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Abstract Basing on a large number of existing data, history of study on several typical high-grade iron ore deposits of banded iron
formation ( BIF) in the North China Craton is reviewed and summarized. The history can be divided into five stages: (1) before 1949 ;
(2) between 1950 and 1965; (3) between 1978 and 1986; (4) between 1987 and 1994; (5) after 2009. Then basic geological
characters of iron rich ore in Anshan area, Jidong-Lvliang area and Wuyang area are introduced. Meanwhile, study status of iron rich
ore in the several areas above are emphatically introduced. In view of the complex origin of the magnetite rich ore in the No. 2 mining
district in Gongchangling area, researches and common viewpoints on them are introduced in detail. Up to now, most researchers are
not agreeable on the iron rich deposit hypothesis of contact metasomatism or transformation from siderite through metamorphism. Nearly
half of the researchers agree with the theory of metamorphic hydrothermal mineralization and another half the theory of migmatized
hydrothermal mineralization. According to comprehensive analysis of voluminous data from the literature, the authors think there is no
enough evidence for the contention of metamorphic hydrothermal mineralization. There are four arguments for the viewpoint: the first is
that residual magnetite lean ore can be frequently found in the iron rich ore. The second is that magnetite-rich ore is intimately
associated with alteration rocks in which the alteration minerals like garnet, some hornblende ( tremolite) and chlorite are not
metamorphic hydrothermal origin. The third, age of regional (upper greenschist to lower amphibolite facies) metamorphism is
bracketed in the range of 2500Ma and 2450Ma, while the hydrothermal zircons accompanied with the alteration garnet give the U-Pb
age of 1840 +7Ma ( dating by SHRIMP) , which is younger than the metamorphism age. Thus the hydrothermal activity was constrained
to occur in the Late Paleoproterozoic when the continental crust of the Craton was in extension period. The fourth, Late Paleoproterozoic
age has been obtained through Re-Os dating from the high-grade iron ore of hydrothermal origin. As no enough evidence to prove the
hydrothermal fluid migmatitic, we tentatively regard it as Late Paleoproterozoic hydrothermal fluid. In addition, origin types and
prospecting potential of the high-grade iron ore of the BIF in the North China Craton are discussed. The authors deduce that the
magnetite-rich iron ores of Late Paleoproterozoic may form to large scale and are of great potentials. The magnetite-rich ores through
rheological deformation due to fold structures in primary higher-grade magnetite-poor ores ( probably accompanied with hydrothermal
superposition) may reach to biggish scale and of certain potential. Others are generally in small scale and of no economical
significance. Finally, the authors put forward some problems in high-grade iron ore research, such as the source of the hydrothermal
fluid of Late Paleoproterozoic, single or multistages of the hydrothermal fluid formation, and metamorphic mechanism of the wall rocks
of the lean iron ores. All these problems need further theoretical investigation.
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Fig. 1  Geological profile map of No.2 mining district in
Gongchangling iron deposit (after Zhou, 1994)
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Fig. 2 Geological profile map of iron rich ore deposit in
Yingtaoyuan (after Zhou, 1994)
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Fig. 3 The geological plane diagram of tunnel of iron rich ore in Yingtaoyuan (after Zhou, 1994 )
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Fig. 4  Geological profile map of iron rich ore in
Wangjiabaozi (after Zhou, 1994 )
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Fig. 5
Gongchangling ore deposit (after Zhou, 1994)

Geological ~profile map in Bapanling area of
1-Quaternary ( Q ); 2-Sinian systerm Diaoyutai mationquartzite bed
(Zd) ; 3-magnetite rich ore; 4-pseudo-hematite rich ore; 5-banded iron
lean ore ( magnetite quartzite ) ; 6-banded iron ore ( pseudo magnetite
quartzite) ; 7-plagioclase amphibolite ( Am); 8-quartz chlorite schist
(Chq) ; 9-chlorite quartzite (Qch) ; 10-sericite chlorite leptynite (K) ;

11-migmatite (M)
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Fig. 6
Gongchangling ore deposit ( after Zhou, 1994)

Geological profile map in Bapanling area of

1-Quaternary ( Q) ; 2-iron rich ore (Fe) ; 3-banded iron lean ore ; 4-
sericite chlorite quartzite schist ( Qchs); 5-garnet-quartz-chlorite

schist (chqgr) ; 6-migmatite (M) ; 7-tunnel
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Fig. 7 Geological profile map of Miaoergou iron ore deposit
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1-Quaternary ; 2-amphibolite; 3-BIF; 4-magnetite rich ore; 5-mica

quartzite ; 6-migmatite (M)
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Fig. 8 Distribution diagram of iron rich ore in Sijiaying and Dajiazhuang iron ore deposit (after Qian et al. , 1985)

I -the section of N, exploration prospective line in Sijiaying; Il -the section of N, prospective line in Sijiaying; IIl-the section of Ny, prospective line in

Sijiaying; IV-the section of 2nd prospective line in Dajiazhuang. 1-Quaternary ( Q) ; 2-Proterozoic ore ( Pt) ; 3-metamorphic rock (A); 4-iron lean

ore; 5-iron rich ore
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Fig. 9 Distribution diagram of iron rich ore of No. 3 prospective line of Yuanjiacun iron deposit in Lvliang area (after Tian et al. ,

1996)

1-Cambrian system ( €) ; 2-chlorite schist ( Ac) ; 3-iron bearing quartzite ( Afa) ; 4-metamorphic diabase () ; 5-iron lean bed; 6-iron rich ore; 7-

drill hole
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iron rich ore; 7-drill hole
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PRI T AR I ELAR X i 4 T s T, ) B fE Al T
LR A A0 LRI B s

AR A5 (2009) A 55 Kk — 8 X 6 207 HA W 2 1Y
AR . EERTIE IR T S 8k O g KA R 2 e, 2
TR I IS R ) B — B W RN . B
BRI IR T T KA DURR R | XA T A AR
PN o 8 o i 2% PF T IS0 ¥ 9 o 1R 7 Oy T
P, 215 T BB S ACAN BRSSPI A LA™ B B, (it 5 kil
b [ (R AR B SR U R B

FREEFNHE IR (2009 ) TA TR 5 K U4 1Y) & R AT EL TR0 2
2T — UM AR Rty Bk BRI T
(9, B BB AN ELR 28 T A2 VR T SRR AL, T BRI T

R SRR 2y o W R T B BOR TR T AR IR G
BRI A PRBOR R A R, B BRI, SO
EIRPRNE o

XUIZERNHIGE (2010) BESE T 5 K IE 8 KRG A1 984
FIRERR B 1% bk DT 3R U 0 R R 1 T R R, IF 3L
TR L R A, 5 RIS RCR XS G, A AR =R
UNCE

(1) BEAK & ARG B A DA B SO T R AR AR AR H A (D0
N D] 8 LTV 2 A e SN D it = R e (|
aCFHAY, BOE Bu 59, R —F I — BRI R T

(2) BRI ATHEE P RERRT 1 6 O (HASKIL L — 4%0 ~
+ 1. 8%o, (55 T RERK S Z AL TE B, X 5wk 4 AT A
WERRAT DA T A M T R o 4 — B0, R ARG B 7t ol 17
8O fEL I FATR RIS A Bk AT S T

(3) W W 1 IO %ot vl DX 3% Joi g BER Al 114 722 o A
(IR JEEAE 500°C L4 E, 1 HL 8" O AR, — M fufi) 3210 4
KGRI i ZREAE T B .

XU ZE4E (2012) i 0f 5 Kl =07 KRBy RA A
YR AR DT TE R S R I B e
HRI AR AR R T A S LR B A
LRPEATE VRN . ARIGHY -5 FEA 2 WAL , A X BE 2k
R E AR XA A, T2 PR AU o 5 R B
R RA S E R BA RIS R , R AR
ARBGE BEERTT A et R B

W 751 45 (2012) X IL T 5 R BRAT RGBT L0 R
FRAE I ST 4 R ERE R BB iy R RGBT (976 L oG R
ST Y HAT AR — B RRE, # L OT R SRR, Y/ Ho [t
(B A RO ORER A0 S B La I S, BT R AR B
WA Eu MY IESH B R RGBT A1 R LT R S A
Eu &8I T 508 O RERRAT, 10 HL 35 6 19 b Bk
(9 Eu 575 B A, SR W R0 R B BT TRk
0 A FAIBRCRAALL , AR BRSSP ST AL

FREESE(2012) X 5 Kl —H KBEBRE 6 LLT 4 51
R (1) SR 07 XRERR & 0715 Bk I a R S5 4
EE VIS (2) 5 K 4" Xk A1 D5 DAl B DT R Y
F RS VRS- i R W R TR R BN R AR B
WL G R P B T I RERE B A1 D Py e, B A 1
T ERVATAFT AT 5 (3) DX A ik 4 1Y
TE AR T A2 i, A2 BOARa 75 3 ) B 4RI T
[t (3t P 2% F DX S0 o A R i B ) T B 2
PFs (OHTES R 0 X & A ZRBR A 98 Z 0, A 8
J R b AR , 58052 J1 ST LA R Si0, W, X 74 7 T AT
B — T B A A R T RGBS 0 1R B, T L 0 X 5
W=

PR AR (2012) A4 5 K IE 07 [X Fe6 47 J2 B i KB
A HAFTE RS AR T2 SR T8 0 A PBOR A, J
Al AR T RE N B ALK MR A e AL BGR CROBFI 2= e 6
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1980) I, A fE A, Si Mg B7AEI K A Bl (5 AL
RFEHIRINRA A A K KA WITE Fe6 1772 ff
WA A BEER YA, DRI AR, R P s AU
ESNibEE TN

FHRR A phy RS 5 AT L, B o S8 A I8 PR A7
AL Si JE T W RAFATCER, Stk A T TR 07 0 (9 2% i
TER . W T B AL IHFE T Z PR Y Si0, , A
T W R, R, KRB TR S 0 B sl v, &2 5] 1
Si0, JLVERMIIEH], Srie A1 A K141 6 MBEERIN 1 45 th
TSR . Mg AL e A41y, Mg 2R B = BURBE
ALK B HGR, W 208 5 Rk TR, R 23k A BEERIN A1 7E
G A

TERF AN SR 1 & Bl b 2B S A 5 TR Y
LS FEA A1 T LR B s 65 20T 2 W U, W sk
ABHHIRETAAT , &0 SR A BRI 5% 07 B0 4%
AP BEAT SR, WML R TR AR AR

My A R BIA A efl, I 2R AT A 2

W 751 % (2013) %I 3 Sk 1L BT8R A M ES Bk 41 1 Bk 1L
SFARRERERT TORSE, ONTE S LT X BB A e 2k HAT
AR s R A 2 R IE AN 2L O RE AT + 13 + )
INAT LT, EEEH Fe, 05 H1 Si0, AR, HoA ALY & AR,
LR A DR

B P RO TR AR TR S AR, (B S BE BT %
1 Ni Cr Co SF et TR AN B, PAAS ARifEfl s 9% + 00
B EER BN B AR X 5 0 A AR B 4R, JF B
HAWBN Eu IES4, Y/Ho WA &, 2 W B4 5 R U5
TR AR K o

BOE BRI S ESTR A AE Bk AL BB — Bk X
A ZESNE B B O TR AR L TR SR T ARk
A1, FFHLAR R B 2 IR BCRRAE B R R 4 R s RS
AR AR H BA MM K,0 TR KT Nay0 i,
KREFHATCR Rb Ba K Th U FlF 58t &R Er Al Hf 55
AT 4 G AN TR, W TE Sk L R R B
BRET A1 A] B AE ST 1 B ERD LS R A e AU RDE U

FRHEE A (2013) TA A G Bk & 4 i) B AE BIF SRRl 2 I
PN GE T . & B 28 F SRR L, 0 B %
BIF rh ke Y EA S £1 U-Pb & 4F 7R HOE T 2480Ma, 5
BRI SR IN e A TRUES A 4T i 2484Ma — B, 3R A 28 ORI
BAET BIF,

X465 (2014 ) X Al DX 2670 IR Bl 1 Bk PR T Y
B FIMEAR EAT T Re-Os fE4F S AN R 45 58L: (1) AR
WHFEH A 2 PFEER AR AR5 T 2567Ma Fil 2540Ma f 55K
AR, BT AR 1Y 8 1 BB Re-Os BEUAR IS, f
REAE T BRI (9 S A OB IS 5 (2) Horb 1 P S R i
L AFBERATRE b 3 B 2R AT 2376 Ma Fil 2237Ma FREARRY
AR TP TE A PR 2l 2237 Ma AR BB 1) —
UCARTBUBIA 3 U IR I 2yl BE X i A Ml DX R A 9 19
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T RAT — MBIk, 4 PERCERDRE 53575 Re-Os [Af 2250
LRAEIA M 1522 + 14Ma, Ay 56 39 300 0 PR, tho 7T A 000 ot 5
/AN , 3B VI AR 147 T8 7 P-rh T AR, AR X 8 A %
UCHTRT B, A7 R AT AT — IO P

AL (2014) 6 5 K06 — 5" X H 5 RERK BT 5 )
LRI 22 55 T A 0 A 2 v A £ BRI 5
VAT T W BL AR 2 , SR 4% /1 SHRIMP U-Ph 0 5 5 3%,
PAFFAEW Jy 1840 +7Ma, BRLAE T 5K I4 — 0" X 8k 5 5%
YA e (15 S 0 I B A g T o AR 0, A A b v
L TG 7 PR A T ER8E

R (2014 ) 38 1o 6 A L [X 5 K0 0 X S ek
B Fe,Si.0.S A 2 HBFF0IA K Bl Bk B 2 1 S0k I
S  F  B PARE ph K SE B TTAE
A AR BOR A TR

T 2 (2014 V) 5 RS A 3 1 R8I R ek
BT NS T (BRI KR
) E T IS 78 R AR K AT 5%, 18 TR PR A 2
AR S URVAR FRR B B TR ML T = AOAGR.
() VTR T 2 I, 1K 300 A S B ok e b
RS FAGR o (2) TR I RS R B 4k E B A T o
TEHTAR 1.8 ~ 1. 9Ga, iZ A8 R Akl ot 25 B T 4k Bl 24k
BORE 17 RS RV Bk B A T T A (3) el 2
(T IR LR, 78 5 KUK IR A& WL F 0 I
VLRETE R

1375 785 255 (2014 ) 3 1ot %o 8 1114 12 3 1K 5 DR O 0 2
fh Fe S H.O A 2R AESEATFZE, B T LR = £AIA:
(1) 2 K FCRE R BB 1 1SR AE A — BOVERE oA 22 5
e, Bk A T A S A A Bk 6™ S IRk 8™ 0
(1% T HRFTH A AE L 30 505 T 22 10 5 S BB 1, 46 4
FLHAT VR AR K 25 B HOTE R AT R 7 T AR [ O e
FRITEAE , BB (1 R AE TR 0 1O SRl 132 5 I PR fE
TR, (2) BBk A - 3 [ i 22 4 7 S
458°C T4 B T B VA 19 3 1 B NaCl-H,O = CO,, 6 FE
2% ~8% NaCleqv, B EEHHTE 0.74 ~0.84g/cm’, (3) A5
I {32 25 M AL R F 25 0 T S0 8 0 A0 Ok T e 4 2
JRAT FCHG B SR (T R B 5 R R R
IRt A 4 B 4 T AL 5 S

W E R B b X 5 K = X R 5 R
B2 W o, B Ay T

1. Sl S AR i

1-1 PR , (R 32 3 S5 SO 485 (1918)
HRER—HfE(1935) | F BS R IX) FE T (1940) 5

12 2EIE S AR 0 TR, 1R 362 A Bk A2
BiHi (1980)

© JERC,EIRR, kAT, 2014, 5] £ BE IR G EAT LRI E
i35 H (201111002 - 067)
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2. JEUAE DU A 8 XA o s 15

2-1 2N AR TUR S B 8 52 XA O e, A2
FABICM(1979) FRIEIZEEF (1984) 5

2-2 BRT AR B, AR A T AR (1993) 6

3. JEUAEDURRES W IR, 5 A 1B AR 5T (O 30 2 o ) 4
B IR ) BB, RS E A £ 5P e (1986) o

4. FRIBORH B

4-1 AR AR 1t AR A 5T i (1961, 1992) |
Ttk M= (1980 ) L& (1981) (A it 2 (1994) X1
FEMB G (2010) | F BLESF (2012) FfCHERSAF (2013)

42 AR LA AR R ™ i, AUk 2
A FIE S (2014) 5

4-3 KA BT 3, AR F A IR 5
(1994) JH# L3 (2014) 5

44 R A AU UL, AR AR L (1957)
RS (1972) (ZERAR A5 (1977) (24K (1979) IR K AR
(1984) FRICIHFNFRBEIL (1984) FREEVLAF (1984 ) K 5240
(1992) 2=l (1992) J7iin A (1993) (FRTHUBLEE 2R #)
TR (2012) 5

45 EIRBPUOR L, IR B MR (1957) (5K Bk A
(1988);

4-6 R (H R B a0 ARk S, QSR A A Sk
(1982) | WRVT U (1985) | X1 B %= 4% (2012) 4% 75 ¥ 25
(2012),

5. Z USSR UL (BRI AL G, SO TR & A1
) AR EAFIEIE(1982) ZEBEILAF(1983) A RR
(1992) JBAEAIEEHFTF: (2009) FIEHIR #9245 (2009)

6. KA SAUE MU B it

6-1 TE IR FURAE T, 288k B AL W REBRG™, 5 L2 5]
A AR, BSOS BB 0 IR AR
Wi(1979) ;

6-2 {EXIA FARE T, B 22 k0™ AL R R, e XL
ZRE A B S A B ER S , NREE A
IR (1982) \A=BEEAE (1983) T A (1993) o

42 HE-SPHEMEEY
421 RANELAREATAEARAMNGRS
BAGES (1979) 3 it 0 7R U B S 4 e P
ERT SRR B Z AU BT , N A BT KRR B [
JT AT PR, R 5 B R R R A DU AS R £,
P R A M KA B S I T R BB
VAR TR R 55 e R A A T 5 (1983 D) haik
S B R G R K 1 A T L, — o A U
AR TR R, 5 — PR TR A e LR T B R, T LA
O, A AR T R, 2 T LT R L
JE ARG PRI T, B SRR AT, SRR
AR AT LB A SO S 2, AR S, B R

RLEEAAE AR AE RN B &, 07 A 0 ) £ O REERT, Bt
T 2 BTRLR, ka8 EZ ha s, ANARKRZ, 0 A
HISR 4 B R A e R IR A ]
FRE BT, HARHAE (Rl B 45 (1985) figid

VFHEEESF (2014) A Al R BB IR & 800 A 1B B
5 R AHIRE BB DA DG , B R A P N R R L)
SRR R IR I s R T RE S IR DU A 6L JE
WIS 20 R AR W ARAE R s R,

R A5 (2014 ) 3 %ot (A 2R AR 4L ) 6 2 IS, A
S BI b A F) M B DT Y NaCl + H, 0 44 2 AR I 7 A 2 )
ZKE BIF i B A Rk & 87 1 TR i i ek g gk
AYsE(EA) MEZRRE

BRAE IR (1985) il X B w) 08 - KRBT R0 X | %
T RICRIZ X &R EZR A A L HORS A, 2R
FEA LT AR (D) S8R0 535 Z A LWl i s
RFR,IIIN AL G VR b Z500] LU B A S AR B i 3%
W RRTRA M SOIRI & R G — B R BRA 1E5 (2) &
BRI S B R B A W 0 B A i e R AR TR
BB S AR 5 (3) B BRI 7 L I A 52 B s R
M ; (4) & B A BRI TR 000 S A DS S 5 T
FRBFNZES, A STET R EEW KA 5 Y, A
WA D B R A N R R D
o, MERE PEA; BabE Gleh kiR 2EEV M E
BT MRS N R G R A R Ay
T, ES 5 IR A L, Si0, & & B B, T CaO
MgO Al 0, Fe,0, . FeO H,O %50 g 38 &5 s 760 W) 00 B J 1
R U ROR BE B S DR R 1 A AR D T, SR
BLRARBUIR AR 3 , T & 200 R ek g iR ek s
RMBURHIE 5 (5) & BR- AR h B850 1 b i S 50mn
AR RAELARAN & 2 rh 344G PR 7] i i S 500 1
R, —Fh Rl B L b 2B Y G R b M S O, g — F
Wi LR A O, B R R BR —FE R
FUURRIY, 75— Fi R ARV E S TR B . sk 548
W ARG AT 1 AR R 2 A RAS ], R )2 W 58 R B R
DX I 7= 3 R Bk R, B AR TRk 87 O H BTk
B RESRA 1 870 13 £ N (B, BeAiK ik - 5. 45%o, T 31
B P REERET I 8" 0 {H KT 3%0, 1X R & 2k R4
PR R 17 8, DA T 18 8 O {ELAT AS IR R BE I R 115 (6) TAH
POBAIE AR T2 BT HOR, 3% 7T  & e hAAEAIR A A 1k
%R B8 AARTTIE I, AR AR A S R F 2k A IR G
BB T G T IR A A E L
4.2.2 EEHFLGGRY

PEPRIESRSE (2010) i1 7K 545 (2012) B 5T, 3L A5 11
B AR AR IR TR SR M A L, o TS BT s AR

@ ETEIE. 1983, LA UE F 8 BT H BT i K & A R
fiE
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TEME N, BEARY K 2B 78 013N, AR A8 SR A% T E 45 i, A (i 4k
W RAERE R SR N KR B T B w0 R o 4% 85 0 T i A=
WM A O s A B 0 BORFRE, I AT RE R — 2 &
et

KR REE(2015) 7R 5T SR A R (1) A 2F 2w b, %)
A IR PR & R 4R IR A A AT E TR T
ZMW LR ET ZRENR, 80 H LR A F 2 gk
WAL SRR, P HUR B S O A T A IR A &
HBZ WD Y, & 2o AR e sy, Ko i Hm 5
Je IR G BN R, AR T & 4500, e Ju B RN 1t
AR BRI, S R SR E 5 a 2L 0 5w
AU, B RN AR AR B AR T D IR S
ARG FUUBIE S, T 5 B8 4l T A R 3 i 2
JEE I TR Bt k2 =

HRAERAF (2015) XA I A B8 4T 1 bRk 2 2, i
BIF #E47T T LIRS, % BIF Je 2 RHE AN A i A T T
LA-ICP-MS % U-Pb 52 4F , HUf5 2859 +22Ma ~ 2491 + 13Ma
HIAFEHS , B AT RETE RT3 A il AR 4, 2859 + 22Ma Yl 5
FEAAERY RO BE AT R i R E TR . ORI R
BRI
4.2.3 BRMREZRIET Ri9F 47 1K

P HH KT 25 (1986) (A 7T, B b X R AT 2Lk 1
B R EER BRI, 5EAETBRMACR R £
A LR RN R B S5 A, ULRH X R I G AR kT 2
JRAEI R AR AR T 2 W0 W3 1 1 ) 2 2 02 T L 2 ot
YERM )

HHA ARG AETE U T A v, R A A Y
K I P A e 1) At L B, 5B RS 3 TR VR R A £
—HR43 810, A, IF 0 s B BB R Gk A AR
R AERT, NIHRT 51k, WNEB IR o 2EFOR
1y DTN T o = I ) e hs' L W | L R S S R i
BRA B TP R A N 2 R T2 R B B N SR A
PRFRAT LU 30% ~40% | fif MR ARk AR BLAT 38 A0 45
FFRZFLA 8, (R A TR0 SR %, A X — B B
Si0, ZICETE ISR AREE 2 oK

X IXFMIE G AR, XIHIL(1980) U7 AN AN, Al ds
AR EHY FHAODOWGS 5 A ki, 055 £
PR EENEN R, N6 L ZEm 5 ZiE 1800m L E P, 30
AN TR B E T, 52 R KR 21m, L@ 16 0714,
fitifi ik 800 Jymli, Horfr 11 55 & (A AR fe R ik 600 J7 i, 3
B 07 54% KT8 TLRRNAL TR & 8™,

BT FEE 2 RS, 5 3T K kg A A
ERA BRI R E R R0 il T —Ehr & 2 5
BRI T ZE B AL SRR E I B, B S AR ek
H = BRI R A il — L5
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5 A SIS i X Rk R PR R
GEZREY

BRI S 0 R e IS 4 S8

(1) WK B WA T i IR s Rk 2 h, 2
HEEGEE, SR RS Ak E T T EEA

(2) WK B B ST B0 T, B POR IR T340, A i
SRR W, W 0E B PR B AN R

(3) T 5 B B b IR 2= FRIE BRI 1622 7 4
A —F

(4) FRIA A T B4 RE S48 it TN T A 3 2 ' 4 I s
1,

A GORHER N SR R 28 0 U RN 22 R 28 X AR o
HALRE B U RS BRTROR, SHEEES U A A il
AR A AR A, M PR, 5 AR R
AR A A R 22 0, i AR S T AR I A -0 TR A R
gle i —uB o8 X AR BB, — 3 R G R, R
JAEE IR W B AT SR A G2 RAERMARER, B
o BRI N RE IO . R T B 28 B L S
BRA UL, IR 2 AT TR IR R W1 (2011) 5T, AR X A
PRAP R RIS b B 8202 S 06 Ve ot TUAR ) 28 IX 458 4% ot
YRR LR 33 ) B 2% A TSR 45 S, Ak ) A stk 1
TR, 70 SBAER ST, B by i IR
RN 2RI A (2012) RRSE, 5 KIS E0T IR
TR R B BT A0 1 87 Fe 35 4 TEMH (54%0 ~ 115%0) (2
ARLLAE,2008) , 55 Jp sNAER T R AR 1 877 Fe (H—3K, &
RX BT 52 I AEWELD 8 Fe fH (- 10.6%0 ~
=9.8%0) WISt H . 1L VYR GAT AT X EER A F0 AR kA 1)
5 Fe (H 1 3. 1%0 ~23. 1%o, T 250 1) 87 Fe Ky — 1. T%o0, 4
X BYFE & BRI B Ak R 22 ik IRl o 2 A IR, [
AN 5 K08 0 X 0 & R AN SR 22 R A3 A Ik o

BUAN , R R e 22 R R AR R, AR T R B
ATHETIN 49% (FLBRE , S2BR bhax — PR AR — 28, Z R — 4R
FTEIVE R T R DA W ALBR = AR 2, 2 TR = A TR
ZURNMERT (DRG0 530 B B2 R IER  #iik s 8
FERFEEHR, BH BN AS .

BRAEA DR & B A AR DURR A LASR , R KR 43
BB S RE R E A A IR R U, E TR AR B BB R R A A
ECE IR, — B VRS —BOZ W, DR # e
IR MBS R . e seRt R, AR AR
FTHRIB T B UE SRR 22 | 25 TR R B R R A AR R
REA — WA, (3 B RTIEYE i BA R, AT LAt o R
M AR LA X 5]

AR IR UESEA LA LA,

(1) D3 Jo 1 R o B 2 B 2 7™ A A o i 4% o, J ke il
S R T B 4 i B R, LA AR B A 0 TR L T M 4R A
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MINE EFAMBREESE, B THRERT Y, M Sk Ey
PEAER AR A A SRR I A VBRI A A R s S
YA AT AN ERER A, F A B I A, SR8 A o I 2
VAT, BREUIRAT I HR 43 SRy PRIl PR i Al X 4% o 4 P A R
HIE R S TE &

(2) AR DX i R A k2 19 26 AR 4 2 2560 ~ 2520Ma
lia] , X 3728 A/ FB ]2 2500 ~ 2450Ma, 7 F 2R 4840 A Y
PS4 1) SHRIMP U-Pb 44424 1840 = 7Ma, TiF4r 23 . &
BRA TR IR SH BT N4 Re-Os [F A AR Ry 23 {448,
W T E — 25 B U A, B AR R R AR TR R (AR R
2500Ma) 41, {445 22 {ZAEF < 17 AZAE ARSI 32 BH R 2k
W PGB AL d T AR . EARINERE AN & (Hn] £
e =

(3) B RIGE B0 F A DL B 1 6" Oy anow T-HIMH
AAH 9. 30%0(n =4) Fl = 2. 17%c(n =49) | — F W50
T SRR 14 8 Oy svon T I T BARAR , W] 5 K 04
B G AR 2 B T AR O R R W B
W), T AN R T B DA 28 A ) 25 S ( 2R 4B 1T 46,2014 )

(4) B mn a2k 2Rk, Uik & 1
PRITE B M T IX 32 R

6 ALy bl A% IR Bk b e Bk i K
PRI 7Y e HEi S5t

AL O RLE AR PR R RN R =
A TR BN (1) AR UE B & ka5 (2) JRUAEDURUE
JRCE ARG (3) A FOARCE BRA™ 5 (4) ooty (R ST R Bk
075 (5) I AR B R T 5 B A8, S R Gk DR O A
([0 4373

(1) WAL UE B & Bk, X — JERU7E [ S — b £ 22
HERATII MUBE R  ME TR, AR B g VRS
T8 i I, A R B OR RS i ) XA 58 T T A i Jot oty
HRA T SR, DR AS A7 A AU ) T 8 vy XA 7 9 e 2
BT, PR TR X, 7RI R R BRI LT, JE A — L L RAR
AN RS AR /N R RO R BAR KA R 8 B R B, B
Tk

(2) I A= PURRAE B B, RIVSORDTARI kAT i 4 e, 22
AR TR LS S AR B . X R RV 2 X
A B, /NGRS AR T IR SR o (H R AR A
R JEEBEARLAS/ IS, UM ORI 43 3t DX A A IR B A i SO RR I, ¥ 7K
ORI = 2 B BR TR U, A SRy s DX R S A
AMTREIE R B o ARE B Tl D

(3) A2 BRI R s 8, DA AE Al DX 5 e —
DR A JSC A 84 B ) o A A (LT AR BT R
I IS0 PR A A0 3l AN K T A 3 X T DL 1 o 2
TR BRAT AR/, JE Tk

(4) 7 ooty AU R R R Bk 0 AR 5 T i A BT

MR G AR BT, ti T H AT BRI G fR IR , 1f7 498
AR E AR BRI A BRE , O 1840 = TMa, A4 Tl oty U
1, BB LA A2 LR o AR B2 R R
B A S A RAT TP AR A —Fh SR, LA 3 [X 5 (e
T IXOAARER, Tl MR A L L FAt 3t DX AT I Ao
A, GERRIR A AU N B, IUBEERAR DS, e T3 Bk
R B, T RSO R

(5) BRADURUEL & I BR R0, s UM AT , 7 48 4l
VR RA 7 AL AL I Y B AT, T RE A RN,
IR R AT A o 2 R PRI PG A LR, A 3 X R
AZU,

7 WP WD AR R

(1) PORORIRIRIRE . HGRUER A TR & A Il B0
TR R B 25 &, RAR AW, 52 PRk
HARA AL, TERHRADIIE

(2) BB AR N TR] o B T ERETHI E 19 -5 A iR 30 A
(R 5541 (19 U-Pb 4%y 1840 + TMa, {H i Re-Os J7 il
SE BRI AE R A 23 ACAE 22 ACAE AN 1T A2t Tl
TERZERMNZARIE, HAEAE NS % B LAIR] (5 38 2 4F 14 200
eV Y IE S

(3) #eb s hii AR B R 0l 52 sk e A
AR DA AT DI AR S £ A A DX T o e o, PR
SEERTEHISN  RENT th 2 /A8 ROK (BRI , 7T JL A5 AL S A
Yrid e AL BUKE B 20, X S8 7 ok A8 AR o
P A S R AL e B ) R, IR BB B 2T — 25 IR
AT SR 0 S, KA Bl 48 oA -5 B 1 T s
AR,

(4) 4% L3t DX A2 K 0y B 28 DX T B L
SOERERYIE

(5) RAREAK G AL i 2 el SIS B 7 - $
DI

gt RO SR B I S T AR R F S 51 R
AT B RIS B3R AR SO S SO 25 1 B 9 45 By, I i 41 B
BRI 53R W7 B BRI S 53 XA SO 04T 1 220, S
] 3t SR 2 B 7 A5 B IR ATE 5 I 2 B BT 9 B3 S PR
B SR AT TR, AR W R AR A SCER T
AL
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