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Cretaceous volcanic rocks in northern Lhasa Block: constraints on the
tectonic evolution of the Gangdise Arc
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Chinese Academy of Sciences, Beijing 100085, China)

Abstract: Before the continental collision between India and Asia, there existed widespread Early Jurassic to
Eocene arc magmatism in the Lhasa Block of southern Tibet, which resulted from the northward subduction of
the Tethyan oceanic lithosphere beneath Asia. This paper has reported geochronological (** Ar/* Ar dating),
major and trace elements and Sr-Nd-O isotopic data of the Cretaceous volcanic rocks widely exposed in the north
of the Lhasa Block and tried to investigate the tectonic evolution of the Gangdise Arc. **Ar/* Ar geochronolo-

gical data indicate that these Cretaceous volcanic rocks could be divided into two groups, namely Early Creta-
ceous (140~ 110 Ma) and Late Cretaceous (100 ~80 Ma). Early Cretaceous volcanic rocks refer to the in-

terbeds in Zenong Group and Duoni Formation, which are mainly distributed in such central-northern areas of
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the Lhasa Block as Taruoco, Cogén, Dangruoyongco and Xainza and consist of basalt, basaltic andesite, an-
desite, dacite and rhyolite (mostly divided into high-K and shoshonitic series and subordinately into medium-K
series). The authors focused their study on the basalt and basaltic andesite of Zenong Group (SiO, =47.76% ~
56.25% , high-K calc-alkaline and shoshonitic series in SiO,-K,O diagram), which are characterized by relative
enrichment of light rare earth elements and large-ion lithophile elements, negative Eu anomaly (8Eu=0.77 ~
0.95), negative Nb, Ta, Ti anomalies, and relatively high initial (¥ Sr/*®Sr),(0.706 3~0.707 2), low
MNd/™Nd (0.5124~0.5126) ratios and eNd(z) ( —5.4~ —1.5), and high 8Oy suow (7.2%0 ~9.8%0),
indicating that the magma source was the lithospheric mantle wedge metasomatized by the fluid/melts from the
oceanic sediments or/and the oceanic crust. Late Cretaceous volcanic rocks mainly consist of intermediate-basic
volcanic rocks in calc-alkaline (low-K tholeiitic and medium-K calc-alkaline, SiO, =50.91% ~70.45% ) series,
sparsely exposed in the north of the Lhasa Block and south of the Qiangtang Block. Compared with Zenong
Group volcanic rocks, these volcanic rocks are characterized by younger ages, high Mg (Mg” =359) and compat-
ible elements (Cr=162x10"%, V=216x10"°, and Ni=80 X 10" %) content, relatively primitive Sr-Nd iso-
topic composition (*’Sr/%Sr),=0.704 1~0.704 9; "*Nd/"*'Nd=0.5125~0.5128; eNd(¢)= - 3.5~2.2),
suggesting that the magma source might have been the metasomatized lithospheric mantle wedge subsequently
metasomatized by the melts from asthenospheric mantle. Such volcanic rocks are named Nima Group volcanic
rocks in this study. The temporal-spatial distribution of Mesozoic-Palcogence volcanic rocks of the Lhasa Block
implies that Gangdise Arc volcanic rocks have undergone two times of spatial migration. One is the northward
migration, i.e., from Yeba Formation (193 ~ 174 Ma) and Sangri Group (J35—K;) in the southernmost area
through Zenong Group/Duoni Formation in the north (140~110 Ma) to Nima Group in the northernmost area
(100~80 Ma). The other is the migration from north (Nima Group volcanic rocks, 100 ~80 Ma) to south
(Linzizong Group volcanic rocks, 70~40 Ma). The temporal-spatial distribution and geochemical characteristics
of volcanic rocks reveal the north-dipping subduction history of the Neo-Tethys oceanic lithosphere, i.e., the evolu-
tion from low-angle and north-dipping subduction in the early stage through high-angle roll-back to final detachment.
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Fig. 1 Temporal-spatial distribution of Late Jurassic-Cretaceous volcanic rocks in the Lhasa Block
(modified after Ding et al.> 2003
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1
Table 1 Petrographic characteristics of Cretaceous volcanic rocks from Lhasa Block
o . 2% >
2003T432 >5% S0, < 80%
2003T436 >10% 25% Z(Z:O%
. . 2%
2003T437 3% 0% oo 0%
. 2%
2003T463 2% 10% 0%
5% 5%
20031466 2% 40% 50%
50() 20()
2003T467 5% 30% 60 %
2003T468 5% 5% 50% 40%
. 20% <
2003T474 3% 80%
5% 5%
2003T478 15% 20% 55%
- 10% 5%
2003T496 5% 20% 60 %
5% 0 0,
2003T500 59 10% 80%
. 5% 2%
20031302 15% 5% 70%
7T~12
¥ Ar 85% 91.2 + Mg® =40~60 -
0.2 Ma 91.0£0.6 Ma MSWD= A CNK=0.72~1.08 TiO, =
0.58 0.41% ~1.51% 3
91 Ma 2 4 3.2.2
3.2 Sr-Nd-O
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TAS
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47.76 % ~56.25% SREE 74.9~341 x10°® B8Eu 0.77—~0.95
SiO, La Yby 18.63~19.58 2003T432
50.91% ~70.45% 5 3 2.77
K,O - SiO, Eu
0.93~1.19
0.76~0.81
2006b 2008 2009b
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2 40AI. 39Ar
Table 2 Argon isotopic data of Nima volcanic rocks from the Lhasa Block
2003T468 0.0325¢ J=0.005 86
t C cum. 39 Atmos % BAr ¥Ar - TAr YAr BAr PAr YAr PAr OAr OAr Date Ma error Ma
700 0.032 53.94 0.050 0.654 0.020 27.2 547 127.8 0.8
800 0.062 51.73 0.045 0.703 0.020 25.6 570 126.1 1.0
900 0.070 78.22 0.129 1.713 0.036 48.7 377 108.9 2.6
1 000 0.082 66.96 0.067 2.035 0.025 29.2 438 99.2 1.9
1040 0.095 62.95 0.051 2.480 0.022 23.6 464 90.3 0.9
1 080 0.119 50.49 0.029 4.885 0.018 16.2 560 83.0 0.9
1120 0.237 17.47 0.009 10.000 0.015 10.2 1184 87.6 0.5
1140 0.300 18.56 0.009 9.907 0.015 10.3 1141 87.2 0.6
1170 0.602 6.44 0.005 10.790 0.014 9.24 1915 89.6 0.5
1200 0.845 7.13 0.005 10.800 0.014 9.27 1837 89.3 0.5
1240 0.912 8.69 0.006 10.700 0.014 9.36 1690 88.6 0.6
1280 0.966 10.98 0.006 10.760 0.015 9.58 1507 88.4 0.6
1350 0.986 26.48 0.012 9.165 0.015 10.8 896 82.1 1.2
1500 1.000 34.42 0.016 9.180 0.017 11.9 734 A\ 81.2 1.5
=91.2+0.2 Ma
0.002
120} i
g FINA
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o} £
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Fig. 4 Ar-Ar dating spectra and isochron age of amphibole of Nima volcanic rocks from the Lhasa Block
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Table 3 Major wy % and trace element wy 10~ ® data of Cretaceous volcanic rocks in northern Lhasa Block

1 20037432 2003T436 2003T437 2003T463 20031466 20031467 20031468 20031474 2003T478 2003T496 20031500 20031502
SO, 51.87 47.76 56.25 53.63 59.97 60.07 70.45 50.91 53.54 54.06 58.98 54.71
TiO, 1.03 0.99 1.22 1.51 0.96 0.97 0.41 1.44 1.26 1.03 1.00 1.15
ALO; 18.93 20.79 17.15 17.21 17.63 17.85 14.16 16.98 16.51 16.43 15.97 15.93
Fe,0; 9.44 8.84 6.86 8.75 5.69 5.48 2.85 8.43 7.98 6.56 6.66 7.22
MnO 0.16 0.14 0.16 0.10 0.07 0.07 0.04 0.09 0.12 0.10 0.10 0.13
MgO 3.26 4.82 2.69 4.25 3.17 3.05 1.11 2.66 3.95 4.78 3.59 4.79
CaO 8.72 7.18 5.91 5.66 5.76 5.78 3.58 9.73 7.63 8.61 6.69 8.32
Na,O 2.69 3.20 2.99 3.03 3.49 3.54 2.89 3.21 3.63 3.23 3.73 3.16
KO 0.60 2.65 3.48 0.59 1.87 1.85 2.58 0.46 0.93 0.47 0.58 0.47
P,0s 0.18 0.41 0.54 0.28 0.22 0.23 0.14 0.28 0.25 0.22 0.27 0.27
LOI 2.67 2.77 2.28 4.55 0.75 0.75 1.18 6.22 3.82 4.08 2.02 3.32

TOTAL 99.56 99.55 99.52 99.56 99.57 99.63 99.38 100.42 99.63 99.57 99.59 99.47
Mg” 41 52 44 49 52 52 44 38 50 59 52 57
o 1.22 7.19 3.16 1.23 1.69 1.70 1.09 1.70 1.97 1.24 1.16 1.13

A CNK 0.90 0.98 0.88 1.08 0.97 0.97 1.01 0.72 0.79 0.77 0.84 0.76

U 0.25 0.98 4.25 1.16 1.18 1.41 1.05 0.79 1.01 0.77 1.15 1.06

Co 19.6 25.3 17.0 18.6 15.2 17.1 5.16 30.7 23.1 24.7 19.2 25.8

Ta 0.44 0.54 1.20 0.83 1.42 0.93 0.44 0.50 0.65 0.48 0.57 0.56

Sc 32.8 23.1 16.1 24.6 15.5 14.8 5.87 25.3 22.6 22.8 18.9 22.2

Cs 4.36 8.85 4.64 1.33 4.28 4.59 1.32 0.35 20.4 0.59 19.3 9.64

Hf 2.07 2.84 8.72 4.90 3.85 4.48 2.22 3.68 3.74 3.27 3.89 3.82

Cr 17.8 32.5 32.8 18.5 55.0 81.0 30.4 56.8 74.5 162 75.7 146

\Y% 243 201 157 189 92.8 998.8 51.7 216 173 169 172 185

Ni 5.43 22.4 20.0 -2.59 36.2 49.2 20.1 40.0 47.2 69.0 49.0 78.9

Cu 21.6 23.0 22.5 19.8 29.8 39.9 25.7 68.0 37.3 34.1 47.9 22.4

Zn 135 124 195 33.2 62.0 120 73.6 85.4 76.0 73.6 69.0 78.2

Ga 19.0 19.5 19.2 19.6 17.5 17.9 13.7 17.9 16.7 16.6 16.7 16.3

Pb 6.73 5.72 23.1 9.28 12.5 13.6 12.4 9.20 8.55 8.85 11.4 8.59

Th 1.26 4.38 20.9 5.54 5.58 6.40 4.39 3.63 4.06 3.29 5.07 4.72

Nb 3.14 7.32 18.9 11.5 10.2 10.9 5.95 7.78 8.08 6.03 7.97 7.73

Zr 66.5 107 322 172 138 169 78.0 155 158 142 160 159

Sr 322 697 450 315 339 344 304 395 364 397 568 522

Rb 17.2 117 80.1 16.4 70.0 61.9 55.3 3.58 19.7 3.45 14.2 6.57

Ba 205 409 612 193 273 315 423 242 329 281 408 644

La 7.7 36.1 72.8 22.7 21.7 22.6 15.0 19.0 16.1 16.3 20.3 20.1

Ce 17.8 70.8 138.7 46.8 41.4 44.9 28.5 39.6 33.5 33.2 40.7 41.2

Pr 2.6 8.5 15.7 5.9 5.3 5.6 3.1 5.2 4.3 4.3 5.1 5.1

Nd 11.7 31.6 56.5 23.7 21.0 21.5 11.9 21.6 18.5 17.8 20.3 20.6

Sm 3.17 5.67 9.22 5.48 4.45 4.65 2.27 4.90 4.37 4.01 4.41 4.78

Eu 1.01 1.72 2.12 1.77 1.25 1.21 0.65 1.42 1.39 1.24 1.18 1.33

Gd 3.27 4.79 7.18 5.37 3.97 4.10 1.96 4.84 4.52 3.98 4.09 4.54

Tb 0.54 0.53 0.93 0.79 0.63 0.64 0.29 0.76 0.74 0.63 0.66 0.72

Dy 3.37 2.84 5.09 4.78 3.80 3.69 1.67 4.61 4.55 3.80 3.82 4.37

Ho 0.71 0.54 0.97 0.93 0.79 0.73 0.34 0.95 0.94 0.79 0.76 0.94

Er 2.01 1.48 2.72 2.75 2.23 2.08 0.98 2.59 2.70 2.28 2.24 2.60

Tm 0.29 0.20 0.38 0.39 0.30 0.31 0.14 0.37 0.39 0.33 0.33 0.37

Yb 1.88 1.31 2.51 2.54 1.98 2.05 0.90 2.48 2.54 2.02 2.06 2.26

Lu 0.29 0.19 0.38 0.38 0.29 0.29 0.14 0.35 0.37 0.30 0.33 0.33

Y 18.5 15.3 25.6 26.0 20.4 18.7 9.75 26.6 26.3 21.9 22.9 23.6
SREE 74.9 182 341 150 129 133 78 135 121 113 129 133

SEu 0.95 0.98 0.77 0.99 0.89 0.83 0.93 0.88 0.95 0.94 0.83 0.86
La Yb \ 2.77 18.63 19.58 6.04 7.39 7.41 11.25 5.17 4.27 5.44 6.64 6.01
Sr 'Y 17.41 45.52 17.54 12.11 16.64 18.43 31.23 14.84 13.82 18.12 24.84 22.10
oCe 0.95 0.94 0.94 0.95 0.90 0.94 0.95 0.95 0.95 0.94 0.94 0.95

La Sm y 1.50 4.00 5.00 2.60 3.10 3.10 4.20 2.40 2.30 2.60 2.90 2.60
Gd Yb y 1.40 3.00 0.30 0.10 1.60 1.60 1.80 1.60 1.40 1.60 1.60 1.60
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