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Abstract Liaoning-eastern Hebei area (it mainly includes Anshan-Benxi area and eastern Hebei Province) , where plenty of large-
superlarge banded iron formations (BIFs) type iron deposits distributed, is located at the northeastern North China Craton. Anshan-
Benxi area and eastern Hebei Province are the two largest iron ore clusters in China. The iron ore reserves of Anshan-Benxi area
account for about 24% in China, and the iron ore reserves of eastern Hebei Province account for more than 10%. Although most BIFs
which belong to Algoma-type in Liaoning-eastern Hebei area formed in Neoarchean granite-greenstone belt, they may formed at different
environment and experienced different late reformations. The BIFs in Anshan-Benxi experienced greenschist to amphibolite facies
metamorphism, however the BIFs experienced greenschist to granulite facies metamorphism in eastern Hebei Province, and
migmatization is ubiquity in both areas. In this study, we mainly report major elements of 200 iron ore samples from 28 iron deposits in
the Liaoning-eastern Hebei area, which offers more information of the formation of the BIFs. The studied BIFs are mostly composed of
Si0, + Fe,0," (the average value of Anshan-Benxi area is 95. 10% , the average value of eastern Hebei Province is 88.06% ). The
contents of MgO and CaO are next to SiO, and Fe,0,", and the positive correlation also between MgO and CaO in the studied area. The
contents of Al,O,, TiO,, K,0, Na,0, MnO, P,Ojs are very low, all of which indicate that BIFs are typical chemical sedimentary rock,
the protolith of BIFs are colloid composed of silicious, iron and small amounts of carbonate mud; Both Al,O;and TiO, simultaneously
increase in the studied BIFs indicates that these chemical sediments incorporate minor detrital components. In eastern Hebei Province,
this correlation is more obvious, and the major elements concentrations are higher than that of Anshan-Benxi area except SiO, +
Fe,0,", all of which represents eastern Hebei Province BIFs forming at wave base, more detrital material input. The average bulk
chemistry of BIFs, from greenschist to granulite facies, which formed different mineral composition, the major elements are very
similar, these suggest that metamorphic reactionis essentially isochemical. Alkali contents of Anshan-Benxi area BIFs (Na,0 >K,0)
and eastern Hebei Province (both are higher than Anshan-Benxi area, and Na,O <K,O) are different, combining with field geological
characteristics, may indicate that migmatization had more strong influence on eastern Hebei Province than Anshan-Benxi area BIFs.

Key words Major elements; Banded iron formations; Anshan-Benxi area; Eastern Hebei Province; North China Craton
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Geological map of Anshan-Benxi area(a, after Zhao et al. , 2001 ; b, after Shen,1998)
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Fig.2 Geological map of eastern Hebei Province(a, after Zhao et al. ,2001; b, after Nutman et al. ,2011)
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Fig.3  Photomicrographs of iron ore from Liaoning-eastern Hebei area

(a) -magnetite quartzite ( Nanfen iron deposit ) ; (b )-mica magnetite quartzite ( Gongchangling iron deposit ) ; ( ¢ ) -chlorite magnetite quartzite

( Gongchangling iron deposit ) ; ( d) -carbonate magnetite quartzite ( Donganshan iron deposit) ; ( e ) -amphibole magnetite quartzite ( Waitoushan iron

deposit) ; () -pyroxene magnetite quartzite( Bangmoshan iron deposit). All photomicrographs studied by plane polarized light, except (e) is cross-

polarized light. Qtz-quartz; Mag-magnetite; Bi-biotite; Ms-muscovite; Chl-chlorite; Cal-calcite; Am-amphibole; Px-pyroxene
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TG B AR R AER AL T 11X (43.98% ) , 34 & B e i
12 15 25 L [X (56, 07% ) s Fe, 0, 5 it AR Bl LA K,
5.56% ~60. 04% , -3 H 38. 36% , 58 1 X L AS 2,
P i R R E s X (31, 55% ), P33 & it doe e R AR A
BT Hb X (46.75% ) ;Si0, + Fe,0," A5k T [ fy 74. 01% ~
98.53% , V-3 0y 88. 06% AR T4 A HLIX , -1 % = w1
Fin M X (87.63% ), - ¥ & B 0O A ACCE L IX
(95.59% ) .

3.2 CaO.MgO #1 MnO

Klein(2005) B2 £ W] BIFs H1 CaO MO F1 MnO J it T
BRER R WIRIAEAE (ZE R0 Bk = FD D7 A1) 7RI
FHIX BIFs HRES k™ AR L, A0 BUTE SR A o 7 IX (R
KRG , FEONRA A MIT AT, HBRIRER ) MnO
BRI, L, e R BB R A B N A IR A
MgO & i AR o #AHI X CaO 5 it BT I 0. 01% ~
11.99% -3 03 1.16% , 7 ¥ & 4 fe IR o S 17 1 X
(0.03% ) , fie e (9 0 TE K 1L IX (3. 72% ) s MgO 5 BARETE
BN O ~11.45% P37 1. 85% , V-3 & B R R 19 & T
HIX (0.02% ) , i 1Y T 25 B IX (5. 55% ) . MnO 5 B
K, ZZ B 0 ~ 0. 44% P X540 0. 09% , -2 & it i
I D 7R # 1 H 1X(0.01% ), e e (19 2 R AL 3 X
(0.19% ) .,

FRMIX CaO ALY 0. 06% ~8.58% , -3
2.05% , V-3 & i f AR A2 A I IX (0. 51% ), i 1 2
TEHLIX (3. 87% ) ;MO ZEAL TR N 0. 17% ~7.49% , 35K
2.75% XS R RARHOR A R E WX (1.87% ) , P43 & &
B O A LM IX (4. 79% ) 5 MnO ZZ AR 2 0.02% ~
0.80% ,~F- ¥ 3 0.10% , - ¥ & it e AR O T = i o X
(0.04% ) , e (N BEREIHBIX (0. 17% ) o

3.3 AlLO, #TiO,

AL O, FEAFAETREMREL T Wb, £E E 41 BIFs oK &
BLEAIN A e e B0 R R A 2 )8 47 (Klein, 2005) , 173X JLF
WP AE AR b X RIS AR L X FEASRAEAE , I B X Rk iR 3k 1
WEBNRRAG BERING BING SR Aa s
AT Y. BAMX ALO, & &AL E N 0.14% ~
4.44% 3 & 0.65% , 3 & iR ARA AL & X
(0.24% ), Feim A ZR 85 1 B IX (1. 12% ) 5 TiO, & s AR,
AALIEE N 0 ~0.19% , P38 0. 02% , & & 5 ALK AL &
H1IX (0.00% ) , e 9 A HR AT L L IX (0. 07% ) 6

HEARMIX AL O, il TiO, & i T A ML IX , AL O; 254k
JEFEIHR 0. 10% ~13.62% ,SEH4 5 1. 65% , Horp oy A
FIRAT LM X (0. 17% ) , 5 i 1 R R S8 08 L X (3. 73% ) ;
TiO, & AR, ZBLIEE A 0 ~0.22% , P 1 0. 11% , &
TR 09 R A L b X (0.01% ), & w5 09 2 B8 46 I M X
(0.44% )
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3.4 Na,0 F1 K,0

Na,0 1 K,0 [d] AL O, —#f, F2 HIAERERY P, H
REENMRE R, BAMK Na,0 FEAZEE N0 ~
1.11% , 34 0.09% , F ¥ & & e R 7 02 57 K 1 i X
(0.00% ) , e B9 A /M T3 (X (0.46% ), K,O0 & &#AKT
Na, O & i, B AL 0 ~2.32% ,F34 4 0. 07% , & A%
B AR B L 01X (0. 01% ), Fe s B R RARLL 01X (0. 31% ) .

FLARMIX Na, O Fl K, O #4515 5 T A X, Na, O & it
ALIE A 0 ~3.20% , 324 0. 18% , P 3 & i R B A
FERAALF 11X (0. 02% ) |, 51 1 R {7 235 #b X (0. 49% ) 5 K, 0
i T Na, O, Z{LTE [N 0 ~3.98% ,F-#424 0. 33% ,°F-#)
i R I Dy A LU DX (0. 01% ), S5 (=i 19 g i 5K 1) HiL X
(1.28%)

3.5 P,0,

ALK BIFs [ P,0, 254k 4 0.01% ~0.63% ,
0. 08% , Fe I A R 8 Hu X (0. 09% ) , % i 114 A 78 3k 11 Hi
X(0.26% ) . LA XASLIEEN 0.02% ~2.33% , VK
0.21% , B ARHI 45 1L HL X (0. 05% ), 5 5 19 9 & F 4 i IX.
(0.78% ),

BIFs J& —Ff ok 1 Ak 22 TURLUE B LU 1Y Fe, O,
(AEALTE R 20% ~45% ) il Si0, &t (AL L K 34% ~
56% ) ,Ca0 MgO . MnO AL,O, Na,O 1 K,0 4 5 AE# ik (3
2) . Klein(2005) % tH F 1 ik BIFs 5470 2% G0 45
T:CaO Fl MgO 75 45 fk 30 [ 43 5 4 1.70% ~9.0% Fil
1.2% ~6.7% ;MnO 2 AR, A5 (LG 2 0. 1% ~ 1. 15% ;
AL O, & RASLIEE N 0.07% ~ 1. 8% ;Na, 0 1 K,0 £ fh b,
RAE, 43R 0 ~0.8% F10 ~1. 15% . ILFEHIX BIFs £ EI0
F5E ML BIFs KK H 38— 5K, Si0, + Fe,0," & itik
90% LI b, HoAh ALY & BARMK , L Si0, 15 Fe, 0,7 W & fY
FAHK KR, 5 Algoma TIFI Superior B BIFs A Lt , #5745 H1 X
HIARMIX Si0, & H B R, 7EE 4 Pl AT KB, Lepp
and Goldisch(1964) B 5 A H i FE 4L BIFs H1 AL, O, \TiO, |
P,0; .CaO Fl MnO 5 i bt FE sk 205 2k L 11K, 7 AL 05-Si0, -
Fe,0," il Fe,0,"-(CaO + Mg0)-Si0, [&lfift 1, ¥ A i [X FI 2
AR X KRS BIFs 5 H B T FE RS BIFs Ak 2741 1 LB B
(F4) (HREA X MFLA M X BIFs EHICEA L FE
KR MgO (Na, O K, 0. P,05 i sl FEAR K .

4 Wik

4.1 BIFs [ FEIRE

X BIFs FHITHR ERH S0, I Fe,0," 410,
B R ARG, R LY ORI LB — . A-C-FM
P BEIX M A2 1 A R, OF BT S5 1A 5 =2 52 AU
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(b)

A 5 ABIFs

® HZKBIFs

HiZE 4 BIFs

8io, Fe,0,"

Bl 4 AR X AIZE A X BIFs s ERTL 222 Al (a IGEIPE Lepp and Goldich,1964 ;b JiEEI 4 Govett,1966)
Fig.4 Geochemical composition of Liaoning and eastern Hebei Province BIFs(a after Lepp and Goldich, 1964 ;b after Govett,

1966)

CaO+MgO

K2 BAMX EFXMX AEEMER K Algoma BF0 Superior BT K BlFs T2 TTESE (W% )
Table 2 Major elements contents (wt% ) of BIFs from Anshan-Benxi area, eastern Hebei Province, Wutai area, Algoma-type and

Superior-type

X Sio, Fe,0," Al O, Ca0 MgO K,0 Na, O MnO TiO, P,0s
E/ZS 56. 94 38.24 0. 65 1.16 1.85 0.07 0.09 0. 09 0.02 0.08
HR 53.62 38.36 1.65 2.09 2.75 0.33 0.18 0. 10 0.11 0.21
HE 41.88 48.46 0.51 2.42 1.89 0.05 0.05 0.17 0.03 0.18
Algoma 48.9 38.2 3.7 1. 89 2 0.62 0.43 0.23
Superior 47.1 39.1 1.5 2.24 1.93 0.2 0.13 0.08

7E : Fe, O3T NS LA A EWES] B PLH 1998 ; Algoma F1 Superior "% 4k#)4H BIFs, 5| B Gross and Mcleod , 1980

HRZI TR R SRR B A ( EAS RS, 1987) o 6% R iR
H (K 5) FRATATLAE BLFE M IX BIFs K76 7E VI + VIIX
(CRRBETRCE T2 s I R AL 2 DRV ) | AR 45 (2012)
X R HIX BIFs DR 5EH348 T HH R 455, BIFs f MnO/
Fe,O; LIE ¥ /NF 0.02 (£ 1), /R T #40K UL B A
(Sugitani, 1992) ,

A HIL X I 43 H X MgO A1 CaO (95K F Si0, Fil
Fe,0,", ¥ A i [X CaO & A5 L5l M 0.01% ~ 11.99%
MgO & AR ALTE Ry 0 ~ 11.45% LA HLIX CaO 75 A5 ML
L K 0.06% ~ 8.58% , MgO 4 A fk Ji [l h 0.17% ~
7.49% , {£ MgO 1 CaO R EfEH (&l 6a, b) BRI X
AN CRIRLL AU i DX AR e A8, RE 58 X AT Il
Bt CaO 5 BEAYIE AN MgO 3 22 (s %, HL7E A-C-FM [ i vh
(E5) A X (S50 T IR L RARL A e 3k b X))
I AR X (Rl e AT A LD B IX ) 24945 B il 7% T VIIX.
(iR EARAR A, SR B E SOl R A = A A )
XAKE/R BIFs J5 2 B Bad 8 o A Bk R 38 0 5 i m A, B %,
THRAZ B (REREAR) B2 R4 (2012¢) 765 K14
B W XA T A RS . A, E 3 IX
-3 AT DB R 46 W K A DA R A A, RS 7R T S T B R

EYFIMA . BAHX CaO FI MgO 1EHE XK RAR B (r
=0.62) Rl 2P Ll A SR T O T i IX R Sk 1l X
/NI 3t DAY 8 BEAE DG (181 6¢-f) | HiT ABIFSE R B X L
A B R R A B 70 A (JA 1L 28, 1994) o SLACHL X MgO
1 CaO FHICHEIA EeA M IX W] L (r =0. 31) , BRESIEIS \F K
LRI S U L XA v B AR OGS (A 5 R 8oy 3l o r =
0.97.r=0.90 Fl r = 0.63, [&] 6h-j) , H'&Z §" [X Ik CaO Fl
MgO 54 i T A X, (ER AN AL B B A X W], X
ARE S FLARMIX CaO Fl MgO F 2 AL REIREL O™ W h A7
Fo U FAFAER BT SEIX BIFs JF A6 T AR YY) =44 S fik o Al
BRI RIBAR , b A D kIR R T8

AR IR BIFs J5UE N AL # Ui, (HAE BIFs
H Fe F1 Si (W BOR IR D7 T, A7 1 FR U (Rloe XA Y 57) F
AR YR CHE IS LI A BAGR) PIFHAIR . IRk, BT BIFs
H LR FIRRIRIOL R I KA BT, KR53 2 5 I ™ )
UK B VR AR FIEE K FITR A 78 ( Arora et al. ,1995 ; Barley
et al. ,1999;Klein,2005 ; Z= 7 21 4%, 2008 ,2010 ; Bekker et al. ,
2010; 4 75765 ,2012,2013) o X T & RS BRI FIR A =
BRTRER U A e A AT T B AT 98 IR ™ RGBT, 4331 LA
TIUFIAH: (1) Siever(1957) A A1 5zt th TR A e Bk 5
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(a) A ; (b) -BEARMIX . T -4iBRERRFR A A WA (JRA NIRRT ) ; T-BeBR iR b A A W28 (SR A MR i ) 5 -6+ 4R
BRER AW 2E R Ry PE-BRYE K L) s IV -S5 ER R BRER 5 A S (A S R A ) 5 V SR BE 4k A 28 (R IR AL A UL AR 5 VIt
BRI W2 (A A AL DR R U ) 5 VI8 I (SR i i)  VIL-B HAIRGE 5 28 (R B B vk s By B s A )
X6 58 T 24 (IR S e KL R AT e IR I A0 ) 5 X B Ak BR AR 5 2 (S N BRIR R TURRE ) 5 XI-48 45 o A0 28 (J5is e Ik
FRITELA). X = AL Oy + CaO +2Fe, 0,7 + MgO (43 T40) ;A = AL, 0,/ 3, x100;C = Ca0/ Y, x 100;F =2Fe,0,"/ 3, x100;M = Mg0/ 3, x 100

Fig.5 A-C-FM diagrams for discriminating sedimentary rock in Liaoning-eastern Hebei area( after Wang et al. ,1987)

(a)-Anshan-Benxi area; (b)-eastern Hebei Province
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Fig.6 Binary diagrams of BIFs from Liaoning-eastern Hebei area showing MgO vs. CaO

YRR, LR (H,Si0, ) L UTRIE U (A, TS TR A 0%
A AR A FRIR T PR P AR i a8 ARk DR
AT i ( Paris et al. ,1985 ; Duchac and Hanor, 1987 ; Krape¥

et al. ,2003) ;5 (2) — fi ik 75 B4 (Fe,05) J2 i 35 7K 19
Fe(OH) ; R ARTTRITE I S22 2 B KT Y 5 (3 ) {HLZ X
TREYA (Fey04) B NIRA — B, /T fEJE Fe (OH);
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Fig.7 Binary diagrams of BIFs from Liaoning-eastern Hebei area showing Al,O, vs. TiO,

Fe(OH), IR & ¥, 7] BB J2& — Fh & K #5 2k 7 ( Fe, 0,
nH,0) , 3 H 2 — R AL F 0L i ) o 2 5k Kk AV R B
(Klein,2005)

4.2 BIFs REEBHIRAIMAN

ILBEHLIX BIFs Hh AL O, 1 TiO, & i BIARAR, #A i X
AL O, B &M 0.65% ,TiO, SE3 & &4 0.02% , B4 Hh
X ALO, FITiO, & &8 ¥ T AW X, ALO, -2 & & H
1.65% ,Ti0, “F-¥ 7 5k 0. 11% (R JE K E 487 X ALO, Fl
TiO, ASCHEARMI R (18] 7a, b) , Al F Ti ZERIE A A1
JHFIRARAE I o 9E 8 % € (Kranidiotis and MacLean, 1987) ,
L SEHLIX AL O, I TiO, AHOGHERE /R TIL 3L X BIFs 18
TG 72 vh A B W 5 A (Ewers and Morris, 1981 ;
Dymek and Klein, 1988 ; Manikyamba et al. ,1993) , — &I\ K
SRV B  19 Si0,/ALO, H A1 /N F 10, i A 11 LA
A THH ) 10,/ AL O, BT 10( 7 3k, 1998 ; ok Houb
2011) , B A X Si0,/AL O, A5 {3 Fil g 4. 52 ~514.36 ( 2
A 2 AEEE/NT 10) FERIIX Si0,/AL 0, LG 5. 03
~517.96 (A7 6 DNEE/N T 10) , WG /R ILFLHB X BIFs BIK
FETHOUPIRE R G LB R A teAh, #E 5
BRI ) 2L RS A R 1 i 0 S A A 491 O 7 L 3 3 DX T g
TREWMNUESOYEE RSN EMB RN 5
EAF . BT ARIL SR A L B X AR X

WG 1T 3 DX B AR IT 2 b X (R L 45, 2011) VR B b IX
(W ZE T 45,2012)  Ef & Jilling-Langalata i [X. ( Roy and
Venkatesh ,2009) 3%} Wadi Karim {1 Um Anab #f1[X ( Basta et
al. ,2011) BIFs {14 §F 58 02\ Jy FOTB W aod 72 52 31 05 J8 ) I
R

BAHIX SIO, + Fe, 0, B @ FRAMIX , HEHLE A
Ty & B RT3 MK, B AL O; F1 TiO, AH XAt A qn3ie
ZR b X HH i 35K VT RE A 78 BB A Hb X BIFs JE 2 358 7K 4 AH X
FEBF-, T B K SR T S AR b DX I AR ER 58 ARG L ¢
G, AR ETEB YA o A X b i LRI AN
TR 41 AL O Fl TiO, AR AT R A IEAHC G &R
(BRI X r =0.94, g8 b X r =0.95, /NIEFHLIX r =
0.99, [ 7d-f) ,iIXFTREULH] T v T ¥ I BF BIFs AR T 1 8%
LU BIFs A S 2 AR JE YIRS 2 Hb DX A 2 5 1 3t
X A e DRI 4 4 X B AR @iy AL O, i Ti0, AHICHR
B RE MR r=0.99 r=0.87.r=0.72 fil r=0.99,
P Tg-j) , iX Sy IR RAE T V4 5 1F , X WG 78 AR L T oL
e EACATE RAL TR, I P9 A B R A 2 R 08 W) Y
A

BIFs Hi 5 1y 5t 35 8 [l PR S 0 S K 8 s 4 ot o
A2 BTN BIFs W8 TURVE FOLEE R M 2 Hh B
SEH T -1 B AE A 5] A2 49 (Klein and Beukes, 1989 ; Arora
et al. ,1995;Klein,2005) . ILZLHLIX BIFs H A B A
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Fig. 10  Field photos of iron ore and migmatization of eastern Hebei Province

(a)-iron ore body was wraped by migmatitic granite in Mopanshan iron deposit; (b )-migmatization iron ore of Lianmaoyu iron deposit; (c)-

migmatization iron ore of Douzigou iron deposit
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