GEOPHYSICAL RESEARCH LETTERS, VOL. 34, 123309, doi:10.1029/2007GL031594, 2007

Click
Here
for
Full
Article

Spatial clustering and repeating of seismic events observed along the

1976 Tangshan fault, north China

Le Li,"*? Qi-Fu Chen,” Xin Cheng,3 and Fenglin Niu??
Received 8 August 2007; revised 10 November 2007; accepted 12 November 2007; published 13 December 2007.

[1] Spatial and temporal features of the seismicity occurring
along the Tangshan fault in 2001-2006 were investigated
with data recorded by the Beijing metropolitan digital
Seismic Network. The relocated seismicity with the double
difference method clearly exhibits a dextral bend in the
middle of the fault. More than 85% of the earthquakes were
found in the two clusters forming the northern segment
where relatively small coseismic slips were observed during
the 1976 M7.8 earthquake. The b values calculated from the
seismicity occurring in the northern and southern segment
are 1.03 £ 0.02 and 0.85 + 0.03, respectively. The distinct
seismicity and b values are probably the collective effect of
the fault geometry and the regional stress field that has an
ENE-WSW oriented compression. Using cross-correlation
and fine relocation analyses, we also identified a total of
21 doublets and 25 multiplets that make up >50% of the
total seismicity. Most of the sequences are aperiodic with
recurrence intervals varying from a few minutes to hundreds
of days. Based on a quasi-periodic sequence, we obtained a
fault slip rate of <2.6 mm/yr at ~15 km, which is consistent
with surface GPS measurements. Citation: Li, L., Q.-F.
Chen, X. Cheng, and F. Niu (2007), Spatial clustering and
repeating of seismic events observed along the 1976 Tangshan
fault, north China, Geophys. Res. Lett., 34, 123309, doi:10.1029/
2007GL031594.

1. Introduction

[2] The surface of North China is marked by its unusu-
ally active tectonic movement and high intraplate seismic-
ity, especially strong and devastated earthquakes. The
magnitude 7.8 earthquake that struck the city of Tangshan,
~160 km east of Beijing, on July 28, 1976 is one of the
most destructive events in terms of the loss of life. The
earthquake occurred on the northern margin of the North
China sedimentary basin near the boundary between the
basin and Yanshan uplift. The main shock fault is a NE
trending strike-slip faulting system [Shedlock et al., 1987,
Nabelek et al., 1987] with a dextral bend in the middle that
divides the fault into the southern and northern segments
(Figure 1). High seismicity has been maintained since the
carthquake along the main fault. To better monitor the
seismic activity in the capital area, the Chinese Earthquake
Administration (CEA) started to deploy the Beijing metro-
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politan digital Seismic Network (BSN) in the late 90s.
Currently the network consists of 107 broadband, borehole
and surface short-period stations that covers an area of
~180,000 km? including Beijing, Tianjin and Tangshan
metropolitan cities (Figure 1). Since 2001, a large amount
of data including waveform data has been collected. The
data provide a new opportunity for investigating the spatial
and temporal features of the seismicity along the Tangshan
fault.

[3] Fine relocation of seismicity along a fault not only
provides a direct 3D view of the fault structure [e.g.,
Waldhauser and Ellsworth, 2002], but also shed lights on
earthquake physics [Rubin et al., 1999]. Gutenberg and
Richter [1944] found that the earthquake size distribution in
California follows a power law. The slope of this power law,
the ‘b-value’, is commonly used to describe the relative
occurrence of large and small events. Laboratory studies
[e.g., Scholz, 1968] found that b values are inversely depen-
dent on differential stress. Recent studies [e.g., Schorlemmer
and Wiemer, 2005] confirmed this dependence from field
data.

[4] Repeating earthquakes are a series of earthquakes
regularly occurring on a patch of a fault plane. These
earthquakes usually have approximately the same magni-
tude with roughly the same repeating interval. They are
commonly interpreted as repeated ruptures of a single
asperity surrounded by a stably sliding area. Repeating
earthquakes have been observed in the creeping zones of
major faults along plate boundaries [Vidale et al., 1994;
Igarashi et al., 2003]. Using teleseismic waveform data,
Schaff and Richards [2004] found that ~10% of the seismic
events in China were repeating earthquakes. Nadeau and
Johnson [1998] used the scalar moment and recurrence
interval of repeating earthquakes to infer fault slip rate at
depth.

[5] In this study, we analyzed the catalog, local and
regional waveform data of more than 1000 earthquakes
occurring between 2001 and 2006 in the aftershock zone of
the 1976 Tangshan earthquake to study the spatial distribu-
tion, similarity and repeatability of these events. We first
relocated earthquakes using the double-difference (DD)
algorithm [Waldhauser and Ellsworth, 2000] and then
applied waveform cross-correlation methods to identify
similar and repeating earthquakes.

2. Data and Analysis

[6] In this study we used the data collected by the BSN
between October of 2001 and December of 2006. There are
a total of 1020 events (0.5 < M < 4.1) that occurred along
the main Tangshan fault (rectangle in Figure 1) in the
period. To avoid waveform complication from the head
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Figure 1. Geographic map showing the 1976 Tangshan earthquake series, major faults, and BSN stations. Fault locations
are from Shedlock et al. [1987]. TS, Tangshan main Fault; JY, Jiyunhe Fault; LL, Luanxian-Leting Fault. Squares, triangles,
and reverse triangle indicate broadband, borehole, and surface short-period stations, respectively. Circles indicate
earthquakes (0.3 < M; < 5.0) occurring between 10/2001 and 12/2006. Only earthquakes inside the box were relocated.
Upper inset illustrates the bend of the Tangshan fault with the arrow indicating the eastward motion of the North China
basin relative to the stable Eurasia that is indicated by the cross in the lower inset.

wave Pn, we selected a total of 46 stations that are located
within 150 km from the main fault (Figure 1). We have
9184 picks of P-wave arrival times from the BSN bulletins.
Among the 1020 events, there are 619 events whose
waveform data are available to us.

[7] Catalog locations were routinely determined from
picks of P- and S-wave arrival times. Typical precision of
location error is in the order of a few kilometers to a couple
tens of kilometers. To better resolve the 3D seismicity, we
used the DD method to relocate the events. The DD method
minimizes residuals between the observed differential times
measured from pairs of earthquakes at each station and those
calculated times. Instead of locating each event individually
the DD method is designed to derive a set of locations that
best fit the relative travel times among the entire seismicity.
Especially when accurate differential travel-time data are
available from waveform cross correlation (cc), the DD
method has been proved to be able to collapse diffuse
catalog locations into sharp images of seismicity [e.g.,
Waldhauser and Ellsworth, 2002].

[8] In addition to the bulletin picks, we also used a cc
based method to measure accurate differential times between
pairs of events. To do this, a 1-10 Hz bandpass filter was

first applied to the data. As the sampling rate of the BSN
stations is 50 Hz, an interpolation was applied before the
differential time measurement. The data are interpolated to a
sampling interval of 0.3125 ms, which can be considered as
the precision of our differential time measurements. The cc
is calculated in the time domain using a 1.1 s time window
(0.1 s and 1.0 s before and after the onset of the P wave,
respectively). To ensure the time window is correctly
selected, we manually picked 6089 P wave arrival times
for all the available waveform data that have high signal to
noise ratio. We selected 83831 pairs with a cc >0.7 for the
DD relocation.

3. Results and Discussion

[9] The relocated seismicity reveals a narrow fault zone
at most locations along the Tangshan fault (Figure 2). Most
of the events occurred within a depth range of ~5-20 km
and they define a nearly vertical fault. Geographically, more
than 85% of the seismicity is distributed in the northern
segment, where the relocated earthquakes form two tight
clusters. The northern segment had very small coseismic
slips during the 1976 M7.8 Tangshan earthquake, suggest-
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