Structural evolution and active structures of Dezful Embayment in
Zagors foreland basin deduced from balanced cross section and
SAR interferometry
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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.
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The carbonate clumped-isotope thermometer has emerged as an innovative
method to constrain the cooling rates and retrograde metamorphic histories of marble.
The ‘apparent equilibrium blocking temperature’ recorded by the clumped isotopic
composition of marble represents the results of deformation, water—rock reactions, and
diffusion-controlled atomic mobility. For a better understanding of the thermal
evolution demonstrated by marbles in the Hoping area, a total of 13 calcite marbles
were sampled for bulk isotopic (5'°C and §'30) and clumped isotopic analyses (A47).
Grain size, deformation, mineralogy, and element compositions of marbles were also
determined via the observation of oriented thin sections, X-ray diffraction analysis
(XRD), and energy dispersive spectroscopy (EDS) by Scanning Electron Microscope
(SEM). Our results show that the estimated clumped temperatures of calcite marbles in
the Hoping area range from 200 °C to 330°C, which are not correlated with the grain
sizes, deformation, and elemental compositions. Noteworthy, the A47-based apparent
temperature of calcite marble experiencing exhumation-controlled cooling rates should
range between ~150 °C and 200 °C theoretically, which are lower than the estimated
clumped temperatures for the calcite marble in the Hoping area. A plausible magma
intrusion event and/or high uplifting rate could cause a higher A47-based apparent

temperature, but a further examination is still needed.
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The Chihsang segment of Longitudinal Valley Fault (LVF) is characterized by both
rapid surface creep and creeping at deeper depth. However, the slip inversion of the
interseismic creep rate obtained using geodetic measurements does not have a good
resolution at depth below 15 km, which indicates that the understanding of along-dip
variation of aseismic creep is still very limited. In this study, we apply a static joint
inversion that combines both geodetic data (GPS and InSAR) and seismic data
(repeating earthquake) to better understand the interseismic creep. By taking advantage
of the repeating sequences majorly occurring at depths below 15 km, we are able to
explore more about the along-dip variation of aseismic creep. Using the data from 2007
to 2011, our slip model reveals an anti-correlation spatially between the interseismic
slip and co-seismic slip of the 2003 M6 event. We also find that the mainshock of the
2003 M6 event occurred on the boundary between areas with high and low interseismic
slip. This study provides a new approach of modeling the static creeping behavior,
constrained using geodetic and seismic data, which might further improve the time-

dependent seismic hazard.
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Natural and experimental evidence of thermal pressurization and
frictional melting during the 1999 Mw 7.6 Chi-Chi earthquake
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Frictional melting and thermal pressurization (TP) can reduce the resistance of
fault surfaces and thus govern rupture dynamics and energy partitioning. The hydraulic
properties of surrounding rocks, relevant to the efficiency of fluid drainage during
sliding, play a critical role in driving either frictional melting or TP in the principal slip
zone. Frictional melting and TP have been documented to occur within the principal
slip zone of the Chelungpu fault during the 1999 Mw?7.6 Chi-Chi earthquake, but the
triggering mechanism to which remains unclear. Here, we (1) conduct rotary shear
friction experiments on saturated gouges from the Taiwan Chelungpu-fault Drilling
Project (TCDP) under varied fluid drainage conditions and (2) compare the
experimental products with the principal slip zones of the TCDP. All rotary shear
experiments are performed at 1-m/s slip velocity, 18-MPa normal stress, and ~3-m
displacement. Scanning electron microscope, focused ion beam-transmission electron
microscope, synchrotron X-ray diffraction are conducted for microanalysis.
Mechanical data shows that plateau-like peak friction (0.15~0.25) is followed by an
ultralow steady-state friction (0.03~0.07) under undrained condition. Peak and steady-
state friction are 0.4~0.5 and 0.08, respectively, under drained condition. The formation
of distinct shear localization and amorphous materials indicates that frictional melting
occurred under drained condition. In contrast, distributed shear and the absence of
amorphous materials within the slip zone is recognized under undrained condition. Our
experimental observation is consistent with the reported natural observation, suggesting
the presence of heterogeneous fluid drainage along the fault zone during coseismic slip.
Taken together, we conclude that both frictional melting and TP were operated on gouge
because of the variation of fluid drainage and promote the slip in this position during
the 1999 Chi-Chi earthquake.

Keywords: frictional melting, thermal pressurization, fluid drainage, Chelungpu Fault,
Chi-Chi earthquake
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GPU acceleration on geodynamic simulation via OpenACC
Eh Tan' ~ Chase J. Shyu' ~ Fang-Yi Lee? ~ Chih-Chin Lee!

(1)Institute of Earth Sciences, Academia Sinica, Taiwan ~ (2)Institute of Oceanography, National

Taiwan University

Numerical simulation on geodynamic processes is computationally expensive.
Pursuit of higher resolution and more accurate physical simulation requires more and
more computation power. The speed improvement of CPUs has stalled in recent years.
Moreover, the speed of memory access has improved only slowly in decades, which
further reduces the performance of the simulation. The advance of GPGPU (General
Purpose computing on GPU) can help to solve the performance problem. GPU provides
quick memory access and fast context switch to hide memory access latency while
keeps the computation units busy. Traditionally, the GPU and CPU have separated
memory space. Programmers have to transfer data between GPU and CPU manually
before and after the computation. The newer generation of Nvidia GPU provides unified
memory space to avoid manual data transfers. Additionally, we can port the CPU codes
to GPUs using a few lines of OpenACC directives. In the end, we completely ported
out simulation code to GPU and achieved a 40x speed-up, compared to a single CPU
performance. We will details the porting strategy and compare the similarity of
OpenACC to OpenMP.

Keywords: GPU, numerical method, OpenACC
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A comparison of methods for calibration of seismometer orientation
Wen-Tzong Liang! ~ Chu-Te Chen' ~ Teh-Ru Alex Song?

(1)Institute of Earth Sciences, Academia Sinica, Taiwan - (2)Seismological Laboratory, Department of

Earth Sciences, University College London

Many seismological researches rely on precise seismometer orientation. To
understand the performance of currently available methods based on teleseismic P-
wave, Rayleigh wave, and receiver functions respectively, we have applied them to well
calibrated broadband seismic stations in Taiwan. In general, seismic waveform data
collected for distant earthquakes distributed at various back-azimuth is required for
higher precision and accuracy. It seems that the P-wave particle motion can give a good
result if the noise level is acceptable whereas the back-azimuth coverage does not
change the orientation significantly. We are going to apply these methods to open data
that is collected in Taiwan to enable a complete metadata for borehole or ocean bottom

seismometers.

Keywords: seismometer orientation, observational seismology, seismogram, receiver

function



Observations of separating first P arrivals as induced by mantle
wedge fast anomalies beneath NE Taiwan
Yen-Hung Yu! ~ Po-Fei Chen!
(1)Department of Earth Sciences, National Central University

Using data from the Formosa Array (FMA), adense seismic network
covering North Taiwan with r oughly 140 broadband stations, we observed that an
earthquake (25.02°N, 121.86°E, 138 km) exhibits distinct two arrivals of P waves (two
phases) for stations just above it. Having determined the two phase d elayed times for
FMA, results show a spatial radiation pattern decreasing from 1.6 seconds to zero
outward the epicenter. In addition, this event is located on the Ryukyu subduction zone,
where the Philippine Sea Plate subducts beneath the Eurasian Plate, and both the slab
and mantle wedge exhibit the feature of fast P wave anomalies, which is also
mentioned by previous publication of high resolution tomography on NE Taiwan (Su et
al., 2019). Then, we conducted a study of tracing rays, and visualized them on the 2 D
cross sections with multiple azimuth. Therefore, we find a positive correlation between
the duration of delayed times and the length of rays passing through the fast P anomaly
in the mantle wedge. As a result, we conclude that the two phase arr ivals are induced
by the fast anomaly in mantle wedge beneath NE Taiwan. Moreover, after comparing
the data and ray paths of other adjacent events with weaker two phase arrivals, we
can further confirm the conclusion. To figure out the causes of the two ph ase arrivals,

the simulations of wave propagations will be simulated in the future.

Keywords: Formosa Array, northeastern Taiwan, anomalous waveform effects



3-D plate interactions beneath Taiwan orogeny from source-side
seismic tomography
Po-Li Su! ~ Hsin-Hua Huang? ~ Justin Yen-Ting Ko!
(1Institute of Oceanography, National Taiwan University ~ (2)Institute of Earth Sciences, Academia

Sinica, Taiwan

We conducted unconventional joint local and teleseismic traveltime tomography,
source-side seismic tomography, for improving regional 3-D P-wave velocity (Vp)
structure beneath the Taiwan region down to ~400 km. The teleseismic data in this study
are traveltime residuals of local earthquakes determined at distant stations instead of
those from teleseismic events to local stations in the traditional teleseismic tomography.
This provides a larger amount of the teleseismic data than before and a better raypath
coverage at the upper mantle depths, benefiting from a much larger number and a more
even distribution of the local earthquakes compared to those of broadband stations only
placed on the surface in the study area. Our results show clear geometry of the
subducting Eurasian Plate (EP) and Philippine Sea Plate (PSP) beneath Taiwan. In the
south, the top interface of the high-Vp anomaly interpreted as the subducting EP extends
eastward and downward to reach a depth of 450 km at a longitude of about 123°E. From
central to northern Taiwan, the deeper part of the EP subducting beneath the PSP is
progressively deformed, while the PSP continuously collides with the shallow part of
the EP on the west and gradually subducts northward. The subducting EP becomes sub-
vertical beneath northern Taiwan and seems to be detached as the PSP subducts below
a depth of about 80 km.

Keywords: Taiwan orogeny, seismic tomography, subduction, tectonics



Three-dimensional Scattering Dominated Attenuation Models in
Southern California
Yu-Pin Lin! ~ Thomas H. Jordan?
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Sciences, University of California Los Angeles, USA

Seismic attenuation is not only a powerful tool to constrain the physical state of
the Earth’s materials but also a crucial component to improve the accuracy of the
ground motion simulations at higher frequencies (f > 1 Hz). Lin and Jordan (2018)
indicated that the attenuation at high frequencies is frequency dependent with a power-
law rate 0=0.4 and dominated by scattering from small-scale crustal heterogeneities in
Southern California. In this study, we inverted the spectral-amplitude residuals between
observations and synthetics for 3-D P- and S-wave attenuation structures from 660
regional earthquakes (3 <M <5.7) recorded at 281 broadband stations of the Southern
California Seismic Network (SCSN). The synthetic spectral amplitudes accounted for
geometrical spreading, source excitation, and frequency dependence of Q. The 3-D Qp
and Qs variations are inverted by the spectral ratios measured in the band 1-10 Hz.
Results from independent inversions of the P and S datasets are strongly correlated. Our
results show weaker attenuation in two more homogeneous batholitic blocks including
Peninsular Ranges and southern Sierra Nevada and stronger attenuation in the vicinity
of the San Andreas Fault and the Garlock Fault systems, which is dominated by the
elastic waves scattering from the fracture structures around the faults. The Salton
Trough displays the strong attenuation, which consistent with the high heat flow in the
Salton Sea area. However, the low Qp/Qs indicates that the elastic scattering still

dominates the attenuation observations in this region.

Keywords: seismic attenuation, elastic scattering, Southern California



Source investigation for earthquakes along Flores Thrust, Indonesia
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The south-dipping, low-angle Flores Thrust in Indonesia hosted damaging My>6
earthquakes, including the 1992 My, 7.7 Flores earthquake-tsunami and most recent the
2018 Lombok earthquake sequence that claimed more than 500 casualties and resulted
in severe damages. However, the characteristics of the earthquake ruptures and their
relations to regional tectonic were poorly investigated. Here we study the source time
functions and possible rupture models of ten My 6.2+ earthquakes along Flores Thrust
through finite fault inversions. Our inversions were constrained with the teleseismic
body- and surface-waves and the updated information of the seismicity from both global
and Indonesia regional seismic networks. The model uncertainties were computed by
performing statistical jackknife tests. We find that cascading asperities ruptured
neighbor fault patches in western Flores Thrust, including the 2002-2009 Sumbawa
sequence (5 events) and 2018 Lombok sequence (3 events). The ruptures were often
initiated from the mid-crust and propagated unilaterally. We discuss the idea that this
cascading feature of moderate magnitudes (M 6-7) might be related to fault immaturity.
The cluster of My 6-7 cascading earthquakes implies that the western Flores fault
prohibited the growth of a single large earthquake (Mw>7). We further discuss the
rupture characters of the fault (e.g., initiation, the rupture speed, stress drop) by
comparing the western and eastern Flores Thrust. The nature of shallow rupture of My
6-7 beneath the northern coast of island arcs favors the high seismic and tsunami hazard
to the region. Thus, this study is essential to provide the rupture characteristics and
asperity locations along the Flores Thrust necessary to evaluate the region's earthquake

and tsunami hazard.

Keywords: asperities, finite-fault, Flores Thrust, rupture, source-time-functions



Linking K-feldspar 40Ar/39Ar geochronology with textures and
compositions
Yu-Ling Lin' ~ Tung-Yi Lee! ~ Ching-Hua Lo? ~ Sarah C. Sherlock®
Yoshiyuki lizuka* ~ Tadashi Usuki® ~ Long-Xiang Quek' ~ Punya Charusiri®
(1)Department of Earth Sciences, National Normal Taiwan University ~ (2)Department of Geosciences,
National Taiwan University ~ (3)School of Physical Sciences, Faculty of Science, Technology,
Engineering and Mathematics, The Open University, Milton Keynes, United Kingdom ~ (4)Institute of
Earth Sciences, Academia Sinica, Taiwan ~ (5)Department of Geology, Faculty of Science,

Chulalongkorn University, Thailand

K-feldspar “°Ar/*°Ar geochronology has drawn a lot of attention for its moderate
closure temperature in thermal history reconstruction and common occurrence in most
lithologies. However, the complexity of K-feldspar *°Ar/*°Ar step heating age spectrum
raises difficulties in its age interpretation. The two plateau-like segments shape, one
type of the K-feldspar spectra, was inferred as the result of excess argon contamination
in the past. This study finds an alternative plausible scenario for such spectrum shape
through petrologic and EPMA analyses on K-feldspars in a sheared leucogranite sample
from the Mae Ping shear zone, NW Thailand. This leucogranite had rounded and
fractured perthitic K-feldspar phenocrysts embedded by albite, and the largest grain can
be up to 3 cm in length. Fine-grained K-feldspars at the pressure shadows and boudin
necks of albite fishes have distinct textures and chemical compositions from
phenocrysts. Two-feldspar thermometers suggest lower equilibrium temperatures of
266°C for the K-rich fine-grained K-feldspar, and higher equilibrium temperature
around 373°C for Na-rich phenocrysts. Modeling with multi-diffusion size extractor
indicates a high closure temperature of 350°C for the old, high temperature segment
while a low closure temperature of 160°C for the young, low temperature segment.
Therefore, the K-feldspar **Ar/*°Ar age spectrum with two plateau-like segments may
result from the two major distinct diffusion domain sizes associated with Na-rich

phenocrysts and K-rich recrystallized fine grains.

Keywords: K-feldspar, “°Ar/*’Ar dating, EPMA, diffusion domain, closure

temperature



Age and geochemical characteristics of the Cenozoic volcanic rocks in
Pacitan area, East Java
Lediyantje Lintjewas! - Yu-Ming Lai? ~ Iwan Setiawan® ~ Hao-Yang Lee* ~
Andrie Al Kausar! ~ Yoshiyuki lizuka* » 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

The subduction of Indian-Australian oceanic crust beneath the Eurasian plate
produced the Cenozoic volcanoes on Java Island at the SE Sundaland. Two Cenozoic
arc chains are identified on Java: The Late Eocene-Early Miocene volcanic arc that
formed the Southern Mountains known as the 'Old Andesite'; another is the modern
volcanic arc that has been active since the Late Miocene and erupted in the central part
of Java Island. The Pacitan area is a part of the Southern Mountains, and this study
focuses on the volcanic rocks in this area to recognize the magmatic stages and identify
the geochemical variations from different stages. We identify two magmatic period in
the area, Late Oligocene (26.0-26.7 Ma) and Middle Miocene (12.0-13.0 Ma) using the
zircon U-Pb method. Our age results are younger than the previous results from the K-
Ar method (28 Ma and 15-19 Ma, respectively). The Late Oligocene volcanic rocks
vary from andesite to dacite, and are comparable to medium to low-K calc-alkaline
volcanic rocks. The Middle Miocene volcanic rocks vary from basalt to dacite, and
comparable to high-K calc-alkaline to tholeiitic volcanic rocks. Nb/U-Nb, Ce/Pb—Ce
diagrams, and the depletion of HFSEs (Nb, Ta, and Ti) shows arc characteristics in these
volcanic rocks. The LILEs (such as Cs and Rb) and Pb enrichment in the Late Oligocene
rocks are significantly lower than those in the Middle Miocene rocks. These results may
be because of the different effects of the subduction-related fluids between these two

stages in Java Island.

Keywords: Java island, Southern Mountain, Cenozoic magmatism, Old Andesite,
Zircon U-Pb dating.
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Geochemistry of pore water around the Keelung Submarine Volcano,
off northern Taiwan and its hydrothermal implication
Feng-Hsin Hsu! ~ Chih-Chieh Su! ~ Hsio-Fen Lee? ~ Yu-Shih Lin®
Song-Chuen Chen* ~ Yunshuen Wang?*

(1)Institute of Oceanography, National Taiwan University ~ (2)National Center for Research on
Earthquake Engineering, National Applied Research Laboratories ~ (3)Department of Oceanography,

National Sun Yat-sen University ~ (4)Central Geological Survey, Ministry of Economic Affairs

The Keelung Submarine Volcano (KLSV), located in the near-shore area of
northern Taiwan, is the seaward extension of the Northern Taiwan Volcanic Zone, with
most of the gas emissions concentrate around the northern border of the volcanic cone.
In this study, we focused on the geochemistry of pore water with two sediment cores
collected from both northern and southern borders of KLSV. Results showed that they
were not only characterized by gas enrichment, but also revealed specific geochemical
features of pore water, implying a significant influence of hydrothermal fluid. The
elevated DIC and TA, lowered pH, and much heavier §'3CDIC implied the high flux of
volcanic CO; input. The downward decreasing of Mg?* (<5 mM below 120 cm) and C1-
(< 200 mM below 120 cm) in pore waters indicated an obvious mixing between
seawater and hydrothermal fluid relative to the phase separation reaction. Based on two
end-member mixing model of Mg?', the highest fraction of hydrothermal fluid is
estimated to be 92.2%. Furthermore, extremely high concentrations of Li" were
obversed in pore waters (>2.0 mM), which means the sampling locations are related to
high-temperature (>350 °C) rock/sediment-fluid interaction. The end-member values of
volcanic fluid are estimated to be 2.12~3.35 mM with an average of 2.524+0.29 mM,
which is close to the estimates of hydrothermal field in the Okinawa Trough. All the
geochemical results in pore water reflected the importance of secondary modification
processes after high-temperature water-rock interaction, especially the interaction

between hydrothermal fluid and sediment.

Keywords: Keelung Submarine Volcano, sediment-hosted hydrothermal system, pore

water



Sources and budget of dissolved inorganic carbon in the deep water
of the southern Okinawa Trough
Yu-Shih Lin! ~ Li-Hung Lin? ~ Tefang Lan? ~ Chih-Chieh Su®
Hsiao-Fen Lee* ~ Bo-Shian Wang® ~ Song-Chuen Chen® ~ Yunshuen Wang® -
Wei-Jen Huang!

(1)Department of Oceanography, National Sun Yat-sen University ~ (2)Department of Geosciences,
National Taiwan University - (3)Institute of Oceanography, National Taiwan University ~ (4)National
Center for Research on Earthquake Engineering, National Applied Research Laboratories ~ (5)Taiwan

Ocean Research Institute, National Applied Research Laboratories; National Academy of Marine

Research ~ (6)Central Geological Survey, Ministry of Economic Affairs

The West Philippine Sea (WPS) intermediate water enters the Okinawa Trough via
the near-bottom layer of the Kerama Gap. This overflow ventilates the deep basin
(>1000 m) of southern part of the trough, where southwestward currents near the
seafloor have been documented. Hence, the deep water in the southwest corner of the
Okinawa Trough (southern Okinawa Trough, SOT) likely records the cumulative input
of materials from different sources since the water leaves the Kerama Gap, and can be
used to assess the basin-scale inventories of these sources. In this study, we measured
the dissolved inorganic carbon (DIC) concentration, stable carbon isotopes of DIC
(8'*CDIC), and helium isotopes (*He/*He) of the SOT deep water collected in locations
both with and without active venting. Compared to the WPS water of the same potential
density, most SOT samples exhibit a significant level of excess DIC, elevated *He/*He
ratios, and depletion in §'*CDIC values. A mixing model that takes all three parameters
into account was developed to quantify the contribution of different sources. It was
found that the measured 8'°CDIC values can be better reproduced when methane
oxidation, a process that produces '*C-depleted DIC, was included as a source. Model
outputs show that hydrothermal discharge was the main source (51+25%) of excess
DIC, followed by diagenesis (33+29%), and methane oxidation (16+16%). Ongoing
work includes assessing the budget of DIC and other carbonate chemistry parameters

in the deep basin.

Keywords: dissolved inorganic carbon, hydrothermalism, diagenesis, methane

oxidation, back-arc basin, southern Okinawa Trough
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Carbon dioxide degassing around the Chihshang Fault and its
implications for exploring earthquake generation process
Ching-Chou Fu!

(DInstitute of Earth Sciences, Academia Sinica, Taiwan

Measurement of CO» degassing at the Chihshang Fault (CSF) in the Longitudinal
Valley of eastern Taiwan was performed systematically with a high spatial resolution
from a few tens to hundreds of meters. The distribution of CO; flux in the area appears
as halo anomalies along with the fractures due to crustal leaks. The result revealed that
CO; flux in the soil gas show anomalous values at the specific positions, and the trace
of these anomalous values is coincident with the N-S trending CSF. The flux values of
CO; in the study area ranged from 0.1 to 26.6 gmd! indicate that faults can facilitate
the upward flow of CO., with flux rates being greater where the higher densities of
fractures occur. Further repeated or continuous measurements of CO» flux are critical
for improving understanding of the dynamic processes on fault/earthquake generations

and seismic activities during the pre-, co-, and post-seismic periods.

Keywords: CO2 degassing, Chihshang Fault, earthquake generation



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

(1)Department of Earth Sciences, National Central University

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

traveltime inversion result at the end.

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

tracing, traveltime inversion
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Stochastic-based approach to uncertainty quantification of large-
scale landslide

Kim-Tu Tran' ~ Chuen-Fa Ni! ~ I-Hsien Lee?
(1)Graduate Institute of Applied Geology, National Central University ~

(2)Center for Environmental Studies, National Central University

Most assessments of landslide hazards are implemented by building the landslide
occurrence risk maps. The levels of uncertainty in investigating the landslide
occurrence depend on many significant factors, such as the model of the landslide area,
the quality of data. The study presents a case study of the Lantai deep-seated landslide
of the Taipingshan National Forest Recreation Area in northern Taiwan. The integration
of the digital elevation model (DEM) and the numerical simulation is conducted to
establish the three-dimension model, which allows evaluating deterministically
landslide hazards based on the stochastic approach. According to the previous
researches, the geological profile and hydrogeological profile are selected. Due to the
limitation of the data, the study uses the naturally susceptible properties of material
characteristics based on spatial distribution. This study provides a framework for

assessing the uncertainty of a large-scale landslide.

Keywords: large-scale landslide, numerical simulation, stochastic approach
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Tectonics of the Hualein Ridge and offshore extension of
the Milun Fault
Lien-Kai Lin! ~ Shu-Kun Hsu! ~ Ching-Hui Tsai? ~ Yi-Ching Yeh!
Shiou-Ya Wang' ~ ftz2&£ 1~ Biga % 3~ hfamp 2
(1)Department of Earth Sciences, National Central University ~ (2)Center for Environmental Studies,

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

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

of the Philippine Sea Plate relative to the Eurasian Plate.

Keywords: Hualien Ridge, collision, subduction, sparker reflection seismic, Milun
Fault
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Inversion of tectonic stress and magma pressures using dikes
orientation
Frantz Maerten' ~ Laurent Maerten! ~ Romain Plateaux®
(1)YouWol ~ (2)Independent Researcher

In volcano-tectonic regions, stress field variations result from tectonic stress
loading and the pressurized 3-D shallow magma chambers. However, the interactions
between pressurized magma chambers and tectonic stress remains poorly studied in the
context of tectonic stress inversion. Indeed, in classic formulation of stress inversion
techniques, which include the inversion of the reduced stress tensor that comprises the
stress orientation and stress ratio, it is implicitly assumed that discontinuities cannot
open or close, implying that the volumetric part of the regional stress has no influence
on the slip direction and magnitude. Therefore, in the case of magma chambers and/or
dikes, such classic technic cannot be applied as the volumetric part can no longer be
neglected.

In this contribution, we describe a newly developed stress inversion technique that
assumes that the heterogeneous stress field around volcanoes, which can be represented
by the observed dikes, is a result of the mechanical interaction between the pressurized
magma chamber geometry (discontinuities), the traction free Earth surface and the far
field tectonic stress. The method, based on the 3-D Displacement Discontinuity Method
(DDM thereafter) for homogeneous elastic half-space (successor of Poly3D and
iBem3D), automatically finds the optimum far field tectonic stress and magma pressure
parameters that best reproduce the observed dikes.

As magma chambers can be regarded as pressurized cavities, DDM results have
been validated against known 3D analytical solution for pressurized tube-like cavity.
The effectiveness of this stress inversion approach is then demonstrated through natural
examples of two different volcanic systems, namely the Spanish Peak (U.S.A) and the

Galapagos Islands.

Keywords: stress inversion, geomechanics, excess pressure, magma chambers
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Development of new parameter (Hz) as a proxy for
site conditions (V30)
Chun-Te Chen'! + Chun-Hsiang Kuo? ~ Che-Min Lin® ~ Jyun-Yan Huang® -
Kuo-Liang Wen?
(1)Institute of Earth Sciences, Academia Sinica, Taiwan ~ (2)Department of Earth Sciences, National

Central University ~ (3)National Center for Research on Earthquake Engineering

The average S-wave velocity (Vs) in the upper 30 m (V530) is a vital site parameter
widely used for many purposes like microzonation, ground motion prediction equation
(GMPE), and building codes. In this study, we used a newly developed Vs database
inverted by Microtremor Horizontal-to-Vertical Spectra Ratio (MHVSR) including
more than 3500 Vs profiles, to develop a new parameter Hr as a proxy for site condition
(Vs30) in Taiwan. The parameter Hy instead of the predominant frequency (fpeak) as a
proxy for V3o reduces the standard deviation and leaves out human judgment and
challenging to identify the predominant frequency of MHVSR. Both Hr and modified
elevation (E) as predictor variables are adopted to regress a predicted equation for V3o
can further reduce the uncertainty. The MHVSR and elevation are both obtain, and we

suggest that Hr and E), are optimal parameters to be the V30 proxies in Taiwan.

Keywords: S-wave velocity, microtremor, HVSR, V3



Modal frequency and damping ratio of TAIPEI 101:
The response to environmental factors
Yaochieh Chen! ~ Philippe Guéguen® ~ Bor-Shouh Huang? ~ Chin-Jen Lin?
Win-Gee Huang® ~ Chin-Shang Ku® - Kate Huihsuan Chen*
(1)Department of Earth Sciences, National Taiwan Normal University; ISTerre, Universitaire de
Grenoble, Grenoble 38000, France ~ (2)ISTerre, Universitaire de Grenoble, Grenoble 38000, France -
(3)Institute of Earth Sciences, Academia Sinica, Taiwan - (4)Department of Earth Sciences, National

Taiwan Normal University

Continuous monitoring the state of buildings provides the information for
structural health condition, integrity and reliability. Ambient vibration available of
being recorded continuously in time, has been widely used to measure the dynamic
properties of the buildings through modal frequencies approaches (e.g., Clinton et al.,
2006; Nayeri et al., 2008; Ditommaso et al., 2010; Mikael et al., 2013). Over the past
two decades, the globally rapid urbanization demands for the better technology and
practice for long-term monitoring of high-rise buildings with seismic vulnerability. The
behavior of high-rise building is strongly controlled by wind loads, mass of the building,
design of damper and internal structure. The damping ratio of a tall building is found to
be generally nonlinear with vibration amplitude under strong winds. As recognized as
the tallest building in the world from 2004 to 2010, the TAIPEI 101 is located at the
place where earthquakes and strong typhoons frequently occurred. Previous study
investigated how the TAIPEI 101 responded to large earthquakes and typhoons (Chen
etal., 2013; Li et al, 2011). The long-term history of the vibration characteristics of the
TAIPEI 101 however, remain explored. In this study, we aim at using one-year
continuous data from sensors on 90th floor to establish the characteristics of natural
frequency and damping ratio of TAIPEI 101 and further, discuss the possible controlling
factors.

Using the four components of seismogramsin both bending (BLE, BLN) and
torsion (BRN, BRZ) modes recorded at the 90™ floors, we computed Random
Decrement Technique to identify the identify three modes of fundamental frequency.
We found that the frequency and damping behavior of horizontal components
isrelatively stable with similar amplitude for three different frequency modes. In
horizontal components, the normalized frequency and damping isrelatively high
between June and September. When we further compare the frequency behavior of the
building with the precipitation, air pressure, relative humidity, temperature, wind
velocity and wind direction recorded at nearby weather station, we found that the
frequency increases with increasing humidity/temperature and decreasing air

pressure/wind velocity. In addition to the control of environmental parameters, we also



demonstrated a logarithmic relationship between frequency and amplitude in all
components and modes. The damping however, seems to reveal higher order

dependency on the amplitude in specifically BLN and BRN components.

Keywords: TAIPEI101, modal frequency, damping ratio



Shallow subsurface structure in the Hualien basin and relevance to
the damage pattern and fault rupture during the 2018 Hualien

earthquake
Chun-Hsiang Kuo! ~ Masumi Yamada? ~ Ikuo Cho® ~ Che-Min Lin*
Ken Miyakoshi® ~ Yujia Guo® ~ Takumi Hayashida® ~ Yasuhiro Matsumoto’
Yin-Tung Yen® - Keng-Chang Kuo’

(1)Department of Earth Sciences, National Central University ~ (2)Disaster Prevention Research
Institute, Kyoto University, Uji, Japan ~ (3)National Institute of Advanced Industrial Science and
Technology, Tsukuba, Japan ~ (4)National Center for Research on Earthquake Engineering, Taiwan -
(5)Geo-Research Institute, Osaka, Japan ~ (6)Building Research Institute, Tsukuba, Japan ~ (7)Kozo
Keikaku Engineering Inc., Tokyo, Japan - (8)Sinotech Engineering Consultants, Inc., Taiwan ~

(9)Kaohsiung University of Science and Technology

The 2018 Mw6.4 Hualien earthquake generated a large peak-to-peak velocity of
over 2 m/s, with a period of 3 s at the south end of the Milun fault, which resulted in
the collapse of five buildings. To investigate the shallow subsurface soil structure and
evaluate possible effects on the ground motion and building damage, we performed
microtremor measurements in the Hualien basin. Based on the velocity structure jointly
inverted from both Rayleigh-wave dispersion curves and microtremor horizontal-to-
vertical spectral ratio data, we found that the shallow subsurface structure generally
deepens from west to east. Close to the Milun fault, the structure becomes shallower,
which is consistent with faulting during the 2018 earthquake and the long-term tectonic
displacement. There is no significant variation for the site conditions in the north—south
direction that can explain the large peak ground velocity in the south. As a result of the
dense measurements in the heavily damaged area, where three high-rise buildings
totally collapsed, these locations have the average S-wave velocity of the upper 30 m
(AVS30) values and are relatively high compared to the more distant area from the
Meilun River. This is somewhat unusual, because lower AVS30 values indicating softer
ground conditions are expected close to the river. We did not find any characteristic
subsurface soil structure that may contribute to the building collapses. The large 3 s
pulse was probably generated by source effects, rather than subsurface soil

amplification.

Keywords: 2018 Hualien earthquake, microtremor measurement
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PM:s and hazardous air pollutants: characteristics, source
apportionments, and their health impacts
Ngo-Tuan Hung! ~ Wei-Ting Hsu? ~ Yu-Hsuan Yang! ~ Yina Lee!
Pei-Chun Tsai' ~ Wen-Chi Pan! ~ Kai-Hsien Chi!
(DInstitute of Occupational and Environmental Health Sciences, National Yang-Ming Chiao-Tung
University ~ (2)Institute of Occupational and Environmental Health Sciences, National Yang-Ming

Chiao-Tung University; International Health Program, National Yang-Ming Chiao-Tung University

Different sources of air pollution can affect the composition of PM» s which in turn
differently influence human health. In this research, we aim to study the sources of
ambient PM;5 in Taiwan and how they affect the human health. We focused on
PCDD/Fs composition of PM3 s for source apportionment analysis.

Air pollution was collected using high volume instrument at different places
including industrial, urban, LRT, cooking areas. PMjs samples then underwent
extraction and purification processes to obtain and separate different compositions.
Organic compounds (PAHs, PCDD/Fs) were analyzed using GSMS, metal elements
were quantified using ICP-MS, and ion chromatograph (IC) was employed to study ion
composition. Source apportionment was done using PCA, PMF, and Bivariate Polar
Plot coupling with cluster analysis. We conducted cytotoxic research for different
sources of PM25 on cell model and epidemiological research to study association
between concentration of PM: s from different sources and mortality.

PM: s and PCDD/Fs were highly correlated. Major sources of PM2 s and PCDD/Fs
in Taiwan were industrial activities, traffic activities, and also LRT (North of Taiwan).
In Taiwan as a whole, 71.2% of PCDD/Fs originated from stationary sources. Long-
range transport could bring air pollution from the Northern continent or Indochina
peninsula to Taiwan depending on the season. Cytotoxic research found that highest
concentration of PM; 5 does not correspond to high toxicity. About 150% elevation of
ROS and positive genotoxicity was observed after exposure with organic compound of
cooking samples. Epidemiological research found that higher concentration of PM2 s
and PCDD/Fs in the ambient air positively associated with mortality. PM2s from
stationary sources had higher impact on CVD (0.8% increase each pg/m* PM>s) and
respiratory diseases mortality (2.0% increase each ug/m* PM,s) comparing to traffic

originated PM2 5 (0.4% and 0.6% increase respectively).

Keywords: PM2 s, PCDD/Fs, source apportionment, health risk



Linking the Wrangellia flood basalts to the Galapagos hotspot
J. Gregory Shellnutt! ~ Jaroslav Dostal? ~ Tony Lee!

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

(2)Saint Mary's University, Department of Geology

The Triassic volcanic rocks of Wrangellia erupted at an equatorial to tropical
latitude that was within 3000 km of western North America. The mafic and ultramafic
volcanic rocks are compositionally and isotopically similar to those of oceanic plateaux
that were generated from a Pacific mantle plume-type source. The thermal conditions,
estimated from the primitive rocks, indicate that it was a high temperature regime (TP
>1550°C) consistent with elevated temperatures expected for a mantle plume. The only
active hotspot currently located near the equator of the eastern Pacific Ocean that was
active during the Mesozoic and produced ultramafic volcanic rocks is the Galapagos
hotspot. The calculated mantle potential temperatures, trace elemental ratios, and Sr-
Nd-Pb isotopes of the Wrangellia volcanic rocks are within the range of those from the
Caribbean Plateau and Galapagos Islands, and collectively have similar internal
variability as the Hawaii-Emperor island chain. The paleogeographic constraints,
thermal estimates, and geochemistry suggests that it is possible that the Galapagos
hotspot generated the volcanic rocks of Wrangellia and the Caribbean plateau or, more
broadly, that the eastern Pacific (Panthalassa) Ocean was a unique region where
anomalously high thermal conditions either periodically or continually existed from
~230 Ma to the present day.

Keywords: Wrangellia, Triassic, Galapagos hotspot, Caribbean plateau, ultramafic

volcanic rocks



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 [37Sr/*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



Geochemical investigation of mafic—ultramafic rocks from the
Archean Olondo greenstone belt on the Aldan Shield,
Siberian Craton
Tran Thi Duyen' ~ Kuo-Lung Wang! ~ Victor P. Kovach?
Alexander B. Kotov? ~ Sergey Velikoslavinsky? ~ Hao-Yang Lee!
Yoshiyuki lizuka! ~ Li-Wei Kuo® ~ Der-Chuen Lee!

(1)Institute of Earth Sciences, Academia Sinica, Taiwan - (2)Institute of Precambrian Geology and
Geochronology, Russian Academy of Sciences ~ (3)Department of Earth Sciences, National Central

University

The Archean Olondo greenstone belt (OGB) is located in the Aldan shield, which
is the largest basement of Siberia craton. Well-preserved abundant mafic-ultramafic
rocks make the OGB unique to other greenstone belts worldwide. The ultramafic rocks
are mainly dunites with minor serpentinites. They are highly refractory, showing U-
shape Rare Earth element patterns with positive to negative Nb anomalies. Platinum
Group Element chemistry suggests they are residual mantle phase. Re-Os isotope
compositions yield mantle model age (TMA) of 2960-3020 Ma. These isotopic and
geochemical features suggest that the OGB dunites are mantle residual after a high
degree of partial melting (>30%) then interacted with subduction-related melt/fluid.
The OGB mafic rocks (komatiitic and tholeiitic basalts) have been metamorphosed
from greenschist to amphibolite facies. Komatiitic basalts are slightly depleted in both
LREE and HREE, suggesting a garnet—bearing source. Tholeiitic basalts are divided
into three groups: depleted, undepleted, and enriched tholeiites. The depleted group is
proposed similar to that of modern N-MORB but lower trace-element abundance,
whereas the enriched group is more like that of modern boninite. The undepleted group
has flat patterns, close to the primitive mantle. The compositional variation of these
mafic rocks is comparable to that of Suprasubduction Zone ophiolites. eNd(t) values of
the OGB mafic rocks range from +0.1 to +3.9, with no variation of Nd isotope
compositions among different rock types. The lower eNd values with negative Nb-Ta-
Ti anomalies could result from either subduction component or crustal contamination.
However, Nb depletion is also revealed in residual dunites, which are unable to be
affected by crustal processes. These overall geochemical data suggest that plate— and
plume—tectonic processes could be involved in the OGB formation and evolution during

Mesoarchean. Therefore, typical modern plate tectonics are likely to operate at 3 Ga.

Keywords: Archean greenstone belt, plate tectonics, geochemistry, mafic-ultramafic

rocks



High temperature-low pressure metamorphic evolution associated
with continental crust extension in the Kinmen Island, Taiwan
Tsung-Han Huang' ~ Ching-Hua Lo! ~ Tadashi Usuki' ~ Meng-Wan Yeh?
Yoshiyuki lizuka®
(1)Department of Geosciences, National Taiwan University ~ (2)Department of Earth Sciences,

National Taiwan Normal University ~ (3)Institute of Earth Sciences, Academia Sinica, Taiwan

The Kinmen Island is situated at southeast coast of the Cathaysia block, where the
continental lithosphere was under thinning to almost rifting during the Cretaceous due
to the long-lasting slab rollback of Paleo-Pacific plate. Such crustal thinning history
was recorded by metamorphic evolution accompanying the exhumation of the high-
grade metamorphic rocks in the island. Petrographic and microstructure analyses of
highly-deformed orthoschists revealed four episodes of metamorphism (M1, M2, M3,
M4). M1 shows granulite-facies mineral assemblage of cordierite + K-feldspar + biotite
within the microlithon domain. M2 records amphibolite facies mineral assemblage of
garnet + biotite + muscovite whereas the mica folia define the subhorizontal matrix
foliation. M3 is only developed within narrow NNE-SSW striking upright shear zones
as sillimanite replaced muscovite and crosscutted biotite. M4 shows typical greenschist
facies assemblage with albite replacing K-feldspar and clay mineral after cordierite.
The presence of cordierite would indicate low pressure but high temperature conditions
for M1 granulite-facies metamorphism. The following retrograde metamorphism of
amphibolite-facies registered in the subhorizontal foliation to greenschist-facies
metamorphism under low pressure yet high temperature conditions coincide to the
upwelled asthenosphere beneath the highly-extended continental lithosphere. The
evolution path may reflect the lithosphere thinning along the southeast coastal region

of Cathaysia block during the late Cretaceous.

Keywords: Kinmen Island, metamorphism, lithosphere thinning



Supercontinent breakup mechanisms inferred from the thermal state
of Large Igneous Provinces
M.P Manu Prasanth! ~ J. Gregory Shellnutt! ~ Tung-Yi Lee!

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

The primary magma solutions and mantle potential temperatures (TP) determined
for flood basalts of LIPs that are associated with Pangea and its breakup. Among the
Pangean LIPs the Oslo rift, Permian Emeishan LIP, and Siberian trap are consistent
with a mantle plume thermal regime. The early-Permian Himalayan LIP exhibit
ambient mantle TP and consistent with melt derivation from a shallow mantle source.
The Post-Pangean LIPs, however, exhibit complex TP relations, and such complexities
in the mantle source can be correlated with the dispersal stages of Pangea. The TP
estimates on 200 Ma. Central Atlantic Magmatic Province (CAMP) and Miocene
Columbia River Basalt are consistent with non-plume sources and the slightly elevated
TP relative to the ambient mantle is attributed to the process like continental insulation
and subduction delamination. The Early Jurassic Karoo-Ferrar LIP, Early Cretaceous
Etendeka LIP, and Paleocene North Atlantic LIP (NALIP) exhibit both mantle plume
and ambient mantle thermal regimes. The TP estimates of Deccan LIP (DLIP) and
Madagascar LIP are consistent with a mantle plume related origin. The mantle plume-
related LIPs and the LIPs that exhibit both lithospheric and sub-lithospheric
components point out that they were emplaced into an already thinned lithosphere.
Despite the mantle plume origin, the plume-induced continental rifting is absent in the
Pangean LIPs like Siberian trap and Emieshan. The LIPs like Himalayan, CAMP, and
Columbia River Basalt Group exhibit significant melt generation and continental rifting
without mantle plumes. The Karoo-Ferrar LIP, Etendeka LIP, and NALIP show
evidence for prior thinned lithosphere and lithosphere-controlled rifting events before
the onset of plume magmatism. We posit, based on the thermal state of the LIPs, that
mantle plumes act as the source of thermal energy rather than the primary driving

mechanism of supercontinent rifting, which is controlled by lithospheric processes.

Keywords: Large Igneous Province, mantle potential temperature, mantle plumes



Tectonic implications of Mesozoic magmatism to initiation of
Cenozoic Basin Development within the passive South China Sea
margin
Meng-Wan (Mary) Yeh! ~ Mai-Hue Anh? ~ Yu-Lu Chan' ~ Tong-Yi Lee!
(1)Department of Earth Sciences, National Taiwan Normal University ~

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

The South China Sea (SCS) is one of the most active exploration regions for oil
and gas over the past decades. This marginal sea situated within three major tectonic
plates of the Eurasian, Indo-Australian and Philippine plate that exhibited various types
of plate boundaries and complex tectonic evolutions due to subsequent subduction and
convergences of numerous micro blocks and accretionary prisms during the Cenozoic
time. In order to decipher the evolution and their tectonic framework, correlation
between the temporal and geographical distribution of Cenozoic magmatism, and the
development histories of major basins within and surrounding the SCS were conducted.
Four major tectonic episodes can be recognized. (Charvet) The SE ward younging trend
of A type granite and high-K calc-alkaline magmatic rock in SE Asia during Paleogen
indicated the initiation of continent extension by eastward retreating of subduction of
the Pacific plate to Asia. This also induced episodic rifting within the basins along the
Asia continental shelf NW of SCS marked by rift onset unconformities. The SCS begin
to spread in N-S direction from the NE region along the E-W trending ridge (C11-7)
around 34-33 Ma possibly response to southward slab pull during the subduction of
proto-South China Sea oceanic crust, which is also marked by the beak up unconformity
within surrounding basins. (3) The left lateral shearing activity of the Red River Shear
zone (27~16 Ma) due to collision of India into Eurasia trigger a southward ridge jump
event (C6b~5c) and the development of the SW sub-region of SCS. The clockwise
rotation of Indochina accompanying the left-lateral shearing event induced asymmetric
graben and half graben development within the basins west of the SCS. (4) The SCS
seized spreading around 15.5 Ma as the Pacific sea plate continued subducted westward.
However, this compressional setting reinforced the subsidence of basins to the

maximum depth till Pliocene.

Keywords: South China Sea, Mesozoic magmatism, basin development, tectonic

reconstruction
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Heterogeneous power-law flow with transient creep in Southern
California following the 2010 E1 Mayor-Cucapah earthquake
Chi-Hsien Tang'! ~ Sylvain Barbot? ~ Ya-Ju Hsu' - Yih-Min Wu!
(DInstitute of Earth Sciences, Academia Sinica, Taiwan; Department of Geosciences, National Taiwan

University ~ (2)Department of Earth Sciences, University of Southern California

Rock rheology and the interaction between seismic/aseismic slip and viscoelastic
flow in the lithosphere control the state of stress and strain over seismic cycles. The
rheological behavior of rocks is well constrained by laboratory experiments, but the
rheology in natural settings is poorly resolved. These drawbacks highlight the need for
a more direct approach to explore rheology in tectonic settings. Here, we designed a
kinematic inversion scheme to invert the distributed anelastic strain from geodetic data.
Unlike a conventional forward model, our method does not prescribe a rheological
model but directly relates surface displacements to off-fault anelastic strain. We
explored the lower-crustal rheology in Southern California by using 8 years of GNSS
postseismic displacements following the 2010 El Mayor-Cucapah earthquake. Our
models image the viscoelastic flow in the lower crust with lateral variations of effective
viscosity. A Burgers assembly with nonlinear dashpots (n=3) approximates the temporal
evolution of stress and strain rate, indicating the activation of nonlinear transient creep
and steady-state dislocation creep. The transient and background viscosities in the lower
crust of the Salton Trough, where the surface heat flow is locally high, are on the order
of ~10'® and ~10' Pa s, respectively, about an order of magnitude lower than the
surrounding regions. Our analysis shows the importance of transient creep, nonlinear
flow laws, and lateral variations of rheological properties describe the entire history of

postseismic deformation following the El Mayor-Cucapah earthquake.

Keywords: seismic cycle, GNSS, postseismic deformation, rheology, Southern

California



Toward comprehensive geodetic rate estimation based on
TEM fault model
Geng-Pei Lin! ~ R. Y. Chuang' ~ Kuo-En Ching? ~ Wu-Lung Chang?
(1)Department of Geosciences, National Taiwan University ~ (2)Department of Geomatics, National

Cheng-Kung University ~ (3)Department of Earth Sciences, National Central University

Since the island-wide seiemogenic structure database and seismic hazard map
were published by the Taiwan Earthquake Model (TEM) project, an attempt to
incorporate geodetic data into future TEM output was made. We take the advantage of
block modeling to estimate slip and deficit rate for the total 45 TEM faults. We build
the model in two specific constraints: First, we maintain a uniform model resolution on
the fault plane, we put fault nodes in equal distance on each fault. Because previous
studies often use to reduce the number of fault nodes due to the expensive
computational cost and convenience in setting block geometry. In this version, we set a
node interval about 8 km along strike on each fault and at least three layers of node in
depth. Second, we use inputs of knowledge-based initial locking ratios (coupling ratio).
To gain a realistic model setting, we learn from published literature to set where the
asperity was recognized as fully locked, and allow specific surface nodes able to creep
when fault creeping was documented. For most cases, locking ratio decreasing along
depth is a reasonable and typical constraint. If any fault locking behavior could be non-
typical, we remove the depth-dependent constraint and allow the locking ratio on
specific fault to be free. With the up-to-date GNSS velocity field, a latest version of slip
rate model estimation will be presented. The modeled slip rate and slip deficit rate will

be compare to geologic data and discuss the implication of the seismic potential.

Keywords: block model, slip rate, slip deficit, seismic potential



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



Recent geohazards in Taiwan caught on seismic stations and
multidisciplinary techniques
We-An Chao! ~ the Landslide Working Group?

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

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

Mass-movement events on hillslopes are one of frequent natural geohazards
causing fatalities and economic losses. The prevention and mitigation of geohazards
should be based on the understanding of dynamic behavior of event. In the past decade,
landslide seismology has been applied to rapidly determine information on when, where
and how event occur that is useful for hazard assessments. Compared to the
conventional geo-engineering-based techniques such as borehole drilling, inclinometer,
GPS, and piezometer, seismological technique is low-cost and invasive tool and can be
widely adopted. Here, I present the results based on a combined analysis of seismic
signals, multidisciplinary geological survey and numerical simulation for a landslide
event occurred in the Central Cross-Island Highway. Another landslide site (Landslide
Inventory ID: DS160) has been well understood by geological, geophysical, geodetic,
geotechnical, hydrological and seismological perspectives, which not only improved
our understanding in landslide mechanism and but also advanced in studying the
landslide forecasting. Above two case studies have successfully toward a rapid
assessment of highway slope disasters and defining certain thresholds for landslide

forecasting.

Keywords: landslide seismology, hazard assessment, forecasting
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Deformation pattern of landslide by long-term monitoring:
A dip slope case in northern Taiwan
Chia-Han Tseng' ~ Yu-Chang Chan? - Ching-Jiang Jeng® ~ Ruei-Juin Rau*
Yu-Chung Hsieh?
(1)Earthquake Disaster and Risk Evaluation and Management Center (E-DREaM), National Central
University ~ (2)Institute of Earth Sciences, Academia Sinica, Taiwan ~ (3)Environmental and Hazards-
Resistant Design Department, Huafan University ~ (4)Department of Earth Sciences, National Cheng-

Kung University ~ (5)Central Geological Survey, MOEA, Taiwan

A natural hillslope developing into a landslide shows ground cracks and
topographic deformation. Geomorphological and subsurface investigations using
appropriate methodology are essential to understand the failure mechanisms and
stability of a hillslope. Huafan University campus located on a dip slope in northern
Taiwan is facing a potential landslide hazard. Slope movement was detected through
the development of ground cracks and persistent deformation of campus buildings and
facilities. To monitor the sliding behavior of the dip slope, a nail network consisting of
144 ground monitoring points was set in 2001, and its coordinates were measured using
conventional traverse surveying twice a year until 2017. The 17-year surficial surveying
results were presented as a time series of displacements with constraints of geometry
and distribution of ground cracks and underground observations. The long-term
surveying results reveal multiple potential sliding blocks within the Huafan University
campus. A model of landslide movement with a listric sliding surface is proposed.
Additionally, from the velocity field derived from the monitoring points, the horizontal
strain rates of the slope are estimated. The pattern of strain rates indicates that a
plausible fault passing through the campus may have affected the movement of the dip
slope. The long-term surface monitoring of a potential landslide slope in this study
provides a reliable and economical way to understand the mechanism of movement

behavior of the slope and evaluate slope stability.

Keywords: dip slope, long-term monitoring, time series of displacement, listric sliding

surface, landslide deformation



Constraining S-wave velocity structure of a complex large-scale deep-
seated landslide at Chunlin, southern Taiwan using Rayleigh wave
ellipticity inversion
Chin-Yao Huang' ~ Hsin-Hua Huang? ~ Yih-Min Wu!

(1)Department of Geosciences, National Taiwan University ~

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

Large-scale deep-seated landslides are one of the most catastrophic natural hazards
which threaten lives and property in the world. The Chunlin landslide in southern
Taiwan is one of such composed of complex morphology, showing multiple sub-blocks
with different deformation behaviors, and cut through by possible fault zones. As a
result, constraining its subsurface structure is crucial to understand the detailed
geometry of sliding interface and fault zones, and potential weak zones prone to failure.
For this purpose, a seismic network containing 15 stations was installed relatively
uniformly across the Chunlin landslide area in July 2019 to provide comprehensive
observations. We apply a method, named DOP-E (Berbellini et al., 2018), to estimate
degree-of-polarization (DOP) in time-frequency domain to effectively extract and
estimate the Rayleigh wave ellipticity information from seismic noise. We then invert
the ellipticity measurements with neighborhood algorithm for each station to spatially
map the subsurface velocity structure, so as to understand the possible sliding depth and
layering structure of different sub-blocks. This method may also allow the temporal

imaging of subsurface properties in the future.

Keywords: large-scale deep-seated landslides, Chunlin landslide, degree-of-

polarization, Rayleigh waves, ellipticity curve
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Stochastic groundwater flow and land subsidence modeling in
heterogeneous hydrogeological models in Huwei Town,
Yunlin County
Duc-Huy Tran! ~ Shih-Jung Wang!

(DInstitute of Applied Geology, National Central University

Taiwan High Speed Rail (THSR) is an important infrastructure in Taiwan. It passes
through the Choushui-River Alluvial Fan (CRAF), where has suffered land subsidence.
The distribution of hydrogeological material plays a major role on heterogeneous
aquifer system responsed to groundwater flow and land subsidence. How to quantify
the hydrogeological model uncertaitny in the heterogeneous aquifer system is another
challenge. Therefore, this study adopted the transition probability/Markov chain model
to conduct the realization of 3D heterogeneous hydrogeology. Huwei Town located in
the southern CRAF was chosen as the study area. 46 boreholes, collected from Central
Geological Survey, multi-layer compaction monitoring wells, and irrigation association,
were used to construct the heterogeneous hydrogeological models. Based on the
realization number assessment results, 36 realizations were generated based on
honoring the geological data. Monte Carlo simulations for groundwater flow and land
subsidence were conducted to discuss how hydrogeological models reflects the
geological model uncertainty. The result showed that the coefficient of variations at the
90th percentile of the CDF is 0.295 in the subsidence simulation. An appropriate
realization was selected as the representative hydrogeological model and use to
calibrate the groundwater flow model. A transient model of groundwater flow and land
subsidence in the period of 2015-2020 was conducted based on the observation data.
Different pumping scenarios were employed to assess the long-term land subsidence.
The assessment results showed that after 50% cese of pumping, land subsidence
quantity is largely inproved, compared with the zero scenario. The proposed criterion
for the selection of representative hydrogeological model can provide the best model
for the simulations. The study results can be used for the safety assessment of THSR

and a conscious groundwater management in Huwei Town, Yunlin County.

Keywords: groundwater flow, land subsidence, Markov Chain model, stochastic

analysis, Choushui-River alluvial fan
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Coupled OBS and MCS data processing to derive the stratigraphy
and velocity of the middle Taiwan Strait
Sebastian Wege! ~ Tan-Kin Wang? ~ Ren-Jie Wei?
(DInstitute of Earth Sciences, Academia Sinica, Taiwan; Institute of Earth Sciences, National Taiwan

Ocean University ~ (2)Institute of Earth Sciences, National Taiwan Ocean University

In the last five years, many seismic datasets were acquired in the Taiwan Strait to
understand the shallow stratigraphy of the foreland basin better. Recent seismic activity
shows that the area is still active and ongoing offshore construction sites make it worth
investigating. Ten ocean-bottom seismometers (OBS) were deployed in June 2017 in
an area of 30x30 km and nine multichannel seismic (MCS) profiles were shot using a
Gl-gun. Supplementary seismic data have been acquired in the northwest of our main
profile using two OBS and an MCS system from China. Coupled MCS and OBS data
processing was used to make a stratigraphic line interpretation of the shallow
sedimentary layers and faults. We picked and inverted refracted and reflected arrivals
in the OBS data to obtain a P-wave velocity model consistent with the sedimentary
interfaces interpreted in the MCS profiles. We integrated the sedimentary layers of the
nine MCS profiles to construct an iso-depth model of the main unconformities. Further,
the horizontal components of OBS data have been used to build a Poisson’s ratio model.
The sedimentary layers above the Break-Up unconformity were cut by nearly vertical
normal faults that were occasionally reaching the seafloor. In profile E7 the faults form
a flower structure and can hence be identified as part of a strike-slip system. To show
the location and direction of the normal faults and strike-slip faults in the area, they
have been picked and interpolated across our profiles. The P-wave velocity model has
a low-velocity zone or a fracture zone in the northwest, caused by the faults across the
basement between Wuchu Depression and Kinmen Rise. Below the Penghu Platform,
we found relatively low Poisson's ratios in sedimentary layers caused by the normal
faults softening the sediments. Based on the iso-depth model the depth of the Break-Up

unconformity gradually becomes shallow from the southeast to the northwest.

Keywords: normal fault, Penghu Platform, Poisson’s ratio, P-wave velocity, strike-slip

fault, Taiwan Strait, Wuchu Depression



P-wave velocity structures of the sediment and crust across the
northern Taiwan Strait imaged by using air-gun and GI-Gun
recorded from MCS and OBS data
Sergaud Marseille! ~ Sebastian Wege! ~ Tan K. Wang!

(1D)Institute of Earth Sciences, National Taiwan Ocean University

In the northern Taiwan Strait, four multi-channel seismic (MCS) profiles with 8
ocean-bottom seismometers (OBS) shot by a GI gun and the northwestern portion of
the OBS line shot by strong air guns were collected in 2018. About 60 km NE of 2018
survey area, ten MCS profiles with 6 OBS shot by a GI gun were acquired in 2019. The
normal fault at SE side of the northernmost Nanjihtao Basin was identified as the
boundary fault between the forebulge and the foredeep. However, most of the normal
faults observed from the 2019 MCS profiles were near the central line of the northern
Taiwan Strait where the Basal Foreland Unconformity (BFU) was at two-way travel
times of 0.52-0.63 s. The northwestern part of the BFU is shallow while it is deep in
southeastern part. The 2018 MCS profiles, after intersection with the 2019 OBS line,
showed a flower structure generated by the strike-slip faults in the northeastern side of
the Kuanyin Platform. On the other hand, the P-wave velocity model inverted from 6
OBS data collected in 2019 indicates a large lateral variation of the P-wave velocity
(1.9-2.1 km/s) near the BFU while the P-wave velocity-interface model inverted from
8 OBS data recorded in 2018 shows the increasing thickness of the sediment. P-wave
velocities of the upper crust (5-6.5 km/s), the middle crust (7-7.5 km/s) and the lower
crust (7-8 km/s) across the Kuanyin Platform are greater than the previous result in the
northern Taiwan Strait. However, near the Moho, the P-wave velocity (6-7 km/s) is
slower than the previous study. The high-velocity zones of the upper, middle and lower
crusts may have resulted in the Littoral Fault Zone NW of the northernmost Nanjihtao

Basin near the boundary fault.

Keywords: basal foreland unconformity, faults, forebulge, Kuanyin Depression,
Kuanyin Platform



FEP REAFER TR B AP RPFRT

Aifel R Le T mER’
(DR f ARt 8K EEHF Q47 3 22 TR

Fd FARE 20 E A TR 021 B RS RBOROEZ R 0 I FHE
o oadw R L H RAM TR 2. BTE S 3 2 BARM e F LT 4
ERY RS SR Ao R U G AR R KT8 K
THAR B L B HER R R RE 021 ¥ RKT B R DT RE (T AR
R SRR S RAITL R LR SR & S F AP
I R I I L L B

P B4ET R EE RSB T



FOCUBREY 2B A 2 LR L KGR

* T’ﬂ I,'b 1
(1)’?:33&" o *ﬁ»Lbﬁﬁgg/é

N
4

R

)
=

i\4

PERTH R BESNS SR D AT LRKE R ROEY Y
BEUHTEESRSE T HEY S0P BRGS0 T SRR g L
AR T ERp RPRELET R RRE PE AP R - EARTEHR

)Hf KEFR Y RENES T FARg A oRhi s DR FRERRZS
otz k3t e Rdm o APROT IR T B A 2 e A 0 PIRRGA L AP M gk TR
B2 R F o Bt R FASSRON L E AR B B Y BB A el
TP AEEABREY 203 BB 24 83 5 -RETFFTEH
TR B R LA A R Y PR NS R Tl ETR b
FI* Gt 2 FaL s  EFRPERHS S LLEV P o ML BRI ER
4o T
Bl o Fp THEFEE ) L8
’ Fﬁ?i .ii/')ir‘w\#" BT g s o T
=8 TR MR B B ERATE g o] o
He AR Y ?:é’_'%;fé@ 7 Pama%ﬁrﬂi fe I H LR M AR R
7‘1';]% HicHP 2 B i ot F 5§ E‘_,F, iR T EPFELRY FEL o
B2 IRABF I EEIET AEH R ANER e 42

B
N BALEHRLTIDE L mE P Aag ol J;%j';:i?\J fisdeEn o KR

N
—

TEBAT S E Ao R IER S RIS ¥ :fn;iﬁ%ﬁ;iﬂ@ » 2t XA
5’55;‘ /n ﬁii %\I‘T*Ej\ ’gg/’} l;'ﬁ,%(\?m ﬁi‘aﬁ'lﬁjpé é’—’ﬁjzl‘%%%ﬁ
%%ﬁv?%*ﬂ%’é%@ﬁ»gﬁﬁﬁﬁ?ﬂ7%#rﬁ°ﬂ“%€

SHALL S ARG H LI S B e B AR A 2 R B
:t:!’_o

P MET UREY B KRR



PrPRTHFFY PCan T2 p RRXFE A FHEd B

AT R FRET AT R A REL
FeFE 2 ERTRFE - BAE]
(A BAFAFERPEETT - QLR FH FHE L QR FREF L
(4)° £ 57§ B SR E R AT

PR 1934 & paEE ol - Bk S §ARarkd FE
T o e 1944-1945 & % = = f 4 ﬁﬂw,@;m33§;§§¢ BEs 4
1999 & A 021 BB~ H RAnEpl o AT 2016 & &P 2 BHEBH P AP
# &@r*“"ﬁﬁﬂﬁ¢ﬁ%’k%£ EE B g T ke F AA D
P REFERBRRBIAT I G FH 0 A7 p 1934 EEF2 B2 B A
o SRR R B R uﬁf%t%ﬁ%%@39QMWﬁmﬁ
Yoo i MSCL AHEBRE F ~ AP 2R 4 % X 3BH - F 7 4
%ﬁ%\x%g%ﬁﬁgﬁ\x%giﬁﬁgﬁg%%,u,ﬁmﬁ#ﬁm£$
Ffog R T A R o pteh s RE SRR A e 2OPb 4 PTCs 0 11 2 5
Padr * AMSHC %2 2 kg ;rwf% EERAEN S R NS NN A
ek T o 20Pb &k 2 g AR 5 0 0 Cs T udn w1963 & chpk gk o

st g ¢ Rk b*rﬁdé X BB gy 7 g g 0 2 Y0 F
i BE o REoT VS el N R UELIE T S 4 B 1963 & < Gloria Be koo 2t b 0 B
At R XRF Hds % > &1 Ca 5 B MEBT R FEHED] 1934 210 k&€ 4 eh
R U3 F e ik 6 Cad B EL TR VR KRS EAN
FomH R A RELE 021 A MR RBEL AR R B A ki KA S
FraFL 88 VALY RN 2ATEEFPMAY o

PR AET D AREEE S LT xR R CXRF TS



Marine evidence for Holocene flooding and climate change off SW
Taiwan (EAGER core MD18-3548/MD18-3552)
Pai-Sen Yu! ~ Ting-Ting Chen'

(1)Taiwan Ocean Research Institute, National Applied Research Laboratories

Taiwan, regularly affected by both climatic forcing (East Asian Monsoon,
typhoons, and extreme climate/weather events) and tectonic origin (intense seismicity,
and marine landslides), provides significant scientific topics and excellent material for
testing past climate change and tectonic hypotheses. The EAGER’s marine core MD18-
3548/MD18-3552 (21.879°N; 119.953°E; water depth 1752 m) off SW Taiwan was
investigated in order to reconstruct late Quaternary paleoceanographic changes and
regional flooding events based on non-destructive technique. In contrast to traditional
technique of stable oxygen isotope stratigraphy, the age model of core MD18-3552 was
constructed using four AMS C!'* dating and visible color reflectance data with/no
MSCL physical properties. These extra-high sedimentation rates estimated for the top
16 m (equal to ~10 ka) could provide for clay mineral composition and associated
paleoclimatic/paleoceanographic variations on centennial-to-millennial time scales.
Besides, our results indicate that illite and goethite would represent a long-trend humid
condition off SW Taiwan during the Holocene, which coincides with local insolation.
The frequency of high illite would imply that heavy rainfall over SW Taiwan caused
Holocene floodings. Moreover, we observed that Hematite existed large amplitude
changes with ~1500 yr cyclical fluctuations, suggesting a plausible dynamic climate

tele-connection between local process and extra-tropical forcing in the Holocene.

Keywords: EAGER cruise, off SW Taiwan, non-destructive technique,

paleoceanographic changes, Holocene flooding events



Stalagmite-inferred hydroclimate in the northern rim of the Sahara
over the past 300,000 years
Yun-Chuan Chung! ~ Hatem Dhaouadi? ~ Hsun-Ming Hu' ~ Emna Sbei® -
Hédi Ben Ouezdou® ~ Mahjoor Ahmad Lone! ~ Kuan-Jui Huang'
Chuan-Chou Shen!

(1)High-Precision Mass Spectrometry and Environment Change Laboratory (HISPEC), Department of
Geosciences, National Taiwan University ~ (2)Research Unity of Applied Chemistry and Environment,
University of Monastir, Faculty of Sciences, Monastir, Tunisia ~ (3)University of Tunis, Faculty of
Human and Social Sciences of Tunis, Laboratory of Geomorphological Mapping of Media,

Environments and Dynamics, Tunisia

The Sahara Desert, located in northern Africa, is the largest desert in the world.
The Sahara blocks the gateway from East Africa, hominin sites, to Eurasia; therefore,
duration of green Sahara in the Quaternary is crucial for the studies of human evolution
and distribution. However, lack of records with precise dates hampers us to investigate
the link of local conditions with monsoonal and high-latitude climatic systems and to
predict future regional hydroclimate. Here, we present absolute-dated stalagmite-
inferred paleo-hydroclimate in Tunisia over the past 300,000 years. The stalagmite
deposition intervals indicate history of wet conditions, receiving moist from the
westerlies; instead, the hiatuses occurred during the arid periods. In other words, the
dated stalagmite formations provide the timings of the alternation in desert and green
periods. The results reveal the humid periods in the northern rim of the Sahara coincides
with strong African monsoon windows and 2*°Th-normalized dust-inferred wet
conditions. Our stalagmite records also suggest that the recurrence of wet-dry
conditions in the northern Sahara should follow the insolation and/or glacial-interglacial

cycle.

Keywords: stalagmite, the northern Sahara, hydroclimate
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Identification and discrimination of two invasive cryptic species and
development of methodology for environmental DNA (eDNA)
barcoding
Pritam Banerjee' ~ Gobinda Dey? ~ Raju Kumar Sharma®
Caterina M. Antognazza* -~ Himani Kumari® ~ Michael W.Y. Chan’

Jyoti Prakash Maity® ~ Chien-Yen Chen®
(1)Department of Earth and Environmental Sciences, National Chung Cheng University; Department of
Biomedical Science; Graduate Institute of Molecular Biology, National Chung Cheng University ~
(2)Department of Earth and Environmental Sciences, National Chung Cheng University; Department of
Biomedical Science, Graduate Institute of Molecular Biology, National Chung Cheng University ~
(3)Department of Chemistry and Biochemistry, National Chung Cheng University; Department of
Chemistry and Biochemistry, National Chung-Cheng University - (4)Department of theoretical and
applied science, University of Insubria, Varese, Italy ~ (5)Department of Biomedical Science, Graduate
Institute of Molecular Biology, National Chung Cheng University ~ (6)Department of Earth and

Environmental Sciences, National Chung-Cheng University

Golden apple snails (Pomacea spp.) are the freshwater gastropod, were introduced
during the 1980s in East and South-East Asia, are considered the top hundred
destructive introduced species in the world. They are marked as a serious concern due
to the destruction of agriculture by its excessive growth and overconsumption of plants
(e.g. reduced rice production), spreading of life-threatening diseases by carrying
pathogens, (e.g. intermediate host of Angiostrongylus cantonensis), and outcompeting
native populations. However, few beneficial roles in food and fodder due to high protein
content in tissue, use of the shell in production of cement, fertilizer, catalyst/ reagent of
heavy metal removal, drug delivery, bone grafts, biofuel production, suggesting the
potential utilization. Although, the lack of clear taxonomy and proper detection method
affecting the control of invasiveness. Besides, misidentification can mislead researchers
during application. Considering this background, present work focusses on the
identification and discrimination of two cryptic invasive species, Pomacea caniculata
and P. macualta from shell structure to molecular genetic level to maintain a clear
taxonomy and emphasize on development of a standard protocol for detection of eDNA
from both Pomacea caniculata and P. macualta in a mesocosm. Our study shows that
in spite of failure in detection of those two species morphologically, a molecular level
detection and monitoring can be used to detect species non-invasively. Nevertheless, as
we found some minor differences in snail shell properties and structure, a strong need
to distinguish species is obligatory. Furthermore, the development and validation of
eDNA method for cryptic invasive species will be highly effective to survey the hidden

biodiversity in the introduced places.



Keywords: environmental DNA, cryptic species, golden apple snail, molecular

taxonomy, biodiversity monitoring



Methane rare isotopologue signals associated with methanotrophy in
freshwater reservoir
Yeah-Ting Lin! ~ Jhen-Nien Chen' - Pei-Ling Wang? ~ Edward D. Young?®
Tzu-Hsuan Tu* ~ Li-Hung Lin!
(1)Department of Geosciences, National Taiwan University ~ (2)Institute of Oceanography, National
Taiwan University ~ (3)Department of Earth, Planetary and Space Sciences, University of California

Los Angeles, USA ~ (4)Department of Oceanography, National Sun Yat-sen University

Methanotrophy plays an effective role in reducing the export of greenhouse
methane from subsurface environments to the atmosphere over geological and
contemporary time scales. In sediments or bottom water of freshwater lake, sulfate and
oxygen are often scarce, thereby facilitating anaerobic methane oxidation potentially
coupled to various electron acceptors. Quantifying the rates, pathways and regulatory
factors of methanotrophy remains challenging as unique isotopic signatures associated
with methane producing and consuming metabolisms are obscured by transport and
mixing. Paired rare isotopologues of methane provide two dimensions in addition to
bulk isotopes to describe isotopic re-equilibration and kinetics. In this study, we
measured the abundances of rare methane isotopologues and companion characteristics
derived from anaerobic incubation of sediments collected from the Feicui reservoir.
Bulk isotope values of residue methane increased through time, generating fractionation
factors of 1.01 for carbon and 1.07 for hydrogen. The A'*CH3D and A>CH,D; values
were distributed in the proximity of the equilibrium line toward the high temperature
end, a range greatly exceeding the incubation temperature (by hundreds of Celsius).
Overall, the apparent equilibrium pattern suggests the unique kinetic control on the re-
organization of rare isotopes in methane isotopologues during methanotrophy. Further

deconvolution of mass balance is warranted.

Keywords: clumped isotopologues, methanotrophy, freshwater environments
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The biofuel production by indigenous algae along with wastewater
treatment
Pulipaka Naga Venkata Anoohya! ~ Pritam Banerjee? ~ Gobinda Dey?
Raju Kumar Sharma?® - Jyoti Prakash Maity' -~ Chien-Yen Chen'
(1)Department of Earth and Environmental Sciences, National Chung-Cheng University -
(2)Department of Earth and Environmental Sciences, National Chung Cheng University; Department of
Biomedical Sciences, National Chung Cheng University ~ (3)Department of Chemistry and

Biochemistry, National Chung-Cheng University

Enormous consumption of fossil fuels is unsustainable as a consequence of
depletion of global reserves and increasing concerns about its contribution to global
warming. Microalgae represent a viable alternative energy resource, which can produce
large volumes of biomass, and subsequently biofuels, in much smaller geographic areas
than first- and second-generation biofuels production. This study describes algal biofuel
production, wastewater treatment using indigenous algae. Moreover, along with the
production of biofuel, the study focuses on to optimization of biomass production (algal
cultivation and operation under optimal conditions, biomass harvesting and lipid
extraction) with different wastewaters using indigenous algae (Chlorella sorokiniana,
Scenedesmus). Furthermore, the investigation focusses on the pollutant removal from
wastewater. Result reflects that the production of biofuel was increased with the
incubation time and biomass production. The pollutant concentrations in wastewater
were decreased with the increasing time in presences of green algae and biomass
concentration. Interestingly, the biofuel productions with wastewater treatment are the
best mitigation option of replacing fossil fuels, safe wastewater disposal, carbon dioxide

mitigation, and heavy metal removal.

Keywords: renewable energy, indigenous algae, biofuel, wastewater treatment, heavy

metal removal



Isolation and characterization of indigenous rhizospheric salt
tolerant phosphate solubilizing bacteria from Puzi Mouth Wetland
in Taiwan
Gobinda Dey' ~ Pritam Banarjee' ~ Raju Kumar Sharma?

Jyoti Prakash Maity® ~ Hsien-Bin Huang* ~ Chien-Yen Chen?
(1)Department of Biomedical Science, National Chung Cheng University; Department of Biomedical
Science, Graduate Institute of Molecular Biology, National Chung-Cheng University ~ (2)Department
of Chemistry and Biochemistry, National Chung Cheng University; Department of Chemistry and
Biochemistry, National Chung-Cheng University ~ (3)Department of Earth and Environmental
Sciences, National Chung-Cheng University ~ (4)Department of Biomedical Science and Graduate

Institute of Molecular Biology, National Chung Cheng University

Soil salinity is one of the major abiotic stress all over the world due to the reduction
of cultivated agricultural land and crop productivity compared to the growing
population. In addition, last 50 years, due to fulfill our food demand the excessive use
of chemical fertilizer, pesticides like fungicides, herbicides that make environmental
problems including groundwater contamination, soil quality degradation, heavy metal
contamination, biodiversity reduction, and increasing salinity of the soil. To counteract
the adverse effects of salinity and chemical fertilizer on plants and soil, the use of salt-
tolerant phosphate solubilizing bacteria (PSB) is an efficient and sustainable method in
saline agriculture practice. Considering the background, In the present investigation,
we have searched for efficient salt-tolerant phosphate solubilizing bacteria, which were
isolated from the rhizosphere of Avicennia sp. and Rhizophora sp. of Puzi mouth
wetland in Taiwan, a typical saline land. A total six isolates of PSB strains are identified
by using of 16S rRNA gene and comparative analysis confirmed the taxonomic
affiliation of PSB1, PSB2, PSB3, PSB4, PSB5, and PSB6 with Bacillus velezensis
strain GD CCU TWI1, Enterobacter coloacae strain GD CCU TW2, Bacillus
licheniformis strain GD CCU TW3, Bacillus sp. strain GD CCU TW4, Kocuria
arsenatis strain GD CCU TWS and Bacillus sp. strain GD CCU TW6 respectively. All
PSB has a high potential for dissolving calcium phosphate [Ca3(PO4)2] within the range
0f 55.20-119.03 mg/L and showed phosphate solubilizing index from 2.21 to 2.88, but
relatively weak ability to dissolve AIPO4 and FePO4 under salinity. Moreover, all the
strains are produced IAA with ranges from 1.20 to 24.07 mg/L and well grown under
Arsenite (AsIIl) in 5 Mm concentration. This study characterized salt-tolerant PSB
isolates can be used as bio inoculants that may be applied in saline agriculture and

arsenic bioremediation practice.

Keywords: salt tolerant, phosphate solubilizing bacteria, IAA, arsenite, sustainable
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A novel Bio-MCM-41 material: Synthesis using bacteria mediated
biosurfactant and their characterization
Raju Kuma Sharma' ~ Gobinda Dey? - Pritam Banerjee®
Jyoti Prakash Maity® ~ Chien-Yen Chen’
(1)Department of Chemistry and Biochemistry, National Chung-Cheng University ~ (2)Department of
Biomedical Science, Graduate Institute of Molecular Biology, National Chung Cheng University -

(3)Department of Earth and Environmental Sciences, National Chung-Cheng University

The mesoporous material synthesis has received a great attention in the field of
material science due to their potential utilization as adsorbents, controlled drug delivery
systems, sensors, catalyst in chemical reactions, acidic character, and cosmetics, etc.
The different kinds of organic surfactants (e.g. CTAB, P123, F127, and CTAC, etc.)
played an important role to synthesize the mesoporous material, where the material was
introduced as less favorable in green nanotechnology due to their toxic effect. In the
present study, a novel material Bio-MCM-41 was synthesized using a biological
template as Bacillus subtilis BBK006 derived biosurfactant along with suitable
precursor tetraethyl orthosilicate, which is a key objective to improve the green
approach in nano-biotechnology. The material was prepared at room temperature with
optimum pH and less time-consuming via sol-gel method. The key influence of
synthesized material was studied at different calcinated temperatures such as 450 °C,
500 ©C, 550 °C, and 600 °C respectively. The amorphous mesoporous silica
characteristic was distinguished using low angle-XRD at d100, d110, d200 and wide
angle-XRD at 22.59 (d100). The functional groups of calcinated material was observed
at 3445 cm-1 (-OH group), 802 cm-1 (Si-O-Si). The FESEM and HRTEM micrograph
of synthesized particle reflects the uniform spherical shape and specific particle
diameter range of 250-300 nm. The TG-DTA result exhibits the removal of adsorbed
surface water (30-210 ©C), interlayered water molecules (210-307 °C), biological
compound (307-468 °C), and formation of mesoporous silica nanoparticles (468-800
OC). The synthesized particles instituted a high surface area of 8.2616 m?*/g and pore
diameter of 14.8516 nm at calcinated temperature 550 °C. Thus, an eco-friendly novel
material was synthesized using Bacillus subtilis and it can be applicable to the catalytic

and environment research sector.

Keywords: mesoporous material, Bacillus subtilis, Bio-MCM-41, eco-friendly



Re-examine the active volcanoes in Taiwan
Sheng-Rong Song!

(1)Department of Geosciences, National Taiwan University

Volcanic Hazards have been fitted into the Central Disaster Prevention and
Response Council of the Central Emergency Operation Center (CEOC), which need to
build up the warning system and emergent plans in 2018. It, thus, needs to know where
the active volcano is for preventing volcanic disasters. Volcanologically, two criteria,
the empirical and phenomenal have been used to define an active volcano. The former
is a volcano having erupted during the last 10,000 yrs, while the latter is a magmatic
plumbing system still being working underneath (Szakacs, 1994). Currently, two active
volcanoes have been identified. One is the Tatun Volcano Group, while the other is the
Kueishantao volcano. However, based on the geological information of inland and
offshore of Taiwan, several potentially active volcanoes.have been recognized. They
are located in the offshore islands and submarine of north and east Taiwan. Historically,
four submarine eruptive events have been recorded in captain log, which occurred in
1853, 1854, 1867 and 1916. Meanwhile, three volcanic islands, the Pengchiahsu,
Mienhuahsu and Huapinghsu in north Taiwan and one, the Hsialanyu in the southeast
offshore may also be the active ones, based on the preliminary field surveys,
occurrences and dating. However, they still study in detail for building up the warning

system and emergent plans in the future.

Keywords: active volcano, volcanic hazard, Taiwan



BAKZEEARAIT

B 4o ! 5§?ﬂ1 E: RS AN
OHEREFE 3T F o SN E R Y USSR

BARZBRCEFT IS AT RERDEELAA THRERSE TR 2 F
T —& ke E’] ¥ BB 0l Lk (active volcanogenic) R a5 0 B
. A jﬁ,})’f:* a?f'm e ’—Eﬁﬁf‘f’ljﬁ_ﬁ;’}i“T"E?F“i{q'ﬂgf“ﬁ%/%%ﬁiﬁiﬁfﬁ
ZRUECDEE R A e T'-/F‘"““;t’%ﬁ m;f{«lwmx'-?lw\ﬂﬁﬁ'{:})%\ A2 W
FHEAITA A NLRRA KNG FIB DA RS THURARE 3 E 0 S 4TI P
F ZARAFANME LEF ’/F‘It*él;u-% ¢ & IA *%5¢7 Rb, Cs ~ I[IA *%¢7 Sr~ Ba ~
IIIA~VIIAmB\Ga\Tl\Ge\Sn\Pb‘As‘Sb‘Se’ 3% B*%eaiV~Cr~Co-»
Ni~Cu~Zn~Zr~Ag~Cd~Aufrff? (REEs)™ % > i Fh~ R FRIR 5 518
2% & (e.g. ICP-OES){r 7 3% & (e.g. ICP-MS) 4~ 17 > # TP M 1 QA/QC(&F & )
AR B 0 T RE A CRFMEERT IR RRE ) MRSy Ot o 3T G RS A 4T

e AR o

¢ MeET D EAK S HEAE A



FI* BT REES VHIARE VS FHRFERERS TH -

ER-ER J L8 NALE S

ALY '~ B St R T D3R g
(LB~ FEE 520 Hﬂ BERPAEET DA RFAER THE P AP TR
POIRPLEF T A (4)5AIRY & B A A

W R e TR XU SO S R A BT g Rp AL B

(& m? HLg R BRI R R %*Elil%lﬁm}i o AT E ko ki A B enlicE
A543 Bb//@f BER R BEdx I wikB o e n AR THET Lo
ﬁwmﬁ¢%¢zv¢m»?&" BAR D TR R I 21
B R R e AR B TR o AT R 2 2 @@wﬁ
ALFR R b - B HATOEB S N A bt’z %;"E,E & :
I

fﬁ%ﬁ#¢wﬂ$%?ﬁﬁﬁﬂ°ﬁﬁ¢mﬂ% i eI AT
S gl B D IMPE LR AT S 1 frﬁ_’-ﬁ-ﬁﬂmmﬁ%%%-ﬁ koA~ 2
MR U P R R ATE I E A o ‘@lﬁﬁflmﬁi&;lﬂﬁﬁ? B

EBAHAE » ArcGISPro» 3 E p BEERBIUH ER - £% > - a1 (THE
T R E SRR BB U N LA AP SRR R E
FEFEIL RNAE AT LT 3’*"*%1‘”“% R e BfS 0 BT
ﬁi’}fbﬁ\irsﬁzr%frﬁzm#« FH> 2 gW3N6 L eiMa v gamfhyy
Fla 2 ERIFLELENA TR x% BeA B2 o o B e BeE R R
ProdF g mREIFHEMRE 8L AFRehwiitlEd 1 B R R OL ETH
GEGIRER E A FE R TR fué’\i.m“"ﬂ L Ry Pﬁéiﬁ;e ;£ B sp“f;l&k'i.
LR R L Mo o SR Lea mﬁ@ﬁi R g Ry R o
RS SRR R R - SR ST ot TR U S SO B
2B R R RS SN o

T MAEF BB RMCES WD 2 s TRUM AR L Ee
¢



ArcGIS ¥ T3 Fz aiAEE - NP FD # T kAR 5 6]

i smage - ’I;r/a‘ s kg !
(¥ 21 AZRFR %65 e @

FER DGR ERRT O RARKEETREF o @A E A4
£ kR PR PR o £ E ko JFS BN I B RS R Rk o
a@_%z%“kiﬁ"— BAp g E& ¥ R TR JEF AL 2 k2 2 o T
PR Fle R AR Z R A Y i“%i«?‘r-ﬂ LR PR R R E T R AT
E*;*;,é]p';g;,‘” L7 fREFFR RE T }\A}# AT AR FpRERN 32
SRRl I SRR cf;“‘ 2 ‘3”&5‘ LN =B ’51% Fipe iR H2 e
KA BT 7KK N FEG TG B TRE R T2 0 R g0 8 FEEE
R ;‘rﬁ' |% 5 f s = e %.‘rﬁ#;!% Bz g5 o
AAFEETRAIT R RS RE 2 AR S5 ArcGIS gt it
2. ?‘?%‘Jm@’uiﬁﬂ_iﬂ“@‘l’ﬁjéaﬁﬂ e %**ﬂ;k)%],j{ s £ ik K
Zpeck ke ARl 5 FHOLREY G2 HAFTRIREFHFRY L
Lfi?*ﬁ’kéf‘%?’fﬂ?ﬂlo&fwt“ TR LS S B A U SERE T
ER-GAHFEEAREFAFHZ R {7 e W;;,:fj-ﬁw&ggg;ﬁ%
IR RIS R A A T PR LEFE R R

\

"’B

|

P M4 2 K FHCY K ILFR A (GIS) s ke BT

-



A kRERA FOREEZ AH THEA

B ke gE sk FeE s 20y !
(1)® 457 3 It S B 5 47

ST AT L FRACERR A RO R A S AIVA BT S R
AEFEHRE LGRS WV H U SRR TS E kY L s AN
AREFT - ERY FR T FREEFAF AR PIERPOFET S RERE S
PORIRER A RGHEES PIE L AV - fARE S E

Rl p W e kG R 4 3 (absolute seafloor pressure gauge, SAPG)&_d
Paroscientific Inc. ! J-engrd 7 = B 4 @ g £ > fe & RBR-Global Co. ! 51 OEM
T s E (http://www.rbr-global.com/products/bpr) = EdgeTech & & #4341
TRAFEAZTEA P WS ER AR I8 SAPG i *ﬁ = A e etk LK
oL G ARG LA INEREFT LD 1B R DR A BAL
SAPG thik Bl s ~ a5 chip3R 2 B B Tl e 2 452 % o

P MR R TERS DR R BEES P B



B ETHRRREEAIGEAERE R Z LRI AW A0

';%J" /n“}%f:ﬁ

AR BHE RR Ry e
OER T EE T oF Job

SR RS S RN KR S EELEE TS AN

PRt I A Fm e A AT i S KR VAT L TRIRE 5

B A BRI KA o d AR AP AR e AR LR R R

ERAHM AW 2 kIR E FERE @ B2 35 N AR TR e S

i SRS KA K P REE A b AP LE BT E T KA B
Ao ¥ gAY TEIVGRS Bk B KAK Y 2 @%a fo T pErde i 2 oAp $
Mz k4 el % R EOR A2 kA e BT R BE e o foab kR

BRI AL R R - RS T LSRR g LR R

WAGEFRERTRIZ G TR B R R 2 AAGYUE R R BIE (fiber optic
distributed temperature sensor, FO-DTS ) # & 7 B @ i@ 514 2 ‘}E}i??}ﬂ o AFY 2

RREERT OBEERRCANEERAEY Rt oV B T HAL

ARz =% 2 @M d BeE i 2 g PlsE-h £V R A2 k4 BER
BB SR THT 0 A PEUREERET oM AR e 2 BRAL L 0@

S N R SRR s Aol o TSl STRCR U 3 et S

{7 2% » 1% 141 % B (thermal attenuation ) % £ 27 ¥ -k %% @ 2 P ¥ 2f 12 (lag time )

FLE-HREGERABZHE o« AT F 2 S S ET o B-T KT BEERE R
BRIFTRASGYEARERIBER . - A2 WY HRF-RiEl B >+

HEARAK AR B RSB AFEIITRE ST Ry -

P R AET AT HGE - BORTEHE R AR - AAGUERERIE s e
Ak



FUp 5 RSN RR IR R R R PR BRI

GRS F AR S SR
AR F - QEFR 2 FBE A1 RS L QRAPHEIRFTRED LpHF Y
S DEPREBES A1 RS

GokEF LR TORR Y kiR - LR TR AR TREE R 2
Bl PR TR T G TedR S PR e 51 TERIEI S E RS S LB AR 5
KB PR B R 0 T fRR TR R SR i BURE & an(dede TR S ki g R
) Ko BAREFRRY FEAFIUFRBI > T RN ERIEkE TR
B FI R e TORARM FARE F oG BN 0 AT R KR F PR L
# (Fiber Bragg Grating, FBG)F= % 11 % K s+ TR R2 B R ER AN > 7 1L AR
S ENPRRRE S B RIFRRSRREERER  REE GV RIERE TS
BB LT PSR ATRU T RERVTX 2R R R A A TR
2. FBG 7 iFAR-KREERER ARE- HEET P RIFERE PR LER
Nk BLZ ELp|A A e

P MAET 5 A N Rk R Rk s B TORE B TR



FI* AN REERE R BT T RS R R LB T kR

Tad R FR AL
(LR SERE - $2 ;_.jz,fﬁg,pi- i

Bl k22 AL TR BB TR RG 2k T 7 RkA
B 5 A SRR T 0 0 STIRE TR B R 7 L Rk R R
P Ad FRRSE K REZ R TORMGE IR e e HEL] e AT I A4
Yk 0R B R R ® (fiber optical distributed temperature sensing, FO-DTS ) £ ipl3t
Mo A L e 3N TR A HR 0 27 T g f247 & (highresolution ) -k <
FPEBL O RPEFUAAENERTRERLFIREH RS FE R T RNE
L e P2 A B ARGNRERRRARRIELER RIS %%:E* AT E R R
kP HF & 478 (Ramanscattering) M ELA EEREBE Y g BIER > HE& < B
FLAZTR AR P SRR AFTEHSNR 15 v ERE AR
%o BEER ORI B TE KRR G R Tk b b2
B ek e A R T S TR e nfads o 5 d R B
(apparent thermal conduction ) 3fE47 > ¥ i~ H #-f k g B F v g T R4
YA LR A o ﬁpm%#%@f,fwgﬂ;%%&akﬂwL%R&E
RPBILDBIEFREBE FRIFNGREERAH  FANEFRZ 27
BERDBRFTRESF R EF TRE 0L R RITTEE- BT A KD L
ToRFAGASFR AR R TRE S H I F AT S Ry o

P BT D ARGNRRIRERRERIE  BTBEEER Y TR ETRE &
T;}\),Mi



MEERF2L I RFEEAE T BB LEL B

=

FO AR RS RLR T FHE
(OE Rk SR CE R X

G o el Jepi WORE N S R S Rl S IR D ke

A TRBL DR R R 4@%#\ﬁ& FF o ERFEER kPR E T

S
A

iy

e

(;xg o)
| 2
=
SO
I
B OSE
E“ \\:“

P‘ “"m?%ffmmﬁﬁiﬁ Wf«ﬁ*“#k Jv‘l ’ n*&%w WML o AT et
EHEAM# L dm -~ B 1.5m -~ F 23m) P $83K B P R 5435 (TDR) ~ 3R 4 32

B BRI 2o r AR WA kA TR CATER 2 JRER LR T s
IR IRF I e IR E ~ B B ’ij BIREREE KA AT 5
etk S 5N (BRIR R ST R & )AL s S AL 0 B AR R H R

KB BEAT BE - R TR G A FRN A EFEE AP Rehzdr e

»REAE N BIRE BB R Bk AR T ok R R T e A
HkAsE2E V’%mﬁ ﬁ%iwﬁaaﬂﬁZ@*ﬁﬁé AT
kwrﬁnw%ﬁﬁévﬂ#m »NERTRERGERL OGP R G kR

):A%/i;‘i ‘ %T J\/n 1? qui Ii Vi " o

LR X R A - A i LA G A



FPREFARAVTZLEGRBPECE - 0K & § LR
MaF !B ks v RAF! S Flpric!
(HE 3 1y d o

FPRETRTG O - BT EE 2 Uk & E.F‘ﬁ;gm B ] #rk B
RENER B FN 2 RETRT RS mﬁz;g)iawf FRRI Fh bk E
FEHEe > F ¥ Stk B A e e H B ¢ R 258 (Scaling law)it B B X T ik R
RACZ g hk od gL ¥ Ao BTE A *B* EE RBETRTR? RS L g o

Flpt > AP 2 P PR FUTA A R APM TR 4 B A B TR
yﬁﬁ—\'w%m\zaﬂﬂ F%ﬁfﬁ%?£ IR LR m%@%%
ixﬁ = %;_“"ﬂ!]if < L’fi’ 7 ﬁk’l\:}—;’t]\? 7 1;:;‘[7%\ ’ T' "f 2 IL ,;"‘ “wu(GIS)Ld: - L**]?él

Bl AR S PO AR S l(R R - irfr C A ZIRR)Z F”@%@m@@

R T AW TR G AT f R E AL ﬁﬂméh’&$ﬁﬁﬂgﬂi
R AP LR RER D LI ﬁgj—« SR Uk 5
'-\}’ILL‘*’?%]’WLLFE?ﬂF\ﬁ ar' E’Z% é]mli' ,.:E‘_"’;?\‘;LIEJ%’?%;;‘?F’

TSP Sl § 2 R .

JACETR £ X280 > His¥Tkd fPr B R ZHYAE NS0T - KB
A A Tk e T 20 A 4w 5 25/40/50 B 0 FAR BT 2 ak g (Deé
collement)e @ ff v 7k 2 B 1o 87k 2 BRI R 5 T v A 2 B STk B R E b
# 4 (Individual ruptures) ~ f§ © 74 & 4 {5 %7 & 4p i g 4 (linked rupture) 4 2 27 <
% LTk e BOAp i ch > EOpL Y (Entire rupture) ©

P MAET xR AETR IR~ BSETE e~ LA R



2006 £ B4 EB RSEFLELFEERFHE

FeFia s BRI ERR 2 F AT R ot iz ad
(DFx ~FRE2ZHFFAE L~ QSR ABHLMER F T2 2 ~ (3)K2 Management -
@) & A FERPE L (5 LB R AT

LY =iy ;ﬁd Pk A AR E L FRE 2 7 B GNSS i sk~ 37 B A
Bork & 2 GEHF R oK MEIRIAL 2002 & 3 2016 #E B 2 LRl OoRLE I > 2006 £ B K ¢

4 ML7ow-*J~§4 FREE KSR ﬁvgqswz 4T PR R
235 f_/‘?"* Ly /ﬁ’ﬁ%i o5 %iwr /ﬁ’fﬁi 2 EEBAEE AR
w%tﬁiﬂﬁfﬁﬁqm;,ﬁpwﬁﬁﬁﬁﬁﬁﬁwg£»$ﬁ§%+ g

B ARF TR EEAE A e e L BB FEFBE S A
TR S L RER PRABRRAFEET  RBRET A Y
HLE 20 A BRHE2060E KAt ERRER210F£40 R T RAG 3B
FEHP 443t SOIR BJ2E 02006 & B A ¢+t s B4 > & & RI-R T i@ BTN 53-
58 mm/yr w & A 0 E-F 'E i R 8-15mm/yr ; K R-RK T i &R 3T K 47-55 mm/yr
wa Ad o B R S-18mm/yr - 2006 & B K ¢hja = BF A {83 2010 &
4% 5@ g - kT kRS 53-56 mm/yr % &
ARk T aE B AT K 45-53 mm/yr & A F 0 &

B0 &8 i R Y 3-10mm/yr;
EFRE LA S5 3-9 mm/yr e

2010 # 4 * 3 2016 # > & & p[-k-T @ B35 50-54 mm/yr & & & & > &8 C'E
# R 3-8 mm/yr; L RIPKTiE R 43-53 mm/yr & A 0 L i RE W ITE S
A% 1-6 mm/yr o AAF FHCR) L UTR 4 A SR R B R SR G 2
BAB2girtek > B 2000 EBE Lt BE REAH > B ata Be
(Asperity ) ; ¥ 'T”;‘ 2o BT ARk A AAFF S l%i*'ﬁ:@ @ /L
PR e o R TR AT B ATELER B E 1 2017 £

TR AHABAL LN R RSHEES L 2E o Lrﬁ’ﬂﬂ a‘%‘téé‘ni(l)
ﬁ%iéﬁiﬁﬁy%ﬁ&%{ﬁ2%63&&“@%;%%%,Q)F%%%
FHLEER R ER TR REE TG TR B B
PEFERERY > TR BB RS FELFL Q) EFEERLEE VTR
P bl AR 12 222 =) .

PR BT n G UTA 22006 F B LAk B RS EE W FBEE

;‘3‘



Ground deformation along the Chegualin fault between 2018 and
2020 from SBAS DInSAR observation
Cheng-Han Lin! ~ Jyr-Ching Hu? ~ Ming-Lang Lin'
(1)Department of Civil Engineering, National Taiwan University ~

(2)Department of Geosciences, National Taiwan University

The Chegualin fault in southern Taiwan is the major active fault within the
Gutinkeng formation in the fold-and-thrust belt. According to Central Geological
Survey in Taiwan, the Chegualin fault is considered as the category two active fault
documented it as a thrust fault striking N-S in the north and gradually striking NE-SW
to the south with various dipping angle. However, several investigations have shown
that the southwestern segment of the Chegaulin fault is recently dominated by right-
lateral movement with minor thrusting component. This fault also shows creeping
behavior which could gradually affect the functions of the infrastructures across the
Chegualin fault. This study aims to reveal the surface deformation rate relevant to the
Chegualin fault zone from 2018 to 2020 by using multi-temporal InSAR analysis. For
this purpose, the Small Baseline (SBAS) DInSAR technique was adopted, which allows
efficiently analyze the temporal deformation on the small temporal and spatial baselines
interferogram network over a wide area. The reliability of the observation and qualities
of the procedures in the SBAS DInSAR workflow were quantitatively evaluated based
on the results of continuous GPS measurements. We further remark that this study
follows the work of Lin et al. (2021) where a numerical workflow for assessing the fault
rupture-engineering structure interaction problems was present. The results of this study
could provide reliable free-field ground deformation data for the calibration of the

numerical simulations in the future.

Keywords: Chegualin fault, ground deformation, SBAS DInSAR analysis, multi-

temporal observation



Numerical tectonic escape models of southwest Taiwan
Fang-Yi Lee! ~ Eh Tan? ~ Emmy T.Y. Chang'

(1)Institute of Oceanography, National Taiwan University ~

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

This study investigates the tectonic escape in SW Taiwan. The studying area in
this research ranges from the Pingtung Plain to the east bound of the Peikang High.
GPS data show a counterclockwise rotation in the velocity field in the inland part of the
studying area. The velocity vectors are around 5 cm/yr westward in the east of the
Pingtung plain and around 5 cm/yr southwestward at the coast of Pingtung and
Kaohsiung. Previous studies suggest that Peikang High may act as a western backstop
and play a crucial role for the tectonic escape here.

Our experiments are 3D dynamic models under elastoplastic deformation regime
with the program DynEarthSol. To construct the circumstances of SW Taiwan, field
observation with fault map, Cenozoic sediment isopach and GPS data are considered
for model settings. Our model is under lateral shortening in E-W direction with a ramp
under Chishan fault, and have a southern open boundary, where materials can escape
through. The frictional strength and the orientation of the open boundary are varied in
our experiments. Common features in all models are: (1) a counterclockwise rotation
in surface velocity field, (2) subsidence around the open boundary, and (3) a dextral
thrust along the “Chishan” fault. The strength of the decollement controls the width of
the fault zone and the degree of rotation in the velocity field. With a high-strength
decollement, the rotation in velocity field is small and the fault zone is narrow. Only
when the basal friction is low enough and the open boundary is parallel to the coastline
between Kaoping river and Chaochou fault, the velocity field would be able to rotate

that much as the observation.

Keywords: numerical simulation, southwest Taiwan, tectonic escape
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Global distribution of chemical weathering rate: potential shift from
erosion and climate change
Jr-Chuan Huang' ~ Meng-Chang Lu' ~ Pei-Hao Chen! ~ Shih-Chien Chan?
Ying-San Liou® ~ Chien-Sen Liao* ~ Min-Hui Lo’
(1)Department of Geography, National Taiwan University ~ (2)Department of Geography, National
Changhwa University of Education ~ (3)Department of Natural Resources and Environmental Studies,
National Dong-Hwa University ~ (4)Department of Civil and Ecological Engineering, I-Shou

University ~ (5)Department of Atmospheric Science, National Taiwan University

Chemical weathering, which draws much attention due to its capacity of
atmospheric CO; drawdown, exhibits a tight interplay between physical erosion and
runoff, but its global distribution remains unclear due to its (de) coupling with physical
erosion. Here we use data from 211 rivers globally and a modified hydrologic regulation
model to quantitatively simulate global distributed SiO: yield. Modeling results infer
that the sediment concentration of 100 mg L' could separate coupling between
chemical weathering and physical erosion reasonably and applicably. Under climate
scenarios, kinetically-limited weathering in high- and low-mountains account for 29.3
and 24.3% of the increased SiO2 export, whereas supply-limited weathering in high-
and low-mountains contribute 13.4 and 23.0%, respectively. Conclusively, kinetically-
limited weathering in mountains predominately responds to SiO; increase under climate
change, even solely enhanced by runoff; however, the chemical weathering in low-
mountains, where both supply- and kinetically-limited weathering are accelerated

simultaneously, are more efficiently responsible to climate change.

Keywords: chemical weathering, physical erosion, supply-limited, kinetically-limited,

atmospheric CO2 drawdown



Behavior of radiogenic and stable Sr isotopes of river water and
groundwater collected from Hsinwulu River
Hung-Chun Chao! ~ Chen-Feng You? ~ Hou-Chun Liu?
Chuan-Hsiung Chung?

(1)Department of Earth and Environmental Sciences, National Chung-Cheng University -

(2)Department of Earth Sciences, National Cheng Kung University

Traditional radiogenic Sr isotope is a robust tool as a tracer for water mass in the
hydrosphere. However, the variation of stable Sr isotope in the surface water is
presently considered controlling by the source, incongruent weathering, and secondary
mineral precipitation. River water from main stream and major tributaries of Hsin-wu-
lu River and groundwater were collected and measured their major constitution and
dual Sr isotopes. The results of major elements indicate fresh upstream water with high
sulfate, calcium, and sodium tributary (Da-Lun River). Ca/Na ratio also indicates a
carbonate dominated river water at upstream and shifted to silicate dominated river
water after converge with Da-Lun River. Radiogenic Srisotopes (*’Sr/%¢Sr) indicate that
all tributaries has higher 8’Sr/*¢Sr than main stream but only Da-Lun River is big enough
to increase the main stream siginificantly. Groundwater in Site DL shows decreasing
87Sr/%6Sr ratio with depth and deep groundwater has the lowest 87Sr/*6Sr ratio among all
samples. Stable Sr isotopes (5*Sr) show relatively small variation, possible resulting
from incongruent weathering and/or minor carbonate precipitation. The limited data
indicates the complexity end member of river water in Hsinwulu River and more
samples from springs, tributaries, and different seasons are needed to get better
understanding of the catchment.

Keywords: Sr isotopes, chemical weathering, river water



The fate of petrogenic organic carbon in Beinan River catchment
Li-Hung Lin' ~ Wan-Yin Lien' - Pei-Ling Wang? ~ Chih-Tung Chen?
(1)Department of Geosciences, National Taiwan University ~ (2)Institute of Oceanography, National

Taiwan University ~ (3)Department of Earth Sciences, National Central University

Petrogenic organic carbon (OCpeo) had been regarded as non-degradable and
excluded from carbon cycle due to its graphite-like structure. Recently, OCpetro Was
inferred to be oxidized by microbial activities in large river systems, hence contributing
COz to atmosphere. However, the fate of OCpetro 1n small mountainous river systems
where fresh bedrocks rapidly expose to weathering front but with short transport
distance is still uncertain. To provide additional constraints, Raman spectroscopy was
applied to rocks, soils and river sediments in Beinan catchment and marine sediments
alongside Taitung submarine canyon. The degree of graphitization of OCpetro Was
distinguished based on the peak metamorphic temperature versus total full widths (at
half maximum). Data derived from bedrocks clustered mostly between lower- and
mildly-graphitized level and some in highly-graphitized level. The graphitization
degrees of suspended loads and most of bedloads were similar to bedrocks, indicating
mechanical mixture of detritus without substantial alteration. However, data points
from bedloads in the estuary and soil samples scattered towards disordered level. For
marine sediments, the graphitization degrees of samples increase with the travel
distance from land. Comparison of Raman parameters demonstrates the impact of long
residence time on OCpeno in soils and bedload sediments in the estuary, causing
degradation of graphitized OCpetro. Contrarily, disordered OCpewo is preferentially
consumed during long transporting; therefore, graphitized OCpetro remains in marine

sediments at distant location.

Keywords: petrogenic organic carbon, Raman spectroscopy, weathering process
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