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Petrology and geochemical characteristics of amphibolites in Yangtizishan-
Moshishan anatase ore deposit, Inner Mongolia
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Abstract

The Yangtizishan-Moshishan sedimentary metamorphosed titanium ore deposit, discovered and explored by
the authors in recent years, is of an anatase-dominated new genetic type. Ore bodies occur in metamorphic rocks
of Middle Proterozoic Erdaowa Group (1 751 £8 Ma), consisting of sericite-quartz schist, metamorphic quartz
sandstone (siltstone), and amphibolite. The ores are actually anatase-bearing metamorphosed sandstone (silt-
stone) or schist. According to their mineral associations, three types of amphibolites may be recognized, i.e.,
amphibolite, plagioclase-amphibolite, and plagioclasite. Recovery of the amphibolites reveals that the initial
rocks are picrite-basalt, basalt, basaltic andesite, and trachyte andesite. Petrochemical and trace element geochemi-
cal data suggest that the tectonic setting of these rocks belongs to the island arc or the transitional belt between island arc
and oceanic ridge. There exists rather thorough differentiation of the rocks. Anatase ore and amphibolites were all pro-
duced by oceanic volcanism, but later subjected to regional metamorphism of the intermediate degree.
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Fig. 1 Geological columns of drill holes showing modes of occurrences of amphibolites in Moshishan ore belt
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Fig. 2 Microphotographs of amphibolite from Yangtizishan-Moshishan ore district
A. Plagioclase amphibolite (plainlight), white is plagioclase; brown is amphiboles black is ilmenite; B. Plagioclase amphibolite(crossed polars)s
C. Biotite plagioclasite (plainlight), white is plagioclase; brown and colourless schistose mineral is biotites black is ilmenite; D. Biotite
plagioclasite (crossed polars); E. Amphibolite (plainlight); F. Amphibolite (crossed polars);s G. Amphibole-schist (plainlight)> black is ilmenites

H. Amphibole-schist (crossed polars)
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Table 1 Geochemical data of amphibolites in Yangtizishan-Moshishan ore district
K1-7 K2-9 K2-18 K6-3 K6-9 K6-11 K6-30 K6-31 MS-11  002-38 110122  YC-16  YC-17
w B %
SiO, 43.95 45.84 52.83 44.32 42.29 50.95 46.79 47.77 49.14 51.00 39.65 59.90 60.52
TiO, 1.54 1.04 1.13 0.63 0.37 1.04 0.76 1.13 1.09 1.04 1.23 0.90 0.88
ALO; 14.38 14.29 19.04 16.46 14.07 13.28 13.77 13.19 14.50 17.71 13.74 15.16 15.22
Fe,O5 14.31 5.07 1.60 3.92 3.60 3.74 3.41 4.16 2.11 1.80 3.48 3.43 2.56
FeO 2.14 6.99 4.45 5.58 6.85 7.12 6.10 8.14 9.16 5.29 10.71 3.02 3.63
MnO 0.28 0.18 0.14 0.17 0.22 0.23 0.20 0.19 0.20 0.17 0.36 0.14 0.12
MgO 7.27 9.66 3.32 7.22 7.40 7.00 11.79 7.15 7.55 2.57 7.78 3.56 3.19
Ca0O 10.75 7.42 4.09 10.10 11.16 9.33 8.59 9.72 10.57 7.49 8.85 4.61 3.31
Na,O 1.93 2.70 1.61 1.17 1.47 2.01 1.14 2.12 2.22 0.18 0.45 3.26 3.04
K,O 0.26 0.35 2.42 1.31 1.05 0.44 1.22 0.78 0.43 3.25 1.16 2.12 3.47
P,0s 0.06 0.09 0.31 0.06 0.04 0.11 0.08 0.09 0.09 0.07 0.14 0.32 0.30
2.18 5.10 8.30 7.94 10.26 2.86 4.82 4.04 1.70 8.28 10.40 2.66 2.86
99.05 98.73 99.24 98.88 98.78  98.11 98.67 98.48 98.76  98.85 97.95 99.08 99.10
w B 10°°
4 421 301 155 208 208 328 221 319 326 190 380 113 117
Cr 48.3 264 21.7 370 330 173 938 109 143 78.6 105 132 92.7
Co 57.4 47.8 25.6 44.9 49.9 50.2 53.8 50.5 43.3 29.2 47.9 18.9 18.1
Ni 55.4 80.5 12.7 169 95.0 75.7 362 60.5 68.8 35.4 71.7 28.6 24.1
Cu 22.0 100 31.7 49.4 41.2 131 33.1 36.0 113 182 101 298.9 35.2
Zn 150 116 115 148 126 128 147 192 88.5 77.3 129 124 97.0
Pb 7.38 6.13 23.5 9.94 19.1 5.49 7.56 7.82 5.50 34.5 5.12 18.9 28.8
Ga 18.5 16.2 21.4 13.1 11.3 16.4 14.5 18.2 13.5 24.8 19.3 19.4 17.4
Rb 11.5 31.6 189 116 133 37.4 173 65 21.2 201 131 84.3 165
Sr 81.9 140 57.9 117 101 117 96.5 148 102 59.7 79.4 430 302
Zr 86.5 84.2 338 28.2 13.7 61.6 61.6 53.7 162 43.6 269
Nb 5.08 2.67 17.6 3.15 2.20 5.78 6.16 4.80 1.84 15.9 89.6 15.9 17.4
Ta 0.448 0.170 0.810 2.18 0.363 0.368 0.608 0.640 0.16 1.31 0.68 1.27 1.31
Ba 20.9 68.4 190 178 83.9 104 253 258 49.8 390 64.0 769 849
Y 41.0 23.8 17.9 15.6 9.07 22.9 17.8 25.3 24.0 32.0 29.1 17.5 16.2
W 0.45 2.43 5.40 6.55 25.7 5.42 5.93 7.61 0.47 5.57 6.17 3.94 2.83
La 9.44 4.34 40.0 3.78 2.11 9.19 9.40 7.85 2.36 38.1 11.4 38.4 36.8
Ce 21.0 9.88 76.5 8.24 3.98 18.8 18.4 18.1 6.42 88.6 22.9 73.7 73.7
Pr 3.34 1.62 9.33 1.33 0.614 2.63 2.46 2.42 1.19 10.3 3.23 8.64 8.51
Nd 15.0 7.70 32.7 6.26 2.58 10.5 9.96 10.4 6.81 37.7 13.4 30.4 32.7
Sm 4.78 2.43 5.55 1.96 0.789 2.76 2.51 2.82 2.53 7.80 3.48 5.48 5.72
Eu 1.69 0.843 1.37 0.640 0.417 0.882 0.658 0.897 0.86 1.65 1.14 1.38 1.50
Gd 7.10 3.77 4.80 2.66 1.20 3.80 3.13 3.93 2.77 6.77 3.85 5.00 4.83
Th 1.27 0.694 0.653 0.462 0.229 0.671 0.542 0.725 0.62 1.09 0.778 0.652 0.62
Dy 7.76 4.32 3.27 2.71 1.50 3.96 3.20 4.45 4.11 6.41 5.04 3.33 3.10
Ho 1.57 0.941 0.676 0.59% 0.325 0.853 0.683 0.973 0.86 1.32 1.17 0.636 0.58
Er 4.14 2.71 1.87 1.71 0.962 2.56 1.94 2.87 2.73 3.64 3.36 1.79 1.67
Tm 0.525 0.387 0.260 0.237 0.147 0.386 0.280 0.399 0.38 0.537 0.502 0.237 0.22
Yb 3.11 2.44 1.67 1.53 1.06 2.38 1.75 2.63 2.53 3.49 3.35 1.52 1.42
Lu 0.417 0.369 0.244 0.227 0.160 0.357 0.276 0.388 0.38 0.512 0.508 0.217 0.22
SREE 81.742 42.444 178.893 32.340 16.073 59.729 55.189 58.852 34.550 207.919 74.108 171.382 171.590
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Fig. 8 Chondrite-normalized REE patterns of plagioclase

amphibolite from Yangtizishan-Moshishan ore district
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