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The 11 April 2012 Mw 8.6 earthquake, the largest strike-slip earthquake recorded by
instrument, occurred in the eastern Indian Ocean off the Sumatra subduction zone.
DuringMarch–April 2017 andMarch–May 2018, two arrays of broadband ocean-bottom
seismometers (OBSs) were deployed, respectively, near the epicentral area of the 2012
Mw 8.6 intraplate earthquake sequence. These were the first passive-source OBS experi-
ments near the rupture region of the mainshock and subsequent aftershocks. A total of
1888 potential local events were detected throughwaveformmatching, fromwhich 164
events were subsequently located using the arrival time of the first P and S waves and
were analyzed for hypocentral depth. The 2017 deployment was located close to the
southern end of the mainshock and its largest aftershock (Mw 8.2). The events recorded
in 2017 were found to be concentrated mostly along the intersection of two subfaults
(F2 and F3) of the 8.6 earthquake, the rupture plane (F4) of theMw 8.2 event, and over a
broader region of complex fault structure in the Wharton basin. In contrast, the 2018
events were concentrated at two conjugate planes at the Ninetyeast ridge near the
western end of a subfault (F3) of the Mw 8.6 mainshock. These results illustrate that
the aftershocks of the 2012 strike-slip earthquakes have continued in 2017 and
2018. Furthermore, the 2017 and 2018 events were found to be concentrated at depth
intervals of 0–10 and 20–30 km, respectively. The relatively small number of events at
the intervening depth of 10–20 kmwas interpreted to be the result of the presence of a
serpentinized layer in the uppermost mantle in the Wharton basin, which is consistent
with the results of previous multichannel seismic studies in the region.

Introduction
On 11 April 2012, an Mw 8.6 earthquake occurred off the
northwestern coast of northern Sumatra, which was the largest
strike-slip earthquake in the oceanic plate of the Wharton
basin. The mainshock was followed by the largest aftershock
of Mw 8.2, which was approximately 150 km south of the
mainshock (McGuire and Beroza, 2012). Those two events
were located neither in the outer rise region controlled by plate
flexure (Chen and Forsyth, 1978; Zhou et al., 2015) nor were
associated with large-scale deformation or hotspot volcanism;
thus, they could be defined as “intraplate earthquakes” (Okal,
1983). The rupture process of the 2012 event imaged by back-
projection method using seismic data from the Chinese,
Japanese, and European seismic arrays, together with the after-
shock distribution, demonstrated an extraordinarily complex
multifault rupture lasting ∼160 s (Meng et al., 2012;
Satriano et al., 2012; Yue et al., 2012; Ishii et al., 2013,

Zhao and Yao, 2018). Moreover, this was not the first time that
an earthquake associated with more than one fault plane had
been observed. For example, on 18 June 2000, the Mw 7.8
Wharton basin earthquake consisting of two subevents
occurred on a pair of conjugate faults (Robinson et al., 2001).
Furthermore, the finite-fault models showed that the 2012
events rupture down to the upper mantle, reaching 60 km deep
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or more (Yue et al., 2012; Wei et al., 2013). It has been sug-
gested by numerical studies that the rupture length of a fully
developed strike-slip fault should be proportional to the brittle
plate thickness (Weng and Yang, 2017).

Based on bathymetric and magnetic anomaly data, previous
studies (e.g., Sandwell and Smith, 2009; Jacob et al., 2014) have
identified several distinct tectonic structures in the Wharton
basin, including relict oceanic fracture zones. However, those
structures’ current activity levels are still poorly understood
(Geersen et al., 2015). Intraplate earthquakes, including
strike-slip events in the Wharton basin, usually occur at dis-
tances greater than 600 km from coastlines. Moreover, perma-
nent seismic stations are located primarily east of the Indian
Ocean plate, along the northern Sumatra subduction zone.
Because of the considerable distance of intraplate events from
the seismic stations, it is difficult to obtain accurate locations of
small events in the Wharton basin. Thus, near-source after-
shock monitoring using ocean-bottom seismometers (OBS)
will play a critical role in obtaining accurate hypocentral loca-
tions of aftershocks and examining the relations between seis-
micity and oceanic crustal structures in the Wharton basin.

To investigate the characteristics of the intraplate earth-
quakes and the diffuse plate boundary in the Wharton basin,
we conducted OBS experiments in two periods in 2017 and
2018, respectively, and obtained detailed lateral and depth dis-
tributions of the seismicity. The experiments were located close
to the 2012 Mw 8.6 and 8.2 earthquake rupture zones. This
article describes the first near-field OBS observations in the
Wharton basin following the 2012 intraplate earthquakes,
reveals the relatively high-resolution location of the aftershock
distribution, and explores the relation between the observed
aftershocks and the shear zone structure determined frommul-
tibeam bathymetry (Singh et al., 2017; Hananto et al., 2018).

Data Acquisition
The OBS observations of the near-field aftershocks were con-
ducted in two phases (Fig. 1). The first phase began on 13
March 2017, which was about five years after the 2012 main-
shock in the Wharton basin. Six OBSs were deployed near the
epicenter of the 2012 Mw 8.2 largest aftershock (92.463° E,
0.802° N). The deployment was conducted during a compre-
hensive oceanographic survey in the eastern Indian Ocean
from the R/V Shiyan 3 of the South China Sea Institute of
Oceanology. The OBSs were recovered on 11 and 12 April
2017. The second phase of the OBS deployment was conducted
starting 26 March 2018, using seven OBSs. Five of the OBSs
were deployed on the Ninetyeast ridge (NR), which was the
northwestern termination of the subfault F3 of the 2012 main-
shock (Wei et al., 2013), and the other two OBSs were deployed
east of the NR (Fig. 1). The OBS recovery was completed on 3
May 2018. The distances between the OBS stations were
designed by considering a balance between obtaining good
coverage of the 2012 earthquake sequences (Meng et al.,

2012; Yue et al., 2012; Wei et al., 2013; Hill et al., 2015)
and maintaining sufficient numbers of stations to record the
signals of a common set of small events. One OBS instrument
(Y09) at station OBS7 during the 2018 experiment was not
recovered. The locations and observation periods of the
OBSs are shown in Table 1.

Each OBS was equipped with a hydrophone and a three-
component seismometer with the broadband range of 60 s
to 50 Hz (Tian et al., 2021). The sampling frequency of seismic
signals was set to 100 Hz in the configuration files of the OBS.
The OBS were deployed by free fall from the ship and the
landing positions on the seafloor would be affected by ocean
current. The intrument could drift 0.3 km or more at depths
ranging from 1200 to 5400 m (Du et al., 2018; Trabattoni et al.,
2019) without additional seafloor location information.
The OBS positions on the seafloor, therefore, the Global
Positioning System (GPS) position of the ship was used as a
proxy for the OBS positions on the seafloor (Shinohara et al.,
2008). All of the OBSs recorded good-quality data, except OBS
Y21 at station OBS3, whose clock-time drift was irregularly
high during the 2017 deployment (Fig. A1). During the cumu-
lative two-month deployment periods of the 2017 and 2018
experiments, a total of 15 teleseismic earthquakes of Mw ≥ 6
were archived in the U.S. Geological Survey (USGS) catalog.
However, no local earthquakes in the study area of the
Wharton basin were reported in the USGS catalog.

Method
Time correction
The determination of earthquake locations depends strongly on
the accurate timing of the OBS recordings (Gardner and Collins,
2012; Zhu et al., 2019). In this study, GPS synchronization was
available only before deployment or after recovery of the OBSs.
During an OBS deployment period, the timing of the OBS was
based on a high-quality temperature-compensated crystal oscil-
lator (Gardner and Collins, 2012). Inaccurate temperature com-
pensation and instrument ageing were the two largest potential
sources for timing errors (Gardner and Collins, 2012). We cal-
culated the ambient noise cross-correlation function (NCCF)
signals between each OBS station pair to determine the time
drifts, following the procedure of Tian et al. (2021). The relative
time errors of two stations can be determined from the NCCF
signals (Fig. A2), and we found that the total time errors were
<40 ms for each station. Thus, we applied a linear-drift correc-
tion to the data by compensating for the average drift rate based
on two synchronized GPS time stamps before and after the
deployment (Geissler et al., 2010; Le et al., 2018; Liu et al.,
2018; Zhu et al., 2020).

Earthquake detection and location
We adopted the method of waveform matching, which could
successfully detect small earthquakes that would otherwise
not be identifiable using conventional techniques (Peng and
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Zhao, 2009; Yang et al., 2009). The waveforms of the template
events were used to search the continuous seismic waveform
records observed by OBS network. A segment of a waveform
with high similarity to the template event was then identified
and considered to be a potential event similar to the template
event. Three recording channels, that is, two horizontal compo-
nents and one vertical component, of the OBS data were
searched simultaneously to identify potential events and to
reduce false detection (Zhu et al., 2019). In general, local events
reported in the catalog were employed as the templates.
However, no local earthquakes were reported in the global cata-
log during the OBS deployment periods; we manually selected a
10-s-long segment of the waveform (OBS Y02) with distinctive
body-wave arrivals and a high signal-to-noise ratio as a template
earthquake (Fig. 2). To search for local earthquakes, we filtered
both the template waveforms and the observed continous wave-
form records by a 2–8 Hz bandpass filter (Zhu et al., 2019). We

set the cross-correlation coefficient threshold value at 0.6, sim-
ilar to that used in other studies (Zhuet al., 2019, 2020; Chen
et al., 2021). After the first round of detection, we then used
all detected earthquakes as templates and repeated the detection
process once more.

Figure 1. Location of ocean-bottom seismometer (OBS) stations
(solid triangles) deployed in the Wharton basin. Blue focal
mechanism plot shows the epicenter of the 2004 Mw 9.2
Sumatra megathrust earthquake. The red focal mechanism plot
shows the 2012 Mw 8.6 intraplate event and the green focal
mechanism plot shows its largest Mw 8.2 intraplate aftershock.
Black solid lines with triangles mark the Sumatra subduction zone
and black dashed lines show the hypothesized Indo-Australian
plate boundary (Bird, 2003). Inset: Location of the study area
(blue box). The color version of this figure is available only in the
electronic edition.
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After the earthquake detec-
tion, we manually inspected
the potiential events to keep
true detections and picked P-
and S-arrival times on three
traces of the waveform
recorded by OBS during the
same period. The best-fit hypo-
central locations were inverted
using the Hypoinverse2000
software (Klein, 2002), a 1D
velocity model, and P- and
S-wave arrival times. In this
study, we used a modified 1D
preliminary reference Earth
model velocity model (Fig. 3),
in which the crustal thickness
and velocity were represented
by an oceanic crustal model
extracted from the Crust 1.0
reference model for the study
area (Laske et al., 2013).
Because the 2017 and the 2018
OBS networks were located at
the plain seafloor and the high
ridge, respectively, two differ-
ent velocity models beneath
these OBS networks were
adopted in the earthquake
location (Tables 2 and 3). We
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Figure 2. Example of seismograms of small earthquakes recorded by OBS during the (a) 2017 and
(b) 2018 deployments, respectively. Vertical components are shown; a filter of 2–8 Hz was applied.
A trace from OBS Y02 (red) was used as the template to detect potential events in this study. OBS
names are labeled above each trace. The color version of this figure is available only in the
electronic edition.

TABLE 1
Locations and Operation Periods of Ocean-Bottom Seismometers (OBSs)

Station OBS Latitude (°N) Longitude (°E) Water Depth (m) Operation Period

OBS1 Y41 0.6064 92.7371 4533 2017/03/13–2017/04/12

OBS2 Y02 1.2931 92.4673 4362 2017/03/13–2017/04/11

OBS3 Y21 1.2698 91.7515 3973 2017/03/16–2017/04/11

OBS4 Y35 0.5792 91.5482 4466 2017/03/16–2017/04/11

OBS5 Y08 0.1529 92.1364 4524 2017/03/13–2017/04/11

OBS6 Y36 0.7930 92.1168 4427 2017/03/16–2017/04/11

OBS7 Y09 2.3553 91.8560 4220 2018/03/28––Lost

OBS8 Y11 2.0088 90.4685 2966 2018/03/28–2018/05/02

OBS9 CQ38 2.4884 89.9464 2809 2018/03/27–2018/05/02

OBS10 Y06 2.0011 89.5109 2818 2018/03/27–2018/05/02

OBS11 Y19 2.9513 89.5032 3400 2018/03/27–2018/05/01

OBS12 Y35 2.9763 90.4122 2235 2018/03/27–2018/05/03

OBS13 CQ39 2.7623 91.2873 3978 2018/03/26–2018/05/03
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also conducted station depth correction below different OBSs
of the 2018 network during the location process. We did not
further analyze the magnitudes of located events because deter-
mining earthquake magnitudes were not the goal of this study.

Results
Epicenter distribution
A total of 551 potential events were detected from the OBS data
of the 2017 deployment through the waveform matching
method as discribed earlier. A total of 130 events of relatively

high certainty were identified after manual inspection to
remove false detections. Then, we manually picked up P
and S phases of the waveforms of the identified events.
Ultimately, a total of 56 events were located. A total of 1337
potential events were first indentified from the 2018 OBS data,
from which 108 events were similarly located. Histograms of
the root mean square of the residual time errors for the 2017
and 2018 event location results are shown in Figure A3.

Our analysis shows that the majority of the located earth-
quakes occurred in the vicinity of the 2012Mw 8.6 mainshock,
the Mw 8.2 aftershock, and at the NR. A significant number of
events also occurred over a broader region in the Wharton
basin and the Sumatra subduction zone (Fig. 4a). The 2017
events were concentrated at the intersection between two sub-
faults (F2 and F3) of the 2012 Mw 8.6 mainshock and along
approximately two-third length of the rupture plane (F4) of
the 2012Mw 8.2 largest aftershock. The 2018 events were con-
centrated at two conjugate belts at the western end of subfault
(F3) of the 2012 Mw 8.6 mainshock near the NR (Fig. 4a).

The most apparent earthquake cluster trended N16°E along
the 2012 Mw 8.2 rupture fault (F4, Fig. 4a); this cluster of the
2017 events was approximately 130 km long, between 0.2° N
and 1.7° N. To the northwest of the 2017 cluster, another clus-
ter of the 2018 events was located in the vicinity of 2.6° N; this
cluster of events occurred in two belts of ∼160 and 140 km
long, trending N80°W and N9°E, respectively, at the western
slope of the NR (Fig. 4a).

No events were reported in the Global Centroid Moment
Tensor catalog or the USGS catalog during the OBS recording
periods. Thus, our OBS experiments provided the most detailed
near-field observations to illuminate the characteristics of after-
shocks of the 2012 intraplate earthquakes in the Wharton basin.

Depth distribution of located aftershocks
Two vertical cross sections are shown in Figure 4, one with a
strike of 2° N (AA′, Fig. 4c) and the other with a strike of 92.5°
E (BB′, Fig. 4b). The distribution of earthquakes along the pro-
file AA′ shows that there is one cluster of events near 90° E and
one cluster near 92.5° E, respectively. The 2017 cluster of
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Figure 3. (a) Velocity structure models for the 2017 OBS network
and (b) the 2018 OBS network for the hypocenter determinations
using the preliminary reference Earth model, in which the crustal
thickness and velocity were represented by an oceanic crustal
model extracted from the Crust 1.0 reference model of the study
area (Laske et al., 2013). Blue-solid and green-dotted lines
denote the P- and S-wave velocities, respectively. The color
version of this figure is available only in the electronic edition.

TABLE 2
Velocity Model Used for the 2017 Earthquake
Location

Layer VP (km/s) VS (km/s) Thickness (km)

Sediments_1 2.28 0.85 2.00

Sediments_2 3.30 1.66 0.16

Crust_1 5.00 2.70 0.69

Crust_2 6.50 3.70 1.50

Crust_3 7.10 4.05 4.66

Uppermost mantle 8.09 4.49

TABLE 3
Velocity Model Used for the 2018 Earthquake
Location

Layer VP (km/s) VS (km/s) Thickness (km)

Sediments_1 1.87 0.42 0.56

Crust_1 5.00 2.70 0.74

Crust_2 6.50 3.70 1.64

Crust_3 7.10 4.05 5.07

Uppermost mantle 8.12 4.51
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events was concentrated at the relatively shallow depth of
<10 km (red circles, Fig. 4c), whereas the 2018 cluster of events
was concentered at depths of 20–35 km (black circles, Fig. 4c).
Similarly, the depth differences between the 2017 and 2018
clusters are visible along the cross-sectional profile BB′
(Fig. 4b). The velocity model used in location process, phase
picking, and clock drift might result in location errors. The
average lateral and vertical errors of the 2017 earthquake loca-
tion are 6 and 10 km, respectively, and the average lateral and
vertical errors of the 2018 earthquake location are 14 and 5 km.

The depth distribution of the located earthquakes had dis-
tinctive characteristics (Fig. 5). We used a depth bin width of
5 km for counting the events. Approximately 18% of the events
occurred within the upper 5 km, 37% within the upper 10 km,
and 84% within the upper 30 km. The maximum number of

events was clustered at depths
of 5–10 and 25–30 km below
the seafloor. The minimum
number of events (11% of the
total number of the located
events) occurred at a depth of
10–20 km between the two
peaks. The number of events
decreased rapidly at depths
greater than 30 km. In this
study, no events were located
in the Wharton basin at depths
greater than 50 km.

Discussion
Aftershock lateral
distribution and shear
zones
Using surface-wave based
analysis of the relative centroid
locations, Chai et al. (2019)
relocated 60 moderate-sized
earthquakes (4:7 ≤ Mw ≤ 7:2)
in a period of about four years
following the 2012 events in the
Wharton basin. Using the tele-
seismic double-difference
method, Kwong et al. (2019)
relocated 695 events in an area
at 1° S–6° N and 88°–96° E dur-
ing the period of January–
December 2012. Arrays of
events were recorded during
our OBS experiments in the
eastern Indian Ocean, revealing
a much more detailed earth-
quake pattern than that
obtained from land-based

observation. Comparisons between the locations of the detected
events in this study and those of Chai et al. (2019) and Kwong
et al. (2019) are shown in Figure 6a,b, respectively. Even 5 or 6 yr
after the 2012 earthquake, the seismicity pattern is consistent
with the relocation of larger events of previous studies.

We projected the located earthquakes onto maps of the frac-
ture zones and shear zones (Singh et al., 2017; Hananto et al.,
2018), as determined from high-resolution multibeam bathym-
etry and seismic reflection data. There were two dominant trends
of the geological structures in the study area: (1) the N70°W-
striking right-lateral shear zones, and (2) the N20°E-striking
left-lateral shear zones distributed among the nearly north–
south-striking fracture zones and the NR, which were formed
by N335°E-striking normal faults and N65°E-striking thrust
faults (Hananto et al., 2018). The distribution of the relocated
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Figure 4. (a) Located hypocenter distribution of aftershocks recorded during the two deployment
periods of 13 March–12 April 2017 (red circles) and 26 March–3 May 2018 (black circles),
superimposed on bathymetry. (b) north–south and (c) west–east vertical cross sections. Calculated
depth error bars are shown, except for events for which the hypocenter depths were fixed during
inversion. The three red lines (F1–F3) indicate the subfaults of the 2012 Mw 8.6 earthquake
whereas the green line indicates the rupture plane (F4) of the 2012Mw 8.2 earthquake (Wei et al.,
2013). The color version of this figure is available only in the electronic edition.
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events is consistent with this deformation pattern, in which the
lithospheric plate is filled bymultiple short fault segments among
fracture zones (Fig. 7a). Together with the reactivated fracture
zones, these shear zones hosted the located earthquakes deter-
mined by the OBS observations (Fig. 7). So far, we have not seen
a conjugate fault pair lying on the west end of the finite-fault
model. As our model shows, there might be two conjugate faults
(F5 and F6) cut off the NR (Fig. 8).

It was noted that these events did not align strictly along the
shear zones or fracture zones on the local scale, illustrating the
complex tectonics of a diffuse plate boundary. Chai et al.
(2019) suggested that the unfocused nature of seismicity was
due to the heterogeneity of the stress field.

In contrast to the relatively continuous fault length of a
mature transform boundary, the 2012 Mw 8.6 mainshock
occurred on a set of conjugate subfaults with relatively short
lengths; the majority of the 2017 and 2018 events also occurred
near these subfaults. This reflects the nature of a diffused plate
boundary and complex tectonic deformation between the

Australian and Indian plates (Gordon, 1998; Delescluse and
Chamot-Rooke, 2007).

Although complex, the distribution of located aftershocks
correlated with the Coulomb stress changes calculated from
the 2012 Mw 8.2 finite-fault model. Along the rupture plane
(F4) of the 2012Mw 8.2 largest aftershock, the events observed
in the 2017 experiment appear to correlate with areas of rel-
atively small slip (Wei et al., 2013; Fig. 9a) as well as with areas
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of positive Coulomb stress
change (assuming receiver
faults with strike of 16, dip of
74, and rake of 0, the same
as F4; Fig. 9b; Guo et al., 2021).

Aftershock depth
distribution and a
hypothesized
serpentinized layer
Kwong et al. (2019) further
reported 74 relatively small
events below the depth defined
by the 600°C isotherm. They
suggested that the 2012 main-
shock ruptured through the
entire oceanic lithosphere in
theWharton basin, penetrating
below the seismogenic layer.

The depths of the located
earthquakes were compared
with a thermal model of the
oceanic lithosphere (Fig. 10).
The half-space cooling model
assumed the thermal diffusiv-
ity of and mantle temperature
at the 100 km depth to be
106 m2=s and 1350°C, respec-
tively (Parsons and Sclater,
1977). Our results showed that
only 7 out of the 164 events
were located at depths corre-
sponding to a lithosphere tem-
perature greater than 600°C;
the maximum event depths
corresponded to lithosphere
temperature of 800°C. In com-
parison, aftershocks of the
2012 Mw 8.6 intraplate earth-
quake as deep as 55 km were
reported, which exceeded the
model depth of the 800°C iso-
therm (Kwong et al., 2019).
In addition, Aderhold and
Abercrombie (2016) inferred
that major aftershock in a
broad region of the Wharton
basin occurred within the
depths of <40 km, with tem-
peratures below 600°C. Molnar
(2020) combined global obser-
vations and suggested that
earthquakes can occur in
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Figure 7. (a) Close view of the located 2017 events (solid-red circles) and 2018 events (solid-black
circles) in the Wharton basin, superimposed on the multibeam bathymetry of the study area
modified from Hananto et al. (2018). (b) The 2017 events superimposed on simplified interpreted
geological structure of the study area modified from Singh et al. (2017). The inset shows a
schematic shear zone (red lines). The color version of this figure is available only in the electronic
edition.
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regions where mantle temperatures are greater than 600°C,
even reaching 700°C–800°C.

Qin and Singh (2015) suggested that there was a fluid-filled
serpentinized upper mantle layer above the brittle lithospheric
mantle layer based on the number of faults and earthquakes.
The number of located events was observed to decrease to a
minimum at the depth interval of 10–20 km, which corre-
sponds to the depth range of the hypothesized highly
fluid-filled serpentinized layer (Fig. 5). The mantle peridotite
could be serpentinized by the water penetrating along fault
zone, which was produced by the bending related stresses com-
bined with the stresses caused by diffuse deformation in the
Wharton basin (Qin and Singh, 2015). The serpentinization
was also an explanation for high heat flow in the Central
Indian basin (Delescluse and Chamot-Rooke, 2008).

Investigation of intraplate seismicity is critical to advance
our understanding of the nature of the diffuse plate boundary
in the eastern Indian Ocean (Wiens et al., 1985; Singh et al.,
2017; Hananto et al., 2018). To further investigate the charac-
teristics of microseismicity in the Wharton basin, we will
revisit the 2017 and 2018 data set and determine the

magnitudes of these events. Furthermore, we will carry seismic
tomography in the future to further verify and quantify the
degree of serpentinization (e.g., Zhu et al., 2021) and derive
the velocity structure beneath our OBSs.

Conclusions
This study introduced the first near-field OBS experiments
conducted in the Wharton basin more than five years after
the 2012 Mw 8.6 earthquake and presented the preliminary
results. The method of waveform matching was employed
to detect small local events from the OBS records. A total
of 164 events were located using the Hypoinverse2000 method,
yielding the following key results:

(1) The located events were distributed in a broad zone in
the Wharton basin at the large scale, which was consistent with
the diffused plate boundary. Meanwhile, some of these events
exhibited a plausibly linear trend, such as along F4 of the 2012
Mw 8.2 and the conjugate faults of the 2012 Mw 8.6 near the
western slope of the NR.

(2) The 2017 events at the eastern end of the study area were
concentrated mainly at relatively shallow depths of <10 km. In
contrast, the 2018 events near the NR were concentered at
depths of 20–35 km. The lack of events at the intervening
depth interval of 10–20 km was interpreted to indicate the
presence of a serpentinized upper mantle layer, which is con-
sistent with the results of prior multichannel seismic experi-
ments in the Wharton basin.

Data and Resources
Seismic data used in this study were collected during the two passive-
source ocean-bottom seismometers (OBSs) experiments in theWharton
basin. Data cannot yet be released to the public. Some figures in this
study were made using the Generic Mapping Tools (Wessel and
Smith, 1998). The Global Centroid Moment Tensor (Global CMT) cata-
log can be downloaded from http://www.globalcmt.org (last accessed on
September 2020) and the events catalog used in this study comes from
the U.S. Geological Survey (USGS) catalog (https://earthquake.usgs.gov/
earthquakes/search, last accessed in September 2020).
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Appendix
The appendix includes Figures A1–A3.
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Figure A1. (a) Map showing the location of the ocean-bottom
seismometer (OBS) cluster (blue triangle) and an Mw 5.3 earth-
quake (red star) during the deployment of OBSs in 2017,
(c) waveforms aligned by the distances between the earthquake
and stations. (b) Map showing location of the OBS cluster (blue
triangle) and an Mw 6.8 earthquake (red star) during the

deployment of OBSs in 2018, and (d) waveforms aligned by the
distances between the earthquake and stations. OBS names are
labeled in red at the beginning of the waveform profiles. Red lines
indicate theoretical arrival times of (c) P waves and (d) PKP waves
using the preliminary reference Earth model velocity model. The
color version of this figure is available only in the electronic edition.
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Figure A3. Histograms of root mean square of the residual time
errors for the best-fit location models of the 2017 events (filled
with diagonal stripes) and 2018 events (filled with gray shade).
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