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faulting have become important topics in society. The deformation mechanism of fault zones, especially large
earthquake fault zones, is the key to understanding fault activity and earthquake mechanisms. The aim of this
study was to discuss the deformation mechanism of the large earthquake fault zone in the Tibetan Plateau by
analyzing recent research on the Longmen Shan and Xianshuihe fault zones in the eastern Tibetan Plateau. The
results are as follows: (1) The Wenchuan earthquake simultaneously ruptured on different faults and formed a
pseudotachylyte vein at an extremely shallow depth (~732.6 m), which was generated in an unconsolidated,
fluid-rich fault gouge. This finding overturns our traditional understanding of earthquakes and deepens our
understanding of the mechanical properties of shallow faults. (2) A Late Triassic Mw~7.4 to 7.9 earthquake had
occurred along the Yingxiu—Beichuan fault, Longmen Shan fault zone, and the focal mechanism of this large
magnitude earthquake was left-lateral, strike-slip motion. The high degree of magnetic anisotropy in the fault
rocks is an indication of a high-strain seismogenic environment and a new important indicator of large
earthquakes. (3) Three deformation phases were identified in the Wenhuan—Maoxian fault zone during the
Cenozoic, in contrast to the predictions of the lower crustal channel-flow extrusion models. (4) Large earthquakes
with high frictional heating (>500 °C) have occurred along the Wenhuan—Maoxian fault zone in the past, and the
seismogenic environment was a reductive environment with low-temperature hydrothermal fluids. (5) The
Xianshuihe fault system is the main boundary for the outward migration of material in southeastern Tibet. The
Xianshuihe fault zone, with frequent large earthquakes, exhibits long-term creep deformation behavior. The fluid
influx increases the content of strong minerals within the fault core, thereby locally strengthening the creeping
fault. These results enrich and improve the faulting theory, improve our understanding of the deformation
mechanism of large earthquake fault zones in the Tibetan Plateau, and provide a scientific basis for fault-zone
activity, earthquake mechanisms, earthquake risk assessment, and earthquake prevention and reduction.
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Fig. 1 Tectonic map of the Tibetan Plateau (a) and distribution of large active fault zones in the eastern Tibetan Plateau (b)
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Fig. 3 Two principal slip zones of the Wenchuan earthquake in WFSD-1 core (Wang et al., 2023)
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a—the core at a depth of 732.4-732.8 m, including a black 2-mm-thick pseudotachylyte layer; b—pseudotachylyte bound by a striated,
mirror-like principal slip surface; c—optical microscopy image of the main slip zone; the slip zone consists of layers of fault breccia, fault
gouge, and glass-like materials; d—backscattered electron-scanning electron microscopy image of the main slip zone; e—g—matrix including
randomly oriented, open microcracks and glass-like matrix with a few tens-of-nanometers-thick ripples and microcracks (transmission
electron microscopy image), inset showing diffraction patterns; h—high speed friction experimental data of WFSD-1 fault gouge; friction

coefficient versus slip under fluid-rich conditions (metal holders); i—j—backscattered electron-scanning electron microscopy images of melt
from frictional experiments.
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Fig. 4 Structural characteristics of Wenchuan earthquake melt and results of friction experiments
(Wang et al., 2023; WANG et al., 2023)
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pseudotachylyte. Pst—pseudotachylyte.
B 5 TR ERZ KB ENMERE R IZE R FFHE(Zhang et al., 2024)
Fig. 5 Magnetic fabric and kinematics features revealed by striations along the pseudotachylyte from the Longmen Shan
fault zone (Zhang et al., 2024)
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Fig. 6 Kinematic characteristics of the Wenchuan—Maoxian fault zone (Ge et al., 2023)
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Fig. 8 Structural and mineralogical composition of fault rocks and sources of subsurface fluids in the Qianning segment of
the Xianshuihe fault zone (Wu et al., 2023)
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