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Abstract

The Tongshan skarn-type copper deposit is located in the Anqing-Guichi ore concentration area along the
lower and middle Yangtze River reaches iron-copper metallogenic belt. In the study area, skarnization and min-
eralization occur in the contact zone between carbonate and granodiorite porphyry. Alteration and mineralization
show significant horizontal and vertical zoning characteristics. In horizontal zoning, the garnet content of skarns
near the pluton is high, the diopside content of skarns far from the pluton is high, and the hedenbergite content
of skarns near the marble is also high. The limestone far away from the marble experienced strong silicification.
In vertical zoning, hornfels, calcareous skarn and magnesian skarn occur in downward succession. Mineralogical

studies show that the skarn zone near the pluton has been relatively strongly oxidized and the garnet in it has rel-
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atively high And (andradite end-member). Cu is concentrated in such bodies as porphyries with quartz veins,
skarns a bit far from the pluton, and hornfels or marbles, while Zn is usually abundant in silicified limestones
and skarns far from the pluton. Studies suggest that the alteration and mineralization of the Tongshan ore de-
posit experienced the prograde period and the retrograde period. The former period could be divided into the con-
tact metamorphic stage and the prograde metasomatic stage, and the latter into the early retrograde stage and the
late retrograde stage. Copper mineralization mainly took place at the early retrograde stage, and was further con-
centrated in quartz veins of the porphyries during the late stage of magmatic evolution.
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Fig.1 Sketch geological map of the Tongshan copper orefield (a-after Mao et al. s 2009)

1—Middle Triassic Yueshan Formation; 2—Lower Triassic Biandanshan Formation: 3—Upper part of Lower Triassic Helongshan Formation: 4—
Lower part of Lower Triassic Helongshan Formation: 5—Lower Triassic Yinkeng Formation; 6—Upper Permian Dalong Formation: 7—Upper
Permian Longtan Formation; 8 —Lower Permian Gufeng Formation; 9—Lower Permian Qixia Formation; 10— Upper Carboniferous Chuanshan
Formation: 11—Middle Carboniferous Huanglong Formation: 12—Upper Devonian Wutong Formation: 13— Upper Silurian Maoshan Formation:
14—Middle Silurian Fentou Formation; 15—Granodiorite-porphyry: 16—Quartz-diorite-porphyry; 17— Lamprophyre; 18—Skarn; 19—Gossan;
20—Copper-bearing skarn: 21—Copper-bearing pyrite: 22—Magnetite: 23—Alteration zone: 24— Tectonic breceias 25—Measured (inferred) re-
verse fault; 26—Measured Cinferred) normal fault; 27—Measured Cinferred) strike-slip fault; 28—Exploration line and its serial number; 29—

Measured (inferred) geological boundary: 30— Drill hole and its serial number: 31— Traverse measured during field work
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Fig. 2 Geological cross section for zonation of the skarns in Qianshan ore block
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Fig. 4 Microstructures of the granodiorite-porphyry

a. Porphyritic texture of the granodiorite porphyry: sericitized plagioclases chloritized biotite replaced by chalcopyrite (BSE image): b. Replace-

ment of amphibole by biotites chlorite and pyrite (transmitted lights + ): ¢. Magnetite in K-feldspar matrix, late calcite vein filling in fractures of

the plagioclase (BSE image): d. Pyrite and chalcopyrite vein in late quartz veins ( reflected light). Kp—K-feldspar: PI—Plagioclase: Bit—DBiotites
Ser—Sericite; Chl—Chlorite; Ap—Apatites Qz—Quartz: Cal—Calcite: Py—Pyrite: Cp—Chalcopyrite: Mt—Magnetite
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Fig. 5 Microstructures of the rocks in horizontal shallow skarn zone

a. Replacement of garnet by diopside: showing island structure € transmitted light> — s b. Replacement of garnet by chlorite and calcite ( transmitted light,
—J: ¢. Replacement of euhedral garet by epidotes late calcite filling in fracture of the gamet (transmitted light> — : d. Diopside vein in diopside-garnet
skarn (transmitted lights + )5 e. Replacement of diopside by tremolite and epidotes tremolite also replaced by magnetite (transmitted lights + s {. Diopside
replaced by calcite and chalcopyrite; chalcopyrite replaced by sphalerite (reflected light); g. Pyroxene vein in hedenbergite skarn; late chalcedony vein and
chalcopyrite filled along the fracture (transmitted light> + ); h. Magnetite in coarse-grained marble Creflected light)s i. Quartz - caleite vein in silicified and
marbleized limestone; much magnetite in the rock (transmitted light, + ); j. Quartz and pyrite in strongly silicified altered rock (reflected light): k-Replace-
ment of caleite by fine grained quartz and pyrite in silicified limestone, showing breccia texture (transmitted light + )5 1. Irregular sphalerite and pyrite in cal-
cite microerystallines quartz associated with sphalerites pyrite replacing caleite (reflected light) Di—Diopside: Gr—Garnet: Ep—Epidote: TH—Tremolite :

Hd—Hedenbergites Chc—Chalcedony: Sph—Sphalerite
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a. Palimpsest silty texture of biotite-andalusite homfels: andalusite is euhedral (BSE image): b. Sheaf aggregate of andalusite in biotite-andalusite hornfels
(BSE image): c. Calcite replacing grossular in quartz-grossular-wollastonite hornfels (BSE image): d. Biotite veins in silicified silty limestone altered into chlo-

rite and associated with pyrite (BSE image): e. Nematoblastic serpentine replacing olivine and magnetite in magnesian skarn, showing embayed texture {trans-

mitted light, + )3 f. Pyrite replacing serpentine and magnetite and replaced by chalcopyrite ( reflected light); g. Pyrite vein and dolomite vein in dolomitic

marble (BSE image): h. Silicification and pyrite mineralization in dolomitic limestone € reflected light: i. Pyrite in quartz sandstone  transmitted light> + )
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Table 1 Representative chemical compositions of garnets in skarns
IVP031 IVP032 IVP033 IVP034 QS43-b3 QS005-b1 K5 K13 K14 K15
w B %
SiO, 36.79 35.61 37.36 35.48 37.65 35.02 40.47 39.78 38.90 37.35
TiO, 0.05 0.06 0.82 0.03 0.02 0.00 0.26 1.16 0.61 0.30
ALO; 1.08 1.44 4.41 1.50 1.24 0.99 22.23 15.39 14.69 6.01
Cr, O3 0.00 0.03 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00
FeO 30.45 26.14 24.02 26.45 30.84 32.28 1.07 9.63 11.72 22.56
MnO 0.61 0.58 0.67 0.58 0.45 0.64 0.54 0.61 0.25 0.45
MgO 0.00 0.04 0.38 0.06 0.05 0.13 0.00 0.19 0.11 0.19
CaO 29.84 32.55 31.25 32.54 31.20 30.32 34.88 32.32 33.37 31.97
Na,O 1.03 0.02 0.13 0.04 0.12 0.14 0.05 0.04 0.38 0.00
K,O 0.00 0 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00
NiO 0.00 0.05 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00
99.85 96.52 99.04 96.77 101.57 99.55 99.50 99.12 100.03 98.83
Si 3.000 3.010 3.049 2.995 3.044 2.897 3.059 3.108 3.009 3.034
Ti 0.005 0.005 0.049 0.000 0.000 0.000 0.014 0.070 0.037 0.020
Al 0.108 0.142 0.042 0.152 0.117 0.097 1.982 1.418 1.340 0.576
Cr 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe 2.029 1.838 1.412 1.838 1.822 2.134 0.000 0.229 0.624 1.326
Fe?! 0.049 0.010 0.225 0.030 0.261 0.099 0.068 0.400 0.134 0.206
Mn 0.044 0.041 0.044 0.041 0.029 0.045 0.036 0.042 0.019 0.029
Mg 0.000 0.005 0.044 0.005 0.005 0.016 0.000 0.023 0.014 0.024
Ca 2.608 2.944 2.730 2.944 2.699 2.687 2.827 2.704 2.767 2.780
Na 0.167 0.000 0.020 0.010 0.019 0.022 0.009 0.009 0.056 0.000
K 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.000
Ni 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
8.010 7.995 7.615 8.015 7.996 8.000 7.995 8.003 8.000 7.995
Alm 1.81 0.00 0.00 0.00 4.97 2.97 2.32 0.00 4.57 0.74
Pyr 0.00 0.17 1.60 0.17 0.17 0.56 0.00 0.93 0.48 0.84
Spe 1.63 1.38 1.60 1.37 1.01 1.59 1.23 1.70 0.65 1.02
Pyralspite 3.44 1.55 3.20 1.54 6.15 5.12 3.55 2.63 5.70 2.60
And 96.56 92.80 76.96 92.33 93.85 94.88 0.00 13.92 31.90 69.69
Gro 0.00 5.65 19.84 6.13 0.00 0.00 96.45 83.45 62.41 27.72
Pyralspite Alm Pyr Spe Alm Almandine Pyr Pyrope Spe
Spessartine  And Andradite  Gro Grossular
Di IVP033  Cu
8b w A1203 FeO Zl’l
0.41% IVP032 0.82%
0.17% w ALO; Cu K4
w Cu 0.557%
3.3
4 Zn
3 w Cu 67.10% S 32.90%
0.003% —0.007 % w Zn 60.40%
0.082% —0.985% Zn 51.33%
0.98% Fe S
w Cu 0.745% 53.45%
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Table 2 Representative chemical compositions of pyroxene in skarns
IVP021 IVP031 QS004-b2 IVP032 IVP034 K12 K15
w B %
SiO, 51.00 56.68 55.69 54.40 53.88 55.34 56.17
TiO, 0.09 0.08 0.00 0.05 0.00 0.19 0.00
ALOs 0.31 0.41 0.43 0.82 0.17 0.49 0.53
FeO 16.99 0.00 2.45 0.64 2.61 0.75 0.15
Cr,0;3 0.00 0.00 0.00 0.01 0.04 0.00 0.00
MnO 2.76 0.02 0.43 0.06 0.75 0.00 0.10
NiO 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MgO 7.07 19.04 17.43 17.11 15.76 18.58 18.61
CaO 21.83 24.10 23.64 26.45 26.18 23.96 24.33
Na,O 0.13 0.00 0.03 0.07 0.06 0.00 0.14
K,O 0.00 0.08 0.00 0.00 0.01 0.00 0.00
100. 18 100.41 100. 10 99.61 99.46 99.31 100.03
TSi 1.997 2.032 2.025 1.979 1.984 2.011 2.023
T Al 0.003 0.000 0.000 0.021 0-007 0.000 0.000
T Fe* 0.000 0.000 0.000 0.000 0.008 0.000 0.000
Al M1 0.011 0.017 0.018 0.014 0.000 0.021 0.022
Ti M1 0.003 0.002 0.000 0.001 0.000 0.005 0.000
Fe*' Ml 0.000 0.000 0.000 0.010 0.019 0.000 0.000
Fet Ml 0.556 0.000 0.037 0.010 0.053 0.000 0.000
Cr M1 0.000 0.000 0.000 0.000 0.001 0.000 0.000
Mg Ml 0.413 0.981 0.945 0.928 0.865 0.974 0.978
Ni M1 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Mg M2 0.000 0.037 0. 000 0.000 0.000 0.033 0.021
Fe*™ M2 0.000 0.000 0.038 0.000 0.000 0.023 0.005
Mn M2 0.092 0.001 0.013 0.002 0.023 0.000 0.003
Ca M2 0.916 0.926 0.921 1.031 1.033 0.933 0.939
Na M2 0.010 0.000 0.002 0.005 0.004 0.000 0.010
K M2 0.000 0.004 0.000 0.000 0.000 0.000 0.000
4.000 3.996 4.000 4.000 4.000 4.000 4.000
Di 33.90 99.59 94.73 96.20 90.51 100.00 98.69
Hd 55.60 0.00 3.75 1.00 5.29 0.00 0.00
Jo 9.20 0.08 1.32 0.20 2.30 0.00 0.30
Tsch 0.30 0.00 0.00 2.10 1.50 0.00 0.00
Jd+ Ae 1.00 0.33 0.20 0.50 0.40 0.00 1.01
Di Diopside Hd Hedenbergite Jo Johannsenite Tsch Jd Jadeite Ae
Aegirine
9 Fe
4.1 6¢ Mg
0g
5h
Si K

6a 6b

Al
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Table 3 Representative content of ore-forming elements in rocks
w B %
Cu Pb Zn
IVP003 0.003 0.01 0.003
VP007 0.003 0.003 0.028
VP010 0.003 0.009 0.01
VPo11 0.082 0.004 0.003
VPo12 0.003 0.007 0.013
VPo17 0.007 0.01 0.003
VPo18 0.985 0.007 0.007
VP019 0.597 0.009 0.067
IVP020 0.026 0.01 0.008
VP023 0.082 0.004 0.007
IV P025 0.029 0.004 0.004
NV ro27 0.558 0.004 0.007
VP028 0.235 0.004 0.005
IVP030 0.98 0.004 0.009
IVP031 0.745 0.004 0.022
VPo32 0.236 0.005 0.008
IVP033 0.013 0.006 0.018
VPo34 0.135 0.006 0.01
K2 0.003 0.004 0.023
K3 0.037 0.005 0.007
K5 - - 0.004 0.007 0.012
K7 0.006 0.006 0.027
K10 0.001 0.006 0.004
K11 0.002 0.003 0.004
K12 0.002 0.003 0.003
K13 0.001 0.005 0.007
K15 0.001 0.01 0.007
K16 0.001 0.01 0.005
K17 0.001 0.011 0.005
K18 0.015 0.006 0.046
K19 0.048 0.005 0.134
K20 0.557 0.006 0.109
K21 0.004 0.009 0.029
K22 0.003 0.006 0.03
K23 0.483 0.006 0.083
K25 0.011 0.005 0.011
K26 0.004 0.004 0.016
Meinert et al. 2005 2003
Candela et al.
1995 Shinohara et al. 1995 Hedequinst et al.

1998
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Table 4 Representative chemical compositions of sulfides in rocks
w B %
S Mn Fe Co Ni Cu Zn As Se Pb
1VP002 33.95 0.45 13.63 0.30 0.12 50.88 0.75 100. 08
1VPO12 33.69 0.99 12.09 0.33 51.77 0.32 0.08 0.90 100.17
QS004-b2 32.50 0.15 3.17 0.10 0.35 1.34 62.46 0.36 0.23 100. 66
k15 33.50 0.04 6.62 0.08 0.21 0.46 58.34 0.04 0.32 99.61
IVP002 53.13 46.17 0.66 0.22 100.18
1VP003 52.02 45.96 0.11 0.16 1.56 99.81
IVPO10 53.26 47.70 0.02 100.98
IVP012 48.82 45.82 0.24 6.10 0.33 101.31
IVPO12 47.06 44.01 0.33 0.08 7.56 0.45 99.49
1VPO17 52.19 0.01 46.66 0.12 0.30 0.07 99.35
IVP025 52.89 45.62 0.86 0.08 0.18 99.63
1VP023 53.28 0.18 46.49 0.75 0.18 0.11 100.99
1VP027 51.96 46.96 0.23 99.15
QS43-b3 52.00 46.34 0.67 0.47 0.20 99.68
k15 51.31 46.85 0.31 0.64 0.33 99.44
IVP025 34.25 0.09 32.74 0.17 33.85 101. 10
1VP023 34.34 0.16 31.79 0.07 33.82 0.01 0.02 100.21
1VP025 34.00 32.20 0.33 34.32 0.19 101.04
QS004-b2 34.73 0.01 31.57 0.06 34.92 101.29
QS43-b3 34.05 31.57 0.11 0.04 34.22 0.20 100.19
Fe Ca Fe Al Ti Mn
Mg Fe Al
Fe Mg IVP032
FeZ+
6f Fe Mg IVP021 9b
Sa Fe
Al
2006
Mg
Fe Si Mg
5d 5g
4.3
Einaudi et al.
1981 Ca Al Ti Mn
Fe James 1976 Meinert 1992
Ochiai et al. 1993 Nicolescu et al.
1998 9a Fe Si Mg
Fedt 5S¢ Se
MgO Fe Se 6e Of
Mg
51 6d 6h

IVP033
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