
Central Tibetan Meso-Tethyan oceanic plateau

Kai-Jun Zhang a,b,⁎, Bin Xia c, Yu-Xiu Zhang a,b, Wei-Liang Liu c, Lu Zeng a,b, Jian-Feng Li d, Li-Feng Xu d

a Key Laboratory of Computational Geodynamics, Chinese Academy of Sciences, Beijing 100049, China
b Asian Tectonics Research Group, College of Earth Science, University of Chinese Academy of Sciences, Beijing 100049, China
c School of Marine Sciences, Sun Yat-Sen University, Guangzhou 510275, China
d Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640, China

a b s t r a c ta r t i c l e i n f o

Article history:
Received 1 May 2014
Accepted 8 September 2014
Available online 18 September 2014

Keywords:
Tibetan plateau
Tethys
Oceanic plateau
Geochronology
Geochemistry
Sr–Nd isotopes

We report the occurrences of the remnants of a Meso-Tethyan oceanic plateau, encompassing an area of
~2 × 105 km2 in central Tibet. The plateau remnants include large volumes of pillow basalt formed largely by
emergent to subaerial eruption, minor ultramafic intrusives and cumulates, exotic blocks of limestone, radiolar-
ian chert, graywacke, and shale. Isotopic and paleontological dating suggest twomajor plateau eruptive events at
193–173 Ma and at 128–104 Ma, respectively. The basalts are characterized by enrichment of incompatible ele-
ments and a wide range of Sr–Nd isotope composition (initial εNd from –3.71 to +7.9, initial 87Sr/86Sr from
0.703927 to 0.707618). The trace element and Sr–Nd isotopic data suggest that these basalts are of affinity
with those from the Kerguelen and Tethyan plumes, indicative of a plumemantle upwelling originwith involve-
ment of continental material. The wholesale obduction of theMeso-Tethyan oceanic plateau, along with the dis-
membered normal oceanic crustal fragments, over the Tibetan continental crust could have given rise to perhaps
2 km elevation of central Tibet during the Late Cretaceous.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Subduction of the Meso- and Neo-Tethyan ocean floors along the
southern Eurasian margins during the Late Mesozoic formed the south-
ern Qiangtang and Gangdese magmatic arcs in Tibet (e.g., Allègre et al.,
1984; Chang et al., 1986; Guynn et al., 2006; Zhang et al., 2012) (Fig. 1).
However, the role of subduction, particularly of topographic ridges,
rises, or plateaus likely present on the ocean floors (e.g., Bao et al.,
2007; Qu et al., 2003a, 2010; Tang et al., 2004; Wang et al., 2003,
2005b; Ye et al., 2005; Zeng et al., 2005; Zhang et al., 2012; Zhu et al.,
2006) during the growth of the Tibetan plateau has not been evaluated
yet. Subduction of such features is critical in continental crust growth
and in building Andean-type mountain belts (Ben-Avraham et al.,
1981; Jordan et al., 1983; Liu et al., 2010a). Missing oceanic plateau re-
cord could reside in ophiolites (Coffin and Eldholm, 2001; Dilek and
Ernst, 2008). Here, we demonstrate that remnants of a Meso-Tethyan
oceanic plateau are preserved in central Tibet and propose that the
obduction of the oceanic plateau could have resulted in the initial
growth of the Tibetan plateau during the Late Cretaceous.

2. Plateau composition and spatial extent

2.1. Plateau composition

The plateau fragments are widely scattered along the western
Bangong Meso-Tethyan suture zone between the towns of Ali and
Naqu (the distance is ~1100 km) in central Tibet, with the majority on
the Lhasa block and smaller proportion on the Qiangtang block
(Fig. 1). The plateau remnants are generally composed of ophiolite-
like slices, containing large volumes of pillow basalt, blocks of mafic
and ultramafic intrusives and cumulates and radiolarian cherts
(Fig. 2). Exotic blocks of limestone and greywacke, argillite, and minor
conglomerate are often observed (Fig. 2). Massive and pillow basalts
are the predominant lithologies of the remnant ophiolitic plateau se-
quences. Although some of them are metamorphosed to zeolite and
greenschist facies, the basaltic sequences at almost all the observational
sites preserve evidence of emergent to subaerial eruption (conglomer-
ates, fossil soil horizons, vesicular and amygdaloidal structures, accre-
tionary lapilli, tuffaceous horizons, reworking in shallow water;
Fig. 3a–i) (Bao et al., 2007; Tang et al., 2004; Wang et al., 2005b; Ye
et al., 2005; Zhu et al., 2006). High-MgO picritic and komatiitic rocks
are also documented near Dongco and Jiangco (Supplementary
Table 1), which could represent the deeper crustal levels of the oceanic
plateau (Kerr et al., 1998, 2000). These mafic or ultramafic rocks occur
either as thrust-bounded tectonic flakes in coherent unit-kilometers in
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thickness, for example, in the Dongco, Geji, Namco, and Tarenben areas
(Bao et al., 2007; Girardeau et al., 1985; Wang et al., 2005b; Wu et al.,
2003) (Fig. 2), or as variably deformed, meter-scale blocks enveloped
in the siliciclastic matrix of metamorphosed and sheared melange, for
example in the Ali, Asu, Jiangco and Penghu areas (Girardeau et al.,
1984; Pearce and Deng, 1988; Tang et al., 2004; Wei, 2007; Ye et al.,
2005) (Fig. 2). At these four sites where the basalts are well exposed,
volcaniclastic rocks and intercalated sediments within the basalt pile
are occasionally observed (Fig. 3c, i, j). Only the pillow basalts are ob-
served at Dobuza, Duoba, Duoma, Gaize, Julu, Naqu, Puduco, Riganpeico,
Ritu, Uma, Yilashan, and Zabucun, typically covering an area of b1 km2

(Girardeau et al., 1984; Liu et al., 2014a; Pearce and Deng, 1988; Qu
et al., 2003a, 2010; Xia et al., 2008; Ye et al., 2005) (Fig. 1). The massive
and pillow basalts with the deeper-level ultramafic rocks are up to
~13 km thick at the Dongco area, and they are thicker than 10 km at
the Geji area (Fig. 2). In these two regions, no internal structural repeti-
tion/thickening of the plateau units was observed.

The exotic blocks of limestone are exclusivelymid-Cretaceous in age
and appear to represent shallow-water, oolitic and bioclastic deposits
(Qu et al., 2003b; Tang et al., 2004; Wang et al., 2005b). At Dongco,
shallow-water, platform limestone is in depositional contact with the
plateau basalts, with the bases marked by basaltic or tuffaceous breccia
and volcanic sandstone (Fig. 3k, l). At Tarenben, shallow-water carbon-
ate platform deposits ringed by rudistid reefs pass laterally into basinal
bituminous pelagic carbonates rich in planktonic microfossils (Qu et al.,
2003a, 2003b; Wang et al., 2005b). The pelagic limestone, containing
syn-sedimentary breccias and slumps is interbedded locally with pillow
lava, tuffaceous breccia, volcanic sandstone, and radiolarian chert (Qu
et al., 2003a,b; Wang et al., 2005b). Several large limestone sections
that are repeated by a complex series of faults are found near the
town of Nima (GSC and CIGMR, 2004). The limestones might represent
obducted slices of carbonate caps deposited on the oceanic plateau, sim-
ilar to those observed in the Franciscan Complex off the western U.S.A.
by Tarduno et al. (1985).

Fig. 1. Sketch map of the central Tibetan Meso-Tethyan oceanic plateau. The age data are listed in Table 1. The inset shows the location of the oceanic plateau in Tibet, ctop = central
TibetanMeso-Tethyan oceanic plateau; b, BangongMeso-Tethyan suture; g, Gangdesemagmatic arc; K, Kunlun block; L, Lhasa block; Q, Qiangtang block; s, southern Qiangtangmagmatic
arc; Sp, Songpan-Ganzi complex.

Fig. 2. Sketch geologic maps of the best exposed oceanic plateau remnants. a) revised after Tang et al. (2004) and Xie et al. (2002), b) after Chen et al. (2002), c) after Zeng et al. (2006),
d) after Wang et al. (2003), and e) after Wang et al. (2005b, 2006); all with our own field observations.
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