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Geochemical characteristics of amphibole-bearing metamorphic rocks in
Sanjiang region, southeastern Tibetan plateau
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(Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China)

Abstract: Abundant and complex metamorphic rocks are widespread in Sanjiang region, southeastern Tibetan
plateau. Amphibole-bearing metamorphic rocks, comprising amphibolite and amphibole-bearing plagioclase
gneiss, occur as lenses or thin layers within metamorphic supracrustal rocks. Amphibolite could be subdivided
into two types: one is a retrogressive product of garnet-pyroxenolite, and the other is a product of mafic protolith
which experienced amphibolite- to granulite-facies metamorphism. The amphibolite has an average SiO, content
of ~50.0%, with high-Al, low-Ti, Zr and Zr/Y ratio. The chondrite-normalized REE patterns show enrich-
ment of LREE with slightly negative or no Eu anomalies. These geochemical characteristics are very similar to
those of the island-arc basalt, indicating that the protolith of the amphibolites was formed in the subduction-
collision tectonic setting. In contrast, the amphibole-bearing plagioclase gneiss has a higher average SiO, content
of ~63.64% with low MgO and TiO, content, characterized by the enrichment of large ionic lithophile ele-
ments (LILE) such as K, Rb, Ba and Th, and the depletion of high field strength elements (HFSE) such as
Ti, Zr, Hf, Nb and Ta. The REE patterns are characterized by relatively high fractionations of LREE and

HREE with pronounced negative Eu anomalies. These geochemical features are inherited from those of andesitic
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or andesitic/basaltic rocks, indicating that the protolith of the amphibole-bearing plagioclase gneiss appeared in a

plate convergence tectonic setting.
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Fig. 1  Geological map of Sanjiang region southeast Tibetan plateau showing sampling locations  modified after Sinan Akciz et al. 2008
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Fig. 2 Photographs of amphibolites and amphibole-bearing plagioclase gneiss outcrops in Sanjiang region
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Fig. 3 Petrographic characteristics of amphibolites and amphibole-bearing plagioclase gneiss from Sanjiang region
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a—amphibolite, PPL: b—high-Ca plagioclase in amphibolite; BSE: c¢—relict clinopyroxene in amphibolite, CPL: d—compositional
zoning of plagioclase in amphibole-bearing plagioclase gneiss, CPL
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Table 1 Chemical compositions of amphibolite and amphibole-bearing plagioclase gneiss from Sanjiang region
southeast Tibetan plateau
ALO1-3  YJ17-4  YJ19-5 AL34-1 YJO1-3 AL26-2 AL28-2 AL30-1 AL31-1 AL32-1 AL33-1 AL43-1
SiO, 54.45 48.72 46.52 48.94 51.39 68.54 62.95 62.43 57.53 63.20 62.75 68.08
TiO, 0.85 1.35 3.94 0.76 0.90 0.33 0.47 0.48 0.71 0.58 0.94 0.45
ALO; 17.10 14.88 14.52 15.52 15.81 15.01 15.56 17.33 17.47 16.28 14.46 14.69
Fe,O3 3.06 5.37 2.29 3.59 3.51 0.59 2.22 2.31 2.48 2.36 2.43 1.00
FeO 5.08 5.37 12.02 6.68 6.20 1.17 3.05 2.82 3.56 3.00 3.79 2.23
MnO 0.16 0.16 0.24 0.2 0.30 0.06 0.11 0.09 0.11 0.10 0.10 0.07
MgO 4.52 5.63 5.72 7.76 5.66 0.64 2.37 1.89 2.41 2.22 2.33 1.48
CaO 8.05 14.28 8.25 9.96 9.07 2.72 4.79 4.96 5.28 4.94 4.44 3.44
Na,O 3.73 2.99 0.8 2.64 3.96 2.93 3.00 4.13 3.93 3.66 2.96 3.05
K,O 1.38 0.32 2.42 1.28 1.56 6.57 4.28 2.28 2.43 2.90 4.24 4.16
P,0s 0.18 0.08 0.71 0.08 0.18 0.11 0.12 0.17 0.20 0.15 0.26 0.11
H0" 0.94 0.40 1.52 1.56 0.92 0.58 1.16 0.44 2.02 0.82 0.50 0.66
CO, 0.26 0.05 0.38 0.35 0.13 0.17 0.17 0.09 1.74 0.17 0.69 0.09
F 0.03 0.16 0.15
S 0.02 0.01 0.05 0.09 0.03 <0.005  0.02 0.03 0.09 0.04 0.02 0.02
0.98 0.06 0.54 1.20 0.76 0.69 1.21 0.63 3.12 0.86 0.85 0.49
Total 100.76 99.69 100.08  100.61 100.53  100.11 101.48  100.08 103.08 101.28 100.76  100.02
La 9.34 7.16 34.7 12.4 11.1 49.2 41.7 14.8 24.5 25 32.7 29.5
Ce 20.7 17.1 81 31.2 27.6 90.4 82.2 30.9 50.1 50.7 69.2 56.5
Pr 2.7 2.54 10.8 4.07 4.04 10.2 9.04 3.88 5.99 5.77 8.15 5.92
Nd 11.9 12.5 47 17.1 18.3 35.6 32.9 15.8 23.7 21.6 32 20.8
Sm 2.91 3.61 10.9 3.96 5.73 6.36 6.22 3.43 4.91 4.17 6.36 3.93
Eu 1.01 1.41 2.87 0.96 1.42 1.02 0.83 0.73 1.18 0.95 1.1 0.8
Gd 3.33 4.39 9.68 4.1 7.11 5.46 5.75 3.54 4.74 4.09 6.04 3.77
Tb 0.54 0.76 1.56 0.64 1.39 0.89 0.95 0.55 0.69 0.63 0.87 0.68
Dy 3.25 4.33 8.12 4.14 9.11 5.05 5.84 3.31 4.22 3.67 5.22 4.24
Ho 0.7 0.9 1.63 0.87 2.11 1.03 1.17 0.68 0.88 0.78 1.07 0.94
Er 2 2.43 4.16 2.57 5.94 3.09 3.5 1.98 2.52 2.25 3.13 2.82
Tm 0.29 0.32 0.53 0.39 0.89 0.47 0.53 0.28 0.37 0.35 0.42 0.45
Yb 1.97 1.91 3.09 2.44 5.68 3.11 3.48 2.03 2.5 2.28 2.86 2.87
Lu 0.29 0.28 0.45 0.4 0.86 0.49 0.53 0.31 0.4 0.34 0.43 0.43
> LREE 48.56 44.32 187.27  69.69 68.19 192.78  172.89 69.54 110.38  108.19  149.51 117.45
>HREE 12.37 15.32 29.22 15.55 33.09 19.59 21.75 12.68 16.32 14.39 20.04 16.2
M REE 60.93  59.64 216.49 85.24 101.28 212.37 194.64 82.22  126.7 122.58 169.55 133.65
Eu Eu”® 0.99 1.08 0.84 0.72 0.68 0.52 0.42 0.63 0.74 0.69 0.53 0.63
La Yb y 3.40 2.69 8.06 3.65 1.40 11.35 8.60 5.23 7.03 7.87 8.20 7.37
Nb 2.79 6.62 33.3 5.67 10.5 14.4 7.36 4.89 7.03 5.75 10.7 20.3
Rb 55.3 8.4 214 75.9 46.9 222 218 50.8 73.2 107 195 330
Sr 456 359 327 419 298 201 437 357 575 386 348 268
Ba 317 37.9 241 126 82.7 414 396 260 606 491 652 478
Zr 51.1 67.7 210 37 81.4 216 115 69.8 113 86.6 184 95.3
Cr 35.3 163 69.5 80.4 216 6.46 24.6 3.31 13.6 16.8 41 22
\% 218 199 310 286 197 39.7 122 99.2 127 106 155 67.1
Ni 11 124 71 63.7 89.4 1.88 6.43 2.13 6.88 6.63 13.2 7.84
Y 19.1 24.1 43.3 24.2 59.8 28.7 34.5 20 24.5 22 30.4 25.6
Co 27.3 53.1 51.2 45 31.4 3.84 14 12.6 16.7 14.8 16.3 8.51
Th 2.38 0.77 3.36 5.33 3.01 37.8 16.6 11.9 21.4 14.3 16.1 30.5
Sc 33.7 43.5 32 40.3 38.9 8.4 20.3 11.4 17.1 14.9 18 9.7
Hf 1.85 1.96 5.37 1.73 2.56 6.57 3.87 2.26 3.42 2.89 5.21 3.28
Ta 0.17 0.38 1.86 0.39 1 0.86 0.33 0.38 0.41 0.32 0.53 1.41
U 0.63 0.21 1.91 2.09 2.93 3.99 2.47 2.19 6.94 2.3 3.18 11.4
Ba Ba” 2.48 1.04 0.96 0.48 0.55 0.25 0.49 0.50 0.65 0.76 0.85 0.33
wy % wp 1070
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Fig. 4 Chondrite-normalized REE patterns and primitive mantle-normalized trace earth element spidergram of amphibolites

from Sanjiang region data of chondrite and primitive mantle after Sun and McDonough 1989
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Fig. 5 Chondrite-normalized REE patterns and primitive mantle-normalized trace earth element spidergram of amphibole-bearing

plagioclase gneiss from Sanjiang region data of chondrite and primitive mantle after Sun and McDonough 1989
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