2013 2

32 1
February 2013 MINERAL DEPOSITS 32 1 55~76
0258-7106 2013 01-0055-22
1 2% % 3 3 2 2 2 2
1 100083 2 100037
3 810007
3 Fe Fe Cu
Fe Pb Zn -
2
Grogr—99 Digs - 9g
Adsg g8 Hdgs - 54 -
P618. 31 A

Characteristics and zonation of skarn minerals in Galinge iron deposit,
Qinghai Province

YU Miao', FENG ChengYou?, BAO GuangYing®, LIU HongChuan®, ZHAO YiMing?,
LI DaXin®, XIAO Ye? and LIU JianNan
(1 School of Earth Sciences and Resources, China University of Geoscience, Beijing 100083, China;
2 Institute of Mineral Resources, CAGS, Beijing 100037, China; 3 Qinghai Institute of Nonferrous Metal
and Geological Exploration, Xining 810007, Qinghai, China)

Abstract

The Galinge skarn iron polymetallic ore deposit of western Qinghai Province lies in central Qimantag metal-
logenic belt. Ore bodies are located in the contact zone between granodiorites, adamellite and dolomitic marble
and in the marble and altered andesites which are distributed along the NWW-striking rupture structural fracture
zone in the exocontact zone. From the invading contact zone to the east, the zonation of skarn minerals is obvi-
ous and can be mainly divided into three ore-bearing skarn zones: magnesian skarn zone with Fe, calcium skarn

zone with Fe and Cu and manganoan-calcium skarn zone with Fe, Pb and Zn. The main skarn minerals in the
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magnesian skarn zone include forsterite and its altered serpentine, chondrodite, diopsite and chinochlorite, and
the main metal mineral is magnetite; the calcium skarn is composed of hastingsite, ferroactinolite, hedenbergite,
delessite, apatite and andesine, and the associated metal minerals are magnetite, pyrrhotite and a little chalcopy-
rite; the skarn minerals related to the manganoan-calcium skarn zone are manganhedenbergite, andradite,
grossular, brunsvigite, epidote, wollastonite, apatite and anorthite, and the metal minerals are composed of
galena, sphalerite, magnetite and pyrrhotite. Based on mineral assemblages, the authors divide the metallogenic
periods into skarn period, hydrothermal period and sulfide period. Different periods have different stages: the
skarn period is divided into early and late stage. The main chemical composition of early stages of skarn period is
grossular (Grog;—g9) and diopsite (Digs—9g); The main chemical composition of the late stage of skarn is andra-
dite (Adsg-9g) and hedenbergite (Hdgg-g4). Through a comparison with the deposits in eastern China, the au-
thors have found that manganoan-calcium skarn zone is a transitional type to the manganoan skarn zone, and it
has the guiding significance in search for mineralization type related to the manganoan skarn.

Key words: geology, skarn zonation, skarn iron polymetallic deposit, electron microprobe analysis, mineral

assemblage, Galinge, Qimantag, Qinghai Province
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Fig. 2 Hand specimen photographs of intrusive rocks in the Galinge ore district

A. Diorite; B. Granodiorite containing enclaves
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1
Table 1 Characteristics of different ore cluster in the Galinge ore district
1 I I} v \ VI
0~1.5 1.5~4 km 4~5.5 km 5.5~7 km
km NWwW NWWwW NWW
w TFe % 39.78 21.68~31.55 30.05~57.51 31.76 46.67 40.94
w Pb+Zn % 3.66 3.80
w Pb Zn % Pb2.32 Zn 1.48
w Au gt 3.04~8.01 0.72
w Co gt 0.022~0.125
w Cu % 0.1~0.12
(1) 0
Geokit 2004
Minpet 2.02
1978 1988
3 TFeO FeO  Fe,O5 Minpet
2.02
3.1
2 I
JXA-8230 5A
Mg
1984
o . 2007. \
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2
Table 2 Electron microprobe analyses of representative forsterite and its altered serpentine from the Galinge skarn deposit
2404-5 2404-5 2404-5 2404-8-1 2404-8-2 2404-28-4-1 2404-28-2 2404-28-3
w B %
SiO, 42.209 42.319 41.909 42.192 42.010 42.615 42.026 42.011
TiO, 0.008 0.014 0.029 0.063 0.016
ALO; 0.023 0.070 0.430 1.290 0.315 0.277 0.279
FeO 0.963 0.970 1.125 1.175 1.290 3.210 2.900 3.027
MnO 0.062 0.098 0.666 0.325 0.145 0.197 0.131
MgO 55.981 55.994 55.771 40.33 40.389 39.752 39.502 39.103
CaO 0.003 0.001 0.003 0.108 0.027 0.090 0.095 0.080
Na,O 0.004 0.021 0.028
K,O 0.017 0.017 0.040 0.004 0.015
99.24 99.34 99.03 84.92 85.36 86.21 85.00 84.68
4 4 4 18 18 18 18 18
Si 1.001 1.002 0.998 4.02 3.976 4.03 4.026 4.04
Al 0.001 0.002 0.048 0.144 0.035 0.031 0.032
Ti 0.002 0.004 0.001
Fe* 0.019 0.019 0.022 0.094 0.102 0.254 0.232 0.243
Mn 0.001 0.002 0.054 0.026 0.012 0.016 0.011
Mg 1.978 1.976 1.978 5.728 5.698 5604 5.642 5.606
Ca 0.011 0.003 0.009 0.01 0.008
Na 0.004 0.005
K 0.002
Fe Fe+ Mg 0.01 0.01 0.01 0.02 0.02 0.04 0.04 0.04
3

Table 3 Electron microprobe analyses of representative chondrodite and its unknown altered mineral from the Galinge
skarn deposit

27601-6-4 27601-6-5 27601-6-6 27601-6-7 27601-6-4 27601-6-5 27601-6-6
w B %

SiO, 33.871 34.135 33.830 33.357 33.293 33.177 34.113
TiO, 0.264 0.104 0.125 0.031 0.019 0.010 0.019
ALO; 0 0 0.029 0.004 14.319 14.286 15.171
FeO 2.942 3.292 2.685 3.098 2.039 1.885 2.015

MnO 0.107 0.031 0.066 0 0 0.038 0
MgO 55.225 55.403 55.401 54.558 33.893 34.023 34.914
CaO 0 0.016 0.043 0.041 0.031 0.031 0.028
K,O 0.009 0.027 0.035 0.006 0.005 0 0.007
F 8.402 8.490 7.003 8.716 0.293 0.449 0.836
100. 820 101.498 99.217 99.811 83.892 83.899 87.103

10 10 10 10 10 10 10
Si 2.848 2.854 2.845 2.843 3.250 3.241 3.225
Ti 0.017 0.007 0.008 0.002 0.001 0.001 0.001
Al 0.000 0.000 0.003 0.000 1.648 1.645 1.691
Fe 0.207 0.230 0.189 0.221 0.166 0.154 0.159
Mn 0.008 0.002 0.005 0.000 0.000 0.003 0.000
Mg 6.920 6.903 6.943 6.930 4.931 4.953 4.919
Ca 0.000 0.001 0.004 0.004 0.003 0.003 0.003
K 0.001 0.003 0.004 0.001 0.001 0.000 0.001
F 2.234 2.245 1.862 2.349 0.090 0.139 0.250
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5
A. Serp For 2404-5 B. Di 2404-8 C. Serp 2404-9
D. Mt Cle 2404-27 E. Apy Pyr 2404-28 F.
Tr 2404-31 G. Q 4204-4 H.
Del 4204-5 1. Fac
Hs 4204-6 . Tr Di
16203-1 K. Zo Gro
16303-16a L. Zo 16303-16b M. Serp Chn
27601-6  N. And 26006-9  O. And
Mn-Hd 26006-9  P.
Gro 26006-16 Q. Wo 26006-24 R.
Bi Chl 26006-27
4
Table 4 Electron microprobe analyses of representative pyroxenes from the Galinge skarn deposit
2404-8 2404-11 4204-6 4204-18 26006-9-1 26006-9-2 26006-25 26006-26 26006-27
Il II v v VI VI Vi VI VI
w B %
SiO, 55.26 54.22 49.77 48.78 51.06 50.66 51.97 50.78 54.28
TiO, 0.11 0.07 0.11 0.03 0.00 0.43 0.06
ALO; 0.45 0.20 0.63 1.91 0.01 0.02 6.00 0.10
Cr,05 0.01 0.00 0.01 0.02 0.02 0.04
FeO 0.93 0.69 23.82 20.21 12.99 17.60 11.84 2.40 9.31
MnO 0.12 0.13 0.41 0.47 6.19 3.43 0.93 0.03 0.45
MgO 17.99 17.58 0.13 4.96 6.31 5.16 10. 14 15.68 13.47
CaO 25.71 26.00 22.58 23.30 23.38 23.84 24.33 25.49 20.38
Na,O 0.00 0.02 0.00 0.05 0.03 1.93
K,O 0.01 0.01 0.03
100.59 98.84 97.41 99.80 99. 97 100.75 99.28 100. 81 100.02
6
Si 1.989 1.989 0.992 1.941 2.006 1.996 2.000 1.840 2.025
ALl 0.011 0.008 0.059 0.160
ALY 0.008 0.022 0.030 0.001 0.097 0.004
Ti 0.003 0.002 0.003 0.001 0.000 0.012 0.002
Cr 0.001 0.001 0.001
Fe?t 0.022 0.040 0.012 0.059 0.119
Fet 0.028 0.799 0.630 0.428 0.567 0.381 0.014 0.168
Mn 0.004 0.004 0.014 0.016 0.206 0.114 0.030 0.001 0.014
Mg 0.965 0.961 0.187 0.294 0.370 0.303 0.582 0.847 0.749
Ca 0.991 1.022 0.968 0.993 0.984 1.008 1.003 0.990 0.815
Na 0.001 0.004 0.002 0.140
K 9.77 0.001 0.001
Jo 0.35 0.42 1.39 1.62 20.54 11.48 3.006 0.11 1.34
Di 96.84 97.33 18.68 30.03 36.85 30.40 58.57 92.04 71.28
Hd 2.81 2.22 79.93 68.27 42.61 58.12 38.37 7.35 27.96
50
5K L Verkaerena et  AlLO;
al. 1979 26006-27-2



Fadl HFH1H

T E: TR R A0 Y S h2E o) 65

IR CE 6B
3.5 ARAA

A AE — BB B T-7 R 3, )& i 10
R EB BB, & AR I KW R A
2 55 N B 5t A AR 5 T T Rl GBS — 15 58, 1990) .
DRI, ECAE il M I T S B G KW R 4

R XN, F 2R G485 N A A8k A
(£ 6 FE 8A8B), S¥S B AL, S =T VA"
B 2 LA T 3TN BN, SRR A SN
A Z ECE 5D, I RS . kT4
5N A, 78 A — L8 KA BT T Bk A i ROE
(Krutovs 1936 Dick et al.» 1979, EZ 7= T 5 H16
Mg o, R 2 Bl o BB A A IR A 2R S AR
A E ALO,F EWMHE R, K,OMNaOF & HiR

AW, T SiO, S AR AR, 75 E A, WE s e
FEEE SRR WS R T, # R ILA S S N
s FAVEREAE 5 B A B 2045 DN A AR AR AU, CRk 4k
55,1985 B4 —M8%5,1980). L45INA EE S mEN
R RS H I, FUY X B T-E%R
N B A mRE AN A= 1, X 0] G2 & i1
BRI A, IR B A EER UM b RN 2 1 s SR B
FOR—NS5E,2003) 0 AVRAGAT DX G045 I A 17 B0
BRE¥ESE, tmz LEmh RE KENSSINA,
FHEAB BRPE R A WA RS A0 D A
SR A S R, U B TE RS A R Y B,
P PR i B R EY, T2 P KRR A TR A
WA ER, FBOUE TR > SRR, 448 7T
RN Z RN A, AT HT e T B A

Jo Alm Prp Sps
(A) x IVH B (B)
s L1
N - E s
A H'grg;]\g o 5’%\%—[‘_%5\
+ R
Di Hd Gro And

6 WRMIEH R R ERVE S AR 740 B R T
A BRVERABSZTE: B, ARTARS =B Jo—EREA: DiBEA: HI—E%EA: Alm—REEA: And—8EHEA:
Gro—E5EBA;: P BHEIEA;: Sps—EmEEA
Fig. 6 Composition characteristics of pyroxene and garnet in the Galinge skarn deposit
A. Ternary plot of pyroxene composition: B. Ternary plot of garnet composition; Jo—Johennsenite; Di—Diopsite; Hd—THedenbergite:
Ablm—Almandine; And—Andradite; Gro—Grossulars Prp—Pyrope: Sps—Spessatine

7 TRMIEY REAEY AN TR AR A
CaJiffA: Ep— 4% A: Gn—HHF s H—B8E A Mc— 88 : Mo Hd—8-58 %A PoHEHD
Fig. 7 Hand specimen photographs of pyroxenes in the Galinge ore district
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5
Table 5 Electron microprobe analyses of representative garnet from the Galinge skarn deposit

26006- 26006- 26006- 26006- 26006- 26006- 26006- 26006- 26006- 26006.10 2600615

25-1 25-2 25-3 27-3 27-1 27-2 9-1 9-2 9-3
w B %
SiO, 36.20 36.064 35.74 33.82 37.71 38.02 35.93 37.00 35.97 37.12 35.97
TiO, 0.03 7.54 1.30 0.11 0.01 0.49 0.01
ALO; 0.47 6.02 2.57 1.31 13.44 21.82 0.80 8.86 0.24 10.41
Cr,05 0.01 0.60 0.02 0.03 0.01
FeO 27.68 20.82 24.87 19.80 9.93 0.24 27.23 17.66 28.46 13.90 28.07
MnO 0.52 0.55 0.37 0.18 0.15 0.04 0.35 0.28 0.44 0.28 0.45
MgO 0.09 0.08 0.13 0.63 0.09 0.01 0.24 0.18
CaO 32.06 33.35 32.49 33.36 35.76 37.30 33.41 33.99 33.25 34.99 33.28
97.05 97.47 96.17 97.24 98.31 97.56 97.81 97.80 98.37 97.44 97.96
24
Si 3.042 3.006 3.010 2.824 2.976 2.941 3.002 2.995 2.997 2.991 3.008
Ti 0.002 0.474 0.077 0.006 0.001 0.030 0.001
Al 0.046 0.582 0.255 0.129 1.250 1.989 0.079 0.845 0.024 0.988
Cr 0.001 0.039 0.001 0.002 0.001
Fe** 1.924 1.413 1.738 1.383 0.656 0.016 1.902 1.158 1.978 0.937 1.963
Fe** 0.021 0.015 0.014 0.000 0.037 0.004
Mn 0.037 0.038 0.026 0.013 0.010 0.003 0.025 0.019 0.031 0.019 0.032
Mg 0.011 0.009 0.017 0.079 0.011 0.001 0.029 0.022
Ca 2.887 2.931 2.933 2.985 3.024 3.091 2.990 2.948 2.968 3.021 2.982
Pyr 0.37 0.31 0.56 2.56 0.36 0.02 0.95 0.74
Spe 1.24 1.29 0.88 0.41 0.33 0.09 0.81 0.63 1.03 0.62 1.04
Alm 0.71 0.51 0.47 1.24 0.15
Gross 0.02 27.07 10.90 27.69 67.18 99.04 4.52 40.28 0.02 52.62 1.23
And 97.65 70.79 87.19 67.41 32.41 0.77 94.30 57.82 98.80 45.79 96.99
6
Table 6 Electron microprobe analyses of representative amphibole from the Galinge skarn deposit
4204-14 4204-7 4204-6-1 4204-6-2 4204-18-1 4204-18-2 4204-15-1 4204-15-2
w B %
SiO, 37.93 37.08 37.74 47.20 51.56 51.30 49.13 37.88
TiO, 0.60 0.77 0.27 0.04 0.02 0.07 0.45
ALO; 11.47 11.58 11.18 1.95 0.99 1.20 3.36 10.88
Fe,05 9.88 10:71 11.74 11.69
FeO 21.99 21.57 20.62 30.48 31.21 30.63 28.72 22.06
MnO 0.15 0.18 0.16 0.39 0.35 0.53 0.23 0.28
MgO 1.46 1.19 1.49 3.39 3.80 4.41 5.58 1.13
CaO 11.05 10.91 11.32 13.47 11.53 11.61 11.84 11.27
Na,O 0.97 0.88 1.15 0.24 0.19 0.27 0.37 1.10
KO 3.15 3.42 3.16 0.41 0.23 0.25 0.60 2.91
98.65 98.29 98.83 97.57 99.88 100.27 99.83 99.65
23
Si 6.232 6.115 6.045 7.555 7.925 7.849 7.525 6.230
Al 1.665 1.822 1.895 0.368 0.075 0.151 0.475 1.697
Al 0.59%4 0.529 0.387 0.000 0.104 0.066 0.132 0.437
Ti 0.075 0.046 0.152 0.005 0.003 0.008 0.000 0.056
Felt 1.242 1.528 1.550 0.665 0.967 0.901 0.716 1.464
Fe** 3.071 2.896 3.137 3.415 3.044 3.018 2.964 3.070
Mn 0.021 0.029 0.011 0.053 0.046 0.068 0.030 0.039
Mg 0.364 0.273 0.035 0.808 0.872 1.006 1.274 0.279
Ca 1.978 2.032 2.020 2.310 1.898 1.904 1.943 2.009
Na 0.315 0.369 0.296 0.073 0.055 0.080 0.109 0.355
K 0.671 0.634 0.770 0.084 0.044 0.048 0.117 0.617

16.227 16.274 16.298 15.335 15.033 15.099 15.284 16.254
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C&z

Al

Table 7 Electron microprobe analyses of representative
epidote from the Galinge skarn deposit

26006-8-1 26006-8-2 26006-6 26006-7
w B\ %
SiO, 38.18 38.23 39.27 39.031
TiO, 0.01 0.01 0.05 0.015
ALO; 24.94 24.19 26.74 24.562
FeO 8.80 9.76 7.68 10.785
MnO 0.04 0.34 0.64 0.144
MgO 0.08 0.03
CaO 23.68 23.05 23.39 23.717
Na,O 0.01
95.73 95.58 97.81 98.25
13
Si 3.06 3.078 3.064 3.064
ALV 2.354 2.294 2.457 2.271
Ti 0.001 0.001 0.003 0.001
Fe** 0.53 0.59 0.45 0.64
Mn 0.003 0.023 0.042 0.01
Mg 0.009 0.004
Ca 2.034 1.988 1.955 1.995
Na 0.001
2.046 2.011 2.002 2.005

1978

base map after Gasper et al.

Leake et al. 19970 /B. Si- Na+ K A diagram of calcic amphibole
2000
Vi
3.7
Foster 1962
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Mg*" Fe?*

1984



68 2013

8
Table 8 Electron microprobe analyses of representative chlorite from the Galinge skarn deposit
2404-27 4204-8 4204-12 4204-14 4204-19 26006-10 26006-22 26006-26 26006-27
il v v v v i i i \ii
w B %
SiO, 29.42 26.69 31.57 31.64 26.48 25.74 25.55 34.40 28.72
TiO, 0.07 0.07 0.04 0.01 0.03
ALO; 21.52 20.88 16.65 11.55 16.49 16.73 17.13 13.58 21.39
Cr,05 0.14 0.27 0.73 1.45 0.18 0.30 0.05 0.08
FeO 1.26 36.82 36.48 37.49 38.07 30.31 41.57 0.64 24.63
MnO 0.04 0.14 0.45 1.85 2.80 0.07 0.38
MgO 32.21 3.46 3.78 6.09 5.83 9.79 2.01 35.90 9.53
CaO 0.04 0.08 0.26 0.61 0.21 0.15 0.04 0.09 1.81
Na,O 0.24 0.01 0.04 0.03 0.01 0.03
K,O 0.05 0.71 0.14 0.12 0.83
84.54 89.09 89.23 88.29 89.15 84.78 89.41 84.73 87.43
13
Si 2.820 2.936 3.412 3.521 2.963 2.930 2.934 3.274 3.023
AlLD 2.429 2.704 2.119 1.513 2.173 2.243 2.316 1.522 2.651
SUM 5.249 5.640 5.531 5.034 5.136 5.173 5.250 4.796 5.674
Al Vi
Ti 0.000 0.006 0.006 0.003 0.001 0.002
Fe? 0.101 3.387 3.297 3.488 3.563 2.886 3.992 0.051 2.167
Felt
Cr 0.012 0.023 0.064 0.128 0.016 0.027 0.004 0.007
Mn 0.003 0.013 0.043 0.179 0.272 0.006 0.034
Mg 4.601 0.567 0.610 1.010 0.973 1.662 0.345 5.094 1.495
Ca 0.004 0.010 0.030 0.073 0.025 0.018 0.005 0.009 0.204
Na 0.001 0.051 0.002 0.009 0.008 0.002 0.006
K 0.006 0.099 0.020 0.017 0.111
Fe Fe+ Mg 0.021 0.857 0.844 0.775 0.785 0.635 0.920 0.010 0.592
9 I
Vi
I\ ALO;
VI Apxunenkesa 1987
9
I MgO 7.7% 3
MgO
I Mg 4

1998 -
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Table 9 Electron microprobe analyses of representative I . . .
magnetite from the Galinge skarn deposit ¢
276016 276016 2404-52 2404-5-3 240427 + +
VI VI 1l I I Id + + +
wh ow + + + + +
SiO, 0 0.013 0.035 0.026 0.080
TiO, 0.248 0.119 0 0.007 0 + +
ALO; 0.333 2.613 0.388 0.472 0.018 ]]1
FeO 91.387 89.656 84.855 84.182 89.138
MnO 0.348 0.125 0.961 0.846 1.309
MO 1.857  2.846  7.760  7.747  0.428 [Ila + +
CaO 0 0 0 0 0.007 +
NaO  0.040  0.002 0 0 0 mb i n n
K,O 0 0 0.006 0 0. 009 " "
94.213 95.374 94.005 93.280 90. 989 - - + +
e +
ld +
Me + + +
+ +
SG e + +
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v
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Fig. 11  Geological map showing distribution of skarn minerals in the Galinge skarn deposit
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