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The earthquake-controlling process of continental collision-extrusion active tectonic system

around the Qinghai—Tibet Plateau: A case study of strong earthquakes since 1990

Abstract: [ Objective ] The Qinghai — Tibet Plateau is one of the most seismically active regions along the
Mediterranean — Himalayan seismic belt. Understanding the earthquake-controlling effect of the active tectonic
system in this region is crucial for analyzing regional strong earthquake hazards. [ Methods ] We analyzed
earthquake activity with M, =6. 0 since 1990 and their tectonic mechanism around the Tibetan Plateau, focusing
on the continental collision-extrusion tectonic system. [ Results ] The results show that the system plays a
significant role in governing regional strong earthquake activity. Specifically, M, =6.5 earthquakes primarily occur
along the main boundary fault zone of this tectonic system, exhibiting a relatively regular spatio-temporal migration
process. Moreover, the multi-layered extrusion-rotation active tectonic system in the eastern Tibetan Plateau
constitutes the primary earthquake-controlling structure of the strong earthquake process since 1990, followed by the
thrust faults of the Himalayan foreland. Therefore, the extrusion tectonic system of the Qinghai—Tibet Plateau
should be the focus for the trend analysis of the strong earthquake activity in the future, especially the most active
secondary extrusion tectonic units such as the Bayan Har block. Comparative analysis of strong earthquake activities
in and around the Anatolian plate reveals similar continental collision-extrusion tectonic systems and earthquake-
controlling effects in this area, indicating that this tectonic system is a typical earthquake-controlling structure in the
intracontinental orogenic belt. [ Conclusion | Further comprehensive analysis suggests that the active tectonic
system can significantly control regional strong earthquake activity. Firstly, most of the strong earthquake events
occur in the main boundary fault zone of the fault block in the tectonic system. Secondly, the strong earthquake
events along different structural zones in the tectonic system often have linkage effects or mutual triggering

relationships, and the complex or particular structural sites are often where double earthquakes or earthquake swarm
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activities easily occur. Thirdly, when a certain structural unit or tectonic zone in the tectonic system is in an active
stage , strong earthquake clustering phenomena occur. [ Significance ] A thorough understanding of the coordinated
deformation relationships between major active faults in the tectonic system, the segmented rupture behavior of
strong earthquake activity in active fault zones, and the characteristics of “long period, quasi-periodicity and
clustering” of strong earthquake recurrence in situ on active faults will assist in more accurately assessing the future
seismic hazard of active fault zones when analyzing the future trend of strong earthquake activity based on the active
tectonic system.

Keywords: Qinghai — Tibet Plateau; continental collision orogeny; active tectonic system; strong earthquake

activity ; active fault
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Fig. 1

(a) Distribution map of strong earthquakes ( DEM Data from https: //www. gscloud. cn/search) ; domestic active fault data from Wu
and Zhou, 2018, and foreign active fault data from remote sensing interpretation) ; (b) Seismic source mechanism solutions of strong
earthquakes ( data retrieved from https: //www. globalemt. org) ; (c¢) Magnitude—time (M—T) distribution of strong earthquakes and
cumulative seismic energy release curve (Dark purple line)

The seismic energy release (E) is calculated using the formula logE = 5.24 + 1.44M ( U.S. Geological Survey, htips: //

1990 £ Lk HF BB B L LW M, =6.0 3 E & 30 FF4E

Characteristics of strong earthquakes with M, =6. 0 around the Qinghai-Tibet Plateau since 1990

www. usgs. gov/programs/ earthquake-hazards/earthquake-magnitude-energy-release-and-shaking-intensity ) .
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Fig.2 Active tectonic deformation patterns and present crustal movement around the Qinghai-Tibet Plateau and adjacent regions
(Molnar and Lyon-Caen, 1989; Zhang et al. , 2004; Wu and Zhou, 2018)
I-Qaidam Block; II-Bayan Har Block; IlI-eastern Tibetan—Sichuan—Yunnan—Chantai Block
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Fig.3 Main active faults and tectonic systems around the Qinghai-Tibet Plateau and strong earthquake events with M, =6.5 since
1990 (seismic source mechanisms and earthquake data from relevant websites of the United States Geological Survey (USGS) ; some
domestic active fault data from Wu and Zhou, 2018; foreign active fault data from remote sensing interpretation; fault slip rates from
Van Der Woerd et al. , 2002; Vigny et al. , 2003; Cowgill, 2007; Ader et al., 2012; Chevalier et al. , 2012, 2017; Liu et al. ,
2020; Li et al. , 2021; Hu et al. , 2023)

1-Nearly EW-trending extensional deformation tectonic system in the central and southern Qinghai—Tibet Plateau; 2—Extrusion tectonic
system composed of the Xianshuihe - Xiaojiang Fault Zone and the eastern Tibetan—Sichuan—Yunnan Block; 3 - Extrusion tectonic
system composed of the Dongkunlun Fault Zone, Longmenshan Fault Zone, and Bayan Har Block; 4 — Extrusion tectonic system
composed of the Altyn Tagh—Qilian—Haiyuan thrust and strike-slip boundary and Qaidam Block; 5-Strike-slip faults; 6=Thrust faults;
7-Normal faults; 8—Current movement and velocity of main blocks observed by GPS (data from Zhang et al. , 2004) ; 9—Seismic

source mechanisms (thick lines represent fault planes) ; 10-Earthquakes with 6. 5<M, <7.0; 11-Earthquakes with 7. 0< M <8.0
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strong earthquakes with M = 6.5 around the Qinghai — Tibet

Plateau since 1990
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(a) Current motion status of Anatolia and surrounding plates (from Armijo et al. , 1999) ; (b) Continental collision-extrusion tectonic

system and the latest seismic migration process in Anatolia, Turkey, and neighboring areas
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