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THEE A YLH 3R

KM, ETR
R A B LR 5 T S SOR MR 15 TR, i, 210046

MFRE: eI PRI Z AR AR IR R 15 LA A SR BORBRAL T PR A5 b 6 Hh B S Bk
B0 BRACH BRAA ST DI IR LR D50 e W) LG BT AL T IR — R B0 R 1 57 ) 1) A
D RAT FLEE S AR SR ) — U A EL A P B0 S i — DL D IS SRt , A2 R GR AR R LUK B0 B
9, Cu( 1) —ClbEE e Cu A5 W BEE AR pH SRR BE \Cu( 1) —CLRBERTSE T ik se 8™ M2 & 1 JE
R . SEE SRR (D SR BEH A A Bk AT ) 3 2 B 5 R PR T SRR 4 S B A T i B
SR PEEREE ;@) JRERURE (29 100°C) Bke™ E R NIRRT SF ALY . AR SEE 26 0F FIRIR A O 4L &
5 ERI R A B 2E 5 B i AR AR , DR 0he mT A 0 0 2 ) S 6 2 PR RS RN S AT T B 4

AL AR

REREIA) : R 5 K ARSI s S B AL S A0 Wy 5 Y A — PR LE A 5 L A

BT B S5 ] R A ) LA K R A
W T SRR B AL R B AR RO A ) Iz
WALy, o T B A BRI ORI, TE
TR TR AR R (BRI 45,2013 5 22 4 45, 2009 ;
XU ZE 45, 2000 ) | 2 5 5k B2 8 & B4 7 JK ( Ruan
Huichu et al. ,1991) 55 2R 87 LA B e AR Tt #A
WK (PRIC 2E, 2012 R AT 4, 2013 5 38 4 R 4%,
20115 XIZ4,2015) 8 3 BUAR (8K ) B Ak 5 R gk
WS ERAAL I B CR) B8R0 R 1 Bk 55
BRI B IR R 5 XS Y AR 2B TR
WR 0 5 KA R PR ALY K (Ruiz,
2002) BREAC I 0 IR (PR AE,2002) (B R
ERVET (5B T4 ,2010) 55 DL b — SE PR R BR B
(UEy,2012) rpdn gm0 B0, W) AA 2, Jd ok
FH G S0 30k 64 W) 20 4 4 30 T 31 B B A
AHERIRITSE A7 Bl T 5 00 1 28 B AR il A e 3
f#t (Zhao Jing et al. ,2014a,2014b;Qian Gujie et al. ,
2010) , WA R, X LL 4B A O B
PEUUIE A AKCE O™ T I, AR 2 B2 K o i
X Leg Yy A 20 A IR G R FE LT & TR
W SEEIIIT, SR EIE 2 A DL L5 T

T ASONEZR QAR ST BITH (45 :41272055) ISR

@ MR LSS S8 L B0 454 (%) BAk 4
(Roberts, 1963 ) ;@ i B fk 4 . BEHA 5745 5 Fe’* 5k
Fe'* VE H JE % 1% 4 57 ( Schowten, 1934 ; Dutrizac et
al. ,1970) ;3 S FER ALY 5 & 50 WO H.AE H
( Cowper et al. ,1989; Elliot et al. ,2011) ;@ PLER4R
W R BOK S AR R B (Zhao Jing et
al. ,2014a) ,

IR AR TR B SRR A R AR A
Y UL e v R A5 R BB AL ) T 5 5 SR AR B
VeI %722 il (8R) B P, SR T, RAK ™ H 15
(k) gAY BAR W] S RGBT R G R A
A H 5 B R B S A B0 5 (Richard et al.
1994) , BCERJE A SR oA e ) Iz AR AL )
Z— A TSR R A5 My 2 b, O HLg
BRA R R ST A — R R SR R AT
IEEAS 32 ( Qian Gujie et al. ,2010,2011) , 7&
JEARS PR e 07 A0 5 (R ARRALE 2 ] — S 40 (6) A
A2 R T A RO R ) B Bk S AU Y
(Rose, 1976 ; X ZZ 2245 ,2001) . T #E Rose (1976)
A MR AT S A A R Y 4 o kb g AR 2
W 3% & it 7E ( Rogers, 1916; Bastin, 1933 ; Bulter,
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1938 ; Brown, 1971 ; Woodward et al. ,1974) , &
W, BT I A (R ) B 1 e A8 BB A 5 S 2
BRI S TR . Rickard 55 (1994 ) 18 i B
/NF200°C pH =3 ~4. 5 [ 5RAFT, AT RS
T BR S VA SN, TE =Wy b A B T BT, B S 9%
. 454 Cowper 55 (1989) iy SZ I 45 5, ATk
FEARIR [T AR BB B B B AL T, s i
M T R B R AT A R Y S AL ) 5 R B A ELAE HDIE
JSLI) 5 PEAE R HORLRE T b T A 2 S I 4 o ) ek
W5 50 8 AR AR P AR T el 7 L 4
BRI SR A 5 0 B AR BAE T, IR AR
250°C LA b, S il i it 2o ™ 5 4 B A ELAE
TR . A B 4% (2004 ) 728K i Y Bl (150 ~
450°C ) 38 3o A Vs v RN v R AR T TE BBk
FAAG 2 — L8546 B0 Y0R8 R S
DU AR B . FRATH 3 Bk i S e
JIE A A 35 2 TE i 2 1

PR L B A B R DL Cu® o’ SR AR
B A T, JF L6 IR 45 & W B X AE
#1328 #% (Liu Weihua et al. ,2005) ., & A W97 3
W, E W W, Cu” 5 T 5 ClI7 [ HS™ | AC™
(CH,COO0 " ) &EB T4 A mita E A 1E (Mei Yuan et
al. ,2013,2014; Applegarth et al. ,2013; Zajacz et
al. ,2011; Etschmann et al. ,2010 ; Berry et al. ,2009 ;
Liu Weihua et al. ,2001,2002), WifEHE LT,
i FZDL Cu” B PP 455 T8 BT TE ( Mavrogenes et
al. ,2002; Brugger et al.,2007; Mei Yuan et al. ,
2013) o B 4% 28 Bl ™ v O A4 €0 244 Y WF 5T 2
B, ClT R A R R R EEWA S —
(Barnes,1979) , RZ IG5 R, — L6545~
Yy, GORERT SR B A TR SR TR
HRT MR Cu ™ JF 5w CL™ 454, LU
AW R IFAE T R ( Mountain et al. ,1999;
Liu Weihua et al. ,2001 ; Cai Yuanfeng et al. ,2012) ,
P, Cu( 1) —Cl 285 Yy n] B2 B 7E U A h AA7E 1Y
H ¥ A& (Rose, 1976; Haynes et al., 1987;
Sverjensky , 1987 ; Mountain et al. ,1999 ; Liu Weihua et
al. ,2001,2005) ,,

W0 R AR B 2o A 2R T RO S AL
PRV E AN EAE T Bk A2, AT T AT T o R A
W R SR AR 1Y IAR (Putnis et al. ,2013)
WA AAAR AR R v, PEEE AT E T YY)
VAR R E M) A UTTE , I P2 S SR PRI R 1Y
T4 MIYLIE (Putnis et al. ,2007; Putnis,2009) ,

I, PR ) — U A RE B 2 R b i R — P T
PG A B T AR T PRI 1 A0 ks i A iR
(Zhao Jing et al. ,2014a,2014b; Qian Gujie et al. ,
2010,2011,2013;Xia Fang et al. ,2009) , ULFL%IZ
ARG IR R 55— R AN IR h o al W
B B SR R, B2
Wk, M a WL Cu( 1) —Cl 5l e
ST AR B AS . AR A ST S
BUPH T SE AR e o AR SCEAMET ) —
VAR AR B A e i v Y A — P DO 9 B2, W9 S
JOEHREE S ] pH , Cu ™ ¥R Cu (1) —Cl 45
BV YA EAE RS20, e A |
i A 45 14 25 7 T 1) 43T, ) B0 00— D A AR LA
BLHI AN AL BR300 A B F0 LA 4 (%) Bk 4
A A LA Cu( 1) —Cl 28 5 WA 1k
T P TR Y A 0 B R

L SERARAN ik

1.1 SRIe##d

PR AR A] Y BAEAS Pt B AR R (AN TR
o R R ) B HUR R S RS R T R A
e OIS A EROTR Y & AR AR,
IS8 P AT R PR A 7 L B R A TS S
B TR BB IR K 1.5 em SR S7 7 MR
TR IR . 28R X GEEAT A (XRD) Al %
DLBR B RO SN Ho A My A, (EAE 3 i T L
BL(SEM) N EBA DR A0, BT R R
Hr (EPMA) K 0 AP 2 73 o Fey oS, (19 4> i
(D) o SIEB0 DA < O 50 0 H 2 D0 8 A
K12 ~15 mm B2 050, SN B9 SMEA B Fic 5%
X b S g 1o 8 o R 3R RS 981 5 K DT 4 Y
SEDT RSB ST R I Uk, PR R T K Ut
=GR A TR SR B A7 AR 1A
SEI A AR B 0 g3 A 4l A 4 CuCl)
NaCl,, ., CH,COOH,,, CH,COONa., . NaOH_ .
H;BO,, %, 1T CuCl B3 5 5 AL, (TR AT
T AL IR G IRAT
1.2 K®HZE
1.2.1 pH ZMEHECHIF0 pH KT E

SEH A pH Zenhil WL 1, pH 22w i il
RS E BC Y 0 o IO pH 22 g i fl
B —YOKTEME AT AT T 30 min f9 N, 45,
RRFEEERBR N AR O, Fl CO, . KL 5¢ BUG
SERPTRATEWEN, 19 FE 1R AEA , 68 B oA Y



5% 4 1 RS P — (R K S 5 Cu (1) —Cl A EAE ML 999
2005476476
#1pH ZHAERAS—K 1.2.3 S EEMTE
Table 1 Composition of buffer solutions KW EETR G, 0 P83k 4T 1 A8 26204
o B0 R T 0O 4 5 (EPMA)
W i | e A3 (mol/ke) i BUBE (SEM) B oA XS 2 A7 14X
A | 387 3.82 | 0.16CH,COOH +0.04CH,CO0Na + INacl  (XRD) GHOGHL 2 #REH (LRM ) 55X K i
B | 573 5.71 | 0.01 CH;COOH +0.19 CH,COONa +1NaCl P2 ff 4y JE50 WIS AT 00T . Ty
C 8. 11 8. 15 0. 16H3BO4 +0.04NaOH + 1NaCl Eﬁﬂﬁkiﬂﬁz%}%ﬁ%ﬁiﬁmﬂﬂﬁﬂ%@%

W@ pH 8 {H K A A Geochemist’ s workbench 2% 4 i A% ( Bethke,

2008) 521 ;@ pH MIHEEAYER 222 £0. 01,

Note: (D The pH values were calculated by Geochemist’ s Workbench student
edition ( Bethke, 2008 ) ; @ Errors for the measured pH values are +0.01

pH i1 &, pH 117524 KL-03, H 2hi B #h 2, K
JE 0,01, SR B A AR R R A
(pHys =4.00) R A WEFRER (pHyse =6.86) | PUT
@2%]1‘]( pHos+ =9. 18)Zﬁ”ﬁ‘%f pH %{ﬁlﬂf’é@%‘ pH Tl‘
PEATRCHE . F S 56 A FH A S A I 8 A s, 20t
VAR B T B A — s s, DY A R Ak
B pH 28 0, B VS 0 S AL B O i Lk
RE 1 mol/kg, WIUATREE RIAIN A2 1) 25 1 T S Ak Eh
WEERZ IR Y pH, FEASCLL R g b, i Jo 4s 51l 45
TR pH 4R GG e 18
1.2.2 Jk#LIe

TR K RELIS T R W3R 2., LI P i =4
TR, AR &5 4351k 100 °C (150 °C 200 °C, L5
TEN A SR MU £ s (PTRE) 185 4K B g 42 Hh it
AT, BN 48 T30 A 0057 8 e 7 s I 3 J3E AR [
SV B [R]HERE T OR B2 : £0.5 °C) AT /K RS 5G
R OIFE AT R 9 mL, LR 5 ) R VU IR 2 I
B4 BT R 5 2 44k 5 Y CuCl 3 oK i — it
PIGF T 5 R BERA™, B A 6 mL AHR () pH 28
A, RN B B A . RN ERELE
a0 N, I TFEBAER S RGO B A
TR R TR R AR S SF ) P R P R A T K IR B
SRS EEHE B RO 48 W RO 4 R R S R
IR 15 ming 7R 2 A AR
W LE IS, XA AT D43 B8 7 ) 5 0 TR At i/ T
KGOS R Y SR RN . S5 BOH Bk,
Ji A B /K FITOK SBEAIE TR =K, B AR T, W
LT Iy R BRI AR ) AR A . 5250 i T
ERREREHERR T & LI T, S258 4510 D
RTINS AR A R A0 B R AT 92 o . 5250
T3 R AR SR A A 0 N R i K A R N R
MR ZE R (L3 2) fEh 2 ] (4R K 305,

R e .

ARYHEFE R XRD 76 H AR # 2% D /
MAX-Mla 7 [& 2 8 R X G e 7 S E 58
B RN IG SE TR B A T
k% (SEM) JCE 43 #r, R B SEM #1452y JEOM-
6490, it e (AL X LIS (EDS) o #4537 5 1k
WK A AR IR G V) R IOt G S IR R
HEATE BN HL T EUR (BSEL) 3t FF 5 Ak 27 1843
A3 W3R i TEOL JXA-8100M 7 By F#R 41, sk By &
J15 KV TR B RO 20 nA, R RS R
Renishaw RW2000 7 & FREH 43 B 306 5 I 77 Py itk
TR AR 23 BT, WO B O 51405 nm 41 430
A7 200 ~2000 cm ',

2 SLhmsiR
%2 KBEH

Table 2 reaction condition

el e
. TR | IREE | FIZEIR | CuCl ol
W [(C) | I | (mg)
s |Ei(e)| B (kPa) (4
Py01 Cub 0.0076 A 150 | 475.7 60 25
Py02 Cub 0.0076 B 150 | 475.7 60 25
Py03 Cub 0.0068 A 150 | 475.7 60
Py0O4 Cub 0.0079 A 150 | 475.7 60
Py05 Cub 0. 0082 A 150 | 475.7 60 15
Py06 Cub 0.0074 A 150 | 475.7 30 25
Py07 Cub 0.0088 A 150 | 475.7 90 25
Py08 Cub 0.0070 A 100 101.3 60 25
Py09 Cub 0.0077 B 100 101.3 60 25
Pyl0 Cub 0.0095 A 200 | 1553.6 60 25
Pyll Cub 0.0099 B 200 | 1553.6 60 25
Pyl12 Cub 0. 0066 C 150 | 475.7 60 25
Pyl3 Cub 0.0084 C 200 | 1553.6 | 60 25

VE+ Cuby” S5 U 15 AR AR A7 i pH =3, 82
1 ZTRER pH B0 R “ B 4 pH =5. 71 1) LR #h pH 22
PR C7 45 pH =8. 15 [ENRREL pH 220
Note: “Cub” stands for cubic-cut pyrite; “A” stands for
acetate buffer solution, pH =3.82; “B” stands for acetate
buffer solution, pH =5.71; “C”

solution, pH =8. 15

stands for borate buffer
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Fig. 1 Backscattered electron images ( BSEI) on polished section of pyrite
(a) SVHTE BT FAFIL; (b) PyO2, TR AH: T =150°C \pH =5. 71 .t =25d ., [E7< ] WA Bk S 28 Ry S ™, Ho IS B Sy PR 72
BERD BN , B AR L B HOIRBESR ™ 5 (¢) Py08, I 454 : T =100°C \pH =3.82 .1 =25d, 7R 0] WKW {100 | J7 o)V i JF-00
TEAIRERD, S R Z A BRIIBE ; (d) Pyl2, oW 4544 . T =150°C \pH =8. 15 .t =25d, BUR AT UL, BEkm 6722 o i e 0,
TSR A AR 7745 (e) PyOl, W A5 T=150°C \pH =3.82 1 =25d, 75 i) WL B A 5572 S SR gk, o Bk SR8 S S B 11)
WG, WG ARG Z (B A B2 B, P WARE 2 AL (O Pyll, W 2%/ T =200°C \pH =5.71 ¢ =25d, [EI7R ] L, 8 Bk S 6 28y i
A, B SURT BRI R (g) Pyl0, RBEZEAT: T=200°C \pH =3.82 1 =25d, [E7- A] WL BBk Se ke A0 B0, P80 A SR
WIF HBER SN S SR 7 o S B0 Z [0 DL S R85 BESR ™ 2 [ 588 S o ST, 740 s AL 5 () Pyl3, )i
ZefF:T=200°C \pH =8. 15 ¢ =25d, &7 ] WL B Sy eIy W MRS , 76 VA0 A3 AT SRk )™ A, VR ™ B AR B T B8k A
(a) The pyrite before reaction; (b) Py02, the pyrite is replaced by chalcopyrite then by bornite with cloddy bornite spread over holes in
chalcopyrite. The experiment condition is: 7=150 °C, pH=5.71, t =25 d. (c) Py08, hematite precipitates after pyrite dissolving along {100}
with large gaps between pyrite and hematite. The experiment condition is;: =100 °C, pH=3.82, t =25 d. (d) Pyl2, digenite replaces pyrite
with hematite outside. The experiment condition is; 7=150 °C, pH =8.15, t=25 d. (e) PyOl, the pyrite is replaced by hematite and then by
bornite with large gap between pyrite and hematite. There are holes in products. The experiment condition is =150 °C, pH =3.82, 1 =25 d. (f)
Pyl1, pyrite is replaced by chalcopyrite and then by bornite. The experiment condition is 7=200 C, pH=5.71, t =25 d. (g) Pyl0, the pyrite
is first replaced by chalcopyrite and then by bornite with hematite spread over outside of bornite. There is a sharp reaction front either between pyrite
and chalcopyrite or between chalcopyrite and bornite. Few pores are present in the product. The experiment condition is; 7=200 °C, pH =3.82,

=25 d. (h) Pyl3, with shape preserved, pyrite is replaced by digenite and there are some hematites spread over outside of digenite. The

experiment condition is: T=200 C, pH=8.15,t=25d

BERRAFE AN [R] YL RS ) R i v 22 D AN
R 4 SR S, = (R R S R B 9 — e 22
So TPYIRIFNE FEA ARG BEE
BT WA AR R R Bk A5 . Horp Rk AR
AR EEFT pH B A R B, AE TR EE AR Y
N B 2 | H 20K A 52N 25 7% 00 A5 BE RIS IR 5
T R A 1) e N 2 B 4 B R
WA A
2.1 FREKT WK

TEFTA W SE 58 X R A SR A il TEIRE
g 100 °C LA M i Bk 150 °C H pH = 3. 82 [ 525
o R R IR B AR R, O HR A =2 1)
AHOKLEIB (K 1c.e) ; 7EIRE S 150 °C pH =
5.71 8 8. 15 LA KRN 200 C By 5250, Al Lk
R AR IR R BLE ) 2R e (B 2) s BbAh R 2
() PR TTTE 7E 2R MU 960 £ T U PR i
2.2 ERNTERESY

IR G 5L 5 B 5T kK B, TR A 150°C il
200°C ,pH =3. 82 = pH =5. 71 W 7] & BLA W4
BERA AR IR (Bl 1b e fig) o TR
TN 150°C (pH =3. 82 ] ([&] 1e) AT WL B A" e A%
RS 0 AR RIAE TR T pH =
5.71 LU S 200°C () 52 56 A ) o sk APt 42 (18] 1b L f |
g) o SN EA) R A AE AT R Y IR R b
TR R M (B fLg) , S poR AU v AR, 7
Y AR B Y — D WAL, SR R SR T
[N & B B (BB, AT D28 AR 3 3 s e Bk 4B

PO 3) ) LT B 2R 288 (™= 18 v SR A7)
B P L B AR AN BT, SRR M B A ]
AT W B, SR B R AT LA . X Py10 (52
AR IR 2) Hh B A AT LT R ET X AT, KK
PRI BT B "7 O Cug o Feg o5S, (10 i1
PIfED) o XF PylO B A #E AT 2 6 i, 20 B
L b X 45 R UL AT 4, 5258 P i 4 A 20 K S
http . //1ruff. info/ chalcopyrite/display = default/H' 35
B T W) B
2.3 Ry BREET

UM T EUR P BEAR A A K 5 2L B

15kV / X10,000 1pm

P 2 FONLIS BT S 7 A T AR BR A U T R R
1 (Py13) , R &A4: T=200C .pH=8.15 .t=25d
Fig. 2 Secondary electron image ( SEI of Pyl3) of hematite
covered on the surface of the reacted pyrite cube. The
experiment condition is =200 C, pH=8.15, t=25d
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AR St 11, DR 1T 458 5 P BREA B 114 93 A S 5
HAtw- Pyl e . L%, SR b BEAR 6 A LA
TILASFHE:© 526 BUA A5 CE AL, B4 A

RS-01

P 3 7R Pyl0 Sy fo s Bk 24 B i 1 I L 11148
(BSED) o JZ 4. T =200°C .pH =3.82 .t =25d, 7F%
BB BN, SR ST B A U, B SR A
I, SRR R B A 7 22 15 A5 65 ) S A Bt S R
BN AL TR0 P A (2 P IR B

Fig. 3 Backscattered electron image ( BSEI) of cracks in
pyrite. In the cracks, the pyrite is first replaced by
chalcopyrite then by bornite with obvious gaps between pyrite
and chalcopyrite. There are numerous pores in products with

some cloddy bornite spread in pores in chalcopyrite. The

experiment condition is; 7=200 °C, pH=3.82, 1 =25 d

A BLAE 150°C 5 200°C (19 55 FR L 251 3 @ Bt
A7 SRR A, — B 5 SR A B Ak, R PR
PO B R — N ) AL SR AR
TORTE AR, S H A1 (18] Lg) o Ryaidal

W A

7 EE AR

RS-02

PR

e

RS-03

A B

RS-04

S0pUm

"
+

iied

I\

e

Y

RS-05

AZRN

100pm

W6

T T T T T T T T T T T T

200 400 600 800 1000 1200

Raman shift (cm™)

A 4

1400

K 4 ROVIE SR UI R OB HL 2Ot EE A R . R B M BT, 4 5 53 RS-01 ~ RS-06, [ Hh U7 AR 7 BT
XERE 3 RRUFF FRRISCH DI bR g ] o 1135 LU X 45 SR I L IR 720 1733 1T D RS-01 X 7 A Wi M7\ RS-02 4y BRE 4
W FIRTT T RS-03 Jy 44 \RS-04 S B{EkE™ \RS-05 N REERAT™ \RS-06 Sy SR ki

Fig. 4 The picture shows the Raman Spectrum results measured on polished section of partly reacted pyrite. Image above: on the

right side shows the test points ranging from RS-01 to RS-06 and on the left side is the Roman Spectrum. The spectrum labeled in

Chinese name indicates the standard Raman spectrum gotten in the website: http://rruff. info/ and the spectrum with different

numbers is what we get in our experiment. The result shows that RS-01 corresponds to digenite; RS-02 corresponds to the mixture

of bornite and anilite; RS-03 corresponds to chalcopyrite; RS-04 corresponds to pyrite; RS-05 corresponds to magenite; RS-06

corresponds to hematite
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KBS - — AR K A T BT 5 Cu (1) —CL AT EAEHIBLHIBE ST

1003

RIBE 56 2B 0T 5 B B iy
PG o BREAR A I T S P ORI B e A P S (I
b £ FIE 3) 5@ BEHTH 73 A1 FH 45 22 1) X, 2 gk
WA BARXT R £ . @ TE B ERE A AR R B ot B
W BEH O HLRE 22 £L (18] 3) , (HAE B R Shid Bt B
A BER T I 5 2 — (I 1 g) o X PylO( SE5R 4%
PRI 2) TR BER0 #EA T i RS 0 A, S RS B
B2 2N Cus jy Feg 758, (7 S RiBIME) o 5
B R BEAR B AP G A 4 B, oW TR B,
SCEG b B AT 7 2 06 1 R I B A hitp /.
info/bornite/display = default/ I http://rruff. info/
anilite/display = default/ WP BE4R B, 21 77 W5 ¥4 76
TE PRI o LR S b BEHR ™ T LE X 8T 8 B
H AR R AR A Xl TR R AR R
TE 75— SCEE P R A BEAR B 5 7R 5 WA ™ ok
R AEMAERNE
2.4 IRy BERESRT

FE 150°C 5 200°C 1) 55 B 25 44 A Hh B0 A
AR B BLR (& 1d h) o R 6B
PR A R R BB, RO AR A TR B
SMINA B2 508, BN SR AR ER A . IR BRI
R, W B 8P 2427 5008 Cuy g Feg q S(S A
MIIE) o
3 it
3.1 pH X RMBIFNE

ARG SRR W pH X4 (8) BAL P e
JHAT B E BN . SR IE /AT, R )
ERBRAL I AN BRAL Y 5 AR S BRIE S5 T, 70X
SR . ANTE 200°C | SR ] Ay 25d ) S5
L SSIRPEZAAE T (pH =3. 82.5. 71) , B{EkH™ F 2%
AR BT R AT SR B AR oo (& g f)
T [ T2 0 Stk 25 6 (pH = 8. 15) , B8k 2
SR J R AR A — e ) (18 Th) o BT A
S Y Rk A IR R
W Ak, LL 200°C Ny
1, 76 55 BV 25 T 7

FAF AN EA, pH 2 LI 3.3 i
®
3.2 REX RN
M AR RE #Y pH B R[] T 428 i) B 1
JE TR BN BN SR o S R TR
XSy HAAH B, L AnTE pH =3. 82 2 i [A]
N 25d SER R, BRI (100°C) , Hn] WL Bg
R AR Ry ok (18] L) , A H S0 2R Ak ) 5
HBALY) S PIAE s 2l B A 2] 150°C |, Al L i
PR 18 SRR SRR TR IR R A i A B B A
AR = ooh Wy B (18] 3) 5 7 200°C I, H Bl gk
W ELHERE 7 R (k) B AL, A R A A 32
ARy BN B4R v s AT, Bl il R A 4 &, B g it
PRI .
3.3 FYRETEMIE
3.3.1 FEKTHWEEFMER

HI FSR DB AT, SR TR A S g b A
L, ELR BE AR (100°C) , 25 Bk B 5 e 722 g ol 4k
W BRPER T, il 5 T 1S0C S, JRERE 1
BN S R R AL ) b TR A T T S
WG Z 0], HeAh, IR I8 TURELE ™ P o
FEH LA SR U 98 £ 94558 (R G B FH A BE

AT SRR, S TR B S + 2 A B A X
BB T (S, ) T ARBA Th ik h +3 Hr 5 AR5 X 2
AT RIS 25 A WIS B AE R Y AR S + 1
Wk +3 M iy -2 #r (Llanos et al. , 1995;
Pearce et al. ,2006;de Oliveira et al. ,2010) , K,
PPN R AL TR SN T A ) T A 78 R R R
AVBCERA B0 9 SR B 18 S A SOy RN i 25 5
IR S S, PRI B ATTIA S 78 SRR 6 718 g o ™
WA DL Ak e

g7 MDY iR

FeS, ., = Feziaq) + Sz_ (aq) (1)

IR T TR &1 — AR A . 22/
R 3 RO A

Table 3 Chemical compositions of sulfide

. i BILR VP ER TR (%)
PRI 30 ~S0um sy | winas | - — . PR
u e
1g.f 53 T
(Il 1g, ),ﬁ'ﬁ?{’f%’%ﬁ)ﬁ{i Py | EE® |19 - 47.2(46.8 ~47.6) |52.7(52.3 ~52.8) Fei i3S,
FE T Z R PylO | 405" |10 | 33.9(33.4 ~34.0) [29.6(29.2 ~30.0) |35.6(35.3 ~36.0) | Cug gsFey osS,
100 ~ 200pm (& 1h), PylO | BESAH" | 7 | 65.8(64.7~66.9) | 8.3(7.2~9.1) [25.4(24.9~25.9) | Cus j;Fey 55,
F LG T 55 1 1 4% 2, 59 Pyl3 | W™ | 5 [77.0(76.4 ~77.4) | 0.4(0.1~0.7) |21.6(21.4~21.8) | Cuj gFey S

BRPEAAF T SR A
PR, Tl W 555

T Py” 18 RS RTITGEA BE 85 Py10” 1 Py13” X6 L 9 S B AR L2 2

Note: “Py” stands for unreacted pyrite; “Pyl0” and “Pyl3” stand for experiment numbers in table 2
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KR (2013 ) DA, T8V BBk A IR PR 2% 1
VPRI S) AxBEAE Sl S AN S,0,77,S,0,° 1]
IE AR B A N N Aa g (1) S F1 S0, o KAk AR
T
8FeS, +30 OH ™ =4Fe,0, +14S°" +
S,0,>” +15H,0 (2)

S,0,” +20H =$*" +80,”” +H,0 (3)

FEAS S0 55 BRI 45 1F T, Bifs LA H,S BYIE S
FAECINE'S) i BT REANE

8Fe; +8S. ., +16H,0 =4Fe,0, ., +

SO,* . +2H" +15H,S (4)

B R AR IR ) kAR e, BEAR T A
YA B RTEIBE (] 1e o) , RBIBER - A4
) Sk 125 - RO 25 AN RE ST B 22 28 Ak 3 i3l T
TE AR ERAT, VA R R AR O T OE R R, PRt 7 =X
(4) RN NIRRT 5L (RDS) o B8k
W AR R AR R () S R,y RN

8FeS,,,, +16H,0 =4Fe,0, .., +50,°7,, +

2H* +15H,8,,, (5)

g AR B RO [FAT R, (1) 4E i
BRA I8 Ry A R A 1) (R AH 5 (2) AR Dy B 4Bk
(RS 7 P TVETE ™ W) 2 T8 LA N R VU 9 A B TG
TR BE
3.3.2 SESWmAIBIR

Cu ™ H T8 oy e B A B g T 38 M B A A A E T
W, T SR T4 A T BRI W P AR
e, ALWBFEWART, Cu” /] F2 5 Cl° 5
CH,COO™ JE W L Cu (T )—Cl & Cu ( 1 )—
CH,CO0 ™ 451y EHZE G W) AH YT W P A 8 R
Cl B} Cu( 1T)—Cl ¥ /5 £ 5 H {7 (Liu Weihua et
al. ,2001) , (AL, pH 22 #fif b CH,COO0 ™ A8 23 % 52
Bre e K, Cu™ 5 Cl™ g5 & i M 5 4%
A%, Xiao Zhifeng 5 (1998 ) W55 1A R TE 25 ~300°C
i CuCl, " & Cu ™ | FE ML,

16 150°C \pH =3.82 W4T, nl WL 2] 52k~
SRR NIRRT, Z 5 AR AR A 2 S SRR 4 1) R
S0 HABSLIR AR R ], Wk A8 B 1 ik
rh AW r A . Rz R R e K B Ok
BRA VA AN AT ) DOUE ek B (a6 ~ 8
7R)

IR R -

Fe, 05,y +3H,0 =2Fe(OH) (6)

BT DTUE «

300

250

s2-
200

HjS(aq)

T (°C)
Iy
o

100 HS~

50

pH

&l 5 H,S # 4 0. 0001 mol/L B} T—pH FH[El, % E i
Geochemist’ s Workbench 2#4: i A< ( GWB) 5¢ il ( Bethke ,

2008) , #1202 o thermo. tdat,
Fig. 5 T—pH diagram of species of S is obtained by

Geochemist’ s Workbench student edition (GWB) (Bethke,
2008 ) for ZH,S =0. 0001 mol/L. Thermodynamic properties

are from thermo. tdat.

Fe(OH),,, +CuCl,", +2H,S ) =
CuFeS,,,,, +2C1", +H" +3H,0  (7)
INERBT A R AT A R SO, R A
Fe, 05, +2CuCl, ") +4H,S ) =
2CuFeS, ., +4Cl;, +2H" +3H,0  (8)

S8 SR 43 S5 v AR R RN BRE R 1 [RDEAT  I
Hilw AH R & Te ATAIIRERA FIBER 0 R A B0 B
(TN B, X LR SRS IR s A 7 A 1 Fe T RS
ST BICIE Ay B A DRI I i S (6) 2 4 ol
SV (8) ARG By AR, 7R (8) AT S
7 1T R pH (R R, 23R (8 ) 7
Py H e B NI E (8) [ 5O W 1E 7 ] 47, 3 ]
S 150°C \pH =5. 71 [ SE 56 th e 2w F 84 0 2
(A WS BN AR B S, pH B3 Sk ekl s 2k
A ) B 4 P e 7 T T A 1) B 1) P AR e
IR IX — B Beo 5 B T 5] 200°C 1, 78 34k
W REH T Z R AR, X AT gE et F
PR TR XS RN (8) 7= AR AN 8 T RN (5) L 4
e T AT RESE KRR B A = 1 7 R (8) [ IE [
B 7E 150°C 1 200°C Y 55 BR P 25 14F 7 AT &k Bl
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SR ) AR (4 5% A2, SR A A BEAR B 4G O B
W, Z BT A Ay B, SR A L
TR 25 R v (B R4 H LL Cu ™ Fe® [T X
FAAE, BB R AR R Cu” 23 A CL M4 &
AR AE TV , T B ¥ A 7 A (1) Fe™* 23 7 B 5 A
IO 8 5~ e A g DA R 7 ) B 47 ) 2
L9 R [l AR B i AT e A i A (st 9 ~

12 fl7)
SR T A -

CuFeS, ., +2Cl" (aq) +H" +3H,0 =
CuCl, ", +Fe(OH), ., +2H,S,,, (9)
BESA O UTTE -
5CuCl, ™) +Fe(OH) 4, +4H,S,, =
CusFeS,,,, +10C1 ™, +5H" +3H,0
(10)
LA 1) R A A 11 S B
2CuFeS,.,, +3CuCl, ,, +3H,0 =
CusFeS,,, +Fe(OH),,, +6C1~ , +3H"
(11)
2Fe(OH) ) = Fe,05,,.) +3H,0 (12)
EAR B Z 45 G R B, B
A P, T DL A bR AN R U 9 BRE AR (BT Lb
FE3) o A TR (9) , ULVE RN (10)
AR R 22 o BEAR SN (9 ) B S R E (1) 1Y
AR A FESHA W 8 BEAA A AR e AR o Bk
W= AR H,S SR AR N B, M2 1/
2 ) Fe'* BRI . SERAR R BB (v S M
KRR R, I HBEE i 2 Rkt 2,
WA 22 (1) SR R AT O UE 7R 58 DU 9B A 5 1) ISR A
BE,
3.3.3 HEIEEH R
£ 150°C 1 200°C (AP 274 F (pH =8.15) ,
PR R T R R, B S R,
2 pH =8. 15 [, B H B EZE LA HS ™ TE S AEAE
BN ] SRR AR B R v, AR R 1) AL A i
UUTE & FL 4520, M P o L HS ™ B A2 7E
B, UTVE SR R =
4Fel +6H,0 +80H,  +4S. . =
4Fe(OH) 4, + 0, +8HS, (13)
H AT, S i R v OH ™ (9 76 K 4 v 1F
S R AR g TR T I AR A 7 Y
K HTC R K, $E i pH RN i AT A AR
) LA ) A 5 A A ) BE A4 AR 1) A

B VA A SN e S SO A D, S P R
PLHS ™ B 57 AR, B8R 8 1Y 7 i S DR R
v
CuFes,,,,, +2Cl,, +OH™ +2H,0 =
CuCl, ", +Fe(OH),,, +2HS ", (14)
IR, S e OH ™ AT B2 b4 32 iy o il 7 1
fiff SO A o bl T B A A SR B A )
DS 8™ F AZ (R A5 20, DR IR 88 8 B0 A ) A i S 0
AT BB AL . eSS, A
B 3 AR AT A5 B 52 5y , X LR R T S R AR A T
k) SN TR LSS BRI SR A R R IR o 78 55 B
PESETS WM™ A kA Z (A1 R ARk
BT B SE ) L X W] BE A BT S A R
IERAE Kt Fe?* | S)7  CuCl, ™ 45 8 7, 3% 46 8 T A
AR AT RE 2 S0 B B R IR R
il B AT B B, B RS S BIITVE HS SE R 1Y) 3 R
W, SO FR AT REAN T
20Fe;;, +720H" +72CuCl, " +20S." . =
20Fe(OH) ;) +40 Cu, S 4, +
6H,0 +30, +144Cl,,, (15)
2Fe(OH) 4, =Fe, 05, +3H,0 (16)
Hi 7 2 (15) Ja , Btk 2501, A R T S nE Y
IR FEAT o BEAh, REH R o WO A S —
Y Fe, i (1 Fe A7 F) T 52 5 WM 4 07 45 44 i £
E £ ( Morimoto et al. , 1970; Grguric et al. , 1999
2000) .
3.4 w¥—inik R MR (8K) BB K
HIBREX
LREA U & LI AR, AT, sk Al
Cu( 1) —ClAHEAE HILH b ¥ it — P DT TE RS 5 Bl
il SEH R, 2R AR (100°C F1 150°C 5 & 1e,
e) , BUERA" ] SRR e L, W Z W) A THOR G R B
[F] B BELUBT 1 BEAR AT 1 A7 Py A A LR AR, TR A
WA FAE T ST B R AR 1) SR A
AR (] Te) nT U4y 1) 58 A% 31 50 7= Wy 1 2L
P, DS A D G U 1 DO R AR S
Zhao Jing %% (2014a) & 1A — 55 2418 B 8 5 i
(200°C ; |81 b \g) , TERERA A SP I B, B4 47 A BT
WA X5y, A0 WL LR RO ) Z Rl TR B, {H
TEB R N FRABE b (18 3) , B4R 47 A B 7 1 B
A ZALPE I AT WA Py ) 8] Bt (B0 BB A A A 2
[]) A5 AS T (B FBEAR B 2 18)) o AH EE T 4h
T RN TR Y I8 B 52 3 A5 TR BRI, S
FRZ B —E R R (B 1g B, Shi A aT L
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30 ~50wm J5E 7=y, (] 3 R P L 4 )2 )RR JEE A
2y Spm) o SUELL, B AL — AR R A
JRAZHAS . P, BBk 1) B4 47 DL K 3 i A 1]
BESRAT 1056 Y SR I il — DT A AL, 2 T
B SN B AU R I SR A A RS 0 DL LR
PR, AT RERE d1 T HU ™ A2 AL ST T AR g
S B AT W) 208 B I FHTCTE T AL 5 A 245
(Putnis, 2009) o BEH 47 P9 30 42 2 P HOIR BE 4 7 )
REZBEH A 1 2 AL B S N DTIE R 45 2R, IF AN e
YEHA BEH A (I 8 T R B B R . £ 150°C A
200°C (k2 4 (pH = 8. 15) , Al WL 8 6 4%
AR SRR R AR R, 2R R I B A W A
SN I AN SRR I 2B o B R R A i
Z A RAZN T W A A B2 LR (] 6)
I HANR L A 8 22 28T, DRI T N Bk i)
WA PR A R VA i — UL TR A B

T A

15kV X700

20pm

K 6 K70 Pyl3 S0 Ja Bk U1 i il ' 185 HOH 1
F{% (BSET) , 2 b 4514 T =200°C ,pH =8.15 .1 =25d,
PEL 7 R R A R A P9 A A5 22 AN R LR

Fig. 6 Backscattered electron images ( BSEI) of polished
section of partly reacted pyrite (Pyl3). The picture shows
that there are pores vary in size spread over digenite. The
experiment condition is; T=200 °C, pH=8.15, 1 =25 d

AT SR, A 5 2 A 22 ) AR AR P 38 A
TE T2 Tl /R T R =z v, st e Ak 27 KAk e
TRERS A AL 2 RS . ORI ) —k 3t
TET B2 IV AT S 958 2 WL ) 3t BV FH e A, W58 ) — K
ST SN A Bl T BT W i — RO R R i v A
MIIC R 1YL ULVE | 6] A7 3R 70 18 55 3 #2 ( Putnis,
2014) ., £ JZ IR 4 #" ( Oszczepalski et al., 1999;
Muchez et al. ,2012 ; Dewaele et al. ,2006 ; El Desouky

et al. ,2010) R BRI IR K (MRIT R, 20125 B
45,2013 ) DL K 5 K s A S SR BRAL ) 0 R
(Graham et al. , 1988 ; Halbach et al. , 1998 ; Ruiz et
al. ,2002) Z5Hr, H WL B ERAT 0] B AR SR AT LA K
AR A ) e A2 B 5k Se ] () B AL ) AL A Y
MG, NG S LA R W5 SRR R s
AR T LA IUR B 92 O BB B B0 B4 A
LIS S AR, Fe 1T E AVE W, 7E5 16
AL ETIE ; @RV B B gk TS R B, S
FEAE BN R P EAZXFEER, W
Oszczepalski et al. (1999 )4,

4 Z5ig

(D) EBE 5 Cu ( 1) —ClMEAEHH,150C
1200°C H BUER B Bt A0 1 FVHR 4 A6 49 2 B 00 5 e 4K
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.
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ARG WA 25 A7 A 49 DU mT AR 8T 58 el P 2
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The Mechanism of the Reaction between Pyrite and Cu( [ ) —Chloride in
Mesothermal to Low Temperature Hydrothermal Conditions

ZHANG Yang, CAI Yuanfeng
State Key Laboratory for Mineral Deposit Research, School of Earth Sciences and Engineering, Nanjing University , NangJing ,210046

Objective; In some ore deposits, such as Sediment-hosted Stratiform Copper deposits, Epithermal Copper
deposits and Volcanic associated massive sulfide deposits, the assemblage of pyrite, copper (iron) sulfides, iron
oxides often occurs. The study of this assemblage is important to understand the genesis of the ore mineral in those
types of ore deposit. In this paper, we consider the theory of mineral—fluid interaction. This process may involve
dissolution—reprecipitation reaction giving rise to transformation of some ore-formation elements. We use pyrite as
the parent mineral and Cu(1)—Cl as the cupreous speciation to study the assemblage and reaction mechanism on
the interface between mineral and fluids.

Methods: We conduct our reaction in a 10 mL. PTFE tube. Every 6mlL pH buffer solutions and a cubic pyrite
were used. The cubic pyrite can record morphological changes before and after reaction. The hydrothermal reaction
occurred in anaerobic conditions. And the reactions are in different temperature, different pH, different reaction
time and different concentration of Cu ( I )—Cl solution. X-ray Diffractometry ( XRD ), Electron Probe
Microanalysis (EPMA) , Scanning Electron Microscopy (SEM) and Laser Raman Microprobe ( LRMP) were used
to study the transformation of the product and the structure during the reaction.

Results: The results show that the species of the reaction product differs at different temperature , different pH
and different reaction time. The main products are chalcopyrite, bornite, digenite, anilite, hematite and
magnetite. The hematite can form in different temperature and different pH. There would be more in low
temperature and most of the hematite nucleate on the bottom and wall of the PTFE tube. Chalcopyrite and bornite
can form in mild acid conditions while digenite forms in mild basic conditions. At low temperature (about 100°C )
the pyrite mainly converts to hematite. Furthermore, the results show that the trace element of parent mineral can
be inherited by daughter phase and the processes are pseudomorphic reactions.

Conclusions; The mineral assemblage obtained in our experiment is similar to the one in some deposits in
nature. This may suggest that this type of copper deposits has a similar forming conditions to our experiment.

Keywords: pyrite; hydrothermal experiment; products of copper iron sulfide; the coupled dissolution—
reprecipitation mechanism
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