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Abstract

Fe isotope compositions of Fe-oxide minerals and pyroxene-diorite porphyry as well as ore-hosting wall rocks
from the Gushan ore magma deposit in Anhui Province are reported in this paper. An overall variation in 8 Fe
values from —0.05%o0 to 0.79%a has been observed. Fe-oxide minerals have higher 8 Fe values than pyroxene-
diorite porphyry, whereas the pyroxene-diorite porphyry is slightly enriched in light iron isotopes relative to
average Fe isotopic composition of igneous rocks reported both in China and abroad, indicating that Fe isotope
fractionation occurred during the process of fluid immiscibility. Fe-rich melts are enriched in heavy Fe isotopes
while Fe-poor silicate melts are enriched in light Fe isotopes. Moreover, Fe isotope compositions of Fe-oxide
minerals, pyroxene-diorite porphyry and wall-rock are comparatively studied. Both pyroxene-diorite porphyry
and wall rocks have lower 8 Fe values than the Fe-oxide minerals, and the Fe isotopes distribution characteris-
tics are consistent with melt immiscibility and also accordant with the basic theory of Fe isotopic fractionation,
suggesting that the Fe in the Gushan iron deposit was most probably derived from deeper chamber rather than
from strata and pyroxene-diorite porphyry. Field observations and Fe isotopic studies conducted by the authors
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strongly suggest that the main orebodies in the Gushan deposit were subjected to ore-magma type mineralization.
Keyw ords: geochemstry, Fe isotopes, magmatic immiscibility, ore magma, Gushan deposit
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K KEZRHFELERERFEBERAMNERBRER
MM AEXR. BART 2AEV 40 H.C.O0.S
L8 5B AL TN BT 0 R S SRR R Y R R
REMAEN, HLEETANSRY HH TR, AR
P ERS, AR NEE — iR
Wt SERBSE T ARSI (MCICP-MS)H
HEAEFEREN Fe A REERZESNOBRT AR
AR, EMEAX—FNARARERETES
R RERTREEHARERAEARKIG K
MERSHRAER AR BE AT A LR P RhER
WEATH . I T4EXR, B R SMEE SR FEHE
R RIFRT Fe RALEBTH, B BIFUA John-
son et al. » 2003; Dauphas et al.» 20041 Whitehouse
et al.,» 2007; ZE&E 4%, 2008; 2012;: B R %,
2010)- VAR BT IR(ZEE U %, 2012) i EREE
KRBT ROREHEHE, 2008)-BAET KHAH
THE P RIS IR (Bekker et al.» 2009) KA
EHREHEY K (Hofmann et al., 2009)- BALHE
AW R L (Sharma et al. » 2001; Rouxel et al. » 2004,
2008 FIBEE - FHBT KES5ERBBIERFT X
FI% PR (Graham et al. » 2004; Wang et al. » 20115 F
R, 2013) B EBBH K(EHESF, 2012: Chen et
al.» 2014; Liu et al.» 2014) A R BEMMWED K
(Markl et al. » 2006)%, B/~ H Fe AL RERE R
VYEREASY SR TR NS L. B
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R, S R KRB D, T RKE W
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BEHGY BRHEEHRY AMEERE, L&k
T RRB AT T RRET K HBAR, 72
RiFh 53 LS ARG KT R (RES,
2010;Hou et al.,» 2011). H &0, B A S iX—34E
KK Fe AU ETIRMBEEH. AXHEED
e LT KE & BEURAEHEE R
T Fe R RBFA, BHX—RBFTHKFH Fe
FIALR MER S, FEACRBRRE, XE
RAREELE 1 Fe R R M BRIL 24T A #ATHF
51, MG A4 JEE F Fe FIfL R R AT MM K

R B OB SR BT 28 8%
1 R s

KILPT#HTIKINE R — e h £ R
GRHERRSFHE LS W AR EREERN
HERAWHBRLER. TEVERATKITAZES]
VI ARMW 2 NNE [ FREA, LR E#LE&
B, EEREA LT H, 2K 80 km. THF"
B£EXNF 3MEBHT RGEOBERE: LEUEL
B A 0, RB A WLERE A o, BB A L
FHED. TEEREGERE, WKL K HER.
AR EBLILRRESREEE —F ALEFTER
WAL 16 b A FFH TR B MY HE B
KR, BEDL 3 km, HES NNE FH5KBTHK
Bl TIREHKILE BEE L4 KE I il
SRR 44 B, BN K% A SHRIMP & 2 51
H1(131 + 4) Ma. (127 + 3) MaCIR B, 2003 ) F0
(130.6£1.1) Ma(Yan et al., 2009), R FIE KWL
EREAZMBMEN. SERFERRKKLEEE
BHEERF LA X IASGEREERE.

SEE\LE AT J6 KL A 2 i BT B, T
i 200 km?, NNE 15 NWW R ZENBEEERT
R Ak - BAE B R, th KL R RE
RBARET EFHHEYE. RAXLERBER=
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Fig. 1 Geological sketch map of the Ningwu basin(after Duan et al. » 20123}

HEURERA R LUBEARKE. KLE TE HHRE 2). THREEERDY, EAER 10~140
FREEENEANKE. ZEEEERXNRR m VHE60.6 m. &7 A ZEARRBEEAET,
fsha i (ED RS, T FEELOR, HEE ROV MR ¥ A . 519 8 W0 AR AR



[ b
Q
srasiky [P Eace Mo T E%
L e [0 1Kes tr
EESESATED P
M awmes  [Ohmkes 0

B 2 i ke BRAT HUR S B Ca A0 31 T B (b)CHB Hou et al. » 2011 {830
Fig. 2 Geological map(a) and cross section{b) of the Gushan iron deposit{modified after Hou et al. » 2011)
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Fig. 3 Photographs of typical ores from the Gushan iron deposit
ar c. Brecria are, the breccias chiefly consisting of pyroxene-diorite porphyry and the cement dominated by hematite; b, Massive ore
with fumaralic structurer mainly consisting of hematites d. Layered specularite ore
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PO ANRBALRET T 6. FETHHIERED.
BRABEYR. TEEEREZ BNR.ERE
#, BEHUR AR BERR BECR B RRAA
- RAHEEE 3, ERHBERT MR 7
AP MRS R, SR W EE N AR R
VBT S AT AR R BRA . EER (H
BA)-RRAFRA-HEZA%E. FETFHRAR
BEF, K 720~ 1040C (ERHR %, 1984). ¥ E5H
ENREAR, BETHERERAART . TALHE
PR B S, AT ZBRTRT BRI
BRI AL, L R i YRR S, B A TR R
PAGRE R B A K EH KRS, 1998; B8 H, 2010;
XS, 2011,

3 Fe AL E

3.1 HHTE

ARFEREE LT RN S FF2ERHER
NKEMEEN 10 H AT WORET . B%T
A, SRR I B SRR BURR ST T AR ER
HEVTAH.FARMREHLT EKBRRE.

AIHBREL 30 mg EEFHN 1 mg BF
YIFE R I B Teflon BFHEH . BL HF R HNO;
HAMBEHLSERER, REATHELT AT WS

AHREBELMEE. SEREE NSO LHER
MFEIEMA 0.001% B B0, DARGRES PR Fe g

HMEELRFS B RAETRREN LR Fe 5
HMTRNA RS B ERES, 2006). HRARL
ZRHEAE T RERAMRE SN TR EANE R
K. LRTMENRIMBEST T =51k,
BT AN HO £ Elga RZ 640, HHY 18.2
MQ, HF-HNO; # HCI 34 LR AN EE R 2L
ZREH LR, H,0, YRE RN,

Fe Rfr /M e e H - IR AL EHRE X
SEBYS ) Nu Plasma HR RIS Bl S i A S5
FAER B (MC-ICP-MS) L 34T . L5 BE R
MR B B HERE S AR A8 DSN-100 EA ST
iR, FER PR AT A Fe AL FEAT RS HTH
2, R FHARAE- B A SR B M R B A TR AT IE
(RAEEMISS, 2008b). Fe R4 3K il e 45 R LU S A
T E R AR I CIRMM-014 5 T MR E R R, Bl -

WFE]RLM_O]A,(%IJ) = [(':FE/S“FE)#&/
(*Fe/>*Fe)mmron — 11X 1000 (x=57,56)
8%Fe MM EIEE R +0.08(26). Fe RIALFEM
RERRE 1.
3.2 PER

WIF K 8 Fe MBESHTEN - 0.05% ~
0.79%(K1). HF . BENKAELERERN 8 Fe
ALK — 0.05%0~0.19%0, FHMEH 0.03%: B

&1 LT REENAT AR RGN
Table 1 Fe isolope compositions of whole rocks and mineral separates of the Gushan iron deposit
RS b EE o 3 3 ¥ Fempuo14/ %o 3 Ferpasois/ %o
10GS1-wr BRAKESY 0.19 0.14
10GS-7-wr EEAKEERA —-0.08 -0.03
10GS-9-wr BRAKESE 0.00 0.00
10GS-12-wr BERKEES -0.02 -0.02
A RS TE 0.03+0.11 0.02+0.08
10G5-10-wr CE oy &y FEAREREE Y 0.05 0.03
10GS-4-Hm BRART TR ILAE P R BT 0.35 0.24
10GS-5-Hm PR ARET T T (AL Y P AR 0.50 0.32
10GS-6-Hm BRART T B O ILAE P AR 0.79 0.53
10GS-17-Hm PR AR T T (AL Y P AR 0.37 0.24
10GS-19-Hmn BURART T RO ILAE PRS- 0.15 0.09
10GS-20-Hm BRI T (LB Y P AR 0.75 0.49
10GS-7-Hm RERT EFRRFRT 0.37 0.24
10GS-8-Hm BERT A MRy 0.31 0.20
10GS-9-Hm AR HRNHFRT 0.09 0.06
HER 0.41£0.24 0.27£0.16
10GS23-JT M ERERy 0.46 0.31
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FHEEFHATEDEN— M 2ERES ' Fe B
0.05%0; M E LW H LT RBEY 1 7 Fe 4T
B4 0.09%~0.79%, FIHENR 0.41%. FiRER
BRUTHHE: D BA RS K Fe R RAREN
HEABFTHRIE R KBS Fe A RARELTE N, B
X TRABHERNNKE LN TY Fe AL E4
(3 Fe BATEE N 0.05% ~ 0.19%, FHHENK
0.17%as Heimann et al. » 2008; Beard et al. » 2003: £
BR&F, 2012), W IF KR N KIS B R M Fe
fF: @ WA TEANKE, BLUTFEATENSA
BRI ZHEEM Fe FALREIFIE: @ % TR
VHEGEDHFLAEDE), fE7 RSV EM
HERER Fe AL RMIFE: @ SR AFRERT
FEHRBET K PRIBEYT (Fe BLUIEER
—0.54% ~ 0.20%, PRIEHD — 0.11%, Wang et
al.s 20104, S5 LR R Rk HN B4R E
A Fe Ffr 3, HAST K Fe AMRARSWAR
BERERAT RKPHBET (TFe ZBhBEEXN
0.15% ~ 0.61%, T & %, 2012; Chen et al.,
2014; Liu et al. , 2014)H1°F3) Fe AL RARFE &
L. ATE ) 3 Fe E{E N 0.46%. JEE K 87 Fe F
EN 0.34%, T RET KRB EREN Fe FAL
.

4 W #®

TR A B I Hh 5 A HLER AL SR W 5T, B0 AT A
HEWLT KRBT RBEART KT RRKE,
1977: % BB 58, 1991; FERML H, 1984; REFH,
1981; 8%, 2010: Hou et al. » 20110, R EE. B
HIR AR AT R HE R E D4 (%
FTHROMBMEERCEE), EHELFREEK
i, S )G RIS E A R B R DA KL I T R
B HESF RBXUEEMRR B R, T4
f R A B A S AL £ 6 R 2 S0 T et 1l =X
B BT (BE%, 20100, FAEMRIEL LEF
PRIGE 4 B LR EE RS Wy M Fe R
R A BRRE , X E AR L P 1 Fe M Ar K2R
AR SAT O B RS LT IRk B SR REAT R
4.1 BETRBUEDA Fe FARMEREFITH

FRENEBEREAEL—FEERN S RBEAHL
H, CHIFS 2 ARBEEES &P K. 85k
WH K BRBAE S B ET MHAARET 5K

(Zhou et al. » 2005 B & S 20y 3 B g4 B Bk S Ab 4y
W (Lyons, 1988)IFERR. SHiX— 4 id B+ Fe
W] R IR AT A IR, R IERE R Fe FIfLER
RERARENAE R KRy RS ERXE.

ML R KST BEAMEETHRE
(BRRT- B R AR ) F A4S Fe AL
RUBRHARBR, AGEAWBEPIREBRNE
BV BGRET E&T W ISR R>Y
EANKE)TREN Fe AME, F ARERIA R
) Fe Az 41 B b T M K\ LA B9 1 Fe R
EHRETHEBM Fe AT, HTHRET 2 FSH
1, ARSI R FS S E) R RN
b 3R AR Bk M AL ROR A A AR Ay, B A 2k
TR FBARIN Fe FIAL RS, BRI 442 10 I
ok Ak Y e cE N Sk bk i
L, &5 LA B RIFR 8T ] Fe R AL R 41 B8 fE
R, ERERABENLES Fe AMERET 4
1, BB AHN EEEN Fe AALE, BEREAHE
X H 2 Fe A . X—AHRE Fe AL ES
WHER. WANHAGREH SUERTIESS
3 Fe FIfr R R LW, AHNF &, EHEREW
EF ALK B8 (Johnson et al. » 2002; Welch et al.
2003; Croal et al., 2004; Anbar et al.,» 2005;
Polyakov et al. »2007)-

X FEING R, B8 BEHNRAESRER
BEEAIBHT BERBENTREREEE, UE
RS BRAE, BERFS BN E. ZEX—
FEH, Fe FIfLRZEEF A 2 Bl R 45+ 18, | Fe FALH
RN P TR R RNEHEAN FS H, N
TR AN AR KE ERE Fe ALER
B%.

X—ARBREMERET A2 xR NEAR
KHEREBRKBREEEE Fe AMLFE. XX HEE
BRI ARRESRAKSEE T ARARBERE B
H R RER AR, FEIX— L B P E Fe FIALRIEA
TERBG, EBE A REANBREREER Fe H
frf, MASHEREEREFTETERERNEEE
AU E RN ABEBELLAXERTEEYS
i R R NS BRER Fe AfLE.

4.2 WHLET RN Fe RAKR

B B RERT K2R — M EER .
XTGBT KR SR K IR, — e E 4R 8T
BERETERNEDHFHPREBLRUBEHE
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B, B — SR AR R ER A NKEE &G
0%, 1983), BE#E NN EHAKWHERAT
W R AKCE A A R, T W BRI T I3
PEE R (BES%, 2010).

Fe AL ETIRE R BN, ILEKT BT ER
LHEAM 8 Fe H 0.05% BAHNKBDELEN
Fek 0.03%, A B FAEKT EEEEN Fe [
fr. FEF ERELET RNEEST&RERY W, K
Fe R R BZEAT MR T 5 M Fe A
PRER. KT RFERET 67 Fe BFHHE
3 0.41%, BRAEWIE 0.79%0, XFHEHE Fe [
RIS LEET ERE Fe A RABKESRK
BERNKEEERMATER, RS ATREXE
THERRNERESEEK. SETHANEEKN Fe R
MERARHTESARRBETEFE Fe A ¥
1R —3, BRFaRIALR S N ERE R, 7T BHA
AELET KRB EERFETHRSEE XY
WIB A Fe LR A FIITHS LT RN 8RR, IF
HETNESENYS . XMERBEET AR T
I I KR R R R B AR AR,

5 & w

BT KNSR EAY—F&T RS
PRRERREL A R & M- WO A ) BRER Fe
ALK, 3 BREMRELE K Fe FIALTR A BAIN B3R
ERAWLARTFH Fe AMRARBRER Fe RAL
B RUEERPBBHTET Fe AR RAES
W, BB AN ERER Fe AR, ERER A
HIXT B4R Fe MR RALR: ARERT X HIREN Fe
FIfL R, K Fe A REKLET L HRER Fe [
Rr B4 BRI B A BRI A I8 o8 R T IN TT T R
IR F &0 PR A KK Fe AL RHABRES S %K
ARELETH Fe AMRBARE 3 FERE
FIAL R 1B E A2, B0k, b L3R B B MR BEAS 7T
BER BT RAEME, BAWRRET HKEE A&
A5, MEERB THREEHRE.

F W ARBIRTHEERI THELED. B
B ZWOLEY FEER AT R 322 BK
BA AR IR BRI X A 328, TR DI LB .
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