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Abstract: Iron-bearing formations (BIFs) in lumpy, lenticular or stratified forms frequently occur in the Huai’an Complex,
North China Craton. Compared with BIFs in greenstone belts on North China Craton, the iron-bearing formation with charac-
teristics of small scale, complicated lithology., and high-grade metamorphism-deformation in the study area has rarely been
studied. Petrology, geochronology and geochemical studies on the basis of field survey have been conducted, and it is conclu-
ded: (1) The iron-bearing formations in Tianzhen-Huai’an area are comprised of banded (perilla/amphibole) magnetic quartz-
ite, metamorphic basic volcanic rock (two-pyroxene granulite/plagioclase amphibolites/high-pressure granulite), garnet-
biotite-plagiogneiss, and a few garnet-quartzite strips or lumps, and these rocks are intercalated or symbiotic with each other.
Characteristics of being small in scale, closely symbiotic with metamorphic volcanic rocks suggesting BIF ore in Tianzhen-
Huai’an area belongs to Algoma type. (2) The age (2 489419 Ma) of residual intermediate-basic igneous zircons in banded
(perilla/amphibole) magnetic quartzite may represent the formation age of the BIFs in Tianzhen-Huai’an area, which after-

wards underwent the 1 800—1 850 Ma metamorphism. (3) The geochemical characteristics of metamorphic volcanic rocks of
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iron-bearing formations show enrichment in elements Rb, Ba, U, Pb, and depletion in elements Nb and Ta. It is concluded the

iron-bearing formations are closely related to seabed hydrothermal activity formed in back-arc basin according to the patterns of

trace elements and rare earth distribution of metamorphic volcanic rocks and positive anomality of Eu in PAAS normalized rare

earth elements distribution pattern of iron ore.

Key words: Tianzhen-Huai’an area; iron-bearing formation; U-Pb dating; geochemistry; petrology.
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[ a #if Winchester and Floyd(1977) ;& b #i& Jensen(1976) ;& ¢ #& Sun and McDonough(1989) ; & d #fi Sun and McDonough(1989)

A WY AR TR — AR R R A EL W A
FAR G AT T 43 K% I A A B I 300 A ol A
78, FUA /b g AT R DU 45 0 Caniill s 47, &1 45 5
—RAX N, B 280 — 458 A8 B Cnil g1
48.50.59, & 4).

AR AL E) A R B 72 H G RER D,
B4 Th/U £4F 0.01~0.65, Z8/NT 0.1, 34>
HAKH T Pb £ (B 5. 5B Tl AL i
AL AT 2.0~2.5 Ga, 5 PR A 95 4h— 56
5y Pb £ R M R AR — B s AR R
1845410 Ma. f A % FR4ERE 2 ~2.5 Ga(Bl 1), ih
TR 2 ~1.85 Ga, A HAE B #% — 1 450 1 /)N
B A AR 2 1.85 Ga I I 2B & M A4 |- 1.85~
2.45 Ga fE I T E 2 N ¥ — IR A I8 A8 B A %
# 2.45~2.50 Ga WAE I3 7T BE A W IR X6 A B AR
W (B A AN HEBR g $A08 o S R 1 AR I AR — B 5
FILR Y b A2 AR R 1 845 410 Ma 48 3 X fu 25 i 25

T B AR 1S

THEAK RN RS (16YG-3) h A £
SERHURER AR K 200~300 pm s ZE0EE A K
DA% — S5, AT W i R 5 ol (B O, B
WA I RRAE.

25 MR A I A5 R CRE 2R 2) R 2 BB R
HA Pb £ .Th/U £k 0.3~0.5. bk Pb £ R H
W5 R M2 L ry 6 BEs A AT B4R 18 R
2456416 Ma, N — B 1 L2 S AF | 2 456 +
30 Ma, 5 7E 1 25 30 [l N A — B (Bl 5) , AR I8
AT DR ER I T AT i

4 % BIF A& A 4HE L ER{L 27 R
AWM HORE R A Bk B & BIF BG4 A

Hh R AR R R KL (4 R I A R DR G kA
(6 ) A 1970 3R R Ak 2 4 UL R 2% 3.
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JE kSR FE A AT 5 A R T R 43 BT TE R EE b BT
PRSI E e, F IR X A
(XRE) MR FeO 2R HI &0 9UAR | B IR 75 AF L 31 4% IR
B E A i A TR AL T 200, B e R AH
ICP-MS Wit , 43 oK BE R T 5 %6.
4.1 TREM KA IR F T

F o oC R FEE: SIO, R, FHMERN
49.8%;Fe, O3 "L AL O, . MgO 8 & &, ¥ HE 4y
B 12.1% . 13.9% A1 6.9% 3 Na, O(2.4%) % & 1
FET KO FE0.6%0) . 75 6a L RS FEE T
AR E % A X 7R 6b P B R YR T HET (&
PR LR ) R

A R A TN A i U T 3R TR DL R R
3, J A i b o A ik ) 181 2 A Rb.Ba, U, Pb 5%
ANHIZEICE B E %, Nb, Ta W5 451 FE 5 2ROk B A
FrifEfb REE Bt # X R BN e E M 1 40 5% A 0 &
(i + M B AK, 2 REE=134.24 X 10 °*~50.72 X
10°°) B2 E M H NN R W R 50 5, T 2 Eu
il Ce S8 KR I A “ P70, LREE/HREE
FEANT 1~3.(La/Yh)y EEANT 1~2& 6).
4.2 SERRARNESAERS KL FHFAE

K — WL XA 4 1 RN Fe, O,
(31.3% ~50.4%, F ¥ 42.8%) FI SiO, (°F ¥ K
46.2%), A B, I B E S0 A h R i
WA, Fe, O, it il ik 2 50 %0 DL 15 AL O, °F
BHERN 1.3%, TiO, F¥EN 0.12% ,Mg™ H39.7~
54.0, VF 41 £ U B 2% 3.

10'

——PMO02YQ31-1 =% PMOGYQ37-1
- |7LIG-1 - YQ7555-1
—— PM05YQ72-1

— PM05YQ76-1

KW 41 /PAAS

10? Ce Nd Eu Tb Y Er Yb

La Pr Sm Gd Dy Ho Tm Lu
B 7 B A ouE PAAS briEIRRD 43 1

Fig.7 PAAS-normalized REE patterns for the ores of BIF-
bearing rock assemblage

PAAS R #EILMEHE McLennan(1989)

B 1 REE B& -V ¥{HK 38.8X10 *.PAAS
( Post-Archean Shale;
1989 b A 1 A = L 43 A 28 R 1 8 B 8 1 4%
iR BW T8, EW L& L. LREE/
HREE /+ F 4~8.(La/Yb)y ¥J/NF 1; HEAH B
1) Eu 1E 5% (K 7),0Eu F-¥{Hm 2.13;Y/Ho &
A T27~31.F¥ 2k 29.

Australian McLennan,

5 118

2.8~2.7 Ga fl 2.6~2.5 Ga 2Bk 5 v fii i 3%
i 28 7T R 1 i 52 2 K A AL n 4 80 %6 A 1y
i 572 I i T 3% — B BE (Zhai and Santosh, 2011). 7E
A0 36 VG TR EP B 1 P R T, S b AR B AR
WA TR ~ 2.7 Ga, th [H A0y 28 v S 30 ot B
W75 A2 K 2 F (Zhai and Santosh, 2011). & [ 4
Je i IX 1) BIF J& 0 B4R T AE 2.56 ~2.52 Ga, 5%
B BE )Y 1) Ml e 1 A =R R AR A v R R 1 58 B
ANTT 53 % M 5e 1 AR S AR R B — R DX A
N Liu et al.(2012) SFFEWF 5 % bR A AR i &
PRRZE By BR 4 ~ 2.5 Ga 394 19 37 45 Hi 5% ; Zhang
et al. (2011) fE M2 2 5 P AR % 2.44 ~2.49 Ga
SHRIMP #5417 U-Pb 4F# . 3 1TA R 7 22 b X 32 B Bt
FORE S 5 A AL O RE R A S OB AR o i R A
O H s A 3R b 5% 1 A SR I TR 2.8~2.7 Ga,
B TR E~2.5 Ga B H 1 ek FU e i — &
RS 1 — AT 3 AL AT AE A
A AEH (Kroner e al., 2005) | 1 b 44 w4k JiS
HAT (K TT A FI RGN AE L 2014) 25 e iUk i B L (B2 ~
2.5 Ga M9 1 $A 5 R AR AT B8 % i B BIF $2 4 T
Wy J55 S VR RIGE B A DT AR A BT L IR e A — o R LT
PLIN i BIF U RS2 Mo 08 35 3 A b 58 Bl
" ) 5
50 RE-MRBRESEKEENERAS

K% B A (2012) B4 T 4L s il BIF A A
AR5 AL, (1) RHE A A (e A TN RHE R JRR
O HERAREEAA s ORI K MING — B oAk
Ho oA A R AR A s (DR B AR
FHORBARAWERE — WA ENE; (DBREE
KA —HokiRR A — B A A — kA
WA GOOREAINE T RRE) — RIS — Bk A9
FH 4. Zhang et al.(2014)IN 4L e fiiE BIF 7
AR AEAATTRE N LT 3 b (D BREE B Al
FCRLBRE 2 B A) FIR D T 2 s (2) BURLE J A1l
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s () FBE K T DTS R A A TR TR L BIF o 72
H 28 5 T O [ R A AR S R BTl — R
Kb AR BIF A28 7 1 R A AH A T, 87 Ky 4R
) BIF 205 1 1 N 5 #0742 BT, ool AR 2 J5 B9 BIF
EEAZYINE Sy kA

T — W ZHIX & BIF A A HE N —EER
AR T E WA M AR I Rk A S A — AR i
PECILE CEREIRRRL A & WA RS A N TR R
KiE) — AR = R R DL D B AR A
A AN A TA &0 A A RN, 2
Z R WS HEAT A TN A 22 W RE R 45 2 LR
YR A3 A 3 B — 3 40 Bk Kl W AR T BE B
Z 5T SRR G AR R LA S S
/NG A T B BRI R BRI S S
WA AR L EF N RGBS N —F kil
— UUBUEL 1, 200 B0 BT D) AR T J5 ARk 5% B2 1 M 1 i
BRGRH AMBIRKAIRE ST Aa 25
HJZOPR D0 R b s R T G R DAL R
b, S M A TN Rk A 0 2 5 20 o e K Ll LA
B RH R R A A0 2 )RR AR A A R AR
RUNZE S A DGR R AR B —2 &l — D
kL R AT T R B AR i GR AR 5D F R 18 A4 TP
U B A W RS KE B A (2012) B A5 I RHE
FATN I TN ARHE R — Rk A 0 21 A X
N, AR AR R A FIA A SRR AT
bR A B & BIF A A AWM AT iEs
Zhang et al.(2014) I\ A YRR BE ot K Ll 2 (R BE it %
A FEHD BT A1 415 AR X

i LRTik . N BIF A A A&k B, KE— 0
L IX BIF 2 DAwE kA £ BT 3 5 1%
INKRASE 22 2200 A L5 KL I B 06 2R V) S R A i TR
[ 4h 2% 2% 43 2 (Gross, 1980; Klein, 2005) Hi 4k ™ 2
TN % )& T Algoma B, #Z BE N % H 935 (Li et
al., 201D WIJE T ~2.5 Ga & LAY #1026 w , 7 &6
B BIF(50 % LA ) BB & T 52 )5 11 3R & i
B B R AR (5 KA ).
52 RE-—MLMEXE BIF EAASHWEARNR

AR HT A G A 45, 2012 9K 7% B 45,2012,
Zhang et al., 2012; J7 it 4= 5%, 2012, 2018 ; fC HE 4%
Z5,2016) ,42db TEH i@ Algoma B BIF 1 7= Hi i 3
H 2.56~2.52 Ga, F-H# R 2.54 Ga. K — L HL X
Y A1 A 25 R B, & BIF A A 44 AR b ik
GE Ik, & O 70 i T TTG h iR 5 B &
(~2.46 Ga) Z 1 M4 7 OB 25 28 3 A 8 HOE 1K

» 2490+£19 Ma

2468+20 Ma

2469+20 Ma 2 489+20 Ma

B8 kH 16YG-2 i o ar SOl B A1 AR I A
Fig.8 Cathodoluminscene image and laser-ablated spots of

zircons {rom volcanic rocks from sample 16 YG-2

AR ET TTG H R

TTG F & Bl A (16YG-3) & 45 A A A
2456216 Ma; & A M IN#E B A 5 (16YG-2)
(S A B — S Ol A B A AR AE (B 8 L IF L
TEWERZ B8 (Th/U A F 0.5~ 1.0) IACE )
AR R 2 489419 Ma; HoAy HoA A8 i i — i 2544 1
AW AE 2 300~2 500 Ma 2 [8] (7] BE A 748 % — 1 1R
AR B FRAE R 1807 48 Ma; £ B B = BHE K
R (L6 LIG-1) W8 X 5 A T8 B A 4 T RE Sl 2 450~
2500 Ma, 78 BT 4E#24 1 850£10 Ma.

BT Algoma %I BIF 9 5t [ 5 k1L i % VI H
5 (Gross, 1980 , 1 HLAF 5 IX 9 28 5k Ll 5 5 w2k
AYHIEIFEES S T BIF &M1& 89 AL
AT LA Ry 5 W A R TN R kA0 D5 5 (16 Y G-2) i iy
S L E AR TR S BIF A A&
TE AR B R — e W IX & BIF A A 4 A 8
RCEFAR R 2 489419 Ma, % T TTG [l & (5 #E A 9
=K RS2 456 £16 Ma 1 IE AR # . A 5% X
1.80 ~ 1. 85 Ga 78 BT 4F # I T oo 8 1.95 ~
1.85 GaZE i FH 4 (Guo et al., 20053 Zhang et al.,
2016) Ay & ek 1, JF H 28 4 5% (2017) #E D LT
1.95~1.90 Ga & JJ5 T & J& R OBL A AH AS I = 4, F
1.90~1.85 Ga £ JJj T 1B 728 Jot 5 4. A 1 . 48 5 4k T
KA — W& X BIF 768 KRR UG & 05 T
TG A TR b — Hb 5T IR — e AR BT — iR #R
Tt — R AE T A — R

AT S AT ARG B ~2.5 Ga 1y k1l
15 2 BIF 29 0908 BU4 8 7 9 ok U5, (B X T &%
BIFAAHAATAMEBERRKRFRKAE 2.45~
2.50 GafF A5 B, A AT i oA % 20 W) o 4 4 . A8
Zhang et al.(2016) 7E M % Ho X B K AE (< 75 h 3R 15
T ~2.53 Ga # 41 SHRIMP U-Pb 4%, £ & WAE K
B — X RAG T 45 T ~2.49 Ga K AL A 5
ik U-Pb 4 CR R R TR AH A 5 & A
ZHL X MR E T~ 2.50 Ga 7 BT 3 (55 AR 4,
1993); Rk . 7% BIF & A A& 4 A R = #HE H R
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(a)

Y/15

TA S50 2 s
1B.1ARIIC ) 2 B X 45,
1C KL IRHLBE 2 i
2A KB X IH
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3AKHEN 15445
DB 2%
3B/C.EMORB
3D.NMORB

Ta/Yb
& 9

La/10 Nb/8

S8 A /78 B AR Th/Yb-Ta/Yb Elf# (a) Fl Y/15-La/10-Nb/8 [l fif (b)

Fig.9 Th/Yb-Ta/Yb diagram (a) and Y/15-La/10-Nb/8 diagram (b) for the metamorphic volcanic rocks of BIF-bearing rock assemblage
&l a 4 Pearce(1982) ;8 b #fi Cabanis and Lecolle(1989)

woh HOA B — il 5 R B A% AR S (2,45 ~
2.50 Ga) JFAN— & J U5 X5 A B AR %, A 7T
Al AR 22 Bl 2 Hb e 9 AR AR I

UL BT, R — ML IX TTG 5 HEgH
MBI T & X TTG JE & B AR (Wilde et al.,
2005) — %, K — AL H X Algoma B BIF 247 1)
T B 2 489419 Ma, 5 o mg # & Hb X 4 4+
M e i Algoma %! BIF (~ 2.5 Ga; Wilde er
al., 2005; Han et al., 2017) K FAFAHAE 19 Ik 5T
B BRORL A A 2R oAl 7 B Algoma B! BIF
(2.45~2.5 Ga; & 3 ALA T4, 2016) B LR —
. FH M T OV A A BH &% A W Algoma T BIF
(~2.56 Ga; X F] % ,2012).

53 XE—MRHEX BIF WHEESS

2.7~2.0 Ga N4 Bk BIF & & WU 0 B, 7
By Algoma BBk £ 7= F Ky i 5 90 L 9K 5 7 b =k
e Pl A (Gross, 1980).

KE— LM X Algoma B BIF 25 B il T
2489419 Ma, 5 TTG F k7Bl (2 456 16 Ma)
FEAIE T 7] — WAL, Smithies (20000 A TTG #
PR B TE IR R T KT i 7 52 AT DA A P LR o,
BT Hh A Al T B B AR T R AR S A A AR
e op AL 8 A7 A B GA IR . {H Martin and Moyen
(2002) \FHE 1% (2018) 3@ 13 % K # TTG A &
MIIFFEIN A Mg™ 32 Wi 35 i 8 25 5587 K i AR
A HARE R 18 B2 64 T A O KB — PR 42 L DX R
T A A AR B I T XA DL R A
Jo v A A 3R B b OB R AR A N b AR
(Wang et al., 2004) , lf TWF 55 X 5 H & #b X B A7
[F AR TTG 4445 (Kroner et al., 2005; Wilde et

al., 2005; Zhao et al., 2005), K 1fi Liu et al.
(20126 K4 — MWL H X 2.55~2.45 Ga iy TTG
A R RE A IR R R R A AR S Y 45 SR DA
LFRFE FW AR X ~ 2.5 Ga TTG B W Tt B
iR

WA ~2.5 Ga BYAR PR MR ZE T I 2 1
AL 8 9K 2% R A (TAB) 819 )5 20 o 2 it A
(BABB) , iV 4 2 8 S 2R o 4 T Hg 3 1) oK
T RS 1 S5 T TR A AE SR bV R Dy e A
A BA B Z i A FRE (Hawkins er al.. 1990) ,7E )5
B BEAR i/ ek 559 L U A 2 A 2 B MORB
45 5 (Klein and Langmuir, 1987).

FEPE 9a AR SCRE B T TAT (5 90 H7 BE
ZRA UK IAT 5 MORB 28 5 X 38, 76 & 9b
Bl i E 2% T BABB X 8.

FRHE BT A M 45 1 PetDB %088 FE b 12 332 4
BABB i R & 845 R (1 55, 2016) , A SCH 1A
6c F1 6d H BABB WX rh i %5 & BIF 54
A AR Bk LA RE S B HE F1 N-MORB, E-
MORB F {47 T X A SCRE 5 BABB #) 17
&£ Rb.Ba, U L R & %M Nb, Ta FIL RN 5
P, T R AR IR AR — 2 B A B R
EOPHBL R T R 5 N-MORB 2 5 4
K. 5 E-MORB H — & tH L P, (B H & B £ 7E Pb
w4, 1 L5 N-MORB Hfl E-MORB % i 77 7£ Pb
5 PR DX 32 PR R AR e O R ) B e VR e X Pb
R 5% ] 4 B S 00 4 9IS 4 M 2 R 2 A ol R
WRINI R A Pb &, 5 RS A b 2
0 ohsZ /N B SR X R CA P S ¥ {E £ 0 n)
TEE. Z2PHBASFERHAN Pb 7l (Klein and
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Langmuir,1987; Hawkins et al., 1990). K Itt, K
B— WX & BIF 5 A 4l A iy A8 5kl i
TN o 5 PSR PR B8 GO 7 ) v 40 Pl ey B
T T AR

& BIF F A A ke A 9 # 1 e o B
R g B E AR S HAAEW Y Eu iE
SE (R DU RPGR RO % B A B AYIE Eu 7
i (Campbell ez al., 1988;Rao and Naqvi, 1995),
1E Eu 58 0 B0l & 5 5 E s8OS 3 o s
IR Z B A B A8 5 (Campbell er al., 1988) .71 H.
POK R B By UL Yl R R By REE 2 & 8K,
HREE %1 & 4 , 35 $OK TT A W AH 2 800 A Y/
Ho B LN 27~31,F ¥4 29, i K Hugms 1 Y/
Ho EH .l 28(Bau,1996) , AR /K Y/ Ho & 1
b 44~65(Bau and Dulski, 1996) , K I AR A BE 2 1 JiE
PR A T )2 WK, i AT AL B 5 X BIF 287 1)
TV W55 1 R ARIROE Bh 1 56 R B VT, 3 5 1l 5 24 R 1) 3
i U A BIF 1 Fe o 8 F 15 /K RN IS = T HOROR &
YW (Klein, 2005 ; Bekker ez al., 2010)F—%K.

6 45

(1) KA — P2 X2 5 5 i BIF 807 &
F Algoma B, BIF A A4 & EWRE A K FH R
CEOTMEA /R DD RER A B 2 A8 T S M A (O
JHRORL A B 5 W A RS 1IN A R RRRL A L A 1 R
= ARHE A FLA R A 35 55 Al sk A B, O — & )
R R A A

(2) KH — T2 L X BIF & AR 2 489 +
19 Ma, 542t 5afiiil Algoma ! BIF k& & W KA
—FLJEMA T 1800~1 850 Ma 728 it — 1B 7% Ji
YE TG .

() KA — MM IX & BIF ‘A4 H A kil &
HESS T AW, kb F 0 BoR . 716
Rb.Ba,U.Pb %0 &R 1Y & £ M Nb,Ta FFIL R IW 5
I8 TS 5O IR AL Bk PAAS bR ifE L
+ 143 K i B W B 0F Eu 5% . BIF B 5 7 RS $4
T V1A G

M HSRAAE AT FRRAX
FOLFOREFRHAKL FTEARFREA S KGR
MR HEFRERN . FRRFEAKBEFTHE
EBZOE T RN, PERAAZARERFTAS
B AN AR R A RRUGE AT AT R AR T
LT TREGIR S HF I BELFTR/E R LR

THSHHEALE B U-Pb A4 &0 F 1%
RET RAERFAAE T SRAD R RAFE
ERFAMN LI N B0 — S SRR B 6 A
fit%b 35 15 B 3 UL http://www. earth — science. net/
WebPage/ view.aspx? id=20190117061127.pdf
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