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Status and progress on geochemical behavior of iron isotope in magmatic-
hydrothermal system
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Abstract

Iron element is one of the important metal elements involved in mineralization in the magmatic-hydrother-
mal metallogenic system. The 5*Fe values of iron-rich minerals (pyrite, magnetite, chalcopyrite, pyrrhotite,
bornite, arsenopyrite, siderite) in magmatic-hydrothermal deposits vary considerably(—2.07%o~+1.58%o), indica-
ting that the iron isotope has obvious fractionation during the magmatic evolution, fluid exsolution and hydrother-
mal evolution, therefore, it has great application potential in constraining the migration-enrichment-precipitation
process of ore-forming metals and tracing the source of ore-forming materials in the magmatic-hydrothermal
metallogenic system. Based on sorting out and analyzing the data of previous studies, this paper summarizes the
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research status of iron isotope geochemical behavior in magmatic evolution, fluid exsolution and hydrothermal
evolution of magmatic-hydrothermal metallogenic system. The iron isotope will undergo significant fractionation
in the process of magmatic evolution, and the melt phase is enriched in heavy iron isotope than the residual solid
phase during partial melting; the iron isotope composition of the residual melt is changed due to the separation
and crystallization of minerals, which are mainly affected by the crystallization of minerals containing Fe* or
Fe*, for example, separation and crystallization of magnetite will lead to enrichment of light iron isotope compo-
sition in the residual melt, which generally reflects the main control of the redox state of magma on the fraction-
ation of iron isotopes. Therefore, the composition and variation of iron isotope in ore-bearing rocks can be used to
determine the redox state of magma. Fluid exsolution is a key process in the evolution of ore-bearing magma into
magmatic hydrothermal deposits, the exsolution fluid is rich in light iron isotope relative to the host rock, howev-
er, the experimental studies show that the iron isotope composition of the exsolution fluid may be affected by
many factors, such as the migration form of iron, the proportion of Fe** or Fe* containing minerals in equilibrium
with the fluid, the phase separation and the fluid mixing. During the hydrothermal evolution, the precipitation of
iron bearing hydrothermal minerals will cause changes in the iron isotope composition of the fluid, the magnetite
precipitation will cause the fluid to enrich the light iron isotope, and the precipitation of iron-bearing sulfides
(such as pyrrhotite) makes the fluid gradually enrich the heavy iron isotopes, which shows that the redox state of
hydrothermal fluid controls the fractionation of iron isotopes. Since chalcopyrite is considered to be able to effec-
tively record the iron isotope composition of the fluid, its iron isotope value is used to distinguish the redox state
of hydrothermal fluid. As an element directly involved in mineralization in the magmatic hydrothermal metallo-
genic system, iron provides a possibility for direct tracing of the source of ore-forming materials, however, the ob-
vious fractionation of iron isotopes in magmatic evolution, fluid dissolution and hydrothermal evolution leads to
the particularity of tracing the source of ore-forming materials with iron isotopes. It is the key to trace the source
of ore-forming materials by iron isotopes to further clarify the fractionation rules in the geological processes such
as fluid dissolution and hydrothermal evolution.
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research status

BRI R BHFR B O R 2 — , W2 sk
W2 &) EZMWaEitER. ®
£ %Fe \5Fe 5TFe il 8Fe DU E IR 47 &, Hi AR 2 [F]
I Z 21 W F FH 8%Fe Bl 8%7Fe ok o, AR R AR
i S5Fe [Fe STFe /**Fe Fb {E A1 X F [ Br A5 e W
IRMM-014 1) T 43 2= , X T ot 45t 4318 1l 75, 6%0Fe=
0.6785%Fe., ITAFK, Bl 2O G A & 5 1K
1% (MC-1CP-MS) Ml HE A f) & &, 5280 T 4k Rl
YR BRI A2 | R I Rk [ o 3R R Ak S A e R
fb T SR T B, AR 2k R R AR R K
Bh IR 2 AR 2] T2 0 H (Anbar,
20042007 ; Beard et al., 2004a; Dauphas et al., 2006;
Johnson et al., 2008; F- k%, 2012; i 7k Jik 45, 2015;
KAEHNAE, 2016),

TEHBIRF 22 U, B I AR R s LR
AP Hb BTG PR L 2RI CE IR A R AT

W 19 4 [R) o7 2R A s AN 28 A 31 TR 8 o e e A 65 ok
(T IR%E, 2012 fif 7k JHE 45, 2015; #4145, 2016) , #
WAL 5 W ARAR T30 -5k -0
RN -0 W 0 B (R 62 3R -1 5318 R A (Hill et all,
2010; Polyakov et al., 2011; Saunier et al., 2011; Sy-
verson et al., 2013; 2017;Wu et al., 2017) . DA -1
GE R AR FE 18K [l 437 22 Hb 5 g HH A9 & Jg , B I
B IR) 7 2 BN H F A9 F2 (Beard et al., 2003;
Rouxel et al., 2018) . ¥/ % 4% 1k (Zhu et al., 2000;
Xiang et al., 2020) . 7 J {# {k (Du et al., 2017; Li et
al., 2020) SE4e . FEAT R 2 A I F2 A P e 2%
7Rk #E 1 (Li et al., 2013; Yang et al., 2019; Zhu et
al., 2019; Huang et al., 2021) /A JEE PR LA™ 22 50 (7
JK & %5, 2016; Rouxel et al., 2018; # Jk & %5, 2020;
Wang et al., 2020) . 7 3¢ Wi#™ & 4t (Liu et al., 2014;
Ding et al., 2019; Troll et al., 2019) . & 3 -HIR LA™ %



1216 o JZN

b Jt 2023 4F

4 (Wang et al., 2011; Wawryk et al., 2017; He et al.,
2020)  Ho At IR R R 48 (Liu et al., 2021; Zhang et
al., 2021) , DL K4y PR 1) & A S 4B A FH 45 5 T (Cheng
etal.,, 2015) , b iR AIF5E 3 W Bk ) o2 3R AE 7R B2 40 IR A
W) R R 24 SR R e A 5 T B A B RV g L O
RRIFE 2B PR N AT SE AR R T 1 28

AT AR 5 - B AT 2R B8 K R L 2R 2H R 7R
B B 7E B AR R T RS RS A
A 35 B A A B0 R (Wawryk et al., 2015) (B4 75
W K (Graham et al., 2004; Li et al., 2010; Wawryk
et al., 2015; Li et al., 2018; Zhu et al., 2018; Zhang et
al.,, 2021) i+ %5 " IR (Graham et al., 2004; T-EX,
2011; Pi et al., 2015; Zhu et al., 2016; Bao et al., 2021;
Wang et al., 2021; BRI 46, 2022) DL R 30 43 44 35 3k
W 45 K (Zheng et al., 2021) . 3% SEHF5E 4347 T
T R S R (BT RGBT
WE BT RR A B TSR ) B R IR AL R AN, R B
N IR - BT R Hh R 1Y 8%0Fe fH 8 AL AL
K (=2.07%0~+1.58%0 ) , H AR RIG™ R 1k [Fl 431 2
AR AR A AE — 2 22 5 (&l la~d) , R B 2k [+]
L2 - P R 1Y) JUR 3 AR L A BURR R B
JEAT S AR (R SRR BT A 7 R It AR T8 1)
FRL T Py o >k R 7 T H A T 7 (Gagnevin et al.,
2012; Pi et al., 2015; Wang et al., 2015; Wawryk et al.,
2015; Zhu et al., 2016; Li et al., 2018; He et al., 2020;
T MIfESE, 2022) o FEFT AT LA T, A SCR
45 1 AN R A E SR - I PR B ()57 32 20 1, W
R TR FR G A SR AL AR R PROR T A
Tk [ AL 2R 1 sk Ak 2247, LA KR IR AL 3R AE 7R
S IR 7 T ) AT S BRI AT T 5k
1 ARIZRECE K -BIR IR B8k R 47

UM

AN ) S B A I - R PR 1) Bk ) 57 3R 2
R AR, 2T R - P 2R e P Ak TR 2 25 3
BRALFAT AR IR . EE G T R AR
RV BRI A R0 FLE R R 4
IR - R P S R CR AR RE BT
WG BT BEH T R LA SR B IR s
FUIRL (B La~d) , DLEEGf-dh 1 7R 45 285 0K -0 IR
PR [F) (3 2R 2 AR IR L DA SO [ 2R84 0 PR Bk )
PR H M 22 5

AR e R 32 R e e A Ak

TE R —280 IR, B3Nl 2k B e &0, 0 X
FHE A AR N AE A (Zheng et al., 2021) , A K&

SRS a
< Tle: n=24
25
B
BEA R b
& 15 Renison: n=47
=
10
5 I_l_e—a—uil_\
0o o
551 BEa U HIEH/ G — c

50p  fliEl: =45
45F  Batu Hijau: n=21

L 40 T n=35

2 351 Grasberg: n=81

= 30 fuikp. =27 ==
25t KBl =10 -

20¢ Northparkes: n=13

=

B

2l BEETR
Grasberg: n=38
AOF bR n=49 O
35t RREL: n=35 = O Rk
&30l &R n=57 o1 R
B o5l ERC: n=39 R R
B HEI: n=30 O BE
00 gl =13 = O S
ISp akgtik: n=1 g o #i
10 &) n=10 ’—- O B A
g 8 g SE 9 1 2 3 4
8%Fe (%o

SN NCIE b A n T SR 7R 7/ R |V R a2y X 7R A
E¥ 179
HI P 4 R AR Zheng et al., 2021; BE A 4945 57 R 3 Wawryk
etal., 2015; B 7 4 5H/4: 5" A4 Graham et al., 2004; Li et al., 2010;
Wawryk et al., 2017; Li et al., 2018; Zhu et al., 2018; He et al., 2020;
Zhang et al., 2021; £ #U8" K i Graham et al., 2004; T-ik, 2011;
Pietal., 2015; Zhu et al., 2016; Bao et al., 2021; Wang et al., 2021; B4
H 4, 2022
Fig.1 Iron isotope composition of iron-bearing minerals and
ore-forming rocks in different types of magmatic-hydrothermal
deposits
Data of magmatic hydrothermal gold deposits after Zheng et al., 2021;
Porphyry Sn-W deposits after Wawryk et al., 2015; Porphyry Cu-Mo/Au
deposits after Graham et al., 2004; Li et al., 2010; Wawryk et al., 2017;
Lietal.,, 2018; Zhu et al., 2018; He et al., 2020; Zhang et al., 2021,
Skarn deposits after Graham et al., 2004; Wang, 2011; Pi et al., 2015;
Zhu etal., 2016; Bao et al., 2021; Wang et al., 2021; Chen et al., 2022



%424 61

FEEICEF AT R G BR R FR HER fL 2= i ST BR 1217

WKAE 2 6] b5 5% A de-T Ak Y kA5G . 0 IR b
BRI ) R R RN R SR, AR A R LA/
T AT A AL JE AR (29 5~60 pm) A FE 28 BLTE Bk
G B M B (Zheng et al., 2021) . Hirr, #4%
A8 Ak 78 [ 2 0~1.0%o , T 1 5 2R A (1) 8%°Fe {H 1) 1
R FUE (-1.0%0~0) (& 1a) .

TR 35 57 5 JE I 555 75 %8 Renison 5 7 714 45
By R AT e 1A i o3 I A AR B 2 B B K AE B
AN S BIAE 5 (Wawryk et al., 2015) , 58 &
A i 3%Fe {H 4 1 T 0~0.5%0; B R F U REAK T )2,
B ARG B R 3 R R D R B B R
L oA DR, R ET 8%Fe i 0.5%0~
1.0%o , T B A 24 2 B 11 8%°Fe {E (~1.0%0~0) , Bf
b 8%°Fe {H 4 0.5%0~1.0%o , B 2k A" (0.5%0~1.5%0 ) Fl 2
il £ (0~1.0%0 ) U Y4 LUTEAR S 3, (HAR X 20251k
[l 85 K, 22 Bk A 8%Fe B U] 43 A T — 0.5%o0~+ 1.0%o
(Fl1b),

B RV AR 4 0 R AE 25 [8) AL I I 32 22 R4S
B 7 91 () v R Tk B AR AR G (L et al., 2010;
2018; Wawryk et al., 2017; Zhu et al., 2018; He et al.,
2020; Zhang L et al., 2021; Zhang Y W et al., 2021) ,
BUAT 1A 1 8%°Fe {H 4R T 4341 T 0~0.5%0; i IR H
BRA 1) 8%°Fe fH A5 1k 35 Bl 1 —0.5%0~+1.0%0. 75 £k i
Y- LB R 3, AR D R, B
1 8% Fe (HARLIE IR, FE—2.5%0~+1.0%0 2 [H] 5 ¥ £k
" 8%Fe {H (~0.5%o0~+1.5%o ) AE 1k 11 Fil 4 ¥ 4 57 /)8
DA £ 3°CFe i U £E rh 73 415 T ~0.5%0~0 (151 1¢)

W RAE RV IR 5 A S N (N A A R
(Zhu et al., 2016; Wang et al., 2021) , i # K K £ Fil
A B I e A A O R R 2B IR
W 1A 1) 8%°Fe {28 16 AN K, & vh 73 A 78 0~0.5%0
Z (Al D8k A (T BR, 2011) 5 BERE TERY K =
RUR PR & WA Y R 5 )2 40 A, H 8%Fe (H
A5 Ak Bl R —0.5%0~+1.0%0 5 £1 ¢ - i 1L 9 3] LU IE B
PR BT GRS S o £ A
SRR R BT, Horh Bk 8%°Fe 2 Ak Y Hi
B, 2 —2.0%0~+2.0%o ; B8 51 B 58 v Bk A % A,
EA AL PR IHAR K (—2%0~+1.0%o ) ; T B4 5% Fe
{HH—1.5%0~+1%o , BEF A FIZEEA 8%Fe {H H1—1.0%0~
0(El 1d),

DA B AN ] 288 U5 - BB R 8K [R] 7 3% 41 1 e
AR R B, 7E 5 - R 58 AL A
VAR A B b BR[R) 7 R AR - A A

SRR AR-0 YA -0 P R AR R TR R B 1 43
TR, R R R [ 7 28 B R - R R i Rl ok T
BLI o SR, T A DL L H e R Ak IR A 2R
FRAL A I R 2R, 2 X ELAA T R 9 4k ) o7 2% A5 A
AR, I R SR AR TR 3 3R BB 118 A
2 CEK-PR R G R R Y

HiER 21T

IR - FR G ) STV 1 O T R
(RS TR RITE AL, , TR H A2 B A R BT A 5 IR
PR R SCEE A, T AR R A R e e 4 1 IR
(TR M (Wilkinson, 2013) . AR SCa4h T4
WP R G AR AR I DL R AL 3
AR AR R R HBER AL A T R AR FT R
21 EBRELUME

U8 DX A R A s RO A S R e i T
W 2 RUITRE DL K Fe?* il Fe® s (A [T A AH 1] £ 43
Bt 2R BORR]  Hs VA AN 8% B8 A 22 ) 23 % A ik el v 36
IYPR CRFEMIZE 2016) o b I MIOHG 25 Y 3 B v i
Y MRS AT AR A BRI A A R 0 il
H, BLRPVE A 1 S R R M SRR R
o1, o TSR AR A AR MEAT EU MRS A s A
Fe Al 2 (& 2) , 7 LA b A 23 43 s e Bl i)
TERFEXT 58 BA 25 A SR TR R 2% 5 W] B, Fe®t )@

'Fe {if

36

ﬂ\%:t{ﬂ' —EHEH
R

T4

B4 e

A

Mt oo
I%%M“Hﬂ-ii-nnnm

; mEhe a8

F R ST = = T = ] =

7

IRMM-014

L ' L 1 L 1 L L 1 L 1 L 1 ' 1 ' J
-1.40 -1.05 -0.70 -0.35 0 0.35  0.70 1.05 1.40
Fe /%o

B2 H DA Rk R 2R LA
BEkE - Beard et al., 2004b; Heimann et al., 2008; Sossi et al., 2012;
Telusetal., 2012; Chenetal., 2014; Bilenker etal.,2017; Wuetal., 2017

Fig.2 The iron isotopic composition of common magmatic
minerals
Data source: Beard et al., 2004b; Heimann et al., 2008; Sossi et al.,
2012; Telus et al., 2012; Chen et al., 2014; Bilenker et al., 2017;
Wu et al., 2017



1218 o JZN

b Jt 2023 4F

THEEARHE TR GRS L R B R 4.5,
1Ml Fe2* [ 0 TIC R B2 0 1, TR 5 &8 0 I il 2 3 3
SR AH LUk B2 AH T 5 4 Fe®* (Dauphas et al., 2014) ,
FH T Fed AR 0T & A Bk 0 i[RI 22, DR 4 Rl 1k 1
I PARRR X % B A A AR TR R AL R R AE B AR
2016) . LA R EIR R SRR BE 00 I il
TR I 52 W) 5 0 IR ik e v gk W) 6 3R 40 1R Y
F % [ & (Williams et al., 2005; 2014; Dauphas et
al., 2009) .

TR K o S AR A B R R A R
GIAR FE B D 2R OA AR B A A (AR A
45, 2016) o AR Z IR1AE A5 W] G 1) K )60 3R 4
TR Bk ) A 2% 2 A B R AR AU S R A >
PR A > W > BatE> AINA > RO EA >
BRLRE T > MOHE A > SRR (I8 2, A A b AR
2016) , iX F 224 Py Fed % 1 LA ) Fe-O HEBE I
M, S AR R B R R R R 2 4
BCHET 1) D5 3R T o3 B 45 BT S R AR R A 25 4
3Bl Z AR A INTEARSEGR BE ST MO HE A 4
T P LG FRAR B R AR B AR Fed, S BRI
R 7 38 5 AR 5 TR e R B SR R Y
FeS (W W45 i, B AR I AR AE X 4 Fe?r, S B0k
() W67 28 5 4 CRAEIRAE, 2016) o 4R, 5 9% Ak
AR, E AR R R B Canos A ) RN A
R R = A0 CAn AR TN ) FEAS [ B BE 4G i o
5L —ERRE L5 EE AR T B R R R
P % (Teng et al., 2008; 2013; Schuessler et al.,
2009; Du et al., 2017) .,

LR FR, k)  R AE RO IR A AT
T rh R A i R R O AR R S
(Fe?* (Fe**MXT L) o EF XL Ak A R RS
G R, I8 B R AE 5 5 B B A R A < X e A Tk
[ 4% Z (Foden et al., 2015) ; i 32 X 3 B 2 =5 i ketk
Sn-W i Fl 48 AL BUBE 75 1 Cu-Au B il % FEBIFSE , tiiE
SCT A ISR A TR 3 R B TR A AR 1 5 I
(Wawryk et al., 2015; 2017) . [Kt, B £ A il 2% )
A28 A B T R 55 25 S R AR IR S 1Y
T W 7R Ay P DA A i I AR ) 3 T A B A A
(Shen et al., 2012; Cao et al., 2016) , {H /& HA& 0 A1k
FHXT & R R R FE R 0 E KO A H
M JEREAE 2 A 1, T R Bl O LA TR e |
i (Zhu et al., 2018) , [l 7 T Yl b AR 5 2R 4k Rl o 22 20
B ILG R4 P 412 K F AR B AL 0 IR rh o B

%3 (Ding et al., 2019) ,
2.2 mEHAERER

T A SR A I A R A S A IR B PR R Y
PRV A R T IR I A U S K A
R I X4k (Wilkinson, 2013; Chiaradia, 2014) , /57 %
W, = B AL B PR T s S R R, A
AR T i AR E T 3Rk A AL 2 BT 2 (Poi-
trasson et al., 2005; Heimann et al., 2008) , X} AR £
R BEE R Cu-Au/Fe i RIBFST , LR SE T VA I
PR AH X T BE A I A Rk WAL R R (EER,
2011; Zhu et al., 2016; Li et al., 2018; Wang et al.,
2021; Zhang et al., 2021) . £ A ALER 5 B
B R IR GBIt A<l RUBL L 5K 23 kil
Batu Hijau) /1Y Fe [f] {; Z BF 5T W R R, WY R &
FVRE A AHXT T 0 AR B R Rk R AL &= (F
%, 2011; Wawryk et al., 2017; Wang et al., 2021) ,{H
AR RS TR (K 3) . WY -RaBRMN
BRI 2R 2H 8, W RE Al B ) A R A R R
W AR S AR 5 R i 5 B (£ B, 2011; Wang et
al., 2021) . K587 K& B IR OFibr & KLl
EAC)RMM B A HXN T ARMNY REE
Bk [ 3 A R AE (K, 2011; Pi et al., 2015;
Bao et al., 2021) , — L4 PR (RURL L 5K 523 L HBI )
T FA B R R RAL R B RRE  (H 2 B 4
D ORNEZ M, B RL AR LOACH & AR S
R R AE R X —REAE AN 2 [R5 20 43 TR A 38 B
(1o [, 72 W 5 5k 2k R b, il AR TN K
) 5%Fe {15 (—0.071%0~+0.32%0 ) I\ 155 T A b A8 i IA]
A 14 (0.01%0~0.04%0 ) , FI HE S B T FERY < 5 ALk
At A rh, E Fe Al R AL SE N A i (1813, Zhu
et al., 2016, Wang et al., 2021) . £ ERFid ANk
MER I Bt B kA T Fe [R50 08 AT
U I TR R R R WAL R (R, 2011,
Wang et al., 2021) . B TIVE 23 OLJ6 & 07 I 14
H BRI R [ 3R, PR, ) 4 i i (4 i B
AR % B Bk [l 57 3R 2 B, RERR AT IR Bk R
ZH LA LA AR DU AT L I B B S A4 AH B T
WA R RN R R R (F R, 2011; Wawryk et
al., 2017; Wang et al., 2021) . {H &, K H) WV 5 3 o
JE 5 VG #R 1¥ Renison i J5 423 -5 17 PR 18 G 2k 40
LU R 25 RN SR AR PR BE 5 Y = 5 B0 PR 9 1™
AR E RS E [ AR (B13), Btk , IA R AAE XS
B AR R RS 2R 3 i I TP U ) R AR



%424 61

FEEICEF AT R G BR R FR HER fL 2= i ST BR 1219

EEZ | A EE
PV A A
O_gomomn A Wk
aly mm | O mEEk
vl TR N
AR A FEFSYRE 2
o | Renison o)
) AMa ___ oo
o REE W | ___m __|%
“E | £k OoOmo
= rOR [ o s BB o e o :
2| REL~ | o o mo &
BawHijau__ & | =
r. O o
&K Mas o Bup__ aw =
_____ PRSI 1 - B
A MO ' -
AN : L
-1.00 050 0 050 1.00-0.80 -040 0  0.40 0.80
5%Fe /%o 5%Fe /%o

P8 AR Hh A A v R O s B3 A4 B ) 2 2% 20 At
WA B PR A T8k, 2011; Pi et al., 2015; Zhu et al., 2016; Bao et
al., 2021; Wang et al., 2021; Bt 7 B 4H/4: 5 R 3% Wawryk et al.,
2017; Li et al., 2018; Zhu et al., 2018; He et al., 2020; BE 7 BB 1™ IR
& Wawryk et al., 2015
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Z Fh R & 2 il (Heimann et al., 2008; Dauphas et al.,
2017).,
23 ARELME

BRAE R L R T F 2 H H %S 5 T T
20 P I R Ak (R 2R A 3K A A AT o T B
9, 0] LA A R VB IR A o AR AR i i 2 ol T
T i R AT R R I AR A OGS R . S
PO & PGB WU TE 2 5 R R R i, JF
e T BURGR Y R ] 432 2% B 15 7] 38 22 (Johnson et
al., 2002; Welch et al., 2003) , fI1 7 — SE 18 K 5 1B
RV IR, Bl Fed W) (REER0) TUUE , Tl 14 38 W
w|ERYFEAL R, M E Fe? v ¥ (W 20 ) It
E i A U 2w 4R B[] £ R (Pi et al., 2015;
Wang et al., 2015; Wawryk et al., 2015; Bao et al.,
2021) . Wawryk % (2017 ) i ik #0257 AT 5%, 2
HR A T AR 118 A ) 437 2R 2L K T2 e O A AR B R
RS TR E RGBT R (e R R BRI AL 2 I TTTE 5
Al o FEUTRE RS g W Z A A7 I Y k]
PR 285 T AR A e DUREIRE
G FIE BGE R AE N I Z 7 F & (Rouxel et al., 2008;
Syverson et al., 2013, 2017 ) ; Bl 153 F Al {37 25 32 4
SRR, R A R U AT Fed (B Fe i 4
T Ak B A | B iR BC 7 1Y 7 ) (Schauble, 2004;
Young et al., 2015) , [w) {37 i 540 T, %°Fe & 4
¥ R BT S BE R AT > T AT > 25 T~k B ER
(Polyakov et al., 2007; 2011) , #R1fi , 7£ H SR P &
b, T W DLUE i R gk R 2R Bl A iR
FEAE, B B TR ot B, R T BRAA FeS R AN
RS TVE 51 1 31 7 2% 43 18 6 1 35 (Butler et al.,
2005; Guilbaud et al., 2011) , FEFAE ) 1) 2k 5] 157
R BAABRKNZEE (B 4), HILZ T, 5
il B 5 i AR 1) 1) % T 437 3R A e R AR SRS B
TR AT DUA 3500 S AR B9 8k W) A K 21 B (Syverson
etal, 2017) . PRI, 7E67 PRIGIOT I, AR 4 2
A B 1) 56 Fe (LR B A - 3 AR - A 00 TR T
B 3 A 1) Fe [R) 437 25 41 B (L et al., 2018; He et
al., 2020),

ANTR) AU 4 5 IR PRI PR b 25 AT W i Bk
()37 2% ZH ORI A R I AN [ (R A AE (L 4) |, RFR
fiy R A AU PR B & e W R B0 R T T2 1 8%°Fe (H
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Fig.4 Iron isotope composition of iron-bearing minerals in

different magmatic-hydrothermal deposits

Data of skarn deposits after Graham et al., 2004; Wang, 2011; Pietal.,

2015; Zhu et al., 2016; Bao et al., 2021; Wang et al., 2021; Chen et al.,

2022; Porphyry Cu-Mo/Au deposits after Graham et al., 2004; Lietal.,

2010; Wawryk etal., 2017; Lietal., 2018; Zhu et al., 2018; He et al.,

2020; Zhang et al., 2021; Porphyry Sn-W deposit after Wawryk et al.,
2015; Magmatic hydrothermal gold deposit after Zheng et al., 2021

A5 Ak 1 il (—1.80%0~+1.58%o ) , 7] if ELAG I i 1Y 1E
Al 1 8%Fe {H 14 i £2 ( £ K, 2011; Pi et al., 2015;
Bao et al., 2021) , ] g s Wt 1 i FARIE TR 41 53 1Y
%5, 5 A EE 241 Fe [al 7 R M ERAL 17 M (He
etal., 2020) ., Wirp[E NS5 H & 2R Bk
FEHLH WY G 1) 171 6%°Fe (. (—0.86%0~+0.36%0) (1#14) ,
E R 5 IN AT 5 1Y 8%Fe {H (—0.57%0~—0.15%o )
HHEA (B8R A B A A ) 8%Fe

fH (—-0.12%0~+0.57%0 ) BH & A [6] , 1 5 i iR 3
(=0.51%0~—0.38%0 ) #H — 25 (& 3) , HfE Wr i k™ & %
Fe [F3 28 AR 2 BB T 1A 5 i R 8 L g ) 45
(Bao et al., 2021) . E[JJ JE V4 WA L 22 45 e
#B 1Y Grasberg B 45 -1 < 5 % Cu-Au i R i 8 2k
FIELHR A 1) 5%0Fe B2 f K (=2.0%0~+1.1%0 ) , HEIA
Sh e T UURUR I A T 82 (Graham et al., 2004) . H:
A AN ) BRE2 B0 A BH 4 007 DR 1 2 kSR Ak (R 2k
W) AR ALY CEBRE™ B B ) R R B A
—H(11) 5%Fe {45 L35 FFl (—0.60%0~+0.61%o, Li et al.,
2010; Wawryk et al., 2017; Li et al., 2018; Zhu et al.,
2018; He et al., 2020; Zhang et al., 2021 ) , iy B B 75 A4
A1 T DR ) R T o e e R TR 7 3R 1 b R Ak
SEAT R, LA R AR ) R R A 2R 43 A 32 IR R A
L% (He et al., 2020) . 5 5 75 78 4 50/ 4 57 R A1
L, B RV B R T Bk BT DL S
FLA B Y 6%Fe E (Wawryk et al., 2015) , X il 2%
5ot HH T R ERE Y (E R RO R TUE T
1B, AT RE S W T A B A R RN R AR AR
PR AT I8 A4 AR 38 TR 25 19 AS ] (Wawryk et al.,
2015; 2017; Lietal., 2018) . FJp A IR Al &0 IR
R BT 8%°Fe {HAF i3 ] —0.85%0~—0.07%o , 15 2K A~
M) 24 0.11%0~0.78%o , AT UL % ¥ 2k 67 AH X 3% 2k 4 ]
o R ER EAL R B R AR S BRI U 1 1 43
1% A — 3 (Polyakov et al., 2007; 2011) . L) b #F5E
SE R BEA RV AR 40 R OB P 5%Fe {H 1Y
SAAERAE , S R BRIBE S R 45 R H AT I
X, B e Oy Fe [l R 7E — B AR FH T
PUNBE S B IR i 7 Ak 25 50 (He et al., 2020) .

FRR T A 2 BsF [) R 2 (8] 1Y) pREC, 38 3 X AN [F] R
RS ) AN ) 2 (B4 1) B 2R A T Fe [l 7
KAWL AT LA ST, v LAGR A5 Fe R4 2 21 Wi Fifi
) A2 i) A9 AR fR RLAE ( 1R, 2010) o S kR
YroivE 25 R FAL R 40, I 5 B8 PR 2k R
{57 2% 4 B Bifi B5F 5] 8 2% (Johnson et al., 2002; Welch et
al., 2003) . ASCEEAIRLA S BGR IR & 2k 1)
Bk R o7 2R 20 B R A U 6 AT T A LA
S M 1) R AR AL B v Fe (W) 467 28 B IS [R] ) 43
TR (1 5) o KAERS R CHr M LA I RUELLL
A7 AT 4L Batu Hijau . Renison ) Hf B
S LR R A 34 3 B AT 4 TR () 67 3R R
i 5 [ B, i o PR Ak, I S0 A 4 R o R 0 A
Yye B AR 2R 5 AT T e ik 4, 228k OXUEL
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Fig.5 Time zoning of iron isotopic composition of different magmatic-hydrothermal deposits
Data of skarn deposits after Graham et al., 2004; Wang, 2011; Pi et al., 2015; Zhu et al., 2016; Bao et al., 2021; Chen et al., 2022; Porphyry Cu-Mo/Au

deposits after Graham et al., 2004; Wawryk et al., 2017; Li et al.,

2018; Zhu et al., 2018; He et al., 2020; Porphyry Sn-W deposit after

Wawryk et al., 2015; Magmatic hydrothermal gold deposit after Zheng et al., 2021
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Fig.6 Spatial Zoning of iron isotopic composition of different magmatic hydrothermal deposits
Data of skarn deposits after Wang, 2011; Porphyry Cu-Mo/Au deposits after Graham et al., 2004; Li et al., 2010; Zhang et al., 2021; Porphyry
Sn-W deposit after Wawryk et al., 2015; Magmatic hydrothermal gold deposit after Zheng et al., 2021

7%, PRI AL 4 1 K ) 407 28 20 i a2 47 7% B R R AIE , 2
A3 2 1Y 2 8] 23 P AR T e (181 6) o DA k1)
MR A A2 i b, R R 50 W2 RTiES | i
FIER R 28 1A G BIE M S B i 5 3R BH , T
HaE R 1 Fe( ) AEXT F Fe( 1) 57 T & S8k 10 = [W] 47
% (Johnson et al., 2002; Anbar et al., 2005) , FR Ik fif 4k
W45 S e I FE PO h i F R R A 3=, OF 15 5%
R E R R RALER B, M T REER TITESS

mm B AL BT G 0 A ) 2k ) A6 3R 2H A
ST AT W FE TR L Fe( )BT B
W, B UTTE 23 U Se t Uk 1 2 [F] 432 %= (But-
ler et al., 2005) , Xtk , B BR ALY UTTE , A A A4
AW E R E FALER PR R ALY e R
ERERINL 2R I S A A kR 6 3R Y B s
Sy FEAE (&5, 181 6) o (HIFHE T A K IR IR 1
TR A 3 T rh 0 A7 7E BH S (R AR [ 67 28 431 - 3
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23 (B 43 P (& 6) |, 4n 8 KA Northparkes B
RUH G 0 RS [R) TR B B 1) 8%°Fe (HAE T T O A4S
(Lietal., 2010) ; 7 [ P4 Z2 U A BH 1L BEA B SR AT PR
AN [R) ol AR Ay R TG B I 43 1 (8%8Fe=0.30%o0~
0.57%o, Zhang et al., 2021) , 5 21X i 81 4 1) 5L (A 36
W B — L R AGE

3 BRI RTE AR -PIBON R E Y
I FH

EC A G-I R 58 Fe [R5 2 M Bk {k
SEAT ARG SR | H ET kR 2R A -
PR 0 230 B, 32 B 36 X 0 B FR Y
AR SRS s ER BT ) Bk 5 T
31 HEMERERAGRERENEFERRE

- PO R Gk R AR MR 2R AT R
WFFE W7, B 1A R 00 A8k 3 SRR 28X 3 7 5 AR A
TR Y Fe [R5 2R 20 AR 3 A 4 4 (Hei-
mann et al., 2008; Dauphas et al., 2017) , 7E L FE At |,
Li 55 (2018) ¥Rt 1 I FH K R0 278 i3 3 i #A i S Ak
W RS B AT e O & AR S B 1Y 857Fe i
Al LA X A A A e R R gt (7)o AL
B A - IR T B FeCl2 22 8] ) 4318 TR P AR
PUTF AT MAS [R]85 [ 47 28 20 1 1% I 4% (857Fe fH 3
Fil — 1.2%0~1.0%0) " UL U Hh 1Y & 4 4 19 87Fe 6
(Saunier et al., 2011 ; Dauphas et al., 2017) , ##5 fL 25
5 BURLA i AR ZR GA B R EE 25 80 0 IR B 4
By K A J B R B AR R T K, Wang et al.,
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Fig.7 Relationship between chalcopyrite 5°'Fe value and
temperature(modified from Li et al., 2018)

2015; Wawryk et al., 2015; Zhu et al., 2018) Fil4& L {4
F AL TUBE A4 S IR e iU PR AL 4 4 7 IR
A AL BB R 5 B AR 2R 0T K, Wang et al., 2011;
2015; Wawryk et al., 2017 ) H & 4 5™ 18 4 [R)43 25 2H A
HATXT LIS, A A A PRI 2R 48 vh v i 4 1Y) K [l A
RA W BB JF AR R TR0 RS K
AT PR B H DLy, DR DA R A ) 2 ]
A7 2R 2H BT DA D43 FAR AR AL RE I R SR A
T H(Lietal, 2018)

BEAN 8 A X AS [R] SR PR Hh B i R i ek
Wk R0 2% 20 W 25 45 B 9T , Zheng 45 (2021) . 4@
B ER [R)A0 28 T DL T s B R G 38 T RO A R S
Hh R RN G Y AT T AR AR T A
=k
3.2 HREMMLEREERY YRKIE

BROTHRAE N B S 5E KPR TR, 1
()57 2% 4 B AR A A B4R 3 U 4 ok R
BET AT REME . TTAGE SR RO R R R R A R AL
AN TR P 5 B A O Hl S5 A D % R 2 7 R KT
1) J5 4 R BT ) 5T R U5 (Moeller et al., 2014;
Dong et al., 2017; Wang et al., 2017; Rouxel et al.,
2018) . HNEQNREEJE VG A B4 A A8 T g R Y Gras-
berg BEA -9 AR Cu-Aull R H B2k M i 1
8%5Fe {H E A48 K (—2.0%0~+1.1%0 ) , Bk g 2 i TUL
FREk I A I £ (Graham et al., 2004 ) ; i 38 K 1) 31735
4 Ja 7K 1M Northparkes B4 Cu ™ Hp B4 17 1) §%°Fe
EAE T O LA, W s e T8k & B — 1 A Ok
(Lietal., 2010) ; Hv 3 P4 2 % K FH 111 3% 5 284 Cu-Mo
IR B B ik [ 67 3 4 SR AR — B
U5 &0 55 % YA G (Zhang et al., 2021) ;
iy R 55 AR PR T 8k R 67 28 2 R L 5T e B, A
B AR AR IR 2R (W R IR TG VA i Bl 443 i Ak
fife e , WA UR WA TR F R A, 57 R i Fe
FERIE T 53 (EBR, 2011; Zhu et al., 2016; Bao et
al., 2021) . DL EWFSE RN Bk A2 2 AT DU T s B
BCA P R, SR, A H i AR s AR gk R 67
Z 0 5% 43 18 (Wang et al., 2015; Wawryk et al.,
2015; Li et al., 2018) , 3 ORI FI 4k (R0 /R B 1™ )
Ibie SIS S 7R o

PR AL R, DIVE 0 W A B Lk R A7
RS AR GRS GREE R B h
Yo 5 & A G TETEAN R BB Bebt 92 1)
S b AT AR BT T2 5 Rk R A 2R 2 AL
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G 0T LU A5, AT LA ST A A5 Ml s R 8T ) ot ok A
(Wang et al., 2015; Wawryk et al., 2017; He et al.,
2020) . BRFIBRSEVE 2 AL T E S, A
[F] 437 3 ] DATE — SO [a) (1Y) 2ok 78 v & 28 4318 49 T 4
k38 5 ) i (Ohmoto et al., 1982; Field et al., 2005;
Dauphas et al., 2017) . F T [F] 0 28 J2 (] 425 7R 5 1l
W0 Jo R R A 5 5 ks, A ] TR IR
PR A A R, o J - PRI T 2R G ) B R R 8
P 7 e i )40 3k ) 7 £ i 7 (Sillitoe, 2010; Rich-
ards, 2011) , P Bl I SRR TR | X 22 1]
2 Al RSl LR IR 7 22 i AR A AN 32 4 T i Al 43
TR M2 IS B PR AR DG AR Ak, 45 B B IRl 3R
Al LA SE A R0 7 R T 4 5 R 5 (Hofmann et al.,
2009; Gagnevin et al., 2012; Pi et al., 2015) , IT4Fk,
A 2E SRk R R B A T I - PR
W ARG, I8 R 255 R T k- (R 3R A Aok
T ) ok R LA AR T, A R L T B
HRA PR S R W 1) Fe-S (R RALAL, SIRIRAE A
WA FEIE B BRAL AT T RGN L, KB i
IR PR B B AR ) 7 R AR T 4 R Y 856Fe AT 534S
{E ([l 8;He etal., 2020) .,

4 RETMEE

(1) A - R G KA R JRIX
T AT AR IR 45 o SV PR 2 5 DR R R 61 28 47
TR, A5 0 40 VR Y 32 S PR 3R R R DI S SR ) R A i
IR (Fe?t (Fe3 AN L) o

(2) i s o B W AR AR AR R 2 o018
RZH IR, I AR AR T RS W SRk
[ & (HHS 5 S0 B 58 26 W1 L0 I I AR 1 2k [l 7
R TT BEAZ 5 ARV 09 1 Fe? Rl Fe i M) 1 Lk
] AR kT FR B R SRR AR AR 2 2 A 2
PRI 25

(3) I Ak ik B vy, Bl 5 4 W 1R 45 R O
VE , B I AR AR IR 2 s bl 2 AR Ak, IF RN H 2k
B2 25 ol P AN Bk VTE 23 S BN it 1A
(R IR o7 R AR 5% T B0k v D 25 S B8O It
PRI ER R A AR

(4) H T 0 R0 TR B AR T U R 8 I A 2k
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Fig.8 Comparison of S and Fe isotope characteristics of sul-
fides in porphyry metallogenic system and other environments
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