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Multiple-fault triggering induced by the February 2018 Mw 6.4
offshore Hualien earthquake, Taiwan: insights from geodetic
measurements

*MIN-CHIEN TSAI'
1. Seismelogical center, Central Weather Bureau, Taipei, Taiwan (R.O.C)

The Mw 6.4 earthquake occurred on February 6%, 2018 in the offshore area of Hualien city. This area is
located at a complex junction between the extended portion of the Longitudinal Valley, the active fault
system in the north part of the Coastal Ranges and the Ryukyu forearc system. The focal mechanism of
main shock demonstrates a NE-trending reverse fault dipping to the west with left-lateral strike-slip
component responsible for the coseismic deformation observed in the epicentral area. However, a larger
coseismic deformation is observed both in the hanging wall and the foot wall of the east-dipping Meilun
and Lingding faults (up to 46 cm in the horizontal and 9 cm in vertical coseismic deformations). The
left-lateral strike-slip coseismic deformation is predominant along the Meilun fault. In addition, the
coseismic deformation changes in the southernmost part of the Meilun fault, which implies that the Melin
fault and the north segment of the Lingding fault should belong to the different fault systems. It is worthy
to note that a larger coseismic uplift is observed along the foot wall of the north segment of the Lingding
than in the hanging wall part which shows a significant western motion. The southwestern coseismic
motion observed in the Longitudinal Valley is different from the southeastern coseismic motion near the
epicentral area predicted according to an obligue-dip faulting. This implies that an unknown fault system
located near the foot wall portion of the Meilun and Lingding faults could also have been triggered during
the 2018 Mw 6.4 offshore Hualien earthquake. The coseismic deformation from D-InSAR of both
ascending and descending orbits from ALOS-2 and Sentinel-1 radar images show similar results to those
obtained from our continuous GPS measurements and support the idea of multiple-fault ruptures during
the 2018 Hualien earthquake.

Keywords: GPS, In-SAR, Multiple-fault triggering
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Preliminary study of anomalous pre-seismic baseline variations from
the continuous GPS observations in Taiwan

*MIN-CHIEN TSAI'
1. Seismological Center, Central Weather Bureau, Taipei, Taiwan (R.O.C)

Taiwan is situated in an active tectonic region characterized by an on-going collision between the Luzon
arc and Chinese continental margin. The rapid crustal deformation and frequent earthquakes imply the
large seismogenic potential in the Taiwan area. In the recent decades, the Global Positioning System
(GPS) has become an efficient tool for studying active tectonics and geodynamics. After the 1999 Chi-Chi
earthguake (Mw = 7_.6) more than 150 new continuous GPS (cGPS) stations have been established in
Taiwan. Since 1994 these cGPS stations have been operated by various agencies, including the Central
Weather Bureau (CWB), Institute of Earth Sciences, Academia Sinica (IESAS), Central Geological Survey
(CGS) and the Ministry of the Interior (MOI). A dense network comprised of more than 500 cGPS stations
currently monitors the Taiwan area. In this study, we present some suspected precursor signals obtained
from cGPS observations. Using baseline variations of high-guality continuous GPS data, we characterize
the possible pre-seismic precursor signal of the two recent earthguakes in Taiwan. A significant decrease
in extension rate was observed about 5 months before the M = 6.4 Rueisuei earthquake (31 October
2013), occurred near the Longitudinal Fault in the eastern Taiwan. A significant increase in soil-gas
concentrations was also recorded 2 months before the Rueisuei earthquake. Furthermore, the pre-seismic
baseline variation of cGPS was observed in 8 baselines near the epicenter of the M, 6.4 Meinong
earthguake (6 February 2016) in the fold-and-thrust belt of SW Taiwan. In this case, we found clearly
anomalous signal in the time series of 8 baselines with length variations showing that the deformation rate
slowed down and decreased to near zero before the Meinong earthquake. The duration of the anomalies
varied from about 9@ months to 2 years in relation to the location of the baseline. The duration time of the
anomalies shows obvious correlation with the distances between the baseline location and the epicenter.
The dilatancy-diffusion model suggested that the pre-slip strain anomaly can be observed in the following
three major stages: elastic strain buildup (stage 1), dilatancy dominant (stage 1) and influx water dominant
(stage I1l). Seismic slip may nucleate on fault patches due to the frictional drops with increasing slip or
sliding speed, and earthquake may occur on along-strike or downdip extension while aseismic
deformation rates accelerate. However, according to the dilatancy-diffusion model, the observed baseline
length rate variation anomalies seem to showa “slow-down” of deformation rate and probably resulted
from the closure of preexisting cracks before the nucleation of the Meinong earthquake. Therefore, we
can assess the seismic potential or possible precursor signal by this method.

Keywords: GPS , Pre-seismic anomalous, baseline variation
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Using the CWB geophysical data to study pre-seismic anomalous
signals preceding large earthquakes in Taiwan

Min-Chien Tsai'", Yu-Ting Huang', Bo-Kuan Li', Shih-Han Chien', Fang-Ju Wu'

1. Seismological Center, Central Weather Bureau, Taiwan.

(minchyen@scman.cwb.gov.tw)

The Central Weather Bureau (CWB) build the Taiwan Geophysical Observation
Network for monitoring the possible earthquake precursor signals. We analyze
groundwater, earth tide and magnetic field data, and the data from the continuous GPS
(cGPS) network. Wherein, we can use GPS data to calculate the total ionosphere
electron content (TEC), or analyze baseline variations using high-quality ¢GPS data. In
this study, we use the CWB geophysical monitoring data in an attempt to characterize
the possible pre-seismic precursor signals of large earthquakes, which occurred in the
past few years in Taiwan. For instance, the stress caused by the formation of regional
geomagnetic field changes before the occurrence of many large earthquakes. The CWB
had set up 12 stations to monitor variations of local geomagnetic total intensity field in
Taiwan. The Ultra-Low Frequency (ULF) Analysis could be applied to investigate
earthquakes, which is done using cross correlation values between the earthquake-
related (0.01 — 0.1Hz) and relatively low (0.001 — 0.01Hz) frequency bands. When the
correlation coefficient value stays low for several days, it may be related to the
earthquake precursors. Furthermore, numerous studies indicated the possibility of a
relationship between the ionosphere TEC short-term disturbances and large
earthquakes. The Global Navigation Satellite System (GNSS) is integrated lots of
Satellite System of different countries. The GPS and Beidou satellite system from
United States and China are both included. The new TEC calculation technique of CWB
provides now better spatial resolution because of the new Beidou satellite system of
China. We use Global lonosphere Map (GIM) to analyze the relationship between TEC
anomaly variation and earthquakes (M1, > 6, depth < 30 km) occurred in Taiwan from
2000 to 2016. We recognize 15 events that show the TEC anomaly about 1-3 days
before an earthquake. The pre-seismic baseline variation identified through cGPS data
can also provide us some possible precursor signals although these tend to be long-term
(months or years) signals. In this study, we attempt to exploit all the pre-seismic
anomalous observations to propose a simple model, which can help us to detect

precursor signals of large earthquakes.

Key words: cGPS, GNSS, ULF, TEC, precursor, Central Weather Bureau.
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