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Geochemical characteristics and tectonic setting of Mesoproterozoic
metamorphic rocks in Aksu area Southwestern Tianshan Mountains
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Abstract Metamorphic rocks of the Mesoproterozoic Aksu Group are developed in Aksu area southwestern
Tianshan Mountains. Based on detailed field and petrographic observation as well as geochemical investigation

the authors hold that the protoliths of the gneiss and the hornblende schist are felsic volcanic rocks and mafic
rocks respectively whereas the protoliths of mica schist are graywacke. Chemical components of the gneiss indi-
cate that SiO, and Al,O; content of the samples varies from 72.36% to 74.6% and from 12.28% to 13.55%

respectively. TiO, Fe;O; FeO MnO MgO and CaO content is obviously low Fe,O3=0.44% ~1.2% FeO
=0.68%~1.74% MgO=0.23% ~1.17% and CaO=0.41% ~1.31% . Chemical components of the horn-
blende schist suggest that TiO, TFe,O; MgO and CaO content is obviously high TiO, =2.27% TFe,O5 =
15.79% MgO=5.77% and CaO=7.75% but SiO, and Al,Oz content of the sample is only 49.88% and
12.9% respectively. Compared with PASS mafic rocks are rich in SiO, and Na,O varying from 61.51% ~
75.53% and 1.33% ~4.38% 069.16% and 2.91% on average respectively  but poor in ALO; TFe,O;

MgO and CaO. The petrological and chemical characteristics of the gneiss and hornblende schist suggest that the
rocks are of calc-alkaline series with 6 from 1.8 t02.3 and the chrondrite-normalized REE patterns are all characterized

gnificant enrichment of light rare elements with no significant fractionation of heavy rare earth elements. In the
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by si MORB normalized multi-element variation diagram, multi-element variations show relative concentration of
K, Rb, Th, evident depletion of Ti, Nd, Ta, and clear negative P anomalies. The chrondrite-normalized and
PASS-normalized REE patterns of the mica schist are similar to patterns of active continental margin and conti-
nental arc greywacke. All the gneiss samples are plotted in the field defined by volcanic arc granites in geochemi-
cal-tectonic discrimination diagrams, which suggest that they were formed in a continental volcanic arc closely re-
lated to the subduction zone. This conclusion is also supported by the geochemical-tectonic discrimination dia-
grams of the simultaneously-deposited metamorphic sedimentary rocks. In both La-Th-Sc and Th-Sc-Zr/10 dis-
crimination diagrams, almost all of the samples are plotted in the continental arc. Chemical characteristics of the
mica schist suggest that it was formed in a sedimentary environment related to continental island arcs, such as
back arc basin. Combined with regional background, all these characteristics suggest that metamorphic rocks in
the Aksu Group were formed in a continental volcanic arc-back arc basin and might have been related to a global
supercontinent Columbia event.

Key words: Southwestern Tianshan; metamorphic rocks; protolith reconstruction; geochemistry; tectonic setting
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1
Table 1 Petrofacies characteristics of Aksu Group
%
LHT-02 - 23 30 30 10 5
LTH-03 - 15 35 30 15 3
LTH-04 - 20 40 30 5
LHT-05 - 20 35 28 5 8
LHT-06 - 20 30 40 5
LHT-07 - 20 20 40 15
LHT-08 - 25 30 35 5
LHT-09 25 70
LTH-10 - 25 35 20 15
70 % 25% <5%
20% ~25% 20% —40% K-A DF DEF= —-0.21
20% ~40% 5% ~15% SiO, — 0.32 Fe, 04 —0.98 MgO+0.55 CaO+
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Fig. 4 K versus A diagram of metamorphic rocks
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2
Table 2 Bulk-rock analytical results of major and trace elements in the metavolcanic rocks

LHT-02 LHT-03 LHT-04 LHT-05 LHT-06 LHT-07 LHT-08 LHT-09 LHT-10

Si0; 74.21 77.29 75.53 72.36 69.18 61.51 69.68 49.88 69.91
TiO, 0.20 0.11 0.35 0.42 0.67 0.96 0.74 2.27 0.67
ALO; 13.33 12.28 12.57 13.55 14.18 16.77 14.16 12.90 13.66
TFe,05 1.54 1.05 2.33 2.76 4.36 6.66 4.39 15.79 3.59
FeO 1.19 0.68 1.59 1.74 3.32 4.21 3.29 9.81 2.71
MnO 0.04 0.02 0.03 0.05 0.11 0.13 0.08 0.25 0.06
MgO 0.29 0.23 1.12 1.17 1.99 2.73 2.36 5.77 2.48
Ca0 0.71 0.41 0.20 1.31 0.97 0.97 0.77 7.75 0.97
Na,O 3.32 5.12 3.65 3.91 2.35 1.33 2.84 4.25 4.38
K,O 4.93 2.59 2.71 3.30 3.61 5.01 2.99 0.55 1.90
P,0s 0.10 0.09 0.06 0.07 0.13 0.23 0.14 0.17 0.12
LOI 0.86 0.78 1.48 0.92 1.88 2.98 1.22 0.78 1.56
TOTAL 99.53 99.97 100.03 99.84 99.43 99.29 99.37 100.33 99.30
DF 1.98 2.76 ~0.36 1.43 ~1.51 -2.10 -1.73 0.02 0.14
Li 10.45 4.99 15.85 13.24 37.57 30.43 29. 14 5.52 26.7
Be 3.28 2.18 1.87 1.68 2.33 2.75 2.29 1.2 1.68
Se 3.57 2.72 5.21 6.84 11.48 19.75 13.38 45.14 10. 64
% 6.75 0.46 25.94 39.43 72.5 128.72 82.77 441.65 80.83
Cr 5.87 1.94 11.31 13.75 43.39 81.2 56.84 51.11 45.02
Co 1.71 0.67 3.5 4.65 9.56 19.9 9.69 50.74 9.94
Ni 1.7 0.09 4.58 6.17 20.45 37.96 26.43 46.44 15.76
Cu 5.89 2.53 7.11 10.47 25.72 33.51 20.1 44.5 7.97
Zn 50.3 29.05 33.6 40.83 76.07 85.52 73.62 140.97 58.08
Ga 19.42 12.9 18.49 17.81 20.21 25.18 19.12 19.4 17.61
Rb 190. 04 78.31 73.3 90.63 117.6 224.42 95.97 12.49 63.72
Sr 53.15 25.17 60.79 320.72 69.95 76.65 112.19 188.57 111.84
Y 42.15 31.14 23.93 17.78 27.41 22.12 30.86 35.27 18.87
Zr 105.92 62.26 182.19 190.21 232.23 213.13 196.43 149.48 190.53
Nb 12.13 8.36 12.17 10.09 13.62 15.97 13.7 12.49 11.25
Cs 4.74 1.63 5.87 3.32 9.47 24.6 4.95 1.08 3.77
Ba 283.66 111.87 584.31 1169.31 872 1191.74 694.45 60.8 629.16
Hf 3.67 2.66 5.78 5.61 6.87 6.49 5.85 4.51 5.6
Ta .14 1.53 1.1 0.8 1.08 1.29 0.98 0.86 0.87
Tl 0.8 0.28 0.31 0.43 0.58 1.27 0.44 0.1 0.32
Pb 20.96 4.81 4.01 17.16 6.94 8.26 8.89 5.07 5.54
Bi 0.08 0.1 0.13 0.09 0.17 0.57 0.09 0.08 0.05
Th 13.08 11.54 22.87 13.02 14.75 15.44 10.06 2.62 10.02
U 2.27 1.23 1.65 2.04 1.86 2.41 1.6 0.57 1.64
La 22.05 8.93 74.62 42.19 43.99 47.23 37.61 18.45 36.85
Ce 44.35 20.6 134.63 71.97 79.69 89.97 72.47 37.29 70.66
Pr 5.13 2.46 14.91 8.08 9.1 10.38 8.31 5.24 8.3
Nd 18.54 9.78 50.42 28.02 34.52 38.27 32.31 21.49 30.92
Sm 4.2 2.52 7.71 4.31 5.67 6.32 6.12 5.4 5.35
Eu 0.39 0.15 1.05 0.86 1.19 1.2 1.12 1.53 1.17
Gd 4.62 2.83 6.28 3.76 5.02 5.46 5.41 5.34 4.4
Th 0.96 0.61 0.81 0.55 0.76 0.81 0.9 0.98 0.67
Dy 6.78 4.58 4.42 3.08 4.73 4.42 5.54 6.45 3.88
Ho 1.5 1.04 0.86 0.66 1.01 0.88 1.22 1.37 0.77
Er 4.39 3.11 2.43 1.88 2.82 2.44 3.31 3.82 1.99
Tm 0.68 0.49 0.37 0.28 0.43 0.38 0.51 0.58 0.3
Yb 4.51 3.21 2.44 1.95 2.81 2.55 3.23 3.62 1.93
Lu 0.69 0.49 0.38 0.32 0.43 0.42 0.48 0.57 0.29
>REE 118.79 60.8 301.33 167.91 192.17 210.73 178.54 112.13 167.48
> LREE 94.66 44.44 283.34 155.43 174.16 193.37 157.94 89.4 153.25
SJHREE 24.13 16.36 17.99 12.48 18.01 17.36 20.6 22.73 14.23
LREE HREE  3.92 2.72 15.75 12.45 9.67 11.14 7.67 3.93 10.77
SEu 0.27 0.17 0.45 0.64 0.67 0.61 0.58 0.86 0.71
La Yb 3.51 2 21.94 15.52 11.23 13.29 8.35 3.66 13.7
La Sm 3.39 2.29 6.25 6.32 5.01 4.82 3.97 2.21 4.45

Gd Yb y 0.85 0.73 2.13 1.6 1.48 1.77 1.39 1.22 1.89
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