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Abstract

Geochemical behaviors of major and trace elements in the weathering process of the ore-bearing porphyry
within the Chengmenshan copper deposit were systematically studied by using the open pit system. The results
show that the ore-bearing porphyry has experienced two evident cycles of weathering, and the process of
weathering mainly finds expression in the hydrolysis of aluminosilicate minerals and hydration, the leaching of
large quantities of Ca, Mg, Na, K and other elements (the leaching amount of Ca, Mg and Na up to 80% ),
and the preservation of Si, Al, Ti and Fe in the weathered layer. The ore-bearing porphyry in the Chengmen-
shan copper deposit has low content of Ti, Nb, Ta, Zr, Hf and REE(SREE =77.69 X 10 ¢~ 104 x 10 %),
relatively stable ratios of Nb/Ta and Zr/Hf, rather gently right-oblique REE patterns, and indistinct Eu anoma-
ly(8Eu>0.73), with 2Ce/XY ratio being 3~8. These features can serve as one of the main geochemical indica-
tors for ore-bearing intermediate-acid rocks in the Chengmenshan copper deposit.
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Fig. 1 Geological sketch map of the Chengmenshan copper deposit
I—Limestone of Lower Triassic Daye Formation 2—Upper Permian shale 3—Limestone of Lower Permian Maokou Formation 4—ILimestone of
Lower Permian Qixia Formation 5—Sandstone of Upper Devonian Wutong Formation 6—Sandstone of Upper Silurian Shamao Formation

7—Quartz porphyry 8—Granodiorite porphyry 9—Gossan = 10—Silicified limestone 11—Skarn 12—Fracture zone 13—Fault
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Fig. 2 Chemical index of alteration of granodiorite porphyry in the Chengmenshan copper deposit
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Fig. 3 Chemical index of alteration of quartz porphyry in the Chengmenshan copper deposit
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Table 1 Estimates of content changes of ore-bearing porphyry in the process of chemical weathering in the Chengmenshan

copper deposit

° e I, 4 L6 I 5 A A, Az By B, B; G G G
SiO, 64.02 71.67 67.65 71.81 69.67 58.75 65.18 60.01 -5.27 1.16 -11.66 -8.2 1.8 -16.3
TiO, 0.46 0.19 0.76 0.65 0.41 0.66 0.59 0.35 0.20 0.13 0.16 43.5 28.3 84.2
ALO;  15.05 12.43 17.33 16.58 14.43 15.05 15.05 12.43 0.00 0.00  0.00 0.0 0.0 0.0
Fe,0O;  2.40 1.75 2.57 2,22 4.8 223 2.02 4.15 -0.17 -0.38 240 -7.0 -15.8 137.1
FeO 1.41 0.81 0.22 0.18 0.20 0.19 0.16 0.17 -1.22 -1.25 -0.64 -86.5 —-88.7 —79.0
MnO  0.060 0.050 0.006 0.004 0.006 0.005 0.0036 0.005 -0.055 —0.056 —0.045 —-91.7 -93.3 —90.0
MgO 1.59 0.74 0.58 0.23 0.20 0.50 0.21 0.17 -1.09 —-1.388 -0.57 —-68.6 —-86.8 —77.0
CaO 3.42 1.3 0.52  0.07 0.03 0.45 0.06 0.026 —-2.97 -3.36 —-1.31 -86.6 -98.2 —97.8
NaO  2.76  0.47 0.43 0.40 0.52 0.37 0.36 0.45 —-2.39 —-2.40 -0.02 -86.6 —-87.0 —4.7
K,O 410  7.69 2.91 3.45 544 2,53 313 469 —1.57 -0.97 -3.00 -38.4 -23.7 -39.1
P,0Os 0.19 0.05 0.09 0.03 0.04 0.08 0.027 0.034 -0.11 -0.16 -0.02 -57.9 -84.2 -31.1
HO0" 3.88  1.44 595 3.79  3.41 5.17  3.44  2.94 1.29 —0.44 1.50 33.2 —11.3 104.0
CO, 0.46  0.35 0.30 0.40 0.32 0.26
LOI 3.88 1.88 5.98  5.07
99.34  98.63 99.48 99.76 99.48 86.84 90.77 86.14 —13.36 —9.23 —13.86
I L L I 1L,
A, =1x0.8684 w ALO; w ALO; =15.05 17.33=0.8684 A, A, A Ay=1%0.9077
A;=11%0.8614 B,=A;-1 B,=A,-1 By=A;-II C;=100xB, I C,=100XB, I C3=100%B; II
Al O, 1
Al Al Ca 86.6% ~ 98.2% Mg
1997 68.6% ~86.8% Na 4.7% ~87.0% K
2004 2003 23.7%—~39.1%
1 K
w B G G
A1203 2 MnO FeO P 205
100 g 3 Si Al Ti Fe3*
AL O, 15.05%
17.33% 1 I I,
15.05 17.33=0.8684 100 - -
g 86.84 ¢ 86.84 ¢
Ly
A A A 1
2 A I
Bl BZ B3 pH 4
3 B K" Na* Ca®t Mg?"
I 100 Na® Mg?" Ca**
G G G 80 % K*
1 30%
(1) . 1990.
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SiO, —1.8% ~16.3%
1999 2004 Nb Ta Zr Hf
Ti 2
2
Fe?* Felt 1
TiO, Ti Nb Ta Zr Hf
28.3% Ti Nb Ta Zr Hf
~84.2% 2 Nb Ta Zr HIf
3.3 Ti Nb Ta Zr Hf
Nb Ta Zr Hf
Ti Nb Ta Nb Ta 11.0 ~ 14.4 Zr Hf 25.6 ~
Zr Hf 1 29.7 Nb Ta=10.4 Zr Hf=27.1
TiO, 28.3%
43.5% Ti Nb Ta Zr Hf Nb Ta
TiO, 84.2% Nb Ta Zr Hf  Zr Hf
Ti
2 Ti Nb Ta Zr Hf wg 107°

Table 2 Element abundance characteristics of Ti Nb Ta Zr Hf in the weathered and fresh ore-bearing porphyry
in the Chengmenshan copper deposit wy 107¢

Ti Nb Ta Nb Ta” Zr Hf Zr HI”
CH-2-1 3729 2599 15.8 11.0 1.09 0.76 14.5 178 124 6.34 4.42 28.1
CH-3-1 3437 2395 15.4 10.7 1.13 0.79 13.6 160 111 6.41 4.47 25.0
CH-4-1 3930 2739 17.0 11.8 1.15 0.80 14.8 172 120 6.85 4.77 25.1
Ch-5-1 3556 2478 13.7 9.5 0.93 0.65 14.7 155 108 6.38 4.46 24.3
3663 2553 15.5 10.8 1.01 0.75 14.4 166 116 6.50 4.53 25.6
CH-6-1 2939 2291 7.25.6 0.52 0.41 13.8 147 115 5.13 4.00 28.7
CH-7-1 2850 2221 6.3 4.9 1.02 0.80 6.1 166 129 5.69 4.43 29.2
CH-8-1 3139 2447 9.3 7.2 0.86 0.67 10.8 198 154 6.22 4.85 31.8
CH-9-1 2701 2105 6.5 5.1 0.61 0.48 10.7 159 124 5.40 4.21 29.4
CH-10-1 2998 2337 12.4 9.7 1.08 0.84 11.5 206 161 7.36 5.14 28.0
Ch-11-1 2686 2094 5.6 4.4 0.44 0.34 12.7 158 123 5.06 3.94 31.2
2885 2249 7.9 6.2 0.76 0.59 11.0 172 134 5.81 4.53 29.7
o 2775 11.4 0.86 3.3 160 4.9 32.7
CH2-1-1 3078 1675 7.8 4.2 0.61 0.33 12.8 143 78 4.74 2.57 30.2
CH2-2-1 1611 875 3.3 1.8 0.36 0.20 9.2 130 71 4.76 2.58 27.3
CH2-3-1 1656 899 3.6 2.0 0.34 0.18 10.6 127 69 4.73 2.56 26.8
CH2-4-1 1502 815 5.4 2.9 0.65 0.35 8.3 133 72 4.43 2.40 30.0
CH2-5-1 1220 662 3.8 2.1 0.34 0.18 11.2 102 55 4.75 2.58 27.2
1813 984 4.8 2.6 0.46 0.25 10.4 127 69 4.68 2.54 27.1
o 980.00 30.00 3.20 9.40 165.00 7.20 22.9
TiO, 28.3% TiO, 43.5% TiO, 84.2% 1

(1) . 1990.
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Table 3 Geochemical features of REE in the weathering process of granodiorite porphyry in the Chengmenshan copper deposit
CIA dEu” SCe ZY* SREE 10 ¢
CH-6-1 97 0.94 3.99 78.85
CH-7-1 79 0.75 5.21 142.42
CH-8-1 79 0.79 4.50 97.79
CH-9-1 81 0.84 6.50 110.97
CH-10-1 81 0.83 7.70 141.42
CH-11-1 73 0.87 3.94 141.20
d 59 0.81 6.00 104.98
* 1
1000 1000
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Fig. 4 Chondrite-normalized REE patterns of granodiorite

porphyry in the Chengmenshan copper deposit

(1) . 1990.
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Fig. 5 Chondrite-normalized REE patterns of quartz
porphyry in the Chengmenshan copper deposit
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Table 4 Geochemical features of REE in the weathering process of quartz porphyry in the Chengmenshan copper deposit

CIA SEu” SCe SY* SREE 10°°
CH2-1-1 92 0.62 4.75 193.86
CH2-2-1 81 0.62 5.06 139.33
CH2-3-1 67 0.67 4.38 96.82
CH2-4-1 66 0.87 4.45 94.58
CH2-5-1 55 0.83 3.20 64.25
o 57 0.73 3.30 77.69

SCe Y SEu Pub. House. 379p in Chinese .
Chen] Ji]J F Chou G LuH H and Zhu H B. 1997. Geochemical
SEu = 0.81 SEu = characteristics of chemi(‘jal we‘atherin.g inte.nsity of 10f:§s and'palf:o'sol
from the Luochuan section Shaanxi Province J . Science in China
0.73 2Ce 2Y 4~8 Series D 27 6 531-536 in Chinese
3~5 Chen J and Wang H N. 2004. Geochemistry M . Beijing Sci. Press.
280-282 in Chinese .
Chi Q Hand Yan M C. 1998. Applied geochemistry element abundances
data manual M . Beijing Geol. Pub. House. 148p in Chinese .
Geuveia M Prudgncio M and Figueiredo M. 1993. Behavior of REE
and other trace and major elements during weathering of granitic
rocks Evora Portugal J . Chem. Geol. 107 293.
GuSY Wan G Q and Mao J Q. 2003. Chemical weathering for dacite
2 in Pingxiang Guangxi J . Geochimica 32 4  328-334 in Chi-
nese with English abstract .
Huang C M and Wang C S. 2002. Geochemical features of rare earth
Ca Mg Na K elements in process of rock weathering and soil formation J . Chinese
Si Al Ti Fe Rare Earths 23 5  46-49 in Chinese with English abstract .
Huang EB Zhang N T and Luo Z S. 1990. The genesis of the Cheng-
T menshan and Wushan copper deposits J . Mineral Deposits 9 4
Nb Ta Zr Hf Nb Ta 7r 291-300 in Chinese with English abstract .
Kurtz A C Derry L A and Chadwick O A. 2002. Refractory element
Hf 2REE =77.69 mobility in volcanic soils J . Geol. 28 683-685.
X 1076 ~104 % 1076 LiWQ GuL X and Tang J. 2006. Behavior of rare earth elements
0Eu>0.73 =Ce XY 3 during weathering of sulphide at Wushan copper Mine Jiangxi
~8 Province China J . J. Chinese Rare Earth Society 24 3  350-
356 in Chinese with English abstract .
LiuY J. 1993. Element geochemistry M . Beijing Geol. Pub. House.
281p in Chinese .
Luo J A. 2003. Research on hypergene change and secondary enrich-
ment in Chengmenshan copper deposit J . Jiangxi Nonferrous Met-
als 17 4 11-13 in Chinese with English abstract .
Luo J A. 2006. Occurrence and distribution on the gold and silver asso-
References ciated Chengmenshan copper deposit J . Nonferrous Metals Min-
ing Section 58 5 10-11 in Chinese with English abstract .

Luo] A and Yang G C. 2007. Geological features and genesis of the
Chang Y F Liu X P and Wu Y C. 1991. The copper-iron belt of the

Chengmenshan copper deposit J . Mining Technology 21 3
Middle and lower reaches of Yangtze River M . Beijing Geol.

284-286 in Chinese with English abstract .

(1) . 1990. -



29 3

509

MaJL WeiG] XuYG Long WG and Sun W D. 2007. Mobiliza-
tion and redistribution of major and trace elements during extreme
weathering of basalt in Hainan Island South China J . Geochim.
Cosmochim. Acta 71 3223-3237.

MaY ] HuoR K and Xu Z F. 2004. REE behavior and influence fac-
tors during chemical weathering ] . Advance in Earth Sciences 19

1 87-94 in Chinese with English abstract .

Ma Z D and Shan G X. 1997. Geological geochemical studies of the for-
mation mechanism of* integral whole of multiplaces” large and su-
perlarge copper deposits in the middle and lower reaches of the
Yangtze River ] . Mineral Deposits 16 3 225-234 in Chinese
with English abstract .

Meng L Y. 1996. Metallogenic model of copper deposit of the middle and
lower reaches of Yangtze River J . Science in China Series D 26

1 21-25 in Chinese .

Nesbitt H W. 1979. Mobility and fractionation of rare earth elements
during weathering of a granodiorite J . Nature 279 206-210.

Nesbitt HW and Yong G M. 1982. Early proterogic climates and plate
motions inferred from major element chemistry of lutites ]
Nature 299 715-717.

Nesbitt HW and Markovics G. 1997. Weathering of granodioritic crust
long-term storage of elements in weathering profiles and petrogene-
sis of siliciclastic sediments J . Geochim. Cosmochim. Acta 61
1653-1670.

Pan CJ Xi CZand Liu W. 2007. The study of enrichment and mineraliza-
tion laws and prospecting direction at Chengmenshan copper-molybdenum
deposit in Jiangxi Province J . Mining and Metallurgical Engineering
27 6 15-18 in Chinese with English abstract .

Song Z L. and Huang B. 2002. A discussion on quantitatively determining
chemical element mobility of rock-weathering process J . Geotectonica
et Metallogenia 26 3 300-305 in Chinese with English abstract .

Tan H'Y and Xi C Z. 2009. Geological features and genesis of the
Chengmenshan copper-molybdenum deposits in Jiangxi Province

J . West-China Exploration Engineering 6 101-105 in Chinese
with English abstract .

WuHW Shang YJ QuY X and Banna P M. 1999. Chemical weath-
ering indices classification and zoning of weathered granitic rock in
Hong Kong J . J. Engineering Geol. 7 2 125-134 in Chinese
with English abstract .

Wu L S and Zou X Q. 1997. Re-Os isotopic age study of the Chengmen-
shan copper deposit Jiangxi Province ] . Mineral Deposits 16

4 376-381 in Chinese with English abstract .

WulL Sand YuZZ 1999. Two mesozoic tectonic events in Jiurui area
Jiangxi Province and their controlling role in rock forming and ore
forming activities J . Mineral Deposits 18 2 129-137 in Chi-
nese with English abstract .

WuXY Luo]Jand Wei Y Y. 2004. Research of rock weathering and
chemical composition of rock J . Geol. & Prospect. 40 4  85-
88 in Chinese with English abstract .

ZhaoJH Wang D FanBS LuHL Zhang XY QuW ] WenL]
and Li D P. 2004. Geochemical characteristics of the loess deposit

at Yan' an and its implication to changes of East Asia summer mon-

soon during the past 130 ka ] . Geochimica

Chinese with English abstract .

. 1992. M .
. 379
. 1997.
J D 27 6  531-536.
. 2004. M . . 280-282.
. 1998. M .
. 148
. 2003.
J. 32 4 328-334.
. 2002. J.
235  46-49.
. 1990. J.
49  291-300.
. 2006.
J. 24 3 350-356.
. 1993. M . . 281
. 2003. ]
17 4 11-13.
. 2006.
Jik 58 5 10-11.
. 2007. J.
21 3 284-286.
. 2004.
J. 191 87-94.
. 1997.
J. 16 3 225-234.
. 1996. I D
26 1 21-25.
. 2007.
I 27 6 15-18.
. 2002.
J. 26 3 300-305.
. 2009. I
6 101-105.
. 1997. - ]
4 16 376-381.
. 1999.
I 18 2 129-137.
Bann P M. 1999.
J. 72 125-134.
. 2004.
J. 40 4 85-88.
. 2004. 13
] 335 495-500.

33 5 495-500 in



