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Abstract: The authors' analysis of the chemical components and sedimentary characteristics of the well devel- 
oped Triassic strata in the southeastern part of western Kunlun Shan led them to conclude that the sediments 
comprise a set of typical deep-water to semi-deep-water flysch that formed in the passive continental margin of 
the Qiangtang Block. 11tis suit of strata had undergone strong deformation giving rise to a SW-thrusting du- 
plex, imbricate fans, high-angle thrust fault, recumbent fold, SW-inverted fold, e tc . .  The deformational in- 
tensity weakens gradually southeastward. This is a foreland fold and thrust belt caused by the collision between 
the Qiangtang Block and the island arc on the southern margin of the the Tarim Plate at the end of late Trias- 
sie.  

The sedimentary and deformational characteristics of the Triassic strata were used to reconstruct the evolu- 
tion of this foreland fold and thrust belt as proposed below. Before the end of Triassic, this region was a pas- 
sive continental margin in the north of the Qiangtang Block. "Ilae end of Triassic to Jurassic was a stage of 
thrusting, folding, uplifting and development of the foreland basin. The evolution of the fold and thrust was 
completed in Cretaceous. 
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INTRODUCTION 

Kunlun Shah located at the juncture of Eur- 
asia and Gondwana is a very important subject in 
geological research ( Fig. 1 ) .  Many geologists 
conducted researches in Western Kunlun Shah 
(Pan et al. ,1990, 1992, 1995,1996; Yao and 
Hsu, 1994; Li et a l . ,  1996; Ding et a l . ,  
1996; Matte et a l . ,  1996). Triassic strata with 
special sedimentary and structural deformational 
characteristics are widely developed in south- 
westem Kunlun Shan. Study of sedimentary en- 
vironment, deformational characteristics and tec- 
tonic evolution of this suit of strata is the key not 
only to resolving the late Paleozoic-Early Meso- 
zoic evolution of the Kunlun Shan orogenic belt, 
but also for inferring the prototype of the Tarim 
Basin in late Paleozoic-Early Mesozoic. 
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SEDIMENTARY CHARACTERISTIC AND EN- 
VIRONMENT OF TRIASSIC STRATA 

The Triassic stratum that develops widely in 
the south of the Kangxiwa fault divides it into 
three stratum systems (Xinjiang Geology and 
Mineral Bureau, 1993; Wen et a l . ,  1996) 
( Fig. 2 ) .  Lower Triassic, strata comprise the Xi- 
aheweitai Group, middle Triassic strata comprise 
the Shangheweitai Group and upper Triassic stra- 
ta comprise the Keleqinhe Group. 
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Fig. 2 Geological map of Kangxiwa-Tlanshuihai region 

Upper Triassic Keleqinhe Group distributes 
widely along the NWW direction in the region 
from the Kangxiwa fault to south of the Quan- 
shuigou Fault (Fig. 2) as a set of 2500 - 4800 
m thick marine facies flysch . There is fault con- 
tact between lower strata and the marine facies 
flysch (Xinjiang Geology and Mineral Bureau, 
1993; Wen et a t . ,  1996; Zhang et a l . ,  1997; 
Zhang, 1997). 

In the region from the Tianshuihai Fault to 
south of the Kongkashankou Fault, Middle Tria- 
d ic  Shangheweitai Group and lower Triassic 
Keleqinhe Group strata are exposed as a 8 0 0 -  
1200 m thick sequence of sihstone, sandstone, 
thick-bedded limestone and gray carbonaceous 
sihstone(Xinjiang Geology and Mineral Bureau, 
1993; Wen et. a l . ,  1996) containing many fos- 
sils of coral, Ammonitida and l_amellibranchia. 
The Upper Triassic; Keleqinhe Group strata ex- 
posed at the region of Jialewanhe, Kongkashank- 
ou as a suit of 4000 m thick flysch is in conform- 
able contact with middle-lower Triassic strata and 
in unconformable contact with upper Jurassic 
Longshan Group strata (Xinjiang Geology and 
Mineral Bureau, 1993; Wang et at. 1995; Wen 

et a t . ,  1996). 
In the region 8 0 -  100 km west of Tian- 

shuihai, lower Triassic Group facies distribute 
l~al ly as fault sheets in unconformable contact 
with Permian Group facies as a flysch sequence 
consisting of schistosc sihstone, gray fine sand- 
stone, and interlayer of limestone and purplish- 
red siliceous radiolarian fossils (Zhang et a i . ,  
1997; Zhang, 1997). 

The source of sediment and its Triassic en- 
vironment can be deduced from the geochemical 
characters of the clastic rock. The flysch sam- 
pies collected from under the Tongtian Bridge 
and those from the Konka Mountain Pass fall in 
the passive continental margin zone in the A12 03/ 

SiO2 - ( Fe2 03 + MgO) ( Fig. 3) diagram show- 
ing that they originated from the passive conti- 
nental margin and also showing that the samples 
from Qitai Ridge originated from the active conti- 
nental margin ( Fig. 3) . 
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Diagram of Al2Ob/SiO 2 - (FeaO3 + MgO) 
(Zhang, 1997) 
PM: Passive Continent,,d Margin ; 
ACM: Active Contin-ental Margin; 
CARC: Island Arc in Contin-ental Crust; 
OARC: Island Arc in Ocean crust 

Sedimentology analysis showed that the 
northward or northeastward dipping paleoconti- 
nental slope' s middle-lower Triassic sediments 
are mature felsic minerals originated from the 
passive continental margin. In late Triassic were 
developed mainly limestone and debris depositing 
in the stable shelf region in the southern Konka 
Mountain Pass-Karakorum zone. The sediment 
was from the south stable continent. But in the 
region in the northem part of the Konka Moun- 
tain Pass-Karakorum zone, for example Qitai 
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Ridge, Dahongliutan, Kangxiwa, Heika, e t c . ,  
the sediments were mainly influenced by active 
continental margin. Tnese characteristics proba- 
bly suggested the past existence of a remnant 
sea-basin between the Qiangtang Block and the 
island arc in the southern margin of the Tarim 
Plate (Chen,  1998).  

DEFORMA'HON OF IATE TRIASSIC STRATA 
IN qq-IE WESTERN KUNLUN SHAN REGION 

'lhe Triassic strata had undergone intense 
north to south deformation with gradually weak- 
ening intensity (Fig. 4) 

Kangxiwa Dahongliutai Qidairidge Quanshuigou Tianshuihai 

1 / 

I i 

F ig .4  Sketch of deformation at the region of Kangxiwa-Tianshuihai 

The well developed strong ductile deforma- 
tion in the region between the Kangxiwa Fault 
zone and the Dahongliutan Fault is the most im- 
portant characteristic of this region. For exam- 
ple, at the place of the Xinjiang-Tibet highway 
between the 351 km and 353 km road signs and 
the Hasheng highway between the 0 krn and 10 
km road signs, the mylonite is very developed. 
The profile shows that there are many granitic 
mylonite and dioritic mylonite with clear banded 
structure, mortar system and mylonitie structure 
(Fig.  5 ) .  It is easy to know from the developed 
feldspar mortar structural lineation that the mylo- 
nite was caused by N-S thrusting and right-later- 
al strike slipping. The N-S directional thrusting 
is earlier than the right-lateral strike slipping. 

Fig. 5 Ductile deformation near the 3 5 1 ~  
road sign area 

Many duplexes, imbricate fans and oblique 
or inverted folds are developed in the region be- 
tween the Dahongliutan and the 532 km road sign 
of the Xinjiang-Tibet highway. The sandstone- 
mudstone in the upper Triassic flysch sequence 
evolved into slates and schists. 

The profile of the Xinjiang-Tibet highway 

495 km road sign area shows typical imbricate 
thrusts resuhing from the southward movement 
along N-dipping planes (Fig. 6 ) .  

Fig.6 Imbricate thrust in the 495km road sign area 

The profile of the of Xinjiang-Tibet highway 
531kin road sign area, the deformation gave rise 
to a muhilayer duplex. In the lower part of the 
profile section, imbricate thrusts are near one 
another and form a roof thrust (Fig.  7 ) .  In the 
profile there are a lot of tight folds that are ob- 
lique to or invert slightly to SW. 

The strong deformation at the north side of 
the Qitai Ridge develops many duplexes, passive 
roof duplexes and tight folds. For example, the 
profile of the Xinjiang-Tibet highway 533 km 
road sign area is mainly characterized by passive 
roof duplex and tight fold. Faults in the lower 
part thrust southward and converge to a back 
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thrust to make up a typical passive roof duplex. 
The horses of the duplex pop up into an antifor- 
mal stack. The thrusts above back thrust form 
back-thrusting imbrications ( Fig. 8 ) .  The folds 
are tight and directions of axial planes are in dis- 
order; all these indicate the complexity of the 
deformation. 

F ig .  7 D u p l e x  In  t he  531 k m  r o a d  s ign  a r e a  

Near Quanshuigou, the deformations are 
weak and form imbricate fans and back-thrusts. 
In the left part of the profile section at Quanshui- 
gou(Fig .8) ,  there are a group of southward di- 
rection imbricate thrusts. In the right part is de- 
veloped a southward dipping thrust with direction 
reverse to that of' the others. Together, they 
make up a structural triangular belt (Fig. 9 ) .  
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Fig.9 Imbricate thrust and backthrust 
near Quanshuigou 

The weak deformation in the Quanshuigou- 
Tianshuihai region is characterized by board fol- 
ds, monoclines and S-thrusting imbricate fault 
association (Fig. 10). 
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Fig. 10 Thrust in Quanshuigou-Tianshuihai region 

According to the deformation and sedimenta- 
ry characteristics, it can be concluded that the 
Kangxiwa-Tianshuihai region belonged to a fore- 
land fold and thrust belt in Early Mesozoic. 

THE EVOLUTION OF FORELAND FOLD AND 
THRUST BELT IN WESTERN KUNLUN SHAN 
REGION 
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Fig. 8 Passive roof duplex and light fold 
in  t h e  5 3 3 k m  road sign area 

Before the end of Triassic, the Western 
Kunlun Shan region was a part of the passive 
continental margin of the Qiangtang Block, and 
developed very thick passive margin sedimentary 
strata. At the end of Triassic, the Qiangtang 
Block collided with the island arc on the south- 
ern margin of the Tarim Plate that was formed by 
the subduction of Kunlun Ocean (A branch of 
Paleo-tethys) during the time from late  Paleozo- 
ic to Middle Triassic (Chen, 1998). This colli- 
sion led to the ceasing .of passive continental 
margin sedimentation of the Qiangtang Block. 
Since then, the Kangxiwa-Tianshuihai region 
reached the stage of foreland thrusting, folding, 
uplifting, degradation and forming of foreland 
basin and evolution. Its evolution can be divided 
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into five phases. 

1. The Triassic phase 

Early to Late Paleozoic was characterized by 
a passive continental margin depositional se- 
quence consisting of elastic rock, limestone and 
flysch formation with interbedding of volcanic 
elastic rock. This sequence implies that the sed- 
imentary environment was shallow to semi-deep 
seawater (Zhang et a l . ,  1986; Yang et a l . ,  
1990; Guo et a l . ,  1991; Yi et a l . ,  1991, 
1995; Xinjiang Geology and Mineral Bureau, 
1993; W a n g ,  1995).  

In Early to Middle Triassic, the sedimentary 
environment changed into deep water, and very 
thick deep-water flyseh formation developed in 
the Kangxiwa-Tianshuihai region. The prove- 
nanee of flyseh formation was from the Qiangtang 
Block. 

In Late Triassic, the sandstone in the flyseh 
formation contained volcanic debris from the is- 
land arc in the southern margin of the the Tarim 
Plate. This suggests that the Kunlun Ocean (A 
branch of Paleo-tethys) was very narrow, and 
that the passive continental margin of the Qiang- 
tang Block was close to the island arc on the 
southern margin of the The Tarim Plate that was 
active in Late Paleozoic and Early to Middle Tri- 
assic. 

2. The Late Triassic to Early Jurassic phase 

In Late Triassic-Early Jurassic, the Qiang- 
tang Block collided with the island arc developed 
on the southern margin of the Tarim Plate. The 
strata in the Kangxiwa-Tianshuihai region were 
deformed strongly. Under the strong compressive 
stress from the northeast direction, the Paleozoic 
to Triassic sedimentary wedge that was developed 
in the passive continent margin underwent strong 
thrusting and folding, and developed a lot of re- 
versal folds, recumbent folds, duplexs, imbri- 
cate thrusts, e t c . .  The propagational direction 
was southwestward i . e .  from Kangxiwa to Tian- 
shuihai. The structural polarity was NNE to SSW 
was deduced from the deformational pattern in 
this region. The latest marine facies stratum that 
deformed in the collision was Late Triassic Ke- 
leyuehe Group (Wang,  1995). 

3. The Early Jurassic to the Middle Jurassic phase 

Because of the strong thrusting deformation, 
the folded and thrusted sedimentary wedge uplift- 

ed constantly. In the south of Tianshiuhai that 
was at the front of this sedimentary wedge, the 
down-warping elastically of the lithosphere led to 
the development of the earliest foreland basin 
sedimentary strata. The molasse of Early to Mid- 
die Jurassic Bagongbulansha formation developed 
very well in the north of Karakoruin Mountain 
(F ig .2 )  (Xinjiang Geology and Mineral Bureau, 
1993; Wang et a l . ,  1995).  

4. The Middle Jurassic -Late Jurassic phase 

In Middle Jurassic, owing to the sustained 
thrusting, the sedimentary wedge became thicker 
and shorter constantly and spread to the south 
continually, which caused the deformation to be 
stronger in the Quanshuigou region where its de- 
formation was quite weak in Late Triassic and 
Early Jurassic, and formed tight fault-bend folds 
and thrusting imbricate fans. Because of the 
stronger thrust, the foreland basin in the south of 
Tianshihai expanded to the south and the water 
deepened (Wang et a l . ,  1995; Yi, 1995).  In 
the region south of Qiaoertianshan, the sediment 
was mainly made up of carbonatite in foreland 
basin (Guo et a l . ,  1991; Wang et a l . ,  1995; 
Yi, 1995).  At the north of Qiaoertianshan, as 
the result of uplifting, the Early to Middle Juras- 
sic sedimentary region (Molasses Formation) be- 
came denuded.  

5. After the Cretaceous 

The gradual weakening of the orogenics and 
the weakening of the compressive stress in this 
region after Cretaceous led to the cessation of the 
fold and thnst be l t ' s  evolution. 

CONCLUSIONS 

Research on the sedimentary characteristics, 
sedimentary environment, and the structural pat- 
tern of the Triassic strata' s deformation led to 
the conclusions below. 

1. The Kangxiwa-Tianshuihai region Triassic 
sediment comprise a set of typical deep-water to 
semi-deep-water flysch formation developed in 
the passive continental margin environment. 

2. The deformation in the Kangxiwa-Tian- 
shuihai region gave rise to a SW-thrusting du- 
plex, imbricate fans, high-angle thrust fault, re- 
cumbent fold, SW-inverted fold, etc. The defor- 
mation weakens gradually southwestward. In 
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Kangxiwa, the deformation is characterized ma- 
inly by high-angle thrust fault and lots of tight 
folds. In Dahonglutan, the deformation is char- 
acterized by duplexes, imbricate fans and re- 
verse folds. In the north of Quanshuigou, the 
deformation is characterized by imbricate fans, 
passive roof duplexes and tight folds. South of 
Quanshuigou, the deformation is characterized 
by a few high-angle thrusts and ~ m e  board fol- 
ds. The defi)rmation of Kangxiwa-Tianshuihai is 
characterized by foreland fold and thrust belt. 

3. Based on sedimentary characteristics and 
deformational characteristics, we put forward the 
evolution of the foreland fold and thrust belt in 
the Kangxiwa-Tianshuihai region. Before the end 
of Triassic, the region was a passive continental 
margin in the north of the Qiangtang Block. At 
the end of Late Triassic, the Qiangtang Block 
collided with the island arc on the southern mar- 
gin of the Tarim Plate. End of Late Triassic to 
Jurassic was a period of thrusting, folding, up- 
lifting and forming of foreland basin. In Creta- 
ceous, the evolution of fold and thrust ceased. 
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