1000-0569/2004/020( 03 ) 0439-56 Acta Petrologica Sinica £ % %R

AL HE 1. 8Ga sk ki m B B M EK L F 41T
REMBAEN :UERRIFHR A6

ww' BYE k&4 RAF HEE
PENG Peng, ZHAI MingGuo, ZHANG HuaFeng, ZHAO TaiPing and NI ZhiYao

FEPER M-S R EBTIET, JE 100029

P EBERE MR ERF SRR, M 510640

MEBIT R WRBEP0, BH 610059

Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing 100029, China
Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640, China
. College of Earth Sciences, Chengdu University of Technology, Chengdu 610059, China
2003-04-10 #c A%, 2004-01-14 B =),

W N e W N -

Peng P, Zhai MG, Zhang HF, Zhao TP and Ni ZY. 2004. Geochemistry and geological significance of the 1.8 Ga mafic
dyke swarms in the North China Craton: an example from the juncture of Shanxi, Hebei and Imner Mongolia.
Acta Petrologica Sinica, 20(3) :439 - 456

Abstract The 1. 8 Ga dyke swarms in the North China Craton are among the largest ones in China. In the juncture of Shanxi,
Hebei, and Inner-Mongolia, they presented as NNW and EW-oriented vertical to subvertical dykes with chilled margins from a uniform
tectonic setting. The dykes are up to tens of kilometers in length, and 0.5 to 100 m in width. Three dyke swarms, S-I, S-II, and
S-EW, are identified. They consist of clinopyroxene and plagioclase as rock forming minerals, and accessory amphibole, Fe-Ti oxides,
biotite, apatite, alkaline-feldspar, and quartz as minor minerals. S-II is characterized by olivine phenocrysts and orthopyroxene +
amphibole rim structures around olivine and clinopyroxene. S-I is tholeiite relatively high in MgO, with relatively low FeO (total) -
TiO, - P,0,; while S-II varies in composition from alkaline to sub-alkaline high-Fe basalt, with high FeO (total) - TiO, - P, 0.
S-EW includes high-Fe tholeiite basalt and andesite. All dykes have high total rare earth elements, and the light rare earth elements in
dykes are enriched. They are relatively enriched in Ba, K, and P, and depleted in Nb and Ta in primitive mantle normalized
diagrams. S-II and S-EW are depleted in Sr. S-I exhibits various degrees of partial melting, with slight fractionation and crustal
assimilation. And S-II shows an iron-enriched and silica-poor trend (the Fenner trend) and crustal assimilation. While S-EW performs
a silica-rich and iron-poor trend (the Bowen trend) with strong crustal assimilation. We suggest that there are multiple sources, and
the dyke swarms initiated the continental break-up, possibly associated with.a plume.
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Geological map of 1.8 Ga mafic dyke swarms in the juncture of Shanxi, Hebei and Inner-Mongolia
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BRI R AR A MK O HE N FENR R
HehBRER(E2D, £1),

a. KEFWLEH; b. BMAWH TG ARANREGY; ¢ RFNGHATRERMIRAL(BSE B), BEBEREN EMP 41,
BAERAR 1. OL-BA; Opx-F A Cox-BAEA; Amp-fIINT; Bi-BAf: PLKA; KAWKA; Q-A¥; Ap-RKE.

Fig.2 Selected pictures showing typical micro-structures

a. a plagiocalse zoning; b. orthopyroxene, amphibole, and biotite rims of an olivine; e. orthopyroxene and amphibole rims of a clinopyroxene

( Backscattered electron image), white circles show EMP locations, see data in Table 1. Ol-olivine, Opx-orthopyroxene, Cpx-clinopyroxene,

Amp-amphibole, Bi-biotite, Pl-plagioclase, Kfd-K-feldspar, Qz-qartz, Ap-apatite.

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.
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FE, UENMRERTHPEB 2RI RREAXRE,
BERE 2,

4.2 BEAMRUES AR BRI
BRNEEENENE, PBEMIPRE. SHRE
WA T WY, EHEESEAR Fe XREXNIE
(E 3ab), Mg (B X Mg", Mg* = MgO/( MgO + FeO)
(BE/RHL), i FeO = 0.9 xFeO* (4 FeO, FR) )M 24.7
2)56.1, FrA AR AARFEER® L (LREE) B ORFE
(A 4abed) , ZEMBTRMSKE L, Bi% X A% Nb fil Ta 4
X5 #, Ba,K.La.Ce F1 P }85 H 4 HYFFIE (B 5abed) ,

0 45 0 55 60 65
SiO2wt%)

B3 a AHEATAS EWR(HME/ TRMER LS| A vine&Baragar, 1971) ; b. Al -2 Fe + Ti - Mg =&
(ﬁ Rouisonv 1995) ) Eﬁ’fz \mmﬁzﬂﬁzﬁﬁ’“ﬁﬁ S'I\S'H *ﬂ S'EW Bg#lﬁ'lo

Fig.3

a. TAS (Total-Alkaline-Silica) plot including the alkaline-subalkaline basalt dividing line of Irvine and

Baragar(1971) ; b. Al, Fe(total) and Ti, and Mg cation percentages plot ( after Rollison, 1995). Squares,

circles, and triangles represent S-1, -II , and EW, respectively.
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Fig.4 Chondrite-normalized REE pattern for the dykes ( chondrite values of Sun & McDonough, 1989). Sample

symbols as in Fig. 3.
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Ba RbTh KNbTaLaCeSrNd PSmZHf Ti YYb BaRbTh KNbTaLaCeSrNd PSmZHf Ti Y Yb

S EHFIAMMRRAE (YO M (IR A HIE(E 48 Sun&McDonough, 1989) , #E& M 3,
Fig.5 Primitive mantle-normalized multi-element spidergrams for the dykes (Primitive mantle values of Sun & McDonough,

1989). Sample symbols as in Fig. 3.

S-I1 fy#E G B LMY B &9 TIO, FeO " .K, 0. P, 0, FIF +
S E(XREE), HX{KH MgO, AL 0,,.Ca0 71 Mg*, LA KHH
BARK(La/Yb) y M1 (Gd/Yb) LB T X B F S-1 HKH
fho SmAINd S BBBEER. BATS S-1AHEM TO, M
FeO' FBBLEH, HEEMRAIM S0, F BT S-I1 9 Tio,
FeO' S BB T S-1, X#4F TiO, M FeO " & AN B R S-1
HRAUBRARSBRM(RN) RAREERM. S-1F7S-I
SRIRIHAE FeO " - TiO, - P,O, i FeO* -TiO, - P,0,
XRE, X S-ITE, S-EW H BAEBEH FeO™ - TiO, -
P,0, F&(K3), S-1H MO S RMMBEM AL RA;
S —EHEHRAABERE, 5 - EE[XANTR
t, MFH Fe KRARS; M S-EW hE Fe IR X RAM
ZilA (H 3ab), STHWHRLESE(IZREE) 58 ~ 154
ppm, Z¥/MT 100 ppm(# 3) , REE HXHI%H I (E4a)
SIXAUSAWANEH, —TAHBIERBMA A Eu M
St #¥, (Gd/Yb)y= 1.1 ~ 1.3, WA —THAKRKER
REEu M S BHE, HFAEMSH Nb.Ta Zr Hf ZT K
(E5a), (Gd/Yb)y= 1.3 ~ 1.5, IRV THZ HFHE
—ERENSR. STHHLBE(IREE) N 147 ~ 451
ppm, KEH AT 210 ppm(3E 3), REE X BRBMH L8
HEHE(E4), FHH, KEFHEHHARSH Nb.Ta 7 Sr,
&% Ba.K 1 P([H 5b), S-EW M £ & & ( ZREE) 34
164 ~ 640 ppm, REE EX ETRBRBM IR IVEE(H4),

(La/Yb)y = 7.3 ~ 13.1, M (Gd/Yb), = 1.9 ~ 2.4
(%3), HHE%E Ba,Rb K. La,Ce M P M A%t 54 Nb.Ta
F1Sr( B 5¢)

4.3 EEHRAEY

MTRHAEXEEBKE (H 6, 7a bed), ZHAEHA
HAFKIERK LS. 7 LOI vs MgO 1 LOI vs Si0, A |
(E6), S-IL f1 S-EW £ 3F B A Br ¥ B 15 sk iR
fE. S-THAERTE LOI vs MgO B LB A —E AR R,
{BJ2AL,0,/TiO, ,Na, O/TiO, #i Al,0,/Fe0" {H# B/RIB KK
L, Hit S-TRGICR T ARRLHKFE, B6+, S-1i
A — T REEE MO WL LWL, RANE
M80 @’ﬁ&‘lﬁfﬁ:, FeO* ‘Tioz\KQO\ons\La\Nb\Sm‘Zr ﬁ
Hf %71, W Al,0;,Ca0.Na, 0.Sr.Ni 1 Cr ¥R, M7
TLR, IR Ni f Cr S BEH MgO 7 Si0, BB MRAL
#ZEfL. KEBS TR BEHE SiO, LB HAHB(EG),
M7, SIKGHHESZTERANFTHETREARER AR
BEBMEMOSE. ik, STHARIMLEEK ERIN
AEBEHBIER, 55RO FOEREIED.

S-II B/R B KA REMLE R 7Y (Fenner B%) , XA
MEEE Mg0.Si0, ¥TT X & B MK, FeO™ \TiO0,.K, 0,
P,0, .Ba.La Nb.Sm.Zr #l Hf F % (& 6) . Na,0.Sr f#%&
JTE (0 Se . Cu Ni #1 Cr) ZRAB/NEG6) . H7 R TH



YB%¥: AR 1. 8Ca SR EHBRENFHERLRE L AFRELRRE A H 449
®3 ZEHERNOERBMELR
Table 3 Basic characteristics comparison of the three dyke swarms
S-1 S-11 S-EW
PN NNW [&, if B 51 NNW [a], i B3 E-W ] B H L
AR, RS BEHEELR, EARRBERNL | SEBEEK, A AN
gl £F -fHll - KITHER F£T -{H - KFTHK KX A#E . A R
BEHA RRE HEZRE . ZRE . KRAHES. | ¥RE KRLLA 2l
a KREWE
mEEn Ska BaEn SRR SRy . BRER ARG FKAAX
TYHE SUEILY B8 BEKA . ARG Bl kA A%, SHELY BREG MHERA
ax Aot R A R
- M0 & EAX AN LRE WM RRE B E AR
{f FeO* - TiO, - P,0, # FeO* - TiO, - P,0;
- ARBRERSBR,AABTLE | BEAHIBERBY. FHBN | BRAKIHLRBE . AHEN
HRad F—ERRg IR Y ARAE TR FeARAE
HuPR L RFAE
Si0, (wi% ) 48.99 ~50.98 (50.14) * 45.95 ~54.46 (50.24) 49.80 ~59.39 (54.83)
Ti0, (wt% ) 0.94 ~2.51 (1.46) 1.04 ~3.78 (2.66) 1.39 ~2.58 (1.93)
AL O; (wi% ) 12.18 ~15.40 (14.25) 10.17 ~14.17 (13.00) 12.89 ~14.11 (13.64)
FeO* (wi% ) 12.90 ~16.85 (13.85) 12.57 ~19.1 (15.34) 6.96 ~13.20 (11.27)
MgO (wi% ) 4.57 ~7.98 (6.33) 2.52~5.96 (4.04) 2.74 ~6.19 (4.16)
Ca0 (wt% ) 8.99 ~10.61 (9.94) 6.31~8.74 (7.41) 5.21 ~8.83 (6.49)
Na, 0 (wt% ) 1.98 ~2.39 (2.21) 2.24 ~3.22 (2.63) 1.47 ~2.55 (2.21)
K,0 (wt% ) 0.44 ~1.14 (0.67) 1.35~2.95 (2.29) 1.11~3.27 (2.47)
P, 05 (wt% ) 0.10 ~0.24 (0.17) 0.24 ~1.98 (1.13) 0.25 ~1.28 (0.58)
Mg* 43.0~56.1 (49.5) 24.7 ~51.3 (36.8) 39.1~52.1 (44.0)
Sm (ppm) 2.28 ~6.25(3.74) 4.84 ~18.3(8.81) 6.40 ~21.8(12.3)
Nd (ppm) | 9.46 ~24.4(15.5) 26.6 ~92.9(46.8) 30.5 ~127(69.2)
IREE (ppm) | 58 ~154 (93) 147 ~451 (290) 164 ~640 (365)
(La/Yb) 2.5~3.7 (3.0) 5.8~12.8 (9.8) 7.3~13.1 (10.3)
(Gd/Yb) 1.1~1.5(1.4) 1.5~3.1(2.3) 1.9~2.4 (2.1)

* P55 P B BUR R G A RO 1 P B

BRIBRERERBE . Fl—REREEER LTXRL
HWHEMUNFE(ES) , —BIN, ERRERELERKIR
SFERKABRIINAE A, X — &% 7 Reykjanes,
Galapagos F1 Skaergaard 3t 4 33 4R 3H ( Brooks et al. , 1991 &
H3OR) . A K, 0 F La 3 Zr AHRR RO 5 5
B(E%b) BrRKAREXSRWTTEYT WM, KAKE
SRR R FEZA A Sr R NERE, SHKARW
S (E 2) MALEIFERT LIRF RS R R B R R,
BMaRAASHTAT RS BSRERASBEREE: R R
HMB A S R 2 — B BB SO, X B, #TefEs
ERERMIERA T A, R, #EAaa58kRME

BRARA, BRREZELAREE,

S-EW R — 1 8 B 5 19 38 1k i3 2 ( Bowen #5#,
B6), 5 S-1/S-UFHAMEK, 24AEMTRNFFAHIC
FT AR FeO* (AL 0, . TiO, Na,0.K,0.P,0, Ba,
Sr.La.Nb.Sm.Zr #l Hf Z#)& B ¥ Jchi#H MeO S BIE(ET
ARBERERE, RIFEY S0, = 53 wit% M1 Mg0O =
4 wt% BPIE ML ( & 6) , i Ca0.Sc.Cu.Ni 1 Cr B4 &
HARMEM, RERMWRERREELTE(EG) , XN
HRETRRE R RUT YWHE LR EERN, WA 9ab
SRBERMBEELRE, MUFRIUAAKASRELIA
A RRER
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MgO $10: MO S

A6 AmA LOI(wi% ) Fi5r ERBITR (wi% ) Fiig R ITTE (ppm) il MgO(wt% ) \Si0, (wt% ) XX R A,

R BRI 3, W53k BT AT REA TR B4R .
Fig.6 LOI, major elements and selected trace element vs. MgO and SiO, for the dykes in the NCC. Sample symbols as

in Fig. 3. Possible magma differentiation trends are shown with arrows.
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Fig.7 a. Crvs. P,O; plot; b. Cr vs. TiO, plot; c. Y vs. Fig.8 Chemical variations within an individual dyke along
La plot; d. Th/La vs. Th plot. Sample symbols as in Fig. 3. its extending direction.
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B R, 53R FRBUREE Rollison(1995) (MR KAMANA M K,0.Zr 7 La 955 B4 514 0.170,0. 048 1 0.
1477, 0.96.0.50 #10.25) , #HEHFE 3.

Fig.9 Biaxial plots showing fractionation trends for (a) K,0 wt% vs. Zr ppm; and (b) La ppm vs. Zr ppm.

Dashed line corresponds to modeling fractionation of plagioclase, solid line for hornblende. Calculation began with the samples
with the dark symbols. Numbers adjacent to pentagons give amount of fractionation. Distribution coefficients used in modeling are
from Rollison (1995) (0.170, 0.048, and 0. 1477 for plagioclase (Pl), and 0.96, 0. 50, and 0. 25 for hornblende ( Hb),

respecting to K,O, Zr, and La). The samples marked ‘m’ and ‘i’ in each swarm are from the margin and interior of the same

dyke. Sample symbols as in Fig. 3.
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BaRbTh KNbTaLaCeSrNd PSmZrHf i YYb 1 10 40

La/Yb

@10 (a) OIB 47 %4k 8%k & ( OIB 47 #E{H4E Sun and McDonough, 1989); (b) (Sm/Yb), vs. (Th/Ta), B (iR
Wooden et al. , 1993) ; (c¢) log (Th/Ta) vs. log (La/Yb) PEIf&(#E Condie, 1997)

B, M.A FK 4500 B RORLA T A RAOTR & VA (3 Zhai et al. , 2002) ; PM, [RIGHM; PSCL, K& HERIT AR
M; LC, F##; UC, #%; HIMU, # U/Pb 8% ; EM | A1 EM2, 408 ; FOZO, TiWbibeit R 5 (FOZO X THIAME) , #&k
P IR P 3,

Fig. 10 (a) OIB-normalized spidergram ( OIB values of Sun and McDonough, 1989); (b) (Sm/Yb), vs. (Th/Ta), plot
(after Wooden et al. , 1993); (c) log (Th/Ta) vs. log (La/Yb) plot ( after Condie, 1997) ; M, A, and K are average mafic
granulite, acid granulite, and khondalite compositions of the study area respectively, after Zhai et al. , 2002; PM, primitive
mantle; PSCL, post-Archaean subcontinental lithosphere; LC, lower continental crust; UC, upper continental crust; HIMU, high
U/Pb mantle source; EM 1 and EM2, enriched mantle sources; FOZO, lower mantle plume component (area on the graph
beneath and around the word FOZO). Sample symbols as in Fig. 3.

4.4 FHERLTRPAMBIRNR

Zhai et al. (2001) $RH T A 8RB 20 A6 X A9 B4 FOBR {4 AR
RAURLZANEE, FAN=ERRTATHER S
THFAHIRICZRFE, A SGEBUX EBIEEN SR E S
AsERILEMR R, B9 F, ‘M’ A’ K’ 5338 Zhai
et al. (2001) 18 MEAEMBRPERRRLE A R FL3E A R HER
BB EHE. AFEFHZRE (OB) iR ET
K%k (H 10a), (Sm/Yb) vs (Th/Ta) A (& 10b) F0
Th/Ta vs La/Yb B (& 10c) T LLE 4, S-11 71 S-EW BA 8
BRBRBRRSE, TR (LHRMRERE S MILES
F )% T Ba.Th.La il Ce R SR Nb.Ta 1 Sr 495 H 7T 4
HEAMY W (E 10a), WA 10akF ST HATREHT

— EREHFTRILIIRFE

MNEEAH BT L, -4 STREBRIRNEE
(%2, H¥5S 025X107 (GA#B) F102SX109( .l ) ) FIFFATHY
REE i (E 4d) . ZEMBTR S8 E L (H 5d) AFRIH
BRAL2EAFIE AN S-1 A9 Eu Sr AR ¥ M THMIE, W04
MESEHTHME, SFSTH—NERK(R2, BRS
01SX046 (3h#B) F101SX047 (HH.L) ), MAFEPH MgO &
B2MIH, T Si0, FeO = i REE & MR M &K, il REE
B 4d) BT RAHE (B Sd) HiE. BRI
(F 9ab) BAR KA RMKFIE. EL S-1 5 Eu f1Sr KR
BTUAKANRERR, SRRAHENLELNEN,
FEMBAERRR, S45MAMB T2 RFER
B, TR I EREERAGERZA.

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.
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11 (a) Nbvs. Ta Ef#; (b) Lu/Hf vs. Nb/Ta Eff#t; (c) Yb vs. La/Yh Ef . H BB AUREBEMREA ZEM

BA AR A A R IR X HE1T . P BCRET| B Mckenzie & O Nions (1991) , fREREAA _MEMBLE KT WA
% 01 0.636 .0px 0.263 .Cpx 0.012 .Sp 0. 033, TG HA — MMM % 01 0.598 .Opx 0.211 .Cpx 0.076.Gt 0. 116, {HiFHK
XKL RN La 0. 687 ppm F1 Yb 0.493 ppm( 5| 8 Sun & McDonough, 1989); (d) BiEEEH Zi/Y - Zr Bf# (1E Pearce and
Cann, 1973) , #:& EBIFIE 3,

Fig. 11 (a) Nb vs. Ta plot; (b) Lu/Hf vs. Nb/Ta plot. (¢) Yb vs. La/Yb diagram. Modal partial melting trends are indicated
for hypothetical modal spinel and garnet lherzolite mantle sources, calculated using partition coefficients from Mckenzie & O’ Nions
(1991), with assumed modal source mineralogy of Ol 0. 636, Opx 0.263, Cpx 0.012, and Sp 0. 033 for spinel lherzolite, and Ol
0.598, Opx 0.211, Cpx 0.076, and Gt 0. 116 for garnet lherzolite. The assumed source composition, which is La 0. 687 and Yb
0.493, is from Sun & McDonough (1989). (d) log (Zr/Y) - log (Zr) diagram ( after Pearce and Cann, 1973). Sample

symbols as in Fig. 3.

5 aERERE S

S-101 S-I1 #e25 A @A _t A B2 22 590, T EL o Mok
W BT BT NNW 5025 1R 5 ) — BO b (Halls et al.
2000) , EFShJL NNW 1 E - W [ 2 8 FI R A % R
MAGRREE=AEHBRIKREREEFBHME,
HURITANZ AR RN EDBATRE —FIERE, B8
mHE KA TR, HRABIFHT 1.8 Ga(RE 1.78 Ga,

B, XRERE). IX-HAAHFERIABHY
EZR, A5 RBRAXNZ HEYE, ENTEZREY
AELBHWA,

TIHREERBANRARMNER, MINb M TaEE
MREFEXMEYE, 5—EXGFTHRERBEHEX
(Briqueu et al. , 1984) , Nb i Ta #9212 HIE L BT HORIE],
Bt —MiAd Nb/Ta ETES K ERALBR D (BES &L R
A 1EM) PRFFAZE (Kamber & Collerson, 2000) , B} T 1%
BREEW S B ME TR K MORB A E (Niu & Batiza,
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1997), S TIO, M A BMAMAKNEE, RIAXAEEN
BALFR. S 1M TO, T RBABRKMEIL, LM ZERAN
ARM(B)S-1HS-IMAZEBEHER, BRNZER
HWREMFK SO, T S-I M T, FEH T STMSE, X—
FENZRB T EMRXMER, =425 Nb f1 Ta §
BUABR(EK?2, 3, A 1la), XUARBRETHERAE—F
MER., =4 AWTE log Lu/Hf - log Nb/Ta B L (& 11b)
BREUXR, RUZHARTREAHIRE, =44
1% Nb/Ta {43510 10.0.15.0 §1 14. 6, (KT HeB{E Y
FHE( ~17.5), RES-THABEM(E 11ab) , TIHHFRR
RRHEX AR IMF SN RABHE, FHit Nb/Ta [HER T 7544
fw, HATEHREIEARAE X, lonov & Hofmann
(1995) A Bk MK Nb/Ta L FIAXF Nb-Ta 5 1 M KF1E 7] 8 2
ORI X TR B AINA P ERX LR R

S-1#1S-11 43 81 35§ FeO* - TiO, — P, 0, fI 7§ FeO" -
Ti0, - PO, XRE , MARRXR AR HARFRERE
WX WHIRE, INTE Pantelleria &, WX AL THKHEEHK
FeO* -TiO, - PO, ZR B EEEH FeO" -TiO, - P,0;
ZRAEM R (Civetta et al. , 1998), HA KB KIEH M
Deccan Karroo ,Parana #{l Indo-China 25 th A B B IL T,
FEH % FeO" - TiO, - P,O, KA BIA N B T S M 308
BIRHIE, MK FeO® -TiO, -P,O, X RAKH T4 A B
98 i ¥51E (Mahoney, 1988 ; Gallagher & Hawkesworth, 1992;
Hoang et al. , 1996), 7£ Yb vs. La/Yb [ I ([ 1lc¢), S-1
REN FREMRBE EHIRERX S RAEMHL; S-1LH
S-EW # & BnBIRAIR A ZIEMBA A8 A i
ARX M _HERRE M, XETREGARHERN, S-1H
1760 Ma fRR H- ¥ % BL T HH UL &Y 3 3R 1L 2 RF 4 (. Zhao e
al., 2002 3(4%) , K ILHX 2 NNW-NNE #1 EW [ 5%
g AEARES, A RNREREAX (AR
%, 2000), B, S-IATRERIMRE B RA MO HBRKX,
A AR R T 5 A M #88 ( Zhao et ol. , 2002) . P 11d BRFF
A SILAS-EW ARBERAXRAE X, -1 5MELH
MERBTHMXRERX R, AMFANERK TIO, 5 &
H1.0 ~4.0%(MgOX2.0~8.0%), XEHBHEHAEL
RAWRFE, AR T3 %MK w537 X & $54E (Puffer,
2001) . H4h, MEXRAFHXMERR A R T Parana-
Etendeka B 2 il X RE (CFB) A5 JRAR, BUAJ9E B H08
#:(Gibson et al. , 2000) , HELRATIAN S-11 F1 S-EW 0] i
BRIAKECHBHEX (0, KRABKERLE), FFS-I
1 S-EW BIRALBEH MR (53 51& T Fenner 1 Bowen 43 7
By, MiZRFREAREMRE (Brooks et al. , 1991), X}
TFRABRER—-KKREE HAKBER, Xu e al. (2003)
ERBILKRETALRE, AWRHTREETEBIER
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BETERN, HE, XX S-I# S-EW B4 £ K54 5R
MM RPAHE, BRI BMLE AR REE
ENCEE N

HLEHGE 1.8 Ca B AMB IR ELBEK
(1760Ma, K-Ar 25 %0 R ER, EHERMF, 1997) KEKH
X (1729 ~ 1759Ma, Sm-Nd £ &4 SN R EWR, &K,
1999) ‘&l X (R R4, FMRF, 2000) %554
(E1EE), tRhnl 1.8 Ca BB AEN~REER
ISEEHHA KL, FALBEHREEH F.O BIR 5 16 BRI
PR A SC A 2 1 0L R A R O B A 40 76 A LA
ERRBXMRFE, 4 XBIFKEHRE 100 m, X Abbott
& Isley (2002 ) $2 H ) 2% 3th W8 H: 58 3 A9 3R B X K F 70m
RYIAH. Zhao et al. (2002) 12 i AR E-BF LI K R i1 i B B
EHRTRERBABASE, BT AMREREE. Rogers
& Santosh(2002) A K Tty f{ Columbia 8 K Bfi 245 4L 7L
$ri, FRATHEM 4L T A A Baltica (A B IURBE
KBARAETRE - MBRBBEENF X, FHRBEN
SFE(BRBRAEEILME THLE) MAREBX N
LK G S A L RYIE .

6 PG

(NEBEETRMKX 1.8 Ca & FHBWB>=TH—W
EERET, TEFHRT1.78 CaflfE. AR IEHET N
BEEARAKA. AREREB TN, B2 BR¥-Fe
KRARKE., AR KB WA LREE HE, AUB TR
YE L, A% & Ba. K. La fl P, X5 Nb # Ta,

Q)ABBTUREBEF-RAOEQLERTESBR=4.
e, S-1F1S-11 Jy NNW [ 53R, S-1 It s Mg fOFi5E
ZRE, £ FeO’ - TiO, - P,0,, S-Il H7# Fe TR 2, Mxt
B FeO* - TiO, - P,0,, S-EW g E-W [6] 53§ B, K Fe
NEZXREMEILSE, HXH Fe0* -TiO, - P,0,, S-1 8%
ARBEMBIBBFE, FHAANERABLESR
— BRI FARFAE; S-1T RN B & A RE ) AL #4 # ( Fenner
B ; SEW RA N BEAKB Y (Bowen ), SILA
S-EWHZ THIBMHMFTRE, SASRTREFERITR
A, HATEBRFEIHE S HRERX, TTREMESHE
FHHXMKERBHTY .

Bif: AXABUIBPSERRMAR.ERHEHR
B BSEMRR FILEEE . RE L Rl
T. Kusky %17 THRKITE, KRBT THT
BN AE, RV FEREMNGHBEMERBIHAIT T
WA T, BB,
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