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1 Introduction 
 
Reconstructing long-term, continuous paleo-earthquake 
records is of great significance for evaluating fault 
activity, understanding regional seismicity, and predicting 
future earthquake risks (Deng et al., 1994; Ran et al., 
2014; Yuan et al., 2018; Yang et al., 2021). The challenge 
lies in identifying long-term, continuous seismic 
sedimentary records. On the one hand, paleo-earthquake 
analysis in trenches imposes extremely strict requirements 
on excavation sites. These characteristics compensate for 
the limitations of trench technology in paleo-earthquake 
research, such as the inability to infer the existence of an 
earthquake when fault displacements do not reach the 
surface or are less than 0.3 m (M = 6.0ï6.8; Ran and 
Deng, 1999). On the other hand, due to the coarse 
sediment particles in the trench, sedimentary 

discontinuities are common, and dating materials are often 
lacking, limiting the identification to only a few seismic 
events. In addition, due to the complexity of event layer 
formation and geographical constraints, determining the 
seismogenic faults of paleo-earthquakes recorded by 
lacustrine sediments is difficult, and only regional seismic 
activity can be established. 
As typical fault genesis sediments developed along 

active fault zones, sag ponds fully record fault activity 
since their formation and are often applied in paleo-
earthquake research (Kidd et al., 1988; Allen et al., 1991; 
Song et al., 1998; Guo et al., 2006). Lienkaemper et al. 
(2002, 2007) and Toke et al. (2006) excavated trenches 
across sag ponds on the Hayward and San Andreas faults 
in the United States to study paleo-earthquakes, revealing 
well-developed sag pond sedimentary profiles. In the 
northern margin fault of the western Qinling Mountains, 
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Abstract: This study examines a 1.32 m thick sediment sequence from the Cunge sag pond in the Litang Basin, eastern 

Tibetan Plateau, to assess the seismicity of the Litang fault during the Holocene. High-resolution geochemical, grain size, 

magnetic susceptibility, and total organic carbon indicators are employed to obtain a continuous record of changes in 

elemental, physical, and biological properties within the profile to identify seismic events. The seismic event layer generally 

comprises two sedimentary rhythms: a lower coarse sand layer and an upper fine silt-clay layer. These layers represent 

rapid deposition associated with fault activity (Earthquake A) and slower deposition during calm periods or earthquake 

recurrence intervals (Seismic interval A). Through six 14C dating, five seismic events have been identified in the Cunge sag 

pond section: E1 (before 3955 a B.P.), E2 (3713ï3703 a B.P.), E3 (3492ï3392 a B.P.), E4 (2031ï1894 a B.P.), and E5 

(1384ï1321 a B.P.). E1ïE4 had shown a good consistency with the paleo-earthquake recorded by the trench, and whereas 

E5 is a newly identified seismic event, further improving the continuous earthquake sequence of the Litang fault. Based on 

existing trench data and the seismic event record from the Cunge sag pond, a total of 11 paleo-earthquakes are identified 

along the Litang fault since the Holocene. The paleo-earthquake activity of the Litang fault exhibits a clustered pattern, with 

recurrence intervals of both long periods (1000 a) and short periods (500 a). Since 5000 a, the interval between strong 

earthquake recurrences gradually decreases, indicating an increasing risk of strong earthquakes along the Litang fault. This 

study presents a continuous record of paleo-earthquakes along the Litang fault, eastern Tibetan Plateau, and can enhance the 

understanding of regional seismic activity. 
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Li et al. (2010) used the sedimentary rhythm of the sag 
pond in the fault scarp as a marker for identifying paleo-
earthquakes. Yu et al. (2019) summarized the 
characteristics of sag pond sediments, which are composed 
of landslide wedges and formed scouring or unconformity 
surfaces, fine debris deposits (including bioclasts), and 
paleosoils from bottom to top. Four paleo-earthquakes on 
the Xiadian fault were identified from 25 ka to 12 ka 
based on sag pond sediments (Yu et al., 2019). 
The Litang fault is a branch of the Litang fault system 
(LTFS), identified as a Holocene active fault with both 
strike-slip and normal fault components (Ma et al., 2014; 
Chevalier et al., 2016; Liu et al., 2020; Zhong et al., 

2024a; Zhang et al., 2025; Zhong et al., 2025) (Fig. 1b). 
Research on the paleo-earthquake trenches indicates at 
least seven paleo-earthquakes have occurred along the 
Litang fault since 12 ka (Zhang et al., 2025), with a strong 
earthquake quiet period of approximately 4000 a between 
5000 and 9000 a B.P. This conclusion is inconsistent with 
the previous view that the LTFS has an earthquake 
recurrence period of 500ï1000 a (Xu et al., 2005). 
Whether this represents a calm period for strong 
earthquakes, a lack of discovered earthquake records, or 
the erosion of existing records remains uncertain. After 
5000 a B.P., previous studies have indicated that the 
Litang fault entered a new phase of earthquake clustering 

    
 

Fig. 1. (a) Distribution of seismic epicenter of Ms  Ó 7.0 in the Bayan Har block since 1995 (Deng et al., 2014; Li et al., 2021); (b) 

spatial geometric distribution of Litang fault system, and the spatial distribution of historical earthquakes (Ms Ó 5.0) in the study 

area (https://data.earthquake.cn) and location of the Cunge sag pond section. 
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(Gao et al., 2022), with decreasing intervals between 
events, indicating an increasing trend in earthquake risk. 
However, there remains a lack of data to confirm whether 
paleo-earthquake events along the Litang fault over the 
past 5000 a have been overlooked. In addition, no paleo-
earthquake studies have been conducted in the sag ponds 
along the Litang fault. 
This study analyzes late Holocene sag pond sediments 
from Cunge in the Litang Basin, situated along the Litang 
fault in the eastern Tibetan Plateau (TP). The research 
objectives are to: (1) identify seismic event layers and 
sedimentary processes using sedimentary proxies, (2) 
explore the formation process of the sag pond, and (3) 
analyze regional seismicity patterns. The results contribute 
to a deeper understanding of tectonic activity patterns and 
seismicity along the eastern margin of the TP during the 
late Quaternary, and provide a new method for paleo-
earthquake research in sag ponds.  

 

2 Geographic and Geological Setting 
 
The Litang fault begins northwest from the north of 

Pannongduo, crosses the Litang Basin and Litang River to 
the southeast, and terminates in front of Gari Mountain in 
Benge, with a total length of about 22 km and an overall 
trend of approximately 138Á (Fig. 2a). The Litang Basin is 
located in the pull-apart region of the right-step oblique 
segment of the Litang fault, spanning approximately 21 
km in length and 11 km in width. The Litang Basin and its 
surrounding areas are characterized by the presence of the 
GanziïLitang ophiolite melange belt, Triassic sandstone/
slate, Indosinian granites, and PleistoceneïHolocene 
alluvial, deluvial, and glacial sediments (Zhang et al., 
2024). Quaternary deposits, including river terraces, 
diluvium deposits, and lacustrine sediments (dark gray 
silty clay and argillaceous sand), are mainly distributed 
along the Litang River and its tributaries in the Quaternary 
basins (Ma, 2016; Zeng et al., 2020; Zhang et al., 2024). 

    
 

Fig. 2. (a) Geological map of the study area; (b) field photo of the Cunge sag pond; (c) typical photos of the alluvial-proluvial deposits 

and sag pond deposits in the Cunge sag pond; (d) measurement of fault scarp height of Litang fault in the Cunge sag pond. 


