaneous power etc. However,
it’s still very hard to predict the future occurrence of velocity pulse and we may lack of
enough near fault records to build a reliable model, that we may need simulation to help
construct the probability evaluation of the space distribution for an expected fault plane.
In addition, long period velocity time history was reproducible from stochastic finite-
fault simulation technique has been checked from an exercise for 2016 Kumamoto,
Japan earthquake, owing to the long period pulse-like motion were basically generated
from wave superposition in finite-fault effect and would not effect from random phase
condition of the certain frequency band. Meanwhile, a random asperity fault models
covered high possibility of the occurrence on a fault were applied to finite-fault method
for evaluation of peak ground acceleration (PGA) range for un-happened fault to
provide a possible way for evaluated of the uncertainty generated from source effect
previously. In this study, we would firstly evaluate the reproducible of velocity
waveform for space distribution of 2016 Kumamoto earthquake records. Afterward, we
would provide a case study for Shanchiao fault in Taiwan using random asperity model
for stochastic finite-fault technique to calculate wide-spreading velocity waveforms and
check for abovementioned pulse indexes to narrow-down some possibility of
occurrence of directivity or super-shear effects.

Keywords: velocity pulse, finite-fault simulation, Kumamoto Japan earthquake,
Shanchiao fault Taiwan
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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



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
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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



Three-dimensional crustal velocity structures in Northern Indochina
from multiple seismic datasets
Ha Vinh Long® + Hsin-Hua Huang? ~ Le Minh Nguyen?® ~
Van Duong Nguyen® ~ Quang Khoi Le® ~ Thi Giang Ha® ~ Dinh Quoc Van®
Bor-Shouh Huang* ~ Tu Son Le3
(1)Department of Earth Sciences, National Central University, Institute of Earth Sciences, Academia
Sinica, Taiwan ~ (2)Department of Earth Sciences, National Central University ~ (3)Institute of
Geophysics, Vietnam Academy of Science and Technology, Vietnam ~ (4)Institute of Earth Sciences,

Academia Sinica, Taiwan

The Northern Indo-China Peninsula is the extension of southeast Tibet-Himalaya
syntax and a tectonically complex region composed of multiple micro-continents such
as the South China Block, Indochina block, and Simao block. The relative movements
between micro-continents result in several large-scale shear zones (e.g. Red River shear
zone) along which moderate seismicity occurs. Knowledge of the detailed 3-D crustal
structure is therefore crucial to improve our understanding of shear zones and seismic
hazards in the region. In this study, we collect more than 1000 earthquakes recorded by
multiple seismic networks in Vietnam, Lao, Thailand, and stations from IRIS within the
region of 18° to 25° latitude and 100° to 110° longitude. We then perform a joint
tomographic inversion integrating arrival times of the P- and S-direct waves traveling
in the crust and the head waves along the Moho. The obtained velocity model shows a
good correlation with shallow geological features at shallow depths. At deeper depths
of the crust, several velocity anomalies bounded by and across the fault zones and
micro-continent boundaries are also revealed and discussed.

Keywords: traveltime tomography, Northern Vietnam, VVp/Vs ratio, crustal structure,
Vietnam seismic network, Northern Indo-China



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 ScSaiop 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?

(1)Institute 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



ShA YR RERRBAN

sEfearls 2 251
)37 BRI FE

22T H R A 2020/8/19E pagad 442K «%%ﬁ(ML)ssw i B
R E .110-11 DR BN ES Row S T B RS BT 202 1862

; ’ﬁ%%%ﬁvé67’%gﬁﬁ—% HREBEEM
TR FAEE T VUK - weur K 2L 92128 > HE95E30 AL
o FRNEDS L 802 kA S 11128 B4 /& » 2@ F 5
55638 F/& > e 30F En BANER > P ARG F - EFEE o AT
B AT APM D2 P~ S L dpApEFIEF o 2 Growclust £ Fr @iz 2 o
FHLFRENLFREELAF DI RRRIEATE S ISR LF T RY
B R T R RNE R o B T R 2020 & 8 ik REHFE
FAE VR RTEREAF R A 7B LR RASHIEE T R G 5
ArAIssdde PAMEGL0 R > A ﬂ*"?)&'“,ﬂ'ﬁ/#&%x {8 T T B
REEREFAN10-1L 22 T2 R A0 B AVl d - BTy B 52
W3 rArana T TR TR RO PERY RIRAEE Y 21011 22 2 B A2t
P A RFRG 2 > A E (NA0RBEN30R) L FHESAR - ST s
HEERECET SRR ST T PR SRS N S
F o R TR S LR B T e T ETA e R 05 (TR e b e
SEA WA BRI ROR T HR B LR L EEw L S R
MF P ELOER o2 T B R ;E;:e; BRRARFRG 2T 0T - B EE S
FARETR AR e a ¥ S GBI B E g IR F Ry
ﬁssﬁ’rﬁ%“wm’tiééﬁ BT Eob SRl RN S N ERR Al £
oo g BB R R FiE - e TR

w
3
I
4
-
il
it
i
=i
e

2Eh S B |

Y

e 2
-

P BAEF L T ETA 2 REATLR AR R



FREV W RURZER L @R THROLAPIEE R R

E2 P ERY

I;i?)’}ié’ll‘?fﬁi%l
OEEEE FE- 528

i ik A Jﬁﬁiﬂﬁmﬁaﬂ’ﬂwﬁ 7 Marching Mosaic Waveform
Augmentatlon (MMWA)o AR AIRFALY de 0 0 B E RAHEE LT
Bl X GRS A USRS B BB RB IR U2 AR
RpHE TR e AFT AR TFRTRMZIEE AP AZ S AT
A5 AFFE P THBEESEN DI N R T
U T o 2 2 R TN EE R TR R LR TR
BLAEF PRI cnf ) 0 MR A SR A P BRI T 5 o F B2 (back-
md%mm%ﬂégiﬁﬁﬁjf%hwhm‘wc -] edr T (dodeiE P o)
2R 4250 (4o STAILTA, Kurtosis & ) » &pf ~ 2 BTl » NEHHE
BATUELR o @ F BRI S FE RS 25 AR E TR I B
RAF 2 (-)RZEAFMPR SR C)ARZFRAEEF P EEF 420 R0
AHIFRGLERA2ZFE o (Z)Fa B mEREn- i @R EX TH
B Pt 2R At o b ReSrehz BA R A W PLE SR F
AN T RPFAY RBOP AE SHEEREA LS HEFTIFE L AL RET D
Bk o Bm R NR BB X E R e Sl AT S RS 4T
AAR P e AT UA F AL Z A B Bes(9 5%HET 0 5 25% %
MMWA =7 & = e F 41)2 @ = 7 ARRU (Attention Residual-Residual U-Net)
seismic phase picker it 71 A Foll e BRI Z AR HF o F U AF SR A
SRRB S R RER DY PR A SRR R Az A2 - o
?ﬁ%f?W@nmﬂP££S£é£M@ cHPY A AEL Ll EE 0 FHY
FABEETRRS -

P BT CRAEY B R AR APPE TR R F TR A



FI* TEBRFEFY FEREL R BRE ] > WA+ 2841

Hhigg s 2 ap!
(]_):‘ 15%511»%1% ,figﬂ

CAREE AR LA 4 S i R bt R R A
ARk T3 A3 0T A FRGE BB BUR o AR L BT AT ETR S
La-a @m?iiﬂ%% T BT M E A /Plﬂ”‘ﬁ'%ﬁ*ﬁ”%%'rﬁ'}””'
ik b AF2 P 450 2 R poenle pEE G KT W OSRZ R AR AR 0 LB 4
@é1mww0%a,wﬁﬂa@éﬁiﬂﬁsa’iﬂ—%%@E?*Wﬁ%
Sl ML AL v 2D AL GEICA K LI HORN B A RRIT AL
AR R R R B R A S

AEHCY & T R Ak R MR K L § Lk LR R L o
o AT 0 NPRRG v R I FIMBE S T g ahd S RAEd i
WoRH AR FICHIHERA c AT HRESET T R U AL T LER
IS 0 FATE LR OB REABLARER XA Y1 S e 3
kA2 e B Y A uRE . “%%Kméﬂ%mwéﬁﬂﬁﬁ%%’
RIFER FIZ KB FIHRA E- H i (T A5G o En BREFRIE S
FAALRE N SEF B R ] R 735 ’iﬁﬁ”%ﬂiﬂﬁﬁJJ BB 4
Fratd s AFTIREBRB Mo KER G T B ERLBRILAE R BRER T Y
3522 ks > m i LERAHRR R S mE EE S B A Sk R
RF - FATA R EN T AT G > B MR REDBR o7
AGIHES DENRAFRRARHF S ZLES FREBF ARG T

/

~

3w
2/
S

PR AT L P R CELETE v R LR R R MR EER



Mapping seismicity in Albania from various catalogs
Edlira Xhafaj! ~ Chung-Han Chan' ~ Kuo-Fong Ma?

(1)Taiwan International Graduate Program (TIGP)—Earth System Science Program, Academia Sinica
and National Central University, Taiwan, Earthquake-Disaster & Risk Evaluation and Management (E-
DREaM) Center, National Central University, Taiwan ~ (2)Taiwan International Graduate Program
(TIGP)—Earth System Science Program, Academia Sinica and National Central University, Taiwan,
Earthquake-Disaster & Risk Evaluation and Management (E-DREaM) Center, National Central

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

Earthquake catalogs are a key component in seismic hazard assessment. Given the
long continuity of history in Europe, compiling a catalog involves combining several
sources from different periods. This task is particularly of importance for seismically
active regions like Albania, which is among the most affected by severe earthquakes,
part of the Alpine-Mediterranean seismic belt. Located in Southern Europe, where the
Eurasian plate connects to with tectonic setting of the Aegean subduction zone, which
extends along the Albanian coast into the complex subduction of the Adriatic Plate to
the North. Seismicity is among the highest in Albania, and despite its short extend of
only 360 km North-South and 150 km East-West, accounts for 7.2% of the overall
seismic energy released in Europe, an earthquake with M > 6.5 occurs every year. To
map the seismicity recorded in the past two millenniums, earthquake parameters from
several catalog sources are combined to illustrate seismic activity in Albania. In this
study, we consider the catalogs from the Institute of GeoSciences in Albania (IGJEUM),
Seismic HAzard haRmonization in Europe (SHARE), Euro-Mediterranean
Seismological Center (EMSC), and International Seismological Centre Bulletin (ISC).
For magnitude harmonization, we convert all other magnitude scales into moment
magnitude based on regression relationships suitable for the study region. Based on a
time series of the seismicity, the magnitude of completeness for various observation
periods could be determined. Considering the assumption of the Poissonian model for
temporal distribution of seismicity, we remove foreshocks and aftershocks using
declustering approaches. We identify several area sources based on the tectonic setting
and propose a seismic model for each area using the Gutenberg-Richter law based on
the earthquake parameters from the declustered catalog. Such seismic model could

provide crucial parameters for subsequent probabilistic seismic hazard assessment.

Keywords: earthquake catalog, declustering, seismic hazard, magnitude of

COl’l’lplCtCl’lCSS, arca source
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A study of the landscape transition along the surface ruptures of the
1999 Chi-Chi earthquake and Chelungpu Fault over the past 20
years in central Taiwan
Jin-wei Hsu' ~ Yen-Chiu Liu! ~ Chih-Yuan Huang' ~ Shih-Ting Lu! ~
Po-Tsun Chen' ~ Yen-Hui Lin!

(1)Central Geological Survey, MOEA, Taiwan

The Chi-Chi earthquake occurred on September 21, 1999 was the largest
earthquake of the century in Taiwan (M1=7.3). The strong ground motion attacked and
induced building damages and over 2,300 fatalities. The thrust of Chelungpu Fault also
induced about 100 km long of the surface ruptures and remarkable co-seismic
displacement in Central Taiwan. The geologist of Central Geological Survey (CGS)
recorded and defined the surface ruptures, fault traces and co-seismic deformations after
the earthquake immediately. A survey report included more than 240 sites of outcrops
and surveying data were published in November, 1999. After 20 years that the Chi-Chi
earthquake had occurred, most of the observational sites of Chelungpu Fault recorded
in the survey report mentioned above and some associate vestiges were surveyed again
in this study. Compared the images taken right after the earthquake and recorded in
2019, the environment near fault were different apparently caused by artificial activities
such as excavations or constructions. Only a few of building or structures retained the
damaged states. The co-seismic uplift and the fault scarps still can be recognized in the
field. However, the slopes of scarps were gentler at most of sites expect the sites with
retaining wall constructions. In fact, the rupture traces of Chelungpu Fault have
disappeared soon because of the natural erosion or artificial activities and hard to define
today. The importance of the immediate records after earthquake was manifested
through the comparing of images in the present and the past. Taiwan is a seismically-
active island and hard to avoid the earthquake because we located on the boundary of
plates and fire ring. Even though the earthquake can’t be forecast so far, hope the image
records in this study can remind the people that the disaster of large earthquake, and the
researches of active faults can provide useful information for disaster prevention and

reduction are what we expect.

Keywords: 1999 Chi-Chi earthquake, Chelungpu Fault, fault scarp, surface ruptures,

central Taiwan



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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"Probabilities Model Map" for Active Faults in Taiwan
Shen-Hsiung Liang! ~ Yi-Rui Li? ~ Yi-Rong Zhuang? - Yin-Tung Yen?
Chien-Liang Chen' ~ Bruce H. Shyu?

(1)Central Geological Survey, MOEA, Taiwan ~ (2)Sinotech Engineering Consultants, Inc., Taiwan -

(3)Department of Geosciences, National Taiwan University

Central Geological Survey (CGS) release a map of active fault probabilities for
Taiwan Island. The map showed the 50-year conditional probability of earthquakes for
the 33 active faults in Taiwan. Actually, CGS has been publishing active fault maps in
Taiwan since 1998. There are 33 active faults published in the 2012 version of the active
fault map.

Because Taiwan is located at the boundary between the Philippine Sea Plate to the
east and the Eurasian Plate to the west. Due to the fast plate motions, it is a country with
high seismic activities. According to the past 100 year records, the most destructive
earthquakes in Taiwan were mainly caused by inland active faults.

In addition, the active fault potential information was required strongly after the
huge impacts of the economy and society due to the 1999 Chi-chi earthquake for the
hazard seismic assessment requirement of public construction. Therefore, the
investigations and researches related to the active faults have been one of the hot topics
in the earth science community in Taiwan in recent years.

In 2021, CGS focused on the improvement of fault parameters and earthquake
probability assessment of the 33 active faults in Taiwan. This map for the practice in
engineer application, it can be needed to estimate of maximum seismic intensities for
the design of buildings, critical facilities and lifelines. Also, for the application of public
education, it can expand public education to strengthen the perspective for earthquake

hazard and risk mitigation.

Keywords: Probabilities Model, Central Geological Survey, active faults
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An exploration of the intention of “new evidence” in the Amendment
Procedure of the Geologically Sensitive Area: Taking the amendment
of the Active Fault Geologically Sensitive Area of Milun Fault for
example
Jin-wei Hsu'! ~ Shih-ding Lu'! ~ Yu-Jen Chang' ~ Wen-Hsing Cheng!
(1)Central Geological Survey, MOEA, Taiwan

According to the Regulations for the Delineation, Amendment and Revocation of
Geologically Sensitive Area Status, the active fault Geologically Sensitive Area of
Milun Fault (F1011) that based on the new evidence of the surface ruptures occurred in
2018 Hualien earthquake has been the first amendment procedure since the Geology
Act came into force. About the intention of the “new evidence” in the statute, the
definition in the Administrative Procedure Act and Code of Criminal Procedure can be
classified as: (1) The evidence that existed, or was established, but was not investigated
in time before the procedure is finished, or (2) the evidence that only come to light or
become established after the procedure. Moreover, the integration of the evidence
becomes established after the procedure and that existed evidence during or before
procedure were also regarded as new evidence in the actuality.

In the procedure of the amendment of the Geologically Sensitive Area of Milun
Fault, the new evidences of surface ruptures occurred in 2018 were appeared after the
original announcement and deliberation of the geologically sensitive area. Therefore,
these surface ruptures can be regarded as the second classification of new evidence
mentioned above. Besides, the surface ruptures occurred in 1951 Hualien earthquake
that had been considered but not adopted during deliberation of delineation were
confirmed by 2018 Hualien earthquake because of the similar trend and geological
implication. The ruptures of 1951 Hualien earthquake can be categorized as the first
classification of new evidence mentioned above if we consider that as the evidence in
the amendment procedure of the Geologically Sensitive Area of Milun Fault.

Regardless of the classification of new evidence applied in the amendment
procedure, the geological evidences and indeed research should be the most important

foundation no matter the delineation or amendment of geologically sensitive area.

Keywords: Regulations for the Delineation, Amendment and Revocation of
Geologically Sensitive Area Status, active fault geologically sensitive

area, Milun Fault, new evidence, 2018 Hualien earthquake
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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 My, 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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Tectonic exhumation (and erosion) of a metamorphic core in the
Pleistocene, Taiwan
Tim Byrne! ~ Michael Chojnacki?

(1)Department of Natural Resources and Environmental Studies, National Dong-Hwa University -

(2)USEngineering Solutions Corp.

We propose that extension and thinning of the upper crust, i.e., tectonic
exhumation played a significant role in exhuming the metamorphic core in Taiwan. The
youngest penetrative fabric in the metamorphic core, S3, forms a broad, gently NE
plunging antiform. The cleavage is also typically axial planar to numerous recumbent
folds, suggesting significant vertical shorting. Veins of quartz, calcite, albite, and/or
adularia appear mildly deformed by Ss, suggesting development late in the formation
of S3. The veins (n=92) strike NW-SE, dip steeply, and are generally normal to the
mineral stretching lineation, which plunges NE. In X-Z sections, asymmetric structures
are weakly developed and suggest top-to-NE or top-to-SW shear. Fluid inclusions in
euhedral to subhedral crystals of quartz and adularia suggest entrapment temperatures
of 200°C to 350°C. Ar**/Ar® dating of the adularia suggests crystallization at ~2.5 Ma
(see also Chojnacki, MS thesis, 2019). P-T conditions, geometry, and kinematics of S3
are similar to conditions documented for pseudotachylite exposed along the Hoping
River (Korren et al., 2017) which yielded a 1.5 Ma Ar*%/Ar*® age (Chen et al., 2017).
We propose that the pseudotachylite represents the waning stages of Ss-related
exhumation.

The low dip and regional extent of S3 argue for significant vertical shortening
and/or substantial sub-horizontal shear strain. We prefer a top-to-the northeast shear
during S; because this sense of motion provides a mechanism for deforming S> from an
initial vertical orientation (see Ho et al., this session) to its present moderate WNW dip.
Top-to-the northeast motion also implies that the metamorphic core was tectonically
exhumed from beneath the Luzon forearc. We propose that tectonic exhumation
occurred from about 2.5 Ma to at least 1.5 Ma, the time of rapid exhumation cooling in
the core (Hsu et al., 2016). The relative importance of tectonic versus erosional

exhumation is an important topic for future research.

Keywords: exhumation, Tailuko Belt, erosion
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Preliminary thermal metamorphic documentation of
metasedimentary rocks in Northwest Vietnam and implications for
tectonic evolution
Nguyen Thi Kim Dung! ~ Chih-Tung Chen!

(1)Department of Earth Sciences, National Central University

Tectonics in northwestern Vietnam are mostly the results of two collision events:
the Indosinian event and the India-Asia collision that happened during the Permo-
Triassic and the Cenozoic, respectively. Northwest Vietnam lies on the convergent
boundary between the Indochina block to the southwest and the South China block to
the northeast with distinct geological characteristics. Closure of the Paleo-Tethys led to
the collision between the Indochina and South China blocks, and this collision formed
the suture zone in the Middle Triassic. Since the early Cenozoic, Indian and Asian
continents started to collide, and this collision caused the extrusion of the Indochina
block. Most published papers on structures and dating are mainly focused on igneous
rocks along the Song Ma Suture Zone and the Red River Shear Zone, while
metasedimentary rocks outcropping around the suture zone and the faults in this area
have not been thoroughly understood. Therefore, we applied the geothermometer
method Raman spectroscopy of carbonaceous material (RSCM) to acquire the peak
temperature condition, which is combined with field and microstructural observations
along with stratigraphy information to further interpret and reconstruct the tectonic
evolution of Northwest Vietnam. A total of 20 metamorphic samples were collected in
the Dien Bien province to Lai Chau province, Vietnam. The Raman spectroscopy of
carbonaceous material (RSCM) geothermometer is applied to the samples to obtain
their peak metamorphic states. The temperature results from RSCM, which are
distributed in the range of 215°C to 561°C. In future work, this study will include micro-
structural results to investigate regional deformation. The results are expected to help
explain mountain building processes in the Indosinian period as well as the influence
of the later Himalaya-Tibet event on the active Dien Bien Phu fault in the Cenozoic of

Northern Vietnam.

Keywords: Northwest Vietnam, South China block, Indochina block, RSCM



Active normal faulting in north-central Vietnam illuminated by

geomorphic analysis
Vu Anh Dao! ~ Yu-Chang Chan? ~ Chih-Tung Chen! ~ Thi-Hue Dinh?

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

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

Quang Nam basin and surrounding region in north-central Vietnam is seismically
active with numerous recent earthquakes and associated geohazard, while there has
been limited research regarding the tectonic deformation of the central Vietnam,
especially neotectonic features including fault scarps or surface ruptures. This work
integrates existing structural data with new detailed geomorphic analyses of the fluvial
network to characterize deformation patterns and potential active movements in north-
central Vietnam. Relationship between faults and geomorphology is quantified using
30-m ASTER DEM to extract channel and basin metrics including steepness, concavity,
and stream length-gradient indices of modeled river longitudinal profiles. In particular,
convex segments of longitudinal profiles (knickpoints) are investigated in the spatial
context of suspected active faults. Several knickpoints arise locally from lithological
boundaries of different erodibility; however, many knickpoints distributed along-strike
of major faults having a clear tectonic origin. The results of the normalized steepness
index (ksn) exhibit relative higher values on the channels intersecting with the NE-SW
to E-W trending faults which are regarded as normal faults by investigation of shear-
sense indicator in recent fault scarps. This work recognizes the existence of active faults
in the area which pose seismic threat including tectonic subsidence to several million

habitants of Da Nang and Hoi An cities and adjacent region.

Keywords: Central Vietnam, active fault, river profile, normalized steepness index

(ksn), tectonic geomorphology, knickpoint.



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 W] and CSC serpentinites are of forearc
mantle protolith. Textural features and mineral compositions of olivine (Fo ¢5.9g) 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.



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



ALK NG N LR B2 PR EP R EMY

3R Ve b % cad] 48 SF U

%E‘f{%l"!ﬁéirle,j‘_»:%’jl
(DL A~ BH FHE

s ﬁﬂ ATE LK i AL YRR BRI ) A L LA i 8 S SN BRALS e
BB oW A S EFLRAR TR LELTRT R LY SR A
%L—“‘%Z &"T#é-’d 4o 5 Hp A ;%mfv}é] ™ AR PUAR d AR T 2 B P oo Fp A
Fpads Ll S FEe RN LR ORTHERE I ERPFEF
{tfilﬂf’*%‘ﬁﬁ(ZFT)ﬁEﬁﬁ'P%’?%}éﬁf"(AFT)aﬁ BOLR) R R G A A L
e 4 & pv}ij

ARG R BRIV ERFI e BRE REENLF P LY FE g
Roendn 2 b rEd om Ry R E NIRRT R R R UL e E N2 AR
o T REZRA R % (1) AFT~18-1.6 Ma % 29 & ~ ZFT~3.4-3.3 Ma %
33:};7,;4 P () AFT~18-1.6 Ma % 2f & ~ZFT 354 & § K2 RH2 > F A 87

FREFRDEE NG - Ra > AFTHFRFLEADAFT = £%AJ§%~40_30
Ma £ 78 7 60 AFT & % ~1.8-1.6 Ma > ¥ T £ 20337) # <0 ZFT = 244
L iE R B NAFT E A B RLRL P A b SRS ST E2FE )

ByEAZFT 2 AFTHE S 55 B2 2B &2 3V & cns Rt @ > 2 5F
%‘%%’éﬁ??’ by £ E SRR g T 2_%_/%; 5 T 1508MaﬁPF"’ NECEAT

ARERESREEEEIMART AR KA TEIRF MBI R
*‘3%’7‘#‘? ZFT % AFT #tiedhenil P » R E % FR) # % > 3.0-1.5 Ma B 4>
foi g (R A) 0 & 2 b ‘m‘a‘%_@ Fhe PP B ARIT S £y # ZFT = 2 698 @3-
B Ros FrpE e b RGBS Y BET & 5.2-0.8 Ma ¥ F 4 4 xmzwq
TR R L% A AR A

LAY e S f*‘ T_E élz"gi,il,;.‘,\g‘;‘%%] é\,}fﬁ]nf‘?‘{,,‘léé/ﬁ%



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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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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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
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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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Secular variation of Early Cretaceous granitoids in Kyushu, SW
Japan: The role of mélange rocks as a possible magma source
Kenshi Suga' ~ Meng-Wan Yeh!

(1)Department of Earth Sciences, National Taiwan Normal University

The Early Cretaceous volcanic-arc granitic rocks from Kyushu, SW Japan are
contemporaneous with the granitic rocks of the Yanshan Orogeny (SE China) along the
eastern Eurasian continental margin. The secular geochemical variations of the whole-
rock major elemental and Sr—Nd isotope data of the Early Cretaceous granitic rocks
from Kyushu, SW Japan, as well as the zircon and apatite saturation temperatures,
shows distinct changes during the Albian (~115 to ~100 Ma) as: (1) the mASI value of
the rocks (i.e., Shiraishino granodiorites) decreases below 1, (2) the Sr—Nd isotopic data
are relatively constant [3'Sr/*Sri = 0.70471 to 0.70573; eNd(t) = +0.2 to +1.9] within
different rock types including granites, granodiorites, tonalites, and adakitic rocks (i.e.,
the Shiraishino granodiorites), following the increase of 87S1/86Sri and decrease of
eNd(t) from Berriasian, and (3) higher maximum temperatures at ~105 Ma. The secular
changes indicate that important geodynamic changes occurred in the arc system of SW
Japan as it changed from subduction-accretion during the Jurassic to continental arc
during the Early Cretaceous. Thermodynamic partial melting modeling demonstrates
that the Albian granitic rocks can be derived from mélange rocks, such as chlorite-
actinolite schists, at moderate depth and variable redox conditions. It is concluded that
the genesis of the Early Cretaceous granitic rocks from Kyushu, SW Japan, may be
related to upwelling of the asthenosphere and hot corner flow into the mantle wedge
caused by slab rollback, which followed a shallowing of the subduction angle and
subsequent flat-slab subduction during the Late Jurassic. The resultant heat induced the
partial melting of the mélange rocks that formed on and were transported from the
subducted plate interface. Reference: Suga, K., Yeh, M.W., 2021. Front. Earth Sci.
8:95.

Keywords: granitoids, mélange, arc magma, partial melt, Early Cretaceous, SW

Japan, Yanshan orogeny



Characterizing the granitic rocks of the Doba basin, southern Chad
Tran Thi Hue' ~ John Gregory Shellnutt! ~ Tung-Yi Lee! ~ Meng-Wan Yeh!
Chih-Cheng Yang?

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

(2)CPC-Taiwan, Exploration and Production Business Division

This preliminary study attempts to characterize the granitic rocks in order to make
first-order observations and determine if they could be part of the same intrusive body.
The granites from the Djabi-1 well (2440-2473 m depth) are mostly potassium feldspar
(~30 vol%), plagioclase (~25 vol%) and, quartz (~25 vol%) with a small amount (~20
vol%) of mafic minerals (e.g., biotite, clinopyroxene, hornblende). The granites from
Mouroumar-1 well (2250-2350 m depth), are mainly potassium feldspar (~60 vol%),
plagioclase (~15 vol%), quartz (~18 vol%) with a minor amount (~7 vol%) of mafic
minerals (e.g., biotite, clinopyroxene, hornblende). The granites from Benoy -W2 well
(3180-3230m depth) are mainly potassium feldspar (~55 vol%), plagioclase (~20 vol%),
quartz (~20 vol%) with a minor amount (~5 vol%) of mafic minerals (e.g., biotite,
clinopyroxene, hornblende). The granites from Kiagor -1 well (2700-2736.3 m depth)
are a large amount of potassium feldspar (~50 vol%), plagioclase (~20 vol%), and
quartz (~20 vol%) with a minor amount (~10 vol%) of mafic silicate minerals (e.g.,
biotite, clinopyroxene, hornblende). The granites from Bebalem-1 well (2965-3000 m
depth) have main components of potassium feldspar (~40 vol%), plagioclase (30 vol%),
quartz (~20 vol%), and mafic minerals (~10 vol%). All of the rocks are coarse-grained
and granular and mostly slight pink (Benoy-W2, Kiagor-1, and Bebalem-1 wells) to
reddish (Mouroumar-1 well) color for the exception of the rocks from the Djabi-1 well
which are darker due to the greater abundance of mafic silicate minerals. The
mineralogy of the granites suggests that there were at least three distinct magma pulses

beneath the Late Cretaceous sedimentary rocks of the Doba basin.

Keywords: Chad, Doba basin, granite, Central African Orogenic Belt, Late Ediacaran



Monitoring environmental changes with dendrochemistry:
Challenges and potential solutions
Hsin-Lin Wei! ~ Chuan-Chou Shen! ~ Huei-Ting Lin?
(1)Department of Geosciences, National Taiwan University ~ Research Center for Future Earth,

National Taiwan University ~ (2)Institute of Oceanography, National Taiwan University

The numerous advantages of tree rings make it an essential environmental and
climatic archive for the pre-instrumental eras. Trees distribute widely, being easily
accessible, providing replicates, and preserving multiple proxies with intra-annual
resolution. The physical properties, e.g., ring widths and ring densities, have been used
to reflect variations in temperature, precipitation, sea surface temperature for more than
one century. Chemical proxies, including elements and isotopes, in tree rings have been
widely valued and developed as new environmental proxies in recent decades. Apart
from oxygen and carbon isotopes in tree-ring cellulose used as sound climatic recorder,
elements, e.g., Hg, Pb, and Cd, were new proxies for diverse environmental change
topics, such as industrialization, air pollution, and soil contamination, in the
Anthropocene. However, the movement and diffusion of elements across the rings,
called radial translocation, intensifying during the sapwood transforms into heartwood,
blur the elemental records. Correction for the radial translocation makes the application
of tree-ring elements more useful and robust. To extend the usage of tree-ring elements
as reliable environmental proxies, we comprehensively review articles published in the
literature and summarize the critical mechanisms leading to radial translocation,
including elemental mobility, tree physiology and anatomy, and heartwood formation
process. In this study, we also propose a possible strategy to overcome the radial

translocation effect.

Keywords: radial translocation, dendrochemistry, tree ring, biomonitoring
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Rare earth elemental geochemistry in foraminifera and its
application to paleo-monsoon dynamics
Yogaraj Banerjee' ~ Li Lo' ~ Chuan-Chou Shen!

(1)Department of Geosciences, National Taiwan University

The rare earth elements (REE) are chemically coherent group with the variation of
their stability constants in an ordered way. The partitioning between phases may lead
to fractionation of the light REE relative to the heavy REE which have been attributed
to differing mineral-seawater partition coefficients within the group. The relative
abundance of REE have been used as useful proxy to understand the deep ocean
circulation pattern, terrestrial/oceanic inputs, precipitation. However, there are two
major challenges: (1) understanding on the susceptibility of REEs in the diagenetic
environment (marine pore water), which precluded estimating alteration of the primary
foraminiferal signal, and (2) the cleaning procedure typically used to remove
contaminant phases was subject to the effects of REE reabsorption. Here in our ongoing
project, we are carrying out REE analysis on well-preserved planktonic foraminifera
recovered from two cores of MD05-2925 and ODP-1115B in the western Pacific to
reveal the monsoon dynamics in the northern Australian and Indonesian region over
last 800-kyr. In order to address the challenges related to the diagenetic alteration and
cleaning procedure, we have (1) screened the well-preserved samples from the altered
one, and (2) developed a cleaning procedure to remove all coatings and contaminant
phases. A protocol for analysing REE from femtogram of carbonate samples including
foraminifera was developed on ICP-SF-MS. Previous study using planktonic
foraminifera G. ruber REE/Ca records of core MD05-2925 clearly demonstrated the
role of obliquity cycle on the precipitation pattern at the tropical southern hemisphere
in the Pacific over the last 282-kyr. Here in the present study, we are further extending
the approach for the last 800-kyr for understanding the role of precession and obliquity
forcing over the past late Quaternary glacial-interglacial cycles. The initial results of

this ongoing project will be presented at the conference

Keywords: REE, foraminifera, monsoon
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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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Temporal evolution of dynamic friction coefficients during rock
deformations revealed by Fisher-Shannon Method
Hong-Jia Chen! ~ Tsung-Hsi Wu'! ~ Chien-Chih Chen' ~ Li-Wei Kuo'!
Luciano Telesca? » Michele Lovallo®
(1)Department of Earth Sciences, National Central University ~ (2)Institute of Methodologies for
Environmental Analysis, National Research Council, Italy ~ (3)ARPAB, 85100 Potenza, Italy

Earthquake rupture is a complex dynamic process owing to strengthening and
weakening of fault friction during rapid slip. The mechanism of dynamic friction
variations involves different physical and chemical processes. The temporal dynamics
of the fault friction during such a slip still remains poorly understood. The objective of
our research was to analyze the temporal information of the dynamic friction
coefficients during different deformation stages. We used the Fisher-Shannon method
to estimate the disorderness in the time series of the dynamic friction coefficients. We
observed that the disorderness is significantly affected because of the strengthening and
weakening of dynamic friction. During the strengthening in the process of melt patches,
the disorderness increases due to the rough surfaces; during the weakening in the
process of the steady-state slip, the disorderness decreases due to the fully melting
lubrication. Therefore, we concluded that the temporal information of the dynamic
friction coefficients might respond to the physical and chemical processes, and the
Fisher and Shannon indicators would help us to identify the different deformation

stages.

Keywords: earthquake rupture process, rock deformation, dynamic friction

coefficient, Fisher information, Shannon entropy
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A new insight on 3-D deterministic fracture network and fracture
intensity measurements from digital outcrop: a case study from
Kimmeridge bay, England
R. Plateaux' ~ Francesco Palci?

(1)Independent Researcher ~ (2)Imperial College London, Royal School of Mines, Prince Consort Rd,

Kensington, London

The need to model 3-D fracture networks to better predict their impact on fluid
flow and rock stiffness has strongly increased in recent years. Most fracture exposures,
however, essentially reveal 2-D fracture traces (e.g.: outcrop, mine wall, rock core).
Characterizing fracture properties such as fracture density/intensity, an essential input
for most Discrete Fracture Network packages, remains often poorly constrained and/or
scale-dependent when measured from outcrop for sub-surface modelling.

In this contribution, a 3-D deterministic fracture network is grown from over 2500
2-D fracture traces mapped out from digital photographs in Kimmeridge Bay (UK). The
newly 3-D fracture network comprises rectangular strata-bound fractures of a height
corresponding to the strata thickness. Cutting through faults are also modelled and their
heights are constrained by their traces observed in proximal cliffs.

The well-constrained 3-D DFN is an excellent opportunity to measure fracture
intensities Pio, P21 and P3; (respectively 1-D, 2-D and 3-D sampling) using common
techniques from subsurface and outcrop studies. Indeed, the 3-D fracture intensity is
not measured but often approximated from P10 and P21 measurements, although being
the ‘holy grail’ parameter for DFN creation. We develop a new algorithm to measure a
true 3-D fracture intensity enabling a comparison with traditional measurements of
fracture intensities. P1o and P21 were measured along horizontal pseudo wells created
through the deterministic DFN within the strata-bound layer. The Terzaghi correction,
often applied on P10, tends to overestimate P32 by a maximum factor of 25 times. Lower
sampling resolution offers a higher chance to have more fracture per unit sampling,
hence tends to reveal a more linear relationship between Pio, P21 and Psz. The
comparison also demonstrated a dependence of the sampling grid resolution on fracture

intensity measurements.

Keywords: fracture intensity, Discrete Fracture Network, natural fracture, sub-surface,

outcrop
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Mineralogical and chemical variability of bedload sediments in small
mountainous rivers of Taiwan: Provenance versus weathering control
Pin-Ru Huang'! ~ Kuo-Fang Huang' ~ Ruo-Mei Wang! ~ Po-Chao Wu? ~
Shail Vijeta Ekka® ~ Chorng-Shern Horng! ~ Kalyani Nayak* ~
Andrew Tien-Shun Lin®
(1)Institute of Earth Sciences, Academia Sinica, Taiwan ~ (2)Institute of Earth Sciences, Academia
Sinica, Taiwan, Earth System Science Program, Taiwan International Graduate Program (TIGP),
Academia Sinica, College of Earth Sciences, National Central University ~ (3)Institute of Earth
Sciences, Academia Sinica, Taiwan, Earth System Science Program, Taiwan International Graduate
Program (TIGP), Academia Sinica, College of Earth Sciences, National Central University, Earth
System Science Program, Taiwan International Graduate Program (TIGP), Academia Sinica, College of
Earth Sciences, National Central University ~ (4)Earth System Science Program, Taiwan International
Graduate Program (TIGP), Academia Sinica, College of Earth Sciences, National Central University,
Earth System Science Program, Taiwan International Graduate Program (TIGP), Academia Sinica,
College of Earth Sciences, National Central University ~ (5)College of Earth Sciences, National
Central University, Earth System Science Program, Taiwan International Graduate Program (TIGP),

Academia Sinica, College of Earth Sciences, National Central University

The island of Taiwan is among the highest uplift rate and most rapidly denudating
environments globally because of extensive rainfall/typhoon events and frequent
earthquakes. The contrasting geological/geomorphological setting of Taiwan provides
a unique and unrivaled natural laboratory to systematically evaluate the relative
importance of sediment provenance and weathering process in determining
mineralogical and chemical characteristics of bedload sediments. In this study, bedload
sediments were collected from the four selected river catchments, including Liwu,
Hsiukuluan, Beinan, and Kaoping Rivers in order to further constrain the main controls
on sediment chemistry of bedload. Bulk-geochemical analyses including major
elements and RRE are obtained from XRF and ICP-MS. In addition, semi-quantitative
mineralogical analyses, including bulk-sediment and fine-grain clay, are carried out
through random powder and oriented mounts clay slide measured by XRD. By
combining all these mineralogical and geochemical constraints, we will be able to
understand how provenance and weathering controls on mineralogical and chemical

characteristics of bedload sediments in small mountainous rivers of Taiwan.

Keywords: weathering indices, erosion characterization, mineralogy analysis, Taiwan

rivers
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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
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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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A study of knickpoints and its multiple causality in northeastern
Taiwan
Chin-Yi Yang' ~ Ting-Wei Huang! ~ Pei-Shan Hsieh!
(1)Industrial Technology Research Institute

Knickpoints located on the stream profile separating into different gradient can
provide important nick information for drainage network. The generation of knickpoint
is widely used to discuss the evolution of drainage network. There are several
knickpoint related researches focused on large scale tectonic discussion in Taiwan,
however, regional scale analysis of existence and distribution of knickpoint is rare. In
this study, we use auto-extracted program to obtain stream network, knickpoint and
river steepness index from 20 m DEM (published by Ministry of the Interior), and apply
it to discuss the possible causes of knickpoints in the relatively small drainage basin.

In this study, the drainages of Naao, Heping, and Kanagan are chosen as case
studies, there are some reasons as following: (1) the lithology of the Heping drainage
is complicated (marble, gneiss, and schist), and WEP boundary may have crossed
through this drainage causing subsidence and uplift. (2) the Kanagan drainage is a small
drainage basin located on southeast side of Heping drainage. A shallow micro-seismic
swarm in Kanagan drainage is discoverd, besides, the Kanagan river flows through
simple lithology (marble and gneiss). (3) the Naao drainage is northern of Heping
drainage and also on the north side of WEP boundary. This means that this drainage
basin is far away from the collision. (4) there are several historic and existence
landslides prevailed on these drainage basins. These regional affected factors can play

an important role in the genesis and development of knickpoints.

Keywords: drainage, knickpoint, river steepness index
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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
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Development of Seismic data acquisition system for low-cost
accelerometer with Raspberry-Pi (RFidget)
Utpal Kumar! ~ Lu-hsuan Chen! ~ Chu-Te Chen! ~ Wen-Tzong Liang!

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

We aim to develop a new seismic data acquisition system, equipped with functions
of both local recording and real-time data streaming, for low-cost accelerometers
(RFidget) using Raspberry-pi 4 attached with a PhidgetSpatial MEMS sensor
(1403 _1B). The full scale of this sensor is + 2g and the machine noise level is less than
one gal, which makes this RFidget unit suitable for strong motion monitoring. The
design is to convert digital data from the PhidgetSpatial sensor into a standard data
format (preferably miniSEED) and then either to record the evenly sampled data locally
or to enable data streaming from each RFidget directly to a recording server in a real-
time manner. The RFidget system comprises three primary components—local clients,
webserver, and desktop software. The local clients aim to record and send the stream
the data to the webserver in real-time. The webserver aims to collect the data from the
clients and preprocess it for near real-time delivery. The open-source desktop software
with PyQt5 based graphical interface provides efficient tools to receive, analyze and
visualize the data from the webserver in real-time. With this design for RFidget units,
the building monitoring for seismic risk assessment, rapid array mobilization for
aftershocks, and educational seismic network deployment will become easier for
researchers. We’ll demonstrate our preliminary results in the poster area. The RFidget

software will be openly accessible to the scientific community.

Keywords: data acquisition, accelerometers, open source software
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Challenges in the preservation of disaster remains-Example of the
Chelungpu Fault Preservation Park
Cheng-Shing Chiang! ~ Tyan-Ming Chu? ~ Wen-Hao Chou® ~ Shin-Ho Lee!
Jer-Fu Wang*
(1)National Museum of Natural Science ~ (2)Pro-Vision Environmental Engineering Corporation -
(3)Center for Ecology and Environment, Tunghai University ~ (4)Department of Civil and Disaster

Prevention Engineering, National United University

Taiwan has had a major earthquake every 30-60 years. Therefore, earthquake
museums were needed for long-term earthquake education and geoheritage exhibitions.
Earthquake museums highlight disaster risks and preparedness information. The
purpose of preserving earthquake remains is to educate visitors about Taiwan's natural
disasters and provide a memorable experience that inspires earthquake preparedness.

The Chushan trench across the Chelungpu fault is a good example of Chichi
Earthquake rupture. This trench has recorded the five most important earthquake events
on the Chelungpu fault. Although the Chelungpu Fault Preservation Park (CFPP) has
worked to preserve these earthquake remains, they have been threatened due to seepage
over the years. The aim of this paper is to analyze trench seepage and explore the
development of an anti-seepage model, to provide a reference for earthquake remains

and museum development worldwide.

Keywords: earthquake museum, inheritance protection, earthquake remains, seepage
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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



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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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
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