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Abstract Late Cenozoic transtensional fault belt was dis-
covered on Shajingzi fault belt, NW boundary of the Awati
Sag in the northwestern Tarim Basin. And numerous Qua-
ternary normal faults were discovered on Aqia and Tumux-
iuke fault belts, SW boundary of Awati. This discovery
reveals Quaternary normal fault activity in the Tarim Basin
for the first time. It is also a new discovery in the southern
flank of Tianshan Mountains. Shajingzi transtensional fault
belt is made up of numerous, small normal faults. Horizon-
tally, the normal faults are arranged in right-step, en eche-
lon patterns along the preexisting Shajingzi basement fault,
forming a sinistral transtensional normal fault belt. In pro-
file, they cut through the Paleozoic to the mid-Quaternary
and combine to form negative flower structures. The Late
Cenozoic normal faults on the SW boundary of Awati Sag
were distributed mainly in the uplift side of the preexisting
Aqia and Tumuxiuke basement-involved faults, and com-
bined to form small horst and graben structures in profile.
Based on the intensive seismic interpretation, careful fault
mapping, and growth index analysis, we conclude that the
normal fault activity of Shajingzi transtensional fault belt
began from Late Pliocene and ceased in Late Pleistocene
(mid-Quaternary). And the normal faulting on the SW
boundary of Awati Sag began from the very beginning of
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Quaternary and ceased in Pleistocene. The normal faulting
on Awati’s SW boundary began a little later than those on
the NW boundary. The origin of Shajingzi transtensional
normal fault belt was due to the left-lateral strike-slip
occurred in the southern flank of Tianshan, and then, due
to the eastward escape of the Awati block, a tensional stress
developed the normal faults on its SW boundary.

Keywords Pliocene—Pleistocene normal fault - Late
Cenozoic transtensional normal fault belt - Left-lateral
strike-slip - Awati Sag - Northwestern Tarim Basin -
Southern flank of Tianshan Mountains - Seismic
interpretation

Introduction

Tarim Basin surrounded by Tianshan, Kunlun, and Altyn
Mountains is one of the largest Meso-Cenozoic sedimen-
tary basins in central Asia (Fig. 1). Under the far-field
effect of India—Asia collision, Cenozoic compressional
structures are abnormally developed in central Asia accom-
panying with the mountain building (Molnar and Tappon-
nier. 1975; Tapponnier and Molnar 1977; Tapponnier et al.
1986; Windley et al. 1990; Guo et al. 1992; Allen et al.
1993; Avouac and Tapponnier 1993; Zhang et al. 1996;
Sobel and Dumitru 1997; Li et al. 2001; Shu, et al. 2003;
Charreau et al. 2006, 2009). Typical Cenozoic thrust belts
are developed on the northern margin of Tarim Basin (Lu
et al. 1994, 2000; Allen et al. 1999; Sun et al. 2002; Scharer
et al. 2004; Tang et al. 2004; Guan et al. 2007; Wang et al.
2009; Yang et al. 2010), where this is also the southern
piedmont of Tianshan. Beside the compressional structures,
some Cenozoic strike-slip tectonics and normal fault struc-
tures have been identified out in Tianshan Mountains and
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Fig. 1 Location of Tarim Basin
and the studied area

its adjacent area (Avouac and Tapponnier 1993; Charreau
et al. 2006, 2009; Zhao et al. 2012; Li et al. 2013). These
tectonics and structures are important for the correct under-
standing the mountain-building process and the far-field
effect of the India—Asia collision.

Many valuable geological information for Tianshan
tectonics is preserved in the northern margin of Tarim
Basin, where it is covered by modern deposits and impos-
sible for the geologist to observe directly. Recent develop-
ments in seismic exploration technology and the enrich-
ment of seismic exploration data have enabled the gradual
discovery and study of Meso-Cenozoic extensional struc-
tures in the Tarim Basin (Tang et al. 1999; Tang and Jin
2000; Zhang et al. 1999; Jia et al. 2001; Wei et al. 2001;
Chen et al. 2009; Zhao et al. 2012; Qi et al. 2012; Li et al.
2013).

Jurassic extensional structures were discovered ear-
lier and are believed to be part of the North Tethys Mes-
ozoic extensional structures (Jia et al. 2001; Chen et al.
2009) or a result of post-orogeny stress relaxation of the
South Tianshan (Zhao et al. 2012; Li et al. 2013). For-
merly, Cenozoic normal faults were thought to be distrib-
uted only on the Yaha and Luntai fault belts in the North
Tarim Rise. These normal faults are superimposed onto
older, underlying thrust faults and form negative inver-
sion structures (Tang et al. 1999; Tang and Jin 2000;
Zhang et al. 1999; Wei et al. 2001). Recent studies have
revealed numerous Cenozoic normal faults widespread in
Tabei Rise. These normal faults are usually arranged in
en echelon patterns and form transtensional fault belts.
These transtensional fault belts exhibit the far-field effect
of India—Asia collision (Zhao et al. 2012; Li et al. 2013).
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By continuing the study of Cenozoic extensive structures
westward, we have carefully interpret almost all the seis-
mic profiles in and around the Awati Sag in recent years,
and discovered Pliocene—Pleistocene normal faults on the
Shajingzi, Tumuxiuke, and Aqia belts (Fig. 2). The nor-
mal faults on Shajingzi, NW boundary of Awati, were
arranged in en echelon pattern, implying a left-lateral
strike-slip in Pliocene—Pleistocene along Shajingzi belt.
The normal faulting on Aqgia and Tumuxiuke, SW bound-
ary of Awati, occur in Early-Middle Quaternary, induced
by the eastward escape of Awati. This is a new discovery
of Late Cenozoic strike-slip fault belt in northern Tarim
Basin or the southern piedmont of Tianshan, and also the
first discovery of Quaternary normal fault activity in the
Tarim Basin.

Late Cenozoic normal faults revealed around the Awati
Sag

Seismic data are the foundation of this paper; there-
fore, a concise seismic stratigraphic chart of the Awati
Sag and its adjacent areas (Table 1) is useful to better
understand this study. Correlations of important seismic
reflection surfaces with lithostratigraphic and chron-
ostratigraphic units are based on the studies by Jia et al.
(1992, 2004), Wang (1992), Li et al. (1992), and Zhang
et al. (2004).

The Shajingzi, Aqia, and Tumuxiuke faults are three
boundary faults located between the Awati Sag and its
neighboring geological units. Late Cenozoic normal faults
are revealed on all of these boundary faults (Fig. 2).
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Late Cenozoic normal faults revealed on the Shajingzi
belt

Late Cenozoic normal faults were first discovered on the
Shajingzi fault. The normal faults are distributed on the
northeastern segment of the Shajingzi fault, and the nor-
mal faulting was controlled by the preexisting basement-
involved Shajingzi fault. The normal faults are grouped
into right-step, en echelon patterns and form two transten-
sional normal fault belts (Fig. 2). A—A’, B-B’, and C-C' are
three seismic profiles crossing the Shajingzi fault belt; we
revealed Late Cenozoic normal faults on all these profiles
(Figs. 2, 3, 4).

In the A-A’ seismic profile (Figs. 2, 3), the Shajin-
gzi basement-involved fault consists of northwestern and
southeastern branches. The southeastern branch (Fs2) is
derived from the northwestern branch (Fs1), which is the

g1°T00’

main fault. Late Cenozoic normal faults were developed on
both Fs1 and Fs2.

There are three Late Cenozoic normal faults on Fs2, two
of them dip to the east and one to the west. These normal
faults extend downward into the pre-Cenozoic layer and
upward into the Quaternary deposit. Tb at the lower part
of the Quaternary is the upmost reflection surface reached
by the normal faults on Fs2. The normal faults in the pre-
Cenozoic layers are unclear due to the preexisting base-
ment-involved fault structures. In the Cenozoic, the fault
displacements are equal at all the reflection surfaces in the
lower part of the Kuqa Formation (strata between T3 and
T2) and the sediments below it, indicating that the nor-
mal faulting began in Late Pliocene. From the upper part
of Kuqga Formation, the displacements of the normal faults
decrease gradually and disappear in the lower part of the
Quaternary deposit. This indicates that the normal faulting
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Table 1 A concise (seismic) stratigraphic chart of the Awati Sag, Tarim Basin (modified after Jia et al. 1992, 2004; Wang 1992; Li et al. 1992;

Zhang et al. 2004)

Code number
Chronostratigraphic units Lithostratigraphic Main lithological character of seismic
units reflection
surface
Holocene pale yellow/grey sand, silt and clay.
Quaternary . . . . l— Ta —
Pleistocene Xiyu Fm. conglomerate intercalated with sandstone. -
T2 —
Pliocene Kuqga Fm. mainly pale grey/dust color siltstone and mudstone. F— Te —
T3 —
Neogene Kangcun Fm. | brown mudstone and pale grey siltstone.
Miocene TS
Jidike Fm. mudstone/siltstone, plaster-bearing mudstone, muddy plaster stone|
- T Tt T T mudstone; plaster-bearing mudstone, sandstoné intercalated| Té6
Oligocene Suwiyi Fm. with plaster stone. I
Paleogene Eocene 1T 1 1 1 T T 1
Paleocene
— T8
Upper
Cretaceours e il el el e ~
Lower Kapushaliang Gr.|brownish red fine sandstone, siltstone and mudstone .
A AN A AN — T8-2 —
Upper M
Jurassic Middle
Lower
— T8-3 —
Upper
3 N
T 1acel . ~ v ~ 'v X N T N L/ ~J
riassic Middle Kelamayi Fm. [grey mudstone, siltstone, intercalated with sandstone.
brown red/grey mudstone, siltstone,fine sandstone, pebbly
Lower | Phuobulake P lsondstone appearatthelowerpart -~ 1 Ty —|
Lopingian up: mainly mudstone and siltstone, intercalated with pebbly
. - . sandstone and conglomerate; — Tgl —
Permian Guadalupian Aqia Gr. mid: black basalt, tuff, tuffaceous sanstone;
Cisuralian lower: mainly mudstone intercalated with siltstone.
P . Xiaohaizi Fm. |limestone, marl, intercalated with mudstone.
ennsylvanian - - -
. . mudstone, siltstone, fine sandstone, limestone, marl,
Carboniferous KalaShayal Fm. intercalated with plaster-bearing mudstone.
Mississippian Bachu Frm. up:mainly limestone; mid:mudstone intercalated by fine
sandstone;lower:sandstone and mudstone. Te22
g2-2—
Upper Donghetang Fm. | fine sandstone, siltstone and mudstone. Tg3
Devonian Middle 1 1) v
Lower
Pridoli . y L Tg4
Siluri Ludlow Yimugantawu Fm | red/mulberry/grey mudstone, siltstone and some sandstone.
ilurian - - -
Wenlock Tataaiertage Fm. | 8rey fine sandstone intercalated by siltstone/mudstone.
Llandovery Kepingtage Fm. green/mulberry sandstone, silstone and mudstone.
Sangtamu Fm. |grey mudstone,siltstone,sandstone intercalated by limestone g
Upper Lianglitage Fm. | brown grey limestone.
Tumuxiuke Fm. |grey limestone, top: mudstone intercalated by limestone.
Ordovician
Middle . L . . .
Upper middle-upper: mainly limestone intercalated with mudstone
Qiulitage Fm. lower: interbeds of limestone and dolomite.
Lower
Tgo —
Upper . L_ower mainly dolomite, intercalated with muddy dolomite.
Qiulitage Fm.
. — Tg7 —
Cambrian Middle Awatage Fm. unrevealed by drilling.
Lower unrevealed by drilling.
Tg8 —
Precambrian unrevealed by drilling.
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Fig. 3 A-A’ seismic profile across the Shajingzi fault belt (see location in Fig. 2). A Seismic profile, B growth indices of the F1 fault: (a) pre-
Mesozoic; (b) Miocene; (c) Lower Kuga Formation; (d) Upper Kuqa Formation; (¢) Lower Quaternary; (f) Middle-Upper Quaternary
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Fig. 4 B-B' seismic profile across the Shajingzi fault belt (see location in Fig. 2)

began in the Late Pliocene (the upper part of Kuga Forma-
tion), lasted to Early Quaternary, and ceased thereafter.
Owing to the small fault displacements, it is difficult to
measure and calculate the growth index of the Late Ceno-
zoic normal faults on Fs2.

Five Late Cenozoic normal faults were revealed on Fs1,
which is the main Shajingzi fault. In profile, two of the
faults are directed to the northwest and three to the south-
east forming a small negative flower structure. The normal
faults extend downward into the pre-Cenozoic, where they
become unclear due to preexisting fault structures. They
cut through the T2 upward into the Quaternary deposits.

Their fault displacements gradually decrease and finally
disappear at Ta, which is a seismic reflect surface in the
upper part of Quaternary deposits, also the upmost reflect
surface reached by the normal faults on Fs1. We use F1 on
the left of the A-A’ profile for an example of the growth
index calculation to show the normal faulting process
(Fig. 3B).

The growth index (Ei), based on the concept of growth
strata and growth fault, is used to study the active process
(i.e., growth) of the faults. It is a commonly used index to
describe the formation and evolution of a fault, especially
normal faults. It is defined as the ratio of the stratigraphic
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unit thicknesses on the downthrown side (H1) to the unit
thickness on the upthrown side (H2), i.e.,

Ei = H1/H2.

Ei = 1 indicates that the stratigraphic unit thicknesses
on both sides of a fault are equal, and thus, the fault was
not active during the deposition of the stratigraphic unit;
Ei > 1 indicates that the stratigraphic unit thickness on the
downthrown side is larger than that on the upthrown side
and thus reveals that the fault was active during the depo-
sition of the stratigraphic unit. Larger values of Ei corre-
spond to stronger fault activity (Tang and Jin 2000; Wei
et al. 2001; Li et al. 2013).

The upmost reflection surface reached by the F1 fault in
the A—A’ seismic profile is not the upmost surface reached
by this normal fault belt. The Ta reflection surface reached
by F2 is the upmost surface reached by this normal fault
belt. The main purpose of calculating the growth index of
the F1 fault was to show the beginning of the normal fault
activity.

The Pliocene Kuqa Formation is divided into two parts
by Tc, a seismic reflection surface in the middle of the
Kuqga Formation. The fault displacements of the Tc reflec-
tion surface and those below it are identical; the thickness
of corresponding sediments on both sides of F1 is equal,
and the growth indices of all the layers below Tc are 1.00,
indicating that the normal fault was not active before Tc.
The fault displacements at the bottom of Quaternary (T2)
are obviously smaller than those at the Tc reflection sur-
face. The growth index of the upper part of the Kuqa For-
mation (sediment between T2 and Tc) is 1.13, indicating
that the normal fault activity began at the Tc reflection
surface. The F1 fault extends upward into the Quaternary
through T2, after which the fault displacements continu-
ously decrease and finally disappear in the lower part of the
Quaternary deposits. The F1 fault does not cut through the
middle-upper part of the Quaternary deposits. The growth
index of the lower part of the Quaternary deposits is 1.08
and that of the middle-upper part is 1.00 (Fig. 2B).

Results from the growth index analyses show that the
normal faulting on the Shajingzi belt began in Late Plio-
cene (late stage of the sedimentary history of the Kuqa For-
mation) and last to mid-Quaternary. The peak stage of the
normal faulting (Ei = 1.13) may be in the Late Pliocene.

The B-B’ seismic profile is located southwest of the
A-A’ profile (Figs. 2, 4), near the Shanan 1 well. On this
profile, the Shajingzi is one basement-involved fault. Its
deriving branch (Fs2) was disappeared, and a Late Ceno-
zoic normal fault belt was developed on it. The normal fault
belt is similar to that of Fs1 of the A—A’ profile. The normal
fault belt is composed of five normal faults: two of them
dip northwest, three of them dip southeast, and together
they form a negative flower structure. The normal fault belt
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extends downward into the pre-Cenozoic and upwards into
the Quaternary, through T2. The upmost reflection surface
reached by the normal faults is Ta, which is located in the
middle-upper part of the Quaternary deposits. The seismic
reflection in the normal fault belt is not clear enough to
calculate the growth index. The origin and evolution pro-
cess of normal fault activity is identical to that of the A—A’
faults.

The C-C’ seismic profiles are located near the southwest
end of the Shajingzi normal fault belt (Figs. 2, 5). Four
normal faults make up the belt (one dipping northwest and
the others southeast) and together form a small asymmetric
graben. Seismic reflection inside the normal fault belt is not
clear enough to enable the calculation of the growth index
of each individual normal fault. Therefore, we grouped
them as a single fault (i.e., belt) to directly observe the fault
displacement and analyze the normal faulting process.

The fault displacements of the Tb reflection surface,
which is located in the middle of the Kuqa Formation and
those below (displacements between b and b/, ¢ and ¢/, d
and d’), are equal (Fig. 5). Therefore, the stratigraphic
thicknesses of the corresponding layers on the two sides of
the fault (belt), below the Tb reflection surface, are equal,
and the growth indices of each layer below Tc are 1.00,
indicating that the normal faulting has not occurred before
Tc. The fault displacement decreases gradually, upward
from the Tb reflection surface, until reaching the Ta reflec-
tion surface. The normal faults do not cut through the Ta
reflection surface and the sediments above it. This indicates
that the normal faulting began in Late Pliocene (Tc), lasted
to mid-Quaternary, and then ceased.

Late Cenozoic normal faults revealed on the Aqia belt

The Agqia fault consists of two basement-involved branches
(east and west branches), dipping toward each other
(Fig. 2). Late Cenozoic normal faults were revealed mainly
between the two branches.

D-D’ is a 2D seismic profile across the northern seg-
ment of the Aqia belt (Figs. 2, 6). Three normal faults were
revealed on this profile. The left two normal faults dip
toward each other and form a small graben structure. The
normal faults cut downward into the Paleozoic and upward
into the Quaternary through T2 reflection surfaces. The
fault displacements decrease gradually upward from T2
and disappear at Ta reflect surface in middle-upper part of
the Quaternary deposits. The left two normal faults extend
downward into the Paleozoic directly through T2. T2 is a
large hiatus from the Upper Permian to the Neogene and
an even lower part of the Quaternary. We cannot accu-
rately estimate the activation time of the normal faulting
based on these two normal faults due to the whole lacuna
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Fig. 5 C-C’ seismic profile C C’
across the Shajingzi fault belt T
(see location in Fig. 2)
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Fig. 6 D-D’ seismic profile across the Aqgia fault belt (see the location in Fig. 2). A Seismic profile, B growth indices of the F1 fault: (a) pre-
Cenozoic; (b) Kuqa formation of Pliocene; (¢) Middle—Lower Quaternary; (d) Upper Quaternary
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Fig. 7 E-E’ seismic profile across the Aqia fault belt (see location in
Fig. 2)

of Neogene. The right, eastward-dipping normal fault, F1,
cuts upward into the highest stratigraphic layer in all of
the three normal faults in this profile and cuts downward,
through the Pliocene (sediments between T2 and T3), into
the Paleozoic. The T2 and T3 reflection surfaces are dis-
tinct. Therefore, F1 is the most suitable fault to calculate
the growth index of the Late Cenozoic normal faults on the
D-D’ profile (Fig. 6B).

The thicknesses of the Kuga Formation (Pliocene) on
both sides of the F1 fault are equal (the fault displacements
at T2 and T3 are equal). The growth index of Kuqa Forma-
tion is 1.00, indicating that the normal faulting has not yet
began in the Pliocene. The thickness of the middle-lower
part of Quaternary on the throw side is larger than that on
the uplift side, and the growth index is 1.06, indicating the
normal fault activation. The fault does not cut into the upper
part of the Quaternary, and the growth index is 1.00. The
normal faulting ceased. From this growth index calculation,
that normal faulting began from Early Quaternary, lasted to
mid-Quaternary, and then ceased in the Late Quaternary.

The E-E’ profile is located south of the D-D’ pro-
file (Figs. 2, 7). Eight Late Cenozoic normal faults were
revealed on it. The left four faults dip ENE and form stair-
case-like cross sections. The right four faults form small
graben and horst structures. The normal faults cut through
T2 upward into the Quaternary and downward into the
Paleozoic. The fault displacement of the T2 is consistent
with that below T2, indicating no these normal faulting
before T2. The right two normal faults cut upward to Ta,
a seismic reflection surface in the upper part of Quater-
nary. This is also the highest layer reached by the normal
faults, indicating that the normal faulting ceased in the Late
Quaternary.
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Fig. 8 F-F' seismic profile across the Agia fault belt (see location in
Fig. 2)

F-F' is a 2D seismic profile across the southern segment
of the Aqia belt (Figs. 2, 8). Only two small normal faults
were revealed on this profile. The Quaternary overlaps
directly on the Paleozoic anticline, forming a large hiatus.
The normal faults were revealed on the top of the Paleozoic
anticline. They cut through T2 downward into the Paleo-
zoic and upward into the Quaternary. The normal faults’
displacements decrease upward from T2 and finally cease
at Ta, which is a seismic reflection surface in the Middle—
Upper Quaternary deposits. This indicates that the Late
Cenozoic normal faulting seen in this profile ceased in Late
Quaternary.

Late Cenozoic normal faults revealed on the Tumuxiuke
belt

Late Cenozoic normal faults in the Tumuxiuke belt were
revealed on its middle segment and on its uplift side
(Figs. 2,9, 10, 11).

G-G' is a 2D seismic profile across the mid-western seg-
ment of the Tumuxiuke belt (Figs. 2, 9). Four Late Ceno-
zoic normal faults were revealed on this profile. They are
grouped into an asymmetric graben. On the top of the Pale-
ozoic anticline, the Quaternary directly overlaps the Per-
mian, forming a huge hiatus. Laterally, the Kuga Formation
is cut by T2, suggesting that the anticline was deformed
before the faulting affecting T2. The Late Cenozoic normal
faults cut through the T2 reflection surface, downward into
the Paleozoic layers and upward into the Quaternary depos-
its. The upmost reflection surface reached by the normal
faults is Ta in the Middle—-Upper Quaternary.

Figure 9B is the growth index diagram of F1. The
fault displacements of the T2 reflection surface and those
below it (in the Paleozoic) are equal. The thicknesses of
the Carboniferous, Lower—Middle Permian, and Upper
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Permian deposits on both sides of the fault are equal, and
the growth indices are 1.00, indicating that the normal
faulting had not yet begun. The normal fault displace-
ments decrease gradually upward from T2 and died out
at Ta. The thickness between T2 and Ta on the throw side
is much larger than that on the uplift side, and the growth
index is 1.20, representing the active period of the nor-
mal faults. The fault does not cut into the upper part of

the Quaternary, so the growth index is 1.00, indicating
that the normal faulting ceased. From this growth index
analysis, we conclude that the normal faulting began in
Early Quaternary, last to mid-Quaternary, and ceased in
Late Quaternary.

Extending T2 unconformity rightward on Fig. 9A, T2
cut Pliocene (Kuqa Fm). This is another evidence for the
onset of the normal faulting in Quaternary.
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Fig. 11 I-I’ seismic profile across the Tumuxiuke fault belt (see loca-
tion in Fig. 2)

The H-H’ 2D seismic profile is located in the middle
segment of the Tumuxiuke fault belt, near the He4 well
(Figs. 2, 10). The Late Cenozoic fault characteristics on
H-H’ are similar to those on G-G’. Three normal faults
form a small, asymmetrical graben. The normal faults cut
through T2, downward into the Paleozoic and upward into
Quaternary. The normal faults in the Carboniferous—Per-
mian are very distinct; however, they are less clear in the
pre-Carboniferous due to poor seismic reflection. Ta in
Middle-Upper Quaternary is the upmost reflection surface
reached by the normal faults. We chose F1 for an example
of growth index analysis (Fig. 10B).

All the growth indices calculated from the Carbonifer-
ous, Middle-Lower Permian, and Upper Permian are 1.00,
suggesting that the normal faulting had not yet began in the
Carboniferous and Permian. The growth index of the lower
part of the Quaternary is 1.60, indicating normal faulting
during that time. F1 cut not into the upper part of the Qua-
ternary; the growth index there is 1.00, indicating that the
normal faulting ceased.

I-T’ is the easternmost 2D seismic profile on which Late
Cenozoic normal faults were revealed (Figs. 2, 11). 2 Qua-
ternary normal faults revealed on this profile dip toward
each other forming a little graben.

Discussion on the origin of the Late Cenozoic normal
faults discovered around the Awati Sag

After careful seismic interpretation and fault analysis, we
can get the following basic characteristics of the Late Ceno-
zoic normal faults revealed on the boundaries of Awati Sag.
All the normal faults were distributed along Shajingzi, Aqia,
and Tumuxiuke faults, the three preexisting basement-
involved boundary faults between Awati and its neighbor-
ing blocks, indicating that the normal faulting was induced
by the reactivation of the preexisting boundary faults. The
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normal faults on the Shajingzi belt were arranged in right-
step, en echelon pattern horizontally and combined into
negative flower structure in profile, forming a Late Ceno-
zoic transtensional fault belt. The normal faulting on Shajin-
gzi began from Late Pliocene, last to mid-Quaternary, and
then ceased in Late Quaternary. The normal faults on Aqgia
are similar to those on Tumuxiuke. They trend NW-SE,
consistent with the Aqia and Tumuxiuke belts, and almost
perpendicular to Shajingzi and the Late Cenozoic tran-
stensional fault belt on it. The normal faults on Aqgia and
Tumuxiuke were combined into staircase pattern and gra-
ben-horst structure in profile showing the typical character-
istics of tensional structure. The normal faulting began from
Early Quaternary, last to mid-Quaternary, and then ceased.
The beginning time of the normal faulting on Shajingzi is
some earlier than those on Aqgia and Tumuxiuke.

The Late Cenozoic normal faults on Shajingzi were
arranged in en echelon pattern. This is common in strike-
slip system (Tchalenko and Ambraseys 1970; Wilcox et al.
1973; Bartlett et al. 1981). The numerous small normal
faults were arranged in en echelon pattern and form a tran-
stensional fault belt. The direction of the belt is consist-
ent with “R” plane in strike-slip system (Tchalenko and
Ambraseys 1970; Bartlett et al. 1981). The direction of the
normal faults is consistent with the “T” plane (Bartlett et al.
1981) (Fig. 12).

Late Pliocene—mid-Quaternary left-lateral strike-slip
occurred first on Awati’s NW boundary, forming Shajin-
gzi transtensional fault belt, and then, due to the eastward
escape of Awati block, a tensional stress on Awati’s SW
boundary developed the Quaternary normal faults on Agia
and Tumuxiuke belts (Fig. 12).

The previous study has identified four phases of obvi-
ous acceleration of mountain uplifting accompany with
intense structural deformation in Tianshan and its adjacent
area, those are 25-24 Ma (Avouac and Tapponnier 1993;
Hendrix et al. 1994; Sobel and Dumitru 1997; Guo et al.
2006), 16-15 Ma (Windley et al. 1990; Allen et al. 1993),
11-10 Ma (Avouac and Tapponnier 1993; Charreau et al.
2006, 2009; Xiao et al. 2005a, b), and 5-0 Ma (Avouac
and Tapponnier 1993; Zhang et al. 1996; Charreau et al.
2006, 2009; Guan et al. 2007). The transtensional faulting
on Shajingzi and normal faulting on Aqia and Tumuxiuke
are consistent with the last deformation phase (5-0 Ma)
in Tianshan. And the preexisting Tumuxiuke, Aqia, and
Shajingzi basement-involved boundary faults possibly rep-
resent the 11-10 Ma deformation (Qi et al. 2012; Liu et al.
2013). Charreau et al. (2009) advocated a young (<5 Ma)
counterclockwise rotation in the Jingu River area, assigned
to a left-lateral strike-slip in the northern piedmont. The
Pliocene—Quaternary left-lateral strike-slip on Shajingzi
belt exhibits a similar sinistral strike-slip took place on the
southern side of Tianshan.
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Conclusion 3.

1. Late Cenozoic normal faults were developed around
the Awati Sag. They were distributed along the pre-
existing, basement-involved boundary faults, i.e., the
Shajingzi, Aqia, and Tumuxiuke faults, indicating that
the normal faulting was induced by the reactivation of
the boundary faults. 4.

2. The Late Cenozoic normal faults on Shajingzi belt
are arranged into right-step, en echelon pattern and
grouped into small negative flower structures, forming
a right-step, sinistral transtensional fault belt. The Late
Cenozoic normal faults on Aqia and Tumuxiuke belts
are parallel to each other horizontally and grouped
into staircase pattern and graben and horst structures,
showing the typical characteristics of tensional struc-
ture.

g81°T00’

The Late Cenozoic normal faulting on Shajingzi belt
began from Late Pliocene, last to mid-Quaternary, and
then ceased. Those on Agia and Tumuxiuke began
from Early Quaternary, last to mid-Quaternary, and
then ceased. The beginning time of the Late Cenozoic
normal faulting on Aqgia and Tumuxiuke is some later
than that on Shajingzi.

Late Cenozoic left-lateral strike-slip occurred first on
Awati’s NW boundary, forming Late Pliocene-mid-
Quaternary Shajingzi transtensional fault belt. And
then, due to the eastward escape of Awati block, a
tensional stress on Awati’s SW boundary developed
the Quaternary normal faults on Aqia and Tumuxiuke
belts. The Late Pliocene-mid-Quaternary left-lateral
strike-slip on Shajingzi belt is consistent with the
similar sinistral strike-slip in the northern piedmont of
Tianshan (Charreau et al. 2009).
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