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Geochemical characteristics and chronology of early Late Carboniferous
granites in Yuanbaoshan area, Beishan region

LI Jie, TIAN Ying, BAN Chang-yong, FENG Yi-peng, CHEN Yuan-yuan and LI Jin-he
(Hebei Academy of Regional Geological Survey, Langfang 065000, China)

Abstract: The Yuanbaoshan Late Carboniferous granite is located in the Yuanbaoshan area, Ejin Banner, Inner
Mongolia. Its rock mass characteristics are of great significance for the study of the properties of the Hongshishan
ophiolite belt and the reconstruction of the tectonic evolution of the northern Beishan region. LA-ICP-MS zircon U-
Pb isotopic dating shows that the ages of granodiorite, monzonitic granite, and trondhjemite in the Yuanbaoshan
composite batholith are 317.1 +3.1 Ma, 314.8 +2.7 Ma and 313.7 +2.3 Ma respectively, suggesting Late Car-
boniferous. The petrogeochemical analysis shows that the granites of the Yuanbaoshan composite batholith have high
silicon (810, =67.77% ~73.00%), and rich sodium ( K,0/Na,0 <1) with A/CNK being 0.95 ~1.13, belong-
ing to partially aluminous to weakly peraluminous, with the enrichment of LILEs ( Rb, Ba, Th, K), depletion of
HFSEs (Ta, Nb, P, Ti) and medium strength negative europium anomaly (dEu =0.46 ~0. 65), similar to the

petrogeochemical characteristics of island arc environment. The trondhjemite is different from the granodiorite and
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monozonitic granite; it is rich in silicon, has very weak negative europium anomaly (3Eu =0.81 ~0.99), high St/

Y and La/Yb ratios, and falls into the adakite area on the Sr/Y —Y diagram. These differences suggest that they

have different source characteristics. According to the regional geological data, the subduction of the Hongshishan

oceanic plate under the study area during the early Late Carboniferous initiated large-scale magmatic activity and

formed the Yuanbaoshan granite composite batholith with island arc affinity. The plagioclase granite with adakite-

like characteristics originated from partial melting of the subductional oceanic plate, implying that the Hongshishan

Ocean might have had a relatively young hot oceanic crust during the early Late Carboniferous period.

Key words: northern Beishan; granites of early Late Carboniferous; island arc; adakite
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Fig. 1 The distribution of the Beishan ophiolite (a, after

Yang Hequn et al., 2010) and geological sketch map of

Yuanbaoshan area (b, after Li Jie e a., 2017®)
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1—CQuaternary and Cretaceous sedimentary cover; 2—Upper Carboniferous

Baishan Formation; 3—Middle-Upper Silurian Gongpoquan Formation;

4—Lower Silurian Yuanbaoshan Formation; 5—Lower Ordovician Luoyachushan Formation; 6—Late Triassic syenite granite; 7—Late Carboniferous

trondhjemite; 8 —Late Carboniferous monzonitic granite; 9—Late Carboniferous granodiorite; 10—crystalline basement; 11—ophiolite belt; 12—plate

suture zone; 13—high pressure metamorphic belt; 14—geological boundary; 15—fault; 16—angular unconformity boundary
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Fig. 2 Microscopic photos of granodiorite (a), monzonitic granite (b), trondhjemite (¢) in Yuanbaoshan under crossed nicols
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X2 EEBLUEREEFTEERETE(w,/ %) WERBLTE(w,/10 ) DIFER

Table 2 Major (w,/%), trace and rare earth elements (w,/10 ) compositions of Yuanbaoshan composite batholith

EENEEA S e RN KA WARAE X ZRIER A
5 PO2YQI2 PO2YQI3 PO2YQ2-1 PO2YQ2-3 PO2YQ2-6 PO2YQ4-1 PO2YQ42 PO5SYQI-1  PO5SYQ3-1 YQ02
Sio, 67.84 67.77 72.08 67.79 71.89 69.05 68.54 70.34 72.96 73.00
TiO, 0.46 0.49 0.22 0.32 0.21 0.28 0.31 0.33 0.28 0.34
Al 0, 15.01 14.94 14.99 16.40 14.47 16.24 16.36 14.18 13.57 13.68
Fe, 0, 1.46 1.81 0.89 1.24 0.43 1.18 1.56 1.35 1.05 0.70
FeO 2.34 2.23 0.94 1.34 1.22 1.15 0.93 1.17 1.29 1.07
MnO 0.08 0.09 0.04 0.07 0.02 0.06 0.06 0.03 0.06 0.08
MgO 1.18 1.24 0.71 0.98 0.99 0.83 0.97 0.50 0.52 0.43
Ca0 3.05 3.35 2.50 3.67 1.68 3.54 3.32 1.71 1.53 1.24
Na, O 4.14 3.90 4.97 5.01 4.87 4.94 4.74 5.31 4.56 4.98
K,0 2.22 2.33 1.12 1.21 1.58 1.05 1.50 2.84 3.12 3.44
P, 0, 0.11 0.11 0.07 0.11 0.07 0.10 0.10 0.08 0.06 0.08
Ak 1.25 1.08 0.87 0.94 1.25 1.12 0.94 0.64 0.40 0.43
% 7K 0.14 0.13 0.12 0.12 0.14 0.14 0.11 0.12 0.14 0.10
fe ki 1.98 1.60 1.37 1.75 2.50 1.45 1.47 2.03 0.87 0.83
A/CNK 1.02 1.00 1.08 1.01 1.13 1.03 1.06 0.95 0.99 0.97
A/NK 1.63 1.67 1.60 1.72 1.49 1.75 1.74 1.20 1.25 1.15
A.R 2.09 2.03 2.07 1.90 2.33 1.87 1.93 3.11 3.07 3.59
Na, 0/K,0 1.87 1.67 4.44 4.15 3.08 4.69 3.16 1.87 1.46 1.45
Mg* 36. 66 36.32 42.06 41.47 52.41 39.98 42.63 27.08 29.21 31.24
La 17.20 20.90 7.07 10. 60 5.72 11.60 10. 60 21.80 23.90 17.60
Ce 38.70 45.30 16.10 21.50 12.70 23.60 20.70 48.30 51.00 38.90
Pr 5.10 6.20 1.84 2.83 1.67 3.19 2.68 6.38 6.84 5.36
Nd 21.80 26.10 7.43 11.20 7.11 13.00 10. 80 26.20 27.70 23.70
Sm 5.06 5.99 1.54 2.18 1.56 2.71 1.97 5.67 6.18 5.76
Eu 1.00 1.11 0.41 0.55 0.48 0.72 0.54 0.97 0.91 1.18
Gd 4.72 5.45 1.40 1.88 1.31 2.24 1.80 5.11 5.86 5.16
Tb 0.92 1.07 0.24 0.30 0.20 0.37 0.28 0.98 1.16 1.12
Dy 5.74 6.80 1.32 1.60 0.89 2.14 1.53 5.95 7.38 7.28
Ho 1.20 1.37 0.26 0.31 0.13 0.42 0.30 1.18 1.53 1.51
Er 3.47 4.15 0.78 0.92 0.34 1.25 0.91 3.39 4.68 4.74
Tm 0.56 0.69 0.13 0.14 0.04 0.20 0.14 0.55 0.79 0.74
Yb 3.73 4.82 0.85 0.93 0.25 1.26 0.91 3.69 5.18 5.02
Lu 0.55 0.62 0.15 0.14 0.07 0.19 0.14 0.52 0.74 0.79
Y 32.30 37.70 7.58 8.72 3.76 11.90 8.09 30.30 43.10 42.60
Ba 619. 82 629.06 397.01 381.78 338.63 401. 84 559.34 512.61 897.12 807.07
Rb 41.68 47.91 21.87 10.74 44.84 7.94 24.90 54.09 131.56 104.70
Th 7.05 6.69 6.63 2.63 1.08 2.81 3.52 3.84 13.59 7.83
K 18 443.36  19363.22 9285.35 10017.55 13 119.79 8743.74 12456.72 23593.24 25898.06 28 518.38
Nb 6.25 6.42 4.04 4.26 1.37 3.75 4.11 7.80 11.65 7.00
Ta 0.48 0.47 0.43 0.27 0.14 0.31 0.32 0.60 0.95 0.47
p 461.15 489.03 303.46 478.54 290.21 426.12 444.49 341.23 270.49 351.54
Zr 158.35 169.07 82.02 108. 10 91.54 100. 57 103. 61 257.29 206. 40 221.37
Hf 7.48 10. 60 4.56 7.16 4.86 6.71 6.91 10.94 9.67 6.65
Ti 2761.68 2909.21 1339.46 1893.10 1262.10 1652.73 1873.37 1998.12 1670.49 2062.35
Sr 160. 10 170. 40 320.20 364.50 133.20 341.70 395.50 68.49 130. 60 115.05
Sr/Y 4.95 4.52 42.23 41.82 35.46 28.69 48.92 2.26 3.03 2.70
Y REE 109. 82 130. 54 39.48 55.08 32.42 62.91 53.32 130.71 143.81 118.83
LREE/HREE  4.25 4.23 6.72 7.86 9.10 6.80 7.87 5.12 4.27 3.51
dEu 0.61 0.58 0.84 0.81 0.99 0.87 0.86 0.54 0.46 0.65
(La/Yb) 3.11 2.92 5.61 7.71 15.73 6.20 7.89 3.98 3.11 2.36
(Gd/Yh)y 1.02 0.91 1.33 1.63 4.31 1.43 1.60 1.12 0.91 0.83
(La/Sm) y 2.14 2.20 2.89 3.07 2.31 2.69 3.39 2.42 2.43 1.92
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