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Numerical simulation analysis of seismically triggered load and ball-and-pillow structures in the lacustrine

sediment

Abstract: [Objective] Seismically triggered soft-sediment deformation structures (SSDSs) in the lacustrine sediments
serve as reliable stratigraphic records for studying paleoearthquake events in tectonically active regions. Load and ball-
and-pillow structures, as one of the common types of SSDSs, are often attributed to reverse density gradients between
different sedimentary layers driven by gravity. However, the formation processes and mechanisms of these structures,
as well as their quantitative relationship with seismic intensity remain unclear. [Methods] This study employs a
FLUENT software to simulate the formation processes of load and ball-and-pillow structures in saturated sand-clay
sedimentary layers with varying physical properties (density, dynamic viscosity and thicknesses) under different
seismic accelerations (0.125g, 0.25g, 0.5g, and 0.8g). [Results] The results indicate that as the seismic accelerations
increases, load and flame structures appear earlier and gradually evolve from small-scale load structures to larger-scale
ones and ball-and-pillow structure. Under the same seismic acceleration, a larger density and dynamic viscosity
difference, and a larger thickness in sand layer would result in more intense and large-scale load and ball-and-pillow
structures. [Conclusions] The simulation results are generally consistent with the morphological characteristics of load
and ball-and-pillow structures identified in the field investigation in the Tashkorgan area. [Significance] This finding
verifies the seismic trigger of SSDSs in this region and provides a new technological insight into the study of SSDSs
and paleoearthquakes.
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Table.1 Depositional models and numerical simulation schemes

pliibz VIRE BE (m) PRI B (p, kg/m® ) FJIKEE (y, Pass)
0.125¢g
WE 0.4 1850 1900 1950 0.01
0.25¢
0.5g
FitE 0.4 1750 1700 1650 10
0.8g
W 0.4 1900 0.005 0.1
0.5g
#+Z 0.4 1700 30 1
) 0.5 0.3 1900 0.01
0.5g
Fit)2 0.4 0.4 1700 10
(= 0.2 1927 0.01
0.5g
MR E LR 0.6 1664 10
1.3 MR R
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Figure 1 Schematic diagram of El Centro seismic wave acceleration
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Figure 2 Deformation processes of sand-clay sediment layers at 2, 3, 5 and 6 seconds under different seismic acceleration condition
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Figure 3 Deformation processes of sand-clay sediment layers with varying density differences at 2, 3, 5 and 6 seconds
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Figure 4 Deformation processes of sand-clay sediment layers with varying dynamic viscosity at2, 3, 5 and 6 seconds
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Figure 5 Deformation diagrams of sand-clay layers at 2 s, 3 s, 5 s and 6 s with different overlying sand layer thicknesses and constant

underlying clay layer thickness
(a) Sand thickness=0.5m; (b) Sand thickness=0.4m; (c) Sand thickness=0.3m
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Table. 2 Comparison of key parameters between field example and numerical simulation

SHM HEANA) (B ER T HUEEA (R Z
HEVRERE 0.15-0.25 m 02m
TRELZEERE >0.5 m 0.6 m
b B ~1927 kg/m? 1927 kg/m?
B ~1664 kg/m? 1664 kg/m?

BR-MA R EKE 20-30 cm 20-35 cm
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Figure 6 Load and ball-and-pillow structures in the lacustrine sediment from Tashkorgan area and the diagram of numerical simulation
results

(a) Image of load and ball-and-pillow structures in the field; (b) Simulated deformation at 5s; (c) Simulated deformation at 6s
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