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Carboniferous lithologic association and tectonic evolution of Dananhu
arc in the East Tianshan Mountains
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Abstract: Located in the southern margin of Tuha basin within the East Tianshan Mountains, Dananhu arc is
famous for hosting Tuwu porphyry Cu deposits. It is important for us to deepen our understanding of the genesis
of porphyry deposits and the tectonic evolution in the whole East Tianshan area. Based on detailed geological
mapping, the authors recognized four lithostratigraphic associations in the Carboniferous Dananhu arc belt within
the East Tianshan Mountains, i.e., the Lower Carboniferous Xiaorequanzi Formation consisting mainly of vol-
canic rocks, the Upper Carboniferous Dikan’er Formation composed of clastic rocks intercalated with carbonate,
the Upper Carboniferous Qi’ eshan Formation comprising volcanic rocks, and the Upper Carboniferous Qishan
Formation of clastic and carbonate rocks. Their rock associations, geochemistry, fossils and spatial relationship
together with previously published geochronological data suggest that the previously-thought Dananhu arc is ac-
tually made of arc volcanic rocks, back-arc basin sediments and remnant oceanic basin sediments, which are as-
sociated with the above-mentioned four units respectively. Thus, the tectonic and evolution framework has been

established in association with regional studies. There existed at least two ocean-continent transformation stages
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(i.e., Late Devonian and Late Carboniferous) in the East Tianshan Mountains in Late Paleozoic. The marine
deposit of Early Carboniferous Xiaorequanzi volcanic rocks was formed by ocean-ocean subduction in the Kangur
Ocean far away from the Devonian active continental margin. The collision between marine volcanic rocks and
the Tarim active continental margin (central Tianshan block) formed the Late Carboniferous remnant oceanic
basin together with the subduction polarity reversal. The northern ocean basin began the S-dipping subduction
towards the Early Carboniferous volcanic rocks and formed the Late Carboniferous Qi’ eshan volcanic arc and
Qishan back-arc basin. The final collision suture is Dacaotan fault between Tarim plate and Dananhu arc. The
Carboniferous lithologic associations of Dananhu arc indicate that the East Tianshan Mountains may represent a
complex archipelago-ocean basin, and this orogeny involved fore-arc accretion and back-arc basin closure during
the whole orogenic process. Juxtaposition of different tectonic units implies that the East Tianshan Mountains
orogeny was probably a multiple accretionary orogenic process.
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Fig. 1 Simplified geological map of the East Tianshan Mountains(after Zhang et al., 2008)
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1—Cenozoic-Mesozoic cover; 2—IHaerlike-Dananhu volcanic arc; 3—Yamansu arc; 4—Kanggurtag-Huangshan collision belt; 5—central Tianshan
block ; 6—Precambrian metamorphic rocks in central Tianshan block; 7—ILate Hercynian-Early Indosinian granite; 8—Permian mafic complex; 9—

faults and their serial number: (D—Kalamaili fault; @—Kanggurtag fault; @—Kushui fault; @—Aqikekuduke fault; ®—Kumishi fault
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Fig. 2 Sketch map showing spatial distribution of Qi’ eshan Group(a) (after Li Xiangmin et al., 2006)and geological
sketch map of Kumutag area(b) (after Li ez a/., 2008) in East Tianshan area
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I—modern sand-ridge; 2—Quaternary; 3—Qishan Formation; 4—Qi’ eshan Formation; 5—Dikan’ er Formation; 6—Xiaorequanzi Formation;
7—Wutongwozi Complex Formation; 8—Gandun Complex Formation; 9—Yamansu Formation; 10—Qi’ eshan Group; 11—Haerlike granite;

12—Chihu granite; 13—section position and fossil position; 14—geological boundary; 15—mylonite belt; 16—study area
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Fig. 3 Geological section of Carboniferous strata in Kumutag sand-ridge area, East Tianshan Mountains
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a:(D—Q section of Dikan’ er Formation; b: @—®)’ (section of Dikan’ er Formation; c:@—@)’ section of Qishan Formation; d: @—@’ section of
Xiaorequanzi Formation; e:®—®)’ section of Xiaorequanzi Formation; f: ©—@  section of Qi’ eshan Formation
1—Quaternary; 2—conglomerate; 3—sandstone; 4—quartz sandstone; 5—tuffaceous sandstone; 6—siltstone; 7—carboniferous siltstone; 8—cal-
careous siltstone; 9—chert; 10—Ilimestone; 11—silty limestone; 12—argillaceous silty limestone; 13—bioclastic limestone; 14—nbioclastic calciru-
dite; 15—pbioclastic micrite; 16—volcanic breccia; 17—tuff; 18—basalt; 19—andesite; 20—dacite; 21—spilite; 22—albitophyre; 23—quartz

hornstone; 24—gabbro; 25—granite; 26—quartz diorite; 27—quartz vein; 28—cataclastic/carbonation; 29—debris/vitric; 30—fault/fossil position
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Table 1 Major elements(wy/% ) and trace elements( wy/10~®) composition of Xiaorequanzi Formation
in East Tianshan area
1I-14 II-15 V- V-2 V-4 V-5 V-6 V-16 V-17 V-18 V-19 V-21
SiO, 65.16 54.78 75.71 47.11 57.61 64.62 74.55 71.07 71.03 52.43 61.01 73.86
TiO, 0.91 1.21 0.24 1.79 0.88 0.45 0.23 1.14 0.32 0.76 0.67 0.22
AL O; 14.83 16.62 12.76 16.72 15.41 15.92 13.19 12.15 14.73 16.74 15.15 13.29
Fe,O4 2.20 2.83 0.84 6.67 2.83 1.88 0.43 3.53 0.71 2.74 3.52 0.53
FeO 2.88 6.02 1.98 4.24 4.78 3.00 1.65 2.49 1.68 5.29 3.33 1.70
MnO 0.13 0.15 0.11 0.20 0.16 0.14 0.06 0.12 0.07 0.15 0.17 0.06
MgO 1.08 3.45 0.41 5.88 4.04 1.57 0.37 0.43 1.00 4.50 2.34 0.32
CaO 2.48 8.51 0.23 7.91 4.95 4.3 0.84 2.01 1.61 6.94 6.73 1.48
Na,O 5.22 2.87 6.13 3.00 3.00 3.42 4.16 5.85 5.51 2.13 3.92 4.30
K,O 2.06 0.47 0.20 2.02 2.34 1.52 3.32 0.27 1.55 2.16 0.32 3.07
P,Os 0.26 0.22 0.03 0.53 0.25 0.16 0.08 0.54 0.14 0.22 0.22 0.06
H,0O" 1.54 2.28 0.86 2.68 2.72 1.68 0.76 0.66 1.14 3.46 2.04 0.58
H,O- 0.04 0.05 0.12 0.24 0.04 0.14 0.18 0.04 0.04 0.18 0.10 0.08
2.12 2.36 0.38 3.18 3.38 2.18 0.58 0.24 1.48 5.96 3.06 0.54
98.80 99.45 99.63 99.05 99.01 98.82 99.82 100.31 99.54 97.7 99.53 99.55
K;O/Na,O  0.39 0.16 0.03 0.66 0.78 0.44 0.8 0.05 0.28 1.01 0.08 0.71
Ba 696 1160 147 377 419 352 874 147 624 293 121 956
Rb 53.1 5.8 4.2 45.1 64.1 33.8 81.8 7.0 35.5 55.1 7.8 77.7
Sr 412 774 216 771 368 377 233 430 426 874 708 292
Y 34.8 23.9 50.3 23.5 16.8 20.0 13.1 42.8 16.9 16.3 20.4 16.6
Zr 152 117 317 171 170 115 129 217 98.3 93.3 89.5 127
Nb 6.42 3.84 11.9 5.26 4.76 6.12 5.35 10.30 5.12 3.32 2.30 4.51
Th 3.61 1.67 4.86 0.64 1.95 2.24 5.57 2.03 4.32 1.63 1.32 5.53
Ni 6.1 12.2 10.7 69.9 26.8 10.5 8.0 7.6 8.6 25.9 4.3 7.1
\ 29.1 267 6.51 243 214 71.2 12.6 21.5 43.6 272 147 10.7
Cr 8.45 22.6 16.8 103 46.8 15.9 13.4 12.8 17.2 78.8 13.4 16.6
Hf 4.8 3.6 7.99 5.13 4.86 3.28 4.19 6.09 3.09 3.25 2.62 3.65
Sc 19.9 32 9.52 29.7 25.6 11.4 3.29 24.9 7.74 35 29.6 3.13
Ta 0.28 0.31 0.91 0.29 0.31 0.99 0.32 1.03 0.3 0.31 0.29 0.25
Co 8.6 25.7 1 44.3 25.8 11.8 6.4 6.5 5.7 30.9 13.6 0
Li 18 15.4 7.6 19.4 30.6 10.3 5 4 6.3 22.2 13.3 7.5
Be 0.98 1.03 4.56 1.52 1.5 1.38 1.4 2.42 1.25 1.27 1.04 1.5
La 23 14.5 27.6 14.4 13.9 13.6 18.9 26 17.6 11.4 11 22.3
Ce 42.2 28.1 66.9 31.7 29.1 24.5 35.6 54.9 32.6 21.2 24.5 38.7
Pr 7.03 4.27 8.98 .8 4.11 3.67 3.53 8.85 3.7 3.15 2.92 4.28
Nd 30.6 20.4 37.4 22.2 17.4 13.8 14 40 13.6 13.2 13.2 15.8
Sm 7.42 5.25 9.55 5.51 3.86 3.34 2.97 10.7 2.82 3.28 3.34 3.29
Eu 1.93 1.45 1.82 1.84 1.07 1.04 0.56 3.26 0.68 0.94 1.05 0.064
Gd 6.81 4.89 8.45 5.2 3.84 3.3 2.22 9.61 2.71 2.98 3.65 2.59
Th 1.22 0.88 1.53 0.9 0.69 0.59 0.4 1.61 0.45 0.5 0.62 0.45
Dy 8.24 5.98 10.7 5.8 4.09 4.14 2.71 10.8 3.07 3.39 4.08 2.83
Ho 1.65 1.28 2.23 1.2 0.86 0.79 0.56 2.08 0.68 0.66 0.87 0.57
Er 4.88 3.48 6.33 3.16 2.37 2.8 1.62 5.82 1.85 2.04 2.5 1.86
Tm 0.72 0.52 0.95 0.42 0.36 0.4 0.26 0.84 0.28 0.3 0.37 0.28
Yb 4.22 2.96 6 2.45 2.12 2.55 1.87 5.07 1.85 1.64 2.2 1.91
Lu 0.54 0.39 0.83 0.32 0.28 0.36 0.27 0.67 0.28 0.22 0.32 0.29
>REE 140.46 94.35 189.27 99.9 84.05 74.88 85.47 180.21 82.17 64.9 70.62 95.79
LREE/HREE 3.97 3.63 4.11 4.14 4.75 4.02 7.62 3.94 6.36 4.53 3.83 7.89
(La/Yb), 3.67 3.3 3.1 3.96 4.42 3.6 6.81 3.46 6.41 4.69 3.37 7.87
oEu 0.82 0.86 0.61 1.04 0.84 0.95 0.64 0.96 0.74 0.9 0.92 0.65
,FeO  Fe,O4 (XRF)
, ICP-AES ICP-MS

)
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Table 2 Major elements(wy/% ) and trace elements( wy/10~ %) composition of Qi’eshan Formation in
East Tianshan area

II-1 II-2 II-4 II-5 -7 II-8 lll-10-1 Ir-9 II-11
SiO, 47.86 55.18 43.16 61.4 50.22 61.68 52.13 51.02 53.39
TiO, 1.16 0.81 2.53 0.79 2.10 0.89 1.54 1.14 1.34
ALO; 16.73 16.01 15.68 16.45 15.36 16.47 16.54 18.22 15.46
Fe, O3 3.46 2.01 4.09 1.78 1.27 2.36 4.62 2.67 3.55
FeO 6.64 4.52 10.62 3.26 8.17 3.8 6.72 5.64 6.79
MnO 0.16 0.13 0.26 0.09 0.17 0.14 0.18 0.15 0.19
MgO 6.03 5.82 4.96 2.47 2.67 1.66 4.29 4.07 3.58
CaO 9.78 7.88 11.44 2.62 7.52 2.34 6.75 5.66 7.12
Na,O 1.98 3.09 0.27 4.13 5.00 3.54 4.55 4.84 2.82
K,O 0.947 0.12 0.01 3.89 0.28 3.18 0.66 2.55 2.14
P,0s 0.374 0.18 0.78 0.23 0.42 0.14 0.33 0.29 0.26
H0O" 2.94 2.38 4.42 2.10 3.25 1.90 1.39 2.62 2.17
HO™ 0.20 0.11 0.13 0.11 0.26 0.06 0.11 0.12 0.10
4.04 3.02 4.84 2.16 6.24 2.98 1.05 2.70 2.66
98.26 98.25 98.36 99.33 96.69 98.16 99.80 99.00 98.92
K,0/Na,O 0.48 0.04 0.06 0.94 0.06 0.90 0.15 0.53 0.76
Ba 248 98.9 34.5 978 335 725 190 1090 716
Rb 17.1 3.6 1.6 81.7 4.7 84.5 12.8 43.3 36.3
Sr 700 701 817 577 629 1 860 408 841 683
Y 18.6 17.9 37.7 20.9 50.2 28.8 23.4 19.0 24.3
Zr 109 138 104 184 221 168 65.8 110 96.1
Nb 4.89 4.66 6.26 10.1 9.01 5.85 3.47 4.13 3.47
Th 0.66 2.68 1.69 5.51 4.76 3.25 1.08 2.87 1.63
Ni 87.6 81.6 16.7 34.7 22 14.1 27.5 23 9.5
\% 260 158 409 101 204 115 296 274 376
Cr 154 142 30.4 36.2 15.2 34 32.3 39.4 7
Hf 3.81 4.55 3.89 5.57 7.17 5.28 2.21 3.63 3.31
Sc 31.5 26.6 49.5 13 24.2 29.2 34.3 32.4 42.6
Ta 0.5 0.43 0.3 .18 1.52 0.28 0.3 0.31 0.29
Co 39.6 29.1 37 16.1 31.7 12.9 36.2 26.5 30.6
Li 12.8 21.2 14 14.8 16 15.5 7.8 16.4 11.7
Be 1.15 0.94 1.67 1.46 1.1 0.85 1.04 0.95 1.2
La 16.9 16.3 17.2 29.4 29.1 18.6 12.1 19 15
Ce 31.6 29 34.8 51.1 56.7 39.8 24.4 33.8 28
Pr 4.8 4.25 6.6 6.28 10.2 6.79 4.18 5.29 4.7
Nd 23.5 17.7 31.8 29.7 41.9 30 20.2 25 21
Sm 5.82 4.58 8.44 6.1 11 7.61 5.42 5.81 5.7
Eu 1.75 1.28 2.76 1.36 2.29 2.31 1.77 1.64 1.6
xd 4.8 3.9 7.84 4.81 10.6 6.54 5.16 4.78 5.4
Tb 0.74 0.68 1.36 0.8 1.87 1.14 0.91 0.8 0.9
Dy 4.86 4.42 8.9 4.99 12.3 7.91 5.9 5.18 6.2
Ho 1.02 0.95 1.68 0.83 2.39 1.54 1.25 0.87 1.3
Er 2.79 2.63 4.65 2.71 6.8 4.58 3.48 2.73 3.6
Tm 0.42 0.4 0.64 0.4 0.98 0.69 0.46 0.38 0.5
Yb 2.09 2.22 3.42 2.48 5.94 4.36 2.95 2.14 3.1
Lu 0.28 0.28 0.42 0.31 0.75 0.52 0.36 0.26 0.4
> REE 101.37 88.59 130.51 141.27 192.82 132.39 88.54 107.68 189.27
LREE/HREE 4.96 4.72 3.51 7.15 3.63 3.85 3.33 5.28 4.11
(La/Yb), 5.45 4.95 3.39 7.99 3.3 2.88 2.77 5.99 3.2

oEu 0.98 0.9 1.02 0.74 0.64 0.98 1.01 0.92 0.88

1
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