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Mineralogical characteristics of anatase, rutile and ilmenite in
Yangtizashan-Moshishan titanium ore deposit, Inner Mongolia
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(Institute of Mineral Resources, Chinese Academy of Geological Science, Beijing 100037, China)

Abstract

The Yangtizishan-Moshishan metamorphosed sedimentary titanium ore deposit, discovered and explored by
the authors in recent years, is of an anatase-predominated new-genetic type. Chemical composition of anatase
shows obviously lower contents of FeO than that of rutile. The anatase has main X-ray spectral lines of 3.518 (100),
2.377 (14), and 1.667(11), and cell parameters a (A) =3.786 and c(A) =9.513. Raman spectra of the anatase
include strong bands at wavenumbers (ecm ') 516,395,195 and 143. The associated rutile shows major X-ray
spectral lines of 3.250 (100), 1.688 (40) and 2.488 (29), and has cell parameters a (A) =4.595 and c(A) =
2.962. Their Raman spectra include strong bands at wavenumbers (cm ™ ') 610 and 446. Electron microprobe
analyses of the associated ilmenite show higher contents of MnO and lower MgO, while ilmenite occurring in the
vanadium-titanium-magnetite ore deposits of magmatic type in Panzihua and Hongge has higher MgO contents
and lower MnO contents. Mineralogical characteristics of all titanium (iron) oxide minerals further suggest that
this titanium ore deposit was formed in a Precambrian marine hydrothermal sedimentary environment, and was
genetically related to the marine basic volcanism but later subjected to intermediate regional metamorphism.

Key words: geology, mineralogical characteristics, anatase, rutile, ilmenite, Yangtizishan-Moshishan,

Inner Mongolia

* 40773038 05-1-TKO1 K0714-3
1934
2008-02-10 2008-05-08



27 4 467
- JEOL JXA
8800R EPMA 20 kV 2X
10 %A 1 pm 0.0n% ~
0.n%
X
X Bruker D8
Advance Diffractometer X 40 kV 4mA
DS=SS=1
mm RS=0.2 mm 2° s
1 0.01°
- RM1000
25 km 514 nm lem !
18 001 nm 100 pm 10 s
1751+
8 Ma 3
3.1
2 TiO,
2 km
350° 0.01~0.1 mm
55~70°
118 £ 3 Ma
TiO, 98 %
2006 X
2 TiO,
3% ~15% TiO, 1.2% ~3% ! ?
60% ~
75% 1
- 23
12 TiO,
989% ~99 %
2 FeO <0.4%

X

3.518 100 2.3773 14 1.6671 11 1.6999 8



468 w W

S

ey

A1

BUKH &0 An—BUR; Bau Y
NERER Q— A 0E. Bt
Photo 1  Anatase rich ore: An—anatase, Q—quartz,
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Photo 3  Ilmenite-anatase rich ore: An—anatase, Tl—
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Photo 2 Anatase rich ore: An—anatase, black-ilmenite,
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Photo 4 Disseminated anatase (brown) lean ore: black-

WA 4

ilmonite, pale yellow-sericites white-quartz, plainlight
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Photo 5 Rutile (brown columnar) rich ore: black-hematite

and ilimenite, Q—quartz, Zi—zircon, plainlight
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Photo 6  Ilmenite (black platy) ore: white-quartz, white

convex small grains-zircon, plainlight
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Table 1 Representative electron microprobe analyses of anatase from the Yangtizishan-Moshishan deposit w B %

SiO, TiO, ALO; Cr, 05 FeO* MnO MgO CaO Na,O K,O
Ti-10 0.63 98.63 0.27 0.05 0.22 0.00 0.03 0.04 0.02 0.09 99.98
YT-41-3 0.06 99.10 0.01 0.04 0.04 0.01 0.00 0.00 0.03 0.00 99.29
YT26-42  0.06 98.89 0.00 0.02 0.20 0.00 0.00 0.02 0.00 0.01 99.20
YT26-4-3  0.01 98.70 0.07 0.11 0.24 0.00 0.01 0.00 0.05 0.00 99.19
MS-9 0.04 98.61 0.01 0.04 0.09 0.00 0.01 0.03 0.00 0.01 98.84
MS-27 0.07 98.37 0.03 0.10 0.19 0.00 0.01 0.02 0.00 0.00 98.79
MS-29 0.18 98.14 0.02 0.06 0.05 0.01 0.00 0.01 0.00 0.00 98.47
Cl14-2-1 0.04 98.53 0.02 0.45 0.16 0.00 0.00 0.00 0.00 0.00 99.20
19-1 0.06 98. 64 0.09 0.21 0.19 0.00 0.00 0.00 0.00 0.00 99.19
C9-2 0.06 99.14 0.00 0.01 0.09 0.00 0.00 0.00 0.00 0.00 99.30
Cl12-4 0.65 98.46 0.13 0.08 0.14 0.02 0.00 0.25 0.01 0.01 99.75
K1-6-1 0.09 99.05 0.01 0.02 0.24 0.00 0.01 0.00 0.00 0.00 99.42
K6-12 0.01 98.79 0.03 0.07 0.17 0.03 0.01 0.01 0.00 0.01 99.13
FeO"
2 - w B 0/0

Table 2 Representative electron microprobe analyses of rutiles in the Yangtizishan-Moshishan deposit w B %

SiO; TiO, ALO; Cr,03 FeO” MnO MgO CaO Na,O K,O

Ti-1 0.27 98.49 0.02 0.02 0.46 0.02 0.01 0.06 0.04 0.02 99.41
YT41-1 0.11 98.10 0.04 0.09 0.52 0.01 0.00 0.00 0.00 0.00 98.87
YT41-2 0.03 99.42 0.03 0.02 0.37 0.00 0.01 0.00 0.00 0.00 99.88
YT26-4-1 0.10 98.19 0.00 0.18 0.63 0.04 0.02 0.03 0.00 0.00 99.19
II-1-1 0.53 99.41 0.03 0.06 0.50 0.03 0.03 0.06 0.06 0.00 100.71
11-1-2 0.05 99.61 0.02 0.01 0.45 0.03 0.00 0.02 0.00 0.00 100.19
MS-10 0.04 98.06 0.01 0.19 0.58 0.02 0.00 0.03 0.00 0.00 98.93
K1-6-2 0.08 98.57 0.03 0.08 0.43 0.00 0.01 0.00 0.01 0.00 99.21
Cl14-2-1 0.10 98.70 0.02 0.05 0.45 0.00 0.03 0.00 0.01 0.00 99.36
Cl14-2-2 0.06 98. 86 0.00 0.13 0.60 0.00 0.00 0.00 0.02 0.00 99.67
K6-17 0.35 97.27 0.30 0.00 1.40 0.04 0.01 0.05 0.26 0.03 99.71
(9-2-1 0.56 97.42 0.44 0.04 1.64 0.00 0.03 0.00 0.01 0.01 100. 15
9-2-2 0.82 97.68 0.23 0.03 0.79 0.03 0.04 0.02 0.00 0.01 99.65
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Table 3 X-ray powder diffraction data of anatase
MTC-2 *

d A Ir hkl d A Ir hikl
3.5180 100 101 3.5200 100 101
2.4300 6 103 2.4310 10 103
2.3773 14 004 2.3780 20 004
2.3322 4 112 2.3320 10 112
1.8927 21 200 1.8920 35 200
1.6999 8 105 1.6999 20 105
1.6671 11 211 1.6665 20 211
1.4937 2 213 1.4930 4 213
1.4810 11 204 1.4808 14 204
1.3636 3 116 1.3641 6 116
1.3388 2 220 1.3378 6 220
1.2648 4 215 1.2649 10 215
1.2510 2 301 1.2509 4 301
1.1665 1 224 1.1664 6 224
1.1612 1 312 1.1608 4 312

*

JCPDS 21-1272

4

Table 4 The lattice parameters for anatase and rutile

MTC2-1 MTC2-2
a A 3.7859 3.785 4.5947 4.589
¢ A 9.5130 9.513 2.9617 2.954
JCPDS JCPDS
21-1273 73-1765
5 X

Table 5 = X-ray powder diffraction data of rutile

g MTC-2
d A 1T Rkl d A I r
3.2449 100 110 3.2498 100
2.4838 46 101 2.4876 29
2.2945 6 200 2.2969 8
2.1844 17 111 2.1876 16
2.0522 5 210 2.0545 6
1.6854 45 211 1.6878 40
1.6224 14 220 1.6250 13
1.4770 6 002 1.4808 7
1.4511 310 1.4529 7
1.3583 13 301 1.3608 12
1.3442 7 112 1.3465 4
1.0922 4 222 1.0939 3

* JCPDS  73-1765
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Table 6 Representative electron microprobe analyses of ilmenites w B %
Ti-1 Ti4-2 Ti-5 Ti6-1 Ti7-2 Ti9-2 II-1 Ti-4 K1-8
SiO, 0.06 0.02 0.51 0.08 0.06 0.04 0.10 0.00 0.03
TiO, 56.72 53.48 53.23 53.57 54.00 53.65 54.28 54.56 53.34
ALOs 0.02 0.00 0.01 0.00 0.02 0.01 0.00 0.01 0.02
Cr,0O5 0.03 0.01 0.02 0.02 0.00 0.00 0.10 0.04 0.00
FeO™ 40.17 41.14 44.95 41.23 40.87 42.71 43.91 41.70 45.87
MnO 2.86 4.97 1.54 5.38 4.04 3.22 1.48 3.14 1.36
MgO 0.00 0.02 0.03 0.00 0.05 0.02 0.02 0.00 0.00
CaO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01
Na,O 0.00 0.00 0.00 0.01 0.01 0.04 0.02 0.02 0.00
K,O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
99.86 99.95 100.29 100.30 99.04 99.67 99.91 99.48 100. 63
3
Si 0.002 0.000 0.001 0.002 0.002 0.001 0.002 0.000 0.001
Ti 1.053 1.012 1.008 1.009 1.023 1.015 1.018 1.032 1.004
Al 0.001 0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.001
Cr 0.001 0.000 0.000 0.000 0.000 0.000 0.002 0.001 0.000
Fe 0.829 0.868 0.947 0.864 0.861 0.898 0.916 0.868 0.960
Mn 0.060 0.106 0.033 0.114 0.086 0.069 0.031 0.066 0.029
Mg 0.000 0.001 0.001 0.000 0.002 0.001 0.001 0.000 0.000
Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Na 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.946 1.987 1.987 1.989 1.975 1.985 1.976 1.967 1.995
FeO”
70 ~ -
80T Rebert et al. 2006
400C Rona 1989 2003 5
Jade
300~400C 350C 1 -
700—800°C Wetchakun et al. 2008 2 FeO 0.37%
3.518 100 2.377 14
1.667 11 a A =3.78 ¢ A =9.513
em™ ! 516 395 195 143
3 FeO 0.37% 0.37% ~
1.40% 3.520 100 1.688 40
2.488 29 a A =4.595 ¢ A =
2.962 cm ' 610 446

4
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