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Abstract

There is a long-term dispute at Moho depth across the Bangong-Nujiang suture (BNS). Due to the
complicated and changeable seismic geological condition, it is not easy to acquire images of the
reflective Moho in central Tibet. In the support of the SinoProbe project, a series of deep seismic
reflection profiles were conducted to image Moho structure across the BNS and the Qiangtang ter-
rane. These profiles extend from the northern Lhasa terrane to the Qiangtang terrane crossing the
BNS. Both shot gathers and migration data show clear Moho images beneath the BNS. The Moho
depth varies from 75.1 km (~24 s TWT) beneath the northmost Lhasa terrane to 68.9 km (~22 s
TWT) beneath southmost Qiangtang terrane, and rises smoothly to 62.6 km (~20 s TWT ) at ~28
km north of the BNS beneath the Qiangtang terrane. We speculate that the Moho appears a 6.2 km
sharp offset across the BNS and becomes ~12.5 km shallower from the northmost Lhasa terrane to
the south Qiangtang terrane at ~28 km north of the BNS. The viewpoint of Moho depth across the
BNS based on deep seismic reflection data is inconsistent with the previous 20 km offset.
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1. Introduction

Though the Bangong-Nujiang suture (BNS) and Qiangtang terrane area in central Tibet are usually considered
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as the good places for understanding the collision of continent-continent, the deep crustal structure of this area is
still not clear. Many geophysical studies displayed the deep structures of the lithosphere of the Qiangtang terrane
and surrounding zones. Meissner ef al. [1] imaged a north dipping Asian slab rooted under the BNS, which
could correspond to a northward subduction of the south Tibet. The slab could be around 100 km long. Shi et al.
[2] suggested that a south-dipping crustal converter was seen from the upper crust near the metamorphic core
complex exposures in the Qiangtang terrane to the lower crust near the BNS. At deeper depths, a southeast-dip-
ping mantle converter is seen extending from ~50 km to the north of the BNS at the depth of the Moho to ~100
km to the south of the BNS at a depth of ~180 km. The Indian lithosphere has been imaged as far north as cen-
tral Tibet near the BNS zone [3]-[5]. P-wave velocity structure showed that the Indian lithospheric mantle had
subducted beneath central Tibet and that its frontier had passed through the BNS and extended northward be-
neath the Qiangtang Terrane at latitude 34°N [6].

Recent results indicated that the subhorizontally underthrusting Indian mantle lithosphere reached as far as
~100 km to the north of the BNS (~33°N) [7] [8] and that the underthrusing Indian lowers crust slid to latitude
~31°N [9].

However, existing researches cannot provide fine image of crustal structure and Moho depth across the BNS.
Over the last 30 years, deep seismic reflection profiling had been demonstrated to be an effective method in re-
solving the structural details in the crustal and upper mantle [10]. A lot of deep seismic profiling projects have
provided a great number of seismic lines that image the structure of the continental crust and the crust-mantle
boundary [11]-[15]. This approach was proved to be particularly successful in studying the tectonic development
of southern Tibet in the early 1990s [16]-[18]. However, it is not easy to acquire images of the reflective Moho
in central Tibet due to the severe topography, the rapid velocity and thickness variations of near-surface layers,
and strong seismic attenuation through the thickest crust of the Earth.

To test the acquisition technique for detecting the Moho structure in central Tibet, SinoProbe Project performs
a deep seismic reflection profile, which starts west of Selin Co in the northern Lhasa terrane, crosses the Ban-
gong Nujiang Suture (BNS) to the west of Lunpola, skirts the eastern extension of the central Qiantang anticline
and ends at Dogai Coring just to the south of the Jinsha Suture (JS). In SinoProbe deep seismic reflection profile,
large seismic sources with 1000 kg of explosives have been detonated in the Qiangtang terrane and good quality
data are acquired. In this paper, we just report the single shot records of 1000 kg explosive and migration section
across the BNS (Figure 1).

2. Geological Setting

The Tibetan Plateau is always considered as ideal window for studying the geological evolution of the conti-
nent-continent collision. Since the Cenozoic the collision and the convergence between the Indian and Eurasian
plates resulted in the building of the main body of the Tibet Plateau. From south to north, several terranes named
Himalayan, Lhasa, Qiangtang, Songpan-Ganzi and Kunlun-Qaidam terrans developed in Tibet. These tarranes
are separated by a series of east-west-trending suture zones [19]-[21]. The Qiangtang terrane lies between the JS
to the north and the BNS to the south (Dewey ef al. 1988; Yin and Harrison, 2000). It is about 500 - 600 km
wide in central Tibet, but narrows to 150 km both to the west and the east in the western Kunlun and eastern Ti-
bet. As the south boundary of the Qiangtang terrane, the BNS represents the tectonic junction between the Lhasa
terrane in the south and the Qiangtang terrane in the north. This suture was originally formed during a late Ju-
rassic-Early Cretaceous collision between these two terranes and defined by a broad and discontinuous belt of
ophiolite fragments and mélange [19] [22]-[25]. It represents remnants of a major oceanic basin that opened be-
fore the Triassic and closed by northward subduction beneath the Qiangtang terrane in the Middle to Late Juras-
sic [26]-[28]. During mid-Cretaceous time, the BNS was characterized by volcanism and nonmarine basin de-
velopment. Tertiary deformation in this zone is characterized by mainly north-dipping thrust systems with Eo-
cene-Oligocene red beds and volcanic rocks in the footwall. Tertiary shortening and basin development in cen-
tral Tibet may record continued Lhasa terrane underthrusting along the BNS, which may have both accommo-
dated and been driven by insertion of Indian basement into a previously thickened Tibetan crust (Figure 2) [24].

3. Data Acquisition and Processing
3.1. Deep Seismic Reflection Data Acquisition

From October 2009 to May 2010, a 310 km deep seismic reflection profile was acquired used explosive sources
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Figure 1. Location map of the deep seismic reflection profile. BNS-Bangong Nujiang suture. The red solid

line shows the seismic reflection profile. The black stars mark the locations of large shots using 1000 kg ex-
plosive fired at the both sides of the BNS. The black box shows the research areas in this paper.

with variable shot sizes. In the southern part of the profile across the BNS, small shots of 50 kg explosives were
placed at 250 m interval, augmented by medium shots of 200 kg spaced every 1 km and large shots of 1000 kg
spaced every 50 km. A linear array of receivers was used with a group interval of 50 m. The data was acquired
by Sercel 408 XL using 720 channels. We designed the drilling depth of the holes as 30 m for small shots and 50
m for medium and large explosive shots in order to fire at the high-velocity layer. Single 30 m-depth hole was
drilled for a small-size shot of 50 kg. Double 50 m-depth holes were drilled for a medium shot of 200 kg. Ten 50
m-depth holes were drilled as a circle for a large shot of 1000 kg with each hole of 100 kg explosive. These
holes were drilled by powerful machines (235 kW each) to ensure the drilling depth. In the field, especially in
Tibet, strong wind can greatly degrade the data quality. To avoid the interference of the wind, we placed geo-
phones into the pit and monitored these geophones every day to choose the optimal firing time with the least in-
terference. In this paper, we only talk about part of the profile and large shot gathers between the BNS.

3.2. Data Processing of Single Shot Gathers

In this profile, rugged topography, wind noise, various geological structures and poor explosive energy penetra-
tion are main factors that affect the quality of the recorded data. In order to obtain high quality data, a few cru-
cial methods including bandpass filter, noise suppression, FK power are used in single shot gather data
processing. The data processing flow for single shot gather is shown in Figure 2. Because of the energy attenua-
tion relating to overlaying the high-velocity layer in a local station, some channels in the raw data become weak
in energy. We applied the FK power module to enhance the signal in a window of seismic data. The program
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Figure 2. The data processing flow for the large shot gathers
across the BNS.

performs a multichannel, time variant operation. In the processing, a window of data is transformed into the FK
domain. The amplitude of each FK sample is modified by raising it to a user-specified power, while the phase of
the FK-domain sample remains unchanged. An inverse transform back to the time-space domain is performed
on the data. The window is advanced by 50% of the time length, and the process repeats for the new window,
with the output linearly tapered between the window centers. When the FK samples are raised to a power greater
than one, the energy that is strong and localized in the FK space becomes even stronger. This allows the seismic
data to be displayed at a lower gain; therefore, the random noise will appear at much lower amplitude. This
process thereby enhances continuous and linear seismic data energy that maps a localized region in the FK
spaces. At the same time, the median and band-pass methods are used in this step. We used 6-8-25-30 Hz in O -
6 s TWT and 4-6-20-25 Hz in 6.5 - 30 s TWT as filter parameters.

4. Results

In many cases, the lowermost crust was always imaged as a prominent and continuous band of reflectors. The
bottom of the continuous band can often be interpreted as the Moho. For example, in the COCORP data [29] and
a conventional deep seismic reflection survey in England [30], they interpreted Moho as the bottom of the
layered reflections. In addition, amplitude of the reflection events are also necessary to decide Moho. We carried
out amplitude analysis of the two large shot gathers between the BNS. The shot gather shown in Figure 3 is
fired to the south of the BNS. Figure 4 shows the shot gather fired at 28 km north to the BNS in the Qiangtang
terrane. On the shot gather fired to the south of the BNS at the northernmost Lhasa terrane, there are some con-
tinuous reflections from 19.5 s to 24 s TWT. Based on the amplitude analysis and the mentioned studies, we in-
terpret the bottom of the continuous reflection group at 24 s TWT, with the high amplitude as the Moho reflec-
tion (Figure 3). The clear reflectors with high reflectivity interpreted as the Moho are well imaged on another
larger explosive single shot record fired at ~28 km north of the BNS. The Moho was indicated with the conti-
nuous reflection at 20 s TWT (Figure 4). The images of Figure 5 show an apparent variation of the Moho ref-
lection across the BNS.

5. Discussion

It is well known that the Tibet Plateau has a thicker crust than 45 km [31]. Over past three decades, the various
Moho depth between different terranes and Moho offset under the main suture zones of the Tibetan Plateau were
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Figure 3. Large shot gathers (a) and amplitude analysis (b) of 1000 kg of explosives fired in the northernmost Lhasa terrane,
south of BNS. SN is shot number. The location is shown in Figure 1.
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Figure 4. Large shot gather (a) and amplitude analysis (b) of 1000 kg of explosives fired at ~28 km north of the BNS. SN is
shot number. The location is shown in Figure 1.

detected by a series of seismic investigations [32]-[36]. Li ef al. [37] discussed the thickness and structural cha-
racteristics of the crust across Tibetan plateau from active-sources seismic profiles. However, due to poor cov-
erage of previous surveys and lack of consistency between various seismic techniques, Moho offset beneath the
BNS remains controversial.

The Moho across the BNS had been reported as a ~20 km offset [38], a more than 10 km offset [39] [40],
about 8 km variation [41], a ~5 km northward step-up [34] [42], and no evidence of fault offsets [4]. In addition,
Shi et al. [2] found a Moho trough with about 5 £ 3 km Moho offset under the Bengco-Jiali fault which is ~40
km north of the BNS.
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Deep seismic reflection profile could gain a high-resolution structure of the interior Earth. The acquisition of
data from large explosions in the U.S. successfully provided a good example for the exploration of deep conti-
nental crustal structure [43]. In the SinoProbe project, the 1000-kg shot gathers and migration profile in central
Tibet provide clear Moho images beneath the BNS. We interpret the shot gathers records and migration profile
together to show the Moho depth variation across the BNS. Based on the single shot (Figure 3), we suggest a
75.1 km (~24 s TWT) Moho depth in the northmost Lhasa terrane. This Moho matches the position a in Figure
6(b). On the other big shot gather fired at ~28 km north of the BNS to further north (Figure 4), the Moho appear
at 62.6 km (~20 s TWT, matching position ¢ in Figure 6(b)) in the left part and 65.7 km (~21 s TWT, matching
position d in Figure 6(b)) in the right part.

The magnitude of the step across the BNS is 6.2 km that concluded by the migration data (Figure 6(a)). The
Moho depth is 75.1 km (~24 s TWT, position a in Figure 6(b)) in the northmost Lhasa terrane and 68.9 km (~22
s TWT, position b in Figure 6(b)) in the southmost Qiangtang terrane The step of 6.2 km is displayedfrom posi-
tion a to b shown in Figure 6(b). North of the BNS, Moho reflections get smoothly shallower from 68.9 km
(~22 s TWT) to 62.6 km (~20 s TWT) in the lateral more than 25 km surface distance in the south Qiangtang
terrane. Then, we think Moho get 12.5 km shallower from the Lhasa terrane to ~28 km north of the BNS be-
neath the Qiangtang terrane displayed by position a to ¢ in Figure 6(b) and 9.4 km step to the further north be-
neath the south Qiangtang terrane and central Qiangtang anticline shown by position a to position d in Figure
6(b). The Moho variation across the BNS revealed by deep seismic reflection profile (Figure 6(c)) argued
against a gradational Moho based on waveform modeling [1] and also not in agreement with a 20-km offset

[38].
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lection across the BNS.
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Figure 6. The interpreted migration profile and topographic map plotted with the Moho depth across the BNS. (a) Migration
profile; (b) Interpreted result; (c) Topographic map plotted with the Moho depth to show Moho variation across the BNS.

6. Conclusion

There is a Moho offset across the BNS. The step of Moho is about 6.2 km. Moreover, to the north of the BNS,
the Moho rises smoothly to 62.6 km, and then becomes ~12.5 km shallower from the northmost Lhasa terrane to
the south Qiangtang terrane at ~28 km north of the BNS. The viewpoint of Moho depth across the BNS based on
deep seismic reflection data is inconsistent with the previous 20 km offset or no change.
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