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Abstract
Anatase and its isomeric mineral-rutile have the most prominent economic significance among titanium min-

eral resources, and constitute one of the badly needed mineral resources currently in China. The Yangtizishan-

Moshishan anatase ore deposit was formerly referred to as an iron deposit. Based on the authors’ investigation
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and exploration in recent years, it is held that it is actually a metamorphosed sedimentary anatase-predominated
ore deposit belonging to a new genetic type. The ore bodies occur in the stratoid and lenticular forms in Middle
Proterozoic (1 751 = 8 Ma) schist, metasandstone (metasiltstone), and amphibolite. The rich ores have
perthitic structure comprising chiefly interbedded quartz perthite (with disseminated anatase, rutile) and anatase
perthite. The ore minerals are mainly anatase, subordinately rutile and ilmenite ( = hematite), while the non-
metallic minerals are chiefly quartz with a certain amount of anthophyllite and biotite ( * garnet). The grain
sizes of anatase, rutile and ilmenite are 0.01~0.1 mm. The rich ores contain 3.14% ~15.46% TiO,, averag-
ing 6.91% , while the low grade ores have TiO, content about 1.2% ~2.97%, averaging 1.76% . The ores
have relatively high TFe and V contents. Trace elements in anatase and rutile such as Nb and Cr were measured
by electron microprobe. According to their relatively low Nb and Cr contents, the provenance of anatase and ru-
tile must have come from mafic rocks. Trace elements of the associated ilmenite show relatively high MnO and
low MgO contents, just opposite to those of ilmenite in V-Ti-magnetite ores of magmatic origin. The recovering
work reveals that the initial rocks of amphibolite wall rocks should be basalt, picrite-basalt etc. Petrochemical
data suggest that the tectonic setting of these rocks belongs to island arc or the transitional belt between island
arc and oceanic ridge. Investigation of silicon isotope compositions shows that 8°Si values of different anatase
ores, quartzite and schist in this deposit are 0.1%0~ —0.9%o, similar to those of marine hydrothermal exhala-
tive sedimentary deposits. All these geological and geochemical characteristics of the ore deposit suggest that the
anatase ores and amphibolite are products of oceanic basic volcanism. The ores had chemical precipitation fea-
tures, but were later subjected to regional metamorphism (1 158 Ma) of the intermediate (or somewhat lower)
degree. Rutile was formed mainly in the process of this metamorphism. The ore belt locally underwent hy-
drothermal reformation during the emplacement of Late Yanshanian granite (118 £3 Ma).

Key words: geology, geochemistry, anatase ore deposit, Yangtizishan-Moshishan, Zhenglangi County,
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1—Quaternary; 2—Upper Jurassic volcanic rocks; 3—Garnet-bearing quartz sericite schist; 4—Carbonaceous schist; 5—Quartzite; 6—Ore-bear-

ing metasiltstone and schist; 7—Sericite quartz schist; 8—Granite; 9—Anatase enriched ore body: 10—Lean ore body: 11—Inferred fault; 12—

Exploration line; 13—Measured geological sections 14—Contour line; 15—Prospecting trench; 16—Drill holes 17—Unconformity
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Fig. 3 Geological section along No. 11 exploration line in the Moshishan anatase ore belt
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a. Quartz-anatase rich ore of perthitic structure plainlight b. Quartz-anatase rich ore of perthitic structure plainlight c¢. Quartz-anatase rich ore of

perthitic structure crossed polars d. Biotite-quartz-anatase rich ore of perthitic structure plainlight e. Garnet-biotite-quartz-anatase rich ore of

perthitic structure black-ilmenite plainlight f. Quartz-ilmenite rutile rich ore crossed polars g. Anthophyllite-quartz-anatase ore of uneven dis-

seminated texture plainlight h. Garnet-anthophyllite-anatase ore of uneven disseminated texture plainlight
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Table 4 Electron microprobe analyses of anthophyllite
Ti-4 Ti-6-1 Ti-6-2 Ti-9-3 Ti-9-4 YT-3 MS-34 MS-29 MS-40
w B O()
SiO, 41.35 39.65 42.62 50.80 50.55 48.75 29.24 27.72 30.00
TiO, 0.04 0.05 0.04 0.18 0.03 0.02 0.22 1.31 0.04
ALO; 0.44 12.72 12.06 0.95 1.34 0.31 25.49 20.64 25.51
FeO 47.23 36.98 32.46 34.00 36.46 43.75 35.79 45.42 35.70
MnO 4.11 0.22 0.21 2.24 2.08 2.24 0.14 0.06 0.04
MgO 3.18 5.77 5.53 8.37 6.48 2.21 5.77 1.94 5.16
CaO 0.29 1.02 1.68 0.22 0.12 0.03 0.24 0.38 0.60
Na,O 0.01 0.13 0.12 0.16 0.13 0.02 0.02 0.15 0.06
K,O 0.00 0.89 2.08 0.00 0.00 0.00 0.13 0.33 0.15
96.65 97.43 96. 80 96.92 97.19 97.33 97.04 97.95 97.26
Si 7.229 6.360 6.739 7.962 7.981 8.014 4.996 4.700 4.806
Al** 0.090 1.640 1.261 0.038 0.019 0.000 3.004 3.300 3.194
ST 7.319 8.000 8.000 8.000 8.000 8.014 8.000 8.000 8.000
Al 0.000 0.766 0.673 0.137 0.230 0.059 2.129 0.825 1.622
Ti 0.005 0.006 0.005 0.022 0.004 0.003 0.029 0.167 0.005
Fe** 6.906 4.961 4.293 4.457 4.814 6.015 3.685 6.442 4.782
Mn 0.608 0.030 0.029 0.298 0.278 0.312 0.021 0.008 0.006
Mg 0.829 1.374 1.304 1.955 1.525 0.541 1.469 0.490 1.232
Ca 0.055 0.175 0.285 0.037 0.020 0.005 0.044 0.068 0.103
Na 0.000 0.000 0.036 0.049 0.040 0.006 0.000 0.000 0.000
3 B+C 8.403 7.312 6.625 6.955 6.911 6.941 7.377 8.000 7.750
Na 0.004 0.019 0.000 0.000 0.000 0.000 0.006 0.049 0.019
K 0.000 0.031 0.420 0.000 0.000 0.000 0.029 0.071 0.031
SA 0.004 0.050 0.420 0.000 0.000 0.000 0.035 0.120 0.050
JEOL JXA8800R EPMA .20 kV 2x1078A
1pm 0.0n% ~0.1n%
5 wB %
Table 5 Electron microprobe analyses of biotite and sericite w B %
Ti-2-3 Ti-7-1 Ti-9-5 Ti-10-1 YT-7 Ti-5 Ti-10
SiO, 35.02 36.20 37.82 41.35 36.13 46.99 48.52
TiO, 2.67 2.56 1.90 0.06 2.20 0.31 0.33
ALO; 17.33 17.02 14.23 28.29 17.71 36.28 32.58
FeO 28.04 21.89 29.91 18.51 25.13 1.14 2.56
MnO 0.13 0.30 3.09 0.02 0.19 0.00 0.02
MgO 3.95 9.29 3.27 1.07 8.78 0.17 1.35
CaO 0.32 0.13 0.56 0.24 0.00 0.01 0.04
Na,O 0.15 0.13 0.09 0.02 0.13 0.61 0.07
K,O 8.80 8.94 5.74 6.89 6.62 10.90 10.44
Cr05 0.04 0.01 0.00 0.02 0.09 0.05 0.02
96.45 96.47 96.61 96.47 96.98 96.46 95.93
JEOL JXA8800R EPMA 20 kV 2x10 %A
lpm 0.0n% ~0.n%
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Table 6 Electron microprobe analyses of garnet
Ti-2-1 Ti-2-2 Ti-5-1 Ti-5-2 Ti-6 Ti-9-1 Ti-9-2 YT-7 YT-44
w B O()
SiO, 36.69 36.84 36.77 36.21 37.66 37.13 37.04 37.06 36.10
TiO, 0.11 0.39 0.11 0.07 0.22 0.15 0.23 0.39 0.07
ALO; 19.84 20.08 20.55 19.93 20.20 20.19 20.02 20.87 20.92
FeO 29.19 32.62 31.88 35.05 17.75 26.76 29.59 25.02 28.17
MnO 10.28 7.64 8.22 5.80 11.78 11.23 10.12 12.67 11.87
MgO 0.06 0.79 0.72 0.53 0.64 0.85 0.78 1.36 0.53
CaO 1.40 0.86 0.64 0.89 10.44 2.01 1.22 2.84 2.34
Na,O 0.00 0.00 0.04 0.03 0.00 0.04 0.01 0.00 0.04
K,O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
97.57 99.22 98.93 98.51 98.69 98.36 99.01 100.21 100.04
%
Fe;AL S04, 70.3 75.4 74.9 81.1 38.5 62.6 73.2 55.3 63.2
Mnz;ALSi;Op, 25.1 18.6 20.0 14.0 27.8 27.6 20.8 30.4 27.7
Ca3ALSi;Oyp 4.3 2.6 2.0 2.7 31.1 6.2 3.2 8.6 6.9
Mgz ALSi;0p, 0.3 3.4 3.1 2.2 2.6 3.6 2.8 5.7 2.2
JEOL JXA8800R EPMA 20kV 2x10°
1pm 0.0n% ~0.n%
An 22 —
An 37.6~46.5 — An 57
An75.6 Ab 98
7.2
80 m
V Cr Fe Al
40% — 60 % 30% — 50% - Nb Zr Deer et al. 1962 1982
109% Haggerty 1991  Zack 2002 2004b
0.5~1 Cr Nb
mm
Cr Nb
Cr Nb
7.3
Nb Cr
7 Nb 0~
1183x10°° 576x10°° Cr 0~
5677x10°° 1020x10°¢
Nb  Cr Zack 2004b Nb-Cr
10
7.4 Cr
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Table 7 Trace element data of anatase and rutile for the Yangtizishan-Moshishan ore deposit

Ti" A% Cr Nb Te Zr

K1-6-1 59.14 279 547 532 1872 44
K1-6-2 59.43 54 137 189 1872 —
Cl14-2-1 59.12 632 3078 889 1248 200
Cl14-2-2 58.84 605 3215 1183 1404 126
Cl14-2-3 59.22 61 342 966 3510 22

Cl4-2-4 59.32 292 889 511 4680 7
19-1 59.18 442 1426 441 1482 28
19-2 59.24 68 479 882 1638 —
YT41-1 59.65 163 137 518 2808 30
YT41-2 59.46 109 274 266 312 333
YT41-3 58.91 102 616 798 4056 15
YT-38 59.63 122 205 497 2028 81
YT26-1 59.38 41 68 280 2184 37
YT26-4 59.37 75 137 322 1872 —
K6-17 58.36 190 0 28 10920 148
Cl14-2-5 58.94 435 3488 637 637 —
Cl14-2-6 59.02 442 3215 560 560 —
K6-12 59.27 483 479 903 1326 —
C12-4-1 58.02 0 616 623 702 118
C12-4-2 58.50 0 547 882 1092 —
9-1 59.27 265 5677 126 1482 —
(9-2-1 58.45 109 274 252 2792 —
C9-2-2 59.22 156 205 280 6084 296
YT26-2 59.26 0 410 560 2106 —
YT41-4 59.34 34 205 763 1794 111
YT26-4-1 59.33 102 137 0 1560 29
YT26-4-2 58.92 442 1231 539 4914 —
YT26-4-3 58.97 0 958 434 1950 384
YT26-4-4 59.22 204 753 483 1872 170
YT26-4-5 59.16 864 1231 889 2496 —
MS23-1 58.84 958 889 1560 —
MS23-2 59.43 616 385 1950 96
MS23-3 59.02 1464 882 936 22
MS23-4 59.00 1669 938 3588 —
MS23-5 59.19 2668 525 1560 —

MS23-6 59.35 848 595 1482 0
MS23-7 59.19 1758 742 4602 —
MS27-1 59.43 657 700 936 44
MS27-2 59.45 937 721 468 22
MS27-3 59.31 1375 847 1560 —
MS27-4 59.48 89 903 702 —
MS27-5 59.62 301 490 936 —
MS27-6 59.41 233 973 780 —
MS27-7 59.60 1259 672 936 —
MS29-1 58.99 233 266 390 —
MS29-2 59.39 369 420 2106 15
MS29-3 59.55 862 497 936 —
MS29-4 59.12 1053 602 1014 —
WI1-1 60.09 1395 203 1591 141
W1-2 59.32 821 0 1248 —
W2-1 59.07 1525 896 3510 —

Ti* % 10°°
JEOL JXA 8800R EPMA 22 kV 1x1077A 3 pm Cr Nb  Zr 150s
240s  300s 3 Cr,O KNbO;  ZrSiO, ="
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Fig. 11 Comparison of 8°Si %o between different
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Table 8 Silicon and oxygen isotopic compositions of rocks and ores minerals in the Yangtizishan-Moshishan titanium ore deposit
830SiNBSZS %60 BlSSi\ﬂSN()W %00
MY-1 -0.4 11.6
YP-45 B-B -0.4 12.8
YP-46-1 B-B 0.1 12.3
YP-14 -0.4 12.7
Cl11-16 TCI1 -0.6 13.8
Ko6-7 ZK6 -0.5 6.6
104-17 ZK401 -0.3 10.5
402-36 ZK402 -0.6 10.4
Ko6-64 ZK6 -0.3 9.4
401-41 ZK401 -0.1 11.6
Y2-2 7ZK2 -0.4 11.2
Y2-11 ZK2 -0.5 11.1
MTC2 MTC2 -0.6 12.2
MTC9 MTC9 -0.6 13.2
MS-29 MTC2 - 0.1 11.3
9-2 MCT9 - -0.2 8.3
1101-1 ZK1101 - -0.3 9.8
1101-3 ZK1101 - -0.5 11.3
MS-27 MTC2 - -0.7 12.7
W-2 W-W - -0.6 10.5
YT-38 YTC7 -0.2 15.3
YT-39 YTC7 -0.5 13.8
YT-44 YTC2 -0.4 6.9
YT-50 YTC2+1 -0.6 12.1
C10-10 MTC10 -0.1 12.1
K6-6 ZK6 -0.4 9.7
K6-7-1 ZK6 -0.2 8.5
301-15 ZK301 -0.7 8.6
401-35 ZK401 -0.9 11.9
MS-42 -0.2 7.4
1992 1994
_ 1980
5*'Si 2002
S —0.8%0~ —2.2%o0
1992 2002
3"%0 8.5%o
~13.8%0 2006 2008b
3USi 7.2%0 ~ 15.9%
1994 10.2
10 SHRIMP U-Pb
17518 Ma

10.1
- 1 158 Ma
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SHRIMP U-Pb 118 +
3 Ma
2008a -
10.3
TiO, 3 1
0.2~0.3 mm
Bunuesn et al. 1953 Doucet et al. 1967
Goldsmith et al.
1978 Force 1991
Na,O 200 m
1985
Klein 2005
2
Force 1991 2001
2007 2008¢  Turner 1986 Cr Nb
Japira
Hebert Cr Nb
2007 Zack 2004b Cr-Nb
3
TiO, MnO 1.36% ~5.38% MgO
0~0.5%
- MgO 1.15% ~8.35% MnO
17518 Ma 0.34% ~1.21% 1%
118 £ 3Ma
2006 2008b
4
70~80C Rebert et al. 30 Si
2006 0.1%0~ —0.9%0 =0.2%0 ~ —0.7%0
400C Rona et al. 1989
2003 Jade S 0.1%0 ~ —0.6%o
300 ~400C 350C 1992 1994
Si —=0.1%0 ~ —0.8%
350C 1994 1994
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