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Abstract Three Late Triassic plate sutures, namely, the 
Longmu Co–Shuanghu suture, Kunlun–Qinling suture and 
Xijinwulan–Jinshajiang suture, have been recognized on the 
Qinghai–Tibet plateau. Data show that the last two sutures 
have no essential elements of the northern boundary of Gond-
wana. This paper briefly introduces the facts of the existence 
of the paleo-Tethys Ocean in the Longmu Co–Shuanghu 
suture, i.e., the ages and natures of Early Paleozoic ophiolites, 
Permian ophiolites, Devonian–Permian radiolarian cherts, 
accretionary relics of different natures, two types of tectonic 
mélange zones and ophiolites. The starting time of paleo-
Tethys Ocean in Qiangtang may be traced back to the Early 
Paleozoic and the records about the oceanic basin evolution 
lasted from the Late Devonian to Late Triassic. It is thought 
that the Longmu Co–Shuanghu suture was the site for the 
extinction of the paleo-Tethys Ocean on Qinghai–Tibet 
plateau and an important window for the reconstruction and 
inversion of the early-stage formation and evolution of the 
Qinghai–Tibet plateau, as well as the northern boundary of 
Gondwana wich the geoscience community has paid attention 
to in the past few decades.

Keywords Longmu Co–Shuanghu plate suture, paleo-
Tethyan Ocean, north boundary of Gondwanaland, 
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1 Review and argument about Longmu 
Co–Shuanghu suture zone

The evolution of Tethys and the boundary between 
Gondwana and Eurasia have become one of the hottest 

problems of geoscience, since Plate Tectonic Theory was 
applied to the study of the Qinghai–Tibet plateau. Indus–
Tsangpo suture zone (Gansser, 1964), Bangonghu–Nujiang 
suture zone (Li et al., 1982; Liu et al., 1983; Pan et al., 1983, 
1997, 2002, 2004; Pan et al., 2004a; Xiao et al., 1986; 
Ren, 1997) and Xijinwulan–Jinshajiang suture had been 
considered as the boundary between Gondwana and Eurasia 
or the record of paleo-Tethys in different times, respectively 
(Huang et al., 1984; Huang and Chen, 1987; Qian, 1994).

Based on 1:1  000  000 regional geological investigation 
in 1987, Li (1987) considered the Longmu Co–Shuanghu–
Lancangjiang plate suture zone to be the north boundary of 
Gondwana in Carboniferous–Permian. In the 1980s, some 
researchers had realized that the boundary between Gond-
wana and Eurasia should be in the Qiangtang area since the 
sedimentary rocks and cold water biology of Gondwana 
facies occurred in the southern slope of the Karakorum 
Mountain and southern Qiangtang area. Sengor et al. (1988, 
1991) suggested that the Qiangtang suture or Chasang suture 
had divided Qiangtang into East and West Qiangtang 
(Sengor et al., 1988, 1991). Some scholars thought the central 
Qiangtang area was situated in the abortive rift (Wang et al., 
1987; Deng, 1996; Deng et al., 1996; Yin, 1997). We carried 
out the field work in central Qiangtang area between 1991 
and 1993, supported by the National Natural Science Founda-
tion of China, and the results have been published recently (Li 
and Zheng, 1993; Hu et al., 1995; Li et al., 1995a, b; Li, 1997; 
Cheng et al., 1998). However, Deng et al. (1996) thought, 
after their exploratory research, that the “suture”, “blueschist 
high pressure belt”, “mélange” and “ophiolite” did not exist 
and the Longmu Co–Shuanghu suture was not the north 
boundary of Gondwana. From 1996 to 1998, we carried out 
comprehensive researches on the central Qiangtang uplift, 
supported by PetroChina Company Limited, and we thought 
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there was enough evidence to prove Longmu Co–Shuanghu 
suture to be the north boundary of Gongdwana during the 
paleo-Tethys stage (Li, 2001, 2003). However, Kapp et al. 
(1999, 2003) suggested that the metamorphic rocks were 
an Early Mesozoic mélange that was underthrust from the 
Jinshiajang suture and then exhumed in the interior of the 
Qiangtang block, and the boundary between Gondwana and 
Eurasia was the Jinshajiang suture. 

Deng et al. (2000, 2001, 2002) published their research 
work about the blueschist and the age and process of the high 
metamorphism in Gangma Co area. Lu et al. (2006) reported 
the blueschist and its age in Hongjishan area, west Qiangtang, 
and Wang et al. (2006b) reported the age data of the blueschist 
from Qiagelela, Shuanghu area and discussed its tectonic 
significance. 

The geophysical work, such as Jilong–Sangehu geophy-
sical profile carried by the Chinese Academy of Sciences, 
International deep profiling of Tibet and the Himalaya 
(INDEPH) and the geophysical work carried by PetroChina 
Company Limited, had come to an approximate conclusion 
that there was an important geophysical borderline along 
Lugu–Ejiumai–Shuanghu (that is the location of Longmu 
Co–Shuanghu suture) (Kong et al., 1996, 1999). Magnetotel-
luric (MT) research work carried out by Zhang et al. (1996) 
suggested that the electrical property and high-ohmic body in 
South Qiangtang and North Qiangtang were different. The 
high-ohmic body in South Qiangtang was thicker and asym-
metric; on the contrary, that in North Qiangtang was thinner 
and the electrical resistivity was lower, which implied that 
the basement in South Qiangtang and North Qiangtang was 
different (Liang et al., 1983).

With the recent development of 1:250 000 regional geo-
logical investigation and research, many new progresses and 
discoveries have been made. For example, the Ordovician–
Devonian from South Qiangtang area was found to accord 
with those from Nyalam and Shentza area; Yangtze type 
Devonian–Permian was discovered in North Qiangtang area; 
Late Devonian and Late Permian radiolarian silica rocks were 
discovered in Shuanghu area; eclogite and Early Paleozoic 
oceanic crust relic and Permian oceanic island ophiolite were 
identified in Qiangtang area, and so on (Zhai et al., 2004).

2 Tethys evolution and plate tectonics in 
Qinghai–Tibet plateau

Professor Chen (1994) came to a comprehensive conclusion 
for the 100-year study on Tethys. With the increase of data 
and the progress of research, the concept of Tethys has 
changed from one Mesozoic Tethys into many evolution 
stages since the Paleozoic, and lots of papers named the 
paleo-Tethys and new Tethys with different precept (Li et al., 
1995b; Pan et al., 2004). Recently, some researchers consid-
ered it to be Paleozoic Tethys and Mesozoic Tethys (Chengdu 
Institute of Geology and Mineral Resources, China Geolog-
ical Survey, 2005). In this paper, paleo-Tethys is the one that 
occurred between the Gondwana and Yangtze plates during 

Devonian–Triassic, and new Tethys is the one that occurred 
in the Indus–Tsangpo suture zone and Bangonghu–Nujiang 
suture zone during Permian–Oligocene.

Three Triassic sutures have been recognized (Fig.  1). The 
Kunlun–Qinling suture zone is the boundary of Tarim–North 
China plate and Yangtze plate (Eurasian plate is made up 
of Yangtze plate and Tarim–North China plate); Longmu 
Co–Shuanghu suture is the boundary of Gondwana plate 
and Yangtze plate. The opening age of Bangonghu–Nujiang 
ocean was Late Triassic. However, without the relics of Paleo-
zoic ocean, the earliest ophiolite age was 193  Ma (Qiu et al., 
2004); the oldest radiolarian was Late Triassic (Wang et al., 
2002a, b), and the SHRIMP zircon age from gabbro dikes 
in Shemala, Gerze was 221  Ma (Zeng et al., 2006, 1:250  000 
Gerze Regional Geological Investigation Report), and the 
closure age was Middle Jurassic–Early Cretaceous. He et al. 
(2000) obtained SHRIMP zircon age of ophiolite from 
Shiquanhe–Yongzhu–Jiali belt of 218  Ma. The opening age 
of the Indus–Tsangpo ocean was Permian or Triassic, but the 
closure age was later. All these give us important information 
that the opening of the Bangonghu–Nujiang ocean accele-
rated the closure of Qiangtang paleo-Tethys. Bangonghu–
Nujiang suture is a new Tethys suture developed within 
Gondwana, which cannot constrain the accretion in the 
north margin of Paleozoic Gondwana and cannot make up 
the north boundary of Gondwana. Therefore, we consider 
the Longmu Co–Shuanghu–Changning–Menglian suture 
zone to be the north boundary of Gondwana in Qinghai–Tibet 
plateau (Li et al., 2006a) and Fig.  1 is the tectonic framework 
in the Late Triassic of the plateau.

3 Evolution of paleo-Tethys in Qiangtang 
area (Fig.  2)

3.1 Ophiolitic

Ophiolitic mélange or tectonic mélange is the key to rebuild 
a paleo-ocean. However, the information kept in ophiolite or 
mélange is limited, because the matter in the oceanic crust 
and mid-oceanic-ridge has mostly been subducted and recir-
culated, and the ophiolites preserved in the plate margin are 
almost oceanic island ophiolite, or MORB-like and island arc 
ophiolite, such as the ophiolite from Longmu Co–Shuanghu 
suture zone. However, the research on ophiolites from this 
suture has obtained some progress. The “ophiolites” were 
reported without intact ophiolitic assemblage (Li, 1987; Xiao 
et al., 1988) and controversy occurs on whether it is indeed 
ophiolite or not (Deng, 1996; Deng et al., 1996; Zhai et al., 
2007). 

3.1.1 Early Paleozoic oceanic crust relic

Early Paleozoic oceanic crust relic occurs at Guoganjian-
ianshan only and extends from east to west for about 
40  km in central Qiangtang area (Fig.  2), which consists of 
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metamorphic cumulate, basalt and some actinolite green-
schist. The contents of SiO2 in metamorphic cumulate range 
from 43.03%–53.42%, TiO2 1%–2.67%, Al2O3 16.75%–
21.52%, CaO 7.03%–11.13%, K2O 0.05%–0.38%; the rare 
earth element (REE) pattern is near smooth and trace element 
spidergram like that of middle ocean ridge basalt (MORB) 
(Chen, 1994).

The cathodeluminescence (CL) images of zircons from the 
metamorphic cumulate indicate that they are metamorphic 
zircons and SHRIMP dating results are Early Silurian. Ar/Ar 
age of actinolite from metabasalt (actinolite schist) is 220  Ma, 
consistent with 
Ar/Ar ages of glaucophane and phengite. These ages suggest 
that the protolith age of oceanic relic was earlier than Early 
Silurian and experienced two stages of metamorphism, Early 
Silurian and Late Triassic. Late Triassic metamorphism was 
the result of the close of paleo-Tethys in Qiangtang area.

3.1.2 Middle Permian ophiolite

Middle Permian ophiolite spreads along Hongjishan, Jiao-
muri, Xueshuihe, Mayigangri, Naruo, Qiagelela and Cai-
duochaka in central Qiangtang area, extending over 500  km. 
The rocks consist of pyroxene peridotite, olivine pyroxenite, 
gabbro-diabase, basalt, pillow basalt, and radiolarian sili-
ceous rock. According to fossils from interlayer, the pillow 
basalt age is Middle Permian, and turbidite with Bouma 
sequence occurs in Jiaomuri area. The ophiolites formed in a 
MORB-like setting just like the ophiolite in Sanjiang area 

based on their assemblage and geochemistry feature (Chen, 
1994). 

3.2 Radiolarian siliceous rock and turbidite from 
Qiangtang area

Radiolarian siliceous rock together with pillow basalt from 
ophiolite signifies ocean floor or deepwater sediment and 
can help identify tectonic setting and depth of the sedi mentary 
basin. Many radiolarian siliceous rocks have been found in 
the Qiangtang area, such as, Triassic rocks to the south of 
Caimaercuo (Li et al., 1997) and Permian rocks in Jiaomuri 
and Heishishan (Li et al., 2006, 1:250  000 Mayigangri 
Regional Geological Investigation, Tibet). Zhu et al. (2006) 
obtained Late Devonian Famennian age and Late Permian 
Changxingian Stage radiolarians from black siliceous rocks 
in the Caiduochaka area in the east Shuanghu. Devonian 
Famennian age radiolarians are major Entactinids, such as, 
Stigmosphaerostylus oumonhaoensis, Trilonehe echinata and 
Archocyrtium riedeli, Permian Changxingian Stage radio-
larians are major Neoalbaillella, such as, N. ormithoformis 
and N. optima. These radiolarians were first discovered in 
Tibet (Zhu et al., 2006), which can provide some important 
information on the formation and evolution of paleo-Tethys 
in the Qiangtang area. There is no evidence suggesting 
that other Devonian ocean had existed in the Qiangtang 
area. Radiolarian siliceous rocks, deep water flysch, oceanic 
island basalt, and sedimentary rocks indicate an ocean island 

Fig.  1 Qinghai–Tibet plateau sketch map of plate suture of T3 (after Li et al., 2006a) 
1. Jinning basement of Yangtze plate; 2. Pan-African basement of Gondwana; 3. Paleozoic accretionary of northern Gondwana; 4. Yang-
tze plate; 5. Tarim–North China plate; 6. Late Triassic suture; LSS. Longmu Co–Shuanghu suture; XJS. Xijinwulan–Jinshajiang suture; 
KQS. Kunlun–Qinling suture; AF. Altyn Tagh strike slip fault
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occurred in this area in the Late Permian, and the earth’s crust 
might have begun cracking in Late Devonian. Sun et al. 
(1996) took red radiolarian siliceous rocks from Jinghong in 
the south of Lancangjiang for oceanic sediment. Zhang et al. 
(2003) considered siliceous rocks from Gengma area of West 
Yunnan to be the ocean marginal sediment in the continental 
margin. Radiolarians and their occurrence position in Qiang-
tang area and West Yunnan area are similar (Wang et al., 2000; 
Zhang et al., 2003, 2005; Zhu et al., 2006), which suggests 
that there is one tectonic belt or ocean in Qiangtang and West 
Yunnan area, that is, Tethys in Qiangtang area linked with 
Tethys in West Yunnan area after Late Devonian.

Although turbidite is few, flysch formation with two ages 
has been identified in the central Qiangtang area. Early 
Permian flysch and Lower Permian Qudi Group of about 
300  m thick locates in Heishishan and Jiaomuri areas in 
Rongma Town, Nima County. The flysch consists of alter-
nating lamella fine sand and silty mud; calcareous concretion 
occurs at the east side of Heishishan, with scolite fossils. Late 
Triassic flysch that occurred in the south of the Caimaercuo 
area, Chabu Town, Gerze, is mainly of sand mudstone, kiesel 
siltstone, kiesel mudstone and siliceous rocks.

3.3 High pressure metamorphic rock in Qiangtang area

There are two-epoch blueschists in the Qiangtang area, and 
one is Early Permian blueschist with the glaucophane Ar-Ar 
age of 282 and 275 Ma (Deng et al., 2001); for example, 
Gangmacuo blueschist is mainly glaucophane and crossite 
and their formation temperature is about 400°C, pressure 
about 7  kPa (Deng et al., 2000, 2001, 2002); the other is the 
Late Triassic one. For example, Hongjishan, Pianshishan, 
Lanling in Rongma, Jiaomuchagari, Naruo Qiagelela and 
Caiduochaka blueschists are mainly crossite with meta-
morphic temperature 410–460°C, pressure 6.7–7.5  kPa (Hu 
et al., 1995; Bao et al., 1999). C type eclogite occurs as lens 
in muscovite blueschist and garnet muscovite schist in the 
Gemuri area, central Qiangtang (Li et al., 2006b). Phengites 
Ar-Ar age of 219–217  Ma from eclogite and its country rocks 
suggests eclogitic metamorphism age was Late Triassic. That 
is, two blueschists with a discrepancy of about 60  Ma occur 
in central Qiangtang area, which suggests that the evolution 
of paleo-Tethys in this area is very complicated. 

Recently, phengite Ar-Ar age of (231P1) Ma from Jiuxi 
Group was obtained from the south side of Taniantaweng 

Fig.  2 Tectonic sketch map of paleo-Tethyan sutures of Qiangtang area, Tibet 
1. Bayanhar flysch facies sedimentary rocks; 2. Mesozoic sedimentary rocks; 3. Mesozoic orogenic belt; 4. Early Paleozoic oceanic relic; 
5. Late Carboniferous active accretionary wedge; 6. Early–Middle Permian accretionary rocks; 7. Basalt, basite dike swarms; 8. blueschist 
belt; 9. Eclogite; 10. Fault; NBT. main north boundary fault of Longmu Co–Shuanghu suture; SBT. main south boundary fault of Longmu 
Co–Shuanghu suture
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(Wang et al., 2006a), and Late Triassic age from metamorphic 
basalt in Changdu area. Therefore, high-pressure metamor-
phic belt in the Qiangtang area has reached the Taniantaweng 
and Jitang areas in Changdu, and connected with the 
Lancangjiang blueschist belt in West Yunnan area (Zhao 
et al., 1994).

The protolith of high pressure metamorphic rock is ophi-
olitic mélange or accretionary wedge, northern Gondwana, in 
central Qiangtang, without Yangtze type sediment involved 
in high pressure metamorphic rocks. Therefore, the Longmu 
Co–Shuanghu suture maybe a strike slide boundary and 
Gondwana subducted beneath Eurasia (Yangtze) along this 
suture.

4 Different times of accretion body from 
Longmu Co–Shuanghu suture

4.1 Early Paleozoic oceanic crust relic

Although Early Paleozoic oceanic crust from Guoganjianian-
shan is only 100  km2 (Fig.  2), it is the oldest in the Longmu 
Co–Shuanghu suture zone and it even extends to Changning–
Menglian suture zone in West Yunnan area. The relic distri-
butes nearly from west to east, unconformably underlying 
Upper Triassic to the north and up thrust to the south on 
Carboniferous–Permian rift sedimentary rocks (experienced 
later Triassic high pressure metamorphism). It is very impor-
tant for this relic to rebuild paleo-Tethys evolution in the 
Qinghai–Tibet plateau. 

4.2 Late Carboniferous–Early Permian active margin 
accretionary wedge, south Qiangtang

Late Carboniferous–Early Permian active margin accre-
tionary wedge in south Qiangtang area, named Carboniferous 
Chameng Formation and Zhanjin Formation in South Qiang-
tang area, Jiuxi Group in Jitang area, Dingjiazhai Formation 
and Woniusi Formation in West Yunnan area, Puji Group in 
south Thailand, extends from Karakorum south slope to 
Qiagelela west Shuanghu, about 800  km long and 100  km 
wide, bounded by huge west-east distributed faults, and 
reaches Jitang, Changning–Menglian area and Thailand 
peninsula. Late Carboniferous sedimentary rocks from 
Qiangtang area are composed of sandstone, argillaceous 
slate, ice-sea diamictite basalt, pillow basalt and so on, with 
few fossils except for some cold-water biota fossils (Liang 
et al., 1983; Guo et al., 1991). The rock assemblage indicates 
the existence of the sediment of continental marginal rift 
with the thickness of several kilometers in south Qiangtang 
area, and basalt proportion is more than 50% in some areas. 
Besides, Late Carboniferous within plate basalts and basite 
dyke swarm extend from east to west in the accretionary 
wedge (Li et al., 1995b; Wang et al., 2004). The protolith of 
high pressure metamorphic rocks are mainly basic volcanic 
rock and gabbro (or diabase) in Late Carboniferous rift 
sedimentary rocks (Li et al., 1995b; 2001).

4.3 Lugu–Jiaomuri–Qiagelela Early–Middle Permian 
oceanic island accretionary rocks

Lugu–Jiaomuri–Qiagelela Early–Middle Permian oceanic 
island accretionary rocks were first recognized and 
were named clastic-carbonate rock-MORB assemblage in 
active marginal sea, Gondwana in “the study of Longmu 
Co–Shuanghu paleo-Tethys suture zone, Tibet” (Li et al., 
1995b). 

The oceanic island accretionary rocks, the best one pre-
served in Longmu Co–Shuanghu suture zone, extend from 
Lugu to Shuanghu with more than 350 km in length and ca 
40  km in width, consisting of limestone, biologic limestone, 
pillow basalt, brecciform basalt, basaltic conglomerate, fine 
conglomerate, and radiolarian siliceous rock. There are coral, 
polyzoa, etc. fossils in limestone interbedding with basalt, 
such as six layers of interlaid limestone and basalt in the Jiao-
muchaka area. The thickness of pillow basalt in west Jian-
gaizangbu is over 600  m, and is mixed with some limestone 
block (Li et al., 1995b). The sedimentary rocks are mainly 
conglomerates and most gravels are basalt and limestone. 
Cements are kalk and basaltic clastics without continental 
clastics. All these characters of the accretionary body accord 
with those of ocean island or seamount, and are bounded by 
large fractures. 

4.4 Tectonic mélange from Longmu Co–Shuanghu suture 
zone

The mélange from the Longmu Co–Shuanghu suture 
zone can be classified into two types: high pressure tectonic 
mélange and sedimentary structure mélange. The former, 
about 500  km, extends from Hongjishan, Pianshishan, Lan-
ling, Naruo, Qiangelela to Caiduochaka in the Shuanghu area. 
The latter is shorter and located to the north of the former 
along the Longmu Co–Shuanghu suture with about tens of 
kilometers in length and about tens of kilometers in width, 
for example, Guoganjianianshan, Saie in Chasang area and 
Qiagelela (Li et al., 1995b; Cheng et al., 1998). The matrix of 
the mélange is Late Triassic sedimentary rocks and exotic 
block is mainly Devonian, Carboniferous and Permian lime-
stones. It had been named “tectonic blend” and considered 
to be the result of the subduction of Longmu Co–Shuanghu 
suture (Li et al., 1995b).

4.5 Caprocks of ophiolitic mélange

The first caprock of ophiolitic mélange in Guoganjianian-
shan, central Qiangtang area, can indicate the transformation 
of tectonic properties in this area. A suite of sedimentary 
rocks overlay on the ophiolitic mélange and neopaleozoic 
metamorphic rocks in north Guoganjianianshan in angular 
unconformity. At the bottom of the sedimentary exists basal 
conglomerate that comes from ophiolitic mélange and Neo-
paleozoic metamorphic rocks. Above the basal conglomerate 
are sandstone, siltstone, siliceous sandstone, and some exotic 



262

blocks with fossils. Zircon SHRIMP age of interlayer rhyo-
litic from the bottom is Late Triassic, so we established the 
Wanghuling Formation (T3), which represents the sedimen-
tary rocks after the close of the suture. The angular unconfor-
mity overlying the ophiolite in Guoganjianianshan provides 
the latest time of the paleo-Tethys in the Qiangtang area.

5 Discussion

5.1 The evidence of paleo-Tethys in central Qiangtang 
area

The differences of Neopaleozoic–Triassic sedimentary for-
mation, biogenic derivation, magmatic activity, meta-
morphism and tectonic movement between south and north 
Longmu Co–Shuanghu suture and oceanic relic confirm 
the existence of paleo-Tethys in this area (Li et al., 2006a). 
The marine sedimentary sequence since Ordovician in the 
south Qinghai–Tibet plateau developed in the north Gond-
wana margin and the similar basement, Paleozoic sedi mentary 
sequence and biogenic derivation are premises of identifying 
Gondwana (Li et al., 2006a). The caprocks after Jinning base-
ment and South China epoch and late Caledonian movement 
are ubiquitous in the Yangtze plate. Different constitution 
and evolutionary history are the key to subdividing different 
plates. There are divarications on the shape, width, and so on 
of paleo-Tethys. Late Carboniferous–Early Permian active 
marginal and Permian oceanic island accretionary wedge, 
Early Paleozoic oceanic relic, Permian oceanic ophiolite, 
Devonian–Triassic radiolarian siliceous rock, eclogite-blue 
schist, high pressure metamorphic belt and Late Triassic 
mélange in the central Qiangtang area provide basic data for 
rebuilding the evolution process of paleo-Tethys. 

5.2 Evolutionary period of paleo-Tethys in Qiangtang area

It is difficult to ensure the evolutionary period of paleo-Tethys 
in the Qiangtang area based on current data. The metamor-
phic oceanic relic occurs in Guoganjianianshan and meta-
morphic age is Early Silurian by zircons SHRIMP dating; 
whether it is the mark of paleo-Tethys or not still needs fur-
ther study. Permian oceanic island ophiolite in Jiaomuri area 
cannot represent host oceanic basin. However, Late Devonian 
radiolarian siliceous rocks from Shuanghu area and Permian 
and Triassic radiolarian siliceous rocks from other areas can 
indicate that the evolution of paleo-Tethys in the Qiangtang 
area is successive from Late Devonian to Triassic and could 
connect with Changning–Menglian ocean. The chronology 
of high pressure metamorphic minerals (Li, 1997; Kapp et al., 
1999, 2000; Wang et al., 2006b) and the time of the sedi-
mentary rocks overlying on ophiolite in Guoganjianianshan 
provide the latest age of paleo-Tethys in the Qiangtang 
area. Therefore, the evolutionary period of paleo-Tethys in 
the Longmu Co–Shuanghu suture zone begins from Late 

Devonian and ends at 220  Ma and may prolong to Early 
Paleozoic.

5.3 The north boundary of Gondwana: Longmu 
Co–Shuanghu suture

Every tectonic unit has its own time-spatial evolution domain. 
As Gondwana cracks and converges, the evolution of Tethys 
experienced this from Paleozoic to Mesozoic. Where then 
is the north boundary of Gondwana? Different scholars 
have drawn different conclusions, and their perception of the 
boundary between Gondwana and Eurasia is also different. In 
the past decades, several sutures had been considered to be 
the north boundary of Gondwana. As the data and research 
work developed, divarication focuses on Longmu Co–
Shuanghu suture and Bangonghu–Nujiang suture (Li et al., 
1982; Liu et al., 1983; Pan et al., 1997, 1983, 2002, 2004a, b; 
Ren, 1997). Some scholars suggested that the Bangonghu–
Nujiang suture is the north boundary of Gondwana, which 
experienced ancient Tethys, paleo-Tethys and new Tethys 
(Pan et al., 1997, 2002; Pan et al., 2004a; Chengdu Institute 
of Geology and Mineral Resource, China Geological Survey, 
2005). However, there is no relic of a Paleozoic ocean in the 
Bangonghu–Nujiang suture, and the ages of ophiolite and 
radiolarians are Late Triassic (Qiu et al., 2004; Wang et al., 
2002a). Therefore, the suture cannot restrain the Gondwana 
Paleozoic accretion body and is not the boundary between 
Gondwana and Eurasia during the paleo-Tethys stage. The 
opening of the Bangonghu–Nujiang ocean accelerates the 
close of paleo-Tethys in the Qiangtang area, and paleo-Tethys 
and new Tethys have formed a geodynamic system. 

According to the research on the basic tectonic unit in 
the Qinghai–Tibet plateau and Late Triassic plate sutures, the 
Longmu Co–Shuanghu suture zone preserves many data of 
the evolution of paleo-Tethys, with basic feature of north 
boundary of Gondwana. Although it is still questionable, the 
central Qiangtang area is the key to rebuilding the early evo-
lution of the Qinghai–Tibet plateau. In the past 20 years, great 
improvements have been obtained in the study on the Longmu 
Co–Shuanghu suture, though some key problems are still 
needed lucubrating. 

Acknowledgements This work was supported by the National Natural 
Science Foundation of China (Grant No. 40672147) and China Geological 
Survey (Nos. 1212010561605 and 20031300015). We are very appreciated 
Pan Guitang and Xiao Xuchang for their helpful discussion, which 
significantly polished this paper.

References

Bao P S, Xiao X C, Wang J, et al (1999). Blue schist belt of Shuanghu 
area in center-northern Xizang (Tibet) and its tectonic implications. 
Acta Geologica Sinica, 73(4): 302–314 (in Chinese with English 
abstract)

Chen Z L (1994). Tethyan geology for 100 years. Tethyan Geology, 18: 
1–22 (in Chinese with English abstract)

Cheng L R, Li C, Hu K (1998). Discovery and geological implications 
of the mélange in central Qiangtang region, Tibet. Journal of 



263
Changchun University of Science and Technology, 28(3): 254–258 
(in Chinese with English abstract)

Chengdu Institute of Geology and Mineral Resourses, China Geological 
Survey (2005). A Guidebook of the Geological Map of the Qinghai–
Xizang (Tibet) Plateau and Adjacent Areas (1:1  500  000). Chengdu: 
Chengdu Cartographic Publishing House (in Chinese)

Deng W M (1996). Palaeotethyan sutures and the “northern boundary 
of Gondwanaland” in Qinghai–Tibet Plateau. In: Zhang Q, ed. Ophi-
olites and the Research on Earth Dynamics. Beijing: Geological 
Publishing House, 172–176 (in Chinese with English abstract)

Deng W M, Yin J X, Wo Z P (1996). Study on basic-ultrabasic and 
volcanic rocks of Chabu–Shuanghu in Qiangtang. Science in China 
(Series D), 26(4): 296–301 (in Chinese)

Deng X G, Ding L, Liu X H, et al (2000). Discovery of blueschists in 
Gangmar–Taoxing Co area, central Qiangtang, northern Tibet. Sci-
entia Geologica Sinica, 35(2): 227–232 (in Chinese with English 
abstract)

Deng X G, Ding L, Liu X H, et al (2001). Petrology and 40Ar/39Ar iso-
topic ages of blueschists in Gangmar, central Qiangtang, Northern 
Tibet. Chinese Science Bulletin, 45(21): 2322–2326 (in Chinese)

Deng X G, Ding L, Liu X H, et al (2002). Geochemical characteristics 
of the blueschists and its tectonic singnificance in centeal Qiangtang 
area, Tibet. Acta Petrologica Sinica, 18(4): 517–525 (in Chinese with 
English abstract)

Gansser A (1964). The Geology of the Himalayas. London: Wiley 
Interscience, 289

Guo T Y, Liang D Y, Zhang Y Z, et al (1991). Geology of Ngari–Tibet 
(Xizang). Wuhan: China University of Geosciences Press, 20–22 (in 
Chinese)

He Z H, Wang T W, Li C, et al (2000). The new understanding of 
Amugang Group of Qiangtang terrain in North Tibet. World Geology, 
19(1): 1–7 (in Chinese with English abstract)

Hu K, Li C, Cheng L R, et al (1995). Gangmacuo–Shuanghu blueschist 
belt in Central Qiangtang area of Tibet and its geological significance. 
Journal of Changchun University of Earth Sciences, 23(3): 268–274 
(in Chinese with English abstract)

Huang J Q, Chen B W (1987). The Evolution of the Tethys in China 
and Adjacent Regions. Beijing: Geological Publishing House (in 
Chinese)

Huang J Q, Chen G M, Chen B W (1984). Preliminary analysis of the 
Tethys Himalayan tectonic domain. Acta Geologica Sinica, 58(1): 
1–17 (in Chinese with English abstract)

Kapp P, Yin A, Craig E, et al (2003). Tectonic evolution of the Early 
Mesozoic blueschist-bearing Qiangtang metermorphic belt, central 
Tibet. Tectonics, 22(4): 1043, doi:10. 1029

Kapp P, Yin A, Manning C E (1999). U-Pb geochronology of the Qiang-
tang metamorphic belt. Implications for crustal structure of northern 
Tibet. EOS (Transactions, American Geophysical Union), 80: 975 

Kong X R, Wang Q S, Xiong S B (1996). Comprehensive geophysics 
and lithospheric structure in the western Xizang (Tibet) plateau. 
Science in China (Series D), 26 (4): 308–315 (in Chinese)

Kong X R, Wang Q S, Xiong S B (1999). Integrated geophysical profile 
and architecture and dynamics of lithosphere, western Qinghai–
Xizang plateau. Chinses Science Bulletin, 44(12): 1257–1265 (in 
Chinese)

Li C (1987). The Longmucuo–Shuanghu–Lanchangjiang plate suture 
and the north boundary of distribution of Gondwana facies Permian–
Carboniferous system in northern Xizang, China. Journal of Chang-
chun Colloge of Geology, 17(2): 155–166 (in Chinese with English 
abstract)

Li C (1997). The 40Ar/39Ar age and its significance of the crossite from 
the blueschist in the Mid-Qiangtang area, Tibet. Chinese Science 
Bulletain, 42(4): 488 (in Chinese)

Li C (2001). The lithological composition, tectonic evolution and 
dif ference in opinion of Qiangtang central uplift region, Tibet. In: Ye 
H F, ed. The Tectonic Characteristics of Qinghai–Tibet Pleteau and 
Basin Evolution. Beijing: Science Press, 393–427 (in Chinese with 
English abstract)

Li C (2003). Qusetion about the basement of the Qiangtang micro-plate. 
Geological Review, 49(1): 5–9 (in Chinese with English abstract) 

Li C Y, Wang Q, Liu X Y, et al (1982). The 1:8  000  000 Scale Geological 
Map of Asia (with Introduction). Beijing: Geological Publishing 
House (in Chinese)

Li C, Cheng L R, Hu K, et al (1995a). Study on the paleo-Tethys suture 
zone of Lungmu Co–Shuanghu, Tibet. Beijing: Geological Publishing 
House, 1–131 (in Chinese)

Li C, Cheng L R, Hu K, et al (1995b). Ice-sea mix-conglomerates 
and their genesis in the southern area of Qiangtang, Tibet. Journal of 
Changchun University of Earth Sciences, 25(4): 368–373 (in Chinese 
with English abstract)

Li C, Huang X P, Zhai Q G, et al (2006a). Longmu Co-Shuanghu-Jitang 
plate suture and the north-boundary of Gondwanaland in Qinghai–
Tibet plateau. Earth Science Frontiers, 13(4): 136–147 (in Chinese 
with English abstract)

Li C, Zhai Q G, Dong Y S, et al (2006b). Discovery of eclogite and its 
significance from the Qiangtang area, central Tibet. Chinese Science 
Bulletain, 51(9): 1095–1100

Li C, Wang T W, Yang D M, et al (2001). The lithological composition 
and tectonic evolution of Qiangtang central uplift region, Tibet. 
Journal of Changchun University of Science and Technology, 31(1): 
25–31 (in Chinese with English abstract)

Li C, Zheng A Z (1993). Paleozoic stratigraphy in the Qiangtang 
region of Tibet: Relations of the Gongwana and Yangtze continents 
and ocean closure near the end of the Carboniferous. International 
Geology Review, 35(9): 797–804

Li Y J, Wu H R, Li H S, et al (1997). Discovery of radioarians in the 
Amugang and Chasang groups and Lugu Formation in northern 
Tibet and some related geological problems. Geology Review, 43(3): 
250–256 (in Chinese with English abstract)

Liang D Y, Nie Z T, Guo T Y, et al (1983). Pre-Carboniferous Gondwana-
Tethys facies in southern Karkoran Ali, Xizang (Tibet). Earth 
Science—Journal of Wuhan Colleage of Geology, 19(1): 9–27 (in 
Chinese with English abstract)

Liu Z Q, Pan G T, Zheng H X (1983). A preliminary study on the north 
boundary and the evolution of Gondwana and Tethys in light of the 
new data on Qinghai–Xizang (Tibet) plateau. In: Editing Committee 
of Geological Memoirs of Qinghai–Xizang Plateau, ed. Geological 
Memoirs of Qinghai–Xizang Plateau (12)—Geological Tectonics of 
“Sanjiang”. Beijing: Geological Publishing House, 11–24 (in Chinese 
with English abstract)

Lu J P, Zhang N, Huang W H, et al (2006). Characteristics and signi-
ficance of the metamorphic minerals glaucophane-lawsonite assem-
blage in the Hongjishan area, north-centeal Qiangtang, northern 
Tibet, China. Geological Bulletin of China, 25(1–2): 70–75 (in 
Chinese with English abstract)

Pan G R, Wang L Q, Zhu D C, et al (2004). Thoughts on some important 
scientific problems in regional geological survey of the Qinghai–Tibet 
plateau. Geological Bulletin of China, 23(1): 12–19 (in Chinese with 
English abstract)

Pan G T, Chen Z L, Li X Z, et al (1997). Geological-Tectonical Evolu-
tion in the Eastern Tethys. Beijing: Geological Publishing House, 
121–128 (in Chinese with English abstract)

Pan G T, Li X Z, Wang L Q, et al (2002). Preliminary division of tectonic 
units of the Qinghai–Tibet plateau and its adjacent regions. Geolog-
ical Bulletin of China, 21(11): 701–707 (in Chinese with English 
abstract)

Pan G T, Zheng H X, Xu Y R, et al (1983). A preliminary study on 
Bangong Co–Nujiang Suture. In: Editing Committee of Geological 
Memoirs of Qinghai–Xizang Plateau, ed. Geological Memoirs of 
Qinghai–Xizang Plateau (12)—Geological Tectonics of “Sanjiang”. 
Beijing: Geological Publishing House, 229–242 (in Chinese with 
English abstract)

Pan G T, Zhu D C, Wang L Q, et al (2004). Bangong Lake–Nu River 
suture zone—the northern boundary of Gondwanaland: Evidence 



264
from geology and geophysics. Earth Science Frontiers, 11(4): 
371–382 (in Chinese with English abstract)

Qian D Y (1994). The biota climate of Carboniferous and Permian in 
Xizang (Tibet) and its significance for discussin on the northern 
boundary of Gondwana. Tibet Geology, 18: 26–42 (in Chinese with 
English abstract)

Qiu R Z, Zhou S, Deng J F, et al (2004). Dating of gabbro in the Shem-
alagou ophiolite in the weatern segment of the Bangong Co–Nujiang 
ophiolite belt, Tibet—With a discussion of the age of the Bangong 
Co–Nujiang ophiolite belt. Geology in China, 31(3): 262–268 (in 
Chinese with English abstract)

Ren J S (1997). The Tectonic Map of the People’s Republic of China and 
Adjacent Area. Beijing: Geological Publishing House (in Chinese)

Sengor A M, Altiner D, Cin A, et al (1988). Origin and assembly of 
the Tethyside orogenic collage at the expense of Gondwanaland. In: 
Audley Charles M G, Hallam A, eds. Gondwana and Tethys. Oxford: 
Oxford University Press, 119–181

Sengor A M, Cin A, Rwey D B, et al (1991). Magmatic evolution of the 
Tethyside: A guide to reconstruction of collage histroy. P P P, 87(1–4): 
411–440

Sun X M, Zhang H Q, Yao W G (1996). Some problems in the study 
of the ages of ophiolite and ophiolitic mélange. In: Zhang Q, ed. 
Ophiolite and Geodynamics. Beijing: Geological Publishing House

Wang C S, Hu C Z, Wu R Z, et al (1987). Significance of the discovery 
of Chasang–Chabu rift in northern Xizang (Tibet). Journal of Chengdu 
University of Technology, 14(2): 33–46 (in Chinese with English 
abstract)

Wang G H, Jia J C, Wan Y P, et al (2006a). Forming and tectonic 
significance of the Youxi tectono-schistose formation, north Baqen 
Couty, eastern Tibet. Earth Science Frontiers, 13(4): 180–187 (in 
Chinese with English abstract)

Wang L Q, Pan G T, Zhu D C, et al (2006b). 40Ar-39Ar ages of the meta-
morphic rocks and basalts in E’rou area of Shuanghu, northern Xizang 
and their singnificance. Earth Science Frontiers, 13(4): 221–232 (in 
Chinese with English abstract)

Wang Q, Dong A G, Duan C S, et al (2004). Division and ages of 
the Devonian lithostratigraphic units in Lazhuglung, northern Xizang. 
Geological Bulletin of China, 24(3): 30–37 (in Chinese with English 
abstract)

Wang Y J, Fang Z J, Yang Q, et al (2000). Middle–Late Devonian strata 
of cherty facies and radiolarian faunas from West Yunnan. Acta 
Micropalaeontologica Sinica, 17(3): 235–254 (in Chinese with 
English abstract)

Wang Y J, Wang J P, Liu Y M, et al (2002a). Characteristics and age of 
the Dingqing ophiolite in Xizang (Tibet) and their geological signi-
ficance. Acta Micropalaeontologica Sinica, 19(4): 417–420 (in 
Chinese with English abstract)

Wang Y J, Wang J P, Pei F (2002b). A Late Triassic radiolarian fauna 
in the Dingqing ophiolite belt, Xizang (Tibet). Acta Micropalaeonto-
logica Sinica, 19(4): 323–336 (in Chinese with English abstract)

Xiao X C, Tang Y Q, Gao Y L (1986). Reexposition on plate tectonics of 
the Qinghai–Xizang plateau. Bulletin of the Chinese Academy of 
Geological Sciences, 14: 1–19 (in Chinese with English abstract)

Xiao X C, Tang Y Q, Li G C, et al (1988). Tectonic Evolution of 
the Lithosphere of the Himalayas (General Principle). Beijing: 
Geological Publishing House (in Chinese)

Yin J X (1997). Stratigraphic geology of Gondwana facies of Qinghai–
Xizang (Tibet) plateau and adjacent areas. Beijing: Geological 
Publishing House (in Chinese)

Zhai Q G, Li C, Cheng L R, et al (2004). Geological features of Permian 
ophiolite in the Jiaomuri area, Qiangtang, Tibet, and its tectonic 
significance. Geological Bulletin of China, 23(12): 22–24 (in Chinese 
with English abstract)

Zhai Q G, Li C, Huang X P, et al (2007). The fragment of paleo-Tethys 
ophiolite from central Qiangtang, Tibet?—Geochemical evidence of 
metabasites in Guogangjianan. Sci in China (Series D) (in press)

Zhang F, Feng Q L (2005). Late Paleozoic radolarians from the Nongba 
Section in Gengma, south-western Yunnan. Acta Micropalaeonto-
logica Sinica, 22(4): 346–356 (in Chinese with English abstract)

Zhang F, Feng Q L, Zhang Z B, et al (2003). Geochemical characteristics 
and paleogeographic significance of Early Carboniferous cherts at 
the Nongba Section in the Gengma area, southwestern Yunnan. Geo-
logical Bulletin of China, 22(5): 334–340 (in Chinese with English 
abstract)

Zhang S Y, Wei S, Wang J Y, et al (1996). Magnetotelluric sounding in 
the Qiangtang basin of Xizang (Tibet). Earth Science—Journal of 
China University of Geosicences, 21(2): 198–202 (in Chinese with 
English abstract)

Zhao J, Zhong D L, Wang Y (1994). Metamorphism of Langcang meta-
morphic belt, the Western Yunnan and its relation to deformation. 
Acta Petrologica Sinica, 10(1): 27–40 (in Chinese with English 
abstract)

Zhu T X, Zhang Q Y, Dong H, et al (2006). Discovery of the Devonian 
and Late Permian radiolarian cherts in teconic mélanges in the Cedo 
Caka area, Shuanghu, northern Tibet, China. Geological Bulletin of 
China, 25(12): 1413–1418 (in Chinese with English abstract)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


