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REE composition and trace element features of gold bearing pyrite
in Jinshan gold deposit , Jiangxi Province
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Abstract

Located in the northeast Jiangxi ore-concentration area, the Jinshan gold deposit is a superlarge gold deposit
related to the ductile shear zone . Pyrite is the main gold-bearing mineral . Based on REE composition of Au-bear
ing pyrite , the present paper traced the sources of ore-forming materials and the sources and characteristics of
ore-forming fluids in the Jinshan gold deposit. The 2 REE of gold bearing pyrite is as high as 171.664 x 10 on
average , with relatively high LREE (159.556 x 10°°) and low HREE (12.108 x 10" °). The X LREE/
2 HREE ratio 12.612 and the ( La/ Yb) y ratio 11.765 indicate that the gold bearing pyrite belongs to the
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LREE-rich type . (La/Sm) yis 3.758 and ( Gd/ Yb) yis 1.695, showing an obvious LREE fractionation. The
REE distribution patterns show obvious Eu anomaly with average values of SEu 0.664 and &Ce 1.044. REE
characteristics are similar to those of wall rocks (altered and deformed metamorphic rocks) and regional strata,
but differ from those of the granodiorite porphyry nearby . All this indicates that the ore-forming materials of the
Jinshan gold deposit were derived from the wall rocks, and that ore-forming fluids were metamorphic water.
The Co/ Ni ratio of pyrite suggests that the Jinshan gold deposit is a medium-low te mperature deposit. The min-
eralization of the Jinshan gold deposit has undergone such evolutionary process as sedimentation- diagenesis , re-
gional metamorphism, dynamic metamorphism of the ductile shear belt, and supergene oxidation. It is also
shown that the ore-forming fluids of the Jinshan gold deposit were composed mainly of metamorphic water. Oth-
er features of trace ele ments in the pyrite are also similar to those of metamorphic rocks, such as the depletion of
HFSE . Such features as REE, LREE, HFSE, Hf/ Sm, Nb/ La and Th/ La, together with Co/ Ni and Y/ Ho ra-
tios of gold-bearing pyrite , reveal that the ore-forming fluid of the Jinshan gold deposit originated from the CI-

rich deep metamorphic water.

Key words : geoche mistry , REE, trace ele ment, pyrite , ore-forming fluid, Jinshan gold deposit
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Fig. 1

Geological map of the Jinshan gold deposit ( modified after Huang et al, 1990 ; Wang et al, 1999 ; Yaoet al., 2005 .)
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Table 2 REE composition and feature of the Jinshan deposit
HRAT AT XIRAE RN KBRS " XU LR v NI
S REE/10-° SR 56 .10 ~339 .35 91 .47 ~ 227 .86 55.95~126 .85
B{H 171 .66 155 .96 92 36 157.08 141 192
YLREE/10-¢ HERXIE 47 .01 ~317.98 80.59 ~196.78 51.74~118 .80
¥iMH 159 .56 136.15 85 .96
S HREE/10-¢  AS{bX [l 8 .80 ~ 21 .37 10 .88 ~ 31 .08 4 .21 ~8.05
By 12.11 19 .81 6.4
YL/ XH A4k X [ 5.12~19.93 5.99-7.32 12.29~14.77
BfE 12 .61 6.94 13.22 7.22
(La/ Yb) y AL X i) 3.97 ~24.20 5.59~8.52 15.08 ~ 23 .98
HMH 11.77 6.77 19.14 8.14
(La/Sm) y 254k, X il 2.36~5.39 2.65~3.53 1.26 ~3.09
B 3.76 3.23 2.16 3.3
( Gd/ Yb) AKX Ji] 1.09~3.65 1.24~1.71 1.60~2.56
BIH 1.7 1.48 2.18 1.76
SEu AR Ak X [a] 0.38 ~0.89 0.53~0.83 0.92~1.05
B 0.66 0.7 0.97 0.73 0.74 0.62
§Ce ARALIX [A] 0.90~1.14 0.92~1 .24 0.75~0.89
BifH 1.04 1.01 0.83
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Fig. 2 Chondrite- normalized REE patterns of rocks and pyrite in the Jinshan gold deposit

a. Pyrite of the Jinshan gold deposit ; b. Metamorphite of the Jinshan deposit; ¢c. Regional igneous rocks (14-16) and strata (17-19)
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Fig. 3 Spider diagram of trace ele ments of gold-bearing pyrite in the Jinshan gold deposit
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Fig. 4 Co/ Ni distribution diagram of pyrites from the Jinshan gold deposit
( Boundaries of different geological settings are defined after Baj wah et al., 1987 ; Brill, 1989)
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F4 SLUESTHRESY XEHENEANHMELERE (w/ 107 %) REFEE
Table 4 Trace element abundance ( g/ 10° %) and features of pyrite, regional strata and rocks from the Jinshan gold deposit

1 2 3 4 5 6 7 8 9
TR THes  BERE OBERE WMTLRER XUWRWLEE L WS ERNK s KRR e
(13) (5) (3) (4) TR (84) R (34) B (6) NEKBER (2)
Li 9.41 65 .49 83.93 45 85 52 .68 49 .42 20
Sc 8 .44 17.73 10.13 435 10 .35 9.08 11
Ti 6249 .42 4756 .00 4175 .00 2750 .51 2778 .04 3000
v 88 .01 121 .79 75 .09 47 51 129 .00 117 .00 111.10 101 .02 60
Cr 27 14 152.00 207 .00 35
Mn 45 .50 863 .00 916 .00 273.73 242.77 600
Co 310 .21 15 .86 9.21 8 .31 27.00 25.00 10.02 7.71 10
Ni 820 .03 40 .01 27 .67 28 .26 38.00 37.00 20
Cu 300 .69 44 74 25 .98 25 .82 49 .00 41 .00 4195 .21 2132.19 25
Zn 521 .15 102 .06 50 .61 63 .85 121 .00 111 .00 71
Ga 4 .35 24 .68 18 .43 7.74 20 .26 21 .42 17
Rb 12 .43 146 .80  135.96 10.96 94 .45 63 .59 112
Sr 19 .46 110 .26 97 .34 232.28 104 .00 16 .00 2917.76 578 .61 350
Y 11.13 10.00 10.07 22
Zr 201 .31 255 .84 22816 116 .85 142 .72 162.15 190
Nb 7.72 14.09 10 .60 5.59 8 .80 9 .51 25
Mo 35 .61 1.5
cd 1.34 0.098
Sn 1.98 1.27 0.84 5.5
Cs 1.70 15.20 18 .52 2.94 27 35 5.89 3.7
Ba 36.90 593.20  565.69 66 .55 723 .00 471 .00 1454 .42 1305 .02 550
La 35 .89 38.09 29 .84 73 .85 23.72 32 .82 23.19 33 .52 30
Ce 75 .45 81 .24 63 .24 89 .38 48 .74 68 .44 40 .10 54 34 64
Pr 7.47 9.70 7.59 47 12 4 .44 5.91 7.1
Nd 28 .97 36.17 27 .68 36.95 20.18 28 .15 16.06 20.58 26
Sm 5.88 7.37 5.54 24 .92 4 .48 6.06 2.75 3.45 45
Eu 1.05 1.55 1.23 15.07 0.97 1.37 0.82 0.99 0.88
Gd 4.09 7 .46 6.17 18 .17 4 .39 5.75 2.50 2.99 3.8
Tb 0.41 1.24 1.05 16.52 0.26 0.31 0.64
Dy 2.23 6 .85 5.89 12.53 3.95 4.99 1.71 1.98 3.5
Ho 0 .49 1.47 1.32 12.69 0.37 0.41 0.8
Er 1.76 4.13 3.64 11.97 2.45 3.04 0.97 1.11 2.3
Tm 0.32 0.64 0.56 12.08 0.13 0.15 0.33
Yb 2.02 4.01 3.42 11 .30 2.39 2.97 0.85 0.94 2.2
Lu 0.36 0.62 0.52 11 .84 0.13 0.15 0.32
Hf 4.99 6.62 6 .00 3.01 3.62 4.10 5.8
Ta 0.59 0.90 0.64 0.30 0.73 0.82 2.2
w 101 .90 40 .49 30 .46 42 89 2
Pb 536 .59 14 .20 12 .49 8.97 45 .00 39.00 14 .01 16 .20 20
Bi 13 .35 0.21 0.19 0.34 0.27 0.09 0.127
Th 8 .84 11.96 8.96 4.28 15.76 16 .27 10.7
U 2.14 2.64 2.03 1.12 2.24 2.77 2.8
Ag 1.72 1.68 1.09 0.06 0.05
Au 4.09 3.88 20.35 0.00 0.02
As 14.00 47 .00

Hg 0.01 0.01
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Table 4-1 continued
1 2 3 4 5 6 7 8 9
TR THE BERE e R KU LT WHFILHE L R R KR "
(13) (5) (3) (4) WA (84) W HE(34) BEE (6) K BEE (2) .
Co/ Ni 0.38 0 .40 0.33 0.29 0.71 0.68
St/ Ba 0.53 0.19 0.17 3.49 0.14 0.03 2.01 0 .44
U/ Th 0.24 0.22 0.23 0.26 0.14 0.17
Th/ Sc 1.05 0.67 0.88 0.98 1.52 1.79
Th/ Co 0.03 0.75 0.97 0.52 1.57 2.11
Y/ Ho 22 .66 33.60° 32.33° 35.02° 27 .05 24 .66
Nb/ Ta 13.11 15 .66 16.56 18 .63 12.03 11.66
Zr/ Hf 40 .34 38 .65 38.03 38 .82 39 .46 39 .51
St/ Eu 18 .52 71 .14 79 .14 15 .41 107 .22 11 .68 3576 .26 585 .61
Zr/ Nb 26 .08 18.16 21 .52 20.90 16.23 17.05
Sm/ Nb 0.76 0.52 0.52 4 .46 0.31 0.36

BRI 1 AR 2 ~ 4 AR R A (2002) AEBEIESE (2001 ;2002) ,H A« FHIGXDER L (1993) 5 5 ~ 6 X TR EFE(1989) ;7 ~ 8 ERMY
(2003) F&M4%E(2005) ; 9 : Taylor et al (1985) . HLAHMIEAAI Ky 1, &5 ECTFAFEMEL .

bt B Y/Ho=28

EPR icasasasiiasasrasninanm e |
MAR T
BAB e
IRk | s R R

& &FF T €0 #%5 O & x
LTRE IO ®

l(; ' ZIO l 3|0 4l0 SIO 6'|O 7(I)

Y/Ho
5 @R BT IR IR AN Y/ Ho LUAH LL#R

AR BAB (IUGE ) MAR (FORPEEEAH) 1 EPR (RN HEEH)
PR AAAREIE S A Bau et al ., 1997 ;1999 ; Douville et al ., 1999
Fig. 5 Y/ Ho ratios of pyrite from Jinshan, modern submarine hydrothermal fluids and seawater
Data of hydrothermal fluids and modern seawater, BAB ( Back- Arc Basin) , MAR ( Middle- Atlantic Ridge) and EPR ( East Pacific

Ridge) from Bau et al., 1997 ;1999 ; Douville et al ., 1999

D37 A F B 32 AR A8 A A s A 72 R TR (s
SEMR1995) . Co/ Ni AT 0.14 ~3.30 20, 5%
ARSI R | S AT IR B R AT B A G #
fHFRFEAN] . 31X 2 NIRRT 2 FhAS IR (1 e 1

H 4l G IR 2 — Fh AR i HR U S 0 IK 8 4
FURFAHR H LA (R TE ST 1991 D) .

AR Y A1 Ho X iy i 4 A FAR i JEE FA K
HEAT THFU( Bau et al ., 1995 ;1997 ;1999 ; Douville et
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al ., 1999 iXFXZ5 2005) . Y Al Ho FLATHH A K1 &
FES 7248, IR B AL I P92 10 3 14200 il ol
1.019%x 10 ""F11.015 %10 '°( Shannon,1976) , A
I,y Al Ho 5 HAAH R R s BR AL 22 1 T AV 2
TS FE T, Y/ Ho WA HA KB . ek E K2
B IR T S DUR WA e 45 BB B A (9 Y/ Ho
LA 28 £ ( Bau et al., 1995) . A WA T 3 EH"
Y/ Ho HOAE 5 IRARHT IS B AR 2 TR T LL A (1 5)
M s 7T DA H b ST IR BT Y/ Ho S
DX PRI AR B2 AR AR AR 1y 5 AR e T AR % X sk A 1
#1110 Y/ Ho HUAEZAB AR 2248 K . DR B8k 1Y v/
Ho LA ER AL T8 uEHE 2R B 5 4 il ¢ R % V)N
BRI AR AR K I S AR FUE R R

4 4w

(1) PG 1 REE 4L ARER T Bl v i 1)
REE 41 . VL4 ILE0 RS Sl X R % D)5
PAT (A T oT R ARSI AR T B X )2 R R
TIeFE A AL R W ST IR 1) BT ) TR Y
T A AR R AR UK

(2) FUHFEA I Y/ Ho LA HEWT 4 L™ IR (1)
FSCAT AR R 22 JFTRAA

(3) AN T co/ Ni ELAR I s 2k 0™
FSCRT 5 4 L R PRI IR s O & 17 T L
FARCE X AAR BT W)V BT A1 1880 ) A2 i ) 3k
A AAER] .

(4) A IR B Ak s 52 LREE .
4% HFSE,Hf/ Sm .Nb/ La Il Th/ La LA /N T 1 3
W LS IR B AR &l AT RS F k.

e IR 5 & A O R DI SR 1 T
JCE A TG R AR ] DA T 4 Ll S0 R 19 B
PIBRIE T A > F IR AL .

B WANTARS R TV AT BB
IRV VR TR A Y N PN B S S
AR T B RUR A e AL e 1 HIE T
% FL 0 ST PR 9 S T AT B2 il F) K g )
JESCRERE G 2 T R UK S HUERRE 2 R kA e il
WA S . AEME IR R R R .
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