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Abstract   

The Mesozoic and Cenozoic deformation of the North 
Qiangtang terrane reflects a portion of the tectonic 
evolution of the Tethys Ocean, involving Indosinian, Late 
Yanshanian, and Cenozoic intraplate structures of 
shallow-superficial tectonic levels. The structural mapping 
of the Permian-Triassic tectonic layer indicates that the 
Mesozoic tectonic style was dominated by Late 
Yanshanian horizontal contractional deformation 
characterised by NW-SE trending thrust faults inheriting 
and transforming early-formed folds and their 
accommodation faults. These folds and thrusts were 
superimposed on Indosinian buckle folds. Structural 
analysis on deformations of the Neogene tectonic layer 
indicates that there were two transitions in the tectonic 
evolution of North Qiangtang terrane dividing the 
Cenozoic deformation into three stages. In episode I (50-
40 Ma to 8-4 Ma), the crust experienced large-scale N-S 
horizontal shortening, and buckle folds and thrust faults 
increased the vertical crustal thickness. In episode II (8-4 
Ma to the Pleistocene), E-W passive stretching formed 
conjugate strike-slip fault systems and pull-apart basins. 
During this episode, the Qiangtang basin was extruded 
eastwards, and a number of superficial N-S trending 
buckle folds were formed. In episode III (the Pleistocene 
to the present), the stress field was reversed, and the 
Qiangtang basin experienced E-W active stretching, 
forming conjugate normal faults and graben structure. 

 

Introduction 

The lithosphere pattern of Eastern Asia, and especially 
the pattern of the Tibetan Plateau, was produced by the 
collision of fractured plates in northern Gondwana after 
the Devonian, and the suture zone of welding terranes 
recorded the evolution of the Tethys Ocean (Dewey et al., 
1988; Yin and Harrison, 2000; Metcalfe et al., 2006). The 
Longmu Co-Shuanghu suture, which is located in the 
Central Qiangtang basin, is an extremely important 
Indosinian tectonic zone in the Tibetan Plateau that 
separates the South Qiangtang accretionary complex belt 
and the North Qiangtang terrane; this suture retains 
important information regarding the evolution of the 

Palaeo-Tethys Ocean (Li et al., 1987, 1995, 2009; Yin 
and Harrison, 2000; Liu et al., 2002; Wang et al., 1995, 
2009; Zhai et al., 2011; Liang et al., 2012). After the 
Jurassic, the South Qiangtang accretionary complex belt 
and the North Qiangtang terrane merged into one unified 
terrane and became a Mesozoic-Cenozoic sedimentary 
basin. In approximately the year 2000, petroleum 
geologists performed geological surveys in the Qiangtang 
basin for the purpose of oil and gas exploration and 
established the overall tectonic pattern of the Qiangtang 
basin; over time, investigations expanded to focus on the 
Mesozoic tectonic evolution of this location (Lu et al., 
2001; Huang, 2001; Lei et al., 2001; Wang et al., 2001; 
Wang et al., 2004; Li et al., 2008). On the whole, the 
North Qiangtang terrane has been an actively researched 
region of the Tibetan Plateau, and the major results of the 
tectonic research in this region may be summarised as 
follows: (1) geophysical data have been analysed and 
utilised to divide the Qiangtang basin into three tectonic 
units: the North Qiangtang depression, the central uplift 
belt, and the South Qiangtang depression (Lu et al., 2001; 
Huang et al., 2001; Wang et al., 2001; Wang et al., 2004); 
(2) based on the type and degree of tectonic development 
in various regions, the Qiangtang basin has been divided 
into a marginal thrust-fold belt, an internal composite fold 
belt, and a central basement metamorphic belt (Huang et 
al., 2001; Lei et al., 2001; Wang et al., 2001; Wang et al., 
2004); (3) the combination patterns and distribution laws 
of folds and faults have been summarised and the stress 
field setting of these structures in the Qiangtang basin 
has been analysed (Huang, 2001; Lei et al., 2001; Wang 
et al., 2004; Li et al., 2008). In addition, the Cenozoic 
deformation of the Qiangtang basin has attracted 
attention from tectonic geologists, and there have been 
continuing reports and studies of thrust faults, strike-slip 
fault systems, and N-S trending rifts in this region (Yin et 
al., 1999; Yin, 2000; Yin and Harrison, 2000; Li et al., 
2001; Zhang et al., 2002; Taylor et al., 2003; Xie et al., 
2009).   

Although a degree of knowledge exists regarding the 
overall tectonic framework of the Qiangtang basin, 
existing studies of the tectonic evolution of the North 
Qiangtang terrane remain limited (Yin and Harrison, 2000; 
Taylor et al., 2003). For example, the scale of these 
investigations has been too small; thus, there is a lack of 
tectonic analysis on the outcrop scale. The deformation 
sequence of this terrane since the Mesozoic has not been 
stablished, and folds and faults from different eras are 
often confused. Furthermore, there is a lack of systematic 
analysis of Cenozoic deformation in the North Qiangtang 
terrane, and there is a limited understanding of the 
combination of this deformation with the dynamic 
processes of the uplift of the Tibetan Plateau (Taylor et 

mailto:*yuangl@cugb.edu.cn


MESOZOIC AND CENOZOIC DEFORMATION IN CENTRAL QIANGTANG, TIBET 
 ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________  

Fifteenth International Congress of the Brazilian Geophysical Society 

2 

al., 2003). Actually, the solvement of these questions 
contributes to an understanding of the early evolution of 
the Tethys Ocean and the Cenozoic tectonic uplift 
process in the central Tibetan.   

 

Method 

To answer these questions, we conducted structural 
mappings of the Raggyorcaka area in Central Qiangtang 
on 1:50,000 and 1:10,000 scales; subsequently, these 
results were combined with high-precision remote sensing 
images to detailedly study the medium-small structures of 
the Mesozoic and Cenozoic strata. Based on geometric 
and kinematics analyses on these structures, this paper 
will determine the stages of the Mesozoic-Cenozoic 
intraplate deformation processes in North Qiangtang and 
establish the structural style and formation mechanisms 
at various deformation stages, thereby providing a 
detailed and accurate tectonic account of the geological 
evolution of the central Tibetan Plateau.   

 

Regional geological setting 

The Qiangtang basin is situated in northern Tibet, 
where it is sandwiched between the Jinsha suture zone 
and the Bangong-Nujiang suture zone (Fig. 1B). With an 
area of nearly 180,000 km2, this basin is the largest 
Mesozoic-Cenozoic residual basin in China; the 
Qiangtang basin features extensive outcroppings of 
Triassic-Jurassic marine sedimentary strata, and it was 
gradually transformed into a continental sedimentary 
basin after the Cretaceous (Zhao and Li 2000; Lu et al., 
2001; Wang et al., 2001; Wang et al., 2004). Geophysical 
data indicate that the Qiangtang basin has the tectonic 
framework of one uplift sandwiched by two depressions. 
The central uplift of the basin in the Gangma Co-Gemu 
Ri-Mayer Kangri-Shuanghu area separates the North 
Qiangtang depression and the South Qiangtang 
depression, which lie on each side of this central uplift 
(Zhao and Li 2000; Lu et al., 2001; Huang 2001; Lu et al., 
2011). 

The Longmu Co-Shuanghu suture zone, which is 
located on the north of the central uplift(Figs. 1A and 1B), 
was formed during the Indosinian and became an 
important biogeographic boundary of the Qiangtang basin 
that separates the North Qiangtang terrane, which has 
Yangtze affinity and lies on the north side of this basin, 
from the accretionary complex belt with Gondwana 
affinity, which lies on the south side of the basin (Li et al., 
1987, 1995, 2009; Liu et al., 2002; Wang et al., 2009; 
Geng et al., 2011; Zhai et al., 2011; Liang et al., 2012). 
The accretionary complex is primarily composed of Late 
Palaeozoic-Triassic passive continental flysch and 
oceanic ophiolite (Wang et al., 2009), and the 
metamorphism, deformation processes, and geochemical 
characteristics of the rocks from this complex indicate that 
the Palaeo-Tethys Ocean demonstrated unidirectional 
northward subduction (Zhai et al., 2011; Liang et al., 
2012). From the spatial perspective, the central uplift area 
and Indosinian accretionary complex belt are rather 
consistent with respect to their morphology and 
distribution ranges (Fig. 1B). The North Qiangtang terrane 

on the north side of the suture zone was dominated by 
stable carbonate sediments in the Late Palaeozoic and 
Late Triassic, which were supplemented by a small 
quantity of continental or littoral-neritic clastic deposits (Li 
et al., 1995, 2009; Wang et al., 2001; Wang et al., 2004).   

After the Jurassic, the North Qiangtang and South 
Qiangtang terranes joined into one unified terrane, 
although the central uplift remained an important ancient 
geographic boundary; in addition, there is a significant 
difference between the deposition on the north and south 
sides of this unified terrane. The Jurassic deposition of 
the North Qiangtang terrane was characterised by 
intermingling between the land and the sea. The 
carbonate rocks of the platform facies are mixed with 
transitional facies clastic rocks, and an angular 
unconformity is constructed on carbonate rocks from the 
mid- to late Triassic (Wang et al., 2001; Wang et al., 
2004). The deposition of the South Qiangtang basin is 
closely related to the evolution of the Bangong-Nujiang 
Ocean. The depositional environment changed gradually 
from neritic facies to bathyal-abyssal facies in the Late 
Triassic-Middle Jurassic and subsequently transformed 
into transitional facies (Wang et al., 2001; Wang et al., 
2004). In the Cretaceous, the sedimentation in the 
Qiangtang basin was largely transformed to continental 
facies and was subjected to overall uplift and denudation 
in combination with the minor distribution of clastics of 
fluvial-lacustrine facies (Wang et al., 2001; Wang et al., 
2004). Since the Cenozoic, due to the collision between 
the Indian plate and the Eurasian plate, the Qiangtang 
basin has been constantly uplifted, and its sedimentation 
has been characterised by clastics of fluvial-lacustrine 
facies (Wang et al., 2001; Wang et al., 2004).   

The deformation of the North Qiangtang terrane since 
the Mesozoic has been closely related to the evolution of 
the Tethys Ocean (Metcalfe, 2006) and is superposed 
with the tectonic responses of Indosinian orogenesis in 
the Palaeo-Tethys Ocean, Yanshanian orogenesis in the 
Meso-Tethys Ocean, and Cenozoic orogenesis in the 
Neo-Tethys Ocean. The Raggyorcaka area is outcropped 
with a relatively complete North Qiangtang formation (Fig. 
1, 2) that can be divided into the following three tectonic 
layers based on their angular unconformity surfaces: (1) 
Upper Permian-Middle Triassic, (2) Miocene-Pliocene, 
and (3) Pleistocene. Various tectonic layers exhibit the 
deformation of the North Qiangtang terrane that occurred 
at different times; although these tectonic layers are 
distinct, all of these layers demonstrate shallow-
superficial intraplate buckle folds, brittle faults, and the 
phenomena of superposition and replacement.   
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Figure 1. A geological-tectonic sketch map of the 
Raggyorcaka area and the Qiangtang basin. In Fig. 1A, 
the Qomo Ri accretionary complex lies to the south of the 
Longmu Co-Shuanghu suture, whereas the North 
Qiangtang Late Paleozoic-Mesozoic sedimentary strata 
are to the north of this suture. Fig. 1B illustrates the 
tectonic setting of the Raggyorcaka area; the Qomo Ri 
accretionary complex extends southward for >70 km and 
is covered by Mesozoic marine sedimentary strata.   

Abbreviations: JS: Jinsha suture, LSS: Longmu Co-
Shuanghu suture, BNS: Bangong-Nujiang suture; PZ2-N2: 
North Qiangtang Late Palaeozoic-Pliocene sedimentary 
strata, P-N2: South Qiangtang Permian-Pliocene 
sedimentary strata, N1-2: Miocene-Early Pliocene 
continental red layers; ph+ss: phyllite and 
metamorphosed quartz-sandstone, ph: phyllite, ls: 
recrystallised limestone, P2: Middle Permian carbonatite 
layers, β+ν: Late Carboniferous-Permian basic magmatic 
rock relics, T1-2: Early-Middle Triassic limestone and 
OIB-type ophiolite, Q: Quaternary pluvial-alluvial 
sediments. 

 

Results 

1. Upper Permian-Middle Triassic deformation patterns 

The exposed bedrock in the Raggyorcaka area is in 
good condition; thus, we utilised true-colour remote 
sensing images (3-, 2-, and 1-band images with 30 m 
resolution) from the American satellite Landsat-7 and 
true-colour images (with 2.5 m resolution) from Google 
Earth to interpret the tectonics of certain folds and faults 
and extract relevant geometric and kinematic parameters. 

This tectonic layer includes Upper Permian 
Raggyorcaka Formation (P3r), which is littoral-neritic 
siltstone mixed with bioclastic limestone; Lower Triassic 
Kanglu Formation (T1k) of transitional sandstone; and 
Lower-Middle Triassic Yingshuiquan Formation (T1-2y) of 
neritic carbonate rocks. Horizontal contraction structures 
are well developed within these layers, and three distinct 
tectonic stages can be observed in the outcrop. The 
second deformation formed the main structural style, 
which is manifested as thrust faults, buckle folds and fold-
accommodation faults (Fig. 2). 

 

 

Figure 2. The structural style of Late Permian-Middle 
Triassic sedimentary strata in the Raggyorcaka area of 
North Qiangtang terrane. In the stratigraphic chart, the 
era becomes newer from the bottom to the top. The thrust 
fault belt is composed of six faults: F1, F2, F3, F4, F5, 

and F6. The cross-section A-A′ indicates that F4, F5, 

and F6 have step and ramp geometries, and exhibit an 
imbricated combination pattern.   

 

2. Cenozoic tectonic deformation 

Due to the influence of the Cenozoic tectonic uplift of 
the Tibetan Plateau, the Qiangtang basin was widely filled 
with a set of fluvial-lacustrine sediments during the course 
of the stable uplift. The Cenozoic strata in the 
Raggyorcaka area can be broadly divided into two 
tectonic layers: the purplish-red Miocene-Early Pliocene 
fluvial-lacustrine clastics named the Kangtog Formation 
and the Pleistocene alluvial and fluvial sediments. In the 
outcrop, the deformations of these two tectonic layers all 
appear as buckle folds and brittle faults on shallow level; 
however, their differences on structural types and 
combinations record the important deformation 
information of the uplift of the Qiangtang basin (Fig. 3).   

 

Figure 3. The stage division of the Cenozoic tectonic 
evolution of the North Qiangtang terrane. The grey insets 
reveal the three-dimensional stress field. Assuming that 
σ1, σ2, and σ3 are all unit vectors, the total magnitude of 
the stress field will lie between -3 and +3 (where a 
positive sign indicates compressive stress and a negative 
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sign indicates tensile stress). Therefore, the directions 
and magnitudes of the three principal stress can reflect 
the stress fields that exist during various stages.   

 

Conclusions 

The tectonic deformation of the North Qiangtang 
terrane since the Mesozoic is closely related to the 
evolution of the Tethys Ocean; this deformation is the 
consequence of the intraplate deformation superposition 
of Indosinian, Late Yanshanian, and Cenozoic in shallow-
superficial tectonic level.   

The Mesozoic tectonic pattern of this region is 
dominated by Late Yanshanian horizontal contraction 
deformation and NW-SE-trending thrust faults that have 
been inherited and developed on prior folds and their 
accommodation faults. They were superimposed on 
Indosinian NE-SW-trending buckle folds. The thrust faults 
have the geometric features of footwall ramps, and the 
fault zone features penetrative cleavage or the directional 
arrangement of giant tectonic lens bodies. In these faults, 
rock strata in the hanging wall were thrust in the NE or 
NW direction, truncated footwall rock strata, and 
developed anticlinic and synclinic fault-bend folds. 
Argillaceous limestone layers acted as the decollement 
layer for the thrust, and plastic rheology formed a large 
number of sheath folds and asymmetric shear folds.   

The Tibetan Plateau was uplifted after the Cezonoic, 
and the North Qiangtang terrane demonstrated strong 
tectonic responses during this time. There were two 
distinct transitions of deformation regimes, allowing for 
the deformation of this terrane to be divided into three 
stages. Episode I is the N-S horizontal contraction 
deformation stage (50-40 Ma to 8-4 Ma); during this 
episode, buckle folds were aligned in a nearly E-W 
direction, thrust faults were developed, the vertical 
thickness of the crust gradually increased, and the 
Qiangtang basin was gradually uplifted. Episode II is the 
strike-slip and passive extension deformation stage (8-4 
Ma to the Pleistocene); during this time, conjugate strike-
slip fault systems associated with a pull-apart basin were 
formed. N-S-trending buckle folds associated with 
extrusive tectonics were developed in the middle and 
eastern portions of the Qiangtang basin, and the alluvial 
layer developed horizontal contraction structures. Episode 
III is the active extension stage (the Pleistocene to the 
present); during this stage, the stress field reversed, and 
the Qiangtang basin gradually shifted from passive 
extension to active extension in the nearly E-W direction, 
which led to the formation of normal faults and grabens.     
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