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Geochemistry and mantle source characteristics of the Permian basalts
in Moyun area, eastern Tanggula Range
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Abstract: The eastern Tanggula Range in the hinterland of the Qinghai-Tibet plateau constitutes the key to the
reconstruction of the eastern palaeo-Tethys tectonic framework. It paleogeographically belongs to the eastern
margin of northern Qiangtang basin, lies in the western part of the Sanjiang tectonic belt and is adjacent to the
Emeishan Large Igneous Province. Volcanic rocks are widely distributed in the eastern Tanggula Range, with
the volcanic activity taking place mainly in Middle Permian. Based on field mapping, the authors divided the
volcanic rocks in Moyan area into three basic rock units, namely 2™, 3" and 4™ rock unit, with the 3" unit oc-
curring in the interlayer form. They are in conformable contact with fine clastic rocks, mudstone and bioclastic
limestone of the shallow-sea facies, making up three cycles of sedimentary-volcanic rocks in the Middle Permian
Gadikao Formation. A systematical analysis of major and trace element compositions and whole-rock isotopes of

the Gadikao Formation volcanic rocks indicates that the volcanic rocks belong to basalt (i.e., Moyun basalts) in
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the petrologic and geochemical indicators with the rock types comprising grayish green massive basalt grayish
green massive olivine basalt and thick dark grayish green dolerite. The Moyun basalts have low and insignifi-
cantly varying SiO, AlLO; MgO Ni and Cr content being 44.24% ~ 49.62%  averagely 45.62%
12.27% ~15.35% 5.88% ~7.52% 112x10 ©~191 X 10 © and 141 X 10 *~269 X 10 ¢ respectively
K,O content varies remarkably 0.02% ~1.27%  Mg” ratios are low 0.39~0.48  and there are high
Na,O 2.36% ~5.26% TiO, 2.12% ~5.73%  total FeO TFeO>10% and P,Os 0.70% ~1.87%
suggesting that the Moyun basalts are similar to Emeishan continental flood basalts with high TiO, and low
AL O; content. As for geochemical characteristics the Moyun basalts are of the transitional basalt series. The
chondrite-normalized REE patterns indicate that all the samples have extremely high total content of rare earth
elements D REE=284.02x10 ®~678.88x10 ° and are significantly enriched in light REE LREE  with
La Yb yof 14.89~23.23 Gd Yb yof 2.30~3.58 and weakly Eu negative anomalies whose SEu values
are 0.76~0.99. The large ion lithophile elements LILE Ba Th Pb and high field strength elements
HFSE Nb Ta Zr Hf P Ti in the basalts have been strongly concentrated. In the primitive mantle-nor-
malized pattern all the samples show weak negative anomalies of Nb-Ta Zr-Hf obvious negative anomalies of
K Sr and prominent positive anomalies of Th La and Sm. Rb Sr Zr Ba Ta Hf Nb Zr and Th Ta ratios
are mostly in the range of 0.001~0.012 averagely 0.006 0.71~4.65 0.22~0.56 averagely 0.36 0.2
~0.3 and 3.35~16.93 respectively. The age-corrected initial ' Sr “Sr | ratios are low and vary narrowly
from 0.703 3 10 0.703 9 "Nd " Nd ratios are high 0.512711~0.512713 andeNd ¢ values are +4.2
=271 Ma . These data indicate an insignificant crustal contamination. In the diagrams of % Sr %0Sr . —
e Nd ¢ for basalts the data are fallen in the depleted mantle DMM area. It is thus concluded that the Moyun
basalts are geochemically similar to intraplate basalts characterized by both DMM and enriched mantle EM
I . The basaltic magma might have been derived from lower degree partial melting of a garnet-bearing peri-
dotite lithospheric mantle. The characteristics of the Moyun basalts reveal that their formation was closely relat-
ed to the mantle-plume activity. The basalts must have been formed in an intraplate spreading zone incipient
rift and have characteristics of the active rift. The data presented in this paper are of great significance for the
study of the mantle evolution of the eastern Tethys in the Permian period.
Key words Permian basalts geochemistry mantle source intraplate spreading zone incipient rift  eastern
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Fig. 1 Sketch geological map a and sampling position b of the Permian basalts in the Moyun area eastern Tanggula Range
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Table 1 Major element wyp % and trace REE element wy 10”° content of Permian volcanic rocks in the study area

5h, 6h, 9h 10h 11k 12h,  12h,  13h,  13h;  14h,  22h;  23h 24h, b
SiO, 44.38  48.20 44.24 49.44 44.88 43.94 43.28 43.00 43.79 45.04 44.80 48.46 49.62  47.57
TiO, 4.55 5,12 3.94  2.12  4.65 539 4.8 573 4.68 3.76 3.91 2.28 2.12  4.43
ALO; 13.45  12.27 14.24 15.35 12.70 12.14 12.83 12.61 13.32 14.13 13.86 14.55 14.78 13.43
Fe,O3 5.26 2.53  5.35 7.05 10.91 8.48 10.46 6.11 11.18 6.09 4.8 8.09 8.27 13.73
FeO 8.87 11.05 8.12 4.10 3.90 5.52 4.35 7.64 3.70 6.67 833 3.59  3.04
Ca0 6.07 3.3 9.16 5.8 875 9.64 893 7.8 6.70 824 9.06 6.98 6.12  6.18
MgO 6.69 6.36  6.79 5.99 6.26 7.11 7.05 549 6.15 7.20 7.52 5.88  5.16  5.46
K,O 0.082 0.028 0.572 0.744 0.883 0.746 1.270 0.059 0.277 0.218 0.397 0.154 0.222  1.00
Na,O 4.28 2.61  2.50  4.92  3.35 2.67 2.53 3.25 4.16 2.36 2.43 522 52  3.73
P,0s 1.16 1.25  1.09 0.81 1.43 1.59 1.50 1.87 1.43 0.99 1.06  0.70  0.76  0.42
MnO 0.166  0.165 0.203 0.134 0.153 0.151 0.155 0.144 0.240 0.360 0.191 0.131 0.132  0.21
4.50 592 3.03 3.24 1.86 2.22 2.74 4.96 4.18 4.64 3.16 3.38 4.34  3.48
99.46  98.84 99.24 99.72 99.73 99.60 99.94 98.72 99.81 99.69 99.56 99.42 99.83  99.64
Mg 0.43 0.43  0.45 0.47 0.41 0.46 0.44 0.39 0.41 0.48 0.48 0.46 0.43 0.48
Cr 194 237 190 269 194 260 246 237 232 172 141 204 182 79.78
Ni 121 161 134 132 135 179 172 154 191 112 140 165 126 64.54
v 325 365 319 211 295 396 390 325 391 330 321 228 227 396.95
Rb 3.7 1.7 6.1 12.0 8.7 7.2 13 3.3 5.1 3.8 5.0 2.6 3.6 25.3
Cs 3.5 2.9 3.8 2.8 3.2 3.3 3.4 3.5 295 3.6 3.5 2.5 2.5 3.8
Sr 10350 180 812 1440 1050 955 1100 607 1160 799 703 1540 968 362
Ba 121 70.9 372 299 427 327 568 145 220 274 274 120 126 346
Se 24.8 21.0 262 258 239 28.0 29.3 31.3 32.2 263 30.6 28.2 29.0 30.8
Nb 2.3 77.3 744  53.4 746 64.7 69.5 76.6 66.4 654 78.4 43.1  56.1 51.5
Ta 3.13 4.25  3.73 233 527 3.73 290 3.22 291 4.25 378 1.8 1.71 3.17
Zr 263 330 296 242 312 317 403 462 391 300 303 245 311 399
Hf 7.55 8.74 7.93 6.71 896 8.13 9.54 10.60 9.96 9.02 8.52 6.49 7.8  8.67
U 0.65 0.55 0.70 0.8 0.74 0.65 0.65 0.65 0.70 0.65 0.65 0.55 0.65 1.48
Pb 16 38 54 54 103 22 80 45 37 20 7 112 51
Th 35.4 33.5  21.4 15.8 36.4 12.5 36.8 23.6 36.8 32.9 16.4 32.0 18.0 6.0
La 77.2 87.0 75.1 87.0 106.0 120.0 116.0 136.0 114.0 87.7 79.9  65.6  80.1 48.0
Ce 134 176 132 142 205 232 212 269 210 156 142 110 129 97
Pr 16.6 20.7 14.3  14.4 24.1 28.3 24.6 32.1 230 18.1 16.1 12.3  13.4 13.0
Nd 81.9 101.0 58.6 64.8 113.0 135.0 121.0 156.0 98.6 81.6 73.3 57.5  59.1 54.2
Sm 14.7 19.4 12,9 11.9 21.1 24.6 21.9 27.6 19.8 157 14.5 10.7 10.7 10.7
Eu 4.57 4.98 3.12 3.29 574 6.33 5.68 7.24 4.32  4.31 4.10 3.13  3.13  3.11
Gd 12.9 14.8  10.8 9.2 15.5  16.6 15.3 18.7 14.4 11.8 11.3 8.1 8.4 9.7
Th 2.05 2.34  1.43  1.27 2.20 241 229 292 200 1.72 1.70 1.16 1.25 1.46
Dy 11.80 13.20 8.66  8.40 13.50 13.70 13.10 15.10 10.60 11.30 11.10 7.14  7.92  7.74
Ho 2.03 2.24  1.63 1.50 2.27 2.30 2.15 2.58 2,00 1.94 1.99 1.25  1.49 1.39
Er 5.33 5.61 3.8 4.20 579 5.8 574 6.17 4.28 5.16 5.14 3.69 4.17  3.62
Tm 0.68 0.69 0.55 0.5 0.76 0.71 0.72 0.80 0.62 0.61 0.68 0.45 0.52  0.51
Yb 3.72 3.83  3.40  3.20  4.11  4.09 3.99 4.20 3.69 3.65 3.75 2.71 2.90  3.05
Lu 0.41 0.42 0.41 0.37 0.44 0.45 0.45 0.47 0.44 0.39 0.44 0.30 0.35  0.47
Y 40.3 43.5  31.5  30.5 44.2 44.7 42.4 49.4 354 38.5 38.8 27.3 29.2  42.4
La Yby 14.89  16.29 15.84 19.50 18.50 21.05 20.85 23.23 22.16 17.23 15.28 17.36 19.81 10.31
Gd Yb y 2.78 3.10 2.55 2.30  3.03 3.26 3.08 3.5 3.13 2.60 2.42 2.40 2.33 2.5
5Eu 0.99 0.86 0.79 0.93 0.93 0.90 0.90 0.92 0.75 0.93 0.94 0.99 0.97 0.9
Mg =MgO Mg+Fe* BC 7 2004
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2 Sr Nd
Table 2 Sr and Nd isotope components of Permian basalts in Moyun area
87Rb RGSr 875r %Sr + 26 87Sr 865r : l475m 144Nd 143Nd 144Nd + 265 eNd 7
Shy 0.009 899 0.70377 8 0.70373 0.116 3 0.512712 9 4.2
9h 0.2776 0.705 24 7 0.704 17 0.1177 0.512 711 10 4.2
12h, 0.005 603 0.703 56 5 0.703 54
22h; 0.006 562 0.703 55 2 0.703 52 0.1189 0.512 713 10 4.2
+20 U-Pb 283+ 12 Ma® 271 Ma
1987 Wilson 1989
3 10h 24h,
Ti Y 500 TiO,
3.1 Y
1 2009 Sio, -
SiO, 43.00% ~ 49.62% TAS 2a Si0, = Zr TiO,
Na,O 2.36% — 5.26% K,O <1% 2b
12h, 1.270% Na,O>K,0 MgO
ALO; 12.14% ~ 15.35% 100%
13.57% Al Os 3 MgO  NaO+ KO Sr
16%  MgO < 8% Mg” 0.39 ~
0.48 P,0Os 1.20% Si0, /—\12()3 CaO FeO P,Os Ni Cr
TiO, 10h 23k, Th TiO, TFeO P,Os
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Fig. 2 SiO, - K, O+ Na,O TAS a and SiO, - Zr TiO, b plots for Permian basalts from Moyun area
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