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Abstract Systematic studies have been carried out on REE compositions of hydrothermal alterated marbles, massive garnet
skarns and ores, as well as garnet and quartz formed in multi-stage skarn and deposit formation. The results show that strata-
bound skarn and its related Cu deposits were formed in a complex hydrothermal system during multi-sage infiltration
metasomatism. The REE characteristics of skarns, however, are similar to those of the marbles. They were not simply
inherited from the marble protolith, but were controlled by garnets, and the latter's were determined by the hydrothermal
solutions participating infiltration metasomatism. The related hydrothermal fluids characterized with slightly right-hand dip
REE patterns, are enriched in LREE and have strong negative Eu anomalies. The uptake of REE from hydrothermal fluid
during garnet crystallization resulted in that garnet shared the similar REE patterns. REE in skarns were provided mainly by
hydrothermal fluids associated with the emplacement of granodiorite plutons in the mining district. Based on the dimensional
variation of REE in skarns combining with the structures of hosting strata, the transporting route and pattern of fluids involved
in the formation of skarns and related deposits can be better understood. The present study demonstrates that extensive REE
metasomatism can occur in hydrothermal system at shallow to intermediate depths and REE geochemistry are useful in
discerning the origin of skarns and skarn-related deposits.

Key words REE behavior, Hydrothermal geochemistry, Strata-bound skarn, Dongguashan Cu(Au) deposit
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Fig. 1 Simplifieded geological cross-section showing sample locations. (a) along the strata. (b) across the

strata in the drill core No. ZK5811
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1 . (%) (107°) (107°,%)
Table 1 Major-element (%), REE(107°) and Cu (10™°%, %) concentrations of the altered marbles and skarns

D1 D2 D3 D4 D5 D6 D7 Cp(6) DSK1 DSK2 DSK3 DSK4 DSK5 DSK6 DSK7 DSKS8

SiO; 43.87 41.86 37.61 33.37 14.06 4.89 1.95 0.43 39.86 41.78 40.69 44.64 42.94 40.39 40.28 43.15
TiO; 0.57 0.52 0.56 0.36 0.34 0.33 0.36 0.11 2.47 0.43 0.8 0.27 0.52 2.87 0.14 0.35
Al,Os  17.24 16.86 11.92 7.36 0.97 0.88 0.68 0.2 16.28 15.98 14.55 14.61 9.62 7.15 8.50 6.3

FeO~ 10.11 11.89 13.60 15.00 0.51 0.65 0.96 0.68 5.48 8.8 7.55 8.26 14.33 13.65 15.02 14.74
MnO 0.03 0.41 0.4 0.38 0.04 0.03 0.02 0.05 0.24 0.48 0.20 0.59 0.34 0.18 0.12 0.22
MgO 2.4 3.83 2.10 1.00 0.73 0.93 0.91 0.33 2.29 2.65 2.33 3.34 2.95 3.28 0.67 4.94
CaO 24.21 22.62 30.6 38.4 44.19 50.91 53.6 54.78 32.54 28.98 32.57 27.39 28.68 31.08 34.86 29.79
Na; O 0.6 0.88 0.23 0.25 0.61 0.8 0.03 0.05 0.28 0.31 0.28 0.20 0.21 0.23 0.22 0.19
KO 0.26 0.42 0.61 0.44 0.24 0.41 0.07 0.04 0.24 0.26 0.61 0.44 0.07 0.41 0.12 0.26
P, 05 0.02 0.03 0.06 0.02 0.03 0.03 0.0l 0.01 0.04 0.05 0.03 0.02 0.03 0.02 0.03 0.03
CO, 0.54 0.57 2.10 3.25 38.12 39.98 41.12 43.23

Total ~ 99.85 99.89 99.79 99.83 99.84 99.84 99.71 99.91 99.72 99.72 99.61 99.76 99.69 99.26 99.96 99.97

Cu 842.49 644.66 199.18 54.05 ©52.05 20.62 21.41 17.54 0.22 0.13 0.12 0.08 0.06 0.03 0.03 0.01

La 21.94 14.21 6.16 3.33 2.11 2.12 1.57 1.25 23.82 27.43 33.41 26.23 24.35 25.64 21.39 22.55
Ce 47.10 28.12 12.64 6.75 3.71 4.66 3.71 2.12 38.40 54.74 56.49 51.36 48.80 47.83 48.03 43.41
Pr 5.11  3.64 1.33 1.02 0.66 0.54 0.48 0.18 4.34 6.71 5.08 6.15 6.39 5.05 5.64 4.94
Nd 18.65 11.66 4.50 3.29 2.03 1.64 1.62 0.56 33.32 22.17 15.32 22.92 23.14 19.72 22.39 18.3
Sm 4.28 2,12 0.87 0.69 0.31 0.29 0.32 0.13 8.61 5.68 2.47 4.25 4.51 3.81 4.72 3.6
Eu 0.59 0.31 0.14 0.13 0.06 0.07 0.07 0.04 1.58 0.97 0.46 0.68 1.01 0.67 0.91 0.62
Gd 3.83  1.88 0.75 0.61 0.28 0.31 0.26 0.15 9.68 4,38 3.69 3.65 3.68 3.98 3.9 2.81
Tb 0.56 0.29 0.10 0.08 0.04 0.04 0.04 0.04 1.50 0.62 0.66 0.49 0.41 0.63 0.57 0.38
Dy 3.02 1.70 0.84 0.43 0.24 0.29 0.25 0.23 816 3.32 4.97 2.63 2.14 3.8 3.09 1.99
Ho 0.65 0.31 0.16 0.10 0.04 0.06 0.05 0.05 1.64 0.63 1.19 0.51 1.00  0.86 0.60 0.40
Er 1.66 0.91 0.51 0.29 0.10 0.17 0.13 0.15 4.05 1.62 3.39 1.23 1.42 2.32 1.67 1.06
Tm 0.24 0.12 0.08 0.04 0.02 0.02 0.02 0.03 0.61 0.24 0.53 0.19 0.4 0.35 0.23 0.15
Yb 1.52  0.92 0.45 0.28 0.15 0.17 0.15 0.12 3.23 1.99 3.75 1.78 1.75 2.32 1.84 1.26
Lu 0.22 0.13 0.08 0.04 0.02 0.03 0.02 0.02 0.48 0.27 0.56 0.20 0.24 0.31 0.23 0.16
pX 109.37 66.32 28.61 17.08 9.77 10.41 8.69 5.06 139.42 130.77 131.97 122.27 119.24 117.34 115.21 101.63
Eu/Eu® 0.44 0.47 0.52 0.60 0.61 0.71 0.72 0.79 0.53 0.57 0.47 0.52 0.74 0.52 0.63 0.58
(La/Sm)x 3.22  4.22  4.45 3.04 4.28 4.60 3.09 6.05 1.74 3.04 851 3.88 3.40 4.23 2.85 3.94

(La/Yb)y 9.73 10.41 9.23 8.02 9.48 8.41 7.06 7.02 4.97 9.29 6.0l 9.93 9.38 7.45 7.84 12.07

Cu*: DI-D7  Ch Cu :107%, DSK1-DSK8  Cu %; % [FeO™ ] ( Fe; O3 +FeO);
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2 (%) (107°)
Table 2 Major-element( % ) and REE(10 °) concentrations in garnets
DSK1 DSK2 DSK3 DSK4 DSK5 DSK6 DSK7 DSK8
Gnl Gn2 Gn3 Gn4 Gnb Gn6 Gn7 Gn8
SiO, 37.68 38. 05 37.96 37. 40 38.61 38.13 37.90 38. 37
TiO, 0. 45 0.67 0.78 0.45 0. 37 0.41 0. 38 0.28
Al; Oy 17.23 14. 90 16. 96 14. 20 10. 26 0. 65 5.07 0. 69
FeO™ 9.43 8. 49 7. 40 13.24 18. 36 29. 54 24,13 28.04
MnO 0.48 0.74 0.24 1.79 0.13 0.01 0.62 0.55
MgO 0.24 0.28 0.13 0. 32 0.78 0.42 0.54 0. 56
CaO 34. 14 36. 40 35. 67 31. 65 31.06 30. 16 30. 98 31.12
Na; O 0. 06 0. 10 0.29 0.12 0.31 0.25 0.02 0. 04
K, O 0. 10 0.18 0.24 0. 14 0.07 0. 15 0.05 0.22
P,0s 0.05 0. 05 0. 06 0.08 0.02 0.03 0. 06 0.07
Total 99. 86 99. 86 99.73 99. 39 99. 97 99. 75 99.75 99. 94
La 18. 70 24. 56 19. 80 15.22 11.92 11. 89 11.92 1. 00
Ce 33.81 41. 36 35.10 32.41 35.93 33. 80 35.93 1. 86
Pr 4.23 4.84 4.35 5.54 4.21 5.13 4.21 0.23
Nd 18.98 17. 90 17. 80 20. 16 16. 27 18. 10 16. 27 0.75
Sm 6.35 3.39 3. 89 5.88 2.90 2.50 2.90 0.13
Eu 1.42 0.53 0.55 0. 86 0.57 0.41 0.46 0. 04
Gd 7.93 2.62 3.42 2.63 2.20 2.00 2.20 0.15
Tb 1.03 0. 45 0. 54 0.29 0.41 0.27 0.41 0.03
Dy 4. 90 2.24 3.14 1.71 1.74 1.10 1.74 0.21
Ho 0.82 0. 54 0.62 0.43 0.52 0. 30 0.52 0. 05
Er 2.32 1.17 1. 84 0.78 1. 04 0. 60 1. 04 0.12
Tm 0.32 0.19 0. 26 0. 10 0.21 0.09 0.21 0.02
Yb 1. 82 1.37 1.71 0.98 1. 00 0.67 1. 00 0.12
Lu 0. 30 0.19 0. 24 0.11 0.13 0.10 0.13 0.02
3 102.93 101. 35 93. 26 87.10 79.05 76.96 78.94 4.73
Eu/Eu” 0.61 0.52 0.45 0.58 0. 66 0.54 0. 54 0. 87
(La/Sm)y 1.85 4. 56 3. 20 1.63 2.59 2.99 2.59 4. 84
(La/Yb)n 6.93 12.09 7.81 10. 47 8. 04 11. 96 8. 04 5.62
FeO* — ( Fe; O3 +FeO) s : B
REE s s o LREE
s .
( ,1999) . REE o 1.2 . REE
REE s
JEu s
4.2 REE
s REE

REE
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3 . . (10°°)
Table 3 Major-element (%) and REE(10™°) concentrations in ores, quartz, calcite and calcite
ZK5817 ZK5811 ZK580  ZK5810 —730 —1730 ZK5817  ZK5811 ZK580  ZK5810 =730 *
Orel Ore2 Ore3 Ored Qz1 Qz2 Qz3 Qz4 Qz5 Qz6 Ce(3) (2)
La 5. 28 2.52 1.31 1. 18 1.42 1.48 1.13 0. 87 0.61 0. 69 25.32 45.63
Ce 10. 31 4. 86 3.24 2.46 2.23 2.43 1.45 1. 37 0.93 0.77 51.59 85. 64
Pr 1. 06 0.68 0. 35 0.35 0.25 0. 26 0. 14 0.14 0. 10 0.10 6.03 9. 64
Nd 4.32 2.38 1. 40 1.51 1.13 0.99 0. 65 0.52 0. 40 0. 45 24.68 34.58
Sm 0.67 0.53 0. 46 0. 38 0. 35 0.32 0.17 0.17 0.11 0.11 5.37 6.57
Eu 0. 14 0.12 0.11 0.08 0.07 0.05 0.03 0.03 0.03 0.02 1. 81 1. 64
Gd 0.62 0. 65 0.51 0.4 0.43 0. 34 0.23 0.19 0. 25 0.18 4. 50 4.58
Th 0.08 0. 15 0.09 0.09 0.08 0.08 0.04 0. 04 0. 04 0.03 0. 65 0.70
Dy 0. 36 1.12 0.45 0.47 0. 39 0. 50 0.17 0.27 0. 33 0.17 3.43 3.99
Ho 0.08 0.25 0.11 0. 10 0. 10 0.13 0. 04 0. 05 0.07 0. 04 0.59 0. 69
Er 0.2 0. 65 0.23 0. 26 0.24 0.32 0.12 0.12 0.22 0. 10 1.47 1. 86
Tm 0.03 0.11 0.03 0. 04 0.03 0.05 0.02 0.02 0. 04 0.01 0.19 0.32
Yb 0.23 0.62 0.18 0.23 0.12 0.13 0.12 0.07 0. 06 0. 06 1. 29 1. 89
Lu 0. 04 0.07 0.03 0.03 0.02 0.03 0.02 0.01 0.02 0.01 0.17 0. 30
3 23.42 14.71 8. 50 7.58 6. 86 7.11 4.33 3. 87 3.21 2.74 127.09 198. 04
Eu/Eu” 0. 65 0.62 0. 69 0.62 0.55 0. 46 0.46 0.51 0.53 0.43 1.10 0. 84
(La/Sm)n 1. 96 2.99 1.79 1.95 2.55 2.91 4.18 3.22 3.49 3.95 2.97 1.75
(La/Yb)n  15.48 2.74 4.91 3.46 7.98 7.68 6.35 8.38 6. 85 7.75 13.23 5.18
Orel —4: s Qz1—2. , Qz3—6: , Ce: .
* :ZK5815, ZK5811 ZK5810; ( ,1999),
. . s Ca**
REE o RCa*" =0. 120nmS, LREE
(Alderton et al. 1980; Humphris,1984; Chen, et al. ( , 1995), ,LREE HREE
1992), REE : Ca*" s
[@D) REE ; (2) REE ; (3)REE (Gn2.Gn4 Gn6)
REE o s s o
s , / REE REE s
s REE . REE .
D s Eu , Eu
s REE REE REE s s Eu
(C;h). (G s » Culler and Graf(1984) , Eu
REE REE
, REE N ((La/Yb)x Eu . , Sverjensky
). Eu y , REE (1984) s ,Eu
R . REE . s Eu*’ Eu’’,
REE . ,  REE Eu* REE R ,Cressey (1987)
REE o Arran Eu s -
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