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Abstract: The Karatau fault is one of the important strike-slip faults in central Asia, and the South 
Turgay Basin is located towards its northern end. Detailed seismic interpretation indicated that the strike-
slip tectonism of the Karatau fault weakened gradually from west to east in the South Turgay Basin. 

planar view. The Karatau strike-slip fault affected the South Turgay Basin in two periods: (1) The South 
Turgay strike-slip pull-apart rift basin formed as a result of regional extensive stress in the Early-Middle 
Jurassic, characterized by the juxtaposition of horsts and grabens. The formation of horsts provided 
favorable reservoir spaces for later hydrocarbon accumulation, and different filling stages of grabens 
controlled different reservoir-forming factors in grabens. (2) Two stages of tectonic inversion occurred in 

South Turgay Basin. The oil and gas migrated to form reservoirs and mainly concentrated in the horsts, 
graben slopes and in both sides of the strike-slip fault zone. In the case of the degree of accumulation 
of petroleum, the factor explaining why horsts are better than grabens is the strike-slip pull-apart of 
the South Turgay Basin, and the structure inversion of the South Turgay Basin explains why the west 
graben is better than the east one. Overall, the Karatau strike-slip fault played a very important role in the 
formation of the South Turgay Basin and its hydrocarbon accumulations. 
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1 Introduction
Strike-slip tectonics can form complex structural systems, 

to which more and more traps found in petroleum exploration 
are related. These include the San Andres fault belt (Fuis et 
al, 2001; Shaw and Shearer, 1999; Dolan et al, 2003; Oskin 
et al, 2000), the New Zealand Alpine fault belt (King, 2000; 
Barnes et al, 2005), Chinese Altun (Zhang et al, 2006; Zheng 
et al, 2003) and the Tanlu fault belts (Deng et al, 2008). The 
South Turgay Basin is one of the important petroliferous 
basins in central Asia. The Karatau fault, a strike-slip active 
fault, which passes across central Asia, plays a very important 
role in the formation of the South Turgay Basin and its 
hydrocarbon accumulation. The formation of the Karatau 
fault has been analyzed (He et al, 1995; Luo et al, 2004; Zhou 
et al, 2005; Allen et al, 2001; Alexeiev et al, 2009) from the 
regional geology, however, few studies have been done on 

how the Karatau strike-slip fault affected the formation and 
evolution of the South Turgay Basin and its hydrocarbon 
accumulation. In this study, on the basis of thorough 
investigation and detailed seismic data interpretation, the 
tectonic styles and distribution features of strike-slip faults 
were identified. Meanwhile, we quantitatively analyzed 
the extension rate and inversion strength. All of the work 
has revealed the controlling effects of strike-slip faults on 
hydrocarbon accumulation.

2 Regional geological conditions
The South Turgay Basin is located in central Kazakhstan, 

trending northwest-southeast and has an area of about 
8×104 km2. It is one of the important petroliferous basins 
in Kazakhstan. To the north of the South Turgay Basin 
is the North Turgay Basin, to the west is the Ural Suture 
Belt, and to the east is the Ulutau Uplift. The South Turgay 
Basin is separated by a narrow uplift from the Chu-Sarysu 
Basin to the southeast. Three secondary tectonic units can 
be distinguished, and the sedimentary center as well as the 
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discovered petroleum resources are mainly located in the 
southern sag. The South Turgay Basin mentioned below is 
referred to as the southern sag (backslash area). The Karatau 
fault is one of the important strike-slip faults in central Asia, 
joined by the large fault belt of the Ural orogenic belt to the 
northwest, through the northeast Fergana Basin, then entering 
the Kashi Depression in the west Tarim Basin to the southeast 

(Buslov, 2011; Moseley and Tsimmer, 2000). The South 
Turgay Basin is located on the northmost part of the Karatau 
strike-slip fault, characterized by the juxtaposition of horsts 
and grabens, in sequence of the Aryskum Graben, Aksay 
Horst, Akshabulak Graben, Ashisay Horst, Sarylan Graben, 
Tabakbulak Horst, and Bozingen Graben from west to east 
(Figs. 1 and 2).
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Fig. 2 Tectonic framework and distribution of faults of the South Turgay Basin
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Jurassic and Cretaceous strata are the main target layers 
in the South Turgay Basin, and the major source rock is a 
large set of thick mudstones deposited in the Middle-Lower 
Jurassic deep lake–semi-deep lake facies. The Upper Jurassic 
and Cretaceous sandstone and siltstone deposited in delta 

petroleum discovered so far is distributed. The thick Lower 
Cretaceous mudstone in K1nc1 Formation is the regional 
cap rock. As shown in Fig. 3, several sets of reservoir-seal 
assemblage are developed in vertical section in the South 
Turgay Basin, so the basin has large exploration potential.

3.1 Regional distribution characteristics of the 
Karatau strike-slip fault

The Karatau strike-slip fault can be divided into two 
groups on planar view. One group is distributed in the shape 
of broom, striking northwest-southeast, with dextral strike-
slip. This large scale group of faults controls the major 
tectonic and sedimentary framework. The other is a group of 
northeast-southwest sinistral strike-slip faults, which controls 
some small scale slopes or tectonic zones (Fig. 2). Therefore, 
the Karatau strike-slip fault is a fault system consisting of two 
groups of faults with different scales.

There are significant differences in the strike-slip 
tectonism of different grabens in the South Turgay Basin. 
From the profile AA', BB' and CC' in Fig. 4, we can see 
that strike-slip tectonism occurred intensely in the Aryskum 
Graben, causing obvious and typical strike-slip tectonic 
movement. Steep fault planes were developed in the main 
faults, which can extend into the basement, and also reach 

layers. The fault scale became smaller in the Akshabulak 
Graben, and most of the faults ended in the Upper Jurassic. 
The Sharalan and Bozengen grabens showed their strike-
slip feature only in the western edge controlled faults, and 
then trended into normal faults in the east. From these 
characteristics, we can conclude that the Karatau strike-
slip tectonism weakened gradually from west to east (Fig. 
4). Therefore we will mainly discuss the profile and plane 
distribution characteristics of the Karatau strike-slip fault in 
the Aryskum Graben.

fault
Typical flower structures were well developed in 

the Karatau strike-slip fault. During the process of their 
formation, the flower structures always underwent 
compression and torsion in different degrees and further 
formed strike-slip inversion structures. The inversion 
structure of South Turgay is not a simple one, and at the 
same time, it has strike-slip features. Therefore, the inversion 
characteristics (positive or negative) are not obvious after 
large scale horizontal displacement of stratum. According 
to the compression and torsion strength and the inversion 

the South Turgay Basin can be qualitatively divided into four 
types: concave upper and lower, convex upper and concave 
lower, convex upper and lower, and convex left or convex 
right (Fig. 5).

The concave upper and lower type (B in Fig. 5) has a 
slight strike-slip compression, with slight inversion of the 
strata, which can be seen in some south areas of the Aryskum 
Graben (DD’). The convex upper and concave lower type (C 
in Fig. 5) has experienced moderate compression, where the 
degree of inversion is large in the upper strata, but small in 
the lower strata. This type is commonly distributed in most 
northern areas of Aryskum Graben (EE’). Strong strike-slip 
compression occurred in the convex upper and lower type 
(D in Fig. 5), where the dips of upper and lower strata all 
changed. This case can be mainly seen in stress centralized 

3 Tectonic styles of the Karatau strike-slip 
fault

The strike-slip fault, generated under a particular stress 
background, characterized by both sides of the fault blocks 
moving along the strike with a sliding displacement, always 
has a series of special geometric characteristics (Xia et al, 
2007). These geometric characteristics are important signs 
used to identify whether a strike-slip fault exists or not. 
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Fig. 3 Comprehensive stratigraphic column of the South Turgay Basin
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release area of the southern part of the basin (FF’). The 
convex left (E in Fig. 5) or convex right type (F in Fig. 5) is 
produced by the different compression on the two sides of the 
strike-slip fault. In the Aryskum Graben, the concave left and 

convex right type was mainly developed, where the right side 
suffered intense compression, resulting in obvious inversion, 
whereas the compression was much weaker in the left side 
(GG’) (Figs. 2 and 6).
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Fig. 5 Types and accumulation patterns of inversion tectonics in Aryskum Graben of the South Turgay Basin
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3.3 Plane distribution characteristics of the Karatau 
strike-slip fault

An echelon pattern on planar view is a typical feature of 
strike-slip faults. The Akshabulak Graben developed a total 
of four large-scale adjusting faults in an echelon pattern, 
which controlled the secondary tectonic units within the 
graben (Fig. 3). In middle Aryskum Graben, on both sides of 
the strike-slip fault, a series of smaller echelon pattern faults 
developed, which controlled the local structural traps. These 
trap-level adjusting faults strike mainly NNE and locally 
NNW, and intersect with the primary fault striking northwest-
southeast. These echelon pattern faults are 0.7-3.8 km long, 
and the vertical distance is 0.2-2 km. In the north of the three-
dimensional region, the fault tectonic units are distributed 
in a diamond shape in the plane, and these diamond-shaped 
tectonic units are another typical feature of strike-slip faults 
on planar view (Fig. 7). The echelon pattern faults are 

8). 

4 Formation of the South Turgay Basin 
under the control of the Karatau strike-slip 
fault  

The Karatau strike-slip fault belt began to develop in the 
Early Proterozoic, when it was sinistral, with little slip. At 
the end of the Late Paleozoic, with the South Tianshan Ocean 
closed, large-scale dextral strike-slip movement occurred 

in the Karatau strike-slip fault belt (Burtman, 1980). The 
Karatau strike-slip faults affected the South Turgay Basin in 
two periods: Early-Middle Jurassic and Late Jurassic–Late 
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Cretaceous. During the former period, strike-slip pull-apart 
rift basins formed, whereas during the latter period tectonic 

set.

4.1 Formation of the strike-slip pull-apart rift basins 
under the control of the Karatau strike-slip fault in 
the Early-Middle Jurassic

In the Early-Middle Jurassic, with the close of the South 
Tianshan Ocean, the north areas were in an extensional state 

Fig. 8 Seismic survey line Trace 1430 (HH’) in a three-dimensional 
region in South Turgay Basin
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of different degrees. The Karatau strike-slip fault was of 
tension-torsional type at that time. A series of strike-slip pull-
apart basins including the South Turgay Basin formed along 
the Karatau strike-slip fault (Luo et al, 2004; Zhou et al, 
2005). Based on the analysis of the tectonic characteristics of 

and the extension coefficient of the basin were calculated. 
As shown in Fig. 9 to Fig. 11, the extension rate in the Early 
Jurassic, Middle Jurassic, and Late Jurassic can reach 0.068, 
0.048, and 0.017, respectively. Meanwhile, the extension 
coefficient in the Early Jurassic, Middle Jurassic, and Late 
Jurassic reaches 1.07, 1.05, and 1.01, respectively. Therefore, 
the extension of the South Turgay Basin was the strongest 
in the Early Jurassic, the next is Middle Jurassic, and the 
weakest is the Late Jurassic. That was to say the extension 
gradually weakened from the Early Jurassic to Late Jurassic. 

and northern sides respectively, both have large extension 

extension of the basin was strong in the north and south, but 
weak in the middle of the basin (Figs. 9 to 11).
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4.2 Two stages of tectonic inversion under the control 
of the Karatau strike-slip fault in the Late Jurassic 
and Late Cretaceous 

strike-slip fault experienced two stages of positive NW-SE 
inversion in the Late Jurassic and Late Cretaceous (Alexeiev 
et al, 2009; Buslov, 2011), which can be further divided 
into two types: fault-type and fold-type. The fault-type 
inversion structures were widely distributed in the Aryskum 
Graben, southern and northeastern areas of the basin, while 
the fold-type inversion structures were distributed only in 
the southeastern basin and part areas of the northern fault 
depressions.

Williams et al (1989) proposed a method of calculating the 
degree of inversion of inversion faults, that is the inversion 
ratio (Ri), Ri=dc/dh, where dc is the formation thickness above 
the zero point of the hanging wall, dh is the total formation 
thickness of the hanging wall (Williams et al, 1989; Liu et 
al, 2009; Wang, 2010) (Fig. 12). In view of the fault-type 
inversion structures, choosing the balance point of tension 
and compression as the zero point, dc is the distance along 
the fault plane from top boundary of the inversion extension 
sequence to the zero point, and dh is the whole formation 
length along the fault plane. As to the fold-type inversion 
structures, we choose the line connecting the extreme values 
of tension and compression as the axes. The inversion process 
is taken as the formation slipping up along the axes (Fig. 13) 
and then the inversion ratio of different inversion structures in 
the South Turgay Basin is calculated. 

The result shows that large-scale inversion has occurred 
in the Aryskum Graben, especially in the convex upper 
and lower type and convex upper and concave lower type 
tectonic styles, whose inversion strength is the largest. Next 
is the concave left and convex right type, and the least is 
the concave upper and lower type. The fold-type inversion 
structures play a dominant role in the middle of the Aryskum 
Graben, with a low degree of inversion along the strike-slip 
faults. The inversion strength in the southeastern part of the 
basin is also large, mostly beyond 0.7 in Ri. Compared with 
above two areas, the northeastern section has lower inversion 
strength, with the Ri of only 0.18 in local areas (Fig. 14).

5 Petroleum geology significance of the 
Karatau strike-slip fault 

The early pull-apart of the strike-slip fault controlled the 
tectonic framework and sedimentary system, which further 
controlled the distribution of source rocks, reservoirs, and cap 
rocks. The later tectonic inversion controlled the formation 
of traps and petroleum migration and accumulation (Xu et al, 
2010; Xu et al, 2011a;  2011b).

5.1 Tectonic framework and sedimentary system in 
the strike-slip pull-apart basin

The strike-slip pull-apart of the Karatau strike-slip fault 
directly controlled the formation, growth and tectonic styles 
of the South Turgay Basin, forming the geologic structure 
characterized by the juxtaposition of horsts and grabens. 
Good structural shapes developed in the horst area, together 
with the later weathering and denudation, reservoirs with 
favorable properties were formed, thus provided good 
reservoir space for later petroleum accumulation. The 

(1) In faulted period of the Early and Middle Jurassic, the 
sedimentation was mainly concentrated in the center of 
the grabens, with mudstones of deep lake–semi-deep lake 
facies, and fan delta sandstones developed in slope areas. 
Therefore, the distribution of source rocks and the lithologic-
stratigraphic traps were controlled in this period. (2) In the 
fault-depression transform period of the Late Jurassic, the 
fault depression shrank and depressions formed gradually, so 
the sedimentary area expanded significantly. The dominant 
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In the Cretaceous depression epoch, sediments covered the 

deposits. The distribution of reservoirs and regional caps 

were determined in the Late Jurassic and Cretaceous. From 
the above analysis, we find that different reservoir-forming 
factors were controlled in different stages (Fig. 15).
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5.2 Hydrocarbon generation and expulsion amount 
and the accumulation patterns changed by tectonic 
inversion

(1) Concave upper and lower type tectonic inversion had 

amount, and the hydrocarbon accumulation patterns. The 
generated hydrocarbon mainly migrated from the central 
basin to the edge along lateral migration pathways, and 
accumulated in lithologic-stratigraphic traps at the basin 

margin.
(2) Under the influence of uplift, strata were lifted, 

temperature and pressure were decreased, so convex upper 
and concave lower type inhibited the hydrocarbon generation 
amount of upper source rocks, while the lower source 
rocks were basically not influenced. The upper generated 
hydrocarbon mainly migrated to strike-slip faults along 
lateral migration pathways, and then migrated upward 
until it accumulated in shallow traps. However, the lower 
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hydrocarbon mainly migrated from the central graben to the 
edge, and accumulated in suitable traps. 

(3) The convex upper and lower type resulted in a change 
of the dips of upper and lower hydrocarbon source beds, and 
the hydrocarbon generation amount of all the source rocks 
was inhibited. The generated hydrocarbon migrated toward 
the faults along lateral migration pathways, and then migrated 
up along the faults and accumulated in shallow traps.

(4) The concave left and convex right type inhibited 
the hydrocarbon generation amount of the right side source 
rocks, while the left side was basically not influenced. The 
right generated hydrocarbon migrated toward the faults along 
lateral migration pathways, and then migrated up along the 
faults and accumulated in shallow traps. However, the left 
hydrocarbon mainly migrated from the central graben to the 
edge, and accumulated in suitable traps (Fig. 5).

The major source rock of the South Turgay Basin is 
the Middle-Lower Jurassic dark mudstone. Therefore, the 
Middle-Lower Jurassic concave lower type is important in 
order to ensure abundant petroleum supply. In the case of 
hydrocarbon generation and expulsion amount, the types of 
convex upper and concave lower, concave upper and lower, 

and can guarantee oil and gas supply. However, the type of 
convex upper and lower has great influence on petroleum 
amount, and it is not favorable for source rocks to expel 
hydrocarbon. In the case of hydrocarbon traps, faulted noses, 
faulted anticlines and anticlines on both sides of the strike-
slip fault are effective reservoir spaces, so the types of convex 
upper and lower, convex upper and concave lower, convex 
right, and convex left facilitate petroleum accumulation. 

Comprehensive analysis suggests that the convex 
upper and concave lower type is the best one for petroleum 
generation and accumulation, next is convex upper and lower, 
and concave upper and lower and concave left or convex 
right are the worst. Fig. 14 revealed clearly that convex upper 
and concave lower and convex upper and lower accumulated 
a large amount of oil and gas in the north of the Aryskum 
Graben, but two other types had little oil and gas.

5.3 Trap formation and hydrocarbon distribution 
controlled by tectonic inversion

A structural framework of juxtaposed horsts and grabens 
was formed under the control of the strike-slip Karatau fault 
in the Early-Middle Jurassic, and the present status was 
formed under the control of inversion movements of the 
strike-slip fault in the Late Jurassic and Late Cretaceous. 
After experiencing intense compression during the inversion 
period, large area and high amplitude anticline traps were 
formed in the horst area, and faulted noses and faulted 
anticlines were formed on both sides of the strike-slip fault. 
These traps provided effective reservoir spaces for petroleum 
accumulation, and host the oil and gas discovered so far in 
the South Turgay Basin.

Two compressive events occurring in the Late Jurassic 
and Late Cretaceous formed a series of faulted anticlines 
and faulted nose structures along the strike-slip fault zone, 
which provided effective reservoir space for hydrocarbon 
accumulation (Fig. 16).

The Lower Jurassic source rocks of the South Turgay 
Basin started generating much hydrocarbon in the Late 

the tectonic inversion period also in the Late Jurassic. The 
Middle Jurassic source rocks started generating hydrocarbon 
in the Late Cretaceous, and the second hydrocarbon 
accumulation occurred in the tectonic inversion period in 
the Late Cretaceous, during which the previously formed 
reservoirs were adjusted and transformed. The dominant 
migration directions of oil and gas were: (1) lateral migration 
in the horst area and graben slopes, thus forming anticline 
pools in horsts and lithologic-stratigraphic reservoirs in 
graben slopes. (2) lateral-vertical migration on both sides of 
the strike-slip fault belt, forming fault nose (faulted block) 
reservoirs. Therefore, the two stages of tectonic inversion 
in Late Jurassic and Late Cretaceous facilitated secondary 
hydrocarbon migration and adjustment, then the reservoir 

stabilized (Fig. 14 and Fig. 17). 
Horsts are better hosts for petroleum accumulation than 

grabens. Horsts were formed early in the strike-slip pull-apart 
period of the Early-Middle Jurassic, and reservoir properties 
were improved through long weathering and erosion. 
Moreover, anticlines on horsts are suitable for the long-term 
petroleum accumulation. Therefore the explanation of why 
horsts are better for petroleum accumulation than grabens is 
the strike-slip pull-apart of the South Turgay Basin. 

Four grabens of the South Turgay Basin have great 
differences in the degree of accumulation of petroleum, and 
the west graben is better than the east one. This is caused by 
the difference in the degree of structure inversion in the South 
Turgay Basin. With the highest inversion degree, the Aryskum 
Graben accumulated the maximum petroleum. From west to 
east, the inversion degree reduced, and thus the petroleum 
accumulation reduced. Therefore, the explanation of why 
the west graben is better than the east one is the structure 
inversion of the South Turgay Basin (Fig. 14 and Fig. 17).

Fig. 16 Structure map of the top of J3ak in the South Turgay Basin
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6 Conclusions

1) The strike-slip tectonism of the Karatau fault in the 
South Turgay Basin weakened gradually from west to east. 
Typical flower structures are developed on the section, and 
strike-slip faults show an echelon pattern on planar view. 

2) In the Early-Middle Jurassic, the South Turgay strike-
slip pull-apart basin formed under the control of the Karatau 
strike-slip fault. The extension gradually weakened from the 
Early Jurassic to Late Jurassic, and the extension of the basin 
was strong in the north and south, but weak in the middle on 
planar view. Two stages of tectonic inversion occured in the 
South Turgay Basin, the Late Jurassic and Late Cretaceous, 
and the Aryskum Graben in the western and southern basin 
underwent strong inversion.

3) A geologic structure characterized by the juxtaposition 
of horsts and grabens was formed under the action of 
the strike-slip pull-apart Karatau fault. The formation of 
the horsts provided favorable reservoir spaces for later 
hydrocarbon accumulation, while different filling stages 
controlled different reservoir-forming factors in grabens. 
The hydrocarbon generation and expulsion amount and the 
migration direction were changed by tectonic inversion, 

traps.
4) Three types of hydrocarbon-bearing structure formed 

in the South Turgay Basin. Anticline traps formed in the 
horst area, lithologic-stratigraphic traps in the graben slope 
area, and fault nose or fault block traps on both sides of the 
strike slip fault zone. The strike-slip pull-apart of the South 
Turgay Basin explains why horsts are better for petroleum 
accumulation than grabens, and the structure inversion of the 
South Turgay Basin explains why the west graben is better 
than the east one.
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