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Geochemical characteristics of siliceous rocks in Yangtizishan-Moshishan
anatase ore district, Zhenglanqi County, Inner Mongolia, with implications
for sedimentary environment

FENG ChengYou, ZHAO YiMing and LI DaXin
(Institute of Mineral Resources, Chinese Academy of Geological Sciences, Beijing 100037, China)

Abstract

Based on detailed field geological survey and comprehensive studies of major and trace elements as well as
silicon and oxygen isotopes, the authors have discussed in this paper the origin and tectonic environment of the
thick-bedded and anatase-rich siliceous rocks in the Yangtizishan-Moshishan anatase ore district, Inner Mongo-
lia. The results show that the white thick-bedded siliceous rocks have high contents of SiO, and Al,O; and high
ratios of Al/(Al+ Fe+ Mn) and AL O3/ (ALO; + Fe,O;). The 2 REE are low, and the North American shale-
normalized REE patterns are characterized by enrichment of LREE and absence of Eu and Ce anomalies, which
suggest that the white thick-bedded siliceous rocks might have been formed in the continental margin environ-
ment and affected significantly by terrigenous constituents. The anatase-rich siliceous rocks have high contents of
TiO,, Fe,O3, Cuand V but low Al/(Al+ Fe+ Mn) and ALO;/(ALO; + Fe,O3) ratios. The > REE are high,
the North American shale-normalized REE patterns are obviously characterized by left-oblique to flat styles of

curves and slight negative Ce anomalies, implying that they might have been formed in an oceanic ridge environ-
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ment. The slightly negative 8°Si values of both thick-bedded and anatase-rich siliceous rocks are similar to those

of hydrothermal and biogenic siliceous rocks. The ranges and mean values of §'%O values are similar. On the

whole, the thick-bedded and anatase-rich siliceous rocks have different origins and sedimentary environments.

This deposit was most likely formed by the Proterozoic volcanic exhalative process, as evidenced by petrochemi-

cal and geochemical characteristics of the anatase-rich siliceous rocks.

Key words: geochemistry, siliceous rock, anatase ore deposit, major and trace elements, tectonic setting,
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Fig. 1 Schematic regional geological map of the Yangtizishan-Moshishan ore district
1—Quaternary 2—Upper Jurassic 3—Lower Permian Sanmianjing Formation 4—Upper Carboniferous Amushan Formation 5—Middle
Proterozoic  6—Archean Wulashan Group 7—Granite 8—Granite-porphyry 9—Granodiorite 10—Fault 11—Ore district
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Fig. 2 Schematic geological map of the ore-bearing sequence in the Yangtizishan-Moshishan ore district
1—Quaternary 2—Upper Jurassic tuff 3—Upper Jurassic volcanic rock 4—ILimestone or marble 5—Meta-siltstone 6—Garnet-bearing

sericite-quartz schist 7—Thick-bedded siliceous rock  8—Plagio-amphibolite 9—Granite 10—Ore body 11—Fault 12—Sample location
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Table 1 Major element compositions of siliceous rocks in the Yangtizishan-Moshishan ore district wg %

Si0,  TiO, ALO; Fe,05 FeO  MnO MgO CaO NaO KO P05 H0' €O,

YP-14 95.63 0.07 2.00 0.47 0.37 0.01 0.09 0.09 0.01 0.55 0.02 0.84
YP-15 95.29 0.08 1.92 1.05 0.37 0.01 0.09 0.08 0.01 0.50 0.02 0.70
YP-15-1 97.14 0.10 1.05 0.38 0.24 0.01 0.08 0.08 0.01 0.28 0.02 0.68
YP-45 96.02 0.06 1.26  0.48 0.40 0.01 0.03 0.05 0.13 0.32 0.02 0.52 0.20 0.53
MY-1 95.20 0.18 2.10 0.08 0.34 0.01 0.08 0.08 0.25 0.48 0.02 0.34 0.46 0.45
MY-10 98.87 0.04 0.26 0.14 0.20 0.01 0.01 0.01 0.02 0.06 0.01 0.06 0.14 0.16
96.36 0.09 1.43 0.43 0.32 0.01 0.06 0.06 0.07 0.37 0.02 0.31 0.27 0.56
YT-7 65.25 11.56 3.49 12.72 2.50 1.72  0.64 0.38 0.04 0.47 0.06 1.24 0.20 1.00
YT-34 49.66 8.42 3.79 20.42 8.89 4.07 0.99 0.76 0.02 0.19 0.12 3.00 0.12 2.02
YT-39 65.25 10.97 2.24 15.85 0.38 1.79 0.25 0.24 0.09 0.30 0.07 2.56 0.20 2.76
YT-40 61.23 8.27 3.03 21.09 0.20 2.26 0.30 0.38 0.03 0.33 0.08 2.8 0.20 3.13
MS-27 68.35 9.49 3.93 12.63 1.31 0.33 0.62 0.14 0.01 0.04 0.04 2.78 0.38 2.8
MS-28 61.49 15.46 2.52 13.45 2.89 0.64 0.65 0.18 0.08 0.07 0.06 2.40 0.29 2.16
MS-33 75.70 6.18 4.34 8.04 1.13  0.18 0.90 0.32 0.02 0.17 0.04 2.68 0.5 2.8
63.85 10.05 3.33 14.89 2.47 1.57 0.62 0.34 0.04 0.22 0.07 2.51 0.28 2.39
2 .
Table 2 Ratios of major elements for siliceous rocks in the Yangtizishan-Moshishan ore district
Al Al+Fe+ Mn ALO;  ALO; + Fe,O5 MnO TiO,
YP-14 0.63 0.81 0.18
YP-15 0.50 0.65 0.14
YP-15-1 0.55 0.73 0.08
YP-45 0.50 0.72 0.17
MY-1 0.77 0.96 0.06
MY-10 0.35 0.65 0.25
0.55 0.75 0.15
YT-7 0.13 0.22 0.15
YT-34 0.08 0.16 0.48
YT-39 0.08 0.12 0.16
YT-40 0.09 0.13 0.27
MS-27 0.17 0.24 0.03
MS-28 0.10 0.16 0.04
MS-33 0.26 0.35 0.03
0.13 0.20 0.17
2 - A1203 A1203 + F€203 0.12 - 0.35
Al Al+ Fe+ Mn 1 0.20 <0.4
MY-10 0.4 Al-Fe-Mn 4a
Al MY-10
Al+Fe+ Mn 0.08~0.26 0.13 Al
0.4 100 X Fe,O53 SiO, —100
A1203 A1203 +F€203 X A1203 SIOZ F6203 TlOz - A1203 A1203 +
A1203 A1203 + F€203 F6203 F6203 100 — SIOZ - A1203 100 — SlOZ
0.65~0.96 0.75 0.5 4b ¢ d

~0.9 MY-1
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Table 3 REE and trace element compositions of siliceous rocks in the Yangtizishan-Moshishananatase ore district wy 107°

YP-14  YP-15 YP-15-1 YP-45 MY-1 MY-10 YT-7 T34 YT-39 YT-40 MS27 MS28 MS33

La 6.27 6.68 5.39 8.84 8.14 4.34 16.0 23.7 24.0 27.2 50.4 46.1 43.3
Ce 9.61 10.2 8.24 14.6 15.3 7.14 28.0 35.9 43.2 55.3 105 99.0 85.2
Pr 0.96 1.01 0.76 1.62 1.99 0.82 3.52 4.99 5.64 7.20 12.3 12.0 10.8
Nd 3.48 3.56 2.71 5.73 7.84 3.31 13.6 19.9 21.9 29.7 46.3 45.9 41.9
Sm 0.49 0.62 0.44 0.90 1.49 0.64 3.02 4.17 4.46 6.49 7.61 8.48 7.97
Eu 0.09 0.14 0.07 0.18 0.30 0.11 0.65 0.90 0.87 1.27 1.12 1.49 1.56
Gd 0.40 0.51 0.37 0.98 1.25 0.42 3.13 4.23 4.51 5.70 6.24 6.99 6.91
Tb 0.05 0.08 0.05 0.14 0.18 0.06 0.56 0.75 0.75 0.89 0.86 0.94 1.04
Dy 0.27 0.41 0.28 0.79 1.06 0.31 3.53 4.82 4.35 4.95 4.58 4.81 5.90
Ho 0.05 0.07 0.06 0.15 0.22 0.05 0.75 1.02 0.88 0.96 0.91 0.96 1.14
Er 0.17 0.21 0.18 0.46 0.68 0.17 2.35 3.27 2.67 2.91 2.82 3.07 3.40
Tm 0.02 0.03 0.03 0.06 0.09 0.02 0.36 0.48 0.39 0.42 0.40 0.45 0.46
Yb 0.15 0.20 0.17 0.38 0.63 0.15 2.58 3.45 2.79 2.88 2.95 3.27 2.98
Lu 0.02 0.04 0.03 0.06 0.09 0.02 0.41 0.52 0.45 0.44 0.47 0.55 0.45
SREE 22.03  23.76  18.78 34.89 39.26 17.56 78.46 108.10 116.86 146.31 241.96 234.01 213.01
LREE HREE 18.50 14.33 15.05 10.55  8.35 13.63  4.74 4.83 5.96 6.64 11.58 10.12  8.56
oCe 0.89 0.89 0.92 0.89 0.89 0.88 0.87 0.77 0.87 0.93 0.99 0.99 0.93
oEu 0.93 1.14 0.79 0.87 1.00 0.95 0.96 0.98 0.89 0.95 0.74 0.88 0.96
La Ce v 1.39 1.40 1.39 1.29 1.13 1.30 1.22 1.41 1.18 1.05 1.02 0.99 1.08
La Yb y 4.11 3.29 3.12 2.29 1.27 2.85 0.61 0.68 0.85 0.93 1.68 1.39 1.43
Y 1.42 2.32 1.60 4.79 6.01 1.51 22.1 30.4 24.6 26.9 25.3 26.4 32.5

Ba 77.5 62.4 38.3 65.2 35.0 14.5 138 107 222 210 66.7 99.3 121

Cu 6.71 11.3 5.96 14.1 16.3 7.05 13.3 152 71.3 43.9 6.01 109 71.4
Sr 7.66 5.67 3.83 4.92 22.7 6.18 38.5 85.7 103 106 32.4 42.0 60.3
\% 2.69 5.35 2.57 11.6 36.3 2.94 401 107 379 256 404 654 297
Zn 1.68 8.18 2.62 14.1 11.2 3.98 82.9 188 211 108 65.3 77.6 50.5
Cr 9.36 54.8 10.9 5.32 3.50 10.4 32.8 15.2 26.2 32.0 137 270 109
Co 0.48 1.56 0.36 0.77 0.50 0.77 12.7 41.0 22.8 23.6 13.4 20.3 15.7
Ni 1.48 3.14 1.32 2.55 1.33 2.49 27.3 31.6 22.1 26.0 12.6 16.1 16.2
Ga 1.88 2.08 1.14 1.90 3.18 0.99 7.07 7.26 4.81 6.01 8.45 6.51 7.20
Rb 13.2 13.3 6.68 16.0 15.0 2.63 28.0 17.4 19.6 27.6 2.69 4.93 12.5
Nb 0.70 0.79 0.41 1.59 1.54 0.54 0.93 0.78 0.05 7.64 0.88 5.21 1.36
Mo 1.20 1.79 1.16 1.44 0.51 1.74 0.09 0.15 0.08 0.70 0.06 0.17 0.07
Cd 0.07 0.12 0.06 0.05 0.05 0.06 0.03 0.15 0.06 0.05 0.05 0.06 0.05
In 0.05 0.05 0.05 0.05 0.05 0.05 0.07 0.15 0.06 0.08 0.05 0.06 0.05
Ta 0.05 0.05 0.05 0.05 0.06 0.05 0.08 0.07 0.05 0.56 0.08 0.51 0.14
w 0.51 0.45 0.37 0.57 0.32 0.48 0.11 0.23 1.12 6.10 0.34 1.43 0.74
Tl 0.10 0.14 0.05 0.11 0.09 0.03 0.21 0.18 0.15 0.44 0.08 0.05 0.07
Pb 3.09 5.24 2.90 2.25 5.46 3.49 4.27 4.94 5.85 4.87 7.85 7.81 17.6
Bi 0.14 0.13 0.12 0.11 0.05 0.10 0.16 1.03 0.11 0.20 0.19 0.09 0.06
Ge 0.25 1.42 2.35 1.66 2.11 1.67 0.94 2.35
Th 0.85 1.18 0.92 1.33 1.64 0.70 7.47 11.9
U 0.28 0.49 0.22 0.98 0.34 0.26 3.29 3.43

U Th 0.33 0.42 0.24 0.74 0.21 0.37 0.44 0.29

Co Ni 0.32 0.50 0.27 0.30 0.38 0.31 0.47 1.30 1.03 0.91 1.06 1.26 0.97

o0Eu  oCe Gromet 1984 La Ce v La Yb y 1
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Fig. 5 North American shale-normalized REE patterns a ¢ and MORB-normalized spider diagrams b d for siliceous rocks
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in the Yangtizishan-Moshishan anatase ore district sample number as for Table 3

La Ce 0.5~1.51.0
~2.5 3.5
La Yb y 1.27~4.11 La Ce y
1.13~1.40
La Ce 1.05~1.41
Ce
+3 Ce
Ce?* Cett
Ce
Ce Murray
1991
dCe 0.65~
1.35 1.09 dCe
0.50~0.76 0.60
dCe 0.22~0.38 0.30
dCe 6
dCe 0.88~0.92 0.89

Ce
Ce
3.3
3 Taylor et
al. 1985
CuV Zn
Ge U
Rb Th Ce Nb
Ba Ti
Murray 1991
A%
Y
VY
VY 1.61~6.04
2.70 V Y&~1.34
VY 3.52~24.77
13.78 V Y=5.8
V Y=4.3 A%
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Table 4 Silicon and oxygen isotopic data of siliceous rocks in the Yangtizishan-Moshishan ore district
8180\/'_SM()W %0 83(]Siy}§.28 %00
YP-14 12.7 -0.4
YP-45 12.8 -0.4
YP-46-1 12.3 0.1
Cl11-16 TCI11 13.8 -0.6
MY-1 11.6 -0.4
YT-39 TC7 13.8 -0.5
MS-27 12.7 -0.7
w2 10.5 -0.6
1101-3 ZK1101 11.3 -0.5
MTC2 TC2 12.2 -0.6
MTC9 TC9 13.2 —0.6
30y svow 0 Sinmsas £0.2% +£0.1%
107~654 x10°° 357x10°°
3.4 3" Ov.smow
11.6%0 ~13.8%0 12.6%0 10.5%0
~13.8%o 12.3%0
Douthitt 1982 1989 1994 MOvsmow  1.9%0 ~5.2%0 3.3%0 ~ 12.4%0
1994 830 SiNBSZS 818 OV—SM()W 20.7%0
1.1%0~1.4%o S ~23.7%0 1991
—1.5%0~0.8%0 3Si 3" Ov.svow 21.6%0 ~26.7%o
2.4%0~3.4%0 2002
3OS 0v.svow  10.8%0~12.5%o
3Si —0.6%0 ~0.8%0 4
0.16%0
83051 0.1%0“‘0.6%0 -
0.4%0
3Si —0.35%0 —~3.4%o 1.3%0
1994 1999 -
& Si 2
_0.5%0’“0.1%0 -
0 . 3%0 - 1 . 3%0
4 .
YP-46-1 S -
4 6 1961®
S —0.6%~ —0.4% —0.7%0 ~
~0.5%o 1974@ 1:20
o . 1961. —
2] 1974.1:20 1-83.
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1991
2008a

SHRIMP U-Pb
1611—1 781 Ma 18

18.78 X 10 ©~39.26 X 10 °

La Yb N
1.27~4.11 La Ce y 1.13~1.40
VY 1.61~6.04
2.70 V Y=~1.34
2008b
Cr Nb
2008b
5
1 -

2 Sio,
95.20% ~98.87% AL O,
Fe,O; Al Al+ Fe+ Mn 0.4  AlFe
Mn
Al

SiO; 49.66 % ~75.70 % 63.85 %
TiO, 6.18 % ~15.46 %

10.05 % Fe,O; 8.04 % ~21.09 %
14.89 % Al Al+ Fe+ Mn 0.08~0.26
0.13 Al-Fe-Mn
3

18.78 X 10 ©~39.26x 10 ©

La Yb 1.27~4.11 La Ce y
1.13~1.40 VY
1.61~6.04 2.70

V Y=1.34
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