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Abstract

The Huanggang Sn-Fe deposit in Inner Mongolia is one of the important skarn deposits in Southern Da
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Hinggan Ling polymetallic belt. Lower Permian Dashizhai Formation and Huanggangliang Formation are the
main ore-hosting horizons. Ore bodies are largely concordant with the bedding of the strata, and the distribution
of the ore bodies is spatially related to skarn. The formation of the Huanggang ore deposit experienced skarn
phase, retrograde eroding phase, quartz sulfide phase and carbonate phase. Petrographic and microthermometric
studies of fluid inclusions in garnet, epidote, hornblende, quartz, calcite and fluorite from different phases show
that the inclusions related to mineralization include mainly silicate melt inclusions, H,O-NaCl type inclusions,
C0O,-H,0 + CH, type inclusions and CO,-H,O-NaCl type inclusions. Inclusions of the early mineralization phase
mostly contain silicate melt inclusions and H,O-NaCl type inclusions, whereas small quantities of CO,-H,O *
CH, type inclusions and CO,-H,O-NaCl type inclusions occur in the late mineralization phase. Homogenization
temperatures of the four phases are from early to late (257~432C, >550C), 322~403C, 202~304C and
153 ~2217C respectively, whereas salinities are (12.13% ~19.88%, >66.8% ), 16.43% ~22.34%, 1.74%
~14.77% and 1.74% ~11.9% respectively. Homogeneous temperature and salinity of the ore-forming fluid
are concentrated in 220~432C and 1.74% ~22.34% , suggesting the deposit type of medium-high tempera-
ture and medium-low salinity. Gases of fluid inclusions mostly contain CO, and H;O, followed by N,, O,, and
CH,, with a small amount of C,H,, C,H, and C,H. Cations of liquid composition mostly contain Na*, K",
followed by Ca>*, Mg?", while anions are mainly Cl =, SOF, followed by F~, with a small amount of Br
NO; . Hydrogen-oxygen isotope characteristics show that the & l8()H70 values of the ore-forming fluids in the
first three stages are in the range of —6.0%0~9.8%0, and 8Dy .gyow values vary between —116%0 and — 73%o,
which implies that the ore-forming fluids were mainly derived from magmatic fluids. & 180&0 values of the ore-
forming fluids in the carbonate phase range from — 10:9%0 to —1.6%0, and 0Dy.quow values vary between —
104%0 and — 101 %o, indicating the mixture of some metamorphic water in the late mineralization phase. The &
13 Cppy values of calcite from the Huanggang ore deposit range from — 11.706%0 to 1.1%o, indicating that the
carbon in the fluids was mainly derived from the mantle and affected by low temperature alteration and metamor-
phic water. The & *Sy ¢t values of sulfides range from —4.3%o to 2.7%o0, suggesting that the ore-forming ma-
terial mainly came from deep sources and might have been altered by the late metamorphic water and magmatic
hydrothermal solution. Buck boiling‘and phase separation of fluids as well as fluid mixing might have been the
main factors for mineralization.

Key words: geochemistry, fluid inclusion, microthermometry, laser Raman analysis, chromatographic

analysis, C-H-O-S isotope, Huanggang Sn-Fe deposit, Inner Mongolia
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Fig. 2 Simplified geologial map of the Huanggang Sn-Fe deposit
1—Upper Jurassic tuffaceous breccia 2—Sandy conglomerate of Middle Jurassic Xinmin Formation 3—Sandy slate of Upper Permian Linxi
Formation 4—Tuffaceous siltstone of Lower Permian Huanggangliang Formation 5—Marble of Lower Permian Huanggangliang Formation
6—Andesite of Lower Permian Dashizhai Formation 7—Spilite of Lower Permian Dashizhai Formation 8—Shale of Lower Permian

Qingfengshan Formation 9—Orthoclase granite 10—Dacite porphyry 11—Ore-bearing skarn 12—Fault
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Fig. 3 Skarn minerals, ore types and tectonic phenomena in the field in the Huanggang Sn-Fe deposit

a~c. Microscope photographs of skarn minerals; d. Contact between ore body and wall rock: e~f. Two types of ore: e. Ores produced in

marble: {. Laminated skarn ores: g. Fracture zones of skarn: h. K-feldspar veinlets; i. Calcite veinlets



872 2011
@ -
1—2 cm
2011 2
Dijy.36—94.12 Hdg .08~74.34 JO1.70~20.02
Andyg.69-96.44  GrOssy 00—67.38 Pyrope + 5 pm
Spess .67~5.69
Linkam THMSG-600
3g - 196 ~600 C 0
Il ~-196 C +0.5C 0~ +600 C
+2 T Linkam
TS 1500 +1 500
T H,O-NaCl
Bodnar 1983
w NaCl, =0.00+1.78X —4.42X 10 2X?+5.57
3h xX1074X3 X Hall et
mn al. 1988
T Hall et al. 1988
w- NaCl, = 26.242 + 4.928 X 1073 T + 1.420 x
1074 T2 =2.330 X 1077 T3 + 4.129 x 101 7% +
6.295x10 BT3-1.967x10 P70+ 1.112x 10" '8
2001a 2001b T’ 0.1 C<<T<801 C CO,-H,O = CH,
2010b CO,-H,O-NaCl CcO,
Bozzo 1973
1990 w NaCl,, =15.52002 - 1.02342x — 0.05286x>
v x CO
5~10 cm
3i LABHR-VIS Lab
RAM HRS800 yag
3 532 nm 50
mW 100~4 200 cm ™!
20 km? 19 25C 50 % 30
km 0.2~2.5 km 185
NE I ~W7
I 1300 Il
1 111 ~125 Il 1400 GC-2010
30 ml
20 ml 80~100 C 3h
30

16

90~95 C 4 h
2007



30 5 873
450~500 C 0.5h 95%
npm nxX10 pm 70% 6~10 pm 25%
4 30 ml 10~30 pm 60~90 pm
3 10% ~40%
Shimadzu HIC- Roedder 1984 2004
SP Super
50 mg M H,O-
1:10 200 NaCl  CO-H,O + CH, CO,-H,O-NaCl
2.0x10 *Pa H,0-NaCl %
980 C L
S 3 CO,-H,0 + CH,
MAT253 y 0, C, C0-H,0-NaCl
CDT 534Sy ot
\iwl . CO, G Veo, Leo, Lo
+0.2%0 GBW-04414 GBW-
04415 534S -0.07 =
0.13 %  22.15+0.14 %o
1 M
4a
MAT253EM 10
+0. 2%o + 2%o pm
650 C
400 C 750€C
800 ~900°C
Coleman et al." 1982
900 ~ 950C
25C CO, Me-
Crea 1950
0,
GBW04416  GBW04417 >%
GBWO04416 8 BCoy 8 ®Opy 2 FO-NaCl
1.61%  — 11.59% GBW04417 & 3 Cppp v
0,
8 lsopDB - 6 .06%0 —24. 12%0 50 A) L
%0y 8" Cong CO, 3720 pm - 4b
8 180})[)5 8 lgoSM()W Friedman 1977 4C 333 -
5 500w = 1. 030865 $Oppg + 30. 86 490C
4
1] v
4.1 1%



874 2011
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Fig. 4 Photomicrographs showing inclusions from the Huanggang Sn-Fe deposit

a. M-type inclusions in garnet b. V-type inclusions in quartz c. V-type and L-type inclusions in calcite d. L-type inclusions in quartz
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Fig. 5 Photomicrographs showing inclusions from the Huanggang Sn-Fe deposit

a. L-type inclusions in fluorite b. S-type inclusions in garnet c. C;-type inclusions in calcite d. C,-type inclusions in calcite
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1
Table 1 Microthermometric data of different types of fluid inclusions in the Huanggang Sn-Fe deposit
thi C w NaCl, %
tm C Lmie C
L [ L12 -18.3~-8.2 158~513 >550 2 262 12.05~21.19 15.6
S 3 >550 >550 >5350 >66.75 >66.75
L35 L L5 -19.8~-10.0 303~432 339 13.94~22.34 18.0
S 7 375~>530 310~431 380 26.4~>66.75  >40.9
oo | L 12 -20.0~-8.2 271~536 >550 4 452 11.93~21.74 14.6
S 1 >550 361 361 >66.75 >66.75
* I S 2 377408 393
* | L 6 264~278 275
* 1 L 1 573 573 10.88 10.88
HGA.10 I L 12 -19.8~-10.0 308~477 389 13.94~22.34 20.5
S 2 >550 366~ >550 >458 >66.75 >66.75
L9 -19.6~-12.5 306~393 342 16.43~22.10 20.3
HG-2-14 Il S 3 310~>550 198~403 32 38.94~>66.75  >48.91
V1
Vo1 -2.2 490 490 3.71 3.71
HG-1-9 I
L 13 -2.3~-1.0 202~330 258 1.74~3.87 2.45
L9 -10.0~-1.1 191~330 272 1.91~13.94 5.50
He23 i G2 5.1~6.0 QO . ingfo.e 273 7.4-8.8 8.1
HG-3-26 Il L 16 -10.8~-9.0 233340 289 12.85~14.77 13.82
L 12 -5.1~-3.6 219~313 253 5.86~8.00 6.77
HG-2-21 il C 4 4.8~6.2 (0, . ?&23301‘2 23 7.1~9.3 8.4
v
L9 — 6.4~ 3.8 25-272 255 6.16—10.11 8.07
HG-1-36 I
S5 >550 49 7~-8.4 297~304 301 12.16~13.62 13.3
L 16 ~5.5~-1.0 153~260 201 1.74~8.56 2.73
HG-1-37 J\i . 150~166
Cl 3 5.5~5.8 QO, o OOy =31.2 158 7.7~8.2 8.0
L 6 -12.3~-10.6 187~264 214 14.57~16.24 15.49
HG235 : G 3 5.8~6.2 Q0, N és)ff&mz 262 7.1~7.7 7.4
HG-5-6 v L 16 ~7.0~-52 136~288 181 8.14~10.49 9.0
HG-5-7 \l V1 -7.1 391 391 10.61 10.61
L 15 ~12.2~-0.6 150~439 223 1.05~16.15 7.97
HG-1-27 vV 2 -10.0~-9.7 333~415 374 14.01~14.03 14.02
L -10.3~-9.6 257~300 276 13.51~14.25 14.03
S 9 200~474 215~296 252 31.87~56.31 42.8
HG-4-3 L 17 -10.3~-5.2 102~295 216 8.14~14.25 12.96
V1
tm ty, CO, CO, L mice thotor w NaClg,
* 2001
0.94~1.21 g em’® 550C w NaCly, 12.16% —13.62%
L 0.84~0.86 g em® V
191 ~350C 202 ~295C 490 C w NaClg,

0.65~0.93 g ecm® S

297 ~304C

2 CO,-H,O0*=CH,

G
G
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Fig. 6 Histogram showing homogenization temperature and salinity of fluid inclusions in the Huanggang Sn-Fe deposit
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30.2C 255 ~ w NaCl, =1.74~46.91%
265C w NaCly, — 7.1% ~7.7% 4.5
4.3
4
H,O CO, CH, H, 1 3Dy smow 2001 1
1l HO 3Dy svow — 182%0 ~
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HO CO, —73%o — 98%o 3 Oy svow
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2
Table 2 Gas chromatographic analyses of fluid inclusions from the Huanggang Sn-Fe deposit
w B opgg
CH, GH, + GH,y GHe CO, H,O O, N,
HG-1-22 0.241 0.084 102.693 215.766 10.223 57.214
HG-1-11 0.284 0.151 0.009 127.342 650.066 14.939 80.114
HG-2-21 0.791 0.264 0.009 209.228 1071.770 6.083 51.394
HG-1-37 0.817 0.218 0.019 255.717 738.870 6.002 56.078
HG-2-35 0.762 0.204 0.208 189.024 524.349 7.110 53.169
HG-5-6 0.660 0.354 0.019 238.641 307.579 18.402 107.684
CH, 107 GH,+GH, 107* GH, 107* CO, % H,O % O, % N, %
HG-1-22 901.956 93.172 13.975 71.777 1.913 12.235
HG-1-11 419.049 66.009 7.083 6.833 85.261 1.102 6.755
HG-2-21 744.793 73.654 4.520 7.164 89.702 0.286 2.765
HG-1-37 1039.849 82.210 12.890 11.835 83.591 0.382 4.078
HG-2-35 1337.539 106. 106 194.715 12.065 81.814 0.624 5.333
HG-5-6 1528.868 242.988 23.461 20.102 63.333 2.131 14.254
3
Table 3 Ion chromatographic analyses of fluid inclusions from the Huanggang Sn-Fe deposit
w B pgog
Na' K' Mg?" Ca®’ F Cl Br NO; SO HO0 GC w %
HG-1-22 2.405 3.727 0.942 15.624 0.287 3.340 0.147 0.180 8.283  215.766 13.9
HG-1-11 1.796 2.426 0.265 5.669 0.165  1.566 0 0.235 1.225  650.066 2.01
HG-2-21 4.764 5.585 1.809 — 1.259° 9.529 0.517 0.416 30.654 1071.770 4.84
HG-1-37 10.758 13.062 3.769 — 3.429 62.769 1.073 0.838 10.627 738.870 12.6
HG-2-35 2.564  1.090 0.569 AQ) 0.928 11.955 0.144 0.138 9.931 524.349 4.95
HG-5-6 3.249 5.381 4.531 §— 5.066 6.634 0.184 0.529 12.091 307.579 10.8
4
Table 4 . Hydrogen and oxygen isotopic data of the Huanggang Sn-Fe deposit
Dv.svow %o 5 80y svow %o t, C q ISOHZ() %00
HG-2-8 1 -83 6.2 452 7.4
HG1-22 1 -96 7.8 550 9.1
HG-3-10 I -73 8.1 389 8.6
HG-1-9 Il - 116 9.5 258 4.9
HG-2-21 Il —-100 6.0 223 3.8
HG-2-5 Il —108 10.6 273 4.5
HG-5-6 v —101 6.6 181 -2.8
HG-5-7 v - 104 5.7 223 -1.6
— 1 3.94 550 9.8
— i} 9.64 396 5.0
— 1} 1.06 396 5.0 1994
— v 0.62 200 -10.9
1l - 106 300
1# Il - 182~ —187 2.3 300 -3.3
27 Il 6.5 300 0.9 5001
3# Il 0.7 300 -4.9
4% Il -0.4 300 —6.0
Il 8.9 300 3.3
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Fig. 7 Laser Raman spectra of fluid inclusions in the Huanggang Sn-Fe deposit
a. Vapor and liquid phase composition of L type inclusion in garnet of stage | b. Vapor and liquid phase composition of L type inclusion in epidote
of stagell c¢. Vapor and liquid phase composition of L type inclusion in calcite of stage [l d. Vapor and liquid phase composition of C; type inclu-
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Table 5 Carbon and oxygen isotopic composition of calcites from Huanggang Sn-Fe deposit

3 3Cypp %o

18 9 18 9
0 “Ov.pop %o 3 *Ov.smow %o

HG-3-14 I 1.1 -22.7 7.5
HG-5-6 Vv -3.3 -21.7 8.5
HG-5-7 V -3.8 —-22.4 7.8
HGSn-29-2" 3 —5.400 —20.357 9.095
HGSn-21-1" 3 -5.310 —20.096 9.364
HGSn-21-2" 3 —4.563 —20.165 9.293
HGSn-21-3" 3 —4.397 —20.165 9.292
HGFel -6-2" 3 —10.434 —18.439 11.072
SMG-3* 3 —-8.141 —21.228 8.197
HGFEIl-3-2b” 3 -9.406 —-21.128 8.300
HGB3-13a" 3 —11.706 —19.066 10.426
HGFE [l -3-14¢” 3 —10.141 —20.193 9.264
* 2007
6
Table 6 Sulfur isotope analyses of ores from the Huanggang Sn-Fe deposit
3#*SV-CDT %o
HG-3-19 Il 1400 5 2.7
HG-3-35 Il 1400 5 1.1
HG-3-37 Il 1400 5 -2.3
HG-3-41 Il 1350 5 2.2
HG-3-45 Il 1350 5 -1.8
HG-3-48 ] 1350 5 -4.3
HG-3-49 I 1350 5 0.4
x 1% 4.5
* 1% 2.3
* 1% 2.3
* 4% -0.9
x 2% -1.0
* 2001
534S 0~ + 1%0 Sakai et al. 1984 O
Kyser 1986 CO,-H,O- m N
2001a _
CcO, CO,-H,O + CH,
CO,
COZ—Hzo + CH4 HzO—N&Cl
5 2003
NaCl-H,O CO,-H,O-NaCl
5.1 CO,-H,O + CH,
CcO,
220 ~
432 w NaCly, 1.74% ~
Na® K' Ca®" 22.34% 0.72~1.02 g cm’ 350C
Cl™ H,O CO, CO,-H,O-NaCl £ CaCl, 200C
KClI 1982 2008

CO,-H,O-NaCl
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rich 2007 ®
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202~295C  12.85% 3
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2001 Ishihara et al. 2001 -
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Liu et al. 2001 2002 2004
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5.3
2008 Vallance et al. 2009 2002 Baker
etal. 2003 2004 Kamvongetal 2008 5 "Ony0
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al. 2009 Wilkinson 2010 2007 3.8%0~9.8%o
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