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ABSTRACT: In order to investigate the evolution of Shiquanhe-Yongzhu-Jiali ophiolitic mélange belt,
the gabbros from new discovered Zhongcang ophiolitic mélange are studied through petrology,
whole-rock geochemistry, zircon U-Pb dating and Lu-Hf isotope. The gabbros investigated in this paper
contain cumulate gabbro and gabbro dike, and they have undergone greenschist-amphibolite facies
metamorphism. The chondrite normalized rare earth element (REE) patterns of most of these rocks
show flat types with slightly light REE (LREE) depletion and the N-MORB normalized incompatible
elements diagrams indicate depletion in high field strength elements (HFSE) (Nb, Ta) and enrichment
in large ion lithophile elements (LILE). These gabbros have island arc and mid-ocean ridge basalt af-
finities, suggesting that they were originated in an oceanic back arc basin. Whole rock geochemistry
and high positive exg(f) values show that these gabbros were derived from ~30% partial melting of a
spinel Iherzolite mantle, which was enriched by interaction with slab-derived fluids and melts from se-
diment. U-Pb analyses of zircons from cumulate gabbro yield a weighted mean age of 114.3+1.4 Ma.
Based on our data and previous studies, we propose that an intra-oceanic subduction system and back
arc basin operated in the Neo-Tethy Ocean of central Tibet during Middle Jurassic and Early Creta-
ceous, resembling modern active infra-oceanic subduction systems in the western Pacific.
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meélange belt, geochemistry.

1 INTRODUCTION

Ophiolites are useful in reconstruction of the tectonic
history of a region, as these units indicate the presence of su-
tures and the closure of ancient oceanic basins (Savov et al.
2001). Gabbros are an integral part of the crustal section in an
ophiolitic suite, and they are created by the injection of basaltic
melt from the underlying rising mantle (Kakar et al., 2013).
The gabbros record the succession of magmatic events from
deep to shallow crustal levels. Therefore, the study of gabbros
is a key for evaluating the evolution of the oceanic lithosphere
(Ray et al., 2011).

Shiquanhe-Yongzhu-Jiali ophiolitic mélange belt (SYJMB)
lies in the central Tibet, and it extends from Shiquanhe in the
west to Chayu in the east, for about least 1 000 km length (Fig.
1a) (Pan et al., 2012). The SYJMB is generally thought to be
obduction southward production during closure of the
Bangong-Nujiang Ocean (Zhang, 2007; Kapp et al., 2003;
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Coward et al., 1988; Girardeau et al., 1985, 1984). However,
other workers debated that the SYJMB represented a Late Ju-
rassic to Early Cretaceous back-arc basin of the Bangong-
Nujiang suture zone (BNZS) (e.g., Geng et al., 2011; Zhu et al.,
2011; Pan et al., 2006; Hu, 1990). This controversy is a result
of the absent of systematic and detailed studies of the ophiolitic
meélanges in SYJMB, although the tectonic environment and
geodynamic significance of the Lagkorco ophiolitic mélange in
the western portion of the SYJMB is relatively well known.

Previous studies of the SYIMB ophiolitic mélanges have
focused mostly on the field characteristics (e.g.. Zheng et al..
2004; Kapp et al., 2003), radiometric ages (e.g.. Zeng et al., 2006;
Wang et al., 2003), isotope dating and the geochemistry of the
volcanic rocks (e.g., Zhang, 2007; Ye et al., 2005; Yang et al.,
2003). In this study, we focus on gabbros from the newly discov-
ered Zhongcang ophiolitic mélange in the western part of
SYIMB. We performed detailed petrological, whole rock geo-
chemical investigations, as well as zircon U-Pb dating and Lu-Hf
isotope analysis. The results are used to: (1) elucidate the origin
of these gabbros and the nature of the petrological processes; (2)
determine the tectonic sefting of the Zhongcang ophiolitic
mélange; and (3) compare ifs tectonic setting with those of other
ophiolitic mélange massifs along the whole SYJMB.
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Figure 1. (a) Simplified tectonic map of the Tibetan Plateau showing major sutures (modified from Li et al., 2009; Pan et al.,
2004; Yin and Harrison, 2000). The major sutures are: JSZ. Jinshajiang suture zone; BNSZ. Bangong-Nujiang suture zone;
SYJMB. Shiquanhe-Yongzhu-Jiali ophiolitic mélange belt; YZSZ. Yurlung-Zangbo suture zone; LSLSZ. Longmuco- Shua-
nghu-Lancang suture zone; (b) Schematic geological map of the Zhongcang area showing the ophiolitic massifs within the
BNSZ and SYJMB based on Zeng et al. (2011, 2006), Liu et al. (2003), and Xie et al. (2002). Oph. Ophiolite; (c) simplified
geological map showing the gabbros of Zhongcang ophiolitic mélange discussed in this study.

2 GEOLOGICAL SETTING

The Tibetan Plateau is an amalgamation of terranes that
were accreted in a southward younging fashion (e.g., Mattern
and Schneider 2000; Dewey et al., 1988). From north to south,
they are the Qiadam, Bayankala-Ganzi, northern Qiangtang,
southern Qiangtang, Lhasa and Himalayan terranes (Fig. la).
These terranes are separated by a series of suture zones, i.e., the
Kunlun, Jinsha, Longmuco-Shuanghu-Lancang,
Bangong-Nujiang and Yarlung-Zangbo suture zones (Fig. 1a)
(e.g.. Yin and Harrison, 2000; Li, 1987). The Shiquanhe-
Yongzhu-Jiali ophiolitic mélange belt separates northern Lhasa
subterrane to the north from central Lhasa subterrane to the
south (Zhu et al., 2011).

The SYTMB is mainly composed of ophiolitic fragments
and mélanges, which include pre-Ordovician metamorphic
rocks, Permian limestone, Jurassic to Early Cretaceous limes-
tones and so on (e.g., Pan et al., 2006; Zheng et al., 2004; Wang
et al., 2003). No associated flysch sediment has been discov-
ered (Pan et al., 2006), and the ophiolitic mélanges tectonically
rest on strata of different times (e.g., He et al., 2006; Ye et al.,
2004).

Zhongcang ophiolitic mélange located in about 500 m
south of Zhongeang Country, Nima Town is oriented in an E-W
direction. It is about 8 km long and has a maximum width of

about 1.5 km (Fig. 1b). The ophiolitic sequence mainly consists
of metamorphic peridotite, cumulate gabbro and gabbro dike,
and occurs as sheets within Early Cretaceous Langshan Forma-
tion. The Langshan Formation is mainly composed of limes-
tone with orbitolina fossils, and unconformably overlain by
Late Cretaceous Jingzhushan Formation in the north and Eo-
cene in the south (Fig. 1b). Metamorphic peridotites are ex-
posed chiefly in the western part of Zhongcang ophiolitic
mélange. They are associated with red chert, brecciated perido-
tite, gabbro and diabase (Liu et al., 2003). The eastern part of
Zhongcang ophiolitic sequence has well developed cumulate
gabbros and gabbro dikes with minor basalts, and they are in
fault contact (Figs. 1c and 2). The gabbro dikes are generally
10-100 cm widths. The cumulate gabbros and gabbro dikes
investigated in this paper are collected from the eastern part of
Zhongcang ophiolitic mélange.

3 PETROLOGY

Zhongcang ophiolitc rocks have been variably altered. The
mantle peridotites exhibit strong foliations and are extensively
serpentinized with pyroxene replaced by bastite and olivine by
serpentine and secondary magnetite (Liu et al., 2003). Spinel
grains are the least altered, whereas many grains are partly to
completely replaced by magnetite (Liu et al., 2003). The
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Figure 2. Detailed geological cross-section of Zhongcang ophiolitic mélange. The location of profile is shown in Fig. 1c.
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Figure 3. Petrologic characteristics of gabbros of Zhongcang ophiolitic mélange. (a) Meta-cumulate gabbro; (b) amphibolite
and chlorite replacing pyroxene; (c) gabbro dikes including coarse grained and fine grained gabbros; (d) gabbroic texture of
gabbro with amphibolite and actinolite replacing pyroxene. Hb. amphibolite; Pl. plagioclase; Chl. chlorite; Act. actinolite;

Om. opaque mineral.

cumulate gabbros have undergone greenschist-amphibolite
facies metamorphism, but cumulate structure can be found in
some place (Fig. 3a). The mineral assemblages of the cumulate
gabbros are mainly amphibolite, plagioclase, chlorite and opa-
que mineral (Fig. 3b). However, minor remnant pyroxene can
be observed. The dikes show variable mineral grain sizes and
fined-grained gabbros are interbeded with coarse grained gab-
bros (Fig. 3c). The gabbro dike typically shows a gabbroic
texture with platy labradoritic plagioclase and prismatic am-
phibolite and actinolite crystals replacing the pyroxene (Fig.
3d). Opaque minerals are present in minor to accessory
amounts.

4 ANALYTICAL TECHNIQUES

‘Whole rock elements compositions of samples were ana-
lyzed at ICP-OES and LA-ICP-MS laboratories, China Univer-
sity of Geoscience (Beijing). Major element abundances were
determined using PS-950 X-ray fluorescence spectrometry
(XRF). The agatecrushed sample was dried first at 106 ‘C for
2—4 h. After it, 25 g of the annealed sample was mixed with 5 g
of sodium tetraborate in platinum crucible. This mixture was
melted in high frequency furnace. After cooling, the melt was
diluted to 100 mL by adding water. The analytical precision
(relative standard deviation) is usually 1% for SiO,. 4%—10%
for other oxides (Yu, 2011). Whole rock trace element compo-
sitions were analyzed by Agilent 7 500 a inductively coupled
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plasma emission mass spectrometry (ICP-MS). About 50 mg
samples were dissolved in a mixture of HF and HNOj; in bombs
at 195 ‘C for 48 h. This procedure was repeated using larger
amounts of acids at 165 C for 24 h. After digestion, the sam-
ple was diluted with Milli-Q water to a final dilution factor of
2000. The AGV-2 (US Geological Survey) and GSR-3 (Na-
tional Geological Standard Reference Materials of China)
standards were used to monitor the analytical accuracy. These
results indicate that the accuracy is better than 5% for trace
elements. Analytical details and analysis of reference materials
are reported in Yu (2011).

High spatial resolution U-Th-Pb elements and isotopic ra-
tios of zircon were generated using a laser-ablation inductively
coupled plasma mass spectrometer (LA-ICP-MS) at the
LA-ICP-MS Laboratory, China University of Geoscience (Bei-
jing). The zircons were collected in Geological Survey of Hebei
Province. The best quality zircon grains, characterized by ho-
mogeneity, transparency, homogeneous color, fluorescence and
absence of inclusions were picked for dating. Zircon grains
were mounted together with epoxy on a disk. and polished to
obtain an even surface. The internal texfure of zircons was ob-
served using cathodoluminescence (CL) images carrying out in
Physics College, Peking University. Zircons were dated in-situ
on the LA-ICP-MS. The laser-ablation system is an UP 193SS
equipped with a 193 nm ArF-excimer laser, and a homogeniz-
ing and imaging optical system. Zircon U-Th-Pb elements and
isotopic ratios were analyzed on the Agilent 7500 a ICP-MS,
and a 30 pm diameter spot for the laser ablation of a single
grain. 2Pb/%pb, 2°Pb/PtU. Z'Pb/ U and 2*®Pb/*Th ratios
were calculated using GLITTER 4.4 (Macquarie University),
and were corrected for both instrumental mass bias and
depth-dependent elemental and isotopic fractionation using
Harvard zircon 91500 as an external standard. The ages were
calculated using ISOPLOT (Ludwig, 2000). Compositions of
the common Pb component were corrected following the me-
thod of Andersen (2002). Age uncertainties were quoted at the
95% confidence level.

A total of 17 dated zircon grains were selected for Lu and
Hf isotopic analyses using LA-MC-ICP-MS at the State Key
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Laboratory of Geological Processes and Mineral Resources,
China University of Geosciences (Wuhan). A Neptune Plus
MC-ICP-MS instrument was used to acquire time resolved
signals. The detailed instrumental parameters of the
laser-ablation system (GeoLas 2005) and MC-ICP-MS are de-
scribed by Liu et al. (2012) and Hu et al. (2012).

5 RESULTS
5.1 Geochemistry

Table 1 includes the results of major, trace and rare earth
elements analyses of the gabbros from the Zhangecang ophiolitic
melange. All samples have high (>6 wt.%) MgO and low (<54
wt.%0) SiO, contents and are therefore fairly mafic in composi-
tion (Table 1). They range from basalts to andesites and belong
to the subalkaline rock series based on the major oxide as well
as resistant trace-element compositions (Fig. 4a). Figure 4b
shows a SiOg-FeOTf'MgO plot of the gabbros of the Zhongcang
ophiolitic mélange. Most of the samples plot in the tholeiitic
field, but few straddle the tholeiitic-calc-alkaline boundary. The
cumulate gabbros and gabbro dikes display similar geochemi-
cal evolution as demonstrated by the Fig. 5. However, there are
also notable differences. Cumulate gabbros have higher SiO,
than gabbro dikes. In terms of trace elements, the cumulate
gabbros have lower Cr and Ni absolute concentrations for given
MgO values than gabbro dikes. These plots show a linear rela-
tionship with various degree of scatter (Fig. 5). These trends
show that all the gabbros were probably formed from an iden-
tical parental magma. The crystallization of plagioclase alone
can result in the depletion of SiO, and enrichment of MgO of
residual magmas (Scoates, 2000). Therefore, it is probably
caused by plagioclase cumulate during mafic magma evolution
that the gabbro dikes have more mafic compositions than cu-
mulate gabbros.

Most of the gabbros have flat REE patterns with slight
depletion in the most incompatible LREE (normalized to chon-
drite), similar to normal MORB (Figs. 6a, 6b). Only one sam-
ple of cumulate gabbros has slightly LREE-enriched pattern
(Fig. 6a). Some samples have REE content lower than that of
N-MORB (Figs. 6a, 6b). The slightly positive Eu anomalies in
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Figure 4. Geochemical classification for the gabbros. (a) Diagram of Zr/(Ti0,x0.000 1) versus Nb/Y (after Winchester and Floyd,
1977); (b) plot of SiO; versus FeOT;'MgO. The boundary line between tholeiitic and calc-alkaline rock types is from Miyashiro

(1974).
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Table 1 The concentration of major (wt.%o), trace elements (ppm) and their parameters for cumulate
gabbros (dP1703) and gabbro dikes (DC12T21)

Sample No. dP1703H1 dP1703H4 dP1703H9 dP1703H2 dP1703HS5 dP1703H8 dP1703H10 dP1703H3 dP1703H7

SiO, 52.08 53.64 52.42 51.65 51.17 51.00 52.36 51.87 51.26
TiO, 0.80 0.63 0.77 1.85 1.91 1.94 1.52 1.39 2.06
AlO4 14.98 18.94 15.31 13.69 13.51 13.15 14.29 14.64 13.37
FegOgT 8.87 6.42 8.20 11.86 12.24 12.09 10.56 9.80 13.04
MnO 0.15 0.10 0.14 0.19 0.19 0.18 0.19 0.13 0.23
MgO 7.51 4.83 6.87 6.50 6.43 6.40 6.77 7.25 5.89
CaO 11.07 9.64 11.57 9.06 9.52 10.45 9.04 10.26 9.04
Na,O 2.74 3.90 2.83 3.21 2.65 2.44 3.03 2.80 3.08
K0 0.15 0.17 0.16 0.10 0.11 0.09 0.15 0.18 0.10
P,0s 0.04 0.03 0.05 0.18 0.19 0.18 0.15 0.12 0.20
Lol 0.90 0.88 0.92 0.85 1.29 1.30 1.05 0.82 0.89
Total 99.27 99.19 99.23 99.16 99.20 99.22 990.11 99.26 99.15
Li 0.83 1.67 0.72 0.35 7.03 1.38 1.28 1.93 0.13
P 259 203 200 944 2056 921 802 642 1090
K 1630 1821 1650 1098 2 348 967 1652 1787 1654
Sc 44.02 25.22 41.55 37.36 80.36 38.32 36.66 37.26 40.84
Ti 4424 3490 4137 10 190 22 380 10 672 8516 7634 11 804
v 231 162 227 303 655 319 262 264 360
Cr 133 73.94 142 138 343 150 192 234 105
Mn 1082 733 1023 1413 2 866 1341 1436 938 1 800
Co 35.62 25.50 31.65 35.86 77.60 36.22 39.54 36.46 41.08
Ni 62.62 47.82 53.89 56.46 129 59.30 69.26 83.82 48.88
Cu 24.68 46.80 12.07 37.12 81.58 58.72 223 4.34 155.10
Zn 58.78 39.70 41.99 48.74 93.74 54.74 76.34 45.28 194
Ga 14.32 15.72 13.75 15.69 30.68 15.12 15.30 14.76 17.98
Rb 2.73 3.36 2.84 1.33 3.68 1.11 3.23 1.94 243
Sr 172 245 174 174 324 109 178 169 179
Y 16.71 11.02 15.79 36.48 66.22 33.12 30.04 25.54 43.14
Zr 34.85 30.36 42.04 120 165 77.53 93.57 82.10 137
Nb 1.16 0.95 1.66 4.17 6.90 3.29 292 3.00 3.95
Cs 2.47 2.17 2.37 0.93 1.36 0.31 1.26 1.63 0.49
Ba 9.75 13.85 9.78 8.92 13.69 5.34 7.67 8.77 7.62
La 1.57 1.86 1.60 4.72 7.56 3.57 3.85 2.97 5.32
Ce 4.67 4.40 4.57 13.62 22.72 10.91 11.15 8.83 15.49
Pr 0.79 0.65 0.76 2.27 3.82 1.86 1.82 1.45 2.53
Nd 4.44 3.34 4.23 12.12 21.16 10.43 9.74 7.92 13.67
Sm 1.65 1.12 1.54 4.01 7.19 3.58 3.21 2.71 4.59
Eu 0.76 0.78 0.73 1.36 2.68 1.27 1.16 0.96 1.60
Gd 2.36 1.54 2.20 5.28 9.65 4.81 4.28 3.66 6.14
Tb 0.43 0.28 0.40 0.94 1.69 0.85 0.76 0.65 1.10
Dy 2.90 1.86 2.71 6.24 11.31 5.69 5.07 4.38 7.33
Ho 0.61 0.40 0.57 1.31 2.37 1.19 1.07 0.92 1.54
Er 1.77 1.15 1.66 3.85 6.87 3.49 3.12 2.73 4.54
Tm 0.25 0.17 0.24 0.55 0.96 0.49 0.45 0.39 0.65
Yb 1.63 1.09 1.51 3.57 6.21 3.16 2.87 2.53 4.26
Lu 0.24 0.16 0.22 0.52 0.90 0.47 0.43 0.37 0.62
Hf 0.87 0.78 1.09 291 4.09 2.02 2.28 2.02 3.37
Ta 0.07 0.07 0.19 0.26 0.42 0.20 0.18 0.20 0.25
Pb 0.09 0.66 0.47 0.24 0.67 0.67 0.36 0.23 0.86
Th 0.29 0.39 0.31 0.43 0.33 0.20 0.35 0.30 0.49
U 0.04 0.07 0.05 0.10 0.14 0.08 0.08 0.07 0.11
Mg# 66.36 63.66 66.15 56.08 55.05 55.22 59.91 63.29 51.28
EwEu* 1.18 1.82 1.21 0.90 0.99 0.93 0.96 0.93 0.92
>REE 24.05 18.78 22.93 60.36 105.10 51.77 48.97 40.49 69.37
La/Yb 0.96 1.71 1.06 1.32 1.22 1.13 1.34 1.17 1.25

Dy/Yb 1.78 1.71 1.79 1.75 1.82 1.80 1.77 1.73 1.72
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Continued

Sample No. dP1703H1 dP1703H4 dP1703H9 dP1703H2 dP1703H5 dP1703H8 dP1703H10 dP1703H3 dP1703H7

La/Sm 0.95 1.66 1.04 1.18 1.05 1.00 1.20 1.09 1.16
Sm/YDb 1.01 1.03 1.02 1.12 1.16 1.13 112 1.07 1.08
Nb/Yb 0.71 0.87 1.10 1.17 111 1.04 1.02 1.18 0.93
Sr/Nd 38.73 73.31 41.06 14.36 15.30 10.45 18.25 21.28 13.08
Th/Yb 0.18 0.36 0.20 0.12 0.05 0.06 0.12 0.12 0.11
DCI2T21 DCI2T21 DCI2T21 DCI2T21 DCI2T21 DCI2T21 DCI2T21 DCI2T21 DCI2T21

Sample No. H1 H2 H3 H4 H5 H6 H7 HS8 HO
SiO, 50.13 52.11 46.58 50.20 49.00 48.46 51.00 52.07 50.61
TiO, 0.70 1.62 0.54 1.69 1.75 1.78 0.68 1.97 0.54
ALO; 16.38 14.16 19.34 15.56 16.22 14.30 15.97 15.32 17.89
Fe,057 8.83 8.10 8.07 9.74 8.24 10.94 7.19 7.92 7.15
MnO 0.15 0.15 0.14 0.16 0.16 0.17 0.13 0.15 0.1
MgO 8.07 6.72 7.33 6.93 6.21 6.81 734 6.26 7.05
Ca0 11.01 11.23 11.27 9.46 12.12 11.38 11.60 10.41 10.70
Na,0 3.20 3.79 3.40 428 3.50 3.8 3.50 416 3.55
K,0 0.07 0.17 0.15 0.19 0.13 0.12 0.19 0.12 0.18
P,0s 0.03 0.11 0.04 0.1 0.10 0.15 0.04 0.13 0.04
Lol 1.04 1.42 1.91 1.28 1.64 229 1.96 1.06 1.76
Total 99.62 99.58 98.77 99.60 99.07 99.68 99.60 99.56 99.57
Li 1.32 3.44 5.39 2.63 420 3.86 3.69 1.94 3.58
P 143 511 137 536 467 654 168 524 143
K 610 1435 1203 1637 1032 855 1517 956 1312
Sc 47.94 45.64 35.59 45.32 44.18 42.54 48.54 4328 34.30
Ti 4474 10310 3150 11 432 10 184 11026 4106 11 980 3342
v 211 281 170 365 292 296 197 257 145
Cr 228 172 270 286 187 176 215 263 282
Mn 1125 1154 997 1274 1253 1215 924 1085 777
Co 37.58 27.22 3831 37.02 29.28 37.96 29.44 25.64 30.84
Ni 77.26 58.76 86.50 86.60 68.50 72.58 64.06 69.90 94.86
Cu 15.47 10.49 129 7.64 3.61 51.26 23.50 3.0 17.78
Zn 41.86 37.90 42.12 41.22 35.58 37.60 37.70 2436 33.76
Ga 17.12 16.72 17.05 20.32 18.93 17.97 14.54 17.11 15.42
Rb 1.39 5.57 4.95 5.33 3.66 273 6.68 3.75 5.04
Sr 184 232 201 250 237 203 232 251 209
Y 2534 39.58 13.68 57.58 46.82 38.24 19.64 4134 13.08
Zr 41.04 107 28.53 143 122 88.11 36.59 92.47 25.04
Nb 0.93 3.79 211 495 5.12 3.40 1.03 3.99 0.88
Cs 0.55 111 1.42 0.67 0.48 0.30 1.50 0.78 0.95
Ba 9.45 1434 10.43 14.06 12.15 9.04 10.67 11.60 10.41
La 1.82 4.78 1.09 6.82 423 443 1.55 478 1.45
Ce 5.79 14.30 3.23 21.96 13.28 13.91 4.97 14.66 419
Pr 1.07 232 0.59 3.77 239 239 0.90 251 0.70
Nd 6.19 11.94 3.40 19.51 13.16 12.22 5.12 13.23 3.77
Sm 2.44 4.04 1.30 6.48 4.70 414 1.96 453 1.31
Eu 1.06 134 0.75 1.85 1.51 1.35 0.81 1.37 0.73
Gd 3.51 537 1.91 8.30 6.42 5.43 2.76 6.05 1.91
Tb 0.64 0.96 034 1.48 1.14 0.95 0.45 1.07 034
Dy 436 6.50 235 9.66 7.74 6.32 330 7.01 223
Ho 0.93 1.38 0.49 2,07 1.63 1.35 0.72 1.50 0.48
Er 2.70 4.10 1.44 6.12 4.89 3.98 2.03 438 1.40
Tm 0.38 0.59 0.20 0.89 0.69 0.56 0.29 0.62 0.19
Yb 242 3.92 1.32 5.59 457 3.63 1.82 3.96 1.25
Lu 036 0.59 0.19 0.83 0.66 0.55 027 0.59 0.19
Hf 1.21 2.73 0.70 3.72 2.87 232 1.00 2.59 0.70

Ta 0.05 0.24 0.17 0.30 0.53 0.21 0.07 0.23 0.07
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Continued
1 DCI2T21 DCI2T21 DCI2T21 DCI2T21 DCI2T21 DCI2T21 DCI2T21 DCI2T21 DCI2T21

Sample No. H1 H2 H3 H4 H5 H6 H7 HS8 HO

Pb 0.73 0.76 0.48 0.46 0.51 0.71 031 0.43 0.65
Th 0.05 033 0.07 0.44 0.23 026 0.04 030 0.06
U 0.02 0.10 0.05 0.10 0.06 0.06 0.04 0.07 0.04
Mg* 68.04 65.93 67.94 62.39 63.73 59.19 70.41 64.81 69.71
EwEu* 111 0.88 1.45 0.77 0.84 0.87 1.06 0.80 1.42
YREE 33.66 62.12 18.61 95.33 67.01 61.21 26.96 66.26 20.15
La/Yb 0.75 1.22 0.83 1.22 0.93 1.22 0.85 121 1.16
Dy/Yb 1.80 1.66 1.78 1.73 1.69 1.74 1.81 1.77 1.78
La/Sm 0.74 1.18 0.84 1.05 0.90 1.07 0.79 1.05 1.11

Sm/Yb 1.01 1.03 0.98 1.16 1.03 1.14 1.08 1.14 1.05
Nb/YD 0.39 0.97 1.60 0.88 1.12 0.94 0.56 1.01 0.70
St/Nd 29.68 19.45 58.97 12.80 17.99 16.58 45.43 18.99 55.33
Th/YD 0.02 0.08 0.05 0.08 0.05 0.07 0.02 0.08 0.04

Note: Mg*=100xMg>"/(Mg**+Fe"); EWEw*=Euy/SQRT(Smy*Gdy).
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Figure 5. Representative major and trace elements plotted against Mg# showing the geochemical relationships between cu-
mulate gabbro and gabbro dike. Values are in ppm for elements and in wt.%b for oxides.
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Figure 6. Chondrite-normalized REE diagrams and N-MORB normalized spider diagrams for cumulate gabbros (a), (c¢) and
gabbro dikes (b), (d) (normalizing values are from Sun and McDonough, 1989).

some samples suggest plagioclase accumulation. The total
range of REE concentrations of cumulate gabbros and gabbro
dikes are the same, and their REE patterns significantly overlap,
hinting that these gabbros were derived from a common mantle
source.

On the N-MORB normalized incompatible trace element
diagram, most of the samples have slightly negative anomalies
in Nb-Ta and Ti, and a few samples also show weakly negative
Zr, Hf and Th anomalies (Figs. 6¢c, 6d). The rocks are mostly
enriched in LILE, but few samples are depleted in Pb and Sr. It
can be postulated that the gabbros have similar incompatible
trace element signature as suprasubduction zone basaltic rocks.

5.2 U-Pb Dating

One cumulate gabbro (dpl703) is selected for zircon
LA-ICP-MS dating, and the analytical data are listed in Table 2.
Zircons separated from this sample are weakly elongated or
rounded grains or fragments of larger grains, locally with very
narrow overgrowths (Fig. 7). They are mostly 100-200 pm.
These zircons have relatively low U and Th concentrations
(~23-238 ppm and ~14-150 ppm, respectively, Table 2), yield-
ing Th/U ratios (0.22—0.86). These high Th/U ratios in zircons
are suggestive of magmatic crystallization (Hoskin and Schal-
tegger 2003). Eighteen analyses of these zircons have
2W8pp By ages ranging from ~110 to ~120 Ma, and form a
coherent group with a weighted mean of Wopp/ By age of
114.3+1.4 Ma (95% confidence; MSWD=0.72) (Fig. 8). This
U-Pb date could be interpreted to represent the crystallization
age of the gabbro, which is the same as that of gabbro dike
(~115 Ma, unpublished data).

5.3 Zircon Trace Element Composition
In situ studies of the REE chemistry of these zircons
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Figure 7. Representative cathodoluminescence images of
zircon grains from the cumulate gabbro.
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Figure 8. U-Pb concordia diagram for zircons from the cu-
mulate gabbro.
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Table 2 Zircon LA-ICP-MS U-Pb data for Zhongcang cumulate gabbro

Zﬂﬂpb ZMPbL U Th 20‘?be23 206be238 mapbfzasU
Spot No. WU  *"Pb”"Pb lo s lo 1o
(ppm) (ppm)  (ppm)  (ppm) 1Y) 1Y) age (Ma)
D1703-05 15.76 426 238 91 038 0.0487 00078 01171 0.0187 0.0174 0.0003 111+2
D1703-08 52 1.56 75 25 033 0.048 4 00280 01226 0.0706 00184 0.0009 11746
D1703-09 993 285 147 73 0.49 0.048 2 00117 01180 0.0286 0.0177 0.000 4 11343
D1703-22 12.89 392 197 150 0.76 0.049 3 00122 01171 0.0289 0.0172 0.000 4 11043
D1703-23 6.68 2.06 96 37 038 0.0479 00287 01211 00725 00184 0.0009 11746
D1703-24 6.93 209 104 67 0.64 0.046 8 00257 01131 0.0619 0.0175 0.0008 112+5
D1703-25 7.24 213 106 35 033 0.048 6 00236 01204 0.0582 0.0180 0.0008 11545
D1703-01 497 1.50 72 47 0.66 0.0483 00064 01190 00156 0.0179 0.000 4 11443
D1703-05 3.64 1.01 52 21 0.40 0.0483 00079 01203 00196 00181 0.000 4 11543
D1703-06 6.82 1.98 98 51 052 0.048 4 00063 01192 00154 0.0179 0.000 4 11443
D1703-08 2.67 0.82 38 26 0.69 0.048 5 00172 01201 0.0424 0.0180 0.000 6 115+4
D1703-13 1.61 0.50 23 14 0.62 0.0483 00160 01210 0.0398 0.0182 0.0008 1165
D1703-14 6.19 1.74 88 39 0.45 0.0483 00053 01213 00132 0.0182 0.000 4 1162
D1703-17 3.17 1.02 44 38 0.86 0.048 6 00172 01259 0.0443 00188 0.000 6 1204
D1703-20 6.33 2.00 93 69 0.74 0.0483 00104 01173 00251 0.0176 0.0005 11243
D1703-21 7.87 226 115 48 0.42 0.048 4 00063 01179 00153 0.0177 0.000 4 113+2
D1703-22 4.49 1.29 63 33 0.51 0.048 2 00099 01222 0.0250 00184 0.0005 11743
D1703-23 13.97 3.78 198 44 022 0.0483 00034 01219 0.0083 0.0183 0.0003 117+2
Note: 2%Pbc is common lead; 2°°Pb is radiogenic lead.
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Figure 9. (a) Chondrite normalized REE diagrams for the zircon from cumulate gabbro (normalizing values are from Sun
and McDonough, 1989). (b) Hf isotope ratio vs. Hf single stage model age of zircon from cumulate gabbro. Reference lines
representing chondritic Hf evolution (CHUR) and the depleted mantle (DM) are from Blichert-Toft and Albaréde (1997), Mo

et al. (2009) and Griffin et al. (2000), respectively.

show it to be strongly HREE enriched with respect to the LREE,
with positive Ce anomaly (Ce/Ce*=4.19-27.42) (Fig. 9a).

In addition, a negative Eu anomaly of variable magni-
tude is also observed (EwEu*=0.23-0.88), except for four
grains, which has no Eu anomaly (EwEu*=0.92-1.01). The
lack of negative Eu anomaly suggests zircon crystallization in
the absence of plagioclase (Renna and Tribuzio, 2009). Cor-

rected Ti-in-zircon crystallization temperatures using the reca-
librated Ti-in-zircon equation of Ferry and Watson (2007) have
been calculated for the analyzed zircons (Table 3). Based on the
general absence of rutile and quartz in these cumulate gabbros,
implying that both orjp. and og;o, are <1, we have assumed
maximum dro: and s values of 1 for all samples. Using
these maxirmun temperature estimates (Table 3), zircons
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Table 3 Zircon trace element (LA-ICP-MS) composition (in ppm), Zhongcang cumulate gabbro

SpotNo. D1703-05 D1703-08 DI1703-09 D1703-22 DI1703-23 D1703-24 D1703-25 D1703-01 D1703-05

Ti 7.63 5.77 7.22 10.18 7.79 6.45 6.98 471 5.47
Y 661 379 920 1193 422 464 403 404 188
Zr 407058 505536 499018 511890 526513 519048 480848 465518 459570
Nb 0.35 0.24 0.41 0.43 0.20 0.18 0.28 0.23 0.21
La - - - - 0.01 - - 0.04 0.03
Ce 1.23 0.80 1.44 1.89 0.83 0.85 0.82 0.75 0.47
Pr - - 0.03 0.04 0.03 0.04 0.02 0.03 0.01
Nd 0.21 0.23 0.52 0.70 0.37 0.65 - 0.59 0.19
Sm 0.51 0.42 1.53 1.75 0.73 0.96 0.73 1.22 0.28
Eu 0.50 0.31 0.76 1.23 0.50 0.76 0.36 0.73 0.21
Gd 5.00 3.52 9.42 13.32 4.9 7.29 442 6.72 2.25
Tb 2.44 1.55 436 6.00 2.00 2.89 1.98 2.60 0.98
Dy 4123 24.29 67.37 92.02 2027 3045 20.47 34.16 14.49
Ho 2127 1225 31.58 41.04 13.52 16.42 13.14 13.62 6.23
Er 118 68.74 164 202 72.43 76.56 75.02 64.65 32.05
Tm 34.28 20.38 44.55 53.55 20.99 20.45 21.44 17.95 9.21
Yb 454 269 567 646 275 255 209 223 120
Lu 102 63.84 120 134 62.79 55.14 67.76 45.69 28.43
Hf 5231 5680 6040 5901 5588 5964 6706 5618 5452
Ta 0.21 0.13 0.23 0.25 0.13 0.11 0.19 0.08 0.11
EwEu* 0.95 0.79 0.61 0.78 0.81 0.87 0.61 0.78 0.81
Ce/Ce* - - - - 9.63 - - 5.30 5.13
T(C) 724 700 719 750 726 709 716 683 695
SpotNo. DI1703-06 DI1703-08 DI1703-13 DI1703-14 DI1703-17 DI1703-20 DI1703-21 DI1703-22 D1703-23
Ti 5.69 12.26 16.03 4.95 18.39 4.63 6.63 5.78 5.16
Y 142 860 802 238 987 476 546 294 343
Zr 462385 458051 464054 463401 472153 474775 485874 498257 469 828
Nb 0.20 0.26 0.47 0.30 0.28 0.24 0.31 0.27 0.32
La 0.03 0.06 0.02 0.03 0.05 0.07 0.04 0.05 0.04
Ce 0.45 1.79 25 0.53 2.11 0.65 1.08 0.65 0.67
Pr 0.02 0.03 0.02 0.02 0.06 0.03 0.03 0.02 0.02
Nd 0.21 0.50 0.69 0.15 1.41 0.63 0.25 0.22 0.18
Sm 0.27 1.79 1.94 0.42 3.58 1.56 0.54 0.68 0.49
Eu 0.19 0.46 0.37 0.32 0.63 0.85 0.51 0.49 0.37
Gd 1.71 1323 11.91 3.08 20.26 8.12 439 3.86 2.87
Tb 0.79 5.78 5.22 1.28 7.51 3.10 2.14 1.62 1.35
Dy 11.03 75.55 68.58 18.22 92.43 40.07 34.71 23.47 20.35
Ho 4.78 30.90 28.19 8.15 34.65 16.69 17.05 9.84 10.65
Er 2433 141 130 4125 152 76.99 93.59 48.34 64.28
Tm 7.12 34.80 34.36 11.93 36.88 20.60 26.56 14.01 20.57
Yb 96.66 396 388 168 405 259 353 175 205
Lu 20.76 72.09 74.83 37.58 73.94 54.48 78.87 38.98 68.83
Hf 6387 8 746 8328 5284 8418 5765 5313 5553 5351
Ta 0.07 0.19 0.31 0.11 0.20 0.10 0.15 0.05 0.14
EwEu* 0.84 0.29 0.24 0.88 0.23 0.73 1.01 0.92 0.95
Ce/Ce* 427 11.0 27.9 6.10 9.52 3.38 7.90 4.73 5.53
T('C) 699 768 794 687 808 682 712 700 690

Note: EWEu*=Euy/SQRT(Smy*Gdy); Ce/Ce*=Cey/SQRT(Lay*Pry); T after Ferry and Watson (2007) using dsig:=1, 00-=1.

from Zhongcang cumulate gabbros give a T range of ridges studied by Grimes et al. (2009).
681-808 ‘C, similar to that of mafic rocks from the mid-ocean
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5.4 Zircon Lu-Hf Isotopes

Of the 18 dated zircons from cumulate gabbro, 17 were
analyzed for Hf isotope ratios. These zircons show a wide
range of *Lw'”’Hf ratios (0.000 583-0.002 320) and
76yb/""HF (0.018 460-0.077 769) (Table 4). However, they

Mengjing Xu, Cai Li, Wei Xu, Chaoming Xie, Peiynan Hu amd Ming Wang

give a narrow range of initial 1/ HE from 0.283 041 to
0.283 123. All zircons have positive gggf) values ranging from
+11.9 to +15.0. The single stage Hf model ages (TDM) calcu-
lated is 181-302 Ma (Table 4).

Table 4 Hf isotopic compositions for zircon of Zhongcang cumulate gabbro

Spot 61 61w/ eyt Age Tomi Tome
No. UTys lo UTys lo UTys lo (Ma) ex(f) 1o (Ma) (Ma)
D1703-05 0.283057 0.000018 0.000843 0.000021 0.026484 0.000 784 114 125 08 275 339
D1703-08 0.283 108 0.000010 0.001919 0.000041 0.065081 0.001077 111 142 0.6 208 243
D1703-09 0.283075 0.000010 0.000850 0.000017 0.023 638 0.000258 117 132 0.6 249 302
D1703-22 0.283082 0.000012 0.002320 0.000024 0.077769 0.000 591 113 133 07 249 296
D1703-23 0.283082 0.000011 0.000583 0.000014 0.018460 0.000287 110 133 0.6 238 290
D1703-24 0.283066 0.000008 0.001336 0.000078 0.043332 0.002 490 117 129 0.6 265 322
D1703-25 0.283 054 0.000 007 0.000956 0.000012 0.038106 0.000203 112 123 0.6 280 347
D1703-01 0.283082 0.000014 0.001 625 0.000046 0.054434 0.001 449 115 134 07 244 202
D1703-05 0.283041 0.000010 0.001572 0.000052 0.050412 0.001574 115 119 0.6 302 372
D1703-06 0.283094 0.000011 0.000912 0.000028 0.028 847 0.001 105 114 138 0.6 223 266
D1703-08 0.283 057 0.000012 0.000972 0.000022 0.031711 0.000601 115 125 07 275 338
D1703-13 0.283 107 0.000 010 0.000719 0.000023 0.022859 0.000 905 116 144 0.6 202 237
D1703-14 0.283082 0.000007 0.000821 0.000005 0.032811 0.000330 116 134 0.6 240 289
D1703-17 0.283 123 0.000 059 0.001 065 0.000045 0.034797 0.001379 120 150 22 182 206
D1703-20 0.283073 0.000 009 0.001326 0.000009 0.052010 0.000315 112 13.0 0.6 255 309
D1703-21 0.283 100 0.000011 0.000631 0.000012 0.021197 0.000454 113 141 0.7 212 252
D1703-23 0.283054 0.000012 0.002080 0.000032 0.065666 0.000680 117 124 0.7 289 349

6 DISCUSSION
6.1 Petrogenesis of the Gabbros

Immobile elements, such as Zr, Nb and Yb, are em-
ployed to discriminate the nature of the magma source, and
their ratios (e.g., Nb/Yb) can provide a robust indicator of man-
tle fertility (e.g., Pearce and Stern, 2006). The Nb/YD ratios of
Zhongcang gabbros are in range of 0.39—1.60, most of which
are higher than that of N-MORB (0.76, Sun and McDonough,
1989). but lower than that of E-MORB (3.5, Sun and McDo-
nough, 1989), indicating that the mantle source of these rocks is
probably a mixture of enriched mantle and depleted mantle.
The sudf) values (+11.9 to +15.0) of zircons from cumulate
gabbro are slightly below depleted mantle values (Fig. 9b), also
suggesting the involvement of enriched mantle components on
the origin of these Zhongcang gabbros. The enriched mantle is
generally thought to be related to recycling of subducted crust
(Donnelly et al., 2004). Pearce and Parkinson (1993) compiled
bulk distribution coefficients for highly incompatible to com-
patible elements of mantle derivation (e.g.. Nb, Yb. Y), and
showed characteristic of basalts from different tectonic seftings
by normalizing primitive basalts against a fertile MORB mantle
(FMM). We have applied this method to the gabbros of Zhong-
cang ophiolitic mélange as shown in Figs. 10a and b, and the
cumulate gabbros and gabbro dikes show the similar
FMM-normalized patterns. Typically, the patterns of the cumu-
late gabbros and gabbro dikes have the following incompatible
element characteristics: VHI>HI>MI or VHI=HI=MI (Figs.

10a, 10b). According to Pearce and Parkinson (1993), such
patterns indicate moderate to high degrees of melting of an
un—enriched to slightly depleted FMM source. The gabbros
have uniformly low Dy/Yb ratios (1.66—1.82) and relatively
elevated La/YDb ratios (0.75-1.71) (Table 1), and plot within the
melting trend of spinel mantle source, which corresponds to
~30% partial melting of a spinel lherzolite mantle (Fig. 11a).
Sm/Yb and La/Sm ratios are employed to further constrain the
nature of the spinel mantle (Fig. 11b).

As mentioned above, Zhongcang gabbros show clear
LILE enrichments caused by the mobility of LILE in fluids or
melts from the subducting oceanic crust and sediments (e.g.,
Pearce and Stern, 2006 and references therein; Pearce and Peate,
1995). High S1/Nd ratios are generally attributed to the in-
volvement of slab-derived fluids. whereas high Th/Yb ratios
have been ascribed to the addition of subducted sediments (Da-
vidson, 1987). In Zhongcang gabbros, Sr/Nd ratio is
10.45-73.31, higher than that of N-MORB (12.33, Sun and
McDonough, 1989) and upper crust (11.85, Rudnick and Gao,
2003). The Th/YD ratio is in range of 0.02—0.36, similar to that
of N-MORB (0.04, Sun and McDonough, 1989) and E-MORB
(0.25, Sun and McDonough, 1989). These suggest the lack of a
sediment component in generation of the gabbros. Pearce (2008)
proposed that fluids released from subducted material and their
interaction with mantle sources will result in high U/Th and
Ba/Th in produced magmas. At low Th concentrations, some
gabbro dikes show a large spread in U/Th and Ba/Th
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(Figs. 12a and 12b), suggesting that they were generated from a and cumulate gabbros have slightly higher Th contents than
mantle source that was enriched in Ba and U, as well as in other MORB, indicating that they were derived from a source that
fluid-mobilized elements. In contrary, the other gabbro dikes has been enriched in Th by melts derived from subducted se-



236

diments (Figs. 12a and 12b). In summary, the mantle source of
these gabbros was probably enriched by interaction with
slab-derived fluids and melts from sediment.

6.2 Tectonic Setting

The hybrid mixture between MORB-like and arc-like
element signatures in Zhongcang gabbros is generally ac-
knowledged to be unique to backarc basin basalt (Pearce and
Stern, 2006; Pearce and Peate, 1995; Volpe et al., 1987). In
addition, these gabbros of Zhongcang ophiolitic mélange
mainly plot in the back-arc basin basalt field and between vol-
canic arc and N-MORB fields on the triangular Y-La-Nb dia-
gram (Fig. 13a). On Ti verse V diagram, all of the gabbros
show similarities to MORB and island arc tholeiites (IAT) (Fig.
13b). These characteristics suggest that Zhongcang ophiolitic
meélange were probably formed in a back arc setting with strong
MORB related characteristics.

La/l0

Nb/8
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Previous studies have shown that back-arc basin basalts
may form not only on an intra-ocean arc lithosphere such as
Mariana Trough (Gribble et al., 1996), but also on a continental
basement such as the Okinawa Trough (Shinjo et al., 1999).
Generally, infra-oceanic back arc basin basalts are similar to
N-MORB to intra-ocean arc magmas, whereas compositions of
continental back-arc basin basalts are similar to E-MORB to
continental arc magmas (Ghazi et al., 2012). The chondrite
normalized REE patterns of Zhongcang gabbros are similar to
N-MORB (Figs. 6a and 6b). Most of Zhongcang gabbros plot
in the MORB array close to N-MORB on some of the diagnos-
tic HFSE and REE ratio diagram, and some cumulate gabbros
plot between the MORB array and compositional field for typ-
ical arc basalts (Fig. 14). These observations propose that the
Zhongcang gabbros most likely are related to an oceanic back
arc and oceanic arc setting.
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Figure 13. (a) Triangular Y/15-La/10-Nb/8 diagram of Cabanis and Lecolle (1989). 1A. Calc-alkaline basalts; 1B. overlap be-
tween 1A and 1C; 1C. volcanic arc tholeiites; 2A. continental basalts; 2B. backarc basin basalts; 3A. alkaline basalts; 3B and
3C. E-MORB; 3D. N-MORB. (b) Ti (ppm) versus V (ppm) diagram for the gabbros from Zhongcang ophiolitic mélange. TV'V
ratios for IAT and MORB are from Shervais (1982). The legend is shown in Fig. 4.

6.3 Implications for the Evolution of the Neo-Tethys in
Central Tibet

The new geochemical data and LA-ICP-MS U-Pb age
dates show that Zhongcang ophiolitic mélange was formed in
an infra-oceanic back arc basin in Early Cretaceous. Previous
studies suggested that Shiquanhe ophiolitic mélange in the
western part of SYJMB was derived from a subduction-related
environment (Qiu et al., 2005; Xu et al., 2004), and the forma-
tion age is Middle Jurassic (Fig. 15; Zheng et al., 2006). The
Guchang ophiolitic mélange is believed to have started building
during Jurassic and lasted to Early Cretaceous, representing for
a limited oceanic basin (Chen et al., 2006). Zeng et al. (2006)
and Wang et al. (2007) concluded that Lagkorco ophiolitic
meélange was generated in an inter-arc basin setting. However,
the amphibolites show greater arc affinity similar to basalts
from back-arc basin settings (Wang et al., 2008).

The isotope dating and radiolarian show an age range of
later Early Jurassic and Early Cretaceous (Fig. 15; Fan et al.,
2010; Zhang et al., 2007; Aitchison and Davis, 2006; Zeng et
al., 2006). A K-Ar age of 118.74+4.75 Ma and Early Creta-
ceous radiolarian are reported in Asuo structure mélange, which

is different from the oceanic mid-ridge ophiolite and probably
formed in a limited small oceanic basin (Tang et al., 2004; Xie
et al., 2002). Yongzhu ophiolitic mélange was generated in an
inter-arc basin or back arc basin setting (Ye et al., 2005; Zhu,
2004; Wang et al., 2003; Yang et al., 2003).
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Figure 14. T/'YDb versus Nb/Yb diagram for gabbros (after
Pearce and Peate, 1995).
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Figure 15. A summary of the recent geochronologic and geotectonic data on the SYJMB, showing the ages and the tectonic
settings of the various ophiolific mélanges (see text for details and references). SSZ. Supra-subduction zone; Map legend is

presented in Fig. 1.

The K-Ar and U-Pb techniques provided Early Cretaceous ages
for Yongzhu ophiolitic mélange (Zhu, 2004; Wang et al., 2003),
but radiolarites yielded ages spanning from Late Triassic to
Late Cretaceous (Fig. 15; Qu et al., 2011; Wang et al., 2003).
The geochemistry of mafic rocks shows that the Namuco ophi-
olite mélange derived from the dismantlement of back arc basin
system of Middle Jurassic (Ye et al., 2004). The Kaimeng and
Polongzangbu ophiolitic mélanges was both considered to form
in a suprasubduction zone system (He et al., 2006; Zheng et al.,
2003). Although some Late Triassic—Early Jurassic ages have
been reported in Shiquanhe, Kaimeng and Polongzangbu ophi-
olitic mélanges, no related geochemical data can be used to
investigate their tectonic setting. All of these observations sug-
gest that SYJTMB probably represents an intra-oceanic back arc
basin during the Middle Jurassic and Early Cretaceous.

Between SYJMB and BNSZ, a large magmatic arc is
oriented in an E-W direction, which mainly includes Mid-
dle-Late Jurassic and Early Cretaceous volcanic rocks with
island arc affinities and I-typed granites (Zhu et al., 2011, 2008;
Pan et al., 2006). The Lu-Hf isotope characteristics of zircons
from these magmatic rocks show that they are derived from
mantle source, implying that the northern subterrane is recently
accreted (Zhu et al., 2011). In addition, Qiu et al. (2004) and
Shi (2007) reported 152.3+3.6 and 167.0+1.4 Ma for Shemal-
gou ophiolite and Bangonghu ophiolite, respectively, and they
interpreted these ages as the subduction of the BNSZ. These
propose that an intra-oceanic southward subduction system was
probably developed in Neo-Tethy Ocean in central Tibet during
the Middle Jurassic and Early Cretaceous (Zhu et al., 2011,
2008).

In summary, the Neo-Tethy Ocean in central Tibet has
been probably subducted southward in Middle Jurassic and led
to the generation of an inter-oceanic island arc. Then an inter-
oceanic back arc basin was formed and lasted to Early Creta-
ceous.

7 CONCLUSION

The Zhongcang ophiolitic mélange is dominated by cu-
mulate gabbros, gabbro dikes and metamorphic peridotite, with
minor volcanic rocks. The gabbros have undergone
greenschist-amphibolite facies metamorphism. The whole rock
geochemistry indicates that these gabbros were derived from a
common mantle source, and have MORB and volcanic arc
affinities. The mantle source of the gabbros in Zhongcang
ophiolitic mélange was spinel mantle with ~30% partial melt-
ing, and was enriched by slab-derived fluids and melts from
sediment. This study suggests that the Zhongcang ophiolitic
mélange was formed in an intra-oceanic back arc system in
Early Cretaceous.

Comparable observations from the other ophiolitic massifs
along the whole Shiquanhe-Yongzhu-Jiali ophiolitic mélange
belt and the ages of magmatic arc and BNSZ subduction allow
us to propose that an intra-oceanic subduction system and back
arc basin operated in the Neo-Tethy Ocean of central Tibet
during Middle Jurassic and Early Cretaceous, resembling mod-
ern active intra-oceanic subduction systems in the western Pa-
cific.
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