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Fig.1 BSE image of four fabric types for weathered pyrite
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(a) Three fabric types of weathered pyrite; (b) cellular ferric oxide; p—unweathered pyrite; 1—inner transition zone;

1* —outer transition zone; 2—reticulation-nervation ferric oxide; 3—nubbly ferric oxide; dr—dissolved caves; br—ferric oxide

®1 ESVRAAERNSAMEFTIRNEINEBERRTFES SR

Table 1 Average element contents (%) of various fabric types in oxidated products of pyrite

S Fe As Sb Cu Pb Zn Cd Co Ni Mn Bi Ti

Apm(4) | 52.96 | 45.22 0.18 0. 00 0.01 0. 00 0.02 0.01 0.04 0. 00 0.01 0.21 0.03
A3m(4) 2.73 51. 68 0. 06 = 1.98 0. 06 0.23 0.01 0. 00 0. 00 —_ — —
Bpm(12) | 52.81 | 46.49 0.03 0. 00 0.02 0.11 0.02 0.01 0.09 0.01 0.01 0.13 0.01
B2m(5) 0.10 54. 65 0. 35 0. 00 0.02 0. 04 0. 38 0.01 0. 06 0. 00 0. 00 0.01 0. 00
B3m(5) 0.11 56. 74 0.10 0. 00 0. 02 0. 02 0.03 0.01 0. 04 0.01 0. 00 0. 00 0.00
B4m(4) 0. 05 56.58 0.09 0. 00 0. 04 0. 04 0.10 0. 00 0. 09 0.01 0.01 0.01 0. 00
Cpm(7) | 52.48 | 46.54 0.14 0.01 0. 06 0. 00 0.01 0.01 0.07 0.01 0.01 0. 20 0.01
Clm(5) 38.34 | 46.12 0.11 0.01 0.22 0. 00 0.07 0. 00 0.07 0.01 0.00 0.17 0.01
Cl*m(4) 3. 84 52. 37 0.32 0. 05 0.57 0. 09 0.26 0. 00 0. 05 0.01 0.03 0.03 0. 00
C2m(7) 4.11 48.15 0. 67 0. 06 0.79 0.14 0.24 0.01 0. 06 0. 00 0. 04 0.03 0. 00
C3m(4) 0.98 55. 68 0. 32 0. 04 0.72 0.14 0. 34 0.01 0. 06 0. 00 0. 04 0. 00 0.01
Dpm(3) | 52.66 | 46.38 0. 05 0. 00 0. 00 0. 00 0.00 0.01 0. 05 0.01 0.01 0.23 0.01
Dlm(1) | 50.27 | 43.30 0. 02 0. 00 0.07 0. 00 0. 04 0.01 0. 06 0. 00 0.01 0.17 0. 00
D1*m(1) | 0.47 38.10 0.23 0.02 0.17 0. 00 0. 00 0.01 0. 02 0. 00 0. 00 0.13 0. 00
D2m(2) 0.27 54.58 0. 09 0. 00 0. 04 0.01 0.05 0.01 0. 06 0. 00 0. 00 0. 00 0.01
D3m(6) 0.09 57.47 0. 25 0.01 0.11 0. 01 0. 06 0.01 0. 05 0. 00 0.01 0. 01 0.01
D4m(11) | 0.08 59. 02 0.19 0. 00 0.03 0.03 0. 09 0.01 0. 05 0. 00 0. 00 0. 02 0.01
Spm(26) | 52.73 | 46.30 0. 08 0.01 0.03 0. 05 0.01 0. 01 0. 08 0.01 0.01 0.17 0.01
S1m(6) 40.33 | 45.65 0. 09 0.01 0.20 0. 00 0.07 0.01 0.07 0. 00 0.00 0.17 0. 00
S1*m(5) | 3.17 49.51 0. 30 0. 05 0. 49 0.07 0.21 0. 00 0. 05 0.01 0. 02 0. 05 0. 00
S2m(14) | 2.13 51. 39 0. 47 0.03 0.41 0.08 0. 26 0.01 0. 06 0. 00 0. 02 0.02 0. 00
S3m(19) | 0.84 55. 69 0.18 0.01 0. 61 0. 05 0.15 0.01 0. 04 0. 00 0.01 0.01 0.01
S4m(15) 0.07 58. 37 0.16 0. 00 0.03 0. 04 0.09 0.01 0. 06 0. 00 0.01 0.01 0.01
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Table 2 Enrichment coefficient and leaching coefficient of various fabric types in oxidated products of pyrite

T S Fe As Sb Cu Pb Zn Cd Co Ni Mn Bi

FA3m | —94.85( 14.30
FB2m [—99.80| 17.54
FB3m |—99.79| 22.05

—68.48 - 29262.96| 101. 46
1198.30 | 128.80 | —0.06
272.67 |—100.00| 11.41

1152.70 | —5.26 |—100.00|—100. 00 - -
—67.48 | 2258.87 | 15.05 | —36.73 | —61.27 | —2.48 | —93.75
—81.46 | 56.86 67.57 | —54.37 | —25.91 | —60.38 | —98.13

FB4m |—99.91| 21.69 219.24 | —69.89 | 83.30 | —68.90 | 550.66 [ —56.23 | —4.79 | —24.23 | 105.70 | —95.94
FClm |—26.94| —0.92 | —22.68 | —27.88 | 301.57 |—100.00( 975.90 | —34.01 | —9.55 | —39.30 | —58.36 | —14.87
FC1*m|—92.68| 12.51 123.99 | 295.13 | 927.48 72.20 | 3845.52 | —60.72 | —31.43 | 20.92 314.78 | —85.67
FC2m |—92.17| 3.45 373.36 | 360.78 | 1344.79 | 158.21 | 3529.16 | 162.62 | —22.83 | —91.87 | 432.90 | —86.63
FC3m |—98.13| 19.64 128.97 | 201.47 | 1204.85 | 170.41 | 4997.57 | 123.90 | —26.44 | —78.66 | 390.68 | —97.89

FDIm | —4.54 | —6.64 | —63.92 |—100.00| 1700. 00 [ —100. 00| 256.05 | 111.76 26.09 |—100.00| —25.00 | —24.13
FD1*m|—99.11| —17.86 | 344.58 | 622.52 | 4561.74 |—100.00|—100.00| 147.17 | —53.83 [—100.00| —50.21 | —45.10
FD2m |—99.48| 17.68 69.66 |—100.00| 1054.54 | —74.48 | 312.47 85. 38 35.10 [—100.00| —95.85 | —97.99
FD3m |—99.82| 23.92 368.73 73.10 | 3000.56 | —71.81 | 362.36 | —7.31 18.86 | —66.13 5.12 —94. 94

FD4m | —99. 84| 27.26 255. 64 23.16 759.47 | —33.86 | 648.73 29. 20 13.18 | —97.78 | —57.75 | —92.81
LA3m | 91.05 | —0.19 54.89 = —23497.0 —17.75 | —943.25| 11.35 100.00 | 100.00 &= =
LB2m | 99.63 | —9.34 |—1903.31]—244.51| 13.61 62.94 |—1948.99 —19.01 | 46.17 67.79 19. 84 94. 05
LB3m | 99.64 | —10.42 | —461.73| 100.00 6. 20 78.97 | —33.46 | —61.54 | 62.20 39.29 68. 56 98. 25
LB4m | 99.83 | —10.37 |—387.10| 55.78 | —57.93| 65.71 |—451.46| 57.35 20. 22 38.96 | —64.68 | 96.25

—301. 57 100.00 |—975.90| 34.01 9.55 39. 30 58. 36 14. 87
—207.20| 87.97

LClm | 26.94 0.92 22.68 27.88
LC1"m| 88.62 5.86 |—210.70f{—430.38|—710.52| —79.55 |—3011.18 62.54 47. 34 12.95
LC2m | 86.33 7.68 |—590.91|—566.11|—1116.14{ —188.71|—2977. 91 —156. 02| 36.51 93.26 |—321.77| 87.54
LC3m | 96.72 | —4.59 |—236.81|—327.31|—987.86|—193.75/—4103.53 —116.87| 40.80 82.77 |—283.80| 98.08
LDIm | 4.54 6. 64 63.92 100. 00 |[—1700.00 100.00 |—256.05|—111.76| —26.09 | 100.00 25.00 24.13

LD1*m| 66.45 | —22.65 |—1235.56—1844.00—6191. 68 100.00 | 100.00 |—258.02| 37.73 | 100.00 | 33.19 | 21.22
LD2m | 99.04 | —10.22 |—166.58| 100.00 |—911.26| 70.36 |—264.63| —90.26 | —16.32 | 100.00 | 96.53 | 98.05
LD3m | 99.68 | —10.39 | —598.99|—151. 21|—2486.37 69.19 |—289.52| 9.80 2.72 | 71.91 | 17.34 | 95.28
LDdm | 99.73 | —10.53 | —411.96| —76.81 | —604.40| 30.48 |—505.67| —19.10 | 9.72 | 98.27 | 66.70 | 93.64
FSlm |—23.51| —1.41 | 11.82 | 49.93 | 671.91 |—100.00| 457.81 | —26.03 | —11.97 | —48.11 | —51.39 | —2.01
FS1*m|—94.00| 6.94 | 256.24 | 782.04 |1824.38 | 37.76 |1654.84 | —33.51 | —39.65 | —0.76 | 228.41 | —72.37
FS2m |—95.96| 11.00 | 460.65 | 494.56 | 1523.81 | 57.92 | 2089.68 | 70.79 | —21.79 | —79.85 | 178.10 | —90.24
FS3m |—98.41| 20.28 | 119.23 | 145.33 | 2313.88 | —0.63 | 1101.61 | 35.35 | —46.73 | —60.06 | 85.89 | —96.20
FS4m |—99.86| 26.08 | 90.80 | —39.64 | 29.18 | —33.53 | 680.14 | —9.64 | —17.78 | ~74.70 | —24.27 | —92.21

LSIm | 23.51 1.41 —11.82 | —49.93 |—671.91| 100.00 |—457.81| 26.03 11.97 48.11 51.39 2.01

LS1*m| 84.23 | —0.29 |—484.27[—1209. 95—1493.90 —43.64 |—1283.76 16.35 50. 32 28.56 |—150.69| 68.17
LS2m | 92.93 | —1.40 |—732.42|—760.71|—1268.27 —77.26 |—1782.23 —70.13 | 34.42 83.25 |—120.86| 90.85
LS3m | 97.22 | —6.84 |—224.93|—249.26|—1863.06| —8.27 |—898.22| —30.10 | 56.46 67.20 | —45.72 | 96.47
LS4m { 99.76 | —10.75 [—177.02| 13.28 —7.46 29.21 |—540.00] 16.08 33.15 79. 67 39.85 93.07
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14,1999 B AC=C:—C? (FixR %, 1999) H Wi H
BIBEE ERESFEEATEHERD, X
BHEEIT AL RAKMIRE BERKT KL
R, B FREER L. EMELE TS BB
A i1k e RGBT G B R B AR LK . B s %5
MR IE (BIELSRKHBRME’NEREER), U
EEBR LN SREER D, LB XALHETE K
SEE ELRREECRELLYTHE R, ERIE
BHYTRAUYTFHSE.SENSHTREREA
TR EHRKERNERRUSHAT (@,
FHTHRAALTHRAYTHER, B C" =¢X
C:/(1—Cp)=gXCi/Z, R G, 2 43 A R & AW
BPE&RKHSTE . CESEEM. . SHABNITE
(EA Fe R 6D BB R B X FeS,—~FeO, 5, B 1 mol
FeS, 4 B.1 mol FeO, 5, H.H Fe #1856 g, B EHEMW
HZHPHMERSH 46 753 3 |MTF Z,
FeO,.s#153. 3% ) Fe %3 T FeS,H146. 7% A Fe, K
EMABN FeO, 55 FRE FeS, iy FRZH, B2/
SCAMFEITEMHMAITENERRBIRKS.

EEFRBENEENRRTEEE  MRREHN
EEMNRETEREL, _EHERBRTEIBNE
BEECEHAMANRBEBRN, ENEERBEE
HEMRBESB IR ABENBESERE,E
BRIk R B SE E e IR L E 4 R T R N I R
SYRHEE.,

JAKES (1994) . FHEAF (1998) B TiO 1
h5% S LLIEA EE D 96 4R %5 1B J0 R 78 B bl
BRI HRETIS, X—AE B EHR T M
ABEBRO TR BTN EEEW, A B # RN
TRRRWAEN KB IBREE . EERLY KK R
L, Ti W& B8 1K TR R, 27 # k% X4
ERRRMERZRMET , TIOREB R MBI EE . 1
FTRETEKE R, BEELEREET RSB
TR RERRBEN, SR NS Z 5, H
T B A HEBR & F ik 49 B9 5

EERE L RAX EHAWB P TEREREK
HITHE SR TFRLAEN T T EEE

B R TR AT A ERBREG A REK
P RS EBETFO. 001 %, B TR WA ERER
H}0(C°=0), AifE F.L BEHE. A TETFHR,
RNMAFAIBRBEGEIETENTHERCOHORE
C.RE—EFEREMNE, —ETRE— AN
HHEYEBERBEMLNEE, BB EH“0”
8,5 A B 5P R XA ST (Ap, TREDH Sb.Ni,
Bp #J Sb,Dp I Sb.Cu % ,{8 Excel 437 1HHH
F.L ZEBIXMIHEERERBRLIRELR, HRA
BAERC REXBXRMFHERECHRERIT
BHEF.LHAE.

3 HiR5iHE

N H W 5 I0 K 7R & A B 4 A R
fE, RBERIFHTFHETELH T E2 NE2RR2A
HEE, CRAERKY XASE PR EEMLR:As,
Sb.Cu.Zn B B B £ ,Fe B E & ;T S.Ni.Bi &
Wk, REABELRRKTONL £, EHE S, EHE
7 XAL =4 P LT 52 26 5 5 Pb . Mn B 5k 3 58 3¢
MR, EZERE S A ) S3FNRES: C 19 S1°.S2.S3% 4
R BB EENRE AL ;Co WM AREEMX
855;Cd WEARBERHE,

Fe WEEMNFABERMMRTIEIER HEEER
BB FLAE AL R BE B BAR, R IA R B ZE KUK R
XTI E .S NI EH M AT FRIE, ZAHE
PREPUM R, HLRE X AR B SR M MR 3 n , e e
REEMYH S ILF T LMWK Pratt % (1994a) 7 1
nm KR E I RBEAST WA, RAHLEh
RERENBOBSE>E SH Fe E>R R
B BB NE2P Fe.SHEERRT LG
KRB, BEELEUY RS H,EE SR Fe BER
FEBMRZHMERXSRH Fe B XTHEHTE
S % Fe BR%Z, f FH FH T HEHEW S, BR S
7 Fe B(MEHAH)KH I, BRTRAITE LM
B.SERME BPERBRMMBRL, H EE%4
7B R AL R LA Fe B 5 BR 8 B &5 7 7€ (Pratt et
al. ,1994a,1994b); ZE B H W X AL #H H,S B LI B ER

x3 FHRANHITHERER

Table 3 Calculations and calculated results of equivalent coefficient

TR L AvE:Y LAY | X Az FRMAY | TE BRI FRAK
S Feo.5S—S0; 1. 333 Cu CuS;—>CuO 0. 624 Ni NiS;—~NiO 0. 610
As FeAs;—>As,05 1.117 Pb PbS,—~PbO 0. 823 Mn MnS;—~MnO 0.597
Sb FeSb,~>As;05 1. 080 Cd CdS,—~CdO 0.728 Bi |Bi(Sz)1.5>BiO1s| 0.614
Zn ZnS;—~>Zn0O 0. 628 Co CoS;—>Co0 0.613 Ti Ti(82);~TiO; 0. 455
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HAE AHETORSEE, XEYHEB @D
VM T Fer* . Ca®™ . SO;™ 7 FL BK i & AL AR 1 B4
43 (Mcgregor et al. ,1998) .S R REERH, X,
it 72 R B RE R B AR G . B XA B 3 58 , B BB
BRZE A TR, FLER K B ¥ % BB 1 B i3 58, KL ™9
W R A B R ER B A AR, S BS BIRR B
S KI5 R B0 B 18 K B R AL B R B B, FLEBR K
pH EEK, B R &M ALK aE 7, B UL Bl
BRWE , FERREILFELER ESRITRU
WBRE BB R FEAILRAK D, RATERERT R
W BTELBBERNEEER ERNRRER
FYA MR BE N B BT OR N AE SR R T SE R
HEE. F ik, B R ERT LSRR, B %
e N A B AR T B R A

As.Sb.Cu.Zn AL E KBE, L BEH N
WA MR EE,RIEE TR ERINT . FBCRER
SRR EE MY P BEEETREELD T
EEBEVAEES, L& REUE T REE L EW
ShHE  MELRT  As.Sb.Cu.Zn W EBXRE ., LHE
BRECIEEAHFTHERBEE, RE KK RULRE
H &N BEE T E E A /E A (Benvenuti et al.,
1997; Morin et al. ,1999) FLER K P HEM SR H
ik 5 58 5 W B T 3€ 3t UL € T R I (Mcgregor et
al. ,1998) JEXT B FHEE AT HRMRM BB T HEE
B (Ksp) B L8] & B0, VTG RSB LR,
HEMBTRESEENER. BERGKELDH
FERABEER, ZRTLA B B E KA As.Sb,
Cu.Zn ZE4BITE,7E& pH EH58 X LB B, 5K
EEERAETHEMME BTATITERA, H KT
FEEF (R KTE%,1997;Parkman et al. ,1999) M +

60 Os BHFe

S wf
@
O L A i T

TSI IIY
L

oo
Bz
88
g3

Si'm S3m  S4m

0.08
& 006
= 0.
m M
41 0.02
0 | ,
Spm  Sim S2m

2 k4T 1 & 4L ¥ (Morin et al. ,1999) %F Cu, Pb,
Zn.Cd.Co.Ni ¥ E &R TR YA B B HEH,E
18 BE FA i A 45 X B T B 3E L IR B BE 1 B BRI
B (2 K I %,1996) . Maurice 25 (1995) B BF X &
WA R EEREEEN BHBIERER
BB b s AR T A2 0] 0, 3 260y B 2 IR B BT A 55
HERMVE ARER, RN E T, EELEKE
Pl ¥ B SC BV R R R N BRI BRI A, As,
Sb.Cu.Zn £ EEE RN TR EMLILEE,
7 RAL B 55 B B, FLBRUK M BR MR 55 , Bk B XAk
7 4 18 1 % T PR VR R IR B L BR K B9 As Sb,
Cu.Zn %8 T B XAk B9 3% 58 , 8 5 A9 B BR AN I R
B FLBK B BR M W 98 . 7E — B R B
BT IX , R R A FL R K O 45 W B BT R L Y Tl T R
Ak T R EE RIS R A SRR R As,
Sb.Cu.Zn B ELEE T, M &Y 1 ¥ vhm B
Bk EMEEEREEMLYTFXETENESR
EBARITRE.

As.Cu.Zn ETEERL=Y PR ERMESL
ARHRE NIARENBEAERSONERR
WERBBEE,BEERLEY &R, Bk
S R 38 g R G s A A AR X B .

Co.Ni.Bi ZE i B R S &AM P YRA
H i, DL BA 7E AL R FR o, X 2 ST R WIS M BR
OATHHMRERRTHER.EEENERKY
& BRRE (K1, E2),Co B ERER,
{8 Co ¥ % 2 BUAEXT 8/, B itk Bi XI5 R A
BEH Co.Ni i,

ERAERE, TIEFANRBRELR. NS
AR Bk 24,1994 ; FARAE4E,1998; RN,

K2 TREBESHAMETHELBER RSSRIMERD

Fig. 2 Changes in element contents of various fabric types in oxidated products of pyrite (symbol same as in table 1)
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1999; B FE2%,1999) B KT M RAL IR+,
TiWEBEAEL, LER BRSO BHE, XLF
EHEAEZLHR Ti s B PEXTFERE
AR AL BT BE M 5 I EL7EBRME A T, HA R R G 38
AR, Ti B BRI 24T N BB B R E R I 5E,
H A A BB TIOMfESH R .

Pb.Mn ZE IR R R PRI A BIRIEITR
(BFERER: A ) S3FIRER C A9 S1°.S2.S3X L4
Mg B ) LA B B B, R M R A B
1IF 5 At A 4 A 7 0 2EL A BUARAR B, PR AE X R R H
% 19 5 B BT BB R B A R pH {H #9 2 5 . Morin %
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S1*.S2.S3FUAMBPHEERR, FERH TK
REMPER BN REELPE EREEGT,
Pb.Mn £ EERMEFAETHREY, BMRHAN
BE MEHMARRP , NRERE, BNRAN
R X WFRE Pb.Mn [ BRI 24T R, XA T Y
pH 1B #2284k b Al T 28 588Uk

4 G
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BEALY . BR B E L R RRE AT AN
B, AR E T BT Rkt R ™= 1L
AW pHEMES B LENHMRAETAFEER
g, Hdh Pb.Mn Xf pH {ER AL B EUR . RE
RALTE B 5 R 1B BR 26 T 28 A FL BR K o, BE XA B9
AR, FLIRK B BR M A X & B M VA AR BB 0 A g
B8, R R A B HE X IR T BB TR
SE . BEAB NARABES AW P RARIES
RERSET R H,As.Sb.CuZn HHEE
£, HF As.Cu.Zn EREFEYHHNEBRAEER

B3 B G » X TR B A0 W 7E £ B K5 Sb ZE R AL
A BB, X IR B O Y FE fE F AR XY B/ s Co NiL B
B B ik SR E K X A S F R EMRIT R, KR
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T RE 5 W R AR SCa 72 o, 18 B BR AN RN B X
g A B, TR B IR AR BRAY .
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Activity of Elements during the Weathering of Pyrite and
Its Environmental Effects

LU Long, WANG Rucheng, XUE Jiyue, CHEN Jun
Department of Earth Sciences, State Key Laboratory for Endogenic Deposits Research and Institute of
Supergene Geochemistry, Nanjing University, Nanjing, 210093

Abstract

Pyrite and its weathered products, sampled from the tailings of the Jiguanshan pyrite mine in Tongling,
Anhui, have been studi:ed for their mineral composition, texture characters and element distribution. During
the weathering of pyrite: were formed four fabric types: transitional zone, reticulated ferric oxide, nubby ferric
oxide and cellular ferric oxide, which represent the sequence of weathering. The pH value of the pore water
plays an imporﬁant role c:)n the geochemical behaviours of heavy metals, especially Pb and Mn. S was weathered
to form sulphuric acid and sulphate, which infiltrated into the pore water. With the progress of weathering, the
acidity of the pore wateli' and‘ its solubility of heavy metals gradually increased. The seepage of the fluids exerts
a substantial threat on the ecological environment. The changes in element content, enrichment coefficient and
leaching coefficient during the weathering suggest that As, Sb, Cu and Zn are obviously concentrated in an ox-
idative phase, that Co, Ni and Bi have migrated into water and soils, and that Fe is relatively stable. We there-
by conclude: D As, Sb, Cu and Zn have formed a potential threat on the environment, in which the harm of
As, Cu and Zn is greater than Sb; ® Co, Ni and Bi have resulted in environmental contamination, in which Bi

is more serious than Co, Ni.

Key words: element activity; environmental effects; weathering; pyrite; tailings; Tongling, Anhui

province
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