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The influence of weak layers on thrust structure deformation: A finite element numerical simulation

study

Abstract: [Objective] As ubiquitous critical structural units in sedimentary basins, weak layers are characterized by low
shear strength, low Young’s modulus, and pronounced plastic rheological behavior, playing a key role in stress
accommodation and strain partitioning during tectonic deformation. Seismic reflection profiles from areas such as
Liangcun, Jiaoshiba, and Changning in southeastern Sichuan reveal widespread regional weak layers within sequences
overlying deep thrust fault systems. [Methods] To investigate the dynamic control mechanism of weak layers on thrust
deformation, a typical bend fault was selected as the pre-existing fault structure, and comparative experiments with/without
weak layers were designed. Finite element modeling was employed to conduct numerical simulations under lateral
compression. A comparative analysis of the simulation results from the two model sets systematically examines how weak
layers control structural deformation during tectonic movement, particularly the influence of weak layer thickness on upper
and lower structural deformation. [Results] (1) The weak layer-free model demonstrates that, under lateral compression,
the overlying strata undergo thrust-parallel slip and fold deformation along the pre-existing bend fault. The deformation
exhibits remarkable coherence among strata, with no observable interlayer slip or stratified differential deformation.
Meanwhile, the maximum principal stress field displays characteristic tectonic stress zoning, while plastic strain
concentrates on both the forelimb and the backlimb with upward-decreasing intensity. (2) The weak layer-bearing model
reveals that, under combined lateral compression and underlying structural uplift, the weak layer experiences plastic flow,
manifesting as top-thinning and limb-thickening. This results in stratified deformation patterns bounded by the weak layer.
Furthermore, the distribution of maximum principal stress and plastic strain shows distinct stressen—strain decoupling
across the weak layer interface. [Conclusion] (1) The weak layer constitutes a critical factor in initiating structural
stratification. Under lateral compression conditions, the weak layer undergoes plastic flow accompanied by localized
thickening and thinning. It significantly accommodates underlying structural deformation and stress-strain, thereby
generating differential deformation across the weak layer interface and producing distinct stress-strain decoupling between
the upper and lower structural domains. (2) The thickness of weak layers constitutes a critical parameter controlling
deformation styles. Thicker weak layers result in longer wavelengths and gentler limb dips with reduced uplift amplitudes
for overlying folds; they also produce shorter wavelengths, steeper limb dips and greater uplift amplitudes for underlying
folds, thereby enhancing deformation partitioning. Conversely, thinner weak layers lead to more coherent deformation
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between the upper and lower structural domains. [Significance] The research findings regarding the influence of weak
layers on thrust structural deformation revealed in this study can provide valuable references for structural deformation
analysis and dynamic modeling in regions with similar stratigraphic characteristics, such as the Liangcun area, the Jiaoshiba
block, and the Changning region in southeastern Sichuan.

Keywords: weak layers; southeastern Sichuan region; thrust fault; tectonic deformation; finite element numerical

simulation
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Fig. 2 Geometry and kinematic models of fault-bend folding (modified from Suppe, 1983)
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Fig.3 Sketch of the geological model and boundary conditions at different stage

(a) Geological model; (b) Boundary conditions at initial stage; (c) Boundary conditions during movement
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Fig. 5 Geometric evolutions and maximum principal stress distributions for Model 1 and Model 2
(a) The maximum principal stress distribution of the model without weak layers after a 100 m displacement; (b) The maximum principal stress
distribution of the model without weak layers after a 200 m displacement; (¢) The maximum principal stress distribution of the model without
weak layers after a 300 m displacement; (d)The maximum principal stress distribution of the model with weak layers after a 100 m displacement;
(e) The maximum principal stress distribution of the model with weak layers after a 200 m displacement; (f) The maximum principal stress

distribution of the model with weak layers after a 300 m displacement
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(a) Equivalent plastic strain distribution of the model without weak layers after a 100 m displacement; (b) Equivalent plastic strain distribution of

the model without weak layers after a 200 m displacement; (c) Equivalent plastic strain distribution of the model without weak layers after a 300

m displacement; (d) Equivalent plastic strain distribution of the model with weak layers after a 100 m displacement; (e) Equivalent plastic strain

distribution of the model with weak layers after a 200 m displacement; (f) Geometric parameters and equivalent plastic strain distribution of the

model with weak layers after a 300 m displacement
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Table 4 Geometric parameters of Layer 4 and Layer 6 in models

with weak layers of varying thicknesses

B AR /m =% w/m 4/m FI)  pICe)

a2 1584.5 96.64 1388  23.14
70 m )

62 2501.5 7745 6.10 7.45

a2 1622.5 99.79 1429  23.78
150 m .

H6E 27426 71.70 5.91 7.16

Hi4)2 1630.8 102.57 1558 24.60
200 m

62 3017.4 69.06 5.77 6.68

T w2l K A— RS p—RT SN ; F— /R 3L

B T RS UL 4 s 1) 2559 2 T R T 3 o A 3
A F0 42 1 LA, R BB )1 2 3t A R AR )1 7R )
X gL 0 iy R ) B ) ot O AT 96 (15T 9) DT 2R g
X R AE AR — o4 1] 1 (15T 9a) ml LUE HE, R AR &
R =, A A R AR I T — T R
KE—ERIENEEAZ, WACT TR ™ R 5 A2
B, AR W™ R R SO LR, T B A

WA N, NTIIER T LA — TR R A
W) /AR 7 Ay IR AR AR IR S DT R b XK T
A6 A — V8 1 5 1 () 9b) T LLA B, 3R & B W2
TR A, R M B, MAETERER T
= | AN I (R~ B S N R VN £
WA, AUER S RN, B /PSR —
;7 T 7R e b XA A 300 R A 1) 0 i (& 9¢) 1] DA
BB TR E — R B v W2, R 1 AR T ok B
W, HERREFEHZEWEEAE LR 245 ZH,
AT LB R R M /R AT 7= A T 43 )2 i R T
CED A Ak R PE . R, 38 ) 5 52 B b sk 1 3 95 R
S WL 2% 3 1 S B ML BT B0 G % LE 43 BT A Ol b R AR AL
R AT EE

25 bR, G A 0 A [) JEE A 55 JE AR A AR AU 2
S UL B S B b 3R ) B GERE A9 43 I Sk, A58 2 R
AR 3 AR TR S K HAR R FRos A
JE, LIRSS 2 R B, AR T A LR 2RI, Bl
TR 2 B VP AR b R, S B L T A A
T AR 8 8 R TE L% R 55 )2 R, RS 2 /R
A 3 AR T 43 J2 P AN 1 g, AN 30 3 O 18 4

5 ##

(1) 883 )22 3 2o 10 0 Wi Wi 5 7 728 i 5 00 )2
AN o AT BF IR AT, B8 2 K Az B 3 O



% 3% https://journal.geomech.ac.cn 2025

TR He A0 61/
LR 17 /s

MR /km

-10

e

e . NE

~151

=0 =20 H =H$H =H =EOE

WP RIE ZBRIE —BRIK &8

IR ERAIR REFRIE HWZ B2

a— JIZR T 0 DX B AR A6 7R — 9 4 1 0 TR 5 o— )11 2 T 4 X 8 o DR b r) 5 16T 5 c— 1 Rl DX T b AR — 0 gl ) o I R R 4, 20190 1B 0)

B9 R MR AL

Fig. 9 Examples of structural deformation controlled by weak layers

(a) NE-SW profile of the Liangcun area, southeast Sichuan; (b) SEN profile of the Jiaoshiba area, southeast Sichuan;(c) NE-SW profile of the

Changning area, south Sichuan (modified after He, 2019)
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