
See	discussions,	stats,	and	author	profiles	for	this	publication	at:	http://www.researchgate.net/publication/240671064

Age,	geochemistry,	and	tectonic	implications
of	a	Late	Paleozoic	stitching	pluton	in	the	North
Tian	Shan	suture	zone,	Western	China

ARTICLE		in		GEOLOGICAL	SOCIETY	OF	AMERICA	BULLETIN	·	MARCH	2010

Impact	Factor:	3.87	·	DOI:	10.1130/B26491.1

CITATIONS

133

READS

54

6	AUTHORS,	INCLUDING:

Bao-Fu	Han

Peking	University

69	PUBLICATIONS			1,700	CITATIONS			

SEE	PROFILE

Zhaojie	Guo

Peking	University

78	PUBLICATIONS			815	CITATIONS			

SEE	PROFILE

Jia-Fu	Chen

Northeastern	University	(Shenyang,	China)

15	PUBLICATIONS			359	CITATIONS			

SEE	PROFILE

All	in-text	references	underlined	in	blue	are	linked	to	publications	on	ResearchGate,

letting	you	access	and	read	them	immediately.

Available	from:	Bao-Fu	Han

Retrieved	on:	07	December	2015

http://www.researchgate.net/publication/240671064_Age_geochemistry_and_tectonic_implications_of_a_Late_Paleozoic_stitching_pluton_in_the_North_Tian_Shan_suture_zone_Western_China?enrichId=rgreq-a54e0390-cd05-4068-b455-9c13bc230845&enrichSource=Y292ZXJQYWdlOzI0MDY3MTA2NDtBUzoxNzgwNzY0NzAyMjY5NDRAMTQxOTQ2ODE0NzA0OQ%3D%3D&el=1_x_2
http://www.researchgate.net/publication/240671064_Age_geochemistry_and_tectonic_implications_of_a_Late_Paleozoic_stitching_pluton_in_the_North_Tian_Shan_suture_zone_Western_China?enrichId=rgreq-a54e0390-cd05-4068-b455-9c13bc230845&enrichSource=Y292ZXJQYWdlOzI0MDY3MTA2NDtBUzoxNzgwNzY0NzAyMjY5NDRAMTQxOTQ2ODE0NzA0OQ%3D%3D&el=1_x_3
http://www.researchgate.net/?enrichId=rgreq-a54e0390-cd05-4068-b455-9c13bc230845&enrichSource=Y292ZXJQYWdlOzI0MDY3MTA2NDtBUzoxNzgwNzY0NzAyMjY5NDRAMTQxOTQ2ODE0NzA0OQ%3D%3D&el=1_x_1
http://www.researchgate.net/profile/Bao_Fu_Han?enrichId=rgreq-a54e0390-cd05-4068-b455-9c13bc230845&enrichSource=Y292ZXJQYWdlOzI0MDY3MTA2NDtBUzoxNzgwNzY0NzAyMjY5NDRAMTQxOTQ2ODE0NzA0OQ%3D%3D&el=1_x_4
http://www.researchgate.net/profile/Bao_Fu_Han?enrichId=rgreq-a54e0390-cd05-4068-b455-9c13bc230845&enrichSource=Y292ZXJQYWdlOzI0MDY3MTA2NDtBUzoxNzgwNzY0NzAyMjY5NDRAMTQxOTQ2ODE0NzA0OQ%3D%3D&el=1_x_5
http://www.researchgate.net/institution/Peking_University?enrichId=rgreq-a54e0390-cd05-4068-b455-9c13bc230845&enrichSource=Y292ZXJQYWdlOzI0MDY3MTA2NDtBUzoxNzgwNzY0NzAyMjY5NDRAMTQxOTQ2ODE0NzA0OQ%3D%3D&el=1_x_6
http://www.researchgate.net/profile/Bao_Fu_Han?enrichId=rgreq-a54e0390-cd05-4068-b455-9c13bc230845&enrichSource=Y292ZXJQYWdlOzI0MDY3MTA2NDtBUzoxNzgwNzY0NzAyMjY5NDRAMTQxOTQ2ODE0NzA0OQ%3D%3D&el=1_x_7
http://www.researchgate.net/profile/Zhaojie_Guo?enrichId=rgreq-a54e0390-cd05-4068-b455-9c13bc230845&enrichSource=Y292ZXJQYWdlOzI0MDY3MTA2NDtBUzoxNzgwNzY0NzAyMjY5NDRAMTQxOTQ2ODE0NzA0OQ%3D%3D&el=1_x_4
http://www.researchgate.net/profile/Zhaojie_Guo?enrichId=rgreq-a54e0390-cd05-4068-b455-9c13bc230845&enrichSource=Y292ZXJQYWdlOzI0MDY3MTA2NDtBUzoxNzgwNzY0NzAyMjY5NDRAMTQxOTQ2ODE0NzA0OQ%3D%3D&el=1_x_5
http://www.researchgate.net/institution/Peking_University?enrichId=rgreq-a54e0390-cd05-4068-b455-9c13bc230845&enrichSource=Y292ZXJQYWdlOzI0MDY3MTA2NDtBUzoxNzgwNzY0NzAyMjY5NDRAMTQxOTQ2ODE0NzA0OQ%3D%3D&el=1_x_6
http://www.researchgate.net/profile/Zhaojie_Guo?enrichId=rgreq-a54e0390-cd05-4068-b455-9c13bc230845&enrichSource=Y292ZXJQYWdlOzI0MDY3MTA2NDtBUzoxNzgwNzY0NzAyMjY5NDRAMTQxOTQ2ODE0NzA0OQ%3D%3D&el=1_x_7
http://www.researchgate.net/profile/Jia_Fu_Chen?enrichId=rgreq-a54e0390-cd05-4068-b455-9c13bc230845&enrichSource=Y292ZXJQYWdlOzI0MDY3MTA2NDtBUzoxNzgwNzY0NzAyMjY5NDRAMTQxOTQ2ODE0NzA0OQ%3D%3D&el=1_x_4
http://www.researchgate.net/profile/Jia_Fu_Chen?enrichId=rgreq-a54e0390-cd05-4068-b455-9c13bc230845&enrichSource=Y292ZXJQYWdlOzI0MDY3MTA2NDtBUzoxNzgwNzY0NzAyMjY5NDRAMTQxOTQ2ODE0NzA0OQ%3D%3D&el=1_x_5
http://www.researchgate.net/institution/Northeastern_University_Shenyang_China?enrichId=rgreq-a54e0390-cd05-4068-b455-9c13bc230845&enrichSource=Y292ZXJQYWdlOzI0MDY3MTA2NDtBUzoxNzgwNzY0NzAyMjY5NDRAMTQxOTQ2ODE0NzA0OQ%3D%3D&el=1_x_6
http://www.researchgate.net/profile/Jia_Fu_Chen?enrichId=rgreq-a54e0390-cd05-4068-b455-9c13bc230845&enrichSource=Y292ZXJQYWdlOzI0MDY3MTA2NDtBUzoxNzgwNzY0NzAyMjY5NDRAMTQxOTQ2ODE0NzA0OQ%3D%3D&el=1_x_7


ABSTRACT

The Central Asian orogenic belt is the 
largest tectonic assembly of continental and 
oceanic terranes on Earth due to closure of 
the paleo–Asian Ocean in the Phanerozoic. 
Among major suture zones in the North Xin-
jiang region of western China, the North 
Tian Shan suture zone, because of collision 
between the Yili terrane in the south and 
the Junggar terrane in the north, contains 
the youngest ophiolitic rocks and may rep-
resent the terminal stage of development of 
the Central Asian orogenic belt in western 
China, but the timing of the suture zone 
remains poorly constrained. A sensitive 
high-resolution ion microprobe (SHRIMP) 
zircon U-Pb age of 316 ± 3 Ma (i.e., the be-
ginning of the late Carboniferous) from the 
undeformed Sikeshu pluton, which cross-
cuts the suture zone, places a crucial upper-
age bound for the time of collision between 
the Yili and Junggar terranes. This event 
occurred later than, or nearly concurrent 
with, other accretion-collision events in the 
North Xinjiang region, implying that fi nal 
terrane amalgamation was completed in 
the late Carboniferous. The Sikeshu pluton 
shares geochemical characteristics of the 
widespread late Carboniferous to Permian 
postcollisional A-type and I-type granitoids 
with depleted-mantle–like Sr-Nd isotopic 
signatures in the North Xinjiang region. 
They all occurred during a protracted 
(ca. 320–270 Ma) episode of postcollisional 
magmatism that may have been induced 
by basaltic under plating due to either slab 
breakoff or delamination of thickened 
mantle  lithosphere beneath the Central 
Asian orogenic belt. The same postcollisional 
magmatism also generated Cu-Ni-sulfi de–
bearing, mafi c-ultramafi c magmatic com-

plexes, adakites, and porphyry-type copper-
 molybdenum–bearing magmatic rocks in 
the North Xinjiang region.

INTRODUCTION

The Central Asian orogenic belt, which ex-
hibits an arcuate geometry, is bounded by the 
European craton in the west, Siberian craton 
in the east, and Tarim and North China cratons in 
the south (Fig. 1). It is the largest Phanerozoic 
accretionary orogen in the world, and it is the 
most signifi cant area of Phanerozoic continental 
growth (Zonenshain et al., 1990; Mossakovsky 
et al., 1993; Sengör et al., 1993; Sengör and 
Natal’in, 1996; Jahn et al., 2000; Kovalenko 
et al., 2004; Windley et al., 2007). The Central 
Asian orogenic belt may have resulted from 
accretion and collision of a variety of terranes, 
including oceanic plateaus, accretionary com-
plexes, oceanic-island arcs, seamounts, and 
Precambrian microcontinents. The accretionary 
processes may have resulted from (1) progres-
sive duplication of a single and long-evolving 
island-arc system (Sengör et al., 1993; Sengör 
and Natal’in, 1996), (2) accretion of large fl ysch 
complexes deposited along continental margins 
or within oceanic domains (Zonenshain et al., 
1990; Mossakovsky et al., 1993; Fedorovskii 
et al., 1995; Buslov et al., 2001, 2004; Khain 
et al., 2002, 2003; Kheraskova et al., 2003), or 
(3) collision of several island arcs and micro-
continental blocks with Siberia in the north and 
Tarim–North China in the south (Badarch et al., 
2002; Yakubchuk, 2004; Xiao et al., 2003, 2004a, 
2004b, 2008; Briggs et al., 2007; Windley et al., 
2007; Kelty et al., 2008). The microcontinents 
within the Central Asian orogenic belt may have 
originated either from Siberian and European 
Cratons in the north (Sengör et al., 1993; Sengör 
and Natal’in, 1996) or from Gondwana in the 
south (e.g., Dobretsov et al., 1996). Some work-
ers envision the paleogeography of the  paleo–
Asian Ocean in the early Paleozoic to have been 

similar to the complex archipelago systems of 
the southwestern Pacifi c, which are composed 
of multiple island systems and strips of conti-
nental blocks (Filippova et al., 2001; Windley 
et al., 2007; Xiao et al., 2008). An understand-
ing of the timing of terrane amalgamation and 
eventual assembly is critical to deciphering the 
geological history of the Central Asian orogenic 
belt, and it has important implications for the 
growth history of continental crust in Earth’s 
history. In this respect, it is extremely important 
to determine the timing of suture zone formation 
across the Central Asian orogenic belt.

The North Xinjiang region of western China 
is located in the southwestern corner of the 
Central Asian orogenic belt (Fig. 1), and its 
geology records a progressive southward amal-
gamation history of the Central Asian orogenic 
belt through multiple collisions of Precambrian 
microcontinents, Paleozoic accretionary com-
plexes, oceanic-island arcs, and seamounts 
(Coleman, 1989; Sengör et al., 1993; Sengör 
and Natal’in, 1996; Windley et al., 2007; Xiao 
et al., 2008). The multiple collisional events are 
best expressed by the development of a series of 
suture zones marked by the occurrence of ophio-
lite complexes and highly deformed fl ysch and 
volcanic complexes. Narrow upper-age bounds 
for the times of these suture zones are essential 
to determining when each collisional event oc-
curred and when the fi nal terrane amalgamation 
was completed in the North Xinjiang region. 
Combined with a summary of other suture 
zones, this study is mainly focused on the North 
Tian Shan suture zone. Because the suture zone 
is considered to have resulted from the youngest 
collisional event in the North Xinjiang region 
(e.g., Xiao et al., 1992; C.M. Han et al., 2006; 
Charvet et al., 2007), a narrow constraint on the 
timing of the North Tian Shan suture zone can 
provide a crucial upper-age bound for the fi nal 
closure of the paleo–Asian Ocean in this region 
and has important implications for tectonic set-
ting of magmatism after ocean closure.
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Major Suture Zones in the North 
Xinjiang Region

The North Xinjiang region encompasses the 
Chinese Altai, the triangular Junggar Basin, 
and the Chinese Tian Shan (Fig. 2A); all of 
these features were created as physiographic 
provinces by the Cenozoic Indian-Asian colli-
sion (e.g., Hendrix et al., 1994; Yin et al., 1998; 
Bullen  et al., 2003; De Grave et al., 2007). 
However, the development of a series of major 
suture zones in the North Xinjiang region was 
related to closure of the paleo–Asian Ocean in 
the Paleozoic, and thus a brief review of the age 
constraints on the suture zones is essential to our 
study and its regional context.

In general, the suture zones in the North 
Xinjiang region trend in the northwest to west-
northwest directions (Fig. 2B). They occur in 
the surroundings of the Junggar Basin and are 
marked by ophiolites that, in places, are associ-
ated with accretionary complexes. From north-
east to southwest, they are the Irtysh-Zaysan 
suture zone along the southwestern edge of the 
Altai Mountains, the Kujibai-Hongguleleng su-
ture zone along the southern edge of the Tarb-
gatay and Saur Mountains, the Western Junggar 
suture zone on the west side of the Junggar Ba-
sin, the Zhaheba-Armantai and Kalamaili suture 
zones on the east side of the Junggar Basin, and 
the North Tian Shan suture zone along the north-
ern edge of the Chinese Tian Shan (Fig. 2).

The Irtysh-Zaysan suture zone separates the 
Altai terrane in the north from the early Carbon-
iferous Zharma-Saur arc and Silurian to early 
Carboniferous Dulate-Baytag arc in the south 
(Fig. 2B). The Altai terrane is dominated by 
early to middle Paleozoic gneisses, schists, and 
granitoids (e.g., Windley et al., 2002; T. Wang 
et al., 2006, 2009; Wei et al., 2007; Briggs et al., 
2007; Yuan et al., 2007; Sun et al., 2008). The 
Irtysh-Zaysan suture zone in the Chinese Altai 
has been modifi ed by large-scale, strike-slip 
faulting (Laurent-Charvet et al., 2003; Charvet 
et al., 2007) and a major postcollisional thrust 
that places amphibolite-facies metasedimen-
tary and metagranites of early Paleozoic ages 
over a lower-greenschist-facies Devonian-
Carboniferous  arc sequence (Briggs et al., 2007).

The Kujibai-Hongguleleng suture zone sepa-
rates the Zharma-Saur arc in the north from the 
Silurian Boshchekule-Chingiz arc in the south 
(Fig. 2B). The latter is composed mainly of 
Silurian volcanic and siliciclastic sequences in-
truded by late Silurian to early Devonian plutons 
in the southern part of the arc terrane.

The Western Junggar suture zone, which 
mainly consists of Ordovician to early Carbon-
iferous arc-accretionary complexes (e.g., Wind-
ley et al., 2007; Xiao et al., 2008), separates 
the Boshchekule-Chingiz arc in the north from 
the Junggar terrane in the south (Fig. 2B). The 
Junggar terrane is largely buried below Ceno-
zoic basin sediments, but it possibly contains 

a collage of early Paleozoic arcs, accretionary 
complexes, trapped oceanic crust, and conti-
nental fragments (Xiao et al., 1992; Li et al., 
2000; Chen and Jahn, 2004; Zheng et al., 2007; 
Xiao et al., 2008). The Bogda intracontinental 
rift within the Junggar terrane developed during 
the Carboniferous and early Permian (Gu et al., 
2000; Shu et al., 2005; Y.X. Wang et al., 2006).

In the East Junggar (Fig. 2A), the Zhaheba-
Armantai suture zone separates the Silurian 
to early Devonian Dulate-Baytag arc in the 
north from the Devonian to early Carbonifer-
ous Yemaquan arc in the south (Fig. 2B). In the 
Dulate-Baytag arc, fossil-dated Upper Ordovi-
cian strata (BGMRXUAR, 1993) are uncon-
formably overlain by early Silurian adakites 
(zircon U-Pb age of 441 Ma; Zhang et al., 2008) 
and Devonian volcano-sedimentary strata. The 
latter are in turn unconformably overlain by 
early Carboniferous strata. The oldest rocks in 
the Yemaquan arc are represented by Silurian 
granites, which are unconformably overlain 
by Devonian to early Carboniferous volcano-
sedimentary strata. The Yemaquan arc is sepa-
rated by the Kalamaili suture zone from the 
Junggar terrane in the south (Fig. 2B).

Finally, the North Tian Shan suture zone sep-
arates the Junggar terrane in the north from the 
Yili terrane in the south (Fig. 2B). The Yili ter-
rane consists of Neoproterozoic basement with 
zircon U-Pb ages of 882 and 798 Ma (Chen 
et al., 1999, 2000), late Ordovician amphibolites 
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with zircon U-Pb ages of 455 and 451 Ma (Hu 
et al., 2008), and Paleozoic volcano-sedimentary  
rocks (BGMRXUAR, 1993).

In West Junggar (Fig. 2A), the suture zones 
are dominated by middle Devonian and older 
ophiolites (Zhang et al., 1993; Jian et al., 2005; 
Xu et al., 2006b; Zhu and Xu, 2006; Fig. 2B). 
The Kujibai-Hongguleleng suture zone formed 
prior to the early Carboniferous, because the 
inclusions of various ophiolite fragments are 
present in the Lower Carboniferous molasse be-
side the Kujibai ophiolite (Zhu and Xu, 2006). 
A few ophiolites occur in the Western Junggar 
accretionary complex (Fig. 2B). The Dalabute 
ophiolite, which has a Sm-Nd isochron age of 
395 ± 12 Ma (Zhang et al., 1993), is unconform-
ably covered by Lower Carboniferous marine 
strata with interbeds of andesite that has yielded 
a U-Pb zircon age of 336 ± 5 Ma (X. Xu et al., 
2006). The Kelamayi ophiolite is strongly de-
formed, and its associated siliceous rocks have 
yielded middle and late Ordovician conodonts 
and radiolarians (He et al., 2007). In addition, an 
altered gabbro in the ophiolite yielded two U-Pb 
zircon ages of 414 ± 9 Ma and 332 ± 14 Ma 
(X. Xu et al., 2006); the former is possibly the 
crystallization age, and the latter age may be re-
lated to exhumation of the spinel-bearing  dolo-
mitic marble and garnet amphibolite (Zhu et al., 
2008). Furthermore, the Kelamayi ophiolite is 
unconformably overlain by Upper Carbonifer-
ous and Lower Permian sequences (X. Xu et al., 
2006). The Tangbale ophiolite occurs together 
with middle Ordovician radiolarian cherts 
(Buckman and Aitchison, 2001) and Silurian 
blueschists (Zhang, 1997). All of these obser-
vations indicate that the suture zones in West 
Junggar were developed before the late Carbon-
iferous, and, subsequently, all of the terranes 
were intruded by late Carboniferous to Permian 
granitoids (Chen and Jahn, 2004; Chen and Ara-
kawa, 2005; B.F. Han et al., 2006; Zhou et al., 
2006; Y.P. Su et al., 2006a).

In East Junggar (Fig. 2A), the ophiolites 
have zircon U-Pb ages of 503–373 Ma (Jian 
et al., 2005; Xiao et al., 2006; Tang et al., 
2007b; Fig. 2B). It is generally accepted that the 
 Zhaheba-Armantai suture zone formed earlier 
than the Kalamaili suture zone (e.g., Xiao et al., 
1992; Xiao et al., 2008). For the development of 
the Kalamaili suture zone, the upper-age bound 
can be constrained by Visean sediments that un-
conformably overlie the ophiolite (Li et al., 1989) 
and early Carboniferous molasse deposits, and 
the lower-age bound may be defi ned by a U-Pb 
zircon age of 373 ± 10 Ma for a plagiogranite 
of the Kalamaili ophiolite (Tang et al., 2007b), 
and Famennian to Tournaisian radio larian cherts 
asso ciated with the ophiolite (Li et al., 1990; Shu 
and Wang, 2003). The suturing event was related 

to the late Tournaisian to early Visean collision 
between the Junggar terrane and the Yemaquan 
arc, after which all of the terranes were intruded 
by late Carboniferous to Permian granitoids and 
Cu-Ni-sulfi de–bearing, mafi c-ultramafi c mag-
matic complexes (B.F. Han et al., 1997, 2004, 
2006; Chen and Jahn, 2004; Y.P. Su et al., 2006b, 
2008; Tang et al., 2007a).

The data summarized here convincingly in-
dicate that the Junggar terrane (Fig. 2B) and 
the terranes in West and East Junggar (Fig. 2A) 
were amalgamated together in the early Car-
boniferous. It is noteworthy that the terranes 
in West Junggar are the eastward extensions of 
those in eastern Kazakhstan (Fig. 2B), and all 
of them, together with those in East Junggar, 
might have occurred as the Kazakhstan-Junggar 
composite terrane since the beginning of the late 
Carboniferous.

The west-northwest–striking Irtysh-Zaysan 
suture zone extends from China to eastern 
Kazakh stan and is intruded extensively by early 
Permian granitic plutons (Tong et al., 2006; Fig-
ure 1 in Vladimirov et al., 2008). This crosscut-
ting relationship, combined with 40Ar/39Ar ages 
of 450–449 Ma from blueschists of the Char 
ophiolite (Volkava and Sklyarov, 2007) and 
abundant late Devonian and early Carboniferous 
conodonts and radiolarians (Iwata et al., 1994, 
1997) from the siliceous rocks associated with 
the ophiolite, suggests that the development of 
the Irtysh-Zaysan suture zone occurred in the 
late Carboniferous (Buslov et al., 2001, 2004; 
Vladimirov et al., 2001, 2003, 2008), prob-
ably between 321 and 303 Ma, resulting from 
the collision between the Altai terrane and the 
Kazakhstan-Junggar composite terrane, and fol-
lowed by early Permian molasse deposits in the 
north slope of the Saur Mountains and within 
the eastern segment of the Irtysh-Zaysan suture 
zone (BGMRXUAR, 1993).

The North Tian Shan suture zone between 
the Junggar and the Yili terranes is marked by 
an  accretionary-complex belt extending over 
300 km along the northern edge of the North 
Tian Shan (Fig. 2B). It is bounded by the west-
northwest–striking North Tian Shan fault in the 
south and a north-directed thrust in the north 
that juxtaposes the accretionary complex over 
the Permian to Cretaceous sequences (Fig. 3A).

The accretionary complex in the suture zone 
is principally composed of two lithologies: 
one is the Devonian-Carboniferous volcano-
sedimentary rocks widely accepted as an ac-
cretionary complex (e.g., Xiao et al., 2008; 
B. Wang et al., 2006; Windley et al., 2007), 
and the other is ophiolite remnants of the North 
Tian Shan oceanic  crust (Xiao et al., 1992; Gao 
et al., 1998; B. Wang et al., 2006). The ophiolite 
consists of fragments of strongly serpentinized 

peridotites (Figs. 4A and 4B), gabbros, plagio-
granite, pillow lavas, and siliceous-pelagic 
sedi mentary rocks (Figs. 4C–4E). These ophio-
litic fragments are tectonically mixed within 
the Devonian-Carboniferous volcaniclastic 
rocks, calcareous rocks, and turbiditic fl ysch 
deposits (BGMRXUAR, 1993; Figs. 4F–4H). 
The siliceous rocks in the accretionary complex 
yielded Famennian conodonts (e.g., Palmato-
lepis sp. and Polygnathus sp.) and Lower Car-
boniferous radiolarians (e.g., Ceratoikicum sp.) 
(Xiao et al., 1992), while plagiogranite and 
gabbro  from the Bayingou ophiolite yielded 
sensitive high-resolution ion microprobe 
(SHRIMP) zircon U-Pb ages of 325 ± 7 Ma (Xu 
et al., 2005) and 344 ± 3 Ma (X.Y. Xu et al., 
2006), respectively. The late Permian strata that 
unconformably overlie the accretionary com-
plex within the suture zone were deposited at 
ca. 260 Ma (Yang et al., 2006b; C.Q. Su et al., 
2006; H.L. Wang et al., 2007).

Because of a poorly constrained upper-age 
bound for the timing of the North Tian Shan su-
ture zone, collision between the Yili and Junggar 
terranes along the suture zone has been variably 
inferred as occurring in (1) the late Carbonifer-
ous to early Permian (Allen et al., 1993; Carroll 
et al., 1995; Charvet et al., 2007; Li et al., 2008), 
(2) the late Carboniferous (Windley et al., 
1990; B. Wang et al., 2006), the early Permian 
(C.M. Han et al., 2006; Q. Wang et al., 2007), 
and (3) the latest early Carboniferous (Gao et al., 
1998). Accordingly, the late Carboniferous and 
older magmatic rocks and related porphyry ore 
deposits in the northern margin of the Yili terrane 
have been commonly accepted as the product of 
arc magmatism caused by southward subduction 
of the North Tian Shan Ocean (Zhu et al., 2005; 
Li et al., 2006; Z.L. Wang et al., 2006; B. Wang 
et al., 2006; Zhai et al., 2006; Q. Wang et al., 
2007), whereas the Permian volcanic rocks and 
A-type granites were related to postcollisional 
processes (Liu et al., 2005; Chen et al., 2007; 
Tang et al., 2008; Zhao et al., 2008). This debate 
highlights the importance of a narrow constraint 
on the timing of collision between the Yili and 
Junggar terranes, and the plutons intruding the 
North Tian Shan suture zone may place a crucial 
upper-age bound for this timing.

THE SIKESHU STITCHING PLUTON

Among the plutons intruding the North Tian 
Shan suture zone, the Sikeshu pluton is the 
largest one (Fig. 3A). The pluton occurs be-
tween the Bayingou and Motuogou ophiolites 
(Fig. 3A), crops out in an area of ~200 km2, has 
an east-west–elongated, irregular shape, and is 
crosscut by northwest-striking, right-slip faults 
(Fig. 3B). Zones of hornfels and skarns ranging 
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from several to tens of centimeters wide oc-
cur locally around the pluton. Roof pendants 
of the accretionary complex are also present 
in the pluton. Along the Sikeshu River (Fig. 3B), 
the pluton intrudes siliceous-pelagic sedimen-
tary rocks of the accretionary complex in the su-
ture zone (Fig. 5A), and together they have been 
thrust over Triassic and Jurassic strata (Fig. 5B).

The Sikeshu pluton is undeformed and in-
cludes a variety of petrofacies, such as medium- 
and coarse-grained granodiorite, K-feldspar 
granite, and diorite. The K-feldspar granite 
(Figs. 5C–5E) intrudes the granodiorite, which 
is the predominant component of the pluton 
and contains microgranular dioritic enclaves 
(Fig. 5F). The granodiorite consists of plagio-
clase (50%–55%), K-feldspar (15%–20%), 
quartz (15%–20%), amphibole (10%–15%), 
biotite (2%–3%), and minor Fe-Ti-oxides 
and apatite. The K-feldspar granite is com-
posed of K-feldspar (55%–60%), plagioclase 
(10%–20%), quartz (20%–25%), amphibole 
(<3%), and apatite. Sometimes graphic texture 
was observed in thin sections of the K-feldspar 
granite. The diorite is made up of plagioclase 
(~60%), amphibole (~45%), and minor biotite, 
apatite, and Fe-Ti-oxides (~5%).

ANALYTICAL PROCEDURES

Sample DK-6 was collected from the 
granodiorite in the central part of the Sikeshu 
pluton (44°05′53″N, 84°23′37″E, see Fig. 3B 
for sampling location). Zircons were sepa-
rated using heavy liquid and magnetic meth-
ods. Cathodoluminescence (CL) images were 
taken at Peking University using a Quanta 
200FEG scanning electronic microscope 
equipped with MONOCL3 cathodolumines-
cence operating at 15 kV.

U-Th-Pb zircon data (see GSA Data Reposi-
tory, Table DR11) were obtained using SHRIMP 
II at Beijing SHRIMP center. The data consist 
of fi ve scans through the mass range of Zr, Pb, 
U, and Th. An ~25-μm-diameter spot was ap-
plied to measure zircon domains. The U-Pb ages 
were normalized to 417 Ma from zircon stan-
dard TEMORA 1 (Black et al., 2003a, 2003b). 
Common Pb was corrected following the meth-
ods of Compston et al. (1984). Errors given on 
individual analyses are at the 1σ level, but the 
weighted mean age and its error are reported at 
95% confi dence level.

Major-element and trace-element concentra-
tions (Table DR2 [see footnote 1]) were ana-

lyzed using X-ray fl uorescence spectroscopy 
(XRF, Rigaku RIX-2100) on fused-glass disks 
and inductively coupled plasma–mass spectrom-
etry (ICP-MS, Perkin Elmer ELAN 6100DRC) 
after acid digestion of samples in Tefl on bombs, 
respectively, at Northwest University in Xi’an, 
China. Four U.S. Geological Survey standards 
(AGV-1, BCR-2, BHVO-2, and G-2) were ana-
lyzed during the course of these analyses. De-
tailed analytical procedures are to be found in 
Rudnick et al. (2004).

Samples for Sr and Nd isotopic analysis were 
dissolved in Tefl on bombs in HF + HNO

3
. Sr 

and Nd were separated using conventional ion 
exchange procedures, and the Sr and Nd iso-

topic compositions (Table DR2 [see footnote 1]) 
were obtained using a Finnigan MAT 262 multi-
collector mass spectrometer at the Institute of 
Geology and Geophysics, Chinese Academy 
of Sciences, China, following the procedures 
of Yang et al. (2004). The 87Sr/86Sr ratio for 
the NBS-987 Sr standard measured during this 
study was 0.710248 ± 0.000011 (2σ, n = 8), and 
the measured 87Sr/86Sr ratios were normalized 
to 86Sr/88Sr = 0.1194. The 143Nd/144Nd ratio for 
the JNdi standard measured during this study 
was 0.512111 ± 0.000006 (2σ, n = 10), and the 
measured 143Nd/144Nd ratios were normalized to 
146Nd/144Nd = 0.7219. Procedural blanks were 
<100 pg for Nd and <500 pg for Sr, respectively.
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Figure 3. (A) Sketch map (simplifi ed from H.L. Wang et al., 2007) showing the North Tian 
Shan suture zone, the late Carboniferous to Permian granitoids in northern margin of the 
Yili terrane, and their zircon U-Pb ages (B. Wang et al., 2006, 2007b; Zhu et al., 2005). 
NTSF—North Tian Shan fault. (B) Simplifi ed geological map of the Sikeshu pluton showing 
the location of sample DK-6 for zircon U-Pb dating. Zircon U-Pb ages of plagiogranite and 
gabbro from the Bayingou ophiolite are from X.Y. Xu et al. (2005, 2006).

1GSA Data Repository item 2009209, geochrono-
logical and geochemical data, is available at http://
www.geosociety.org/pubs/ft2009.htm or by request 
to editing@geosociety.org.
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RESULTS

Zircon U-Pb Age

Zircon grains from sample DK-6 are typi-
cally euhedral or near-euhedral prismatic 
crystals, 70–250 μm in length and 45–80 μm 
in width. These zircons commonly show well-
preserved concentric oscillatory zoning, but 
inherited cores and other mineral inclusions 

are present in some grains (Fig. DR1 [see 
footnote 1]).

In total, 13 spots on 13 zircon grains were 
ana lyzed. Their Th and U concentrations are 
positively correlated with each other, and the 
Th/U ratios are in a range of 0.48–0.96. The 
majority of the analyzed spots are on rims of 
individual zircon grains, having a narrow range 
of Th/U ratios (0.48–0.65), but spot 13.1 is on 
a dark core and hence has the highest U and Th 

concentrations, Th/U ratio, and radiogenic 206Pb 
(Table DR1 [see footnote 1]). After common Pb 
correction using measured 204Pb, the 206Pb/238U 
ages are in a range 329–311 Ma, and all the spots 
give a weighted mean 206Pb/238U age of 318.8 ± 
2.9 Ma, with a mean square of weighted devi-
ates (MSWD) of 1.4. Because some spots are off 
the concordia to some degree, they also give a 
lower-intercept age of 314.7 ± 4.0 Ma, MSWD = 
0.82. With common Pb correction by assum-
ing 206Pb/238U-208Pb/232Th age-concordance, the 
206Pb/238U ages vary in a range 323–309 Ma, 
the weighted mean 206Pb/238U age is 315.9 ± 
2.5 Ma, MSWD = 0.75, and all the spots cluster 
on and near the concordia more tightly (Fig. 6).

Whole-Rock Geochemistry

Four samples from the Sikeshu pluton show 
a wide variation in major-element contents 
(Table DR2 [see footnote 1]), and SiO

2
 and 

other oxides show linear correlations. TiO
2
, 

Al
2
O

3
, CaO, and P

2
O

5
 contents and Mg# sig-

nifi cantly decrease with increasing SiO
2
 con-

tents, whereas total alkali contents increase 
with increasing SiO

2
 contents (Fig. 7). They 

are metaluminous with A/CNK (molar Al
2
O

3
/

[CaO + Na
2
O + K

2
O]) = 0.85 – 1.00 and 

A/NK (molar Al
2
O

3
/[Na

2
O + K

2
O]) = 1.12 – 

1.84 (Table DR2 [see footnote 1]). In the Fe# 
(FeOT/[FeOT + MgO]) and (Na

2
O + K

2
O-CaO) 

versus SiO
2
 discrimination diagrams (Fig. 8), 

sample 07WS04 falls in the magnesium and 
calcic-alkali fi elds, but the other three samples 
fall in the ferroan and alkali-calcic fi elds.

The four samples also show parallel primi-
tive mantle–normalized rare earth element (REE) 
patterns (Fig. 9A). As SiO

2
 increases, REE con-

centrations increase from 99 to 198 ppm. Light 
REE (LREE) concentrations are considerably 
more enriched than heavy REEs (HREEs); 
LREE/HREE ratios vary from 4.91 to 5.85, with 
(La/Lu)n = 4.35–4.87. LREE fractionation is more 
striking than HREE fractionation: (La/Sm)n = 
2.25–2.85 and (Gd/Lu)n = 1.43–1.25, and 
HREEs have a concave shape. Negative Eu 
anomalies vary from 0.77 to 0.20 with increas-
ing SiO

2
 contents. Similarly, primitive mantle–

normalized trace-element patterns (Fig. 9B) are 
nearly parallel to each other, with signifi cantly 
negative Ba, Nb, Ta, Sr, P, Eu, and Ti anomalies.

After age correction, the samples show low 
initial 87Sr/86Sr ratios, ranging from 0.70304 to 
0.70421, and their initial 143Nd/144Nd ratios are 
in a range of 0.51258–0.51261 (Table DR2 [see 
footnote 1]). Correspondingly, the εNd(t) values 
at t = 316 Ma are positive, varying between +6.8 
and +7.3, and the depleted-mantle Nd model 
ages (TDM) are very young, ranging from 462 to 
516 Ma (Table DR2 [see footnote 1]).

BA

DC

FE

HG

Figure 4. (A–B) Strongly serpentinized peridotite fragments, (C–D) sheared volcanic 
and pelagic sedimentary rocks, (E) a radiolarian chert fragment, (F) fractured volcano-
sedimentary  rocks, and (G–H) turbiditic fl ysch deposits in the North Tian Shan accretion-
ary complex.
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DISCUSSION

Timing of the North Tian Shan Suture 
Zone and Implications

Generally, the timing of a suture zone can be 
bracketed by the youngest ophiolitic rocks and 
the plutons or dikes intruding the suture zone. 
For example, zircon U-Pb ages from gabbro 
and plagiogranite of the Northland ophiolite, 
New Zealand, are 31.6 ± 0.2 and 28.3 ± 0.2 Ma, 
respectively, whereas the Miocene arc-related, 
calc-alkaline dikes intruding the ophiolitic 
rocks yielded zircon U-Pb ages of ca. 20 Ma 
(Whattam  et al., 2006). These data constrain a 
period of ~10 Ma from generation of oceanic 
crust to emplacement of the Northland ophio-
lite. In Mongolia, the Bayankhongor ophiolite 
(Sm-Nd age = 569 ± 21 Ma; Kepezhinskas 
et al., 1991) is intruded by undeformed gran-
ite plutons with zircon evaporation 207Pb/206Pb 
ages of 545–539 Ma, suggesting an interval of 
~25–30 Ma between formation of oceanic crust 
and emplacement of the Bayankhongor ophio-
lite (Buchan et al., 2002).

In the case of the North Tian Shan suture 
zone, the Sikeshu pluton just intrudes the suture 
zone, and the U-Pb zircon age of 316 ± 3 Ma 
of the pluton places an upper-age bound for the 
formation of the North Tian Shan suture zone. 
The Sikeshu pluton postdates the Bayingou  
ophiolite of the North Tian Shan suture zone, 
from which the plagiogranite and gabbro 
yielded SHRIMP zircon U-Pb ages of 325 ± 7 
and 344 ± 3 Ma (X.Y. Xu et al., 2005, 2006) 
and the siliceous rocks yielded Upper Devo nian 
conodonts and Lower Carboniferous radio-
larians (Xiao et al., 1992). The zircon U-Pb ages 
of the ophiolitic plagiogranite and the Sikeshu 
pluton together suggest that the North Tian 
Shan suture zone was formed between 325 and 
316 Ma, a maximum interval of ~10 Ma be-
tween generation of oceanic crust and emplace-
ment of the Bayingou ophiolite.

Possibly, oceanward retreat of the subduction 
zone might have caused the North Tian Shan su-
ture zone to be intruded by younger arc plutons, 
like the western Klamath Mountains of western 
America. In the western Klamath Mountains, 
the Jurassic arc plutons not only crosscut con-
tacts between terranes, but they also stitched 
various terranes together (Dickinson, 2008), and 
the ophiolites become younger in age toward 
subduction zone: the Trinity ophiolite in the east 
has zircon U-Pb ages of 431–398 Ma (Wallin  
and Metcalf, 1998), whereas the Josephine 
ophiolite in the west has zircon U-Pb ages of 
164–162 Ma (Wright and Wyld, 1986; Harper 
et al., 1994). If this occurred in the North Tian 
Shan, retreat of subduction zone could have 
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C D

E F

Figure 5. (A) K-feldspar granite of the Sikeshu pluton intruding the accretionary complex. 
(B) View of the Triassic-Jurassic coal-bearing sequences, over which the pluton and accre-
tionary complex together were thrust. (C, D, E) K-feldspar granite crosscutting granodio-
rite of the pluton with (F) microgranular dioritic enclaves.

330

320

310

300

0.046

0.048

0.050

0.052

0.054

0.2 0.3 0.4 0.5

DK-6
 315.9 ± 2.5  Ma
MSWD = 0.75

(n = 13) 

20
6 P

b/
23

8 U

207Pb/235U

290

310

330

Figure 6. U-Pb concordia diagram after common Pb cor-
rection by assuming 206Pb/238U-208Pb/232Th age concor-
dance (see text for details), constructed using ISOPLOT/
Ex 3.00 (Ludwig, 2003). Error ellipses and bars are at 2σ 
level. MSWD—mean square of weighted deviates.



Han et al.

634 Geological Society of America Bulletin, March/April 2010

been northward (present orientation), and such 
a process might have left younger ophiolites in 
the north of the North Tian Shan suture zone. 
However, all the ophiolites in West Junggar are 
much older than the Bayingou ophiolite in the 
North Tian Shan (Fig. 2B), which is inconsistent 
with the subduction-zone retreat model.

Importantly, while the late Carboniferous 
strata are characterized by shallow-marine to 
nonmarine sedimentary and volcanic rocks 
in the Junggar and Altai regions, there are 
no Permian marine sedimentary and vol canic 
rocks in the Junggar, Altai, and Tian Shan 
(BGMRXUAR , 1993, p. 136–194; X. Xu et al., 
2006). Furthermore, the North Tian Shan suture 
zone is unconformably covered by the Permian 
nonmarine volcanic rocks (C.Q. Su et al., 2006; 
Yang et al., 2006b; H.L. Wang et al., 2007). 
Similar circumstances occur in Kazakhstan and 
Kyrgyzstan, where the late Carboniferous to 
Permian strata were produced by epicontinental 
marine to nonmarine sedimentation (see Figure 
6 in Windley et al., 2007).

The Bayingou ophiolite in the North Tian 
Shan suture zone is the youngest one in the 
North Xinjiang region (Fig. 2B), and thus colli-
sion between the Yili and Junggar terranes along 
the North Tian Shan suture zone may represent 
the youngest collisional event in the region 
(e.g., Xiao et al., 1992; C.M. Han et al., 2006; 
Charvet et al., 2007). This study indicates that 
the Yili and Junggar terranes collided together 

at the beginning of the late Carboniferous, be-
fore emplacement of the Sikeshu pluton. This 
collisional event is younger than those along 
the suture zones in the East Junggar and similar 
to those along the suture zones in West Junggar 
and the Irtysh-Zaysan suture zone (see section 
on Major Suture Zones in the North Xinjiang 
Region). After the collision event, the Yili ter-
rane might have been the constituent part of the 
late Carboniferous, Kazakhstan-Junggar com-
posite terrane, and this composite terrane nearly 
simultaneously collided with the Altai terrane.

A Composite Magmatic Belt in the 
Northern Margin of the Yili Terrane

Previously, all of the Carboniferous and older 
magmatic rocks and related ore deposits in the 
northern margin of the Yili terrane have been 
interpreted as products of arc magmatism (Zhu 
et al., 2005; Z.L. Wang et al., 2006; B. Wang 
et al., 2006; Zhai et al., 2006), but the late Car-
boniferous magmatic rocks may be subduction-
related (Zhu et al., 2005; Z.L. Wang et al., 2006; 
B. Wang et al., 2006; Q. Wang et al., 2007) or 
syncollisional (J.F. Chen et al., 2000). Gener-
ally, the Permian magmatic rocks are consid-
ered to have been generated in a postcollisional 
setting (Liu et al., 2005; B. Wang et al., 2006; 
Zhao et al., 2008; Tang et al., 2008). The debates 
on the tectonic setting of the late Carboniferous 
and Permian magmatic rocks and related ore de-

posits are closely related to the time of collision 
between the Yili and Junggar terranes.

If the timing of the North Tian Shan suture 
zone indicates a collision event between the 
Yili and Junggar terranes during the interval of 
325–316 Ma, probably at the end of the early 
Carboniferous, the Paleozoic magmatism in the 
northern margin of the Yili terrane can be di-
vided into a subduction and postcollisional set-
ting (Fig. 10). The south-facing subduction of 
the North Tian Shan oceanic lithosphere beneath 
the Yili terrane might have started from the late 
Ordovician and continued through the Devonian 
and early Carboniferous, generating the gneissic 
and mylonitized granitoids (zircon U-Pb ages 
of 442 ± 4–408 ± 5 Ma; Zhu and Song, 2006; 
Yang et al., 2006a; Shi et al., 2007), undeformed 
granitoids (zircon U-Pb ages of 368 ± 9–
361 ± 11 Ma; Li et al., 2006; Shi et al., 2007), 
and basalts (zircon  U-Pb age of 354 ± 5 Ma; 
Zhu et al., 2005), andesites (zircon U-Pb age 
of 363 ± 6 Ma; Zhai et al., 2006), and rhyolites 
(Zircon U-Pb age of 386 ± 6 Ma; An and Zhu, 
2008) (Fig. 10A). After the collision in the latest 
early Carboniferous (Fig. 10B), a new cycle of 
magmatism started with the emplacement of the 
Sikeshu pluton into the North Tian Shan suture 
zone at 316 ± 3 Ma ago and possibly lasted for 
~50 Ma, producing diorite, granodiorite, biotite 
granite, alkali-feldspar granite, and A-type gran-
ite (zircon U-Pb ages of 315 ± 3–266 ± 6 Ma; 
B. Wang et al., 2006, 2007b; Liu et al., 2005; 
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Chen et al., 2007; Tang et al., 2008), trachy-
basalts (zircon U-Pb age of 313 ± 4 Ma; Zhu 
et al., 2005), and rhyolites (zircon U-Pb ages of 
300–271 Ma; Liu et al., 2005; Chen et al., 2007) 
in the northern margin of the Yili terrane 
(Fig. 10C). Both postcollisional and subduction-
related rocks together constitute the present 
magmatic belt in the northern margin of the Yili 
terrane, and they record a rapid change in tec-
tonic setting from subduction to postcollision.

Q. Wang et al. (2007) reported early Carbon-
iferous (ca. 320 Ma) adakites and Nb-enriched 
basalts and late Carboniferous (ca. 310–306 Ma) 
high-K calc-alkaline andesites, dacites, and 
rhyolites from the Alataw Shan, the western seg-
ment of the northern margin of the Yili terrane 
(Fig. 2), and they interpreted them as the prod-
ucts of arc volcanism related to the southwest-
ward subduction of the North Tian Shan Ocean 
beneath the Yili terrane prior to the formation 

of the North Tian Shan suture zone in the earli-
est Permian. Because the collision between the 
Yili and Junggar terranes occurred at the end of 
the early Carboniferous, the late Carboniferous 
high-K calc-alkaline volcanic rocks in the west-
ern segment of northern margin of the Yili ter-
rane were produced in a postcollisional setting.

Late Carboniferous and Early 
Permian Tectonic Setting of the 
North Xinjiang Region

The Sikeshu pluton is one of the earliest post-
collisional granitoid plutons and displays varia-
tions from the magnesium and calcic-alkali to 
the ferroan and alkali-calcic with increasing 
SiO

2
 contents (Fig. 8), negative correlations of 

TiO
2
, Al

2
O

3
, Mg#, CaO, and P

2
O

5
 against SiO

2
, 

a positive correlation of Na
2
O + K

2
O (Fig. 7) 

against SiO
2
, parallel rare earth element (REE) 

patterns (Fig. 9A), and increasingly negative Ba, 
Nb, Ta, Sr, P, Eu, and Ti anomalies (Fig. 9B). 
All these features are indicative of fractionation 
crystallization of a primitive parental magma, 
and they are similar to the late Carboniferous 
and early Permian granitoids in West Junggar. 
Besides, the pluton also shares the geochemical 

features of postcollisional (Fig. 11A) and juve-
nile granitoids (Fig. 11B), including low initial 
Sr isotopic ratios, positive εNd(t) values, and 
young depleted-mantle Nd model ages (TDM).

It is important to note that the late Carbon-
iferous and Permian granitoids are also wide-
spread in East Junggar (zircon U-Pb ages of 
319 ± 6–268 ± 4 Ma; B.F. Han et al., 2006) 
and West Junggar (zircon U-Pb ages between 
318 ± 5 and 287 ± 6 Ma; B.F. Han et al., 2006). 
They are characterized by coeval I- and A-type 
granitoids, including the Ulungur-River A-type 
granites (Han et al., 1997) and the Kalamaili 
A-type granites (B.F. Han et al., 2006; Y.P. Su 
et al., 2006b, 2008; Tang et al., 2007a) in East 
Junggar, and the Saur A-type granites (Zhou 
et al., 2006) and Kelamayi A-type granites 
(B.F. Han et al., 2006; Y.P. Su et al., 2006a) in 
West Junggar. Such an association of A- and 
I-type granitoids is generally accepted as 
the product of postcollisional magmatism 
(B.F. Han et al., 1997, 2006; Chen and Jahn, 
2004; Chen and Arakawa, 2005; Y.P. Su et al., 
2006a, 2006b, 2008; Zhou et al., 2006). The 
Kelamayi A-type granites (B.F. Han et al., 
2006; Y.P. Su et al., 2006a) just intrude the 
Western Junggar accretionary complex.
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Figure 8. FeOT/(FeOT + MgO) and (Na2O + 
K2O-CaO) versus SiO2 discrimination dia-
grams of Frost et al. (2001), showing a trend 
from the magnesium and calcic-alkali to the 
ferroan and alkali-calcic with increasing 
SiO2 contents. The late Carboniferous and 
Permian granitoids in West Junggar (Chen 
and Jahn, 2004; Chen and Arakawa, 2005; 
Y.P. Su et al., 2006b), East Junggar (Han 
et al., 1997; Chen and Jahn, 2004; Y.P. 
Su et al., 2006a, 2008; Tang et al., 2007a), 
and northern margin of the Yili terrane 
(J.F. Chen et al., 2000; Liu et al., 2005; Tang 
et al., 2008) are shown for comparison.

Figure 9. (A) Primitive mantle 
(PM)–normalized rare earth 
element (REE) and (B) trace-
element  patterns. The PM values 
are from Sun and McDonough  
(1989). Symbols and data sources 
are the same as in Figure 8.
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In addition, the late Carboniferous and Per-
mian magmatic ore deposits are suggested to 
have occurred in a postcollisional setting in the 
North Xinjiang region (C.M. Han et al., 2006, 
and references therein), including the Per-
mian Cu-Ni-sulfi de–bearing, mafi c-ultramafi c 
magmatic complexes such as the Kalatongke 
(zircon U-Pb age of 287 ± 5 Ma; Han et al., 

2004) and the Huangshandong (zircon U-Pb 
age of 274 ± 4 Ma; Han et al., 2004). The 
Permian mafi c-ultramafi c complexes exhibit 
similarities and differences in comparison with 
Alaskan-type complexes (Gu et al., 1994), and 
the  temporal-spatial relationship of the mafi c-
ultramafi c  complexes and A-type granites im-
plies that they occurred in a postcollisional 

setting (B.F. Han et al., 1997, 2004, 2006; 
C.M. Han et al., 2006b; Mao et al., 2008; Pirajno  
et al., 2008). A similar conclusion is reached for 
the Triassic A-type granites and coeval Cu-Ni-
sulfi de–bearing, mafi c-ultramafi c magmatic 
com plexes in northeast China (Wu et al., 2004).

More importantly, the late Carboniferous and 
Permian postcollisional granitoids are not con-
fi ned to some specifi c belts, but they occurred 
almost simultaneously in all the terranes in the 
North Xinjiang region, and some crosscut major 
suture zones. Such a temporal-spatial relation-
ship of magmatism and terranes also implies 
that these terranes were amalgamated together 
prior to the late Carboniferous. Furthermore, 
widespread distribution of the late Carbonifer-
ous and Permian granitoids, including A-type 
granites and coeval Cu-Ni-sulfi de–bearing, 
mafi c-ultramafi c complexes, was not readily  
created by ridge subduction, although the 
mechanism may account for the increased heat 
necessary to cause partial melting of the crust 
(Windley et al., 2007), because these postcolli-
sional magmatic rocks and related ore deposits 
are so dispersed that ridge subduction must have 
occurred nearly simultaneously in all the ter-
ranes. Instead, basaltic underplating caused by 
slab breakoff or delamination of mantle litho-
sphere may be an alternative mechanism for the 
generation of these granitoids and coeval mafi c-
ultramafi c complexes with depleted-mantle–
like Sr-Nd isotopic characteristics (Han et al., 
1999; Chen and Jahn, 2004; Jahn et al., 2000; 
Zhao et al., 2008) and the Permian andalusite-
type metamorphism in the southern Altai (Wei 
et al., 2007; W. Wang et al., 2009).

In addition, a recent paleomagnetic study re-
veals no or small relative motion between the 
Yili and Junggar terranes and no signifi cant or 
small relative latitudinal movement between 
Tarim, Yili, Junggar, and Siberia since the late 
Carboniferous (B. Wang et al., 2007a). Geo-
logical and paleomagnetic results indicate that 
the complicated accretionary orogenesis in the 
North Xinjiang region may have lasted until the 
beginning of the late Carboniferous. Therefore, 
the North Xinjiang region was in a postcolli-
sional setting during most of the late Carbonif-
erous and the Permian.

CONCLUSIONS

Geologically, the North Tian Shan suture zone 
between the Yili and Junggar terranes was cer-
tainly formed before emplacement of the Sikeshu 
pluton, because this stitching pluton crosscuts 
the suture zone. A SHRIMP zircon U-Pb age 
of 316 ± 3 Ma from the pluton and the young-
est zircon U-Pb age from plagiogranite of the 
Bayingou ophiolite within the North Tian Shan 
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Figure 10. Three-stage tectonic model. (A) Southward subduction of the North Tian Shan 
Ocean beneath the Yili terrane, producing arc magmatism in northern margin of the Yili 
terrane. (B) Collision between the Yili and Junggar terranes and formation of the North 
Tian Shan accretionary complex. (C) Emplacement of the Sikeshu pluton into the accretion-
ary complex and development of a composite magmatic belt in northern margin of the Yili 
terrane (see text for details).
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suture zone (Xu et al., 2005) together confi ne 
the timing of the North Tian Shan suture zone to 
the interval 325–316 Ma. Therefore, the Paleo-
zoic tectonic evolution of the North Tian Shan 
and the Yili terrane may be divided into subduc-
tion (442–325 Ma), syncollision (325–316 Ma), 
and postcollision (316–270 Ma) stages, and the 
Sikeshu  pluton represents the earliest postcolli-
sional magmatic rocks in the North Tian Shan 
and adjacent terranes. Accordingly, the Paleo-
zoic magmatic belt in the northern margin of the 
Yili terrane is made up of  subduction-related 
and postcollisional magmatic rocks. According 
to their zircon ages, the porphyry-type copper-
molybdenum–bearing magmatic rocks in the 
belt were generated in two contrasting settings: 
subduction and postcollision.

In the North Xinjiang region, the major suture 
zones formed before and during the late Car-
boniferous. The Kazakhstan-Junggar compos-
ite terrane occurred in the beginning of the late 
Carboniferous due to the amalgamation of the 
Yili terrane with the Junggar and other terranes 
in East Junggar and West Junggar, and then this 
composite terrane collided with the Altai terrane 
during the late Carboniferous. The late Carbon-
iferous and Permian postcollisional magmatism 
occurred across the Kazakhstan-Junggar com-
posite terrane and the Chinese Altai, and some 
stitching plutons such as the Sikeshu and the 
Kelamayi A-type granites crosscut major suture 
zones. In particular, the late Carboniferous and 

Permian A-type granites extensively occur in 
the composite terrane, hinting that their genera-
tion was related to basaltic underplating caused 
by slab breakoff or delamination of mantle 
lithosphere, and that the Cu-Ni-sulfi de–bearing, 
mafi c-ultramafi c magmatic complexes, which 
were emplaced coeval with A-type granites in 
the composite terrane, are the products of post-
collisional magmatism, instead of subduction-
related Alaskan-type complexes.
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