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A new technique to locate short-duration tremors: A synthetic test

v gg3r ¢ Oral

The most common approach to locate non-volcanic tremors is to perform energy
cross-correlation for station pairs, which leads to considerable uncertainty in
temporal and spatial resolution. Also, the physical meaning of the maximum cross-
correlation of envelopes is ambiguous for being unsure what type of seismic phase
is aligned. This tremor location method assumes that the time shift derived from the
cross-correlation of tremor energy is with the direct S-wave arrival time difference.
However, this assumption has not been justified. In this study, we propose a new
technique to improve tremor location. The approach considers short-duration tremor
Is a superposition of signals from a spatially close related microcrack swam. We aim
to find the very first event of the swam analogous to the focus of an earthquake. To
verify this new method, we first generate synthetic tremors by selecting a small
earthquake and randomly reduce its amplitude and original time to create a series of
microcracking to mimic non-volcanic tremors. The process applies to all observed
seismic stations with the same rules. By applying P- and S-wave polarization filters
to the tremor and calculating their ratios, we can pick the very first P arrivals and
locate the tremor precisely.
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Brief Introduction for the Database of the Near-Fault Strong Motions with Pulse-

Like Velocity
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Implementing Horizontal-to-Vertical Fourier Spectral Ratios to Improve the
Prediction of the Site Effects
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A Loss Scenario for the Taipei Metropolitan area based on Numerical Ground-
Motion Simulation and Open Exposure Data

v gg3r 2 Oral

Loss scenarios aim to better inform stakeholders in earthquake prevention strategy
in order to improve resilience strategies. In Taiwan, as an earthquake-prone country,
it is important to understand possible risk scenarios to raise awareness and support
planning. These risk scenarios will help increasing the resilience of society to
extreme earthquake events by identifying in detail the factors critical to society
before, during, and in the aftermath of an earthquake. The results will help to guide
resilient urban development and future design by understanding and strengthening
the societal capacity for resilience.  Taking advantage on the open data policy, we
collected the dense seismic data and open exposure data in buildings in the Taipei
Metropolitan to develop the task of the end-to-end hazard and risk scenarios. We
used data from the high-density seismic network in Taiwan to numerically simulate
a rupture scenario on the Shanchiao fault, located west of the Taipei basin. The
topography and velocity structure of the basin were taken into account to explore the
long duration of shaking and basin effect, together with thorough evaluation of site
amplifications at the densely-distributed seismic stations within the basin. To assess
the losses and impact, we employed the 500m x 500m grid exposure data from the
and NCDR, the governmental open data on Taipei building user-license information
and building data from OpenStreetMap. To estimate building damage, we developed
building-damage-based fragility curves using data from the 1999 Chi-Chi and 2016
Meinong earthquakes. These curves are based on ground motions in PGA, PGV and
Intensity. We also considered the Sa and Sv for different periods. Building on open
data makes our scenario fully transparent and reproducible and is also based on the
most up-to-date data. It therefore may constitute a good starting point for stakeholder
in disaster management for disaster resilience planning in the larger Taipei area.

loss scenario, open exposure data, numerical ground-motion simulation
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Evaluating the head supporting ability of terrestrial amniotic quadrupeds with
different head sizes

v gg3r ¢ Oral

For enhanced vision, feeding, and locomotion, terrestrial amniotic quadrupeds have
to support their head against the gravity. The larger head requires more anterior
epaxial muscles to support, therefore, the head supporting ability is determined by
both the head and muscle sizes. Previous studies have evaluated head supporting
ability as the size of anterior epaxial muscles, which can be estimated as the size of
the neural spines on the anterior dorsal vertebrae, where the muscles originate from.
However, the correlation between the head supporting ability and head size has not
been investigated extensively. From the functional perspective, two biomechanical
conditions must be satisfied in the head supporting system: firstly, the torque of the
epaxial muscle forces inserting into occipital region is at least equal to that generated
by the head weight; secondly, the torque of the epaxial muscle forces connecting
skull and cervical vertebrae also has to counteract that generated by the head and
neck weight. To investigate the head supporting ability of terrestrial amniotic
guadrupeds with different head sizes, we estimate the torques of the head and neck
weights and the anterior epaxial muscle forces of several extinct and extant species.
For the torque of the head and neck, the weight is estimated by calculating the cross-
sectional area of the muscles, and the lever arm is measured from the silhouette of
specimens. The lever arms of the muscle forces are obtained by considering the
muscle orientation. The estimation of torques used in this study not only provides
functional evidence to reassess the definition of large head proposed by previous
studies, but offers new perspectives to reconstruct the morphology and locomotion
of extinct species.

LG E e LA B 0 e gt
terrestrial amniotic quadrupeds, head supporting, head size, torque, epaxial muscle
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Cyclohelenina formosaensis gen. nov. et sp. nov.: morphology and ecology of an
estuarine benthic foraminifer from Hengchun Peninsula

v gg3r ¢ Oral
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The past and present records of three sand dollars (Echinodermata: Echinoidea)
from Taiwan —— part two

v gg3r ¢ Oral

There are at least 11 living species of sand dollars recorded in Taiwan, and their
genetic information have not been sequenced until now. The main focus is
Sinaechinocyamus mai, which is named after Ting-Ying H. Ma (1899-1979) who is
the first department chair of The Department of Geology, National Taiwan University.
In addition, the living populations as well as the fossil assemblages have been
documented for decades. Based on our study, miniaturized echinoderms exemplified
by S. mai show that the echinoderm life cycle can continue to evolve despite of
hundreds of millions of years of evolution and the ontogenetic triggers have not been
deserted. Although there is a long way to understand fully the genetic control on
miniaturization, there are some clues illustrating that the changes in genetic
structures can lead to test disparity among echinoids. DNA extracted from a single
live individual was sequenced with 10X Genomics technology, and the complete
mitochondrial genome of S. mai was assembled. To test current hypotheses
pertaining the phylogenetic position of the order Clypeasteroida, a phylogenetic
analysis was conducted, including 35 ingroup taxa belonging to 9 orders of the class
Echinoidea. Results do not agree with previous phylogenetic interpretations based
on molecular data. Instead, it shows congruence with older interpretations based on
morphologies with high fidelity. Based on the new phylogenetic relationships
constructed, lantern in Clypeasteroida is secondarily modified. This allows us to
interpret better about the fossil records of Echinoidea by mapping the genetic traits.

Clypeasteroida, Phylogenomics, mitochondrion, lantern, Fossil Record
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Age determination in Palaeoloxodon huaihoensis from Penghu Channel, Taiwan:
the significance of population structure on the distribution of Pleistocene

subtropical west Pacific

v gg3r 2 Oral

Fossil teeth of Palaeoloxodon huaihoensis have been recovered for decades from
the Penghu Channel during fisheries activities in the area. The collection of such
teeth material deposited in the National Museum of Nature Science (NMNS) differs
in size and morphology and likely represent ontogenetic variation and growth
trajectory of the various age group of P. huaihoensis. However, little is known about
the age structure of P. huaihoensis. Using teeth length, enamel thickness, and plate
counts, we established the age distribution of the species that was derived from the
extant African forest elephant Loxodonta africana. To measure any sign of allometric
growth, we found that the size of the jaw width was negatively correlated with the
lamellae frequency in both the upper and lower jaws. In contrast, the width and
enamel thickness was positively correlated. The number of lamellae in P.
huaihoensis was T’ clearly higher than that of L. africana in the same age group.
The reconstructed age distribution showed no difference in either the upper or lower
jaws. Most remarkably, the age frequency distribution of P. huaihoensis was
significantly different from that of the extant L. africana by having more adult and old-
adult individuals in the population, with a median age of 38 years.

age distribution, population structure, elephant age group, lamellae frequency,
teeth morphology
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Fish fossils of Taiwan: a review and prospection

v gg3r ¢ Oral

It is widely considered that fish fossils are rare in Taiwan and adjacent areas,
meaning we lack adequate data for understanding the geological history of marine
biodiversity in the whole subtropical-tropical Indo-West Pacific. In this study, we
reviewed previous fish fossil records of Taiwan with updated stratigraphic correlation
and further investigated potential horizons yielding new materials. Our extensive
literature reviews revealed a total of published 47 taxa; also indicating that the
number of fish body fossils remain scarce, though unstudied specimens gradually
accumulate in the museums and private collections. The majority of fish fossils are
in the form of teeth (elasmobranch) and otoliths (teleost), and their high numbers in
the marine deposits potentially allow further exploration. Using established
examples, we thus recommend studying these isolated fish remains for attaining the
spatiotemporal dynamics of fish faunas in the region and, finally, for providing the
data necessary for conservational purposes.

RAT AR T ~Frk o FALE  TREE TS
shark teeth, otoliths, Quaternary, osteology, CT scan
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MCS and OBS Imaging of Sedimentary and Crustal Structures in the Northern
Taiwan Strait

v gg3r ¢ Oral

Four multi-channel seismic (MCS) profiles (OR3-2067), with a full recovery of 8
ocean bottom seismometers (OBS) in the second profile (OR3-2067-2 or SE portion
of E305), shot by a Gl gun were collected across the Kuanyin Depression off
Taoyuan in the northern Taiwan Strait during June 2018. About 60 km NE of the
2018 survey, ten MCS profiles (OR2-2373), with 6 OBS fully recovered along the
fourth profile (OR2-2373-4), shot by a Gl gun were recorded across the northern
Kuanyin Platform in the northern Taiwan Strait during June 2019. Several normal
faults (1-2 km deep) in the Kuanyin Depression were found from MCS section along
OR3-2067-2 (2018). We suggest that the normal fault at SE side of Kuanyin
Depression is the boundary fault between the forebulge and foredeep. Similarly,
most of the normal faults were observed from the MCS profiles (OR2-2373-4 and
OR2-2373-8 in 2019) near the central line of the northern Taiwan Strait where the
Basal Foreland Unconformity (BFU) and the Break-up Unconformity were found at
two-way travel times of 0.3-0.5 s and 0.6-1.2 s respectively. BFU generally deepens
SE of the Kuanyin Depression, but it remains shallow in the northern Kuanyin
Platform. On the other hand, the P-wave velocity-interface model inverted from 8
OBS data along OR3-2067-2 (2018) shows the increasing thickness of the sediment.
However, the sedimentary layers of the P-wave velocity model across the northern
Kuanyin Platform remain flat. P-wave velocity (5-6.5 km/s) of the upper crust in this
study is greater than the previous result across the northern Taiwan Strait. However,
at a distance of 20 km NW of the Kuanyin Depression, the P-wave velocity (6.5-7.0
km/s) of the middle crust about 3.5-6 km deep in this study is much faster. The high-
velocity zone of the middle crust may have resulted in the Littoral Fault Zone NW of
the Kuanyin Depression. Our results can evaluate the offshore wind farms and
submarine tunnels through the shortest distance across Taiwan Strait.

AR L BN L BT o B A B YR B

Basal Foreland Unconformity, Break-up Unconformity, Faults, Forebulge, Kuanyin
Depression, Kuanyin Platform
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Sebastian Wege [Institute of Earth Sciences NTOU] (i€ 3 iF§)

Velocity and fault structure of the middle Taiwan Strait using coupled OBS and
MCS data imaging

r g4 2 Oral

The seismic data for this study was obtained in June 2017. In an area of 30x30 km,
we measured nine multichannel seismic (MCS) profiles and along the main line we
deployed 10 ocean-bottom seismometers (OBS) at a shallow water depth of around
80 m which recorded data from Gl-gun shots. An additional line was measured at
the northwest of the main line using two OBS and an air gun from China. MCS data
processing was used to image the shallow sedimentary structures and fault systems.
Picking and inversion of refracted and reflected arrivals from OBS data led to the P-
wave velocities and the sedimentary interfaces. Additionally, we integrated the
sedimentary structure of the 9 MCS profiles to build a pseudo-3D model. Lastly, we
analyzed two horizontal components of OBS data to build a Poisson’s ratio model
along the main profile. The interpretation of the profiles shows an unconformity at 1
s two-way travel time (TWT) dipping downward to the southeast. The sedimentary
layers above and the unconformity were cut by nearly vertical normal faults that
partially reached the seafloor. Some of the faults built flower structures and can
hence be identified as part of a strike slip system. The P-wave velocities derived from
OBS data show a low-velocity zone or a fracture zone, caused by the faults across
the basement between Wuchu Depression and Kinmen Rise in the northwest.
Furthermore, we found relatively low Poisson's ratios in sedimentary layers below
the Penghu Platform caused by the normal faults softening the sediments. The
pseudo-3D model supports that the depth of the basement gradually becomes
shallow from the southeast to the northwest. Our data shows the pinch-out structures
started at the end of our profile indicating that the current forebulge is located on the
Penghu platform or west of the Wuhu platform.

Strike-slip fault, normal fault, Taiwan Strait, Penghu Platform, Wuchu Depression,
Poisson's ratio, P-wave velocity
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S N A AR RAF A R BRI R 2T 2 2 B

Crust Deformed by Subducted Gagua Ridge below Forearc Basins offshore East
Taiwan

v gg3r ¢ Oral

TR I EEFAFER e T4 %‘xw 22320 JRNE 3t o LR gh it L SEA I o7 WS

%gf#%;_é 4 L}i—LA\ ;P‘r‘%lj MR A e R 2T S B 4 R E R R e
Boo B AL FIBR fRM 5%},&% Rmﬁﬁf?ﬁ » A2 #1995 # TAICRUST *+ 3%

£2 2009 # TAiwan Integrated GEodynamics Research (TAIGER)z* & e 5 5 /5 & 3+
REREELFESAEY X ’Fmﬁlﬁ?#ﬂa‘ FMELELYT o BERARPITHEE 4R
;L/ﬁfﬁfﬁpzﬁ»ﬁﬁi }ﬁﬁ:ﬂ"/’v\’)ﬁ' T I /‘*777‘—1-'5030\‘?m#«ﬁ]’}%{w’?f%?\‘fﬁ
(B3 BB B R AR )2 R 5] o 8K L BEF S RPIT p ‘f" 2 E &R
B i » FmAs ¥R 7 e R 2 e RA KRR > ¥ & 1005-
ngﬁgﬁi%ﬁﬁ%iﬁﬁ(%&ﬁ%ﬂ%Ox@%%igﬁ&ﬁﬁw’@%iﬁ
i%ﬁﬁ%ﬁﬁ%f@%ﬁﬁﬁ%%ﬁ#@i;ﬁ%éﬁﬁﬁﬁ%ﬁ%ﬁ%ﬁT
ARG ’n\’fﬁ&?'fk 2. PRri#R-Re il aax ZEREP > ISR
BERARAE & N@%ﬁ,¢¢%?%ﬂw%oﬂw,ﬁwﬁmhﬂﬁ
FRA T D A A E BB A B A FARRE R
- %% > 32018 & ?i‘*“f’ A% 4 Mw ~6.4 2_ 3+ ﬁﬁuﬁl PR ALT 96302
fo e T A R Z MR ERRBY BEIS RRIFR S QAR EAHE =
ERAFERZE #’a;;‘E'J“’ wo FIRRA B R GARD AE Be AR 0 sl 2018 & -
R Rl
A2 A NGB S SHEERP A ARR BRSNS B
Forearc basin, Gagua Ridge, Multi-channel seismic, Ocean-bottom seismometer,
Shallow earthquake
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Crustal underplating and overriding across the collision-subduction transitional
zone in the northern Manila subduction zone offshore southwestern Taiwan

v gg3r ¢ Oral

The northern South China Sea (SCS) plate was composed of complex underplating
and overriding. Ocean-bottom seismometer (OBS) data, collected along the
southern profile (20.50N), the NE-SW profile and the northern profile (21.50N) shot
from air guns in 2009 Taiwan Integrated Geodynamics Research, were re-analyzed
for imaging the transitional continental crust (TCC) and the subducted slab across
the northern SCS, the Manila Trench, the deformation front (DF) and the accretionary
wedge in Bashi Strait off southwestern Taiwan.The aims of this integrated study were
to identify the nature of the crustal structure and the collision-subduction transitional
zone in the northern SCS. Based on the lateral velocity variation (2.5-5 km/s) of the
accretionary wedge along three OBS profiles, the giant splay faults have resulted
from a mid-crust detachment followed by a décollement above the subducted crust
along the southern profile and a frontal thrust followed by a collision boundary across
two different-nature crusts along the northern profile. West of three OBS profiles, the
TCC in the northern SCS has been distributed in shallow crustal layers while
underplating by the thick oceanic crust or the oceanic crust (OC) from the SCS was
observed in the middle and lower crustal layers. East of the three profiles, OC from
Philippine Sea Plate was overriding on the TCC in the upper and middle crust. We
found two failed rift zones, located west of the DF, along the northern and NE-SW
profiles. One seismically active region with the lateral velocity variation (2.5-4.5 km/s)
in the accretionary wedge was imaged. Another seismically active region is due to
underplating of the TCC and making the basement deeper near the southern end of
the Kaoping Canyon where the crustal thickness from the basement to the Moho is
extremely thin (8 km).

pAgEh o P REE RERE S IR 2% B3EF > Rled RE

collision boundary; crustal overriding; crustal underplating; failed rift zone; high-
velocity lower crust (HVLC); lateral velocity variation
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The sequence stratigraphic characteristics of Penghu Submarine Fan and the
Pleistocene sediment dispersal system

r 547 2 Oral
B A ASE RGBS SRR PRE T W
SR < R X FIHR 1S %A K4 > A5 @ L #(orogenic Wedge) @

BT IRF B AL adr i Rt )é]%%)é]“ CBERRBTHT RSN B
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TOoORRRPHPRFHRTIFRNT BALEDEAEER > B S BEBID ITHE B
éﬁ%ﬂtﬁiﬁiﬁﬂﬁ’?ﬁiﬁTﬁwﬁéa_ S TEPER R AP LR S SRR
ZEBEGH TR e BB A2 VAR A 1.95 Ma s d § e k(G ok
E —E")'é' 2 [E N B g L7k E’nﬂwfa«‘}?” -ﬁ 2“.“} 7?‘{,.% e 7 — KNes }%J’\‘F (/?5/\:“'\‘ &
Aﬁﬁwﬁﬁiﬁﬁ%?m@ﬁﬁ%ﬁy5@05Ma1@’ﬁﬁckhﬁﬁ§@a
LR T Be e TS @;ﬁ;—] GEA D BB LS BRI FA IS
PERS 2L NP RS K SF B E NG 53 qupe bR
TR iRAEA A~ A RO B AT IR LATE B IR % T AT
Topso w FR AR o L oA RO RITHEL -
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Penghu Submarine Fan, sediment dispersal system, seismic stratigraphy,
deepwater sequence stratigraphy
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Constraints from Experimental Soil Mechanics on Mechanical Properties of the
Inner Accretionary Prism Rocks at the Nankai Subduction Zone, SW Japan

v gg3r ¢ Oral

BIMFEMS BPTARS B 2RATRS FHFELE &4 > [ LTHrER
BORE RIERRNFA LB TS Lk P RS R R R S

( International Ocean Discovery Program Nankai Trough Seismogenic Zone
Experiment) *tp A& & ¢t a7 “i?i&gﬁ? i? (Iogging while drilling) 27 #3584k » ¥

_»és;;t_hﬁ—rfrpfﬁﬂ’«,? i kL B - 5-}‘7 }’,’*xé P‘}E‘t&# h"!#g@#«%ﬁ'kio_ﬁc‘ y A
PR R B B R gk 2 mp\ i‘gf‘#%f’ (inner accretionary wedge )
S¥R 224 F LR FIRR e > B0 B fRUTE L TH i M *

r=ay 'FT L BB m 2 b i?&ﬁtf = (IODP NanTroSEIZE Site C0002 ) =4y ip] 7 4
(shlpboard measurement) - ﬁf * 2y R R 2200 o =~ 3L EF K 20% e
BEEEFZfhI I Bk - F%HRFTEL 60C TiEF o F i FRA BT
(1) 1 »zBR (effective pressure;Pe) i 1.5 % 184 MPa = @R %#E% ~ (2)
Pe p 31 58 MPa~ x#i# & 3 10-7 s-1 2 = phR 5% - = AR F @R DL %K
T HME 95 MPa ' R B (P*) o @ Z #hBR2E%? > Pe 2 322 2 28 MPa
R L%, 0 ¥ 5 16 ~ 50 fv 54 MPa ¢ % 3% B (peak strength) 122 11 -
36 {r 46 MPa =7 4% & (residual strength) ; Pe 5 58 MPa s P 5 &7 2%
A5 N RS S E I&/@%ﬂ [R50 AP LR B E PR RE
Ble Fow2 P > @2 agek 134 B 479 (critical state soil mechanics )
ZE2 A AFIETERER 6 22 KB FAEREGR DEERRFRIG o FHA
T EERH G N R MBI S PR e 4R T S 2200 2 % AR 5
R - B xgg:p;‘;;%@? fet FIC A SRS EEY c JRICH S E PR RS A
EhEE BN FRT AR Fp Fan g %53&@14&5& o AT B 0 U
é] T _pf mi:’%*"“’ At 'fd]\.-;,_fﬁ'] e ek 4 f‘-"/n.)iﬁ*é»/!;_ £ %i&f‘ﬁf«?b A. j\@ v F A
Ais a7 > 7 i@ * #% & (hydrostatic pressure) IR HA R RS
H- o

REaFEFEBIE - prabr R4 - FRIEI T AT RS F
International Ocean Discovery Program; NanTroSEIZE; Experimental soil
mechanics; Critical state soil mechanics
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The Research of the Subsurface Structure by Using Electrical Resistivity

Tomography and Laboratory Resistivity Test — A Case of Chushiang Fault, Central
Taiwan

v gg3F 2 Oral

AR I
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Chusiang Fault, Electrical Resistivity Tomography, Laboratory resistivity test
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Preliminary Study of Stress Evolution near the Chi-Chi Dam, Central Taiwan
v gg3r £ Oral
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%] 32(Chia-Mei Liu) [* B2 it~ ¢ 78 kK FF7 g Mr] (i)

/L K & (Tung-Hsien Chiang) [? B2 it~ F FE & FF 7 7]

=4 w(Yu-Wei Tsai) [* B = v~ B FH & FF Y]
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The characteristics of meta-clastic rock in the Wujei-Bakulas area of Nantou
v gg3r £ Oral

AEFT NI RRE A ES TR AR ?WE#%%&
ERFHE-2F % TRERIFHI AL R p%ﬁﬁ’ﬁ”Wﬂéﬁﬁﬂi
TRPEE FHERERTRANBORTRF . AL ST AR
B AL 20% 0 & RARR T mAE A R Rl R T i’!,; 30% > BL BT i
5 70% o B 7) Frm £ BFIZAR 8 e vt 2 % 20 30-80% 0 & FAR S e BALRE R R
Wk T L 67% 0 M E KR TIDL 33% o B EFIRAR R At aE 85% 0 b0 & AR
B BB R R T35 91% > W& v 5T 355 9% o ¥ b JEATHEH R T b
itz FIMAATRE KT > AT RERTAH R A3 5% KA o B R
FEHRRBERMUNERIBHTFLE D RTH AR HF L 0] X R
Ariea o Flpt o HETR T APER S A ERE B AP AEF RS & R FEL
SRTR T 2R GRS A -

’\‘%‘W&%}igv‘%?@}%'q CBER RS

Wujei, Bakulas, meta-clastic rock, illite crystallinity
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Geosciences Create a Window of Opportunity for Taiwan’s Geothermal Energy
Goal
v gg 3¢ 4 Oral
B A R 2015 EHSE L anTIt A Y - 2 BN R R L RCE R 4 N RAE R
T 5 p 2010 £ 52020 EFF > 2T EH 4T ABCGW R 3 R £15T > R @2t s
ﬁﬁexi1156GW’tﬁLﬂI&W$Fﬁ 6%’w$*ﬂ§450ﬁWWﬁvmmm—:oﬁ
Lo #2009 &£ TH 75 BT kS L¢mpzf@miﬁﬁJﬂiyﬁ%ﬁo5
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Ho B 3 rﬁig SRS 2 A ] BT B R 2005 E 2Rk € R 2 2010 E & x
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150 MW A 2B ehg £ F LA - HhiREL b EF2E2 % - ¥ £ T RAE G I
(0.2MW) ~ 47 1 (48MW) ~ 5. B3 & I (20MW) ~ % #8542 #7(35MW) ~ @ 7 §1(BMW) ~ /%
(0.2MW)% » d * R F e Sl Rehe BB F 4 $48 > Lt AR F RN RS 3 L4
ERAES EPpE2H ERE e BT R l"f\ff F“’}‘mliﬂ%‘ Ao e L2
B B0 5 e A BRG] Tl e 2 TR AZIAESRE X
i GAE FIT L SRIEGERE o o @R T 2025 ﬁ ZOOMW PERFLDPIER AV ASRA
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FRUAGE ~ ABARREAL L P L LIRET S R ‘s“”f{? PREFTS G
BAPM hiF R 0 Fi8- % g AL ](Dense array) £ Rl¢ B E &R 4 DR
%5 B 347 ek BuF I Hojie > iF 2 2 S 4 $03)] (Geothermal conceptual model) » = 3 & ’-%*L
B35 B % (prospect) 5 ¢ 1966~1985 # F” Pl P b R SR BT A
BFHEF 2 g RN G LA VL EFFFIE L L) sl B R S RE
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FEiee - REEPnE2: A% > IR AL FFRYDAHF L T WEFRAE L5 228
P s R T A R AR € F B0 TASTM E957-2003(2011)e1 § OE_BE T
o Liwana i ~ T ASTM E974-2000(2006) | A_B »t 3 iy k A & i 3P eniv £ 2
Al ~ TASTM E1675-2004(2012) | #_i* B 247 % & 4pd BB PR 24 20 F8 & o
"NZS 2403-2015 ) # #iF# (FE =] o PRpTHE £ T a2 a3 P LM77 o LiEH
TR 20MW 97 F &+ cnd oG fF 11 2F FF'%S‘;& BT xBaFETapl LIMW, &

FEER f‘*ﬁ“é%%ﬁ*%um6¢% £ 52 200MW 3 #5 T B 1A 2 0 4p 0
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geothermal energy, resource classification, magma chamber, high-resolution exploration
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Multi-Factor Feasibility Analysis in Variations of Geothermal Applications Across

Taiwan
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Hydrogeochemical and isotope characteristics of thermal waters in Tatun volcano
group, Taiwan

v gg3r ¢ Oral

LA U LB K Bt SR AL IR A A X L o AL L H N Y s B ke
Bt v LEdipl o 2T HELPFT D N LFE2Z R AR §¢w513
oimg o JI* it B gL %Tr/n_ PHRGFAREEER O NZ I F R 2F 40P
WA GRTE KRR e A A L L E kY Sk d Y RE ST LY s #8 A HCOS3-E
BRBEIERBEM oA A d LR AL AT n  BARARE® IR
woﬁ%ﬁﬁﬁﬁ@f’ﬁ&,ﬁx SiO2 1 &d 7 aEerirdl o 52 Am FEAY
HHEATRFFAEEEER A2 130~190°C e @ fim & ~ 4 k¥Fu B HEr /ITE A
?ﬁﬁﬁfﬁﬂboﬁﬂ;iik%%ﬁf F@ﬁ%%ﬁw%g’éi%ﬁ°&
o A BN LFEOR T REAMAEIESELE a3 RHEAT LR c ARFL RS
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thermal water; hydrochemistry; |sotope, multicomponent geothermometry; Tatun
volcano group
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@ #(Yi-Chia L) [R2 5% 85 FF 5 4] (L3 i)
$j #(Sheng-Rong Song) [F = » &~ F# 75 ]
£17> % (Ling-Wen Liu) [F = 53~ 5 ?gﬂé 4]
s 55 (Bill Bing-Cheng Chen) [ = %9 i %> 5 U2 P HRE ¥
H ® I (Remy Kai-Cheng Tu) [~ ¢ % i3 "o P FEHEE £33
1 5+ ¥ (Pei-Ling Wang) [ = & # < §]
ﬁl\ﬁﬁfﬁ %;P\?' fi"_',% /E_f:‘i;‘l' EREE> /%‘k" %‘ % 2o B RP L}f%
Applicability of the carbonate clumped isotope thermometry in Tuchang-Jentse
geothermal field
v gg3r £ Oral
The Tuchang-Jentse geothermal field, a moderate-temperature and water-
dominated hydrothermal system, was the second geothermal power plant in Taiwan.
Abundant travertines crop out at the valley of the Tuchang River and Tianguer
River. For a better understanding of the paleo-temperature and fluid sources, we
analyzed carbon, oxygen, and clumped isotopic compositions of carbonates on
outcrops and estimated their precipitation temperatures and d180 values of fluids.
The 613C and 6180 values of 44 samples range from -5.7 %o to 4.0 %0 VPDB and
9.9 %o to 24.0 %0 VSMOW, respectively. Ten travertines were analyzed for their
clumped-isotope compositions, and the D47 values range from 0.3961£0.008 %o to
0.749+0.039 %o with estimated precipitation temperatures from 238+16°C to 32+9°C

correspondingly. The calculated 6180 values of the fluids are widely distributed from
-10.8 %o to 4.9 %o VSMOW, suggesting a possible mixing of two end members,
meteoric and magmatic/metamorphic/evaporated fluid sources.

il I Gl RS Sl o

carbonate clumped isotope thermometry, Tuchang-Jentse geothermal field
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T =46 (Wei-Teh Jiang) [ # « 5§ 3 st 1 5 &]

% =¥ (Ko-Chun Huang) [ 7 <~ 8 s §1 & k]

% % % (Ai-Ling Huang) [= # + &3 s 1§ k]

FRAABEH N LEARI DR IET IS TR ALI T L FI T
Mineralization of argentiferous sulfide rocks from the Devil chimney and Witch
mound in the Mienhua Volcano hydrothermal field, northeastern Taiwan

v gg3r ¢ Oral
éﬁ%ﬁﬁﬁﬁ*bﬁﬁ%ﬁ%mﬁﬁﬁmﬂ%%ﬁF“W@ﬂﬁF“%@ﬁ%ﬁ
L) HEIFTEIRZLOGRFE  AFLUTFHAASTIHE YL 2 R
S e LB o Tk Ihad EIRBEEA S REFEET L
%ﬁim%P%E&W%ﬁ,M’ﬁx#%%u%ﬂ$%%#aﬁﬂ?ﬁ””ﬁ\
*W’Eﬁﬁﬁihéﬁﬁ7ﬁ%#*ﬁ*ﬁ CTHAESYFHS SRS T O E
AIRFEL T ENRBRSERA /'L&#Eﬁ?% B0 F(EE G PREB) P KREo
AR R TRERE  BEFTHAREFEHRFRRER G T RSP
BAEL AR AR BT~ B4 P ET - 2 S 4 A (isocubanite) ~ F 4F 7
*%%ﬂmi@% S HE AR 350~390°C; P P R AIART FAERE
B s R EH/0BH - 5T iﬁa%(rudashevskylte) ~ Bk 5 48 7 (~0.8 wit%
Ag) ~ I‘éaf)a 41457 (andorite; ~9.5 wt% AQ) ~ £ £k 457 (plagionite) ~ 225 ~ %84 7 >
BUHET ~PET ~ TEZ Y PHBRK R BB TKES © Hopd
(wakabayashilite) ~ 45484% 4 £ i 37 ~ Bk F 487 2 £k 457 (dufrénoysite) » 14 3
BRE PR SHAD B IUKE R T R F SH - A 47 (mimetite)fook £ §
4o RAICEHBERERE LARE Fi2 0 AR EFRPREL T wdh F & HiE
FEIIETHE AW Lot AR E S B S AP e B
"/‘a‘aal"ﬂ”ﬁﬂ%frﬁéﬁ%é; Ao fo—mz'} gzlb;@x‘/\—g‘ﬁp%‘w&m? ’T'F'&%)\
MEIHSEH  HEFISFHAD AFH P P A BTERBREEL T8 EH S8
iw%(freleslebenlte, ~20 wt% AQ) ~ #4% 437 (miargyrite; ~30 wt% AQ)fr P 457 > 4
ZELEH G EPEF T HFH 2 47 (0.8-2.4 Wi% AQ) ~ F AT {od 48
B FLEMIUK O NPERBBEBBIFABT BB ALY B HEF UK
Mo B kAR A AT Y P s BTN 4245 7 (10 wi% AQ) ~ RN 41T — R4 4 AT
(diaphorite; ~24 wt% Ag) ~ "}k § 457 (2.5-4.3 wt% AQ) ~ #E& 7 ~ 2% ~ TR E
F-v f oo & myiiaze BIEFFRSITHE 2 ;7%1; *K;}ﬁ%,\;{} 4 Fﬂfr;\-ﬁ] ‘A
TR S E ANFI L HAYHBRRLFET IR PHRETY 2 L@ TKE
A —viéﬁﬂu6§LWﬂﬁ@m&ﬁ#£€;ﬁk PELT L A RS
HTh 39 BRHIFERELL RS - EFPEFLHEAZTNEIEF LR
R VLR af i fRgn SHE > L3 FAT EHEY
Hede o

FEAR S BIRE A £ D T AB ST - 88U

Okinawa Trough, hydrothermal vent, barite, andorite, freieslebenite
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ENTRMER—FRHEEEF e B 5 B

Microstructures and telluride inclusions in Chinkuashih enargite and luzonite — A

preliminary electron microscope study

T gg 3% 4 Oral
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enargite, petzite, electron backscatter diffraction, transmission electron microscopy,
Penshan Orebody
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Micro-deformation Analysis on Serpentinite and Nephrite of Yuli Belt, Taiwan

v gg3r ¢ Oral

Nephrite is considered to form by the metasomatism of serpentinite. Most of the
global distribution of nephrite is consistent with the location of modern or paleo-
subduction zones, implying that the formation of nephrite might be related to
subduction-related deformation processes on serpentinites. This research aims to
iInvestigate the coexistence of serpentinite and nephrite and the likely deformation
evidences from Yuli Belt, Taiwan, which was considered as a paleo-subduction belt.
Field observation revealed deformation-related structures on serpentinites including
slickenlines, slickenfibres, and shearing-related structures. Laboratory analyses,
including optical microscope, X-ray diffractometer, scanning electron microscope
and synchrotron X-ray analysis, showed the mineralogical and textural evidence as
pressure solution and preferred orientation, demonstrating the presence of
deformation process on serpentinites. We applied in situ synchrotron Laue’s
diffraction on striped nephrite. It showed that the presence of differential residual
strain in the crystal lattice of nephrite, which result in the reduction of crystal lattice
size in nephrite samples. On the basis of our observation, we suggest that rock
deformation process did take place on both serpentinites and nephrites. However,
at which conditions they were formed and the associated mechanism remain
unclear, and further experiments of rock deformation on serpentinites are required.

BRE PR BERA22F
Serpentinite, Nephrite, Rock deformation, Yuli Belt
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Varying occurrences and structural types of early diagenetic pyrrhotite in sediments
offshore SW Taiwan

v gg3r ¢ Oral

Diagenetic pyrrhotite (Po) was given implications for gas-hydrate or seepage
activities in spite of the need for in-depth mineralogical characterization in marine
sediments. Recent identification of 3C-type Po with X-ray diffraction shed light on its
nature with paleomagnetic implications. In this study, Po having varied growth
textures and structure types in the MD178-10-3292 sediment core (~11 m long) from
Good Weather Ridge (GWR) off SW Taiwan was unprecedentedly revealed by
FESEM-EBSD and FIB-HRTEM. The core was marked by a present-day sulfate-
methane transition zone (SMTZ) at ca. 4.5 mbsf and two paleo-SMTZs at <1.0 and
4.7-5.0 mbsf implied by intensive pyrite overgrowth. Po occurred at all depths with
three modes of growth textures including massive nodular mackinawite-greigite-
pyrrhotite aggregates identified only in the depth of 265-270 cmbsf (mode 1), nodular
infills of euhedral crystals (mode 1), and disseminated clusters in sediments (mode
[l1). The mode | and Il Po exhibited electron diffraction features with measured
periodicity of ~3.2C, closely related to the ideal 3C structure, while mosaic-like
microstructures in single platy crystals characterized by near 3C and 4C and mixed
NC structures were characteristic of mode Ill Po. The mixed-type structures were
associated with micro-twinning and likely consisted of disordered interstratification
of 3C and 4C structures, as implied by electron diffraction and high-resolution
structure images. Varying growth textures and HRTEM structures demonstrated that
the authigenic Po from GWR was dominated by non-ideal 3C-type structures formed
in fluctuating methane seepage and influenced by the availability of reactive iron,
and rapid nucleation growth due to varying high degrees of oversaturation
associated with abundant nodular iron sulfides. More case studies are needed to test
whether the hypothesis can be universally applied to marine sediments that
experienced temporal fluctuations of high methane fluxes.

By AT A S BIEF B RBEY > TR EP

Pyrrhotite, structure type, early diagenesis, Good Weather Ridge, gas hydrate
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The fresh characteristics of fulgurite on granitoid rocks from Kinmen Island, Taiwan
v gg3r ¢ Oral

Lightning is one of the high-energy natural events. When cloud-to-ground lightning
strikes, its current transmits to the ground immediately and heats the target material
to ~2000 k. The target material would melt and then cool down rapidly that forms
glassy materials, termed fulgurite. On May 7th, 2018, there was a cloud-to-ground
lightning with a peak current of 162 KA landing on Kinmen Island that mainly
composed of granitoid rocks. This study aims to develop a reference dataset of
lightning-induced features on cohesive rocks. We use optical microscope, scanning
electron microscope (SEM), transmission electron microscope (TEM), X-ray
diffractometer (XRD), and Raman spectrometer to characterize the fulgurite. In the
petrographic thin section, fulgurite appears as a bumpy opaque layer covering the
rock surface. Below the fulgurite, there are some cracked quartz grains and some
sanidine with planar features. SEM results show that the opaque layer is a
compositional heterogenous layer and mixed with mineral fragments, voids, reduced
iron grains and BaSO, spheres. Our TEM and XRD results confirm that the opaque
layer is mainly composed of amorphous materials (i.e., glass) and mineral fragments.
Notably, some opaque layers are covered by sulfate minerals such as jarosite group
and gypsum by Raman. Based on our observations, it shows (1) the presence of
high temperature because of the formation of the glass layer, (2) the presence of
high pressure because of the pulverized quartz, (3) weathering or fluid-rock
interaction within the glassy layer form sulfate minerals, implying the distribution of
raindrops during the formation of fulgurite, and (4) the presence of oxide reduction
process because of the existence of reduced iron spheres. The detailed
characteristics of the recently-formed rock fulgurite allow us to decipher this
intriguing tripartite interaction among lightning, rock and rainwater.

RE3s ~BR -3 -PT  -RERBEHS
fulgurite, reduction, glass, lightning, sulfate minerals
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The influence of geological model uncertainty on geotechnical design - An example
of the Freeway No.3 landslide

v gg3r ¢ Oral
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geological model uncertainty, Freeway No.3 landslide, failure probability, LIDAR
data
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Characterization of geological model uncertainty — focusing on planned Changbin
offshore wind farm area

T g 3F 2 Oral

PR TR ASERR D (1) #AREREEE (2) 2 EHBEEFTRS
g g R4 (Elkateb et al., 2003; Wang et al., 2016 ) - 8228+ 2 1 27 FL A& & 7
ARFLIF A RIN A MR T DT mE s RS T g IR TR mE e
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SRR E A B ET iR TR 2 2 (Li et al., 2016; Gong et al.,
2019) - Ap#t 2% (deterministic method) > %% a0 A 0 Ll s 2o
T i e A (Phoon, 2017) » ¥t - - i ey FRCAY B D 1 AR LB
AATd o BT LR g E BRI S > B0 N FRCR A g A2 ah
% (Juang et al.,, 2019) - &2 - ¥ f|* @& & v % 4a (coupled Markov chain) %
"E 5 ¥ 4 Mg 4 (stochastic Markov random field) a2 gfst B 3 & 4577 Fa T
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al., 2017) 5 A S T ASERST U RIIFHE KB A PR 3
e kR s s kM HIVEMkE:»kERAKE (Gong et al,
2019) @ * FRIERA o Flt A {I* p FHEBERE T A ERIES -
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PR A TR I T & e 27 T

WORHCA B R R RERE SR BLAR B

geological model, stratigraphic uncertainty, random field, offshore wind turbine farm
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Geological Model Uncertainty in 3D Heterogeneous Models on Groundwater Flow
and Land Subsidence Simulations in Huwei Town, Yunlin County

v gg3r ¢ Oral

The transportation safety of Taiwan High Speed Rail in Choushui River Alluvial Fan
was a major issue in Taiwan because of serious land subsidence problem. From
geomechanical point of view, land subsidence is mainly induced by the compaction
of clay material. Therefore, the distribution of hydrogeological material should be a
major factor in three-dimensional heterogeneous system responsed to groundwater
flow and land subsidence. It is a challenge for geologists to investigate the
hydrogeology under considering the geological model uncertainty. A three-
dimensional Markov chains method, based on one-dimensional continuous-lag
Markov chains, is proposed for realization simulation in a heterogeneous geological
system. Huwei Town in Yunlin County located in Choushui River Alluvial Fan was
chosen as the study area. There are 46 boreholes, collected from Central Geological
Survey, multi-layer compaction monitoring wells, and irrigation association, used to
construct the heterogeneous geological models. The outcome of 36 realizations with
Monte Carlo simulation reports how the heterogeneous structure reflects the
geological model uncertainty from the results of groundwater flow and land
subsidence. The mean coefficient of variations are 0.8% and 25% for head and
compaction, respectively, which indicate that the estimated compaction has large
uncertainty due to the realizations of geological model. Not only the distribution of
clay material but also the prescribed boundary condition are shown to be the
important factors to influence the land subsidence assessment. Accordingly,
heterogeneous geological model should be careful investigated to mitigate the
uncertianty in the groundwater flow and land subsidence simulations.

PRI S B TR S B R TR BE A ESGY B F A B REM R
:v'}

Geological model uncertainty, Groundwater flow, Land subsidence, Markov Chains
model, Stochastic analysis, Choushui River Alluvial Fan
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Uncertainty simulation of large-scale slope based on the integration of digital
elevation model and numerical analysis

v gg3r £ Oral

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. 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 landslide at a field scale.

landslide
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Development in Electrical Resistivity Tomography Monitoring Instrumentation
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global.com/products/bpr) o LT AESYETY %ﬁmfrﬂep%’ AEBS R R SR
A F T BT A PHEBB L RS W H B g R TN E R L
T ROBERABEET - B Bl T R FA R R R]R ER g
Lo rpbAR FRERP SASHESPEL AV -3 F - pwd LY
e ERAZIMRGHEREA ek ¥ 9 1At S LN ) 11 B2
ek B gL o *o%agﬁgqﬁ@Jdm@wa&\%&@m\ B Aok B
MA TRl A TR G 2 E o 2 o[ﬁk Nooner, S. L. and W. W. Chadwick
Jr., (2009) Volcanic inflation measured in the caldera of Axial Seamount: Implications
for magma supply and future eruptions, Geochem. Geophys. Geosyst., 10, Q02002,
doi:10.1029/2008GC002315 Park, J., Watts, D.R., Donohue, K.A. et al. (2012)
Comparisons of sea surface height variability observed by pressure-recording
inverted echo sounders and satellite altimetry in the Kuroshio Extension. J Oceanogr
68, 401-416. https://doi.org/10.1007/s10872-012-0108-x Watts DR, Qian X, Tracey

KL (2001) On mapping abyssal current and pressure fields under the meandering
Gulf Stream. J Atmos Ocean Technol 18:1052-1067

Fd P ERS BR R GHRA G < pE
absolute ocean bottom pressure gauge
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Mechanical design of Ocean Bottom Absolute Pressure

T g 3F 2 Oral

AT e p 2018 & B4 E R * 5 K G ¥k R (Ocean Bottom Absolute
Pressure » OBAP):E (775 R R 2 P c AP IvR P L EEFHH AF B R
(Micro Ocean Bottom Selsmometer)m%;ﬁ; LA eEies 7 5 OBAP » » 2019
EF10" &¢ L X 8 Livh LGD- 1913ﬂm;z%“?:€\,4§s§ﬁ 2% » 73t 2020 # LGD-
2007 st w it e W LFF R OBAP X e 2 4off ) » @ M T FHR B ZHF Ko
%ﬁ%%a%ﬁﬁz%’%%ﬁ~ﬁ$mﬁfﬁmM%%ﬁmﬁu%mog%aw
BEAKRREG TR PG % o $ OBAP 3 L i8- H ok 8 - Flgw
fepFenif flie e & > AP LAk OBAP #1f » izi% OBAP 5t ko } chZ
it o 3R A4 @ R E(Acoustic transponder) i OBAP sk a PFin 2R kP » ¥ 14
A 4y b et kAL RplE OBAP ea i®4y 2 B chdp $EESE ﬁ - A&
HERED N Ik OBAP i ke P FRRTFHFIT UREF Ka & ¥ #4F
P g e i 7 R we B F g IR o d FEIRE R e Rk
X TR PR R > MR BRI o AT EATE- WP H OBAP
WK o= RIE S %

ARB RS

OBAP
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&Eié #(Kun-Hui Chang) [* & F 7 Fx & B 557 7 47
3%~ %2 (Kuo, Ban-Yuan) [¢ + # § Fu & 3R 857 7 #7]
ﬁ%kﬁ“m%ﬁ£?ﬁrﬁpF¢ﬁ
Mechanism design and data analysis of ocean current meter (OCM ) with
broadband OBS.
v gf 3 2 Oral
BAEH b A RR(OBS)HR REELT By wtdhinftda 0 @1 OBS JekkF|
dk T o 2 HRERRE LT LE A8 kRT3 9 10-40 dB (Lin % >
2010) ° 5 T AERGRT A RO AR ETE R A KRN AT LR H gh\
mezha%# ﬁd%aﬁhLoihﬂ“ﬁAmmmmpkmp’*““ﬁ v rk-v

F K1 OBS §' o b e KR > &+ 574 Rkt (OCM) - 3% OCM t&ir| OBS &
@$P1mkm%%m¢“oipiﬁﬁ#Omwmﬁﬁ“&@ﬂ’iﬁﬁ&%%ﬁ
#® @ I ;¢ % 5 OCM {- OBS #% % ¢ 4 M B o
%3 é;ﬁ‘k: Lin, C.R., Kuo, B.Y., Liang, W.T., Chi, W.C., Huang, Y.C., Collins, J.,
Wang, C., 2010. Ambient noise and teleseismic signals recorded by ocean-bottom

seismometers offshore eastern Taiwan. Terr. Atmos. Oceanic Sci. 21, 743-755,
http://dx.doi.org/10.3319/TA02009.09.14.01(T).

T AR Bk, RRRAE, K3
OBS, OCM
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1 7 4/ (Ching-Yuan Yang) [National Science and Technology Center for Disaster
Reduction, Taipei, Taiwan]

i 2, 4 (Szu-Ting Chen) [CPC Corporation, Taiwan]

+ 2 §5(Yi-Chang Huang) [CPC Corporation, Taiwan]

New insights into Holocene marine terrace development caused by seismic and
aseismic faulting in the Coastal Range, eastern Taiwan

v gg3r 2 Oral

An arc-continent collision zone of the Holocene uplift occurred at the Coastal Range
along the LVF. Holocene marine terraces of up to 51.5 m amsl extensively emerged
along the 65 km long coast. With the first detailed and systematic terrace mapping,
results of 14C dating and elevation of wave-cut platform reveal a very rapid uplift rate
of 4.7e6.4 mm/yr associated with the Chihshang creeping Fault. Spatial and
temporal variations in 14C age indicate an offlapping built feature of significant
seaward younging trend of ages across the marine terrace causes by both aseismic
and moderate coseismic uplift during the interseismic period. Actually, two
geomorphic features of emergent marine terraces are critical for understanding the
uplifted mechanism. One is the height of the platform between inner and outer edges
that represent vertical displacement due to both gradual aseismic and coseismic
(with more frequent moderate earthquakes) uplift during a large earthquake cycle,
and the other is the height of bedrock riser caused by coseismic (large earthquake)
uplift. It indicates that each terrace duration and paleoshoreline ages can reveal the
recurrence interval and the timing of large earthquake events, respectively. Our
results showed that six large earthquake events have occurred at ~8500, ~6300,
~4800, ~3400, ~1700, and ~700 yr BP in the past 8500 years along the Chihshang
creeping Fault, and the recurrence interval of the large earthquake events are about
1000e2200 years. Through the paleoearthquake and historical earthquake
deformations, moderate earthquakes result in smaller amounts of uplift per event
which did not produce meter-scale uplift on the coast. Instead, the existence of
continuous and well-expressed terrace risers (paleoshorelines) implies that the
Chihshang creeping Fault could be capable of producing large earthquakes (greater
than M7) at millennial time scales associated with larger coseismic vertical
displacements.

Holocene, marine terrace, the Coastal Range, seismic and aseismic faulting,
recurrence interval
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The Pengchiayu Volcano: A Holocene Surtsey-Type Eruption in North Offshore
Island of Taiwan

v gg3r ¢ Oral

ABSTRACT The Surtsey-type eruption, an explosive volcanism occurred in the
Surtsey Volcano, south Iceland in 1961, is characterized by the magma-water
interaction, named hydrovolcanism, to cause strong explosion in shallow marine
environment. It provides us to understand how an eruption proceeds and
characteristics of products occurred transition from shallow marine to subaerial. The
Pengchiayu, located at the offshore island in north Taiwan, is a volcanic island with
controversial eruptive ages ranging from 2.1 Ma to less than 0.29 Ma, dated by K-Ar
method. Geomorphologically, a crater with diameter about 50 m wide and fresh
reddish scoria in top crops out in northwest tip, and a depression, probably was a
tuff cone, occurs in central part of the island. Geologically, well bedded base surges
with thickness totally over 30 m thick and ranging from few to tens of centimeters
expose in southeast and west island. The lava flows with Aa and pahoehoe
structures cover on the top or outflow from a breach of cone to the south and the
north. Meanwhile, glassy scoria shows very fresh characters and almost no
weathering on surface. In addition, a whole-coring about 100 m deep has been drilled
and showed the lithology being composed of the thick lavas with vesicles, reddish
scoria, weathered soils, base-surges and lavas from bottom to top. This sequence
infers that the eruptions occurred in subaerial condition firstly, then the
hydrovolcanism followed to produce thick base surges in shallow marine, and finally
erupted in subaerial again. Combining several lines of evidence from surface
observations and drilled core records, the last activity of pengchiayu volcano was a
surtsey-type eruption and occurred probably in latest glacial sea level rising, which
is in the Holocene period.

Pengchiayu Volcano, Surtsey-Type Eruption, Base surge, Taiwan
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Earthquake-triggered subsidence on ridge crests, examples from the active Taiwan
orogen

v gg3r ¢ Oral

Local topographic depressions (many forming wetlands or lakes) are common on
low-relief surfaces in the active Taiwan orogen. The origin (or origins) of these
depressions, especially those developed on or near ridge crests, remains unclear. A
new scenic site, Wangyou Forest, in central Taiwan provides a clue. Wangyou Forest
was a small valley forested before 1999 Chichi earthquake (Mw = 7.6). It was ponded
after then, by which a stretch of forest was flooded and killed. | propose that this
ponding, triggered by strong ground shaking, was created with slumping of
subsurface structures that have been weakened by long-term decompression on
near surface environments, a hypothesis applicable to other ridge-crest depressions
in Taiwan. More such depressions were investigated. So far, a swampy deposit was
found near the ridge crest of the Badaoer Mountain, northern Taiwan. This deposit,
with abundant tree remains, has yielded 8 radiocarbon dates ranging from 19.4 to
17.9 ka cal BP, four of which within 19.3-19.1 ka cal BP. This finding suggests the
occurrence of a large earthquake at ~19.2 ka in northern Taiwan, a region of
generally low seismicity.

FEFR ITHERIEHEY I FE AR

Chichi earthquake; Paleoseismic studies; Northern Taiwan
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The Geological Model of the Lineament HT-1l Offshore Southern Taiwan

v gg 3R 2 Oral

d e AR HT-II&A» T s & Ed 12 The Geological Model of the
Lineament HT-Il Offshore Southern Taiwan % = (¢ 21 BEF K> F L7 <
+ 1 #23% ) Luor Lih ( Sinotech Engineering Consultants, LTD. Geotechnical

Engineering Department.) B 43 : HT-IL4 3] ~ & #*%7% Key words: Lineament
HT-Il, Nanwan fault %ﬁi - /%** 4 2 $(2017) 12:47‘514 Fode A5~ RIAF BN 2 R AR
R h AR E G 2RI R0 HT- R T SR

ABLsFER 23 02 ,HTII MAwHEBEEN AP ER 12 22 Mg EA
(2016)F1* S H4E:E F St RPIfofd BRKIFFTH R FE T > M A E S s AT P
FRELETENEE LS e TR TR TR T 10 2 B
BH56 22 IikypianP oMy MEEPRA OPRPESEF o BEEESFYE
md P LA 4 27 (2018)in s 3 A B %,H%rﬁw@a%@?mgwwg
A A vk P W 320 »,:;L_}-},{A‘%'Fmrg#@'&%frﬁﬂ‘% %‘ﬁiﬁpf’fﬁ}—-q
e kS AHCHBAEATRANY r0 el F R LR PHERE 2HTAr R
Sl kiR N EE R L %2 ’?;af#:@m—«fé/w\*@* LRI I Y R
i A AR DR R VARSI TRET 4¢ﬂu1‘”9¢98\
ZABESE S EBAEL P AAARR D RA SHT \1(2020)ﬁ
AL E AT ~ R E SRR~ R B ﬁﬁ*é}ﬁi}%ﬁ CrETETRANE 2 ’Fu?@/s-f'
AT AP T 2 HT-I A A 80 30 = s o ]28\2~fw* A S R
PR RAL AAEE S AAMERT o A BB E Rl LRSS el TR
B E R REEMRE  HEAAT Y  HT-I 8353 26 FHE L &2 7
o

HT-II % % J‘@/"fl&’?ﬁ]

Lineament HT-II, Nanwan fault
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The Geological Model of the Lineament ST-II Offshore Northern Taiwan
r gg 44 Oral

TR B (1992) B RRITA SR AN A A Z R Y R A
B CEAA-Tapul » HEB A LU B AGEESBUEN > vApk 5 & 4£3
(1998)in i A AR A A ntT S HUTA L F L F S 2L F LA EE > hFe
ﬁuixﬁﬁﬂﬁwyg@%ﬁihﬁﬁﬁWan$%ﬂﬁﬁﬂ4mp%’ﬁé
i%i%?ﬁﬁiﬁwﬁ%%’&? Vﬁm%%ﬁj,gnﬁﬁiggjéfl
A s T e A
(2011)3a 5 £ 4 2 AN hD BTk LR STk o 1 aTe —‘i—ﬁP %L‘é
@;ggaﬂgm@ﬁ %ﬁ# D HFR A % o o ST-Il SUAIpEs 4 W i B g7 BLgrdT

B2 d LR r 2 KAt R ﬁ&ﬂEW’STHﬁﬂﬂ%ﬁﬁ’T%&M

BB riéFﬂQOZD FREARBLIADAATHE RIS TEE E AN L Ae
oo R e TR R A A RIAE MR o P ETR RATH I % o A 1 35
{ATE P RaE R 0 XA A L L E R SRl 0 STHIFL A p HE oG
AR o Lo e ds M2 B M iﬁ@*/%i  AE m et ¥R ITE B BT BT
BEALMES R ] Jeat 0 (T A ST-IFL R A BT iE d P 3 5 %32 12,205 cal yr B.P. - #
UETR S ETR G P e 2 ek ﬁ&ﬁ££4122’ﬁ@ﬂﬁwﬁLW@ﬁﬁ.
Bos ST-I-L 54l 5 %56 9 K 5 2 0 45k » A 2K 223 22 5 f s o kb
M,a&u@wvﬁﬁwﬂwﬁ SR EE B READ R A F P Apad

ST-II & A ~ & ot 47k

Lineament ST-1I, Guihou fault
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ST UG L E A 2 SRR

Crustal deformation along the deformation front of the central Taiwan orogen

v gg3r £ Oral

Crustal deformation dervied from geodetic approaches provides insightful
information for assessing fault behaviors and seismic potential. In Taiwan, the central
part of the mountain belt has been surffering strong, full collision between the
Eurasian and Phillipine Sea plates and has generated one of largest earthquakes,
the 1999 Chi-Chi earthquake. In this region, surface deformation is mainly dominated
by three sub-parallel active faults, the Chunghua fault, Chelungpu fault, and
Shuantung fault. Althought the Chelungpu fault has ruptured during the Chi-Chi
earthquake, the regional crustal deformation and fault activity associated with the
rest two faults are still crucial for seismic hazard mitigation. Therefore, in this study
we use different geodetic observations to characterize surface deformation in this
region and examine associated fault activities. The result shows that the most frontal
Chunghua fault seems to be fully locked while the other two faults somewhat are
creeping at depth.

oA, REA S DIRFER T R RBERIE S ST ETHE

surface deformation, seismic potential, GPS, leveling, SAR



]

RN TP

w MgF

Room 603

117 18 p (2 ¥ =)

13:30-13:45

S1-0-05

- Seismology

— A ps %%‘f;ﬂ ;L'*

# i & (Shu-Huei Hung) [ & %~ & T4 5 & T2 707 (G T¥)

% 17 7 (Ayush Goyal) [Department of Geosciences, National Taiwan University]

Moho depth and average crustal velocities from H-V stacking of P and S receiver
functions: Implications for rock composition and compressibility in the crust

beneath the Taiwan orogen

v gg3r £ Oral

The complexity of the young Taiwan orogen mainly resulting from arc-continent
collision is manifold. As the Moho and crustal properties are crucial to unravel the
still-debated orogenic models, we adopt a H-V stacking method jointly utilizing P and
S receiver functions for simultaneously reliable determination of crustal thickness
and average P- and S-wave velocity, their ratio (Vp/Vs), and bulk sound speed (Vb)
beneath 50 stations in Taiwan and offshore islands. Results indicate the Moho is
inclined from ~20 km in the north and west coastal areas to ~47 km in the midwest
of the Central Range (CR) and abruptly elevated >25 km at the eastern edge of the
CR and adjacent collision suture zone. The uplifted Moho along with exclusively high
Vp/Vs (2.1) suggest the subducted Eurasian crust may have been exhumed and
compositionally modified by the accreted ophiolite complex of oceanic affinity during
forearc basin closure. Our Moho mostly lies in the depths of the sharpest positive
velocity gradient, a few to a dozen kilometers shallower than the Vp=7.5 km/s
isosurface assumed in the velocity tomographic models. The unusually thin crust
(~20 km) with high Vp/Vs (1.9-2.0) is observed in the northern Taiwan volcanic zone,
plausibly attributed to the post-orogenic extensional thinning and induced melting in
the sublithospheric mantle producing magmatic fluids trapped in the crust. Moreover,
Vb apparently decreases from the coasts to the middle CR coinciding with the
thickest crust, implying the ongoing intensive compressional orogenesis may have
increased the crustal compressibility beneath the central Taiwan orogen.

receiver function, H-V stacking, Moho depth, Vp/Vs ratio, crustal compressiblity,
Taiwan orogen
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Ayush Goyal [Department of Geosciences, National Taiwan University, 1 Roosevelt
Rd. Sec.4, Taipei 106, Taiwan] (i 3t ¥ )

# & & (Shu-Huei Hung) [Department of Geosciences, National Taiwan University,
1 Roosevelt Rd. Sec.4, Taipei 106, Taiwan]

Hsin-Ying Yang [Laboratory of Seismology and Physics of Earth’s Interior, School
of Earth and Space Sciences, University of Science and Technology of China,
Hefei, China]

Yu-Hsuan Chang [The Seismological Center, Central Weather Bureau, Taipei,
Taiwan]

Ban-Yan Kuo [Institute of Earth Sciences, Academia Sinica, Taipei, Taiwan]

Shear velocity structure of the crust and lithospheric mantle in the Taiwan and
offshore region from teleseismic Rayleigh wave tomography

r g4 2 Oral

To reveal the structural complexity closely linked with the orogenic process in
Taiwan, we present a 3-D shear wave velocity model using telseismic Rayleigh
waves recorded by ~160 broadband stations distributed across Taiwan and offshore
islands and ocean-bottom seismometers at sea floor offshore eastern Taiwan during
2006-2017. A wavelet-based, two-station method that properly characterizes the
time-varying spectral properties of seismic signhals is employed to measure
dispersive phase velocities of fundamental-mode Rayleigh waves between station
pairs in the periods of 13-110 s. The obtained frequency-dependent traveltimes are
inverted for lithospheric scale shear velocity structure using an iterative inversion
which accounts for the surface wave ray-bending effect in a laterally heterogeneous
structure and data-adaptive multiscale resolution. The lithosphere in the Huatung
basin southeast of Taiwan is ~50 km thick, consistent with a cooling age of 20-30
Ma. The high-velocity subducting Philippine Sea Plate (PSP) and low-velocity
anomalies associated with the overlying Ryukyu mantle wedge and Okinawa Trough
are well resolved in northeast of Taiwan. An east-dipping, fast slab-like anomaly
which correspond to the subducting South China Sea lithosphere accompanying an
inclined zone of seismicity is imaged in southern Taiwan. This feature prevails in
central Taiwan at depths 40-140 km but tends to rotate vertically and flip to the west
due to the vergence of the PSP. An additional fast anomaly appears beneath the
Taipei Basin in northern Taiwan, being dipping eastward and overlaid by a low-
velocity mantle window at 50-70 km depths between the two subducted slabs.
Moreover, an elongated low-velocity anomaly at dephs of 35-100 km is found in the
region of Taihsi Basin sitting between the Penghu islands and western coastal plain
of Taiwan. Such a weak zone of lithospheric mantle could be a plausible cause that
facilitated the slab breakoff beneath central to north Taiwan.

two-station phase velocity measurement, teleseismic Rayleigh wave tomography,
shear wave velocity structure, Taiwan orogen, flipping of subduction polarity
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Detection of the Crustal Discontinuity and Ambient Noise Sources beneath
DongSha Atoll from Buried OBS Array

v gg3r ¢ Oral

DongSha Atoll is situated at the continental shelf of the northern margin of the South
China Sea (SCS), with about 25km in diameter. The deepest water depth of the
lagoon is ~22m; therefore, it is too shallow to do active seismic imaging. Due to the
limited observations for crustal structure beneath it, the tectonics of DongSha Atoll
is still poorly understood. In this study, we utilized the buried ocean-bottom
seismograph (OBS) array consists of one BATS- station on DongSha Island and 4
buried OBSs beneath lagoon to image the crustal structure. With this new seismic
array ~15 km in aperture, we can first have local constraints on the velocity model
beneath DongSha Atoll. Past studies have shown a high-velocity layer exists in the
lower crust beneath the continental shelf-slop of the northern SCS margins and
further implied DongSha uplift might correlate to igneous intrusion. We analyzed the
buried OBS array data after finding the power spectral density show a reliable
pattern. We estimated the depth of crustal seismic discontinuity beneath the
DongSha region by retrieving teleseismic receiver functions from the array’s data.
The forward modeling results revealed a thick and high-velocity layer from the depth
of 8 km to moho (26£2km) with P-velocity 6.9+0.1 km/s beneath DongSha Atoll,
which possibly related to the magmatic underplating. Besides, we analyzed 104
days-long continuous data to investigate ambient seismic sources. The
spatiotemporal variations mapped from the amplitude asymmetry of CCFs indicate
the noise excitation mostly from the west and some from the north-east (NE). The
main exchanging channels of the lagoon and oceanic waters are located at the west,
which excites microseism signals. Noise excitations from NE might occur due to the
northeast monsoon or internal wave refraction. This data set shows convincingly that
the burial of seismic sensors in soft sediment can increase data fidelity to resolve the
crustal structure beneath the shallow lagoon.

Lo Thel ~ i Ab Rk~ Fefodidic s Ap W i~ B & E

DongSha Atoll, ocean bottom seismograph, receiver function, correlation function,
underplating
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Seismic IIIumlnatlon Sensitivity and Resolution Analysis without Ray or Wave
v gg3r ¢ Oral
Seismic illumination concerns about the first order diffracted energy fluxes linking
source, scatterer and receiver through Huygens-Fresnel principle and seismic
reciprocity principle. lllumination utilize the seismic energy flux (or amplitude)
variation obtainable from a predefined acquisition geometry which try to detect the
target reflectors or its corresponding structure features. Under the known sources
and receivers relationships, thereby acquisition footprint, can interfere the
subsequent interpretation of seismic images. Therefore, modeling seismic
illumination for subsurface structure investigation including any arbitrarily dipping
reflectors is essential and must understand its pros and cons. Can we perform
illumination analysis under the conditions: (1) for a given velocity field (a reference
model, RF) or alternative (2) if and only if the available travel-time information and/or
first arrival amplitude (waveform) can be used? For the first condition, there are
couple of questions can link to RF. For any existing RFs, are they reliable enough?
Can we evaluate RF to quantity illumination analysis? How are those existing RFs
become “useful” or “helpful” for studies beyond illumination? For the second
condition. Can we perform illumination analysis without implementing ray (travel-time
inversion) or wave (full waveform inversion) theory? Can we obtain reliable surface
velocity distribution through illumination analysis? The answer is yes. The main
layout of my talk focus on investigating its aperture limitation and its effects on
imaging subsurface structure without performing ray or wave analyses. The
resolution and sensitivity can be evaluated through known source-receiver
geometry, time and amplitude information from data collected so far. The theory
involved is based on the well-known transport equation, the Hamiltonian formalism
of classical mechanic and multiple scattering concept.

R, SR, AT R A AT
lllumination, Sensitivity, Resolution, Huygens-Fresnel principle, reciprocity
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Seismic anisotropy in the deep continental upper mantle beneath Tibetan Plateau:
reconciliation of the body wave and surface wave anisotropy

v gg3r ¢ Oral

Multimode Rayleigh wave tomography (Pandey et al.,, 2015) shows a depth-
dependent azimuthal anisotropy in the Tibetan Plateau which involves the different
stress field orientations in the lithosphere and underlying asthenosphere. The
azimuthal anisotropy model could explain some characteristics of SKS splitting
measurements but fails to predict the larger delay time in central Tibet. To explore
the cause of the delay time discrepancy between the model derived prediction and
SKS data, we estimate the contributions of the anisotropy in the upper-middle crust
and upper mantle which is neglected and underestimated in the surface wave model.
By assuming the tomography model retrieving anisotropy in the lithosphere well, we
simply grid search new anisotropy parameters of the crust/upper mantle layer
(200~250 km) and calculate the layer-stacking splitting parameters to fit the SKS
data. The best fit result of the grid search shows that changing orientation slightly
(<30°) and increasing anisotropy intensity to ~6% or ~12 % in the upper mantle layer
with or without the crustal anisotropy could improve the SKS data fitting successfully.
Considering the unlikely larger intensity (~6% or 12%) prescribed within the 50 km
thickness in the model, we suggest a thicker asthenosphere which extends to the
deep upper mantle (>250 km) beneath the Tibetan plateau. The thickening region is
roughly beneath the north of the Bangong-Nujianhg suture zone which coincides with
the front of the underthrusted Indian lithosphere. The mechanism behind this
thickening layer of the asthenosphere is under investigation.

AR, @ KB R, WA, ok
seismic anisotropy, Tibetan Pleateau, surface wave, body wave
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f. % ¥ 't 3 (Craig R. Bina) [Northwestern University, USA]
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5 +r# 2 p e (Erlinton A. Olavere) [Philippine Institute of Volcanology and
Seismology, Department of Science and Technology]

d ISC-EHB P &-kgr 222 % /5 & 5 e KRR B OE

Evidence of an east-dipping slab beneath the southern end of the Philippine
Trench (1°N-6°N) as revealed by ISC-EHB

v gg3r £ Oral

We examine recently released global seismic datasets in 3D visualization to study
slab configurations in the Mindanao-Molucca region, where the present-day arc-arc
collision of divergent double subduction propagates northward and attains
completion on Mindanao Island, Philippines. The activity of inter-plate thrust
earthquakes in the Philippine Trench is not significant until Mindanao (6°N) is
reached, while shallow earthquakes on the island exhibit predominantly strike-slip
movements on the Cotabato and Philippine Faults. The spatial distributions of GCMT
thrust-type earthquakes shallower than 60 km reveal that current collisions mostly
occur along the Central and Talaud-Miangas Ridges. ISC-EHB events deeper than
80 km, as well as Slab2 contours, show the eastward-dipping trench of the
Halmahera slab flipping to the westward-dipping Philippine Trench northward. We
identify a zone of ISC-EHB earthquakes steeply dipping to the east beneath the
southern end of the Philippine Trench (1°N-6°N) that is not modeled by Slab2. This
feature of a steeply east-dipping slab is explained by collision of the subduction arc
and is consistent with steeply plunging T-axes of earthquakes. The identification of
the east-dipping slab and estimation of its extent are crucial for understanding
geodynamic and plate-boundary evolution in the Mindanao-Molucca region.
AEING A T RE B LER C EREFAEA SRR RS e
IR el o

Mindanao-Molucca region, divergent double subduction, east-dipping slab beneath
Philippine Trench, subduction polarity flip, Halmahera slab
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% Fe(Jiun-Ting Lin) [University of Oregon]

#i% (Jun Su) [Tokyo Institute of Technology]

#7575 (Teh-Ru Alex Song) [University of College London]

B 7% (Chu-Chun Kang) [ 438 p A8 2 AFF T # B ]

S coda and Rayleigh waves from a decade of repeating earthquakes reveal
discordant temporal velocity changes since the 2004 Sumatra earthquake

v gg3r ¢ Oral

Temporal changes in seismic velocity reflect the physical processes that modulate
the properties of the media through which waves propagate. Processes such
as healing of the surface damage zone and deep crustal deformation are described
by similar functions and occur on similar timescales, making it difficult to determine
which process drives the observed changes. We examine earthquake-induced
velocity changes using lag time 1(t) measured among repeating earthquakes since
the 2004 Mw 9.2 Sumatra and 2005 Mw 8.6 Nias earthquakes. S coda velocity
changes (6VS, equivalent to -tS) recover steadily throughout 2005-2015. Rayleigh
wave velocity changes (dVLR, or -tLR) undergo transient recovery, followed by a
strong 6VLR reduction in late 2007. VS recovery is most likely driven by deep
processes, whereas temporal breaks in dVLR recovery in 2007 reflect surface
damage and healing induced by strong ground motions of the 2004, 2005, 2007
Mw 8.4 and Mw 7.9 Bengkulu, and 2008 Mw 7.3 Simeulue earthquakes. Differences
between temporal variations in 8VS and dVLR help distinguish deep processes from
healing of surface damage.

s, Bk, 3 AR

scattered wave, coda waves, surface waves - finite difference
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The Taiwan orogen has not reached an elevation of 3000 m until the last glacial
period

v gg3r ¢ Oral

L FE AR A AR RS F A O AT KRR E 0 R LRt TR
B (BRDEPFR®) - i o@Lwe & TfE, » » FlEpindass
E% FfF o pbad (B oSl LR & L - BRI AT B R RS
Qbdlge R R DRGSR R HRFT PR RS IR
L ER) FFER A REH I CEFENK SBLROEAEGRIT L
#Mos 4L R)A & AP A3 (1000-2500 M) F 5 T G A& AR - F A AR
g ik F (5 3>3000 M) E @ EAs s 0 18 17 A S REp AR IR R SR T e A5 (40 U
AGE S RFER) IS REREG B T SBLRY LEAREY - Bl
PIVARR | PP 2 R E B énp ) o PR A RFEF R T MBHRLF oy 2 24
FoEFEL) DA R OH g R (2 BRSO M B o MR LS
Ac Ry AP R d s a TR A S FAR BAEHE DHFE Y LPHE
g I A NIRRT FELRTETHBE TS P HE R L LR
HEF L 2-Ammlyr) > AP FRE 0 o BLREFFEFY - FHFEDY-F
SRARCLFEHALFDZRE) BRSSP F o S HFHLLIED L FR
PR RETREES LR BRI AERE T @ L 3R
7oV i~05Ma 24 Bse L~ 3 el S ufHEE R hENP
M) e mETE ML BT PR R LRA R EARRARE o RE AR F D
T odes ok P SHEBLERRIFFHE 0 B IRAARAKTIER 2 o
BOAERRL o P m s BB TEF R IER LR

Topographic steady state; river-hillslope processes; glacial process; Taiwan
mountains
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Cultural heritage in the GEO: investigation and assessment of natural heritage
value in Geoparks

v gg3r ¢ Oral

2016 # (> " FAWRFZ) B2 > B fREFAD Ta FOF 0 X ARE
SR AR (D EFRE A TR A2 E TR P 1l QFAPE LR
Ptz 2R E Q) es REAFTE F2H PR 2 FTERE R TEY
Koo PR FOFOR B v ET RFOREF o TEREFFEFE AR
5 (geoconservation) s # 3 ¢ 9 fE B B o Bl 4T B L o0 B OBE & 2 R R B
(geoheritage) 2 # ¥ 5 % # {2 (geodiversity) s E 3R - @ 2L H &4 p R F EL(natural
landscape)m 7 o AP G R ER A ALTLHOEHK > 2 RERP B TR
SGRERAEA R o AT Bk B PP OER RS FRE (¥ FR)
DAE S MAEE TS REATRED o B PR RRE A M FRE N
(Fo i RN Er TR E . #» FRP R ETrRBERVF
A /‘E?‘;i.ﬁm“&ﬁ‘&[;% AR BT RRRR G RARE e BTSRRI D
TIEEHY E AR AP o

PR R PR FTRE P FAREER

geoheritage, geopark, geological survey, Cultural Heritage Preservation Act
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The value and condition of the geoheritage in Shueinandong, Jinguashih, and
Jiufen area, northern Taiwan

v g 3F 2 Oral

EHENATCREF S AATEL PHE LB B FAAMAT o T A
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Geoheritage, Geopark, Geosite, Geoconservation
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To evaluate the accuracy of single-beam bathymety on the low-cost autonomous
USV

7

T Lo Wi
Lo R

2, Oral
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unmanned surface vehicles, single beam, accuracy evaluation, bathymetric survey
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Monitoring the microclimate of limestone caves in Mt.Shoushan.

v gg4F 4 Oral
ip?ééﬁ%ﬁé***ﬁ%$@iﬂo¥uﬁ£1%%&%ﬁﬁH@%\ﬁﬁ
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microclimate -~ limestone caves ~ carbon dioxide
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Seasonal variations of coastal dune morphology: An example from Caota, Taoyuan
v gg3r ¢ Oral

AANE BFGRE AT G L AR T o B2 Rk AL 4 G
R h RS S el R R R T R R S R ML D]
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Coastal dune, Seasonal scale, Geomorphic change, Morphodynamics, Interactions
of beach-dune system



£k %

p i
P

R AT G

—\

W‘\
ke

<+
«

sl

e
d

TP
B MAER

Room 604

11" 18 p (2 ¥ =)

15:00-15:15

GM-0-07

- Geomorphology

PRS- ER SRR PN

# £ 4(HuI-Ju Hsu) [ 2 § 247 p % 2] (e )

A% 1 s (Shyi-Jeng Chyi) [R = FS? RALE A

iz 75~ (Chia-Hung Jen) [R = & 7 4 + §]

Je ﬂ\uyﬁix TR BT RITREEIE SN BRI A E SR8
Using unmanned aerial vehicle (UAV) photogrammetry for monitoring seasonal changes of north
Dingtoue barrier island

v gg 4 £ Oral
DI E B A IR AR E g b+ K 6% % 15%(Otvos, 2012; Pilkey, Cooper, &
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barrier island, seasonal changes, DEM, photogrammetry, UAV
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Application of microRaman analysis in Earth Sciences studies: an introduction

v gg3r £ Oral
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A purpose-built slipping-zone simulator: clay-rich gouges deformed under extreme
conditions of sliding velocity and normal stress
v gg3r ¢ Oral
Water-saturated clay-rich gouges deformed under extreme deformation conditions,
including high slip rates (1 m/s) and large displacement (meters), relied on the
confinement of Polytetrafluoroethene(Teflon) and were commonly limited to low
normal loading (< 2 MPa), yielding a severe limitation in our understanding of
earthquake physics and seismic hazard assessment. To understand how normal
stresses and the presence of fluid affect the frictional behavior of a slipping zone and
the associated mechanism, we performed rotary shear rock friction experiments on
water-saturated kaolinite gouges at a slip rate of 1 m/s, normal stresses ranging from

2 to 18 MPa by using a purpose-built sample holder. Results shows that the
apparent friction coefficient y increases up to a peak value up ~0.18-0.47 marked

by a gouge compaction and dramatically decreases with displacement to a steady-

state value pss ~0.02-0.26 accompanied with a gouge expansion. In situ
synchrotron X-ray diffraction and scanning electron microscopy show that a random
distribution of clay aggregates within the gouge zone without mineral phase changes.
The temperature measurement shows that temperature is ~ 160°C. We conclude
that the dramatic weakening of kaolinite gouges at seismic rates in impermeable
condition is due to thermal pressurization and fluidization of gouges. With this new
and upgrade experimental approach, we present an application of these data for
studies of earthquake physics but also frictional-related processes of geological and
civil interest.

B H B S Aok BT R R R F Y
slipping-zone, frictional behavior, rotary shear, water-saturated gouge, thermal
pressurization
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Dilemmas and breakthroughs of electron microscopy in mineralogy — Examples of
ore mineral analyses
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identification
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1 W+ (Kuo-Lung Wang) [Institute of Earth Sciences, Academia Sinica, Taipei
11529, Taiwan] (i 3 %)

%32 (Kuan-Yu Lin) [Department of Earth Sciences, University of Delaware,
Newark, DE 19716, USA]
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Refined conventional ICP-MS methodology for precisely determining bulk-rock
trace-element contents (ppb level) of highly-depleted peridotites

v gg3r 2 Oral

Regarding the highly-depleted nature of refractory peridotites with most of the
petrogenesis-indicative elements in ppb level and counts per second close to the
detection limit of ICP-MS, two main modifications were applied to optimize the
results utilizing conventional acid attack on rock powders followed by analyses with
Agilent 7500ce ICP-Q-MS at the Institute of Earth Sciences, Academica
Sinica with the methodology from Eggins et al. (1997). First, concerning the
presence of refractory high-Cr spinels, Teflon pressurized bombs were used to

access higher pressure and temperature (around 170°C) conditions during HF+HCI

attack to facilitate dissolution. Second, the dilution factors of both the samples and
standards were modified. We discovered that a dilution factor of 500 for the samples
would yield sufficient signal yet without detectable enhancement of the background
noise intensity. We also found that the USGS basaltic standards still retain a valid
linear response when diluted down to a factor of 1,000,000. Therefore, standards
were diluted with factors from 20,000 to 1,000,000 to construct calibration curves in
the concentration realm of the samples, and the final concentration is obtained by
applying calibration curve methods. USGS basaltic standards DNC-1 and BCR-2
were used for quantification. Matrix effects between peridotite and basalt were
observed and calibrated by the internal standardization of 209Bi. USGS reference
material DTS-1 was analyzed as a secondary standard to evaluate the data quality
and accuracy. All of the elemental concentrations measured by the optimized
methodology here agree with the referred values from Jochum et al. (2015).
Reproducibilities are also good (1RSD <12.1%, majority <10%) for analytes at ppb
level concentration. This demonstrates that the whole rock trace-element
concentration of highly-depleted peridotitesis still accessible via conventional bulk-
rock methods by enforcing complete dissolution and careful calibration.

solution ICP-MS methodology; trace-element concentrations (ppb); highly-depleted
peridotites
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Preliminary performance of the ICP-QQQ system on in situ geological standard
analysis

v gg3r ¢ Oral

Laser ablation-inductively coupled plasma mass spectrometry (LA-ICP-MS) is a
reliable, versatile and inexpensive technique used to acquire in situ elemental and
Isotopic analysis from inorganic and organic materials. In all sciences related to the
Earth, quantifiable observations are vital for developing new and innovative ideas.
Modern geochemical techniques demand high precision data for assessing
petrological processes in rock systems such as chemical differentiation, crystal
evolution, metamorphism, and age. These processes are important for quantifying
the formation of crystalline systems and provide a foundation for the understanding
of the Earth’s evolution. The newly installed equipment consists of an Agilent 8900
series triple quadrupole ICP-MS (ICP-QQQ or ICP-MS/MS) attached to an Analyte
Excite Plus 193 nm ArF excimer laser ablation system. The facility will initially focus
on zircon geochronology and then expand to in situ mineral analysis and in solution
trace elemental analysis. Experiments thus far have focused on optimizing the peak
performance conditions of the combined ICP-QQQ and excimer laser ablation
system. National Institute of Standards and Technology (NIST) glass standards 612
and zircon 91500 are used to for testing. The successful measurement of the
standard reference materials over a prolonged period allow for the application of the
method to zircons of unknown age and composition to advance. Future technique
developments will shift to in situ mineral chemistry and in solution methods.
Furthermore, the newly established laboratory may be able to address the needs of
industry as well as academia.

LA-ICP-MS, Triple quadrupole ICP-MS, Zircon Geochronology, NIST standard
glass, Zircon 91500
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Micro-X-ray fluorescence: a new and versatile instrument in geochemistry

v gg3r ¢ Oral

Bench-top micro-X-ray fluorescence spectrometers have become commercially
available only in the last decade thanks to recent development of X-ray optics. Since
August 2020, M4 Tornado Plus, a micro-XRF spectrometer manufactured by Bruker
Nano, has been installed in Institute of Earth Sciences, Academia Sinica,
representing one of the three same instruments currently installed in Taiwan. Here,
| introduce the basics of the instrument and present case studies of how it might
facilitate geochemistry research. One unique design of the instrument is the sample
chamber, which is capable of analyzing centimeter- to decimeter-scale samples (up
to about 200 mm x 160 mm x 120 mm) without any sample preparation. Equipped
inside the sample chamber are a Rh X-ray tube with a Be side window and
polycapillary optics giving a X-ray beam with a diameter of ~20 pm, two 60 mm2
XFlash® super light element silicon drift detectors with an energy resolution of <145
eV at 600,000 cps (detection from C to Am), a CCD camera and optical microscopes
for sample navigation, and a motorized stage that moves the sample beneath the
static X-ray beam. Samples can be analyzed at atmospheric pressure or under oil-
free and controlled vacuum with optional He purging. This configuration makes semi-
guantitative analyses of point, line and area possible for major and some minor
elements, and the latest function (i.e., automated elemental mapping) is particularly
promising in geoscientific applications, including rapid and non-destructive phase
identification of geological samples (e.g., drill cores, rock slabs, thin sections, grain
mounts), characterization of modal mineralogy in rocks, search for accessory
minerals (e.g., zircon), and streamlining mineral separation.

micro-X-ray fluorescence, geochemistry, elemental mapping, mineralogy
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Unraveling pyrite formation mechanism in Doushantuo cap carbonates by in-situ
Sulfur isotopic analyses

v gg3r 2 Oral

The Doushantuo cap carbonates from Jiulongwan section, south China are
deglaciation deposits after Marinoan Snowball Earth event (650-635 Ma). The
published d34SCAS and d34Spy values demonstrate low marine sulfate
concentration in inner-shelf of Nahua basin during early Ediacaran. These deep-time
bulk d34S results sometimes show high-frequency variability that is hard to reconcile
with changes in the marine sulfate reservoir. Therefore, the diagenetic effects need
to be carefully evaluated. In this study, four samples are selected from different
stages of Jiulongwan cap carbonates. Two samples are from stage 12, which are
characterized by relatively constant d34SCAS value (~+27%.). These samples are
dominated by pristine dolomitic matrix and contain small disseminated pyrites. In
contrast, the d34SCAS values vary from 29.7%o to 31.8%o in stage 3. Dolomites are
partially replaced by calcites, and pyrites show various textures in the selected 13
samples. In sample cap 3.0, pyrites occur as irregular grains (Py-l) in matrix, and
anhedral coarse-grained Py-lIl and subhedral fine-grained Py-Ill in calcite veins.
These pyrites contain abundant matric minerals as inclusions, supporting their
diagenetic origin. Determined by NanoSIMS 50L, the d34S values show large
variation for different pyrites, and the positive values are different from the typical
authigenic pyrites. In general, irregular Py-l has relatively lower d34S
(+29.2~+37.5%0) compared to Py-Il and Py-lll in calcite veins (+31.8~+41.8%o). The
d34S values always increase towards the rim in coarse-grained Py-Il. To explain
d34S systematics among different pyrites, we propose two-staged fluid interactions
or dissolution-precipitation reactions as possible mechanism for pyrite formations. In
the future, we aim to obtain the pristine sulfur isotopic compositions from pyrites in
I2 samples, and expect to apply the results to paleo-environmental reconstruction.

in-situ S isotopic analysis, pyrite, diagenesis, Ediacaran
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Bioturbation on the Yermak Plateau: Relationship to sea ice conditions and
productivity over the past glacial cycles

v gg3r ¢ Oral

The Arctic Ocean is partly covered by sea ice throughout the year and almost
completely in winters. The variability in these sea-ice conditions highly influence the
Earth’s global energy budget by affecting the surface albedo, which in turn controls
the exchange of heat and moisture between the atmosphere and the ocean and
contributes to global heat transfer. In spite of the Arctic having such an importance
in the global climate system, our knowledge about Arctic climate variability on longer
time scales is quite limited. One of the main problems is the poorly constrained age
control. So, in my work, | have used the radiocarbon dating method to obtain dates
from different depths in order to construct a better age model for the Yermak plateau.
This area which is located at the entrance to the Arctic Ocean off the north-western
coast of Svalbard is highly sensitive to climate change. Another part of my work is to
study the past sea ice variability. For this part, | have studied the X-Ray Radiography
images of sediment cores from different depths and have observed the abundance
of bioturbation structures from different depths to understand the paleo sea ice
record from this region, as it is directly related to changes in one of the environmental
parameters i.e. food availability. The bioturbation results obtained from the study
matches well with the bioturbation record from Yermak plateau. Since, micro and
nanno fossils are quite scarce in regions like Arctic therefore, this bioturbation study
could be a very convenient and reliable proxy to study sea ice variation.

Sea ice variability, Yermak Plateau, Bioturbation
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Depths of the Gutenberg and Lehmann discontinuities

v gg3r ¢ Oral
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core-mantle boundary, outer-inner core boundary, Gutenberg discontinuity,
Lehmann discontinuity
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Revision of the Geological Data Integration and Querying System Supported by
Central Geological Survey

v gg3r ¢ Oral
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Prellmlnary discussion on geological knowledge consulting service and people's

needs
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Geological knowledge consulting services ~ Geological life circle



P2 3P
E P
P A 57 Al

Ty
B MR

Room 607

117 18 p (2 ¥ =)

13:30-13:45

M5-0-01

- Multidisciplinary Theme

M BRRPEE2B T EAEIR

% & (Ching-Chou FU) [?¢ & & 7 P 2 E 87 7 #7] (L 3 T 4)

3R p ik (Kuo-Chen Hao) [P + « 3 sk 15 & k]

2 Gt R IR gk g TR RE RER

Developing multidimensional geochemical and hydrological observations for
exploration of earthquake generation process

v gg3r ¢ Oral

Most studies and observations of earthquake researches have been performed in
the past decades through the independent field or observation methodology. Due to
the limit of data types and tools, we may only capture one-sided of the earthquake
generation process and cannot understand the dynamic processes on fault
generations and fluid transport on seismic activities during the pre-, co-, and post-
seismic periods. In this study, we try to develop and establish new monitoring
measurements for detecting gas/fluid signatures at different spatial scales and over
time. We also propose a sophisticated earthquake observatory through further
integrated geochemical and geophysical methods. The earthquake generation
process will be demonstrated to understand well the coupling mode for fissure
generation, crustal deformation, and fluid circulation. Finally, we hope that some
possible theoretical models of earthquake dynamics will be established.

earthquake generation process, gas/fluid, earthquake observatory
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Preliminary study on the current situation and problems encountered in the

observation of earthquake hydrology
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Hydromechanical characterization of the active fault zone near-surface
sedimentary layers

v gg3r ¢ Oral

In order to understand the hydromechanical characterization of the shallow active
fault zone, we carried out several hydraulic experiments at near surface deposits in
Chihshang, eastern Taiwan. In addition to surface fluid investigation, several
boreholes at different depths from 30 to 100 m were drilled through the gravel and
sand layers around the surface rupture zone with piezometers at different depths to
build up the observation wells and pumping/injection well. We also carried out
pumping/injection experiments with six high frequency tiltmeters to measure the
induced surface deformation. The duration of each pumping/injection experiment is
about 1.5 hours or 4 hours. The preliminary results of pumping/injection experiments
show that the water flow is easier to pass along the fault strike. For the long term
observation, we deployed the slug tests every three months to obtain the average
storage coefficient, transmissivity and hydraulic conductivity of each well at different
depths. From April to October in 2007, the transmissivity ranges from 2.4x10-5m2/s
to 1.6x10-4m2/s. The value of storage coefficient is between 2x10-6 and 4x10-4 ,
which is smaller than that of gravel layer ,10-3 to 10-4 in western Taiwan. Pore
pressure variations in hydraulic observation wells induced by hydraulic experiments
as well as natural changes (seasonal variation) were monitored. The relationship
between pore pressure and surface creeping fault shows that water content changes
in the upper sedimentary significantly influence the near-surface behavior of the fault.
With the in-site hydraulic properties in hand, we believe that we will be able to better
understand the hydromechanical coupling effect between water and fault creep and
to modeling quantatiely.

R ETR 0 B TRk R Sk
active fault, water table , hydraulic parameter
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Taiwan is located at the junction point of the Philippine sea plate and the Eurasian
plate. The active motion of the two plates yields the high seismicity that the
earthquake precursor becoming a hot topic in Taiwan. The geomagnetic is sensitive
to the pre-earthquake process that the electrical property was changed during the
seismogenic process. Parkinson vector is one of the most useful geomagnetic
earthquake precursors that the vertical and horizontal proportions point out the
region where electrical property sudden changes. In this study, the Parkinson vector
is used as the indicator of the seismogenic area and discuss with the underground
susceptibility structures. Further, a discussion of the pre-earthquake geomagnetic
anomaly and susceptibility structures will also show in this study.

P MAET  HE o b AR o R ED Y BR
< M4EF  Geomagnetic, Parkinson Vector, Earthquake Precursor, Susceptibility
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The Characteristics of Shear-wave Splitting and P-wave dispersive attenuation of
the 2018 Hualien Earthquake, Taiwan

v gg3r 2 Oral

Taiwan is located at the collision boundary between the Eurasian Plate and the
Philippine Sea plate. Therefore, seismic activity is very frequent. The major
earthquakes over the years have also caused significant loss of people’s lives and
property. Recently, investigating precursor of earthquake becomes the most
important issue. According to the three-component of short-period seismic data from
Central Weather Bureau Seismic Network (CWBSN) between 2017 to 2018, this
study applied vertical-component of the first-cycle P-wave data to investigate intrinsic
attenuation of dispersion and also the same first-cycle of shear-wave in horizontal-
components to analyze anisotropy by polarization angle and delay times. This is to
analyze and discuss the physical changes of crustal materials before and after the
2018 mainshock in Hualien area. Our results indicate that 3 for 5-month before the
occurrence of 2018 Hualien earthquake, the trend of dQp (Qp’s residual) at EHY,
ESL and TWD stations begins to increase and then decrease just before the
mainshock. Meanwhile, the trend of delay times at ESL,HWA, and TWD stations
begins to decrease and then increase before the earthquake. The rise of the dQp
value and the decrease of the delay time both indicate that the area is affected by
the stress and the medium becomes denser. The crack closure causes the crack
density to decrease, while the decrease of the dQp value and the increase of the
delay time imply the accumulation of stress. The difference in polarization angle
before and after the earthquake also implies that the area is affected by stress, which
is reflected in the near-surface anisotropy. Overall, the change in regional stress
before the 2018 Hualien earthquake is obviously reflected in the results of the dQp
and shear wave splitting, and it can also be used to discuss the seismogenic process
of the 2018 Hualien earthquake.

2018 i+ B B A A H o PRSIt ERR RV EN IR 0 2 RiEAE

2018 Hualien Earthquake, shear wave splitting, P wave dispersion attenuation, pre-
earthquake anomaly, seismogenic process
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Earth’s outgoing longwave radiation variability prior to M = 6.0 earthquakes in the
Taiwan area during 2009-2019

v gg3r ¢ Oral

This study proposes an analysis method, using the National Oceanic and
Atmospheric Administration satellite data, to trace variations in outgoing longwave
radiation (OLR) for finding the precursors of earthquakes. The significance of these
observations is investigated using data sets of recent M = 6.0 earthquakes around
the Taiwan area from 2009 to 2019. We suggest that the precursory signal could be
an EIndex anomaly (EA) in the form of substantial thermal releases distributed near
the epicenter. The consecutive appearances of OLR EAs are observed as
precursors two to fifteen days before significant earthquakes, and we refer to this as
a pre-earthquake OLR EIndex anomaly (POEA). We interpret these thermal sources
as possibly originating from electromagnetics together with gas emissions
associated with pre-seismic processes. This study highlights the potential of OLR
anomalous changes in earthquake precursor studies, at least in the Taiwan region.

National Oceanic and Atmospheric Administration, outgoing longwave radiation,
pre-earthquake OLR EIndex anomaly, earthquake precursor
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Paleoenvironment of Southwestern Taiwan inferred from stable isotope records of
modern and archaeological Crassostrea oyster shells since 5 kyr B.P.

v gg3r £ Oral

To test to what extent the stable isotope records of oyster shells can reflect the
environment, 101 modern oyster shells and 208 water samples, collected from Chi
Ku area monthly between October, 2017 and August, 2019 were examined. Oxygen
isotope fluctuation patterns of the living oyster shells are similar to those of seawater
temperature and water oxygen isotope values. The seasonal oxygen isotope values
of shells are roughly 67% consistent with those of theoretical equilibrium values.
Difference between the oxygen isotope values of oyster shells and those of
theoretical equilibrium values might be due to extensive precipitation in the rainy
seasons and oysters stop growing in colder winter. Based on the oxygen isotope
records of 59 archaeological Crassostrea gigas oyster shells collected from
archaeological sites of Tainan branch of Southern Taiwan Science Park, we attempt
to reconstruct the paleoenvironment of SW Taiwan. In ascending order, mean
oxygen isotope values of Crassostrea gigas oyster shells are -6.4+1.4%o (1sigma;
N=98), -6.3+1.2%0 (N=37), -6.8+1.0%0 (N=115), -5.5+1.3%0 (N=71), -3.7+1.8%o
(N=75), and -3.5%1.4%o0 (N=75) for Dabenkeng (5000-4200 yr B.P.), Niuchouzi (4200-
3300 yr B.P.), Dahu (3300-1800 yr B.P.), Niaosong (1800-500 yr B.P.), Siraya (500-
300 yr B.P.), and Han Chinese (300 yr B.P. - present) cultural components,
respectively. Average oxygen isotope values indicate that the environment was
overall stable from Dabenkeng to Dahu cultural components and may indicate
warmer and/or more extensive precipitation during ~5000-1800 yr B.P. Mean oxygen
isotope values increased from Dahu to Siraya cultural components may indicate the
decreasing trend of temperature and/or amount of precipitation during ~1800-300 yr
B.P. The oxygen isotope inferred environment was similar to that of modern since
Han Chinese culture.

g Yol FF 30y B

oxygen isotope, archaeological oyster shells, Southwestern Taiwan
Paleoenvironment
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UNDERSTANDING THE SOUTHERN OCEAN DYNAMICS: MODELLING STUDY
WITH CLIMATE SENSITIVITY EXPERIMENTS

v gg3r ¢ Oral

Southern Ocean (SO) played a critical role during the last deglaciation by providing
windows for the communication of carbon-rich glacial deep ocean water with the
atmosphere. However, the dynamical theory of SO circulation is still developing.
Therefore, it is necessary to understand the deglacial response of the SO dynamics,
in particular, to individual deglacial climate forcings for a better spatial and temporal
understanding within the Atlantic Ocean basin. In this modeling contribution, a fully
coupled Earth system model is used to investigate the deglacial evolution of the
simulated transient SO upwelling, sea ice, and wind along with sensitivity
experiments on individual climate forcings. The modeled SO upwelling is consistent
with most paleo SO upwelling records, and it decreases from Heinrich Stadial 1 (H1)
to Younger Dryas (YD), even with the decrease in wind stress, and sea ice coverage
but anomalously increases during the onset of Holocene. Our results suggest that
the SO upwelling is regulated by both the wind forcing and sea ice induced buoyancy
forcing. Sensitivity experiments simulate both orbitally, and ice influenced SO
upwelling evolution during the former part and an orbitally induced development at
the latter part of the deglaciation, in response to a consistent change in the wind
stress and sea ice coverage. The simulation indicates a dominant role of the
meltwater-induced changes in the Atlantic Meridional Overturning Circulation and
the deep SO circulation. The simulation shows a vital part of the orbital-induced
changes in the Southern Hemispheric sea-ice extent and the resulting changes in
the SO salinity that would have contributed to the deglacial growth in the SO
upwelling.

Southern Ocean, upwelling, sea ice, Orbital forcing, Meltwater forcing
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Anthropogenic Carbon Signals for the Last Two Centuries Recorded in the
Western Pacific Marginal Sea

r 54 2 Oral

Anthropogenic input from the combustion of fossil fuel has been well confirmed by
various instruments and proxy indicators, among which carbon isotope composition
is widely applied. The 13C Suess effect is not only archived in the atmosphere, but
also imprinted in marine realm, including coral skeleton and planktonic foraminfera.
A suite of 13 short cores were collected from the continental slope off SW Taiwan,
northern South China Sea during the FATES program conducted between 2004 and
2006. Sedimentation rates derived from fallout radionuclides (210Pb, 137Cs, and
7Be) indicate fairly constant hemipelagic accumulation and suitable for
reconstructing recent paleoenvironment. Oxygen and carbon isotope of planktonic
foraminiferal shells of 13 box-cores were measured. Most of the 6180 values fall in
the range between -2.5 and -2%o for the last 150 years. The range and fluctuation
pattern of planktonic 6180 of two downcore records are very similar, particularly the
broad 6180-enriched interval between 1950 and 1990. The carbon isotope 613C
record, however, fluctuates around 1.5 %o and starts to decline after 1970. There is
an overall a 1~1.5 %o decreasing trend in planktonic 813C for the last two
centuries. The decline trend is coherent with the global average rate of change in
013C, which was estimated -0.01%. yr-1 based on a compilation of coral records
from throughout the ocean. Our findings confirm that in the last two centuries the
northern SCS has shown similar patterns as the global climate change.

Suess effect, planktonic foraminifera, stable isotope
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Impact of tropical storms and typhoons on micro and mesoplastic distribution on
sandy beaches in Taiwan

v gg3r ¢ Oral

Pollution with micro (< 5mm ) and mesoplastic (5-25 mm) patrticles on beaches was
reported worldwide in numerous studies including Taiwan. However, so far very few
studies have investigated the long-term development and depositional dynamics of
pollution with small plastic particles. In this study we collected samples from beaches
in Jinshan and Gongliao in northern Taiwan over 24 months. These beaches were
chosen because the likelihood of getting hit by a typhoon is the highest in this area.
On both beaches the same area of about 75 m2 from the dunes to the intertidal was
sampled. This allowed for direct comparison of micro and mesoplastic distribution
between different events. During our sampling campaign we were able to get
samples from three typhoon events and two weaker tropical storms, as well as from
non-stormy periods. The results show that the amount of micro and mesoplastic
increased about ten times after a typhoon hit the coast. Interestingly there is no long-
term accumulation of micro and mesoplastic, and after a few months the quantity of
plastic particle pollution went back to a “normal” background level. General additive
modelling (GAM) of our data showed that the storm line had the highest amount of
micro and mesoplastic particles, which could be an indicator for the maximum
pollution level of a beach. Additionally, the GAM results showed that a certain
threshold of wind speed and maximum wave height was needed until a significant
amount of micro and mesoplastic particles were deposited on the beach. The data
set obtained during this study is unique as it contains 1300 datapoints with several
explanatory variables describing the depositional dynamics for micro and
mesoplastic particles on sandy beaches. Further data exploration and analysis is
under way.

microplastic; mesoplastic; plastic pollution; sandy beach; Taiwan; typhoon; tropical
storm
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Lead isotopic fingerprinting to trace anthropogenic heavy metals sources in
irrigated paddy system

v gg3r ¢ Oral

Paddy soil pollution is one of the great existential challenges of the Anthropocene.
Irrigated paddy rice (Oryza sativa) is a staple food for half of the world’s population.
Contaminated soils have been reported to pose health hazards to consumers via
food chain. Advances in lead (Pb) isotopic signatures, as environmental forensics,
can help to decipher pollution sources. However, low paddy Pb concentration of
100s-1000s pg and high procedural blanks of 100s pg hindered the popularity. We
developed reliable techniques of determining isotopic compositions, 204Pb, 206PDb,
207Pb and 208Pb, for pictogram-quantity Pb with low procedural blanks of 4 pg on
a multi-collector inductively coupled plasma mass spectrometer (MC-ICP-MS),
Thermo Electron NEPTUNE. The techniques were applied to rice and the related
soil and water samples of paddy fields in Guandu, northwestern Taiwan. Combining
with historical and elemental records, the determined Pb isotopic features suggest
the contaminated paddy samples were significantly influenced by the irrigated water
in the past 150 years, with high arsenic (As) and Pb contents by geochemical genetic
reaction from Geothermal Valley. Our methodology can also be applied to diverse
fields, such as geology, oceanography, food science, natural resources
management, environmental compensation and environmental litigation.

Lead isotopes, environmental forensics, Isotopic fingerprinting



=

p i

P L
RAZ A

HAL

iT¥

p

¢ 4L p
w2
a4 3

¢ B4
PR T

Room 608

117 18 p (2 # =)

14:00-14:15

SE2-0-06

- Neotectonics

P ol R I L B S 4

7 & (Kuanhui Elaine Lin) [4 # 67 & + F R 8 37 47  #7] (L 1T )
David J. Nash [University of Brighton, United Kingdom]

1 ¥ 7 (Pao K. Wang) [ + # 5 B b SR 1 5 57 7 #7]

A global review of climate indices in historical climate reconstructions and way
forward

v gg#F 2 Oral

Evidence contained within historical documents provides an important record of
climate variability for periods prior to the systematic meteorological data (since the
establishment of the national weather services) and early instrumental data (starting
in the late 17th and early 18th century). A common approach used by historical
climatologists to convert the qualitative documentary records into continuous
guantitative proxy data is through the generation of ordinal-scale climate indices.
There is, however, considerable variability in the practice of index development and
the types of phenomena reconstructed using an index approach in different parts of
the world. This study convened by the members of the PAGES CRIAS Working
Group — a collective of climate historians and historical climatologists researching
Climate Reconstructions and Impacts from the Archives of Societies — provides the
first global synthesis of the use of the index approach in climate reconstruction. This
presentation (1) summarizes the range of studies that have used indices for climate
reconstruction across continents (Europe, Asia, Africa, the Americas, Australia) plus
the world’'s oceans, then (2) outlines different methods by which indices are
developed in each of the regions, including a discussion of the processes adopted
to verify and calibrate index series, and (3) concludes with a future research plan to
enhance scientific applications of the indices in numerical climate analysis and
multiproxy climate reconstructions.
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A summary of engineering geological survey in UA hydroelectric power plant,
Nepal

v gg3r ¢ Oral
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Region Specific Ground Motion Prediction Equations for the I-Lan Plain

Region Specific Ground Motion Prediction Equations for the I-Lan Plain

v gg3r ¢ Oral

This study presents an investigation of the possibility of reducing the uncertainty of
the predictive ground motion for a specific target area (i.e., the I-Lan, Taiwan alluvial
basin) by calibrating the Taiwan ground motion prediction equations (GMPES)
including both shallow crustal and subduction earthquake. Our goal is to provide a
regional model accounting for peculiarities that are not captured by the Taiwan
GMPEs, such as the local site effects and deep sedimentary basins. We observe
and incorporate into this model the regionalizing site response through the primary
site parameters (VS30 and Z1.0). The strength of the regionalizing site response
increases with period and attains its maximum value at 0.1s, and it diminishes with
long period. The regional specific — models led to a reduction of the non — ergodic
standard deviations with respect to the values by considering the reference Taiwan
models, as exemplified by the comparison of ground motion difference between the
I-Lan region and the average of Taiwan. Moreover, site to site variability vary
appreciably between basin edges-mountain site and within basin sites. Such
variation can largely impact the standard deviations and is very important to conduct
a site - specific probabilistic seismic hazard analysis (PSHA).

Keywords: Spectral acceleration, Ground motion prediction equation, Site effects, I-
Lan Basin, Probabilistic seismic hazard analysis.

Keywords: Spectral acceleration, Ground motion prediction equation, Site effects, I-
Lan Basin, Probabilistic seismic hazard analysis.
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Activity and selectivity of microbial organic utilization in deep sediments off
southwestern Taiwan

v gg3r ¢ Oral

Marine sediments store ~160 Tg Cyr-1 of various forms of organic matters,
representing the largest reservoir on Earth. While such an enormous amount of
organic matters is sequestered as a consequence of biological primary production
and geological burial, a fraction of it is transformed into labile phase through stepwise
degradation, driving a complex network of metabolisms and regulating the cycling of
greenhouse gases. The distribution pattern of microbial preferences and activities
for these available compounds is less explored. To address these issues, stable
isotope probing was conducted on marine sediments collected off southwestern
Taiwan via Taiwan-German joint expedition SO266 (TaiDrill project) under anoxic
conditions. Various 13C-labeled organic substrates (e.g. glucose, algae, etc.)
representing different degrees of bioavailability were used and monitored along with
possible end products to derive the potential metabolic rates at two methane-rich
sites (Formosa Ridge, FR; Four Way Closure Ridge, FWCR). For FR 5 mbsf
samples, the metabolic rates for incubations with pyruvate, algae and glucose
(8.4*10-4-1.6*10-3mmolL-1d-1) were higher than those with other substrates (10-
6mmolL-1d-1). Similar pattern could be found for FR 57 mbsf samples (3.1*10-4-
2.6*10-3mmolL-1d-1 compared to 10-6mmolL-1d-1). In contrast, metabolic rates
with algae for samples from FWCR 68 and 120 mbsf were significantly higher (2.4-
4.1*10-4mmolL-1d-1) than with other substrates (10-5mmolL-1d-1). Lastly, no
specific utilizing pattern was observed for the incubation from FR 110 mbsf and
FWCR 5 mbsf samples. Additionally, the molecular data revealed that microbial
compositions changed dramatically upon incubation. The present study
demonstrates that the activity and preference of microbial utilization of organic
substrates are depth, site and composition dependent, a pattern unlike those
observed previously.

FWFT ORI EEHRL AHEF A FE e

organic matter; stable isotope probing; metabolic rate; microbial community
composition
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Spatial variation in microbial community composition in methane enriched sediment
v gg3r £ Oral

The largest methane reservoir on Earth is in the form of methane hydrates and stored
under the seafloor. Microbial life inhabiting subseafloor sediment plays important
roles in the formation and filtration of methane, and further impacts Earth’s carbon
cycle. Methanotrophic microorganisms globally control emission of methane from the
seabed by transforming chemical energy in methane to products sustaining rich
benthic communities around the gas leaks. However, the impacts of geodynamic
processes on the spatial variation of the microbial compositions and their potential
for carbon-cycling activities remains poorly constrained. Here, we determined
microbial diversity and community structure of 43 samples from 2 Mebo drill cores
which were approximately 126 m long in length and obtained from active and passive
margins, respectively, offshore southwestern Taiwan. Our data revealed that the
communities fundamentally changed in their structure and functions along depth.
Microbial communities inhabited in the surface and depth between 100 m to 120 m
were distinct between active and passive margins. Integrating microbial community
compositions, and profiles of porewater, methane and ethane suggested that
methane might be microbially produced in both sites. Although profiles of methane
concentration were similar in both active and passive margins, methanotrophic
microbes and sulfate reducers were sparse in passive margin. Our findings indicated
that tectonic setting could be one of the driving factors affecting not only the
composition of microbial community, but also pathways related with methane
metabolism. Additionally, further study is necessary to reveal the functional capacity
of the dominant heterotrophs.

AHRRED S Tmd A Pmg Lt PE R

Methane hydrate, Methanogenesis, Methane oxidation, Microbial community
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The effect of seismic fault deformation on the survivability of microorganisms: an
experimental approach

v gg#F £ Oral

Subsurface microorganisms have been estimated to constitute 1/3 of the total
biomass on Earth, quantitatively playing an important role in biogeochemical cycling.
Among all possible geological factors that have been considered to interact with
microbes, temperature, salinity and pH might be the most intensively studied ones
as they are readily quantified. In active tectonic regions, fault propagation causing
comminution and fluidization of fault materials is ubiquitous. However, its effects on
microbial proliferation have never been investigated, owing to the lack of proper
apparatus that can simulate the presence of porewater during fault deformation. In
this study, by using a purpose-built sample holder, we applied rotary shearing on the
water-saturated kaolinite amended with two kind of bacterial strains, Shewanella
oneidensis and Pseudomonas putida, which are commonly found in soil, to
investigate the potential of microbial survival under earthquake conditions. To
simulate fault propagation, the water-saturated kaolinite was deformed at a slip rate
of 1 m/s for a total slip of 3 m under a normal stress of 10 MPa. Direct counting
yielded a total of 3.07x108 (Coefficient of Variation (CV): 43%), 3.06x108 (CV: 28%),
and 1.92x108 (CV: 37%) cells of S. oneidensis; and a total of 1.70x109 (CV: 21%),
1.94%x109 (CV: 17%), and 7.48x108 (CV: 30%) cells of P. putida in the initial state,
after the compaction, and after the compaction and shearing, respectively. The
survivability (the percentage of remaining intact cells) were 62% to 63% for S.
oneidensis, and 39% to 44% for P. putida. While the temperature raised during
shearing has been estimated to exceed the maximum these strains can tolerate (up
to 105 oC; Kuo et al., this meeting), these results suggest that microorganisms may
have survived over the extreme conditions imposed by fault deformation, thereby
shaping the pattern of mineralization and organic degradation post-dating an
earthquake event.
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Effects of Marine Oil Pollution on Environment and Microorganism
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Geochemical characteristics of sediment-pore water systems at the Geolin Mounds
and Mienhua Volcano hydrothermal fields in the South Okinawa Trough

v gg3r £ Oral
Submarine hydrothermal circulation is an important geochemical process associated
with the mass exchange between hydrosphere and lithosphere as well as plays a
significant role in supplying and removing chemical components to and from the
ocean. The hydrothermal systems of South Okinawa Trough (SOT) develop at the
sediment-rich continental margin with their fluid modified by fluid-sediment
interaction, such as high CO2 concentrations due to the thermal decomposition of
organic matter in sediments, and even the chemical compositions of pore water,
hydrothermal deposits/precipitations may subsequently be affected. Although the
hydrothermal fluids and massive sulfide deposits have been well studied, little is
focused on the sediment-pore water systems relating to hydrothermal activity. Here,
we summarized the geochemical characteristics of sediment-pore water systems at
the Geolin Mounds (GLM) and Mienhua Volcano (MHV) hydrothermal fields in the
South Okinawa Trough. In addition to the gas flame observed through abnormal
acoustic reflections in water column, in-situ observation of hydrothermal fluid venting,
fauna as well as seafloor massive sulfide deposits have confirmed their hydrothermal
activities. The unique geochemical features were also observed: (1) the high
3He/4He values (7.45~7.62 RA) with gradientlessness in pore waters; (2) the low pH
values (pH=5.67~6.21) with downward increasing trends of dissolved inorganic
carbon (DIC, up to 60 mM) and high isotopic values (813CDIC=2.5~7.0 %o) in pore
waters indicated an in-situ liquid CO2 surrounding; (3) the downward decreasing
Mg2+ (low to 23.3 mM) and increasing Li (up to 2,269 uM) in pore waters implied an
obvious mixing of hydrothermal fluid and seawater. Based on two end-member
mixing model, the highest fraction of hydrothermal fluid in pore water is estimated to
be 59.3%. These results suggested a hydrothermal discharge pattern of diffusion
flow.

B b AL R R R s BROK
South Okinawa Trough, sediment-hosted hydrothermal system, pore water
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The investigation of atmospheric geochemistry using moss bag sampling method
v gg3r ¢ Oral

Moss bag is composed of living and/or dead moss aggregates and is one of the
most important sampling tools to evaluate ambient atmospheric quality. Comparing
to suspended particle device, moss bag method is designed for monitoring
concentrations of pollutants in variable temporal scales, especially a long-term
period due to moss’s high specific surface area and high absorption capacity. In
this study, a moss bag was utilized for a long-term monitoring on the local air
pollution sources in Chiayi. The mosses were planted in the lab and packed into
plastic mesh bags about 200 ml. The bags were hung under an open shelter for a
period of three months. Then, the mosses were digested with ultrapure nitrate and
analyzed by ICP-MS and ICP-OES to measure metal elements, rare earth
elements and lead isotopes. The geochemical properties of mosses are related to
many factors. To minimize the interferences other than atmospheric quality, the
raw data were normalized by those of average upper continental crust (UCC) to
obtain enrichment factors (EFs). The results reveal that most of EF values are
greater than one, which suggests that the geochemical properties of moss are
principally controlled by the interception of atmospheric suspended patrticles. As for
rare earth elements, the winter samples show no Eu negative anomaly; however,
there is evident Eu negative anomaly for the spring mosses. This implies that the
winter and spring seasons may share the different sources of suspended patrticles.
The lead isotopes distribute in fairly wide ranges of 2.07-2.12 and 0.843-0.875 for
208Pb/206Pb and 207Pb/206Pb, respectively. It can be expected that the different
sources of lead may have different contributions by seasons.

B3 B I IR I e
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Gas geochemistry study of some mud volcanic and volcanic areas of Taiwan

v gg3r ¢ Oral

The aim of this study is to understand the volcanic eruption and earthquake
mechanism using gas geochemistry. Bi-weekly radon monitoring using RAD7 and
bi-weekly CO2, CH4, and N2 monitoring using micro gas chromatograph in ground
water has been carried out at Mai-Tao-San area of southern Taiwan. In addition bi-
weekly soil gas radon monitoring at two points in Mai-Tao-San using RAD 7 and
integrated soil gas radon monitoring at one point in Mai-Tao-San using solid state
nuclear detector (SSNTD) has been carried out. At Wan-Dan area, we are
recording the bi-weekly radon concentration in soil at two points using RAD 7 as
well as LR115 films whereas radon in water is monitored in the tap

water. Furthermore, integrated radon monitoring using SSNTD technique has
been carried out at Tatun volcanic areas of northern Taiwan. The pre-calibrated
radon-thoron discriminators with LR films has been installed in Hsiaoyoukeng
(SYK), Dayoukeng (DYK), Bayen (BY) and Gungtzeping (GTP) of Tatun Volcanic
area in a hole (about 50 cm depths) having different temperatures for a defined
period (bi-weekly to monthly). This study will test and verify the hypothesis that our
monitoring stations in TVG area are sensitive to the events with in distance 60 kms.
The results of this monitoring in water and soil at Mai-Tao-San, Wan-Dan, and
Tatun volcanic areas of Taiwan for seismic and volcanic study will be discuss in
detail.

Gas geochemistry, Solid state nuclear track detectors, RAD7, Mai-Tao-San, Wan-
Dan, Tatun Volcanic areas, and Taiwan
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Improving ocean literacy for children: a case study of the Secret Base of Scientists
exhibition

v gg3r ¢ Oral
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An Earth Science promotion from the novel "Kangxi Taipei Lake” and extended

local cultural tourism
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Piezoelectricity as a Mechanism for the Electromagnetic Precursors of

Earthquakes

v gg3r ¢ Oral

To produce electromagnetic (E&M) signals, it is necessary to search for a physical
mechanism which generates the ground charges. The piezoelectric effect or elastic-
electric coupling is assumed to be the main mechanism on the generation of E&M
precursors. There are two modes of wave propagation: the fast model for the E&M
wave with a speed of ¢ and the slow model for the elastic wave with a velocity of v.
Based on the Maxell equations, two relationships between the electric-field
amplitude, E, and elastic displacement, u, for two modes are: E+=-i(c/v)2(k/z)u+, i=(-
1)1/2, for the fast mode and E-=i(mzk/c)u- for the slow mode. In the two relationships,
k is the wavenumber, ¢ and m are, respectively, the electric permittivity and rigidity
of the fault-zone material, z denotes the piezoelectric coupling coefficient (a common
value of ~2x10-12 coul/nt for quartz). When u+=u-, The two relationships lead to |E-
|/|E+|= (v/c)2(mz2/c) which is much smaller than 1 because v<<c. This indicates that
the fast mode is essentially electromagnetic with negligible elastic deformation and
the slow mode is mainly elastic with a very weak E&M field. The amplitude of the
E&M mode relates to stress in the following form: cE=zon in absence of preexisting
electric field. From c=4.5co (co~=8.85x10-12 farad/m for the free space) and z=2x10-
12 coul/newton, we have E=0.050n. A normal stress of 10 MPa yields E=5x105 V/m.
On the other hand, laboratory experiments on rock fracture and filed observations
show significant temporal variations in stress and stress intensity (e.g., Main and
Meredith, 1989). In this study, we will combine piezoelectricity and rock mechanics
to explore the possible generation of electric fields in and outside the fault zone, the
depth range to yield large enough normal stress for charge generation in the earth’s
crust, and the possible occurrence time of E&M precursors before an impending
earthquake.

earthquake precursors, piezoelectricity, ground charge, electric field, stress



=
p iy
P
HRAT NG

HAL

P2 3P
E P
F Fa e A

TP
B M

Room 607

117 18 p (2 ¥ =)

16:00-16:15

NH2-0O-04

- Natural Hazards

I ;—E; N :‘g

Vivek Walia [National Center for Research on Earthquake Engineering (NCREE),
NARL, Taipei, Taiwan] (i 31 i’rdﬁ)

Arvind Kumar [National Center for Research on Earthquake Engineering (NCREE),
NARL, Taipei, Taiwan]

Ching-Chou Fu [Institute of Earth Sciences, Academia Sinica, Taipei, Taiwan]
Shih-Jung Lin [National Center for Research on Earthquake Engineering (NCREE),
NARL, Taipei, Taiwan]

Application of different statistical tools to investigate the time-series radon data for
earthquake precursory studies

v gg3r ¢ Oral

For past few decades, anomalous temporal changes in radon concentrations have
been reported in relation to earthquake occurrences. However, radon anomalies in
all cases are not only controlled by seismic activity but also by meteorological
parameters which make isolation of earthquake precursory signals
complicated. The present study is an attempt to assess and quantify the influence
of the meteorological and hydrological parameters on the soil gas radon emission at
monitoring stations established along different active faults of Taiwan and India.
Characteristics of temporal variability of soil-gas radon concentrations for the
monitoring stations have been examined by using different statistical tools. In order
to make continuity and regularity of the data before applying the analysis, the radon
data were carefully edited for rare duplicate sampling, gaps and discontinuous jump
following intervals of malfunctioning of equipments. The radon variations exhibit
dominant daily variations, which are controlled by atmospheric temperature inducted
evaporation in surface water saturated soil (Capping Effect). The decay of radon
after the recession of rainfall is approximated by double exponential decay terms,
one corresponding to the natural decay of radon with half life of 3.84 days and
second representing slow weakening of capping effect. The effect related to internal
loading due to rise and fall of groundwater modulates the propagation of radon in
overlying strata, accounting for the long term variations in radon. The rainfall inflicted
changes in radon look strikingly similar to earthquake related precursory or co-
seismic perturbations, inferred by long term synoptic observations. It is surmised that
unless radon variations are corrected for meteorological/hydrological contamination,
some precursory signals are masked on one hand while on the other hand some
anomalies are falsely viewed as earthquake precursors.

Radon, Seismic activity, Meteorological parameters, Time series decomposition,
Earthquake precursor
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Katsumi Hattori [Department of Earth Sciences, Graduate School of Science,
Chiba University, Japan.]

Ryo Takahira [Department of Earth Sciences, Graduate School of Science, Chiba
University, Japan.]

E‘]éié: % (Chien-Chih Chen) [Department of Earth Sciences, National Central
University, Taiwan.]

Pre-earthquake early-warning signals of ULF geoelectric data and their earthquake
forecasting probability: A case of Kakioka, Japan

v gg3r ¢ Oral

As laboratory rock experiments and field data analyses show, electromagnetic
phenomena are believed to be candidates for the short-term prediction of large
earthquakes. Moreover, among previous studies for the field data analyses, ULF
electromagnetic signals are one of the most promising precursor methods due to
deep skin depth observation. However, the previous studies were carried on through
case-study analyses or one-phase optimizations (i.e., a training phase). Before the
earthquake forecasting, the first intermediate step is to test relationships between
the prescribed anomalies and an earthquake catalog. This is what machine learning
scientists refer to as "the training phase". Once detecting anomalies of any earth
science data, we have to define a specific algorithm relying on a limited set of

unambiguous parameters, which associates those anomalies within a target space-

time-magnitude window relative to an impending earthquake. This is the only way to

quantify the skill of the tested model and its sensitivity to input parameters. After the
training phase, true forecasts can be proposed, which consist in selecting the optimal
model parameters and applying them to an independent dataset (i.e., a testing
phase). In this study, we verify the relationship between electromagnetic anomalies
and earthquakes through the two-phase optimization (i.e., a training phase and a
testing phase). Results show that the model performance for the forecasting phase
has significance, implying that the pre-earthquake electromagnetic anomalies are
true earthquake precursors, although the mechanism remains unclear. The present
study is therefore intended to make contributions to the establishment of correctly
examining correlations between anomalies of earth science data and earthquake
catalogs.

ULF geoelectric data; statistical moment; earthquake forecast
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Iron spin crossover and anomalous thermal properties of ferromagnesite
(Mg,Fe)CO3

v gg3r ¢ Oral

Ferromagnesite [(Mg1-xFex)CQO3], also referred to as magnesiosiderite at high iron
concentration (x > 0.5), is a solid solution of magnesite (MgCO3) and siderite
(FeCQO3). Ferromagnesite is believed to enter the Earth’s lower mantle via
subduction and is considered as a major carbon carrier in the Earth’s lower mantle,
playing a key role in the Earth’s deep carbon cycle. Experiments have shown that
ferromagnesite undergoes a pressure-induced spin crossover, accompanied by
volume and elastic anomalies, in the lower-mantle pressure range. In this work, we
investigate thermal properties of (Mg1-xFex)CO3 (0 < x < 1) using first-principles
calculations. We show that nearly all thermal properties of (Mg,Fe)CO3 are
drastically altered by iron spin crossover, as manifested in the anomalous changes
of the equation of state, bulk modulus, thermal expansion, Gruneisen parameter,
heat capacity, and thus thermal conductivity. These results suggest that iron spin
crossover may affect thermal properties of the subduction slab and the deep carbon
cycle.

PRAESY BB FEFH FEH ¥ REFE S TE 5

Spin crossover, high pressure, magnesite, siderite, first-principles calculations,
lower mantle
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Novel Materials Exploration Utilising Large Volume Press

v gg#F £ Oral

Novel functional materials design and discovery for magnetic, electronic, spintronic
and energy technology applications stimulate much of modern chemistry, physics
and materials sciences. Such functional materials are in particular interests due to
their correlated electron systems ground states, and the sensitivity to changes in
chemical composition and physical condition. These strongly-correlated materials
tend to have dense and strongly-bonded structures, high pressure synthesis
technigues therefore become one of the most important approaches in the novel
materials exploration, and the high pressure condition may induce more interesting
physical properties. Considerable efforts have been made in the search for novel
multiferroic materials, and it is of great interest to design and make materials in which
ferroelectric polarization is coupled to other order parameters such as lattice,
magnetic, and electronic instabilities. [1-3] Recently, remarkable progress has been
made in understanding improper ferroelectric coupling mechanisms that arise from
lattice and magnetic instabilities. For instance, CaMn7012 perovskite oxide was
reported to be a Type-ll multiferroic material exhibiting large magnetoelectric
response. [4] In order to have further understanding of the coupling between the
crystal structure and physical properties, a series of AMn7012 materials including A
= Hg compound were prepared utilizing high-pressure high-temperature synthesis
techniques. [5] In this talk, the utilised Large Volume Press equipped at Center for
Condensed Matter Sciences, National Taiwan University for the investigation will be
introduced. With the unique high pressure synthesis techniques and following
structural analysis using synchrotron x-ray and neutron powder diffraction
techniques, rich spin, charge and orbital couplings can be observed and examined
in these materials.



=
p iy
P
HRAT NG

HAL

P2 3P
B2 AEP
o il

Ty
B MR

Room 608

117 18 p (2 ¥ =)

16:30-16:45

EM2-0-08

- Earth Materials

BRAFHPNZE E A F2

Lai-Chin Wu [National Synchrotron Radiation Research Center] (i 3t f’r—*ﬁ)
Jey-Jau Lee [National Synchrotron Radiation Research Center]

Po-Chia Huang [National Synchrotron Radiation Research Center]
Shih-Hung Chang [National Synchrotron Radiation Research Center]
Hong-Yi Yan [National Synchrotron Radiation Research Center]
Chao-Yu Chang [National Synchrotron Radiation Research Center]
Chia-Feng Chang [National Synchrotron Radiation Research Center]
Bo-Yi Liao [National Synchrotron Radiation Research Center]

Jui-Che Huang [National Synchrotron Radiation Research Center]
Ching-Shiang Hwang [National Synchrotron Radiation Research Center]
Chin Shueh [National Synchrotron Radiation Research Center]

Advanced Micro-crystallography Single Crystal X-ray Diffraction Beamline at TPS

v gg3r ¢ Oral

A dedicated X-ray diffraction beamline “Micro-crystal X-ray diffraction beamline
(mXRD)” for advanced and non-ambient crystallography of chemical crystal research
are scheduled at TPS 15A, a Phase-Il beamline at TPS (Taiwan Photon Source).
The beamline consists of a tapered cryogenic undulator source (CUT18), a coupled
Double Crystal Monochromator (DCM) / Double Multilayer Monochromator (DMM)
system, three focusing mirrors (FM, VFM, and HFM) and two end-stations (ES1 and
ES2). CUT18 will generate high brilliance X-ray for the designed available energy
range 9 — 35 keV. The X-ray beam is focused by FM and delivered to ES1 with
adjustable beam size 100 ~ 100 — 200 " 200 um2; then X-ray is focused again by a
pair of Kirkpatrick-Baez (KB) mirror (VFM and HFM) down to ~ 10 *~ 10 ym2 at the
sample position of ES2. Experiments can be conducted in either monochromatic (by
DCM) or pink beam (by DMM width bandwidth 3 or 5 %) mode at both end-stations.
A set of instrument, including the high-heat-load chopper, millisecond shutter, and a
ultra-fast chopper, are synchronized to the storage ring clock, which will be used to
isolate a single X-ray pulse (FWHM < 100 ps) and deliver it to the sample at ES2.
ES1 will equip with a vertical fixed-k goniometer and a photon Il detector; ES2 will
equip with a MD3UP high precision kappa geometry goniometer and an EIGER 2X
CdTe 9M detector.

X-ray
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Non-destructive core measurements in the Kaoping shelf/slope offshore
southwestern Taiwan: Evaluation from R/V Legend’s giant piston coring system

v gg3r ¢ Oral

By participating IMAGES (International Marine Past Global Change Study) program,
Taiwanese scientists have used successfully the great capabilities of long coring
system such as that on French R/V Marion Dufresne in the last decade by collecting
very long cores (>40 m) in many important locations in the seas around Taiwan and
the western Pacific. For the needs of marine geology and geophysics studies, a
2000-ton Research Vessel Legend of TORI equips with a giant CALYPSO coring
system and deep-sea winch system, which is as well as R/V Marion Dufresne coring
facilities. The sea trial of giant piston/gravity coring system onboard the R/V Legend
(LGD-T31:2019.12.10-12; LGD-T32: 2020.01.14-16) provides a good opportunity to
examine the core quality on the recovered sediment. To perform continuous
sequences of undisturbed sediments taken with the 8-m giant piston/gravity coring
system, we compared several marine cores in the Kaoping shelf/slope offshore
southwestern Taiwan. Overall, the recovery for these cores is ~25-28%. Based on
AMS radiocarbon dating with mixed planktic foraminifera, we find the ages of 0-1 cm
sediment sample at Core LGD-T31-B-PC1 and LGD-T31-B-PC2 are ~ 1 ka. Itimplies
some coretop sediments are lack during coring. We further observe that LGD-T32
cores are severe stretched than others. The upper section of core LGD-T32-A-PC is
stretched by up to 30 cm. Though sediment stretching and disturbances are existed
at these giant piston cores, we consider the similarity of non-destructive
measurements at downcore sediments confirmed that both cores record the same
climatic and environmental changes. For having indispensable high-resolution
records to unravel past ocean and climate dynamics, further sea trail and technology
development are needed to improve recovery.

AT S AR BT BAER A S AR A 1

offshore southwestern Taiwan, R/V Legend, giant piston core, non-destructive
measurement



=

p iy
P
HRAT NG

HAL

P2 3P
E P
F Fa e 3

R609C

117 18 p (2 ¥ =)

16:00-16:15

SE1-0-02

- Global Change

s Z AW e ERE Oy RITHREA

# = ¥YRick J Yang) [Department of Oceanography, National Sun Yat-sen
University, Taiwan, ROC] (i 3t i )

%]4e 5z (James T. Liu) [Department of Oceanography, National Sun Yat-sen
University, Taiwan, ROC]

j= ¥ 3 (Daidu Fan) [State Kae Laboratory of Marine Geology, Tongji University,
China]

George S. Burr [Department of Physics, University of Arizona, Tucson, AZ, USA|]
i 44 (Ting-Ting Chen) [Taiwan Ocean Research Institute, National Applied
Research Laboratories, Kaohsiung, Taiwan, ROC]

Sedimentary facies transition at the mouth of the Zhuoshui River in the late
Quaternary
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The depositional base-level (sea-level) controls the locale of accumulation within
the interactive environment on the land-sea boundary. In general, as sea-level rise,
sediments are trapped on the landward side due to drops in the land-to-ocean
hydraulic gradients. The rise of the sea-level inundates the coastal area to form an
accommodation space in which the development of the sedimentary environment is
dictated by the relative rates of sea-level rise, subsidence and sediment
aggradation. The small mountainous river, Zhuoshui River, located in central
Taiwan and its sediment yield (17,105 tonne/km2/yr) is among the highest in the
world. In this study, we elaborated on the sedimentary environmental changes
during late Quaternary through two sediment cores, JRD-S (104m) and JRD-N
(98m), on both sides of the Zhuoshui River mouth. Through AMS 14C dating from
over 70 samples in each core, and employed an RMS error regression approach, a
reliable age model was constructed. Results show the paleoenvironments of the
Zhuoshui River underwent the land-sea- land shifts after the Last Glacial
Maximum. At the current location initially was floodplain/incised river valley.
Beginning at about 10,000 yr BP the coast became submerged by the rising sea
and the sedimentary facies transitioned to a succession of marine environments,
from shoreface to offshore. In this stage the accumulation rates increased by
twenty-fold due to the additional space created by the rising sea-level. As the rising
sea-level came to a pause at 6,000 yr BP, fluvial processes became dominant and
sediments began to aggrade at the river mouth. After 4,500 yr BP, the accumulated
sediment began to prograde seaward, taking on the form of a river delta. This
process compares well with other deltas around the world.
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Using Grain-Size Distribution as a Key to Unlock the Mistry of Delta Development
Since 6 ka BP at the Mouth of Zhuoshui River
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The Zhuoshui River, located in central Taiwan, yearly exports on average 54x106
tonnes of sediment. It has the sediment yield of 17,100 tonne/km2/yr, which is
among the highest in the world. Most of the sediment load occurs in typhoon-
related extreme weather events in the form of hyperpycnal flows. The ample
sediment load after deposition at the river mouth potentially would preserve
valuable information of the past environmental changes. At the river mouth we
drilled two bore holes and obtained sediment cores each about 100-m long. The
core material covered the time span from the late Quaternary to present. We
applied sedimentological methods to reconstruct the past sedimentary environment
at the study site. During the late Quaternary, the sedimentary environment at the
mouth has gone from terrestrial facies, to marine facies, and to deltaic facies. As a
result, the land-sea boundary at the river mouth shifted twice. The deltaic facies
developed after the eustatic sea-level rise became stable around 6,000 yr BP. We
compared representative grain-size distributions of wave-, tide-, and river-
influenced environments in the modern-day delta region at the Zhuoshui River
mouth with the comparable paleo-environments in the cores using the multi-variate
analysis technique EOF. Results show as the delta developed and advanced
farther into the shallow Taiwan Strait, the sedimentation pattern of the delta
changed from aggradational to progradational. Progressively, the influence of
forcing by waves gave way to tides and then to the river on grain-size distributions
in core sediments. Our findings show that the interplay between river sediment load
and the eustatic sea-level change determined the long-term coastal evolution at the
mouth of the Zhuoshui River using grain-size distributions to link the present from
the past.
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