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Weperformed a local earthquake tomography to image the crust of the Tengchong volcanic area in southwestern
China, using P-wave arrival data from a temporary network and permanent stations. The objective is to deter-
mine themagma sources of the volcanic area and the seismic structure of twoM>7 earthquakes in the Longling
area south of Tengchong. The result reveals a correlation between the velocity structures and the volcanic activ-
ities from late Miocene to Holocene. A prominent low-velocity zone is observed beneath the central volcanic
area, that is cored at 10–20 km depths and extends down to 30 km depth, with a lateral extent of 20–30 km.
We infer that this unusual low-velocity zone represents a magma source of the heat flows for the volcanic erup-
tion during Pleistocene and Holocene. Close to it, a high-velocity zone appears beneath the eastern volcanic area
and it is likely to reflect solidifiedmagma intrusions and high-density remnantswithin the cooled volcanic chan-
nel prior to Pleistocene. In theM>7 earthquake area, the upper crustal structure shows evident variations across
the Longling fault and the Nu River fault. Bounded by the two fault zones, the Gaoligong metamorphic belt and
the Baoshan block are imaged by high velocities that are consistent with their high strength in the structures; on
the contrary, low velocities are imaged in the area between the Longling fault and the Nu River fault, implying a
decrease of the strength probably caused by igneous intrusions. It was the lateral variation in the rheologic struc-
ture that led to the uneven stress accumulations across these fault zones and created tectonic conditions for the
seismic ruptures of the two M>7 earthquakes in the Longling area.

© 2012 Elsevier B.V. All rights reserved.
1. Introduction

The Tengchong volcanic area is located in the southeastern Tibetan
margin close to the China–Burma border (Fig. 1). About 70 volcanoes
are distributed within a N–S trending rifting basin, which is bounded
by the Sagaing fault to the west, by the Gaoligong fault to the east and
by the Longling fault to the south. The Proterozoic to Paleozoic base-
ment is broadly intruded by Mesozoic granites or overlain by Tertiary
and Quaternary deposits (Jiang, 1998; Socquet and Pubellier, 2005;
Wang et al., 2008). Most volcanic rocks are basaltic or andesitic and
they are believed to be derived by the partial melting of enriched-
mantle sources (Chen et al., 2002). Since late Miocene, volcanic erup-
tions had continuously occurred in the Tengchong area and their activ-
ities could be divided into several stages, with the latest eruptions in
Holocene (Li et al., 2000; Wang et al., 2007; Zou et al., 2010). Prior to
Pleistocene, most volcanic eruptions were concentrated on the eastern
andwesternmargins of the Tengchong basin; from Pleistocene to Holo-
cene, theymigrated into the Tengchong basin; at present, hydrothermal
.
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eruptions can be observed in hot springs of the central volcanic area
(Shangguan et al., 2005). Geophysically, the volcanic area is character-
ized by high heatflows, high attenuation (lowQ), low electrical resistiv-
ities and low seismic velocities (Qin et al., 2000; Bai et al., 2001; Lou
et al., 2002; Wang and Huangfu, 2004). The low-velocity anomalies
are distributed not only within the crust but into the upper mantle
(Huang et al., 2002; Wang et al., 2003; Zhao, 2007; Lei et al., 2009).
On May 29, 1976, two M>7 earthquakes occurred in the Longling
area south of Tengchong, which are attributed to displacements of the
Longling fault and the Nu River fault (Wang et al., 2006).

The origin of the Tengchong volcanic is debated, including the sub-
duction of the Burma microplate or the Indian plate (Huang et al.,
2002; Zhao, 2007; Lei et al., 2009), the dextral strike-slip displacement
of the Sagaing fault (Wang et al., 2007) or the assimilation of subducted
slab of the oceanic crust or sediments of Neo-Tethyan basin (Chen et al.,
2002). Although both geological and geophysical studies support the
presence of magma chambers beneath the volcanic area, the geometry
of the heat flow system is not well constrained; particularly, the rela-
tions between the crustal structures and the volcanic activities of differ-
ent periods remain unclear. FromDec 2002 to Dec 2003, we deployed a
temporary earthquake observation in western Yunnan, and installed
more than 20 stations in Tengchong and surrounding area. Using the
earthquake data from these stations and other permanent stations, we
imaged the crust of the area between 97°–100°E and 24°–26°N, with
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Fig. 1. Tectonic outline of the study area. Red triangles aremain volcanic locations. Focalmechanisms are twoM>7.0 earthquakes onMay 29, 1976 (derived from theHarvard Global CMT
Catalog). Their locations andmagnitudes refer to the ChinaNational Earthquake Bulletins. Black solid lines aremajor active faults. The color scale bar denotes topography of the study area.
Inset sub-figure is a large scale map showing the location of the study area.
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objectives to refine the seismic structure of the Tengchong volcanoes
and the Longling Ms>7 earthquake area.

2. Data selection

The data used in this study are P-wave arrival times from local earth-
quakes recorded by the temporary network and eight permanent sta-
tions in the study area (Fig. 2). The temporary network consisted of 24
broadband stations equipped with the RefTek Digital Acquisition Sys-
tems (DAS) and three-component seismometers (Guralp CMG-3ESP).
Recording was continuous at 50 samples per second and timing was
controlled by the Global Position System. The eight permanent stations
belong to the Yunnan Earthquake Network that began to operate from
1970. Early permanent stations were equipped with short-period seis-
mometers; after 2001, most of them were replaced with broadband
seismometers and timing services were updated from quartz clocks to
the global position system. P- and S-wave phases of the earthquakes
were picked from three-component seismograms. Their arrival times
were compiled into local earthquake bulletins.

We firstly selected earthquake waveforms from recording data of
the temporary stations, according to local earthquake catalogues. All
events were required to be located within the temporary network and
to have impulsive P-wave arrivals. Arrival times of the selected events
were picked from the vertical components of the digital seismograms
and reading uncertainties of the impulsive phases were about 0.02 s.
We only considered those eventswith clear phases and sufficient obser-
vations to ensure the quality of earthquake relocations. The dataset
included 1578 P-wave arrivals from106 events; in general, theirmagni-
tudes were limited to be above M1.5–2.0. Since the data from the tem-
porary stations could not provide sufficiently dense ray path coverage,
we supplemented additional data from the local earthquake bulletins.
They included 4471 P-wave arrivals from 1494 events that occurred
during 1990–2009 and were recorded by the permanent stations in
the study area. Source parameters of these events had been determined
using P- and S-wave arrival data from all recording stations in the
Yunnan Earthquake Network. The estimated uncertainties of the event
locations were generally less than few kilometers. In this study, we
made two efforts to decrease the uncertainties of the event locations.
The first was to preclude those events with unusual travel time resid-
uals that were brought by incorrect source parameters rather than
arrival readings. This process required careful analysis of the travel
time residuals for each event. The second was to relocate the events
through an iterative inversion like that in many tomographic studies,
but the quality still depends on the geometry of the station distribu-
tions. After the inversion, we notice some improvements in the event
locations, but most of them are located in the area covered by the tem-
porary stations, because they have more observations for the earth-
quake relocation.

To avoid earthquake clusters, we followed the technique of Liang
et al. (2004) to optimize the data coverage of the study area. The basic
idea is to select the event with most observations in a cluster with a
given radius and to discard other events in that cluster. This procedure
can reduce the degree of the unevenness in the earthquake distributions
but still keeps the overall raypath coverage. After comparingwith differ-
ent values, we chose 4.5 km as the radius of the event cluster. Finally, we
obtained 2870 arrivals from 593 events, most of which occurred in the
upper-middle crust above 30 km depth. All arrival data were required
to have travel time residuals of less than ±2.0 s (Fig. 3). The data
shows good ray path coverage in the volcanic area (Fig. 2).

3. Model description

We constructed a preliminary 1-D model based on a seismic
sounding profile across the Tengchong volcanic area (Wang et al.,



Fig. 2. Locations of temporary stations (white triangles), permanent stations (white squares) and earthquake sources (red circles) in the study area. Gray lines denote the ray paths
between the earthquake sources and the recording stations. Two maps along latitude and longitude are hypocenters projection at depths.
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2003). In this model, the crust is divided into seven layers between
1 km, 4 km, 8 km, 12 km, 17 km, 23 km and 43 km depths with
increasing thickness intervals in the vertical direction. P-wave veloc-
ities at these depths are derived from those at corresponding depths
on the seismic sounding profile; the average crustal thickness
(43 km) is correspondent to the Moho depth in the Tengchong area
determined from the tele-seismic receiver function and seismic
sounding studies (Wang et al., 2003; Gao et al., 2009). Actually, as
the ray paths of the study area are mostly distributed within the
crust, the ray tracing will not be affected by the variation of the
Moho depth. Beneath the Moho, the uppermost mantle is divided
into two layers between 43–50 km depths and 50–77.5 km depths.
P-wave velocity at 77.5 km depth is derived from the global model
AK135 and that at 50 km depth is calculated through interpolation.
The base of the model volume is fixed at 77.5 km depth. We gridded
the volume model along latitude and longitude, according to the
present data coverage. After testing different grid sizes, the resolution
estimate suggested that the model volume could be meshed by a set
Fig. 3. Distribution of travel time residuals versus epicentral distance. The time resid-
uals are required to be less than ±2.0 s in this study.
of 0.2°×0.2° grid cells, totally including 1936 grid node parameters
for the velocity inversion.

To fit the arrival data, we modified the preliminary model through
the inversion. In the first step, based on the preliminary model, the
arrival times were inverted to obtain a 3-D model that includes lateral
variations in actual structures. From it we got a depth-averaged model
(Intermediate model M1). Then, the M1 model was applied to the
next inversion as the input model; in a similar way, we obtained the
second depth-averaged model (intermediate model M2). Compared
to the preliminary model, the M1 model shows small changes at given
depths, but these changes become evident in the M2 model, in which
velocities are slower at 4–13 km depths and at 30–43 km depths, but
faster at 17–23 km depths (Fig. 4). Further comparison indicates that
the M2 model is much close to the depth-averaged model derived
from final result of the actual inversion. Thus, we determined to use
the M2 model as the starting model of the actual inversion.

4. Inversion procedure

The 3-D ray tracing procedure was used to calculate synthetic
travel times from the earthquake sources to the recording stations
in the model volume (Zhao et al., 1992; Koketsu and Sekine, 1998),
in which station elevations were taken into account. We jointly
inverted the source locations and the velocity parameters through
the damped LSQR algorithm (Paige and Saunders, 1982) and iterative
process. The first iteration was performed based on the 1-D starting
model (M2) and original source parameters. The output result included
modification of the source parameters and a 3-Dmodel that have lateral
variations in actual structures. In the next iterations, using themodified
source parameters, the travel times were recalculated through the ray-
tracing procedure in the current 3-D model, until a small model vari-
ance was approached.

Figs. 5 and 6 illustrate the variation of the RMS versus iteration
numbers and the residual distribution before and after the inversion.
For the joint inversion, the RMS rapidly decreases after three iterations;
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Fig. 4. 1-D velocity models used in this study. The red solid line is the preliminary model
derived from a deep seismic sounding profile (Wang et al., 2003); the green and blue
dashed lines are two intermediate models (M1 and M2); the black solid line is the
depth-averaged model from the final result of actual inversion.

Fig. 6. Histograms of the travel time residuals before (upper) and after (lower) the
inversion.
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for the earthquake relocation, the RMS decreases after two iterations,
but increases smoothly later. Considering the trade-off between them,
we choose the output model of the second iteration for tectonic analy-
sis. We note that the RMS of the joint inversion and earthquake reloca-
tion varies within small ranges. One reason is that the refined starting
model (M2) is much approaching to the actual structure of the study
area; it is also determined by the data quality and structural variations.
Fig. 5. The variance of the RMS versus iteration numbers for the joint inversion (upper)
and the earthquake relocation (lower).
Since data outliers and unevenness of ray paths tend tomake the linear
equation system inconsistent, we followed the technique of Lees and
Crosson (1989) to use the Laplacian operator as smoothness constraints
to control unreasonable local anomalies in the inversion.

5. Resolution test

The checkerboard test was performed to examine model resolu-
tions. The input model consisted of a set of alternating positive and
negative perturbations with the maximal amplitude of 5% relative to
the P-wave velocities in the starting model (M2). Real source-station
pairs were used to calculate synthetic travel times within the model
volume. Then, the synthetic data were inverted by using the same pro-
cedure as that for the real data to recover the input model. In order to
analyze the resolution, we compare the recovered model with the
known synthetic model to examine what can be reconstructed. The
recovered checkerboard patterns in Fig. 7A indicate that the most
parts of the input model can be resolved using the 0.2°×0.2° grid cells
except the far corners, because of better sampling of the crossing ray
paths beneath the network.

We also performed a spike test to examine the model resolution
in the Tengchong volcanic area. The synthetic spike is located at
8–23 km depths beneath the center of the volcanic area and its lateral
extents are about 50 km×50 km. The spike is defined by a negative
velocity anomaly of 5% over the background velocities of the starting
model (M2). In the recoveredmodel (Fig. 7B), we note that the synthet-
ic spike is almost reconstructed, except the region below 23 km depth.
This is due to few sources in the deep crust and hence the nodes are
less sampled by crossing ray paths. In general, the degree of the recov-
ery is acceptable for most parts of the study area and it is comparable
with the data coverage shown in Fig. 2, indicating that our network
geometry and the event distribution are adequate in resolving the
upper-middle crust of the volcanic area.

6. Tomographic result

Map views in Fig. 8 illustrate P-wave velocity variations at 4–30 km
depths, which are indicated by perturbations in percent relative to the
velocities in the starting model (M2). The most prominent feature is
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Fig. 7. Recovered checkerboard model (A) and synthetic spike model (B). The layer depth is shown on the top left corner of each map. For the checkerboard test, the input model
consists of alternating positive and negative perturbations (in percent) with the maximal amplitude of 5% relative to the starting model (M2), and the grid cells are 0.2°×0.2°. For
the spikes test, the synthetic spike is located at 8–23 km depths beneath the Tengchong area, with lateral extents of about 50 km×50 km. It is defined by a negative anomaly of 5%
over the background velocities of the starting model (M2).
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low-velocity anomalies beneath the Tengchong volcanoes, which are
surrounded by high-velocity anomalies in adjacent areas. This feature
is particularly clear at 12–30 km depths. At 4 km depth, low-velocity
anomalies dominate most of the area between Tengchong and
Longling; at 8 km depth, however, they are mainly concentrated be-
tween the Gaoligong fault and the Nu River fault.

Tomographic profiles in Fig. 9 illustrates P-wave velocity varia-
tions across the center of the Tengchong volcanic area (A-A, B-B, C-C
and D-D) and the epicenters of the two M>7.0 earthquakes in the
Longling area (E-E). Their locations are shown by the 4-km map
view in Fig. 8. There are evident velocity contrasts between the
Tengchong volcanoes and surrounding area. The volcanic area is char-
acterized by a prominent low-velocity zone (5.8–6.2 km/s), which is
cored at 10–20 km depths and probably extends down to 30 km
depth, with lateral extents of 20–30 km. This low-velocity zone is
overlain by a thin normal-velocity layer and doesn't link the near-
surface low-velocity layer. Besides, the structure of the volcanic area
is symmetric in the north–south direction (profile A-A), in which
the low-velocity zone is bounded by the normal velocities to the
north and the south. In the east–west direction (profile B-B), howev-
er, a high velocity zone appears beneath the eastern volcanic area and
its depth ranges between 5 and 15 km. There are few earthquakes in
the low-velocity zone beneath the volcanic area and they are mostly
distributed around the top of the eastern high-velocity zone.

Strong velocity variations are observed in the upper crust above
12 km depth across the Gaoligong fault and the Nu River fault. Both
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Fig. 8. Map views of P-wave velocities at 4–30 km depths. The velocity images are indicated by perturbations in percent relative to the starting model (M2). The layer depth is
shown in the top left corner of each map. Locations of the main volcanoes (white triangles), M>7.0 earthquakes (white hexagon stars) and active faults (black line) are the
same as those in Fig. 1.
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of the two fault zones appear as gradient belts between high and low
velocities. The earthquakes near the fault zones are almost located at
0–20 km depths. Locations of the two M>7.0 earthquakes in the
Longling area are associated with the upper crustal variation across
the Nu River fault and Longling fault (Profile E-E in Fig. 9). Compared
to the high velocities in the eastern and western sides (5.6–6.0 km/s),
the area between the two fault zones has very low velocities
(b5.6 km/s). This low-velocity zone extends to 10–12 km depths,
and many earthquakes are distributed around adjacent gradient
belts, including the M7.4 earthquake near the Longling fault and the
M7.3 earthquake near the Nu River fault. We infer that the two
M>7.0 earthquakes occurred at the roots of the gradient belts.

7. Discussion

7.1. Comparison with previous studies

Many geophysical studies focus on the seismic structure of the
Tengchong volcanic area. In a local tomographic study, Qin et al.
(2000) noticed two low-velocity anomalies at 3–9 km and 15–24 km
depths beneath the Tengchong area and attributed them to the
magma chambers associated with the melt accumulation. In a mag-
netotelluric study south of Tengchong, Bai et al. (2001) outlined a
dome-like conductive structure (b30Ωm) at 5–25 km depths and re-
lated it to a potential magma reservoir beneath the Rehai geothermal
field. Seismic sounding studies by Lou et al. (2002) and Wang and
Huangfu (2004) revealed a low-velocity zone in the upper crust south
of Tengchong and it is suggested to reflect the geothermal activity and
magma differentiation derived from the upper mantle. Tele-seismic re-
ceiver function studies by Wang and Huangfu (2004), He et al. (2004)
and Gao et al. (2009) verified the unusual low velocities at 10–20 km
depths beneath the Tengchong area. By analyzing relative geothermal
gradients, Zhao et al. (2006) inferred that the volcanic area is underlain
by three magma chambers that have lateral extents of 19–28 km and
are located at 4–27 km depths. Tomographic studies in southwestern
China also revealed the low-velocity anomalies associated with the
magma activities in the upper crust of the Tengchong area (Huang
et al., 2002; Wang et al., 2003; Zhao, 2007; Lei et al., 2009). These
studies reflected the basic features of the volcanic area, including low
seismic velocities, low electric resistivities and high heat flows. Howev-
er, we still need more constraints on the detailed structures of the
magma system, such as numbers of magma sources, their depth ranges
and lateral extents. These uncertainties can be attributed to the differ-
ences in the research methods, datasets, inversion models and resolu-
tion scales. Compared to previous studies based on the sparsely-
distributed permanent stations, our study supplemented the arrival
data from the dense high-quality temporary stations to increase the
sampling of the crossing ray paths beneath the study area. These data
largely improved the degree of the resolution in the Tengchong volcanic
area. As shown in Figs. 8 and 9, our result not only reflects the low-
velocity feature of the volcanic area, but places better constraints on
lateral and vertical variation of the volcanic structures.

7.2. The magma system for the volcanic area

In general, low-velocity anomalies beneath volcanoes are inter-
preted as evidence for the melt accumulation in magma chambers,
whereas high-velocity anomalies represent extinct magma bodies or
older remnant magma systems that had cooled or solidified (Lees,
2007). In our result, the most considerable anomaly that is associated
with themelt accumulation is the prominent low-velocity zonebeneath
the Tengchong basin, which represents an unsolidified magma source
or a heat flow channel of the volcanic area. A qualitative estimate indi-
cates that this magma source is cored at 10–20 km depths and has a
lateral extent of 20–30 km. It links deep sources through heat flow
channels within the lower crust. This estimate is approximate to the
magma source inferred by Qin et al. (2000) from the local earthquake
tomography and to the magma reservoir inferred by Bai et al. (2001)
from the magnetotelluric survey, but different appreciably from those
estimated by Lou et al. (2002) and Wang and Huangfu (2004) from
the seismic sounding studies, inwhich themagma sourceswere consid-
ered to be located in the uppermost crust of above 10 km depth.

Low-velocity anomalies still appear at 4 km depth, but they are not
only distributed in the Tengchong area, but also in other area east and
south of Tengchong (Fig. 8). The profiles in Fig. 9 indicate that the
near-surface low-velocity layer of the volcanic area is very thin and
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Fig. 9. P-wave velocity profiles across the central Tengchong volcanoes and the
Longling M>7.0 earthquake area. Their locations are showed by the 4-km map in
Fig. 8. White circles are the relocated earthquakes near the profiles. White hexagon
stars in the profile E-E are the M7.4 and M7.3 earthquakes, with estimated focal depths
from this study. The color scale bar denotes the absolute velocities calculated from the
velocity perturbations relative to the starting model (M2).

Fig. 10. Simplified model of the magma system of the Tengchong volcanic area. The
western low-velocity body represents themagma source of the volcanic activities during
Pleistocene and Holocene; the eastern high-velocity body reflects the solidified magma
intrusion prior to Pleistocene.
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velocities are not very low. Its thickness and velocity anomalies are in-
comparable with the low-velocity zone at 10–30 km depths. We infer
that these near-surface low-velocity anomalies are mainly caused by
the Tertiary and Quaternary sediments, volcanic accumulations, fluid
intrusions or hot springs within the Tengchong basin.
The seismic structures are correlated with the spatial and tempo-
ral variation of the volcanic activities. That is, the eastern Tengchong
basin is underlain by the high-velocity zone that corresponds to
early volcanic eruptions, whereas the central Tengchong basin is un-
derlain by the prominent low-velocity zone that corresponds to late
volcanic eruptions. Geological studies indicate that the volcanic erup-
tions in the Tengchong area tend to migrate from outside margins to
the central basin from late Miocene to Holocene: prior to Pleistocene,
they were concentrated in the southeastern Tengchong along the
Lungchuan river; from Pleistocene to Holocene, they moved toward
the Tengchong basin; the latest volcanic eruptions focused on three
craters of the central basin (Li et al., 2000; Wang et al., 2007; Zou
et al., 2010). In the eastern Tengchong basin, although early craters
are not well preserved, volcanic rocks are widely outcropped along
the Longchuan river and most of them are olivine-basalts; within the
central Tengchong basin, some craters are well preserved and most
volcanic rocks are andesites or andesite-basalts (Jiang, 1998).

As illustrated by a simplified model in Fig. 10, above correlation
suggests that the low-velocity zone beneath the central Tengchong
basin is associated with the volcanic eruptions from Pleistocene to
Holocene, even to present-day high heat flow activities, whereas the
high-velocity zone beneath the eastern Tengchong basin is likely to
represent solidifiedmagma intrusions or high-density remnants within
cooled volcanic channels during late Miocene and Pliocene. Qin et al.
(2000) also noticed the high-velocity anomalies at 10–15 km depths
in the eastern Tengchong basin and attributed them to intrusive mafic
rocks derived from the cooled mantle magma, but these high-velocity
anomalies were not observed in the seismic sounding profiles (Lou
et al., 2002; Wang and Huangfu, 2004) and other tomographic studies
(Huang et al., 2002; Wang et al., 2003; Zhao, 2007; Lei et al., 2009).
Structurally, current magma activities will continue to occur beneath
the central Tengchong basin.

Although the estimated magma source is concentrated at
10–20 km depths and tends to extend down to 30 km depth, its trans-
port system is probably linked to the partial melting or upwelling of
the upper mantle in the western Yunnan and even to the lower crustal
flow in the southeastern Tibet. There is a huge low-velocity anomaly
beneath Tengchong area, that extends down to ~400 km depth and
reflects the partial melting in the upper mantle (Zhao, 2007; Lei et al.,
2009); while the lower crust of southwestern Yunnan is underlain by
a 15–20 km thick low-velocity zone and it is interpreted as a weak
zone of the lower crustal flow to decouple the upper crustal deforma-
tion from the underlying mantle (Gao et al., 2009). The lower crustal
weak zone is also attested by the magnetotelluric study (Bai et al.,
2010), in which two high-conductivity zones at 20–40 km depths are
indicative of lower crustal flows around the eastern Tibet; the eastern
zone is close to the Eastern Himalayas Syntax across the Tengchong
area. Taken together, all these imply that the magma activities of the
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volcanic area have deep background associated with the lower crust-
al flows and the partial melting or upwelling in the upper mantle.
They provide geodynamic conditions for the magma generation and
transportation.

7.3. The Longling M>7.0 earthquakes

On May 29, 1976, two M>7 earthquakes occurred in the Longling
county south of Tengchong. According to source parameters in the
China National Earthquake Bulletins, the first Ms 7.4 event is located
close to the NE–SW trending Longling fault; the second Ms 7.3
event is located close to the N–S trending Nu River fault. Both of
them are strike-slip events with steep fault planes (Harvard CMT
Catalog). Due to a lack of geophysical data, seismic structures of the
two events are rarely known. Their locations and focal depths have
apparent uncertainties. For example, reported by the China National
Earthquake Bulletins, they were located at 20–22 km depths; by the
Harvard Mechanism Solutions, they were located at 15 km depth;
based on a seismic sounding profile across western Yunnan, Zhang
et al. (2005) inferred that the focal depths of the two events would
be 10–12 km.

Geologically, the two Ms>7 earthquakes occurred in a complicat-
ed tectonic area (Wang et al., 2008), which is bounded by the
Longling fault to the west, by the Nu River fault to the east and by
the Wanding fault to the south (Fig. 11). West of the Longling fault,
the Gaoligong metamorphic belt is cored by the Paleozoic granites
that intrude into the late Precambrian meta-sedimentary rocks; in
the western part of the metamorphic belt, the granites are overlain
by the Neogene sediments; toward the west, the Tengchong block is
composed of the Proterozoic metamorphic rocks and late Paleozoic
rocks, but the basement is widely intruded by the Mesozoic and
Cenozoic granites. East of the Nu River fault, the Baoshan block is
composed of the late Proterozoic to Mesozoic sediments and overlain
by the Quaternary deposits; all rocks were involved in intensive
shortening deformation along a number of N–S trending folds and
thrust faults. The triangle area between the Longling fault and the
Nu River fault is featured by a large amount of the Paleozoic and
Mesozoic granites that intrude into the Proterozoic and Cambrian
basement.
Fig. 11. Simplified geological map of the Longling area (Wang et al., 2008). Focal mechanism
Catalog). Their locations and magnitudes refer to the China National Earthquake Bulletins.
The velocity structure on the profile E–E reflects the variations of
the rheologic strength in the upper crust of this area, that controls
the stress accumulation across the Longling fault and the Nu River
fault. The high-velocity features east of the Nu River fault and west
of the Longling fault reveal a high strength upper crust of the Baoshan
block and the Gaoligong metamorphic belt. This is consistent with the
old rocks in the Precambrian basement that is available for the stress
accumulation. The question is focused on the area between the Nu
River fault and the Longling fault. Compared to the high velocities in
neighboring areas, the lower velocities of this area imply a relatively
weak (lower strength) upper crust. Likewise, the low velocities are
also observed in the upper crust between the western Gaoligong
metamorphic belt and the Yingjiang fault. A common feature of the
two areas is that their basements are widely intruded by the Mesozo-
ic granites. Therefore, one possible reason for the low-velocity feature
between the Longling fault and the Nu River fault is that igneous in-
trusions destroyed the basement structures and hence decreased
the rheologic strength of the upper crust. This inference is supported
by a complicated fault system in this area, where many faults have
remained active since Pleistocene (Wang et al., 2006) and they
formed heat flow channels for the hot springs in the Longling area
(Liao and Guo, 1986). Taken together, our analysis indicates that it
was the variations in the rheologic structure that led to the uneven
stress accumulations across the Longling fault and the Nu River
fault. They created potential tectonic conditions for the seismic rup-
tures of the two M>7.0 earthquakes in the Longling area. Based on
the velocity gradients beneath the Longling fault and the Nu River
fault, we estimate that the two events would occur at 10–12 km
depths, similar to that inferred by Zhang et al. (2005) from the seis-
mic sounding profiles.

8. Conclusion

Using P-wave arrival data from the temporary network and per-
manent stations, we performed a local earthquake tomography to
image the seismic structures of the Tengchong volcanoes and the
Longling Ms>7 earthquake area in southwestern China. The result
reveals a prominent low-velocity zone beneath the Tengchong volca-
nic area, that is cored at 10–20 km depths and extends down to
s are two M>7.0 earthquakes on May 29 1976 (derived from the Harvard Global CMT

image of Fig.�11
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30 km depth, with the lateral extent of 20–30 km. We infer that it
represents a magma source or a heat flow channel associated with
the volcanic eruptions between Pleistocene and Holocene, whereas
a relative high-velocity zone in the eastern volcanic area is likely to
reflect solidified magma intrusions or high-density remnants within
the cooled volcanic channel prior to Pleistocene. The occurrence of
the two Ms>7 earthquake south of Tengchong is related to the struc-
tural variations across the Longling fault and the Nu River fault. In the
upper crust, the Gaoligong metamorphic belt and the western
Baoshan block is imaged by the high velocities that reflect the high
strength character of the basement structure, whereas the low-
velocities are observed in the area between them, where the basement
was widely intruded by the Mesozoic granites, suggesting a weakness
in the structure. It was the strength variation in the rheologic structure
that led to the uneven distribution of the stress accumulations across
the Longling fault and theNuRiver fault and created tectonic conditions
for the seismic ruptures of the two M>7.0 earthquakes in the Longling
area.
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