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(b)

Figure 1. (Continued)



244

Figure 2. Epicentral distribution of the all 15,092 routinely located earthquakes (gray circles) for the period from 1992 to 1999. Thick black lines
represent surface traces of active faults, thin lines represent provincial boundaries. Gray triangles represent stations of Sichuan (SC) Province
Seismic Network, gray upside-down triangles represent stations of the Yunnan (YN) Province Seismic Network (YNSN), open upside-down
triangles represent stations of the Shaanxi (SX) Province Seismic Network, open triangles represent stations of the Guangxi (GX) Province
Seismic Network and black triangles represent stations of the China National Seismic Network (CNSN).
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Table 3.Uncertainties of the 6,496 relocated events

0 ≤ Uncertainty ≤ 2 km 0 ≤ Uncertainty ≤ 3 km 0 ≤ Uncertainty ≤ 5 km Uncertainty > 5 km

Event number % Event number % Event number % Event number %

E-W 5,397 83 5,850 91 6,294 97 202 3

N-S 5,309 82 5,851 90 6,277 97 219 3

Vertical 4,904 76 5,732 88 6,259 96 237 4

the relative uncertainties of all the relocated events is
1.4 km, 1.5 km and 1.7 km for E-W, N-S and vertical
directions, respectively. These errors are derived from
bootstrapping the unweighted residual vector. They are
compatible with the fact that the distribution of seismic
stations in the study area is sparse, with spacing of about
50 km to 100 km.

Relocation results

Figure 4 shows the epicentral distribution of all the
6,496 relocated events (open circles). A much sharper
image of the seismicity is obtained, compared to the ini-
tial locations of the all 6,496 events before relocation
(gray circles in Figure 4) as well as that of the 15,092
routinely located events (gray circles in Figure 2). A
comparison between the epicentral distributions of
earthquakes before and after relocation indicates that
when analysing seismicity, based on the data before re-
location, one must use caution. In general, seismicity
pattern represented by the epicentral distribution before
relocation is diffuse and very likely biased, and hinders
understanding the links between microseismicity and
active tectonics in the study area, especially when us-
ing data recorded by the analog-recording seismic net-
works. We note that in the final results of this study, al-
most all the aftershock sequences are excluded in the re-
location. The only exception is the aftershock sequence
of the 1996 Lijiang, Yunnan, earthquake of MS 7.0, in
which about 120 aftershocks are included in the reloca-
tion. The relocated seismicity correlates strongly with
tectonic activity expressed and mapped at the surface,
and with the location and focal mechanism of large
historic and recent earthquakes. Only about 630 events
(10% of the total) occurs off – recognized faults. In par-
ticular, the correlation of the relocated seismicity cor-
relates with the major seismic belts. Below, we discuss
in some detail the following seismic belts: Lancang-
Gengma (R2), Lijiang (R3) and Yongsheng-Ninglang-
Muli-Jiulong (R4); Longmenshan (F5), Mabian (R6),

Yibin (R7), and Neijiang (R8); and Songpan (R9),
Shimian (R10) and Mianning (R11).

The focal depth of all events is relocated refered
to the hypocentroid of the 274 routinely well-located
events. These routinely well-located events are cho-
sen by the criterion that at least one seismic station is
located within the epicentral distance of travel time dif-
ference of P- and S-waves equal to or less than 2.0 s.
Thus the resultant focal depth is independent of the
zero depth innitial value of the events without reported
focal depths. In the same sense as the 274 well-located
events, the relocated focal depth is regarded as “ab-
solute” focal depth. Figure 5a shows relocated focal
depths and uncertainties of all the 6,496 relocated earth-
quakes projected along a N-S profile. Most earthquakes
(91%) in central-western China are situated at a depth
interval between 0 and 20 km. This can also be seen
in a histogram of the focal depths of all the relocated
earthquakes (Figure 5b). The mean depth for all relo-
cated events is about 11.7 km, significantly shallower
than the mean depth reported in previous studies (Ma
and Xue, 1983; Zhang et al., 2002).

Previous studies indicated that focal depths of the
earthquakes in central-western China are predomi-
nantly distributed between 10 km and 25 km (Ma and
Xue, 1983). Zhang et al. (2002) made a statistical anal-
ysis of routinely determined focal depths of 31,282
earthquakes with ML ≥ 2(0 which occurred in western
China. In their study, the reported depth uncertainties
of 60% of these earthquakes are less than 4 km and are
grade I earthquake location (a state-specified standard
used in seismic networks in China for specifying the
quality of earthquake location in which grade I refers
to the epicenter and depth uncertainties less than 5 km
and 10 km, respectively). Zhang et al. (2002) concluded
that the focal depths of about 90% of the earthquakes in
western China are located at 5 km to 34 km. Zhang et al.
(2002), however, find an average focal depth of 18 km,
with 68% of the earthquakes located between 10 km to
26 km. The results obtained in this study indicate an
average focal depth of 11 km, with about 91% events
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Figure 4. Epicentral distribution of all the 6,496 relocated earthquakes in central-western China using the double-difference algorithm. Open
circles represent relocated events. Gray circles represent the same 6,496 events before relocation. Note that in the figure events before relocation
are rather diffuse and that many of the relocated events are overlapped. Other symbols as in Figure 2.
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