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Numerical simulation of deformation and stress processes in fault-bend folding: Quantitative

constraints based on elastoplastic parameter control

Abstract: [Objective] Fault-bend folds, characteristic structures in fold-and-thrust belts, act as key kinematic units in the
analysis of compressional deformation and form structural traps at flat-ramp transitions. This makes them critical targets in
the exploration of hydrocarbons in foreland basins. [Methods] Using Suppe’s theoretical model and finite element
simulations, we developed a geomechanical model with realistic rock properties. We defined boundary conditions for fold
formation and analyzed stress-strain patterns during the evolution of fault-bend folds. We applied the Mohr-Coulomb
model to assess six parameters—density (p), Young’s modulus (E), Poisson’s ratio (v), internal friction angle (¢), cohesion
(¢), and dilation angle (y)—for identifying dominant controls. [Results] Open boundaries enable the development of fault-
bend folds consistent with classical models, whereas fixed boundaries cause marked forelimb tilting and non-classical
deformation. Stress-strain partitioning is distinct: Fold limbs and the upper ramp experience compression; the core and
upper flat undergo extension. Both axial surfaces show upward-decreasing stress concentrations and plastic strain. The
lower axial surface builds the backlimb and initiates shear fracturing; the upper axial surface shapes the anticlinal core and
forelimb under tension, developing potential fracture systems. Cohesion (¢) and the internal friction angle (¢) are key
factors governing fold wavelength and forelimb steepness, respectively, with nonlinear threshold behaviors. Young’s
modulus and dilation angle have localized, minor influence. Density and Poisson’s ratio show negligible effects.
[Conclusion] Fault-bend folding is a progressive deformation process in which strata adjust to adapt to the geometry of
pre-existing faults under compressive stress. This results in a kinematic sequence from initial slip and backlimb growth,
through fold nucleation and propagation, to final stabilization with complex derived structures. Cohesion and the internal
friction angle are the decisive controlling parameters. [Significance] This numerical analysis clarifies the development

HEeWH: BEXARPEREGEMIA (42330810)

This research is financially supported by the Key Program of the National Natural Science Foundation of China (Grant No. 42330810).
E—E&. D (2000—) , %, BYBETRUN, 3% F 8 i #HF5E . Email: majiaS057@163.com

BEMEE: 8k (1967—) , FB, Wit ZZ, EENFHEEM TS A M5 . Email: hedengfa282@263.net
Wk HEA: 2025-07-28; fEEIHHA: 2025-10-17; RABHR: 2025-11-03; WEHE A 2025-12-02; F[EHKE: =5


https://doi.org/10.12090/j.issn.1006-6616.2025093
https://doi.org/10.12090/j.issn.1006-6616.2025093
https://doi.org/10.12090/j.issn.1006-6616.2025093
https://doi.org/10.12090/j.issn.1006-6616.2025093
https://doi.org/10.12090/j.issn.1006-6616.2025093
https://doi.org/10.12090/j.issn.1006-6616.2025093
mailto:majia5057@163.com
mailto:hedengfa282@263.net

oW T k. % WG ITRI RS 5 i GRS R B 0 i 24 1511

mechanisms, stress—strain organization, and controlling factors of fault-bend folds, deepening the theoretical understanding
of compressional tectonic deformation.
Keywords: fault-bend fold; Mohr-Coulomb elastoplastic criterion; stress—strain characteristics; tectonic deformation; finite

element numerical simulation
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Fig. 1

Fault-bend fold types and modeling of geometry and kinematics

(a) Antiform fault-bend model;(b) Synform fault-bend model;(c) Initial thrust fault and axial surfaces in undeformed strata;(d) Fault slip induces

folding in the hanging wall along the active axial surfaces A and B, which remain fixed at two fault bends;(e) Continued fault slip leads to the

fold uplift stage;(f) Fold widening stage during sustained deformation

A and B represent the initial active and inactive axial surfaces, respectively; A' and B' represent the active and inactive axial surfaces after strata

displacement along the fault plane; 6 is the fault cut-off angle; ¢ is the fault bend angle; f is the dip angle of the forelimb strata relative to the

fault; y is the angle between the axial surface and the horizontal plane; / denotes the stratal shortening amount.
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Fig. 2 Typical examples of fault-bend folds

(a) Outcrop of a fault-bend fold in the Shibantan Structural Belt, Longmen Shan, western Sichuan; (b) Outcrop of a fault-bend fold in the
Jinma—Yazihe Structural Belt, Longmen Shan, western Sichuan; (c) Outcrop of a fault-bend fold in the Jingfushan Anticline, Longxian, western
Ordos Margin; (d) Outcrop of a fault-bend fold in the Zuozi Shan Anticline, Subaigou, Wuhai, western Ordos Margin; (e) Outcrop of a
fault-bend fold on the Strathcona Siderite Thrust (Waldron and Snyder, 2020); (f) Outcrop of a fault-bend fold in the Tethyan—Himalayan
Region (Mukherjee, 2020); (j) Structural interpretation of a seismic reflection profile from the Changning Area, southern Sichuan (modified after
He, 2019b)
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Fig. 3 Geological model of a homogeneous single-layer fault-bend fold
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Fig. 4 Mesh generation for the homogeneous single-layer fault-bend fold model
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Fig. 5 Boundary condition scheme 1 for the homogeneous single-layer fault-bend fold model
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Fig. 6 Boundary condition scheme 2 for the homogeneous single-layer fault-bend fold model
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Fig. 7 Distribution of the magnitude and orientation of the maximum principal stress in a homogeneous single-layer fault-bend fold under
boundary condition scheme 1

(a) Maximum principal stress distribution at a left-side displacement of 500 m (al-magnitude distribution, a2—orientation distribution); (b)
Maximum principal stress distribution at a left-side displacement of 2000 m (bl-magnitude distribution, b2—orientation distribution); (c)
Maximum principal stress distribution at a left-side displacement of 5000 m (cl-magnitude distribution, c2—orientation distribution); (d)
Maximum principal stress distribution at a left-side displacement of 7000 m (dl-magnitude distribution, d2—orientation distribution); (e)

Maximum principal stress distribution at a left-side displacement of 10000 m (el-magnitude distribution, e2—orientation distribution)
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Fig. 8 Distribution of equivalent plastic strain in a homogeneous single-layer fault-bend fold under boundary conditions schemes 1 and 2

(a)Equivalent plastic strain distribution at a left-side displacement of 500 m (al-scheme 1, a2-scheme 2); (b)Equivalent plastic strain

distribution at a left-side displacement of 2000 m (bl-scheme 1, b2-scheme 2); (c)Equivalent plastic strain distribution at a left-side

displacement of 5000 m (cl-scheme 1, c2—scheme 2); (d)Equivalent plastic strain distribution at a left-side displacement of 7000 m (d1-scheme

1, d2-scheme 2); (e)Equivalent plastic strain distribution at a left-side displacement of 10000 m (e1-scheme 1, e2—-scheme 2)
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Fig. 9 Distribution of the magnitude and orientation of the maximum principal stress for a homogeneous single-layer fault-bend fold under
boundary condition scheme 2

(a) Maximum principal stress distribution at a left-side displacement of 500 m (al-magnitude distribution, a2—orientation distribution); (b)
Maximum principal stress distribution at a left-side displacement of 2000 m (bl-magnitude distribution, b2—orientation distribution); (c)
Maximum principal stress distribution at a left-side displacement of 5000 m (cl-magnitude distribution, c2—orientation distribution); (d)
Maximum principal stress distribution at a left-side displacement of 7000 m (dl-magnitude distribution, d2—orientation distribution); (e)

Maximum principal stress distribution at a left-side displacement of 10000 m (e1-magnitude distribution, e2—orientation distribution)
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Table 2 Values of single-parameter variables for the hanging wall in the fault-bend fold model

B (kg/nt) B[ BER/GPa AL WA () #%J)/MPa WA/
2000.00 1.00 0.25 15.00 1.00 15.00
2100.00 10.00 0.26 20.00 5.00 17.50
2200.00 20.00 0.27 25.00 10.00 20.00
2300.00 30.00 0.28 30.00 20.00 22.50
2400.00 40.00 0.29 35.00 30.00 25.00
2500.00 50.00 0.30 40.00 40.00 27.50
2600.00 60.00 0.31 45.00 45.00 30.00
2700.00 70.00 0.32 50.00 50.00 32.50
2800.00 80.00 0.33 55.00 60.00 35.00
2900.00 90.00 0.34 60.00 70.00 37.50
3000.00 100.00 0.35 65.00 80.00 40.00
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Fig. 10 Displacement data curves at the fold crest from multiple sets of experiments under the single-factor condition of density and Poisson's

ratio parameters

(a) Horizontal displacement at the fold crest under the density parameter; (b) Vertical displacement at the fold crest under the density parameter;

(c) Horizontal displacement at the fold crest under the Poisson's ratio parameter; (d) Vertical displacement at the fold crest under the Poisson's

ratio parameter
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Table 3 Results of geometric parameters from multiple single-factor experiments with different elastoplastic parameters

BHEFS JU S BOR FR KW o
JE 36, IEA Z{H(A0=6,-6,)

1 GPa 38.44 km 8.50° 8.79° 0.21°
10 GPa 33.94 km 11.19° 15.27° 4.08°
20 GPa 33.88 km 12.44° 15.47° 3.03°
30 GPa 34.08 km 12.92° 16.37° 3.45°
40 GPa 34.33 km 11.39° 14.25° 2.89°
W IR 50 GPa 34.41 km 12.28° 15.25° 2.97°
60 GPa 34.61 km 10.67° 14.95° 4.28°
70 GPa 34.62 km 11.12° 14.43° 3.31°
80 GPa 34.82 km 11.51° 14.07° 2.56°
90 GPa 34.81 km 11.96° 14.64 2.68°
100 GPa 34.84 km 11.42° 16.59° 5.17°
15.0° 35.85 km 11.06° 14.06° 3.00°
17.5° 36.77 km 11.09° 14.33° 3.24°
20.0° 37.47 km 12.01° 15.51° 3.50°
22.5° 38.51 km 12.09° 15.97° 3.85°
1 MPa 35.86 km 12.88° 14.62° 1.74°
5 MPa 35.97 km 12.25° 14.38° 1.83°
10 MPa 34.71 km 12.86° 14.64° 1.78°
20 MPa 34.65 km 11.66° 15.19° 3.53°
30 MPa 34.36 km 11.49° 15.00° 3.51°
A 40 MPa 34.08 km 11.03° 14.87° 3.84°
45 MPa 33.89 km 12.24° 14.99° 2.75°
50 MPa 34.35km 12.09° 13.92° 1.83°
55 MPa 35.25 km 12.49° 14.10° 1.61°
60 MPa® 46.86 km 12.15° 5.29° -6.86°
70 MPa 47.97 km 10.62° 5.17° —5.45°
10° 33.76 km 9.46° 10.68° 1220

15° 34.04 km 9.16° 10.76° 1.6°
20° 34.09 km 9.40° 11.39° 1.99°
25° 34.16 km 9.88° 11.40° 1.52°
PBEHEE 1 30° 34.93 km 9.32° 11.58° 2.26°
35° 36.42 km 10.01° 12.75° 2.74°
40° 37.79 km 11.57° 18.84° 7.27°
45° 38.84 km 11.32° 24.39° 13.07°
50° 39.68 km 11.87° 25.54° 13.67°
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Fig. 11 Displacement data curves at the fold crest from multiple sets of experiments under the single-factor condition of Young's modulus and

dilation angle parameters

(a) Horizontal displacement at the fold crest under the Young's modulus parameter; (b) Vertical displacement at the fold crest under the Young's

modulus parameter; (c) Horizontal displacement at the fold crest under the dilation angle parameter; (d) Vertical displacement at the fold crest

under the dilation angle parameter
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Fig. 12 Displacement data curves at the fold crest from multiple sets of experiments under the single-factor condition of cohesion and internal

friction angle parameters

(a) Horizontal displacement at the fold crest under the cohesion parameter; (b) Vertical displacement at the fold crest under the cohesion

parameter; (c) Horizontal displacement at the fold crest under the internal friction angle parameter; (d) Vertical displacement at the fold crest

under the internal friction angle parameter
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