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Genetic types, distribution and main geological characteristics of rutile
deposits
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Abstract

Rutile and its isomeric mineral—anatase have the most important economic significance among titanium
mineral resources and constitute one of the badly needed mineral resources currently in China. The major rutile
deposits may be divided into four types, namely, metamorphic, igneous-related, sedimentary, and weathered.
They may be further divided into 12 sub-types. Among them, the young sedimentary rutile deposits are econom-
ically most important, followed by eclogite type and deeply weathered alkalic pyroxenites. Some deposit types,
such as rutile from amphibolite, and rutile byproduct from porphyry Cu-Mo deposits, are likely to become eco-
nomic resources in the near future. Geotectonically, the rutile deposits are mostly distributed in ancient shields
and their margins as well as within metamorphic terranes of the folding regions. Most of rutile-rich ores came
from deposits of eclogite type, metasomatic zones of igneous-related deposits, and deeply weathrerd alkalic py-
roxenites. Nevertheless, in metamorphic sandstone (siltstone) deposits and ancient placer deposits, rich ores
may also occur.
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TiO,

TiO, FeTiOs

CaTiO3 1
TiO, 0.12% ~17% Deer et al. 4
1962 1982
— 12

2001
2007

Force 1991

Table 1 Types of rutile anatase deposits and their economic significance modified and replenished after Force 1991

w TiO, %
1
a. 0.1~0.2mm 3.1~5.8 B Piampaludo Sun-  Mancini 1979 Griffin et al.
nfjord 1981 1990
2006
b. 0.02~2.2mm 1.5~2.5 D 1991 1986
c. 0.01~0.1mm 1.5~15 D 2006
d. <0.1 mm +1 D Evergreen Schmidt 1985
2
a. - 2~50 C Roseland Herz et al. 1987
Pluma Hidalgo Ortega-Gutierez 1981
b. 6~10 D Kragero Green 1956
c. 1~4 mm 6.5 C Powderhorn Thompson 1987
Erickson et al. 1963
Magnet cove
d. 0.03~0.06 mm 0.24~0.9 D Bingham Czamanske et al. 1981
3.
a. 0.10~0.18 mm 1.4 A Mckellar 1975
Richards Bay Fockema 1986
4~11 Kerala ~ Tamil Nadu Mallik et al. 1987
Travancore
b. 0.06~0.5mm  0.5~2 C Ghangbama Force 1991
c. 0.2~0.25 mm >20 C Sutton Hebert et al. 2007
4.
<0.1 mm~1 cm >20 B Tapira Turner 1986
A— P— c— D—



522 2008
Force 1991 2.7% ~
1.1 9.3% 5.3%
Mancini 1979 Piampaludo
4 780 9
Force 1991 3 640
TiO, 2 Sunnfjord
TiO,
2.7% ~3.1%
290 Griffin et al. 1981
1 0.1~0.2 mm
Force 1991
TiO, @
TiO, @
TiO, 0.06% ~2.44 % ®
TiO, 0.03% ~0.18% 0.1~4 km?
TiO, 6% TiO, 10~1 000
4% Dymer 1983 3% ~5% @
1.1.1
3
Force 530
1991 20
5% Cortesogno et al. 1977 80
Mancini 1979
Griffin et al. 1981 Smirnov
1983 1990
3
1 Piampalud
Mancini 1979 Clerici et al. 1990 2006 2006
1981
TiO,
4.6% ~5.8% TFe 18.2%
1~2 mm 2 200 m 120 ~300 m
0.1 mm 10 1 300 m 4
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~210 m 130 m 300 m
1 mm TiO,
1.64% ~3.56%
2
1986
1(%)
1.02% ~5.85% 2.32%
0.04~0.6 mm 0.25 mm
w TiO, 11 km 1700 m 400~
93.6% 64.17% 2006 500 m 44 m
TiO, 2.2%
0.1~0.5 mm
1990 2006 163.4
2006
TiO, 2.21% w TiO,
TiO, 0.4% ~2.19% 1.41% 1.86% TiO, 90.17%
TiO, 2.24% ~5.85% 4.45% 75.06% 2006
TFe 5.3% ~
10.0% TFe
11.0% ~24.0% 14.5% SiO, 1.1.3 — -
TFe 2006
2006
600~751C 1751.4+8 Ma
1.1.2
2
1 - >60%
- w TiO,
3.17% ~15.46% 1.3%~2.97%
1996 0.01~
1997 0.1 mm
118 £3 Ma

0.63~13.37m



524 2008
Cr Nb Zack 2004 Cr-Nb 1986 2004
Allard Tellnes
19% 12%
5 S
0.1%0~ —0.9%0
53Si Roseland
1994
150
- 1 250 Herz et al.

1987

1.1.4 2%
Pluma Hidalgo
Marsh
etal. 1976 Schmidt 1985
- Ortega-Gutierez
1981
Pluma Hidalgo
Pluma Hi-
dalgo
1% 0.1 mm 1% ~2%
2% ~ 50%
1.2 TiO, 20%
1.2.1 - 20~40 m 600 m
Emslie 1978 Paulson 1964
Paulson 1964
- 1.2.2 — Kragero
TiO, Kragero
1927
Green 1956
2
2 -
Sarford
Force et al. 1984 Allard Kragero 2 m

Bergeron 1972 Tellnes Krause et al. 6% 10%
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25% 5% 2% Nb 0.5% V,0s
Green 1956
1.2.3 500
1.2.4
0.3% ~1.0%
Force 1991 Bingham
2
1 Powderborn
Thompson 1987 Powderborn Bray et al. 1975
5
30 km? Cza-
mancke 1981
0.34%  0.24% 0.03~0.06
5% TiO, mm
TiO, Force 1991
0.3% ~11.9% 6.5% TiO,
- Sullivan 1981
0.5~50 m 50 % 20 80
L TiO,
40% 1~4 mm
2 Magnet Cove Force 1991
600
Erickson 1963
Force
1991 Haggerty 1976b
Haggerty 1976a
TiO,
- 4.0%~ 1.3
4.3% TiO, 1.3.1
TiO, 2.5%
3 @ Force

1991 35°

2.7% @ - -

1% 25%



526 2008
Sutton
TiO,
20% 5~30 m
20 km?
Kerala ~ Tamil Nadu  Trauancore
Richards Bay 1
Richards Bay
3m
Sydney Brisbane 1200 km Mec Kel- 2.5m
lar 1975 0.11 ~
0.13 mm 35 m
3 90 %
30 m
2 m
18% 20%
4 Fe, Ti309 12% 5% 10%
Richards Bay 15% 10% 5% 3%
Fockema 0.2~0.25 mm
1986 20 m 10% ~ 60 %
14% Hebert 2007
65%
0.1—~0.15 mm
1.3.2
Force 1991 3 1.4
- @) Tapira Salltre  Catalao I
@
©) 3
TiO, 20% Force 1991
Gbanbama Ulbrich 1981 64
3 40~90 Ma 3
3
0.2%~1% 25~40 km?
10~20 m 14%
1% 30%
~5% 0.5%~2%
1.3.3 Sutton 200
Hebert 2007 m
0.1 mm~1
cm

Turner 1986
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Force 1984 1991

1 53
Tapira 90 %
Pluma Hidalgo Sunnfjord Shubi- 2
no
Richard Bay 3 @
Travancore
[ Jemer  [E]wewcmss [ #wennss /7
1
1— Plampaludo 2— Sunnfjord 3— Shubino 4— Evergreen 5— White Mountain 6—
Sanford Lake 7— Roseland 8— Powderhorn 9— Magnet Cove 10—
Binham 11— Pluma Hidalgo 12— Tapira 13— Kragero 14— Gbangbama 15— 16—
Geographe Bay 17— Eneabba 18— Travencore 19— Richards Bay 20— Kroo 21—
Mc Nairy Sand 22— - 23— 24—

Fig. 1 Worldwide distribution of major rutile anatase ore deposits
I—Plampaludo Italy =~ 2—Sunnfjord Norway  3—Shubino Russia =~ 4—Evergreen Colorado USA  5—White Mountain California
USA 6—Sanford Lake New York USA 7—Roseland Virginia USA  8— Powderhorn Colorado USA  9—Magnet Cove Arkansas
USA  10—Binham Utah USA  11—Pluma Hidalgo Mexico  12—Tapira Brazil = 13—Kragero Norway  14—Gbangbama Sierra
Leone 15—East coast of Australia 16—Geographe Bay West coast of Australia ~ 17—Eneabba West coast of Australia ~ 18—Travencore
India  19—Richards Bay South Africa 20—Kroo Basin South Africa  21—Mec Nairy Sand New Zealand 22— Yangtizishan-Moshishan
Inner Mongolia China  23—Nianzigou Shanxi China  24—RBaishugang Henan China
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105° 110° 115° 120° 125°

105° 110° 115° 120°
2
1— - 2— 3— 4— 5— 6—
7— - 8— 9— 10— 11— 12—
13— - 14— 15— 16— 17—
18— 19— 20— 21—

Fig.2 Distribution of major rutile anatase ore deposits in North China massif and its adjacent regions
1—Yangtizishan-Moshishan of Zhenglangi County in Inner Mongolia 2—Niouxiakou of Tangxian County in Hebei Province 3—Xiguanzhu of Ju-
nan County in Shandong Province 4—Yangzhuang of Junan County in Shandong Province S5—Shangcuijiagou of Zhucheng City in Shandong
Province 6—Hushan of Rizhao City in Shandong Province 7—Hongtang-Yangtingsi of Daixian County in Shanxi Province 8—Nianzigou of Daixi-
an County in Shanxi Province 9—Dashigou of Huxian County in Shaanxi Province 10—Donghai in Jiangsu Province 11—Dahe of Ankang County
in Shaanxi Province 12—Xiongshangou of Ankang County in Shaanxi Province 13—Qingshan-Xinmiao of Shangnan County in Shaanxi Province
14—Bamiao-shuixia ore block of Xixia County in Henan Province 15—Bamiao-Zhaizigou ore block of Xixia County in Henan Province 16—
Baishugang of Fangcheng County in Henan Province 17—Wujianfang of Fangcheng County in Henan Province 18—Yangchong of Xinxian County

in Henan Province 19—Hongxianbian of Xinxian County in Henan Province 20—Dafushan of Zaoyang City in Hubei Province 21—Yuexi-

Qianshan-Taihu district in Anhui Province

@ -
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