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Abstract Rare earth elements and other trace elements in altered phyllite and its fresh counter part were determined in
order to examine behavior of the trace elements during bydrothermal alteration in Shuanggishan group. a set of low-
metamorphic rock in Yinshan polymetallic area of northwestern liangxi 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, 64 to 54. 8% than in their fresh
counterpatts., excepting samples on the contact wirh lower REE concentrations. Less than 45% of the increment REE
contents were caused by the “condensed” effect of mass iransfered of major elements such as Si, Na, Mg ete. removed from
the rock. and larger than 55% of which should be responsible for tle addition of REE into the rock from hydrothermal [luwd
rhat caused rock alteration. Significantly lower contents of REE in samples on the contacts of intrusion were ascribed to the
dtlution caused by much more higher contents of REE barren-mineral such as quartz, pynite and sphalerite 1n the rock.
123 The acting hydrothermal flud was charactenzed by low ZLREE/ZHREE ratios and in a reductive state, resulting in a
less partition between LREE and HREE in altered phyllite and evident loss of Eu that caused by Eu*" was reduced into mere
mabile Eu*™ and was removed from phyllite. Dissolution of feldspars may also be respoensible for part of SLREE/ZHREE
ratio decteased in altered rock by causing selective mobility of LREE and removed out. {33 L1L elements such as Kb, Sc. Ba
show different behavior due to their hosting phases changed in different ways. Hf, Th, U. V. Cr. Co, Mb, Mo. Ta and Zr
show inmobility during hydrothermal alteration. Y and Sc were carried off while the ore-forming elements such as Cu, Phb.
Zn. Ag and Sn were inttoduced into altered phyllite by hydrothermal flud during hydrothermal altetation.

Key wards Low-metamarphic phylliee rock . Hydrathermal alteration, Geochemical bahavier of trace element. Yinshan
area
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Fig. 1

a. Geological sketch map of the Yinshan mining district. showing the alteration zone of phyllites and the spatial

positions of intrusions and orebodies; b. the distribution of samples in the main geclogical profile. The dashed hne stands

for ore bodies, which are not revealed in the main geological profile, but are a profile projection.
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Fig. 2

sericite-phyllite around the intrusion 1n Yinshan deposit

Varatjion diagrams of S and ZREE in altered
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Major element compositions L%;) of phyllite m Yinshan deposit
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502 63,9 47,75 53.7 50, 00 51. 96 51.04 50, R4 60. 58 62. 48 63. 97 47, 36
T ., K2 1.02 0. Dyl 0.2 O, 30 Q. 37 0. 57 3, u01 ¢, 001 0. 40 0. 02
ALK 16, 42 17.01 17,95 14. 17 20. 31 23,84 15. 94 2z 16. 77 17. 55 15. 05
Fe.l); 1. 54 1. 63 13,18 19. 28 4. 33 4. 74 4. 48 5. 63 7. 26 1.1¢ 5. 39
Fe(d 5. 77 11.67 1.12 0.72 6. 57 1. 68 5. 02 1. 07 0. 84 4,10 0. Bl
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Fig. 3 Chondrite-normalized REE patterns of altered

sericite-phyllite and ws original rocks in Yinshan deposit
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Table 2 REE and other trace element compositions{ > 107%) of altered and fresh phyllite and quartz vein in Yinshan area

BB Ys10 Ys9 Ys8 Ys7 YsB Ys5 Ys4 ¥sid Ys2 Ysl TEMW
La 25,34 42,72 43. 59 43. 53 40,44 3%, 36 34. 04 32,44 3. 72 28,33 28.23 Q.34
Ce G3. 83 b1, 63 95.53 08. 38 98. 31 86, 95 73. 79 v1, 08 60,43 62, 00 58. 35 0. 63
Pr v. 29 10, 10 10. 53 10.75 12.61 10. 64 8. 5% B. 00 7. 89 6. B4 6. 72 0. 07
Nd 30. 45 40, 91 42. 23 41,57 0. 13 41, 50 35.67 30 82 32.21 26. 56 27.12 0. 14
Sm 6. 64 7.73 B. 22 7. 85 10 B. 04 ¥.07 6. 29 7. 16 5.47 9. 06 0. 05
Eu 1.73 1.7z 1. 78 1.79 1. B& 1.79 1.65 1.49 1. 48 1.45 1. 85 Q.03
Gd 5. 49 7,37 7. 06 71.57 8. 12 7. 61 6. 48 5.68 5.94 5. 33 5.53 0. 04
Thb 0.73 1.07 1.11 1.8 1.13 1.19 0.9z 0. 79 0.76 0. 83 0. 88 Q.01
Dy 3. 28 6. 49 5. 98 .77 6. 82 7.38 h. 38 4. 32 3. 6% 4. 96 5. 0B Q. 07
Ho 0. 71 1. 30 1. 41 1. 61 1- 36 1.4l 1.03 0. 81 0. 69 1.04 0. 98 0,01
Er 2.12 3.41 4. 29 4.74 4. 00 4,31 251 2,35 2.23 3. 26 3. 23 Q. 06
Tm 0. 33 0. 55 0. 63 N 68 0. 58 O, 66 0. 45 0. 37 0. 3% 0.49 0.47 0.01
Th 2. 44 3.82 4. 59 3,32 4. 37 4. 96 3.10 2,85 2. 96 3.34 3. 42 0, 07
Lu Q. 37 0. 53 0. 61 0,72 0. 61 G 67 0.43 C. 46 0.47 0. 49 0. 4% Q.01
Rb 154.75 159.90  157.96 190.92 155.91 174.44 147.42 172.68 1B1. 93 161.75 156.16 1.11
Sr 156. 77 Bh. 04 154,20  111.63 148.57 13291 113.36 177.89 1I71.93 64.10 168, 70 2. 14
Y 249. 62 33. 21 ar 1v 41. 14 35. 36 3. 16 26. 45 21. 45 18.15 27.04 26.76 0. 61
i 168. 56 226.33 226.85 236.38 243,78 23911 214.21 21952 23B.23  Z219.58 215,98 1.92
Ba 384,24 72B.00 p15.4% £55.45  605.49 635,47 815.36 69B.34 5819  75R.55 B10.47 -
Hf 5. 34 7. 20 B. 24 947 8. 06 8. 85 6. 05 5. D6 7. 56 7.08 6. 61 0,04
Th 7.58 11. 00 1525 13. 56 12,38 12.91 8. 64 11. 46 12.59 9. 80 9.53 0.11
u 1. 58 2.31 2. 48 277 2.50 2.62 1.94 2.73 4,04 2.48 3. 67 0,02
Se 31, 82 17. 58 2148 22,72 17,98 22.60 13,42 17. 37 18,32 16. 68 16. 27 n.d.
v 84, 23 113,14 134.98 138.67 113.14 136 B2 62. 70 122. 96 139.97 108.40 87. 81 n. d.
Cr Y0, 54 96. 04 112.14  130. 47 96, 04 121,30 114.63 11176 13420 75. 41 95.52 n.d.
Co 16, 47 16. 92 20, 35 25.09 14. 92 22. 74 10. 81 12.73 13.12 13.13 11.73 n. d.
Ni 53.91 35. B1 37.58 41. B2 35.81 30, 60 10,97 26. 44 19. 46 24,46 18. 02 n. d.
Cu 46. 82 a1, 61 90. 56 58. 41 51. 61 74,49 323.44 179,43 A0T. TR 3E26.57 59057 n.d.
Ag 0. 14 0. 57 0. B85 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. 41 152.2% 786.23 116.75 43. 141 7346 161,54 n.d.
L 98. 66 136.40 162,42  772.0% 136,40 467.26 B45.33  129.68 47.06 654.67 320,03 n.d.
As 21.12 13,33 36. B9 B, B4 15. 53 48. 7h 360,00 422.6% 679.61 702.33  T30.87 n.d.
Se 5.13 4.79 5.07 G, 23 4. 7% 1.23 .15 6.75 7. 20 3.34 4. 65 n.d.
MNh 7.61 11. 9% 15. 20 18.22 11. %49 16.71 B. 90 11.21 11. 60 12,38 9.63 n. d.
Mo Q.51 0. 95 0.54 .50 Q. 95 0.72 Z.54 1. 06 0. 54 0. 50 0. 74 n.d.
Cd 0. 48 0. 33 0. 52 1. 41 0. 33 0. 96 59. 52 1.47 Q. 47 44. 95 0. 61 n.d.
Sn 3. 48 ¥. 749 10,45 B. 98 7.79 .71 151 49.12 15. 498 19.72 15. 53 n.d.
Ta 0. 52 Q74 .01 5. 08 0. B2 1.1 0. 60 W78 0. B0 0. 8% Q. 61 n.d.
w 2,79 0. 82 1. B 1.16 1. 50 3. 68 13. 46 ¥1.02 50,43 15. %4 24.73 n.d
ZREE 13d. 73 %33 Z29.17 235,37 239.48 217.37 181.51 168,05 165.07 150.39 14791 1. 54
ZLREE/ R
SHREE 24. BS 21. B2 18. 95 17. 11 21. 08 16, 58 22.07 2 49 23. 68 16, 32 15. 82 T. 87
B8Ce 1.02 1.03 1.04 1. 04 1.04 1.00 1.01 1.03 0.9% 1.04 0. 9% Q. 83
GEu 0. 85 0. 49 0. 68 0.70 0. 65 0. 69 0.73 G.75 0. 68 Q. 51 1.0 1.495
(La/Smiy 2. 78 3.45% 3. 33 3.65 2. B0 3. 10 3.03 3.24 2. 06 3.26 3.1% 4. 28
tLa/Yhw En 7.505 £, 40 5.77 6. 24 5.38 7.40 7. 41 7.68 5.72 5.57 3.27
iCe/Yhoy 6,77 6. 21 3. 38 4. 78 j. 82 4.53 6. 16 6. 23 §. 07 4. B0 4. 41 2.33
B o E R R A R SRR T A B fh TR ICP-MS E8E. Bk . TR

T n d "RERNEC-TERETR R SES A RHEE LY.
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Table 3 Varation of trace-clement / Zr ratios between altered wallrock and its original values in Yinshan area

B Ys10 Ys9 Ys8 Y57 Ysh Ys5 Ysd Ysi Ys2 Ysl
La 17.4 18. 49 19.2 19. 3 16. 6 16. 5 15. 6 14. 8 14.8 12.9 13.1
Ce 37. 9 40. 3 12,1 41. 6§ 40.3 36,4 33. 8 32,4 30. 4 28. 2 27.0
Pr 1.3 4.5 4.6 4.3 5,2 1.4 3.9 36 3.5 i1 3.1
Nd 18.1 18.1 18.6 17. 4 20. 6 17.5 16. 3 14,0 14.1 12.1 12,6
Sm 3.9 3.4 3.5 313 3.7 3.4 3.z 2.5 3.1 2.5 2.9
Eu 1.0 0.8 0K O, 8 0.8 0.7 0.8 0.7 0.6 0.7 0.5
Gd 3.3 3.3 34 3.z 3.3 3.2 3.0 2.6 2.6 2.4 2.5
Thb 0.4 0.5 a.5 Q.5 0.3 0.5 n. 4 0.4 0.3 0.4 0.4
1.3 1.9 2.9 3.1 3.3 2.8 3.1 2.5 2.0 1.6 2.3 2.4
Ha 0. 4 0.6 0.6 Q.7 0.6 0.6 n. 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 n.3 0.3 v 2 3.3 0,2 0.2 o.2 0.2 0.2
Yh 1.4 1.7 2.0 .3 1.4 2,1 1.4 1.3 1.3 1.5 1.6
Lu 0.2 Q.2 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.2
Rb 51. 8 0.6 59.6 80. B 54, O 73.0 7.6 7B.7 5.7 3.7 72.3
Sr 93.0 38.4 §8. 0 47, 2 50. 9 55. 6 31.4 81.Q 75. 3 29. 2 78.1
Y 17.4 14.7 16. 4 17.4 14, 5 16. 4 12.4 9.8 8.4 12. 3 12.4
Ba 233.9 321.7 2713 277. 3 2B5. 3 265. 8 3737 418.1 258. 2 345.5 375.3
Hf 3.2 3.2 3.4 4.0 3.3 3.7 2.8 3.3 3.3 3.2 3.1
Th 1.5 1.9 5.4 5.7 5.3 3.4 1.0 5.2 5.5 4.5 4.4
u .9 1.0 1.1 1.2 1.0 1.1 0.9 1.3 1.8 1.1 1.7
Se 18.9 7.9 9.9 WB o4 9.3 6.2 7.9 BE.O 1.6 7.5
v ROL G 50.0 59.5 58. 7 46. 4 57.2 5.8 56.0 61, 3 19, 4 40, 7
Cr 41. 8 42. 4 19,4 55, 2 39.4 50,7 32.5 50. 4 5B. 8 34. 3 14,2
Co a4, 8 7.5 9.0 j LON) 5. & 9.5 5.0 5 8 5.7 6.0 5.4
Ni 32.0 15. 8 15. 6 17. 6 14,7 16. 6 5.0 12.1 B. 5 11.1 B. 3
Cu a7. 8 40. 5 39.9 24. T 37.6 3.2 102. 1 81.7 178. 7 148. 7 319.9
Ag 0,1 0.3 0. 4 1.0 0.2 0.7 7.1 08 1.3 12,1 1.4
Ph DA 8.3 247 105. 1 30. 7 £3. 7 360, 3 5.2 15. 0 334.5 74. 8
Zn 58.5 f0. 3 71. 6 a28. 6 56. ¢ 1954 387.4 59,1 20. 6 268.1 148. 6
As 12.5 6.9 16. 2 25.7 6.4 2n.4 256. 6 152. 6 257.8 319.9 338. 4
Se 3.0 s.1 2.2 3.9 2.0 0.5 3.3 31 3.2 1.5 2.2
Nb 1.5 5.3 6.7 T 1.9 70 4.1 5.1 a1 3.6 4.5
Mo a3 0.4 0.2 0.4 G 4 0.3 1.2 0.5 0,2 0.2 0.3
Cd 0.3 n.1 02 0.8 0.1 0. 4 273 0.7 0.2 20.5 0.3
Sn 2.4 3.4 4,6 3.3 3.2 4.1 6.9 22.4 7.0 9.0 7.2
Ta 0.3 1.3 31 2.1 0.3 0.5 ({1 0.4 0.4 0.4 0.3
w 1.7 0.4 a9.5 G5 0.4 1.5 5. 2 32. 4 22.1 7.3 11.5
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HTRHERMTLNEE. HEBAF R EHARME T
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4.2 EoWHiBEFEHRALEANL

BREIHHITE PO EN BUBE TR EENEME
hBEERET FRMTE. KO EEEATHETE
MEHEREAER. L TEEHENRSTIHERA. H
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LI & — it
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i HEREEFEREELTRERE.
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6Na [ALSIHO: 1 (B &Y + 2H.0 + K.0 — ZKAL
CALSI OO 1 CGE Z 8+ 12510, — 3Na 0 ()
3Ca[ALSLD, + 2H.OE E G) + KO — KAL
LAISLO OB = 8+ 3Ca0 (3
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Ca MR &R K BiFA, HHEE.SETEMEA S . Na,
Ca S K. AL Mo FWHERTE. Hbi T Ca LMK Y
BOMERXRET TRESMAET L. iz bt Rgd s n
BCafiBHETH. F1MAHEREPHAMN Fe SRTER
BAEEHAT Fe HUBETHERNMERR HAWER
. EREE TRRENESET L.

UERTHHETHERMNETEABRM TR SHER
AR NS . BT T FTENRERS S TERE.
BT S RES AHEEE XL T Eir L AR MR
FH R IEE TR L T,

WERE. SRS BEREITH T Si.Na Mg F5i 5
FBEE NMEMNT REE —EREM k&g, A E
B4 Ague BZM SR D EE 2 B8 L Zr A EH
TEMTIHHE, AT ENARNMELRT. BB FHER
EHRBMENRE 28. 1% ~44. 6%, MAEL REE 5 #H5
TR 552 ~ 9120 b #GE% A REE Fr&.

HIVBTERITEENETR Y o (. i
Ze fE AT HRE F W LAT L Ze AT FRATHE A i
BHRENNE D22 5 REE Z A e bR =R
FA[{ERARHH R R REE Z [ i 3h 4t

# 3 BT .Rb/Zc HERB N HEMFE TR R X
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THEPSKTHEIERA B G BN EERTHRER
A T W KT R BiEFH . Sc/Ze HERT
RETIEEESHK - RAS T, X5 S FEEER Ca A
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