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Abstract Rare earth elements and other trace elements in altered phyllite and its fresh counter part were determined in or-
der to examine behavior of the trace elements during hydrothermal alteration in Shuanggishan group. a set of low-metamor-
phic rock in Yinshan polymetallic area of northwestern Jiangxi province. It is demonstrated that behavior of the trace elements
during alteration were extremely complicated. The trace element characteristics are as follows: (1) Instead of being leached,
REE contents were higher in the altered phyllite in a magnitude range from 8. 6% to 54. 8% than in their fresh counterparts,
excepting samples on the contact with lower REE concentrations. Less than 45% of the increment REE contents were caused
by the “condensed” effect of mass transfered of major elements such as Si, Na, Mg etc. removed {rom the rock, and larger
than 55% of which should be responsible for the addition of REE into the rock from hydrothermal fluid that caused rock alter-
ation. Significantly lower contents of REE in samples on the contacts of intrusion were ascribed to the dilution caused by
much more higher contents of REE barren-mineral such as quartz, pyrite and sphalerite in the rock. (2) The acting hy-
drothermal fluid was characterized by low SLREE/SHREE ratios and in a reductive state, resulting in a less partition be-
tween LREE and HREE in altered phyllite and evident loss of Eu that caused by Eu®" was reduced into more mobile Eu’" and
was removed from phyllite. Dissolution of feldspars may also be responsible for part of SLREE/SHREE ratio decreased in al-
tered rock by causing selective mobility of LREE and removed out. (3) LIL elements such as Rb. Sr. Ba show different be-
havior due to their hosting phases changed in different ways. Hf, Th, U, V, Cr, Co, Nb, Mo, Ta and Zr show immobility
during hydrothermal alteration. Y and Sc were carried off while the ore-forming elements such as Cu, Pb, Zn, Ag and Sn
were introduced into altered phyllite by hydrothermal fluid during hydrothermal alteration.
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Fig.1 a. Geological sketch map of the Yinshan mining district, showing the alteration zone of phyllites and the spatial po-

sitions of intrusions and orebodies; b. the distribution of samples in the main geological profile. The dashed line stands for

ore bodies, which are not revealed in the main geological profile, but are a profile projection.
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sericite-phyllite around the intrusion in Yinshan deposit

Variation diagrams of Si and ZREE in altered
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Table 1 Major element compositions (%) of phyllite in Yinshan deposit

3HW Ys10 Ys9 Ys8 Ys7 Ys6 Ys5 Ys4 Ys3 Ys2 Ys1
SiO, 63.9 47.75 53.7 50. 00 51.96 51.04 59. 88 60. 58 62.48 63.97 67. 36
TiO, 0. 82 1.02 0. 001 0. 002 0. 30 0. 37 0.57 0. 001 0. 001 0. 40 0.002
AlLOy 16. 42 17.01 17.95 14.17 20. 31 22. 86 15.99 22.2 16. 77 17.95 16. 06
Fe,04 1.54 1.63 13.18 19. 28 4.33 4. 74 4.48 5.63 7.26 1.10 5.39
FeO 5. 77 11.67 1.12 0.72 6.57 4.66 5.02 1.07 0. 84 4.10 0. 81
MnO 0.1 0. 34 0. 07 0.01 1.49 1. 26 0. 45 0.03 0.02 0.01 0.01
MgO 1.98 4. 80 0.8 0.2 2.90 2.10 1. 05 0.6 0.4 0. 60 0.3
CaO 0.5 4.90 0.1 0.1 0. 90 0. 60 0. 32 0.2 0.4 0. 50 0.2
Na,O 0. 64 1. 39 0.12 0.15 0. 30 0. 26 0.08 0.18 0.15 0.09 0.1
K,O 4. 34 1. 00 4.53 3. 14 4.17 5. 60 4. 80 5.1 4. 31 5.90 4.19
P,05 0.1 0.23 0. 001 0. 001 0. 08 0. 25 0. 50 0. 001 0. 002 0.12 0. 001
3.52 7.69 8.07 12.1 5.92 5.97 6. 30 3. 88 6.97 4.50 4.9
99.63 99.43 99. 642 99. 873 99. 23 99.71 99. 44 99. 47 99. 60 99. 24 99. 32
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Fig. 3 Chondrite-normalized REE patterns of altered Fig. 4  Average original rocks normalized diagram of
sericite-phyllite and its original rocks in Yinshan deposit REE in altered wallrock in Yinshan deposit
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Table 2 REE and other trace element compositions (X 10 °) of altered and fresh phyllite and quartz vein in Yinshan area

(3)  Yslo Ys9 Ys8 Ys7 Ys6 Ys5 Ys4 Ys3 Ys2 Ysi 4)
La 29. 34 42.72 43.59 45.53 40. 44 39. 56 34. 04 32. 44 33.72 28.33 28.23 0. 34
Ce 63.83 91.63 95.53 98. 38 98. 31 86. 95 73.79 71.08 69.43 62. 00 58. 35 0.63
Pr 7.29 10. 10 10.53 10. 75 12.61 10. 64 8.59 8. 00 7.89 6. 84 6.72 0.07
Nd 30. 45 40. 91 42.23 41. 57 50. 15 41.90 35. 67 30. 82 32.21 26.56 27.12 0.14
Sm 6. 64 7.73 8.22 7.85 9.10 8. 04 7.07 6. 29 7.16 5.47 5.56 0. 05
Eu 1.73 1.72 1.79 1.79 1. 86 1.79 1. 65 1.49 1.48 1. 45 1. 85 0.03
Gd 5.49 7.37 7.66 7.57 8.12 7.61 6.48 5.68 5.94 5.33 5.53 0. 04
Th 0.73 1.07 1.11 1. 28 1.15 1.19 0.92 0.79 0.76 0. 83 0. 88 0.01
Dy 3.28 6. 49 6.98 7.77 6. 82 7.38 5. 38 4.32 3. 69 4.96 5.08 0. 07
Ho 0.71 1. 30 1.41 1.61 1. 36 1.51 1.03 0. 81 0. 69 1.04 0. 98 0.01
Er 2.12 3.61 4.29 4.74 4. 00 4.51 2.91 2.55 2.23 3. 26 3.23 0. 06
I'm 0.33 0. 55 0.63 0. 69 0.58 0. 66 0.45 0. 37 0. 39 0.49 0.47 0.01
Yb 2.44 3. 82 4.59 5.32 4. 37 4.96 3. 10 2.95 2.96 3. 34 3.42 0.07
Lu 0. 37 0.53 0.61 0.72 0.61 0.67 0.43 0.46 0. 47 0.49 0. 49 0.01
Rb 154.75 159.90 157.96 190.92 155.91 174.44 147.42 172.68 181.93 161.75 156.16 1.11
Sr 156.77 86. 99 154.20 111.63 148.57 132.91 1138.36 177.89 171.93 64.10 168.70 2.14
Y 29. 62 33.21 37.17 41.14 35. 36 39.16 26.95 21.45 18.19 27.04 26.76 0.61
Zr 168.56  226.33 226.85 236.38 243.78 239.11 218.21 219.52 228.23 219.58 215.98 1.92
Ba 394.24 728.00 615.49 655.45 695.49 635.47 815.36 698.34 589.19 758.55 810.47 —
Hf 5. 34 7.20 8. 24 9.47 8. 06 8. 85 6. 05 6. 96 7.56 7.08 6.61 0. 04
Th 7.58 11. 00 12. 25 13. 56 12. 88 12.91 8. 64 11. 46 12.59 9. 80 9.53 0.11
U 1.58 2.31 2.48 2.77 2.50 2.62 1.94 2.73 4. 04 2.46 3.67 0. 02
Sc 31. 82 17.98 22.48 22.72 17.98 22.60 13.42 17. 37 18. 32 16. 68 16. 27 n.d.
\ 85.23 113.14 134.98 138.67 113.14 136.82 62.79 122.96  139.97 108.40 87. 81 n. d.
Cr 70. 54 96. 04 112.14  130.47 96. 04 121.30  114.63 111.76  134.20 75.41 95.52 n. d.
Co 16. 47 16.92 20. 39 25.09 16.92 22.74 10. 81 12.73 13.12 13.13 11.73 n.d.
Ni 53.91 35. 81 37.58 41.62 35. 81 39. 60 10. 97 26.49 19. 46 24. 46 18.02 n. d.
Cu 46. 82 91.61 90. 56 58.41 91. 61 74.49 223.44  179.42  407.78  326.57  690.97 n.d.
Ag 0.14 0.57 0. 85 2.35 0.57 1. 60 15.58 1.82 2.93 26. 46 3.13 n. d.
Pb 17. 46 50.41 56.10 248. 48 50.41 152.29 786.23 116.75 43.41 734.46  161.54 n.d.
Zn 98. 66 136.40 162.42 772.09 136.40 467.26 845.33 129.68 47.06 654.67  320.93 n. d.
As 21.12 15.53 36. 69 60. 84 15.53 48.76 560.00 422.69 679.61 702.33  730.87 n.d.
Se 5.13 4.79 5.07 9.23 4.79 1.23 7.15 6.75 7.20 3.34 4. 65 n.d.
Nb 7.61 11.99 15. 20 18.22 11. 99 16. 71 8. 90 11.21 11. 60 12. 38 9.63 n. d.
Mo 0.51 0.95 0. 54 0.90 0.95 0.72 2. 54 1. 06 0. 54 0. 50 0.75 n.d.
Cd 0.48 0.33 0.52 1.41 0.33 0.96 59.52 1.47 0.47 44. 95 0.61 n. d.
Sn 3.98 7.79 10. 45 8. 98 7.79 9.71 15.11 49.12 15.98 19.72 15.53 n. d.
Ta 0.52 9.74 7.01 5.08 0. 82 1.12 0. 60 0.78 0. 80 0. 89 0.61 n.d.
w 2.79 0. 82 1.08 1.16 1.50 3.68 13. 46 71.02 50. 43 15.94 24.73 n.d
SREE 154.75 219.53 229.17  235.57 239.48 217.37 181.51 168. 05 169.02  150.39 147.91 1.54

SLREE/ _

SHREE 24. 89 21.82 18. 95 17. 11 21.08 16. 58 22.07 22.49 23. 68 16. 32 15. 82 7.87
oCe 1.02 1.03 1. 04 1.04 1.04 1. 00 1.01 1.03 0.99 1. 04 0.99 0.93
O0Eu 0. 85 0. 69 0.68 0.70 0. 65 0. 69 0.73 0.75 0. 68 0. 81 1.01 1.99

(La/Smy 2.78 3.48 3.33 3. 65 2. 80 3.10 3.03 3.24 2.96 3. 26 3.19 4.28
(La/Yb)x 8. 11 7.55 6.40 5.77 6. 24 5.38 7.40 7.41 7.68 5.72 5.57 3.27
(Ce/Yb)n 6.77 6. 21 5. 38 4.78 5.82 4.53 6.16 6.23 6.07 4. 80 4. 41 2.33

ICP-MS

« » “« »
n.d. 34
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Table 3 Variation of trace-element / Zr ratios between altered wallrock and its original values in Yinshan area

Zr

105

Ys10 Ys9 Ys8 Ys7 Ys6 Ys5 Ys4 Ys3 Ys2 Ys1
La 17. 4 18.9 19.2 19.3 16.6 16.5 15.6 14. 8 14.8 12.9 13.1
Ce 37.9 40.5 42.1 41. 6 40. 3 36.4 33.8 32.4 30. 4 28.2 27.0
Pr 4.3 4.5 4.6 4.5 5.2 4.4 3.9 3.6 3.5 3.1 3.1
Nd 18.1 18.1 18.6 17.6 20. 6 17.5 16. 3 14.0 14.1 12.1 12.6
Sm 3.9 3.4 3.6 3.3 3.7 3.4 3.2 2.9 3.1 2.5 2.6
Eu 1.0 0.8 0.8 0.8 0.8 0.7 0.8 0.7 0.6 0.7 0.9
Gd 3.3 3.3 3.4 3.2 3.3 3.2 3.0 2.6 2.6 2.4 2.6
Tb 0.4 0.5 0.5 0.5 0.5 0.5 0.4 0.4 0.3 0.4 0.4
Dy 1.9 2.9 3.1 3.3 2.8 3.1 2.5 2.0 1.6 2.3 2.4
Ho 0.4 0.6 0.6 0.7 0.6 0.6 0.5 0.4 0.3 0.5 0.5
Er 1.3 1.6 1.9 2.0 1.6 1.9 1.3 1.2 1.0 1.5 1.5
Tm 0.2 0.2 0.3 0.3 0.2 0.3 0.2 0.2 0.2 0.2 0.2
Yb 1.4 1.7 2.0 2.3 1.8 2.1 1.4 1.3 1.3 1.5 1.6
Lu 0.2 0.2 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.2
Rb 91.8 70. 6 69. 6 80. 8 64. 0 73.0 67. 6 78.7 79.7 73.7 72.3
Sr 93.0 38.4 68.0 47.2 60.9 55.6 51.9 81.0 75.3 29.2 78.1
Y 17.6 14.7 16.4 17.4 14.5 16. 4 12.4 9.8 8.0 12.3 12.4
Ba 233.9 321.7 271.3 277.3 285.3 265.8 373.7 318.1 258.2 345.5 375. 3
Hf 3.2 3.2 3.6 4.0 3.3 3.7 2.8 3.2 3.3 3.2 3.1
Th 4.5 4.9 5.4 5.7 5.3 5.4 4.0 5.2 5.5 4.5 4.4
U 0.9 1.0 1.1 1.2 1.0 1.1 0.9 1.2 1.8 1.1 1.7
Sc 18.9 7.9 9.9 9.6 7.4 9.5 6.2 7.9 8.0 7.6 7.5
\Y% 50. 6 50. 0 59.5 58.7 46. 4 57.2 28.8 56.0 61.3 49. 4 40.7
Cr 41. 8 42.4 49. 4 55.2 39.4 50.7 52.5 50.9 58.8 34.3 44.2
Co 9.8 7.5 9.0 10.6 6.9 9.5 5.0 5.8 5.7 6.0 5.4
Ni 32.0 15.8 16. 6 17.6 14.7 16. 6 5.0 12.1 8.5 11.1 8.3
Cu 27.8 40.5 39.9 24.7 37.6 31.2 102. 4 81.7 178.7 148.7 319.9
Ag 0.1 0.3 0.4 1.0 0.2 0.7 7.1 0.8 1.3 12.1 1.4
Pb 10.4 22.3 24.7 105.1 20.7 63.7 360. 3 53.2 19.0 334.5 74.8
Zn 58.5 60. 3 71.6 326. 6 56.0 195. 4 387.4 59.1 20. 6 298.1 148. 6
As 12.5 6.9 16.2 25.7 6.4 20. 4 256. 6 192. 6 297.8 319.9 338. 4
Se 3.0 2.1 2.2 3.9 2.0 0.5 3.3 3.1 3.2 1.5 2.2
Nb 4.5 5.3 6.7 7.7 4.9 7.0 4.1 5.1 5.1 5.6 4.5
Mo 0.3 0.4 0.2 0.4 0.4 0.3 1.2 0.5 0.2 0.2 0.3
Cd 0.3 0.1 0.2 0.6 0.1 0.4 27.3 0.7 0.2 20.5 0.3
Sn 2.4 3.4 4.6 3.8 3.2 4. 6.9 22.4 7.0 9.0 7.2
Ta 0.3 4.3 3.1 2.1 0.3 0.5 0.3 0.4 0.4 0.4 0.3
w 1.7 0.4 0.5 0.5 0.6 1.5 6.2 32.4 22.1 7.3 11.5

o : (1) 3 (2)

o s
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