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Abstract

The Mengku large-size iron deposit occurs in metavolcanic-sedimentary sequence of the Upper Silurian-Low-
er Devonian Kangbutiebao Formation, with the host rocks being garnet skarn, granulitite, leucogranulitite and
marble. Ore bodies are largely concordant with the bedding of the strata, and the distribution of the ore bodies is
spatially related to skarn. Inclusions in garnet of the skarn period are dominantly glassy melt inclusions, fluid-

melt inclusions and fluid inclusions. Fluid inclusions in minerals of the middle skarn stage are liquid inclusions
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(two-phase aqueous-type inclusions). Fluid inclusions in minerals of the regional metamorphic period mostly
contain liquid inclusions and daughter mineral-bearing inclusions. Homogenization temperatures of melt inclu-
sions in the skarn period is 1 100 C , and homogenization temperatures of fluid inclusions in the early skarn stage
vary from 193 to 499 C, with the peaks around 450 C, 350 C and 230 C. Homogenization temperatures of
fluid inclusions in the late skarn stage vary from 263 to 550 C, with the peak around 350°C . Fluid inclusions in
the regional metamorphic period show a wide range of homogenization temperatures from 132 to 513°C, with
three peaks around 350C, 230C and 190°C respectively. Salinity ranges from 1.23 to 60.31 wt.% NaCl
equiv. Ore fluid densities range from 0.64 to 1.16 g/cm®. The §"®Oqow values of garnet, quartz and calcite
range from 0.2%0 to 8.4 %o, with the corresponding &' OHz() values between — 5.1%0 and 5.33%0, and oD
values of fluid inclusions between — 127%o0 and —81%o. The combined isotopic data imply that the ore-forming
fluids of the skarn period in the Mengku iron deposit were mainly derived from magmatic fluids, with a minor
part from the meteoric water, and the ore-forming fluids of the regional metamorphic period was mainly derived
from the meteoric water, with a minor part from the metamorphic water. The 8" Cppg values of calcite from the
Mengku iron deposit define a narrow range of —6.1%o to —2.3%o, indicating that the carbon in the fluids was
mainly derived from the mantle or a deep-seated place. The Mengku iron mineralization took place in the early
period of Early Devonian (slightly later than 404 ~400 Ma), with its metallogenesis related to the retrogressive
metamorphism of the skarn.

Key words: geology, iron deposit, skarn, fluid inclusions, carbon-oxygen-hydrogen stable isotopes, metal-

logenesis, Mengku, Altay

1998 2002 2003
2003 Wang et al. 2003 2003
2004 2007a b 2007

Ar-Ar
1998
2002 —
- 1
67 km
2004
1953 1.1
2.1 @ 1 -

1987 -

o .2005.



27 6 661
- SHRIMP U-Pb LA-ICPMS U-Pb
— 4 460 Ma 408 Ma 375 Ma
- 265 Ma -
2
NW 4
2.1
2
1984 1988 2
1990 1998 2002  Wang 3
2006 2007
86° 88°
49° 1~
SN (\\\ 2
Grvo,
48°1
-~ 48°
Quaternary
BREKUAE T
Carboniferous volecanic 77777
-sedimentary rock ¢
oy BERKWATEE  gpa e
% . i
s |- Do ne ] B
inian-Cambrian o
RS- TFRAS metasediment-volcanics —47
R BB KLU .
[D]ﬂ] Upper Silurian Lower Devenian %ﬁéﬁﬁﬁﬁ% .
volcanic-sedimentary rock of Late Paleozoic granitoid
Kangbutiebao Formation . "
N EEE LS arly-MiddlePaleozoic granitoi
R\ Silurian volcanic rock o < R
?g?;‘%%m?i Gabbro &\ Fault e
N "
@ Proterozoic?-Ordovician - BRRE EEEFER 0
schists and gneiss Opbhiolite Mengku iron deposit -+
] ]
86° 88° 90°
1 Wang et al. 2006 2007
Fig. 1 Simplified regional geological map of the Altay orogen modified after Wang et al. 2006 Tong et al. 2007



662 2008

2 2005®
1— 2— — 3—
4— 5— 6—
T— 8— 9— 10— 11— SHRIMP U-Pb

Fig. 2 Geological map of the Mengku iron ore district modified after Li et al. 2005®
1—Meta-sandstone and marble of Middle Devonian Altay Formation 2—Meta-tuffaceous sandstone meta-sandstone and leucogranulitite of
Upper Silurian-Lower Devonian Upper Kangbutiebao Formation 3—Marble meta- sandstone hornblende granulitite leucogranulitite and gneiss of
Upper Silurian-Lower Devonian Lower Kangbutiebao Formation 4—Schist and amphibolite of Upper Silurian Songkemu Formation 5—Amphibolite dyke
6—Gneissic biotite granite  7—Hornblende plagiogranite 8—Gneissic plagiogranite 9—Fault 10—Ore body and its serial number 11—SHRIMP U-Pb
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1
Table 1 Features of main iron ore bodies in the Mengku iron deposit
m
TFe %
1 1560 1.9~103 41 >500 25 82 41.44
3 600 47 >70 43.1
6-1 763 2.9~35.5 13 >200 25 83 44.99
7 300 13.7~32.7 25.7 >100 22 73 45.74
9 190 1.5~35.5 18.5 >100 205 70 48.33
10 580 11.5~54.4 39.7 >300 200 80 34.52
12 500 10.1~75.7 47.2 >100 33.1
18 700 3.9~110.8 58.1 >300 201 74 35.87
21 290 2.4~30 15.6 >200 206 75 41.17
Fe-11 550 1.3~17.6 7.3 >100 197 80 33.22
2003 2004 2005@
1 3
TFe  24% ~58% 35%
~48% TFe=50% 14
2004 0.001% ~
1.53% 2005@
2.4 0.05~0.3
mm
66.71% ~96.97%
0.1~0.15 mm
56.8% ~70.95%
1 28.6% ~42.2% 2007a
7
9 10 12
14 18 16-19 21 22
0.05~0.15 mm
2
2007a -
1990
2.5
2 _
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1 100C
2 11 NaCl-H,O
H,O-NaCl H,0-C0,-NaCl H,0-C0,-NaCl
H,O-NaCl 3 6 7
H,O-CO,-NaCl O, 193~499C 230~270C
H,O-CO,- 450C -20.0~ —-8.6TC
5 2 - Bodnar 1993
w NaCl,, 12.39% ~22.38%
NaCl-H,O T-W-p
Bodnar 1983 0.73~1.03g cm®
357 ~550C w NaCly,
1 7 9 10 9.86% ~12.96% 0.67~0.76 g cm®
236C ~
365C w NaCly, 8.0% ~10.36%
0.73~0.92 g cm®
1
364C w NaClg, 11.88%
1~2 ym 197 ~351C
200~260C 12.73% ~19.29%
354 ~387C
550C w NaCl,  12.39%
o, H,0-00.- ~16.89% 180
~513C w NaCl, 7.73% ~9.05%
H,0-CO,.- 132 ~
479C 340C 220C 140C
Veo, Leo, Lo A 0, w NaCl,  9.21% ~21.68%
109% ~30% Vco2 Lco2 0.71~1.06 g em®
1~2 31
pm
Yang et al.
2006
H,O-CO;-
1~5 pm NaCl
2004
2 w NaClg, 29.78% ~60.31%
5Q Hedenquist et al. 1994
3.3 w NaCl,  30.06% ~
1 40.18% 1.05~1.14 g em’
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Fig. 5 Photomicrographs of fluid inclusions from the Mengku iron deposit
A-G. Inclusions in garnet A. Glassy melt inclusions B. Glassy melt inclusions C. Vapor inclusions D. Fluid-melt inclusions E. Pure vapor inclu-
sions F. Liquid inclusions or two-phase vapor-liquid inclusions ~ G. Daughter mineral-bearing inclusions H. Liquid inclusions in chlorite I—K. In-
clusions in epidote . Liquid inclusions J. Daughter mineral-bearing inclusions K. Pure vapor inclusions L —O. Inclusions in quartz L. Liquid in-
clusions M. Three-phase CO,-type inclusions N. Vapor inclusions O. Multiphase daughter mineral halite —L@)7—V@)7—L,.L)U inclusions P—R. In-

clusions in calcite P. Liquid inclusions Q. Daughter mineral-bearing inclusions R. H,O-CO,-daughter mineral-bearing multiphase inclusions

2
Table 2 Inclusion types and characteristics of the Mengku iron deposit
pm
10 12~20 100 %
5% ~ 30%
3 414 30% ~40%
13~14 80%
4 6~16 10% ~20%
25 4~24 5% ~20%
30~40
4 4~44 109% ~40%
8 4~24 10% ~40%
1 20 60 %
11 2~10 10% ~40%
2~8
12 12218 10% ~30%
1 14 100%
1 12 10%
10 3~14 5% ~ 10%
20~30 30%
3 10~20 100%
2~6 10% ~ 20%
12 18~28 40%
3 3~12 10% ~20%
5 4 ~12 24~36 10% ~30%
1 12 60 %
2 6~10 100 9%
2 10 70% ~85%
19 4~16 10% ~ 15%
24 20% ~40%
0, 3 O 0 8~14 5%
HOL0r 4 0, 0, 8~10 10%
3 6~12 5% ~10%
1 8 100%
~1
45 S 5% -30%
15 4~10 5% ~ 10%
24 30%
OO 1 0 0, 24 30%

2007b
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3

Table 3 Microthermometric data of different types of fluid inclusions in the Mengku iron deposit

T w NaCl, %
0, T e C l p g cm’

193~499 32 272 —-20.0—-8.6 12.39~22.38 26 18.12 0.73~1.03
267~481 14 * 384 -9.0~-6.3" 9.6~12.8517 * 11.16 0.60~0.87

161~325 174~550 3 407 30.06~40.18 3 35.81 1.05~1.14

223~490 19 * 353 -9.1~-7.2" 10.73~12.9% 17 © 11.81 0.61~0.94
357~550 11 444 -6.5~-9.1 9.86~12.96 5 12.09 0.67~0.76

236365 12 318 -6.1—-6.9 8.0~10.36 6 8.93  0.73~0.92
364 1 -8.1 11.88 0.74
357~486 296379 10 340 43.06~57.88 10 52.58  1.04~1.11

197~351 11 245 —15.8—-8.9 12.73~19.29 10 16.27 0.81~1.00
299~364 208~329 3 261 38.15~43.73 3 40.09 1.05~1.06

354~387 3 369 -13.0—-8.6 12.39~16.89 4 14.02  0.72~0.77
180~513 12 317 -5.9~-4.9 7.73~9.05 4 8.54  0.85~0.89
166~488 33 © 300 -10.0~-6.3" 9.60~13.%4 28 * 12.3  0.60~0.99

304 318 1 38.47 1
2}2 T sg-as0 32.92~57.09 28 © 50.18
0, 22'8““28'5 3221 0.64~0.67
HO-(0y-
AETR2 o >257
132~479 33 214 -6.0~-19.0 9.21~21.6821  13.44 0.75~0.99
148~332 41 * 216 1.23~9.6 41 *
153~504  204~490 14 340 29.78~60.31 17 45.22 1.10~1.16
H0-C0;-
24.1 359 256 1 43.32 1
* 2007b
7 H,0O-CO,-NaCl
o, 4
26.8~28.5C
1 4.1
322 1 HO-CO;- CO, 9 1 7 9 10
-359.7C CcO, 18 M9-18 M9-19
CH, N, Burruss 1981
9.6C 24.1TC
359C 256C
5 1 9

w NaCl,  43.32%
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4
Table 4 Carbon oxygen and hydrogen isotopic data of the Mengku iron deposit
Dvevow %0 8%Oyv.guow %o 8°Cypps %t T 8"%01,0 Yoo
1 M1-19 -127 1.1 550 4.18
2 M1-25 - 110 0.7 550 3.78
3 M7-15 - 119 2.1 244 2.42
4 M9-13 -94 1.3 246 2.25
5 M9-18 - 110 1.9 342 3.56
6 M9-19 - 86 0.2 342 1.86
7 M9-41 =95 0.3 246 0.65
8 M10-10 -85 1.1 434 3.54
9 M18-3 -112 0.4 285 1.36
10 M1-28 —86 8.4 366 3.53
11 M1-32 —111 6.4 366 1.53
12 M9-18 -96 6.4 237 -3.19
13 M9-19 -8l 7.0 237 -2.59
14 M9-33 -98 5.6 237 -3.99
15 6 -98 7.0 331 1.14
16 89 -92 6.7 331 0.84
17 100 -84 6.6 200 -5.1
18 MI1-29 -112 7.0 -2.3 385 3.97
19 M1-31 - 104 6.0 -3.9 385 2.97
20 M9-14 - 116 6.2 -3.9 200 -2.83
21 M9-33 - 108 5.0 -5.8 237 -2.29
22 100 - 110 5.7 -6.1 235 —-1.68
23 107 -90 5.7 -3.8 215 —-2.58
24 12 6.6 —4.5 195 -3.79
25 52 5.5 -5.5 215 -2.78
15-17 22-25 2007b Ml M7 M9 M10  MI8 17910 18
? H,O-NaCl
1 100C 2007b 357~550C 444C
550C 193 ~499C 450C 350TC 236~365C 350C w NaClg,
230 3 6 9.86% ~ 12.96% 8.0% ~ 10.36%
0.67~0.76 g cm’ 0.73~0.92 g cm’
w NaCly, 9.6% ~22.38%  21.5% CO,
11.5% - H,O-NaCl
w NaClg,
30.06% —40.18%
CO, 2
H,O-NaCl 500C
200C
8a 197~387C

3 350C  250~210C
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Fig. 8 Diagram of homogenization temperatures versus salinity of fluid inclusions from the skarn period A and regional

metamorphic period B in the Mengku iron deposit
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