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Figure 1 Tectonic framework of the Tibetan Plateau (a) and simplified geologic map of the Ren Co area (b), Lhasa terrane, Tibet. JSSZ, Jinsha suture
zone; LSSZ, Longmu Co-Shuanghu-Lancang River suture zone; BNSZ, Bangong-Nujiang suture zone; IYZSZ, Yarlung Zangbo suture zone
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Figure 2 Field photographs (a) and photomicrographs (b) of the me-

ta-gabbro from the Nyaingentanglha Group in the Ren Co area, Tibet.
Am, amphibole; Pl, alterated plagioclase
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Figure 3 Zircon LA-ICP-MS (a) and SIMS (b) U-Pb concordia dia-
grams for the meta-gabbro (13T184) from the Nyaingentanglha Group in
the Ren Co area, Tibet. Solid and dashed circles show the locations of
U-Pb dating and Hf analyses, respectively
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Table 1 Whole-rock major and trace element data of the meta-gabbro from the Nyaingentanglha Group in the Ren Co area, Tibet

. 13T170 13T170-1 13T173 13T175 13T184 13T171 13T171-1 13T172 13T174
" Az A% Al AL AL B B4 B4 B41
FEICE (Wt%)
SiO, 47.82 47.83 48.94 48.48 49.32 48.73 48.81 49.20 48.88
TiO, 2.38 2.50 226 2.51 2.15 0.83 0.86 0.85 0.84
AlLO; 14.55 14.77 14.90 14.78 15.30 14.28 14.65 14.80 14.46
Fe, 057 12.78 12.74 12.32 11.74 10.63 9.25 9.33 9.31 9.98
MnO 0.21 0.21 0.20 0.18 0.17 0.11 0.11 0.11 0.11
MgO 6.73 6.73 6.15 6.25 6.10 8.10 8.13 7.97 8.47
CaO 10.59 10.44 10.76 9.94 10.21 12.45 12.34 12.02 11.82
Na,O 2.99 2.88 3.09 3.30 3.84 2.75 2.62 2.94 2.46
K0 0.50 0.50 0.60 0.73 0.49 0.24 0.24 0.24 0.19
P,0;5 0.20 0.21 0.21 0.20 0.09 0.04 0.05 0.05 0.05
LOI 0.77 0.83 0.67 0.92 1.18 2.19 2.19 2.63 1.69
&1t 99.52 99.64 100.10 99.03 99.48 98.97 99.33 100.12 98.95
fil G % (ppm)

Li 12.4 11.0 10.6 9.09 11.4 8.99 7.63 11.2 14.6
Be 0.66 0.65 0.66 0.62 0.65 0.18 0.18 0.19 0.15
Sc 53.2 51.8 51.6 54.9 69.6 43.1 38.8 43.4 42.4
A\ 410 469 379 498 323 257 293 253 299
Cr 259 302 215 262 240 134 135 133 129
Co 46.8 42.4 442 39.5 36.9 42.4 37.5 43.9 41.4
Ni 70.2 61.8 60.1 58.4 46.2 77.9 70.9 71.2 74.3
Ga 22.6 21.7 21.7 22.8 22.0 15.7 14.6 16.5 15.6
Rb 20.9 16.8 24.9 24.0 20.1 3.66 341 3.95 3.45
Sr 211 188 181 220 246 87.6 71.4 92.1 74.7
Zr 149 100 152 118 203 32.6 27.9 33.6 29.5
Nb 2.26 2.07 2.04 2.27 2.24 0.85 0.36 0.81 0.38
Cs 0.52 0.46 0.47 0.45 0.46 2.40 2.33 2.33 4.64
Ba 112 95.5 86.3 199 70.8 38.7 34.7 32.9 67.5
Ta 0.29 0.16 0.27 0.19 0.35 0.17 — 0.20 —
Pb 0.56 0.45 0.73 1.36 0.73 0.21 0.09 0.30 0.08
Th 0.21 0.17 0.20 0.2 0.27 0.05 - 0.08 —
U 0.08 0.06 0.08 0.09 0.10 - - - —
Hf 4.16 3.43 4.65 3.98 5.65 1.12 1.24 1.22 1.19
La 4.16 4.24 4.15 4.44 3.24 0.76 0.93 0.82 0.96
Ce 15.7 13.3 15.0 13.7 12.1 3.31 3.02 3.66 3.35
Pr 2.84 2.65 2.73 2.82 2.37 0.62 0.68 0.70 0.78
Nd 16.3 15.1 15.3 15.6 13.6 3.95 3.99 4.51 4.29
Sm 5.58 4.56 5.24 4.78 4.84 1.71 1.58 1.83 1.6
Eu 2.04 1.78 1.97 1.87 1.80 0.73 0.71 0.72 0.65
Gd 7.25 7.22 6.66 7.16 6.73 2.47 2.81 2.54 2.69
Tb 1.24 1.29 1.20 1.35 1.23 0.49 0.55 0.50 0.52
Dy 8.01 8.02 7.78 8.54 7.97 3.42 3.62 3.51 3.66
Ho 1.80 1.64 1.79 1.78 1.85 0.82 0.78 0.84 0.80
Er 4.88 5.13 4.67 5.45 4.98 2.19 2.53 2.22 2.54
Tm 0.78 0.70 0.78 0.76 0.82 0.37 0.36 0.38 0.37
Yb 4.82 4.77 4.60 5.01 5.08 2.47 2.33 2.26 2.31
Lu 0.73 0.72 0.71 0.76 0.78 0.35 0.37 0.38 0.36
Y 49.5 44.8 43.9 46.5 46.2 21.3 19.6 21.9 21.6
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Figure 4 The SiO,-Zr/TiO, diagram” of the meta-gabbro from the
Nyaingentanglha Group in the Ren Co area, Tibet
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Figure 5 Chondrite-normalized REE patterns (a) and primitive-mantle-normalized spider diagrams for the meta-gabbro (b) from the Nyaingentanglha
Group in the Ren Co area, Tibet. Chondrites, primitive mantle, N-MORB and E-MORB values are after Ref. [31]. Data for the island arc tholeiite (IAT) are

after Ref. [32]
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Table 2 The average values of the ratios of high field strength elements (HFSE) of the world-wide typical basic rocks and the meta-gabbro from
the Nyaingentanglha Group in the Ren Co area, Tibet

FE i Ce/Zr Th/Yb Th/La La/Yb La/Sm La/Nb Zr/Nb Hf/Nb Y/Nb
A 0.10 0.04 0.05 0.84 0.81 1.87 66.3 2.01 21.2
B 0.11 0.03 0.09 0.37 0.52 1.75 58.7 2.35 40.8
IAT 0.13 0.19 0.17 1.08 1.24 3.84 77.1 2.25 33.6
N-MORB 0.10 0.04 0.05 0.82 0.95 1.07 31.8 0.88 12.0
E-MORB 0.20 0.25 0.10 2.66 2.42 0.76 8.90 0.24 2.70

a) IATEURE S| A 2% 3CHk[32]; N-MORBHIE-MORBEE S| H 2% CHk[31]
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Figure 6 The diagram of Hf-Th-Ta % (a), Y-La-Nb 5% (b), Nb-Zr-Y % (c), Th/Yb vs. Nb/Yb B7 (d), Zt/Y vs. Zr B¥ (e), and V vs. Ti P! () for me-
ta-gabbro from the Nyaingentanglha Group in the Ren Co area, Tibet
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Early Neoproterozoic meta-gabbro (~925 Ma) from the Lhasa
terrane, Tibetan Plateau and its geological significance

HU PeiYuan, ZHAI QingGuo, TANG Yue, WANG Jun & WANG HaiTao

Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China

In the past decades, a lot of studies have been focused on the amalgamation between the Indian and Eurasian continents
in the Tibetan Plateau during the Cenozoic. However, little attention was paid to the Precambrian evolution of the
Tibetan Plateau though it has the same important scientific significance to those of the Cenozoic. Numerous Precambrian
rocks occur in the Lhasa terrane such as the Nyaingentanglha and Nyingchi Groups, and they are commonly considered
to be the Precambrian basement of the Lhasa terrane.

The Nyaingentanglha Group is one of the most important Precambrian rocks in the Tibetan Plateau, and it plays a key
role in understanding the Precambrian tectonic evolution of the plateau. The Nyaingentanglha Group is composed of a
suit of tectonic slices with different sizes and ages, including meta-sedimentary, meta-volcanic and meta-basic-acid
intrusive rocks. In this paper, we reported new zircon U-Pb ages and Hf isotope, and whole-rock major and trace element
compositions for meta-gabbro from the Nyaingentanglha Group in the Ren Co area, north-central Lhasa terrane, Tibet.
Zircon LA-ICP-MS and SIMS U-Pb dating yielded weighted mean **Pb/**U ages of 930.9+7.3 and 925.2+6.2 Ma,
respectively. Zircons from the meta-gabbro exhibit pudding, fan-shaped or slight zoning structure and high Th/U ratios
(0.73-31.6), indicating that these zircons are of magmatic origin. Thus these ages represent the crystallization age of the
protoliths of meta-gabbro. This is the oldest ages of the mafic magmatic rocks in the Lhasa terrane, as well as within the
Tibetan Plateau.

The meta-gabbros contain low SiO, concentrations (47.83wt%—49.32wt%) and show the sub-alkaline basalt features
in the SiO, versus Zr/TiO, diagram. The chondrite-normalized rare earth element (REE) and primitive-mantle-normalized
trace element multi-element patterns indicate that these rocks can be divided into two groups. The REE and trace element
patterns of both groups are similar to those of N-type mid-ocean ridge basalts (N-MORB), meanwhile Group A samples
have relatively higher REE and high field strength element (HFSE) contents than those of the Group B samples. The high
field strength element ratios (Ce/Zr, Th/Yb, Th/La, La/Yb, La/Sm, La/Nb, Zr/Nb, Hf/Nb, and Y/Nb) of both group
samples can be comparable with those of N-MORB. In addition, the meta-gabbros also display some features of island
arc tholeiite (IAT), and Group B samples show some subduction affinity in the geochemical discrimination diagrams.
Furthermore, zircons from meta-gabbro have clearly positive &) values (8.26—13.7) and young zircon Hf model ages
(Tpm=933-1205 Ma), suggesting that the protoliths of meta-gabbros are derived from a long-term depleted mantle source.
These features indicate that meta-gabbros are probably the remnant of an Early Neoproterozoic oceanic crust.

According to the published data, it is still unclear for the age of the Nyaingentanglha Group. Recently, zircon U-Pb
dating showed that its ages had a large variation ranging from Early Neoproterozoic (ca. 897 Ma) to Cenozoic (ca. 59
Ma). The discovery of ca. 925 Ma meta-gabbro give us new constrain on the timing of the Nyainqentanglha Group. Thus
the Nyaingentanglha Group should be disassembled in the future, and the Precambrian evolution of the Lhasa terrane will
be clearer.

Tibetan Plateau, Lhasa terrane, meta-gabbro, Neoproterozoic, oceanic crust
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