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Imaging subsurface structure and moni-
toring related temporal variations are two of 
the main tasks for modern seismology. With 
the accumulation of seismic data, clearer 
and clearer pictures of the Earth’s interior are 
being achieved. However, precise monitoring 
of subtle subsurface changes associated with 
tectonic events remains tricky and is sub-
ject to high-performance repeatable seismic 
sources. Although many observations have 
been reported on temporal seismic velocity 
changes in fault zones and volcanic areas, 
velocity change measurements based on pas-
sive sources, such as earthquakes and ambi-
ent seismic noise, are limited in resolution by 
the repeatability and by the spatial and tem-
poral distribution of natural events.

Gaining finely scaled information thus relies 
on artificial sources of seismic energy, which 
have long been used to monitor the subsur-
face [e.g., Reasenberg and Aki, 1974; Yama-
oka et al., 2001]. However, monitoring preci-
sion is strongly affected by properties of the 
source, whether it be a controlled explosion, a 
thumper, or a shaker. Among all source prop-
erties, repeatability and source energy are two 
key factors: Sources that can be repeated eas-
ily and frequently with high energy conversion 
efficiency (the ability to transfer mechanical or 
chemical energy to seismic energy) are favor-
able for subsurface monitoring.

To gain the needed high repeatability and 
high energy conversion efficiency, scien-
tists have built a new type of seismic station, 
called the transmitting seismic station (TSS). 
Different from traditional seismic stations, 
which record ground motion passively, TSS 
is an active seismic station that can routinely 
radiate seismic energy. It is heavy-duty, eas-
ily controllable, and environmentally friendly. 
Most important, TSS works in the frequency 
range of existing seismic networks, which 
makes the signal recording easier than high-
frequency controlled seismic sources. To 
test this device, a TSS was deployed in April 
2011 at the northern section of Red River 
Fault (RRF) in Binchuan, Yunnan province, 
China. Home to more than 3 million people 
and prone to earthquakes exceeding mag-
nitude 7, the RRF system represents a great 

regional seismic hazard. Because TSS pro-
vides an opportunity to continuously moni-
tor subsurface changes at regional scale 

(~100  kilometers), it will help scientists com-
prehensively understand the dynamic evolu-
tion of the RRF system at depth. 

TSS: A Large-Volume Air Gun Array Source 

At its heart, TSS is based on an air gun 
array. After their invention in the 1960s, air 
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Transmitting Seismic Station 
Monitors Fault Zone at Depth

Fig. 1. (a) Location of Binchuan transmitting seismic station (TSS) within the West Yunnan 
Earthquake Prediction Study Area (WYEPSA). (b) Location of the WYEPSA in China (red box). 
(c) Scheme of the air gun array for the Binchuan TSS. (d) Seismic records from station DLS, 112 
kilometers west of the source. Seismic signals from individual air gun array shots can be identi-
fied from raw data of station DLS. (e) Stacked and band-pass (2- to 8-hertz) filtered recording 
section (stations within 240 kilometers clearly registered P and S waves with fairly high signal-to-
noise ratio).
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guns became more and more reliable, and 
they have been widely used in marine seismic 
exploration. Small-volume air gun shots have 
also been used to monitor subsurface changes 
with limited detection ability [Reasenberg 
and Aki, 1974]. Large-volume air gun arrays 
recently have been used in a reservoir (e.g., a 
lake) as seismic sources for on-land seismotec-
tonic studies [Chen et al., 2007]. These arrays 
were reported to have high repeatability, high 
energy conversion efficiency, long exploration 
distance, and negligible proximal effects to 
communities and wildlife due to ground shak-
ing and noise pollution.

The air gun array for the Binchuan TSS 
(see Figure 1a for array position) was com-
posed of four air guns with a capacity of 
about 32.774 liters in each gun’s pressurized 
chamber. The air guns were towed 2 meters 
below the four edges of a 7-meter-square steel 
frame, and a tower crane was used for eleva-
tion and immersion of the frame into Lake 
Dayindian, a 2-square-kilometer reservoir 
(Figure 1b). Shots were fired from the air guns 
by releasing their air, which was stored at 
pressures of 15 megapascals. The Binchuan 
TSS was tested with 111 shots over six nights 
(14–16 and 20–22 April 2011). During the test 
period the water depth at the air gun location 
was 15 meters, and the air guns were towed 
12 meters below the water surface.

The principle behind continental seismic 
surveys with air guns is that receivers sta-
tioned on land record the acoustic waves 
generated by the shots; the timings at which 
signals are recorded help scientists gain a 
clearer picture of the depth and of subsur-
face structures. Air gun surveys work best if 
a broad array of receivers is collecting data. 
For this reason, the site of the Binchuan 
TSS was deliberately chosen—it sits at the 
center of the West Yunnan Earthquake Pre-
diction Study Area (WYEPSA; 24.5°–28°N, 
98.5°–101.5°E), an area with high seismicity 
and well-equipped permanent seismic sta-
tions that monitor dynamics at the intersec-
tion of two major faults (RRF and Chenghai 
Fault; see Figure 1a). In addition, 40 portable 
stations have been deployed to work coop-
eratively with the Binchuan TSS (Figure 1a). 
The seismic array, which spans an area of 
10,000 square kilometers, is one of the dens-
est networks in the world, with interstation 
spacing of about 15 kilometers. The reservoir 
in which the air gun is towed lies approxi-
mately in the center of this network.

Performance of Binchuan TSS 

The cross-correlation coefficients among 
all 111 records at the nearest portable station 
(50 meters from the TSS) are higher than 
0.99, which means all shots are nearly iden-
tical. Air gun signals from a single shot can 
be clearly identified in raw data from seis-
mic station DLS, with an epicentral distance 
of 112 kilometers (Figure 1c). Because of the 
high source repeatability, the records can 
be stacked to enhance the signal-to-noise 
ratio. In the stacked records (Figure 1d) the 
air gun signal can be traced up to approxi-
mately 240 kilometers, which corresponds 
to a detecting depth of about 40 kilometers. 
The preliminary results indicate that the TSS 
is more suitable for the monitoring of the 
crustal evolution beneath the approximately 
500-kilometer-long north section of the RRF 
and other faults nearby with relatively higher 
resolutions and precision than using passive 
sources. To this end, it is proposed that the 
Binchuan TSS be operated once every week 
for at least the next 3 years so that deforma-
tion on the RRF and nearby faults can be 
closely monitored. 

Secondary effects of constantly firing air 
gun shots, particularly on freshwater fish 
and near-source constructions (e.g., build-
ings, dams, power transmission lines), need 
to be evaluated but are believed to be mini-
mal. The direct effect of an air gun shot on 
freshwater fish was investigated by naked-eye 
observation. Similar to previous experiments 
[Chen et al., 2007], no fish were found dead 
or wounded after 111 shots. The peak ground 
acceleration (PGA) at the nearest onshore 
station, 50 meters away, was measured to be 
about 16 centimeters per square second. At the 
reservoir dam (1400 meters from the TSS) the 
PGA decreases rapidly to about 0.2 centimeter 
per square second, which is far below human 
perceptivity. The ground shaking induced by 
one air gun shot is estimated to be equivalent 
to that of a magnitude 0.5 earthquake.

Future Management 

The establishment of and continual 
data collection by the Binchuan TSS are 
strongly supported by the China Earth-
quake Administration (CEA), which runs 
one of the largest seismic networks in the 
world. CEA has folded the Binchuan TSS 
into its regular seismic network and has 

committed to providing long-term finan-
cial and technical support to maintain the 
station.

Binchuan TSS is more than a source for 
regional subsurface monitoring. It also 
provides a natural laboratory to study 
other seismological problems, such as 
wave propagation in complex crustal 
assemblages and earthquake location 
techniques. The detailed information of 
every shot (e.g., source time function and 
travel times) during this experimental 
stage will be open to the Chinese public 
in the future according to certain sharing 
policies; once data collection becomes 
more routine, a broader sharing policy 
may be established. 
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