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Fig. 1 Tectonic setting of the Dead Sea Fault and the ICDP Core 5017-1( modified from Lu et al. , 2020*"). ( A) Location of the

Dead Sea Fault"’; (B)Major active faults'™"*'" along the plate boundary and historic and instrumental M, = 6 earthquakes ( red
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Fig. 2 Geological setting of the study area and Core SG-1b( modified from Lu et al. , 20217"). ( A) Location of Qaidam
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Fig. 3 Paleoearthquake indicators in the Dead Sea ICDP Core 5017-1( modified from Lu et al. , 2020*2"). (A ~K) Linear

waves; ( L~ X) Asymmetric bill 3 (Y~ AJ) Coherent vortices. (AK ~ AP ) Intraclast breccia layers. The vertical light blue

bars indicate the position of seismites
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Fig. 4 Paleoearthquake indicators in Core SG-1b, western Qaidam Basin( modified from Lu et al. , 2021
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(A ~G)Micro-faults; (H~ L) In situ soft-sediment deformations( folded layers) ; (M ~ R ) Detachment surfaces;

(S~T)Slump deposits. The vertical light blue bars indicate the position of earthquake-disturbed layers
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Fig. 5 Intensity and magnitude constraint for paleoearthquakes that recorded in the Dead Sea ICDP Core 5017-1( modified from Lu et
al., 20207*) (A, B) Schematic diagrams ving the aragonite-detritus laminae without seismic disturbance ( A), and seismogenic
folded layers (B); (C)T al in situ soft-sediment deformation structures from Dead Sea de nter Core 5017-1; (D) Typical in situ
soft-sediment deformation structures from Dead Sea onshore outcrops; ( E) Schematic diagrams explaining the formation of the four
structures based on the Kelvin-Helmholtz Instability mechanism; (F) Comparison of numerical simulation of two horizontal sediments
layers at the leration of 1.0 g at different simulation time (0.3 ~0.9 s) ,for two different layer thickn 0.2m and 1.0m) ;
(G) Quantitat stimation of the accelerations that are needed to initiate the four in situ soft-sediment deformation structures with
different thicknesses; (H)Magnitude constraint for strong seismic shaking events( MMI = VIl ) by applying the three regional empirical

121~124]

attenuation relations’ , taking the past 2000 a earthquake scenario as an analogy for the paleoseismic record; (1) Magnitude-

frequency distribution of modern''™' and paleo-earthquakes on the central Dead Sea Fault during the past 220 ka
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Constraints on shaking intensities for paleoearthquakes

Table 1

that recorded in the ICDP Core 5017-1 via computational

fluid dynamics modeling( modified from Lu et al. , 20207327 )
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Fig. 6 Recurrence pattern of large earthquakes (M =7.0) on the slow-slipping Dead Sea Fault during the past 220 ka

(modified from Lu et al. , 2020""). (A) Comparison of different temporal distributions of large earthquakes on the central

Dead Sea Fault Zone derived from three different geological records; (B) Histograms for recurrence times of M = 7.0 events

in the paleoseismic record of Begin et al. !'*

record of Kagan et al. (a1.136]

(o) Histograms for recurrence times of ca. M 8. 0 events in the paleoseismic

(D) Histograms for recurrence times in the integrated 220 ka-long M, = 7. 0 record ( this

study) ; (E)Normalized recurrence data for the three datasets for comparison
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Fig. 7 Magnitude constraint for paleoearthquakes that recorded in Core SG-1b from the western Qaidam Basin( modified from

Lu et al. , 20217*). (A) Instrumental and historical earthquake magnitude vs. epicentral distance plot based on literature to

[107~108] [101,107,111~112] [115~116,144~146]

show thresholds for micro-faults , soft-sediment deformation in subaqueous

and slumps
environments in different regions. The yellow-colored area highlights the seismic effects of moderate earthquakes with epicentral
distance < 60 km; ( B) Histograms for recurrence times of events during 3.6 ~ 2.7 Ma. Exponential and power-law

=

distributions are plotted for comparison; ( C) Anticlines surrounding Core SG-1h"*"
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Fig. 8 Distribution of seismites in Core SG-1b from the western Qaidam Basin during 3. 6~1. 6 Ma

(modified from Lu et al. , 2021*7)
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Abstract

Sharp changes in lithology and increases in grain size and sedimentation rate of sedimentary sequences from
tectonically active basins are often used to indicate regional neotectonic activity. However, these conventional
methods have been challenged by others who argue that the sedimentary evidence used to infer tectonism could be
climatically induced. Therefore, some form of independent evidence or sedimentary criteria are required to
discriminate between these two alternatives.

Seismites, sedimentary structures preserved in lacustrine or marine stratigraphic sequences caused by seismic
shaking, are reliable indicators of regional neotectonic activity. Lacustrine/Marine paleoseismology, an emerging
cross-field, can extend the record of strong earthquakes and deepen the understanding of fault zone activity by
studying seismites preserved in subaqueous sedimentary sequences. In this paper, we use the Dead Sea Basin and
Qaidam Basin as examples to understand regional neotectonic activity from the perspective of subaqueous
paleoseismology.

The Dead Sea Basin is the deepest and largest continental tectonic structure in the world. A 457 m deep core
(ICDP Core 5017-1) was recovered from the Dead Sea depocenter(31°30'29"N, 35°28'16"E) during 2010~2011.
The bottom of the core was dated back to 220 ka. In situ folded layers and intraclast breccia layer in the core are
identified as earthquake indicators, based on their resemblance to the lake outcrop observations of seismites that are
known to be earthquake-induced. Based on the Kelvin-Helmholtz instability, we model the ground acceleration
needed to produce each seismite by using the physical properties of the Dead Sea deposits. We invert acceleration
for earthquake magnitude by considering regional earthquake ground motion attenuation, fault geometry, and other
constraints. Based on the magnitude constraints, we develop a 220 ka-long record of M, =7 earthquakes. The
record comprises 151 M, = 7 events. The record shows a clustered earthquake recurrence pattern and a group-fault
temporal clustering model, and reveals an unexpectedly high seismicity rate on a slow-slipping plate boundary.

The Qaidam Basin is the largest topographic depression on the Tibetan Plateau that was formed by the ongoing
India-Asia collision. The northeastward growth of the Tibetan Plateau formed a series of sub-parallel NW-SE-
trending folds over a distance of ca. 300 km in the western Qaidam Basin. A 723 m deep core was drilled in the
basin on the crest of one such fold, the Jianshan Anticline(38°21'9.46"N, 92°16'24. 72"E) during 2010 ~2011.
In this study, we focus on the upper 260 m of the core. Paleomagnetic dating constrains the age of the studied core
interval to ca. 3.6~ 1.6 Ma. Sedimentological analysis reveals micro-faults, soft-sediment deformation, slumps, and
detachment surfaces preserved in the core interval, which we interpret as paleoearthquake indicators. We recover a
2-Ma seismite sequence comprising 164 M, =5 events. The seismite sequence is relatively more complete during
3.6~2.7 Ma, which comprises 126 events and five seismite clusters. This suggests that the rate of tectonic strain
accommodated by the folds/thrusts in the region varies in time and thus reveals episodic local deformation. During
the clusters, regional deformation is concentrated more in the fold-and-thrust system than along regional major

strike-slip faults.

Key words: seismite; lacustrine/marine event deposits; lacustrine/marine paleoseismology; earthquake

recurrence pattern; regional deformation



