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ABSTRACT

We provide new data and insights into a 6 February 2018
Mw 6.4 earthquake that shook the city of Hualien in eastern
Taiwan at the leading edge of a modern arc–continent collision.
Fatalities and damages were concentrated near the Milun fault
and extended south to the northern Longitudinal Valley fault.
Although the Hualien area has one of the highest rates of seis-
micity in Taiwan, the geologic structures responsible for active
deformation were not well understood before this event. We
analyzed Interferometric Synthetic Aperture Radar (InSAR) and
Global Positioning System (GPS) data and produced a 3D
displacement model with InSAR and azimuth offset of radar
images to document surface deformation induced by this earth-
quake. The 3D displacement model was inverted to estimate slip
on the Milun fault. We find that models assuming a single fault
are inconsistent with observations of coseismic deformation and
regional strain patterns, providing evidence for linked slip on a
little-studied offshore thrust belt. Based on data presented here
and elsewhere, we propose a model for transpressive deformation
in a zone of oblique convergence and left-lateral wrench tecton-
ics to explain this and a prior 1951 M 7.3 earthquake.

Electronic Supplement: Tables listing of details of the satellite
radar images used in this research and Global Positioning Sys-
tem (GPS) coseismic deformation.

INTRODUCTION

About 67 yrs after one of the largest earthquakes recorded in
easternTaiwan, the city ofHualien experienced an unusual seismic
sequence that started on 4 February 2018, with anMw 6.1 earth-
quake located 28 kmnortheast of the city. The largest event in this
sequence, anMw 6.4 earthquake with an epicenter located 10 km
northeast of Hualien (Fig. 1), occurred at 23:50 p.m. local time 6
February. TheMw 6.4 event caused collapse of four large build-

ings, 17 fatalities, and extensive damage to roads and other infra-
structure. Field surveys conducted immediately after the 6
February event (Eastern Taiwan Earthquake Center [ETEC],
2018) revealed 70 cm of transpressive left-lateral, east-side-up co-
seismic offset across the steeply east-dipping Milun fault and
a similar amount of left-lateral displacement on theLingding fault
10 km south of Hualien (Fig. 1). The focal mechanism of the
main earthquake fromU.S. Geological Survey (USGS) and Cen-
tral Weather Bureau (CWB) indicates a steeply west-dipping
fault plane at 10–12 km depth, in contrast to the steep eastward
dip on theMilun fault documented in field and near-surface geo-
physical surveys (Yu, 1997). The diverging dip directions on shal-
low and deep levels of the seismogenic Milun fault require an
explanation. The 2018 earthquake sequence illuminated a net-
work of active faults in the Hualien area, offering a rare oppor-
tunity to document how local structures accommodate oblique
relative plate motion at a complex collisional plate boundary.

The region struck by the February 2018 earthquake se-
quence lies in a zone of oblique arc–continent collision between
the Philippine Sea plate and Eurasian continental margin (Fig. 1,
inset). The steeply east-dipping Longitudinal Valley fault and a
little-studied offshore thrust belt accommodate more than half
of the modern oblique convergence (82 mm=yr) between the
Eurasian and Philippine Sea plates (Huang et al., 2010; Ching
et al., 2011). Prior studies document a regional change from east-
dipping subduction of Eurasian lithosphere in southern and cen-
tral Taiwan to a west-dipping boundary in the north, where
strain is influenced by northward subduction at the Ryukyu
trench (Lallemand et al., 1997; Font et al., 2001; Kuo-Chen
et al., 2012). The last major rupture on the Milun fault was an
Mw 7.3 earthquake in October 1951 that produced ∼1:2 m of
vertical offset and ∼2 m of left-lateral horizontal offset (Hsu,
1962; Shyu, 2005). Other than rare pulses of transient aseismic
strain (Yen et al., 2011), the Milun fault has been dormant since
1951. Shyu et al. (2016) proposed that the Milun fault is linked
to a detachment fault at depth that separates shallow sediments
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in the northern Longitudinal Valley from deeper crust of the
Coastal Range as it translates north toward the Ryukyu trench.
This and other models based on microseismicity and interseis-
mic strain (e.g., Chen et al., 2014) are limited by the absence of
fault-rupture data that reveal important aspects of active plate-
boundary deformation.

This article presents a study of coseismic surface deformation
produced by the 6 February 2018 Mw 6.4 Hualien earthquake.

We used Sentinel 1A/B Terrain Observation
with Progressive Scan and Advanced LandObser-
vation Satellite-2 (ALOS-2) Synthetic Aperture
Radar (SAR) interferometry combined with
Global Positioning System (GPS) data to docu-
ment surface deformation during this event. Im-
ages from ascending and descending tracks were
used to measure line-of-sight (LOS) deformation
with opposing look angles, and pixel offset (PO)
of ALOS-2 radar images were used to track defor-
mation in the radar azimuth direction. We then
calculated a 3Dsurface displacement field by com-
bining PO and Differential Interferometric Syn-
thetic Aperture Radar (DInSAR) results (Casu
and Manconi, 2016). The data reveal consistent
left-lateral displacement on theMilun and Lingd-
ing faults, with large variations in vertical motion
that provide insight into fault-zone geometric
complexities. Using these results, we propose a
regional kinematic model to explain the relation-
ship between driving plate motion and neotec-
tonic deformation on seismogenic faults in this
active collisional setting.

MATERIALS AND METHODS

Continuous GPS (cGPS) and campaign GPS
data were used in this study. cGPS data were
gathered by the CWB, Central Geological
Survey, Institute of Earth Sciences of Sinica
Academia, Industrial Technology Research In-
stitute, and ETEC, and provided by the ETEC.
Coseismic deformation from cGPS is the differ-
ence between the 7-day average before earth-
quake and 5-day average after the earthquake
for most of the cGPS sites. For the sites affected
by the 4 February 2018 earthquake, coseismic
deformation was the position differences be-
tween two days before the 6 February main
event and seven days after the earthquake. Cam-
paign GPS data were the difference between
May 2017 and February 2018 (Fig. 1). GAMIT
software was used in all the GPS solution (Her-
ring et al., 2015; see the Ⓔ electronic supple-
ment available to this article).

DInSAR is an excellent tool with which to
measure a displacement field over a large area
and has been applied to various cases of surface

deformation since the 1990s (Massonnet and Feigl, 1998;
Bürgmann et al., 2000; Wright et al., 2004). In this study,
we processed data from ascending and descending radar images
acquired from Sentinel-1 A/B satellites launched by European
Space Agency (ESA) and ALOS-2 satellite launched by JAXA
(see theⒺ electronic supplement available to this article). The
DInSAR phase in each pixel contains several different types of
phase difference between master and slave images. By removing

▴ Figure 1. (Inset) The South China Sea (Eurasian plate) is subducting eastward
beneath the Philippine Sea plate along the Manila trench south of Taiwan, and the
Philippine Sea plate is subducting northward beneath the Eurasian plate. Hualien
is located at the northern tip of flipping of subduction polarity. Study area of 2018
Hualien earthquakes. Black arrows indicate coseismic Global Positioning System
(GPS) direction. Yellow circles are earthquakes that occurred in February 2018. Red
lines are Milun and Lingding faults. Both continuous (black line) and campaign GPS
(gray line) show opposite motion on either side of the Milun and Lingding faults.
Crustal blocks east of both faults move north relative to central Taiwan via left-
lateral fault offset; the relative motion becomes more eastward because of local
clockwise rotation near the north end of the Milun fault. Hash and oblique hash
areas are the city of Hualien and Meilun tableland, respectively. Red lines (inset)
are northern and southern profiles shown in Figure 6.
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unwanted contributions such as those related to topography,
orbit, and atmosphere, we are left with useful deformation sig-
nals. GMTSAR software (Sandwell et al., 2011) was used for
InSAR processing, which included removal of orbit ramp and
topographic phase by precise orbit from ESA and ALOS 15 m
digital elevation model (see Data and Resources), respectively.
SNAPHUsoftware was used for unwrapping interferograms to
the LOS displacement field (Chen and Zebker, 2002).

Because we have both ascending and descending track radar
images from Sentinel-1 and ALOS-2 radar satellites, it is theo-
retically possible to solve for 3D displacement field (north, east,
and vertical) from four LOS displacements with different satel-
lite flight directions. However, the two satellites have similar
ground tracks that are less than 25° between ground-track angles
and the north direction, so the resulting north–south compo-
nent of displacement field is often poorly constrained. The
3D displacement field is more readily understood than the
LOS displacement field and is essential for understanding sur-
face deformation caused by this earthquake. Using PO method,
the horizontal displacement field along both azimuth and range
directions can be estimated with precision that depends on the
spatial resolution. In the present case, the PO displacement es-
timation along azimuth is particularly useful because it allows
constraining the north–south component of displacement field.
Therefore, we applied PO method on ALOS-2 SAR images,
which has an azimuth resolution better than Sentinel-1. The
relative offset is measured by calculating the correlation between
preseismic and postseismic images of the same spatial resolution
(Leprince et al., 2007). The PO method is chosen to solve an
image registration problem (Zitová and Flusser, 2003), and off-
sets are recorded when cross correlation between preseismic and
postseismic image patches is maximum (Leprince et al., 2007).
This technique has been successfully applied in other studies that
obtained coseismic offsets from satellite optical images (Van
Puymbroeck et al., 2000; Michel and Avouac, 2002; Klinger
et al., 2006), aerial photos (Michel and Avouac, 2002), and
SAR amplitude images (Fialko et al., 2001).

We constructed coseismic 3D displacement model using
corrected LOS displacement from both ALOS-2 and Senti-
nel-1 (from both ascending and descending direction) and azi-
muth offset (from both ascending and descending) in the north–
south direction to solve for the 3D displacement field. LOS dis-
placements were compared with coseismic GPS projected to
LOS direction for both satellites in both ascending and descend-
ing directions (Fig. 2), and the slopes for all datasets were ad-
justed to 1. The corrected LOS displacements were combined
with azimuth offsets to solve for the 3D displacement model:

EQ-TARGET;temp:intralink-;df1;52;181AZA � sin αA × ΔE � cos αA × ΔN �1�

EQ-TARGET;temp:intralink-;df2;52;152AZD � sin αD × ΔE � cos αD × ΔN �2�

EQ-TARGET;temp:intralink-;df3;52;117

LOSA � − sin θA cosαA × ΔE � sin θA × sin αA × ΔN

� cos θA × ΔU �3�

EQ-TARGET;temp:intralink-;df4;323;733

LOSD � − sin θD cos αD × ΔE � sin θD × sin αD × ΔN

� cos θD × ΔU; �4�
in which α is the satellite flight direction; θ is the look angle; the
capital letters A and D are ascending and descending orbit, re-
spectively; AZA and AZD are displacements along the azimuth
direction, respectively; and LOSA and LOSD are displacements
along the range direction, respectively. Δ is surface displacement
along east–west (E), north–south (N), and vertical (U) direc-
tions. Because the number of equations is greater than the num-
ber of unknowns, we solve it using the least-squares method and
estimate the 3D displacement.

RESULTS

DInSAR results from Sentinel-1 and ALOS-2 are shown in
Figure 2a–d. Because of differences in wavelengths, interfero-
grams of Sentinel-1 and ALOS-2 have different numbers of
fringes, but their patterns are consistent. In particular, the Sen-
tinel-1 is more suitable for measuring small deformation than
ALOS-2, which on the contrary, is well suited for catching
steep spatial deformation gradient, as those occurring across
faults. In the present case, the maximum detectable spatial de-
formation rate for ALOS-2 is about 13 times higher than for
Sentinel-1 along azimuth direction and 3 times higher along
range direction. Therefore, Sentinel-1 DInSAR phase is ex-
posed to phase aliasing and consequently to phase unwrapping
errors. This issue is further worsened by considering that, gen-
erally, inteferometric coherence is better for L-band data
(ALOS-2) than for C-band (Sentinel-1). Therefore, the
differences between Sentinel-1 and ALOS-2 displacement pro-
files in Figure 2 occurring mainly across the faults can be ex-
plained in terms of phase unwrapping errors affecting the
Sentinel-1 data, where spatial displacement rate is high. Scatter
plots in Figure 2 compared DInSAR and GPS data projected
to the respective LOS direction. For InSAR results from as-
cending track, GPS and InSAR data generally agree with each
other with a slope near 1. On the contrary, for descending
track results, DInSAR often underestimated surface deforma-
tion, mostly because of the aforementioned deformation gra-
dient exceeding radar resolving power. The data show that
coseismic surface deformation was concentrated in and around
city of Hualien, on and near the Milun fault. The rupture ex-
tended south to the northern Lingding fault, a strand of the
Longitudinal Valley fault zone that separates the Coastal Range
and the Longitudinal Valley (e.g., Lin et al., 2009).

To better quantify the slant range deformation observed
by radar satellites, we constructed four profiles extracted from
the Sentinel-1 and ALOS-2 results to illustrate complex var-
iations in coseismic vertical displacements (Fig. 3). Profile A
shows up to 100 mm of coseismic vertical offset across the
Milun fault, with deformation concentrated in a very narrow
belt. Large discrepancies between ascending tracks of Senti-
nel-1 and ALOS-2 data are highlighted with blue arrows in pro-
file A. The difference is due to difference in radar wavelengths
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▴ Figure 2. (a–d) Coseismic interferograms from Sentinel-1 and Advanced Land Observation Satellite-2 (ALOS-2) radar satellites. De-
formation patterns are similar for both satellites with either ascending tracks or descending track images, albeit with different number of
fringes due to longer wavelength for ALOS-2. Area affected by the 2018 earthquake extends from northern tip of the Milun fault, the city of
Hualien, and the northern ∼10 km of the Coastal Range; line of sight (LOS) deformation and topography along profiles A, B, C, and D in (b)
will be shown in Figure 3. (e–h) Comparisons of GPS data projected to radar LOS and Interferometric Synthetic Aperture Radar (InSAR).
Horizontal axes are InSAR and vertical axes are GPS (LOS) data.
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and extremely narrow deformation zone causing a large defor-
mation gradient. The discrepancies are less exemplified in the
descending track DInSAR results; this is mainly because the azi-
muth direction in the ascending track is more parallel to the
northern Milun fault (Fig. 2), making ascending track DInSAR
not sensitive to the deformation in northern Milun fault. Profile
B displays roughly 50–100 mm of deformation in a 1- to 2-km-
wide fault zone (depending on satellite flight direction). In pro-
file C, the Milun fault seems to split into two or three branches,
each with several tens of millimeters of LOS deformation across
fault branches in a 3-km-wide belt. Areas east of the Milun fault
experienced large coseismic uplift ranging from several centi-
meters on the west side of the Meilun tableland to more than
30 cm on the east side of the tableland. In contrast, areas west of
the Milun fault experienced much less uplift, varying from sev-
eral centimeters near the fault to < 1 cm away from the fault.
The differences in vertical motion reflect systematic east-side-up
coseismic offset across the Milun fault, a pattern that is verified
with field observations (ETEC, 2018). The area between the
Milun and Lingding faults subsided by up to 30 cm, areas to
the west and in the Longitudinal Valley experienced slight co-
seismic uplift (∼1 cm), and the northernmost Coastal Range
subsided slightly (Fig. 2). From profile D, the Longitudinal Val-
ley moved toward the satellites up to 150 mm in ascending
tracks, indicating higher uplifting and southward motion toward
the Lingding fault. Descending tracks reveal very little move-
ment in the Longitudinal Valley, indicating very small east–west
motion. The radar coherence is low between 5 and 10 km along

the profile D, which introduced large error dur-
ing unwrapping in this region.

The 3D displacement model in Figure 4 was
calculated by combining azimuth offsets calcu-
lated from ALOS-2 data and corrected LOS dis-
placement from both ALOS-2 and Sentinel-1
data (see Materials and Methods section). The
3D displacement model compared well with
GPS in all three directions (EW, NS, and UD)
with slope ranges from 0.82 to 1.22 and R2 near
0.8. This 3D displacement model shows that
whereas areas east of the Milun and Lingding
faults moved to the north, areas west of these two
faults moved south (Figs. 1 and 2). The northern
Meilun tableland was uplifted more than the
south and southwest, producing a systematic
overall southward tilt that broadly mimics the
topography of the northern tableland. The Mei-
lun tableland also experienced significant coseis-
mic clockwise rotation roughly parallel to the
curved geometry of theMilun fault (Fig. 2). Both
the 3D model and GPS data show that displace-
ments were smaller near the south-central part of
the Milun fault on the Meilun tableland and in-
crease to the east and northeast away from the
fault. This is in sharp contrast to displacement
west of the Lingding fault, where displacement
increases toward the fault. This suggests that ad-

ditional subsidiary faults contribute to the total deformation ob-
served in the Meilun tableland.

To characterize the coseismic movement of the Milun fault
based on our geodetic observations around the city of Hualien,
we inverted the 3D surface displacement model (Fig. 4) to es-
timate fault slip (Fig. 5). Because our geodetic observations of
coseismic displacements derived from GPS and InSAR are
mostly limited to the area around downtown city of Hualien,
the data are inherently suitable for resolving shallow fault move-
ment of theMilun fault.We constructed a model fault following
the fault trace of the Milun fault from Shyu et al. (2016) and
modified the geometry around downtown Hualien based on
field investigations of S. Y. Huang et al. (unpublished manu-
script, 2018, see Data and Resources). We discretized the
fault plane into 800 subfaults (40 along strike and 20 down-
dip) with a dip angle of 70° and a depth of 5 km. We presume
that the Milun fault is a high-angle east-dipping fault based on
geologic records (Yu, 1997). We tested fault dip between 70°
and 90° and found no obvious difference. The general dip di-
rection varies along the strike and is perpendicular to the fault
strike of each fault patch. Because we only focus on near-field
displacements, the fault depth is the fault bottom, and the fault
tip is at the surface. We assigned slightly larger fault plane and
examine possible fault slip on the fault plane. The smoothing
parameter is determined by regular trade-off curve in the inver-
sion. Although we tested different fault lengths, for example,
extending the fault far offshore to the north and linking it
to the Linding fault to the south, the results of longer faults seem

▴ Figure 3. (a–d) LOS surface deformation (red lines) along profiles A, B, C, and D
(locations in Fig. 2b), respectively. Gray color denotes topography along the pro-
files.

Seismological Research Letters Volume , Number 5



to be invalid because our geodetic data are too concentrated and
have no ability to resolve fault slip offshore. In general, the mod-
eled result (Fig. 5b) resembled observation (3D displacement
model, Fig. 5a) in predicting displacement direction and mag-
nitude. Residuals (Fig. 5c) were small in the west side of the
study area, particularly in the horizontal directions. Vertical re-
siduals were higher, particularly near the fault. The residual is
reasonable considering lack of observation in the offshore area
immediately east of the tableland. The model results show two
major slip areas (Fig. 5d): one is right beneath the Meilun table-
land, and the other is south of the Nanbin coastline. The mag-

nitude of 6.32 is estimated based on the fault slip with shear
modulus of 3 × 1010 N=m2. The inversion results in general re-
covered first-order surface displacements with local horizontal
residuals of up to 20 cm at the Meilun tableland and distributed
vertical residuals of ∼10 cm at the western side of the fault. The
horizontal residuals result from the significant eastward motion,
especially at the eastern Meilun tableland, which may be con-
trolled by the change of the fault strike offshore. However,
we have no evidence to infer the offshore fault geometry.
The vertical residuals imply that there may be other structures
contributing to the coseismic displacements in the footwall area.
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▴ Figure 4. (a) 3D displacement model by combining results from pixel offset results from ALOS-2 radar images of both ascending and
descending tracks and coseismic radar interferometry (arrows are horizontal and color represents vertical displacement). (b–d) Com-
parison between displacement model and GPS results.
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In summary, our remote-sensing and geodetic data show
that the 2018 Hualien earthquake ruptured primarily along the
Milun fault, and the rupture extended 20 km south of the
Lingding fault. Coseismic GPS motions are consistent with
surface deformation derived from DInSAR and 3D displace-
ment model (Figs. 1, 3, and 4). Left-lateral horizontal displace-
ment was about 70 cm on the Milun and northern Lingding
faults (Figs. 1 and 2), with significant along-strike variations in
vertical displacement. The crust east of the Milun fault expe-
rienced simultaneous coseismic clockwise rotation and south-
ward tilting, with ∼40 cm uplift in the north decreasing to
negligible uplift in the south. A numerical rupture simulation
does not replicate observed surface deformation (Fig. 5), indi-

cating that simple geometrical fault models are not sufficient to
explain the observed deformation.

DISCUSSION

About 67 yrs after the last major earthquake near the city of
Hualien, the 2018 Hualien earthquake represents one of the
shortest recurrence intervals for all major earthquake faults in
Taiwan. This is consistent with the observation that faults in
eastern Taiwan have the highest rates of modern seismicity
on the island and accommodate roughly 70% of oblique con-
vergence across the plate boundary (Hsu et al., 2003; Shyu et al.,
2006; Huang et al., 2010; Ching et al., 2011). Using historical

▴ Figure 5. Model results (see Results section for more detail). (a) Input displacement model, (b) modeled displacement, (c) residual
model and observation, and (d) slip along the fault surface.
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records and original seismic data, Cheng et al. (2010) concluded
that the 1951 Mw ∼ 7 earthquake was located offshore north-
east of city of Hualien, similar to the 2018 event, and that Hua-
lien experienced subsidence during that event. In contrast, Lo
et al. (2012) used 1951 tide-gauge data from Hualien harbor to
suggest that the 1951 epicenter was located onshore on the Mi-
lun fault and that the city experienced 255 mm of coseismic
uplift (not subsidence). Scattered field investigations from
1951 document many similarities to the 2018 event. For exam-
ple, the northern segment of theMilun fault underwent 1.2 m of
uplift and 2 m of horizontal offset during the 1951 earthquake,
and damage along the Milun fault extended through the city of
Hualien into the sea south of the Meilun Hsi river mouth (Yu,
1997). The 2018 earthquake produced a similar rupture pattern
with smaller displacements up to ∼70 cm of horizontal offset
and 50 cm uplift on the Milun and Lingding faults. The strong
similarities in fault-rupture pattern and kinematic behavior show
that the 2018 event is a recurring earthquake.

Focal mechanism solutions from CWB and USGS show
that the earthquake occurred at a depth of ∼10–12 km on a
steeply west-dipping oblique sinistral-reverse fault that coincides
with the northern offshore continuation of the Milun fault
(Fig. 1). Onland, however, the Milun fault dips steeply to the
east (Yu, 1997; Chen et al., 2014). The area east of the fault

has been uplifted over time to form the Meilun
tableland and Meilun hill, with a documented
Holocene uplift rate of ∼5 mm=yr (Yamaguchi
and Ota, 2004). The area east of the Milun fault
was uplifted much more than the west side dur-
ing the 2018 event (Figs. 1 and 2), producing an
east-side-up reverse-sense of offset on the fault.
Thus, the geologic and geodetic data appear to
contradict the seismic data: coseismic strain is ex-
pressed at the surface as slip on an east-dipping
oblique-reverse fault, but the focal mechanism
solution suggests slip on a west-dipping oblique-
reverse fault in the subsurface. This apparent
contradiction can be reconciled by considering
the role of strike-slip fault kinematics and fault-
zone geometric complexities in a 3D strain field
(below). Our numerical model (Fig. 5) illustrates
that a simple model can predict surface deforma-
tion near the city of Hualien, albeit with rela-
tively large residuals in part of the study area.
Lack of offshore observation and the structural
complexity associated with the 2018 Hualien
earthquake may be the contributing factors to
the less than optimal modeling results.

Based on surface deformation documented
earlier and known geologic structures in the re-
gion, we propose a structural and kinematic
model that can reconcile apparent discrepancies
between geodetic and seismic signals generated by
the 2018 Hualien earthquake (Fig. 6). Transpres-
sive sinistral offset on the Milun and Lingding
faults is driven by regional oblique convergence

at the north-northeast-trending collisional plate boundary (Fig. 1,
inset). Coseismic left-lateral offset with no vertical displacement
on the Lingding fault, in contrast to pronounced uplift across
the northern Milun fault during the same event, indicates that
these faults are independent strands of this fault zone. The Mi-
lun fault and offshore segment of the Lingding fault thus define
a wedge-shaped crustal block defined by the area of observed
coseismic clockwise rotation and southward tilting (Figs. 1
and 6). We infer that rotation and tilting are produced by
left-lateral translation and torque applied to the fault block as
a result of forced slip on curved horsetail splays in a zone of
complex wrench tectonics, similar to complex 3D strain fields
documented in other transpressive fault systems (Wakabayashi
et al., 2004; Spotila et al., 2007; Sylvester et al., 2011).

An important but little-studied east-vergent thrust belt di-
rectly offshore of eastern Taiwan accommodates a large fraction
of convergent strain between the Philippine Sea plate and Tai-
wan orogen (Huang et al., 2010; Ching et al., 2011; Hsieh et al.,
2016). We suggest that the steeply east-dipping Milun and
Lingding faults steepen downward into a subvertical strike-slip
fault zone that may provide a backstop to the offshore thrust
belt, with an uncertain relationship to the Central Range fault
at depth (Fig. 6). Northward subduction of the Philippine Sea
plate into the Ryukyu trench flexes the plate downward, result-

▴ Figure 6. Structural interpretation of faults involved in seismogenic deformation
during the 6 February Hualien earthquake (focal mechanism in cross-section view),
overlain on regional color tomography and seismicity (profile locations in Fig. 1, inset;
seismicity from Central Weather Bureau, 1990–2015). Discordant vertical displace-
ments on the Milun and Lingding faults indicate that they are separate strands of
a regional fault network that accommodates oblique left-lateral convergence be-
tween Eurasian crust (Central Range), Luzon arc crust in a large offshore thrust belt,
and oceanic crust of the Philippine Sea plate. Northward subduction of the Philippine
Sea plate into the Ryukyu trench flexes the plate downward, causing subsidence and
reduction of topography in the northern Coastal Range. See Discussion section.
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ing in subsidence and progressive reduction of topography in the
northern Coastal Range (Figs. 1 and 6; Ching et al., 2011; Shyu
et al., 2016). Despite existing uncertainties, our interpretation
highlights the importance of strike-slip faults and 3D plate inter-
actions at this oblique collisional boundary (Lallemand et al.,
1997; Font et al., 2001; Lallemand et al., 2001). Coseismic sur-
face deformation produced by the 2018 Hualien earthquake se-
quence thus provides critical new insights into the local and
regional kinematics of this active-fault system.

CONCLUSIONS

The 2018 Mw 6.4 Hualien earthquake in eastern Taiwan pro-
duced major surface ruptures on the Milun and Lingding faults
in a zone of ongoing oblique arc–continent collision. These
two faults were previously considered as different fault systems
previously, but coseismic deformation documented in this
study shows that they slipped in similar fashion and magnitude
suggesting they are linked strands in the same fault zone.

InSAR,GPS, and3Ddisplacementmodel analyses show that
much of theMeilun tableland uplifted several tens of centimeters
(up to 45 cm) and moved northeast about 50 cm during this
event. Areas west of the Milun and Lingding faults experienced
southward motion and smaller-magnitude uplift, producing
oblique left-lateral reverse offset on the Milun fault. We propose
a structural model that can explainmost of the observations from
this earthquake and reconciles deformation patterns observed at
the surface with fault slip at depth based on seismic data.

The 2018 Hualien earthquake produced a pattern of rup-
tures and damage along the Milun fault very similar to a 1951
Mw 7.3 earthquake in the same place. Little damage was re-
ported along the Lingding fault during the 1951 event, possibly
due to a lack of surveys because of the low population density
and infrastructure along the Lingding fault at that time. The
results of this study show that the Milun and Lingding faults
represent an ongoing high-seismic risk, with one of the shortest
recurrence intervals (67 yrs) documented on all active ground-
rupturing faults in Taiwan.

DATA AND RESOURCES

The C-band Sentinel-1 A/B data are provided by the European
Space Agency (ESA). Part of Global Positioning System (GPS)
data are provided by Central Weather Bureau (CWB). Generic
Mapping Tools (GMT; Wessel et al., 2013) are used to pro-
duce several figures. The other data about digital elevation
model can be found at doi: 10.5067/Z97HFCNKR6VA. The un-
published manuscript by S. Y. Huang, J. Y. Yen, B. L. Wu, I. C.
Yen, and Y. C. Ray (2018), “Investigating theMilun fault: The
coseismic surface rupture zone of the 2018 Hualien earth-
quake, Taiwan,” submitted to Terr. Atmos. Ocean. Sci.
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