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The lacustrine deposition with continuity and chronological reliability is one of the important
archives to establish paleo-seismic sequences. In this study, sediment short cores were
obtained from Lake Mugeco, located in the Selaha section of the Xianshuihe fault zone on
the southeastern margin of the Tibetan Plateau. The chronology is established using
210Pb/137Cs and AMS14C dating results. Seismic events are identified based on
sedimentary characteristics (color, density, and grain size), organic matter content, and
high-resolution XRF element scanning data for the past 300 years. There are four whitish
turbidites in the sediments of Lake Mugeco, which are characterized by a high content of
clay fraction and detrital elements (K, Rb, Ca, Sr, Ti, and Si) and low organic matter content.
These four turbidites were dated in 1944–1956 C.E., 1919–1932 C.E., 1673–1837 C.E.,
and 1507–1739 C.E., with dating errors, possibly corresponding to large historical
earthquakes of 1955 (Ms 7.5), 1932 (Ms 6), 1786 (Ms 7 ¾), and 1725 (Ms 7) recorded
in the Selaha section of the Xianshuihe fault zone. This study provides scientific evidence
for further reconstructing longer-temporal seismic events in the Xianshuihe fault zone
inferred from sediments of Lake Mugeco.
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INTRODUCTION

The Xianshuihe fault zone is regarded as one of the most tectonically active regions with high
seismicity in China (Wen et al., 2008; Bai et al., 2018). Historical earthquake data and instrumental
monitoring have recorded more than 20 earthquake events with a magnitude ofMs ≥ 6.5 since 1700
C.E., over ten of which have a magnitude of aboveMs 7.0 (Writing Group of Compilation of Sichuan
Earthquake Data, 1980a; Writing Group of Compilation of Sichuan Earthquake Data, 1980b; Wen
et al., 1989). Previous studies have discerned the paleoseismic events and inferred their recurrence
periodicity and interval of strong earthquakes through techniques of trenching and dating in the
Xianshuihe fault zone for the past 20,000 years (Sun et al., 2007; Liang, 2019).

Continuous lacustrine sediments can provide supplementary information to whole earthquake
records in an active fault zone (Ghazoui et al., 2019; Vandekerkhove et al., 2019; Fan et al., 2020;
Hubert-Ferrari et al., 2020; Gastineau et al., 2021; Wils et al., 2021). Seismic shaking can induce
subaqueous slope failure and remobilization of surficial, previously deposited sediments to be
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transformed into the subaqueous turbidity currents and debris or
mudflows flowing into the lakebed (Bryn et al., 2005; Moernaut
et al., 2017; Praet et al., 2017). It may also trigger sedimentary
instabilities such as onshore landslides and deltaic slope failures,
resulting in mobilized masses and turbidity currents (Howarth
et al., 2014; Van Daele et al., 2015). Sediment formed by these
earthquake-induced turbidity currents is called seismoturbidite
or homogenite (Sturm et al., 1995; Chapron et al., 1999; Shiki
et al., 2000; Beck, 2009; Howarth et al., 2014; Van Daele et al.,
2015; Moernaut et al., 2018; Lu et al., 2021; Polonia et al., 2021).
Moreover, an earthquake can induce deformation, such as
microfaults (Topal and Ozkul, 2014; Avşar et al., 2015; Jiang
et al., 2016), microfolds (Monecke et al., 2004), liquefaction, and
flowage (Beck, 2009; Topal and Ozkul, 2014). In addition,
earthquake-induced water oscillation (i.e., seiche) can erode
shallow material or resuspend sediments from the steepening
parts of the lake basin and form oscillating bottom currents,
influencing in situ soft sediment deformation and mass-transport
deposits (Alsop and Marco, 2012; Lu et al., 2020). However, the
aforementioned characteristics of sedimentation are not
generated only by seismic events, as rainstorms and
windstorms caused by climate change and spontaneous
landslides due to overloading of subaqueous slopes can also
result in sedimentary disturbances (Chassiot et al., 2016a;
Kinder, et al., 2019; Rapuc et al., 2020; Sabatier et al., 2017;
Wilhelm et al., 2012; Wilhelm et al., 2022; Wils et al., 2021).
Therefore, it is crucial to correctly distinguish seismic events from
other events preserved in lake sediments. Here, we first establish
the chronology based on 210Pb/137Cs and accelerator mass
spectrometry (AMS) 14C dating of a short core from Lake
Mugeco. Then, the sedimentary characteristics (including
sediment color, density, and grain size), organic matter, and
element content are employed to identify event layers

preserved in several short cores from Lake Mugeco. Finally,
four earthquake events different from one flood event are
identified on short lake sediment cores that span a period with
known historical earthquake and flood events.

STUDY AREA

The Xianshuihe fault is a giant left-lateral strike-slip fault on
the southeastern margin of the Tibetan Plateau (TP) (Figures
1A,B). At Huiyuan Monastery, the fault is halved into NW and
SE sections based on their respective structural styles (Qian
et al., 1988; Wen et al., 1989). The former, with a simple
geologic structure, includes the Luhuo segment, the Daofu
segment, and the Qianning segment, while the latter, with
complicated construction, consists of the Yalahe segment,
Selaha segment, Zheduotang segment, and Moxi segment to
the south of Kangding city (Figure 1B). It is considered that
the Xianshuihe fault was formed 2–13 Ma ago and the
cumulative length of slip reaches ~60 km (Roger et al.,
1995; Wang et al., 1998; Wang et al., 2012; Yan and Lin,
2015). The long-term horizontal slip rate of 10–20 mm/yr
estimated by different scholars is explicitly higher than
others in southeastern margin of TP (Allen et al., 1991;
Qiao et al., 2004; Xiong et al., 2010), so the Xianshuihe
fault is regarded as a high-velocity strike-slip fault.

Lake Mugeco (30°08′N, 101°50′E) is located in Yala Town of
North Kangding city, Sichuan Province, near the Selaha segment
of the mid-Xianshuihe fault (Figure 1B). Formed by regional
taphrogeny and dispersion, the lake is the largest fault lake on the
Xianshuihe fault. There is a steep slope bounding the
southeastern side of the basin that Lake Mugeco fills, and
relatively flat terrain in the northwest. The NW-SE major

FIGURE 1 | Location of the study area. Location of the Xianshuihe fault in TP (A). Seven fault segments and historical earthquakes along the fault (B). Bathymetric
map of Lake Mugeco and the location of sediment cores (C).
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direction of the lake basin is consistent with the extensions of the
Xianshuihe fault (Figure 1C). The batholith is dominated by
medium-coarse-grained granite in the catchment. Controlled by
the fault of the Selaha segment, intensive shattering spreads out
and extensive fractures develop on the southwest bank of the
basin (Zhou et al., 2001). Lake Mugeco lies in the transitional
zone between the East Asian Summer Monsoon and the Indian
Summer Monsoon region. Meteorological data from Kangding
station (30°1′48″ N, 101°34′48″) show that mean annual
temperature is 7.2°C and mean annual precipitation is 830 mm
with most of the annual precipitation falling from May to
September. Lake Mugeco and its catchment cover an area of
1.8 and 75 km2, respectively, (Hu et al., 2015; Sun et al., 2015;
2016). The lake is at an elevation of 3780 m. The maximum water
depth wemeasured in 2020 was 34.4 m. It is a hydrologically open
lake, mainly fed by a river from the northwest. There is one outlet
flowing into the Yala River on the northeast side of the lake
(Figure 1C) (Sun et al., 2016; Ni et al., 2019).

MATERIALS AND METHODS

Sediment Coring
In July 2019, a 3.9-m-long sediment core (MGC-2) from the
centre of Lake Mugeco was recovered by an Uwitec drilling
platform at a depth of 30.5 m (Figure 1C). Then, in May
2021, four short sediment cores were obtained using a piston
gravity corer at different depths varying from 23 to 30.5 m. These
short cores were respectively named of MGC21A (31 cm-long),
MGC21B (27 cm-long), MGC21C (25 cm-long), and MGC21D
(32 cm-long) (Figure 1C).

Laboratory Analysis
All short sediment cores were split along the central axis with a
core-cutting machine in our laboratory. Halved cores were
photographed, and the lithology was described. This study
focuses mainly on short-core MGC21A for dating, XRF core
scanning, and analyses of grain size, total organic carbon (TOC),
and total nitrogen (TN). For MGC21B, MGC21C, and MGC21D,
XRF core scanning was used to get X-radiographic images and
element variations.

210Pb/137Cs and 14C Dating
The subsamples of core MGC21, sampled at intervals of 0.5 cm,
were vacuum freeze dried for 48 h, then ground to powder as fine
as ca 150 μm with a mortar and pestle. The activities of 137Cs,
226Ra, and 210Pb of the samples at different depth were measured
by Ortec high purity germanium gamma spectrometer. Herein
the excess 210Pb activity (210Pbex) was computed by subtracting
the 226Ra activity from the total activity of 210Pb, as 226Ra was
assumed to be in equilibrium with supported 210Pb (210Pbsup).
The constant flux constant sedimentation rate (CFCS) model
method is given to estimate sediment age within ca 150 years
(Appleby and Oldfield, 1978; Robbins, 1978; Bruel and Sabatier,
2020). Plant remains were selected at a depth of 50 cm from the
long core MGC-2 for AMS14C dating at Beta Analytic Testing
Laboratory, United States.

XRF Core Scanning
The surfaces of halved cores were smoothed to give a flat surface
and covered with a thin Ultralene film to prevent desiccation
during core scanning. The cores were scanned by the Itrax Core
Scanner (Cox Analytical Instruments) equipped with an Rh X-ray
tube to get optical images, X-radiographic images, and element
variations. A voltage of 60 kV, a current of 35 mA, a step size of
20 μm and an exposure time of 200 ms were set to get
X-radiographic images. A voltage of 30 kV, a current of
55 mA, a step size of 200 μm and an exposure time of 5 s were
set to get element variations expressed as counts per second
(CPS). Elements with low raw counts are excluded, as they are
close to the detection limits of ITRAX and may be even
measurement noise. In order to avoid the matric effect, a
centered log-ratio (CLR) transformation was applied to
calibrate the elements (Weltje et al., 2015). Principal
component analysis (PCA) is a statistical approach that can
transform a large number of variables (concentration of
elements) into fewer independent variables (Sabatier et al.,
2010). PCA is performed by SPSS software.

Measurement of Grain Size
Samples of core MGC21A were sliced at 0.5 cm intervals, and
~0.5 g wet samples were used for the measurement of grain size.
For the removal of organic matter and carbonates, samples were
pretreated with 10% H2O2 and with 10% HCl, and then dispersed
in an ultrasonic vibrator for 15–20 min with 10% (NaPO3)6. Last,
the grain-size distributions of the MGC21A core were measured
using a Malvern Mastersizer 3,000 laser grain-size analyzer.

Measurement of TOC and TN
About 1 g of samples were first treated with 10% HCl to remove
carbonates, rinsed with deionized water, and dried in the drying
oven prior to analysis. The dried samples were ground into 100-μm-
fine powder. Finally, ~3–5-mg samples were analyzed by the EURO
EA 3,000 elemental analyzer to determine TOC and TN content.

RESULT

Sedimentary Characteristics
The deposits of the MGC21A core mainly consist of greyish-
brown and light greyish-black clayey silt. Percentages of silt and
clay range from 75.15 to 85.13% and 13.37–23.15%, with an
average of 82.34 and 16.09%, respectively (Figure 2). The
proportion of sand is less than 2.96% on average. It is found
that the variation of clay is the opposite to that of silt. Also, the
median diameter ranges from 9.33–11.40 μm with an average of
10.37 μm, in accordance with the variation of silt. Besides, Rad
values are associated with grain size variations, which means that
overall low Rad values respond to high content of clay fraction,
and vice versa (Figure 2). There are three whitish layers presented
as dark bands in the X-radiographic image at the depths of 6.5, 17,
and 22 cm in the MGC21A core (shown as E1, E3, and E4 in
Figure 2). They are also characterized by relatively high clay
content and low silt content, and the median diameter and Rad
values decrease correspondingly as well. At a depth of 9.5 to
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8.5 cm, there are two whitish layers characterized by dark bands
in the X-radiographic image and low Rad values. Due to the
closeness of these two layers, we named them E2 (Figure 2).
Given that the resolution of grainsize is low, clay and silt content
do not have variations, but X-radiographic images present dark
and Rad values decrease in the E0 layer.

TOC, TN, C/N Ratio, and Inc/coh
In the core MGC21A, the contents of TOC and TN vary from
1.88 to 7.22% and from 0.29 to 0.78%, respectively, and their
variations are consistent with each other. Carbon/nitrogen
atomic (C/N) ratios are generally less than 10 (Figure 2). The
incoherent/coherent scattering intensity ratios (inc/coh ratios)

display a similar trend with TOC and TN as well (Figure 2).
Contents of TOC, TN, and inc/coh ratios rapidly decrease in
E2–E4 layers while they do not show obvious decreasing trend in
E0 and E1 due to their thin layer or low resolution of TOC and
TN (Figure 2). E2 also shows a double wiggle on variations of inc/
coh ratios.

Element Variations
Variations of elements transformed by CLR in the core MGC21A
are shown in Figure 3. PCA results show that the first two
principal components together capture 65.29% of the variance
(PC 1: 55.64%, PC 2: 9.65%) (Figure 4A). PCA 1 has positive
loadings for elements of K, Rb, Ca, Sr, Ti, and Si, most of which

FIGURE 2 | Optical and X-radiographic images, and different proxy variations with depth in the core MGC21A. E0- flood event labeled as a light grey bar; E1, E2,
E3, and E4- earthquake events labeled as light blue bars.

FIGURE 3 | Variations of element contents and PC1 values in the core MGC21A. E0- flood event; E1, E2, E3, and E4- earthquake events.
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belong to detrital elements. PCA 2 has positive loadings for Fe
and negative loadings for Mn (Figure 4A), possibly reflecting the
redox status of Mugeco Lake. It is discovered that the contents of
K, Rb, Ca, Sr, Ti, Si, and PCA 1 values increase sharply in the base
of four whitish layers and decrease upward, labeled as E0, E1, E3,
and E4, especially in the E1, E3, and E4 layers (Figure 3). E2 also
shows a double wiggle on the content of detrital elements and PC
1 values (Figure 3).

Generally, there are the same sedimentary characteristics
in the E1, E2, E3, and E4 layers. The sediment colors in these
layers turn white, and their dark X-radiographic images
suggest increasing clay content (Croudace et al., 2006),
decreasing median diameter, a higher density, and lower
Rad values than other parts (Figure 2). As the sediment
accumulation rate of the core is very low (0.91 mm/yr) and
the highest resolution we can achieve for grainsize analysis is
at a 0.5 cm interval, which spans ca. 6 years, it is impossible for
grainsize data to show the graded bed with coarser sediment at
the base finning upward in E0–E4 layers. However, the coarse
sediment fractions are often rich in detrital elements (K, Rb,
Ca, Sr, Ti, and Si), which can reflect the mm-scale changes in
grain size (Avşar et al., 2014; Gastineau et al., 2021; Wilhelm
et al., 2022). Sharp increasing of these detrital elements and
PCA 1 values in the base of E1–E4 layers and decreasing
upward well indicate coarser sediment at the base finning

upward, which suggests that E1–E4 layers are characterized by
turbidites. In order to avoid the one-core occasionality and to
validate the universality of E0–E4 layers, three short cores
(i.e., MGC21B, MGC21C, and MGC21D) in different parts of
Lake Mugeco were analyzed and compared with the core
MGC21A (Figure 2). It is found that all short cores
contain five layers characterized by darker X-radiographic
images, decreased Rad values, and PC 1 representing detrital
element content (Figures 4B–D), and decreased inc/coh
ratios, which can represent organic matter content (Figure 5).

Sediment Chronology
A logarithmic plot of 210Pbex activity shows a general linear
trend with depth (Figure 6A). The exponential decay pattern of
210Pbex activity along the depth is employed to develop a
chronology by applying the CFCS model (Bruel and Sabatier,
2020), indicating a low sediment accumulation rate (SAR) of
0.91 mm/yr (Figure 6A). The artificial isotope 137Cs has been
mainly released from atomic bomb tests, nuclear industrial
emissions, or accidents (Foucher et al., 2021). After release, it
can enter the atmosphere, and then be precipitated and
preserved on land or water. The 137Cs activity increases
upward from the depth of 7 cm in the core of MGC21A and
reaches its highest values (~160 Bq/kg) at 5 cm (Figure 6A),
which could be related to the most intense period of nuclear

FIGURE 4 | PCA results in the cores MGC21A (A), MGC21B (B), MGC21C (C), and MGC21D (D).
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testfallout. And the values gradually decrease upward from a
depth of 5 cm. Nuclear tests started in 1955 C.E. and reached
their climax around 1963 C.E. (Foucher et al., 2021), thus the
peak at 5 cm-depth is fixed at 1963 C.E. (Figure 6A) (Norris
et al., 1994). The 137Cs age of 1963 C.E. at 5 cm is consistent with
the CFCS model result (Figure 6A). The 14C age dated on the
plant remains at 50 cm in the long core MGC-2 parallel to the
short core MGC21A, which is 1230 ± 30 BP. Combined with the
age model derived from 210Pb/137Cs and AMS14C dating, the
chronology is established by the Bacon 2.5.7 procedure in R
software using the Bayesian method (Blaauw and Christen,
2011; Reimer et al., 2020) for the upper 50 cm sediment of
Lake Mugeco (Figure 6B).

DISCUSSION

Seismic Events Recorded in Lake Mugeco
Previous studies indicate that turbidites can be produced by flood,
landslide, deltaic collapse, or earthquake (Brocard et al., 2014;
Ghazoui et al., 2019; Vandekerkhove et al., 2019; Wils et al.,
2021). Flood-induced turbidities usually contain multitudes of
allochthonous detrital materials and present a fining-upward unit
and a better sorting in grain-size (Vandekerkhove et al., 2019;
Zhang et al., 2015). Furthermore, floods and landslides have a
short recurrence interval (Archer et al., 2019). It was documented
that lasting heavy precipitation in June and July 1995 caused
rising water levels in the Yala River and Zheduo River, which

FIGURE 5 | Comparison of E0-E4 event layers characterized by Rad values, inc/coh ratios, and PC1 among the different cores in Lake Mugeco.

FIGURE 6 | Chronology model for cores MGC21A and MGC-2. 210Pb/137Cs dating results of the core MGC21A (A). Age-depth model derived from 210Pb/137Cs
dating of the core MGC21A and AMS14C dating of the core MGC-2 (B). E0- flood event; E1, E2, E3, and E4- earthquake events.
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originates from Lake Mugeco and Gongga Mountain,
respectively. This heavy precipitation induced a flood
occurring in 1995 in Kangding city that has encountered the
most serious flood since 1776 (Xie et al., 1997). E0 at a depth of
~2.0 cm in the core of MGC21A is characterized by a dark
X-radiographic image, a slight decrease in Rad and inc/coh
ratios, and an increase in PC1 and elements of K, Rb, Ca, Sr,
Ti, and Si. The E0 layer in other short cores also has the same
characteristics. The 137Cs/210Pb dating suggests that the E0 layer
is dated to 1995–1998 C.E. and was presumably triggered by the
flood in 1995 (Figure 6A). The proxies in the E0 layer are similar
to those in the E1–E4 layers (Figure 5), but have much little
variations, which indicate that the E1–E4 layers are impossible to
trigger by a flood event. Landslide-induced subaqueous deposits
are generally rich in terrestrial organic matter (Avşar et al., 2014;
Bussmann and Anselmetti, 2010), but with low C/N ratios in
E1–E4 layers, that organic matter is endogenous (Figure 3). So,
the E1–E4 layers are not landslide-induced deposits in Lake
Mugeco. Turbidites induced by slope failure are either similar
to or coarser than the background sediment as they originate in
the slope areas (Moernaut et al., 2014; Van Daele et al., 2015;
Wilhelm et al., 2016). E1–E4 layers with higher clay content
indicate that they are unlikely to be induced by slope failure
(Figure 2).

At the bottom of turbidite layers, there is a sharp increase in
detrital element content at the base and fine-grained matter in
these layers (Figures 2, 3, 5). In terms of these observations, we
suggest that E1–E4 turbidite layers in Lake Mugeco are
considered the result of earthquake-induced seiches
(Chapron et al., 1999; Rapuc et al., 2018; Schwab et al.,
2009). Beck (2009) and Aurelia et al. (2013) attributed fine-
grained whitish muddy turbidites to earthquake-induced
subaqueous deposits (Aurelia et al., 2013; Beck, 2009). Due
to the small and narrow surface of Lake Mugeco, the seiches are
prone to being triggered when an earthquake takes place (Avşar
et al., 2014; Barberopoulou, 2006). Seiche waves erode surface
materials from the lakeshore, and coarse grains are moved and
then deposited in shoal water while separated and suspended
fine grains are transported to the central lake. Meanwhile, the
surficial soft sediments on the lakebed are remobilised and
resuspended. Under the effect of gravity separation, fine
grains are precipitated more slowly than coarse ones, and
transformed into a whitish silt homogenites layer that is rich
in detrital elements. From XRF core scanning, inc/coh ratios
usually increase in agreement with concentrated organic matter
(Woodward and Gadd, 2019), and thus Woodward et al. (2018)
used inc/coh ratio as a proxy index of organic matter to reveal
seismic events recorded in Lake Chappa’ai in the Southern Alps,
New Zealand (Woodward et al., 2018). However, the MGC21A
core shows a decrease in the inc/coh ratios, TOC and TN
contents in E1–E4 layers, which means that during the
formation of homogenites, suspending organic matter is
oxidised and decomposed in the water column before
precipitation (Schwestermann et al., 2020). Moreover, the
lower C/N ratio in E1–E4 layers could indicate a lacustrine
origin through mass reworked deposits related to earthquake-
trigged seiches rather than a terrestrial origin characterized by

higher C/N attributed to floods (Figure 2) (Howarth et al.,
2012).

Chronology of Seismic Activities Matched
With Historic Records
To further validate that the deposits in the E1, E2, E3, and E4
event layers of MGC21A were generated by earthquakes, their
ages based on our chronology model were compared with the
records of past earthquakes occurring in the study area. Four
turbidite layers (E1-E3) are dated to 1944–1956 C.E., 1919–1932
C.E., 1673–1837C.E., and 1507–1739 C.E. respectively
(Figure 6A). On April 14th, 1955,a Ms 7.5 earthquake
happened in the Zheduotang segment (101.8°E, 30°N) to the
17 km southeast of Lake Mugeco (Figure 1B), its shaking
intensity was measured as X at the epicentre and VII in the
study area referring to the Chinese Seismic Intensity Scale (1980)
(Wang et al., 1996; Yan et al., 2019). This earthquake produced a
43-km-long surface rupture to the east of the epicentre, spreading
from Kangding to Wasigou, where the seismic intensity was also
measured as VII. Such natural hazards as collapse, landslides, and
rockfall were also triggered at Nanmenguan and Angzhou, in
Luding County to the southeast (Wang et al., 1996). Based on the
137Cs and 210Pb chronology, the E1 layer may coincide with the
Ms 7.5 earthquake in 1955 (Figure 6A). According to data from
the National Earthquake Data Center, there was another Ms 6.0
earthquake in southwest Ganzi County, Sichuan Province
(101.8°E, 30.1°N) on 3rd May, 1932. The epicentre was only
about 7 km from Lake Mugeco, and the earthquake intensity
exceeds VII. As there were no other earthquakes from 1919 to
1932 C.E., the E2 layer, which consists of two whitish layers, may
be an amalgamated turbidite resulting from a synchronous trigger
by an earthquake in 1932. There were Ms 7.8 and Ms 7.0
earthquakes with the earthquake intensity of Ⅸ at the
epicentre in Dajianlu (nowadays known as Kangding) on 1st
June 1786, and on 1st August, 1725, respectively (Writing Group
of “Compilation of Sichuan Earthquake Data”, 1980) (Figure 1B).
Based on the chronology model (Figure 6B), the E3 and E4 layers
are possibly related to theMs 7.8 andMs 7.0 earthquakes in 1786
and 1725, respectively. Generally, within dating errors, E1–E4
layers coincide with the Ms 7.5 earthquake in 1955, the Ms 6.0
earthquake of 1932, theMs 7.8 earthquake in 1786, and theMs 7.0
earthquake in 1725, respectively (Figure 6).

The sensitivity of the lacustrine sediment to seismic activity
depends on the magnitude of the earthquake and the distance
between the position of the lake and the epicentre. Chassiot et al.
(2016b) found that maar Lake Pavin was imprinted by earthquakes
with a seismic intensity of Ⅴwithin a 15-km radius. Ghazoui et al.
(2019) discovered that a minimum Ms 5.6 earthquake within a 15-
km radius or more than aMs 6.5 earthquake within an 80-km radius
could be recorded by the sediment of Lake Rara (Ghazoui et al.,
2019). It was shown that earthquake-triggered water oscillation
(seiche) occurs when the earthquake magnitude exceeds 7.0
(Alsop & Marco, 2012; Avşar et al., 2014). Although there are
lots of earthquakes with different magnitudes around Lake Mugeco,
only four earthquakes ofMs 6.0–7.5 within a 40-km radius have been
well-preserved in the sediment of Lake Mugeco, and the earthquake

Frontiers in Earth Science | www.frontiersin.org April 2022 | Volume 10 | Article 8594717

Liu et al. Historic Earthquakes Recorded From Mugeco

https://www.frontiersin.org/journals/earth-science
www.frontiersin.org
https://www.frontiersin.org/journals/earth-science#articles


intensity has been greater than Ⅶ in Lake Mugeco during the last
300 years. It is clear that Lake Mugeco can only record strong
earthquakes with a short epicentre distance.

CONCLUSION

Lacustrine deposits are mainly composed of greyish–brown and
light greyish–black silt in Lake Mugeco over the past 300 years.
There are four obvious turbidite layers characterized by highly-
dense whitish silt, low content of organic matter, high content of
clay fraction, and detrital elements (K, Rb, Ca, Sr, Ti, and Si). The
formation of these four turbidite layers is related to seiche-
triggered erosion of the lakeshore and sedimentation after
subaqueous surficial sediment remobilization and
resuspension. Chronological results reveal that the ages of the
turbidite layers are compatible with four seismic events along the
Selaha segment of the Xianshuihe fault zone, i.e., Ms 7.5
earthquake in 1955, Ms 6.0 earthquake in 1932, Ms 7.8
earthquake in 1786, and Ms 7.0 earthquake in 1725. Although
historical records show that there are frequent earthquakes over
Ms 6.0 along the Xianshuihe fault, only earthquakes with seismic
intensities from VII to VIII within a 40-km radius can be
recorded by lacustrine sediments in Lake Mugeco. Our study

can provide scientific evidence for a long-term paleoseismic
reconstruction along the Xianshuihe fault based on lacustrine
sediments of Lake Mugeco.
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