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S U M M A R Y
The 2400-km-long Tan-Lu fault, the largest deformation zone in eastern China, plays a decisive
role in the seismicity, regional tectonics and mineral deposits distributions. However, the
velocity structure beneath the Tan-Lu fault, particularly in the southern segment, is poorly
imaged due to the lack of local earthquakes. To obtain a high-resolution crustal structure
image, we carried out an active source experiment by firing mobile airgun sources along the
Yangtze River in the Anhui Province in October 2015. We manually picked 4118 P wave
and 1906 S wave first arrival times from the airgun signals. We also collected 28 957 P wave
and 26 257 S wave first arrival times from local earthquakes in a larger area. 3-D crustal
velocity images beneath the southern segment of the Tan-Lu fault and surrounding areas are
studied using traveltime tomography. Compared with the local earthquake data, the active
source data provide better constraints on the upper crustal structure, which further refines the
resolution of the lower-crust structure. The Vp and Vs crustal structures are consistent with the
local geological settings, and earthquakes are primarily clustered near faults and are spatially
correlated with low-velocity zones. Strong velocity contrasts are observed across the Tan-Lu
fault zone, which is the main factor controlling local anomalies. The high Vp, Vs and Vp/Vs
beneath the Qinling-Dabie orogenic belt and the Middle-Lower Yangtze River Metallogenic
Belt may relate to Mesozoic lithospheric delamination and asthenospheric upwelling. These
results also demonstrate that the mobile large-volume airgun sources are promising tools for
3-D crustal structure surveys.
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1 I N T RO D U C T I O N

The NNE-extending Tan-Lu (TanCheng-LuJiang) fault is the largest active deformation zone in eastern China (Deng et al. 2013; Wu et al.
2016). With a total length of 2400 km, it extends from Luobei County, Heilongjiang Province, to the southern end of Guangji County, Hubei
Province. The formation mechanism and evolutionary history of the Tan-Lu fault are still under debate (Yin & Nie 1993; Xu & Zhu 1995;
Wan et al. 1996; Zhu et al. 2004). Wan et al. (1996) proposed that the Tan-Lu fault initiated in the Middle and Late Triassic (230–208 Ma)
due to the collisional orogeny between the North China block and South China block with 430 km of accumulated sinistral strike slip and
gradually formed the current deep fault cutting down to the upper mantle. The Tan-Lu fault zone is also a linear gravity gradient belt, a
regional magnetic anomaly transition boundary, and a well-known seismic zone (Wan et al. 2009; Wu et al. 2016), hosting several destructive
historical earthquakes (e.g. the 1668 M 8.5 Tancheng earthquake and the 1975 M 7.3 Haicheng earthquake).
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Figure 1. Map of the Anhui Airgun Experiment. The 20 red stars represent the fixed shooting sites (D01–D20). The black solid triangles indicate broad-band
seismic stations, and the green triangles indicate short-period seismometers or geophones. The red and blue dashed lines indicate recent DSS profiles (Bai
et al. 2016) and cross sections (see Section 5 for more details). The solid grey lines indicate geologic faults (Ouyang et al. 2015; Xu & Gao 2015; She et al.
2018). CHF, the Chuhe fault; CJF, the Changjiang fault; HXF, the Huaiyin-Xiangshui fault; JNF, the Jiangnan fault; JSF, the Jiangshan-Shaoxing fault; MSF,
the Maoshan fault; SDF, the Shouxian-Dingyuan fault; TLF, the Tan-Lu fault; XGF, the Xiangfan-Guangji fault; XLF, the Xinyang-Lu’an fault; YCF, the
Yangxin-Changzhou fault; LYB, the Lower Yangtze block; MLYRMB, Middle-Lower Yangtze River Metallogenic Belt; NCB, the North China block; QDOB,
the Qinling-Dabie orogenic belt; SCB, the South China block; SLOB, the Sulu orogenic belt; AQ, Anqing; JR, Jiurui; LZ, Luzong; NW, Ningwu; NZ, Ningzhen;
TL, Tongling. The abbreviation holds for the rest of this paper.

The Tan-Lu fault can be divided into three segments (northern, central and southern) by the Changtu (separates the northern and central
segments) and Jiashan (segments the central and southern sections) counties according to different geological structures and seismicity
(Luo et al. 2005; Wan et al. 2009; Deng et al. 2013; Wu et al. 2016). Currently, the seismicity along the fault is weak and inhomogeneous
in the northern segment and the dominant mechanism is reverse for deep earthquakes and strike slip with thrust for shallow earthquakes
(Ge et al. 2009). In the central segment, Quaternary strike-slip faulting is prevalent in the north (where strong historical earthquakes have
occurred) but weakens in the portion south to the Suqian County (Shi et al. 2003). In the southern segment, the activity of strong earthquakes
(M > 5) is rather weak although the small earthquakes are relatively active, and the focal fault rupture type is dip slip along the Tan-Lu fault
but strike slip in the adjacent areas (Liu et al. 2006).

Recently, the southern segment of the Tan-Lu fault and its adjacent regions (Fig. 1) have become the focus of seismological, tectonic, and
geological studies. This area is a tectonic syntaxis of the Qinling-Dabie orogenic belt, North China block and Yangtze block. The southern
segment of the Tan-Lu fault intersects with the Xiangfan-Guangji fault; however, the southward extension of the Tan-Lu fault is still under
debate (Yao & Fang 1981; Xu et al. 2001). The Qinling-Dabie orogenic belt is located to the west of the Tan-Lu fault, which contains
widespread ultrahigh-pressure (UHP) rocks, resulting from the collision of the Yangtze and Sino-Korean cratons in the Mesozoic (Wang et al.
2000). However, the depth extension of the UHP rocks is yet to be determined (Wang et al. 2000; Xu et al. 2000; Li et al. 2002; Ding et al.
2017). In addition, this area is rich in metallic and polymetallic deposits (Dong et al. 2010). Most deposits are clustered along the Yangtze
River (e.g. Ningzhen, Ningwu, Luzong, Tongling, Anqing, Guichi and Jiurui) and in adjacent regions (Jiang et al. 2013). However, their
extension, characteristics and formation mechanisms are debatable (Li 2001; Lyu et al. 2003, 2005; Hou et al. 2007; Ling et al. 2009; Li
et al. 2013). High-resolution crustal imaging may provide some evidences to resolve these controversies.

Over the past few decades, numerous imaging attempts have been made around the southern segment of the Tan-Lu fault using the
deep seismic sounding (DSS, Bai et al. 2016), which provide important insights into the understanding of fine structures. Recently, 3-D
S-wave velocity structures also have been obtained from ambient noise tomography (Luo et al. 2012; Ouyang et al. 2015; Meng et al. 2019).
However, these previous geophysical studies have focused on individual profiles or specific small areas. Further, P- and S-wave images were
obtained separately in previous studies, which may impede the understanding of underground structures (Ryberg et al. 2012; Zhang et al.
2014). Therefore, large-scale 3-D Vp and Vs structures of this region are still in demand to further investigate regional geologic features,
seismogenic mechanisms, mineral resource distributions and local seismic hazard assessment (Zhang et al. 2005; Yao et al. 2014; Wu et al.
2016).

Local and teleseismic earthquake body-wave tomography can provide Vp and Vs velocity images synchronously (e.g. Zhao et al. 1992).
However, the seismicity in this region was uneven (strong in the west while weak along the Yangtze River), which may affect the imaging
results. High performance active sources, to some extent, can fill the gaps of natural earthquakes. The use of conventional active sources (e.g.
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 (a) Stacked waveforms for the permanent seismic stations at D13

(b) Stacked waveforms for L4 profile at D08

Figure 2. The linearly stacked waveforms using the RMS data selection strategy for the permanent seismic stations at D13 (a) and for L4 profile at the D08
(b). The green and red dots indicate the first arrival P and S phases, respectively. The waveforms with a bandpass filter of 2–8 Hz are plotted, which is the
dominant frequency (Wang et al. 2018).

explosives) has been more restricted due to environment and safety issues. Recently, the large-volume airguns are proposed to excite seismic
waves in the on-shore water bodies (Chen et al. 2017; Wang et al. 2018, 2020).

Airgun sources have long been used in exploring structures in marine areas (Vaage et al. 1983), near-shore areas (Godfrey et al. 2002;
Qiu et al. 2007; Cai et al. 2015; Guo et al. 2019), and volcanic areas (Zollo et al. 2003; Evangelidis et al. 2004; Calvert et al. 2008;
Zandomeneghi et al. 2009; Shalev et al. 2010; Garcı́a-Yeguas et al. 2012; Paulatto et al. 2012). Using small airguns, Hao et al. (2013) also
imaged the detailed shallow fault structures along the Mississippi River. Herein, to study the 3-D high-precision velocity structures beneath
the southern segment of the Tan-Lu fault, we performed an active source survey in this region (referred to as the Anhui Airgun Experiment
hereafter), which, to our best knowledge, is the first on-shore 3-D crustal structure exploring experiment using airgun source.

The records from the Anhui Airgun Experiment have been used to image the P-wave (Tian et al. 2018) and S-wave (She et al. 2018)
velocity structures of the upper crust based on the first arrival P wave and surface wave data, respectively. Further, airgun sources can radiate
strong S waves associated with the P-wave energy (Wang et al. 2018, 2020). In this paper, we perform body-wave tomography of the southern
segment of the Tan-Lu fault and adjacent area using both P- and S-wave data from the airgun sources. We also compare imaging resolution
to the result of local earthquakes tomography and perform a combined inversion to obtain high-resolution results.

2 T H E A N H U I A I RG U N E X P E R I M E N T

2.1 Setting of the Anhui Airgun Experiment

During the period of 10–20 October 2015, we performed an active source experiment by firing mobile airgun sources along the Yangtze River
in the Anhui Province, eastern China. The airgun source was composed of four individual guns with total volume of 8000 in3 mounted on
the R/V Yanping II. In total, 4845 airgun shots were fired along the 300-km-long Ma’anshan-Anqing segment of the Yangtze River (Fig. 1).
Of the 4845 shots, 2973 shots were fired at 20 fixed shooting sites (45–339 shots at each site) and 1872 shots were fired in the walkway (Xu
et al. 2016). The receiving system was composed of 109 permanent three-component broad-band seismic stations (Data Management Centre
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