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Erlian Basin is a Mesozoic oil and gas-bearing basin in northeast of China. The extension rate, extension direction, and stratum
thickness of this rift basin have a clear control on its shape and extension. In this study, we design three sandbox models of the
Erlian Basin to represent the effects of changing these three factors. The extension rate controls the timing of secondary fault
formation inside the rift basin; a high extension rate promotes faster deformation inside the rift. The extension direction controls
the strike of the fault inside the rift; a greater angle between the extension direction and the normal direction of the strike of
the rift favors rapid evolution of internal secondary faults. The stratum thickness represents the control of sedimentation on the
rift basin; the thinner the brittle layer, the wider the rift. The simulation results also show that the extension direction is the major
factor controlling tectonic deformation in the basin. Stratum thickness and extension rate are secondary controlling factors.
Additionally, according to geometric and kinematic similarities between typical Mesozoic rift basins in eastern and adjacent areas
of China, we suggest that southeastward extension is a possible kinematic mechanism for basin formation.

1. Introduction

Erlian Basin is a Mesozoic oil- and gas-bearing basin in
northeast China (Figure 1). There are significant geometric
and kinematic similarities between Erlian Basin and other
Mesozoic rift basins in eastern China [1–8]. For example,
the structural style of fault depression in both Erlian Basin
and peripheral Mesozoic rift basins such as Hailar Basin
and Yin’e Basin predominantly includes a long, narrow half
graben, a graben, and a composite structure combining the
two [1]. The evolutionary features of the study area can be
divided into two stages of tectonic deformation: Mesozoic
early continental and late depression [9, 10]. Previous
research has involved long-term oil and gas exploration of
the basin ([11]) and indicates that tectonic deformation
plays an important role in controlling the distribution of

oil and gas resources [5]. Consequently, there is an in-
depth understanding of the distribution of early Cretaceous
oil-bearing strata and the structural characteristics formed
by continental rifting in this basin. According to previous
research on the factors controlling basin deformation, four
different models have been proposed: (1) The formation
and distribution of rifting in the Erlian Basin were controlled
by the pre-Mesozoic basement structure ([12, 13]). (2) The
preexisting basal fault network, the tectonic stress field dur-
ing the rifting period, and other factors at depth all con-
trolled the formation and distribution of the rift basin [1].
(3) Five large-scale, long-active, and deep faults oriented
EWW and NE in the basin basement controlled the tectonic
evolution of the basin in different periods [14]. (4) The base-
ment properties and preexisting structure of the basin con-
trolled the structural pattern of the basin [5, 15, 16]. Thus,
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the factors controlling Mesozoic tectonic deformation in the
Erlian Basin remain controversial. Specifically, there is a lack
of physical models that simulate deformation mechanisms,
particularly the influence and control of pre-Mesozoic base-
ment properties on deformation.

Deformation analysis of rifting and extension in basins
has shown that physical simulations are an effective way to
explore the mechanisms of tectonic formation; they can rep-
licate the tectonic deformation and effectively verify the rel-
evant formation mechanisms and evolution processes.

Physical modelling has been widely used for rift and exten-
sional structures and provides many new insights for under-
standing the tectonic deformation mechanism of rift basins
[17, 18]; for example, experiments have shown that rift basin
fault strike and combination is related to the extension
direction [19–23], boundary geometry [24–26], preexisting
structure [27–29], and basement properties [28].

According to the structural characteristics of a seismic
section and the distribution characteristics of the planar fault
system in the study area, combined with previous geological
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Figure 1: Distribution of tectonic units, major faults, and typical sections of faulted-sag basins in Erlian Basin interpreted from seismic data
(revised after [16]).
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analyses, we designed an experimental sandbox model that
could control the extension rate, stratum thickness, and
extension direction of the basin. The model was used to
determine the major factors controlling tectonic deforma-
tion in the Erlian Basin, and our experimental results were
compared with the present structural features. We then pro-
posed a kinematic mechanism for formation of Erlian Basin
and other basins with similar tectonic properties in north-
east China.

2. Geological Background

Erlian Basin is generally oriented NNE; it has a wide central
area, is narrow in the NE and NW, and has an elliptical
shape. The tectonic units consist of five depressions: Sunite
Sag, Wulanchabu Sag, Wunite Sag, Tenggeer Sag, and
Chuanjing Sag, and three areas of uplift: the BYBLG uplift,
SNT uplift, and WDEM uplift (Figure 1). The structural pat-
tern is complex and exhibits different fault strikes. There are
a series of three-level structural units inside the depressions
and uplifted areas known as sunken areas and bulges. The
master fault strike of Sunite Sag and Wulanchabu Sag in
the central basin is NE50°–70°. The internal secondary fault
depression of the central rift zone in Sunite-Wulanchabu is
dominated in tandem and oblique structures and is charac-
terized by a deep and narrow graben and a half graben. Mul-
tiple faulted depressions form a narrow, long, and positive
fault depression zone, whose strike is essentially consistent
with the extension direction of the depression. The strike
of the master fault between Chuanjing Sag in the west and
Tenggeer Sag in the south is EN50°–70°, whereas that of
Wunite Sag in the east is NE15°–451. The internal secondary
fault depressions in the rift zone around basin are domi-
nated by oblique structures and are characterized by a shal-
low and wide graben and a half graben. Multiple fault
depression oblique rows form a short, wide, and oblique
fault depression zone, whose strike is oblique to the exten-
sion direction of the depression [16, 30]. This type of fault
depression in the Erlian Basin is widespread in the rift basins
of northeastern China, such as Hailar Basin and Yin’e Basin
in the west of the Greater Khingan Mountains, which have a
similar distribution direction and shape and combine to
form the Mongolian fault basin system [10, 31].

The Erlian Basin is divided into three sets of construc-
tion. Internally, the pre-Mesozoic basement includes the
Atrial crystalline metamorphic rock, Proterozoic era, and
Paleozoic sedimentary rocks. Mesozoic Strata is the main
body of the basins, including the Jurassic, the Lower Creta-
ceous, and a small amount of Upper Cretaceous, missing
Triassic. Among them, the whole basin of the Jurassic is
widely distributed, mainly in volcanic debris, volcanic rock,
etc., and the thickness of the formation is relatively stable.
The Lower Cretaceous is mainly filled with a series of debris
rock layers, and the formation thickness is obviously subject
to fault control. The Upper Cretaceous is only sporadic in
partial depression; the Neogene and Quaternary are mainly
distributed in the depression zone.

The basement of the Erlian Basin belongs to the Mongo-
lian orogenic belt and has undergone multiple stages of tec-

tonic evolution, including the Caledonian, Hercynian,
Indosinian, and early Yanshanian periods. The basement
structure is characterized by nonuniformity and composed
of three anticlinorium and two synclinorium [32], which
constitute a positive and negative tectonic pattern, as well
as a number of large-scale faults oriented NNE and NE.
Among them, the NE-NEE Erlian-Hegenshan fault and
deep, near EW Ondor Sum-Xar Moron fault form two
important structural boundaries. They divide the basement
into three regions with significantly different tectonic direc-
tions and crustal structure properties, revealing the complex
structural features of the strong deformation zone surround-
ing the weakly deformed block body. The anticlinorium
uplift zone belongs to the weak deformation zone of the
basement and forms the uplift zones of the basin. The syncli-
norium or fault zone belongs to the strong deformation zone
of the basement, which mainly controls the development of
basin depressions. Sunite Sag and Wulanchabu Sag in the
middle of the basin are superimposed on the Dong
Ujimqin-Erlian curved fold belt, which strikes from NE to
NEE and protrudes southward. The strike of the master fault
in the rift is essentially the same as that of the basement
structure. Sunite Sag in the eastern margin of the basin is
superimposed on the NEE-striking Erlian-Hegenshan Deep
Fault Zone, whereas Chuanjing-Tenggeer Sag is superim-
posed on the EW-striking Ondor Sum-Xar Moron Deep
Fault Zone, and on both sides of the fold belt, the strike of
the master fault in the rift is oblique to the strike of the base-
ment structure [16].

Some seismic sections in the Erlian Basin exhibit deforma-
tion characteristics of rapid Mesozoic rifting and slow late set-
tlement (Figure 1), as well as strongly continuous fault activity.
Early Cretaceous fault activity was strong, and fault displace-
ment was large before weakening in the late stage. The struc-
ture pattern of the central positive rift zone is half-graben in
tandem and codirectional composite structure. The master
fault has a steep dip angle, and the resulting fault depression
is narrow and long. The structural pattern of the peripheral
oblique rift zone is half-graben in tandem and oblique
arrangement. In the shallow layer, the fault is mainly charac-
terized as a high-angle normal fault, with a dip angle up to
80°, a large fault displacement, a deep part that gradually
becomes shovel type, and a resulting fault depression that is
shallow and wide (Figure 1 A-A’ and B-B’).

3. Model Design

All the models in this study used a 60 cm × 45 cm sandbox
(Figure 2). The models are driven by a motor to pull one side
of the movable baffle; as the rubber at the bottom is
stretched, the upper sand layer gradually produces normal
faults and different types of rift. The model surface was
photographed regularly using a computer-controlled cam-
era. All experiments were repeated, revealing reproducible
results. After each experiment, a layer of white quartz sand
was spread evenly on the surface of the model to prevent
deformation of the model surface. After spraying with water
mist, the model was sliced at equidistant intervals to observe
the internal deformation. Only one variable was changed in
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each model to examine the effect of different factors on tec-
tonic deformation. The experimental design was simplified
to reduce the impacts of minor factors. The sandbox exper-
iments were carried out in the State Key Laboratory of Oil
and Gas Resources and Exploration, China University of
Petroleum (Beijing).

3.1. Experimental Setup. All models were 60 cm long and
45mm wide. The shape of the base retractable eraser was
similar to “Y”(Figure 2(a)); this design not only considers
the actual Paleozoic basement shape of the Erlian Basin,
but also the influence of different oblique rifting directions
on tectonic deformation. Except for model 3, all models were
42mm thick, in which the overlying sand layer was 40mm
and the base retractable rubber and nonstretchable canvas
were 2mm (Figure 2). The initial thickness of the overlying
sand layer on model 3 was 25mm, and a 5mm sand layer
was added for extensions of 20mm, 40mm, and 60mm.

The final thickness of the sand layer was therefore 40mm,
like the other models. In order to study the influence of syn-
deposition and the thickness of the brittle layer (equivalent
to changing the strength of the brittle layer) on tectonic
deformation (similar to [33]) (Figure 2(c)), the final exten-
sion of all models was 80mm (Table 1).

This series of models was designed to investigate the effect
of stratum thickness, extension rate, and extension direction.
Changing the extension direction is equivalent to changing
the inclination angle of extension (defined as the angle
between the extension direction and the normal direction of
the rift) during the rifting process [23, 27, 33]. Model 1 had
an extension rate and direction of 6:67 × 10−3m/s and
N315°E–N135°E, respectively. In model 2, the extension rate
was changed to 3:35 × 10−2m/s. In model 4, the extension
direction was changed to N330°E–N150°E, which corresponds
to a change in the extension inclination angle of α = 0°, 25°
compared with model 1 (extension angle α = 15°, 40°).
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Figure 2: Schematic diagram of the experimental model. (a) Plan view of the extension direction oriented N315°E–N135°E, (b) plan view of
the extension direction oriented N330°E–N150°E, and (c) cross-sectional view.
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3.2. Material Properties. We employed loosely dried quartz
sand, which follows the Mohr-coulomb yielding criteria with
a particle size of 0.25–0.3mm, a density of 1.43 g/cm3, an
internal friction angle of 30–31°, a kinetic friction coefficient
of 0.65, and a cohesion force close to 80Pa (Table 2). It is an
ideal analog material for simulating shallow structural defor-
mation of the crust [34]. Rubber is widely used in experi-
ments simulating the extensional structure of the rift basin
due to its flexible elasticity [29, 35, 36]. This experiment
employed the quasi-kinematic retractable eraser to simulate
the highly ductile weak basement zone [36]. This weak
deformation area was overlain with nonstretchable canvas
to transfer the displacement.

3.3. Scaling. The model size ratio is 1 × 10−5, as 1 cm in the
model represents 1 km in reality; thus, the standard model
simulates a brittle layer 4 km thick and 60 km long
(Table 2). Values for the density, angle of internal friction,
and cohesive force of brittle material of the geologic entity
are derived from Zhou et al. [37]. The cohesive force of the
brittle material in the model is 80 Pa [38], giving a cohesive
force ratio of 2 × 10−6 (Table 3).

We apply standard formulas to scale the proportions of
our model and actual geologic entity. The brittle sand fol-
lows the Mohr-Coulomb yielding criteria, and the stress
ratio (σ ∗, constant: σ ∗ = σm/σn, subscripts m and n,
respectively, represent the model and geologic entity) is as
follows [39]:

σ∗ = ρ∗ × h∗ × g∗: ð1Þ

The density ratio (ρ ∗) is ρm = 1430 kg/m3 and ρn = 2400
kg/m3. The length ratio (h ∗) is hm = 4 × 10−2m and hn = 4
× 103m. The gravity ratio (g ∗) is gm = gn = 9:81m/s2. The
stress ratio of the model brittle layer is 3 × 10−6. The above
proportions have the same order of magnitude, which indi-
cates that our model satisfies the kinetic similarity crite-
rion [40].

We also determined the ratio, Rs, between the gravity
and cohesion force of the brittle region to ensure kinetic

similarity between our experiments and the geologic
entity [41]:

RS =
gravity
cohesion = ρ:g:h

c
: ð2Þ

The Rs values are 7.01 and 2.35 for the model and
geologic entity, respectively (cgeologic entity = 6 × 107, accord-
ing to [42]).

4. Results

4.1. Reference Model (Model 1). The tectonic deformation
evolution process of model 1 is shown in Figure 3 (extension
rate 2mm/min, extension direction NE315°–N135°E, and no
syndeposition). Similar to the results of previous experi-
ments [43–45], the initial stage of extension involves forma-
tion of a trunk boundary fault in the northern part of the
model from the ductile and brittle base, forming a sinking
rift zone (Figure 3(a)). Together with the antithetic second-
ary fault, they form a marginal graben. At this stage, all
deformation is concentrated in the trunk boundary fault
and the antithetic faults. Further stable extension promotes

Table 3: Scaling of models and geologic entity.

Parameter Model Nature
Model/nature

ratio (∗)

Density, ρ (g/cm3) 1.43 2.40 0.60

Internal friction angle, u 0.65 2.20 0.43

Cohesion, c (Pa) 80 7 × 107 1:14 × 10−6

Gravity, g (m/s2) 9.81 9.81 1.00

Length, l (m) 0.01 1000 1:00 × 10−5

Stress, σ (Pa) 561 9:42 × 107 3:00 × 10−6

Rs 7.01 2.35 /

Table 2: Material parameters of physical simulation experiments.

Density
(g/cm3)

Particle size
(mm)

Internal friction
angle (°)

Kinetic friction
coefficient

Static friction
coefficient

Cohesion
(Pa)

Quartz
sand

1.43 0.25–0.3 30-31 0.65 0.59 80

Table 1: Parameter table of each sand box simulation experiment model.

Mode Experimental series
Velocity of extension

(mm/min)
Thickness of basement

layers (mm)
Thickness of brittle

layers (mm)
Extension
direction

Syndeposition

1 Reference model 0.4 0.2 4.3 N315°E-N135°E -

2 Variable extension velocity 2.0 0.2 4.3 N330°E-N150°E -

3 Syndeposition 0.4 0.2 2.5
N315°E-
N135°E°

+

4 Variable extension direction 0.4 0.2 4.3 N315°E-N135°E -

5Geofluids



10 cm

BF

SE

AF

BF AF

Ext: 25.2 mm

10
 cm

(a)

Ext: 45.2 mm

10 cm

10 cm

BFBFBF

BF

AF

AF

AF
AF

(b)

10 cm

10 cm

BF

BF

BFBF

BFBFBF

IF

AF
AF

Ext: 57.0 mm

(c)

Figure 3: Continued.

6 Geofluids



a change in the deformation pattern with extension of
57mm (Figure 3(c)). The second master fault is formed at
the boundary between the ductile base and the brittle base
of the central horst zone, and the antithetic faults formed
in the south of the model constitutes the second larger mar-
ginal graben, which undergoes further extension
(Figures 3(c) and 3(d)) in the central horst zone to form a
large number of secondary faults (the critical extension of
the secondary fault when it first appears is determined by
observing deformation of the model surface) [43–45]. Con-
versely, activity on the trunk boundary faults is reduced,
eventually forming a structure in which the graben is
arranged separately under steep boundary fault control.
The final section clearly shows that four narrow grabens
are juxtaposed in the center (Figure 3(e), slice 3). Close to
the sides of the baffle, and these become two narrow grabens;
thus, the closer to the baffle sides, the larger the interval
between the grabens (Figure 3(e), slices 2, 4, and 5).

4.2. Effect of Extension Rate (Model 2).Model 2 has an exten-
sion rate of 4.0mm/min, which is twice that of the reference
model. The evolution of deformation still involves the initial
boundary fault formation stage and the internal secondary
fault formation and movement stage. As shown in
Figure 4, the formation and movement of internal secondary
faults occur when the amount of extension is 48mm. This
indicates that the rate of extension determines the amount
of extension required for the evolution of internal secondary
faults; a higher rate of extension leads to more rapid forma-
tion of internal secondary faults in the rift basin, thus requir-
ing less amount of extension (Figure 5). However, the
extension rate has little effect on the evolution of rift zone
width (widest value in the vertical extension direction); all
of them start at 20mm extension and exhibit a positive cor-
relation (Figure 6). The final cross section shows that the
rifting system, in which the compound complex graben
developed by a broad internal domino fault under the
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control of a trunk boundary fault and the simple graben are
arranged separately, differs between models 1 and 2. That is,
model 2 has more secondary faults for the same amount of
extension (80mm) (Figures 3(d) and 4(c)).

4.3. Effect of Syndeposition (Model 3). The evolution of
deformation shown by model 3 is similar to that of the ref-
erence model; both exhibit complex rifting with internal sec-
ondary faults under the control of the master fault
(Figure 7). Model 3 has a rift (30 cm) that is 2 cm wider after
extension of 8 cm than the rift of the reference model
(28 cm) (Figure 8). The deformation pattern observed in
the cross section of model 3 is also similar to the reference
model (Figure 7), but the number of internal faults (quanti-
fied by the total number of faults in the four sections) is 12
for the trunk boundary fault and 20 for the secondary fault.
The reference model therefore has more master faults (18)
and fewer secondary faults (9) (Figure 9), as well as fewer
total faults. The experimental results show that syndeposi-
tion is equivalent to the thickness of the overlying brittle
layer gradually increasing to the thickness of the reference
model brittle layer and the strength of the overlying brittle

layer increasing to that of the reference model brittle layer.
In this case, the width of the rift is greater, the number of
trunk boundary faults is reduced, and the number of second-
ary faults is increased.

4.4. Effect of Extension Direction (Model 4). Model 4 exhibits
a wider rift (35 cm) at 8 cm of extension, which is 7 cm wider
than that of the reference model (28 cm). The rifting width
of the three different cross sections is negatively correlated
with the angle of extension obliquity (Figure 10). The dom-
inant strike of the secondary fault of cross sections 1 and 2 of
the model 4 is N62 E, which differs by 8 from the dominant
strike (N70 E) of the reference model. The dominant strike
of the secondary fault of cross-section 3 is N58 E, 15 of the
dominant strike (N43 E) of the reference model
(Figure 11). The experimental results show that extension
obliquity at different angles controls the width of rifting
and the strike of the internal secondary fault. The larger
the inclination angle of oblique rifting, the wider the rift.
The fault strike near the ductile rifting boundary is con-
trolled by this oblique angle, which is approximately parallel
to the strike of the master fault. The strike of the secondary
fault inside the rift is predominantly controlled by the exten-
sion direction, which is almost perpendicular to the exten-
sion direction.

5. Discussion

5.1. Major Controlling Factors of Tectonic Deformation. The
rate of extension of the lithosphere affects the tectonic evolu-
tion of rift basins ([45–47] for reviews). Our physical simu-
lation results show that different extension rates control the
amount of extension required for secondary fault appear-
ance, in that a high extension rate corresponds to more rapid
movement of the internal deformation in the rift basin. This
is similar to the results of a physical simulation experiment
conducted by Corti et al. [45]. We use retractable rubber
instead of different viscosity silica gels in the base ductile
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layer [44, 45]. This may explain why our experiments exhib-
ited more rapid deformation evolution. Due to the heteroge-
neity of extension rate and amount in different areas of the
Erlian Basin [48], our physical simulation results show that,
even if the extension rate and magnitude are small, it will
lead to differences in rifting width and development of sec-
ondary faults (Figures 3 and 4).

The syndeposition is equivalent to increasing the thick-
ness of the upper layer, thereby increasing the strength of
the overlying brittle layer. An increase in the thickness of
the overlying brittle layer (and thus strength of the brittle
layer) inhibits the formation of axial faults [45]. This is the
same as our research.

The direction of extension (equivalent to changing the
angle of the oblique rift) is the main factor controlling the
pattern of the rift structure [19, 21, 23, 27, 49]. Experimental
results show that positive rifting forms a narrow positive rift
zone dominated by normal faults with steep dip angles.
Oblique rifting forms a broad oblique rifting zone domi-
nated by “domino-type” faults. The larger the angle of rift-
ing, the more developed the “domino-type” fault (Figures 4
and 12), which is similar to the experimental results of pre-

vious physical models [23, 50]. The larger the oblique angle
of rifting (angle between the direction of extension and the
normal direction of the rift strike), the more rapid the evolu-
tion of internal secondary faults [43].

5.2. Comparison with Nature. The Mesozoic rifting basin of
Erlian in northeast China has the typical features of a conti-
nental rifting basin. Since the early Cretaceous, it has experi-
enced a long period of intracontinental extensional rifting,
recording the long-term extension process from early rifting
to late depression. The Mesozoic rift zone is controlled by
the early preexisting structural style of the basement litho-
sphere comprising; (1) the weak deformation zone of the
basement formed by Paleozoic magmatic rock or the anticli-
norium uplift zone, whose core is the Lower Paleozoic and
(2) the strong deformation zone of the basement formed
by the fold thrust belt or the synclinorium, whose core is
the Carboniferous-Permian, and Erlian-Hegenshan melange
belt and the Solon Obo-Xar Moron suture zone. In particu-
lar, the weak and strong basement boundary forms a num-
ber of trunk boundary faults that control the rift basin
group. Continued extension and thinning of the lithosphere
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Profiles 1, 2 weak trend

Profiles 3 weak trend

~N70°E

~N43°E

(a)

N

Extension
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Profiles 1, 2 weak trend

Profiles 3 weak trend~N62°E

~N58°E

(b)

Figure 11: Rift zone fault dominant strike orientation map for the reference model and model 4.
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lead to central rifting, accompanied by the formation of a
central secondary fault and cessation of the trunk boundary
fault. The internal secondary fault of the rift formed in the
early Cretaceous, and the central internal secondary fault
formed later. Seismic data show that the rift obliquity of
the secondary rift in the Erlian Basin is characterized by
small inclinational angles (the angle between the extension
direction and the axis of the rifting) in the north and central
regions and large inclinational angles in the west and south.
This indicates that trunk boundary fault activity and evolu-
tion of the internal secondary fault along the axial direction
are strictly controlled by the thickness of the brittle and duc-
tile layer (the increase in the thickness of the brittle layer is
equivalent to the syndeposition) and the obliquity of rifting.
Specifically, the narrow weak zone and the small angle of
obliquity in the central part of the Erlian Basin make the
boundary fault more active, and the central secondary fault
is formed later.

Compared with the actual structural features of the
Erlian Basin, except for the poor similarity of model 3, all
models show good similarity in the deformation patterns
(Figure 13). These models reproduce the overall structural
pattern of the “5 depressions, 3 uplifts” in the basin: (1)
Chuanjing Sag of NEE and EW faults, (2) Wulanchabu Sag
and Sunite Sag of NNE and NE faults with longer extension,

(3) Sunite Sag of NNE and near NS faults with large intervals
between faults, and (4) Tenggeer Sag of NE and NNE faults;
relatively underdeveloped faults in this area may be due to
the depression being close to the direction of extension
and the rubber being less stretched.

Although the extension direction of model 3 is only 15°

different from that of other models, it exhibits very low sim-
ilarity in its structural pattern. The strike of internally devel-
oped faults is NEE and EW (Figure 11), which is similar to
the dominant orientation of fault strike developed in
Chuanjing Sag and Tenggeer Sag. Other factors such as fault
combination and extension length display low similarity. In
addition, when the extension is small, the deformation pat-
tern of model 3 is not as good as that of the actual structure
of Erlian Basin (Figure 13), which indicates that the magni-
tude of extension is not the cause of the lack of similarity.

Figure 11 reflects that the dominant orientation of the
secondary fault strike of the standard model is similar to that
of the actual master fault of Erlian Basin. However, the dom-
inant orientation of the master fault of model 3 is less similar
to the actual situation, which also indicates that inconsis-
tency of the fault strike inside the rift basin and the complex
kinematic mechanism is not necessarily inevitable. The fault
strike inside the basin far from the boundary is mainly con-
trolled by the direction of structural extension [51]. By
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Figure 12: Evolution and characteristics of deformation in model 4, with a different extension direction. (a) Top-view photo (upper panel)
and schematic line-drawing of structures (lower panel), illustrating boundary faults (BF), antithetic faults (AF), and internal faults (IF).
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comparing the physical simulation experiments of different
extension directions, we propose that Erlian Basin was
formed by extension in the direction N315°E–N135°E.
Strike-slip deformation of the boundary faults in the western
and eastern of the basin is therefore the result of uniform
N315°–135E° extension and different angles of the basement
ductile zone (α = 0°, 10°), which plays a role in lateral con-
version. We suggest that the “N315°E–N135°E direction
extension mode” provides a good kinematic explanation
for the formation of the Erlian Basin and similar rift basins
in northeastern China.

6. Conclusions

We applied the physical simulation method to study the
effects of extension rate, extension direction, and syndeposi-
tion on the Mesozoic tectonic deformation of the Erlian
Basin and obtained the following conclusions:

(1) The results of extension models with different exten-
sion rates and syndeposition are similar to the actual

geological structure of the basin, but there are differ-
ences in the deformation evolution process and
deformation patterns. An increase of the extension
rate promotes earlier appearance of secondary faults
inside the rift and increases the width of the rift

(2) Syndeposition is equivalent to increasing the
strength of the overlying brittle layer, which pro-
motes the development of internal secondary faults,
favors a wider rift, and conversely suppresses the
development of master faults

(3) The similarity between the experimental results of
the N330°E–N150°E extension model and the actual
geologic structure is poor. However, the experimen-
tal results show that the magnitude of extension is
not the cause of the lack of similarity. When the
angle of rifting is small, a narrow positive rifting
zone is formed. When the angle is large, a gentle
oblique rifting zone is formed. Extension direction
controls faults inside the rift zone far from the exten-
sion boundary. Good similarities between the
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different extension models and the actual geologic
structure indicate that the Erlian Basin was formed
by extension in the southeast direction. The physical
simulation experimental model designed in this
study can provide some reference for the research
on the tectonic evolution of similar basins
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