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1- Introduction

At the outer edge of orogenic belts, faults are usually blind (Smart and Couzens-Schultz, 2001; Bonanno
et al., 2017) and sedimentary sequences often cover them (Lin and Stein, 1989; Berberian, 1995). Blind
thrusts are invisible on the ground surface but can grow and transmit stress to surrounding areas and the
Earth's surface during seismic events (Roering et al., 1997; Lin and Stein, 2004). Coulomb stress change
studies have shown that slip on blind faults similar to obvious faults can change the stress state locally.
But, slip on these faults, compared to obvious faults, has resulted in larger areas of increased stress in
adjacent zones (Lin and Stein, 2004).

Geological data and geophysical and seismic studies have shown that the earth's crust is not
homogeneous (Zhao et al., 2004). Heterogeneity and mechanical behavior of different layers can affect the
magnitude and distribution of stress due to fault motion (Lee et al., 2004; Zhao et al., 2004). The
sedimentary cover of blind faults can be composed of different sedimentary units with different thicknesses
and behaviors. The presence of evaporative horizons such as salt in sedimentary basins and Fold-Thrust
Belts is common, which can strongly affect their structural evolution (Fig. 1, Davis and Engelder, 1985;
Jackson et al., 1994; Vendeville, 2005; Tingay et al., 2011; Derikvand et al., 2018).

Accordingly, the purpose of this study is to simulate how the effect of stratigraphic heterogeneity, due
to the presence of a ductile layer, on the deformation (vertical displacement) and the pattern of stress
distribution due to the movement of a blind thrust fault. In this study, the effect of stratigraphic
heterogeneity on stress distribution has been evaluated using numerical technique. This technique has been
considered as an important method in various fields such as geology due to its ability and flexibility in
solving complex problems.

2- Methods and simulation model

In this research, numerical simulation has been performed based on the Finite Element method. In order to
investigate the effect of heterogeneity, two types of models, heterogeneous and homogeneous, were
simulated (Fig. 2). The simulation model is based on a fault with a length of 10 km in a three-dimensional
environment under remote compressive stress. The heterogeneous model consists of three layers with
different thicknesses: granite, salt, and sandstone from bottom to top of the model. The lower and upper
layers have elastic behavior, but the middle layer of salt type is considered to have both elasticity and creep
behavior. The homogeneous model is composed of only a Granit layer with elastic behavior. In both
models, the granite layer contains a blind thrust fault. In simulation models, the growth of pre-existing
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fractures and new fractures is ignored. Instead, the location of stresses concentration has been discussed as
a potential location for the development and the growth of fractures (Strijker et al., 2013).

3- Results and discussions

The simulation results include Von Mises stress, minimum and maximum principal stresses, and vertical
displacement. These results are shown on the sectional view, map views, and plots drawn along paths A-
A’ (Figs. 3-6) and B-B' (Fig. 7). The paths are demonstrated in Fig. 2b, c.

The distribution of Von Mises and tensile stresses in both heterogeneous and homogeneous simulation
models indicated that the highest stress concentration occurred in the upper tip of fault. This stress
concentration zone is located synthetic with the fault plane dip. In addition, a small area of stress
concentration is observed antithetic with the fault plane (Figs.3a, b and 4a, b). Results show that the highest
maximum principal stress in sectional view is located in the upper tip of fault, toward the footwall, while
on the surface, is located behind the fault trace (Fig. 5a, b). As in Figs. 6 and 7 is observed, the highest
vertical displacement occurred at the surface, behind the fault trace, which can be associated with uplift
(anticline) due to slip on the blind fault.

The comparison of results in two models (Figs. 3-9) indicates a considerable decrease in stress
concentration in the salt layer and lower stress transfer due to the fault motion to the ground surface in the
heterogeneous model with respect to the homogeneous one. On the other hand, stress accumulation under
the salt layer has increased in the heterogeneous model. Also, displacement graphs show that the vertical
displacement in the heterogeneous model is more than homogeneous despite similar patterns (Fig. 6). The
effect of the salt layer on the stress distribution pattern can be seen more accurately in the graphs drawn in
the vertical direction (Fig. 7).

4- Conclusion

Overall, it concluded that although blind faults are prone to grow toward the surface during repeated
earthquakes, the presence of ductile layers such as salt in the sedimentary sequence the blind thrust fault,
increases the probability of rupture growth (due to stress concentration) in its underlying layers and reduces
or stops the rupture growth towards the overlying layers and the ground surface (due to the sharp reduction
of stress in the ductile layer). On the other hand, due to the higher degree of deformation (displacement) in
the top layers, they facilitate the formation of new fold and fault structures.
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Table 1. Elastic parameters of layers in the model (Pollard and Fletcher, 2005; Li and Urai, 2016)
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