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Abstract The Early Precambrian Banded Iron Formations ( BIFs) are the most important iron ore resources type in China, and
account for approximately 64% of the total identified resources. In China, BIFs are mainly distributed in greenstone belts of the North
China Craton, such as Anshan-Benxi (in Liaoning Province ), Jidong (in Hebei Province)-Miyun (in Beijing), Wutai (in Shanxi
Province) , Wuyang (in Henan Province) , Huoqiu (in Anhui Province), and Luxi (in Shandong Province). Liaoning-eastern Hebei
area (including Anshan-Benxi area and eastern Hebei area) is the study area, which accounts for more than 34% of overall iron ore
reserves in China. Anshan-Benxi area includes Anshan, Benxi, and Liaoyang and so on, which is composed of the supracrustal rock
(‘about 30% ) and granitic rock (about 70% ). Archean Anshan Group is the major ore stratum, iron ore mainly occurs in the Middle
and Upper Anshan Group. The rocks have undergone greenschist to amphibolite facies metamorphism. Eastern Hebei area includes
Zunhua, Qianxi, Kuancheng, Qinglong, Qianan and so on, which is composed of the crystalline basement and sedimentary cover. Iron
ore mainly hosted in the Qianxi Group, Zunhua Group, Luanxian Group and Zhuzhangzi Group. The rock have been strongly
migmatized , and metamorphosed to the greenschist to granulite facies. Based on field geological and microscopic studies, we found that
there are many differences exist on the ore type, degree of metamorphism, ore formation, and mineral combination between the Anshan-
Benxi and the eastern Hebei area. In this study, we mainly report rare earth elements of 200 samples of iron ore from 28 iron deposits
in Liaoning-eastern Hebei area. The results show that; (1) All samples show very similar characteristics of total contents of REE and
Y : the total contents of REE are very low, but Y/Ho ratios are high. After normalized by Post Archean Australian Shale (PAAS),
REE and Y patterns display depletion of light REE relative to heavy REE. Most samples have positive La anomalies, distinct positive
anomalies of Eu and Y. All of them suggest that the iron ores may be derived from submarine high temperature hydrothermal fluids and
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sea water in the studied area. Compared to the eastern Hebei area, the Anshan-Benxi area shows more hydrothermal contribution; (2)
Although the Ce/Ce” ratios were 0. 77 ~ 1. 09, the lack of true negative Ce anomalies in all samples indicates that BIFs were formed in
an anoxic ocean; (3) The contents of REE, Eu anomalies, Y anomalies and Y/Ho ratios vary in a large range, which may be
associated with the inputing of detrital material during the BIFs formation. The degree of positive anomalies of Eu and Y from samples
in the eastern Hebei area are less than that in the Anshan-Benxi area, and Y/Ho ratios are closer to chondrite meteorites (26 ~28) ,

which also indicating more detrital material joining.

Key words BIFs; Rare earth elements; Anshan-Benxi area; Eastern Hebei area; North China Craton
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100

(a) ——itA —e- Kl —a=FKEI ==Kl
—— K —e— T S —e— il -e-FKil
—a—E kIl -m- EFET =+ T —a— NI
10 —— IR 7 1L

B h/PAAS

0.1

0.01

0.001 . * * + . * * + . + L - - -
La Ce Pr Nd Sm Eu Gd Tb Dy Y Ho Er Tm Yb Lu
BT ICSEH B (0 XOP241E) PAAS ARuEAL Lo
(a) -BEAHLIX 5 (b) -FLA X

Fig. 1

(a)-Anshan-Benxi area; (b)-eastern Hebei area

B S RGIE B IR A 2 B R R AR S . AR IR Xk
WA R 2 Kl JE T ¥R KR U R A (PAAS,
McLennan, 1989) brififb G FA 2 3 — B + o0 R EC 4 #
2R (1) 2R AR = 301, R LAY B4, (La/Yb) s
FLAE A 0. 02 ~3.24  SF30 0. 51 K/ A 5 AT L La 1E 7
. La/La” =0.63 ~2. 12,34 1. 21 (Hodr NF-1 11 La %
H7 =0. 86, ANt AGEE P38 E i B AR A M P LT X,
AL G X)) 3 248 KA ah AR A 3R 210 Eu IERH, Euw/
Eu® =0.73 ~5.14 532 2. 32 CE & B AR S /Ng F
X, e I R B 2540 X)) 5 KBB4 v WL 20 Y IE 5
WYY =071 ~3.21 P32 147 PR3 & i R £
FEFH X, e WA IR AT LA X)) , Y/Ho A A 20.47 ~
82.85, - ¥y 38. 40 P AL N ER BT X, &
FIAIRATILT X)) 5 Ce S A8 LTI 0.77 ~ 1. 09, F- 35
0. 92 (COF-¥y &5 it Fe Al Oy 55 R I w™ X, d5 e 19 R /NI 74
X),

2.2 EFRWEHLTEHE

AR ML IX IR A R 0T R & et B IR (2. 22 x
107% ~400.2 x 10 %, 340 39. 67 x 10 ¢ ; -3 & B L 1Y
SEEF LT IX, e A LT ) AR KRN PR
SEIFE A+ G 184. 8 x 10 ~° (McLennan, 1989) , AR X £k
WA A i 2 Kl B S T R R I FR A (PAAS,
McLennan, 1989) brififb G A 2 30— B + o0 R EC 4 #
2 ( 1b) 8% AR = B3, T LA & 2 i B 4 =X,
(La/Yh) pyu LUE R 0. 14 ~22.39 371450 0. 80 (45 8 7% 1247
TR T A A X ) 5 RF /AR La 1E 55 AW L, La/
La® =0.56 ~ 1. 53,5312 1. 05 (73 & & eI 10 o De A i
WX, B R RN ZEE T IX) 5 R /A A 58 20 Eu 1E
SH FEu/Eu® =0.25 ~4.22  F859% 1. 81 (B & & Bk
FER X, RS I X)) BN EN Y ERE,Y/Y"

100

by —o— Bl -B8-fFKN —A—UTW -e= R

—— I M - A= - e =k

10 -k=FNH  =+=K =T FE -8 LR
=¥ =5 —a— Al —a— R AL

/PAAS

FE i/

0.01 g

0.001

La Ce Pr Nd Sm Eu Gd Tb Dy Y Ho Er Tm Yb Lu

PAAS normalized REE patterns of the iron ore (ore district average value) from Liaoning-eastern Hebei area

=0.72 ~2.36,F-¥ 0 1. 26 CF¥ & ERARM A TEAEIGT X,
HBEHCREEEE LX), Y/Ho H{EH 21. 58 ~61. 63, FH %
33. 14 P& B RN N RILIE X, 55w YRS 1L
X)) ;Ce S HZBALIER S 0. 81 ~ 1. 04,3717y 0. 94 (P15
SEERARI KT X, e 1 3 B IR X)) .

3 Wi

3.1 HuHMEREKIE

BIFs tr Fe 1 Si 14 Bt I 3 2 7 F 0L A s — AU R
AR SRR T R A S R IR Bt U B 4 U/ S (7
5 ) (James, 1954; Cloud, 1973, 1983; Drever, 1974) ;5
— TP AIA 5 KIS R B Y)Y BIFs #) Bt B HOR I TR
Kl CR R IR ) (T %§, 1987; Zhang et al. , 2014)
AR BfiAE BIFs o 100 R 9 R EHT5T, R IE BN R
T I ER L EE, AU RN Bu A S RE, —S2E 3
R ) i3k H VR #A3% ( Holland, 1973 5 Rao and Naqyi,
1995; Klein, 2005; 2272155, 2008, 2010) , iX %L X BIFs
AAAESE MM B M Lo R Lo R &2 K A
PAAS SRUEAL )5 S IR L ARRT 5 451, SR AR X B AR
I (A L X (La/Yb) pyys P35 0 0. 525 R M IX (La/
Yb) pans P44 0. 80) , TGBA 8. Ce f 523, M 219 La Eu.Y
ESH (B D), 5 ENAMT 2 X ) BIFs FRAE L BAR B (22
ik, 1987; Bolhar et al. , 2004 ; Spier et al. , 2007 ; 27541
&, 2008, 2010; PLHEESE, 2011; #7555, 2012) , KRBt
fI1#0 )R F AT R i LA DT

Eu IF 55 JE 1 IS PR B 4511 ( Danielson et al. , 1992)
I BIFs 55738 51 A0 Fu 1 54 (WA o K 73
2,32, BLARHLIX P-4 1. 81) , X /R ILELH X BIFs B4
iR TR . Huston and Logan (2004 ) #F 5% & B AN ]
AR BIFs i Eu 58 F2 B AT 5 s 3 ¢ R % VT
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Algoma BUERH 1) Eu/Eu™ > 1. 8,15 K ILTH BN K R A B VI
Superior BT #Y Ew/Eu” < 1.8, iLZH[X BIFs (1) Eu/Eu”
PIRTF 1.8, 51iZ X Ny Algoma B AN — 2 (2G4 4%,
2008 ,2010 ;4% 75 i 55, 2012 ) , I 7 I BT IS L BR AT,
RAEFFIR I BT 5 2500 AL TR B U K A 2
KTz

TLFEH X ICHR A FF L B0 W 8 ) ¥ K R AT : 4 La
MY FS%, 8EM Y/Ho b, B &£ (B 1)
(Elderield et al. , 1988 ; Sholkovitz et al. , 1994 ; Zhang et al. ,
1994 ; Nozaki et al. , 1997), Y>* il Ho'* K 2.4 413 19 55 F
BRI N BA MR BRI 4T (H i TRIZ 45 RE
JIRANIR], 45 Ho /K FPitiE R EL Y 2478 2 %, Rt
Y/Ho HAE J A DX 50 ¥ AH AR ¥ AR DT B 30 58 (19 A T 95 4
(Nozaki et al. , 1997) . BACHEF/K Y/Ho FLiE N 44 ~ 74,5k
BB AT HY Y/ Ho LLAE S 26 ~ 28, b 58 55 £ FIE 8 TR Y
Y/Ho HAE 5 ERKEB A A1 ( Bau and Dulski, 1996) . #AFil
TR DR i Y/ Ho LU{EF-1524 38. 40 (B 4KAEE Dy 20. 47 ~
82.85) F133. 14 (ZE{LJL Bl oMy 21.58 ~ 61.63) , &= T BR K i
A, HET K Y/ Ho ), X ML WG 7R WF 5 IX BIFs 4k 7K 1 i 7K
FHIE

AL X BIFs 7 - 703 FPAE 2 W1 HL[R] [ A 40 HoAl BIFs
— A, AT ) A O U T T IS B A9 K (Frei and Polat,
2007; AR5 404%, 2008, 20105 T SCHAE, 2009; b H w4,
2009; Zhang et al. , 2011; Z=CH 4, 2012; 1 75 i 55,
2012) . WFFERBIPIBEGARAY (La/Yb) pyys > 1, T 1 7K 1A
BRI 2 T2 (La/Yb) pyys < 1(Sugitani, 1992)  #AHI
FLRHLIX BIFs () (La/Yb) py s P47 0. 52 (ALFE L 9 0. 09
~3.24)F10. 80 (ARG K 0. 14 ~22.39) , th BRI K S
POBTR A BORRIE . 7EBUACHE K 5 o TR AVRUR & B Sm/
Yb-Eu/Sm [EH (& 2) , i3 #h X BIFs i Tsua # X BIFs 4f]
L, KFBIT7% T 0. 1% FIBFARZ N . B A Lok Tl B T
TBAER, W REAR H T 2 BT 1 e AW R T 7K ) B 3RS — B
S5 WIS 3 B o HAb e (IR AR, 19925 D5
FIHE /T, 2002 5 2 7 21 45 2008 5 2 4 ] 25,2012 ) 58 3 % 1T
FHIX BIFs i A BFIER [F) AL 2R 1 S8 0L A A I 3 3 X
FERL BIFs 23k 1A U IS S 1l #0 mes AR B i, 1
W) BRI T 55 9 I LU A7 G A ¥ I o TR PR 5 T K
MRSV

F ST R W 301X BIFs 500 9 B ok U5 T 165 IS PO
HEK B2 A [ X BIFs f Eu S8 77 16 22 5+ . Bau
(1993) Bau and Dulski(1996) AN Eu 58 FEREE KGR T 5 IR
PRI I ARG s P I K P9 95 3l s Rublin and Owen (1986) |
Olivarez et al. (1991) b BF5E 1) Eu 54 P O R 7 2
1 TR S A B KA ) B 2R A 5 R Y, Eu S 19 K1
AR A 1 e T AR 19 A4S BT K e ( Danielson er
al. , 1992; 2232145, 2010) , BB S 7K Hh i) s il HAOB B
%, Eu WIES B B . BACHL X Eu 5P 2408 2,32, B
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Alexander et al. , 2008 ; Mloszewska et al. , 2012)
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( >350°C) 5| H Bau and Dulski, 1999; K7 /K 54551 H Alibo
and Nozaki, 1999 ; BHEEHRS3 o A RIFLAR L XA b 78 53 L
Fig.2  Conservative, two-component mixing model of Sm/Yb
vs. Eu/Sm rations ( base map after Alexander et al. , 2008
Mloszewska et al. , 2012)
Isua BIFs after Bolhar et al. , 2004; high-temperature ( > 350°C)
hydrothermal fluids after Bau and Dulski, 1999; Pacific seawater after
Alibo and Nozaki, 1999 ; Shadows on the scope of samples placement

R TR M X (Bu/Eu” 20 1.81) , Ui AR 3 XAk /s
THEZ IR TR 7E Sm/Yb-Eu/Sm [&Tfif b (] 2) nJ IR
FISFAH DA LE , A XA S 2 U VE T 1% ik 2
P X U8B T A il X BIFs rh BB R I o LR AR
AR L X A58 Jo 3t J2 R BT PR A U R AR A K (] 3a)
{HAESTAH X MR BL T BE AL A 1 R A BRIV
T Eu IE5HZHTFER (1 3b) , W] BIFs Hh gl A0 SRk
BT R La 52 Y 52 R Y/Ho HE A 2 8 4 o (]
3b) T La IESH Y IE S MELAL R B9 Y/ Ho FU{ELZ K Y
FHAIE , T I AR 7 fF AL A 1 R B A 2 PG e
TE KR AE I 5, IR KOS #  B9 DTRRIZ g s

3.2 SEFRRE

TESAR I K, Ce™ B AL Ce® ™, RKBEAK T Ce 1
VA IE , B Mn-Fe (150000 R 1 A0RE S5 W% BRI 2 2 3L
V€, 1 7K b Ce 1175 41 ( Byrme and Sholkovitz, 1996)
I, AT DAARAE Ce S S0 b M 1 S AL B JRUIR S R 46
i K, @ TUE AR LS K BUA SRR Ce 17 58,
TAEAR S B A K rh B2 B L1 Ce 5% . 1T Ce
S R La 2 B2 A BN 28 A 25 8 74 52 2% 4k, Bau: and Dulski
(1996) $& i {fi F§ Ce/Ce ™ -Pr/Pr™ [Elfift S FI W HIE 1Y Ce S
W EIZABE M (E 4) 4R BHE VR La IERH
DB S I, A DR AR TE Ce B0 51 X, S5 5
AR AR X %) BIFs B SR BUARAE , 7R BF 58 X T
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Fig. 3 Diagrams showing variations of rare earth elements of iron deposit (ore district average value) in each terrain from Liaoning-

eastern Hebei area

(a)-Anshan-Benxi area; (b)-eastern Hebei area

BORJFIAEE x5 R AT IR 4 E T B R AR A — 2L
( Bekker et al. , 2010; Planavsky et al. , 2010; #X g 1g,
2010) o SAHY X —SEHE P TE T AT ff, B La F0 Ce IE 57
B DX, T WK R AE L4838 ( Bau and Dulski, 1996) , Hiff
KRR AEE 3 ] LIE L, B X T i Ce 71 57
L ABAE A DX (B 3a) , WAEBK B 2H L KU VA 20 L 2% 36 2H 3
AT Ce 577 S U/INER FTARRIX (18 3b) AR
AR GEACETE B R AT RLT VAT Ce A W 2K E
#o Drever(1974) 1Ak BIFs JE B T4 i HE AEAR, T —
SE ik LG BUAE w35 B R URR R 5 4R AR 2155 (2008 ) AR AR Ml [X.
BIFs iz Ce fi5w W, W 42 8 Fe [Al o7 3%, HEM 2 i K o
RGBT RACRPUNE , IR KA 58 2 A ALTTNE,
VRS0 1 2 A R, 2E A 2 I 8k DLUE i 31 5
DR B R S PR 5 4% SE T 45 (2010 ) X Ak 3 15 i FE iR AL
BIFs i[RI R MHF 58 IN A BIFs (W] 32 43 A B R 2 K 1 3E
[ 8 PR A L 2R I 2 I RAEUK ARG, AT RECR R 31
TESAKF Y 1%0,

3.3 HEWERT BIFs BIg M

ILHHIX BIFs AL O, Fl TiO, 75 SRR (#e A< X
AL O, &0 0. 65% ,TiO, &80 0.02% , AKX
ALO, EH &R R 1.65% , Ti0, X G EH 0. 11% ) , (A K
317X AL Oy Fll TiO, AHSEMEAR I i (#7515 45,2014) , AL il
Ti FEPGR AR AV T AR AR T IR 3 882 (Kranidiotis

and MacLean, 1987) , X, iZ 331 [X. AL O, Fi1 TiO, AgAHFEME
WE7RZIX BIFs 7ETE i 7 v A 14 5 41 SR A (Ewers and
Morris, 1981; Dymek and Klein, 1988; Manikyamba et al. ,
1993) . Jf-H.,BIFs TEJSUGRTURRI AL = 4 AR by 52 0 S ) ot
AT FITERCE (Arora et al. , 1995) , INTERLASFIZE AR X
BIFs H1 Eu 53 Y 5% 1 Y/Ho (B A8 161 FEIAR K (3 A H
X Ew/Eu" =0.73 ~5.14,Y/Y" =0.71 ~3.21,Y/Ho H{H N
20. 47 ~82.85; F AR MIX. Ew/Eu” =0.25 ~4.22,Y/Y" =0.72
~2.36,Y/Ho At K 21. 58 ~61.63) i + 0% i it A8k
WEK ., 5 hIRATTLIE R, ZAR X BIFs (1) X REE 5
T T AR X R R TR AT REJE T BIFs k2
TURR b 72 v 48 Jg 0 o 99 A 36 B 19 ( Alibert and McCulloch,
1993; Arora et al. , 1995) . [R|BE A X Eu IERH .Y IER
HRR B /INT A M D AT 20 ) 2 T KRN B A R, DR
FEARHL X BIFs PAIRARFIE AR K FRAE AR A $ A L IX W] 1, 3x
FIREHL 2 HH TREAR L IX. BIFs 5 5 2 (R A, I 60 Js 0 ot
i BT & A Bu S Y S W] S8 A [ T IS B IR i
K, {8 BIFs AL PTBRRIEA ] L . BEAHLIX. Y/ Ho LU {E W] i
T Al IX (BEA M X 240 330 145 B 3 X7 29 0
38.40), H Y/Ho Hfl B 435 2R b1 A (Y/Ho FAE N 26 ~
28) X AT RE LI /R 3L AR BIFs &g 7R T 56 22 (1 8 40 B
i, HAEFLAR M DB BT KB SRR A0 S 8 A IN G kA1
Yo FIE A R R A S5 55

HEAWFIEIA T FEH X BIFs BT K IL-IAE &
(P A, 1998 5 PL HL 45, 2011 ), JE ik It J5UA% J T AR Ak
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LR bR I J , 3 6 4 15 49) Joa 7T e B A e o R0k o 1 Ak 2
PO R —FJE BT BIFs o 45753 55 (2014) 38 1 %) 1 32
HuIX F= R TC 2 A B 58 A A W) A DA, B R M IX Bk Sio, +
Fe,0," 4, JoAth ALY & S35 18 T A M IX, (R o 258
PIBRRIN A . B AN Py AR I At L X BIFs [ B 58 LA
BIFs & il 3 72 o A 7 )8 4 5t 9 in A (Roy and Venkatesh,
2009; PpIERSE, 20115 EEET4F, 2012) o ASCE T XATHEA
FNZLZR b XA R DR A R S 1R LT E T, L85 R
R X BIFs 7ETE i i % v A 6 B o i A, S A
AR .

4 gk
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