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Geochemistry and chronology of Hongtang ore-bearing rocks in the Daixian
rutile deposit, Shanxi Province
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Abstract: The Daixian rutile deposit is located in western Hengshan and belongs geotectonically to the central
zone of North China Craton. The exposed strata mainly comprise a suite of medium-grade regional metamorphic
rocks of Upper Archacan Wutai Group. The rocks have undergone multi-stage amphibolite facies metamorphism
and deformation. Recent exploration shows that the Daixian rutile deposit is one of the largest rutile deposits in
China with reserves up to 3.7 million tons of TiO,. The Hongtang rutile orefield is one of the three main ore-
fields in the Daixian rutile deposit. The rutile-bearing rocks mainly include anthophyllite schist, vermiculitized
antinolite schist, albite-clinochlore-bearing antinolite schist and vermiculitized actinolite-bearing quartzite. Ex-
cept for one silicified sample (HT-5, quartzite), they contain 47.83% ~55.03% SiO,, high MgO, TiO, and
ALO;, low CaO, Na,O and K,O, and are depleted in LREE and roughly flat in HREE and have conspicuous
negative Eu anomalies. LILE content changes slightly, and differentiation of HFSE is inconspicuous. The rocks
are slightly poor in Ti, Zr, Hf, Y, and Ba, Sr, Rb. The samples with high Ti (TiO, >4% ) have conspicu-
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ous positive Nb and Ta anomalies. The authors thus infer that the protolith of the rutile deposit is chemically e-
quivalent to mid-ocean ridge tholeiite and that the ore-bearing rocks were formed through crystallization differ-
entiation of anorthite and other types of metamorphism and deformation. The growth characteristics and mineral
inclusions of zircons in the ore-bearing rocks as well as U-Th-Pb ages show that the protolith of the Hongtang
rutile orefield was formed around 2 530 Ma and might have experienced two regional metamorphic events with
hydrothermal fluid mixture during 2 370 ~2 530 Ma and around 1 900 Ma corresponding respectively to high
grade amphibolite facies and medium-pressure and low-temperature greenschist facies.

Key words zircon geochronology anthophyllite schist rutile deposit Daixian Shanxi
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Fig. 1 Geotectonic map of Daixian County Shanxi Province
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Fig. 2 Simplified geological map of the Daixian rutile deposit Shanxi Province
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Q—modern loose accumulation of Quaternary € ;—thin layer limestone and sandstone of Canbrian € ;—purple shale of Lower Cambrian

AW h2—anorthosite amphibololite with amphibololite granulite of lower section of Binglingou Formation Wutai Group Archean AWbh1—
anorthosite amphibololite and amphibololite biotite anorthosite gneiss of upper section of Binglingou Formation Wutai Group Archean AWn2—
anorthosite amphibololite and amphibololite biotite granulite of upper section of Nianzigou Formation Wutai Group Archean AW n l—anorthosite
amphibololite and anorthosite amphibololite gneiss of lower section of Nianzigou Formation Wutai Group Archean AW t—-chorismitic anorthosite

amphibololite gneiss of Taizidi Formation
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1 wg % wg 107°

Table 1 Major wgp % and trace element wy 10™° analyses of Hongtang rutile-bearing rocks

HT-1 HT-2 HT-3 HT-4 HT-5 HT-6 HT-7 HT-8 HT-9 HT-10
SiO, 45.49 52.67 53.57 47.83 79.13 48.42 52.91 55.03 49.46 49.40
TiO, 4.28 1.54 0.99 7.61 2.44 3.76 2.28 0.83 2.94 5.99
ALO; 18.26 7.04 5.59 8.13 3.16 10.15 6.35 8.48 9.37 9.91
TFeO 5.96 9.75 11.11 6.87 2.06 4.96 4.39 4.00 5.16 4.35
MnO 0.03 0.07 0.06 0.03 0.01 0.02 0.01 0.01 0.01 0.01
MgO 14.32 22.37 22.82 20.84 9.35 20.63 25.49 22.91 24.42 20.32
CaO 3.42 3.23 2.50 3.80 0.99 3.07 0.66 1.04 0.70 1.38
Na,O 2.22 0.68 0.59 0.81 0.82 1.27 0.79 2.11 0.81 1.66
K,O 0.58 0.43 0.22 0.29 0.05 0.71 0.77 0.20 1.38 0.52
P,0s 0.02 0.02 0.05 0.01 0.06 1.20 0.10 0.04 0.05 0.24
LOI 4.78 2.12 2.12 3.04 1.50 5.42 5.60 5.34 5.02 5.62
99.34 99.93 99.62 99.26 99.58 99.61 99.36 99.98 99.33 99.39
Mg* 70.62 69.64 67.26 75.22 81.91 80.62 85.31 85.12 82.56 82.37
Li* 28.4 27.6 28.9 17.4 6.20 35.0 19.0 29.4 27.8 38.3
Be” 1.19 0.35 0.56 0.73 0.18 1.35 0.22 1.22 0.35 1.94
Se 125 134 108 209 131 471 204 221 199 198
\%A 143 115 104 142 65.1 177 114 90.5 151 183
Cr” 227 161 137 470 180 363 219 223 285 350
Co 12.3 17.7 20.6 13.1 4.58 11.5 13.1 12.2 13.4 11.0
Ni 12.0 15.8 16.8 13.5 5.27 10.7 13.9 13.0 13.7 10.4
Cu” 5.69 5.44 3.60 14.05 4.77 7.55 4.81 3.42 5.23 11.7
Zn” 37.4 36.4 32.6 62.4 16.8 33.2 29.4 18.4 32.3 43.0
Ga 18.4 9.55 8.22 10.4 4.42 14.3 9.50 11.3 13.6 12.2
Rb” 38.0 29.2 12.6 18.8 1.91 53.4 57.1 16.3 103 38.4
Sr 44.4 9.94 6.63 6.38 20.3 17.4 4.64 21.2 8.30 22.6
Y 27.8 26.9 17.8 48.4 21.9 235 44.1 88.2 83.5 94.9
Zr 194 74.1 46.4 283 104 138 141 23.0 183 305
Nb 17.6 6.82 4.65 25.8 11.6 22.8 12.4 7.60 18.9 35.9
Cs 3.24 2.97 1.10 3.23 0.17 8.23 9.26 2.73 13.6 5.94
Ba” 70.4 100 37.9 23.8 6.52 85.9 85.2 23.0 127 74.3
La 6.25 4.60 2.08 3.79 4.61 13.4 0.46 35.2 15.9 13.0
Ce 16.2 16.2 7.96 15.0 14.4 47.6 1.77 108 52.0 40.9
Pr 2.84 3.10 1.54 3.15 2.31 8.62 0.49 17.7 8.63 6.94
Nd 15.2 17.6 7.83 19.7 11.7 55.4 4.55 85.2 45.1 36.0
Sm 5.11 5.95 2.59 6.82 3.30 23.1 3.15 22.2 14.9 11.8
Eu 1.37 1.33 0.73 1.84 0.55 2.77 0.34 2.46 1.03 1.20
Gd 5.26 5.91 2.74 7.78 3.55 40.3 5.66 21.0 15.8 16.3
Tb 0.87 1.02 0.52 1.47 0.64 7.77 1.25 3.58 2.92 3.04
Dy 5.21 6.21 3.57 9.85 4.23 54.7 9.25 20.4 18.6 20.8
Ho 1.09 1.30 0.83 2.26 0.93 12.1 2.11 4.29 4.01 4.45
Er 3.02 3.70 2.53 6.52 2.81 33.7 6.36 12.0 11.0 12.7
Tm 0.46 0.60 0.43 1.06 0.45 4.96 1.04 1.86 1.66 1.89
Yb 3.07 4.13 2.98 6.98 3.05 32.7 7.24 12.7 10.8 12.4
Lu 0.48 0.68 0.52 1.11 0.50 4.76 1.14 1.93 1.65 1.86
Hf 4.87 1.85 1.26 7.83 3.46 4.74 3.92 0.88 4.89 9.29
Ta” 1.32 0.43 0.30 2.15 0.51 1.45 0.78 0.38 1.04 2.54
T 0.20 0.17 0.09 0.16 0.04 0.39 0.41 0.15 0.67 0.29
Pb 3.49 0.97 1.05 1.12 1.89 2.15 0.99 1.50 1.49 1.61
Bi" 0.06 0.15 0.12 0.16 0.03 0.09 0.04 0.04 0.04 0.04
Th 0.41 0.37 0.12 0.46 1.04 1.52 0.16 3.61 1.98 2.07
U 0.65 0.25 0.08 1.66 0.17 0.83 0.27 0.30 0.40 1.03
SREE 66.5 72.3 36.8 87.4 52.9 342 44.8 349 204 183
LR HR 2.42 2.07 1.61 1.36 2.28 0.79 0.32 3.49 2.07 1.50
dEuy 0.80 0.68 0.83 0.77 0.49 0.27 0.24 0.34 0.20 0.26
La Yb y 1.38 0.76 0.47 0.37 1.03 0.28 0.04 1.89 1.00 0.71
TFeO LOI Mg* Mg# =100MgO MgO+TFeO N LR HR LREE HREE 6Euy

= ZELIN Sm\, + Crd\] *
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Fig. 3 Field picture of Hongtang rutile ore body

in Daixian County Shanxi Province
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Fig. 4 Chondrite-normalized REE patterns of Hongtang

rutile-bearing rocks
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Fig. 5 Primitive mantle normalized trace element

spideragram of Hongtang rutile-bearing rocks
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Fig. 6 Cathodoluminesence images of zircon grains from Hongtang rutile-bearing rocks
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