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Abstract: The Skarn-type iron deposit is an important type of iron-rich deposits in China with reserves ac-

counting for about 60% of all iron-rich ores. In recent, the role of gypsum salt layer in the mineralization pro-
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cess of Skarn iron deposits has been the focus of attention of scholars. The results show that the §°*S values of
sulfate and sulfide in the Skarn-type iron deposits in the Hanxing area range from 24 %o to 29%o and from 11 %o
to 20 %o, respectively, and have the characteristics of sulfur isotope composition of marine sedimentary rocks.
These data imply that sedimentary gypsum-salt layer material is involved in the mineralization of skarn-type iron
deposits. Taking the skarn iron deposit in the Hanxing area in this study, the compositions of 6°*S of the sulfides,
gypsums, and other sulfur-containing minerals in this area were systematically analyzed, and the role of the gyp-
sum salt layer in the mineralization process was clarified. @ Na", CI” and other substances, as mineralizer, in the
gypsum salt layer are added to the gas-water hydrothermal fluid. The alkali-rich gas-water hydrothermal fluid
causes the albitization of the diorite near the contact area, which precipitates Fe and migrates iorn in the form of
sodium chlorate complex and iron halide. @ the sulfate in the gypsum salt layer has high oxidation activity un-
der high temperature conditions, and it would cause a redox reaction with the reducing iron-rich hydrothermal
fluid to increase the oxygen fugacity. The Fe’' in the hydrothermal fluid, therefore, is oxidized to Fe’', resulting
in the formation of magmatite (i.e., Fe;0,). Hence, the magnetite is enriched and precipitated among the sur-
rounding rock layers to form an iron-rich deposit. 3 various dissolution erosion voids are formed in the carbon-
ate rock layers after the dissolution of the gypsum salt layer material, which provides a favorable mineralization
space and is one of the important geological conditions for the formation of skarn magnetite deposits. In conlu-
sion, gypsum salt layer has important significance in providing mineralizer, oxidant and ore-contained space in
the process of skarn iron mineralization.

Keywords: skarn type iron ore deposits; gypsum salt layer; mineralizer; metallogenic space; redox reac-
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Fig. 1 Geological map of skarn type iron ore in Hanxing area
TN, 20205 R B, 2020) 0 BKOH WA BENEL . WINRKA . M INKCA I KRR A SFACA RS L=

AT, nbE Jrfia . e ENA L HEA .
TR A FleE 804 (Liet al,, 2019) . B A 45K 2 h2F A
TEFIABTE , 53 4540 SR . Fed . ALtk L W iluRn 58
fREEAY S (S0, 2017) . B A M K Z B HOR L 2
Yook R L SR80 ROR BE 4 R S O 2 R4
2007) .

WRETRT IR E B RIE- D REERASS
DA Hp B8 B G K 2 oA 32 0 L A X1 1 B R, T
T E —JBEAE 800~300 °C, [l A8 i Bl K T8 IR il
WIS A, 228 ERIR AR, Jo B 2tk | i 58
R, 01 53w R AR B 8, AT DAAE S SR A
(EHalH, 2012; Dl K4, 2016; 227545, 2018) . HEHH
SRR Rl b AR 435 R AE ) 8, DR R R [l 3 2 A
K53 R RELA A AR | RER ML i AR L R 5
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AL TR b DX Y S 25 2R IR Ji 3 S (1 30 0 el A
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Tab. 1 Sulfur isotope composition of Hanxing type skarn type iron ore
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| ~ .
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Fig. 2 Schematic diagram of ore-forming fluid evolution of skarn type iron ore in Hanxing area
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3.1 $IRSRiE

TEHEP A FE K NaCl, KCl, CaCl,, MgCl,,

Na,SO,. CaSO, fll MgSO, % £k 2k ™ ¥ (¥ A & 55,
1987) o X1 T 320 Wy i Py BAL 2= M T e T 25
TR 2, BOPE F B, Eh 2K W A R AT 40 A R
JIT T R EEARAR, SRS BB/, W AR IR AR R, T DA7E b

FEURKE 253K D7 19, 25 1Y 6 M 22 25 ) o e R R Rl Ak
(B4, 1978; Webster J, 2004) . [ 1It, KHE#Y SO,7 .
CO,” | CI', Ca™", Mg™", NaZ5 4140 i A i Tl 3, ik s
A3 TR PRI BT 3 i v 3 V5 0 590 1 o, X
BT L B R R AT RS R YE A AR (R 4
1978; SXAMR %, 1987; B K, 20115 Z24E T 45, 2013) .

R2 BEETHEXTVYHHELFMERE

Tab. 2 Physical and chemical properties of salt minerals under atmospheric pressure

(R et nd mERH ik Zé) Hzef ) KA fINA WA g
(Ca,Mg,Fe) (Ca,Mg,Fe), (Ca,Mg,
y CaMg( CO,), K(AISi,0;) (Ca, Na) AlSi,0
AFRX KA Nl KSO, CaCO;  CaMglE0,) K0 (CoNOAISIO: 0 (O, (SiAD.O,  Fe).siO,
SR (C) 560~580  850~920  810~950 1100~ 1190
FEROEIE (C) 776 801 1030~1070 1290~1340 2800 1300~1450 1075~1200 1120~1550 1100~1200 1200~ 1400 1205~ 1890
miEEE(TR) 156 179 358 647 1385 2400~3000 2500~ 3800 3800 4100 4200~ 4800

T Bk AT 4, 1978,

TE i PR R IR i # v, v ot R
K2 LGS AW A B AL (1T X 7E G P B8 (SR AR
45, 1987; Webster , 2004) . iy KA R T 14 R
JCRAR ML E BB WL B SR L2
FIIMACH SOK AR HE T 5, 548 u R4 G i
FE B AN b AL L3 3O R4, 2007; AL £
402023)

T H AR (2012) & BAT IR rh A FaR LS A
i) Fe,O,+FeO 7 409l 4 11.9%. 7.3%, Na,0 & it 43
BIR 4.63%. 7.08%, i BH AR T 1T i S5 kA % Ik
P 3255 (1977) BF 58 0 IA R RO Xk ™ R 19 T8 1 5 1A
KA R AR A G WM b X il A% 5 k3 A v
TE 33 WA A I A R A S s e, R
PR BE G0 H L2 A AR B A T AR R, R R
PRI A PR A AR T & AR 1 A Ak, A s I R I
F AR RAE, 2007; & 155, 20115 ZEAET] 45, 2013;

SCJT,2017) o HISTRS b DX 48 Joit 22 AR AR FH 2 2k 5T 45
IR AERE P FHEE EEB W EEAR O A3,
2013) . HA AR (FEAR S, 1987):
3NaCl+3MgFe(Si,04)+Ca(Al,S1,04)+6Si0,+2H,0=
2Na(AlSi;O5)+NaCaFe,Mg;(Si,0,,),(Cl, OH),+FeCl,1+H,1
WO ko Bt Ak ) B =20k A Trh Bk 5
B2 (ZE I 45 2013; FLUR, 2014) o #E A & 2 1,
b2 R R R A B R R B R AR AR L, R
WA &, ) B U AR B L AR VR, TE N FeS, (B 2k W) 45
ALY (Zhou et al., 2014), 2 K A REERT B IRIE i
B B AT o FEAS N R T (Nabelek et al.,
2013):
22FeCl,+2CaS0,+20H,0=7Fe,0,+FeS,+2CaCl,+40HCI
WAL, B ask A% v %) R B A — s 1Y 23 [A] N
TR FUIE . B2y Y ir B n Y
PR AT DA 3 AR RS T BGRGE RS R A — E 1 i

x3 TEMESERT TENESUMLIERX

Tab.3 Complexes and halide forms of transitional metal-forming elements

&I E HEWY ] LRI E MR ®EW Rt
R(Fe''Cl,) .
Fe R,(Fe*CL,) FeCl,. FeF, W R,(WFy) . WOCI, WCl,. WF
Cu R,(CuCl,) CuCl, CuF Mo R,(MoCly) MoCl,. MoF,
Pb R,(PbCl,) PbCl,. PbF, Sn R,(SnCl) SnCl,. SnF,
Zn R,(ZnCl,) ZnCl,. ZnF, Au ROAUCL) . AuCl;, AuF,
R(AuCl,)

. RAK', Na'%mi4 @+,
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Tab. 4 Changes in proportion of chemical elements before and after sodification of some iron ore rocks in Hanxing area

HWAITLE (%) WL R (%)
X K8 o U5
SiO, ALO;  Na,0 K,O Ca0  MgO  Fe,0,+FeO
A 51.15 13.56 247 4.98 7.97 9.56 5.14
LIPS /3 ) BIARTKEE, 2006
ML E A 5794 16.19 7.19 1.61 5.71 2.82 3.83
A 59.16 15.58 4.54 255 478 3.38 5.68
ERIEZRE B, 2011
Mk HEA 5883 15.8 7.08 1.08 5.83 2.9 4.08
o B 59.01 16.63 8.2 0.28 6.65 2.05 42
VA TR B2k, 2011
miksEAa 7323 12.78 8.69 0.13 2.61 0.01 0.41
iz 23 8] (Zhou et al., 2014) . T3 Ml 0B AR S 7 (B8 AR 12 45, 1987; 8L K,
32 figH =E 2011; FHEGH, 2012) o FELA 2 )0 44 4 DT 5 ALl AS ]

Hh BB G R E R B AL A L s TR R (50T, 2017), IR ER O R SR B
AR AT FE I, B T K S A OO (), AR AW 3 i R SR R 2 I DCHE SR (Zhao B M et
R Z AL BRI BN, EEFRZE 2 al, 2014) . (EME A REOE B S/ N, &6
fife I PRI U I MRS WP 3CEEAR R AF, 1987, & PRCR AR AR — R IR R E0S A, fE s AR, BRS B
TSR, 1996; 3C)7, 2017) o TEGRIRER AR BIE LA MU S 2R S JT 77 A By T el P 6 e A 55 4
il () il zs 8], A & 0 HOR B R A RIS RGE OB MR ARV (B2 K, 20115 3007, 2017) o FlA
025 ) (BEAMR AR, 1987) o (EBRIRER AR IR ARl A K ABRERES, Al LA BR4 5 W) Ak i At 4773
VO ) ik 2z 18], 08 & 5 PR B R B RS AR ST, BRI B 4, TR R R R ER T DT TE (R R
23 (), W X LR M A TR IR S A P I T 2R 2011 BRHESE, 2012) .

WAL B G (BEA R 55, 1987; Chen HY, 2013; KT+ 7+ 4%, X F R A W o i 09 7 B =0T (R 55, 2012;
2013,2016), FAZHET BRI E, EE2S0# X7, 2017):
WS 2 R IR A A — R 52 O, 1 Bk Na,(FeCl,)+CaCO,=Ca(FeCl,) +Na,CO,
BT A 25 0] K & SR T TR W) Ca(FeCl,)+2H,0=Fe( OH) ,+CaCL+2HCI
BT 2k rhr, Ak =1 Rl 25 2 (8] 4 40 AR i 467 38 3 v Fe(OH),+2Na(FeCl,) +2H,0=Fe,0, | +6HCl+2NaCl
200 2B bnbzﬁu‘EP\ S A, 4 ‘
-~--'A:'--.~'A“ﬁ--.T"~~.-:A:'- .-'A“-'--'A“~a.-'A:"Q-.-'A'_“'.y)—ﬁ--y——L aforee ooty N
: O i \AT‘TOTBC T‘—“U\ f "”\ - HI\\“F\ S —— RV 0"50'20-'05]'-%0'-0 -'DE"-bOM"U A
e S L T L e T e e P .ntﬂ"f:"bi"a"’*x ‘
100 HIlHHI\\(v)H\ IlHH['\‘\\V\HHHHH\‘\H* T T 1 |
o ‘l\/”ﬂ\\\ H/L't"HH[HH‘\HI]‘\I””\{IHHJ\‘\HHIJ‘J‘H\{\HHJ\‘W"JI‘JHH\[\HHJJ‘\‘
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Fig. 3 Stratigraphic profile of Line 4~5 in Zhongguan mining area
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KT8k pa 1k 53 i 1 77 B2 X (Liang et al., 2009; B
1%, 2012):

FeCL+2H,0=2HCl+Fe(OH),

2Fe(OH) ,+FeCl,=Fe,0,|+2HCI+H,

2HCI+CaCO,=CaCl,+CO,+H,0

Wi o AR B B AN T IR 2D, RO W e Ak Sl DA
R4 B IE R R (B2 K, 2011) . BRETR T 4%
G SRR ER & AR RONE, 43T UK S 4 W R L TE
(B2 %, 20115 3¢, 2017) o HEAC s b Jy & =0
(B %, 2011):

K,(FeCl,)+CaCO,;+H,0=Fe(OH),+CaCl,+2KCl+
CO,1

2K (FeCl,)+Fe(OH),+2H,0=Fe,0,|+6HCI+2KCl

b3 BRI, BR 4% 5 W ANk A o i S
PR, ST IRUTTE TR MR, Lk, MR T
) B T2 A S BT e R, 2K 114 245 6 W AS W 4 ot DT 0 T i
ARG (B2 K, 20115 BRHEAE, 2012) .

TE BURE R0 0 R 75 28 £ )2 v 0 B T R 1 POl
KA Fe B AL A Fe " (3C), 2017) . B2
TR ERAE A A WA “ Mo ER AL~ AR, i =4
RV ff B AR B, R AR T UE Y 2 A AR (Eu-
gster et al., 1979; Wen et al., 2017) ,

33 |HEERE

Eugster 25 (1979) 1Ak B 3L 44 H 119 7K 43 il T 7=
A1) O, VE AR, [FIEFAT Hy 774, HAR AR
ANBE AR TP e 2, K ERAE HTBEAS e — B A2 4
S FEWERT AR REMNIE. Wik, F2EA
oAt By AL R A B LR R L I A . S
K Liang %5 (2009) 7£ % P4 8 £ e B4 i 7 i i 90 v
B, 70 & 8 HOR A7 TE DUBR R AR A E K
T R AR AN Bk AL, TE BURER o ZR JE T 45 (2013,
2017) & BRI sk v B AL 9 6™ (8 5+ 3 w0, i
JoT i P T, A5 T R e R 2 B B AR 2
B R SR T I8 R Y o

B ERTLATE BT AR T S R R T R R R A
AR JE R, SRR AR fo, THEs OB R4, 2007; 24
TR IR 2013, 2016; 3T, 2017) o B B2 $h 75 i 6 &< 1F
A AT R R AR, TE AR B AR )
T PR o 3 a4 A D SN, R AR B I, K
B Fe Bl S8 Ak 1 Fe™, 2B i Fe,0, ULIEY . A AL R
N 2SR K 1Y, S BR iR FLE T, AR IR B %
b, BER R AR UTTE, T BB 0 IR (AR

4, 1987; 75 E BIAE, 1996; 3, 2017) . HHILIX N R
I 7 R AT 2L ) A HE AT, WCRE 7 AR K A I RE R RN
WAL . 0 R Bk A AR S s 5 B U (Ein-
audi et al., 2003; Pokrovski et al., 2011; 2R FF 7745, 2013;
3T, 2017):
12FeCl,+H,SO,+12H,0=4Fe,0,+H,S+24HCI

SO, +2H"=H,S+20, 8% 2H,S+S0,” +H=S, +0.750,+
2.5H,0

A A FL A S T, 1 mol B R AR B Bk
WJE, w44 8 mol (1 Fe™ E Ak i Fe™, 4% 5 JE il 4mol
(1] Fe,0,, I L SO 38 i £ /0 il 23 77 A 22 /b W ik
(RTFFr 4, 2013, 2016; 3C) 7, 2017) . K AT SO,” B
W I, K R T AR 1Y fo,, SELKE MY Fe'IE AL,
HERZE PR R R IY A R A B BT IR AN A b
(2514
4 ZEig

(DX R 5 TR S db )2 Ak 9 . B iR 34
SUSHA MG 45 R IR, B R A BV E )2 AL Y
SMS{H 5 BB Ge 2% & UURLE 6T S (AR I, R
e i E 2ok A TR RS E )=

(2)h B Fg G )2 & & A E . REREL A ER, AU
R R ARV B B B I K B R B e L S
TEER A, e R R AR AT RS R R A, BR
DLER 4 A Ak Ak BB S BE B SRR AT FS
1T ELE R 2 b W s O ) fige S 30 FL 3 )2 DR 4%
s () b 2 8], (o S 2o A% v i 2k T 7 kb s (|) iR A 7
IEREFIULVE , IR ) 1= 057 Al iz F8 B it 3a

(3) Y7 £8 )2 1 a3 (R AR L B, 76 e i 5%
PF T B PR #h B AT AR 3 1 SR A M, K i R AR 4 it
Fe H S A0 i Fe™, Kk 14 B R AR B 38 D, 44 97 A iR 8
TR B Bl N pH AH BT, AR K & Fe,O, UTTE
Yy, Kt 0G0 7 8 5 2 8] 8 S U0UE , B G Bk
WK,

(4) HBTH 1 DX A5 R 5 B A VL b R ety <
RUERH (B AL ™S (B AR R AR 2 i) A, R ERZ S
5 -RAG R B W4, LA
TR ER A R 5 8 IRIE B 21 2 A AR )

S Z Lk (References):

BAR, FWE, BArus, . W X rb B By 5 28 S a R AE K
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