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Petro-physical properties identification of gas hydrate and free-gas in
Yuan-An Ridge, Southwest Taiwan
Dwi Ayu Karlina! ~ How-Wei Chen!

(1)Department of Earth Sciences, National Central University

Hydrate and free gas existence in the unconsolidated marine sediments produce
significantly large effect on the elastic properties changes in Yuan-An Ridge.
Simultaneous Prestack Inversion (SPI) were used to distinguish the physical properties
changes. SPI use conjugate gradient matrix inversion method in junction with
computing angle-dependent reflectivity responses which follows Fatti’s equation.
Hence, quality control on SPI result by comparing synthetic to real data in angle gather
is very important. SPI has two assumptions. First, the constant ratio of S-wave velocity
over P-wave velocity within a rock layer and the background trend should corresponds
to wet clastic. Vp/Vs ratio is later converted to natural logarithm P-Impedance (Zp) and
S-Impedance (Zs). Second, based on Gardner equation, natural logarithm of density has
linear relationship with P-impedance. Hence, the synthetic responses is computed by
reflectivity method defined by the combined effects from P-impedance, S-Impedance,
and density. Consequently, the elastic properties including Vp, Vs, density, Zp, Zs,
Vp/Vs ratio can be obtained. Other associate elastic properties such as P-wave modulus,
shear modulus, Young modulus, Bulk modulus, Poisson’s Ratio, Ap, and pup can be
derived through known models and its corresponding equations. The parameters to
characterize gas hydrate and free gas in unconsolidated marine sediment can be derived
through the approach demonstrated. Parameters which are very sensitive to the gas
hydrate and free gas existence in Yuan-An Ridge are Ap, and pp. They can be separated

from background trend through cross plot.

Keywords: elastic properties, free gas, Fatti’s equation, gas hydrate, and incident

angle



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

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

stages.

Keywords: earthquake rupture process, rock deformation, dynamic friction

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

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

Kensington, London

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

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

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

intensity measurements.

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

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

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

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

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

reduction.

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

model



Taiwan Geodetic Model-GNSS data processing and observation
results sharing platform
Hsin Tung' ~ Hrong-Yue Chen! ~ Ya-Ju Hsu! ~ Wen-Tzong Liang'
Ruey-Juin Rau!

(DInstitute of Earth Sciences, Academia Sinica, Taiwan

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

discoveries and even creating new science.

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

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

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

translocation effect.

Keywords: radial translocation, dendrochemistry, tree ring, biomonitoring
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Rare earth elemental geochemistry in foraminifera and its

application to paleo-monsoon dynamics
Yogaraj Banerjee' ~ Li Lo' ~ Chuan-Chou Shen!

(1)Department of Geosciences, National Taiwan University

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

this ongoing project will be presented at the conference

Keywords: REE, foraminifera, monsoon



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

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

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

an important role in the genesis and development of knickpoints.

Keywords: drainage, knickpoint, river steepness index
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Determination of site effects in damaged area during the 24™ August
2016 Chauk Earthquake
Ei Mhone Nathar Myo! ~ Tun Naing? ~ Lin Thu Aung?® ~ Kaung Sithu? ~
Thinn Hlaing Oo® ~ Khaing Nyein Htay®
(1)Department of Geology, Yangon University ~ (2)Department of Engineering Geology, Yangon
Technological University ~ (3)Earth Observatory of Singapore, Nanyang Technological University »
(4)Department of Geology, Pathein University ~ (5)Myanmar Earthquake Committee ~

(6)Myanmar Geosciences Society

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

Keywords: earthquake damage, microtremor, fundamental frequency, microtremor
HVRs, Vs30, site class.
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Development of Seismic data acquisition system for low-cost
accelerometer with Raspberry-Pi (RFidget)
Utpal Kumar! ~ Lu-hsuan Chen'! ~ Chu-Te Chen! + Wen-Tzong Liang!

(DInstitute of Earth Sciences, Academia Sinica, Taiwan

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

software will be openly accessible to the scientific community.

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

Prevention Engineering, National United University

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

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

and museum development worldwide.

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

Academia Sinica, College of Earth Sciences, National Central University

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

characteristics of bedload sediments in small mountainous rivers of Taiwan.

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

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

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

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

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

provide crucial parameters for subsequent probabilistic seismic hazard assessment.

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

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

(1)Central Geological Survey, MOEA, Taiwan

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

reduction are what we expect.

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

central Taiwan
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Stress magnitude and orientation estimations with logging data in a
deep coal-bearing formation near Shimokita, Japan
Hung-Yu Wu! ~ Weiren Lin? ~ Yoshinori Sanada®
(1)Department of Resource Engineering, National Cheng-Kung University ~ (2)Graduate School of

Engineering, Kyoto University ~ (3)Japan Agency for Marine-Earth Science and Technology

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

magnitude was inferred to be within the normal-faulting stress regime.

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

Engineering, Shanghai University

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

Keywords: coating, coated, SiC, moissanite
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AutoQuake: An automatic and flexible algorithm of high precision
earthquake catalog building
Cheng-Nan Liu! - Hsin-Hua Huang! ~ Hsi-An Chen! ~ Yu-Fang Hsu'

(DInstitute of Earth Sciences, Academia Sinica, Taiwan

The earthquake detection and location are fundamental for many aspects in
seismology but has long been a labor-intense and time-consuming task. Rapid advances
of machine learning and parallel computing make automating such a task become
possible. Here we developed an automatic algorithm that consists of three main steps
from detection, association, to location, each of which could be replaced by other
existing tools flexibly. In detection, we leverage current machine learning pickers (e.g.
PhaseNet, Earthquake Transformer) to discriminate earthquake signals from other
impulsive noise which would otherwise be a problem for traditional amplitude-based
(e.g. STA/LTA) pickers. In association, we design an efficient CPU/GPU-accelerating
grid-scan association method that utilizes Automatic Multiscale-based Peak Detections
(AMPD) algorithm to provide robust initial event locations. The locations and
associated picks are then pipelined to a double-difference location method (3D-DD) to
produce a final catalog with high precision. The algorithm is fully automated and
capable of switching between 1-D and 3-D velocity models easily. We test the
AutoQuake with the 6 February 2018 Hualien earthquake sequence and demonstrate
that a more compact distribution of aftershocks with a slightly less number compared
to the final Central Weather Bureau catalog can be obtained. The AutoQuake could be
a promising tool for real-time seismic monitoring and providing useful constraints on
studies including spatiotemporal evolution of seismicity, physical mechanisms of

faulting, and seismic hazard assessment.

Keywords: AutoQuake, automatic algorithm, machine learning, grid-scan association,
31 AMPD, double-difference relocation
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Spatiotemporal relationship of background earthquake and
aftershock
Yi-Hsuan Wu!

(DInstitute of Earth Sciences, Academia Sinica, Taiwan

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

magnitude for California region and Taiwan.

Keywords: seismicity, power law, lognormal distribution, bimodal distribution,

characteristic magnitude
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Partial coherence corrections of tilt and compliance noises recorded
in broadband ocean-bottom seismographs
Chih-Ming Lin' ~ Hsiu-Cheng Yeh! ~ Pei-Ying Patty Lin! ~ Jing-Hui Tong?
Chen-Hsiang Alex Hung® ~ Ban-Yuan Kuo*
(1)Department of Earth Sciences, National Taiwan Normal University ~ (2)Department of Geosciences,
National Taiwan University ~ (3)Department of Physics, National Taiwan Normal University

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

Most of the broadband ocean bottom seismographs (BBOBS) were designed in a
free-fall system with acoustic communications to minimize the cost of the deployment
and recovery cruises. The BBOBS is released on the sea surface and free-fall then will
sit on whatever patch of the seafloor. The week coupling with the seafloor and water
wave effects result in higher noise level and seafloor deformation, which are often
called tile and compliance noises respectively. In this work, we show how to reduce the
vertical seismic noise by subtracting out the coherent signals from two horizontal and
pressure components. The noise-effects on vertical from each component would not be
independent and dominant in different frequency ranges. We apply a frequency-domain
approach to describe the relationships between multi-component time series based on
the multi-component partial coherence matrix. Also, the tilt and compliance noises vary
continuously throughout a several-month deployment. The multi-component partial
coherence matrix is determined daily for optimal noise removal. We then remove tilt
and compliance signals in different frequency ranges sequentially from vertical
components of BBOBS. Our preliminary results show that the corrected vertical
waveforms are better coherent with the vertical waveforms recorded in close-by land
stations especially for longer period waveforms (> ~50 sec). The signals measured on
the seafloor benefit from the reduction of tilt and compliance noises sequentially by
particle coherence prior to the seismic data processing (i.e. surface waves phase velocity

measurements).

Keywords: ocean bottom seismograph, partial coherence, tilt noise, compliance noise
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Preliminary study on evaluation of distribution of pulse index from
various fault slip model used in stochastic finite-fault simulation
Jyun-Yan Huang' - Shu-Hsien Chao! ~ Che-Min Lin!

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

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

occurrence of directivity or super-shear effects.

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

Shanchiao fault Taiwan



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

Academia Sinica, Taiwan

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

micro-continent boundaries are also revealed and discussed.

Keywords: traveltime tomography, Northern Vietnam, Vp/Vs ratio, crustal structure,

Vietnam seismic network, Northern Indo-China
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"Probabilities Model Map" for Active Faults in Taiwan
Shen-Hsiung Liang! ~ Yi-Rui Li® ~ Yi-Rong Zhuang? - Yin-Tung Yen?
Chien-Liang Chen' ~ Bruce H. Shyu?

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

(3)Department of Geosciences, National Taiwan University

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

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

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

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

hazard and risk mitigation.

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

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

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

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

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

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

area, Milun Fault, new evidence, 2018 Hualien earthquake
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Fault growth model of Penghu Basin, offshore W. Taiwan
Pin-Rong Wu'! ~ Kenn-Ming Yang'
(1)Department of Earth Sciences, National Cheng-Kung University

Evolution of fault systems are the key for revealing the development of rift basins.
A fault system is formed by linkage of fault segments. Two models have been proposed
for the fault growth of a fault system: (1) isolated model or propagating model, in which
individual faults coalesce with each other through increasing displacement and lateral
propagation of tips; and (2) constant length model, in which isolated faults propagate
rapidly to their final length in the early stage and are followed by accumulation of
displacement and linkage without lateral tip-propagation. Several methods and models
have been proposed to test the validity of the alternative models.

In this study, we made detailed tectonostratigraphic analysis of Penghu Basin, with
a grid of seismic sections to investigate the basin to assess the appropriate fault growth

model for the fault systems and to establish the evolutionary model of the basin as well.

Keywords: fault growth, isolated model, constant length model, Penghu Basin



Preliminary thermal metamorphic documentation of
metasedimentary rocks in Northwest Vietnam and implications for
tectonic evolution
Nguyen Thi Kim Dung' ~ Chih-Tung Chen!

(1)Department of Earth Sciences, National Central University

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

Northern Vietnam.

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



Active normal faulting in north-central Vietnam illuminated by

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

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

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

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

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

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

(ksn), tectonic geomorphology, knickpoint.
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Geochemical and age characteristics of the volcanic rocks in West-
Central Java
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Java Island is a part of the Sunda Arc located in the Sundaland southeastern margin.
It was formed by the subduction of the Indo-Australian Plate beneath the Eurasia Plate.
Island arc magmatism begins in the early Cenozoic and continues to erupt until Recent.
The previous dating works of magmatic rocks mainly used K-Ar method, which may
show younger ages due to the low closure temperatures of muscovite and biotite (350-
300 °C). Moreover, the geochemical analyses only focus on particular volcanoes. In
this study, we focus on eastern West Java and Central Java, using zircon U-Pb
geochronology and whole-rock geochemistry to study five volcanic bodies in this area.
A total of 28 volcanic rock samples were collected from West Java (Mt. Sunda, Mt.
Malabar and Mt. Guntur) and Central Java (Mt. Slamet and Mt. Merapi). Geochemistry
of the West-Central Java samples varies from basalt, andesite to dacite. They are
comparable to calc-alkaline to high-k calc-alkaline volcanic rocks. There is no clear
difference between the REE patterns of these samples. Primitive mantle normalized
trace element diagram shows typical subduction signature, enriched in LILE (Rb, Ba,
Th, U, and K) and depleted in HFSE (Nb, Ta, and Ti). Zircon U-Pb dating results show
that volcanic rocks in Mt. Sunda (andesite, 4.05 Ma; dacite, 3.77 Ma), Mt. Malabar
(basaltic andesite, 6.74 Ma; dacite 4.37 Ma) and Mt. Guntur yielded a weighted average
of 0.73 Ma. Both Mt. Slamet and Mt. Merapi samples are mafic and did not yield any
zircon U-Pb age. The mafic volcanic rocks tectonic discrimination ternary diagrams
(TiO2-MnO-P>0s and Nb-Zr-Y) show that the samples from West-Central Java were
probably formed in an island arc subduction process. Using the formula from the
correlation of Indonesian active volcanic geochemistry with Benioff Zone depth, the
depth of these magmas may have ranged about 131-201 km below the surface.

Keywords: Java Island, Sunda arc, geochemistry, zircon U-Pb geochronology



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

beneath the Late Cretaceous sedimentary rocks of the Doba basin.
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